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Fry of Nile tilapia were treated with estrogen
for producing sex reversal female

(XYA $)

L

Neofemale (XY %) mated with normal male (XY 3
(25% XX 2 + 50% XY & +25%YY?Q)

)

Identify neofemale fish

(XYA #)

Progeny
testing

|

Normal female (XX £ ) crossed to supermale (YY ¢)
@l Xy s)

¥

Identify supermale fish
Yy 3)

Progeny
testing

treated with estrogen to produce

YYA$)

Fry of neofemale (XYA\ ¥ ) mated with supermale (YY &) were

sex reversal supermale

Sex reversal supermale (YYA %) mated with norma
male (XY 3 )
(50% XY 8 +50%YY?D)

Identify sex reversal supermales

YYA %)

[
Progeny
testin

2

Sex reversal supermale (YYA ¢ ) mated with

Progeny Identify all supermales
testin (YY)

supermale (YY ) (all YY 3)

(all XY ?)

Normal female (XX %) mated with supermale (YY 8

Fig. 1

P BRI o G AR AR R o T R I
YYAQ) BIEF MR (XYD) i mEBE T
R HEREPELL « F&RITHIE - HERELLEL 12 3 B
FE 2 B S RIS 10096 HEERS > HI
FMEmEEREA YY 308 8k 1 A
(YYAQ) « HEREERER 1 2 3 W& TR XY S ERER
XYAR) »

(T0) BR3% YY SR (YYA$) B VY iBif
T e

YY BEHER(YYAR) (step-3) B YY HEMEME:

A (step-2) ABCEIAMI T A B MR REIE

B YY B> PRI R BLIE H MR (XX Q) &hC

BUH < S E Ry USRIV SR TR 1 A
FEARBE N -

RERF &

) Mass production of all male fry
(XY )
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B (YY) ERRIRORE LT ANEE 73

Table 1 Progeny testing for sex reversal XY female
No. No. of progeny tested Female/male ratio of Pvalue
Female Male Total progeny being
1 298 397 695 1:1.3 117.88
2 102 87 189 1:0.8 85.66
3 46 66 112 1:14 15.43
4 240 280 520 1:1.2 124.11
5 118 314 432 1:27 1.24*
6 191 208 399 1:1.1 111.04
7 88 304 392 1:35 1.36*
8 165 320 485 1:19 21.01
9 91 183 274 1:2.0 9.85
10 229 635 864 1:2.8 1.04*
1" 399 473 872 1:1.2 200.37
12 495 688 1183 1:1.4 178.98

*No significant difference from a x” - test against 1:3 sex ratio (female/male) at a 5% probability level
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Table 2 Progeny testing for sorting out the YY supermales

No. of progeny tested

male ratio Female ratio

No- Male Female Total (%) (%) xvalue
1 630 60 690 91.30 8.70 470.87*
2 375 318 693 54.11 45.89 4.69
3 376 313 689 54.57 45.43 5.76
4 165 229 394 41.88 58.12 10.40
5 752 128 880 85.45 14.55 442.47*

6-1 156 8 164 95.12 4.88 133.56*

6-2 343 12 355 96.62 3.38 308.62*
7 124 78 202 61.39 38.61 10.48
8 86 113 199 43.22 56.78 3.66
9 112 71 183 61.20 38.80 9.19
10 77 21 98 78.57 21.43 32.00
11 43 39 82 52.44 47.56 0.20
12 56 68 124 45.16 54.84 1.16
13 127 33 160 79.38 20.63 55.23
14 276 225 501 55.09 44 91 5.19
15 303 273 576 52.60 47.40 1.56
16 63 47 110 57.27 42.73 2.33
17 159 28 187 85.03 14.97 91.77*
18 842 28 870 96.78 3.22 761.60*
19 45 17 62 72.58 27.42 12.65

*No significant difference from a x*

BEfE > HEE 2 11~ 13~ 21 K% 23 &8 5 (RO
RIT{EED/ MR 3.48 (p>0.05) » AR XY 881k
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- test against 1:1 sex ratio (female/male) at a 0.1% probability level
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ARIERRE ~ MELESRZ ARy 10 1 - RERHE
Z XYY [EMEfBERGE 32 BT Mm » AERAN
Table 4 - fif5 32 EEAmIHI A A B0 AR AR FFUHEMELE
BITE 88.14 ~ 100% [t - RG{EIFEL 11 1 HHE(H
HIFHREE R (p<0.001) 7] RAgHIfELA R
5 XY BUAYlfEfs - Hg 29 BAREE R
91.88 & 100% [ > f 23 BREEMEHAIER
95% » 7 BFREEME R 100% o ZEBRiHlE it
M 22,336 |2 » HirhfEfs 653 2 ~ i 21,683 &
HEPELEE Ry 97.08% - BEREIEMELLRIE S - FFEAR
kB R A S LU e et 2 E AL

FIFR Y'Y REHE: £ P BT AR

ZAREL - BR 1] DR R AP AE R R S
AIEFE IR PR R AR AR A T Ry - SERG
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Table 3 Progeny testing for sorting sex reversal female supermale tilapia

No. of progeny tested male ratio
No. o Femle ratio (%) x*-value
Male Female Total (%)

1 378 0 378 100.00 0.00 126.00**
2 199 85 284 70.07 29.93 3.68

3 88 9 97 90.72 9.28 12.79*
4 1064 0 1064 100.00 0.00 354.67**
5 755 16 771 97.92 2.08 216.10*
6 931 14 945 98.52 1.48 278.77*
7 39 1 40 97.50 2.50 10.80*
8 589 2 591 99.66 0.34 191.70*
9 339 4 343 98.83 1.17 103.92*
10 309 151 460 67.17 32.83 15.03
11 338 127 465 72.69 27.31 1.33
12 726 330 1056 68.75 31.25 22.00
13 273 79 352 77.56 22.44 1.23
14 103 189 292 35.27 64.73 245.77
15 401 29 430 93.26 6.74 76.43*
16 312 75 387 80.62 19.38 6.52
17 565 0 565 100.00 0.00 188.33**
18 619 0 619 100.00 0.00 206.33**
19 496 16 512 96.88 3.13 130.67*
20 356 65 421 84.56 15.44 20.52
21 384 134 518 7413 25.87 0.21
22 436 98 534 81.65 18.35 12.59
23 43 16 59 72.88 27.12 0.14
24 67 7 74 90.54 9.46 9.53*
25 182 103 285 63.86 36.14 18.86
26 229 185 414 55.31 44.69 85.57
27 609 310 919 66.27 33.73 37.37
28 693 9 702 98.72 1.28 210.62*

*No significant difference from a x? - test against 1:3 sex ratio (female/male) at a 5% probability level

**All males progeny

B B RRFR BN Mair et al,
1995 ; Tuan et al.,1998, 1999) » S& 0] DIAS 0 H 1245
TV R A M A AT M TR AR RN
S SR R AR A N R o SR AT RR e RS
7R ~ ARHEHRASCR ~ Mo 2 AR ~ s fe iy
et =) ~ BEIAR A B B R A IR BT R R M R

FERIRF SRR - ME— BRI A AR g S
TGS XY MEFUR YY MR TR
RIS RIRZ 57T > AEAESER— R YY FET
& > BRI DN R HEE MM M F B YY
MR IR AU B AR FERE R f > SR
R EE SRR Z AR (Mair et al., 1997) -
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Table 4 Progeny testing of mass production YY supermales offspring

No. of progeny tested

No. male ratio Femle ratio value
Male Female Total (%) (%)

1 145 0 145 100.00 0.00 145.00*
2 842 28 870 96.78 3.22 761.60
3 393 3 396 99.24 0.76 384.09
4 155 0 155 100.00 0.00 155.00*
5 658 0 658 100.00 0.00 658.00*
6 282 0 282 100.00 0.00 282.00*
7 577 29 606 95.21 4.79 495.55
8 833 98 931 89.47 10.53 580.26
9 535 72 607 88.14 11.86 353.16
10 818 18 836 97.85 2.15 765.55
1" 906 5 911 99.45 0.55 891.11
12 905 8 913 99.12 0.88 881.28
13 605 68 673 89.90 10.10 428.48
14 962 8 970 99.18 0.82 938.26
15 1179 19 1198 98.41 1.59 1123.21
16 895 34 929 96.34 3.66 797.98
17 734 26 760 96.58 3.42 659.56
18 632 48 680 92.94 7.06 501.55
19 963 0 963 100.00 0.00 963.00*
20 439 13 452 97.12 2.88 401.50
21 453 48 501 90.42 9.58 327.40
22 697 8 705 98.87 1.13 673.36
23 913 19 932 97.96 2.04 857.55
24 398 6 404 98.51 1.49 380.36
25 1302 0 1302 100.00 0.00 1302.00*
26 498 44 542 91.88 8.12 380.29
27 639 27 666 95.95 4.05 562.38
28 733 11 744 98.52 1.48 700.65
29 597 2 599 99.67 0.33 591.03
30 1034 0 1034 100.00 0.00 1034.00*
31 383 4 387 98.97 1.03 37117
32 578 7 585 98.80 1.20 557.34

Total 21683 653 22336 97.08 2.92 19800.36

* No significant difference from a x? - test against 1:1 sex ratio (female/male) at a 0.1% probability level

**All males progeny
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DIAEm7EdR - ORI ML OEE IR e 25
b » TEAEFE RS T 40 L ITARAT T AR F i B i
RO R TR - SEREEREHRY > I H
FBLYY e FORT DU 1 1 B8 T 1 2 52 A
T [FEIRFERE N (Yamamoto, 1955; Scott et al.,
1989; Bezault et al., 2001) - Melard (1995) f#
170-EE JZBRBXA A SR 2046 - B H100 ~ 200
mg o SHAETEAE 40 K 155 93 ~98% MyMEME
HHRUHIES Ry 53% B LER Ty 40 ~ 45% ; Ridha
and Lone (1995) L1100 mg [y 170-EE FEEHO.
spilurus » FEREIEER 42 K - 155 92.23% HIMENE
#4 ; Vera Cruz and mair (2000) [Adiethylstiboestrol
(DES) 500 mg F| SR EfERI A > 10~ 15K
AR LIS E] 90% DL ErysfEME R - REEFEH
170-EE » AT ERHRERIN 100 mg AR & -
HIE 2 ZG#EE 60K - AW AT
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HEME FIRFERE YY HEMEFARE M XY Mtk
W - H YY B #ALE MR 531k (sexual
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(testosterone) » [K| LG A #EABA AT R A ME M 3R A A B e
e o A REBEIFE KRR LT e (Vera
Cruz et al., 1996) - REEE(E XY HEMEFARTEIERR
BIFGE] 96.34% MMM R > BLESIGGRE Fusy - 38
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YY JEfELRE A 20 K AR E] 459% K
64.1% B PERER > R 15 REE RIA 31.3%
Je 50.8% HUEEMEMES - H 500 mg FRER 20 K
HUREREEAGAESE YY HEMEFRATEERSIR 46.88%
FESETE o (B pER SR XY HEMEfIR TR - BR
SRFL s DAIMEVE st M s 2R & ~ R PR A DA R
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TP AR L B XY HEME 5 HL
Jt (Herrera and Cruz, 2001) » [K|EEEEYYHEM: A
HUSAE T REZE S FMETT - DR L - &
R — P8 - AEBS RIS TERRE - FE
e B S A S A AR - TR L Ho Al

EYIRBCCER R AR EREE - DUE—S 5
e

G BE A E  POR B R+ 2R AR I £
XYAQ) 1Y 12 fHAZECAER (Table 1) » £53%HMHE
BRI N HH E R B R (XYAQ) ~ H4
FUE R IEFE A (XX) - XYAQEXYI R T
R 25% RYYYEEIEMEF (Table 2) » XYAQE
YYSRZEL i - XYELYY BUAYHE F i — =
(Table 3) » 534h YYAQ B YYS& REHTL
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HHfEfE R any gt fy XX-XY SR/#f - 1 Hi
NOYY FEEEVE RO DU HIE SRR T B R
XY MEfarHE - etaigthn] DUEHE 08t o S8
RONEUR XY BL Y'Y [T DU P M SR8
1 H AR ST DA AAZEDE (Table 1 & 3) - #5IRERL
DAEwtgev & - YY AEEREEE —Ry1
170-EE 384 Je 1 AR T B (AR - [KIEE
Y'Y 4 7 AR AT DU SR 78 SR 20 A P R E [
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et al. (1989) k. Mair et al. (1997) tHEREY FtE ik
TEEREREE (YY) AMER AR E TR
Fav o 38 A ISR FERR ] SR B SR TR R E B
il - Table 2 ;2 YY #@MEMEFAEGEIVREIR -+
TEVELEBIAE 85.03 ~96.78% [ » ARIGFE] 100% [
PEFaH] - Table 3 Ryl M FR BREERSIR - 40
TERARIIS 2 B e i B e £ - EL I EE
£ 90.54 ~100% - {H 14 BrilF 4 BRAASE
5] 100% HEMETC - RIRARERAE - T

Table 4 Ry KEAE YY HEHEMERA-FHE
SRR BTSNy YY EREMEf B E
LEBIRy 88.14 ~ 100% Z[H - 32 fHAACHAE
7 REEEMEELHI R 100% o 38 Lo RARRE R IEAERZL
S IEME ) R E M G e B — P R E K 1Y
PE (D2 BRI Mair ez al. (1991) FEa
HUREIR » AR R M R E 2 B HARAL T 2081
FUFE (paternal and maternal effects) [z ERIER T
LR THIIA - Tuan et al. (1999) FABERTREE
Ry R FR A - MEME S LR e B IR R 722
¥ B AR BRI FUE - ST
TR ERR TS ie RSN - RN 2B ERe
TEEMRASRIFIESE A2 - YYRMEE B TR o
B A FCAR 7O - HETE BN R SE BT &
— R MR E R RE AN E) A B 722 AR
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differentiation) B¢ 2 H #2225 B E  (sexual
determination) RI[¥ARHEH °

Beardmore et al. (2001) W5 Y YEHEMA
HYAAE T DU ¢ (a) e il £ B — gy I £ 2T
XYAQXXYJ) e (b) Mgt Bl achic
XYAQXYYE) SFRatHafl 7ikEmEmsE - H—
fist IE 1 SRR T SR Y Y R 1 £ R P L8
SRR o AR R Y Y MM fa B2 EE— %
TEME SR ERET AR » FHEEERRISE] 100%
TV - RSB AR AT A AU M LR
{EFSFFERAT LI - THERUR T TERERFRFRI R Ik
SERSHIEIRERENE - RE I A BRI L BB I okEsR
BH (Lee et al., 2004; Cnaani et al., 2008) - 45T

P e B FRFEME IR E A R A e e T e A A
(autosomal genes) (Avtalion and Hammerman, 1978;
Hussain et al., 1994) ~ ZXEEMERIHSE (polygenic
sex determination) ( Shelton et al., 1983) ~ ERiZ R %E
(Conover and Kynard, 1981; Mair et al., 1990;
Baroiller et al., 1995; Abucay et al., 1999) DIIL
LR TFHEMEFRASSE (Bulmer and Bull, 1982;
Baroiller et al., 1999) - HuTHIMEE T RS HE
HEwBERERF AR 2L (Baroiller and
D’Cotta, 2001; Tessema et al., 2006) » It
Baroiller et al. (2009) e S ZR IR E
P R BT R A =BG+ (1) R 2EhE e
IR BN e s 5 (2) FEEEHI/ AT A AR
JE&E - DUk (3) BRRA BE S - 2L [R5 R -
(] A B e TIT DS/ N PRI T 8 e ik
WEHE YY MR RYBETELES] (Tariq Ezaz et
al., 2004) - 18 B JE e S 2P F R B A e Fa (A S
HEAFR (Mair et al., 1997) FFESE— S ZEELE K
L BB -

HAET YY A2/ R S8 50 5 1 fOa B Bl
WA ZETHITERYEH] - Mair e al. (1997) E5ERIHILL
B AR T A e e s SR B0 Fa e Ik e - SRR
51 95.6% ; Beardmore et al. (2001) AIWFFEISE
PELEBT Ry 96%; Jordaan (2004) DU = HETaSeEifR
Btfoeita - 52 94% HEMETR; AREEELL
JERERFBFAMERARTE - KRG T HRUENEEL BTy
97.08% » BRDATERYRFZERE SR = - WFFEEER - A0
RGBS 96% » B BT R R e
P EEBIERY 5% » 5t T DA 22 7 HAR A A2 JE R

(sexual

(Beardmore et al, 2001; Anderson and
Smithermanl, 1978) - RNEEaKEAFER YY EHE
PEFEIER MR (XX) B TR ML RS2
EE] 97.08% - AT RESE LB AT R I HEME £
B I ELE A DS AR AR AR Y Y
FRT-EEMELEB] (Tariq Ezaz et al., 2004) > Fir L
TERF R L FEREHIRRIET] -

SRRl pa S L T TR A A 2 - —
Pt e B sl LR MM e R BT AR
BUR ~ Rk« DU BT A e 2R TR
MABG - FEANA &L - BORBEATIYIT 5
FHHEVE R R BB f e 0 - B R L R
E BT Y BRY < B MRS A AE BRI 11X
(JEfE =TI Q X BRI » BURSE B
JERERELIE 5 A A5 R AT A BSiT I A
i o JERESRE U HATE AR AR R ~ R
PR - BRI R OISR YY SRR
SR T LGB Y 5 20K & AR A B M e T
e Ml o KRR TR ER AT R ~ BTN
AR R AR B IR I - 552 H AT SR Eogi i
VES R AT S -
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A AR B BT SK E TSR
SR RSB R WIS AT L ET B © IS
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Selection of YY Supermale Nile Tilapia, Oreochromis niloticus and Its
Application to Commercial Production of All-Male Progenies

Rong-Hwa Chen'”, Tian-Tsair Tsay” and Fu-Guang Liu’

'Freshwater Aquaculture Research Center, Fisheries Research Institute
*Department of Aquaculture, National Taiwan Ocean University
*Fisheries Research Institute

ABSTRACT

The aim of this study is to develop YY supermale production of Nile Tilapia (Oreochromis niloticus) and
mass production of all-male offspring on a commercial scale by crossing YY supermales with normal females. In
this study, normal male genotype (XY) and supermales (YY) were treated with a dosage of 100 mg per kg food
of 170-EE for a duration of 60 days; 93.6% sex reversal females (XYAS) and 46.88% sex reversed
superfemales (YY/A\S) were obtained, respectively. This result demonstrated that the normal males were far
easier than supermales in sexual reversal. The progeny testing procedure results of the cross between neofemales
and normal males presented 25% supermales; if YY sex reversed females mated with normal males, it resulted in
half XY males and half YY males. Furthermore, when the YY sex reversed females crossed with the YY
supermales, we found that all supermales presented in progeny. All of these results indicated that the Nile tilapia
female has homogamety genotype XX, while the male is heterogamety XY. The progeny testing demonstrated
that all crosses between YY supermales to XX females, sex reversed supermales to normal males, and sex
reversed YY females to YY supermales do not result in 100% male offspring. This indicated that sex
determination in Nile tilapia is not only based on the monofactorial gene but on other factors as well, including
the autosomal gene and environmental factors, particularly temperature. These genetic and environmental factors
combine in a rather complex way to influence the sex determination of Nile tilapia. Finally, this study found that
the YY supermales give a high percentage of male offspring with 97.08%, which is crossed to normal female
(XX) Nile tilapia; this result was higher than in any other previous report. Therefore, mass production of YY

male broodstock and application in all male Nile tilapia culture on a commercial scale is possible.

Key words: Oreochromis niloticus, supermale tilapia, monosex tilapia, sex reversal females, sex

determination
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