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Prediction of retinoic acid response elements based on specific
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Abstract: Most members of the retinoic acid receptor and nuclear receptor superfamily regulate the process of cell differentiation
and proliferation. RA receptors are activated by binding ligands and regulate the expression of target genes by binding specific
nucleotide sequences in the promoter region of target genes. The retinoic acid receptor binding sequence is composed of
[A/G]GIT/G]TCA, which is called retinoic acid response element. In order to achieve rapid screening and prediction of genes
containing retinoic acid reaction elements on Crassostrea gigas genome, this study used Perl programming to predict the genes
with retinoic acid response elements in the promoter region of genes on Crassostrea gigas genome. A total of 412 gene containing
RARES in the promoter regions were screened. Then, these genes were compared and analyzed in various databases to predict
their biological processes and possible biological functions. The results showed that most of these genes were related to protein
binding, nucleotide binding, hydrolase activity and protein kinase activity.
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MLE R (Retinoic Acid, RA) 244 E AR
— A, AR M S Ak . B BE DA
KARPPER T AR R rh i R A TR D Be . I
T2 7 44 L A 1) 52 U R 5 R B0 B R FE 3L
FEAE RN, JF7E A s, RS LR
MR AR REEN, XWoIE TR EA]
X0 R A2 AR O . SEBR L, AT LB iR &2
DA JE R 200 L ) 8 () T 5% K 2 0 B AR I A A2
AR G0 v i) FEOBR B 3R B [ B v R S5 AR
PR BRAR 195, R 2 8 TR ik, 2561
RSB Us , SEA AR, A 6 T
PRI 428 DX %) 47 12 DNA 3 370 0 1 L R 65k . 1987
AR NATTIE A T A% 32 A8 G0 rh BR S Tl L 4
AR DFEZHMYRE ARG KW H SR EAR
VIFHOCRSE A, AT T P B R A2 AR B A AE o
bt J5 &% P T RAR (RETINOIC ACID RECEPTOR)
A RXR (RETINOID X RECEPTOR) Wi K241l %
MRz R, k1.

R1 PEBZHFER

MR Z 1A NS HEF Ty hE
RAR« al, o2 S
RARB Bl, B2 e
RARy v1, y2 B+, d0H)E sh TGk
RXRa - -
RXRB - -
RXRy - -

WL R 2 AR S5 A% 52 TR R SR AR AR 5 AR AR ]
#IZEH A/BL C. D K E DA% AN [R5 FH 0 45 44
WA, Horb, mEEIRSFIY C X& A DNA 455 45
¥j3 (DNA Binding Domain, DBD), E.4 45
9 DNA U F 57, A% 32 AR DNA 255 45 1 38 f
FEWAS “BEFE (zinc fingers) 7, B “HEE” #
A F A ZhEe . i =R A N — 2Rk
HE NG SCR “P-box” 5 1 A2 LR 41 A% L
T CumEIFR A “D-box”®, LI “P-box” N& FEMR
Ll 7 9 A% S AR AT AR o3 WAL, B — LA
W BTR R BTIOR L A TR MR 2 1K
AR, B AR AL H A BT A B A% 2 AR
FARAEER D, A E R . 9- L B R A2 1A
MARE > BA 5 A n Z AR I 254 . B
AR E HECARFI I BE ML Z A . E X3 —
SERY IR, S BCIALS G455 (Ligand-Binding

Domain, LBD), HIJGEFXT &A%, W& EIALS &
4%, 2 FE R X, I HA AR
1) RS DI RE

R 2 A i s A R P AR S R B 7 X
F5 5700 DNA FPA IR FEDIRE, A5 %E5+ DNA
J¥ 5 FR A2 I JG #F (Hormone Response
Elements, HREs)"®, #38RSZ A4, & i #D L DR R 45
DX T AR LB R W T (Retinoic Acid
Response Elements, RAREs) . P38 EH, FHH
RAREs (4.0 ¥ 81 B[ A/GIGIT/GITCA ,  IEAMAA —
ST A AT LAAS B RARES! . W8 IR A7 (A IR
LA A% O P NI, PR A% 7 91 2Z 8] Ta] A
[Fi) 50 6 1) A TR 2H J A ] 1 [+ ) 52 7 51 (Direct
Repeats, DRs), 141, [A]f& 1% BR AL 751
DRI, (AR 2 M H RSB P9 FR N DR2. 5
— B RA S G R 445 UL EY[A/GIGGTCA
WU PP H A [R] 1] E A2 3™ iR 1k A 3R
RZHURAREs /£ H[A/GIGGTCA [a]F 5 B SEL LY
[ [0 E A2 P51 DRS, &4 e A B RS2 AR U Y Jr
B, Wb, [A/GIGGTCA [aIE A% H R ALY ] 1]
#5275 DR2 [ FEUAE ) RAREs REEAER . Ji4hid
U B 18 - BT SO oTA ol [ [ E A
AP B TRT R 1B ) DR1ZH A A
FERW, HHESYIH RAR W A4S 4 DRL. DR2 LA K
DRS, 1 RXR 751 DR1M,

bR 1) E A AN, AW R S T R A )
DL 8 A~ i 5 Sy (1] B EL 5 A 4% 0 7 91 DL Ah 0 i R
(Everted Repeats, ER) R ERS™, DA K LIE
AN TG A (] 1 L 4200 91 LA ] S
¥4 (palindrome) #5210 &2 751 (Inverted
Repeat, IR) IROF1IR1. %5 4F RARs AJ LI&5 A I
o) 855 AR 5 R0 1) o A2 Y 41 B T AR KR I
] R AL 1 52 B i . i, B ETR B B TR
HH XS 25 AR e P IR T i 2 51 ) A 28D DA R )
B B L 2 A% R P 3 o WF5E K LA DRS 2H i
(R0 BT R B 7 e A7 38 5 7 S B0 I € P [ DR2
FERS AR, i H. H ] B 224~ Bl 5 1) 52 & 4 20
AR TR BN TC A Giguere S50 3
(h#2).

TEAYNE B (Bioinformatics) H1, Perl (Practical
Extraction and Report Language) £ 75 f9 K0 5 1Y
H. HoE, Pelffh— NIRRT, & XHWiF
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MR RE, B TR S R IIRE, A Shell 4
ARPPREE . IR, Perl N2 PRUR B K M AR 5t
TEA Wiy s S E G U & T B G Fds
o 2L H, Perl IRUFHLIZAIX — i1 HJm, Perlth
A TC LR R Y TE I e 1k AT DA PR b B A R
FEH AL FEA Y B RBE R RS

F2 CHRRERKETHEHY

2 HEH JF51
NN
DRI HBV CGGGGTAAAGGTTCAGG
mHHCI TGAGGTCAGCGGTCGGG
5 S
DR2 mCRBP-I GTAGGTCAAAAGGTCAGA
hApoAl AGGGGTCAAGGGTTCAGT
o o
DR5 hRARR2 AGGGTTCACCGAAAGTTCACT
mCP-H GCAGGTCACTGACAGGGCATA
-

ERS m7F-crystallin -~ AGTGACCCTTTTAACCAGGTCAGT

hMCAD ATTGACCTTTCTCTCCGGGTAAAG
— <«
IR TREpal TCAGGTCATGACCTGA
hOST CTAGGTGACTCACCGGG

AR BT R SR W A A AR R T F
e FIRARFNCHE AN M DI RERY FEEALH 2 — . BER
A B2 R 14 S Tl T2 A 16 W 52 30) ik 2 T TR G 1D ik 2
PR o T T ) S [ 80 0 R ATl R T 2 R W
P22 it 1 42 1 200 B A A R/ 22 LA T B v i 45 G
VERT, T R B A o0V 22 4 M A 510 i 22 G o
B AN, AREFERN, R R R R AL 5
— SEAR G BTG EN 3 A, AR R TR
B, AR AR AR A R, B8 i TR
PRSIt e, 77 Sl ORIk — 24y
i,

K405 (Crassostrea gigas) J& TEAKSYIT,
e, HWiE, HER, AR AR A T ASE B Y
T ARl g R e B I, KA BAT
R TN A S 3 o R AT W PR TR 52
& CeRAR Fll CeRXR B A — & b5z, (H2H
JIT VR 8 9 A PR R T 9t B DR ) B i ) A DG
B o AR Perl 15 i 5 —A> 7T DL AL 5
P B2 L TC A B BIAS A R W B DR 2 P 2 4 B AT
PUBCIR W TR R IR, I i 2 05 B ik
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Xt X 46 I DR A D REREAT BN o G S AR SO BRSO
AT B T HEAR T A A 5 P TR 52 AR A A 1 2 )
LIRS S AEY Al R, A RHIE IR Z
PRI 55 i@ A0 b T Ui 2 N D RE Y 73 1 A= W) 25
WFFE AR Bt —E 1Al

1 #M#ERFZE

1.1 f 4 B 4R BRI ik 3K BY

20124F, rpERRE 558 MU A E A — SRk W5
18 4 35 DR 90 PR3, g S B B DR ZH R /N Sy
800 M, X ULk R L B A hUA Sy 558 M, 2 %
IR F T0% . A SCRT I S A 4 45 PR B S
(FASTA) AN ERSCH (GFF) K 4T NCBI
(ftp://ftp.ncbi.nlm.nih.gov/) , FEHMAS H: GCA_
000297895.1. BEARAKLE BB, AN IDARIEM
W, AR AR LR EAT DD RETE RS, JT 8
Je AT DI REE R
1.2 7£Linux. Mac. Windows & ZITIME

A5 4 e PR 2 Bt 5 A 400 B R S I T Y
FEDA, B A AR A BE PR ZH SO RO AT R RERY
J¥51, HARBUFHIIE Scaffold 107 8, FEHEHE
WSCIEEL, ARBUF I T AR BB JFSRICEE A
MRS . Zabfia . IEfEE, RIS RIS Y
FRID XM EEZE (GO, KEGG, Swissport, Trembl
5F) BTN LR KEGG & 42 5500

A EET Perl 1B H WARAEZ N HRAE R GEAR ]
PLIsAT, 1Ewindows Y, 5 S HE R[4 %E Perl i f 1
7 (https://www.perl.org/) , FTHF emd $ATHT 4. 7£
macos 5 Liunx T I 2t a4 Rl .

ENAMRTE

perl PredictRAR.pl —fa GCF_902806645.1_cgi-
gas_uk_roslin_v1l_genomic. fna —¢gff GCF_90280664
5.1_cgigas_uk_roslin_v1_genomic. gff —upstreamOut
up.txt —intervalOut inter.txt
1.2.1 BB AL BB LA X I B

MHGSCH AT, B IR A2 AR 25 5 5 5
ARG e B 18] B AN TR) ) Bl A A B, B o3k
15 70 B A B2 S W Te A Y E B2, AR Sk
FFSCHR A T8 /9 32 B0 TR SI[A/GIGIT/GITCA, 1
% 3 B [A/GIGIT/GITCA # i i E 2 751, Af:
N RAREs fU AR , 2P 2R B0 T IE 2 3k =0
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®3 NEBRMTHEN

il 1EfE

Uil

[AGIG[TGITCA.{1.2}[AGIGITG|TCA
[AGIGITGITCA.{5}[AGIGITGITCA

TGA[ACIC[TC].{1,2}TGA[ACIC[TC]
TGA[ACIC[TC].{5}TGA[ACICI|TC]

ER TGACC|TC].{8}[AG|IGGTCA TGACC|TC].{8}[AGIGGTCA
IR [AG]IGGTCA.{0,1}TGACCI[TC] [AG]IGGTCA.{0,1)TGACC[TC]

=ik, Scaffold F13E K /351 vl ARGS9 8 FH , FIHZ Are
ﬁ‘ﬁﬁﬂtZFﬁ?ﬁJﬁﬁﬂ’J P 1R 2 I e A 22 1F ) 22 38 AR Ak i A0 25 152 s 1 e A o s —

)RS i P N T
21 FSE R A Sk
1.2.2 A3 4ry5 kB4 S

FEAEYE B, FASTA SCHF = — Rl & Ul
(1) s % H R 7 9 Bl 2 R R Y 9 ) SCARAR X B
S A SR iR NN 975 B s S D Pl R
ST JFk, JEHRAER RSO R 1T, B
T I M R Y 9 sl LR 7 5, %A
ATCGON AR R

i 3 Perl f£— M4 A7 A2 & Yoseq, HLEE—1THY
ID & XA Key, ZJERIFHIEBI T —4 “>7 & X
A Value, 40 5E AT DA EHE 430 3 IR FE N A7
FRPMA

FIIH Perl 119 1F W) 2% 35 =X H B — B0 B —
AFERPEATICHEL, 7 VCEL R, DT U B (4 e Ay
X IO ) SRR FE B R 45 — W A AR i . FFARIL
MLMEUﬁ%f%uE,%ﬁ — YRS A
R 2H SRR R SE R
1.2.3 42235 B 46k A

IR RRAS 1) i DR 4 3R S WUAS 2t i Sanger B 5%
JITRIE 2 SR 5 = ARSCAR AR SO, R LA R
RIER . mRNA. CDS. exonZs 4 FrfE g 4L (o 4R
% Scaffold . FEFEA T IEEE . ARG T, Ak
DS S HIERID . BRI IR

FIFH 9% Shell 4b B J5 04 38 PR AR SO, 78

18 1t Perl Ab A W B 4]

PerHﬂ%T%é%E’MﬁE%/FE% 15 H T2
XMRE Rt 2, SRS 2 i el vk oA

R B .

T S FH Split iy 2 %f 35 PR AR SO A7 0 B
FFHE Scaffold . IEfBE . FEF R MG FIZ LA 4 FE
ID 43 AE AR e, HA B RE SUA undef, JE[F
AR SR PR 5E 1 o
1.2.4  F2 BT AL B2 RS U A

W A Yoseq VB — A2 J5) A8 & I A A7 B —

W A (EAEA TR UC I m// o AR T B i A 31— A
Bedirp, JHEICE R RE8I A Scaffold 7347 T —
Ay o

HY TR DR 20 e U2 2B — 45, N 254 AP
ﬁ%ﬁ,ﬁ@ﬁT%ﬁﬁ#ﬁX@*%Eﬁ%Z
O3 o YA R — 454 b OE B 4 S R 5 I ) E ARG
Fo P, TESE R RE R ORAE B, sk L
F1R) e AT 98 42 DO T 9l O B 1) kb o Ry £ T A
HERRPE RIS RV, A SR AR 1 R PR e i) o)
FNIRAF T AR S

A S R A 5 31 BT e Scaffold B4 B -5 3 A 4
TR A e ) T A PR RS AR SO XS L, A R AR Y
HITEIED 37 2Kb P, 08 5 PR 8 3R S DR A7 1Y
AN B GHESCH . ErEEN S
LR AT R I, 7R RPN Ui 2Kb P R AR AR
AR BAE N e RS R S o AR AR SR 2
SRNZE R i, AN IS TE 7 B R DR AT 1Y 28 S A7
TR N AR, IR P8 2 4
SEML, HE T ORMEAT I B PE T RE T RS
1.3 DNAKFRIEREIDIE TR

it 3 Blast 44 F50I0 F) 400 2 12 B2 2 TG 7 BT 041 42 )
FETF NR. SwissPort, GO. GOG. KEGG %44
JEHEATHE PR R

Blast (Basic Local Alignment Search Tool) /&
5 1 [ G A BT RO T R A — i 3 X L
TRr DN PR 55 2 P o B P S i PR e 2 R LR
Y F 5 Z AL ARARL X S8 Y T2 o Blast B2 7 GE A R
) 5 T e AT R 2 2 5 P P A7 0 L IR T 2
TR 9 [R5 o A SO T 35 DR AR A
P i R 1 B DA 1 ) BB T B 3 7 Dl TN B P 1) 2 i
TR

NR %04 % (Non—Redundant Database) & 32
[ [ AR W HORAF B D AR T AR R 1 SR P
3% T GenBank . EMBL. DDBJ 1 PDB %4 i rft
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EAETUREHT Y . NRIE LR T 51 N Bl i 52
RG], LR R 9 Kk S e ) o I
REHEK .

SwissPort 24 g f2 B BRI A= 915 B 2= F 92 i
Il 2 2 I ] 2 47 0 Sl 2 o i e b s — 4%
H BRI & B B AE R 44 51 SR
AR WIFRRIR . RS AGEZE,
SHERUL R BT RE . B B S 3D 45
445, SwissPort 55 PIR. GPCR % 30 21 8Udls i
SEAESCGIL, R TR R AR

GO i %2 (Gene Ontology) J& Hi FE PRI A AR
B 23RS 1Y [ BRAREAL 10 1 R D REEHE P . GO %K
P A S R IIE R, T E R S5 B
hag, $Ht T =AM PR ET R, AR T
AE . AR AR AR . A SOh A GO Hds
AT T EE T

COG %u ¥ % (Cluster of Orthologous Groups of
proteins) ELPE R A EHRFRIHEEIE, COCHIEE
Hdg— AN 1 BRI E ook A [ — e A,
N H AR R 557 R AR . R R A Y
Tt 2 L Rl AH S B I Ak ik, Al BB AHA
IIRE . 55 &R [ IEE T8 A — A N B T A 3
SN A3 25 TRl P . COG Bl e X 53 P4
i), COG 5 KOG, AL B FIE KOG, Jf
PEAT IR

KEGG % #i J& (Kyoto Encyclopedia of Genes
and Genomes) J& H1 H A GUER K2 AR W15 B2 bl
BIST e RS T BRI h T REH A . b7
ARG REMR B BRI . AT HA B %
KEGG e R AR (e 2 48 oA dtt i S P8 Wy 7 4

J A AR BT R AT IR 2 A ORI Y
1 PEE R SN e R UEA T KEGG 38 3 1 43 o

2 #R

2.1 MER KRR THTUNLER
2.1.1 IR _EHALR BR R LA

A o Perl 2 A2 XoF 3 PR A1 S A 3 R 20 41 3 SC
PR, T AR R N T A ) 5 P —
4124, Hib—2% Scaffold FiZH 74 %R
VG IEAERLN B 2154, bk
R 1974, HdLIFEMELZ (DR) Aotk
3284, SIa A R 154, IR SCE S 704
B3 TN L Y AR B PR S g TG S LR R DL 3R 4,
=g R L, HERTEER
2.1.2 A E ALK BRR BT

Ay R TAE T 49 4 8 T S5 0 G A e R 4 T
FGERENE A SCIR I T 32 PP A4 108 1R s iz ot
o PR P B0 B R S 0 e B 3 0724,
H—> Scaffold |- Z A 15 4> L 8 1R e W oC 1 o
IEFESER BA 15754, sk LA 14974
Hop i mESE (DR) MifF250614, KinH
2o 13014, [BISCEEH ol 43614
22 GOHIEREIR

GO Bl FEAE T UhRe . AW ad A R an e 2
= A7 R R A A SR AT E R i . gy
FUREERBR KR N SEA LS . %I
FRZs G . KRR TE h DA B 2R 1 T O 2 A R O
Horp 5% R R RSB TR L B 1 A O Y R 41,
HIRWLZES,

x4 MOBWEERELHEREBRRNTHREERGCE

Pefaffe FERF D 1EfBE eS| ML Wi TT (VA=Y IR, AL,
JH815662.1 CGL_10003111 - DR tgacccttgacct 53475 46856 51766
JH815691.1 CGI_10001586 + DR AGGTCACGGGGTCA 4756 5754 9932
JH815726.1 CGI_10005369 - IR AGGTCATGACCC 7731 6734 7225
JH815739.1 CGI_10013078 + DR GGTTCATGAGGTCA 183964 185679 186080
JH815740.1 CGI_10009032 - ER TGACCctaagttcaaggtca 113348 101388 111532
JH815769.1 CGI_10011943 + DR AGTTCACAGTTCA 104027 104554 112431
JH815769.1 CGI_10011952 + DR AGTTCAGGAGTTCA 290741 291335 292999
JH815778.1 CGI_10000522 - DR TGACCTGTGAACT 5651 2565 5479
JH815782.1 CGI_10013037 + DR agGTCAAAGGTCA 110747 112223 169446

http://hytb.ijournals.cn



41

TR A BT R E T A B P R

7 TCAH F 403

i o A e A A H R 2 TR LA i
s IR . ARG R E MG R T I
FHOC o e FP ORI 22 R ke e i TR e A6 Wi ) A 00 o 7
FRRIERA 54>, BRIl 6,

A 2o 20 I L P T A R AR AR G SR
AL 214>, MR A OCHR A 144>, S48
EAZAROCIR A B AT 104> I3 AMEER R 2 R g

N Es . BB (7).
23 KOG I
AT e B A Y, AR SRR KOG EEAT

Wk, R RPLRIA O H AR E A
P i S PR IR B, FAR LR 8,
24 KEGG E&£EKE

B WU ) % A B AT RAREs J7 81 /4 3% A 78

YA R A 2 R A G, S Ah, AR
KM LB MEEMER DA — A HERE (CCL
10021536) FIEE KBRS A &, s & R A ) i i
W1,

3 itig

MR R AN . 3558 . T AAY AR
KB EEEBZXLBEEAAEER, TZzs54
W %2 B A B e B I Y, A IR A2 AR TR S 5
GEA IR TR S, WSS SIS 3 7 IX
R P 5 IR R L R ek, FLAE SRR b iR )y
1 RO HE IR B B e o B IR s v e A B — A
O JE N [A/GIGIT/GITCA, 3 3 A A1 1 HE 51 77 =X

KEGG i i A7 & 4R b o 45 2R A B 43 FIH & A DR1, DR2, DR5. ER8. IROFlIR1
RN SGAY RS BEE AL PREEE B AL SFZREE P IAAS o ITAER X FL A B
x5 SFINEEER

Rl SRR RSB TE HH D
protein tyrosine kinase activity 2 0.4% CGI_10011454;CGI_10016631
protein tyrosine phosphatase activity 1 0.2% CGI_10022937
protein tyrosine/serine/threonine phosphatase activity 1 0.2% CGI_10022937
transmembrane receptor protein tyrosine kinase activity 1 0.2% CGI_10026689
x6 EYIEIER
Wit e FEREAE HEEAE D FEF 1D
transmembrane receptor protein tyrosine kinase signaling pathway 0.4% CGI_10026689;CG1_10013750
peptidyl-tyrosine dephosphorylation 0.2% CGI1_10022937
peptidyl-tyrosine phosphorylation 0.4% CGI_10016631;CGI_10011454

xR7T WREMER

A i 7 FERAE HEENE LR D
CGT_10002418;CGT_10003993; CGI_10001538 ; CGI_10021444; CGI_10001503; CGI_
embrane . S 1o 100157525 CGI_10025404; CGT_10017638; CGT_10025685; CGT_10026689; CGT_
’ ' e 100134203 CGI_10019245; CGI_10014064; CGI_10028688 ; CGI_10009032; CGI_
10017324 ;CGL_10001190; CGL_10004935; CGI_10010799; CGI_10023672; CG1_10020425
CGT_10019054; CGI_10013750; CGI_10001538 ; CGI_10005550; CGI_10022033; CGI_
cytoplasm 14 3.4% 100134205 CGI_10009641; CGT_10010799; CGT_10015138; CGT_10001625; CGI_
10015055 ; CGL_10004383 ; CGL_10006853 ; CG1_10007733
- 0 5 49, CGI_10027388;CGI_10025673; CGI_10015055; CGI_10002814; CGI_10012696; CGI_
seus o 10026910; CGI_10022956; CGI_10007796; CGI_10019964; CGI_10014448
Loart X 1 9% CGT_10003993; CGI_10001190; CGI_10008150; CGI_10017324; CGI_10005377; CGI_
celpa o 10018855; CGI_10000675; CGI_10017638
tracellular bart ; 170 CGT_10024156; CGT_10002469; CGI_10001586; CGI_10024696; CGI_10018157; CGI_
tntracetiuiar par e 10028675 ; CGL_10007577
plasma membrane 5 1.2% CGI_10002831;CGI_10026116;CGI_10011454; CGI_10026098 ; CGI_10028688
intracellular 5 1.2% CGI_10028595;CGI_10000979; CGI_10022818; CGI_10006853 ; CGI_10001625

organelle
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Protein tyrosine kinase
Protein tyrosine phosphatase, contains fn3 domain
Tyrosine kinase specific for activated (GTP—bound) p21cdc42Hs
Fibroblast/platelet—derived growth factor receptor and related receptor tyrosine kinases
Tyrosine kinase specific for activated (GTP—bound) p2lcdc42Hs
Protein tyrosine phosphatase

Protein tyrosine phosphatase CDC14

Protein tyrosine phosphatase

Signal transduction mechanisms
Signal transduction mechanisms
Signal transduction mechanisms
Signal transduction mechanisms
Signal transduction mechanisms
Signal transduction mechanisms

Defense mechanisms

Nerve growth factor receptor TRKA and related tyrosine kinases -

Signal transduction mechanisms
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