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From Sequence to Consequence:
Tools for the Exploitation of Livestock Genomes

Background

Workflow
� Twelve QTL regions were chosen for further analysis based on mapping results in Finnish Ayrshire (FAY) and 
Italian Brown Swiss breeds.
� Sequence variants within these QTLR were classified from the 20x whole genome sequence of 38 ancestral bulls
from these breeds using SVS7 (www.goldenhelix.com), bovine Ensembl v71 gene set, UMD3.1 (bosTau6)
� Effects predicted using Ensembl Variant Effect Prediction tool (VEP) and RNAsnp (Sabarinathan R et al. 2013) 
� 384 SNPs with high predicted effect were genotyped in a new sample of FAY and  the male breeding stock of 
Valdostana, and analyzed using the single-locus mixed model GWAS EMMAX, (Kang et al. 2010) in SVS7
� All SNPs in the QTLR were imputed for Danish Red cattle based on HD genotypes and whole genome sequence, 
and analyzed with a linear mixed model (Yu et al. 2006), fitted by REML using DMU (Madsen and Jensen, 2011)

Finnish Ayrshire                                  Valdostana                                              Danish Red
                                  - 563 bulls                                                   - 363 bulls                                                        - 845 bulls
                                      - DYDs for 1st                                             - EBVs for milk                                                 - EBVs for
                                       lactation mastitis                                         somatic cell score                                          clinical mastitis
                                      (CM) and somatic                                        (MSCC), mastitis                                            index (CMI),
                                      cell scores for 3                                           incidence and /or                                            somatic cell
                                      lactations (SCS1-                                        infection (S.aureus,                                        score index
                                      SCS3)                                                         S.agalactiae)                                                   (SCSI)   

    

� Mastitis is a major animal welfare problem and the most costly dairy cattle disease worldwide
� QTL affecting mastitis resistance have been mapped by linkage or association studies, but not characterized
� Our aim is to confirm previously identified QTL affecting mastitis, and characterize them at the molecular level

BTA  
QTLR 
Mb  

FAY  
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FAY 
SCS1-3  

Valdost 
infection  

Valdost 
MSCC 

DR 
CMI  

DR 
SCSI 

1  
82.5-
97.5  

83.55,  
88.11 

84.45 88.06  96.38  

3  
108.5-
113.5  

113.2 108.6 110.9 111.2 112.9  

5  
0.1-
3.0  

1.25 1.30 1.29 0.92  1.91  

6  
86.5-
92.5  

88.1, 88.7, 
90.2, 90.8 

87.7, 88.1 
90.2, 90.5 

87.1 89.1  90.7 

8  
101.5-
106.5  

104.1 
104.1, 
104.3 

102.1  104.5  

19  
20.0-
25.3  

25.2 21.7 24.05  22.77  

27  
15.5-
22.3  

15.5 15.5 15.9 15.67  
Conclusions
� Seven QTL regions were confirmed in independent samples
� Some regions may include several QTL (especially on BTA6)
� Higher power (larger samples) and additional information covering multiple traits / multiple loci) as well as 
functional studies are needed to pinpoint actual causative variants
� The associated SNPs with predicted effects provide candidates for functional testing
� The positional information could be used for prior weighting of genomic segments in genomic selection

Results
� Associations found across breeds in 
the confirmation samples are shown in 
the table. 
� Positions (Mb) of most significant 
associations per trait in each region are 
indicated.  In Finnish Ayrshire (FAY) and 
Valdostana (Valdost) all associations at 
FDR<30% are shown. Associations at 
FDR<5%, and in Danish Red (DR) 
associations with –log10(p) >3 are 
indicated in bold. 
�Positions overlapping <1 Mb in several 
breeds and/or traits are highlighted in 
yellow.
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