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ABSTRACT

Transposable eteents(TES) are ubiquitousomponentf plant and animal genomes
andconstitute more than ~45% of the human genofft@ough originally considereds
Oparasi ti c 6, Tasareagwuhoughi to Daveé played a role shaping
genome during evolutioncontributing to genome plasticignd diversity All classes

of retrotransposons accumulate in the genome via a process termed retrotransposition
whereinthe elements aneversetranscribed into RNA and inserted into the genome as
DNA. Exaptation of these elements can provide additional or novel function for
endogenous geneslammalianwide interspersed repeatdIRs) areshort interspersed
nuclear elementsS{NES9, belongingto the norautonomous class of retroelements and
are found in all mammalsThe recruitment of an MIRlementby a gene maprovide

insight into mammalian evolution and gene function.

The human genome was screened for genes that have exaptated MIRstemddre
compiled dataset was analyseal determineany commonality vhich may suggest
corserved functiofs). Subsequentlyl359 geneswere identified that have exagtted

MIR elementsgconstituting5% of thetotal genes in the human genom@lIR elements

may be multifunctionalas 1% of the total human genes contain MIRs that are spliced
and/or are contributing to protein coding sequences. Subsequently sequence motifs
were identified in the MIREonsensus sequenaghich resemble canonical mammalian
splicesitest her ef or e MI R el e mlAR and codirgsaquence may i n
be a result of the exonisation of intronic elemefise MIR-containing transcripts are
frequently expressed in neurological tissue, suggesting a role in neuronal function
Moreover a number d¥1IR-containingmRNA transcripts ar&nown to belocalised to

the dendritic compartment of the neurpard cilided region of photoreceptors. o8e

of the localised mRNA<ontain putative microRNA binding sites within the MIR
sequenceand possible dsRNA structures were notestweenMIR elements. It is
proposed thatexaptatedMIR elements may be a source oifs-acting regulatory
elements, involved in postanscriptional control of gene expressiomcluding
localisation of mMRNA to distict intracellular compartments
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Chapterl. Introduction

1. INTRODUCTION

1.1. Early hstory of non-coding and repetitive DNA

The phenomenorf transposition was first suggested by Barbara McClintock in the late
1940s; when observing mosaic colour patternimgmnaize Zea mayy she noted a
variationin the pigmentation of individual maize kernelShe identified specific loci
(DsandAy) responsible for unstable inheritance of mosaicism between generations, and
later suggestedscould change the chromosomesgiion (transpose) dbs, resulting in

the mosaic patterningMcClintock, 1914; McClintock, 1950). TheseDs and As
elements were often referred to@smpinggene8 or oO6control |l ing el
McClintockds hypot hesi s scremificecommanity asdcl® pt i ¢
yearselapseduntil McClintock revisited her originaldeas (McClintock, 1961). Both

Ds and As were later discovered to be a class of DNA transposons (Peterson, 1981;
Fedoroff 1989) and Barbara McClintock went on to be thestfiwvomen to receive an
unshared Nobel Prize for her efforts, 30 years after discovering mobile genetic

elements.

The pioneers in repetitive DNA researgere Roy Britten and his colleagues. In the
1960s a DNAagar procedure watevelopedwhich enabledthe measurement of DNA
hybridisation between the DNA of different speci@darmur and Doty, 1961;
McCarthy and Bolton, 1963) Britten and Kohne (1968) used this technique to
demonstrate the hybridisation of large sections of DNA between divergent speces
noticed the frequent hybridisation of regions of BID base pairs (bp). They
suggested that theybridisation wa a consequence of DNA sequence homology and the
re-association of interspersed repeat elemeartsl was not theesult of norspecific
aggregatioras previously thought (Britten and Kohne, 196B)itten further suggested
that noncoding repetitive DNA may play a fundamental role in gene expression,
regulationand arrangemerandthe BrittenrDavidson model was proped (Britten and
Davidson, 1969). They hypothegd that genome complexity involgghe coordination

and regulation of unrelated genes via a regulatory element, wbidt target specific
unlinked genesand thg suggestedthe regulatory sequences were the previously
describednterspered repeat elemen(Britten and Davidson, 1969 Britten and Kohn

further suggested that repetitive DNA may be a core component in phenotype diversity,
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and provide a means of modifying genomes during speciation and evolution (Britten
and Kohn 190; Britten and Kohn 1971). However this model wexeived with some
scepticismand shortly afte©hno (1972) proposed thatn-coding DNA(ncDNA) was
Ajunko or Aparasitico materilaibwonhnotng | it t
that Ohno arged that there may be an advantage to havingcndmg intronic and
intergenic DNA (Ohno, 1972).

Similar questions over the significance of repeat sequences are raised byalbe c
paradox, whereby there appears to be no correlation between genornedsirganism
complexity or diversity (Zuckerkandl, 1976; Gregory, 2001; Petrov, 2001; Kidwell,
2002; Patrushev and Minkevich, 2008 vertebrates a large proportiof ncDNA is
composed oftransposable element§Hs), many of which are propagated byeth
mechanism of retrotransposition (Deiningtral.,2003). In the past 15 years there has

been renewed interest in TEs and the importance of these elements has been reassessed
as a result the term Ajunk DNAO i $ornow
example, everyday household junk may be stored in the event it will be of some use in
the future whereas rubbish is thrown away and discarded ncDNA is now

considered more as a genomic scrap yard

A large porion of ncDNA will be nonfunctional, representing fossilef past
evol ut i on amatureseexperimerdswhichr havébeen maintained merely due
to the lack of selective constraints. Likewise there are regions¥A which have
become vital compoms of the functional genonterough exaptatioffor a review see
Mattick andMakunin, 2006) Following the recruitment of a repeat element there will
be additional nucleotides available which may allow for the modification of gene
function and/or expregm, andcontribute toalternate splicing, polyadenylation features
and additional protein codingpformation (Lev-Maor et al., 2003 Lee et al., 2008;
Nekrutenkoand Li, 200). It is now accepted thahodern genomic DNAgDNA) may
have evolved in closesaociation with TEs, with retrotransposition providing additional
raw genetic material, which may be utilised to adapt new phenotypes, shaping genomes
during evolution(Roy-Engelet al.,20@).
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1.2. Clasdfication of transposableelements(TES)

The understanding of repetitive DNA and transposons in particular has improved
greatly following the sequencing of the human genome (Laredeml., 2001).
Approximately 1.2% of the totdluman genomencodes foprotein whereasalmost

half is derived fromTEs (Landeret al., 2001) In comparison 37% of the mouse
genome is repedaterived (Watersoret al., 2002),andin both the mouse and human
genomes 60% of these repeats are retained within intronic sequence= ¢@e2007).
However t is warth notingthat not allTEs will have been positively identified, and the
estimations outlined in figure 1.1 alikely to be anunderestimatef the total number

of TEsin the human genomeMosttransposons are inactive and have deemillions

of years therefae mary havefragmented andliverged to a point where they are no
longer distinguishablg creating problems when using current algorithm8Vhen
predictionsare made using the evolutiondstya s ed o&ér epeat probabil
method as described byut al, (2008) it is suggested that only half of the actual

transposons may have been annotated.

TEs fall into three categories; DNA transposonieng terminal repeat LTR)
retrotransposons and naR retrotransposong¢Deininger and Batzer, 2002)The
retrotransposons spread via an RNA intermediate and comprise the majority of
mammalianTEs In contrast, DNA transposons spread directly as DNA without
transcription and constitute a small proportion of the total repeat elements in the human
genome (Dmingeret al.,2003). DNA transposons are considered the least successful
of the TEs due to a less efficient mode of transposition, as these elements propagate via

a 6cut and pasted mechanism and do not i |

Autonomous etrotransposons lva thecapacity to direct their own amplificatiptong
interspersed nuclear elements (LINEs) and LTR retrotranspoamsautonomous
elements In contrast the short interspersed nuclear elements (SINES) are non
autonomous and rely on -apting the retraanspositional machinery encoded by other
elements, predominantly LINEs (Dewannieak al., 2003). Retrotransposons vary

considerably in their structerasoutlined in figure 1.2.
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L1 (LINE) 16.9%

Miscellaneous 24.5%ﬁ

L2 (LINE) 3.2%

Simpe repeats 3% Alu (SINE) 10.6%
Protein coding 1.2%

MIR (SINE) 2.5%

LTR elements 8.3%
Introns 25.99 DNA elements 2.8%

Pseudogenes <1%

Figure 1.1. The principal components of the human genome

Almost 26% of the total human genome is composed of intronic sequence whereas only 1.2%
encodes for protein. TEs comprise 44% of the total genome sequence, with the most abundant
elements being the LINE and SINE repeats which comprise 21.1% and 13.&&tivelgp
(Landeret al.,2001).

Retrovirus (~7 kb)

B LTR retrotransposon (~6 kb)
LTR gag pol
C LINE: Autonomous retrotransposon (~5 kb)

yoi o DT e

SINE: Norautonomous retroposon (~250 kb)

oL

Figure 1.2.Shematic representation of the major categories of retrotransposons

A, Retrovirus, e retroviral genes are in italics: BTR retrotransposon, similar in structure to

the retrovirus though lacking thenvgene C, nonLTR retrotransposonshé promoter regions

have been included as have the poly(A) tails. The LINE element contains two open reading
frames (ORF1 and ORF2). The promoter boxes for the SINE elements ded laksid B and

the target site duplications are indicated by black arrows
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1.2.1. LTR retrotransposonsand endogenous retroviruses

LTR retrotransposons are ubiquitous across species, ranging from -cafigt
organisms to humans, and resemble exogemetroviruses in arrangement (Deininger
et al.,2003). This family of repeats contain flanking long terminal repeats (LTR), are
of a similar size to retroviruses and encodegag andpol genes, but lack a functional
env gene Haveckeret al., 2004). LTR retrotransposons comprise 8% of the human
genome (see figure 1.1), the majority of which are immobile, with a small number of
exceptions such as the Tfl/sushi group (Budéieml., 2001) and human endagsus
retroviruses (HERV) (Medsand and Mager, 198). In contrast, rodent genomes
contain an abundance of active LTR retroelements including the intracisternal A
particles (IAPs), MaLR, VL30 and ETn elements (French and Norton, 1997; Gstynn
al., 1998; Mager and Freeman, 2000; Barisil.,2002).

It has beenargued that retroviruses may have originally evolvedori LTR-
retrotransposon$ollowing the acquisition of the envelope gene. However the most
likely scenario is that retroviruses originated from a provirus, with the endogenous
retrovirus losng the capacity to form the viral envelope, subsequently resulting in the
early LTRretrotransposofXiong and Eickbush, 1990; Hughes and Coffin, 2002).

1.2.2. Long interspersed nuclear elements (LINES)

The most ancient and possibly the most sgstul class of retrotransposons are the
LINEs, of which there are three distinctive families; (L1, L2 and L3) numbered
according to their age, with the L1 elements being the youngest of the group (Bander
al., 2001). The mostabundantind only activeLINE elements in the human genome are

the L1 family with over 500,00Ccopies, constituting almost 17% of the total genome

sequence (figure 1.1).

LINE repeatsre typically 67 kb when full length and contain two open reading frames
(ORF). ORF1lis ~1 kbin length andencodes for a protein which has nucleic acid
binding capacity and is hypothesised to bitmdthe LINE template RNA during
retrotransposition (Kolosha and Martin, 1997The largetORF2of ~4 kbencodes for a
multifunctional protein with revse transcriptasand endonuclease activifivicClure,
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1991). LINE elemens$ contain an internapolymerase Il promotenyhich is located
downstream of the transcription start sé#s a consequence the promoter is preserved
following retrotransposition(Minakami et al., 1992) L1 elements are nedlR
retrotransposons and therefore do not coritdiRs, however they do containpaly(A)

tail (Shedlock and Okada, 200

There are an estimated 80 to 100 L1s which iena&tive in the human genome
(Brouhaet al., 2003; in contrastis many as 30001 elementsnay beactive within the
mouse genome (Goodiet al.,2001). The most active L1 element in humans is the Ta
subfamily, estimated to & ~2 million years olda third of which remain full length
(Boisshot and Furano, 2001)The retrotransposition frequeno§ LINE elementsin
humansis relatively high with an integration rate of 1:56perm and a new event is
documentedn every 10 to 25Gumanindividuals born (Ostertag and Kazazi@001).

L1 elemens remain a constant source of mutatiand a number of human diseases are
caused byde novoinsertions of these elements (Ostertgal., 2003; Narita et al.,
1993; Deininger and Batzet999.

1.23. Short interspersed nuclear elements3NES)

SINEs areshort sequencelements ranging between-300bp in lengthdepending on
the subclass Unlike LINE elements, SINEsre norautonomous anldck the ability to
encode any proteins such as reverse transcriptadetransposase, amiopagate by
utilising the enzymatic machinery encoded by tHBIE elements Eickbush 1992.
Three distinct SINE familiesxistin the human genome; the active primate specific Alu
and SVA elements and the inactive ancient mammaliae interspersed repeats
(MIR), eath of which are comprised of several damilies (Landeret al., 2001,
Ostertaget al.,2003).
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1.23.1. The origin of SINE elements and the LINE/SINE relationship

SINE elements requireenzymes encoded bkINEs to transpose andome SINE
families may have acquired independent retrotranspositional activity by the fusion of
the core tRNAl i ke s e quengationnaf & ILINEt rapeat ®a@niels and
Deininger, 198) . S h a r-andh gith & hINE n8yp provide SINEs with the
enzymatic machineryritical to completeetrotranspositiofiOkadaandHamada1997).

For i nst-andof the MIRelemeBt&hares considerable sequence identity with
L2 and L3 elements (Gilbert and Labuda, 1999; Okada and Hamada 1Q@@gr
examplef LINE-derived36ends of SINE repeas includethe Anolis sauria SINE and
Bov-B LINE (Piskureket al.,2008) and the SINE BetA and LINE BovB (Gilbert

and Labuda, 1999).

SINEs are divided into three classes according to their origin. The major class are those
derivad from ransferRNA (tRNA). The majority of SINES including the mammalian
MIRs, rodent B2 elements and sauria SINEs are derived from tRNA genes (Letbuda
al., 1991; Deiningeret al., 2003; Piskureket al., 2006, with tRNA""® being the most
common ancder (Shedlock and Okada, 200 The minor classes of SINEs include
those derived fronthe signal recognition particle RNA (7SL RNA) and ribosomal RNA
(5S RNA). Examples of7/SL RNA-derived SINEs include the primate specific Alu
repeatsand the rodent Bl lements These elements actively transpose via a close
relationship with the active L1 element3he 5S RNA derivedlass of SINEs are the
relatively newly identifiedSINE3 elements,which are thus far exclusive to fish and
insect genomes (Kapitonov addirka, 2003; Kohangt al., 2006). There is shared
homol ogy-embf SINE3s with that of the CRike nonLTR retrotransposons
and it is thought that SINE3 elements actively transposedtiising the necessary
enzymesncoded by these CRike elements (Kapitonov and Jurka, 2003).

The polymerase promoters of SINE elements siteated within the tRNAelated
region however in the case of the ARNA elementssuch as the Alu and Brepeats
the promoter region is within the left monomer whiclnet descended from the 7SL
related sequence and shares some sequemelogy to a tRNA structure (Kriegst

al., 2007). Suggesting all SINEs may be descendant from transfer RNA.
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1.23.2. The active primate SINEs; Alus and SVA elements

The Alu repeatsare the most abundant SINEs in the human genand similar
sequences are also present in other spémexample theodent B1 elements (Labuda

et al., 1991). Alus are short sequences of ~300bp, accounting for 10.6% of the total
humangDNA sequencewith an estimated 1.2 million copies (Jurk2004) These
elementderive their name from an endonuclease site located within the middle of the
consensusequenceHouck et al., 1979). Alus are specific to primate genomes and
first appeared ~65 millionears (myr) ago and the AluY sddbmily are actively
propagating today (Bennet al.,2008). The species specificity of Alus is a useful tool

in understanding primate lineages and has been utilised in understanding complex

phylogenies including the greapes and old worlthonkeys Salemet al.,2003).

The SVA family of repeats have been described relatively recently and are suggested to
be the youngestf the SINEs in primategenomes. SVA elements are estimated to be
~20 myr old andas sucltthe copy mmber in the human genome is much less than other
SINEs due to the short activity tim@Vanget al., 2005, Ostertagt al., 2003). The
SVA repeats were originally designated SHREelements by Onet al., (1987) who
suggested they were descendanita reroviral fragment which wakater confirmedas

a HERV. The SINER repeat was subsequently identified in the C2 geviech
containsa variablenunmber-of-tandemrepeatyVNTR) locus(Zhu et al.,1992). Shen

et al, (1994) developed this further and notdtht the SINER.C2 element was
associated witran antisensélu sequenceand were the firsgroup to refer to thee
composite repeats &VA elements, whichs the acronynfor the three components
described (SINER, VNTR and Alu). SVA elements are still cively propagating
within the human genome and likblus require active L1 repeats (Ostertagal.,
2003).
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1.24. Mammalian-wide interspersed repeats (MIRS)

One evolutionary ancient group of SINEBsd the focus of thistudy are the MIR

elenents whichare identifiable in all mammals including marsupials and monotremes

MIRs comprise a family of at least seven repeat elements, which vary slightly in their

consensusequencdtable 2.1; ifgure 3.2). All MIR families have a distinct structural
arrangement and atRNA radatedgequeneal contadg th@aRNA 6
polymerase Il promotera highly conservedoreSINE and a LINE related sequence
| ocatedemd. t hEh&mMe i s a s hendwhichAsérves as thha
priming region duringretrotranspositior{figure 1.3). It is thought that the MIR may
have arisen following thefusion o f a t RNA mol eeodudf & exsting h
LINE (Tulko et al.,1997;Teraiet al.,1999.

1bp 80bp 150bp 270bp
@ @ O] @

e

l Simple repeats
tRNA related promoter region LINE related segment

Figurel.3. Representation of the structure of the ancient MIR element

The A and B box promoter regiorare situated within the tRNA related region. There is a

highly conservedentral coreSINEA S1lj dzSy OS 2 ¥ dendthedR®lemeht§harésk S

homology to aLINE repeat and at the terminal end there is an AT rich reagion.

1.24.1. Evolution and conservation of MIR elements

MIRs were first identified by Degen and Da\{{E387), with a consensus sequence of
~70bp (Degan and Davie, 1987; Donehovedral., 1989; Arnour et al.,1989) These
early elements wersubsequently named the mirror B1,MB1 element, as the Bp
fragment was similar to the reverse sequence of the rodent Bl ,repmah is
homologous to the primatpecific Alus (Korotkov, 1991). Subsequeranalysis
demonstrated that the full length MIR element was ~260bp (Smit and, Hig§5).
The original 7@p regionis currently known as theoreSINE which is highly
conservedicross mammals explaining thaginal assumption that it was the full length
of the MIR
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One intriguing observatiowith these ancient elemenits the level of conservation of

the core SINE between mammalian genomes. Considering that MIRs are inactive and
have been for-150 myr, the accumulation of mutation and dgence is lesshan
anticipated, andhe coreSINE of the MIRs has been shown to acquire mutations at a
slower rate than that of neutral DN&ironi et al.,2006) Thereduced mutation raie
currently unexplainedhowever this observation has lead to the premisd tha core
region may be providing some functionality to mammalian genomes (Smit and Riggs,
1995).

MIR elements were actively propagating priorthe radiation of mammalsnd before
placental mammals separaté¢iderefore theage of the MIR was originaly estimated at
~130 nyr (Smit and Riggs1995 Jurkaet al, 1995). However Chaley and Korotkov
(2001) suggested that tlewre SINE may have originated ~550 mggo, due to the
similarities observed between the placental MIR consensu$ &rd the SINEsf non

mammals such as reptiles, birds and octopuses (Gilbert and Labuda, 1999).

On average 10% of mammalian genomes are derived from SINEs, with 2% being of
MIR origin (table 1.1). MIR elements would have been present in a common ancestor
of all mamnals, asorthologuesequenceare detectable irthe humangenomeand the
distantmonotemes This degree of negative selection suggests that the ancient MIR
elements may conferyeet to be determineadvantage tall mammalian species

SINEs gemme MIR genome

Species coverage (%) coverage (%) Publication

Human 13.63 2.91 Landeret al.,2001

Dog 10.57 2.7 LindbladTohet al.,2005
Cat 11.20 3.1 Pontiuset al., 2007
Mouse 7.96 0.58 Selaet al.,2007
Opossum 10.43 2.2 Mikkelsenet al.,2007
Wooly mamnoth 6.95 0.71 Zhaoet al.,2009

Table 1.1. Percentage of mammalian genomes derived from MIR elements.

The percentage genome coverage of MIR elements and SINHsoaseestimated following

the initial sequencing of the listed genome. The human genamprises the largest
percentage of SINEs with ~3% of the human, dog and cat genome being derived from MIR
elements. The mouse genome has recruited the least number of MIR elements.

10
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1.24.2. Functional role of MIR elements in mammalian genomes

Thereare few documented examples of MIR elements playing a specific role in gene
regulation, though validatl examples arslowly emerging. Previous studies have
largely focussed upon the young retroelements, namely the prapetdic Alus and

L1 family of elements. There are occasional validated observations of older elements,
such as the MIRs, providing a function to specific genesThe gene
proopiomelanocortin (POMC) encodes a neuronal hormone precursor polypeptide. In
mammals, hypothalamic expressiah POMC is regulated by two upstream nPE
enhancer sequences (nPE1 and nPE2). The nPE2 enhancer is highly conserved in all
mammals including marsupials and monotremes, and was later notedeavesel from

an MIR element (Santangeét al.,2007). Smithet al., (2008) also identified an MIR
element 1kb upstream of the stem cell leukaemia (TAL1) transcription factor enhancer
The MIR element has been demonstrateddth regulate andsignificantly increase
TAL1 enhancer activity.There isalsoareportedexampe of amutationdetectedwithin

an MIR element activating a cryptic splice site in the gene CYBB, leaditigetbuman
genetic disordechronic granulomatous disea@&umpet al, 20086.

One area of research which has been shown particular interescent yearss the
premise thaancient retrotransposonseaa source of microRNA (miRNA) precursors
andbr target sites.It has been previously hypothesised that MIR elements have the
potental to form dsRNAs due to the homology between individudliR insertions
(Hughes, 2000). Tise dsRNA may then be cleaved intonall interfering RNAs
(siRNA; Zeng and Cullen, 2005).SINEs have alsobeen suggested as source of
MiRNA precursors and themiRNAs; miR95 and miR151* display sequence
complementaryd the MIRL2 el ement s | o eUdRseotimammalkah i n
MRNAs (Smalheiser and Torvik, 2005)n a similar studyPiriyapongsaet al., (2007)
identified 18 human nRNAs derived from transposable elements, 14 of which are

related to thencientL2 andMIR families.

Similar observations have been maitethe dog genome, with five MHerived
mMiRNA precursors formed from adjacent MIR elements recruited in opposite
orientations (Zhowet al., 2002). Overall it appears that the recruitmesftthe more

arcient TEs such as the MIRs and L2way haveplayed acrucial role during

11
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mammalian evolutiorby generating nRNA target sites and as miRNA precursors.
Furthermore, the mechanism described by Smalheiser and T20@d§ appears to be a
phenomenon exclug to the expansion of mamii@a genomesas no similar nRNA
precursors were detected in chickdéh, melanogaster or C.elegans(Smalheiser and
Torvik, 2005).

1.24.3. Distribution of MIR elements

The global distribution of MIR elements in the humgenome is unknown, though they
are documented to reside predominantly in-@&0 regions (Medstrandt al., 2002).

The numberof positively identifiedMIRs in the human genoms regularly increasing

Smit and Riggs (1995) who first identified the fidhgth MIR estimated there to be
>300,000copies. Bllowing the analysis and sequencing of the human genome the
figure rose to 446,000 MIR sequences in tidole genome(Landeret al.,2001). A
more recent study identified ~548,000 copies in hwvarmd ~116,000 in the mouse
genome (Selat al., 2007) These figures are likely to be underestimated due to the
methods of detection antihas been suggested that less than half of the total genomic
MIR elements have been identified using conventiomathodqGu et al.,2008).

The number of genes which haeeaptatedVIR elements still remains unclear. Chaley

and Korotkov (2001) reported MIR sequences present in the coding sequence (CDS) of
254 human transcripteowever thisnumber does not represent segenes andeveral

genes are represented by multiple transcripith others exaptatedvithin the
untranslated region (UTR) Selaet d., (2007) more recently identified 181 MIRs
located within the UTR and CDS of human genes, of which 78 have beene@drui

the CDS (Sela&t al.,2007).

12
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1.3. Mechanism ofretrotransposition

The mechanism of how transposons replicate and move through the genome varies
between classeghe DNA transposomovet hr ough a o6écut and pa
such the elment istransposedo a different genomic regiometrotransposons however
propagat e Vi a a 0 c 0 f knowm A targepaireedreversee ¢ h a |
transcription (TPRT) (Coset al., 2002). TPRT is anaccumulatte process ashe

original copy is not remved from thegenome secondlythe internal promoter, poly(A)

tail and ORFs are contained within the newly integrated elemefite ability of
retroelement$o maintain the transcriptional machinery explains the abundance of these

elements within vertebta genomesompared to the DNA transposons

During TPRT tle initial step is the transcription of théNE into RNA via the internal
RNA pol ymerase pr omo tUdR (Royktalg 2000 dhe WRNA hi n
molecule is then transported to the cyteplawhere both ORFs are translated. These
LINE-encoded proteins then bind to the RNA template to form a cytoplasmic

ribonucleoproteiRNP) complex. The RNP complex then travels to the nucleus where

insertion takes plac@innegan, 1997).The insertion pocess involves the cleavage of

the first stand of the targeyy DN A , g e n e@Hanick, faglitatad b® the LINE
encoded endonuclease. There appears to be a preference for a gDNA target site of
~15bp, which contains t HAAT endhe sntisenseslrand | e a
(Fenget al.,1996). The 5‘end of the template RN#hich contains the poly(A) tail, or

in the case of MIR elements the AT rich regianneals with theleavagdarget site by

base pairing with the nicked gDNAThe exposed® hy dr @say & primes forv

first strand synthesis (Luaat al., 1993), this process is facilitated by the reverse

transcriptase encoded by the retroelenasmdemonstrated figure 1.4.

SINEs do noerncodea reverse transcriptaseg in the casef SINEs, such as thelIR
elements it is thought thatthe reverse transcriptase of LINEs is utilisgubssibly
encoded by L2and L3 elementsfor theiramplification (Deiningerand Batzer2002;
Teraiet al.,1998.

13
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Retroelement

Copy of retroelement

Figurel.4. The retpelement transposes via an RNA intermediate

The retrotransposon is transcribed to generatehe template RNA which is reversed
transcribed to produce a DNA copy of the original element. talget genomic sequence is
nicked which acts as a primer for tatgprimed reverse transcription, following which the
dsDNA copy is reinserted into a unique region of the genome.

Finally a second DNA strand is synthesisedorm a RNA/DNA hybridand the second
gDNA strand is cleaved. The tatgete is filled with adoublestrandedDNA (dsDNA)

copy of the original retroelement. When TPRT is completed the ssigidded DNA
(ssDNA) remaining at the nicked target site is fillgntoducing target site duplications
(TSD; figure 1.5. In younger elemenjshese flankig T SD can be a 6si
insertion of a retroelement into the genondeirka and Klonowski, 1996).Some
insertions have been noted which do not contain TSD @fal., 2005) however the

TSD of older elements will contain indels and may no lorgerecognisable Several

of the mechanisms involved in retrotransposition remain to be clarifibd.process by

wh i ¢ h -ehdhoé thebnéwly transcribed template RNA associates with the cleaved
target DNA is unclear. Similarly the process of the ddgtion of the target RNA,
secondstrand synthesis and the mechanism of target site duplication is also speculative
(Costet al.,2002)

14
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Integrated MIR element

Fgure 1.5. Target site duplications flanking an integrated MIR element

Genomic DNA is represented in pink and the MIR element in blile. genomic target site is
nicked at the consensus TTAAT which theneals to theAT rich regiort (i  {-¢aé of eQ
MIR consensus When target primed reverse transcriptias complete the nick is filled
producing target site duplications (boxed green)

1.4. Retroelementshuman diseaseand the process of exonisation

When a retroelement has been transposedatmew genomicregion it will
predominantly resig within intronic sequences® intergenic region§Selaet al.,2007),
with no discernible impact on gene expression patterns and protein funktwvever
retrotransposonsnay be transposed directly intan exon of a gene antlehave as

insertional mutagensy disrupting reading frames and regulatory elements

The mutagenic potential of retrotransposasisclearly observed followingle novo
insertionsof active elements.Current retroelement activity ithe human genome is
largely due to the Alu and L1 families of retrotransposons. @tead., (2005)who
studiedAlu and SVA repeats, noted 40 insertional events into genes which resulted in
human disease (Chet al.,2005). Alu elements have been suggddo play a role in
the development of 0.3% of human genetic disease (Deininger and Batzeradda®)
estimated 0.1% of all human germline disease is due to insertion of L1 elemesits (Li
al., 2001) For examplehte insertion of an L1 into exon 14 e factor VIII gene has
been demonstrated in an haemophilia A patient (Kazatiah,1988). L1 insertions in

the dystrophin gene (DMDhave been shown to cause a frameshift and skipping of
coding exon 44; responsible for the developmenDathennemuscular dystrophy

(Narita et al., 199). Similar has been observed following the integration of an Alu
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element in theNF1 (neurofibromatosid) genewhich causes exon skipping astlifts

the reading frameesulting inneurofibromatosisype 1(Wallaceetal., 1991) Thede
novoinsertion of an SVAelement in thdJ}spectrin gene (SPTABIsoresuls in exon
skipping in cases of hereditary elliptocytosis (Hassoenh d., 1994. The
retrotranspositional insertion rate varies between mammals, for example
retrotransposons account for 0.2% of spontaneous mutationsrians but comprise
>10% in rodents (Ostertagg al.,2003). Howeverthe genomes of some mammals such

as the South American rodent Oryzomys appear to contain no active retroelements
(Casavanet al.,2000).

Most exonic integrations will be selected agsi and as such will no longer be
detectableandthe observed exonic tetransposonwill most likelyhave integrated in
intronic regios and wereincorporated into the CDS via exonisatiftei et al., 2003)
Exonisation of a retroelement occurs whbe repeat contains sequences which are
recognised as splicing motifs, or alternatively mutations within the recruited element
may generate cryptic splice sites or optimise an existing splicing signal. In the majority
of cases, tl recruitment of a retroeteent will introduce an alternative reading frame,
which may ultimately result in a truncated protein of either no function or with altered
expression levels (Krulet al., 2005). Premature termination codons may trigger
nonsensenediated decay (NMD) of &mRNA transcriptif a polyadenylation signal is

not in close proximitfChanget al.,2007).

One of the earliest observations of the exonisation of a retrotransposon occurred more
that 15 years ago. Mitchekt al, (1991) studying mutations in the nithine
aminotransferase gene (OAT), demonstrated that a point mutation within an Alu
element (residing within an intron) produlce cryptic splice site. This aberrant splicing
generatd an alternative reading frame and thus a prematwfame stop codo
(Mitchell et al., 1991). The truncated protein is a contributing factor in ornithine
aminotransferase deficiendye causative agent of the autosomal recessive eye disease,
Gyrate Atrophy (Simell and Takki, 1973).

A further exampleof Alu exonisatim is noted following aleletion located within an
Alu element, residing within an intron of the glucuronidasta gene (GUSB) The
deletionproduces a cryptic donor splice site and as a consequence individuals develop
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Mucopolysaccharidosis type VISly syndrome). This mutation produces an alternative
exon which results in the skipping of a constitutive exon, therefore causing a mild form
of Sly syndrome (Vervoortet al.,, 1998). Numerous other cases of Alased

exonisation have been documented (foe\aaw see Soreét al.,2002).

There is one reported exaraplvhere an inserted MIR elemerdntributes to a human
genetic disorder. In a chronic granulomatous disease (CGD) patient, Bualp
(2006) identified a mutation within the CYBB gene (cytaohe b245, beta
polypeptide) which activated a cryptic splice site in the middle of an intron. Inclusion of
this novel 56bp exon results in a reading frame with a termination codon, which
encodes a truncated proteifrevious investigatits have reportethe exonisation of

LTR elements, Alus and MIR repeaRirfyapongsaet al.,2007; Selaet al.,2007; Krull

et al., 2007, and the Alus have been shown to contain motifs in the repeat consensus

sequence resembling classical splice siEesdket al.,2002.

1.5. Transposableelementsas markers for evolution

SINE elemens are useful tools for defining monophyletic clades and assist in
understanding complex lineages. SINEs help identify ancient radiations, which would
otherwise be undetectable doe the accumulation of mutations over time. The
majority of SINEs insert into a genome with little or ingpactand therefore provide a
record of biological history ands such areconsidered as neutral genetic markers
(Shedlock and Okada, 2000).

The we of SINEscan provemore effective at studying evolutionary relationships
between speciesthan singlenucleotidepolymorphisms (SNPg and nucleotide
substitutions, as they may hawgegratedfollowing numerous independent mutations
and are not inheritefom a common distant ancesta8INEs arethought to represent
identity by descent and the probability of two individual elements integrating
independently at the exact location of a chromosome is small (Sgtleah, 2005).
Therefore the problem of patel mutation and ambiguous results due to outgroup
selections idess likely (Skedlock and Okada, 2000)Transposable elements are a
useful toolat deciphering compleandbr closely related lineagedue to themode of

evolution being unidirectional, a there is currently no known mechanism for the
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removal of SINEs from a genome followimgcruitment(Salemet al.,2005; Shedlock
et al.,2004). However there are some caveats whenducting phylogenetic analysis
using tansposablelements, for examplg is possible thatrisertion homoplasyay
occur between specied different ancestryver time. Furthermore repeat sequences
can be lost by deletiorsélemet al., 2005)

1.5.1. Retrotransposons and complex lineages

The African cichlid fish (AFC) family are found in Lakes Victoria, Malawi, and
Tanganyika, and have captured the interest of researchers for many years. This endemic
species exhibits extraordinary levels of diversity for each lake as a consequence of
explosive adaptive radiation thatcurred independently and in parallel (Tesaial.,

2004; Teraiet al.,2003; Takahashi and Okada 2002). AFC SINE elements have been
used as genetic markers for phylogenetic analysis to delineate the complex radiation of
the cichlid fishes. Similarlyanalysis of Alu lineages has been used to assess
relationships between the primate lineage of humans, gorillas and chimpanzees (Salem
et al., 2003; RoyEngel et al., 2002). The study assisted in understanding primate
phylogeny and to reconstruct the demagghics of human populations. The sister
relationship between humans and chimpanzees is clearly distinguishable following the
application of SINEs (Salerat al.,2003). SINE elements havieeen used to elucidate

the orign of whales. Shimamuraet al, (1997) determined thathe order Cetacea
(whales, porpoises and dolphins) form a monophyletic group with ruminants and
hippopotamuses and not Atriodactylas had been previously suggested. This was
supported with the systematic use of SINEs by Nikaida., (2001).
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1.6.  Functionality ofretrot ransposons

Theintegrationof aretroelement will provide additional genomic material and therefore
may have contributed to genome plasticity, allowing for accelerated evolutionary
changes in protein struge and gene expressioddslerand Strulh 2006;Szmulewicz

et al., 1998. There is increasing evidence to support the idea that retrotransposons
allow for the modification of gene function and/or expi@sdy providing regulatory
elements, alternate $p¢ sites, polyadenylationignals and additional protein coding
information (Nekrutenko and Li, 2001; LeMaoret al, 2003 Baertsclet al.,2008.

1.6.1. BReudogenes

Pseudogenes represent copiesunictional genes whichave been inserted intonovel
location withn the genomgand @nerally have no proteioodingcapacity, due to the
failure of transcription or translationlhe nucleotide sequence will be highly similar to

the parental gene but may contain mutations or lack functional segueasea
consequence the reading frame may be interrupted and regulatory elements rendered
inactive. There are two classespskeudogengyrocessed pseudogenes are generated by
reverse transcription of RNA whereas Aanocess pseudogenes are derived dyrdut

an increase in DNA content. Ngmocessed pseudogenes usually spread via gene
duplication, so are commonly clustered and situated near the original functional gene.
This class of pseudogenes contain introns, flanking sequences, including thampstre
promoter and will usually contain multiple -frame stop codons. DN#4erived
pseudogenes theoretically have the potential to be functional if the original promoter is
included;however the majority are present as redundant copies which have accumulated

mutations.

Processed pseudogenes aneegated bythe reverse transcription of mMRNARNA and
ribosomalRNA (rRNA) and are also termedretrogenegKrasnovet al., 2005. This
category ofpseudogenes arthought to have reliedn retrotransposons foheir
amplification (Esnaulet al.,2000) and manyhave flanking retrotransposons asithre
the polyA) tails and TSDof the repeat elements (Deininger and Bat2602). These
pseudogenes will contain the features of the original Rd¢Aareintronlessamnd

commonly contain the original poly(A) tails. Processed pseudogenes are usually
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truncat ed-enda aind &shsichaékdupstream promotersand processed
pseudogenes argenerallyc onsi dered as fAdeado étal,| owi |
1989). Eventtough processed pseudogenes are <co
remain as proteksoding intronlessetrogenesNlarqueset al.,2005. Retrogenes may

not encode for the gene product of the original paralogue gene as there is no need to
maintain two gene of identical function, secondly processed pseudogenes are usually
truncated at the@end resulting in an alternative reading frame and hence a different
peptide sequence.Some pseudogenes may remain as functional ncCRNAs (ncRNA)
(Sasidharan and Gersteir008). With all retrotransposons being derived from RNA
genes it is thought that the original o6ém
pseudogene which continued to retrotranspose effecti@lgret al., 1991; Deininger

et al, 1992.

Functional processed pseudogenesadten derived from Xlinked genes, for example
phosphoglyceratkinase(PGK)2. PGK2is aglycolytic enzymewhich is encoded by

an intronless gene derived frahe introrcontaining paralogueGK1 (McCarreyet al.,

19969. PGK1 has a similar function to PGK2, HGK2 is expresseexclusivelyin
spermatocytegMcCarreyet al.,1996). Uechet al., (2002) identified a neviamily of
ribosomal protein genatesignated RPL10L, PRPL36AL and RPL39L, which appear to
have orighated throughhe retrotransposition of an -Knked ribosomal gene These
ribosomal retrgenes are primarily expressed in the testes and are thought, as with
PGK1 to have evolved as a means of compensating for the reduced dosalyeketiX
genes, which @y be silenced during spermatogenesis (Uesthial., 2002). This
mechanism would presumably allow for the processed copy of the gene to specialise in
testes function while the parental gene maintains the original function in somatic tissues
(Shiaoet al., 2007). Other pseudogenes, which seem to have evolved as a means of
compensating in this manner, include glueds@ydrogenase (G6pd).-lked XAP-5
(FAM50B) and the testespecific pyruvatedehydrogenase subunit (PDHA2) (Dadtl

al., 1990; Hendriksortal., 1997; Sedlacekt al.,1999).

Retrotranspositionhas also contributed tthe evolution of salivary amylase. The
amylase gene family consists of two pancreatic amylases and three salivary amylases.
Salivary amylase (AMY1) is thought to have evolvédm pancreatic amylase

(AMY2), a process which was facilitated dyetinsertion of a processed maaactin
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sequencento the promoterof the original ancestral amylase gene (Tiegal., 1992).
This event is likely to have been selecteddoe to the nedfor salivary amylasevhen
there was an increase in tliegestion of starch in the human diet following the

development of agriculture (Caldweit al.,2004)

1.6.2. Retrogenes anthammalian evolution

More than 90% of G proteicoupled receptors (&HRS) are encodely an intronless

gene It has been suggested that these genes share a common ancestor, which may have
been a retrogene (Gentles and Karlif99). Reing intronlessuggests that a gene may

be derived followingretrotranspositioras procesedpseudogenes ateansposedrom

mature mRNA Himinating posttranscriptional splicingvould result in a fasteate of

protein expressionwhich may be advantageous to GPCRhis improved efficiency

would be beneficialvhen there is a need foapd protein expressionsuch asn the

central nervous systerfeading to the idea thaetrotranspositiorwasimportant in the

evolution of increased cognitive capacity in hum@ssentles and Karlijirl 999).

Glutamate dehydrogena@8LUD)1 is a mitochondal matrix enzyme, whiclunctions

in glutamate andhitrogen metabolisn{Smith et al., 2001). GLUD2 is an intronless
pseudogene of GLUDXerived fom GLUD1 by retrotransposition during a time that
coincides with a periodf a notable acceleration of ewdlon and increase in brain size

of hominoids (Burki and Kaessmarz004). It is thought that higher neural activity co
evolved with greater brain size, and may have been aided by retroelement activity
(Burki and Kaessmanr2004). Retrotransposition hasso been implicated in other
areas of pmate evolution. Marquest al,, (2005) estimate that there are ~75 retrogenes
which emerged during and after the primate burst of retrotransposition. It was also
noted thathe majority of these retrogeneere epressed in the testes and originated
from X-linked genes, and have evolved functional roles in spermatogenésis.
suggested by Marques d., (2005)that the compensation of-Mked genes through
retrotransposition may hawssistechuman evolutionas autosomal substitution during

X inactivation would primarily enhance male germline function allowing for rapid

primate evolution (Marquest al.,2005).
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The total number of human retrogenes currently identified is 163 and similar numbers
are obsergd across mammals (Pan and Zhang, 2009). THisoappears to be a burst
of young retrogenes appearimg mammalsoccurring prior to that discussed with

primates, which may have aided mammalian evolution (Pan and Zhang, 2009).

1.6.3. Imprinting , epigeneticsand microRNAs

Genetic imprinting occurs when a gene is differentially expressed, depending on the
origin of the inherited allele, either maternally or paternally. The differential expression
is referred to as the pareoftorigin effect. There are ~8Quman imprinted genes, at
least 11 of which are retrogenes (Moriseinal., 2005). Several others display the
features of retrotransposed genes and many retrogenes are located within imprinting
regions (Walter and Paulsen, 2003Ppue to this commonality & retrogenes with
imprinted genestiis thought thatimprinting may have occurred as a secondary effect
following the defence against foreign DNA, as active repeat elements are rendered
inactive by DNA methylation (Woodt al.,2007).

It has been suggestehata large number oficroRNAs (miRNA) may have evolved

from TEs as the genome responds to a retrotranspositional event by attempting to
deactivate and degrade the TE via DNA methylation and RNA degrad&iaoki et

al., 2007). Silencing of TEs bgenomes is mediated by siRNAvhich are derived

from the repeat element targéself (Piriyapongsaet al., 2007; Buchon and Vaury,
2006; Vaughn and Martienssen, 200%)or example the epigenetic machinery present

in plants is thought to have evolvedtins mannefZilberman and Henikoff, 2005and
MiRNAs have been demonstrated to be encoded by a short DNA transposon known as a
MITE in A.thalianaand O.sativa (Piriyapongsa iad Jordan, 2008). MiRNAs can also

be transcribed by the RNA polymerase Il pader of the Alu element8Bprchertet al.,

2009.

Evidence is increasing to support the idea that miRNA precursors are derived from TES;
including MIR/L2 repeats $malheiser and Torvik, 20P5L1 elements (Devoet al.,
2009) andAlu repeats (Smalheisand Torvik, 2006Pevor, 200§. Piriyapongseet al.,
(2007)identified 4 human miRNAswvhich appear derived fromn2 and MIRelements

Similar observations have been made with the dog gendime MIR-derived miRNA
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precursorsvere identified by Zhou et al., (2002, who noted thastemloop structures

are formed between adjacent MIR elemenvitgnrecruited inopposite orientations

1.7. Concluding remarks

The majority of studies have focussed on the analysis of aetikgransposons Suets

Alus andL1 repeat sequences. There has Bieeited investigatiorof the exaptation of

MIRs (Krull et al.,2007; Selaet al.,2007;ChaleyandKorotkov, 2001). MIR elemens

have been resident in the genome sittemammalian radiatiomnd areubiquitous
acrossmammals;thereforethey have thepotential to provide insight in mammalian
gene evolution through history. Furthermore the highly consezree=lSINE region is

not only conserved between different genes of a single species but between divergent
species.However to date few groups focus on this particular class of elements, possibly

due to the level of divergence observed wébpecto the age of the elements.

Previous publications have identified Mt®ntaining genes (Chaley and Korotkov
2001; Seleet al.,2007) althoughthe number of coding transcripts remains small and
none have systematically looked for a functional role of these ancient elements. A
preliminary analysis of the human genekich have recruited MIRs identified a
possible link wih dendritic localisations of mMRNA transcripts to the neurone (Hughes,
2000; Hughes, unpublished data). This localisation has been implicated in synaptic
plasticity, and a role in neuronal function has been supported by the discovery of

mutations in somefdhese genes in cases of mental retardation.
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1.8. Aims and objectives of the study

The primary aim of the project is identify MIR-containing genes, which following
bioinformatics and laboratory analysis mpsovide insight into the potentiable of
MIR elemens in mammalian gene evolution, and to determine the functional

significance of the exaptation ofishifamily of repeats.

The key areas are as follows:

1 To identify human genes which have exd#pd MIR elements by the use of

bioinformaticsand data mining tools.

1 Following acquisition of the MIRontaining genes toutline the distribution of
these repeat sequences tgtermining if there is a preference to recruit MIR
elements in a particular orientation, gene/genomic region or of ayartMIR sub

family.

1 To establish if there is a commonality in function between EhR-containing

genes, such as protein function, interactions and biological pathways.

1 Determine if exonisation of the MIRs has occurred to produce transcript variants

which may contribute to human diseaddferential expression or gene function
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2. MATERIALS AND METHODS

2.1. Bioinformatics analysis

2.1.1. Acquisition of MIR -containing genes

Retrotransposon consensus sequenagsobtained from the Repbase Updateich is
provided by the Genetic Information Research Institute (Gitlle2.1). The Repbase
Update is a reference source atatabase ofepetitive DNA for numerougsukaryotic
genomegJurkaet al.,2005;http://www.girinst.org/repbase/update/index.Htm

Repeat Repeat

Type Subtype Aliases Size(bp) Species origin
SINE MIR MB1, MER24, MIR1 262 Mammalia
SINE MIRc - 268 Mammalia
SINE MIR3 L3,MIR 224 Mammalia
SINE MIRDb SINE2 268 Mammalia
SINE  MIRm MON1, THER1, THER 273 Monotremata
SINE MIR_Mas THER1, THER2 263 Metatheria
SINE THER1 MD - 275 Didelphidae

Table 2.1 MIR element subfamiliescontained in RepBase

TheMIR elementsubfamilies arecatagorised according to the RepBas®otations Thesize
of the consensus sequensare in the rang of 22427%p. Theearliestmammal theMIR
elementis thought to have beeactively transposings listed ifknown.

Potential MIR containing nucleotide sequences weskected by screeninghuman
genesfor homology to the MIRconsensusu si ng t h eanalydsLpfo§and
(Altschul et al., 1990; http://www.ncbi.nlm.nih.gov/BLAST) Repeat elementwere
alternativelyidentified by searchingghe 6 Ge n o mi ¢  SwhichaipaY databdse ,
compiled of transcripts that are known to contain all families of t@sage elements
including SINEs, LINEs, DNA and LTR transposons (MakalowsKQQ0;
http://warta.bio.psu.edu/ScrapYardQnly a proportion of the MIRontaining genes
identified in this study were available in the Genomic Scrap)Yhowvever it was a

uselll resource.
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2.1.2 Validation and annotation of MIR elements

0 Re Maa k e r the pnraasy toolutilised to confirm the presence of an MIR
element Repesil s k e rsdftwaresesoarce which screengiery sequences for
interspersed repeat elentenhttp://www.repeatmasker.ojglusing the transposons
consensus sequercin theRepbase. Therientation of the repeat sequeneighin the
transcript can be determined, as can ¢berdinats, size and the repeat stamily.
Transcripts which were nedl to have recruited an MIR element were validated by
assigning the sequence to a specific gemep:(/www.ncbi.nlm.nih.gov/geng/and
confirming that the sequence was either a current reference sequence or by searching for
ESTs (expressed sequence taghjch correspond to the nucleotide ahg noting
published examples Only annotated Odiathie stiily apck ne s
hypothetical sequences discardad theyare unconfirmed sequencesvhich may

represensequencingrrors pseudogenes or ndanctionaldossilbgenes

2.13. Repeatsequenceocation

The position of the MIR element within a gene was determined using the sequence
alignment program 0 Sp Bahesjte® ,are bocad ab BECBt r e z
(http://www.ncbi.nlm.nih.gov/IEB/Re=arch/Ostell/Spideyhttp://www.ncbi.nim.nih.g
ov/gene). Spidey is an alignment tool which when aligning mRNA to the
corresponding gDNA determines the exonic arrangement and provides the genomic and
MRNA coordinates for each exon determinesplice siteswere then scored using the
online GENIE program available at the Zhang laboratory website
(http://rulai.cshl.edu/new_alt_exon_db2/HTML/score.htiReeseet al., 1997; Zhang

1998).

The genomic locations for all of the human genes identified were mapped u
KaryoVi ewd (attip:/wBnensemiibdrg/Homo_sapiens/karyoview). The
density of human genes for a given chromosome was calculated according to the NCBI
36.2 assembly of the human genome, which is currently used in the Ensembl release 43.
The coordinates for all of the MIR subfamilies were plotted using the SUMPRODUCT
function available in excelwhich calculatel the number of total transcripts that

corresponds to each nucleotide of the MIR consensus sequence.
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2.1.4. Sequence homology

Multiple sequence alignments were generated using the EBI Clistaiiver
(http://lwww.ebi.ac.uk/Tools/clustalw2/index.htmiLarkin et al.,, 2007). Clustal
alignments of >20 sequences were generataag the WebLogo browsepplication
(Crookset al., 2004 http://weblogo.threeplusone.com/ WebLogo provides a clear
graphical description of sequence conservafldre alignmengenerates atack of four
letters representingachnuclac acid @, C, G, T) with the overall height signifying the
frequencyof each nucleotide The top letterin the alignmentis most conserved
allowing for the identification of patterrstherwisedifficult to perceive when aligning
large numbers o$equences with ClustalW2Sequence conservation between species
was viewed usinghe ECR browserhttp://ecrbrowser.dcode.orgDvcharenkoeet al.,
2004), which displays evolutionary conserved genomic regions.

2.1.5. Protein function and peptide sequences

Nucleotide sequences were translated into the six potential reading fusimgsthe
translator feature at JustBibtit{p://www.justbio.com/tools.phpand conserved protein
domains were obtained from the Pfam database of protein families
(http://pfam.sanger.ac.uk/Finn et al., 2008) and the Conserved Domains and Protein

Classifcation (CDD) databasehitp://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shrml

2.16. Functional enrichment analysis

The significance of the MIR dataset of genes was further investigated using the web
based functional annotation tool D.A.V.I(Databasdor Annotation,Visualisation and
IntegratedDiscovery Huanget al., 2007; http://david.abcc.ncifcrf.gov/home.jsp The
geneidentifiersfor the MIR-containing genes @reuploadedo D.A.V.I.D and screened
against a large number of databases for funatiemrichment. Databases accessible
through D.A.V.I.D used during the investigation includeVioM (Online Mendelian
Inheritance in Man;http:/Avww.ncbi.nim.nih.gowminv), the Genetic Association
Database (GAD;http://geneticassociationdb.nih.ghvthe Gene Ontology database
(http://www.geneontology.otgsection 2.1.6.1), SwissProht{p://www.expasy.ch/cgi
bin/keywlist.p), KEGG for pathway mapshttp://www.kegg.com Kanehisaet al.,
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2008; section 2.1.6.2) andthe U133A/GNF1H tissue expression panel
(http://wombat.gnf.org/Suet al.,2004). TheU133A/GNF1H human expression data
includes a panel of 79 tissue typesand the corresponding da#0f606 human genes.

2.1.6.1. Gene Ontology

Gene ontology (GO) data was retrieved from thed®@@sortiumand EBI gene ontology
annotation service (http://www.ebi.ac.uk/GOAitp://www.geneontology.ojg The

gene ontology is a controlled vocabulary used to describe gene function, products and
subcellular locations. The total number of human genes whieke hecruited MIRs

that have been assigned a specific GO term were determined using the data mining tool,
OMart Vei woé6 | o dhap//enww.easemblm/Matimiattviepand FatiGO

at Babelomics v3.1 (AShahrouret al., 2007; http://babelomics.bioird.cipf.e3. The
frequencies oMIR-containinggeneswhich have a particular GO termssignedwvere
compared to the frequency of the total number of genes in the human genome with the
same GO accessionlf a GO termwas overrepresented for the MIR group g#nes
compared to the genonmmeay suggest functionstatistical significance was calculated
using D.A.V.I.D

2.1.6.2. Regulatory pathways

The involvement of the MIRontaining genes in metabolic and signalling pathways
was determined by comparing toe known regulatory pathways listed in the Kyoto
Encyclopaedia of Genes and Genomes (KEGG) database (Karethisl, 2008;
http://www.kegg.com). The significance of the Mtentaining genesvolved ineach

pathwaywas determined usirtge webbased argsis toolD.A.V.1.D.

2.1.6.3. MicroRNAs (miRNA) and miRNA binding sites

Potential microRNA (miRNA) binding sites were identified by accessing the data
available in the 6émi RBased, the mi RNA re
contains 5000 miRNA gene loci (http://microrna.sanger.ac.uk/). The most effective
approach is to use Omi RBase Targetso, f

identifying if the transcript with the MIR is present and finally to establish if the target
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sitekis | ocated within the MIR sequence, tr
Al ternatively mi RNA target Sites etcahn be
2003; http:Mvww.targetscan.org/).

2.16.4. Regulatory RNA, motifs and elements

A query sequence was screened for regulatory RNAs such as splice enhancers, splice
silencers, moant-dbws thsinnd heh8 606 Re eRNAD
al., 2006; http://regrna.mbc.nctu.edu.tw/html/prediction.html). Alternativelpa n d- 3 0
UTR motifs were identified in a query sequence using UTRSBk&ignoneet al.,2005;
http://www2.ba.itb.cnr.it/UTRSIt¢/ Motifs and elements were only accepted as true if

there were publications to verify the sequence.

2.16.5. Dseaseassociatiors

The involvement of gene transcripts in human disease was determined by visiting
OMIM at NCBI (http://www.ncbi.nlm.nih.gov/sites/entrez?db=omirand AceView

also at NCBI fttp://www.ncbi.nim.nih.gov/IEB/Research/Acembly/index.htndetails

were confirmed by cuent journal articles Disease association of the Mii®ntaining
genes was also determined using the Genetic Association Database (GAD;
http://geneticassociationdb.nih.gpvaccessible through D.A.V.l.D. Databases for
specific human diseases were alsosited, including Retina International
(http://lwww.retinainternational.com/semews/disloci.htmh and the Retinal Information
Network (RetNet"; http://www.sph.uth.tmc.edu/retngt/

2.1.7. Statistical analysis

Calculating & value which entails multlp tests may produce false positives, therefore

the Fishe's exact @st was adjusted using thalde discoveryrate (FDR)corrected
method(Al-Shahrouret al., 2007 Benjamini and Hochberg, 1995 P O 0 (996
confidence limit)ywas deemed significant arfel < 0.01 (99% confidence limitwas
considered extremely significantThe unadj usted Fisherds e
provide a general indication of aimgndswhich may sugges potential functiorof the

MIR -containing geneshoughwithout statisticalsignificance
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2.2. Tissue preparation, homogenisation and RNA extraction

2.2.1. Tissue and cell culture preparation

Adult male and female Wistar rats were sacrificed by cervical dislocatianaardance
with the Animals (Scientific Procedures) Act 1986, UK. Tissues were rapidly excised
in a sterile environment, rinsed 1% (v/v) DEPCGtreated HO and flashkfrozen in

liquid nitrogen. The rat tissues used in this study are detailetlen22.

Tissue Source Adult Winster Rats) Experimentl Procedure
Brain Male x 3; Female x 2 RFPCR

Brain Male x 2; Female X Radioactiven situhybridisation
Heart Male x 3; Female x 3 RFPCR

Kidney Male x 3; Female x 3 RFPCR

Liver Male x 3; Femalg 3 RTPCR

Lung Male x 3; Female x 3 RFPCR

Pancreas Male x 3; Female X RFPCR

Spleen Male x 3; Female x 3 RFPCR

Testis Male x 3 RFPCR

Table2.2. Dissected rat tissues used for fRTCR andh situ hybridisation experiments

Whole dssected at tissues have been listed with timamber of animalssacrificed the sex of
the animalandthe tissue excisefbr each procedure.

2.2.2. Extraction of total RNA

The tissues were weighed and diced prior to homogenisation. 1ml of TRI f®agent
(Ambion; cataining phenol) was added p&80mgof tissue and per-850 x 10 of
cultured cells. Cells were homogenised by pipette mixing and animal tissue was
homogenised for a period of 30 seconds to a few minutes for hard or fibrous tissue using
a manual glasgeflon homogenser (Scientific Laboratory supplies Ltd)C6 cells were
donated by DrA Hargreaves (Nottingham Trent Universitghd RNA was isolated
(section2.2.2). TheBRIN-BD11 cell line was donated by Dr E Verdeimlwards

(Nottingham Trent Universityand grown in culture (section 2.8).

The homogenised cells/tissuavere aliquoted 1ml per 1.5ml Eppendorf tube and
incubated at room temperature in the fume cupboard foms 20Qul of chloroform
was added to each suspension, and gently voniged (Vortex-Genié® 2; Sigma for
10 sec and incubated on ice fombn. The samples were then centrifuged 2@00x g

for 20 min at4°C (Mikro 20 microcentrifuge (Hettichfor all instances unless stated
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otherwisg. Following centrifugation the suspension costs of three layers; protein,
fat/lipids and nucleic acidghe upper clear aqueous layer containing the RNA/DNA
mix was transferred to a fresh Eppendalfe. Ifthe intermediate phaseas disturbed

the solutionwas re-centrifuged. 50 0 ¢ | of i sopropanol wa s
containing the supernatant, vortexixed briefly and incubated on ice for a further
10min. The samples were centrifugatd 2000x g for 10 min at £4C. The supernatant
was removed by gentle aspiratiogsing a nicropipetteand the pellet washed using 1ml

of 75% (v/v) ethanol The pellet was entrifuged at 7500 x g for 10 min at 4°C,
following which theethanol was removed by gentle aspiration and the pellet was left to
air dryin the fume cupboartbr 2-5 min urtil almost dry. The isolated RNAvasre-
suspended in 2000ul of RNase and DNaskEl,O depending orthe pelletsize. For
large pellets resuspensionmwasaided by heating at 80 for 5min. The concentration

of the RNA was calculated using a spectrophotem@ection2.4.3). The RNAwas

used directly for cDNA synthesis stored in 2.5 volume absolute ethanolgf’C until

required.

23. The storage,recovery, concentration and quantification of nucleic acids

2.3.1. Storage ancethanol precipitation of nucleic acids

Isolated RNA and cDNAvererecovered from storage and concentrated by precipitating
with ethanol. The nucleic acidgere precipitated in 0.1 volume of sodium acetate (3M,
pH5.2) and 2.5 volume absolute ethanol. The precipgd®NA was inverted to mix
and stored a#80°C for 30min. The suspension mies centrifuged at2000x g for 20

min at 4C . For high concentrations of RNA (
for 30sec and half of the solution aliquoted to a frespdflorftubeand centrifugation

of both continuedor 20 min. The supernatant wasmoved by gentle aspiration using

a micropipette 1ml of 75% (v/v) ethanolvas added to the pellet and-centrifuged at
12000 x g for 5 min at 4C. The supernatanivas caefully removed using a
micropipetteand te pellet was left to dry ithe fume cupboardor 3-5 min. The
nucleic acidsvere resuspended in RNase and DNase fre® Hor stock which may be
subject to numerous freeze thaw cyclés TE buffer (10mM TrisHCI, 1mM EDTA,;

pH 8.0)wasused as an alternative.
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2.3.2 RNA storage, purification using FTA cards

Homogenised tissue and ceiaspendedn phosphatéduffered salingPBS; 13mM

NacCl, 2.7mM KCI, 10mM NgHPQO, 1.8mM KH,POy; pH 7.9 werealternativelystored

on FTAmicrocards (Whatma?). The tissue culture cells were applied to the FTA card
evenly (12%i) with a minimum concentration of 100 cells/pl. Toerd was then left to

dry for 1hr at room temperature after which the FTA card was stor@@°atto extend

the storage time. Tissues which did not contain a high content of fibrous or
extracellular material were homogenised in PBS and also applied to FTA cards and
stored in the same mannefhe RNA processing buffer required for extraction of the

RNA from the FTA card was made up as follows:

Tris-HCI (10mM) to final volume of 400ul
Glycogen (20Qg/ml; Sigma) 40ul
EDTA (0.1mM) 20pl
RNasin (40ual; Promega) 4aul
DTT (dithiothreitol, 2mM; Promega) 2ul

A sample disc was punched frothe FTA card using a 2mm Harris MieRunch
(Whatmarf) over a cutting mat. The FTA disc was ejected into a sterilgl 0.5
Eppendorftube containing the 4@Q0 of RNA processing buffeand the sample was
incubated on ice for 1Bnin and vortex mixed at Bnin intervals. The RNA was
precipitated from the wash solution by adding 0.1 volume of NaAc (3M; pH 5.2) and 1
volume of absolute isopropanol The sample was then incubated-28°C for 1 hr
following which the samplavas centrifuged a12000x g for 5 min & 4°C and the
supernatant removedThe pellet and disc were washed by adding 500ul of 75% (v/v)
ethanol and centrifuged 42000x g for 5 min at4°C. The supernatantasremoved
and pellet air dried in the fume cupboard feb 3nin. The RNA pellet waghen
resuspended in 25ul of TE buffefamM TrisHCI, 0.1mM EDTA; pH 8.0, less EDTA
was used toeduce the interaction of the EDTA withe the FTA disc The total RNA

yield per extraction was approximately 12ug/
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2.3.3. Quantification and purity of RNA

RNA solutions were measured at absorbance 260nm and 280nm usin§ &3DU
UV/vis spectrophotometer (Beckman Coulter). Samples were diluted 1:100.44th

(v/v) DEPGtreated HO, total 0.1% (v/v) DEPCtreated HO was used to calibrate the
spectrophotometer. The purity of the RNA sample was determined by the ratio of

Azsonm/Azgonm  The RNA concentration (ug/ml) was calculated as follows:

AzeonmX dilution factor x 40ug/mil.

24.  First strand synthesis of complementarfpNA

Complenentary DNA (cDNA) was synthesised fromadlof total RNA isolated from
severalrat tissus (section 2.2.1). A human multiple tissue cDNA panel was purchased
from BD Clontech, UK (Human MTC Panel I). All human cDNAs in the panel are free

of genomic DNA lave been fully normalised to four house keeping genes.

24.1. Removal of genomic DNADNA) and phenol fchloroform precipitation

Before cDNA synthesisould commence gDNA hdito be broken down and removed.
The following components (RQ1 components frémmega) were added to a 1.5ml

eppendorf tube and incubated af@7or 1 min:

Total RNA 25u0) 20-30ul
10x RQ1 RNasdree DNase buffer (Promega) 5ul
RQ1 RNasdree DNase (1U/ug RNA; Promega) 25U
RNase and DNase fré&0 to final volume of 50¢l

Following incubation 5ul of RQ1 DNas stop solution(20mM EDTA (pH 8.0;

Promegawereadded and the sample incubated further &Ca®r 10 min.
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2.4.2. Phenol chloroform precipitation and wash

The RNA was purified to rerove thedigested DNA, protein and salt. An equal volume
of phenol/chloroform/isoamyalcohol (PCI; ratio of 25:24:1; pH 4.5) solution was
added to the tube. The RNA solution was manually shaken fee@@nd centrifuged
at12000x gfor 5min at £4C. The upper aqueous phase was transferred to a fresh 1.5ml
Eppendorf tube and an equal volume of chloroform/isoamyl alcohol (CI; ratio of 24:1)
added. The mixture was shaken for a furthes®@ anctentrifuged att2000x g for 5

min at £4C. The upper aques phase was transferred to a fresh Eppendorf tube and an
ethanol precipitation was performddection 2.4.1. The purified RNA pellet was
resuspended in 50ul of 0.1% (v/v) DER@atedH,O and incubated at 6& for 5 min.

24.3. cDNA synthesis with RNA isolated from tissue and cells

Complementary DNAwvas synthesisedy adding the following components to a sterile

0.5mlEppendorf tube:

Total RNA lg
Oligo(dT),5 primers(0.5ug/ul; Promega) lel
RNase and DNase fré#0 to final volume of 10le

The RNA suspension was incubated at@®or 5 min to allow for primer annealing,
after which the mix was cooled on ice and the remaining componentsagded to the
RNA mix:

5x M-MLV buffer (Promega) 5el
deoxyNTP mixture (10mM; Promega) lel
RNasin (40ual; Promega) 0.5l
RNase and DNase fré€0 to final volume of 25¢l

The sample was incubated at @7for 5min, cooled on ice andul of M-MLV reverse
transcriptase (200yl; Promega)was added. The reaction mixture was further
incubated at 37C for 70 min and cooled on ice. The sample was then vontrad

briefly and heated at 9Q for 10 min to stop the reverse transcriptase aftiviThe
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cDNA was stored a20 C or used directly for RPCR. The cDNA panel of rat tissue
was normalised for subsequent FPICR experiments. All cDNAynthesisreactions
were performed witHlpg of total RNA which wasquantified spectrophotometrically
(section 2.4.4). Following quantification RFCR was performed using primers
specific to a fragment of the houkeeping gene GAPDHo visualisethe purity and

concentration otachcDNA template (figure 2.1).

Br Ht Kd Li Lu Pc Sp -ve Ts
2k
15k

1k
700 b
500 b

Figure 2.1. Expressicemalysisof GAPDHamplified from arat cDNA tissue panel

Rat cDNA synthesised from 100rbtotal RNA were used as template to amplify a 738bp
fragment of GAPDHThe PCR reactiowas run for 35 cycles (95%1nin; 59°G30 sec; 72°C
1min) and the productsvisualised on a 1.5% agarose gel wilik SYBRsafeTissues are

abbreviated as followsBr, brain; Ht, heart; Kd, kidney; Li, liver; Lu, lung; Pc, pancreas; Sp,

spleen and Ts, testilRNase and DNase frebO has been used a replacement for cDNA in the
negative contral

24.4. Quantification of DNA

Both dSDNA and sDNA were quantified sing the Quant TE assay-i K Et
dsDNA BR and ssDNA Assay Kit; Invitrogen). 200f Quanti TE wor ki ng

was prepared for each sample by diluting the QuaitE r e a g evalumeirl : 2 0 0

Quanti TE DNA bloyf df BNA.sample (depending dhe concentration) was
made upta20Qul with the working solution and vortemixed for 3 sec The sample
wasleft to incubateat room temperature f@min. The machine was first calibrated by
using the standards provided with the katjowing which a eading can be takeriThe

QubitE fluorometer provides a reading

( G

SO

after the sample was diluted in the working solution. To calculate the concentration of

the sample the following equation was used: QF val#ORK). Where the QFalue

is that given by the QubitE flurometer

the working solution.
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25. Polymerase Chain Reaction (PCR)

25.1. Primer designand PCR Reactionmix

Primers were designed which would targetreral MIRcontaining gnes(table 23).

The primers were generated so fbeward oligonucleotidecorresponds to the sense
strand of the target sequence and the reverse ptortee reverse complementAll
reverse primers either cross exon splice sites of the mRNA or dm@mvmstream exons

to the sense primer to eliminate gDNA amplification. The criteria for primer design
were~50% GC content, with a melting temperature betwee68C with a minimum

sequence length of 19bp.

PCR reaction mixes were prepared in a 0.2mih tvalled PCR tube (Dutscher

Scientific) and the followingonstituentsvere added

5x GoTaq Flexi buffer (Promega) 10¢l
MgCl, (25mM; Promega) 5¢l
deoxyNTP mixture (10mM; Promega) lel
Forward primer xZ0mM; Sigma) 0. 5¢l
Reverse primer y20mM; Sigma) 0.5l
GoTag DNA polymerase (56l) 0.5l
cDNA template (20ng) 5el
RNase and DNase fré0 to final volume of 50¢l

Negative and positive controls were also prepared. The cDNA template was substituted
with RNase and DNase fré¢0 in the negative control and for the positive control the
primers were replaced with those of housekeeping gétadde 24). Following
preparation of the PCR master mix and adding of the DNA polymerase the samples
were placd in a PCR thermal cycler (Lalet MultiGene 11). All samples were
denaturedonce for 2 min following which three sgs (denaturation, annealing and
extension)wvere repeated 40 time®enaturing steps were at®@5 annealing was for 30

sec at varying temperatures and the extensiaestas performed at A2 for 1 min/kb

of amplicon. The annealing temperatures for each primer combinhtive been
included in table 3. Following the repetition of the 3 steps the samples were further

heated to 72 for 5min to ensure full extensiaof the PCR products.
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SP- Primer A A A o= % GC Melting Annealing Product
. A p . .
name t NA YSNJ & SdjpS y O ¢ Transcript details content temp (C)  temp (C) (bp)

Hs AHILF1  TTGGAACCCAGAAACAGGAG & ared with both Aelson helper - 50 64 60 i
integration site 1 (AHITeverse primers

Hs AHI1 R1 GCTGCCATACCACCAGTCTT Full length transcript oAHI1 55 64 60 594

Hs AHI1 RT CAGGTCGGCTCAGTTCTTCT Readthrough transcript of AHI1 50 64 60 670
Paired withthe class II, major

Hs CIITAF1 AGCTGTGTCACCCGTTTCAG histocompatibility comfex, transactivator 55 67 60 -
(ClITAyeverse primers

Hs CIITA Sh TTTGAGCCCAGGTCAGTCTC Readthrough transcript 6 CIITA 55 65 60 303

Hs CIITA Lg TTTCCCAGGTCTTCCACATC  Full length transcript othe CIITA 50 64 60 161

Hs NRLF1  ACCCACCTTCAGTGAACCG | aredwith Neuralretinaleucine zipper o 64 62 :
(NRL) reverse primers

Hs NRL Sh TTTTTTGCTAATTACAGCTTTA Alternative truncated 3JTR 22 57 62 966

Hs NRL Lg AGGACCCAGGTTTCCAGACT Reference sequencéull lengthNRL 55 64 62 1198

Hs GSGILF1 AATGTCGCAGCTTCATAG ' ared with theGSGlike (GSGILL) reverse 63 59 i
primers

Hs GSG1RX CCTCTCTGTGCCTCGATTTG Specific to theMIRderived exon of GSG1 55 65 59 489

Hs GSG1R1 CCCTCTTCTCCATCCTCTCC Reference sequenctull lengthGSG1L 60 64 59 499

Table 2.3 Primer sequences and thermal cycling conditions for human and ratHTIR experiments.

All primers used in this study have been listed, including the melting temperature calculated from the primer sequence amuetding temperature use(

during thermal cyéhg. Where the primers are species specific the species is indicated as follohemidssapiensRn rattus norvegica.
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Sp. . A A A . . % GC  Melting Annealing Product
Primername t NA Y S NJ & SdjQ@pS y O Transcript details content temp CQ  temp €O (bp)
Rn 5TG ACTTTGACGTGTTTGCCCAC Paired with3TGS and 3T& 50 57 59 -
Tissue transglutaminase splice variant
R 3TGS GCTGAGTCTGGGTGAAGACAC, . 56 63 59 414
n TGM2dLg (Tolentinet al.,2002)
Tissue transglutaminase splice variant
R 3TGL CAATATCAGTCGGGAACAGGT( _ 50 59 59 513
n TGM2 wLg (Tolentinoet al.,2002)
Rn TG2FVs GGAACTTTGGGCAGTTTGAG  Paired withTG2 Rn R Vs 50 57 59 -
Rn TG2RVs TTCAGGGTATGGAACTCATGG Tissue transglutaminase splice variant TGM2. 48 58 59 488
Rn TG2F Sh CAGGAGAAGAGCGAAGGAAC Paired wih TG2 Rn R Sh 55 59 59 -
Rn TG2R Sh CAGGCAGAGCCTTACCAGAG Tissue transglutaminase splice variant TGM2. 60 61 59 544
Hs TG2_1 CCTAGACATCTGCCTGATCC Paired with TG2_Vs (Hs) and within exon 5 55 62 59 -
Hs TG2 Vs TCATGACCCACATCCCAGC '(I';'sss).ue transglutaminassplice variant TGM2_V 58 60 59 323
Hs TG22 CTGAGCACCAAGTACGATG( Paired with TG2_Sh (Hs) and within exon 9 55 62 59 -
Hs TG2_Sh AACACAGGGCTTTACCAGAC Tissue transglutaminase splice variant TGM2 50 60 59 481
Hs TG2Hs FTc CACATTCCTTCCCCTCTG b Quncated TGM2 splice variant, paired with . 64 59 i
TGM2R Tc
Hs TG2Hs R Tc CACAGAGCATTCCTCACAGC  Tissue transglutaminase splice variant TGWM2 55 62 59 482

Table 2.3 Primer sequences and thermal cycling conditions for human and raF&R gperiments continued.

Primers used to amplify TGM2_wLg and TGM2_dLg were designed by Toder=tiné2002).
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Species Gene Primerso po@ 0 Product (bp)
_ TGAAGGTCGGAGTCAACGGATTTG
Homo sapiens G3PDH 983
CATGTGGGCCATGAGGTCCACCAC
_ GGCTGCCTTCTCTTGTGAC
Rattus norvegicus  Gapdh 738
GGCCGCCTGCTTCACCAC

Table 24. Primer sequences for the house keeping gene used as a positive control.

The house keeping gerdyceratiehyde3-phosphate dehydrogenasgAPDHhas been used
as a positive contrdbr RFPCR angkes

2.5.2. Gel electrophoresis

All PCR amplification products werenixed with a 6x loading dye (0.25%w(Vv)
bromophenol blue, 3% (w/v) sucrose, 4ml (v/v) TE buffer, 10.8ml 0.1% (v/v) DEPC
treated HO). Samples were separated in a 2% agarose gel, pcepath agarose
powder (Bioline) dissolved in 100ml of 1LXAE buffer @0OmM Trisbase, 20mM glacial
acetic acid, 5mM EDTApH 8.0) at 100V for 1hr. Once the agarose solution reached
55-60°C 1 0 oflthe DNA gel stairSYBR Safe(Invitrogen) was addedA molecular
marker was included tenonitor the migratiordistance Hy p e r L a d dBlin& | V
1kb ladder, Promega) and was visualisethg a transilluminator emitting UV light

(Syngene.

2.5.3. Sample purification and sequencing

The PCR productsvere purifie directly whena single amplicon is preserthe gel

band was excised if there were large primer dimers, smearing or if a sample was to be
used in cloning techniques. All DNA fragments were purified using the Wizard® SV
Gel and PCR Cleabp System (Prongea) f ol |l owing the manuf :
The kit functions by binding th®NA to silica membranes of a spin column and
impurities removed by a series of washes before eluting the DRAtified DNA
fragmentswere then confirmed as the sequence ofarest 10ng of purified product

was mixed with 3.2pmol of reverse primer and made up to 10ul using RNase and
DNase free water. Reaction mixes were sentth® Functional Genomics and
Proteomics unit at the University of Birminghaior sequencing using @730 DNA
analyser.
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26. Molecular cloning using the pGEM®-T Easy vector

PCR products wh low yields and poor sequendata were cloned using the pGEM

Easy cloning vector (Promega). The vector contains two RNA polymerase promoters,
SP6 and T7flanking a mul tiple cloning region Wi
galactosidase l4cZ). Cloning within this region allows for colour screening of

recombinanDNA.

Amnl 2009
17l -
Scal 1890 Nael 2707 o 111 starl
\ Aatll 20
1 ori SDh| 26
BstZl | 21
Meol a7
Amp Mot | 43
o
pGEM®=-T Easy lacZ Sacll | 49
Vector ! EcoRl | 52
(301Ebp)
Spel 64
EcoRl 7
Mot 77
BstZl 77
) Pstl 58
ori Sall a0
Mdel 7
Sacl 109
Elst_lh{l 118 %
5l 127 =
141 2
T spe E

Figure 22. Map of the pGII-T Easy cloning vectawith sequence reference points

The pGEM@ Vetor is derived from the pGEM&Zf (+) Vector (GenBanéccessionnumber
X65308).The vector contains two RNA polymerase promoters, SP6 afidnking the coding
NB 3 A 2 yjala@cEidaseldcZ) The Amp gene allows for the identification cmpicillin
resistart E.colicolonies The positions of the Ampicillin resistance regiamegtriction sites (1
141bp) andhe phage f1 regiofifl ori) have beeindicated.

2.6.1. Preparation of E. coli XL1-blue cells

A colony of E. coli XL1-blue cells (genotype:recAl, endAl, gyrA96, thi-1, hsdRL7
(rk-, mk+), supE4,relAl, lac[ FpdoAB, lacl’Z M1 5 : : Thvie caleetaffom

an LB agar plat€1% (w/v) tryptone, 0.5% (w/v) yeast extract, 1% (w/v) NaCl, 1.5%
(w/v) agar (Becton Dickinson Companycontaining tetracycline (@/ml) andplaced

in 5ml of LB medum (1% (w/v) tryptone, 0.5% (w/vyeast extract, 1% (w/v) NaCl)
containing0.1%tetracycline (5g/ml). The cell suspension was incubate@&C in an

orbital shaker (Gallenkamp) at 200rmwernight.
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4ml of the overnight culture was addedl@Oml of LB medum tetracycline (5g/ml).

A 1.5ml aliquot of the inoculatethedumwas added to a 1ml plastic cuvette (Sarstedt)

to calibrate the spectrophotometer. The remainder was incuda®®8C on ashaking

platform (200rpm; Luckham R100¥for 3hr. The absorbance was then measured at

A660nm every 30 min thereafter until an optical density of 0.5 was obtained

(approximately 4.5hr) The inoculated LBmedum was split into two 50ml tubes

(Sarstedt) and centrifuged at 300 at 4°C for 15min. The supernatant was discarded

and each 50ml tube dfelleted cells were resuspended in 20ml of filter stead
(0.22nm) icecold TFBI solution 30mM KAc, 50mM MgCl,;, 100mM KCI, 10mM
CaCl, 15% (v/v) glycerol; pH 5.8) and briefly vortexixedandincubated on ice for 30
min. The cells were then centrifudj@at3000x gat4°C for 20min. The supernatant was
discarded and the cells were resuspended in 2ml of filter steriicecold TFBII
solution (10mM NaMOPS, 75mM CaGl| 10mM KCI, 15% (v/v) glycerol; pH 6.5) per

tube and the cells were gently resuspeindd O ¢ |

prepared and stored'80°C until required.

2.6.2. Ligation and transformation using the pGEM T-Easy vector

aliquot s

of

t

The purified DNA fragments (insert) were ligated into the pGEMEasy cloning

vector.

insert/vector molar ratio of:3.

h e

The volura of insert(ng) required f@ each reaction was calculated with a

vector (ng) x insert (kby insert:vector molar ratio

vector (kb)

The following reagents were added to 0.5m| &mghorf tubes.

2x rapid ligation buffer (Promega)
pGEM T-Easy vector (50ngi; Promega)
Purified insert (50ngm)

T4

DNA

| i gase

(1U/ gl ;

Roche)

5m
i
3m
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The sample was incubated at room temperature for 1lhe li§ation product of the
insert and vectorwere then transformed intde. coli XL1-blue cells. The ligation
mixture was added to a 2ml Eppendorf tube with 100ul of competentbiid cells.
The recombinant plasmid cell suspension was then transformed into incibatdid
XL1-blue cellsvia6 he at s h o c &ndice fond5 npnl tlees at 424G for 1 min.
The cells were then incubated on ice fomih and 15@1 of SOC medium(1% (w/v)
tryptone, 0.5% (w/v) yeast extradtDPmM NaCl, 2.5mM KCI, 10mM MgC}, 20mM
MgSQ;, 20mM glucose; pH 7.0)was added and incubated af@G7n an orbital shaker
at 200rpm for thr.

The presence dhe b-galactosidase encoding gefiac2) in the cloning vector abws

for the positive identification of colonies containing the instmtrefore100m of the

lacZ inducerlPTG (isopropyib-D-thiogalactopyranoside; 200mg/ml; Bioline) and 60ul

of the artificial substrate >XGAL (5-bromo4-chloro-3-indolyl-b-D-galactoside
20mg/ml; Bioline) were spread onto LB agar plates (containing 0.1% (v/v) ampicillin
100) using glass beads. 20¢ | of tbe tr
manner onto the agar plate and incubated in a mo@shbbr at 37 overnight. Single

white colonies were picked and subcultured in liquid LB medium overnight (see 2.6.1).

2.6.3. Isolation of plasmid DNA

Plasmid DNA Minipr epar ati ons wer e prepared, ac
instructionsof (Wizard® plus SV minipreps DNA purification system; Promegd)he

kit comprised a series of solutions to lyse bacterial membranes, neutralise the reaction
mixture and remove impurities including lsing spincolumns The columnsind the

plasmid DNA to a matx until it was eluted and resuspended in RNase and DNase free
water. A final ethanol precipitation was conducted to concentrate the purified plasmid
DNA (section2.3.]). Following plasmid isolatiothe purified plasmid was loaded onto

a 2% agarose gel toonfirm the presence of the insefollowing confirmation,the

purified plasmid DNAwas used as a template BCR using the original primers and
cycling conditions of the insert. The PCR product was then pu(iection 2.5.8and

sent for sequencing
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2.7. Radioactivein situ hybridisation

Radioactivein situ hybridisationwas used to localise the transcript variasitgissue

transglutaminasm theadultrat (Wistar) brain.

2.7.1. Probe selection anddesign

The reaethrough transcript$or rattissue transglutaminas@ GM2) were predicted by
generating composite transcripts from the gDNA sequence (Accession NC_005102.2,
base 148832866 to 14886238%). 45bp antisense oligonucleotide was designed
specific toeachisoform with a GC content of 580%; necessaryo ensure sufficient

probe binding with the minimal backgroumderference

A 45mer oligonucleotide was designed to recognibe shortest transcript variant
(TGM2_Vs9) which is generated following the skipping the donor splice site of éxon

andreading through into the consecutive intron which contains-fiaine stop codon.

5 €ACAAGTTGGTGGTGAACTTCCAGTGTGACAAGCTGAAGBGIGTC

A sequence waselected which is specific tar TGM2_ShmRNA, an isoform also
created by &adng-throughthe damor splice site of common exon 18nd similarly a

stop codon is recruited.

5 6SGATGAGACCATTCCGAGACGGACACGCACGGACCTTGIAGGTCC

The isoform which has been called TGMg is a splice variangenerated via an
alternative donor and acceptor spice site constitutive exons 12 and 13 As a
consequenc@10bp of mMRNAIis excludedrom the full length transcript.The atypical
splicing generates an alternativeading frame and subsequently alternativestop

codon. The isoform specific oligonucleotide seqesfac this transcript is as follows:

5 6SACCGACTTCAGCTTGTCACACTGGAAGTTCACCACCAAGTAGTG

An oligonucleotide was designed whichasv specific to the full lengtleference

sequencéRefSeq)or tissue transglutaminag€GM2_wLg).

5 €TGGCAGGTGATGGGCTGAGTGTGBAGACACAGTCATACAG
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2.7.2. Silanisation of slides and cryostat sectioning

Microscope slidesyWR) were silanisedo aid the fixing of brairsections. Re-cleaned
slides were baked in an oven (Sakura) at°’C8for 2 hr following which they were
trangerred to glass racks and subject tseaection ofbaths: acetone for-2 min;
acetoneandsilane (3aminopropyltriethoxysilane) mix of9:1for 5min; acetone for 1
min twice andin 0.1% (v/v) DEPGreated water for inin three timesThe slides were
air dried for1 hr and baked at 18Q for a further2 hr.

Frozen brains were mounted, over dry ice, ontmaunting plate usindissue Tek
(Sakura)and left to equilibrate in the cryostat forht. 10um coronalbrain sectiors
were cut using a cryostat (CI00, Leica) ati 16°C and mounted onto the slides.
Samples were stored id80°C until required to preserve the RNA.

2.7.3 Tissue fxation

The tissue sections were fixed to the microscope slides via a sequence oflbaths.
slides were bathed in itled 2% (w/v) paraformaldehydég PFA in 200ml 0.1% (v/v)
DEPGtreated wateand 50ml 5X PBS pH 7.4 for 10 min. The sections were then
bathed twice in 1x PBS.Following which thetissue sections were dehydrated by

bathing once i70% (v/v) ethanglonce in absolute ethanahd air dried for 3@nin.

2.7.4. Labeling and purification of radiolabeled probe

The olgonucleotide probes were labdl with the radioisotope sulph«d5 [a-*S] by

adding thefollowing constituents to aterile0.5ml Eppendorf toe:

RNAse and DNAsdree water 16.25ul
5x terminal deoxynucleotidyl transferase (TdT) reaction buffer 5ul
Antisense oligonucleotide (5ng/ul) 1pl
[a-*°S] dATP (12.5mCi/ml; PerkinElmer Life Sciences Inc.) 1.25pl
rTdT (20U/ml; Pomega) 1.5ul
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The unpurified probe was incubated at°87for 75 min in a designated water bath
Residual &->°S] dATP was removed using Sephadex columns (Amersham Pharmacia).
The columnwas centrifuged a¥35 x g for 4 min to remove thematrix which was

di s car de dincubatédabelling feactiomveas added to 5ml of scintillation fluid
(Ultima Gold; Packard Bioscience) to determine the activity of #é°$] dATP
labelled to the oligonucleotide. The remaining labeling reaction was cplacehe
Sephadex column, and centrifuged785 x g for 4 min. The columns contain tiny
beads which bind to any wunattached nucl e
of elute was added to 5ml of scintillation fluid to compare the acttaitiha prior to
purification. The radioactivity of the samples was measured using a Liquid Scintillation
Analyser (TriCarb 2250CA; Packard).

2.7.5. Hybridisation

Each slide required 200ul of hybridisation buffer which was prepared by adding the
following to a 50ml sterile tube: 4x standard saline citrate (SSC; 0.3kbdium
citrate, 3M NaCl (pH 7))5 x Denhar dt 6s solution (1% (w
(w/v) bovine serum albumin (BSA; fraction V), 1% (w/v) ficoll), 25mM sodium
phosphate (0.5M N&PO, (pH 9) and 0.5M NabkPO, (pH 4); pH 7), 1ImM sodium
pyrophosphate (0.6M NB,O7; pH 10.4)and 10% (w/v) dextran sulphateThe buffer

was vortex mixed for 1énin and the remainder added:0 mM DT T, 120¢eg/ ml
(Grade 1A; from porcine intestinal rmo s a ) 100eg/ mli pol yader
denatured DNA from salmon test&§% (v/v) formamide. The mixture was adjusted to

50ml using 0.1% (v/v) DEP@eated water.For each slide 100,000cpm of the purified
labelled probewas mixed in 2081 of hybridisation buffer. The hybridisation buffer

was evenly distribute@cross the sections and parafilPe€hiney Plastic Packaging)

was positioned over the sections, which were then placachomemadehumidified

case. The casesere incubated in a hybridisan oven (Bibby Stewart Scientific) at

42°C overnight. Negative control hybridisations were prepared by adding af@@o

excess of the same unlabelled oligonucleotide to the 100,000cpm radiolpbeated

The 200x excess is sufficient to compete withe labelled probe ifspecific
hybridisation occurs. kbkpecific binding of the oligonucleotide has occuiifeal signal

is presenin the negative control
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2.76. Washing

Sections were washed to remove the hybridisation buffer and excess radiolabeled
oligonucleotide. The parafilnwas removed from the sections by bathing the slides in
1x SSC for 3Gsec at room temperature. Following which the slides were then washed
twice in 1x SSC for 3@nin at 55C using a water bath shaker (Cliftoat) 200rpm. The

dides were then transferred to 1x SSC at room temperature fee@@nd bathed in

0.1x SSC for 30secThe brain sections were dehydrated by bathing on@®% (v/v)
ethano] once in absolute ethanol and air dried fon80

2.77. Film exposure andvisualisation

The radiolabeled slides were exposeXtay film (Kodak Biomax MR, PerkinElmer
Life Sciences Inc) for 6wks and developed using an automatic developing machine
(Compact X4, Xograph). The film wassualised by beinglaced on a light bofUVP

Inc) andimages were captured using a CCD camsyatem and associated software
(Euresys Multicam) Rat brain regions weremapped using the interactive databases
BrainMaps  fttp://brainmaps.org/index.php and the Allen Brain Atlas
(http://lwww.brairmap.orgj.

28. Cell culture
2.8.1 Culturing and maintenance of BRIN-BD11 cells

BRIN-BD11 cells werekindly donated byDr VerdericEdwards, Nottingham Trent
University. BRINBD11 cells are a clonal insuksecreting rat cell linewhich were
culturedfor the study of tissue transglutaminase expression by reverse transeriptase
PCR (RFPCR). Cell culture was performed using aseptic techniques within a class Il
medical safety cabinet (Walker)'he cells are routinely stored ihe gaseous phase of
liquid nitrogen, suspended in freezing medium containing 95% (okfal bovine
serum (FBS; Cambrexnd 5% (v/v) sterile DMSO (Sigma Aldrich). A vial of BRIN
BD11 cells (Passage 28; 4 x°L@vere recovered from storage in liquid nitrogen and

rapidly thawedin a 37°C water bath. The cell suspension wassferred to aterile
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75cnf (T-75) tissue culture flask (Sarstedt) containibgml of fresh RPMI-1640
growth medium supplemented with 10% (v/v) heagactivated foetal bovine serum
(FBS; Cambrex), 2mM {glutamine (Cambrex), penicillin (100U/ml) and streptomycin
(100ug/ml; Cambrex).

Cells were grown in an incubator (Sanyo) at@Wwith a humidified atmosphere of 95%
(v/v) air/5% (v/v) carbon dioxide ancelis were assessed for viability via an inverted
light microscope (Nikon).The cells were incubated for 24h to allow for attachement,
following which the cell monolayer was rinsed with 5ml of complete growth medium to
remove residual freezing medium. The cells were further incubatetbrm of

complete gowth mediunto obtain ~80% confluency.

2.8.2. Subculture and detachment

When a sufficient number of cellsere present(~80% confluent}he culture medium

was removed from the flask amtide cellmonolayerrinsed with seruniree medum to
remove trace of serum Thecell monolayemwasdetachedising trypsiREDTA (trypsin
0.5mg/ml; EDTA 5mM; 1ml/25cff). After 5 min, or when sufficient detachment ha
occurredthe trypsin was deactivated by adding complete serum equal to 2x the volume
of trypsin. Thecell suspension was transferred to 15ml tudress centrifuged &00x g

for 4 min (Harriot 18 (MSE)). The supernatant was carefully discarded and the pellet
resuspended in 4ml of completeedium The cells were added to al¥5 culture flask

with 26ml d completemediumand incubated &87°C with a humidified atmosphere of

5% carbon dioxide until ~80% confluent, following which the cells were cousmed
RNA extractedsection2.2.2.

2.8.3. Cell countingand viability

The cells were counted usirgNeubauer glass haemocytometer. A 10ul sample was
transferred to the 0.1mm deep well of the haemocytometer and visualised using an
inverted microscope. The cells were counted in four fields of Zrat 100x

magnification. The cell density/ml was calcuéd as follows:

Mean cell number x Ttk dilution factor
The cells were then suspended in PBS and used for RNA extrésgiciion 2.21).
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3. THE NUMBER, DISTRIBUTION AND CONSERVATON OF MIR
ELEMENTS WITH IN THE HUMAN GENOME

3.1. Introduction

The numberof positively identifiedMIRs in the human genomis regularly increasing

with the latest estimate in excess of 548,000 cofetaet al.,2007) Fewer MIRs
have been identified in the mouse genome, (~116,000 ¢ofma et al., 2007)
However the nmber of genes which have recruited MIR elements still remains unclear.
Chaley and Korotkov(2001) reportedMIR elementspresent inthe CDS of 254
transcripts corresponding to 50 known human genes, and suggested tieadireng

MIR elements ardikely to be situated within introns and intergeNA. A recent
investigation, describes a total of 181 MIRs located within both the UTR and CDS of
human genes of which 78 have been recruited in the CDSdGalla2007).

The distribution of MIR elements ithe human genome has not bedwtumented,
however SINEsincluding Alus and MIRsare known to reside predominantly GC-
rich regions (Medstrandt al.,2002). Younger SINEs, such as the AluY family (<5
myr old) are most frequently located in AICh regons (Medstrandet al., 2002,
whereas LINE elements are integrated and maintained ifrioNT regons of the
genome, regardless of age (Juekal.,2004). Tle global distribution of MIR elements
is unknown whereasother retrotransposons such as thesAlare suggested to be

distributed norrandomlythroughout the genom&roveret al.,2004)

To determinethe role of MIR elements in mammalian gene function and evolution
was necessary fost generate a dataset of genes which have atapéat leasbne MIR
element Furthermore the distribution and conservation of eatagdt MIR elements
within the human genome has not previously been investigated; therefore the global

distribution and degree of conservation of MIRs has been determined.
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3.2. Identification of MIR -containing human genesvithin the human genome

Genes which have recruited MIRs were deteatedbnalysed as follows:

1 Identification
Human MIRcontaining genes were identified through thpeecesses

1. BLAST searchesagainst nosredundantnucleotide sequence databaseing the
MIR core SINE consensus sequence

2. Genes which are known to have recruited a SINE element were obtained from the
Genomic ScrapYard database and screened using RepeatMasker for MIR elements

3. Genes reported in journatfticles to have recruited MIR elements were noted

9 Verification

The presence of an MIR element was confirméith the RepeatMaskepol following
which:

- The position of the repeat in the mMRNA sequence was recorded
- The coordinates of the MIR consensesained, repeat orientation and MIR sub

family were noted

M Annotation

Following the verification of the recruitment of an MIR element in a sequence the

corresponding gene was determined:

- The gene symbol and description was noted and alternative trangaripnts
screened for MIR elements using RepeatMasker.

- The gene region which the MIR element has been recruited was noted by
determining the exonic ¢ o mpoos-urdiranstared rec
region or the CDS.

- The position of the MIRs ahthe gene regions which they are located was
determined using Spidey which aligns mRNA to genomic DNA providing the
exonicorganisation

- Genes without a confirmed open reading frame or protein sequence listed in the

database were considered as ncRNA.
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The total number of humanegesidentified in this studywhich have examted MIR
repeats is 875 1359 of which are annotated and validated gefaggpendix 9.1) The
remaining 46 transcripts are currentlgnnotatedin GenBankas either hypothetical
proteins or genes of unknown function (appen@=®). Only thenamedgenes were
included in subsequent agysés. The MIR elementsidentified were catagorised
according to the MIR sufamily. RepeatMaskerannotatesthe MIR subtype by
comparingthe element to #hconcensus sequenciksted in Repbasgtable 2.1) The
orientation and locationf the MIR within a nucleotide sequenegas determineavith
the alignment programme Spidey amnthsequentexjuencenalysis(table 3.}. Several
human genes contain moreathone MIR element, therefore a total 854 MIRs have
been listed It appears that there is no preference to recruit an MIR element in the direct
or inverse orientation imhe MRNA sense strandThe majority of the repeat elements
are located within th -3TR (75%) , with LUT®and 8% ih thee CDS 6f
the gene.There are also 35 MIR elements located witinamscripts which are recently
annotated and have no corresponding peptide seqguemtave been listed as ncCRNA
(see table 3.1) MIR elaments are least frequent in the CDS, however tleegrovide
initiating methionines and stop codons ®6 genes, resulting in transcript variants,

frameshifts, truncated proteiasdnonsense mediated degradation

5UTR 3'UTR ATG TAG CDS ncRNA  TOTAL
T o O e R A e 0 Y ol N o A ol AN ) IR ol N

MIR 48 68 217 156 2 4 12 13 5 24 9 9 293 274
MIRDb 33 50 289 267 1 5 12 10 12 14 3 7 350 353
MIR3 18 24 170 145 3 4 6 6 5 8 O 3 202 190
MIRm 5 4 34 25 0 0 1 1 1 1 1 1 42 32
THER1_MLC 4 4 19 16 0 0 O O O 0 O 1 23 21
MIR_mars O 2 17 19 1 0 1 0O 2 O O 0 21 21
MIRc 0 2 g 13 1 0 2 1 1 3 O 1 12 20
TOTAL 108 154 754 641 8 13 34 31 26 50 13 22 943 0911
TOTAL 262 1395 21 65 76 35 1854

Table 3.1.Distribution of MIR subkfamilies in human genes

MIRs hae been organised according the MIR subtype, the orientation (+, sense;-,
antisense)and the gene regiono which it has ken recruitedd -dzyp NI yaf | § SR NB:
I ¢ wodzy (oNT vy & f | (- 8TR) andratdirdcgting seoquence (CDSThe CDS farther

divided accordingly; ATG represents MIRs which provide an initiatietpionine and TAG
represents MIRs which providestop codon

50



Chapter3. The number, distribution and conservation of MIR elements within the human ge

800
|

700

600 ——
(2]
= MIRc
(]
£ 500 m MIR_mars
< THER1_MD
@ 400 MIRmM
= MIR3
o
o MIR
5 300
Q MIRb
S
3 200

100

0

- + - + - +
5' UTR 3 UTR CDS

MIR orientation and gene region it resides

Figure3.1. Distribution of MIRelementswithin the human genome

Each MIR sufamily are grouped according to the gene region they reside which includes both
0 KS I ¢ &-UTR®and protein CDS. The MIRs are also organised as either in the sense
orientation (+) or antisense)(orientation.

The MIR elements identified were catagorisagtording to the sufamilies listed in RepBase
(table 2.1) The predominant MIR elements identified in the human gene dataset are the
MIRb and MIR sukfamilies, with no apparent preference for the repeat sequence to be
recruited in either the direct anverse orientation. Several MIR stdmilies exist due

to sequence changes of the consensus during evolution, with eafdmsiybhaving a
different evolutionary age. It is thought that few repeats remain active at any one time,
with several master afgents being the source of amplification (Deiningeal.,1992).

MIR elements were actively transposing for >350r nilgerefore if only a single sub
family is active at any one time, sequence drift and divergence over time may occur,
generating the numeus sukfamilies observed today. As such the most abundant
elements identified, the MIRb and MIR stdmilies, are the youngest of the repeats
with the MIRm and MIR_mars elements representing the more ancient of the MIRs.
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3.3. Conservation of human MIR dements

MIRs comprise a family of at least seven repeat elements, which vary slightly in their
consensusequencendthere is a high degree of sequence conservation betiveen
coreSINE region (65bp)of all MIR-family members (figure 3.2). CoreSINE
sguences for a number of species wetatained following performing BLAST
searches against genomic DNA databases. After which it can be detkitimirie
conservation is maintained equally in intergenic DNA and mRNA sequences, with 94%
sequence homolodyetweenthe coreSINE of human and montremata intergenic DNA
and 91% between human and memtata mRNA(figure 3.3)

In order to determine whether there is selection for any part of the MIR sequence, the
nucleotide positions of the exapd MIRs were deternmed for each transcript. The
percentage of MIRs which correspond to each nucleotide of the consensuxsegagn
calculated (figure 3.4), demonstrating that tdoee SINE is the most highly conserved
region, coinciding with previous observations madeQtaley and Korotkov (2001).
There is a steady decline in both the tRNA and LINE regions, yet you would anticipate
a uniform decline of the consensus sequence if there was a steady rate of divergence,
unless there was a positive selective pressure maimgathis core sequence. Once
again there appears to be no preference to maintain the MIR repeat in a particular
orientation; a similar pattern of conservation was also detestezh plotting the
conservation of the MI&recruited in theCDS or UTRsindependently (appendix 9.3).

Some MIR elements may be spliced and as a consequence only the exonised portion of
the MIR element will be included in the mature mRNA sequence, with the remaining
fragment being intronic. However only a small number (<1%) ofMHe-containing

genes have recruited MIR elements in the coding sequencassdchthese willnot
bereflected in this analysis (figure 3.4). MiRediated exonisation is discussed further

in chapter 5.
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Box A
MIR_Mars TGAGGCCTAG: [GEORCAGE GEATA- GAGCCTCCACAGGATCA@AACACCTG
THER1_MD - AGGTRLCTAG: TGCACAG CGEATTA- GAGACTEEXCAGGATBCAGAACACCTG
MIRc CGAGQCT--- GTETACAT CAAA- GABGACTCCGACTTIGGATCAGAACACCTG
MIR - AQAGY--- AYACCATAG GETTAAGACGAGCERCTCIGGACCARCTS CCTG
MIRb CAGAGECAGG TETACAT CAAA- GACGACICITIGGATCA@CAACCTG
MIRmM - AGAGACCAGGTECCTAG GEATA- GACGAICEICTCEGATCABAGACCTG
MIR3 --—- CTCCCAGAG TGCTCACCACAGA- GAGA- CCACTCEGATCAGA- CACCTG
* * Hk * * kkk * % *kkk kkk * kkkk
tRNA related sequence—
Box B
MIR_Mars AGT TCAAATAOECCTACACACTACHAGCTGTGTGAAIGGGCAACACT RAC
THER1_MD AGT TCAAATCTACCCTAACACACTACHGCTGTGTGAAIGGGCAACACT RAC
MIRc AGT TAAGT COTGEC TACGCCACTACHGCTGTGTGAIGGGCAACGATTRAC
MIR AGT TAGAATAOCEC TACCCACTACHGCTGTGTGAOGGGCAATACT RAC
MIRb AGT TAAATAOIEC T CACTACHGCTGTGTGAUGGGCAACACT RAC
MIRm AGT TCTAATCONGEC TOCCCACTGTAIGCTGTGTGATGGGCAACGATTRACQ
MIR3 AGT TCTAGT CCCACC TMCCCACAACMECTGTGTGAITGGGCAACGATT CACQ
*%kk%k * k% *kk|* kkkkx *hkkkhkhkkkkk khkkHhkkkkk kkkkx k%
— Line related segment
CORESINE
MIR_Mars CICIGICTGCCTCAGTCCTCATCTGTAAAGEARATAATAATAGE---  ACCT
THER1_MD CICIGITTGCCTCAGTCCTCATCTGTAAAGERATAATAATAGEG---  ACCT
MIRc CICICIGASCCTCAGTECTCATCTGTAAAEATAATAATACCTGCCQTG
MIR CICICIGTGCCTCAGTECTCATCTGTAAALEATAATAATAGTF----- ACCT
MIRb CICICIGASCCTCAGTCCTCATCTGTAAAGEATAATAATA--------- cCcT
MIRm TTCICIGTGCCTCAGATCTCATCTGTAAAGEARATTAAGACTGTGAGE OC
MIR3 CICICIGGCCTCATGTCCTCATCTGTAAAAEESGITGACTAGATGATCT
*kk k  kkkkkkkhk hhhkkhkhkhkkhkkhkkhkkik kk 3
MIR_Mars ACCTOCCAGEGITGI TGI CAG GATCAAATGAGATAATATTIGTF AAACGCETTTCCA
THER1_MD ACCTOCCAGEGTITGT TGl CAG GATCAAATGAGATAATAATIGF AAATACTTACCA
MIRc ACCTCACAGSGTITGT TGl CAG GATCAAATGACATAATGTATGTGAACCETTIGTA
MIR ACCTCATAGEGITGI TGI CAG GATTAAATGAGTTAATAYATGF AAACCETTAGAA
MIRb ACCTOCCAGEGITGI TGI CAG GATTAAATGAGATAATCCAIGF AAACGCETTACCA
MIRmM ATGIGGECAGGRAC GICTCAACAOCGATTACCTTGIATCTACCCAGCETTAGAA
MIR3 AAGGOCOCTTCACCICICAG- ATTCTATGATTCTATGATIG - -----—-------
* * k% * *% % * *

MIR_Mars A A-- CCTTA--—----- AACETATATAAATCTAGCTATATATTAT-

THER1_MD CAGTGCTGXCACATAGRAACTATATAAATGITAGCTATATIATTATTA

MIRc A A-- CTGTA------- AAGCCTATACAAATGTAAGGGT ATIATTATT
MIR C AGTGECTGXCACATAGREE TCAATAAATGI TRGYTATAT F------
MIRb C AGTGCTGXCACACAGREETCATAAATBGTAGCT CTATTATT----
MIRmM CAGTETTCCACATARAG CCTTAACAAARCOY TAATTAT TA------
MIR3

Figure 3.2. Multiple sequence alignment of the MIR family of repeat elements

MIR consensus sequences were obtained from RepBéaseprimary reference database of
prototypic repetitive DNA sequences The MIR sufamilies are names according tthe
nomenclatureprovided byRepbase(table 2.1) Completely conserved sequences are in green,
identical residues in pink, similar residues in blue and differesidues in black. The promoter
boxes A and B have been highlighted in red ancctire-SINE in blue.
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A Generic consensus sequerfoe the coreSINE

GCTGTGTGAOGGGCAACGACTBACTCTcTgt GCCTCAGTTCTCATCTGTAAAHGG

B Genomic DNA sequence

CORESINE CCTGIGTACAOTGGGAAGTACTTAACCTCTCTGTGCCTAGTIMMCCTCATCTTAAAAGGGG
Human CTEIGTEGCATGGCGGMMGTACTAACTCTCTGGCCTBGTITCOOCATCTRAAAAGGGG

Chimp CCTOIGTE@ A TGGGMMGTACTAACCTCTCTGIACCTBGTITCOCCATCTERAAAAGGGG
Cow ACTGTGTBCATGGGAAGTCACTTCACCTCICTGIGCCTBGTIMMCCTCATCTCAAAAGGGG
Dog CCTGIGTACATGGGMGTACTAATCTTITGAIGCCTBGTITCOCCATCTRAAARGGGG
Pig CCTCTCGTACATGGGAAGTTACTTAACCTCTCTASECCTAGTIMCTTCATCTERAAAAGGGG

Mouse CCTGIGCTEGCATGCGAAG TCACTTAACCTCTICTGIGCCTAGTIMCACCATCTEAAAAGGGG
Possum CCTATGTACECTIGGCIAGTCACTRRACTTCTICTCATCCTTGTIMCCTCAACTAAAAAGGGG
Echidna CCTGIGTACAOTGGGMGTACTAACTTCTCTGAIGCCTBGTICCCTCATCTERAAAAGGGG
Platypus CCTGIGTACATGGGMGTACTAACTTCTCTAGCCTBGTIOCCTCATCTRAAAAGGGG

C mRNA sequence

CORESINE GCTGTGTARCTTGGGCAACATT TAACCTCCTGTACTCAGTICCTCATCTAAAAATGGGE
Human ACTGTGTARCTTGGGCAACACT CACCTCITGTACTCAGTIICCTCATCTERAAAATGGGEG

Chimp CCTGTGT&CTTGGGCAACACT PACCTCTTGTACTCAGTIICOCCATCTAAAAATGGGG
Cow CCTGTGT&RCTTGGGCAACACT PACCTCOTGTGCTCAGTIIOOOOGT CTAAAAATCGEG

Dog CCTGTGT&ECTTGGGCAACACT PACCTCETGTACTCAGTIICCTCATCTAAAAATGGGEG
Pig CCTGTGTARCTTGGGCAATACT PACCTCITGTGICTCAGTIICOCCATCTAAAAATGGGEG
Mouse CCTGTGT&CTTGGGCAACACT PACCTCTTGTACTCAGTIICOCCATCTAAAAATGGGG

Possum CCTGTGTARCTTGGGCAACACT PACCTTITCTGICTCAGTICTTCATCTAAAAATGGGG
Platypus CCTGTGTAETGIGGGCAACACT PACTTCTCTGTACTCAGTACCTCATCTAAAAATGGGEG

Figure 3.3. Multiple sequence alignment of MIR elements from a number of mammalian
species

A) A generic coreSINE consensusequencewas predictel from the multiple sequence
alignmentof the MIRelement subfamiliesshown infigure 3.2. B) MIR elementsdetected
within intergenic DNA sequence$ mammalian genomefRefSeq_genomicy) MIR elements
located within cDNA clones and EST sequer(c#f£S3, nonRefSeq_RNA) Completely
conserved sequences are in green, identical residues in pink, similar residues in blue and
different residues in black. Sequence conservation was determined usihg Clustal\\2
alignment tool (http://www.ebi.ac.uk/Tools/clusalw2/index.htmt accession numbers
appendix 9.3) All available mammaln sequenceshave been includedn the alignments
shown Thegeneric coreSINE consensus was thased todetect homology for mammalian
genomic DNA and mRNA sequences using BLASTn

54



Chapter3. The number, distribution and conservation of MIR elements within the human ge

100 |
80

60 ]

407

Percentage (%)

207

1 20 40 60 80 100 120|140 160 180 200 220 Bp0O 260

A B CORESINE og

tRNA related promoter region LINE related segment

Simple repeats

=== Direct orientation === |NVverse orientation

Figure 3.4Conservation ofill exonichuman MIR elementérom all gene regions

Thenumber of MIR elementswhich correspod to each nucleotide of thgenericconsensus
sequence has been plotted All of the MIR suHamilies located withinall gene regions
including theo 2 ¢ w 2UTRpaRd CD@8ere analysed. Aimilar pattern of conservation was
detected when plotting the MIR®cruited in the CDS or UTRs independently (appendix 9.3).
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3.4. Distributions of MIR elements

Approximately 5% of the genes in the human genome haveasdIRs, althouglit
is not clear whether this entirely random.Determiningthe chromosomal distribution
of the MIR-containing genewill indicate if thereis clustering of theMIR elements, or

likewise if the MIRs are exaptated raomaly.

3.41. Chromosomal locations of the MIRcontaining genes

The number of genes which haezrmited MIRs was determined for each chromosome
and the percentage of the total MéBntaining genes per chromosome compared to the
total number of genes in the human genome for each corresponding genomic region.
Assuming that MIR elements have insertaddomly within the genome, it would be
expected that the number of MiXapated genes on a chromosome would be

proportional to the number of genes on that chromosome.

MIR-containing  Total genes in the Normalised

Chromosome genes (%) genome (%) percentage
1 10.9 9.60 2.14
2 5.4 6.56 1.82
3 6.4 5.09 2.26
4 3.3 4.01 1.82
5 4.7 4.41 2.07
6 5.6 5.19 2.08
7 3.0 5.02 1.60
8 2.9 3.41 1.85
9 5.8 3.96 2.46
10 3.6 3.85 1.94
11 7.4 6.44 2.15
12 5.0 4.78 2.05
13 1.5 1.90 179
14 3.4 4.44 177
15 4.7 3.21 2.46
16 3.5 3.85 191
17 4.9 4.92 2.00
18 1.1 1.51 1.73
19 6.5 5.87 2.11
20 4.1 2.57 2.60
21 1.1 1.16 1.95
. 2.0 2.58 1.78
X 3.3 4.59 172
Y 0.8 1.07 175

Table 3.2. Percentageof MIR-containing genes for each human chromosome

The percentageof genes which have recruited MIRs for each chromosecoraparedto the
percentage of the total human genes for all chromosomé&hle perentage of MIRcontaining
genesare normalised:(% MIRgenes + %genes in genome)/% genes in genome.
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Figure 3.5. Percentagef MIR-containing genes for each human chromosome

The percentageof genes which have recruited MIRs for each chromosome is shown in blue.
The percentage of the total human genes fdF ehromosomes has been provided as a
reference (red), and the values are plotted according to the chromosome size in base pairs.

Overall it appears thahe exaptation of MIRs is a random procdssble 3.2, figure
3.5). There is a slight oveepresatation for the MIRgenes on chromosomes 3, 9, 15
and 20 However the normalised percentage demonstrates that the-ddifaining
genes are equgldistributed betweemll chromosomegtable 3.2) It has previously
been reported that Alu repeats are ddadtributed randomly throughout the human
genome However thesedata represent the distributionadf genomic Alu elements not
those which have been exaptated by human genes (Grioakr2004).

The subchromosomal locations of the genes which heseruited MIRs werealso
investigated taletermine if there is anglustering of thee genes (figure @).. There is
apparent clustering of MHRontaining genes ro several chromosomesciuding
chromosomesll, 14, 15, 19 and 20. These chromosomes are knowm contain
imprinteddomains theMIR elemens of which have been further investigatedsection
34.3
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1 4 5 6 7 8
Chr. =] g E
Max. 6 4 3 7 7 3 3
Total 135 69 80 39 61 70 37 36
Chr. 9 11 12 13 14 15 16
% é :
Max. 6 4 6 5 3 6 5 4
Total 71 45 93 62 21 43 58 43
Chr. 17 18 19 20 21 22 X Y
Max. 7 2 8 7 2 2 3 1
Total 60 14 83 50 13 24 41 1

Figure 3.6 A schematic representation of the densityf genes which have exapted MIRs
for eachchromosomal location

The blue represents the frequency of MIR elements for each loci,nlaimumnumber of
genes in any one plot line has been supplied for reference along with the total number of MIR
genes foreach chromosome.The chromosome banding (grey) indicates the standard human
karyotype stained with Giemsa dye
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34.2 Gene distances between MIRontaining genes

The distances between the Mtlentaining genes were noted for each chromosome to
further illustrate if the genes are randomly distributed or clustered within the human
genome (figure Ja). As a comparison the average distance between the MIR
containing genes was compared to the average distance between genes of the human
genome (Figure 3b). Genes that have exaptated MIR® most commonly located

within the range of €00kb, which is similar to that of the remainder of the genes in the
genome. This similarity in distribution, on first impressions, may suggest that clustering

is occurring n generich regions However when comparing the Migene dataset to a
random collection of human genes (figur@c3.a similar trend to the MHontaining

genes is observed, confirming that MIRs may Hasenrandomlyexaptated

A

Number of genes

1]

Chromosone number

m ] - 2 = 3 = 4 m 5 =
m 7 = 3 m 9 = 10 = 11 = 12
m 13 m 14 15 = 16 m 17 18

19 20 21 m 22 m X =Y

59




Chapter3. The number, distribution and conservation of MIR elements within the human ge

B
700
600
500
(%)
Q
c
O 400
(@)
“—
o
5 300
Q
IS
S 200
zZ
100 \
0_IIIIIIIIIIIIIIIIIII\IIIIIIIIIIII\IIIII\IIIIII\IIIII\II
(=] o o o (=] o o o o [ww] o o (=] o
o w»] o o (] o o o o o
o~ ~ w0 o =T o0 ~ 0 o =T o0 ~ in] o
! — — — ~ o~ (23] o o = =F LM
Distance (100kb)
=== All MIRcoNtaining genes === Average genes for the genome
C
12
10
8
()
Q
T 6
(@]
5, A
g NA
5 2 v
Z MARN A
0 rrrrrrrrrrrrrrrrrrrrr T T T rrrrTrrr T T TT T T T T T TT T T T T T T T T T T T T TT
o o o o o o o o o o =] o o o
o o o o o o o o o o o o o o
~ ~ w o =T o0 ~J (s] o =T o0 ~ w o
! — — — ~ ~ oM (aa] oM =t = L
Distance (100kb)
=== M|R-containing genes chr.5 === Random genes from chr. 1

Figure 37. The distance between MHeontaining genesn the human genome

A) The percentage of MHBontaining genes has been calculated for each human chromosome
for distance ranges in multiples oD@kb; B) The average distance between MiBntaining
genes (blue) and the distance between aljenes on chromosomé is provided as a
comparison (red); C) The frequency of MHRontaining genes (blue) for chromosome 5
compared to the same number of genesskn randomly from human chromosome 1 (red).
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3.43. MIRs within imprinting regions and disease loci

It has been noted previously that imprinted regiongiahein repetitive sequence and it
has been suggested that tinegy act as imprinting markers (W et al.,2006). MIR
elements have not been specifically implicated in imprintingowevet following
analysis ofthe frequency of MIRcontaining genes for each chromosomal location
(section 3.4.2), dense regions are notable in chromosomes which spdasgs
imprinting domains. There are41 known imprinted gene@orison et al., 2005 and
106 further predicted for the human genome (Luedi et al., 2007
http://www.geneimprint.ory/ There arell MIR-containing genes listed in the
Genelmprint databas®8, of which are known to be imprinted and the remainder being
predicted(table 33). The density of MIRcontaining genes immprinted regiongnd the
disease locof chromosomes 11, 14, 19, 20 anda?é detailedn figure 38.

Gene :
Gene name Loation Allele ICR Reference
symbol
CCBL2* cysteine conjugatdeta lyase 2 1p22.2 M - Luediet al.,2007
leiomorphic adenoma gene .
PLAGL1 :?ke ) P g 6q24q25 P - Arimaet al., 2006
Family with sequence similarit .
FAM50B* y q Y 6p25 M - Luediet al., 2007
50, member B
hul l.
DHCR7  7-dehydrocholesterol reductase 11g13.4 M - i(():o; 2tal,
adenosine monophosphate Schulzt al.,
AMPD3 . 11p15.4 M -
deaminase 3 P 2006
P Miyoshiet al.,
MEG3 maternally expressed 3 14932 M DMR 2000
RASGRF! RAS prptelrspemﬁc guanine 15024 P P de la Puentest
nucleotidereleasing factor 1 al., 2002
ZNF597  Zinc finger protein 597 16pl3 M - Pantet al., 2006
HM13 histocompatibility (minor) 13  20g11.21 M - Woodet al.,2007
L3MBTL [(3)mbtlike 20g13.12 P DMR Liet al.,2004
simzx  Singlemindedhomolog 2 21q22.2 P _ Luediet al., 2007

(Drosophila)

Table 33. Imprinted genes which have recruited MIR elements

Expressionsifrom either thepaternal (P) or maternal (Mjllele The imprinting control region
(ICR) has been included if known wittvo paternal examples and one differentially
methylated region (DMR). Genes with the symbol * isted aspredicted in theGene-Imprint
databa® (Luediet al.,2007).
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Figure 38. The density of genes which hav
exaptated MIR elements for chromosomes the
are known to contain imprinting domains.

Recognised imprinting regions and chromoson
areas dense in imprinted genes are outlined
blue. Sectins where the densities oMIR-

containing genesappear greater than the
frequency of genes in the genome are box
(green). The location of the known imprintin
genes which have exaptated MIR elemen
DCHR7, AMPD3, MEG3, HM13, L3MBTL

SIM2, are illustited with red arrows.

The red histogram indicates the frequency

known genes for each chromosomal region a
the blue trace the frequency of Mi€bntaining

genes. The chromosome banding (grey) indica
the standard human karyotypestained with

Giemsadye.
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Chapter3. The number, distributionral conservation of MIR elements within the human genc

3.6. Discussion

Compilation of a datet ofhumangenes which have recruited MIRdentified ~3%6 of

the genes in the genome thhave exaptated one or more MIR element. This
corresponds td359 known and validated genes that have recruited MIRs in exons
which are either protetnoding or within untranslated regions. This figisdikely to

be an under representationtbé true number of genes which havecruitedMIRs, as
many elements may be difficult to detect due to sequence drift and divergence.

The majority of t he MI-WRIR €M4%9, med the semaandeg wi
within the CDS 9%) a nUIR @4%). The prevance of MIR element within the
SBWTR was expected -BWBR oins aviex agiemaediR| Brog ¢
(Zhang 1998). Secondly the MIR elements have integrated less commonly within the
CDS, as a novel insertional event would likely disrupt ogeanling frames and/or splice

sites MI Rs wi t {#UTRs aré ma@e tdedable as protein synthesis can continue
undisrupted. Furthermore the frequency of MIR elements in each gene (e§udinR,

CDS a+JTR)i8 é@amparable to that observed for oth&sTwith the exception of

LTR elements (Piriyapongs al.,2007; Jordoret al.,2003; Nekrutenko and | 2001;

Maka g o w2000). The abundance -OTR mbyinRely reflecalack e 306
of selection against the integration of the elemeéné toit being less disruptive
However it is also possible that some of these MIRs may have beeapted to
producecis-acting regulatory sequences which may play a role in-tpasslational
processes. Li ke wi s e MI' R el ementTR aredxCP toultd ébad 1 n
providing functionalsequenceslit has been showpreviouslythat due to the sequence
composition some repealements, such as Alus can form douttltanded RNAs
(dsRNA) which may then be targets RNA interference RNAI) pathways, and Ao-I

editing Kim et al., 2004, similar has been suggested for MIR elements (Hughes,
2000) . Fur t RUGR MIR eldmengs mayfincladh eeguldtidng translational
rates, possibly via miRNA target sites, and altering mRNA stability (Meotl., 2007;
Smalheiser and Torvik, 2005).

There are a number of MIR elements which reside within the CDS of the genes
identified however it is likely that rather than integrating within a coding exon an
intronic repeat underwent sequence changes to produce a cryptic splice site, thus

generating alternative @nscript variants (see chapter 5Jhere are several examples
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where he MIR is providing translational signals such as initiating methionine codons
and stop codons thu®ntributing alternative transcript variantsgollowing collection
of the dataset ialso appears that there is no preference to recruit an MIR elentéet in

direct or indirect consensus idagon to the mRNA orientation.

The conservation of the exafd MIR elements was investigatatd demonstragd
thatthe core SINE regionis highly conservedsimilar to a previous studysflbert and
Labuda, 1999 The conservation of the MIR elements located in both the UTRs and
CDS were studied independenthas were each MIR family membheand here appears

to be asimilar trend toconsrve the coreSINE irrespective of MIR sultype and
orientation, or the geneegion the element is exaptatedhe coreSINE is not only

highly conserved between human genes but also between species, with a surprising 94%
sequence similarity between the core region of human intergenic MIRs and those
retainined in intergenic regiore the platypusgenome a similarlevel of conservation

of coreSINEs exaptatedwithin mMRNA sequencess also high between these two
specieg91%). However if MIR elements are ndanctional it might be expected that
there would be a constant rate ofafigence along the whole consensus, yetctre

SINE is highly conserved not only between genes of a single genome but also between
species suggesting that the MIR may be functional and maintained due to a selective

advantage.

All retrotransposons ardndught to have integrated randomly throughout the genome,
and various investigations were performed to determine the distribution of the human
genes which have exaptated MIR elements. This was achieved by noting the frequency
of MIRs for each chromosomen@ secondly the distribution along each chromosome
and comparing to the general distribution of all human gen#fsthe MIR elements

have exaptatechndomly within the genomien it would be expected that the number

of MIR-containing genes would be martional to the total number of genes on each
chromosomewhich is what was observed fahe humanexaptated MIR elements.
When observing the distribution of the Mt®ntaining genes in more detail there are
notable areas where theaee high concentrains of theMIR-genedatasetompared to

the frequency of the genes in thest of thegenome specifically in known imprited
regions. There is increasing evidence to support the idea that retrotransposons may

contibute to genomic imprinting (Suki et al, 2007; Walteret al., 2006; Walter and
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Paulsen, 2003), and at least eight imprinted genes appear to have arisen through
retrotransposition (Morisonet al., 2005; Lander et al., 2001). Secondly
retrotransposons which are located either within gene regiom close proximity have

been shown to epigenetically controphenotypic variations in mammaliaspecies
(Lippmanet al.,2004; Morgaret al.,1999). Furthermore whilst little is known about

the epigenetic mechanisms that occur in imprinted domdihssi been suggested that
repeat elements may carry the signature sequences which distinguish imprinted genes
from other noAmprinted genes or genomic regions (Waltdr al., 2006). These
signature elements, potentially carried by retrotransposons may dlirect the
machinery necessary for epigenetic modifications to these areas. It has further been
suggested that epigenetic regulation of genes and DNA methylation may have evolved
originally as a defence mechanism against the intrusion of aafdEhas feen
demonstrated withA. thaliana (Zilberman and Henikoff, 2005Chan et al., 2005;
Lippmanet al.,2004).

One of the major chromosomes involved in imprinting is chromosomaridilhere are
fourteen genes which have recruited MIRs in the imprintingored1p15.215.5
(appendix P). Secondlyelevenof the MIR-containing geneglentified are curratly
known to be imprinted or amredictedmprintedgenes (Luedet al.,2007). In addition
there are several abmosomal areas which display a high conion of MIR-
containing genes in regions where evidence supports the jodrengin effect in
human diseaseFor example highevels ofhypemethylationwereobserved in patients
with theuniparental disomyUPD) -like phenotype [upd(14)mat] in the DRIregion of

the MIR-containing gene, maternally expressed 3 (MEG3) (Zeokinalr,2007; Hosoki

et al., 2008). Thereare also dense regions of genes which have exaptated MIRs in
chromosome loci with linkage to specific disease. For instance iherelster of24
MIR-containing genes in the known Joubert syndro@®BTS locus 11p12g13.3
defined by Valenteet al., (2005 appendix %). Moreover there is an MHgene rich
region located at position 14932123 wher e there is | eankage
UPD-like phenotype [upd(14)ma(Zechneret al., 2009; Leeet al.,2007). Afurther

Al z hei me rléces hasibeea emapped 18913.2,a region which contains 14
MIR-containing genes, including periaxin (PRX) which is essential for the maingnanc

and stabilisation of peripheral nerve myelin (Williams &ndphy, 2002).
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3.7. Conclusion

In summary,5% of the total human genes have exaptated at least one exonic MIR
sequence in either the USR91%)or CDS(9%), with more than 1850 exaptated MIR
elements identified There appeat® beno preference to recruit an MIR in the direct or
indirect orientation and the majority (75%) are retdinvi t h4UTR eRods. The
coreSINE of the MIR consensus sequenisehighly conserved between mammalian
speces, including the ancient orders monotremata and marsupifadiguence identity

of >90% is detectedlor core SINEs integratedn intergenic DNA and mRNA across
mammals. The MIR elements appear to lbstributedrandomlyin genesthroughout

the human gemme, as indicated bythe density of MIRcontainng genes for each

chromosome and the sshromosomal locations
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4. THE FUNCTIONAL SIGNIFICANCE OF THE EXAPTATION OF AN
MIR ELEMENT

4.1. Introduction

TEs are ubiquitous component of all eukaryote genoares constitute a large portion

of the host genomic sequence. As suldhs are suggested to play a major roléhe
evolution of eukaryoticomplexity (Jurka, 2008Medstrandet al., 2005; Bowen and
Jordan, 2002). It has been suggestedttitmtmmune gstem mayhave evolvedy co

opting transposonsS¢thatz, 1999 Adaptive immunity has developed a means of
precisely targeting specific pathogens through the production of a myriad of
immunoglobulin (Ig) proteins. Ig proteins are encoded by three gendiels V
(variable), D (density) and J (joining) which reside within ¥4@®)J locus During
lymphocyte differentiation somatic recombination occurs of W{B)J gene region
producing a composite gene made up of segments of the three families. V(D)J
recombinationis fundamental in generating a diverse collectodig proteinsand T cell
receptors, and isatalysed by a number of proteins including RAG1 and RAG2 (Lewis
and Wu, 1997; Schatet al.,1989). The activation mechanism is not dissimilar ® th
6cut and pasted mode of transposition ob
known to be derived fronthe Transib DNA transposase (Kapitinov and Jurka, 2005;
Spanopouloet al.,1996) RAG2 is also thought to be Tderived (Schatz, 1999). Itis

wot h noting that the human RAGl1 geUdiR has
(appendix 9.1).

Taking together the similarities betweestraranspositionand V(D)J recombination
and that RAGL1 is THlerived supports the role of TEs in the evolution ef ¥ertebrate
immune system(Schatz, 1999; Bowen and Jordan, 2002), and therandreasing
evidence to suggest a role of TEs in other aspects of immune respdosesxample
the expression of type Il interferoifd=N) is thought to be regulated by NdappaB,
through a cluster of NkappaBbinding sites located in the IFN promoter region. These
binding sites arederived from Alus and LTRelemens (Thomsonet al., 2009)
Similarly the promoter region of humaiN-0 also contains Ai-derived binding sites
for NFAT (nuclear factor of activated-dells)andNF-kappaB(Ackermanet al.,2002).
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TEs have the potential to provideis-acting regulatory elements which may then be
involved in the regulation of gene expressi At least 10% of human transcription
factor binding sites are F#erived Polavaraptet al.,2008). MIR elementa/hich have

been transposédnt o gene regions pr e dJIRs(cimapterB)l v r ¢
which is the site most miRNAs are knowm target. The introduction of a novel TE

into a gene region may leleteriousto the organism and numerous examples exists
whereby human disease has been attributed to an integrated retrotransposon (reviewed
in Deiningerand Batzer, 1999; Ostertagjal, 2003; Callinan and Batzer, 2006). There

are Bw publicationswhich demonstrate similar activity occurring with inserted MIR
elementswith the exception of the example discussed in section 1.4 araltéheative

splicing of gene CYBB. The aim of thishapter is to categorise all of the MIR
containing genes which are implicated in the development of disease. The MIR
elements may not necessarbe involved in the pathology as such, but sorting in this
manner will highlight the functional importance tifese genes and may provide a
possible indication or hint as to the role of these elements. Similarly the overall
functions of the MIRgene dataset will be sorted to screen for any themes or
commonalities, following which specific functional roles wi# biscussed, such as the

involvement in dsRNAmediated gene expression and RNAI.
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4.2. Data mining to search for commonalities in the MIRcontaining genes

The functional significance of the exaptation of MIR elements was unravelled using a
number of sorces, aiming tadistinguishenriched biological themes and functidgal
related genes, specifically using Gene Ontology (sectio?)4ahd tissue expression
data (section 4.28). The involvement of the MIRlataset of genes in biological
regulatory pathwgs and genelisease associationseve also investigated.The MIR-
containing genes were first analysed using D.AlY.[Database forAnnotation,
Visualisation andintegratedDiscovery Huanget al., 2007), to search for significant
terms, collected from nitiple databases. This preliminary analysis screened all of the
available databases accessible through D.A.V.I.D including GAD, OMIM, NCBI,
SWISSPORT and KEGG. The overrepresensgghificant key terms P < 0.005
include alternative splicingglycoproten, the membrane, interleukin activighd metal
binding (table 4.1).

Number ofMIR- . FDR adjusted
Keyword . Ratio

containinggenes Pvalue
Alternative splicing 486 37.67% <0.001
Glycoprotein 306 23.72% <0.001
Membrane part 446 34.57% <0.001
Interleukinactivity 13 1.01% 0.001
Metal-binding 212 16.43% 0.004
Neurotransmitter transport 12 0.85% 0.007
Disease mutation 122 9.46% 0.008
Vision 20 1.55% 0.02
Zincfinger 136 10.54% 0.02
Transmembrane protein 62 4.81% 0.04
Retinitis pigmentosa 12 0.85% 0.09
Signalanchor 39 3.02% 0.12
Immunoglobulin domain 54 4.19% 0.19
Symport 14 1.09% 0.28
Palmitate 21 1.63% 0.46
Tyrosineprotein kinase 15 1.16% 0.46

Table 4.1.9gnificantkeyterms detected for the MIRcontaining gene dataset

Keywords were deteed using D.A.V.l.[Huanget al., 2007) The number and ratio of the
total MIRcontaining genes is listed for each ternstatistical significance is calculated using
the BenjaminiHochberg(1995)method for false discovery rate control.
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4.21. Metabolic and signdling pathways

Investigating the involvement of MHRontaining genes in regulatory pathways may
highlight common metabolic and signalling processes. The pathway information was
collected from the Kyoto Encyclopaedia of Genes and Genomes (KEGt@Ebase
(Kanehisaet al.,2008). The number of MHRontaining genes for eagiathwaywas

noted and the frequency compared to the total number of genes reported. Filtering the
MIR dataset of genes in this manner may indicate a shared function and suthseau

potential role for the MIR elements.

The significance of these results was determined u$tbdr-corrected method
calculated byhe functional enrichment tool FatiGO at Babelomics v3.1-$hkahrouret

al., 2007. A total of 70 different KEGG pdtways were noted to involve genes which
have recruitedMIR elemens (figure 4.1; appendix 8). However no pathays were
deemed significantR < 0.05) andall groups gave & valueof 1. The Fi sher 0s
test highlighted four pathways which have anarnectedP value of < 0.05 (table 4.2)
These reults have not been calculated using ®enjamin-Hochberg correction
method, sacan not be considered statistically significant. The pathways fall into two
groups: 1) Cellular communication; including cline receptor interaction and Jak
STAT signalling and 2) neuronal developmenihe neuronal pathways amexon
guidance and the development of Amyotrophic lateral sclerosis (ALS), also known as
Maladie de Charcot, which is the most common form of motararedisease in young
adults Mitchell andBorasiq 2007).

Pathway name KEGG IC RIALIJQ geerzg; (ncc))/rom) Unss;izted
Cytokinecytokine receptor interaction hsa04060 12 66.57 0.2

! Amyotrophic lateral sclerosis hsa05014 2 87.35 0.06
JakSTAT signalling pathway hsa04630 7 70.31 0.03

? Axon guidance hsa04360 7 77.27 0.02

Table 42. KEGG pathways which havédaage number of MIRcontaining genes

The KEGG pathway name and the identification numlagelisted. The total genes invald in
the pathways identified are; 66/1359 Midntaining genes and 1139/31524 genes of the total
gerome. P values (Fishef axact test)are calculated usinghe functional enrichment tool
Babelomics (ABhahrouret al., 2007). The percentageof MIRcontaining genes have been
normalised:(% MIRgenes + % genes in genome)/% genes in genome.
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4.22. Gene Ontology

The Gene ontology (GOis the primary database obntrolledterms usedo annotate

gene functiog, products and subellular locations. The GOdatabase is made up of
three main ontologes (trees) biological process (BP), molecular function (MF) and
cellular component (CC)Eac h &t r e e d hiesarclical manoer af mdtigle i n
branches r{fode$, which are organised by parédaughter reltionships between

ontologies, with each nodwanching taafurthermore detailedO annotatios.

This controlledvocabulary of GO terms is a useful resouroghich can assist in
identifying if thereare any common functios sharedbetween the dataseff MIR-
containing genes. Accessing the GQnay assist in highlighting specific functional
groups; however, the GO is an incomplete and growing database, with many genes
having yet to be assigned GO terms. Secondly, many terms have few genes assigned.
Thesesmall sample sizes may result in the FBétrection method missing potentially
significant groups. Therefore the Fishe
may highlight common themes and functional areas which may warrant further
investigation. Revisitingthe GO in the future, when the database has expanded may

provide more significant results.

GO terms and accessions wemllected for all of the MIRcontaining genes,
corresponding to a total of 26@Mtologyterms. It was necessary to catege these
termsinto specific levels and relationships, as a gene may have multiple GO terms
attributed which belong to the same pasatighter relationship.The main top level
ontologies ihcorporating node8 and above) are outlined in table . 4Q3f the top three

nodes studied, none of the GO terms were found to be statistically significant (table
4.3a). When consulting the twoa i | ed Fi s h e MBRscontaining gdnest e st
appear to benvolved primarily in ion bindingand transportneurotransitter transport,
immune responsefiomeostasis, intracellular signalling, peptide bindamgl receptor

activity (table 4.3bfigure 4.1).
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A
ONTOLOGY TERM MIRgenes  Ratio (%) % (norm) F?D'?/C;Lrsd
Receptor activity 128 13.5 51.6 0.35
Homeosasis 35 4.0 59.4 0.51
Cell communication 273 30.3 51.2 0.54
Signal transduction 247 28.2 51.0 0.61
Reproduction 18 2.0 54.7 0.64
Neurotransmitter transport 12 15 78.6 0.65
Peptide binding 18 1.9 62.8 0.65
Cell differentiation 159 18.2 53.1 0.69
Metabolism 485 53.9 49.8 0.83
Localisation 178 19.8 51.9 1
lon binding 321 33.9 55.0 1
Immune response 70 7.8 59.1 1
Intracellular signalling cascad 111 13.5 54.6 1
lon transport 63 7.7 55.8 1
Cellular development 159 17.7 53.1 1
Transcription 163 19.8 50.9 1
Apoptosis 52 9.0 50.1 1
DNA Replication / Modificatiol 9 11.9 52.9 1
Nucleic acid binding 211 22.3 48.8 1
Protein localisation 40 4.4 457 1
Translation 25 3.2 41.6 1
B

ONTOLOGY TERM MIRgenes  Ratio(%)  9%(norm) U”F‘fsgi‘;ted
lonbinding 321 33.86 55.02 <0.001
Neurotransmitter transport 12 1.46 78.58 <0.001
Immune response 70 7.78 59.1 0.002
Homeostasis 35 4.00 59.39 0.02
Intracellular signalling cascade 111 13.49 54.61 0.03
Peptide binding 18 1.90 62.78 0.03
lon transport 63 7.65 55.78 0.04

Table4.3. Gene ontology categories fall of the MIR-containing genes

The gene ontology terms afeom the top three nodes of the maiantology trees (BP, CC and
MF). The percentage of MHBontaining gene$ias beemormalised:(% MR-genes + % genes
in genome)/% genes in genométatistical significance was calculatesingthe Babelomics
resource A) The FDRorrection method demonstrates that none of the top ontology terms
are statistically significant?(< 0.05). B) The Fshel@ exactmethod reveals seven GO terms
with aP< 0.05.
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Figure4.1. Gene ontology categories for Mi€bntaining genes and all genes of the genome

The categories arealdived from the Gene Ontology functional classification systéroplevel
ontology terms are included from all main ontologies; cell component, biological process and
molecularfunction. Blue bars represette percentage of the total data set of Mif®ntaining
genes which has the GO term assigned and thelired represents theP value The green

threshold line signifies the uncorrectdtk 0.05.
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The full collection of gene ontology terms were grouped ispecific groups to
facilitate the analysis (N&$ 4 and below)l'he functionalgroups included growth and
development, mammalian reproduction, neurological function, cell component, immune
responses and binding activity (figures-4.2; appendix 97). Of these categories only

four terms were consided statistically significant (FDRcorrectedP < 0.05); which
include the plasma membrane, metal ion bindoagion bindingand the golgi apparatus
(table 4.4a) The Fi sher 6s e x atrerids(table €.4b) 1) Meurerall s t
function, neuronalrelated terms includeéhe dendrite and neurone projection, GPCR
activity and the photoreceptor. Photoreceptors are a specialised type of neurone
specifically located in the retina, which are involved in phototransduction and vision.
Note that key terms list in table 4.1 include retinitis pigmentosa and vision. 2)
Immune responsespredominantly the response to wound injury by cytokines
Interleukinactivity was identifiedas a significant key ternm table 4.1(P < 0.00). 3)

Growth and developmenspeciically related to skeletal and organ development.

A
ONTOLOGY TERM MIRgenes Ratio (%) % (norm) @ rcorect

Pvalue

Plasma membrane 164 20 56.2 0.01

Metal ion binding 317 37.8 54.8 0.02

Cation binding 295 35.2 54.7 0.02

Golgi apparais 40 6.8 63.2 0.05

B
ONTOLOGY TERM  MIRgenes Ratio (%) % (norm) U”ssglizted

Neurotransmitter transport 12 1.5 78.6 <0.001

GPCR activity 14 1.8 65.9 0.02

1 Dendrite 6 0.8 73.5 0.03

Neuron projection 11 14 66.1 0.04

Photoreceptor inner sgment 2 0.2 90.5 0.04
Cytokine receptor activity 71 1.6 82.6 <0.001

2 Immune response 7 7.8 59.1 0.002
Wound healing 7 1.9 68.1 0.006
Skeletal development 28 3.6 66.1 0.001

3 Organ development 97 11.8 55.1 0.03

Organ morphogenesis 34 4.4 58.2 0.04

Table 4.4. Gene ontology categories for the MéBntaining gene dataset

TheGOterms are from nodes 4 and belovithe percentage of MIRenesare normalised: (%
MIRgenes + % genes in genome)/% genes irl genoA)eThe FDRorrection method P <
0.05). B)TheuncorrectedCA 8 KSND&a SEIF OG YSGK2R
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Percentage (%)
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Figure 4.2. MIR-containing genegor the gene ontologytermsin the functional group
protein binding

Gene ontology terms are fro@l Ontologies (BP, CC and MBjles 4 and belowThe blue bar
represents the percentage of MHEdntaining genes assigned each ontology term. The red line
signifies theuncorrectedP value. The green thresholdre represents & value of 0.05. The

top three terms UncorrectedP <0.05) are metal ion binding, cation binding and peptide
binding.
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Figure 4.3. MIR-containing genegor the gene ontologytermsin the functional group growth
and development

Gene ontology terms are fromll Ontologies (BP, CC and Nieyles 4 and below. The blue

bar represents the percentage of Mt®ntaining genes assigned each ontology term. The red
line signifies theuncorrectedP value. The green threshdl line represents #& value of 0.05.
The topfour terms(UncorrectedP <0.05) areskeletal development, anatomical structure and
development, organ development and organ morphogenesis.
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Figure 4.4. MIRontaining genes for the gene oaltogy terms in the group neuronal function

Gene ontology terms are fromll Ontologies (BP, CC and Nieyles 4 and below. The blue

bar represents the percentage of Mt®ntaining genes assigned each ontology term. The red
line signifies the uncorrecte® value. The green threshold line represent® walue of0.05.
The top three terms (UncorrecteB <0.05) are neurotransmitter transport, GPCR receptor
activity and neuron projection.
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Figure 4.5. MIR-containing genegor the gene ontology termsn the functional group

mammalian reproduction

Gene ontology terms are fromll Ontologies (BP, CC and NiByles 4 and below. The blue
bar represents the percentage of Mt®ntaining genes assigned each ontology term. The red
line signifies theuncorrectedP value. The green threshold line representsPavalue of 0.05.
Lactation is the only ontology ternwgith an uncerected P <0.05suggesing MIR elements do
not play a role in mammalian reproduction.
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Figure 4.6. MIRcontaining genegor the gene ontology termsn the functional group cell
compartment

Gene ontology termsare fromall Ontologies (BP, CC and Nieyles 4 and below. The blue

bar represents the percentage of Mt®ntaining genes assigned each ontology term. The red
line signifies theuncorrectedP value. The green threshold line representsPavalue of 0.05
The topontologyterms P <0.05) arethe plasma membrane, golgi apparatus, the dendrite,
neurone projections and photoreceptors.
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Figure 4.7. MIR-containing genedor the gene ontology termsn the functional group

immune responses

Gene ontology terms are fromll Ontologies (BP, CC and Nieyles 4 and below. The blue

bar represents the percentage of MtRentaining genes assigned each ontology term. The red
line signifies theauncorrectedP value. The green threshold line representsPavalue of 0.05.
The top three terms R <0.05) arecytokine receptor activity, the immune response amd

wound healing.
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4.23. Tissue expression profile of the MIRcontaining genes reveals a potential
role in neuronal function and mRNA localisation

Studying thetissuespecificexpressiorpattern of mMRNAmay provide an indication of a
shared functiorof the MIR dataset of genesExpression data wasollectedfrom the
humantissue atlas datasdtd 33Aand GNF1H(Suet al.,2004)which includesvhole-
genome gene expression arrays agbression profiles for40,000 human genes
(annotated and predicted) across a panel of 79 tissue types.

The tissue expression profiles of thi#R-containing genewere examined tdetermine

if the dataset is overrepresented for any of the specific tissue tYhesexpressiodata
was analysed using the D.A.V.I.D functional enrichment analysis tblolaGget al.,
2007 to determine if the MIRJataset of genes are expressed in dquéar tissue more
frequently than the total genes included in the tissue atlas. ThecdfiRining genes
were noted to be expressed in 29 of the 79 tissitbsa signifiance value oP < 0.05.
Interestingly half of thes&ssues areich in neuronesprain, spinal cord and the eye
including the ciliary ganglion which is a type of neurone located at the posterioofrbit
the eye (figure4.8; table 45)). Other highly significan{P < 0.05)tissues include the

testis, thymus, whole blood, kidney, pfate, uterus and bone marrow.

The identified tissues were organised into functional groups with four groups being
apparenftable 4.5). Overall it appears that the MIRs are preferentially recruited and
maintained in genes expressed in tissues rich enrames (48%), mammalian
reproductive tissues (15%), muscular tissue (12%) and tissues critical in the production

of immune cells (9%).
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Tissue Type II:I/ITFT 8;2; Ratio (%) F?R(;Lr:a
Amygdala 331 25.7 <0.001
Ciliary gaglion 360 27.9 <0.001
Pituitary 292 22.6 <0.001
Occipital Lobe 286 22.2 <0.001
Olfactory bulb 258 20 <0.001
Prefrontal Cortex 273 21.2 <0.001
Cerebellum 697 54 0.001
1 Temporal lobe 294 22.8 0.005
Subthalamic nucleus 216 16.7 0.01
Cingulatecortex 179 13.9 0.02
Pons 410 31.8 0.02
Cerebellum peduncles 125 9.7 0.03
Spinal cord 166 12.9 0.04
Whole eye 367 28.5 0.04
Testis 268 20.8 <0.001
Prostate 673 52.2 <0.001
2 Uterus 227 17.6 <0.001
Ovary 207 16.1 0.003
Smooth muscle 330 25.6 <0.001
3 Tongue 276 21.4 0.002
Skeletal muscle 487 37.8 0.03
Whole blood 415 32.2 <0.001
4  Thymus 229 17.8 <0.001
Bone marrow 182 14.1 0.002
Colorectal Adenocarcinoma 321 24.9 <0.001
Atrioventricular node 132 10.2 <0.001
Kidney 460 35.7 <0001
Bronchial epithelia 146 11.3 0.003
Appendix 274 21.2 0.02

Table 4.5. Tissue expression profiléor all of the MIR-containing genesfrom the human
tissue atlas y133A and GNF1H).

The experession profiles of the Mt@ntaining genes was calculatedcording to thehuman
tissue atlas datasets U133A and GNFhdMIR elements ar@redominately expressed ifour
tissue groupsl) Tissuesich in neurones?) tissues of thenammalianreproductive system?3)
tissues rich in immune celid 4) musculartissue Statistical significance was determined by
the FDRcorrection methodcalculated gingthe Babelomicsesource
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Figure4.8. Tissue expression profile of the MiBbntaining genes

The blue bar represents the frequency of Mihtaining genes expressed in each tissue type.

Thepinkline represents thé=DRcorrectedP value orange lineP <0.001 and the green lin®
<0.01.
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Zhong et al., (2006) identified genes which were ovepresented in the dendritic
compartmen{compared to the cell bodgnd annotated 154 genabere the mRNA is
localised to the dendritic compartmer®f these gene$8are noted to have exaped

MIR elements (table 8). Therefore of the genedescribedwhich demonstrate
dendritic localisation, 10.5% have been found to contain Mi&tscomparison théotal

number of genes in the human genome which have recruited these rep&&s i<Of

these genes none have MIR elements recruited in the coding sequence and the majority
have exapt at eldR (83%Rwith three having recBuibed MIR elements in

t h eUTR.0

HGNC Gene Description Transcrlpt Position
Symbol Accession
APLN Apelin, AGTRL1 ligand NM_017413 o0-QTR

NM_015981 o0-4QTR
NM_171825 o04QTR

. 0-0TR
CD4 CD48 antigen NM_000616 0 -OTR
NM_000611 o-QTR x5
NM_ 203329 0-QTR x5
NM_203330 o0-QTR x5
NM_203331 0-QTR x5
NM_182848 o0-0QTR
NM_ 006984 o0-OTR

CAMK2A Galcium/calmodulindependent protein kinase Il alpha

CD59 CD59 antigen

CLDN10 Claudin 10

DDN Dendrin NM_015086 0-OQTR
EDG6 Endothelial differentiaibn, lysophosphatidic acid GPZF NM_003775 o0-QTR
FILIP1 Filamin A interacting protein 1 NM_015687 o0-QTR
IGSF1 Immunoglobulnh superfamily, member 1 NM_205833 o0-QTR
KCNK3  Potassium channel, subfamily K, member 3 NM_002246 o0-QTR
MAP3K8 Mitogen-activated protein kinase kinase kinase 8 NM_005204 o0-dQTR
NEURL  Neuralizedike (Drosophila) NM_004210 o0-QTR
NTSR2 Neurotensin recptor 2 NM_012344 o0-QTR
- . NM_020418 QTR

PCBP4 Poly(rC) binding protein 4 NM_033009 E-QTR
RNASE4 Ribonuclease, RNase A family 4 NM_194430 p-QTR
. . 0QTR

RPL28 Ribosomal protein L28 NM_000991 0-0TR
TSPAN2 Tetraspanin 2 NM_005725 o0-dTR
p-aTR

WIT1 Wilms tumaur upstream neighbour 1 NM_015855 p-dQTR
p-QTR

Table4.6. Genesshowingdendritic localisation wheh have recruited MIR elements

Geneswhere the mRNA is localised to tdendriticcompartmentas identifiedby Zhonget al.,
2006 and Pinkstaf#ft al.,2001. The gene symbol, protein description and GenBaodession
numberis includel. The gene region the MIR has exaptated is listed ag€idiig sequence)
or UTR(untranslated region).
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4.3. MIR elements andhuman disease

The functional importance of a gene in a particular tissue is clearly demonstrated if
mutations in that gene disrupt normal tissue function and thus disease MIRke
containing genes which anmevolvedin human diseases weidentified andgroupedto

assist in further understanding the commonality in function of the datd$et. MIR
elements may not necessarily be involved directly in the pathology of a disorder, but
sorting in this manner will highlight the importance of these genes icifgpéssue
functions. The disease data was collected fideaView at NCBI, which contais
sequences ohuman genednvolved in disease,either directly via mutation, or
indirecly. Thereforeinformation was only includeth the analysisf peer reviewd

publications implicatd the gene directly

It became apparent that a number of Mibhtaining genesre implicated and/or

mut ated in a number of human neur ol ogi c:
ment al retardati on, s cdiseageo(falbler &. n Otlaer kayn d Al
disease groups were noted including, diabetes and insulin resistance, deafness,
inflammation, rheumatoid arthritis and hypertensioh total of 28 genes which have
recruited MIRs were noted to be mutated in retinal degdiverdisordersand related
syndromegqtable 4.7). This retinal disease category waglected for further analysis,

due to the previous observat®nf MIR elementsbeing significantly (P < 0.001)
expressed in neuronal tissu@scluding the whole eyeand the occipital lobe(visual
processing centre of the braifigure 4.5. Retinitis pigmentosa waasoa keyterm

observed in table 4. 5ndthe photoreceptor and photoreceptor inner segment where two
ontology termsnoted previouslytable 4.4, figure 4) Finally photoreceptors are a
specialised polarised cdipe with at least one exampte an MIR-containingmRNA

being localised to the photoreceptorouter segenent, critical in photoreceptor
developmen{Gomiet al.,2000.

The retinal diseaseate@ry was sorted intoparticular conditions such asone/rod
dystrophies andretinal degeneration, retinitis pigmentosand Leber congenital
amaurosis (LCAwhich is an autosomal recessive disorder resulting in blindness due to
abnormal photoreceptor devetopnt(table 48). Furthermore sme of the conditions
such as retinal degenerati@md mental retardation are characteristics of particular

syndromes such as Joubert syndrome and Usher syndrome.
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Disorder MIR-containing gene

ADAM19 BCAS2, C1RL, CCBBH9,DENND2C, DHCR24, ESR1, HFE,
I £ T KSAYSNID IREB2, KLC1, MAOB, MAPKAPK2, MPO, PSEN2, SERPINA5, TAF
TGM2, WIT1, YWHAZ

ATP6V1B1, BSND, CATSPER2P1, FXC1, GJB3, KCNK6, IGF1, LHFPI
MYO7A, PIKSAPPOLG, SCARB2, SLC45A2, TMC1, TP53, TRIOBP,
USHZ2A, ZFAND5

CCBL2, HAP1, IGF1, IL12RB2, IL8, MAOB, MSX1, SH3BP2, TGM2, 1
TP53

ARHGEF6, CHL1, CLN8, DCX, FGD1, FKRP, FREQ, IGF1, JARID:
OPHN, PIK3AP1, SMC1A, SRGAP3

AHI1, AIPL1, ATM, BBS7, CACNA2D4, CLN5, CRB1, CX3CR1, CYP4V
Retinal diseases GUCA1B, HPS1, KCNJ13, LRAT, MC1R, MYOT7A, NPHP1, NR2E3,
RGS9BP, RHO, RIMS1, SAG, SLC45A2, TGFB1, TPP1, USH2A

ADRAA, AHI1, CHL1, CNTF, DBH, DISC1, DPSL2, ERBB3, FREQ, GP
IGF1, MAOB, PLXNA2, SH3TC2, SLC1A2, SYNGR1, TGM2, TP53, VDF

ACE2, ADIPOQ, BDKRB2, BTC, CASR, CCR5, CD4, CD48, CPM, C
Diabetes FABP2, FXN, HFE, HHISF4A, IGF1, IL1A, ITGA2, ITGB3, LEP, MAP4KS5,
(Type I, Il and MODY) MICA, MYCBP, OAS1, PLAGL1, SAPS3, SCD, SERPINA5, SLC2A!

SLC9A1, SLC11A1, TAP2, TCF2, TGFB1, TGFBR2, TGM2, TNRC6A, T

Deafness and
hearing loss

| dzy G Ay 32y

Mental retardation

Schizophrenia

Insulin resistance ADIPOQ, BCAS2, BDKRB2, DENND2C, FABP2, HRH.EINSEPN1
Obesit Cliorf57, DBH, HFE, IL8, IREB2, MAOB, MAP3K14, POLG, SERPIN/
y SYT11, TOR1A, VDR
ACE2, ADD2, ADIPOQ, ADRA1A, AVPR2, BDKRB2, BMPR2, CAPNS, (
Hypertension ESR1, IGF1, IL8, LEP, NFXL1, PRRX1, PTGIS, SCNN1%  SERPISAB
VDR

ATP6V1G2, BCAS2, C1RL, CASP10, CDKN2A, CIITA, CUL1, DENN
Rheumatoid arthritis ~ FSTL1, GAB2, GALNT10, HFE, MFAP3, MBL2, MICA, OSM, RUNX1,
SLC11A1, TAP2, TGFB1, TP53, VDR

Table 47. MIRcontaining genes Wwich are known to be mutated and/orimplicated in
human disease

The MIRcontaining genes are implicated in a large number of human disorders, those
conditions which appear more commonly have been listed. The gene symbol is included,
consult appendix 9.1 for detairegarding the MIR coordinates and gene position it has been
recruited.
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4.3.1. Usher syndrome

Usher syndromes an autosomal recessive condition of which there are three, types
numberedtype HII, according to the severityith type Il being the least severe
(Penningset al., 2003; Moller et al.,, 1989) The condition is characterised by
congenitaldeafness and blindnesgludingretinitis pigmentosa. Mutations in MYO7A
(Myosin VIIA) are associated with the type | syndrome (40% of casesmutations in
USH2A (Usher syndrome 2A3re responsible fanost cases dipe Il Usher syndrome
(609% Maubaretet al., 2005). Both of these genes express mRNA transcripts which
have recruited MIR elements in the coding sequence. A splice varianty Gf7K
where the stop codon is provided by the MIR element, eBulé truncated protein
product @ppendix B), of which the MIR element is providing the stop codon. Two
transcript variants of USH2A have also been described and an MIR element has been

exaptated in the middle giroteincodingexon 45of the full length isoform.

4.32. Joubert syndrome

Joubert syndrom€@IBTS)is an autosomal recessive disorder characterised by multiple
symptoms including retinitis pigmentosa, renal disease, physic@rndées and
malformation of the brain and subsequently ataxia and mental retardation (Malente
al., 2008). Genes which have recruited MIR elements and are mutat&T $aje
AHI1 (Abelson helper integration site 1) and NPHP1 (nephronophthisis In{je)e
There is an alternative truncated transcript of Akitlwhich an MIR element is
providing the stop codorthis isdiscussed further in chapter 5. NPHP1 has exaptated
an MI R el e médlR andmutatiots im &PHPD are known tbe responsible

for Joubert syndrome, furthermore NPHP1lthe causative agent in thajority of
juvenile nephronophthisisases,a type of autosomal recessive kidney disease and
symptomdeveloped in Joubert syndrome cases (Simnas.,2009).
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Gene Gene scription MIR Disorderdetails
Symbol € @scriptio location
AHI1 Abelson helper integration site 1 TAG RD; Recessive JS (includes RP and LCA).
) ) ] Dominant CRD; Recessive LCA and other early onset sever¢ retina
AIPL1 Aryl hydrocarbon receptor interacting protelike 1 3-UTR .
dystrophies.
BBS7 BardetBiedl syndrome 7 3-UTR Recessive Barddiedl syndrome.
. 3-UTR
CACNA2D4 Caluum channel, voltagdependent, alpha 2/delta 3.UTR RD: Recessive CRD.
subunit 4 ,
3-UTR
CLN5 Ceroidlipofuscinosis, neuronal 5 3-UTR Neuronal cerdl lipofuscinosis.
_ Recessive RP; Recessive LCA; Dominant pigmented paravenous
CRB1 Crumbs homolog 1 (Drosophila) 3-UTR N . -
chorioretinal atrophyEarly onset severe retinal dystrophies; Blindness.
CYP4V2 g:ytochrome P450, family 4, subfamily V, polypeptic 3-UTR RD; Recessive Bietti crystalline corneoretinal dystrophy.
GUCA1B  Guanylate cyclase activator 1B (retina) 3-UTR RD;Dominant RP; Dominant MD.
HPS1 HermanskyPudlak syndrome 1 3-UTR  Oculocutaneous albinism.
KCNJ13 Potassium inwardlyectifying diannel, subfamily J, 3-UTR Dominant vitreoretinal degeneration, snowflake.
member 13
LRAT Leglthln retinol acyl@nsferase (phosphatidylcholine 3.UTR  RD: Blindness: Recessive RP: Recessive LCA.
retinol O-acyltransferase)
MC1R M_e Ianoc_:ortln 1 receptordlpha melanocyte 3-UTR  Oculocutaneous albinism.
stimulating hormone receptor)
MYO7A Myosin VIIA TAG Recessive US type 1b; Recessive congenital deafness without RP.
NPHP1 Neoh hthisis 1 (i " 3.UTR Recessive Senidioken syndrome; Recessive hepnophthisis, juvenile;
ephronophthisis 1 (juvenile) ) Recessive JS; RD; RP.
NR2E3 NUC] ) bfamily 2 E bera E-UTR Recessive enhancedcBne syndrome; Recessive RP; dominantieP;
uclear receptor subtamily <, group £, memboer ) MD; Retinal dysplasia; Retinal dystrophies.
NRL Neural retina leucine zippe 3-UTR Dominant and recessive RP; RD; Blindness.
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Gene _ MIR Disorderdetails
Gene description .
Symbol location
RD3 Retinal degeneration 3 3-UTR RD; Recessive LCA and other early onset severe retinal dystrophies.
RGS9BP  Regulator of G protein signaiti 9 binding protein 5-UTR Recessive delayed cone adaptation; Brandyopsia; Retinal and MD.
RHO Rhodopsin (opsin 2, rod pigment) (retinitis 3-UTR Dominant RP; Dominant congenital stationary night blindness; Reeess
pigmentosa 4, autosomal dominant) 3-UTR RPjRetinal dystrophies; RD; MD
RIMS1 Regulating synaptic membrane exocytosis 1 3-UTR RP; Dominant CRD.
RPGR o Recessive;-Jinked RP, Dominant-lked CRD 1; Recessivinked
Retinitis pigmentosa GTPase regulator 3-UTR .
atrophic MD.
SAG . . i . Recessiv®guchi disease; Recessive Bfngenital stationary night
Santigen; retina and pineal gland (arrestin) 3-UTR .
blindness.
SLCASA2 Solute carrier family 45, member 2 28$§ Oculocutaneous albinism.
TPP1 Tripeptidyl peptidase | 3-UTR Neuronal ceoid lipofuscinosis.
USH2 Usher syndrome 2A (autosomal recessive, mild) CDS Recessive Usher syndrome, type 2a; Recessive RP.

Table 48. The involvement of MIRcontaining genes in specific retinaiskase and associated syndromes

The HGNCgene symbol, ptein description and position of the exaptated MIR eleman listed; CDS, coding sequence; UTR, untranslated redias, MIR
element provides termination codon sequencdretinal diseass are ablbeviated as follows CRD cone rod dystrophiesJ Joulkert syndrome LCA Leber

congenital amaurosjsviD, macular dystropies, RD Retinaldegeneration RR Retinitis pigemntosdJS Usher syndrome

Wwiaje YIN Ue Jo uoieldexa ayy Jo aoueoyubis [euonoung ‘yaideyd



Chapterd. Functional significance of the exaptation of an MIR element

When analysing the MIigene dataset a total @2 genes were noted to bmutated in
recessive, dominant and-Ilked retinitis pigmentosaasestable 48). For example
RPGR (etinitis pigmentosa GTPase regulatand NRL (neural retina leucine zipper)
have recruited MTR Mulatome RPGR aie responkilde f@ the
majority of cases ofne X-linked form of retinitis pigmentoséRP), andthere are two
splice variants of RPGRvith the full length transcripbeing composed of 19 exons
(Khannaet al.,2005) A second transcript referred to as RRGRF15 is generated by
reading through the dongplice site of exon 15 into the intronic region whadntains
the exptated MIRelement;translation terminateat analternativein-frame stop codon
(figure 49). This novelregion of RPGRORF15is mostly comprised of a GAA triplet
repeat sequence andg auch is a source of glutamic acid, the function of which is

undetermined.

The significance of this splice variant is demonstrated by the mutations observed in the
novel coding region, of whicB0% ofthe documentedRPGR mutations are locatedd

60% ae specifically linked tX-linked RP(Jinet al.,2007;Vervoort and Wright, 2002
Vervoort et al, 2000. When looking specifically at the exaptated MIR element of
RPGRORF15 the MIR sequence demonstrated secpiédentityto miRNA target sites
(section4.4), which may be a means of regulating or suppressing the expression of the
isoform predominantly responsible for the retinitis pigmentosa chsageverthe non
mutated form of the shorter transcript may be significant as once expressed will be a

rich source of glutamate, essential in neuronal excitability.

Exon 7 8 9 10 11 1213 1415 1617 18 19
A /s I | || l
I | I 1
Iy |
B —7/ | ,
I Coding exon | Untranslated region I MIR element
___Intronic sequence A Mutation hotspot

Figure 49. Major isoforms ofhumanretinitis pigmentosa GTPasegulator (RPGR

The exonic composition begins at constitutive exoAy Thefull length RPGR mRNA transcript
composed of 19 exondB) Truncated transcript of RPGR due to reaeimgpugh intron 15
GKAOK O2yilAya ym>r 2F (KS wt Dw Ydz2UTRigredy.a> |y
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NRL is an intrinsic regulator of mammalian photoreceplifferentiationand function,

and missensemutations are associated with the development and progression of
recessive and dominaRP (Bessantet al.,2003). The common reference nucleotide
sequence of NRL is composed of three exo
UTR. The NRL transcript is <2 kb with a protein product of ~26 kDa. A further non
reference cDNA clone was identified in the sequedatabasegaccession number
BC012399, which is truncated due to an alternative polyadenylation (poly(A)) site
(figure 4109.

There is a canonical poly(A) site (ATTAAA) 20bp upstream of the cleavage site (figure
4.100). To confirm the expression of the shorter transdRiPtPCR was performed to
amplify fragments of the two transcript variants frdmmanretina cDNA The
antisense primer of the shorter transcript incorporated a portion of the poly(A) tail so as
to differentiate between the twsoforms, following which bth transcriptswere
amplified (figure 410¢). The poly(A) site of the shorter transcript appearsb&o
conserved only in primatesith similar but incompletesequence in earliermammals
(figure 410d).

Intriguingly the proteircoding sequenceill be retairedin boththe NRL productswith

the only notable difference being the addition of 720bpofreicot i de seqguence
UTR of the longer transcript (with the MIR)If theseisoformsdisplay differences in
function, stability or localisation is possible that the additional nucleotide sequence is
involved in this contral A similar observationhas previously been made with
mammalianinsulin-like growth factor 1(IGF1), whereby a splice variant encodes an
identical protein but with a larger MIBR o n t a i-UTR ex@n(Hughes, 2000).The

larger IGF1 mRNA has been demonstrated to have a sigmifydaigher rate of decay
compared with the other IGF1 isoforrftdeder et al.,1990), and it has been suggested

that the MIR element may play a part in the reducedlti@al{Hughes, 2000).
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A Exon 1 2 3
Lom L . |
Sh L I
| Coding exon | Untranslated region | MIR element
B
Lg TTCAGGGTTTTCAACCTGTAAGATAAAGCTGTAATTAGCAATGAGGC 1248
Sh TTCAGGGTTTTCAACCTGTAAGATAAAGCTGTAATTAGCAAAAAA 1250
*% **% *% *% *% *% *% * *% A
Lg TGTATTTTCATTCTGAAGCTTGTAACCTCCCCATTTTAGCACTACAGAAT 1298
Sh AAAA 1254
Lg TTTCAAGATTTCAATATCCAACAACTAGATAGATTAGGACCTCTATCCGA 1348
Sh
C
1kb
700 b
D Human TAATTCAGGATTTCAACCTGTAACACATTAAACCTGTAATTACAATGAGGCTIGTATTT 3798
Chimp TAATTCAGGATTTCAACCTGTACACATTAACCTGTAA TAGCAATGAGGCTGTATTT 3435
Macaque  TAATTCAAGG TTTCAACCTGTACACATTAAAGCTGTAAT TAGCAATAAGGCTGTATTT 3854
Dog TAATTCAAGA TTTCALACCTGT/AGTACATGAAGGTGGTAATTAGCAATGAAGEC- T---- 2131
Cow TAATACAAGETTTCAACCTGT/AGTEAGTAAGGTGE TAATTASCAATRAGGCTGTGT TT 2056
Mouse TAATTCAAGATTTCAAICTGTASTEATTAATCCTGTAATTACAATGAAGCTCCATTT 4100

Figure 410. Transcript variants of humaneural retina leucine zippe(NRL)

l9ONBGALFGA2yayY [T FdzA f fSy3adK bwlTREwbdue (G NI y
to an earlier poly(A) site (accessi@®h,BC01239Lg,NM_006177. A)Exonic arrangement of
NRL outlining thealternative polyadenylation sites, the Rlelement (green) is located in the

full length transcript only. Coding regions are in red and UTR exons in BluPairwise
sequence alignment of the full length transcript and the shorter cDNA sequence highlighting
the position of the poly(A) site (bed red) and the poly(A) tract (italics).Q Gel
electrophoresis image of fragments amplified usingFCR confirming the expression of the
alternative transcripts. Visualised on a 2% agarose gel witkSybrSafe.DNase and RNase
free water was used a& negative control and GAPDH (738bp) as a positw&rol. Fragment
sizes are 966bp (Sh) and 1198bp (DyMultiple sequence alignment the NRL cDNA sequence
highlighting the conservation of the poly(A) site (boxed red) for a selection of mammals.
Green sequences are completely conserygank identical residues, blue similar and black
completely different. Sequence conservation was determined using the ClustatwWiiple
alignment tool (http://www.ebi.ac.uk/Tools/clustalw2/index.html accession numbe
appendix 9.3).
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4.4, The role of MIR elements in the localisation of mMRNA

MiRNAs have beershownto block protein translation and alter mRNA stability of
target genegBartel, 2004) The ability to suppress translation allows for mRNA
translocationto specific cellular compartments and spatial expression of protein
(Svobodaand Carg 2006). It has been suggested that retrotresmsm may be
precursors for iRNAs (Devoret al., 2009; Piriyapongsat al.,2007; Smalheiser and
Torvik, 2006; Smalheiseand Torvik, 2005). Given that several of the MIR containing
MRNAs are known to be dendriticallgcalised (potentially via nfRNAs) a number of
genes were selectaod screened for putative RNA binding sites and precursor stem
loops. Due to the size dhe dataset of genes which have recruited MIR elements
(appendix 9.1) genes were selected specifically if mMRNA localisatiad been
previously suggested or if the genesre known to bdunctional in polarised cells
where mRNAs are frequently reported be localised. Using this approacleight
transcriptswere found to contain one or more RNA target sitedocated within the

exaptated MIR sequence (table 4.8; figui®.4.

Of the genes investigated in detal11, NRL, RHO and RPGRhave been described
earlier in this chapter, as they are known to be mutated in retinal difaas=4.7,
Valenteet al.,2006;Bessantt al.,2003; Liuet al.,2009;Vervoortet al.,2000. The

MRNA transcripts forCAMK2A, DDN and NEURL arelocalised to the dendritic
compartment of hippocampal neurones and are suggested to be involved in synaptic
function and plasticity (table 4.%remerskotheret al., 2006 Timmusket al., 2002;
Mayford et al. 1996) andCD59 is a leukocyte antigen involved in the complement

cascade andhée mRNA is also noted to be dendritically localised (table 4.5).
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Gene  MicroRNA Type mRNA (bp) MIR (bp)  Details
symbol Name P P P
hsamiR345 Target 1851 1873
AHI1
hsamiR6155p  Target 1882 1005 1895 1947 Photoreceptor
hsamiR24-1* Target 4108 4130 Dendritially
CAMK2A
hsamiR940 Target 4225 4247 4087 4250 localised
CD59 hsamiR175 Target 5474 5497 5456 5560 Dendritically
hsamiR640 Stemloop 5951 6012 5900 6098 localised
hsalet-7a Target 3624 3645 Dendritically
DDN 48 37 .
hsamiR466 Target 3662 3®4 3548 3730 pcalised
NEURL  hsamiR1291  Target 38353866 ~ 3833 3952  Dendritically
localised
hsamiR1207 Target 1486 1510
NRL hsamiR1266 Target 1501 1518 1441 1603 Photoreceptor
hsamiR6155p Target 1479 1504
hsamiR136 Target 4375 4396
RPGR 4351 44 Ph
hsamiR101* Target 4307 4420 4301 4435 otoreceptor
hsamiR-20b Target 1744 1757
RHO 1610 1781 Phot t
hsa let-7a-2* Target 1758 1779 otoreceptor

Table4.9. MIRcontaininggeneswhich havesequence homology to known rRINA targets

ThemiRNA name has beendluded and the cordinates of the mRNA wherehte homology
has been detected. The position the MIR element has been recruited is included as a
comparison.

A AHI1

hsamiR-345 hsamiR-6155p

microRNA CUCGGGACCUGAUCCUCAGUCG CUAGGCUGGUGGCCCCUGGGGG

TN A [ (A
Human SOGGAAMMAGCACUAGACUCAGGGUGHET CAGABAACUGAGCCGACCUGGGAUCCRAY10

B cavk2A

hsamiR-24-1*
microRNA UGACUAUAGUCGAGUCAUCCGU

0 TR 00
Human | GUGGACUGCAGGGGAAABBBGAUUUGGGGUGAGUAGGRWUCCCAGCUCUGACCA 4150

hsamiR-940

microRNA CG CCUCGGCCCCCGGGACGGAA

Q [T LA 0
Human CUGCCAGAGGAMACUGAGEBAGGAGCCUGAGGUCCUGITAIIUGGCUGACACACCUCT 4267
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C cD59

hsamir-640
Hairpin GUGACCCUG - GGCAAGUUCCUGAAGAUCAGACACAUCAGAUCCCUUAUCUGUAAAAUGGGCA 61

I COETE T TEE O T
CD59 GCGACCCUCAGGCAAGUUACUUAACCUUACAUGCCUCAGUUUUCUCAUCUGGAAAAUGAGAA 6012
pQ 0Q

hsamiR-175

microRNA UCGAUCAGUEGCGCCAAGCCCCC

D (L= T
Human $CCCAAGGUAGEBCUAGUUGAUGCCGGUUGAUBEBSACCCAGCUCCCUCAUCY 5521

D DDN

hsaleU-7a mmu-miR-466

UUGAUAUGUUGGAUGAUGGAGU cAGAAUACACACGCACAUACAUa

ol T 1 LT 0Q
Human P GGGUUUAUAAACACCUACIREGUUGUUGUGABBUAAUGCGAUAAUGUAUS Udses

E NEURL

hsamiR-1291
microRNA UGACGACCAGA A-- GUCAGUCCCGGU

111 T A1

Human p &JGCAUCCAUCAG%CUGCACCUCUGUGUGGCAGGCAG«IEILA!JUUAGQJ %874
F NRL

hsamiR-1207
microRNA GGGGAGGGEU C GGAGGGACGGU

Q I T 111 00
Human  CCGBGUCCUAGUCCCA GEUCUUCCAUGGGAUCCCCCUBEUMGAGCAAAUCAGY 1526

hsamiR-1266

microR NA UCGGGACAAGAUGUCGGGACUCC

Q [ 1T 00Q
Human  CCUGGGUCCUAGUCCCAGCUCUUCCAUGGGBECCUGYH- CA CCCUGAGMMAU 1522

hsamiR-6155p

microRNA CUAGGCUGG UGGCCCCUGGGGG

Q T 1F T 00Q
Human  CCUGGGUCCU AGUCCCAGCUCUUCCAUGGGAURIEICACCCUGAGCAAAUCAGU 1526
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G RPGR
hsamiR-136 he&R-101*

microRNA AGGUAGUAGUUUUUUUACICUCAUCGUBGGACACUAUUGAC

D (HR R
Human éEJCAC UUCUUCAUCUCUAAAABGBUGGAUGAGAUGAUGUGAU 8 9426
H RHO

hsamiR-20b hsalet-7a-2*

microRNA GAUGGACGUBUACUCGUGAAACUUUCGAUCCUCCGACAIIG

p 1T s T 00
Human UGUGUGU AUGUGUGUGUUUCAGCA AGEAAGAAGCUGUACAIBLUCUAG 1788

Fgure 411. MiRNA targets or stemhoop precursor sequences identified within recruited
MIR sequences

PotentialmiRNA binding sites were identified by accessing the data available in the miRBase,
the miRNA registry available at the Sanger Institute, which contains >5000 miRNA gene loci
(http://microrna.sanger.ac.uk/). All predicted miRNA target sites outlined (ogm) reside on

0KS aSyasS aiNIXyR YR gAUKAY alw aSNREMOSaA o
transcript. A) A truncated transcript of the gene Abelson helper integration site 1 (Ah#g)

two miRNA target sitegaccessiorNM_001134832 B) The eference sequence of the CD59
antigen, complement regulatory protein (CD59) has recruited a total of five MiReals and

has 18 different nRNA target sites and a putative presar mRNA sequence had also been
detected (accessionNM_00061). C) CalciunfcalmodulinRS LISY RSy & LINRGSAY
(CAMK2Ahastwo predicted mRNA target sites which is present in both reference sequences
(accessiorNM_01598). D) Dendrin (DDN) whose function is unknown, but is found to be
localised to the dendtic compartmert, has two mRNA binding sites in the reference
sequence(accessiorNM_01508§. E) Neuralized homolog (Drosophila) (NEURAY a niRNA

target site also in the reference sequenecessiomNM_004210. F)Neural retina leucine

zipper (NRL)xontains three nRNA target sites which are not present in rfefierence
aS1jdzSy 0SS ¢ A KUTR(&EGessiarkM _RA6TR GhpThe truncated transcript of

Retinitis pigmentosa GTPase regulator (RRGRXwo potential niRNA target sitegaccession
NM_001034858 H)Rhodopsin (RHOJas two mRNA target sites positioned within an MIRb

St SYSyi 6KAOK KI & oS8R of Shel Refdqiit@riRerigacyessionk S o
NM_014850.
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45. Discussion

A large area of research has fomgon the 'parasitic’' rol®f TEs, and the deleterious

and mutagenic impact on the host following insertion (Kidwell and Li&€01).
Ultimately many TEs behave as mutagens due to the abundance of repeat elements in all
genomes; however it i's also i mcevietdadbh!| egi
sufficient time(Sinzelleet al.,2009; Volff, 2006; Milleret al, 1999). Over the past 15

years attention has focsesl primarily on the role of TEs in shaping genomes during
evolution and TEs have long been known to play a part in th&ugea and function of

plant genomes (Zilberman and Henikoff, 2005; Piriyapongsa and Jordon, 2008). Less
information is available for a general functional role of retrotransposons in vertgbrate
even thoughTEs would have provided a source of raw genetiaterial] which may

have assisted in the evolution of masgecies( Ma k a § o ws kMost TE2 @ré 0 ) .
located predominantly within introns, suggesting that the elenastproviding cis-

acting regulatorysequenceswhich may be involved immediating gene expression

(Jurka 2008; Seleet al.,2007; Britten, 2006; Nekrutenko and Li, 2001).

Approximately 1359 human genes (5%) have recruited MIRs, although this is likely to
be an underestimate, as there may be as yet undiscoveredomiifdning transcripts,
particularlyncRNAs It is not clear whether exaptation is a random event, or whether
there is any selection for the exaptation of MIRs on a genwitke scale. It is likely

that for any one gene there may be a selective advantage, or at least nweselecti
disadvantage in exaptationParticularly when retained ircoding sequence awhen
providing alternative splicing which may have participat& in the modification and
development of novelgene function shaping the mamnalian genome and

transcriptome.

The dataset of human genes which have recruited déentswere screenedor
commonality in functionby collecting and examining gene ontology data, tissue
expression profiles, potential RNA targets sites or precursors and the involvement of
the genesn human disorders. Throughout this process specific functional roles were
consistently noted, predominantly neuronal function, vision and immune respéiases.
example examining gene expression profiles revealed a significant proportion of the

MIR-cortaining genes being expression in neuronal tisspesificallybrain regions
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Significant oerrepresemttion (P < 0.001) was noted for theamygdala, which is
involved in fear, emotion and aggressive behaviour; the olfactory bulb which is the site
of sensoy perception and smell, and the occipital lobe which is the visual processing

region in the mammalian brain, it is also the area where epileptic seizures originate.

The Gene Ontology (GQyas a useful resouraghen collecting functional information

and a number of ontology terms were overrepresented for thecliiRaining genes

when comparing to the rest of the gengimeluding the dendrite, photoreceptor, amd
neurotransmitter transporEurther significant ontology termswere notedrelating to
immunological responsesich asvound healingand cytokine receptor activity When

collating the known disorderswhich the MIRcontaining gene are implicated or
mutated several groups includedeurological conditions; specifidgg Al z hei mer 6
disease, réetn a | degeneration, Parkinsonds di sea

4.5.1. MIR elements and the mammalian visual system

The involvement of the MIRontaining genes in the mammalian visual systemiand
retinal disease was a recurrent observatié’reliminary screeningof the genes for
significantk e y wo r d s visien amadetaitls pigmentosa as t wes. t op
Furthermore when examining tissue expression ftatéhe complete setf the genes

which have recruited MIRs, three were sigrahtly overrepresente(P < 0.01) the

ciliary ganglion, occipital lobe (vision processing centre) and the whole eye. The ciliary
ganglion is a structure situated behind the orbit of the eye and is rich in sensory
neuronesand regulateshe constrictiorof the pupilwhen exposedo light (Thakkeret

al., 2008).

Vision in mammals is a complex sequence of events, involving multiple cell types. The
retina consists of photoreceptors, retinal ganglion cells, amacrine cells, muiller cells and
bipolar cells Jeonet al., 1999). Photoreptors are a specialised neuroméich
function exclusively in phototransducti@nd perceive an image aspattern of light

The light isconverted intcneuronal signals anlansmitted to the brain via the retinal
ganglion ells. Positioned at the distal end of the photoreceptor, away from the nucleus
is the outer segment which is composed of a collection of stacked membraneltisks

outer segmentontairs visual pigments andtherphototransduction componerdadis
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the region where the visual transduction cascade ocdigeré 49; Pepe, 2001).In
vertebrates there are tvatasses ophotoreceptor cellsods and conesRods arethe
mostabundantell type in the retinand make up at least 70% of the total céUsrter-
Dawson and LaVail, 1999 Rods mediate visiomuring dim light and produce
achromatic vision (black and white) and as such contain only one photopigmeet (Oh
al., 2008. Photoreceptor cones are less sensitive to light and are responsib$oior
during bright light. In humans and closely related primates there are three types of
photopigments in cone cells, which detect different wavelengths of, lithe
informationperceivedby both types of photoreceptor is processed in the occipital lobe;

a region noted where the Mi€bntaining geneare frequently expssed P < 0.00)).

Stacked RPE
membrane

Nucleus Mitochondria

\_Y_} H_/ N J

_ Y ~
Synaptic Cell Inner Outer
terminal body segment segment

Figure 412. Anatomy of a rod fotoreceptor cell

The inner segment mainly houses mitochondria and ribosomes. The outer segment consists of
a tightly packed membranediscs bearing the photopigment (rhodopsin). The synaptic
terminal connects to bipolar cells and the outer segment is connected to the retinal pigment
epithelium (RPE) which is situated just outside tbna (mage adapted fronkiuet al.,2007)

The single photopigment present in rod cells is encodedhbyGPCRrhodopsin
(RHO), which is expresse@lmost exclusively in this cell type. RHGQletects
electromagnetic radiatiowhen boundd a derivative of vitamin A an@henactivated
underg@s a conformational change triggering the visual transduction cascade. When
photonsof light decrease RHO is phosporylated by rhodopsin kindssphorylated
RHO is asubstrate for arrestin (SAGNhich renders it fully deactivated. Both RHO
and SAGhave recruitedM|l R e | e me nWTR. Tiwo furthér genes @vhich have

al so exaptated MTR are theptraresdrigion ifastorst neueatind 6
leucinezipper (NRL) and NR2E3, which is a photorecegpecific orphan nuclear
receptor. Both NRL and NR2E3 are key componerdé mammalian photoreceptor
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differentiation and retinal development (Hendricksdral.,2008). For example NRL
determines the fatef precursor photoreceptor cellsy mediatinghe formation of rods
at the expense of conewddopment partly by modulating the expression of NR2E3 by
directly bind to the promoter regid®h et al.,2008). In transgenic mice lacking NRL
expression, rod cells are converted to cones and NR2E3 expressimiished Kears

et al.,200]). NRL isalso noted taegulate the expression of RH%Yy binding to the
promoter regiorfMitton et al.,2000.

Other geneshave recruitedMIRs which are important in retinal function bate not
mutated in retinal disease.ili@ry neuwotrophic factor (CNTF),d encoded by a single
transcriptwi t h  an MI R e-UERm&NTF priomotedodh ghotddedeptor
survival reducs RHO proteinlevels and upregulaseSAG expressiornn vivo (Wen et

al., 2006). CNTF igyenerallyinvolvedin the survival olneurons andsasuch mutations
arenotedin a number of neurological disorders including schizophrenia, Huntiégson
disease and multiple sclerosis (Lin and Tsai, 2004; Emeticl, 1997; Giest al.,
2002). The retina specific protein PAL LRIT1) is expressedspedfically in
photoreceptors and has been shown to be significant in the development of the outer
segmentas the mRNA ispecificallylocalissd b this regionof photoreceptor¢Gomi

et al.,2000). Theretinaspecific gend=379(confirmed by RTPCR and ndhern blot)

is composed almost entirely of TEsith an Alu and MIR element comprising the
majority of thepredictedcoding sequence and an LTR elemient h eUTR Mahet

al., 2001). F379 isuncharacterisedndthere is currently no evidence sopportthe
translation of a protein prodyceither in the sequence databases or in publications.
Sequence homologyetectedto other proteins is due to thecruiment ofotherAlus
and/or MIR elementandit is possible that F379 functions asrasRNA

45.2 MIR elements and the translocation of mMRNA in neuronal cells

It is clear that a number g@fenes which have recruited MIR elements are expressed in
polarisedcell typesincluding neuronesof the brain, photoreceptors and lymphocytes.
The process of tratocating mRNA in asymmetric polarised cehss long been
observedn drosophila during oogenesiBdrlethet al., 1988; St Johnston, 199&nd

the mechanismin vertebrates arbeing unravelled. It appears that mRNA localisation

is achieved by a numbef means including diffusion to a localised anchoactive
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transportand via miRNAs processes directed loys-acting elementswvhich areusually

i n t-UTR (Mdlr and Richter, 2001; Ben Freelj al., 2004). ke tuning protein
expression and postarscriptional control may be crucial when rapid responses and
changes in protein levels are required. The datlvities d cis-acting elements in the

3 WTRs of vertebrates remain to be determined; however the formation of dsRNA
structures and the bindingf complementary ncRNAare known component@®/iohr

and Richter, 2001;e and Maizel, 2007).

Many human transcriptslo not encode for proteisuch as tRNA, rRNA and small
nuclear RNA(snRNA) and the role ofother ncRNAs in gene regulation is gradually
bemming clear with many beingnown gene regulators ncRNA has been shown to
mediak processes such as mRNA metabolism, stability, RNA editing, imprinting and
long-term memory (Claverie, 2005; Mattick and Makunin, 2006; Stiral., 2004,
Royoand Cavaille 2008 Merceret al.,2008). A widely studiedclass ofncRNAs area
family of small (20-22nt) RNAs which are divided into the smatterfering RNAs
(siRNA) and mRNAs (Ambros and Chen, 2007). It is also apparent that human gene
expression may be regukd by mRNAs andFriedmanet al.,(2009) predictedmiRNA
target s iUTRs ef >45,000 human tr@ndcripts

The transport of RNA to the dendritic compartmentrnseasentiaprocess in synaptic
plasticity, and is linked to learning and mem@8pssin and DesGroseiller3006). As

RNA transport to possynaptic sites and translational suppressi@iows for local,
selectiveprotein synthesised on demand, in response to synaptic stimulation. As a
consequence synapses have individual moleculantiites and regulate their own
morphology and efficiency (revieed by Dahm et al., 2007). Calcium/calmodulin
dependent protein kinase Il alpha (CAMK2A) kmsown to beinvolved in synaptic
plasticity; the mRNA of dendrin (DDN) a gene of unknown functignis also
dendritically localised suggesting a rolen synaptic function and plasticity
(Kremerskotheret al.,2006; Pinkstaffet al.,2001). Both of these genes have recruited
two independent MIR el ements in the 30UTI

CAMK?2 is encoded by fourgn e s U, obwhictoCAMK®2A is thie, only subunit
which is translocated to the dendrite for translation (Tobimatsu and Fujisawa, 1989).
Mori and colleagues (2000) identified tveendritictargeting elementsDTE) within
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t heUTR@nd athrd DTEwa i denti fied in a-UIRBbyf er en
Blichenberget al, (2001). CAMK2A has recruited two MIR elements one of which is
located within the DTEregion of CAMK2A identified by Mori et al., (2000), the
second MIR element was ndt¢o contain tw predicted nRNA target sitesdllowing
screening against RNA databasesDDN has a DTE situated within a 1kb region of
t h eUTR Kremerskotheret al., 2006) an MIR element resides directly withithe
central region of thigontrol element The secad MIR is situated 200bp upstream of
the DTE andfurther investigation revealed twautative miRNA binding sites located
within this MIR element. One detail to consider is that all neuramsbcting
localisation elements, including DTEs and miRNAs tsgae situated exclusively in
t h eUTR,&ndalmost75% of the MIRs have been integrated in thigranslated gene

region.

Recent studies reveal thatiRNA-mediated translati@l control appears to be a
fundamental process in synaptic plasticity. Severd components of the RNA
interference pathway are found to be enriched in dendritic spines, compared to the cell
body, Dicer the endonuclease whichleavespremiRNA and initiates the formation of

the RNA-inducedsilencingcomplex (RISC Bernsteinet al.,, 2001) and elF2c a
component of the RISQ.ugli et al.,2005. MiRNAs cansilence translation and assist

in trandocating MRNA to the dendnt compartment, @d upon deactivation the
suppression is releaséargeting protein expression to the synaffshraf and Klunes,

2006; Schratet al.,2006 Kosik, 2006).

Ashraf and colleagues\¢hraf et al., 2006) noted persistent mMRNA localisation in the
antennal lobe synapses of the fruit fly following olfactampidance learning The
team furtheiobserved 5-fold increase ilCAMK2A expression in the brains dfcer-

2 null mice, suggesting that RNAI pathways may participate in mRNA localisation and
translational regulation.Ashraf et al., (2006) further identified two putative miRNA
target s i -WTR oof CAMK2A dne corkladed thaniRNAs and the RISC
pathwayplay a crucial role in regulating localised protein synthesis in the synapse

duringlong-term memoryformation
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4.5.3. MIR elements as a source of iRNA targets sites and precursor sequences

It has been previously hypothesised that MIR elements have the gbtenform
dsRNA due to the homology between individual MIR insertions (Hughes, 2000)seThe
dsRNA may then be cleaved intdR&dNAs (Zeng and Cullen, 2005)SINEs mayalsobe

a source ofmiRNA precursors and theniRNAs; miR-95 and miR151* display
sequence complementary to the MIR NE2 el ement s |-UiReadfed w
mammalian mRNA (Smalheiser and Torvik, 2005).Piriyapongsaet al., (2007)
identified 18 mRNAs derived from trammsable elements, 14 of which asdated to
the LINE2 and MIR families. Overall it appears that the recruitrémEs may have
played acrucialrole during mammalian evolutioby generating mRNA target sites and
possibly as nRNA precursors. Furthermeoe, the mechanism described by Smalheiser
and Torvik appears to be a phenomenon exclusive to the expansion of frmamma
genomes as no similar RNA precursors were detected in chicken, Drosophila or
C.elegangSmalheiser and Torvik, 2005).

Putative mRNA target sites wre identified within the exagted MIR sequence aight
humangenesincluding AHI1, CD59, NEURL RPGRandthe recently discussed NRL,
RHO, DDN and CAMK2A All eight genes demonstrate localisation of mMRMA
specific subcellular comparents, such athe dendritic compartment of neurones or the
outer segment of rod photoreceptor céltionget al., 2006; Timmusk et al., 2002
Pinkstaffet al.,2001). It is possible that the predicted RINA target site located within

the recruited MIR sguence may be suppresgitnanslation during this proces€D59

is a leukocyte antigen involved in the complement pathway which is expressed in a
number of tissues and CD59 deficiencyinsolved in the development dfeveral
disorders including Alzheimérs di sease and neaalo2@gener
CD59 has also been suggested to protect neurones against compterdeted
damage (Pederseet al., 2007). Neuralized homolog (NEURL) is thought to be
involved in neurogenesis and is suggested ta hemour suppressor (Nakamuwiaal.,

1998). A further example includethe gene retinitis pigmentosa GTPase regulator
(RPGR), which is mutated in -K¥nked retinitis pigmerdsa The truncated protein
RPGRORF15 is known to interact with two chromoseassociated proteins, SMC1

and SMC3 and RPGRORF15 is involved in regulating the transport of SMC proteins

to the ciliged regionof the photoreceptor outer segmé@dhannaet al.,2005).
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One gene which belongs to the SMC family, SMCisAgencoded by a 1sgle transcript
andhas recruited seven i nde-Endmtations Ml R e
SMC1A have been found in patients with tielinked disorder Cornelia de Lange
syndrome,which is characterised primarily by mental retardation (Deardetffal,

2007; Musioet al., 2006). The SMC1A protein canbe phosphorylatedby ATM
(Ataxia-telangiectasia mutatgckinase, the ATM transcript hasrecruited two MIR
repeat s aUTR (Kimietral., 2002 ABWismutated inAtaxia telangiectasia;

a neurodgenerative disease which affects the development of the cerebeduses
immunodeficiency and a predisposition to malignant neoplasms (Matrali, 2008).

ATM is also linked to the development of ocular telangiectasia, a form of vascular

disease of th retina (MaugeFaysseet al.,2003).

As previously discussedmiRNAs are central in fine tuning protein expression in
neuronesandthusmay play a ra in synaptic plasticity. MRNAs are also reported to
be abundant in the cells of the retinmarticdarly photoreceptors. For instantiee
mMiRNAs miR96 and miR183 areupregulaédin P347SRhodopsin transgenic mice, a
model for retinitis pigmentosa(Loscher et al., 2007; Loscher et al., 2008) and
photoreceptodegeneratiommas been observed in retifaicer knockoutmice (Damiani

et al.,, 2008. These observationsonfirm the significance of nRNAs in retinal
function, and given the apparent significance of MIR elements in photorecefitess
possible these repeats are involved in the localisatiamRINAS, to the inner anfdr
outer photoreceptor segment¥he MIR element may be acting as RNA targets
during photoreceptoplasticity, in a similar manner to that suggested for hippocampal
neurones,leading to suppression ofanslationuntil there isa demand forprotein

expressioruponphototransduction.

45.4. MIR elements and human disease

Several of the genes which have exaptated MIRs are known to be mutated in
neurological disase and syimomic conditions including Al zhei mer 6 s d
schizofrenia and Joubert syndron@@BTS) Both kinesin light chain 1 (KLC1) and
tissue transglutaminase (TGM2) a eneodei mp | |
several splicoforms due to the exonisation of MIR elements (discussed further in

chapters 5 and 6)KCLL1 is responsible foanterograde transpaot proteinssuch as the
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microtubuleassociated proteitau (Utton et al., 2005) and #normal aggregations of
tauare found in the neuronal Andérssandt all, et on
2007. Tau has been shown to be an excellent substrate for TGM2, and lesions
observed in Alzheimér patients have been linked to abnorrnel crosslinking by

TGM2 (Wanget al.,2008).

KLCL1 is also noted to associate with Huntmgassociated protein 1 (HAPMcGuire
etal.,200§, whi ch has exapt at edlR.akHAPIMIhdR to¢hk e me n
Huntington gene (HTT) and is enriched in neurgngsggesting a link with the
pathology ofHu nt i @& digeasen @Wu and Zhou, 2009HAP1 is also known to
interact wth the MIRcontaining gene AHI1 which is mutated in Joubert syndrcand

there is a significant reduction in AHI1 expression iHAP1 knockout strain ofmice
(Shenget al, 2008. Furthermorestudies of T®M2 knockout mice cross bred with
Hunt i ndseasen dause models (R6/2 and R6dgmonstratea reduction in
neuronal cell deathmotor dysfunctionrand abnormal protein aggregates, implicating
TGM2 inthepat hol ogy of H Meastrobergrdiroen a&. 2002 Badeg a s e
and Johnsark005).

At least 12 MIR-containing genesare mutated in distinct retinal disordeand
associategyndromegincluding the previously discussa@8TS, AH1l, NR3E2, NRL,

RHO, RPGR and SAG JBTS is characterised by a malformed brain stem and the
complete or partiabhbsence of the cerebellar vermi§hese characteristics result in
motor and mental retardation, accompanied by numerous physiological characteristics
(Parisi et al., 2007). AHI1, also termed Jouberin, and NPHP1 (Nephronophthisis 1
(juvenile)) are mutateoh JBTS(Tory et al.,2007)and both genes have exaptated MIRs

I n t-bOTR. Bhére are a number of splice variants of AHI1 which encode two
protein products and the MIR elementpeoviding an inframe stop codon fothe
truncated AHIllisoform (chapters). In adlition, AHI1 is a candidate faschizophrenia

susceptibility (AmanfZalcensteiret al.,2006).

In the JBTS1 (Joubert syndrome 1) chromosomal region, 9934, rebideMIR-
containing geneEHMT1 (Euchromatic histonlsine N-methyltransferase 1) This
gene has not yet been associated WBA'S cases however EHMT1 is found to be

involved in subtelomeric 9934 deletion syndrome (Kleefstraal., 2006), a region
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associated with both mental retardation @Bd'S Furthermore within thdBTSlocus
11p12-q13.3 defined by Valentet al., (2005)there are24 genes which have recruited
MIR elements gppendix9.5).

4.6. Conclusion

Overall it appears that MIR elements may indeed be important multifunctional
components in mammalian biological procass&iven the sequence conservation and
abundance of the MIR repeats in the human gendnme possible that thse elements

may have been eopted during evolutiorin the developmentand enhancemerdf
mammalian neuronal furion, specifically in synaptic plasticity and photoreceptor
activity. When taking together the functional enrichment data it becomes apparent that
the MIR-containing genes are functionally significanti@uronalcellsandpossibly the
adaptive immune system Furthermore MIR elements mabe playing a role in
translocating mMRNA andegulatinglocalised protein synthesis yo the formation of

dsRNAs, mRNA precursors or niRNAs bindingsites.
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S. MIR ELEMENTS MAY CON TRIBUTE TO THE TRANS CRIPTOME
VIA EXONISATION

5.1. Introduction

The majority of the human genome is comprised aDNA (98.5%) of which at least
45% is made up of TEs (Landet al.,2001) It has been estimated tl64% of TEsare
located in introns in both human and mouse genomes, yet intronic sequences comprise
<25% of he total human gDNASelaet al.,2007. This abundance of TEs in introns
compared to intergenic DNA suggests preferemtisgrtion and/or retentiowithin gene
regions Most irtronic TEswill not disrupt gene expression and as a consequace
less lkely to be subject to natural selection than exdiis; however this would also be
the case for intergenic TESA collection of ntronic TEshave beendemonstratedo

play a rolein gene expression, for instantd® insertionof Mu DNA transposonsn
maize intronic sequences Vealong been known to play a part in gene regulation and
phenotypic variationGreeneet al.,1994;Luehrsen and Walbot, 199Bennetzeret al.,
1984. In mammalsntronic SINEshave also been reported to generate cryptic splice
sites reslting in alternative splicingSelaet al.,2007;Krull et al.,2005; Sorelet al.,
2002.

TEs which havebeenrecruited within intronic and exonic regions may provide spice
sites and splice enhancers/silencéisreby providing an assortmerftgene products
Exonic TEs may contribute polyadenylation signals and peptide sequences including
methionines and translational termination codons. Exditts are unlikely to be
retained and most will be selected agaiestnewly integrated TE are potentially
insertional mutagenslisruptingreading frameg¢Selaet al.,2007); herefore mosTEs
within coding regions aremost likely a direct resultof the exonisationof intronic
elements.Novel exons aris¢éhrough three mechanisngene duplication,a@ndem exon
duplication and exonisation (Kondrashov and Koonin 2001; Corvelo and Eyrak 2008
The latter process occurs when -@&rived intronic and/or genomic sequenaes
recognised by the spliceosome andexonised allowing for a gene tadopt aditional

MRNA sequences
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A number of studies investigate the exonisation potential of intronic M f$mate and
rodent genomes, including Alu repeats, MIR elements and I(PRs/apongseet al.,
2007;Selaet al.,2007; Krullet al.,2007 Soreket al, 2002 Nekrutenko and Li, 2001
The most widely studied class of transposons are the Alu elements which appear to play
a prominent role in the creation @& novoexons in primate species (Krat al.,2005;
Lev-Maor et al., 2003; Soreket al., 2002; Mak a § o RG0®).i Alu repeats are
frequentlyexonisedwhen inthe inverse orientation athe consensus sequences include
motifs whichresembleacceptor and donaplice sites Mutations or RNA editingf

the Alusequace may allow for tle elements to be taeely spliced and exonised.ev-
Maor et al., 2003; Soreket al., 202; Singeret al., 2004). 95% of A-to-l editing is
reported tooccur within Alusequencekcated withinncDNA, following theformation

of dsRNAs(Levanonet al.,2004)

Recent researchas focussed on the exaptation and exonisation of MIR elgment
Merschet al, (2007) identified the exonisation of 86 MIR elements in the human
genome Selaet al.,2007identified 181 MIRsexonisation eventwithin the UTRs and

CDS of human gengd8 within the CD$ andKrull et al., (2007) identified 107 MIR
exonisationevents. As indicated ichapter 3.1this study has identified a greater
number of MIR elements located in proteioding regions X76), howevernot all of

these MIR elementsare splicedfor instance many are providing initiating methionines
and stop codons without splicing. Furthermore it is possible that MIR elements may not
only contribute to splicing in the CDS but exonised MIR elements may also be present
in the UTRs This chaptemwill detail the investigation of th@otential for MIRs to
provide functional sfice sites,transcriptional control codons anketrole of MIRs in

shaping the transcriptome during evolutieiti be discussed
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5.2. Exonised MIR elements in the liman genome

The integration of an MIR element inta gene region may have one of several
consequences to tmeRNA produced (figure 5.1). In the majority of integration events
the presence of the MIR will be of no consequettcthe corresponding genef dn
MIR element isretainedwithin an intronic or coding sequence it mdgllowing
mutation provide a functional splice site Intronic MIR elements may be exonised
generaing whole cassette exonshich may be alternatively or constitutively expressed,
exon skipping may also occur. If the MIRretained or exonisedithin the coding and
UTR exons it is possible over time that theway acquiretranscriptional and/or
translational signals such as initiating methionine codons, splice sites and

polyadenyhtion signals (see chapter 3.2).

The exonic arrangement of all mMRNA transcripts which have recruited MIR elements
was studied, and the positions of the repeat sequences determined. Those MIRs which
contribute splice sites were notdd¢cluding CDS and UTRexons (table 5.1). The
exonised MIR sequences were collected and the correspondimyRMé splice site
sequences recordglappendix B). The presence of initiatinmethionines and stop
codons wasioted and te orientation of the exonised MIR elementas determined.

MIR element which have transposed in the middle of an exon, withlioe sjites being
provided were also included (table 5.1).

OfthetotalMIRc ont ai ni ng genes none cont-&TRned s
however there are aaqud number ofMIR-mediatedsplicingeventsnoted forCDS and
5-@TR exons. The majority of the splice sites produce alternative splice variants
(62%), however 25 acceptor and 23 donor constitutive splice site sequences are
provided by a recruited MIR elemien Likewise most of theexons containing the
methionine and stop codons are alternatively expressed; 62% and 74% respectively. A
total of 65 termination codons were identified in exons derived from MiRghich 20

are alternativestop codons There are26 examplef genes where whole cassette
exons arespliceddue to both the acceptor and donor splice sites lggngrated by a
single exaptatedVIIR element (table 5.2).A total of 73 EST sequenceassigned to
known geneswere noted tacontain splicedMIRs. There areno correspondingull

length cDNA clonegletectedto support the expression of the EST sequences and as
such these examples were not included in the analysis (ap@@dix
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Targetgenomic DNA prior to retrotransposition

— Exon Exon —
t
MIR
A__ | B
of8a -ss
v
B__ | I
v 8s
c__ | I
ATG
vV
D UTR B
085
v
E___ | I
TAG
V/
F

] UTR

Figure5.1. Modes of eonisation following the integration of an MIR element within the
coding sequence

Coding exons are depicted by orange boxes, the MIR element is in blue and untranslated
regions are green. AOSLII2NJ 6p QU YR R2y2NJ 6o0Q0 &LJX AOS
stop codons (TAG) have been includédIntegration of an MIR in the middle of a coding exon

can provide additional protein coding sequence and alter the reading fraBéserion into

an intron can generate an internal cassette exon which may be alternatively spliced or
constitutively expressedC)a L w Ol y 02 y i NR 0 aqlic® site (5s)D) Th@ BIRY/ | (i A ¢
element can provide a functional initiating methionine residug) The MIR contributes an

£ G SNISs.FABSI RAQY 3§ SRt Kongedutive iGtron and the MIR carries

an inframe stop codon, resulting in a truncated transcript.
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A
Entire CDS CDS CDS | pQOTR p-QOTR 04QTR 0-4QTR
MIRFamily CDS AccSS Only DonSS| AccSS DonSS AccSS DonSS
+ - + - + - + - + - + - + - + -
MIR 3 6 2 14 1 4 2 6 5 8 7 4 0 0 0 0
MIRb 2 9 3 8 4 0 5 6 2 5 6 8 0 0 0O O
MIRc 0 1 0 2 0 0 1 1 0 2 0 1 0 0 0 0
MIRm 0 1 0 1 0 0 1 0 0 2 0 1 0 0 0O O
MIR_mars 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
MIR3 2 2 1 5 1 1 3 2 2 4 2 3 0 0 0 O
THER1 MD| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 7 19 6 30 8 5 12 15| 9 21 15 17 O 0 0 O
26 36 13 27 30 32 0 0
B
Alt Alt Con Con Alt Con Alt Con
MIRFamily | AccSs DonSs AccSS DonSS| ATG ATG TAG TAG
+ - + - + - + - + - + - + - + -
MIR 6 122 6 5 1 10 3 5|1 3 1 1 8 10 4 3
MIRb 4 8 8 9 1 5 3 5|0 2 1 3 11 4 1 6
MIRc 1 3 0 2 0 1 1 0 1 0 0 0 1 0 1 1
MIRm 0 0 0 0 0 3 1 1 0 0 0O O 1 1 0 0
MR_mars |0 0 0O O O O O O|12 o o o 1 o 0 O
MIR3 2 6 4 2 1 3 1 3(3 2 o0 2 5 6 1 0
THER1 _MD| o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL 13 29 18 18 3 22 9 14| 6 7 2 6 27 21 7 10
42 36 25 23 13 8 48 17

Table5.1. Human genes which have exonised MIR elements within the coding sequence and
untranslated regions

The MIRelements have been grouped into family memberhetherthey are in the sensetj

or antisense 4} orientation, and the number of MIRs involved in each exonisation event
recorded. A) Acceptor (Accanddonor (Don splicesites (SS) have been noted for oagland

UTR exons B) Whether the splice sites, methionines (ATG) and stop codons (TAG) are
alternative (Alt) or constitutive (Con) has been determined.
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MIR Gene Con Splice Type of _ _
Symbol  Gene name type Pos. Pos. event exonisation Sequence informatia
ABHD2  alpha/beta hydrolase domain containing protein  MIR 5' Int1  Alt Alltoe_fg?rtli_\\)/e Kg(é;?gggcéaaaacagAAA
ANKRD9 ankyrin repeat domain 9 MIR3 5  Ex2 Con CO:?SEIE‘SVE éfézté%c;tttcttacagATA
Cllorf51 chromosome 1brf 51 MIRb 5 Ex2 Con CO;_SSEI‘_JSVG té?;gl;ﬁgtc;attttacagATG
C70rf65  chromosome 7 orf 65 MIRb CDS Ex2 Con Coné“Dtg“"e tgg‘é%‘t’gtt:“gtgcagGTA
CHRD chordin MIR TAG Int2 Al CAISItSe:/r\;;;iv_? AG Ztct;agggggig:tt; 1ocaCAC
CHRDL2 chordindike 2 MIR CDS Ex10 con ~ COMSIUVE  HamateccatmacagATe
CPA5 carboxypeptidase A5 MIRc 5 Int1  Alt A':)e_rgf_"rtli_\:/e 222;?;§5§ttttgcagGCT
CSF3R  colony stimulating factor 3 recept (granulocyte) MIR3 pQ Ex2 Con Co;?éitTugve gt_lggzttt;cz:it;ttcccacagATG
DMWD  dystrophia myotonicacontaining WD repeat motit  MIR CDS Ex4 Con Concs:'gtgtive fé%apf;ﬁg;ttgtcmcgtagﬁc
EIFAG3  eukaryotic translation initiatiofiactor 4 gamma, 3 MIRb pQ Intl Al AI':)e_rir]\?rtIi_\:/ € Ztgégé:ttggictttccagCAA
FXYD4  FXYD domain containing ion transport regulator MIR 5 Ex2 Con CO;?S?SVG tTgTé‘g;g:;;‘;CttttacagGAC
GDPD5 glglr(:;ri?]phosphodiester phosphimbterase MIR 5 nt2 Al Algergitli:;/e tcg,igzagtcgtttccuCCtagGGC
GIPC1  GIPC PDZ domain containing family, member 1 MIR 5  Intl  Alt A':)e_rSET‘tge %«’z‘raétgtcaﬁ:gctcatttttcagATG
GSGI1L  germ cell associated-like MIR CDS Int4 Al Altecr:rE)aStive fé?g’;l?;gg:gggattacagGTG
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MIR Gene Con Splice Type of _ _
Symbol  Gene name type Pos. Pos. event exonisation Sequence information
IL6ST irr;tceélloetlélr()in 6 signal transducer (gp130, oncostatin MIRb bQ Ex2 Con Co;'gt#tlg/e jall%aé;gzggztctttacagTGA
KLC1 kinesin light chain 1 MIRb TAG Int13 Al Cplslgrvcsﬁ\?AG ?Hgf&%cﬁﬁff‘?ggg;gt
LASIL  LASiike (S. cerevisiae) MIR3 CDS Ex9 Con Conét[i)tg“ve Z‘?X;f‘gt;;ttcatgt tacagATG
MORF4L2 mortality factor 4 like 2 MIR 5 Int2 Al A'Le_g?tg M v vasias
MUC15  mucin 15 MIRb 5 Int1 Al A'Le_rgitg’ | e TeeeaCTT
NEK11 NIMA (never in mitosis gene-aglated kinase 11 MIR3 pQ Intl Alt AILe_rir;?rtIi?v © ?(t;;%tt;(;t;(;tctaaaagGAA
NUMB numb homolog isoform 1 MIRb pQ Ex3 Con CO;_SSEHSVE té?;ggg::ga{ttttacagATG
PELI3  pellino homolog 3 MIRb CDS Int2 Al A'teg[‘)ag"e E:‘:Taétgiggg?tcacaaagATG
RHBDD3 rhomboid domain containing 3 MIRm 5' Ex2 Con Co;_séi'fltjgve %e:gtgctc;gggggttctacagAAG
SGIP1 srlgtssi?]rrlwaln GRB#ke (endophilin) interacting MIRb CDS Inti5  Alt Alte(r:rlljastlve t(t;tgtgt;:;;tt ttttacag ATG
TP53111  p53inducible protein 11 MIRb 5  Intl Al A':)e_g?tg € gfg;f;gggcmcmage%
UBE2V1 ubiquitin-conjugating enzyme E2 variant 1 MIRb ATG Intl Alt A?’Ié;ewi?}?\gDs ?Ezgﬁfggﬁifg;%igt

Table5dH ® / F3aSGGS SE2ya ¢AGK 020K GKS 0Q FyR pQ aLXAOS airiasSa LINPJARSR

MIR-mediated exonisation generating constitutive (Con) and alternative (Alt) cassette exons. The Mipeduds been listed along with the orietitan
(+, senses, antisense). The gene symbol and full description has been provided and the constitutive position of the exon is rithiedea®eic (EX) or
intronic (Int). The splice site sequence is included, exonic sequences are in capitalsamnd sequences lower case.

yesIuoxa eiA swoldiuosuen ayl 0] alngnuod Aeusiuaws|d YN ‘sioideyd
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5.3. Whole exons generated bMIR elements

In the human genonmgventy sixexons have been generated by slicing both in and out
of a recruited MIR element. Eleven internal exons are constitutively spliced, of which
four are proteircoding exonsand the remainingsevenwithin 5 @TRs. Of the
alternatively spliced exonsix are proteircoding exonsand ninearein 5 W TR exons
(table 5.2). The genes Kesin light chain 1 (KLCl)and Chordin (CHRD were
selected for furthesequence analysias these are the only examples where MHER-

derived exortarriesan alternative translational termination codon.

Multiple alternate splicing event have been describedKIdg€1 resulting innineteen
MRNA transcript variantsencodingfour differentproteirs of related function(McCart

et al.,2003) Five of the nineteemRNA transcriptsencode a truncated protein, due to
splicing of the MIR-derived exonwhich carries an ifframe stop codorffigure 5.2).
The full lengthCHRD protein contairs four cysrich repeats (CR#) which bind to
bone morphogenetic proteifBMP), and lnding to any one of théour CRs is shown
to significantly inhibit BMP signalling (Larrainet al., 2000). Millet et al., (200)
studied the expression gfx CHRD splice variantstwo of whichcontainthe MIR-
derived exon identified in table 5.Millet et al.,(2001) notedthat the MIRcontaining
transcript lackgshe CR24 binding regionsand contains only a partion of CR1, they
further demonstrated that thisatrscript was noa BMP antagonist. The alternative
CHRD mRNA transcriptcontainsat | east s i-¥TRam®»wgand ds suehaisn 3 6
a candidate for nonsenseediated decay (NM]P) as NMD isa cellular surveillance
mechanism which recognises and degradBN with premature termination codons
(Changet al.,2007). The splicing of theau | t i-PTR exor 6f CHRD isupported
by two cDNA clones and four ESTs in the sequence databases, with none containing a
poly(A) tract (accessionsAF209930, AF209929, DB92462, DA096654, DA336666,
DA106058. Millet et al., (2001) successfully amplified the Mi€bntaining CHRD
splicadorms by northern blot analysis aRI-PCRin foetal liver, but did not study the
expression of the truncated proteifPairwise sequence ghments were generated of
the alternative MIRderived exons of KLC1 and CHRIcluding the flanking intronic
sequence and the MIR consenseguencdfigure 5.2) This revealedhat in boththe
KLC1 and CHRDexons thestop codorand the acceptor and dongplice sites are at
the same position in tMdIR core SINE region (see section 5.4).
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A Human KLC1

Exonll 12 15 16 17 18

—
—

KLC1 gDNA X |
55641 cattttaaagATGAGGAAAATGAAGCTCGGGCTGGTTARG TTGCTCAGCGTCCCA%Tthgagt
! 1
TR T (L Lz !
! 1
149 cattttacagATGAGGAAACTGAGGCTCAGAGAGGTTARGACTTGCCCAAGGTCACACAgCtag:

MIRDb consensus =~ m oo - oo oo mm oo

B Human CHRD

Exon 1la 2 3 4 5 6 7 25
HE--— 8§ | B -

1b

CHRD gDNA  lo-mmmmmoomooooooo oo oo oo
1 1
1004 cattttccagACAGGGACCTTGAGGCCCAGAGAGATG TTGTCTAGGGTCACGCAGCTTgtaagty
1 1
[ (12211 BITTORRIT SRR ETE I
143 cattttacagATG:AGGAAACTGAGGCCCAGAGAGGTG TTGCCCAAGGTCACACAG@@gtg
1

MIRb consensus L et

=
Ll

| Cding exon | Untranslated region . MIRderived exon

__ Intronic sequence [] Stop codon

Hgure 5.2. Pairwise sequence alignments of whole cassette exons with alternative stop
codons generated ¥ the exonisation of an MIR element

A) Alternative exon 4 of KLC1 is MIRerived and willencode a truncategrotein; the MIR
sequence provides the translation terminationdon(accessioNM_005552.4. B) CHRD exon

1b is derived from aMIRb elemenandO2 y (i I A y & YJTRYeRONR didte thalthe stop
codon and the acceptor and donor splice sites are at the same position for both MIR
sequences(accession AF209930.1 Sequence conservation was determined usitig
ClustalWzalignment tool(http://www.e bi.ac.uk/Tools/clustalw2/index.htrl
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KLC1

Human tatttttccattttaaagATGAGGAAAATGAAGCTCGGGCTGGTTAACTIGACTTGCTCAGCGTCCCAT Ggtgagt
Chimpanzee tatttttccattttaaag ATGAGAAAAATGAAGCTCGGGCTGGTTAAATGACTTGCTCAGCGHIRERATG
Horse tat ttttccattttaaag ATGAGAAAAATGAAGCTCGGGCTGGTTAAATGACTTGCTCAGCGHHAGATG
Dog tatttttccgttttaaag ATGAGAAAAATGAAGCTCGGGCTGGTTAAATGACTTGCTGAGCGGIOagEATG
Cow tat t tttccattttaaag ATGAGAAAGACGAAGCTCGGGCTGGTTALATGACTTGCTCAGCATGIGEEATG
Rat tattttt - cottttaaag | ATGAGAAAGATGAAGCTCGGGCTGGITAAATGACTTGCTCAROGIIGaYt
Mouse tattttt - cgttttaaag [ATGAGAAAGATGAAGCTCGGGCTGG[ITARATGACTTGCTCAGCGIIGaEEATG
Wallaby tatttttccattttaaag ATGAGGAAAATGAAGCTCGGGCTGGITAPATGACTT@GITALATRgagt
Opossum tatttttccattttaaag ATGAGGAAAATGAAGCTCGGGCTGG[ITARATGACTTGCTCAACGHIAGATG
Platypus tatttttccattttaaag ATGAGGAAAATGAAGMT CTGGTTAAATGACCTGCTCAGCGTCCaaas
kkkkkkk k kkkkkkkkkkkkk kk Kk Phkhkkkkikk * kkkk kkkk kkFk kkipk kk * * kkkkkkk *
CHRD
Human ttttc  cattttccagACAGGGACCTTGAGGCCCAGAGAGATGAAGTAGGTCTAGGGTCACGCAGCTTgtaagt
Chimpanzee ttttc  cattttccagACAGGGACCTTGAGGCCCAGAGAGATGAAGTAGGTCTAGGGTCACGCAGCTTgtaagt
Macaque ttttc  cattttc  cagACAGGGACCTTGAGGCCCAGAGAGACGABGIBBCTAGGGTCACGCAGATTgtaagt
Cow ttttc  cgtttttcagATAGGGACCGCACAGCCCAGAGAGGTTAAGTBRTGTCTAGAGTCGCGCAGCTTgtaggt
Dog tittc  cattttccagATAGGGACCTTAAGGCCCAGAGAGGTTAAGTAT GTCTAGGGTCACGCAGCT Tgtaaga
Mouse tgctc tactttgcagACAGGGACGCCGAGGCTCAGAGAAGTTAAGEAATGGACGGGCCATGTAACT Tgtaaat
Rat tgctc tactttgcagACAGGGACGCCAACGCTCAGAGGAGTTAAGABATGTCCAGGGCCATGTAACT Tgtaaat
* k% *kk kkkk kkkkkk *% % *kkk *k%k * k% * % k% % % *kK*k *

Figure 5.3. Multiple sequence alignment of the MIR elements for KLC1 and CHRD for a number of mammalian species

Genomic DNA containing the exaptated MIR elements has been aligned from a nurspecief. The exonic region is boxed green and the
stop codon boxeded. Intronic regions are in lower case and exonic sequence is capité@isgdence conservation was determined using thi
ClustalW?2 alignment toohtp://www.ebi.ac.uk/Tools/clustalw2ihdex.htmt accession numbers appendix 9.3).
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KLC1 Acceptor SS Score Donor SS Score
Human tccattttaaagA 4.2 ATGgtgagt 10.4
Macaque tccattttaaagA 4.2 ATGgtgagt 10.4
Chimpanzee tccattttaaagA 4.2 ATGgtgagt 10.4
Cow tccattttaaag A 4.2 ATGgtgagt 10.4
Dog tccgttttaaag A 50 ATGgtgagt 10.4
Mouse tt cotittaaag A 5.4 ATGgtgagt 10.4
Rat tt cgttttaaag A 54 ATGgtgagt 10.4
Wallaby tccattttaaag A 4.2 ATGgtgagt 10.4
Opossum tccattttaaag A 4.2 ATGgtgagt 10.4
Platypus tccattttaaag A 4.2 ATGgtgagt 10.4
CHRD Acceptor SS Score Donor SS Score
Human ttttcca  gacagG 8.3 CTTgtaagt 6.9
Macaque ttttccagacagG 8.3 CTTgtaagt 6.9
Chimpanzee  ttitccagacagG 8.3 ATTgtaagt 6.9
Cow tttttcagatagG 6.6 CTTgtaggt 3.9
Dog ttttccagatagG 6.6 CTTgtaaga 56
Mouse ctttgcagacagG 6.2 CTTgtaaat 3.5
Rat ctttgcagacagG 6.2 CTTgtaaat 3.5

Table 5.3. Acceptor and donor splice site strength for the Mdilerived exon of KLC1 and
CHRD for a number of mammals

The splice site strengthgere scored using GENIHEntronic regions are in lowercase and exonic
sequences capitalised.

Multiple sequence alignments were generaiith the gDNA of KLC1 and CHRD rfom
a selectionof species. Conservation of the MtRerived exon was determined by
aligning the flanking constitutive exons with the intronic sequence to determine if the
MIR element and djze sites areonserved irother mammalgfigure 5.3). Exon 14 of
humanKLC1 appears to be highly conserved in mammals including marsupials and
monotremes. The donor splice site of KLC1 was conserved in all species and scored
highly at 10.4using the GRIIE program (Reeset al.,1997). The eceptor splice site
howeverscored lowerwith a meanaverage of4.5 suggesting minor splicing of this

isoform

The CHRD

mammalian species, theis a corresponding dog cDNA sequence in the GenBank

I sof or mUTRIekons appedrstto Ipel censeBséd in other

database (accession numbévl 854602 and sequence homology of the alternative
$pkce donor sites

completelyconservedbetween primates anstores highly with GENIE (mean 6.4) in

MIR-derived for other primates and rodents (figure 5.3).
other mammals. However the conservation observed may be a consequence of the
exonic sequencand splice sitebeing derived from theore SINE, which by default is

highly conserved
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5.4. Splice siteswithin MIR e lements

Analysis of the MIRderived alternative exons of KLC1 and CHRD identified a specific
region of the MIR element providing the acceptor and donor splice sites (figure 5.2).
Subsequently all of the splice sites (including the exon/intron boundssiging within

MIR elements were alignedind the coeordinates in relation to the MIR consensus
sequencewere recordedo determine ifthe same MIR region was being exonised
Following whichan mRNA consensus sequence for the acceptor and donor spése sit
was determineditacagATGfor the acceptor splice site al@AGgtaagtfor the donor
splice site (figure 5.4). The acceptand donorconsensus sequerscare highly
conserved in the inverse orientation of the MIR sequentle acceptor and donor
splice siteswhich arelocatedin MIR elements irthe direct orientatiorare distributed

randomlyacross the consensumeinggeneratedollowing multiple nucleotide changes

The putativeacceptor splice siteequence has perfect sequence homology to the MIR
consensus sequence at position-128nt (figure 5.4) theseco-ordinates fall into the
coreSINE regionandthe splice site is 100% conserved between all MIRfauntilies.

The strength of thacceptorsplice site wagalculatedusing GENIE and the consesus
sequencgives a score of 8.@maximum possible of 14,2verage of 7.9 for constitutive
exons Zhang 1998; Reeset al.,1997. The degree of conservation and the splice site
strength suggests that no sequence changes are necessary framgitted MIR
sequencdo provide a functionaacceptorsplice sitefor all subtypes and subsquent

sequence changes magrely strengthen or weaken the expression.

A donor splice site was identified at position-Bht of the MIR inverse consensus
sequence anig located just outside of trere SINE region The putative donor splice

site is predictablyless conserved between the MIR elemedtge to this MIR region
demonstrating reduced conservation (see section 3.3). The donor splice site consensus
determired, following aligning the prenRNA sequences, scores exceptionally high at
12.4, much higher than thevarage for constitutive exon®.1). However sequence
changes at #89nt (T/A and A/G) from the MIR consensus are necessary to achieve this
splicing stength as the score for the homologous region in the MIR consensus is
weaker at 7.4 for sutypes MIR, MIRb, THER1_MD and MIR_Mars; MIR3 gives a
weaker score of 3.1 and MIRm is not recognisable as a functional splice site with a score
of -9.0 (table 5.3).
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It was noted that splicing predominantly occurs in MIR and MIRb elements and no
splicing events were detected for THER1_MD (tablg.5Given that the acceptor splice

site is completely conservedit would be anticipated that acceptor splice sites be
observed for all of the MIR element siypes however when looking at the dataset as a
whole (chapter 3) a very small proportion of the total MIRs are the older elements

i ncluding THER1_MD, and those-URdenti fi ed

A

ACCEPTOR
Antisense Sense
T C AT A ééATA AlLT
ScTlllzecasy  =o CANaAGcce
a ¢ a g A T Gt t tct a g G ATAT
DONOR
Antisense Sense
AT A C T A T
LAl Tcﬂ__ cepilceTe
C AG gt a a g t T A Gt ga a g t
B
262 138129 80-71 1
| I I |
0Q CORESINE pQ
ttacagATG CAGgtaagt

FHgure 5.4. Putative splice site for the MIR consensus sequences

A) The MIRderived splice site sequences were sorted according to whether the MIR was in the
sense or antisense orientation The splice site consensus sequence was predicbsthg
WebLogo The image demonstrates the probability of a nucleotide being present for each
positionwith the height of the stacked letters sigyiifig the frequency of each nucleotide. The
top letter in the alignment is most conservé@rookset al.,2004). B) Theco-ordinatesof the
acceptor and donor slice sitédentified within the antisens®IR sequence.
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MIR_Mars TATTATTATCCCCATTTTACAGATGAGGABPGAGGCAGACAGAGGTTAAGTGACTIAS 1

THERI_MD TATTATTATCCCCATTII TACAGATGAGGAA CTGAGGCAAACAGAGGTTAAGTGACITIG

MIR TATTATTATCCCCATTTTACAGATGAGGABPGAGGCACAGAGAGGTTAAGTAACIT G

MIRDb TATTATTATCCCCATTTTACAGATGACQGAAA - CTGAGGCTCAGAGAGGTTAAGTGACTZIG

MIRm AGTCTTAATCCCCATTTTACAGATGAGGTABAGGCACAGAGAAGTTAAGTGACTIL 1

MIR3 T - CCAACCCNCTCATTTTACAGATGAGGAAAACTGAGGCCCAGAGAGGTGAAGTGACTTG 121
* * *% k% * * kkk kk kkkk kkkk *

MIR_Mars CCCAGGGTCACACAGCTAGTAAGTGTCTGAGGCCGGATTTGAACTCAGGTCTTCCABACT
THERI_MD CCCAGGGTCACACAGCTAGTABRTGTCTGAGGCTAGATTTGAACTCAGGTCTTCCTEACT

MIR CCCAAGGTCACACAGCTAGTAAGTGGERGBGGATTCGAACCCAGEGTCTGGCT é
MIRDb CCCAAGGTCACACAGCTAGTAAGTGGCAGAGCCAGGATTCGAACCCAGGTCTGCCTGACT
MIRm CCCAAGGTCACALCAGCAGACAAGTGGCAGAGCCNGGATTAGEAT CTTCTGACHL

MIR3 CCCAAGGTCACACAGCTAGTTAGTGGCAGAGCTAGGACTAGAACCCAGATCTGACT44

*kkk kkkkkkkkkkk *%k k kkk *%k k Kkkk kkkk *  kkk k%

Figure5.5. Putative splice site for the MIR consensus sequences

The MIRconsersus sequences have been aligned in the antisense orientation outlining the
sequence conservation for each MIR dalmily. The acceptor (red) and donor (blwsglice
sites are boxed; the cofBINE is highlighted green and the stop codon observed with &idC1
CHRD boxed orangeSequence conservation was determined using the ClustalW2 alignment
tool (http://www.ebi.ac.uk/Tools/clustalw2/index.html MIR consensus seguences were
obtained from RepBase, the primary reference database of prototypic repetiiA
sequences. The MIR stdmilies are names according to the nomenclature provided by
Repbasdtable 2.1)

Consensus sequence  Nucleotide sequence  Splice site strength

Perfect AAGgtaagt 12.6
Aligned mRNAs CAGgtaagt 12.4
MIR CTAgtaagt 7.4
MIRb CTAgtaagt 7.4
THERI_MD CTAgtaagt 7.4
MIR_Mars CTAgtaagt 7.4
MIR3 CTAgttagt 3.1
MIRmM CAGacaagt -9.0

Table5.4. Putative splice site for the MIR consensus sequences

The putative consensusdonor splice site and the corresponding sequences of the MIR sub
families are scored. WLISNF SO0 Q R2y 2 NJ & L) ak ©rferéndell The $plica
site strengthswvere scored using the GENIE program
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5.5. Tissue specific expression of exonised MIR elements in the human genome

Several of the human genesich have exaptateMIR elementsn coding exongvere
chosenfor further analysis It was not possible to investigatd af the genes in the
datasettherefore asamplesetof the human genes which have recruited MIR elements
were chosen Genes were $ected that are within the three main function groups
observed in chapter 4neuronal function, immune responses and mammalian
reproduction). Thegeneswere furtheffiltered if they demonstrate alternative splicing
due to the presence ah MIR sequence.Abelson helpeintegration site 1 (AHI1)s
essential in brain development ands selected du® the MIR element carrying stop
codonwithin a nowl exon resulting in the synthesis of a truncateatative protein
product. An alternative transcript ariant of theClass IlI, major histocompatibility
complex, transactivator (CIITAwas also chosenas it encodes a splice variant
generated byhe skippingof a donor splice siteThe incorporagdintronic sequenckas
recruited anMIR elementwhich carries an alternative stop codonFinally the gene
Germ cell associated 1 like (GSGllvas selectecs a novelinternal exon may be

expressed due to splicing in and out of an intronic MIR element.
5.5.1. Expression profile of the splice variants oAHI1

In humans there are four transcUTRwhereasar i a
the fourth is truncated at constitutive exon 25 (figure 5.6). The fourth transcript is
generated by splicing intsmtron 25 of thefull length referencesequence RefSeq
resulting in an alternative terminal exormhe novel region of the reddrough exon
contains an MIR element which is located 27bp downstream of the acceptor splice site
and provides an Hrame stop codon (figure 5.6). The splice site is strongrést0.4)

and is only conserved in primateMIR elements could also not be detected using
RepeatMasker Genomic sequences of AHI1 were aligned to detect the presence of the
MIR repeats in other speciedDemonstrating the recruitment die MIR elementn

chimp, macaque, dog and cattle sequences and could not be detected in rodent species,
and ismost likely lost by deletion. The stop codon observed is oniframe in the

human splice variant due to indels; however translation terminates in an upstogam
codon within the MIR sequence for the other primates (figu®. 5.The other
mammalian species studied (cow, dog) have recruited anel@iRent however there

are no detectable {fname stop codons preseit the intron and as suchsimilar

translaton to that of primatesould not occur AHI1 is thought to be essential in brain
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developmentand mutationsare associated with autism, schizophrenia syrdptoms
linked to BST 3; such as retinal dystrophy and central nervous system abnormalities
(Alvarez-Retuertoet al., 2008; Ingasoret al.,2007; Valenteet al.,2006). Considering

the pathology of AHIL, high levels of mMRNA expression would be expected in the
retina, kidney and brain. RFCR was performed on human cDNA samples with
isoform specific pmers (figure 57) to determine if theres tissue specific expression of

the AHI1 variants. Thefull length transcriptis ubiquitously expressein all tissues
analysed with low levels of expressidatectedn the kidneyand placentdfigure 5.7a).

There appears to be restricted expression of the truncated AHI1 human mRNA, with

expressiordetected irthe lung, pancreas and testes (figurdp.7

HumanAHI1
Exon 24 25 26 27 28 29 30 3132
ya | | |
— [ H —Hi
<
B —
> <
AHI1 mRIA
3436 GTATATTATGGTGGAAAAAGITAGACTCAGGGTCAGCCAGCCAGAAGBAGECGA- CCTGGGATCC
(=1 =1 o 11/ Rl 1IN o I T 1 |
8 GTGTGGTGCAGTGGAAAGAGGRCTTGGAGTCAG---  GAAGACCTGGGTTCGAGTCGTGGC
MIRc consensus
[ Coding exon [ Untranslded region [ ] Stop codon
— Intronic sequence | MIR element > <« !/ Forward/reverse [.

Figure5.6. Exonic organisation ofAbelson helper integrabn site 1 AHIJ)

Exonic organisation of AHI1 beginning at constitutive exon 24. Coding sequences are in red and
UTRs in blue. The MIR element is integrated within an alternative terminal exon of the short
variant (B) and carries an-frame stop codon. The region with the stop codon has been
aligned with the MIRc sense consensus sequence. The mRNA coordinates have been included
and the MIR element spans the region 3438548bp. Primer sequences are listed in tabl@ 2.

and the position of the forward(blue) and reverse (red) primers are indicated by arrows
Sequence conservation was determined wusing the ClustalW2 alignment tool
(http://www.ebi.ac.uk/Tools/clustalw2/index.html; accession numbers appendix 9.3).
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Br Ht KA Lkg Pn Pl. Rt SBp Ts-ve

Figure5.7. Amplified AHI1 fragments from a number of human tissues

A) Amplificationof the full length AHI1 transcriptt94 bp B) MIR-containing short AHI1 variant
670 bp C)GAPDH positive control, 983 bpll fragments wereanalysed on 2% agarose gel
with 1X SybrSafe. The fragments afé¢he anticipatedsizeand were confirmed by sequencing.
DNase and RNagme water was used as a negative comtroTissues areabbreviated as
follows; Bm, bone marrow Br,brain; Ht, heart, Kd, kidneyLv, liver; Lglung; PI, placentg Pn,
pancreas Rt,retina; SM,skeletal musclgTSp, spleen andsTtestis.

5.5.2. Expression profile of the splice variants of CIITA

CIlITA is atranscriptional ceactivator of major histocompatibility complex (C) class
Il gene transcriptionand restore MHC class Il gene expression in mutant cel™ITA

mutationsare associated withare lymphocyte syndrom@LS) typell (Steimleet al.,
2003, and a SNP within the promoter region results in susceptibditsheumatoid

arthritis, multiple sclerosis, myocardial infarcti®wanberget al.,2005).

A novel transcript was identified for CIITA which encodes a truncated protéhe
RefSeqis comprised of 18 exor(igure 593a), and theshorter transcript (figre 59b) is
expressed as a result sifipping the donor splice site of constitutive exon 11 and the
inclusion of the consecutive intron. The novel rd@a@ugh region contains an MIRb
element which carries an-frame stop codon is located at nt2796.e IR is located
141bp downstrearof the splice site and as such the transcript encodes a novel 47 amino

acid residues. The MHRontaining transcript also skips exon 6 of the RefSeq following
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which the reading frame is maintained. The first 11 exonseoMRNA of CIITA were
aligned including the reatthrough sequence, for a number of mammals to determine if
the transcript is conserved, and whether the MIR element has been exaptated in any
other mammalian species (figure 5.8). The MIR element was detegteepeatMasker

for all of the species including chimp, macaque, rodents and canine but the stop codon is
only inframe in primate species. The skipped splice site is completely conserved
(CAGgtgggg) in all animals and scores slightly lower than aveahder.

RT-PCR was performed to determine if there is tisguecific expression of the two
CIITA isoforms. The full length CIITA mRNA was found to be ubiquitously expressed
(figure 5.10b), whereas the Mi€bntaining transcript demonstrates tisspecific
expressior(figure 5109. High levelsof expression were noted the retina, spleen and
thymus and dwer levels in the pancreas and testi§he short form of CITA was

undetectable in bone marrow and skeletal muscle

Human TTA
Exon34 567 8 9 10 1112 13 14 15 16 1718
A —ft——HHH1+—l—H H— il
>
B —+——14

GITAMRNA
2732 GGGTGGGGCAGAATGGATTCTCTCCATTTTTAAUBAGGATGTTGAGGCTCAGAGAGGGGCAGCCACTTGCC

(TR | | TR TR
154 CTGCGAGGTAGGTATTATTATCCCCATTTTACBERGAAACTGAGGCTCAGAGAGGTTAAGTGACTTGCC

MIRb consensus

| Coding exon | Untranslated region ] Stop codon

— Intronic sequence | MIR element > < [ Forward/reverse [

Figureb.8. Exonic organisation of CIITA

Exonic composition of ClIb&ginning at constitutive exon. 3Coding sequences are in red and
UTRs in blue. The MIR elemenintegrated within the terminal exon of the short varial) (

and carrie an inframe stop codon.The region with the stop codon has been aligned with the
MIRb antisense consensus sequence. The mRNA coordinates have been included and the MIR
element spas the region 2648 2844bp. Primer details are listed in tabl& and theposition

of the forward (blue) and reverse (red) primers are indicated by arrowSequence
conservation was determined using the Clustalw?2 alignment tool
(http://www.ebi.ac.uk/Tmls/clustalw2/index.html; accession numbers appendix 9.3).
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Bh Br Ht Kd Lv Lg Pl Pn Rt SM Sp Ts

A -ve

Figure5.9. Amplified CIITA fragments from a number of human tissues

A) Amplification ofa fragment of the truncated/IR-containing @TA variant161 bp;B)the full
length CIITA transcript303 bp All fragments were analysed on a 2% agarose gel with 1X
SybrSafe. The fragments arkthe anticipated sizeand were confirmed by sequencin@Nase
and RNasdree water was used as a ratiye contrd. Tissues arabbreviatedas follows Bm,
bone marrow Br,brain; Ht, heart, Kd, kidneyLlv, liver; Lglung PI, placentg Pn,pancreas Rt,
retina; SM,skeletal muscleSp, spleenTs,testis andThy,thymus.

5.5.3. Expression profile of the splice variants ofGSG1L

An alternative splice variant of GSGL1L is generated by the inclusion of an alternative
exon in intron 5; following which the reading frame is maintained for the remainder of
the constitutive exons spliced (figure 5.11). tiBthe acceptor and donor splice sites are
derived from an MIR element in the antisense orientation. The MIR element was
aligned with the GSG1L gDNA sequence, revealing that the acceptor and donor splice
sites are at the same region of the MIR consenssqusly identified (section 5.4), and

both the acceptor and dorgplice sitescored highly at 9.4 and 10.4 respectively. In the
MIR-derived exons of KLC1 and CHRD a specific region of the-&IMNE (108106nt)

was noted to provide the stop codon segee for the alternative GSG1L exon the
termination codon is neither conserved nofframe. Multiple sequence alignments
were generated to determine if the MIR is recruited in other species, and if there is
conservation of the splice sites consistenhwexpression of the alternative exon (figure
5.8). RepeatMasker provided evidence of the retention of the MIR by chimpanzee,
macaque, rat, mouse and dog; however the acceptor splice site is only sufficiently
conserved in primates (humans, chimpanzee amchque; table 5.5). A weaker splice
site is present for dog and the sequence in rodents has diverged from the original MIR

consensus and is not longer recognisable as a splice site.

127



Chapters. MIR elementsmay contribute to the transcriptome via exonisat

Source Acceptor SS Score Donor SS Score
MIR consensus cccattttacagATG 8.4 CTAgtaagt 7.4
Human tcc attttacagGTG 9.4 CTGgtaagt 7.4
Chimp tcc attttacagATG 8.6 CTGgtaagt 7.4
Macaque ccc attttacagATG 8.4 CTGgtaagt 7.4
Dog ccca ttttatagATG 6.8 CCGgtaaat 6.9
Rat cct actttacatATG -1.9 CTGgctagt -4.7
Mouse cct actttacatATG -1.9 CTGgctagt -4.7

Table5.5. Acceptor and donor splice site strength for the Miderived exon of GSGILL for a
number of mammals

All mammalian sequences available in the nucleotide databases were included in the analysis.
The splice sit¢SSktrengthswere scored usinghe web base calculatdBENIE Intronic regions

are in lowercase and exonic sequences capitalidsda reference the average score for human
constitutive exons is 7.9 and 8.1 for acceptor and donor splice sites respectively Redse
1997).

HumanGSG1L

Exon3 4 5 6 78

—

GSG1L gDNA ! !
239595  cattttacagGTG i -GCAAATCGAGGCACAGAGAGGGAGGGCGACTTGCCCCAGGTCA:CACAGCTthaagtgcca
1
RN e TR RPN :
1 1
142 cattttacagATGAGGAI\AACT GAGGCACAGAGAGGTU&N&:TTGCCCAAGGTCACACAG:CTAgtaagtggca

MIR CONSENSUS & c oo o e

| Coding exon | Untranslated region ! Exon

— Intronic sequence | MIR element > < [ Forward/reverse

Figure5.10. Exonic organisation o6SG1like (GSGL)

Exonic composition o6SG1L beginning at constitutive exan Boding sequences are in red

and UTRs in blue. The MIR elemerirsvidedan internal cassette exon which is alternatively
spliced The exon has been aligned with the MIR antisense consensus sequence. The gDNA co
ordinates have been included. The intronic sequence including the splice sites is shown (lower
case). Primer dails are listed in table 3.and theposition of the forward (blue) and reverse

(red) primers are indicated by arrowsSequence conservation was determined using the
Clustalw2 alignment tool (http://www.ebi.ac.uk/Tools/clustalw2/index.html; accession
numbers appendix 9.3).
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Little is known regarding the molecular function of GSGI1L, although expression
appears to be restricted to the brain, eye and testis (UniGene cluster Hs.91910;
http://www.ncbi.nlm.nih.gov/UniGene/clust.cgi?ORG=Hs&CID=91R1RT-PCR wa
performed to confirm the presence of the exonised MIR and to determine if there is
differential expression of the two variants (figure 5.12). The RefSeq variant of GSG1L
is ubiquitously expressed, with high levels of expression in the brain, hearetamal r

with weak expression noted in bone marrow and liv8ihe MIR-derived isoform
displays a different expression pattern and was undetectable in bone marrow and liver,
and expressed at low levels in the kidney, suggesting a potentially differenbfufauti

this splicoform.

A Bm Br Ht Kd Lv Lg Pn Rt SM Spe Ts

Figure5.11. Amplified GSGLL fragments from a number of human tissues

A) Amplification of the short MIRontaining GSG1L variant, 499 Hpj)the full length GSG1L
transcript, 489 bp C) GAPDH positive contrd®83 bp. All fragments were analysed on a 2%
agarose gel with 1X SybrSafe. The fragments alteecdnticipated size and were confirmed by
sequencing. DNase and RNagee water was used as a negative comtrdlissues i@
abbreviatedas follows Bm, bone marrow Br,brain; Ht, heart, Kd, kidney; Lv, liver; Ligng; Pn,
pancreas Rt retina; SM,skeletal muscleSp, spleen and Ts, testis.
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AHI1

Human GCCAGAAGAACTGAGCC -GACCTGGGATCCCACCACTTALTGTTTTIGTTAGGTAGTTGATTTCTG------ TCTT

Chimpanzee = GCCAGAAGAACTGAGCCTGACCTGGGATCCCACCACTJCCIAACTGTTTTGTTAGGTAGITCFCTG------ TCTT

Macaque GCCAGAAGAAATGAGCCTGACCTGGGATCCCACCACTTECTAACTGTTTTGTIAGGTAGTTCTGICTG------ TCTT

Horse GCCAGGAGCGCTE&EAAACCCTAA-- CTGCCTETCECTGECCCTTGTCTGHBGCTGACCTITHAGAGGATCGTGTC

Cow GCCAGAAGGGTTGGGCCTGACTCTA -ATTCTGCCCCGTLACAGCTGTTACCTITGGQGTAGTTTCTTIAGTATAATGTC

*kkkk kk  kk kk k% * * kk k% k% * **x % * Kk k Jkk kkkk * %
CITA
Human - CTTTTAGTATGCAGAGCAGCCGGGEGGAGAATGGATTCTCTCCATTTTTAAGATGAGGATGTTGAGGCTCAGAGAGGGGCA

Chimpanzee  TCTTTTAGTATGCAGAGCAGCCGGGTGG GGCHBAATGGATTCTCTCCATTTTTAAGABGATGTTGA®FCAGAGAGGGGCA
Macaque TCTTTTAGTACTCAGGGCAGCCGGGTGG- GGCHBAATGGATTCTCTCCATTTTTAAGABGEATGTTGAGGCTCAGAGAGGGGCG

Horse TCCTTGAGTGTGCACAGCAGCCAGCTGGAGGCA GAACTGATTCCTTCCATTCTTTAGABSAACCCAAGGCTCAGAGAGGGACA

Mouse CTATTCCATGGGTACA GCA TTAGATGGTACAGAATACCCCCCCCCCATTATAAGAEZAATACTGAGGGCCAGAGAAAGGTA

Rat CCATTCCGTGGGTATAGCA - TTAGATGGTACAGCATAGTCCCCTCCAATAATAGGAIAGT CTGAGGGTCAGAGAAAGGTA
GSGI1L

Human tccattttacagGTGGCAAATCGAGGCACAGAGAGGGAGGGCGACTTGCCCCAGGTCACACAGCTGgtaagt

Chimpanzee tccattttacagATGGCAAATCGAGGCACAGAGAGGGAGGGCGACTTGCCCCAGGTCACACAGCTGgtaagt

Macaque cccattttacagATQGCAA ATGGAGGCACATTTAGGGAGGGCAACTTGCCCCAGGTCACACAGCTGgtaagt

Dog cccgtttcatagATGAGAAACCAAGGCACAGAGAGGTAAAGTAAATTGCCTAAAGTCCCACAGCCGgtaaat

Mouse cctactttacatATGCCAAG[I TGAGTCCCAGAGGGGTGCTGTGATTTGTCCAAGGCCACACAGCTGgctagt

Rat ccta ctttacatATGCCAAGTTGAGTCCCAGAGGGGTGCTGTGATTTGTCCAAGGCCACACAGCTGgctagt

Figure5.12. Multiple sequence alignment of the MIRementsidentified for CIITA, GSG1L and AHI1 for a number of mammalian species

The exonic region of GSG1L is boxed green, intronic regions are in lowercase and the exonic sequence is in capitalsn Stbp hadon region is highlighte
in red and the Hernative primate inframe primate stop codon for AHI1 is blu&equence conservation was determined using the ClustalW2 alignment
(http://www.ebi.ac.uk/Tools/clustalw2/index.html; accession numbers appendix 9.3).
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56. Discussion

The creation ofde novoexonsvia exonisation provides a means of gerating
alternative splice variantand subsequently a rangediferse gene productsNascent

exons are most commonly expressed at lower levels than constitutive. exons
Expressing new exons at low levels will allow for the adaptation and generation of
novel functionswith minimal consequence to the existing gene function, as the original
splicoform remainpredominant(Nurtdinovet al.,2009; Kimet al.,2008). Numerous
examples exist where Alus are exonised thus increasing the transcriptome, however
these examples are limited to primate genomes. Furthermore Alus are relatively young
retrotransposon (<120myr) compared to MIR elemanis theinclusion of ade novo

exon cannot be attributed to splice site strength but rather to exo(Kimgeet al.,

2008). Older exonsare more strongly splicedue to haing sufficient time toacquire
regulatory sequences such as splice enhancers, allowing for a higher inclusion strength
and greagr establishmen#st, 2004.

In chapter 3MIR elements were noted to lwentributingprotein coding sequences in
117transcriptsand manyare alternatively spliced. There has been previous interest into
the exonisation of TEs including Alus, MIRs and LTR elements (Katudll.,2005; Sela

et al.,2007; Krull et al.,2007; Linet al.,2009; Piriyapongsat al.,2007). Therefore

the dataset of genes identified in chapter 3 were screened for spliced MIR elements and
translational control codons, not only to compare with other studies but to gieeea

complete picture of the sliribution of these elements in human genes.

56.1. Exaptated MIR elements may provide functional splice sites and ctmbute

to alternative splicing

Overall a total of 126 splicing events take place within an exaptated MIR element, of
which 78 generatalternative transcripthilst the remainder areoastitutively spliced.

Of the exonised MIR elements, there appears to be no obvious preference to exonise at
ei t her -sBlibe sites and a similar number of acceptor and donor splice sites are
located within MIR sequences (67 and 59 respectivelijf)ere are also equal numbers

o f -UBRbacceptor and donorlsgng events observe(62 and 63 respectively). There
were no exampl es of-UMNsRwiding &urctional dpleeadsites.n t h

MIR elements were also noted to contribute initiating methionteelons and
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translational terminatiorcodons (22 and 6%espectively. The majority of splicing
events occuprimarily in theyounger MIR elements, predominantly the MIR and MIRb
subtypes with no splicing noted in theretained sequence of the stfamily
THER1 _MD and few observed for MIRm and MIR_Mars. However this can be
partially explained by the data obtained in chapter 3, as the vast majority of the total
MIR elements identifiedn humangenesbeingthe younger elements (MIR, MIRb and
MIR3) with the older elements constituting only 9% of tb&l exaptated. #thermore

the majority ofthe older MIR repeats arecruitedin the3 @ TRs. For exampleight
THER1_MD elementsire found inbGUTRs of human genes with the remdarin the
SWTR (not e t haUTRsMav&rsot beem exbrised). 3 6

EST sequencewith exonised MIR elements corresponding to 73 different annotated
geneswere identified making a total of 243 human genesiethhave exonised MIR
elements and/or have the repeats contributing to protein coding sequences. There were
no correspondindull length cDNA clonesdetectedto support theexpression of the

EST sequencesnd as suclhe reading frames and complete exooomposition can

not be predicted, therefothese examples were not included in the analysis (appendix
9.9), however taking into account the annotated genes with exonised EST sequences, it
is possible that almost 1% of the total human genes in the gecanteen MIRderived

protein coding sequencegorresponding to 25% of the genes witks in protein

coding regions (Nekrutenko and Li, 2001).

The majority of the acceptor splice sitese present when the MIR element isthe
inverse orientation (76%)but there isno apparenorientation preference fordonor
splicing with 53% occurring when in thelIR has integrated in thieverse orientation.
There were 26 distinct whole internal cassette exons which are derived from a single
MIR element, of which 2% are constitutively spliced. Of the Mi#Rerived exons12

are proteircoding with the remamerb e i n g FUTR; with ¢he fajorityof the

MIR repeats in theénverseorientation (73%).Putative acceptor and donor splice site
were apparent inthe MIR inverse consensus sequence following the generation of
multiple sequence alignments of all of the exonised nucleotide sequences. The acceptor
splice site ishighly similar to the vertebrate splice consensus sequamta de novo

MIR element theoretichl could have beenstrondy spliced following integration

There would be no need feequence chang&®m the consensuasthe putative splice

sequence isompletely conserved between M#rbfamilies with being in thecore
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SINE region. Theputative donor spliceregion is less conserved between the MIR
elements and at least two base changes are neceNgaring thenucleotidesequences

of these splice sitesinCluding the intronic sequence) demonstrates the consensus
sequence of all of the splicates generated through MIRecruitment Both the
acceptor and donor splice site consensus sequences generated score exceptionally high
(8.4 and 12.4 respectivgly much higher than average constitutive splice sites,
demonstrating thatollowing mutationan MIR could potentially generata complete
exon of ~50bp in all mammalian genomes. However if this was the casamtissnse

MIR elements wouldbe exonised considering the degree of homolodpetween
different MIR elements, suggestirfgrther regulatoy sequences are necessary if the
splice site isto be activéy maintained. As sucmost ofthe dormant putative splice
sites of exaptated MIR elements in thgerseorientation have diverged and no longer

resemble canonical splice sites.

The majorityof exonised MIRelements observed this investigation are a directsult

of splicing into intronic MIRrepeas. These elements may be actively spliced following
mutation or the acquisition of further regulatory sequen@ssilting in thespliceosome
recognising theeqquence motifsvhich resembg thesplice sitesconsensusEssentially
intronic MIR el ements may have provided
evolution by expressing novel alternative splice variants at low levels at no exmense t

normal gene function.

5.6.2. Tissue specific expression of transcript variants which have exonised MIR
elements and human disease

171 human genes contain exonised MIR elements, of which ndenyonstrate
alternative splimg. A number of genes werkdrefore selected and analysed for tissue
specificity and validated using RFCR. AHI1 is criticalfor normalbrain development

and is mutated in neurodegenerativaelated disorders, learning difficulties and
psychosesincluding autism, Joubert syndromaed schizophreniaA{varez Retuertcet

al., 2008;Tory et al.,2007 Valenteet al.,2006; AmannZalcensteiret al.,2007). The

gene GSGL1L was selected as there are two alternatively spliced transcripts, differing by
the presence of an internal coding exshich is derived entirely from a single MIR

element. Little is known regarding the function of GSG1L however expression is
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restricted to the brain, whole eye and te@tisiGene cluster Hs.91910Qpresenting the
gene as an interesting candidate fotHer analysis, due to the putative functional role
of MIR elementsin neuronal functiondiscussed previously. The final gene to be
investigated was the MHC class Il transactivator ClITwhich is mutatedin
immunodeficiency syndromes such as bare lympteocggndrome type Il (BLS),
leukaemia, multiple sclerosis and rheumatoid arthritis (Steigtlal, 1993; Swanberg
et al.,2005).

All three of these genes contain alternative splice variants as a direct consequence of the
recruitment of an MIR element Both AHI1 and CIITA express a truncated protein
product due taa stop codon iran MIR element in a reatthrough exon and GSG1L
contains an internal MIerived coding exon. Of these splice variantall three
demonstrate tissugpecific expressiorgomparel to the thdull length transcriptsvhich

have not recruited an MIR elementhe truncated AHI1 transcript, which appears to be
conserved only in primate orders, displayed a restricted expression pattern and could be
detected only in the lung, pancreasiaestes. This transcript is not expressed in the
brain and retina; key tissues when considering the pathological role of this gene, such as
in the development of Joubert syndrome, schizophrenia and kidney diSdaséissue
specificity of the shorteAHI1 mMRNA transcript suggests that the splice variants may
havedistinctly different functioal roles in these tissues. It is possible that the-read
through transcript may be redundantly expressed andfumational, the splice site

being skipped due tché presence of weak splice signals; however this is unlikely

considering the tissugpecific expression of the MiBontaining transcript.

The MIR-derivad splice varianif GSG1L displayed tissue specific expression wmibh
detectable expressiom bone narrow and liver,and low expression levels in the
kidney. The full length transcripts expressedn all of the tissues analysed, though
detectable at low levels in the bone marrow, liver and spleeoth & the GSG1L
isoformsare highly expressed ioran, heart and retina. GSGldncodes a proteiof
unknown function, when analysing the conserved domlated in the Pfandatabase

there is sequence similarity with a domain conserved in proteins specifically expressed
in germ line testicular cells (Matset al.,1997). A further conserved regighshared

with the Claudin family of proteins, which are involved in the formation of tight
junctions, and have been known to localise to the cilia of the retinal pigment epithelium

(Rahneret al.,, 2004). GSGL is a recently annotated gene atfiese results
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demonstratalifferential expression and potentially different functional roles of the two
splicoforms.

The main area of discussion during chapter 3 primarily fmolsn the role of MIR
elements in neurohgenefunction; however it is highly likely that MIRs may play a
role in other biological processes. For exanmgsdpects of thenmunesystem such as
cytokine function appeared to be significaviten consulting the Gene Ontology¥he
Joubert syndroméoci, AHI1 and NPHP1, are also associated with-nearological
disorders such asoeliac disease, leukaemia and kidney disease (Matuail., 2005;
Jianget al.,2004; AlaMello et al.,1998). Therefore a gene known to functiorthe

Immunesystemwas séected.

CIITA regulatesviHC class Il gene transcripticandlossof CIITA expression has been
associated with chronic myeloid leukaemia (CML) &adelymphocytesyndrome type

II (Day et al., 2003; Dziembowskat al, 2002). CIITA encods severalrarscripts
variants,of which oneis truncated due to skipping a donor splice site resultirtgan
incorporation ofan intronic MIR element The exaptated MIRarries the premature
stop codon.Following RT-PCR the full length sequenees detected in alldsuesand
the truncated MIR-ontaining isoform could not be detected in bone marrow or skeletal
muscle. The Gterminus of the full length CIITA transcript contains two leucine rich
repeats (LRRs)which areessentialfor the interaction with MHC class Il promoter
binding proteins (Siskt al.,2001). The MIR-containing transcript lacks the LRRs and
as suchthe truncated CIITA proteiimay beunable to reverMHC class Ithegative
cellsto express class Il antigerBdy et al.,2003. A single nucleotide mtation in the
C-terminal end othe full lengthCIITA isoform have been attributed to BL&ndit is
possiblethat the CIITA isoform which has exaptated the MIR elenmeay contribute

to the progression of CML and BLS (Da&y al., 2003; Dziembowskat al, 2002).
Expression of the short form of CIITA was not detectedarmal bone marrowy RT-
PCR, whichis interesting as expression tie truncated CIITA protein has been
detected in K562 (myelogenous leukaemia) and RajiiuiRitt's lymphomaderived)
cell lines (Dayet al.,2003; Rileyet al.,1995). This further suggesthat pregulation

of the MIR-containingtranscriptmay be involved in the progression of leukaemias and
BLS.
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5.7. Conclusion

The exonisation of MIRlementsin the human genonguggestshat MIRs may play a
significant role in mammaliagenomeevolution by shaping the transcriptome. Overall

it appears that 1% of the total human genes MAlR-derived splice sites or coding
sequences Furthermore 38% ofhe splicing events observegenerag constitutive
exons,in contrasto the distribution of exonised Alu elements which are predominantly
alternatively spliced (Soreét al.,2002; Seleet al.,2007). Tk MIR family are more
ancient and ficient time may have passetbr the MIR elements to be accepted as
fully functional and highly expressed exons, whereas the younger exonised Alus may

still be in their infancy.
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6. MIR ELEMENTS AND THE ALTERNATIVE SPLICING OF TISSUE
TRANSGLUTAMINASE (TGM2)

6.1. Introduction

TGM2 is of particular interesto this studyas all of the documented isoforms have
recruited independent MIR element& further truncatedtranscript was identified
following in silico analysiswhich has exaptatedix MIRs, recruied in thecoding
sequencece and both tfe6a n d - UWIRs (appendix 9.1). Secondly, TGM2
dysfunction is implicated in several of the key disorders discussed in chapter 5, such as
the neurodegenerative conditionsti sgtho z®s
diseaseand bothType-2 diabetes andlODY (maturity onset diabetes of the young

table 4.7.

Tranglutaminases (TGases) comprise a large family of structurally similar enzymes,
which catalyseproteincrosslinking vias p e c¢ 4( fglutamy)Uysine isopeptide bonds

in a C&" dependenmanner Aeschlimannand Paulsson1991). In humans there are
seven distinct TGase genes, which all gosbslationally modify proteins
(Aeschlimannet al., 1998 Chen and Mehta, 1999)TGases differ in their biological
function and peptide sequence; however they share a common active site and all display
transamidation activity. Tissue transglutaminase (TGM2) is a multifunctional enzyme
which differs from its relatives as in addition @ TGase activity and protein cress
linking TGM2 has the ability to bind and hydrolyse GTlkee et al., 1989). TGM2

GTPase activityissimilarto he U subunits of | aMhmpeutyhet er
Kodja, 2009.

TGM2 is ubiquitously expressed and functions as a monghaerand Ting, 2006). i
humans the full length RefSeq prot@omprisess87 amineacids (aa)the nucleotide
sequenceincluding the UTRsis ~4 kb in lengthand is composed of 13 coding exons.
The full lengthTGM2 protein encompasses a nhumber of binding sites and activity
domains. The M er mi nus c-sandsvichsdbnsain wiiich eontdins fibronectin
and integrin knding sites. The catalytic core contains a triagpapainlike catalytic
residuescalcium binding sites and a conserved tryptop(iap) residue (Murthyet al.,
2002) The Gtermirusis comms e d o fbarrelsy the fibst contaiing a collection of
guanine bindig s i t es a n-darrdlimteracts vatic ghospholipase®l (-PL C
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Ul);adU®ner gi c-AR)eandete®-mates coupledl receptor GPR56 (Xu
andHynes 2007). The tertiary structure of the TGM2 protein variggen bound to
GTP, at normal cellular levels of free &3 the TGase active sites are blockaad
TGM2 functions as a guanine nucleotidmding protein (Gorotein) in receptor
signalling and is not involved in TGase activity. When GTP is hydrayse three
dimensional sticture changes and binding to “Caxposes two Trp residuewhich
control the access of the substrate to the active site (Fesus and Piacentini,|2302).

thought thatGTP maya c t as a molecular Oswitchoé be

(Monsonegcet al, 1998; Festofkt al.,2002).

TGM2 has been implicated in complex and diverse biological functions including cell
differentiation and growth, active responses to injury, cell adhesion and protein
aggregation Collighan and Griffin, 2009;Verderioet al, 2005). TGM2 disruption is
implicated in the pathogenesis ofnumerous neurdogical conditions including

Al zhei mer Di sease, HRarnkii mspnderiszoptirensidaesaes e
et al., 1993; Lesortet al.,2002; Andringaet al.,2004; Bradfod et al.,2009). TGM2

has also been implicated in inflammatiomeumatoid arthritisdiabetegType |, Type Il

and MODY) gstic fibrosisandhas beendentifiedas anautoantigen in coeliac disease
(Kim, 2006; Maiuriet al.,2005; Dieterichet al.,1997 Hummelet al.,2007; Porzioet

al., 2007;Bernassolat al.,2002;Maiuri et al.,2008.

There are twavidely documented TGM&oformswhich differ not only in structure but
also in their function. fe full lengthRefSeqtranscript demonstrates protiee activity
against apoptotic events amdbsequent cell death, wherehs short forms shown to
be upregulated prior to cell death and has been suggested to prapup®tic
responsegAntonyaket al, 2006). The shorter TGM2 peptide is 548malength and is
encoded by a transcript of ~1.9 kb. The truncated isoform thek&terminal region
which contaiis the guanine nucleotide bindingites and is unable tabind GTP
(Antonyaket al, 2006). A third protein product (TGM2_Vs) has also been regobiaf
approximately 38.7 kDagdetectedin the human erythroleukemigHEL) cell line,
induced byretinoic acid(Fraj and Gonzalesl996). Finally an aberrant splicing event
has been reported at RefSeq exons 12 and 13, generating a transcript witbraJ3iort
and lacking the terminal &&sidues (TGM2_dLg) (Laet al.,2007).

138



Chapter6. MIR elementsand alternative splicing of tissue transglutaminase (TG

6.2. The identified TGM2 isoforms and the exaptation of MIR elements

As MIR elements were actively transposing prior to the radiation of the placental
mammalsit is possble that the MIR may have been recruited in TGM2 of other
mammalian species. Udleotide databases were screened for trace nucleotide
sequences, ESTand cDNA clones which correspond to the genomic region of TGM2
for a number of spees. ESTs and tragequences &re accepted if a splice site was
present which conforms to the consensus sequences described by Zhangaldl 99)
nonspliced ESTouldrepresent splicing errareatural antisense transcriggs NRNA
Where necessemgomposite mMRNA sequegns vere generated and all identified splice
variants were screenedfthe presence of MIR elements.

A total of five humanTGM2 splice variants were identifigfigure 6.1); four of which

have beempublished(Lai et al.,2007; Antonyaket al.,2006; Few®ff et al.,2002; Fraij

and Gonzales, 199&nd a novefifth transcript(TGM2_Tq. All five isoforms hae
recruited MIR elementstdble 6.2), theRefSeqtranscript(TGM2_wLg) hasrecruited
threeMlI R el e me nt sUTR lodatedb59, 670tamd 8@pddownstream of the
termination codon TGM2_Tc encodesthe samethree terminal exons (1113) as
TGM2_wLg andas sucthas recruited the same three MIR elemeiitSM2_Sh, shares

the initial 538residues with th&kefSeqTGM2. The protein is truncated at coitstive

exon 10 due to reading through the donor splice site, resulting in the retention of
intronic sequence encid) 10 novel residues and an alternative stop codon. TGM2_Sh
contains arunrelatedM|1 R e | e me RUTR sequencefdbp dBwinstream ofhie

stop codon. The third transcript, TGM2_Vs, is generdateé similar manner to
TGM2_Sh,with skipping of thedonor splice sit@ccurring atRefSeqexon 6; a further

i ndependent MI R el e meUTR, 9lbs dovnstreasneai tthe i n

termination cdon.

A further transcript designated TGM2_dLg is generated by a rare splicing event at the
consensus CT/YCAC, which does not appear to conform to conventional splicing
mechanisms, and is discussed in more detail in seéti®ifLai et al., 2007). This
transcript contains the s-@TReof thelfl lemgthe me n
transcript; however due to the altered reading frame an alternative stop codon is carried

by the first of the three MIR elements.
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The final transcript, TGM2_Tc, is the gnbne of the five isoforms regulated by an
alternative promoteans the initiating methioninds located within RefSeq intron 10.

The protein encodes 147 noveltérminal residues folloed by the common TGM2 €
terminus. TGM2_Tc has exaptated seven MIR el@ents,o n e i AUTR, bne which

contains the methionine codon and contributes 51 residues of peptide sequence, one
within the coding sequence dJiRl attthe same e ma |

positions seen with the full length transci(atble 61).

m O O @W >»

I Coding exon — Intron
I UTRexon I  MIR element

Figure 61. Exonic composition of thenultiple splice variants of TGM2

The exonic composition of the TGM2 isoforms begins at canonical exapT4M2_Tc, the
transcript start site is located within common intron 10 and thei@ihg methionine is within

a recruited MIR elementB) TGM2_wLg is the full length RefSeq mRNA of 13 exops:
TGM2_dLgdemonstrates variation in splicing betweetanonical exons 11 and 12an
alternativereading frame is present and the-frame stop codn is within an MIR elementD)
TGM2_Sh is truncatedue to reading through the donor splice siieexon 10 ad contains an
alLw AYUTH BE)SGM2 Us is truncated at exon 6 and has recruited an MIR element in the
0-0TR. The position of the lastromon residue V286 for TGM2_Vs and S538 for TGM2_Sh
has been includedis a reference. S538 is also the first amino acid which is shared with
TGM2_wLg.
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Since MIR elements are present in all mammalian genomes, the genomic sequences of a
number of mamals were studied to determine if the TGM2 isoforms are conserved or
expressed, and if the MIR elements have been recr(itdde 6.1) The TGM2
isoforms were identified in all specistudiedwith the exception of TGM2_Tc, which

could only be predictenh primatestheinitating methionine sequence is absenbther
speciegdue to the deletion of thedIR elementsn the novel region TGM2_dLg could

only be predicted for primates and rat due to either limit€&N@ sequences in the
databases alack of conservation of the cryptic splice site. An MIR element could not

be detected for the rodent full length TGM2 using RepeatMasker

SPECIES

Isoform ID  Human Chimp  Macaque Dog Cow Rat Mouse

TGM2 Vs 0QTR o04QTR o0QTR o04QTR o04QTR o04QTR 04QTR
TGM2 Sh 00OTR o04QTR o04QTR o04QTR 04QTR o04QTR NM
TAG, TAG, TAG, -
TGM2 dLg o0-QTR o0-QTR 0-QTR NE NE 0QTR NE
00dTR o04QTR 0-QTR 0-QTR
00TR o04QTR o0-QTR o04QTR o0-QTR - -
TGM2 wLg 0-QTR o04QTR o0QTR o04QTR o04QTR 0QTR* o04QTR*
00OTR o04QTR o04QTR o04QTR 04QTR 04QTR* o0QTK
pQTR p-QTR p-4QTR
ATG ATG ATG
TGM2_Tc cbs cDS cbs NE NE NE NE
- 000TR o04QTR o04QTR
04QTR 04QTR 04QTR
0QOTR o0QTR o04QTR

Table 6.1. TGM2 splice variants and the presence of MIR elements for a bemof
mammalian species

Abbreviation: NE) No evidence of the isoform or limited sequence data available; NM) There is
evidence for the transcript but no MIR element is detected; *) No MIR can be detected using
RepeatMasker but there is evidence of anRvllement when aligning with the human mRNA.
The gene region which the MIR element is detected has been included for all isoforms and
species (ATG, methionine; TAG, stop codon; UTR, untranslated region).
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6.3. The functional domains and binding sitesof TGM2 varies between
transcript variants

The full lengthTGM2 protein contains a collectioof documenteddinding sites and

activity domaingChen and Mehtal999;figure 6.2). Therés a b-sandwich domain at

the Nterminus which contains fibronectlinding sites. The catalytic core contains a
triad of catalytic residues aneareladttbes um |
C-terminus which containing binding sequences for RLC a PAR. Thé TGM2

isoforms identified differ in their pejple sequence and as such the presence of the

described binding sites and domains was determined for each of the TGM2 isoforms.

1 124 273 359 473 573 587 687
N i -sandwich Core i -barrel 1 i -barrel 2 JC
Z Z ZZ Z Z ZZ ﬁ TT

& A N B N

N VA Vd

Z C N

N Vd
z Guanine nucleotide binding sites A Fibronectin binding domain
z Catalytic residues B ATRGTP binding and activigomain
z Qalcium binding site C TGase activity domain

T h m-adrenoreceptor binding domain T Phospholipase€ m O0AYRAY 3 R2Yl A

Figure 62. Schematic representation of thknown catalytic sites andbinding domains ofthe
full length TGM2protein

The Guanine nucleotide binding sites are positioned as follows; K173, F174, R478, V479, M483,
R580 and Y583. Catalytctive sitesare at C227, H335 and D35&he active site region
common to all TGases is Y2MR278 Calciumbinding sites are N39840Q E447 and E452.

The M m-adrenoreceptor binding domain are L5471561, R564581, Q63FE646 and
phospholipase € M 0 A Y RA WE65KR72 YChdnyand Mehtd999). The activity and
binding domains ared) The fibronectin domain overlapping with the TGase activity site at
aminoacid position 1272 B) The ATPase/GTPase activity domain and ATP/GTP binding
domain located at 13871 andC)TGase activity domain positioned aflB8.
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Following the clarification of all known binding and activity domajrniswas possible to
determinghe potentialmpacton the function of the splice variants of TGMalle 6.2;
figure 6.3. It appears that all of the transcripts, with the exception of TGM2_Tc may
have the ability to bind fibronectin and possess varying levels of TGase adtietio

the absence of catalytic residues and disruption of the GTP poBk¢h TGM2_dLg

and TGM2_Sh contain all of the catalytic active sites, TGM2_Vs however maintains
only the active site common in all TGase genes at C227. The transcripts will also have
varying levels of Gprotein activity as only TGM2_wLg and TGM2_dLg contain all of
the known guanindinding residues.TGM2 hasbeen reported téunction asa protein
kinase, with theactivity modulated byATP andCa&* (Mishraet al., 2007). Theexact
phosplorylation sitesof TGM2 remain to be determineshd thekinase activity of the

TGM2 isoforms can not be predicted.

Of the five TGM2 isoforms, only thRefSeq transcript (TGM2_wLgnd TGM2_Tc
contain complete canonical binding domains for RliICandU JAR. TGM2_dLG is
similar to the full length TGM2 in composition, as it contains 13 exons; however due to
atypical splicing at the junction of exons 12/13 it lacks Pi«-U dbinding domains

and maintain®nly one of the thre&) 4AR-binding regions so maydisplay a reduction

in binding capacity or even fail to bind altogether. Both oftthecated reathrough
transcripts, TGM2_Vs and TGM2_Sh will lack the capacity to interact with Bo@

U1 a RAR dud 1o transcription terminating prior to reachimg tknown binding
sequenes. TGM2 possesses a further known binding domain for GPR56 (Xu and
Hynes, 2007). The specific binding sequenceeisty be determined howevidre N
terminal end of GPR56as been shown tateractwith the Gterminus of TGM2 via

t h ebarrel domainsXu andHynes(2007) noted thafT GM2 constructsontaining just

t h ebarrels were sufficient to bind to GPR56, so it is likely that in addition to the full
length peptidg(TGM2_wLg ), the protein encoded by tA&M2_Tc isoform woud

also bind to GPR56Xu andHynes 2007). The novelpolypeptide sequence encoded
by TGM2_Tc is 147aa in length When thisnovel protein sequence was screened
against the Pfam databas® homologyto known domainsvas detected It is possible

that thesequence may contain yet unidentified motifeough unlikely aghe novel

sequence is a result of exon skipping antla separate exon.

143



144"

Transcript details

MIR elements

Activity and binding domains

, ) .
Transcript Accession Sze  Size| MIR le_\IA M.IR TGase C_af GTP/ FN1 " wmAR PLG M
name (bp) (aa) | type position position Activity ~ ATPase
MIRb 2724 2859 256 116 3-UTR
TGV2 wLg NM_004613 3937 687 | MIRc 2835 2984 137 6 3-UTR| + + + + + +
MIR3 3050 3222 17 203 3-UTR
s . MIRc 1975 2074 137 6  TAG Q633E646
Tavz dlg - Appendix 2238" OM | \iR3 2140 2312 17 203 3-UTR ¥ ¥ ¥ ¥ only )
TGM2.Sh NM_198951 1879 548 | MIR 1812 1879 251 184 3-UTR | + ¢ LacksRSBC . :
andY583
TGM2 Vs CR604340 1476 349 | MIR 1203 1333 47 180 3-UTR czi7 | Kirdand . .
- only F174o0nly
MIR 391 488 137 40 5 UTR
MIR 614 832 28 261  ATG
MIRb 948 1087 142 1 CDS R580and
TGVI2_ Tc  AK126508 3465 2% MIR 1099 1191 28 121 CDS - - v5830nly + +
MIRb 2270 2405 256 116 3-UTR
MIRc 2381 2530 137 6  3-UTR
MIR3 2596 2768 17 203 3-UTR

Table6.2. Catalytic and binding domains for the human splicoforms of TGM2

The transcript details including the accession numbers and transcript and peptide size have been suppbetdanscript is a composite sequence predicted
using previougpublication data (Appendi®.1; Laiet al., 2007) transcript sizes which are predicted as the nucleotide sequence may not be full length &
commonly the tail ends of UTRs are lacking following cloning. The Mifaraily, position in the mMRNA and the edmmated of the MIR consensus sequence

has been included along with the region of the transcript whiafesides The presencef the activity domains and binding domains are also indicated as
present (+) or lacking)( Abbreviations as follows: AT@itiating methionine; TAG, stop codon; UTR, untranslated region; CDS, protein coding sequence; R

fibronectin; h MAR madrenoreceptoibinding PLE!L vphospholipase € nnteraction

P
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TGM2_Tc
TGM2 wLg
TGM2_dLg
TGM2_Sh
TGM2_Vs

TGM2_ Tc
TGM2 wlLg
TGM2_dLg
TGM2_Sh
TGM2_Vs

TGM2_ Tc
TGM2 wLg
TGM2_dLg
TGM2_Sh
TGM2_Vs

TGM2_Tc
TGM2 wLg
TGM2_dLg
TGM2_Sh
TGM2_Vs
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I
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TGM2_Tc rsacatqigtsrtwevewltrghpleéeakagleprpvgvavrplp
TGM2 wLg KSVGRDEREDITHTYKYRPEG$SEEREAFTRANHLNKLAEKEETGMA
TGM2_dLg KSVGRDEREDITHTYKYPEG$SEEREAFTRANHLNKLAEKEETGMA
TGM2_Sh KSVGRDEREDITHTYKYRPEG$SEEREAFTRANHLNKLAEKEETGMA
TGM2_Vs
_ U0 -
536
| = ~—~
TGM2_Tc psa EKSVPLCILYEKYRDCLTESNLKVRALLVEPVINSYLLAERDY]
TGM2 wLg PFSEKSVPLCLYEKYRDCLTESNLKVRALLVEPVINSYLLAERDY]
TGM2_dLg PFSEKSVPLCLYEKYRDCLTESNLKVRALLVEPVINSYLLAERDY]
TGM2_Sh PFSgkalcswsic* 548
TGM2_Vs -
643 687
I I
TGM2_Tc EAGEVKVRMDLLPLHMGLHYYNFESDKKAVKGFRNVIIGPA*
TGM2 wlLg EAGEEVKVRMDLLPLHMGLNKINFESDKKAVKGFRNVIIGPA*
TGM2_dLg mcwvpptlagahgasnpfnhhgkllwallpg* 674 ---------
TGM2_Sh
TGM2_Vs
[:] Calciumbinding KLV h mARbinding domain
E] Catalyticsite KLV PL& 1 binding domain
[] Guanne binding site klv Novel peptide sequence

428

535
I

aaqcplsssslgtlepgwgvqgsaqgpfprevipstflplsvplgvarelggvilhnhehppfs
MRIRVGQSMNMGSDFDVFAHITNNTAEEYVCRLLLCARTVSYNGILGPECGTK
MRIRVGQSMNMGSDRDVAEHYVCRLLLCARTVSYNGILGPECGTKYLLNLNLE
MRIRVGQSMNMGSDFDVFAHITNNTAEEYVCRLLLCARTVSYNGILGPECGTK

642

I
| ENPEIKIRILGEPKQKRKLVAEVSLQNPLPVALEGCTFTVEGAGLOREVEIPDPV
| ENPEIKIRILGEPKQKRKLVAEVSLQNPLPVALEGCTFTVEGAGLOREVEIPDPV
| ENPEIKIRILGEPKQKRKLVAEVSLQNPLPVALEGCTdpkinspppgphhceapt

Figure 6.3. Peptide sequencestbt TGM2 isoforms

The amino acid \mrker positions are included for each row as a referer
when determining the positions of active sites and binding domahhsvel

peptide sequences which amgeneratedby the incorporation of introic

sequencesas a result oflonor splicing being skipplearein bold italics

Binding sites and catalytic sites have been outlined as noted in the lec
All transcripts with the exception of TGM2_Tc bind fibronectin and pos:
TGase activity. TGM2_Tc contains only one of the GTP binding regior
has te ability to bind with PLLC1 andh WAR. TGM2_dLg contains ¢
binding and activity domAya ¢6AGK GKS SARGIBdGG

region and lacks PHQ binding capacity. TGM2_Vs and TGM2_Sh t
lack the PL&Z1 andh mAR binding domains and have trésted calcium

binding and GTP/ATPase activif§equence conservation was determine
using the ClustalW2 alignment to@ccession numbers appendix 9.3).

YLLNLNLE

Y

-

LNLNLE

(znOageulweinibsuen anssnfaiolds aAireuls)e pue suswsale Y|N ‘asrdeyd



Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

64. Splicing and stop codons generated by MIR elements for TGM2

Given that all of the TGM2 isoforms contain MIR elements the role of the repeats in the
splicing andexpressiorof the TGM2 transcripts was investigated. Transtatd both
TGM2_dLg and TGM2_Tc terminates at a stop codon located within an exaptated MIR
element. TGM2_Tc contains seven MIR elements in all, and in addition to the stop
codon the initiating methionine codon is carried within an MIR sequefbe.

alternaive methionine sequence is undiverged from the original MIR consensus.

TGM2 genomic sequences were identified from a range of mammal to determine if
TGM2_Tcis likely to be expressed in other speci@dultiple crossspeciesalignments
revealed thatTGM2_Tc may be primate specificand alow level of conservation
between thecorrespondinghuman TGM2 genomic sequence and other-pramate
mammals is appareltigure 65). However theinformation islimited to the sequence
dataavailable, and only rodentspg, cow and opossum can be compar&tie novel
nucleotide sequence of TGMZcis 100% conserved between human and chimpanzee,
which is to be expectednd the methionine sequence is conserved afrarime for the
other two primate species studied withire torder hominidae; gorilla and oramgn
(figure 66). Thecompleteconservation of TGM2_Tc does not extend to earlier primate
orders such as the old world monkeysor example when comparing the genomic
sequence of the rheusus macatiigamethioninecodonis conserved bus no longerin-
frame due toan indel generating a frame shift at position 997nt (figarégb-c). A
similar TGM2_Tc transcript may be present in the macaque gehomever as there

is an inframe methionine sequence, which confertm the vertebrate Kozak consensus,

located 3Bp upstream of the methionine observed in the great apes (figaje 6.7
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Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

Comparson of the sequences flanking the initiating methionine codon for TGM2_Tc to
that of theKozak consensusequence (ACATGG) indicates that thenitiation site may

be weak; however this appears to be typical of methionines located within MIR
elementsgppendix B). To confirm thiobservatiorthe MIR sequences containingth
initiating methionine codonwvere aligned usip WebLogo,revealingthat overall the
nucleotide sequence conforms to the Kozak conseffsysre 6.4) but it is not

uncommon for the flanking 3bp upstream and downstream sequences to differ.

JAA T
OECTCAT AC

_TCé .
-3 2 -1 +5  +

>O

Initiating methlonlne

Figure 6.4. Consensus sequence surroundingtiating methionines provided by MIR
elements

The imagedemonstrated the probability of a nucleotide being present for each position
between-3 to +6. The image waseated by aligning 2MIR sequencesvhich contain start
codonsusing WebLogo The heidit of the stacked lettergepresentsthe frequency of each
nucleotide. The top letter in the alignment is most conser{@wokset al.,2004).
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ATG

A _ pal W

Exon 11

— B o
mm Coding exon Untranslated region - Evolutionary conserved region
Intronic region mE MIR

Figure 65. Evolutionary conserved regions of a number of mammalian species for TGIM2

Image adaptd from the ECR browser (http://ecrbrowser.dcode.org/) whitibplaysevolutionary conserved genomic regions. The RefSeq coding exons hayv
been numbered, 1113. The exonic composition of TGM2_Tc is included as a reference. The species included are dog, cow, rat, mouse andmossu
position of the initiating methionine (in thBuman transcript) has been included. The figure demonstrates the lack of conservation for the novel TGM2,

region for a number of mammals
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Human GGGAAGTGCAGTGGICAG@ASCAGATGTCGGCTCTGATCCTYCCLAGCGATGRAIBHBE TCACACAGRGC - 847
Gorilla NNNNNNNNNNNNNNNNNNNNNNMNMNRNNGGCTCTGATCCTCECHAGGATGRAGGGCTCACACAGAGTC
Chimpanzee GGGAAGTGCAGTGGIICGAGASCAGATGTCGGCTCTGATCCTYGCCLAGGATGIHBETCACACATGAGTC
Orang- utan NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNSSIRNASNATCAAGESCCGGCTCACACATEAGTC
Macaque GGGAAGTGCAGTGATICAGCSCAGATGTCGGCTCTGATCCTGCCLAGGATGRAIBHETCACACAGZGTC
Human CGAGCCACCAGGCTCTTCCGGGACACAGGTATCCTCCCACAGCCTTAGGAGTGCCOGUAGBACCAAACAT 963
Gorilla CGAGCCACCAGGCTCTTCCGGGACACTCGCATABGIICCACAGCCTTAGGAGTGCCTENNNNNNNNNNNNN
Chimpanzee CGAGCCACCAGGCTCTTCCGGGACACTCGCATBGOICCACAGCCTTAGGEABGEEGCCECAGATCCAAACAT
Orang- utan COSAGACACCAGGCTCTTCCGGGACACTCGCATABGUICCACAGCCTTAGGAGTGCC NNNNNNNNNNNNNNN
Macaque TGGAGGBCACCAGGCTCTTCCGGGACACTCGBATBGUTICCACAGCCTTAGGAGTGCCTGTBGBACCAAACAT

Figure6.6. Multiple sequence alignment of thenethionine containing region of TGM2_Tc for a number of primates

Completely conserved sequences are in green, identical residues in pink, similar residues in blue and different redakedNisitnifiesthat the sequence was
unobtainable in current databases. The ATG sequence, boxed red, is conserved in all species however in the macaqueshwtoddrame and therefore
non-functional. Sequence conservation was determined using the t&IM& alignment tool (http://www.ebi.ac.uk/Tools/clustalw2/index.html; accessi
numbers appendix 9.3).
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TGT

Human
Macaque

Human
Macaque

Human
Macaque

Human
Macaque

CCTTTATAGGGTTGTCATGTAGGTGAAGT- GGAGCCCECCGHTGGGAAGTGCAGTGCCTGGTGCAGCAAGCAGATGTCGGCTCT@SBCCTC
Cc CTTT- TAGGGTTGTTATGAAGGTGAAGTAGGAGQ E@GAAGTGCAGTGCCTGATGCAGCAGATGTCGGCTCTGATCCTC

MBAL| ----=-=--- LPRMKGPRLTHPESRAHQALPGHSLSS--- SSHSLRSACATQ QTSRTVEVEWITRGH LEEAKAGLEPRPVGVRRLPAAQCPLFE
MGSAVPDAAADVGSDRDEGPRGSHTLSLERTRLFRDTRSANPPTALGVPVPCRSKRQGPGRASGSCG/N-- PLEEAKAGLEPRPVGVGQRLPAVLCPLE

SSSSLGTLEPQWGVQGSAQREYPTPSTFLPLSVPLGVARELGGVILHHEHPPFSP$AEKSVPLCILYEKYRDCLTESNLIKVRALLVEPVINSYLLAER
SSSSLGTLEPQWGVLGSAQRERTPSTFLPLSVPLGNRGELGGVILHHEHPPFSP$AEKSVPLCILYEKYRDCLTESNLIKVRALLVEPVINSYLLAER

Common exon 11 boundary

PLEEAK
ACA TCG AGG ACC TGG GAG GTG GAG TGG CTC ACG CGG GGT CA -CCCATTAGAA GAG GCAAGG - 1016
CGT CAA GGA CCT GGG AGG TGG AGT GGC TCA TGT GGG GTC AAC CCATTA GAG GAG GCA AGG

Frameshift 997nt

Figure6.7. Multiple sequence alignment ofGM2_Tc for human and macaque

Completely conserved@mino acidsare in green, identicatesidues in pink, similar residues in blue and different residues in .blAglAlternative putative

initiating methionine (boxed red) for the macaque which is not conserved in the human sequiBjithe peptide sequence is conserved until residue P&L;
region where canonical exon 11 begins has been provi@dlucleotide triplet sequences for human and macaque outlining the region at nucleotide 997 w
the frameshift occurs.Sequence conservation was determined using the ClustalW2 alignmenttgml/(vww.ebi.ac.uk/Tools/clustalw2/index.html; accession

numbers appendix 9.3).

en|Bsuel) anssnfanids aAneulsle pue sjuswsale YN ‘aieideyd

(znoaeulr

_,
(0]



Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

The termination codon of the TGM2_dLg transcript is situated within an MIR element
(table6.2). The s ame MI R i-8§TRwif TtGNM2_wLg,tbit éollowirdy the
altered plicing an alternative reading frame is in use, allowing for translation to
continue into the MIR sequence which contains the stop codon. The alternative C
terminal is made up of 51 novel amino acids. TGM2_dLg is generated through the use
of atypical alernativeacceptor and donaplice sites located in RefSeq exons 12 and
13. There are two known modes of splicing occurring in vertebrates which differ in the
splice site consensus sequenedth the major spliceosome splicing at A&T.
Splicing of TGM2 dLg occurs at theonsensus CTYCAGwhich is not a conventional
major or minor splice site (figure 6.8Previous studiefaveconfirmedthe expression

of the isoform in human and rat tissues (Lat al., 2007; Tolentinoet al., 2004,
Monsonegoet al., 1997). Both the acceptor and donor splicing occurs within
CTYCAC motif and as such it is not possible distinguishthe exact positionvhere
splicing occursalthougha putative sequence can be determin®tlltiple sequence
alignments were generatedth the region containing both thetypical acceptor and
donor splice sites for a number of mammalian spetiagvealthe conservation ahe
atypical splicing (figure ®). The donor splice site was determined as (CUucacugug)
and shown to be conserved all mammals studied, with complete identity of the
subsequent nine intronic nucleotides. The acceptor splice site described in human
(ct CCAC) was only detected in primate sp
both of which are noted to bequeeded byhree cytosine nucleotidgfigure 6.8 and

6.9). Surprisingly no similar sequence was detected in mice.

Donor Acceptc

TGM2_dLg pQ  CU UCACUGUG CCCCT YO6AT
Major pQ  AG GURAGU YAG G-0 Q
Minor  p RUAUCCUUU YAS |-0Q

Figure 6.8 Comparison of major splicing, minor splicing and the CTYCAC motif of TGM2_dLg

The putative norcanonical splicsite of TGM2_dLg has been determined for primate and rat.
Crucial exonic sequences are boxed blue and conserved intronic sequence outside the box.
Major (U12 type intron) and minor (U2 type intron) splice site sequences have been included
as a referencéWill and lihrmann, 206). Fastacod¥ =T/C;R=A/G;S=C/G
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A

Human
Chimpanzee
Macaque
Cow

Rat

Mouse

B

Huma
Chimpanzee
Macaque
Cow

Rat

Mouse

C

Human
Chimpanzee
Macaque
Cow

Rat

Mouse

1901 1

994

lGCAAIZTGGTGG[GAGGI’ GICCCTACAGAACCGCTCCCT G'll' GG CCTAGAAGGCTGAC AL
GCALCTGGTGGIGAGE GICCCTACAGAACCGCCTCCCTGTGECCTGGAAGGCTACA
GCALCTGGTGCCGAAGTGICCCTACAGAACCGCTCCCTGTGGECCTEGAAGGCTGCA
GCALBCTGGTGGUSAGATATCTCTACAGAACCGCTCACTGTGEGCTGTCGGCTECA
GCARACTGGTGGUGAGE GITCCCTAAAGAACCACTTTCTGATTCCCTGTATGACTA G
GCARACTGGTGGUGAGE GICCCTAAAGAACCACTTTCCGATCCCCTGTATGACTGCA

DCTTCAT GTGGAGGESCGACTGACTGAG
DCTTCAT GTGGAGGHESCGACTGACTGAG
DCTTCAT GTGGAGGHES CGAECTAACCGAG
DCTTCA GTGGAGEGAGECTGATTGAG
ICTTCAO GTGGAGGHE:TGGCTGACCAAG
[CTTCAO GTGGAGGHE:TGGCTGACCAAG

2113 2193

lGAGCTGAAGCTGTGAAGGGTTCCGGAA’GTCATCATTGGCCCGCCTAAGGA&’I?C aGC-—----
GACTGAAGCTGTGAAGGGTTCGSGAAGICATCATTGGCCCGECCTAAGGECa GC----1
GACTGAAGCTGTGAAGGGTTCCGGAAGICATCATTGGCCCGECCTAAGGECA GC----1
GACTGAAGCCGTCAAGGGTTTAGGALGICATCGITGGCCCTCCTAAGGGICHECGT G-
GAACTGAAGCGGTCAAGGBTACGSGAAATCATCATCGGCCGECCTAAGGEOCETTCA
GACTGAAGCGGTGAAGGGBTACGSGAAGITATCATCGGCCGECCTAAGGECAT---

- TCCCAGC—--- CTGCT! GAGAGC|C
- TCCCAGC—--- CTGCTGAGAGCC
- TCCCAGC—--- CTGCTGAGGCC
CCAGCCCACCTCAGCCACTGAGGCC
CCAGATCAGCCG ATCACTTGCCAGC

LCCAGATCAACCCCACACTTGCCGAAC

2638 2714

I
CCAGARCTGG TGGGACAGTGATAGGCTCAAGGT C--mmmm e

CCAGACCTGE TGGGACAGTGATAGGCTCAAGGT G--mmmmmmmmmmm e
CCAGARCTG® TGAGACAGTGATAGECQCAAGGT Gmmmmmmm e
CCTGAGC- AGS TGCAGAT GEGEAGGETCCCAGEAACAGACCACACCCCA
CGCQACCTCGASTTCTAACAGGGACACCAACCTGT TGG----------
CGCQACCTITAAGTTCTCACAGGGACACCAGCTCCT GA------—---

Figure 69. Multiple sequence alignment of the CTYCAC motif of TGM2_dLg

AT CCCAGCACCCCAAGCTTAATAGCCTTCCC
AT CCCAGCAGCCCAAGCTTAATAGCCTCCCC
AT CCCAGCAGCCCAAGCTTAATAGCCTTCCC
AT CCCAGCAGCCCTGACCCAATA-- CTTCCCC
ATGTCATGAGAAACTTCAGGETGGGBACTGAGGCTECAGTGC
ACATCIATGAGAAACT TCAGGGTACAAACTGAGGCTET- GTGC

Completely conserved sequences are in green, identical residues in pink, similar residues in blue and different rédedkesTingl/ ¢ ¢/ | / Q

Spliceregion is boxed blue and the donor splice sites red. The human mRNrlinates are included as a referencBequence conservation was determing

using the Clustalw2 alignment tool (http://www.ebi.ac.uk/Tools/clia@index.html; accession numbers appendix 9.3).
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Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

It is possible that the TGM2 isoforms which were deteatesilico are artefactuahnd
representerrors insplicing; specifically TGM2_dLg and TGM2_Tc, as there are no
ESTs in the available databases ethsupport the expression of these transcripise
MRNA from humarandrat tissues were analysed by RTRto confirm the expression
of the discussed TGM2aforms Primers were used to amplify TGM#gure 610),
and amplicons were purified, cloned asetjuenced. All five TGM2 transcript variants

were expressed in all tissues anaty§gure 6.11).

TcC
wL
dLg
Sh

Vs

I Coding exon — Intron » Forward primer
I UTRexon I MIR element < Reverse primer

Figure 610. Positions othe primers used in the RPCRexperiments

Exonic composition of the splice variants of TGlkherated using theNCBIsequence
alignment tool Spideyhttp:// www.ncbi.nlm.nih.govipidey). Schematic®egin at constitutive

exon 4; displaying the MIR positions, and coding and-caming exons. Primer details are

listed in table 23 and the position of the forward (blue) and reverse (red) primers are
indicated by arrows. The primers of TGM2_dLg and TGM2_wLg contain the splice site at the
boundary of exon 12/13 to distinguish between the two splice variants. Transcripts TGM2_Tc,
TGM2_wLg and TGM2_gluse the same reverse primer annealing to the terminal exon.
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Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

TGM2_Vs

Kd Li Lu Pc Sp Ts

TGM2Tc 1 kb

700 b
500 b

Figure 611. Amplification of the TGM2 isoforms imultiple tissue types

Amplified fragments of the TGM2 isoforms were analysed on a 2%ossgayel with 1X
SybrSafe. Tissues are abbreviated as follows: Br, brain; Ht, heart; Kd, kidney; Li, liver; Lu, lung;
Pc, pancreas; Sp, spleen and Ts, testis. TGM2_wLg (514 bp) and TGM2_dLg (414 bp) were
amplified from rat cDNA normalised with GAPDH ufiég 2.2), using primers designed
elsewhere (Tolentineet al., 2002). Publishegrimers were used to ensure that only the
targets were amplified, as the primer sequence must contain the CTTCAC ofditM2_dLg

(figure 6.8) in ordeto differentiate betwea the two isoforms. TGM2_Vs (323 bp), TGM2_Sh

(481 bp) and TGM2_Tc (482 bp) were amplified from asgrehesised human cDNA panel
(Clontech; primer details table 2.1). All TGM2 fragments were confirmed by sequencing,
DNase and RNadeee water was useds a template in the negative controls.
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TGM2 has been implicateth neuralegenerativedisease and diabete®Ruan and
Johnson, 2007Porzio et al., 2007; Bernassolaet al., 2002; Magdroberardinoet al.,
2002, so to furtherexpand the expressiomrrgiile of TGM2, two rat cell lines were
selected foRT-PCRanalysis. C6 cells are derived fromat glioma cells(Brendaet al,
1968 and BRINBD11 cells are glucgensitive insulirsecretingclonal pancreatich-
cells (Rasschaeret al 1996). cDNA was synthesisedrom C6 cellswhich wereeither
differentiated orin the mitotic phase Normal ratpancreatidslet cDNA was used as a

comparisorto theexpression of theasulinoma BRINBD11 cells

Fragments of la known rat TGM2 isoforms were amplified in both mitotic and
differentiated C6 cells, BRINBD11 cells and rat isletgfigure 6.12). Similar
concentrations of the TGM2 isoforms were amplified from both mitotic and
differentiated C6 cellcompared to normabrain tissue (figure 6.11however with
higher levels of TGM2_wLg appearing to be amplified. The BBIN11 cellsand rat
isletsdisplayed lower levels of TGM2_wLg than expectith TGM2-Sh appearing to

be preferentiallyexpressed. This data howevemist quantitative and redéilme qRT-

PCR would need to bgerformedo confirm these observations.

Cécell line Vs Sh dLg wLg +
A A A

N N N A -ve
Mit Diff  Mit Diff Mit Diff Mit

Pancreatic cells Vs Sh dLg wLg
A A A
NS N N ( N -ve
Brin Islets Brin Islets Brin Islets Bn Islets Brin Islets

1 kb
500 b

300 b

Figure 612. Expression of TGM2 isoforms amplified from rat islets, C6 and #RIM. cells

Ampified fragments of the TGM2 isoforms were analysed on a 2% agarose gellMith
SybrSafe. Abbreviations: Diff, differentiated C6 cells; Mit, C6 cells in mitotic phase; Brin, BRIN
BD11 cells; Islets, normal rat islet of Langerhans. TGM2_wLg (514bp) ad digM414bp)

were amplified from rat cDNA using primers designed elsewhere (Toleetiral., 2002).
Primer details and cycling condition for TGM2_¥886p) and TGM2_Stb44bp) are in table

2.3. All TGM2 fragments were confirmed by sequencing, DNa$eRMasdree water was

used as a negative control and GAPDH (738bp) as a positive control.
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6.5. In situ expression of the TGM2 isoforms in the adult rat brain

The TGM2 isoforms were successfully detected in the rat brain usisR&;, however
the spatl distribution of these transcripts cannot be determined by PCR alone.
Radioactivein situ hybridisation was performed ofive adult Wistar rat brairs to

investigate the distribution of the TGM2 mRNA transcripts.

All four TGM2 isoforms were highly expssed in the corpus callosum and anterior
commissure (figures.13); white matter regions connecting theft and right cerebral
hemispheres, which consist of bundled axonal projecaodsacilitates communication
between théwo hemispheres High leves of TGM2 expression was also detected in
the limbic region; specifically the olfactory tract, which is important in odour perception
and the hippocampus, including the dendrate gyrus and fimbria; areas fundamental in
long-term learning and spatial awaresse TGM2_wLg appears to be expressed at lower
levels in the olfactory tract than the other TGM2 isoforms. Finally high levels of
expression was visualised in cells of the optic nerve, optic chiasma and optic tract for all
four isoforms, consistent withrale in visual perception armdemory There appears to

be little or no expressionf the four TGM2 splice variant® the hypothalamus, the
thalamus, the amygdala and tbeadateputamen The spatial distributiorof the
primatespecific TGM2_Tcin the brainis unknown and cannot be compared tortte

in situ hybridisation data.

The four rat TGM2 isoforms are expressed at similar levels in the same brain regions
suggesting thaexpressionall of transcriptsvariants isrequired for normal brain
function. The transcription of thesgoformswill be facilitated by a single promotess

these isoforms share the start exon and inititating methionine (figure 6.1). Any
variation in protein expression levels may be due to differences in mRNAJealfand
stability. The expression of thesplicedorms may also be regulated by the MIR

derived putative miRNA target sites and precursors discussed in section 6.6.
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Figure 6.13.Distribution of TGM2 mRNA expressing cells in the normal rat brain

A)TGM2_VsB)TGM2_ShC)TGM2_dLgD) TGM2_wLg.Coronal sections of the normal adifistar rat brain hybridsed with **Slabeled antisens&NA probes.
Cells expressingGM2mRNA are visualised as light areas. High levels of TGM2 mRNA were detected within the white matter areas; (CC) coarpusnda
(AC) anterior commissure. High levels are also detected in sensory regions; optichiasre/tract (OT) and the limbic region; (Hp) hippocampus and
olfactory tract and (ML) media lemniscus. Low levels were detected in the (T) thalamus, (Hy) hypothalamus, (FC) fesraaldc(CP) caudate putamen.
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6.6. The role of MIR elementsin the function of the TGM2 isoforms

Multiple TGM2 splice variants have been identified and subsequently the expression
confirmed in a number of tissues; however the role of the MIR elementéguthatirg
thefunction of these TGM2 isoforms was to be determined. It is deathe MIRs are
critical for the functional expression of TGM2_Tc and TGMRg by providing
methionine and/or stop codons.

In previous chapters the role of MIRs in porsinscriptional control of gene expression

has been discussed, for example by trenation of dsRNA, precursor miRNAs and
mMIiRNA targets TGM2 splice variants were screened for the presence of such
sequencestable 6.3). There issequenceimilarity between three known praiRNA
stemloop structures and the TGM2_Tc mRNA sequeffgure 6.14) t wo 4 n t h
UTR and the third within the coding sequence. Theie further potential preniRNA

steml oop s equeneldRaolTAMB iVaiwhichreside3 within the exaptated

MIR element (figure 6.4). No evidence of similar structuregs foundin the other

TGM2 isoforms (TGM2_Sh, TGM2_dLg and TGM2_wLg).

hsamir-1285 TGM2_Tc 831 p-QTR N - 288 2.20E08
hsamir-619 TGM2_Tc 63 141 p-OTR N + 188 9.60E04
hsamir-220c  TGM2_Tc 876 949 CDS N + 137 2.70E01
hsamir-640 TGM2_Vs 1240 1327 o0-QTR Y + 143 1.20E01
NH TGM2_Sh
NH TGM2_dLg
NH TGM2_wLg

Table 63. Predcted MIRNA precursor sterdoop sequences

MiRNA precursor sequences have been predictadgithe miRBase search engin€he gene
region and ceordinates which the hairpin is situated has been provided. Abbreviations: Y, the
stemloop sequence it within an exaptated MIR sequence; N, tleglipted stemloop is not
located at the MIR regioyH, no hairph structure detected. The IRNA name and the strand
which it is located has been included (+, senseantisense) TheBLAST score and the
expectation (E) value has been included; the lewthe E-valuethe more significant the score
(Altschulet al.,1990)
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TGM2_Tc

TGM2_Tc 83 UUUGGGAGGCUGAGGCAGGAGGAUUGCUUGAGCCCAGGAGUUUGAGACCAGCCUGAGCAACBGANGUGHGAACL
ITINRITIRIER. | (DO CATOEED 00 PO LR FOOOD
hsa - mir - 1285 1  UUUGGGAGGCCGAGGCUGGUGCAUCACUUGAGCCCAGCAAUUUGAGACCAAUCUGGGCAACAAAGUGAGACCBECGUCU
TGM2_Tc 63 CUCCUGCCUCAGCCUCCCAAAGUGCUGGGAUUACAGGBGOBBGCCCAACU- ACUUGUAUUUAUUUACUGCUTAL
R R T (L
hsa - mir - 619 1  CGCCCACCUCAGCCUCCCAAAAUGCUGGGAUUACAGGCAUGAGCCACUGCGGUCGACCAUGAREUGGBCALBIUU
TGM2_Tc 876 GAGCGCACCAGGCUCUUCCGGGACACUCGCUCAGCUCAUCCUCCORERSIBUBCCUGUGCACGCAG 949
(I T I O TP e et
hsa - mir - 220c 7 GACCACACAGGGCUGUUGBGACUCAGUGAGCUCAUCCCCACACAGCCUUCAGCACAGRIMIABHEGCAG 83
TGM2_Vs

TGM2_Vs 1240 GUGACCUUGAGCAAAUGACUUOQOUGAACCUCAGUUUCCUCGUCUGGAAAAUGGGGACAACAUCBIABCCUCCUAGAGUGK327

RN L R T AT I
hsa- mir - 640 1 GUGACCCUGGGCAAGUUCCUGAAGAUCAGACACAUCAGAUCCCUUAUCUGUAAAPAIGEEFEICCAGGAACCUGGRMMCGGUUG 88

Figure 6.2. Putative premiRNA sterdoop structuresidentified in the human mRNA sequences of TGM2_Vs and TGM2_Tc

Sequence alignmentslentified using MiRBasdemonstrating sequenchomologybetween TGM2 mRNA arlcdhown human premiRNA sterdoops mir-1285,
mir-619, mir220c and mu640.

CUACA
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A further mechaism for the regulation of gene expressisiviassiRNAs derived from

dsRNA structuresY(ing et al.,2008) These siRNA may then be involved in tR&lAi

pathway, and subsequently mRNA degradation, mRNA stability and suppressing
translation. Two of th&1IR elementsvi t h i RUTR df e fidl fength TGM2 are in
opposite orientationsd{rect/inversg¢ and may potentially form dsRNAs (figure 6)1

These MIR elements are present in TGM2_dLg and TGM2_Tc, andpmmayde a

means of regulating transcriptiomdor translation of all three isoforms. Likewise
dsRNAs may form following the hybrisiationafn M|l R e | e rtARandthen t h e
MIR containing the methionine of the transcript TGM2_Tc.

TGM2_Td77% sequence identity)

413 acagagaggggaggtca  tctccccgggctcacacagccagtgagtgge 460

LT R R TR
1186 tgtctctccccttecttacacgaaccccagtgtgtcgeccccttaccg 1139

TGM2_dLg84% sequence identity)

2428 agtgg - cctcgtggttattagcaaggctgggtaatgtgaaggce 2469

I (T T TR
2803 tcacctggaacaccaataaatgttccgacccggtatattttcg 2761

Figure 6.5. Rutative dsRNAstructure formed by adjacent MIR sequencedsa opposite
orientations

There is 77% sequence homology for a potential dsRNA formed between Rrloktited

g AUKAY-UTR K&l the Qroteisoding sequenceof TGM2_Tc. Likewise there is 84%
sequence homology between adjacent MIR elements which have been recruited in the
following isoforms: TGM2_Lg, TGM2_dLg and TGM2_Tc. The mRNA coordinatesZor @ GM
and TGM2_dLg have been provided as a reference.
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6.6.1. Splice signals and termination codons

A potential role of the MIR elemenis the expression oflleof the transcriptdias been
proposedwith the exception of TGM2_Sh. One observatiorhwibth TGM2_Sh and
TGM2_Vs is the occurrence of refittough exons where the donor splice sites are

skipped and the intron contains an MIR elemerit could bethat the MIRsare

providing a splicing signal which silences the skipped splice site; theréfereead

through TGM2 isoform sequences were screened for possible exon splice silencer (ESS)

sequences (table4). ESSs were identified using the RegRNA web server and were

considered authentic if previously demonstdtebe functional.

Putative ESS sequences were located within the MIRs of both TGM2_Sh and

TGM2_Vs (table 6.4).

It is worth noting that ESS sequences are small and may be

abundant in both mRNAs; therefore they may represent artefacts, and cannot be

confirmed as functional ESSs witlhese findings alone.

However the possibility

remains that the MIRs may be involved in the splicing of these transcripts via one or

more of these ESS sequences.

Transcript MIR ESS ESS
. . Reference
name position position seguence
1203 P06 CAAG Caputiet al., 1995
1219 1226 GAGGGAGG Mandalet al.,2004
1223 1230 GTGGGAGG Mandalet al.,2004
1233 1236 CAAG Caputiet al., 1995
1245 1249 CAAGG Staffaet al., 1997
TGM2_Vs 1203 1333 1246 1249 CAAG Caputiet al., 1995
1259 1266 GAAAGAAG Mandalet al.,2004
1306 1309 CAAG Caputiet al., 1995
1312 1316 GGAAG Sunet al.,1993
1318 1321 TAGG Del GatteKonczalet al.,1999
1819 1823 CATGG Uporovaet al.,1999
1849 1852 TTAG Siet al.,1998
1814 1817 AAGT Mayedaet al.,1999
TGM2_Sh 1812 1879 1855 1858 AAGT Staffa and Cochrane, 1995
1874 1877 AAGT Del Gatto and Breathnach, 1995
1848 1851 TAGG Del GatteKonczalet al.,1999
1849 1852 TTAG Tomonagaet al.,2000

Table 6.4. Exonic splice silencing sequenickestified in the recruited MIR elements

The mRNA cardinates for the recruited MIR elements and the predicted ESS have been
supplied. References which report the sequences as being functional ESS in other genes have

been listed.
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6.7. Discussion

There are a number of reported alternafi@M2 transcriptswhich when screening

with RepeatMakser were noted to contain MIR eleméAtenyak et al., 2006; Frg
andGonzales1996; Laiet al.,2007) A further novel isoform was identified which has
recruited seven MIR elements TGM2 is also muated in a number of human
neur ol ogi cal di sorders including Al zheim
disease. TGM2 was therefore selected for further anapsidiscussiortp determine

if the MIR elementsand isoforms are conserved betweemmmals, and if the element

areplaying a role in regulating the expression of the TGM2 transcript variants.

6.7.1. Alternative spliéng of TGM2 and the exaptation of MIR elements

A total of five human TGM2 transcript variants were identified, foublighed and one

novel (TGM2_Tc). Intriguingly all of the isoforms have recruited MIRs, with a total of
nine independent exa#d MIR elements identified. The wilgpe full length
transcript (TGM2 wLg) has r ec°rUITR tTeaof t hr e
the TGM2 isoforms (TGM2_Sh and TGM2_Vs) encode truncated psothie to
skipping the donor splice site of exons 6 and 10 respectively. The shorter forms of
TGM2 contain different-UMRI R furthér@@M2nsbferm al s o
(TGM2_dLg) is encoded following aatypicalsplicing event occurring in exons 12 and

13 of the full length transcript. déh the acceptor and donor splicing takes place within
the consensus sequence CTYCAC, which is not a recognised classic splice site;
however a isnilar atypical splicing event, containing a CTTC motif, has been reported
for the G protein, beté8 subunit (GNB3; Rosskot al.,2003). TGM2_dLg shares the

three MIR elements identified in the full length transcript, however the irregular
splicing enodes a peptide from an alternative reading frame, with the stop codon
located within the first of the recruited MIRA fifth novel protein(TGM2_Tq is
truncated at the ferminus,and istranslated from an initiating methionine located
within RefSeq inton 10, andas suchwill be regulated by an alternative promoter.
TGM2_Tc has recruitedevenMIR elements in total, two of which are contributing to

the coding sequence, including the alternative initiating methionine codon, three are in
t h eUTR a@nd ae at the same position observed with the full length isafoifhe
TGM2_Tc transcript shares the last three exons at therr@inal of the wildtype

TGM2 with a maintained reading frame.
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Multiple crossspecies sequence alignments revealed conservatidiGbf2_Vs and
TGM2_Sh with other primates, rodentdpg and cow. However conservation of
TGM2_Tc could only be detected in primatemd there is no evidencef the
integration of the MIRs$n the genomic regian Given the age of the MIR elements all
mammds shouldhave integratedandthe repets havebeen deleted in dog, cow and
rodents,suggesting that TGM2_Tc may be involvedanrecently developed function,
possibly related to the known TGM2 altactivities. TGM2_dLg is encoded following

an atypical plicing event, and the splice site including the flanking intronic sequences
are conserved in primates; with an alternative acceptor splice site being reported at a
different position in rats (Monsoneget al., 1997). Neither of the splicing motifs
appeas to be conserved in mouse, dog or cow, évev the MIR elements haveeen
exaptated but without the necessagguence changesquired to generate treplice
motif. It appears therefore that the different TGM2 isoforms may have arisen at
different timesduring evolution, possibly to modify the diverse enzyme activity of the

TGM2 enzyme.

6.7.2. Expression analysis and conservation of the TGM2 splice variants

Expression analysis of the TGM2 isoforms revealed ubiquitous expression of the
MRNA, with allfive transcripts being expressed in a number of tissues, including the rat
clonal beta celline (BRIN-BD11) and the glioma (C6) rat cell line. The expression of
the rat isoforms werebserved in rat brain by radioactiwe situ hybridisation, and all
transcripts studied displasimilar spatial stainingpatterns All TGM2 rat isoforms were
expressed in the hippocampus, including the dendrate gyrus and fimbria; areas
fundamental in longerm learning and spatial awareneddemory loss isthe earliest

clini c al observation in Al zheimerds disease
been observed in the hippocampal regions of such individudigh levels of TGM2
expression was visualised in cells of the optic nerve, aptasma and optic tract forlal

four isoforms, consistent with a role visual perception and memoryTGM2 has
previously been linked to retinal dystrophy and apoptasising photoreceptor
degeneration in rat&Zhanget al., 1996) but the role of TGM2 in visual pathways or

the viswal system of the brain has not previously been studied.
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A high level of TGM2 mRNA staining wasoted in the olfactory tract and olfactory

bulb, which contains the sensory neurons responsible for processing and perceiving
odours. Olfactory dysfunctions associ ated with early Par
frequently experience odour hallucinations and anosatisgnhce of smell sensatjon
(Diederichet al.,2009; Wszoleket al.,1998. Neurodegenerative anosmia is an early
indicator of dementia and|l zhei mer 06s di sease, with al/l
impairment Wilson et al.,2009. Furthermore>70% of individuals over 80 years of

agearereported to have a significant loss in odour sensation (Lafresiiete 2009).

A strong signal fo TGM2 mRNA wasdetected in the corpus callosum and anterior
commissure, which are white matter regions connectingldfieand rightcerebral
hemispheres; facilitating communication between tine hemispheres The corpus
callosum (CC) has been suggestedbe involved in processing emotions and social
interaction and as such is implicated in autism, with a reduction in the total CC size
being observed in autistic individuals (Videatl al.,2006). Agenesis and/or atrophy or

the CC has also been notedArn z h e idisease@ ar ki n s o nséhizophiteniga e a s e
patients and established bipolar disorder cases (8tala 2009;Wszoleket al., 1998;
Walterfanget al., 2009; Davis, 1994). TGM2 has not previously been implicated in
autism or bipolar affectey disorder however TGM2 has been implicated in the
development of schizophrenia following the identification of several TGM2 SNPs in
schizophrenia cases and their parents (Bradéoral., 2009). Furthermoreabnormal
protein crosdinking and amyloid @queshave been linked to TGMi the pathology

of Al zhei mer 6s disease and TGM2 hastheal so
formation ofLewy bodesin the hippocampus f P a r KiseasgatientyAndringa

et al.,2004).

6.73. The TGM2 isoformswill display differences in transamidation and GTP
binding activity

TGM2 is a multifunctional calciurdependant enzyme which catalyses both
intracellular and extracellular protein crdssing, and functions as a-@otein when
bound toGTP. TGM2 is composed of distinct activity and binding domatims full
length isoform contains several calcium binding sites within a catalytic core region,
with the TGase function attributed to the core anteihinus andthe Gterminus

essential folG-protein activity.
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There are numerous guanine binding sites positioned predo a n t | yobarrelsat t h e
the Gt er mi nal end, whi ¢ h a AR, Pk@Galolw na ntdo QG PnRt5¢
There is a distinct relationship between the dual activities of TGM2. When bound to
GTP the TGase activity is downregulated, whereas GTPase yadiifthibited by C&"

binding. The two activities are known to possess different functional roles. When
TGM2 is functioning as a TGase it has been shown to be involved in apoptosis, cell
adhesion and protein crebsking (Collighan and Griffin, 2009; Mlion and Piacentini,

1998), whereas when TGM2 is acting as-prGtein it stimlulatess PLCGU 1 act i vi ty
regulates receptanediated signalling by coupling ligasibund GPCRs to PLG 1 ,

ma i n FAR, tHloinboxane and oxytocin (Pagk al., 1998; Kanget al.,2002). GTP

binding and subsequent PLiC1 st i mul at i on heamtsapoptetie cell i mp |
survival (Citronet al., 20@2). Moreover there is a strong relationship between the
interaction and stimulation of PLG1 by TGM2 and the regul
calciumlevels. PL&il i s stimul ated 4bquodiGM2protein ng t
thus inducing capacitative calcium entry, following which a constant level of
intracellular C&" is maintained until the GTP is hydrolysed resulting in the inhibition of
PLCU1l act i etiak,3002f. Kaenalythe dai-function of TGM2offers a means

of switching between different enzyme activities, and alternative splicing of TGM2 may
provide further regulation and control of the diverse protein function, allowing for

TGM2 to adapt to different environmental conditions.

6.7.3.1. Protein activity of TGM2_Sh and TGM2_Vs

Differential expression of the TGM2_Sh, TGM2_dLg and full length TGM2 has been
previously demonstrated. Antonyakal., (2006) studied TGM2 mutants lacking 30aa

at the Gterminal end which were unable to bind GTP t@ stimulate and/or interact

with PLC-0 1 , and displayed weak transamidati
failed TGM2mediated receptor signalling and associated’ €atry. Antonyaket al,

(2006) further demonstrated a lack of Ghihding and wela TGase activity of
TGM2_Sh expressed in Hela cells, and suggested that the full length isoform protects
against apoptotic events and cell death, whereas the short isoform induces apoptotic
responses. The apoptotic effect of TGM2 is suggested to be dmdomal protein
aggregations of TGM2, with TGM2_Sh forming large oligomers in cells, which is not

attributed to TGase crodisking but through an undetermined mechanism (Antoretak

166



Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

al., 2006). It is most likely that TGM2_Vs is also Giilependent anthay behave in

a similar manner to that observed for TGM2_Sh due to the transcript encodingde pept
which lacks the @erminal 149 residues. Furthermore it can be assumed that both the
short isoforms wAR,PLGH @t ain dproteina@upled receptoh U1
GPR56, due ttheabsence of rotein function.

6.7.32. Protein activity of TGM2_dLG

TGM2_dLg is composed of 13 exons and is highly similar to the RefSeq, however the
C-terminus differs due to atypical splicingncoding a proteinvhich contains allthe
guanine nucleotide binding sites batks the interaction sites f®LC-U Ja n d -ARJ 1
Festoffet al, (2002) studied the expression of TGM2_dLG and TGM2_wLg following
spinal cord injury (SCI) in rats. Prior to SCI they detected the full length TGM2,
however 24 hrs posSCl, both transcripts were detected with TGM2_dbgng
upregulated. As such they proposed that following, $i&dre is a switch in GT-P
dependency of TGM2 with a preference for the Gfdependent isoform. Tolentired

al., (2004) studied the expression of TGM2_dLg following cerebral ischemic attack
(strake), focussing particularly on the fluctuation of cytosolic?CaTGM2_dLg was
noted to be upregulated and expressed at higher levels than TGM2telgcalcium
concentrations. Finally TGM2_dLg has been shown to have an altered affinity’for Ca
at nomal calcium levelsTGase activity is less than 10% that observed in the full length
form. Furthermore TGM2_dLg has also been demonstrated to enhance GTP hydrolysis

and is insensitive to GTP inhibition when“Ctevels increase (Lat al.,2007).

Expression of TGM2_dLg may allow for an enhanced responssultle changes in
calcium levelswhereaghe full length transcript may not be receptive to such changes.
It is possible that TGM2_dLg may bapidly expressed following splicing of the full
length mRNA transcript. For example, once TGM2_wLg has been exported to the
cytoplasm posttranscriptional splicing may occur, deleting the sequence flanked by the
CTYCAC motif; resulting in nucleusdependent control of gene expression. A two
step splicing vent would allow for a rapid switch to the TGM2_dLg Gifidependent
isoform, and downregulation of the full length transcript in response to environmental
changes, such as following injury or ischemia. A similar means oftfaostriptional

regulation ha been suggested for the minor spliceosome, and it is thought that minor
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splicing (Ul2type) may take place in the cytosol following nuclear export of partially
spliced premRNA, supported by the detection of the associated nulass of smail
nuclearRNAs enriched in the cytoplasm (Koregjal.,2007).

6.7.33. Protein activity of TGM2_Tc

The final transcript identified(TGM2_T¢ is the only transcript that lacks the
fibronectin domain and as suetould not be involved in FNAssociated functions
including wound healing, cell adhesion and blood plasma development (Akimov and
Belkin, 2001; Telci and Griffin, 2006). TGM2_Tc shares the last three exons at the C
terminal end with the full length transcript and has intact binding sites forlPLC a n d
UL-AR; however only four of the five guanine binding residues are encoded and as such
the protein will not form a complete GIdnding pocket. Consequently TGM2_Tc

may have weak or null GTPase activity and as a reliuited PLGU 1 aprAMR U1

interactionand stimulation.

TGM2_Tc is intriguing as it is the only isoform which will be regulated by an
alternative promoter sequence. Furthermore the putative protein will most likely be
calcium independent and wil|l n olP activikyh i b i t
associated with the wiltype TGM2. The only common feature shared with the full

l ength protein i sCliUhAR apdrGPR5 mteraction $itest his P L
possible that the previously discussed kinase activity of TGM2 may ldsugdtt to the

novel Nterminal polypeptide sequence or that the truncated protein functions solely as

a Gprotein. Alternatively the predicted dsRNAs formed by the hybridisation of
adjacent MI' R el emendJg Rp aaJfiR may bebaosbuecofi n t |
siRNAs that regulate the expression levels of the other isoforms, encoded from a single
promoter. These suggestions however are speculative and require further investigation
and experimental validation. Finallyivgn that MIRs were active prior tche
mammalian radiation, the MIR elements recruited by TGM2_Tc should be present in
non-primate mammals, yet the repeats cannot be detected and have either integrated late
in mammalian evolution or have been deleted. These firmliggesting that TGM2_Tc

may have a recentlyadaptedfunction, possibly involved in the&known TGM2 dul-

activities or an increase in cognitive ability, such as learning and memory.
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Taking into account the potential variations in enzyme activity of the TGM2 isoforms, it
appearshat there is a necessity for oOfinely
there are fluctuations in intracellular [€f for examplewhen there is a reduction in

free C&" following ischemia,as discussed previously. In additiothere may be a
requirement for TGM2 to function as a-@otein in a C&-independent manner when

there is a high level of Gaentry from intracellular stores. One such example being at

the onsetof and during parturition, as the primary trigger for human myometrial
contractions is an increase in intracellular calcium (Triee al., 2001). In such
instances TGM2 may need to function solely aspGot ei n t o -AR@mudp | e v
oxytocin, the neurotransmitter responsible for contractions of the myometrium during
labour andmammary tissue during lactation (Leé al.,2009). One study monitored

TGM2 expression levels in rats during pregnancy (Duptiad.,2004), and GThound

TGM2 was predominantly localised to the plasma membrane and upregulated during
pregnancy. Furthemo r e my o-ARei$ kndwa to patidipate in the initiation of
uterine contractions (LimeBoulez et al., 1997), possibly through TGM@&ediated
signalling with PLGU 1 .

6.74. The role of MIR elements in the differential expression and actiwtof
TGM2

During previous chaptetie primary observation has been that MIR elements may be a
source oftis-acting regulatory sequences, such aRNA, dsRNAs, cryptic splice sites

and initiation and termination codons. The abundance of MIRex&s recruited by
TGM2 isoforms suggests that these elements may play a role in TiGiMZon
Therefore the exaptated MIR sequences of TGM2 were studied to determine if the
repeatsare contributing to the expression of the TGM2 isoforimg the previoust
described mechanism, such @asttranscriptional control of gene expressiaga the

formation of dsRNAs or bprovidingtranslational control codons

The role of MIR elements in the protein expression of TGM2_Tc and T@M2is
easily determinedas a repeat is providing an initiating methionine and a stop codon
However theole of the MIR elements in the expression of TGM2_Vs and TGM2_Sh is
less clear and required further investigatio. putative mRNA precursor steApop
structure was noted in tiMIR sequence of TGM2_Vsvhich could regulate expression
by blocking translation of this protein product. TGM2_Vs and TGM2_Sh are both
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readthrough transcripts where donor splicing is skipped and a truncated protein
produced It is possible that the MIRlements maye a source ofsplicing signad

which may silence the skipped splice site, and several exonic splice silencer sequences
were identified within the recruited MBOf TGM2_Vs and TGM2_Sh, however these
sequenceblave not beenonfirmed experimetally.

Finally three predicted prmiRNA sequences were 0t e d FUTR andh eding 6
sequence of TGM2_Tc The sterdoopsare not located within the MIR elemeribut

may regulate the expression of the TGM2_Tc isoform, which is encoded from an MIR
deived methionine. Moreover a putative dsRNA structure was identified for
TGM2 _Tc, formed by the hybri-dliRsardtasesand o f
inverted MIR element in the coding sequenéesecond predicted dsRNA mayso be
generatedbetweenadjacent MIR elementpr e s e nt -WTR oft TGM2_ vd g,
TGM2_dLg and TGM2_Tc. The role of MIR elements in the localisation of mMRNA in
polarised cellsvia the formation of dSRNA and iRNAs has previously been discussed
(section 44). TGM2 is expressedhia number of polarised cells such as photoreceptors,
neurones and epithelial cellZHanget al., 1996; Festoffet al.,2001; Treharneet al.,
2009. Furthermore TGM2 is known to be expressed in distinct cell compartnfents
exampleG-protein activityoccurs at the cell membrane and in the cytosol, yet when
TGMZ2 is acting ag Gase, protein activity takes place in the nucleus, extracellular space
and cytosolFesus andPiacentinj 2002) Therefore MIRmediated mRNA localisation

and RNAI may play a rolan regulating spatial protein expression of TGM2olarised

cells.

6.8. Future investigations

To determine if the loss dhe C-terminal residues has an effect on twerall activity

of TGM2 a number of well documented protemd functionalassays could be
performed. TGase activity can be measured directly from cell lysate¢ariniet al.,
2009 Slaughteret al.,1992. Fibronectin binding, GTP binding and inhibition could
also be measurday well established protoco{McEwenet al.,2002; Datteet al.,2006;
Achyuthanet al.,1996).
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Determining the protein activity of the individual TGM2 isoforms would require the
optimisation of several experiments in order to differentiate between the various splice
variants and protein productdzor example, the full length isoforms could be cloned
into mammalian expression vectorallowing for the transient transfection of
mammalian cell lines.Isoform specific monoclonal antibodies malgo be designed
specific to the novel peptide sequemdezach protein product. These antibodies could
then be usetbb measure protein levels by western blotting. Individual isoforms could

also be knocked down in cultured cadls SIRNAS.

The expression of the isoforms in transfected cells (plasmid RXNA could be
measured by redgime qRT-PCR following exposure to cytotoxic @reuroprotective
compoundsmodelling specific neurological conditions For example treating with

amyloid b-peptides that are known to accumulate and damage neurons in thefbrain
patients with Alzheimer diseas@Vilhelmus et al., 2009). Likewise the glucose
responsiveness of -teltseacouklfbe stadied and thenisofoena t i ¢

expression recorded in hyperglycaerarndbr lipotoxic conditions (Balet al.,2000.

171



Chapter6. MIR elements and alternative splicinfitissue transglutamina$€GM?2)

6.9. Conclusion

It appears that MIR elements are involved in regulating the expression of TGM2
isoforms and may have provided a means of enhancing the multifunctional enzyme
properties. There are five human TGM2 splice variants, all of which haueitesl at

least one MIR element. The isoforms appear to be conserved in other mammals with
the exception of the primate specific TGM2_Tc and there are no TGM2 transcript
variants identified for chicken and zebrafish. It appears that the MIR elemenfdapay

an important role in regulating the expression of the multiple transcript variants by
providing cis-acting regulatory sequences such as stop codoitigting methionines

and mRNA target sites. And as such the repeats elements may be regulatratetiof
protein expression, or mMRNA stability by forming dsRN#&l&binding mRNA.

Overallit is possible that the transposition MdfR elements may have providedpaol
of new genomic materiathat was utilised by theTGM2 geneto generate multiple
protein products. This multitude of TGM2 proteins may have assisted addpation
of TGM2 function during mammaliaevolution, producing the complexkegulated
multi-activity of TGM2.
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7. GENERAL DISCUSSIONAND FURTHER STUDIES

7.1. MIR element s recr ui t-BTRs may bet itvelved3id the post
transcriptional control of gene expression

The transcription of mature mRNA is a mtftictorial process involving a number of
elementsincluding RNA polymerase, promoters, transcription factorsaeoérs and

splice sites. UTRs have also been shown to play a role iftrposcriptional control of

gene expression by a number of mechanisms including; mRNA transport and sub
cellular localisation, repression of translation and mRNA stability (Mignenal.,

200 3; Guhani yogi and Brewer , -UIR b lggne T
expressiorhas previously been suggested, for exampléations and polymorphisms in

t h e-UTBsO has been attributed tdisease, such as bipolar disorder, retinal
degeneratin and systemic lupus erythematosus (Veratal., 209; Pickardet al.,

2008; Citorest al.,2004; Conneet al.,2000).

In chapter 3 it was noted thab% (13%) of the total MIR elements identified have
been recr ui-UT&sd of human tgéneswitt8 & high level of sequence
conservation of the coi8INE, as such these genes share a common featurmayd
contain sequence homolog¥~70bp. The highly conserved propertytibé coreSINE
suggests that maintainingetmepeat sequencmay be fortuitos. The abundance of
MIRi n t-WTR ma&y énerely reflect thiack of selective pressues these repeats are
less likely to disrupt protein expressioionetheless it is conceivable to assume that
some MIR elements may become domesticated, and thabligriance of recruiting TEs

I n t-UT&R maydprovide sufficient time for the MIR to adopt a functional role

without affecting the viability of the existing gene expression.

Sub-cellular localisation of mMRNA is a means of targeting protein expressiom t
specific, usually distaintracellular regionand RNA is transported in the majority and
possibly all polarised cell types (Mohr and Richter, 2001; Palacios and St Johnston,
2001). The translocation of mMRNA in hippocanhpeeurones is regulated by RWNAs

and has been implicated in learning and memory (Gdstiéioli et al., 2009). A

number of putative nRNA target sites precursor nRNA stemloops and dsRNA
structures were noted to reside within exaptdt MI R el eUlBstFeuraf n 3 0
which the mRA has previously been reported to lbecalised to the dendritic
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compartment of hippocampal neurorf€959, CAMK2A, DDN and NEURL).Two of

these genes, DDN and CAMK2A, are both suggested to be involved in synaptic
plasticity, and learning and memory (Pstéff et al.,2001;Kremerskotheret al.,2006.
Further more both DDN and CAMK2A contain
UTR, dendritictargetingelements (DTEs), which include recruited MIR elements.
MiRNA target sites were also identifiadthin exaptaéd 36UTR MIR elements of
AHI1, NRL, RHO and RPGRgenes which are expressedimotoreceptorod cells and

have been implicated in retinal degenerative conditions.

7.2. MIR elements provide cryptic splice sites and many have been exonised

In chapter 4 it was noted that MIR elements are associated with 5% (1359) of the genes
in the human genome, with 117 of these genes containing poading sequences

partly derived from MIRs. There are 26 distinct exons comprised entirely of an MIR
elementnc | udi ng bot h t heurtiebsuppartidg the dypathedisithate s
MIR elements are providingis-regulatory sequences. A total of 126 splice sites were
identified with a large proportion being alternative acceptor splice sites, when the MIR
element is recruited in the antisense orientation. Two sequence motifs were identified
in the MIR consensusequences which resemlskeong splice sites. The acceptor splice

site could potentially be active immediately following integration withoutrthed for

change from the original MIR consensus, and all of the MIRtgpés contain an
almost perfect canonical acceptor splice site in the consensus sequence. This degree of
conservation suggests that further enhancer sequences are necessaryidetistess

to be maintained, otherwise most antisense MIR elements would be exonised.

The majority ofMIR elements will have originated from intronic MIR elements, with

most intact intronic MIRs behaving as psewmns. As such any intronic MIR elemen

could potentially be accessed by a gene during mammalian evolution when developing
new phenotypes.A large number of MIR elements are regulating the expression of
spliceoformsby providing alternative initiating methionines and stop codon seqgsience

MIR elements have provided a resourceast genomic materiathat could be utilised

by mammalian genes to fine tune gene f ul

repertoire of protein products.
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7.3.  Further investigations

Many of the proposed furiohs of the MIR elements described in this study require
experimental analysis. Validating predicted miRNA target sites and precursors is
challenging and labour intensive, as miRNAs are small sequences (~22 nucleotides) and
are usually expressed at lowdds. The most effective method would be to use a
transfection approachith recombinant clones. Firstly the miRNA precursor sequence
will have to be clone@from genomic DNA)nto an expression vector and transfected in

a chosen cell line, following wbh an increase in miRNA expression should be noted
compared to the endogenous levels by-tiea¢ qRT-PCR. Secondly, constructs of the

3 -WTRs of the gene of interest, which harl®tire MIR and predicted miRNA target

will have to be cloned into alucfease reporter. A -URr t her
sequence could be generated which lacks the MIR element. The miRNA precursor
expressi on v eldTRMciferasenrdportér hwil th&ndbothave to be
transfected in cultured cells. Following whidtetgene expressiomill be measured by
reattime gRT-PC and/or western blottingo validate the MIRderived miRNA target

sequencés regulatinggeneexpression

A similar approach could be used to determine if the MIR elements are involved in
MRNA stalility and degradation The expression of thg @ TR/luceferase reporter
with the MIR elementould be comparedtthat which has the MIR element excised.
The role of the MIR elements in translocating mRNA to the dendritic comapartment of
neurones can baetermined byloning choserfull length mRNAcontructs whicteither
containor lack the MIR element inttnammalian expression vectors, tagged with green
fluorescent proteifGFP) Therecombinant clones will then have to be transfected into
a neuronalcdl line, and the spatial expression of tipeotein visualised with a
fluorescent microscope to determine if the MIR is involvedregulating localised
protein synthesis igpecific cell compartmentsLocalisation ofmRNA could also be
detected by nomadaoactivein situ hybridisation. Finally the tissuespecific expression

of the MIR-containing spliceoforms will also have to be confirmed by quantitative real
time gRT-PCR.

One obvious constraint during these investigations is that the results pdeseate
confined to the current annotated sequence databases, which are consistently updated

with the verification of additional ESTs and cDNA clones daily. Likewise a large

175



Chapter8. References

portion of mammalian genomic sequence data is incomplete. As such revisiting the
databases at a later date could reveal further -8tiRaining genes and provide
additional insight in to the role of MIR elements is mammalian genonties also
possible that MIR elements ménave other functional role$por example mammalian
imprinting, asa number of imprinted genes have recruited MIR elemeBigdence
(chapter 4)suggest that MIR elements may be involved in immunological processes,
both areas are of intereshich may be investigateflirther.

Only exonic MIR elements were collectadd analysed, corresponding to ~0.4% of the
total MIR elements in the human genome. It is possible that intronic MIR elements
may take part incontrolling gene expressiomia undeterminedmechanismsand
intronic mutations andSNPs have previously beenttdbuted to disease. Likewise
intergenic MIR elements may be involved in enhancing gene expression or contribute to
promoter regions. For example a preliminary analysisising TranspoGene
(http:/ftranspogene.tau.ac.illevy et al., 2008 identified 489 anotated human genes
which have putative promoters which contain Mi&ived sequencethese results are

raw andarenot included in this study, however the data may be revisited in the.future
Furthermore it would be interesting to screen the completasdt ® MIR-containing
genes for MRNA targets and dsRNA structures determine if a particular rRINA

family are prevalent. MIR elements actively accumulated prior to the radiation of
mammals, and whilst this study has fosd on human genes speciflgait would be
interesting to study the full global exaptation of the MIR elements across a large number
of mammals, including the more distant relatives, monotremes and marsupials. All of
these topics mentioned warrant further investigation and anyoukl provide a solid

foundation for subsequent research projects.
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74. Conclusion

In conclusion, MIR elements have the potential to provide a seriess-oégulatory
sequences. El e-WERs argl codilegtsequenaesd arei cantriluting to
aternative splicing by carrying stop codons, translation initiation codons and motifs
which resemble known splice 4dTRappeartobeMl R
playing a different but equally significant role in gene expressind may be inveed

in posttranscriptional control by generating dsRNA structures, precuns#i®NAs and
providing mRNAs target sites. MIR elements may be involved in the regulation of
expression in neuronal cells by localising MRNAs to distinct cellular compartmahts a
by suppressing translation during transport until there is a need for rapid protein
expression. It can also be considered that MIR elements megylate RNA
translocation in othepolarisedcell types, such aspithelial cells, cilia and fibroblasts

or may be involved in oogenesidloteworthy,it is possible that MIR lements may be
asourceof MRNA target sites wWHiRorthecoding speetce,d i n
though less common RNAs have been reporteéd regulate gene expression and block

translation and/or transcription when boutadthese regions (Zhaet al.,2009.
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Chapter. Appendices

0. APPENDICES

9.1. MIR-containing genes which ar&known and validated

All genes are human with the exception of Arhgefl7, Arrbl, Cacnald and PIxnb2 which are
V20SR AY NRRSyYy(G 3ISySa-daVitNeg ¢af |l 0SSR MERBISESKIA VP T 4 b
region; CDS, caunlg sequence; ATGiifiating methionine codon; TAG, stop codon

G N Accession Genomic MIR MIR L
ene Name Number Location Location Type oc.

NM_017436 - - - -
AMGALT BC055286 7121 112 228 MIR p Q
186 317 154 17 MIR3 p Q
NM_207285 43 195 261 112 MIR ATG
NM_207286 43 195 261 112 MIR ATG

NM_207287 43 195 261 112 MIR -

AAAl NM_207288 - - - -
NM_207289 43 195 261 112 MIR ATG

NM_207290 - - - -

NM_207283 - - - -

AADACL1 NM_02002 3310 3415 74 180 MIR3 0]
NM_138726 1444 1640 200 6 MIR oQ

NM_172024 - - - -

ABCCL3 NM_172026 - - - -

NM_172025 - - - -
ABCC3 NM_003786 4758 4926 198 14 MIR3 oQ
ABCG2 NM_004827 2755 2852 95 207 MIR3 0Q
NM_152924 2447 2604 45 197 MIR3 0Q
ABHD2 NM_007011 171 259 143 230 MIR p Q
2845 3002 45 197 MIR3 0Q
ABHD4 NM_022060 1610 1783 188 21 MIR3 0Q
ACADSB NM_001609 5246 5384 202 42 MIR3 0Q

NM_001135 - - - -

NM_013227 - - - -
ACAN BC036445 2624 2790 47 265 MIRb oQ
3984 4167 13 206 MIR 0Q

NM_000019 - - - -
ACATL BC063853 1672 1799 1 126 MIRb oQ
4192 4298 52 176 MIRmM oQ
6459 6581 207 91 THER1 MD oQ
ACBDS NM_145698 8746 8847 112 216 MIR oQ
12866 12956 | 223 127 MIR oQ

NM_018674 - - - -

ACCN4 NM_182847 - - - -
BC031812 2425 2544 4 124 MIR3 oQ
ACE2 NM_021804 3334 3381 206 254 MIR 0Q
ACSS1 NM_032501 4 54 129 79 MIR p Q
ACVR1C NM_145259 2364 2465 148 40 MIR oQ
NM_023038 2989 3127 49193 MIR 0Q

ADAMLS NM_033274 - - - -
ADAMTS4 NM_005099 4224 4324 109 222 MIRb 0Q

NM_014272 - - - -
ADAMTS7 AF140675 2502 2562 93 150 MIR_Mars CDS
2843 3013 30 207 MIRb TAG

NM_182920 - - - -
ADAMTS9 AB037733.1 4447 4637 2 200 MIR3 0Q
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=56999&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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NM_139238 21162271 | 35 201 MIR3 TAG
ADAMTSL1 NM_052866 i } i i
NM_139264 i i i i
ADAMTSLS NM_213604 129 314 186 5  MIRb )
ADC NM_052998 360 481 172 29 MIR3 0O
ADCK4 NM_024876 13 112 36 138 MIRb D Q
ADCY1 NM_021116 1017810428 258 1 MIRb 00Q
47664881 22 188 MIR 0Q
ADBCY2 NM_020546 57655876 | 153 46 | MIR_Mars 0Q
NM_015270 469 594 91 214 MIR )
ADCY6 NM_020983 : } i )
NM_001617 27662930 | 179 3 MIR3 00Q
NM_017482 21932251 | 140 206  MIRb 00Q
ADD2 NM_017483 18482012 179 3 | MIR3 0Q
NM_017484 12751333 140 206 | MIRb 0Q
NM_017488 28523016 179 3  MIR3 0Q
ADIPOQ NM_004797 10751258 202 21 | MIRb 0Q
NM_000680 i i i i
NM_033302 i i i i
ADRAI1A NM_033303 : : : :
NM_033304 i i i :
AY491781 1302 1404 159 55 MIR cDS
AGGF1 NM_018046 4289 4417 119 258  MIR_Mars 00Q
AGPAT6 NM_178819 i i i i
AY358670 20332215 2 195 MIR 00Q
AGXT2L2 NM_153373 15921737 227 78 MR 0Q
NM_006621 i i i i
AHCYLL AF090905 910 1095 24 225 MIRb 00
AL NM_01765 i i i i
NM_001B4832 3436 3548 8 118 MIRC TAG
NM_031426 1686 1805 205 87 | MIR3 00Q
AL 21752215 276 234 | MIRm 0Q
NM_001002260 | 17081827 205 87  MIR3 00Q
21972237 276 234 | MIRm 0Q
NM_001033054 | - i i i
NM_001033055 - i i i
AlPL1 NM_014336 i i i i
BC007994 1403 1466 157 103  MIR 00Q
NM_001625 i i i i
NM_013411 18702087 3 263 THERLMD 0 Q
AK2 27272778 115 161  MIRm 00Q
27833004 | 258 26  MIRb 0Q
32503324 | 19 112 MIR 00
NM_006738 i i i i
NM_007200 i i i i
AKARS NM_144767 i i i i
BC050312 28692919 | 103 153  MIR 00Q
NM_178813 i i i i
NM_001008534 - i i i
AKAPL4 NM_001008535 - i i :
BC0B6357 176 174 249 MR 0O
109 282 89 272 MIRb 0 Q
AKAPS NM_004857 496 657 35 195 MIR3 0O
NM_001003945 | 28202907 143 53  MIR pQ
ALAD 29132987 78 4 MIR bQ
NM_000031 26542741 143 53  MIR 0O
27472821 | 78 4 MIR 0O
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31543358
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9370
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=44890057
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=148&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10768
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54806
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_017651.3
http://www.ncbi.nlm.nih.gov/nucleotide/199559531
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=83543&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=50428929
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50428926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=retrieve&dopt=default&list_uids=23746
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001033054.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001033055.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_014336.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=BC007994.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=204
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=26665889
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=77157796
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+nEzJbagWTSVg
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11214
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31563329
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31563331
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31563332
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=29791896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=158798
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56682936
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56682937
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56682939
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=42491003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9495
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21493042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=210
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51558761
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NM_000694 1800 1936 30 164 MIR 0Q
2239 2268 165 191 MIR 0Q
ALDH3B1 NM_001030010 1689 1825 30 164 MIR 0Q
2128 2157 165 191 MIR 0Q
ALDH3B2 NM_000&5 2148 2236 48 138 MIRb 0Q
NM_001031615 1992 2080 48 138 MIRb 0Q
ALG?2 NM_033087 2416 2588 74 272 THERLMD 0Q
AMACR NM_014324 2274 2363 203 115 | MIRb 0Q
NM_203382 2113 2202 203 115 | MIRb 0Q
3212 3301 90 179 MIR3 0Q
AMIGO? NM_181847 3415 3525 196 82 MIR3 0Q
AMOT NM_133265 4331 4445 206 81 MIR3 0Q
AMOTL1 NM_130847 4535 4688 214 35 MIRb 0Q
NM_000480 3262 3349 99 201 MIR3 0Q
3487 3534 152 202 MIR3 0Q
3540 3666 157 14 MIRb 0Q
NM_001025389 3225 3312 99 201 MIR3 0Q
AMPD3 3450 3497 152 202 MIR3 0Q
3503 3629 157 14 MIRb 0Q
NM_001025390 3364 3451 99 201 MIR3 0Q
3589 3636 152 2@ MIR3 0Q
3642 3768 157 14 MIRb 0Q
XM_930512 - - - -
ANKRD34C AK127037 3024 3274 | 6 260 MIRb pQ
1460 1628 5 193 MIR 0Q
ANKRD42 NM_182603 16591669 194 205  MIR 00Q
ANKRD43 NM_175873 2833 2957 81 207 MIRm 0Q
NM_017704 - - - -
ANKRD49 AL833977 467 551 164 258 MIR_Mars TAG
655 862 260 17 MIRb 0Q
NM_022096 281 345 176 112 | MIR pQ
ANKRDS NM_198798 ; ; ; )
NM_173551 3419 3512 93 188 MIR3 0Q
4362 4586 251 5 MIR 0Q
ANKS6 6376 6510 74 235 MIRb 0Q
BC012981 845 954 5 115 MIRb pQ
979 1188 262 44 MIR pQ
3480 3581 | 137 38 MIR
ANRIL NR_003529 3820 4033 | 241 & MIR ncRNA
AP2B1 NM_001030006 3953 4093 187 27 MIR3 0Q
NM_001282 3911 4051 187 27 MIR3 0Q
NM_031231 1433 1518 40 124 MIR 0Q
APBAZBP NM_031232 1535 1620 40 124 MIR 0Q
APLN NM_017413 1342 1505 201 19 MIR3 0Q
APOF NM_001638 1162 1359 34 228 MIRb 0Q
1513 1681 23 231 MIRb 0Q
APOLD1 NM_030817 1868 1879 232 245 MIRb 0Q
NM_175073 - - -
NM_175069 - - - i
APTX NM_175072 - - - i
NM_017692 1 110 184 68 MIR ) o
NM_175071 ] ] ; P
AQP1 NM_198098 2424 2484 151 97 MIRm 0Q
2201 2294 124 15 MIR3 0Q
AQP2 NM_000486 3340 3410 254 183 | MIRb 0Q
3434 3680 261 9 MIRb 0Q
AQP9 NM_020980 2136 2285 240 90 MIRb 0Q

207
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=272
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=70906424
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=70906425
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32699025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=134548
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41350197
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21739571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=63926
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38569425
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38569427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=203286
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=67906194
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33872903
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=100048912&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=194097452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=163
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71773105
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71773037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=63941
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38569412
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38569414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8862
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47078297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=319
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50659075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81575
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13540611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54840
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28329435
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83478
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71043935
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13775229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=201176
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40548321
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=207212&ordinalpos=4&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=124487438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9459
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47078220
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27696639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33946322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285598
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=46195790
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37589536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=115761
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30348973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51566
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47578119
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47578120
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47578121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9915
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68303554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=56938
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31745179
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=11345222
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=109689&ordinalpos=4&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_177231.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31342320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22901
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45430056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=417
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4757783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9048
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16950639
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16950642
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16950644
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16950640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=435
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68303541
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68303544
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68303546
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68303548
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37782429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=460
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46488922
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46488920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23245
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46488914
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46488916
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46488918
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38016948
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=472
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71902539
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=73486662
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38181622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=490
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48255946
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48255944
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=155066&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nucleotide/154689795
http://www.ncbi.nlm.nih.gov/nucleotide/154689665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=525
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001692.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23271176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=90423
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=42741680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=534
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=20357536
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20357538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=540
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55743070
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55743072
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=64756&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001042546.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_022745.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20146517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=93974
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30260186
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30260189
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30260191
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4895106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=558
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21536465
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11041
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15451880
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15451886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11041
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5802983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8704
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53759111
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53759112
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=80776&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_030578.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=116071
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=45238853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55212
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29029556
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80823
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=331
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32528298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=649
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5902814
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80215
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_015372.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31542710
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16741073
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=129852&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51244
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31652250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23434
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=6680080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=711
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=3282236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=165679
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255082
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47938348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10141
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46358414
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84830
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14249371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=85411
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=14861857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80862
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88999034
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=389440&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=14249145
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=401335&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nuccore?term=NM_001123065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83655
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=16876448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=56988
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=9910447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=619434
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=9624987
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=14249513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=286333
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89029972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=401549
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89029970
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=100128782&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=190570166
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=16041
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=58483
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=10864018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57000
http://www.ncbi.nlm.nih.gov/sviewer/viewer.fcgi?val=169178066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23731
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=14042922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=203228
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37039611
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37039614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=158401
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=75677386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=203197
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33356141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=158427
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377600
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=10834695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=158067
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=767
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56121820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57685
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_198378.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_198379.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54607059
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54607061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10368
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22027545
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=91860
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46195750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=815
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=25952113
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37577156
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31341470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=843
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47078266
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47078268
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47078270
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47078271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=846
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AY189289 10251193 | 1 161 MIR3 0Q
21392226 36 124 MIR 0Q
CCNF NM_001761 4128 4222 88 197 MIRb 0Q
NM_021147 29 159 94 230 MIRDb ATG
CCNO NM_001024592 613 730 152 35 MIRD 0Q
735 789 94 150 MIRb 00
CCR5 NM_000579 27812881 | 153 259 MIR 0Q
CCRL2 NM_003965 1439 1660 261 23 | MIRb 0Q
CD28 NM_006139 26452767 | 21 157 MIRDb 0Q
CD300A NM_007261 16921818 175 51 | MIR_Mars 0Q
CD300LG 22”41—21746512973 691 761 200 138 MIR3 .
895 987 141 49 MIR
CDS
CD33 NM_001772 12551433 29 210 MIR 0Q
19012028 147 6 MIRDb 0Q
CD4 NM_000616 21262332 212 17 | MIRb 0Q
NM_001778 - - - -
CD48 BC030224 915 1009 30 126 MIRDb 0Q
1483 1576 | 122 216 MIRb 0Q
NM_000611 35853709 | 152 20  MIRb 0Q
3967 4153 | 2 211 MIRDb 0Q
5456 5560 | 99 1 MIR3 0Q
5900 6098 | 28 261 MIR 0Q
62526429 268 67 | MIRD 00
NM_203329 36343758 152 20 | MIRDb 00
4016 4202 | 2 211 MIRb 0Q
55055609 | 99 1 MIR3 0Q
5949 6147 | 28 261 MIR 00Q
D59 63016478 | 268 67  MIRDb 0Q
NM_203330 37463870 152 20 | MIRD 0Q
4128 4314 2 211 MIRb 0Q
56175721 | 99 1 MIR3 0Q
60616259 | 28 261 MIR 0Q
64136590 | 268 67  MIRD 0Q
NM_203331 36303754 | 152 20  MIRb 0Q
4012 4198 | 2 211 MIRb 00Q
55015605 | 99 1 MIR3 0Q
5945 6143 | 28 261 MIR 0Q
62976474 | 268 67  MIRDb 0Q
CD80 NM_005191 14571591 193 20 | MIR3 0Q
NM_003874 - - - -
cb84 U96627 1057 1193 | 47 195 MIR3 0Q
CDBA NM_001768 11081290 | 201 9 MIR3 0Q
NM_171827 997 1179 201 9 MIR3 0Q
NM_003671 - - - -
CDC14B NM_033331 - - - -
NM_033332 39224028 1 116 MIR 0Q
16251829 | 1 199 MIR TAG
CDC20B NM_152623 21742234 | 259 197 THERLMD 0Q
2559 2644 | 29 119 MIR 0Q
NM_021873 33 141 44 152 MIRmM pQ
CDC25B NM_004358 33 141 44 152 MIRmM pQ
NM_021872 33 141 44 152 MIRmM pQ
32853457 | 265 70  MIRb 0Q
CDH22 NM_021248 34573651 | 65 262 MIR 0Q
CDK5RAP3 NM_176095 838 1023 268 66  MIRD 0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=994
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=16753220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80279
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NM_025197 8381023 | 268 66 | MIRD 0Q
NM_176096 ; : i ;
NM_000077 10451128 149 60  MIRb 00
CDKN2A NM_058197 13191402 149 60  MIRb 00
NM_058195 10361119 149 60  MIRb 0Q
CDKN2E NM_004936 2606 2743 | 252 91 | MIRD 00
NM_078487 27202866 | 252 91 | MIRD 00
CECR6 NM_031890 3350 3513 | 41 208 MIR3 0Q
NM_001812 i i i i
CENPC1 BC030695 19182005 180 94  MIR3 00
CENTB2 NM_012287 61676219 82 31 MR 00
CENTD3 NM_022481 4862 4967 81 201 MIR3 0Q
CES4 NM_016280 9581158 208 1 | MIR3 00
CFP NM_002621 12 148 193 69  MIRb b Q
CGNL1 NM_032866 6680 6860 3 207 MIR3 0Q
CGREF1 NM_006569 16531852 274 60  MIRb 00
CHL1 NM_006614 6582 6726 | 26 171 THERL MD 0 Q
NM_003741 i i i i
CHRD NM_177978 498 551 134 81 MR TAG
NM_177979 : ] i :
CHRDL2 NM_015424 13721429 135 78  MIR CDS
NM_012126 i i i i
CHSTS NM_024533 8491020 207 39  MIR b Q
16121804 28 216 MIRD 00
20192114 261 151  MIR 00
CHURCL NM_145165 22042247 | 140 97  MIR 00Q
2566 2604 | 114 76  MIR 0Q
CITA NM_000246 i i i i
AF410154 769 862 174 76 MIR TAG
18942048 22 191 MIRD 00
CLDN1 NM_0211a 2432 2669 | 6 240 MIRb 00
CLONLO NM_182848 22672435 | 221 39 MIR 0Q
NM_006984 20012259 | 221 39 | MIR 00
CLEC12B NM_205852 10811252 173 7 MIR 0Q
NM_014257 i i i i
NM_214675 i : : i
NM_214676 : : : :
CLECAM NM_214677 885 972 69 155 MIRDb 00Q
NM_214678 885 972 69 155 MIRDb 0Q
NM_2146D 822 909 69 155 MIRDb 0Q
27802972 8 198 MIRDb 0Q
CLECSA NM_013252 30833133 | 93 145 MIR 0Q
CLIP4 NM_024692 20013066 | 191 16 | MIR3 00
CLN5 NM_006493 37053881 | 225 43  MIRb 0Q
CLNS8 NM_018941 42334440 234 14 MR 0Q
NM_138280 2392 2546 | 79 251 MIR 0Q
CLYBL NM_206808 i : : -
NM_013354 i i i i
CNOTY NM_054026 12341399 206 17  MIR3 00Q
CNTF NM_000614 11391367 268 20  MIRb 0Q
CNTN2 NM_005076 46024792 199 13  MIR3 00
CNTN3 NM_020872 36753814 | 19 164  MIRC 0Q
COBLL1 NM_014900 21882347 | 27 198 MIRD 0O
NM_001037763 - i i )
COL28AL XM_209824 14381652 225 8  MIRb 00
NM_001847 i i i i
COLAAG NM_033641 : : : :
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45580744
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http://www.ncbi.nlm.nih.gov/nucleotide/122891861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1606
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41872487
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41872493
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41393585
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41872499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1718
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56790943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1717
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4503320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79758
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001031719.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_024705.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=56919
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20336301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22894
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_014953.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27185
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61742824
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61742826
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61742828
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61742822
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=399697&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nucleotide/224586837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27122
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=66346686
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=66346687
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NM_001018057 | 16491878 | 251 4 | MIRb 00
NR_002605 223 280 219 167  MIRb
DLEUL AF490255 64 121 219 167  MIRb NCRNA
LGAPA NM_014902 48355007 | 44 204 MIR 0Q
NM_183006 36223794 | 44 204 MIR 00Q
NM_004406 56935799 | 109 215  MIRb 0Q
DMBT1 NM_007329 75777683 | 109 215  MIRb 0Q
NM_017579 75477653 | 109 215  MIRb 00Q
DMRTC2 NM_033052 14491558 136 33 | MIRb 00Q
19492056 140 30  MIR CDS
DMWD NM_004943 27002770 | 154 77  MIR3 00
NM_153614 i i i i
DNAJB13 AF516185 12331299 144 73  THERLMD | TAG
NM 001031723 - i i i
DNAJB14 NM_024920 1507 1640 | 73 224 MIRb 00Q
DNAJBS NM_15330 845 911 48 121 MIR 0O
DNAJC18 NM_152686 20802246 | 254 68  MIRb 0Q
DNASE2 NM_001375 18361995 34 195 MIRb 00Q
NM_004946 i i i i
DOCK2 BC016996 1498 1589 91 190 MIRb 00Q
DOCK5 NM_024940 68306911 | 204 118  MIR3 0Q
NM_203447 i i i i
DOCKs BC045629 15921722 192 31 | MR TAG
NM_152690 183 341 246 91  MIRb TAG
DPM2 NM_003863 : i i }
BC015374 153 311 246 91  MIRb TAG
DPP4 NM_(01935 19 155 43 183 MIR3 o)
NM_130797 i i i i
NM_001936 i i i i
DPP6 NM_001039350 | - i i i
BC035912 10391123 133 49 | MIRb ATG
NM_130434 i i i i
NM_017743 i i i i
DPPS NM_197960 i i i i
NM_197961 i i i i
BC040203 13 252 260 10  MIR3 0O
DPYSL2 NM_001386 3290 3378 109 22  MIRc 0Q
. NM_024422 49875123 87 215 THERLMD 0 Q
NM_004949 50335169 87 215 THERLMD 0 Q
NM_017434 109 239 134 4 MIR3 0 Q
DUOX1 NM_175940 : : : -
DUSP18 NM_152511 21282327 | 35 267 MIRb 0Q
25632748 | 198 24  MIRb 00
USPS NM_004090 34863535 | 139 187  MIR3 0Q
5008285 11991367 198 24 | MIRb ATG
21222171 139 187  MIR3 00Q
DVL3 NM_004423 4906 5060 28 189 MIRb 00Q
NM_016008 i i i i
NM_015522 i i i :
DYNC2LI1 NM_001012665 - : : :
BC040558 16711743 119 191 | MIRb 00Q
NM_014183 i i i i
DYNLRB1 NM_177954 557 718 6 171 MIR 30
813 963 207 61  MIRb 00
NM_014934 49585103 203 47 | MIR 00Q
DZIP1 6076 6244 39 221 MIR 00
NM_198968 50155160 | 203 47  MIR 00
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66346688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10301
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=83715986
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=29468239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22839
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34335252
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34335250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1755
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4758169
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6633800
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8923739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=63946
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24308341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1762
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=62945416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=374407
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39204546
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31324240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79982
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=72534739
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31542690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=165721
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46094077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=202052
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51871334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1777
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=58331228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1794
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377467
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16877490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80005
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89903021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81704
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=44889959
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28277059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8818
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497590
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497593
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=BC015374.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1803
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47078262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1804
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=86792773
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=86792777
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=86792862
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23274247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54878
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37577093
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37577092
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37577088
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37577090
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=26007916
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+y4BrjzagW5aRU
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+y4BrjzagW5SY8
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+y4BrjzagW62zC
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+y4BrjzagW5pC8
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=1808&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001386.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1824
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40806177
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40806176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=53905
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28872749
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28872750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=150290
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51093844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1845
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37655179
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=15429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1857
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41406096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51626
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40548412
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40548417
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61102731
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=26252193
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+y4BrjzagWBKtO
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83658
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29570778
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=29570776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22873
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39725958
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39725956
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EDA

EDG6
EEPD1
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EGLN2

EHD3
EHD4
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EIF1AX
EIF4G3
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ELK4
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ENSA
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4654 4799
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53 264
59 264
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209 155
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209 155
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209 155
154 7
209 155
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1876
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201645
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201646
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201652
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201650
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201648
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47078263
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=64641&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_022659.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7022214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10148
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14577916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1896
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112099
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112100
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112102
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112104
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112106
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112108
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112110
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54112112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8698
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=85797653
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=80820&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=18449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30008
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88703037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=112398
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18141576
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922129
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18141577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30845
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7657055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30844
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79813
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40217807
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33317791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1964
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=77404356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8672
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=10092600
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NM_004436 i i i i
NM_207044 11681347 6 187 MIRm 00
NM_207045 i ; i }
NM_207046 i i i i
NM_207047 10321211 6 187 MIRM 00
NM_207168 : : i }
NM_012156 57545953 3 201 MIR3 00
EPBAILL NM_177996 53475540 | 9 201 MIR3 00
NM_ 018424 22512364 | 84 199 MIR3 00
EPBA41L4B NV 010114 : ; _ _
NM_001004338 - i i i
EPHAL0 NM_173641 11371198 218 156  MIR 00
1505 B26 168 42  MIRb 00
CPHAS NM_020526 41354294 181 13  MIR3 00
NM_001006943 16991839 109254  MIRb 00
NM_017449 i i i i
EPHB2 NM_004442 i i i i
BC067861 15651690 132 5 | MR TAG
NM_005670 20582179 | 133 5  MIRD 00Q
EPM2A 26452868 | 252 8  MIRb 0Q
NM_001018041 - : i :
NM_001982 47244854 258 113 MIRb 00
ERBB3 51525230 | 112 26  MIRb 0Q
NM_001005915 - i i ;
ERGIC1 m_ggégggnl 708 881 22 204 MIRb 0Q
= 12541362 203 85  MIRb 0Q
NM_007175 i i i i
ERLIN2 NM_001003790 - i i i
BC0B7765 10951230 181 37  MIR3 0Q
NM_00101822 i i i i
ERMAP NM_018538 i i i i
BX537371 236 433 254 36  MIRb b O
NM_000125 i i i i
csRL BX640939 12471306 86 145 MIRb 00
16951804 207 93  MIR3 0Q
30203227 | 8 254 MIRb 0Q
ETV6 NM_001987 53095409 | 151 49  MIR 0Q
ETV7 NM_016135 1507 1544 115 151 MIRb 0Q
43674416 116 72 MIRb 00
EVIS NM_005665 45474592 71 31 MIRb 0Q
EXOC5 NM_006544 5800 6040 | 267 10  MIRD 0Q
EXOSC1 NM_016046 988 1049 251 189  MIRb 0Q
EXTLL NM_004455 613 786 3 186 MIR3 b O
F2RL1 NM_005242 17131845 198 55  MIR3 0Q
FABP2 NM_000134 18461907 268 208 THER MD  00Q
FADD NM_003824 13091371 | 75 10 MIR 00
28142%8 | 197 47  MIRDb 00Q
FAIM2 NM_012306 31593275 27 143 MIR 00Q
NM_145253 i i i i
FAM100A AF447881 299 434 208 61  MIR3 b0
483 574 147 40 MR 0O
FAM109A NM_144671 110 195 134 48 MR 0O
NM_207121 1 49 207 156  MIR 0O
FAM110A NM_031424 i i i i
NM_022074 21572247 | 262 152  MIR 00
FAML11A NM_198847 21182218 | 262 141  MIR 0Q
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FAM139A NM_17%78 2829 2916 |3 94 MIR 0Q
FAM163A NM_173509 2602 2713 | 25 152 MIRD 00
FAM167A NM_053279 23882486 | 173 74  MIR3 0Q
NM_015159 i i i i
D87470 2031 2152 | 197 74 | MIR3 00
FAM168A 3206 3335 | 259 112 | MIRC 0Q
3507 3663 | 238 43 | MIRC 0Q
4532 4637 180 72  MIRc 0Q
NM_015091 i i i i
FAM1798 BCO57255 4604 4849 240 4  MIRc 00
NM_024581 i i i i
FAM184A NM_001100411 - : : i
BX640728 20852493 | 27 253 MIRb 0Q
20732292 2 223 MIRb 0Q
FAM26C NM_001001412 23852422 | 143 106  MIR 00
27262879 | 2 171 MIRb 0Q
FAM26D NM_153036 8311017 40 257 MIRb 0Q
25302645 151 34  MIR 0Q
FAMA0A NM_033088 43234360 113 153  MIRb 0Q
NM_016623 i i i i
FAMA49B BCO16345 34 154 136 16 MR b Q
FAMS50B NM_012135 1390 1618 | 12 262 MIR 0Q
NM_014661 i i i i
FAMS3B BC031654 13331397 179 111  MIR TAG
FAM62C NM_031913 21402231 | 157 65 | MIRm 0Q
FAM79B NM_198485 35053615 | 87 191 MIR 0Q
13391532 | 70 261 MIR 0Q
FAM92B NM_198491 1706 1884 43 254 MIRb 0Q
FAMO8E NM_173611 12501382 14 142 MIRD 00
FANCF NM_022725 2147226 | 42177 MIR3 0Q
T3 XM_926199 1656216728 185 6  MIR3 0Q
XM_936538 1656116727 185 6  MIR3 0Q
NM_017556 77 212 178 33 MIRb b Q
FBLIM1 NM_001024215 - ] i i
NM_001024216 - : : :
FBXL12 NM_017703 13371475 | 21 173 MIRb 0Q
FBXL7 NM_012304 25432624 | 48 135 MIR 0Q
NM_032807 31 156 6125 MIR3 ATG
FBXO18 NM_178150 ; ; i i
FBX031 NM_024735 21772309 | 13 152 MIR 0Q
NM_033182 22702305 205 240 MIR 0Q
NM_183412 22562291 205 240  MIR 0Q
FBXO44 NM_183413 21452180 205 240  MIR 00
NM_001014765 277 373 14 119 MIRM b0
26422677 | 205 240 | MIR 0Q
43754414 67 30 MIR 0Q
FCMD NM_006731 56345764 116 254  MIRb 0Q
NM_005102 i i i i
FEZ2 117328 114 276 72 235 MIR b Q
Fon NM_004463 30604111 | 37 194 | MIR3 00
NM_173558 i ; i i
FGD2 BC062363 699 768 147 75 MR 0Q
9551084 | 30 157 MIR 0Q
FGD3 NM_03386 44534551 129 31  MIR 0Q
FGF7 NM_002009 33853517 | 202 46  MIR3 00
FGR NM_005248 18321924 204 112 MIR3 0Q
FHAD1 XM_034878 i i i i
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5803014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9637
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=91010
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40217838
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40217840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64778
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27477058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2306
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55956927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2299
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618326
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27315
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7657101
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001042524.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001042525.1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=728603&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001042515.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001042516.1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=391059&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nucleotide/147900820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11167
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34304366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79068
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=51472998
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89040372
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89040374
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89040376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2530
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30410725
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30410723
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30410727
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30410721
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30410729
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FXC1 NM_012192 746 817 188 116 | MIRD 0Q
EXN NM_000144 18382008 | 44 208 MIR3 0Q
NM_181425 1846 2016 44 208 MIR3 0Q
VB NM_001465 38033916 | 57 185 MIRD 0Q
NM_199335 36653778 | 57 185 MIRD 0Q
GAB2 NM_080491 5118 5186 | 110 180 MIR3 0Q
NM_012296 5164 5232 | 110 180 MIR3 0Q
GAB3 NM_080612 23702630 | 249 4 MIRb 0Q
GABBR2 NM_005458 4457 4675 | 19 221 MIRD 0Q
36083703 | 204 114  MIR3 0Q
GABRA4 NM_000809 50715220 | 51 201 MIR3 0Q
GABRE NM_004961 26372770 | 245 117  MIR_Mars 0Q
GAFA2 XM_001725248 27 78 91 147 MIR CDS
NM_198321 - - - -
GALNTI0 NM_017540 1 157 96 262 MIRD 0Q
GALNT11 NM_022087 17401953 | 242 8 MIRD 0Q
30033042 |29 71 THERLMD | 0Q
GALNT4 NM_003774 30733199 | 72 202 MIR3 0Q
GAS2L3 NM_174942 75 153 140 58 | MIRDb pQ
NM_003644 5945 6028 | 90 173 MIR3 0Q
7079 7167 | 61 147 MIR 0Q
GAS7 NM_201432 63536436 | 90 173 MIR3 0Q
74877575 | 61 147 MIR 0Q
NM_201433 63836466 | 90 173 MIR3 0Q
7517 7605 | 61 147 MIR 0Q
NM_152785 657 704 109 158 MIR3 TAG
13351501 | 207 20  MIR3 0Q
GCET2 25512694 | 4 156 MIRmM 0Q
NM_001008756 824 871 109 158 MIR3 TAG
1502 1668 | 207 20  MIR3 0Q
27182861 | 4 156 MIRmM 0Q
NM_001498 - - - -
GCLC BC022487 17381907 | 5 194 MIR3 0Q
NM_145649 20323068 | 246 111  MIRb 0Q
GONT2 NM_001491 32003336 | 246 111  MIRDb 0Q
NM_ 145655 24642509 | 256 210 | MIR 0Q
27282864 | 246 111  MIRDb 0Q
GDAR NM_017686 2659 2762 | 108 221 MIRDb 0Q
GFI1B NM_004188 1277 1354 | 72 149 MIR 0Q
20132982 | 260 191  MIRDb 0Q
GGEX NM_000821 20543088 | 166 20  MIR_Mars 0Q
GGTAL NR_003191 1258 1377 127 251 | MIR ncRNA
GHDC NM_032484 295 438 179 46  MIRDb pQ
NM_005716 94 153 136 78 | MIR pQ
NM_202467 94 153 136 78 | MIR pQ
NM_202468 - - - -
GIPC1 NM_202469 - - - -
NM_202470 - - - -
NM_202494 - - - -
GIB3 NM_024009 268 384 236 118  MIR_Mars pQ
NM_001005752 - - - -
GLB1L3 NM_001080407 1687 1879 | 48 250 MIRD CDS
GLDN NM_181789 14741608 12 163 MIR3 0Q
GNA12 NM_007353 3597 3715 | 90 199 MIR3 0Q
NM_181077 - - - -
GOLGABA AF163441 11 199 48 246 MIRDb pQ
GOLGASB NM_001023567 54 144 159 235 MIR pQ
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26515
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29837656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2395
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31742514
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31742515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2533
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=52426760
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=100130322&ordinalpos=10&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=XM_001725248.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38788159
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38788170
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=11545800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8693
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34452724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283431
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28372562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8522
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41406075
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41406077
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41406079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=257144
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=57165367
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=57165368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2729
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45359851
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=18490904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2651
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=85790416
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30061504
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=85790494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54834
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8923142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8328
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2677
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=52851441
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=2681&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10755
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2707
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54607055
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001080407.1
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66363690
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=6969979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=440270
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66472908
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51280
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29550837
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29550849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2814
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4758459
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=2821&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_000175.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=62088729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=221188
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24475870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29933
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30181231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64582
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54262142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=151556
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74315999
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74315998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29909
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2849
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23592219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11251
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4758069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27201
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=36951033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27198
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=87162459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=222487
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40538803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2882
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15618996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57476
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=42659617
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=42659617
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=42659617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9687
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23397641
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23397643
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23397645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=80852
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88961502
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88968680
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88968677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=134266
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=87196332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=146395
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=157951719
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001109763.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31747508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9567
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=82546878
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4679021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2979
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62751778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55766
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29553976
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29553969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9001
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30061495
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30061493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=145864
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32455240
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38383000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=404037
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30794471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3036
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4504338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10767
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24431963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3055
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30795228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10013
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13128863
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=15079316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55869
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8923768
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=13182768
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81932
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51409
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54792139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3077
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040337
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040338
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040340
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040342
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040344
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040346
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040348
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040350
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040352
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040354
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21040356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55733
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64344
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23065534
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23065531
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=90421310
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23065540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8334
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21396481
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=2062703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3098
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4504390
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991826
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991828
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991830
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=15991832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3099
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40806188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284459
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34330189
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31753171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81502
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30581114
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30581108
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30581110
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30581112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3172
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31077206
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31077204
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31077208
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71725338
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71725340
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71725335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3174
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84525
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47717119
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47717121
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47717120
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21311736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51440
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19913444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3257
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33286415
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33286409
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33286413
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33286411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3269
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13435403
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HRH2 NM_022304 16691842 | 266 84 | MIRb 00
NM_022460 i i i i
HS1BP3 BC027947 1086 1211 69 206 MIR 00
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HS2ST1 NM_012262 64646510 | 8 55 MIR3 00Q
31633361 251 13  VIRP 00
HS6ST3 NM_153456 5495748 20 5 | °n
NM_198705 11451180 150 115  MIRb 00
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NM_198707 13081343 150 115  MIRb 0Q
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NM_032369 60 149 142 52 MIRb b O
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HYALL NM_153284 14021614 259 19  MIRb 0Q
NM_153285 964 1176 250 19  MIRb 0Q
NM_153286 815 1027 250 19  MIRb 00
NM_033159 17291951 268 19 | MIRb 00
NM_15328 20242246 | 268 19  MIRb 00
NM_017558 i i i i
HYDIN BC028351 26842754 38 110 MIRb 00
IBRDC1 NM_152553 10441120 80 2 MIR CDS
ICMT NM_012405 22582371 | 98 218 MIRb 00Q
IFIT5 NM_012420 1656 1726 267 197 | MIRb 0Q
NM_052985 i i i i
NM_018262 i i i i
NM_052989 i i i i
NM_052990 i i i i
IFT122 AK024435 3427 3491 27 93 MIRb 00Q
3519 3614 | 158 259  MIR 00
AK096891 100 138 86 125 | MR 0O
AK124140 201 412 135 7 MR b O
. NM_014055 i i i i
NM_031473 18631991 153 29  MIR 00
IGF1 NM_000618 174574 1 200 MIRDb 0Q
NM_006548 i i i i
IGF2BP2 NM_001007225 - i i i
AF057352 284 372 26 115 MIR 50
IGSF1 NM_001555 i i i i
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3274
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13435404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64342
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68800429
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=20381223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9653
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=12545388
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38424084
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38424078
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38424082
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38348361
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38424080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84263
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84941
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=116835
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31317302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51182
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=82880657
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=82880659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26353
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38016940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285242
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47519912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3360
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21361164
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41282073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30811
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7657213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84329
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=91992152
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=91992154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3373
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497560
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497565
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497567
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497569
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497571
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497573
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497561
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24497563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54768
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46361982
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=20306223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=154214
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34303935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23463
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89142738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=24138
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6912629
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=55764&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=16554620
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_018262.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_052989.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_052990.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AK024435.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AK096891.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AK124140.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=28981
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32526900
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3479
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19923111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10644
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=64085376
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56118218
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4883680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3547
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45505166
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NM_205833 1496 1659 | 5 168 MIRb 00
16511813 78 259 MIR 30
NM_003639 i i i i
IKBKG AY114157 1 68 171 104  MIR3 ATG
27572884 | 6 153 MIR 0Q
IL10RA NM_001558 33793627 3 268 MIRD 00
L1oREL NM_005535 20462100 | 141 87  MIRb 0Q
NM_153701 1777182 191 255  MIRb 0Q
135 267 196 63 MR )
IL12RB2 NM_001559 35823626 275 231 | MIRm 00
NM_004513 31513255 | 268 152  MIRb 00
16 46774890 225 22 MIR Mars 00
NM_172217 55735677 | 268 152  MIRD 00
70997312 | 225 22 MIR Mars 00Q
NM_153480 i i i i
NM_153481 i i i i
NM_ 144640 i i i i
IL17RE NM_153482 i i i i
NM_153483 i i i i
BC063110 12271362 108 259  MIRb 0Q
NM_173042 579 671 72 162 MIR3 b O
IL18BP NM_001039659 - i i )
NM_001039660 - i i i
IL18R1 NM_003855 25202768 | 2 253 MIR 00
10442153 268 57 | MIR 0Q
IL1A NM_000575 21212334 18 219 MIRb 00
NM_002182 27902957 | 21 197 MIR3 0Q
ILIRAP NM_134470 i i i }
IL20RB NM_144717 13381485 3 151 MIR3 00
NM_021798 23432526 58 265 MIRb 0Q
27352780 276 231 | MIRm 00
Lo1R NM_181078 2456 2639 | 58 265 MIRb 00Q
28482893 | 276 231 | MIRm 00
NM_181079 2358 2541 | 58 265 MIRb 0Q
27502795 | 276 231 | MIRm 0Q
IL22RA1 NM_021258 25732794 | 36 260 MIRb 00
NM_052962 1101 68 261 MIRb 0O
IL22RA2 NM_181309 1101 68 261 MIRb 0O
NM_181310 1101 68 261 MIRb 0O
IL23R NM_144701 22812342 | 146 83 | MIR 0Q
IL27RA NM_004843 23472501 | 237 57  MIRb 00
NM_170743 21602357 | 35 259 MIRb 0Q
32523322 152 81 MIR 00
Lo8RA NM_173064 20732270 | 35 259 MIRb 00
31653235 | 152 81 MIR 00
NM_173065 20292226 | 35 259 MIRb 00Q
31213191 | 152 81 MIR 0Q
IL2RB NM_000878 36833782 | 63 166 MIR3 00
LesT NM_002184 148 240 9 101 MIRb 0O
NM_175767 i ) i i
L8 NM_000584 907 984 113 183 MIR 00
IMP3 NM_018285 668 692 141 117 MR 00
NM_017553 i i i i
INGC1 BX640651 52525334 | 114 212 MIRb 00
NPPED NM 001017915 40894144 254 199  MIRb 00
NM_(05541 40864141 254 199  MIRb 0Q
INTS2 NM_020748 52645329 | 110 194  MIR 0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3587
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3594
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=5031784
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3595
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3603
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27262654
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27262656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=132014
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430203
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430205
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430202
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430207
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430209
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38648801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10068
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89111126
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89111124
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89111128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8809
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27477086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3552
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27894329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3556
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430220
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24430221
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=53833&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=50615
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31083186
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31083173
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31083179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=58985
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31317238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=116379
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31317244
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31317240
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31317242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=149233
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24430211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9466
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18379338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=163702
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28416903
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28416908
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28416910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3560
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23238195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3572
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28610146
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28610148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3576
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28610153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55272
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=70908369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54617
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38708320
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34364688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3635
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=64085166
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=64085176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57508
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24308210
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INTU NM_015693 - - - -
BC051698 32313466 | 251 7 MIRb 0Q
NM_004136 - - - -
IREB2 BC017880 12781481 | 206 3 MIR 0Q
IRF6 NM_006147 18942051 16 185 MIR3 3
ISCAL NM_030940 1166 1292 | 183 58 | MIR3 0Q
NM_002201 - - - -
BC016341 566 645 9 96 MIRD 0Q
1ISG20 1365 1444 | 85 165 MIR 0Q
19242020 | 166 262 MIR 0Q
20842180 168 75 | MIR3 0Q
1ISG20L1 NM_022767 21832422 | 14 262 MIRD 0Q
ITGA2 NM_002203 51535302 47 198 MIR3 0Q
ITGAL NM_002209 36123793 16 196 MIRb 0Q
ITGB3 NM_000212 4000 4163 41 207 MIR3 0Q
ITGB7 NM_000889 26 135 133 10 | MIR pQ
ITIH4 NM_002218 30753141 | 186 120  MIR3 0Q
NM_030569 50545132 | 140 64 | MIR 0Q
ITIH5 NM_032817 4394 4472 | 140 64 | MIR 0Q
NM_001001851 - - - -
ITK NM_005546 31303360 248 25 | MIRD 0Q
ITPK1 NM_014216 22972400 | 91 195 MIRmM 0Q
JAK3 NM_000215 3444 3527 49 139 MIR 0Q
JARID1B NM_006618 418 597 65 262 MIR pQ
JHDM1D NM_030647 6188 6302 25 140 MIR 0Q
KCNAG NM_002235 4039 4170 42 171 MIR 0Q
40374105 152 83  MIRb 0Q
KENA? NM_031886 41614284 191 56 | MIRm 0Q
KCNE3 NM_005472 1725 1860 58 200 MIR3 3Q
KONG3 NM_133329 33333398 | 177 110  MIR3 0Q
NM_172344 33003365 177 110 | MIR3 0Q
KCNG4 W—ggjgg 1174 1276 | 60 180 MIRD 0Q
— 1287 1422 | 270 113  MIRm 0Q
NM_139318 - - - -
KCNH5 NM_172376 21522288 | 2 151 MIR 0Q
NM_172375 - - - -
KCNJ13 NM_002242 22622330 | 124 197 MIR3 0Q
KCNK3 NM_002246 21022267 261 99 | MIRDb 0Q
NM_004823 1421 1553 | 29 165 MIR 0Q
KCNK 2066 2206 | 31 176 MIR 0Q
2525 2555 | 177 207 MIR 0Q
NM_005552 - - - -
KCNS1 NM_002251 232 394 261 85  MIRDb pQ
23152417 | 157 15  MIRb 0Q
KCTD17 NM_024681 1398 1425 161 188 MIRb 0Q
KHK NM_000221 17271880 34 192 MIRb 0Q
NM_006488 17271880 34 192 MIRb 0Q
KIF1A NM_004321 78217982 | 5 166 MIR3 0Q
KLCL NM_005552 19582011 137 84 | MIRDb TAG
NM_182923 - - - -
NM_007249 78158049 | 267 8 MIRb 0Q
KLF12 NM_016285 - - - -
KLF17 NM_173484 25412627 | 37 121 MIRD 0Q
KLE3 NM_016531 - - - -
BC051687 1639 1707 63 134 MIRD 0Q
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=44888832
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41352692
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=17389723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3664
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497623
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=81689&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=52426767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3669
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147571
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=16740975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64782
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21362093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3673
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6006008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3683
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4504756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3690
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47078291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3695
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4504776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3700
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40288189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80760
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49355768
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49355773
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49355777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3702
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21614549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3705
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41393564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=3718
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47157314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10765
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=57242795
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=80853&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_030647.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3742
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=25952089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3743
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=25952091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10008
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62388886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=170850
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27436991
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27436992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=93107
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27436995
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27436994
http://zurg.embl-heidelberg.de/cgi-bin/repeatmask/cgimodel.py?fun+parseplease+userId+nEzJbagWf_bh
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27133
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27886644
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27886647
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27886645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3769
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34222089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3777
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4504848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9424
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4758623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3787
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34916055
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=25777652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=79734
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13489098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3795
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4557692
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5670341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=547
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41327743
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=3831&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34916055
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41055203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11278
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21071073
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21071072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=128209
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51274
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46048173
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=30353759
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KLHDC6 NM_207335 26142832 | 36 261 MIRD 0Q
NM_144711 - - - -
KLHL23 BC016950 1358 1481 4 130 MIR3 0Q
KLHL32 NM_052904 27782916 | 52 186 MIR 0Q
KLHL6 NM_130446 2056 2305 272 2 MIRD 0Q
KLK10 NM_002776 1328 1543 | 22 255 MIRDb 0Q
NM_145888 1191 1406 | 22 255 MIRb 0Q
NM_023006 1036 1188 | 76 229 MIR 0Q
KLK1S NM_138563 1017 159 76 229 MIR 0Q
NM_138564 899 1051 76 229 MIR 0Q
NM_017509 1154 1306 | 76 229 MIR 0Q
NM_002774 1306 1508 | 56 262 MIR 0Q
KLK6 NM_001012964 13221524 | 56 262 MIR 0Q
NM_001012965 1274 1476 | 56 262 MIR 0Q
NM_001012966 1165 1367 | 56 262 MIR 0Q
KRI1 NM_023008 2551 2579 148 120 | MIRc 0Q
KRT4 NM_002272 2 77 100 25 | MIR p Q
KRT74 NM_175053 22572490 | 268 2 MIRb 0Q
NM_015478 2546 2760 | 4 224 MIRD 0Q
LSMBTL NM_032107 - - - -
LAMP3 NM_014398 24172640 274 7 MIRD 0Q
LASIL NM_031206 11161231 | 135 4 MIR3 CDS
LDLRAP1 NM_015627 19032010 | 164 18  MIRb 0Q
NM_024298 - - - -
LENG4 BC006309 1544 1591 | 98 145 MIR 0Q
1626 1799 | 28 216 MIR 0Q
LEP NM_000230 24582595 | 177 33  MIR3 0Q
LHFPL5 NM_182548 13411429 | 96 186 MIR3 0Q
LG4 NM_002312 109 244 230 93  MIRb pQ
NM_206937 66 123 145 87 | MIR pQ
NM_005874 - - - -
LILRB2 BC025766 1586 1728 | 35 188 MIR3 0Q
19052122 | 14 247 MIRD 0Q
LINGO1 NM_032808 26812931 | 3 258 MIRD 0Q
NM_018148 23842466 69 154 MIRD CDS
NM_001040614 - - MIRD - -
LINS1 NM_001040615 - - - -
NM_001040616 - - - -
AK001445 2397 2466 | 85 154 MIRDb
LIPG NM_006033 30143144 | 167 27  MIRb 0Q
LMBR1L NM_018113 273 401 120 249 MIR_Mars CDS
LMOD1 NM_012134 36853850 | 244 66 MIRD 0Q
LPPR2 NM_022737 190 27 104 188 MIRD pQ
LRAT NM_004744 4040 4084 188 233 MIR 0Q
LRFN1 XM_290842 98 156 141 83 MIRD pQ
LRRC15 NM_130830 4913 5009 263 162  MIRb 0Q
LRRC21 NM_015613 20452100 | 262 207 @ MIR 0Q
430 477 161 116 MIR 0Q
LRRC25 NM_145256 1552 1754 | 28 236 MIR3 0Q
NM_005512 7 90 14 101 MIRDb pQ
21072232 142 1 MIR 0Q
20403158 | 232 13  MIRb 0Q
LRRC32 33883488 | 186 82  MIR3 0Q
35113580 | 128 198 MIR3 0Q
38413924 152 47 | MIRm 0Q
NM_031294 - - - -
LRRC48 AL136926 10011084 | 219 129  MIRb 0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=166348
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46409307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=151230
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88703036
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=16877406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=114792
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=24308379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=89857
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18482382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5655
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=22208981
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=22208983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55554
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20302140
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20302144
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20302146
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20302142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5653
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61744422
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61744423
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61744425
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61744427
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=65095&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_023008.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3851
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=17318573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=121391
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31341312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26013
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21536478
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21536480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27074
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38455384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81887
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31542677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26119
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22027529
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79143
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23308571
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33873521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3952
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4557714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=222662
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34222377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=3981
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46255050
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46255051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10288
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5031910
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=45708653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84894
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=52145308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55180
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=95007025
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=95007023
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=95007027
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=95007029
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AK001445.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9388
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62422575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55716
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25802
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6912323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64748
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=12232394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9227
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46359072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=57622
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=51474705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=131578
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26103
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14149693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=126364
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45593137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=2615
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5031706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83450
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33636688
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=12053346
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13851468 128 40 | MIRb 00
38234028 | 246 36 | MIR 00
LRRC59 NM_018509 16001748 196 35  MIR3 00
L8P NM_000428 72837435 249 8§ | MR 00
AF113211 1 149 245 87 | MR 0 Q
LUzP1 NM_033631 49325110 20 201 MIR3 00
52635330 | 110 177 | MIR3 00

NM_173800 i i i i
LVRN BC070028 134 186 142 90  MIR 0O
NM_001031749 12191323 | 2 107 MIR 00
1326 1405 27 107 MIR 00
LYPDS5 14081613 27 218 MIR 00
NM_182573 11831287 2 107 MIR 00
12001369 27 107 MIR 00
13721600 27 255 MIR 00
LYPD6 NM_194317 2512 2645 | 254 119 | MIRD 00
LZIC NM_032368 11481292 197 32 MIR3 00
NM_012090 98 147 134 8 MR b0

MACH NM_033044 i i i i
ARE NM_012323 12481349 134 38  MIR 00
NM_152878 11981299 134 38  MIR 00

NM_001099680 - i i i

NM_001099681 - : i :

MAGIX NM_001099682 | - : : :
NM_024859 2409 2531 | 155 17 | MIRb TAG
ALTL NM_006785 42014347 152 4 MIRb 00
NM_173844 41684314 152 4 MIRb 00
MAN2A2 NM_006122 6056 6130 | 193 268 | THERLMD 0 Q
MAOB NM_000898 21032257 | 202 46  MIR3 00

NM_002756 i i i i

MAP2K3 NM_145109 i : i :
NM_145110 105 140 143 108  MIR 0O
MAP3K14 NM_003954 38613984 | 109 229 | MIR 00O
MAP3K8 NM_005204 578 673 263 163  MIR 0 Q
APAKS NM_006575 41644332 199 11  MIRb 00
NM_198794 42124380 199 11  MIRb 00
MAPK4 NM_002747 30973256 | 176 17 | MIR3 00
NM_004759 14721629 175 16  MIR3 00

MAPKAPK2 NV 032600 : : _ _
MARCHS5 NM_017824 32613438 | 25 197 MIRD 00
NM_001002265 511 622 74 190 MIR3 b O
MARCHS NM_145021 511 622 74 190 MIR3 b O

NM_001002266 - : i )

NM_138396 i i i i
MARCHS BC009489 48 224 200 22 | MIR b O
MARK4 NM_031417 3060 3132 | 84 153 MIRD 00
NM_001879 2500 2825 | 14 254 MIRD 00
31113244 | 2 138 MIR3 00
MASPL 39704042 | 92 165 MIR 00
NM_139125 27212791 | 87 157 MIR3 00
36573821 | 37 207 MIR3 00

NM_ 001031849 - ] i }
XM_038150 53315414 | 46 140 MIR 00
VASTS 54205603 | 256 71 | MIRD 00
XM_938007 53285411 | 46 140 MIR 00
54265600 | 256 71 | MIRD 00
MAT1A NM_000429 19442187 255 1 MIR 00
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55379
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4053
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46389563
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=11640569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7798
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53729364
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=206338&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=194239712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284348
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=72534781
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32698975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=130574
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_194317.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84328
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23499
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33188444
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33188442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23764
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23111001
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23111002
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79917&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001099680.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001099681.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001099682.1
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=14983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10892
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27886564
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27886565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4122
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51477715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4129
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38202206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5606
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618346
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618348
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9020
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=4505396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1326
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22035597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11183
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38570133
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38570134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5596
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89276768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9261
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32481207
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32481208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54708
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=58532582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=220972
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50539411
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50539409
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50539413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=92979
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53759067
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33874655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57787
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33636755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5648
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21264356
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21264358
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=73623025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23031
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89052449
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89057272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4143
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=67906818
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NM_002379 i i i i
MATNL M55683 15791780 258 38  MIRb 00
NM_005368 i i i i
MB NM_203377 93 166 23 96 MIR 0O
NM_203378 i i i i
MBL2 NM_000242 32413423 | 37 226 MIR 00
MC1R NM_002386 16611737 82 172 MIR3 00
MCCC2 NM_022132 19872034 106 153  MIR 00
OO NM_182751 31303235 | 89 194 MIR3 00
NM_018518 31273232 | 89 194 MIR3 00
NM_153487 74477567 | 193 62 | MIR3 00
MDGAL 82748356 187 93 | MIR3 00
NM_030973 i i i i
MED25 AF447873 586 676 240 158  MIRb D
14361479 136 93 MIRm DO
NM_201542 9821208 | 15 260 MIRD 0
NM_052877 ; ; i ;
MEDS NM_001001651 - : : :
NM 001001653 9821208 | 15 260 MIRD 00
NM_001001654 9391165 | 15 260 MIRD 00
MEG3 AF447875 4756 4882 121 254  MIRD 00
MEGF11 NM_032445 51495276 | 84 205 MIR3 00
XM_929502 i i i i
XM_933704 1597 1806 4 256 MIR 00
MEGF9 XM_94160 i : i }
XM_945294 1597 1806 4 256 MIR 00
NM_015154 i i i i
BC00210 18131912 96 202 MIR3 00
MESDC2 18542012 187 22 MIR3 00
2380 2558 | 93 272 MIRb 00
2678 2795 | 38 178 MIRM 00
NM_001007239 2746 2830 | 262 182 | MIRb 00
METTL13 NM_014955 2889 2973 | 262 182  MIRb 00
NM_015935 3214 3298 | 262 182  MIRb 00
MFAP3 NM_005927 19001968 111 185  MIR3 00
MFAP5 NM_003480 17441880 20 156 MIR3 00
NM_032793 i i i i
MFSD2 AF370364 145 273 134 8 | MR 0O
NM_181644 i i i i
MFSD4 AY358107 28533106 | 7 262 MIR 00
MGATS NM_002410 12451458 | o IR 00
MICA NM_000247 1186 1360 | 24 223 MIR TAG
NM_014632 i i i i
MICAL2 BX538021 1187 36 262 MIRD b0
MIFAGD NM_020679 1136 1205 70 145 MIR 00
MIPOLL NM_138731 41214203 261 177 | MIR_Mars 00
42774387 165 26  MIRD 00
IR NM_016641 18541966 198 85  MIR3 00
2257256 | 258 4 | MIRD 00
NM_005937 i i i i
MLLT6 BC064612 20722269 197 1 | MR 00
NM_032951 27672938 | 33 191 MIRM 00
LXIPL NM_032952 27102881 | 33 191 MIRM 00
NM_032953 27612932 | 33 191 MIRM 00
NM_032954 27042875 | 33 191 MIRM 00
MMP19 NM_002429 20192250 | 1 264 MIRDb 00
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4146
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13518035
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=180651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4151
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=44955876
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=44955884
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=44955887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4153
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4557738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4157
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27477128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64087
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14251210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55388
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33383236
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33383234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=266727
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24475844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81857
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50428939
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33317118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=112950
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=48762707
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42490745
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48762701
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48762703
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48762705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55384
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33317124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84465
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14192940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1955
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89029942
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89029940
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89030594
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89030592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23184
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74136551
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=39644854
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=51603&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nucleotide/55956894
http://www.ncbi.nlm.nih.gov/nucleotide/55956896
http://www.ncbi.nlm.nih.gov/nucleotide/55956897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4238
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21314642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8076
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46359073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84879
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42713695
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33341657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=148808
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37059798
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37181319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4249
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6031185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4276
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4557750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9645
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41281417
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31874115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57409
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23510351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=145282
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51573
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39753954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4302
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=57222567
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40352830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51085
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=78711801
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=78711800
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=78711807
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=78711808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4327
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=75905804
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NM_001032360 | 16721903 | 1 264 MIRDb 00
MMRN1 NM_007351 45384776 266 3 MIRD 00
NM_145279 21712322 193 39 | MIR3 00
MOBKL2C NM_201403 21232283 202 39 | MIR3 00
MON1B NM_014940 2649 2740 | 108 197  MIRb 00
NM_012286 i i i i
MORF4L2 BC056899 110 164 164 231 | MIR 0O
MPL NM_005373 30823305 | 12 249 MIR 00
MPO NM_000250 26032901 | 2 228 MIR 00
Ppa NM_001932 10 147 124 265  MIRD b O
20992203 | 198 93 | MIR3 00
MRAP2 NM_138409 13481485 53 207 MIR3 00
NM_001031727 | 1310 1441 21 151  MIR 30
TRIL 1770 1804 138 172  MIR 00
NM_032285 1169 1300 21 151  MIR 00
1629 1663 138 172  MIR 00
MRM1 NM_024864 17761816 162 202  THERLMD 00Q
MRO NM_031939 16291877 262 2 MIR 00
MRPLLO NM_145255 12181406 247 27  MIRb 00
NM_148887 13161504 247 27  MIRb 00
NM_016504 i i i i
NM_148571 340 445 266 161  MIRb 0
MRPL27 10591287 262 15  MIR 00
14011503 104 213 MIR 0
NM_148570 i i i }
NM_014050 12791438 220 9  MIRb 00
MRPLA42 NM_172177 12821441 220 9  MIRb 00
NM_172178 13021461 220 9  MIRb 00
MRPL49 NM_004927 17271841 30 155 MIRb 00
NM_138777 i i i i
MRRF NM_199177 i : i i
BC002814 677 798 | 26 145 MIR 00
NM_020662 i i i i
MRS2L BC069009 13371545 2 230 MIR 00
817 894 128 49  MIRb TAG
MSA4A10 NM_206893 2007 2241 | 6 145 MIR3 00
NM_006138 14401653 1 219 MIRb 00
MSA4A3 NM_001031809 13021515 1 219 MIRb 00
NM 001031666 11311344 | 1 219 MIRb 00
NM_152851 i i i i
MS4AGA NM_022349 11091240 167 35  MIR3 00
NM_152852 i i i }
NM_138715 20102973 | 2 66 MIR 00
MSR1 NM_002445 i ; i :
NM_138716 27212784 | 2 66 MIR 00
5 142 191 38  THERLMD pQ
MST150 NM_032947 180 340 183 22 MIR3 ATG
9461127 | 34 212 MIRb 00
MSX1 NM_002448 13191466 182 41  MIR3 00
I NM_001005369 375 529 3 160 MIR3 0O
NM_002453 92 246 3 160 MIR3 b O
MUC15 NM_145650 199 283 99 178 MIRD 00
XM_168578 22332367 | 43 193 MIRD 00
MUC3B XM_374502 11141242 43 187 MIRD 00
XM_940796 i : ; }
MYCBP NM_012333 13871551 78 241 MIRb 00
MYEOV NM_138768 13721532 261 87 | MIR CDS
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=75905805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22915
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45269140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=148932
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33519465
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4719
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33519474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4734
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38257154
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38257150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4752
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23510392
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NM_001012338 - - - -

NM_002530 - - - -
NTRK3 NM_001007156 17581883 207 82 | MIR3 CDS
BT007291 1596 1721 207 82 | MIR3 CDS
NTSRL NM_002531 30613147 | 86 162 MIR 0Q
35283660 | 24 173 MIRb 0Q
NTSR2 NM_012344 1550 169 101 263 THERLMD 0Q
NUBPL NM_5152 15791745 | 162 8 MIR 0Q
NUCB2 NM_005013 114 211 58 168 MIRb pQ
NUDT12 NM_031438 26572780 190 75 | MIR3 0Q
184 329 2 172 MIR CDS
NUMAL NM_006185 1294 1467 | 175 2 MIRb 0Q
NM_001005743 206 306 146 48  MIRb pQ
NUMB NM_001005744 206 306 146 48 | MIRb pQ
NM_003744 206 306 146 48 | MIRb pQ
NM_001005745 206 306 146 48 | MIRDb pQ
NUP133 NM_018230 3831 3911 49 176 MIR3 0Q
NXF4 NR_002216 2140 2326 | 17 222 MIR ncRNA
NM_016816 13281471 179 21 | MIR3 0Q
OAS1 NM_002534 13881470 256 176 | MIRD 0Q
NM_001032409 12301373 179 21 | MIR3 0Q
OCLN NM_002538 23402430 210 122 | MIRb 00
NM_182487 16551857 249 38 | MIRD 0Q
28882999 187 63 | MIR3 00
3998 4019 168 146 @ MIR 00Q
OLRIL2A 43334426 153 53  MIRb 0Q
4441 4581 | 246 87 THERLMD 00Q
5348 5460 2 118 MIR3 0Q
55265676 203 47 | MIRDb 0Q
4206 4352 | 180 10 | MIR3 0Q
OPHNL NM_002547 58275962 | 145 5 MIR3 0Q
OR4D2 NM_001004707 1550 1665 | 22 137 MIRb 00
ORS51E2 NM_030774 21892434 | 262 2 MIR 0Q
ORAOV1 NM_153451 999 1194 257 43  MIRb 00Q
NM_006190 - - - -
ORC2L AF315716 115 233 189 58  MIR3 ATG
NM_206818 1580 1646 12 84 MIR 0Q
NM_206817 1544 1610 12 84 MIR 0Q
OSCAR NM_130771 1066 1132 | 12 84 MIR 00
NM_133169 1054 1120 | 12 84 MIR 00
NM_133168 10211087 12 84 MIR 0Q
OSM NM_020530 1321 1464 3 154 MIR3 00
NM_023112 1090 1172 | 61 150 MIRb 0Q
OTUB2 33613557 | 34 235 MIR 0Q
AF318378 20252221 | 34 235 MIRb TAG
PoRY7 NM_002562 23602564 | 27 263 MIR 0Q
NM_177427 2263 2467 | 27 263 MIR 0Q
NM_176072 19182005 | 156 64 | MIR3 0Q
P2RY2 NM_002564 17841871 156 64 | MIR3 0Q
NM_176071 18501937 156 64 | MIR3 0Q
NM_176797 - - - -
NM_176798 - - - -
P2RY6 NM_176796 - - - -
NM_004154 21 126 33 142 MIRb pQ
P53AIP1 NM_022112 18332077 | 9 262 MIR 00Q
BALM? NM_053016 60116071 184 124 | MIR3 0Q

NM_001037293 - - - -
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PAPLN NM_173462 53765473 | 104 201 | MIR3 00
APPA NM_002581 9499 9598 | 83 169 MIR 00
AY189937 74 173 83 169 MIR TAG
NM_004670 20883051 | 185 122 | MIR3 00
31263184 78 17 MR 00
PAPSS2 NM_001015880 | 30033066 185 122  MIR3 00Q
31413199 78 17  MIR 00
NM_001040202 - i i i
PAQR3 BC031256 10401126 15 112 MIR TAG
NM_017705 i i i i
PAQRS AY424283 10 94 45 136 MIR b O
NM_205863 i i i i
NM_152526 i : : :
PARD3B NM_057177 i : : :
AB053321 9361189 271 1 MR 00
17731893 31 169 MIR 00
PARS2 NM_152268 10812127 7 173 MIR3 00
PARVA NM_018222 15411707 260 95  MIRb 00
24702515 | 192 147 | MIR3 00
PAXS NM_016734 32333366 | 2 130 MIR3 00
oAy NM_002584 21052214 155 29  MIR TAG
NM_013945 20992208 | 155 29 | MIR TAG
PBOV1 NM_021635 123 245 168 5 MR CDS
NM_020418 32 171 219 80 | MIRD b O
NM_033009 32 171 219 80 | MIRb b0
PCBP4 NM_03208 ; : : )
NM_033010 : : : :
PCDH12 NM_016580 197 421 234 14 | MR b0
3404 3657 | 2 258 MIRD 00
PCDH21 NM_033100 38673955 154 66 | MIR3 00
PCDHB12 NM_018932 20943188 | 206 4  MIRb 00
PCDHB7 NM_018940 20493150 | 216 1 | MR 00
PCGF3 23625593415 646 866 254 7 MIRb 0O
8801042 | 21 177 MIR b O
NM_212503 i i i i
NM_212502 i i : :
PCTKS NM_002596 : : : :
BC040529 10461252 31 258 MIR TAG
NM_002598 i i i i
PDCD2 NM_144781 12041367 261 72 | MIR 00
PDE11A NM_016953 4250 4374 25 158 MIRD 00
30713201 | 51 204 MIRD 00
PDE2A NM_002599 36013802 | 3 208 MIR3 00
NM_006202 i i i i
PDEAA U18088 50 251 7 262 MIR3 0 Q
NM_000923 i i i i
PDE4C U66347 10011216 182 41  MIR b Q
NM_002609 39554120 | 30 189 MIR3 00
PDGFRB 4657 4792 57 194 MIR3 0Q
NM_176871 32343327 187 73 | MIR3 00
33203533 261 43 | MR 00
PDLIM2 NM_021630 ] ; i }
NM_198042 i : : :
PDSS?2 NM_020381 3400 3476 | 80 159 MIRM 00
oELis NM_145065 270 335 141 77 MIRb CDS
AF487456 168 233 141 77 MIRb CDS
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NM_005023 i i i i
PGGT1B L25441 145 207 195 261 MIR b0
211 328 57 171 MIR3 ATG
oHELD NM_001033561 - i i i
NM_020889 27282928 211 3 | MIR3 00
NM_015651 i i i i
PHF19 NM_001009936 | 825 922 34 154 MIRb TAG
BC022374 685 782 34 154 MIRb TAG
PHLDB3 NM_198850 13041512 262 59  MIR 00
PIGL NM_004278 9791074 151 233 | THERLMD 00O
PIGS NM_033198 2277 2499 | 25 260 MIRb 00
PIGZ NM_025163 23392562 | 5 230 MIR3 00
PIK3AP1 NM_152309 30653205 183 31  MIR3 00
PIK3IP1 NM_052880 1986 2100 132 7  MIR 00
PIP5KL1 NM_173492 84 167 100 17 MIRb 00
PKD1L1 NM_138295 85248760 | 261 11 MIRb 00
NM_015715 2240 2404 | 51 231 MIR 00
PLA2G3 24212571 | 62 209 MIR 00
NM_005090 i i i i
PLA2GAB BC025290 12031374 77 260 MIRb 00
NM_002656 i : i i
PLAGL1 NM_006718 i i : :
BX537397 12281410 186 2  MIRb 0O
NM_002659 12951417 61 203 MIRD 00
PLAUR NM_001005376 - ; i }
NM_001005377 11601282 61 203 MIRb 00
PLCB2 NM_004573 30844105 | 15 168 MIR3 00
NM_000933 54045459 | 111 167  MIR3 00
PLCB4 NM_182797 i i i ]
PLD1 NM_002662 50885204 | 171 56  MIR3 00
PLEK NM_002664 1338 1442 75 183 MIR3 00
NM_021105 i i i i
PLSCRL BC017901 670 823 259 93 | MIR 00
NM_025179 i i i
PLXNAZ AY358496 361 465 13 118 MIR3 0 Q
PIxnb2(mouse) | XM_484491 125 228 161 59 MR
NM_033238 3800 3945 | 58 205 MIR3 00
53185542 | 33 261 MIR_Mars 00
NM_033240 ) } i )
NM_033242 i : i :
NM_033244 i : : :
NM_002675 i i : :
PML NM_03326 : : : :
NM_033247 17291775 221 268  MIRm 00
NM_033239 i i i ;
NM_033249 i : i i
NM_033250 i : : :
NM_033245 : : : :
NM_015488 i i i i
PNKD NM_022572 i : i i
BC036457 20472993 | 20 253 MIR 00
3206 3440 | 261 3 | MIRD 00
PNMA2 NM_007257 4162 4332 85 262  MIRD 00
NM_173676 15781810 5 255 MIRb 00
PNPLAL NM_001039725 | - ; : ;
oODXL NM_001018111 | 21872354 177 15  MIR3 00
52125372 | 195 38  MIR3 00
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=67089158
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NM_005397 20912258 | 177 15 | MIR3 00
51165276 | 195 38  MIR3 00Q
NM_015352 31243260 | 86 233 MIR_Mars 00
POFUT1 33233535 232 27  MIRb 00
NM_172236 13211465 209 67  MIRb 00Q
POLG NM_002693 133 299 172 1 MIR3 0O
POLH NM_006502 26172796 | 2 210 MIRb 0Q
NM_199420 i i i i
POLQ AF090919 19612125 | 5 174 MIR 00
POLR3D NM_001722 16821910 13 254 MIRDb 0Q
POPDC2 NM_022135 14501634 | 70 253 MIRb 00
NM_176869 i i i i
NM_006903 i i i :
NM_176866 i i i i
NM_176867 i i i i
PPA2 NM_001034191 - i i i
NM_001034192 - i i i
NM_001034193 - i i i
BC008246 993 1172 28 236 MIRb 00
PPBPL2 XM_026381 823 942 246 126  MIRb TAG
NM_002481 7940 8086 | 33 207 MIR3 00Q
NM_ 032105 81218267 | 33 207 MIR3 00
PPP1R12B NV 035103 _ _ _ _
NM_032104 i i i i
AK024489 1008 2082 184 3  MIR 00
3579 3746 | 197 30  MIR3 00Q
PPPIRSE BX248758 432 556 70 198  MIR3 b O
1385 1559 184 3 MIR 0Q
AK054729 560 638 20 96 U
PRCD AK15617 1078 1314 6 256 m:gb MIR
2261 2477 | 266 31 U
NM_182960 1309 1437 | 72 201 m:gg 00
M. 138462 1441 1679 30 267  \iRD 0Q
oRELIDD 1508 1636 | 72 201 \iR0 00
M 205846 1640 1878 | 30 267  \R0 00Q
= 1273 1401 | 72 201 \RD 00
1405 1643 | 30 267 00
NM_002725 2656 2701 | 120 161 MIR3 00
oRELP 30053039 | 162 192  MIR3 00
NM_201348 26462691 | 120 161  MIR3 00
29953029 | 162 192  MIR3 0Q
NM_182948 38463930 | 113 197  MIR3 00Q
42664319 179 231 | MIR_Mars 00
PRKACB NM 002731 38763960 | 113 197  MIR3 00
42964349 179 231  MIR_Mars 00Q
NM_207578 : i i }
SRR NM_006902 23012503 | 66 182 MIR 00
NM_022716 231902431 | 66 182 MIR 00
oy NM_020956 42 167 37 153 MIR 00
NM_ 181882 : i i }
12671374 7 124 MIRm CDS
PSD4 NM_012455 47814841 202 260  MIRm 00Q
NM_000447 55 165 189 78  MIR3 b0
PSEN2 NM_012486 ) i i )
NM_002816 i i i i
PSMD12 NM_174871 i i i i
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BC065826 143 292 207 47 | MIR 0 Q
NM_014814 i i i i
PSMD6 AY359879 8 126 50 169 MIR 0O
NM_006814 17171831 6 127 MIR 00
PSMF1 NM_178578 16801794 6 127 MIR 00
NM_178579 16341748 6 127 MIR 00
PSTPIP2 NM_024430 1432 1566 182 46  MIR3 00
17191788 80 2 MIRM 00
PTCD2 NM_024754 18441985 88 252 MIRb 00
31683341 264 71 | MIRD 00
PTGIS NM_00®61 53625454 | 184 93 | MIRm 00
NM_198965 i i i i
oL NM_002820 16591867 35 259 MIRD 00
NM_198964 1640 1848 35 259 MIRD 00
NM_198966 : } : }
PTHR1 NM_000316 94 156 138 78 MR b0
NM_002821 i i i i
NM_152880 : : : :
NM_152881 i : : :
PTKY NM_152882 i : i i
NM_152883 i : : :
BC046109 16231813 15 210 MIRb 00
NM_002829 i i i i
PTPN3 BC063287 24332634 | 37 258 MIR_Mars 00
NM_133170 58115964 | 256 115 | MIR 00
77017791 150 61 | MIRm 00
oTPRT 82418445 229 21 | MIRb 00
NM_007050 58686021 | 256 115 | MIR 00
77587848 | 150 61 | MIRm 00
82988502 | 229 21 MIRb 00
NM_133178 54405586 | 100 249 | MIR_Mars 00
PTPRU NM_133177 54515597 | 100 249  MIR_Mars 00
NM_005704 54705616 | 100 249  MIR_Mars 00
22332401 254 25 | MIRD 00
PUSTL NM_031292 28322916 | 32 122 MIRD 00
35633806 | 7 251 MIR 00
NM_002855 i i i i
PVRL1 NM_203285 i : i :
NM_203286 13111394 137223  MIRb 00
PVT1 XM_928984 716 850 155 21 MIRb 00
. NM_007238 9281006 42 124 MIR 00
NM_183397 729 807 42 124 MIR 00
. NM_002859 i i i i
BC052611 1166 1411 | 13 28 MIRb 00
QPRT NM_014298 1053122 13 192 MIR 00
RAB39B NM_171998 18121946 231 93  MIRb 00
161 375 10 226 MIR b0
RABAB NM_016154 778 835 221 273 | THERLMD pQ
RAB7B NM_177403 1462 1620 24 192 MIRD 00
ARl NM_003610 i i i i
NM 001015885 10 90 188 109  MIR3 0O
RAG1 NM_000448 43894598 262 17  MIRD 00
NM_014636 i i i i
RALGPS1 BC032372 16161662 120 169  MIRb 00
27512799 | 126 72 | MIRm 00
RANBP10 NM_020850 30604111 | 202 57  MIR3 00
RAP1GAP NM_002885 202 57 | 19 200 MIR3 00
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NM_006105 i i i i
RAPGEF3 U78169 39554092 | 24 166 MIR 00
19532099 154 8  MIR3 0Q
RASD2 NM_014310 20842140 | 272 220 | MIRm 00Q
24262542 | 194 67  MIRb 00Q
NM_002891 i i i i
RASGRF1 NM_153815 676 821 68 195 MIRDb 0 Q
RASL10B NM_033315 25632679 | 3 128 MIRm 0O
RASL12 NM_016563 23332460 | 162 20  MIR 00Q
RBBPY NM_006606 905 943 68 30 MR 0Q
33433523 | 37 231 MIRb 00
RBM19 NM_016196 39334124 | 21 216 MIR 00Q
RBM43 NM_198557 12501458 251 37  MIR 0Q
NM_015436 28633042 | 223 21 MIRDb 0Q
RCHY1 NM_001008925 | 28613040 223 21  MIRb 0Q
NM_001009922 28363015 223 21  MIRb 00Q
RD3 NM_183059 22412336 | 204 109  MIR3 0Q
NM_004259 i i i i
RECQLS NM 001003715 | - i i i
NM_001003716 | 20532144 139 32  MIR 00
RELB NM_006509 20332080 | 145 97  MIR 00Q
20032143 | 4 149 MIRDb 0Q
REXO1L1 NM_172239 5084 6137 | 40 208 MIRb 0Q
24472587 | 4 149 MIRb 00
REXO1L6P XM_376784 64316584 | 40 208 MIR 0Q
453 631 243 36  MIR 0 Q
RFESD NM_173362 919 1006 144 236  MIR 0 Q
A3 NM_002919 27242970 | 261 12 MIR 0Q
NM_134428 : i i }
RGPD4 BX537861 18771958 187 274  THERLMD 00Q
RGS6 NM_004296 28492927 | 193 267  MIRb 0Q
RGS9BP NM_207391 163 304 27 175 MIR3 0 Q
AHEDD? NM_001040456 | 1244 1386 262 124  MIRb TAG
NM_001040457 | 1366 1508 262 124  MIRb TAG
RHBDD3 NM_012265 181 232 137 84 | MIRm 0O
14601529 216 276  MIRm Q
RHO NM_000539 16011797 79 260 MIRb 00
. NM_024557 i i i i
AF040723 25722753 | 207 2 MIRb 00
- XM_032493 i i i :
U32331 18041949 111 268  MIRb 00
RILP NM_031430 16771774 115 215 MIRb 0Q
NM_014989 i i i i
RIMS1 ABO45726 55205691 | 245 45  MIRb 00
6009 6158 | 179 23  MIRb 0Q
25242620 | 28 128 MIRb 00Q
RIMS3 NM_014747 61706352 | 8 206 MIR3 00
34993620 | 190 69  MIR3 0Q
RIMS4 NM_182970 37663862 | 145 43  MIR 00Q
42434490 258 15  MIR Mars 00
NM_022762 i i i i
RMNDSB AY359092 1006 1159 148 6 | MIRb 00
NM_194430 14851592 1229 MIR3 0Q
RNASE4 NM_002937 : i i }
NM_194431 i i i i
RNASE7 NM_032572 11861341 167 8  MIRb 0Q
RNASEL NM_021133 26832814 | 209 75  MIRb 00Q
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_173362.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5991
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19743882
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19743883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285190
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31873854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9628
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31742475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388531
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46409413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57414
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=94818789
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001040457.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25807
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=11072100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6010
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7262389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79608
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21362039
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=3282690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10530
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=89033791
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=975878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83547
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=13899248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22999
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41054863
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=19909897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9783
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=48476343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=140730
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=36054149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64777
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147687
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37183300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6038
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37577169
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37577173
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37577171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84659
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31377657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6041
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30795246
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&list_uids=57674
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66571326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9616
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34304329
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34304332
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AF312226.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9025
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34304334
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34304335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8731
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4506566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10921
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18379335
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18379333
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=1236282
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=23254&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001017999.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001018000.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001018001.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_015209.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_201628.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6120
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40385882
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24307922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=retrieve&dopt=default&list_uids=6103
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001034853.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_000328.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6158
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34486095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=132241
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=XM_379215.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=128668
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=17484446
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=58490&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22507393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285367
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=52851448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6237
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20127497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=50484
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42544135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=344892
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51972197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285180
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_198483.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=861
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49574544
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49574545
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=966994
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=219454
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6295&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_000541.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34366984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10284
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23510407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55291
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55925644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23098
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14149666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9733
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21327689
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27371321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54581
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991814
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991816
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991818
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991820
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991822
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15991824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=950
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33598925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6319
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53759150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79966
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=83035032
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13376362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8796
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21536305
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21536307
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28839413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22955
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=72534679
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6912641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=256380
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=47157335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6330
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28372554
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6334&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6339
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34101281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6340
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42476332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=92344
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22748638
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40787785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10483
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66932899
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66932898
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=66932900
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=13529298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29927
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=60218911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10505
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24308080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=117157
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55742889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387694
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46409365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=6452
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19923154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79628
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38488691
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BX641139 24312469 | 9 48 MIR )

31403300 | 49 212 MIR b O

SHC4 NM_203349 34653595 | 73 205 MIR3 00O

SHEF NM_138356 12471402 84 268 MIRD 00

SHOX NM_006884 23832450 | 190 261 | MIRD 00

NM_003030 20292096 | 190 261 | MIRb 00

SHPRH NM_173082 65 6748 | 252 20 | MIRD 00
SIAE NM_170601 i i i i

BC040966 617 710 249 147 | MIR TAG

SIAH3 NM_198849 3422 3548 | 157 23 MIRC 00
NM_213602 i i i i

SIGLECIS AK095432 1192 1404 16 237  MIRC CDS

SIGLEC5 NM_003830 10382113 20 210 MIRD 00

S NM_001037633 18381953 | 32 143 MIRb 00

NM_022464 1750 1865 32 143 MIRb 00

SIM1 NM_005068 36903816 | 11 145 MIRb 00
SiM2 NM_005069 i i i i

NM_009586 21132210 | 75 178 MIRM 00

NM_001040022 30883140 123 174 | THERLMD o0 Q

SRPA NM 001040023 2996 3048 | 123 174 | THERLMD 0 Q

NM_080792 27552807 | 123 174 | THERLMD | 0Q
NM_003037 i i i i

SLAMFL BC067847 16411814 24 202 MIRb 00

SLC11A1 NM_000578 1903 2087 | 7 222 MIR 00

SLC16A12 NM_213606 2499 2554 | 208 154 | MIR3 00

SLC16A14 NM_152527 19302009 153 233 MIRb 00
NM_004696 i i i i

SLC16A4 BC021664 12761637 131193  MIR3 00

SLC16A9 NM_194298 31773224 | 212 156  MIR 00

2360 2525 | 228 57 | THERLMD 0 Q

SLCL7A8 NM_139319 36213699 | 184 261  MIR 00
NM_003053 i i i i

SLC18AL BC006317 120 263 5 151 MIR3 0O

33303404 | 178 253 | MIRD 00

SLC1AZ NM_004171 66746845 | 2 185 MIR3 00

SLC1A3 NM_004172 24312552 | 82 205 MIR3 00

SLC1A4 NM_003038 30373165 | 117 241 | MIRD 00

20822211 | 168 26  MIRb 00

SLC1A7 NM_006671 24072491 | 189 102 | MIR3 00
NM_033125 i i i i

SLC22A16 AB055798 169 266 259 162  MIRb 0O

NM_153320 20042230 | 5 216 MIR 00

SLC22A7 NM_006672 1998 2224 5 216 MIR 00Q

NM_005847 18832046 3 153 MIR 00

SLC23AL NM_152685 18712034 3 153 MIR 00

NM_152333 1256 1430 | 33 231 MIRDb 00

SLC25A29 18881952 94 162 MIRD 00

NM_ 001039355 1300 1426 | 33 176 MIRD 00

SLC25A34 NM_207348 13791578 235 26  MIRb 00
NM_198999 i i i i

NM_206883 23132474 | 4 16 MIRD 00

SLC26AS NM_206884 17861947 4 166 MIRb 00

NM_206885 12431404 4 166 MIRb 00

SLC29A2 NM_001532 21742412 | 260 2 | MIR_Mars 00

NM_030777 2532 2676 | 41 202 MIR3 00

SLC2A10 2706 2925 | 5 241 MIRD 00
SLC2A5 NM_003039 i i i i
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38708298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81031
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BC035878 968 1105 237 100 | MIRb 00
1356 1572 245 13 MIR 00Q
NM_017964 i i i i
SLC30A6 BC032525 34213501 | 5 172 MIR3 00
SLC30A7 NM_133496 48595052 196 3 MIR3 0Q
SLC35A5 NM_017945 26442750 | 143 37 | THERLMD 0 Q
NM_173179 22942427 | 43 189 MIR 0Q
SLG5C2 NM_015945 : : i :
NM_173073 20362169 43 189 MIR 00
SLC36A3 NM_181774 2250 2418 | 19 193 MIR3 0Q
SLC36A4 NM_152313 22722432 | 177 12 MIR3 00
NM_014096 23692484 41 157 MIRM 00
SLC43A3 NM_199329 22642379 | 41 157 MIRM 00
NM_017611 2242 2357 | 41 157 MIRm 00
NM_016180 i i i i
SLCA45A2 NM_001012509 16891797 173 51  MIRb 00
24612578 | 12 132 MIRb 00
3206 3383 | 82 258 MIRb 0Q
SLCAAL NM_000342 33933488 107 19  MIRb 00Q
72 189 144 20 MR b O
SLC6A12 NM_003044 390 535 12 164 MIRM 0Q
32213382 159 3 MIR3 0Q
NM_016615 i i i i
SLC6A13 BC020867 343 443 204 90  MIR3 TAG
457 665 10 220 MIRb 0Q
NM_182767 i i i i
SLC6A15 NM_018057 22172464 | 256 13 MIRb 00
39944153 | 224 59  MIRb 0Q
NM_003043 i i i i
SLC6AG BC006252 9991128 | 37 163 MIRb 00
SLC6A7 NM_014228 25132649 157 8  MIR3 00
NM_003047 i i i i
SLC9AL BC01221 18401988 52 203 MIR TAG
SLCO2B1 NM_007256 24642581 31 152 MIR 00
sLicL NM_182854 i i i i
BC027944 404 510 140 27 MR TAG
NM_005585 i i i i
SMADE BC052569 26752721 | 273 108 | MIRm 00Q
30853152 | 46 114 MIR 0Q
38133927 | 33 154 MIR3 00
45714723 22 173 MIR 0Q
50716160 | 14 237 MIRb 0Q
61546248 | 197 97  MIR3 00
SMCIA NM_006306 62216283 76 16  MIR_Mars 00
65256599 | 152 240  MIRD 00
6636739 | 124 20  MIR 00
84298550 | 193 42  MIR3 00Q
NM_144774 948 1168 22 259 MIRb 00Q
SMCR5 AF467442 17271817 81 166 MIR3 00
10662172 270 31  MIR 00Q
SNHG3 ﬁjgggggg 18781907 240 210 | MIR NCRNA
10341999 142 68  MIR NcRNA
NM_014723 i i i i
SNPH AF187733 333 528 4 202 MIR3 0O
SN NM_033421 25352688 | 211 37  MIR 0Q
30863164 | 157 77 | MIRm 0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29015
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41056258
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40788008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51151
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61635914
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61635999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6521
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=4507020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6539
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19923156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6540
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21361580
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=18088612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55117
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=60115819
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=60223401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6533
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54607093
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33873465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6534
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38569458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6548
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27777631
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15082411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11309
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=41152057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=124460
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33504570
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23272625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4091
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=19923322
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=30851639
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=8243&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30581134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=140771
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21426842
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18698598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8420
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=3236104
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=3236105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9751
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38202245
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=6856405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=90203
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23510343
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NM_152897 1298 1436 196 37 MIR o0 Q
1834 1906 157 83 MIR3 o0 Q
SNX27 NM_030918 2050 2232 16 202 MIR3 o0 Q
SNX6 NM_021249 2898 3057 19 194 MIRb o Q
NM_152233 2793 2952 19 194 MIRb 0Q
NM_003603 - - - -
SORBS2 NM_021069 - - - -
AF090937 866 929 178 118 MIR3 0Q
SORCS2 NM_020777 4356 4509 193 17 MIR3 o0 Q
SOST NM_Q25237 1102 1273 5 170 MIR3 o0Q
3224 3271 81 128 MIR o0 Q
SOX12 NM_006943 3594 3759 11 230 MIR o0 Q
3765 3869 158 46 MIR_Mars o Q
Sp2 NM_003110 - - - -
BC005914 863 1009 174 24 MIRDb o0 Q
NM_001039592 - - - -
SPAGS NM_172312 1865 1981 158 37 MIRDb o0 Q
SPAR L10123 30 207 65 262 MIR p Q
1029 1150 92 219 MIR CDS
SPATAL2 NM_181727 1377 1481 193 89 MIRD o0 Q
NM_024867 - - - -
SPEF2 NM_144722 2153 2291 37 169 MIRb 0 Q
2449 2664 204 5 MIR3 0Q
4530 4761 258 22 MIR 0Q
SPRY3 NM_005840 5305 5452 177 33 MIR3 o0 Q
8033 8180 152 4 MIRDb o0 Q
8196 8247 115 165 MIRDb o0 Q
SPRY4 NM_030964 4372 4474 129 24 MIRc 0Q
NM_001127496 4321 4423 129 24 MIRc o0 Q
NM_020971 - - - -
SPTBN4 NM_025213 2160 2229 272 195 MIR TAG
NM_005417 187 279 156 53 MIRb p Q
275 412 142 3 MIR p Q
SRC 2674 2828 187 37 MIR3 0Q
NM_198291 100 178 142 53 MIRb p Q
174 311 142 3 MIR p Q
2573 2727 187 37 MIR3 o0 Q
NM_014850 5608 5729 38 159 MIRb 0Q
6231 6324 155 66 MIR 0Q
NM_001033117 5536 5657 38 159 MIRb 0 Q
SRGAP3 6159 6252 155 66 MIR o0 Q
NM_001033116 5505 5626 38 159 MIRDb o0 Q
61286221 155 66 MIR o Q
SR NM_003130 1650 1811 45 215 MIRDb o0 Q
NM_198901 1632 1793 45 215 MIRDb 3Q
SS18L1 NM_198935 3005 3126 216 94 MIR o0Q
NM_015558 2193 2314 216 94 MIR 0 Q
NM_198455 - - - -
SSPO XM_376720 4470 4588 16 143 MIR 0Q
NM_003033 379 433 141 87 MIRDb p Q
ST3GALL NM_173344 379 433 141 87 MIRb p Q
NM_173216 3173 3272 120 14 MIRb 0Q
3361 3571 34 260 MIRb 0Q
NM_003032 3051 3150 120 14 MIRb 0Q
ST6GALL 3239 3449 34 260 MIRb 0Q
NM_173217 2516 2615 120 14 MIRb o0 Q
2704 2914 34 260 MIRDb o0 Q
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23510349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=81609
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=73695940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=58533
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=88703042
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88703040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8470
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=77404350
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=77404349
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=6690237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57537
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18379343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=50964
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61676080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6666
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21264338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6668
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41281667
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=13543511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26206
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88853065
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27502372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9981
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=402149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=353324
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=32171193
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79925&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_024867.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=46411157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10251
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27501451
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=81848&ordinalpos=5&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_030964.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001127496.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57731
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40353203
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13435160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=6714
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_005417.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_198291.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9901
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=75677377
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=75677373
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=75677371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6717
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38679886
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38679883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=26039
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39777613
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39777611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23145
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=134031944
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=89025540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6482
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27765097
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27765095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6480
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27765090
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27765094
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27765092
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30815
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34147672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54879
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38201633
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201634
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38201635
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38201636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23166
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=61743977
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=22779438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10809
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15022798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6776
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21618341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=261729
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=25092600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55351
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=8923753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6789
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38327560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=83931
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31543197
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=64220&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_022369.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=33871374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55359
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54816
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50811870
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50811872
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50811874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285362
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38202249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6821
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74099693
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74099701
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=74099703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22987
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_014979
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=27479150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84144
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=149274654
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21739868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=9145
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_004711.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=39777618
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22035699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11346
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40353726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23208
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31377588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9066
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38570145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=6869
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=112858
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41327714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8626
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31543817
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=3273744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27010
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21362109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1200
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=5597012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7185
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=53759116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7187
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22027617
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22027619
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22027615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=340205
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31342330
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37181838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79865
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13376188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54476
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46370055
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46370056
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=37729469
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10107
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16519562
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16519560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9830
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15208662
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15208664
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15208666
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15208668
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=10626&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_006470.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=AK056026.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=62089383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10346
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=15208661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23087
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=94536781
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=BC018337.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10475
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24497622
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34365284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=89122
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15011939
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15011940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=85363
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14719417
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15011943
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15011945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55223
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=8922647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=11078
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=78191793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7227
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=90652850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=162514
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=22027467
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21435922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54952
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37059777
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=25058849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=95681
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16306478
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=28200372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25987
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55928826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10100
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=58331193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54970
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31542708
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21595321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=199223
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21955236
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38512179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7267
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=49640008
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=49640010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64427
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_022492.3
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=22996&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001080494.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=3413865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23508
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89037416
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89037750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=150465
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42734436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7273
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20143913
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=50659087
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20143915
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20143917
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20143921
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33871367
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79183&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=85861249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7275
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29826280
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=29826278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10426
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34222302
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33871539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7286
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=9910595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=56995
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55953099
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55953101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84203
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=42516569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7297
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34222294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7307
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68800039
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68800127
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68800137
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33341701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55236
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255038
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21619457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7335
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=1066079
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40806163
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40806166
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40806165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=89910
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=35493958
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=35493951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84993
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41152105
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41152106
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33873704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=91544
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21703361
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=41281992
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=41281730
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=23271555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=90226
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=63053518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9706
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23199984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25989
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=150456431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23025
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89052447
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89057270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25972
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37059764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400454
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46409517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7399
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46249407
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=46249405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=219333
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=32698814
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=3220153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=85015
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51465261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25862
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=9218
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37588847
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=37588849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22846
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40254856
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=14290525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=114990
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=88702792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7421
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=63054843
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=63054844

Chapter. Appendices

VISA NM_020746 2505 2684 | 45 247 MIRD 0Q
27452936 | 9 204 MIR 0Q
VPREB3 NM_013378 464 529 93 161 MIRb 0Q
Upsaa NM_016079 17821843 75 15  MIR 0Q
NM_001005753 17211782 75 15  MIR 0Q
VTAL NM_016485 2760288 127 266 MIR 0Q
VTN NM_000638 53 172 220 98  MIRDb e
WARS? NM_015836 17901947 217 57  MIRb 0Q
NM_201263 18191976 217 57  MIRb 0Q
WASF2 NM_006990 25472696 | 186 21 | MIR3 00
WDR25 NM_024515 18321985 | 85 268 MIRb 0Q

NM_001012361 - i i i

NM_001006615 - i : i

WDR31 NM_145241 i : i :
BCO12352 25862768 | 204 12 MIRb 0Q
WDR73 NM_032856 11821360 7 206 MIRb 0Q
WDR82 NM_025222 21682238 | 138 66 | MR 0Q
WFDC1 NM_021197 9411097 | 12 175 MIR3 0Q
NM_003882 24942735 263 19 | MIRD 00

WISP1 NM_080838 i i ; }
340 387 151 104 | MIR o)
WIT1 NM_015855 404 589 8 192 MIR 0 Q
643 708 98 32 | MR 00
WNT8A NM_058244 12111281 | 103 34 | MIR 0Q
XK NM_021083 43724522 109 263  MIR Mars 0 Q
XKR5 NM_207411 22822388 | 58 174 MIR3 00
XPNPEP2 NM_003399 20343139 | 250 65 @ MIR Mars 0 Q
XTP3TPA NM_024096 9801117 19 163 MIR 00
YIPE NM_018982 67 183 134 2 MR b Q
WhAZ NM_003406 27502789 | 219 258 | MIR 0Q
NM_145690 2702283 219 258  MIR 0Q

Ak NM_016653 i i . .
NM_133646 32523489 | 7 261 MIR 00
ZBTB44 NM_014155 16401721 | 23 109 MIR TAG
ZBTB7B NM_015872 3 137 107 257 MIR b Q
XM_370654 496 678 3 186 MIRb o)

ZC3H12C XM_931631 : } ; )
53335561 7 262 MIR 0Q
ZC3H13 NM_015070 6056 6181 | 73 205 MIRM 0Q
NM_017590 36603763 100 202  MIR3 00
ZC3H7B 37093937 195 45  MIR3 0Q
17361933 5 200 MIR3 00
ZCCHC24 NM_153367 22072260 | 123 189 | THERLMD 0 Q
ZCCHC3 NM_033089 19222110 208 16  MIR3 00
ZCCHC4 NM_024936 26522792 | 66 197 MIRb 0Q

NM_006007 i i i i
ZFANDS BC027707 506 639 181 33 MIR3 b Q
NM_001029939 | 29073017 143 255  MIR 0Q
34233536 11 124 MIRb 0Q
AT 40614169 47 156 MIRD 00
41614249 185 274  THERLMD 0 Q
47294863 191 56  MIRb 0Q

NM_020863 : i i }
ZFP2 NM_030613 22272388 | 32 205 MIR3 0Q
ZFP28 NM_020828 28272891 188 252  MIRb 0Q
ZFP82 NM_133466 20502142 | 65 162 MIRM 0Q
ZFP90 NM_133458 26822831 | 165 19  MIR3 0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57506
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=83776597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29802
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7019566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51652
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54144644
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54144645
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=51534&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21361740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7448
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=18201910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10352
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41352698
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41352699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10163
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45007036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79446
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=52694655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=114987
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=59938779
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55743154
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=59938778
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=15214451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84942
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14249585
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=80335&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21361950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=58189
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18379352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8840
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18490998
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18490999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51352
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=81295805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7478
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89111138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7504
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=18860914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389610
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=58696429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7512
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62865898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=79077
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=13129099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54432
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40538797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7534
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21735623
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21735624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51776
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=82880647
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=82880649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29068
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56711303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51043
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7705663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=85463
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89034277
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=89034278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23091
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31982940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23264
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27881483
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=219654&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=23503314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=85364
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55769555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29063
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=148886717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7763
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=5174754
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38197050
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=57623&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71480168
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46487910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80108
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47271456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=140612
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22094124
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=284406&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28274685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=146198
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=71534252

Chapter. Appendices

NM_053023 i i i i
ZFPOICNTF NM_170768 27262954 | 268 20  MIRb 00
NFLO NM_015394 29733211 | 12 262 MIR 00
39764121 113 262 MIR 00
NEL4 NM_00116537 169 225 135 84 MR 0O
NM_005081 265 414 237 83 MR 0O
ZNF184 NM_007149 26672782 | 50 172 MIR3 0Q
22162348 | 260 114  MIRb 00
ZNF185 NM_007150 24082452 | 262 218  MIRb 00
4850 4897 262 215 @ MIR 0Q
ZNF192 NM_006298 5289 5360 | 165 92  MIRb 00
NM_006299 i i i i
ZNF193 AY261373 938 1075 27 171 MIRb 00Q
1450 1541 172 267  MIRb 0Q
NM_007152 i i i i
ZNF195 BX537525 35143646 | 260 114  MIRb 00Q
3706 37 262 218  MIRb 0Q
NM_006991 41204301 25 216 MIRb 00
ZNF197 NM_001024855 - i i }
NED NM_021088 22122460 260 8  MIR 00
NM 001017396 | 21402388 260 8  MIR 00
ZNF248 NM_021045 18 80 126 188  THERLMD  p Q
ZNF25 NM_145011 27692993 | 2 261 MIR 0Q
2625 2781 | 107 268 MIR 00
ZNF275 NM_001080485  Soo0 o100 97 28 MR °0
ZNF300 NM_052860 27132827 | 26 145 MIRDb 0Q
NEaa NM_030899 24212585 | 16 193 MIR 00
NM_145909 27842996 | 16 262 MIR 0Q
ZNF324 NM_014347 23682495 | 270 114  MIR 00Q
ZNF333 NM_032433 37963987 | 262 67  MIR 0Q
ZNF341 NM_032819 30553302 | 2 259 MIRb 00
NM_014594 i i i i
ZNF354C BC063312 28702905 | 77 43 MIR 00
NM_014951 i i i i
NM_199450 i i i i
NM_199451 21682377 | 230 14  MIRb 00
ZNF365 29373166 272 7  MIRb 00
NM_199452 14871696 230 14  MIRb 00
22562485 | 272 7 MIRb 00
NE308 NM_170686 35313617 | 67 154 MIR3 00
NM_020781 32103296 | 67 154 MIR3 00
ZNF409 XM_375065 29022975 | 133 201 MIR3 TAG
ZNF420 NM_144689 2548 2744 | 58 262 MIR 00
54625650 | 1 172 MIRb 0Q
ZNF445 NM_181489 79208099 | 81 274 MIR 00
8400 8489 | 72 153 MIRb 00
165 212 110 157 MIRb 0O
ZNF45 NM_003425 262 306 120 75 | MR 0 Q
515 607 136 29 MR 50
ZNF470 NM_001001668 | 55,4 3125 176 259  MIRb 00Q
ZNFA71 NM_020813 43084381 184258  MIRb 00
NE4T NM_015428 31453378 4 251 MIR 0Q
NM_001006656 | 30233256 4 251 MIR 00
NEa8A NM_133464 2608 2842 | 5 189 MIRDb 0Q
NM_01007169 10571233 20 167 MIR3 0Q
ZNF488 NM_153034 14571672 31 252 MIRb 00Q
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=386607&ordinalpos=12&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=25777699
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=25777700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7556
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=38045950
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7701&ordinalpos=4&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001105537.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_005081.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7738
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24307934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7739
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6005971
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7745&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_006298.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7746
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=21359880
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=33114565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7748
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=6005973
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31873586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10168
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=68800146
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=68800229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=7549
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62865880
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=62865882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57209
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32698747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=219749
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24462252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=10838
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=122937409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=91975
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=16604251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=64288
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=20070338
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41281748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25799
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7657692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84449
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=57164943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84905
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=40807464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=30832
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30794503
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=38649266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22891
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7662331
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40789309
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40789305
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40789307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57541
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=25777703
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=25777702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=22830
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=89037270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=147923
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34303923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=353274
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56797755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7596
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31377804
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=388566&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/nucleotide/154091002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=57573
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32698737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=25888
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54792147
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=54792149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=158399
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55741871
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55741869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=118738
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=40255102
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2821 2965 271 128 THER1_MD o Q

NM 145115 i i i i
ZNF498 BX640720 19982074 167 91 | MIRb 00
1364 1489 55 196 MIRb 0Q
ZNF501 NM_145044 22722437 | 223 51 MIRb 00Q
ZNF514 NM_02788 26052677 | 163 88  MIR3 00
ZNF526 NM_133444 37383905 | 70 256 MIR 0Q
ZNF540 NM_152606 2542 2644 | 65 182 MIR 0Q
ZNF544 NM_014480 79 201 180 71 MR 0O
22622447 | 244 43 MIRDb TAG
ZNF546 NM_178544 31093216 | 249 131 | MIR 0Q
ZNF566 NM_032838 22482378 134 262 MIR 00
NESEG NM_016202 11001280 34 136 MIRM 00
NM_207115 903 993 34 136 MIRM 00
ZNF583 NM_152478 22722470 | 42 248 MIRDb 0Q
ZNF597 NM_152457 1517 1636 245 133  MIRb 00
ZNF606 NM_025027 39304135 232 2 MIR 00
ZNF607 NM_032689 31503272 | 66 195 MIR 00
NF63S NM_016331 613 745 141 2 | MIRm Cs
AB097862 613 745 141 2 | MIRm CDS
ZNF660 NM_173658 18742004 18 148 MIRb 0Q
ZNF662 NM_207404 18122039 266 25  MIRb 00
ZNF663 NM_173643 604 738 118 253 | MIR 0O
45454684 47 207 MIR3 0Q
ZNF664 NM_152437 47634948 19 202 MIR3 0Q
ZNF689 NM_138447 18211981 180 1 MIR3 00
ZNF70 NM_021916 26842915 | 6 221 MIRDb 0Q
ZNF75D NM_007131 10441302 2 266 MIRb 0 Q
ZNF767 NM_024910 574 657 162 83 | MIRc TAG
ZNF781 NM_152605 30403074 | 166 200  MIR 00Q
ZNRF1 NM_032268 32653400 | 39 169 MIRm 00Q
NM_181877 22632382 | 23 152 MIR 0Q
ZSCAN2 NM_017894 : : i ;
NM_001007072 - i i i
ZSCAN20 NM_145238 36103845 259 2 MIR 00
40614212 9 170 MIRb 00
ZSCAN22 NM_181846 44244580 253 61  MIRb 00
ZSCAN23 NM_001012455 | 2393 2567 194 8 MIR3 00Q
ZXDA NM_007156 27162859 | 17 154 MIR3 0Q
ZYG11A NM_001004339 35703681 241 131  THERLMD o0Q
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=221785
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=64368879
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=34364800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=115560
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=83776593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84874
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=14249455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=116115
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=45331216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=163255
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32306517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=27300
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7656870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339327
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=31341741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84924
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=24475724
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51157
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46361973
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46361969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=147949
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22749006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=146434
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22748966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=80095
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=71480165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84775
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=47271463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=51193
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=7705934
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31620992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285349
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=28212277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389114
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=46559762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284747
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=27735064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=144348
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=22748916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=115509
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7621
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=31340618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7626
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=41152069
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79970&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_024910.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=163115
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_152605.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=84937
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=30089958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=54993
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=63176660
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55769573
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=55769571
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7579&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=34147716
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&list_uids=342945
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=32813444
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=222696&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=190883485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=7789
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=56550125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=440590
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51972253
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9.2. Hypothetical or unknown genes which have recruited MIR elements.

The gere symbol and accession numbers are listed, 216 hypothetical proteins in total.

Gene Name Accession Number Gene Name Accession Number
FLJ2957 NM_207436 LOC388823 XM_373931
FLJ90680 NM_207475 LOC388890 XM_373953
KIAA0467 NM_015284 LOC388893 XM_373954
L(OC143188 XM_378251

NM: 001025447 LOC389025 XM_374004
LOC146795 XM_378701 LOC389147 XM_371663
LOC199800 XM_373810 LOC389149 XM_374051
LOC219908 XM_169057 LOC389150 XM_374052
LOC285422 XM_379280 LOC389237 XM_374094
LOC285711 XM_211988 LOC389345 XM_374150
LOC286208 XM_379668 LOC389683 XM_374277
LOC387940 XM_373571 LOC390217 XM_372420
LOC38276 XM_373685 LOC399715 XM_374766
LOC389166 XM_374060 LOC399786 XM_378236
LOC389791 XM_372142

NM:001013652 LOC399875 XM_378279
LOC400551 XM_378621 LOC399919 XM_378299
LOC400605 XM_378685 LOC399959 XM_378316
LOC400614 XM_378693 LOC400004 XM_378340
LOC400651 XM_378747 LOC400084 XM_378389
LOC401057 XM_379181 LOC400144 XM_378421
LOC401280 XM_376549

NM:001013682 LOC400320 XM_375163
LOC401280 XM_376560 LO@00400 XM_378529
LOC401553 XM_379671 LOC400496 XM_378562
LOC441242 BC066990 LOC400552 XM_378623
MGC15885 XM_378517 LOC400553 XM_378625
PRO0195 AF090901 LOC400572 XM_378648
FLJ10489 XM_379597 LOC400577 XM_378653
FLJ13439 XM_378280 LOC400581 XM_375418
FLJ20674 BC034471 LOC400586 XM_375424
FLJ21408 XM_378573 LOC400655 XM_378753
FLJ25076 XM_059689 LOC400743 XM_378843
FLJ26484 XM_378703 LOC400756 XM_378865
FLJ27365 NM_207477 LOC400796 XM_378917
FLJ31183 XM_379381 LOC400813 XM_378947
FLJ34048 XM_379510 LOC400831 XM_378956
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400077
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=27203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388823
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400926
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=27229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388890
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=23334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=388893
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51475998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=143188
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25616
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001025447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=146795
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389147
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=199800
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389149
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=219908
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=19028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389150
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285422
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389237
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285711
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=389345
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51464573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=286208
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389683
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=390217
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388276
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=399715
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389166
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=399786
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=389791
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25594
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=61966750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=399875
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400551
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=399919
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400605
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=399959
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400614
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26047
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400651
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=400084
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=401057
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25012
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FLJ34515 XM_378620 LOC400847 XM_378982
FLJ35700 NM_205851 LOC400880 XM_379030
FLJ39051 XM_378321 LOC400942 XM_379075
FLJ40852 NM_173677 LOC400960 XM_379102
FLJ41046 NM_207479 LOC400964 XM_379106
FLJ41278 XM_378362 LOC401005 XM_379135
FLJ41350 XM_378247 LOC401006 XM_379136
FLJ41481 XM_379078 LOC401032 XM_379156
FLJ41562 XM_376320 LAC401062 XM_379190
FLJ42280 NM_207503 LOC401165 XM_379299
FLJ43903 XM_379595 LOC401212 XM_379363
FLJ43963 XM_376334 LOC401234 XM_379395
FLJ44076 NM_207486 LOC401256 XM_379409
FLJ44255 XM_378741 LOC401324 XM_380100
FLJ44385 NM_207478 LOC401456 XM_379562
FLJ44674 NM_207449 LOC401477 XM_379605
FLJ44817 XM_375090 LOC401480 XM_379608
FLJ45248 NM_207505 LOC401490 XM_379619
FLJA5721 NM_207490 LOC401530 XM_379643
FLJ45872 XM_376795 LOC439951 XM_374769
FLJ46320 XM_498649 LOC440791 XM_498870
FLJ46836 NM_207509 LOC440894 XM_379121
KIAA0040 NM_014656 LOC441046 BC025996
KIAA0087 XM_376586 LOC51145 AF159054
KIAA0125 NM_014792 LOC51215 AF113674
KIAA0141 BC007855 LOC51216 AF113685
KIAA0317 AB002315 LOC642863 AY358216
KIAA0319L AF275679 LOC643738 AY358772
KIAA0492 XM_378914 LOC645200 AB088847
KIAAQ0748 XM_374983 LOC645238 AY358248
KIAA1199 NM_018689 LOC87600 AF251048
KIAA1239 XM_049078 LOC87623 XM_039762
KIAA1257 XM_371664 MGC21881 NM_203448
KIAA1274 NM_014431 PROO0386 AF116603
KIAA1305 XM_370756 PRO0514 AF090933
KIAA1644 XM_376018 PROO767 AF113012
KIAA1715 NM_030650 PRO0902 AF305821
KIAA1853 NM_19486 PRO0943 AF116611
KIAA1881 XM_375558 PRO1097 AF119844
LOC114137 AF305822 PRQ386 AF118062
LOC119893 AF227517 PRO1483 AF116635
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=119893
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=14736
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28696
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LOC142937
LOC144678
LOC145216
LOC147977
LOC149134
LOC150568
LOC150577
LOC155036
LOC170425
LOC199899
LOC201229
LOC220799
LOC2211@

LOC222701
LOC254808
LOC255177
LOC256176
LOC283034
LOC283143
LOC283177
LOC283214
LOC283332
LOC283403
LOC283432
LOC28663

LOC283682
LOC283761
LOC283854
LOC284100
LOC284551
LOC285547
LOC286149

BC008131
XM_378390
XM_378487
AF187554

NM_207326
XM_379117
XM_379114
XM_376722
XM_378240
XM_378866
XM_375430
AF320070

XM_167908
XM_167152
XM_374069
XM_378516
XM_172889
XM_210860
XM_378312
XM_378327
XM_378303
XM_378355
XM_211028
XM_378379
XM_378514
XM_378544
XM_378542
XM_378599
XM_375443
XM_375713
XM_379258
XM_379594

PRO1496
PRO1808
PRO2832
PRO2949
PRO3073
LOC387943
LOC388073
LOC38818
LOC388641
LOC388813
LOC339022
LOC339442
LOC339468
LOC339524
LOC339807
LOC339809
LOC339902
LOC347475
LOC387647
LOC387693
LOC387824
LOC387826
LOC387888
LOC387927
LOC284688
LOC284798
LOC284898
LOC284931
LOC28645
LOC285418
LOC285484

AF116665
AF118077

AF119902

AF119907

AF119912

XM_373574
XM_373616
XM_373748
XM_373848
XM_373925
XM_294775
XM_378855
XM_373847
NM_207357
XM_379099
XM_291020
XM_295097
XM_298045
XM_373451
BC071736

XM_373520
XM_373521
XM_373550
XM_370726
XM_378912
XM_378971
XM_379044
XM_211694
XM_379086
AF318325

XM_376303
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=142937
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=21838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55467
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=144678
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=29020
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=145216
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55409
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=147977
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28260
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=149134
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=27156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=55417
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=28664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=150568
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387943
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=150577
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388073
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=155036
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388418
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=170425
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388641
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=199899
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=388813
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=201229
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339022
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=220799
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=16655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339442
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=221140
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339468
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=222701
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=19027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339524
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=27165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=254808
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339807
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=255177
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339809
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=19619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=256176
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=339902
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283034
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=347475
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283143
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387647
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283177
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387693
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=27609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283214
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=Graphics&list_uids=387824
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=Nucleotide&dopt=GenBank&val=51468658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283332
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387826
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283403
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387888
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=387927
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283663
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284688
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283682
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284798
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283761
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284898
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=283854
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284931
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=19025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284100
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=26075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285045
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=284551
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=24824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285418
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=18027741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285547
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=285484
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=286149
http://warta.bio.psu.edu/cgi-bin/ScrapYard/display_transcript.pl?id=25517
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9.3. Conservation ofhuman MIR elements

Thenumber of MIRelementswhich corresponds to each nucleotide of thenericconsensus
sequence has been plotted fail ofthe MIR sukfamilies located withini K SUTR @\) coding
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9.4. Accession numbers for DNA sequences included in multiple sequence
alignments

All accession numbers are obtainable for the sequence database at NCBI. Accession numbers
for sequence data included in multiple sequence alignments. The sequence types are obtained
following BLASTn searches of sequence datab@é3kyof either genomic DNA (gDNA; wgs,

ggs, refseq_genomic), mRNA (refsq_rna, nr/nt) or expressed sequence s (@uery
sequences (source) were the generic MIR consensus sequence or from specifionkdliRing

genes. Source gene HGNC symbols have been listed.

Fig. Page SQ(;Juernye Accession No. Db Se_g;pe;ce Species
3.3 50 con'\gleisus 16¢2C40911337559867 wgs gDNA H.sapiens
3.3 50 conl\::eF\;lsus 378121%522?3;91867 Wgs gDNA  P.troglodytes
3.3 50 con'\gleisus DﬁA/zﬁgzl%%oo wgs gDNA B.taurus
3.3 50 con'\g:;sus f?ﬁ-‘i?giggg? wgs gDNA C.familiaris
3.3 50 con'\gleisus 349?7358%23?3655 wgs gDNA S-scrofa
3.3 50 con'\g:;sus A;ll—?l\égiégé% wgs gDNA M.musculus
3.3 50 con'\g:;sus ABQ32312%2460434 wgs gDNA M.eugenii
3.3 50 con'\g:;sus 39;%?’347498395 ggs gDNA T. aculeatus
3.3 50 corll\él(leﬁsus Af;ggﬂgg:ész wgs gDNA O.anatinus
3.3 50 con'\gleisus Nlhgfggg%s re:izq_ MRNA H.sapiens
3.3 S0 conl\gg:rzwsus X%?B?L(;l&)48189285 re:izq" MRNA  P.troglodytes
3.3 50 con'\gleisus 55311?38680659 nr/nt MRNA B.tauus
3.3 50 con'\g:;sus D;-fii;%% est MRNA C.familiaris
3.3 50 con'\gleisus D1I\é15026 1787 ! est MRNA S.scrofa
3.3 50 conl\g:eF\r)]sus 2ASK1152058£114 nr/nt MRNA M.musculus
3.3 50 con'\g:;sus E3i32326346 est MRNA T.vulpecula
3.3 50 con'\g:;sus 51%?1229599 est MRNA O.anatinus
5.2 | 108 | KLcl 104ON9(5:§S(5)f(;)jfé$888 égfnsfﬂi‘c gDNA  H.sapiens
52 | 108 | CHRD 1842907?3%03?122%71617 égi]s:rﬂi_c gDNA  H.sapiens
53 109 KLCL o ?'525%222211;9 ég';soerﬂi—c gDNA  H.sapiens
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http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?maps=blast_set&db=allcontig_and_rna&na=1&gnl=ref%7CNT_026437.12%7C&gi=224514933&term=224514933%5Bgi%5D&taxid=9606&RID=TZN34BR8015&QUERY_NUMBER=1&log$=nuclalign
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Fig. = Page g;uerr(}:/e Accession No. Db SeTq;peence Species
53 109 KLer o, 41'\7'%28165‘51%7263 g;g:lsfr?ﬂ—c gDNA  P.troglodytes
53 109 KLCL e 1’:%82‘?5116475'35 A ég‘;soerﬂi—c gDNA  E. caballus
53 109  KLC1 E%?ffff% 245 égfnsfrﬂ—ic gDNA | C.familiaris
53 109 KLC1 686'\'1(5:7—8867:;%873 g;g;sfr?“—c gDNA B.taurus
53 109 KLC1 1365'\2'3(;1821531;5%5266 éi:]s:r?ﬂ—c gDNA | R.norvegicus
53 109 KLC1 2392152853388%10 égfsﬂi—c gDNA  M.musculs
53 109  KLC1 3120'\'9%2851820%7 206 grg':;?]i—c gDNA | M.domestica
5.3 | 109 KLC1 AB%??;%ZZOSZ'l wgs gDNA M.eugenii
53 109 KLC1 226N9§§§g§20§§;%5 éi:]s:r?]i—c gDNA  O.anatinus
5.3 | 109 CHRD 1899ng§2216;§$0420 g:z:]s;?ﬂ—c gDNA | P. troglodytes
53 | 109 | CHRD 1022N8(2:§:2817c?25:§32464 g;gwsfr?wi_c gDNA  Mmulatta
53 109 CHRD g, 62(7:5—3??87 fgg 460 éisoerﬂi_c gDNA B.taurus
53 109  CHRD 2022?6885(?21&;765 ;f;?“—c gDNA  C.familiaris
53 109  CHRD 207';'%38;8;3500 A ég‘;soerﬂi—c gDNA  M.musculus
5.3 | 109 CHRD 790?37_5)2703071%636 g:g;s:rﬂi gDNA R.norvegicus
58 116  AHIl 39;;'72—5%20%217'81:’88 ;‘;S;?]i—c gDNA  H.sapiens
58 116  AHI1 1377';252816;77722 1867 éﬁf:r?ﬂ—c gDNA | P. troglodytes
58 116  AHI1 8112%_301(—)::3152%256 grg':;?]i—c gDNA  E. caballus
58 116  AHIl 756%52%75’52757 g;g;soer?“—c gDNA B.taurus
58 116  CITA ';'go—??:??gf;z'l égﬁfﬂi—c gDNA  H.sapiens
58 116  CITA 12';'(2:7—281635829 égfgﬂ% gDNA | P. troglodytes
58 116  CITA 109'\7'5633?175;%7 - éz‘:;?]i—c gDNA = M.mulatta
58 116  CITA 335'\'181—823?;55%136 ég';]s:r?]i—c gDNA  E. caballus
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. Query . Sequence .
Fig. | Page Source Accession No. Db Type Species
NC_00008.5 refseq_
5.8 | 116 CIITA 1051249510512557 | genomic gDNA M.musculus
NC_005102 refseq_

5.8 | 116 CIITA gDNA R.norvegicus

51018485101788 genomic

NC_000016.9 refseq_

°8 116 GSGIL  783524827835188  genomic

gDNA H.sapiens

58 116  GSGIL 282225222635%896 g;g':fsgﬁc gDNA  P. troglodytes

58 116  GSGIL 262'\'7405?;27:27%858 éﬁf:r?“—c gDNA  M.mulatta

58 116  GSGIL 18’;&?8261588315 " égfoerﬂi—c gDNA  C.familiaris

5.8 | 116 GSGI1L 1330N4§?g(5)f??3’7(i3664 gggf:;gﬂ; gDNA M.musculus
AC_000064

58 | 116 GSGIL wgs gDNA R.norvegicus

178131185178131115

NC_000020.10 refseq_
3676141536761327 | genomic
NC 007864 refseq_
2632768626327773 | genomic

6.7 | 141 TGM2 gDNA H.sapiens

6.7 | 141 TGM2 gDNA M.mulatta

NC_000020.10 refseq_

6.9 143 TGMZ  3475060636758589  genomic

gDNA H.sapiens

6.9 143  TGM2 353N1§7—§§§§§£170 ;ﬁfﬂi—c gDNA | P. troglodytes

6.9 143  TGM2 263'\'235?:27?3%958 éisoerﬂi_c gDNA  M.mulatta

6.9 143  TGM2 675’;%?3;;’519%02 L g;g:f:r‘jﬂ—c gDNA B.taurus

6.9 | 143 TGM2 1488N3c5:§g%.541£(3)8233769 ég;soer?]i—c gDNA R.norvegicus
NC_00006% refseq_

6.9 143 TGM2 gDNA M.musculus

157944694157943047 genomic
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95. MIR-containing genes clustered on chromosome& and 9

Gene symbol Position Gene symbol Position
SLC1A2 11p13p12 C9orf58 9034.13qg34.3
RAG1 11p12 C90rfo0 9g34.11
TP53I11 11p11.2 C90rfo8 9034.13
SLC43A3 11g12.1 DBH 9g34.2
ZFP91 11g12.1 DPM2 9034.1%13
CNTF 11g12.1 EHMT1 9934.3
FAM111A 11g121 FREQ 9g34.11
MS4A3 11g12.1 GFI1B 9034.213
MS4ABA 11g912.1 NEK6 9033.3g34.11
MS4A10 11g12.2 PIP5KL1 9g34.11
GPR44 11qg12.2 ST6GALNACS6 9g34.11
SYT7 11qg12.2 TOR1A 9g34.11
BATF2 11g13.1 TOR2A 9g34.11
MRPL49 11g13.1

DKFZp761E198 11913.1

Cllorf68 11913.1

SLC29A2 11913.2

PELI3 11913.2

ALDH3B2 11g13.2

ALDH3B1 11g13.2

SAPS3 11g13.2

MYEOV 11g13.3

ORAOV1 11g13.3

FADD 11g13.3
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9.6. MIR-containing genes involvel in regulatory pathways

The mthway nane and MIRcontaining gene symbol is listed. The total number of genes
known to participate in each pathway is noted including the frequency (Freq) of MIR

containing genes involved in each pathway.

Pathway name MIR-containing gene Total Freq.

. . ACAS2L, ACSS1, ALDH3B1, ALDH3B
Glycolysis / Gluconeogenesis AMPD3, DLD, HK1, HK2, IL21R 65 0.138

. . BDKRB2, CASR, CCR5, INPP5D, PIP5
Inositol phosphate metabolism PLCB2, PLCB4 52 0.135
Propanoatemetabolism ACADSB, ACAS2L, ACAT1, ACSS1, D 39 0.128
S_tllbene, coumarine anlignin MPO 8 0125
biosynthesis
Pyruvate metabolism ACAS2L, ACAT1, ACSS], DLD, IL21IR 43 0.116
Galactose metabolism B4GALT2, HK1, HK?2 32 0.094
Fructose and mannose B4GALT2, HK1, HK2, KHK 48 0.083
metabolism
Citrate cycle DLD, CLYBL 28 0.071
Aminosugar metabolism HK1, HK?2 30 0.067
Starch and sucr@smetabolism DDX52, FBX018, HK1, HK2 78 0.051
Pentose and_ glucuronate RPE 24 0042
interconversbns
Pentose phosphate pathway RPE 27 0.037
Butanoate metabolism ACAT1 44 0.023
Sulfur metabolism PAPSS2, SUOX 14 0.143
. ATP6V1G2 ATP6V1B1, ATP6V1E2,
ATP synthesis ATPEVOE2L 40 0.1
Methane metabolism MPO 10 0.1
Redgctlve carboxylate cycle CO: ACSS1 11 0.091
fixation)
ATP6VOE2L, ATP6V1B1, ATP6V1E2,
Oxidative phosphorylation ATP6V1G2, ATP7B, COX15, MEGF11, 130 0.077
NDUFB2, NDUFS1, PPA2

Nitrogen metabolism CA8 24 0.042
Carbon fixation RPE 25 0.04
Fatty acid biosynthesis (path 1) MCCC2 8 0.125
Synthesis a_md degradation of ACAT1 8 0125
ketone bodies

- . AGPAT6, BAGALT?2, DGKA, LIPG, PLLC
Glycerolipid metabolism PLA2G3. YWHAZ 60 0.117
Biosynthesis of steroids DHCR7 18 0.056
Fatty acid biosynthesis (path 2) ACAT1 18 0.056
Glycerophospholipid metmlism AGPAT6, DGKA, PLA2G3, PLD1 77 0.052
Fatty acid metabolism ACADSB, ACAT1 51 0.039
Linoleic aa metabolism PLA2G3 35 0.029
Sphingolipid metabolism NEU3 38 0.026
Bile acid biosynthesis ACADSB 40 0.025
Androge_n and estrogen HEMK1 53 0019
metabolism
Arachidonic acid metabolism GPX7 57 0.018
Purine meabolism ADCY1, ADCY2, ADCY6, AK2, AMPD: 155 0.123
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Pyrimidine metabolism

Phenylalanine metabolism
Methionine metabolism
Alanine and aspartate
metabolism

Histidine metabolism
Tyrosine metabolism

Arginine and proline metabolism

Glutamate méabolism

Lysine degradation
Tryptophan metabolism
Valine, leucine and isoleucine
degradation

Glycine, serine and threonine
metabolism

Urea cycle and metabolism of
amino groups

Selenoamino acid metabolism
Aminophosphonate metabolism
Glutathione metabolism
beta-alanine metabolism

Keratan sulfate biosynthesis
O-Glycan biosynthesis

N-Glycan biosynthesis

Glycosylphosphatidylinositol(GP!

anchor biosynthesis
N-Glycan degradation

Glycosaminoglycan degradation

Glycosphingolipid metabolism

Glycan stratures- biosynthesis 1

Thiamine metabolism
Ubiquinne biosynthesis
Boitin metabolism
Nicotinate and nicotinamide
metabolism

Onecarbon pool by folate
Folate biosynthesis
Porphyrin and chlorophyll
metabolism
1,1,X%Trichlore2,2-bis(4
chlorophenyl)ethane
Nitrobenzenedegradation

1- and 2Methylnaphthalene
degradation

Benzoate degradation via CoA

ATP6V1G2, MPP3, NT5E, PAPSS2,
PDE11A, PDE2A, PDE4A, PDEA4C, PO
POLH, POLQ, POLR3D, RECQLS5, RRI
EHD4, NT5E, POLG, POLH, POLQ,
POLR3D, RRM2B, TK2, TXNDC2
ALDH3B1, ALDH3B2, MAOB, MPO
AHCYL1, MAT1A

ASL, DARS2, IL1A

ALDH3B1, ALDH3B2, HEMK1, MAOB
ALDH3B1, ALDH3H2BH, HEMK1, MAC
ADC, ASL, MAOB, PARS2

ADC, GCLC

ACAT1, EHMT1, OTUB2

ACGAT1, DHCR24, HEMK1, MAOB, WAI

ACADSB, ACAT1, MCCC2
DLD, MAOB

ASL

AHCYL1, HEMK1, MAT1A, PAPSS2
HEMK1

GCLC, GPX7

ACADSB

B3GNT6, BAGALTZ2, FUT8, ST3GAL1,
ST6GAL1

B4GALTZ2, GALNT4, GALNT10, GALN"
ST3GAL1, ST6GALNACG

ALG2, B4GALT2, FUT8, MAN2A2, MG,
NEUS, ST6GAL1L

B4GALTZ, PIGS, PIGL

NEU3

HYAL1

B4AGALT2, NEU3
GALNT4

TPK1

NDUFB2, NDUFS1
OTUB2

NMNATZ2, NT5E, NUDT12, QPRT

EHD4
DDX52, FBXO18

ALAD

DHCR24
HEMK1
ACADSB
ACAT1
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93

30
16

25

41
60
58
31
52
86

54

45

26

34
20
41
27

15

25

37

23

16
17
43
107

15

43

16
37

36

15
27
31

0.097

0.133
0.125

0.12

0.098
0.083
0.069
0.065
0.058
0.058

0.056

0.044

0.038

0.118

0.05
0.049
0.037

0.333

0.24

0.189

0.13

0.063
0.059
0.047
0.009
0.167
0.133
0.125

0.093

0.063
0.054

0.028

0.333
0.067
0.037
0.032
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ligation

RNA polymerase

Basal transcription factors
AminoacytRNA synthetases
Ribosome

Proteasome

Protein export

Ubiquitin medated proteolysis
DNA polymerase

ABC transportersGeneral

Cytokinecytokine receptor
interaction

Cell adhesion molecules (CAMs)

ECMreceptor interaction

Neuroactive ligandeceptor
interaction

Calcium signaling pathway

Phosphatidylinositol sighiag
system

JakSTAT signaling pathway

MAPK signaling pathway

TGFbeta signaling pathway

Whnt signaling pathway

Notch signaling pathway
Hedgehog signaling pathway
VEGF signaling

Regulation of actin cytoskeleton

POLR3D

TAFOB

DARS2, WARS?2

RPL28

PSMD12

SEC61A1

CUL3, CUL1, NEDDA4

POLG, POLH, POLQ

ABCC3, ABCG2, TAP2

CCR5, CNTF, CSF3R, CX3CR1, EDA,
FLT3LG, IL1A, ILIRAP, IL10RA, IL12R
IL12RB2, IL18R1, IL2RB, IL21R, IL22F
IL22RA2, 1L23R, IL28RA, IL6ST, ILS, |
MPL, NGFR, OSM, PDGFRB, TGFB1,
TNFSF12, TNSSF4, TNFSFS8,

CD28, CD4, CD8A, CD80, CNTNZ2, CLI
CLDN10, ITGB7, ITGAL, OCLN, PVR
COL4AG6, GP5, ITGA2, ITGB3, ITGB7, !
VTN

APLN, AVPR2, BDKRB2, CRHR2, CYS
EDG6, F2RL1, GABBR2, GABRE, GAE
HRH1, HRH2, HTR4, LEP, MC1R, NML
NTSR1, NTSR2, P2RY2, P2RY6, P2R
PTHR1, TACR1, UCN2

ADCY1, ADCY2, ADCY6, AKAPS5, ATP
BDKRB2, CACNAID, CACNAI1G,
CACNA2D4, CACNG3, CAMICYSLTR?Z
ERBB3, HDAC6, HDACS8, HRH1, HRH:
HTR4, NFATC4, NTSR1, P2RX7, PDG
PLCB2, PLCB4, PRKACB, TACR1, TNI
CDC25B, DGKA, DUSP3, DUSP18, INI
PLCB2, PLCB4, PTPNS3, PTPRU, SIRF
CNTF, CSF3R, JAKS, IL2RB, IL10RA,
IL12RB1, IL12RB2, IL21R, IL22RA1,
IL22RA2, IL23R, IL28RA, IL6ST, LEP,
OSM, STATS5A, SPRY3, TYK2
ACVR1C, ARRB1, CASP10, CDC25B,
DUSP3, ELK4, FGF7, FGR, GNA12, Ik
IL1A, MAP2K3, MAP3K8, MAP3K14
MAPK4, MAPKAPK2, MOBKL2C, NFA
PDGFRB, PLA2G3, PRKACB, RASGRI
RRAS, SHC3, STK4, TGFB1, TP53, Z,
ACVR1C, BMPR2, CDKN2B, CHRD, C
SMADG6, TGFB1

CUL1, CAMK2A, DAAM2, DVL3, NFAT
PLCB2, PLCB4, PRKACB, TP53, WNT.
DVL3, NUMB, PSEN2

PRKACB, WNT8A

EIF1AX, PXN

ARHGEF6, BDKRB2, FGF7, FGD1, FC
GNA12, IL17RE, ITGA2, ITGAL, ITGB3
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25
36
32
131
31
13
45
25
43

255

132

87

302

176

79

153

271

84

147

46
57
72

206

0.04
0.028
0.063
0.008
0.032
0.077
0.067

0.12

0.07

0.114

0.083

0.08

0.079

0.153

0.127

0.124

0.103

0.083

0.068

0.065
0.035
0.028

0.083
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Apoptosis

Cell cycle

Gap junction
Focal adhesion
Tight junction

Adherens junction
Cell communication

Adipocytokine signaling pathway

Insulin signaling pathway

B cell receptosignaling pathway

Hematopoietic cell lineage

T cell receptor signaling pathway

Natural Killer cell mdiated
Cytotoxicity

Complement and coagulation
cascades

TolHike receptor signaling
pathway

Antigen presenting pathway
Dorsaventral axis formation

Axon guidance

Circadian rhythm
Amyotrophic lateral sclerosis
(ALS)

Huntington's disease
Neurodegenerative Disorders
Alzheimer's disease

Type | diabetes mellitus
Type Il diabetes midus

ITGB7, PDGFRB, PPP1R12B, PXN, RF
SLC9A1, WASF2

ATM, BIRC4, CAPNS5, CASP10, FADD,
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PRKACB, TRAF1, TRAF3, TP53
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CDKN2B, CUL, E2F6, FGR, HDACG6, H
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ADCY1, ADCY2, ADCY6, MCI1R, PDG
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COL4A6, DSC2, GJB3, KRT4, VTN
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SHC4

CAMKZ2A, GAB2, IKBKG, INPP5D, MAI
MAP2K3, MAP3K8, MAP3K14, NFATC
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CD33, CD4, CD59, CD8A, CSF3R, FL1
GP5, IL1A, ITGAZ, ITGB3, ITGB7
CD4, CD28, CD8A, IKBKG, ITK, MALT.
MAP3K8, MAP3K14, NFATC4, RELB, |
ACVR1C, ARRB1, CACNA1D, CACNA
CACNA2D4, CACNG3, CASP10, CDC:
DUSP3, ELK4, FGF7, GNA12, HSPALE
IKBKG, IL1A, MAP2K3, MAP3K14,
MAP3K8, MAPKAPK2, NFATC4, PDGF
PLA2G3, PRKACB, RASGRF1, RRAS,
TGFB1, TPS3, ZAK

BDKRBZ2, C7, CD59, MASP1, MBL2,
PLAUR, SERPINA5

ATM, CD80, FADD, IL8, IKBKG, MAP2
MAP3K14, RELBICAM2

TAP2, TAPBP

ETV6, ETV7, RRAS

ERHAS, NFATC4, PLXNA2, PLXNB2, R
SEMA4F, SRGAP3, UNC50

ARNTL2

SLC1AZ2, TPS53

HAP1, TGM2, TP53

NGFR, PSEN2

PSEN2

CD28, CD80, IL1A

ADIPOQ, Cacnald, CACNA1G

84

112

99

194
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77
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69

135

63

88
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86
28

130
18
17

30
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22
44
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0.167

0.134

0.101

0.093

0.084

0.052
0.041
0.058

0.044

0.175

0.125

0.118

0.107

0.101

0.099

0.023
0.107

0.062
0.056
0.118

0.1
0.057
0.045
0.068
0.068
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9.7. Gene ontology data for the human MIRcontaining genes.

The gene ontology identification number and term are listed.

The percentage of MIR

containing genes is included and the p valUdwe ontologies i@ categorised as followgy) GO
terms relating to protein bindingB) growth and developmentQ neuronal function;D)
mammalian reproductionE) cell compartment and?) immune responses.

A) GO terms relating to protein binding.

GOID Gene Ontology Ten MIRs (%) P value
G0:0046914 Metal ion binding 37.83 5.32E05
G0:004318 Cation binding 35.2 0.000141201
G0:004227 Peptide binding 1.9 0.0300147
G0:000550 Calcium ion binding 8.68 0.252313
G0:0030246 Carbohydrate binding 2.32 0.291063
G0:0005524 ATP binding 16.42 0.305178
G0:000016 Nucleotide binding 14.56 0.422993
G0:0005529 Sugar binding 1.55 0.446001
G0:0008289 Lipid binding 3.06 0.495413
G0:0003677 DNA binding 17.54 0.527381
GO:@0o51@ Receptor binding 5.61 0.645644
G0:0005525 GTP binding 3.45 0.853497
G0:0003723 RNA binding 3.82 0.994431
B) GO ermspertainingto growth and development

GOID Gene Ontology Term MIRs (%) P value
G0:0001501 Skeletal development 3.63 0.00128131
G0:0048856 Anatomical structure development 17.89 0.00328912
G0:0048513 Organ development 11.79 0.0253845
G0:0009887 Organ morphogenesis 4.41 0.0421475
G0:000988 Tissue development 3.89 0.0586727
G0:0007568 Aging 0.33 0.163553
G0:0021675 Nerve development 0.13 0.282332
G0:0055001 Cell development 13.73 0.288051
G0:0001701 Embryonic development 2.28 0.384237
G0:0001558 Regulation of cell growth 1.55 0.61238
G0:0016049 Cell growth 1.69 0.643293
G0:0007548 Sex differentiation 0.36 0.906218
GO0:000738 Pattern specification 0.68 0.9597
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O GO terms related to neuronal function.

GOID Gene Ontology Term MIRs (%) P value
GQ0007611 Neurotransmitter transport 1.46 0.000341128
G0:0006836 GPCR receptor activity 1.84 0.0211317
G0:0043005 Neuron projection 1.35 0.0360011
G0:0046928 Transmission of nerve impulse 3.04 0.243314
G0:0030901 Neurite development 0.17 0.250773
GO:028666 Synaptic transmission 2.59 0.420828
G0:0048168 learning and/or memory 0.46 0.430455
G0:0001764 Regulation of neuronal synaptic plasticity 0.34 0.459277
G0:0007218 Midbrain development 0.17 0.514246
G0:0030900 Neuron development 3.97 0.540783
G00030182 Neuron differentiation 3.97 0.540783
GO0:0007417 Regulation of neurotransmitter secretion 0.99 0.591897
G0:0007268 Neuron migration 0.52 0.645013
GO0:0031175 Central nervous system development 1.82 0.659488
G0:0008528 Neuropeptide signaling pathay 0.77 0.798758
G0:0019226 Forebrain development 0.15 0.806132
D) GO ermspertainingto mammalian reproduction.

GOID Gene Ontology Term MIRs (%) P value
G0:0007595 Lactation 0.61 0.0044462
G0:0007567 Parturition 0.24 0.130172
G0:0009790 Embryonic development 2.28 0.384237
G0:0030317 Sperm motility 0.12 0.546723
G0:0007369 Gastrulation 0.36 0.554173
G0:0001890 Placenta development 0.15 0.574902
G0:0046661 Male sex differentiation 0.26 0.634846
G0:000756 Pregnancy 0.49 0.63798
G0:0019098 Reproductive behaviour 0.11 0.697223
G0:0019953 Sexual reproduction 1.89 0.835177
G0:0007276 Gametogenesis 1.6 0.846263
G0:0009566 Fertilisation 0.24 0.867359
G0:0042698 Menstrual cycle 0.12 0.893952
G0:0046660 Female sex differentiation 0.13 0.895515
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B) GO terms relating to the cell compartment.

GOID Gene Ontology Term MIRs (%) P value
G0:0005886 Plasma membrane 20 0.000723
GQO0005794 Golgi apparatus 6.8 0.001245
G0:0030425 Dendrite 0.75 0.031293
G0:0043005 Neuron projection 1.35 0.036001
G0:0001917 Photoreceptor 0.22 0.03732
G0:0043203 Axon hillock 0.12 0.125862
G0:0031982 Vesicle 2.41 0.131283
G0:0031982 Endoplasmic retulum 9.35 0.154074
GO:000578 Endosome 1.7 0.210515
G0:0019861 Flagellum 0.37 0.273242
GO:0005773 Vacuole 2.38 0.301798
G0:0005929 Cilium 0.51 0.330358
G0:0030424 Axon 0.5 0.338993
G0:0043205 Fibril 0.12 0.375564
G0:0044456 Synapse part 0.66 0.671878
GO:00055& Collagen 0.25 0.70366
GO0:0005737 Cytoplasm 34 0.757031
G0:0005856 Cytoskeleton 10.37 0.760973
GO:000579 Mitochondrion 8.67 0.780529
G0:0005829 Cytosol 4.25 0.914759
G0:0005634 Nucleus 45.75 0.957493
G0:0005694 Ribosome 1.36 0.995429
P GO ermspertainingto immune responses.

GO ID Gene Ontology Term MIRs (%) P value
G0:0048535 Cytokine receptor activity 1.58 4.61E05
G0:0019882 Immune response 7.78 0.00228131
G0:0046649 Wound healing 1.94 0.00633122
G0:0045321 Lymphocyte activation 2.19 0.0729672
G0:0006956 Leukocyte activation 2.17 0.111272
G0:0002706 Lymphocyte mediated immunity 0.91 0.283123
G0:0042119 Neutrophil activation 0.13 0.328416
G0:0006954 Inflammatory response 2.67 0.349137
G0:0006956 Complement activation 1.32 0.358703
G0:0006959 Humoral immune response 0.99 0.379501
G0:0006935 Chemotaxis 1.3 0.480615
G0:0019882 Antigen presentation 0.78 0.628384
G0:0042379 Chemokine receptor binding 0.16 0.972179
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9.8. MIR elements which are spliced, and are within coding sequences of human
genes

The gene symbol and accession number were obtained from Entrez gene at NCBI. The
transcript no has been provided if the exonisation occurs in a reference seg@rgignifies

that there is only one sequence and the exonisation occurs in the reference sequence.
Abbreviations: Ex, exon; Int, intron; UTR, untranslated region; CDS, coding sequence; ATG,
methionine sequence; TAG, stop codon; Alt, alternative; Accemor; Don, donor; Con,
constitutive; SS, splice site; RT, read through exon. Intronic sequences are in lowercase and
exonic nucleotides capitals. Start and stop codons are bold and italicised.

Gene svmbol Transcript MIR MRNA RefSeq Splicing {{Y -meroQ T
y No. type region region event p Q -nier o
Middle
ABCC2 - MIR CDS Ex7 -
Con Ex
ABHD14B 1,2 MIRb 5UTR Ex?2 ConAcc SS ttattgttcccatatttcagATC
MIR 5UTR Intl Alt
ABHD2 1 MIR3 3UTR - AcciDon [, SeCaceiCiaaaacAiA
MIR3 0 OTR - Ss glaag
ACACA nr MIRb CDSs Int 1 Alt Don SS AAGgtaggc
MIR_Mars CDS - Alt TAG
ADAMTS? nr MIRD TAG Ex15  /Ex 15RT CATGGRGASGCAGG
ADAMTSLS - MIRb ATG Ex 2 Con ATG GGCTQATGSACTCG
ADRA1A nr MIR CDS Int 1 Alt Acc SS ctaagtctttacttttacagATG
AHI1 4 MIRc TAG Int15  Alt TAG AAGCATAGACTCAGG
Alt Acc SS .| ttgttatccctatttcacagAAC
ANAPC5 nr MIRb TAG Int 11 Alt TAG TAAGA
MIR_Mars TAG Alt TAG
ANKRD49 nr MIRb 0Q ! Int 2 Ex 2 RT TCTGCIGGE&CACTT
Con Acc S¢
. gcaggggacctgagttctagGC
MIR3 5UTR Ex1 Con
ANKRD9 - MIR3 5 UTR Ex 2 Acc/Don acccctcccctttcttacagATA/
ss CAGgtaggt
MIRb CDSs Alt TAG
ARL10 nr MIRb TAG EX 3 /Ex 3 RT TTTTTTGAGACAGA
ARNTL 1 MIRb pQ | Ex3 Alt Don SS GTGgtaagc
ttaacactgcaattttccagATG
- C
ART1 MIR ATG Ex 2 Con Acc S¢ ACCAGETGCAGATG
BCL2L1 nr MIRb CDS Int 2 Alt Don SS TGGgtacta
BTN3A3 a,b MIR ;AL?TR Ex11 ConTAG CTTTAGGAATTCA
C100rf118 nr MIRc 5UTR Intl Alt Acc SS cccatcttgattttgtttagAGG
Con
Cllorf51 - MIRb 5UTR Ex2  Acc/Don  LattalcceeatitacagATe/
ss CAGgtctgt
i MIRc ATG Ex 2 Con Don GAGgtgagt
Clri3e MIR3 0Q | ss -
C120rf52 - MIRb 5 UTR Ex2 gg” DoN icacttccacegtttagCTT
C120rf76 - MIR CDS  Ex3 gg" Don G aGgtaata
MIR_Mars CDS Middle ex -
Cldorfl7s | - MIRD TAG X3 ConTAG GGGAATGA
C150rf33 nr MIR3 TAG Ex10 AltTAG AATAGAA
C16orf47 - MIR CDS Ex 3 Con Acc S¢ attattactcccactttacagATA
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C190rf39
Clorf220
C3orf35

Coorfl14

C7orf65

CACNA1G

CCDC82
CCNO
CD300LG
CD99L2

CDC20B

CDC42BPG

CHRD

CHRDL2
CHRNAL1
CITA

CPAS5
CRELD1
CSF3R
DISC1
DMWD

DNAJB13

DPM2
DUOX1
EIF4G3
ELMO2
EPB41L1

EPHB2

FAM109A
FAM189B
FAM23B

FAM53B

FBXO18
FHAD1

15

nr

nr

nr

nr

nr

nr

nr

nr

MIR
MIRb
MIR
MIRb
MIRb

MIRDb

MIRb

MIRDb

MIRDb
MIR3

MIR

MIRb

MIR
THER1_MC
MIR

MIR3
MIR

MIR
MIR3
MIR

MIRc
MIR
MIR3

MIR
MIR
MIR3

MIR3

MIRb
MIR3
MIRDb
MIRDb
MIR

MIR

MIR
MIR
MIR

MIR

MIR3
MIRc

TAG
ATG
CDS
TAG
3'UTR

CDS
TAG
3'UTR
5'UTR

ATG
TAG
oQ |
CDS
TAG
o OTR
o OTR

CDS
TAG

CDS
CDS
TAG

5'UTR
CDS

TAG
CDS
o OTR

ATG

TAG
5' UTR
pQ |
5' UTR
5' UTR

TAG

5'UTR
TAG
TAG

TAG

ATG
CDS
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Ex 2
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Ex2

Ex 2

Ex 23

Ex 2
Ex 1
Int 6
Int 2

Ex 12

Ex 2

Int2

Ex 10
Ex 4
Ex 11

Int 1
Int 10
Ex 2
Int9
Ex 4

Int 6

Int 2
Int1
Int1
Int 2
Int1

Int 6

Ex 2
Ex 5
Ex 5

Int4

Int 1
Int 33

Con TAG
Con ATG
Alt TAG

Con TAG

Con
Acc/Don
SS

Ex 23 RT
[Alt TAG
Con Don
SS

Con ATG
Alt Acc
SS/Alt TAG
Alt Don SS

Con TAG

Middle con
ex

Alt Acc/
Don SS
Con Acc/
Don SS
Alt Don SS
Ex 11 RT
Alt TAG
Alt Acc/
Don SS
Alt Acc SS
Con Acc/
Don SS
Alt TAG
Con Acc/
Don SS
Alt Acc
SS/AIt ATG
Ex 2 RMAIlt
TAG

Alt Acc SS
Alt Acc/
Don SS
Alt Don SS
Alt Acc SS
Alt ATG
Alt Acc SS
Alt TAG
Con Acc S¢
Alt TAG
Con TAG
Alt Acc SS
Alt TAG
Alt ATG
Alt Don SS
Alt Acc SS

CCOTGASCT
CCBTEATC
GGAAGAA

ACAAGAC

tgcctgctcttattgtgcagGTA/
GAGgtaata

GGAAAGGG

TCGgtaagt

ATATGETG

ctttccatccccccttttagAAT
GTTGAGC

AAGgtgagt

TAQAGCAC

attattatccccattttccaGAC
AGGgtaagtcttg
attattatccccattttacagATG
CCAgtaagt

GAGgtcagt

AGAIGAGGA

ataatacattgcattttgcagGC”
GAGgtaggg
tgtgtcagatgctgtictagGTG
atgttatttctttcccacagATG
CTGgtaagt

GCCGASGA
agacccctctgtctccgtagTTC
CAAgtcagt
cataagatttcattgtacagATG
GAQATGSAG

TCTGACT

aggcatatttgctcccatgCTG
ttattttgctaattctttccagCAA
AAGgtaatc

AAGgtagga
tctgtticttatctgtaaaCAG
CTATGETT
ttactatcccccttttacagATG
AGTAAGGA
gttacgatcccattttacagATG
TGAAAGGC
ATTTGAGGT
cctgttgtattttctcctccagATA
CCAGAGGA
CTATARAGC

CAGgcaagt
cgatgatccctattttacagATG
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FIGNL1

FXYD4

GAFA2

GCET2

GDPD5
GGAl
GIPC1

GPR171

GSGI1L
HHIPL1
HIF3A

HM13

HNF4A

HTR3E
IBRDC1
IKBKG

IL6ST

INPP5J
ITGB7

KIF19

KIFC3

KLC1

LAS1L
LIG4
LINS1

LMBR1L
MICA

MORF4L2

MPG

12

nr
nr

1,2

nr

nr

nr

1,6,8
12, 13,
14, 15, 16
a

MIR
MIR
MIR
MIR

MIR

MIR

MIR3
MIR3
MIRm
MIR
MIRb
MIRb

MIR
MIR

MIR
MIR3
MIR3

MIRDb
MIR
MIRb

MIR

MIR
MIR
MIR3

MIRb

MIR
MIR

MIR

MIRDb
MIRb
MIRb
MIRb
MIR3
MIRb
MIRDb

MIR_Mars
MIR

MIR

MIR

5'UTR
5'UTR
5'UTR
5'UTR

5'UTR

CDS

TAG
3'UTR
3'UTR

5'UTR
CDS
5'UTR

5'UTR

CDS
TAG
TAG
TAG
3'UTR
3'UTR
TAG

ATG
TAG
ATG

p Q

p OTR
5 UTR

TAG
5'UTR
5'UTR
TAG
TAG
CDS
5'UTR
CDS

ATG
TAG

5'UTR

ATG
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Ex 2
Ex 2
Ex 2
Ex 3

Ex 2

Ex 1

Ex 6

Int 2
Int9
Int 1

Ex 2

Int 4
Ex 8
Ex 13

Ex 3

Ex 8

Ex 1
Ex 9
Ex 1

Ex 2

Int1
Ex 2

Ex 12

Int3

Int 13

Ex 9
Int1
Ex 8

Int 2
Ex 6

Int 2

Int 2

Con Acc S¢ tgttgctgcegcttcttttatagGTG
Alt Don SS TGAgtaggc

Alt Don SS CAAgtaagt

Con &c SS TTGgtactg

ConAcc/  tgatgatcctccttttacagGAC
Don SS TTGgtaagt

Middle

Con Ex

ConTAG TTAAGGA

Alt Acc / tgcaaatccttccttcctaGGC
Don SS CAGqgtttgt

Alt Acc atcttatttactacccgcagCTG
Alt Acc / ggaattccacccatttttcagATC
Don SS CTGgtaagt

Con Don
SS

Alt Acc / ccaaagtgatgggattacagGT1
Don SS CTGgtaagt

Alt TAG AAATGAGCA

TGGgtaagt

Ex 13 RT
o TGEAGSCC
Ex 3 RT
o GGAGAAA
Ex 8 RIT
AtTAG ~ ccTAaccT

Con ATG CAMRTATA

Con TAG TTGTAAAAA

Alt ATG CCaTGsCC

Con Acc/ agactctcctctctttacagTGA
Don SS TGGgtaagt

Alt Acc SS cccatcccttcattttacagACA
Con Acc S¢ tcaacttctccactttgcagATG
Ex 12 RT

Alt TAG GTTGAGAG

Alt Don SS CAAgtaagt
Alt TAG CTCARGG

Alt Acc/ gtcctecccacattttaaagATG
Don SS AAQGATT

Alt TAG ATGgtgagt

Con Acc/ ccaacatcctcatgttacagATC
Don SS ACAgtgagt

Alt Don SS CAGgtattc

Middle con

Ex i
ataacatttctgatggtcagTTT
GARATGTT

ConTAG GCCTAGACT

Alt ATG

Alt Acc/ taatagttcctacttcatagGAT
Don SS CATgtaagt

Alt ATG AGRATGETC
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MRRF
MS4A10

MST150

MTIF2
MUC15

MYEOV

MYO15A

MYO7A
MYT1L

NCR2

NDST2
NDUFB2
NEK11

NFX1

NIPSNAP1
NSD1
NTRK3

NUMB
oTuB2
OTuD6B

PAQR3
PAX7
PBOV1
PCTK3
PELI3

PFKFB4
PGGT1B
PHF19
PSD4

PTGS1

PUS10

RGAG1

nr

nr

1,2

nr

nr
1,2,

3,4
nr

nr

nr

nr

nr

nr

nr

nr

MIR
MIRb
MIR3

THER1_MC
MIR3
MIRb

MIR3

MIRDb

MIR
MIRb

MIR
MIR

MIRb
MIRm

MIRb

MIR
MIR
MIR 3

MIR3

MIR3
MIRDb
MIR3

MIRDb
MIRb
MIR3

MIR
MIR
MIR
MIR
MIRDb

MIRc

MIR
MIR3

MIRDb

MIRm
MIRm

MIRb
MIR

MIRDb
MIRb

CDS
TAG
o OTR
pQ |
ATG
o OTR

5'UTR

TAG
3'UTR
CDS
o OTR

TAG
50! ¢

CDS

5'UTR
ATG

TAG

ATG
CDS
CDS

pQ
TAG
ATG

TAG
TAG
CDS
TAG
CDS

CDS

p OTR
ATG

TAG

CDS
oQ |

CDS
CDS
oQ |
5 UTR
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Int4
Ex 8

Ex 1

Ex 2

Int1

Ex 3

Ex 33

Int 27
Ex 2

Ex 5

Ex 2
Int1
Int1

Int 16

Ex 1
Int 2
Int 13

Ex 3
Ex 3
Int3

Int5
Int 8
Ex1
Int 12
Int 2

Int3

Int1

Int5

Ex 3

Int 2

Int 2

Ex 1

Alt Acc SS
Con Acc S¢
Con TAG

Con ATG

Con Don
SS

Alt Acc/
Don SS

Con TAG

Con Don
SS

Alt TAG
Con Acc S¢
Middle
Exon

Con Don
SS

Alt ATG
Alt Acc
/Don SS
Alt Acc SS
Alt TAG
Con ATG
Alt Don SS
Alt Don SS
Con Acc/
DonSS

Alt TAG
Alt ATG
Alt Don SS
Alt ATG
Alt Don SS
Alt TAG
Middle con
EX

Alt TAG
All Acc /
Don SS

Alt Don SS

Alt ATG

Ex5RT
Alt TAG
Con Don
SS

Alt ATG
Alt Don SS

Alt Acc SS

Con Don

tttttgttattggtccactagGAA

ttaatatctccatttcatgcAGG
AATGAAGA

GAGTGCC

GGAghagt
ttgcctcttccattttccagCTT
GTTgtaagt

TGTGASGA

AAGgtcaac

AGTTAGEAC
ttgctttttatattttacagATG

AAGgttcta

GTATGEAG
attctgtccttctctaaaagGAA
TCTgtaagt
gtatactctttgttttgcagATA
ATTTAAATA
AAQATGECT
GGGgtaagc
ATGgtggag
ttattattctcattttacagATG
CAGgtctgt

TTAAACTT

AAGgtgctt

GTTGAGAA
TAAgtaagt
TAQAG5GC

ACTAGCTG
tcatttcaatcttcacaaagATG
CTGgtaagt

gtcaccccctacttttacagATG

GGATGETG
TT@AGCT

TGGgcaagt

CAMTGRAGG
TCAgtaggt

atgattgtctctattttcagATG

TGGgtaagt
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MIRDb
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MIRDb
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5'UTR
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5'UTR
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5-UTR
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Ex 4/5
Ex 2

Int4

Int 2
Ex
Int 11
Ex 2

Ex 3

Int 15

Int 2
Int 2
Ex2T

Ex5

Int3

Ex 2

Ex 27

Ex 4

Ex 3

Ex 2
Ex 15
Ex 21

Ex 6

Int4

Int1

Int 10

Int1

Ex 6

SS

Con TAG
Con Acc/
Don SS

Alt Ac SS
Alt TAG

Alt Acc SS
Alt TAG
Alt TAG
Con Acc S¢S
Ex 3 RT
Alt TAG
Alt Acc /
Don SS
Ex 3 RAlt
TAG

Alt Don SS
Ex 2 RT
[Alt TAG
Ex5RT
[Alt TAG
Alt Acc SS
Alt TAG
Middle con
Ex

Ex 27 RT
[Alt TAG
Middle con
EX

Con Don
SS

Con ATG
Alt TAG
Ex 21 RT
[Alt TAG

Ex 6 RT
[Alt TAG

Alt ATG

Alt Acc SS

Alt ATG

Alt Acc SS

Middle con
Ex

CCCTGAGAG
gatatccttggtttictacagAAG
AAGgtaggc

aatcatctatatttttgcagATG
CAGAAGGG

gtattgtcccttttttacagATG
GTAAAGGA
GTGAAGGA
tctaaacctctcatttacagATA

GTTGASCC

ttatctttccctttttacagATG
CAGqgtctgt

ACTAACAA
AAGgtagag
CCAARATG

AAG GAGAA

tcactcacctctgtttacagATG
CTCGAGAG

GAATGACAA

tattttcttctgtttttcagATG

CAGATGECT
GGUGAGCC
AATTAGAGA

ATTTGAACC

AGRATGEAG

ataattatcctgttttacagATG

AGRATRAAG

cctecctetgcetecttgcagGCC
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TMUB2

TNFSF12

TP53I11

TRAF3

TRIM10
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MIR3
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MIR

MIRDb

MIR3

MIR3
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MIR3

MIR3

MIR

MIRDb
MIR
MIRm

MIRc

5'UTR
5'UTR
5'UTR

TAG

5'UTR

5'UTR
TAG
CDS
TAG

pQ |

ATG

CDS

TAG

TAG
5'UTR
TAG

TAG

CDS

TAG
o OTR
CDS

TAG

Int1
Int1

Int5

Int1l

Int 1
Int7
Int 1
Ex 8

Ex 1

Int1

Ex 45

Ex 4

Ex 6
Ex 2
Int5
Intl

Int4

Int 2

Ex 7
Ex 12
Ex 4

All Acc SS
Alt Don SS

Alt Acc SS
Alt TAG
Alt Acc/
Don SS
Alt Acc SS
Alt TAG
Alt Acc SS
Con TAG
Con Don
SS

Alt Acc
/Don SS
Alt ATG
Middle
Con Ex

Ex 4 RT
[Alt TAG
Con TAG
Con Acc S¢
Alt TAG
Alt Don SS
Alt Acc SS
Alt TAG
Alt TAG
Alt Don SS

Con TAG

Con Acc S¢
Con Acc S¢
Con TAG

actgagacttaggttgcgtagCT
GAGgtaggt

taattacctccattttacagATG
CCAGAGAT
ttttgcceccgggctcecctagGAA
GAGgtaagg
ccaatcccttattttacagATG
GCAAGAA
atcctttgcccatttttaagGTG
ATTTGAGCG

CCGGTGGGT

ggaaagcattttatctccacAG(
AAGATGSCA
AAGgtgagt

GGTGATG

AAGTGAGAT
gttatgcacccattttacagATG
TGTGATA

CAGgtgagt
actgctggactictataaaaGG/
AAATGACT
TGARATAGG

CAGgttaga

ATGAAAGA

tcttccaaatccctttttacAGA

tattgtcttccatttgacagATG
GATTGAGTA
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9.9. Human EST sequences which contained spliced MIR elements

The gene symbol and accessianmmber are listed, 73 EST sequences in total.

Gene Name AccessiorNo. Gene region | Gene Name Accession N.  Gene region
ABCA10 DB226553 CDS PCSK2 BE257514 CDS
AGTRAP BM772673 CDS PGAP3 BI1518652 CDS
ANKK1 CR741028 CDS PIP5K1B AL705046 5'UTR
ARPC4 DB140773 CDS PLCB4 BX414883 CDS
BCL2L14 DA920483 5'UTR POLG CN411689 5'UTR
C10orf57 DB468324 CDS POMT2 BP331592 TAG
Cl6orf45 BF309500 CDS PPP2R2A DA828841 CDS
CARM1 CN352771 CDS RPL18 BMO009191 CDS
CCDC149 BE710079 5 UTR RUFY4 BX641664 5 UTR
CCT7 DC355319 CDS RUNX1T1 AU117637 CDS
CDH5 DC423813 5 UTR SAP30BP DA684650 CDS
CHDG6 BM799444 5'UTR SCYL2 AA28659 CDS
CLN5 DA018669 TAG SDF2 CF126565 CDS
COG7 BM821557 CDS SEC13 AL548842 pQ | ¢w
CYP4F12 CD694538 CDS SGSH BP285106 CDS
DDX27 B1914073 CDS SLC25A32 BG714806 CDS
FAM35A CB111653 CDS SMCR7L BP315581 5'UTR
FREM1 CN425444 3'UTR SMPDL3B  BE747168 CDS
GALE B1826045 5'UTR SPC25 B1912854 CDS
GAS7 DC418644 CDS SSTR2 DB000266 5'UTR
GBA2 AA203694 CDS STAT6 CR979664 CDS
GLTP B1752839 CDS TBL1XR1 CN256124 5'UTR
GNPDA1 DA733468 5'UTR THOC1 CN288816 CDS
GPR137B CD521447 CDS TIMM17A BM826653 CDS
IFNAR2 CA309324 CDS TLL2 AL530454 CDS
KARS BQ437255 CDS TMEMG68 CN429772 CDS
KIF1B BI829019 CDS TRAF4 BQO056660 CDS
MAGI3 CR996494 CDS TRNAU1AP DRO007034 s
MAPKAP1 BG327258 5 UTR TT@ BG180840 CDS
MCM8 CA495297 CDS TTLL3 AL045121 CDS
METAP1 DA136874 5'UTR UROS BM476860 CDS
MFN2 BG723252 CDS WWOX AW874690 CDS
NDUFA12 BG179091 CDS YES1 DA764027 5'UTR
NSUN5B BI765473 5 UTR YJEFN3 DA289550 CDS
NSUNSC BI765473 5'UTR ZFPM2 BX088883 CDS
NSUN7 BG718408 CDS ZNF470 CR984692 5'UTR
NUMA1 BP277968 5'UTR
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=10349&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83137520&dopt=GenBank&RID=3A4Z9D0X01S&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=5126&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=57085&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=19102288&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=93210&ordinalpos=4&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=255239&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=CR741028.1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=8395&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=10093&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83450117&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5332
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79370&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=81200343&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=5428
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=80195&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=90929305&dopt=GenBank&RID=3PV90WKJ01R&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=29954&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=89927&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=11256893&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=5520&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=83047453&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=10498&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=47352705&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6141&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=285180&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=10574&ordinalpos=4&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=146103998&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=862&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=1003&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=DC423813.1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=29115&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=84181&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=19116225&dopt=GenBank&RID=42H919CS01R&log$=nucltop&blast_rank=2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=55681&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=78718459&dopt=GenBank&RID=42K830E9013&log$=nuclalign&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6388&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=91949&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=19177970&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6396&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=66002&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=32219281&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6448&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=55661&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=16178383&dopt=GenBank&RID=42PWU1BA01S&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=81034&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=54537&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=27937460&dopt=GenBank&RID=448X794G012&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=54471&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=27293&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=2582&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=15937595&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=57405&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=8522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=146043626&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6752&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=57704&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=1799421&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=6778&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=51228&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=15744417&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79718&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=10007&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=81284007&dopt=GenBank&RID=545J2DHF01S&log$=nucltop&blast_rank=12
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=9984&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7107&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=10440&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=3455&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=24472378&dopt=GenBank&RID=579NSAXW012&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=7093&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=3735&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=21176331&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=137695&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=9618&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=260425&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=68290379&dopt=GenBank&RID=5PR1E0SA01R&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=54952&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79109&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=13133696&dopt=GenBank&RID=5PSKKAT0013&log$=nucltop&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=7268&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=84515&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=24958359&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=26140&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=23173&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=78730595&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=7390&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=9927&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=14002439&dopt=GenBank
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=51741&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=281742&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=7525&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=155400&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=374887&ordinalpos=3&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=260294&ordinalpos=2&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=retrieve&dopt=full_report&list_uids=23414&log$=databasead&logdbfrom=nuccore
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=79730&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=gene&Cmd=ShowDetailView&TermToSearch=388566&ordinalpos=1&itool=EntrezSystem2.PEntrez.Gene.Gene_ResultsPanel.Gene_RVDocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=Retrieve&dopt=full_report&list_uids=4926




