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   PREFACE   

The Research for the Management of the Fisheries on Lake
Tanganyika project (LTR) became fully operational in January
1992. It is executed by the Food and Agriculture Organization of
the United Nations (FAO) and funded by the Finnish International
Development Agency (FINNIDA).

LTR’s objective is the determination of the biological
basis for fish production on Lake Tanganyika, in order to permit
the formulation of a coherent lake—wide fisheries management
policy for the four riparian States (Burundi, Tanzania, Zaïre
and Zambia).

Particular attention are given to the reinforcement of the
skills and physical facilities of the fisheries research units
in all four beneficiary countries as well as to the build-up of
effective coordination mechanisms to ensure full collaboration
between the Governments concerned.

Prof. O.V. LINDQVIST Dr. George HANEK
LTR Scientific Coordinator LTR Coordinator

LAKE TANGANYIKA RESEARCH (LTR)
FAO

B.P. 1250
BUJUMBURA
BURUNDI

Telex: FOODAGRI BDI 5092 Tel.: (257) 229760

Fax.: (257) 229761
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   GCP/RAF/271/FIN       PUBLICATIONS   

Publications of the project are issued in two series:

* a series of technical documents (GCP/RAF/271/FIN-TD)
related to meetings, missions and research organized by the
project; and

* a series of manuals and field guides (GCP/RAF/271/FIN—FM)
related to training and field work activities conducted in the
framework of the project.

For both series, reference is further made to the document
number (01), and the language in which the document is issued:
English (En) and/or French (Fr).

   For       bibliographic       purposes       this       document
   should       be       cited       as       follows   :

Kuusipalo, L., Assessing genetic structure of pelagic
1994 fish populations of Lake Tanganyika. FAO/FINNIDA

Research for the Management of the Fisheries on Lake
Tanganyika.
GCP/RAF/271/FIN-TD/23 (En): 8p.

Ms. Liisa Kuusipalo is a Ph.D. student at the Department of
Biology, University of Joensuu, Finland as well as a member of
LTR scientific team.
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SUMMARY

This paper presents the preliminary results of the study on
the genetic structure of pelagic fish populations of Lake
Tanganyika.

Specimens of Limnothrissa miodon and Stolothrissa
tanganicae, collected from five different localities of Lake
Tanganyika, were studied by RAPD (Random Amplified Polymorphic
DNA) method to determine the possible differences between
populations.

Specimens of L. miodon were tested on four DNA primers. The
strains of Malagarasi and Moba share some characters that are
missing elsewhere. Similarly, the strains from Chituta and
Nsumbu express some characters not found among others.

Specimen of S. tanganicae were tested on three primers. On
one character, the strains from Rusizi, Malagarasi and Moba
differ from strains from Chituta and Nsumbu. On three other
characters, the strains from Chituta and Nsumbu resemble the
strain from Rusizi.

The DNA-method is reliable to identify even the fry
specimens of L. miodon and S. tanganicae.

Definite conclusions and recommendations for further use of
the method can be made only after at least 30 individuals of
each population have been analyzed.
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1. INTRODUCTION

This report describes the application of the RAPD-DNA
method in the study of genetic differentiation of the pelagic
fish populations of Lake Tanganyika. Some preliminary notes on
genetic diversification between some selected local populations
of two species, Limnothrissa miodon and Stolothrissa ta ganicae,
are also given.

Genetic differentiation is an indication of separated life-
history strategies and reproduction. The fishes from the same
population breed together and thus share the same genetic
characters.

The information on the genetic discreteness between the
fish populations may eventually be used for fisheries
management. If the populations show a significant
differentiation in their genetic structure, alternative measures
may be adopted for managing the sub-stocks in different parts of
the lake.

2. METHODOLOGY

2.1 Sampling

A total of 660 specimens representing 6 species was
collected during the summer of 1993 from Lake Tanganyika. Two
pelagic clupeids were sampled: Limnothrissa miodon (Boulenger,
1906), Figure 1, and Stolothrissa tanganicae (Regan, 1917),
Figure 2. Also, the nile perch species Lates stappersii
(Boulenger, 1914), L. anqustifrons (Boulenger, 1906), L. mariae
(Steindachner, 1909) and L. microlepis (Boulenger, 1898) were
sampled.

FIGURE 1: Limnothrissa miodon.
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FIGURE 2: Stolothrissa tanganicae

Appendix 1 details sampling localities, species and the number
of specimens collected. The sampling took place at six
localities as shown in Figure 3.

In this preliminary study, only ten Limnothrissa and
Stolothrissa specimens from each locality were analyzed.

Whole individuals L. miodon and S. tanganicae were stored
in equal volumes of pure alcohol. The specimens of Lates species
were dissected and only muscle tissue was stored in equal volume
of pure alcohol. After several days, and after samples became
hard, they were removed from alcohol, packed tightly into
plastic bags, and sent for analysis. In the laboratory the
samples were kept frozen.

2.2 DNA extraction

To study the genetic structure of the pelagic populations,
DNA (Deoxyribonucleic acid) must be isolated and purified. This
is usually done by using toxic organic solvents, like phenol. In
this case, a safe procedure, i.e. the same as normally used for
blood samples, was applied. Tissue samples were softened in
nuclei lysis buffer (10 mM Tris-HCl, 400 Mm NaCl and 2 Mm Na
EDTA, Ph 8.2). They were then digested overnight at 37°C with
0.2 ml 10 % SDS and 0.5 ml of a protease K solution (1 mg/mi
protease in 1% SDS and 2 Mm Na EDTA). After digestion was
completed, 1 ml of saturated NaCl was added, the tube was shaken
vigorously for 15 seconds, and centrifugated at 2500 rpm for 15
minutes. The liquid containing the DNA was transferred to
another tube, and two volumes of absolute ethanol, at room
temperature, were added. The tubes were inverted several times,
until the DNA was precipitating. After DNA had descended to the
bottom of the tube, it was removed with a Pasteur pipette to a
1,5 ml Eppendorf tube. The liquid was centrifugated at 13,500
rpm for 3 minutes, the alcohol was removed, and the DNA was then
shortly dried. The DNA pellet was dissolved in 1 ml TE buffer
(10 mM Tris—HCl, 1 mM Na EDTA, pH
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8.0). The amount of DNA was measured with Pharmacia’s
GeneQuant RNA/DNA Calculator.

2.3 RAPD technique

The genetic variation between populations was studied by
the RAPD (Random Amplified Polymorphic) DNA method (Williams et
al., 1990). With this RAPD (rapid) technique, parts of the total
DNA are copied. Ten long primer nucleotides copy randomly chosen
parts of the total DNA of an individual. The DNA strands are
copied on parts where the recipients of the primers are located,
less than 3.000 base pairs away from each other. These DNA
strands give a random sample of the DNA, representing the total
genome of an individual. Thus individuals and populations can be
compared, and the total level of genetic identity can be
estimated.

Samples of three fish genera, Limnothrissa, Stolothrissa
and Lates, were available in September 1993. Four individuals of
Stolothrissa tan ganicae, three individuals of Limnothrissa
miodon and two individuals of Lates species were tested with
Operon Technologies primers. From the 40 primers which were
tested, 20 gave visual bands. Seven primers showed genus
specific marker bands. Four of the 40 primers were chosen for
comparison of populations. The primers used were OPB 01, OPB 05,
OPA 09 and OPA 18 (Operon Technologies). The base codes from 5’
to 3’ are GTTTCGCTCC, TGCGCCCTTC, GGGTAACGCC and AGGTGACCGT.
Strands were polymerized in PCR (polymerise chain reaction), as
shown in Figure 4. The temperature profile for PCR was 5 seconds
in 94°C, 35 seconds in 36°C and 60 seconds in 72°C. This
procedure was repeated 35 times (Yu and Pauls, 1993).
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Figure 4:    The       polymerase       chain       reaction   
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The copied parts of DNA were separated and visualised on a
1,4 % agarose gel, where electric current (8 V/cm, 4 A/cm)
organize the strands to band according to their size. When these
bands are compared with a commercial molecular weight marker
(Boehringer-Mannheim MWM VI), the size of copied strands can be
counted.

A comparison of the copied parts will reveal small
individual differences among the specimens. Some characters of
the DNA are shared by the whole flock. Fish that breed together
and have the same ancestry, will show the same biochemical
pattern. These markers can be used to determine whether all
individuals of one species belong to the same population.

Populations and species can be compared by the number and
size of strands (Nei, 1987; Hu and Quiros, 1991; Elo and
Vuorinen, 1992; Hedrick, 1992; Mohan—Jain et al., 1992).

3. RESULTS AND DISCUSSION

In this preliminary study, L. miodon populations shared 30
characters with four different primers. Populations of
Malagarasi and Moba shared four bands not found elsewhere.
Further, the three most northern populations shared three
characters, not found in the southern strains. Three characters
that were common in all other populations lacked in Chituta, the
southern most population. Chituta and Nsumbu had 5 characters in
common, not shared with the others.

These results may be interpreted to reflect some amount of
differentiation between the strains. Possibly strains breed
locally, with minor mixing from the nearby strains. As samples
from the Mahale region in the canter of the Lake were lacking,
it was not possible to indicate if this kind of mixing occurs
lake-wide. It may be also possible, that the strains of north
and south are more or less differentiated from each other.

S. tanganicae populations shared 13 characters with three
different primers. Three characters were shared with populations
from south, Chituta and Nsumbu, and from up north, Rusizi, but
not from the middle populations. Two characters were present
only in three northern populations, and one only in the south.
The southern most population, Chituta, had five unique
characters.

According to these results, the populations of S.
tanganicae may be mixing more effectively than those of L.
miodon.

However, these results are based on a very small sample of
the populations. From L. miodon populations, less than ten
individuals have been analyzed; this is far too small a sample
to obtain reliable results. Consequently, the observed trends
may be strengthened or modified once a thorough analysis is
completed.
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With RAPID analysis it is easy to discriminate the fry of
L. miodon and S. tanganicae. The banding patterns of these two
species are clearly different from each other.

Only the DNA extraction but no variation analyses were done
for Lates species so far.

4. REFERENCES

Elo, K. and J.A. Vuorinen, 1992, Random amplified polymorphic
DNA (RAPD) markers reveal both intra- and interspecific
variation in Coregonid fishes (Salmonidae). (Submitted).

Hedrick, P, 1992, Shooting the RAPDs. Nature,    355:679-780   .

Hu, J. and C.F. Quiros, 1991, Identification of broccoli and
cauliflower cultivars with RAPD markers. Plant Cell
Reports, 10:505-511.

Mohan Jam, S., C. Oker-Blom, E. Pehu, and R.J. Newton, 1992,
Genetic engineering: An additional tool for plant
improvement. Agric. Sci. Finl.    1:323-338   .

Nei, M., 1987, Molecular evolutionary genetics. Columbia
University Press, New York, 512 p.

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A. Rafalski and
S.V. Tingey, 1990, DNA-polymorphism amplified by arbitrary
primers as useful genetic markers. Nuci. Acids
Res.,    18:6531—6535   .

Yu, K., and K.P. Pauls, 1993, Optimization of the PCR program
for RAPD analysis. NAR, 20(10):2606.



Appendix I: Genetic samples.  Populations analyzed in this study are marked with 10 in column
Specimens.
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