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INTRODUCTION

Every organism whether it is unicellular or rulti-
callular, needs a set of directives for its creation, growth,
reproduction and £inally death. In case of multicellular
organisms the creation process includes fertilization, diffe-
rentiation and organogenesis. All these processes involve
series of complex biochemical, hormonal, physiological and
physical activities which are directly or indirectly con-
trolled by gencs, TFor ease of ordered activity, replication
and precise distribution in multiplying cells, the genes are

contained in packages known as chromosones,

Althoughi the interest in cells and chromosances began
almost a century ago it gained momentum, whan £ was realised
that thess crganelles are repository of genetic information.
As a result, of great enthusiasm evinced, thereatfter, by the
scientific workers, genesis of a new area of cytogenetics, a

hybrid between cytology and genetics took place.

The cytogenetics actually correlates the nicroscopically
discernible structures, thoe chromosomaes and its morphology to
the phenotype. The genetic material in all animal snecies is
located in specific structures termed chromeosomes. All cells
of the body possess a complete chranosome set. The number,
shape and size of chromosame in the cells of a particular
species are usually constant and fairly typical for that
species.



Precise quantification of shape, structure or size of
chromosome and tho determination of model diploid nunber f£or
a particular species are primary pre-requisites for identi-
fication and description of the chromosoma and their position
in karyotyoe arraye This knowledge latoar on, led to establish
the involvement of chromosomes in various physiological Sunc-
tions, Owing to the fact that chromosones are the repositorias
of genatic information and directly involve in the transmission
of heredity the slucidation of stouctural details of chromosomes

has been a subject of reseasrch for long time,

The intense studies of human chromosomes fox the last
two decades rovealed the importance of cytogenetles in acimnel
as well as abnormal conditions, But only after 1960 the
chromesare technigues however, becane available €0 enchle
accurate and detalled observations of chrocsones of mammals
and birds, Gince then, catalocue of mathcds hogan to lencthen
and thercbhy deotsiled and refined analysis enabled ¢o understand
not only of the gross genome but of the morpholosical £ine
structures of individual chromosone, The development of
in vitro culture technique of colls opened a new vista for
cytogenetic studies., The sclience of cytogenetics was thereo-
after applied for finding out association between variations
in chromosome mumber and morphology with gross anatomical or
physiolocical features of animals as a whole.

The identification of chromosome aberrations and its
correlation with concertion rate in animals estabhlished



clinical application of Karyotype in veterinary practice.

The inclusion of cytogenetic analysis in the dlagnostic
amamentarium of laboratories working with animel infertilicy
would enable Zinding primacy cause of difficulty in z nunber
of ceses which cannot be diagnosed otherwise,

There are three main areas in which cytogenatics can
contribute to the theory and practice of aninal breeding.
Yach of andmal  bresding is based on assumptions f£or which
critical tasts heretofore have not been avalliablce, cytogeneclc
sechudgues can e adopted to test the validity of some of
these assumptions, Secondly, new sources of cenetic variation
may be made avallaple to animal breeders by cvtoceneticists.
Thirdly, the large number of chromosome markers segrecating
in animal population enables accurate agsegaments of the
relationship among animals within oonulations and determina-~

tion of relationships of populations, one to another,

The problem of anatomical and physiological ananalies
or subnormal conditions in interspeciiic and Intraspecific
hyviordds has attracted attention of animal breeders as well as
cytogenaticists. The introduction of refined techniques for
clhwwaroscme preparation has helped the understandin; of possible
cytogenetic reasonc for repraductive disorders in the mamalian
hybrids. There ls a considerable variation both betwsen
sH>ecies and within species in chromosane morshology which
helped in assessing the genesis of particular breed or asso-
ciation betwecn breeds,



The domestic cattle belong to the order Artiodacytyla
and super family Bgvidae which has £ive subfamilies. Though
the diploid number may vary between 30 and 60 the pombra
fyndamentale (number of chromosome arms) was found to be
restricted between 58 to 62 with majority of them at 6).
This reveals the extent of conservation in the korvotype in
this family. Speciation seenis tc have taken place by fusion
or fission of a maximum of 60 chromosemes, Thig indicates
that it is in the gene order more than the nature of gencs

which has dictated the varlations between the specles.

As a result of a massive grossebreeding programe
involving Furopean (2og gaurus) and indigenous non-descript
(20¢ indicus) cattie, merely 56 por caent of the cattle »opula-
tion in the sState 9f Weraia is cross-brad. sccorllay Lo the
recent report published by Dopartment of Andmal lusbandry
{1987} it i3 estimate” Chat 43.9 pers cent of tik fsgroductive
disopders diagnosed 1s due to delayed puberty widch 15 suspected
to have ganetic dispositione. The infertility due to repeat
breeding, ovarian hypoplasia, defective genitalia, specific
and non-specific infection have also been identified,

Howaver, osystenatic studies on the cytoyenetics of crosg-
bresd cattle nas not becn attempted in this <tate, Hence the
present study is undertcken with the follouing olzjectivec:

1., Comparative analysis of the karyotype of Jelu x Taurus
crosses and purebreds,



2. Assessing the incildence of chromosomal aberrations among

cross-pred cattle.

3. Finding out the possible association of chromosomal
aberrations, 1£ any, with reproductive problems and other
abnormalities.
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REVIEW OF LITERATURE

Human chromosomal study as a prelude to mammalian
B

Development and application of cytological techniques
in man are older than those in animals and birds. The sccope
of cytogenetics in animals and birds is vast, especially in
the areas of hreeding, reproduction, management, clinical
medicine and varicus evolutionary studies, In order to
reach the level of cytogenetic research in man, animal cyto-
geneticists have o ¢go a long way, since these techniques
have been applied for the last twenty years only. The great
deal of information on the different aspects of human genetics
has bheen the direct consequences of the process in sophisti-
cation of methodology employed,

A whole succession of events and discoveries relating
to cells and genetics were divided by Swanson gt al. (1982)
into pre~cytogenetic era, classical period and modern perilod.
Pre-cytogenetic era starts with the discovery of cells by
Hooke in 1766 and ends in 1896 with the publication of T™he
Cell in Development and Heredity by Wilson., Hybridiasation
of cytology with genetics was carried out in 1902-1903 by
formulations of the Suttan and Boveri chramosamal theory of
inheritance. The discovery of Mendel®s laws and its recogni-
tion 4in 1900 4s taken as the baginning of classical period.
MeCluwrk; correlates the X chromosome in sex determination in
1901. 1In 1906 distinction waz made between heterochromosomes



(X and ¥) and autosamas by Montgomery. Dlaekeslee and
Bigesel (1937) discovered the use of colchicine as mitotic
inhibitor. Hou in 1952 employed technique of osmotic shock
for the study of mammalian chromosomes, Tijo and Levan
{1956} accurately determined the number of chromogsomes in a

huwnan cell.

Ti1l 1959, the cells were collected from hunman tissues
directly and used as such for chromosomal studles., For the
£irst time, Hungerford gt gl. (1959) demonstrated periphoral
bhlood leucocyte culture technique and explained chramosome
constitution of a human phenotypic intersex. They reported
that the functions of Y chromosame are not clear and it does
not seem essential in tho development of testicular tissus
in a8 much as the majority of true hermaphrodites has only
X chromosome.

Lejeune gt gi. (1959) describaed the first chromosomal
anomaly demonatrable in man when they reported trisomy 21 in
a number of mongols. !ongols show a peculiar syndrome called
Dovn's syndrome with paculiarly folded eye lids and facial
characteristics, stubby hands and feet, mental retardation,
cardiac malformation and peculiar pigmentation of eye. Non-
disjunction during maternal gametogenesis may be explained
as most likely cause in view of the close relationship between
advanced maternal age and mangolism. Subsequeont investiga-
tions (Carter and Fwang, 1961 and Hamerten et gl., 1961) have
confirmed the chromosomal anomaly with mangolism, This



£inding opened up a new diagnostic method in human medical
practice.

Jacobs and Strong (1959) reported XX¥ sex determining
mechanian associated with abnormal male syndroms described
in 1542 by H.F. Xlinefelter and kmown as the Kiinefelter's
syndrome. Characteristic of Klinsfelter's syndrome is a
primary microarchism with a small f4irm scrotal testis mani-
festing tubular dysgenesis histologically, 86 per cents are
usually sterile. Sunuchoidism gynacomastia are frequent but
not invariable findings. Subnormal intelligence is also noted,

Ford et al. (1959) reported monosomic condition with a
chromosome complement of 44 autosomaes and one X chromosome
agsociated with abnormal female phenotype described in 1938
by H.H. Turnmer and associates and known as Turner‘'s syndrome
characterised by short stature exhitbiting sexual infantilism,
neck webbing, and dvsgenesis of the gonads which are repre-
sented by strsaks of ovarian stroma, These patients are
amoerchic and are sterile, Bony and soft tissue anomalies
are alsc present and include shield like chest, cubitous
vulgus, nicrognathia, high archod palate, low set ears, hypsr-
tension, peripheral lymphoedema and aortic coartation,

Edwards gt al. (1960) obssrved snother syndrome charac-
teriosed by the variable anomalies of the hands, foet and ears
(wvhich are usually low set) micrognathia, short webbed neck
duodenal diverticule, mental retardation and congenital heart
disease of variable severity and attributed the cause to
trisomy involving chromosome 18,



Patau gt al. (1960) described trisomy involving one or
more of D group chromosoms, bBecause of the difficulty in
identifying the individual chromosome involved, the syndrome
is referred to as Group D trisomy syndrame. The clinical
features include defects of the globe (anophthalmia or
microphthalmia) , cerebral and mental defects, defects in
the falx cerebri, multiple capillary hemangiomqta, hyper-
axtensible thumbs, cleft palatae, hare lip, aimian palmar
creases and occasionally polydactyly and congenital heart

Aissases,

Book @t agi. (1967) reported the conclusions originated
at the discussion 0of z neeting held gt Denver in the year
1960, In order to avoid confusion arising out of the varia-
tions in nomenclature, a standard nomenclaturs was progosed
and criteria for the identification of individual chromosome
were established in human »eings. The criteria used in the
identification of chromosomes include langth, relative posi-
tion of centromere and ratio of long arm to short arm length,
lie suggested letter Jdesicnations of the major groups. Thus
on the basis of the suggestion of Patau (1961) and recommen-
dations of the meeting at Denver, human chromosomes were
grouped into seven major groups which are named after Denver,
The groupas are, Group A conaisting of 1, 2 and 3 large chramo-
somas with medium or nearly median centromere, Croup D with
4 and 5 large chromosomes with sub-median centromeres,

Group C with 6 to 12 and Xe=medium sised chromosomes with
sub-madian centromere, Croup D of 13 to 15 mediun-aized
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acrocentric chromosomes which may bear satellites on their
shioXt arms, Group E with 16 to 18 - rather short chromosomes
with mediun or sub-median centromeres, Group F with 19 to 20
short chromosanes with median centromeres and Group ¢ with

21 tc 22 and ¥ peing very short acrocentric chromosomes which
may bear satellites on their short arms, These grouping was
done taking the averages of the chromosomes of the several
cclls, The consistency of the value obtained 1s found to be
good indicating reliable statistical estimate of real length
of hunan chromosoma, In the case of human chromosomes, values
publishe? lyy Denver study group are probably still the best
one available,

There are ingtances in which XYY form of trisomy has
been considarel and studied by Muldal and Ockay (1960),
Sandberg gt al. (1961). The patient was deacribed as an
apparent.ly ncrmal male who sired 3 children, of whom 2 were

abnormal (Mongolism, amenorrhea).

Incidence of combined autosomal and sex chromosomal
ansuploidy considered as variants of Klinefelter's syndrome
and sex chromosome mosaics have been summarised by Fogen
(1963),

Many reports (Ashley and Jones, 19383 "iitaschi gt al.,
1957) illustrate some of the changing concepts of intersex.
Many intersex atates are not due to detectable errars in
chromosome pattern, some such as adrenal virilism and testi-~
cular feminisation seem to have a hormonal basis,
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The next conference in London (1963) considered the
presence of satellites in some chromosomes as an additional
criterion and also t.ook into account the presence of the
sscondary constriction regions and differential patterns of
incorporation of isotopically labelled thymidine in apecific
chromosomes demonstrated through autoradiography. The third
Conference at Chickago (1966) formulated a system of nomen-
clature for the description of human chramosomeé complenent
and its abnormalities utilising designations which can be
coded for retrieval. A group of workers concerned with human
genetics met in September 1971 (Paris, 1971) on the occasion
of the 4th international conference in genetics at Paris to
agree upon a uniform aystems of human chromosome identifica-
tion, Their objective was extended by standing conmittee
which met in Edinburgh (1972) and proposed a standardised
system of designating not only individual chromosomes but
also chromosomal regions and bands,

Nichols gt al. (1964) studied and reported extreme
chromosome breakacge induced by measles virus in Aifferent
in vitro systems., Three in vitro systems of human cells such
as Lu 106 cell line, embryonic diploid cell strains of lung
and kidney origin, leucocytes from measles susceptible and
measles donors, In lu 106 and leucocytes from the measles
susceptible donor, a striking and extreme chromosome frag-
mentation, referred to as chromosome pulverization was
observed,
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Chromosame doletions are usually lethal event as
haterozygotes resulting in sygotic loss, still hirths or
infant death (Gardner, 1981), Sometimes infants with small
chromosomal deficiency survive long enouch to permit obser-
vations of some of the abnormal phenotypes expressed, Lujeune
and his golleagues (1963) for example discovered a chromosome
deficiency in human that has bsen assogiated with the oriedu-
chat (catery) syndrome., The name of the syndrome came from
a plaintive cat like mewing cry from small weak infants with
the disorder, Other characteristics explained are microe-
cephaly, broad face and saddle nose, widely shaped eyes with
epicanthic folds, unique facial features and hysical and
mental retardation., The 126 of ceri-du~chat children studied
are in the range of 20 to 40 years, The chromosome deficiency
i3 in the short arm of chromosome No,5 and 1s desi¢gnated
5p« (46, XX 5 p=)s Criedu-chat patients die in infancy or
early childhood and do not transmit the chiromosome deleation
to offspring., It was mentioned by lejeune that this chromosome
deficiency has been invelved in a reciprocal translocation and
thus to be transmitted to offapring. The chromosome No,5 short
arm became translocated to chromosome No,15 the haterasygous
translocation was carried in the normal healthy parent and
some gametes carried only the deficient membar of the trane-
locstion pair and the children inheriting the S p expressed
the crie-du~chat syndrome,
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Chromosomology and cytogenetics in Domestic Animals

The chromosomal studies pertaining to domestic animals
was initiated by Makino (1944) who reported uaing testicular
tissue that the diploid number in gattle was 60, He could
not ohserve any differance hatween the karyotype of Dog Laurus
and 308 indioug. The X and Y chromosomes were described to be
acrocentric in bhoth subspecies.

Chiarelldi gt al. (19G)) described the growth of renal
tissue in cultures and found the diploid chromosoms mumber in
cattle as 60 with X chromosome as submetacentric and all the
autosomes as acrocentric,

Crossley and Clarke (1962) confirmed this diploid number
in cattle as 60 and conducted experiments with peripherxal
blood leucocyte culture and muscle tissue culture, in both
the dipleid number was found to be 60, They described the
autosomes as acrocentric and X and Y chromosomes as large and
small submetacentric, respectively.

Ohno @f al. (1962) studied the possible germ cell chi-
meras among new born dizycotic twin calves (Bgs tgurug) and
showed that the proportion of 80, Xt 60 XY cells varied
betwoan different individual freemartins and also betuesn
9 freemartin and its coe-gtwin.

Trujilio gk ale (1962) studied the chromosomes of Horse

(Equus gaballug), Donkey (Equus gsinus) and the mule. The
diploid chromosome number for horse was 64, donkey 62 and
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for mule 63, The chromosome complements of horse and donkey
are completely different morphologically. The horase possessed
12 pairs of matacentric autoscmes and 18 pairs of aorocentric
autosomes, while donkey 19 pairs of metacentric autosomes and
11 pairs of acrocentrics., The morphology of sax chromosome
also varies, The disparity of parental chromosome explained
as the roason for male sterility in their hybrid, the mile,
There were fertile female hybrid which produced several off-
spring, it was described that morphological disparity between
parental chromosom2s was only a small part of the relatively
camplex matter of female gametogenesis,

Custavssen and Rockborn (1964) described three cases of
overt lymphatic leuksemia and tha chromosoms morphiology in
these animals, It was described that all the cells (100%)
possessed 59 chromosomss, with one diverging morphologically
from the normal complement. This chromoaoms had a subterminally
situated cantromere and nresunmably might have arisen by centric
fusion or translocation, The real nature was not however,
described, The chromosceme palrs affected were 1 and 29 and
the same aberration was observed in a foetus from one of the
cows., The foetus was 8 months of age and looked normale The
mitosis obhtained in vive from bone marrow and chromosomes of
kidney cells after 8 days of incubation were examined,

shive gt al. (1965) made a survey of fifteen dous with
congenital cardiac defects, In one of the male dogs with a
madian cleft in the upper lip and premaxilla, tetrology of
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of fallot and a patent forsman ovale, the chromosoms number
was 77 with 74 telocentric, 2 large sub-metacentric and one
readily visible small sub-metacentric ¥ chromosome., This

dog died and the study of testis revealed normal spermatoge~-
nesis. It revealed that the additional large sub-metacentric
chromosame was not an X chromosoms but formed by a trans~
location or centric fusion between 2 autosomes. Anothex dog
with cardiac dafect which waz also a male black cockar spaniel
with a ventricular ssptal defect and persistont left cranial
vena cava. There are 79 chromosames including 2 ninute chromo-
some. The presence of the extra minute chromouone ¢can be
expiained on the basis of a nonejunction coupled with a dele-
tion or of a nonedisjunction coupled with a reciprocal trans-
location and loss of the large chromosome, In another dog
which was a female with cardiac defect and congenital defect
such as marked bowing of the fore-~limbs and a disproportionate
growth of the fore- and hind-limbs and was diagnosed as having
achondroplasia revealed 77 cnromosomés including 2 large sube
retaceantric i chromosones and an abnormal large sub-metacentric
chronosun@e. The large sub-matacentric chromosome waas formed
either by translocation or a centric fusion between a large
and a snall telocentric chromoacme,

Guatavsson (19668) described the experiments conducted
on 3og taurug in Swaden, Out of the 1134 animals studied,
89% appeared to have 60 chromosome, 122 animals 59 chromosomes
with one abnormal autosome and four bulls only 58 chromosomes
per cclle All the aninmals appeared normal and used for
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artificial insemination purposes also. The abnormal chromo-
somes found in these cattle explained as a result of inter-
specific chromosomal polymorphism, This type of variation
either centric fusion or translocation of Robertsonian type
is common in invertebrates but not in mammals. This
Robertsonian type of chromosome translocation describad in
cattle was the first example of this type of rearrangement
observed in domastic animals,

Basrur and Moon (1967) described the chromosome Comple-
ments of domestic cattle (Bgs faurug) and American hison
(Bos bison) and compared with those of their hybrid cattalo.
The diploid chromosome number was 60 and autosomes were acro-
centric and X chramosomes were sube-metacentric in both cattle
and bison, however the Y chromosoms was snall metacentric in
cattle and acrocentric in bison which is indistinguishable
from other autosomas, It was explained that the mambers of
subgroup consisting of general Bibos, Bos, mmague and Bison
have 60 chromosomes and the crosses botween some of members
of the subgroup result in viable P, hybrids. Mating between
differont members of the genus Bos were knosm to be fully
fertile. However, the crosses between yak (posbhaqus grunniens)
and European or Afro Asian domestic cattle or both gave rise
to fertile females and sterile males, In these interspecific
hybrids as in cattle the observed male sterility was attributed
to the rule that the heterogametic sex will express the repro-
duotive barrier between the species through disturbances of
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spermatogenesis and resultant failure to produce ganetes,

The abortive first meiotic division in male hybrids has been
attributed to structural inequalities betwecn their parental
chromosomes. The only structural differences between the
karyotypes of bison and cattle is that concerning the ¥ chromo-
some, It is possible that the non-homology between the pairing
segment of sex complement may precipitate a distortion of the
reduction division in male cattalos, whereas the X chromosomes
which are morphologically identical in the parental species
will undergo synapais and facilitate the termination of the
primary oocyte division in the female, However, the fact

that X and ¥ chromosomes do not always form sex bivalents in
mammals seems to contradict the assumption that meiotic dis-
turbance in male cattalos 15 causally related solely to struc-
tural inequality of the pairing segment in the sex complement.
It is conceivable that a general lack of compatibility result-
ing from genic diversity also exists between the bison and
cattle even though the majority of their chromosome elements
are similar in gross morphology.

Kieffer and Cartwright (1968) conducted the studies on
pure Brshman, Santa Gertrudis or crosses in which the sire
was & Brahman and found that the metaphase chromosomes of
Boe Andicug male possessed subterminal centromeres and the X
was submstacentric. The Y chromosome in all the cases was
morphologically similar to 58 autosomes in position of centro-
mere., The individuals that were either members of Sog tgurys
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species or sired hy a member of Jos Ltaurus species had Y
chromosome with submedian centromeres., The X chromoasome of
both species had identical morphologys The karyotype con-
struction and chromosome replication patterns indicate the
Bos indicus Y to be asimilar in overall size to BQg Laurus Y.
™e dlffercnce in position of centromere of the two specias
could have originated through a pericentric inveraion.

Kanagawa and Basrur (1938) studied 14 Free martins and
2 non-Free martins females belonging to heterosexusl twins
or triplets., No chimerism was noted in the non-Freemartins,
whereas all the 14 Fres martins showed varying proportions
of male and female cells, The cytological sex of dividing
cells in the hemopoietic tissue has heen used as a diagnostic
feature since all the free martins were chimaeric for male and
female celle in a variety of tissues including peripheral
blood. Two hypothesis have been advanced to explain the Free
martin condition one of which concerns the infiuvence of male
hormones from developing male embryo on the female gonad
whereas the other involvas the presence of cells carrying Y
chromosomes in the developing fomale gonad. It was demonstrataed
that the non-Free martin females of heterocserual twins are not
chimeric for peripharal lymphooytes and this conclusion was
supported by the £inding that three of the non-Free martin
showed non-indication of erythrocyte chimerism when subjected
¢to blood typing. Since all blood cells chimeras have been
clinically confirmed to be Free martins the blood culture
method would appear to be a most reliable dlagnostic aid for
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Freemartinisn, In the same report the possibility of the
succgaessful use of blood for chromosome study also analysed,
T™he successful chromosoms analysis was accomplished within

72 houxrs after sampling. Ths reduction in mitotic index was
less in low temperature than in room temperature, It was
recommended to stors the samples at low temperature {(ice bath
preferably) during transit.

Fischer and Ulbrich (19568) reported 52 chromosame comple~
ment in African buffalos (Syngeryg gaffer) and Asiatic water
huffalos (Swamp tyope, Bybajus ahalig) have 48 chromosomes.
Fisher and Ulbrich (1968) reported the chromosome nwnber in
Murrah buffalos of Indlan origin as S0 and also reported
crogss~-brods between Asiatic water Muxrah with Swanp type.

This was tc combine the milk producing ability of Mursah and
ability of Swamp type to make better use of mors course
roughages. The F, hybrid was faertile with 49 chiromosome and
the unpair chromosome was 0.24 in the pair,

Gustavsson (1969) studied artificially bred population
of Swedish cattle that had three different Adiploid nunbers
60, 59, 58. The variation between individuals was shown to
be dus t0 a translocation of Robertsonian typa. It was noted,
daughtaers of translocation sires (2n = 38, 59) returnzd to
service more often than daughters of normal siraes (2n=60),
This difference was attributed to an increased rate of emhry-
onic death in translocation carriers,

Rieck gt al. (1969) examined a 22 month old Fleckvich
bull with marked hypogonadism which was related to a XX cow,
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The karyotype revealed 356,.5% were 61, XX¥, 25.6% 60, XX and
17,9% 62, X¥,

Dunn gt al. (1970) deseribed a Holstein beast with true
hermaphrodite characteristic of s penis, an enpty scrotum, a
left abdominal ovary with corpus luteum and normal uterine
horns. The right abdominal gonad was an ovotastes, Diploid
cells from bone marrow showed 1,5% 61, XXY¥. Small percentages
of triploid cells from blood lymphocoytes culture showed 90,
XXY and 90, XX, The rest of the cells were 60, i,

Riock et gl. (1773) studied a #leckvich cow with marked
kyphosis and normal reproductive system but familial tendency
to disturbances to malosis, The chronosome analysis revealed

61, XXX complement, trisomy of X chromosoma.

Harvey (1571) studied the chromosome complement of
breadin; bull used for artificial insemination in Great Britain
and described autosomes with Roberteonian translocation (1/29)
in charlols bread of ¢attle. The karyotype revealed 59 chramo-
some with one unpair large submetagentric chromosome,

Hadler gt ale. (1571) conducted a cytogenetic analysis of
wild sheep population in Northern Iran. From the studies on
seven wild sheap populations, it was reported that the eastern
population revealed 2n=58 with one pair of metacentric and
27 pairs of acrocentric autosomes and the western population
showed 2n=54 with 3 pairs of metacentric and 23 pairs of acro-
centric autosomes. In the intexmediate localitiss animals
revoaled 2nw54, 2nw35, eS8, 2n=57 and 2neS8. In all these
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cases the X chromosome was large acrooentric and Y small
agrogentric. The taxonomic status of wild sheep hinges upon
from this study, to the interpretation of events that occurred
at the hybridization zone between In=54 and 2n=58 population.
Some systematists would interpret this as to show unrestricted
interbreeding within the zone, thus denoting subspecific
status for each chromosome population.

Pollock (1972) reported an sbnormal chromosoms in
British Friesian cattle. This revealed only 59 chromosome
with an abnormal unpair submetacentric chromosome. The centric
fusion of second and fourth chromosome ¢({2q3éq) was deseribed,

Dunn and Johnson (1372) reported from the studies on
cattle, a case of 61, XY cell line in a calf with extrems
brachygnathia. This was considered as trisomy of autosomes,

Halnan (1972) reported that in eighe animals with a
history of infertility, upto 60% of cells possessed autosomes,
in the 14 to 26 groups, which had gaps or secondary constric-
tions. This indicated the animal'’s impaired breeding potential.

Bruere and Chapman (1973) conducted a study on Simmental
bulls in tew Zealand, A case of tandem fusion involving 14
and 20 chromosoms was sxplained, t (14qi20q), earlier this was
oxplained as ¢(13q321q) but mmma to the recommendations
made at the Reading Conference 1976, it was confirmed as
$(14q320q). The chromosome complement was 59,

Evans gt al. (1973) reported a comparative study of
three Boveidean species, goat, sheep and ax, A comparison
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of G banding patterns between species revealed s remarkable
degree of homology of banding patterns. Tha homology between
sheep metacentric and goat acrocentric elements confirms the
Robertsonian variation, The close homology in C banding
patterns between these related species indicates that the
banding patterms are evolutionary consexvative and mey be

a useful guide in aassessing interspecific relationship,

Norberg gt ale (1976) reported a came of X-trisomy in
cattle of liorwegian Red Cattle, Cytogenetic examination of
leucocytes €£rom the animal showed the Karyotype of 61, XX,
Exgept for the failure to express oestrus morxe than one time
during 18 months the heifer showed clinically normal. ©n
post-mortenm the ovaries were found to be underdevelopad, one
of then having a small corpus luteum. The cells of the corpus
luteum had the morphological characteristics of active lutein
calls but in contrast to this observation the concentration
of blood plasma progesterone remained at lovw levels ( 0,3 mg/ml)
in the period of ohservation, The rest of the reproductive
organs did not show pathological changes, Chromosome analysis
of the peripheral blood cells of the mother and the maternal
half sisters of the heifer 4did not demonstrate any genetical
disposition in the family to the formation of non-disjunctive
gametes and it was concluded that certain chromosomal aberra-
tions of gonosomes are closoly asaociated with specific
disturbances of fertility in cattle,

After seversl different descriptions of banded karyotypes
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of domestic animals both normal and absrrant it beceme desi-
rable for comparative purpese that some form of standardisa-
tion of banded karyotype be formilated and an international
conference was organised on August 1976 at University of
Reading, England with the objective of description of the
main G=band patterns of the chromosome with sufficient detail
to permit the unequivocal identification of fndividual chromo-
somes. In cattle the chromosomes were arranged in order of
decreasing length, measurements being made on Chromoscnes
conventionally stained after G-banding., The standard syetem
of nomenclature adopted in adhere to the systaen developed for
the description of human banded chromosomes, laid down 4in the

Paris Conference,

Lin gt al. (1977) described a reliable trypsin-Giemsa
banding technique for producing clesarly differentiztaed Gebands
on bovine chromosomes pairs and identified each chramosome
separately. Grouping of chromosomes in the karyotype may have
some usefulness in facilitating earlier fdemtification of
chromosomes, since it is easier to remember a specific chromo-
some within a group of five or aix individual pairs of chromo-
somas., However, because of the close morphological similaricy
between individual dovine chromosomes, grouping will be done
on a rather arbitrary basis. Thus it was astressed that a
standard system of naning and grouping of chromosomes should
be established among laboratories working with bovine
chromosomes,.



Gustavsaon (1979) described the distribution and effects
of the 1/29 Robertsonian translocation in cattle, The 1/29
Robertsonian or centric fusion translocation is the result
of a fuaion in the centromare region of two autosomes, 1 and
presumably 29, when the autosomes axre arranged in decreasing
size and consequently somatic chromoaome number is redusced
to 59 from 60. It was described that the translocation has
world wide distribution and only little 45 knowm about the
actual geographical distribution. The occurrence of 1/29
in different hreeds and countries was explained as a result
of recurrent mutation or distribution of an ancient mutation.
In spite of sone indications to the effect no proven case of
de novo fonmation of 1/29 has been describe’ anl in all cases
in vhich ancestors and progenies can be traced, hereditary
patterns have boen found, HNox has the formation of 1/29 in
vitro bean described., It is true that at the interphase of
nitosis and meiosis, there are centromere assoclation of none
homologous chromosomas, However, there is still no conclusive
axplanation for these association. It was assumed that they
‘result from the nonerandom pairing of gentromeres with similar
DNA sequences andd explained that thers is no increased cytoe
logical risk that chromosome 1 and 29 will undergo centric
fusion and this 43 supported by evolutionary evidence. The
phanotypic affect of the transliocation is due to tho dafect
~ 4n melosis. In the melosis of the heterosyyous carrier the
translocation and its hamologous bulld up a (heterc) trivalent
and the segregation, which i3 dependent on factors such as
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the relative sise of the chromosomes, the location of centro-
meres and chiasmata, prooeed in a fairly regular way with
the production of chromosomally balanced gametes. The 1/29
appears to be inherited in Mendelian fashion., Half of the
offspring became normal while the other half are balanced
carriers, HNevertheless, it is presumed that to a certain
degree the heterobivalent segregates non-disjunctionally at
the £irst melotic division, There are however proofs of the
occurrence of cytolagically unbalanced sygotes which give the
heterozycous carriers reduced fertility., No ccrmlatlon of
the 1/29 translocation with other characteristics was des-
cribed and variability in incidence between different popu~
lations is probably due to genetic drife, The importance in
animal breeding of introducing eradication programmes is
emphasiged and also stressed that cattle population using
artificial insenination should undergo routine cytogenetic
investigation.

Balakrishnan @t al. (1979) described a typical free
martin as a sexially imparfect, usually sterile, female
partner of a palr of bovine hetercsenial twin. The results
obtained on chromosome studies of a Freemartin which was a
twin to a male and the dam was a pure-bred Sahiwal and the
sire a Brown Swiss, The [leemartin was described to possess
underdeveloped reproductive organs and was declared sterile.
The cytological studies revealed XY sex chramosome complement
though the general external appearance of the animal was
unambiguously that of a femaie, On rectal examination the
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animal had shallow vagina which ended hlindly. Ko cervix
observed and below this two filiform tubeszs running for about
10 om £rom the blind end of vagina and ending in £ihrodd
masses, It was described that absence of leucocyte with XX
chromosamas among all the cells observed is difficult to
explain, The possible explanation is that due to some mecha-
nism as yet unknown onee the tissue exchange has taken place,
there is selective elininstion of lymphoid tissue of male
origin in the female or vice versa,

Potter gt gl. (1979) described the cytological study
using metaphase chromosomes of cultured lymphocytes on
2 nanteng (Bibos banteng) steers and 218 bulls representing
13 pure-breds (Bos taurus type, nos indicus type and Sanga)
and 7 crosu=bred bulls. Studies were carried out on photo-
grashic karyotypes of Glemsa stained and C-banded chromoscmes
of bulls of cach breed and of Gebanded chromosomo :som 3 broeds
of Bos indicus and one cross-bred (Australian Friesian Sahiwal)
cattle, The relative length of chramosomes of Nos taurus and
Bos indicus hulls were compared and significant difference in
relative lengths of the X chromosomes were reported bstwoan
these two species., There was a difference in morphology of
the ¥ chromosomes; Sanga, Banteng and 308 Laurus type breeds
had a small submotacentric Y chromosome except for the Jersey
which had a metagentric ¥ chxomosome. 211 the Bos indicus
type bulls had an acrocentric Y chramosome but the Drought-
master breed had two forms of the Y chromosome (submetacentric



27

and acrogentric), The Cebanding patterns of the autosomes
and X chromosomes were similar for all breeds while those of
the Y chromosomss of Bog indicus type cattle allowed their
accurate identification, G-banding psttemns of Bos indicus
resarbled those of Dos SauXus and enabled palring of homo-
logous chromosomes. Centromsres of the autosomes were
unstained but thosa of the sex ghromosomes were darkliy stained,

Balakrishnan gt al. (1981) reported for the first time
sex chromocsome chimerism in two calves (male and female) of
triplets born to a Murrah buffalo, The metaphane cells
revealed 38,7 of male and 42,07% of female calf were XY
type and proposed choriovascular anastomosis betwoen male
and female Aduring embryonic development.

Sahal (1982) described the relative length of chromo-
somes in zebu cattle., In Red Sindhi, it ranged between 1,76
to 5.61 and in Hariasna ranged fram 1,76 to 5.68 botween
largest and shortest chromosome., In both these breeds the
largest chromosome was X-chromosome with 5,61 and 5.68 rela-
tive lengths respectively.

Yadav gt al. (1984) conducted a screening of buffaloe
bulls reserved for breeding purposes, 4.1% of the buffaloes
studied revealing cryptorchidism, but the karyotype exhibited
normal complement. One buffaloe bull was reported to possess
secondary constriction in short.azms of bhoth the homologues
of fourth submetacentric chramosome,

Yadav and Dalakrishnan (1983) studied the distribution
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of certain chromosone in the metaphase, The study described
the significance of the deviation of diastance batween sex
chromosomes and €irst palr of autosomes (I) which can occur
due to chance, The study on chromosome palrs H{ex, A=Y, Xel
and I=-1 revealed that they were randomly distributed in meta-
rvhase plates in cattle,

Yadav gt gl. (1984) described the report of chromosomal
screening conducted on male cattle, The study on 165 male
cattle revealed 86,7% with normal chromogome complaments such
as 29 palrs of acrocentric autosomes and a submatacentric X.
The ¥ chromosone was acrocentric in sebu and metscentric in
axotic and crossebred malaeas., In the study on cryptorchids,
azooanermia, »oor libido and oftan physical body dafects, no
chromosomal abnormalities were dstected. 1In male cattle with
chimarism for sex chromosame (X0V/XY) ranging batween 9 and
88% XY cells, all these wers born coe~twin to femalec in whom
the proportion of XX/XY cells ranged betweon O and 76%. The
cvnaecological examination of female twins diagnosed them as

freemartin, Three out of 5 male coetwins had attained

maturity and yieided poor quality semen, It was also reported
and described that no male born co=twin to a freemartin should
be reserved for breeding progranmg. The ¥ chromogsome poly-
morphism in eross=bred cattle also studied. One cross-bred
il with the sire as exotic found to possess acrocentric Y.

In the cytogenic studies conducted on the sire and 17 other
male sibs, one of sires sibs aiso possessed acrocentric Y
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centric ¥ chromosomes and physically appeared normal, The
hypothesis put forward was the forced melotic inversion,

Yadav and Dalakrishnan (1984) conducted chromosome
analysis of all available co-aibs of six sets of lsosexual
female twins, two sets of lsosexual male twins, 16 sets of
hetervsexual twins and one set each of isosexual and hetero-
sexual triplet cattle, sex chromosane composition of thase
aninals were screenad, The isoseual multinle births exhi-
nitedl W or XY chiromosomes for females and males respactively.
All execent two hetarosexual twin cattle exhibitod sex chromo-
sane chimerism, and the per cent of 77 cells varying between
2.5 and 86.1. The correlation of per cent XY ¢ells in members
in this twing was D.934. One frveemartin had only XY cells
while onc set of twins exhibited normal sex chromosome., It
was stated by the authors that it would probably be prudent
not to reserva nale calf born of multiple heterosaxual hirths
unless it is of extraoxdinarily cood pedigree and rasaring when
it will be worth the risk.

Yadav and Ralakrisiman (1985) studied the possible
effect of age on sex chromosome chimerism in cattle. The
lynphocyte cultures were soet and chromosomes were studied
from 12 co-sibships of heterosexual cattle twins at different
time intervals. The XX and XY peroentages were calculated and
three explanations for the proportions at admixture of O¢/XY
oalls in members of multiple haterosexual births (MHB) wore
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given. Thes proportion of XX/XY cells were the same within
the mambers of multiple hetercosaxual births, but it may vary
between 0 and 100% in different MHBs, The change that
occurred over a period of time was also in the same direction
in all the members of a MHB, but the proportion of XX/XY
cells may increase, decrease or remain noarly constant in
differont '1Ms, Uhen the data on a large number of MHBs were
pooled, the mean munber of XU/XY cells remain at 50%.

Syed gt ai. (1986) reported the significance of chromo-
same studies in a normal breeding in Norway, »2All the bulls
were screenc:i. One Hull which sired many calvaes and excellent
otherwise which hal a single chromosome translocation (1/29),
the frequency of the translogation in 336 calves was 9.2%
vhile the £recuency was fallen down to N,5% due to selection.
In cattie certain XXY tiisomy was observed in male which are
sterile with pocrly developed testicles and no spermatogoa
formaticn. In a X¥X trisomy heifer though it appeared normal
with signs of oestrus, it vemained sterile was explained.
Testicular feminizetion was also explained in cattle., The
celm with this anomaly appear to be normal and are often
raised for breeding purposes, However when they reach the
age of sexual maturity they show no signs of cestrus and on
sxamnination, revealed bull like heifer with moderately deve-
loped udder and teats and with female, although somewhat small
external genital organs. The clitoris is normal or slightly
enlarged. The vagina 1is short and non~patent while the uterus



k3 §

and tubes are aither extremely poorly developed or completely
lacking, The gonads are situated in the abdominal cavity and
have the appearance of small testicles with no spermatoszoa
formation and underdeveloped seminiferous tubules and ducts.
Such animal possessed normal male sex chromosome constitution
anwéd XY and concluded that the chromosome analysis contri-
buted to an understanding of the casual mechanism involved in
the development of congenital defects and thus provided a
basis for their control in our domastic animals,

Sethumadhavan gt al. (1986) described karyological
abnormalities in a leukaemic she-buffalos. The leukaemic
animal revealed hypodiploidy, hyperdiploidy leading to immea-
surable chromosomal fragmentation and pulverisation and a
marked chromatid gap in one of the sex chromosome,

Syed et al. (1988) reported a chromosome abnormality with
X0 (37 %2 0) in a pig. The animal showed short, bandy legs,
loose shoulders and broad loose hind quarters., Those pigs
grow slowly and at 7=9 months old has a live weight only
40-70% of the normal., The sexual glands are small, ovary-like
or spooleshaped rudiments, so-called rudimentary gonads, The
renaining internal and external sexual organs are female in
nsture though smaller than the normal. The sows exhibdted no
signs of oestrus,

Stranzinger gt ale. (1987) screened f£ifty-two bulls of
different broeds and confirmed the distinct morphological
difference in the Y chramosome between D8 Laurus and
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Bos indicus cattle. In ipdicyg the Y chromosome is telo-
centric whereas in ggurug it is metacentric, The DBos Laurus
breed, Hereford as well as some of the Charbrays and all of
the Africanders and AmX (where Africander was the gire) have
shown the metacentric Y chromosome and the reciprocal line
XAX (where ths Srahman was the sire) had telocentric Y
chromosome, None of the investigated bulls had a chromosomal
aberration.

KMng g% ale (1987) described the results cf the cyto-
genetical study of 7=day old bovine embryos of poor morpho=-
logical cquality. Seven day old embryos were collected from
Canadian Holstadin and Ayrshire heifer: after superovulation
with pregnant mare's serum ¢onadotropin (PMSG) or follicle
stimilating hormone (F3i). The embrycs were classified as
normal which 1is A type and abnormal which is C type. A total
of 103 morphologically abnosmal (type C) and 23 morphologically
normal (type A) embryos were cytogenetically analysed after
4, 20-24, or 44-48 h of culture in enriched phosphate buffered
saline or Eagles minimum essential medium, Twentyone of 23
(91.3%) type A and seventyfive of 103 (72,8%) type C embryos
had cells in metaphase, Among 21 type C embryoes produced
by PMSC stimulation, 17 (80,9%) were analysed; 6 were mixo-
ploid (two 2n/3n, three 2n/4n, one 2n/6n), 2 were aneuploid
(61 XXY) and 9 were diploid. Among the 82 type C embryos
produced by FSH stimulation, S8 (70.7%) werxre analysed; 6 were
mixoploid (one n/2n, one 2Zn/3in, three 2n/4n, one 2n/4n/6n),
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2 ware polyc-loid (4n) and 50 were diploid, No abnormalities
were reported in type A embryos which were normal, This
suggests that the mixoploidy is associated with abnormal
development at early stage. The difference in frequency of
mixoploid type C embryos batwesen the two superovulation treat-
ments (28,8%) for PMSC ve T.4% for FSH suggest that super-
ovulation especially using »M3C causes an increase in the
frequency of mixcploidy at least anong akniormal eabryos.

Mayr g% gl. (1987) Gescribed a viable female calf with
trisomy 22, nc other abnormality have becn cbserved since
this calf grown {into a mature cow, At the gge of 2 year this
trisomic heifer become pragnant after natural mating with a
karyotypically normal, 3 year old lrown Swiss, After a normal
pregnancy of 285 days, the cow gave birth ¢o a healthy male
cal€. The calf proved to be karyotypically normal (60, XY).
Eicht week: after calving, the cow ahowed signs of astrus
again and was artificially inseminated and ecame pregnant,
This 48 the first report on fertile sutosomal trisonics in
domestic mammals.

Culturing and harvesting of chromosomas in
domastic animals

Most marmals possess a high diploid and many chromosomes
which show a similar gross morphology in conventional karyo-
types, It was not until about 1960 however that techniques
became avallable to enable accurate and détai!.ed chservation
of chromosomes Of mamnals,
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Until 1960 all the chromoscme counts were performed
with histologically prepared specimen of testicular tissue
but Chiarelll et al. (1960) published the results of their
experiments to grow renal tissue in culture, They prepared
the culture froam male and female calves and confirmed the
diploid nunber as 60 and descoribed the chromosomes as being
all acrogentric except the X chromosome which was submeta-
centric,

Moorhead gt ak. (1960) described the successful attempt
of culturing the peripheral blood leukocytes and air dried
slides were studied. The venous blood collacted in hepari-
nised tubes was mixad with phytohasmagulutinin at 2.2 mi/ml
blood and allowed to stand in ice bath for 60 minutes, It
was centrifuged and tha supernatant plaama was cultured in
TC 199 mediws (60«70 with plasma 30-40% enriched with
peniciliin and the pH adjusted to 7.2 and incubated at 37°C
for 72 hours and at 7) hours, Colchicine was added at a rate
Of 0e5=140 x 107C M, After 6 hours the culture was centri-
fuged and resuspended in lHanks 355 solution at pH 7.0 amd
£ixed in 1:3 glacial z2cetic acid and methanol fixative,

Slides were prepared, air dried and stained. It was explained
that this cambined the cytological and leukocyte culture
technique and is the convenient, reliable approach for chromo-
some studies of human bacause this involved only small volume
of blood and adequate mitotic yield and high numbers of exact
count quality metaphase spreads cobtained.
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Crossley and Clarke (1962) described the application of
peripheral blood culture technique to bovine blood and also
sttempted to grow bovine muscle cells in tissue culture. The
peripheral blood was collected in heparinised tubes where the
heparin was 0.4 mg/10 ml of blood and the amount of haema-~
galutinin also increased. The muscle specimen was placed in
Glaxo medium 199 and cultures, 3Both the method ylelded 2n=60
in cattle.

Nichols gt ai. (1962) described modifications in peri-
pherai blood leucocyte culture technique and explained it as
the simpiest technique for obtaining bovine chromosomes., Ten
ml venous Llood eollected in heparinised tubes (1000 IU/co)
and it was mixed with f£ibrinogen to sccomplish sedimentation
and separation of the red blood cells. T7The white blood cells
were separated and cultured in Parker’s rmodium 199 and 30%
calf serun., Into this, phytohaemagglutinin at O.1 cc per
10 ml of mesdiun was added and incubated at 37°C at 5% Co2 gas.
Un eachi of days 3 and 4 Rubes were taken for chromosome study
after the addition of colchicine at 10™° ml for 1 hour, The
hypotonic treatment wgs done with Aistilled water and £ixed
in 60% ametic acid 0.1 N HCL and the cells were mixed with
orgein. The ceils were suspended in orcein and a drop placed
on a slide was aquashed with cover slip. Good results were
reported with this method.

Gustavsson (1963) investigated the Five hreeds of dog
using peripheral blood leucogyte culture tachnique, Ten ml
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blood was taken from venus saphena or vena radialis in
heparinised tubes. To each 10 ml of blood 30 ml of dextran
was added. After storing in the refrigerastor for three
hours, the supernatant was pipetted off and centrifuged at
1500 rev. per minute for 5 mimates, The cell dsposit was
resuspended in the tissue culture medium Parker 199 contain-
ing 30% calf ssrum at a concentration of more than 4 million
cells per cc. Before incubation 0.1 ml of PHA wae added to
the medium and the cultures were incubated at 37°C. On the
third day, sufficient colchicine was added to make a concen-
tration of 10”7 M. After 30 minutes, the cells were subjected
to the hypotonic action of distilled water for 20 minutes,
then fixed for 20 minutes in 9 parts, §0% acetic acid and

1 part 0.1 N HCl., Finally,squash preparation was made in
acaeto~orcein (2% and chromosomes diploid number was found
to be 78,

. Stone (1963) reported the dinloid chromosome
number in pig as 38 using peripheral blood culture technique,
10 ml venous blood was collected in heparintised syringe and
allowad to stand for 90 minutes at room temperature to sedi-
ment. The supernatant plasma was placed in culture containing
Bacto phytohasmagglutinin and 7C 199 medium. After incubation,
the mitosis was arrested with colcemide and the hypotonic
solution used was sodiume-citrate., The smears were prepared
on slides and stained with Sudan Black B. Distinct mitotic
figures showed the diploid chromosome nunber as thirtyeight.
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Ulbrich and Weinhold (1963) cultured the bovine leuco-
cytes, The venous blood collected with heparin at 2.,0-
4.0 ml/10 ml blood and enriched with 10 mg streptomycin and
10,000 iu of penicillin and veteran or thrombo veteran also
added, This was added to a vessel containing 0,02 to 0.24 ml
of phytohasmagglutinin P or 0.4 ¢o 0,8 of hasmagglutinin M
and stored in refrigerator and later centrifuged to separate
the leucocyte layer. The leucocyte suspension of 1000 to
1200 cell/mn’ was mixed with 20% plasma and 80% medium 199,
10 ml of the suspension was incubated at 37°C for 72 hours
and 1,0 ml of 0,04 per cent coloemid was added to the cultu?e
and after 3 hours the culture was centrifuged and cell sus-
pension prepared and £ixed in acetic acidiMethanol f£ixative
(113) and the smears were prepared on iced moistured slide
alr dried and stained in 2% orcein solution and the well
spread metaphase spreads cobtained and diploid number as
2n=60,

Connolly @t al. (1963) described a mini culture method
for cytogeanetic study. This required small inexpensive,
disposible plastic tubes containing culture, The caps are
easily loosened and colchicine can be added through the cap.
The blood collected directly into the tube, Each tube require
only 0.5 ml to 1 ml of plasma and 2 ml of growth medium and
it yielded good results in human beings.

Schers and Louro (1963) described the different methods
used for chromosoma analysis in human being such as the direct
examination of cell either tumour cells or effusions without
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culturing, long term culture of fibrahlasts, bone marrow
preparations and short temm peripheral blood leucocyts cul-
ture, The suthors explained the short term culture, of dlood
lsucocytes which {9 less expensive and does not sequire
sophisticated equipments which can be adopted to fit facili-
ties in even the small hospital laboratory by modifying the
culture methods,.

Jackson and Xiessling (1963) studied the mitogenic
activity of phytochaemagglutinin, a mucoprotein esxtract of
phaseolar vulgaris, which is used comnonly to separate leuco-
cyte - rich plasma from whole blood by its ability to aggluti-
nate and sediment erythrocytes. The mitogenic activity of
e:tracts of physically separable elements or dried bean before
and after sprouting was assayed in human leucocyte culture,
The nmitoganic effect had no correlation with specific starch
gel electrophoretic pattern and agar gel precipitation reac-
tions with human serum. It was ascertained that the active
principie was contained in the besn sndosperm rather than the
erbryc and was reduced by sprouting of the bean, but recovered
on weing.,. This was used extensively as mitotic inducer,

Baszrur and Gilman (1964) described culturing method of
lymphocytes in bovine., The modificstions were made from the
work on lymphosarcoma and normal cattles, The venouas blood
dravn in 0,2 ml 1% sodium heparin solution, The growth medium
used was Connaught's H 597 supplemented with 20% inactivated
calf serunm, 0,08 per cent sodium bicarbonste and potassium



penicillin G at 100 IU/ml, 9 ml growth medium, 0.5 ml phyto-
haemagglutinin M and 1,0 ml of whole blood wers introduced
into culture vials and incubated at 38°C and on third day
1,0 ml of phosphate buffered saline containing 100 ug of
colchicine was added and the metaphase cells were mixed with
distilled water. The cell suspension was prepared in carnoy
solution and slides were prepared air dried and stained with
% natural oreein or carbol fuchsin, This method of prepa-
ration provided well spread mataphase plates £rom blood
samples of cattle, goat, sheep and mink,

Hollan<! and Holland (1965) studied the biological pro-
perties such as haemagglutinating, precinitating and lympho-
cyte stirulating factors of the extracts from certain seeds
of Laguninosae, phaseola vulgaris, phytcheemagglutinin (PHA)
and reported that the action of PHA 4in precipitating normal
gerum proteins was not that of an antigen and thus did not
support thc concept that PHA atimulate lLimphocytes transfor-
mation by virtue of being of universal antigen. Tho haema-
gglutinating and precipitating activity d4did not aphear to be
associsted with the lymphoeytes stimulating factor in that
loss of precipitating ability and marked decrease in haemagglu-
tinin titre are not associated with a change in the ability
of PHA to stimulate blood lymphocytes cultured in vitro,

Neu gt al. (1968) explained the culturing of peripheral
blood with PHA as mitogen and deacribed the possible cytolo-
glezl effect of antibiotics per se on cultured human leucocyte



chromosomes or on the mitotic index, Penicillin ¢ potassiun,
streptoaycin, chlorophanicol and tetracycline were the anti-
biotics tried, Various levels of antibiotics and its effect
on mitotic index were explained. It revealed an inhibitory
cffect on mitosis at higher doses and a stimilating effect at
therapoutic range.

Kanagawa and Basrur (1968) studied the clinical appli-
cation and reliability of leucocyte culture method for the
dlagnosis of freemartinism and the length of time that the
blood samples could He held at room temperature and in the
refrigerator nrior to culturing, was investigaztod. The mitotic
indax in bovine blood after preservation for varying periods
was stulied on samples from two animals. 3lood sanples were
storad at 5° for 6 hours in a pefrigerator showed mitotic
index to 22 3.3 and 5.3 rer cent vhich gradually decreased in
sarplies stored for longer than 12 hours, After 72 hwurs, a
very rapid decrease in mitotic index occurred reaching zero in
samples stored for 96 and 108 hours. 3Samples kept at room
temperature foliowed a similax pattern as under refrigeration
ut with siightly lower values throughout,

Joel et al. (1969) described a rapid and aimple procedure
to separate lymphocytes from bhlood of normal calves and goats
by mwans of liquid siliconi. In leukocyte suspensions pre-
pared by this method, lymphocytas comprised 26,8% of the
leukocytes in calves and 97,7% 4in goats and the red blood
cell contamination was less than 10 red blood cells per leuko-
cyte. Significant loss of cell viability as determined by



41

dye exclusion method and responss to phytohaemagolutinin diq
not occur. This results indicated that based on cell size
there are at least 2 populations of lymphocytes in blood of
both species,

Pearson and Bobrow (1570) reported the staining of
mitotic chromosomes using fluorescent acridine derivatives
and investigated the possibility of poeitively identifying
male nuclei in interphase by virtue of the fluorescent stain-
ing property of the Y chromosome, Buccal smaears freshly
obtained from normal males and from men of 47/XYY individual
£ixed and stained with aqueous solution of quinacrine Adithydro-
chloride revesled a small brightly fluorescent body on inter-
phase nuclei of cells from male subjects., This rapid method
of diagnosing male sex was useful in identifying ¥ chromosomes.

Lazary et ale (1974) studied the in vitro stimulation of
bovine leucocytes by PHA, concavalin and Z. goli lipopoly-
saccharide. !Mononuclear cells from bovine peripheral blood
ware isolated by the silicon gradient centrifugation tech~
nique. The cells were cultivated in vitro with and without
phytohaemagglutinin P, concavalin A and E. goli lipopolysaccha-
ride. The stimulatory effects of the mitogens was expressed
by the incorporation of 3 He-thymidine into the cells. Phyto-
hasmagclutinin P produced a strong stimulation in the dose
range of 5 to 20 ug/ml mediun in presence of 10 to 0% auto-
logous or adult homologous serum. One to 4 x 10™® mononuclear
- cells per culture gave the highest values, the incorporation
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of radiosctivity reachsd a maximum aftsr 48 h incubation and
persisted for several days, Congavalin A at a comoentration
of 10 to 30 /ml medium had & strong stimulatory effect on

bovine leucocytes after 3 days of culture, E, goli lipopoly-
saccharide was less stimulatory than the other 2 mitogens and
its possible mode of action is less clear than for phytohae~
magglutinin or concavalin A in this system,

Ponce gt al. (1975) studied the chromosomes of sheep
and explained the G banding as useful tool for individual
identification., Samples of venous blood were obtained from
sheep, Leucocytes ware cultured in 7.3 ml TC 199 medium,

1.3 ml of whole blood and PHA, the cell growth was arvested
with coloemid (10 ug/ml) and incubation continued for 2 hours.
At the end of 72 hours the cells were treated with 5 nl hypo-
tonic solution (0,075 M KC1) and siidss were prepared and
flame dired., The slides were stored at 60°C overnight and
stained in a mixture of 4.2 mi trypsin solution, 2 ml pH 7
phosphate buffer, .8 ml Giemsa staining solution and 43 ml
distilled water for 10-12 minutes., It was reported to yteld
good metaphase spreads with clear G-bands.

Lin gt al. (1976) described a rapid and aimple method
for the {solation and culture of leucocytes far chromosome
analysis in domestic animals. Five ml of heparinised blood
was nixed with 5 ml of Hank's balanoed salt solution (HBSS),
The 5 ml of diluted H3SS-blood mixgure wse then layered slowly
over 5 ml of the FPicoll-Hypaque mixture in a sterile 15 ml
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conical centrifuge tubs, The resulting mixture was then
cantrifuged at 600 ¢ (2000 rpm) for 40 minutes at 18.20 C,
After centrifugstion, the leucocytss were located as an
opagque colaoured band betweesn the Ficoll-Hypagque and HOS solu-
tion, The portion of the gradient containing the opague band
was then carefully removed and washed in 9 ml Hank's BSS and
centrifuged at 800-1000 rpm for 20 minutes. The supernatant
was removed and the pelletsd leucocytes resuspended in 10 ml
of culture medium, Ham's F10 containing 20% fetal calf serum
and 0.1 ml of phytohasmaggliutinin, The culture was then
incubated at 37°C for 70 h. Coloemid at 0,1 ng/ml medium

was added to the leucocyts culture 2% h prior to harvesting.
After the colchimid treatment the media was removed by centri.
fugation and the cell subjected to hypotonic treatment with
0,078 M ) for 20 minutes, folliowed by fixation in two changes
at methancl acetic acid (3:11). After fixation two drops of
oell suspension was dropped on to a alide covered with cold
distilled water., The slides were air dried,

Halnan (1976) recoomended a modified method for
G=banding in cattle, horse and buffaloas., The peripheral
blood lymphocytes were gultured in medium TC 192 containing

0.01 ¢ % glutamine, 0,02 psr cent caystine and 750 iu of
macous heparin, After culturing the hypotonic solution used
was 0.36 per cent solution of potassium chloride., Afeer
the first flxation with methanol and glacial acetic acid

at 311 the oells verw vashed with fixstive four times., Aflrx
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dried spraads were prepared on dry slides cleared with £ixa-
tive and warmed to 30°C to 38°C, It yielded good spreads.
The slides which were of one to seven day old were used for
banding, The slides were incubated in 2 x ssc at 69°C in
a plastic couplin jar in a liquid paraffin bath using an
incubator with an electronic thermostat for 1-3 hrs, The
slides were thoroughly rinsed in a S ml GCurr's pii 6.8 buffer
in 520 il double glass distilled water. Staining was in
Gurr's Clemsa 166 (1 mi:43 ml Curr's pi 6.3 buffer) for

50 minutes to one nour. he slides were removed from stain,
washed and alr dried. 3Steep the alides in Yylone for 5 mine-
utes and mount in DR, This yielded very good G=hands,

Halnan (1977) described an improved technigue for pre=
paration of curomosomes from cattle vhole bhloxil. “This
involves improved media and techniques using 7C 199 which
yielded large number of analysable cells at 48 h, not only
from cattle, but also from horses, sheep, joat and dogs. The
whole biood was ccllected from jugular vein in tubes contain-
ing 100 iu heparin/i0 mi bloodes The bloaxd was transported
as early as possible because longer time reducesmitotic index,
The culture mediun used was TC 199 snriched with calf serum
or bovine serum (25%), penicillin (6 mg %) and streptomycin
(10 mg e Sodium bicarbonzte at 2,8% level waa used to
correct the pH to 7.3. The medium can be stored at deep
freome upto 14 days. &xtra glutamine was added to improve
the kKaeping quality of meriium, An elevated l-cystine level
was found to increase the nunber of mitotic cells. The
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culture was set up by the inoculation of 1.5 ml of whole hlood
into 9 ml of medium using universal bottles of 30 ml capacity
and containing 0.5 ml of phytohasmagglutinin, After 24 hrs,
the bottles were gently agitated twice a day, a procedure
which increases the numbar of mitesis, Incubation procesded
for 45 to 72 hours at a temperature betwean 37.5°C and 39.5°C.
The colchicine was added to the culture 2 hour before harvest-
ing to achieve a f£inal concentration of 0.05 ug/mi. The cule
ture was poured into 15 ml tubas and centrifuged at 1007 rpm.
The supaernatant mnedivn removed leaving total volumo of cell
mucton and medium of 0.8 ml to which was added 12 ml of 0.56
28y cant hypotonic solution which was potassiun chloride and
allosed to stand for 13 minutes, The tubas were contrifuged,
supernatant removed and resuspended and £ixed with 4 ml of
£reshly prepared soluticn of three absolute methyl alochol to
one part glacial acetic acid, Fixing was repoated four times
to ensure the removal of all traces of water. The cells were
suspended in 0.75 mi fixative, The suspansion was placed on
slide and smears prepared and air dried. Giemsa stain was the
most satisfactory on aged preparation and orcein was rocammended
for freshly prepmred smears. The good spreads prepared were
sgudied for mitotic figures. The author compared different
modification and mitotic index. It was recommended that
freshly preparad medium was markedly euperior to stored medium.
The addition of glutamine at 0.02 g per cent brought signifi-
cant improvement of mitotic index. The l-cystine addition in
the madiuwn had significant effect on increasing the mitotic
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index. In the study the bovine serum with calf serum was
reported to yleld better mitotic index.than the faetal calf
serum. The pH at 7,3 was found to be as the optimum for
better results,

Balakrishnan (1981) described peripheral leucocyte
culturing of cattle blood using Ham's F10 medium. The short-
term cultures were set up with 0,5 ml blood in Ham P10 medium
supplemented with 20% adult cattle serum and antibiotics.
Poke wead mitogen was used as mitogenic agent and incubated
at 35.5°C for 60-65 h. The cell mitosis arrested with
colchicine 1.3 ug/5 ml of medium for 1 hr and the cells were
subjected to hypotonic treatment with 0,075 M K1, It was
£ixed in aceticimethanol 113, The slides were flame dried
and stalned with Giemsa. This method was reported to yield
good metaphase spreads of chromosome in cattle,

Goswami and Balakrishnan (198S) described the effect of
Bud 1 congentration on sister chromatid exchanges in cattle,
buffalo and goat. Sister chromatid exchanges (5CE) are sensi-
tive indicators of the effects of various mutagenic agents on
aukaryotic chromosomes. Short-term lymphocyte cultures were
set up with 7,5-Bromodeoxyuridine (Bud R) and the overall
means of SCE ranged between 6.9 + 0.3 and 104 & D4, 8.8 £ D5
and 11,3 + 0.6 and 6,1 & 0.3 and 9.4 ; 0.4 4in Sahtwal cattle,
Murrah buffaloes and Beetal goats respectively. SCE frequen-
cles were sinmilar upto 2 ug/ml and increased linsarly there-
after in all the 3 species investigated.
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MATERIALS AND METHODS

Cattle stationed st various centres of Kearala Agricul-
tural University, Indo Swiss Project and Parmers' premises
in various parts of the State and the animals brought to the
veterinary Hospital and Artificial Insemination Centres formed
the materials for the presant study. The cattle belonged to
4 genetic groups viz., (a) local non-~descript, (b) half-bred
Jersey, JL (born out of cross between local cows and Jersey
bulls), (¢) half-bred Holstein Friesian, H. (born out of
cross between local cows and Holstein Friesian dulls) and
{d) pure Jarsey. The animals studied were either normal or
abnarmal showing various productive and reproductive disorders.

Seventyone animals showing normal phenotype were used
for the study. This include 10 local female, 9 local male,
13 JL female, 10 JL male, 9 HL female, 8 HL male, 5 Jersey
fenale and 7 Jersey bulls.

On the basis of clinical examination and history of the
abnormal animal, they were classified as (a) sterile,
(b) 4infertile, (¢) [I'reemartin and (d) other abnormalities.
The cows with abnormal sacondary sexual characters,and those
which have not conceived even once during life time and the
bulls with ahnormal secondary sexual characters lack of
ajaculation or semen without live sparmatozoa were classified
as sterile, Infertile animals included repeat breeders or
those exhibiting an increased early returns to service, failure
in fertilization, early embryonic death and early abortions
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impaived oestrous and bulls of poor libido, poor quality of
the semen. A free martin is a female sterile calf bokn as
2 cotwin to male calf, Animals showing variocus other con~
genital abnormalities were grouped under Heher abhnormalities’.

One 43 years old sterile cross-bred (JL) heifer did not
conceive in spite of repesated inssminations in oestrus. On
exanination, the animal was found to have normal axternal
genitalia but rectal examination revealed a small undexrdeve-
lopad uterus and small spindle shaped ovaries. This animal
wags sired by a Jersey bull mated to a local cow, 1In addition,
three sterile local cows and one sterile iHolstein Friesian
cross-bred (HL) cow in the age group of 23 years were subjec-
ted to cytological investigation.

Infertile class included 5 Jersey cross-bred cows,

8 Holstein Friesian cross~bred and 8 local cows which showed
regular heat symptoms and with normal externsl appearance
with a history of repeated insemination, All these animals
were insenminated on an average of 3-4 times per conception,
On rectal examination all these animals revealed normal sised
reproductive organs,

Two Jexazey cross-hved bulls and one Holstein Friesian
bull with normal external phenotype and libido but showed
less motilicy of spermatogsoa were designated as infertile
and investigated.
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A 2 year old cross-bred heifer !~run as a heterosexual
twin was brought to the veterinary hospital for comnSelling.
This animal was an ancestrus type and sired by a Jersey bull,
The general external appsarance of the animal was healthy and
of a female, On rectal axaminstion it revealed a distinct
but shallow vagina which ended blindly. Nc cervix wvas appe-
rent. At theblind end of the vagina two lobular structures
analogous to seminal vesicle were felt and below this two
£iliform tubes running for about 10 om from the blind end and
endinu ‘n a £ibroid mass was palpated, The clitoris was
large. This was grouped as free martin and cytoloyical studies
conducted. The male co-twin was not avallavcle for the study.

A aix year old local hullock exhibited development of
rudimantary teats and mamary «lands, The aninsl showed the
develonmant of 4 teats with a small glandular anlacrgenent at
the base of every teat. The teats were seen protruling out-
wards and around the scrotum, At its 4th year of age onwards
the glandular tissue nroduced a milky £iuid, Since the animal
was castrated and used as a draught animal, semen studics
could not be conducted, The bullock was phenotypically normal
and with good stature. This animal was catagorised under
other abhnormalities and chromosoma studies were conducted,

All these animals were subjected to cytogenatic study,
The karyotype analysis was carried out using peripheral blood
leukocyte culture technique as described by Moorhead gt al.
(1960) in human beings and Halman (1977) in aninals with
modification,



Blood collection and transportation

Blood was collected from external jugular vein using
sterile 16 G needle. The skin was clesned with spirit and
cotton and aftar discarding 2-3 drops of blood, 10 ml blood
was collected in tubes containing heparin (5000 IU/ml bloed).
The blood was fmmediastely nmixed with heparin and covered with
aluminium foil. At every step maximum precautions were taken
for sterility. The blood samples were transported to the
laboratory within one hour. The temperature f£or trangport
was maintained betwaeen 21° and 32°C,

Medium

The basal mediun used was TC 199 (bifco) and the compo-
aition of the mediun used was as followni

Triple dist, water - 47,0 ml
< 199 - 0.5 ¢
Tryptose phosphate broth - 82 mg
1l-Glutamine - S5 mg

Sod. Dicard (3.5% sol.) - 0453 mi
Penicillin (S000 IU sol.) - 0.2 ml
Phytohaemagglutinin-M (Difco) - 2,5 ml

The distilied water was taken in a sterile conical flask.
Tryptose phosphate broth, TC 199, l-Glutamine, 5od. bicarb,
80l., Penicillin and PHA were added and the pH was adjusted
to 7.2.

This whole medium was f£iltered through az microfilter and
5 ml of medium was distributed to sach screw caped culture
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vials of 30 ml capagity. The medium was stored in deep
freener and used for one month,

Culturing

In the laboratoxry, the samples were brought and cultures
were set up within 2 hours afiter collection,

From each sample 2 ml whole blood was taken in separate
syringe and it was used to sesd the culture, The rest of the
blood was subjected to centrifugation at 1200 rpm for 20 minutes
to facilitate sedimentation of erythrooytes and extraction of
autsologous plasma.

Into each culture vial containing 5 ml medium, 2.5 ml
sutologous plasma and 0,7 ml whole blood (kept separately in
the syringe) were added and mixed gently by rotating the
culture between the palms of the hands, The cultures were then
incubated at 37° + 0.3°C for 72 hours. The cultures were
gantly agitated twice daily.

At the end of 71 hours of incubation, colchicine solution
(0.0001%), as a mitotic arrester was added to the culture,
mixed gently and incubated for a further one hour period, The
optimum concentration and duration of colchicine troatment
weare estimated by ocbeerving the degree of condongation of
metaphase chromosomes, The concentration and duration used
were 0.1 ml for one hour, C.1l ml for two hours, 0.2 ml for one
hour and 0.2 ml for two hours.
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Haxvesting

At the end of 72 hours the culture wvas removed from the
incubator, agitated and gently poured into 15 ml centrifuge
tubes. The tubes were centrifuged for 10 minmutes at 1200 rpm.
The supernatant of medium was removed leaving a total volume
of 0.5 ml above the sediment. About 2 ml of 0.075 M pota-
ssium chloride hypotonic solution was added -0 thoe oeils
were suspended in the solution. The volume was later nade
upto 6 ml with hypotonic solution and allowed to stand for
ten minutes at room temperature., The contents were then
centrifuged at 1200 rpm for 8 minutes and the supernatant
removed leaving O.5 ml above the sediment,

The cells were fixed with freshly prepared f£fixative
containing three parts methanol to one part glacial acetic
acid. About 2 ml of freshly prepared fixative was added to
each tube and mixed gently to break the cell butten by draw-
ing repeatedly into a pasteur pipette, Then the volune was
made upto 6 ml and allowed to stand for 10 minutes, The
nixture was then centrifuged at 1200 rpm for 8 minutes and
supernatant removed leaving about 0.5 ml of the solution
above the cell buttan, The fixative treatment was continued
with S ml, 4 ml, 3 ml till clear supernatant solution was
obtained. Finally, the supernatant was removed upto 0,5 m}
above the cell button, A suspension of the cells was pre-
pared in 0.5 ml £ixative and allowed to stand for a few
ninutes for the debris to settle down.
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Siide preparation

Corning glass slides were used for chramosome prepara-
tion. The fresh, chilled, wet slides were used, Using a
pasteur pipette two or three drops of cell suspenajion were
dropped on tha slide which was kept at 60° slant, from a
height of 30 cm. The slides were waved from side to side
as well as to and fro, to form & uniform spread of the material,
These slides were air dried.

Staining

The staining was done on the same day using 4% Gilemsa
(Glaxo) prepared in phosphate buffer (pH 6.8), Freshly pre-
pared staining solution was used. Tho alides were covered
with Giemsa-phosphate buffer mixture and the slides were
rocked at every 10 minutes, At the end of 40 ninmuteos the
slides ware washed with distilled water and lept covered
with distilled water for Zive minutes, The washing was
repeated threo times, The slides were air dried in slanting
position and viewed under microscope,

The efficlency of the medium was tested by counting
300 number of lymphocytes, The lymphoblasts, and the cells
in metaphase were counted., The mitotic drive and mitotic
index ware estimated as follows:

Lymphoblasts + Nunber of cells
in metaphase

Mitotic Arive = x 100
Total cells counted

Nunber of cel metaphass
Mitotic index = 18 in %z 190
Total cells counted




Effect of storage

Tha effect of storage of sanple at refrigerator tempe-
rature (5°C) was determined by estimating mitotic index.

S0 ml blood was collected in heparinized tubes and was
distrixuted in 10 ml centrifuge tubes. The cultures were
set up at 12 hours intervals and harvested after 72 hours,
Thae chromoscme counts were made and mitotic index calculated
for each sample,

Horphology and kRaryotyping

vell spread metaphase spreads without overlapping wvere
identified and photographed, two to three plates were taken
using Carl Zeiss photomicroscope 111 with a combination of
research microscope and 35 mm camara with automatic exposure
control. The individual chromosomes were identified cut out
from one plate and t¢he others ware kept for orientation and

reference.

The homologous pairs of chromosomes were identified and
karyotypes were prepaxed by pasting them on a bristol board.
The chromeoscmes were grouped and aumbered in the karyotype,
The morphology of each chromosome was studied and comparative
analysis was done.

Morphometric msasurements
The chromosomes were classified as metacentric, sube-

metacentric, acrocentric or telogentric depending on the
position of centromere as described by Levan gt al. (1964).
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The morphometric msasurements were taksn on the basis of
the recommendations made in the Denver Conference for des-
cribing human chromosomes.

T™he length of the chromosomes in the karyotypes was
measured using a set of caiipera with £fine points, The
morphology of individual chromosome was explained in terms
of length and position of centromere, The size of the chromo-
some was represontad as the relative length that 1s in rela-
tion to the length of the haploid set containing the X chromo-
soms. The position of the centromare was indicated by

of long arm <

a) Arm ratio = th of & Y >

o : Index = mit_sgthofaho:tm -
bh) Centromeric Index Rotal 1 ] .M

The reiative length, am ratio and centromeric index

werc used to identify and compare local and exotic cattle
chromosax, The morphological and morphometric differences
petween these breeds also stadied,

The relative length of autosomes and sex cChromosomnas
between genetic groups was compared using analyasis of variance
technigque &3 described by Snedscor and Cochran (1967). The
difference between relative length of Xechromosome and other
autosomes in each ganetic group was comparad using students
t~test. The arm ratic and centromere index of different
genetic groups were slsc subjocted to the above statistical
analysis, In ali, 102 animala were subjected to cytogenetic
study and the details of which are presented in table 1,



Number of animals examined for karyotyping under each genetic group

Table 1.
Half-bred
Animal Half-bred Holstein Jersey Total
Local Jersey Friesi
riesian
M F M F M F M
Normal 9 10 10 13 8 9 7 71
Sterile - 3 - 1 - 1 - 5
Infertile - 8 2 5 1 8 - 24
Free martin - - - 1 - - - 1
Other abnormalities 1 - ~ - - - - 1
Total 10 21 12 20 9 18 7 102
M = Male
F = Femal~
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RESULT3

In the present study the cytogemetic profile of cattle
belonging to local non-descript, half«bred Jersey, half-bred
Holstein Friaesian and Pure Jersey brecds were investigated
and reported.

The efficlency of medium was expressed in terms of
mitotic drive and mitotic index n3 presented in table 2, The
mitotic drive and mitotic index were 33,66 per cent and
5466 per cent in normal and 32,66 per cent and 6.33 per cent
in abnormal animals reapectively.

Colchicine was used as mitotic arrester, Among the four
Colchicine treatments of G.1 ml for 1 hr, 0.1 ml for 2 hrs,
Oe2 ml for 1 hr and 0.2 ml for 2 hrs, it was found that the
condensation of chromosomes using O.1 nl colchicine (0.0001 per
cont) for a duration of one hour showed normal sise and
appearance of chramosonas.

Mitotic indices in blood samples stored for varying
periods at refrigerator temparature wers presented in tahle 3,
The mitotic index gradually decreased during she £irst twelve
hours but 2 sudden drop was observed after 12 hours of atorage.
This phenomenon was observaed in both normal and abnormal
animals.

Karyotype

The karyotypes of local, halfebred Jersey, half-bred
Holstein Friesian and pure Jarsey were presented in figures
1 to 8. Karyotypes were prapared for male and female belonging
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to each genetic group, The karyotype analysis of all these
animals studied revesled that the diploid chramosame number
in cattle is 2nm60 comprising of 58 autosomes and 2 sex
chromosomes., The chromosomes stained with Giemsa were
arranged within the karyotype, in order of descending sige
from left to right in five rows of six pairs, with the sex
chromosome occupying the position of the last pair,

The female karyotype of all the genetic groups revealed
similarity in sex chromosome palr while the male sex chromo-
somes revealed dissimilarity, Thus in cattle the males arxe
XY and females XX,

Chromosome morphology

All the 29 pairs of autosomes were acrocentric (table 4)
in appearance and the autosomes showed no distinct morpholo-
gical variation which would facilitate pairing of chromosomes
in the karyotypes and it was therefore arranged, in a descend-
ing order based on the size, The autosomes formed a continuous
series wvhen arranged according to the decreasing size and
individual chromosone could not be identified clearly because
of morphological similarity (Fig. 9).

In all the animals the females revealed XX and males XY
sex chromoscome constitution,

The X chromosome in both ssoes revealed a biarmed nature
and morphologically revealed a subterminal centromere or
submetacentric appearance (Fig, 10).



The ¥ chromosome of Jersey and lolstein Friesaian revealed
submetacentric shape whareas in Local non-descript it showed
acrocentric morphology as presented in Fig.ll. No satellite
cculd he oheserved in any of the chroamoscmes,

Morphomstric measurements
Relative jength
The relative length of all the chromosomes in all the

genatic groups wera presented in table 5, Based on the
relative length the autosorws were numnbered from 1 to 29,

In local cattle the relative length of the autosomes
ranged betwecn 1.3473 per cent and 6,.5038 per cent. The
largest and smallest autosomes were 6.,4735, 1,225 in half-bred
Jersey and 66,2190, 1.3383 £~ malfebred lolstein rricsian
cattle respectively whereas they were 66,9125 and 1,3096 4in
pure Jersey cattle. The continuous nature of the relative
length and morphological similarity of autosomes rnokes indi-
vidual autosome comparison AL£ficult between Aifferent genetic

GTOUpPS.

Camparison of the largest autosomes of all the genetic
groupe using the analysis of variance (Table 6) revealed no
significant aifference between the genetic group. The analysis
of variance showed that there is no significant difference in
the relative length of smallest autosomas between four ganetic
groups (Table 7). The averages of the relative lengths of
antosomes of all the 4 genetic groups are presentod in
gigure 9,
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Regarding sex chromosomes, the relative length of X
chromogome was 7,2838 per cent, 7.,0313 per cent, 6.5138 per
cent and 6,3166 per cent in Logal, halfebred Jersey, half-bred
Holstein Friesian and pure Jersey respectively (Fig. 12),

The relative length of X chromosome was compared between
different genetic groups, The analysis of variance (Table 8)
revealed that there exists significant difference hetween
genetic groups, Palrwise comparison was made betweon Aiffe-
rent genetic groups. It revealed that relative Jengths
betwecn (a) Local and hcolfe-bred Holstein Friegsian, (b) Local
and pure Jersey, and (¢) halfebred Jersey and pure Jersey
were sinificantly different, whereas the difference was not
significant between (a) Local and halfebred Jersey, (b) half-
nred Jersey and half-braod iolstein Friesian and (@) half-bred
Holeteln frieslan and pure Jersey,

In the karyological array X chromosomes with the relative
lengths of 7.2838, 7.0313, 6,5138 in Local, half-bred Jersey,
and half-bred Holstein Friesian respectively occupy the first
position whereas in pure Jersey X chromosome with 6,3166
per cant relative length oocupies a second position after
the first largest autosome pair with relative lengths 6,9125
per cent as shown in tahle S.

The Y chromosome of Local non=descript cattls showed
an acrocentric morphology and similar to autosomes whereas in
pure Jersey and those sired by Jersey and Holstein Friesian
sires it revealed a submetacentric morphology. The relative
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lengths of Y chromosomes were 2,9415 per cent, 2.574S5 per
cent and 2,9378 per cent in Local, Jersey and Holstein
Friasian respectively (Fig. 13).

The relative length of ¥ ¢hromosome was compared between
different gematic groups and significant difference was
observed in analysis of variance study (Table 9). It was
obsarved that the difference between Local and Jersey and
Holatein Friesian and Jersey were significant whereas that of
wocal and Holstein Friesian was not significant.

In ¢the karyotye array the Local ¥ chromosone with
ralative length 2.9415 occupies a poaition between 15th and
i6th chromosone., In Jersey and those sired hy Jersey the
Y chromosome with relative length of 2,5745 occupied a posi-
tion batween 1S to 20, In cruss-breds sired by Holstein
Friesian the Y chromosome showed a relative length of 2,9375
and occupied a position between 15th and 16th autosome pair
in the chroamcsone array as pregsented in takle 35,

Axm Ratio

Since all autosomes of cattle are of acrocentric nature
measurements were avallable only for one avm and arm ratio

for autosonmes was not estimated,

The X chromosomas were biarmed and the arm ratio was
estimated as 1,739, 2,043, 1,987 and 1,890 in Local, halfebred
Jersey, half-bred Holstein Priesian and pure Jersey respec-
tively (Table 10),
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The effect on amm ratic by genetic groups was estimated
by the analysis of varisnce (Table 11) and was found to be
significant. The paizwise comperison indicated that thes arm
ratio of X chromosomes between half-bred Jersey and Local,
half-bred Jersey and Jarsey, half-bred Holstein Prissian and
Local, half-bred Holstein Prissian and Jersey were signifi.
cant whereas that betwesn half-hred Jersey and half-bred
Holstein, Local and Jersey were nonesignificant,

In ¥ chromosome of the local cattle only one arm was
observaed and is thus acrocentric.

Ag regards to Y chromosome in Jersey and Holstein
Friasian the arm ratioc was 1.210 and 1,663, respectively
(Table 12)., This difference in asm ratio was found to be
statistically significant,

In autosomes of cattle the gentromers index was 2ero
since the short arms were not present and all the chromosomes
were acronentric. '

The X chromosone of all the genetic groups had centromere
index of 0.365, 0.329, 0.338 and 0,372 in Local, halfebred
Jersey, half-bred Holstein Friesian and pure Jersey respec-
tively (Table 10),

The centromere index of different genetic groups was
compared (Table 11) and the difference was found to be statie-
tically significant, The pairwise comparison revealed thst
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the differences between Jersey and half-bred Holstein
Friesian, Jersey and half«bred Jersey, Local and halfebred
Holstein Friesian, Local and halfebred Jersey were highly
significant whereas the differences between Local anxl Jexeey,
half-bred Holstein Friesian and half-bred Jersey were non-
significant,

The centromere index for Y chromosomes of Jersey and
Holatein Friesian were compared and found significant.

The Jersey had a centromere index of 0,463 which indi-
cated close proximity of centromere to the mid point of chroe
moaome whereas in Holstein Friesian it was 0,376 or far away
from mid point when compared to Jersey (Table 12).

Abnormality

Mdmong the 5 sterile animals examined, it was found
that 4 cows revealed normal chromosome constitution with
60 XX. One Jersey sterile female revealed 59/60 mosaicism
(Fig. 14). Four paer cent of mataphase cells revealed 59 XX
chromosome and 96 per cent 60, XX with a 59/60 mosaicisnm
(Table 13) condition.

The chromosome analysis of infertile animals revesled
diplodd chromosome number Inw60 with 58 acrocentric autosome
and 2 submetacentric X chromosome (Table 13). The Y chromo-
some of the animals studied revealed submetacentric nature,
All these aninals were sired by exotic bulls, The chromosome
morphology was similar to that of normal and neither numerical



chromosomal aberrations nor struckural aberrations could be
1dentitied.

The metaphase spreads of the Pree martin reveasled that
out of the 201 lymphucytes studied one hundred and seventy-
three (86%) wers of femsle origin (300 and twentyeight (14%)
ware of male ordgin (XY), This was a case of XX/X¥ chimae-
rism (Fig. 15) and the anima)l was a Free mertin,

A local nonedescoript bullock showing almormal develope
ment of secoandary sexual characters such as developnent of
teat and glandular tissue (Fig, 16) with milky fluid., On
exanmination of the metaphase spreads, 4.5 per cent of the
gells exhibited a cnronosome mumber 4ns=120 (Table 13) showing
the incidence of tetraploidy (Fig. 17). The other cells
showed normal diploid number of 280, This is a csse of
diploid/tetraploid chimaerism (miwoploidy).



Table 2.

Efficiency of phytohaemagglutinin-M in Medium TC 199 used for
bovine lymphocyte culture

Mitotic

Phenotype Total Lympho- Lympho- Mitotic Mitotic
cells cytes blasts spreads drive index
counted % %
Normal 300 228 84 17 33.66 5.66
Abnormal 300 216 79 19 32.66 6.33
Table 3. Mitotic index in culture of blood samples stored for varying

periods in the refrigerator (5°C).

Mitotic index
Duration of storage

(in hrs) Nozmal Abngrmal

6 hours 3.66(11/300) 3.33 (10/300)
12 hours 2.66 (8/300) 2.33 (7/300)

24 hours 2.66 (8/300) 1.66 (5/300)

36 hours 1.66 (5/300) 1.66 (5/300)

48 hours 1.33 (4/300) 0.66 (2/300)

60 hours 0.66 (2/300) 0.66 (2/300)

72 hours 0.66 (2/300) 0.33 (1/300)




Table 4.

Cytogenetic profile of local, half bred Jersey(JL), halfbred
Holstein Friesian (HL) and pure Jersey cattle.

Cattle type Diploid Autosome pair Sex Chromosome

o SM/M A X Y
Local 60 - 29 Submetacentric  Acrocentric
JL 60 - 29 Submetacentric  Submetacentric
HL 60 - 29 Submetacentric  Submetacentric
Jersey 60 - 29 Submetacentric  Submetacentric




Table 5. Relative length of chromosomes of Local, half-bred Jersey,
half-bred Holstein Friesian and pure Jersey cattle

Chromosome Local Half-bred Half-bred Jersey
pair Jersey Holstein
Friesian

1 6.5038 6.4735 6.2190 6.9125
2 5.4290 5.9500 5.8610 5.62261
3 5.1765 5.5140 5.6790 5.5795
4 5.0095 5.1240 4.9850 4.7125
5 4.9371 4.7980 4,7245 4.5575
6 4.7205 4.6065 4.6735 4,5147
7 4.7091 4.2380 4.2985 4.1742
8 4.1575 4.0350 4.0290 4.0885
9 3.8710 3.7250 3.8825 4.0025
10 3.7425 3.6910 3.7715 3.7100
11 3.5645 3.4665 3.6725 3.5810
12 3.3425 3.1305 3.4780 3.4165
13 3.3120 3.0730 3.3090 3.3210
14 3.2620 2.8355 3.2850 2.9835
15 3.1110 2.8350 3.1890 2.8745
16 2.9145 . 2.5550 2.9510 2.8115
17 2.4855 2.5250 2.8745 2.7530
18 2.4580 2.3780 2.7325 2.6860
19 2.3250 2.3520 2.6495 2.6430
20 2.2030 2.2735 2.4420 2.5540
21 2.1675 2.1730 2.4415 2.4680
22 2.0640 2.0980 2.2590 2.2825
23 2.0640 2.0430 2.1815 2.0540
24 1.8960 2.0190 2.0530 1.9575
25 1.7805 1.9235 1.9210 1.8215
26 1.6240 1.7330 1.7290 1.7010
27 1.4515 1.5595 1.6280 1.4080
28 1.3515 1.4365 1.4640 1.3195
29 1.3473 1.2250 1.3338 1.3096
X 7.2838 7.0313 6.5138 6.3166
Y 2.9415 2.5745 2.9375 2.5745




Table 6. Analysis of variance for the effect of genetic groups on relative
length of largest autosome

Source of Degree of Sum of Mean F
variation Freedom squares square

Between Genetic 3 1.98 0.66 1.94 NS
groups

Errar 28 9.52 0.34

Total 31

NS - Not significant

Table 7. Analysis of variance for the effect of genetic groups on relative
length of smallest autosome

Source of Degrees of Sum of Mean F
variation Freedom squares square

Between Genetic 3 0.07 0.02 0.69 NS
groups .

Error 28 0.98 0.03

Total 31

NS _ Not significant



Table 8.

Analysis of variance table for the effect of genetic groups on

relative length of X Chromsome

Source of variation Degrees of Sum of Mean F
Freedom squares square

Between Genetic 3 3.61 1.20 5.73%

groups

Error 20 4.21 0.21

Total 23

* P« 0.05

Table 9. Analysis of variance table for the effect of genetic groups on

relative length

Y chromosome

Source of variation Degrees of Sum of Mean F
Freedom squares square

Between Genetic 2 0.36 0.18 5.98%

groups

Error 9 0.27 0.03

Total 11

*P < 0.05



Fig 10. Arm ratio and centromere index of X chromosome in Local,
half-bred Jersey, half-bred Holstein Friesian and pure Jersey cattle.

Arm ratio Centromere
Index
Local ' 1.7392 0.365%
Half-bred Jersey 2.043P 0.329°
, Ny b b
lHalf-bred Holstein Friesian 1.987 0.338
Jersey 1.690% 0.372%

Means with same superscript do not differ significantly



Table 11. Analysis of variance for the effect of genetic groups on arm ratio and centromere index
of X chromosome.

Source of Degrees of Arm ratio Centromere index

variation freedom
SS MS F SS MS F

Between genetic

groups 3 0.56 0.19 4.88* 0.0082 0.0027 5.9561%%
Error 20 0.76 0.04 0.0092 0.0005
Total 23

*P < 0.05 ** P < 0.01




Table 12. Arm ratio and centromere index of Y chromosome in Local,
Jersey and Holstein Friesian cattle.

Arm ratio Centromere
Index
Local - ~
Jersey 1.210 0.463

Holstein Friesian 1.663 0.376




Table 13. Chromosome profile of reproductive abnormal cattle studied

Phenotype Sex Chromosome

constitution
Repeat breeder Female . 60, XX
Poor semen quality Male 60, XX

Sterile with under-
developed uterus Female 59/60 mosaicism

Freemartin Female XX/XY chimaerism

Secondary sexual
characters Male 2n/4n mixoploidy




Fig. la. Metaphase chromosomes from a Local bull

Figes 1b. Karyotype of a Looal bull
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Pig. 2a. Hetaphase chromosomes from a Local cow

Fige 2b. HKaryotyns of s Local cow
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Fige 3a. Metaphase chromosomes from a mﬁ-md
Jorsey all

Fige. 3b, Karyotype of a hal f-bred Jersey bull
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FPig. 4a. Metaphase chromosomes from a half-bred
Jersey cow

Fig. 4b, Karyotype of a half-bred Jersey cow
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Filye Sae Hetaphase chromosomss £rom a half-bred
Holstein Friesian bull

Fig. 5be Karyotype of a half-hred Holstein rriesian
bull
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riz. 8a., M“ataphase chromosomaes fron a half-bhrod
Holastein Friesian cow

Fige. 