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I n t r o d u c t io n

Arthrogryposis is a congenital abnormality affecting new born calves and is 
observed in Charolais cattle. The defective calves are born either dead or alive 
and those tha t are born  alive are unable to stand up and rem ain standing even 
after being assisted. The abnorm ality is characterized by the crippling of one 
or both pairs of limbs at the joints and is often associated w ith a cleft palate. 
The defective calves do not usually survive, especially those showing a cleft 
palate and m ajority  of them  die due to secondary causes such as broncho
pneumonia.

A thorough histo-pathological study has been done on arthrogryposis by 
L ie p o l d  et al. (1969, 1970), and their work indicates both m uscular and neural 
lesions to be present in the affected calves. The muscle bundles in the affected 
areas were sm aller and each fibre was reduced in diameter. The muscles were 
paler in colour, floated in w ater and were replaced by adipose tissue. Their 
work also showed that muscle regeneration was absent but when the defective 
muscles were severed limb movement was possible.

In  the nervous tissue the cervical cord showed abnormalities and was charac
terized by syringomyelia and hydromyelia combined w ith degenerative changes 
in the nervous tissue, gliosis and neuronal atrophy. All in all, arthrogryposis 
seems to be a nerve induced form  of m uscular atrophy, the gene responsible 
being inherited as an autosom al recessive type.

The object of this study was two fold — firstly to investigate the genetics of
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arthrogyposis in Charolais cattle and secondly, to examine why such a deleterious 
gene persists in populations in spite of its adverse effets. An abnorm al gene may 
persist in populations due to reasons such as a recurren t m utation, assortative 
m ating or due to  a selective advantage in the heterozygotes carrying the defective 
gene, w ith respect to an im portant fitness character in its natural environment 
and a production character if domesticated.

M a t e r i a l s  a n d  iMe t h o d s

The study was conducted at the University of Alberta Beef Breeding Station 
at Kinsella, Alberta and the data were collected from  1961 to 1973, on the 
experim ental animals.

To date at the breeding station 20 proven carrier dam s have been identified 
which range in Charolais breeding from 25 % to 75 %, and 26 crippled calves 
w ith arthrogryposis have been observed. The breeding practice w ithin the herd 
lias been to m ate suspected sires and dam s so tha t carriers of the defective gene 
could be identified. Since the inheritance of the defect is recessive in nature, 
if a crippled calf is observed both parents would be identified as carriers.

In order to ascertain why such a deleterious gene persists in a population 
and see if the carrier dams do have some selective advantage in characters 
associated w ith reproductive fitness, m easures of fertility and longevity in the 
proven arthrogryposis-carrier herd hereafter referred  to as the cripple herd, was 
com pared w ith a control herd of sim ilar origin and genetic back ground.

Fertility was estim ated on the num ber of missed calving opportunities over 
the total num ber of eligible matings during the 11 breeding years. In  the trial 
a dam was considered eligible when she was IV2 years old at which tim e she 
would be first bred. A breeding year as taken from  July-A ugust of one year 
to July-A ugust of the following year. The norm al practice was to breed the 
dams during July-A ugust so that they calve during A pril-M ay of the following 
year.

Longevity in the two populations was defined as the num ber of years a dam 
had successfully produced a calf allowing a maxim um  of one m issed calf and 
up to the tim e it missed its second calf. The reason for makings this assumption 
was to make comparable estim ates as the cripple herd  had never m ore than one 
missed calf while the control population had up to  three m issed opportunities 
in some instances.

Longevity was estimated in the two populations on the basis of dams culled 
due to all causes over the total num ber of dam s in the two populations during 
the experim ental period. A greater num ber culled would mean less dams available 
for breeding, shorter breeding lives per dam  or lower longevity. The dams in the 
populations were culled due to reasons such as going dry, missing their second 
calf, disease and age but those lost or unaccounted for were not considered in 
the evaluation of either fertility and longevity.

Each population included dams born from  1961 to 1971 and totalled 401 in the 
control population. Both populations were m aintained under the same feeding 
and m anagem ent standards during the experim ental period.
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R esults and discussion

Among the carrier dams in the cripple population during 1961-1973 a total 
of 104 successful m atings were recorded of which 50 were proven carrier by 
carrier matings. The 104 successful mating included both proven and suspected 
carrier matings. From all these matings 26 crippled calves were observed showing 
a proportion crippled calves on all matings to be 25 percent and 52 percent 
on the proven carrier by carrier matings.

As arthrogryposis is inherited as an autosomal recessive, assum ing complete 
penetiance a carrier by carrier mating would result in 25 percent defective pro
geny. However, as seen in this case 52 percent defectives have been observed. 
There are a t least three possible reasons for such a deviation to occur. Firstly, 
the sample size may have been inadequate as on an average only two matings 
per proven carrier dam  have been recorded. Hence, the estim ate may be biassed 
as the carrier dam s have not been given adequate opportunities to produce 
norm al calves. Secondly, the value of 52 percent may not represent the total 
carrier population as unidentified carriers have not been accounted for. Thirdly, 
in this instance there is a strong possibility that some carriers especially the 
Charolais sires are able to survive in the homozygous recessive state and not 
m anifest the sym ptom s of the defect in their phenotype. If this be the case the 
deviation of the observed from  the expected would be w ider and a greater than 25 
percent defective calf crop would be expected.

At the University of Alberta Beef Breeding Station one such bull may have 
been identified. Referance sire num ber 57717 was mated on three occasions to his 
own daughters w ithin a year and all three times the combinations resulted in 
defective progeny.

Further examples were identified in two commercial herds indicating that 
homozygous carriers may exist. In brief, an Alberta farm er purchased a pure 
Charolais son of reference sire P and used this bull on a group of non Charolais 
dams mostly Shorthorns, the resulting progeny being half Charolais crosses. Two 
years later the bred 15 of these half Charolais females to another pure bred 
Charolais son of reference sire Q and seven of the fifteen calves born were 
crippled. From  this case history it is evident that the gene was introduced into 
the herd by the Charolais sires and it would seem very probable th a t both sires 
were homozygous recessive carriers of the defective condition. In another herd 
28 Charolais X H ereford cross bred heifers, from 3 different Charolais sires, 
produced 12 arthrogrypotic calves in one calving season when bred to a single 
Charolais bull.

Though the penetrance of the gene in Charolais populations has been stated 
to be 0.1 among females and 0.14 among males (Lauvergne, 1972-73), some' of the 
pure Charolais sires as indicated in this paper show almost zero penetrance. 
However, among the defective progeny at the beef breeding station the penetrance 
seems to be much higher. One possible reason for the higher observed penetrance 
may be because all defective progeny were Charolais cross breds. In other words, 
the pure Charolais animals are able to live with the defect in the double recessive 
state, while the abnorm ality is expressed more completely among Charolais 
crosses with the defective genotype.
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A series of selective modifier genes associated w ith the recessive gene complex 
may be responsible for the suppression of the defect among pure Charolais 
animals. Thus in Charolais herds these m odifier genes would have been selected 
for by operative natural selection enabling those anim als w ith the right modifiers 
to survive. However, when the progeny are cross bred  the advantageous modifier 
genes would be lacking in the non-Charolais gene complement and as a result 
penetrance of the gene is near complete and the defect is expressed more freely. 
This case may therefore be a practical instance w here the Charolais breed has 
developed a set of modifiers which limit penetrance of the conditions.

Table 1 presents the num ber of dams eligible, num ber of missed opportunities 
and percentage misses broken down by each breeding year in the two populations.

TABLE 1

S h o w s  t h e  to ta l  e lig ib le  by br eed in g  y ea r  and t h e  n u m b e r  o f  m is s e d  o p p o r t u n it ie s

IN THE 2 HERDS

C O N T R O L C R I P P L E

Breeding
year

Total
eligible

Missed
opportun

ities
% Total

eligible
Missed

opportun
ities

%

1 .........................................

2
401 58 14.46 20 _ _
334 82 24.56 18 2 i n i

7. 280 37 13.21 17 1 5.89
4 ..........  236 21 8.90 14 2 14.29
5 ..................
6 ...........

......  211 20 9.48 13 — —
...........  164 11 6.71 12 — —

7 ....... ..........  130 14 10.77 6 — —

8 104 7 6.73 5 —
—

9 75 7 9.33 4 — —
10 ............................. ..........  54 3 5.56 4 — —
11 ....... ......  24 1 4.17 3 —

4.31
T o t a l  . . . .......  2013 261 12.97 116 5

During the experimental period 261 m issed opportunities on 2013 eligible matings 
were observed in the control population and 5 missed opportunities on 116 eligible 
m atings observed in the cripple population. On a chi-square analysis using 
F isher’s exact method for 2 x 2  tables the cripple population had significantly 
less missed opportunities in comparison w ith the control population (P<0.01).

Table 2a and 2b show a break down of the num ber of dams culled in the two 
herds by each dam year and by each breeding year. In  the control herd 214 dams 
were culled out of a total of 401 dams (53.3 % culled) and 3 dams were culled 
out of a total of 20 (15.0% culled) in the cripple herd. On a chi-square analysis 
using F isher’s exact method for 2 x 2 tables the cripple population had signific
antly less dams culled compared to the control population, during the experi
m ental period (P <  0.01). I t is also interesting to note th a t of all dam s culled in 
the control herd 76.6 percent were culled due to reproductive causes such as going
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dry and missing their second calf while none of the dams in the cripple herd 
were culled for these reasons.

TABLE 2a

N u m b e r  o f  d am s  culled  by  br ee d in g  year and by  dam y e a r - c o n t r o l  p o p u l a t io n

Dams culled/Breeding year
Dam year 1 2 3 4 5 6 7 8 9 10 l l

1961 ........... 1
1962 .................. 0
1963 .............  l
1964 .................. 2
1965 .................  4
1966 ..................  8
1967 ..................  4
1968 ... .............  5
1969 ..................  5
1970 ..................  12
1971 ..................  3

Total ........ 45

2 4 1 0 6
4 4 0 6 1
2 1 0 0 1
1 4 1 4 0
8 1 1 2 4
3 2 3 4 1
6 13 2 1 ___

3 9 0 —

11 6 ___

15 —

55 44 8 17 13

3 2 0
4 0 3
2 5 2
3 2 —

1 —

13 9 5 4 1

Total

24
22
14
17
21
21
26
17
22
27
3

214

TABLE 2b

N u m b e r  o f  d am s  culled  by  br ee d in g  y ea r  and by  dam y e a r - c r ip p l e  p o p u l a t io n

Dams culled/Breeding year
Dam year 1 2 3 4 5 6 7 8 9 10 11 Total

1961 ..........
1962 ..........
1963 ..........
1964 ..........
1965 ..........
1966 ..........
1967 ..........
1968 ..........
1969 ..........
1970 ..........
1971 ..........

Total ..

2

1

From these results it is clear that the arthrogryposis carrier dam s show 
better fertility and longevity com pared to a control population of the same origin 
and genetic back ground.

L a u v e r g n e  (1972-73), indicates the gene responsible for the defect to be a t  
a high and stationary frequency in Charolais populations. The gene complex 
responsible for arthrogryposis may well have a pleiotropic effect on those genes 
responsible for overall reproductive fitness. As a consequence the heterozygous 
dams would have a selective advantage over their contem poraries due to this 
heterotic effect exhibited. This may well be a reason why the arthrogryposis
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gene persists in populations in spite of its deleterious effects. Furtherm ore, having 
very fertile and productive dams in a population tha t has an inherent disadvantage 
would be a mechanism by which the continuity of the population or family 
could be assured.

The superiority of the heterozygous dam s in characters associated w ith repro 
ductive fitness could be of some practical value especially in cross breeding 
programs. By using arthrogryposis carrier dam s and clean bulls or bulls of other 
breeds their inherent genetic advantages could be utilized.

Conclusions

Arthrogryposis is an inherited abnorm ality its mode of inheritance being of an 
autosom al recessive type showing incomplete penetrance. The defective gene is 
distributed in populations by heterozygous and homozygous carriers. The pe
netrance of the gene in pure Charolais herds is low and is alm ost completely 
suppressed in certain pure Charolais sires while the defect is expressed more 
completely when the resulting progeny are Charolais crosses. The ability of the 
Charolais sires having the double recessive genotype to survive may be due to 
advantageous modifier genes which have accum ulated through natural selection 
in the Charolais breed. The arthrogryposis-carrier dam s show better fertility and 
longevity when compared to a control population of the same origin and genetic 
back ground, and hence have a selective advantage over their contem poraries with 
respect to characters associated with reproductive fitness. The advantage tha t the 
heterozygous dams posses may be the reason why such a deleterious gene persists 
in populations in spite of its adverse effects when homozygous. B etter reproduc
tive ability may be the means of assuring the continuity of the line or family 
in spite of the inherent disadvantage of dropping an occasional crippled calf.

SUMMARY

Arthrogryposis is an inherited abnorm ality which causes crippling of the 
limbs in new born calves and is sometimes associated w ith a cleft palate. The 
mode of inheritance of the defect is due to an autosom al recessive gene showing 
incomplete penetrance. Research from Charolais herds in France indicate the 
gene to be at a high and stationary frequency. This paper deals w ith two aspects 
of arthrogryposis namely the genetics of the defect and the reason for this high 
and stationary frequency of the detective gene in Charolais populations. At the 
University of Alberta Beef Breeding Station, 20 proven carrier dams have been 
identified and 26 arthrogrypotic calves have been observed. Results from  this 
herd and others in the district indicate the gene to be d istributed in populations 
by both  heterozygous and homozygous recessive carriers. Three very probable 
homozygous recessive sires have been identified which themselves show near zero 
penetrance of the defective gene. All three have been pure Charolais bulls while 
all defective progeny have been Charolais cross breds. The penetrance of the 
detective gene among Charolais cross breds seems near complete. A series of 
selective modifiers may be responsible for the suppression of the defect in pure 
Charolais herds which could be the reason why homozygous sires survive.
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However, when the resulting progeny are cross bred the defect is expressed 
m ore completely due to the absence of these modifier genes. The fertility and 
longevity of the 20 carrier dams were compared with a control population of the 
same origin and genetic back ground over a period of 11 years. Fertility was 
estim ated by the num ber of missed calving opportunities a dam had throughout 
its breeding life and longevity estim ated by the num ber of dams culled in the two 
populations during the experimental period. Both fertility and longevity were 
superior in the heterozygous herd compared to the control (P <  0.01). The advantage 
of the heterozygous dam s in  characters associated w ith reproductive fitness may 
well be the reason for the persistence of the arthrogyposis gene in populations 
and for the high and stationary  frequency of the gene observed.

RESUME

L’arthrogrypose est une anomalie hereditaire, etant son moyen d ’heredite du 
type autosom ique recessif, et dem ontrant une penetration incomplete. Ce gene 
est distribue dans les populations par le moyen de porteurs homozygotes et 
heterozygotes. La penetration du gene dans les etables de la race Charolaise pure 
est basse, ayant ete presque totalem ent elimine en quelques etalons Charolais 
purs dont la descendance, aussi pure, s’exprime dans un degre plus complet que 
dans les descendances du croisem ent de Charolais X d’autres races. La capacite 
de survivre des progeniteurs Charolais qui possedent la genotype en double dose, 
peut etre due aux genes m odifiants protecteurs qui se sont accumules a travers 
la selection naturelle dans cette race. Les meres qui porten t 1’arthrogrypose, de- 
m ontrent mieux la fertilite e t la longevity par rapport a une population controle 
ayant la meme origine et les memes antecedents genetiques quant aux caracteres 
genetiques associes a 1’efficacite reproductrice. L’avantage que les meres hetero
zygotes possedent, peut etre la raison de qu’un tel gene deletere persiste en quel- 
quel populations, malgre ses effets adverses quand il se trouve en homozygose. 
La capacite reproductrice la plus elevee, peut etre le moyen d’assurer la conti
nuity de la lignee ou famille, malgre le desavantage inherent aux veaux qui 
trebuchent ou tom bent et, inclus, qui sont capables de m archer.

RESUMEN

La artogriposis es una anom alia hereditaria, siendo de tipo autosomico rece- 
sivo su modo de herencia, dem ostrando una penetracion incompleta. Este gene 
esta distribuido en las poblaciones m ediante portadores homozigotes y heterozi- 
gotes. La penetracion del gene en los establos de raza charolesa pura es baja y ha 
sido suprim ido casi com pletam ente en varios sementales charoleses puros, en 
cuya descendencia, tam bien pura, se expresa en grado mas completo que en las 
descendencias del cruce de charoles por otras razas. La capacidad de los padres 
charoleses que poseen el genotipo en doble dosis, para  sobrevivir, puede ser 
debida a genes m odificadores protectivos que se han acum ulado a traves de la 
selection natu ral en esta raza. Las madres portadoras de artrogriposis demuestran 
m ejor fertilidad y longevidad con respecto a una poblacion control del mismo 
origen y antecedentes geneticos con respecto a los caracteres asociados con la
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eficiencia reproductora. La ventaja que las m adres heterozigotas poseen pueden 
ser la razon de que tal gene deletereo persista  en poblaciones no obstante sus 
efectos adversos cuando esta en homozigosis. La m ayor capacidad reproductora 
puede ser el medio para asegurar la continuidad de la lmea o familia, no obs
tante la desventaja inherente de terneras que tropiezan o caen e incluso son 
incapaces de andar.
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