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WE: A ZREFBAERANEAEFAL, HlEa A KT Eh THa, EREN
NBHESERTUE, Wk HFFPMELEHR, RECRAFTELENEFTREHSTEE
M fnk AN EEE, FEFARNFEROL2 TR AHRN2EM & F2E
Mg LR B d 50k f 550 R A & 4 K e 2N R A A B A E T B R R
HEMA R ERBESNPAL A, EFUAMLEL A RITFI W EISEM S fISEHS F
#3 H PCR= 4fp 3 47 Sangerill /7 3o i, % & H 145 M 7 58 2 3% 9189 62 & (SNP6, 15E
B E. ISRIEAHHLE). RE, HiTSEMEEBEFMEPCRE 4, LPa#E24
WS HAEEAERAGI I AERSE RS, EE—E RS KM KRAESAITE22004
MRFHATTH, ERELHYEEFHRY B H I 348bpiy &4, MAEL WL PRy
BEIN94bp YL &R R AW, B EKXE100%. HRLEHA, K& EETXXQ-
XYSKBB MR ke, AFRE R —MEWF FSNPIRIL, HELT —HFWAEAL
HEMANERHAR, WAESEE T M. EH LR TN PER TS TIE TR

TEEHHARF &

KU A H# ;MR 45 57 SNP; 3 1 14 3

FESES:Q785; S917.4

KB (Larimichthys crocea)lE 5325 R IE T
) H (Perciformes). 1 & faF}(Sciaenidae), 7
J& (Larimichthys), &3 X4 A 37 58 &2 5 K 19K
a2, HARKFEN S MM S, et
KUY PR Tt R G A MERE R AT DL R
FRE U R R R — R R B S
W, Mt — el B o e, AR BT L3RS
B R Y, DRI T A R A 4 R B L A
HEMAEfEREA, Wik, FEMENERHE
v, 35 5 4 E B4 K v £ AR HL A AR R Y S R
Mo LRk, BEE T TAEYENRRE, &
B TR 20 e 555 0 2% 00 1 B R R LK AR W A
FER A FARR] TR e A
DR 2 35 55 7 v o T S O A A ) S AR 1k A% P
A, AR R MMt SEMIMNE2Z R AR, W
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1330 KopE o R 245

i, JERHFXY S YY @R, KT
WO AT A RN % B BATE R B (Cara-
ssius auratus gibelio)"' 1 % i B ) #% (Pseudoba-
grus ussuriensis)" S FALTF KT B A
2 M 71 T 57 ol 5= 2 £ g & B 71| B2 = VI N DR 1
%o BRASARAENSTE 5 7R 21 ¥ 7 B (Cynoglossus
semilaevis)H & 1 Z 10 #¢ 7 ) AFLPAR I 5
SSRFRIC I 4k i SCARFR T, #7275 5t
M 25 8 B PCRAG I LA, Sy 24 i 7 8 i1 o
FE ML Y B 5T R Sl 45 ] B T SR, 4R
THRRE R FAC M E AR, B2
52 8 e 5 R FIRAPD . AFLPAEH AR PR T Kk
PR R S A T ARG B RO . AR SE R
Ning %5 "I7E #4) #H K Bt AFLPAR 10 38 15 3 8 151 1%
IF R ¢ AN 5 MM ) 0 B Al (B 7R
SUR R RN % U S5 T B L R
SCARFRICIG , FARBEFE AR R Z MM 1A
R BRI Z A E R 2 R
BRI N IE AL G, T T 2560414 (1 AFLPE
BEVEY S 51 W A7 RO ki R o AR IR A2
8, WEE T2 ZA-AFLPY #5547, hARnE+k 3]
U7 e M P DR Ry e M 8 Y 4 AR
o H SSRGS T KB 0 PR I A R AFLPAR 2 Y
ik, (HWRBERF ). A, 285550 % F
FH I S5 200 e B0 vh 42 4 100 JE 9 4 B2 X SNP
(coding-region SNP, cSNP)#Ric 2 il 1 K B fh 5 25
JE AL SR, R 2 P 38 o 1 B o0 B 4
PRI 20 DG Bk 3 A 8 6 1 R B 0 Y P i) e DX
SR, 38 AT A LY B IX SR A O R (L B
AR )M 1 L K ¥ 5 DNAJF 81 22 52, e Ik K
A0 (1) 5 R 2 M o e X B R B T — 115 bp
A ik R R — 26 3 L5 i) S 3 R OC (O M S 4
B HEME 2B SNPERIE, FFFIHIZ LS bphd
AR R FhRad, RO EE L T R AT S
KB s PR k™, SR, RATER HZ
I3 F AR IE R BT 2 0 A AR AT 35 1 1 ) 2 E B
K IATFE B 0 A R ME LR AT IE 5 97 38 1 O
WK, A LEIEZAD A MPERR 55+
LA R R S MR THE . Ak,
A S I X6 A A K v £ PN 2 Ty 90 Lok R
IR FR 435 1 591 db 2 A DG ) SNPAR L BT e M
SIYHEAT Y SR, IF R Y OB R R G
(YR EOAR)RR 5 70 T AR, JEEESL T PCRAVA I
HoR,
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1 MRS A

1.1 SCIGFRARYSRIR

SIS BT G R o R R T AR A TR
AR AR R A RAR, S T 3758 1« E]—
BRI R A, A AR IR T WA T
VR 5 0 ATF 5 e DA A0 5 47l 3K 1) BT A R #
RGN, RS EGRE M, HTmidHr R
50 IE P 4 38 A 1A 22 ik ) 08 2% 1 S G AR B I
IR 5 B HCH: i 66 FH 95 % 1 T RS B 5 5, RAF T
20 °CHE
1.2 DNARJ$REL

K FHHGENERAY /A & 114 20 Jifd /40 20 5% [ 4
DNA$ B G iR B DNA, H1.2%3 5
B e P vk s LR, FH AN
£ HODfH, JEEDNAWKE 250 ng/ul, F-20 °C
HAETE S

1.3 M 5)HE<SNPHIIZ IR

FH T 42 4 12 S AH 5 SNPRY K % 1 1L 1048
v 2 R M 2 R A (3 SRR M E L B2
MEL . ME2, AP T 5 AR % B IR 0 K RO
AR )43 590 1 A BAAS A 4 i DR 4 o 0 S R
WMIF 5 554N 100FE (SOMESOME, 43 HIFR i 1 TR AR
55 e TR AR ) RS AR AT B DNA, i I 4y
SR A 2N TR A i AR AT 0 S A
Wy o b A 2R NI T A 34 e b e i
IR et A1 IR A B AT, SO SR A R B R/
4300 bp, il -4 K 1llumina HiSeq 2500, ¥
BEEC100PE . 5 3 A5 1 JAL s B8 4% b o 1) A 40
FR AR AT LSk L T A RN i R AR A
)5, #1500 clean reads H % 21 A 52506 25 20 25 119
K05 % B N4 (ENAS %5 . PRIJEB24300),
HEAT SNPAYIZ 4 .

1.4 MERIHE X SNPLL R BIPCRE 4% i+, ¥ 1
5189k

A2 38 F1] B9 SNPH Bk 11457 51 3 40 6
(55 A 35 PRI ABT3R 4 A7  fE £0 5 Ife f2 B) 77 7 A
H2ES, ROIIALEAE R L SNPAL AL, AR 6
M % )3 51 FH Primer 64K £ 1% 1135 8 PCRY 3 51
W, 4 R 293008 2 fif SR AP S ) R B A (M
ME£5 P ) B FE D ZH DNA R AR AT PCRY 3, 47
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17 My AT Sanger ) 7 46 UE (BRI 48 K JE R AT 5

PCR)3IH(FI 1), FIHE 2 fK /- it 4 1

Be), HEBRARFHYEALS, EFX0I P BuEmfE iy 30Uk, 2 ET1Y G s i b mios & R R R R
PEALRL(SNP6), BEIH AR 0 N Fr S PR 39 (AS- SR FRAF e,
R1 KEBANENFHERISEH 1IN SNPAL AR EFER
Tab.1 Genotypes of 11 SNP loci in LG9 in 6 resequencing samples of Larimichthys crocea
brichr & Frichr sl S EE MEdR TR A 1 2 Tt TR 11 142
SNP locus alleles females mixed female 1 female 2 males mixed male 1 male 2
LG9_420449(SNP1) A/G 23/1 23/0 28/2 47/14 20/24 24/16
LG9_420489(SNP2) G/A 12/0 15/0 14/1 35/10 13/18 15/15
LG9_420490(SNP3) G/T 23/1 23/0 14/0 35/10 13/18 15/15
LG9 _8977035(SNP4) C/T 2/20 0/23 0/22 43/16 32/12 30/10
LG9 _9696264(SNP5) C/T 31/0 25/0 25/0 33/35 21/26 24/25
LG9 _9698145(SNP6) C/T 30/0 18/0 23/0 28/40 22/17 36/22
LG9 _22969822(SNP7) C/A 23/3 19/1 27/0 42/33 26/24 10/24
LG9 _23002060(SNP8) G/T 26/2 30/1 27/0 51/24 17/32 23/13
LG9 _23783529(SNP9) C/G 29/3 16/0 22/3 34/18 23/18 25/21
LG9_23921422(SNP10) C/A 37/3 21/0 17/0 38/18 25/22 21/33
LG9_23921440(SNP11) A/G 36/1 19/0 18/0 30/23 28/22 21/33
e KSR 6N SN 7 R AR ME (IR AR (SORRMESR) . B VR PE(SORBMEf) Ay 3 VR A i E DN, MEL. ME2ANAEL. A2y B AN AN 5

Notes: 6 resequencing samples of large yellow croaker are females mixed (a mixed sample of 50 females), Males mixed (a mixed sample of 50 males),
Female 1 and 2 are a single female fish, Male 1 and 2 are a single male fish, respectively

6F
Y ATCTGTCAACCACTGTATCATCTG
X ATCTGTCAACCACTGTATCATCTG
6F-T
Y —|CATCCCCAGACCTCCACT] CTCAGCCAAACGCCATCC -
X ———CATCCCCAGACCTCCACC CTCAGCCAAACGCCATCC |
6R

Bl 1 SNPetRic5I kit mEE
Fig. 1 Schematic diagram of primer design for SNP6

16 156 SNPA 5 B PCRY 14 2 17 A FH25.0 L,
Hopfu & K R4 DNA 1.0 pL, 1E [ 59 Al
R34 40.5 L, Tag DNAR A H0.25 pL,
10xPCR buffer 2.5 pL, dNTPs 2.0 pL, il 4K
%25.0 uL, PCRY HEFEF N 94 °CHIAE S min;
94 °CAE 130 s, 2% TmfH FiBk30s, 72 °CIEfH
30s, 35SMER; )5 P72 °CCA AL 10 min,

DA 2 figk 700 Aff DA P ol ) K B 0 T 4H DNASHY
M it 1T AS-PCRFF M9 1, PCRI MK &
10.0 uL, HAHEHDNA 1.0 pL, %F%FSNP6it )
3@ 51 (6F-1. 6R-1)FIHF 55149 (6F-T)#50.2 pL,
Tag DNAR 4 H§0.1 uL, 10xPCR buffer 1.0 puL,

dNTP s 0.8 L, MIEBZI/K £ 10.0 uL, ¥ HER)TH
94 °CHAE 5 min; 94 °CZ5M:30's, 62 °CiE k30s,
72 °CIEAH30 s, 35MEFR; 72 CCLLE 10 min,
P B FE) 25 1. 2% 35 i W R R F UK 2 A

LS

14 51 48 5% SNPAL £ B9 7%

32 M Al A £ PR 2 0 A 4 e X )
AR S0 2 2 K HE 0 S SE R A E AT SNPAE
Wi, 7E9%5 i PUHE A LA — 2L SNPE /N Y 4 A /fk
0 (in/deD) P p,, 7 ME £f 35 Sk 4 o4 3 4l (55

2

2.1
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Ko AR

0 E

PR B W ES 1 - 1A9HER/NF0.001), MfEfa
M)y 2 A H. 24250 FE DK S 37 1 reads B iy Bb 1) 45

TEESTL - 1, A LIS R R R A K S
2R B P 1 read sERCRR 23 A DL UL 2.

FT 2 IAMEIENAL = B9 Sangeri | FF 16 IE 45 R

Tab.2 Sanger sequencing verification results of 11 candidate loci

o T e 7 Miff female HEfs male
locus expected genotypes 244 heterozygotes 4l homozygotes Z%%r  heterozygotes 4l homozygotes
SNP1 A/ABA/G 0 4 0 8
SNP2 G/GELG/A 0 4 1 7
SNP3 G/GEG/T 3 1 4 4
SNP4 G/GEG/T 2 15 8 GG ITT=5:5
SNP5 C/CEC/T 0 17 17 0
SNP6 C/CEC/T 0 15 15 0
SNP7 C/CHC/A 1 CCIAAITT=4:9:1 1 CCIAA=1212
SNPS8 C/CEC/G 4 14 6 13
SNP9 C/CEC/T 6 7 6 2
SNP10 C/CHC/A 1 14 10 5
SNP11 A/AHA/G 1 14 10 5
2.2 E3HE X SNPL =AY 36 IE o S e £ R A S I b, RZARIE S I AT

DL B R VA7 s S s A6 50, 43 il i3t
519347 PCRY 1 Al Sangerill J7 4511, H 19~
SR M £ v BN [ R B 1Y) 4% B/ B AR I
B G, SNPAf S TEME i 3 T GG H
TT 2P 4l +, SNP7AL S ZEME £ P AEFE 4D AN [R]
(LRI | AE e P AR AR 3PS TR A R A,
4 SNP5 55 SNPOA A5 [ 77 25 1 5 ARy 25
FH—, RO 50 UE ) M £ A 2% 67 A5 40 hy 4l
HF . M e T (3R3, KE2),

2.3 SNP7HEMRNS IR F %X 58IE

BT LR Sangerill JF W E A 45 R, &It T
6F-TYE M F 1S4, SeFMORMALA, LI
T Sanger{l] J¥* (13058 K B 1 1) i K 4L DN A Al
ATY RS, S5 RAE ISR MEM Y J Y 1 1 11348 bp
iy, FEISRRMEM T BR T 348 bpZeai b, [RIA Y
14194 bp Y 5541 o A T i — D I TE SNP6L
R (SN R B KR = a7 T AT T R D
T3 A AR 28 ik A DA R ) (2404 24 ) ) R
i DNA AR HEFTPCRY 1S, 25 R WIR, %
fER MM Az EmESHE, 2R
) OHE I 22 S S (K 3) . 2R, BATTAE R AT Kk
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AR S B8 28 Lin &5 P2 38 A M K B 40 4 5 40 A
IE—E T A2 1372 06 % 25 A8 2 52 18 bR As (O
H AL TR R A 7 B i v 5 b R 52 Be 1Y 1
I8 15 AN W R o M0 Sy f0) R I AR MR I S 8, 4
AR HISNPO5 | M & 3545 R AT R 93 , ARG
B W 0 0 U UK AR s BR T A 13N R H
Lin§ {38 bR iC 51 908 38 sy o wfE DLk
A1 S0 00 A6 DA A G 3 G 0 A A5 1 445 AR
SEA—3 . SNPSH I A7 78 oA AR A7 05, ¥
DAV S5 A 5 R R S e R 51 4, R R
R o 110 Wl A 25 5 67 0 W A a8t A2 1 1) 8 7 1
Fhric, AP RVERE—L Rk,

3 iR

R B e TR T K FR A fa s, LME
PES e AF R K A M E R 28, MR
1l 7 R S B K Mk S B e 5 R B A T AL 3k
Tl BFF 9 ¥4 75 2 R AT A A A5 1 I S8 B R
A ST 55 308 a0k %o 3 A4 A A £ 35 DR 2 R ) A B
HEFTAT A0 LR, 7E dmrt ] J5 BT 2 19 95 3% S0 BE 4R
B T —HEAEWPE 2 B] 22 5 W R SNPA AS, & %
HEIE S H AP LG9 96981451 i oy il BLSZ it 1Y |
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Tab.3 Primer sequences and annealing temperatures for PCR used in this study

SNPALE K i ‘5 Glk/ES Bk 2] 1B KR EPC
SNP location and No. primer name primer sequences annealing temperature
LG9_420449 (SNP1) 1/2/3F 1/2/3R 5'- GCCTCCAGCACCTTCTTCA-3' 58
LGY9_420489 (SNP2) 5'- GCAGTGAGAGTGTCGTCGT-3’

LG9 420490 (SNP3)

LG9_8977035 (SNP4) 4F 5'-GCGGGTTGAGGCTGTGTTT-3’ 57
4R 5'-TGGCAGATGTTAGTGGCAGTC-3'

LG9 9696264 (SNP5) 5F 5'-GCATTTCCTCGTTCGTTATTCAG-3' 60
5R 5'-CCGCTCTTACCGTTCACAATC-3'

LG9 9698145 (SNP6) 6F 5'-ATCTGTCAACCACTGTATCATCTG-3' 62
6R 5'-GGATGGCGTTTGGCTGAG-3'
6F-T 5'-CATCCCCAGACCTCCACT-3’

LG9_22969822(SNP7) 7F 5'-TACCCGTAAGGCACTTTGGTT-3' 56
7R 5'-CCTGGTCAGATCCAACTATCCATC-3’

LG9 23002060 (SNP8) 8F 5'-ACATGATGCTGGCTAACATTGC-3' 56
8R 5'-ACTTTGACGCTGACGAAACTC-3’

LG9_23783529(SNP9) 9F 5'-CTCTCGTTCTATCTTTGTCTCTGC-3' 57
9R 5'-TACTGAATCTTACTTGTCGCTGGC-3'

LG9_2392149(SNP10) 10/11F 5'-CAGAAGCACCAAGAGGATGTC-3' 54

LG9 23921440(SNP1)
10/11R 5'-TGCACAGTACTTAGGTAAATGTA-3'

ME£f female T8 male
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i L asadaaaingl

2 30E K| & SNPOSL s 5 U [E] (B o 41 & &7 Sk 4 A SNP6 1L =)
Fig.2 Sequence map of SNP6 of 30 Larimichthys crocea (SNP6 indicated by red arrow)

W e 2 TR B ) 22 S, Dy R e S S A Wl B 22 TR A7 AR R E 22 57 1Y SNPHR IC7E H
BRI G B AL S R A S PR T A AR i Wt Gl . AT KamiyadE P 5 Mat-
RFB. sunaga®§ Vo B FE 21 68 7R 5 i (Takifugu rubripes)
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MEME  females

500 bp

100 bp 345678 91011121314 151617 1819 20 21 22 2324
M males
e
P 2345678 91011121314 151617 181920 21 22 2324
& 3 FISNP6{L = 455 5|4 3T 48 X 55 £ E K 2H DNAY 14 Fn B 7k 4 A 45 3R

Fig. 3 Banding patterns of 24 females and 24 males large yellow croaker amplified from

genomic DNA by using specific primers of SNP6 locus

55 BRI E(T. ocellatus) Y Y (LR 1) Amhyl1 3
BRI T B AR 5 E A D Y SNP;
LitE P Je B B AR Y Qe @ IR Amhy ZE N | s % R
TR P ) K AN T R 4 LSNP
ABEFE P & B BV 5 SNPAR T, 28 U 3R
B 2 25 A T A M G R A I T RAE
KIEALT dmrel FEP E 295 kb P46 &
(RING finger protein)J& K (25250 i+ [, 54K
B 2 Lin%F P2 E (19 K8 MM R 5 il —
FEAL T QTLE 7 M e s IX N o AT 5T 45 2R

PE— B UE W] T R R TR ST L ()
Be, BIXXQ-XYSRI B e 2 L, 95 i Bl

U KB PG R HEI bR 0 07 2 AT
fE5 Rt R ARz 5, ok m PeE X
Sof, P (] i % A 22 T 1) A8 4 52 BRI A DG, S
?iZSNPiIL‘@E%f)u SPESAERT, W H SRR
)R TS L RAF (BT H cCeZE HicTe, i
WHREA S 16014%%@&EE$W§&@&§7{7%%
7)), HOZEAR 5 K E v e G, (EAR N
IR AFSE o
SNPHRIC AL H 1 C & B v 2 F o7k,
Q0 7AR P A 5 5 i FEL 9K (denatured gradient gel electro-
phoresis, DGGE) . 5 £ g 20 s o —BR il 14 F Bt
K £ 51 ¥ (cleaved amplification polymorphism
sequence -tagged sites, CAPs)LA [ Tag Man¥5 4t 7 R
AT LUE A — A AR A, {H ik
7’?/%5‘7,:1/}5%% FERTACHC, A0 2 A A vy B,
SN PR R S MEPCRAE 58 S T Kk s, AU il
i — YK PCR s 7 A1 i B PR B8 JC v ol R TEAf 1 52
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JIT ARG I SNPAS A5, 110 5 R AR i P R B, 9%
maﬁ A S 55 FR 4 SNPAE A5 1 i ) 3L 51 1

%%%ﬁ?%?ﬁ@ﬂmmﬁiﬂ%%ﬁﬁ
MI%F ZSuRy N A AR R TR A Bk
mgﬁm% JIT A A I A AR R DL fR 2k 51
P15 50348 bpf Bz, R H|PHMEXT B ER,
T ELAGTY G € K 18 > 1 (gt A2 T 1 ) DU 5 25 1 9 —
194 bpfFER R Br, M H 8 £ — UK PCRJ
St RE M A 5 RE R s A e, BER R T
UGk e, R X5 T 5 i e
— %519, WD TSIz Y R
R HLEY), JEATE TR A . s — 1R
JPRUE M NMEFE N, ALK RN GIME L H

FAIF2 191 B RE AN B ENENEE, Kt
$55 8] — B 7R 0 55 A R A0, SERRIIERH, AR
SEI TF & W B W AE T S AR AR AR T I
Folr, S R R S A T S M AR S
5 Lin %5 P I8 19 broid S8 a5 R ot 4 — 5,
W B ARG HH R GA B 100% 5 Ud B 2 40 7 2 B 37 7 1
i — B9 AR 5 AN R B b, X SNPRRIC S %
SR B . AR BE Y R A A Ol VR T A
TR R R I XA [ — B R R R TR T
VLA FH IR X IS A i K, DItk ARSCE
FE & B bric al DAL 3 24 55 BT A 97 5 K ¥ fa
WM A E

AZREH, AERMERXEE—FRK
AREBFA, TWEHHATEARLE, AXREH
REZHE, HRTHBHTHL) EHERFH S
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Development and validation of sex - specific SNP markers
in Larimichthys crocea

LIN Xiaoyu, XIAO Shijun, LIWanbo, WANG Zhiyong "

(Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture,
Fisheries College of Jimei University, Xiamen 361021, China)

Abstract: Larimichthys crocea is the largest cultured marine fish species in annual production in China. It shows
obvious sex-related dimorphism in growth, where females grow much faster than males. It is difficult to distin-
guish the gender of the L. crocea through morphological characters, and also it has no evolutionarily differential
sex chromosome. Currently, examination of the gonads after dissection is the most reliable way to distinguish the
phenotypic sex in this fish. Given that the traditional methods is unsuitable for the identification of phenotypic and
genetic sex, it is then necessary to develop sex-specific molecular markers, which is indispensable in sex-control
breeding and understanding the mechanism of sex determination in this species. In order to develop sex-specific
markers, sequencing data of short-insert libraries of 2 females and 2 males (30% coverage) and a pool of 50 fe-
males and a pool of 50 males (50% coverage) were utilized in this study. In brief, the raw sequencing reads were
cleaned by removing Illumina sequencing adapters, low-quality sequences. The cleaned reads were aligned to our
custom genome assembly (ENA accession no.: PRIEB24300) of the large yellow croaker using BWA, and the gen-
ome-wide SNPs were further called. We detected that 11 SNPs (hereafter referred as SNP 1~11) demonstrated ob-
vious difference in allele frequency between males and females through comparative genomic approach. We fur-
ther genotyped the 11 SNPs in 15 females and 15 males by PCR and Sanger sequencing, and found SNP 5 and
SNP 6 were homozygous in all females and heterozygous in all males, perfectly segregated between sexes. We
then devised an allelic-specific PCR (AS-PCR) based on SNP 6 for amplifying one band (348 bp) in females and
two bands (348 bp and 194 bp) in males, and genotyped near 2 200 L. crocea sampled from Fujian, Guangdong
and Zhejiang province. The genotyping result showed that all females were with the 348 bp band and all males
were with the extra 194 bp band besides the 348 bp band in the AS-PCR followed by electrophoresis assay, sug-
gesting 100% accuracy of the method in sex identification.

In conclusion, this study has detected and validated a male-specific (Y chromosome) SNP marker, and developed a
simple method to identify the genetic sex for the large yellow croaker through the AS-PCR followed by electro-
phoresis assay. The finding provides an indispensible technical basis for sex-control breeding practice, genomic se-
lection and the research on the molecular mechanism of sex determination in the L. crocea.
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