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F it 100%L0 B0, 4 Al 5758 AT 0 i 4 i R
FARCR, (MR S& MMM FRiE, M
KPR AT Y, UL XY MR E RGN
i, AT S XX AR S Dh i fa, K XX O
HIEH XX M sg lie ol 345 a5 1% 59—,
AT XY MR D, K XY oy
XY IE# EASHE, A9 YY it YY Bk 5
EH XX Mitasg Bl 378 i a R, sl
POH S e R R F MO ARZ — . &
G5 £ S 45 ) 7R A 8 A5 T BOR KW R A
LAY, FERIAE Sy, T B S s B T
FRic, TR A A E A e B, A
2018 4F Mustapha 25PHHR 38 T W0 4 4% vk B4
S aTFhrid, I EAEA XX-XY HihlH
ERGE Hrh—XFRic e T Dmrt3 5 SNP F5
it, Wit Sanger I RER 43, I A B HL
FEIT; O3 —XHARicAREY Y YL fk Dmrtl A
Fi 52751, Dt 788 AR TEAE, T AR ic b AR
MR, AREARLX S XY 1YY MAE(Dmrtl-
Marker-1)(F 1), ABHF 5 3 T 4 4% o M i 3 A
HEHE, HE MR k5 Dnrtl 5 H A7
FLIN Dmrtdb R4, MR LAEE OB 245 512,
B R i) s 1P =2 50 4 W v vl Ea 2 1 L/
PAEEST 1 bRl % Sk e v pm ik, B
R 4 A M A o B R A T SE P bR

1 #MREFE

1.1 SEINFARE

ARSI T A B SR T ) AR K AE I
ARG S, 53 IR E R R ()P AL, T
AT BRISE 213 REF A 44kt fa (iR E
150~300 g), FH A 96 P 54 Sk 5 [ 9 1) 8 FH A
12 £H|BEEUHIER

K 100 mg/L Y MS-222 R 4x 4% 10 )5 57 Bl
I G 0 50 M AR A N8 - A i e
24 h, AMEE, YIFIEE S pm, SFAKE -G
A, 6o BMEE (Nikon, HA)AM, Y& 44kH
FAIEN
1.3 E[EZH DNA 2E

S R AR5 R0, SR AT XUk 4R L w2t

JEFEZ] DNA (N1173, ZRBADRH A R F,
HE), i REER S U R AR, KR4 DNA
W BE M 2 50 ng/ul H T PCR 43 o i & 2R
FIG KA 3 h 224y, BN by B aifb 5544, 24
7 S h ot (HIZIAM &4 EUY DNA 4w, R
B, 5F PCR ¥, JoRP ORI, A5
() DNA # i f DL R & 3R B, BbAh, i R A BE S
fti(Danio rerio) F1 4% PCR X7 & (TP-0141T, m#F
B A= B AR A BR 2 \], e ) PRk 4 O P 4]
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H AT AN Y Yk 2P, Dmrtl 76 Y Jefa
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Dnrtlb [ )F AU 73518 79.9% . 90.7% .
75.8%F1 84.1%, Dmtlb AAF7E Dmrtdl 42 F 5 1Y
554112 53T 4 Blast (NCBI-blast-2.2.27),
N4k £ BL PR 20 vh R B Dmrtl 1 Dmrtdb 25 51,
SR J5 | HH DNASTAR %X {f: (http://www.dnastar.com)
MegAlign F2J7 1775 2 8 XS, MG HXT4h
FIFl Premier 6 ¥ IT 3 X B AR ic 5 W)
(Dmrtl-Marker-2-F2/R2 . Dmrtl-Marker-3-F3/R3
F1 Dmrtl-Marker-4-F4/R4) (£ 1, K 1), 51¥%H E
WA T A TR R A
1.5 SRR SIWH PCR Rl FI8iE

KA 3 M 3 M4 R A B E B T M R
1%, i 2xPCR MIX (P2011, J7 N R BEA:= MR+
BIRAH, HEHFIT PCR ¥ 1 PCR WL -
94 ‘CZ5PE 3 min; 94 C 305,60 C 30s,72 C
1 min, 37 MEF; HJ5 72 C § 4% 10 min, PCR
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Tab.1 Primersused in the present study
FL A gene 5|9 primer J¥%1 sequence JFrBER/IN fragment size
Dmrt3 Dmrt3-Marker-F ACGAGAGCCTGGAGAGCCTCAT X and Y: ~543 bp
Dmrt3-Marker-R TGCGGCACCACTGTGTAACTGA
Dmrtl Dmrtl-Marker-1-F1 GAAGGCAGCAAGATCAGGAGGA X: 0 bp
Dmrtl-Marker-1-R1 CAGCAGCAGGTCAGATGGTTCC Y: 3081 bp
Dmrt1 Dmrt1-Marker-2-F2 AGGTTATACCTTTCTTTCAGCTAGGTTA X: 0 bp
Dmrtl-Marker-2-R2 TGTATTCCCTGTTTCACACCAC Y: 1064 bp
Dmrtl Dnrtl-Marker-3-F3 GCAGCTACACACACAGGTTTTC X: 1117 bp
Dnrt1l-Marker-3-R3 TGCGTGTCCTTGTTCATGGC Y: 1003 bp
Dmrt1 Dmrt1l-Marker-4-F4 TCAGAGCACAATTGTTAGGCAAAGTGAAC X: 593 bp
Dmrt1-Marker-4-R4 TCGCTACTTTCACCAATACAGCATGA Y: 693 bp
Frig3 FRid2 Fricl bric4
marker-3 ATG marker-2 marker-1 TG Amarker-4
F3 F2 ¢ R3 R2 F1 R1 ¢ F4 R4
—-> — < <« —> < —> <«
= Raawa
11 12 13 14
ATG TGA
Dmrtlp ——— El 45—/ - E4 —
11 12 .
Bl 1 48k Y B X Qe afk F Dmrtl/Dmrtdb 56 454 7R 52 18 K 4 SR B EE S bR 4o 2 12
Fig. 1 Schematic representation of the Dmrtl/Dmrtlb gene structures on the Y and X chromosomes of spotted scat

(Scatophagus argus), showing the location of 4 pairs of sex-specific markers
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aifbf5 5 pEASY-T3 #44&(CT301-01, dtiie4:
EYHARGIRA T, hE)ERE, &8 YR
DHS5a K MAAT B Az S 4, BHE 5e e 2% il A
TAEY TRARMT, 751K Lasergene v 7.1.0
AR X538 o [RIES, SRATLA Mustapha 26T 4 1
SNP #ric(Dmrt3-Marker) il Dmrt1-Marker-1 #:i
St i AL Y Dmrt3-Marker 373 72 5%
A TAY TRA RN, #id SNP %E B
5. Dmrtl-Marker-1 §73% B K, 5 LRy
Wa Mg A AN, TEUL Jiang 241261
16 AEMEFHESREEEEINEE
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FE, BEE 3 AR HBERERAY) 213 B4 Mt
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i1t HE Ye @i, st 5 it Mustapha 2524
JF % %) SNP #7530 (Dmrt3-Marker) %5 .
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ZRA BT AR B Sk AR R, 4 I BEAL
HEHE 400~500 J&, oA AR, I 55 HGH
g, WM Z 5 IE 5 IR0, AN 4w R Ak
o SR FHBE S £0 T 4% PCR 3277 £ 41 B 45 FL [ 40
DNA, FI B M5 5 53 Fhric 45 e st L 1
Sle AEREIRE AR EZ (means+SD)#E
/R, JFRF SPSS 18.0 #H A7 S7 A AS TG40, 3
PR R P=0.05,
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21 R RARICIEIE

FHF e MR S hm i i) 3 i 3 M4k
FRAVVE G PR B ) % e, st il B
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YoE, BRERY 6 RaBRAMEN S &
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(K 2, Kl 3), XFFrizitmy 3 X4 F Dmrtl/Dmrlb
PRI RIS [ AT, 45 R oK, Dmrtl-
Marker-2 {X7E XY AMAY 3G — 2540, @it
TEREI T B R KB R 1064 bp, A Y Y iREES A
B, Dmrtl-Marker-3 £ XX MAEP 38 H o — 577,
1117 bp X Qe fik B, fF XY AMEY 14 W

254, 4392 1117 bp X A1 1003 bp Y Y A f4 F BE
( 3), Dmrtl-Marker-4 7£ XX MAY 18 H— 447,
KN 593 bp, b X Yeaifhe i B, 78 XY MK
PP SAE, 4350 693 bp X YL A H 593 bp Y
yeta K BB (18 3), Dmrtl-Marker-4 §7 411 X 44,
PREES TR T Y Y R T 5 A B2 6k (K 4).

FEHL testis

2 PERRE S SE S B R )
Fig. 2 Phenotype sex identification of spotted scat
(Scatophagus argus) by histological observation

3§ & & -

M 2 ¢ @

M bp

Fricl
markerl

Frig2
marker2

PR3
marker3

S NI oI 2 o i T TRy e o s S i by e o |

M: DNA Marker; @: MfiPE; & MetE; - BAPEXTHR.
Fig. 3  Genetic sex identification of the of the spotted scat
(Scatophagus argus) by sex-specific markers
M: DNA Marker; Q: Female; &: Male; -: negative control.
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Dmrtl-Marker-3 fil-4 A [R]H} X 43 XX, XY F
YY ME, Bohdt g EfRid, {H Dmrtl-Marker-3 4
B X MY Je o 5 B, KT 1000 bp, %A

21 DNA Bt i i 2K 5 5 . Dmrtl-Marker-4 473
1y XA Y Jetn i BOgR, JoRs e BOsCK I SRR R A
B, L4 0 f a) L P AT S5 st A R, AT
P E G R s B MR 25K . Dnrtl-Marker-4
FRICYERE 3 /AN [ i B R A 4 % £ 110 38t A% 14 1
SRR, PrAMEfA D Jy gt 593 bp AR — 5%
W, BT et G Y 593/693 bp BB (A 5), [A]
i, Dmrt3-Marker 1 Dnmrtl-Marker-4 28 2 45 3R —3¢
(F2), PIXTRIC YR A A& 5 R M5 100%
W4, #2M Dmrtl-Marker-4 7EAS R B A Pt B Fa
FEPEFNE HIE, ATz T AR st e MR A e
2.3 [RiE DNA REUXFIE A FiEEHNEE

2 ML A RS2 EL DNA SR . Bim i,
(AL PAHXT 250 3% 71 (i F Dmrtl-Marker-4 Fric
P10 R B/NT 1000 bp, AN E 4k faast i,
Jorr Kimalifm . B AR ZH DNA #itl, AR
FPeE DNA $#2 807 S bmEE2lifbn) DNA A%
M, MAITTT5 2R R FAS . Dmrtl-Marker-4 5 14753-%1)
PAE R RNRE S 0 F i PCR a7 G ik 4 UL [
20 DNA, ZEY HERHCRARRL, S rTAR G 45 i
HRI(E] 6) HERFRIA F Bris iy L 4] DNA Btk
7] F T Dmrtl-Marker-4 % 7& 4 4% 0 Bl s A4 5 .
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K17 bp
Dmrtl-Marker 4-F = deletion 17 bp
ChrY: "AC, GC 1 "AGAAG AT OO Y. TACAAAATAATGATATT VYOS S U UNINCC S : 100
Cor X, (OIS TTAGGE - AACTTC AATECCCAGAAG CCAA A TAACCCTTTCTCCCTTIEE]
54 bp
deletion 4 bp
ChrY: YN YCATTATTTAGATACAGTGAACTT TCRRALY,
ChrX: & Alsa TTATTTAGATACAGTGAACTT TORRRL)
527 bp #EAL bp
deletion 27 bp insertion 1 by
Chr Y: [NV ®LGAAT AT ATACAGAAATCACTGCTGCTGT] UTCA A G NAA WTAU‘GT A m : 299
Chr X: LHMMVINCORY - o an AlCSCACETGLEAA Al GrTﬂA Ragd TCA ; 252
{285 bp 5%953 bp
deletion 5 bp deletion 3 bp
ChrY: T AGTI§GTUAGE]] TGGTC 1A [GAT 399
Chex. mﬁéﬁ?ﬁfﬁ%ﬂfnﬂ%ﬁﬂo -d*ﬂ o R e s
#2R9 bp k6 bp
deletlon 4 bp deletlon 1 bp deletion 9 bp deletlon 6bp
ChrY: G G €T CTGEY: T AGAE, A O(J TT] CT CC : 499
R 9%21 bp %9%4 bp
deletion 21 bp i
ChrY: S%XGEQT TTGTGGACTACCATTT 599
Chr X: ISV TINGCTIMY - - - - -« o cmmmmm e - 2 : 499
ChrY: IJXSGEE GECACACCTTAAAGCATICCCAGCTTCATT€TCTGGACCATAATT TACTCAATGAACATCATGCT GTATTGGT GAAAGTAGOGARRN K]
ChrX: & SCACACCTTAAAGCATECCCAGCT TCATTETCTGGACCATAATTTACTCAATGAACATCATGCT GTATTGGT GAAAGTAGCGAREET%]
h Dmrtl-Marker 4-R
B4 PERIFEFFRIC Dmrtl-Marker-4-F/R 973 1) 4 8k £ SR 241 DNA Jr BT 51 st £
PR FIIR €835 357 53 T 3RS AR S RS Sl s
Fig. 4 Sequence alignments of spotted scat (Scatophagus argus) genomic DNA, amplified with
specific primers for Dmrtl-Marker-4-F/R
Black ang gray background indicate conserved and different nucleotide, respectively.
M 2 2 2 2 22 22 2 3833 3 38 3 3 3 & 3 &XXXY - M b
. 1000
Zhanjﬁrffg 750
500
y 1000
Jeig
Beihai 750
500
Brifg 1000
Zhuhai 750
500
El 5 Dmrtl-Marker-4 £ 3 /AN [RI R4 4 8% 40 ist 1514 5]
M: DNA Marker; -: FAPEX} IR,
Fig. 5 Genetic sex identification of spotted scat (Scatophagus argus) from three populations
using specific primers for Dmrtl-Marker-4
M: DNA Marker; -: negative control.
®2 3TMAEEGEKEREBRNEEENERE
Tab. 2 Genetic sex identification of spotted scat (Scatophagus argus) from 3 populations
4y FHRic molecular marker 4t Beihai VYT Zhanjiang ¥ Zhuhai
Dmrt3-Marker-F/Dmrt3-Marker-R 399 (399 : 04) 309 (302 : 04) 379 (372 : 08)
513 (09 : 518) 143 (09 : 143) 428 (09 : 428)
Dmrt1-Marker-4-F/Dmrt1-Marker-4-R 399 (399 : 03) 309 (309 : 03) 379 (379 : 08)
518(09 :513) 143 (029 : 143) 423 (09 : 423)
TR R /% accuracy 9 100 9 100 ? : 100

4 100 4100 34 100
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24 MEFESEKABEEERKLER

K I BE D0 14 PCR a7 & 312 B E A 41
DNA, Jf3 M 54 bR il Dmrtl-Marker-4 i %
BT RIFEFRIE 1 R0 XX €A 202 B, XY HEff 255
FE, WEMEB A 0.79 1, XX MEfAK 9.2~15.1 cm,

Rk

column method

B o HHPCRIZHI &
Zebra Fish Direct PCR Kit

M Q2 ¢ ¢ ¢ ¢ 43 38 3 3XXXY - M

SEH712.2 cm, KH 51.8~180.5 g, K14 107.8 g,
XY Hefafki 8.7~13.1 cm, 3 11.3 cm, (A&
30.8~156.6 g, V-1 84.7 g, XX R FIA T # . &
T XY MEP<0.05), Hif XX PR EH XY
5 27.3%(K1 7).

bp

1000
750

500

K6 HExUEFIBE D fh F 4 PCR X & 2 U DNA HI T4 Bk fhist A% 1 1) 368 i RCR L L
Fig. 6 Comparison of sex genotyping effects of the DNA extracted from spotted scat (Scatophagus argus) by
column method and zebra fish (Danio rerio) direct PCR kit.
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W female £ male

K7 IR IRAE 1 1% B A A S LR
ATRIING “ERE 2 7R MM f 22 ) A2 7 B 25 22 57+ (P<0.05). Mfifh 202 2, MEfl 255 )&, X +SD.
Fig. 7 Comparing of the growth performance of one year old spotted scat (Scatophagus argus) cultured in net cage
Different lowercase letters indicate significant difference (P<0.05) among female and male fish.
Female 202 inds, and male 255 inds, X £SD.

3 it
KRR IR O M EE A TR Z
o PR MELEHEEREN ST, i
T () ) A A R R AR RN 22 AR R, R A ™
A T T4 I T R v R AL S o L
181 B A AR SR — O B B HER
e A A M )R A PR A R BOR 1 B A
—, PEIIRE 5 BOE B0 2 ARG AR S A
EEFB . AWIRIFE T &t e 5 i 3t
SRR, HESE Tl PCR s % a2 it A4 1 )
(7, AT ARt M I il 7 b b it B A
PR GE AR SR BB AR, 52 MK
()M ) e 5 43 Ak 43 BIL TR 93 R — A ol
S TE B LR A P2 () JE2S 20t ek S ke 54y
TR 5E St 2 it L 2 T Rl e pF s A . AR

Sk, A 28V S 4 F AR 0 T K G TS
o R R B S AR IO R T & LA SE R
RFLP. RAPD #l AFLP il SSR 5 F-EBeoh £, i
Aok, FEPRALIN AR 1z AR K sh )
B TARICIT & WA R SE R I, 78
Je B W EEY | i Hypophthal michthys nobilis)*! |
P (H. molitrix)™ e it 32146 41 25 v i 6 2
MEB T FhRid . FEIER AN TR S % 5
P, AR AR, (H— BT B AR £,
HE AP BE 5T B & 5 bR I 0 i 4 1 1% 5 A 1k
B P E X 6] o A 4 K 4L By, 7E KB £
(Larimichthys crocea)?®®!, Bg 75k 5t I
BRI % HE£8.(0. aureus) R ) T B4 4
Fhric o AL P A E P vk SR LA G kK7
(10 325 DR LR SRy S, 0 e A 5 300 R B R
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BOPH G, 30 3 R B VR 5 52 AR 43 A 5 i ]
%, P AR TE AR SR SR, AT AESE
PEYL AR T 51 434k o FE T v 3l 0 SR 0 43
FARIC I TR e A T A R
3% B ) 43— T AT A A R M i) e R A
PR BEELRN, W) A ) ke DR A A A
MEER o Finid. SHFLEMS AR, MK
P P S R Lo Fh 2 RE DY, FEd o2, ik
B FE RIS H— g AR SF I, filan, 5 Fh i ke a2
(Oryzias) MM e FE Nl Dmy™Y), feil, %
B 4 5 (Trachinotus ovatus) B8 5 [5] Bl 1Y) & 174 i
(Seriola dumerili)AH [R] g PR B e X 35k, e ATk
kB X AR A Hsd17b1 R P81 [y, )
FHE 2% 2 R0 A 1) e o e DAY S0 ) e o e i
R & M SRR 5o Fhnid e — M s s o BEAh,
BRI UE M A P 5 oA i T ORI R R R S
PER B, A2 — R PO I & 5 = 4 il

BYENS~10 mgfR#E
collect 5-10 mg caudal fin

100 pLAN IS
100 pL cell lysate

e
}65@, 30 min,
§

4 uLEE AEK
4 uL proteinase K

%¥E: 95°C, Smin

inactivate: 95 °C, 5 min

B.L>: 12000 /min, 1 min
centrifuge: 12000 r/min, 1 min

¥e5149): Dmrtl-Marker4-F/R
specific primers: Dmrtl-Marker4-F/R

PCRZ R4

PCR reaction conditions :

1 94°C 3 min

2 94°C 30s (
3 58C 30s } 37

4 72°C  1min

5 72°C 10 min

6 12°C 10 min

BUIBMEEER LYK 120 V, 20 min

agarose gel electrophoresis: 120 V, 20 min

l

Ve

-

. take the supernatar

SRS o N, 7E ¥ I £ (Nibea albiflora)H, #iff
N BRAIESE Dmrtd 50 ) s e B0 Mg
i ST AR RS R P BRI ) e i 5 0 A A S 3 R
B, &8RS0 0 Fhrd st R TR
SELHAAEH Dmrt3 H1 Dmrtl S i A S L,
T 52 BOPE SIS S o TARIC S 40 Bt 0 5 H R
WG B2E ik R, 2 PERIRE 70 T
Fric i oK B4

TEVERR 57 DmrtL J2 4 88 A Ml pe e g I 1A,
T AT AE % 3 R X ST & M s 5 o Fhmid . AR
BRACHESCE DIrtd 36 K o] T 2 FEHIAE 5240
brig, XEFRICFHRIEE £ m EE XXUXY %
WP E RS, 5 Mustapha ZPULER 3 5
Mustapha 25 24238 (1) SNP K704 L, ABFSETF %
AP AR SRR iC A PCR P28, fRAJ7E 3 h
PN 58 i 4 B FR st A5 PR I 4, T YT 2 B T) RN AR AR
(K1 8), Zbric il o &8t T hnic 4 Bh & Fp e fit

=
1=
£

Z

Tysate DNA#E{30 min
DNA extraction 30 min

BB

J

2xPCRIBEH ~
2xPCR mixture

> PCRY" #4120 min
PCR amplification 120 min

LKA I30 min

electrophoresis 30 min

;

Bl 8 4k st e Mo DUk 42 % AR

Fig. 8 Flow chat of rapid identification of genetic sex of spotted scat (Scatophagus argus)
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R, WS mvE Btk E LI RE . PR
o AR i A 5 i 53 29 Bl

ORI R R M R L RE R 5 B & R
XY A ) 398 5 Ay o, (L 35 2R RN Y A AT
MRS S XX AR e m ) XX A4
EAGES S, WTHREEH T XX MAELZ Dmrtl &
., 78 H AR50, Latipes)*?, B o fa S jg &
R a5 A Drtd #8252y e 1 M 1 )5
T, U Dmrtd J& 0 2 0 oAk 3 i 7 Bk
o &R A XX M Bl = HEME T B9 Dmrtd, BT LA
AFERER XX thifif, X024 8maeMibn
FhES B HOFOMR S, mAF5M . AR 1 48
e M £ L f A K 27.3%, 3 5 8RO
BN T SMT 148 a4 K i
Mt 30% A4 B4 R EEAR —3, MinzE Rl
ST RFR AT B [/ —HER A 4 e,
WA it AR R, RIAFAE L B
PETH I A KA 2 (8], BLAh, HEfa HoA PR
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A rapid method for genetic sex identification in the spotted scat (Sca-
tophagus argus)

HUANG Yang, HUANG Yuanging, DENG Qiumin, MUSTAPHA Umar Farouk, PENG Youxing, LI Guangli,
JIANG Dongneng

Fisheries College of Guangdong Ocean University, Guangdong Province Famous Fish Reproduction Regulation and
Breeding Engineering Technology Research Center of Engineering Technology Research Center, Zhanjiang 524088,
China

Abstract: The spotted scat (Scatophagus argus) is a valuable fish species in the southeast coastal areas of China.
The female of this species grows at a comparatively more rapid pace than its male counterparts; as such,
mono-female fingerlings may be used to improve production. In a previous study, the spotted scat was shown to
possess an XX-XY sex-determination system. The truncate Dmrtlb and normal Dmrtl are located on the X and Y
chromosome, respectively; the male-specific Dmrtl is the candidate sex determination gene. However, the lack of
a rapid and accurate sex-specific marker has hampered the establishment of sex control during the breeding proc-
ess, and investigations of sex determination and differentiation mechanisms in spotted scat. This study designed
three pairs of sex-specific primers on Dmrtl/Dmrtlb according to published male and female genomic data on
spotted scat using next-generation sequencing technology. The sex-specificity of these primers was validated using
the polymerase chain reaction (PCR)-amplification in three male and female fish. All three markers were able to
amplify the Y chromosome-specific band or the X and Y chromosome-specific bands. One pair of these primers,
the Dmrt1-Marker-4-F/R, are a pair of co-dominant sex-specific primers located on the 3’ untranslated region of
Dmrtl. A single 593 bp-X chromosome-specific fragment was amplified in female fish using the
Dmrtl-Marker-4-F/R primers, while the 593 bp-X and 693 bp-Y were specific fragments amplified in male fish.
The Dmrtl-Marker-4-F/R were subsequently tested in three different geographic populations of spotted scat (213
tails in total) from the South China Sea; the results of the genetic sex were consistent with their phenotypic sex.
This sex-specific maker confirmed that the spotted scat possesses an XX-XY sex-determination system. It also
implied that developing sex-specific markers in the sex determination gene or candidate sex determination gene
region is very effective. In addition, this pair of primers was able to amplify shorter length deoxyribonucleic acid
(DNA) fragments extracted by a rapid DNA extraction kit. This study establishes a time-effective and straight-
forward method for rapid genetic sex identification in spotted scat, accelerating the development of sex control
breeding in spotted scat. However, the XX fish lack Dmrtl, critical for testicular development and male reproduc-
tion; this means it is impossible to reverse the sex of the XX female to a functional neo-male and as such, a ge-
netically all-female fingerling is currently unavailable. As the phenotypic XX-female is irreversible, it becomes a
new bottleneck for the sex control breeding of spotted scat. The growth comparison experiment demonstrated that
some XY male fish were observed to be growing at a more rapid rate than some of the XX females; the XY spotted
scat is sexually reversible. This means that selective breeding and sex control technologies may be combined to
produce fast-growing all-male spotted scat in future.
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