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Abstract 

Gravid Poecilia reticulata were orally administered estrogens, �estradiol (200-
400 mgkg-1 food), diethylstilbestrol (100-1,000 mgkg-1 food), 17 a-ethynylestradiol (100-
500 mgkg-1 food) and 8-benzoate estradiol (200-800 mgkg-1 food) from days 15 to 20 
after the previous parturition until the termination of gestation. Treatment with 400 
mg 11,-estradiol per kg food, 300 mg diethylstilbestrol per kg food and 200 mg 1 7 a
ethynylestradiol per kg food, initiated 5-10 days prior to parturition, caused the birth 
of 100% females. However, S.benzoate estradiol, even if administered at high dosage 
levels, failed to induce 100% sex reversal. Sex-reversed females were functional and 
their genotype was identified by progeny testing. Sex-reversed females (XY} were 
mated with normal males (XY) to produce F 2 progeny. Among 21 F 2 males, each
tested individually by meting with a normal female (XX), two males were identified to 
have YY genotype and both of them sired all-male offspring. A program for the mass 
production of YY broodstock is discussed. 



Introduction 

Variability in color and shape particularly in males has ren
dered the guppy Poecilia reticulata not only a commercially impor

tant ornamental fish but also a valuable object for genetic observa
tion. The genetic sex determining mechanism prevailing in the 
guppy is that females are homogametic (XX) and males 

heterogametic (XY) (Winge 1923). However, a heterogametic female 

can be produced by administering estrogen to young fish at the time 
of gonadal sex differentiation (Takahashi 1975). The dosage of an

drogen and duration of treatment are critical to successful sex re
versal and these vary from species to species (Yamamoto and 
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Matsudha 1963; Yamazaki 1983). Females of genotype XY have 
arisen spontaneously in P. reticulata (Winge 1930). When these ex
ceptional females were mated with normal XY males, 25% of the 
progeny were YY males. YY males are viable only if they are 
heterozygous for certain Y-linked pigment genes (Winge and 

Ditlevsen 1938; Yamamoto 1964). In Xiphophorus maculatus, spo
radic instances of atypical sex determination occur by the interac

tion of an autosomal factor with a specific sex chromosome 

(Kallman 1984). In such cases, XY individuals develop into func

tional females. When these XY females are mated with XY males, 
the YY offspring may differentiate into either male or female. In

1955, Yamamoto produced YY medaka (Oryzias latipes) for the first 
time using the technique of hormonal reversal and selective breed
ing. Subsequently, YY goldfish Carassius auratus (Yamamoto 1975) 

and YY tilapias Oreochromis niloticus (Scott et al. 1989) and 0. 

mossambicus (Varadaraj and Pandian 1989) were produced. 

The ultimate objective of this study is to produce all-male 
populations in P. reticulata by mating YY males with normal fe

males (XX). If a large number of YY males are to be produced, one 

cannot always rely on spontaneous sex reversal for producing XY 
females. Therefore, we have resorted to an endocrine sex reversal 

technique for the production of 100% functional XY females and 

subsequent progeny testing and breeding for producing YY males. 

Materials and Methods 

The guppies P. reticulata used in this study were obtained from 
breeding stock maintained in the laboratory and originally pur
chased from a local fish farmer. Fish were kept at 25±3°C under a 
16:8 hour light-dark cycle. Gravid females were individually main
tained until the delivery of their brood. The young ones were iso
lated from the mother on the day of birth and served as controls. 
The gravid females were fed on steroid supplemented diet commenc

ing from different days after parturition until the succeeding partu
rition. 

Twenty-three steroid-treated feeds were prepared using the al
cohol evaporation method (Guerrero 1975). A stock solution of hor
mone was prepared by dissolving the steroid in ethanol or acetone 
at a concentration of 1 mg·mJ-1. The stock solution was diluted to 
the desired level in 95% distilled ethanol and sprayed over a 
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weighed amount of feed. Even distribution of the chosen hormone 
was ensured by stirring thoroughly during spraying. Synthetic hor
mones 17 a-ethynylestradiol, 3-benzoate estradiol, diethylstilbestrol, 

and a natural hormone, �-estradiol (Sigma Co., USA) were selected 
for the experiment. Gravid females were fed on feed supplemented 
with the selected hormones at concentrations of 100-1,000 mg·kg-1 

feed for 5-10 days before parturition. The number of F
1 

progeny in 
each brood was noted and they were fed on normal pelleted feed. 

At the age of three months, sex of the progeny was determined 
by external examination using caudal, dorsal and anal fins as mark
ers. In additions, some were sexed by examining gonads using the 
squash technique (Guerrero and Shelton 1974). 

Some females from the minimal optimum treatment groups for 
�-estradiol, diethylstilbestrol and 1 7 a-ethynylestradiol were retained 
for progeny testing. Heterogametic females were identified by mat

ing them with normal males. Sex ratio of their progeny indicated 
the genotype of the female parent, i.e., normal (XX) females gave 

lF:lM sex ratio; the sex-reversed (XY) females gave 1F:3M sex ra
tio. YY males were identified by observing the sex ratio of the prog

eny of F 2 males (derived from sex-reversed females) mated with nor
mal XX females (Fig. 1). 
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Fig. 1. Schematic diagram showing the production of YY male P. reticulata

by endocrine sex• reversal and progeny testing. 
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Results 

In the first series of experiments, the minimum dose of P

estradiol and the treatment duration for sex reversal were deter
mined (Table 1). An almost equal number of males and females 
were present in the control. Administration of 400 mg (3-estradiol to 
gravid females for six days from the 19th day after parturition re
sulted in 100% feminization of the progeny. 

Effects of diethylstilbestrol, 17 a-ethynylestradiol and 3-
benzoate estradiol were then determined. Administration of 
diethylstilbestrol at doses of 300-500 mg-kg-1 diet for 4-10 days be
fore parturition significantly altered the normal sex ratio of the 

Table 1. Sex distribution among the progenies of female P. reticulata fed with a diet 
oontaining !3-estradiol during gestation. 

... Commeneoment. 
dl1tributlon of t.realmtmt ... 

IJoN in control (day a£lcr Succeedi.111' Treatment di1trlbution 

(mg-kg"l No, prcviou, parturi� duration No. 
food) bom M F pal'lurltion) ... (dayl) bom M MF p 

200 .. 18 21 16 26 10 .. 11 0 16 
37 16 14 17 24 8 41 17 0 18 
31 9 11 18 26 • .. 11 0 " 

42 20 16 19 26 7 40 16 0 22 

.. 18 13 20 28 7 " 17 0 21 

250 .. 11 16 16 28 12 28 8 0 11 
.. 11 16 16 27 12 33 11 0 16 

29 9 13 17 24 8 40 21 0 " 

41 21 16 18 26 7 37 17 0 14 
39 20 16 19 24 6 29 14 0 13 
33 14 16 20 26 6 41 17 0 19 

300 33 14 II 16 26 12 37 • 0 24 

33 14 17 16 26 12 .. 7 0 22 

28 10 12 17 27 11 " 0 3 .. 
37 9 17 18 24 7 42 6 0 21 
39 II 14 19 24 6 .. 14 0 20 
40 20 26 6 46 II 0 29 

360 21 10 6 15 24 10 46 4 3 31 

16 :r;; 12 33 0 2 21 
26 II 9 17 26 10 .. I I 26 
.. 17 14 18 26 • 44 4 0 31 

43 19 20 19 28 • 40 3 0 29 
40 20 14 20 24 10 40 2 2 so 

400 38 17 13 16 24 10 40 0 0 32 
40 16 14 16 26 10 .. 0 0 29 
40 16 17 17 26 10 37 0 0 28 

33 19 II 18 24 7 41 0 0 .. 
37 16 14 19 24 6 .. 0 0 32 

.. 18 14 20 26 6 41 0 0 37 

M•male; F-female; MF-lnter&ell, 


















