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MAJOR GENES IN  SHEEP AND GOATS 

G enes m a y o re s  e n  o v e ja s  y  c a b r a s

G . RICORDEAU*

FRANCE

I - COLOUR
In Karakul and Tzurkana breeds, gene R causes grey colour and is lethal when 

homozygous (Serra, 1948). Nel and Louw (1953) reported a few cases of homozygous 
grey Karakuls which survived to maturity.

A phenotypic effect of allele Awh (for white or tan colour) was found, resul
ting in a loss of white foetuses in white ewes, i.e 0.15 fewer lambs per ewe ma
ted in white than in non white ewes (Adalsteinsson, 1970 and 1975). A similar ef
fect was found at the first two lambings (-0.09 and - 0,12 in litter size) in the
crossbred ewes of the INRA synthetic line (Ricordeau et al, 1982). Further more 
the allele Awtl suppressed the occurrence of out. of. season breeding in individual 
ewe (Dyrmundsson and Adalsteinsson, 1980). The dominant gene at the extension lo
cus (Ê ) had no influence on fertility (Lauvergne,1976).

The different colour patterns may have a direct economic significance (eli
mination of tan colours and black spots in white wool producing sheep, selection 
among coloured fur sheep to produce new colour varieties), or an indirect influ
ence on the adaptative capacity of the animal:cancerous' skin lesions in Boer goats 

-of South Africa -lacking pigment around the labia vulvae (Hofmeyr et al, 1965); 
breeding for black goats instead of white in hot deserts (Finch et al, 1980).

II - Lamb birthcoat type
The birthcoat of a lamb is important because it provides vital protection 

during the first few days of life and it gives an indication of the adult type of 
fleece. The different types are highly heritable. The lambs with an intermediate 
hairy or long birthcoat type seem to exhibit lower mortality rates than lambs with 
a fine, woolly or short coat (Purser, 1967; Ryder, 1974).

III - Wattles
Goats and ewes with wattles (WW or Ww) are 7% more prolific than females 

without wattles (Ricordeau, 1967; Casu et al, 1970).
IV - Polled or horned character

1) In Merino sheep, Dun and Douglass(1965) indicated that the absence or the 
presence of horns is of minor importance on reproductive performance of the ram.

2) Intersexuality or masculinization linked to polled trait in goats. Polled- 
ness is due to a dominant autosomal gene P (the phenotype distinction between PP and 
Pp polled genotypes is possible at 3 months : Ricordeau, 1972a). This gene has also 
a recessive masculinizing effect with complete penetrance in females and incomplete 
penetrance in males : all genetic females homozygous pp are infertile and malformed 
to various degrees (sterile females, hermaphrodites and pseudo-males); more than half
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of the polled PP males are partly or completely sterile through unilateral or 
bilateral obstruction of the epididymis. The action of the P gene is not only li
mited to embryonic development. The female heterozygous for the polled gene are 
6-7% more prolific than horned females and the weight of kids bom of polled dams 
is 5-6 % higher than that of young from horned dams (E ). A detailed study of the 
various effects of the P gene, by genotype and sex, shows that 11 parameters have 
to be used whose signifiance is shown in table 1. The mechanisms affecting the 
sexual differenciation of homozygous polled females have been discussed by Ricor- 
deau (1981).
V - Cryptorchidism.

1) Sheep. This anomaly is due to a recessive gene with incomplete penetran
ce (Claxton and Yeates, 1972). Only hornless rams transmit crytorchism (Altenkirch 
and Wessely, 1963).

2) Goats. The expressivity is variable, unilateral or bilateral (Lush 1930; 
Warwick, 1961). The cryptorchids are of the XY male karyotype, confirming that it 
is not the same anomaly as intersexuality.

VI Centric fusion or Robertsonian translocation

1) Sheep. These abnormalities have been detected in West Germany by Luft 
and Wassmuth (1973), in England by Bruere et al (1978 : Romney Marsh), but prin
cipally in New-Zealand, with a high frequency in Romney and Drysdale sheep (Bruere 
and al, 1971 et 1972). Odd anomalies, such as hour-glass testes, segmental aplasia, 
and testicular hypoplasia have been reported in translocation-carrying sheep. In
a recent study (Bruere and Ellis, 1979) on 1995 progeny, less than 1% of obvious 
phenotypic abnormalities were observed; furthermore the overall fertility of the 
translocation sheep, measured by conception rate at first service, lambing percen
tage, and number of ewes which did not breed a lamb, was not significantly diffe
rent from the New Zealand sheep breeding data. However, in coupling normal ewes 
with rams with 1/20 translocation or in coupling 2 parents with that transloca
tion, Glahn-Luft and Wassmuth (1980) observe a decrease in the proportion of twins 
and triplets(10% or 40 %), due to an early embryonic death.

2) Goats. (Soller et al, 1966; Hulot, 1969; Padeh et al, 1971; Popescu, 1972). 
Bucks with this anomaly have a lower sperm production than normal bucks, and does 
with that anomaly have a significantly lower prolificacy than normal does (Ricor- 
deau, 1972b).

VII - Haemoglobin type and reproductive performance. Other variants

Several reports show that the mean number of lambs weaned in Hb B ewes 
exceeds that of Hb A ewes (Evans and Turner, 1965; Arora et al, 1971; Atroshi,1979; 
Dally et al, 1980). Other reports indicate an advantage in favour of Hb AB ewes 
(Lasierra et al, 1976), or no significant differences (Fesus, 1979). In two ABR0 
hill farms with S. Blackface and Welsh M. ewes, Hall and Purser(1979) found quite 
consistently from 17 000 ewe records over many years, than B. type ewes had more 
twins than A type ewes, in good as well as bad years, but the number of lambs 
weaned was only larger in good years. Sheep of the Hb AA type seem to be better 
adapted to cold and harsh environments than sheep of the Hb BB type (Obst and 
Evans, 1970). The number of lambs weaned per ewe exposed to the ram is 4 to 6%
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T a b le  1 : Mode o f  a c t i o n  o f  gen e  F a c c o r d in g  t o  g e n e t i c  s e x  and  g e n o ty p e s  
(L a u v e rg n e , 1969; R ic o rd e a u , 1 9 8 1 ).

Genotypes

PP (polled homozygote) Pp (polled heterozygote) pp (homed)

Genetic females (Karyorype XX) 
All sterile c =  1 
sterile females y2 
hermaphrodites y2 
pseudo-males with 
testicular hypoplasia y,

All fertile
Advantage o f  prolificacy (litter size) 
o f polled Pp goats vs homed goats 
( / -  1044 to 1 069)

Favourable maternal effect o f polled 
Pp mothers on the weight o f their 
kids from 1 to 7 months

All fertile

Genetic males (Karyotype XY) 
( 1 —6) fertile males 
b males with obstructed 
epididymal ducts 

f unilateral blocking 0,
\  bilateral blocking 02 

Coefficient of hyperprolificacy 
o f fertile homozygous males 
PP vs polled Pp and horned 
pp males (r =  l -080)

All fertile
Males partly o r completely sterile 
( a - 0 )

All fertile

Estimation of parameters which characterize the mode o f action o f  the gene polled P

Definition of parameters Coefficients* Authors

Penetrance of male infertility in Soller et al. (1963)
male heterozygote Pp a 0 R icordeau^/ al. (1972a)
Penetrance of epididymal stenosis Schonherr (1954), Brandsch

. . in male homozygotes PP b 0 91 (1959). Soller et al. (1963)
Penetrance of sterility in female Brandsch (1959), Ricordeau
homozygotes PP c 1 and Lauvergne (1967)
Expressivity of unilateral blocking <►64 Schonherr (1954)
in male PP  with epididymal stenosis 043 Weber (1969)
Expressivity of bilateral blocking <►36 Schonherr (1954)
in male PP  with epididymal stenosis f t <►57 Weber (1969)
Percentage of male homozygotes 0-33 Schonherr(1954)
PP  completely stcriles M . 0-79 Soller et at. (1963)

0-52 Weber (1969)
max 0-50 Soller et at. (1969)

055 Ricordeau et al. (1972a)
Expressivity of pseudo-male type <►43 Bucchi (1957)
in female homozygotes PP yi <►56 Brandsch (1959)

0-66 Ricordeau and Lauvergne (1967)
0 .1 6 C o n s ta n t in o u  e t  a 1 . ( 1 9 8 1)

Expressivity of hermaphroditic type <►57 Bucchi (1957)
in female homozygotes PP 044 Brandsch (1959)

0-34 Ricordeau and Lauvergne (1967)
<►50 Hancock and Louca (1975)

0 .4 8 C o n s ta n t in o u  e t  a l .  (1 9 8 1 )

Expressivity of female sterile type 0 Brandsch (1959)
in the female homozygotes PP 0 Bucchi (1957)

« Ricordeau and Lauvergne (1967)
Coefficient of overprolificacy of
homozygotes males PP vs hetero- r 1 080 Ricordeau (1969)
zygotes Pp and horned males pp

0 .9 6 C o n s ta n t in o u  e t  a l .  (1981

Coefficient of overprolificacy of 1 062 Soller and Kempenich (1964)
heterozygotes females Pp vs horned l 1 069 Ricordeau (1969)
females 1044 Hancock and Louca (1975)

1 060 Ricordeau and Bouillon (1978)

1 .074 C o n s ta n t in o u  e t  a l . ( 1 9 8 1 )

+  5-5*/.
heterozygotes polled mothers have E m at 1 Ricordeau et al. (1972b)
a higher weight than kids born month
from horned mothers

'Coefficients: a. h. c. f , .  y ,. y ,. y ,. are percentages varying between 0 and I
0 i + P i *  I r i + y i  +  y i * 1 •
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higher in ewes mated to Hb BB sires than in ewes mated to Hb AA sires in flocks 
grazing oestrogenic clover pastures, and this difference could result from va
riations in embryo-survival (Walker et al, 1979, 19811./

^___________________________ ________ Several reports have
shown that the Hb type influences the responses of ewes to superovulatory doses 
of PMSG (induced prolificacy), but the results are variable. According to Pant 
and Pandey (1975) Hb AA ewes gave the poorest response. Trounson et al (1976) 
found no association in Welsh M. ewes. On Finnish ewes, Hanrahan et al (1977) 
observed non significant differences between ewes of different Hb type with res
pect to natural ovulation rate, but HbAA ewes produced twice as many Corpora Lu- 
tea as the other type after hormonal treatment (1500 or 2000 i.u of PMSG on day 
12 of the oestrus cycle). These results suggest the existence of an interaction 
between the ewe breed and the effects of genes responsible for Hb types.

In Finnish Landrace, tranferrin BD type ewes had smaller, litters than ewes 
of the other types (Rasmusen and Tucker, 1973). In the same breed, Atroshi showed 
that dams carriers of Tf AD and sires carriers of Tf.BB appeared to have a positive 
effect on the number of lambs born, whereas Tf BD dams and Tf AC sires, seemed 
to have a significant negative effect on the mortality of their lambs. Furthermore, 
blood glutathion concentration (low GSHh) was found t.o be associated with high 
lamb mortality (Atroshi, 1979) and the GSH® type with carcass characteristics 
(Atroshi et al, 1981).

VIII - Genetic resistance

1. Haemoglobine type and response to internal parasites. It has been shown 
that sheep with haemoglobin A were resistant to abomasal nematodes Haemonchus con- 
tortus and Ostertagia circumcincta than animals with Hb B given the same number
of infective larvae. Despite Hb A appears to be a useful marker for enchancedresis
tance to parasitism, most published work on genetic resistance indicates that breed 
differences are much more spectacular and presumably of potentially greater prati- 
cal value than differences between Hb types (Altaif and Dargie. 1978a, b; cf. also 
Evans et al, 1963; Jilek and Bradley, 1969; Preston and Allonby, 1979, Dally et 
al, 1980; Luffau, 1981). According to Cuperlovic et al (1978), sheep with Hb AA 
showed a significantly better response to human serum albumin than animals of the 
same breed with Hb.BB. There was also suggestive evidence of a better response by 
Hb AA types to rabbit red cells and horse gamma globulin. These results indicate 
that the greater resistance of these sheep to gastrointestinal nematodes is a reflec
tion of their superior immunological competence. However, the lack of any genetic 
correlation between Hb-type and resistance was reported by Le Jambre (1978).

2. Scrapie in sneep. Scrapie is a fatal disease of the nervous system of 
adult sheep which 'is endemic in many countries. This desease is caused by a virus, 
like agent which is transmitted to sheep by both maternal and horizontal routes
of infection. Two major studies with Cheviot and with Herdwick sheep, have shown 
that "susceptibility" to experimental infection with one source of agent is con
trolled mainly by a single gene and that the dominant allele confers "susceptibi
lity". The sheep which carry the dominant allele (Sip), develop scrapie within 
8-20 months of injection with a complex agent.mixture, whereas the homozygous 
recessives do not develop scrapie even if kept until they are becoming senile 
(Dickinson, 1979). There is evidence that scrapie agent may still replicate in 
some "resistant" sheep, but only after a long delay. For this reason, "resistan
ce" is best regarded in terms of an extended incubation period. Also, "resistan
ce" to one strain of agent does not mean "resistance" to all strains.
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A "resistant" flock of Swaledale sheep is being developed by experimentally in
fecting all animals and breeding from survivors : the preliminary results of this 
test show a highly significant difference in the incidence of scrapie in selec
ted and unselected lambs (Kimberlin, 1979; Dickinson, 1979). No significant corre
lations were observed between susceptibility and transferrin phenotypes (Collis 
and Millson, 1975), but in a flock of Ile-de-France breed, frequencies of three 
genes of OLA histocompatibility complex appeared to be increased significantly 
in the non-affected sheep of this contaminated flock (MILLOT et al, 1982).

3) Genetic abortion in Angora Goats. These abortions occur at high frequency 
in the herds of the smaller South.Africa type selected for fine hair. This anomaly 
is thought to be hereditary (Heerden, 1964). According to Rensburg (1971), it may 
be explained by a metabolic competition "which is the result of endocrine deficien
cy, and a metabolism of foetuses oriented towards the growth of hair, with intensi
ve selection and inbreeding. The stress of underfeeding and, above all, abrupt chan
ges to unfavourable environmental conditions contribute to abortions" (Rensburg,
1971; Wentzell et al, 1975).

IX - Major gene affecting litter size in Booroola ewes
The Booroola Merino is a member of the medium-wooled non-Peppin (MNP) strain 

of Merino in Australia, but is distinguished from others members of that strain and 
all other Merinô  by its exceptional ovulation rate and litter size at birth. Analy- 
sesbf the lifetime lambing records of the foundation ewes and of their daughters sire 
by foundation rams, indicate the existence of a major gene. The mode of action of the 
postulated gene appears to be additive for ovulation rate but may be almost completely 
dominant in terms of litter size (Piper and Bindon, 1980, 1981). Hpwever, that hypothe 
sis must be understand as the Segregation of a major gene coming probably of the acqui 
sition of "Bengal" sheep (small size and high prolificacy) in the years ljW?.-1793 
before the first Merino arrival in 1797. (Turner ; Booroola M : history to 1972).

SUMMARY

In sheep, the.reproductive performance of ewes and the viability of lambs 
seem to be affected by some colour (white Awb ewes) or haemoglobin types.In 
goats, a review is made of all masculinization effects related to the polled P 
gene . Karyotype abnormalities are observed in sheep and goats, but they seem to 
have a variable incidence in sheep. Three examples of genetic resistance are given: 
association between haemoglobin and resistance to parasitism; genetic control of 
scrapie in sheep; genetic abortion in Angora goats.

RESUME

Chez les ovins, on observe une influence de certains types de coloration 
(brebis blanchejA"*1) ou de certains types d'hemoglobine, sur les performances 
de reproduction des brebis ou la viability des agneaux. Chez les caprins, on 
resume l'ensemble des effets de masculinisation lies au gene sans cornes P. Les 
anomalies caryotypiques (Robertsonian translocation) sont observees chez les ovins 
et les caprins, mais semblent avoir une incidence variable chez les ovins. On donne 
trois exemples de resistance genetique : association entre Hb et resistance au pa- 
rasitisme; scrapie ou tremblante; avortement de nature genetique en race Angora.

458



REFERENCES

Sheep -

ADALSTEINSSON S. , 1970. J. Agric. Res. Icel., 2 , 3-135.

ADALSTEINSSON S., 1975. Ann. GSngt. SSI. anim., 445-447.

ALTAIF K.I., DARGIE J.D., 1978. Parasitology, 77, 161-175 and 177 - 187.

ALTAIF K.I., DARGIE J.D., 1978. Res. Veterinary Sci., 24, 391-393.

ALTENKIRCH W., WESSELY E.C., 1963. Archiv. fur Tierzucht, 6, 481-504.

ARORA C.L., ACHARYA R.M., KAKAR S.N., 1971. Anim. Prod., J2> 371-373.

ATROSHI F., 1979. Ann. Agric. Fenniae., JU5, 1-85.

ATROSHI F., OSTERBERG S., LINDSTROM U.B., 1981. Acta Agric. Scand. , 31_, 87-90. 

BRUERE A.N., MILLS R.A., 1971. Cytogenetics., JO, 260-272.

BRUERE A.N., CHAPMAN H.M., WYLLIE D.R., 1972. Cytogenetics, J2» 233-246.

BRUERE A.N., EVANS E.P., BURTENSHAW M.D., BROWN B.B., 1978. J. Hered., 69, 8-10. 

BRUERE A.N., ELLIS P.M., 1979. J. Reprod. Fert., 52, 363-375.

CASU S., BOYAZOGLU J.G., LAUVERGNE J.J., 1970. Ann. GSnet. Sel. anim., 2 ,  249-261. 

CLAXTON J.H., YEATES N.T.M., 1972. J. Hered., 63, 119-121.

COLLIS S.C., MILLSON G.C., 1975. Anim. Blood. Grps. biochem. Genet., 6̂, 117-120.

CUPERLOVIC K., ALTAIF K.I., DARGIE J.D., 1978. Res. Veterinary Sci., 25, 125-126.

DALLY M.R., HOHENBOKEN W., THOMAS D.L., CRAIG A.M., 1980. J. anim. Sci., 50,
418, 427.

DICKINSON A.G., 1979- A.B.R.O. Report., 29-34.

DUN R.B., DOUGLASS D.S., 1965. Austr. J. Exp. Agric. anim. Husb., 102-105. 

DYRMUNDSSON O.R. , ADALSTEINSSON S., 1980. J. Hered., 71̂, 363-364.

EVANS J.V., BLUNT M.H., SOUTHCOTT W.H., 1963. Austr. J. Agric. Sci., J4, 549-558. 

EVANS J.V., TURNER H.N. , 1965. Nature, 207, 1396-1397.

FESUS L., 1979.E.A.A.P., Harrogate.

GLAHN-LUFT B., WASSMUTH R., 1980. 31st E.A.A.P. Munich.

HALL J.G., PURSER A.F., 1979. A.B.R.O. Report., 9-12.

459



HANRAHAN J.P., QUIRKE J.F., WILKINS N.P., GOSLING E.M., 1977. J. Reprod. Fert.
_M, 499-501.

JILEK A.F., BRADLEY R.E., 1969. Ann. J. Vet. Res., 30, 1773-1778.
KIMBERLIN R.H., 1979. Liv. Prod. Sci., 6, 233-242.
LAUVERGNE J.J., 1976. Ann. GSnSt. SSI. anim., 8 47-49.
LASIERRA J.M., LAMUELA J.M., ZARAZAGA I., MONGE E., VALLEJO M., 1976. Anales Fac. 

Vet. Univ. Zaragoza, J_l_, 259-269.
LE JAMBRE L.F., 1978. Cited by ROBERTS J.L. and SWAN R.A., 1981. Vet. Parasitology 

8, 165-171.
LUFFAU G. 1981. p.c.
LUFT B., WASMUTH R., 1973. Z . Tierzuch. Zuch. Biol., 90, 77-82.
MILLOT P., CHATELAIN J., CATHALA F., 1982. C.R. Acad. Sc. Paris, t. 294, 87-89.
NEL J.A. , LOUW D.J., 1953. Fmg. S. Afr., 28, 169-172.
OBST J.M., EVANS J.V., 1970. Proc. Austr. Soc. anim. Prod., 8, 149-153.

PIPER L.R., BINDON B.M., 1980. Proc. Wld. congr. on Sheep and Beef Cattle Breeding 
Barton and Smith. Ed.

PIPER L.R., BINDON B.M., 1981. Proc. Workshop on the Booroola Merino. C.S.I.R.O. Ed 
PRESTON J.M. , ALLONBY E.W., 1979, Res. Vet. Sci., 26, 134-139 and 140-144.
PURSER A.F., 1967. A.B.R.O. Report, 26-34.
RASMUSEN B.A., TUCKER E.M., 1973. Anim. Blood. Grps. b'iochem. Genet., 4, 207-220. 
RICORDEAU G. et al, 1982 (en cours)
RYDER M.L., 1974. A.B.R.O. Report., 33-39.
PANT H.C., ENDEY M.D., 1975. Nature., 258, 738-739.
SERRA J.A. , 1948. Publ. Junta Pecuar. Lisbao (Ser.A)ED.
TROUNSON A.0., WILLADSEN S.M., MOOR R.M. ,, TUCKER E.M. ,, 1976.. Nature,, 262, 329.
WALKER S.K. , OBST J.M. , SMITH D.H. , HALL G.P. !, FLAVEL P.F., PONZONI R.W., 1979

Anim. Prod., 29, 271-276.
WALKER S.K. , OBST J.M. , SMITH D.H., HALL G.P. ,, FLAVEL P.F., PONZONI R.W., 1981

Anim. Prod., 32, 223-224.
Goat
BRANDSH H., 1959. Archiv. Gefliigelz. Kleintierk , fl, 310-362.
BUECHI H.F., 1957. Z. Tierzuch . Zuch . Biol., 69, 30-90.
CONSTANTINOU A., LOUCA A., MAVROGENIS A.P., 1981. Ann. GSnSt. SSI. anim., Ĵ , 
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