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Summary

The aim of this study was to identify important genomic regions associated with milk, fat and
protein yields in different lactation stages in Canadian Holstein and Jersey breeds. Genotypes
were available for 10,798 Holstein and 973 Jersey bulls and cows. Legendre coefficients of
lactation curve were predicted for each animal using GBLUP and a random regression model.
Direct genomic values for each lactation stage were used to estimate the SNP effects. Twenty-
SNP windows that explained more than 0.50% of the total genetic variance were further
investigated. In general, windows that explained a high proportion of the genetic variance were
observed for fat and protein yield in Holsteins. The number of important windows decreased
across lactation stages for fat yield in Jerseys, and increased for milk yield in Holsteins. Well-
known genes with major effect on milk production traits showed different expression across
lactation stages and breeds.
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Introduction

Several countries have been using random regression models (RRM) in official genetic
evaluations to obtain estimated breeding values (EBVs) based on milk, fat and protein test-day
records. In general, EBVs based on test-day records are more accurate than those based on the
cumulative 305-d models, since they take into account the genetic and environmental effects for
each specific time. In the genomic era, just few recent studies have reported applications of
RRM to predict genomic EBVs (e.g., Baba et al., 2016). In genome-wide association studies
(GWAS), most investigations on milk production traits have been carried out using the total
accumulated yield (e.g., Nayeri et al., 2016). Nonetheless, assessing genomic regions with
substantial effect on different lactation stages, as well as assessing differences in gene effects in
different breeds may provide better understanding of the genetic architecture of these traits. In
this study, GWAS were performed for milk (MY), fat (FY) and protein (PY) yields aiming to
identify important genomic regions related to different lactation stages in Canadian Holstein and
Jersey breeds. In addition, the changes in the gene expression across breeds and lactation stages
were also investigated.
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Material and Methods

The Canadian Dairy Network (Guelph, ON, Canada) provided pedigree, genotypes and the
December/2012 official genetic evaluation data, containing the random regression genetic
coefficients and reliabilities for MY, FY and PY from the first lactation of 134,631 Jersey and
4,888,808 Holstein animals. Details about the multiple-trait RRM used by CDN are presented in
the Interbull website (Interbull, 2016). The EBVs for each day in milk were calculated using the
random coefficients and then, they were deregressed. Only genotyped animals with EBV
reliability higher than 0.50 for Jerseys (973 animals) and higher than 0.65 for Holsteins (10,798
animals) were used for further analyses. In general, SNPs with Mendelian conflicts, call rate less
than 0.95, minor allele frequency less than 0.01 and SNPs with high (>0.15) deviation between
frequencies of observed and expected heterozygotes were removed. After quality control, 38,194
and 43,556 SNPs remained in the analyses for Jerseys and Holsteins, respectively.

Random regression coefficients for each animal were predicted based on the Genomic Best
Linear Unbiased Prediction method (GBLUP). The general RRM used for each trait was:

(1)

where is the vector of pseudo-phenotypes (deregressed test-day EBVs); X and Z are the
incidence matrices for the vectors of fixed (b) and random (g) regression coefficients of a fourth
order Legendre orthogonal polynomial, and e is the vector of residuals. All analyses were
performed using the BLUPF90 family of programs (Misztal et al., 2002).

The vector of direct genomic values (DGV) for all test-days of each animal was obtained
by multiplying the vector of predicted genomic coefficients by the matrix of Legendre
polynomial covariates. After that, the DGVs for each lactation stage were obtained summing up
the DGV solutions of specific test-days for each animal: 1) from 5 to 95; 2) from 95 to 215; and
3) from 215 to 305 days, as defined in preliminary analyses. The equation used for predicting
SNP effects was:

(2)

in which is the vector of estimated SNP effects, W is a matrix relating SNP genotypes to each

animal, and is the vector of estimated DGVs for each lactation stage. In order to identify
important genomic regions, moving windows (SNP-by-SNP) of 20 adjacent SNPs that explained
more than 0.50% of total genetic variance (calculated by summing the variance explained by
each of the 20 SNPs) were considered as important.

Genes that were located within the most important windows were further investigated in
order to identify possible candidate genes playing a major role in the expression of milk
production traits. Candidate genes analyses were performed via Ensembl database, using the
Variant Effect Predictor tool (http://www.ensembl.org/Tools/VEP). The gene functions were
obtained from the National Center for Biotechnology Information database (NCBI,
https://www.ncbi.nlm.nih.gov/gene/) and QTLdb - Animal Genome Databases
(https://www.animalgenome.org/cgi-bin/QTLdb/BT/index).

Results and Discussion

http://www.ensembl.org/Tools/VEP
https://www.ncbi.nlm.nih.gov/gene/
https://www.animalgenome.org/cgi-bin/QTLdb/BT/index
https://www.animalgenome.org/cgi-bin/QTLdb/BT/index
https://www.animalgenome.org/cgi-bin/QTLdb/BT/index
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For each lactation stage, trait and breed, the number of important windows and the variance
explained by them are summarized in Table 1. In general, a lower number of windows was
found for PY in comparison to MY and FY in both breeds. Windows that explained high
proportion of the genetic variance (above 1.45% of total genetic variance) were observed for FY
and PY in Holsteins, however, there was no windows explaining more than 0.88% in Jerseys.
Moreover, the number of important windows tended to be higher for Holsteins than for Jerseys
for all analyzed traits. These results corroborated with Pryce et al. (2010), and they suggested
that the genetic control of MY, FY and PY may be different between breeds. Regarding the
lactation stages, a substantial decrease in the number of important windows occurred through
lactation for FY in Jerseys, and a substantial increase occurred for MY in Holsteins. This
suggests that there may exist differentially expressed genes along the lactation (Table 1).

Table 1. Number of important genomic windows (N), mean and maximum (Max) proportion of
explained genetic variance in each lactation stage, trait and breed.

Trait
Lactation
stage

Jersey Holstein
N Mean Max N Mean Max

Milk
1 16 0.51 0.56 29 0.53 0.59
2 16 0.57 0.69 51 0.55 0.71
3 21 0.55 0.62 50 0.56 0.72

Fat
1 30 0.58 0.88 20 1.93 4.86
2 10 0.55 0.61 25 2.87 8.74
3 8 0.53 0.58 22 2.53 7.07

Protein
1 6 0.52 0.53 9 0.99 1.46
2 10 0.53 0.58 14 1.05 1.94
3 13 0.54 0.58 10 0.93 1.52

Genomic regions associated with milk production traits in different lactation stages were
located on chromosomes BTA5, BTA11, BTA14 and BTA20 for Jerseys, and on chromosomes
BTA5, BTA14 and BTA20 for Holsteins (Table 2). Especially for the Holstein breed, many of
the candidate genes detected inside of the important windows corroborated with previously
reported findings (e.g., Nayeri et al., 2016). However, well-known genes with major effect on
milk production traits had different expression through the lactation stages and breeds. For
instance, the Diacylglycerol O-Acyltransferase 1 gene (DGAT1) explained high proportion of FY
variation only in the first lactation stage for both breeds. In addition, there was no evidence of
substantial effect of DGAT1 on MY and PY in Jerseys, which may explain the lower proportion
of genetic variance explained by important windows in this breed for these traits when compared
to Holsteins.

Table 2. Candidate genes for each trait, lactation stage and breed. Genes in bold are already
reported in the literature.

Trait Stage
Jersey Holstein

BTA Genes BTA Genes

Milk 1 5
IGF-I, NT5DC3, PAH,

TXNRD1
14

CYHR1, DGAT1, eef1d,
MAF1, MAPK15, RHPN1,
SCRIB, VPS28, ZC3H3
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2 5
CHST11, NT5DC3,
PAH, TXNRD1

14
CYHR1, DGAT1, eef1d,
MAF1, MAPK15, RHPN1,
SCRIB, VPS28, ZC3H3

3 5, 20
NT5DC3, PAH,

PRKAA1, PTGER4,
TTC33, TXNRD1

14
CYHR1, DGAT1, eef1d,
MAF1, MAPK15, RHPN1,
SCRIB, VPS28, ZC3H3

Fat

1
5, 14,
20

ANO6, IGF-I, PAH,
SLC38A1, DGAT1,

GPBP1
5, 14

DGAT1, KLHL42, POLDIP3,
SEP3, TMTC1, TOX

2 5 IGF-I, NT5DC3, PAH 5, 20
ADAMTS12, CCDC91,

KLHL42, LARGE1, MRPS35,
POLDIP3, TMTC1

3 5

ASCL1, GLT8D2,
HCFC2, HSP90B1,

IGF-I, NT5DC3, PAH,
PARPBP, PMCH,
STAB2, TDG

5, 20
ADAMTS12, CCDC91,

KLHL42, LARGE1, MRPS35,
PTHLH, TMTC1

Protein

1 5, 11 NCK2, PAH 14
CYHR1, DGAT1, MAF1,

VPS28

2 5, 11 NCK2, PAH, SLC20A1 14
CYHR1, DGAT1, MAF1,

SCRIB, VPS28

3 11 NCK2, SLC20A1 14
CYHR1, DGAT1, MAF1,

VPS28

Conclusions

Genomic regions associated with MY, FY and PY were identified for different lactation stages in
Holsteins and Jerseys. Evidence of differential gene expression exists across breeds and lactation
stages. Further studies using alternative methodologies will contribute to validate our findings.
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