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Project Code: TRG5580011

Project Title: Development of an integrated infrastructure for studying
microRNA-promoter interactions in human genome

Investigator: Jittima Piriyapongsa, PhD / National Center for Genetic
Engineering and Biotechnology (BIOTEC)

E-mail Address: jittima.pir@biotec.or.th

Project Period: 1.5 years (2 July 2012 - 1 January 2014)

This research focused on the construction of an integrated database to facilitate
the exploration of a novel microRNA regulatory mechanism through promoter targeting.
We developed an open-access web-based database hosting predicted microRNA target
sites located within human promoter sequences and their associated genomic features,
called microPIR (microRNA-Promoter Interaction Resource). A computational method
was used to identify all potential target sites based on the prediction rules created from
the previously reported experimental information. Various experimentally confirmed data
are presented as supporting information for researchers to appraise the quality of
predicted target sites. The database integrates considerable resources of annotated
genomic data offering users the facility to extensively explore relationships among target
sites and other genomic features. The system is also equipped with the built-in genome
browser, which provides a comprehensive view of multidimensional genomic data. All
these features make the microPIR database the first comprehensive repository of
microRNA promoter target site information. This database could be a valuable resource
which provides insights into currently uncharacterized mechanisms for some observed
phenotypes and the development of a novel therapeutic technique for various diseases
through controlling the expression of disease-associated target genes. The customizable
filtering tool assists scientists to identify good target candidates that fit with their
interest, thus saving tremendous amount of time and expenses and facilitating the
success of experimental validation. The database is freely available at
http://www4a.biotec.or.th/micropir. The new version of microPIR, which includes the
target information for mouse genome and the comparative features of human-mouse
target sites, is in development.

Keywords: microRNA, promoter target site, database, human
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anduldsiin AGOT msdnmmanila lifnisanuduwldldvasmsldnalnfiuandronulunissuds
miuaaseanvasBuinitudazdaslulasaniidwaunaziuimans wenandt sausasliifinin ms
auqunIzuIunIAaaaniulasmsdunuduniaihmansouiauiualdsluaed ansandunaln
ﬁaqﬂﬁnﬂavln%ﬁdﬁvl,aﬂmmﬁSuLa‘L‘*ﬁ’Lumimuqumiﬁnmmmﬁu lasnsaues lulasansiduieny
duntaihwinounllslumesoradinaiiunsugaaanaasiin (PLace et al. 2008) ludnwmezNadey
AUNI2UIKNNT RNA activation (RNAa) 6?5\1wﬂumﬁnmﬁlﬁmﬁﬁmamﬂﬂﬁé’&ﬂﬁzﬁﬁuuﬂﬁﬁhﬁu
fuldsluinas ‘Iﬁad\‘ma{l'ufl.:\imil,l,ﬁ@\‘iaaﬂ"umﬁuﬁ’sUﬂizi_l’mmi Tranascriptional Gene Silencing
(TGS) (JANOWSKI et al. 2007; Li et al. 2006) lagiaseuazna lnfimnuaniodanuanszuInmIas
nanin geldnTuwitauazdslainsd@nsanngn audnlalunalnnisdieuiveslulaes
orfidwennuh llgmadauwinislndlunmsinmlae duminiugunisuaeseanvasduihnang
AflanuAsadesivlsa saumamsUiuasusneoeillulndans g I@uﬁgﬂuuumﬂmmaaﬂmaaﬁuﬁ
Lﬁmimﬁ'umuvlﬂﬂLLa:EﬂLLuumiLLamaamladvlﬂmm'i5ma°7imm’5m3’uﬁ'u1ﬂﬂumaﬁfmaaﬁuﬁ?uﬁ
ANMNFNNWSNY

lutlgiu Gefliieslifysuiusszninglulaserfidwauscduldslumesildsunstudu
PnManasaineaReslfians mienaitasnannmeseumeka sl juanisldiaauazenldane
ﬂ'auﬁwga swﬁy’aﬂ'\wmﬁa;&aﬁﬁﬂi:%ﬂ%mmﬁaiﬁ’lumsmﬂﬁmﬁaﬂﬁ%mmLi’h%mmmzmjuﬁuﬁ
iswlinndunimualuseme eflasihanfnmdeluludidnnawas§ians qau nsdaas
LmddﬁaﬁammimwaﬁagaﬁwmeLﬂmuwﬁLﬂﬂﬂﬁﬁi%@ﬂ%ﬁﬂﬂﬂmma§ Beldanmsrug
MpITNInaNNILa a3 luIzaus luy iazmmimhUaﬁfumgumuﬁ%'ﬂmaﬁmﬁlmﬂﬂﬂazmﬂm%aﬁa
I Tasianzatnabs Lfiaiagamiﬂﬂamluﬁaafrﬁaﬁag’amoa‘hﬁ@ faudludegtuaziigiudoys
maa@inmﬂmﬂmmwao"luimmﬁﬁmaag’aﬁmu%ﬁqLLﬁa LT gmﬁa;‘}la miRDB  (WANG  2008),
miRNAMap (Hsu et al. 2008), miRGator (NAM et al. 2008) LLaz miRecords (XIAO et al. 2009) (e

. v A iAo ° - a a & o oA A
LL@IE']%’UaﬂﬂLV\Q']%ENVLNNTE]%I@@'ILW\%GL‘L]']%QJ']F.JV]Q%J‘]J%EJ%I?J?IML@Q? IMNNIIRIIIY WL ULNEIITW

' P2 BN]
v = aaa

TayanWawiila liwuanffigadn miRWalk (Dwee et al. 2011) Niddayadina1n adndlsiann Taya

1 A 3

duniaihnaneniegidwnssduniaiminonaguuansadueninsnaaIianun Il (sense

U
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& Y v o a a o ° Y = @
strand) LN H 5’JNYIGVLNSJTY]51‘V\‘HE’Jaﬁlﬂau6]‘11(1‘]?3Uluﬂﬁiﬂ(ﬂﬂiﬂd(ﬂ'}LL%%GLU’]%N’]UT’lﬂidﬂUﬂ’nﬁJﬁ%lﬁ]

warh ld@nsmedesd jodmadaly

lulassnsft aneiianldWamngudaysmmsnzunuysannuisusndniotayaduns
hnanszaslulasanfidwevniulysluaes iesivayunsd@nsmaidvluidadinaaluilua
L 1 1 A v yQ’ v o 1 Y
aywt ansmzanunand19dnadiiniiasgiudayaiinugudayadiuniainanovasiulas
& = < Ada A A o @ o , a9 o o P o a @
orflduemldndagfe dnsdanstoyadunisimansfldnnmsiweliegluanyuengls
sunsnAuduldadnibanguialiassnusuuiziusasgliuiniiga sawnininwnniiniuaas
anudnuiznivdunbiihwineiuguansusilundungld

AARWN5IVY
mufl‘aua microPIR

o o 1 ¢ ®
NIINMIBIA AR WS L‘ﬂ'l‘lﬂad'lﬁl“llﬂdvl&lrﬂia'lila%l,ﬂ

lurnaauitazltlisunsy RNAhybrid (KRUGER and REHMSMEIER 2006) version 2.1 l#ang
Mwsduniimansuuirauiualdslueeinilusuyed lasldsunsuazinisdugiuandnga
6§ & @ o @ o 1 a a A o A .
vaslulasanfiduenuiauiusihnang wazasdwimmeanasnudaszivesfiga (MFE: Minimum
Free Energy) Uazein p-value aa3dunsiaiiihnanafvinungle unadwrbimsUjauiusuasguny
matugnusznivdauuaimanouaslalasanfidue  lasmahuwsduniaihnanosedlules
01il8ulanu ondotayamauiualisluiaaifldain UCSC Table Browser (KAROLCHIK et al. 2004)
lagiRenlddauiua 5000 bp Aaudunidsuauaaaandn (transcription start site) Y83 RefSeq gene
< o & ) ' v ¢ & a o @
3 lununusd (version hg18) dautayalulasarfiduiensnuasesdlunayudlduiangutoya

miRBase (GRIFFITHS-JONES et al. 2008) release 13

AaunsiuldsunsnaziimaeToudaya 2 70 TauInfe TWganudlafianalalng
(dinucleotide frequencies) wasédneuiualdsluiaairissluy dassasinganuivadlafisndlolng
LLaqugﬂﬁ 1 LLaz"}Ta;ilaq@ﬁaaa fla ¢ location wa scale parameters fwsululasenfiduiaudazan
FalFdmsutislumsuasen MFE  Aiduamldann RNAhybrid  Iiidudanasguiigndas lasns
ﬁﬂuammﬁand']'sﬁﬂﬂsm’na%’mna;waaé’]ﬁuLummmju (random sequences) Pfideng qmmﬁqﬂ%
fMAUAfE INWINAIDEEIALILF (sample  size), WITALADININTZNLAIVDIANVLNMIRALLUE
(length distribution parameters) LLa:mmﬁma\‘ivlﬂﬁ?ﬂmavlﬂﬁ (dinucleotide frequency) LLAZWINIT
N32AYAIVBIAT MFE maaﬁwé’mummu@ué’aﬂdn @ location W8y scale parameters Adwamldan
é'}ﬁummmu@u szl iNadua mein p-value 184 MFE vasduniainanefivhuneldqely 3

1 2 uLEAIIUABHLUNNTINAN location WaT scale parameters
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# average dinucleotide frequencies of all antisense promoter sequences [promoter-as.fa]
AA: 0.08240681
AC: 0.05003577
AG: 0.07305698
AT: 0.06096324
CA: 0.07201229
CC: 0.06809808
CG: 0.020398255
CT: 0.07274926
GA: 0.06025722
GC: 0.0551597
GG: 0.06797777
GT: 0.05012143
TA: 0.051799558
TC: 0.05996681
TG: 0.072040774
TT: 0.082519904

3U11 1 @egrdanudlafndlendvesdrauiusuulyslue a’immluv[wﬁlﬁﬂuﬁuvgmﬁm%’u

TUsuns8 RNAhybrid

_SUDpr upstream_

Human microRNA _Averagn? Calculate average S —
e dlnl}dEOt!dE dilucleotide F{efsgI enes (hgl8) from
miRBase release 13 frequencies | frequencies 98 g

| UCSC Table Browser

query Random sequences:
———— RNAcalibrate sample size = 5000 sequences
l average length = 5000bp

Location & scale parameters
for each mature microRNA > Database

Eﬂﬁ 2 TUADUNIIWIA location Waz scale parameters
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MIFWIHUATNITITLADINT 2 A1289 b lATaNSLARALARTAINY TR UATIUINE 1A UL
wuuguiaiadu 5000 awdwnangunaild uazdianusneiouszdndonuninagiuaes
o @ ' I o o A .
m@]‘LIL‘LIaLL‘.LI‘LILpJL‘JJu 5000 bp ez 0 bp @IURIAD DIAN location LLAE scale parameters aadlulas

= ] L L =3 U { v U U ‘3/ o o 1
miamaLma:mfﬂzgﬂﬁmmuaﬂugmmagaLﬁalm‘%mimm‘lmwwuiumsmmmnmmLi’il'mmﬂ
laslumswsduninihminesaslalasenfidue auzdidvldfmuaquaudfuasduniaih

A o A o o o o A & & A2 = A
nuaNdaInshe hnanadasdunudwansn 2-8 vadlulasensiduadaiuusiio seed sequence

AV oa o o o A | a & a & A P
A ladseanull Iﬂmzmml,l,%ual,ﬂ'mmmagmnmIaJiIaJL@laiuumamamaaamSJ fa USm
fGULE 5000 (WanauduLAIENdUBaIEY (sense promoter) uaziauinaludunlIGBINMLdDY

A& = A g: > % ] =4 ) '
UUALWLEBNFIUMIN (antisense promoter) SINTIWRIINHBIUNNTILTZHING b lATENSLAULELAZ A WAL
wWhunny < 20 Keal/mol wazaandgnlzaddiunidiiiveng < anugnvadiulasonsiduie + 10
61";6mwauwaé’wfﬁnﬂmiﬁwmm“fummlugﬂﬁ 3 mﬂgﬂﬁ 3 naawtazaTuTuaztduavadlulay
ansidwauaziiwune laun 61 MFE, p-value, dunriisuduaadiinang (target start position) Laz
Eﬂf'uaamﬁuﬁui:ﬁdwavlulﬂsaws‘LSuLaLLa:Li’J’mmy I@ﬂﬁ@ﬁ']me{%uﬁmauﬂmmmm:gﬂ"uaami
%’uﬁ'uLﬂmmm:gﬂﬁ,ﬂﬂﬁ']mmm@‘hLmulaﬁLLYT%’%wmLi’Jmmsuuﬁiumiavlﬂ

v

unaITaYAKATNIATIZRTDNAE NI U INT BN

o o Aa o . A o ' & = AN o
maﬂa%aﬂ‘ﬂuaglug’]wua%la microPIR @8 @]’]LLV?uGL‘ﬂ’]V\NWEl“llaJVLNIﬂia’ﬁLauLﬂ'ﬂvL@ﬁnﬂﬂqi

o v A

MwsdenszuaunIneesiuee’ dudayadug ldud dayaguansmzeiguadluuaysdn

'
a @

WNeatas lasnszuaunmsdiensiusziawnisatoyadmiugudoyadsznovludrniuaauda g ldun

target: hgl8 refGene NM 017940
length: 5000
miRNA : hsa-miR-222

length: 21 .
_— target site parameters

nfe: -28.8 kcal/mol
p-value: 0.042365
target site start position

position 3063 7
target 5' U s |3
UAGCCAGGUGUGGU
AUCGGUCUACAUCG
miRNA 3'/UGGGUC ,A 5"

target site length = 16 /

sbid-as - 125341 (POSition 2-8 of MiRNA) ’

w
D

51 3 A20E1INAAINTVDIARUIL TN BT LannIIYiwe
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1) mIaessutaysdmwiuiamzi

anzIan lanuedayammimzraiguansuzd luunddgved lunuysdausasly
a9 1 anlilugudaya microPIR dniududeyastuayulumiRasanduniaihninoues
lulasarfidwafiauls laslddafudayaduniasuduuazduniiugauuiluuvasgmansus
' 1 F:’q’ v dl o a d{ v 4’ Y v o
dnagudiuazdayandangang adlugudaya MysaL aldislunsdumuazinllasasaums

a Y ] o \ L Ao o . A o v
AuLngnuIzRIEuRama inudunisihninenviwe ladald
2) nﬂsﬂi:uaawaua:i:qﬁwu%wNLﬂWMNWﬂuuﬁiuu

fruniainnefldanmsiwsdudunisunsrauialyslaines Tedunieas
ﬂdﬂaﬂhﬂﬂlﬁﬁﬁu%uaﬁuﬁh%auuﬁiuuLﬁaﬂsﬂugﬂLéuﬁu(promotegﬁtan)ua:q@guq@
(promoter_end)  vasdauLualdslutaasuuilun, Aanavesd1aULLE (strand)  LAZAINNENIVDI
ﬁﬁuwihLﬂwwNWU(mngm)aﬂuwsnﬂwéwuﬂﬂaﬁuﬁu(genome_ﬁan) ua:ﬁwu%uuﬁuq@(genome_end)

- o Al o A
Pa9inun UU%%I%NQWﬂaﬂﬂai"ﬂNﬂﬂu

if strand = forward then
genome_start = promoter_start + target site_start - 1
genome_end genome_start + length - 1

else
genome_end promoter_end - target site start + 1
genome_start = genome_end - length + 1

a @ A ' @ .
199N 1 °Uaﬂaﬁqﬁqim:"ﬂi?“a%iui’lu‘ﬂaﬂﬂ microPIR

Type Public database Version

Human microRNA miRBase release 13

(GRIFFITHS-JONES et al. 2008)

AGO binding sites CLIPZ (KHORSHID et al. 2010) -
Human gene upstream sequences UCSC Table Browser hg18
Transcription Factor Binding Site (TFBS) (KAROLCHIK et al. 2004) (build 36)

GenBank human EST

Transposable Element (TE)

CpG Island
Conservation score of 17 vertebrate species UCSC Genome Browser Mar 2006
(Fuaita et al. 2011) (hg18)
SNP NCBI dbSNP (SHERRY et al. 2001) build 129
HapMap (CONSORTIUM 2005) release 27
JSNP (HIRAKAWA et al. 2002) release 35
ThaiSNP release 2
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fasnaTn Hu NBPF1(NM_017940)ﬁaguulﬂ§hﬂmu 1 fdunssuduasldsluaoiun
3luw (promoter_start) A 16812570 fidunsaihmangagum forward strand PMNHAANTVBIAAU
Lﬂﬁﬁuwuiugﬂﬁ 3 fl’ﬂ(ﬂL%Nﬁu“ﬂad@i’nmﬂdm’mw’m (target_start_position) fia 3063 uaziiAus1IV8d
Funvaihnune (length) fe 16 Lwa LN T UATIS U (genome_start) LLazﬁ’umm??uqﬂ

(genome_end) vadduniainansuud luyldasd

genome_start =16812570 + 3063 — 1 16815632
genome_end =16815632 + 16 — 1 = 16815647

é’aﬁfuq@L’%Mﬁmng@'ﬁ?uq@maw‘i'u,mmLi’J’]%mﬂﬁquﬂﬂaJIm 1 f8 16815632 - 16815647

miydsznanalusunouitldlysunsufidoulas Java version 1.6 femdunisvasih
RUBUUI LUl aﬂﬂﬁﬁa:ﬁwﬁégaﬁﬂu%uauuﬁiuumaaLﬂW%uﬂmﬁﬁﬂuﬂﬁhLﬁuaalugwuﬁéga AN
VLaJLLﬂaﬂﬁagJilugﬂLLUUVI,‘V\IﬁﬁawuﬁsnLLa@awalugﬂLmuniﬂﬂﬂuuﬁiummﬁma% (Genome Browser)
da'ld

3) NMINIAFOUNTANULA mﬁ'umaw‘hLmu',aLﬂmmyﬁuqmﬁﬂwmzﬂuu%u6]

ﬁzu@auf:ﬂumiﬁﬁaya@hLL%ﬂauuﬁiuumaaqmgﬂwm:@iwas] A luduaand 1)
wazdunssund lnwvasduniadhmneiA luduaous 2)  wesesaumInuisiiuaes
Fung éfiamwmi‘fluvlﬂvlﬁmaamimuLﬁmﬁ‘mwhw‘mmmLi’JmmﬂLLazqmﬁnwmz%"uqmaﬁiuu
LLamlugﬂﬁ 4 I@mmsm%uuamé’aﬂa’%ﬁmmugﬂﬁ 4 \evevsil

Define:
S1, €;:start position of genomic feature, end position of
genomic feature
S,, €, : start position of target site, end position of
target site
if target _site length <= genomic_feature_length then
if s, > s; && e, <= e; then
return true
else
if s, > s, && e; <= e, then
return true

'
a

pnenataluzln 4(A) ts#2 TaaiFudu (s,) Anefnugaiuduvasgmansuzilun (s,) uazd
I0FUFA (e,) o lliiugaFugarasnmanumzilun (o) anuts#2  Faldwniinuiieany
qru&nwnw%luwﬁﬁwuﬂﬁa15nrwI@ﬂa:ﬁwuaanniﬂWULﬁﬂaﬁﬂﬁéﬂ%%ﬂqruﬁﬂwnwﬁiuunﬂ%ﬁﬂlu

d' v & Y =3 v
AN 1 Naawwmmﬂvl,ngﬂmuaﬂugm"uaga

-16 -



a e, .. annotation (a)

. target site (ts)

s, is#2 e s, s &
(A)
S ts e _ target site (ts)
8, 3#1 e, Sy a3 e 8, a#S e,
| .. annotation (a)
Sy atz © 8§y a4 e
(B)

gﬂﬁ 4 SnwanIMUIfgItuIz s uniadhang (ts) LLazqmé'ﬂﬂmzﬁue]maa%Iuw (a)

(A) luﬂszﬁﬁmmmaaqmé’nwm:ﬁiuul%qjﬂiwmmm@‘hl,muuﬂmmy

(B) luﬂsﬂﬁmm@waw‘hLmu',{lLﬂmmsflmy'ndwmwaaqmé’nwmzﬂuu

1oy s, uaz e, fo ﬁ’umu',dLéwﬁuLLazﬁwme%wuqmmqmé'ﬂwm:ﬂuu, s, UaZ e, fa Funiaisudu

LLaz@‘hme%uﬁgm adauRIIL N ruNe

N300 NUUUKAZAIIIINIINA

MWTINMTBBNULLFIHTBYA microPIR LLamlugﬂ‘ﬁ' 5 GfiaslumumwaagﬂLLamﬁq"ﬁaHa 3
wia laun duntaihwanedldannsrueg (Target site prediction), ﬁagaqm&'ﬂwm:ﬂuuﬁﬁmlu
msﬁmsqummwmaa@hmﬂatﬁmmsﬁﬁﬁmﬂﬁ (Supporting information), UAzTDYAAMANLIE
Fuwdugfiiivados (Genome annotation) iagammf:azgﬂﬁmﬁzﬁ W UaTIALAUAIIUg N
Faya MysSQL version 5.5.1 anuwialiglénlumansadhfsgudayald Ieiamdmdadardls
Augudeya (web interface) sarnsusasnanuunMAndslsunsufidoulasnsn Python uas
toolkits 910 Python Webware (http://www.webwareforpython.org) 1udﬁu§®@aﬁugﬂ°ﬁmuﬁu (web
interface) tnaanuUUlHIWRTU 3 aghe agnsusn de Wertulumsdumdumisihnang Bunaaz
NI Foazdapwin SaL query vlﬂﬂ'ugmia%m MysaL lasld Python script ATl
Python MySQL module lun13@iadea (Fuuazas SQL query/output) AUz utaya MySQL Werduiigas

fa NMITUEAINAGIBAINATIAN ﬁﬂﬁglﬂ"ﬁmmsnLﬁumwmaa@hLmu',oLﬂmmwaﬂﬂmmﬁﬁmauu
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Sluwanmslgaluaiunfiaasdeansdy GBrowse (STEIN et al. 2002) version 1.69 WarTuiiana azilu
mim;ﬂwammﬁa‘nadﬁagaﬁﬁag’gﬂwﬁaga ludruwas OUTPUT link-outs tiis flilwdlganansnasa
soudayalupudoyndugiifioddas ussdaiilugadmiumasanuunlwsweiiedmsanuazain
lumseseudumisihmunsfiaulamiesd iianisdndis Tasszuugiudoya micoPIR Nsnuaa
ﬂﬁﬁamiaguu 12-core database server (2 AMD 6-core 2.8 GHz processors, 64 GB RAM, 2TB disk

space)
——]
Gene microRNA Gen_e Biological Senatype- Primer

; . . ; function phenotype ;

information information pathway o design
irhpnll NCBI miRB pdie KEGG i s— RExPrimer
link-outs hee Ontology oMIM =

WEB Database

INTERFACE statistics

" MySQL databases

mature microRNAs gene promoters I
(miRBase) (RefSeq) putative target sites
with experimental

supporting information
and their association
with genomic features

T Supporting information

: S [
Target site prediction Target gene information

Transposable elements & repeats
Transcription Factor Binding Sites
microRNAs
SNPs

CpG islands

Genome annotation

31U 5 nmumIsenuuuzudays microPIR uaasfisunssdayauazansuzrasIuduaaiinaida

@iaﬁ'u;j'lfﬁ
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NMINARIUNIITNUFIRTIYA

3 wlays microPIR Lﬂugm**ﬁagaﬁmmmLﬁﬁﬁoﬁmﬁumaﬁﬁ@ BolFusnumaiu
waSwasnly Taodrldldemulen http://www4a.biotec.or.th/micropir ﬂmz;ﬁﬁ'ﬂﬁ%’@ﬁ’lﬂﬁamﬂ“ﬁ
mugmﬁa;&a"ﬁu’%miﬁ http://www4a.biotec.or.th/micropir/help/Basic_Search.html wazlenazauaIy
Qﬂéfawaagmfﬁagaimmnaauwaé’wfﬁ"lﬁmnn'ﬁﬁwmﬂiugﬂuﬁagam’%ﬂuLﬁﬂuﬁ'uwamiﬁﬂm
ﬂﬂaadmaﬁadﬂﬁﬁamiﬁlﬁmﬁ’]mmmn'au (Kiv et al. 2008; PLACE et al. 2008; YOUNGER and
Corev 2011) SauaadluanTef 2 Mnmmaseuwud sansndunuds i manenuaa
Nonuluaii 2 ldlugudays microPIR lanfidunibiuazgdununsd faunutasanuauidn

AINAT? éﬁwaﬁuamlugﬂﬁ 6

‘s' ° Y ¢ & o cd N oo
M139N 2 ‘5’1Uﬂﬂi"ﬂf’]{l(ﬂ']LL‘lﬁ%\‘]Lﬂ'ﬁﬂ3J'1El“IJE]OVLNIﬂiﬂW‘SLE]uLE]Uuﬂ'W]UL‘UﬁI'ﬂiIllL(ﬂﬂi‘ﬂx‘]vl.ﬂ‘illﬂqiiﬂﬂ{i']%

' = a
Nqﬂauluﬂ'ﬁﬂﬂ]:ﬂa%

Dafavnman
Reference
Length!| MFE p-value
hsa-miR-373 CDH1 target 5° 25| -29.20| 0.08679 Place et al.
hea-milk-373 CshC2 271 20001 000450
miRNA  3° G 5
FeamiB390a IPOLRAD liaret 50 o = 2+ Taree Al a8 anl  0ononD i ot al
hsa-miR-320a |PCOLR3D |target 5' U <3 Sense 24 -48.301 0.00002 Kim et al.
migNa  1° s
T TR Y TN T P Fp— aal 2Eanl B OO00A
hsa-miR-320b [POLR3D [varger 5° ¢ c3 Sense 22} -45.30] 0.00008
GCCCUCUCARCCCAGCULU
COGGAGAGUUGGEUCGARAR
mipMa 2 AN ]
nsa-miRk-320c |POLR3D |target 5° C c 3 Sense ZZ| -42.70| 0.00005
GCCCUCUCARCCCACCUTLIY
UGGGAGAGUUGGGUCGAARR
miRNA 3 ° 5
P T R o T e LT W P—————— T Coras a0l a6 00l 000018
hsa-miR-320d  |POLR3D |taree: 5' ¢ <3 Sense 20} -38.00) OC.00018
migNA 31° A s°
[r— ey YT — — e O— aal saanl A ndfdd v A
Nnsa-mim=-1£/0 rFan target 3 A UGA U3 ANusense £ =£3.0U U.USD44 | TOUNger ana worey
GUAGA GAUGU  ACAGUACU
UAUCU CUAUA  UGUCAUGA
3 A oG Us’
hsa-miR-595 PGR s 0 ug c ¢ 3 Aniisense 23] 2240 0.B4333
GGAUGU UGUG CACACUUC
UCUGUG GUGC GUGUGRAG
miRHA 3° UG c 5
heamiB.537.35 IDCR teroct 5' G ACA  AAA . ~ 3 | Antizanse 271 o2oonl 0D0EE0a
hsa-miR-532-3p |PGR target 5' G ACA ARA a 2 3' |Antisense 27} -29.90| 0.08508
UG UUUGEE GUGGGAG
AC UOC  GAACCC CACCCUC
miRNA 3" c c E C 5"
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miRNA binding site information :

Target gene and isoform

miRNA accession : MIDOOO781
miRNA 1D : hsa-mir-373
Mature miRMNA accession : MIMATOO000726
Mature miRNA 1D : hsa-miR-373

: COH1 (Gene ID @ 999) mRNA @ NM_004360

Direction : Sense
Chromosome position : chrl6:67328051-67328075 (+)
Length : 25 nt
CBrowse view : View
Position 1 =621
Minimum Free Energy (MFE) 1 -29.20 Keal/mol
p-value : 0086786
Binding pattern :
target 5' U A cu e 3
CAC CCUGARARUC AGCACUUU
GUE GEGUUUUAG UCGUGARG
miRNA 3' U co 5!
(A)
miRNA binding site information :
miRMA accession : MIOQOOD7EL
miRNA ID . hsa-mir-373
Mature miRMNA accession . MIMATOO000726
Mature miRNA ID : hsa-miR-373
Target gene and isoform 1 CSDC2 (Gene ID @ 27254) mRNA : NM_014460
Direction : Sense
Chromosome position :chr22:40286225-40286251 (+)
Length : 27 nt
GBrowse view : View
Position 1 =709
Minimum Free Energy (MFE) 1 =29.00 Keal/mol
p-value 1 0.094590
Binding pattern :
target 5' € [ c a @ 3
ACA CUUGA AGU CEGAGCACUDC
UG GEEUU UUA GCUUCGUGRAG
miRNA 3’ G -
(B)
miRNA binding site information :
miRNA accession : MIODO0542
miRNA ID : hsa-mir-320a
Mature miRNA accession : MIMATOOO00510
Mature miRNA ID : hsa-miR-320a

Target gene and isoform

: POLR3D (Gene ID : 661) mRNA : NM_001722

Direction 1 Sense
Chromosome position 1 chr8:22158432-22158455 (+)
Length 124 nt
GBrowse view : View
Position : -109
Minimum Free Energy (MFE) : ~48.30 Keal/maol
p-value : 0.000018
Binding pattern :
target 5' U c 3
UCGCCCUCUCAACCCAGCUUUD
AGCCGEAGACUUGEGUCGARRA
miRNA 3’ 5'

(©)

gﬂfis nasnimIsumsuniainansvaslulasersidualudud 9o ldsumanoauannen (A)
hsa-miR-373 luflu CDH1 (B) hsa-miR-373 lufu CSDC2 (C) hsa-miR-320a lufiu POLR3D (D)
hsa-miR-320b lufi1 POLR3D (E) hsa-miR-320c il POLR3D (F) hsa-miR-320d lufiu POLR3D
(G) hsa-miR-1278 lufiu PGR (H) hsa-miR-595 lufiu PGR (1) hsa-miR-532 lufiu PGR
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miRMNA binding site information :
miRNA accession : MIDDO3776
miRNA ID : hsa-mir-320b-1
Mature miRMNA accession : MIMATO0005792
Mature miRNA ID : hsa-miR-320b
Target gene and isoform : POLR3D (Gene ID : 661) mRNA : NM_D01722
Direction : Sense
Chromosome position 1 chr8:22158434-22158455 (+)
Length c22nt
GBrowse view : View
Position 1 -109
Minimum Free Energy (MFE) : -45.30 Kcal/mol
p-value : 0.000082
Binding pattern :
target 5' C c 3
GCCCUCUCARCCCAGCUUUN
CEECACACUUGEEUCGARAN
miRNA 3' AR 5'
(D)
miRNA binding site information :
miRNA accession : MIDDOD3778
miRNA ID . hsa-mir-320c-1
Mature miRNA accession : MIMATOO005793
Mature miRNA ID 1 hsa-miR-320c
Target gene and isoform : POLR3D (Cene ID : 661) mRMA : NM_001722
Direction : Sense
Chromosome position : chr8:22158434-22158455 (+)
Length c22nt
CBrowse view : View
Position 1 =109
Minimum Free Energy (MFE) 1 -42.70 Keal/mol
p-value : 0.000051
Binding pattern :
target 5' € c 3
GCCCUCUCAACCCAGCUDUU
UGGGAGAGUUGECUCEARRA
miRNA 3’ 5!
(E)
miRNA binding site information :
miRNA accession : MIDDOB190
miRNA ID . hsa-mir-320d-1
Mature miRNA accession : MIMATO006764
Mature miRNA ID 1 hsa-miR-320d
Target gene and isoform : POLR3D (Gene ID : 661) mRNA : NM_001722
Direction : Sense
Chromosome position 1 chr8:22158436-22158455 (+)
Length D20 nt
CEBrowse view : Wiew
Position 1 =109
Minimum Free Energy (MFE) : =38.00 Kcal/mol
p-value : 0.000183
Binding pattern :
target 5' C c 3
CCUCUCARCCCAGCUDUD
GCAGAGUUGGCUCGARRR
miRNA 3' A 5!

(F)

gﬂﬁ 6 waaninmsdumdurtathuunsvaslulasensidualududrs ﬁﬂﬁ%’umssmmumﬁau (A)
hsa-miR-373 lufiu CDH1 (B) hsa-miR-373 lufin CSDC2 (C) hsa-miR-320a lufiu POLR3D (D)
hsa-miR-320b lufi1 POLR3D (E) hsa-miR-320c lufis POLR3D (F) hsa-miR-320d lufiu POLR3D
(G) hsa-miR-1278 ufiu PGR (H) hsa-miR-595 lufiu PGR (1) hsa-miR-532 lufiu PGR (da)
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miRNA binding site information :

Target gene and isoform
Direction

Chromosome position
Length

miRNA accession : MIODOG425
miRNA ID : hsa-mir-1278
Mature miRNA accession : MIMATO005936
Mature miRNA ID . hsa-miR-1278

: PGR (Gene ID : 5241) mRNA : NM_000526
: Antisense

1 chrll:100506384-100506406 (+)
t23nt

GBrowse view : View
Position 1 -4349
Minimum Free Energy (MFE) 1 -23.80 Kcal/maol
p-value : 0048441
Binding pattern :
target 5' A USh U3
GUAGA GAUGU ACAGUACU
UAUCU CUAUA UGUCAUGA
miRNA 3! A CcG U5’
(G)
miRNA binding site information :
miRNA accession © MIDDO3607
miRNA ID : hsa-mir-595
Mature miRNA accession : MIMATO003263
Mature miRNA ID : hsa-miR-595
Target gene and isoform : PGR (Gene ID : 5241) mRNA : NM_000926
Direction : Antisense
Chromosome position : chrll:100506261-100506283 (+)
Length :23nt
GBrowse view T View
Position 1 -4472
Minimum Free Energy (MFE) 1 -22.40 Keal/maol
p-value : 0.B43331
Binding pattern .
target 5' U ua c G 3
GGAUGU UGUG CACACUDC
UCUGUE GUGC GUGUGRAG
miRNAE 3’ uG c 5'
(H)
miRNA binding site information :
miRNA accession : MIODO3205
miRNA ID : hsa-mir-532
Mature miRNA accession : MIMATO004780
Mature miRNA ID : hsa-miR-532-3p
Target gene and isoform : PGR (Gene ID : 5241) mRNA : NM_000926
Direction : Antisense
Chromosome position : chrl1:100506203-100506229 (+)
Length : 27 nt
GBrowse view : View
Position : -4526
Minimum Free Energy (MFE) 1 =29.90 Kecal/mol
p-value : 0.065082
Binding pattern :
target 5' G ACA  RAA A A 3
UG RAG UUUGGE GUGGEAG
AC UUC  GAACCC CACCCUC
miRNA 3' [ G A €5

V)

gﬂﬁ 6 Waansmsmwmdwmilaihwenspeslulasenfidwelududs 93eldsumsnoauunian (A)
hsa-miR-373 lufiu CDH1 (B) hsa-miR-373 lufiu CSDC2 (C) hsa-miR-320a luiu POLR3D (D)
hsa-miR-320b lufi% POLR3D (E) hsa-miR-320c luflu POLR3D (F) hsa-miR-320d lufiu POLR3D
(G) hsa-miR-1278 lufiu PGR (H) hsa-miR-595 lufiu PGR (1) hsa-miR-532 lufiu PGR (sia)
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S1%VBNE microPIR 12935 2

#a9aaIguTaYn microPIR LatTuwIniadasuyInl anzgIdnlddufiunuwisndesaaiu
MINAZITYA microPIR 1a¥Tu 2 ihaasidunsvhausesgudayalildnuldduazasey
n' J 1 s A 2 a‘ a v {o'z .a‘l’ v 1 a 2 6 &
ARUEITH lasgIunan e]‘nvlmwumulugmmaganaﬂﬁlmu Teun miﬂsuﬂgwagavl,uimmﬂama,
Qmé'ﬂwmzﬁiuu LLa:@‘hLmumﬂmmﬂluﬁiuwmgwﬂﬁﬂuﬂagﬁu wazknu NN wIsdurg e
vaslulasanfiduevnlislunaivadiluuny uaswamluganafSoufisuduniaihnanoszning

. . & A o o A =
%qumgwﬁuamkk (Human-mouse comparative view) TNNILRNToyaaRUaRUDITUNININARD

merasdfianisiineades lasiineszdoaiténiinauituautuaand1sg ade b

o o 1 ¢ ®
nsnIwIgaIsbstinanavaslalasansidwia

luanuaawdt 1511U5uns0 RNAhybrid (KRUGER and REHMSMEIER 2006) version 2.1 lua1g
Awsdunsaihnansuuseunaldslaeemoluilusaysduazy drwihdonuiulugudoya
P 9 & o AV v a o , & s .
LI THILTN Iugmma;ﬂlanasm 2 4 ldfaRendunathnan BUBINUELAUTIaEN ol 2000
LWENawE WAL NAUDBIE (upstream sequences) LLazfﬁ'@]Lﬁ‘umiugm"ﬁagaﬁLwﬂﬁ'mzﬂﬁamwﬁ
wazny lasluisfiFiaudazsfiaazusnifuduniaihwinsaalaslulauing 3nuanisfiue wu
@‘hmel,ﬁ'mmﬂluwwﬁuamhﬁ‘hmuﬂixmm 80 SNHUAZ 40 AUEIURIY AUEIAU laswuTIwIn

AlnaLALINuUK sense LAy antisense direction

uNaITBYAKATNIAATIZRTDNAE NI U INTBNA

Twruaauiutadu 2 dudas ldun madfudysdayaduniaiminooudluuuywdliiln

o ° ° oy ¢ & a A Aaa o
Ty uazmavhwaduniaimineveslulasenfidwenuluslunesvesdluuny - s8i35nda
wisuuaAianzidayaludansaundoanunuluilusayed lasnzuiunmsiawiosuaziinnzidaya

dmiugudoyadsznavlddintunauasuaadlugui 7

1) muessudayadmmnivienzi

FmMIugIuTayn microPIR 11a3T% 2 anzdan ldTIuTINTay s DI UBIN AN BIA
a A o s a 6 a A s =3 v o ar ¥ & v
lunndagvasdlunnywiuazny auaadluammi 3 adafivlilugudoyn dwiulfidudaya
siuayulunIfnIanduniaihwnevadlalasnfidue  leglddainudayaduniaGuduuaz
o sy a o ' & o a @ o @
dunisiugauuilunsaiguanyuzdngg Munidayadsznaudug adlugrudays MysQL walv
Jdansdumuazmatszinana lusuvasteyalunyed ldlnslddeyalulaseriiduezasige
fia Taya release 19 W04 miRbase (GRIFFITHS-JONES et al. 2008) Talduwinlularansidwaiiaiiu
2042 ¢7 (niEn 987 dalu release 13) vhlidayaduninimansluilunausdvesgudoya

[ VA A o < A ' % A a

neiTulniilvwalngnilunesTuuinunn  usslivinadszanaresvinvastayavasmyddilulas

2713L5uULa 1281 @2
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3un 7 ﬁ'umauz%m%’um:mumﬁLﬂi’]zﬁij’agamaa microPIR 138504 2

2) miﬂs:mawaLm:i:q@'hl,mﬂuﬂmmﬂuuﬁﬂuu

& g @ ° ' A & o ' o

lutuaauitazld python scripts Tunmsudasduniaihnunedaiuduniivudauius
lhsluaasliidudumibsnuriadooudlun ldun dunisSudu  (genome_start), duniiduge
(genome_end) uazfiAN19ua981aULUE (strand) vasdurdaihwnansuudlug uazdaiivadlugiu
Taya MySaL unsudssdayaduniaihnanouszgmansueiluudugluannd 3 leglugduuy
General Feature Format (GFF) file 1ivalddmiunisuaasnavasduniaihnunsuazgmansmeiluy
4' = & &
duguuiluuunioas

3) miaTneseumInLAmInwTaId ki mIneiuguan eI lundug

& g o @ ° ' a o ' A = & A

ﬂuu@aum:uwa;&ammeuuﬂuwaaqmmwmmqs] anullutueeun 1)  way
Funisvud luauvasduniaihnunefninu i luaueeud 2) ves98aUMIANUABINUDBIF LAY
d.i' s a (d' &) U 1 o 1 s =) d' d' o v
waszyanusuiusnduld ldszninduniaiminsuwszouansuilundugfiaula lasdmuals
ﬁmifﬁ'@Lﬁuaﬁa%lamwé’uﬁufﬁﬁmm@mimuLﬁmmawﬁtmmLilmmﬂﬁuqmﬁnwmzﬁiuuamaﬁaa
80%
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@159 3 Toyamminevasguanseilunfiaglugiutoya micorPIR aTTw 2

Public database/ version

Type
Human Mouse
MicroRNA miRBase (GRIFFITHS-JONES et
miRBase/ release 19
al. 2008)/ release 19
Gene’s upstream sequences
Expressed Sequence Tag (EST) UCSC Table Browser
UCSC Table Browser/ mm10
Transposable Element (TE) (KAROLCHIK et al. 2004)/ hg19
CpG Islands
Single-nucleotide polymorphism UCSC Table Browser/ UCSC Table Browser/
(SNP) hg19-snp137 mm10-snp137
Transcription Factor Binding Site UCSC Table Browser/ hg19 ECRBase (LooTs and
(TFBS) OVCHARENKO 2007)/ mm9
AGO binding sites CLIPZ (KHORsSHID et al. 2010)/ | StarBase (YANG et al. 2011)/
hg18 (liftover to hg19) mm9
Human-mouse ortholog MGI (http://www.informatics.jax.org/)/ updated on Apr 4, 2013
Conservation score UCSC Genome Browser

UCSC Genome Browser/
(Fudita et al. 2011)/
mm10 phastCons60way

hg19 phastCons46way

N132ANULULAZETIIFINTaNA

NWTINTINTRBNUULTIUTBYR microPIR 13T 2 uaasaslugun 8 laouadu 3 &
wandia §audayafiiniin (MySQL Database), Sufiadanug |10 (Web Interface) uazdwizon
losnudayanisuan (OUTPUT link-outs) lasludiusaignudoyn (duswvaszl) Saasiilassaing

, oA ) o & A .o & v 1 o Lo AV o
iwdsinuudayaneituwin Ao udedayau 3 dazian ldun dundaihwansildanms
Yy (target site prediction), Tananmansmedlunfitislunmsfiasanguninaasdunsail
winefivhweld  (supporting  information)  uazdoyaqmanumzAlundugiiuides  (genome
annotation) I@UﬁiﬂgﬂlmJauﬁuﬁﬁmiwq;mfuwﬁ'mw'j'mmwﬁuamkb (orthologous genes) &nsuld

o ™ a o oy & ' & = .
TumaganlssuazilSoufisuduniaiminsuulyslueefizniuysduszay - Sazgniveglu
sauvastoyanmuansud lunntslumainsangmnnaasduniaihnanoivungld  dayans
WUAIZONAATER 11T uazdaiiuadlugiutays MySaL version 5.5.1 dminludiudadarliiu
gwdayanu laTunsvamndisldsunsuiidoulasnims Python uaz toolkits 310 Python webware
walUEIUMTURAINALLUNTI A NVB93 [waazands GBrowse (STEIN et al. 2002) version 1.69 luns

LLamwaiTaga
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microRNA Biological

Expressed Sequence Tags

311 8 MwsIINIEaNLUUIUTDYA microPIR 1I8TTU 2

a o
Han13vel
31udiaxa microPIR

3wdaya microPIR uaastayadiuniaihninsvaslulasenfiduasiunesudadanug 14
RINEST %d;ﬂ'ﬁmmmﬁum, dedaya wazgnnminasduniaihmineld lassudasdenugls
iy Uaznauldeas 3 Tuga ﬁmam‘lugﬂﬁ 5 'lau 1) Tugadmiumadumduniaihwinoues
lulasaniiduia (Search), 2) lugadwiumIusasnauuunTIAN (Genome browser) uaz 3) luga

WIUNIURAINART T893 UTBYA (Database statistics)

) [ v o 1 ¢ &
Tuqaa'msummmmm urILti mroﬂuf@smnama (Search)

lulugattazfidufondmivnsdumidwniaivine 2wy fa nMsdumiuuusIINm
(basic search) WAZMIAUKMULALA (advanced search) RWRTUMTAURIMLUTITNAN LAUWT Lan
A A A & & , & A o v a o v v
Fodwihmuowislulaserfiduarinu simsdumeainbuihnanegldmusndundismaszy
HUGO gene name %38 NCBI gene ID LLa:miﬁumﬁaleuiﬂimﬁﬁum;ﬂ“ﬁaﬁuﬂsnﬁumﬁaUmim_ql
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mIRNA accession %38 miRNA D lagmsdumiuuusysuanias lisasoud ladrwiniiaasuas
anwaedd guasdunwiihninendunla naawsn laazidusansduniaihnunsninuaaiudn
winimesisuduniinua 1 vindasnsdiuidsuwimieasdng aunsaiReniunsduniuuy

Nied (advanced search)

fniunsdumuuuiiiay dansuzvesivduaeiinaauzln 9A) lasazuysaaniiu 3
' v 2 & A A gy v o a & o T
#u laud 1) Talulasansidwaniadwinang, 2) TOYANBIUETWINTLAD BN Y

o o o Y { S ' a Y %

was 3) mwawwufnuqmaﬂwmzﬁuﬂmaa%hw TeludInd 1) A aunUMIAUALLUTTINAN 1
§uN 2) ;ﬂ‘ﬁmmmﬁmu@mwwsﬂﬁma?‘vﬁaqmamﬁﬁmmzmaw‘i%mﬂmﬂmmmﬁﬁadmi ldun Ae
mavaduniainmung (strand orientation), seazdunssuulysluaasndasnsduriinune (a1
uNfiga 5000 L), Aalunrayinsseuiuavasduniiimung (average conservation score),
@1 MFE, @1 p-value LHudu lugiun 3) Qi%awmmLﬁaJLE?];JQmawﬁ'ﬁmaw‘mmumﬂmmﬂmumm
v o &a o A a oA o a A o ' a @
auwmnuqmanwwzauqmaaﬂuu HuAa ﬁ”]&l”]iﬂit‘],l?]’]L‘JJ’]%&I’IEIN/VLNN@]’]LL%RGWIULT’]El".]ﬂ‘uqm

AN 9ua9dluy taun dunsansaunulysiin AGO, repetitive element, TFBS, EST Laz SNP

N3N 9(B) TUEINVBINRANTVBIATILAUILT IR NIBNLAINNNITAURAT F2UEAITNERZLD A
ga3bulasorsidutanazdiunisinuisluisasvesfianisvasdrnnua i rnaoNFuAwsnudn,
Funrisundluy, soddueniduniainenony, anyvsvasdinkainneng, duwrisvadi
ﬁmmﬁﬂumﬂg@ﬁwﬁmaaﬂu, @1 MFE, LLa:ﬂ:LLuumimﬁnﬁmaaéwé’uLualué'@fﬁﬁmz@ﬂé'uﬂé'ﬂ
uaﬂmﬂﬁﬂ'\imea‘hmmaaqmﬁﬂwm:@m6] o luunauinganuiihnunsluudasdrunis 3909

v a A A o . o A A o A A a a P’ a o
mﬂvﬁmﬂmmmauimvl,ﬂmLmaagmmayamnmmauwaaﬁmmmauaf;lmwuwm"uaww,mﬂmﬂ
6 & 1 a = v v v d' a
wazbulaTensiaue 13w eaziduavasduaingutoya NCBI, Tayantiinueduain Gene Ontology
(ASHBURNER et al. 2000), 301111937ANe19838%a1N KEGG (KANEHISA et al. 2010), ToyaanumznT
uwgegaann M wiieTasiuiuang udaya OMIM (http://www.ncbi.nlm.goviomim) LazTaya
laulasansidutaan miRBase ;ﬂ%ﬁammsmﬁaﬂgﬂmnﬁslmlmgﬂLLuumsa‘i’uﬁm‘hLmuuﬂmmm
waznAiaesiiudn lasadnfiuaainoasidue (detail) wazlunimeazidoaaziifedizanloaie
v % A A % (% . A
slmgi]’lfnmmmaaﬂLLU'UVLW%L;Ja'ﬁfﬂLﬂmmaamUIﬂiLLﬂ'su RExPrimer (PIRIYAPONGSA et al. 2009) G378

srwwanuazaInlunIsanuuumMImasaun R esdjuanisvesdunsaihwanadeld

Tuaadinsun1suanINauiunIINn (Genome browser)

I&J@aﬁi%ﬁm%’ummamNaé'wﬁmﬂmiﬁumluiugaﬁLLté”a laun1InanaifvaIdwrLi
winelunaawiwialasglladunisuulaslulay (Chromosome position) 2a3umfiaula nwued
dunsainuisuszgmansmzaaidlunuinalndi@szgnuaadluzdununn@nouilu

o o ' { = ° oy = . XY
Wwiiwas mmamﬂugﬂﬁ 10 SIuaasdwrsstivunsvedlulasasiduia miR-34c Q’L"ﬁmmmin
o oA A A A ° oA v a Y [y a X o o v
piuRaunIassialiangduniafagindidedldiasdrs mausasnaununfnivi il sy
{ v g/ 3 o 1 { 1 v g: o ] o
vasAni198u vasiudwniiihmanonegindides nidiaunIngnoaidoadigg anmkiang
WonldunuSiimndasnis Ll,a:{'faLﬁuﬂamé’uﬁuﬂm:mimmﬁmﬁ'umaw‘ium%uﬂmmﬂﬁuqm

aNWMEAn g va93luNdnee
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n3U7 10 waawsvasduniaihninsusaslugduuunniinuwundseinianiudeya
o a A Ao A A . .
suuauudug Talidredueilundiznoy lasluyunesvauiug (region view) ITURAININIANLVAS
duniaihwineluinangldtimue gldmannifen waasdinfinies) luusuminidevnog
MNoaztdualuuSimnaunla @‘hl,muldLﬂmmﬂﬁ;ﬂ*ﬁtﬁaﬂﬁmmma;‘uﬂuunuﬁﬁuﬁﬁmau%ﬁm P
v o @ . A a ed A ' . & . = ad a
azuuunIauindauazaudaiaailaindbfidneglutad 0 A9 1 azusasluunufmingu
' ° ' o = A A v Aaa ' & o °
nausaIdIunkinTIurasllsin AGO  vuilundiuaaidisidmden Wuninszanedivasiuam
sequence read  NNdIlutIIEIwALIRINaL Taslunnikaasduniszadlulasansidue
miR-34c  luuauFLa9 %aagﬂuu’%nmlﬁmﬁ’uﬁ’uﬁ’nmmL‘]“Jmmﬂﬁfmaa AIUUATNAIILFAI LA LAUT

U'ﬂmwmsmuqumnmmaanmmﬁmmu cis 2090 1lATASLAULOAT

l'[]{ [ micro -promoter interactions resource |

Hame Abaut Lagin Search = Canama browser Downioad Databass statistics Uner Guide

Advanced search
IRNA target gene

1 @ Target gene (gene symbol, gene D) ¥TE4 (Example : 81G4, 54766)
miRAA fmature mIRNA (aceession, I0) | haa-mi-14c {Example - MIDODOT43, hua-mir-34¢, MIMATODOLG77, Bsa-mifl-34c-3a)
minding site characteristics
[ upstream region 5000 b strand | AR
< Misime Free gy (WE s | -39 1) Kealimeal
B p-value s (0005
o average conservation icore = 0.5 with avallable posstion-specific score 2 80 % of target length
2 =y o maximum mumber of unpaiesd mucieatides |7
4 maximam mumber of C-U base pass in seed region |7
 maximam imvernal loop size 4
B masimam bulge sire (3
[ Overiag with supporting experemental dars

o Ay ACO chavter  AGOL chuster  AGOZ cluvter  AGOD chuster  AGD4 chuster
o T

3 = Crecking wih smnotaied gencemic features
Check  with or = withou! repetitsve element
Afyreptitve glement  UNE  SINE TR DNA  Simplerepeat  Lowcomplooty  Satelise  ANA  Other repeal  Unknown repeat
Check  with er + witheet Transeripeion Factoe Bnding Satn (T7E5)
L ) Check | with or + without SNP

T T

PIR . [micro -promoter interactions resource ]

Hame Absut Lagin Searth = Caname browser Davnlsad Databisas siatistics Uner Buide

Cene infarmation
Official ymbel : ETCA Cane mame : prosein BTG4 Gane 1D 1 54766 OMIM (D 60507

Transripts, products and grmamic poultion, Clkk b shaw,/hide gromic poiition
Transeript Produn Positian Strand Sere (b}
WW_D1TIAS wP_0eco1 ERrllLI0BAISGG - 11088RT T 44808

KEGE, Click 18 KICG Webaite

Cone Ontslogy, Click 1o show/hide Grne €O

miRNA binding site TN Format Tab-delented :  Sarted by | MIE

Mo maturs mikNA D millNA 1D Direction Che. pusition Srand Lesgih Posion  mp | Somtereed Cravapaing fomerss
seore (B0 AGOL AGOZ AGON AGO4 ST CPG AEP THES SNP
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Distribution of chromasomal locations of predicted target site Distribution of target site locations from transcription start site
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1. Select miRNA/target gene
@ single organism © Human © Mouse

& A list of target genes (gene symbal, NCBI gene ID), one per line. See gzample.
BTG4
ATM
DLD
APOAL
DERSX
DARC

€ Mature miRNA/MIRMA (ID, accession)

(Example - Human : hs3-mik-34c-3p, hs3-mir-100, MIMATOO04677 Mouse | mmu-miR-34c-3p, mmu-mir-707, MIMATO004580)
c Disaasaﬂ?hannn‘pel (Example : Cancer, Alzheimar)

© Human-mouse comparative view Searchfrom © Humangenss or © Mouse genes

2. Set binding site characteristics

B Home About Login Search Genome browser Download Database statistics User Guide

1. Select miRNA ftarget gene
' Single organism  © Human © Mouse

& Human-mouse comparative view Search from ® Human genes or ¢ Mouse genes

& list of orthologous genes (gene symbol, NCBI gene 10), one per line. See example.
BTG4
AT

LD
APOAL
DHRSK
DARC

2. Set binding site characteristics

317 12 nihuwaminsandunadniunsdumduniaimanoas microPIR it 2

A) Mduwmdwrnithunansluziidiasiaiden

(B) msﬁumcﬁ’nmmLi’h%mmﬂ’%umﬁﬂuluwm‘uamk}
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PIR = [micro -promoter interactions resource ]

Home About Login Search Genome browser Damnload Database statistics

|

User Guide

site characieristics
upstream region |1000 bp strand (AN 'I {ma:dmum 2000 bo)

Minimum Free Energy (MFE) < [-30 x| kealimol

p-value < [0.05
[ with available position-specific score 2 3

-3
-
I masimum rumber of unpaired nudeotides |4

[ maximum number of G-U base pairs in seed region [2

-

-

=

average conservation score 2

masimum intemal loop size [
masiimum bulge size [§
Overlap with supporting expenimental data
I any AGO custer [ 4601 duster [ AGO2 duster [ AGO3 duster I AGO4 duster
I est
Chacking with the annatated genomic features
™ check © withor ® without repetitive element

[T check © withor & without Transcription Factor Binding Site (TFBS)
™ check © withor & without SHP
[ check © withor @ without CpG iskand

% of target length

T any repetitive element I N I sine T LR T oma T simple repeat 7 Low complexity [T satelite 7 Rma T Other repeat

T unknown repeat

E‘ﬂﬁ 13 ‘Vi'iI’]LW%ﬁW%%’UIN@ﬂﬂ’]iﬁuﬁﬂ(ﬁ’]Lm‘ifl:{‘ll,‘ﬂ'mil'l£|°IJEI\‘] microPIR 1855 2

(A) mumﬁ:qgﬂLLuumsﬁ"umLLazﬁuvgmﬁ’l‘*ﬁ'Lumiﬁum

(B) ﬁmmﬁ:a_qlwmﬁ wasnlglunmsdumdunsainang

PIR [ micro -promoter interactions resource |

Hurmr Abaut Login Search L Buwnboad Database statistics User Guside

Gene information

1. Human official gene symbol ¢ BT54 Official full name : protes BTG
Other aliases : PC38
Orthelogou:

oure genes : Bad (Gene 10 © 550571

Transeripts, products and gensmic pasition, Clok b shamhidn gon
Transorigt Product Stramd  Siw (bp)
NM_n17589 NP_DENOSS Chedli111536256. 111303073 44804

iz pesitin

Gene Ontology, Shok te shaw/hide GO

[ Target sites : Sense Sraction 94 targats, Aatisanse dirsction 71 targets

Gene 10 1 54755

OMIM 1D ¢ £05673

2. Human official gene symbol @ ATH Oficial full name ; sennn protein kinasn ATH
Dther aliaves : AT1, 4TA, 4T, ATD, ATDC, ATE, TELY, TELOL
Orthalaguus mawse genes : @l [Gene 19 23920]

Transeripts, products and geasmic pasition, Chok to shanhide ganceie position
Transcript Praduct Position Strand  Size (bp)
NH_D000sL NF_DODD4Z Chrll:10003555 - 1082 ¥502E + 146250

KEGG pathmay : hsatdi 10, bead1ls, hesld2in
Gene Ontology, Shat bo showede 50

Gene 1D ;472

OMIM 18 ; A07525

Orthalogous mause genes § L4 [Gene 10 13002)

Transcripts, products and genomic position, Clck to shomhide genomic pasition
Transcript Product Pesition Stramd  Size (bp}
NM_D00108 NP_00O099 CheZ:107531586 - 107561643 . 30058

KEGG pathway ! hia00040, k300020, hesDD260, hial0es), heal0620, hesDll00

Grae Ontology, Shok 1o shewhide GO

J| Taraet sites : Sense drection & targets, Antisense drection 27 tarpets

| varget sites : seen denction 13 targats, astisanse dirmetion LE targats
3. Human official gene symbaol : DLE fficial full name : Shydipoy] datydrogenase, mitachandial pracursor Gmae 102 1738 aMIM 1B 2 238531
Uther aliases ; DLOD, DLOW, L3, GESL, LAD, PHL

y ' o A A d o & ' . <
37U 14 EruuaaInaa Nt T BudinanIun nadlu microPIR 11a3TU 2
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31U 15 Suusasnaantzasnomduniaihmansuuduihvansudaced

lugadinsunisuisuiisudiuniaihvansunlislanaiszwiteansduaziy _ (Human-

mouse comparative view)

mﬂ%@’miu@af:f%'wﬁuﬁnﬂmil,ﬁaﬂmiﬁumuuunﬁ?ﬂuLﬁﬂmmgﬂﬁ 12B  maswinlaan
miﬁumuamlugﬂﬁ 16 Gendpasenumsugasnaanmsnwluiiliiarfiaden uddsznaudie
iagaLﬁ'uLamlaaﬁaﬁ%%ﬁg@aawﬁmwﬁgﬁagaﬁuﬁﬁusswqgwimﬁu Tuguil ;i‘l%mmmﬁaﬁmw
Susunsswiniuniadhwane LLa:ﬂaﬂaaﬁLﬁaLi’];jwﬁwLwaﬂ?'iuamwaﬂmﬂﬂmﬂm'ﬂ% Scalable
Vector Graphics (SVG) ;:fl,%mmsnL'ﬂ%m_lL‘ﬁym‘hLvaqLﬂmmﬂuuiﬂﬂumai‘maaugwﬁuawkmuﬁa

v o o o a o [ P
anuFNRUSADguanuEiluNan g dsuaasluguf 17

N3 17 vinalusmfimiesusasduniiasduniaihninouazguansmilundug
A A @ o & A a a a o Lo o = A Aa
Mnpdodluilunausd  lwaefuinuddousasduniaiminouszguansuzdlusuniund
vy genenuluiluany  wndlidasmmmuneazisaiaduinonuduniaihwineniagm
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Ta.l@aﬁ’m%'umiuamNau,iJiJni'an (Genome Browser)

A9 oo @ a o & A % A AAa A A
lugadlfdmiunausasmoazidoanadniuuunminanmsdumludifiasiador loag
A a ed o ' a o Y o & A | o '
miadndsdnuaasdunsuidlunvasduniaimanolunaans wislasgldladunisnulasialaw
(Chromosome position) adu3imfiaula Mwasdunsaihnansuazguansuzrasdluudungazyn
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Tugaﬁ'm%'ummamNaaﬁﬁwaomuﬁaga (Database Statistics)

lugadihnihiusasmoanidoalasssdvasdoyafivhanldlunmswamgudoyn 1w Jaya

a ¢ = AN o o a o @ & o o
Muazidsavasiulasanfidwenls, deyenwazidvavassauwalislueeinld, dayaniinszan
vasduniiihminsuulasluloy, dayanisnszaisvesdn MFE Audwiudundaiming vuds
TayargUanuanRuizninduninihmaneiuguansudlundngg  lasdayamafazlfiduum

nslrnnIspaaanlaiianlsnindwesdnunisdunidiunisiiinvunendasnile

laganisannluandasa (Download)

anzinnalanaldgldausnandlnaadoyaduniaimanenldannimiuieng
wualugduuuvas BED file iNaliaansnidayadindrilulslunsliesziazduiluy (genome-

wide analysis) lwirtaispfiaulalaszain landalduimedwinglonamadowrinnu

LR, [micro -promoter interactions resource |

Home Alau wagin Search Benome bromser Demalmad Database statistics User Guile

HUmMan-maouse comparative view

1. Human official gene symbal : BTG4 afficial full name : protein BTG Gene [0 & #4766
e aliases  FCIE

MM 10 609670

eripte, products and ganomic pasition, Gl
Transeript Produst

NM_D TR We_phnnss

strand  Siee (bp)
Y

OFicial full nams ; patain 1164 Game 10§ S4087 OMIMID ¢ -

Strand Size (bp)
0

KRGE pathmay @m0

Gene Dutology, Che o shewhide 50

miRHA Larget sites :

Sonse tarst sito Antisense rarger s
23 £
5 42
2, Human official gene symbal ; AT Official full name ; serina-proter kinass ATH Gene 10 ;472 I T0 5 §97505
Other aliases : AT1, ATA, ATC, ATD, ATDC, ATE, TEL1, TELOT
Teanscripts, products and genomic position, Slick te shom/hide genamic position
Transeript Prudust Pasition Strand Sice (bp)
NM_noogs: e _punna: g p2 + Ak
KEGG pathmay : 1304110, bastH15, haa0azln
Gene Dntelogy. Chok to showhide GO
Mouse official geme 3xn " Oificial full mame ; serine-gestein kinase ATH Gene 10 : 12920 oMM B

Tramscripts, products and genomic position, Clik b shomhede o

Eﬂﬁ 16 piNALRAINRANTIIABRIG LRI RN e TauA UU?$%'5']G&I$§E5LL@$%1¢
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Human-mouse comparative view

Human official gene symbol : BTG4
Mouse official gene symbol : Btad

Gene ID : 54766
Gene ID : 56057

miRNA target sites : 71 targets on antisense direction
miRNA target sites : 49 targets on antisense direction

Graphics view, Click to show/hide graphics view

mMiRNA Family
Human Target

1. Mo family 30
2. mir-10 1
3. mir-1234 1
4. mir-1236 1
5. mir-1237 2
6. mir-1268 1
7. mir-1281 1
8. mir-123 1
9. mir-1282 1
10, mir-1296 1
11, mir-130 0
12, mir-1343 1
13, mir-1469 1
14, mir-1471 1
15, mir-1538 1
16, mir-188 0
17, mir-1909 1
18, mir-191 1
18, mir-194 1
20, mir-197% H

ﬁl‘ég;[‘la'/g 111284870 111224670 111224470 111284279 111284079 111222879 111282670 111283470 111283279 111383-079
- - - LI | I I D N -
- - - _-— - -
I am 1 N N BN SRS S -

Antisense direction

Mouse Target

cemcorococoorooocmoeenen

detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail
detail

Chriz (-]

Target Cluster
AGO Cluster
TFRS Cluster

TE:

Chrd (+)

Target Cluster
AGO Cluster
TFBS Cluster
TEs

A

3N 17 nwandnuaasmsdIsuinsuduniaiinn Umﬂﬂﬂmma%wdnm&wﬁmmhﬂuﬂuﬁﬁ

UTTWLTET UNU

Human-mouse comparative view

Human official gene symbol : BTG4
Mouse official gene symbol : Biod

Gene ID : 54766
Gene ID : 56057

miRNA target sites : 71 targets on antisense direction
miRNA target sites : 49 targets on antisense direction

Graphics view, Click to show/hide graphics view

250

hg_T55:Chri1

mm_T55:Chr?

he_AGO_cluster

cluster

Primary Data

Full wiguw

B e ‘ == 1750

Name hg_aG0_cluster
Type cluster
Position BTG4_promoter 68,2026
Length 1,959 bp
Attributes -
Id hg_&GO_cluster
Pas chr11:111383121-111385043
Seq_id BTG4 _promoter
Source hg19

kil

o

311 18 MNuazdvavasduniaiman Uuwﬁﬁniﬁﬂmmmﬂﬁm’%wLﬁﬂmzmwmgwﬁuaw%
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q 500 bp | | )
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+ B & 8 H H B Named gene
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+ B & B E H A all repeats
Low_complexity LTE
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+ B B S A H B CPG island
Cpli+24

+ B B HEH B AGO1 peak cluster
+ B E B H B AGO3 peak cluster
+ B E B H B AGO4 peak cluster
+ B E A H B AGO? peak cluster

+ B S HH B AGD Cluster
 H E & A H B Conserved TFBS
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A o v & VoY o hid =2 o
Resource)  lasfifaguszmdliiduundsdayamminzdmivmsfnsnalnmainanusasialas
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Abstract

Background: microRNAs are generally understood to regulate gene expression through binding to target sequences within
3'-UTRs of mRNAs. Therefore, computational prediction of target sites is usually restricted to these gene regions. Recent
experimental studies though have suggested that microRNAs may alternatively modulate gene expression by interacting
with promoters. A database of potential microRNA target sites in promoters would stimulate research in this field leading to
more understanding of complex microRNA regulatory mechanism.

Methodology: We developed a database hosting predicted microRNA target sites located within human promoter
sequences and their associated genomic features, called microPIR (microRNA-Promoter Interaction Resource). microRNA
seed sequences were used to identify perfect complementary matching sequences in the human promoters and the
potential target sites were predicted using the RNAhybrid program. >15 million target sites were identified which are
located within 5000 bp upstream of all human genes, on both sense and antisense strands. The experimentally confirmed
argonaute (AGO) binding sites and EST expression data including the sequence conservation across vertebrate species of
each predicted target are presented for researchers to appraise the quality of predicted target sites. The microPIR database
integrates various annotated genomic sequence databases, e.g. repetitive elements, transcription factor binding sites, CpG
islands, and SNPs, offering users the facility to extensively explore relationships among target sites and other genomic
features. Furthermore, functional information of target genes including gene ontologies, KEGG pathways, and OMIM
associations are provided. The built-in genome browser of microPIR provides a comprehensive view of multidimensional
genomic data. Finally, microPIR incorporates a PCR primer design module to facilitate experimental validation.

Conclusions: The proposed microPIR database is a useful integrated resource of microRNA-promoter target interactions for
experimental microRNA researchers and computational biologists to study the microRNA regulation through gene
promoter. The database can be freely accessed from: http://www4a.biotec.or.th/micropir.
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Introduction

MicroRNAs (miRNAs) are small ~22 nt regulatory RNA
molecules that are involved in post-transcriptional regulation of
gene expression through inhibition of translation initiation or
targeting messenger RNAs for degradation [1,2,3]. miRNAs play
important roles in regulation of numerous biological processes,
such as development, cell proliferation and differentiation,
metabolism, apoptosis, and the cell cycle [1,4,5,6,7]; hence,
miRNAs are of medical importance. Moreover, alterations in
miRNA regulation have been reported to be associated with
several diseases such as cancer [8,9,10,11].

Generally, the function of a miRNA 1is defined by its target
genes and its effect on gene expression; thus, identification of
potential miRNA targets is of highest importance. Since many
potential miRNA regulated genes exist in a genome, accurate
bioinformatic prediction is an essential tool for identifying targets.

@ PLoS ONE | www.plosone.org

In animals, it is well known that miRNAs control gene expression
through recognition of target sequences in the 3'-UTRs of
mRNAs [4,12]. Hence, efforts to predict target sites have often
been limited to 3’-UTR regions, although occasionally other gene
regions, e.g. 5'-UTR, CDS, were also considered. However, the
currently available target information is not enough to fully
explain the complete mechanism and function of miRNAs,
especially the ones with unknown targets.

Recent experimental studies have suggested an alternative
miRNA mechanism for modulating gene expression by targeting
outside gene bodies through promoter recognition in human cells.
Place et al. [13] provided evidence of promoter-targeting miRNA
by showing that introduction of miR-373 induced expression of
CDHI and GSDC?2 containing complementary promoter sequenc-
es. Kim et al. [14] reported the czs-regulatory role of miR-320 in
targeting its own genomic location, which resulted in transcrip-
tional silencing of an adjacent downstream gene, POLR3D through
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an AGOl-dependent mechanism. The recent report by Younger
and Corey [15] demonstrated that miRNAs can silence gene
expression by targeting gene promoters in #rans. They showed that
miRNAs with incomplete complementarity to their targets require
AGO?2 instead of AGO], suggesting the possibility of different
silencing mechanisms for different miRNA/target interactions.
These studies indicated that the control of gene transcription by
promoter targeting may be a general mechanism of miRNA gene
regulation. Through promoter targeting, miRNAs may positively
regulate gene expression [13] in a manner similar to RNA
activation (RNAa) observed in synthetic dsRNAs targeting
promoters [16,17] or direct nuclear transcriptional gene silencing
(T'GS) [14,15]. The underlying mechanism of regulation is still
poorly understood and has not much been explored. Understand-
ing this miRNA mechanism could lead to the development of a
novel therapeutic approach for specifically controlling the
expression of disease-associated target genes including the
modulation of other phenotypes with associated expression profiles
to promoter-targeting miRNAs.

So far, only a few miRNA-promoter interactions have been
verified, possibly because there are few good candidate targets. A
public resource providing genome-wide computationally identified
potential miRNA binding sites on gene promoters could assist
identification of biologically interesting candidates for validation
[18], which is important given the paucity of experimental data for
miRNA promoter targets. Despite a number of existing miRNA
target databases such as miRDB [19], miRNAMap [20],
miRGator [21], miRecords [22], the data of promoter targets
are not readily available. To our knowledge, only recently
developed miRWalk database [23] offers such data. However,
the putative targets were only identified for sense strand and the
detailed information of the predicted targets, which enables the
screening of interesting candidates for experimental verification, is
not provided.

We developed the microPIR (microRNA-Promoter Interaction
Resource) database to facililate comprehensive exploration of
putative miRNA binding sites within gene promoters of the
human genome. In contrast to most currently available miRNA
target databases, the predicted target data are managed in a way
that enables the interactive and flexible exploration of putative
binding sites that are most suitable with users’ hypotheses,
especially in the global view along with other associated genomic
features and functions. The experimentally verified binding sites of
AGO proteins, which have been reported to be involved in the
mechanism of promoter-targeting miRNAs [14,15], are incorpo-
rated as supporting information to enhance the effective screening
of predicted target sites. The associated EST expression data
including the sequence conservation data across vertebrate species
of each predicted target are also incorporated into the database for
the same purpose. Morcover, microPIR integrates various
annotated genomic sequences, such as transposable elements
(TEs) and repeats, transcription factor binding sites (TFBSs), CpG
islands, and SNPs, allowing researchers to study relationships
among target sites with these genomic features. All information
can be visualized in a genome browser view format [24]. A local
primer designing tool is incorporated into microPIR to assist
experimental design of miRNA target validation. Target gene
functional information is also available as link-outs from the
microPIR search outputs.

Results

microPIR presents miRNA target sites on promoter regions
through a web interface with supporting features not only

@ PLoS ONE | www.plosone.org
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searching and retrieving data but also the visualizations of
corresponding target sites. The web interface comprises three
modules: 1) query, 2) genome browser, and 3) database statistics
(Figure 1).

Query module

Two search options, basic and advanced, are provided for users
to access target site information associated with the specified target
gene or miRNA. The basic search supports inputs with the
following types of identifiers: HUGO gene name, NCBI gene 1D,
miRNA accession and miRNA ID. Users can locate target sites
within a certain gene by supplying a gene ID/symbol to the search
form. Alternatively, a miRNA accession number/ID can be
entered in order to view the list of target genes of this miRNA.
This search option displays all target sites that pass the default
parameter settings (see on the basic search page of web interface).
The target site parameters can be customized to be more stringent
with the advanced search option, which is designed to support
diverse query types according to user’s specific needs (Figure 2A).
The adjustable parameters include strand orientation of target
sites, the length of upstream region (default to 5000 bp), average
conservation level of binding sites, miRNA-target binding pattern
and parameters (Minimum Free Energy (MFE), p-value, number
of unpaired nucleotides, G-U base pairs in seed region, internal
loop size, and bulge size). The target output (s) can also be filtered
based on the existence of supporting experimental information,
AGO binding sites and/or EST, on predicted targets. The
presence/absence of other annotated genomic sequences (TE and
repetitive sequences, TFBSs, SNPs, CpG islands) in association
with a target site can also be used as extra screening criteria as
well.

The results obtained from the query page include the listing of
target sites matched with the search criteria used (Figure 2B). This
report shows the information of miRNA and target gene, genomic
locations and length of the target sites, their positions relative to
the transcription start sites of the target gene, strand (sense/
antisense), MFE of miRNA-target binding and conservation level
of target site. In addition, the presence/absence of different
annotated sequences on each target is displayed. In the case of
shared locations among different predicted targets of the same
miRNA, the sites with the lowest MFE will be shown. The
additional corresponding information is provided as hypertext
link-outs, including gene information from NCBI gene database,
gene function from Gene Ontology [25], gene biological pathways
from KEGG [26], associated phenotypes from OMIM database
(http://www.ncbinlm.nih.gov/omim), and miRNA information
from miRBase [27]. More details on binding site including binding
pattern and parameters are given with a link to the primer design
service RExPrimer [28], which facilitates the design of corre-
sponding primer pairs for the specific target site. The output can
be sorted and exported as a text or BED file.

Genome browser graphical representation

Each target site can be visualized on a local genome browser
(see Figure 3) implemented using a GBrowse generic browser
service [24]. Through the customized viewing of the genome
browser, users can visualize the position of a binding site within a
gene promoter, as well as the spatial relationship between binding
sites and other annotated sequences. Furthermore, the resolution
of the genomic locus graphic can be adjusted from <100 bp to
1 Mbp. Certain supporting information can be displayed along
with the location of target site (s). These features can be turned on/
off at will.
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Figure 1. System overview of microPIR database. This is a three-tier system overview of the microPIR database displaying the data sources and

web interface features.
doi:10.1371/journal.pone.0033888.g001

Database statistics

The summary information and initial analysis of data deposited
in the microPIR database are displayed on the statistics page. The
information includes build/release of miRNA/promoter sequenc-
es, number of unique targets, number of miRNA-target interac-
tions, distribution of binding sites in terms of chromosomal
locations, positions on the upstream regions, MFE, and p-value.
The number of target sites found to be associated with each type of
annotated sequence is also shown here. This information could
guide researchers to make their decisions on searching parameters.
This module will be automatically updated with the new release of
microPIR.

@ PLoS ONE | www.plosone.org

Discussion

We
comprehensive exploration of miRNA-promoter interactions.
The genome-wide promoter target sites of miRNAs were
predicted, organized, and integrated with a number of publicly
available annotated sequence databases including the database
of CLIP-generated AGO binding sites, gene and EST databases,
database of vertebrate sequence conservation scores, genetic
variation (SNP, repeat) databases, and gene regulation (TFBS,
miRNA, CpG islands) databases. By incorporating these

databases together with functional annotation, microPIR offers

constructed a novel database which facilitates a
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Figure 2. Search input and report output from the advanced search module. (A) The advanced search page is separated into three main
parts. 1) A target gene or associated miRNA is put as a query. 2) The choices of binding site parameter settings can be adjusted to fit the user’s needs.
3) The overlap of target site with specified annotated sequence is allowed as additional search criteria. (B) The list of resulting target sites obtained
from search page is displayed. The information of associated miRNA is presented with the direction, chromosomal location, strand, length, upstream
location, MFE, and conservation score of each target site including the number of bases with available score data. The number of different annotated
sequences overlapping with each predicted target site is also shown. The hypertext link-outs to original sources of gene/miRNA associated
information are provided. More target detail which includes a link to primer design is provided on the detail page of each target.

doi:10.1371/journal.pone.0033888.9002

the most comprehensive and integrated view of these novel
target sites.

Currently, the microPIR database contains a total of about 15
million unique target sites, with an approximately similar number
of sense and antisense targets associated with 22,357 annotated
genes. These numbers represent all possible sites on promoter
sequences which pass the default parameter settings (perfect
miRNA seed pairing, binding free energy =—20 Kcal/mol, and
target length = miRNA length+10) before considering any other
parameter cutoff values. All experimentally verified cases of

@ PLoS ONE | www.plosone.org

miRNA promoter targets [13,14,15] were detected and included
in the database. The presence of putative miRNA targets on most
of gene upstream sequences suggests that miRINA gene regulation
through promoter targeting may be a more general event than
expected. In stead of merely displaying all possible computational
prediction results, microPIR supplies three major types of
supporting genomic information, including genome map of
experimentally verified AGO binding sites, EST's and evolutionary
conservation of miRNA target sites. It has been hypothesized that

promoter-targeting miRNA regulated transcription occurs
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Figure 3. Genome browser displaying the resulting target sites with other genomic features. The position of target site is presented in an
integrated view along with other supporting information and genomic annotations on a local genome broswer. The region-level view shows the
distribution of putative target sites located within a specified genomic region. Users can highlight (yellow color) to zoom in the interested location for
the detail-level view. The target site is displayed in gold box with green line. The conservation score of each nucleotide position (blue color on the
bottom) is displayed in the range from 0 to 1. AGO binding-site cluster is represented as distribution of read numbers along the cluster (green color).
In this particular case, the presence of miRNA (red color) on the same locus as its binding site represents the cis-regulatory role of miRNA.

doi:10.1371/journal.pone.0033888.9003

through recognition of noncoding RNA transcripts overlapping
gene promoters [15]. In addition to protein-coding genes, a
considerable number of noncoding transcripts originating from
other genomic regions have been mapped in EST databases [29],
and many of these noncoding transcripts overlap promoter
regions. This observation supports the potentiality of predicted
promoter targets presented in expressed sequences to be real target
sites. AGO1/AGO2 proteins were demonstrated in two different
studies to be recruited to the target promoter regions and were
possibly involved in miRNA mechanism of action [14,15]. Thus,
AGO occupancy on predicted target sites can be used as an
additional supported evidence for selection of target candidates.
Also, evolutionarily conserved sequences would be more likely to
be biologically functional miRINA target sites, since sequence
conservation in promoter regions is generally lower than in gene
coding regions [30,31,32]. This information is useful to prioritize
target site candidates for further experimental study. For instance,
with a specific set of target binding parameters (MFE=—30 Kcal/
mol, p-value=0.005), a huge number of potential target sites can
be narrowed down to 402 unique target candidates in 297 genes

@ PLoS ONE | www.plosone.org

(211 genes are found in OMIM database), when considering only
non-repeat derived, highly conserved sites (average conservation
score =0.8) accompanied with experimental support, containing
AGO1 or AGO2 binding sites, and are located in the expressed
genomic region, as shown by EST data.

microPIR database was developed with the main purpose to
provide a new data resource for miRNA researchers. Unlike other
miRNA target databases, microPIR caters for a broad range of
adjustable search options, giving a better control over various
kinds of interactions interested by a user. For example, highly
confident sites can be selected with the perfectly complementary
binding sites by setting maximum number of unpaired nucleotide
to be zero. Since it is generally accepted that endogenous miRNAs
do not require complete complementarity to achieve target
recognition, the stringency can also be adjusted to produce the
corresponding targets. These flexible search options also allow the
generation of hypotheses about possible miRNA/target relation-
ships with other genomic elements, e.g. sequence polymorphisms,
repetitive elements, TFBSs, CpG islands. Moreover, the genome
browser view supports users’ specific interest, e.g. researchers who
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are interested in the cs-regulatory role of promoter targeting
miRNAs can look for target sites with their associated miRNA
present in the same promoter region, as shown in Figure 3.

Future development

Currently, microPIR provides information of miRNA-promoter
target interactions for human sequences for which experimentally
determined data of AGO binding sites and other genomic data are
available. In the future, we plan to include data from more
organisms in order to permit the comparative features across
different species. Since the knowledge on miRNA-promoter
interaction is in its early stage, the computational procedures for
target site prediction will soon be updated. Additional computa-
tional prediction algorithms are planned to be used in the future.
The scoring system of predicted target sites will be implemented
and tested once ecnough cases of experimentally confirmed
miRNA-promoter interactions are reported. To enhance the
complete picture of the miRNA regulatory network, previously
determined target sites within the body of genes will be included
for further analysis.

Conclusions

microPIR is the most comprehensive database specifically
developed to provide an open access repository of information
for miRNA target sites within human promoter sequences.
Integration of considerable resources of genomic data and
functional annotation allows researchers to investigate predicted
miRNA-promoter interactions and generate new testable hypoth-
eses and relavant biological insights of promoter-targeting
miRNAs. The microPIR database is equipped with flexible search
features including user-friendly GBrowse graphical interface and
hypertext link-outs to various databases and a primer design
service. We believe that microPIR will be a useful resource for the
miRNA community to facilitate the discovery of new miRNA
regulatory mechanism through promoter recognition.

Materials and Methods

microRNA target prediction

All known human miRNAs were downloaded from miRBase
release 13.0 [27]. The 5000 bp upstream sequences of RefSeq
genes were obtained from the UCSC Table Browser [33]. These
sequences correspond with the hgl8 assembly (human genome
build 36). The promoter sequences were idenfied for the presence
of putative miRNA target sites in both sense and antisense strands
using the RNAhybrid program [34]. Complementarity to the
miRNA seed sequence containing nucleotides 2-8 from the
miRNA 5’end is well known as a major determinant for target
recognition [1,35,36]. According to the most recent study [15],
mutation of the seed sequence, but not other positions, abolished
the silencing activity of promoter-targeting miRNA. As a
minimum requirement, we set the desired target sequences to be
completely complementary with the corresponding miRNA seed
regions, the miRINA-target binding free energy =—20 Kcal/mol,
and the target length = miRNA length+10.

Data resources and processing

Crosslinking and immunoprecipitation (CLIP) coupled with
deep sequencing is a high-throughput experimental technique
which has been applied to AGO proteins for identification of
miRNA-target interactions [37]. We incorporated the data of
999350 CLIP-determined AGO binding sequences obtained from
the CLIPZ database [38] as supporting information for predicted
target sites. These AGO binding sites were mapped to human
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genome reference sequence hgl8 (build 36.3). The sites that
overlap by at least 1 bp were clustered, resulting in 1092430,
388859, 1966002 and 1317205 binding-site clusters for AGOI,
AGO2, AGO3, and AGO4, respectively. The number of reads
covering each nucleotide position in a cluster was counted. Each
cluster is represented as the distribution of sequencing depth along
the cluster.

Sequence conservation information of each predicted target site
was also included into the database. Position-specific conservation
scores, which were derived from multiple whole genome sequence
alignments between the human and 16 other vertebrate genomes
[39] were extracted from the UCSC Genome Browser [40]. These
scoring values correspond to the posterior probability that a
human genome site is conserved as computed by phastCons [41],
and position-specific scores were averaged out across target sites to
reflect the levels of evolutionary conservation among predicted
target sites.

The GenBank human EST sequences were downloaded from
the UCSC Table Browser [33]. In addition to transcript data,
other genomic information was also included in microPIR.
Transcription factor binding sites (6- to 12-nt consensus motif
sequences) conserved in the human/mouse/rat alignment were
retrieved from the UCSC Table Browser [33]. The genome
locations and identities of transposable elements and repetitive
elements were taken from annotations generated by the Repeat-
Masker program [42]. Finally, SNP data comprising more than
nineteen million common and population-specific SNPs were
obtained from various databases, namely NCBI dbSNP [43] build
129, HapMap [44] public release 27, JSNP [45] release 35, and
ThaiSNP (http://www.biotec.or.th/thaisnp) release 2. The loca-
tions of CpG islands were taken from the UCSC Table Browser
[33].

System design and implementation

The overall system design of microPIR is illustrated in
Figure 1. From the bottom of this figure, three data sources 1)
target site prediction, 2) supporting genomic information for
predicted targets, and 3) other genome annotations were
preprocessed/collected and incorporated into the local MySQL
databases. MySQL version 5.5.1 was employed to manage all the
predicted target entries as well as their supporting information.
To make the database accessible for public use, the web
interface, including submission forms and graphical outputs
were constructed using Python scripts and toolkits from Python
Webware (http://www.webwareforpython.org). The web inter-
face offers three main functionalities. First, the search feature
allows users to locate miRNA target sites of interest. Data can be
queried through the webform, which formulates the correspond-
ing SQL queries to MySQL using python scripting language. We
used Python MySQLdb module to connect (sending and
receiving SQL queries/outputs) to the MySQL database back-
end. Second, the viewing feature enables users to graphically
view the location of miRINA target sites within a specific locus via
a genome browser interface. Third, the statistics module
summarizes the information contained within this database for
the genomic region of interest. The link-out module is provided
for users to cross-check with other related databases, e.g. gene
ontology and original data sources. Furthermore, for the sake of
convenience, a primer design section is included to assist in
validating potential target genes. The whole microPIR frame-
work is running on our 12-core database server (2 AMD 6-core
(2.8 GHz) processors with 64 Gigabytes of RAM and 2
Terabytes of hard disk space).
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An open-access bioinformatics database developed in
Thailand will aid investigations of poorly understood
gene regulation mechanisms

A comprehensive and freely available database for studies on how microRNAs regulate gene expression is now available, thanks
to a research team led by Jittima Piriyapongsa and Sissades Tongsima of the National Center for Genetic Engineering and

Biotechnology, Thailand' .

MicroRNAs are short nucleic acid molecules that control gene expression by binding to the ends of messenger RNA transcripts,
then preventing their translation or promoting their degradation. They can also modulate gene expression by targeting regulatory
sequences called promoters, but only a few microRNA-promoter interaction sites have been identified to date.

Piriyapongsa, Tongsima and their colleagues used a bioinformatics approach to match microRNA sequences to their target sites
in human promoter sequences; they identified more than 15 million target sites associated with about 22,300 genes. They then
integrated these data with a number of other publicly available genome databases to allow exploration of the relationships
among target sites and various genomic features.

The resulting database, called the microRNA-Promoter Interaction Resource (microPIR), is fully annotated with gene
information and has an adjustable search, making it the most comprehensive open access repository of microRNA promoter
target site information. The database should facilitate researchers’ efforts to identify microRNA-promoter interaction sites and
gain a better understanding of these new regulatory mechanisms.

Tweet <4
1
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