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Summary

This study aimed to identify genomic regions associated with hyperketonemia, and to
estimate genetic parameters for β-hydroxy-butyrate (BHB) concentration in blood in pasture-
grazed, early-lactating dairy cows. Blood samples were collected from 876 cows, 3 times per
week for the first 5 weeks of lactation, and BHB concentration was measured using a cow-
side device. A genome-wide association study, performed using a total of 37,309 SNP
markers, revealed no associations with the average, maximum and variance of BHB
concentration in any wk of lactation, the proportion of events with BHB ≥ 1.2 mmol/L
(positive event), the d of lactation corresponding to the first positive event, and the
occurrence (yes/no) of hyperketonemia positive event. However, the majority of traits
exhibited genetic variation, with values of heritability ranging up to 0.34 (for the average
BHB concentration in the 3rd wk of lactation). Genetic variation in blood BHB concentration
might be exploited in future breeding programs aiming at improving the metabolic health of
dairy cows during early lactation.
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Introduction

Hyperketonemia (HYP) is defined as an abnormally high concentration of circulating ketone
bodies, mainly β-hydroxy-butyrate (BHB), and can occur during extreme negative energy
balance during early lactation in dairy cows (Duffield et al., 2009). A circulating BHB
concentration of 1.2 mmol/L or greater is the generally accepted reference threshold to
diagnose HYP, and is associated with increased risk of subsequent displaced abomasum,
metritis, and clinical ketosis, as well as decreased probability of pregnancy at first
insemination and decreased milk production (Duffield, 2009).

A possible strategy to reduce the risk of hyperketonemia is through selective breeding.
However, estimates of genetic parameters for BHB concentration in blood are scarce, because
of the difficulty of regular sample collection on large numbers of cows. To date, limited
attempts have been made to calculate genomic predictions for various health disorders and the
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large majority are based on clinical diseases. In addition, studies investigating genomic
regions involved in HYP development are rare.

The objective of the study was to identify genomic regions associated with HYP and to
estimate genetic parameters for BHB concentration in blood in pasture-grazed, early-lactating
dairy cows in New Zealand.

Material and methods

Animals, phenotypes, and genotypes

The study involved 876 cows (386 Holstein-Friesians and 490 Holstein-Friesian x Jersey
crossbreds), from 3 farms operated under a seasonal-calving, pasture-based dairy system. A
blood “prick” sample was taken from the ventral labial vein of each cow 3 times a week for
the first 5 wk of lactation. The BHB concentration in blood was measured immediately using
a hand-held device. All blood samples were collected approximately at the same time of the
day (7 am; at the AM milking before a fresh allocation of pasture and supplementary feed
were offered) between June and October 2016.

Cows in each farm were randomly assigned to either a control or treatment group
before calving. Cows in the control group (N = 431) were not treated for HYP, whereas cows
in the treatment group (N = 445) were drenched with 300 mL of mono-propylene glycol
every time blood BHB tested ≥1.2 to <3.0 mmol/L. The treatment was repeated once daily
until BHB concentration next tested <1.2 mmol/L. However, irrespective of group, if cows
tested ≥ 3.0 mmol/L they were treated for clinical ketosis with 240 mL of Ketol (active
ingredients propylene glycol, mineral glycerophosphates, choline, cobalt and iodide)
drenched twice daily for 3 d as per the manufacturer’s instructions.

Phenotypes considered in the study were: average BHB, maximum and variance of
BHB concentrations during the 1st, 2nd, 3rd, 4th and 5th wk of lactation and from d 1 to 35. For
each treated cow, only BHB measures recorded before the first treatment were retained before
deriving the aforementioned traits. The proportion of events with BHB ≥1.2 mmol/L (positive
events) was also calculated. Three binary traits (B1, B20, and B50, 0 = healthy, 1 = affected)
were also derived. In B1, cows were considered affected if they had at least one positive
event. In B20 and B50, cows were considered affected if at least 20% or 50% of events were
positive, respectively. The d of lactation corresponding to the first positive event was also
investigated. All phenotypes included in the analysis exhibited a marked skewed distribution
and were normalized (mean = 0, SD = 1) using a rank-inverse transformation before the
statistical analysis.

All animals were genotyped with a custom 10K XT chip array
(“AgVic_10K_Bovine_20016931_A1”, Illumina Inc., San Diego, CA). All SNP genotypes
were removed if call rates were less than 90%. Remaining genotypes with a GC score < 0.6
were set to missing and filled using Fimpute software (Sargolzaei et al, 2014). A final set of
8,241 SNP was retained. All SNPs overlapped with 41,314 high quality SNP on the Illumina
Bovine SNP50 panel. These XT genotypes were then imputed to the 50K panel using
Fimpute. The 50K imputation reference included 2,207 animals with genotypes for 41,314
SNP. In total, 37,309 SNP had a MAF > 0.05 and were retained for further analyses.

Table 1. Descriptive statistics and heritability estimates for the investigated traits.

Descriptive statistics
Genetic
variance2

Heritability
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Trait1 Mean SD Min Max Estimate SE Estimate SE

B1 - - - - 0.01 0.01 0.09 0.08
B20 - - - - 0.01 0.01 0.09 0.07
B50 - - - - 0.19 0.07 0.25 0.09
%pos 17 20 0 100 0.04 0.02 0.19 0.08
Average BHB, mmol/L

1-35 d 1.00 0.45 0.31 3.60 0.15 0.06 0.26 0.09
1-7 d 1.04 0.47 0.20 3.60 0.15 0.05 0.26 0.09
8-14 d 0.89 0.34 0.23 3.20 0.16 0.07 0.19 0.09
15-21 d 0.86 0.40 0.20 4.60 0.26 0.08 0.34 0.10
22-28 d 0.85 0.47 0.20 4.10 0.16 0.09 0.19 0.10
29-35 d 0.76 0.43 0.17 4.20 0.13 0.06 0.25 0.11

Maximum BHB, mmol/L
1-35 d 1.49 0.66 0.50 4.90 0.16 0.08 0.17 0.08
1-7 d 1.16 0.53 0.20 4.60 0.10 0.06 0.14 0.08
8-14 d 1.01 0.46 0.30 4.00 0.16 0.08 0.18 0.09
15-21 d 1.01 0.50 0.20 4.60 0.24 0.08 0.30 0.10
22-28 d 1.03 0.57 0.20 4.90 0.16 0.09 0.19 0.11
29-35 d 0.91 0.51 0.20 4.20 0.14 0.07 0.24 0.11

Variance of BHB, mmol/L
1-35 d 0.14 0.30 0.00 5.08 0.07 0.06 0.08 0.07
1-7 d 0.10 0.30 0.00 5.08 0.00 0.09 0.00 0.09
8-14 d 0.08 0.21 0.00 2.88 0.05 0.07 0.05 0.08
15-21 d 0.08 0.25 0.00 3.00 0.09 0.07 0.10 0.09
22-28 d 0.09 0.33 0.00 4.65 0.09 0.09 0.11 0.11
29-35 d 0.07 0.38 0.00 6.13 0.00 0.08 0.00 0.09

First-pos 11 8 1 35 0.00 9.56 0.00 0.20
1 B1 is a binary trait where: 1 = cows with at least one measure of BHB > 1.2 mmol/L; B20 is a binary trait
where: 1 = cows with at least 20% of measures of BHB > 1.2 mmol/L; B50 is a binary trait where: 1 = cows
with at least 50% of measures of BHB > 1.2 mmol/L; %pos is the proportion of measurements with BHB > 1.2
mmol/L; First-pos corresponds to the first day of lactation with a measure of BHB > 1.2 mmol/L.
2 Variance components were estimated on traits after rank-inversed normalization (mean = 0, SD =1).

Statistical analysis

A genome-wide association study (GWAS) was performed to identify possible genomic
regions associated with the variation in the traits of interest. The GWAS was performed using
the mixed linear model based association analysis approach (Yang et al., 2014) implemented
in GCTA software (Yang et al., 2011). The genomic relationship matrix (GRM) was
calculated using the method of VanRaden (2008), with modifications as described by Yang et
al. (2010) for the imputed genotypes. Only SNP with a MAF > 0.05 were included in the
GRM. Population structure was investigated by principal component analysis (results not
presented) and showed some stratification attributable to the different breed composition
(Holstein-Friesian vs. crossbreds). The eigenvectors of the GRM were calculated and the first
3 eigenvectors were then included in the model as covariates to capture variance due to
population structure. The model also included the fixed effects of farm (3 levels), parity (4
levels: first parity, from 2 to 3 parities, from 4 to 5 parities and more than 5 parities), and



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.827

period of calving (5 classes of 15 d each). The qq-plots and Manhattan plots of the
distribution of the P-values and of the estimated marker effect were inspected.

The estimates of variance components and heritability (h2) were determined using the
REML algorithm implemented in GCTA (Yang et al., 2010), using a GRM to account for
relationships between animals and the same model used for the GWAS.

Results

The average concentration of BHB in blood during the first 35 d of lactation was 0.91
mmol/L, and ranged from 0 to 4.9 mmol/L. Of the cow included in the study, 71%, had at
least one positive event of BHB ≥1.2 mmol/L. In addition, 28% and 12% of the cows had at
least 20% and 50% of the measurements ≥1.2 mmol/L, respectively.

The GWAS indicated that there were no genomic regions significantly (P<0.05)
associated with any of the investigated traits (results not shown), probably due to the reduce
size of the dataset. However, the genetic variance explained by SNPs tanged from 0.00 to
0.34, evidencing the polygenic character of most traits. In general, h2 estimates of traits
measured in the 3rd wk of lactation were higher than those estimated for traits measured in
other weeks.

Conclusions

The study showed no significant associations between genotypes and severity or
occurrence of hyperketonemia during early lactation in pasture-grazed dairy cows, probably
because of the limited size of the dataset. However, the existing genetic variation in blood
BHB concentration might be exploited in future breeding programs aiming at enhancing the
resistance of cows to hyperketonemia.
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