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v . ABSTRACT

' Arthrogryposis’is an inherited,abnormality which causes
crippiing"df the Timbs«in new born'ca]ves and is sometimes
assoc1ated with a c]eft pa]ate. The mode 0f 1nher1tance of the

defect is, due to an autosoma] recess1ve gene show1ng 1ncomp1ete

'penetrance. Research from Charo1a1s herds in France 1nd1cate o

the gene to be at a high and stat1onary frequency The thes1s
deals w1th the genet1cs of the abnorma11ty and views ‘it from
an evo]ut1onary stand po1nt At the University of Alberta Beef

Bree@nng Stat1on, 20 proven carrier dams and 26 cr1pp1ed caWVes

‘shave bedn observed ‘Two' genetic studies are reported one of

[

suspected and proven canr1er males and fema]es The Stu 1es

‘-wh1ch 1nvo]ves the 20 carr1er dams - and the other 1nvo]v1ngfboth ;g

, .

N 4

indicate a recess1ve form of 1nher1tance and a h1gh degree of Mf

’

penetrance of the recesswve gene in the pbpu]at1ons stud1ed

vResu]ts from’ th1s herd and others ‘in the ne1ghbourhood 1nd1cate

the recess1ve gene to be d1str1buted in populat1ons by two types '

of carr1ers name]y the heterozygous and homozygous recess1ve SR

3 carr1ers Four probable homozygous recess1ve s1res have been

4

identified wh1ch themse]ves show near zero penetrance of the

' gene A]] four have been pure Charo1a1s bu]]s whi]e all defect—
:1ve progeny have been Charolais crossbreds. The penetrance of

;the defect1ve gene among Charola1s crossbreds seems to be near

comp]ete and . the express1v1ty of the defect variable A series

f"of se]ect1ve mod1f1er genes may be responsible for the supres-

.fs10n of the defect in pure Charo]aws herds which cou]d be the

-

R
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reason why homozygous sires surviye However, when‘the result-

ing Progeny are crossbred the defect™is expressed more compiete-
ly due to the absence of these modifier genes |
The fert111ty and 1ongev1ty of the 20 proven cdrrier dams

were compared w1th a control popu]at1on of the same or1gan and

» genetic Qackground over an ]1 ‘year period. Fert1]1ty was est1—‘

‘mated by the numbér of missed ca]v1ng opportunities a dam had

throughout her breed1ng 11fe and longev1ty est1mated by the
number of dams cu]led in the two populat1ons dur1ng the exper1—
menta] ber1od Both fertility and ]ongev1ty were super1or in
the carr1er herd compared to the contro] (P <O 01) : The Char-
9]a1s breed has evolved two mechan1sms by wh1ch they can over.
" come the 1nherent surv1va1 prob]em that some ca]ves hgye and
help keep the recess1ve gene at a relatively high frequency,

by ‘carrier dams showing a select1ve advantage due to the better
reproduct1ve f1tness they possess and by comp]ete suppress1on
of the defect among ‘homozygous recess1ve Slﬁfﬁ due to the seT-
ect1on bf favourab]e mod1f1er genes. Some pract1ca1 app11cat1ons

of arthrogrypos1s and- methods by wh1ch one cou d'utilize some

of its good effects are a]so discussed . in the *t ests.
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deve]opment at. b1$ﬁh or their expres

< \.l
’ detected subs quent]y 1nfthe adu]t animal. . ‘

. 1. GENERAL INTRODUCTION

(3
«

Many 1nher1ted abnorma11t1es /h1ch have econ

ic 1mport-

. ance have been observed;1n catt]e These abnorma11t1es may

cause ma1format1ons or death dur1ng earPy or late embryon1c

1on may be delayed, and

4

Abnorma11t1es at -birth may be e1ther ‘genetic or envir-
(' ?

onmenta] : An\env1ronmenta1 bas1s is 1nd1cated a]most a]ways

> <
ment 4nd when it go 1dvbe eorrected bprrov1d1ng the/requfred

-when, the defect eccurs in re]a@ﬂon to‘a part1cu]ar env1ron-

condi ions. A]so, 1f the defec¢ occurs., fo]]ow1ng a: ber1od of

- stresi and corrects 1tse1f naturaldy when the stress per1od

.

»
]; over, an - env1ronmenta1 basgs is 1mp]1cated On the other

\

\
hand a genet1c bas1s is 1nd1cated when, (a) the d .ect occurs

ﬁr 9

'“1ndependent of env1ronme%% (b) is conf1ned to one breed1ng

These_ abng

group or family, (c) when 1nbreed1ng tends to 1ncrease the

- chahces of the defect be1ng brought out or (d) when research

K _A—v
- on s1m11ar cond1t1ons with 1arge numbers of anlma]s have indi-
\ B o “
cated a genet1c basis. , I

J
Genet1c abnorma]1b1es arise most often due to mutat1ons

/
wh1ch cou]d take various forms, such as po1nt or gene muta-

tlons, chromosoma] aberrations, trans]ocat1ons or 1nvé(sions

&

ma] cond1tfons may be 1nher1ted as autosomal or sexl

- Tinked dom1nants or recess1ves 1nvo]v1ng one pr more gene loci.

¥ be . 1nher1ted as an autosoma] recessive and. is often assoc1ated

Arthrogrypos1s affect1ng Charo]a1s cattle is reported to

>

.&;'

o



. & s . 'y ’ ‘7;}';1
wﬁth a;c]eft pa]ate The d1sease is bécom1ng more 1mportant

“in recent t1mes as fhe frequency of the recess1ve genf appears

J . / . 'f M
to be h1gh 1n Charo]a1s popu]at1ons Furthermore, when the K

\
defect resu]ts in- Petha11ty, espec1a]1y 1n the ca]ves hav1ng

t
el
bl

P
a c]eft pa]ate 1t is of much economwc 1mportance

The obJect1Ves of th1s study were to 1nvest1gate further

1 KN
"~ the genet1cs of therdefect and to find out’ Why such a gene 5 rf Lor

Persists 1n popu]ations at a h1gh fnequency in. sp1te of 1ts" )

adverse effe ts. The pd§s13;e €ontro1 or ut1]1zatlon of the

. Ve
gene w1]1 a1so be explored.- .“t 1% L o u;..“L ~ ’ .
/ . The re11ab111ty of such a study would. depend on’ the number
 .of an1ma1s ava11a;\e Data where carr1ers are 1dent1f1ed

xmab1ngs are planned breed1ng records and ped1gree ana]ys1s oo

of deformed ca]ves are poss1b}e‘pay1ng due attent1on ta env1r-f;
. onmenta] factors if any:Ean be usefu] in estab]1sh1ng the mode -3
\X of 1nherftance and- can prov1de a better understand1ng of the

genet1cs of arthrogrypbs1s
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2. REVIEWS OF LITERATURE

. 2.1 Arthrogryposis and.related defects in yarious breeds of cattle

_;//“

<. .
Arthrogrypos1s, cr1pp]1ng or restri ted 1imb movement 1n

: catt]e have been reported in breeds such as the Jerseys {Spi-

e]man, et -al.,1944), Guernsey (Freeman, 1958), Australian Illa-
wara, Ayrsh1re, Fr1es1an crosses (wh1ttem, ]957) Friesians
(Hutt 1934) and many other breeds The external manifesta~
tlons of the defect d1ffers very much and'?h some instances
both pa1rs of 11mbs are. affected while at other times on]y one
pa1r oi*é;zbs ]s affected. Somet1mes,_both muscle and skeletal
elements are involved. ‘ _ | |
Hutt (193@) recogn1zed 5“TE¥R§1 cond1t10n in Friesian’
cattle which caused extreme r1g1d1ty in the limbs and neck due |
to the contracture. of the musc]es in these areas The cond1t1on :
was put down as be1ng 1nher1te3\a$)% simp]e autosoma] recessive,
where the defect is spread through carrier sires and dams$. .A
non genev7c form of a s1m11ar defect in Fr1es1an cattle was::

a]so reported and descr1bed by Mead, et al. (1934) AmOng

- Friesian . catt]e.1n'New.Zea]and cr1pp11ng asSociated with

ankyJOSis]_and hydropic amnion‘1s reported by Murray (1951)

» Blood, '(}956) reported the getails of th1rty f1ve cases
of arthrogrypos1s -in new born calves. ~He reported the clin1ca]
flndlngs in 35 cases of arthrogrypOSIS and 5 cases of hydranen-

N\

cepha'l_y2 associated with, b]lndness 1n the new born ca]ves Blood

1. Abnormal fmmob111ty and consolidatlon of a joint caused due

~ to faulty bone stru ture ‘or by the destructlon of membranes
.that line the JO]ﬂt ‘ )

2. Absence of cerebra] hemispheres; their normal site'being.occu;bu'

p.pied by f1u1ds

A



o
M_(1956) ma1nta1ned that “the two cond1t10ns are dlfferent mani-
festat1ons of the same disease. The arthrogryppt1c ca]ves
showed restr1ct1ons in movements ma1n1y in the joints of tre
limbs and of the neck, while. the bones rema1ned unaffected

The defective ca1ves had a lower bulk of musc1e 1n the affected
areas, thqsmusc]e masses were pa]er in colour and a]tered in

conSIStency Those calves show1ng hydranencepha]y 1nd1cated

'various degrees of brain abnorma11ty and in some 1nstances

.& .

the cerebra] hem1spheres were reduted to fluid fﬁ]]ed sacs.
The author pu. .own these h1sto]og1ca] f1nd1ngs ‘as a'state of

neurogen1c muscular atrophy in the affected calves.

. (]956) attr1buted the cause td be env1ronment%§ aigjadgenetgc i

bﬁ‘ﬁﬁ 1sé§u]ed out'd S R S _ : |
Whittem (1957) dﬁgcr1bed 29 cases of arthrogrypos1s'1n
l'the county of Cumberland N.S.W., Australia. Of the 29 cases :
123 showed arthrogrypos1s and 15 calves showed b11ndness No'
attempt was made in th1s study to ascerta1n breed differences
land the 29 cases reported cons1sted of I]]awara Shorthorns

-

'fAyrshires, Friesians and Fr1es1an crosses The c]1n1caT f1nd—

ings were simi]ar to those reported by Blood (1956) Nh1ttem '

(1957) 1nd1cated an env1ronmenta1 basis. for th1s group of
abnorma]ities and attr1buted it to causal agents such as infec-
tions toxins and nutrit1ona1 factors. ' - | .
Shupe, James, Balls, Binns and Kee]er~ (1967) reported
"investigations -0f ‘a skeletal congenital ma]format1on, believed

. to be: hereditary ig origih in Hereford catt]e ’ Thé{abnormal

|

.

|



‘calves showed var1ous degrees of arthrogrypos1s, kyphos1s3
tort1co]l1s s sco11os1° vand a. c]eft palate. ‘The incidence of
the defect was on: t ‘our 1n certa1n mating combinations

Shupe, et al. “(IOF‘; sucgest that the deform1ty was due to

a simple autosoma] recessive gene .
Freeman (1958) reported a case of curved ]1mbs in Guern-

'sey cattle from the Iowa state co]]ege herds. The dEfbrm1ty ? B

1nvo1ved both muscle\and ske]eta] growth and the rear limbs

A
showed gross deform1ty Freeman (1958) suggests ‘the defect

to be 1nher1ted as a s1mp]e ahtosoma] recess1ve but that the '
‘fgata were 1nadequate to exclude a more comp]1cated hypothe51s
Longer gestation per1od§ are repbrted in the carrier dams.

A type of heredltary congen1ta1 f]exed pasterns was report-
ed in an inbred herd of Jersey’ cattle Mead Gregory and Regan
(\943). The defect is characterized by deformtties in the fore:
and somet1mes in the h1nd 11mbs, but never in the h1nd 11mbs
.a]one The abnorma11ty is expressed 1n var1ous degrees and in
some 1nstances as the calf gets older the f]ex1on becomes 1ess
‘and Tess until the “1imhs become normal. Mead, et al. (1943),
suggest a,genet1c and a non genet1c méde of inheritance for the
same defect both types hav1ng similar phenotyp1c man1festat1ons;
The genetlc form is 1nferred to be due to an autosoma] recess1ve
gene by the same authors B L S ¥ v -
Spie]man,-H11] and»McGullock (1944) report on - 69 cases

' of muscu]ar contracture among Jersey herds 1n Ca]iforn1a. They A

A3-'Abnorma]1y 1ncreased convex1ty 1n the curvature of .the thoracic
~spine - "hunchback" ' a

4. A contracted state of the . cerv1ca1 musc]es producﬁng tortion ;"
S of the'neck - "wryneck" . i . '

;35.'Lateral curvature of the vertebra] co]umn



'stated that althdugh considerab]e variation occu?i in the'
appearance of these abnorma]I\Wes both 1etha1 and sub lethal,
the gross. mag1festabions seem to be various d;greesvof mu5cu1ar
contracture_and anky]osis, and in most cases the fore limbs T
seemed‘to‘befthe first to be affected Fairly c]ose 1nbreed1§g
_.also brought out the defect more frequent]y Sp1e1man and Hill
and McGu]]ock (1944) withho]d their f1na1 Judgement on the
modehof 1nher1tance as some of the dams had an unfavourable
pre-natal environment ” |

A deficiency of manganese was reported to have caused an

' arthrogrypotlc condition and a bent Spine 'tort1co]11s among
ca]ves 1n the United States, Dyer and Rogas (1965). Manganese

1s kriown to be 1nvo]ved 1n cartilage and bone format1on, growth
fand ﬁunction of'the nervous t1ssue, Dyer and Rogas (1965) Ad‘
re]ationsh1p between lTow levels of . manganese and the incidence

of the d1sease in gestatlng'cows is also reported by the same
authors suggesting the defect to be due to an env1ronmenta1 ' s
cause. A form of arthrogrypos1s with histo]og1c changes invol-
ving the nervous and muscu]ar t1ssue have been reported in many

‘ breeds of catt]e, by many workers (B]ood, 1956 Nh1ttem, 1957 |
_Herzog and Adam, 1968 Nes, 1953). However, a similar conditjon.

,gryposis assoc1ated w1th torticol

_without these associated defects -has a]So been reported/' Arthro- -
Pis, SCO]iOSIS and- kyphos1s was

.

reported in Hereford catt]e by Shupe, et al (1967), and in other
&
breeds by Dyer and Rogas (1965), King (1965) and Mead, et a]

(]943) : Arthrogryposis and 1ts associatlon w1th other cond1tions §

.- . . }
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has a]so.been reported: ankydosis and.hydropic amniOnz%Murray,
1959); hydranencepha]y among Ayrshires, Shorthorns, Friesians
anddFriesian crosses (Hhittem, 1957). The general defect occurs
_15 associatfon with spina] bifida6 and segmenta]ﬁaplasia”as
reported bj'Nes (1953), Nh1ttem (1957), and B]ood '(1956)
‘The absence of the ventra] horn cells of the spinal cord on
hlsto]og1c examinat1on was also shown by both Blood (1956),
.and Nh1ttem (1957) Furthermore, cr1pp11ng of the limbs assoc—
1ated w1th a cleft palate is reported in Jersey cattle (Sp1e1-
.b‘ man and Hill, 1944), in Herefords (Shupe; et al., 1967),.and
among Charo]a1s catt]e (Lauvergne and Blin, 1967 Liepo1d, et
» 1969). | S
In scientific 11terature arthrogrypos1s and sim11ar condi-

t1ons have been referred to by many names such as neuromyody-
'; sp]as1a congen1ta (Herzog and Adam, ]968), amyop]as1a myody- |
. stropia foeta]1s, and the common name 'the crooked ca]f disease
(Blood, 1956). | | |

| In genera] therefore, arthrogryposis occurs in many breeds
of catt]e the cause in some 1nstances being genet1c,_wh1]e at

other t1mes it is env1ronmenta1 The defect occurs assoc1ated
‘}w1th other cond1tions which cou]d be detected as. gross abnor-
t mallties such as a cleft pa]ate, or others which ‘involve changes
in skeleta], muscu]ar and ‘nervous tissue which can be detected

by a h1sto]ogica1 examinati n. The\externa] manifestat1ons of

the defect however seem to-va from.breed to breed.

6. A defect of the vertebral dolumn due vo the 1mperfect union '
. 3; the paired vertebral arches at the mid line.
70

nion affgcted w1th dropsy

»



N
v

2.2 Anthrogn}pOsfs in Charo]ais‘cattlev

2.2.1 Descript1on of the: abnorma11ty ‘: ?

A form of arthrogrypos1s affectlng the Timbs of Charolais
'calves has been reported (Lauvergne and Blin, 1967 L1epo]d
‘et al. T 1969, S1ngh and L1tt1e, 1971). The defect is often
assoc1ated w1th a cleft palate which is prominently large.
(Lauvergne and Blin, 1967 L1epo1d, et a}., ]969) | The affect-
"ed calves are born dead or a]1ve and there is no apparent rela-
tionsh1p between the sever1ty of the defect and whether or not
the ca]ves are born dead or af;ve (L1epo]d, et al., 1969). |
Liepo]d, et al. (1969 1970) subJected affected ca]ves
to c]inical as we]] as a necroscop1c exam1nat1on}to observe and
report on the gross abnorma]1t1es as well as the h1St01091C
_ changes that could be detected m1croscop1ca11y, the latter exam-
finat1on being done on the musc]es, nervous system 1nc]ud1ng the
brain and sp1na1 cord the bones and Jo1nts, endocr1ne g]ands
and the-myocard&Um’ Twe]ve;cripp]ed caTVes were stpdied of
which ten were females and two were males. The authors report-
ed that the pedigrees of the twe]ve ca]ves 1nd1cated 50%
'more Charo]ais breed1ng The gross abnorma11ties included vari-
" ous degrees of the defect, e1ght out of the twe]ve show1ng the
'1nvolvement of .all four 1imbs together w1th a c]eft pa]ate »0f

s&
the animals exam1ned one ca]fih/d/all four 11mbs affected with-

out a c]eft palate while three showed 1nvo]vement of" the fgf“
‘11mbs on]y, without a cleft palate (L1epold, et al. s 1969) In
.the calves affected, the fore 11mbs showed f]ex1on at tﬁ}/carpe]

3
e
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»and fet]ock joints wh11e the h1nd ]1mbs showed ejther flex1on

or-over-extension at the hock and fetlock Jo1nts The degree

'of\flex1on and/or over extens1on of* the Timbs varwed between

uthe ca]ves examined and some ca]ves showed normal h1nd 11mbs

void of abnorma]1t1es but pass1ve extens1on of the hock Jo1nt

was not p0551b1e The fet]ock Jo1nts of the ‘hind Yimb showed

~ more mob1]1ty than the other Jo1nts 1n the fore and h1nd'11mbs

and 1n a]most every case where the hind 1imbs were affected

they could be f]exed\jnd extended W1thout too much d1ff1cu1ty

The same authors reported that some arthrogrypotic calves show-

ed a cons1derab1y sma]]er knee cap and an abnorma]]y shaped

‘_cannon bone. A1l in all, the affepted calves showed more prom-

‘inent limb jointscdue to'the'marked reduction in theimusc]es.

- The deformed ca]ves,'especfa11y thdse'with a cleft palate'if

2

'vunass1sted do ‘not survnie for more than a few days and a maJor-

ity of them die due to secondary respiratory cond1t1ons such as

Pneumonia. The defect1ve calves show a normal eye and with-‘f

,{drawa] reflex while the pate]]ar ref]ex, extensor thrust and

cutaneous trunci reflexes were usual]y absent However, sensory
perceptlon was reported as being present in a maJOr1ty of defec-',

tive calves.

Abnormalities in muscles

Liepoid;’et al. (1969 ]9%0) reported that musc1e masses

in the affected areas were reduced 1n s1ze and lacking in tone

~In the fore limb the supraspinatus, 1nfrasp1natus, and the biceps

vbrachii were reduced and pa]er in co]our whi1e in the hind Iimb

..
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thevgaStrognemius was often affected. The authors state that
the~degree o“ ever1ty varied between muscles some bo1ng more

affected than oﬂhers , Gross 1es1ons showed haemorrag1c spots

throughout the affected musc]es, a paler co?our and such musc]es

f]oated in water f

" On microscoplc exam1nat10n the same authors report that

the musc]e f1bres in each bundTe were reduced in d1ameter

'throughout the sarco]emma while the- nuc1e1 and cross str1at1ons

were norma] L1epo]d, et al. (1970) a]so report that the

I~

spaces in the musc]e bundles were rep]aced by adipose t1ssuet

and that muscle regenerat1on was absent in the ‘areas examined.

3

Furthermore, when the defective muscle masses were severed Timb -

movement was poss1b1e

Lesions in the nervous tissue . e

P ———

Liepold et al. (1969, 1970) report that t1ssues Qf

r

vthe nervous system showed abnorma] 1es1ons along w1th those

of the musc]es and the ]ungs The autEBrs reported that

" the most striking defect occurred in the cerv1ca1 region of

the spina1‘cord . The central cana] was dilated to severa]“

-times its norma1 diameter and poster1or to the d11ated seg-

ments the centra1 cana] showed extreme nﬂgrowness. A second

form-of abnorma]ity referred to as syr1ngomyelia was found, in

- the region of the cord, where cav1tat1ons occurred 1n the grey

»matter adJacent to the central canal. Blunt short ventra]

P

grey horns were observed dur1ng the exam1nat1on 1n the affected

'cervical segments and- the grey matter extended in the segments_
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*ﬁhhereifhe centraltcanaT was d1]ated, wh11e the grey matter \35‘\

reduced and extreme]y th1n, around the segments where the cen-
tral canal ‘was reduced. In general, lesions in the spinal cord, Y
degenerative changes in the nervous tissue, gT1os158and neuron-

al atrophy was observed in the deformed: ca]ves

Inheritance of arthrogryposis o L 5

The probab]e mode of 1nher1tance of arthrogrypos1§ in
Char01a1s catt]e has been 1nvest1gated by Lauvergne and BTln
(1967), (1968), and by L1epo]d, et al. (1969) (1970).

Lauvergne and Blin. (1967)' attributed the defect to the

“-action of a dom1nant gene show1ng 1ncomp1ete penetrance Lau-

.vergne and B]1n (1968) attr1bute the cause of arthrogrypos1s

: assoc1ated with a c]eft pa]ate to an autosoma] recess1ve gene

show1ng 1ncomp1ete penetrance They said the gene was common
1n Charo]a1s populations and abnorma] subJects may be. born even_

when Ccross breed1ng “is practlced Another reason to favour a

.recess1ve mode of 1nher1tance was that two recogn1zed carrier

”buTTs at the Art1f1c1a1 Inseminat1on Centre, ATTier, France

did not produce a 31ngTe defect1ve calf when bred to 23,000

"non Charolais females, [auvergne'and Blin (1968).

Liepold,‘et al. (1970)' attr1buted the defect to a reces-

sive gene hav1ng evoTved due to a mutation in. CharoTa1s cattle.

: They report ‘the arthrogrypos1s gene to be fairly stationary at

=]
a Tow frequency in Cha lais cattle. in Canada Lauvergneh (]972-

73)» estimates a gene frequency of 0. 2 to be fairly stationary

- in French Charo]a1s herds He estimated the penetrance of the

8. IncreaSe.in the number of g]falfceTTS.
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gene 1n homozygotes to range from 0.14 among males to 0 1 among?

fema]es He reported that the transm1tters of the defect can--

not be dist1nguished_from the exterior and that these\;arr1ers

pear io show some form of.hybridfvigour

in characters assod ated with'reproduct1on Eradication'of the

~ gene from Charo]a1s herds was not recpmmended, Lauvefgne (1972-

73) but With an adequate fema]e population having a}h1gh enough

g‘genetlc frequencyf1t was/tons1dered possible to d1sco?ér c]ean h

5

bu]]s which did not\Earry the defect1ve gene.

-Conc]usion

In conclusion the 11terature on arthrogrypos1s 1n Charo]a1s

cattle 1nd1cate ‘the defect to be caused by the act1on of an auto—‘

soma] recessive gene showing 1ncomp1ete penetrance, which appears

to be at a high and stat\onary frequency in Charo]a1s popu]at1ons,

The defect s expressed in various degrees of sever1ty with one

or both pa1rs of 11mbs be1ng affected and sometimes assoc1ated

with an incomp]ete]y developed palate. The cond1t1on is also

. characterized by lesions of the muscu]ar and nervous tissue. | The

.defec? appears to be 2 nerve induced form of muscu]ar atrophy.
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 §B. EXPERIMENTAL STUDY OF ARTH GRYPOSIS

"IN CHAROLAIS CATTLE

q ’

49‘ - .

The data used in th1s thes1s come from the Beef Catt]e
[

Research Ranch at K1nse11a, A]berta ma1nta1ned by the Un\vers1ty
of A]berta To date,‘1n this herd, 26 calves showing arthro-

gryposis havevbeen born to 20 dams, between 1966 and 1973. E

)

:Experimenta1 herd history

'hA popu]ation‘re%erred to aS'the 'cripp]e herd' cons1st1ng
of both proven and- suspected carr1ers 15 be1ng ma1nta1ned on the
Research Ranch. The cripple popu]at1on or1g1nated from a hybr1d
]1ne wh1ch was estab]1shed’1n 1961, by comb1n1ng three ma1n

breeds namely, Angus Charolais and Ga]]oway, (Berg, 1973).

.'After 1n1t1a] mixing of the three foundat1on breeds and by A.I.

samp]1ng with Charo]a1s bu]]s, the popu]at10n has evo]ved to -

contain a proportion of 33% Angus, 36%‘Charo]a1s and 23% Galloway

in 1972, - Tab]e 1 g1ves the breed perﬁentages 1n the hybr1d 11ne

from 1962 “to 1972 at four year anterva]s The breed1ng practlce
in the hybr1d Tine has been to ma1nta1n it as a c1osed herd
during the last number oﬁ/years ‘

The- cr1pp]e popu]at1on was der1ved from the hybr1d 11ne,
as soon as a dam gave birth to a cr1pp]ed calf she wgs removed
from the hybrid 11ne and ma1nta1ned in the cr1pp1e popu]at1on
Dur1ng the latter years a number of suspects. usua]ly sons and
daughters of carrier sires or dams were added’ to the cripp]e

herd The cripple herd is ma1nta1ned as a separate ]ine and the

!
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; o . . ll ??J“' .,. .
{ Table 1: - Average breed percentages ‘'of hybrid ca]ves <
: . born at -Kinsella from 1962-1972 ¥
" Source (Berg, 1973)

Breed 1962 1966 1970 1972
Angus. 81.4 a1 37.6 33.0
Charolais 16.8 29.8 351 36.3
Galloway 4.3 26.47 2003 23.2 .
Brown‘Sw{ss:.; /' - ' 0 & - 457- 3 3 -
Others v e 23 a4 o
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breed1ng pract1ce iz to mate suspected and known carriers in

‘a series of p]anned mat]ngs in order to estab]1sh@¢he mode of
; &

"~ inheritance of arthrogrypos1s Thus the 1nd1v1duals in the

“cripple herd that were derived from the hybr1d Tine would be

different in that they e1the§)have g1ven birthito a defect1ve

. calf or are strong suspects of being carr1ers of arthrogrypos1s

but the two lines the cr1pp1e and the hybrid have the same

or1g1n and genet?c background

General management

On the -ranch all’ dams are usua]]y exposed to breed1ng on.
pasture durlng the summer (July and August) so that they‘ca]ve \
"during spr1ng (Apr1] and May) the’ foijow1ng year. The. dams are
w1ntered in groups, the mature cows separate from the one and
two year olds. Dur1ng w1nter heifers and cows are fed a m1n1mum .
ma1nta1nance ratlon of grain. straw and hay- Cows norma]Ty ]ose
20 to 60 1bs. on an average from December to March, wh11e he1fers
are w1ntered to ga1n 20 to 40 puunds w1nter feeding begins in -
:December and goes through to March. | Ca]v1ng begins in Apr11 and
'supp]ementary feed1ng is done dur-ng ca]v1ng if and when necess-
ary. Two year old heifers are calved in a feed Tots to contro]
any ca1v1ng problems while the mature cows are calved in the
open range . After ca1v1ng the he1fe are put on pasture and
vgra1n supplementat1on continued at ti?l

winter rate for flushing

-gunt11 the next breed1ag season,'(Berg, 1973)

'
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3.4 Introduct1on of the defective gene 1mto the Klgse11a herds

By examin1ng the pedigrees of the cr1pp1e ’ca*ves and their
immediate ancestors, it became very evident that the gene was *
introduced by way of - pure Charo]als bulls that have been used
extens1ve1y in the hybrld ]1ne during Fhe ear]y years. ' Six
~Such bu]]s have been recogn1zed which have passed on the .defec- -
tive gene to the1r offspring resu1t1ng in cr1pp]ed calves, in. .
some instances after severa] generat1ons The bulls A, B and C

‘j are the o]der Charo]a1s bu]]s wh1ch have 1ntroduced the arthro— ‘
gryp051s gene while 67146, 67179 and 69115 are three recogn1zed

carriers 1dent1f1ed from w1th1n the herd. : o '%

ot q

Kéy to pedigreeS't

~/ 5

e The fo]10w1ng key shou]d be observed when look1ng at the

. ,/
pediorees o C , g S
R . : . o d
(1) The number or letter denot1ng the name of the - sire appears

L tg

first, at the top Ieft hand corner

lm,

(2) Al proven carr1er males and - strong suspects are underlined.

(3) A (*) 1nd1cates that this dam when mated to the ab05€/51re .

*=

gave birth to a cr1pp1ed ca]f h,. j f'- ' KJ
w-(4) -—4-—Q; 1nd1cates the probab]e carrwer s1re beqng far back
| 1n the pedigree ‘ ‘ v |
(5) Alphabet1c 1etters in ( ) denotes breed or approxlmate 'v .
breeding of s1re or dam, - ' o I <//

-GA---Gal]ongz

”fuﬁE;-4Here?ordv
"AN-<-Angus o (.t | A
© CH---Charolais

e
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In these breed1ng records an attempt is made to 1dent1fy the
way in wh1ch the defect1ve gene wag\Introduced into the herd

Hence, ped]grees may He incomplete and the pedIgrees of the -

e,

carrier sires themse1ves aré\?ot shown " The immed1ate ancest-

- ors of 21 crlpp]ed ca]ves are shown.

, v : : 4 / o
3;49] Sire.A'and'his crippled orOQeny ‘]> -

‘ ) Referring toiChart R, sire A has been respons1b]e for the
birth of four cr1pp1ed ca]ves’thPee of wh1ch were obta1ned when
it was bred to h1s own daughters Thus these three dams 66107

' 66]35 and 66224 in a11 probab111ty recelved the defect1ve gene _
-from sire A. If sire A was heterozygous there 1s on]y a 50%.

: chance of 1ts daughters be1ng carr1ers and 1f he was: homozygous
recess1ve all its. offspr1ng would be carr1ers Dam 6]907 1n al]

R probab111ty received the defectlve gene from s1re B wh1ch waS<

iher sire. This set of ped1grees indicate the defectlve gene to

~ .

_'be brought 1n through one purebred Charoiijr sire and thevotherj

oarry1ng187.5%‘Charo]a]s'breeding. ' ;5,
L | o -t
3.4.2 Sire 67146 and his crippled progeny

Sire 67146 has been respons1b1e for two cr1pp1ed b1rth€}%ndiv
the ped1grees (Chart 1nd1cate the 1ntroductlon of -he defect—d
.-1ve gene to be thro::i?l1re B and/or sire C wh1ch have been I the
dgrand sires: of dam 64122 and the - s1re of dam 619]2 Th1s pedi- -
_gree also 1nd1cates the probab]e introduct1on of the rece551ve |

gene - to be through sire B and SIre C. R - _/T-

- Sl . B : - . . \ .
N . T !



-18-

! p

Chart A

. B . - - ) . . ’ . o . .
Pegigrees of Sire.A and his crippled progeny

Sire A
CH
. Sire B
- *61907 o - ’
Y o, —— 52904
(SOZ“AN, 40% CH,,7M‘HE) AN ;
Y

[T Sire A

. <CH}

. y .
- *66107 - 58020
- (50% CH, 50% GA) ' (GA)

./’

) ///‘\* __Sire A
N : - {CHY"®
* . ’
o 66135 < 61081
» —{(50% €H, 50% GA) . (GA)

R . ___Sire A~ ’
* _ v s ‘
66224 . o0er
(502 CH, 50% HE) | (GA)

s
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g ' .. Chart B
0 , - 93

Pedigrees of Sire 67146.and:his'cnipp1ed'pr09ény

Y 60709+ -

M- (CH)/
64129 << - : '
59954

50% AN, 50% CH) (AN)

|

67146 v

o T : Sire B
~ . - o - NEDE

.-{50% AN, 45% CH, 43 HE) ‘51911<<:Z;::::::::-
R 50903

(50% AN, 41% CH, 8% HE)

" (AN)
. . . ) N ‘ .. N . ) Q\
| o | - Sire B o
_ S *519]2<::::::::::::: (CHY |
N T 54903 | N
(50% AN, 41% CH, 8% HE) (AN) g
Sire C
: N - C
L 62123<< o
e 59959
B (50% AN, 50% Cv) (AN)
*64122 - -
(50% AN, 452 CH, 4% HE ‘ lre B

{CH)

| 50901
R 7 1)
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3.4.3 Sire 67179 and his crippled progeny : )

Th1s sire has been used qu1tz extens1ve1y for breed1ng in
the cr1pp1e herd and has been respons1b1e for 7 cr1pp]ed calves!
Referr1ng to dams 61911 619]2 62101 and the sire h1mse1f the
recess1ve gene was most probab]y 1ntroduced through s1re B and/:
or sire C Wh]Ch appear in varwous pos1t1ons in the ped1grees
Dam 66135 would have 1n all probab111ty rece1ved ‘the gene from
Ssire. A who was her Sire and is a confirmed carr1er .of the re-.

‘ cess1ve gene However, w1th zhe otherﬂthipe dams the case does
‘not seem to be so clear as the sires that have d1rect]y been.
lnvolved in the 1ntroduct1on of the defect1ve gene have not §$ﬁf
‘been in the1r ped1grees It seems probab]e that the gene was
1ntroduced by s1re 64134 which 1s common to a]] three dams .
Slre 64134 had as one of its. ancestors s1re B wh1ch has been

recognlzed as a carrier of the recessive gene

- 3.4.4 S1re 69]]5 and h1s cr1pp1ed progeny
o This sire has been respons1b]e for 8 cr1pp1ed ca]ves and
'dhas been 1dent1f1ed as'a carrier. Look]ng at the ped1grees of
the.dams both sires B and C have been used for breeding in the
earlier generat1ons and the defect1ve gene may have been intro-
duced’ through these. two sires as we]] as another proven carr1er.
fsire 67146 which occurs in some of the ped]grees b
' 'Ifgthe mode of i ner1tance of arthrogryp051s is of an auto—
somal recessive type, if a cr1pp]ed ca]f is obtained both parents
.mustrbe’carriers | Hence,_the recess1ve gene wou]d be 1ntroduced
separate]y from)the sires s1de as wel] as. from the dams s1de -

-In other words, both parents would qgntr1bute equa]]y in order

\
7/
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Chart€ C

Pedigrees of Sire 67179 and his crippled progeny -

64170 -------=ooo--  Sire B/Sive C
AN, 45% CH, 4% HE) (CH)
| 67179 << - . ] o
(50% AN, 43% CH, 6% HE) 61906 ----------u-- .»5125 B
' N ; (50% AN, 41% CH, 8% HE) ‘
! Sire B
- (CHY
*61911<=:::::::::::::::‘ "
(5040 AN, 41% CH, 8% HE) 50,9;35)*;
R : Sire B
*51912-=:::::::::::::::: (cH) | . |
‘ H. ge 54903 ¥ s
(50% AN, 41% CH, 82 HE) San o o,
' €21 _ ﬁ%' Sire C-
(508 on, 507 oy ——___(CAT
(50% GA, 502 CH) 58025
- | L (GA)
Sire A
. *6;6]35 —_ — —(__)__CH | | | |
| 3 A - (6A) - IR
R 68138 —=----eoi_iis  Sire B
. %64145 (50% AN, 25% GA’ 20% CH,. 4% HE) (CH) .
(50% AN, 38% GA, 10% CH) —— 63151 o
= - (sox AN, 50% GA) ; v

(50% AN, 50% GA)

S ~64134 —=cooooooo Sire B
L ske1s0° (50% AR, 25% GA, 20% CH, 4% HE) (CH)
(50% AN, 35% GA, 101 CH) 63140 N S

, L 64134 ------------- Sire B
%66271= 50% AN, 25% ‘GA, 30% CH, 4 HE) (C";

(522 HE, 25% AN, 13164, 0% cu)
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v : " Chart D |

"Pedfgrees of Sire 69115 and his crippled progeny

67179 ' |
| ZAN,43%CH, 4%HE )
r‘"J‘ . ' .- . |
L 69115
(50%AN,37%CH
B LT 60709
| - . (CH)
64125 :
(50%AN,50%CH) o
| S 59962 .
(AN)
Sire C /:
‘ CH 5
kY L‘ . B . ‘ ’
~ *65101 . 2 ';
(75%CH,25%AN)
| 59032
- (50%AN,50%CH)
. 1» RSt
-1
64129 o
(50%AN,50%CH)
64116

(50%hq§§0%GA)
*68168<_ - : ~
(50%AN, ZCH, T2 s
e : ‘ —Sire B

(CHY

\ 61907 <<

/ | - "~ (50%AN,40%CH, 7TTHEY__ |

o I j e 52904
S A . : . Lo (AN)

~
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Chart D Cont'd.

« . __sire B/Sire C

N

67109<27 " |
8%AN;33%EET?3%GAJ\;\\\. .
- | ~~63159 |
7 (50%GA,25%AN,20%CH,
| 4ZHE]

*69705
(44%AN,37%CH,

(50%AN,41%CH.8

67146
%AN,45% 45WCH 4%HE)

t

1

*69108
(37%AN,33%CH,2

61009
(SO%AN 40%CH 8%HE)

(50%GA,25%AN, 203

58014
, (GA)
67179
L *70290 <
(50%AN, 27%CH,8
| | 64134 |
g .rfﬁi‘n 254GA, 20%CH,
66150 4zHE)»
(50%AN,38%GA, 10
o 63151

R ‘ I (SQ%AN 50%6A)
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Chart D Cont'd. ¥ ’ ‘ L

67146 EEE '
YAN,A57CH,azHE) . L

 *69120
(48%CH,25%AN,

» 2%HE)
~ Sire C

“TeHY

62101 << |
(50%GA,50%CH) ,
o ~58025

-~ (GA)

*71605+

(40%CH,38%AN, —_— 'y
. 64134

(§6¥"N 259 GA 20%CH,

4%HE)

63149
(50%CH,50%GA)

67146

~
~65138

| (50%6A,25%AN, 20%CH
*71614

(47%AN,34%CH, - o
= | 64134
. v ‘ 66145 .
% (SO%AN 38nGA i TEH . o
' . 6315]
' (SO%AN SO%GA)

- &

dl\"

All sires under11ned have been referred to 1n Charts A B&C,w'

4%HE) -
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to produce a crippPed calf and the gene must be independentiy'
“‘present in the parents These pedigrees demonstrate the intro-
duction of the defective gene. into the. popu]ation through cross-

breeding to Charolais, and are compatible with a theory of homo-u

‘'Zygous rece§51ve 1nher1tance

3.5 Differences between sexes -

4,

There appears to be no differences in the frequency of the
defect between sexes as both ma]es and femaies are affected
In this study, of the 26 crippied calves, 10 defective ma]es «
and 14 defective femaies were observed The sex of two crippieﬂfi{
ca]ves was not determined. No statisticai ana1y51s Was, carried”/ g

out.

: . . . -

3.6 Differences between. years - s ’w~f o w' | g;

The defective ca]ves 1n the herd started appear:ng 1n 1966

- and there seem to be no assoc1ation between the . inc1denoe of the

Py

_disease and a particuiar year. Hence an env1ronmenta1 basis due _ﬂ

5 g

to adverse conditions does’ not seem probab]e Furthermore, a]lsu
dams in the popu]ation were Charoiais crosses from the same 'stegf
origin Other breeding popu]ations in the same herd had no - ”f'ng

defective ca]ves

3.7 inbreeding'effects_»

_ One other factor which favours a genetic cause is when inw" h
‘breeding results in defective progeny Sire A was p]an mated;
'on three occaSIOns to his daughters in one breeding year and a]]

three times the cross resuited in a defective caif
’ . .
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3.8 Genetic analysis gf arthrogryposis

3.8.1 Materials and methods

Two approaches were made to study the genetics of arthro—
grypos1s,. In ‘the f1rst all ca]ves from the 20 proven carrier
dams born between 196] and ]973 were used. The'number of nor-

“mal and defective calves, the number of mat1ngs‘between proven
f%arr1er malés and females, and the total number of matings
.‘whiph included the proven carrier'matings, suspected carrier

' mat1ngs and others were recorded dur1ng the exper1menta1 per1od.

.:A proven carr1er mat1ng would be one. where both s1re and dam

<.have been 1dent1f1ed pos1t1ve1y as carr1ers of the deféct1ve

gene

The second approach was to assess the frequency of defect-
i 1ve calves born from a segregated herd of cr1pp1e carriers. and
Vsuspgcts for the four ca1v1ng seasons from 1970-1973 1nc1us1ve
éw, {g In 1969-70 .2 herd cons1st1ng of both proven and suspects
2:3 (usual]y sons and daughters of carr1ers) were drawn from the
: hybr1d line and p]an Mhted to carr1er -and suspected and carr1er_dﬂ
§§ires A Th1s procedure was fo]]owed dur1ng the subsequent cal-
years and the data accumu]ated over a four year per1od
L are presented ' ‘ | .
| Thefs1res and dams used in the study were we1ghted accord-_
ing toe;he probab1]1t @f\each 1nd1v1dua1 transm1tt1ng the de-

o

'-ffective gene to its of‘

‘ ring . Accord1ng1y, a homozygous car-
_rier waSwass1gned a probability rating of 1.0, a heterozygous
carrier 0 5, a- suspected carr1er (offspr1ng of a proven carr1er)i

'0.25, a suspected carrxer which had as 1ts grand sire or grand
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dam a proven carrier 0.125 and a suspected carrier having a
suspected carrier as its grand sire or grand dam was rated
0.0625. Dur1ng ‘the experwmenta] per1od of four ca]v1ng seasons

131 ca]v1ngs were recorded.

3.8.2 Results . | @

Table 2 shows the number of defect1ve and normal calves
born in the herd by year and by sex.

Tab]e 3. shows the k1nd or type of mat1ng that took place
dur1ng the exper1menta1 period in the first study A total of
104 successful matings (mat1ngs wh1ch resu]ted in .a calf be1ng
born) took p]ace of which 50 were by proven carrler by carr1er
mat1ngs and 54 were by suspected and other sires. ~ Of the 50
carrier by carr1er mat1ngs 26 crippi ed ca]ves were born These
results 1nd1cate that 52 of the known carr1er by carr1er mat-
1ngs produced defect1ves wh11e,25% of the total number of mat-

N

1ngs,resu]ted in defective offspr1ng
The }eta11s of calculation for the second study are shown
in. Append1x Tab]e 1 The probab111ty of each sire and dam
transm1tt1ng the defectlve gene to 1ts offspr1ng together w1th
the number 1dent1fy1ng each sire and dam is shown by year. »For
the ana]ys1s the probab1]1t1es of each mat1ng resultlng in a
defect1ve ca]f were summed by sex and the mean probab111ty cal-
I culated The expected percentage of defectives from a Ccross
o~ ‘ of this type, assuming a rece531ve type of 1nher1tance was then.

compared w1th the actua] number of defective ca]ves obta1ned in =

the popu]at1on throughout ‘the ex?er1menta] per1od by a Chi square
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TABLE 2. Numbers of normal and crippled calves by.sex'.f
T and by year -~om the crippled herd :

Normal 'Abnorma] Abnormalt ;Abﬁbrma]- Undeter-.

Year - calves - calves . males females mined -
1963 3 ; - _ _
1964 4 - - - -
1965 3 - - - -
1966 ‘3iw 1 1 -
1967 . 5 - - - < -
1968 gy - - - - ]
1969 7 6 3 3 -
| 1970 - 7713 4 1 | .2-  1
1971 9 7 3 e -
1972 12 2 ] 1 -
1973 10es 6 2  3 1
Totals 78 26 -t e L,\g( |
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TABLE 3. Percent éripﬁf.GQEiVes born by two*types'of mating ‘
- combinations fro# proven carrier dams’ .

No. of : - No. of % Cripples % Cripples
proven car- Total No. crippled = on proven on all
rier matings matings . - calves - carriers matings

R X \ ‘ //'/ . ‘ . vn .
- 50 | 104 26 -~ J . 52.0 7 25.0
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analysis using Fisher's exact method for 2 x 2 tables.

5 . . ~ i ol .
= ?
o . . .

.8.3 Discussion

A

As indicated in Table 3, the dev1at1on of the observed

from the: expected 1n proven carrier mat1ngs is h1gh A 52% o

va]ue for defect1ves is: observed wh11e the expected value would -

- be 25%, w1th comp]ete penetrance of the gene 1n.the receSS1ves
Lauvergne (1972- 73) 1nd1cated the penetrance of the defect—-
ive. gene 1n Charo}a1s popu]at1ons to be 0 ]4 among ma]es and ﬂ;g;av

0. ] among fema]es

T .

There are some poss1b]e reasons why. such a- dev1dt1on may‘

eoccur ‘ F1rst1y, the sample s1ze may be,1nadequate as on an -
‘averaQe on]y two mat1ngs w1th proven carr1er s1res per proven_y
,carrfer dam have been recorded Thus thg est1mate of '52% de-
fective may be b1assed as the ca0r1er dams have not been g1ven
~enough opportun1t1es to p\pduce norma] offspr1ng as we]] Las-‘;
1ey (1965) reported that assum1ng comp]ete penetrance of a.

t_recess;ve gene, to test a male for heterozygoslty on ‘carrier’
,dams at least 11 mat1ngs are requ1red at P <0 05 and 16 matings'i
per sire at P <0 01 ; Second]y there is a poss1b1]1ty that some
o? the carr1ers espec1a11y the s1res are homozygous recess1ve»
for the character in question a]though they do not man1fest

: the symptoms of arthrogfyposis ; | | |

Since the estimate of 52% detectives is biassed it wouidh

‘be more accurate to take 1nto account a]] mat1ng combinations
and see what proport1on of these resu]ted in defect1ve ca]ves

'On a tota1 of 104 matings 26 cripp]ed ca]ves ‘were born 1nd1cat-~



ﬁihg:thatVZS} of*the offspring were‘defective.. This‘figure is
stin prohably biassed upward because of using‘only proven
carrier dams in the'study. - L (

As most of the -dams in wh1ch the defective gene has not
been detected are either daughters of carr1ers or dams selected
accord1ng to ped1gree and are suspected of carrying the reces—
sive gene, 1nc]ud1ng them in an over a]] study wou]d be more
{mean1ngfu] and hence the second study was des1gned and under- :
taken As this ana]ys1s took 1nto account a larger popu]at1on
of both suspected and pgoven ma]es and fema]es it should. provide:
more 1nformat1on of the method of gene inheritance and the pene-
trance of the arthrogrypos1s gene in the popu]at10n

The resu]ts indicate the mear robab111ty for sires in the'
‘populat1on over 131 successfu] ~metings to be 0.3807 ref]ect1ng |
that the popu]at1on cons1sted of sires chat were proven ‘as we]]
'as suspects in a]most equa] proport1ons. The mean probab1]1ty

for dams was 0. 3115 ref]ect1ng a h1gher proport#on of suspect
adams than proven carr1ers in the populat1on |

In ‘a trait that 1s 1nher1ted as: an autosomal recess1ve,
,_assum1ng comp]ete penetrance of the gene in the homozygote, a A
carrier by carr1er mat1ng would- result in 25% of the 1nd1v1duals-
‘being born defect1ve : S1m11ar1y, 1n the experlmenta] s1tuat10n,
assumlng a recess1ve form of 1nher1tance ]1 85% defect1ves .f
could be expected 1f the males and fema]es had probab111t1es of
0. 3807 and 0 3115 respect1ve]y ' However durwng the exper1mental

. period of four years 19 defect1ve ca]ves were obtained from 13]
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\"4

‘_successful mat1ngs (Tab]e 2) or 14.5% were defect1ve On a

8.4

Ch1-square analysis us1ng the observed and expected va]ues no

‘s1gn1f1cance was. found suggest1ng that the observed f1ts the

expegtéd or that the two samples were drawn from the same pbop-

u]at10n e

The\\tudy suggests that arthrogrypos1s conforms to-a re-

ces ively ;nher1ted type of abnorma11ty.and that the penetrance

of bhe geﬁ//1s higt and near comp]ete in ‘the exper1menta1 pop- v
ulatlon.v It also conf1rms that the frequency of carriers is

h1gh in this herd

Conc]usion

Evidence from these analyses tend to agree with the work

done by . LaUvergne, (]969) 1nd1cat1ng that arthrogrypos1s is’ gen-

etlc and caused by the act1on of an autosomal recess1ve gene.

»However the gene seems  to show a h1gh degree of ,qmetrance N

the present data un]1ke the s1tuat1on reported-by- Lauvergne

'hwhere penetrance was very low
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4. AN EVOLUTIONARY HYPOTHESIS FOR THE PERSISTENCE
“ OF ARTHROGRYPOSIS IN CHAROLAIS CATTtE

4, 1 Reasons why deTeter1ous genes pers1st in popu]at1ons

The recess1ve gene respons1b1e for arthrogrypos1s seems .
to pers1st in Charo]a1s popu]at1ons at a hlgh frequency in
spite of its adverse effects. The dlsease has been recognized
as be1ng stat1onary and ‘common 1n Charo]ais popu]at1ons (Lauv-
ergne, ]972—73) : There are several reasons why a de]eter1ous
gene.might pers1st in a popu]at1on, especially at an above
norma] frequency. Recurrent mutat1on would tend to keep the
gene present at a 1ow equ111br1um frequency through success1ve

| generatlons | Secondly, some form of assortat1ve mat1ng or
.frequency dependent se]ect1on cou]d a]low the arthrogrypos1s
gene ‘to persist in popu]at1ons - Th1rd]y, it may per<1st due
'to a se]ect1ve advantage that the heterozygotes posses with
-respect to some 1mportant f1tness character Lauvergne (1972-
73) 1nd1cated that the arthrogrypos1s gene may have a se]ectlve
advantage 1f hybr1d vigour re]ated to reproduction is involved.

. The obJect of th1s 1nvestigat10n was to examine whether» :
heterozygous dams do have a select1ve advantage w1th respect :
to characters assoc1ated w1th reproductive. performance over a

;contro1 stock of the same . genet1c background. If this be the
case it would explain why an abnormal ,ecessive gene persists_

~ in a population in spite of its adverse effects.

S
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4.2 Experimenta]kevidencebx I o

P

v4t2.T:MateriaTs and methods‘_ . | o
FertiTity and longevity wéreﬂyompared in the population:
‘of conf1rmed arthrogrypOSIS carr1er dams and a contro] stock
of hybrid dams of a s1m1Tar genetic Jckground " The arthro-
grypos1s carr1er or cr1ppTe herd was. der1ve' from this hybrid

herd used as the contro] - " { e
As meéntioned prev1ous]&jﬂ20 confarmed carr1er dams- have e
r‘been 1dent1fred wh1chfrange n CharoTa1s breed1ng from 10 t0'
,75% The dat& were coTTected from 1.1 te 197° on these 20
.dams as weTT as the. contro] popu]at1on - Al mancgement prac—ﬁ
tices 1in the two popuTat1ons were =1m.1ar, (Bera. 1973) R
| The control herd conSISted of 40 dzme w71th were in the-v“
~same age groups as the dams 1n-theucr1pp]eVpopu1ation; ATl
b'dams ‘that were ln the herd during the,whoTe'or part oﬁvthe
Aexper1mentaT per1od werg 1nc1uded Hence, the dams that were
~ cuTTed for varwous‘reasons dur1ng the early, m1dd1e or late"
_years as weT] as those st1]] existing in the two popu]at1ons
E were evaTuated . The reason for 1nclud1ng the cuTTs and the dams
‘fstill product1ve 1n the herd was to- get an unb1assed est1mate
~of the two characters under study If onTy those dams that

were product1ve up to 1971 were. eva]uated and the cuTTs Teft

out, this woqu have to be considered a sampTe 1n wh1ch selec-

‘tion had been practlced and true values.of fert1]1ty and Tong-v_,}"

evity wou]d noﬁlhave been ref]ected There was however a cert-’
)
a1n amount of seTect1on practiced in the hybrld herd dur1ng the
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latter years in that a dam was allowed oniy two missed ca1v1ng
| opportunities throughout its breeding life. USing this basis
\\\the dams were cu]]ed unless there was a valid reagon for keep-
ing a dam that missed two ca]v1ng opportunities “In other words
there ‘was se]ection for better reproductive performance being'
practiced within the herd during the latter years,
_ For comparing ]ongev1ty in the two popuiations, it was A
ydefined as the number of years a dam had successfu]]y produced
acaf a]]owing a maxwmum of one missed opportunity, and up to
the time it missed its second calf. For examp]e, if a dam miss-
ed its first and sixth calf its breeding 1ife wou]d be five years,
.up to. the time 1t missed its second calf. The reason for follow-
ing this procedure was to make a comparab]e assessment of 1ong-
‘ev1ty as the cripp]e herd had never more than one missed calving
opportunity, while some cows in the control ‘herd had up to three
<missed caIVes ~In ‘the estimatibn of fertiiity however, each
:,”dam% entire life history was co:sidered irrespective of how. many
| missed opportunities she had. ~The dams were bred as year]ings
in the summer so that they ca]ved during spring the follow1ng
vyear One breeding year was, taken to be from Ju]y - August of
one year to Ju]y - August of the fo]low1ng year. Records were

kept on animals from: ‘the. time they were past one year of age

which corresponded to their first breeding exposure L

3

4. 2 2 Measure of fertility o Lo o (. ,ha"

Ferti]ity was estimated in the - two populations by measuring

the number of missed opportunities of each dam over the 11 breed-_

.-

f
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ing years, orer the numberuof dams eligible to be bred durfng‘
each breed1ng year, The number e]1g1b1e dur1ng ‘each breedlng
 year cons1sted of those ‘dams that were on enough to be bred
For. exampTe, 401 dams in the control popuTat1on were eT1g1bTe
to be bred or to produce their f1rst ca]f, wh11e onTy 334 dams
were e]1g1b1e‘to produce their second can or bred for the
‘seCOnd time. 'This means that 67 Gam@?were too young to pro-
duce a second calf or to be bred a second t1me, as they would
_ be the dams'bornvin 1971. Hence each year one group of dams

. born in the -latter years would be e]1m1nated as the two heyds

consisted of dams born from 196] to 1971. - : .‘Qﬁﬁv‘ e

A successfu] mat1ng was a un1on where a can was born 1rr-
espect1ve of the cond1t1on of the calf and whether or not it
survived. - ‘o B | i'<ﬂ,

4.2.3 Measures of Tongevity e | ' ' "/f,,_

]

Longevity was evaTuated in the two popu]at1ons by compar1ng
, the dams culled’ for all reasons (aTT cuTTs), and the dams cu]]-
ed due to reproductive reasons,‘over ‘the totaT number of dams.
1n the two herds during th&wexper1menta1 period.. . The dams
culled due to reproduct1ve reasons 1ncTuded those that m1ssed
lcaTving on two separate occasmons while dams cu]]ed for all

reasons included in addition those cuTTed for age and d1 ease

Those dams Tost or unaccounted for were not cons1dered 1n the S

‘ eva]uat1on of either ferti]1ty or ]ongev1ty A h1gher propor-;fv\'

tion culled would mean that there were less dams ava1f‘"1etforé 

‘breeding, a'shortvbreeding 1ife per‘dam and ]oﬁer’TOnbe ’ty," .
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4. 2 4 Method of ana]ys1s

4.

2.

5

Probab111t1es were ca]cu]ated using a Chf square ana1y51s
app1y1ng F1sher S exact method for 2 X 2. tables. For fert111ty,

a poo]ed est1mate of the number of missed opportun1t1es on the

‘tota] number of e11g1b]e mat1ngs dur1ng the entire per1od was

compared,1n the two popu]at1ons, For longevity, a pooled esti-
mate of the dams culled due to all causes and ‘the dams'cul]ed

due to reproductive causes on the number of dams in the two -

popu1ations,during the entire peribd was compared to establish

R
significance. ‘ ‘ R

Results

Tab]e 4, shows the total number of dams e11g1b1e to be bred‘

' _durlng the 17T breed1ng years, the number of missed opportunltIes

‘band the percent m1sses in the control and cripple popu]at1ons.'

In the contro] herd, a tota] of 261 opportun1t1es were miss-

B3

ed over 1] breed1ng years on 2,013 possible mat1ngs, while 5

'0pportun1t1es were m1ssed on 116 poss1b1e matings in the cr1pp]e’

,'herd

Table 5a, shows the number and percent dams culled within»

each breed1ng year on the tota] eligible durlng each breeding

:pyear Tables 5b and 5c show a break down of the number of dams -

cu]]ed by each breed1ng year and by each dam year in the contro]
and cr1pp]e herds respect1ve]y | -
Tables 6a and 6b, show the number of dams within each dam

year, the number and percent culled dUe to al] causes. and the

: number.and percent cu]]ed due to reproduct1ve causes), 1n the
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e 4 misses on the tota]:

eligible by each breeding year in the control and .
cripple populations

Confro] Cripple
vBreedinQ ~Total" : Tdtq]- :
~ year _eligib]é .Misses eligible Misses %
1 401 58 14.46 20 - -
2 334 82 24.56 18 2 1.1
3 ;5280 37 .21 o7 ' 5.89
4 236 21 8.90 ,‘14: 2 14:29
5 211 20 9.48 a3 - -
6 164, 1 6.71 2 ..
7 130 14 10.77 6 - -
8 104 7 6.73 5 - -
K 75 7 9.33 4 - -
10 54 3 5.56 4 - -
o 2 1 e 3 - -
Total 2013 2617 12.97 -115_  5 .31
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TABLE 5a: The number and percentage of dams culled on the
total eligible by breeding year in the 2 herds »

Control ' o ‘Cripp1e
vBreeding ' Total 3 | Total B
year eligible # Culls y4 eligible- #‘Cu]]s 2
o — —
1 401 a5 1.22 20 -
2 3% 55 1644 18 - -
3 280 44 15.71. 17 o \l 5.89
4 236 g 3.39 .14 o Fe
5 211 Y 8.06 13 - -
6 | 164 13 7.3 12 -
7 130 13 1000 6 -2
8 108 9 865 5 . . _
9 755 667 4 - -
10 T R Y 2. 50.0
1 24 g 4 3 - .

71
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~ TABLE 5b: The number of dams culled by breed1ng year and dam
year in the contro] herd -

Dams cu]]ed/Breéding'year

Dam Year ] 2 3 4 .5 6 7 8 9 10 11 Total

1961 - 1

2 4 1 0 6 3 2 0 4 1 24
192 0 4 4 0 & 1 4 o 3 - 22
1963 172 1 0 0.4 2. 5 2 14
1964 2 1 4 1 4 o .3 2 \ 17
965 4 8 1 1 2 4 1
1966 8 3 2 3 4 |
1967 4 613 2
19%68 5 3 9 g 17
1969 5 11 6 22
1970 12 715 27
1971 3 3
45 55 44 8 17 13 13 9 5 4 1 214

~Total
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- TABLE 5¢: The number.of the dams cu]]ed by breed1ng year and
- dam yeir in ‘the cr1pp]e herd

9

Dams culled/Breeding year:

Dam Year- 1 2 3 4 5 § 7 g 9 10 11 Total

g
- -1 - o 1
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TABLE 6a: The ndmbér of dams in the contro].herd'by each dam
year, number and percent culled dye to all reasons and the
number and percent culled due ‘to reproductive reasons on

all culls
Dam" No. in Culled - Al11 Causes Culled - Reprdductive;
~ Year Herd No. % : No. % o
1961-\ 24 24 - 100.00 S [ | . 66.67
1962 30 25 73.33 17 7727
1963: 21}%%#&3“]4. o667 8 57
1964 29 7 17 s8.62 16 94.12
1965 26 21 g0.77 17 80.95
1966 21 6176 17 80.95
1967 a7 . 26 55.32 22 84.62
1968 25 _ ‘ BTN ~ 68.00 10 58.82
1969 a4 . 22 50.00 17 77.27
1970 . 54 27 50.00 - - 21 o 77;78,‘
1971 67 3 488 3 100.00

P

Total =~ 401 - 214 . 5337 164 76.64




\
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TABLE 6b: ‘The number of dams in the cripple herd by each.dam'

~year, number and percent culled due to all reasons and the
number and percent culled due to reproductive reasons

v.DamH . No. in }'Cu11ed.; A]] Causes fu]]ed - Reproductivé
‘AYear Herd / - No. _ % No. S
1961 3¢ g e6.67 . § - |
A1‘962’ - - - -
963 - L -
1964 1 - -
1965 1 CEEE - -
1966 6 1 6.7 - e
1967 .1 | - - L .
1968 B - - .
1968 - - P .
1970 Ve o
1971 3 R 2
Total 20 3 15000 - .
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control and cr1pp1e popu]atlons respect1ve]y>~x | v

~ There were 53, 37% dams cu]]éd due to all causes 1n .the con-

" tro] herd while 15. 0% were culled in the cripple herd during the

same per1od Nohe of the dams in the cripple herd were cu]led
due to reproduct1ve reasons while 76. 64% of all those culled
“wWere due to these reasons in the contro] herd

" The probab111ty that the number of missed oprortunities-
based on the total number of poss1b1e mat1ngs in th2 two herds ”
coming from the same population is 0. 004 Hence it is conc]uded
that the - ‘two herds differ s1cn1f1cant]y in fertility, the cr1pp1e_
herd hav1ng 1ess missed opp\.tun1t1es than the contro] herd,
(P <0.01).- R }

The probab111ty of the number of dams Cu]1ed due to all
causes based on the number of dams in each herd ~during the tr1a]
belng drawn from the sameﬁpopu]at1on is O 0o1. Th1s would 1nd1-
cate that, s1gn1f1cant1y ‘more dams were cu]1ed 1n the control

’Q?vherd (P< 0. 01) " Thus the dams in the cripple herd had longer
breed1ng lives as they rema1ned in the herd longer than those
ln the. control-: herd. The ana]ys1s also indicated that s1gn1f1-»

cangly less dams were culled due. to. reproduct1ve reasons in the

cripple populat1on when compared to the contro] popu]at1on,.
(P<0 01). | |

. 4.2.6 Discussionv

E

From this study 1t is- c]ear that arthrogrypos1s carrier

\

dams show a more successful and 10nger breed1ng 11fe when . com-

pared to a contro] of . a s1m11ar genetlc background The carr1er'
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dams therefore wou]d more likely, produce a calf each year wlth-
out many -missed: opportun1t1es and be ‘productive in herds® for
]onger per1ods of time. For-instance, none of ‘the arthrogry--
‘P051s carr1er dams had more than one missed ca]f which .demon- tf’

strates the1r better reproduct1ve performance ‘During the ex- ggr

perimental period as seen from Tab]e 4a, 12.97% m1ssed breed- . {\

ing opportun1t1es were observed in the contro] herd while onl

4.31% m1ssed opportun1t1es were recorded in the crlpple cp;f

herd. | . A : o ' Mﬁv
| Longev1ty on both counts, dams culled due to all ﬁg&Aes and

dams cu]]ed due to reproduct1ve reasons was s1gn1f1cant]y sup-

LJ
erior in the cr1pp1e herd Furthermore, none of the dams in the

e

cripple herd were cu]]ed due to any reproduct1ve fa1]ure It
is also 1nterest1ng to note that of the three dams culled in the
cr1pp]e herd two were born 1n 1961 and hence wou]d be ]2 years
old. These two dams were not bred dur1ng the last year due to
vage, but g1ven the opportunlty there was a very good chance they
.mlght have been fert11e enough to produce yet an%ther calf. To
111ustrate their cont1nued productlve 1ife, 85% of the arthro-
grypos1s carrier dams are st1]] product1ve 1n the herd and one
dam born 1n 196] has - produced 10 ca]ves over 11 breedlnc years
and s st111 1n productnon In contrast, in the control herd

ovef 50% of the dams - have been cul]ed due to all reasons during

exper1menta] per1od of wh1ch 76. 64%have been cu]]ed due to
| reprod' tive reasons | |

N
One reason. for the high and stationary frequency or the

~pers1stence of the gene in populations, as reported by Lauvergne,
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| (1972-73), is_because of the selective advantage that the arth-
rogryp051s carrier dams have with respect to characters assoc-
iated with reproduct1ve f1tness - As seen from these data  the
carrier dams showed superior1ty 1n both fert111ty and longevity
over the1r contemporar1es, wh1ch prov1des evidence in favour of

Lauvergne s hypothes1s

.2.2 Conclusion

In conc]us1on the resu]ts of the ana]yses demonstrate the
superiority of the- arthrogrypos1s carr1er dams w1th respect to
characters assoc1ated with reproduct1on, name]y fert111ty and
Iongev1ty, when compared to a control popu]at1on of the same
origin and genet1c background B 0

One pr1mary reason why a de]eter1ous gene m1ght pers1st in
a population is conf1rmed in these data by the fact that the

'heterozygous dams shbwed heteros1s for reproduct1ve tra1ts and

hence a selective advantage

4.3 Penetrance and expressivity

Certain genotypes that carry a mutant gene in the dom1nant
or recessive form fai] to produce the expected phenotyp1c effect
'vThis phenomenon is referred. to as 1ncomp1ete penetrance Pene-
trance of a gene “is the frequency of the- actua] express1on of
- a trait as compared with the frequency at wh1ch it is expected
~to be’ expressed Las]ey (1965) ’ Penetrance is therefore the
}abi]ity of a gene to express itself in the ind1v1dua]s that pos-_

sess it usua]ly in the homozygotes

B . . R
ALY . . -
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Expressivity is thevdegree of severity or‘expressdon of the
character in the g1ven 1nd1v1dua1 of the particular genotype
As a consequence expressivity can be variable and penetrance
can be fomplete or.1ncomp1ete. Penetrance thus refers to the
presence or absence'of aene expression regardTess of the degre&
while express1v1ty app11es to ‘the var1ab1]1ty of the express1on

of the cond1t1on

ﬁanetrance and expreSsivity'of the.arthrogryposis gene

The penetrance of the defect1ve gene 1s reported to be 1n—

comp]ete, Tow and around 0.14 in males and' 0 1 in fema]es in

'.French Charolais herds, Lauvergne, (1972- 73) ' However, ev1—‘

‘dence from the K1nse]]a populat1on 1nd1cates the penetrance of

kd

the gene to be near comp]ete ~The defect seems to be more free-:

1y expressed when the fesu1t1ng progeny constitute a mixture of

breeds along w1th the Charo1a1s . In other words, the defect

shows up better when the resu1t1ng progeny are Charo]aIS crosses.

In our exper1meﬂta1 popﬁ]a¢1on none of the defective progeny
e

were pure and all crlpp]ed ca]ves had Charo]a1s breed1ng ranging

e S, iw4:
B J.) ! .

et N 4 St . *

from 25% to 75%
Though th1s thes1s does not report in deta1] the degrees

of sever1ty of arthrogrypos1s, the express1v1ty too is very

variable. In a penetrant 1nd1v1dua1 the gene expresses 1tse1f

by cr1pp11ng one or both pa1rs of Y1mbs, by theepresence or

absence of a c]eft pa]ate and by showing these tra1ts as moder-

vate to severe abnorma11t1es Furthermore. even among: the ~homo -

zygous recess1ve bul]s whlch are or1gina1]y classed as. free of

‘..'«‘
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the trait, it will be shown that there is a s11ght expres@won
/
of the defect which begins to show up with age Th1s v1ew cou]d
further be justified by observ1ng the results. from the: genet1c.‘
ana]ys1s where the expected number of defect1ve ca]ves have.

been observed as 1f the defective gene were comp]ete]y pene-

- trant This high degree of penetrance of the arthrogrypos1s

gene observed among Charo]a1s crosses has not been reported else-‘_

where “in 11terature

i .. ’ . I . . l-“
- 4.3.2 Evidence for 'the eéxistence of homo: jous recesswve s1res S

In the present data one of the r’ef"erence S]res was probab]y
hbmozygous recessfve. §ire A whict was referred to earlier was

plan mated on three occasions to h-: own daughters within one

G

yYear and all three times aﬁcribpled ca]f'resuTted If sire A

“heterozygous haif itsvdaughters wou]d be carr1ers but if- 1t -

i

‘was homozygous a]] daughters wou]d be carrwers If s1re A was

.‘\,J,.

Cd

mated back to its daughters half its progeny wou]d be cr1pp1ed
if it was hor- _ygous recessive. . Even though numbers;are‘ahsdf-
fic1ent there 1s room to suspect that s1re A was;a homozygous
carrier. |

-

A more positive example . homozygos1ty in 2 31re was »
encountered 1n the herd of a cattleman :n the d1str1ct } In the
spr1ng of 1970 in th1s herd 7 cases of arthrogrypos1s assoc1ated -
with an incompletely deve]oped palate occurred The h1story of |
the herd was traced back to find out. through whlch an1ma1 or
"animals the defect1ve gene was 1ntroduced In ]968 a purebred _

Charola1s sire P was purchased This bu]] was bred to ‘a number

>
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of non Charo]a1s dams ma1n]y Shorthorns, the resulting progeny ‘

being half Charolais crosses. In 197] full French Charola1s

s1re Q was purchased and used on some year]]ng and two year 0ld

heifers, wh1ch 1nc1uded among,them the 15 half Charolais cross

'vdaughters of sire P, In/1972 a total of 32 ca]ves were born
_through sire Q, 15 of which - came from the half Charo]a1s dau-

-*~‘ghters of sire P' Of these ]5 ca]ves, 8 were normal wh1]e 7

were,cripp]ed' Th1s appr6x1mates c]ose]y to a 50:50 ratio of

norma] to cr1pp]ed ca]ves :
ﬁ?
If the cond1t1on is recesswve both parents must be carr1ers

to drop a cr1pp]ed ca]f Hence, all the half Charo]als daughters_

- of s1re P wou]d be carr1ers on]y if ‘one parent were homozygous

‘recess1ve It would appear llkely that sire P was the doub]e

: receSS1ve Pparent as mdst of the dams used in the cross were

: 5 orthorns A 50:50 rat1o of norma] defect1ve calves is. expect—

_yeé 1n a test cross where the heterozygote is mated to the reces-

WL

v.

451ve parent.i When the daughters of sire P were crossed to 51re

o ;TQ, 7 -of the 15 ca]ves*born were defectlve The observed rat1o

“1nd1cates that sire Q was probab]y a homozygous recess1ve car-

: rter of the defectwve condltlon If sire Q were heterozygous

: only 25% wou]d be cr1pp]ed if there was ~complete penetrance of

the gene in the homozygote offsprlng. An. interest1ng observa-

tlon is that s1re Q had very poor front legs and was barely able
7ﬁ’¢o stand’up and wa]kwaround Furthermore, a]] progeny from the

hcross between the daughters of s1@e P and sire Q had very weak

fore ]1mbs up to two weeks after b1rth A third case could be

.3
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cited referrtng to a case encountered by a catt]eman in Saska—
tchewan Thlrty he1fers were purchased by him, the he]fers
‘be1ng from three pure Charo]als sires referenced X, Y and 2.
The he1fers were e1ther 1/2 Charo]a1s Hereford crosses or 3/4
‘yCharola1s Hereford crosses of the 30 heifers purchased 18 were
through sire X, 10 through sire B and 1 through sire 7. The
' ped1gree 1nformat1on on one helfer was not available and there-
fore not recorded. : g
| In 1969 the 29 he1fers were exposed to breed1ng and they T
- produced ]1 defect1ve caTves ‘With conf1rmed symptoms of arthro-
gryposis and a c]eft “palate. Ten defect1ve ca]ves were . from
the daughters of s1re X and 1 defect1ve ca]f from the daéfvter'
of s1re Z. No defect1ve ca]ves were obtained through the dau-
‘ghters of Sire Y. Though the breed1ng comb1nat1ons of the 29
.helfers is not ava1]ab]e to 1dent1fy another carrier sire, the
case 1nd1cates that s1re X had passed down the recess1ve gene
to at Teast 10 of his daughters and poss1b1y to a]] his daugh-
ters if it were a homozygous recess1ve c%n€1er of arthrogrypOSIST
It s ev1dent that the defect1ve gene.was.Tntroduced into the -
helfers through the pure Charo]a1s s1re X as a]mostagll his mates
" have been Hereford dams From the examp]es cited it would 1n—_
’ deed be- very probab1e that homozygous recess1ve s1resiex1st
}-wh1ch appear normal 1in the1r phenotype '
'\ The four examp]es c1ted, s1res A b, Q and X which show.
'almost zero . penetrance of the gene have all been pure Charo]ars

‘ bu]]s and aT] progeny show1ng the defect and consequent]y,

apparent fu]T penetrance of the gene. have been Charola1s crosses:
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. 4.3.3 Modifier gene action

If the inheritance of arthrogrypos1s is contro]]ed by an
autosoma] recessive gene the var1ab1e penetrance and express—.-
ivity is probably 1nf1uenced by modifier genes Modifiers

present in the pure Charo]a1s breed seem to contro] -the pene-

‘trance of ‘the homozygous genotype to a low frequency - In the

presence of part of a gene comp]ement from other breeds, peng ;

trance becomes a]most comp]ete There is reason also’ to sus-
pect ‘that expressrv1ty 1s also less extreme or more control]ed

with a Charo1a1s genet1c millieu.

Conc]us1ons-

(1) It can be concluded that,; arth?ogrprS1sVﬂn the popu%gt1on
: LEE EY s v

stud1ed is cond1t1oned by an autosoma]mrecess1ve geﬁw._‘

'(2) Penetrance in pure Charo]a1s popu]at10ns 1& qu1te 1 ér -
-(3) Express1v1ty of the homozygous cond1t1on is variab]e

,(4) .Among Charo]a1s crosses the defect is expressed more free]y '

_and the penetrance is near comp]ete as the recessive gene ‘_

Z\‘ o

~complements do not have the right genome (combInation ot

B o Lgey ;%' Q}b
ggmod1fier genes) B . “@_&*'
(5) Two types of carriers d1str1bute the gene in popu]atlons
» } - the heterozygous or true carriers and the homozygous

4

"

'recess1ve carriers. -~ . L ' -

An evo]ut1onary exp]anat1on for the persistence of the arthro~’

g;ypos1s gene in. popu]ations

A de]eterious recessive gene may persist 1n a popu]ation

due to recurrent muta&ions, assortat1ve or se]ective mating,r
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frequency dependent se]ect1on or. due to ‘a se]ect1ve advantage
among the heterozygog}s W1th respect to a. pr1mary fitness
character - This concept gan also be viewed through an evo]u-
tionary approach Se]ect1on under natural cond1t1ons will favour

characters that _tend to increase the mean fitness of a popu]atlon

h1n order to ensure ‘the cont1nu1ty of the spec1es

4'4f] Se]ective heterozygote'advantage
Two mechan1sms that. heTp keep the defect1ve arthrogrypos1s-
gene 1n herds has been recognized i'n the Charo]a1s breed The
flrst mechan1sm ‘the breed has evo]ved 1s to have arthrogryposis
'_carrIer dams show1ng a se]ect1ve advantage in characters assoc-
iated with reproduct1ve f1tness As 1nd1cated prev1ous]y in
this thes1s the carrier dams da show bettervfert1]1ty and long-h
ev1ty when compared to a control’ “Population of the same - or1g1n
and genet1c background Hence, by - evo]v1ng such a mechan1sm Co k
from w1th1n the popu]at1on, the dams have a better chance of
',ensurlng the cont1nu1ty of the breed 11ne or fam11y even though
hsome calves have an 1nherent surv1va1 probtem | | '
Through art1f1c1a1 se]ect1on 1f ‘man were to mate best to
best for the betterment of economtc characters the arthrogry-
p051s carr1ers wou]d be selected as breed1ng stock and consequent-
ly a form of se]ective or assortat1ve mat1ng wou]d contr1bute to

‘the pers1stence of the defect1ve gene 1n popu]at]ons

4.4;21§gppression of the defect in recess1ve homozygotes 'd

This mechanism 1s extreme and 1s the comp]ete or near com-

“'plete suppress1on of the defect among homozygous recess1ve ani-
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L scamtasion o v
mals. Due to the se]ection and accumulation of favourabie gene
modifiers, a few bu]]s in which the defect has. been suppressed
have been 1dent1f1ed  However, it is.only the pure Charo]ais
anima]s that have evo]ved this mechanism by which they over

come an 1nherent genetic defect, as - when the homozygotes are
crossbred the gene penetrance s aimost comp]ete ~It is there-
fore not difficu]t to v1sua112e the trend 1n evo]ution, and even M.

at the present time some sires which are suspected of being

o

homozygdﬁs recessive carriers tend to 'go lame with age, which
indicates that the gene shows some effects in these animals.

It would seem very probab]e that the crippled gene has been
in the Charo]ais for a long time as’ they have evo]ved mechan-
isms.that ride- sver the 1nherent defect, a]lows ‘the gene to per-

- 51st in the ‘populations and ensures the cont1nu1ty of the breed

- -
1 . |

]ine or . famiiy

4.4.5 Conciusions

~In evo]utionary terms the Charo]ais breed has ercome the

1nherent genetic defect by two methods, and thereby thgogeneéw

persists in the popu]ation By the se]ective advanta@e tha%"?
o

“the carrier. dams possess 1n£reproductive fitngﬁs chara%ters,

continuity and increased fr quency 1s assured Arthrogryposis o

4

is not new to the Charo]ais breéd and the animals have deve]- L
oped mechanisms by which the homozygous expression of the geneg/
, is almost comp]etely suppressed by the accumu]ation of favour-

I

v ab]e modifier genes Hence, the frequency of the carriers are'
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high Wﬁﬁaé the'frequency of the defective Ea]ves is Tow. This‘
| mechan1sm whereby a homozygouirrecess1ve does not express aj
genotypic¢ abnormality 1n the phonotype is an extreme case of

: mod1f1cat1on and .il1 he]p to keep the defect1ve gene 1n a
population at hlgh.frequenc1es. The example therefore is a case
of;visual qperativelevo1utioﬁ re;U]ting in improved adaptatioﬁ
of the bréed.

| Crossbreeding which fesu]ts~in homozygosity fof the defec-
tive gene, results in 1ncreased penetrance because of the ab-
sence of some of the useful mod1f1ers norma]]y present in the

~'Charola1s breed.
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5. THE PRACTICAL SIGNIFICANCE oF ARTHROGBYPOSIS ?

In its pract1ca] application there are two poss1b1e courses
of actlon that one couTH take. Firstly, the gene could be elim-
inated from the herd or reduced to a low frequency and second]y,m

f the gene “could be controlled to- utilize 1ts advantageous effects.

5.1 Eliminate the gene or redude the frequency

Comp]ete e11m1nat1on of the defective gene from Charo]aIS
-v‘popu]at1ons is not pract1ca1 as 1t would not only lnvo]ve a ]ong'
per1od of t1me butﬁ}lso be uneconom1ca1 to do so. However the

frequency of the defective. gene could be effect1ve1y contro]]ed
’by regu}ated selection and breeding: S1nce the 1nher1tance of
the abnormallty is of .an autosomal recessive type, both parents
‘must contr1bute equa]ly The first line of defense would be to
use proven c]ean bu]]s for breed1ng in Charo]a1s populat10ns
ﬁ%@ By observ1ng the1r pedIgrees and eliminating all su%;ects from
‘a breed1ng program the frequency of the gene could be kept low J
in a popu]at1on S1nce the defect is 1ntroduced through the

Charo]a1s, using non Charo]als sires for breed1ng will subse-

quent]yyreduce the frequency of the defect1ve gene ﬁn herds.

5.2 Control the gene and utilize 1ts good effects

L _ It is my view that this would" be the obv10us choice as the
- former 1s a]most 1mposs1b]e espec1a]]y for Charolais breeders
Though the penetrance of the gene appears to be hlgh in

Charo]a1s crossbred hirds, this should not discouragc cattlemenl
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- from the 1dea of crossbreed1ng for the improvement of economic

characters An oby10us.method‘to control the defective gene in

‘"h;rncreased emphas1s g1ven to Art1f1c1a] Insem1nat1on.
ln Canada it 1s poss1b1e to prov1de semen from bu]]s free of'thev
: defect wh1ch cou]d be used on dams. - : U
| If Charo]als bu]]s are used for breedlng from within a

farmers herd on non Char01a1s fema]es one must be careful when
rbreed1ng from the F(]) as. recomb1nat1on occurs’ on]y in the F(2)

Another pract1ca1 method by wh1ch the gene cou]d be controlled.

is by not us1ng the same 51re to breed dur1ng two(§UCcess1ve
.generatlons | Th1s wr]] contro] the d1str1but1on of the reces-

sive gene if the s1re hwmself was an un1dent1f1@d carr1er
' The most a55ured means of contro]11ng the defect is by
1dent1fy1ng carr1ers and not a]]ow1ng them to 1nterbreed 'Asn
arthrogrypos1f S spread 1n herds by two types of carr1ers iden-
tif1cat1on of the two types would be d1ff1cu1t In order toi
recognize heterozygous 'true carrlers “the c]a551ca1 approacM?
of pedigree observatlon and progeny test1ng lf poss1b1e could
be advocated However ;c*rect 1dent1f1cat1on of carriers 1s
diffi-ult by theéf meth nd in many 1nstances they cou]d com-'
plete the1r breed1ng 11fe and st111 go undetected Th1s could gt
partlcular]y be true of fema]es as they have 1esser opportun—
ities of‘express1ng a rece551ve cond1t10n wh1ch is masked »

~There appears to be no known way by wh1ch carr1ers could

_be 1dentif1ed but the homozygous recess1ve carr1ers may be rec-

'ognized as they tend to go lame with age
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The better fertility and ]ongev1ty that the arthrogry-
posis carrieys have could -be one economic character that a
vcattleman could ut1]1ze. It will be usefu] in a breed1ng herd
‘as the females will be cons1stent and pers1stent in ca1v1ng
However one prob]em which is basic would be to 1dent1fy car- '
rlers S1nce a carr1er can be correct]y 1dent1fted 1f it pro-l'
duces a defect1ve calf and since p]anned mat1ngs u31ng clean
bulls is being advocated pos1t1ve 1dent1f1cat1on will be very
d1ff1cu]t)

If on the other hand a homozygous sire cou]d be recogn]zed ﬂ
fearly in 11fe a]] h1s daughters will be carrlers and by this
means a carrier herd could be established. An1ma1 breeders are
aware that 1mprovement in econom1c traits must come through
ebreed1ng and se]ect1on in popu]at1ons that show w1de var1ab11-
1ty Once carrier dams are obtained by us1ng other bu]l breeds
‘on these dams .one cou]d ensure that no defect1ve progeny will
be obta1ned A dam that is fertl]e and product1ve over a long
per1od of t1me could. f1t 1nto any breed1ng popu]atIon whether(

1t be a s1ng]e breed cross a three way or aqrotat1oqg1 cross.

F1na]]y, inspite of 1ts de]eter1ous effects the gene has

."’somethlng to offer from a pract1ca1 stand po1nt if the carriers

e .
can be 1dent1f1ed by .a method 1nvo]v1ng Jess time. Though the

_econom1cs hSVE‘Bat been worked out wou]d it be better to have

. a dam wh1ch is product1ve over long periods and fertile that
produces a’ defect1ve ca]f out of every e1ght or ten. rather than
to have a dam whlch is product1ve for a few years and has many

missed ca1v1ng opportun1t1es?b
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6. RESEARCH IN ARTHROGRYPOSIS FOR THE FUTURE

It would be a very‘interesting study to see if ther is
any associat1on between the expressivity of arthrogrypos1s and
the degree of Charo]a1s breed1ng among crossbreds In my‘551n—
. ion as the degree of Charolais breed1ng decreases, the defect

should be more fu]]y expressed up to a maximum wlthln a range,
as the mod1f1er genes contro111ng the express1on of the defect
shou]d be in proport1on to the amount of Charolais breeding.

In order to utilize the advantages associated with arthro-
gryposis or to avoid its disadvantages, a1]>carriers should be
identified. ‘Since progeny‘testing males, unless done on s com=- -
'mercia] sca]e,‘is not practical, ‘the d1scovery of a more basic
biochemica] or phys1o]og1ca] method to 1dent1fy carriers wou]d
be usefu] | |

In the lTate 1950°'s dwarf1sm 1n beef cattle was an ‘import-
ant character and much work was,done to recogn1ze carriers by,

'nongenetld methdds Emmerson and Hazel (]956)‘ used anatom1ca]‘
methods by compar1ng ‘the thoraco 1umbar sp1ne 1n dwarf dwarf
- carriers and normal ca]ves as a method of 1dent1f1cat1on of
carriers. Biochem1ca] methods 1nvo]v1ng d1fferent1a] b]ood
. Sugar leve]s among carriers and ‘non- canr1ers was reported by_
B]ood and Henderson (1968) | .
o However, in the case of arthrogrypos1s a- ba51c enzyme _
system shou]d be assessed to different1ate between carr1ers and =
*noncarriers.' If. by these methods the carr1ers cou]d be. 1dent—
ified the abnorma]lty cou]d be effective]y contro]led in pop-

ulations S - - Sl o
L e s | ~ - SR
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V

THE PROBABILITIES OF EACH STRE AND DAM

PASSING DOWN THE RECESSIVE ARTHROGRYPOSIS
GENE TO ITS OFFSPRING

Year_]969-70

. Dam

Sire (A)

Sire’ v . P P
67179 05 < $3-1 0.25
68360 0.0625 7-1 0.5
67179 0.5 1141 0.2
67179 0.5 1241 0.5
67179 0.5 106-5 0.25
67179 0.5 122-4 0.5
67i797 0.5 107-6 0.5
168137 0.25 133-6 0.25
67179 . 0.5 135-6 0.5
67179 0.5 145-6 0.5
67179 0.5 150-6 0.25
67179 0.5 159-6 , . 0.25
68137 0.25 173-6 0.25,
66137 10.25 105-7 ' w0.25
66128 0.125 107-7 0.125
67283 0.125 . 144-8 0.25
68134 . 0.0625 150-8 '0.12€
67283 0.125 167-8 0.25
68137 0.25 168-8 0.25
67179 0.5 . 250-5 0.25
67179 0.5 £ oan-e 0.25
1.0 - 244-6 0.125
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-

| Year 1970-71 |
‘Sire" _‘ P : Dar | - p

S e9Ms  guzs N | 2.1 . 0.25
69Ns 0.25 o 341 .j ~0.25
67179 B 0.5 S 0.25
A 69142_ o B B 0.5
67179, O os e S8  ouzs
69142 0.25 o 0.5
69142 o025 1241 0.5
67179 . o5 Sz gz
67179 . o.5 o 102-2 o 0.25
69115 025 . 106-3 - 0v25
69142 g.25 R Y o5
8915 g5 T jo1.s 0.5
67179 . o5 - 134 - T gz
67179 0.5 2805 g8 |
69142 . o.25 R [ 5 0.5
69115 L0.25  133.6 0.25
69142 . _0.25ﬁ; L 135-6 | 0.5
69142 g5 | L os
45717qf 0,5 0.25

69115 g2 0.25

| S e
67179 . . o5 - - 173-6 " 0.25
69115 025 - e 0.5

69115 - g 25



Year 1970-71-Cont'd. ?

Sire ° P Dam P
67179 0.5 = 105-7 0.25
69115 0.25 118-7 ° 0.25
69171 0.03 ©114-7 0.25
67179 0.5 “o5-8 " © 0.0625
69115 0.257 106-8 0.0625

68140 0.03 107-8 0.0625
68140 0.03 144-8 0.25
68140 0.03 - 167-8 6.25 |

69115 0.25  168-8 0.25
69142 0.25 © 102-9 0.25
69115 | 0.25 105-9 .0.25:
69115 0.25 108-9 0.25

69182 0.25 113-9 025
69115 0.25 o 120-9 0.25
69142 - 0.25 : 123-9 0.25

169142 0.25 124-9. 0.25
67179 0.5 165-9 025
69115 0.25 17a-9 0.25 .

69142 0.25° 185-9 0.25
69142 0.25 . 191-9 0.25
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Year 1971-72
Sire ‘ P ’ Dam - P

.5 . 2-1 - 0.25
.5 -1 .25

69115
69171
.25 R % i 0.5

kd

70153 ‘
69115 B 0.25
70175 qzs n-1 . o5
69171 5o 12-1 0.5
69171 5 i 01-2 0.5 o
70175 25 1022 0.25
70153 25 106-3 " o.2s
70175 25 l22ea 0.5
70153 .25 R L W
70175 125 076 g5
25 135-8 ' 5

25 145-6

70153
>7o175 .5
70153
69115

5 155-6 - .25

0
| 0
.25 ~150-6 -v,.o;s
L N »
0.25

69115 5 159-6

69115 50 108-7 1 0.25

sa171. 5 10s-8 o.0625
69171 .5*\\ o 16648 c :; : jleSZS*if ;j
25 14a-8 i  _ 6;25,' s
25 » .T5f‘9' . ;u.j0!25'~f7"'

25 -168-8 . 0,5

69142
69142
70153

' ©® o o 0. © ‘OVvVo o o o o o6 o o © ©o ©o o © © © o o o

69171 o P I

i
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 (? _ Dam P
70175 2L o012 105-9 0.5
69171 o5 120-9 0.25
69115 0.5 142-4 0.125
69171 0.5 142-6 0.125
69115 Co.s 162-7 0.125
69115 0.5 E ' 286-0 0.25

0.5  294-0 0.25
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Year 1972-73

Sire p " Dam
69115 0.5. - 21 - 0.5
" 0.5 101-2 0.5
; 0.5 102-2. 0.25,
" 035 | 106-3+ 0.25
& 0.5 122-4 0.5
" 0.5’ 101-5 0.5
o 0.5 107-6 0.5
" 0.5 T 1ste o5
" 0.5 142-6 0.125"
" 0.5 145-6 0.5
" 0.5 150-6 0.5
" 0.5 155-6 0.25
" 0.5 159-6 0.25
oK 08 i0547‘ 0.2
" 0.5 14-7 . 05
woo 0.5 1égjij{}', ,o.rzsf‘
R - S -
" 0.5 106-8 0.5 |
- 0.5 168-8 " Cos
" 0.5 'flqs-g os
" 0.5 108-9 0.5
: 0.5 120-9 0.25
; 0.5 286-6 0.25
" 0,5

- 294-0

‘o.s'”

[}

/,7'



- Sire

1972-73 Cont'd.

P.
69115 0.25
-t 0.25
" 0.25 .
" 0.25
" 0.25
" 0.25
"o 0.25
" 0.25
" 0.25
" } 0.25
" 0.25
", }

0.25




