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INHERITSD BIOCHEMICAL POLYÙIORPHISMS AI.ID THEIR ASSOCIATION

WITH PRODUCTION IN DAIRY CATTI,E

SUMMARY

Tr¡¡o þlochemLcal polymorphisms, one Lnvolvlng the serum proteLn

trangferrin and the other the J-Oc blood group system, have been

studled fn dairy and gther cattle ln South Australla. The relation-

ship between these systems and varlous productl-on characterlstLcs hqs

been examined in two pure bred dairy cattle populatf.ons.

The publlshed evidence for an assoclatlon between transferrln

type and fltness ls confllcting. Some of the anomalous data may

be the result of difficulties Ln accurate determinatLon of parentage.

To obvfate such errors, 337 darn-foetus palrs were collected from an

abattolrs and thelr transferrln type determined" Analysis of these

data has_:l_:1" that transferrin tyo"-h:: no observable effect on

fitness and no effect on mqternal-foetal compatlbillty. Such dam-

fqetus palrs provlde incomplete family data and these are in

complete agreement wlth the hypothesls that the transferrin variants

ane controlled by q number of alle1es at a slngle locuF"

The transferrin genotype of the sLres of 51 half-slb famllles

has been inferred from thelr progeny and there is evidence for an

appreclable mfsclasslfl-catlon of pure-bred anlmals ln South

Austrellan herds.



A butl at the Artificlal Breedl-ng Centre ln South AustralLa was

found to have an aberrant transferrin DE phenotype where the slowest

E uone migrated stightly faster than normal. The transferrLn types

of 22 offsprlng of thls bull have shown that the pattern 1s not

inherlted ln the same uray as the other known variants and may be

controlled by another locus"

Sprague (1958a) proposed that the J-Oc phenotypes are con-

trolled by a series of alleIes at a single locus. As a result of

observations on the presence of J and Oc substances ln both the

serum and seminal plasma of bulls and in the serum of the abattoirs

populatlon of cows, alternatlve models have been proposed and these

are dl-scussed in relation to Spraguets (1958a) data. ft has been

reported in the literature that certain electrophoretic variants of

the enzyme alkaline phosphatase show an associatlon with the

serologically related blood groups, ABO, R-O-i and J-Oc of manr

sheep and cattle respectlvely. No suçh assoclatLon wlth J-Oc

could be demonstrated in the abattoirs population"

Transferrln patterns of J blood group types were studled in

foetuses of different ages. It was shown that a glven trans-

ferrln genotype has a variable expression in the foetus and

approaches the adult phenotype wlth increaslng ageo

J and Oc substances were examined ln foetal and lmmedlately

post-natal serao A slgnificant correlatlon was found between

the titre of the two substances in JOc foetuses and between the

()
i./



tltre of Oc substance and foetal length ln Oc foetuses" The

bearing of such observations on the proposed models for the control

of productlon of J and Oc substances ls discussed.

Transferrln, serum albumLn and J-Oc in Banteng cattle (gtUos

banteng), Aslatic buffalo Bubalus bubalts) and the E1and were

examj-ned and the findings are dLscussed in relatlon to the

taxonomic relationships between these species and domestlc cattle.

The relationshlps between seven production parameters and

the transferrin and J blood group types were examlned ln a

Frlesian and a Jersey cattle population. In the Frleelan popula-

tLon, cows of transferrln type A produced mitk with a slgniflcantly

higher fat percentage than those of type D. There uras no

signiflcant association between the remaining productlon parameters

and the phenotypes considered. These ffndlngs are discussed in

relation to other publlshed work, to their genetic and practlcal

slgnlficance and to the role of artlflcial selectlon ln the

mal-ntenance of the transferrln polymorphlsm.
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INTRODUCTION

The prlnolpal appllcatlon of genetlcs to anlmal lmprovement has

been ln the fleld of quantltatlve genetlcs, and over the rast so years

technlques developed for the estlmatlon of the genetlc components of the

varlance of quantitatlve productlon characters have been applled to a

number of domestlc anlmals. Inltlally, quantttatlve genettcs had lts

greatest lnpact on the breedlng of anlmals with short generatlon tLmes

and rerativery rarge famlry slze ltke pourtry and swine: hourever,

wlth the Lncreaslng use of artlflclal tnsemlnatl-on for dalry cattle

breedJ.ng, lt has been posslbre to appry these technlques to the breed-

lng and selectl-on of these animals wtth some succeas (Robertson and

Rendel, 1954; Ashton, 196Ob). The statistlcal approach to anlmal

tmprovement ls thus well establlshed"

In contrest wlth the development and appllcatlon of quantltetlve

genetics has been the concurrent descrLptlon of genetlc varlatlon fn

the red-cell entlgens and body flufd protefns of anLmarso rnmuno-

loglcar and erectrophoretlc varl.ants of the porysaccharLdes and

proteins of anlmal ttssues and flulds are generally attrlbutable to

slngle gene dlfferences between anl.malg and the descriptLon of these

varlants has been the subject of acttve lnterest, especl-a]-ry in the

fteld of erectrophoretJ.c protern varlants ln the last ten yearsr

Thls has been maÍnly due to the development and uee of new techn!.ques"

Thusr whereas quantltative genetlc theory has reached the stage of

apprtcatlon to economlc situatlons, the study of the dlscrete Ln-
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heritance of blochemlcal polymorphlEms ls sttll melnly descrlptlve.

It ts a sfmple metter to detect and descrfbe a blochemlcal poly-

norphlem but lt requires far more work to detect and elucLdate the

forces malntainlng the polymorphfsm ln the populatfon" As a con-

sequence, very few worlçers have attempted to take the study of blo-

chemical polymorphisms beyond the descrlptfve phase,

In domestlc animals there have been attenpts to ffnd agsoctatl.ons

between thege slmply lnherlted varÍants andileuantltatlve productton

and fertlllty attrl-butee with varylng degrees of succesa but wlth

sufflclent promt se, especLally fn poultry, to provlde lncentLve for

further studl.es. Certalnly, wlth the present trend towardg thlnktng

ln terms of only a few locl- controlllng a large proportlon of the

genetlc varlatLon of quantltative characters (Roberteon, 1966)r tt

seems llkely that eome detectable slngte gene dlfferences manÍfested

aa protein polymorphisms mqy have a far greater effect on anLmal

productLon characters than once thought posslble.

Besldes belng potentlally suitable for use tn animal lmprovenent,

biochemlcal polymorphlsms l-n anlmals are belng used increaslngly to

study the evolutlonary relatlonshlps between specles and the phylogenlc

relatlonshlps between breeds and races of animals" Taxonomlc problems

whlch for some tLme were the subject of controversy, Ln some cases have

been resolved by studytng serum proteln patterns and erythrocyte antl-

gens (Stormont g[ a1., 1961)- The dairy cattle Índustry ln Australia

Is our largest srngre J.ndustry ln terms of man poìver emproyed, and !.s

based almost entlrely on antmals derived from BrLtlsh breeds but wlth

J
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sone hlstory of lntroductfon of troplcal breeds. Furthernore the

lnduetry ls undergolng a phase ln development ln whfch gover¡rment epon-

sored sclremes ere talßlng over part of the work of anlmal lmprovenent on

a State beels¡ the actlvitles of the state bodies belng cooràlnated by

natlonal commtttees. The lntroductfon of artLffcl.al lngeminatlon

servlces end progeny test!.ng achemes provlde the opportunlty to obtaln

productJ,on deta from a large number of anfnals and to co1leçt noro

extensÍvely and systematfcally, eanpler of blood to determfne many of

the sfnply Lnherl.ted characterg reoently reported. Theee two factore

have facllltated a study on dafry and other cettle Ln South Augtrelfa.

Consl.deratlon of both quantitatlve performance paremete¡:s and slmply

lnherlted blood-group dlfferences ln thls study hae enebled a descrlptlon

of two cattle populatlons wLth respect to a number of blochenlcal poly-

nrorphlsms and Ln addftlon to determlne the relatLonshfp between the

O"_t_{i"llnlsms and dalry cattle productlon parameters. R¡rthermore¡ lt

has been poeslble to test the hypothesea thet the polyrnorphlsms ere due

to the segregatlon of alle1es at a sJ-ng1e lqcus end are selectlvely

balancedr and to examlne the degree of relatlonshlp between two cattle

specfeB. In addltlon, the nature of the materlal collected facflltated

Bome observattong on the prenatal development of certafn blood-group

gubgtançeg.

The thesls 1s dlvlded lnto two gectlons. Sectfon A Ís concerned

wlth the analysis of fanlly and populatLon data for the transferrln and,

J blood group polymorphlsms; wlth the prenatal development of blood-
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group Bubstances and wlth the phyl-ogenlc relatLonshlps between cattla

specles. Sectlon B ls devoted to an l-nvestlgatlon of the posslble

essocletlon of transferrln type and J blood-group type wlth pro-

duction characters ln deiry cattle.
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SECTION A

FAIIILY AI.ID POPULI\TION DATA FOB THE TRANSFERRIN, J A}ID AIJßLINE

PHOSPHATASE POLYMORPHISMS

I LITERATT'RE REVIEIV

ê¡ Tlransferrln

1" General

Zone electrophoresLs l_n áte¡rch ge1 waÉ ffret dessrLbed þy

Smfthles (1955). It allowed the regolutfon of ples¡na protefns lnto

dfst{nct zones or bands, gfvlng separatfon not prevtousry achfeved by

claesLcal methode of electrophoregis. Thfs enêbled S¡nfthles (19õ7) to

detect varlatl.on 1n a component of the bete-globu1fn fractLon of hrJ¡nan

p1as4ã. It was subsequently shown that the dlfference between the

varient type (Dt) and the normel type (c) was lnherited (IIorafall end

Smlthlesr 1958) and that the varfant beta-globulfn wag transfemin or

slderophlllnr :1¡¿ lron-blndlng proteln of the plaama (Smithleg and

H{Iler, 1959; Glbrett g9gl., 1959). slnce that tlme et leaat 14

human trengfQrrln verLants have been descrlbed (Pprker and Bearnt 1962).

Starch ge1 electrophoçesld and Fe59 autoradl.ograp$y have

nor¡ been uÉed to examlne the aerum of a Iarge number of, anlnal gpecleg

and fnherlted transfenln varfatLon had been found ln mogt dosresttc

anLmals as well as nany non-domeEtlc speoles. The regults of a number

gf studles are sumna.rized ln Table 1. At present, the bfson (Þraend and





Species

Mouse
(S musculus)

G¡9gnd Squirrel
(Spermophilus spp,)

Fox
(vulpes rrurpes)

Reindeer

Gene
Symbols*

A B

Not given

Not gÍven

ârbrcrdre

A ,crDrE,
F ,H,J

l, 2

Table1-page2

lifirltlple
Zones

Not given

Not given

K,

t 3

References

Cohen (1960), Shreffler (1960),
Cohen and Shreffler (1961), Ashton
and Braden (1961)

Nadler and Hughes (1966)

Kaminski and Balbierz (1964)
Kaminski et aI (1966)

Gahne and Rendef (1961)
Braend (L964)

Lowe and McDougall (196f)

Ashtos and Carr (1965)

Cooper and Sharman (1964),
Bailey and Lemon (1966)

Kirsch, Poole and Sharman (pers.
comm" ), Bailey (unpublished)

Hope (pers. conm.), Klrsch (pers.
comm" )

(RengÍfer
tarandu

tarandus
2c, E, G, I,

MrArH

1

2

s)

Red deer
(Cervus elaphus)

Af¡.tgan Anlelopgs
(TaurotraEus oryx
and gæ spp.)
Red Kangaroo
(Megaleia rufa)

B
G

Grey Kangaroo A, B
(lUacropus giganteus)

Brush talled Possum A, B, C
(Trlchosurus rn¡I-

pecula)

Fat tailed marsupial A, B
mouse (Srnynthopsis
crassicaudata)

4

3

2

2 Hope (pers" comm.)



Species

Weddell sgal
(Leptonychotes
weddelli )

trì.tr seal
(Arctocephalus
forsteri and
A. tasmaniðus)

Piggg¡.s and Doves
(9919@ @ and
C. Eulnea)

Domestic fowl
(gellge eallus)
Geese (Anser spp.'-
Branta spp.)

;G;."n"o
Pheasant

(Phaslanus
colchicus )

Snakes (9 specles)

Tïee goanna
(Yerenus vêr?nrl9)

Toad

Gene
Slmbole'*

F,S

ArBrc

L1, L2t G1,

2

arb

Not given
8 patterns

SrF

Not given

A,B

Not given
4 patterns

Tablel-page3

ûñrItlple
Zones

2

3

References

Shaughnessy (pers. comn.)

Mueller et at (1962)

Ogden et aI (f962)

Baker and Hanson (1966)

Baker et al (1966)

Dessauer et al (1962)

Bailey (unpublished)

4
G

2

2

2

I
3

2
(Br¡fo terrestrls)

Dessauer et aI (1962)



Species

ced (g#
morhua)

Coalfish
(Gadus virens)

Pollack
(Gadus pollachius)

fhiting
(Gadus merlangus)

Herripg
(Clupea harengus)

Sprat
(clupea _EpleËg_ã)

Plaice (Pleuroneetes. F
platessa) L

Tablel-page4

lhrlt iple
Zones

References

Moller and Naevdal (1966)

Ligny (1e66)

Gene
Symbols*

E,D
A,A

c, cr, B,

B, A, At , 41, Af

I

I

B,A

B,A

B,A

B, A1r A2

I

1

1

1

I

1

1

t
t
t

G, H, I, J, K,
M, N, O, P, Q,
S,TR

ACarp B ,c Greyssel et al (1966)
(Cyprinus carpio)

Eel A B ,c Fine (1966)

fW- ""euirta)

t

t

* All locus symbols are Tf with the exception of the mouse where it is Tlf"
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Stornont, 1963), the Norveglan elk (Braend, t962r, the mlnk (Gahne,

1964), the alblno rat, the Rottnest IEIand wallaby (Sgetrtet g[ ÊI.,
1963) ênd two specles of, toad (Fox et a1., 1961) are the only apeclec

ln whlch extenstve studleg heve revealed no traneferrin polymorphl.em.

Few of the trensferrLn polymorphlsms ln Teb1e I have

been Ínvestfgated lntenElvely end large famlly data are not generally

avallab1e, Hoì¡rever, where famlly data have been examlned they are ln

agreement wlth the hypothesls that the dlfferences between transferrtn

types are determlned by a serles of alleles at a slngle locug. Very

few exceptlone have been reported (Smtthtes and Hlckman, 19õ8; Gahne,

1961) and all of these are attrlbuted to errors ln pÞrentage record6.

In dlfferent specLes the transferrln genes are ree-

ponslble for the productlon of a set of two, three, four or flve

protelns electrophoretLcally separable ln starch gel (Tab1e 1). In

most epecles studied each trangferrln allele determfnes the productlon

of two proteln bands, one najor and one minor (primates, sheep, goats,

horses, antelopes, reLndeer); houlever, 1n mlcer plgs and cats the

comparable number Ls three, ln kangaroos four (Balley and l-emon, 1966)

and l-n cattle s,f.,x (fvtakarechLan and Howell, 1967). Thus, the number

of protein bands ln a set ls characteristlc of a species and the sub-

stltutlon of one allele for another causes a stepurise change in atl

the bands of a set. SLnce there ls no apparent doml-nance, the pheno-

type of each homozygous parent ls detectab}e ln a heterozygote. Thus,

a heterozygote has twl-ce the number of bands as a homozygote and the

lntenstty of these bands is about half that found ln the homozygote.
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Multlple protetn zoneÊt determlned by a slngle gene are

conmon !n proteln polymorphlsms descrlbed ln the llterature. Thus,

cattle post-albumlns and rabbit red ceII esterases are lnherlted as e

zone duo (Gahne, 1963a; Grunder É "1., 1965) and horse pre-albumLn

and serum esterases as a zone trlo (Gahne, 1965). The explanatlon of

multlple zones varies, and ln very few cases the hypotheses have been

experlmentelly tested. There are three types of hypothesis proposed

to explaln multiple zones:

(1) InteractLon wlth gel buffer, as proposed for fowl conel-

bumtn ln borlc acld (Parker and Bearn, 1963; Wllliams, 1962) and for

mouÊe transferrin ln trls-maleate (Hope and Bal1ey, unpubllshed).

(ff ) Ivftrltimer formatlon as with rebbl-t red ceII esterases

(Grunder g! 4., 1965), baboon lactate dehydrogenase (Syner and Good-

men, 1966) and maLze esterase (Schwartz g[ g!.r 196õ).

(fli) Enzymic attachment of charged carbohydrate moLeties ln

varying proportlons as proposed for human transferrln (Parker et 41.,

1963; gee algo Jamleson, 1964).

Even though each explanatlon may be valld for the slt-

uatlon descrLbed, tt is apparent that no slngle explanation can explatn

aII multiple proteln zones. The flve multLple trensferrln zones found

tn human foetal serum are apparently Lnduced by a deftcLency tn an

enzyme whlch usually attaches four negatlvely charged carbohydrate

moLetles to the transferrl-n molecule (Parker g[ g!.r 1963). Thls may

be a generat explanatl-on for multl-ple transferrln zones in other specles.
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2. TfanEferrfns ln cattle

Trensferrln polymorphl.sm 1n cattle was ftrat deacrlbed by

Aghton (1957) and Hlckman and Smlthfes (1957)r On the baslg of 15O

netfngs fnvolving the flve obÉerved transferrln (then known generally

s.s betarglobulln) phenotypes I.rV correepondfng to what are now A¡ AD,

DE, D a,nd AE, Ashton proposed that the data mfght be acaounted for by

ffve pelrs of lLnked loci. Thfs hypothesls was probably based on the

observatLon that the max mum number of bands obs rved Ln a phenotype

waÉ flve (type V)" Interpretatlon of thege early observatlons on

cettle traneferrl-n wae de dffflcult by the number of multiple zones

and the absence "f TfE homozygotes from the sampled anlmalg. Snithleg

and Hl.ckman (1958) proposed a gerLes of three alle1es (pA, pE, go) "t
the transfer:rln locus to explaln the same fÍve phenotypes desLgnated !,

IVr I, III and If respectively, where gO *"r an lnert allele. Thus,

Lndivtduals wlth pattern II (AE) *.t" plgt, those with pattern III (D)

go.go, those wlth rv (AD) gAÊo and those wlth v (A) ptA. rndfvLduars

wlth pattern I (oe) however, could be elth." gEpE o" gþO. Agafn¡ the

fallure to recognLze the zone trfo as the lnherl ed unlt and the absence

of transfenLn type E fr m the sanple prevented lnterpretatfon of the

data Ln the sense that I now commonplace for proteLn polymorphisms.

The hypothesis of SmLthl-es and Hfcknan (1958) requl.red llttle modl.flcal

tlon by Ashton (1959a) to obtaLn a workfng hypothes!.s to explefn the

cattle observatl.ong and t has been frequently !.nvoked, often on very

slender evl.dencen to account for the genettc control of ¿11 transferrln

and fndeed all protein polymorphLsmg.
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In 1958(d) lshton attrlbuted the transferrln varlatlon

ln cattle to 3 alleles pA, pD ana EE "t the transferrln locus and ln

(19õ9(a) he descrlbed varLants B and F <p"tÊ "na 
pFlpF) rn aebu cattre.

slnce that tlme the locus symbol has been changed to E (Gahne, 196l),

transferrln D has been subdlvlded lnto D, and D, (KrletJansson and

Hlckman, 196õ; Ashton, 196õa), Gahne C-9ç-!)" and Osterhoff and van

Heerden (f964a) have descrlbed transferrtn G (TfGSouth Afrtca),
Ashton and Lampktn (19654) have found ê new veriant ln Eaet Afrtcan

zebu cattle whlch they also called G but whlch has been catled A,

(Janrteson, 1965) mO G*"rry" (Ashton g! g!., 1966) and Sartore end

Bernoco (1966) have descrlbed a varLant faster than A whtch they

called H. The relatlonshf.p between Al (G) of Ashton and Lampkln

(1965a) and thls type ls not known but ln Flgure 1 lt ts placed

nearer the cathode. Besldes these regular varlants a number of

workerg have found transferrln patterne whfch do not conform to the

standerd phenotyplc pattern (Gall and Berg, 1964; Sartore and

Bernoco, 1966). Flgure 1 shorrs the relatlve mobLllty of the knotn

cattle varLants. In thls flgure, trangferrJ.n homozygotes are shonr¡

I

I
I

I
I

t"j

with four bands after Jamieson (196ã). Early workers recognlzed only

three bande (see p.8)r however wLth lmproved technlques four bands

have been shown to have lron-blndtng abtllty (Neethllng and Osterhoff,

1966), and recently Makarechfan and Howerl (1967) have clalmed that

there are six bands in homozygotes.

In cattle, as ln man and Ín sheep, dtfferent breeds and

races are characterlzed by polymorphi.sms for different transferrln

varlants and by marked frequency dlfferences for the same varlants,



FIGUNE 1.

The known transferrln patterns of cattle homolygous for the

corregpondlng alleles et the trensferrln l-ocus.

Note: A, here lg G of Ashton and Lsmpkln (196õ) and I's

probably more correctly called GK.rry".
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Thus¡ transferrLns B, F end c (41) are conflned to zebu breeds whllet A¡

D-. D_ and E ar.e found fn both Bog taurus ênd Bog lndicug. Zebu breedtt- '¿

!.n general have mueh hlgher frequencles "f It.E then temperate breeds

although wfthln temperate breeds lts frequã .r""reg from very low or

absent tn Jersey and Guernsey cattle to 0.62% tn the B¡rltleh Whfte breed.

Janteaon (1966) hac docunented a lerge nunber of transferrfn gene fre-

guenctea for dlfferent cattle breeds.

Some studies have been msde on the transferrins of other

genera of rumLnants. Breend end Stormont (1963) could flnd no varlatlon

ln the transferrlng of 113 Amerlcan bfson (Bison blson) and noted at that

tfme that the transferrln phenotype wae Lndlgtlngulahable fron cattle

trangferrln A- Lster however, usl.ng a dlfferent gel buffer system,

Stormont (1964) shov¡ed that the blson trengferrLn pattern was .reeolvable

lnto flve zones, the slowest of whlch wes sllghtly faster than the

elowegt zone of cattle TfA, Other workers (ÈreenA and Gasparskll 196?)

demonstrated that the European blson (Blson bonegus) hed a trensferrln

pattern lndlstlnguishable from thet of E@ blson and elmilar flndlngs

have been reported for the Afrlcan buffalo, Sl¡ncerus caffer (Osterhof,f

and Youngr 1966), A preltmlnary report on transferrlng J.n Bulgarlen

water buffalo cows (posslbly Bubalug) Lndlcated thet the traneferrtne

of theae aninalg showed the zone quartet typlcal of cattle trangfentn

bqt electrophoretlc varlants were not those observed ln European cattle

(l¡bkaveev, 1966)" These observatl.ons gupported the conclusfons of

Datta (1963) and Datta and Stone (1963b) that the eerologlcal belatLon-
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¡hlp between the Indian water buffalo (.gubq1uF bubqllg) and do¡nestl.c

cattle was not as close as between bl.son and cattle. The eland (f"*-

traFue oryï) en antelope In a trfbe closely related to that of c¿ttle

(ftgure 2) dtd not have the cattte transferrl.n lone quartet but had a

zone duo (esnton and Carr, 1965) and studles on the reLndeer (Gahne and

Rendelr 1961; Braend, 1964) and the Norwegfan elk (Moose) (Braend, 1962)

lndfcated that neither hed the cattle transferri.n quartet, although the

exact relatl-onshfp between moose a¡rd cattle transferrin was not epparent

from Braendts flgure. The taxonomlc relat!.onship between thege a¡rf¡nalg

and cattle Lg renote (ftgure 2). ,.J¿*¡,! t ,t!4 
" 

i , i
A number of observations have been rnade on the departurå

f,rom ra,ndom matfng Þxpectatlons and on dl-sturbed Segregatfon retlog et

the transferrLn locus fn sheep (xhattaU et eI.¡ 1964; Sartore, 1964¡

IÞesat and Sartore¡ 1964¡ Cooper, 1966)r and Ashton (1965b) hae

summarlsed the evfdence f,or an effect of transfenfn type on the re-

productfve performance of cattler There ig gome evl.dence for mother-

foetus lnconpatfbllltyr superlor fltness of heterozygotes and dlffer-

entfal fertllfty of heterozygous and homozygous anLmalg. However,

much of the work ln thfs ffeld was carrfed out before lftlstJansgon and

Hicknan (1965) and Ashton (1965a) had descrfbed the eubdl.v{sl.on of

tto fnto gDl ana tto'. Flndfngs relatfng to heterozygotes (ADr Ær

DE) enA homozygotes (A, Dr E) are therefore to be consl-dered wlth thls

fn mi.ndr even though the clagsl.flcatlon of heterozygotes and homozygotes

wLthout regard to the subdf.visLon of tfD lg lnconsfÉtent only wlth re-

+



FIGI'RE 2

TITE CI,ASSIFICATION OF CATTLE AND REI,ATED GENERA

(After SimPsonr 1945)

ORDER ARTIODACTYLA

STJBORDER RIJ}TI NAI.IT IA

INFRAORDER PECORA

ST'PERFATTILY CERVOIDEA

FAI\{ILY CERVIDAE (deer¡ €.8. red deer, relndeer, elk, moose)

SUPERFAI\{ILY BOVOIDEA

FAMILY BOVIDAS

SUBFAMILY BOVINAE

Trlbe Strepsicerotlnl (antelopesr ê.8. eland, kudu)

Tribe Bovinl

Bubalus buballs (Asiatic buffalo)
Syncerus caffer (Afrlcan buffalo)
Bison bonasus (European bJ-son; Wlsent)

I " bLson (American bison)
* Blbos gaurus (Gaur)

" frontalis (Gayal)

" banteng (Banteng)

Bos primlgenius (extinct Auroch)

" Lttdicus (Zebu cattle)
" tau"us (European cattle)
" grunniens (Tlbetan Yak)

I Roe (1951) regards the American bison as Þ g!g.
Deakln et al. (t942) use the name Bison amerLcanus.
Stmpsor;(fõZ-s¡ and Walker (1964) uõãÏrassify the Arnerican btson
as@¡9.

* Walker (1964) classl-fies these as: Bos eiaurus

-ÉBos frontalls
Bos bantenE

I Zeuner (f963) regards Blson and Blbos as subgenera of Bos.*
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gafd to the clesg TfDIDZ whfch ls drawn fron the homozygous clals to

enter the heterozygous clasa¡ Any observetlonÉ on the dlffererrt per-

formance of the two classes could therefore be an undereÉtLmate rather

than a¡r overestl.mate of Ény true performaåce difference.

(f) Dan'rfoetus lncompatlbflfty

Aehton (1959b) found that fn FfiesLen a¡rd Ayr¡hlrc

cattlel r€cfprocal matlnga Lnvolvfng TfA or TfD,by TfAD gave an exccll

of offrprfng with trangferrin type llke their damr He proposed thet

thc undcrlyfng mechanfam for thls wBÉ maternel-foetal lnconpatfblllty.

If onc consfders hls data for Frl.eÉlan cattle (Table 2) then although

TABLE 2

PARENTS OFFSPRING

MATERT{AI.I.FOETAL INCOMPATTBTLITY DATA OF ASIÍIION (1959b)

2
tY"

MATING
TYPE

TÛTAL

FEMALE

A

MALE

AD

A

AD

D

I

2

3

4

AI)

D

AI)

LIKE-DAM

19

13

t7

81

LIKE-.SIRE

11

I

I

25

53

P

2.73 .l r ,2

5.85 .Ol - .O2

the date are homogeneoug U3 = o.48) a.nd on statl.stlcal grounds na,y be

combl.ned as was done by the author¡ there are other badeÉ for not cor'
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blnlnlng the resulte of all matLng types. Ivtatfng typee 2 and 4 cannot

produce offeprlng w!.th a trangferrfn not found ln the dam and therefore

It 1g dtfftcult to lmeglne e prlorl hou¡ these matlnge could produce

foetusee fnconrpetlble wlth thelr dam. Thus, probably es a result of

slnllar reasonlng to thls, Ashton (1965b) used onty rnating typea 1 and

3 Ln lncompattbllfty studles and sttll obtalned e slgnlficant excesg of

llke-darn offeprlng ln these two matlng types combined (478:4Og, X? = õ.86r

P ( O.O5). flwever, when one cons!.ders the eubdlvlslon of transferrln D

lnto Drr D, and D'DZI matlng type 3 cannot be regerded as sulteble for the

e:<antnatlon of data for maternel foetal lncompatlblltty, sl.nce tf the D

alle1e tn eech parent ls a dtfferent orr. (ggil and !gD2), a simple lfke-

dam, llke-gLre classlflcatton ts not oo""rll". only data from matlng

type I are suLtabÌe for maternal-foetal lncompatlblltty studtes when

transferrln D ls not subdivtded" Data on natLng type 1 coltated from a

number of sources by Ashton (1965b)¡ shonr no evLdence of maternal-foetel

lncompetibfllty (268:247, *? = 1.43r .2<P (.3¡ wrtterre catculatlon)

and neither does tt¡at fn Table 2. Ashton (f959b) atso found that fn

slmllar natlngs lnvolvlng trangferrfn E an excess of offsprlng cernylng

tfre ffE allele was found where the slre carrled TfE. otherwfse off-

sprlng carrylng tJ *."u found Ln lower frequency than expected.

Sfmilar flndfngs to those dlscussed above have been descrlbed by Buach-

mann (1963). Studles on aberrant segregatfon fn dlfferent populatfons

by Ashton (1961), cahne (1961)1 Ashton and FaIton (1962), Brummergtedt-

Hanssen É 4. (1963)¡ Rauech g!' gL. (1963), Datta É gI. (1965) and
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Jemfe¡on (1966) fafled to conffrm thes€ obeervatlon¡ and Mouatgeerd É g!.

(f96O) and gfnes (1965) could find no lmnunologlcal dlfferences between

tranaferrln types¡ If mother-offsprLng fnconpatlbtllty was e real effect

of tho transferrLn locus, then ¡ratlngs between ll.ke homozygotes would be

at a celectfve advantage. As polnted out by Hlckman and Dunn (1961), tf

this were so lt could lead to flxatlon of the aIIeIe wtth the htghest

frequency at the outset, a trend for whlch there Ís no evl-dence at preeent

fn cattle.

(11) Superfor fltness of heterozygotes

Ashton and Fallon (1962) examlned "retur¡rs-to-aerv1ce"

data from natlngs lnvolvlng llke-honolygotea (producfng homozygotee Ln

utero) and unllke-homozygotes (producing heterozygotea fn utero). They

found that whorees there was no dlfference between the efflclency of the

two typea of natlng when t'short-r€turns" (o-24 deya) were consfdered¡

there waa a sfgnlflcant excegs of cona ln the natlng clasg "Ilke homo-

zygotest that returned to servl.ce 25 daya or more after lnsentnatfon¡

Thls waa lnterpreted ag lndlcetlng a superlor fltness of hetenozygotes

fn utero. IÍork fn New Zealand (quoted Ln Nenr Zeeland D.P.M.B., 1963)

ebqed sf¡nllar though non-sLgnfffcant trendg. These obgervatLone

would Êeem to contradfct those ¡nade on maternal*foetal lncompatlblltty

slnce matinga i-nvolvlng llke homozygotes cennot produce offsprlng ln-

compatible with the dams, whereas nating lnvolvi.ng unlfke homozygotes

all produce fncompatible offspring" Thus one mfght e:çect that

metlngs lnvolvlng llke honozygotee would be more successful than those
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lnvolvlng unlfke honozygotes lf meternal-foetal lncompatlblllty was hêvlng

a slgnlflcant effect on foetal nortalLtyl whereas the opposLte vas ob-

served. Wfth the subdlv!.sLon of rlD into TfDl rrra gD2, mattngs between

llke homozygotes of the type D * ;" ""tulr, composed of the types D,

x Drr DZ * D2 (rtte homozyqotes)r D1 x D, (unllke homozygotes) and D, x

DlDz, D2 * DlDzl D'DZ * DlD2 (homozygotes x heterozygoteg and heterozygoter

x heterozygotes) where t4f, of matlngs are of the flrgt typer 14Í of the

gecond type and 72l of the thfrd type when lgDl "n¿ 
TfD2 have egual fre-

quency. Thue, only 14% of the D x D r*tl; "". ".,Itlry'llke honozygoter

ln thle caBe. Sfpf-larly, a large proportlon of the matlnga between un-

llke homozygotes also fnvolve 5OÍ heterozygoteB. The observatfong are

therefore very dl.fflcult to lnterpret ln terms of heterozygote superforlty

!.n utero but could be re-evaluated in termg of A x A and A x "not-A"*

Further evfdence for hêterozygote superlorLty has

been put forvard by Ashton (f965b) uslng data from a number of BourceB.

lr[atlngsof thetypeAD xADrA xADrD xAD whlchwouldbee:<-

pected to gLve egual numbers of heterozygotes and homozygotes among the

progeny and whlch would not fnvolve lncompatLble offsprtng¡ w€r€ found

to glve a elgnlflcant excess of heterozygotes. Datta g[ gl. (f96ã)

could not confLrm this observatlon although they cLted other evl-dence

to support lt (Gahnel personal communlcatLon)* AgaLn, lnterpretatlon

ln the game sense ls not now possLble slnce ttD ls açtually two alleles,
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(fff) Dlfferential fertllfty of heterozygotes and homo-

zygotes

Ashton (1961) found that matlngs between homoaygotea

(ttt<e or unll.ke) were slgnlflcantly more succesgful than those lnvolvlng

at least one heterozygote. Slmflar flndlngs utere reported by Ogden

(1961)o The high proportlon of heterozygotes (D1D2) now known to exlst

among homoaygotes makes lnterpretatfon of thls dlfffcult.

Irrespectfve of the transferrl.n type of bullst

Ashton (1961) found that homozygous cows ln one regLon of Queensland

had hlgher 'tbreedLng efflcl"ncy'n than heterozygous cowsr "breedlng

efffciency" belng measured by the proportlon of cov¡s not returnlng to

servlce. In another regLon, lrrespectlve of the cowts transferrLn

typer homozygous bulls had a hlgher -breedfng efflctency" than hetero-

zygous bulls¡ where a bullts breedlng efflcfency ts deternlned by the

proportlon of cows to whlch lt ls mated that do not return to gervlce.

Ashton (1965b) observed that In pooled data homozygous bulls were conr

slstently more fertfle than heterozygous butrIs although the slgnlflcance

of thls wag not tested, Also, the dlstrlbutlon of heterozygous and

homozygous bulls selected for artlflctal breedlng was sLgnlftcantly

bfased towards homoaygotes, and Ashton (1965b) suggested that thls may

have been a result of the Lncreased fertlllty of bulle homozygous for

alleles at the transferrfn locus.
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(1v) Depa,rtures from frequencl.es expected wlth random

matlng

For a genetlc polymorphLsm lnvolving two alle1esr the

most lLkely sftuatlon leadLng to a selectlvely balanced polymorphLsn Ls

the superlor fltness of the heterozygote (FLsherr 1930)" For more than

two alleles a number of different systems or sets of selective value can

gLve rÍse to a Eelectlvely balanced polynorphism (owenr 1954; Llr 19õ5;

Ktmura, 1956¡ Tallls1 f966). Thus the slmple model asslgnlng a re-

latlve vlablllty of 1.OO for transferrln ADr O.85 for A and O.85 for D

(Aahton, 1965b), whllst accountLng for sone of the obgerved effects of

the transferrfn locus on breedlng effLciency and departure from random

netlng expectatlon for two trangferrln allelee, doeg not consfder all

the selectl.ve forceg whlch nay be operatlng to malntaln a polynorphlem

lnvolvlng three, fourr five or gfx alleleg' Howeverr regardless of

the exact nature of the forces naintalning the polynorphlsm¡ hetero-

zygote advantage could lead to an excess of heterozygotes over that

e:çected. Aehton and Fallon (1962) reported a slgnffieant 6% excess

of heterozygotes 1n one populatlon but tlree other populatlons and one

reported by Gahne, et aI (1960) had an excess of heterozygotes whlch

was not sLgniflcant. Other workers (Braend et al¡¡ L962i Gahner 1961¡

Datta É 4., 1965) dld not conflrm thls fLndLng although extensfve data

publlshed by Jamleson (1SOS) showed sfgnlf{ognt devLatLon Ln favour of

heterozygotes or homozygotes dependtng upon the herd examÍned¡ Ashton

(1965b) pooled data from Ashton and Lampkfn (1965b) end Ashton et aI.

i
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(f966) and obtalned a sfgnfflcant excegg of traneferr{n \eterozygoteB¡
D

Thege results were obtal.ned from data ln whlch Tf was subdfvLded fnto

got 
"rru 

gÞ "" w¡¡re those of Jamleson (1965)r

trTom the foregolng discuaslon on the resultg of worker¡

atudylng the effect of trangferrin type on vlablllty end fertLllty lt lc

apperent that the llterature contafns numeroua exanrpleg of observatLon¡

whlch heve not been conf,lrned by other worke:rs. It lE unllkely that all

atgnlflcant effects are ehance observatlone and tt ts posslble that both

the genetlc and phyatcal envlron¡rent of the anlnsls eould tnfluence the

effect of alle1es at the transf,errLn locus on viablll.ty and fertlllty.

Varlatfon Ln the frequency ot ttol 
"ou 

tt" may also be a factor cotrri

trlbuttng to the lnconsÍetencLes ln regtrlts obtalned by dlfferent workers

lf any of the real eff,ects Ere attrLbutable to one D allele or the other¡

b¡ The J blood group of cattle

The J blood group was flret degqrlbed ln cattle by Fenguson

9È g!" (L942) when they obgerved that the sers. of some LndLviduals had a

naturally occurrtng antLbody whlch lysed the red cells of other lndlvtdualc

fn the presence of rabbft comÞlement, It was subdequently found thet the

J entigen was primarlly a aerum constl.tuent whlch became adsorbed onto thg

red cellg eometlme after þlrth (Stormont, 1949) and elnce twlns showfng

erythrocyte mocalclsm (when tested wfth other reagenta) were found to have

dfstfnctly dlff,erent J blood groups ft was concluded that J eubËtenee wa¡

not produced by the sarne tfssues responeLble for erythropol.egls. Stone
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and lrl¡ln (1954) cLasslfled cattle lnto thrric groupst (1) JcS, those

wlth the J antlgen on theLr erythrocytes and ln thetr serumr (2) JSr

thoee wfth J antigen ln thefr se:rum onty, and (3) ¡ê, those wlthout the

J antlgen. The last group had natural antl-J ln thelr sera at titres

dependlng upon the season of the year (Stone¡ 1956)' A more detailed

revLew ls glven by Stone (1962). Conneal.ly et g!. (1SOO) found that

the frequency dlstrlbutlons of the JS and Jcs g"oops each showed four

nodes and they suggested a nLnlmum of four alleles controllÍng antlgen

tltre fn each group.

It has been shown (Stormont, 1951) that natural bovLne antL-J

has a much greater avldfty for sheep R cells than for strongly reactlng

J red cells* Sheep antf-R hourever, would not lyse cattle J red cellBr

Thus¡ the R and J blood groups of sheep and cattle respectlvely are

related serolog1cally and also fn the sense that they are both prlnarlly

soluble speciffc blood group substances (SSS) of the serumr The A

antlgen of man ls algo serologfcally related to both the R and J antlgene

and to the A antlgen of swfne (Stormontr 1949¡ Spraguet 195õ; Nefnaru¡-

Sorensen g! g!.r 1954) but hunan A substance is dlfferent from the others

fn that It forms an Lntegral part of the red cell waII ln the blood at

least.

Stormont (f951) worklng on the R blood group of sheep (see

Appendlx II) found a naturally occurrlng antlbody in the serum of some

cattle whlch would react with R*negative sheep red cells (O) but not

wfth R-posltLve sheep red ceIIs(R). Ustng thls antibody (natural
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bovLne antf-sheep O) he demo¡r-strated that the R/O dlfference was conq

trolled by two slleltc genes ! and 1, wtth the O phenotype recessf.ve to

the R, Rendel et aI. (1954) found a thlrd clasg of sheep (I) whose cells

reacted wfth nelther anttbody. The observatl.on that both R end O sheep

had O substance Ln thefr sallva led Rendel (1957) to propose that the O

substance was a product of another gener J¡ "t a dlfferent locus. ThuËt

the R'O-1 blood group eystem Ln eheep appearÉ to be controlled by two

aIIeIes at each of two locl" Anfmals of genotype Ä-E- are blood group

R, those of genotype J-g are blood gtoup O end those of genotype å!-

are blood group I (see Appendlx II).

Studtec on the dlstrfbutlon and lnheritance of natural bovlne

ant!.-eheep O fn cattle LndLcated that the productLon of the antibody waa

under the control of a slngle domLnant gene (Sprague.r 1958b). Uslng

thls antfbody for lnhibltlon tegts Sprague (1958a) demonstrated the

pre3en6e of an O substBnqe fn gome cattle sera (both J poslttve arrd J

negatLve) although the red cells of these anfmals were not lysed wlth

the teagent¡ The O gubstance of cattle was deslgnated ttOc* and studles

on Lts lnherltance lndLcate that observatf.ons on famlly and populatlon

data were best Lnterpreted aS the regult of the segfegatlon of four (

arretes at the J rocus. That 1g d, J, ¿"o", and JoG. The p:roposed

phenotypeÊgenotype relatfonsh!.ps 1n the J*Oe system, a.re glven ln

Table 3¡ There ls a rather qurLous relatlonehlp between the proposed

alleleS at the J locug glnce ln the preËeftce of the J aIIeIe nelther

-JOc -OcJ NOTJ produce any oc aubgtancer That fs ¿Jæ/¿ fndlvtduate

'l trlft,



TABLE 3

PROPOSED PHENOTYPE - GENOTYPE RELATIONSHTPS IN THE JOC

BI¡OD-GROIJP SYSTEM (FROM SPRA'GIJE, 19õ8a)

¡o"/J, ilJneLther
antigen

neither
antlbody

ri tt

Jo" /Jo"Ocantl-OOc

lJ/tJ, !J/!O" , !J/j,

lt/!to", !'o"/j

Janti-JJ

,Joc rrJoc , ,JOc 1tæJ and Oc
anti-O
antl--JJOc

Posslble Genotypes

Blood Group
Substance fn Serum.

Serum
Inhibit s

Notatlon

Phenotype
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have the J phenotype and !o"ã lndlvfduals have the "-" phenotype,

Thls pofnt ls taken up later Ln the dfscussfon (p.74).

Slnce the tltre of Oc ¡ub¡tance ln the rerum of cettlc 1¡

varlable (Rendel and Sulukt, 1964) ft 1¡ Ilkely that the JOc and Oc

phenotypes may be subdlvtded llke qcs ana JS although relevance of the

ftndfng of four modec fn the ¿tt "lo ¡s "rl""rflcatlons 
(connearly 9g El.,

1960) to the J, JOc, OÇ¡ and tt-t' classlflcatfons ls not clear, There

Ls a negatLve correlatfon between the amount of Oc substance and the

anount of J substance fn sera (Rendel and Suzuktr 1964) and these

workerg suggested that both antlgens may have a co¡nmon precurgorr

In thls connexlon lt ts Lnterestlng to note that the Oc substance of

cattle 1s serologlcally related to the H subgtance of man (as well as

to the O substance of sheep and swlne) and the A and H substanceg of

man are belleved to orlglnate from a cornmon precursor subetance (Rape

and Sanger, 1962)-
t

ExtensÍve data on the dlstrl-butÍon of J alleles in diffenont

breeds are not avallable. Howevern Storr¡ont g[ 31. (1961) have found

e very slmllar system ln the Amertcan buffalo (glson blson) where the

lnhlbitlon types J, JOc and Oc are described. The European blson

(lVtgent! Bf.eon bonasus) and the Indfan water buffalo Bubalus bubalts)

aleo have a J blood group system (Gasparskl and Drblskl, 1962;

Gasparskf, 1964; Datta and Stone, 1963b). Studles on the Nonregfen

elk (Moosel Alces qlces) by Braend (1962) uslng a slngle J reagent

revealed a J blood group system slmflar to, i.f not ldenticel wlth,
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that of cattle. Thla hfgh degree of ¡lmllarity between the J blood

groupB of thece wldely separated geneÌa ls of tnteregt slnce mooBe tran¡-

fenl.n also showe some slnllarltlee to cattle t¡ansferrln (Braendr 1962) '
TestLng of goat sera wlth sheep and qattle reagents has fn-

dlcated that goats have B, C and M blood group systems llke those of

sheepr However, they have a J blood Eroup system llke that of cattlel

not the R{Þ.1 system of sheep (Stormont and Suzuktr 1961)r The blood

group system ln goats conststs of the three tnhfbLtton types¡ JOgr Og

and "-lt (SururI snd Stormont¡ 1961, 1962). The naturally occurrlng

antfbodLes ln the gera of tt*" anl¡nalg a.rer ¡oievor, a curfous mfxture of

those found fn both cattJ.e and sheep* vlz¡ antl*sheep R and antÍ-sheep O

(Susukl, and Stornont¡ 1961ì Balley, unpubllshed)*

cr Serum a1kallne phosphatases ln animale

Electrophoretfc var!.ants of the enzJ¡me alkalLne phosphatase

have been found ln the serum of me,n (Arfors et aIr¡ 1963)r cattle Gahne¡

1963b), Ëheep (Rendel and stormont, 1964), ;; (salley unpubllshed),

chlckens (ITfIcox* 1963; 1966¡ I¿w and lvftrnroe, 1965), and several other

specles of blrds (Beckman end NÍlson, 1965). In man¡ cattler sheep and

goats the polymorphlsn ls dlfferent from other serum proteln polynorphfsns

ln that the va¡rLants dlffer by the presence or absence of an addLtfonal

zone of phosphatase actLvlty" the addftlonal zone havlng varlable stain-

ing lntensLty between LndLvlduals possesslng lt, For thLs reason Lt has

been dÍffleult to carry out studles on the lnheritance of the varl.ant

types and therefore wLth the porsLble exceptl.on of cattle (Catrne* 1963b)
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no for¡nal genetlc hypothesLs coverg all obaervatÍons.

In man¡ Arfors g|.1,. (1964)1 Beckman (1964)¡ Bamf,ord g[ gl.

(1965)l Shref,fler (1965) and Hope (1966a) have shoxrn that the presenc€

or absence of the B phosphatase zone ls related to the presence or

abÃence of the B and H antÍgem on the ¡ed ceII a¡rd to the secretor

¡tatua of the Lndlvldual., Thus¡ almost all people wlth B zone adtfvfty

are ABO blood group B or O and gecrete these gubstsnces Lnto thelr

salfva. It wae concluded by Beckman (1964) that the presence of the

B phosphataËe zone wa; dependent upon at least one other factor besldes

the ABO and gecretor geneg,

In sheep, Rendel and Stormont (1964)¡ Rendel g[ 4. (1964)r

Rsgmusen (1965) and Hope (1966b) ahowed that the preg€nce of B tone

aotlvlty Ln the serum was hfghly correlated wfth the presence of the O

bloodrgroup substanee of the n'crl system ln the Berum and on the red

ceIls" ThfE adgocLatlon was not cornplete Éince there were some anLurelg

of blood group R wlth B zone activlty and gome of group O wLthout Lt¡

however¡ Rendel gI gI. (1964) were able to Lndr¡ce B gone actlvLty in a

B ¡regatlve sheep by Lntravenous lr¡Jectlons of galLva containLng O blood-

g?oup gÌrbstance"

In cattle no pattern Sf¡ntlar to that of ¡nan and sheep was

obeerved and s varLety of classlffcatfong wag posgible (Gehner 1965b))

Catt1e havlng the A zone were clasÃffied ae A a¡rd those lacklng lt as Or

Gahne tnterpreted hLs matLng d¡itg. as fndj.cating that phosphatase patterns

were the regult of the segregatlon of two alleles ¡A ana !o at the
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phoaphatate locur! Thus lndlvldual¡ of genotype IVIA or FlFo have

phoaphata!€ pattêrn A and those of genotype IoC have phoaphatare

pattern O. In 128 natfngr of the type O x O, no A offaprlng waa ob-

gerved- Rendel and Gahne (1963) examlned the aggocfatLon between the

J blood group types JCS, JS and Ja and phosphatase type and found a

small but slgnlflcant excess of anlmale wLth A zone actlvlty ln tho

clags Ja. Also, ln both .lcS 
"r,d 

JS classiflcations the tLtre of J

substance was hlgher ln type O phosphataee cowg that ln type A cowËe

Thl.s obgervatLon waa repeated by Rende1 and Suzuki (1964) who also

showed that there u¡as a tendency for anlmals wLth Oc substance to have

the O phosphataee phenotype. The faflure to flnd a close assocLatton

between the presence and abgence of a gerum phosphatase lgozyne and the

presence and abgence of a blood group substance ln cattle 1g probably a

reflectlon of the close adherence of alkalLne phosphatage inherltence

to formal lt4ehdellan theory ln that spect-es (p"23)o That ls not to say

that there 1g no phosphatase lsoayme assoclated wlth the lnherltence of

an H-lfke blood group substance In cattle ae there fs Ln sheep qnd nan

(p.29).

d. Blood group subgtences and transferrfng ln foetal blood

1. Red-cel1 and serum antlgens

In mant the A end B antlgens were detectable on the red

cells of foetuges at 37 dêys (Kerrp" 1930)' However, the entigen

gpeciflclty was not that found ln adul"ts sfnce A, and A, were not dîs-

tlngulshable at thLs stage. Work on Lewls blood groups lndlcated that

,i,
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foetutc¡ dld not have Lewj.t è or' b ¡ub¡t¿¡rcGt on thetr red 'celIs (Andrerent

1948; Jordal, 19õ6)r hwever, Lsvler and lt{a¡shàIl (f961) demonBtrEted th¡

presence of Lewlg substance ln the Èerun and salLv¿ of newborn Lnf,anta go ln

thls respect the development of the l.ewLs groups le sfml.lar to the develop-

¡nent of the R and O blood groups of gheep (Yces1 1949; Rendel, 1957) and

tne .lCS blood group of cattle (Stormont, 1949) where the antfgens et blrth

ere detectable only Ln the serum but become adsorbed onto the red cells

withln the fLrst month of lffe. The soluble blood group substance Gc I'n

na,n has recef.ved gone attentf.on wlth respect to lts tine of development.

It was certaLnly detectable at the tl-me of btrth (C1eve and Bearnr 19621

Hess and Butler, 1962i Hirschfeldn 1962; HLrschfeld and Ltrnnel, 1962i

Nerstr/m', 1963) but Hlrschfeld a^nd Lunne] (1962) and Cleve and Bearn

(1962) could not detect lt Ln foetuseg as young as 17 weeks* The tlne

of appearance feII fn the r.ange 2O-2ã weeks; howeverr more recently

Ivlelertfn g[ aI, (1966) demonstrated foetal Gc groups as early ag 9 weeka.

rn cattle foetuses sch¡ntd and Buschmerur (1962) showed that

the red cell antlgens were well-developed in a f,oetue 17 mrn long (4-õ

weeks o1d): however, they found evldence that the red ceIl antfgenS

were not as strongly developed as ln adults. The J eubstence concen-

tration 1n serta was saLd to be asgocla

foetuee.s show a genetlcally deternfned

Lt seems unllke1y that the observatlon

represent the full range of varLablllty. Examlnatlon of 113 foetal

sera revealed no natural antl-J actl.vlty fndlcatLng that thfs antl.body
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at leagt Is not tr:ansfened acrosE the placental barrfer.

2' Trangferrfn

Parker and Bearn (1962) a¡rd Parker 99 È, (1963) found

tran¡ferrlu tn the serum of human foetuees but observed that ln addltLon

to the rnajor componeu.t found Ln adulter there were four traLlfng mlnor

bendg. These q¡ere consLdered to be due to the addttlon of dlfferent

amounts of csrbohydrate to the tra,nsferrtn molecule such that the

glowegt (foutth) ml.nor component had no carbohydrate motety attached,

the thLrd had one¡ the second had two, the flrst had three and the

maJor band had four (JamleÉon, 1964)r Melartl.n et g!, (tSO6) found

thet human foetuses could have trangferrfn dlfferent fron that of thelr

mother (prest¡pably lnherlted from the father) and that the trangferrln

concentratlon ln foetal serum was greatly reduced Ln young foetuses,

Slmllar Lncreases ln transferrln concentratlon wfth

foetal age have been noted ln the sheep (Baltey, unpubllshed)r the mouBe

(Pantelourf s and Hale¡ 1962) and the rat (YrIf se gj. 4,, f963). In the

latter specles Wlse et g!, (ISOS) found that the faet mlnor transfer¡ln

zones of foetuses had a relatl-vely hfgher concentratLon than ln adultg¡

If the slow trallLng mLnor bande of foetel transferrin ln man are due

to a low concentratf.on of an enzJrme attachtng negatf.vely charged c.a¡bo-

hydrate to transferrLn (adult transferrJ.n havlng a fuIl complement of

carbohydrate), a¡rd ff the normal form of the rat transfenln maJor band

Lg gaturated wfth carbohydrate¡ then this carbohydrate moLety would have

to be posltlvely charged for tts removal to produce mlnor banda wlth
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moblüty faster than the maJor band.

Foetal cattle transferrins were studled by Buschmann and

Schmld (1961) ana Schnld and Buschmann (1962) who reported that they

found aII the adult traneferrln types except transferrln E (they dld not

aubdlvide 3¡1o rrrto tPl ana go2).

If the Ínformatlon on the gtructure of human transferrfn

ylelded by a study of foetal trangferrfn patterns 1g talcen as a pre-

cedent for the type of lnformatlon avaLlable from such etudLesr then a

nore detefled study of cattle foetal tranaferrfn could be of va1ue.
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II. MATERIALS AND METHODS

a'r Collectl-on of blood sampLes

Blood was collected from cattle usLng a modÍffcetl.on of the

method descrlbed by Brown and Carrow (1963)¡ Usfng a 5 nI sterile

dlspoeable s¡'r'inge and a 1" x 18 hypoderrni.c needle, blood was obtalned

from the coccygeal blood vessele by lnsertlng the needle fnto the

ventral gurface of the tal.l ln the halrless area about 4" from the a¡rug¡

The blood was then eLther allowed to clot 1n the sfrfnge and transferred

to a dry, eterlle bottle or was enptl-ed lnmedlately lnto cLtrated sallne

(5 g Nacl, 20 g sodium cftrate/tO0O ur1) lf red cells were requfred.

TafI samplLng was weII sufted for the fast bleedlng of large numbe:re of

anlmals; howeverl for large volumes of blood from Lndfvldual anlmals

Jugular bleedlng was used*

Blood was obtaLned from slaughtered abattoirs materlal by

openfng the heart of an an!.¡naJ. Lmmedlately after the heart 
"rrd 

,rrrrr" *"""

removed¡ Up to 5OO nI could be obtai.ned Ln thls rray 1f required.

Foetuses were removed from the uterus and bled from the jugglar veLn If

large enough, f.e. wlth haLr" or dtssected open a.nd bled from the large

veLns of the chest cavlty4 It was found that unless foetal serum was

ta.lcen off wlthin 12 hours of collectlon, haemolysLs at 5oC utas apprecfable.

The fragllfty of foetal red celIs algo nrade centrLfugatlon undesl.rable.

It should be polnted out here that blood obtalned from abattoirs materlal

often felled to clot, !.n whlch case the plasma lnvariably clotted after
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bcfng drawn off and stored¡

All gerum was stored at -zõoC,

b. Sourcèr of blood lamplea

1. Stud herds

Elght 
,purebred 

Frlesf ar,. and 24 pu?ebred Jeraey herdc were

celected for blood sampl!.ng, Detalls of these are gLven tn Sectl.on B,

page 9õ and Table 31*

2. Northfleld research dalry

The South AustralLan AgrJ-culture lÞpart¡nent's experLmental

dalry herd of ml.xed breed was made available for blood sampllng and wag

used extenslvely for the collectlon of standa¡d sera and red celIs.

3ó Artlflctal breedlng centre

Artlflclal breeding ls used exclusively at the Northffeld

dalry ao that the bleeding of all bulls provfded a convenient source of

famll:y data,

4. Abattofrs meterlel

The Metropolftan and E:çort Abattolrs Board co-operated

fuIly ln the collectlon of lncomplete famlly data in the form of danr-

foetus palrs. Approxinately 30 pregnant cows could be obteined Ln

four hours by a slngle operator although thls represented only half of

thoee pnegnant anfmals passlng through the abatdoirsr Foetuees tn

utedp were tagged as they fell from the cow and no palr was bled unlegs

the author actually saw the foetus removed¡

J]
i¿t1Ðtc
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co Starch gel electrophoresls procedures

1. Technl-caL aspects

The electrophoresls procedure uras baslcally that descrl.bed

by Smlthles (19õ9) wLth some modfflcatlons.

(1) HLgh voltage electrophoresfs was faclli.teted by

the use of e brass coollng tank coated wlth a heat conductLng, electrlcel

Lngulatoro Melanex. The apparatus was supplLed by Paton IndustrLes,

Beaumont, South Australla, and conslsted of a brass tank 16 cn x 31 c¡n

with P.V.C. sldes attached to give a bed thickness of 5 mm (plgures 3 end

2ã, p.131)"

(11) GeIs ìvere not prepared as orl.glnally descrlbed by

Smlthles (1955) but by uslng the method descrlbed by Kri.stJansson (1963)

where an all-quot of cold buffer was mixed wlth the starch and the re-

maLnder boiled and added to the starch slurry. The proportlpn of

buffer used to make the slurry depended upon the total volume of gel

prepared and upon the batch of starch beLng used. Table 4 gfves the

TABLE 4

PREPARATION OF STARCH GEL USING THE ME'THOD OF KRISTJAI{SSON (1963)

Starch*
lot

Volume slurry
at 25oc

5OO ml get 18OO mI gel

229-t

248-t

249-l

* Connaught Medlcal Research Laþoratorfes, Toronto, Canada.

I Dlscontl"nuoue buffer systeme only. For contlnuous syetema, used

as recomnended.

110

130

130

4õq

600

600

14.5

13,õ

13.6

10.3

g.g

9.6

Concentration
.luseq

Iúanufacturer t s
recommended

concentratlon



FIGUNE 3.

Four sterch gele aet up ln PErallel ahowlnS:-

4".

B.

C.

D.

E,

F.

G.

IþuþIe cathodlc eloctrolyte traya.

Foam plaet!.c brldgee.

Tanks cooled Ln gerlec uelng tep water.

Power pack.

Cutttng tray and knlfe.

Albunl.n bandg.

Mlgrçtlng boundary.
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volumes of buffer used for three starch batches and three volumes of gel.

After pouring, gels were run wlthln two hours.

(111) Serum samples were lnserted lnto sample slots whlch

were moulded lnto the ge1 at the time of pourlng. The standard slot

formers were of rTeflon' or lamlnated bakerllte whlch produced 12 sLots

each capable of holdlng o.O4 mI serum. Sl.nce thls quantlty of serum

rvas generally in excess of that required to give clear transferrln

patterns with adult sera, the serum was dLluted t/3. With the use of

high starch concentration however, it was possible to use a slot former

made from a stainless steel skln graftlng knife blade whlch held only

O.Ol mt serum. This made tedious dilutlon of each sample unnecessary.

2. Buffer systems

The following buffer systems were used for the electro-

phoresls of cattle sera. Section d. of thls chapter (p.35) glves

detalls as to where each was applied.

Ferguson and Wallace (1961) descrlbed a modlflcatLon of
(

PouIik/s (1957) discontlnuous buffer system whlch they used to character-
l

lze pltuitary protelns. The system uras later used by Ashton and

Ferguson (1963) for the electrophoresis of sheep serum and the typlng

of sheep transferrins.

Gahne (1963a) modlfled the above trls-citrate/llthlum

borate system for use wlth cattle serum. Thls system had two major

advantages over the Ferguson and Wallace (1961) system for such gera.

Resolution of transferrLns was better and slnce haemoglobln mlgrated
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faster than trensfetrl,n ln Gehne+g (1963a) syetem any haemolyals of red

cells dld not fnterfere wlth transferrin typlng as Lt dld ln the flrgt

system deecrlbed (Fig' 4)"

Aghton (1965) descrLbed e system elmllar to Gahnete

(1963a) system whlch he used to gubdlvlde cattle transferrln D lnto D,

and Dr- In the authorrg experlence and ln Ashtonrs or¡n oÞfnlon

(KrtstJaneson and Ashton, 1966) thls systen dld not gfve reeolutlon

comparable wlth that developed concurrently by KrlstJenegon and Hl.ck¡nan

(1965) although resolutLon of B end F. vErlsnts wee better.

KrlstJaneson and Hlcknan (196õ) developed a trl'e-

cacodylate,/sodlum borate system for the resolution of D, and D, phe4o-

typesc Thls system employed a lower pH (7.õ) and higher starch

concentratlon than the above systeme and gave reEolutlon not prevlously

echLeved, A efmllar system et pH 7.3 deÉcribed recently by lvlakarechlan

and Howelf (196?) gave extremel,y good resolutlon of the D1D2 phenotype

nakfng classlflcatlon of thls phenotype very gfmple.

Thls study has shown that the uge of Gahnets (1963a)

llthlurn borate electrolyte fn place of SnLthlesr (1955) sodlun borate

electrolyte geve lrnproved resolution probably due to the Ioryer runnJ.ng

temperature anrd more lntense protefn stelnlng obtalnea (flg' õ).

3. Dye markerg Ln starch ge1 electrophoresLa

The uge of tlncture of merthLolate as a preservatLve 1n

large preparatfong of geI buffera by Dr. D¡W' Cooper of thLa laboratory

proved to be of value alao ae a marker of elbu¡nln durlng electrophoresls.



FIGURE 4.

Cattle standard trensferrln types as reeolved ln Gahneta

(1963a) trls-cltrate,/Itthlum-borate buffer eystenr.

Haemoglobt-n, ln any haemolysed sanplee, mlgrateg between

transfemln and serum albuml.n.
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FIGUNE 5.

Cattle transferrin standards after electrophore3lg of gera in

the trls-cacodylate/llthlum-borate system descrlbed 1n thls

thesls. Haenoglobln 1n this system mlgrates between trans-

femln and the slowo(, Proteln

TOP Runnlng temperature 2

BoTTolvl Runnlng temperature 5oc. Note the resolutlon of

Dl and D, lnto five zones at lou, temperâ,ture.
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The dye used fn the tlncture, whl.ch was probably eoeln Blnce ltg effect

could be dupllcated uslng eoaln, became atteched to the tralllng edge of

the albumln durlng electropho¡eals. The nlgratlng boundary of dle con-

tlnuous buffer eystems was also more easlly observedo Thl.s chance

observatlon suggested the posslb!,Itty of usfng other dyes as an aLd to

obaervlng proteÍns durLng electrophoresls. Subsequenlly 26 Lndlcators

and dyes \rere screened 1n an attempt to fLnd a better marker than eosin

and the followl.ng were found sultable:-

Bromophenol blue

Bromoth¡rmol blue

Bromcregol green

Trypan btrue

Indfgo cs¡mlne

Orceln

CarmLne

Orange ç

AcLd Ft¡chsln

Or¡tstandfng among these 
"3btt9*qP!9å91_blue 

whlch was

then adopted generally as a dyemarker and added to all gel buffers ln con-

centratton at whLeh a ld-ue colour was Just observable, Bromophenol blue

attached to the e_dg.ç of the albun-rlr-r ¡one_ and was swept out of the

gel by the mlgrating boundary J.n dlecontlnuoue sygtems. When the front

passed through the albumLn all dye assoclated wLth the front Ìrag trans*

ferred to the albumin¡ nakLng Lt clearly observable and enabllng accurate
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meagurementg to be made. The uee of bromophenol blue as a dyemarker

hes also been descrlbed by BloemendahL (1963).

4u Stalnlng procedures

SLtced gels were stained for proteln uslng a concentrated

anido black solution (3.V g, amido black, 28O nI methanol t 2õO mI water,

5O mI acetLc acld) and stal-nlng tlme of 30 seconds, after whlch the stain

was removed by washlng in a 5:5:1 methanol:water:acetic acl-d mlxture.

Alkaline phosphatase actlvity was detected in geJ-s uslng

a modiflcqtlon of Gahners (1963b) receipe, (Gahne; personal communtcation).

That Ls,

1OO mI O.1 M Trts-HCl pH 8.6 contalnlng O.Ol M MgC12

5O mg Na-o(-naphthyl phosphate

5O mg Fast Garnet G.B"C. salt

Incubated 2 hrs. at 24-3OoC"

5o Autoradiography

The autoradlographlc technique for demongtratlng the lron-

binding capaclty of transferrl-ns was slmllar to that described by Cooper

and Sharm¿n (1964) with some modifications to ttp"o.rà resolutLon. O,6

¡b". F.59C1, in 1 drop of O.1 N Hcl were dried onto the inside of a small

tube at 4ooc. ltre tu¡e wds cooled and 2 drops of serum were added to

the tube and incubated L5 mfnutes at 25oC before placlng in the gel slots.

After electrophoresl-s gels were sllcedr placed between two plastlc sheets

and put, cut surface upwards, lnto a photographlc-paper box 10" x 8".
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All afr bubbles urere smoothed out from between the plastLc and the gel

wÊs then tlghtly taped to the bottom of the box to prevent curlLng durfng

freeafng. The box (wtthout lld) wae placed ln the botton of a deep freeae

for two hours at -3OoC after whlch tlme the ge] was hard and brittler In

the dark room the gel was removed from the box, an X-raf plate teped In lts

p1pce" the plastlc sheet wes removed from the cut Burface of the gel and

the frosen gel Flaçed dlrectly lnto contact with the X-ray p1ate. The

go1 wae then taped securely to the plate uelng the plaatlq sheet on the

back of the ge1 to provJ.de adheslon ¿nd the Ild was placed on the bo:ç

whlch waa wrapped ln aluml.nium foll and returned to the bottom of the

deep freeae for three days. An autoradlograph ls ehown 1n Flgure 7

(p* 48).

6! Photography

GeI and autoradlographe were photographed dry on a whf.te

tlle fn reflected lfght uslng Iæltg copyfng equLp¡nent aad a 35 nm

Ilford "Micro-Neg Pan" fLrmo

d¡ Tranrsferrl.n typfng

For the classlflcatLon of dalry cattle accordLng to trangferrf.rtle

(t' type In Sectlon B of thfs theels¡ the buffer system descrlbed by Ferguaon

li
ti

and ltallace (1961) was used., Fo¡ thLs typing o.o4 mI serum was pleced

Lnto alots 9.õ cm fron the cathodlc end of the ge1 and electrophoresls

was stopped when the nfgratfng boundary had moved 14 on past the slotg*

Tra¡rgferrlne were classlfled wlthout regard to the gubdlvlclon of D lnto

D, and Drr
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' Gehnerg (1g63a) system r¡e¡ uged for the lnltlal electrophor€sÍs

of al1 other serao O.O4 nl serum wa.s loaded Lnto slots placed 1Or2 cm

from the cathode. Slnce thls dlstance Lncluded a starch bLock 7 mm thlck¡

B cm tong and 16 cm wlde (33.6 cc) then the effectlve dtstance from the

cathode was 9r5 cnr (dLgta.nce from slots to block) + 4.2 cm (equlvalent

length of et€¡.ch 16 c¡n wide and 5 mrn thlck) = 13.7 cm* Electrophoresls

was contlnued at 16 volt/cm untll the trallIng edge of the albunln zone

had mlgreted 6 cm from the orlgLn. Thls usu¿Ily,took 4 hours. Ualng

thls eystem Eera were clas¡!.ffed as trangferrLn Ar Ðr Dr Ær DtE or DrE.

It wes conglderea eaeter to cagy out thl.s lnltlal class!.fl.a¿tlon usl'ng

Gahners (1963a) systen flrst glnce subdLvfslon of D lnto D, and D, re-

qulred cloae approxLnratlon of a senple to a stenda.rdr a requirement not

eatlefled ff there vrere TfA samples on a gel. ì¡fhen lt was found that

A.D, and AD, could be dlstlngulshed qualltattvely without comparlson of

the moblllty of the fourth D lone lnltlal typlng ln Gahners (1963a)

ByÊtem waa abandoned, hoy¡ever all gera typed as transfenrln D r¡ere re-

run together to dlstfngulÉh DlrD2 and DrD, relJ.ably.

To subdlvlde D lnto D, end D, the system of KrLetJansgon and

Hickman (1965) was uged wLth the nodlfLcatlon Ln electrolyte compoeltlon

as described gboveù O.O1 mI serum wag loaded lnto glots placed 7.2 cm

from the cathode (effectfve dlst8ince = 6¡5 + 4.2 = to.7 cn) and electro-

phoresLs wag continued at 16 voltVcn untLl the blue bounda.ry, whlch dld

not rnal<e arry gal.n over the albumin zone after having sharpened ftt had

nlgfated õ¡2 cm past the origLn¡ Thts usually took 4 hours given that

t
t ) ^, .,.-{f n'r
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there Ì¡as sufflclent volume of electrolyte Ln both anode and cathode

trays to allow mexl-mun passage of current through the gels (5O ma per

ge] lnlttally falllng to 26 na after 4 hours). It was found that

subdlvislon of transferrln AD lnto AD, and ADz was posslble wfth rung

of 5.2 to ?,2 cmi hqever, subdlvtslon of D lnto Dt, DZ and DrD,

could only be reliably carrled out at 5.2 cm or less. At dlstances

of over 6.2 cm only two categorles were dlstlngulshed, D, and Drr-the

heterozygotes usually belng classlfled as Dr. After a consldereble

amount of effort spent ln the manlpulation of starch concentratlons

and runnlng distances the subdivlslon of transferrin D lnto D!, D2

and DrD, ìilas found to be repeatable.

e. Blood typlng reagents

1. Antl-J

Thls was kindly supplled by Dr. K. BeIl of the UnJ-versity

of eueensrand. rt gave a titre "t ãh with strongly reacting J red

cells and after abeorptlon wlth sheep O cells to remove heterohaemolysl-n

gave a tltre "t iiLã with sheep R red celIs. The hlghest dllutlon
r1'

givlng complete haemolysis was fr tor J red cells and ¡fr for R red

ceIlg.

2. Antl-O

hofessor C. Stormont generously supplled normal cattle

serum containlng natural bovlne antl-sheep O. Thls had a tltre "t ãL

agatnst sheep O red cells and gave complete haemolysl" at f. Due to

the inconvenlence of l-mportíng cattle serum from the U.S.A., the sera
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of 43 goats were teeted for the presence of antl.-sheep O slnce Susukl

end Stor¡nont (1961) found the antlbody ln geveral goats. Of the goeta

exe¡nined, 3 had antl-R, 6 had antl-O and 34 had nelther antlbody.

only two anlmals wlth antl-o had e tltre hlgher than å' vfa S ana fr.
These gere supplted by Dr. G. Alexander from goats used ln studles on

antlbody productlon tn goats carrylng sheep-goat hybrld foetuses

(Alexander, tïllllams and Balley, 1967). Due to the dlfferent reeults

obtalned ustng the cettle and goat reagents (AppendLx Ir P. 132) the

goat reagent was not used routLnely for detectlng Oc subgtance.

3. Standard red cells

Cow NF68 was selected as a sourçe of strongly reectLng J

red cells gince lts red cells gave the same reactlon as standard strongly

reactlng J red cetls supplled by Dr. 8e11. TVo Merino ewes, NF23 and

AMl were used as a source of O and R red cells respectlvely.

4. co$plenent

Inltlally, rabblt serum dlluted { *"" used as e source of
z

complement for the antl-J,/J hqemolyttc tests. However, guLnea plg serup

dlluted ft rr"" found to be equally effectlve, an observation mq,de pre-

vlously by Sprague (1958a). For aII tests tnvolving sheep red çeIIs

gulnea plg complement was u9ed, however, the second batch of bovtne antl-

sheep O recelved from hofessor Stormont was used with rebblt complement

at hls euggestlon sfnce the haemolytlc reactlon proceeded nore rapldly

under those condltlons than with gulnea plg complement. Rabblt serum



FIGI]RE 6.

TOP

BOTTOM

Results of phosphatase etalnlng after electrophoresls of

adult cattle sera Ln;

Ferguson and Wallacets (1961) buffer system.

Gahne¡s (1963a) buffer system"

Samples that are phosphatase type A are marked, all others

are type O. It should be noted that although the two

gels do not represent electrophoresLs of the same gera,

the stalni.ng effects are qulte dLstlnctl-ve.
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used for complement in tests involving sheep red cells was absorbed

with sheep red cells to remove heterohaemolysin.

f" The haemolytic test

The haemolyttc test for the presence of blood group substanceg

on red cells and ln serum has been described ln detail by Stone and lrwln

(1954) and will not be glven ln detall here. The actual procedure

follor¡red was that descrLbed by Sprague (19õ8a) except that reactl-ons

u/ere carrled out ln perspex p1-ates wtth 80 chambers 1.6 cm ln dLameter

and 1oO cm deep as descrLbed by Braend (1961)" For qualltattve ln-

hlbition tests where speclesf antlbodles lnterferred wfth the tests,

2 mL cattle sera were heated at IOOoC for 15 minutes, The coagulated

proteln was broken up and after centrifuglng the supernatant fluid was

used as lnhlbltant" Heating had no detectable effect on qualltative

tests for J and Oc subgtances.

g. A1kallne phosphatase typing

O.O8 ml serum was placed lnto slots prepared by uslng two

laminated bakerllte slot-formers and sera were classLfled as A or O

accordlng to whether they showed A zone actl-vity or not (Figure 6)"

Thfs classiflcatlon was not that descrlbed by Gahne (1963b) slnce

the buffer system of Ferguson and Wallace (1961) gave markedly

dlfferent phosphatase staining patterns (Flgure 6).
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TABLE 5

PHOSPHATASE TYPING OF 18 BULLS A¡"TER ELECTROPHORESIS

IN TIIE BUFFER SYSTEMS OF GAHNE (1963a) AND FERGUSON

AND TTALLACE (1961)

Phosphatase typlng

,F T\r¡o of these are the same samples that

showed A zone actlvlty wLth Ferguson and

Wallacels system.

Table 5 shows the phosphatase typings of 18 bulls using both

buffer systems. Fþom the table it would appear that Gahnets systern

u¡as more sultable for the electrophoresis of serum to be typed for

a1kallne phosphatase slnce edditionel sere were detected wlth A aone

activltyo However, 1t was observed that staini-ng was actually far

more l-ntense in Ferguson and Wetlace¡s (1961) system and it wes con-

sldered that those sera whlch showed phosphatase actlvlty after

electrophoresls ln Gahners Bystem but not.ln Ferguson and Wallacers

actually had a different phosphatase enzyme and not slmply a lourer

concentratLon of the same A zone. For thls reason 1t seemed profl

t26
,ß

Gahne

162Ferguson and Wallace

oA
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able to re-examLne the assoclatlon between phosphatase type and J blood

group descrlbed prevlously by Rendel and Gahne (1963) and Rênde1 and

Suaukl (1964).

h. Nomenclature for transfemln, J, and phosphatase

The symbotism adopted for cattle transfemins was that proposed

by the F"A.O. commlttee of Ashton g! g!. (1966). Thus, phenotypes are

written 1n the form TfAB, TfA, and TfB and the corresponding genotypes ln

the rorm Ê1-", ttoltto ano ttBlrrB.

A set of zones determined by a slngle gene ls referred to as

zone t, zone 2, zone 3 and zone 4 ete. in decreasing order of mobllity"

The nomencl-ature for the J blood group system ls as used by

Stone (1962) and Sprague (1958a)"

Sl-nce alkaline phosphatase varlati-on may not be under simple

genetie control only phenotypes are referred to, vlzo A and O.

The use of the terms codomLnant and non-codomlnant to deg-

cribe systems showlng no domlnance (e.g. transferrln) and domLnance

(e.g. J) is not adopted sl-nce the phenomena are adequately descrlbed by

the latter terms. Codominance ig a term whlch hes come Lnto practi.ce

with the study of blood-group systems showf-ng no domlnance and ls

actual-Iy a mlsnomer. Thus, whereas lt ls conmon practice for blood

group alle1es ]A anO I" fn man to be regarded as codomLnant because they

show no dominance with respect to each other, they are actually co-

dominant with respect to i.
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III. RESULTS

ãc Transferrin

1. Famlly data

(f) Studies on dam-foetus palrs

CollectLons of dam-foetus paÍrs ì¡rere made at the

Metropolltan and Export Abattoirs of South Australla during 15 vlslts

over a perlod of slx months. The number collected at each sampllng and

lnformation on sex ratlo, twlns and dead foetuses are glven Ln Table 6.

The dead foetuses vrere usual-Ly partly decomposed go that blood samplLng

was not possLble.

Table 7 gives the famlly data derlved from the dam-

foetus pairs. The lnvaI1d comblnatlons, assumi.ng multlple all-elisn, are

marked wlth a cross.

In Table 8 the incomplete famlly data given fn Table

7 have been extracted and analysed by the 'omethod of lncomplete famlly

data" (Cooper, 1966). This analysis was developed for half sib fanllles

where the genotype of the dam was not knovrn. Cooper (1966) showed that

regardless of the genotypic frequency ln the dams, the offspring of a

heterozygous sire {tt17a1j) should show a ratlo of 1:1 heterozygotes:

homozygot"" <rrrzrrf, f'rtr' + Tri/Tri) tf segregation was normatn

Simllarly n. l"t.a that the ratio of of f sprlng of the type ri /71k to

those of the type tti/Tfk should also be 1:1 (Tf

Atthough thls ts ;; rr rrk is strLctr, "*'lrr:r:":r;":';t*''
or Ei; when one lncluo"" no,n-ooygotes ln the offsprlng such that



TABLE 6

SAMPLES OF COWS AND FOE"TUSES SHOWING SEX OF FOETUS AND THE

OCçURRENCE OF TWINS AND DE4.D FOETUSES

Total 336

1

2

3

4

õ

þ

7

I
I

10

!.t

t2
13

t4

15

10

2õ

20

13

19

29

22

t2
23

30

2õ

2õ

24

29

30

Number of
Cows

Sampled
Sample

91 94 84 59

M F MF

4

7

4

6

16

6

3

4

10

5

6

þ

I
5

I
3

2

õ

7

I
3

b

11 2

2

2

5

1

3

3

4

6

7

6

4

6

8

lo

7

D

4

5

5

4

o

5

7

4

6

5

7

7

I
7

I
9

( 1g" )zo"

'Length o'f Foetuses (Inches)

173 153

MF
10

15

t4

I
10

2t

11

7

f.s

15

t2
10

t2

t4
t2

10

5*

4

lo
Itl'

t2
6

10

1"6

t4
15

11

15

t7

Total
Number

of Foetuses

6 4

o

o

o

t (Nt/r)

1 (M/F)

o

1 (M/F)

1 (M/F)

o

1 (M,/M)

1 (M/F)

o

o

o

o

o

o

1

1

o

o

o

o

o

o

o

o

t

o

1

IÞad
FoetusesTïrlns

* Sex ratlo slgnlficantly different from O.5 at 5% level of probabllity.



TABLE 7

TRANSFERRIN FAIVIILY DATA AND PIIENOTYPIC FREQUENCIES FOR TWO GENERATIONS OF CATTLE (ABATTOIRS
MATERIAL)

ø
o
o
a

{J
c)
otr

A

AD1

ADz

Dt

Dz

DtDz

DtE

DzE

AE

E

Dam

h
o
É
o
aú
o)
Í{
G,

o.24 O.18 O.3O O"O3 O.11 O.O9 O.O1 O.O2 O.O1 O.OO3

Total 8O 62 1OO 93631õ8 5 1

47

16

20

x

X

x

X

x

3

x

18

18

6

5

x

t2

2

X

1

x

28

15

38

x

11

6

x

1

I
x

x

4

X

4

x

1

o

X

X

x

X

x

27

x

8

6

x

1

X

x

XXXOX
61XOX
8X42)Å
SOXXX
SXOXX
7tlXX
11000
11310
x1021
xoooo

A ADl ÃD2 D1 D2 DLDZ D1E D2F. AE E

Transferrin Type of Foetus

1.oo

337 1.OO

a7

60

99

L2

24

34

4

8

9

o

o "27
o.18

o.z9

o.o4

o"o7

o.10

o"ol
o.o2

o.o3

o"oo

TotaI Frequency

Dams

Crosses indicate dam-foetal cqnbinations that are not possible assuming

the multiple alleIe hypothesis for the inheritance of transferrin variants.
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*4 Cú n144'¡'v'-¿ t È'/i':i"'/ /', r
ttt ,rtrk .". o" ggtZttl and rf,j/tfk can be ,tJ Æ! then the expected geno-

typic ratlo "t rtilTf* : rrJlttk among the offsprlng of tttZttJ si.res 1s

dependent upon the frequeney of gt ano trJ 1n the popuratton and Ls (1-q)

(f-p) where q ls the freqúency of ffJ and p ls the frequency of g1. If

one conslders all heteroaygous dams of the same trangferrln type aS a

sJ.ngle "sire'u, the offsprlng of these dams w111 have the same relatlonshlp

with respect to the transferrfn locus as half slbso In T¿bIe 8 there 1s

no evldence for a slgnlffcant departure from expectatf.on ln favour of elthe:

heterozygotes or homozygotes and among the offspr!.ng of f{/Ei dams there

is no evidence for a slgnf"ficant departure from the expected ratlo of O.5

ror ttl,/ttk r g'lT¡ln" These results are dÍscussed further on page 60"

The abattoirs materlal also provided information on

possible msternal-foetal incompatlbilLty involvJ-ng transferrin type since

any heterozygous foetus from a homozygous dam must have one foreLgn alIele.

Such foetuses are clasEed as incompatible" Although the data cannot be

tested 1n the manner of Ashton (1965b) due to the absence of data on the

slre¡s transferrl-n type, J-t can be analysed aE shown fn Table 9. The

proportion of offsprlng in the compatlble and J.ncompatlbl-e classes ls

compared wlth expectatlon based on the eEtlmated gene frequencles of the

four alleles Lnvolved - o, o1, D, and E (see Table Líc 9" 47)" Slnce

the lnconrpatibf.lity mechanfsm (if any) could operate at e partLcular

stage of development the foetal populatl-on wag consl.dered l"n two groups,

those 19 lnches or Less and those 20 Lnches or greater f.n length. Thfs

subdlvision of the foetal populatl-on was based on the observatfon that



TABLE 8

ANALYSES OF INCOMPLETE FAMILY DATA FOR EXPECTED SEGREGATION RATIOS FOR TRANSFERRIN ALI,ELES USING

THE METHOD OF COOPER (1966)

TotaI

.¡¡A¡atDt

T:f^/tfDz

TÛryTfDz

rrDtlrtE

ltDz/ttE

rtA,zttE

Dannt s
Genotype

y'/rr¡

69 t.t 742

18 20

4L

38

38 79

7 7

o

t4

1 I

3 1 4

2 4 6

Heterozygotes Homozygotes Total

Number of Offspring

o.11 "7-.8

o.10 o7-.8 15 7 22

20

20

O.\2 .7-.8 I l2

o.oo 1"o 13 7

o

2

3 3

0.63* 2 4

0.69* 2 1 3
I

2
x1
(1:1) P

43 29 72

Tfr/Tfk E"c TotaI

Number of Offspring

2 .72 "O5-.1

2.9 "o5-.1

O.8 o3 -.5

1.9 "t -o2

o.5*

1.o*

1.o*

2
t1 P

(1:1)

* Exact ¡x'obabilities calculated using binomial.
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I,ÍåIERI.IAI,-F.OETAL INCGITPATIBILITY : SIGNIFICANCE TESTS ON ABATTIOIRS DATA

\t/

Homogeneity
Test xZ = t-n , .a (e (.s

_2
^l

Total

TfA

TfDl

TfÐz

flomozygous
Dan

o.oo4, ¿95 (P (.ga

53 52.66 70 70.34

4t 43"50 46 43.50

4 2.ll I 9.89

8 ?.O5 16 16.95

Conpatible Ineompatible

o E$ o E$

A1-1- OffSÞtlng

t23

a7

t2

24

Total

x22 = 1.9o, .s (n (.s

o.ooo2, .gg (p (.gg

30 3O.O5 40 39.95

24 25.OO 26 25.OO

2 1.23 5 5.77

4 3.82 9 9.18

Compatl-ble fncompatlble

oE$oE$

off spring ( ts incrres

70

50

7

13

TotaI

x? = o-o7, .z (e (.s

o.oolr .9o (p (.gs

23 22.61 30 30.39

77 18.50 20 18.50

2+

4+

o.gg 3* 4.12

3 "23 7+ 7 .77

Compatible Incompatible

o Es o ,s

offsprlng )2O incles

53

37

5

11

TotaI

*and+
$

These classes pooled for the homogeneity test.
E:çectatlons are based on the estiurates of gene freguency in Table 15"
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dead foetuEee fqund were usually about 12 lnches long or less end thet

subdlvislon at the 20 Lnch level gave approximately equal numbere of

foetuses ln the two classes. There was no heterogenelty wlthln com-

patlblllty class between transferrln types of the dams so ttre X2 test

oq observed and expected numbers ln compatiblllty classes was carrfed

out on the totals of, these clesses. There was no signlflcant overall

deficlency of foetuses Ln the lncompatible category" Thls observatLon

ls dtscussed ln relatLon to the publl.shed results of other workers on

pego 62.

In Teble lO tþe transferrln typee of dams wlth thelr

twlns are presented. The absence of a dam of type A J-n a sample of 6

carrytng twins ls not statistlcally slgnLfLcant (P = O"15) end the ob-

gervatLon of õ unllke-sex palrs of twlns !n e sample of 6 ls also Ê no¡-

Siqnlflcant departure from expectatlon (P = O"22)' AII members of the

twln pairs have the same trgnsfegin type whlch ls not surprlslng ln Vtev

of the observatlon that all twlns showed venous anastomosls t4 q!e!q.

The proÞablllty that q'I palrs are the same due to chance ,.;.;

Four dams çarrled dead foetuses which were decomposlng and could not be

bled. Three of the dams were transferrin type A and one utas type ADrr

the probabtllty of obtalnl.ng such a dlstrlbutlon Ln e sample of four

belng 0.062.
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TABLE 10

THE TRANSFERRIN AND J-Oc TYPES OS' DAMS At'lD THEIR TWIN

FOEÎUSES

* all members of twln palrs had the same Tf and

JOc phenotype

(fi) Half-slb famllles

All members of 51 half-slb famllles were bloodr'

sampled for studles on the associatlon of transferrLn type with productlon

parameters (see SectLon B, p.95). The sires and dams of these anlmals

were not bled because a large proportion were dead or haà been sold at the

tlme of samplt-ng. The transferrLn types of the offsprfng in each progeny

group (ha1f-slb famtly) of Frleslan and Jefsey cowÊ are glven 1n Table 11

wlth the most llke1y phenotype of the slre. Although the Lnference of

Oc

Oc

Oc

JOc

JOc

JOc

ItÐz

DrDz

AD2

D2

DzE

AÐz

27"

!?"

!2"

Bgtt r 36tt

gtt

29"

M/E

M/F

M/F

M/F

M/M

M/F

J AD1

DrDz

AD2

AD2

AÐz

DrDz

Oc

Oc

J

J

J

JOc'ßTf*LengthSex

DAM

JOc Tf /

FOETUSES
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homolygous Ê|reÉ can onl,y be made at a certatn leve1 of probablltty, the

genotype of heterozygous slres can be lnfemed €xactly Elnce the presence

of both homoaygotes Ln the progeny ls concluslve evldence for heteroay-

gostty. Thus half-sl-b faml-lles from heterouygous sires ln Table 11 can

be anaLyeed for the expected segregatJ-on of transferrin alleles usl.ng

"the method of lncomplete famlly data" (Cooper, 1966) and this ls shown

ln Table 12. It ls asgumed that there are no errors ln the parentage

records. The 34 progeny groups are not heterogeneous with respect to

the proportlon of heterozygotes and homoaygotes present and the pro-

bablllty of obtalning three slgnlflcant values Ln e serLes of 34 ls

0.26. Thus the occumence of three signiffeant departures from a 1:1

ratLo might be expected try chance. When the totals are examlned lt cen

be Eeen that there are actually more homozygotes than heteroaygotee al-

though the difference 1s not sfgnlfl-cant. An excess of homozygOus

offsprlng night be expected lf some of the presumed heteroEygous sl-res

were in fact homozygous, the tnference being lncorrect due to lncorrect

parentage records. An attempt was made to determlne the extent to whlch

Lncorrect parentage records could have contributed to such mlsclassl-flce,-

tLon. Thls $ras done by comparing the frequency of presumed slresr

phenotypes among the 51 sires wlth the frequency of phenotypes ln the

sample of cows (Tqb1e 13). In both the Jersey and Frlesian data the

phenotyplc frequencLes among the slres dlffer from those ln cows,

heterozygotes belng tn hlgher frequency in the bulls than ln cows. In

the case of the Jersey breed the dtfferences ln phenotyplc frequencles

2
x1

I

,lY
\*

t
.¡'





TABLE 12

NUMBERS OF HOMOZYGOTES AND HETEROZYGOTES FOR

,tA Rn¡o rrD r¡l rHE PR.cENY oF

ntñ"oz"cous srR's

I Heterozygous and homozygous with respect to TfA and TfD on1y.

TfD has not been s bdivided into TrDl and tfD2

OàzL 55 -"?243 289 572TotaI

36 "83q.z (e (.s)

o.08
2.OO
o.o5
4.84
1 "60
2.27
o.o9
2.88
o.oo
o.o8
o.11
1.60
o.oo
o"22
o.69
o"27
o.oo
o.40
o.22
o"o9
5 "45o.oo
o"53
o.o8
1 "OO
o.40
o.oo
o.82
o.43
3.62

.02-.Oõ

.o1-.02

o.oo
6.77 .O1-"O2
o.69
o.o3

7
t2
11

7
3
I
5

12
7
7
4
3
8
I
ã

15
6
4

10
t
ô

t
10

6
b
6

10
4
o

16
6

24
I

15

6
20
10
18

7
3
6
5
7
tt
5
7
8

10
8

18
o
6
I
5

22
6
7
7
3
4

10
7

t2
7
tl

10
ö

1,4

13
32
2t
25
10
11
11
t7
l4
13
I

10
16
18
13
33
t2
10
18
11
31
t2
t7
13
9

10
20
11
2t
23
L2
34
13
29

JT
J2
J3
J5
J7
J8
J9
J11
Jl3
JL4
Jl5
J16
Jl8
J2t
J22
J24
J2õ
J26
J28
J30
J31
J32
J33
J34
F1
F2
F3
F4
Fã
F6
F8
F9
F10
Fl3

Homogenei-ty
2

x
33

Sire Number of OffsprLng 2

1

P
x



TABLE 1g

THE FREQUENCY OF INFERRED TRANSFERRIN TYPES IN JERSEY AND

FRIESIAN BULLS COMPARED WITH THE OBSERVED FREQUENCIES IN

COIYS

o.33 O.67 O.OO O.OO O.OO

o.36 O.48 O.16 O.OO4 O.OO

o.2o 0"67 O.O7 O.OO O.O7

o.26 O.49 O"2l O.O2 O.O2

L224*OOO

197 264 85 2 0

310*101

711345746

Jersey Butls + 36

Jersey Cows + 548

Friesian Bulls 15

Frlesian Covrs 272

AADDAE DEAADDAEDE

Anlmal s Total
FrequencyNumber

Transferrln Type (BuIls fnferred)

* The transferrin type of heterozygous buIIs ls tnferred exactly
(cooper,1966)"

+ The genotypic frequencles in these two populatlons are signiflcantly
dlfferent

2 =8.o3¡ o.o1 (e(o.oz
2

x
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are slgnlflcant. This ls discussed on page 63.

2. Populatlon data

(f) Abattotre materfal

The reEulte of studles on abattolrs material pregented

ln the form of lncomplete famlly deta ln Tab1e 7 were also used for

populetlon studles based on the aseumptLon that the abattofrs sample

represented a random sample from a large lnterbreedlng populatlon of

cattle. Thus the genotyplc fnequenclqs among the dams should be the

same as those emong thelr foetuses assumtng random matlng and Hardy-

Weinberg equllibrium. Slmllarly, the genotypic frequencles among old

(22o") and young {(rs") foetuses shourd be the same as each other and

the same as their dams lf there 1s no dlfferentlal vlablllty of trans-

ferrln genotypes. Table 14 shorvs the results of homogenelty tests

comparlng genotypic frequencLes ln these subpopulatLons. None is

st-gnificant. Slmllarly, gene frequencies are compared ln Table 1õ.

The observed transferrLn genotypic frequencles and

those expected assumlng r:andom matlng and Hardy-WeinberE; equlllbrlum

are presanted ln Table 16, o1d and young foetuses belng consldered

together and separately. No signiflcant departure from randon lnatLng

expectatlon $tas observed. The findlngs summariaed ln Table L4, 15

and 16 are dlgcussed on page 64.



TABLE T.4

HOMOGENEITY TESTS COMPARING TRANSFERRIN GENOTYPIC FREQUENCIES* BETTTEEN

ST]B-POPTJI,ATIONS OF DAI\4S¡ AND TIIEIR FOETUSES

Dams and foetuses

Dams and foetuses (19" long

Dams and foetuses )2o" Long

Foetuses (19" rong and
foetuses )zol' tong

Sub-Populations ComPared

6o4 o7 33õ 337

4.8 o7 8 186 185

2"4 .95-.98 149 tõ2

9.4 .3 -n5 186 L49

2X,
Homogenelty

P Numbers in Cgmpared
Sub-Populations

* onry 9 genotypes were considerea, 7¡!/2tE irrdi.,iouars being

pooled wlth the tttC class for this analysiso



TABLE 1õ

TRANSFERRIN GENE FREQUENCIES FOR TWO GENERATIONS OF CATTLE A}TD THEIR HOII@GENEITY*

Ilomo-
geneity

Test*

Number
E:<anined

A

D1

Dz

E

T?ansferrin
Gene

2
x

3

P

335 337

o.52 O.49

o.1g o"t7

o.28 o.31

o ao3 o.o3

Dams Foetuses

TotaI
SampIe

2.6

O.3 o.5

o.44

O.9 - O.95

186 185

o,53 o.51

o.16

o.30

o.o3

o.16

o.27

o.o3

Dams Foetuses
Foetuses 179"

Subdivislon of Sample

o.64

O.8 - O.9

t49 lõ2

o.50

o.19

o.29

o.03

o.46

o.19

o.32

o,o3

Dams Foetuses
Foetuses >2O"

o"85

O.8 - O"9

186 149

o.51

o"16

o.30

o.o3

o.46

o.19

o.32

o.o3

( tr" 7zo"
Foetuses OnIy

672

o"5ooo

o.1756

o.2939

o.0301

Estlmate of
Gene Frequ-
ency Based
on Dams +
Foetuses i'

*Homogeneity tests were based on the actual number of genes in the eompared sub-populations"



TABLE 16

COMPARISON OF OBSERVED TRAI.ISFERRIN GENOTYPIC

FREQUENCIES AND THOSE EXPECTED TJNDER CONDITIONS
OF RANDOM MATING FOR ABATTOIRS MATERIAL

SUB-POPUI,ATIONS NIJIVIBER 2j(

1.72

õ.94

.90-.95

'3 -.õ

OF INDIVIDUALS
tttt

P
r"6i

Dams 335

Foetuses 337

* degrees freedom = number classes (1O) - number

lndependent parameters estlmated from data (3)-1

762Foetuses Þzo"

t49Dams

5.86

o.80 >o.99

.3 -.5

18õ

Dams 186 ) o.ss

7.õFoetuses (tt"

o.84

4"91



(1f) Delry farm samP1e

The gêne freçrency eetlmates based on Table 11

(p. 4õ) are Bhown ln TEbIe 17. The D phenotype le now known to be

ccparable lnto D, and D, eo the frequency glven for TfD repreacnta thc

totel frequency o, l!o'* rro2. Thus the frcqu.rr.rlru"n for g3o tr,

Table 1? shoul.d u" Irr"fa":¡"o n trn reference to Table 20 (p. {E). Thc

dlfferençe between Jersey and F¡leslan cattle tn thls study end ln othcrr

reported ts the extremely low frequency of tn" 3gt aIIele 1n Jerscy cattlc.

From the gene frequenciet ln Table 17 the expected

frequency of the flve observed genotypes has been determlned end Etê prco

sented 1n Table 18. There ls almost exact agreement þetween the obeerved

frequency of the genotypes and that expected under condltlons of random

matlngo

Table 19 glves the transferrin typlngs of one Jereey

and one Frleslan stud herd and eighteen bulls of both breeds from thc

Arttflcial Breedlng Centre. From these the gene frequencles ln Table 20

were derLved and are there compared wlth the publlshed data.

3. A new type of transferrtn variant ln cettle

During the routine typlng of sera fron bulIs et the

Artlficlal Breeding Centre lt was noted that a bulI typed es TfDÐ ln trle-

cltrate buffer had a transferrln pattern ln whlch the slor¡rest E lone w8É

sllghtly faster than that of other anlmals. Autoradfography reveeled

that thls zone speclfically bound ferrlc lron (Flgure 7b) and eleotrg-

phoresis ln trLs-cacodylete buffer indicated that the transferrln pattern
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TABLE 17

TRANSFERRIN GENE FREQUENCIES FOR JERSEY AT'ID FRIESIAN CATTLE IN

SOT'TH AUSTRALIA TOGETTIER WITH OTHER REPORTED FREQUENCIES

o.51 O.47 O.O2

o.52 O.45 O.O3

0.46 O.53 O.O1

Friesian South Australla 272

Ashton & Fa1lon (1962)
(u.K" )

179

Dat
(u.

ta
s.

& Stone (19G3)
A a )

0.60 o.4o o.oo2

o.54 0.46 O.OO

0.6g o.32 O.OO

Jersey South Australla 549

Ashton & Fallon (1962)
(Australia)

375

Osterhoff (1964)
(S. Africa)

276

A D E

Source Number
Anlmals

Breed
Transferrln Gene



TABLE 18

THE OBSERVED AND EXPECTED FREQUENCIES OF TRANSFERRIN GENOTYPES

ASST'MING RANDOM MATING IIIITH RESPECT TO THE TRA]'¡SFERRTN I,OCUS

* Expectatlons based on random mating uslng gene frequencles

ln Table 17"

7t L34 57

o.21

o.22

4

o.01õ

o.o2

6

o"26 O.49 o.o22

o"26 0.48 o.o2

Friesian Observed number

Observed frequency

Expected frequency*

1.97

o.36

o.36

265 85

o.16

o.16

2

o.oo4

o.oo2

o

oo"48

o.48 o.oo2

Jersey Observed number

Observed frequencY

Expected frequency*

AAD D AE DE

Breed Detalls
Transferrin Genotype



ÎABLE 19

TRANSFERRIN PHENOTYPES OF PUREBRED JERSEY AI'¡D FRIESIAI'T CAT'TLE

FROM VARIOUS SOTRCES WHERE D HAS BEEN SCORED AS D1 OR D2

Frlesian Anama

A.B. Centre

Total

Frequency

Jersey

Breed Source;

Frequency

RoseworthY

A.B. Centre

Total

o.o7 o.3o o.1o o.2o o.1o o.2o o"o3 o.oo o.oo

22

8

50

10

60

Number

2

o

2

8 1 5 o 5

1

b

1 o

o

o

o

o

o

I 2 I 3 o

I 3 6 3 1

o.3o o.1o o"4o o.oo o.1'5 o.o5 o.oo o.oo o.oo

15 5 20 o

o

o

7

2

9

3

o

3

o

o

o

o

o

o

o

o

o

3 1 4

18 624

A AD1 AD2 D1 D2 D¡DZ D1E DzE AE

Phenotype



TABLE 20

TRANSFERRIN GENE FREQUENCIES FOR PUREBRED JERSEY AI'ID FRIESIAI'¡

CATTLE FROM VARIOUS SOLIRCES WHERE D HAS BEEN SCORED AS Dl OR D2

o.27 O.47 O.25 O.O2

o.48 O.1O O"37 O.O5

0.62 O.13 O.16 O.O9

o.47 O"22 O"26 O.O5

Frlesian Thls Thesis
(Tab1e 19)

30

30Ashton (1965)
(Australla)

KrlstJansson
(1965 Canada)

JamLeson (1966)
(u.K. )

179

o.55 O.O8 O.38 O.OO

o.72 O.Oõ O.23 O.OO

0.69 O.12 O.2O O.OO

Jersey This Thesis
(Tab1e 19)

60

Ashton (1965)
(Australla)

678

Jamieson (1966)
(u.K. )

õ4

AD1D2E

Breed Source Number
Animals

Transferrin AlleIes



FIGIJRE 7.

a.

b.

The transferrin pattern of BuII "x" compared with a number

of standard transferrln types. Note that the H aone of

BuII "X" is sllght1y faster than the slowest aone of

DrE and ,r, .

Autoradiograph showlng that the H aone of BulI t'X"

specifically btnds l-rono The pattern here ls somewhat

different from that shown in Figure 7a because eLectro-

phoresls of labelled transferrin was carrled out ln the

buffer system of Ferguson and Wallace (1961)"
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was not typlcal for DrE(Flgure 7a). The eera of 2t of,fsprLnE of thls

bull and theLr dams were collected and typed on starch gel and ehecked

by autoradlography for thelr abtltty to blnd ferrlc lrono The trans-

ferrln typlngq of the offsprlng and thelr damg are shown ln Table 21.

The slow zone (called H) could not be detected ln all offsprlng and lt

was found that the transferrins of all offsprLng could be typed normally

wlthout regard to the slow aone. If thts H zone was actually the

slowest member of a regular zone quartet wlth its fastest aones co-

lncldent wlth the slowest zones of transferrln A (as 1s the cage wlth

DrE) one would expect to flnd lndlviduals of type AH ln the offspring,

and these werg not found. From hls offsprLng, the bullfs genotype ¡nay

be Lnferred as y"/Et'.

phoresLs of the sera of a

offsprlng have an obvlous

number one (l'igure L7, p.

The tnplicatio4s of these

In Flgure I is shown the result of electro-

bu Blood group substances

1. Population data for the J blood group system

(1) Dalry farm sample

The 51 half sLb famllies used in Section B of this

thesls for studies on the assoclation between the J blood group and

proüuctlon characters in dalry cattle are tabulated Ln TabLe 22. For

each progeny group in both breeds the number of anlmals of phenotype ja,

composed of those wlth and wLthout natural antf-J in thelr sera, and the

number of offspring and damso Three of the

H zone. The transferrln pattern of calf

ã6) also shows a slow zone ln the H regio4.

observatl-ons 1s dlscussed later (p" 69).
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TABLE 21

FAMILY DATA ON THE INHERITAI.ICE OF A SIOW
MINOR TRANSFERRIN BAI{D IN JERSEY CATTI,E

srRE "x" TnANsFERRTN TYPE D2D2H

þt È,^üf^ 4ontx

¿r

/)
¿

o, Et

AEt i-

û/ t

# E.t

ÊÈ,

4Ðt+ X

,t- 1,7'*tÅ*'¡*

2t
Ð, 

'0.-

+0u

4- "t

E

4j,,.',

t€/
I

¡i

,tl- 3

?

È

È
I

t6¡

trt
t-! t

D
ì_

DtDz

ADz

ADz

AD2

ADz ,
DtDz

DtDz

ADz

ADz

D2

D2

D2

Ð2

DtDz

DlDz

D2

D2

D2

aÐ2

DtÐa

DzE

D2

DtDz

AD1

A

A

ADz

ADl

DlDz

AÐz

Dead

DtDz

DtDz

N.T.

AD2

DtDz

AD1

ADz

D2

AÐ2

ñ.T.

N.c.

N.T.

ñ:C;

+

+

+

+

+

+

+

+

+

+

+

+

+

PRESENCE OE

WEAK H BAND
OFFSPRINGDAIVT

.T. = Not teeted

o\



FIGIJRE 8.

Electrophoresis of the serum from four offsprlng from BulI "X"

and fLve of the corvs to whLch the bull was mated.

Samples 4 and 9 are AD, and AD, standards respectively and

sample 12 shovrs the transferrfn pattern of BuIl "X".

Samples 1n 2, 3 and 5 are some of the progeny of this buII

and are transferrin types DZ, DZ, AD, and D1D2 respectively.

Note that the flrst three have an obvious slow zone ln the

same posltlon as that of Bull "X"" This zone was shown to

be transferrln ln all those animals that had it" Some

others wlth no obvious zone in thls reglon stlll showed falnt

fogglng of the X-rey plate and were scored as posltlve for

the H ãone.

Samples 6, 7, 8, lO and 11 are fl.ve cows to whlch the bull

was mated.
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number of anlmals wlth J substance tn thelr sera are pregented. The

Iatter class Lncludes both the Jcs and JB phenotypes of Stone (1g62) and

the J and JOc phenotypes of, Sprague (19õ8a), Thesç were not dfsttnguleh¡d
I

The frequency of the phenotypes ls very slmllar tn both breeds, the dlfÇår-

ences not belng stgntflcant $Z = 2.go) . 
tll'¡ /ti

(1i) Abattolrs sample

In Tpble 23 are set out the numbers and frequençles

of the four J-Oc lnhtbttlon types. Both dams and foetuseg u¡ere tested for

the !.ndependent occurrence of J and Oc substances ln the populatlone and

the regults are compared wlth those of Sprague (19õ8a). Because the

foetal sera showed a hlgher than usual proportlon of lnhlbltions that re-

sulted ln partlal haemolysis of tþe standard ceIls, turo sets of foetal

data are presented" The first lncludes all positlve lnhlbltlons and the

second omÍtq titres of less then I as positlve inhl.bitl-on. Spraguets

a

(1958a) data showed a signtficant posltlve associatLon between the

occurrence of the J and Oc substances in two populations of cattle but

not in a thtrd. Thls mlght be expected 1f the fnequençy of tne .lJft

allele u¡as lour. In the foetel data examLned here there ls also q

signiffcant posltlve assoclatlon between the occurrence of ttre J and

Oc substances regardless of whlch set of foetal date 1s consldered.

There 1s a yery low proportlon of foetuees 1n the lnhlbttlon cless'"Jtt

compared wlth the dams and other publLshed date. When the data on the

dams l-s consldered, there 1s slgnlflcant heterogenelty ln the occurrence

of the two antlgens; however, i.n contrast with the foetal materlal and

(n ,,i
U

ì
I

t
I

!

Ì

!
t
1

¡

f
¿! .J



TABLE 23

TIIE NTJMBER AND FREQT]ENCY OF THE FOT]R INHIBITION TY?ES IN CATTLE

FOETUSES AND A NT'MBER OF POPI'LATIONS OF ADULTS

I Haemolysis scores of 2 or more with undiluted inhibiting serum are considered
weak reactions.

S Test for the independent occurrence of J and Oc substances fn a population of cattle.

* triterts ca1cu1atf.on.

U.C. Beef

Aberdeen Angas

Jersey

Dams

FoetuseE

Population

Foetuses

Sprague (1958a)

Number

Frequency

Ornitting weak
reactions I

Frequency

All inhibltlons

Frequency

Details

0.06 o.13 o.2! 0.60

o.39 O.3O O.29 O.O1

a.49 O.4O O.11 O.OO

39 83 170

o.õ4

23

o.t2 o.26 o.o7

135 t45 11 46

o.4o o.43 O.O3 O.14

161 150 323

o.48 O.45 O.OO9 O.O7

JOc Oc J
Inhibition Class

453

224

354

315

1

337

1

337

1

TotaI

2.24*

33.oox

29.5o'*

.t (v (.2

P <.OO1

e ( .oor

1o5.42 P (.-t

16.13 e ( .OOr

15.54 P (.oor

x? Þobabillty
Contingency Test$
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othÊr publtghed data, there ts a negatlve assocletlon between the two.

That 1s, there are more Lndtvlduals ln the classeE ttJ" and ttoctt than mlght

be e:çected assumLng lndependent occurrence of the two charpcters. ThlE

observatlon is dlscussed ln relation to the genetlc control of the J-Oc

bloofl-group system on page /5.

2o Serum alkalLne phosphatase and the- Ocrsubstance
d ,r-,r*¡ 3 t ' ¡4t !: ¿' {

The abattoLrs cattle that were typed for the presenee of

J and Oç substances in their sera were also typed for the presence or

absence of the A phosphatase zone. It can be seen fnom Table 24 t}:rat

there is no sfgnificant associatlon between the presence Ln cattle

serum of the Oc substance and alkaline phosphatase lsozyme A.

TABLE 24
;i '1

ATEST FOR AN ASSOCIATION BETWEEN THE PRESENCE OF THE

PHQSPTIATASE ISOZT]I,IE AND THE Oc SUBSTANCE TN CATTLE SERUM
{:

I

j 'È,

)

3o.222474TOTAL

119

183

90

138

29

46

kesent

Absent

Éì
c)2

OFo crl
ca
Þ
Ø

TOTAL

Absentkesent

A PHOSPHATASE

x? = O"OO2 "98> P>.95
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3. Blood grgup substÊnces ln semlnal plasma

In man, bl"ood-group substances are present ln the gemlnal

plasma of secretors but not in that of non-gecretors (Hartmann, 1941)Ç

Hgwever, the concentration of A, B and H substances Ln the semlnal plagma

of secretors Ls hlgher than ln thelr salLva (Boettcher, personal

comrnunlcatlon 1967 ) .

It fs apparent from Tabte 25 that all bulls examlned had Oc

substance ln their semLnal plasmq. lrrespectlve of thelr blÒod sorum pheno-

type. Thtq observatÍon ls slnllaf to that made on the sallve of shoep by

Rendel (1957) except thet sheep of group 1 dld not have O substance ln

thelr sallva wherça5 cattle wlth the corresponding phenotype "-" can have

Oc substance fn thelr semlnal plasma. Thls 1s dlscussed on page 74.

c. J-Oc substances and serun protelns in foetuses and celves

1. Blood group substances ¿nd transferrln ln foetal serum

(i) Transferrln

IÏhen the transferrins of dams and foetuses collected

at the abattoirs were first typed ln tris-citrate wlthout regard tq the

subdlvlslon of traqsferrin D lnto D, and D, more exceptions to the

allellc hypothesis were noted than one might expect to flnd even ln

dalry farm material. It was concluded therefore, that the phenotypes

obgerved tn the foetuses dld not represent the Same genotypes as thp

correspondlng phenotypes ln adults. For thls reason the transfefrln

patterns of foetuges of varlous lengths Ì¡ere examined more thoroughlyt

In Flgure I the transferrln patterns of foetuses of transferrln type D,



TABLE 25

J-Oc INHIBITION TYPES OF BULLS DEPENDING

T]PON WHETHER BI,OOD-SERTIM OR SEMINAL PI.,ASMA

WAS USED AS INIÍIBITANT

Oc

Oc

Oc

Oc

Oc

JOc

JOc

JOc

JOc

JOc

JOc

Oc

Oc

Oc

tt rt

It tl

,tJ

t*J

,tJ

*J

J

J

G.P.C .

H. r.d.

s. s.M.

A oM.J.

G. S. S.

J.M.E.

MoP.P.

s.G.s.

H.C . S.

Y.E 
"C 

.

F.R.2 
"

SEMINAL I

PT.,ASMA i

BI.OOD
SERTJilI

BULL

* When the cells of these were tested
they had J substance on them and so
were actually Jcs.



FIGIJRE 9.

a. ênd b.

co and d.

Serum transferrln patternB of foetuses of vanloug

lengths and an adult of transferrln type Dr.

â¡ In trls-cacodylate

b. In trls-cltrate

Sample Length of foetus (lnsr)

5
10
t2
ßb
t4b
23
2A

34
36
Adu

Serum trÊnsferrln patterns of foetuses of varlous

lengths and an adult of transferrln type ADr"

c. In tris-cacodylate

d. f n trl-s-cltrate

Sample Length of foetus (lns.)

1t

32

1

2
3
4
D

t
7
I
I

10
11

1

2
3
4
5
t¡

7
I
o

10
11
t2

b
7
8

10
t6b
18
2t
26
29
32
36
AduLT
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and AD2 are shoïtn after electrophoresLs ln two types of buffer system.

From a knowledge of transferrÍn patterns ln adulte only, the ffrst sl.x

samples in Flgure 9(d) mtght be classtfied as Drt not ADri however, an

examLnatlon of the transferrtn patterns obtafned uslng tris-cacodylate as

the gel buffer (9c) reveals that ln these samples the second slowest aone

may be resolved into two zones indicatlng that the transferrlns are type

Ð2. Thls crlterion was not posslble with TfAD, at normal running

temperatures (Flgure lOa); howevero if one conslders the transferrln

patterns obtained in tris-cacodylate for TfD, (Figure lOb), TfD, (Flgure

9a) and TfA (Figure lOc) and relates the relative stainlng intensities of

the transferrj"n zones of the quartet to the presence or absence of post-

albumtn zones L arrd 2o then for all these types, where the predominant

post-albumin zone is zone 1, the slowest transferrin zone is the maJor

on€¡ Thuso foetal transferrins may be readj.ly typed by taking the

relatlve lntensLtles of the foetal post-albuml"n zones lnto account.

Where post-albumin zone 1 ls predoml-nant, homozygotes ([Dt/jot,

-'2/Ê21 ÊlÊ) have their srowest transferrLn aone as the maJor

sone (arso ,PtlrPzz Flgure lod). However, heteroaygotes <g1oZttott

Êl-or, have thelr two slowest aones of about equal intenstty sLnce the

second slowest zone l-n heterozygotes fs the major zone of the TfA pheno-

type. No difflculty occurred wlth the typlng of TfDrE, TfD2E and TfAE

whose patterns are gl-ven ln Flgure 11 (a and b).

A consideratlon of the transferrln patterns of homo-

zygou¡¡ foetuses reveals that the trend from a pattern Ln young foetuses



FIGTJRE 10.

Serum trangferrln patterns of foetuses of varlous lengths

and adults of transferrin tYPes:

1

b.

ADêo

1
D

A

D

Co

d. tDz

ln trls-cacodylate.

Length of foetus (lns. )SampIe

1

2
3
4
ð
6
7
I
ô

10
11
t2

ao

6b
7t

10
l3
t5t
t7
24
2A
31
33
36

b.

It
et

t2
26
27b
30
34
36

c.

6L
7

10
t2à
15
t81t
24
29
34
38

d.

6
7

10
t4t
18
20
æL
2A
32
35
40

1tAdu

1tAdu
ttACu1tAdu
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FIGTIRE 11 .

Serum trqngferrln petterng of foetuses and adultg of

transferrln types

âo DtE (samples 1-ã) and

DZE (sanples 6-11)

b. AE

ln tris-cecodylate

Iength of foetus (lns.)SampIe

ItAdu

1

2
3
4
5
EI

7
I
I

10
l1

ao

4t'
11å
26
36

AduLt
I

10t
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b.

6å
l7
32
35
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where the slowest zono ls the maJor one, towarde the adult type where the

two sloweet zones are of equal lntenelty, fs aetually carrfed further than

thfs ln older foetuses to give a pattern where the thfrd slot¡test aone

(zone 2) ts the maJor one. The inferences that one can make on the

Stnuctqre of trAnsferrin from these observatlons are gi.ven on pege 69'

(i1) The J and Oc substances

The frequency of the four JOc lnhibition types ln

the cattle foetuses have prevJ-ously been presented ln Tab1e 23. There

ls an outstandlng dffference between the frequency of the inhlbitlon

typçs in the dans and the foetuses. The number of foetuses fn the four

lnhlbitlon classes Ln each length class are glven ln Flgure 12. Al-

though there ls an apparent trend towards a reductlon ln the number of

Oc foetuses with increased foetal length, there ls no compensating f¡t-

crease ln any other class, and from stnller trends in all clasges and Ln

the foetusee not classified lnto lnhibitlon type ft may be concluded that

there was somç selection of younger foetuses for the sample' Thls ls alao

lndlcated by FÍgure 13 where the lnhlbitlon types of the dams are graphed

in a elmllar msnner.

The titre of J and Oc substances in the sera of JOc

foetuses ls plotted agalnst the length of the foetuses ln Flgure 14.

There ls no relatl-onshlp between foetal length end the 1oB, tttre of J

and Oc subÊ¡tances.

In Ffgrre 15 the tltre of Oc substance Ln the sere

of Oc foetuses is shown. There is a slgnificant correlatlon between



FIGIJRE 12.

The frequency dlstrlbution of foetuses accordlng to thelr

crorvn-rump length and their J-Oc lnhlbltl-on typeo
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FIGT]RE 13.

The frequeney dtstributlon of dams accordlng to thelr J-oc

tnhtbttlon type and the crown-rump length of the foetus they

carrled.
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FIGURE 14.

The tltre of Oc and J subÊtanees ln the serum of a sample of

foetuses of lnhibltlon type J-Oc and of various crown-rump

lengths. The three closed trJ-angles represent the three

foetuses wlth only J substance 1n their serume The tltre

scales are logr.
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FIGURE 15.

û,¡

The tltre of Oc substences ln the serum of e sample of

foetuses of lnhlbttlo¡ type Oc. The correlatlon coefficlent

relating 1og, tltre to foetal length ls Q.õ16 (.oo1(p(.Of )

1n th!.s sanple.
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tltre and foetal length.

There ls also a Elgntf,lcant aesoclatlon betwecn the

tttre of Oc and J substances ln the sera of JOc foetuses (tr'lgure 16).

Hgwever, lf the three eera Ehowfng the htgheet Oc tltre are omltted from

the anelysls the correlatlon ls not slgnlflcant. Thege obEervatlons on

the JOc b1es{-groupe of foetuses are dLscussed tn relatlon to the genetlç

control of the JOc bJ.ood-group system oa page 72.

Table 26 shows the JOc lnhibltlon types of foetuseg

and thelr dems. Although the deta ls unsuLtable for lncomplete famlly

data analysls due to the domLnance relatlonshlps between the alleles, lt

does provlde tnformation on possible transfer of blood group substancqs

from dam to foetus. The tabte tndlcates that foetuses can have

dlfferent lnhlbitlon types from thelr dams. This ts a dlfferent flndlng

to that ln sheep (Appendlx II) and ls discussed on page 77.

(iil) Haemolysíns and alkallne phosphatase

None of the foetal sera was shown to contaln

specfflc or non-speclfic hgemolysins for sheep R and O red cells.

Cattle foetal sera shou¡ed the slow B phosphatase

zone wlth moblllty the same as that of sheep foetuses (Appendix II).

The qignifLcance of this observatl-on in relation to the fallUre to

demonstrate an assocl-atlon between the JOc blood group and the A-O

phosphatase polymorphism 1s discussed below (p. 68).

¡)

!

ì

I
È

î
¿



FIGUNE 16.

The relatlonshlp between the tltre qf J and Oc substancee ln

the sera of J-oc foetuses, t = Q.442 (,OO1 1p1.O1)? If

the thrpe gera ghowlng the htghest Oc tftre are omltted fro6

the enaLysLs, r = O.l1 whlch Ls not elgnlflcant.
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TABI,E 26

THE J-OC INHIBITION TYPES OF FOETUSES

AND THEIR DAI\{S

3toz,1383148Tota].
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L67
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14

1
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2. Post-natal studfes on blood group substences and trang-

f,errln

(1) Transferrln

The observatlon that aL1 members of twin foetal palrs

had the same transferrin and JOc type (Table 10, p. 45) was erçlatned by

the observation that all twlns showed obvlous venous anestomosfs E gþ¡p.

It should be posslble therefore, to demonstrate transferrin mosaÍcis¡n Ln

new-born dlzygous twLns of dlfferent transferrin genotype. Tvo sets of

twlns and a set of triplets u¡ere examtned and Lt was found posstble to

dlstlngutsh dlfferences between transferrln patterns at 30 hours of age

although the "foreign" transferrin persÍsted in twlns for at least 7 days

(Figure 17). Sampleq obtained from dizygous twin calves 30 mlnutes efter

blrth, whlch were later shown to have dtfferent transferrJ.n types, were

Índlstinguishable. The slgnlficance of

below (p. 77).

these observati lscussed
r"rl r-r*¡ ,h f c¿

{

(ff ) ,r and oc substances

tr'rom the hlgh proportlon of foetuses with Oc substance

ln their serum compared wlth the populatlon of dams from which they were

taken, lt was lnferred that sone change in JOc phenotype took place after

birth. A serles of samples \ües taken from calves beglnning as soon after

btrth ag possible. The resutts of JOc typing are gLven in Table 27. The

changçs ln phenotype observed are probably not due to absorptlon of serun

antlgen by lngested antÍbody (vla colostrum) stnce haemolyslns were de-

tected in calf serum at the ftrst sampllng whlch was usually withln 12



FIGURE 17.

The transferrln patterns of a paJ.r of dizygous twlns sampled

30 hours, 2, 3, 4, and 5 days after birth.
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TABLE 27

THE J-OC PHENÛIYPES OF CALVES SAMPLED

AT II{TER\4[LS A¡"TER BTRTH

I The first sample was taken when new-born calves were

flrst dlecovered on the day of bLrth.

N,T. = not tested (dted*)

il

Oc

æ

tt tt

J

N.T.

N.T.

Oc

T

Oc

Oc

N.T. t

N.T. *

lt ll

tl ll

Oc

tt tt

N.T.

tt tl

J

N.T.

N.T.

Oc

Oc

Oc

Oc

rt tt

JOc

JOc

JOc

Oc

Oc

Oc

Oc

tt

JOc

N.T.

N.T.

ll

It

*N.

J

a

tl

tt

JOc

Oc

Oc

Oc

J

JOc

JOc

JOc

1

2

3

4

5

6

7

8

10 115 'r't43 7BIRTHI

CALF
NO.

AGE (DAYS)
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hours of bj.rth. Only the observatlons on calves 6 and 7 are conslstent

wLth the change expected from observatlons on the low frequency of the

"J" phenotype J.n foetusu A more interesting obEervatl-on that can be

made on Table 27 ts that the Oc blood-group substance can dJ.sappear from

the sera of an lndlviduat and reappear sometime later. llhether thts ls

only found in growing calves is not known, however the observatlon does

lndicate that the Oc substance of adult cattle 
"."* 

*",t1-d be re-examLned

with the view to determining whether or not the phenotype fs constant

throughout the life of an anima,I. Sprague (1958a) ¿fA not record

havlng examlned the same indlviduals at different stages of development.

Observations on a sfngle sample from the standard J cow (NF 68) lndicated

that the tltre of J substance on red cells at least can vary wlth physlo-

Logical conditlons sl-nce a short tLne after calvtng the cow0s red cells

could be haemolysed by half the amount of antf.body normally requlred.

d" Phylogenetj"c studies on cattle specfes

1 " BLbos banteng

Ffgure 18 1s a photograph of the South-East AsLan banteng

cattte. The male l-s black and the female bro\¡lno Thfs j-s a se:<t¡al

dimorphlsm for the presence and absence of halr, both Eexes havlng black

skino The shoulder hump fs due to the dorsal extensl-on of the spinous

processes of the thoraelc vertebrae and ts not comparable wlth the fatty

hump of the zebu breeds.

The transferrin patterns of some of these anlmals are shown

in Ftgure 19(a) together with some cattl.e transferrln standards. All 30



FIGT]RE 18.

Photographs of the Banteng cattle of South-East Asla.

TOP Female

BOTTOM MaIe
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FIGT]BE 19.

a.

bo

Serum transferrlns of Blbqe banteng compared with domestlc

cattle standards.

Samples 1, Ll and 12 are cattle standards and all- others

are from banteng cattle. All benteng gamples are

transferrln tlpe Dr.

Semple õ which mtght be typed as DrD, was conflrmed as D,

on re-running.

Transferrfns and albumlns of E taurusr Blbos bÊnteng

and :@¡!g3gg g¿¡ (eland).

Samples 1-6 diluted 5 tlmes.

Samples 1, 21 71 8 and 9 are Bos taurus sera.

Samples 3, 4, 5, 6 and 10 are Bibos banteng sera.

Samples 11 and t2 ate replLcates of an eland sample"
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banteng sera examined showed a transferrin pattern whlch was lndlstl-ngut sh-

able from cattle TfD, (ta¡te 28). In Figure 19(b), banteng transferr:lns.

are compared wlth those of cattle and the eland (Taurotragus or.E) by ge1

eleetrophoresfs 1n trls-cltrate buffer. The eland has a transferrLn

phenotype whtch ls unltke that of cattle wl-th respect to moblllty or

multlple Eones n i ^,.f 
n-',,' '¡'

AIso ln Flgure 19(b) are shouln the results of electro-

phoresls of sera dLluted fLve tl-mes wlth geI buffer. A serum albumln

I
{'il.¿..j

!
I

!

polymorphism ls revealed Ln the banteng cattle and the typlng of 15

animals Ls glven {n Table 28" The albuml-n A zone has the same mobllLty

as the albumin normally found in Þ taurus and when banteng albumlns were

compared with those of aebu anlmals it was found that the slow albumLn

aone of bantengs was not the same as albuml-n B previously descrlbed ln

East Afrl-can and Paklstanl zebu cattle (Ashton and [-ampkfn, 1965a;

Ashton, 1964). Zebu albumin B migrated nl-dway between AIb A and AIb D

of bantengs. The relationship between the slow banteng albumln and

A1b C of East Alrican Shorthorn cattle (Ashton and Lampkin, 1965Ð ls not

known; however, untJ.l sera are compared, the banteng variant wlII be

caLled D. The eland also has a slow albumin zone.

When the sera of the banteng cattle were tested wlth

cattle reagents for the presence of soluble speclfl-c blood-group sub-

stances, the results summarized fn Table 28 were obtalned" That ls,

slmLlar tnhlbitLon types to those of cattle were found" The naturally

occurring antlbody system assocl-ated wlth the JOc system ls somewhat
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TABLE 28

TRANSFERRIN, ALBI'MIN AI,ID J INHIBITION TYPES OF

1õ BAI.¡TENG CATTLE AND SEVEN ASIATIC BIJFFALO

1",.

Ãi"T\"j,t'i
ti

Bubalus bubalis B1

B3

t2t7
1208

t2!õ
t2o¡2

L2o/9

B

A

B

JOc

JOc

J

J

J

J

JOc

AB

AB

AB

AB

Blbos banteng 159

166

158

1002

t7t
tt22

169

468

170

164

466

1118

464

\lv't

150

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D1

D

D

D

D

J

J

JOc

J

JOc

JOc

J

J

JOc

JOc

JOc

JOc

JOc

J

JOc

o

o

o

o

o

o

I
32

I
AI)

D

AI)

AI)

32

32

D

D

D

D

D

AJ)

AI)

16

Specles No. Tran
¿Jsferrlh Serufi J

Albunln Inhlbltlon*
Anttbody
And Tltre

* Atl Banteng cattle had the J antlgen on thel-r red ceIls.

I A further 15 Banteng sera ulere recently examined and all were
transferrf-n type D . NLne anl-mals were albuml-n type D,

4ADand2A.
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dlfferent from that descrlbed Ln Bos taurus. Irt every serum where

Oç substance utas absent, the antl-sheep O antibody was present.

No ant!.-J was found (taUte ZB).

2. Bubalus buball's

In Flgure 2O(a) the transferrlns of the Aslatic

buffalo a¡.e compared wlth those of cattl-e. There !s no cattle

¡nobt}lty phenotype that ts the seme as the buffalo phenotypes.

Buffalo A ls fegter than cattle A, end buffalo B ls faster than

cattle B. The result of electrophoresls of buffalo gerum ln

trls-cacodylate buffer ls shosrn Ln Flgure zO(b). It ls

apparent that the multlple aone phenotype (wfthout regard to

thetr mobtlfty) of buffalo B 1s the same as that of cattle D,

and Drr the sgcond glowest zone beLng resolved lnto two tones.

Teble 28 glves the transferrLn type of the elght buffaloes

studled together wlth thetr JOc tnhibttion type. No sera con-

tained haemolyslns agaLnst sheep R or o red cells (Table 28).

These observatlQns on the serum protelns and

blood-group substances in bgnteng cattle and the buffalo are

dfgcussed ln relatlon to theLr taxonomy on page 79.

¡t

It

ftfl



FIGURE 20.

b.

a Serum trangferrln patterns of the Asfatlc buffalo compared

wlth those of cattle ln tris-cltrate buffer.

Samples 1 and 2 are the slow buffalo variant (B),

samples 4 and 5 are the fast variant (A), and

sample 3 is the third type of pattern found (AB).

Samples 8, 11 and L2 are also the slow variant (B).

Samples 6, 7, 9 and 10 are cattle standards.

Serum transferrin patterns of the buffalo compared

wlth those of cattle in trls-cacodylate buffer.

Samples 3, 4, 7 and 8 are buffalo samples. Note the

spltt zones of the slower varlant n

Samples 1, 2,5, 6, 9 and 10 are cattle standards.
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IV, DISCUS$ION

ê¡ The multlple allele hypothegls for the lnherltance of

transferrln patterns ln cattle

Most data presented in the llterature are i.n agreement wfth the

hypotheSts thet the varlable transferrÍn patterns observed ln cattle are

due to the segregation of a number of alleIes at a slngle trensferrln

locr¡g. ExceptLons to thls hypothesis have been reported (Smlthles and

Hlck[rafir 19õ8; Gahne, 1961) though these have been attrlbuted tq errors

|n the parentage records. The pauclty of exceptlons to the allel'lc

hypothesls ln the llterature ls of l-nterest slnce ln the authorrs ex-

perLence the frequency of mlEclassLflcatlon of calves in stud herde at

teest is appreciable. Ear1y data publlshed by Ashton (1957), before the

¡nultlple allele hypothesls wag proposed, can now be seen to contaln I

excepttons l¡ 160 matings.

The dan-foetus pairs examLned fdvealed ho exceptlons to the

allellc hypothesis for the tnherltance Of transferrln patterns ln cattle.

It ls probable therefone, that the exceptlons to this hypothesls that haye

been reported 1n the tlterature are Ln fact due to errors 1n parentage

recordq, the explanatLon uçua1ly lnvoked.

b. Segregation ratl-os at the transferrin locus

Uslng the method of Cooper (1966) to analyse the dam-foetuÊ

famlly data for the expected segregatlon of transferrin alleles, no

evidence was found to suggest that ln this sample there is any excess of
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heterozygous offÉ¡prlng over that expected, assumlng that heterozygoteB

and homo3ygotes are expected with equal frequency from hetero?ygous danB

(laUte E, p.42). Thus, the lndlregt evldence obtal-ned by Ashton end

Fqllon (1962) that heterozygotes are more viable fn utero ls not conflfmed

by thls study of foetuses. It could be argued that the vlabiltty effects

nay not have had tlme to manifest themselves in the foetuses studied;

however, the crLterl.on for the death of a conceptus by the above workers

wgs a return-to-servlçe efter 25 days or more. The youngest foetus

obtalned ln the aþattoirs study was 7ã days old (4! lnchee crown-rumP

lengtþ; Lyne, 1960), so that any effect of transferrl-n type on foetal

vtabfrlty ag envlsaged by Ashton and Fallon (1962) should be detectaþle

by a study of foetal transferrin types, The data of Ashton and Fallon

(1962) are based on the records of A.I. centres whlch are complled only

on the basfs of farmer requests for a return of service. In these

authorts oìvn words, "C1earIy, returns-to-service data must be lnter-

preted'with cautlon.'r

Although the New zealand work (N.2. D.P.M.B., 1963) showed

results slmilar to the Queensland study (though non-signiflcant) tne

dam-foetus data presented here actually show a non-significant excess (
I

of homozygotes.

There is a non-slgnlficant deflclency ln the expected pro-

portlon of the offspring of TfAlTfDl d"t" with the TfDl a11.1.. Whtlet

thls could indicate a disturbed segregatlon of !¡!A and tfDl alleles,

other heterozygous dams carrylng gDl ".trraIIy show a non-signlflcant
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excess of offsprtng wtth ttot. The data therefore show no consletent

evLdence for dlsturbed segregatlon ratlos at the transferrLn locus.

Although the nur¡ber of twln and dead foetuges found tn thta

study was small, the neterlal ls potentlally eultabLe for a study of the

effect of the damrs transferrln type on her fertlllty ae Judged by the

frequency of twlnnlng and foetel mortallty. No concluslons can be dreurn

fnon the results set out in Table 10 (p. 45) except those relating to

transfenl-n mgsalcfsm dlscusged below (p. 77)..

The failure to demonstrate maternal-foetal i.ncompatiblllty

wfth respect to transferrln type (Table g, p. 43) confirms the resultF

of a number of wqrkers (llterature surveyr P. 13). There ls no evldence

for antagonLsm between the transferrln types of dam and foetus when the

foetuses are consldered with or wlthout regard to thelr stage of develop-

ment. If the incompatibtlity effect proposed by Ashton (1959b) was

operatlve early in foetal Iife, one mlght have expected that the oLder

foetuses (ÞZO") would ¡hW a greater tendency towards a deflciency of

foetuses lncompatlble wfth the demrg transferrin type. In factr there'

\yas a nonrgignlfl-cant excegs of older foetuses ln the incompati.ble clasg.

It is concluded that the populatlon of ani¡na1s sampled at the abattofrs

shoìv no transfenrin maternal-foetal lncompatlbiltty effect.

None of the half-slb famllles showed signlftcant departures

fron the e:çected 1:1 ratlo for heterozygotes:homoaygotes that could

not be explalned by chance alone. TVo of the three signlflcant departures

from expectatLon (Tab1e !2, p. 46) were in favour of homozygotes whllst the



63.

thtrd shovred an e:ßeess of heterozygotes" These observatLons are com-

patlble wtth those mâde on the abattolrs materLal-. However, two

reservatlons must qualify the fal-Iure of these observatlons to demonstrete
/

an excess of heterozygotes over hornoayþotes ln the offsprlng of hetero-

uygous siress fírstly, since the terms heterozygous and homozygouE are no

Ionger meanlngfut with respect to gO, any concluslons drawn from the ob-

servations are of doubtful value. Secondly, sÍnce it was demonstrated

that the analysls of half-slb fantly data using the sÍrers lnferued trans-

ferrtn type was probably invalfd due to errors in parentage record9, the

essentially negatf.ve finding must be consLdered with this fn mind"

c. A possfble second transfemln locus ln cattle

The observation that some cattle can inherl-t a slow transferrtn

zone seemlngly independent of the Lnheritance of the regular variants

1p. 48) leads to the conclusLon that lndlvlduals wlth the addf.tlonel sone

have at least one addl-tlonal gene concerned either wLth the production of

multfple zones from the existlng transferrln polypeptldes or wtth the

synthesls of ê netv transferrln pol-ypeptlde. The examlnatlon of a large

number of autoradlographs reveals that most cattle have some lron-bLnding

protef-n ln the regJ-on of the H sone and that there ls varlable expression

of thiE between indivf-duals, from absent to strong (as fn the case of buII

X, Flgure 7, p.48)o The likely explanatJ-on for the fnherLtance of the H

aone ls therefore the ffrst suggestlon above, namely a gene or genes con-

trolllng the degree of formation of the H aone tn the multiple zone systgn,

by polyrndriaatlon, carbohydrate addltlon or other means. The varlable
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lntenelty of the H gone between lndtvlduals could be segrega- 
¡

i

tlon of a number of ellelee at a locue. 
i

Whether the gene or genes postulated 1s at the same locus as the \
I

gene fnvolved ln the formatlon of the regular murtlpre zoneg by the addttlo¡l
I

of cerbohydrate (Chen and Sutton, 1967) ls unknown; however, thls fs the 
ì

i

efnplest hypothesls ln the abgence of further evldence.

Varlation wtthln lndlviduals has not been thoroughly investlgatedo

lfowever, two samples taken fron bull X two years apart had lndlstlngulshable

trensferrin patterns.

d. Trensferrln population studl-es

The cotlectLon of two successíve generatLons ln the form of dam-

foetus pelrs provldes ldeal material in whlch to study posslble changes ln

genotypfc and gene frequencleg from one generatLon to the next" It also

allows examlnatLon of foetuges of varlous eges to determlne whether the

gene and genotyplc frequencles alter during intrauterine llfe, assuming

that -the old and young foetuses both represent unblased samples of the

sane lerge foetal PoPu1atlon..

No slgnificant dLfferences were found in gene and genotyplc

frequenèes from one generatlon to the next or during foetal life (tabtes

!4, 15, 16, p" 47) an¿ it is concluded that any selectl'on favouring a

gene or genotype l-s extremely mÍld'

A1thoqgh other workers have found an excess of transferrin

hgterozygotes over that expected in cattle populations assumlng random

¡nattng (p, 17), the results presented in Table 16 (p' 47) show no

I {r', ¿?tt'È i'I
tt¡u'-,t it ii c1



65.

evldence for thle. Sl"nce the abattoirs sample represents a better

Bamp1e of a gfven large lnterbreedlng populatlon than does any Eampllng

involvlng herds of related anlmalso the present resultg are good evldence

agalnst strong heterozygote superlorlty as a maJor factor maLntalnlng the

transferrln polymorphlsm. As polnted out by Robertson (1965), eampllng

of herds tnvolvlng few sires can lead to an apparent excess of hetero-

zygotes ln the sample since the expected proportlon of heterozygotes ls

underestimated. Jamiesonrs (1965) observation that the degree of

heterozygote excegs $tas dependent upon the herd examlned may be related

to the Robertson effect or it may be the resutt of an effect noted by

Cooper (1966) where heterozygote excess was only detected in inbred

populatlons of Merlno sheep. The Robertson effect was not noted ln the

dairy-farm half-sib-famj.ly samples reported in thls thesls (p. 48).

Even ln the Frfesian sample where only 15 síres contrlbuted to the

populatlon ln 8 herds, the observed and expeeted populatlon genotyplc

frequencles were almost ldentlcal (Table 18, p. 48). Although gene

frequencies were siml-Iar to Ashton and Fallonrs (1962) reported fre-

D
quenci-es (Tf" not belng subdivlded) the excess of heteroaygotes report

by them was not found in the dairy cattle population. The fact that

these \rorkers cOuld only find such an effect in one out of fcur popula-

tions suggests that it is dependent upon the background genotype of the

anlmals or due to an artlfe.ct induced by the samptlng method, most

llkely the Robertson effect.
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e" Breed differences in the dlstrlbution of transferrin and J

aIleles in cattle

Jamieson (1966) has presented the results of a very extensive

survey of transferrl-n genes among cattle breeds ln the U.K. and other

parts of the world" A problem with breed comparisons is the definltlon

of the term ttbreedtt ftself. A number of the studles reported on trane-

ferrin gene frequencles Ín different breeds are actually studies of

nominal breed classifications only, e.g. Ashton (196L), Ashton and

Fallon (1962)" Even withtn purebred registered cattle, types have

arisen that are characterlstic of reglons and countrLes. Thus ttbreed

differences'o should be consldered with caution and regarded as popula-

tion differences. The most wldely documented and acknowledged ttbreed

differenee" is the frequency of TfE in different populations. Ashton

(1958d) postulated that tt. ""r.fvely high frequency "f TfE in northern

U.K. cattle and |n zebu cattle was due to some cli¡nate tolerance con-

ferred on an animal by thÍs geneo Osterhoff (1966a) could find no

differentlal effect of extreme cltmate stress on cattle with and

Ewithout Tf and so the "clÍmate tolerance't conferred by thls gene

remalns l*"tt"" of surmise " Although Ín the South AustralLan sample

the frequency of TfE ín purebred Friesian cattle was 1O times that in

purebred Jersey *at", the allele was not "absent from Jerseys" as

claimed by Ashton (1958d). The atlele was also found 1-n Jerseys by

C" Stormont (Jamleson, 1966). Another explanatlon for a gradation in

the frequency of an allele from one geographic locatLon to another is

the diminishfng or lncreaslng influence of one initially isolated
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populatlon on another. Thfs seems to be the case wfth haemoglob'ln B

where !t is postulated that the presence of ttre H¡B allele in some

European ca.ttle breeds (e.g. Jersey) is eviden";t zebu lntroductl-on

lnto these areas in anclent times (Boston, 1964i Bangham and Blumberg,

1958). Table 29 demonstrates the high frequeney "f IIbB in a Jersey

cattle population and its very low frequency ln a FrLeslan populatlon

and is J-n agreement with the results of Bangham (L9ö7). The hypothesiE

for the origln of the HbB allele ln Jersey cattle ls not compatLble with

the observed frequency of ,tt tn this breed tf it 1s postulated that TfE

ln Europeen cattle also orJ-glnated from zebu breeds. This 
""4',*""'f

of course extremely weak ln the absence of l-nformatl-on on the selective

forces associated with the matntenance of the haemoglobLn and trans-

ferrl-n polymorphisms Ln dtfferent populatlons. One mj-ght lnfer that

tne ffUB a1le1e ls matntained ln the Jersey breed by selectl-ve forces

that are not present l-n the FrlesLan breed sLnce the Jersey breed ls

effectlvely closed whllst Friesl-an animals may be graded up from non-

purebred stock by persistent matl-ng wlth purebred animals (Jersey and

Friesian Herd Books, 1965, 1966). It ls surprlsJ"ng therefore, that

tne fffB gene does not find i.ts way lnto Frieslan populatlons.

In contrast with the marked variatl-on ln transferrln gene

freguencies between cattle populations, the frequency of the J ln-

hibltion types |s remarkably constant from one populatl-on to the next'

The results presented ln Table 22 (p. 49 ) support thls, the frequency

of J lnhlbltlon types ln the sample of purebred Jersey and FrlesLan

cì tl
, a':

4q,
i



TABLE 29

THE FREQUENCY OF HAEMOGI.OBIN PHENOTYPES IN PI'REBRED JERSEY

AND FRIESIAI.I CATTLE IN SOTITII AUSTRALIA

26

o

o

26

o.24

o"5o

o"26

15

31

16

62

Hb-A

Hb-AB

Hb-B

TotaI

FrequencyFrequenc¡¡.]i[o c:

FrlesLan
(9 herds)

Jersey
(11 herds)
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samples belng very slmllar. This constancy of the proportlon of anlmaLe

with J substance ln thelr sera between populatlons may be..orr""q,."t.þ

of the number of alIeIes determinlng the presence of J substance ln the

serum (at 1east 8). In the presence of such a large number of alleles

the frequency of any one could vary conslderably between populatlons

whilst the phenotypiC frequency would be relatlvely insensitlve to theee

fluctuattons. When the J-Oc inhibltlon types are consLdered however,

popul¿tlone ghow conslderable varlatlon ln phenotyplc frequency.

Spraguers (1g58a) ttrree populatlons were markedly dlfferent from each

other and from the sample of cattle collected at the abattoirs 1n South

Australla(Tab!.e23rP.5O).ThusrwithrespecttotheJ-Ocblood-

group system as ê whole, the frequ.rr"y of tnhtbltlon types is not

constant between breeds and populatlons of cattle and there are no

apparent patterns.

f. The assoclatlon of serum alkallne phosphatase type wlth the

JOc blood group sYstem

The failure to find an associatl-on between the presence of

oc blood-group substance and an alkallne phosphatase i-sozyme ln the

serum of cattle sampled at an abattolrs (p. õ1) ts compatlble wlth

Gahners (1g36b) proposal that the A phosphatase zone in cattle shows

simple Mendell-an Ínheritance. That ls, assumlng that the loci con-

trolllng Oc substance and alka1j-ne phosphatase synthesls are not closely

Ii¡rked, one would not expect to ftnd an associatl-on between the pheno-

types. It is surprlslng therefore, that RendeL and Gahne (1963) and
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RendeL Bnd Sueukt (1964) found an asgocLatlon between J blood-group type

ênd the pregence of the A phosphatase lrozyme. That le, for the

genetlc Btudlee on ålkallne phoÉphêtale varlênt¡ end those on the J-Oc

blood-groupo to be conslgtent wtth one Ênother one ìvould etçect elther

no assoclatlon or complete aseocl.atlon between the blood-group end

lsoayme phenotypeg for the cases of lndependent segregatlon and pLelo-

tropy with complete penetrance respectlvely. It would not be posslble

of course, to dlstlnguish easily between plelotropy and very close

llnkage, gl.ven linkage disequillbrium.

It ls possible that the genetlc work actually lnvolved a

dlfferent lsozyme to the correlatl-on work due to different stalntng

condÍtlons although the method guoted was the same. In view of the

observation that some cattle sera have a slow alkaline phosphatase f!t'{oa,

fn 't

i.sozynte (Gahne' 1963b), as do cattle foetuses (p" 55) and that thts

has about the same mobllity as that of sheep where activlty is almogt

completely dependent upon the presence of O substance ln the serum,

lt ls pqsslble that thts enayme could be more strongly associated

wlth the presence of a blood-group substancen Unfortunately sera

were not scored for thls zone ln thls study.

t{ul

.tn{

'/-vû1.1"

fu14.

/ ú 
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g. Blood-group substances and transferrin ln foetal gerum

1. Inferences on the structure of transferrln

For a glven transferrln genotype, the transfemin

pattern is variable dependi.ng upon foetal age (n. 53). Simllar ob-

servatLons have also been made on rats (Wise et al"r 1963)o In man,
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though the adult phenotype Lg characterlzed by a alngle strong lone,

foetal serum has four addltlonal slower transferrLn components (Parker

gg g!., 1963; Melartln g[ 4., 1966) and lt has been postulated that

the ã zone pattern is the result of a defLcLency ln the enayme attach-

lng slallc acl-d sfde chains to the proteln. The slowest Eone would

therefore represent transferrln with no carbohydrate molety attached,

and the fastest (equtvalent to that of adults) would represent trans-

ferrln wlth the fuIl complement of siall-c acid resldues.

The five zones of human foetal transferrln may be compared

wlth the five zones of adult cattle homozygotes. If multiple trans-

ferrfns in cattle are due to the varlable addLtlon of carbohydrate to

the proteln, then for a negatively charged carbohydrate the fastest zone

would have four resldues and the slowest noneo It would be necessary

to postulate therefore, that ln the normal adult the actlvtty of the

en&yme attaching carbohydrate to trangferrLn ts below that requlred to

gaturate all transferrLn molecules. In young foetuses the actlvlty

of the enzyne may be less than 1n adults sl-nce the predomLnant trans-

ferrln 1S the Slowest. In older foetuses thls Slower zone 1g

actually less lntense than the second slowest and therefore the entymere

actlvlty vrould have to rlse above that found ln adults. There Ls some

experimental evldence to support the carbohydrate theory and the ob-

servatlons on foetal transferrin patterns are at least conslstent wtth

it. The patterns might also be i-nterpreted ln the same sense but

lnvolvlng enzymLcalLy controlled mul-tLmer formatlon tnstead of

carbohydrate addl-tl-on. However, thls wouLd mean that the slorryeSt
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zone vould have flve tlmes the molecular welght of the fastest, given

that the fastegt represente the smallest unlt posslble' The dlfferencês

!n moblllty of the memberg of the zone qulntet are probably not com-

petlbte wlth thts hypothesls, and Chen and Sutton (1967) could flnd no

evldence for the presence of molecuLee wlth molecular rilelght dlfferences

of thls order Ín ultracentrlfuge studleg.

'2. Models for control of the JOc system

Although the correlatlon between J tltre and foetal age

proposed by Schmtd and Busch¡nann (1962) from very llmlted data wes not

found (p. õ4), a random sample of oc foetuses showed a posltlve

correlatlon between foetal length and Oc tit_re. Th19 was not so when

the Oc substance occurred wlth J substancer i.€. ln JOc foetuses

(t'tgure 1,4, p.64). Thus lt could be postulated that where there ls

n0 competltion for a cornmon precursor between the J formLng system and

the Oc forming system, the amount of sotuble blood-grouP substance

produced depends upon foetal age. Due to the fact that onty three

"J" foetuges were obtained, this hypothesis could not be tested with

respect to the J system.

Rendel and Suzukl (1964) found a negati've assocLatlon

between the tltres of J and Oc gubstances in adult sera and they

suggested that thts lndl-cated that the J and Oc substances had a

common precurgor subgtance (PS).'
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1.êo
J

PS or PS+'Oc-+J

Oc

However,itisdifficulttopostulatemechanismsfor

these pathways that are consistent with the genetic hypothesis of

Sprague (1958a)r ioê" that the JOc blood-group system is under the con-

trol of four alIeIes at the J locus t vrz. lJ, ¿"ot, Joc and j (see

Table 3, p.2O). There were, however, three exceptions to the hypo-

thesis although the reason for two of these was glven as a mixup in

the samples.

The significant correlatlon between the titres of J and

Oc substances in foetuses is a slmilar observation to that made on

sheep foetuses of lnhibition type R,/o (Appendix II). The model

proposed in Appendix II to explain the observatLons on the sheep

R-O-l system is:

O substance

1i
I

PS
R

tt
R substance
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Assumlng thqt the cattle systen ls baslcally stthllar to

thls, the followlng model mtght be postulated:

Oc substance

PS

J substance

Oc OcJJ

Thle ls consl.stent wlth the observetions on correlated

tltrea in foetal serum and with the genetlc evldence on the lnherltançe

qf the Oc and JOc phenotypes, i.e. the Oc phenotype !s equlvalent to

the o of sheep and the Joc phenotype le equlvalent to the R of sheep

Blnce R eheep are actuaLLy R/O. Observetlons on the J And "-\heno-

types are more ctlfflcult to !.ncorporate lnto the same gchern -"il ,n ,

have no genetic equivalent ln the sheep R-O-l system, the phenotypes

ln cettle belng determlned by two addltlonel alleles ln the same serl'es

whllst the sheep "-" (i) is determlned by genes at a second locus.

Spfague (1968a) suggested that one of hls exceptlons to the multlple

aIlel1c hypothesl-s ¡nay hgve been due to the segregatlon of a1le1es at

a gecond locua. Thus the exceptlon to hts hypothesls; Oc x JOc-¡-

rr-'r, hAB an equlvelent Ln sheep stUdleS, vlZ. O x O+1. There are

two obgervatlons thet lndlcate that two locl may be lnvolved ln the

control of the JOc blood group I'n cattle.

JOc
J

//- tt
&A
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(r) The dlstrlbutlons of the four phenotypes ln dams

and foetuses are merkedly dLfferent. It nray be inferred that gome

of the foetuses of type Oc and JOc would become type J Ln adults.

Slnce there le no tendency for an Lncrease ln the frequency of type J

foetuses wlth tncreaslng foetal age end a proportlonal decreese ln the

frequency of Joc and oc types, any change that takes place must be

post-natal, such a postulated change hag been demonstrated ln calves

(Table 27 , p. 56) " It seems that some J and "-" adults have the

genetlc lnformatlon for the synthesls of Oc substance but this ls not

QxpreBg€d,c

(1r)Table25(p"õ2)showsthelnhtbltiontypesofa

numþer of bu}ls from whlch both blood serum and seminal plasna could

be obtaLned" Dlfferent inhibltton types are expressed depending

upon whlch fluld fs used as an lnhlbltant. Thls further supporte the

hypothesls that sone lndLviduals do not express thelr full genetLc

potentiat for blood group substance productlon"

Iaking into account the comment prevlously made about

Spraguers 11958a) model (p. ZO) that lt 1s curlous that ln the pre-

sence of Jr nelther Jot ,ro" gto" o"oouce the oc substance, the

fol1ow1ng genotype-phenotype relatlonships rnay be proposed:

Phenotype GenotYPes

r r-J- "' Jr

tlJ-

lUJ

I-JJ

'i 't
JOc

7yOc

tì "
t'

.l
d

ll ll
AL
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to whlch the following model ls appllcable

Oc substance

J

J substance

that fs the I gene Ls a dominant tnhlbitor of the Oc synthetic

pathway.

This model ls compatible wtth Spraguets (1958a) data

wlth the same etcceptlons as his multlple allele hypothesls; however

it gives simpler genotype-phenotype relatl-onships"

There are some observations not taken lnto account by

the above model. Flrstly, the assoclated occurrence of the J and Oc

phenotypes in some populatlons of cattle. Thus Spregtre (1958a) found

that in two herds there u¡as a significant posltive associatÍon between

the occurrence of the two substances (taUte 23, p. 5O) but this was

not found in a third herd" Examination of cows from an abattolrs

showed a significant negative association (this thesÍsn Table 23).

Thus, on the basl-s of a two-locus model, the I and J loci would have

to be closely llnked.

Secondly, Spraguers (1958a) suggestion that hLs ex-

ceptlons to his multiple alle1e hypothesis may be due to the

segregatlon of alleles at a second locus could be lncorporated lnto

1
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the model above (p.7õ). However, tn thts case the Ìocus ls the thlrd

one lnvolved. All three matlngs gtvlng exceptLons lnvolved both

parents wlth the Oc substance produclng an offsprlng ¡¡!¡!$! lt. Thus

one could lnvolve the aIIeIes H and h at e thtrd locus, where H hae no

effect on the synthesls of Oc substance but hh lndlvlduals syntheslae

none. The phenotype-genotype relatlonshtps proposed are:

Phenotype Genotypes

J I-JÇH-' ilJ-hh

JOc tlJ-H-

oc iUJH-
rr-rr r-JiH-, iliihh

and the following model ls suggested:

PS
1t 1

3 (r- Oc substance

llr

.tl gubstance

This hypothesls could be tested sLnce ln those fanllles

where exceptlons of the type discussed above are found, they are

expected wlth a frequency of O.25. AIso, lt may be possible to

demonstrate two types of J and "-" lndividuals: those whlch have oc

substance in their secretlons (semen, sallva) and those which do not.

hh

PS
1
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These would presumably correÊpond wlth those that were H- and hh. at the

thlrd locus. Dre to the fact that no cattle antl-O reagent waE avall-

able these tests were not carrled out.

3. Transfer of soluble blood-group substances across the

placental barrler

To explain the hlgh proportlon of mlxed R/O phenotypes

in a sample of sheep foetuses, lt was proposed that there was transfer

of soluble blood-group substances from the damrs circulatlon to the

foetus (Appendlx II). A large number of dam-foetus pairs were not

avaflable to test this hypothesls due to technlcal dlfficulties ln

obtaining such palred samples where the sheep were dressed. Since

the cattle data does facLlltate such a study, some information on

placental transfer can be obtained, It was shourn ln Table 2S (p.õ2) that

foetuses could be of dlfferent lnhibitlon type from thelr dams and

therefore lt ls apparent that the data are not consistent wlth a

general placental transfer theory. Isolated cases due to dlsease

cannot be dl-scounted.

4o Transferrln mosaLcism ln twins

Datta and Stone (1963c) obtalned evl-dence that four

pairs of cattle twins out of 96 examined had transferrins that night

represent mosaLc patternso For thts to be so, the anl-ma1s would

have to be llver tissue chJ.meras, gfven that most serum protelns

are syntheslsed in the ll-ver, and thelr rarlty compared with ery-
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thropotetlc chLmeras may be due to Lncompatlbtltty between the trans-

ferrln-fomrlng tlsEueg at thê tlme when venous anastomosLg occurg.

Slnce lt ts erßtremely unllkely (P = O.OO4) thet the memberc of the

¡lx palre of twlng ln TabLe 10 (p. 45) heve the game transferrln type

by chance alone, one may conclude thct thig l¡ the regult of venoug

anêgtomosls leadlng to trensferrLn moEaLcl.em. Although these foetal

twlns are probably transferrln pattern mogalcs, tt ls unllke}y that

they are llver tissue chLmerag Ln vlew of the flndlngs of Detta and

Stone (1963c). Slnce dlfferences Ln transferrin patterns are de-

tectable in diaygotic twins 30 hours after birth, the transferrln

mosaicism present at birth must be rapidly lost as a result of a

turnover ln the blood serum proteins.

5. The use of abattoirs material for blood group studles

The results of studies on abattolrs material presented

|n thls thesls indlcate that for blood groups and serum proteln

varLants that do not exhlbft domlnance and whlch are expressed Ln

foetuses, dam-foetus pairs represent an ideal source of incomplete

famlly data, maternal foetal l-ncompatJ.btltty data and populatlon

data. In addltlon to thls, the foetal blood samples provide materlal

for the study of the development of blood-groups and serum proteLns.

whlLst abattoLrs matcrLal can provLde lnformatlon on

the above espects of blood group and serum protein studles, the

collection of thls materlal hag some dlsadvantages compared with the

collectl-on of farm materl-al due to the extremely hlgh noLse level and
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adverse workLng condLtlong.

h. Phylogenettc relatlonshlPs

Blson btson and Bl_son ÞEI9e the Amerlcan and European

blson have the same transferrÍn pattern whlch 1S Etml'lar to but not

ldentlcal wtth TfA of Þ taurus and Bos lndlcus (Stormont, 1964i

Braend and Gasparskl, 1967)o Orr the basls of blood-group studlee by

Stormont É 4" (1961), Owen 4 4. (L958) and Mlller and Stone (1955)'

and the observatlon that viable hybrids can be produced when Bison

blson is crossed wtth domestl-c cattle, the F, females belng fertlle

(males sterlle) (Deakln É 4", t942), 1t is likeIy that the blson

should be in the genus Bos. Indeed, Roe (1951) classlfl-es the

Amerl-can bison as Bos amerLcanus.

Banteng cattle are stmLlarly cross fertile wlth domestlc

cattle and the F, femalee are fully fertfle (males sterlle) (S1lpJer,

1951). Slmpson (1945) classlfies these as Þ&9 @þ1g' Walker

(1964) regards them as Bos banteng and Zeuner (1963) gives them the

status of subgenus ioe. ry (gtUos) .@¡!3gg" Morphologlcallyr the

anLmals resenble Bos taurus more closely than do $!g blson (Flgure

18, pr,52). Obeervatlons on serum proteLns and blood groups reported

1n thls thesls (p. 67) Lndlcate that banteng and domestLc cattle are

more clogely related than thelr classlflcatlon lnto separate genera

would lmply.

AII 36l banteng sera exalnLned showed a transferrln pattern

that was lndistlngulshable from the domestl.c cattle type Dr. The

¡, l.

'!
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serum of a single hybrld (Banteng male x Zebu female) animal was

examined and thls shoned a transferrln pattern indLstlngul.shable from

Ð1 . The male parent was D, and the female Parent ADr. Thus 1t

seems llkety that banteng cattle have an alleIe in the same serles as

that described l-n B. taurus and B. indicus. Whether there ls any trans-

ferrln variatton ; t""** ."tt; ;t"1 cannot be determined from

these 30 animals. Also, there ls the possibllity that the Austral-lan

populatlon v/as derived from very few animals and other transferrin

varlants were absent from the foundation stock or rilere lost in subse-

quent generatlons" Both the Aslatic buffalo and banteng cattle of

Australia were introduced from Timor into Me1vllle Island off the

northern coast of Australia in 1824-25 and were subsequently trans-

ferred to Port EssLngton on the mainland in 1838 (Letts, 1961)"

Although the numbers of these animals orlglnatly lntroduced is unknown,

the number of banteng at least, was lolv. After revislting the

abandoned settlement Ln 1a74, John Lewis reported in 1914 that:

"We found qujte a number of E-nglish cattle on the
Peninsula fcobourg Peninsulgl but they did not
thrlve there very weII. AIso a number of
Sourabaya cattLe ftanteng], Timor ponf-es and a
large number of buffaloes" I estimated the
number of buffaloes on the Peninsula and outside
at about 2Orooo."

The 30 banteng sera all had an albumin z,one not previously

descrlbed in cattle and thls has been called D. However, 11 anlmals

also had an albumln zone that was electrophoretlcally indtstlngulsh-
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abl.e f,rom the A slbunln lone of Þ @g end BoB þ¡!$1. The

hybrld anlnlôl had albumln type BD (AIb D x Alb B ---+Alb BD) end

theçe wes no evldence for the productlon of lnterectlon products.

Thue elbumln A of cattle and banteng are probably determlned by

honologoug genes.

The presence ln banteng of a slmllar JOc fnhtbltlon

system to that of cattle cannot be lnterpreted as lndlcatlng a cLose

relatlonshlp between domestlc cattle and benteng cattte slnce slmllar

systems have been descrlbed !n goate and the Norweglan e1k. Whtlst

the banteng JOc systen |s superflclalty slmLlar to the cattle JOc

system, lt shows a nottceable dlfference wLth respect to the presence

of antl-sheep O tn the serum. The regular agsocletlon of antL-sheep

O antLbody wlth the absence of Oc substance hes not been found ln Bos

taurus where the preeence of the antibody ls apparently deternlned by

a domLnant gene (Sprague, 19õ8b).

Haenoglobln was not avallable from the Australlan banteng

cattle; however, Vella (19õ8) hag exemlned banteng and buffalo

haenogLobln. Although these were not compared wlth domestlc cettle

haemogloblns, e*amlnatlon of hle ftgure es well as a personal

com¡nunLcatlon recelved from Dr. K" Bell- who has also examlned albunlns

end haemoglobLns of banteng blood at the Unlverslty of Qtreensland,

lndicate that banteng cattle have a haemoglobln wLth dlfferent eLectro-

phoretlc moblllty from the cattle var!.ants (caIIed Bb"rrt"rrg) but go¡ne

lndlvlduats aLeo have cattle haemoglobln B.
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Dr. BeIl has also examlned the mllk protelns of seven banteng

cotvs. They all had an e(-lactalbumln dlfferent ln moblllty from that

of Þ taurus and whlch $,as deslgnated C. No polymorphlsm was demon-

strated. The /3-tactogtobultns sho$¡ed varlatfon and three phenotypes

deslgnated E, EF and F have been found. These are dlfferent from the

prevlously descrlbed varlants A, B, C and D ln domestlc cattle. The

o(-caseln showed varlatLon between tndlvlduals, some havLng type C

tndlsttngulshable from cattle C and some havLnB Cbanteng, a Êlower

varlant. /3 -casein varLatLon wag algo observed; a nevt varlant named

A4 and type A2 lndlstlngulshable from cattLe A2. No polymorphlsm was

demonstrated ln K-caseln; all were the same as cêttle B. As wlth

transferrLn, the absence of variatlon ln gome of these mllk proteLns

whlch commonly sho\r¡ varlatlon tn other cattle may be related to a

small foundatlon populatlon.

In concl_uslon, the evldence from studles on blood and mllk

protelns Ln banteng cattle support the contentlon that theee anlmals

ere probably more correctly classlfled as þg @!9g,.

The Aslatlc water buffal0 found ln Australle ls the same

etraln as the Phfllpplne Kerbau (t-etts, 1961). The transferrln

variants found were not the same ag any of the known cattLe-varlante

and 1t ts probable that the polymorphlsm ls the same as that reported

brlefly by Makaveev (1966). The varlants themselves wll1 therefore,

not be dlscusEed. The lnterestfng characterlstle of the buffalo

transferrln patterns Ls that they are much more clearly resolved lnto
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flve zones than cattle D, and D, (FieUre 2C , P. 59) and ln thls

respect are slmllar to the transferrl.n found ln the European end

Amerlcan blgon. Whether thls flve-Eolre system ts a generel

chÊrÊcterlstlc of the Trlbe Bovinl ls yet to be determlned¡ hott-

ever, prêsent lnformatlon lndlcate¡ that tt l¡. Studlea on the

trangferrlna of the Tlbeten yak and the Gaur and Gayal cettle of

Southern Asla would be of partlcular lnterest tn thte reepect.



SECTION B

THE ASSOCIATION OF SERIJM TRANSFERRIN AND J BTOOD GROT'P TYPE

IVITH PRODUCTION

I LITERATT'RE REVIEWa

&o Productlon characters and blood groups ln anlmals

, If the numerous known blood-group systems ln anfmals

represent seleçtlvely batanced polymorphtsms and not translent poly-

morphJ.sms then lt may be posslble to flnd blood-group genes whlch

are assoclated with superiority in fltness or productl-on capactty.

Presumably natural selectLon may act on some plelotroplc effect of

the blood-group genes¡, and one of the more obvLous possiblllties here

ls dlsease suscepttbiflty and resLstance. Thus, as early as 1921

Buchanan and Hfgley lnvestlgated the ABO blood groups ln people

sufferlng from a number of organlc dl-seases. Although the flndlngs

of these workers were negatlve, subsequent studles by a number of

workers revealed signlflcant associatlons between dl-sease suscept-

lblflty and the ABO blood-group system of man. Some of these are

tabuLated ln Race and Sangerrs book (1962). The slgnlflcance of

most of these assoclatLong ln the malntenance of the blood group

polymorphlem must however be regarded as doubtful slnce the dlseases

do not manlfest themselves before reproductLve age Ls reached and

even then are not generally debtlltatlng. Although the human ln-

vestlgatlons are of inherent lnterest, studles on chlckens have been
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more Lntenslve and have revealed strong selectl've forces actlng on

blood-group genes . Gilmour (19õ4) and Brlles É 4. (1957) con-

cluded that the malntenance of heterozygoelty at the B blood group

Iocus in hlghly inbred lines of chlckens indlcated that the B poly-

morphism was selectlvely balanced. Other blood group loci ln inbred

chlckens also retain heterozygosity to a higher degree than might be

expected (Gllmour, 19ö9) and B-Iocus heterozygote superiorlty in

vlablltty and reproductlon durlng lnbreedlng has been demonstrated by

Brtles (1956), Gllmour (1960) and BrÍIeE and A1len (1961): homozygotes

produced fewer eggs than heterozygotes tn some lines of poultry but not

others. The effect of the B blood group system ulaa not conflned to

heterozygote supertorlty ln lnbred llnes, slnce Allen and Gllmour

(1962) found a signlficant difference |n overall fitness between

heterozygotes with a conmon allele Ln crossbred chickens¡ Robert-

son (1966) reported that a number of poultry breedlng flrms had

closed down their blood grouplng operatfon after several years work

because of lack of results and l-t was consldered that some of the

slgniflcant assocl-ations observed between btood groups and economic

characters ln poultry may only apply to the partl-cular populatlon

studled. However, the findlngs wlth chlckens provlde a stlmulus

for a search for similar associatlons in other anlmals.

A study of the relatl-onship between serologlcal and other

tral-ts in turkeys (Stevens, 1965) revealed one significant assocla-

tlon 1n 354 separate comparLsons involvlng ten alleles at three loci



86.

and seven production characters. Hybrid turkeys with the allele

"o1o 
n"o signifieantty longer shanks than those without. Tn inbred

lines there was evidence for a general selectfve advantage of A

system heterozygosity and for an assoclatlon of the ALbA allele wlth

large si-ze ln males and small slze in females. St;s (1965) con-

cluded that the difference ln results between the random-bred and

selected lÍnes and between domestlc and hybrld turkeys demonstrated

the dependence of blood gfoup effects on the genetfc background of

the populatlon.

Bender (1965) Ínvestlgated blood groups in two specfes of

trout. Resul-ts of studies on rafnbow trout fndLcated a seleetlve

advantage for some blood group types withln stralns but a sfmilar

effect could not be found ln brown trout.

Investigations with sheep faited to shov, any assoclfation

of a number of production characters wfth the R-O and X-Z bl.ood

groups (stansfield g! p!.r 1964). Hourever, Evans and T\¡rner (1965)

claim to have detected a sf-gnificant association of haemoglobin type

wlth fertllity, haemogtobin B anlmals produclng more mu)-tJ"ple births

than those wlth haemogl.obin A.

In cattle, the assoclation between production or fÍtness

characters wLth blood groups have been studi.ed by numerous workers.

The results of some of these studled were not avellable to the

author but have been clted by Neimann-sorensen and Robertson (1961)

and Matjals (1966). These lnclude gouw (1958), M1tscherllch * gl.
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(1959), Larsen É al. (L9õ9), Tolle (1959, 1960), Rendel (1959),

Andresen g! gl. (1959), Smlth and Pfau (1962), Munkacst (1962) and

Salerno (1963)n A revlew by Nelmann-Sorensen and Robertson (1961)

howevero lndlcates that: (1) Bouw (19ó8) dld not demonstrate any

assocLatLon between the A, V or Z locus of a bulI and lts genetlc

value for fat percentage; Q) Mltscherllch et al. (1959) found

that cows wlth blood-group factor M ytelded less mllk than those

without lt: slmllarly wfth OB and R. YZ and L werê assoclated

wlth a lower fat percentage and Q wlth a hlgher fat percentage;

(s) the observatlons on MrY, were conflrmed by Tolle (19ö9); and

(4) RendeI (19ö9) found statlstlcally stgnlflcant assoclatLons

between some blood group genes and fat percentage, notably E 
ott'o,

an observation made also by Larsen et aI. (1959) and Andresen g! g!.

(19ã9).

Ilrnlop (19ö1) and Nair et aI. (19õ5) lnvestlgated type

defects such as bad rtb, udder and teat conformatlon and thelr

assocÍatlon wlth blood group antlgenso No sfgnfflcant assoclatlon

was foundo Laben and Stormont (1968) could flnd no evldence for

the ,preferentlal survlval of calveg heterozygous at the B, F'Y or Z

blood group loc1 durtng lnbreedlng" However, conneally (1962) and

Conneally g! 4" (1961) found that durlng lnbrecdlng there was an

excess of Z/z calves from segregatlng matlngs at the Z locus and

Fow1er g[ g!. (1963) examinlng A, F-V, Lt S and Z blood groups for

maternal-foetal lncompatlblltty found that ln segregatlng matlngs
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lnvolving the F-V locus (F-V x FF) there was a sfgnlflcant excesg of

FF offspring.

The observatlon that the A antlgen hed low frequency ln

Frleslan cattle and hlgh freguency in Jersey cattle led McCIure (1952)

to investlgate a posslble assoclatlon of the A anti.gen wlth fat Per-

centage but none was found. However, Barr (1960) also l-nvestlgated

the A anti-gen and found the heterozygous enLmals gave 464.5 lb. more

mllk and 10.6 Ib. more fat than homozygous animals. InvestlgatLons

into productfon characters and blood group antlgens controlled by

genea at other locL have also revealed aesoclations, Conneally

(1962) found that the Z locus had a heterotÍc effect on ml-Ik pro-

zduction and Z- had a slgnlffcant addtttve effect on fat percentage.

In a second herd examlned none of these assoclatLons u¡ere observed

and Conneally and Stone (1965) could not confLrm the observation.

Barr (1960) observed that calves $'lth t}:e Z antigen grew slgntfl-

cantly faster than those wlthout it.

InvestlgatLons have also lndicated an effect of the L

locus on productlon. Rendel (1959, 1961) found that the L antlgen

u¡as assoclated wlth a lowered fat percentage (O.O9%) and Barr (1960)

showed that ln hJ.s sample, anJ-mals tacklng the L antLgen were

signlficantly larger at blrth and grew faster than those with the

ant igen.

One of the most consLstent assocíations between a blood

group antJ.gen and productLon characters to be found ln the Il-terature
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fs that between the phenogroups BO1Y2D¡ and BOlYlDr and an lncreaged

fat percentage. Rendel (19ö9, 1961) compared groupe of paternêl hBIf

elbs from s1res carrylng ,Bo1Y2Dr and found a slgnlflcant difference of,

O.1 1n the fat pêrcentage of thè groups. ft $ras then pradlcted that

dlfferencêó of the order of, O,27o mtght be found between cowe wlth and

wlthout the phenogroup slnce most of the slres used were heterozygous.

Nelmann-Sorensen and Robertson (1961) uslng a within half-slb progeny

group analysls found that cowg of the RDM breed wlth the phenogroup

BOlYlDr had a fat percentage 0.064 ! O.O15 hlgher than thelr contempor-

arles. Sl-nce thfs was assocLated wfth a negatlve effect on mllk

yleld, a galn ln fat yteld could not be expected to result from

selectlon of anlmals wlth thls phenogroup. Subsequent studles by

Conneally (1962) and Conneally and Stone (1965) also usLng a withfn

progeny group analysls lndlcated that the BOlY2Dr phenogroup was

associated with an O.33 lncrease in fat percentageo A slmllar effect

ls reported to have been shown by Andresen É gl. (1959) although to

what extent this represents a repetltlon of the reports of Lorsen 
I

9g g. (1959) and Neimann-Sorensen and Robertson (1961) ts not trrown 
i

t, 
,'-

to the author. Conneally (1962b) workfng with a dlfferent cattle I r. 
¡

population, and other workers (Smtth and Pfau, t962i MalJaIa, 1966) l

have been unable to conflrm thls finding. '

It is apparent from the above discussion and from Table 30

that at least a dozen assoclatLons have been found by about slx in-

dependent workers. Most have, however, been shown not to exlst ln
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one or more other populatlone studled eupportlng the vlew of Stevens

(1965) ttrat the effect of blood-group locl on other herlteble trelts

ln enlmals ls dependent upon the genetlc and physfcel envlronment of

the anlmals. Table 30 llsts the btood-group locl and alleles studted

for associations wfth productlon and fltness characters on dalry cattle

by varl-ous urorkers and thelr results. From the table lt can be seen

that where a blood group has been studled by more than one laboratory

or ln different populatlons by the same laboratory any apparent

assocLatton hag as many or more negative reports. The failure to

flnd an association l-n a partÍ-cular populatl-on may not be very meanlng-

fu1 as far as the real effect of the blood group is concerned. Thus,

.rr.n BBolYzDt h"" as neny negative observatLons as posÍtive. rf one

di.sregards the negative observatLons then the BOrYrDt 2 Y2t L, M and J

blood groups are those where more than a sJ-ngle observatlon has been

made on the same associatLon, vlz. BOlY2Dr and JCS wtth lncreased fat

percentage, Y, and L wtth a lowered fat percentage and M wlth a

lowered ¡nilk yleld.

A conslderatlon of the recorded effects of the J locus Ís

more relevant to the work reported ln thls study. In Table 38 the

aL1ele at the J locus has been recorded "" JCS glnce the þlood groups

were obtalned uslng an antl-J reagent on red celIs. These wlll

actually include those classlfied "" JCS and those classified es

JCSO. uslng two reagents (bovine anti-J and bovlne antl-sheep o).

Thus, Rendel (1959) and Rende1 (1961) on two lndependent sets of
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data showed that anlmals wlth the J antlgen on their red cells had a

fat percentage about O.O4 higher than those wlthout. Smlth and Pfau

(1962) found that anlmaLs of typ. JCS had a wlthers helght 1.4 cm

hlgher than those of type J?.

b. Productlon characters and transferrln type ln dalry cattle

Although the evldence for an effect of transferrln type on

ferttllty and fltness ln cattle ls not conslstent, lf some of the

observed effects are real tt ts not unreasonable to expect an effect

of the transferrLn locus on productlon characters BLnce dairy cattle

productlon performance ls closely related to thelr reproductlve per-

formance.

Ashton (196Ob) examLned the assoclatlon of the traneferrln

type of bulle ueed Xn êrtLflclaL breedlng Trtth thelr genetlc value l9h

mlIk yleld as asgesEed by a contemporary comparlson esttmate (see

Johansson, 1960; Searle , tg64; for revlew of Elre provlng technlques).

Examtnatlon of 13O bulle used for artlflclal breedlng comPosed of flve

breeds showed fJ.rstly that as a group they had slgnlflcantly hlgher

contemporary comparLson val.ues than 1028 bulls located on dalry

farmE (2ö.O galtons versus 1O.3 gallons of mlIk). Wlthln the

artlficlal breedlng group, 39 transferrln A, 61 AD and 30 D anlnalE

had mean contemporary. comparlgong ot 12.2, 26.8 and 38.2 gallons

respectLvely, the mean value for A belng slgnlflcantly dlfferent

from that for Do When the 13O bulls were broken dorvn lnto thefr

flve breed categorles a slmllar trend Ln mean productlon $ras observed
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ln all cases. Assumlng a gene frequency of o.õ tor g¡A and rgD lt

was cêlcu1ated that a sample of transferrln A cows from an A bulI

ntght be expected to have a mean m1lk yleld 52 gallons lower than a

sample of D cou¡s from a D bull. Fl.nally tt was estlmated that the

transferrln locus mtght be reaponsible for at least 17 per cent of

the total genetic varLatLon ln mllk yleld.

Ashton g! 4. (1963, 1964) further lnvestlgated the effect

of the transferrLn locus on productlon by examlnlng 22õ Jersey colvs

ln 13 herds ln the Nambour region of Queensland and 436 Australlan

Illawarra Shorthorn (AIS) cowg ln 24 herds |n the Klngaroy reg|on of

Queensland. The transferrln type/production data were analysed

statlsttcally using a multlple lJ.near regression analysis where the

Lndependent varl-ables were herd and transferrln type and the

dependent variable was mitk yle1d, fat yLeld, fat percentage and

lactatLon length ln four regresslon analyses. The findlngs for

each breed and for the pooled data are set out in Fi-gure 21. The

effects are sLmilar for each breed except that there l-s evidence

that the effect of D ls recessl-ve to A 1n tbe case of Jerseys and

dominant ln the case of AIS. It was shown that the primary effect

of the transferrln locus in Lncreaslng mlIk yleld was not on

Iactatlon length alone slnce the increase ln lactatlon length could

not account for the whole Lncreage ln mllk yleld. Thus, the effect

of the transferrLn locus on mLlk yteld was consldered to be the

result of both an lncrease ln lactatlon length and en lncrease tn



FIGURE 21.

A graph of the results of Ashton et aI. (1963, 1964).

onry slgniflcant dlfferences are ]o] and all results are

expressed as the difference between transferrin typeg D, A-D

and A, 1.e" D-A and AD-4.
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averêge dally yfel.d. The proportlon of, the genetlc varlatlofi of mfl\

yteld attrfbutable to the tranEferrln loeua was calculeted ae 10.é per

cent for Jerseys and 6.0lå for AIS and lt wae estfnated by theee wofkcre

that lf homoaygoslty for 31O ,r"" obtafned, the nllk yteld could þe ln-
(

Çreesed by about flve percent. Actually, !f one calculatee the pro-

portton of genetLc varLance attrlbut+b1e to the transferrln locus by

the method described by Falconer (1960) the ftgures obtalned are 8.4

per cent for Jerseyg and õ.1 per cent for AIS and the expected ln-

crease ln rnilk yteld resultlng from homoaygoslty at the transferrln

locus is 8.7 per cent and 2.4 per cent for Jerseys and AfS res-

pecti.vely,

Ogden (1961) clted unpubllshed results whlch are slmLlar to

the observatlons of Ashton g! aI" (1963, 1964). For the Ayrshlre

breed, lt was estlmated that about four per cent of the total genetlc

varlatLon ln mllk yleld was Lnfluenced by the transferrln locus.

Stmller fLndlngs have been publlshed by Osterhoff and van lleerden

(1964b). Rausch (1963) and Rausch et al. (1963) also reported a

slgnlflcant associatLon of transferrl-n type wlth mllk productlon;

however, this was not the same associatlon as that descrlbed Èbove'

In 216 cowg there uras a slgniflcant negatlve correlation between the

presence of the !!E allele and ml1k productlono That ls anlmals

wlthout fgu O""O;ed slgntftcantty hLgher mllk ytelds than those

wlth TfE.
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More recently, other workers were not able to flnd elther

of the above associations (Datta and Stone, 1963a; Detta É 4., 196õ).

From the above consl-deratlons lt must be concluded that

there is as much evldence for an effect of the transferrin locus on

mllk yield as there l-s for other locl on fat percentage. Horvever,

the l-ower herltability of mlIk yleld makes lt unlikely that many

workers wlII be able to flnd simllar effects 1n their partlcular

semples. AIso, if the real effect of the T¡D atlele on productLon

can be attrlbuted to either or n then dlfferences ln theDrTf' Do
Tr. a

frequency of these alleles ln dl.fferent samples wlIl greatly Lnfluence

the results. However, gLven the same gene frequency structure Lt

should be posslble to repeat the results of other workers tf the

genetlc backgrounds of the populatlons are slmllar, /r' .1! ç.' ¿' f -
íì t" t t / '/; "'{r/''( '/*y'r-'1

i t!'* V
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II. I\MTHODS

âo The dalrY cattle Populetlon

In South Australla, dairy cattle may be dlvlded into pure-

bred and grade anlmals accordJ.ng to whether or not they have a pedigree

regLstered ln the books of the approprlate socÍety. Ìflthln the pure-

bred populatlon, a number of dlfferent breeds exlst; however, the

maJorlty of anlma1a are reatrlcted to the maJor breedsr vla. Jereeyt

Frleslan, Guernsey and Australlan Illawarra Shorthorn ln that order.

The herd ls the most convenlently defl.ned subpopuletLon, consistlng

of a flnlte nunber of anlmals under slngle menagement; however,

other subpopulatlons can be defLned guch as half-slb famllles and

fuII slb famllles, the members of whLch nay or may not be Ln the same

herd.

The dalry cattle populatlon studled ln thts thesls ls de-

flned as all the Jersey and Frleslan purebred cows in South Australla

whlch are l-n herds involved ln the monthly mlIk-testl-ng scheme of a

Herd Improvement Association and whlch belong to half slb famlliee

of ten or more indlvlduals all lactatlng at the same tlme ln the same

herd. All cows ln thls populatlon urere bled and the number of

anfmals lnvolved, and the dlstrlbutl.on of the half-slb famllles ln

the herds are glven l-n Table 31 .

T\Uo successlve yearst productlon flgures were analysed.

The 1963 results lncluded all cows calving between January 1963 and
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THE NUMBER OF ANIMAIS IN THE HSR.DS AND PROCENY CROUPS OF TIIE JERSEY AND FRIESIAN
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December 1963 lnclusLve, and the 1964 analysls lncluded all cowe

calvlng ln the same perlod ln 1964. Although E21 blood Bemples $'ere

taken, wastage occurred becauge gome anlmelg were sold or dled before

thelr BuþEequent performance data were recorded. Some anÍmalg

quallfled for lncLuslon ln both ana1yses, some ln the flrst only,

and some ln the gecond only: the relatlonshlp between cowe ln the

flret and second analyses fs glven ln Table 31.

b. Dalry cattle performance parameters

Productlon performance data were extracted from the

Offlclal Herd TestLng records compLled annually by the Dalry CattIe

Irnprovement AssocLatlon administered by the Department of Agrfculture.

For each anl-mal the followlng data were recorded:-

1. HERD LEVEL, deflned as the average yleld of fat per cow

per lactatlon in a glven herd ln the year of the surveyr was taken

dlrectly from the published herd testlng report. Every anlmal !n a

given herd was allocated the same herd level va1ue.

2. PROGENY GROUP LEVELT in a manner analogous to herd

Ieve1, referred to the average yleld of fat per covt per lactatlon

ln a gfven group of half slbs" Every anlmal in the same progeny

group therefore, had the same progeny group valuee :

Both the herd and progeny group classifications were based

on a mean fat yield in preference to milk yteld or fat % because

thls is the basis of commerclal classificatlon.
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3. AGE, as recorded by the Departnent of Agrlculture had

a class lnterval of 6 months from 2 to 5 years and 12 months from 5

years onwards. The age classifícation ìvas made on the flrst day of

lectatl-on.

4. LACTATION LENGTH ls recorded by the lÞpart¡nent of

Agrlculture Ln days commenclng five days efter calvfng. However,

sfnce the measurement has a class tnterval of 30 days lt Ì¡qs re-

corded as 1, 2, or up to 10 3O-day perlods for thls analysls.

Ei. MILK YIELD meesured as the total welght of mtlk pro-

duced by a cow In the lactatlon under constderatfon, was based on a

monthly welghlng of mlIk ylelded by e cow ln one evenLng and the

followlng mornLng. Ntght and morning mllk welght was read to the

nearest tenth of a pound and thelr combined welght taken to the

nearest pound. The total welght of n1lk ylelded in a month wag

estlmated by multlplylng the observed productLon over one day by the

number of days of productlon fn that month.

6. FAT YIELD was an estimate of the total welght of fat

produced ln a lactatlon based on estLmates of fat yleld for each

month given the monthly estimates of mllk yleld and fat percentage.

7. FAT PERCENTAGE for a given lactatLon was derfved from

estlmates of the total ¡nllk and fat ylelds for the lactatton

commencLng fn the year of the survey. The monthly fat test was

carrLed out uslng the Australlan Stendard Method number N26 (1958).
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8. CALVING INTERVAL was the lnterval ln months between

the calvlng resultlng ln a glven lactatlon and that resultlng ln

the prevloug one.

9. MONTH OF CALVING probably lnfluences subsequent pro-

ductlon (South Australian Annual Herd Testing Reports). For the

purposes of thls analysis an lnteger from 1-12 was allocated to an

anLmal according to the month of year ln whlch calving occurred.

That is, January = 1.O and December = 12.O.

10. NUMBER IN HERD was the number of cows ln a gÍ-ven herd

in the year of survey.

cc Analysis of data

Analysis of the relationship between both transferrln type

and J blood group type and production performance measured l-n

several \¡/ays was carried out with the ald of the Control Data

Computers 32oo (c.S.I.R.o., Adelaide), 3600 (C.S.I.R.O., Canberra)

and 6400 (University of Adelaide). Subroutine "matinv", used for

matrix inverslon in the multlple linear regresslon analysls, rilas

obtalned from the C.S.I.R.O. program Iibrary.

The different methods of statlstlcal analysis used below

were not selected to extract different lnformatlon from the data in

each case" Most were selected because they have been used at some

time by other workers to examLne data for associations between blood

groups and production parameters. The results of the dlfferent

analyses can therefore be compared wlth those obtalned by other
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workers and can also be compared wlth each other.

1. Comparteon of the meên performence of the thrpe

transferrln tYPee

Aseflretapproach,varJ'anceratloswereobtalnedby

comparing between transferrln-type mean Bquares wlth wlthln trEne-

ferrfn type mean squares for geven paremeters of dalry cattle

performance, namely: fat Í, fat yfel-d, nllk yield, lactatlon length,

calvLng Lnterval, month of calvlng and herd IeveI. Thls analysls lc

therefore sÍmllar to that carried out by Datta É g!. (1965) and by

Tfhlte and Banfleld (1967)o In an attempt to make the comparlsong

under more unlform condltlons further analyses were nede |n whlch

restrictlona were lntroduced:

(r)Theaboveanalyslswascarrledoutwlthtntwo

age groupsi flrst lactatlon (2 years old) and mature cows (õ yeêrs

and over). Other Age classlflcatlons (3 years and 4 yeare) were

not tncluded due to the low numbers of animats 1n the subclagges.

(11) Taklng lnto Êccount the progeny group structure

of the populatlon, the data were analysed ln two ways3

(a) As a two way classlficatlon lnto

progeny groups and transferrln types

For thls analysJ.s, N cows were classlfled

lnto thelr half-sib famllies, and lnto three groups accordl-ng to

thetr transferrln type. The number of anl.mals wlthln a particuler

prQgeny group and transferrin class (subclass) varled from O-23;
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however, the analysis u¡as carried out assumlng equal numbers ln

subclasses although there were neLther equal nor proportlonate

nunbers ln subclasses (P(o.oot for homogenelty X2 tn each case)"

Thts point ls discussed on page 11O"

Varlance was partitioned as follows:

Variance due to:

Between stres

Between transferrin types

Sires x transferrin type

3A2
S

,,.a2
T

2
ST

o+
2
ut

2
w

o

oUithin subclasses

2o+
ut

2o+
w

2

Degrees
of

freedom

n-1

2(n-1 )

Expected
mean square

Total

where:

N-3n

N-1

component of varl-ance due to the fnteractLon

between progeny group and tr:ansferrin type

between slres component of variance

between transferrln types component of varlance

n = number of sires

3

20s,

2os

ö27

number of transferrin types
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The varlance ratloË were all determlned as

the ratl-o of thê relevant mean Bquare to the wlthtn subclass mean

Bquare.

For thls analysLs only those characters vrhlch

represented lndlvldual- productlon characters could be used, vta. lat %,

fat yleld, mflk yield, lactatlon length, calving Lnterval and month of

calving.

(b) Ustng the same sl-x performance parameterÊ

ltsted for the analysLs of varlance above (a), the mean dlfference

between transferrln claeslflcatlons, lts aecompanylng standard

error and the homogenelty of the dlfferences ln the separate progeny

groupg were estlmeted uslng the method descrlbed by Nelmenn-

Sorensen and Robertson (1961). ThLs method ls besed on a

hierarchlcal classlficatLon of cows lnto half*slb famllles and

transferrln types and estlmateg are nade of the difference Ín

productlon between transferrln types wlthin the progeny groupso

An estLmete was made of the followlng

differences between transferrin types: Dl = AD - L, DZ = D - Ar

D3 = D - ADr D4 = O - (AD a A)r DU = (D + AD) - ¿.
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2. Studles of covarl"atlon

A Large number of sfmple lLnear correlatlon coeffiqients

were determfned for paJ-rs of varLateso

In the multiple linear regnesslon analysls the tralts

f.at fi, fat yleld, rnilk yield and lactatfon length were coneldered

dependent varlables and transferrin type, age, ealvlng lntervalt

month of calvlng, herd leveI, progeny group leve1 and number ln herd

as Lndependent varLables. 1o ald comparlson, this classlficetion

was based on that of Ashton, Fallon and Sutherland (1964), so that

the same dependent varlables were used al-though they used only two

i.ndependent varlables, namely transferrln type and herd.

lïhen multlple slgnLficance tests (t-tegts) were

carrled outr the slgnlficance levels for the rvhole set corresponded

to slng1e test levels ofd given by (1 -O()t = O.95 (O.99, 0.999),

(Sorensen and Robertson, 1961) where n was the number of sfnultanoous

tests made on a set of data.

3. Simulation studles

If the associ-atlon between transferrln type and

performance 1s spurlous due to between progeny group dLfferences

(see dlscussLon p.112), then random asslgnment of transferrln genoi'

types to fndlviduals wl,thln progeny groups, glven the progeny group

genotyplc frequencfes, should not break this assoclatLon.
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To test thls hypothesle Euch e procedure waE cÊrrled on

the transferrfn dpte examlned ln thlg theEle. The technlque uaed may

be deecrlbed brlefly aa fo11ow6; the conputer 1¡ glven the genotype

frequencles for each progeny group end the tranafemln typep ere

allocated at random wfthln these ae follours:

t¿

f + fo 1

As each animalrs productlon data Ls read, the machlne

generates a random number between O and 1 and compares thls wlth fr.

If the random number ls less than or equal to f, the anlmal 1g

assLgned transferrLn type A. If the random number fs greater than

fl lt 1s compared with f2. If lt Ls less than or egual to f, the

aninal i-s assfgned traneferrLn type AD. If tt ls greatef than f,

the animal ls asslgned transferrln type D. In this way genotyplc

freguencles closely agreelng wtth those supplled as deta are

obtalned. Table 32 shours an example of the mean numbers allocated

to subclasses 1n three stmulatlons.

I I

rz

3

f+f
A

fA+f

AI)

AI)



TABLE 32

MEAÌ{ NTMBERS ALLOCATED TO SIJBCI4'SSES IN SIMTLATION EXPERIMEI,ITS, 1964 FRIESIAN DATA

I This is the mean of 3 simulations taken to the nearest whole no"

* The total in sinulation experiments always eguals the actual total.

Tbtal

I
2

3

4

5

6

7

I
9

10

11

t2

13

t4

15

Progeny
" Gibuþ'

56 58

2

I
4

1

6

I
o

2

1

2

11

7

10

o

8

3

2

4

3

5

1

o

2

I
2

11

5

10

o
o

Âctua1 Simurated

TfA

108 to.2

6

D

10

4

o

l2
2

4

20

8

3

3

7

9

6

4

5

I
2

10

13

1

3

20

8

3

5

8

6

5

Actual Simurateá

Tf AD

53 57

1

1

þ

6

4

4

6

3

7

2

o

o

2

t2
o

2

I
6

6

4

3

7

3

7

2

o

o

1

15

o

Actual sl¡mrlateá

TfD

217

9

7

19

11

19

1,7

I
I

2A

t2
t4

10

19

2l
l4

Total
Actua1 and 

-
Sirn¡lated*



1c)4.

III. RESULTS

ao Performance data analysed with respect to trangferrln

1. ComparLson of means

(i) Analyses of varlance

The results of the analyses of varLance are glven

ln Table 33" For all performance parameters used ln two years. ancl

both breeds, the major source of varlatlon was between o"o*.rro**rrûLlìls*

Slnce the progeny groups are dletrlbuted among a number of herds

(Table 31, p.95), lt ls probable that the between progeny group

varlance has a large component contrlbuted by the between hend

differences. The progeny group means are gLven ln Appendlx III

(tabteq 61-64, p.148).

Both analyses of varlance reveal slgnlficant

variatlon of fet pencentage, milk yiel.d end fat yteld between

transferrln types; however in the analysis ln whlch the çrror

varLation is partitioned from that between prageny groups, thls

slgniflcant variatlon l-s revealed at a lowen level of probablllty.

The analyses of varlance where anlmals vrere

classified lnto various age groups are given ln Appendix III

(TabLes 47-60, p.148) together wlth the results of the examlnatlon

of the differences between the mean productl.on of transferrin

types; however Table 34 summarlzes these results. Signiflcant

differences were found between the means of transferrin types ln
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both the Jersey and Frleslan populatlons for the productfon

parameters herd level, tal percentage, mlIk yleld and month-of-

calvlng as followE;

(a) In both breeds, herd leve1 among covrs of

transferrln type AD and D was elgnlffcantly hlgher than those of

type A.

(b) The differences between the mea4 fat per-

centage of the transferrln types are ln opposlte dlrectlons for each

þreed. That ls, transferrl-n A cows produced mllk wlth a sfgnlflcantly

hfgher fat percentage than transferrLn D coìÀrs ln the FrLeslan breed

but the relationshlp was reversed f.n Jersey cours.

(c) Transferrln D and AD Frlesian qow6 produced

slgnificantly more milk than transferrin A cows ln 1964.

(d) In both the Jersey and FriesLan mature cows

ln 1963, transferrln types had slgnlficantly different mean month-of-

calvlng values. Mature Jersey cows of transferrln type AD had a

significantly lower month-of-calving mean than those of type A.

Mature Friesian cows showed the reverse relatlonship, that is trans-

ferrin D and AD animals had a signlficantly hlghen mean month*of-

calving than those of type A.

I{tth the exceptl-on of the month-of-calving effects,

alI significant differences were detectable l-n the overall populatton

as well as Ln one or more of the age group subpopulatlons. The

slgnlficant dlfferences were not congistently found 1n any slng1e age
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group although they were rarer ln the flrst lactatlon age group.

ThlE le surprlslng sfnce the herltabtllty of productlon treLts have

been generally found to be hlgher ln thle age group and also the

flrst lactatlon anlmels repreeent an uneelected populetlon ee far eg

productlon tralte êre concerned. It lc poeclble thet there le an

lnteractlon between trangferrln type and the envlronment (managcment)

of the dlfferent ege groups.

There rvere no slgnfficant dlfferences between

transferrln types AD and D for any of the.productlon tralts measured

and there ìilere no slgnlffcant dlfferences between any of the trans-

ferrLn types for the parameters fat yleld, lactatlon length or

calvlng l-nterval in eLther breed ln both yeers. Fìrrther, ln the

Jersey sample there were no slgnlflcant dLfferences between the

mean productLon of any trensferrln types ln anlmals ln their flrst

lactatlon.

(11) Neimann-Sorensen and Robertson pnalysls

There were no stgnlflcant productlon dÍffer-

ences between transferrln types 1n the 1963 or 1964 analyeis for

Jersey cows (Table 3õ) and D, and DU are the only dlfferences whlch

show slgnlflcant heterogenelty between progeny groups for any per-

formance parameters.

The analysls of the 1963 Frleslan data showed a

slgnlflcant difference between the fat percentage of ¡nllk produced

by transferrin D and transferrLn A cows, however the dlfference tvas



TABLE 35

col\IBINEDESTIÀtATt'SoFTIIEDIF¡.¡]RENcaBEilEaNTR.ANSI.ERR¡NGENC/TYPESwITHINPR0GDNY
cRoups¡ ìtITI] TESTS rcR TIIE ilOÀ|æENEITY OF TIIE DIFFER!;NCES lN THE CROUPS (illETllOD

OF NFJIÀIANN-SORENSEN ND ROBERTSO\, 1961)

(a) Jersey

Dl fference
be tween
trans ferr ln
typee

Dr=A¡-e

Dz=>Ã

D:=D-A¡

Dq

D

(b) Frleslan

o.o72

o.o78

o.o44 1.O8

o.o43 1,O5

I 963

1964

-29.98 16.26 1.11+

-2O.4O 16.68 1.12

- 9.47 8.62 1.47*

- 4.19 10.92 O.?4

-o.2o4 o.313 1.15t

o.lo3 o,281 o.96

o.45O O.545 O.94

o.200 0.488 0.95

-o.113 O.117 O.73

o.s3 o.124 O.96 n35' 450

n34
' 3A5

1963

1964

13.46 24.85 0.65

13.3a 25.?7 O.27

17.78 13.13 O.63

12.85 13.87 O.34

o.111 0.18

o.o59 0,54

o,135

o. o92

1.358 0.813 O.34

o.345 O.?O8 O.53

4.024 0.259 0.16

0.127 O.2LL O.OA F35
450

F34
345

0.424 O.429 0.56

o.738 O.391 O.51

o.lo3

o. 062

o. 14 5 O.18

o.062 0.69

1963

1964

31.41 29.66 O.59

25.3? 29.62 0.24

24,47 15.59 O.56

16.19 15.87 O.33

1.138 O.9OO O,47

o.605 o,798 O.42

o.o51 0.344 O,14

0.124 0.245 O.tA 2?6
F35

n34- 240o.587 O.491 O.53

o.831 o.436 0.45

1963

I 964

17.91 16.29 O.sO

9.51 22.40 0.15

o.205

o-129

o.179 O.6
o.068 0.58

2.17? l.u)6 o.33

-0.0€'2 o.a72 o.57
-o.67 O.39O O.6
o.213 O.296 O.08

4.9A 31.46 O.47

0.66 31.61 0.26

o.144 o.494 O.a9

o.518 O.49O O.45 o35'21
180

196 3

1964

o,o37

o.056

0.046 1.42+

o,045 1.16+

-4O.01 16.94 1.21t

-22.?5 1a.19 L.O?
-17.o4 a,9O 1.58r

- 6.4? 12.02 O-71

o.o35 0.622 1.O8

o.123 O,516 O.86
-o.l40 o.123 o.90

o.011 0.135 l.o3
-o.32O O.325 1.23i

o.oo3 o.293 O.96
35

Fazo
":î

Irean S.E. V.R.
I

[!eån S. E, V. R. M€an S.EI\lea n s.E. v.R. Mean S.EI
[!ean S.E. V.R.

Fat YIeldFat Í l¡ctBttonal kngtlÀltlk YleÌd Nlonth Calvlngcalvlng Interval Degrees of
freedom for
horcgenel tY
teats

Dt =AD-A

D2=D-A

D¡=ll-m

D¿=D-(

Ds =( mlu 1963

l9G4

I llomogenctty test

,ol (r, (.os

,æl (r¡ <.o1

-22.O3 76.75 O.73

-20.93 1a.O1 0.a5

-o. r44 o.64 2.O7+

-o.2171+ O.O6a l.8a* Fl4
202

,.1 3
" tq 3

o.44O O.saa O.a6

o.106 0,643 1.44

o.926 0.939 0.7?

1,34a O.7aA 0.36-o-110 0-196 0-41

4.O?5 0,062 O.44-21,64 42.10 0.53

17 ,9O 44.99 l.2O

1 963

I 9G4 "14' 202

¡13'!93-o.o75 0.566 1.12

o.o19 o,582 1.36

o.G5 O.148 O.O2

o.023 o,219 O.83

l-":

859 0.912 2.16*

742 0.744 O.st

45.5A 44 .7A 1.2O

-30.65 45.94 1.19

-35,65 16.33 I,79+

-21.33 16.68 1.47

o.066 2.O1*

0.66 t.60

-o.146

-o, I 15

-45.35 48,79 1.lO

-21 .52 49.93 I .26

-33.27 17,O4 I .aor

-12.81 r7.81 1.51

-o.t24

-O .O7 7

o.063 2.23+f

0.063 1.56

I 963

I 964 -14
146

rl3
a7

{.207 0.585 0,87

-{.o42 O.57O 1.53

o.oal o.17a o.o3

o.o48 0.256 0.65

l-1.oso o.gls ,.2"**

l-o.,," 
o.,,. o..,

196 3

1964

-61,O3 23.38 O.a7

-41.89 26.57 0.33

-o.359** O.æO 2.18+

-o.367r* O,lO1 1.9O*

-4a.41 6A.72 0.?3

- o.92 77.2O O.22 .14'94

^13'el0.114 0.927 t.2t

o.o71 o.98t 1.17

o.o33 o.314 o.o1

o.121 0.434 0.r4
t:

.109 1.398 1.22

.558 1.185 0.26

-o.o22 o.ct65 2.241+

-o.1a4. o.69 1.78t

I 963

1964

-20.67 43.77 0.56

a,21 42.29 1.74

-14.51 16.74 0.45

-21.58 16.79 1.14

ol3'14

F t4
t49

o.526 O.623 O.6l

o.2o8 o.674 1.46

-o.lot o.o7l o.44

{.1a2 0.161 0.61

r.15O 0.932 O.82

1.356 0.816 O.34
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slgnLftcantty heterogeneous between progeny groups (Table 36).

The 1964 analysis Indlcates that the dlfferences ln fat percentage

between transferrtn types AD and A; D and A; and between enl.malg

wlth and wtthout the frA altele, Bre slgniflcant. The mean fat

percentage dlfference between transferrln D and transferrfn A cowe

,r" -9.37 and between transferrln AD and transferrin A was -O.18.

It should be noted that the three dlfferences estlmated (Dr, D, end

D-) are not addltLve. That ts, the dl-fference between A and AD
.'

(O.18) and the difference between AD and O (o,O8) le not equêI to

the dlfference between A and D (O.37). Thls is due to the fact

the poputatLons on whlch the three differences were deternlned

were not the same. That lsr D, was estLmated from a populatl.on of

only A and AÐ co\r¡s, D, from a populatlon of only D and AD cowst

and D, from a populatlon of only A and D couts. Thus the progeny

groups l-nvolved and the number of anlmals ln eech progeny group

varied wlth each estL¡nate. The difference ln fat percentage

between cows wlth and wlthout the TfD allele ln 1964 was -O.22.

Each of these dl-fferences showed "fg-rrfrf".nt 
heterogenelty between

progeny groups"

2" Linear correlation coefficient and multlple lJ.near

regression analysis

In Table 36 are set out the results of analyses

determLnÍng linear correlation coefflcl-ents for all palrs of eleven

varLates conslsting of the observed transferrln type and ten pro-



TABLE 36

I,INEAR CORREI,ATION COEFFICIENTS OF ALL PAIRS OF ELAVÐN

VARIÂTES: ODSERVED In¡l{SPmRIN TYPE AND ESTIÀIATES oF T¡lN
PRODICTION PARÂÀIETERS

( a ) Jersey

o.133 o,u2

o.4o2 * * *

O.9 35 ***

o.552 + +

-o. o92

o.301 +*

O.538* t

o.605**

-o -122

{.o15

o.o42

o.92Or**

4.e22 o,oG7

-o.o77

o.267+*

O.314 * *

4.O23

-o.026

-o. oa4

o.ol9

o.o4?

o.o22

o.094

-o. o l6

-o.û12

o.340*+

o.344r+

o,o19

o.599++

o.1 30

o.067

o.46?1+

O.565 *t

o.432+*

o. o70

-{.o21

-o.124

o-17Jt+

o.05a

o.37 1 ++

o.674 r +

o.5?o+*

o. 165 +

o.1 46+

-o.07a

o.340++

O.841r+

-o.064

-o.122

-o.131

-o.oa6

-o.oo5

o.o30

o.o95

-o.058

-o.1 25

-o. 1 921 r

o.147*

o.07 a

o.029

o.053

o, 069

o.ol7

o.o30

o, 128

o,110

-o.082

o.119

o,48?*.

o.572++-o.o15

o.036

o.o22

-o.o72

-o.oo7

o.288* +

o,27gtt

-o,168**

o.56 8* *

-o.o7 4

o.3131*

o.461+ *

o.527+*

4.O7?

-o.oo8

-o.127

o.056

o.t40

o.1 73* *

o.006

o.1 a2+ *

o,614 + *

o.o24

o.1 43*

-o. 053

o.160*+

{.2C16**

4.125

o,111

o.o?7

o.294++

-o.oa?

o.832* r

-Ð.260++ -{l.195*

Transferrl n
Tvp.

Fat f

Fât YlcId

Mtlk Yleld

l¡ctatlon
l€ ngt h

calvlng
IDtervâ1

Nonth
Calvlng

Âge

He!d

Progeny
Group

NLnber ln
He¡d

Tran sferr i n
tvpe

Fat
I

t\11tk
Yleld

l¡ctation
kngth

calving
Interval

Nont h Age He rd P¡ogeny
Crou p

Nunber in
HerdYield Calving

Above dlagonsl - 1963 based on 42O cows
klow dlagonal - 1964 based on 486 cows

(b) Frteslan

-O.219 * -o.o1 3

o.260r

o.o9 1

-1.178*

O.881 +**

o.o41

o. ocì6

o.218 +

o.21 1r

-o.056

-{. 159 +

O.314 **

o.408++

-o.172

o.045

-o.026

o. o25

o.o42

o.100

-o,o51

-o.060

-o,l2t

o.452+*

o,508++

-o. r36

o.690++

o.o30

o. 195 *

o.315 +r

o.o70

o.3o1 + '

o.155r

o.461+ +

o,406+ +

o. 161

-o. 095

-o.o11

o.o25

O.8gO***

-o.3 I 2+ +

o.146

o. 067

o.621r+

o.594 *+

o. 143

o. 1a2 +

-o.oag

o.3o1 r*

o.743++

'<).171*

o. 149

4.22O+

o. 1 68t

o.283*

o.1oo

-o. 04 6

o.113

o. 02l

o.338r+

o,261r

-{. t 19

o.104

o.165r

-o.064

o.o42

4.O27

o. oo1

o.3o4 * +

o .2? 2+

-o. I 07

o.257+

-o.1 56 *

-o.047

-o. 06 3

-o,176*

-o.134

o.317 + +

o, 169 r

-o.234*

O.906 * * *

o.454tt

o.354 ++

o.m9

O.358tr

o.562 + +

o,638*

-o. og4

o.4?3++

o.381* +

o.136

o.426++

o.449+*

o,590r*

o.oo5

o.01 3

-o.o77

-o.o2 I

-o,o2G

o.087

-o,o1 8

o .284* *

o,514 ++

o.152

o.278++

o.03ó

o.319i +

4.O?9

-o. ol 5

o.132

Tran sferr ln
Type

Fat t

Fat YleÌd

Mtlk Yletd

kctatlon
t€ngth

Calvlng
I ntervå1

Month
Ca lv lng

Age

He rd

Progeny
Croup

Number ln
He rd

dlagonal - 1963 based on 2O7 cows; Below dlagonal - 1964 based on

TfA = o'o
TfAD = 1.O
TfD - 2-O* .or <P <,os+ .oo1 (P (.o1

* P (.oo1
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ductlon parameterg.

Trangferrtn type wae s!.gnlflcantly correlated wlth fat

percantage ln the 1964 Jereey data and the 1963 Frleslan date, however

the correlatlon wae negative ln the case of Frleslan cou¡g.

Consfderatlon of the Frlestan results also reveel

slgntflcant correletlons between trangferrin type and herd level ln

1963 and 1964 and between trensferrln type and progeny group level

ln 1964. Thle can be lnterpreted ln the Bense thet transferrln

type D cowg are concentreted ln herde and progeny groups of hlgh

average fat ylèlö"

The congt stency of correlatlons between varlates from

one y€ar to the next 1e epperent from the symmetry of the tables

wlth respect to the dlstrlbutlon of slgnlffcent correlations. Also,

ln the cese of the FrLesLan breed there are no sLgnlflcant correla-

tlons between transferrln type and productlon parameters that are

not attenuated by signfflcant correlatlon between the productlon

variates g, g. For example, ln 1963 transferrln type was

slgniflcantly correlated wlth ¡nllk yteld end herd levelr these

parameters themselves belng correlated. Slmllar1y wlth trens-

ferrLn typer nllk yleld and herd level ln 1964.

Table 37 presents the partLal regressLon coeffictents

determt-ned on the Jersey and Frleslen data. There are no trans-

ferrln type partlal regresglon coefflclente that are slgnlflcantly

dlfferent from &ero tn the cage of the Jersey breed. However, for
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both the 1963 and 1964 FrleElan data the negatlve partfal regresslon

of tranef,errfn type on f,et percentage ls sfgnlf,fcent. A1thouBh thece

regresslon coeffLcients are slgnfflcantly dlfferent from sero, slnce

the eeven lndepedent varlables account f,or only 20-35 per cent of the

varletlon ln f¿t perce4tage, the contrlbutlon of transferrin type to

the determlnatlon of fat peraentege muEt be regarded aE ninoro

However, one can calculate a standard pertial regressLon coefflclent

whlch ls the regressLon coeffLclent corrected by the ratLo of the

varlatlon attrlbutable to the glven variate to that of the dependent

varlate, l.e" bi = brm/F" These standard partlar re-

gresslon coefficlents may then be compared dlrectLy; Tab1e 38.

It can be seen that in the FrlesLan populatLon transferrln type ls

relatfvely l-mportant ln its contributlon to the variance of fat

percentage compared wlth the other J.ndependent varlates"

3. Slmulatlon studles

A comparl-son of the means of productlon parameters

for the dlfferent transferrln types (tables 33 and 34, P. 1O4)

lndlcated a stgniflcant effect of transferrin type on fat percentage

ln both Jersey and FriesLan cor¡¡s in L963 and 1964, and on milk and

fat yield ln Frleslan co\vs tn 1964. These generalizatlons were not

supported by the Nelmann-Sorensen end Robertson (1961) analysls

which tndlcated that only the effects on fat percentage ln Frlesl'an

cor¡rg were true effects detectable wlthln progeny groupse The



TABLE 38

ESTIMATES OF THE STANDARD PARTIAL REGRESSION COEFFICIENTS FOR THE DEPENDENT VARIATE FAT
PERCENTAGE AND SEVEN INDEPENDENT VARIATES

Jersey 1963 o.0982

o"1055

-O"0752

-o"1119

-O"O2Ol -o.oo54

-o,o1o7

o.4939

o.0901

-o.0348 -O"0637

1964 o"0494 o.1965 -O" 1O3O

Friesian 1963 -O.2894 -o.0527

^O.1608

-o.1061

o.o55o

o.0161

-o.o826

o"3725

o.7246

-o.0546 -O"2935

1964 -O.2480 -O.4254 ^O"tO27

Breed Year Transferrin
TYPe

Age Calving
Interval

Month
Calvj.ng

Herd
Level

kogeny
Group
LeVel

Number in
Herd
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reasons for thls are apparent when one exemlnes Tab1e 39 whlch glves

the results of an analysls of varlance ln whlch transferrln types

wlthin progeny groups have been asslgned at random. The slgnlflcant

varlance ratio for fat percentage rvas not found after rearrangement

of transferrln types in the 1963 Jersey data, lndlcatlng that lt was

the exact arrangement of the transferrin types wlthin the progeny

groups that resulted in a slgnlflcant dlfference in the performance

of transferrln types. SimilarLy wlth the fat percentage analysis

for the 1963 and 1.964 Frleslan data. In contrast wf.th these results

are those for fat percentage ln the 1964 Jersey data and for fat

and mllk yteld in the 1964 Frlesian datao The signlficant between

transferrin types varl-ance ratlos for these three sets of data are

not dependent upon the preclse assocLation of certaLn transferrln

types wlth partlcular cows, but rather upon the concentratLon of

certaln transferrln,types ln partlcular progeny groups or herds"

Thus the llnear correlatlon analysLs lndlcates that transferrln

type D Frleslan cou¡s were concentrated ln herds of hlgh average

fat yLe1d.

The simple slmulations carrled out ln assoclatlon

wj.th the analysls of varlance whlch takes Lnto account the progeny

group structure of the populatlon thus provide informatlon about

the true nature of the dLfferences between the mean performance of

transferrln types. That is not to say that a two-way classification

analysis tnvolving weightlng accordi-ng to the numbers ln subclasses



TABLE A9

ANALYSIS OF VARIANCE, TWO WAY CLASSIFICATION INTO PROGENY GROT'PS AND TRANSFERRIN TYPES
VARIANCE RATIOS BEFORE AND A¡:TER RANDOMIZATION OF TRANSFERRIN TYPES.

Between T?ansferrins
Variance Ratios I

Variance Ratios after
withln group random-
ization S

6.72** 7 .67***

1.14 3.42*

Eat % Fat 7o

1963 1964

Jersey

8.22***

2.59

Fat %

1963

Friesi.an

3 .16t 4.12* a 
^1***

2 .59 6.5o** 7.61***

Fat 7o Fat Yield Milk Yield

t964

I Extracted from Tab1e 29

$ These are means of 3 variance ratios in 3 consecutive simulation runs

* .ot (e (..os

.oor (e (.or

P <.OO1

**

,ErF*
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would not gfve the game result as the Nelmenn-Sorensen (1961)

analysls.

Table 40 summarlaes the slgnlfl.cant findlngs on trans-

ferrln type ln relatlon to fat percentage, fat yle1d and mllk yleId.

b. Performance data analysed wlth respect to the J blood grouP

Estlmates of the differences ln performance between cou¡s

withln progeny groups wlth respect to the presence and absence of J

substance ln the serum are gl-ven ln Table 41. There are no slgnL-

flcant differences between the two phenotypes 1n any of the four

sets of data, The occurrence of a single slgnlfl-cant varlance

ratÍo ln twentyelght estl.mates is to be expected by chanceo





TABLE 4T

coMBINED ESTIMATE oF THE DIFFERENcE BEIIvEEN J" AND ¡" vIIH STANDARD ERRORS AND HOMOGENEITY TESTS

Ier sey

seyJer

Friesl-an

Frie si.an

Breed

196 3

1964

I 963

1964

Year

420

486

207

217

No

lows

35

36

t4

15

No
Groups

o.o23 0.045 1.O2

o.102 0.o43 0.89

-o.o24 0.064 0.95

-o.o41 0.066 0.32

Mean S.E. YR+

Fat f

7.16 9.O9 O.8O

19.16 9.23 0.86

- 2.74 16.12 0.64

L9.O9 15.45 2.23

Iltean S.E. VR+

Fat Yleld

7.52 16.93 0.85

23.19 17.1O O.8O

3.O5 40.38 0.44

65.60 38.74 2.30

Mean S.E. vR+

Milk Yleld

o.o31 o.113 2.2O

0.257 O.124 1.36

o.o23 0.o59 0.52

o.149 0.128 13.3*

Mean S.E. vR+

Lâctatlon Iængth

-o.146 Q"597 O.97

{.19O O.499 O.72

4.422 0.894 0.92

o.131 0.696 0.97

Mean S.E. vR+

Calvlng Interval

o.oza o.32o t.24

-0.026 0.279 l.to

-0.496 0.537 0.82

o.506 0.564 0.66

Mean S.E. vR+

Month Calvlng

-o.lo5 0.119 1.o3

{.100 0.11s o.89

-o.219 0.232 0.77

o.o39 0.22s o.s8

Mean S.E. vî+

Age

+ Variance Ratlo = F
Groups - I
cous - Groups

* .or (e (.os
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IV. DISCUSSION

å¡ Rlsk of bfas ln the data

Verylargedomestlcanlma].populatlonEEreusuallycom.

posedofanumberofsubpopuletlons,eachhavlngarelatlvelygmall

number of lndtvlduals, wlth the number of males small compared wlth

the number of femeles. The populatlon structure thus facllltates

the development of sma1l groups of anLmals wlthLn whlch groups the

frequencyofgenesatpartl.cularloclmayvarybychanceandthere-

fore exhLblt genetlc drlft. An anLmal group tends therefore, to

have lts own partlcular gene frequencles at any glven locus and thls

is ltkely to be slgnlflcantly dtfferent by chance from the gene fre-

quencJ-es Ln other groupse slnce the quantltatlve yleld characters

ln the anÍmal groups vary accordlng to management practLces and the

dlstrlct 1n which they are located, there ls a dlstlnct posstblllty

that assoclatlons may arLse between certaln genes and quantltative

traits that are independent of the herLtablllty of the tralts. It

ls apparent therefore, that lnvestlgatlons Lnto Posslble assocl-a-

tions between slngle genes and yield tralts in anlmals tlke dalry

cattle should take l-nto account this fact that the cattle are

organized into herds, between which there ls a restrlcted gene flow'

As poJ-nted out by Nelmann-sorensen and Robertson (1961)t

spurlousassoclatlonsbetweenblood-groupgenesandproductlontralts

can also have a genetlcal basls. wlth the growlng lnterest 1n

artlficial breedLng by lnsemlnatlon and the related problens of
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assesglngthegenotyplcvalueofasireforaproductlontraltfrom

the performance of hls daughters, there 1e a tendency to regard

cattle populatlons as composed of a number of half-slb progeny

groups rather than herds. Thus, if a populatlon lncludes a re-

latlvely low number of half-slb progeny groups, the chance

selection of one or more groups wlth a relatl-vely hlgh frequency

ofaparttcularblood-grouptansmlttedbytheslreandwhlchare

alsocomposedofthedaughtersofaslrewlthahlghgenetlcvalue

for a productton trait, an assoclatlon could arlse gulte lndependent

of any direct effect of blood-group genes on productlon partlcularly

if the blood-group locus was ll-nked wtth locl whose alleles may

determine a large proportion of the varlance of a productLon tralt'

Traltswlthhlghheritabilltysuchasfatpercentagearemor€

Ilkely to show associations with blood-group genes for this

-/-r;'i!
!¡ u'í
.r¡l l. e Ê
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reason.

Because of the above two problems pecullar to domestLc

animal populatlons, standard statlstlcal procedures applled to the

detection of assoclatlons between blood groups and productlon

traltsmaybemislnterpreted.Thus,ltwouldseemdeslrableto

analysedatacollectedbyherdsampllngonawl.thln-herdbasls.

Althoughthlsovercomesbetween-herddlfferencegasagourceof

between-blood-groupvarlance,ltnaystltlconfoundbetweenblood.

groupdlfferencesbycuttlngacrosslargehalf-slbfamllles"Con-

sequently, the between-group vartance can agaln be overestlmated
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due to apparent assoclatlong of the genetlc type dlscussed above.

Data collected by half-slb progeny group sampllng can be analysed'

wlthlnprogenygroupgtoellmlnatebetween+rogeny.groupvarlance

as e slgnlflcant source of between-blood-Eroup var!.ance. However,

ff the members of a progeny gfoup are dlstrlbuted over a number of

herds Ln geveral dletrlcts, thls could lead to over estlmatlon of

the between-blood-group var!.ance for non-genetlc reegons dfscussed

prevlously. Thus it lg deslrable that any Lnvestlgation lnto blood

groupsandproductl.ontraltsshouldlnvolvesampllngofha].f-sib

progeny groups withln farms. Such a samplt'ng method allows the

validuseofawlthinhalf-slbprogenygroupanalyslsforthe

detectfon of real effects of blood-group genes'

It should be stressed that other forms of analysis such

as between progeny group analysls, glven the blood-group of the

sl-re, whilst relatl.vely J.nsensitive for the detection of blood

group effects (Nelmann-Sorensen and Robertson, 1961) and prone to

the detection of spurlous associatlons, can reveel true assocLat

and Render (19P1 1961) ln two dlfferent samples found the same

===
assoclatLon that has since been confl-rmed uslng wlthln-¡nogeny-group

forms of analysis (l'lelmann-Sorensen and Robertsont 1961; Conneallyt

t962i ConneallY and Stoner 1965).

I
I
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b.TheeffectoftrangferrfntyPeonproductlonlndalry

cattle

tr"romtheabovedtgcusslonltlsapparentthatthe

slgnlffcant assoctatl-ons tabulated 1n the results of sectlon B

could be due to one or more of the followlng causes:

ltrhen a large number of slgnlfl-cance tests are carrled

out slmultaneously, at the 5% level of slgnlflcance, 5$ of the

devlatl_ons from expectatlon should be slgnlficant. Iû the case

of the analyses reported tn thls thesls, the frequency of slgnl-

flcance tests ls higher than that expected lf all slgnlflcant

results were due to ehance alone"

Becausemostoftheprogenygroupswereondlfferent

farmsrthegenetlcandenvlronmentalcomponentgofthebetween-

progeny-group varlance cannot be separated, thus both genetlc and

environmental factors could account for the apparent assoclatLons

detected between transferrfn type and fat percentage l-n Jersey

cows uslng slngle classlflcatlon analysls of varlance, slmple

correlatLon, and analysl"s of varl-ance two-way classlfLcatLon.

slmllarly for Frl.eslan cows and milk and fat yteld (Table 40).

This concluslon ls based on the observation that the wlthln-

progeny-group analysis shor¡red no signLflcant dffferences ln eny

of these casese

The wlthln-pro$en]-group analysls Lndlcates that the

Frleslan sample shows a real assoclatlon between transferrln
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typeandfatpercentage.Thatl.s,transferrlnAcowshada

slgnlflcantì.y htgher fat percentage than transferrLn D corvs for

both years 1963 and 1964.

Incon,trastwl.ththeJerseyresultstoolstheob-

servatLon that the partLal regression of fet percentage on

transferrLn type ls slgnlficantty dl-fferent from sero for both

years. Thus, lf multf.pLe linear regressJ.on analyslE had been

used alone on á11 data the concluslons drawn would not have been

Lncorrect as shown by the wlthln-progeny-group analysls. In thls

connection lt ls of Lnterest that the analysis of Ashton 4 4.

(1964) Ïtas a rnultlple lLnear regressfon analysis. These workerg

found that in Jersey and A.IoS. cows, trensferrln D anlnslB pro-

duced more ml-Ik per year than transferrLn A anlrnals. The negative

correlatl-on generally found between fat pereentage and mlIk yleld

(Johansson, 1961) nlght lead one to expect therefore that ln the

same sample there may be an effect.of transferrin type on fat

percentage but ln the opposite sense. Indeed, there ls some

lndlcatlon of thls in thelr Jersey results (Ftgure 21, p.92).

The results for Frlesian cows are, therefore, not lncompatLble

wlth those of Ashton 4 g. (1964) slnce ln the Frleslan popula-

tl-on there tvas a sf.gnlficant correlatLon between mtlk yleld and

fat percentage (tabte 36). The absenee of a slgnlfLcant

correlatLon between mlIk yLeld and fat percentage ln the Jersey

sample (ta¡te 36) ts LntereEtlng Ln vLew of the fact that there
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was no slgnlflcant effect of transferrl-n type on fat percentage ln

these anlmalÊ"

In Table 35 there are numerous sLgnlflcant varlance ratloa

(homogenelty tests) lndtcatlng that the productlon differences

between genotypes varies wlth progeny group. These are manLfegta-

tlons of the hypothettcal problems discussed lnltJ-ally, 1.e" the

effect of si.ngle gene differences on quantitatlve tralts depends

upon the genetle and physlcal envLronments of the enlmals and thelr

organlaation lnto groupsc

Fallure to find a slgnlflcant effect of trensferrln type

on mlIk yield l-n elther populatlon ls a different result from thet

obtained by Ashton et aI. (1964). There are a number of posslble

reasons for thls:

(i) The truncated dlstribution of lactation length 1n

the South Australlan sample

Sl-nce Ashton É 4. (1964) concluded that transferrln

type affected nilk yield by lnereaslng average daily yleld and

Iactatlng length, the restrlctlon of lactatlon length to less than

or equal to ten 3O-day periods l-n the South Australlan sample (p. g?)

woutd reduce the sensl-ttvtty of any test for an effect of trans-

ferrln type on mllk yle1d"

(i1) Dlfferent management practlces ln the two States

The South AustralLan cows were drawn from stud herds

whlch are malntal-ned to seIl anl-ma1s on the basls of thelr perform-



119.

ance or the perfornance of their reletLves. For thls reason they

are generally fed ln excegs of those levelg recogntled eg moet

economlcal for nrllk productÍon. The mean ml}k productlon of theee

anlmals was ln the general renge 600-900 gallons for JerEeys and

8OO-14OO gallons for Frleslans (ApPendlx III). In contrast the

Queenstand anlmalE were from grade herds ln the Klngaroy and Nembour

reglons that are prlmerlly peanut areês and marglnal for dalry

farning. The mean ml-lk productLon of these anfmals was ln the

general range 3OO-4ãO gallons for Jerseys and 400-600 gallons for

A.r.s.

Thetwosamplesarerthereforerverydlfferentwtth

respect to their levels of feedlng management. The transferrin

genotypes may not show any effect on mllk yield where cows are

already glvlng thelr maxlmum output as a resutt of hlgh feedfng

levels.

(til) Different genetlc backgrounds of the transferrln

locl

TheQueenslandandSouthAustratlansamplesboth

l-ncluded large sanples of cosrs of the Jersey breed. Sl-nce these

samples were from two populatlons that have been genetlcelly

lsolated for many years (Barker , t9õ7), it ts posslble that the

genetic environment of the transferrin genes in eech is dlfferent"
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(1v) DLfferent frequenctes of gll ""a 
g]z

Although the frequencfes ot 1got ana mD2 would

markedly affect the results obtalned lf the apparent effect of

Eo "" productl_on \vas due to elther one of these aLone, the

llmtted frequency data for these genes ln South Australla (Sectlon

A, Table 2c , p. 48) faLled to show that they are sLgnlflcantLy

dlfferent from cattle populatLons ln other parts of the wor1d"

It ls unllkely therefore, that, wlthln breed, the south Australlan

frequencLes are slgnÍflcantly dtfferent from those I'n Queengland'

However, i.n the absence of data on thls poLnt lt renalns a possl-

bl11ty.

Itmaybeslgnlficantthatl.nthlsstudytheJersey

populetlon had a very lorn frequency of -Dt 1ø.o8 see Table 20,

p. 48) and dld not show the asgociatlon between fat percentage and

transferrin type whereas the frequency of Eot t" the Frlestan

populatl.onwaso.4Toltlsthustemptingtopostutatethatthe

apparent effect of the 1P "urr.le" ln depreesing fat percentage

may aetually be an effect of the TfDl a11"1e.

From the above dlseussl-on Lt can be concl-uded that whllst

the results obtained ln thls study are not lncompatlble wlth those

of Ashton É 4" (1964), they are dlfferent for unknorrn reasolrg

and a number of posslbtlLttes have been proposed. Recentl-y,

workers In Werrlbee, vi-ctorla, (whtte and Banflel-d, 1967) have

shownthatl.n3TScorvsi.nthfgereatherewaBasi.gnlflcantdlffer-
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ence ln mllk productl-on between transferrln types (D)A) but slnce

there vras an lnverse relatlonship wtth fat percentage (A>D), the

actuaL butterfat ylelds were not signiflcantly different" Thls

findlng conflrms that described ln the Friesian cows in thls theslg.

c. The use of computer simulation as an ald to statlstical

analYsis

Slmple simulations of the type used ln thLs study are

useful for examining further, apparent assoclatlons that have been

found uslng varlous forms of statistical analysls. In'thls study

the wlthln-progeny-group randomlzation of anl-mals with respect to

transferrin types in the two-way classl-fl-catlon analysis of varl-ance

indicated that the assoclations found ln Jersey colüs were probably

spurlous (tabte 39¡ P" 110). In the wJ-thln;progeny-group analyste

the results supported the suggestion that l-t was the between-progeny-

group varl-ance that was responsible for the assoclatlon between fat

percentage and transferrln type ln Jersey cattle, and the fat and

milk yield and transferrin type assoclatlons ln Friesl-ans.

do The contributLon of transferrln type to the varlance of

fat Percentage

Ashton (196Ob) found that the dlfference between the ¡nean

genetlc value of transferrin A cowg and transferrln D coWS waS 60

gallons of mllk (D>A), and slnce the range of contemporery com-

pari.son values in hls populati.on of bulls was -13O to +160 gallong
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or approxfmately 3OO gallons of mllk, he clalmed that the trans-

ferrln locus was responslble f,or 17 per cent of the total genetlc

va¡.latlon ln mflk yleld ln the maJor mLlk breeds. In a leter study

Ashton 4 g. (1963, 1964) estlmated that the transferrLn locus wae

responslble for 6.Q - 1O.4 per cent of the genetLc variatlon ln mLlk

yield (p" 93)"

From estimates of the standard partial regresslon co-

efficlents (bt) presented in Table SB (p.1O9) lt may be inferred that

transferrln type ln the Friesian populatLon is relatlvely Lmportant

in its contribution to the vartance of fat percentage relatLve to the

other Lndependent varlables examinedo That iS, only herd level,

progeny group level and number in herd had hlgher values of br than

transferrln type, It wouLd be useful therefore to determlne the

proportlon of the genotypic varlance of mean annual fat percentage

that ls attributable to the transferrln locus. However, slnce the

estLmates of the dlfference 1n fat percentage between transferrln

types are not addltfve (see p.1o7), the genotypic values adopted for

the three transferrln types would be arbltrary. ALso, slnce

satlsfactory herttabflity estLmates cannot be derived from the data

due to the fact that the half-sib-fanilles are located Ln a number

of dlfferent herds and the numbers of anlmals in the famllles are

relatively low, values for the heritabltlty of fat percentage urould

have to be adopted from the results of other workers. Thus, any

estLmate of the proportJ.on of the genotypic variance of fat per-
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centage attrlbutabLe to the transfemLn locug that was made from the

results presented here would not be very meanl'ngfuI. All that can be

sald fs that the dlfferences ln fat percentage between trensferrfn

types are surprf.stngly htgh as !s the relatfve lmportance of trang-

ferri.n type aÊ an lndependent varlable Ln the ¡nu}tiple linear

regressLon analyslso

The physfologlcal mechanl"sm by whfch certaÍn transferrLn

genes mlght affect the fat percentage of nl"lk or the quantlty of

ml]k produeed by an anLmal l-s not known. Osterhoff (1966a) could

not demonstrate productlon superLorLty of cattle of any transferrln

type when they were subjected to nutrLtlonal stress and Hlnes

(196ö) could flnd no J"mmunoÏoglcal dl

types. Ho\ryever, Neethllng and Oster

relatLve Lron-bl-ndlng abf"ltty of the

was ln the order A, D, AE, AD, DE, E,

lowest, and they presented data whlch they sald showed a relatlon-

shlp between the lron-blndtng abtltty of transferrln types and the

growth rate of young bullsn No statlstLcal analysls wês presented.

Vlhatèver the nechanlsm by whlch trangferrln type affects productlon

lt 1s al.most certalnly not related to the mechanf.sm maLntainlng the

polymorphfem fn cattle populatl.ons, slnce effects on productlon

have been found by a number of workers, espectally Ln Australla

(Ashton 4 91., 1963, 7964i Whlte and BanfLeld, 1967i and thls

thegls) whereag there ts lttt1e accumulated evldence for a
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selectlve advantage of any transferrln genotype over another

(Llterature survey, p. t7r. The posslbLe role of ertlflclal

selectLon ln the maLntenance of the transferrln polymorphlsm

ts discussed below (p. t24) 
"

€o Practlcal lrnplicatlons of the observed effect of trans-

ferrln tYPe on fat Percentage

sLnce the average effect on fat percentage of substltutlng

ffA for 3go t" the Frleslan populatlon ls o.l8 if one as3umeg a gego-

typic value for AD that ls mldway between A and D, then lt could be

argued that selectLon of cattle for trangferrln type would result ln

a relativel-y large lncrease ln fat percentage. HoWever, even Lf

thls were showrì to be true, the frequency of the transferrin alle1es

is such that the time tnvolved in achlevtng homoaygosity for gA fr,

A large proportlon of anlmals on A large scale would be of the order

of 2Q years dependl-ng of course on the number of bulls used ln each

generatLon. Also, slnce thls lncrease in fat percentage ls Un-

llkely to result Ln any nett lncrease ln fat yield (I{htte and

þanfield, 1967), and ln vlew of the trend towards payment for mlLk

on a protein basls, it is untikely that the apparent effect of

transferrln type on fat percentage wlII be of any practi.cal

signlfLcance "
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f. Artlflcial selectlon and the transferrln polymorphlsm

If selectlon for hlgh fat percentage resulted Ln an

Â

lncreeeed frequency of the $" allele eech generatlon then one

Â

mtght expect that eventuaLly the Tf- êIlele would be flxed ln the

populatlon. However, ln vlew of the fact that ln thle country

at leaSt, very feW anLm¿lS are culled for productlon reagons, and

even lf they are they wtlI sttll have produced at least one off-

spring, artlflclal selectlon is unlikely to have any measurable

Â

effect on the frequency of the Tf- allele. Whtlst thts ls true,

the observatLon that ln populatlons of non-domestlc cattle such

as Blsonr Wisent, Banteng and the 3J:!..en*!-ft.{g]._". there ls no

transferrin variation, could indicate that l-n domestic cattle

artificlal selectLon may play a role in the malntenance of the

transferrLn polymorphLsm. Thus it would seem deslrable ln thls

connectl-on to examlne other traits ln cattler Such as reslstance

to dLsease or l-nternal parasltes, that rnlght be lmportant Ln

relatl-on to superlor fl-tness of transferrln heterozygotes under

condltlons of lntenslve herdlng of domestlc cattle.

gr The effect of alleles at the J locus on dalry cattle

productlon

No effect of the presence of J gubstance ln the serum

on productlon has been shown: hotilever, slnce Jcs wag not

speclflcally tested, thls observatlon cennot be regarded as

a
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conttrary to those obeervatton¡ nede by Rendel (19õ9, 1961) who

f,ound that the JcÊ phenotype wee ea¡oct+tecl wlth high buttorfat

percentages tn Ëurcdtsh daLry cattle.
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APPENDIX I

NOTES ON TECHNIQUES AND REAGENTS

A. BOUNDARY BEHAVIOUR AT THE POINT OF SAMPLE INSERTION IN STARCH

GEL ELECTROPHORESIS RUNS*

(D.W" Cooper and L"F. BaileY, 1966)

cattle and sheep sera have been typed for transferrin ln thls

laboratory using the dlscontinuous tris-citrate/LLth,j-um borate

buffer system of Ferguson (see Ferguson and Wallace, 1961; AshtOn

and Ferguson, 1963). Samples were l-nserted lnto precast slots as

described by Smithies (1959). In some runs a phenomenon whlch

came to be described as "streaking" occurred; individual proteln

Uones \¡/ere V-shaped and concentrated at thelr centre whlle streeks

of proteln ran the length of the gel through the centre of the

bands,

It was found that the defect of streaklng was associated wlth

the tlme teken for the electrolyte boundary to reach the sample

slots. Thls tlme could be controlled el-ther by using the type of

geI bed described by Smlthies (19õ9) where the front first passes

through a thick cathodic block of starch or, in gel trays whlch dld

not have the end reservoirs, bY placlng the slots further from the

cathodic end of the geI. Thus, the problem of streaklng of trans-

* Reported in @, 1: 115-116.
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fernin bandc whlch made typl-ng J.mpossl-ble was overcome. However, Lt

was consl.dered of Lnterest to determlne the exact caqse of streaklng,

T\uo gels were set up whlch were slmllar l-n all respects except

that one had the sample lnsertlon slots set 1!" closer to the cathodlc

end of the ge1 bed than the other.

A blue marker dye, bromophenol blue, was Lncluded ln the buffer

when the gels were prepared (Bleonendahl, 1963) to facilLtate the

observatlon of the electrolyte boundary and the serum albumfn to

whtch Lt beceme attahced. To facllftate further observatfon of the

process, haemoglobfn wes added to serum samples and a polythene fllm

was pJ-aced over the sample slots Ln plece of the usual vaseltne.

It was found that when the electrolyte boundary reached the

sample slots lt travelled between them ln radlatlng clrcles then

reJolned on the anodic slde (Ftgures 22, 23). Where the slots were

reached l-n a relatlvely short tlme, the serum protelns had not moved

sufflclently far to avol-d Lnterference by the lrregular boundary.

Thts dLd not occur 1f the slots were placed further down the gel'

The mfddle of a protein aone 1n a streaked ge1 is slower thqn elther

of lts ends (thts ls partlcularly marked ln the slow alpha-Z).

One explanatLon of thls effect Ls that the ends of a band enter

the high voltage regÍon behtnd the boundary (Pou1lk, 1957) before

the middle"

Where the fllter peper method of sample ÍnsertLon Ls used,

thLs defect presumably could not occur" Houtever, trtals have



FIGI'RE 22.

Boundary behaviour when the sample slots are tn a positlon

whlch normally results ln the production of a streaked gel.

TOP Front just past the slots. The J.rregular boundary

ls associated with the serum albumin and where haemo-

globln has been added the haemoglobln band Ls markedly

dlstorted.

BOTTOM Forty mlnutes later. The haemoglobln ls obvlously

streaked and the albumln Sones are concentrated et

thelr centres. The albumln lones are sharp at thelr

leadlng edge and diffuse at thelr tralllng edge whlch

ls atypical albumln behavlour in thls buffer system.





FIGT'RE 23.

Boundary behavlour when the sample slots are placed sufflcLently

far down the gel to avold lnterference wlth the proteln patterns

by the lrregular front.

TOp Front Just past sample slots. The albumln at least ls

out of range of the lrregular front.

BCIfToM Thlrty mLnutes later. Albumln gones are character-

lstlcally sharp at thelr tralllng edge and dlffuse at

thelr leadlng edge. The mlgratlng boundary ls

sllghtly crooked.
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¡hol1rn that ft the paper fs not removed before the boundary reachel tt,

thcn ttatreaklngtt doea oceur.
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B. A SIMPLE APPARATUS FOR PAPER ELECTROPHO"SIS*

(L.F, BalleY and D.W. CooPer, 1966)

A slmple apparatus for paper electropho¡regls hes been conatructed

and used ln thls laboratory for the Lerge scale typtng of eheep and

cattle haemoglobins. It has the followl'ng advantages.

Its total cost is about $,8, at least 40 samptes may be typed et

each run, the resolutLon is at least as good as r¡rlth commerclal

baths, and the apparatus can be constructed and dlenantled in about

1ö mLnutes.

The apparatus ls shown 1n Figure 24" It conslsts of tìPo

sheets of glass, each 26" x 15" x ft", about 30 feet of flne nylon

fishlng line, 5 feet of å" and õ feet of $" external dlameter poly-

thene tubl-ng.

The l" tubtng is placed on one of the glass sheete ln the forn

of an elllpse and may be flxed to the glaSs for convenlence ustng a

commercLal contact cement 
"

The $" tubing Lg cut into four lengths sltghtly shorter than

the edges of the glass sheet, then each 1s spllt longltudinally and

pushed over the edges of the glass to cover the sharp edges"

The flshfng llne is tled around the bottom sheet of glass, the

polythene at the edges preventing severf.ng of the taut llne. Four

lengthwlse runs and two cross runs form a lattlce on whLch rests a

* Reported ln lrnmunoqenetics Letter, l: 112-113.



FIGI.]RE 24 "

The paper electrophoregis apparatus showl-ng 18 samples of

cattle haemoglobln at the end of a run.
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plece of tThêtnon 3 ¡nm chrometography paper, 18" ¡r 22t', whlch hap been

uetted ln buffer and blotted between sheets of blottlng pepqr.

?he top sheet of glass rests on the tubing and the paperr form-

lng a good seal. The bottom sheet restg on the electrolytq treys.

Presumably, thls method of formlng a seaLed chamber mpy have

appllcatlon to electrophoretiç systens uslng other supporting medla.
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C. IIIRGE SCALE HAEMOGI,OBIN TYPING IN STARCH GEL

Although the paper electrophoresls apparatue descrlbed above

(Appendlx I) can be used to type about 40 haernoglobln samples per

run, paper-electrophorests runs are relatlvely slow conpered wlth

electrophoresLE in starch ge1 although the prepafatlon of starch

gels l-s more tedLous. Because of the better resolutlon of

haemoglobins obtalned by starch gel electrophoresLs and becauge

paper-electrophoreslg runs tended to be subJect to nlshap

necessltating re-runs, the apparatus used for the electrophorests

of, serum was adopted for the large scale typlng of haemoglobln.

Thls vrae effected by constructlng a compound lld for the geÌ

traye whtch could acconmodate 3 slot formçrs.

Figure 25 shows the result of electrophoresls of 36 haemo-

globln samples uslng the buffer system attnlbuted to O. Smlthles

by Huehns and Shooter (1965). Uslng the four gel trays normally

used for transferrin typing ft was posslble to type 132 samples

per run, allowlng 3 standards per tray"



FIGT]RE 25.

A gel tray contalnlng an unstained starch gel btock l-n'whlch

36 haemolysates have been subJected to electrophoresis.
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D. A COMPARISON OF THE ANTI-SHEEP O REAGENTS OF CATTLE AI{D GOATS*

(L.F. Balley, 1967)

Naturally occurring antibodles agalnst sheep O red cellS have

been found in the sera of cattle (Stormontr 1951) and goats

(Suzukt and Stormont, L961). The cattte reagent has been used to

detect O-llke substances ln the sera of cattLe (SpragUe, 1958) and

goats (Suzuki and Stormont, 1962) usLng inhlbitlon tests and these

substances have been called Oc and Og respectively.

For detecttng O substance in sheep and cattle sera the author

has routinely used a cattle reagent ktndly supplled by Professor

C. Stormont (serum number 281) which has a tltre of 32 agalnst sheep

O cells u,hen used wlth rabblt complement. Thls gives more rapld

and stronger reactlons than does guLnee plg complement.

Because of the LnconvenLence of lmporting sera from Callfornla,

a search for antl--O ln goat serum was undertaken. The authorr wfth

a number of colleagues (Cooper, 1966; Alexander, Wllllams and

Bailey, tg67) screened 1oo goat sera and found anti-o in only 6.

Most of these were ln the range of titres 2-8, however, one animal

was found with an anti-sheep O tltre of 256 when used with gulnea

pig complement. When rabblt complement was used the tl-tre was

64.

t( Reported lt @r 9, 81-83.
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Inhtbftl-on tLtres of both reagents wLth a number of sena urere

determLned uslng the same dtlutlons of test serê to lnhtblt the cattle
f

reagent dlluted $ anO the goat reagent dlluted ift. Table 42 shows

the lnhlbitlon tltres oþtalned uslng 22 cattle sera and four sheep

sera. Unllke different dllutlons of the Bame reagent, the two re-

agents do not glve parallel differences ln tnhl.bltLon tltre. The

correLatLon between the 1og, ti.tres obtaLned uslng the two reegents

is O.41 (.Of (p <.O5). fn generat, the goat reagent glves lowen

titres than the cattle reagent, but Ln three caEes the order lp

reversed. Although the antl-O concentratlon ln both reagents {s

approxlmately the same, slnce both repregent the mexlmum dllutlon

that can be made wlthout leavLng unhaemolysed cells Ln control

tests, the goat antl-body ls relattvely Lnsensltl-ve to the presence

of O substance ln solutlon. Of partlcular lnterest are the ob-

servatlons on R sheep sera. In 82 R sheep sera tested wlth the

cattle reagent (2 shown ln Tab1e 42) a low tltre of o lnhlbltlon

(1-4) was detected in 81 cages (Baltey, unpublished)" No

lnhlbltfon can be detected wlth goat reagent.

It may be concluded that eLther:

(1) The goat anttbody ls specifLc for a dlfferent pert of

the O substance from the cattle antlbody and thls

part ls obecured to varylng degrees when the substance

ts Ln golution.



TABI,E 42

A COMPARISON OF THE ANTI-SHEEP O REAGENTS OF CATTLE AND A SAANEN GÒAT

L6

L6

4

4

Sheep O 1

2

1

I
o

o

Sheep R 1

2

4

16

16

8

64

4

32

4

16

16

16

32

4

16

32

4

I
16

8

32

2

I
16

16

I
2

I
2

1

2

4

8

I
4

4

2

2

4

2

I

Cattle Oc 1

2

3

4

5

6

7

8

9

10

11

t2

13

t4

15

16

t7

18

19

20

1

1

4

4

Cattle JOc 1

2

Cattle antl-sheep O Goat antl--sheep O

Serum Inhlbltion tltre of O substance
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(2) The cattle reagent 1s sensltlve to other subgtancee

as $reII as o substance.

If the flrst alternatlve is valld then the goat reagent ls

unsuttable for tttrlng O substance l-n solutlon. Whether all

samples of goat antL-sheep O behave ln thls manner l-s not known

since only one anlnal wlth a substantlal tltre has been found.

ADDED NOTE

After thts note was publlshed, the sera of 90 cows at the

Northfield Research Centre were examlned for Oc substance using

both reagents. Sixty were posltive usLng the cattle reagent

and 21 were positlve wlth the goat reagent. In every case where

sera rvere posl-tive wlth goat reagent, they were also positlve

wlth the cattle reagent (30 reected wlth neithereagent). When

the red cells of cattle were tested for the presence of Oc sub-

stance by absorptlon, none r¡¡ere posftlve when the goat antlbody

was used and only those v/hose serum lnhlblted the goat antibody

were red cell Oc posltive when the cattle reagent wag used.

That 1s, there are two types of Oc reactorg, those wltlt Oc sub-

stance ln thelr serum and on thelr red ceIls (o8s) and those

wlth oc substance onry in thelr serum (oË). These classlfica-

tlons are comparable wlth Jcs and Js when J substance ls con-

sldered. Although Sprague (19õ8a) dtd not report in detail the
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regults of absorptLon of antL-O usfng red celle from Oc poeltlve

cettre, he Lnferred that arr oc positlve cattle were o8s. The

reason for thle dlscrepancy !s not known. It 1g unltkely that

all Spraguets cattre were o8s.

It ls apparent from these regults that there are dLfferences

between the Oc subgtence tltres of Oc poslttve cattle end thet

when the Oc tltre ls sufflclently hlgh, the substence becomes

absorbed lnto the red cell. The dlfferent results obtelned wlth

the goat and cattle reegents supports the ldea that the goat re1. '

agent 1g relatlvely lnsensltlve to the presence of Oc substence

ln solutlon and that lt ls speclflc for a different pert of the

Oc gubetanceo
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APPENDIX II

TIIE R-O-l BIOOD cROUP OF SHEEP" A MIXED R,/O PHENOTYPE IN FOETUSES.

åe Introductlon

In 1958(a) Sprague postulated that the exceptlons to the

allelic hypothesls for the lnherLtance of the J and Oc substances

ln cettle could be due to the control of the Joc blood groups by

two Iocl, as ls the case wlth the R-o-l blood groups of sheep.

Since lt was hoped to galn Lnformatlon on thts polnt by studylng

the development of the JOc blood groups ln cattte foetuses, the

R and O substances ln pheep foetuses were flrst examlned because the

genetlc control of the R-o-i blood groups ln the sheep had been

establlshed: vls. the dlfference between the R and O blood groupe

of sheep Ls controlled by two alle1esr E and !r R belng domlnant to

r (Kacakowskl, 1928i Anderseno 1938; Ycas, 1949; Stormont,

1951 ). The presence ol. absence of antlgenlclty of elther type ts

controll-ed by genes I and I at a second locus where I 1s dominant

to i and red certs of å! tndl-vlduars do not react ,rrlr, tntrrR on

antl-o (Rendel, NeÍ-mann-sorensen and lrwln, t9õ4; Rendel t t9ã71

Tucker, 1962). Both R and o are soluble speclflc blood-group

substances found in the plasma whlch become coeted onto the red

cells" Newly-born lambs have R or O antlgens ln thelr plasma,

but not on theLr red cells untll 3-4 weeks after blrth (Ycas, 1949;
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Rende1r 1957).

Sfnce R sheep have large amounts of O substance ln thelr saIlva,

Rendel (1957) has suggested that the productlon of O substance {s

determl-ned by the I gene. Further, the presence of O substance ln

the plasma of sheep fs hfghl,y correlated wLth the presence of plasma

alkallne phosphatase l"sozyme B (Rendel and Stormont, 1964; Rendel,

Aaland, Freedland and Mlller, 1964; Rasmusen, 1"965), and sLrlce

f.ntravenous i.nJectl-on of O subetance lnto an R sheep results in the

rapld appearance of the B isozyme ln the plasma, O substance may be

a medLator of the release of B phosphatase lnto the plasma (Rendel

É 4., 1964). Hotvever, these workers a'lso observed that most

young lambE had a B phosphatase zone regardless of thelr R-O-l

phenotype.

Thls appendlx presents the results of a study of the R and O

blood group substances and atkalLne phosphatase J-sozymes !n the

serum of foetal sheep, young lambs, and adult sheep, and dLscuEses

the flndings i.n relation to the above observations. The J and

Og blood-group substances of goat foetuses and adults are elso

consldered c

b. Methods and Materlals

The R-O-L and J blood groups were determtned by the LnhLbltLon

test descrlbed by Rendel (1'9õ7). Standard sera used for ln-

htbltLon teste were: (1) cattle antl-sheep O dlluted { (code No.

28L0 C. Stormont) and (2) cattle antl-J ebsorbed wLth sheep O
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cells and dlLute,r Å" 1oo'

Blood was collected from eheep foetuses at the Metropolltan

and Export Abattolrs, Gepps Cross, South Australfa. These came

from slaughtered ewes, predominantly Australlan Merino or Merlno

crosses. Samples u¡ere also obtained from a lLmited number of

ewes and foetuses as well as from a ram whlch was the sire of the

foetuses. These samples urere supplied by Dr. G. Alexander of

the CoS"InRoO., Prospect, N"S.W.

Alkaline phosphatase activLty was deteeted i-n starch gels by

staLning as described by Rendel and Stormont (1961) and Rendel

et al. (1964).

c. ResuLts

The results of lnhtbition titres carried out on foetal and

other sera are shown in Tab1e 43, All foetuses had O suþstance

in their serutne Foetuses in the table are arranged in order of

increasing crown-rump tength and tt is apparent that there 1s no

obvLous relatlonshlp between the age of the foetuses and the

tltre of R or O substances ln thelr serumc Horilever, those

foetuses wlth a developed blrth-coat had lower tltres of both R

and o substances than the younger foetuses. Lambs at four weekg

of age also had low tltres of R and O. NF 2 was the only lamb

of type O when the red celLs were tested. Adu1t sheep had

slmllar tltres of R and O substances dependlng upon whether they
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vtere blood group R or o. Although most adult sheep had low titres

of O substance @t/82) no O sheep hed slmllar low titreg of R sub-

stance (82 tested, 3 sho$rn ln Table 43).

Table 44 showe the number of foetuses ln the four phenotyplc

classes R, o, R/O and 1.

Flgure 27 shows the 1og, tltres of O and R substances ln the

sera of RO sheep foetuses. There ls a slgnlflcant posltlve

correlatlon between the tltres of the two substancea. Ho\uever,

Lf the three sera with hlgh tltres of both R and O substances are

ornltted from the analysls, the correlation dlsappears.

When O.O8 mI foetal serum was subJected to starch gel electro-

phoresis êg described by Gahne (1963a), a fast aone (the A zone)

of phosphatase actlvlty was found ln all but three of the 69

samples. These three showed no phosphatase activlty at all.

Of the remalning 661 4? also showed a second zone (the B zone).

Phosphatase stalnlng ln the B zone was never lntense and usuell'y

faded rapldly when the gel was washed ln methanol. In generalt

foetuses wlthout B aone actlvlty had less A aone actlvLty than

those wlth a B aoneo FLgure 26 shows a dLagranmatic representa-

tlon of the phosphatase patterns obtalned ln foetuses, lambs and

adults. All flve lambs lLsted ln Table 43 had phosphatase B

although NF 2 ts the only lamb of blood group O. The B phos-

phatase aone observed l-n these Lambs was sllghtly faster ln

moblltty than that of adults whlch was in turn faster than the

lTt



TABLE 44

NUMBER AND FREQUENCY OF FOETUSES IN THE FOUR INHIBITION CLASSES AND

THOSE EXPECTED ASSUMING VARIOUS CAUSES FOR THE R/O PHENOTYPE AND

VARIOUS GENE FREQUENCIES"

695 13 44 7
Observed numbers in
classes disregarding
titres of 1

o.14
.7 < P(.8

69o861 oasabove e=O.5

3.O7

,os (e ( .r
69o1554 o

Expeeted numbers in
classes assumlng R,/O

foetuses are both I-R'
and due to placental
transfer g = 0"6

5.OO

o.o1 (p (o.oz
69oL7520asabove¡g=O.5

16.1

e ( o.oor

69o2544 o
Expected number in
classes assuming all
R.1o foetuses are
I-R-and9=0.6

1.OOo.oo o.13 0.87 0.OOFrequency

69o 960 o
Observed number in
classes assumÍng
all titres valid

X
2

ITotalROR/OiDetails

Inhibltion TYPe

g = frequency of the r gene



FIGI]RE 26.

A diagramrnatlc representatlon of the alkallne phosphatase

pq,tterns of foetuses, lambs, and adult sheepo



AL KAL I NE

IN

PHOSPHATASE ISOZYMES

SHEEP SERUM

+
A ZONE

B ZONES

rII

- 

l-I

ORIGIN
-

FOETAL ADULT LAMB



FIGT'RE 27.

The tltre of O and R substances Ln the sera of sheep

foetuses of lnhibltlon type R-O. The 1og, tltres are

slgnlflcantly correlated, ¡ = Q"325 (.O1<P (.O5)"

If the three sera urlth the hlghest O tltre are omltted

from the analysl.e, r = O.O9 which ls not slgnl-flcpnt.
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B zone of foetuges"

In Table 45 farnlly data 1s presented for the lnheritance of

R-O-t blood groups where the offsprl-ng of matings are tested as

foetuses" Ten eutes were all mated to the same ram and the

foetuses removed at 60 days. A further 11 incomplete fanllles

are presented, these being derived from dam-foetus pairs collected

at the abattol-rs. Wlth a slngle exceptJ-on, al1 O ewes carried O

foetuses and all R ewes carried RO foetuses"

d. Dlscusslon

The observatlon that most sheep foetuges have both R and o

subgtances 1n thej.r serum has a number of poSslble explanatlonsn

1. Technlque

It could be argued that since some R sheep show low

tltres of antl-O lnhibitlon possibly due to non-speciflc inhibl-

tion of antl-O by R substance, some of those foetuses classlfled

as R/O are actually R or O, the low titres of the antithetlcal

antl-gens belng artlfacts. If one considers all tl-tres of 1 aS

artlfacts the resultant classiflcatlon of the 69 foetuses ls glven

in Table 43, Thl-s results ln the transfer of 5 tndividuals to the

R class, 4 to the O class, and 7 to the L class. A large proportlon

however, remain ln the R,/O class. The absence of both antigens ls

not related to the age of the foetus and thls manl latlon has pro-

duced a class not prevf-ous]y descrlbed |n the Australian Merino



TABLE 4õ

R AND o suBsrANcgs rN rdnr¡¡, sHEEP sERUM - FAMTLY DATA

Unknown o

o

o

R

R

R

R

R

R

R

R

o

o

o

R-O

R-O

R-O

R-O

R-O

R-O

R-O

R-O

B o

o

o

o

R

R

R

R

R

R

o

o

o

o

R-O

o

R-O

R-O

R-O

R-O

(R/r)*

Sire Dam Foetus

*Genotype Lnferred after examinatlon of 12 llvtng
offsprfng. Four were Phenotype O.
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(Cooper, 1966). Clearly, the classLffcatfon of the foetuses tnto

only two classes R/O and O should be eonsLdered a real result.

2" Dam to foetus transfer of blood-group gubstances

Transfer of R or O substance from the damts cLrculatl-on

across the placenta to the foetal circulation whl-ch already contains

O or R substance could result l-n the productlon of a mLxed phenotype.

If the frequency of the O phenotype ls q2, where q Ls the frequency

of the r allele in the populatlon, then with random natJ-ng the

expected frequency of the ml-xed foetal blood groups can be derlved

from Table 46.

1) R dams carrying an O foetus are expected wlth a

frequeney q2-g3.

2) O dams carrylng an R foetus are expected with a

frequency of q2-q3.

Thus the expected total frequency of the R/O pheno-

type amongst foetuses is zq2-zq3 if the mtxed

phenotype is due to placental transfer alone.

Similarly, the expected frequency of the unmixed

phenotypes can be derived.

3) O dams carryfng an O foetus are expected wlth a

frequency of q3.

4) R dams carryf-ng an R foetus are erçected with a

frequencY of L-2q2-q3.



TABLE 46

THE EXPECTED POPUI,ATION FRE(JUENCIES OF OFFSPRING ARISING FROM VARIOUS

MATTNG TYPES. q rs rHE FREQUENCY oF r AND p = 1-q rs rHE FREQUENcY oF

E

.22+pq
¿p3q

22pq sp?c.2

¿p3q)
)

zpq3
4p

o2q3

3 3pq

on

o2q'

pq

23
1-2q+q

Rr Rr

Rr RR

RR Rr

Rr rr
RR RR

RR rr
Total R dams
wlth an R
foetus

3 3 3
2pq

p4

pq pq

q4

3q

rr
rr

Rr

rr
Total O dams
with an O

foetus

p2q2 p2q2

pq3zpq3 pq 3

q2'q2

rr
rr

RR

Rr

Total O dams
with an R

foetus

ep2q2

zpq3

p2q2

pq3

3p

pq

22q
3

23
q -q

Rr Rr

Rr rr
Tota1 R dams
wlth an O

foetus

Total Frequency
of Mating in

Populatlon

Proportton
Givlng O

Offspring

Þoportlon
Givlng R

Offsprlng
illattng

F M
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4L1 of the dertved expectatfons are pregented tn the for¡n

of a graph fn FLgure 28" From thls tt can be seen that the functlon

Zq2-ZqS has a maxl-mum where g = 0.67. The observed frequency of the

R/O phenotype fs O"87 whl-ch cannot be accounted for by any condltions

of gene frequency wi.th random mating. Also, the observed frequency

of the o phenotype (o.13) and the R phenotype (o"o) are not in

agreement with the mi.xJ.ng hypothesls" Different titres of both R

and O substances ín 3 of the 6 sets of twins in the data is further

evidence agaJ"nst this hypothesls.

3o Dlfferent gene function tn foetuses and adults

All adult sheep of genotype I-R- have o substance in thelr

sall-va and il-- indi"viduals do not (Rende1 
' 

t957 ) tndfcatlng that

the o substance ls a product of the I gene rather than the r gene.

It seems llkely that l-n sheep foetuses, the enlyme which converts O

substance lnto R substance ln the liver of E: lndl-vlduals has reduced

actlvf.tyo In thls case one would expect al ,rrrd O substance 1n all

foetal sera except those of phenotyPe 1. The observatLon that 9

foetuses had O substance alone ls more diffj-cult to explain on this

basis since one mlght expect that in a sample of 69 sheep about 44

would be R (having both R and O substance) and 25 would be O when

the frequency of the r gene v/as 0"6 (a reasonable assumptionr see

Rendel É 4", L954i Rendel t tg67; Stansfield et a1.1 19642

Cooper, 1966). Either some t/t foetuses also have R substance l-n

their sera in which case the mlsslng O indl-viduals would be drawn



FIGTJRE 28.

Expected frequency of the R, O and R-O phenotypes of eheep

foetuses for varLous velues of q (= frequency of g) assunlng

that the frequency of r ls the same for both sexea and that

the R-O phenotype Ls due solely to the transfer of R and O

substances from dam to foetus.
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from the R/O category, or thÍe devtatlon from expectatlon represents

sampllng varlatl"on. Howev.*, X2, = 16o1 whtch has a probablllty of
I

O"OO1 o Assumfng a gene frequency of q = O.5, the data agree more

ctosely wtth the hypothesls; however, all reports suggest I = 0.6 -

O.7 o

4n Dlfferent gene functlon and dam-foetus transfer

It 1s posslble to account for the frequency of the observed

phenotypes by invoklng both the second and thtrd hypotheses. Thus,

all sheep foetuses have O substance ln thelr serum because they carry

the I gene (in thLs case). Some of these foetuses wlth O substance

also have R substanee because they also have the R gene (44) and the

remaLnder (L6) have the R substance because they recelved R substance

from thelr dams 1n glerg. There are thus 3 types of R/O foetus:

1) O foetuses carrled in R ewes which may be expected

wlth frequency q2-q I = O.14 = 8/69 (q = 0"6)

2) R foetuses in O ewes which may be expected with

frequency q2-q3 = O.!4 = 8/6g (q = 0.6)

3) Foetuses of genotype !þ regardless of dames

type may be expeeted wlth frequency f-qz ço,ø+¡

or 44/69" This category would also include all

those Ln class 2) above.

Thus, lf q = 0o6 a proportLon o.78 or 64/69 would be ex-

pected to show the mlxed phenotype and the remalnder (O"22 or t6/69)

would be expected to have the O anttgen only" From Table 44 lt can
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be seen that thls ls ln agreement wLth the obgerved numbers of 60

and 9 (XT = 3.O7>. Further support to thLs ldea ls gfven by the

observatLon that although 3 out of 6 sets of twl-ns have members

wlth dtfferent R and O tftres, the remaLnlng 3 have members wlth

ldentLeal titres of one substance onLy." I¡,ck of knowledge on the

true frequency of r |n the dams prevents further discusslon along

these llnes. More Lnformatl"on on the dam-foetus transfer and

different gene funetton hypotheses to explal"n the mLxed R-O pheno-

type of foetuses can be obtaf"ned from Table 45" As wLth the

foetuses examLned l"n Table 43, all have O substance ln their serum

whllst some also have R substanceo If the mixed phenotype is

entirely due to the presence of the I gene as lt ts ln adults, lt

is surprising that ttRtu foetuses are only found l-n tnRtt 
dams

especLally where the sLre ls known to be heterozygous (R,{).

It can be concluded that the phenotype of the foetus ls probably

not a reflectlon of fts genotype but nay be lnfluenced by the pheno-

type of the dam possfbly by trans*placental transfer of blood-group

subEtance from dam to foetus.

The Jog typlngs of goat adults and foetuses (Table 43)

shon¡r a bactc df.fference from the sheep results, vl-no about half of
ñtu'

the foetuseg have nelther Jlor Og substance Ln thelr serum and J

adul-ts do not have low tftres of Og substance tn thelr serum AS do

R sheep. The doe t{¡PD whtch wês type og contaJ-ned a foetus wlth

neLther J nor Og substance Ln ltE serum. There Ls thus no
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evldence for dam-foetus tranefer ln the lLmlted goat data avallable.

The observatLon that the tltres of R and O substances Ln

foetat sheep serum are slgnlflcantly correlated, especlally at htgh

tltres, suggests that the model for gene actton as proposed by

Rendel (1957) may be modlfled slightly. Rendelrs model may be

summarl-zed as follows:

In the liver

Precursor
substance

(PS) ^t A O substance & srhgtence
L"

In sallvary gland

R

rrIt

rr
R 4ù-PS O substance R substance

The detection of both R and O substances ln foetal sera

would therefore suggest that ln foetal Ilver:

t

PS o substance -4Ê> R substance

yJhere the enzyme produced by the I gene is of lnter-

mediate activity between the highly active form 1n adult liver,

whlch results ln the rapid conversion of O substance to R so

that no O is detectable, and the æelatLve-I.I inactive form ín

salivary gland tissue"
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Thls type of pathway however, would be expected to result

fn a negative correlatlon between the tltre of R and O substance Ln

RO foetuseg gince the tltre of R substance woul-d be posltlvely

correlated wtth the activlty of the R en3yme and the tltre of O

substance negatively correlated with the actlvlty of the R enayme.

A posltlve correlatlon coul-d be expLained by a branched pathway:

o subctance

I PS\ 11- 2

rr R substance

tthere the level of precursor substance 2 ls determlned

by a gene whlch may or may not be the f gene'

The occurrence of e B phosphatase J.soayme ln the Berum

of foetuses 1g not related to elther the ege of foetusesn to the

lnhlbftlon type or to the tltre of R or O substance ln the gerum.

Thls ls e slmllar flndtng to that made on lambs by Rendel g! 4.
(1964), However, a comparlgon of the moblLlty

ln adults, Iambs and foetuees revealed that all

moblIlty.

The fallure to flnd an assoclatlon be

I
PS

1 R

type and the presence of O blood-group substance tn the serum of
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le¡nbr rnd foctu¡cc f¡ probably a reflectlon of the dLffercnt

1¡olync¡ prercnt Ln there lnLmel¡. Apparently the ¡eerctlon

of foctal rnd Juvcnllc pho¡phEte¡e lnto the têrum 1¡ not

affccted by the R-O-l blood BrouP typc.

t
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