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KB YT O 2R B AR AHI 53 i e ) —
UG KT WA A v 2 R T3 R R A A ) e SR 4
KB LvCYPLJ3-like 32K 1 B AT W35 25, %kt
PRIAEAS RN 20 AN [R) Wd B2 k& B B R ik K
PR S5 TAKSR, I HAERKR K
AR BRI S AT IR 2 S
( single nucleotide polymorphism, SNP) #ii & H
AWERES, RWHAAERTFIRICHE T,
AW 0 25 R Re 8 Sy PLAh T X IR A K 1 3 Bl
5T 4 A BE Al R

R U E S RS RES

1.1 AR R H A

Tl R iy A 48 K A O T BR R Y 4 S BH
FEUR, IS H S MIE RSB EH AR 3 16 41
A SR A TE 3 d NS R, Hie JLAR IS IR 5
MEBEW O, HE BFIF 11~12 ] (P11~12),
PR REHLIR 2 J5 B 9% T /K e b (ifi A
18 m*, ZKIR 1.5 m), % HE/KIRM IR AT H &
M, B T~10d)5, MREOFHAKILFHE 15 om
PLEBSE, B ASCR /NS 1T 972 5 R

1.2 FEIBEBE R

M 8 HiiiZa MG B, g A 1.0 mx1.0 mx
1.3m, 27K 1m, F£48 4>, FUETE8.0m*20.0 mx
1.6 m = WK M . B AR FCAT 2 A4~ B AT
RS A, KUy & HE AR A DL e
Ao PRRE R N A TSR AR A

B FARKR W B 3 DA R A,
SRHEAEY S ERE 1, 2, 3. DIMEHLEA N 4%
TH0 77 2308 16 4R 43 501 4 B 2 48 S AR
KU b IO HE R A K Ok L BCHT A B H R R
VE ] & B P8 it X MR IR 8 7 o B AR W1 1R 45
FCERTE 1000 BB, 4 30 d DA% FE e IK AE A b 1
PEHE R, WOIRI RS A X IE 300 FE A2 AT o

1.3 A KEFHREE. B RNA R

FEAE R 120 d BF, 3 BREEAS RO Y T IR
I AR R BT 5, IROMR BT i HE 44 T S 44 Rl
J5 5 A AR R K R K4, R AR 5
YRR A R K 1, K 2, K43
FgKA 1, BRKA 2. B4 3, iR
FEASR A HR AR . B AR A1 B 8 T RNA later £ 47
W R R A o[RBT UL LR 8T 95% LB

https://www.china-fishery.cn

A

REASASREL 0.1 g g i . 4= HR AW A i i
HEAT RNA $EHC, KK 2 100 B8 R A A
WA P IREE S AR A5, BUS0mg & 1 mL
Trizol % (Roche 23 wl) H,  Fi FE 10 B 45 4 HURE
Al RNA, 28 1.5% SR WHBE I H Uk 56 7 o o )
FH B 22 A1 43 6 6 B I 8 Tk R Rl L 5 )
FERY 7 R A B K 2 1 A HR AW AN 38 19 B RNA,
SRR G 3 R AH UM RNA, JE 3K 2H RNA
JPRE S 1o 4% [RIRE () 25 B AR AT 3 K 4 RNA I 7
FES 2 A3, DLRAS K 20 RNA I FRE & 1~3,

1.4 RNANF., ZFHEEE. =5 SNP iHiE

RNA U F7 A df 2 ) M 3 B A g B 4 A FR
NE), SR Tlumina 0 5 600, AL i X6t
WR I ALY S 225 SR AT )7 40 L RN RS, i 2k
B SE KT RIRIA, [FRHE R Yo &
1 Mullen %51 45 4 34 11 0y 125 0 16 o K 21 Fn g
411 SNP, 4 i it = 15 43 (quality score) /N T 30
oY FEAT o] — 21 HP N P IR E (read depth) /N 10 1Y
fikJfi & SNP,,

P53 R 2 B O TR) A% R AE R R AR
HRHNAFIHRAZTR IS E, TFHRAL
B R A LT (read) FIE B BR LA S 2 % AR S5
RANG TR B T HIA, FRAG fie /)N 55 0 J6 R A oK
(minor allele frequency, MAF), i 8 MAF 2= 7 A%
SNP 1 h 25 SNP, A R1& S 8 Fisher’s exact
test i £ 2% 5% MAF, AR UHT A B 2 R A8 132 14K
MSHETH. BRARTERTMSHEET
B, RIGHERME P, /NF 0055 NZEFBE.
1.5 DNA ZEX. $EFFI3 & R EN FF

BerE K 22 AR EBURE . L RNA $ BU L
FERY LA FE N L BECHE , FH W K 400+ 2 B
5, FRECO.1 g B K4 1R S 7R WA PR
WK AR IR A, B 50 mg & 1 mL DNAzol i&
¥ (Thermo Fisher 24 7)) ", 2 B Ui B 5 42 UL A
21 DNA, £ 1.5% Byt g B 56 J5C i Uk 25 7 T s
FH B 2R A1 43 6 6 BE T 8 e B Al B, AR
HACZH DNA KRG 1, TR PEERAS 3 K 41 DNA B i
2f13, DIKMEK 4 DNA B 1~3,

R 4l 8 53 20 I 0 9 9 LvCYP2J3-like B 3%
# 5 SNP i J5 45 150 bp (751, #&it51%9; LU
R 4 A8 K 2 1 DNA AR JEF7 PCR; 4%
P 5, PCR =4 RIS , T A e
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TIaE e BERNAlE J A R A Y 3 AR
RA, FAEEERAE KL PCR M4, DNA
FE 26 )N St B A R BR A F, SR -
mina M J¥ °F & #£ 4T DNA E ¥, DL LvCYP2J3-
like #0751 R 7%, AT K 4 V02 2 P B
mi [ SNPATR 73 #r

L6 HEL. & EH B M i m

A BE L4 75 I 10 B (19.1240.96) g, 43
SRR A . LA . IRAR . I
MR L, IR K22 R AR EURE . B RNA
IO ) 5 R BOCH S RNA, BOR A 5 4126 4
BRE B BRES (IR . BTGk ARGk
BREF LI AR FIAFER), $2BOCL S RNA, i 38 5%
W — /DKM IR R (KK 1.5 em Z24) B E B,
it 1] Gao 25" (AR AR H5 2 B2 AP UL . R VTR
W =B 117 200 R X = s 1 50 X 43 AN [) st Bz By B
BEASBF 4> BB 7 AR, WA . $EH
RNA B % 2 0F A 5 5ok R IR 21 )5, B 50 mg
FEHUE RNA,

1.7 LvCYP2J3-like & & £ 1< ¢cDNA & 3iF % 16
X EHFE qPCR FRIATEFRE

B K 22 SRR BORE . B RNA 4250 i
B i ke U5 Y L RNA 1.5 pg 5 1 pL LvCYP2J3-like
FEAEESPES 19 SP1 (10 pmol/L) 1A, T4 SMART
PCR Synthesis Kit (Clontech A H]) A& L cDNA,
DL 2 1 cDNA 4 K 5 3F 5| 9 £ 45 PCR ¥ 1% ,
Wi PCR =4 3 )57, 4T LvCYP2J3-like 3£ A
41K cDNA HHIF .

A K 2= SR IORE . B RNA $2 50 il
FHL . K B B R B B R i EURE H R
() & RNA, DA oligo (dT) (10 pmol/L) & 5| ¥4 1k
cDNA, LI# 1 1yE 5 5] 4% 8 SYBR Green Real-
time PCR Master Mix (TOYOBO /A 7)) ) 43 B #E 17
qPCR, LIEFla AW ZHEH . Al 43 7= 16 i
2 AP 1 Al £, I A L A
THEAAFES R 27 RQ M, KA K
TR N RQ (bR R . SR LK T
PL6 ANHEUR 6 ML EEK, LI RIFEN 14
wE, BMEHKEA 104 EE, FH SPSS 20.0
Ge TR AE R AT B K 7 22 43 AT Fll Duncan [C £ &
Wk EA T AL 2 1) 22 SR A I o DA 8 /NIt A ] 40
8 ML HAK, HAKFH T REME R 7T A EH
2, TR, SRR SRE SN, LS
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Tab.1 Primer sequences used in the experiment

CIE/EZ S S1FFI(5'—3") H
primer name primer sequences purpose
Head TCGTGAAGTGGTGCGAGGAG 45 iFcDNA
Toe CTCCCAGGCAGACACGCTTT I8 iFcDNA
CYP2J3-F  CCTGACCGTTTCTACCCTGA FERPCR
CYP2J3-R  CTTCCAGGAAAACCGATGAA SEEPCR
Target-F TCAATTTGTCGCACGGTTTA LR
Target-R CGTGTTAACCATGATGTTATTCC  ¥Rm 414
PTF-F GGCCATCGGGTATATCTCCT FERPCR
PTF-R CAACTCCGTGAAGGTGTGAG SEEPCR
PTF14-F CTTGGACAGCTTCCTGTCGT JEFEPCR
PTF14-R ACCACCAGGAGCACTTCATC SEEPCR
PTF141-F  TGTTTTCCTGATCGTTGTGG JEFEPCR
PTF141-R  TCTGCGGCCTTTAGTGAGTT SEEPCR
TBP-F CACAGGTGCGAAAGTGAGAA JEFEPCR
TBP-R AGGAAGCGGTCATTCCTTTT SEEPCR
TBP1-F TATGAGAGCAGCAAGCTGGA JEFEPCR
TBP1-R CAGAGAAGGAGCACACCACA SEEPCR
TMF-F GCGGAAAACACAAAGCTCTC JEFEPCR
TMF-R GCTCTTGAAGGGCTGATGTC & EPCR

MEBWECH S AR, BAIKEAA KA A
FEAN S HERAIER S AEE, R LER Ik
PATEAR M. EKAAE KA SH I NEL,
JH SPSS 20.0 e i AF i AT e K g o Mo IR
A HE 534 1 3 K- P<0.05,

1.8 LvCYP2J3-like £FFEF 917

A EMBOSS (http://imed.med.ucm.es/EMBOSS/)
Y prettyseq 2 J¥ P47 4% R 5 #1285 H 5 51 B0 15 o
i F§ ExPASy (https://web.expasy.org/cgi-bin/protpa-
ram/protparam)., NetPhos 2.0 Server (http://www.cbs.
dtu.dk/services/NetPhos/) . NetNGlyc1.0Server (http://
www.cbs.dtu.dk/services/NetNGlyc/) #l TMHMM?2.0
Server (http://www.cbs.dtu.dk/services/ TMHMM-2.0/)
7 7 S0l 000 HG G B 2 1 0 B AR LR L
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FRAGA . WAL SR B A 5. MR FRIRFER, 4k2E DL SNP S5 5L A 45 %
NCBI f{)Blastp #ilPredictProtein (https://www.predict- AT, R T 62 NFEH, HH LvCYP2J3-
protein.org/) #17 Ty HE 48 T A1 4387 ;3 FH SWISS- like 75 A7 55 LR AEIT H )R 5 Wi A0 G, D sk
MODEL % LvCYP2J3-like #E{7 =45 TN (https:// AT HAARATSE .

swissmodel.expasy.org/), F| PROMO (http://alggen. LvCYP2J3-like % X 21 J 51l (LOC113816543)
Isi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi? KEEN 15356 bp, A 1240408, H M

dirDB=TF_8.3) M52+, HAEEFRE N0, L TTE Pancreas/duodenum homeobox protein (PDX) F1
LvCYP213-like 53 X F7- 9] (s 3% 72 18 4575 2177 TATA-box-binding protein (TBP) &5 & 117 15 (B 1),

bp) {1 T 91 cDNAJF %1 (XM_027368576) 4K 2 132 bp, HIT
Ji 8] 52 4 (ORF) M 1 488 bp, i 495 4~ & HL iR
2 giR (LvCYP2J3-like), LvCYP2J3-like & # — 4~ 5% %%

H9 p450 TUfE, BT 1 AMES K (1~18 aa) . 114
2.1 LvCYP2J3-like ZEBFIIR cDNA S oot 10 AFRIK (161 2). LvCYP2I3-like 5 A

oA 1% (Daphnia magna) CYP2J3 ) 7 5 4% <7 1 B &
OINTEEA RS L UG, A5 T 2292 3 17 80— S0 FAR BL 1 40 31 38% FiT 56%.
-2 321 cgcgeecttaattaaggagtggttegeaattttcaacattttcacaagegtacaaacttitaagttggggtegggggaggggggggctggtyg —2 232
-2 231 tgcgcttaaaaaaatgetaagettttttttatgacaaacgetacataaatccacctgacgetattettgeacatgeaaaatatttteact —2 142
-2 141 ccatgagcccattgtgatttctactgegaaaataaagtggtatatatttitcatecttttattcageattttgaggttttatetaaaagac —2 052
-2 051 aaggaacaacgtaaccttcgtgaacattttettttegaggagggagggggtatecaaaatgtgtttegtacacatgtgaaaatattgaaa —1 962
-1961 actgtgacacccgtaaccctttectecatactaatetecgettecacttatttactecececgetteacecttttegetatettaategttaa —1 872
-1 871 ttttacaatctttaccggagtgctatacatatatatatatatatatatatataatatatatatatatatatatatatatgtgtgtgtgtg —1 782
-1 781 tgtgtgtgtgtgtgtgtgtgtgtgtagtagtgtgtgtgtgtgtagtagtgtatgtatatatatatacatatatatattatatatatatatatat —1 692
-1691 atatatatatatatatatataattatatatataatataggggattacggaatgggaggaaactagegggcccaaatattttetatgecee —1 602
-1601 tttacacacacacacacccatacacaaatacagctaatttataaatgtctaatgtaggggttgecaaccgggecacagggtactttetgg —1512
-1 511 ggagccatgcagcataagaaagttatgaagaattaaactggatttttatctcaactactgtacatatattcatectetcacacatgecagt —1 422
—1421 gattaattctttccattaacgttctegecttattgetattaacacaaatacaccattcataactagtaataactgaatcagaaaagatga —1 332
-1 331 cagcctctgaacggggecaatgagataatatgttttttggtegggagecacagaatggaaaaagttgggagetectggtetagtgtttet —1 242
—1 241 cccgegetgtetactgeaagegettecttacattttttettetagtagataatgatgatgatgatgataaggaagaggatgecgataatg —1 152
-1 151 accgcgacgatttcgatggtagtgattatagtaatgatgattatggtgatgatgattatgatgataatgattattatatataatataaaa —1 062
-1 061 gtaacgataataataatatataataagataataataatgatggtgataaaaataacgcatatgataataataaaaataactataataaga —972
- 971 atagtaataacaaaaataataatagcaacgataataatgatggtggtggtagtggtgataataataataata%%lgattataacatccata —882
- 881 cLgatactacLaatgaaaataaLgaLaacaaLaataacagaaaLaacaacaaaaaLaaLgaLaaLgaLaacaaacacag =792
— 791 cgcatacctcegecaaggeaatacgataattataattegageaccaaaatgtecttatetegeactgttgataataataacagttaceca —702
- 701 tattgccaaggcaattaaggtagctgaggctataatttttaaaafiatcctgcattcggatcatgaaccacctcaccaccgaaatttaatg -612
- 611 gcatctaagtLaggctaaggcacaccLcataaaaagttcttathLLLaagLLatccggcgaaccaacaaaaaaaoaaacL —522
- 521 aattaaccaacgctaccaaaaactatctccttgacggaagtaatgataacaataacactattgaccatcaactgttatttgttatatttg —432
- 431 tcttaaacaatattagtcatgagctaaagttagagtgtttatccgggacagatgetgeactgtactgtattaagtattcagetgttgagg —342
— 341 cccecgtectcaaggeegegegtecttatgecacgtactatttatgtetgetaaatattgeccaaagaaggacececgtgaacactetttteg —252
- 251 acatcagaacgagataaacacctcaaggaagataaaactaccggggaattatatgcagetcgggaaatcattggggtaatattacacaca —162
- 161 %ggccaaacaagaagcgatgtccggggttgatccgcccatcctgccagcgtgcgaggaacgacctagtcctcgtgaagtggtgcgag =72
- 71 gaggaccaogaccgccagagctctgcaggataacaggaggaccttcttcatagtgatcacaccagccaaag“ét@tggactactatagccc +19
1 LvCYP2J3-like £ F 5"l 8 X 75
RE LR TTHE S 43 0 R SR 2 Y atg, DAL AL B5AD F OB T S M +1, 505 W LA SuEbR 5, 3 7 M LLIEEUhR 5 o S22k 75 A 6 43 D Tl
%% < K+ PTF M TBP 45 & )3 41 i Sk R 7R 5 L 4R 7 50
Fig.1 Nucleotide sequence of the 5’-flanking region of the LvCYP2J3-like gene

Nucleotide numbering is relative to the first nucleotide of the codon for the initiation methionine (atg), which is boxed with dotted
line. The 5’ direction of A is marked with negative number, and the 3’ direction is marked with positive number. The predicted tran-

scription factor PTF and TBP binding sequence are boxed with line. The transcription start site is marked with an arrow

https://www.china-fishery.cn R E K P72 22 3240 sponsored by China Society of Fisheries


https://www.predictprotein.org/
https://www.predictprotein.org/
https://www.predictprotein.org/
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://www.predictprotein.org/
https://www.predictprotein.org/
https://www.predictprotein.org/
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://www.predictprotein.org/
https://www.predictprotein.org/
https://www.predictprotein.org/
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://www.predictprotein.org/
https://www.predictprotein.org/
https://www.predictprotein.org/
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?dirDB=TF_8.3
https://www.china-fishery.cn

8

Wit £, & CYP2J3 B RITEA [R) A 1 A LY e 0T HF 9 28 57 3R 08

1331

271
38

361
68

451

541
128

631
158

721
188

811
218

901
248

991
278

1081
308

1171
338

1261
368

1351

398
1441
428

1531

1621
488
1711
1801
1891
1981
2071

B RO taa 928 15 SREURROR o RE,

AAAAGGCCAAACAAGAAGCGATGTCCGGGGTTGATCCGCCCATCCTGCCAGCGTGCGAGGAACGACCTAGTCCTCGTGAAGTGGTGCGAG 90
GAGGACCACGACCGCCAGAGCTCTGCAGGATAACAGGAGGACCTTCTTCATAGTGATCACACCAGCCAAAGatgtggactactatagece 180
MW T T T A LT
tegecttaacggtgetttttataattttetacaaggetgeettacgaccaccatgttttectecaggtecattegetttgecaattgtgg 270
AL TV LF I ITFEFYKAALRPPCEPPGCPEALPITVGS3T

gaagtattttctctatcttaccatcaccaaaggaatccttcagtagatttcagaagaaatatggacctatatgtagetacaaagtetttg 360
s 1T FSI1LPSPKESTFSRF S K K Y G P I CS Y KV F DG67
—-

ataactggtccatcatcgtgaatgatccageactgatgaagecacttettgecgacccagtattttetggacgeaaacacctetacetgt 450
NwsI1II1VNDPALMKPLLADPVFSGRKHTLYTL FOI7

tttcactacgagatgaagttatcagtggggaaaagatgectttgggeatattaggaaccageggagatgtgtggaaaaaccagegacgtt 540
SLRDEVISGEKMPLGIILGTSGDVWKNQRRFI27
I »

ttacactaaggagtctcaaggatctaggatttggecagaaatagtattgageccattatgeagaaggaattggaggacttgatcaacacet 630
T L RSLKDLGFGRNSTITE®PIMQKETLETDILTINT FI57

tttcccaaactgaaggtcaaaaagtcgatgttgggttgacattcaacageagtatcatcaacgtgatctgggecatggttattgggaage 720
:i.%..z EGQKVDVGGLTFNSSITINVIWAMVYV I G K RIS

gettttetecacgaagatgtecgtetgetagaacttgtegataaagtcaacaagatgetgeagtectttaaceetttecacccagettata 810
FsHEDVRLLELVDKVNEKML S F NP F HP A Y R217
I

gattcccaattattaagaagttcttcccaaacttggatgtatacaagagtcaagatacttacatgagacaacttcetgagttttattgagg 900
FpPI1T1KIKFFPNLDVYKSQDTVYMRAQLILSF I E D247

atgaaactgctcaatatgaaaaggaattgttagetgatgaaagetectttagttatattagagecatatcttaaggaaatgaaagaagecag 990
ETAQVYEKELLADESS ST FSYIRAYLIKEMEKEA_EZ277
I : —

aaactgaaggaaaagagacaccattaaatatgcaccatctgaaggecaacatttttgagetgtttetggetggaagtgaaacaactgeat 1 080

T EGKETPLNMHHBLKANTIFELFLWKGS E T T A S307

ctaccttatggtgggeggtatatettttggeatecaacccagatgtccaaaaaactatacagaaggaattagatgaagttattggggagg 1170
T L WwWWwWAVYLLASNPDVQKTTITQKETLDEV I G E_DB337

ataaattgcctacattagetcacatggacagtttgecttatacaacggetgetatatatgaagtgeagegegttgeagacctggteccat 1260

KL P T-LAHMDSLPYTTAATVEV Q RV ADTILVP FB367

ttgcagttccccatgagacaactgaggatgeaactgtgtegggetaccgtatecccaaaaggeacaacagttatgttcaatttgtegeacg 1350
AVPHETTEDATVSGYRTITIPKGTTVMEFNLSH G397

gtttaaaggatcccaaatactgga@taccctgatttctaccctgagcattttctcacagaggagggaaagccttacaagcctgaga 1440
L KD P K Y W ll Y P D [] Ty EHF LT EEGKZPYKP E NA427
attttatgccttttg atcaggaaagcgtgtct cctgggagaatctcttgctcgattggaattgttcctgtttttcgcaactcttgttc 1530

G GESLARLELTFLFFATL V H457

atcggttttectggaagttgtcagatgacccaatagtatgggagaaaagtattgtectetetegtecteccagattecatggttgaaatta 1620
RFSWKULSDD®PTVWEZ KSTIVLSRPPRTFMVE T S487
gcaatagaaactcaaatgcagtgttttaaACTTTGAAATTATACAAATAATTCATTTGTAAAGTATTGCATTCTGCACATATGAAAAAAG 1 710

NRNSNAVF x 495
AGGTCTTTTAACAGTCTCAATCCATTGATGCTGAAATTATGTCCATTTTTCTTTACTGTTTGTTCTCTTCCTTGATTGTCTTTACACAGA 1 800
TGTCTCCATTAGTGCTTAATCACCAAGGAGTCAATTACTAGTCCTACCTATCACACCTATTTACCCTTTTCCATGATTTTCAGAGATTAT 1 890
TATTTTTAATTGCTATTAGTATTATTAAGAACAACATTAGAATGATCATAATAATATAACAATGATGATAGCAACTTCAATATTAAAAGC 1 980
ATCAGAAAAACAACATTTTTAATTGAAAACTCAAGGAAATAGGAAAGCATGTGAGAAAGCAGATTTAGGCATACTGATTAGCTCCTCTGT 2 070
GGCTCAGCACCTGTGGAGCCATCTAAGTGCAAATAAAATTCAAAAATAAAAATTACAATTGA 2 132

& 2 LvCYP2J3-like ZE#) cDNA RIESHWEEIRF T

T HE 43 53] 9 PASO ¥ 3 ANRFAERE 75 20 AR 2R 7 il 2 R 1

Fig.2 cDNA and deduced amino acid sequence of LvCYP2J3-like gene from L. vannamei

HEFHRR BT S (BEANIFGEHR D) FRILRRIHX; TTHERR SNP; ML

The stop codon (taa) is characterized in bold. The green strip means a helix which is marked with letter from the N-terminal of protein. The loops are

underlined. The SNPs are boxed. The three motifs of P450 are boxed with dotted line. The cluster of prolines is in red italics

B B DR sy e = 19 43 102 LA B (Folsomia can-
dida) ) CYP2J3, )7 5 — St FUAH U 43
K 36% F157%, RN (Drosophila melanogas-
ter) MIZ A% (Bombyx mori) B IFJE5rFJ& CYP18AL,
FH AL 53 531 S 50% Al

#8430 L 28 [R) 5 43 7 19 AR ABUE K F 55% (1] 3). 113802458).
/e R BT LvCYP2J3—1ike 5% N (Homo

sapiens) CYP2D6 f) =
37%, —HHIML RS
(KESE
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G R Ry 22 LYCYPLB-like ML

TE LA X IR HE R A v 30 & 8L T TBP (LOC
113828014) KHIAUW) TPB1(LOC113801791), TMF
(TATA element modulatory factor) (LOC113822948);

BRI K PDX, HAFTEHIEIY) PTF (LOC11
54%. LvCYP2J3-like 5K 3808028). PTF14(LOC113818329) FIPTF141(LOC

Aﬂ‘? DXL 22T TE BT BURE 20 21 v P RE A I B LvCYP2J3-like
FERREK, FESNEWRGFEREEER (P<

https://www.china-fishery.cn


https://www.china-fishery.cn

1332 KopE Bl 45 %
10 20 30 70 80 90 100
F 23 XP_027224377.1 — TTTALALTVD: G —SIFSTLP—SRKES] KVEDN-W  Penaeus vannamei
2]3 XP_032796983. 1 IFEIFLTIL] IPFFSSHDPQ FMEPSQT  Daphnia magna
2]3 XP_021956774.1 — ——MAFLLSLPYNWGTSEILVVIAA JHQLGSEP- YFENN-P  Folsomia candida
18A1 NP_001077078.  MITMLTNSKILWALWQVMNYCVSRTSVMLIIVTCTAL IPFLGVR— RLENG-L  Bombyx mori
2J6 XP_022090899. 1 —————IML TILGLLDLRT (eSIPTLAMAP- ILGQ-R  Acanthaster planci
2]6 XP_030829183. 1 —-MSIMGFTETEPGYWLLAGVGLLYA WQIYKGG— FVEPK-P  Strongylocentrotus purpuratus
{ 2J3 XP_032757848.1 MLVTLGSLVGATWAALHLRILALAATRIFI T8 COFHLDP— DFANI-P  Rattus ratius
i 2J3 XP_021056166. 1 ————MLAALGSLTAAFWATLHLRTLILAA TS JLHMDL— DFEIK-S  Mus pahari
2]2 NP_000T66.2  —————MLAAMGSLAAALWAVVHPRTLALGTLA NFFLVDF——EQSLEVQLFVISAENLFSELEDT-S  Homo sapiens
110 120 130 170 190 200
[ 2J3 XP_027224377.1 SIVNDPABMIPLLADPVFSGRKHLYLFSLR 1 Penaeus
2]3 XP_032796983. 1 VCSHE ILLNDDLNGRPYSALAJAR—— I Daphnia magna
k 2J3 XP_021956774.1 AVIINDPE TETFRKMA Folsomia candida
18A1 NP_001077078.  THIVMSDYKIOREGRREEFTGRPSTPLMHTLDG TVSLHRA X mori
2]6 XP_022090899. 1 LVLVHGYE. QHP—SLSDEPELHIVTQ—MLNG-SEG ster planci
2]6 XP_030829183.1 IRILNSYP RHP—DLQDLGSRILQE—TTGLKN: gvlocentrotus purpuratus
2]3 XP_032757848.1 SVVVTG) TS TQUEHNFLNZPVTL) Rattus rattus
2]3 XP_021056166. 1 SHITSSLABIGINGSRLDENFINGP Mus pahari
2J2 NP_000766.2  AVLITGLABEGNL. VTPMREH——IFKK—NGLL) T Homo sapiens
210 220 230 240 250 260 270 280 290 300
[ 2J3 XP_027224377.1 ~——-VAVGLTESSI ITVEIWAMY [EKTSHER VRLLEBVDKVNKMLQSFNPFHPAYRFG —IHKKFFENLDVYK—-SQDTYMRQLLSEDETAQYERE ~ Penacus
273 XP_032796983. 1 SERTVAFKGIaVS] 1 SHLVAMTAREERQRTAP) PANEL IFRSGNVVRGSIPTAFVLKHERFVRDFIG—LKTELTEPIQ} Daphnia magna
Bk 2J3 XP_021956774.1 -—-IQTQ! \|LSALWTLI TENRY SHDD PMLHDITKRL TSTVSSSRAAGA TR FigFLYKLRVWFPFLFGPSAAQRTETQKKTL) Folsomia candida
18A1 NP_001077078. TRVNPLLALQERVITRGITHS VEGSNGY TGLYNYLPGKALAQEKYV——AKTRDEMFARYQTLNDERRET ~ Bombyx mori
1 2J6 XP_022090899. 1 DKLMTIVRDS K@ PEERTIASTHRL ITKYLGFLE-SUQEM——RKSTQUVVNGTRNINDRELZE  Acanthaster planci
2]6 XP_030829183. 1 ——{glsTLRMINSIINGSTVE TQVTDAFAGKE TPGSKIPFGKMKLY——TNYIRSVN wvlocentrotus purpuratus
- gﬁ SO LDEANGIESSVVCQRYNTFP] L——FSLWRKLK] Rattus rattus
o D SN JAVSNT IOSHIFG 'ﬂ D SRGERITLDKAMY G TS TMTHIYNT ATWRKLKS W Mus pahari
2J2 NP_000766.2 - AVSNITOSMIFGERFEVADS LDEVTYIEASKTC (QTL——FSIWKKLKLY Homo sapiens
350 360

340

2J3 XP_027224377. 1
2J3 XP_032796983. 1
2J3 XP_021956774. 1
18A1 NP_001077078.
> 2]6 XP_022090899. 1
2J6 XP_030829183. 1
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{
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[ 2J3 XP_027224377.1
T 2J3 XP_032796983. 1
t 2J3 XP_021956774. 1
T 18A1 NP_001077078.
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Daphnia magna
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Bombyx mori

Acanthaster planci
Strongylocentrotus purpuratus
Rattus rattus
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Strongylocentrotus purpuratus

2]3 XP_032757848. 1 DHi;DP! Rattus rattus

2]3 XP_021056166. 1 Gy Mus pahari

2J2 NP_000766. 2 LiR ) Homo sapiens
510 520 530 S4 550 560 570

2]3 XP_027224377. 1 LigRATOVHRGSHILSDDPIVWEKSIVASRPPRE Penaeus vannamei

2]3 XP_032796983. 1 AADT] -vw"'———GPLPﬂAPTN FOLGYQGFKAVVTL] Daphnia magna

2J3 XP_021956774. 1 ACKERRGRV T3P ——GPPPTUDYHMATVLIGMPHNLYVHDEQDEE—— — Folsomia candida

18A1 NP_001077078. SCUMHQGDLEMAEGD: GIVEARTARKAFRVKFLARSPVPLVPTTLSADSSHLRHVGS! i

2]6 XP_022090899. 1 IQgy@LH -PINIKGHL] I}H A —

26 XP_030829183.1 LGRISH EGVLEISRN ntrotus purpuratus

2]3 XP_032757848.1 IQIpst g Rattus rattus

2]3 XP_021056166.1 1 q RUE I\ TSgySHRIRAVPRL ——-—-————————- Mus pahari

2J2 NP_000766.2 1 RUE]] Homo sapiens

& 3 LvCYP2J3-like F1Z{NE B FFILLR o
sz 2k 7 HE 2% PASO M IEBE 7, ME 2k 7 HE FE R AU MR A, 0 Sk b o B R 1 ok 2

Fig.3 Amino acid sequences alignment of LvCYP2J3-like and its homologues

The rectangular boxes mean the conserved motif of P450, the dotted line box means the cluster of prolines (Pro-Pro-X-Pro), the cysteine residues are

marked by arrows

B 4 LvCYP2J3-like B9 =R %EH#

ok

A

2109 LyCYP2J3-like, #R €5 4% A\ CYP2D6; & 4 Il £1 3 [X 3%
HNo-EBED. Ev I Jo KAL, BLK2A B-#hd; 3BEON Cys
BRIE, AT LU AT R h Bk TR R s B

Fig. 4 3D model of LvCYP2J3-like
LvCYP2J3-like is in red, and human CYP2D6 is in green; the region of

binding heme comprises six a-helixs (D, E, I, J, K and L) and two B-sheets;
yellow sphere labeled Cys forms coordination bond with ferrous ion in

heme

0.05) (K1 5), ikt s BRI IR A . 6
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K AP Z [A]34A B 25 5% (P<0.05). PTF14
() ek 5 LvCYPI3-like 2501, 7EHR AR %
N AR, SRR Z, (HH A 41 20 A R F
ik o HAth 5 A T 5 5 A - R R A9 3R A 8 5K
5 LvCYP2J3-like T fEEE K25 o

2.3 LvCYP2J3-like TN FHAFEREE AL
BEMERNRIE

75 2 M 2 W LvCYP2J3-like 16 5 4 R & WY
B R IB AR AE B 3 M 25 5% (P<0.05), H AR
MG, RBAKFREHE, EMAFLIAR B
NEIRE, EATIRBY B R A AKE IR R . £
HEHB TR, KBRS LT BT
1 E £ B (P<0.05), PTF Ml PTF14A1 5 &
TR 5 LvCYP2J3-like AL, #BRACTH G BRAR 5
{3 PTFH PTF1A41 & /=5 {8 1 BUFE TG 40 44 B Bt
(1 6)o At 4 AT 4% 5% PR 56 PR 4T 02 A AR A
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B 5 LvCYP2J3-like EE K FUM R E FEHE
FHAFHENREE
1. LvCYP2J3-like, 2.PTF, 3.PTF141, 4.PTF14, 5.TBP, 6.TBP1,
7. TMF. AR B2 7R 7] — JE R 7E AN [ 41 4L i) 1 8 3% 7% 5 (P
<0.05), T
Fig. 5 Expression level of LvCYP2J3-like and its
predictive transcription factor genes in different tissues

1. LvCYP2J3-like, 2.PTF, 3. PTF141, 4. PTF14, 5. TBP, 6. TBP1,
7. TMF. Different letters mean that there is a significant difference

among different tissues for a gene(P <0.05), the same below

750
O MR embryo @
700 | E L T4A  nauplius
m FRYE zoea

W AR mysis larva
8 < M {TIF  postlarva

FE R AR X R A

relative expression of genes

1 2 3 4 5 6 7
6 LvCYP2J3-like B [E R M REFEEE
BEREMBRTHREE
Fig. 6 Expression level of LvCYP2J3-like and

its predictive transcription factor genes in

different developmental stages
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2.4 LvCYP2J3-like J% 75 M &% 3% (& F & FE 7 45t
EERTHRIA

LvCYP2J3-like I TBP 7£ Wi jiz it 72 v (1) & 1k
HEH—F, FRFER R D1 B T H ALY (P<
0.05), Wi 57 40] D2~D4 (1) 338 i i K T oAb st
(P<0.05)(1¥1 7), Wi pz [A149] . W Kz 39 DO Fid K 5 1
Z A BEM2ES: (P>0.05), PTF14 5 LvCYP2J3-
like 1) 335 Fa AR W K i #E rh 25 0L, DO Fl it Je
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7 LvCYP2J3-like £ R K &% R E F E E £
R B RIEE
C. WL )35, DO~D4. i fe 7T 01, P1~P2. 5t J% J 3
Fig. 7 Expression of LvCYP2J3-like and its predictive

transcription factor genes in molting cycle

C. intermolt stage, DO-D4. premolt stage, P1-P2. post molt

e WA 258 1 8 3 T AL I (P<0.05), D3 I
D4 & AR T HA ] (P<0.05), HiAth 4 4> T %4
SER TR B Y LvCYP2J3-like 25 75K .

2.5 LvCYP2J3-like B 7 %% 5% B F £ F £ 1R
KA FIB LA P Ry FRIX

LvCYP2J3-like 5 PTF 1 TBP 1) 3 ik 155 =X AH
], KA P FREKT B S Tl K A (P<
0.05)(#l 8), T PTF141. TBP1 Fl TMF W #£ 18 &K
R IR B E LT HAK 4 (P<0.05), PTF14 7E

18
0O SG
8 M RG
§D16:‘ *
I8 o
-&g 6
=g
T8 4t
K ©
s 2t
e
ES
* *
0 U

1 2 3 4 5 6 7

B 8 LvCYP2J3-like B [E K FiN 4 R E FEREARE
EREEBFHAPHRZEE
SG. 1B KA, RGEKA, *RIsAEEKHME KA 2 A 17 7E B
EEER
Fig. 8 Expression of LvCYP2J3-like and its predictive
transcription factor genes in different growth groups
SG. slow-growing group, RG. rapid-growing group. * means there is a

significant difference between SG and RG (P <0.05)
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1334 KorE ¥R

45 %

W2 [R) VA I T 25 57 (P>0.05),
2.6 FRIKBFIEKLE LvCYP2J3-like 5 SNP

LvCYP2J3-like 25 5% SNP W3 2, &M% )%
GUBEEE . 5 H A R 58 AR F 0 B A 4 A 1 5 =X
HEAT AT 44 o e S 4L 50 P AR O R AR AR T 2 A4
2% 5 SNP, 43914 G132303T Fl G127622A, ¥k
5 LA 53X 2 A SNP P2 K2 1Y MAF #5855 F
PK4H (P<0.05). G132303T i T LvCYP2J3-like 1)
WO X GRS XS L =G 5Z K, H. Fisher #
Wk PR . 47 T G132303T M4 150 bp
S P A RS E Y, &M T 3 4SNP,
{HEARINE] G132303T, A C132313T 4k
N ZEAE R409C, {H MAF %A B E 2R (P>0.05);
HoAth 24~ SNP L F & F, H MAF 718 K41
R . 2 T A (P<0.05),

TE LvCYP2J3-like (1 0 5% 5% [ v & 80 T
11 ~2%5 SNP, PTFR:NA 3 -2 F 3'UTR,
TMF A 84>, H 2 M F 3'UTR, HAm

A A R AR, HAth T 5 S PR S TR P
kI F SNP,

3 iR

ARWFFEHUE T LvCYP2J3-like 1] 4> 1 cDNA
JFA, HE A EA — 5880 P450 U Ak .
P450 Ty RE IR — )7 9 i RSP K, T 51—
HERZACT 20%", (HEH = RE5 M sr R,
JEHOE 5 M 2T R85 A O KR 2, A3,
& 4), B0 IX & P450 BIAR ST 3L Phe-X-X-Gly-
X-Cys-X-Gly, 7£ LvCYP2J3-like /' Phe-Gly-Ser-
Gly-Lys-Arg-Val-Cys-Leu-Gly (] 1, 4y, %
J¥ 5 o T T A% 32 LA B SRS B DA 2™ i
BLF i Cys 5203 i 8k 2 T8 R 5 N d
fist . 73—~ P450 R~FEEF R Ala/Gly-Gly-X-Asp/
Glu-Thr-Thr/Ser, 7£ LvCYP2J3-like Ff 2}y Ala-Gly-
Ser-Glu-Thr-Thr, %3707 T o-48 € I, AR IMLL
2, 5T RFMEES, 1A, P4s0 i BHA—

2 %%k SNP 7R RICLAFIIR LA P AYSAE
Tab.2 Candidate SNPs frequencies between groups with different growth rates

47| SNP4Hk TBKAMAF K AMAF ThREHA IR ol el WA IR KGR0

gene name SNP name MAF in SG MAF in RG function type amino acid structure type Fisher extract test
LvCYP2J3-like C132313T" 0.207 4 0.2439 HRAE R409C SAET 0.510 1
LvCYP2J3-like C132394G' 0.294 4 0.200 0 NET 0.016 8"
LvCYP2J3-like C132422T! 0.801 8 0.608 9 WE 0.000 007 293°
LvCYP2J3-like G127622A 0.678 9 0.9333 B SLTRAR E107K HMEF 0.004 586 933"
LvCYP2J3-like G132303T 0.000 0 0.1190 B SLTRAR K405N HMEF 0.000 311 182°
PTF -93283C 0.000 0 02821 3'UTR 0.023 693 170"
PTF G93318A 0.384 6 0.054 1 3'UTR 0.009 234 175"
PTF TT93254- 0.3125 0.000 0 3'UTR 0.002 290 648"
TMF A569618G 0.000 0 0.148 9 A AR P1267P HMEF 0.014 567 190°
TMF C571850T 0.043 5 03125 3'UTR 0.002 575 160"
TMF G562117A 0.169 8 0.000 0 A AR E934E HMEF 0.002 925 184"
TMF G565808A 0.2105 0.038 5 A AR TI1117T HMEF 0.008 982 754
TMF G568882A 0.146 3 0.000 0 A AR A1189A HMEF 0.010 280 900°
TMF G570487A 0.000 0 0.153 8 A AR E1383E HMEF 0.009 317 472°
TMF T570454C 0.3269 0.085 1 A AR F1372F HMEF 0.005 861 298"
TMF T571775A 0.000 0 0.400 0 3'UTR 0.006 797 676

W SNPAAFRARE_EAR LI EE R QR TN, RESERR B EFANT . MAFPARANEAEEPIF . *FRIRSGHRGIA /LR ZEH LR
Notes: the data of SNP name marked with superscript 1 were from targeted sequence re-sequencing, the others were from transcription sequencing.
MAF. minor allele frequency. * means there is a significant difference between SG and RG
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8 10 with £, S CYP2J3 FERERITEAN ] A= 4K 8 FLYA I 0T R r 0 22 57 3R 5K 1335

AT BE AR ST Y 3L ¥ Glu-X-X-Arg, 7E LvCYP2J3-
like 'y Glu-Val-Gln-Arg, 1 T -1 K I, fE
i B e A% 0 X B 25 (B 2548 . LvCYP2J3-like i H
A — 4~ Pro-Pro-Glu-Pro 41 i il R %2, N Bl %
HIEES, ATREFINTER—1REENR
(#l 2) X Fh S5 FE4E T K 25 A P11 P450
i, B Z, LvCYP2J3-like H AT P450 A ¥ 31 43
ik, S OG0 25 ) 25 F4 PRSP PR AT o
L2 CYP2I3 25 504 UG IR B 105,
B A IR ik IR T AR
DML, I 0 25- 5 34k A 3 DY
2 CYP2J3 1Y [H YR 4 CYP18AL RE % K5 i iz %
FHRACKIE, fERW R &b, T BRI R
WMEREERZ AR Z EY = B, i i 5 1R
Gy R ARG R (Carcinus maenas) 1) [A] i
¥ CYP330A1 th 2 5 T Wi Bz 3 K 1 4 i AR =,
X R LvCYP2J3-like B I fE S 5 T Wil i & 19
PG it R o AE IR ) U RN R S, Pl X
W R B S I, TR R AT (D2~D4) SR
FHE®2, T LvCYP2J3-like 3% 3K 7K S M) 2 £F D2~
D4 B AR, Hui g ME SR 2R, HFERE
FEIN CYP1841 Il CYP330A41 ()3 ik 2 [A) AL 5 i 1z
PR SRR AN, ORI A
B LvCYP2J3-like fig 18 = 5 Wi Jz J 8 K iG ot 72,
FEV I b B AR . W R A ok
gtk kB EAEEEN, HikEHZE
FERf IR, S8 sh e SR G RO B IR IS T
I A F A R R, TE SRR R R
EE S =1} $IROEINOWNEALEN TN R
Wi, KA NFIFSHERE S M R & e
BT, WM R X AR S LvCyP2J3-
like 128 3K /K V- HLAG B4y ) BroRH 6t Xt 3R 8
LvCYP2J3-like 75 A% i 8 15 W50 Bz 380 R e 1 o At op
HATRZE/EH., Huudi B2 a8 8 LA
PO PR R T, B P R R A e 1Y
T AR P LR e Aol R BR L B 3 RN
FERWE R PR R A E AR TS, LT R Y
[ 38 FN B LvCYP2J3-like B A %8 15 1) 3¢ 35 /K -,
B LvCYP2J3-like FJRES 5 T Wi Bz 3 K i HEME .
72 s W it 2 3R A R S B IR AR R X R E A
A PR 50 Rz AT 3 R (MIH) P83 7 FEASBIE 5T B AG:
ML b, IRAN LyvCYP2J3-like )36 35 7K F %
W, XA RS X EE TR MR AR 6
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WENZESR . ATIMNEF) SNP MELU#RE LvCYP2J3-
like F2ik K225 o LT IN& T C132422T (1)
MAF 2 5 i E R E e, Al HE 5 LvCYP2J3-like
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FEIR N SNP RGN . AW E B 2AH LvCYP2J3-
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Expression analysis of CYP2J3-like gene at different
growth rates of Litopenaeus vannamei

HUANG Shiyu', ZHANG Lili’, WANG Guodong ", WANG Yilei |,
LU Xigin', HUANG Yongyu', YANG Zhangwu >’

(1. Key Laboratory of Healthy Mariculture for East China Sea, Ministry of Agriculture and Rural Affairs,
Fisheries College, Jimei University, Xiamen 361021, Fujian,
2. Fisheries Research Institute of Fujian, Xiamen 361000, Fujian)

Abstract: As the most important cultured shrimp in China, Lifopenaeus vannamei constitutes about 70% of the
world's cultured shrimp production, and has high commercial value. With the development of culturing techno-
logy, high-density farming has become a trend. In order to obtain a commercial size in a short time, it is necessary
to cultivate some varieties that grow fast. Single nucleotide polymorphisms (SNPs) brought genetic diversity
research into a new stage. SNPs widely existed in genome, and they serve as suitable markers for linkage map,
genome wide association studies (GWAS), and marker assisted selection (MAS) of target traits. There were few
researches to discover SNPs of important phenotype in L. vannamei, and therefore there was still insufficient
information of SNPs available for genetic diversity studies of L. vannamei. Especially, the discovery of growth-
related SNPs by transcriptome sequencing was rarely reported in L. vannamei. With the development of next gen-
eration sequencing (NGS), the cost of sequencing has greatly fallen, which makes SNPs identification feasible in
non-model species. RNA-seq based on NGS has been used widely, and it can identify SNP markers efficiently,
because it focuses on the functional information in the genome with expression level of functional gene. In this
study, SNPs of a P450 gene and its potential transcriptional factors were detected in different growth rate individu-
als by RNA-seq. We hope to give an example for the effective use of transcriptome data and a way for the accumu-

lation of genetic and breeding data of shrimp. The inbreeding and crossbreeding offspring of four L. vannamei
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strains with diverse genetic backgrounds were cultured in net cages of ponds. The top five fastest growing indi-
viduals or top five slowest growing individuals in each net cage were put into a pool, respectively. The two kinds
of RNA pools (rapid-growing group, RG; slow-growing group, SG), which were sequenced by RNA-seq, were
used to find different expression genes and SNPs. The target DNA fragments, which were amplified from two
kinds of DNA pools (RG and SG) by PCR, were sequenced by NGS to find SNPs. A different expression P450
gene, which was selected by comparing transcriptomes of two RNA pools of L. vannamei, was named LvCYP2.J3-
like with a 1 488 bp open reading frame encoding a protein of 495 aa and an integral P450 domain, which might be
involved in the inactivation of ecdysones. Six transcription factors of LvCYP2J3-like were predicted by bioinform-
atics. They are TATA-box-binding protein (TBP), TBP1, TATA element modulatory factor (TMF), pancreas tran-
scription factor (PTF), PTF1A and PTF1A1. The variance analysis of the 7 gene by q-PCR showed there was sig-
nificant difference of expression levels in tissues, development stages and molting cycle. LvCYP2J3-like was
detected in all tissues samples. The expression levels from high to low were eyestalk, gill, intestinal tract, muscle,
hepatopancreas and haemocytes. Multiple comparisons showed that there were significant differences between the
two groups (P < 0.05). The expression pattern of PTF1A4 was similar to that of LvCYP2J3-like, with the highest
expression in eyestalk and the second in gill (P < 0.05), but no expression was detected in other tissues. LvCYP2.J3-
like had significantly different expressions in five development stages, with the highest in mysis larva stage (P <
0.05). The expression pattern of PTF and PTF1A4 was similar to LvCYP2J3-like in development stages. LvCYP2.J3-
like had a similar pattern with 7BP in molting cycle, and there was the highest expression level in premolt stage D1
(P < 0.05). The expression level of LvCYP2J3-like, PTF and TBP in SG were higher than that in RG (P < 0.05),
but PTF141, TBP1 and TMF had higher expression levels in RG (P < 0.05). There were 4 and 11 SNPs with signi-
ficant difference of allele frequency (P < 0.05), in sequences of LvCYP2J3-like and its predictive transcription
factors, respectively. The expression pattern of LvCYP2J3-like implied that it played a role in development and
molting cycle. Its expression level was closely related to environmental stress. The results suggested that genetic
diversity of these genes was related to their activities and expressions, which affects the growth rate of shrimp.
This study will provide useful data for the genetic and breeding research of L. vannamei.
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