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miR-29a HIAE R FLI K JEAT G L s B 2 b

Z@/Hc?fk\ 1,3 %fj ::E 2 &)E g% 3 % %7}5‘ 4 ﬁ ifjé 1,2A
(1 B ERIRS: i d 7w 21000452 M IEAIARERE =25 d ik 210004;
3 MALTHEE = A RIERE Tk 2548 215700 ;4 FEEHEUR 2% #7 Andk 436895)

BE BHRY: i85 miR-29a #4738 K B TN B AR X A W15 85 547, 5 miR-29a $e ik B 49 216 I JE4R AR ACIE 34, A 4 IRANBF
7 miR-29a 64 & 4 5 o 4t A IE AR AL L8 45§ 53K A) A PubMed 4 % miR-29a 48 % 3L, i it miRBase /£ 4 T A 547
miR-29a 5%, & A TargetScan % miRNAda ##Fi+ F 7 i Fm miR-29a $e A B F A X EE A AR £ 46, 2 AT AR
A4k (gene ontology, GO) ¥ 4 5 = 4t Fo 2 ¥y 2 i £2 VA & KEGG(Kyoto Encyclopedia of Genes and Genomes ) 4 478 345 & 5-#7
58 :(1)miR-29a 59\ £ % AP 1 AR & B4R T M, (2) @A77 s Fm miR-29a ¥ A B £ 35 191 A, (3)miR-29a $2 A B GO 4
Tt THRXRETE M DNA £ 575045 5 F 4545 (P<0.05);miR-29a ¥k /) GO A4 F TR E & TREH T miasm .
M358 5 B T4 (P<0.05); KEGG 4 498 % 3 &% & F PI3K-AKT 45 % i@ % JAK-STAT 13 58 % T 400 & Az 5 18 % Fo i £y &
1% 5 il B 512 5 45 Al B, VAR ) i B e T E R R 5 R R 1B 945 (P<0.05), 4518 :miR-29a ki@t AL S A e A RAZ TR
S IRAE ARG AR AR AR T R BT, R AR RNE G 4 F FeAR,

FH218 : miR-29a; e K B K B AR A5 T B8 A2 85
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ABSTRACT Objective: Through the miR-29a target genes prediction and related bioinformatics analysis, the data provide
experimental validation and theoretical guidance for further investigation of miR-29a related biological function and regulatory
mechanisms. Methods: The studies of miR-29a were reviewed by Pubmed, and the sequence of miR-29a was obtained from miRBase.
Target Scan and miRNAda were used to predict target genes of miR-29a, and the intersection of the two results was performed by Gene
Ontology(GO) analysis and Kyoto Encyclopedia of Genes and Genomes(KEGG) pathway analysis. Results: (1) MiR-29a sequences were
highly conserved in various species. (2) There were 191 predicted target genes in the gene set. (3) GO analyses of miR-29a target genes
were enriched in transcription factor activity, DNA binding and calcium ion binding (GO molecular function, P<0.05), and enriched in
regulation of transcription process, cell adhesion, cell proliferation and apoptosis (GO biology process, P<0.05); In KEGG pathway, the
gene set mainly located in PI3K-AKT signaling pathway, JAK-STAT signaling pathway, T cell receptor signaling pathway and insulin
signaling pathway (signal transduction pathway, P<0.05), small cell lung cancer and Endometrial cancer etc (human diseases pathway,
P<0.05). Conclusions: miR-29a may be involved in the different signaling pathways via regulation of varies target genes and play an
important role in the physiological and pathological processes. It is a valuable target for further investigation.
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NA, Horf— % i B BE miRNA 454 3 mRNA3” s 4 B
DXHEAT 76 R8N 58 42 HAMIC AT, 20 mRNA B30 1 s e
T S A SR PR A R 4 AR, WFSEIERH , miRNA 75 5% 5k
WSRO BN MG S T2 S AL E ok SEAH
PR TN A Qs 4 22 2 B R

R BIFST A ARIWTER A | BREE 22 (IR 7 , miRNA [ 3%
ik 5 2RI R AR AR BB PIAIC . — 1 miRNA 7T A JLA
BUELE 221> miRNAs A 897 [ — 365 ; —> miRNA 7]
DU JLAZE R B9 26358 , AT DL B 221~ miRNAs &[R4 32
FARNAEL, HERTN miRNA 25X 8055 ZRag 2L K H 15
N2 R 8 I S AR MDA RN RV A8, B B 75000 miR-
NA (38 HE R X5 AR R R AT RGE YR 2 A I R R A
FHALHI A AT, 0 AR B2 LA AT AP S5 2 4
S PRI T | 356 K1 000 7 R 7 4 ) 4% ) 2 4 ) TR s . miR-29a
FATHTIAE G LA K52 PR (fetal growth restriction, FGR )T fl B
AL R A BRI 15 3 A — 45 3R aA 3 = LD RE R0
) miRNA , B 57 38 5 B B BN ZE A 43 HT , DA Rtk — 456
UE miR-29a 3L P SCBG PR AR S kg, IF IR FGR BUEH5
MLH miR-29a JEFEEHLHIFIA )2 Dy e AR o
1 PRl 5%
L1 R 5HE
1.1.1 miR-29a EiRME 47 i ;& PubMed (http://www.ncbi.
nlm.nih.gov/pubmed ) ¥5:8 E, & F HIA ¢ miR-29a f) 3Lk, #)
miRBase (http:/www.mirbase.org/index.shtml) 7E£k T H 3k 75
miR-29a B 5L 751 | Yot R 2 (o7 FHEAR TR
1.1.2 miR-29a B E F M % $% TargetScan (http://www.tar-
getscan.org/) #l miRNAda ( http://microrna.org/ ) 5 i 511 35 ] Fi ]

BRI 4353545 miR-29a Y HISE R S5 5L A 1 45 SR SC R h
E— LTI R R AR 5 o
1.1.3 Gene Ontology 43 #r % H AmiGO1.8 #k {f (http:amigo.
geneontology.org/cgi-bin/amigo) X} #8 3L [H 4T Gene Ontology
30T AmiGO 1E # FIAEYIME B 22Tk ik, ol LA il — 2
=93 2 Fr A B AR, A i —1~ GO RIBAFEI HA X
AR L o A I AR RIS IR B R Y GO 5
Fe HZ R AP ETERE , AL 45 4l I 2H 53 (cellular component, CC ) 43
T 31 i€ (molecular function, MF ) 1 4= 4 2% 3 #& ( biological pro-
cess, BP)& I 4T H 440 HTo
1.1.4 KEGG @¥o#% #H|/H KEGG (Kyoto Encyclopedia of
Genes and Genomes )%} /% ( http://www.genome jp/kegg/) %} i
DL (R A DGO R A T (5 5 i s B 4T, T 33 P AL
1.2 it aHm

GO AT LA AR A gai 3 R o 15 s I, SR AR L) 43
AT PAE, L P<0.05 AR T s A S8 L H
{8, R REATE GO K ERYREER. KEGG iy P {H
K] DAVID ¥t e 4 £4F B (1 Fisher Exact Test 114 P {8,
PLP<0.05 i 1 BE, BB RSN TH = A%
R UGS

2 #R

2.1 miR-29a WEIRESTER

3 i miRBase 4347 & Bk Bl miR-29a J§%1 5 MI0000863,
i F2E 4 Sk, i miRBase XF A ( hsa),/Nil( mmu), kK
(o) #AHF JTUHE (xtr) % 13 MY FR miR-29a (1)) 51 4307, &
 rmo-miR-29a 1 “54-uagcaccaucugaaaucgguua-75”21 4~ g
TEA RN RN BEORSF, L3R 1,

* 1 Z¥ miR-292 BRFFF

Table 1 The highly conserved sequence of miR-29a in various species

Species

miR-29 name Conserved sequence

Homo sapiens A
Mus musculus 7GR
Rattus norvegicus X fR
Pan troglodytes 2 I83E
Canis familiaris ZX A
Bos taurus 4=
Macaca mulatta $i¥&
Danio rerio B G &
Takifugu rubripes H 758 ;i &
Tetraodon nigroviridis B & 4% 57 &
Monodelphis domestica %5 & i f&
Gallus gallus 35
Xenopus tropicalis s JTUHE

hsa-miR-29a 42-uagcaccaucugaaaucgguua-63

mmu-miR-29a 54-uagcaccaucugaaaucgguua-75

rno-miR-29a 54-uagcaccaucugaaaucgguua-75
ptr-miR-29a 41-cuagcaccaucugaaaucgguu-62
cfa-miR-29a 39-uagcaccaucugaaaucgguua-60
bta-miR-29a 41-cuagcaccaucugaaaucgguua-63

mml-miR-29a 41-cuagcaccaucugaaaucgguu-62

dre-miR-29a 81-uagcaccaucugaaaucgguua-102
fru-miR-29a 84-uagcaccaucugaaaucgguua-105
tni-miR-29a 45-uagcaccaucugaaaucgguua-66
mdo-miR-29a 42-uagcaccaucugaaaucgguu-62
gga-miR-29a 55-uagcaccaucugaaaucgguu-75
xtr-miR-29a 53-uagcaccaucugaaaucgguu-73

22 SBEETNLEFR

% F miRNA #1356 K 4% 72 miRNAda A1 TargetScan i il
miR-29a Y4 EE ], 5558 43 5145 5] 468 i1 920 ML A , H- f
TR B LA B R 191 1,
2.3 GO &R

B3R 191 AEEE R 3 8 2= GO IR Thfe I, 45

BRI 154 NN EA GO PR RE R, HIhfEE
BE TSN TGP DNA £54 858 Ta5 A B (i g
FUMEAL G (P<0.05); 148 LN HA LY 21 BRI
BEAF B LI RE 2 o 4 T IR HE 5% AN B A0 e 205 04
T AE(P<0.05), 705l W% 2 FIEk 3,
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Table 2 Molecular function in gene ontology from miR-29a target genes
GO ID GO molecular function Gene number(%) P-value Related genes
GO:0003700 Transcription factor activity 15(9.7%) 1.30E-15 Arnt, Bach2, EIf2 etc.
GO0:0003677 DNA binding 18(11.7%) 3.50E-12 Arnt, Atxnl, Bach2 etc.
GO:0005509 Calcium ion binding 11(7.1%) 2.20E-11 Calm3, Canx, Pcdhal etc.
GO:0043565 Sequence-specific DNA binding 9(5.8%) 1.70E-09 Arnt, Bach2, Bell1b etc.
GO:0008270 Zinc ion binding 13(8.4%) 1.10E-08 Adam19, Kdm5b, Limsl etc.
GO0:0003682 Chromatin binding 11(7.1%) 1.70E-07 Hmgn3, Jarid2, Ncor2 etc.
GO:0046872 Metal ion binding 17(11.0%) 2.20E-07 Akap13, Bell1b, Ireb2 etc.
GO0:0005515 Protein binding 24(15.6%) 2.80E-07 Amot, Arnt, Btg2 etc.
GO:0019901 Protein kinase binding 10(6.5%) 2.50E-05 Cenl2, Dpysl2, Gsk3b etc.
GO0:0005524 ATP binding 13(8.4%) 2.80E-05 Abcel, Ak3, Akt3 etc.
# 3 miR-29 MMIEEE GO £ $iT s KA R
Table 3 Biological process in gene ontology from miR-29a target genes
. . Gene number
GO ID GO biological process % P-value Related genes
0
GO:0045944  Positive regulation of transcription from RNA polymerase II promoter 22( 14.9% ) 8.40E-11 Arnt,Atxnl,Bcl11b etc.

GO:0006351

GO:0000122  Negative regulation of transcription from RNA polymerase II promoter

GO:0007156
GO:0043066
G0:0045892
GO:0006355
GO:0045893
GO:0008285
G0:0008284
GO:0043065

Transcription, DNA-templated

Homophilic cell adhesion

Negative regulation of apoptotic process
Negative regulation of transcription, DNA-templated
Regulation of transcription, DNA-templated
Positive regulation of transcription, DNA-templated
Negative regulation of cell proliferation
Positive regulation of cell proliferation

Positive regulation of apoptotic process

15(10.1%) 2.20E-09 Arnt, Atxnl, Cenl2 etc.
14(9.5%) 5.20E-07 Dicerl, Jarid2, Jazfl etc.
6(4.1%) 6.10E-07 Pcdhal, Pcdha2, Pcdha4 etc.
8(5.4%) 6.70E-06 Bell1b, Btg2, Ddx3x etc.
9(6.1%) 1.40E-05 Atxnl, EIf2, Jarid etc.
11(7.4%) 2.60E-05 Bach2, Ccnl2, Etv6 etc.
11(7.4%) 1.00E-04 Arnt, EIf2, K1f4 etc.
9(6.1%) 6.10E-03 Belllb, Btg2, Jarid2 etc.
6(4.1%) 8.80E-03 Ccnd2, Cnot6, Hmger etc.
8(5.4%) 1.30E-02 Ddx3x, Gsk3b, Jmy etc.

2.4 KEGG BEAER

HH KEGG 22 iA= 13 i 40 78 4 miRNA-29a #LHE P 4R
B 191 ASFER AT AR Wil i ws S 00T o R o o 61

i 25 5 45 T PIBK-Akt {5 5 1% JAK-STAT 5 58 #% . T 40

SR BAA AE A il i i — 2 o i e B LA (5 B
%< 4 miR-29a WIS EFEH KEGG BEREIEESENITER

P B2 A o T B A [ B 2R A7 S B 25, L B /N A g
PRSP I 22 J50RE S e (P<0.05), L3 4.

Table 4 Over-represented KEGG pathways associated with miR-29a target genes

KEGG pathway Gene number(%) P-value Enrichment factor Target genes
rno04151 14(22.6%) 3.60E-05 4.7 Akt3, Gsk3b, Lamcl, Nras, Pik3rl
PI3K-Akt signaling pathway Cend2, Coldal, Col4a2, Efna2, Gng2
Gngl2, Mcll, Pten, Ywhae
rno05222 7(11.3%) 4.00E-05 9.2 Akt3, Lamcl, Nras, Pik3rl, Col4al
Small cell lung cancer Col4a2, Pten
rno05213 5(8.1%) 4.30E-05 12.5 Akt3, Gsk3b, Nras, Pik3rl, Pten
Endometrial cancer
no04630 5(8.1%) 5.90E-05 5.1 Akt3, Nras, Pik3r1, Cend2, Lif
JAK-STAT signaling pathway
rmo05214 5(8.1%) 1.00E-04 10.4 Akt3, Nras, Pik3rl, Calm3, Pten
Glioma
rno04660 5(8.1%) 1.80E-04 7.0 Akt3, Nras, Pik3rl, Gsk3b, Icos
T cell receptor signaling pathway
rno05200 10(16.1%) 6.60E-04 3.6 Akt3, Gsk3b, Nras, Pik3rl, Lamcl
Pathways in cancer Arnt, Arnt2, Col4al,Col4a2, Pten
rno05215 5(8.1%) 7.40E-04 7.1 Akt3, Gsk3b, Nras, Pik3rl, Pten
Prostate cancer
rno04910 5(8.1%) 3.50E-03 4.8 Akt3, Gsk3b, Nras, Pik3r1, Calm3

Insulin signaling pathway
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iH i miRBase 7£ 2k 1. H4#1 & 3 miR-29a JF 3 £ L1
TS BE AT, $2oRIE miRNA 7] s fEsR A ThRE, BRIt
miR-29a 47 PR F0 K H A= 2 b o i L R
E HIr R 4R T2 B miRNA B 4K {445 miRNAda
TargetScan , StarBase L) ¢ Pictar 2%, miRNAda 25—/~ % H4E
Y B2 )7 15 7 miRNA $0 LR A 5 7F , HEXF mRNA3’UTR
E H 075 28 1) BRI D FL B \mRNA 5 miRNA BUEE 1)
TR M LA BT S S YRR ST = AN 1 . Miranda 3 i
FEHURE 2% miRNA [ 3" UTR HE2 i 10 7 A9 S AE N miR-
NA PRI, 1M R 224 miRNA X R T[] —$E 407 45,
TR 90 DSk e B [ P RE SR AR (H A5 00 i 1 T L A 1
TargetScan &35 —f miRNA #1500, & 00 T 22K 41
P mRNA {9 3”3 UTR XAl miRNAS’ 5545 2-8 o i 58 4
HAM, X 7 AT SIFRVE miRNA F X 79, X5
G RIHE = 7 T00 000 L PR A P A, B R AT 3 FH X R
PPTINAS miR-29a $I A K (Y AZ SRR M SO 45 21, 25 48 e 1 4%
TRIGUERR M , AR T (BB %

miRNA #UEREH K MR L iz S 5 8h 2 QMG
SRR G MR IR 2% ({5 5 P45 I 245, A48 A i gl
RIELFP A WEVEN . 83T GO 2071 KEGG il J& 43 st
5% miRNA #5E P AR G AL A R KB B . GO M it 4%
FE miRNA PSS T 280 R, AR ARk
FH AT IR R B . AT & B miR-29a #EAEEN Y GO FER T
SRR TN M DNA 258 558 7454 B (R 4
B RSSO T UIRE S SR T R A0SR i
WA S5 TR S AR e . A KEGG 0] X} R —
miRNA % Z 50 3 i i) K A5 58 i T 6 a0, AP
KEGG j % 43 #T & B miR-29a # 5 [H J) g 0 & & 4 T
PI3K/AKT FHICHEAR (5 530 1 DL e —Supe i ik . DL 45 2R
$278 miRNA-29a NMUAEHLRBE LB HEEEZ/EH, me
IR PS5 2R PR & A S KR, R FRPLHIA fRilE—
AT

UEAE SR AT & B miRNA Bl 2 5 A g 553 i 114
VAT, AE IR A A TS SR DR R/ A g S R A U A
L5 g (R TR AL B DA OGS, A A5 2 miR-29a FEFL
A RT3 A g 2 A | 45 D SR DR PR MR RO, i 5
FWFFEAN 2 B miR-29a V5 A 40 i 346 PR 3 ok G L R ] 1 R
A I W2 i e 0 0 P b £ 200 M6l 1) 2 S XS
Wang SFUWE SRl 20 A 1 10005 23 A9 411 ) i B A2 40 i s T
F| miR-29a Bk W /b JF BLUESE T HZRGE T M 5%
KA G FLAEN M FE K570 JF i A0 A - & 8 T
miR-29a 8 2k HE x B, JF I HAN AR PTEN fRE T
R, B AR IR AR AT A . IR #1GE , miR-29a FEJFE 5 H
&g BB A BCL-2 fl MCL-1 Z5b AT 11, 4 98
AT W, DL R AFSE SR S RTINS 43 9 A —
. miRNA 75 L35 ALK ) 2k geka e eI R T a] LIE N
VETE (0 B R AR A5 415919, Huang 25748 T 100 445 B
Ji, 3 BIRRIEE AN 59 Bifd e A MK FE S AR I miRNA ik, 2552

KL E i BE 2 45 miR-29a Al miR-134 4 12 4~
miRNA B B I, #F—240 87 /R miR-29a /K545 B iz 6
) TNM 43 i 56, 33t ROC fhZkit #4551 miR-29a 7645 B
o2 Wi BUB MR 69%, KRS IR 89.1%, MTT4&/R 3K
miR-29a J&— R AE IS WT 4 B i IR AR S o IeAh, 55
—TUEF X 1ML miR-29a 7K P 7E S, 1 768 6 7 2638 vh ik IR
WM AEISAUZE R, BIEEAT R miR-29a K AR FE R 1Y
45 H e B I T, DL FRATTHERT miR-29a X B4 % 5112
WA TCHT 56 R 0 B e AT IR (B . X BB 45 7R LT / 1L
H miR-29a {9 5E TFRE 1 — 1 iIed b a5 W A 00 A i i 1)
ik

ARFTJE R, PISK/AKT 3l % 2 5 AR 4 o0k A T2 S A
Wi I8 S 2RI RE R TR TY RIS R AF S Sl b — R A
B S B A AR o TR B e AN A B R A B 3R 32 A (IR )
S5 2N M A A S PR AL s A A F BRIRAL , SRR S R IR B R
MR (IRS )RR R Z ARG, fE 0k B B B8 R L5
Mk, WERRILR) IRS 55 PIBK %Kt — P AL RN % AKT,
WHh AKT pE— LA A IR 835 MR- 17 Weil™A54i
i miR-29 5 AKT3 ffJ 3’ UTR 4454 XA AN &, HLis RN
LI L EHALT miR-29 5 AKT3 /KR GG, MIMHIESE
AKT3 Jy miR-29 5L [H . Rask 25 & $ miR-29 7¢ 2 &
PRI R LB B UL TP ORI 7 2 80 2 b9 5 S B0k
By FRACHT, Wik Rk miR-29 Af LU & R A5 5 SaE
SRHEPRF AKT (G . X Sen e 530 Tid it KEGG (5538
#2301 % B PI3K/AKT 3 % J2& miR-29a Pl #15 [ i) 3= 4%
SHE T 2 — A — 2, $278 miR-29a A B i PIBK/AKT i@
S HB N RG T T

S AT A E B AE T AN miR-29a HEATHEEE
B GO 2rHr Fl KEGG {5 S3d 00, £52R 7% miR-29a A
B 1L P 1 AL R 2 55 {5 53 B IR 1 , TERILIAR Y 22 il
P B e v R A5 T, U A B R B B FR AR BT
SO, e — A WFTE M (B A R A 3, O BT s Sk
— PR FGR TR R & R AP 4 AL B 16 3 A SR K
o
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