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IISNORîERII DtrTARFISM TN ÎI{E BOVTNÐ"

CERT.ATN CYTOLOGICAL AND HISTOLOGTCAL COMPARISONS OF TTIREÐ

GÞNOîYPES IN HE}IEFORD CAllLÐ

BY

B " RATHNA KU¡4¿.R BENJAÞfiN

A.n inwestlgation was underta.l<en to dete:rmine trcaryotyplc

and h.istoS-ogícal df fferences a¡norrg three genotypes for
tsnontert d.warfj-sm" Eaci. gerLoty¡re $¡a.s 3.epï.esem.ted by f-our

lTeref,ord fema.les 
"

Bovíne 3-eueocyte cuLtures pnepa.red by a ¡¡rodífåcatíon

of t?re techniqLres empJ"oyed for hr¡mans was tlsed to car¿d¡rct

clarømosoma]. studíes.

No karyotypic a.bnormal-ítíes were detected i-n a^nimal-s

'belongi.ng to t?re 3 genoËypes" AJ.L a¡rímals tra.d a. dlploíd

number of 6O cl-romosomes" The 58 autosolnes lúere acrocentrlc

and tlle sex chroliloao¡ries Td@re sr¡bmeÈa.aentríc" No dífferences

rrere observed j-n *he ka.ryoûypes of, norntaa.l , carríen a.nd.

dwanf a¡rí¡nal-s whieh u'orll-d fnctrj-çate t,hat karyoty¡ríng ís

noÈ a r¡seful. tec}-nJ.que to dístinguis?r betî'reen Éhe 3 geno*

types f,or sr¡.orter di*arfism.

Bi-opsied. skin saraptres were r¡sed for tkre h.ístologicaL

study" T'he foX]-ov¡ing skin ct¡a.ra.cterístícs were st¡¡died¡ slcj-n



ttrlekness, nu¡nber of sweat gJ.ands per square eentlmeter

of skin, the vol-urne of sç.¡eat gl-ands, and Èt¡e depüh at

whl-ctr tt¡ese glands krere located frorn tlre skin sunface,

skin thíok¡less wa.s measuned using cubercuLin ca!-lipers.

The sweat g3.and d.ímensíons were mea.sured from thíck s€c-

ti-o¡nsn usíng an eye pi-ece mícnometer a¡ed thelr depth f,rom

ttre ski.n surface ¡rTas measured on the sane sections" Ttre

nurnber of sweat glands per square centlmeter of skin çras

esÈímated after uraking the necessarl¡ cortrection f,or shrin-

kage due to Ìlistologi"cal proceesíreg. Of the l+ cha.racÈeríst:i.cs

studLed onl-y skLn thLekness differed. signÍ-fi-eantJ-y among

the 3 genotypes. The skln roras thíakest ín norrnaL a:eima.Ls

and ttrínnesù ín dwa.rfs " ît¡e carniers st¡orsed í¡rtermediate

vaLues" No signifiaant dífferences wes.e noted anrong the

3 €:ec!.oÈypes f,or the nenna:i-níng J skin chanaeterlsties"
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IÀITRODUCTÏON

T}.e prosperíÈy of t?re ¡neaÈ ag?í¡mal imduretry deper:d's

essexlÈially u¡ron a. traígh reprodtlcûive rate a.ttd u'a.pld eff,lcíe¡rù

growth" Factors wh.ich lm¡rede t}1e negrroduction or gr^or+th.t

v¡h.ether genetlc on c?utnítiosra.l-, cananot be i-gmored by Èhe

Livestoek l¡reed,er nor Ètre researcber co¡:stamtl-y tryíng

to 5-mprove ühe efflcíency wd-tlr wlrj-ah ¡neat 5--e Sirod'uced"

tsxe sr¡ch condåti-oct con,fronti"ng the catül-e bneeden a.¡ed

å-eseercher is the tsnorterl fonm of dwarfism"

ît¿e I snortes. ! d¡uarf a.nfman exhibi-ts synrptoørø of laboured

b:reaùLring f,rom çrhicSe t}le ¡saue is¡aonterr d¡vas^f ís derÍved.

ltre staor5.ng sound :ils sínníI-a.r to ühat exhi-bi.ted by eatÛ}e

euf,fee^irag froær ! sraorlrag dlsease i ëan¡sed by Sch{øÈq¡s$fiûa

:aasitri.s (a f3,uke) tf, thre tnopfcs" ExcepÈ for thls seaorårlg

ûhenæ i-e no såmÍÅaríty whatsoe\rer between the Èwo ¡naladåes.

Þwarf, as!å¡na.Ls are pot-belLied. and et¡ow a di-sti-ncË teaadeney

to b!"oat. Ma.} oceXtrsion of .jaws ís seen beean¡se of proguzrr-

ttrism (over st¡.ot mandi-bLe) 
"ryod 

Èhe forehea.d is b¡"oades amd

shorûer t3¡.arr that of ¡'¡,oa"rnal anåmals lg'hiclr l-e*a.ds to Èhe Èe¡:¡r¿

brra.chyceph,atrie dv¡a,r.fs, Medi.a^m prominaneee of, tlae fr¡netrte¿rcÈ i"s

a¡rot3aex" common spnptom e¡:eot¡¡atered. frx d¡øanfs" tho a¡eiiuals

61rê slaorÈ amd tfråck hecause of" reÈarded growth a¡ad :i-ra g:erreraJ.

*hey are åess våabtre. those trr*ifers wt¡icla Lå.v"e åted reps"odu.ce

¿¡f,Èer¿ ext¡åhít dystocia, Dwac"f b¡¿Lj-s have dif,:f:Lcu3"ty ln sêF-



\¡ing beca.tlse of ùhelr sh.ort staüure. Dwarf sympÈorns become

more pronouneed as age advancese The phenotypic expressíc,n

of tsnorter! ds¡arfs r'ra.s descrlbed ín coy¡si-derable deta"í3-

by Jolmson S g!" (lg¡O), Llndley (tgS't), Gnegony gg gL.

(lgSl ) *ord CarroLtr- 9;[ g!" (195t), Îlre condittorl vras ftrst

descri.bed 5.n Hereford cattJ.e by Johnson Sg g!. (tg¡l) çih.o

pointed out that these dwarfs Ìr¡ere different from those

described by earJ.i-er irrvestígators (Ueaa et a]." 1942; Ltestr,

1930). Gregory É g!" (lgStl atr so noted ftyis díf,ference a^nd

furtt¡.e¡r add.ed tha.t tfrese dwarfs dÍ-ffered frono t sturnpy I Stlort*

lror¡as described by Baken et ?1. ('lg5O\. T}le rstumpy Shont-

Ï¡or¡¡s can be reeognized aù anr earJ.y age by ùheir curJ-y coa.t

and s}.ort taj.L. Moreolretr, they Live and reprod.uce" The repro*

dr¡cti-ve betrawj.our and performance of ts¡aortenf dwa.rfs j-yr

Henefords were descn:ibed by PahnÍsh e-t- eå, (1955U)"

Snorter c dwarf ism ís ksnown to be condít j-oned by a

singS"e aaltosomaL recessive gene (Jotreneon gg.g!" 1950; Gregory

gg Eå" 195n atld Lush and Hazetro n952r, Lr¡sh and HazeL (lgSZ)

exp3"aíned that ttle tsnorte¡rf dwarf gene segregates as a

símp!-e MendeLíar¡. neçessive" ücçarfåsffi :lrs, ula¡ríf,ested by aleímraJ.s
::

h.av:lng tlae necessíve geme ln the trciuczygou.s co¡adítíon onJ.y"

.A.nj.ma'l"s glossessing tlae gene i:l ûhe hetetcouygçrås colrdítíon

or lrom¡ozyg@Lla dornina.¡:,t co¡z.dåt3-og, t{etr€ a.pparera*åy normaJ-.

Fa}lnlsh e_U a1^" figSS^) obtalnd a ptrenotypie nor¡.na.l- a,nd dwanf

natåo of Jl'l by mating heûerozyg,@';n anaimals" Dv¿arf mratíngs



resul-ted in d'warf progeny onJ-y. fÈ was stro¡*¡l tlrat ttre dwarf
condi-tioning gene h.as conpleùe penetnance (c**g"ry et a.L.

1951 a¡rd Pahnísh et gL. X955a) "

Ïsolated i-nstances of dwarfism amo!1g cattle have been

know¡r. for centuri-es. Ttre earllest reference to a druarf

breed of, cattLe wae mad.e by Darwin who observed the breed.

known as Niata. cattLe in south aurerica drerlng his voyage "

An eLaborate descriptj-or¡. p¡as given by .Darwln i-n tris posthrl-
lnous publ-ícation (lggg), These a¡¡ímal-s were ctrara.eterized

by sleort and broad foreh.ead and upÈrerned nostril-s" Tt¡.elr

ma.ndi-bl-es lvere J,onger tl.an the correspondíng rnaxi"J.J.ae. ?his
breed wa.s knovrn to b¡reed tnue, ttrat ísu Níata. matings j_n¡ra-

riably trrroduced off,sprlng riith Nia.ta fea.tr¡.res. I{e fucther
postutrated tbat tl.e,se aní¡naLs woul_d be th.e fírst to perísh
ín the event of drought and. consequent d.rying up of pasûures"

He reasoned ttrat these ani-¡nal-s câr.înot browse on ûwigs or
reeds since their lips do noÈ meeÈ for the purposes of
pretlension. The Hereford. tsnorterr dr¡arfs ln ma.ny respects
resembled Ni-ata cattLe" Jef,freys (lgss) reported about a

stra.in of d¡sarf ca.ttLe exístíng ín Nigeria" rle refuted tt¡e 
,

cLaím tTrat ttrese cattll e ¡úere a. etunted varieùy of St¡.ortlrorns

nesultíng from adverse environ¡rental- cond.itíons, He ex3:lained

thaù th.ese drua.rf,s rerna,j-ned. as d.rca.rfs eì¡en wlren provided an

ideal- envinonmenÈ. Aceordlng to trímu tb.e dwarflsm ín Ëhís

breed was of geneèic onlgin a^nd not a sírapJ-e envíronmenûal,
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response" Zeuner. (lgøS) reported. a genera.l d.ecrease icÌ. the

body síze of, a¡rimal-s as a resLt3"t of domesôiea.Èion" IIe

em¡merated the various ef,f,ects of domesticati-on on wiLd

animal-s" Botrtrken (1964) examined ttr.e skul,l-s of catÈLe a¡rd

found that donestioatíon has trad a broadening ar¡.d. shos'-

tening effect on the strape of the skutr3""

The hígh inci-dence of dwarfísrn in beef, bneeds ¡rosed

a. serfous threat to ttre l-ívestoek J-ndustry from lg|0 to

'1960 and j-s stítl. a mínor pnoblem. Ttre loss may be expl-a.ined

in two r,¡ays. F5-rstl.yo the dwarfs ttrernseLves are a 3.oss to a.

conmerclal- bneeder because of thelr ureeconomícaL gnor*ttl

and poor víabiLíty" Second1y, a. seed-stoek farsner j.s unabl-e

to seLl- as f,ounda.ùlon stoek animal,s carryi-ng or suspected. of

carryíng dwarfísm. lhe alarming increase of, dv¡arfs j-rl ttre

three ma.ior beef breeds naturaL3-y eaused corrcerÌ! amorlg eattle

bneedens ar¡.d researctr workers of North Ameríca" rferedítary

dwarfísm r,ras noÈ a. serious probl-em anrong da.iry Ìrerds si-nce

the d¡uarf body type was never considered ldeal, by daírSrrren

and hence not propagatecl by solection (none , 1963). It r*as

flrst a. probJ.em among pu.re bred Ïrerd.s. Ttre probLen lvas so

threatenj.ng Èhat a. Ca.Lífo¡rrian ra¡rcher ín ngfi i-nported

2 Hereford buLJ-s ar¡d 9 cows, f,nor¡ ÐngJ.and as a measure to

counterac.t dwarfísrn * Èh.ls *u.r oonsidened to be the båggest

lmportation of ttre breed.since, n817 " rt j.s interestí¡rr Èo

note that no d¡rlarfísm rtras reported an¡otlg }lenefords
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fa^ora Heref,ordshíreu ÉYrgl,and, the Ïrabíùa.û of the bc"eed" Briggs

( I gSA ) reeorded ttraù pionee:r Henefond breeders saa¿-i.ficed

exÈneme såze to a,atrri-eve s¡rrrrnet:cy a.nd refinemenû 
"

It s¡ae nealízed thaü ef,fecüive ge¡aetío co¡¡tnol of

dwanfism depends upon ídentíf'ícat:!.on of h.eterozygours r¡.ornraL

or 0eas'rj.erl anlmal-s a¡ed ho¡nouygous no¡nna.L or 0cl-ea¡r. l a¡r.ln¡a.l-s

át an earLy age {Gregory e,t rÅ" ng53). SevenaL tesÈs h.ave

been evolved :!.¡r an atterapt to identi-fy dwarfsu carciez's and

r¿orma.l" anrim¿¡ls at an parl-y ag:e" Iù ås not di.f,fi-emlt tc

ådentffþ dwas'fs pa.rtícuJ.ar1y at a La.ten age buù so far Èhere

is Elo eíngJ.e rnethod of poeJ-üíveJ-y díf,ferentía.ti.ng tletero*

uygotl.g yLornaL arcåmaLe f,ro¡n leomozygorås norma.l- anímal_s. Many

para-ureters such. as a.rea,tomíeaJ-u physiologieal. ar¿d l¡as¡r¡a'û;o-

Iogi-eaJ.*h.ave been üried w:i-th the alm of separa.ting different

gerxotypes for snorûer dwarflsm but no singJ-e test has been

absoi"uteS-y sr.lcceesful- 6



RDVTDW OF TITERATTIRE

Ao Etåoloe¡¡ of the Dr¡a.rf sy¡ldrome

Díffere¡lt fos'rís gf dwarfi-sm tra.ve bee¡¡. observed from $åcqe

to tj.we" Craft and Orr ('|-gZt+) reported. a case of, a dwarf

ca1f ín the Heneford bneed a:ld they attributed. ühe ab¡aorma.-

3-iÈy to ttlyroid and pitn^ítpry def:[eíeneies" Luskr (lg¡O)

observed sbr¡r"t-leggedness i-¡r Ilereford krerds j-n Îexa.s,

Accordíng to him the s5rndrorne was condítj-orted by a sín6le

domínant gene $-nheríted. i-n a MendeLi-an manner, Branctt (l9l+l),

Gregory gg g{" (lgI+Z) rr*¿ lfead g¡[ g!, figtrZ) observed cases

of æehoc¡.drop3.asia fn d.alny cattLe. Tbey attrtbr.ated the

eonditfo¡r to recessive gesles, C¡i.ev¡ (¡E¿:, lg24) deseríbed

the Era.tlaoJ-ory of ackso¡adrop]-asÈíc Dexten bu[I*dog cæxves an¡d.

indíeated t}.a.t the syndnome sras eaused by a dorninanrt gene"

Mead gg g1,,.. (lEt+6) obgernred a d.omf-na.nt mutatlon :i.ra daiu"y

aattLe whj-ch s"educed ük¡,eir sj-ze. Gasta.mb:i.de {.lgl+g} fouglO

d¡sanf,ísm :ñn Feurto Rícan he¡:ds and a.d.vocaÈed th.e uee of

tbeir germ p3"asm ín gerletlc expeni"ments" The oorrfozmatio¡r

of tlrese am:lmans wa.s beefy, Vara Marïe and Lonnbant ( I gø+ )

ne¡>orted a low :i"nafdence of druarfs j.¡a tb¿e .ê,fE-ikarler breed,"

O¡ae of tt¡.ese dwa.rfs reserr;T¡l-ed the Ïleref,ond dwa-:r"fs descri-bed

by Gnegory et a3, (1953)" Baker et gå. (lg5Ou X951j regrortecl

dv¡arf:i.s¡¡l in Sho¡"thongxs and .A.berdee:e-Aaagrrs herde nespect5.vel.y.

Irr boÈ}¡ breed.r; ds¿arf,åsm ¡sas benieved to be condítj.oned by

a si-ng3-e autosomal recesslve gene, Johnso¡e et a.1", (¡g¡O)
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reported rsnorter0 dwa.rfísm in Hereford ca.ttLe. chambers

çt al" (lgsl+) obser*'ed. tha.t eitlrer ttre ger2es causing dwar-

físn ín reomprest t and. conventional- Herefords and angus

may be allel-ía or that ttre icomprestr a1so canrj-ed. a

símila"¡" dv¡arf recessíve gene of r¡.on.comprest type at a } igtr
frequency" Stonaken (tgS¿+) described rcomprestr d.warfismu

'which ?re considered to be due to a¡r incompl-etely domina¡rt

8ene. Ttris vJas díff,erent from the conventional dr'¡a.rfisrn j-n

Herefords caused by an anrtosomal recessiwe gene" The 0compnestt

gene i-n the Ïromozygous dornínant eonditíon prod.uced. extreme

type of dwarfism. Kogen gg 3..L" (tgSS) studíed differe¡rt forms

of dwarfism preval-ent ín'FLorida beef ca.ttl-e krerds, !Snontert

dwa.nfísrn.wa.s l¡erj.en¡erl-,to be t?¡e sa¡rre.ån botFr Hereforcl a.nd

,A.ngrrs l¡reed.s- The rrrod.e of int¿er.j.ta¡aee ria 0long-Ïread.ed.0

*{ngus, r.Ant-ea,ter! Angus, ustump¡r! S}rorthor,ns.e tmidget t

Brah¡nans, rGuinea! erossbreds and natj-ve cattLe rúas a.Lso

descníbedu

Gregory (lgss) condr:rcted reating tests arnong dwarfs of
the different breeds and observed that rnore .than one .paj_r

of genes was invoLved i-rt pnoducing dífferent morph.orogj.caJ_

f,ozrns of dwarfísrn. Gregoz'y (lgfø) 
"*d Gregory anEd carrol,l

(tgSA) observed tÏ¡aÈ a1'1- phenotypes tested were pa.rt o.f

tl.e same..gen'etic aomplex ån Hereford.s and Angus breeds a.ïtd.

that mod.:i-fyårtg ge:¡.es we.r'e ínvol-ved in differenti-a.ting
specífíc dwarf phenotypes, Tleey suggested. that this type of
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dirra.rfísm aorrLd a]-so occur ån St¿orttrl,orns and Holstei-r:.s.

Buruis a¡rd Priod.e (lgSø) showed Èt¡.at necess:i.ve Senes

causing dwa.rfissl ín Aregus and Hereford aattle were eítteer

tiae saftre gerle or a.Xl,el-es wj.th símiJ-a.n eff,ects, they al-so

noted that crosgbred. dwaJ.fs had greater vigor than purebred

dwarfs, Do}Lahorl gg gf" USSZ) made exper5.me¡rÈal erosses

l¡etween Herefordsu Âaegrls, Shonttrornsu lrlatlves and B:ra-Ïr¡ua,nso

ResuLts of each cross were lLsted" Midget Bnaltma.ns ¡na.ùed

fnte{ se produeed rnld.get progeny on1y"

Jul-ia¡¡. g.&. g!" þgSg) cl.ass5-f,íed. a3-L the dwanfs into 4

eategoníes, namel-yu brachyeephaS-lc (shorû headed) u dErtrícnro-

c ephaJ-ic n t íntermedía.Èe ! a¡ed. corflpressed va.ri-eti-es , îtrre bnerclay*

cephal-ic dwarf,s welre tbe same as rsnorÈert dwac.fs, Ttrre cloLi-

choee¡rhal.ic (tong headed) were sJ-lghttry Langen tha.n tsncrtert

dwarf,s. They wer"e eha.¡raeterízed loy 3.ong Ïrea.ds arld eonrunon3-y

oceurned. ín Aberdeen A¡rgus herds, Ttre 'i nterrnedía.te dwarf^s

wetre noù eleanS.y defined wj.t?r re$pect &o tk¡eí¡e morptroJ-ogy"

They usual"I.y possessed ttre features of both of the fonraer

ù3ryee. The oo¡npressed varieüy wa.s ctrra.ra.cterized lry def:iníte

subnonmal- si-ze rangÍ-ng fro¡n 65-90/" of the normaL. Dwa¡-f,ís¡n

wa's Í'ecogni.zed as a geneùic aompJ.ex (.fulialr gg g!" 1959g

Gregory iå a{" 19614; Gregory g[ a[" "t966} " Ttre LaùÈer sh.orued.

that achoradropl-astic mr¡.ta.nteu both. dor¿jnant and. recÐssive

wetre íntennela*ed. a.nd were components otr Èl¡e sa.rne getletic

eorapi-ex. Tbeír nestrlts índieated that the major dwanf eond.í-
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tíoning gene is recessíve a¡rd not do¡¡rina¡rt as described

ea.r1.5.er lry Crerø (1923, tgzL) "
Gregony (lgS+) reported a high íncådenee of, ,wnyn

cal-ves ín catj-fornla trerds. He c3-assífied. tkre¡n ín.bo two

va:rletj-es d.e¡rending upon thej-r a.ppera¡rce, îhe f,irst type

waa sornewhat u¡riform f-n appeara.nce a¡rd. occurned ín Angus

and Hereford. breeds, ltre ca.Lves ïrere characterízed. by

crooked foreregs" î}r.e seeond. ty¡le occurred. :iln caf,-ves urith

Hereford ba.ckgrouncl" They did ¡eot possese d.wanf fea.Èu.r"es,

but h¿rd cc'ooked spineso fore3.egs a¡ed. enJ.arged knee joínts"

The seeo¡:rd ty¡re was supposed to be non-geneÈic in ori-gin a_nd

presrlmabry aaused by fauS-ty nutrltlon of, the d.am durj-ng

gesÈatj-on.

andrer+¡s a¡rd tr'ra¡asen (lgSg) treea e¡r,doc¿-i¡¡e ther-agry ora

dwarf beef cattle" The ad¡r¡inj.stration of thyroaatfve åodfnated
pro teinu testo st ec.one ¡rno¡lJ-onat e u a.nd di etlryJ- stilb es terol_

singr-y or trn combina.ti.on brought sJ,ight ínrpnovene¡lt ín Ëh.e

nate of, gai-n and. a d.oubttrr¡l i¡rcrease i¡n ühe heíght at v¡j-thers"

Gregory gg e]." figøg) reported a red.uction j.¡r the

r*eigtet and dilner¡sío¡rs of, Fleref,ord.s of t?¡e CaLifo¡:rrJ-a Expení-

mentatr Statíon b.end f¡^om 192{0- to X94O" They atts"j.buûed Ëhis

red.ucti-on to the effecÈs of intensi-ve se.lection. À1r th.e

evidenae a.ccumul-a.ted or¡ dwarf,ísm by ¡ij-ffenent investigatons
has pointed ouÈ a heredítary ínvolvement,

T}.e reaso¡-r for a. leigher íncldence of drva.nfs frorn 1g5a
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to n96t has been *ttri-buted to ttre favouring of treüea^ozygor's

anim*Ls as fuüt¡ne pa.reaeùs although Baken gg g, (ngS.A) *rrd
Ivlccanrn (lgsø) a*a not consiclen Ètris a.s a var.:i.d reason" ït
rernained a. contrr:versíar- hypothesis for a few yeans but
Bovard and HazeL (lg6l), Gregory gg ÊL" (t96t+) *nA MarLowe
(lge!) eJ.early strowed that select:i.on preference f,or hetes"o-
zygotes *ras a major cause of, ttre híghen íncidence of dwa.rfs
durlng t}-e perlod. a.J.read.y ref,erned to 

"

The ctífferer¡È tests evor-ved to rdentífy dr*arfJ.sm may
be a.rbltraríJ_y cl-assifled tror eonvenie¡tceê

" Ðínkel and. Gregory
(lgøs) obserwed thaû pedrgree d.íscri.rrínation h.a.s greatJ-y
¡reduced' drr'arf,:i-sm i-n recent years " Lush a.nd. Ea.zel- (lgsz)
sh'owed tlaat both parents Ìüetre responsåbr.e f,on ü?re drøa.rtr

of,fsprfng" No anrou¡rt of fnbreeding wour_d r_¡rcrea.se the inc:i"*
d'ence of dwarfísna if th.e pa.renüs we¡:e free of üÌ¡.e dwarf*
ge¡'¡e ' Ttrey a..lso cauüf oned tha.t it ¡yor¡ld be r*rong to a.ttrir¡ute
g,'fl"t of, d¡sanfrsm ùo a pa.rt-iculan breed., faurilyu or rine
s:i'mpJ'y because one or two animal-s prodr.eeed dwarfs,

2" Pnosemv teEg" Pahnísh et gt. (lgSSa) consldered. tlre
possi-biJ-ity of usrng dwarf animar-s in b*eedång experi.¡ments,
T}.ey noted that du¡arf butr.s had di.ffíeulty in perf*nurång
na.tural" serwíee anad suggested the use of, a speciaJ_ trreedíng
pít, Th.e drsarf he:lfenc were sLow to cç¡eeeive an¿ Èhose tha
di-d co¡r'cei-we had dystoci-a" L¿¡.'trr and Ha.øe1 (.rg5e, xg55) pointed
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out 'th.e pra.ctåaal- diff5-eul,ty ín testing cows sånce a col{

can have onJ-y a f,ew cal-ves ¡ølaerea.s a. bult canr slre marlJr

cal-ves" They proposed a method for testing a prceÍ)ectåve

sj-re a.nd suggested that known ca.rríer covrs ear. be besû

used. to prove a young bul"L. If a bu.ll_ were ¡nated t,o mo:re

tbran 'lO aa.rrl-etr co*rs and produced no dwarf offspr5"rag, one

ca^r¡. be f'aírly certa.ín that ttre l¡ul-i- j-s f,ree of dwanf geïneô

En¡¡nerso¡¡ and Hazel- (lgSø) suggested. tha.t the best metkrod

to test treif,ers l"s to maüe them to dwarf buln-s" .Accondíng

to ühem, j-f a da¡n faiLs to prod.uce d.wa.rf cax'Eres in /+ corLsÊ-

cutdve gestaùíonsu or¡.e rcay cJ-assif,y tkre eows a.s fnee otr the

d.wa.rf gene,

Grego:r.y .e-&. g!.. (lgSZ) consi-d.ened the vaLi-dlty of using

carrier @o\ds as Èestens for t?re major dwarf condltfernårug

gerre. They observed tt¡at the eorrprest drua.nfsu d.l+a.rfs of,

bractrycephaJ-íc, doJ.J-choeeplral:ilc, intec-med.ia,ûe a¡¡d otlaer

¡¡arieties beLong to ttre sarne genetlc cornp}ex. Progeny tesÈírag

a buLn" onJ.y for bractrycephaJ-ic dwarfism may prove futil,e

sínce tt¡ere Siier"e other va.ri.etíes of d.wa¿"f,ism to conterrd ruith.,

Thej-r s"esults indieated that specif,ic rnodlfying genes or a

eornbination of modifiers were ttre cause otr dífferent types

of dwarfj.sura Gregory gg g!" (lgøl+') attríbr.rted tlle nack of

ef,f,ectíveness of various,tests to the f,acÈ tha.t acl¿o¡¡.d.ropxa-

:sj,a was a. compJ-e¡c nesr¿]-tång from ínÈeraation of, all-el-es at
severan l-ocj- instead of beårrg eo¡rd.íûioned by a treeessíve
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a.l1e1e a.t a síngLe Locus" ?hey doubted. theil. earli.en hypo-

thesis (Gregory elL e!" 1953) trrat h.ereditaz^y d.warf,ísm ís

conditioned by a síng1e autosomal reeessiwe gerre ç¡J-ûh. compl-ete

per.retna:rce. Jul-j-an g! gL. UgSg ) desaribed morgrhoJ-ogical.

cha.nactec's of dJ-fferent types of drrarfs and recomtnended the

use of, a progeny test f,or soJ"vírrg t?re dwa.rf problem effectíwely,

Las1ey (lgel) referred to a situatíon wl.erein a bul,L síred

60O nor¡na.t caLves but wtren the progemy wer.e ma'bed ínteg se

many drvarf cal"ves'were produeed" He empÞrasized a zeeed for a

¡rel-l pXanned progerly test. He ci-ted. a^rrot}¡.er ínsûagrce whea.eín

a young bul-L rùas proven to be dwa.rf gerLe f,reeo yet trie sine

wa.s a carrietr, Bovard arrd Prlode (lgef) practísed pedi-gree

seleet,ionu Limíted progerÀl¡ testJ-rrg and La.tenal" lumbar c"adj-o-

graphy for selectíng against dwarf,isrn j-n Aberdeen Angrrs cattLe

a.nd reeom¡aended. the use of these methods espec:ila3-Ly tror sej-ec-

ting e'ep3-a.cement cal.ves and young ma3-es, Sireee tlee la.rus of,

ímheríta¡r.c@ are based on probabí3-ltyu no singLe fool--proof

test eould be evoXved" Berge (lgyS) d.er'íved formulae to eva-

luate tronoøygosity under di-ffere¡et nrating systems practised

ån Livestock breed$-ng" I(ictwell- (lgSl) presenüed a method. of,'

estíura.tíng ühe. mininaum number of, progeny requíc"ed to tesû a.

male for h.eùe:eozygosity fop a. singJ.e autosoma.l- reeessÍve

gene o

"" TeslLs_þa.sed on ptregqlLyp_ic expg'-e-gsjþn" Attern¡rÈs were

made to 5.dentífy the differei:ri; d.rsax'f genotypes at a youuag

age instead of, wa.i-tíng f,or the results of pedJ-gree analysis
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or progerÀy test" The aforesaid genetia tests as'e riot only

tírne-consumíng but al-so j-nvolve a certain probabitri-ty otr

etry'or" "

(a.ì B¡.ocr¿emieaL -tests. Loríncz (lg6l) beLiewecl tÏ¿e

snorte:n dwarf condítion to be símílar to lfi¡rlents syndrorne

in htrmans, Ee ¡Eoted a. greaùer amount of uninary Erucop.oly-

sa.ccha.rldes ín dwarfs thanr i¡a normal- a¡rimals, MeIl¡eai-rl ar¡.d

Esre1etlx UgeZ) obsen"ed h5-gber excreti-qn of, chondroíti-n

su}phate B 5-rr druarfs tkran i-n noru¿a1 anín¡aJ-s" T}l.e earbozol"

to na.pthoresorcinol, ra.tio hras '¡"38 f,on ts¡aortenr d.wa.nfe

wÏlereas the sími-la.r C/N ratåo was 9 "96 f,cn r¡.orrnal- anim.a.Ls '
They í¡¡.díaated the f,ea.sÍblLlty of usíng thi-s natio for

ldentifyfxlg d.warfs" Mayes gg 4" ('t964) however did no'û; fånd

any abnor¡na.I exc¡r"etío¡¡. of urí4q.ry mucopoS-ysa.cclr.a.rj-cåes i¡l

dwarf,s. Dorf,ma¡r (1966) recorded ttrj-s dísagneemenù betweer¡.

díf,t'ere¡lt rtrorkers fn hís artåel-e on Hus"ler's slrradrome"

(bì Tlaema.toLoeíea1-tjpt¡¡" Corne].irs gg gA" (lgyø) studied

dåfferent bl-ood constÍtue¡rts of sh.ort headed Ang:us and lIere-

fo:rd. d¡sarfs of both sexes" Seru,m electrol"ytes and. pnotein

Level"s &rere r¡.¿¡a to aj-d. í¡aterpnetatíon of ostqologícr¿å l-esio¡ls"

they estímated ch.olestenoL a¡rd proteírr bound fodi-lle sralues

to assay thyroid function" îÏrey f'ound. th.a.t ses'um pnote5-nst

ca.lcJ-u,mu rnagreesír.arn asr.$. phosphortrs of strroc't l-readed dwa.s'f,s

weã'e withån normal raJrge, 'ìFhey reasor¿ed that since serum

etrrolesterol- and pa^oùeln bou¡rd iodfne levels were wíth.i¡t
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norrnal- range, the droa.nfs canrrot be prj-marity thyroid. cretins.
They furût.er obserwed tha.t a1l the haema.tol-ogical- wa.rues

x'rere apparentJ-y normal- except ttre differe¡rtial- courat. Ðj-nke1

(lgSS) made eíreulatíng eosínophiJ- eor¡nts after ínjeet:i-ng
AcfÍf as a test fon adrenal- cortícal í¡rsuffícíency. íJr,¡arfs

stro¡ved lower initia.r eosinoptril levels tha¡r nor*al_s br.rt

vide variations encountered in tlle lnitial- eoslnopnril- levels
pnevented the cl-assifi-cati-on of dwarfs amd no:rnals. rt ruas

postuJ-a.ted that varylng eoslnophíl level-s may xrary øítl. 
:

nati-ons' lüorm ingestation, and gesta..tion and, ma¡r ,thus co¡rf¡.¡se

tlre test. Ðeyoe gg al. (lgrz) aetennined.the h100d gJ-rr.cose

and' pla*,u* free g]-utarnic acido glycine *nd histidíne va.Lr¡^es

afte¡* ir¿suf in induced etress'in dv¡a.rf and no¡nnal ca.tËl-e. They
observed no signifieant differenc.es i.n . these resposïsee," llow-
ever¡ ttrey observed an¡,increase,..in toÈaL J-eueoeyÈe cotrnü

in leeterozygotes and d.v¡.a¡rf,s br¡t nst ir"¡. a¡r.ímats fnom d?¡arf,

free herds" tr'ra.r¡.se¡¡. arrd. Á-ndrews (r95sa) observed .Lowe¡. l_eveLs

of ptrasma- alLolesterol in dwarrf eattle ttran í¡n noz.¡na.L aaút1e"
The ehoLesterol l-evels of dr¿anf bul_l_s 

'ere higher thauu tkr.ose

of dwa¡f heifers,"

DoLlalaom Så 4. (lgSg") str¡.díed. di.ffer,ent bLood consti-
tuents of, r[erefond ]red-fe:is of 4 age groups ,ø]ri_eh i.nctud.ed

both. knoç¡¡r dwa.rf ea.*ier acri-*a-J-s ancl a. gr*up assunred. .to

co¡rsíet of noR:carri-er a.¡¿i,m*,]"i;: " îIeeLr ¡:esul-ûs indica.ùed.

that mean cûrpuscr.r-a.r vor-ume was sígnif:Í-cantJ-y rrígher ru
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ttre dwarf carrler group, The RNA eontent of plasma. protein

was ?rigtrer l¡r the drr'anf canrier group but ttre DNÁ" content

of ttre plasrna ¡rroteín was hígher ín t}-e r¿gs3-carrle:: g'Eou.p6

However, tlr.ey did not observe signlfíca¡at differences betwee¡r

car¡'íer and non-carríer groups f*lp Yraemoglobínn mearÈ eorpr¡s-

cr¡lan haemogJ"obino leaema.tocrS-üo erythroeyÈe rrrmberu leu.co-

cyùe nrunbero bl-ood eel"l- frag:i-tr-i.ty, blood serum alhumin,

bl-ood. gS,obul-J-n fra.ctions, bLood copper or blood. zirrc Levels"

In spite of ttre fact that sevena.l f,actors tt'ere sigraífícantly

dífferentu they doubted. th.e feaslbíLíty of using them for

d.eÈectfng carriersu because of the ove:rla.pping betrrreen tl.e

groups eons5.dered, Luca.s and Ttlrrnan (ngSg) meastmed several

haemato3-ogíca3- va.1ues wittr a view to comparíng thern between

diff,erent drvarf genotypes " fheir stuCy Lncluded eryttrrocyte

f,ragj-I.ityo Ïraemogl.obinn LraenratocníÈu erythroc¡rÈe mrmber, spe-

cífd-c,gravíty of pS,asmau 
.e1ecÈrophcxretic 

araa.T.ystr-s of plasma.

pnot,eíns, and leucocyte díffenentíal- cor¡-nÈs" They fou¡rd no

si.gnificant differences ,between genotypes in val-ues fon

haemogl-obin, h.a.ematoeri-t, erythnoayte ntrunb@r, 6peoific

gravíty of pn-asma¡ pla.srna ps"@tein fnactíonsu or Leucocyte

dj-ffenentiaL cor¡nts" They no'ü;ed, h.owewen, agt íncrease årr

tlae rneatr walues for haemogS-obinu kraematocrito and eryÈhro-

cyte r¡.i.unber with ir¿cnea"ei:$g age up to J mcnÈhs from TrírÈXr

Fnd a decrease j-n tÏ¡e pJ.asnaa specific gravity duning t}.e

same period." Hafez et aL_" (tgSg) founa no sígnif,icant
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difference between dwarf a¡rd controL anima]-s for tlre c}:arac-

terístics of rectal- temperature, puJ.se rate, blood specifíc

gravíty, prothrombin time, sedímentation rate, red ceJ.J'

counto electrophoreti-c pattern of serum proteins, serum

creatÍ.ne and. creatlnine and. Aa/P ratio in hair sempl-es, The

dr+arfs l ad lower respiration rate, J-ower ?raemoglobinn lraema-

tocrit a¡rd leucocyte count tharr nosnrals.

Stuff1ebean¡ gg eå. (tgøS) co*pared ttre rate of atkatri

denaturation of b.aemo6lobin of the J genotypes for snorter

dwarfísm in l{erefords. They determÍned tl.e haemoglobÍn dena-

tr¡ratÍon values at different temperatures and different

periods of exposure to 1/12ñ sodium trydroxide. Al-thoug.h the

degree of denaturation differed among ttre genotypes at

certaín teuperatqres, tirere was considerabLe overl-ap of

values between the índividual-s wtrict¡ prevented. J.ts use as

a di.agnostic aíd.

(c) pnv-gigloe+cal tests-. carroll gg 3L. FgSt) obserwed

smaller pítuitaríes ín dwarfs ttran in norma]. a¡ríma].s. Ttreir

investigations Índicated thyrotropic deficiency in dwarfs"

However, they for¡nd that growth hormone and gonadotropic

hormone were present in dwarf pltuitaries. MarJ.owe and

Clrambers (lgyl+) cond.ucted. bioassay studies to d.etermine

the potency of thyrotropic, adrenocorticotropic, and

growttr b.ormones obtained from the pituitari.es sf normal and

dwarf cal-ves of Angus and Hereford breeds " They observed
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normaL potency for ttryrotropic a¡rd. adrenocortícotropic
hormones in dr¿arfs but ttre growth. trormone of dwarfs
showed greater potency than normalsn Fransen and. Andrews

(tgs+) noted. ÏrydrocephaLus r¡ith distended rateral ventri-
cLes a.s a. common feature in most d.warfs. Bioassay studíes
indicated normal thyrotropic aa.d pituítary activity in
dwarfs. ELectrocardiographic studles ind.icated nonnal
cardiae activity ín dwarfs. Irorrronal therapy stimulated
daily rate of gafns to so¡ne extent ín dwarfs but tl.e bone
growth' was unaffected. FoJ.ey eg e!" (tgsø) deveJ.oped Èho

ínsuLín toLerance test, wittr a view to separatJ-ng: ca.aråens

from homozygous normal a¡rimal-s. alL 3 genot¡¡pes of aberdeen
An8rrs and Herefords were i¡lclud.ed. ín ttre test. Ttrey d.eter-
mined blood sugar r.ever-s a.t regular intervals after intra*
venous lnjectíon of insuli.n a¡¡d. estimated. th.e leucocytes to
test tlre adrenal- t¡ormona.I- activity. The dr*arfs sh.oÌred. grea.ter
decline in ttre blood sugar Leve].s than the nonnal animals,
?tre dwarfs reeponded r.ittre ruhereas the nonnals respond.ed

rapidly strowing high leucocyte count and. the carriers were

internediate ín Ètreir response" Tbey suspected abnormal
pituÍtaries or adrenaL response to stress ín d.warfs" Tn

view of ttre disagreement between the find.íngs of carroLl-

4 4" figsz) conducted. experiments o¡r dwarf and normal
animals by ad.ministering 1131" Tb.ey ínferred that in du,arf,s
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the rate of rel-ease of thyroíd hormone r*as ürithirr tlre no¡'gaL

range and concLuded that tlre dwarf cond.ition rsas not d.ue

to dysfi-rnction of the pituitary-thyroid axis of ûhe e¡rdo-

crine system. Deyoe eg el" (lgsg) studied. physioJ.ogical.

responses to insulin induced. stress in Herefords of t}.e 3

genotypes. Ttrey obsen¡ed a greater increase in neutrophiJ.s
of d¡¡arfs a¡rd carriers tha¡r in normals, following insurin
induced stress, The overlapping values did. not perurít defi.-
nite classification of several. anímaLs into normals, ca.rriers
and dwarfs. P]-asma-free g].utamic acid, gJ.ycine and hístid.íne
!ûere determined before and J h.ours after insulin injections"
The raagni,tude of ttre drop in tl.e val-ues of the J amino acids
was simiLar i.n dwarfs and norrna]- animaLs.

Taylor and ru¡ma' (1959) studied the ctranges in br_ood

glucose levels of d¡sarfs and. ¡rorr-d.warfs of Angus and Here-
ford. breeds after adminístering epinephrínen insulin and
gJ-ucose' the experínents were cond.ucted on fasted and ¡1ey¡-

fasted animal-s' Trrey recorded smaller Íncreases of br.ood.

glucose in non-fasted a¡rd fasted. yearnling dwarfs than in
non-d*sarfs after epinephråne ínjectíons,

Foley gg g!." (tgSO) meas.r:red blood sugar val.ues by
using Nelson-somogyi and. Foli-n-wu mett¡ods, Ttre values for
no:nmal " ca.rrler axrd dwarf animals were compared a:rd. a signi-
ficanrt difference between tt¡e two methods of estimation w.s
foundo the sensítivity of insur-ín was determined. by measurrng
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the faIl in bLood grucose l-ever- after insulin injection,
T!.e dwarfs registered a greater fall in bLood, grucose level
than the carrier and normar. anLmars. ftrey suggested. the
I snorter t dwarf ge''e in some way a.ffected carborrydrate
rretabolism and suspected impaired function of ttre hypotha_
l-amus but concLuded. that blood. sugar deterrinatlons Ì!Íere

not of much use in distínguishing betrseen ttre no¡rrals and.

carríers because of ttre ,overlap betn¡een trre Z groups. Curl

É 4. (lgøl ) subJected. ttre a¡rímals of tt¡e J genotypes t3
hormone induced stress by injecting insuJ-ín, adrenar.in a*d
acrH and. bl-ood sampl,es lr¡ere collected from each animal-

inmedíatery before and after ùhe ínjeetion of each hormone"

Blood su.gar leweLs were d.etexrnined.. Ttre genotypes differed
significantJ-y in eosinophJ-J. numbers, before and. after the
injection of acrH. sígnificant dífferences were observed in
neutroplril countsu bl-ood, glucose revels, and. total rrunber
of leucocytes before a¡rd after ttre injection of insur-in.
The authors eonclud.ed that although genotypic differences
existed for several characteristics, none of ttrem eitlrer
slngl-y or in combi-na.ti-on wa.s for¡¡rd. to be of sufficient
magnitud.e to use in id,entifying the índividuaLs of dífferent
genotypes.

(dl cerebrosr¡inal- fl-uid. Þåessure studies" Fra¡r.sen and

-and.rews (l95au) observed b.igh cerebrospinar fr.uid pressì.*e
at atLa¡rto-occipital- or lumbo-sacral joints of some dwarfs"
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Brrt, because of variable resuJ,ts, this was not enougtr to

detect t} e a'..imals carryíng ttre dwarf gene. DoL].atron et a1_,

(tgSga) aescríbed a method for measuring th.e cerebrospinal

fLuíd pressure at tlre atLa.nto-axiaL and at lumbar regj.ons.

lhe cerebrospinaJ- f1uid pressures at the atLa¡rto-axial

joint ín dwarf-carrier cattle uTere Lower tba¡r those in non-

camier cattJ.e. However, aJr area of overl-ap for these val-ues

bethreen tÏ¡e 2 types did exlst whích prevented its use as a

discrimínatÍng factor.

(e \ Anafpq*cal-Jlgf.1-i.es* Ðifferent organs hrere studied

to e3-ucidate ttre phenotypic expressions of different dwarf

conditiors in dairy cattle car:sed by a dorninant mutatlo¡r"

lhere was general reductÍon in the skeJ.etal' deveJ-opment ín

tromozygotes, extríbited by severe achondroplasia. The muta¡rts

rrrere more susceptibJ.e to teat injuries sj-rece the udders

were cl-oser to ttre ground. They obser'¡¡ed no overlap between

tlre normaLs and. mutants with respect to height at wittrers"

Arttraud. gg gl, (tgfl ) made body measurementg on 95 ped.igree

clearr a:r.d 2) carriers of ttre rsnorteri dl¡arf gene. Both

sexes were incl-uded in the study" the chara.cteri.sties

studied were camon bone lengt}.o cannon widtl-n lengttr. of

first fíve lumbar vertebrae, carulon tength/wídth, cannorr

Lengt}o,/circumference and. cephal.ic índ.ex. À1,1 dífferences

T{ere high-t-y significant except for t?re ceptral-íc index and

J-umbar vertebrae lengtl., trtlhen the discriminate functions
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erere appLied tl.e overlap betvreen pedi.gree clean a¡¡d carrier

caLves was 371" tor males and J8$ for females. Bovard a:ed.

}f'azeJ- ÍgAS) studled the growtlr patterns of ¡snortero dwarf

and no::rmal Hereford caaves. îÎre dwarf gene prímariJ"y affected

tl.e skeletal- development and affected ttre development of

muscXes and internaì organs less. Ttrey noted that tb.e dwanf

gerre exerted a restraining influence on skeS-etal 6rowttr,

especially on J-ength.

T}.e anatomica.'l studies were conducted on }read, Lumbar

vertebrae, Límbsn endocrines and h.eart"

He-Ad form, the tread form trae been studíed both in

f-ivlng and dead animal"s, Gregory g-3. gg. (lgSt ) reported. míd-

foretread bul-gÍng in bractrycephallc Hereford dr+arfs. Gregory

arrd Brown ( 1 g52) developed an ínstrument knorrn as a profíJ-o-

meter to record *rith pnecÍ,síon the median Ìread profitre

or contour of" a¡i experimentaL animal-. K.lussendorf (lgSS)

reco¡nmended the profilometer for fíeJ.d use orn youxrg bulls

and advocated cu1ling border line cases to improve the

eff,iciency of the test" Gregory g¡[ gå. (tgSz, x953) eJ.abo-

rately described th.e use of tl.e profíLometer ín ídentíf,ying

treterozygote bull-s, They observed that d.warf camier buLLs

lcere Í¡rtroduced u¡rconsclousLy a¡rd. consístentJ,y l-nto lterds,

Stonaker (lgSI+) rrjected the hypotkresís ttrat ttre prof:ltro*

meter predi cts ttre genoty¡res of slres and their unselected

yearl-5-ng song "

Stratton et a1-" (lgSø) studied the lread-profile rueâ.slrrê*
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ment of Hereford br¡lJ.s at different ages. They found that

those bull.s wtrictr were cJ.asslfied as dwarf-gene free at

6 months of age remaíned J'n that 6ame cla.ssj-fication at 12

montlrs of age, .4. hi.gtr percentage of those indíviduaLs wtrictr

lrrere classified in the overl-appíng zone and carríer genotype

at 6 montb.s of age moved J.n a favourable directíon wher:l recLa.ssi-

fíed at 12 monttrs of age. Schoorrover a¡rd Stratton (lg¡S)

studied tbe rel,ationship betnreen head forn and economic

traits in horned. Hereford heífers" According to them, bone

measurements as a. ¡neasure of grortrth. were found to be more

stable tha¡r veeígbt upto JO month.s of age" Ttre m5.d-forel.ead.

prominerece characteristi.c of the d¡rarf gene vras aLso observed,

Dinke1 aled. Gregory (lgeS) eva.luated the use of the pro-

fílometer as an aid ín detecting treûerozygorls Hereford
isnortert dwanf bul,ls, and they obserwed, that on the basis

of median head profítr-g readíngs, ttre pnofil"ometer did lrave

a predictive vatrue for distinguíshing between treterozygor.ts

and,houozygorrs normaL a¡eimals" Ilowever:, they feJ"t that thfs

accuracy.was too Low to be useful- in identify:ing genoty¡res

for tlris .condi-tLon"

SÌçuLl-s ,leave been stud^j.ed by various research workers ø

Br¡clranan É g&, (lgSø) obsenred two typesof lpinckríngt j-n

the oc,cipíta3. eondyles of dwarf beef cattl-e wt-ietr .¡sas rrot

obsewed in norrnaL an{ma1s. Ju'lian g¡[ 4_, UgSe , 1957}

exa^måned the eku.l-l-s of, short=headed Hereford dwarfs and.

nor:raa]- a¡limals and detected prenra.ture el.osur,e of spheno-
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occipítaL syrrchotldrosis ån ?snortent dwarf,s. the cl_csi¿re

of eph.eno-occipÍ-ta.I s3rnclaond.rosj-s occu.nred ín Èlre fårst

rseek of post-yrataL l-ife ¡uhereas 'Lire closure occu.rned

'l¡etween 24-J6 r¡tont}.s of age in phenoty¡ríca1Ly nonaa.l a¡:.iine.l-s,

The fusion occumed between B*17 montirs in sorne apparentS-¡r

normaL anímal-s" î?rey expl-a.ined that tLre persístertt balge

on the fonetreads of dwarfs was.,<h¡e to tendency *owa:rd

internaL }.ydrocepha1-us, Tyler et at" UgSg\ obeer",-ed Z irrl-
jections.j-nto th.e cnarria.l- cav.ity of dwarfs. Tb.e projectíor¡.s

l,ùere of, '*ariabl-e lerrgth and see¡ned to indj_ca,te a.s.rested

devel-opmeat and d.ifferential- growtir rates due to achor¡.dro*.

pLasía..

VerteÞsca_e_. tsueha.nan et a.l-:" (lgSø) made a d.etaíl-ed stud.y

of the osteol-ogiaa.L lesior¡s of l-umbar.ve¡itebrae of dlt¡a.rfs"

rn genercaL the verte?:ra-e of clr¡arfs Ïirere sh.ortened.. Bovard.

-$ êL" figSø) stud.ied. the effeet of tt-e lsnor.te¡rf dkreyf

gene on lumbar wertebrae a-nd .rneta.carpaf. bones of ÏIereford.

eal-ves. On ttre basís of sex and rad.íogeaphic fÍnd.ings t}¿e

calves ftrere cl-assåfíed,as norma.I, slíghtly írregrr.Lar and

defJ-niteJ-y a.bnorural- a¡¡.d on Èbe basÍs of pedígnee or progenl¡

test resuLts were cLa.ssi.fíed as knoçm hetrozygotes, possd-b]-e

leeterozygo.tesu a.rrd pre,surned lr.omozygous nctrTna1,s.

HazeJ- et eå" OSSA) examined. cal-ves of dj-ff,enent genr:r: .

types for snorter d¡øarfísru, ra.diographiaatr-ly anct f,our¿d severe

longitudinal compn"ession of thoraco-l-u¡nbar spinal- region
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in druarfs" The abnormal-ity was less manked in carríêg.ss

the J-ongitudlnaL conpresslon was accorrpanled by írregrl1ar

protr-usion bel,ow the body of the vertebrae. îIae normal' ?romo*

zygorts animals ruere sometfuies classifLed as abrtorinal because

of. mi¿or variations in vertebraL developmellt" In generaL

the vertebra]- classífícatíon did not exactLy fit the geno-

typic elassificatlon" Dmmerson and llazeL (lgSø) conducted

radíographíc studies o31 thoraco-lumbar vertebrae of 1-1O

day oJ.d calves and noted the tongitudinal conpression in

d¡øa.rfs and dwarf gene carríers br¡t not in dwarf gene-free

eatrves. Tl.ey consldered th.e radiograptric checklng mettrod

to be tnore usefuL tharf tkre profiLometer metLrod wit}r respect

to earl-y detection of carri€f,so Most caXves were radiograptred

at 1 week of a.ge or younger' Ttre radlographs l{ere taken wíth

a¡rímals on lateral- recu¡nbent posi-tion' Higtr et 3f' figSg)

cor¡.ducted an exte¡rsive survey to identify anímals hetero-

zygows for t?re t snorter t dwqrf gene ' Radíograp} s were made

from 15OO calves of Angus a-nd Eereford, breeds' îÏre X-ray

mettrod of d.iagnosing different genotypes seemed to be ¡nore

accurate ín }lerefords than ín .A.ngus ' The X-ray metÏ¡od was

hígh1y accurate ín identifYíng tsnortez't dv'arfs. Ho'wever, there

vras cosrsfd.era,bLe overJ'ap bet¡ueen presumed ?clea¡rr a¡ad tcarrier0

a¡rimaLs with respect to vertebral- morptrology' Tl.e Ï-ray

method was not advocated as a test for identifying the

dífferent genoty¡les beeause of tbis ovenLap" Ranrkin g¡[ g!"

(lgfy) tested ttre aceuracy of the X-ray mettrod of idem'tåfyi¡¡e
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tTn.e 3 genot¡rpeso nameJ.y, the normal, camier and dwarf.

Both Hereford and Angus cal-ves rùere included in the study.

Accordíng to tleem, ttre X-ray metlrod Íd.entf.fí ød. l8/o of

d.rtrarf carríers, 74fi of drrrarf free aníma.Ls, and, t6S of

dwarf calves" VertebraL a.bnormalitles h'ere morè fre'quent

ín mal.es tha¡l in femal-es. Ttrey concLudçd thaü the X-ray

metlrod was rrot b.ighLy accurate ín ídenúifyíng carriers

arrd. rron-carriers of ttre dwarf gerre, but it was highly accr-rrate

ín ide:rtifyíng d.warf caLves 
:

tltu"" Ba'ker gg gå" (tgSo) noted ühat tt¡e ac?rondrl-
:...

plastfc cond.ition was motre marked ín forelegs ttran in lrind

l-egs of tstrrmpyt Strorttror¡rs. grJ-er g¡[ g!. (lgSe , 1957)

examíned. ûlre skeletaL material of, sb.ort-b.ea.ded druarfs and

phenoty¡ricalJ.y normal. Hereford.s. Long bones of dwarf,s of aLL

age groups were dÍspro¡rortíonate rrrittr res¡lect to botÌl J-ength/

wídtlr rel-atíonstríp and dd.aptryseal. Len'gtln/epíphyseal- J-ength.

Tb.e d¡¡arfing proceas !¡as sutrrposed ,to ,be ånítíated j"n pre-

na al, f.ife, lyler g¡[ g!" þ961) d.eråved three í-ndíces f,rour

the measurements- ma.de on ttre metacarpaL bones,. ?he ü€êsure-

me¡rts of tota!- J.engùh (tl)¡ diaphysee.l tengtb. (DL), and

díaphysea.L d'ía¡reter (pO) were used for deriving tb'e 3 ind.åcesn

nameS-y, TL/DÐ, TL/DL and DL/DD. They poínted. out that ttreee

indÍces :ltrorê more usefuL tl.an the absoLute rneasurements,

ÎÏrese indlces possessed an additíonal adva¡r,tage of noÈ being

infJ.rsefeeed by aget breed or sex and trence, no comectåon

factors ,krere needed. Only 3ø of, the d+¡arf val-ues overlapped.



26

wíth those of controls.

Ðadocriïr,e sla¡¡ds. craft and orr (lgzh) observed uhder:
deveJ-oped pituitaryo thyroid. and parathyroids ín a Hereford.

d.wa.rf caLf and assumed tb.is abnornality to be due to endo-

crine defícÍ-ency, Hafez and. Rupnow (lgøo) observed that
d'wa¡rfs trad shonter tlroracic and. abd.omínal- cavities, lrumeri,
ulnae a¡rd. ra-¡lii than ttre controls. Ttryroíd. glands sh.owed a

wide range of rveigtrt differences a¡rd. tl¡ereby no d.ifferences
between ttre genotypes srere observed." rlr general dwarfs trad

more blood, treavier feet, ress abd.ominal- fat, and, srnaller
J.oín eye area at 't?tlh rj.l¡ th.an tl.e norrnals.

Heart glrarre" B¡eleth gg. gå. (lgsø) reported a Ïryper-
tropl.íed. heart aond.itíon in a d,warf caLf, at poet-mortem.

DÍnkel, É al. (t96o) conducted radiograptrJ.c studies i¡r an

attempt to sepa'rate heterozygous a,nd. tromozygor¡s xtorrral eaLves 
"

They correetl,y díagnosed tifi of tlre no¡rmal iromozygot.es, 67ø

of ttre ca^nriers a¡rd l0}'fi of, ttre dwarf ca.Lv-es, A.l-tl¡ougfr.treart

slrape was ovoíd ín dwarfs, extreme varíatíon in the s}.ape

límited. its r¡s,e in separating h.eterozygous and homozygol¡s

norma.L caf.ves. .símíLarly eJ.ectroca:rd.iographic studies were

not r¡seful' in ídentíficatíon o,f carriers a¡rd. ¡rorrna.l-s, Hafez

* 4" (tgsg) aJ"so observed spheroíd. rrearts in most of tkre

dwarf calves,

Cvtol-oE¡r" Chromosoma,f,. studies $¡ere for"nrerly eondr¡cted

on sq¡¡ash. prepa,rations or on paraffin secùíons. llhese tech-
niques w€re too l,aboríous and prone to pnoducírag míslead.íng
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ar.ti-facts" Irloreover, tlrey h.ave limi-ted applicat:ion í¡t

st,udíes ¡rertainíng to h5-gtrer rnanrmrals" Important teckutolo-

gical contrlbutions during tlee l-ast 2 deca.des trave given an

impetus to the Êystematic study of cyÛogenetícs ' ?trre ti-ssue

culture mediunt 1)) was introduced by Ïvforgan É g!. (tE¡o)'

Sevenal tlssi¡e cu]-ture media $¡ere tried and ferv modifi-cations

were made to the original mediu¡n 1gg. Tkre propri-etany pr"e-

parations are marlceted by different fj-rmsT Hsu (lgfZ) eh.owed

t} at treatment with hypotonlc solutíon faciLita.tes spreading

of chromosomes" !'ord amd. Hamerton (lgS6) introduced. tlie u.se

of col-ctricine ín ma¡nmaLía:r. ctrrourosomal studies" It luas zrot

onJ-y useful i¡r. arresting mítosis, but j't also }-elped Ì-n

diverglng sister chromatíds. Nor¡¡eLl (n96O) strowed the

mi*ogenlc effect of phytohaemaggl-utinin (pH¿) ot ?ruman

tr-eucocytes ruhich til-l tl.en ruas known to se¡rarate Èh.e

erytfrrocytes f,yom blood. snvnples " Ttr€se 3 basíc contrii:utions

made etrromosomal str.ldy 3'ess cu¡rbea some and aore inforrna.tíve.

ltrus rshen ro¡¡tine, ' Labo'ratory techniqtres xrere ava':l.l-abl-e , ít

bee anre apparent that ce¡itain syr,dromes..¡nay be canrsed by

ctrromosoma.L abnormal- j-ti"es. These ab¡ror"uratríties may be

struct¡¡gal o:f, nuñrericaL

îlee- scogre of, cytogenetícs ilt medieine ruas extensively

rerriersed by Hísehhorn and Cooper (A96'l) " The chromosolnal

abnonmalitíes associ-ated wíttr different syrrdromes ldere låeted

*Fo* exannpJ-e, Conna-uglrt Medica.l- Resea.rch taboratorles,.Toronto, Can2a.da"
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by Meyer-Robsíclr * 4. (tgAZ), Makino * g!. (t9øz) ref t

sín¡ilar investi.gations strould be undertaken to diagnose

solqe trered.ítary diseases (whose aetíology r,uas not c]'early

E:rown) ín domestfc animaJ.s. K¡rudsen (lgøl) reported cJ-umping

of cTrromosomes ín seniníferous epítlreJ-iat ceJ-J.s of, a few

buJ.Is exhibítíng testicular trypoplasS-a.. Gustawsson and.

Rockborn (lgøt+) observed 59 ctrromosomes ín J caees of

}¡rnrphatÍc 1eulcaemía of cattle. Gustavsson (1g66) observed

58 æLd 59 cTrromosomes in a.pprently no:nna.L bulls, besides

the usuaL 60 chro¡:losomes. He attributed th.ís to intra-

speci-fic chromosomal poJ"ymorptri.sm due to centric fi.rsion or

translocatj-on of Robertsonia¡r type. HerscllLer et at" figAø}
presented a usefuJ. tectrníque for díagrrosíng bovine free*

martireism, based o¡l chromoso¡naI studíes.

Leuchtenberger a¡¡d Shrader (lgSS) obserw'ed exceptionatJ-y

l-ow DIIA content in ttre ceJ-.[s of a drr¡arf bull, 'ftre lorr¡ DNA

content was sJ-ight.3.¡r more than hal-f of somat;ic tÍssue ÐNA

content of a normal- buLl' The DNa content of spennatozoa

found in ttre epididynrls and seminaL vesicles of a dwarf

buL]. a]-so showed siruj.lar lort¡ values in comparíson to the

spermatozoa of nornta! buLls. Ifowever, ttre DÌIIA ratio betrveen

somatic ceLls arrd spermatogon:ia cel1s of .the,d.warf (Zzl)

r{as símíIar to that in normal bull-s " Leuehtenberger et al- 
"

(lgSø ) furtt "r investigaterl DrTA vaLues and clrromosornes i¡r
druarfs and nor¡nal- bul-Lsa Ttrey fou¡rd tl-at the DIùA conte¡rt of

the spermatogeníc tíssue of dwarfs varied consiclerably rnore
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than t}:at, of nornral, buLLs. There was a variabLe temdent:y

towards reductíon in tlre amou¡rt of spernratogenic tissue of
dwarfe. cytologicaS. examination of dwarf testes revealed

1L0 deviation from normal with respect to nr¡mber a¡rd. beb,avíour

of the ct-rornosomes. Jubb and Mc$rtee (tgSS) noted evíd.ence

of lryperactivity of acíd.ophf1-s (pituitary) j-ndicated by

trypergranul,ation " TÏlese krytrlergra¡ulation ceLls rrere seen

in cows wíth cystÍc ovaries, ín cor'¡s treated with panentral

adrnj-¡ristration of estrogens and. in Hereford. d.warfs. llowever,

no abnormalÍtj-es were d.etected. ínþand Ecell-s of clwarfs.

Yosícla a¡rd Lamontain (196t+) studied the crrromosomes of

normal and dwarf Hereford cattl-e. Using skín tissue cul-ture

teehni.que, tlrey found 2) paírs of te.l-ocentríc autosomes

and one pair of sex ch,romosorl€s¡ The x chromosoBe wa.s sub*

¡netacerrtric a¡r.d tbe Y chromosome ï/as metacentric" They

for-lr¡.d no difference between t}.e karyotypes of d^warf and

normal ani-maLs

Histol-oÐ¡_" All the hístological observations ,mad.e

on dwarfísm lrave b,een mainJ-y coneercned. with end.ocrine glands

or gonad.s. systemati-e studÍes on skin str.uctures were not
condr¡cted aLthough O:aenshar,r g¡[ g!, (lgSZ) 

"o¿ BoRe (tgeS]

assumed tl-at dwarfs'possess thick ski-n" Hafez g! g!" (lgSg)

observed tbat skilos of ú,ypíca.I d.warfs were thinner ttra.n

tlrose of normaL aníma]-s.

Jolznson gg 4" (ttgso) made hístor--ogícaJ- examinatíon

of- drsarf pituitaryn thyroid a¡rd adrenal glands, The thyrold
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gJ-ands presented a nor¡rral appeara.nce v¡:i-ûtr col-l-oid irt the
aclni. The semí¡zi-ferous tubuLes slrowed. \rery ti.btl"e sperma.ùo-

geraesís a¡'rd fe¡¡ spenma.tozoa. wetre Loeated. ln the sectiorrs
of anpulLa of ütre ductus, defe¡rens" Llndley (tgsl) stud:!_ed.

the histoJ-oglcal- prepanations made fron pituita.rieso thyroíds,
adren'als, ova.ries a^rrd teetes of He¡.eford- d.warfs" He observed.

large cystic spa.ces wíth reddish hyarin materlal_ in pitt¡i-
tax'¡¡ gland.s' Ttre aci-¡rí of the thyroid. were dilated but
the adne¡eals and. ova.ri-es we¡le ap¡rarentJ-y nor.rna.l " He observed

a few sperrns ín the sectlons of one testicl,e whereas the
otlr.er one showed h.ypoplastic s¡rmptonns of genriína1 epiùhe-
l"ia} ceLl"s a¡rd rnterstíùrar- cer.r-s" Grego:ry et d" (lgs-tJ
noted no abnor¡nal.i-tles ln the sectío¡as of pituítary, thS.¡oJ-d

and adre¡¡a'L g].and.s of dwa.rfs" Ttre ¡naLe genftaJ. tract exhil:,ited
littxe spenmatogenio activíty" Holeven, some spermatozoa

were observed :ln tlle secti-one of ampuJ,la arrd. dr:ctue defere¡r.s,
T$tr"en gg al' (lgsa) conducted n¡rcroscopre exarnínatíon on

t}.e mataca':npal- bones of nonma.l- and dsrarf a.nlnaa.ls as¡.d observed
hypoplasüíc actrondroplasla symptoms 

"
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Bone ('AgøS'), wl.i-tre bríefJ.y nevåewing dwa.rfism Ín

ca.Èt.treo advocated. the need foe" further cl,¡ron¡osomaL studies

along símil-ar Lines to those fol-3.oqred ín trunan chror¡nosocna.L

studies. The present lnvestigation wa.s u.ndertake¡r to

deter¡alne wheüher ttrere are any notíceabne karyotypic or

hlstologiea.l- abno¡rnal-j-tj-es annong norma,f., heterozygous a.nd

dv¡arf llerefords. Ttre le¡.rcocyte cul-turing technique rras

used for the chromosomal" study.

A. " CYTOLOGTCAL SIUD]ES

Fatqglals a¡td qgLþods

Experl¡nentaL aninaS,s " The experåmenta.l- anj,rnal s consÍsted

of 1O trorned Hereford corr¡s and 2 heífe¡rs" Tl.e J genotypesg

name.tryn tl.e normaS-, .tlre cars.ier a.nd ütre drr¡arfs r,fes-e repre-

sented by 4 animal.s from each. genotypeu makíng up a totat

of 12 ani¡r¡al-s. Tkre presurnably normal-.a¡Limal-s &rere pedígree

aLean Hereford. cows " ftrrtÏlermor€,, ùhese cows dropped 3 or

more no,r¡nal, catrves eaekl wtren mated to dífferent phenoùy¡lícalJ-y

norma.l- si:res. The ca.¡'rier or treteroz)rgous cows eflere pkreno-

typåcal-Ly normaJ- and røere dams of drsarf ca.lw,es" The dr*e.rfs

consídered ån this study belong to ttre commonly descr:ibed
lsnorterl c1asg'

Materi-al-s__grisÌ. *lålturåne tecElj.que, Al-l- tt e gLassrda3"e,

syringeso hytrlodec"n¡ic,faeedles a¡ld corks used in t}.e experi-

nent Ìrere steri-l-ized. by autocLa."¡ing for 3O-4O min. ftce
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steril-izi-ng and drying were done about J horzrs pníor Èo the

a.ctua.l- use of instrunents. Cul-ture mediurn Õl'f'Pd.,-H*597

(Connaugnt Medical- Research Laborator"ies, lono¡rtou Canada)

buffered wj-ttr J¡4o sød.íunr bicarbonaËe solutj-on was used." Terr

mf.. of cul-ture medium rqen^edíspensed ínto ttre requined rar¡rnber

of cuLture botùLes. Ondinary 'üOO nt (3 ozs) pnescriptíon

boúttres were used as cul"tune bott].es" The bottles were

ctrosed wíth tíg:hÈ fíttíng si-Licone rubber eorks (Sef:- Co,,

V5-nelanado N. J,, U. S. A") before a.nd. after the a.ddJ.tíoy¡.

of necessary lngredie¡rts. Hepanån (O"S n¡.) was pl-a.ced ín

eacle eentri.fuge ùube ( I a ml Pyrex cenùrífuge tubes ) ** trour

before col3.ectàng ttre bl-ood sempLe. Usually 2 anima.l-s rtrere

bJ.ed each a.fterreoonu as ít was fou¡od urrruieldy to Ìra¡ldle Èo¿¡

nraïÐr sa.m¡rles under tkre restni-ctfons ímposed by expe:nímes].tal-

requírements" Dupti-cate sampJ.eç of 'lO nI of blood. !üere

aol"l-eeted. from the jrrgu'!ar veín of eel'cb aaímaJ-, dia-ectJ.y

into a centrífrrge tube containíng O".5 ml trepanln. The tubes

v¡ere corkedn gentJ-y agítated ùo fa.aíl-l"tate mixíng, and kepË

at roo¡n ùemperature for 3:& houns " 't)suaLly the volu¡ne of

pl-asna obüaíned after ôÏris period was i-l'lsLLffj,cíent to dnaw

and inoculate ínto ttle culture medium" Stepwise centnifuga-

tion rra.s carried orrt" The pJ.asna so co.Il-ected. at i¡lte¡-val s

was aspirated wi-th a. ste:ri-l.e Pasteur pipette and j-nocuLa.ted.

into cul,ture mediurn"

The sarnples Ì{ere spllrÀ at 600 r.p,m" f,otr'!O rain and the

supernatent 3-eucocyte nj.ctr plasma was colJ-eaÈed and. a.d.ded.
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ta 'ùÏre cu1ture meclår¡¡t. Tkre proe edure wa{É r:e¡rea*ed af,ter

cer:trifugiTlã at 8OO r"p,n" for '10 mi¡z, and. 'îOOO ruporn,

f,or 'ÍO mín" Ttre openi.ng and elosi-ng of c¡¡Lture bottl_es

was done over the f].ame to avoíd aå:r-bor¡ae conta¡nina.tíon.

ReconsÈj-tuted. phytotraemagglu.tínln*(o"2 rul) vras add.eer to t} e

cor¡.tents of each cuLture bottle to ir¡itiate mitosis. The

cr¡.lture bottl-es were' :Èig-htJ-y corked and .Èransferued to t?:e

íneu.lca.toro preset at, J:/oÇ" After J2 hours, of íncubaties¿ O,2 mL

of colcemid (cioa, summit, NnJoe u.s"a.) ¡r¡a.s added. Èo ea.ch

culture bottLe to arrest r¡riÈosis and" íncubation ¡ra.s contÍnued

for a further.J trours. Fol-lswi.ng thi"s i-ncuba.tion peniod the

eo¡rtents of each errLture tt¡.be uere d.eca:rûed ônto a centnif,tlge

tube and spun at /oo r"pi,Ec. fon J min. T}re superna.ten.È fl-u.íd

was discarded. and 4 ml- of leypotonj.c sol,u,tíon (O,O?5 tf KCt)

previ-ousf-y i-ncubáted at 37oC tüere add.ert ,to eachr tube anrl

incubated. at 37oC for a. furùher 5 mín" The supe¡:s¿a..ûe¡at

Ïrypotoni-c sol-utíon 'Ìr,as pouæed off, fol.lowing J rnin spi-ninång

at 7oo r6pÉm. Tlee. freshly pnepaned fixatíveo consísÈi-ng of 'r

part of gl-acial ace'ti.c aeid ar¡.d 3 parts of a.bsoI-ute ¡nethantol,

&ra.s added to tt¿e tubes to,preve¡lt f,urther sweLX.íng.arrd

bursting of, ceLl-s under the infLuerlce of hypotond.c treatment"

Ttre oe¡etríf,r¡ge ttebes co¡¡.taiRírrg ce1-tr suspensi-on anrd, f5.xa.tive

were transfenred to a col-d roorn set at 5oc a¡rd lefù tirere

Burroughs Vel-lcoruee La SaLLe, P.Q. Carrada,
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ox¡er'níglxt" Ttrey rdere thesr. cerrtrífr.¿ged next moz.rrírrg a.t ?oo

tr"po¡rr. for J mln" after svhich the sr.rperna.tent fixaÈive v¡a.s

discarded. a.nd about 5 mr of fneshtry prepa.red ffxative was

added and ttre ùr¡bes cer¡.tnlfuged. The ceLl-s wez.e centrif,uged

twj-ce wiùh 2 changes of f,ixatíve as outti-ned.. Fi-naltry erloor.lt

o.l rnJ- of fíxa.tíve was ad.ded to ea.ctr tube to ma.ke a. d.erlse

suspensíon of cel,Ls. ltris suspensi-on was used for rnakång smea.x"s

on slides prceviousS-y wetted rr¡ith. col-d tap wa.ten, The spnead

of the smear was ad.justed by altering ttre dropping height from

Èhe pipeÈte to the surfa.ce of, ttre sLi-de, Ttrle s.trides were

rap:i-d]-y dríed over a Bur¿sen fl-ame, 3-a.belled and. kept neady fon
sÈa.ini-rrg" Aceùo-oreeín* was used for staining srnears" No, 1

covengJ-a.sses of 22 x l+o ¡n¡n were tlsed to eover ôhe stained
gnrea.rs 

ø

Ea'ctr anima'L 0 s identlûy r{a.s careful}y ma.inûal¡¡.ed throilghrouü

by assígrri-ng a eoded nu.mbe¡r to the centrlfuge tube wh.il-e aoltrec*

ting bl"ood" ll.e stained preparatj-ons rrrere sca.nned u¡rd.er tr-oru Xrowez-.

trdelL spread non-overl-appíng fields h¡@rre phoüognaplred u¡rd.er

oíL ímmersion objectj-ve" High contnast copl¡ 35 mm fíl,m wa.s

used for plaotomicrography" ouù of tlle photomi_crographs n¡ad.e

f,on a.Ll experimental- animaLs, one aníma.L f,rou eaetr genotype ruas

kanyotyped a.s a representatåve of, that genotype" Four bLood.

sar,rples were co.l-'l-ected frs3¡n plrenoûypÌ-aatrIy normal- IIeref,ord. braLl-

*one. gu"amme of, onceln (CIsue Laboratoriesu Tononto) ctíssoLvec?
ln l+5 rntr- of, a.aetlc acld and. JJ mtr of dísûíl-l-ed u¡ater acxd
fíl-tered 

"
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cal-ves of unkrÀox*m pedígree arrd those samp}es were ¡lroeessed
a.J"ong simiLar l-ines arready descri-bed. for fem¿r]-es,

ïn ad-dition to CMVL-}/.-597, two otieer c¿rlture med.iae

crulEtL-rß*597 (conna.ughÈ0s) .rd rc Medi¡¡m xgg (nirco) vrere

tníed. on 6 sampJ-es.



RÞSTfLTS

The di-¡rl-oíd nr:mber of c?rromosomeg fon eackr genotype was

fou*d to be 6a {zn - 60) eo¡rei-sting of 2p ¡rairs of autosomes

and o¡'re pain of sex chromosomes i-n both sexes (rigure x ) " ?kre

XX a¡rd XY types of sex d.eÈermínatåon were noted in Heneford
eattle' Îlrese nesr¡.]'ts are ín general agreement with earlier
observaúíocr.s made by otkrer ¡sonkers (sasa.kí and ÞIakíno, 1g62;

crossley and cJ-arken 1962; Nicho].s s aL. '1962) " Ttre x
chro¡r¡osome of both sexes ín tlae pnesenù stud^y was subnieta.ce¡r-'-
tric a.nd abouÈ ttre síze of the largest oFlromosorne" In the ma.l-eu

t?e Y chrornosome rr¡as submeÈa.ee¡rtr:i_c and was about ,a/3 tue síze
of' t?re eorr.espond.íng X ctls.omosomei

i,tl- the *utosomes appeared, to be acrocentrrc, crossrey
and cl-a.rke (lgez) poj-nted. ouù tha.t t?re autosornes d.o not skrow

wide enough morpleoJ-ogiaa]- varíat-ion to arrange them stariatJ-y
å¡rto homotr-ogous ¡raírs" However, ttrey cam be arnanged. ín
deseerldj.u.g order based on. size star$j-ng rvíth the J-argest
(nlgua"es r & rr.! mo differences rsere fourzd :[¡a the karyo-bypes ,

of the J dif,ferent genotypes consídered."
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DISCUS$TON

Iþthodor.oev. Moore and Hay (ngøg) polnted out ütre und.esira-
bíJ-ity of usíng a^ntÍcoagrrLants sueh a.s oxal-a.tesr âe they mlght
be toxi-c ùo ler-loocytes. Heparin was suecessfutr S.y used. by several
workens (CrossJ-ey and Cl-arke , 1962; N:!.clrols É al. Xg6Z,) "

crossley avrd c.Larke (19øz) roirnd ttrat tt.e amount of heparín used
on trur¡an blood sanples wa.s not suffioi-ent for cattl-e. Ho$¡eves:e

too mueir. treparín interferes wittr tl.e growttr of the eu.ltr¡re,
IfaLford (lp6o) obsenved that excess trepa.rín mígteû cJ-urnp the
J'eucocytes or the preservatíve (phenoJ- i-n thi-s prepa.ra.tíon) ín
tlr.e coeune:reíaÏ, pre¡lana.tion ma¡r inhlblû theír gnowth. rn ttre
prelínnína.ry work quantitíes of more than o"! mJ_ per .ro rnL of
blood were found. to be unsu.íùa.bLe,

one of the fonnridal¡J-e prob],ems encou'rtered. ,i¡a bovine
ch'romosornpl v¡ork ls the slow sed.ímerrùatíorr nate of red bl-ood

celLs' Bíggers a¡rd FfeFeely ('tgøs) noted the poor tendency of
rouleaux fonnati-on in caÈtle btood.n severa.L workers have

observed thaÈ phytoha.emaggtutlnin whi.le usefuL ín aggtr_uti.na.ting

t¡u¡na-n eryttrrocytes ís of doubtful- va.Lue in caËtl_e (Bíggen.e ama

McFeeJ.yu n963; NíchoJ.s 4 g!. 1g6Ti Ulbrích gg gI" 1g6j) 
"

undoubtedJ-y it i.s usefutr f,on stímr.rJ_a.ting mitogenic acÈj-víty of
leucocytes,

r¡a the pneserrt expeniment ch.íJ.J.íng a¡rd ç¿a.nníng of bLood

samples was a'voíded as tlr.ese were ¡rresumed to be detrímental_ ûo

the pronífenatd-ve a.bí[iùy otr ce]-ls"

Ford a'd Hamerûon (lgsø) reported a. shorteni_ng effect of
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colchíeine on ch.romosomes, Tn t}.e trlresent ínvestigatio¡l O"Z mL

of aoLcemi-d. v¡as a.dded. to eaekr cul-ture a.nd incuba.ted f,or 3

t¡.ours " Iil-einfíeLd a¡rd sisken (1966) experírnental-J.y showed.

col-cemíd to be less toxie a¡ld. more effectíwe tha^n coLc?ríci¡ae.

Hencen this partíeuJ-ar preparatíon rvas ¡rref,emed" Hypotoníc

tneatrnent ¡*j-th o'o?5M KoL (uungerford., 1965) vras four:.d to be

satisfaetory"

Besides, CMRL-HB-597 (connaughtrs) ir buffened and. rein-
forced rrritlr ürso oth.er enûibi.otics (Neomyein and PoJ-ymyxfn E)

in a.ddítion ùo streptornycín" Because aír borne eonta¡nína.t:!-ors

ís possible d.ur:i-ng coJ-]-ecÈ-ion of bLood samp]-es Ín open bann

yards or perls i-t is advisable to use this medíum" Elourevero

j-t shot¡Ld. be nernembered that 3-eucocyte growth. wíl-L -!¡e t¡etten

in tt¿e a.bse¡rce of too many potent a.nt:i.bj-oËj-as ¡yÏ¡ickr pneeu!¡rafuJ.-y

ínterfere wíttr protei-n biosynthesís, Tc Medlurn ng9 (oieco) was

al-so. used ín combinatios¡. wíth Bactoplrytokraennagg:J.utinim (nifco )

provång satísfaetory wÏ:,en used on a few samples" uJ-bríeh et a,I_"

(tgeS) an¿ !:[syssi','tsr et -atr. (lgøe) used îC l1edturn 1gg satås-
facùoní3"y"

?he emphasis shor.ll-d. be more on combatJ-ng contannfnatj-oru

at everJ¡ stage rather tÏran on tlre ehoíce of a particuJ-ar med.Lwn"

Ewen Èhe best eul"ture nred.ium ca-rl give rnedj-ocre results åf nt
ís paràiaJ-Ly or futl-y eonta.mínated"

c4.rqmgsomes, Ilered.ítary dr¡¡anfism ís kgro$m to be ant

ar¡tosomal- necessi-ve tnai-t (.lofrnson -et e¿ " 1g5A; L6stl ar¿d l{a.zel--
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'8952; Gresory e.q a_l-" 1951 & 1953; PaSurish qL al, ng55b)

a.I-tlaoug'1. ín latùer. years i-å r*as recogzrJ.zed a.s beízrg a genetJ-c

compJ-.ex (Gregory et al. 1g6Lt,, Å966) :tnvoLvíng severaL moditryíng

genes" Diva.nf,isnr ís a1so knowr¿ to be fi.olt*-s€tr l-inked (na.ter

et at" n95n; Luslr ancl Ïfazel, 1952') " ?hr¿s tlae tdrr¡.arf I genes

a.re expected to be located on one of the 58 auùosomes.

The p:resent c'esrrLte a::'e ín agreement witle the fi:edi-ngs of
Leuclrtenbez'ger" gå 3L. (tgSø) and yosida a:ad. Loman.taår¿ {t9st+}"
the present investiga.tíor¡. índirectly supports tl-e hypottresis

t}-at dwa:r"f mutatåon is genic and..not ctrromosomal" Ä nutaticn
nray easiJ-y be elj-mihated, u¡rl_ess lt j_s favoul"ed bl' eàther

naturaL seleotíorr orl a.rtifíeial- selectíon, or recur fre-
clu.entI-y.

chiarell-'i sg gL. fi9øa) described the y crrnorro,sorne to be

&.çv"ocentric in Þg-g -t-qq-rus.. crossley and GLarlce .( 1962) repeated.

ttre lat'*e:: wonk and dísagreed wi.th the descri-pti-o¿l of the

Y *lEror¡rosorue" Accorcling to crossrey a.rld cl-arke (19øz) tne v

chrolnosome in l3os ,t+uqr+€ was ,submetacentríc, rm the present

study the Y chromosome of the Herefond. ma]-e rras,su.bneta.eentríc

and it rìras about 1/3 the size-of corz'esponding T chrorsosome

(nigrrne If )"-Recently Keíffer and. Cartwright (X96B) shorued. that the

Y chromosome of Bos ïnd.icu.s is a.crocentric and ttra.t of Bos taurus

is submetacentric " A]-]- the arrtosomes a¡rd X chromosomes of both

species were identical, Tbe Y ctrromosome of, Ðg ind-icu.r?

resembled. one of the s¡nall-er (acrocentric) autosomes, Although

tl.e Y chromosome looked. very much like one of the autosomes,
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accordíng to Keíffen and Cartwright Ugøg) it ca.n be ident:i-_
fied by auto-radiographlc studies " Tl-:i.s observatíon adnrLra.bJ.y

settles t?re earl-ier dispute betwee¡r chiarelli et aÅ" (lgeo)
and crossJ-ey a¡rd clarke (lgez) " Apparently ckriarellí -et al.
(lgøo) sampled Bos indicrls animals but assumed tlrem to be

Boj, taurus" rn fact if ùh.ís correction is mad.e there is no

disagreement between trre two groups of lr¡orkers,



B. HTSTOLOGICAL STUDIES

Skin affords a protecti"ve covering and also plays a

d.ynamic role in aidíng ttre animal to ad.just to environmental

cha¡rges, The envirorunent could be ínternal or exterrral" The

present study was und'ertaken to obse¡l¡e rtrtrettrer any differences

exist among normal , tretero¿ygoqs anrd dwarf a¡rimals wíth respect

to different skin characterístics, nannely, skin thickness'

number of sweat glandso volume of sweat gla^rrds and tTreír

depth fro¡n, tlre sk5.n surface .

Materíals and method.s. The animals sampled for histoJ'ogicatr

study !ïrere tlre same as those used for chromosomal- studyr except

that the da.ta of two young d.warf trej"fers were not consídered'

for 3 cLraracterisüics (sr'reat gLand voLume, sweat gland density

and. ttre d.epth at wlrich ttrese gJ-ands ar:e situated frorn skin

surface). atl the animals were froused in ttre same barn, kept

on the same feed and sanipled within a'l0-d'ay períod" Three

anínaLsn that is, orr€ from eac}- genotype ÏÍere sarnpled on ttre

same day" All animal.s were llerefords'

95in bíopsr¡ and h:LgÞol,ogíca1__lLgcirqlques. skin ttrickness

measureüent rras made on the Left ].ateral neck region írnmedi-aùely

behind the tip of the earo An area of about 6 "*2'o.t clipped'

and. skín fol-d. measurements l{ere made on 6 ].ocations selected

at random witl.in tlre cJ.ipped area. Tubercr¡lin cal-l5-pers (Hauptneru

SoJ-ingen, I,Iest Ge:many) wetre used for a3.L measurernentso since

tl.ey have a buiJ.t in spring device wl-5.cb. reguJ.ates tl.e pressure
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of t1.e bite" Skin tiri-ckness was accura.ÈeJ.y mea$ured upto O"'l lnnnn

Skin biopsies were mad.e on t}e skin over tl.e l2ttr ril:

wtrich approximate1y correspond.s wittr the M2 region (m:i.dside)

described by DowJ-ing (lgtS^)" Th.e trephine used for skin bíopsy

was sími1ar to that used, by Carter and Dor.r3-Íng (lgfh)" CircuJ-ar

discs of skin Tvere cut after induclng J.ocal- a¡raesthesia. wíttr

xylocaj-ne lrydrochLoríde Zfi (.U,stra, CooksvíJ.l'e, Ontario). Th.e

pieces $tere cut wíth tlre aíd of tlre trephine" ltre ånternal-

dia¡reter of the cutting edge was exactl-y 1 cm. the known area

of skin enabJ-es one to apply a correction for shrinkage dtae to

hístoJ-ogícal" processing, Five biopsíed sampl-es urere cut fnom

ttre midside region of each animal. lrso pieces were collected

in 5% formol--sal-ine and. the remaíning J pÍeces were coLlected

ín Bouinrs fixatíve, The procedure of processing tfre foruol--

saLine fj-xed samples were, wíth slight modificatíonsn símilar

to that descrlbed by Nay ar,rd Ela¡rman (lgSe) " The mountíng medium

used. was neuttra]" Canada baLsam a:cd not rSj.ro!, ûre sectíons

T{ere cut at l/l to 2/3 rmr tkríck" Sínce ttre sections were rather

thick tlr.e coversl-íp had to be propped up by smaLl- g3-ass pieces

at 4 corners" ?tre length and wid.th of 'lO t¡nd.amaged. sweat gLand.s

weremeasured for each amimaln using ,ttre eye piece micrometer"

ltre depth at wtrl ch these g1ands rì/ere J-ocated from the" skin sur-

f,ace was also sreasured," In this experS.nent the s,ca.le was 1

eye piece mícrometer diwision equa.[.Ied 'lO microns. Ttre approxima:

tíons suggested by Nay and Hayman (lgS6) ruere fol-Lowed in esti-
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matíng the voLume of sweat gJ-ands.

the skin samples fixed 1n Bouj-n e s f,íxa.tive rùere used for
microtome sectíons, The pieces of skin were treated witrr a

saturated. solution of, -ü-ithiu¡n au."Uorrate made in f\fo ettra.nol,

for one or two days" The pieces rüere detryd.rated. in ascending

grades of ettranotr¡ cleared. ,,in cedarwood oiJ-, embedded. in para-

ffin a¡rd secti-oned " vacuum bmbedd.ing technique ¡.ras used. to

shorten ttre paraffín infil"tratíon time " TLre paraffin sectlo¡rs

were stained as per rorrtj.ne histopathol-ogical techniques.

Del-afíel-d rs ll.aematoxylin and eosinn ïfeigert ts haematoxyJ-in agd.

van Gíeson0s stain were used for stainíng purposes. The l-atter
combination gives a better eontrast. DupJ-icate sam¡rJ_es rsere

used for vertícaf. sectíons " Out of, ttrese 2 þlorízontaL seetions

one was sel-ected for estímating ttre trair folliele density of
ea.clr a¡rimaL. The leorizontal- sections rùere cut at n2þ r and ttre
werticaL seetions were cut at 7,& ana'were used for studying sl.cin

structures J-n general. .

ltre a?ea of th.e mou¡rted section ¡¡as obtained from the

outl-ine r¡f its shadorv projected on a graph pa.per. ptroto enlarger
(fixur, Japan) was used^ for getting tkr.e shadow of the sections
on grapl. paper" Since it was lrrros¡rr that each hair fo]-].icl,e is
accompanied by a sweat gJ-and (Carter and Dowlíng, 1954), the

eount of one wíll automaticalJ-y provide tl-e cor-urt of the otkrer,

It was found conveníent to eount hair foll_icles" ?en random

f,ieLds lr'ere co'u¡rted. from ea.ch secti-on to obta.in an est,imate of
tlre nu¡¡rber of Ïrair fol,l-icles/emz for ea.ctr a¡¡imaL" All tl¡e counts
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rrere made Lùxd.er 4OX oU¡eative, 8X eye piece, The fotr-I-owíng

correctíon factor was used to estí¡nate the number of Ïrair

foLLicl,es.

No. of hair fotlic]-e s/c*z = ryAy

wl. ere,
n = Í.s tlre average number of Ïrair fol-licl-es counted

from 'lO rand.om fiel-d.s(in a trori-zonta1. section)

a = area of the mounted section

A = âFêâ of the biopsied. piece of skin

y = a.tea covered by microacope objectÍve

The h.ístological- data',,lere anal.ysed by t}le metb.od or¡tJ.ined

by Fryer (1966) for nested cLassifícations.



RESIILTS

SkiI}. thfckness. Tb'e mealt skin fold thickness of norrnar, hetero-
zygotls a¡rd dwarf anj-mals are presented. in table 11¡" Normal cows

had ttre thickest skín and the dwarfs had the ttrinnest skin. The

heterozygolls or caffj-er animals slrowed interrned.i-ate values. Wh.ile
there ¡'¡as considerable varíation among th.e anrimaLs of the same

genotype (taure 2), the differences a,nong genot¡rpes r.rere signi=
ficant (n li o.05).

r\umber of sweat .filandE. The estimated. d.ensity of sryeat 6Land.s/cmz
of skin was Least in norrnaL cows (taote 1B). Trre yo'ng dwarfs
however showed very h1-gh vaLues' Ttrl-s was expected since ttre density
is inversely proportiona.l to bod.y size, TIle analysis of variance
showed no signifícant (r í o"o5) difference betvr¡een ttre genotypes
(taute 3).
SYeat, gla¡rd' volume. the mean val-ues of t?re sweat g3.and vo.l,u.me with
standand errors (taure 1c) índ.icate that dwarf and. carrier caÈtle
h'ad smaller sweat gJ.a.nds, when mea.ns al-one were consid.ered,. ?he

mean values of normal-, dwarf and. carrier eattle r¿ere 12g11.9+873"76,
10167.8)9o7"oB a¡rd 9793,2:533. J2 cubic eye piece u¡rits respec-
tively. However, statistical analysis of ù1re vaLues revealed. no

signifícant differerrces (r -t o.o5) for thÍs crrara.cteristia (tat:_e k).
g. A comparison of the d.epth

of sweat gl,errds below the skin surface i-n dwarf, carríer a¡rd.

normaL cattle (taote xD) shorsed that there rras no marked difference
in the val-ues of dwarfs (ltl+ "3)'5.4u e"p"u.) and. h.eterozygote cows

(loZ.'tJ.3.53 e.p'u")o The sweat gJ-ands of the no3jnal anímaLs seemed
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to be located furtlrer arùay f,rom skín surface (f3O::.42 e"p.u")'

Analysis of variance showed no difference betv¡een genotypes fr:r

this ctraracteristic (taOfe 5)"



TABLE 1

IVIEANS ÄND STANDARD ERRORS OF FOLTR SKTN CHATTACTÞRTSTTCS

Table 1A

Skín fo].d
tl.icknesb

(*" )

Normals

Ca.rrl-e¡rs

Dwanfs

l{ean + S .8.'¡o"4 0 "29

8,5 O"Xlt

7 "B O. X5

?a.ble iB

No, of srveat
gJ-ands/cmz of

ski-n

Iuleanl S oEo
711 ng

782 34

91t+ 261

Ta.bLe 1C

Vo1ume of sweat
gl-ands Lr:. cubic
eye piece units
( t eye piece unit
equals l Ot

l"f ea.n
12811.9

9793.2

no'867.8

-t_ s.E.
873 "26

533.72

9a7 "aB

labLe 1D

Deptle at whictr ttre
ssvej:a.t gJ.and.s are Lo
fc'onr the slcin surfa
eye p$-ece uni-ts; ( 't

píece unit equa1-s 'l

T
trfean J
130.2

1O7.n

l ll+.3

S.E.
3 "47

3"53

5 .l+4

cated
ce i-rr
ey
oÀ

\o



.ANALYSTS OF VAR]¿,NCE FOR ST(TN FOLD TI{ICKNESS (rU Urr,r,rUNtNNS)

Source of Vanla.tion

TotaL

Betr+een genotypes

Between a¡eimatr s
I{ithín genotypes

1{l-thin animaLs
l{dthln genotypes

TABLE 2

*Stgrrtf,icant a,t F i O.05

d. f"

71

2

9

60

lrI,S.

4t "72

7 "26

o "o97

F

5"75*.

?4. so*

\JTo



TA.BL¡) 3

.ANALYSIS Or VARI.A,NCD ¡rOR S}r}).A.T GLAND DDNSTIY. (mu,'innn orr SIüEAT cIawusTcIrz )

Sounce of Va,rfaûi-on

TotaL

Betwee¡e genotypes

Between a.nímal-s
Ifithln girnoty¡res

dnfo

9

2

"7I

M "S,

27421.x

22O5't .6

F

X "21+

tJt



aNALYSTS OF VARTANCÐ FOR THþ SWEAT GLAND VOLUME (CUrrC EYE PIECE UNITS; ? EYÐ prÐCþ UNrT=lO¡.)

Sor¡nce of Variatíon

Total-

Between genotypes

Between anj-mal-s
'tffühån gerrotypes

'tflthin a.r¡^ima.l-s
ülthin gonotypes

TA]]LÐ I+

*Slg"r:-flaa¡rt at P < O. 05

d"f"

99

¿.

7

M.S.

9a

,0 o1 426382 " I
87 "'A9767 "7

14887221 "g

F.

n "164

5.851

\J'
¡\)



AN.A.LYSTS OF V.A.RTANCE

Source of Variatíon

FOR THÐ SWEAT'

sca].tr, n

Tota.l-

Bet¡seen

Between
Ìfltlain
't{ithin
lfj.tlrín

TÁ,BLA 5

GLAND DEPTT{ FROþI

EYD PIECE UNTT

gerrotypes

ani-mal-s
genotypes

ani-ma.Ls
€;eÏIotYPes

Ir i+^ ." "Significant at F -( O. O'l

d..f,

SKÏN SURFÂ.CÐ

EQUALS 1O/'I,

99

,

ñI

go

l"f.S ,

{nvu PrEcE uNrrs;

5466 " t

3279 "7

295,7

I

'l .66

'¡ f " og**

\rrt)



ÐISCUSSTON

skin thickrress and sûrupture. Ya¡rane and ono (lglø) intensive].y

studied ttre skin characteristics of different breeds of cattLe

a.nd discussed tkreir relative suitabíIíty for tropicatr ad.aption.

lrlay and llayrna^rr (lgSe) founa that sr¡eat gJ-ands were superficially

located from tlre surface in more Ï¡.eaÈ toLera¡rt zebu breed.s,

DorvJ.ing (lgsSa) ranked. Devonu Hereford, Aberdeen Angrrs and.

S?rorthorn breeds of cattle in, descending order of skin thick-

ness" Among ttre European breeds, Jerseys trad the tkrír:nest

skin" He also observed that weLl-fed. animals l.ave thícker

skin than under-fed a¡¡.imals. Horuever, Ïre did not consid.er age

to be an important facton Ínf'luencing skín ttrickness measure:

ment. But îulLoh (lgell noted, an íncrease in skin ttrickness

r"¡íth age upto 26 months" Ire did not, trowever, fínd. arry corretra-

tion between live wei-glrt and skín thickness. Gol-d.sbenry and

caltroun (lg1g) noted. that the skin of tierefords was ttricker

than Aberdeen angus. Ttrey also noÈed that among Angus, males h.a.d.

ttricker skin tha¡r femaLes. Benjamin amd pillai (lgel) observed.

that Harj-ana buLlocks (a zebu breed) possessed. thi-cker skin

than cows"

Of aII ttre pa.rameters studied in the present investigation

slsin thíckness was the onJ-y characteristic that differed.

sigrrificant]'y amo¡rg the varíous genotypes. This fínd.i.ng is in

agreement wíth the observatíon made by llafez gg g!" (lgSg) who

a].so observed thinner skín in dwarfs than controls. rf ttris
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weretobetrueínal.argerpopulationritcanl:eusedasa

convenient test" The advantages are t]r,lat the information ís

available ¡vhen ttre anímatrs are stlll- al-iwe and the test wouLd

not involve great expense or soptristicated laboratory techniques'

one l.as to eLiminate or mini¡nize ttre ínfluence of different

factors Like sex, âger season anrd breed on skin c}-araoteristícs

before *aJcing valid comparisonso As Datrlberg (1949) pointed out,

ít would. be necessary to krave a clear concept of norrnal waLues'

before proceeding to compare rr¡ith abnorrnal values. Tlte skin

ttrickness data of young d.warf heifers were al-so íncluded for

comparlson, since the t-test slaowed no significamt diffenerrces

betv¡een adul-t d'warf s and young dwarf heifers "

" Al-t}.ouglr sweat gLands in cattl-e were

observed by Gurlt (f g:¡), t¡re functlonal significan'ce was r¡'ot

fulty cr:mprehended tiL1 Ferguson and Dowling (lgys) experimentally

showed tl.em to be functj-onal. The dr'¡arfs showed high values

for th.e cïraractenístic, nu¡.ber of sweat gLand.s/cmz (gll+-lZøl')

compared to hete¡rozygous ç7eZtl[) "ttd 
normal (Ztl=lg) animals'

carter and' DowS-ing (lgSI+) shovred tbat younger anima]-s trave a

greater number of trair foLlictres¡cmz of, skin, a¡d' t1.at trair

follícle density deereases from birttr to matus'ity. Thís decrease

lfas attributed to stretchíng of skin over the body surface

as t}.e anín¡al gror'rs" after attaining maturity tbe hair fol-lj'cle

density remai¡red fairly constantu Nair and Benjamin (lgøS)

observed greater d.ensity in cows tÏran' in l¡uLts. They also
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observed greater density in Kumoanj. hil-I bull-s (a zebu breed

of sma1l size). 'fhey attriÌ:uted this difference to the smaller

body s.jze of fentales and hilL bulJ-s.

In tkre present experiment ttre dwarf animals used l{rere

comparative1.y smaJ.J.er in body síze than the normal and caruier

corì¡s. T}.e higher average sweat gJ.and density data of young

d.warf heifers ruere not íncluded in the comparison with ottrer

cokrs as they were found to be dífferent (t-test) fronr dwanf

c ords "

Tlee average density obtained for normal Herefoncl covrs

j-n thís study is in general agreement wíttr those wal-ues

obtaíned for Enropean breeds like Shortl.orn amd Red Pol1

(Carter and Dowlingo 1954; DoruJ.ing xg55a, " The difference

between mearrs of tl.e genotypes as regards the s¡reat gJ-a.rrd

density, ùhough large rr¡ere not statistiaal-Ly significant"

Sweat gland vgLq¡ne. The anaLysis of va.riance díd not reveal

any sígnifíca¡¡t difference beÈween genotypes for tTris charac:

teristic (t'anfe 4), The nea¡r volume wj-th standard errors a.re

shsw¡e, irr taþ-l.e 'l C "

Depth at whíchJhe sgge¡t -gland-s.:--a¿"€--1oc-atgg" Nay and Ha.yman

(lgye) showed. that sweat gland.s wea^e more superfíci-a3-J,y trocaËed

in zebu cattle than in ttre Ðuropean breeds of eattle" Ttre

depth of, su¡eat gJ-ands in di-fferent genotypes, for tsnortent

d.wac'fism,of Heref,ords consídered i-n,the present study, indlca.ted

tl¡rat these glancls $/ere Located more stlperfici-a3.ly in dwarfs
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(l l4 .3"t5.44 ""p.r" ) and j-n carriers (loZ "'r't3.53 ""p".r. ) ttaan

normal- (f lO "2t3.47 e.p.u-") eows" The ímporta.nae of thís find.íng

cannot be evaluated since the number of animals used was smaLl"

Tkre data of young dwarf heífers were not comparable with the

rest of the experimental cours as there was dífference between

young dwarf treifers and drvarf cov¡s fon ttris cha.racteristj-c"

Standard errors for al-l ctraracterístics except for skin

ttrickness wetre trígher in dwarfs ttran normal- ar¡.d carrier cotrst

lndicating a r,¡ide variation for eactr parameter" Leuchtenberger

et e1" (lgSø) notíced a wide range of varíation in the DN.A.

content of d.warf ce.lls, I{afez a,nd, Rupnow (196O) noted' a. símíl-ar

wariation in ttre thyroid gland síze of dwanfs.

T}.e sweat g1a¡ds of al.L Herefords studíed appeared to be

fo.I-d.ed a4d twísted, Nay (lgSg) obsenved sirnilar aoi3-ing sweat

glands in b, taurus_.

It is interesting to note ttrat the skin cha.racterístics

stud.ied justj-fy the ctraim tkra.t'Herefo¡:ds ane'wel-1 suited for

tlre coLd Steppe regions of U.S.S.R, (Ritehie, 1960) 
"

llyoepithelial strr¡.eture of srrreat gJ-ands rua.s si-milar to

ttrat obsenved in zebu catt]-e and Indían water buffal-oes

(tsenjaminn 1960) "



S-Ù}T}{ARY AND CONCLUSIOI{S

'¡ " No karyotypic ab¡aormal-ítíes were detected among the

three genotypes consi-dered in th.is experiment"

2n Karyotyping was not usefuJ- fon distingrrishing tlre

drrarfs, carriers ârrd norna3- a¡rima1-s.

3" Four characteristics, namely, the skin tb.ickness, the

number of srseat gJ-ands per sqïrare centimeter of skin, ttre volume

of srueat gl-ands and tkre depth at wtrich t}-e sweat gJ-ands were

J-ocated, ï¡ere ínvestigated in the J genotypes of }lerefi¡rd

cattLe "

4. Of the 4 characterístics studied. only skj-n ttrj-elsress

dJ'ff,ened sígnificantS-y among t?re 3 genotypes. The dwarfs had

the thirmest skin and t}-e normaL animal-s ?rad ttre thickest

skin. The treterozygote showed intermedj-ate values" Ttre otkrer

3 characteristics díd not reveal any signlficant d:[fferences

amorag the 3 genotypes. The difference betrøeen tl.e J genotypes

for sk:in thielc¡ress was eigrrifi-cant (f ( O"05). Measurements

of strcin ttrickness rnay be a wortkrwl.iJ.e procedure for identifyíng

genotypes" However, it is suggested that add:itíonal studies

should be conclucted to provide furttrer evid.enee,
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