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A simple and quick method for chromosome preparations
(mitotic as well as meiotic) from various tissues such as scale,
fin, gill, intestine, kidney and goneéd of fishes is described. This
method was employed in a screening programme to detect a
species with a' suitable karyotype to be used in a study on the
mutagenic effects of industrial effluents released in water. Boleo-
phthalmus dussumieri, Gymnocorymbus ternetzi, Puntius tetra-
zona, Colisa fasciata and Tilapia mossambica showed a modal
diploid No. of 2n=46, 2n—50, 2n=50, 2n—48 and 2n—44
respectively. This is perhaps the first report on the shromosome

complements of the former three species. In vilw of the fairly

farge sized all acrocentric chromosome‘f Boleophthglmus dussumieri
.could be a good material for mutagen'fc studies in fishes.

FISH as an in vivo model can be quite a promising

System for screening the mutagenic effects of
environmental pollutants,  specially the various
constitucits of industrial effluents that are being
dumped into our water bodies. In order to detect
a species with a suitable karyotype for such studies,
a number of fishes were analysed for their chromo-
Some complements using a simple method. Their
suitability for laboratory toxicity bioassays was also
taken into consideration. The fishes studied included
Boleophthalmus = dussumieri (Family : Gobiidae),
Gymnocorymbus  ternetzi (Family : Characidae)
Puntius tetrazona (Family Cyprinide) Colisa fasciata
(Family : Anabantidae) and Tilapia mossambica
(Family : Cichlidag). /&

The method followed was that of Kligerman and
Bloom! with a few modifications. The fishes were
given an intramuscular injection of 0.02% colchi-
cine (I ml-100 g body weight). After 5-6 hr, scale
fin, gill,kidney, intestine and gonad were removed
and Plauzed separatély in 0.56% KCl and cut into
small pieces. After 25-30° min hypotogxic solution
Was removed and tissues were fixed in 3:1 methanol-
acetic acid. After 2 changes in the fixative of 30
min each, the tissues were stored in vials at 4°C
and the slides subsequently prepared at convenience.
A smal] piece of tissue was placed in a cavity slide and
2-3 drops of 509 acetic acid were added. The
tissue was then titurated jently, for not more than one
minute, to form a fine cell suspension. Using a
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_ tiszue-scale, x 2

posteur pipettfe the cell suspension was expelled on to
a clean slide?/preheated to 50:C ‘and quickly with-
drawn back nto the pipette, leaving a ring of cells
approximately one cm diameter on the' slide. In
this way 2 or 3 rings were made on each slide.
When dry, the slides were stained with Giesa’s
stain (diluted with buffered distilled water :10)
for 20-30 min, washed in tap water and air dried.
Dried slides were cleaped in xylene and mounted
in DPX.

Metaphase spreds obtained by the mathod from
various tissues of different fish spscies along with a
meiotic stage are shown in Fig. 1. Unlike as.in the
conventional technique where the hasmopioetic
tissues like kidney or spleen are used, the present
method is simpler and fairly good mectaphases can
be easily obtaihed from a number of tissues as can
be noticed from the ficure. Moreover ttﬁ scanning
of the slides beoms easier since.the spreds can be
located on the periphery of the rhgs. As mentioned
in our earlier paper?, techniques employing scale and
fin epithelium will have wider scope in systematic
hybridisation studies, since that would not entail
sacrificing of‘the experimental animal. Tn mutageni-
city testing this method offers the possibility of cyto-

* genetic monitoring in a number of different tissues

after in vivo exposure.

Boleophthalmus dussumieri, Gymnocorymbh:is
ternetzi, Puntius tetrazona, Colisa fasciataf an'
Tilapia mossambica showed a modal diploid chro-
mosome mumber of -2n — 46,.2n — 50 2n. = 5),
2n = 48 and 2n = 44respectively. To our know-
ledge :chromosome mumbers of the former three
species are being reported for the first time. The

itwo large metacentricsthat characterise many of the
:family characidae® are present in Gymnocorymbus

ternetzi.  as well. (Our observations on Tilapia
mossambicaand Colisa fasciata are in agréement with
those reported earlier’. Boleophthglmus dussumieri
could be a good material for in vive studies, for the

- .detection of chromosome aberrations aftér exposure

to various pollutants, in view of its fairly long all

acrocentric.chromosomes with a 2n = 46.
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Fig. 1 — Metaphasespreads from [A, Boleophthalius dussumizri

2n=46 @436) tissue —fin, x 2130; B, Gymrocorymbus terneizi

2n-==50 nssue—-ggi_g, >]<) 3100; C, Puntius tetrazonci( .d2n:50

; D, Colisa fasciata, (365099 tissue-kKidney, X

3050; -E, Tilapia mossambica (2]:30—)(-) tissue-intesting, X 9+

+ and F, The diakinesis stage-Tilapia -mossambica,—testis, X 2460
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My dear Dr Rege,

Thank you for your letter, I have looked
into your file and would like to inform you that we will be
in a position to accept your short commmication provided
that you omit some of the photomicrographs (which are out
of focus and really flat) and send us the prints of others,
freshly done on hard paper so that they show better contrast,
Of late the journal has been taken to task for bad reproduction
of halftones, and the Editorial Boerd has been insisting on our
being highly selective, Keeping this in mind, you will, I hope,
fird Some way out to reconcile with the situation,

I am likely to be in Bombay late in the second week of
October and will not miss a trip to Santa Cruz, Congrats on
ass ‘headship of the departwemt, Will write to you in due
course about my programme, Hope you will not be moving out of
Bombay .

With all best wishes, and kindest personal regards,

Yours Sincere
e
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Yours sincerely,
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Jerarioens of Loologys
JicBltute of “cienece,
ey &4y GEG
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& Musust O 1979

The HRALGUr _
indinn Joumel of Iwperimental Hiology,

) )
Whde sl aliag

Hew 1 elil.

Tafy b4 (LB 1558)70 dcted 30/7/79

7 Thank yeu for the referse:’ report sent slong with
e sanuseripte @ do mot eompletely asree with the refepeels
souzsants and the folloving nre our explanations,

1. “e@ have not ziven any ksrvoyyopes of ths aneties
mentioned but only siven the chromosome spreads to ssow tos
uselfuliness of the motiod employed.

Ee e pele. %o gand 1% to your jowrnal snd pot to @
Cytologlcal Jjoumal sinee our main intention is not te report
tbe karyoologienlly univown apecies., The vexy purpose or this
2Lory paper ds to highlight the ponsibilityr of aytogenetic
nendioring in @ uce of different ticounes of iienes using o
alzuple meticd, Ve bhuve olserly indiosntsd thet the methsd
folicwed wan clready desorihed end we bave ueed it will
gertain modifications.

S i scieelicg the apeeclss Bolecoi thelmus Mussuwaleni

we earefully congldered the avallability of tbe apecise in
large nos. for guct & study, althouzh we are edamwe of otaher
species wiv. hHetter tnvyotypew (8.8, muduinnow, Jlack ghent
knije fich etes) wiiah sve net easlily aveliable in this pars
of the couniry. Considering the clromosomr complement and
saeh otusr Jmetors woe prefer. to ves thieo species for this
warks Ve belliecwe tive photosrapks are clear enouzk “6r i
purpose for which us 1t 13 intended in thin paper (4o show the
spreads obiained frov different tissues of Alffersht fishes),
beproduoticn of tuis puotographs may not be oad a8 can bDe veen
-¥wow one of our saclier papers yubliched in your journel.
{keferanas gives in the peper)s Horeover the phcotogrsph of the
- melotie stage gives clear detalls wien compared t0 photographs
Ppubllaiasd i other pepers on firkh chwnroasmeg.

in view i the abeve explengtions on the comuents of
your referes we reguest tc reeonusider the publication of this
paper at an early dale. Inepits of this 42 vou etill feel it
cannot find & place in your est-ened journasl we shall be
obliged ii you returm the manusceript witheut undue delay.

Thanking Fous

Yours faitufully,
(Wﬁf
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Referce's Report

~

per contains informgtion on the karyetliypes
o

ally unknoyn species which deserves
v in a cybological journal. The other informations given

in the paper are not particularly new, and fish

karyotype than Boleopthalmus dussumigrdi is known vhich can be used
o o I

e -

in gtudies on clastogenic effects of industrial effluients released
in water. Photograrhfare not acceptable, because they are not in
algo do not give any contras

is not gsuitable for publication in the Indisn Journal of
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Regestered Letter Post A

Dr. M.S. Rege _ Department of Zoology,

Associate Professor of Zoology, Institute of Science,
15, Madem Cema Road,
Bombay 400 032

May 23, 1979

The Edifor
Indian Journal of Experiment
Hillside Road, New-Delhi. 1

Sir,
I am sending herewith (in duplieate) a paper Cobotl aisrs BT

entitled "Some observations on the chromosomes of certain

teleosts using a simple method" along with one text figure.

I shall thank you to kindly find & place in the esrly issue

of your esteemed journsl and oblige.
Thanking you,

Yours faithfully,

e
( Dr. M. S. Rege )

Encl: as above.




SOME OBSERVATIONS ON THE CHROMOSOMES OF CERTAIN TELECSTS
USING A SIMPLE METHOD

ABSTRACT
A simple and quick method for chromosome preparations
(mitotic as well ss meiotic) from various tissues, such as

soabg, fin, gill, intestine, kidney and gonad of fishes is

R
5“— \

ing programme

to detect a species with a suitable karyotype to be used in % \\

deseribed. This method was employed in a scr

study on the mutagenio effects of industrial effluents

released in water . poleophtholsmus dussumieri, Mmmmhm
ternetzi, Puntius fetrazona, Colisa faseista sud Jilapia

mossanbica showed e modal diploid no. of 2n=46, 2n=50, 2n=50,

2n=48 end 2n=4h respectively. This is perheps the first
report on the chromosome complements of the former three
species. In view of the fairly large sized all acrocentrie

chromosomes, folsophthol smus dussumieri could be a good
material for mutegenic studies in fishes.




SOME OBSERVATIONS ON THE CHROMOSOMES OF CERTAIN TELEOSTS USING
A SIMPLE METHOD
Krishnaja, A.P. and Rege, M.S.
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Bombay 400 032

Fish as an idvivo model can be quite a promising
system for screening the mutsgenic effects of environmental
pollutant s, specially the various constituents of industrial
effluente that are being dumped into our water bodies. In
order to detect a species with & suitable karyotype for such
studies, a number of fishes were enalysed for their chromosome
complement s using a simple method. Their suitability for
lsboratory toxicity bioassays was also taken into consideration.

The fishes studied inecluded Boleophtholamus dussumieri

(Famlly Gobl%da e), Gymnocorymbus tarnetzx (Famzly .Characidae),

Colb.sa .usr_«e a Yelseas 7

Banbiug botrazena (Femily: Anabantldae) —Tblam %
(Femily: Cyprinidee). /)

The method followed was thet of Kligerman and
Bloom! with a few modifications. The fishes were given an
intra muscular injection of 0.02 % colehicine (1 ml - 100 gm
body weight). After 5-6 hours scale, fin, gill, kidney,
intestine and gonad were removed and placed separately in
0.56 % KCL and cut into small pieces. After 25-30 minutes
hypotoxmic solution was removed and tissues were fixed in 3:1
methenol-acetic acid. After 2 changes in the fixative of 30
minutes each, the tissues were stored in vials at L°C end the

slides subsequently prepered st convenience. A small piece of




..2

i
tissue wae placed in a cavity slide te whieh 2-3 drops of 50 %

gcetic acid were added. The tissue was then titurated gently,
for not more than onme minute, to form a fine cell suspension.
Usine a posteim pipette the cell suspension was expelled oﬁ to
g clean slide, preheated to 50°C, and quickly withdrawn back
into the pipette,leaving a ring of cells spproximetely one cm
dismeter on the slide. In this way 2 or 3 rings were made on
esach slide. lhen dry, the slides were stained with Gienses'
stain (diluted with buffered distilled water 1:10) for 20-30
minutes, washed in tap water and air dried. Dried slides were

cleamed in xylene and mounted in IPX.

Metaphase spreads obtained by the method from
various tissues of different fish species along with a meiotic
stage are shown in Fig.1. Unlike as in the conventional
technique where the haemopioetic tissues like kidney or splean
are used, the present method is simpler and fairly good
metaphases can be easily obtained from a number of tissues as
can be noticed from the figure. Moreover the scanning of the
slides becomes easier since the spreads can be located on the
periphery of the rings. As mentioned in our earlier paper2
techniques employing scele and finﬂjgitggiiym will heve wider
scope, 1n systematic hybridisation that would not enteil
sacr1f1pg of the sxparimemkmk skudiesy sincs ne< experimental
snimal. In mutagenicity testing this method offers the
possibility of cytogenetic monitorine in a number of different

tissues after in vivo exposure.

Boleophthol smus dussumieri, Gympocorymbus fermetzi,
Puntius tetrazona, Colise fasciatus end Tilapia mossembica




ool

showed a modal diploid chromosome number of 2n = 46, 2n = 50,
2n = 50, 2n = 48 end 2n = 44 respectively. To our knowledge
chromosome numbers of the former three species are being

reported for the first time, The two large metacentrics that

charascterise many of the family characidae? are present in

Gympocorymbug ternetzi as well. Our observations on Tilapia
mossambica and Colisa fasciatug are in sgreement with those

reported earlierh. Boleophthalmus dussumjeri eould be a good
material for in vivo studies, for the detection of chromosome
aberrations, after exposure to verious pollutents, in view of

its fairly long all acrocentric chromosomes with a 2n = 46.

£ e
1. Kligermen, A.D. and blcom, S.8.
J. Fish. Res. Bd. Can. 34 (1977) 266,
2. Krishnaja, A.P. and Rege, M.S.
Ind. J. Exp. Biol. 17 (1979).
3. Kirby, R.F., Thompson, K.W. and Hubbs, C.
Copeia 3, (1977) 578.
L., Manna, G.K. end Prasad, R.
Proe. 1st all India Comzr. Cytology and Gemeties (1975) 235.
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Genetic Studies on Two Species of the Indian Carp Labeo & Their
Fertile F; & F, Hybrids

A. P. KRISHNAJA*
Central Institute of Fisheries Education, Bombay 400 058

and

M. S. REGE}
Department of Zoology, Institute of Science, Bombay 400 032

Manuscript received 20 March 1978; revised manuscript received 16 December 1978

Karyotype analysis, haemoglobin profiles and muscle and serum pretein patterns of the Indian carps Labeo
rohita and L. calbasu together with those of their fertile F, hybrids ‘Calbahu’ (L. calbasu @ X L. rohita &), ‘Rosu’ (L.
rohita @ X L. calbasu @) and F, ‘Calbahu’ are presented. Study of mitotic metaphase spreads from kidney tissues
revealed the modal diploid chromosome number to be 2n = 50 in all fishes with NF = 78 in L. rohita, NF = 82 in
L. calbast and NF = 80 in F, and F, hybrids. There was no indication of sex chromosomes in these fishes. On electro-
phoresis a new hybrid haemoglobin fraction besides those found in the parent species was noticed in the F; hybrid
fishes. Presence of this new haemoglobin fraction had been confirmed by in vitro dissociation—recombination studies.
Segregation of parent haemoglobins was seen in the T, ‘Calbahu’. The parent species showed species specific muscle
protein patterns, the hybrids revealing an intermediate pattern. Similar studies were carried out on serum proteins

also.

beneficial qualities of two breeds is gaining

importance in fish culture. The genetic consti-
tution of the parent breeds and their progeny play
an important role in such studies. Often the hybrid
fishes are identified by their morphological inter-
mediacy between the parents. However, most of
these morphological features of fishes have been
shown to be environmentally plastic'. In view of this
it is important to have certain genetic markers that
have minimum of environmental distortion. Utter
et al.? have reviewed the potentialitis and limitations
of biochemical genetic studies of fish using electro-
phoretic methods. Information on the cytogenetic
profile with a view to detect a possible marker
chromosome in the hybrids can also prove to be very
useful.

A comparative study onthe chromosomes, haemo-
globins and muscle and serum proteins of two species
of the Indian carp of the genus Labeo, viz. L. rohita
and L. calbasu and their fertile F, hybrids ‘Calbahu’
(L. calbasu @ x L. rohita 3), ‘Rosu’ (L. rohita @ X
L. calbasu &) and F, ‘Calbahu’ has been attempted
with a view to evaluate the usefulness of such a study
in hybridization experiments. Paucity of information
on the karyologial and biochemical data on Indian
carps and their hybrids, with the exception of meagre
data available for limited species®-® makes the
importance of such a study obvious.

HYBRIDISATION with a view to combine the

*Present Address: Department of Zoology, Institute of Science,
Bombay 400032

+Reprint requests

The usefulness of the above parameters in hybridisation studies are discussed.

Materials and Methods

The parent species were obtained from the Masunda
lake near Bombay. The fertile F; and F, hybrids?
were those reared and maintained in the experimental
ponds of the Central Institute of Fisheries Education,
Bombay.

Mitotic chromosome preparations were made,
following essentially the same method as reported
earlier8, from 11 speciemens of L. rohita (7 females
and 4 males), 9 of L. calbaku (6 females and 3 males),
4 of ‘Calbahu’ (all females), 9 of ‘Rosu’ (5 females and
4 males) and 12 of F, ‘Calbasu’ (7 females and 5 males).
Colchicine (0.06%—0.5 ml/100 g body wt) solution
was given (i.m.) to the fish 3-5 hr prior to sacrifice
and left in a well aerated aquarium. Following
sacrifice, kidney tissues were collected and a homo-
geneous suspension was made in fish saline. After
hypotonic treatment with 0.56%; KCl and fixation
in 3 : 1 methanol-acetic acid, chromosome prepara-
tions were made by the usual air-dry technique.
Measurements of chromosomes were done and the
karyotypes constructed following the methods of
Reitalu® and Levan et al.'® respectively. For karyoty-
ping, chromosomes were arranged in groups of
metacentrics (M,m), submetacentrics and subtelo-
centrics together (sm, st) and telocentrics (T, t) all
in order of decreasing length.

Electrophoresis of haemoglobins on paper, cellu-
lose acetate and starch gel were carried out as des-
cribed earlier®. ,

Muscle and serum protein studies were carried out
on polyacrylamide gel disc electrophoresis according
to the method of Davis'l, at 4°C employing 6%
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acrylamide gel for muscle, 7%, for serum, Tris-glycine
buffer pH 7.8 and 3 mA current per tube/350 V.
Duration of the run was 45 min. Photoelectric
scans of the electropherograms were carried out
using a scanner (Densicord Elec. densitometer
552-Filter No. 590, Photovolt Corporation, New
York).

Results and Discussion

Chromosome studies — The frequency distribution
of chromosome number and analysis of chromo-
somes in the parent species and the hybrids
are summarized in Table 1. Fig. 1 shows the meta-
phase chromosome spread and the karyotype from a
female L. rohita. The karyotype of the diploid
complement in both sexes showed 50 chromosomes,
consisting of 6 pairs of metaeentrics (Nos 1-6), 4 of
sub-metacentrics (Nos 8, 10, 11, 14), 4 of subtelocen-
trics (Nos 7, 9, 12, 13) and 11 of telocentrics (Nos
15-25). The arrangement of chromosomes was
arbitrary especially in the case of ‘sm’ and ‘st’ groups,
since these two types were not clearly distinguishable.
The mean leagth of the longest and shortest chromo-
somes from 10 metaphases ranged between 2.04 +
0.26 pm and 0.64 + 0.14 pm Though the maximum
difference between the two adjacent chromosomes
was 0.47 um (No. 7 and 8), in the rest it was never
more than 0.20 uym. As the chromosomes were gra-
dually seriated, size grouping was difficult. The rela-
tive percentage length of different chromosomes
ranged between 7.44 % and 2.33 %. The longest pair of
subtelocentrics (No. 7) could be demarcated as the
marker for this species. Fig. 2 shows the metaphase
spread and karyotype from a male L. calbasu. Male
and female karyotypes showed, 2n = 50, consisting
of 6 pairs of metacentrics (Nos 1-6), 6 of submeta-
centrics (Nos 8, 10, 11, 12, 15, 16), 4 of subtelocentrics
(Nos 7, 9, 13, 14) and 9 of telocentrics (Nos 17-25).
The longest subtelocentric of L. calbasu (No. 7)
invariably showed a pattern suggestive of secondary
constriction and hence this pair could be used as the
marker for this species. The mean length of the
longest and shortest chromosomes ranged between
2.44 + 0.47 and 1.01 & 0.25 pm. Maximum diffe-
rence between the two adjacent chromosomes was
0.56 pum (No. 7 and 8) while in many cases hardly any
difference was found (No 13 and 14; 19 and 20).
The relative percentage length of chromosomes
ranged between 6.95% and 2.88%. Figs. 3, 4, 5
present the metaphase chromosome spreads and
karyotypes from a female ‘Calbahu’, male ‘Rosu’
and a female F, ‘Calbahu’ respectively, in which
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Nos 1-15 show the metacentrics, submetacentrics
and subtelocentrics grouped together and Nos 16-25
the telocentrics, in the decreasing order of length.
In ‘Calbahu’ the mean length of the longest and
shortest chromosomes ranged between 2.63 and
0.80 wm, in ‘Rosu’ between 1.74 and 0.76 pm and in
F, ‘Calbahu’ between 2.5 and 1.01 pm. Although fairly
good number of samples were investigated, in all
these hybrids, due to condensation of chromosomes
and unsatisfactory spreads proper measurements of
arm lengths were not possible.

The modal diploid chromosome number reported
here as 2n = 50 in L. rohita and L. calbasu is in
agreement with the one reported earliers. Inciden-
tally, most of the cyprinids studied have a diploid
chromosome number of 50 chromosomes about 20
of which are telocentrics, the rest metacentrics!2.
The F, and F, hybrids also showed a modal diploid
chromosome number of 2n = 50. Karyotypically,
however, all these fishes are distinguishable. L.
rohita karyotype shows 14 biarmed and 11 uniarmed
chromosomes with NF = 78, while L. calbasu shows
16 biarmed and 9 uniarmed chromosomes with NF =
82. Both L. calbasu and L. rohita are fresh water
fishes with similar geographical distribution. They
show several pairs of shared chromosomes especially
the long subtelocentrics. As suggested by Manna
and Prasad!®, the karyotype differences between the
two species are probably due to pericentric inversions
and unequal interchanges.

The hybrids showed NF = 80 which was consistent
with parents of NF = 78 and NF = 82. The hybrids
possess 15 biarmed chromosomes and 10 uniarmed
chromosomes as against 14 and 11 in L. rohita and
16 and 9 in L. calbasu. Such composite hybrid
complements composed of approximately haploid
set of chromosomes from each parent species have
been reported in certain minnow hybrids and fundulus
hybrids'®15. Greenfield et al}* have suggested the
use of the longest parental pair as the marker chro-
mosome in the minnow hybrids studied. Such a
marker chromosome could not be unequivocally
demonstrated in the hybrids under study, since the
parent chomosomes did not show any marked diffe-
rence in their chromosomes structure or size. How-
ever; in some of the chromosome spreads of F,
‘Calbahu’ a subtelocentric chromosome with a struc-
ture suggestive of secondary constriction as seen in
L. calbasu was noticed (Fig. 5). A more exhaustive
study in this direction would prove to be useful.

In the present study no definite indication of sex
chromosomes was observed. Although scattered

TABLE 1 — FREQUENCY DISTRIBUTION Or DIPLOID CHROMOSOME Numser, NF AND TOTAL MEAN LENGTH IN HAPLOID SET IN

L. rohita, L. calbasu, ‘Calbahu’,

Chromosome No. of

‘Rosu’ AND F, ‘Calbahu’

Species 45 46 A7 48 > 49
L. rohita — 3 —— 17 7
L. calbasu — 2 3 6 15
‘Calbahu’ 1 2 1 8 3
‘Rosu’ 2 — 3 5 3
F, ‘Calbahu’ 1 2 1 4 —

Cell No. % of cells NF Total mean
scored  with 2n=50 length in

50 51 chromosome haploid set
197 1 225 87.5% 78 27.43
206 — 232 88.8% 82 35.06
68 — 83 81.9Y% 80 25.68
89 —_— 102 8127 80 26.03
97 — 105 90.2%, 80 35.10
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o s e

Fig.1 & 2 — Metaphase spread (2n=50) and its karyotype from a female L. rohita (1) and male L. calbahu (2) [Arrow indicates
secondary constraction]. Figs 3-5 — Metaphase spread (20=50) and its karyotype from a female ‘Calbahu’ (3), male ‘Rosi’ (4)
and female F, ‘Calbahw’ (5) [Arrow indicates secondary constriction]
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reports of chromosomal sexual dimorphism in fishes

are available, in the majority of the species studied,
no definite sex chromosomes have been reported.
Haemoglobin studies — As rteported earlier® the
haemoglobin of L. rohita revealed only a single ol -
anodic fraction, while® that of L. calbasu showed a : 5
fast moving major anodic fraction along with a minor mois 5 =
fraction (8-109;) moving cathodically. Both the F, 8 g O
hybrids ‘Rosu’ and ‘Calbahu’ showed in addition to 5 j 3
the presence of the parent haemoglobins, a new hae- Sioipel | gg S
moglobin fraction intermediate in mobility between . v <
the parent haemoglobins. In vitro dissociation— \?\] =
recombination (hybridisation) studies following the S I 2
method of Gammack ez al.'® confirmed the presence =
of the new hybrid fraction as has already been i
reported.S. =
Fig. 6 shows the F, ‘Calbahu’ haemoglobin electro- §
phoretic patterns on paper. Of the 12 specimens of %‘E’ s
F, ‘Calbahu’ examined, 7 showed a pattern, indistin- mais . . 5
guishable from F,; hybrid pattern and the remaining 2 oy
5 showed one similar to that of L. rohita. Surpri- s
singly, none of the specimens studied showed a o = I =
characteristic L. calbasu pattern. The latter pheno- B e s
menon cannot be convincingly explained, since the "m”m:‘% g
sampling is inadequate for a frequency distribution 3 = = 5
study, which alone can throw further light on this. G
As pointed out by earlier workers!?, genetic re- £
combination can bring about haemoglobin polymor- £
phism in the subsequent generations of the hybrids. —&} g
This assumption is based on the fact that a minimum &% =
of two loci are involved in the determination of the mois 2
= B
]
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Fig. 6 — Paper electrophoresis of haemoglobins from 3 different CEo e il e e s s
F, *Calbahu’ (unstained)
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haemoglobin in the parent species. Naturally one
would expect the parent haemoglobins to be segrega-
ted in a definite ratio in the F, hybrids. However,
the implication is ever with us thajc blochemlal and
anatomical complexity has functional s;gqlﬁcance
Since haemoglobin is a respiratory protein it seems
logical to look for the significance of its heterogeneity
in terms of respiratory function of the blood. In
this connection it is pertinent to note that L. rohita
as well as the F; and F, hybrids are pelagic in their
habits unlike L. calbasu which is a bottom dweller.
If so, selection might have favoured the haemoglobins
of the former groups over the latter.

Muscle and serum protein Studies — Densitometric
tracings of the electrophoretic patterns of muscle
proteins showed 3 distinct groups starting from the
anodic end (Fig. 7). From the figure under reference
it can be seen that L. rohita and L. calbasu show
species specific pattern, whereas both the F, hybrids
show an identical pattern which is intermediate bet-
ween that of the two parents. A series of earlier
studies, in particular by Tsuyuki et al.'8, have revea-
led the fact that muscle protein electrophoretic
patterns have a very constant appearance anq show
species specificity with the probable exception of
identical pattern in closely related species. An entirely
different pattern obtained in F, ‘Calbahu’ may be
due to genetic recombination.

Incidentally, densitometric tracings of the serum
protein patterns of the fishes under study also revealed
species specificity in the case of the two parent spéies,
with the F; hybrids showing somewhat intermediate
pattern between them, with the possible formation of
a new fraction in ‘Rosu’.

In the light of all these findings it can be concluded
that karyological and biochemical data can prove
useful not only in pisciculture involving hybridiza-
tion but also probably in the identification of natural
hybrids especially since the gross morphological
characters used for their identification can at times
be misleading. It may, however, be pointed out here
that chromosome studies employing epithelial cells
from scales, fins, cornea, etc. either directly or by
short term culture would have wider scope in system-
atic hybridization studies, since such a technique does
not entail sacrificing the experimental animals. The

advantage of haemoglobin studies in this respect
can hardly be over emphasized, since it is least
affected by environmental factors unlike some other
proteins. Besides, only a small amount of blood is
required for its electrophoretic studies. As far as
the muscle and serum protein studies are concerned
it can be said that muscle protein electrophoretic
patterns have a very constant appearance. Though
the latter may be true of serum proteins also, the
influence of environmental and physiological factors
on this cannot be over looked.
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Karyotype analysls, haemoglobin profiles and mnsels and serum protein patterns. of the Indian carps Labes-
ohlta and L. calbasu together with those of their fertile ¥, hybrids ‘Calbal’ (L. calhasu @ x L. rofitta 3, ‘Rosit’ (L. : (4
~rohita @ X L. calbasu @) and F, /C‘albalm' are presented. Study of mitotic metaphase spreads from kidrey tissues / L (,g
sevealed the modgl diploid chromosome number to be 2n = 50 in all fishes with NF = 78 in L. rolilta, NF = 82 in
L. calbasu and NF = 80 in F, and I. > brids. There was no indication of sex chromosoes in these fishes. On electro-
phoresis a new hybrid haentozlobiu fraction besides thoss found in the parent species was moticed in the ¥, hybrid
fishes. Presence of this new haemogiobin fraction had been eonfirmyed by In virro dissoclation —recombination studjes.
Segregation of parent haemoglobins was seen In the ¥, 'Calbahu’. The parent species showed species specific muscle
protein patterns, the bybrid::_s revealing an intermediate pattern. Similar studics were carried out on serum proteins
a150. The usefuluess of the above parameters in hybridisation studies are discussed.

TABLE | — FREQUENCY DISTRIBUTION O DIPLOD CHROMOSOME NuvBER, NR AND ToTAL MEeAN LencTa In HAprom Srr M
L. raohita, L. calbasu, ‘Calbahu’, ‘Rosu’ AND Fy ‘Calbahu’

Chromosome No. of Cell No. % of cells N TYotal mean
scored  with 2n=350 length in
47 43 51 chromosome haploid set

L. rohita ] 225 87.5% ‘ 27.43
o/ L.colbasu ; - 232 88.8% 35.06
/3 bahu’ : s el 83 81.9% 0 25.68

WOSU =102 872% 26.03

¥, 'Calba’u’ » ; 105 90.2% 35.10
) Al 1 L o




H?BRIDISATION with a view to combine the-

beneficial qualities of two breeds is gaining.
~ importance in fish culture. The genetic consti-
tution of the parent breeds and their progeny play -
an important role in such studies. Often the hybrid
fishes are identified by their morphological inter-
“mediacy bstween the parents. However, most of
these morphoogical features of fishes have been
shown to be evironmentally plastict. In view of this
it is important to have certain genetic markers that
have minimum of environmental distortion. Utter
‘et al.? have reviewed the potentialitis and limitations
of biochemical genetic studies of fish using electro-
_phoretic' methods. Information on the cytogenetic
-profile with a view to detect a possible marker
chromosome in the hybrids can also prove to be very
‘useiul.
A comparative study on the chromosomes, haemo-
globins and muscle and seram proteins of two species
~of the Indian carp of the ganus Labeo, viz. L. rohita
and L. calbasu and their fertile F, hybrids ‘Calbahu™
(L. calbasu @ x L. rohita 3), ‘Rosu’ (L. rohita @ X
L. calbasu3) and F; ‘Calbahu’ has beea attempted
with 2 view to’evaluate the usefulness of such a study
m hybridi}ztion experiments, Paucity of information
‘ on thé kdryologial and bijochemical data 01 [1dian
carps and their hybrids, with the exception of meagra
. data -available for limited species*® makes
‘importance of such a study obvious.

Materials and Methods

The parent species were obtained from the Masunda
lake near Bombay. The fertile F, and F, hybrids?
were t'19se reared and Aaintained in the exosrimental
ponds of the Central Institute of Fisheries Education,
Bombay. : o :

Mitotic chromosome ptreparations were mace,
following essentially the same method as reported
earlier®, from 11 speciemens of L. rohita (7 females
-and 4 males), 9 of L. calbasu (6 females and 3 males),
4 of 'Calbahu’ (all females), 9 of ‘Rosu’ (5 females and
4 males) and 12 of F, ‘Calbafu’ (7 females ind Smales).
Colchicine (0.06%—0.5 ml/100 g body wt) so
was given (i.nl.) to the fish 3-5 hr prior to 33criix
and left in a well aerated aquariun. Followiag
sacrifice, kidney tissues were collected aad 3 homo-
gensous suspension was madeia fish,salins.  After
hypotonic treatment with 0.56% KC¢ and fixation
i 3 : | methanol—acetic acid, chromdsoms prepara-
tions were made by ths usual air-dry techique.
Measurements of chromosomss were donsand the
karyotypes constructed following the msthods of
Reitalu® and Levan ez al. respectively. For karyoty-
ping, chromosomes were ar..nged in’ groups of
metacentrics (M,m), submetacentrics and subtelo-
centrics together (sm, st) and teloce.tics (T, ©) all
“i0 order of decteasing leagth. :




>

Electrophoresis of haemogliobins on paper, celiu-
. lose acetate and starch gel were carried out as des-
cribed earlier®,

Muscle and serum protein studies were carried out
- on ponacryIami?;;el disc electrophoresis according
~ to the method df Davisl, at 4°C employing 6%
acrylamide gel for muscle, 7% for serum, Tris-glycine
buffer pH 7.8 and 3 mA current per tube/350 V.
Duration of the run was 45 min. Photoelectric
scans of the electropherograms were carried out
using a scanner (Densicord Elec. dansitometer
5521Fi1ter No, 590, Photovolt Corporation, New
York). ‘

Resul/s and Discussion
. _[hromosome spudies — The frequency distribution
ofghrom )som:!ﬁn the pareat spzcies and the hybrids
arc summarized™n Table 1. Fig. 1 shows the mata-
phasz chromodsome spread and the karyotype from a
femle L. rohita. Taz karyotyps of tha digploid
conslem:at in both sexes show:d 59 chromasom:s,
¢oasistiag of 6 pairs of mstacantrics (Nos 1-6), 4 of
sub-mztaszatrics (Nos 8, 10, 11, 14), 4 of subtelocza-
teics (N33 7, 9, 12, 13) and 11 of tzloczatrics (Nos
15-25). Th: arrangzam:at of chrom>somss wis
arbitrary espzcially tm the case of ‘sm’ and ‘s’ groups,
sinca these two types were not clearly distingaishable.
The mean length of the longest and shortest chromo-
somss from 10 metaphases ranged between 2.04 +
0.26 p and 0.64 4 0.4 i Though the maximum
difference bstwean the two adjacent chromosomes
'was 0.47 u (No. 7 and 8), in the rest it was never
more than 0.20 u As the chromosomes were gra-
dually seriated, size grouping was difficult. The rela-
tive pprcentage length of different chromosomes
ranged between 7.44/and 2.33%. The longest pair of
subtelocentrics (No.M) could be demarcated as the
marker for this species. Fig. 2 shows the metaphase
spread and karyotype from a male L. calbasu. Male
and female karyotypes showed, 2n = 50, consisting
of 6 pairs of metacentrics (Nos 1-6), 6 of submeta-
centrics (Nos 8, 10, 11, 12, 15, 16), 4 of subtelocentrics
(Nos 7, 9, 13, 14) and 9 of telocentrics (Nos' 17-25).
The longest subtelocentric of L. calbasu (No. 7
invariably showed a pattern suggestive of secondary
¢oastriction and hence this pair could be used as the
mitker for this species. The maan length of ths
103325t and ghortest chromosomsas ranged between
2.44 4 0474 and 1.01 4+ 025 . Miximum diffe-
Ience betwden the two adjacent chromosomss was
0.556 # (N). 7 and 8) while in many ca;?s hardly any
diffetence was found (No 13 and 14; 19 and 20).
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The telative percedtage length of  chromosomeg

& anged  between 6.95% and 288%. Figs. 3, 4,5
: present . the metaphase chromosome spreads. and
karyotypes from a female ‘Calbahu’, male. .‘Rosé

ks aad a female Fy ‘Calbahu’ rtespectively, .in which

% Nas 1-15 show” the metacentrics, submetacentrics

: and subtelocentri>s grouped together and Nos 16-23

the ‘telocentrics, i1 the decreasing order- of length.

{a ‘Calbahu’ the mean length of the longest’ and"

shortest chromosomes ranged ,between 2,63 u and

L ‘0.80?;{; in ‘Rosu’ between 1.74fand 0.76 u and in F,

AL, . “Calbahu’ bewween 2.5[and 1.0] . Although fairly

K good :number of samples were investigated/in alt

these hybrids, due to condensation of chromdsomes

and unsatisfactory spreads proper measurements of
arm lengths were not possible.

The modal diploid chromosome number reported
here as 2n =50 in L. rohita and L. calbasu is in
agreement with the one reported earlier}f. Inciden-
tally, most of the cyprinids studied have a diploid,
-chromosome pumber of SO chromosomes about 20
of which aré: telocentrics, the rest metacentrics®
“The F, and F; hybrids also showed'a modfl diploid /0L
chromosome number of 2m = 50. Karyotypically, L
towever, all these fishes arg istingnishable. L. &~ /—#
pohita karyotype shows. 14 biarmed and 11 uniarmed
‘chromosomes. with, NF = 78, while L. calbasu shows .
16 biarmed and 9 uniarmed chromosomes with NF =
82, Both L. calbasu and L. rohita are fresh water
| fishes with sjmilar geographical distribution. They
show severagh pairs of shared chromosomes especially
the long sGbtelocentrics. As suggested by Manna @
3 and Prasadl, the karyotypic differences between the
" two species ate probably due to pdricentric inversions / (=
and unequal interchanges. £ : .
~ The hybrids showed NF = 80 which was consistent
. with parents of NF = 78 and NF = 82. The hybrids
possess 15 biarmed chromosoms and 10 uniarmed ,( e
_chromosomes as against 14 and”11 in L. rohita and
16 and 9 in L. calbasu. Such composite hybrid
-complements composed of approximately haploid
- gat of chromosomes from each parent species have
- been reported in certain minnoxjwfhybr'ids and fundulus 'y
tiybrids®™®, Greenfield ez al:¥ have suggested the /4
“use of the {ongest parenta] pair as the marker chro- ~
.mosome in the minnow hybrids studied. Such a
marker. chromosome could not be unequivocally
demonstrated in the hybrids under study, since the
pareat chomosomes did not show any marked diffes
rence in their chromosomss structure or size. How-
ever, in-soms of the chromosome spreads of Fy
‘Calhahn’ a subtelocentric chromosome with astruce
ture. suggestive of secondary constriction as seen in
L. calbasu was noticed (Fig. 5). A more exhaustive
study jn this direction woul;i prove to be useful.
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In the present- study no ‘definite indicatin of sex
chromosomes wag. observed. ~Although. seaitered
reports of chromosomal sexual dimorphism i fishes
are available, in the majority of the species studied,
no definite sex chromosomes have been reported.

Le' Haemoglobin - studis — As rteported earlier® the
haemoglobin of L. Yohita revealed only a single
nodic fraction, while that of L. calbase showed a
fast moving major anodic fraction along with a minor
fraction (8-10%) moving cathodically. Both the F,
hybrids ‘Rosu’ and *Calbahu’ showed in addition to
j . . the presence of the; parent haemoglobins, a new
l-‘; haemoglobin fractioii‘ntermediate in mctility between
the parent haemcglobins. In vitro dissociation—
recombination (hybridisation) studies following the
method of Gammack et al.X confirmed the presence
of the new hybrid fraction as has already been
reported.S.
Fig. 6 shows the F, ‘Calbahu’ haemoglobin electro-
phoretic patteras oa paoser. Of the 12 specimens of
Fy¢ ‘Calbahy’ examined, 7 showed a patters, indistin-
guishable from F, hybrid pattern and the remaining
5 showed one similar to that of L. rohita. Surpri-
singly, none of the specimens studied showed a
characteristic. L. calbasu pattern. The latter pheno-
menon cannot be convincingly explained, since the
sampling is inadequate for a frequency distribution
study, which alone can throw further light on this.
As pointed out by earlier workersi®, genetic re-.
combination can bring about haemoglobin polymci-
phism in the subsequent generations of the hybrids.
This assumption is based on the fact thit a minimum
of two loci are involved in the determination of the
haemoglobin in the parent species. Naturally one
would expect the parent haemoglobins to be segrega-
ted in a definite ratio in the F, hybrids. However,
the implication is ever with us that biochemial and .
anatomical complexity has functional signifiance.
Since haemoglobin is a respiratory protein it seems
logical to look for the significance of it heterogeneity
in terms of respiratory function of the blood. In
this connection it is pertinent to note that L. rohita:
as well as the F, and F, hybrids are pelagic in their
‘Babits unlike L. calbasu which is a bottom dweller.
I so, selection might have favoured the haemoglobins
of the formsr groups over the latter.
Muscle and serun protein studies— Dznsitomatric
fracings ‘of the electrophoretic patterns of muscle
e/ proteins showad 3 distinct groups starting from. the
¢ / anodic énd (Fig. 7). From the figure uader reference

it can‘be seca tht L. rohita and L. calbasu. show
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species specific pattern, whereas both the F; hybrids

<show an identical pattern which is intermediate bet-

 ween that of the two parents. A series of egrlier
studics, in particular by Tsuyuki et al.¥®, have revea-
led the fact that muscle protein electrophoretic
patterns have a very constant appeargnce and show
species spacificity with the probable’ exception of
idontical pattern in closely related species. An entirely
different pattern obtained in F.- ‘Calbafuc’ may be
due to genetic recombination, .

Incidentally, densitometric tracings of the serum
protein patterns,of the fishes under study also revealed
species specificity in the case of the two perent speies,
with the F, hybrids showing somewhat ‘intermediate
pattern between them, with the possible formation of
a new fraction in ‘Rosu’. :

In the light of all these findings it can be concluded
that karyological aad biochemical data can prove
us2fal not oaly in pisciculture involving. hybridiza-
tion but also probably in the identifization of natural

“hybrids “espzcially since -the gross m >-nhological
characters used for their identification c:a at times
be misicading. It may, however, be pointed out herg
that chromosome studies employing epithelial cells
from scales, fins,cornea, étc. either directly or by short
term culture would have wider scope in systematic
‘hybridization studies, since such a technique does
not eatail sacrificing the experimental animals. The
advantage of haemoglobin studies in this respect
.can hardly be over emphasized, since it is least
affected by environmentdl factors unlike some other
proteins. Besides, only a small amount of blood is
required for its electrophoretic studies. As far as
-the. muscle and serum protein studies are concerned
it can be said that muscle protein electrophoretic
patterns have a very constant appeargnce. Though
the latter may be true of serum proteins also, the
influence of environmental and physiological factors
on this cannot be over looked.
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I acknowledge with thanks the receipt of your letter dated 25178
enclosing revised article entitled, ¥ Gemehis obncis ---

o \'M \J\h Jq : i
for publicgtion in the Jjournsl.  The publication of the article is
under consideration,

A further communicgtion will follow.

Sincrrely yours

\ \.AA‘\

: A
(ASHOK K. SEN)
Editor

: Flease quote your reference number given above in
future correspondence concerning the paper.
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Cetarnced byt oA P Peny

The referee's’éontenticn tgat tﬁgnsee%izﬁfgfpthe
paper dealing with muscle and serum proteins needs to be
drastically reduced still stands. The whole paragraph
describing the band pattemns of muscle proteins is purely
qualitative and should be given as a legend to PFig. 7.
Only relevant information indicating the nature of
intermediate band pattern in hybrids needs to be retained.

Ag regards study of musele proteins the last
paragraph on page 8 and the first paragraph on page 8,
in which the authors attempt to tentatively locate the
serum proteins of fish, based on similarity in
alectrophoretic mobility with mammalian serum proteins
need not be retained, since these paragraphks in no way
inerease the value of the paper. Moreover, the authors
maintain that the studies on serum protein band patterns
on polyaerylamide gel electrophoresis is of doubtful
validity.,




REGISTERED LETTER with A.D.
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November 29, 1978

The Editor, )
Indisn Journal of Experimental Biology,
New Delhi- 110012 /

Ref: Pub. 3/4 (EB- 275/78 dated 20-11-78.
Sir,

I am sanding herewith the revised manuseript fully
complying with the suggestions made by the refree. I shsll
thank you to kindly expedite the publieation of this paper,
since the original manuseript wes submitted as early as on
13th March, 1978.

Thanking you,
Yours faithfully,

/
cv ‘k
e o

( Dr. M. S. Rege )
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Dr.M.8.Regc, Japartacnt of 4oology,

Associate Profcusor of Zoology, Institute of Seicneec,
15, Madam Cama load,
Boabay 400 032

July 2, 1978

Zhe &ditor, -
indian Jourmal of Hxperimcntal Diology, Ro-1n-18
Hilisidc Road, New-Uglhi. 110 012. Lk

1- |
Sir, RfJ ' iZJ‘ 3/ <?*‘B 7 4«[57/ﬂ,g pLJ(‘PﬁéC"C‘rIg)

Thank you €or your letier enclosing the referecs remarks
on our paper entitlcd "Genetic Studics=—--- F, and F, hybrigs".

The reviscd manuscript is submitted herowith after duly coamplying
with sorc of the suggestions made by the referec. AS rcgards a
few others I would like to make the following ciarifications.

The torms 'RUSU' and 'CALBAHU' rcferring to the hybrids
beween L. rohits (Rohu) and L. calbpsu (Calbasu) as mcationed in
the text are the terms referecd to cearlicr and es such should be
rctaincd {(Roference Jc.7,6 and 4).

A5 regards hacsoglobin ~tudlcs we bave confirmed the
presence of a now hasaoglotin fraction by jg ¥itro dissociation
recombination (hytridisation) to which we¢ have referred in our
carlier paper. (Rcf.6). However wo have added a linc mentionini
this in thc'preaent pepcer also. Fig.No.9 in the original

ssnuzcript showing segregation of parent hacmoglobins in the ¥

>,

has been rotaincd. Since the purpose of this study was pot

structural analysis of these hacwmoglobins we have not':caa}i

to the techniques referred to by the referec. Parugraph on

alkali denaturation studies has been delcted.
A8 mmgards refereds coasent oan muscle an¢ctefﬁm prabiQA
I may point out herc that we have aade thc 1nt9t:prctatiorb wilh

caution and th¢ rclevant points have alrcady ae&d:diaauss- taen

/
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the paper. DBesides the description qf the protcin patterns
is as brief as possiblc and as such ;g;iﬂ be rctained as

it is. It is felt that the Figurcs 12 and 13 in the original
mgauscript may be retained, since they show gvidence of

intermcdiate protein pattern in the hybrids.
Thanking you,

Yours faithfully,

U A—

N~ 9(

Encl: as above. » ( br. M.S. Rogo )
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P/ FB- 275 - e Dated = - 1978

Dear Dr RL*& <

Ref: Poper entitled, C?éwﬂjcc Nt;w%;b Sl M%vambx

i

BEnclosed please find a eopy of our referee's report on the above
paper. A suitably modified and condensed paper may please be
communicated, in duplicate, along with the ordginal manuscripb for
consideration.

While submitting the revised manuscript, a note in duplicate should
invariably be enclosed, answering referee's criticisms, one by one,
indicating clearly which of the modifications suggested by the referee
have been effected and giving reasons for not complying with such
suggestions of the rcferee which have been considered unaccoptdblag

lNon compliance with these instructions will unneccssarily delay
consideration of the paper.

Yours sincerecly,

Editor
Bncl: as above
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Referee's Report on the paper entitled 'Genetic studies on

two species of the Indian Carp of the Genus Labeo and their
fertile F1 and F, hybrids’.

I have gone through this paper and find it suitable for
publication in Indian Journal of Experimental Biology but the
following changes are necessary.

The authors in their paper have done a comparative study

of Chromosomes, hémoglobins ard muscle and serum proteins of

two syecies of Indian Carps vize. Lgbeo rohitg and Lgbeo calbasu
and their Fy hybrids CALBAKU (L. calbagy §  x Lo ronita o7)

and ROSU (L. rohita © x L. calbasy &7 ) and also the F,
CALBAHU., They have carried out these studies with the intention
of locating genetic markers, which are not easily altered by
environmental conditions, so as to be of use in identification
of hybridse. 2

Karyotyping was done with—ehromssames from kidney tissue
after injection of colchicine. Electrophoresis of hemoglobins
was carried out on paper, cellulose acetate and starch gel.
Muscle and serum proteins were studied by polyacrylamide gel
electrophoresis,

Comparative study of chramosames can be published as it is.
It would be better to reduce the number of figures to a maximum
of five. Studies on finding markers for hybrids based on net- .
electric charge of proteins needs to be drastically .reduced into
a para or two, giving the summary of what authors observe on
electropnoresis. Electrophoretic pictures as well as
densitaometric tracings (fig. 9 through 13) should be deleted.

The resons for this are as follows:
1. Gross phenotypic expression'zﬁ%ﬁ resolution of canponent
proteina into separate 1dentifyable entities are of no use as

2Ll

genetic markers in identifying hybrids. This widd therefore

eliminate emphasis on muscle and serum protein profile on

noly &




-2 -

2. Since multiplicity of hemoglobins in teleost fishes is

A
extensive, including Cyprinus carpio, ,\ro%r methods of
sl e

resalutionﬂshould be/\a-p;lied if one wants to use it =s a genetic
marker. If colunn chramatographic procedures are Tno't avaiable to
the authors, isoelectric focussing om polyacrylamide gels could be
done. Next subunit structures of the carp hemoglobins have to be
elucldated on urea-s%arch gel elect.ropiwress_w to find out whether
a new fracticn appears in the hybr‘id as the authors claim.

3, The paragrarh on alkali-denaturation studies of hemoglobins

should be deleted. It should be noted that iscleucine is present
animal i
in many ®kker hemoglobins including that d&chicken.
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Ref: Paper entitled, '
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Enclosed please find a eopy of our referee's report on the above
paper., A suitably modified and condensed paper may please be
communicated, in duplisate, along with the original mgnuseript for
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invariably be enelosed, answering referee's criticisms, one by one,
indicating clearly whish of the modifications suggested by the referce
have been effected and giving reasons for not complying with such
.suggestions of the referee which have been considered unacccitabl%i

Non complianee with these instructions will unnecessarily delay
consideration of the paper.

Yours sincerely,

g L7
/Aﬂ 1 1/4“
Lo NE o
-/ /. v 7
Editor
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Dr. M.S. Rege, Department of Zoeolegy,

Asseciate Professor of Koelegy, Institute ef Science,
15, Madam Cama Road,
Bembay 400 032

March 13, 1978

The Editer,
Indian Journal ef Experimental Bielegy,
Hillside Road, New-Delhi. 110 012.

I am sending herewith (in duplicate) a paper entitled

"Genetic studies on two species of the Indian carp of the

ale
hybrids"with 13 text

genus Labeo and their fertile Fl and F2

figures. I shall thank you teo kindly find a place in the

early issue ef your esteemed journal and oblige.

Thaanking you,

Yours faithfully,

( Dr.M.S. Rege )

Encl: as above.
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Abstract

Karyotype snalysis, haemoglobin profiles and muscle
and serum protein patterns of the Indian carps Labeo rohita and
Labeo galbagu together with those of their fertile Fq hybrids
'CALBAHY' (Labeo gelbasu o x Labeo rohita o), 'ROSU' (Labeo
gghi;n,g_x Labeo galbasu dﬁ) énd Fp, 'CALBAHU' are presented.
Study of mitotie metaphase spreads from kidney tissues revealed
the modal diploid chromosome number to be 2n=50 in all fishes
with NF=78 in Labeo rohita, NP=62 in Labeo calbasu and NF=80
in F1 end F2 hybrids., There wes no indication of sex chromosomes
in thegse fishes. On elesctrophoresis e mew hybrid haemoglobin
fraction besides those found in the parent species was noticed in
the F1 hybrid fishes. Presence of this new haemoglobin fraction
had been confirmed by in vitro dissoeiation - recombination
studies. Segregation of perent hsemoglobins was seen in the Fp

'"CALBAHU'. The parent species showed species specific muscle

protein patterns, the hybrids revealing an intermediste pattern.

gimilar studies were carried out on serum proteins elso, The
usefulness of the above parsmeters in hybridisation studies are

di scussed.




GENETIC STUDIES ON TWO SPECIES OF THE INDIAY CARP OF THE GENUS
LABEO AND THEIR FERTILE Fq AND F, HYBRIDS,
Krishnaja, A.P. end Rege, M.S.*

Depar%msnt of Zoology,
Institute of Seience, Bombay 400 032

Hybridisation with a view to combine the beneficial
qualities of two breseds is gaining importance in fish culture.
The genetic constitution of the parent breeds and their progeny

play an important role in such studies. Often the hybrid fishes

are idantifiea by their morphologieal intermediacy between the

parents, However, most of these morphological features of fishes
have been shown to be envirommentally plastie!. In view of this
it is important to have eertasin genetic markers that have minimum
of environmental distortion. Utter et al. (1974)% have reviewed
the potentialities and limitations of biochemical genetic studies
of fish using electrophoretic methods, Information on the
eytogenetic profile with a view to detect a possible marker

chromosome in the hybrids can also prove to be very useful.

In the present investigation a eomparative study on the
chromosomes, haemoglobins and muscle and serum proteins of two
species of the Indien carp of the genus Labao, viz. Labao rohita
and Labao calbasu end their fertile Fy hybrids 'CALBAHU'

(L. galbasu 9 x L. rohite d ), 'EOSU' (L. rohits o x L. galbasu )
end Fy 'CALBAHU' hes been attempted with a view to evaluate the
usefulness of suech a study in hybridisation experiments. Paueity
of informetion on the karyologieal and biochemical data on Indien

* Reprint requests.




carps and their hybrids, with the exception of mesgre data

344,5,6

available for limited species makes the importance of

such a study obvious.
Materials and methods

The parent species were obtained from the Masunde lake

near Bombay. The fertile F1 end F2 hybrids7 were those reared and

meintained in the experimentel ponds of the Central Institute of

Fisheries Education, Bombay,

Mitotie chromosome preparations were made, following
essentially the ssme method as reported earlier®, from 11 speoiggfs
of L. rohita (7 females and 4 males), 9 of L. galbasu (6 females
and 3 meles), 4 of 'CALBAHI' (all females), 9 of 'ROSU' (5 females
and L males) and 12 of Fp 'CALBAHU' (7 females and 5 males).
Intremuseular injection of eolchicine (0.06 %-0.5 m1/100 g body wt)
solution was given to the fish 3-5 hours prior to sacrifice and
left in a well aerated aquarium, Following sacrifibe, kidney
tissues were collected and a homogeneous suspension wes made in
fish saline. After hypotonie treatment with 0.56 % KCL end
fixation in 3:1 methanol- acetic aecid, chromosome preparastions
were made by the usual air-dry technique., Measurements of
chromosomes were done and the karyotypes constructed following the
methods of Reitalu (1968)9 and Levan gt al. (196&)10 respectively.
For karyotyping, ehromosomes were arranged in groups of
metacentries (M,m), submetacentries and subtelocentrics together

(sm, st) and telocentries (T,t) all in order of decreasing
length.
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Bleetrophorssis of hsemoglobins on paper, cellulose

6

acetate and stareh gel were carried out as deseribed earlier-.

Musele and serum protein studies were carried out on

polyaerylamide gel dise electrophoresis according to the method

of Davis (196A)11, at 4°C employing 6 % serylamide gel for

musele, 7 % for serum, Tris- glyeine buffer pH 7.8 and 3 mA
eurrent per tube/ 350 V. Duration of the run was 45 minutes.
Photoelectrie scans of the electropherograms were carried out
using a sesnner (Densicord Elec. densitometer 552~ Filter No,590,

Photo volt corporation, New York).

Chromogome studies -

The frequency distribution of chromosome number and
analysis of chromosomes in the parent species and the hybrids
are summerised in Table 1, Figure 1 shows the metaphase
chromosome spread and the karyotype from a female L. rohita.
The karyotype of the diploid complement in both sexes showed
50 chromosomes, consisting of 6 pairs of metacentries (Nos,1-6),
4 of sub-metascentries (Nos.8&,10,11,14), 4 of subtelocentries
(Nos.7,9,12,13) and 11 of teloecentrics (Nos.15-25). The
arrangement of chromosomes was arbitrary especially in the case
of 'em' and 'st' groups, since these two types were not clearly
di stingui shable., The mean length of the longest and shortest
chromosomes from 10 metaphases ranged between 2,04 n % 0.26 and
0,64 1 & 0.1k, Though the meximum difference bstween the two
adjacent chromosomes was 0.47 m (No,7 and 8), in the rest it was




never more than 0,20 m., As the chromosomes were gradually
seristed, size grouping was diffieult. The relative percentage
length of different chromosomes ranged between 7.44 % and 2.33 %.
The longest pair of subtelocentries (No.7) could be demarcated

as the marker for this species. Figure 2 shows the metaphase
spread snd karyotype from a male L. calbasu. Male and female
karyotypes showed, 2n=50, cbnsisting of 6 paeirs of metacentriecs
(Nos.1-6), 6 of submetacentries (Nos.8,10,11,12,15,16), 4 of
subtelocentries (Nos.7,9,13,14) and 9 of telocentries (Nos.17-25).
The longest subtelocentrie of L. galbasu (No.7) invariably showed
a pettern suggestive of sscondsry comsiriction end hence this
pair could be used as the marker for this species. “he mean
length of the longest and shortest chromosomes ranged between
2.4 m ¢ 0,47 and 1.01 u + 0,25, The maximum difference between
the two adjacent chromosomes was 0.56 m (No.7 and 8) while in
many cases hardly any difference was found (No.13 and 14; 19 end
20)., The relative percentage length of chromosomes ranged
between 6.95 % end 2.86 %. Figures 3,L,5 present the metaphase
chromosome spreads and keryotypes from a female 'CALBAHU', male
'ROSU' end & femsale Fp '"CALBAHU' respectively, in which Nos,1-15
show the metacentrics, submetacentrics and subteloeentrics grouped
together and Nos,16-25 the telocentries, in the decreasing order
of length, In 'QALBAHQ' the meen length of the longest and
shortest chromosomes ranged between 2,63 u aend 0.80 u, in 'ROSU’
between 1.74 n and 0.76 m and in Fy '"CALBAHU' between 2.50 n and

1.01 . Alfhough feirly good number of ssmples were investigated

in ell these hybrids, due to condensation of chromosomes and
ungatisfactory spreads proper measurements of arm lengths were not
possible.




The modal diploid chromosome number reported here ss

2n=50 in L. rohits and L. calbssu is in sgreement with the one

reported earlier12. Incidentally, most of the eyprinids studied

have a diploid chromosome number of 50 chromosomes about 20 of

which are telocentries, the rest metacentries’. The Fq end F2

hybrids al so showed a modal diploid echromosome number of 2n=50.,
Karyotypically, however, all these fishes are distinguishable.
L. rohita karyotype shows 14 biarmed and 11 uniarmed chromosomes
with NF=78, while L. galbasu shows 16 biarmed and 9 uniarmed
chromosomes with NF=82. Both L. galbasu and L. rohits are fresh
water fishes with similar geogrephical distribution. They show
saveral psirs of shared chromosomes especislly the long
subtelocentrics. As suggested by Manna and Prasad (1971)1h, the
karyotype differences between the two speeies are probably due to

pericentrie inversions and unequal interchanges.

The hybrids showed NF=80 which was consistent with
perents of NF=78 and NF=82, The hybrids possess 15 biarmed
chromosomes and 10 uniarmed echromosomes as ageinst 14 and 11 in
L. rohits end 16 and 9 in L. calbasu. Such composite hybrid
complements composed of approximately heploid set of chromosomes
from each parent species have been reported in certein minnow
hybrids end fundulus hybrids'?»16, Greenfield et al. (1973)1
have suggested the use of the lonzest parental pesir as the marker
chromosome in the minnow hybrids studied. Such a marker
chromosoms could not be unequivocally demonstrated in the hybrids
under study, since the parent echromosomes did not show any marked
difference in their chromosome strueture or size., However, in
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gome of the chromosome spreads of Fo 'CALBAOU' a subtelocentrie

ehromosome with a structure suggestive of secondary comstriction
as seen in L. calbasu was noticed (Fig.5). A more exhaustive
study in this direction would prove to be useful.,

In the present study no definite indication of sex
chromosomes wes observed, Although scatterad reports of
chromosoms]l sexual dimorphism in fishes ere available, in the
majority of the species studied, no definite sex chromosomes

have been reported.

Haemoglobin studies

As reported esrlier by the authors® the haemoglobin of
L. rohita revealed only a single anodic frection, while that of
L. calbasu showed a fast moving mejor ancdic fraction along with
e minor fraction (6-10%) moving cathodically, . Both the Fy
hybride 'ROSU' and 'CALBAHU' showed in addition to the presence
of the parent haemoglobins, a new haemoglobin freetion
intermediate ir mobility between the parent haemoglobins.
In vitro dissociation- recombination (hybridisstion).studies
following the method of Gemmack si 51.17 £¢nfirmed the presence
of the new hybiid fraction as has already been reported%

Figure 6 shows the Fo 'CALEAHU' haemoglobin
electrophoretic patterns on paper. Of the 12 specimens of F,
'CALBAHU' examined, 7 showed a pattern, indistinguisheble from
Fq hybrid pattern and the remaining 5 showed one similar to thet
of L. rohita. Surprisingly, none of the specimens studied showed




.07

a characteristic L. galbasu pettern. The latter phenomenon
cennot be convineingly explained, since the sampling is
inadequate for a frequency distribution study, which alone can

throw further light on this.

As pointed out by earlier workars1$

, genetic
racombination ean bring sbout haemoglobin polymorphism in the
subsequent generations of the hybrids. This assumption is based
on the fact that = minimum of two loei are involved in the
determination of the heemoglobin in the parent species. Naturally
one would expeet the perent haemoglobins to be segregated in a
definite ratio in tha F, hybrids. However, the implication is
ever with us that biochemical and anatomical complexity has
functionel significence. Since haemoglobin is a respiratory
protein it seems logical to look for the significance of its
heterogeneity in terms of respiratory funetion of the blood. In
this connection it is pertinent to note that L. rohits as well as
the Fq end F2 hybrids are pelagic in their habits unlike L., galbasu
which is a bottom dweller. If so, selection might have favoured

the haemoglobins of the former groups over the latter.

Densitometric traeings of the electrophoretic patierns
of muscle proteins showed three distinet groups starting from the
anodic end (Fig.7). The first group (I~ fast) consists of either
one or two faint bands towerds the amode. The next one (II-
intermediete) shows 5 to 7 thick bands end the last onme (III- slow)

2+3 bands of varying intensity. Minute observation of the bands
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however help in differentiating the species. In L. rohite, there
is only 1 faint fast moving band in group I and 6 in group II as
sgainst 2 faint fast moving bands in group I and 5 in group II in
L. calbsgu. In group III both the species show 3 bands. The
hybrids 'CALBAHU' end 'ROSU' show an identicel pattern intermediate
between that of the two parents in having only one faint band in
group I, 5 in group II end 3 in group III. F, 'CALBAHU' differs
from the F, hybrids in having two bends in group I, 7 in group Il
and only 2 in group III.

It can thus be seen that L. rohita and L. galbesu show
species specific pattern with regard to their muscle proteins.
A series of esrlier studies, in particular by Tsuyuki end
co-wcrkers19, heve revealed the fset that musele protein
electrophoretie patterns heve a very constant appearance and
show species specifieity with the probable exception of identical
petterns in eclosely related speciess., Besides, unlike the plasma
proteins, muscle proteins have been shown o be quite independent

of physiological factors, such as age, sex, maturation ete. The

Py hybrids show an intermediate pattern between the parents

without evidence of any new hybrid proteins. An entirely
different pattern cbtained in Fy '"CALBAHU' may be due to genetic

recombination.

Figure 8 gives the densitometric tracings of the serum
protein petterns of the fishes under study. A tentative
jdentificetion of serum constituents is mede here, based on the
comparison with memmalian serum. Accordingly, fraction 2 which
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is conspicuously present in all the fishes as a broad deeply
steined band is eonsidered as the major albumin fraction.
Fractions 1a,b,c, appear to be pre-albumins and the rest 3-9 may

include amongst others alpha, beta, gamma globulins ete.

From the figure under refsrence it can ba seen that
all the fishes show one prominent glbumin band. In addition,
L. rohita and 'RUSU' show 3 bands of pre-aslbumins (2 sharp thick
and a faint third one), L. galbasu one, 'CALBAHU' two end F,
'CALBARU' nome. As regards the rest of the protein ecomponents
L. rohita shows 6, L. calbasu, &, 'ROSU' 9, 'CALBAIL' 6 and Fp
'"CALBAHU' 6., The pattern exhibited by the two parent species
appeers to be spacies spscifie, with the Fy hybrids showing
somewhet intermediate pattein bstween them, with the possible
formation of & new fraetion in 'ROSU'. Fo 'CALBAHU' surprisingly

shows no preslbumin bands.

The serum proteins unlike musele proteins are liable to
be influenced by physiologicel and environmental faectors, Such
non- genetic factors are reported to involve qualitative as well
as quantitative changesgo. Besides, serum being a vary complex
mixture of proteins it resolves itself into a large number of
‘oomponants in stabilizing media like polyaerylamide, posing
further problems regarding the eccurate interpretation of the
various fraetions. S0 it is essential to identify the different
fractions conclusively by methods such as binding of irons by
transferrins and therefors unless all these factors sre taken care
of mere comparison of serum proteins as has besn done above is of
doubtful validity.




In the light of ell these findings it can be concluded
that karyological end biochemicel deta can prove useful not only
in pisciculture involving hybridisetion but also probably in the
identification of natural hybrids especially since the gross
morphological characters used for their identification can at

times be misleading. It may, however, be pointed out here that

chromosome studies employing epithelial eells from scales, finé}
\

cornsa ete., @ither directly or by short term culture would g»\

have wider scope in systematie hybridisetion studies, since sudhk

a technique does not entail sacrifieing the experimental animaleQEQ
The advantage of hzsmoglobin studies in this respeet can hardly\\\ E§*

VAN

be over emphasized, sinece it is least affected by environmental \\
factors unlike soms othsr proteins, Besides, only a smell amount
of blood is required for its elsetrophoretic studies. As far as
the musele end serum protein studies are concerned it can be )
gaid that musele protein electrophorstic patterns have a very
constent appearence, Though the latter may be true of serum
proteins also, the influsnce of environmental and physiological

factors on this cannot be over looked.
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Fig. 1. Metaphase spread and its keryotype from

a female L. rohita.

Fig. 2. Metaphase spread (2n=50) and its
karyotyps from a male L. galbasu.
( /7 suggestive of secondary constrietion)




Fig. 3. Metaphese spread (2n=50) end its

karyotype from a female 'CALBAHU'

Flg L, Metaphase spread (2n=50) and its

karyotype from a male 'ROSU’




Fig. 5. Metaphsse spread (2n=50) end its
karyotype from a female Fo 'CALBAHU'.

i suggestive of secondary constriction)

Fig, 6. Paper slectrophoresis of haemoglobins
from three different FZ ' CALBAHY

(unstained)




Fig, 7. Densitomster trace of the acrylamide dise

electrophoretic musele protein pstterns of

L. rohit

Densitometer trace of the acrylamide dise
electrophoretic serum protein patterns of

L. rohits, L. galbasu, P4 hybrids and

1

2




Table 1. Frequeney distribution of dipleid chromosome number, NF and total mean

length in heploid set in L. rohita, L. galbagu, 'CALBAHU', 'ROSU' and

F, !

Chromosome no. of Cell no. % of cells NF Total mesn
seored with 2n=50 length in
A% k6 L7 48 19 50 5 chromo some haploid set




Densitometer trace of the aeryleamide dise

electrophoretic musele protein patterns of

L. rohita, L. calbasu, Fy hybrids and
F, 'CALBAHU'

Densitometer trace of the acrylamide dise
electrophoretic serum protein patterns of
L. rohita, L. gslbasu, Fy hybrids and

Fo 'CALBALU'

1. a, b, ¢ - prealbumins

2. - albumin

3-9. others like alpha, beta, gamma globulins. ete.




continued from pege No.7
toi

Densitometric tracings of the electrophoretic patterns
of muscle proteins showed three distinet groups starting from
the anodie end (Fig.7). From the figure under reference it cen
be seen that L. rohita and L. calbasu show species specifie
pattern, whereas both the Fy hybrids show en identicel pattern
which is intermediate between that of the two parents. A series
of earlier studies, in particular by Tsuyuki and workers19,

have revealed the fact that muscle protein electrophoretie

O
patterns have a very constant appeeﬂﬁhce and show species

speeifieity with the probsble exeeption of identical pattern
in closely related species. An entirely different pattern

obteined in F, 'CALBAIU' mey be due to genetic recombinationy.

IHCid?a§;£}§ densitometrie tracings of the serum
protein patterngyf the fishes under study also revealed species
specificity in the case of the two parent species, with the
Fq hybrids showing somewhat intermediate pattern between thenm,

with the possible formation of a new fraetion in 'ROSU'.
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