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INTRODUCTION 
In vitro development of early mammalian embryos has been shown in the mouse to be highly 
dependet on the genetic strain of origin of oocytes. This is due to the contribution of maternal 
genome to development and also to factors such as RNA and proteins stored into the cytoplam 
of the oocyte (Chastant et al., 1996 ; Rambhatla and Latham, 1995 ; Golbard and Warner, 
1982). This maternal legacy to both production of oocytes and developmental potential of in 
vitro grown embryos is poorly characterised in domestic species due to the absence of inbred 
strains. The aim of this study was to examine whether such maternal effects on oocyte 
production and competence to development could be evidenced in cattle.  
 
MATERIAL AND METHODS 
Animals. Six Prim’Holstein unrelated cows with similar physiological status (primiparous, non 
pregnant, dry cows with synchronised estrus) and similar level of performance (milk 
production measured during previous lactations) were used as donor of oocytes. All the 
animals had been bred and managed under similar conditions in our animal facility.  
Oocyte production. Ultrasound-guided transvaginal aspiration (Pieterse et al., 1988) was 
performed with the HOSPIMEDI puncture system (Pouilly, France). Oocyte recoveries were 
performed twice a week during a six week period and this was repeated for three different 
periods spanning over 14 month. Consequently each cow was collected between 48 to 62 
times. 
In vitro fertilisation. Collected oocytes were matured and fertilised in vitro according to 
Parrish et al., (1986) with Day 0 corresponding to the day of fertilisation. For each recovery 
session, all cows were fertilised with the same ejaculate of one bull (previously tested for its 
excellent fertilisation rate on slaughterhouse oocytes). Since a paternal influence on embryo 
development and an interaction between maternal and paternal origins has been evidenced in 
cow (Comizzoli et al., 2000 ; Aztiz-Blanco et al., 1999 ; Kruip et al., 1994), a different bull 
was used for fertilisation at each of the three periods. Two Prim’Holstein bulls were used 
respectively for the two first periods and one Normand bull for the last one. 
In vitro development. The ability of oocytes to undergo embryo development was measured 
from the proportions of blastocysts formed at Day 8 (number of blastocysts/number of oocytes 
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per cow and per puncture session) after in vitro culture. Results were statistically analysed by 
variance analysis and Student-Neuman-Keuls test.  
 
RESULTS 
Oocyte production. A total of 1 707 oocytes were recovered, with a range of 165 to 
445 oocytes per cow and 4.84 ± 0.31 oocytes per cow per session. The mean number of 
collected oocytes vary significantly between cows (table 1). When cows were ranked according 
to their oocyte production, the ranking was identical for the three puncture periods.  
 
Table 1. Variation of oocyte production between cows 
 

Animal Session 
number 

Number of collected oocytes. 
Total. 

Number of collected 
oocytes. Mean ± s.e. 

Cow 1 62 255 4.11 ± 0.57 cd 
Cow 2 62 445 7.18 ± 0.97 a 
Cow 3 48 165 3.37 ± 0.68 d 
Cow 4 62 289 4.66 ±  0.63 bc 
Cow 5 56 178 3.18 ± 0.61 d 
Cow 6 62 375 6.05 ± 0.82 ab 

TOTAL  1707 4.84 ± 0.31 
Oocyte numbers with different superscripts differ significantly (p < 0.05) 
 
Table 2. Classification of cows according to average blastocyst rate (Student-Neuman-
Keuls test) 
 
Puncture period 1 (bull 1) Puncture period 2 (bull 2) Puncture period 3 (bull 3) 

Blastocyst 
rate (%) 

Cow 
classification 

Blastocyst 
rate (%) 

Cow 
classification 

Blastocyst 
rate (%) 

Cow 
classification 

15.1 Cow 4 a 8.7 Cow 4 a 10.0 Cow 4 a 
21.4 Cow 6 a 11.9 Cow 3 a 20.6 Cow 6 a 
29.6 Cow 3 ab 19.0 Cow 6 ab 28.3 Cow 2 ab 
44.5 Cow 2 b 20.2 Cow 2 ab 31.3 Cow 1 ab 
47.5 Cow 1 b 24.3 Cow 1 ab 44.4 Cow 3 ab 
58.3 Cow 5 c 39.5 Cow 5 b 60.4 Cow 5 b 

Blastocyst rates were placed in increasing order. Cows with different superscripts have significantly 
different developmental rates (p < 0.05) 
 
Blastocyst formation rate. The global mean rate of blastocysts obtained from collected 
oocytes was 28.6 % (363 blastocysts). When embryo production was analysed from the rate of 
blastocysts obtained for each cow during each of the 6 weeks period of oocytes recovery, we 
found that blastocyst production varied significantly between cows (table 2). The rank order of 
cows was however found to be similar for the three sessions. Cow 4 (and 6) gave the worse 
developmental rates, in contrast to Cow 5 (and 1) which were associated to the highest 
blastocysts rates. It is noteworthy that Cow 4 and Cow 5 differed systematically by about 42 % 
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for the yield of blastocyts obtained from oocytes at each of the three sessions. No correlation 
was found between the number of oocytes collected per session per cow and the rate of 
development into blastocysts. For example, Cow 5 gave the lowest oocyte number and the 
highest blastocyst rate.  
Since the same ranking of individual donor was obtained when oocytes fertilised with the 
sperm of different bulls were grown outside of the maternal organism, our result suggest that 
the rate of in vitro development of fertilised oocytes into blastocysts is highly dependent on the 
genotype of the donor oocyte.   
 
DISCUSSION 
The main value of our study was to clearly highlight the role of oocyte "quality" owing to both 
transvaginal oocyte collection (without superovulation) and in vitro embryo production (no 
influence of in vivo environment on embryonic development). Paternal influence was 
neutralized by fertilizing all cows with the same ejaculate of the same bull along each oocyte 
recovery period and by repeating these manipulations successively with three different bulls. 
Since the number of oocytes collected depends on the number of antral follicles present on 
ovaries at the time of follicle punctures, our results confirmed that folliculogenetic activity 
varies greatly between cows. This might be associated to variable superovulatory responses 
observed between cows in embryo transfer programs (Armstrong, 1993). However, no 
correlation appeared between oocyte production and their developmental potential.  
The six donor cows had different parents and grand-parents and could thus be considered as 
genetically unrelated. In contrast, their physiological status was similar with respect to age, 
lactation period and general management. According to the rate of in vitro blastocyst formation 
obtained, the ranking of the six cows was conserved whatever the bull used for fertilisation. 
This strongly argued in favour of a maternal influence on the efficiency of in vitro embryo 
production in bovine. We identified two distinct phenotypes, one well exemplified by Cow 4 
giving "bad quality" oocytes and the other by Cow 5 providing "good quality" ones. The 
difference in developmental rates between these two cows was high (around 42 %) and could 
be detected as early as the first cleavage stage at Day 2 (Cow 4 : 73.0 % vs. Cow 5: 88.1 % of 
the mean cleavage rates for all in vitro fertilisation experiments). Similar results has also been 
reported in the mouse (McLaren and Bowman, 1973). The existence of a maternal effect on 
blastocyst rate is in contrast with the results of Comizzoli et al. (2000), who evidenced only a 
paternal effect. In this work however, the oocyte donors were randomly chosen in the same 
dairy herd and shared several common ancestors.  
In cow, the number of in vivo collected embryos after superovulation is also influenced by the 
genetic origin of the donor cow (Govignon et al., 2000 ; Manciaux et al., 1999) and by the 
donor breed (Saumande et al., 1978). The heritability of this character is however low (0.03, 
Tonhati et al., 1999) reflecting the susceptibility of the ovarian function to hormonal treatment, 
and also the influence of oviduct/uterine environment on the early development of fertilised 
oocytes. The in vitro production of embryos offers the possibility of escaping the variability of 
those environmental factors. Since in vitro production of embryos is an important aspect of 
reproductive biotechnologies, it would be valuable to determine whether the ability of some 
individual cows to provide a high yield of blastocyst from oocytes fertilised and grown in vitro 
can be considered as an heritable character or not.  
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CONCLUSION 
The techniques we have used to evidence differences between individual cows in their ability 
to produce a high proportion of blastocysts in vitro from oocytes repeatedly collected over a 
period of time of several months requires demanding manipulative experimentations. We now 
aim to characterise the developmental potential of oocytes using more direct approaches that 
directly take into account the oocyte physiology. One of them consists in measuring energy 
metabolism of non fertilised but activated oocytes, based on a single analysis for each 
individual oocyte. Whether this technique, that does not require fertilisation, would be 
discriminative enough to characterise the potential of oocytes for in vitro development remains 
however to be determined.  
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