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Abstract

Screening of sex-specific molecular markers is an important technique for breeding of mono-sex
BRI (=

XESIH: BT, AR, Ve, DEE, UG, s, KRLURS IR0 TARCHIIT R R E D] K=
BT, 2024, 11(2): 49-55. DOI: 10.12677/0jfr.2024.112006


https://www.hanspub.org/journal/ojfr
https://doi.org/10.12677/ojfr.2024.112006
https://doi.org/10.12677/ojfr.2024.112006
https://www.hanspub.org/

T %

population. Based on the 2b-RAD sequencing data of 20 males and 20 females of Hippocampus erec-
tus, we screened and verified a male-specific tag scaffold63 and a sex-dimorphic SNP site QSNP63
in a large-scale population. In 108 Hippocampus erectus, scaffold63 tag was only detected in males
but not in females via PCR amplification. Sequencing of QSNP63 site showed nsSNPs with homo-
zygous (G/G) in females and heterozygous (G/T) in males. Gene annotation revealed that scaffold63
tag located on the intron behind Exon 25 of cilia- and flagella-associated protein 69-like, QSNP63 lo-
cated on Exon 8 of the leucine-rich repeats and 1Q motif containing 1. In conclusion, the sex-specific
molecular markers and candidate genes screened in this study offer novel insights into the sex-
determination mechanisms of the Hippocampus erectus.
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1. 5|15

80 5 (Hippocampus erectus), J& i 5 g R RH /NG R, DU/NY RSN
&, RAMEME S22 E EARRRE[L] . 24K BT 2 55 iR B A (B AN 24 F A A HL 75 SR &R 7t
PE B St BR300S0 R0 O BRI SR T S TR AR R R 2]

B0 R I P ) A, MERCA R ARG RE . S S B YR 5T T T
DT MEYENE T [3] [4], DRGRE B e EEREAA 12 il R E Ak s B T S L.

RN R G @ IR R RIS R A A s, BRI B E[5], Hodr, AMEMEER
SR £ ) P [ AROE A, H B4 50 4R Yamamoto [6] [7]5F 8 PRI b HEAE T i 3R 1S
P S e e B £, ANIRME R A BRI B T B RV B A AT . M IRR R O3 TR
BRI G AR E SRR T B8], IR IR 2 B LB AR AE AT 1 ) e TV S 35 1) # K p
BE T R R, Blanre i i e R R A TR GRS EE2 PRI EIRIS R XY Oy )k
fib b, RiEREFE a1 . “ERE257 [9]; £F 17a- k52 AL F A B 05 1 14 75 4 T A
B XX Dy Ea b, B E Mg “ 8% 1 57 [10], 75 170~ H 2k 52 ] Ab BRI G i 45 L )
YER > FRRCAF ) XX Okt (o 56ah 1, BEE 10 <A o ML BE(E2. EE2 A1 AR MERY) Ab BB
AP, SRR > TR IO B O MEBTEE Y AL I, B E SR A D B A i RS 15 Z11], R
MM, W rh R A IR HOR ST T . RS0 S A2 PR IR 46 73 A0 IR BBURR I, JIev2s AR 4 i
YRR, HEPELRSUR S A 45 RIGATFGRIESHILE LS, MR C5esk 17 YHEIRPE R [12], #fidks
LU T A o F AR R B B AT ) I A

2B-RAD HiA i@ 1 B B R GIPERZ IR A VI8 Be A BE R 4 DNA J5 BT 1) s &2 00 7 oA, AfH %
BOR BA B i)y BORS 00E, WRERIR), I3RS 2 PRI B H [13], H AT HZEAR 4 Bh It 0] 4 5€ C7E
TR A8 2 s sh N, e i EREE IH (Mesocentrotus nudus) [14]- SR 58 & 274 fH (Strongylocentrotus
intermedius) [15]. A6 (Mastacembelus armatus) [16]. /(75 #(Scylla paramamosain) [17] 12 JRfUl
(Pseudobagrus ussuriensis) [18]. #2 2 fi#(Mystus wyckioides) [19]4%, {H A 5T DV M4 220 ThRic K
(S
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ARSI BT FRA TRT IR MELE R 20 R 34T 2b-RAD I FEAZERY, ik T — MHEMESEE R tag
scaffold63 Fl—A™ 2 M5 —Z5 11 SNP QSNP63, Jf-7E 108 J&ifg 5 rhoxt Fokr S b AT 1 KB IG R ANy
SN, AZH TE N R SO I B AP B T AR

2. M5 %
2.1, REEY 5B

SIS AT IR 108 Hl i H = AN [F L X IR IR, 43 B E AR A 27 HERD 27 HE(A ). iR
9 Ift 9 WE(B L) FNiRERS 18 M 18 ME(C 4H), B FR/KIEN 26°C, W/KEREA 35%0, JEHEA 3000, 6 HEE A
12 AN/, CAUKVRBRIR — R ALK, WA J5 R L) — AN/ N AT B L P R

HURE AT MS-222 JRRIFE 7 (100 mo/L) T BT A AR ORE (R S 10T T R . IXZR S0 S S48, T
TR P ATV S5 N80 C VKA 1 4 FH
2.2. EFELH DNA &

18 F Wizard®3£ R 41 DNA 4fitk ik 771 £ (Promega, Madison, USA) B2k S0 T JE K 4 DNA, il 5 B fig
BB FEL K A1 NanoDrop 2000 454035 £ (Thermo Fisher Scientific) % 142 ) DNA Ji & AIK FE HE4T 46
. DNA P8 F-20°CIRA7F% .

2.3. MAFR O FARICAYIRIE

FATK: 20-RAD 7 H4iE BT it 19 20 (19 unique b2 5 S BB RAMILE, MHimiEH T —NESH
Bt scaffold63 (4 1)A1—ANHA MR 2 PER SNP A7 5 QSNP63 (4 2), A 1 Baiik Fr i ik Hh (1) 14 70 R S A
ZEPHERTE, PRI T 1% FARid BT 2000 bp 741, H primer3 4.0 (https:/bioinfo.ut.ee/primer3-0.4.0/)
BT TR RS D&, SR A 1k 2,

Table 1. Primers for candidate specific label validation

T L RESFRIREIIEAS

)RR 7 ARZE 1D 52l Rk ClE B4 ClEzlE2il! BE(C) REAEZS
EEEGGEGE sap  GCGGAGTTTG
scaffold63 AGTTTGCGTT a CGTTGTTAGT 62°C No
(653551-653577) ol sar  AAGTAACCCC
CACACAATGC

Table 2. Sex-specific SNP information
2. MAFER SNP 2

SESERA AR SNP fiL e et 553

F:GAAAAGTGAGGAGCAAAGGA
R:AACAGGACTTCAGTGGCATAC

Scaffold63 152017 G/G GIT

PCR R M{#iH] TaKaRa Tag™ (TaKaRa, HARR)HAT, AN 20 wl, HAEE 2l 10 x PCR £
A S Mg2+). 1.2 1l 25 mM MgCI2. 1.6 ul NTP B4 0.1 ul TaKaRa Taq (5 U/ul). 1 ul IE[AFI
51 4#2(10 mM). 1 ul (%1 50 ng/pl)#ik DNA F113.6 pl LK. PCR T IEGFEFFIIT: 94°CARTE 3 404,
34 MEHR: 94°C 30 FF, 62°C 30 b, 72°C 30 Fb; 72°CIEMH 5 435, PCR P24 1% IR bE B AL Ik R
55 A R A HEAT I o
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2.4. HAFRFINER

1 ] Thtools # /44 BURE 7 AR e b Rl 2 kb 1541, i BLASTn F1 GenBank 47 /7511735, H IBS
llustrator #4742 B 24, i Expasy A1 DNAMANS Xif & 5L 2 Fe #1535 47 LL X 707 -

3. BERE S
3.1. ##M4R scaffold63 FEFIRYLS T

XK H =ANANF P X I 108 A MERELL S0 (1 5L K 41 DNA H scaffold63 tag (s 57 1% 51 kAT
Jr BTG . S RUR R =N HLIX B T e S rh A R B — 26 R/ 210 bp B H ST, TIAEMENE S rhik
A BB H 245 . UESE scaffold63 tag i 5 A7 L T MERF S RO I ALrh, AT AR Dy 3% 5 2 80 it

PRSI R 720 FARIC (A 1)

T
A 13 14 15 16 17 18 M 10 11 1. 314
g “H

scaffold63

scaffold63

scaffold63 —211bp

ffold63B
Scatlold®oy « 211bp

scaffold63 «—211bp

kﬂ 10 11 12 13 14 15 16 17 18 M 10 11 12 13 14 15 16 17 18

scaffold63

<_ 211bp

Figure 1. Electropherogram for scaffold63 tag in 108 Hippocampus erectus

[& 1. scaffold63 tag 7£ 108 RELLUE D AR AV 1B kE

3.2. QSNP63 i 53 B9 Bl — A I8 IE

I 2 R S 06 QSNP63 A i ITAE i BUEEAT por #7718 IFIA DN Y, 45 R E7R, QSNP63 i
T FIT A HEE S o (0 e 2o S OO0, Xk S IR SRy GIT & Y, T AE A e h QSNP63 £ i il
735 LR, o N RIS AN GIG A5 B 2), Z%4h FEAIE S QSNP63 7 s 7 2k 8Lty T Hh 2 I MM 4t
BHEE R A I .

QSNP63
CCTCCECTCETTTG CCTCCGCTTTG
G/T G/G
| !
B

Figure 2. The sequencing peaks of QSNP63 in the male and female Hippocampus erectus

[ 2. QSNP63 7Lt Lk 816 T 71 i A Fr Ui (5]
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3.3. scaffold63 tag &2 QSNP63 FRfERFFIRY TR

Bt BLAST #1 GENEBANK X scaffold63 tag A1 QSNP63 T £ A7 & i b R il 2 kb ()F #7481 %
Eexf, 455 &R scaffold63 tag £ T cilia- and flagella-associated protein 69-like ({55 25 MM T IR &
T E(& 3), AomtidaEFmz: QSNP63 fi7T leucine-rich repeats and 1Q motif containing 1 J:[X 5 8 N &1
(] 4), X H B FERRIEAT O R I AR M T Rt S A RS 2 R (R), T E A T RS R R(R) I &

R (L) P 2 251k
LOC127605001 cilia- and flagella-associated protein 69-like
exon25
scaffold63 ,_- : I
1 768 1147 4027bp
i %scaﬁoldGStag M tHebsth . SR RS OHER R, A& TR R, SME TN S TG & 1A E
bp E7~.

Figure 3. Gene annotation map of scaffold63
3. scaffold63 BYELE T FE

leucine rich repeats and IQ motif containing 1

exon8 - exon9 exonl0 exonll
csves: N -5 T —
1 055 2323 2557 3521 4001bp
¥: QSNP63 i i HLLhr . SMETFHIEEROHER R, W& THBLERR, SMETFRNEFRAGZL LM EH

bp %R

Figure 4. Gene annotation map of QSNP63
4. QSNP63 HIEEEFEE

4. ¥ig

PERRE S 70 TARIC R RS B VR AR B 2R, JUHAE R U VRR B I S YRR s h g 3] T
JTRSH, UndETME AR R AN RN ZE T R R B SR R R e et 1 5, A <ot
F 2 57 FI4ifE R ARt “ ik 1 57 25[20] [21]. 2b-RAD 54 ARALE G e v il S 43 - hRic 7 T B
EXW 71, BAS B ZR dEPE fREA AR S 32 S50 s [13]. PRk, ASEEG LT 2b-RAD i
T 2R S0 By AT I P 2 Atk 1, X T 2 1 scaffold63 tag A1 QSNP63 #EAT 1 EFIVERE, JFAH 2 4
RSB ZR S0 T A 4 FARIG, NG S B AT T M D I S s S BER B e 1 LA

Scaffold63 tag 173 &7~ HAZ T cilia- and flagella-associated protein 69-like {155 25 AN 2T J5 T A
T, HER TSP EE EEAE22], R scaffolde3 tag Hxt cilia- and flagella-associated
protein 69-like {15 MK T- CDS [X AL PR 142 [X 45k _F /) SNP A7 550, {H7R AT fd i 52 L By 32 i % /7 41l
2 W 75— B RIE .

QSNP63 fiz T leucine-rich repeats and 1Q motif containing 1 J£[X ()55 8 MR T, % SNP A CDS
XA AR X ifih SNP, 78 MM D o H0 R 2 ZEBR RS 2 BR(R), 1T PE A B i A 2 R (R) A
FR(L) 2 &7 WFFER A NZE. /NRAINE A leucine-rich repeats and 1Q motif containing 1 X4 1 & 4= &
R 135 2B 4 BoAT SR A1 [23] [24] [25], AR ZRAT/E QSNP63 T4 153 bp HIAL Bk A I
A AN WEE T 4 A TR T 44 A1) SNP V7 15 [26], SNP [ 2 452 15 M7 & _E 550 T leucine-rich repeats and
IQ motif containing 1 £& [ 45 4 A1 Zh AE 1 9481k LA & leucine-rich repeats and 1Q motif containing 1 & 75 /& £k
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S0 Ty 50 A2 16 34 5 DKL 10 o ST At — 2B 9
5. &hig

BT 0 MEREZ S0 T 1K) 2b-RAD Wl /57, FRATT0 g 6 1) 3 AP0l 45 7 23 1B i Scaffold63 tag A1 QSNP63

BEAT T OB RAIE AR, BT SN ER GG S Ve e SR AL T — R Tk, N e 8 E et
NV B

E&WE

Z b7 S kol Rl N 4T[0 o B2 42 s R R K B v R A WA el PPN T e gV

H (202110061081) % .
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