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Abstract
Oreochromis mossambicus and O. niloticus are the species that contribute mainly to

the fishery production in reservoirs of Sri Lanka, The two Oreochromis species have
been proven to interbreed resulting hybrids and introgressed individuals. The effect
of hybridization on genetic diversity of Oreochromis populations in Sri Lankan
reservoirs is not known. Knowledge of genetic structuring of Oreochromis
populations is an important aspect in adopting management strategies to enhance the
reservoir fishery. Four microsatellite loci were used as molecular markers to teveal
the genetic structure of Oreochromis populations of six reservoirs,

All populations showed low allelic diversity and heterozygosity levels in
microsatellite loci studied possibly due to small founder populations and repeated
population bottlenecks. Most populations did not conform to Hardy Weinberg
Expectations, which could be considered as a result of positive assortive mating.
Results of the present study illustrate the necessity of improvement of genetic
diversity of Oreochromis populations and possible strategies are suggested.

Keywords: Fishery management, Hardy Weinberg, hybridization, microsatellite DNA,
mitochondrial DNA

Introduction
Since their introductions Oreochromis mossambicus and Oreochromis niloticus have

been well established in Sri Lankan reservoirs. They provide the most significant
contribution to the inland fishery. Hybridisation/ introgression is a common
phenomenon among tilapia species and have been reported in many aquaculture
systems and reservoirs (Trewavas, 1983; Moreau, 1986; Gregg et al, 1987).
Hybridisation leads to mixing of genetic characters of the two species and this gene
introgression may change the genetic variability present in pure species and also
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cc?uld produce progenies, which have different genetic traits to the pa

Biochemical studies and molecular studies have shown that hybridisation :etl;::ts‘
O-. mossambicus and O. niloticus have taken place in Sri Lankan reservoirs too (Sn
Silva and Ranasinghe, 1989; De Silva ef al., 1999). During the past three decad .
after the introductions of Oreochromis species, the event of hybridisation and t:S
backcrossing should have taken place immensely, The effect of hybridisation o:

Stl.ldics have revealed that different levels of hybrids (hybridity levels) are present i
Sri Lankan reservoirs (De Silva et. al., unpublished data). This shows thit matinin
betw.een O. mossambicus and O. niloticus, hybrids and the parents, and hybrids 5
hybrids have taken place in reservoirs. As randomly mating ’individ}l,xals 'an
geo‘graphic isolation could be considered as a separate genctic stock, Oreoch o, 'a
individuals in a reservoir therefore could be treated as a separate stock, e

BiochelTlical markers had been the standard tool for genetic studies of fish
po.pulatlons for many years (Verspoor and Hammer, 1991). In recent :
mitochondrial and nuclear DNA techniques have been proven to be more pow :(fe T"S’
analysing population structure in fish species, especially whefe er:t f“
polymorphism show little or no differences (Estoup et al, 1998) Micrositelﬁin
markers are a widely applicable DNA technology. They have beer; shown highlie
polyx.fnorphic in teleost fish (Coughlan et al., 1998). Microsatellite loci can be sc :
relatively easily using a combination of Polymerase Chain Reaction (P(z;;)

amphﬁcatfon followed by electrophoresis to separate alleles that differ in length as a
result of differences in the number of tandem repeats

Genetic diversity is an important determinant in a population. Fish populations with
lo“:r genetic variability often show poor culture performances viz., in growth, disea
rtfsnstance, fecundity, viability of eggs and high mortality, and the;eby detem,:ines tlj:
blology,. p'opulation dynamic parameters of the fish stocks and ultimately the fishe
!)roducfwlty in a reservoir. Therefore knowledge of genetics of population structu:y
18 crucial to the long-term fisheries conservation. Present study was carried out t:
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Materials and Methods

Samples of Oreochromis species were collected from six reservoirs situated in
different parts of the dry zone in Sri Lanka (Figure 1) from October, 1999 to March,
2000. Random samples of fish were obtained from fishermen at landing sites. Fish
were caught by gill nets as part of the commercial fisheries in individual reservoirs.
Sample sizes for cach reservoir used for molecular studies are as follows.

Reservoir - No
Chandrikawewa 45
Tabbowa ' 56
Lunugamwehera 66
Nuwarawewa 46
Minneriya 48
Ridiyagama 55

A small piece of white muscle tissue was removed from each individual and the
tissue samples were preserved in 70% alcohol. DNA extraction was performed
according to Doyle and Doyle (1987). Microsatellite primers developed for
O. niloticus by Lee and Kocher (1996) and trialed for O. mossambicus (Agustin,
1999} were used. The loci selected were diagnostic for O. mossambicus and
0. niloticus and belonged to different linkage groups. The four diagnostic loci used
in this study possessed unique alleles that showed very different electrophoretic
mobilities for the two species (Table 1).

Table 1 - Specifications of microsatellite primers used (Lee and Kocher, 1996)

Locus Primer sequence Linkage Size Repeat Annealing

-Forward Primer B- Reverse primer group (bp)  sequence temperature

:
!?C!
50° C

UNH 190 A-CGCGATCGAGCATTCTAA 121 167 (CH{CA
B-TGTCTGCACGCGCTTTTGT

UNH 146 A-CCACTCTGCCTGCCCTCTAT g4 122 (CAh 55° C
B-AGCTGCGTCAAACTCTCAAAAG

UNH 106 A-CCTTCAGCATCCGTATAT jgi4 134 (CN3(CAN 55° C
B.GTCTCTTTCTCTCTGTCACAAG -

UNH 216 A-GGGAAACTAAAGCTGAAATA g23 124 (CAI2 50° C
B-TGCAAGGAATATCAGCA

r

Proceedi, ]
eedings of the Third Science Symposium — November, 2005

- Nuwarawewa
. / reservolr y
A i
_JEmm
L rescrvoly " \.,
y Sact] o4 -

RIS ]
Mingeriys J‘j" ) LQ{{"
o 0

reservolr
s s

Intermediate Zon."'"f'"",.-:f' M,a-hm“ fiver

'3
-

Clll:.::{hwm. 1- ;\u Y - Lunugumwehern
rvolr \*_A, i reservoir

AT
H : i s /’
. ' - 2
i Y Ridlyagama
' % retervoir

Q10201090 0 GOk

Figure | - M :
ap of Sri : .
o Lanka showing six reservoirs selected for th :

eding rivers and major climatic zones ¢ study, their

As no know ;
n pure lines :

Lanka, pure strains of 0 Of.lof'eoch,-omls populations exists or maintained in Sri
. niloticus from 1 n

O. mossambi. srael and Fiji and

' mbicus from : . 31 and three samples of

samples as they poss Mal.aYSl‘ﬂ:, Singapore and Australia served :s reft once
essed identical banding patterns td patterns ob srones
s observed in Sri

L Lankan 0. mo ]

. ssambicus and ©. niloticus re:

- g icus, spectively Refere

‘ . nce DNA samples

from pu :

; re non-Sri Lankan i

I each mi ) an lines of O. mossambicus and O. niloti

1 icrosatellite PCR and gel run . niloticus were used in



Proceedin $ 0 ufe Jh“ d Sl’-“e”fe S "'posll"n - Noverﬂbe'. 2005

0.5 ml sterile eppendorf tubes
. i NA
e. Reaction mixtures contained template D

ffer (Biotech), dNTPs each at 2 ml\:- :u:i
ded just before the PCR) (Boe. ring :
tration (Biotech), 1 uM of each pnmer. an

cation was undertaken m 2
ding to the following PCR

ificati d in
Microsatellite amplifications were performe

containing 10 pl reaction volum
100ng), 1.5 X T" Reaction bu

32
concentration (dCTP fabetled P, ad

| concen
im), MgClyat 2 mM fina :
Manahelfh f T" polymerase (Biotech). Amplifi

its ©
e .thermocycler (Bresatec) accor

programmable mini

£ 2

programme.

X TBE as

ide gel using 1
n 5% polyacrylamide g o

ed i .
PCR Products were electrophores d to autoradiography film overnigh

running buffer, gel was dried, expose
the film was developed (Figure 2).

N1 M2 H2 M3 M4 MS.

N2 Rml Rm2 Rm3
- M1
‘Rnl Rn2 H1

- o Gegral
“ K ' e i G P
3 e skl o e
- e v ;

' T 0. niloticus from lsrael and Fiji (thtrald?g, ;:;p:ztslt::}iya
e - O mossambicus from Malaysia, Singapo
R, R and Rom? - 0 niloticus samples
oS - O. mossambicus samples
l\l-/llll :\(t)u;w 122 -—Hybrid samples

Figure 2- elite.
) O. niloticus and hybrids!introgressed individuals o

btained for locus UNH 190.

n including mean number of all

Indices of genetic variatio

of polymorphic loci, . >
estimates were estimated using P

mean heterozygosity (Ho
PGENE version 1.21

eles per‘ logus, proportion
and H,) and Hardy Weinberg
(Yeh et al, 1997).

Proceedings of the Third Science Symposium — November, 2005

Differences in mean heterozygosity estimates among populations were assessed by
Kruskai-Wallis non-parametric tests.

Results

Most populations did not conform to Hardy Weinberg equilibrium at most
microsatellite foci. Only four tests (marked as *) of 21 (19.5%) conformed to Hardy
Weinberg expectations (Table 2). All populations showed very low levels of genetic
diversity at all microsatellite loci studied. Pure O. mossambicus individuals and pure
O. niloticus individuals had a maximum of three alleles per locus at the most
variable loci. Individuals belonging to the same species had the same comimon
alleles in all populations. Three loci were monomorphic (UNH 190, UNH 146, and
UNH 106) in pure O. mossambicus individuals in all reservoirs except for a single
individual in Tabbowa reservoir. Loci 216 and 190 were monomorphic in all pure
O. niloticus individuals. When O. mossambicus, O, niloticus and hybrids/
backcrosses were considered as a single interbreeding population, none of the loci
were monomorphic for all populations except Chandrikawewa reservoir population
(Table 2). Percentages of polymorphic loci in six populations are presented in Table
3. A small number of rare alleles were observed in Chandrikawewa and Tabbowa
reservoirs but not observed in other populations. Average number of alleles per locus
was low and no apparent differences were observed among populations, Mean
number of alleles per locus ranged between 3.5 + 0.58 and 3.25 + 0 96 except in the
Chandrikawewa reservoir population 2 +2 (Table 3).

Table 2 - Results of Hardy-Weinberg Tests given as p-values (significance at 5%
level indicated by* after Bonferroni adjustments)

Reservoir g E

2 S g z

,5’: o g = ,2 5

= = © o =11)

o (> bl & o o

I S
Locus ) ~ e Z = ~
190 mml 0.00000°  0.00000°  ©0.00000° *0.29303°  0.000009
146 mml 0.00004°  0.00000°  0.00001° *0.03717° 0.00000"
106 mml 0.00000® 0.00000°  *0.00350° 0.00000° 0.00000°
216 [00204°  0.00000° 0.00000°  0.00039° *0.45248° 0.00030°

| mml- monomorphic oo, *df= 10; "af = 6 °9F=3; %r-1
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gote numbers compared with

i sency in observed heterozy :
All reservolrs showed a deficiency e resevoi

. . . . . '
p (

i = = = (,094).
estimates among reservoirs (£ =17935,df=4,p )

.
G t

(Standard Deviation in parentheses)

i % of Mean no of ~ Mean observed Mean expect‘ed
e o ed alleles heterozygosity heterozygosity

i i observ
polymorphic loci © S
Chandrikawewa 25 2(2.0) 0.22 (0.43) 0.15 ¢

62(0.09
Lunugamwehera 100 3.5(1.0) 031 (0.10) [())Z9 ((0.13))
i iya 100 3.5 (0.577) 0.45 (0.11) 0.32 o
I:::]::zvewa 100 3.5(0.577) 0.17 (0.06) . 3 0.”)
bbowa 100 3.5 (0.577) 0.15 (0.24) 0.260(0. W
F:diyagama 100 325 (0.957) 027 (0.13) 0.60 {0. ‘
Discussion

Hardy Weinberg equilibrium. Only one P:’)P:“Z‘:;; a(t three of the four loci
i ilibrium bu
d to Hardy Weinberg equl it in all instances
Co“fofm‘; Deviations from Hardy Weinberg equilibrium resulted in &
examined.

. 1

. eno es. The bes i . th ir own
e _SPCCleS. y t);pt' ns do not mate randomty but Pfefel‘e““any‘w‘th e &7
Oreochromis populatio lity than do with pure species

il iabi
species or that hybrids have lower fertility f)rt.v o e s
ies have charactenstic
crosses. Both pure spec

i louration also has shown an
i i | care. Male breeding c0
ilding, mating and parenta o o
l_““ z:t]agnt cue in mate choice. Seehausen and Alphen, 1998). T?\eseP ::iﬁve ass}; b
lbmpn contributed to the preferential mating with the own specu:s. o st I
y i Poteaux éef dt.,
i . the deficit of heterozygotes P
mating may explain the ' . otea ¢
most populations leading to Hardy Weinberg disequilibrium

i ists, no studies have
d backeross regularly in nature where the opportunity exists,
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determined if this occurs randomly and hybrids and/ or backcrosses have equivalent
viability as do non hybrid individuals in the same population. If hybrids and/ or
backcrosses do not possess equivalent viability, fecundity or fertility to pure species
individuals then this could have a significant impact on population structure and
affect Hardy Weinberg equilibrium estimates. This process would also affect the

distribution of alleles among genotypes, which would influence deviations from
Hardy Weinberg.

Null alleles at genetic loci may also cause deviations from Hardy Weinberg
equilibrium (Callen et al., 1993; Pemberton et al., 1995). Primers used in this study
were developed for O. niloticus but were also used to screen O. mossambicus and
hybrid individuals. If null alieles were present at microsatellite loci due to mutations
in the priming sites in O. mossambicus genomes then this could also have influenced
the rates of deviation from Hardy Weinberg equilibrium. There is however, no
simple method available to determine whether null alleles were present in some

individuals screened here or to quantify their relative frequencies in different
sampled populations

As a whole all sampled populations had very little genetic variability with low
number of alleles per locus, and low mean heterozygosity levels (Table 2). In all
populations studied, pure O. mossambicus and O. niloticus were homozygous for
three (UNH 190, UNH 146, UNH 106) and two (UNH 216, UNH 190) loci,
respectively. Therefore, the contribution of pure species to the population
heterozygosity estimates was very low. In contrast, true hybrids are heterozygotes
for all loci andsbackcrosses were comparatively more heterozygous than ‘pure’
individuals. Therefore relative heterozygosity levels observed in the sampled
populations were determined primarily by input from hybrids. Populations with
higher hybrids numbers (Minneriya) or populations like Lunugamwehera and
Ridiyagama with approximately similar proportions of the three groups
(0. mossambicus, O. niloticus and hybrids), showed much higher mean
heterozygosity levels (Table 3) than populations which had none or very few hybrids
{Chandrikawewa, Nuwarawewa and Tabbowa). Mean heterozygosity ranged from
0.15 + 0.24 in Tabbowa samples to 0.45 +0.11 in Minneriya samples.

Different ‘hybridity’ levels found in the six populations studied indicated that the
hybrids found in these reservoirs are both viable and fertile (De Silva ef al.
unpublished data). However, there is no simple way of equating the relative viability
or fertility of the hybrids found. Therefore, it’s possible that some alleles, especially
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rare alleles, have been lost from populations due to non-viable hybrids. Presence of
rare alleles in Chandrikawewa and Tabbowa populations that consist of a majority of
pure O. mossambicus individuals may therefore, be due to negligible levels of

O m . o

i ° Cofr.::::fif:sstc;rda hr:lo;:cus) for introduction to Sri Lanka is a problem because

1o comparative st [ztro ;u ;en done to evaluate the most suitable species for Sri

A, . X ction .of germ }?lasm is a possible option to improve the
ity of Oreochromis populations. It needs a well- planned project with

< low and showed no marked variation among ‘ ::v it;oro‘ugh‘review of feasibility, pilot studies, monitoring and evaluation
| scientific background to investigate the best direction to take progrEme

hybridisation.

Mean number of alleles per locus wa
populations (Table 3). Chandrikawewa had the least number of alleles per locus. It
has also been shown in many studies that populations which have originated from
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