TRANSACTIONS https://transactions.nast.ph

ISSN O115-8848 (print) Vol. 23 Issue No. 2 (2001)
ISSN 2815-2042 (online) doi.org/10.57043/transnastphl.2001.5115

Transactions NAST PHL, is the official journal of the National Academy of Science and Technology Philippines. It has traditionally
publishedpaperspresentedduringthe Academy’s AnnualScientificMeetingsince1979topromotescience-basedpolicydiscussions
of and recommendations on timely and relevant national issues as part of its functions as a national science academy. Starting
in 2021, this journal has been open to contributions from the global scientific community in all fields of science and technology.

The Development and
Commercialization of the YY-
R Male Tilapia Technology

SCIENCE and TECHNOLOGY

Philippines

Tereso A. Abella?, Jose S. Abucay?, Ruben C. Sevilleja?,
and Graham C. Mair3

! College of Fisheries, Central Luzon State University

Science City of Mufioz, Nueva Ecija

2 Freshwater Aquaculture Center. Central Luzon State University
Science City of Mufioz, Nueva Ecija

3 School of Biological Sciences, University of Wales Swansea, U.K.
Asian Institute of Technology, Bangkok

Citation

Abella TA et al. 2001. The development and commercialization of the YY-male
tilapia technology. Transactions NAST PHL 23(2): 71-77. doi.org/10.57043/
transnastphl.2001.5115

Copyright
© 2001 Abella TA et al.

OPEN This article is licensed under a Creative Commons Attribution 4.0 International License, which allows for the use, sharing, and adaptation of
ACCESS the work, as long as the original author is properly credited. The article can be freely accessed and used for any non-commercial purpose,
provided that the original work is properly cited. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/.


https://transactions.nast.ph
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.57043/transnastphl.2001.5115
https://doi.org/10.57043/transnastphl.2001.5115

Trans. Natl. Acad. Sci. & Tech., Philippines (2001) 23: 71-77

THE DEVELOPMENT AND COMMERCIALIZATION OF
THE YY-MALE TILAPIA TECHNOLOGY

TERESO A. ABELLA!
JOSE S. ABUCAY?
RUBEN C. SEVILLEJAZ and
GRAHAM C. MAIR?
!College of Fisheries, Central Luzon State University
Science City of Muiioz, Nueva Ecija

2Freshwater Aquaculture Center, Central Luzon State University
Science City of Mufioz, Nueva Ecija

3School of Biological Sciences, University of Wales Swansea, UK.
Asian Institute of Technology, Bangkok

ABSTRACT

The birth of the “supermale tilapia” has significantly contributed to the freshwater aquaculture
in the Philippines. This technology is the result of a breeding program for Nile tilapia (Oreochromis
niloticus), combining sex-reversal and progeny testing to produce novel ‘YY’ male genotype with the
objective of producing an all-male tilapia population known as the genetically male tilapia (GMT).
YY-males when mated to XX females produced a mean progeny sex ratio of 95% male. The GMT the
product of the technology have shown better growth performance in grow-out ponds and other
production facilities. The technology has proven to be an effective means of controlling unwanted
reproduction in tilapia and overcrowding in ponds. This technology has been commercialized and has
benefited tilapia farmers.

INTRODUCTION

A fish that has always been a part of aquaculture in the world especially in
the tropics is tilapia. Tilapias are widely recognized as one of the most important
species for farming in a wide range of aquaculture system from simple-scale and
waste-fed fishponds to intensive culture systems. Tilapias possess almost all the
virtues for aquaculture. It is hardy, tolerate a wide range of environmental
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conditions, possess a good flesh quality, occupies a low food chain and easy to
reproduce. This explains the surge of interest in the propagation and culture of this
group of fish in different parts of the world. Its popularity as an aquaculture
species is more felt however in developing countries because of its appeal as a
cheap source of animal protein which is wanting in this part of the world and the
suitability of this fish to varied levels of cultural management whether in low-
input or high-input production systems.

The ease of reproduction among the tilapia leads to a paradoxical
consequences; its prolificness may mean more fingerlings for hatchery operators
but, on the other hand, may result in stunted fish in pond culture operations when
the precocious reproduction remains unchecked (Guerrero, 1974; Abella et al.,
1986; Mair et al., 1991). This dilemma in tilapia culture has inspired many scientists
and researchers to tackle this problem using the sex-reversal technique (Guerrero,
1974; Guerrero and Abella, 1976; Tayamen and Shelton, 1978, Mair and Little,
1991; Gilling, 1994; Abucay and Mair, 1997).

A more ambitious technique to produce an all-male (“YY” Supermale in
Oreochromis niloticus) has been developed in Swansea (Scott et al., 1989; Scott
et al., 1989; Mair et al., 1993; Mair et al., 1997).

It is the objective of this paper to present the development and the
commercialization of the YY-male tilapia technology with emphasis on our
Philippine experience.

Development of YY-male technology

The technology was developed in the University of Wales, Swansea (UWS)
United Kingdom and the technical feasibility was evaluated at the Freshwater
Aquaculture Center (FAC), Central Luzon State University, Mufioz, Nueva Ecija.
This collaborative project between UWS and FAC investigated the prospect of
improving cultured tilapia through the application of the techniques of genetic
manipulation. The research collaboration concentrated on the development of
technology for the production of genetically male tilapia (GMT) through
manipulation of their predominantly monofactorial sex determining mechanisms
and on the potential application of chromosome manipulation techniques (Mair et
al., 1993; Mair et al., 1997).

Origin of the fish stock

The strain of O. niloticus used in this research collaboration was the Egypt-
Swansea strain which originated from Lake Manzalla, Egypt (Mair et al., 1997).
Hundreds of this group of fish were shipped to the Philippines for the field testing
of the YY-male tilapia technology.
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Model used in the development of the technology

A model (Figure 1) consisting of different steps was used for the large scale
production of monosex tilapia (Mair ef al., 1997).

1)  Feminization of sexually undifferentiated progeny from normal crosses

2)  Identification of sex-reversed females [AYY (XY)] by progeny testing

3) Crossing of the AY% (XY) identified in step 2 with normal males
(XY)

4)  Progeny testing of males to identify Y'Y genotypes

5)  Crossing of identified “YY” males with previously identified A% ¥

6) Progeny testing of estrogen-treated females (A% (XY) and A% (YY)
and nontreated males for identification of YY genotypes

Time
Sexually (generations)

undifferentiated Feminization
fry \ Identify A
females by 1%

progeny testing
S /
(XY) with

normal males \ 47
Identify YY-
males by 3

progeny testing
Cross Y¥-males
xY):

%‘ v
Identify YY A
females by 4%

progeny testing
‘withYY 4
- All YY-males L
for use as GMT

producing S
broodstock

Figure 1. Schematic diagram depicting the model for large scale production of
monosex male tilapia (Mair ez al., 1993)

Performance evaluation of GMT

Growth performance of GMT was conducted in a number of culture
environments. These were in ponds and cages. Within strain trials were conducted
in three extensive environments in 200m? ponds at the Freshwater Aquaculture
Center. Between strain trials were conducted primarily in collaboration with the
Philippine Bureau of Fisheries and Aquatic Resources (BFAR). From all these
trials GMT showed better weight than either mixed-sex tilapia or the sex-reversed
tilapia (Figure 2) and sex ratio that favors maleness (Table 1).
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Table 1. Summary of progeny testing for potential ‘Y'Y’ males (crossed to normal
XX females) in progeny from XYA¥ x XY™ and XYAY x YY crosses

Summary parameter

No. of families from which males were tested
Number of potential ‘YY"’ males tested
Number of progeny sexed (mean per family)
Number of males classified as XY (%)
Number of males not classified (%)

Number of males classified as YY (%)
Expected number of *YY’ males (%)

X2 for observed vs. expected number of ‘YY" males
Range of sex ratios from XY males

Mean of sex ratios from XY males (+SD)
Heterogeneity X2 for XY males (df)

Range of sex ratios from ‘Y'Y’ males

Mean of sex ratios from ‘Y'Y’ males (+SD)
Heterogeneity X2 for ‘YY' males (df)

Total heterogeneity X2 for all males (df)

XYAY x XY

-

54
3753 (69.5)
27 (50.0)
6(11.1)
21 (38.9)
18 (33.3)
0.75 ns
37.2-70.0
52.9 (£8.1)
36.33 (26) ns
67.0-100.0
95.31(+8.4)
50.21 (20)*
77565 (53)***

XYARxYYJ
3
158
10842 (68.6)
66 (41.8)
6 (3.8)

86 (54.4)
79 (50.0)
1.24 ns
34.2-70.0
56.6 (£7.9)
90.89 (65) ns
71.7-100.0
96.4 (+7.1)
103.90 (78) ns
2168.58 (157(***)

Note:  ns, not significant: *P<0.05; **P<0.0i; ***P<0.00]

Source: Mair, et. al., 1997
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Figure 2. Comparison of harvest characteristics of GMT vs SRT and MST in on

farm trials in the Philippines
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Commercialization of the Technology

Years of research have resulted to the development and mass production of
the products of YY-male technology (Table 2). These products have benefited fish
farmers in particular and the tilapia industry in general. The products of the YY-
male technology have been developed and mass produced for dissemination through
Phil-Fishgen in the Philippines (Clarke et al., 1999). The Central Luzon State
University through FAC established Phil-Fishgen, an income generating project in
1995. Phil-Fishgen is tasked to produce and distribute the products of the YY-
male technology and generate income to support research and dissemination
activities. The dissemination of the products is presented in Figure 3. The Phil-
Fishgen through its Breeding Center is responsible for the continued research,
development and evaluation of GMT and for the production of YY-male and
normal female broodstocks for grow-out and hatchery operators, respectively.
Hatchery operators are accredited to become producer of the GMT.

Table 2. Different levels of outputs of previous research on the development of
the Y'Y male technology for mass production of all-male tilapia

Output (products) Intended beneficiaries

The YY male technology State Fishery Departments & Academic institutions
Y'Y male producing broodstock Lead national hatcheries, Breeding Centers

GMT producing broodstock Private Sector hatcheries

GMT Tilapia Growers

Breeding Center - FAC\CLSU

YY male broodstock [JESll GMT fry
production production

v

4
SCUs, POs & ﬁ
Private Sector
Accredited Hatcheries
I Focus on small farms .

GMT

Figure 3. Diagram of the mechanism for dissemination of the products of the YY
male technology
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A total of 33 private sector hatcheries have been accredited in three phases
since early 1998. A total of 26,364 YY broodstock packages have been dispersed
to these hatcheries and it is estimated that these are capable of producing over 51
million GMT fingerlings per year.

CONCLUSION/RECOMMENDATIONS

1.  The YY-male tilapia technology has proven to be a viable approach
for the production of monosex tilapia, however, it still needs some
fine tuning in terms of producing 100% male population.

2.  Breeding centers for the production of YY-broodstocks are limited. It
is still exclusively distributed by the Phil-Fishgen at FAC/CLSU.

3. Wider dissemination of the technology especially to the low-income
group must be given a priority

4.  Identification of fast growing strains of O. niloticus in which to develop

the Y'Y-male technology

Selection of females from other strains of O. niloticus for crossbreeding

Identification of better performing crossbred GMT

7.  Improved environmental tolerances

oo

REFERENCES

Abella, T.A., Palada, M.S. and Newkirk, G.F. 1986. Evaluation of the growth performance of
Oreochromis niloticus progenies in freshwater ponds. p. 19-20. In: Maclean, J.L., Dizon, L.B.
and Hosillos, L.V. (eds.) The First Asian Fisheries Forum. 727 p. Asian Fisheries Society,
Manila, Philippines.

Abucay, J.S. and Mair, G.C. 1997. Hormonal sex reversal of tilapias: implications of hormone treatment
application in closed water systems. Aquaculture Research, 28: 841-845.

Clarke, G., Mair, G.C., Morales, E., Black, A. and Sevilleja, R.C. 1999. Small-scale Farmers and
Genetics-Based Technology in Philippine Aquaculture. Final Technical Report: Socio-economic
Analysis of the Dissemination and Impact of Genetically Male Tilapia (GMT). April 1997 —
March 1999. DFID Fish Genetics Research Programme Project. R. 6937.

Gilling, C.J. 1994. Application of gynogenesis and sex reversal to improvement of tilapia. Ph.D.
Thesis, University of Wales, 216p.

Guerrero, R.D. 1974. The use of synthetic androgen for the production of monosex male Tilapia
aurea (Steindachner) Ph.D. Thesis, Auburn University, Auburn, Alabama.

Guerrero, R.D. and Abella, T.A. 1976. Induced sex reversal of Tilapia nilotica using Methyltestosterone.
Fisheries Research Journal of the Philippines, 1:46-49.

Mair, G.C. and Little, D.C. 1991. Population control in farmed tilapia, NAGA. ICLARM Quarterly,
14(3); 8-13.

Mair, GG.C., Scott, A.G., Penman, D.J. Skibinski, D.O.F., and Beardmore, J.A. 1991. Sex determination
in the Genus Oreochromis. Theoretical and Applied Genetics 82: 153-160.

Mair, G.C., Abucay, J.S., Skibinski, D.O.F., Abella, T.A., and Beardmore, J.A. 1997. Genetic
manipulation of sex ratio for the large-scale production of all male tilapia, Oreochromis niloticus.
Canadian Journal of Fisheries and Aquatic Science, 54:396-404.



Transactions of the National Academy of Science & Technology Philippines 77

Mair, G.C., Vera Cruz, E.M., Garcia, M.A.R., Capili, J.B., Abucay, J.S., Abella, T.A., Beardmore,
J.A. and Skibinski, D.O.F. 1993. Genetic manipulations prospects for improvement of tilapia
for culture in the Philippines. p. 55-57. In: Dodson, J.J., Soewardi, K., Phang, V., Enriquez,
G.L., Nakakorn, U. and Sukimin, 1993. Proceedings of the Symposium on Fish Genetics and
its Application to Aquaculture and Fishery Management, Bogor Indonesia, 8-10 December
1992.

Tayamen, M.M. and Shelton, W.L. 1978. Inducement of sex reversal in Sarotherodon niloticus
(Linnaeus). Aquaculture, 14(4):349-354.

Scott, A.G., Penman, D.J., Beardmore, J.A. and Skibinski, D.O.F. 1989. The “YY" Supermale in
Oreochromis niloticus (L.) and its potential in aquaculture. Aquacuiture, 78:237-251.



