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Abstract

Chromosomal locations of major 45S and minor 5S ribosomal DNAs (rDNAs) and organization of 5S rRNA genes were
analysed in five different populations of golden mahseers (Tor putitora) using fluorescence in situ hybridization (FISH) and
Southern blot hybridization. All five populations of T. putitora (2n = 100) showed a similar type of macro-karyotype com-
posed of 12 metacentric, 22 submetacentric, 14 subtelocentric and 52 telocentric chromosomes. Analysis of active nucleolar
organizer regions (NORs) by silver staining did not show any differences in number and chromosomal position in different
populations. But FISH data showed significant difference between the populations, four of the five populations showed six
18S (three pairs) and two 5S (one pair) signals with positional polymorphism, while one population showed eight 18S and
four 5S signals, respectively. Southern blot data confirms that 5S rDNA clusters present on two different chromosome pairs
in Kosi river population contain non-transcribed spacers (NTS) of same length. In the present study, simultaneous localiza-
tion of 45S and 5S rDNA by in situ hybridization helped us to develop the discrete population-specific markers in different
geographically isolated populations of T. putitora.

[Singh M., Kumar R., Nagpure N. S., Kushwaha B., Mani I., Chauhan U. K. and Lakra W. S. 2009 Population distribution of 45S and 5S
rDNA in golden mahseer, Tor Putitora: population-specific FISH marker. J. Genet. 88, 315–320]

Introduction

Repetitive DNA constitutes a considerable genome frac-
tion in higher eukaryotes and represents the major com-
ponent of heterochromatin (Miklos 1985; Charlesworth et
al. 1994). These repetitive DNA sequences and specific
associated proteins have been suggested to be involved
in important processes such as stability of genome struc-
ture, position effect variegation, recombination, chromo-
some pairing and segregation, suprachromosomal organi-
zation as well as genetic differentiation and karyotypic
evolution (Miklos 1985; Weiler and Wakimoto 1995; Ren
et al. 1997). The existence of multiple copies of repet-
itive sequences, such as ribosomal DNA (rDNA), consti-
tutes the basis for wide variation found among species,
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populations and individuals (Castro et al. 2001; Tigano et al.
2004; Santi-Rampazzo et al. 2008). Ribosomal RNA genes
(rDNAs) are arranged in two different families including nu-
cleolus forming major 45S rDNA family composed of multi-
ple copies of a repeated unit that contain coding region of
18S, 5.8S and 28S rRNA (Long and David 1980; Pendas
et al. 1993) and non-nucleolus forming tandemly arranged
multiple copies of minor 5S rDNA family that comprise a
highly conserved 120-bp long coding region and a variable
non-transcribed spacer (NTS). As NTS is non-transcribed, it
is expected to mutate freely. The 5S rDNA fits in a con-
certed evolution model (Drouin and Moniz 1995) and shows
low intra-individual and intra-population heterogeneity due
to homogenization of the repeated sequences (Dover 1982).
For this reason, the NTS has been widely employed as a
molecular marker for species identification and phylogenetic
studies (Pasolini et al. 2006; Pinhal et al. 2009; Campo et al.
2009). The intense dynamisms of 5S rDNA repeats generate
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variant classes of 5S rDNA (on the basis of NTS length and
their sequence variation), which have been reported in the
genome of several fish species (Martins and Galetti 2001;
Wasko et al. 2001). Campo et al. (2009) reported the pres-
ence of two types of 5S rDNA in 12 species of genus Mer-
luccius that is differentiated by the absence or presence of
a simple sequence repeat in the NTS. Pinhal et al. (2009)
also reported presence of two types of 5S rDNA clusters
in the sharks of the genus Rhizoprionodon, termed class I
cluster, composed of approximately 185 bp; class II cluster
composed of approximately 465 bp. In many species of fish,
the chromosome locations of the two rDNA families are usu-
ally at different (Martinez et al. 1996; Fujiwara et al. 1998;
Sajdak et al. 1998; Martins and Galetti 2000; Ferro et al.
2001), while in few others species they are colocalized on the
same chromosome (Moran et al. 1996; Inafuku et al. 2000;
Fontana et al. 2003; Tigano et al. 2004).
Tor putitora, commonly called golden mahseer, is a cold-

water fish, belonging to the order Cypriniformes and family
Cyprinidae, inhabits a wide range of river-systems ranging
from tropical waters to sub-Himalayan regions, and has high
demand as food and attraction for anglers as a sport fish.
Genetic analyses of natural population of T. putitora from
the rivers of the Indus, Ganges and Mahanadi river systems
has been carried out using polymorphic microsatellite and
allozyme markers (Mohindra et al. 2004) and some of the
classical cytogenetic techniques like karyomorphology, chro-
mosome distribution of heterochromatin and different band-
ing/staining (C-, G-, NORs, CMA3 etc.) have been utilized
earlier for characterization of Indian fish species including
T. putitora (Khuda-Bukhsh and Nayak 1982; Lakra 1996;
Kushwaha et al. 2001). However, no molecular cytogenetic
data are available on the population distribution of 45S and
5S rDNA in any of the Tor species including T. putitora.
Within the framework of the research on macro-evolutionary
processes in this species, that has not been characterized
previously among different geographically isolated popula-
tions, we simultaneously localized the 45S and 5S rDNA by
FISH and characterized 5S rRNA genes by Southern blot hy-
bridization to better investigate that whether the discrete pop-
ulation chromosome markers are present in different popula-
tions of golden mahseer or not.

Materials and methods
Sample collection and chromosome preparation

A total of 37 samples of T. putitora were collected from five
geographically isolated populations (figure 1) that include
populations from rivers Kosi and Alaknanda (both from
Uttarakhand), river Satluj near Bilaspur (Himachal Pradesh),
river Jia-Bhoreli (Assam) and Lonavala reservoir (Maharas-
tra), India. Metaphase chromosome spreads were prepared
from the anterior kidney cells using standard hypotonic treat-
ment, acetic acid-methanol fixation and flame-drying tech-
nique according to Bertollo et al. (1978).

DNA isolation, PCR amplification and probe labelling

The genomic DNA of T. putitora was extracted from whole
blood using standard phenol : chloroform : isoamylalcohol
procedure, described by Sambrook and Russell (2001).
For amplification of partial 18S rDNA, primers were de-
signed from sequence of Cyprinus carpio available in
NCBI database (accession no. AF133089). The primers
used were forward: 5′-TTGGTGACTCTCGATAACCTC-
3′ and reverse: 5′-CCTTGTTACGACTTTTACTTCCTC-3′
and the sequence was submitted to NCBI database (acces-
sion no. EU597006). For 5S rDNA amplification, the
primers, taken from Moran et al. (1996), were forward:
5′-TACGCCCGATCTCGTCCGATC-3′ and reverse: 5′-
CAGGCTGGTATGGCCGTAAGC-3′ and the sequence was
submitted to NCBI database (accession no. EU621853). The
18S rDNA probe was labelled with tetramethylrhodamine-5-
dUTP (Roche, Basel, Switzerland) by nick translation while
5S rDNA probe was labelled with biotin, according to man-
ufacturer’s instructions (Vector Labs, Burlingame, USA).

Double-target FISH

Double-target FISH was performed to determine the co-
localization of 18S major and 5S minor rDNA clusters. Two-
to-three days aged chromosome preparations were baked at
90◦C for 1 h followed by the FISH protocol described by
Winterfeld and Roser (2007), with minor modifications in
post-hybridization washing at 45◦C instead of 42◦C. Before
detection of biotin-labelled probe, slides were incubated in
1× blocking solution (Vector Labs, Burlingame, USA) at
37◦C for 30 min and detection reagents were diluted in 1×
blocking solution approximately 30 min before use to further
reduce any non-specific binding. Detection of biotin-labelled
probe was carried out with fluorescein avidin DCS 5 µg/mL
(Vector Labs, Burlingame, USA) followed by two rounds of
signal amplification. After each step of amplification, slides
were washed in 1× blocking solution while 18S rDNA probe
detection did not require any antibody conjugate. The prepa-
rations were then rinsed twice each for 5 min with 4× SSC /
0.1% Tween 20 and counterstained with DAPI and mounted
on Vectashield mounting medium (Vector Labs, Burlingame,
USA). Slides were examined under fluorescence microscope
(Leica, Illinois, USA) with triple band filter for simultane-
ous visualization of the three colours, i.e. DAPI (blue), rho-
damine (red), and fluorescein (green).

Southern blot hybridization

The genomic organization of 5S rDNA was determined by
Southern blot hybridization. Genomic DNA (10 µg) from all
the populations was partially digested with HindIII at 37◦C
for 30 min and complete digestion was performed only for
Kosi river samples. Partially to completely digested DNA
was subjected to gel electrophoresis in 1% agarose gel and
transferred to positively charged nylon membrane, according
to Sambrook and Russell (2001). Probe of 5S rRNA gene of
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T. putitora, collected from river Satluj, was labelled with bi-
otin, according to manufacturer’s instructions (Vector Labs,
Burlingame, USA). Hybridization of filter immobilized DNA
and post-hybridization washes were performed according to
Sambrook and Russell (2001). Hybridized DNA was de-
tected by BCIP/NBT substrate kit (Vector Labs, Burlingame,
USA).

Results
In the present investigation 37 specimens from five ge-
ographically isolated populations showed a monomorphic
macrokaryotype constitution with 2n = 100 chromosome (12
metacentric, 22 submetacentric, 14 subtelocentric and 52 te-
locentric chromosomes). There was no visible differentiation
among the populations from the five collection sites and be-
tween the sexes. Analysis of active NORs by silver staining
did not show any difference in number and chromosomal po-
sition in different populations and were present on two pairs
of chromosomes (data not shown). In examined polulations
double-target FISH revealed an interesting chromosomal pat-
tern in major and minor rDNA clusters. In Alaknanda, Satluj
and Lonavala populations, major rDNA positive sites were
present on telomeric position of three pairs of chromosomes
(metacentric, submetacentric and telocentric) (figures 1 and
2a) while specimens of T. putitora from Jia-Bhoreli river

Figure 1. Collection sites of T. putitora specimens from India. S,
Satluj river, belongs to Indus river system; A & K, Alaknanda and
Kosi rivers, both belong to Ganges river system; J, Jia Bhoreli river,
belongs to Brahmaputra river system; L, Lonavala reservoir.

showed six positive signals (three pairs) of major rDNA with
positional polymorphism (one pair metacentric and two pair
telocentric) (figure 2d). On the other hand, Kosi population
showed one extra pair of major rDNA site, resulting in eight

telomeric fluorescent signals (one pair metacentric, one pair
submetacentic and two pairs telocentric) (figure 2b). Most
of the metaphase spreads of T. putitora from the populations
showed heterogeneity in signal intensity. Comparisons be-
tween FISH data using 18S rDNA probe and Ag-NOR in
different populations strongly suggested the possible inacti-
vation of NORs localized at the telomeres of a telocentric
chromosome pair. On the other, 5S rDNA loci were present
in only one submetacentric chromosome pair and the posi-
tion was near the centromere in all the populations, except in
Kosi river (figure 2a–e). Samples collected from Kosi river
showed minor rDNA clusters on two pairs of chromosomes
(one pair on submetacentirc chromosome and an extra pair
on telocentric chromosome).

PCR amplification of partial 18S rDNA generated a band
of 1560 bp in T. putitora (NCBI accession no. EU597006).
This sequence showed about 96% average similarity to
the sequences of other fish species deposited in the NCBI
database. After sequencing, the length of single repeat of the
minor rDNA family was found to be 201-bp long (NCBI ac-
cession no. EU621853). The nucleotide sequences of the 5S
rDNA coding region in T. putitora species shared a highly
conserved gene (100% identity) of 120-bp length which con-
tained three elements; namely Box A, Box C and IE, of the
internal control regions that functions as a promoter for the
gene (Hallenberg et al. 1994). Non-transcribed spacer (NTS)
region of the minor family was reported to be 81-bp long.
The NTS region contained three TATA box-like sequences in
all the populations of T. putitora studied by us. The coding
sequence of minor rDNA family in T. putitora after searches
using BLASTn program (Altschul et al. 1997) showed an
average sequence similarity of 95.74% with other fishes be-
longing to order Cypriniformes, Characiformes, Salmoni-
formes, Gadiformes, Perciformes and Tetradontiformes. In
all the populations of T. putitora, the genomic DNA was par-
tially digested with HindIII, which only cleaves once in the
5S rRNA gene of the species studied and then hybridized
with 5S rRNA gene probe to examine the organization of the
5S rDNA. Comparative analysis of band pattern (ladder of
exact integers of 201) after Southern blot hybridization in all
the populations showed identical results (figure 3). Complete
digestion with HindIII in the sample collected from Kosi
river showed one 201-bp long band after Southern blot de-
tection (figure 4).

Discussion
Tor putitora has shown to be an excellent material for evo-
lutionary studies due to its wide distribution as well as its
morphological and karyotypic diversities. Comparative anal-
ysis of five populations of T. putitora demonstrated differen-
tiation at chromosomal level with fixed variation in number
as well as position of major and minor rDNA clusters. In
all the populations, Ag-NOR positive signal was observed
on two pairs of chromosomes but major rDNA FISH showed
positive signals on three to four pairs of chromosomes. The
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Figure 2. Dual colour FISH on metaphase spread in different populations of T. putitora (a) Alaknanda river population. (b) Kosi river
population. (c) Satluj river population. (d) Jia-Bhoreli river population. (e) Lonavala reservoir population. The micrographs were taken
with triple band filter allowing the simultaneous visualization of DAPI stained chromosomes, the hybridization sites of 18S (white arrows)
and the 5S (hollow arrows) rDNA probe. Bar = 5 µm.

Figure 3. Southern blot of 5S rRNA gene in geographically isolated
populations of T. putitiora: (a) partially digested (HindIII) genomic
DNA in specimen of lane 1, Satlej river; lane 2, Lonavalla reservoir;
lane 3, Jia-Bhoreli river; lane 4, Alaknanda river; lane 5, Kosi river,
and (b) completely digested (HindIII) genomic DNA in specimen
collected from Kosi river.

variation in number of signals could be attributed to the fact
that the Ag-NORs are visualized only in transcriptionally-
active state. The silver nitrate gives positive signals only to
those NORs that were expressed during the last interphase,
since silver binds to a complex of acidic protein associated
with the nucleolus and nascent pre-RNA (Jordan 1987). On
the other hand, FISH allows specific identification of ma-
jor rDNA clusters irrespective of their transcriptional state.
The size heteromorphism of major rDNA clusters, reflected
in the signal strength at different loci, indicates high rates
of non-homologous crossing over in these chromosome re-
gions, which was considered to be an alternative mechanism
of NOR inactivation in mammals (Guillen et al. 2004).

The minor rDNA clusters showed invariability in their
number and position (interstitial), except for the samples
from Kosi population. Martins and Wasko (2004) suggested
that in fishes, the 5S rDNA clusters are most commonly lo-
cated at interstitial chromosome site and this interstitial po-
sition is optimal for its organization in fish, since it has been
found in most species of several orders. The length of sin-
gle repeat of 5S rDNA was found to be 201 bp and the
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nucleotide sequences of 5S rDNA have highly conserved
120-bp long coding gene region and 81-bp long variable NTS
region. Organization of 5S rRNA in all the populations, ex-
amined by Southern blot hybridization, showed the presence
of single type of 5S rDNA repeat in T. putitora. Detection of
a ladder of exact integers of 201 in partially digested DNA
provides the evidence that these 5S rDNA units were orga-
nized in repeats of tandem array. Two different genomic lo-
cations of 5S rDNA unit were also characterized by same
type of non-transcribed spacers in Kosi river population be-
cause complete digestion of DNA showed only 201-bp band
after Southern blot detection.

Simultaneous localization of the major and minor
rDNAs in the examined populations reveal interesting re-
sults that lead to a different hybridization pattern in Kosi
river population as compared to other four populations. Kosi
population showed eight fluorescent signals (four pairs) of
major rDNA and four fluorescent signals (two pairs) for
minor rDNA while remaining four populations showed six
signals (three pairs) for major rDNA and two signals (one
pair) for minor rDNA. Observed extensive inter-population
variation in chromosomal localization of these two rDNA
clusters over the genome does not show a geographical pat-
tern. This could be due to: (i) the existence of effective barri-
ers to gene flow, (ii) the occurrence of random expansion of
the repetitive DNAs yielding different patterns in each pop-
ulation, (iii) adaptation to an unknown environmental factor
not related to geographical distance between populations, or
(iv) a combination of these factors.

The active process of genomic changes at different
levels of chromosomal organization leads to a strong inter-
specific and intra-specific as well as inter-population and
intra-population variability. This points to the need for more
extensive research; especially on the species with wide geo-
graphical distribution, possibly through integrated and com-
plementary approaches to evaluate degrees of genetic ex-
change among populations. In this respect, intra-specific and
intra-population cytogenetic polymorphism can have impli-
cations for stock identity.

To date, no population-specific FISH marker, employed
in T. putitora, is recorded. Indeed, no effort has been made
for application of FISH tools in genomic investigation of
Indian fish species. In the present study, we have character-
ized various populations of T. putitora, albeit with a rather
limited sample size, on the basis of localization and dis-
tribution of major and minor repetitive rDNA clusters and
made an attempt towards the development of population-
specific FISH marker for Kosi river population. In light of
widespread concerns about ecological health of exploited T.
putitora populations, we tried to focus on the development
of population identification method that will help in effec-
tive planning and management, and to develop conservation
strategies for severely declining populations. In conclusion,
the present study describes the population distribution of ma-
jor and minor rDNA and by this analysis we were able to de-

velop a population-specific FISH marker for the Kosi river
population of T. putitora.
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