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Abstract

Karyotype analysis is the most classical method in the field of cytogenetics. It includes the determination of 2n chromosome numbers,
relative length of chromosomes, centromeric formula, centromeric index, total chromatin length, etc. It describes a technique for
taking pictures of a stained preparation in which the chromosomes are arranged in regular centromere patterns. In the present
study, the significant karyotype of Channa punctatus were observed by analysing the metacentric, submetacentric, subtelocentric,
and telocentric chromosomes. Among these the diploid chromosome number was 32 which were identified to be 14-metacentric, 12-
submetacentric and 7- sub telocentric and 7- telocentric chromosomes. Thus, such studies shall be promoted to extend the analysis on

the physiological health of fishes in changing environment.
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1. Introduction

The species that make up the fish family are incredibly diverse. The
fishes have chromosomal complements that vary greatly in both
character and number, demonstrating their diversity. The topic of
fish chromosomes might easily fill volumes, so this article's focus
has been restricted to a broad overview of fish cytogenetics and
how it can be used to further aquaculture and fish biotechnology.
Current genetic research uses fish cytogenetics for a wide range of
purposes, including studies into the evolutionary history of fishes,
environmental toxicology, experimental ploidy manipulation,
and transgenic fish production [1]. Cytogenetic techniques like
taxonomic studies and karyological analyses are essential to
providing fundamental knowledge on fish breeding programmes
like inter-specific hybridization, chromosome manipulation
techniques, and genetic improvement of commercial fish [2-
6]. To date, many karyotyping techniques have been developed
to visualise fish chromosomes at different developmental
phases, including tissue cultures, squashing techniques, and cell
suspensions of the tissues going through mitosis [7,8].

Fish chromosome research dates back to study of the fish Salmo
truttofario's chromosomes by Post's 1965. The progress of several
fish cytogenetic research has been summarised by Blaxhall (1975)
and Bloom (1977) [9,21]. 32 numbers of chromosomes were found
in Channa punctatus in both sexes of normal diploid cells. We
found no sex chromosomes in this fish species. These findings are

consistent with the earlier data that is currently available [10-12].
Channel catfish (Ictalaris punctatus) standardised karyotypes were
created by Zhang and Tiersch in (1998) [13]. Like with mammals,
research on fish chromosomes began in the 1960s. Karyological
investigations enabled us to gain a basic understanding of
chromosome with their size, number, and morphology.

Numerous researchers have studied various species, such as
crayfish. Phimphamet al., (2017) studied the five species of lutjanid
fish. Yadav and Neeru (2018) studied constitutive heterochromatin
and NOR banding in Three species of Indian major carps [14-
18]. In modern methods like karyo-taxonomy, chemotaxonomy,
DNA barcoding, and DNA polymorphism aid in fish identification
by adding new characters to the morphological character-based
system [19].

The purpose of the current study is to investigate the normal
metaphase chromosomes spreads with G-banding which represents
the heterochromatic region which is rich in AT (Adenine and
Thymine)stains more darkly, whereas less condense region of
euchromatin which is rich in GC (Guanine and Cytosine) appears
as light bands. Although the precise mechanism of silver staining
is unknown, it is thought to bind to the non-histone proteins of the
transcriptionally active NOR region.
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2. Material and Methods

The experimental fishes (Channa punctatus (05-15 gms)) were
used for chromosomal studies. which were collected Bithoor
side local market Kanpur district. Fish that weren't sick were
acclimated to the lab environment. We chose a total of 16 fishes
with various body weights and sizes. After 4 hours of colchicine
(0.1%) therapy, the abdomen area was dissected, the kidney tissues
were collected, immediately transferred to different Petri dishes,
chopped into small pieces, and then stored in a hypotonic solution
for 30 minutes at room temperature. A pipette was then used to
aspirate out the hypotonic solution. Each tube's contents were
re-suspended after the addition of the fresh, refrigerated 5.0 ml
of fixative (3:1 ration of methanol and glacial acetic acid). After
standing for 10 minutes, the fixative was pipetted out. Three times
of the aforementioned procedure were required until a mass of
tissues and a supernatant fell at the bottom of the tube. After fixing,
the button was moved to filter paper to dry before being suspended
in 45% glacial acetic acid solution and dropped from 12" height
above pre-warmed slides. Slides were air dried, given a 24-hour
maturation period, and then stained with 4% Giemsa according
to Klingerman and Bloom (1977). G banding pattern was carried
out as described by Sumner (1990) and NOR banding methods
according to Howell and Black (1980) [20-22].

3. Results
In the present study, fish were kept without feeding 1 day before the

Figure 1:Photomicrograph showed the Specified karyotype of fish Channa punctatus

starting of the experiment [23]. The significant karyotype of fish
Channa punctatus were observed by analyzing through karyotypic
position like metacentric, submetacentric, subtelocentric, and
telocentric chromosomes. Among these the diploid chromosome
number was 32 (Fig. 1). In which 13metacentric, 7-submetacentric
5-subtelocentric and 7-telocentric were identified in experimental
animal. The G bands' structural analysis revealed that after
banding, transverse bands remained on them. These were brought
on by heterochromatin's presence as well as the presence and
absence of bases (Fig. 2). In the metaphase spreads, the stain
showed up as a dark patch by using silver staining, the NOR
bands on the chromosomes were found. In the metaphase spreads,
these bands were seen in one to four locations. The transverse
bands of the chromosomes were structurally evident after
banding. Heterochromatin and the presence and lack of bases
both contributed to the banding. The homologous chromosomes
were paired using the bands. At two or three locations in the
metaphase spread, the NOR regions were clearly visible. The
transverse bands of the chromosomes are structurally evident after
banding. Heterochromatin and the presence and lack of bases both
contribute to the banding. The homologous chromosomes and the
bands aid in chromosomal pairing. As can be seen in 2-3 locations
in the metaphase spreads (Fig. 3), NOR binds to the nonhistone
proteins of the transcriptionally active NOR region following the
silver staining.
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Figure 2: Photomicrograph shows the G bands on normal karyotypes of Channa punctatus

Figure 3: Photomicrograph shows the NOR bands on normal karyotypes of Channa punctatus
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? Remark Meta-centric Submetacentric Atelo-centric Telo-centric Total
(2n)
1 Karyotypic 1,2,3,4,11,1 5,6,8.14,15, 7,9,18,24,2 10,22,23,25,
Specification 2,13,16,17, 21,30 9 27,28,32
19,20,26,
31
2 | Karyotypic 32
Counts 13 7 5 7

Table 1: Represents the Karyotypic Specification of fish Channa Punctatus

4. Conclusions and Discussion

Fish are particularly vulnerable to environmental dangers because
they live in aquatic systems, which can harm them either directly
or indirectly. Some pollutants build up in the fish's system,
where they interfere at the molecular and cellular levels, causing
aberrations in the genetic code that could be passed down to the
next generation [24,25]. In the current investigation Channa
punctatus was utilized as test material for karyotyping because of
its G and NOR banding pattern.

The quantity of cells undergoing mitosis division closely correlates
with the achievement of a desired number of mitotic chromosomes
spread. Species and environmental factors also have an impact on the
mitotic rate [26]. Shao et al. (2010) reported in their investigations
by contrasting the number of metaphase chromosomes and mitotic
rates in various life stages of Cynoglossussemilaevis, that the
larvae had a greater mitotic rate than the juveniles and adults [27].

Similar to how older C. gariepinus and D. rerio larvae behaved
differently to the colchicine concentration and duration and to
the hypotonic solutions in our investigation, changes in mitotic
division rates may be the cause. In a different study, the importance
of environmental conditions in determining a trustworthy number
of chromosome spreads was demonstrated by Wakahara (1972),
who found that the ventral tail-fin epidermis of the larval African
clawed frog (Xenopuslaevis) had a higher mitotic rate at night
than it did during the day [28]. The most common microtubular
toxin is colchicine. Colchicine has been shown to block spindle
microtubules and distribute metaphase chromosomes in the
cytoplasm in metaphase cells prior to nuclear envelope breakdown
(NEB) [29].

In general, a high number of small-sized fish are difficult to
work with when using the chromosomal spread approach. The

majority of fish chromosome preparation methods involve the
collection of tissues from various fish body parts, including the
intestine, blood, skin fibroblasts, bone marrow, liver and spleen,
fin epithelium, kidney, gills and gonads [30-39]. The kidney tissue
of the fish Channa punctatus was used to prepare the chromosomal
metaphase spreads in the present study. Alternate dark and bright
spots running the length of the euchromatic region of chromosomes
is known as the G banding technique. In 1990, Sumner [20,21]. In
vertebrates, particularly lower vertebrates like fish, this method
has been applied frequently. Balxhall (1983), Gold and Li
[40,41]. In addition, Leitao et at. (1999 and 2000) described the
G banding pattern in three species of oysters, Crassostreagigas,
Crassostrea angulate, and Crassostreavirginica, and they noted
the dark and light band patterns on the two arms of seven pairs
of chromosomes. G banding is hypothesised to be the outcome
of DNA and protein interaction and involves protease-treated
chromosomes with giemsa dye [42,43]. Wendy (2001). Karhan
and Ergen (2010 discovered a sizable heterochromatin area on the
metacentric chromosome [44,45].

The initial silver staining techniques used to see AgNO, proteins
used two phases of AgNO, impregnation followed by a stage of
development using reducing agents such ammonia or formic acid
[46]. A group of acidic non-histone proteins that bind silver ions and
are specifically visible by silver techniques in routinely processed
cytohistological material are found in NORs, a chromosomal tract
that contains ribosomal genes 22]. For the study of chromosomal
evolution in insects, Rufas ef at. (1987), Bedo (1991), and Bella
et at. (1993) reported that the NOR is a useful marker [47-49].
The quantity and position of NORs are typically indicative of a
population's species within a certain insect species. In the current
investigation, two pairs of medium-sized telocentric chromosomes
were stained with silver to identify the NOR bands on experimental
fish chromosomes. It is thought that silver staining interacts with
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the non-histonic proteins of the transcriptionally active NOR,
which was discovered by Wiberg (1983) and Thodeet at. (1985) to
be positioned terminally on the short arms of tiny submetacentric
chromosomes in European eel Anguilla. In the Congo fish Conger,
Sushana et at. (1994) discovered silver markings terminally on the
short arm of an acrocentric chromosome [50-52]. These NORs
were uniform in size across all specimens. The nuclear organising
areas on the chromosomes of four species of the genus Diplodus
were described as a phenotypic by Vitturiet a¢. in 1996 [53]. With
the exception of one chromosome, which had clear bands situated
right below the centromere, Morescalchiet at. (1998) applied the
g banding patterns to the chromosomes of Macacasylvanus and
noticed that all chromosomes appeared to have an identical banding
pattern to most macaque species [54]. Sharma and Sharma (1998)
also noted the use of G bands on numerous Indian fish species [55].
According to Wang et at. (2004), the quantities and locations of the
NORs are frequently changeable and prevent correct localization
on the crosstree chromosomes [56]. Review of 20-year history of
karyotypes with NOR banding patterns in Bivales by Leitao and
Chaves (2008) [57]. While Arzu and Ergene (2010) identified the
NOR area were observed by many chromosome pairs by silver
staining [45]. Valic et at. (2010) found the NORs in the telomeres
of the two pairs of medium-sized submetacentric eleostesukliva
chromosomes When Kaewsri et at. (2014) examined 74 sparrow
fish karyotypes, they clearly saw the NOR in 6 pairs of acrocentric
chromosomes. Nandini and Arokia (2014) discovered the NORs
on one pair of submetacentric chromosomes in Labeorohita,.
Neeruet at. (2018) investigated the Ag-NOR bands found on the
homologous chromosomal pairs 15 and 11 in L. rohita and C. catla,
respectively [18,58-60]. Ag-NOR staining revealed the presence
of darkly stained NORs on the terminal area of C. mrigala. Nuclear
organizing region were characterized in fresh water teleost
heteropneustefossilis by Vermaet al. 2019 while Verma et al. (2020)
identified the NOR bands with G bands in chromosomes of fish
Clariasbatrachus [61,62]. Additionally, chromosomal analyses of
economically significant fish are crucial for enhancing fish output
genetically through chromosomal mapping and genetic selection.
In fact, it is crucial to identify each chromosome individually and
establish exact karyotypes. In order to increase fish production
genetically through chromosomally set alterations and genetic
selection, chromosomal research on commercially significant
fish are crucial. This calls for the accurate karyotyping of each
individual chromosome.
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