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SUMMARY
Response to superovulation was expressed as number of ova and number of transferable embryos per flush. 

Red Danish and Danish Red & White had significantly higher values than Danish Jersey and Danish Friesian. 
Higher heritability (0.25 ±0.06) was found when response was expressed as number of ova, but number of 
transferable embryos was also heritable ( h2=0.15 ±0.05). It is argued that systematic use of superovulation in 
cattle breeding programs might increase ovarian sensitivity to gonadotropins and hence increase twinning 
frequency in non-superovulated cows.

INTRODUCTION
Few attempts have been made to estimate heritability of response to superovulation in cattle (Lohuis et 

ai., 1990; Preisinger et al., 1990; Preisinger & Kalm, 1992). This paper presents some new results on this matter.

MATERIALS AND METHODS
The superovulations were performed in the FY-BI project (the Danish MOET breeding experiment, 

Liboriussen & Christensen, 1990). Data were obtained from 542 flushings of 474 donors. The donors were Red 
Danish (n=95), Danish Friesian (n=294), Danish Jersey (n=66) or Danish Red and White (n=19). We distinguished 
donors according to origin; Internal donors were from the three experimental herds which form the nucleus stock 
of a MOET scheme, external donors were selected from many herds of Danish milk-recorded cows. All cows that 
were treated with gonadotropic hormones (either FSH or PMSG) were included in the data set, although the 
flushing procedure were omitted if rectal palpation of the ovaries indicated that the donor had not responded to 
the superovulatory treatment In these instances the two dependent variables OVA (number of ova per flush) and 
EMB (number of transferable embryos per flush) were set to zero.

Breed effects were quantified as least-squares means, derived from a model which included other 
significant fixed effects. Repeatability and heritability were calculated from variance components estimated by 
a derivative-free REML algorithm (Jensen & Madsen, 1992), assuming an animal model with repeated 
measurements. The model included fixed effects of breed, origin, age group x time from calving, year x season, 
treatment, and induction time. The random effects were service sire, permanent environment associated with the 
donor, additive genotype of the donor, and residual. Ancestors were traced back four generations if possible. 
Phenotypic and genetic correlations were calculated from variance and covariance components estimated from bi
variate analyses. The model was the same as the one described above, except that the random effect of permanent 
environment was excluded. Phenotypic variance was calculated as the sum of the four variance components. 
Heritability (h2) was computed as the ratio of variance due to additive genotype to phenotypic variance. Standard 
errors o f variance components were estimated using a quadratic approximation to the restricted likelihood function 
based on evaluations around the maximum in a response surface design. Standard errors of repeatabilities and 
heritabilities were computed from standard errors of the variance components using a Taylor series expansion 
(Jensen & Madsen, 1992).

RESULTS
Descriptive statistics are presented in Table 1 and breed-effects in Table 2. Red Danish and Danish Red 

& White responded better to superovulation than Danish Friesian and Danish Jersey. Jersey donors generally had 
a smaller proportion of transferable ova.
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Table 1, Descriptive statics for superovulation response

T ra it1 n mean s.d. min. max. c.v.%

O VA 542 8.57 7.10 0 39 82.8
EM B 542 5.43 5.38 0 33 99.0

1) OVA: N um ber o f  ova per flush
EM B: N um ber o f  transferable embryos per flush

Table 2. Response o f  breeds to  superovulation (least-squares m eans ± s.e.)

Red D anish Danish Friesian Danish Jersey Danish Red & W hite

O V A  10.6 ± 0.8 7.8 ± 0.5
EM B 6.6 ±  0.6 4.9 ± 0.4

8.6 ± 0.9
4.7 ± 0.7

11.7 ± 1.5 
6.9 ±  1.1

The Bull used for insem ination was not an important source o f variation for either dependant 
variable. The effect o f  perm anent environment was also small and insignificant for both traits, and the 
estim ates o f  heritability are consequently also estimates o f repeatability.

Estim ates o f  heritability w ere 0.25 ±.06 and 0.15 ±.05 for OVA and EMB, respectively. The 
genetic and phenotypic correlations between OVA and EMB w ere 0.90 and 0.78, respectively.

DISCUSSION
Lohuis (1993) reported m ean values o f  8.00 and 6.62 for viable em bryos per flush from A yrshire 

and H olstein donors, respectively, but these means w ere not significantly different.
H eritabilities for O V A  and  EM B w ere similar to those reported by Preisinger et al. (1990), bu t higher 
than those found by Preisinger & Kalm (1992) who reported values close to zero. A  very low estim ate 
o f heritability o f  "em bryo yield” w as also reported by Lohuis et al. (1990). V an V leck et al. (1991) 
reported a heritability o f  0.16 for spontaneous ovulation rate in heifers.

To our know ledge, estim ates o f genetic correlations am ong quantitative m easures o f  
superovulatory response in cattle have not previously been reported. The very high genetic correlation 
am ong O V A  and EM B indicates that genetic changes in  one o f these m easures will be associated w ith 
alm ost parallel change in the other, and that the developm ent o f  ova to transferable em bryos is not 
influenced by the donors genotype.

O ur results indicates that Red Danish and Danish Red & W hite are m ore sensitive to treatm ent 
w ith exogenous gonadotropic horm ones than Danish Friesian and D anish Jersey. Pedersen (1991) found 
that R ed D anish and D anish Red &  White had higher twinning frequency than D anish Friesian and 
D anish Jersey. Bindon et al. (1986) observed that the daughters o f  sires whose dam s had high 
phenotypic m erit for tw inning w ere more sensitive to superovulatory treatm ent than daughters o f  sires 
from unselected com m ercial cattle. They suggest that this difference in superovulatory response could 
be due to increased ovarian sensitivity to gonadotropins. Snyder (1986) confirm ed that selection o f  cows 
for m ultiple births is associated w ith an increased ovarian response to gonadotropins. V an V leck et al.
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1991 reported  genetic correlations ranging from 0.62 and 1.00 between the occurrence o f  tw in b irths in 
beef cow s and average ovulation rates based on 3 to 8 estrous cycles o f the same anim als as pubertal 
heifers.

If superovulation is system atically used in cattle breeding programs w ithout restrictions to 
standardize fam ily size an indirect selection for increased ovarian responsiveness to gonadotropins will 
occur. This w ill result in an increased num ber o f  ova and transferable embryos per flushing. A nother 
consequence w ith a direct im pact on the cattle industry could be an increased frequency o f m ultiple 
births after natural spontaneous ovulations.

S ince in dairy cattle tw inning is generally considered undesirable, family size in dairy M O ET 
schem es should  be standardized in order to avoid indirect selection for increased ovarian sensitivity. 
Selection program s for beef- and dual purpose breeds could, however, take advantage o f the genetic 
variation in sensitivity to superovulatory treatm ent to increase the frequency o f  m ultiple births.

In conclusion, our investigation confirm ed that breeds differed significantly in the num bers o f 
ova and transferable em bryos per flush. W ithin-breed genetic variation exists, and the heritability is in 
the order o f  0.15 to 0.25.
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