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Abstract 
A genome-wide association study was carried out for young-stock survival (YSS) in Nordic Red 
Dairy cattle. The de-regressed proofs for 3,078 bulls for YSS index and four component traits were 
analyzed. The 50k genotypes were imputed to whole genome sequence level using run7 1000 bull 
genome sequence data. A major QTL on chromosome 6 was identified with rs133470751 as the 
lead SNP with –log10(p value) equal to 47.02. The lead SNP is located in a gene desert. The post-
GWAS analysis for functional annotations of the variants and presence for structural variants in 
the QTL peak was evaluated for being causal factor. 
 
Introduction 
Identification of the genetic variants associated with calf survival in dairy cattle will aid in the 
elimination of harmful mutations from the cattle population and the reduction of calf and young 
stock mortality rates (Wu et al. 2017). Mortality of cattle causes economic loss for dairy farmers. 
The cost at rearing period is relatively high compare with early embryonic loss, abortion and 
stillbirth. Calves and young stock that die during the rearing period result in lost revenue, fewer 
heifers for replacement, higher veterinarian costs and deteriorating animal welfare. Therefore, it is 
important for both economy and welfare, to breed for reducing mortality of calves and young stock. 
An index for young stock survival (YSS) in calves was included in the Nordic total merit index by 
the Nordic Cattle Genetic Evaluation (NAV; www.nordicebv.info). The YSS index was calculated 
based on 4 survival traits: survival from 2 to 30 d for bull calves (BP1) and heifer calves (HP1), 
from 31 to 184 d for young bull calves (BP2), and from 31 to 458 d for young heifer calves (HP2). 
Calf death and survival during this period were recorded as 0 and 1, respectively. The YSS index 
was calculated by combining EBV for BP1, BP2, HP1, and HP2 by NAV (Denmark), which were 
weighted by their relative economic values and standardized (Carlen 2016). 
The combination of genomic information and breeding values for YSS creates an opportunity to 
identify genomic variants with harmful effects on YSS. Once these variants have been identified, 
it will be possible to select against them and prevent at-risk matings between carriers. This 
selection will improve calf survival and reduce the cost per live cattle produced. In this study, we 
focus to identify the causal variant underlying a major QTL on chromosome 6 in Nordic Red Dairy 
cattle (RDC). 
 
Materials & methods 
Phenotype and genotype data. For genome scan, we used data from 3,078 RDC bulls. The 
phenotype used was de-regressed proofs for 4 component traits of YSS (i.e. BP1, BP2, HP1 and 
HP2) and YSS index.  
All these RDC bulls were genotyped with Illumina 50k SNP chip; followed by imputed to HD 
level (777k), and then imputed to whole genome sequence level using Run7 reference animals 
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from the 1000 Bull Genomes project (BGP). The whole genome sequencing (WGS) reference 
panel was phased with Beagle4 (Browning et al. 2018) and recalled by shapeit2 (Delaneau et al. 
2011).  HD panel was phased using Beagle5 (Browning et al. 2018). Both steps of imputation were 
performed by Minimac4 (Fuchsberger et al. 2015). The average imputation accuracy, R2 from 
Minimac4, was 91.2% across all minor allele frequency classes. The SNP with a minor allele 
frequency less than 1% or those deviating from Hardy-Weinberg proportions (p<10−6) were 
removed. Association analysis was carried our using a linear-mixed model approach (Kang et al. 
2010) using GCTA software (Yang et al. 2011). A SNP was declared significant if its p-value was 
less than multiple Bonferroni correction threshold (see Wu et al. 2017 for details).   
 
Post-GWAS. To reveal the possible consequence of the variants within the QTL interval, we 
performed variants annotation using variant effect predictor (VEP) v104 (McLaren et al. 2016). 
The prediction impact with “HIGH” was retained to check the segregation in the WGS animals 
from 1000 BGP Run7. The Gene Ontology (GO) (Ashburner et al., 2000) was used to explore the 
function of identified candidate genes. The precomputed Repeatmasker (Chen 2004) profile was 
downloaded from NCBI, and checked the presence of the repeat sequence around the lead SNP. 
Variation in repeats can alter the expression of genes, and changes in the number of repeats have 
been linked to certain human diseases (de Bustos et al. 2016). The flanking 1 Mb region of was 
compared to the regulatory elements from previous studies (Kern et al. 2021). We also examined 
if chromosomal deletions (Mesbah-Uddin et al. 2018) located in or close of the QTL regions could 
be the causal variants.  
  
Results 
Association with component traits of YSS. We detected genome-wide associated SNP, including 
9,162 SNP for BP1, 12,173 SNP for BP2, 8,709 SNP for HP1, and 14,096 SNP for HP2. Of the 
14,567 SNP that were significant for YSS index, 8,856 SNP showed significant association with 
BP1, 11,688 SNP for BP2, 8,339 SNP for HP1, and 13,375 SNP for HP2. In addition, there were 
8,268 SNP on BTA6, 3 SNP on BTA17, and 266 SNP on BTA23 were associated with both BP1 
and HP1. There were 182 SNP on BTA4, 11,655 SNP on BTA6, and 2 SNP on BTA14 associated 
with both BP2 and HP2. There were 8,400 SNP on BTA6 were associated with both BP1 and BP2; 
and 8,243 SNP on BTA6 associated with both HP1 and HP2.  
 

 
Figure 1. Manhattan plot for association of SNP with young stock survivor in Nordic Red 
cattle. Red horizontal line indicates genome-wide significance level [−log10(P) = 8.5].  
 
Association with YSS. We found a major QTL for YSS at chromosome 6 (Figure 1). The lead SNP 
of this QTL is 6:38065928 (rs133470751) with –log10(p value) equal to 47.02. The annotation of 



this variant is intergenic variant. The lead SNP is located at the gene desert (Figure 2). There are 
several genes in a far distance which are worth to investigate.  
 
Checking variants annotation of the flanking area of lead SNP. We checked the flanking 1 Mb 
region for high-impact (given by variants effect predictor) of the lead SNP. Two genes with several 
functionally annotated SNPs showed potential to be causal genes and/or causal variants. FAM184B 
have a stop gained variants at 6:37201641. LCORL have three frameshift variants at 6:37401110, 
6:37401770, 6:37402602 and 6:37403627 and one splice donor variant at 6:37412364. The 
segregation of these variants in non-Nordic Red WGS animals and Nordic Red WGS animals were 
listed in Table 1. LCORL belong to GO term “regulation of transcription by RNA polymerase II”. 
Both genes do not show any clear functional meaning to YSS from GO, KEGG or mammalian 
phenotype database.  
 

 
Figure 2. LocusZoom plot (Pruim et al. 2010) showing the QTL region on chromosome 6 in 
Nordic Dairy cattle; colour code is to show the linkage disequilibrium with the lead SNP.  
 
Table 1. The segregation of the high-impact variants located within two candidate causal 
genes in 1000 bulls genome sequence without and within the Nordic Red cattle (RDC) 
sequences. 
variants gene All except RDC  RDC 
  HOM-A1 HET HOM-A2  HOM-A1 HET HOM-A2 
6:37201641 FAM184B 0 0 2913  1 9 153 
6:37401110 LCORL 2 28 2882  0 0 164 
6:37401770 LCORL 643 253 1996  4 24 136 
6:37402602 LCORL 0 2 2916  0 32 129 
6:37403627 LCORL 2 12 2892  0 0 162 
6:37412364 LCORL 1 39 2866  0 2 160 

 
Unveiling the gene desert region around lead SNP. The Repeatmasker profile was downloaded 
from NCBI, there is a LINE element very close to the lead SNP, which is L2c. The copy in the 
reference genome is not a full length element, which means it is not active.  However, we currently 



don’t have the right dataset, long read sequences, to further investigate the repeat content of this 
region in our RDC animals. The sequence reads obtained with next generation sequencing 
platforms are short and simply do not span long repetitive sequences. We checked for the presence 
of regulatory elements in the flanking 1 Mb region of the lead SNP, and the result showed the 
region from 38 Mb to 39 Mb contains several regulatory elements even though the region is devoid 
of genes. 
We fine-mapped a major QTL affecting young-stock survival in Nordic Red dairy cattle. The lead 
SNP is located in a gene desert, indicating a regulatory variant may be the causal factor for this 
QTL. The high-impact variants in neighbouring genes were also studied. These variants are 
included in a custom made SNP array used in routine genotyping. 
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