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Abstract

The research reported herein consisted of chromosomal studies of Orechromis niloticus. Larvae of O. niloticus
were collected from ‘Reliance Fish Hatchery’, Trisal, Mymensingh, Bangladesh. Colchicine (0.05%) treated (2 h,
2.5 h and 3 h) time intervals of day-old larvae were observed under research microscope after hydrolysis (10%
HCI), mordanting (2% iron alum) and staining with haematoxoylen. Colchicine treatment 2 h gave satisfactory
results in respect of degree of contraction of chromosomes. Photomicrographs were taken from selected plates
and then enlarged. From enlarged prints chromosome number 2n = 44 was counted. In the late prophase stage
chromosomes were condensed, thicker and shorter and the exclusively contracted chromosomes which were
unsuitable for measurement. Chromosomes of metaphase stages were observed and clearly identified in three
plates and finally one best plate was selected for karyotype analysis. The long and short arm detected only 8
chromosomes which consisted of 4 metacentric, 3 suubmetacentric and 1 subtelecntric. Finally the prepared
karyotype consisted of 2n = 4m + 3sm + 1st + 36t. Length of the measured chromosome varied from 0.7 to 3.1 .
This study may provide the first knowledge of chromosome analysis of O. niloticus and basic information for its

ploidy manipulation and sex reversal.
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Introduction

Bangladesh waters are rich in biological diversity
with 260 fresh water fish, 475 marine fish, 24 fresh
water prawn and 36 marine shrimp species (FSY,
2009). The total fish production of the country
during the fiscal year 2009-2010 was about
28,99,198 metric tons in which 23,81,916 metric tons
came from inland water which contributed 82.15% of
the total fish and shrimp production. This sector
contributes 3.74% of gross domestic products,
22.23% of agricultural products and 2.70% of total
export earnings (DoF, 2011). More than 10% of total
population (14.5 millions) of Bangladesh is directly
or indirectly involved in fisheries sector for their
livelihood. Fish is an excellent source of protein
containing all the essential amino acids and fatty
acids in desirable concentration for human beings
(DoF, 2011). Fish plays the second important role
next to agriculture food production. It contributes
about 58% of the animal protein to our daily diet
(DoF, 2011).

Tilapia is a generic term used to designate a group of
commercially important fish species belonging to the
family Cichlidae. Cichlidae family are classified three
aquaculture  genera-  Orechromis  niloticus,
Sarotherodon and Tilapia, they inhabit the fresh and

brackish waters (Sofy et al., 2008).

Tilapia, O. niloticus was first introduced in
Bangladesh in 1954 by the United Nations
International Children Emergency Fund, and later by
the Bangladesh Fisheries Research Institute (BFRI)
from Thailand (Gupta et al., 1992). About 80 species
of tilapia have been described out of which 10 species
are reported to be used for culture (Macintosh and
Little, 1995). Tilapias have distributed to so many
different types of water, to so many different types
of culture systems in the world that they have been
even labeled as the “aquatic chicken” (Maclean,
1984). They have good resistance to poor water. It is
a very popular food fish of the people of Bangladesh
because of its delicious taste and high market value.

The fish looks very attractive. It is commonly found
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in natural water bodies. In addition many other
unique features make it perfect species for
aquaculture. Nile tilapia is preferred by farmers
because of its desirable features for aquaculture i.e.
tasty flesh and ease of production (Ballarin and
Haller, 1982). It has faster growth rate compared
with any other short cycled fish species including
other commonly used tilapia strains. Moreover like
other culturable tilapias, this species is a hardy fish.
It is good converter of organic wastes in to quality
protein and resistance to disease (Stickney et al,
1979; Pullin et al., 1988 and Lowe-McConnel, 1982).
Tilapia has been extensively genetically modified.
One promising Genetically Improved Farmed Tilapia
strain known as GIFT (Eknath, 1992) has been
introduced in July 1994 from the Philippines. The
GIFT (5th generation) strain was developed by the
International Center for Living Aquatic Resources
Management (ICLARM) through several generations
of selection from a base population involving eight
different strains of Nile tilapia, = Oreochromis
niloticus (Eknath et al., 1993). In spite of all of these
advantages a lot of works has been done for the
genetic improvement of this species but the
cytogenetic works as well as the chromosomal and

karyotypic data are inadequate.

The chromosomes have been considered as the
physical bases of heredity because they have a special
organization, individuality, functions and are capable
of self reproduction. The study of fish chromosome
has become an active area of research (Thorgaard
and Disney, 1993). Karyological studies of fishes can
contribute significantly to the solution of many
problems in areas of research ranging from
taxonomy, systematic or genetics to phylogenetics, or
environmental toxicology and aquaculture (Al-Sabti,

1991; Sofy et al., 2008).

Chromosomal analysis is important for fish breeding
from the viewpoint of genetic control, the rapid
production of inbred lines, cytotaxonomy and
studies

evolutionary (Kirpichnikov, 1981).

Cytogenetic markers are one of the authentic tools
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for characterization of species as well to screen
putative hybrids (Amemiya and Gold, 1988).

This species is a good candidate for genetic
investigations such as Single sex populations and sex
determination (McAndrew and Majumdar, 1988;
Penman and McAndrew 2000; Griffin et al., 2002;
Harvey et al., 2002), hybridization (Johnstone et al.,
1983; Goudie et al., 1986) and sex reversal (Mair et
al., 1997), YY super male production, chromosome
set manipulation (Karayiicel et al., 2002, 2004; Ezaz
et al., 2004), gene mapping (Ezaz et al., 2004; Lee et
al., 2003; Boonphakdee, 2005). To the best of our
knowledge, a lot of reports exist karyotype and all
aspects of genetic data of tilapia species in the world,
but is also necessary for cytology in Bangladesh, in
order to help to future taxonomic and genetic
studies.This research work is carried out with the
aims of to study the general cytological conditions of
O. niloticus and attempt to measure the metaphase

stage.

Materials and methods

The research study reported here was carried out
during the period from July 2008 to March 2009 in
the laboratories of the department of Fisheries
Biology and Genetics and Genetics and Plant
Breeding, Bangladesh Agricultural University,
Mymensingh. For chromosomal studies and
karyotypic analysis the method of Ahmad et al
(1983) was followed with some modifications. The

experimental procedures are described below.

Collection of sample and Fixation
One day-old alive, weight 0.005 + 0.001 g and 300
number of O. niloticus larvae were collected from
“Reliance Fish Hatchery”, Trisal, Mymensingh,
Bangladesh, (Latitude 24°30" to 24°50° North and
Longitude 90°15" to 90°30 " East).

For fixation the stock solution of colchicine was
made by dissolving 0.05 g colchicine and 100 ml
distilled water. Healthy and vigorously growing
larvae were sampled and allowed to swim in 0.05%

colchicine solution in small size petridish that was
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stirred gently. Then the larvae were kept in a glass
petridish containing 0.7% NaCl for 15 min at 28°C
room temperature. The head and yolk sac of the
larvae were removed by using fine forceps and
needle in the same solution. Then the larvae were
transferred to another petridish containing distilled
water for 15 min. The larvae were transferred into a
vial containing freshly prepared fixative solution
(acetic acid: ethanol, 1:3). After 1 - 2 h in the fixative
solution the larvae tissues were prepared for slide

preparation.

Hydrolysis of the sample

Hydrolysis of the fixed materials was done in 10%
HCI solution to soften the tissue. 10% HCl was kept
in an oven at 60°C for one hour in a sealed vial
before actual hydrolysis of the tissues. Fixed tissues
were than kept in the same preheated HCI solution
in the oven for 15 min. After that the tissues were
taken out and allowed to cool for few min. Then the

tissues were washed in running water for 2 - 3 times.

Mordanting of the sample

The samples were then treated with 2% aqueous
solution in iron alum (Ferric ammonium sulphate)
for about 6 min for mordanting. Mordanting was

done to enhance the staining process.

Staining of the chromosomes

Iron alum treated tissues were then washed for two
to three times with running water and stained in
0.5% haematoxylin for 8 min. The stained tissues
were washed for several times until coloring of water
stopped. The stained samples were kept in water.

Slides were prepared within 2 - 3 h of staining.

Slide preparation and microscopic

observation

At first a drop of 1% acetocarmine solution was
placed in a clean glass slide and a small portion of
the stained tissues were placed on that solution.
Then the tissue was divided into two or three small
portion. A clean cover glass was placed on the
material avoiding any air bubble under the cover

glass. The tissue was smeared by holding the cover
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glass with a finger with a corner and gentle tapping
on the cover glass with the back end of the needle.
Gentle warming of the slide over a spirit lamp and
further tapping on the smear until the smear spread
and made a single layer were conducted without
much overlapping in the cells, as well as any type of
breakage was also avoided. Mitotic cells were
observed using a microscope (Model Olympus CHD-
64Mo061, Japan). To found out a perfect result
without breaking of the cells and finding all the cells
in a single layer the slide preparation was done very

carefully.

Photomicrography and measurement of
chromosome

Photomicrography of the selected plates was done
from temporary slides using an Olympus research
microscope (Model Olympus-BX40, Japan), under
100 X Plan Oil immersion objectives. Chromosome
counting and measurements of some selected
chromosomes were done from photo micrographic
prints. Such measurements were taken into mm and
converted into micrometer (p) based on the
magnification of the final prints. Arm ratios of the
chromosomes were calculated by dividing the length
of the long arm by that of the short arm (L/S).
Finally chromosomes were arranged decently in
pairs according to their length, where the longest
pair at first and the shortest one at last. Classification
of chromosomes was done by the conventions
proposed by Levan et al. (1964). That is, ratio 1.0 to
< 1.7 was “m” (metacentric) chromosome, 1.7 to <
3.0 “sm” (submetacentric) chromosome and 3.0 to <
7.0 “st” (subtelocentric) chromosome and > 7.0 “t”

(telocentric) chromosome.

Results

Procedure related observations

Maximum number of dividing cells occurred when
the samples were collected from day-old larvae of O.
niloticus. Colchicine (0.05%) treatment for 2 h gave
satisfactory results in respect of degree of
contraction of the chromosomes and frequency of
prometaphase plates. Variations in larvae age and

colchicines treatment duration were investigated
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where clear chromosomes were not observed. The
fixative (acetic acid: alcohol, 1:3) was found to be
suitable for the present sample. Hydrolysis of the
body tissues in 10% HCI for 15 min at 60°C was
found adequate to soften the specimen. Mordanting
of the hydrolysed tissues for 6 min in 2% iron alum
solution gave satisfactory results. Staining for 8 min
in 0.5% haematoxylin produced satisfactory degree
of staining of the chromosomes.
General observations on the chromosome
complement

Somatic chromosome number of O. niloticus was
detected 2n = 44 in the present studies. No deviation
in chromosome number was detected in each plate.
Late prophase stage was observed; the nuclear
envelope breaks up and the chromosomes were
condensed and appeared as thicker and shorter to
coil repeatedly to form overlap. This is called super
coiling in Fig. 1. Exclusively contracted metaphase
chromosomes were also observed in the body tissues
which were unsuitable for measurement in Fig. 2. A
plate representative of the four plates used in the

karyotype analysis is shown in Fig. 3.

Of the 2n = 44 chromosomes the long arm and short
arm were detected only in 8 chromosomes (10, 16,
20, 29, 32, 38, 42, 43) which consisted of 4
metacentric (10, 16, 38, 43), 3 submetacentric (29,
32, 42) and 1 subtelocentric (20). For easy reference,
chromosomes in the photomicrography prints were
numbered arbitrarily. Of the 44 chromosomes the
longest one (chromosome 42) was 3.1u long having
arm ratio 2.9 and the shortest one (Chromosome 21)

was 0.7u long (Table 1).

Discussion

In the present study, one day-old O. niloticus larvae
were allowed to swim 0.05% colchicine solution
separately but 0.05% colchicine solution gave better
chromosomal observation. The O. niloticus larvae
kept in the colchicine solution for about 2 h, 2.5 h
and 3 h. The slides, which were prepared with 2 h
colchicine treated larvae, found the chromosomes

well spread.
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Table 1. Measurement of the chromosomes complement and their classification.
Chromosome no. Length of long Length of short arm Total length Arm ratio (L/S) Classification
arm () (w (w
1 1.2 0.00 1.2 o t
2 1.2 0.00 1.2 ®© t
3 1 0.00 1 o t
4 1.2 0.00 1.2 o t
5 1.1 0.00 1.1 o© t
6 0.8 0.00 0.8 o t
7 1.1 0.00 1.1 o© t
8 1.2 0.00 1.2 ) t
9 1.2 0.00 1.2 o t
10 0.5 0.45 0.95 1.3 m
11 1.2 0.00 1.2 © t
12 0.9 0.00 0.9 o© t
13 1.1 0.00 1.1 © t
14 1.1 0.00 1.1 © t
15 0.8 0.00 0.8 ) t
16 0.9 0.8 1.7 1 m
17 0.8 0.00 0.8 ) t
18 1.2 0.00 1.2 ) t
19 1.1 0.00 1.1 © t
20 2.1 0.6 2.7 3.5 st
21 0.7 0.00 0.7 o t
22 1.1 0.00 1.1 © t
23 1.2 0.00 1.2 © t
24 1.2 0.00 1.2 © t
25 1.5 0.00 1.5 o t
26 1.2 0.00 1.2 © t
27 1.2 0.00 1.2 © t
28 1.2 0.00 1.2 ) t
29 1.2 0.5 1.7 2.4 sm
30 0.8 0.00 0.8 ) t
31 1.1 0.00 1.1 © t
32 1.5 0.8 2.3 1.9 sm
33 1.1 0.00 1.1 o t
34 1.2 0.00 1.2 © t
35 0.8 0.00 0.8 © t
36 1.1 0.00 1.1 © t
37 1.1 0.00 1.1 © t
38 0.8 0.5 1.3 1.6 m
39 1 0.00 1 © t
40 0.8 0.00 0.8 © t
41 1.1 0.00 1.1 © t
42 2.3 0.8 3.1 2.9 sm
43 1.1 1 2.1 1.1 m
44 1.5 0.00 1.5 o t

[M = metacentric, sm = submetacentric, st = subtelocentric, t = telocentric]

Fig.1. Complement of one day-old larvae of O.

niloticus at late prophase stage, showing thickly

stained chromosome segments. Chromosomes at

stages not used in karyotypic analysis. X 100.

The present finding of 2n = 44 chromosomes in O.
niloticus is in agreement with the earlier reports of
Kornfield et al. (1979) and Sherwood and Patton
(1982). In this experiment, the length of
chromosome ranged between 0.7 to 2.9 p and the
arm ratio of chromosome ranged between 1 to

infinity («). The long arm, short arm and arm ratio
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were detected for few chromosomes. Four types of
chromosomes were found. They were metacentric,
submetacentric, subtelocentric and telocentric which
consisted of 2n = 4m + 3sm + 1st + 36t
chromosomes. On the other hand Sofy et al. (2008)
in their experiment found that 2n = 2sm + 24st + 18t
in O. niloticus, 2n = 2m + 12sm + 14st + 16st in
Sarotherodon galilaeus and 2n = 20sm + 8st + 14t

respectively.

The cytogenetic study of three fish species in Egypt,
O. niloticus, Sarotherodon galilaeus and Tilapia zilli
to cichlids was done by Sofy et al. (2008). They
injected 0.01% of freshly prepared colchicine
solution intraperitionaly per gram of body weight of
fish. The specimens were then placed in to a holding
tank for 2 - 4 h but in case of larger fish more than
20 cm were held for at least 6 h after injection. Here

hydrolysis of the sample was done for 15 min.
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Datta et al. (2003) conducted an experiment to study
chromosomes of Ompok pabda, where the hydrolysis
of the larvae was done for 10 min. Haematoxylene
treatment for staining was done for 5 min, 6 min, 8
min but only 8 min treatment of haematoxylene gave

satisfactory results.

The study of chromosomes receives the interest for
classification of species and understanding of
evolution. In spite of being used extensively in
taxonomic research of invertebrates and even in

vertebrates, fishes from the group for which
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cytological data are mostly lacking (Alves, 2000;
Artoni and Bertollo, 2001), in this concept the
present research work is very much useful to know
the cytogenetic and karyotypic arrangement of O.

niloticus.

L, o
Fig. 3. Representative complement of larvae tissue

included for karyotype analysis. X 100.

Karyological study of teleost fish presents technical
difficulties which are not encountered in the study of
vertebrates and these difficulties are due to the small
size and high number of chromosomes (Cucchi and
Baruffaldi, 1990). In the present study chromosomal
constitution of O. niloticus could be difficulties
encountered in staining and slide preparation using
appropriate fish larval tissues. Cells tend to suffer
breakage easily causing unavailability of intact
chromosome complements in higher numbers. The
major difficulty encountered is the morphological
variation existing even between homologous
chromosomes in the same nucleus (Al-Sabti, 1991;
Levan et al., 1964). Fish karyotypes are not identical
as in human being or other animal species, but
polymorphism often occurs within the same fish
species (Al-Sabti, 1991).

The karyotype analysis is a key step towards the
stock improvement by polyploidy manipulation,
detection of hybridization and related genetic
engineering (Tan et al, 2004). Although
chromosome of this compliment could be measured
in the present study, it is worthwhile to perform the
work to gain information in this complete

chromosome complement of O. niloticus.
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