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INTRODUCTION 
Health problems cause major losses for the dairy farms. Mastitis and other diseases decrease 
the amount of milk produced and mastitis lowers the milk quality. Costs are also increased 
because of veterinary treatments. In addition to low production, health problems are one of the 
most important reasons for involuntary culling of dairy cows increasing replacement costs. 
Also the dairy industry suffers from reduced milk quality caused by mastitis. Further, ethical 
aspects of dairy farming should include maintenance of good health. 
Health traits are typical low heritability traits and are often difficult to measure. Such traits can 
be slow to improve using traditional selection strategies. Marker assisted selection combined 
with MOET schemes could significantly increase genetic improvement of these traits (Lande 
and Thompson, 1990 ; Ruane and Colleau, 1996).   
Linkage maps for cattle have been created during the last decade and several QTL mapping 
projects have been undertaken mainly concerning production traits (e.g. Zhang et al., 1998 ; 
Moisio et al., 2002). QTL for health traits are mapped only in few studies (Klungland et al., 
2001). The Finnish recording system which has information on mastitis as well as other 
treatments made by veterinarians makes QTL analysis of these traits possible. The objective of 
this study was to map health trait QTL in the Finnish Ayrshire dairy cattle. 
 
MATERIAL AND METHODS 
A granddaughter design was used with 12 grandsires and their 469 sons. The number of sons 
per sire varied from 82 to 21 with an average of 41 sons. Semen samples were provided by 
Finnish AI stations. The phenotypic data used was breeding values obtained from the Finnish 
Animal Breeding Association from the fall evaluation of year 2000. The analysed traits were : 
somatic cell score (SCS), based on the somatic cell count of the daughters and transformed to a 
logarithmic scale ; mastitis, based on mastitis treatments within 150 days of calving or on 
culling due to udder health problems ; veterinary treatments, including all other veterinary 
treatments except mastitis and fertility treatments within 150 days of calving. The most 
frequent health disorders included in the latter trait are milk fever, ketosis and retained 
placenta. 
The bulls were genotyped for 148 microsatellite markers and two known genes covering all 29 
autosomes. The average spacing of markers was 20 cM. Linkage maps were constructed using 
ANIMAP and the length of the analysed genome was in total 2764 cM.    
Associations between markers and traits were first analysed for each chromosome individually 
using a multiple marker regression approach (Knott et al., 1996). To increase the power of the 
analysis, QTL identified on other chromosomes were accounted for by fitting their 
transmission probabilities (“virtual markers”) as cofactors in the analysis (de Koning et al., 
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2001). The phenotypic data was adjusted for the re-estimated effects after which reanalysis of 
each linkage group was done. The analysis was repeated until no new QTL were detected. The 
test statistic was an F-value.  Empirical P-values were computed by permutation (Churchill and 
Doerge, 1994). The permutation was repeated 10 000 times for each chromosome and trait. 
Genome-wise P-values were obtained by Bonferroni correction for the analysed chromosomes. 
 
RESULTS AND DISCUSSION 
When individual chromosomes were analysed a genome-wise significant QTL for veterinary 
treatments was found on chromosome 23. This QTL had already been detected from the same 
population in an earlier study (Elo et al., 1999). When multiple QTL were included by fitting 
suggestive QTL as cofactors, a total of 17 genome-wise significant QTL for health traits were 
revealed.  
 
Table 1. The locations and significance levels of udder health QTL  
 
  Mastitis    Somatic cell score 
 
Chromosome Position cM P-value  Position cM P-value 
 
1      59    .006 
3      109  <.003A 

11      68  <.003 
14  25    .037      
18  111    .017  111    .009 
21      51  <.003 
24      28    .006  
27      1  <.003 
29      16  <.003 
 
A The number of permutations  (10 000) did not allow for a more precise value   
 
Somatic cell score and mastitis. In the initial individual chromosome analysis chromosomes 
3, 11, 14, 18, 22, 27, and 29 showed QTL areas for SCS at nominal significance of 5 %. When 
suggestive QTL were added as cofactors, eight QTL exceeding the genome-wise 1 % threshold 
were detected (table 1). The QTL on chromosomes 14 and 22 disappeared. The QTL located in 
this paper on chromosomes 1, 3, 11, 18, and 21 confirm some of the QTL reported in other 
studies (Schrooten et al., 2000 ; Ashwell et al., 1997 ; Reinsch et al., 1998 ; Zhang et al., 
1998).  
Initially, one QTL was significant at a nominal 5 % level for mastitis on chromosome 18. 
When cofactors were used, QTL exceeding the genome-wise 5 % threshold were detected on 
chromosomes 14 and 18 (table 1). In a study of Norwegian cattle a QTL for clinical mastitis on 
chromosome 14 was also indicated (Klungland et al., 2001). The QTL on chromosome 6 
detected in that study was not confirmed in the present study. The distal end of chromosome 18 
showed linkage both to SCS and mastitis (figure 1). Only moderate genetic correlations have 
been reported for these traits in the Finnish Ayrshire cattle (Pösö and Mäntysaari, 1996). 
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Figure 1. Location of mastitis and somatic cell score QTL on chromosome 18. Solid thick 
line = mastitis, solid thin line = somatic cell score, dashed line = genomewise 5 % 
threshold 
 
Unfavorable genetic correlations have been reported between milk yield and clinical mastitis or 
SCS, indicating that selection for milk yield may increase mastitis incidence. In an earlier 
genome scan for milk production traits in the same population (Moisio et al., 2002), some QTL 
affecting milk yield were located on chromosomes which now also show QTL for SCS (1, 3, 
21, 27, and 29). However, the positions of the QTL are quite different in each chromosome, 
and are also all segregating in different families. Thus, the results suggest that at least in the 
Ayrshire population the major loci segregating for milk yield and udder health QTL are not 
overlapping (providing better prospects for marker assisted selection). 
 
Table 2. The location and significance levels of QTL for veterinary treatments 
 
Chromosome Position cM P-value 
1  22  <.003A 

2  28  <.003 
5  76    .009 
8  121  <.003 
15  101    .006 
22  1  <.003 
23  22  <.003 
 
A The number of permutations  (10 000) did not allow for a more precise value  
 
Veterinary treatments. In single chromosome analyses chromosomes 2, 14, 16, and 22 
showed QTL areas at nominal significance and chromosome 23 a genome-wise significant 
QTL. When cofactors were used, seven QTL exceeding the genome-wise 1 % threshold were 
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detected for veterinary treatments (table 2). The QTL on chromosomes 14 and 16 were not 
supported in the cofactor analysis. This trait includes several different health disorders because 
all other treatments except those for udder diseases and fertility problems are included. Further 
analyses are needed in order to find out exactly which health disorders are linked to the 
detected QTL. 
 
CONCLUSION 
Several QTL for health traits were detected in the whole genome scan of the Finnish Ayrshire 
cattle. Further studies are needed in order to get a better understanding of the health traits and 
more precise locations for the QTL. 
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