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nmtODu:TIOU 

Evel:y organism Whether it i. unJ.cellular or mulU

cellular. needs a set of c:Urect1vea foJ!' ita creat.1on. growth. 

raproducUon and finally deatb. In case of rnult.J.cellular 

organisms t.he creation proceea includes fertilisation. diffe

rentiation and organogenesis. AU these processes involve 

series of oanplex biochemical, hoXmOnal. physiological and 

physical activit.ies wh1ch are cU.rectly or indirectly c0n

trolled by genes. For ease of ordered activity, :r:epl.1cation 

and precise distrIbution in multJ.p1y1ng cells. the genes are 

contained in pacl<agas knOwn as chranoeanes. 

AlthoU(Jh the interest. in cells and chromosancs lxt;nn 

almost a. century ago 1. t gained mameni:.wn. wb3n 1 t ':.108 reali9/9{:1 

that. these organelles are rapoai~ of genetic: information. 

As a result. of great ent.bwIiaan evinced. thereafter, by the 

scientJ.fic: workers. genesIs of a new area of cytogenetics. a 

hybrid bet.ueen cytolOgy and genetics t.ook place. 

":"hc ~]togenet.t(!s aatually correlat.es the microscopically 

discernible structures, t.hO chJ:'cmOacxnes and ita iX)rpho~j' t.o 

t.he phenot.YP8. The ganeUe material. in all an1~1 species is 

located in specIfic structure. t.el:med ehrcnoscrnes. .'11 cells 

of too bOdy possess .. camplet.e ch.ranosor.le set. The number. 

shape and Gize of chJ:cmosane in t.he cells of a particular 

species &X'e usually CXJtlStant. and fairly t.ypical for tl~t 

species. 
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Pl'8C1ae quant.lf1oat.loo of shape, structure or s1ze of 

chromoscma and trKf deee.a:mJ.natJ.on of model diploid nU1lber for 

e partJ.cular spec.1.e. are primary pre-requ1s.tt.es for: ident.l

f1caUon and deacript.tan of ~he ohranosomo and thei::- position 

in kar"iotYi,>G array. This knowledge lat.or on. led to establish 

the involvement Qf ch.1:"a'noaomes in various physiolog1ou ~unc

tionS.)\iiru; to t.ho fact t.."lat. ohratlOSO'r'ea aJ:e t.he reposit.ories 

of genat.:1c infor.la':;.ion 3Ild d.1.reetly lnvolve<J 1n t.hO trans:nission 

of heret:Uty t-T;.e elw::.1dation of st.rlJCt.uz\;tl details of chrcxnosanes 

l'U!1S tJOen ,l subject. of researoh for long time. 

The 1nt.ense st.udies of h\ln8n chr:amoe<xnes £0:;' t.he last 

two decades revealed the 1mport..ance of cyt.ocjenGtJ.ca in noclal 

as t:lell as abnOrmal cond1 tiona. aut only after 1960 t.he 

chr:'omosa:ne t.echniques however. 'beCar:te available to aMble 

accurate and det.a11ed observat.ions of ChJ:Q;'tOSOf1eG of manrnals 

and b1rdc. Since tben. cat.alor,jua of I~cdn ~X)g<:ln to 18n\..;than 

~<.l thereby da't.aJ.l&J and refined a.."\alya1s annhled to underst,'3.."'K~ 

not o£u,:t of the gross lJenane bUt of t.he morpb<)lO'~llcal fine 

at.ruct.ures of ind1 vidual oiu:omoSOI':l8 _ The dovelopment. of 

in vitrQ culture t.echn.1que of colla opened a ne't<1 vista for 

cyt.ogenet1c studies. 'file aclence of cyt.ogooetleo \l1a3 t.here

after applied for f lnd1ng ~ aaaociat.1cn bat.ween variations 

in ohramoscme !Qnber and morphology with gross anat.anical or 

physiologieal feat.ures of animal. as a Whole. 

The ident.ification of Chranosome aberrations and ita 

coz-relatJ.on w1t.h COncept1orl rat.e 1n animals astab118t\(!'A') 
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cUn1cal applicat.ion of kal:yot.ype 1n veterinary practJ.ce. 

The inclusion of cytogenetic analysis in the diagnost..1c 

a.rr.ta:nent.ar1um of la.boratori •• worldnc] with anl~nal infertilit.y 

woulc enable finding pr1ma.r:y cause of difficulty 1n e number 

of ceses wh1ch cannot be diagnosed ot.herwise. 

1"here are t.hree n-.aJ.n areas in whJ.ch e:y~ogeneUcs oan 

co."ltribUt.e to tl1e theory and practice of an1r:,a1' breedi",.;;. 

~-luch ,of a.Yli:n;;;.}. brOeding 1s baSGd on assumptiotaB for which 

cr11;..ical teat.:; heretofore haVe not been available. cytOCj8IletiC 

't.echniq:ucs c.m :Je adopted to t.est the validit.y of acme of 

those aseumr~1ons. Secondly, new eou.rces of t;enet.1c variation 

:'iay be made available to animal breet'lere by eytogenet.ic1sts. 

Th..1.rdly, the large numbe," of chJ:Qmosome markers segrerJaUng 

1n lllUnaal J:.~at1on enables accurate assessments of the 

relationship amonc,; an1rllals wU:.h.1n populations ~ determina

tion of relationships of populations. 000 to .:"nother. 

TIle problem of anatcm1cal and physiological atlUnaJ.ies 

or subnormal condit-ions in int.erspecific end intraspecific 

hybrids has at.t.racte1 a~tention of en.1mal breedera as -well as 

Ct.;t.ogerAOt1cist.s.. l-rne intzoduct:.1on of refined tec::h.Tl1ques for 

Cl'lX'Q-itOSOme pX"Gparat,1on has hel,Ped the underet.and1n.; of possible 

c::-r-...ogenet.1c: J:Oa.Jon3 for reproductive diaordGrs in the i;~:la11an 

hybr1d.so There 1s a considerable var1at,lon both oot~n 

s,")Ccles and -;,I!thin sr:eeles 1n Chrornoatlrtte rnor:~A'Kllo."y which 

helped 1n a8se891n9 the genesis of part.1oul.ar breed or asso

c:lat.1on bat.weon breeds. 
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The domestic cattle belong to the order 1\rUodacytyla 

a'ld super family B.9!i&tM Which has flve subfamilles. ThoucJh 

the d1plo1d ll\I'I1bar may YU:Y 'between 30 &nd 60 t.he QSI9bt! 

fWldlmslt.tl.l (1Unber of ctaramoacme arms) was found t.o be 

restricted between sa t.o 62 wlt.h majority of t.i-).em at. 60. 

This reveals t.he extent. of conservation in the kaI:yotyge 1n 

t.hie fara.Uy. Speciation .... to have taken place ~J fusion 

or fi.ssion of a max.1nun of 60 chr~s. 'J.'his indicat.es 

that it is in the gesw order more t.han t.he nature of genes 

which has dictated t.he variations between the species. 

·'\s a result. of at uta8s1ye crose-breeding prograrime 

L"lvolving European (~1;AWOMI) and indigenous non-descr1pt 

(30~ .1~) cutt.Lo. r¥3l.~ly 56 par eer.t. of the cat.tle I)Q::JUla .... 

tion in the ~jtato 02 l.;Qrala is cross-br<k1. :\ccordin:.J to the 

recent. !.'c.:;ort. i)Ubliehed by T)0pa.rtrI\eOt. of Animal :ii.lSbanJrf 

(1~87) it 1.s c3Uma'tEY' ~hat 45.9 per cent 0:'; U~ ro.,.:..ro:l......:t.ive 

disorders diavnosed is due t.o dtiayed pu.ioert.yw:~cb 15 s:Jspected 

to have y6l18Uc: disposition. 'l"be l. .. lfort.ilit~l due t.;;) repeat 

br'8edJ.ng. ovarian hypoplasia. defective genit.alia, Sf/8Ci:f1c 

and non-speeific infection Mve also been identified. 

However. ayst.enatic stud.1ea on the eytOlJeraeUco of cross

bred cat.tle "as not. been attempted in t.his Stat.e.. Hence the 

present. st.U;.:1y is undert..:l~.en with t.he follo:i$.r\("; objact.1wsl 

1. CQ:\perative analysis of t.he karyotype of :·;ebu x 'itaUl.'Us 

crosses and purebreds. 



2. As •• aing 'the 1ac1denOe of chr<lDoeomal aben'at.1ons among 

croes-bred cat.Ue. 

3. F1nd1ng out. the poee1bl.e uaoc1at.J.OI'l of chJ:'omoaamal 

abottat.ions. if aztt. w1t:.h repJ:'Oducrt1ve problema and other 

abno.I:ma11t.1 ••• 





R!tVIBW OF L%'1'BRATURE 

Developnent. and epplloatJ.cn of ~o1og1cal t.echn.lquea 

1n man are older than tboae 11'1 animal. aDd birds. 'rhe scope 

of ayt.ogenetJ.c. in animal ..... biJ:'de 18 vast. eepec.tally 1n 

the areas of bned1ag. npco4uotJ.on. management.. clJ.n1ca1 

mad1c1ne and varioue evolutionary at.\ICll... In ems_ ~ 
reach t.he level of cyt.ogenet.ic raeearch 1n man. animal cyt.o

genet1cists have to go a long way. sJ.nce t.he.. ~hn1que. 

have been applied for t.he la8t. t.went.y yean only. 't'he gnat 

deal. of 1nfOJ:mat:.ion on the tUffenaa aapeat8 of hlDan genetics 

has been the direct. conaequences of the pZ'OCeu in aopblat.1-

caUan of .-t.hodology employed. 

A Whole 8UCCea81on of event.s and d1ecover1es relating 

t.o cella and genat.1ca wen divided by SWan80n Sl Ala.- ( 1982) 

into pn Ic::yt.ogenet.tC era. olaa.10al period and modem period. 

P~c era su.rt.. with t.he d1aaoveJ:y of cells by 

Hooke 1n 1766 and ends in 1996 wi ttl t.he pu.bl1cat,ion of The 

Cell in lleV'elopnent and HeredU:.y by t11leon. }fybridiaaUon 

of cytOlogy with c;enet:.ica was ouried out. in 1902-1903 by 

foJ:mUl.atJ.ona of the s,*t.aIl and BOYet1 ch1:'cmosamal t.heory of 

1nh8r1t.anoa. 'lbe diacovez:y of Mendel's lava and it.s recogn!

tJ.on 1n 1900 18 "aken as the beg1nn1J'l(] of classical period. 

r·1aClung correlates the x ahrcmosome in &eX 4eteJ:mlnatJ.on in 

1901. In 1906 dJ.st.1nct.ion was made between bet.erochrCXTtOS<Xnes 
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(X and Y) and aut.osane& by M~. Blaeka81_ and 

ElgatJ. (1937) d1800ftnd thI \1M of aolab1c1no as mit.otJ.c 

inhibitor. Hsu 1n 1952 employ.t t.echn1qU8 of osmot.1c 8bOck 

for t.he st.udy' of murnal1an chl'Omoaomes. T1jo end lievan 

(1956) accurately det.er:mined ~ numbaJ:' of ahramOscmlt8 in a 

hwnan cell. 

Till 1959. t.he cells wen col~ fran human tissues 

directly and used as such fcx chramoacmal et.t.¥1ies. For the 

first tJ.me. Hungerford ~.tl..- (1959) demonstrated peripheral 

blood leuaocyte cul~ techn1que and exp1eJ.ned chrar:xlsome 

constJ.t.ut.1on of a human phanot.yp1c 1nt.ersex. 'lbey ropol"tAK'l 

that. t.he funct.1ons of Y ct~ aro not. clear and J. t does 

not. aeem eseent1al 1n t.ho developnaftt of t.est.1cular tJ.ssuo 

in as much as the majority of tr:ue hexmapu:ood.lte. bas only 

X clU:'OmOacme. 

Lejeune ....... (1959) described eM first chromosanal 

anomaly demonstrable in man t-.Jhen they reparteel tr11K111y 21 1n 

• number of r.xm9Ola. rtoncjols show a p(kN.liar syndrome called 

PaWn's syndrcme .w1t.h peculiarly tolded f/i1ye lids and fac.1al 

chal:'ao-.er1st.1oa. et.ub'by hands and feet.. m$ntal retardatJ.on. 

cardiac malformation and peculiar p1~m:.at.1on of eye. Non

d1sjunot:.J.on durJ.ng mat.ernal O~.1G may be explained 

as moat. UJcely 04\&M 1n view of the close relat.J.oosh.t.p between 

adYanced met.eJ:na1 age and mengo11_. subeequont 1nvest.iga

tJ.tXUI (Can.er and Evans. 1961 arvl !-!amU't.en S. .1&... 1961) have 

confUmad t.he c~ a,.-,crnaly with manool.1an. This 
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f1rld1ng opened up .. new 4lapoadc JII8t.ba4 .f.o 'tuaBa1l tned1cal 

pZ'act;1ce. 

Jacoba and SUOl'l9 (1959) npo.l'ted XlCY sex 4eM~ 

mecban.1an u8OC1at.ed w1~ al:InoI:naal male ~ ~ 

in 1942 by H. F. Y..lJ.Mfelt.er and known as the KlJ.nefe1ter·. 

ayndrome. Charact.er1stic of K11Defelter t s syndnaDe 18 .. 

prJ.mar:y m1cr:oar:chlsm with a _all f1l:m ecntal tAftJ.a matU

feat1ng tubular dyegenea1s h1et.o1og1cally. 96 per C8I'lU an 

usually aterl1e. Bunuch01d1om {~1a are £nquent. but. 

not. invariable flnd1ft98_ Su'bnoI:mal inU1Ugence 18 alao ~«1_ 

Ford .G Al,. (1'59) npofted ~ aon41Uon with. 

~ ccmpl.ement. of 44 a'40f1Gm88 and one X chrcIQoaoma 

aaeoc1at.ed with ebnOmal female pbenot.ype detlCJ:'ibed in 1938 

by n. H. Turner and associates and lmoWft as 'l'uI'fteI: t II ~ 

characterised by abort. _tatun exh1b.lt.1ng aexual 1nfantJ.U_. 

Mek webbing. and dysgenesi. of the goQada Vb1ch en npn

~ by etrealc8 of ovarian 8t.1'01'fta. "... patJ.e~ an 

anmoentUe and are stArile_ Bony ard 80ft. toi.sue .... 11 •• 

.... also pneent and 1nclude ab1eld 11_ chest. cublt.oue 

V\.Ilgua. ~ •• blQb aft'!hod pelat.e. low set. e .... bypU'

" __ 101b pu1pbUal l~ and .-t.ic cout.atJ.on. 

EdvaEdall .... (1960) ob •• 1W4 aaoId'ter ~ obarao

tedMd by t.he 'f'8ri.abJ.e anomal.t .. of tme banda. feet. and ear. 

(1fb.f.ob an ueually low aet;.) ~. aoat Wbbed neck 

...... 1 41venicN.le. _tal .... U. and OODgeIa.tUl bean. di.... of yadab1. MYedt.y antS .t.~ the .. \1M to 

Ui8Oll1 .tmolviJ\f;l ~ 18. 
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Pat.au n 11.. (1960) da8cribed U'1acny involv.f.ng one or 

more of 1) group chromoacJme. geaaUH of tme difficulty in 

1&mUfying the indlv1dlaa1 ~ome involved. t.he ayndrame 

18 referred t.o 88 ORUp D Uiaomy ayndJ:a!l8. 'l'be cUn1cal 

feat.une include defect:.s of t.he globe (anoph.t.halm1a or 

mlcropht.halm.1a). cerebral and man~ 4efect.s. defeot.a 1n 

t.he falx cuebrJ.. mI.ll.tJ.ple eap!lluy hemangicmQta. hypU"

extensible thumbs. cleft pa1.~. hare lip. simian i.:>al.maz:' 

creases and occasionally polydact.yly and congen1t.al heart. 

diae.sea. 

Book ~~. (1!J6-,)} reported t.l'le conclusions originated 

ae t.he d!sr!ussion of a neet.!ocJ heltl at t:)enwr in t.he year 

1960. In order to avoid eonfusion arising out of toile varia

tions in ncmencleture. a st.a."1dard nomenclature -vIas proposed 

and erlterta for the identification of individual chromoscme 

wen est.ablished 1n human ~1ngs. The crit.eria aI3ed in the 

1dentJ.f1oat.ion of chromot!cnas include length. relative 1"081-

Uon of eent.ramere aM ratio of long arm to short arm lengt.h. 

He suggested letter designations of the major grou.pa. "n'lus 

on the bas1s of the suggestion of Patau (19611 and reconnen

daUons of the meeting at oarrver. b\Daft ahramoaomea were 

grouped 1-*0 ..".0 major groups which an named after Denver. 

The groups an. GfttUp 1\ consisting of 1. 2 and 3 lal'ge ehrOmo

somas with mad1\1l'l or nearly median cent.J:amere. Group n w1t.h 

4 and 5 luge chl:Cmosames with aub-med1an cent.romans, 

Group C w1t.h 6 to 12 and x-me4tum a.f.Md c.::bramoS<X'lK'tS with 

lNb-medJ.an cent.rClmen. Gxoup n of 13 t.o 15 med1um-sJ.zed 
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acrocentric chrorraosomes wb10b may bear a.Ul11t.os on their 

sl'iOZ't. aI'mS. GJ:OUp E with 16 t.o 18 - ..... hllt: ahort. chl'omoaamea 

wit.h medite or 1I'tIb-mIIcU .. aenvomena. GJ:'O\lp F wit.h 19 to 20 

short. cbromoaames with .-dian 08D~ and Group G w1t.h 

21 t.e 22 and Y being "ry sboJ:'\ ecrocent.ric chz'omoaomraa WhtClh 

may bear sat.elUtas ora their: ehoJ:t. urns. Theae group1ft9 was 

done t.aking the averages of t.be ~aome. of the several 

cells. The consistency of t.he value obt.a1ned 15 found t.o be 

uood 1nd1cat1ll'"0 reliable stat.1stJ.cal. eatJ.ma.t.e of real length 

of hu7.an chranosome. In t.he ca88 of human ChrOrt¥Ja0m9S. values 

publ1ghot~ l:1y DenVer study group are probably still t.he best 

one available. 

Thero arc instances in \Ib.1ch :o."Y form of trisomy has 

been considGre~1 and studied by f.1uldal and Oekay (1960). 

Gand."Jerg ~~. (1961). The patient was described as an 

apparently nOl."'r:'t:u' ~J.lf! W;;}'O sired 9 ch11d::e."l. of -w1lam 2 wen 

aJ~r:~i41 (;~Qn{.]o11sm_ al'.'llenorrbea). 

Incidence of combined aut.osamal and sex ehromosanal 

aneuplo1dy cona1dered as variant.s of I<lJ.nefeleer· 8 ayndI'ome 

and sex abromosome mosaics have been aunrnar!sed by F.!~lt)8n 

(1963). 

f.iany report.e (A8hley and JOO8S. 1958, ;,rit.ac:h1 ....... 

1957' 111USUate some of t.he cbangiftg conoapta of tmArsex. 

Many 1n~ st.ates are not. due t.o det.ect.able errors in 

Chramo8Ome pat.tern. some such as atUenal vir1110m and t.esti

cular fem1n1aat.1on seem to have • boC'mcmal baSia. 
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'l'be next. confennae in LOndon (1963) cone1dend the 

preeenee of sat.elUtaa in ..... ch.I:'Clmo8cmee as an ad41t1onal 

criterion and also took J.at.o accowat. t.he preeence of t.hID 

eeaondary GOn8U'ict1_ nagi.... and dtffe&'8ftUal pat.UJ:na of 

1naoJ:pO&'atJ.on of isot.op1cally labeUed t.hym.tdine 1n epec1fic 

c:hrcmosomea demonstrated ~h autoradiography. The t.h.1J:d 

Conference at. Chtcka90 (1966) fo&'nUl.a~ a sys~em of IlCI11eft

clat.ure for the de8Cr1pt.ion of buman ctu:f.II¥)8Qma oamp1«nant. 

and 1~a abnormaliUe. '*ili8ing deaignatJ.0Il8 which can be 

coded for nt.rieval. 1\ group of workeJ:& conaarned with human 

genet.1cs met. in S8pt.ember 1971 (parla. 1971) on the occasion 

of the 4~ international conference in genetics at paris to 

agree upon a unJ.fcmn systems of human ch.r:c:lmosome identJ.fica

tion. Their object.ive was extended by st.anding cc:rmd.tt:.ee 

wh1ch met in Ed1~ (1972) and proposed a standardised 

system of deaignat.1n:J not. only individual chJ:cnr:)somes but 

also chramol3<'l'nal C'e9'lona and bands. 

tt1chols a. IJ,.. (1964) et.ud1ed and nported ext.nme 

chz'cmosome brealcaga induced by _asles virus 1n different. 

~ vl\13? syat.ems. Three in rit.ro systems of hwnan cells such 

as LU 106 cell lJ.ne. emb1:'yon1c diploid cell stza.1ns of lung 

and Jddney origin. leucocyt.es fram meaal •• au.acept..t.ble and 

_ael.e. donors. %n Lu 106 anr! lAnaoocytea from t.be measles 

suacepti):)J.e donor. a atrl1d.ng and .. nme ~ frag

mentation. nferred to as cllJraaD..,. pul".rizat.1on was 

obeez'ftd. 
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~ de.l.ft1ou ...... ueua11y lethal ..,.. u 

beteI:ocygot.e. naulu.n; 1D aygot.1c lou. Aill ~ .. 

infant death (GardDel'. 1981). SOmet.1mee 1nfant.s with ..u 
chl:cmosamal def1c1enc:y 8Urrive 10Q9 tmO\li'Jh t.o pem1t. obser

vations of some of t.he abnOr:mal phenot.ypes expneeed. Luj ... 

and his collea~8 (1963) for GXMIPle d18COMred a ~ 

defietene-/ in 1'Unar\ that ba. been ASsociat.ed '!idt.h t.he cr1-c!u

chat. (eatery) eyndrcme. 'l"he MIM of the .ayftdJ:'ame C4I'IW frtD 

a pla.1nt! va cat like mewing cry frem 8I'Ra11 weak infant.. with 

the disorder. other ehareet.e .. ist.1ea explained are micro

cephaly. broad face and saddle noee. v1dely shaped eyes with 

epJ.cant.h1c folds. unique facial featuns and ~)hys1ca.l and 

ment:.al rftardaUon. The 126 of cri-du-chat. oh11dren 8tudied 

aI'e 1ft t.he range of 20 t.o 40 years. The ehramosOme def1c1enay 

is in the shOrt. urn of c~ No.5 and 18 4ea1gna...s 

5 p... (46. XX S po-). Cr1-du-t::hK pat1ent.a die in infancy or 

early ch11dbood and do not. U'an8nd.t. t.he c~ deletion 

t.O offepr:ing. It was n8nt10D1d bf t.ejfND8 t.hat. t.his chranlo8Ql'A18 

deficiency bas been 1nvol.ve4 in • nc:1proca1 U'atUIlocatiOD and 

t.bu8 to be u8l'l8Zd.t:.tAd ~ offapd.n.g. The ~ No.5 ahOft. 

... bIo.- Uana10eatAtd to ~ No.1S t.be bfteroIIygowl 

t.nMlooaUon vu aarr.ted in t.be IIODtal healt.by pennt. and 

.... ~. caft'ied only t.be deficient. ..... of t.he U'alle

looaUon pair and the oh11dnn .t.nhed.t.f.ng __ 5 P expnued 

t:.be cr:1-d\t-c:rhat. ~. 
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~logy aDd ~ 11\ ~st.1c An1ma1. 

'1'tle ~ ftUCltea pl.ftaloiag too ~o .wula 

vaa lnJ.t.1at.ed by Mald.no (1944) wbo npo.Re4 ualng teat.1CNl.u 

Uaaue t.bat. t.he diploid n\ll1lbU 1ft Oftt.1. ".. 60. "- COUld 

not cmeene any d1ffennce .. ween t.be 1caa:yot.ype of Ita M11EHI 

aa&"OCOntric in both aubepec.tea. 

Ch1anlU • 11. (196» dellCl"ibed the growth of renal 

Uasue in CNlt.una end found t.be 41p1G1d o~ I'NIIber in 

ca~tl.e as 60 w1t;h x c~ as ~aoent.ric and .all. the 

aut.OSOme8 aa ~1c. 

C'roaaley and Clarlca (1962) confiZ'm8d t.b1s diploid Il\IDber 

in cat.tole as 60 aM conducted expu1ment.8 with pertpheral 

blood leucoc::yt.e c:u.lt,\U"O and ftUSCle Usaue cult.ure. in bot.h 

t.ha dlplo1d nt.1lDber va. fount! to be 60. ThIIy described the 

a~some. as ac.r:oaem:rlc and x and Y OhI:aRoacmee as 1~ and 

ohfto ...... (1962) at.Qdled the poea1ble QUm 0011 chi

meras aDW!'ftg new hom dlzyqot.1c t.1d.ft cal". (!9a M11EHI) aod 

ehcNed that t.he pc'O~lOft of 60. XX. 60 >a cella ftl'1ec! 

bOtwoen dlffenntlrdlvidu.al. f~ns and also bet.WMIl 

, f~n and it.a co-t.v1n. 

1'J:uJlll0 IS. ».. (1962) st.U4ied the c:tu:omoscmea of! HorN 

(E5;JRI 9 •• &lM). Donl:.ey (£sma AUmaI) and the mule. The 

dlp1.otd ~ n\I11ber for horae was 64. t'lon'key 62 and 
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for nule 63. 'l'he chrOmOaOma ccmplement.8 of bOne and dOnJaay 

an camplet;.ely diEt ... lDIOI'pbolog1cally. The bOne poaaeued 

12 palra of meucenUic aut.oecmea and 18 pain of acrocent.J:'1c 

a\1t.08Cllm88. whJ.le dOnJaay l' pain of ~c ~. and 

11 pain of acrocenuiaa. 'l'he IIOC'phology of .. clu:'cDlosc:Ine 

also varies. The disparit.y of pennt.al. c~ explained 

as t.he nason for mal. sterilit.y in t.heir b.ybc'id. t.be nul.e. 

There W8J:'e fen,ile female hybrid Wbiab pI:Oduced several of f

spring. it was described t.ha1r. moJ:'pbolog1cal disparit.y be1:.ween 

pannt.al t:brcImosomas vaa only a anall part. of the relat.1vely 

complex mat.ur of female g~1a. 

Gustav.sen and Rockborn (1964) de8Cribod t.hree caaes of 

oven. lymphat,ic leu1caemia and t.hea obrcIaosome morphology in 

the_ anJ.muls. It. 'lias de8ar.1bod that. all the cells (100%) 

possessed S9 t:brcImosomas. w1t.h one 4lveJ:g.in<J morJ?hOlogically 

frem t.he normal complement.. 1'h18 cIu:'c:Imoaoma bad a ~nally 

sit.uated cent.rcrnere 5nd pnsumably might. have arisen by centric::, 

fusion or translocation. The real nature was not. however. 

deSC%'ibed. The ehZ'cmoscne paln ~fect.ed were 1 and 29 and 

t.he eama aberrat.ion was obscUVed 1n a foetus from one of t.he 

COltS. 'ft:.e foetus was 8 months of age and looked normal. The 

m1~1s obtained in DD. fz:om bone marrow and ehranosomes of 

Jd.dney cells afteJ: 8 days of incUbation .... re exam.lned. 

Shlve .. Al. (1965) made 8 survey of fifteen dcxJs with 

t:Ongenit.al card1ac defects. In one of t.he male 40gs wit.b a 

necUan cleft. in the upper Up and pnmax111a. ~logy of 
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of fallot. and a paMn~ .-..an oval.. the chl'Dlft08Cm8 num1:eI." 

was 17 with 14 tAaJ.ooent.l'1o. 2 lave ~tr1e and one 

rea4lly vts1ble .. U sub _tacent.rto Y ahrGnIO.... 'l'h18 

dog died aJt.d ~ 8t\ldy Of MatJ.a revealed n=mal spemat.oge

nea1a. %~ hWaled that. ~ ad41Uanal lU'98 SUb-mlt.acentz10 

Ohromosame vas not. an x ~ bUt formed by • U'ana-

loc.~ion or centric fusion bet.ween 2 aut.oaones. ~ dog 

with cardiac defect. Vh10h vas also a male black coc'Jear spaniel 

w1t.h a ventricular septal defeat. an<! pUS1ftOnt. lett cranial 

vena cava. 1'here are 79 c~s 1nclu.d.tng a minute ch:l:Omo

some. 'I'he presence of t.he extra m1nu.t.e c:branoaome can be 

explained on t.he basts of a non.-Junct.1Oft coupled with a dele

Uon C)X' of a 1lO1'PlUsJuncUon coupled w1t.h a z:oeetpr:ocal t.raruI

locat.ion and loas of the large chrcmo~. In another dog 

whLah was a female with cardiac defect. and congenital defect. 

s-ucb as marked bOWing of the fore-limbs and a d1sproporUonat.e 

growth of the fore- and h1nd-lt.mbs and was diagnosed as having 

achol1dropl.as1a z:'8'Nued 77 chromosomes includlng 2 lUge SUb

met.ace1'&Ulc x c:r~SQnes and an abnOrmal large sub-mat.acentr1c 

0N:an03Wle. l'he large ~t.r1c ~ was fOC'med 

either by U'aDslocaUon or a cent.r1a fus10n bet.ween a luge 

a."ld a small t.el00ent.,..to ~. 

OWI_av.san (1966) deser1Jle(1 t.he axper1ruent.s conducted 

Oft lSI. MYllil in SW4en. OUt. of the 1134 animals Rud1ed. 

9b appaand t.o have 60 chl:ClmOa_. 122 animals 59 chromoaomea 

with one &bnOJ:ma1 aut.oaone and Io\lr bulla Oftly 58 chrcmoscmea 

per cell. All the animal a appeand normal and used for 
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a.n.1f1c1a1 1ne.s.nadon paI'pOMa 81_. ". abnoCmal cbrcmo

acmes found 1ft the .. onUe explained as a ft8\I1~ of ~ 

Robeftecn1an t.ype of chrc:IaOeOme v.nalooatJ.on de8Ol:'1bed 1n 

ca~tle waa ~ f1nt:. example of We t.ype of ~ 

observed 1n c!omeaUc an1ma1s. 

Baarur and Moon (1961) deacnbecS t.be cl'lI'c:ImosOme oampl.e

ment.. of damestJ.c cat.U. (III MHIlMI) aDd .American bieon 

(llU. Ala> and campared with t.hoR of their hybr1C! cat.t.olo. 

1'he dlplo.1d ctu:omoaome number wu 60 and autoecrnes were acro

centric and X chramoacmes were ~1c 1n both cat.t.le 

and b1aon. however the Y chromosome was anall met.aoenU1c 1n 

cat.tle and aorocenU1c 1n bi.... 1I1h1ch 1. 1nd1st.1ng\&1.hable 

fftn other a,*os0m8a. It. was explained that the ~ of 

subgroUp cona1stJ.ng of general. B1bo •• Boa. Poepbagu8 and B.18GQ 

haVe 60 cN:omosamea and the c:J:'08". bet.ween some of manbera 

of ~ aubgnup l'8aNlt 1n v1able PI bybIide. r1aUng bat.ween 

diffuent. ft8ftben of the 981lWI Boa __ known to be fully 

fertile. Houever. the 01'08._ between yak C_ 9QIQIl,&19I) 

and EVopean 01:' Afro Aalan dc:ImeatJ.c cat.t.le or bot:h gave ri_ 

t.o fen.t18 femal •• anc! .... rl1. male.. In the. int.erspec.1flc 

by_ids as .1n cat.tle t.he ob8UVad male fter11J.ty was at.U1but.ed 

to the rule that t.he ~erooamaUc sex v111 8Xpftas ~ npro-

4uaU". bru"riar bet.ween the apecJ.ea t.hI:'ougb din.urbenoea of 
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.~s1. and n8\ll\ant fa.llun t.o pJ:'Odt.tce gamete •• 

'n\e abon..tve fi .... t me10Uc 4i"ia1on 10 male hybrida baa been 

at.U"1buted t.0 SU\IOt.UI"al 1nequUtJ. .. bee.ween ~1r paftQt.~ 

c:hI:'cImo ... a. ". only ~ 41ff ........ bftwen ~ 

~ypa. of bison and aattle 1e ~ concem1ng the Y olU:aDO

l'IOmIt. It. is possible that. t.htI ~ between the paid.Dd 

eegmant of MX ocmplement. may pnc1plt.ate • distonJ.on of the 

~on div1810n in male cat.t.a1oa. WbenU t.he X cbrotnoaamea 

whJ.oh are morpbolog1cdly 1deftt.ioa1 in the perenUl epee1 •• 

will undel!'gO synapSis and fac111~ t.be t.ezm.1nation of t.he 

pdmary oocyte division in t.he female. Howver. the f~ 

that X and Y chromosomes do not. always for:m 'sex blvalent.s in 

memnal.s seems t.o conua41ct the aanmpt.1on that me1otJ.c 41e

t.urbence in male cat.taloa 1s cauaally nl.tAd solely to st.ruc

t.ural inequality of the pa1n.ng ~ 1n the sex ccmplement.. 

It. is conce1vable that. a V'fIIMR'al 1.acJr. of oompaUbllit:y nsult.-

1ny fl:'Om genic d1veralt.y also exisu bat.'tIIIIGn the bison and 

ca"U. even t.hough t.he majority of thei.: c:hJ:tamosome elements 

an s1nd.lar in 91:088 n1OI:phology. 

Kieffer and CAftw.r:.t.ght. (1968) ~ tho ot.uc!lie. on 

pun Bfthman. santa GeRI:UIU.a OI:CI'OSaee in whicb the sire 

was • Bl."ahmaft and found that ~ met.aphaae c~s of 

III iwana male pOe_saed 8Ul:Jt.cminal cent.r:cmans and t.ha x 

was ~o. The Y ~ in all the case. V8. 

nD&'pho1og1cally simil_ to 58 auwaome. in poe1Uon of centro

.... The individual. ~t vwe e1t.her manaban of D2I \IlIiE!II 
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spedes or street by • ...... of iii. \IYIlW species bad Y 

ch:r'Omosame with auIDId1an csent.ramerea. The X aN:cmoeoma of 

both spec.iea had 14eatJ.oa1 I8OC'pho1Ogy. 'ftrIe ~ CCft

atruetJ.on ~ c::hI"alTOl!JIIIIma npUoat.lon pa\t.ema lndlcat.e the 

~ 1nsUQ\I! Y to be a1mllat' 1ft overall sl_ t.o .. 1jIKUI Y. 

'rhe 4tfferonc:e in posItion of cent.romen of ehe bro apec1es 

could have or.lgtft8t:.ed t.hIough a pertoenu1c 1~on. 

l(aDaQawa and Bauur (19$8) ftudled 14 me maz:tina and 

., non-Free mart..1ns fa:n.alea b$lone;1ng to ~roaexue.l t.wins 

0:: triplets. No chimerism was not.ed .in t.he nc:m-~ne. 

whereas all the 14 Free manJ.ns shcNetd vazying proportJ.ons 

of male and female cells. The ~og1cal. aex of dividing 

cells in the hemopo1~ic: t.issue haS been WMkl as • diagnostic 

feature since all t.he free man.tns ~ ch1maer1.c fer male am 

female colls 1n a variety of tissues tnelu.dint;;t pGJ."ipheral 

blood. Two hypot.h.es1a have been advanced t.o expl~1n the Free 

mart.1n oond1t.1on one of whloh c:onaecna the influence of male 

hormones fran devGlopill9 male embryo on ehe female gcnad 

whereas the ot.her .involves t.he presence of cells carrying Y 

cllrolncNlomes in tme deYelopJ.ng female gonad. It was ~at.ed 

that the non-Pree martin female. of ~l t.wine are not 

ch.f.meric for peripheral lymphocytes and this conclusion vas 

~ed by t.he finding that t.tu:'ee of the nan-:rree marUn 

showed non-1D41oat.1on of ~e chf.rnerlsm When SUbjected 

~ bl.ood typing. Since all blOOd cells chimeftS haft been 

clin1cally conf11'm8d to be me marUna the blood cuI t.ure 

.-thod would appear ~ be a ~ nUabl.e dlaonoetJ.c a.f.d for 
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F.e_nJ.n.lem. In t.ha _ ftpOft ~ poaaUt1Utty of ~ 

eucoeu'ul use of blood for ~ st.udy alee ualyae4. 

The eu.c:ae •• lul. chI:'C:Im08OIII8 analy ........ ~8hred wtt.h1n 

72 bclu&"11 after .... 11ng. The Ji!lldw:Uon 1ft llitot..t.c J.nda ... 

leu in low temperatUft t.heft 1D ... , ........ t.un. It. WM 

recallIl.naecs t.o et:.on t.he ... 1ea .. low t. ..... &~\U'G (100 bftb 

pnfel'abl.y) durino t.rand". 

Fischer and UlbC'1cb (1968) I'8pOJ:'t.ed S2 ~ O«Dple

ment 1n African bUffalos (sxpe_ RICII> and Ae1aUe _"'" 

buffaloa (SWamp type, sJiilIIoM .. ,t.) haw 48 ~ •• 

Fisher and Ulbr1ch (1968) r:eponed t.be ~ Il\IftbU ift 

Murrah buffalos of Indian 0I:'1g10 as SO and also npc:l.'ft.ed 

croas-breds between Asiatic water l~ah w.tth Swamp t.ype. 

Th18 was to ccmb.t.ne t.he milk pI'Oduc;1ng eb1Uty of t;lt.U:'rah and 

ablUt.y of swamp t.ype t.o __ betMr uae of more oourae 

roughages. The Fl hybrid was f.ft..11e w1th 49 c:l'u:'anoscxne and 

the unpa.ir eh.ramOaame was no.2 .. 1n the pair. 

Guauvaaon (1969) at.ud1ed aniflc18,lly bred populaUon 

of Swedish cat.tle t.hat had t.hroe different. diploid ro.ail\ben 

60. 59. 51. 'l'hII variat,ion ~veen individual. was st\i:Ml to 

be due too a V ..... locaUon Qf l'toben.son1an t.ype. It. was noted. 

~a of t.nnslocat.1on s1.... (2ft l1li 39, S9) retur:D3d to 

.... 1_ moJ:e often than t!a~ of noJrmal. urea (2n-tO). 

'l'bia 4t.ffer:ence wee at.u.1but.8d U an increased rate f)f .....,. 

onio death 1n VeftII100a.Uon canters. 

Rieck .. .al. (1".) -.d.nad a 22 month oUi neokYiah 

buU v1\h mar*4 bypogoMd'_ 'Nb.1cb .. nla.tec1 to a XXX cow. 
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The ~YP8 XINea1ed 16.5" wan 61. XXY. 25.6~ 60. xx and 

17.9% 60. ~. 

Dunn all. (19'70) ..... ibe4 a HOlet:.ein beast. with uue 

heJ:'lni!lphl'Odt" ohaJ:actedatJ.o of • pent... 8ft empty acrot.um. a 

left abdominal ovary with 0CpU8 1 ... and normal. Uit.er.tae 

homs. The right. abt.1cmiAa1 90utl vaa an~. Diploid 

cellO from boft8 marrow s!1;CRred 1.5" 61. XXY. smau peraenUges 

of trIploid cell.s from blood lymphooyt.e8 cult.ure showed 90. 

iOCl and 90. xxx. The rest of t.he cells were 60. }"'X. 

R!eel: !t1i.~. (1970) Gt.udied a llAolcwich cow with mar1fed 

kyphosis and normal reproduct.ive syst.em bu.t. fem11J.aJ. tendency 

t.o d1eturbanoG:1 to meiosis. 'l'he QhrQ~ analysis ftlVealed 

61 .. XXX eornplement.. triSOlrr/ of x ChZ'OnlOsame. 

1 ~e:.t' (1911) st.ud1ed t.hCI -chI'amOsoma compl.eD'8nt. of 

Ol."Ca<i1a~ 0011 used for artIfJ.c181 J.naend.naUon 1n Gnat Dri ta.1n 

and described aatosarnea with lloben.son1an translocaUon (1/29) 

in charlois breG.1 Qf oat-t.le. TlW ~ype J!'8Vealed 59 chrauo

some w1 t.h one unpa1r large sulJ:~tr:1c (n~. 

Nadler a.l6.- (1911) conducted a cytogenetJ.c analya:1a of 

wild sheep populauon in Nol"them nan. Prom the stUd!.. on 

ilften wild sheep populat.iOll8. it was npofted that. the eaat.em 

popul.atJ.on nvea1eCI 2D-S8 wit.b one pa1r of met.acent.Z'1c:: and 

21 paiJ:'s of ac.l"OO8ntrio aQt.08C\lme. and t.he -atern populatJ.on 

anow.d 2n-S4 with 3 paLra of mat.aoenUio aDd 23 pairs of aero-

08I'lU1e ~s. In U. 1nt:.e~ locaUt.1es an1ma1s 

nwaled 2n-54. __ 55. 2a-56. ID-S7 and __ 58. In aU tbMe 
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c_. \he x ~ _ ,... ~o and Y _1l. 

8CJ:'COIftt.d.c. The '''''-0 au .. of wild _beep bSQgtI8 upoD 

from th1. ftudy ... t.he i~tJ._ of ....... ~ 00II'.NI:ftId 

at. the hybr14J. .. Uon acne ......... 2a-M and 2naS8 populaUon. 

some aynemat.J..at.s would ifttAt~ t.b1. .. t.o show \U'lfteu"J.c:Ucl 

int.U'breedJ.1'l9 wit.h1n t.he .one. t.b\ta deraotJ.nQ 8Ub8pea1f1c 

at.at.ws for each chramoscma popal.ft1on. 

pollock (1912) reported an abrlcmaal cbRmc)son. in 

Brlt..t.ab Fri.sian cat.t.le. 'ltd.s ~ only 59 chI:'OmOeome 

with an abnormal unpa1r submet.aCenU'1c ChrCIrloeorne. The cent..rlc 

fusion of aecond and fOUlth cbI'onIoMme t.(2q,4q) was described. 

Dunn and Johnson (1972) npon.ed from tme at.udiea on 

cat-tle, a ca.. of 61. Xl' call UDe 1n fA calf wit.b ext.nme 

brachyc;Jnat.h1a. Tbta was CORIIJ.dend .. trisomy of aut.oaGID88. 

Hal.Ran (1912) npon.ed t.hat. .t.n 81CJht. anJ.ma1a with a 

l\1at.ol:'y of infen.iU t.y. \Ipt.O 60% of cells posse.1Ied aw:.oflOftW8. 

in the 14 to 26 groups. wh1ch had gape OZ' eecondary conatric

Uona. ~8 ilKUcatAd tobe 8ft1mal.'. 1mpa1nd breeding pot.ent1al. 

Bfttaft and Ch.apman (1913) CIODI!uc~ a et.udy an st_Mal 

lNUa J..rl ... zeal.an4. A cue of undam fwa.f.on involving 14 

and 20 ~ " •• explained. , (l4q,2Oq) • ...-UK thia wu 

aplalMd .. t.(11q121q} bUt ~ ~ the ~Gn8 

.... at. t.hIe ReadinQ COftfennoe 19'" it. ".. oonf1J:mec!l .. 

• Cltq,2Oq). The ~ 0CIIIPl~" 5 •• 

..... .. ».. (1"3) NpOftAIII a ...... d". Rudy of 

t.bne BoftJ.deen epecd ••• goat.. ebMp antS ox. A oampe.d8Oft 
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of G banding patten. bet __ apec.t. •• Z'fthle4 • nmu1cable 

degne of hcaology of baIldSnv pat.tena. ftI8 homolGlgf ~waen 

sheep metaoent.rlc and goat. 8GI'OCI8DU'J.c .~u conf1J:ma t.ha 

Robert.sonian vaZ'iatlon. Tbe a10H homology .in G baQdinv 

pat.t.arna bet.ween the.. relat.ed epecJ... lnd.lcat.e8 t.bet ~ 

b&nd1ng pat.t.ems ~ evol._1aDU7 OODaJeXYatJ.ve and may be 

a useful guide .in assesaing 1llMnpeclf1c relat.1onehlp. 

Norberg ...... (1976) ~ a cue of X-Uisomy ln 

cat.t.le of rtorweg.ian Red Cat.tle. Cyt.ogenet.J.c aam1naUon of 

leucacyt.e. from t.he animal atlOWad t.he ~ of 61. JOCK. 

~ for the fdlure t.o exp.reae oeat.rus f'l1OI:'e than one t.ime 

during 18 months the helfer shoIIad cl1n1cally normal. On 

poat.-mort.em the ovaries wen found to be tU'lderdevelOpEtd. one 

of them having a amall c:or:pwI luteum. 'l'be cello, of t.he corpus 

lut.eum had UIe rno.rphologJ.cal obe.rect.c'lft.ic8 of acUw lUU1n 

cella bt.&t. in cont.l'a_ to t.h1a obeuVat.J.on the concent.raUon 

of blood plaama ~uone I*D81ned at. low levels ( 0.3 mg/m1 i 

in the period of Ob8ervat.lon. The reat of t.be ~" 

or:gans dtd noc show pathologloal changes. ctu:omosome analysi. 

of t.he peripheral blood cell. of t.he ~ and the mat.emal 

half daten of the heifer cUd not. daaIIonsUat.e any ganetJ.cal 

41apoe1t.1on 1ft tlW fara11y to ..... fozmaUon of non-dJ.aJuncUve 

galDltU. and lt. vu oonoludeC! that. 0U'ta1tl ctu:'Caw3somal abU'ra

u.one of gCID08CIDes an oloeely aaaoolated with specJ.fic 

dJ.~. of len.1l1t.y in on.U •• 

At... several d,lffel:erlS de8Ol'11*1au of banded lcaJ:yot.ypae 



23 

of ~ animals ~ ......u and abe.I:'nIa it baoe.rne deaJ.

rable for QC:IIIparat.1ve pacp ... t,bat ... fon of at.aftdaI'd1 .... 

Uon of banded lw:'yot.ype be !oftIal.a'*' aft4 en ~Uona1 

C<X\fuence was ~ OIl AUgU~ 19'76 "' Un.t.Y8Z'aJ.tyof 

Reading, England with the object:J.". of descdptJ.on of the 

main G-bend pat.t.ems of t.he ~ with aufUc1ent. deU.f.l 

t.o pemit the \U'I8ql&ivooal 1derlt.UJ.oatJ.on of 1DM.v1dual chzcmo

acmes. In cattle the ~8 WIQ'e an:anged 1n order of 

decreadllfJ length. meaSUZ'em8ftt.8 being made OIl cl1Z'cltr;)somaa 

convento1onally _alned aft.er o-bandlDg. The ~ syatem 

of nomenclat.ure adopted in aCJhe,n ~ the eyat.em developed far 

the descript.1on of hUman banded ah1I:aIt.Dsomes. l.a1d down in the 

PariS conference. 

td.n Il ale (1977) 4escrJ.bad • reliable t..rypsJ.n-G1emsa 

ban4f.ng technique for produc1no clearly d1fferent.1at.ed G-banda 

en boVine chromOacmes pa1ra anc! .ldenuf1ed each chrcImc:HJame 

aepant.ely. Group.lng of chromoeomea 1n ~ Jcar:yotype may have 

acme uaefulnas8 in fac11i-.tintJ ea.r:Uer identJ.fioaUon of 

~.. 8ince 1t. 18 ... 1er \0 ~r a specific chzcmo

eame w1t.h1n a gI'O\lp of £1" or a1x 1atUvtdual pa1r8 of ohI:'at{1O

eomas. Ho1MVer. beOauae of t.he 01 .. rnorpbolo.Jical s.t.m1larit.y 

be~ .. J.n4t.vJ.dual bOYJ.ne ~.. OftMlplny will be dane 

on a rat.her a&"biUUy bea1a. '1'hwI 1t. "as et.naeed that. a 

aundU'd 8y8t8m of naming and gJ:OUping of ah1I:aIt.Dscme. ahould 

.. .-abUshed 8IftCl'l9 labOrROd. .. ~ wJ.\h bovine 

~ .. 
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~ (1919' .... lbed __ cUsU1lMt:J.aa eD4 .ffeOU 

of t.be V2. RGbeI't.IIaaiaa v.alooaU_ in __ ue. ". VB 

RObWt.eoni._ OS' O8I'IU1c hal_ """"ooaUon 18 ... 1"MUl~ 

of a fua1an J.n the ~ ngJ.oa of two ~a. 1 and 

pJ:88'Wftably 29. vh8n UIe a~. an ~ in 4eonaalng 

at_ and eonaaquently IJCJPI8Uo ObI'oIIOaGmIt manbe.r is ndIM:Ied 

to S9 from 60. It. vas deaadbec:t ~ the Uanal.ocaUon has 

world wide dist.r1bUtJ.on and only Ut.tle 18 known ~ tba 

actual gGOg¥"aph1oal. disU'.1bUt1oa. The occurrenoe of V29 

in different braeds and ooum:.ries waa exple· . .1ned na l\ naul.t. 

of recw:rant. nuta~on or tUSU'.lbut1on of an anc1ent. nI.lt.aUcm. 

In spS.t.G of SQf;ae 1nd1cat.ione ~ the affect. no proven CaM of 

de novo formation of 1/29 hu baeD deacr1bet' Oili'l in all cases 

in W1ch ancestors and prcgerU •• oan be Uaoed, be:'edit.ary 

pattems have been found. Nor: has ~ formaUon of V2t.in 

vJ.\m been deacJ:1b8d. It. is t.rue that. at t.he 1nt.erphaae of 

mitosis and me1oeJ.s. t.hen 11ft ceot.zamar:e assoc1at.1on of non

bano.I.ogOua chl'clnoeoR'WlU'_ HoIANWer. t.hen i8 aUll no conclustve 

explanat.1an £or t.hese a8sociaUoo. It was asSNa."'Oed that t.hey 

nsult. from ~ ftOI'l-Z"anc!om pa1.r1ng of ~ with a1m11ar 

DRA ~8 and expla.t.D8d t.hat. t.h.eI:'G is uo J.ncreaaed cyt.o

log.loal dek that. OhftImosama 1 and 29 will undergo oenUic 

flIai_ and t:.h1s is ~ by evolutJ.onaJ:y evidence. The 

~c .f~ of the UanslocaU,on 1$ due t.o the defeat. 

10 me.t.oata. In the meiosis of the ~JOUG carrier the 

UanalooatJ.on and its banol0g0u$ bca11d Up a (betero) trivalent. 
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~ nlatlJ._ 81 .. of the ~8. the lAcatJ.on of ....... 

mens aD4 chi ..... pnalll in • fah"ly ngdar way v1t.h 

~ pJ:G4uatJ.on of o~11y bal....s 9...... The 1/2, 

APlJRZ'S t.o be lDher1Md ill MIIrde1laft faabloft. Half of the 

offspring ,.,.. no.cmal. Vhl1e \be ot.bel" half an balanced 

carrieJ:s. NeveJ:t.hel.... it. is ~ that. to a oeJ:t.ain 

degne the het.eJ."oblval_t. 8eOnodea non-diajuaetJ.onally R 

the first melot.l0 division. 'ft1en an ~r proofs of the 

occurrence of cyt.olog1eaUy 1MbalaDOed aygotes whJ.ch give t.he 

het.eroaygous carrie" reduced !en.lllty. No OO1'nlat.1on of 

the 1/29 U'analocatJ.on wit.b ot.her charactArist.1cs was dee

cr1bed and variability in 1nc14a'ace bet.waen dtffenftt. p0pu

lations is probably due t.o geneUc drift. The ~ in 

ard.mal. bl:'eEKU.ng of lnt.roduc1ng eradScat.lon ~8 ia 

emphaai88d and also eu:esMd ~ cat.t1e pOpUlation using 

aJ:t1fic.t.al inaem:Lnation sbCNld UDISugo ~ne cyt.ogenetJ.c 

1nYeatJ.gat.1on. 

nalakri.ahnan ItL Al... (It.,.) deecribad a t.ypJ.cal Ina 

ma.J:d.n .. a _XWllly ~, U8Ually fter11e. female 

peftnlU' of a pal..- of bovine ............... 51 t.win. The nsulU 

Ol'Jt.a1ned Oft ChroIIDeome studi •• of a PftIema.Y/:!n which wee a 

t.wJ.n to a male end the dan was a P'Jft-b1:\Id sah1wal. and t.he 

a1re •• awn 9Id.8.. '1'he &eernaJ:t1n was deaeribed to po ..... 

~l.oped npcoductlv~ o&-gana .. ¥t was dIIclaJ:ed •• rlle. 

The ~logJ.cal .. lId1." nvealed XY sex abJ:'cIIr:)some ~ene'lt. 

thouoh tl1e genual. e:Mt.emal. app88.C"a1\Oe of the an1mal "'&II 

~ouowaly that of a fanale. on rect.al. ..... naUon t.he 
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animal had $hallow vagina which enc!ed bU.ntUy. No oer:vix 

obae.ned am below t.his t.we filiform t.uI'Jee 1:\Wl!ng for abOut. 

10 em fram the blJ.nd encl of v891na and ending in fJ.b&-o1d 

ma88eS. It. vas 4e ... ~ tdlat. ~ of l.eueoc:yte with xx 

~ amoft9 aU t.be ceU.s obaernc! ls difficult. to 

explain. 'rbe poea1bl.e explanetJ.on i8 t.hat. due to some mecha

nism as yet unJcnown once t.be U.S8UEt exchange baa \alcen place. 

there is selec:U.ve eUrn1DR1on of lYlapho.td t.1sSUG of 1al.. 

origin in t.he female OJ:' "loe "..... 

Pott:.er ~.16.. (1979) de8Ol'ibec1 t.he cyt.olo:.J1ca1 study 

using met.aphase ohrclmosomea of cul.t1Ued lymphoaytes on 

2 !lant.eng (oibos brmteng) at.eera and 218 bUlls representing 

13 pUre-breds (Bos taurus t.ype. 1108 Ind1cus type and 3anga) 

and 7 croS:J-bred bulls. St.tad1ea wera curied out. on photo

graph1e ltU"yotypes of Giemaa at.aJ.ned and C-banded chJ:'on¥:)somes 

of bUlls of each breed and of o-banded otu:cmosem3 l;;:aJn 3 breeds 

of Boa lnd1cus uncI one cross-bred (Australian Priesten sah1wal) 

cattle. 'l'he rela1Uve 18ft91m of chrcmos<Xnes of DoS t.aurus and 

DoS 1ndt.CN8 b.lUa wen CGIQpU'ed and s1gn1f1cant. difference in 

nialve leftg'tha of the X olU'CIl1I08CImeS were ntpOrt.ed betwoen 

t.he8e t.wo epec1es. 'l'tlere... a difference in morphology of 

t.be y ~ •• sanga. eant.eng and !laI.lfIS'\Ul type breeds 

Nd a anall aublat:.aoentric Y ~acme except for the Jersey 

Vhloh had a met.aaent.ric Y~. All t:he 90s ind1cua 

~ bUlls bad an aorocentrlc Y ~ but. the DI!'OUght.

_at.w breed had towo forms 01. d'ae Y obrcIIIDscme (aubmat.acGnt.r1c 
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and 8IItI'OOent.r1c). 1'be ~ pattem8 of the aut.oeomes 

and x ~ ...... el_l ... few all. :bneds wblle t.b.oM of 

t.be y ~. of III. aallM t.ype c&t.U. allcued t.heU 

aocurat.. Ident.1flcatJ.on. G-bandf.1\fjJ pat .... of lSI WI. 
naanbled tho8e of III .... and tmab1ed p&f.J:1ng of bCJmo

lOfjOWl~. ~. of the aut.o&arnea wn 

unata1ned but those of the .. ehZ'CImOaamea wen dal:k1y at.a1nad. 

8al.alcr1shnan IS. a. (1981) npon.d for the first. u-. 
sex c::hromoaome ch.lmeriam 1D t.wo calves (male end female) of 

triplets born t.o a Mu.n:ah buffalo. 'ftle metaphaae cell. 

reveal-eel 38. ?:~ of male and 42.01% of f«Dal.e calf were X'i 

t.ype and proposed cbOI'lovaaouJ. .. anutanoa1s between male 

and female during embryonic deYelopDent.. 

saba! (1982) ciescr1bed the ntlaUve length of c:::b.ramo

acmes in zebu cattle. In Red SJ.ndb1. it. ranged between 1 • .,6 

~ 5.61 and 1n Harla.na rancj4td from 1 • .,6 t.o 5.&8 bot.ween 

largest and ahart.eft chromosome. In both t.heae b¥"eeds the 

largest. chl'clmosome was X~ with 5.61 and 5.69 nla

t.J.ve lengt,ha reapectJ.vel.y. 

Yadav ...... (1984-) conduct.ed • aonening of buffaloe 

bUlla re88l::'V8d for breeding p&I'J'JOII ••• 4.1'" of t.he bUffaloes 

-.ud1ed revealing ~4t_. ~ the kuyot.ype exb1bit.e4 

noD\al ccnplement.. One buffaloe bull wee reponed t.o po ... a. 

MGOnI!ery conat.r1ctJ.cn 1n ahol't.aI'ln8 of both t.he hcmologues 

of fClQl'tb ~J.c ahrOmoaome. 

Yedav and Balakr:1stman ( 1983) Atld1ed the tUstJ:'J.but.1ara 
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of cert.a1n ehrf"..Jm08ome 1ft the~. ftle at.udy described 

the s.1gnlf1eanco of t.he deY1at.ien of d1at.~ between eex 

Chrcm:3~9 and f1nt pair of autoaamea (r) 1dh1ch can 0CC\lC' 

due to ahanc:!e. The ftuc5y Oft ~ pairs ~c-x. 'Xt-Y. x.-r 

and I-I revealed t.h&t they ".,.. ra.."'K1cml.y distril:Ju<t.ed in meta

phase plates in aat.t.l.e. 

Yadav !.1i. A1. (1984) detteribad t.he I'8pOZ't. of cf:U"CmoSomal 

screen.lng conduc:ted en male cat.Ue. 'rho 8t.\1dy on 165 male 

cattlo r:ovealed 86.'7'% w1~ no&'mal ehJ:'omoaorne eomp1~s such 

as 29 pairs of acrocentric au:\08Qne8 and a sulI'nIIt.acentric x. 

The Y chrOmoaor:le was acrocentric in aebu &"1d mett.acent.r1c in 

exotic and crosflMbred r.mlee. In ~ st.udy on crypt.Ol"Ch1ds. 

a800B~rm1a. poor l.!h1do and often physical body de!ect.e. no 

chra!\osomal abnor.nal1t..109 were det.ect.ed. In male oat.tle with 

cb1merism for aex chr~sane (XYv'XY) ranging batwen 9 and 

85% iCY cells. all these were tom co-twin to fema.l.o in Wham 

the proportion of )Of./){'l cella nnged bet.ween a and 76"4. The 

crroaecolog1cal exam1nat1on of !anal. "w.1ns dJ.agnoaed them as 

f reenart.1n. '1'hr:ee out. of 5 male co-twJ.ns had at.t.a1nad 

maturity and yielded poor quality Hman. It. was also ~ 

and described tmat no male bam ~in to a fveemart1n shoUld 

be re_rved for br:eeding parogt:anne. 1'he Y ahl"Cmoscme poly

morphiam in c=oas-bced cat.tle 4180 _udted. one CJ:08 .... br:ed 

tu11 wit.h the sJ.l:'e es exot..t.c found to poe... acrocent.r1c Y. 

In t.he cyt.ogenic studies ooncluCt.ed _ ~ eire and 17 ot.her 

male alba, one of aires albS eleo pOeHaeed acrocent.ric: Y 
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whUea8 t.be sin an4 all ..... 16 male ath8 paaMU .u

cenu1c Y chrcnoaanllaa aDd pbyU.oally appeend ZlOZ1\'alItl. The 

~hea1. pUt. forwa&'d .. \be toft*! .... .uc 1nveJ:UOft. 

Yada1r and nal.aJcd .... (19M) ~ ~ 

analysis of all available oo-dba of six aet.s of laoaexual. 

female t.wins. t.wo .... of !_.extUll male t.wins. 16 ~. of 

bet.eJ:OaeXUal t.wins and ana ... each of !eoaexual and bet:ero

sexual. t.riplet. cat.tle, .ex ~are oat\pos1t.ion of t.hIJae 

an1m31e werre screened. The iaoeexual mulUple bt.r.:tha «Kh1-

bit.ed )Q\ 01." K'! chr~s for females and males rear-ctJ.vely. 

All ~l:>t two het.eroeexual. Win cat.tle exh1b1too sex ehrQuc). 

some ch1merism. and \he per cent. of :'':{ cells v~1ng between 

2.5 and 96.1. The correlaUon o~ :'J8r' C9nt )f;{ cells in members 

1n t.h1G t.wins was 0.934. One fYeelnarttn had only X'l cells 

wh.tle ono eat of t.wins ~blt.ed norrilal sex chromosome. It. 

was atated by the aut.hors tJ\at. it. would probably be l'ruc1ent. 

~ t.o ra_ne ~e calf born of -.It.1ple heterosoxual births 

unless 1t. 1s of extzaol:dinar.tly good ped1gree and Aaring Whan 

it. will be warth t.he r1ak. 

Yadav and BalaJCrl.abften (1985) RUdled u.e poadble 

.fteet. of age on sex ~ oh1medam in aat.Ue. The 

lympbooytA cult.ures were .. ana o~s were ftUtUed 

kom 12 CG-eiblhtpe of l ..... roeexu.l cat.Ue t.W1na at. d1ffent'lt 

~ 1nt.er:vala. The XX and X¥' pe&'08Duges were calculated and 

\brM fr.ICp1.aaaUona for t.ha propoftiona at. a.dm1xt.w:e of XX/Xr 

oall. 1n rttImbUs of l'MIlt.1p1e ~ births (rum) wen 
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the marnber8 of rruJ.tJ.pl.e het.eroe ..... l biJ:t.ba. but. it may vary 

bet.ween 0 and 100~~ 1n diffeceftt. MHBs. 'l'ha change that 

ocaurr:ed over a period of Una waa &1ao in the same c.UnctJ.on 

in all t.he members of • MHB. baa the pl'OPOft1an of "Y.J(/>rl 

cella may increase. decnaae OZ' nma1n nearly c:cmat.ant. in 

different !-nms. t>lhen the de ... on a lUge number of MH9s wan 

pooled. t.he mean nurnber of XX/)« cella r:e.ma1n at SO%. 

syed .Il M.- (1986) ~ the significance of ch.ramo

SC'.I'nQ studies in a normal ~ in Norway. l'\ll t.he bulls 

were screened. One bull Wh1ch aJ.red rnan:,r calves and ..... 11.nt. 

otherWise wh1ch had a single ObZOnlosome translocatJ,on (V29). 

t.he frequency of t.he translocation in 336 calves was 9. r, 
While the frequenay was fallen down to ().s% due to ael.ect.1on. 

In catt.le certain XXY' U 18C1l'C1 was observed 1n male wh1ah are 

sterile with poorly deVeloped "_lcles and no 8peJ:'mat.oaoa 

forma:t.ion. In a XXX t.r1 samy hetler thOugh J. t. a:ppeu:ed normal 

with signs of oestrus. it. ~ned ster11e was expl.aJ.ned. 

'l'e!lt1cul.ar fern1n1zet.ion was al80 explained 1n cat.tle. Tho 

oalves wit.h th1s aIlCImaly appear ~ be normal and are often 

ra1aed !OI:' bra.tUng p.arpoees. lIe.lve&" when t.hey &'each t.he 

aoe of MXUal ma~1t.y they show no eigns of oeat.rua and on 

exam1nat.ton. revealed bull 11. better wit.h macSerately deve

loped udder and teat.s and w1 t.h , ... 1.. alt.hou9h someWhat. small 

The cUtoda 1s normal or slightly 

enl.uved. The vagina 1s shcaI:'t and DOD-pKent while the uterus 
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and ~ube. an .itbe1' ..... ly ~1y developed OJ: ocnpletely 

lac1d.ng. The gonads ... a1.lIatect J.n ... abdamlnal cav1t.y and 

have ~ appeaI'aDOe of -.11 .&Ucl.. wtt:h no apeIJftat.OSOa 

formatJ.Cft and ~"l.,.s .... 1\1ferous ~ ......... and ducts. 

SUch an.t.maJ. poe •• eed normal male ... ~ con.ftJ.~Qft 

2nw60 rt and concludec2 t.hat. t.hrJ chJ:aIO.OIDIt analysts oonui

btlted t.o an t.II1deZ'st.ancU.ng of the casual machanl_ invol we! in 

t.be &lvelopnent. of conganJ..t.al defects and thus pI.'OV!det! a 

basis for the1r control in our dcJmUt1c an1llale. 

sethumadhavan 1t..I&.. (1986) dGacribed ~Oa1 

abnoxmal1t.ies in a leukaem.t.c sha-blffaloa. The leuJcaem1c 

an.1mel revealed hypocUplo1dy'. bypUtUplo1cty lead1DcJ to 1naea

surable chromosomal fragman~t.1on and pW.ver1sation and a 

marked chZ'omat.1d gap in one of the sex olU'omosoma. 

syed IS..... (1986) nport.ed a ohromoec:Ine abnoZ'malJ.ty with 

xo (3' x 0) in • pJ.g. The animal shc:Jwed short. baDdy legs. 

100M shoulders and m:o.d loose hJ.nd quart.ers. '1'bese p.lga 

grow slowly and at 1-9 l1IOI'Itms old has a live weJ.ght. only 

40-10~ of t.b8 normal. The eexual glands an fJIllall. ovary-like 

ar epoo1-ebaped Z'Ud1ment.s. so-called rud.tmentary gcn.ada. The 

nmaln1ng J.nteftJal and ext.emal sexual ~an8 are female in 

The sows exhJ.b1t:.ed no 

SVana1nQar Il.ll,. (1987) acnenad fif~wo Wlla of 

41ff... bI'8ed8 aDd confiZ'mltd the diat1nc:t. morpholot;1cal 

4iffennae in the Y ctu:'cImosome bet.veen D.9I 1;tNE»I and 
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.. ~ cat.tle. 1ft 'Dla .. the y ~. is telo-

cenU1c wbenaa 1ra ... it. i. met.acen\dc. The,,_ 
bc'eed, Menloi'd as wU ..... of the ~ay. and all of 

the Afr1canders and AXBX (When Africander was the 91ft) have 

sboWn the metacent.r1c y ~ and the reciprocal UDe 

axf\X (Where the 'lrahman .. the alft) ha4 telocentric Y 

chrOmosome. Ilona of t.he trweeUgated balla had a ~ 

aben:etion. 

King .. il. (1987) described ~ re.ult.a of t.he oyto

~al lIt.udy of ?-day old boVine embZy06 of poor: m0rpho

logical quel.ity. seven day old ~ were collected from 

Canadian Holat.e1n and ~yrshire heJ.fer~J after su:?8Z'O'lUlatJ.on 

wit.h pregnant. man's serum 9onad~ropJ.n (PMOO) or follicle 

st.1mulating hormone (FSH). The embJ:yo6 were c::l_ified as 

normal which 1s A t.ype and abncm'nal Wb1c:h 18 C type. A total 

of 103 moJ:phologJ.oally abnomal U:.ypa C) and 23 morphologically 

nozmal (t.ype A.) ~ were c::yt.ogenetJ.cally analysed after 

4. 20-24. or 44-48 h of cul:tun in enriched phosphate buffuad 

saline or Eagle. m1n1mum essent.ial medium. T'Went.yoDe of 23 

(91.~) t.ype 1\ and eevent.yf1 .. of 103 (12.a%) t.ype c emb1:yo6 

bad cella 1n metaphase. AmOng 21 t.ype C ~8 produced 

by PMSC eUml&1atJ.on, 11 (80.9") wen analysed, 6 wan nWoo

plo1d (t.wc;, 2n/3n, thne W4n, OM 2n/6n). 2 were aneuploid 

(61 XXY) and 9 .. 18 eUploid. AmOng the 82 t.ype c embryos 

pCOduoed by FSH eUml&1ation. 58 (70.'7%) wen analysed, 6 wen 

adJDplo1d (one 1)/2n, one 2J\I'ln •. ~ 2n/4n. one 2rV'4n/9n). 
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2 wen polyPlo.t.d (40) end 50 wn diploid. NO abnoJ:IIal1U •• 

were reported ill t.ype A ~ wblCh wen 1'lOl;mal. This 

SU9<J8RS Ulat the nd.1Ioplo1ctr 'S .. 8OCiat.ed with abnOrmal 

dewlopnent. at. early at.age. "!be 41f •• __ in f~ of 

m1xoploid t.ype C ...,.. bft-....n the t.wo 8\l~t1on U'eat

men~6 (25.1%) for moo .a 1.4" for PSH 8Uggeet. that auper

ovulation Gspac.1aUy using ;'~SG caWl88 an increase in the 

frequency of m1xoploidy at. least. among a.'bncmnal fE1bI:yos. 

Hayx' .G Al. (1991) described a viable female calf with 

t.J:1somy 22. no other abnOrrnal.J.ty have been observed s1tloe 

this calf grown into a mature cow. At. tIle age of 2 yeu th.1s 

t.r1som.tc heifer beCQne pregnant. afteJ:' nat.ual. mat.1D9 \11th a 

1<arJOt.ypically normal. J year old Brown swtss. .'\ft.er a normal 

prognanc:y of 2aS days. ~ aow gave birth t.o a belllthy male 

calf. The calf proved to be lCuyot.yp1oally normal (60. XY). 

E1~ week2 after calv1n9. the cow showed oi~ns of eat.rus 

again and was artJ.fic1ally inaem.t.nated and became pregnant.. 

This 1s the first. report. on !ct1le aut.osomal. t.r18om1ca 1n 

<k.JmeatJ.c mantnala. 

Moat. manmals po8aea8 a b1gh diploid and many ctu:amoscxnas 

wblcb show a sJ.mtlar gross f1'lC.'JC'pbology in conventional lcu:'yo

~.. It was not. until about. 1910 hcNew8r that. t.eobniques 

bateaIM ava.tlable to enable aocNI'-' and det.ailed observation 

of c:lu:anoeomes of manrnala. 



t1fttJ.l 1'60 aU t.lw OhI'OIIlOa.. count. were parfOl'm8d 

with histologically ~ apac.Smen of uau.cular t,1e ..... 

but Chianll1 .iM.. (lMO) p&bI..Ubed -.aw reeult.e of ~I' 

exparJ.m.erlt. to grow nna1 U .... .t.n oult.ue. They pnpand 

t.he cult.ure frem mal.e and fecaa1e 0&1".. and conf1DDad t.he 

diploid number u 60 and de8Ol'1bed tJw chromosomes .a being 

aU acrocent.ric elCept t.he X ~ WhiCh was INbnet.a-

~c. 

r,focxhead I.\.tl. ( 1960) Ciaaoril:Mld the successful attempt 

of cult.ur1ng the peripheral blood leulcDcytes and a1r dried 

sl1&1s were studied. The veraoua blood oollacted in 'hepar1-

n1sed t.Ubes was mlMd with ~;lutJ.n1n at. 0.2 ml/rnl 

blood and allowed t.o stand 1n ice bath for 60 minut.es. It. 

was centrifuged and ~he supuna~ plasma was cultured in 

TC 199 med1w (60-70?'.) wit.h pl. .... 30-40"" enriched with 

pen1c:J.llin and the pH adjusted to 7.2 and inc:ubot.ed at. 3'·C 

for '12 t'UNoE'S and at. 70 hours, Colab1clne was ad.ded at a rate 

of 0.5-1.0 x 10-6 J.t. After 6 boU. the culture was oentr1-

fuged and resuspended in Hanke aes solution at r~ 7.0 and 

fLMd in 1.3 glacial eoeuc: acid end _thanol fixatJ.ve. 

sUdee wen prepared. a.f.r dr.t.ed and at.aJ.ned. It was explained 

that. thl. conD.lned ~ ~og1cal. and leulcocyt.e cult.ure 

t.eohft1q\ae and i8 the conven1ent.. reliable appa:oacb for c::thZ'omO

acxne st.udJ. •• of mnan beCause t.his involved only small volume 

of blOOd and adequate ml\OtJ.c yield and high n~8 of exact. 

ao\IDt:. q\laUty me~ Spftta4e eMe'Md. 
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cr:oa81ey and clU_ (1'62) deearthed \be applioatJ.on of 

peripheral blood CNl .... ~ too hew'" blood and al80 

a.~ W grow boViIw ...ale cella 1n u. ... Wl..... The 

peripheral blood was ooUeotsed ill bepal'1ft1eed ~ube. when t.he 

bepadn was 0.4 tnQI10 III of blood and t.ba amount. of haama

gglutJ.n1n also 1noreued. 'ft'Ie mucle apaoimen waa plaoacl in 

Glaxo medium 199 and CNl"s. 8ot.b the method y1elded 2ftIIIO 

in eat.tle. 

ll1chols ....... (1962) de ... .I.bad mocU.f1cat.1one in ped

pheraJ.. blood leucocyte cul.tuft techn.1que and explalned it. as 

the a1mplGat. teohn1que for oJ::Jtaln.iftg boV.1ne ~.. Ten 

ml venous blood coll.ect.e4 in bepar'1n1sed t.Ubas (1000 tU/co) 

and it was m1Y.8d wit.h fi'br1nogen to ecccmpl1sh sed1ment.at.ton 

and separat.ion of t.he nd blood cells. The Whit.e blood oolla 

were separated and cult.ured 10 P ..... • a n'I!ld.ium 199 and X)e" 

calf seJ:'Wl. Into t.his. phyt.OhMnagrJlut,1nJ.n at. 0.1 oc per 

10 ml of medium was added and incubated at. 31·C at. 5% co2 gas. 

On each of days 3 and 4 k\IbeS weft 'taken for chramo8Cll'l8 study 

aft.er ti"lO add! ticn of oolch1o.lne at. 10-0 ml for 1 hour. 'n1e 

hypotOnic U'eatment. wtlS Clone with 41at.illed water and f1xecS 

1ft 60~ aoetJ.c acid 0.1 }1 lel and the cells ware m.b.ed with 

O&'G8in. '1'he cells were suapeDCled 10 oroe1n and a drop placed 

on a slide was squashed with c::over elJ.p. Good result.s ""'1:8 

~ with tb1s method. 

OUt'.avaaon (1963) 1nveeUgaUM! tale Pive breeds of dog 

ua1nq peripheral blood l.euoOoyt.e oul ... t.ec::bn1que. len ml 



was added. Af-.r ~.tDG .tn the refdg8h.i:.OJ:' for t1v:ee 

hours. the supernahnt. Wall pipnt.ed off and cent.r.tfug4ld at. 

1500 AY. per tUf.nut.e for 5~. The cell depoa1t. .. 

resuspended 1n t.he tissue cu1tun me4f.um parleeI' 19' aont.a1n-

1ng 30% calf serum at a conctmU'atJ.an of mon than " m.UUon 

cells per c:e. sefore 1Dcuba~.tOft 0.1 mJ. o£ PItA was added to 

t.he med1um and t.he cult.urea wen 1ncNbated at. 37·C. on t.be 

t.h1rd day. sufficient. colchicine was added to rna_ a c0ncen

tration of 10·' M. After 30 mt...... the cells were aubjecud 

to t.he hypot.on1c act.1on of cUaUlletJ water for 20 rn.f.n\d:es. 

then fixed for 20 minute. in 9 pana. 60" aceUc acl.d and 

1 part 0.1 N fCl. F1ne.lly.aquaah preparation was made in 

aceto-orce1n (2&() and chromOsomes diploid number was found 

t.o be 78. 

. St.one (1963) repoJ:ted the diploid chranpscme 

number :l.n p1g as 39 us.tng per1phen.l blood culture t.ecbn1que. 

10 ml venous blood was coll-=ad in hepad.n1sed syringe and 

allowed to ftaftd for 90 minutes at. room temperat.ure t.o eed.1-

ment. The 1NpU'nat.ant plasma wu placed 1n c:u1ture oont.aWng 

Bacto pbyt.ol1aeaggluUnln and 1:C 1" medium. hfter incubation. 

tbe mit.ode was unsted with oolaamlde and t.be hypot.on.1c 

eolut.1Oft used "aa aod.tum-cJ.uaU. The ... n were pr:epa~ 

Qft alleles and at.a1ned with SUdan Black B. D1sUnct mttot.1c: 

figuea 8bowec! t.he 4iploJ,4 cb.I'amo_ number as t.b.I.n.ye1ght.. 
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Ulbdch and tlie1abo1d (1963) oult.u.nc5 ~ badne 1euco

cyt.es. The venaue ))1-" oolleaUd wit.h hepal:1n at. 2.0-

4.0 mVl0 m1 blood and enriched with 10 IllIG ~ and 

10.000 1u of peA1c1111n and ~ or t.b1:ambO ".... .. aleo 

added. Thts was eCkted t.o ..... 1 cont.a1n1ng 0.02 to 0.24 m1 

of phyt.ohaemagylutJ.n1n P or 0.4 to o.a of ~n1n M 

and stored in refriqerat.Or and later centrifuged to eepuat.. 

the leucocyU layer. The leucooyt.e suspension of 1000 t.o 

12<» cell/ran2 was mt.d with 20" p1uma and 90% mad1um 199. 

10 ml of t.he suspension waa 1ncuba~ at. 37·C for 12 hour8 

and 1.0 ml of 0.04 per cent col0lmi4 .... added to t.be CNlt.ure 

and after 3 houn t.he CNlt.un wee cent:r1fuged and ceU aua

pension phpared and fixed in aoet.1c ac1d.~hanol fJ.xat,i". 

( 1.3> and the smears were prepand an iced mo18t.unad slide 

air dried and st.aJ.ned in 2% 0ftMt1n solut,1on and the well 

spread metaphase spreads obt.ained and diploid lUInber as 

connolly a 11. (1963) dea«J.bed • mln1 CUlt.ure ~hoCl 

for cy1:.Ogenet.1c study. Th1s.nquind small inexpensive. 

dlspoaible plast.J.c t.Ubes cont.a1n.lng C\Il.t.w:e. The caps are 

easily loosened and col.c:h1c1.. can be a4c1ed t.hrough t.he cap. 

The bloOd ooUeot.ad d1J:rectl.y J.nt.o t.he t.ube. Each t.ube requ1J.'e 

only 0.5 ml W 1 ml. of plama and 2 m1 of ~ medium and 

it. y1elde<! good results 1ft l'aImaft be1ftg8. 

UMd for chrcmosome analya1a in h\nan be1ng such as the dU'ect. 

examinaUon of cell e1t.heZ' t.\IDOUI' cells 01:' effusions wit.hout 



cult.udftC~h 10Qg ___ fNl..-. of fl.bnbl ......... ~ 

pNpUat.iC1D8 8ftd .t'aOI'\ ... peripheral. bloorS ~ CNl-

t~. Tba aut.bora .xpl ...... t.ba aboft. Mm C\ll.t. ... of blood 

leucocr,{t.es Whiob 1e 1... ....,,,. and 408a ...,. ftq\I1ft 

8Oph1atJ.oat.ed equ.ipMllt.. whiob .. be adOptAd to 1.1.. fao1U

u.s in awn the small ho8piUl l-.at:.ozy by mac.Ufy1nv t.be 

C'.llturG mett.boda. 

JecUon and Kl ... Ung (1963) awdled tbe mlt.ogen1a 

act.1v1ty of pbyt.obaema.golut.1n1n. a ~1n exuact of 

phaeeolar VUlgaris. Which 1. ~ CGlauorlly t.o IJ4IpUate l4NCO

cyte - :rich plasma from wbole blood bI.t ita abllit.y t.o aggluti

nat.e and sed1!'nent e~. The m1togen!o act1v.tt.y of 

fIltUat.*. of pbya1ca.lly aeperable elements or dried bean befon 

and after ~ng was a_.,..ct in h\naft leucocyte CNlt.Un. 

1'be mtt.oganlc effect. had no con'elatJ.on wit.h specific at.aftIh 

gel electrophoretic: pat.t.am and &gal" gel pncJ.p1taUon reac

t.ions wIth B\Da.D MJ:VR. It. .. ~ned that. the actJ.w 

principle wee cont.a1ned in to. :bean endoapem Athel' than the 

.-.,0 aDd was reduced by ~ng of. t.he bean. b& recovered 

01\ &9'1109- '1'b18 wee used ~"ly as mlt.ot.1c 1aduoer. 

9aN'UI' and Gilman (1964) deeodbed CNlt.ur1ng ~ of 

1,~a .tn bcW1ne. The mo4t.f1oatJ.ona ,.... made fzam 1Uw 

vocJc on l~ and l1OI"Iftal OAUe. The veaoua blood 

dnvft 1n 0.2 ml 1" aodium bepula aoluUon. The ~ lftIItUum 

UMd vas Coana1lQht.·. H 5" ~ w.t.tb 20% 1nactJ.".Ud 

oa1f .. a.. 0.08 pel' «** eocU._ ~ ... and pot.aea1wa 
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pen1c11l1n G a~ 100 ZU/ml. 9 ml ~ med1wn. 0.5 m1 phyt.o

baemaggl~ M and 1.0 ml of 1Ifbol.e blOOd wen iftt.roduced 

1nt.o culture vial. arw1 1ncubat.ed at 38-C and on th.trd day 

1.0 ml of phosphate bUffenCI saline ~ 100 ug of 

colcb1c1ne was added and the met.aphUe cena "... ~ with 

d1stJ.lled vat.... nw cell suapena10n wa_ pnpared in cunoy 

aolut.ion and a11des wan pnpand air dried and ~ with 

2')~ nat.ural. orcein or carbol fucha1n. 1'h18 method of prepa

ration prov1da-:l well spread met.aphaSQ plates from blood 

sa.-nples of cat.tle. goat.. sheep and mink. 

Holland and Holland (l96S) et.ud1ed the biologioal pJ:O

perUea such as haemagglutJ.ftat.1n9. preclp1ut.lng and lympho

cyte sU.mulat.1ng fact.ors of t.he ex.tracts from oan.aJ.n seeds 

of Legum1nosae. phaseola vulgaris. phytohe~uUn1n (1?H1\) 

and reported that t.he act.i.on of PU'\ 1n precl!llt.atin<,J normal 

serwn prot.e1ns was rlO't. that. of an antigen and thus did ~ 

auppor:t. t.he concept. that. PH1\ atJ.mW.ate 1'!.rmprlOC'tjt88 transfor

mation by v1J:tue of being of universal. &"ltigen. 'l'tle haema

ggluUnat..lng and precipitat.ing ~ivlt.y did n<* appear t.o be 

aesociat.ad w1t.h the lymphocyte atJ.mu.l.at,1ng fact.or in t.hat. 

1088 of pdCip1taUng ab1Ut.y and marlced decrease 1n haemagglu

t1n1n Uu. an DOt. assooiat.ed with a C'bange in t.he ab1Ut.y 

of ~ t.o atJ.mW.at.e blood lympbocyt.ea cu1t.w:ed in vitro. 

tteu ....... (1965) axpla.t.ned t.he cult.uring of peripheral 

blood with PHi-.. as m1t.ogen and deacr1bed ~ poss1bl.e cytolo

Gical effect. of ant.1bJ.ot1c:s per se on cultured bwnan leucocyte 
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~. or on t.be Idt.ot1o index. PeD1c.1Uin G pot.aa1um. 

auept.cmyc1n. ohlcopbardcol. and tAlU'aayaUne vere the anti

b10Ucs t.r1ed. V_1oga 1.".18 of anUbiotJ.ca and 1" effect. 

on m1tot1c index \fIH'e explaiMd. It revealed an inhf.b1t.ocy 

effect on mitosis at higher do .. _ and a et1na&1at1ng effect. at. 

tnerapGUtJ.a "'anoe. 
Y..anagawa tmd !3a8rur (1968) et.ud1ed t.he cl1n.1aal. appU

cation and reliability of lew::oayte Ctllt.urft methOli f~ the 

diagnosis of fyeemarUniem and t.he 1en¢h of time that t.he 

blood samples could be bald at. I'OOtft temperature and 1n the 

refrigerator prlor t.o culturing. was investigat.ed. The m1t.ot1c 

index in bovine blood after pJ:eaetVaUon for vurying ;)erlads 

vas st.u::lied on samples from t.l1O animals.· :;llood aarnplea \fOre 

seered at S o~ for 6 hours in a nfr1gerat~'r !lhot'1e(i mitotic 

index t.o Ce 3.9 and 5.3 l~r cent i'1h.lch (JraduaJ.l:l decreased in 

sa.mples st.txed for: longer than 12 bourse A.fter 72 hQurs. a 

very ra.pi<1 decJ!'ea&e in Mit.ot1c 1ndex oocw:red reaching :aero in 

samples nored for 96 and lOS hours. Sampl.es l(e~ at. rocn 

"mpera1:.UI."e follO\1ed a s1m11u pat-t.ern as Wlder refdgerat10n 

but w1tJl slightly 10'Wl8l!" values t.hroughOllt.. 

Joel !l ..... (1969) described a rapid and 3.lnple proceclurG 

t.O MpeJ!'ate lymphocytes fC'Q'Q blood of normal calves and t]Oat.s 

bf means of Uquid sJ.UC01\\. In 1~ suspe:1s1ons pre

pend by this method, lyrnphocyt.e8 eamprlMd 96.a'~ of the 

leulr.oc:ytes 1n calves aM 97. "N in goat.s and the ,red blood 

cell cont.am1natJ.an W'l8 less t.han 10 nat! blood cells per leulcD

~. S1on1flcant loss of cell viability u det.eJ:m1ned by 
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dye aclu10n mat.hoc!I and napoo.. to phyt.ohaemagglutJ.n1n cUd 

not 0CCU1". 'ftl1. naul... incU.caUid that. baMd on ceU 81_ 

then an at. le~ 2 popul.dona of lyarpbocyt.ea in blood of 

both apec1ee. 

Pearson ant! BobC'oW (1910) ftpOE't.>ed t.he st.a1n1nO of 

m1~c chrClmosomea using fluonaccmt. acridine deriYat.1vea 

ar¥l investigated t.he pOS8iblUt.y of poalUYely 1dent1fytng 

male nucle1 in intAlr:phaae by v1J:tue of t.he fluor:eacent st.ain

ing property of t.he Y ch~. Buccal smears freshly 

obtained from normal male. aM from J1!I1f8n of 47ty.::N individual 

fixed and stained wit.h aqueous 8OluUon Of quinacrine d1hydro

ethlor1de revealed 8 anall br1ght.1y fluonscent. body on inter

phase Duole.f. of cells from ~ tNbject.a. 'l'bls rapid method 

of diagnosing male sex vas useful 1n i4enUfy1ng Y c::hz'cmoacImes. 

r..azary 1.\.11.- (1914) stud1ed the in vitro stJ.mulaUon of 

boVine leucocyt.e. by PIt'\. c:oncavaUn and .§.. 29'& 11po1'Oly

aacc::barJ.de. tkmOnUOlear cell. f&'am bcWlne perJ.phera1 bloocl 

were Isolated 17.f t.he aJ.1J.c-on gradient cent.rJ.fugadon t.ecb

n1q\le. The cells were cultivated in vJ.~ vJ.t.h and wJ.thout. 

~1\ltJ.n1n 13. concavalJ.n A and 1_ C9J.& lJ.popolysaccha

ride. 'l'he eUmulatoJ:y .f~. of the mttogens was ex.pnaaed 

by the 1ncorporatJ.on of 3 H-t.b7mJ.d1ne 1nto the cells. Phyto

haema991uUn1n P produced a st.rong eUmulaUon J.n the dose 

hngG of S t.o 20 ,u.g/m1 med1um 1ft pi:UenOe of 10 to 3)% auto-

10g0ua or: adult hamOlogoua aenm. 0Qe to .. x 10-' mononuclear 

cella per culture gave t.he higheat yal_s, t.he J.ncorporaUon 
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of nd10a0UYit.y ................. 48 b ~ and 

pen.l.Re4 for .'.al..,... a...,au. A _ ...... union 

of 10 \0 30 ~ merJ1_ had • __ ~ ..... on 

bOri.ne leucocytA8 aftU' 3 _. of CNlt.un. I_ 1M&. Upopol.,. 

aaoohaC'1de wu 1... .-lalla...,. \ba ~ ...... 2 Idt.0Qeft8 ancl 

1t.a poaatbla mode of aoUoa 1. 1_ olear than fOZ' ptay1:.obM

magglut:J.n1n OC' ~ A .t.a '-h.ta .,..... 

Ponoa 1& Al. (1975) ..u.s the ~. of sheep 

and Glq)l.a1ned t.he G ban4lng as UlMlful. tool for: 1ndtY14ua1 

14en.t.1f1caUon. Samples of veDOU blood wen obt:.a1ned fr:am 

sheep. ~ wan rNlt.\INCl 1ft '.5 ml TC 199 me4llD. 

1.5 m1 of whole blood and PHA, t.he cell qa'OWt.h wu ~ 

w1t.h OO1oem1d (10 ~) and J.J'JCNbaUoo oonUn...cl £01' 2 hOun. 

At. the 4Iftd of 72 hour. the .Us wen Ueatad v1t.b 5 D1l. hypo

t.on.lc solution (0.015 M 1C1) end 811des wan pnpand and 

flame d1red. The slides wen Rond at. 60°C owm.1gbt. ana 
et.a.1ned in a m.1~ur. of 4.2 Dl1 t.l:ype1n eoluUon, 2 m1. pH 7 

pb.oephat.e buffer, o.a m1 G1 ..... illing 801.uUon and 43 nal 

d.laUlled va.... fv 10-12 m.tnut.ee. Xt. was ftpOI."Md to yield 

good lII8Uphue ~ w.t.tIl oJAu O-banda. 

l.aI.ll • a. (1976) dellCll'i'*l • ftp1d and simple met.h04 

to&" t.hI l.M1adon and cult-un of ~ fOI' ~ 

anal.,-e.f.. 18 cJcneaUc ard.ntal..-. 1'1_ m1 of ~ blood 

... ad .. v1t.h 5 m1 of Hank'. ~ aal~ 8Ol.\lUCIft (H'BSS). 

1'be 5 zal. of 411uted HB8S-blOOCl ....... vee tban 1ayeftd e1ow1y 

__ I Iftl .f ~ PiooU-Hypeq\Ie ad.xWI:a 1ft • at.ed.le 15 m1 
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conioal oenu1fuge __ • .,. ........a.~.iJw; lid"",," .. tJ1eIt 

GenU'1fuged at. eoo 9 (2000 .,., fOI' 40 ........ t. 18-20 c. 

Aft. ... cenuUug.atJ.oa. u. ~ __ locatAld .. 8ft 

opaque ool.ound bUd betwea t.M I'1coU~ and HaS 8Olu-

t.1on. 'l'be port1on of t1'lll 9 ........ COIlt.a.f.A1no the opaque ber! 

was t.ban canfu11y a:aao...a and ....... in , III Haft'k'. ass and 

oent.r1f'w.led • 800-1000 J:pIl\ Iv 20 nd.INt.ee. Tbe .~t. 

was ~ and t.be peUet.ed ~. newtpended in 10 III 

of cult.ure med1t.1n. Ham's FlO ~a1ft1no 20% fet.al. calf .. nm 

and 0.1 m1 of phytob.aeme091ut1nin. The cult-un waa ~han 

1ncubat.ed " 31·C for 10 h. Cola.aid at. 0.1 ~l'I'I1 JDIdt_ 

w.a .a44ed to t.he l~;te oul",," lj h p&-J..oI: t.O ~at.1DQ. 

Afur t.he col.chimld t.reatmento the med1a was ftIIftOV8d by CIIftUi

fugauon and the cell aubJ4tOt.8d " ~ t.rea~ with 

0.075 M Iel for 20 minutes, eoUowad ..". flxatJ.on in t.wo changIta 

at. methanol aaet..to ac:1d (3.1). Aftar f1xat.ion towo dRJpa of 

0811 auapena10n was dropped on to • aUde covand with cold 

dtad.lled water. '1'he al1dea .... aU- 4rJ.ed. 

HalfteQ (1976) ~ • IDOCUflec1 met.hod for 

G-ba1\d1ng in ca"Ue. hOrN and buffaloes. The per1pbe.n1 

blood l~ __ CNlt.und 1a ..sl_ '1'C 199 cont.a.ln1ng 

0.01 it " 01 ....... 0.02 pel" oen_ ay~ and 750 1u. Of 

INCGWI ~n. Af ... oul~urtn; .. ~ 8Ol\&t.f.on uHd 

waa 0.56 pel' cer& solution Of pift ___ eblod.de. After 

__ ant. f.f.xaUoQ with ~ ..s glacie1 _tJA .u 
.. It 1 t.h4t oeua wen v • .- 1d.trh !1~1 .. low:' tiraa. AU 
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dried epnada were pnpand Oft dI:y slJ.4ee cleated wi~ fiX&

t.1.,. and warnad t.o 3O·C to 3S·C. It yielded good apfttada. 

The alJ.de. which weN of one to ..... day Old ~ used for 

banding. The al.f.des wen incubatAd ill 2 x sec at. 6'·C in 

a pluUc coupl1n Jar in a liquid paraffin ba~ wsJ.ng an 

inc:ubat.or with an elect.ron1c thezmoat.at. for: 1-3 bra. The 

slides were t.horoughly rinsed in a 5 ml Gun's pH 6.8 baffer 

1n S(lO ml double gl.ass d1st!11EYl water. StaininG was 1n 

Gun" s Ciemea Ito6 (1 ml: 4. ') r.\l. Gurr' s pH 6.8 ~1: fer) for 

50 minutes t.o one hour. 'l'ha e11des were removed trom st.aJ.n. 

washed and air dried. S~p the slides in Y.1:"lone for S min

utes and mount in DP~:. Th.1B y.t.aldod wt"J good r;-bands. 

Halnan (1977) described an 1mproved t.achniq1..lEJ for pr:e

parat,1on of Cl1ratr:lscmes from cat.t.le Uhole hlood. 'ibiD 

involves improved media and 1:.eohn.1ques using 7C 199 which 

yielded l.arge number of analysable cells a~ 48 h _ not only 

fram cat.tl.e. but also from horees. aheep.JD..'1t arul dot":,ls. 'l'he 

whole blood vas acllect.ed fran JU9Ular vein in t.ube,9 c~ 

iD'J 100 1 u hepariq/10 rnl. bl.ood. 'l'he blo..'"'Id wae transported 

a8 early a.s possible because longer t1!:le reducesm.itot..1c index. 

The au.lture medium usGtl was TC 199 enrlf'..':fl'e1 wit.h calf SctNn 

or bovine SGJ:Urn (25~') II pon!c1111n (6 mg "() and ~in 

(10 mg ~U. Sodium hLcat'lJOnat.e at. 2.8°{ level was used t.o 

aor:rect. t.be pH t.o 7. 3. ~ 11'8d1um can be stored at. deep 

fxeeae uptO 14 days. ~a 91ut.am1ne was added to improve 

the JGaep1~ qualit.y of med.1W'!l. .rut elft'at.ed l-CYaUne level 

was found to increase the numhaI:' of m1t.otJ.c eella. 'rbe 
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cu1aare was .. up by "he iaoculeUon of 1.5 m1 of l4hole blood 

into 9 ml of lft8d1um U.tng UDiftraal bc*t.1ea of 3) m.1 capacity 

and ~a1n.tng 0.5 It'll of ~_l"'n. Aftai' 24 M's. 

the bott.les wen genU,. ....... t.w1ce a day. a ~ 

WhJ.ch 1nc:reasee t.be J1Umber of _'*"_. II'lCUbaUan ~ 

for 4S to 12 hours at. a ~I'at. .. bat.wean 31.S-C and 39.Sec. 

'l'he colCh1c1na was a&!ad too the cul~UI:'e 2 haw: before harveat

ill{1 to achieve a f.1nal oonconuat.1on of O.~)5 ,ug/ml.. The cul

t.ure was paured int.o 15 ml. t.ubas ancS oentr1fu<)ed at 1000 rpn. 

The suvernatant. r!llldit.r.l J:'a':ItMIC1 leaving t~81 volunx.J of <:ell 

button and medium of '::>.8 ml to Whlch vas added 12 rnl of 0.56 

per cent. ltypoton1c ooluUan wh1cb was ~a86.turl chloride and 

allOWl!(l to stand for: 15 minutes. The tubes '"~ omt.rifugrad, 

supernatant removed and ntauapended. and fixed with 4 ml of 

freshly prepuod solution of ~ absolute l'AGthyl alcohol t.o 

one part e;lac1a1 acetic acid. P1xing was repeated four times 

to el18urG the zwncwaJ. of all uaces of water. The cella wen 

auapended J.n 0.15 ml. fixaUve. The 8USpena1on was placed on 

slide and smears pa'8pared and all' dri.ed. G1emsa st.ain was t.he 

most aat..1afact.ozy on aged pftpaht.1Oft and orcein was I"~ 

for freshly pJ:'ep!lred anGare. The 9QOd 8pI.'\'t8d8 pJ:eparGd wen 

ftUdied for mlt.ot.1c flOURs. The atahor C(ll~!"'.d different 

aaUf1aatJ.an and m1t.ot.J.c index. It. was ~ t.hat. 

fnahly ~ raed1um was mula8cUy Mapes-lor: to stored medJ.wn. 

'ftle addit.ion of olut.em1ne at 0.02 ':1 per cent. ~ 8lgnlf.1-

cant. ~t. of nai1:.OUo index. The l-c:yat.1ne add.tt.J.on in 

thI mad.1um had s.1gn1i.1cant. effect. CD 1ncnaa1ng the mit.otic 
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index. In the st.udy t.be boV.taa .. rum with calf _rum was 

reported to yield bet.M&" mtt.oU.c ln4ex.t.ban t.he faet.al calf 

HJ:\Im. The pH at. .,.3 ".. found t.o be as the opt.1mIam for: 

bet.t.er reaultae 

Bal.alcriabnan (1981) dII .. J.bed per1pber:al leucocyt.. 

cultUJ:'ing of cat.tle blood U81rao Ham's FlO medlum. 'l'h8 ahon

t.em cultuns were set. Up v1th 0.5 ml blood in Ham FlO medJ.um 

supplement.ed with 2O~ adult. cat.tle _rum aftd ant1b1oUca. 

Poke weed mitogen waa used as mito98n1c &98Ilt. and lncubat.ed 

at 35.S·C for 6O-6S h. The ceU mitosis aft"8et.ed with 

colch1cJ.ne 1.3 )lg/S ml of mec:Uum for 1 lu: and the cella were 

sUbjected too hypOtonic ~t. w11:h 0.075 M lel. It. was 

ft.d in acet.1cl~hanol 1.3. The al1des W8l'e flane dried 

and stained wit.h Oiemaa. Tb.ls mat.hoCI was nported t.o yield 

good metaphase spZ'8ada of ctu:'omOIIame in catt.le. 

Goswami and Balakrishnan (1985) c!esc:ribed the effect of 

Bud i't conoentrat.1on on slater cbZ'omat.id exchanges in cat.tle. 

buffalo and goat.. sist.er chrcmat.1d exchanges (~)cE) are aensi

Uve indicat.ors of the effact.s of vanoua mut.agenJ.c agent.s on 

eukaJ:yoUc c:hJ:omoeomea. Short-t.eJ:m lymphoc:yt.e cu1t.w:es were 

tI8t. Up wit.h '.S-~1d1ne (8Q4 R) and t.he overall 

means of 5CE ranged ~veen 6.9: 0.3 and 10.4 ~O.4. 8.8 ~ 0.5 

and 11.3 ~ 0.6 and 6.1 : 0.3 and 9.4 ~ Q.4 1n sahiwal cattle. 

Murrah buffaloes and Beetal goat.e respect.1vely. ::;CE frequen

cies wen a1m1lar upto 2 ,ug/ml and increased linearly there

aft.er in ell t.he 3 apec1es lmre8U.gatAd. 





CatUe BUt.1G118d .. 9ad.oua oenU'U of Kera1a AgriCN1-

tUl'al lb1vusity. Indo M.. Project and Pa.&'m8ra· pJ:em1888 

in various paRa of ~ stat.e ard tme animal.s tcought. to the 

veterinary Hoep!tal. aad """ificia! Ineem1nat.1on Cent.na formed 

the materials for t.he pftalllt. st.udy. The cat.t.le belonged t.o 

• genet.lc groupe vlz •• Ca) looa.l non-4e8OJ:'1pt. (b) half-bred 

Jer8f1ly, JL (born out. of CS'088 between local cows and Jersey 

bulla). (c) half-bred Ho~ Priasian. m.. (born out. of 

cross bet.ween local cowa and Hol8t8in Friesian bulls) and 

(d) pure Jersey. '1'he 8ft1male st.udied ware either normal or 

abnaanal showing yar10ua ~i" and nproc.tuet.tve disorders. 

seventyone an.1ma.la ahow1ft9 normal phenot.ype tMre used 

for t.he st.udy. Ttl1. include 10 local female. 9 local male, 

13 JL female. 10 31. male. 9 HI.. female. 8 nt. male. 5 Jersey 

f«nale and ., Jersey bulls. 

on the baais of clinical ....unat1on and hist.ory of t.he 

abnOfttal 8ft1mal. they were cl ... ilied as (a) st.erile. 

(b) inferU.1e. (0) fYe€mart.1n end Cd) ot.bGr abnormalities. 

The cows with abnOJ:'mal secondary sexual. characters J and those 

wb1ch have not. conceived even once during 11fe time and the 

bulla with aJ:moI:mal aecondar:y eexuu cbaract.era lack of 

eJacul.atJ.on or semen wit.hout. 11ft aper:matozoa were classifled 

as sterile. Infertile animals included repeat breeders or 

those exh.1bltJ.ng an increased early nt.w:ns to service, failure 

in fert.il1zation. eUlY embryonic death and early aborUon8, 



1mpaln4 oestrous and bQUa of poor libido. poo&' q\&aUt.y of 

the semen. A!r:ee mal't.1n ia a female .... rile calf 'ba1m as 

a ~w1n t.o mal. calf. Nd_l. anowin; var10ua ~ con

gen.1t.al abnOrmaUtJ. •• wen ~ \1I'I4e1' bt.her ab.lO.I.'maUUu'. 

one 4f yreua old • ..-1le ....... (.n.) he.if..- tid not 

concei_ in spite of npeat.ecl ~ona in 0IN'tNa. Oft 

exam.1nat.lon. the an1mal vaa found to haw nol"mal ...-nal 

gen1.t.al1a bUt rect.al exam1naUOft nwaled a anall ~ 

loped ut.erus and emall aplndl.e shaped ovaries. l'hla aniriiBl 

vas s1rerl Dr a Jer8tll1y bull mated t.o • local cow. In add1t.ion. 

t.hI:ee st.erile looa1 cows and one .erUe Holstein Frieslan 

croe.e-bAd (HL) cow in t.he IIQ8 OI'OUP of 2-3 years",... aubJec

ted t.o cytological. inveaUgaUon. 

Infertile class included 5 Jera.c.t c:rose-bJ:8d cows. 

8 HOlat.e1n FrieSian crou-bNd anti 8 local QOW8 Which 3howec:1 

regular heat eympt.oma and with normal ~ appearance 

wit.h a b1at.oJ:y of l'epGateCi ~1cn. All t.'1ese ~ 

wen .1nHm1na~ on an .... ge of s-4 times per ccneepUOl'l. 

On nct.al examinat.ion ul .... an.I.male nvealed nol'mal 81ee4 

ftpI:'OducUve acoana. 

'l'wo JeX'S8'lJ crcae-bI:ed bt.1lle ant! one Holstein Friesian 

bull v1~ ncu:mal ~ phenot.ype and llbido but. showed 

1 ... lIIICIUlit.y of tapUmatoaoe ..... deai9ftllt.ed as infertilA 

and 1nveBUgated. 
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J\ 2 year: 014 ~ heife .. l:l):l:.n ae a heter:oaexual 

twin was bI'oug'ht. to t:.be veteriDary hoepJ.ta1 for oaanSell.1ng. 

Tb18 anlmal wae an anoeft.Na type and sired by a J_ney bull. 

The genual extemal appeU8ft08 of the anJ.mal was healthy an4 

of a female. On ~ axam1Dat.101l l' revealed a diat1nct 

but. shallow vagina which end8d blindl.y. No cervix was appa

rent.. At. the b.l.'ln:1 end of t.he vagina t.wo lobUlar etructun8 

analO:PU8 to seminal Yes.lc:1.e wen felt and below this t.wo 

filiform t.ubes IUI'IJl1ng for abOUt. 10 an from the bl1D:l end and 

andine;.! :tn a f1br:01d rna .. was palpated. The clitoris was 

large. Th1s was grouped as fl:'ee mart.1n and cytol~~Jical st.Udies 

oonduotad. 'l"he male co-t.w1n was not ava.1latJl.e £0& the seudy. 

:t\ six year old loeal OO1100'k exh1b1t.ed develop-nent. of 

rudiment.ary teat.s aw1 nlanr-.ary r;landS. 'the ani:-lal showed the 

develo~llellt. of 4 t.eat.s with 8 amall glandular onlarg81nent. at. 

the baBe of wery teat. The t.eats wen seen prot.!."Ut.i.1ng out.

WU'ds and around the acrot.\I\\. .A.t, 1t.a 4t.h year of age onwards 

the glandular tissue produced a m1l~1 fluid. Since t.he animal. 

was caat.rat.ad and used as a dl"aught an1mal. semen t1tudlcs 

could not. be CODduct.ed. The bullock wa. phan.ot.yp.1ca11y ncmoal 

and with gOOd atat.un. 1'h18 aAtmal vas categorised undez' 

otbaI' aI:mOl:'maUU .. and ctu:c:no~ studies were conduct:ad. 

All the .. aAtmala were subject.ed to ~c stu4y. 

The JcaIyotype analysts was can-1ed out. ua1ng peripheral blood 

1~ CN1t.un t.echn.1qua .. deacr.u.a by Moorhead • Al.. 
( 19(0) in taanan beings and Halmall (1911) 1n fln1mal.s with 

ftI041fioat:.ion. 
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Blood oo1leatiOft and tranapoftaUon 

Blood vas COlleated fJ:QI ~ jugulal' ".1ft ueirlg 

... 118 16 G .... 0... ",.. sk1a ... cleaned w1t.b ap.t .. l~ aDd 

oot.wn aDd after 4.l8OU'diDg a-J dl:ope of blood. 10 ml bloocS 

w.. coUeot.ed in t.Ubes coraa1nJ.ng bapU.t.n (SOOO ItVml blood). 

'l'he b1oot1 vas itw8.Uat.e1y __ d vJ.tb blparia and covend w1t:.b 

alUllln£um f011. At 8YUy aMp raex1nua pnaautJ.ona were t.aken 

f.or at.erJ.Uty. '1'he blood aamplea wen U'ena~ too the 

labOrat.oJ:y w1t.hin one hour. 'l'he ~.t:.ure for t.I'an8pOrt. 

was rna.t.Ma1ned bet.ween 21· and 32·c. 

MecU.\II 

The baaal nwcU\8n used wu TC 199 (D1foo) and t.he compo-

a1t.J.on of the medium used was aa follows. 

Tl:1ple cU..t.. waUl." - 41.0 ml 

TC 199 - 0.5 9 

'l'I:yptoae pboapbah bI:Ot.b - 82 mg 

l-al~am.t.ne - S rag 

SOd. bicarb (3.5% sol.) - 0.53 m1 

Penicillin (5000 IU 801.) - 0.2 m1 

~W1utJ.nJ.D-M (Difeo) - 2.5 ml 

The distilled water wee t.aJIen in • __ rile conical flask. 

~ pboapba-. bI:ot.h. TC 1". l-Glllt.al1d.ne. :;od. bS.cUb. 

801 •• ~lu.n an4 PHA wen added and the pH w" adj~ 
to 1.2. 

This whole med.lum ... fJ.1Ul'ed t.hI'o\lgh a mlCZ'OfUt.er and 

S ml of mecJJ.um wae 41SUJ.!aat*i .. eech acJ:'eW caped CNlt.ure 



vial. Of 30 ml capac.f..-,. 1'be..u.wn va nond 1rl deep 

,...... aad uaed f __ ~. 

CUlhl'ing 
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In -.ne 1abOn~. t.he •• aplea ... bIt:01agbt. and ault.\11'88 

wn .. Up wJ.thin 2 bouIfs ..... ooll.ead.on. 

F'I:Om each aampl.e 2 m1 -.1. blood was t.aJc:en in 8epU'at.a 

.,a.nge and it. was UMd t.o 8Md 'the CN1.t.un. The nat. of the 

blood was aubject;8d t.o O8ftUlfu;aUoft at. 1200 zp1l fcc 20 nd.nut.es 

t.o fac11J.ut.e aedlmenutJ.on of ~. and extract.1on of 

aut.ologous plasma. 

Int.o each oult.un vial cont.aJ.l'Llrlg 5 m1 med1wn. 2.S rnl 

aut.ol000us plume and 0." ml whole blood (kept. separat.ely in 

the eyd.nge) wen added and m1ad genUy by rotatJ.ng the 

CUlt.un between t.ba palms of the hands. The eult.UZ'es were then 

1ncNbatAd at. 37° : O.Soc for 12 hours. The cultures wa.t:e 

ganUy agitated t.w1oe daily. 

At. the end of 71 hours of 1ncubaUon. colah.tc1ne solution 

(0.0001"). as a mltot.1c un ... was added t.o the cultun. 

mt.a genUy and lnc:ubated for a further one hour p81'10d. The 

opdftum ooncenU'aUon end dvaUon of oo1oh1c1ne t.rGa~ 

~ .. ~.. The oanoenuaUon and duration WI8d 

__ 0.1 m1 for one how:'. 0.1 ntl for t.wo hours. 0.2 ml far one 

hOur aDI!l 0.2 m1 for t.wo houI:a. 
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At. "he and of 12 boun the cu1t.\Int ... ~ fram t.he 

.tDCNbawr. &91"'*' and geQUy pouncS .tnt.o 15 ml O8JlU'.tfuge 

t.ubes. The ,,\&be. wen OIftU.tfuged for: 10 m.tftu~. at. 1200 I"pIl. 

'l'be aupemaunt. of med.tum .... ~ leaving a t.oU! vol\D8 

of 0.5 ml abcJM the~. About. 2 m1 of 0.015 M poU

aa.t.um Chlod.de hypoton1a 8Ol.ut.1Oft w" added t.~-:t'; tho '~olls 

were IlUSpended in t.be solut.tOft. The vol ... was la".r made 

upto 6 ml with hypotonic aoluUOIl and allowed to ftanc:2 for 

ten mlnut.ea at. I'OCIm ~t.un. The content.s weft t.hen 

centrifuged at. 1200 rpm for: 8 nd.nt.ttea and t.he supemat.ant. 

removed leaving 0.5 ml above the aedJ.ment.. 

The cells were fixed w.1tm freshly prepared f1xaUve 

containing three parts ~ to one part glacial aceUc 

acid. About 2 ml of fre8hly prepand fixative was added to 

each t.ube and mixed gently to bAak tho cell button by draw

ing repeatAdly into a pa.at.ea&I." p1petUl. Then the volwne was 

made Upt.o 6 ml and allowed t.o at.and for 10 m1nut.es. '!'he 

~ure was then centrifuged at. 1200 rpn for 8 minutes and 

supernat.ant. remcwed leav.1no about O. S ml of the solution 

al:loVe the ceU but.t.an. 1'he f1xat.1 va treatment. was cont.t.nuad 

w1~ 5 ml. 4 ml. 3 ml t.ill clear 8UpU'nat.ant. solution was 

obtained. F.inally. the supU'nat.ant. was ranoved upto 0.5 ml 

aboYe t.be cell bu"ton. A suspension of t.ha cella was pw

pend. in 0.5 ml ftxatJ.w and allowac1 t.o 8t.and far a few 

lIlnut.ea for the debris to ..-Ue down. 
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Coning OlaM elttIN ..... uaed for abJ:'C:nr)acna pnpan

UOQ. The tnab. ch111ed. 'tMt alJ.dee __ UIed. Ua.t.ftv a 

~ p1~t.e ~vo 01' t.bfte dnpe of cel.l auapeu10n wen 

dropped an ~ slide which ... ~ at. eoo alant.. from a 

height. of 30 em. The aUdea wn waved fa:om side t.o e1de 

as well as to and fro. t.o fom • uniform spread of t.he ma~ial. 

The_ slides were air dr1ec!. 

'1'ha sta1n1rlg was 40ne Oft tbI same day using 4% 01 ... 

(Gluo) prepared in phoapbate buff .. (pH 6.8). Fl'eehly pre

pared st.a1n.1ng solution was used. The elides were covered 

wit.h G.1emea-pho .. .,hate buffer mixture and the 1l11des ..... re 

rocke(t at. every 10 m.lnutes. .~t the end of 40 rl1nut.os the 

811d." wen washed w1~ d1stJ.l.led water and keI* covered 

with distJ.lled wat.er for f1ve minutes. 'l'be waahinq vas 

npeat.Gd ~ t.imes. The .Udee ~e all." dried in slanUng 

posi t.1on and v1f1W1ed under mlcroeoope. 

'1be eff1c1ency of t.he medium ... tanee! b'f countJ.no 

300 lUQber of lymphoCyt... 1.'Iw lJll'PhOblasu. and the cells 

J.n ~ wen COUI'lUd. ". nd.t.ot.ic drive and mitotic 

lnc1ex weare eat1mat.ed as followa. 

------------- x 100 
ToI:.al calla counted 

.... N'WIber Of eella .ua matapbaae 
,~ ... t.ot.1c 1D:.'Jax" I • x 100 

Tot.al cella oov.rat:ec! 



allen. of ftOI'aQa 

The effect. of norage of nmple at. nfZ"1gca:t.or tM;. 

rat.un (5 ec) WM deteDd.ne4 by esdm.aU1l9 m.1t.ot.1a index. 

SO ml blood ... col~ in bepUin1sed ~ubea and was 

distributed 1n 10 ml oent.dfu91 ,,\abe.. The cuJ.t.une wan 

set. up at. 12 houh J.nt.eJ:Yala and haneat.ed aftAU: 72 hoUrs. 

'lbe ehrOl1lO8Clrne counts wan made and m1 toUe Index calculated 

for each sample. 

i-1orpholQ9Y aDd ~~ 

<:Iell spr:ead metapba8e apnade w1~ overlapp1ng ware 

J.dendf1ed and photographed. two to t.hree pla~s wen taken 

uaJ.ng carl zei_ pbot.cm1croaeope 111 with a eomb1natJ.an Of 

research microscope and 3S nn oaner. w.1t.h automat.10 8XpC)8\1n 

control. The lndJ.vJ.dual chromosomes wen ldent.1f1ed cut. ~ 

fran one plate and the other. wen .pt. for o.r1entatJ.on and 

reference. 

The homologous peJ.rs of chI'amosomas were identified and 

~ypes wen prepand by pUtJ.ng t.hem on a bd8t.ol board. 

The Ohz:'cm08CXIWs wen gJ:'OUped and Il\In\beJ:ed 1n the ~ype. 

The l1D&'phOlogy of each Ch;I'OmOaama wae ftudied and ccaparat.1ve 

analysi. was dane. 

MOJ:.phcmet.rJ.c ~. 

Tbe ctu:'cmOaomes were clasaJ.fied .. met.acent.r10. sub

met.acent.r1c. acrocentric or t.elOcenUic depending on the 

poeit.1on of aentrcmen as de.acJ:lbed by fAvan ...... (1964). 
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The ~ic ~ wen taJca on the baata of 

the ~tJ. .. made 1ft the De.l19lU ~ for de ... 

". 1enQt.h of t.be ~ in t.he lcU'yot.ypee was 

measured usJ.l'lCJ a set of cali ..... with fine po.1nt.s. The 

mcxpbology of Indlridual. ~ was expl.a1ned in t.ums 

of length and poeJ.t.1on of ~rome..... The slze of t.he chromo

sane was npreSGlltad as the relat.1". length that. ls in nla

tJ.on t.o the lengt.b of the haploid .. cont.a1n1.ng the X chrCmo

some. The positio.."1 of the cent.romere was indicated by 

The relative len~. azm rat.1o and centromeric ln4ex 

were used to ident.ify and compare local and exotic cat.tle 

chromosome. The morpholog1cal and morphometric differences 

bet.ween t.hese bJ:eGds also atw:U.e4. 

'!'he ralati 'We lfm9t.h of aut.oscmes and. sex chra":\oEJomaa 

bet;veen geneUc 9rouPS was compand usinrJ analyai9 of van.ance 

techn.1qua as c1eacr.ibed by Sneclecor and CoehJ:'an (1~1). 'l'he 

d.iffcu:ence betWeen nlatJ.ve lengt.h of X-Cbromo300l8 and <*ber 

autoaomes In each qeneUc g.C'O\1p was compared usinc; st.udent.s 

t.-~st.. 'lbe a&'m ratJ.o and oenUante.re index of different. 

ganetJ.c groups wen also subJeot.ed ~ t.he aboVe at.&UaUcal 

.~ysi.. In au. 102 _1mala wn 8t.lbJeated t.o oyt.ogeneUc 

st.udy and ~ deU11a of wh1ab .. pee_DUd in table 1. 



Table 1. Number of animals examined for karyotyping under each genetic group 

Animal 
Local 

M F 

Normal 9 10 

Sterile 3 

Infertile 8 

Free martin 

Other abnormalities 1 

Total 10 21 

M = Male 

F = Fema~·~ 

Half-bred 
Jersey 

M F 

10 13 

1 

2 5 

1 

12 20 

Half-bred 
Holstein 
Friesian 

M F 

8 9 

1 

1 8 

9 18 

Jersey 

M 

7 

7 

Total 

F 

5 71 

5 

24 

1 

1 

5 102 





RaULT! 

In the ~ at.udy the oyt.ogenau.c prof1le of ca~t.le 

beJ.angtrag ~o local. nan-dUoI:ipt.. balf-bftMl Jersey. half-bnd 

HolatA1n IT1.sian and Pun Janey bneda wen .t.nveatJ,.gfted 

and npofted. 

The eff101ency of mecU.um "as axpnseec.t 1n t:erms of 

mltoUc dr1 va and mit.otic 1ndeX as pneent.ed 1n t.able 2. The 

mltot.1c drtve and mit.otJ.e 1ndex wen 33.&6 per cent. and 

5.66 per cent. in normal and 32.66 per cent. ani! 6.33 per cent. 

1n abnoJ:'mal an1mala re8~1ve1y. 

Colch1e1ne was used 88 mlt.ot:J.c aft'Get.aI:'. AmoneJ t.he four 

Colch1c1ne treatments of G.1 ml. for 1 hr. 0.1 rnl for 2 bra. 

0.2 m1 for 1 hr and 0.2 ml for 2 hrs. 1t was fowkl ~t. tme 

c::ondansat..1on of chromoSCl11SS us1ng 0.1 ml colChJ.c1ne (0.0001 per 

cent) for a duratJ.on of one bour showed no:mal 8iae and 

appearance of cbramOsome8. 

f>Ut.ot.1c Indices in blood samples stond for vaz:ying 

per10ds at. refrigerator tempeJ:'at.ura wen present.ed 1n table 3. 

The mit.otJ.c 1n&tx '\Jradually decrea88d du.r:1ng the first. t.welve 

hours but a sudden drop was obeeJ:ved after 12 hours of st.orage. 

1'h.ta pbenomenaft was observed in bot:h I'lOI'ma1 and abnoJ:ma1 

an1male. 

The lcu:'yot.ypea of local. half-bI:"8d Ju'Mlly. half-bred 

~ln Fr1ea.1an and pure 3ersey wen preaanted 1n figures 

1 to S. !(aJ:'yOtypea were pnpand for male and female belongJ.ng 
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to each genetJ.a gJ:OUp. ". kaI:yot.ype analya1e of. all the .. 

antmale a\\IlUed ....,.eled that. t.ha dtpl.o1d ~ I1UftIber 

aftanged wtt.hln t.he 1caI'yoe.ype, in OI'der of deacendJ.ng at_ 

fJ:Ca left t.o right. .in fi". J:C:JWa of six palI's. wi~ t.be sex 

~eame occ:upr1ng the poalUCft of the laat pa1J:. 

The female Jcu:yot.ype of all t.he (I8I1Mo1c groups nvealed 

acme. nvealed tUss.tm:I.lad.ty. '1'bue 1n cat.tle the males an 

Xl( and females xx. 

Cl'u:'omoscma nIO&'pho1ocn' 

AU the 29 pall'S of autosome. wen acJ:'OC8Iltr10 (t.able 4) 

in appearance and the aut.oaama8 showed no d1at.1nc:t. mccpholo-

010&1 vad.aUon whtch would facilit.au pe.tr1ng of chrC:llrD!cmee 

in ~ 1caI'yoe.ypes and it. was t.benfon an:anged. 1ft a descend

ing 0Id_ baaed on the 81_. The autosome. fcmned a conUl'lUOWI 

... i.s when arranged ~ to t.he ~J s.1_ and 

indiVidual ~. could not. be J.dent:.1f1ed clearly becauee 

Of lIIOt'pbologiaa1 a.lm1lar.s.~y (Fig. 9'. 

In all the anf.mal.. the females nvealed XX and males XY 

88X ~ OOft8tJ.tut.1on. 

'1'he x obnmo8c:tme in both _ ..... aled a b.1Umec! nftUl'e 
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The Y ~ of Jeeey and Ho1at.etn Pl"1eatan ntealed 

~,*rlo Shes- 'WtlIIftI .. 1ft LOcal non-4eacs1pt. it. ahGued 

aorocentr1a morphology aa ~t.ed in 11'19.11. t-ro ea~lU.t.e 

c::oul.d 'be ob •• l"fttd in any of t.ha ~. 

8!k\&Y! 19~ 

The relative lerrJt,b of all t.he chI'cmoeomes in aU t.he 

genaUc groupe were ~t.ecl in t.able S. aaaed on the 

relaUve length t.be aut.Oaome8 wue numbeJ:ed from 1 t.o 29. 

In local cat.t.)'. the relative length of the aut.osomae 

ranged betwean 1.3413 per cent. and 6.5038 per~. The 

la&-geet. and smallest. aut.osomes wen 6.4135. 1.225 1n half-bnd 

Jersey and 6.2190. 1.3388 ,~1 ':&alf-bc'ed HolsteL" rriea1an 

cat.t.le respactJ.vell" Whereas t.hey were 6.9125 nrul 1.3096 in 

~ Jersey cai:.tJ.e. The oont.1nuous nat.ure of the relaUve 

length and morpholOt)ical simllarit.y of aut0GQm88 makes 1nd1-

v1dWll aut.osane comparison c.Ufflou1t. between different genet!lc 

groups. 

CompaJ:'ison of the largMt. autosome8 of all the genetic 

gI:O\lpII ws.i.ng the analyst. of .ar1aDCfit (Table 6) reveal.ed no 

.... c;JftJ.f.t.cant difference bftween t.ile genet.1c yroup. The analysis 

of variance showed that. t.here 1s no s.tgnif1aant. dJ.ffe.l'8n08 in 

~ nlad ... length of IImall •• a\lt.OSClMt8 bet-wen four ganet.1c 

gI:O\lpII (Table 7). The averages of the nlatJ.YG l~s of 

auwaomes of all t.he 4 geneUo gJ:aUpe an pnMntAd 1n 

f1911'8 9. 
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RegUcU.ng eex ~ •• t.he nlatJ.ve length of X 

~ was 1.2838 pea- .... 1.0313 per Gent.. 1.5138 per 

cent. and 6.3166 pH' __ la Local, half-teed Jer..,. half-bead 

ROl.utn Prtea1u and pun Jeney nepeotJ.¥e1y (P1ge 12). 

ftIa n1_J:" ~ of X ~ was ccmpand blbllen 

different. gene tole groups. The aDalya1a of var1anae (Table 8) 

revealed t.hat. t.be&"e ex1au ugn.f.fJ.cant. dtf!er:enc:e bet.ween 

genetic graupa. Pa1J:v1- GCIIpU'ieora ... made be~en diffe

rent genet.ic groups. It. revealed that nlat1ve len¢h8 

bet.\MQR (a) t.oo&1 and h.:.1f-b1:ed Hol.et.e1n ftiesJ.an. (b) Local 

and pw:e Jerrl8y. and (c) half-bl'ed Jereey and pure Jereey 

'>l6rG si.jn.ificant.1y d1fferent:.. wbeI'ea8 the d1ffennoe was ~ 

signifiaant. betWeen (a> 1.OCal. and balf-bntd Jersey. (b) half

ilratl 3er~" and balf-bred Holat.e1D Friea.tan ilnd (0) balf-bJ:ed 

Holstein t:tr1es1an and pw:oe Jar..,. 

In t.ho karyo1ogical a%rey X chromoacmes with the relat,ive 

lengths of 7.2038. 7.0313. 6.5138 in uocal. half-~' Jersey. 

and balf-bnd Holstein Fr1edan nepectJ.vely ooeupy the fi.-at. 

position. wher&a8 1n pun Jersey x chl'ano8Omf'.l wit.h 6.3166 

per cent. nlative length oocup.ie. a aectond position after 

the first. lU'08R a~oeome pair with relatJ.ve lengths 6.9125 

per cant as shoWn in table S. 

The Y c:hC'OmoeOme of Local ftCIGo-d •• cl'ipt oat.t.le .heMad 

an aoxocentz1c morphology and 81m11ar t.o autosClneS wl'Mmtaa in 

pw:e Jersey and t.;lOse Unci bf Jeney and Holste1ft Pries1an 

aJ.ns it. revealed a ~1c moaphology. Tha nlatJ. .. 
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lengt.b8 of y cbr:cmo8onea __ 2.9415 per cent. 2.5'745 per 

oen~ and 2.9'15 per OInt. in LOcal. 3U'Mf 8ft4 Ho1Re1n 

Pd..atan .... peaUve1y (Pig. 13). 

'1'he relaU.,. l~ of Y ~ was oompanId bftwen 

tUffennt ~ gl'CNptJ and d\lftlUc:8Dt. dil,...,. ... 

obae.ned in analya18 of .utanae ~ (!'able t). It was 

obGm:Ved that t.he tUtfenoce bet.veen t..ocal and Jersey and 

P.olatein Friesian and "eraey wn aton.tflcMt. wheftU t.bat of 

t.ocal and Holstein Friosian wee ~ significant. 

III the kaI'yotyp~ array the LOcal Y chromo8ono with 

relative length 2.9415 OCCNptea a poa1t:J.on between l.St.h and 

16tll chrarooaaoo. In Jersey and ~ aired by 3erF.rle'f the 

y Ch!:"C:l'lW39Ome with relative length Of 2.5145 occupied a posi

tion between 15 to 20. In ~ .. bc'ed. sJ.red by Holstein 

Friesian to.no 'I chrOmoSCl'1t! shOtMd • relat1w length of 2.9315 

and cac:cupied a poa1 Uan bet,... 15t.b and 16th autosome pair 

in the cilraiK.)SQllC array as ~ed in t.able S. 

s.tnce all a'*08OmOS of ca~~l. are of ~1..c nat.w:e 

meaau.r:ements were available only for one am m)(t arm rc.'\ti0 

for a14aaomes was not estJ.mat.,ed. 

The X c~s were 111aa.d and the artl hUO wu 

eat.1maUtd as 1.'39, 2.043. 1.981 and 1.690 in Local. half-bC'ed 

.:Ieney. half-bnd HOlste.tJl Pd..alan and p1N Jersey re8p'JO

t.tvely (Table 10). 
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1M ...... OIl .... aUG bf ~c gr:oupa ... eaUmated 

by the analy&l.a of ..a.- C'hble 11) and ... OURII t.o be 

algn1fla.tt.. ".. pa1IwJ.ae ... tU'1... I.adt..., ..... __ am 

raUo of x ab&'cI...... bft __ balf-bn4 Jeeey ... t.oael. 

baU-bnd 3..., end J ... ,. balf-bled Holet.eJ.n l'riea1an and 

I.tooal.. half-bI'ed Holftef.ft ftieat._ .ad iIW-V wn a1gn.tf1-

caM wbenas that. bet.WMl\ balf-b1:ed J • ..,. and helf-bnd 

HOl.at.e1n. lAOal and "'..., __ noo-u.;n1f1oerdt. 

In Y ~ of ~ loaal etat.t.le only one arm " .. 

observed and i. thus eoxoceatl"1o. 

A8 ftI9U'da ~o y ~ 1n 3ereey and HOlat.e1n 

FrJ.ea1an the um .. aUo vas 1.210 and 1.663. napeotJ.ftly 

(Table 12). 'nlJ.& dIfference 1ft .. rat.,to wu fctUnd tA be 

... ~st1cally 81gnif£oant. 

_",,"pm "*I 

In a~. of oat:.U. t.he ~n index was .. n 

aJ.ftOI ~he shoft. ......... Oft pn ••• and all ~ c~ 

"...~c. 

The X 0bI'a .... of all W\e .... 10 gr:oupa bad oenuaa..n 
1ndex Of 0.365. 0.3U. 0.338 and 0.312 ill Local. baU-bnd 

3U..,. half-bINd Hola"in ITt_i_ and pan Jener IW8peO

Uv.1y (Table 10). 

". ~ .tl'lldex of cU........ geMtJ.c gr:oupa .. 

....... ("able 11) and tbe di ...... wu found tLO be etaUa

tJ.oa11y .... can1floaDt.. The paint. oaapu1801'l nveal.ed t.bat. 
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~he dlffenncu bet:&ftlen J_-r end halt-bled Hol8tAJA 

pr1ea1an. Jersey and balf-WtId Jene,. Local. and balf-bncI 

Ho1ate1n Fr1esiaft. Local and balf-bnd 3veey wen highly 

significant. whereas the dil ..... _ -.1IfIHft LoCal and JfJhey. 

half-bNd Hols1:.ein Priest_ and balf-bnd Jersey wen non

a1gn1flcant.. 

The cenucmen 1n4ex for Y ~. of Janey and 

Holat.e1n FJ:1es1_ were ecrnpa.nd and fOW'ld 81gn1f1c~. 

The Jersey bad a ~ 1rd1x of 0.463 WhiCh inc:U.

cat.ed cloee prox1m1 ty of cent.z'Omel'e to t.he nd,d poi.nt. of chXo

moaoma Whereas in Holstein priea.lan it. was 0.316 OJ:' far away 

from nd.d poJ.nt. When ecrnpa.nd t.o Jersey (Table 12). 

Abnol'malit.y 

Among the 5 sterile an1ma18 examined. It waa found 

t.hat " cows revealed noxmal atu:'c:aoeome conaUtut,1on. with 

60 xx. One Jusey sarUe female revealed 59/60 mosa1e1em 

(F1g_ 14) _ Four per cent. of metapb_ cells Z'eftaled 59 xx 

chl:'cmoaOme and 96 per cent 60. xx with a 59/60 moaa!c1_ 

(Table 13) oon41 tJ.on. 

'ftle chrOmoscme analysl. of infen.ile an1ma1a revealed 

dlplold chramoscme n\ll1lbar 2J'tIII6O wi ttl 58 aar:ocent.rlc aut.oaama 

and 2 &SUbmeUcent.l'lc X chZ'Cmoaoa'e ('rab1e 13). The Y chJ:'cImO

acme of the animal. nud1ed ..... a1ed ~nt.r1o nat.ura. 

AU t.hoae an.t.'1\8la wen sind by ~ buUe. The ehl:'cmoaOme 

mo:pnology was similar t.o that. of ncmnal and neJ.t:har numerical 



...... al aDel"ft'd_ .... ~ abU.alone 0CNJ.d be 

.t.deftd.fJ.ect. 

1M .......... epnade 01 .. Pne JRIIftiA ftMla141d that. 

... of t.bI 201 lyapbocr .... ...u. .. OM buIIdnd -' ...... r
~ (86") __ of 1-.1. _'gia (XX) and ",**ye1 __ (It%) 

_zoe of male or:1Q1n (XY) _ ftt .... a __ of iCl./xr 0hJ.mae-

1'1_ (Fig- lS) and "he animel ... 1'_ mu:t.1ft. 

~ local non-deeorlpt. bullock 8bCRd.ag ~ .... lop

ment of aecondaI:y MX\Ial chU...... euch ... dwelopueM. of 

uat enrJ glandulu t,t ... (Pige 16) with mil. fluid. Ora 

__ nat-lon of the mataphaM 1Ipftads. 4.5 pU" c::ent, of tJW 

calla exhibited .. ct~ lU'IbU' '-'120 (Table 13) abow1r¥.i 

tl1e 1nc14...,. of teUaplo14y (rig. 1". The othU' cella 



Table 2. Efficiency of phytohaemagglutinin-M in Medium TC 199 used for 
bovine lymphocyte culture 

Phenotype 

Normal 

Abnormal 

Total 
cells 

counted 

300 

300 

Lympho- Lympho-
cytes blasts 

228 84 

216 79 

Mitotic Mitotic 
spreads dri ve 

% 

17 33.66 

19 32.66 

Mitotic 
index 

9-o 

5.66 

6.33 

Table 3. Mitotic index in culture of blood samples stored for varying 
periods in the refrigerator (5°C). 

Duration of storage 
(in hrs) 

6 hours 

12 hours 

24 hours 

36 hours 

48 hours 

60 hours 

72 hours 

Normal 
9-o 

3.66(11/300) 

2.66 (8/300) 

2.66 (8/300) 

1.66 (5/300) 

1.33 (4/300) 

0.66 (2/300) 

0.66 (2/300) 

Mitotic index 

Abnormal 
% 

3.33 (10/300) 

2.33 (7/300) 

1.66 (5/300) 

1.66 (5/300) 

0.66 (2/300) 

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 
No. 

SM/M A X Y 

Local 60 29 Su bmetacentric Acrocentric 

JL 60 29 Su bmetacentric Submetacentric 

HL 60 29 Su bmetacentric Su bmetacentric 

Jersey 60 29 Submetacentric Sub meta centric 



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 
variation 

Between Genetic 
group::; 

Error 

Total 

NS - Not significant 

Degree of 
Freedom 

3 

28 

31 

Sum of 
squares 

1.98 

9.52 

Mean 
square 

0.66 

0.34 

F 

1. 94 NS 

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 

relati ve length of X Chromsome 

Source of variation 

Between Genetic 
groups 

Error 

Degrees of 
Freedom 

3 

20 

Total 23 

* P <: 0.05 

Sum of 
squares 

3.61 

4.21 

Mean 
square 

1.20 

0.21 

F 

5.73* 

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

Local 1.739
a 

flalf-bred Jersey 2.043 b 

IIalf-bred Ilolstein Friesian 1. 987
b 

Jersey 1.690
a 

Means with same superscript do not differ significantly 

Centromere 
Index 

O.365
a 

O.329 b 

O.338
b 

O.372
a 



Table 11. Anal ysis 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 

55 M5 F 55 M5 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 

Local 

Jersey 1.210 

Holstein Friesian 1.663 

Centromere 
Index 

0.463 

0.376 



Table 13. Chromosome profile of reproductive abnormal cattle studied 

Phenotype 

Repeat breeder 

Poor semen quality 

Sterile with under-
developed uterus 

Freemartin 

Secondary sexual 
characters 

Sex 

Female 

Male 

Female 

Female 

Male 

Chromosome 
const it ution 

60, XX 

60, xx 

59/60 mosaicism 

XX/Xy chimaerism 

2n/4n mixoploidy 
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Fig_ la. Met.aphalle chramoecrnes fzcm a half-bI'ed 
Jeraer bUll 
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Fig. 4.. Met.aphaM ~. fJ:Qm a half-bred 
Jersey cow 
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F1fJ_ Sa. He~ Cbramoscmaa fran a half-bred 
Holfte1n Pried_ bull 
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rig. 64. !1eta:;.maJlO ahraoo30m8s fs:an a half-brod 
Holate1n FJ:1es1an cow 

Fig_ 6b. JCaJ:yotype of a half-bred Hol~eJ.n Fr:1~sian 
OOt'J 
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Fig_ 7.. Met.apha8e ~8 fJ:Om a Jeraey 0011 
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Fig_ ab. J<aryOtypG of a Jar.., COW 
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Fig. 9. Idiogram representing the relative lengths of autosomes in cattle 
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DISCUSSION 

In the pnaent Rudy ca't.le ~ spreada "Wen 

prepand for different genetJ.o groupe wain; a'hOn. tArm 

per1pbel"al. blood lymphocyU culture mat.bod with whole blood 

collactet1 f~ .. emal jugular vein. 

'ftlG ~\Ift in tJw pre ...... st.udy waa ~ 199 with extra 

r.,..g1ut.ara.1ne and Wh1ch 18 enriohad v1\Ul aut.ol.agoua plasma 

and pbyt.ohaemagglutJ.n1n M at. a pH of 7.2. The ftltCUum vaa 

s_1sfact.ory as evidenced lly t.ha rd.t.ot1e drive of 32.6 t.o 

33.6 per: cent and mit.oU.c: index of 5.6 to 6.3. The use of 

TC 199 as culture medi1D and pbyt.obaema.g9J.uUn1n M as mit.otic 

J.nducer in cat.t.le was nport,ed by Mocnme4d .G. Al. (1960). 

Crossley and cl.arlce (1962) and rJJ.cho18 1.l.l1- (1962). ?Jl.br.1ah 

and weinhold (1963). Halnan (1911). 

The aul t.uring was cont..irNed for 12 hra and OM hour 

before haneat.1ng t.he mitosis ... uJ:est.e<t w1\Ul 0.1 ml 

(0.0001 per cent.) Colc:hia.1ne. 1'b18 yielded propU oaadeMa

Uon and the chromo .... vue clearly vitdble. 

'ftw poaaJ.b1Ut.y of blood .-plea at.ond for: va&ying 

4uraUon in nfrigeC'at.or tempaatnlr8 at. SoC for lymphocyU 

cult.un waa 8Ya1uat.ed by mltodo 1nclex. It. was found t.hat. 

the mlt.oUc index ~ly 4eollned aftetl:- 24 hn of swrag8. 
SimUu: reault.s 'fIf8Ce reponed by Kanagawa and nurur (1968). 

8lOod aamples stored at. .fugltftt.Gr t.emperature (S·C) flNCIIh 

as 1n ice bath can t.henfon be l&Md f~ lymphocyt.e culture 

within 24 hJ:. d..., collection. 
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The eUploid c~noaoma number of 2n-6O was obMned 

in Local. half-bnd J-eer. half-bnd Fr1ea1an and pW:'e 

Jertlfly cat.t.le. "the t.wo haploid aet.8 of ahl:Clmoacmea 1n 

female _1.'8 aJ.m1lar cona1etJ.ng of 29 autoeomea and one x 

e~aome While t.he bfO ... wen di8a1mllar with one set. 

cons1aUng of 29 aut.oeomea and one x c::hJ:'Qmoacme and ot.her of 

29 aut.osomes and one Y ch.I:arnOaOmas. 'l'b1s obeervatJ.on of 

~c female (XX) and hfterogamaUc male (X'!{) cond1-

t10n 1n catt.le made 1n the pre_nt. study 1s in agr:eemant with 

the f1nding of aeveral wor1cera (f4aJd.no. 1944, Ch.1anll1et., 

1960, Basrur and f1oon. 1967, Kieffer and canwrlght.. 1968, 

Gupta IS. .11-, 1914. Hal.man, 1975, saha1 and Saxena, 1978, 

syed IS. Ai., 1996). 'l1Ns 1t. can be seen t.hat numerical Mffe

renees bet.ween t.he four gerurt1c groups coul.c.'1 not be notJ.oad 

in the preeent. study. 

Chramoaome mol'pbology 

1'he 2') pairs of autoscmea of the cht'omoaome set were 

acrocent.ric having t.he centromere almost. at t.he tip. 1'h18 

obeel'Vat.1on was seen in r..oc:al, half-bred Jersey, half-bred 

Friesian and Jersey cat.t.le studied. This same morpholocJY of 

acrccent.ric nat.ure was reportAtd by Kralllngar (1927), ~'Lald.no 

(1944). sasaki and Makino (1962), NlcholS!l~. (1962). 

Burur and Gilman (1964) _ The chJ:Cmosomes of various breeds 

by cat.t.le (~1GI'lE'aI) have 'been described as t.elocentric 

by ChiarelUet. n.l1. (1960) and tliGhola I!i. A1.- (1962) 
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.tmpI.y1ftg tumlna1 pOdtJ._ of the ~a. Hol:IefeI'. 

vadou ot.ba&" ..-1en haft fcMld t.beM obI'cIID08Gm88 .. ...-0-

cant.ric (croaaley and ClUJce. 1962, Ulb'd.oh and tiUnhol.d. 

1963). '1'h18 ~ may be due \0 \be pee .... of 

~ly minute _ 81._ ~e •• cond 8I'm8 1n all 

t.he aut.oSlCml!!ts. 

The x chra ...... an moat. conaplcucua eftd easily 

14entJ.f1able e~ balftg ~ and bS.u'nte4 or • l.arge atIb

met.acent:.r1c chromosome. The.wo~. in !enal.e aN 

lacmor:pb.1.c. conuuy w tM pre_.t. oib ...... at1ona. ~~1ohols 

sa Al. (1962). UlbI:lch and WeJ.nbol.4 (1963) ob8ened t.he 

x cbl:'GmOsomas as ntetacent.ric. OQ ~ bUl. of the nport.8 

of Cb1enWet. • Al. ( 1M(». croaaJ.ey and CJ.ar'ke (1962). 

Maldno (1962). ~ and MOOD (1967). Sahai (19S2). Potter 

Il a- (1979) aM \he ~o pnpu-ad.ons ~ne4 in 

Ute _udy. it. can be eta .. ~ "be x chI'amosome 1n both 

... MUQI- I9a v.ucma an4 .... 1' OJ:'08S8. 18 lNbmat.aaenUic. 

The male 1n all the gelleUc groupe "\Idled nv.led a 

~ sex chI'a'aoeome pell' with one 1~,Je awmna
cerau1c x c~ame aQC! ~ 8IDal.l y~. The Y 

~ of t.he Local non-duod.pt cat-t.le 18 nvealAd a 

IIIO&"pho1ogy eJ.m11u t.o <*be&' sa ~. in poa1t.1on of 

~ or 1, :revealed aft ~c natun 1n loaal. 

cat.t.le. 1'h1& aoR08ftt.ric Y ~ was nport.ed euUeJ: 

in III v.ucma oftt.l. b.r K1"~ and CaftWlght. (1968). 

BbaUa (1979) and Kalman and W-.on (1982). '1'he Y chra~s 
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of Jereey bulla .ad onu-bnda 1D lIh1ch eire ls e1t.hft 

Jersey 01' Holst.ein ~iee1_. nveeled • bf.acmed nature or 

sul3rnet.acent.ric rnoa:pho1ogy. ;";ever:al workers (!1elanaIU:. 1959, 

BaSNr and Gilman. 1964. r..1n .. a .. 1'1'7. p<*ter .11 •• 
1979) also reported t:.b1s ~t.rJ.e mcn'phology o! Y 

chr~ in .. "''Ill! catt.le. sUan:inger (1987) con

flxmed t.his in~ d1fftzenoe in morphol.ogy of ''1 ehrcmo

some. '1'be preaent. Rudy t.ogetMr w1~ t.be X'8pOrt.s available 

1nd1c:at.e t.hat. then exist a dlst.J.nct. moX'phologlcal 41fference 

in Y cht'amosomes or1ginat.ed from ast Sr&IliI and D.9I. lanQ1CY1 

cattle. Th1s morpbologtcal difference 1n the t.l4O species 

mlOht have originated ~gh a pUic:'Jeftt.z'ic inversion. SUch 

an lnvet:"sJ.on involving breaks at dUf.~t distances from t.he 

centJ:CmfJre could alter t.he shape of ~ without. a 1088 

or gain of genet.1c mat.erial. %n cefta1n species of DroSOphila 

and in l8nbers of the o~ t.ben 18 a auorlg tiNgt'JeaUon 

that. pedcent.r1c 1avers1ons haw bMn influentJ.al in pJ:'Oducltl(J 

new kaI:yot.ypea ( SWennaon. 19S.". Jtteffaflancl can.w1ght. (1964) 

obeU"Nd a1m11u 4lffennoe ln the poe1t.1on of ~ cent.rcmero 

in Y chJ:amoeorlMt of d1ffereat. t.ypee of cat.t.le and suggested 

~, the perl.olrlUic 1nveraion might. be l'eepona1bl.e for this 

ancDaly. 

BdAtdD laf!RNl' 'ftle nlaU ... lengt.hs of autosome in 

all genet.ic groupe wen ead.mated. ",. chromosomes were 

ananQlld .in t.he fom of ~ypa after pa1r.iD:J homol()(J5· 
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In oattJ.e the o~. oarmot. be ~ as 18 done in 

the case of men owing " ~1r J.denUoal IIOJ:pho1ogy. ~ 

t.he .... age nlaUve 81_ vad.adClll amono ...veral petra malCee 

their J.dentJ.f1cadOl'l eubJ-...:.l.,.. In the pneen't at.udy t.he 

nlaU". length of large..- aut.oecmes was 6.5038. 6.4'735. 

6.2190 and 6.9135 per oent. in Local. half-bred .:tersey. 

smallest aut.osanes wn 1.34'73. 1.2250. 1.3338 and 1.3096 

I'8spect.Ively. The a.ut:.oscmes fo.rnted a c:tond.nuous saries and 

revealed that t.:1ere 1s no sJ.gD1fJ.cant difference In 1~ 

and amallest aut.osanes among the four genetJ..c: groups of 

oa~t.le. This is 1n agreement. with the f1nd11l9 of Potter 

.. .II:.. (1919) WhO repo:r:t.ed that t.he differences 1;-. relat.ive 

lengths of largest, and of amal1eat autosomes bot'W6ell 22.1. 

!ja.\lI:Jlt1 end as!! &D'ISiN1 cat.t.le _rca not. significant.. naha1 

(1976) reported the relative length of largest autoacmes 

5.510 and 5.390 per cent. and emal.lest aU1:osome as 1.160 and 

1.160 per cent. in Red S1ndhl and Har1ana breed ntspect.1 valy 

and concluded that st_ of the autoaornes in both breeds an 

almost. s1m11ar. 

The relat.1ve lengthS of x o~ In t.oeal. hal.,f-bI:ed 

3e&sey. half-.bred h:'1es1an and .:taraey wel:'G 7.2638. 7.0313. 

6.5138 and 6.3166 per OInt. respecUVGly. Corapar1oon of 

d.1f!CSM genet.ic groups reveale<.l t.bat significant differences 

exist. between t.oaal and half-br:ea Frieslan. Local and ;JaJ.'8 

Jersey. half-bred Jerstlr:! and pu.rG 3ersey Whereas thO 



c1tff ........... not. dgai.1oan~ bet:ween t.oaal and half-bred 

Jea.:r. balf-bnd ".ner and half-bAd Fl'1e&1an. balf-bred 

Fr.tea1an and pun Jeney. Al'IIan9 t.be fOU 98ftftJ,c gcoups. 

in 1.oc81 ca~tl. and emallest. in Jeraey. 

The X ~. In Looal. balf-bI'eft Jeney an4 balf

bred ... i.sian cat:.t.le oceup1.. ~ fuat. pos! tJ.on 1n ~ lau:'yo

t.ype at'rtl:l 1n length of ehr."amoaCme. Vbereas it. OCCUpier) anly 

8 poe! Uon be~teen t.he let and 2nd pa.l~ of aut.osOtl1e in pun 

Jersey catt.le. Lin Il.tl. (1917) 1'8pOrt.ed t.he r»sit.1on of 

x ehrOmO~ a8 ~ 1n t.he ~ array in ~nt.al 

br:eed. Whereas Sahal (1982) ~ a position of fizoBt in 

S1ndb.1 and !1er.1ana breed of catt.le. ~ter a,iil,.. (1979) 

placed t,he >t c~ome aD 2Dd in botJ'l !9! HJU.g~ and iii 

s;.wug cat-t.le. 'l'he finding the.t X 'S largest. c::h.ra'rl';)acme· in 

the ~ 8ntI'J in the pnaent. st.udy may perhaps be the 

nason for the deviaUon in f1nc!l.t.ngs on ocnparaU VEt 81_ of 

X cbJ:omoscmes by Pot.t.er .. Al.. (1919). 

The rel.at..1ve l.8\Yths of Y ChJ:'QIIo8OllllllEt8 1n Local. Jes:aey 

ar.'ld tfOlst.o1n Fd.es1an _n 2.9415, 2.5145 and 2.9375 r:e .. 

pecI1vely. The dlfferences 10 "lad". length of Y chrCmo

.... .. .. n d1ff~ genetJ.o groupe ,.,... significant. and 

it. waa obaeS"Nd t.hat. t.he c:UffenDce ~ .. n I.ocol and Jereey .. 

~ Hol.st.e1n Fri •• ian and Jeney wen aJ.gn:l.f1cant wbenu 

t.bat. of Local and Holst.ein ft'1ea1_ was not a1gn1ficant. 

The Y ehranosome of cat.tle was polyrnorphie 1n different. 
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apeoi.. (Halna. 1.16'. Ia... Jcuryol.og1oa1 array, \".be 

Y chI'cmIollllll. of looal. .... ue ooc"Pi*' • poe1UOQ ~ 

15t.h and 16th a_.- pa1&-. 'fhU npea ,. h1gbel' thaD 

repon.ed bt Sabal (1982) wbo ~ the poaI.Uon ~--

2'7t.h and 28t.h~. Ja """" and "be cnae-bnda a1nd 

by JenfIy tbe Y ~ ..... ~ and ooeupted 

a poa1Uon bet.ween 15th to ~ pair 1ft 1enGt.h. ,.,.... It. 

was bet.veen 15im and 16t.b .~ 1ft cnee-bnd ailed by 

Holat.e1n Fr1ea1an bull. POt. ...... _ (1919) repon.ed t.be 

poa1tJ.on of Y ~ ~ __ 45 W 55 c:d\ZQr:...,..... In 

Boa taUNa cst.u.. Lln all- (1911) ~ ~ y chromO

eame ~ bat.ween 2S~ and 2ftb pair of autoacxnea In Boa 

tauI'WP oat.t.le. 

AIm '1"2' The 58 a~. of all t.be groupe of cattle 

studies nNaled onl.,. single am or ... ooenu.t.c nat. .. shOW-

the Ul'D rat.1o .. 1.739. 2.041, 1.98' and 1.690 11'1 LOCal. 

half-bnd "eney. half-bead r.n........ aD4 JUaey napaot.!:vel.,.. 

In .. raUo. the diffenn .. __ .8ft c:U.ffennt. geneUo 

9ftUpII v.. found t.o be 81gn1fioaftt,. The azm ratio bttween 

half-bnd 8erMy and Local. haU-bnd 8 • .-y and JenfIy. 

baU-1Jn4 ft.S.ea1an and Local, balf-we4 1'S"1esJ.an and 3-.ey 

wn altn1ficant. ~ t.bat. be..,... .. half-lind 8ersey and 

balf-bnd ftiu1an. Local and tlenet wen non-signifioant.. 

In all tbe low: groupe the CGnU'amen 18 a1t.uated in betwan 

the l\\ld point and Up. J'J:'cWn ~ Val\l88 it. appears that. 
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~ 1ft t.oaal oat.ue 's ... ~ .. ad.d point t.Mn 

t.hOee of ~ ~u.. 9h11JN1. 1)J.....,.. __ ,... the add 

point aa4 ~ VU lol ..... 1n 3.~. 

'!be y ChI'GI.,... Of Local •• t.le ..... 861 .. only aoJ:'O

O8IlU1c nawn ...... ~ am ratJ.o of Y eN:amoeome .. 

1.21 1n 3eney ant! 1. was 1.66 1ft Hol-..tn Friesian. In Ute 

y ~ t.he O8AU'CmIIn '8 ___ to mid po.f.nt. .in tI.-y 

eat.tle t.ban Ho1.~ Pr1 .. 1an. 

<iIPVSIH! 1 .... 'the ....... 1 ...... of x ~ 

in I.ocal., balf-bnc1 J_..,. hal ...... Ho1atetn mad_ and 

J ... y wen 0.365, 0.329. 0.338 ... 0.312 napecUvely. 1'he 

d1ffennce llIetween ~c OZ'-.. .. e1gn1f1cant.. 'rhe poe.l

Uon of cenu:omen y.. away !rca '-be a&nU"e J.r. all tn-G of 

dtlOft of the poeJ.t.1on of ~ ~.n .... Uc gZQUpa 

baMd .. ~" index indi. __ \bat, ~ 18 ne __ 

~ tM mid po.ln. J.ft :te~.., \haD toM othW ~ gZQUpa and 

1. hi' away 1ft IAcal GnU •• 

'1ba O8AU'CmIIn 1nda of Y ~ in Jersey and 

HolfteiD h'1ea.t.an .. 0.46' and 0.3'76 napeaUwly. Th1. 

1Ddtcat.ee t,t..at. 1n t-ooal the Y ~ 1. eorooenuio. In 

toT...,. tbe ~ .t.s .in 01 .. ~t.y t.o ~ mI.4 point. 

Xft Hol .... 1n JT1ea1an it. ... 0.316 Which 1. e1gn1f1,*,*ly ."., .e. oerat.ft VMrI aGIIpal"e4 U 3eC'MJ' 1ldSoat.1n9 ~ftt.I'1o 

tnOJ:'pho1ogy. 

Potter &\ Al. 
eome in Brahman (III. &IAUaa) .. ecroaeftU'io end .in Pr1.a1an 
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as ~ wbenU in 3ereey it waa ~1c. 

'lba pneent. ftncJl.Dga do not a~ wtt.b t.hOt1e of L1n (1971). 

~ter all. (19'79) and Kid ... end Caft.wicht. (1986) as 

t:'8ga'C'd8 -.0 t.he poat.Uon Of ~r:e and d1~ of t.ba 

~n faxn t.be mtdpotnt. sJ.!'JCe the values of td1e um 

raUo and ~re 1~ were not __ reported .in t.be 

paper. the rnet.acent.rlc Xlnute of t.he Y o~ could not. 

be verified. I-towever tendency t.o show the ~c con

cUtten in JerSlit"I 19 observed 1n the peeeent at.udy a18O. 

so-s f.It.Ud1ed 7Bdah fat'..111~.au ~ &ftd 1dent.1fication 

of ChrQ~s. !.Jroup1ng of c~a in t.bG ~Yl)G 

may have EGile usefulness in fac1Ut.adng eauer ldentJ.fJ.ca

UQft of ChranOettOOS. since it 1s •• a.ter to cemembeI: a SpeCific 

c~ within a group of !1". or ax 1ndtvi4ua1 pall'S of 

~s. Ha.JlMlJ:" beCaUse of the 01_ mo&'pbolog1cal alm1-

lu1t.y ~ween 1.nd1v1dual boVine cl\nIIOeOInea. g%'O\lplng 1s 

daae an " rat.bar Ub1t.ruy baa1s. TbWJ. at.andaZ'd eyRe of 

fteIlId.ng and grouping of ~samu ebou1d be eftabl.1abed among 

labant.ori.ea world.ng w1th bov1fte ~. 

'rhe cbeeJ:Ve.1 y Chranosame POl~ 1. ~ • ran 

ObseI:vat.1on because such variat.ion vas ~ in .... 

b81ngs. Whether t.b18 in tm1 way le .. too pzobleos of infeft1-

l1ty. as ~ in oat."10 by n.arur and Moon (1961) could 

not. be eat.ab11shad in t.he preaent ftur!y. 

In the pcesent attldy theN is no appd'ent. <Ufterance in 
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t.he ctu:'omoaome maJaI up auoh a. bU10 mabeJr exaept ~t, of 

n1.atJ.". length and Y ~ lDOC'phology bePeen LOcal. 

half-bred 3_..,. ball-bad Pdea1aa and 3ueey. '1'heir 

kaI'yotype e1m1l.ad.t.y lDaF 'be \he nason fOl' feft.U.f1 hybrids. 

No ~ atMan-at,lon suab. as anaupl.o.ldy. euploidy 0&" 

other matdcal abanaUons could be .t.dent.1!ied among t.be 

:308 1nd1cus. aos taUE'US and theU bybrJ.('le. 

'1'h8 study of ch!:'clrosamee fr:cm lymphacytea is .. c0nve

nient t.echnique for c:lin1cal survey and population at.udS. ••• 

It. was eat.abl1shed that. t.he cbranosomal abn.OI:maUt.1ea nvealed 

in blood cells are often. al~b not. alway •• m1n:ond in 

oel!s fran other somaUc tis .... 

Pive cows classified a8 sterile were subjected t.o ch:r'omo

some analya1s. Four ')f the .. rile OCMII reveal.ed 60 cIU'ax>

scmes w1th 29 pain of etl&'OOeft\d.c aut.osomee and one pall' of 

~ntr1c sex chr:CImoac:IDae. Ito INftDrical abnoI:ma11ty 

could be It.'lendfled 1n thase animals. 

one at.er.S.le balf-bnd JUeer helfer showed normal heat. 

~ blt. did not. conce.t.. __ dt.er at.t.a1n1ng .; year. 

of age. '1'he ~ analyeta I'eftaled that the animal i. 

S9 >eV60 XX moa.a1c w1th nc:tmal aex o~ c:c:rrplematlt>. 

The nw:mal oest.rual. Signa lmJ.cat.ed tha~ anat.cm1ca1 and 

pbys1ol.o91cal deWlopment have t.ar..en place t.o SaDII ext.ent 

~ not. fuUy. The 59/60 mosaicism may 91ve dee t.o erron 

in meiosis result.ing in defectJ... oogenu1s. Failure in nomal. 



ooganeaie may be naponelb1.e ,.. '-he l ..... nd COftOtpt:J.OD. 

sJ.ml1aJ!" cue Of 5. ~n. wbS.ah ... ..... aa a. nfJ\l1~ 

of aobefteon1en t.nna1ocaU_ of 1 .. and 2fth ~. and 

the ~ in meloa1a ...... __ 1bed 1n 4et.a.U by 

GwlU9fJson (19'79). PuUook (1m) npoft8d t:.be 1nc1dence of 

abnol:mal. ~ 00fttIUt.'*'- with 59 chI:'Qmoscna in BritJ.eb 

PJ:'1eaJ.ana. 8&'Uen and Chapma (1973) ftpOJ:t.ed a __ of 

59 chromosomes due t.o tandem fWllcn Of 14~ and 2Ot.b ~ 

same in sJ.ra,1Ont.al cows. The st.eri11~y e1~ em • neult. of 

laclc of OOfpne;Jis or ear:ly ~ death wu a"~ ~ 

t.t..1s ab!IQrmal Chromosome eonaUt.uUon. '1'l\e embryoa ntNlt1ftg 

£Z'Qn errors at. meiosis. fert.111uUOIl OJ:' 8.1y oleaft98 <11.1. 

a1.on. nOR of tAn do not. fr..arv1ve and an .. eont.r~ fect.ol." 

to the r:elaUvel.y l£l.r""";@ number of. early zygotes ~a~ SUfi .. 

embryon1c death. 

on lcaryo1ogloal exatn.ination of t.wnty-fow: 1nfenil. 

caistle .tncludt.D;J 21 fO:t'.(t,J.ea and 3 males. it 'Was fO\ll\d t.hat. 

all anS.ma1a extdbltac! nor:lal. ~ oonatit.l.tt.1Gft (2J1III6O) 

with 29 palrs at! acroc::ontrlo auts.oeClm88 and }OC in female and 

xr .in male. l~ DlDf4r1cal abeftat.lon could be &:tteoted 1n 

.,. Of ~ an1m3la. It. s-..ns ~ ~ naoon fo..~ 1nfen.1U_ 

ftIfIY be due to the cau..,e ot:har theft pJ.o.ldy cond1tJ.ao. 

One Pne martin wh.ich WeB dna by a Jersey bull waa 

~. 'ltle met.spha_ spnads r:aveal.ed t.hat 86 per ~ 

wee Of female or.ig1n C:':X) ltlheraaa 14 per cent male odgin 

(;~) and tho an1rnals ~l8d poot' deVelopment. of t!MIXUal organa. 
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h'ee maftin1em in cat.u. .... npon.ed by Obno a~. (1962). 

FechbaJ.rnar 1.\ al. (196'). t<aMg- (1M5). Yadav .l.\1l- (1984). 

9yed .. Al. (1986) with ftZYbg pCOpOC1;1QQ of xx and ".t:'L cells 

in blood. AcccmU.ng to LUlea hypotbeai8 (1967) when tw.1na 

wen of tUffeJ:ent. _.. the ana.nomosts of blood "....1. 

would allow male test.1cul.ar hort1C1n8 fnll t.he eerUer tUff.cell

t1at.1R9 foet.al ~cle t.o nt.a&'d n=raal 4evelop1a'lt. of the 

belfer calf'. sex organs and 1n tact. fJtJ.mW.ate paft1a1 male 

da¥elo:pnent. in tohe pr:oceaa. It, 1s no longer quite 80 cert.a1n 

that t.h1s explanation 1s tme COft1M'l' one. In any case, 1t. 

can."lOt. Just be hor:mones frora t.he bWJ. foetus wh1ch an nepon

Able for the develOpnent of the fne mal'Un st.at,o. as abnoI'mal 

de¥e~ of the he.f.fer foet.us bes been shown to &dee as 

early as ime 30 to 40th day of pngnancy not befoJ:e arry d1ffe

nnUat..1on of cwarJ.es and teat.tc1 •• has t,al«m place. and 

befol'e t!be t1me at. vb1Ch it. bas bMft posaJ.b1e t.o domonsUate 

any pI'Oducrt.J.on of t.est.1c:u1ar ~. Male and female foe-

t.uee. with a canrnon blood sy ___ may. ~r. alao 811Change 

blood cells. thus allowino male XY cells t.o enter the blood 

".88818 of t.he bUf.. foet.us. .ad XX cel18 entAIl' t.hoae of 

bull foe1:.Ua. The lat.cJr event. baa no ~able effect. on 

t.h8 sexual 4eftlopnant. of the lNJ,1 eoet.Wh on the ~ hand. 

t.be Y ~sane from the bUll f~us will divert tohe sexual. 

daftlopaertt. of the female foet.us in the male 41reot.1on w.1~ 

a Ina maft.1n calf as the nsult. (Feohhe.f.mer Il Al.. 1963). 

It. is however. quit.e poes1ble t.hat. hormonal. influences from 



t.he bull calf will play • ¥ole at III lat.er atac.JO of f~ 

devel~. 

On exam1nat.lon Of met.aphaee apnada of l~s 

coUeot.ed fJ:Cm a LOcal non-deaor:i~ bullock wh1ch showed 

abnormal developnent. of ~ teat and aacnt.1ng a 

milky f1\11d. it was found that 4.5 per cant. of the 08118 bad 

the chramoscrne t'lUIftbeI' 4,..120 show1n9 the 1nc1dence of tet.ra

plo.1dy. The ot.her cells wen of normal type with 2na40. 'n\e 

~wua&~~~wua~~d~a~~~l~d. 2~~ 

rnJ.xoplo1dy WaG explalned by DUnn (1910) in Holstein t.J:ue 

heJ:maphrodf. t1sm. The animal. was explained as hav1fl{j pen.t.s 

w1t.b an empty ecrotum and ~ left alx10mlnal ON&ry but. the 

~ was st.er.tle. 



==--



Il19fIaUgaUCXl8 to 1 .. __ and vacate t.he probloms of 

chramoeome.1 abeneU .. leading ~ phyalo1og1cal disorders 

of catt.le. an 1nev'lUble to aabieve the p&'0gC'8a. envisaged 

:in the l'arious de¥el~ ~ .... QDdeI' AA1ma1 i~ 

eect.or. An a~tanpt. to .... u ~ ayt.ogenet.1e profile of 

cat.tle of the State of Kerala tJwougb kaZ'yological studLes 

of ~~bU. ·:raurtlS arK' their eros_a and also too identify the 

.t.nc1dence of ahra!'Joaomal aberrat.ions aseoaiat.e-d with produeN< 

t1 va and repJ:'OducUve efficiency has been made. 

Cattle st.ationed at. various centres of t{er~la Agr1cul.

t.w:a1 t1n1vera.1ty. Indo-SlIt .. Pl'Oject. and those t'!'la1nt.aJ.ned by 

the farmers of 1:he State foxmed the mat,er1ala for the present 

st.udy. Catt.le of J..Ocul non-descri~. half-bCed Jersey. half

br:ed Holstein UTieslan and pure Jersey breeds wen sc.reened 

t.o obtain t.heir eyt.ogeneUc profile. on the basis of c:Un1cal 

examinadan and hist.ory. the oatUe wen classified as noJ::rnal. 

sterile. 1nfert.11e. free tnaJ:'t.1n and ~hU' e.bnotmal. In all. 

102 animals were subjected to 1caxyolog1cal st.u<1y wU!\{J perl

pbCal blood l~ eult.un. 

Blood (15 ml) was collected fl'Clm extemal Jugular win 

1nt.o hepaJ:'1nJ.tJ8d t.Ubes and bJ:Ou9ht. t.o t.he laborat.ory within 

2 hours aft.er collection. one rnl of blood was 1\Opt separat.e 

for seeding tme cul t.ure and t.he nat was centrifUged to 

eoparatr::! the plaama. The medium used waa TC 199 oontaining 

l-Glutam1na and penio1llin. Pbyt.ohaemawlut1n.1n-t·~ (Di£oo) 
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was used as m1t.ot.1c.t.aducel'. Into 5 ml. of c:ulture med.i't.ln 

with a pH 7.2. 0.7 ml of whOle blood and 2.5 ml of allt.olo

goua plasma tteZ'e adde4 and 1ftcNba~ at 37 .t. 0.5°C for 

72 hOurs. 'l'hG mlt.oa18 ... a.n:eeted at. eevantJ.et:n h~,.a with 

0.1 ml of colcb1c1na (0.0001 per cent) and .t~!.Uon con

Um.aed for one h.ouX'. 'n\e cella .in met&phase WCX'13 b.:u;vestad 

and spreads prapU"ed and stained w1.t.h G1emsa. 

In ~ an1mals the m\OtJ.c drive and m1t.oUc 1rdex 

were estJ.nated as 33.66 per cent. and 5.66 per COllt reapeo

tivcly an<1 1n abno.J:'r:lal. an1mals t:.hey were 32.66 par eont and 

6.33 per cont respectJ.vely. The medium used was theretora 

found to be off1cJ.ant for cai:tle l~ cult~. The 

eolch1oioo tzeatr:ent of 0.1 ml (0.0001 pe.r cent) for or.&e 

hour yielded diat.1nct. c~ p1ct.un and facilit.at.ed 

easy identJ.f1caUan. '1'h8 mlt.c*J.G J.nrJex of l~. showed 

rapid decl.tno 12 hoUr. after the stor~ in J.oa bath or 

refn.CJ8rat.or at. S&C. It. i8 t.h8nfore ~ that the 

du.r'atJ.on bet.ween tJliii19 oollect1cn of samples and L'"l!UaUon 

of c:ul.t.uil'l9 in the laboa'at.ol'y snow.d not. ~ 12 hours. 

'lbe lcuyot.ypea revealed • eUploid chrCll¥)scme m.ITtb8r of 

60 (2ft 60) in all nos:mal cuU. 1J:1:espectJ.ve of Denette groups. 

1'be chr:amosome CCI'ilPlement. consisted of sa !lUt.OB<XnE!O and 000 

pair of aex cl~ in all t.he genetic groups. The sex 

ahJ:'artcsamas \IOZ'8 s1milu ( ;<x) in !emal.e &I'ld 4f.ss1r:dlar ( :.n") 

in male. 

In _ t.I!Kll! and !!2!. iQAAsHl anl th91r crooseo. aut~a 



~ a single ar:m CIOI'OC8Dtodo mozpho.1.ogy with impu'aep

Uble 8hon. ar:m. 'l'he geDfItJ.o garaupa c.U.d ftO'- show aay 4U£e

na .. in the poeJ.Uon of __ ~ 1ft ~. 

The x ~s wen Of blal:n8d _~un aD4 shoWed a 

lal'ge ~1c mozpho.1.ogy 1D aU the genetJ.c garaupa. 

1'h8 Y ~ was pol~ in dUe ..... br:eeda. 

In local. it. l'crvea1ed single ar:m or ~ s!mllal'to 

~e w'heJ:eas y ~8 of Janey en4 Molat.e1n 

FrJ.es1an wen blaxmed a:h1bS.tJ.ng ~c ~. 

'l.bc3 relative lengths of aut.oaames ranged f~ 1.3413 to 

6.5000 per cent .in Local. 1.2250 t.o 6.4'735 per cent. in 11alf

bJ:8d Jersey. 1.3188 to 6.2190 p8C' cent. in half-bJ:ed Friosian 

and 1.3096 to 6.9125 par cent in pUl:'e Jet:Dey C3~UCl. 

Ccrnpar100n of autoscraes .1ndJ.vidually WaD J..~at.ble as 

a nault. of aonUnuous nat.un of relatJ.ft l.cJn9t.h and m0rpho

logical a1mllar1t.y. Tho largest. and smal.l.elJt Qut~l'J were 

boIIa ..... ~. Al~. dlffereraae in rolatJ.ve length 

of largeat. aut.oscane bet.ween t.he 4 gez.ot:J.c \jrotlpa wac obeerVed. 

the dtffeJ:eDce was not s1gnif1c~. S.t.m11ar ot:>sewat1on was 

made a8 ~. to t.twll small... G1&OSCrne of 4 geneUc !)roupe. 

1.'he &"Old". length of x: ~ was 7.2038 per cent.. 

7.0313 por cent., 6.5138 per ceaa and 6.3166 par cent in Local. 

half-bc'ed Jersey. hal.f-bI'ed Pd.e81aft and Jer8ey oat.tles nspec

tJ.vely. The ~lson of nlaU" lengths of :< c~s 

revealed s1gn1flcant. difference between genetJ.c groUllS. 



Re1aUve ~ of X obI'1 ..... of LoCal. CRUCt was aJ.gn.lfJ.

oant:ly lacger than U1a~ o! baU-~ ITS .. 'an aDd pun J'eney 

cG_Ue. ~ \0 be ....... .in nlatJ." length ... 

not1aed J.n pun ..,.., ~ tbe ."..~e groupe. bUt t.he 

d1ffennce was "'* dQnlf.t.Gara. bet.we&'l balf-bJ:ed n:.lea1an 

and pun ~.,. I~f-bnd h'lee1an 4f.d not. cUff. a.tgnJ.f1-

eanUy from half-bled 3....,. 

In t.he ~C anay ba •• " OIl nlatJ.ve ~. t.he 

Jt-chromOScJr.lO ooaup1ed a f1r_ poalU_ 1ft IActal.. bal.!-bnJd 

largest. pe.lr of a~. 1n pan Jeney. 

"1'he relaUve l~ of Y o~ was 2.941S par oen~. 

2.5745 per cent. and 2.9315 per ~ in Local. Jersoy and 

HolKein PJ:'.ieaJ.an r:esp9OU'fGly. '1'ha dlfference bet. .. 

Local. end Jersey and tt018~ ft'1ee1an and Jeney wen alg

n1fJ.oant. WhCmtas that. of TACal and Ho1st.ein ftlee1an was not. 

81gatf1c~. 

In ~ 1caZyot.yp.t.c aft'ay, tl'l8 Y chI:Cm08c:ImO of t.ocal and 

Holst4f.n Fdea.1an ocoupled a poaiUOD ~ 15th and 16t.h 

pair of ~a. %n Jen1I!If it. was 10 between 15th and 

~ pafz. 

1\I:rn raUo was not relevant. too aut.oaamae as they ~ 

ecroocnu.lc. 

H1t.b ngard to X chromosomes, the am rsuo was 2.043, 

1.986, 1.739 and 1.690 in Local, half-bnd Jft'8Gy. half-brod 

Frtes1an and Jersey respectJ.981y. on t.he baaf.a of ar:m raUo 
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poetUOft of cenuamen IIftU'lIll t.be Up and mid tJ01ftt of 

ChI'amOaOme was~. 1'ba ~eon oJ! geflfttie gJ:OU.p8 

baeed an am nUo ~ t.hat. cenuamen wao lcaa~ far 

away fE'Om the mid point. 1ft LoOa1 ca.U.. '1'he ~ "as 

cloeu t.o m.ld point. in pun ~"., cat.t.le. 

The ~ ratJ.o. of! Y ~ in Jersey and Holst.a1n 

Frteelan was 1.21 and 1.66 ncpefa.s.".ly. The diffennce 1n 

ar:m ratio between Jeraey and HOlet.eJ.n Priea1an ':1.8 s1gnlficant 

ehoW.tng that. the 1ocatJ.on of oeDt.J:'CImU'e wu fflOZ'O towu'ds the 

rlld point. in JerBfllf t.han that. obaer:Wd 1n HolM.01n Fr1ae1an. 

'1'be position of centJ:'QnlllU'G of X ~aatE in each gene 

tJ.c group dot.emtned by em 'l:aUo was further t.ast.ed -'.-ing 

cen~ index. The 1n<tJx was 0.365 1n LoCal. 0.32..9 11.1 

half-bnd Jereey. 0.339 in half-bred h"lea.tan Ilnd 0.372 1n 

Jersey. It was fOWlCi that. t.he cent.s:on'en waa nearer w the 

m1d pOint. 1n Janey t.han 1n ot.ber genetic gr:oupa and is fOJ:' 

away in r...oaal catu... '1'he n8Ult.. obt.a1ned through the estJ.

mdicn of a.&'m &"ado and cent.romen 1nd.ex tfIIft in agRement 

w1~ each <*he. 

The cenu:amen .index of Y o~~ of Jersey and 

Holst.e1n FdGa1en was 0.463 and 0.316 r:espect.iftly and t.he 

dlffeJ:'ence was fOund ~ be a1gn.lu.aat'&. XD 3eraey oent.rcmoro 

was nKlrG t.oWarda t.he oenure and tn Holst.e1n FJ:1eo.t.an it. is in 

betwen t.he m.t.cI point. and UP. as obIeI:Ved baaed on aJ:m ratio. 
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The cattle sho'td.ftg ftftCNS oond1tJ.ons of phyato1og1cal 

diaord.Gn wen subJ .... \0 ~ analysis. OUt. of 

5 8te1"11e be.tf... .. . ...s. 4 ..... a1G4 ~ eht"3"¥)3Qne 

COMUt.utJ.can. one 4t,... ole! balf-~ st.er11a Jersey 

boifer showed 59 XX/60 xx .,.aJ.c1an td.t.h 4 per cent. of tme 

cells como1n.lriq only 59 ~.. It. is &SSUllOd that 

t..1-te GI:rOrs in meiosis ~ to raosaic1em mtW be r8S};MXl

sible for st.eJ:1Uty. 

~y-four J.nfertJ.le cat.t,le w1t.b VaftOUS rep~1V8 

d1sor:ders lJuch as I"epeat. bl'eet'l1ng and poor semen ~-ual1t,y 

revealed noJ!"!Ml chremosome COMUt.ut:.lon. Reason for 1nfel:'t.1-

11~ in these animals may be the cawaea at.hes:' than changes in 

the ~ runbGr. 

t<1et,aphase spreads of one J-MY l"1.'ee r:\lrttn tdt.~ poor 

developnsnt of sax OI:'gans revealed that. 14 per oent eell~ 

wen of male o.r:.tg1n (xr) and 86 per cent female origin ('0=) 

exb1bltJ.ng a ~ chlmaer1-. The exchange of XX a:¥! XY 

cella .tn heterosexual twins by ~ anast.ano:ns during 

eerly embI::yon1c developaa'lt. may be the nason for repI'Oduct.1ve 

d1aoftlers. '!'he male cella (XY) 1ft fanale aabI:yo at vary early 

stage will d1 vert. t.be deVel.opt'tDftt of !oetal SllbI'yo t.owards tho 

m<l1e d11:eet1on leacUng ~ fa. man.1nI.-. 

one t£x.'tal Wllock shOwed t.he 4evelOplaEmt of teat.s ~11th a 

1Ima11 glandul.e.1..~ tissue searet1ng • mU.lcy elud. The t.oata 

were prot.t:ud1:liJ out. uound t.be acrot.le. 'l'hls an1.mal t"eVG6led 

t.bat 4.5 1»1" cent. oi cella were of ~pl.o!d nature C4n-120) 
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and othor cells dir.-'lo.1d (2Q116O) or a dir>101d ~o1d 

chL"!l8Grisn or mbcoplotdy., 

'l"tie pnaent at:udy bl:'G&gbt CNt f1..-"klinga t.hat. relatJ.ft 

lC\gth. pos1 Uon in the ~ype array. tu:m ra~':J and 

cent.ramere .index of sex ~ ahall salVe as ~001 for 

1dent.1f1catJ.on of L'"lt.er1:.C'eed d!!fereDaes and tml'it t.he 0ccu

rrence of t.et.t'uplo1dy stJ.."Illl3t.e the acd.v1t.y of t.he Iemole 

~J ;Ja~..k"1.1 charaeter1at.1ce in male eatt.le. 
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1\ study was und.eztalaa to evaluate and CMlpOJ:O the 

c:hromoS<lr.lal stat.us of Lccal non-descript. half-bred Jersey. 

half-bred '-Iolof!e1.n Friesian and Jersey cat.tlo and to assess 

t.he .tOO1~l of chromoscr:.:.l abGnat.ione caus.t.nc phya.lolog1cal. 

d100J:dera. ~ cattlo at.med by f~rala A9r!crultural tJn!versit.y. 

Indo-.1Wisa r'roJect. and faJ:rllOrs formed the material for t.he 

study. In aU. 102 animals cona1stJ.ng of 11 norrm and 

31 abnorr:lal. t..tere subJeetad t.o t.he et.udy. 

Peripheral blood 1eu1'-ocy1:e ault.ure t.eohn1que ~J. til hepa

rinJ.sed wholo blood was used for chrOmosome a."lnl:!sifJ. The 

medium was TC 1~9 'fI11 th phyt.ohaemagglut1n1n H as mitotic 

inducer nnd colebic.tne as mit.otic an:eat.er. '.t'he colla in 

tOOtaphase wore harVested and air dried smears et,J.incd 'i.11th 

c:iemsa. (,ood spreads t:Jere ~ographed and kar.lotYrJes pre

pared. The off1c.tenay of mecU\ft was tasted usin.: r.l1t.otJ.c 

drive and mitotic 1ndox. \14l1ch 'Wel:e bet,\>J8en 32 t.o 33 per cent 

and 5 to G per cent reapecUvely. COlchicine treatment. of 

0.1 m1 (o.ooor~) for 1 hour yielded olear v!s1bl.e a~sa:le 

spreads. The blood samplas ~ for varying tJ.rao at 50
(: 

indicated t.hat the whole blood tranaport.ed in ice bath (5 ·e) 

1.0 t.o be used w1.th1n 12 hours afblr collectJ.on for lymphocyte 

culture. 

In noJ."mi:.il oat.t.le. d1.ploid ch&*olnosane nwnber ~,oo found 

to be 2J'1C16O \11 tll 29 pairs of autoaomes and one l,'Xl1r sex c:hra'!lo

a<:m9. The malos were bet.erogametic. '\11 the aut.osaues were 
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acrocenuic in r...acal. balf-bnd Jersey. hal.f-br:ed Frieden 

and 3erSlfly ~aa the X ~ was ~ and ;; larue 

~ in aU t.be genetJ.c gr:oupa. 'me Y ~ 

was polymccph1c being ~1e 10 LOCal and ~1c 

in exotJ.c bulls. No .... llit.s was obeerved in atry of the 

o!U:'orno8ames. 

The s:elatJ.ve length of ~ and smallest aut.oaanes 

WON 6. SOOO and 1.3413 },18r cent. in t4c:}l. 6.4735 ;:md 1.22S!) 

per cent in half-bftId 3usey. 6.2190 and 1.3700 t'l8r ae~ in 

half-bred Friesian and 6.9125 dI! 1.3096 per cent in 3ersey 

reapectJ.vely. The difference in n1at.1ve lent:,;t.h of aut.osares 

between different genet.ic: groupe was not found to be signi

ficant. 

The nlaUve length of X atu:amoac:ame was 7.2836 per cent. 

7.0313 per eent.. 6.5139 pH cent. aas 6.3166 !'Gl" cent 11'1 ~al. 

balf-bred Jersey. hal.f-b1:ed Meal_ and pure Jersey re8pGC

Uvely. 'l"he differences bet.waen genet.1o Groupe 't~ s1gnifi

oant. In the kary ... yp1e array bra.., on "lat.1~ lenl'Jth. the 

x cnromosane COCNpied a lUst. poaiUon in r...ocal. half-bred 

Jersey. half-br:ed Frles.t.an 'WbUeaa in 3erSflr.r it W:~,$ in bet.

ween first. aDd seaond :)a1r of aut.osomes. 

The relative length of Y c::hr:cmoSQl£'l was 2.9415 per cent.. 

2.5745 per cont and 2.9375 par CIGnt In r..-ocnl. JerGey and 

nolste1n Fr1ea1a.~ respeatJ.vely. 'l'he difftnence soeal and 

Holat.e1n Friesian waG not s1gnJ.f1oant. In karyolog1cal. a'r':ay 

t.ba Y chl'cml:>9Cr.le occup.ted a r.4SiUOft betWlle'n 15th ~ 16th 
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palr of autoeamaa 1n Loc:ral and Holst.eJ.n Fd.esJ.an where... in 

Jersey it was between 151dt and 20th pa1r. 

The aJ."m raUo of X CJhI'Qmoaame was 2.043. 1.986. 1.7. 

and 1.690 1n L4cal. balf-~ Jeraey. half-bI:ed FrJ.eaJ.an and 

Jersey respact.1vely. In Local cat.tle t.he ~ waa 

located away from m1d point campand t.o other genetJ.c groupe. 

The d1atanoe ~ween mid pO.1nt. and centramere was lowest. in 

Jersey. 'l'he arm rat10 of y obrcm08ome of Jersev and Holstein 

PriG.ian was 1.21 and 1.66 napectJ.vel.y. The lacaUon of 

c:entramere in Y c::hramosome of Jet:aey vaa mon toward. centre 

t.han that. of HolsteLn Friesian. 

The oent.ramere .1ndex of x OhJ:OmOaome was O. 365. 0.32 •• 

O.3iS an4 0.372 in LOcal.. haU-bnd Jersey. half-brad Holstein 

Friesian and Jersey reapecUvely. ". values for: t.he cent.l:O

-..:e index conf1m the liMings obtained for a.:m ratio w.1t.h 

regard t.o the proximity of cent:.ramere to the mid po1nt. of 

AmOng the 31 abnormal. cattle. cm=mosQr.1al aberration 

were obaerved 1.n one 4 years old ater1lA Jersey heifer. one 

Free martin and one Local bu.lloc:k wit.h abnOI:m.uly developed 

secondary aexual characters. InfertJ.l.e cat.t.le shoving repeat 

br •• ding. poor a.'n8n qual! ~y and poor Ub1do did not. exhibit. 

any aberraUon. 

In t.be sterile Jerfilfly heifer. 59/60 mosa.1c1 sm wu 

obaaned. The Fne martin exhibited 60 ):;(/60 }'''Y ch1rftaerism 

havJ.ng 14 per cent of t.he ceUs v1t.h Y:L t.ype and ot.ben with 

xx t.ypa. 
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The local bullOCk Aftaled .aI:lft<mnal develo~ of 

teau and MOJ:'eUon of m1JJcy fluid. 'l"lle mltoUc spna4s 

went of tGU'aploid nat.un (4na120) in 4.5 per cent cells 

and t..11c diploid (2n-60) 10 others. This ani.rnal tiaS dlp1oit1 

tet.raplo1d c:h1maeZ'a 01' m.lxIap101d. 

'rho pc"Gsent st.udy bI'OUght. QAt. findJ.nt'Js that. relatiw 

l.ength. posit.1on in t.he }(aJ:yotypJ.c array. un ratio and 

centrorrere index of sex ~. shall 8Ot'VO ao t.ool for 

idont1fication of l~r-breed dlffenlJcea a..1Ild t.hat:. tho 

occurrence of t.etraploidy sUmulat.e the ac:Uvit.y of the 

female secondary sexual ~ft1cs in male c~tUe. 
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