M

MEDWIN PUBLISHERS

Committed to Create Value for researchers

Nucleolar Organizer Region (NOR) Polymorphism in Relation
to Interspecific and Intraspecific Variability in Some Indian
Anurans-A Review

International Journal of Zoology and Animal Biology
ISSN: 2639-216X

Banerjee SN*
) Review Article

Department of Zoology, Rammohan College, Kolkata, India Volume 3 Issue 3
Received Date: April 27, 2020
Published Date: May 18, 2020

DOI: 10.23880/izab-16000226

*Corresponding author: Dr. Samarendra Nath Banerjee, Associate Professor, Department of
Zoology, Rammohan College, 102/1 Raja Rammohan Sarani, Kolkata-700009, India, Email:

samban2kcal@yahoo.com; samar_banerjee@rediffmail.com

Abstract

The amphibians being originated from Crossopterygian fishes in the late Devonian constitute one of the most interesting
groups of vertebrates. Indian subcontinent is rich in amphibian fauna but the cytogenetical studies in this field are scanty. The
present review has been oriented to analyse the nucleolar organizer region polymorphism in some Indian anuran bufonids,
ranids and rhacophorid. Conventional staining of mitotic metaphase stages revealed that three Bufonid species studied possess
symmetrical karyotypes with 2n=22 and NF=44. The four ranid species and a single sp. of Rhacophorus studied possess
symmetrical karyotypes with 2n=26 and NF=52. Nucleolar organizer region or secondary constriction (SC) region staining
by HCl-trypsin digestion and silver impregnation technique revealed that the number and position of NORs are variable not
only among the different species but also in different individuals of the same species. Considerable variation in the length of
NOR or SC has been noted in different specimens of the same species. An uneven distribution of NOR has also been found in
Bufo stomaticus where males possess one NOR bearing chromosome in the chromosome pair # 5 and female with two NOR
bearing chromosome that is in the chromosome pair # 7. The NOR polymorphism in relation to interspecific and intraspecific
variability in the size and number is interesting which would be of cytotaxonomic value to trace the phylogenetic relationship
among the different species.
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Abbreviations: NOR: Nucleolar Organizer Region;
rDNA: Ribosomal DNA; SC: Secondary Constriction; NF:
Fundamental Number; AgNO,: Silver Nitrate.

Introduction

The nucleolus organizer regions (NORs) or Secondary
constrictions (SCs), have been recognized as sites containing
ribosomal DNA (rDNA) cistrons [1,2]. Biochemical studies
have shown that the silver stained parts of chromosomes
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in Some Indian Anurans-A Review

consist of acidic proteins [3]. The NORs constitute important
landmarks in identifying a particular chromosome or
chromosomal segmentin the karyotype of a species [4-6]. The
NOR polymorphism seems to be a general phenomenon in
different vertebrates such as fishes [7-9], amphibians [6,10-
12] and reptiles [13]. In conventional stained metaphases,
the precise identification of the NOR is difficult due to
extreme condensation of chromatids. The silver staining
method is often used to demonstrate the position of the NOR
in the chromosome [14].
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Amphibians, the amazing group of vertebrates, have been
the subject of various cytogenetic investigations [4,10,15-
17] because of their transitional phylogenetic position in
the animal kingdom, low diploid numbers with enormous in
length and ambiguous nature of sex chromosome. There are
7350 amphibians in the world out of which 6458 are anurans
[18]. Infact, very little has been added to the cytogenetics of
Amphibia distributed in Indian subcontinent. The number
and location of NORs have been studied in a number of
Anuran species [6,19] to solve various phylogenetic riddles
in amphibian cytotaxonomy. The karyotypes of Bufo
andersonii and B.melanostictus (=Duttaphrynus melanostictus
) are almost identical, differing only in the presence of a
prominent secondary constriction in the short arm of both
the chromosomes of pair number 7 in the former and its
complete absence in the latter [20]. In majority of the Anuran
species investigated so far, the NORs occupy an interstitial or
subterminal position in the chromosome arms. It was also
noticed that the size of Ag-stained NORs is extremely variable
in different or closely related species [6,10]. The NORs in

the chromosomes of Pyxicephalus adspersus revealed a
high frequency of inter-individual variations (duplications
or triplications etc.). The high degree of interindividual
variability in respect to size and number of AgNO, stained
NOR seems to be a characteristic feature in different groups
of vertebrates such as fishes [21] , amphibians [4,5,10 ]
and mammals [14,22]. Moreover, the number and position
of NOR have been used as markers in karyosystematic
studies of Anurans (5,6). Present review has, therefore, been
oriented to analyze the chromosomal morphology of some
Indian Anurans with respect to Nucleolar organizer region
polymorphism that not only add further cytological data on
Amphibian karyosystematics but also readjust and refine the
existing knowledge gathered in this field of special interest.

Distribution of Anuran Amphibians in Some
Localities of West Bengal, India

The review work of NOR polymorphism has been
oriented on the basis of some cytological observations
[10,19] of some anuran species (Table 1 & Figure 1).
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Figure 1: Map of West Bengal, India showing the distribution of anuran amphibians in some districts studied in this review
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Order Family Scientific name Distribution
Bufo melanostlctus(_zDuttap hrynus Bardhaman, Birbhum, Hooghly districts, West Bengal, India
Bufonidae melanostictus
B. himalayanus Darjeeling District, West Bengal, India
B. stomaticus Bakreshwar, Birbhum District, West Bengal, India
Rana tigrina Bardhaman, Birbhum, Hooghly districts, West Bengal, India
Anura , Bardhaman,Birbhum and Hooghly districts, West Bengal,
) R.cyanophlyctis .
Ranidae India
R. erythrea Bardhaman district, West Bengal, India
R. limnocharis limnocharis Bardhaman district, West Bengal, India
Rhacophoridae Rhacophorus (Polypedates) Bardhaman district, West Bengal, India
maculatus

Table: 1: Systematic position and related particulars of eight anuran species.

HCI-Trypsin Digestion Technique to Detect
Satellite and Satellite Stalk

Since amphibian chromosomes remain in a highly
condensed state at metaphase (Figure 2ab) it becomes
difficult to detect NOR or satellite stalk and satellite
chromosomes. In order to expose the NOR or satellite region
the HCl-Trypsin digestion technique was standardized [19].

NOR banding: N-band was performed earlier [10] by slight
modifications of the technique described by Howell and
Black [23].

Conventional Stained Mitotic Chromosomes of
Bufo and Rana

Conventional staining of mitotic chromosomes of
the species studied under genus Bufo: B. melanostictus,
B.himalayanus and B.stomaticus revealed an identical diploid
number (2n=22 and fundamental number = 44) with a
symmetrical karyotype [10].

Conventional staining of mitotic chromosomes revealed
that 2nnumber of all the species studied under the genus Rana
and Rhacophorus is 26 with NF=52 (Figure 2). The karyotype
is typically symmetrical with all biarmed chromosomes.
No morphologically distinguishable heteromorphic sex
chromosome pair could be identified in conventional Giemsa
stained preparations [10].

Both NOR and satellite bearing chromosomes constitute
important chromosome landmarks and provide important
clues in tracing karyological evolutionary trend in anurans.
The metaphases of Duttaphrynus melanostictus and B.
himalayanus subjected to subsequent acid and enzyme
treatment showed one pair chromosome with distinct
satellite and satellite-stalk [10,19]. In Duttaphrynus
melanostictusitislocated in the long arm of chromosome pair
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# 11 where as in B. himalayanus it is located in the short arm
of chromosome pair # 11 (Figure 3a,b). In female specimens
the NOR is prominent in both the homologues whereas in
male one chromosome with well-developed NOR and other
one of this pair is small. In B. stomaticus the SC or NOR region
is visualized in one chromosome of pair # 5 in male and both
the homologues of the pair # 7 in case of female individuals
(3¢,d). The application of HCI-Trypsin digestion method in all
the species studied under the genus Rana and Rhacophorus
revealed that one pair of chromosomes always showed
secondary constriction region. It is located at the middle
region of its long arm of 7% pair in Rana tigrina, proximal
region of the short arm of the 8™ pair in R. cyanophlyctis,
short arm of 8 pair in R. erythrea and short arm of 7% pair in
R. limnocharis limnocharis. In case of Rhacophorus maculatus
the secondary constriction is visualised in the short arm of
11% pair (Figure 4c-g)

Visualisation of NOR by AgNO, staining

In metaphase chromosomes stained with Ag, the dark
Ag label is clearly localised exactly within the nucleolar
constriction of the light brown stained chromosomes
(Figure 4a,b). The Ag-banding coincided exactly within the
chromosomal secondary constrictions detected earlier by
the application of HCI Trypsin digestion technique. Due to
the extreme length of the NORs, the terminal region of the
NOR carrying chromosome arms appear as satellites in
Duttaphrynus (Bufo) melanostictus. A comparison of the NOR
carrying chromosomes of different individuals of the same
species revealed considerable differences in the lengths
of the NOR (Figure 3e-j). Moreover, variation in respect to
distribution of NOR in chromosome pair is sex specific. The
HCI Trypsin digestion banding patterns showed that NOR in
the middle region of the short arm of both the chromosome
pair 7 in the female individuals whereas in the male it was
recorded interstitially in the long arm of a single chromosome
no.5 (Figure 3c,d).
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It is evident from the existing knowledge [6] and also
from the present study [10,24] that the difference in NOR size
in Anura could either be due to deletion or duplication. This
is a good example of NOR heteromorphism. Interestingly,

Yr_

variations in number and size of the Ag-stained nucleoli were i s
also recorded in the diploid interphase nuclei (Figure 4a).
\ ALY
Figure 2: Somatic metaphase chromosome of Bufo
showing 2n=22 (a) and somatic metaphase chromosome of
Rana showing 2n=26 (b). All chromosomes are condensed.
- Figure 4: a-g: a = Silver stained cells in Bufo melanostictus
) (B.m). Variations in number of the Ag-stained nucleoli in
A " ‘ l interphase cells (arrowed); b = Silver stained metaphase
a b with two NOR bearing chromosomes in B.m. Interestingly,
NOR is extended (large arrow) in one chromosome of
r ap * the homologue but other is dotted (small arrow). NOR is
exposed (arrowed) by HCI-trypsin digestion method in
‘ h Rana tigrina (c); R. cyanophlyctis (d); R. erythrea (e); R.
[ ] L] limnocharis limnocharis (f) and Rhacophorus maculatus (g)
o d (Modified after Banerjee, 1986; Banerjee and Chakrabarti,
¥ 1986)
Conclusion
e f q h i 1
Interspecific and intraspecific polymorphism in NORs
Figure 3: a-j: NOR detection by Silver staining and HCI- has been demonstrated in different groups of vertebrates [6-
Trypsin digestion method (Individual chromosomes are 13]. Most of these variations are related to the chromosome
arranged from different photographic plates showing specific location of NOR, number of active NOR per cell and
less extended NOR and highly extended NOR) a = Silver relative size of specific NOR on chromosome.
stained NOR in Bufo melanostictus; b = HCl-Trypsin treated
Giemsa stained NOR in B. himalayanus. ¢ = HCl -Trypsin In the present investigations and data from previous
treated Giemsa stained NOR in B. stomaticus (male) with works [10,19,24,25] all the species belonging to the genus
one NOR. d = HCI - Trypsin treated Giemsa stained NOR Bufo, Rana and Rhacophorus were found to possess a single
in B. stomaticus (female) with two NOR. e, f = HCI-Trypsin pair of SC or NOR distributed interstitially with some
treated Giemsa stained NOR in B. melanostictus . NOR is less exceptions. A species specificity in distribution of SC / NOR
extended to highly extended state. g, h, i, j = Silver stained has been noted. Because in Rana tigrina the SC is located in
NOR in B. melanostictus . NOR is less extended to highly the long arm of chromosome # 7, in R. cyanophlyctis in the
extended state ( (Modified after Banerjee,1986; Banerjee short arm of chromosome # 8, in R.erythrea in the short arm
and Chakrabarti, 1986; 1987). ) of chromosome # 8, , in R. limnocharis limnocharis in the
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short arm of chromosome # 7 and in Rhacophorus maculatus
in the short arm of chromosome # 11 ( Figure 4c-g). In
Duttaphrynus melanostictus it is located in the long arm of
chromosome # 11 and in B.himalayanus it is located in the
short arm of chromosome # 11(Figure 3a,b). Earlier Schmid
[6] identified species specific distribution of NOR in different
anurans. Interestingly, in the present study an apparent sex
specific difference in the number of NOR or SC has been
found in B. stomaticus in which male is heteromorphic in
having a single NOR bearing chromosome and the females
two. This situation receives further attention because in
male the NOR is localised in the long arm of chromosome #
5 where as in female the NOR is localised in the short arm of
chromosome # 7 (3c,d). This uneven localisation of NOR in
male and female karyotypes casts doubt on the possibility
of sex specific NOR polymorphism in this species. Instead it
recalls the possibility of NOR polymorphism resulted due to
breakage and fusion of or near nucleolar organizer regions.
Some authors [26,27] suggested that unequal meiotic
crossovers or sister chromatid exchanges are the probable
causes for polymorphism in NOR distribution.

In the present investigation, intraindividual size
differences of NOR were frequently noted in Duttaphrynus
melanostictus and B.himalayanus. It is evident from the
existing knowledge and also from the present study that
the difference in NOR size in Anura could either be due
to deletion or duplication. Experiment conducted on
Ambystoma mexicanum [28] showed pronounced differences
in the length of nucleolar constriction are directly related
to differences in the number of rRNA cistrons. Miller,
et al. [22] advocated that the Ag-staining in the mitotic
metaphase chromosomes demonstrates only those NORs
which were active i. e, engaged in ribosomal RNA synthesis
in the preceding interphase. Lack of Ag-staining on the
chromosome arm indicates that either this NOR was inactive
in the preceding interphase, or the NOR was completely
deleted and lost. Lopez et al. [29] have stated that the size
variation between the two NOR bearing homologs should
be more functional than structural. Therefore, the present
review indicates that in Duttaphrynus melanostictus, the
large duplicated or triplicated Ag blocks are localised in the
very extended nucleolar constrictions and it may be assumed
that the number of the rRNA cistrons have greatly increased
with a corresponding increase in ribosomal RNA synthesis
at these loci.

It is evident from present analysis and previous
study [10,19,24,25] that all five species viz. Rana tigrina,
R.cyanophlyctis , R. erythrea, R. limnocharis limnocharis and
Rhacophorus maculatus or Polypedates maculatus show
unique resemblance in their identical chromosome number
(2n = 26) and NOR number (one pair) with some deviations
exhibited mainly in the location of NOR in different pair
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of chromosomes. In addition, chromosomal features
analysed here indicate that Duttaphrynus melanostictus,
Bufo himalayanus and B. stomaticus possess an identical
chromosome number (2n=22) and NOR number with minor
differences with respect to NOR distribution in different
chromosome. Considering various information about the
different species studied under the genus Rana, Rhacophorus
and Bufo or Duttaphrynus indicated that they are to some
extent conservative with respect to chromosome number
and NOR number with little deviations exhibited in the
location of NOR. Perhaps new approaches in light of banding
technology in this field will focus new information about the
anuran cytotaxonomy.
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