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INTRODUCTION 
Multiple ovulation and embryo transfer (MOET) is largely utilized in all over the world. In 
spite of that, there are not many genetic, economic and environmental evaluations of MOET 
characteristics to date, mainly concerning Zebu breeds (Seidel, 1981 ; Lamberson and 
Lambeth, 1986 ; Woolliams et al., 1995 ; Callesen et al., 1996 ; Tonhati et al., 1999). The 
knowledge of those aspects is relevant to breeding programs that depends on MOET efficiency, 
like the MOET nucleus (Nicholas and Smith, 1983). Concerning genetic, there are a small 
quantity of studies on repeatability and genetic parameters of MOET traits. The repeatability of 
the number of viable embryos is usually low, 0.15 to 0.35 (Seidel, 1981 ; Lamberson and 
Lambeth, 1986 ; Bastidas and Randel, 1987 ; Woolliams et al., 1995 ; Callesen et al., 1996 ; 
Tonhati et al., 1999) and, according the authors, not proper to predict future MOET responses. 
The heritability of viable embryos was 0.03 in Holstein cows (Tonhati et al., 1999) and 0.20-
0.51 in rats (Seidel, 1981). No results were found in literature for Zebu Donors. According to 
Woolliams et al. (1995), there is little evidence of genetic component in MOET traits. Authors 
suggest, on the other hand, the estimation of genetic parameters for MOET traits, aiming at 
selection to MOET response. The objective of this study was to estimate heritability, genetic 
correlation and repeatability of number of corpora lutea detected on the donors (CL), total of 
structures per flushing (SF) and number of viable embryos (VE) in Nelore cows. 
 
MATERIAL AND METHODS 
The data consisted of 1 036 multiple ovulation records of 407 Nelore donors, progenies of 
74 sires, collected over the period 1989-1999 in a private company – CENATTE Embryos Inc. 
- under standardized management. Donors came from different regions of Brazil and aged 1.5 
to 19.5 year-old at the time of superovulation. Healthy donors were superovulated after 
showing 2 consecutive heats in an 18-24 d interval. FSH was applied in 8-12 d after 1st signals 
of heat. Dose at 1st superovulation was 380 UI and individually adjusted at subsequent ones, 
accordingly previous response. Fertilization was carried out by 3-4 artificial inseminations. 
Non-surgical embryo recovery was used. Consecutive superovulation were carried out after 
donors had shown 2 heats in 18-24 d interval and, at least, after 60-d of previous 
superovulation. Some donors went back to their herd according to 1st flushing results or the 
owner interest. Of the 1036 records, 46 % were of 1st flushing, 41 % were of 2nd plus 3rd 
flushing and 13 % above 4th flushing inclusive. Two sets of data were used. The 1st set 
contained only data of first flushing. The 2nd set contained data of all consecutive flushings. At 
first, data were analyzed by least squares means methodology to identify fixed effects and to 
obtain starting values for variance components (VC). The fixed effects were herd, dose-drug 
stimulating, month and year of superovulation and recovery order. Age at superovulation was 
included as a covariate. All interactions were tested. The estimation was conducted using 
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MTDFREML (Boldman and Van Vleck, 1991), by means of the derivative-free restricted 
maximum likelihood methodology, under animal model. The numerator relationship matrix 
included information of 3 generations. When analyzed data of consecutive flushings, a 
repeatability model was fitted. The general model was : y = Xβ + Zυ + e, in which y = vector 
of observations ; β = unknown vector of fixed effects ; υ = nonobservable vector of random 
effects ; X = known matrix relating observations in ‘y’ to parameters in β ; Z = known matrix 
relating observations in ‘y’ to parameters in ‘υ’ ; E = random vector of residuals.  
 
RESULTS AND DISCUSSION 
Estimates of heritability are shown in table 1. The heritabilities of VE at 1st flushing are larger 
than the literature values (Seidel, 1981 and Tonhati et al., 1999) and largest when considered 
only data of 1st flushing. Those studies, however, analyzed only data of consecutive flushings. 
At 1st flushing, usually, the multiple ovulation procedures are standardized and, probably, the 
genetic differences among cows became evident. Only after 1st flushing, those procedures and 
hormone doses were individually adjusted in function of the preceding multiple ovulation 
response. So, possible genetic differences among individuals were cancelled, biasing data of 
consecutive recoveries and underestimating heritabilities. Heritabilities of SF are also higher 
when considered only 1st recoveries probably due to same reasons. The standard errors of 
estimates at 1st flushing were lower than those obtained considering data of consecutive 
flushing. It indicates that data from first multiple ovulation must be chosen for genetic studies 
of MOET traits. 
 
Table 1. Heritabilities and repeatabilities of MOET traits 
 

   Characteristics 
Data set Parameter Model CL (A) SF (B) VE (C) 

First Heritability Single trait 0,47 ± 0,16 0,34 ± 0,14 0,56 ± 0,13 
flushing  Multiple trait   0,57 ± 0,13 B   0,34 ± 0,14 A    0,59 ± 0,12 A 

  Multiple trait   0,55 ± 0,13 C   0,33 ± 0,14 c    0,65 ± 0,10 B 
All Heritability Single trait 0,51 ± 0,17 0,00 ± 0,11 0,20 ± 0,13 

flushings  Multiple trait   0,50 ± 0,17 C -   0,26 ± 0,13 A 
 Repeatability  0,51 0,51 0,47 

A Cl as 2nd  trait ;  B  SF as 2nd  trait ; C VE as 2nd  trait 
 
Estimates of heritabilities for number of corpora lutea detected on donors are similar when 
considered both data sets. This number, detected by palpation, is accurate when few CL are 
produced, but is more difficult to determine in ovaries with medium or high responses to 
multiple ovulation. Likely, limitation in detecting CL by means of palpation in superovulated 
ovaries set a maximum in diagnoses of CL at 1st flushing, in which responses are higher. Thus, 
estimates for CL at 1st flushing would be similar to subsequent ones with respect to variation. 
Estimated repeatabilities (table 1) are higher than those found in literature, for many breeds 
(Lamberson and Lambeth, 1986 ; Bastidas and Randel, 1987 ; Woolliams et al., 1995 ; 
Callesen et al., 1996 ; Tonhati et al., 1999) and indicate the predictability of future MOET 

Session 27. Use of biotechnology in animal breeding Communication N° 27-07 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

performances of Nelore donors after 1st  superovulation response. Genetic variance components 
in table 2 show that, except for CL, genetic variance is higher in traits at 1st flushings.  
 
Table 2. Variance component estimates of genetic (VG), permanent environmental (VPE) 
and residual (VR) effects in MOET traits 
 
  Data set 
Model Trait Consecutive flushings First flushings 
  VG VPE VR VG VR 
 CL 15.3737  0.0001 14.9954 13.2032 14.6954 
Single SF   0.0145    31.7862      29.9426 16.8827 32.6801 
trait VE   5.9207      8.1464 15.8509 16.0309 12.7451 
 
The changes in estimated parameters for some traits when used multiple trait models could be 
explained by genetic correlation in table 3. The change in heritability of CL at 1st flushing 
when used multiple trait model (table 1) are in accordance with expectations, since better 
estimates would be obtained when genetic correlations are moderate and/or negative 
(Schaeffer, 1993). Probably, estimates of heritability for CL at 1st flushing, biased by the 
limitation in CL detection, were improved with multiple trait model. For heritability of VE at 
1st flushing, on the other hand, both magnitudes and standard errors changed, mainly when the 
second trait was SF (table 1), although the correlation between VE and SF was high. It could 
be attributed to the lost of information about VE in the data at 1st flushing, so the information 
about SF would have improved accuracy of VE estimation, changing the estimates of 
heritabilities. 
 
Table 3. Genetic correlation among MOET traits 
 
 Characteristics 

Data set CL-SF CL-VE SF-VE 
Consecutive flushings - 0.61 ± 0.495 - 

First flushing 0.43 ± 0.414 0.01 ± 0.212 0.73 ± 0.497 
 
The standard errors of genetic correlation estimates were high. According to Falconer (1989), 
high standard errors are inherent to that parameter.  
 
CONCLUSION 
Results in this study emphasize the superiority of 1st flushing data set in estimating the genetic 
parameters for MOET traits. The values of repeatibility showed the possibility of prediction of 
future multiple ovulation responses. The values of estimated heritabilities indicate that 
selection to MOET traits in Nelore Zebu breed is processing in a non-intentional way, through 
the broad dissemination of large progenies of well succeeded donors in the commercial herds. 
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