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INTRODUCTION 
In Sweden we have a comprehensive breeding goal for our dairy cattle where we include 
female fertility and calving traits as well as production and health traits. Since we keep records 
on several traits related to reproduction it enables us to search for quantitative trait loci (QTL) 
affecting a variety of factors influencing fertility and calving performance. Most QTL studies 
reported have been restricted to production traits such as milk yield and composition. The 
fertility of cows and their calving performance are, however, equally important for the 
economy in milk production. The calving traits are also important in an animal welfare 
perspective. The studied traits have a low heritability, which hampers the genetic progress by 
conventional breeding, but their large genetic variation makes QTL studies worthwhile. 
There have been some studies in which reproduction traits were considered, e.g. Schrooten et 
al. (2000) found putative QTL for both fertility and calving traits whereas Blattman et al. 
(1996) found QTL for ovulation rate. Moreover, Grupe and Schwerin (1998) revealed QTL for 
stillbirths and calving difficulties on chromosome 23, and Elo et al. (1999) reported QTL for 
calf mortality on the same chromosome. 
 
MATERIALS AND METHODS 
Experimental design. A granddaughter design with 10 sire families was used for the study. 
The average number of sons per family was 42, ranging from 21 to 58, and the total number of 
sons genotyped was 417. Nine of the families belong to the Swedish Red and White breed 
(SRB) that is related to other Nordic red cattle breeds. One family is of the Swedish Holstein 
breed (SLB).  
 
Marker data. For each bull and grandsire, genotypes for 111 microsatellite markers 
distributed over 17 chromosomes (BTA 1, 2, 3, 4, 5, 6, 9, 11, 13, 14, 15, 18, 19, 22, 23, 25, 29) 
were determined. Markers were chosen from previously published maps (Barendse et al., 
1994 ; Bishop et al., 1994). Due to failure with some markers, only the proximal end of 
chromosome 11 was covered. The number of informative markers per chromosome varied 
between 2.5 and 7.4 when averaged over families. On average over chromosomes, the different 
grandsires were heterozygous for 60-71 % of the markers used. Marker maps were established 
using the CRIMAP program (Green et al., 1990).  
 
Phenotypic data. The traits analysed were sire breeding values, based on at least 100 
daughters and weighted for number of daughters and heritability of the trait. In this paper we 
present the results from the following traits : 
calving performance (proportion of calvings with considerable difficulties) of sire (direct), 
calving performance of daughters of sire (maternal),  

Session 08. Reproduction Communication N° 08-05 



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

stillbirth (calves dead within 24 hours) rate of sire (direct),  
stillbirth rate among daughters of sire (maternal),  
frequency of fertility treatments,  
heat intensity (subjectively scored),  
number of inseminations per service period, and  
interval calving to first insemination (number of days). 
We also analysed the combined fertility index, which is a combination of the latter three traits. 
 
Statistical methods. The method used for the QTL analyses were least-squares interval 
mapping with cofactors for significant (Pchromosome < 0.10) presumptive QTL (de Koning et al., 
2001). The method was applied both across and within families. Chromosome significance 
levels were set by permutation tests (10 000 rounds) at each cM. Genome wise significance 
thresholds were calculated from chromosome wise thresholds by using the Bonferroni 
correction for testing across multiple chromosomes, Pgenome = 1 - (1 - Pchromosome)c, where c is the 
number of cattle autosomes (c = 29). 
 
RESULTS AND DISCUSSION 
In this study we found four QTL that were genome wide significant (Pgenome < 0.05) in analyses 
across families. Three of the QTL affected calving performance and one QTL was associated 
with the interval calving to first insemination. These QTL were significant in four out of the 10 
families each. In total there were 12 putative QTL, significant at the chromosome level 
(Pchromosome < 0.05). Significant across family effects, presented by chromosome and trait, are 
given in table 1. Some families were more often represented than others among the significant 
results. We could not relate this specifically to the number of sons, the proportion of 
informative markers or the variation of the breeding values within these families. There were 
indications for the presence of at least one QTL (at Pchromosome < 0.10) on 10 out of the 17 
chromosomes that were analysed. All traits, except stillbirth rate among sires, were represented 
among those QTL. Only eight families had breeding values for the traits stillbirth rate among 
sires and calving performance among sires. Thus, the lower number of families included in the 
analysis can possibly explain the limited number of significant result for these traits.  
There were six significant QTL for calving performance (maternal) of which three were 
significant at the genome level. This is somewhat more than expected as the trait is subjectively 
scored, has low heritability and relatively low incidence in the SRB breed. An explanation for 
the many QTL found could be that calving performance is a composite trait that includes traits 
such as size and different conformation traits, which may each be controlled by QTL on many 
different chromosomes. Schrooten et al. (2000), for example, provided support for QTL on 
three chromosomes for traits related to body size. It is also worth noting that the locations of 
QTL for calving performance did not coincide with any QTL for stillbirth rate. 
There were four different chromosome regions in which QTL for different traits occurred in the 
same marker intervals. For two of these, the joint location could be an effect of dependencies 
between traits. This refers to the QTL located on chromosome 22 affecting number of 
inseminations and combined fertility index and the QTL on chromosome six affecting fertility 
treatments and combined fertility index. Also on chromosome six, four families showed 
significant QTL for each of the two calving performance traits. Three of these families were 
common to both traits, which indicates the presence of a QTL with effect on both direct and 
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maternal calving performance. This result corresponds well with the findings of Schrooten et 
al. (2000), who detected a QTL for calving ease at approximately the same position on 
chromosome six. The fourth chromosome segment with QTL for two traits was on 
chromosome 11, where one QTL for the interval calving to first insemination and one for 
stillbirths were mapped to the same marker interval. Two out of the four families that showed 
significant effects were common for the two traits. Other studies (Grupe and Schwerin, 1998 ; 
Elo et al., 1999) have reported QTL for stillbirths on chromosome 23. In contrast to their 
studies we did not find any significant QTL on chromosome 23 for this trait, nor for any of the 
other analysed traits.  
 
Table 1. Significant (P<0.10) results in the across family analysis  
 

Significance  
Trait 

 
BTA 

Average number 
informative 
markers/chr 

Chromo- 
somewise 

Genome-
wise 

 
Sign. 

familiesA 

6 4.1 **  2,3,4,5 
13 3.1 *** ** 1,2,6,9 

Calving perf.  
   maternal 

15 3.1 *** ** 2,3,7,9 
 18 4.9 **  2,4,7 
 19 4.3 *** * 2,3,7 
 25 2.8 *  4,6 
Calving perf. direct 6 4.1 **  3,4,5,8 
Stillbirths, maternal 11 2.5 **  4,5,8,9 
 19 4.3 *  6,9 
Fertility treatments 6 4.1 †  2 
No of inseminations 22 4.7 †  3,4 
Heat intensity 4 7.4 †  4 
 13 3.1 *  5,7 

3 5.9 †  6 Interval calving to 
   1st insemination  11 2.5 *** * 2,5,6,8 
 25 2.8 †  7 

6 4.1 *  2,4,6 Combined fertility   
   index 22 4.7 †  3,4 

†P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001 at chromosome or genome level. ASignificant (P < 0.10) 
families. 
 
To proceed with the project, more markers need to be analysed as the marker spacing in some 
regions is not satisfactory. We would also like to cover some of the remaining chromosomes 
that we have not yet analysed. We are now in the process of analysing daughter yield 
deviations for some of the traits. This may give somewhat different results, even if the breeding 
values used here are based on large numbers of daughters. It should be noted that in this study 
we did not yet search for multiple QTL on the same chromosome. Mapping resolution in 
current granddaughter design is low and needs to be improved for marker assisted selection and 
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cloning purposes. Other designs/methods will be used for finemapping of some of the QTL 
regions found.  
 
CONCLUSION 
In this paper we present results of a partial genome scan for QTL based on breeding values for 
calving performance and female fertility traits in Swedish dairy cattle. It seems to be possible 
to detect QTL for these low heritability traits although more research is needed to confirm our 
findings and to increase the precision. When applying a stringent significant threshold (Pgenome 
< 0.05) a total of four QTL were detected. There were more significant QTL for maternal 
calving performance traits than for fertility.  
 
ACKNOWLEDGEMENTS 
This research was partly financed by Swedish Farmer’s Foundation for Agricultural Research. 
We are also grateful to the AI-center, Svensk Avel, for providing the sperm samples and to the 
Swedish Dairy Association for providing the progeny testing results.  
 
REFERENCES 
De Koning, D.J., Schulman, N.F., Elo, K., Moisio, S., Kinos, R., Vilkki, J. and Mäki-Tanila, A. 

(2001) J. Anim. Sci. 79 : 616-622. 
Elo, K.T., Vilkki, J., de Koning, D.J., Velmala, R.J. and Maki-Tanila, A.V. (1999) Mamm. 

Genome 10 (8) : 831-835.  
Schrooten, C., Bovenhuis, H., Coppieters, W. and Van Arendonk, J.A.M. (2000) J. Dairy. Sci. 

83 (4) : 795-806. 
Blattman, A.N., Kirkpatrick, B.W. and Gregory, K.E. (1996) Anim. Genet. 27 : 157-162. 
Grupe, S. and Schwerin, M. (1998) Arch. Tierz. 41 (3) : 225-235. 
Barendse, W., Armitage, S.M., Kossarec, L.M., Shalom, A., Kirkpatrick, B.W., Ryan, A.M., 

Clayton, D., Li, L., Neibergs, H.L., Zhang, N., Grosse, W.M., Weiss, J., Creighton, P., 
McCarthy, F., Ron, M., Teale, A.J., Fries, R., McGraw, R.A., Moore, S.S., Georges, M., 
Soller, M., Womack, J.E. and Hetzel, D.J.S. (1994) Nature Genetics 6 : 227-235.   

Bishop, M.D., Kappes, S.M., Keele, J.W., Stone, R.T., Sunden, S.L.F., Hawkins, G.A., Toldo, 
S.S., Fries, R., Grosz, M.D., Yoo, J.Y. and Beattie, C.W. (1994) Genetics 136 : 619-
639.   

Green, P., Falls, K. and Crook, S. (1990) « Documentation for CRIMAP, Version 2.4 » School 
Med., Washington Univ., St. Louis, MO. 

Session 08. Reproduction Communication N° 08-05 


	QTL AFFECTING REPRODUCTION TRAITS IN SWEDISH DAIRY CATTLE
	M. Larsson and L. Andersson-Eklund

	INTRODUCTION
	MATERIALS AND METHODS
	
	RESULTS AND DISCUSSION

	Significance
	ACKNOWLEDGEMENTS



