
Like vaccination, and segregation, a genetic approach to improve health is a type of 
preventative measure. Genetic improvement to improve health is a long-term 
process but elicits permanent gains as genetic gains made in one generation 
remain in future generations under a program of continued selection. This talk 
explores the opportunities and challenges of host genomic approaches to reducing 
the prevalence of disease and improving animal health.
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Is it feasible to try to improve health of cattle through selection? To achieve genetic 
gains, sufficient genetic variation in the cattle population is required and there has to 
be evidence that the trait has a sufficient genetic basis to improve the trait. 
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Selection for higher milk production in United States (US) dairy cattle has been very 
successful during the past 50 years. The average milk yield per lactation nearly 
doubled in US Holstein cows between 1950 and 2000 (Dekkers and Hospital, 2002). 
However, cow fertility has declined during this same period (Figure 1). More than 
half of the progress in milk yield was due to selection (Dekkers and Hospital, 2002), 
partly because milk yield and composition have moderate heritability (20‐40%) and 
partly due to the strong selection pressure that has been applied to increased milk 
yield (Hayes et al., 2010, Kemper and Goddard, 2012). Unfortunately, the large 
improvement in milk yield was accompanied by a decline in fertility (Washburn et al., 
2002, Hare et al., 2006, Norman et al., 2009). In 2003, fertility (daughter pregnancy 
rate or DPR) was included in selection indexes and fertility has improved while 
maintaining a steady trend in increased milk production. There remains genetic 
variation in fertility in dairy sires. Holstein sires differ by 7.2% DPR or approximately 
29 days open per lactation between the highest and lowest DPR sires.

DPR is strongly correlated with days to first service, conception rate and pregnancy 
rate. 
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Dairy cattle exhibit a high incidence of subfertility and infertility, and total pregnancy 
loss is now estimated at 45% or greater in lactating dairy cows with the majority of 
embryonic losses occurring during the first two to three weeks of pregnancy, the 
period of pregnancy recognition and establishment [6-9]. In 2006, it was estimated 
that each pregnancy lost costs an average of approximately $550 [10].

6



7



8



With the sharp decline in fertility, fertility’s importance gained more visibility and 
fertility measures were included into selection indexes. The weights for DPR is 7,6,7 
and 19% for Net Merit, cheese merit, fluid merit, and grazing merit, respectively

If PL is held constant, a 1% higher DPR results in about 1% more calves per lifetime 
with an average value of $150
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The formula for pregnancy rate is not very linear when graphed across the whole 
range of days open. However, the curve can be approximated by a straight line 
across the smaller changes in daughter means that result from sire genetic 
differences. Because of low heritability, PTA days open and PTA DPR both have 
small ranges and are nearly linear functions of each other. Each increase of 1% in 
PTA DPR equals a decrease of 4 days in PTA days open, and PTA days open can 
be approximated as PTA DPR multiplied by -4. Thus, a bull with a PTA of +2.0 for 
pregnancy rate would have a PTA of -8 for days open. The genetic correlation 
between days open and pregnancy rate is extremely high (.99) because the only 
way to reduce days open is for cows to become pregnant at a faster rate
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Evaluations for both traits will be expressed on the same scale as before, that is, 
the expected percentage of difficult births (scores 4 or 5) in first-calf heifers.  
Heritability of service sire calving ease is roughly 16%, and heritability of daughter 
calving ease is about 10%.  Reliability of service sire calving ease will typically be 
high, because data from numerous calves (of both sexes) are available within a 
year of the bull's semen release.  Reliability of daughter calving ease will often be 
low, however, because of the aforementioned heritability value, because only 
females express the trait, and because some herds do not report usable calving 
ease data.
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CDCB provides the following explanation. “In contrast (to C.LIV), PL predicts how 
long a cow is expected to remain in the milking herd before dying or being culled.”

Livability is one of the traits that make up Productive Life, and it is economically 
important that cows remain alive, productive and not requiring another cow to 
replace her.

Correlations with PL is 0.7
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The new Fertility Index (FI) combines several reproductive components into one 
overall index: ability to conceive as a maiden heifer, ability to conceive as a lactating 
cow, and a cow's overall ability to start cycling again, show heat, conceive, and 
maintain a pregnancy. The Fertility Index is derived from the formula:

Fertility Index = 18% Heifer Conception Rate (HCR) + 18% Cow Conception Rate 
(CCR) 
+ 64% Daughter Pregnancy Rate (DPR)

Breeding cows based on the updated TPI formula results in more profit, efficiency, 
and fertility. It impacts dairy producers' bottom lines today, while the genetic 
superiority expressed by these cows will be passed onto the next generation. 
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Heifer conception rate – for each 1% increase in HCR should decrease age at first 
calving by 0.54 days. Number of services wer assumed to average 1.8 for heifers 
and 2.9/lactation for cows which is equivalent to conception rates of 56% and 34%, 
respectively
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Sce, hcr, ccr, dsb,ssb
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Composite indexes Net Merit $, Cheese Merit $, Fluid Merit $, Grazing Merit $, Total 
Performance Index (TPI), 
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In 2011, VanRaden et al. identified loci that were missing a homozygous phenotype 
– suggesting that the homozygous condition was lethal – in Holstein, Jersey and 
Brown Swiss. Mutations in APAF1 and CWC15 in Jersey (Sonstegard et al 2013)
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HH1 the mutation responsible for this decrease in fertility was a nonsense (stop) 
mutation in APAF1 which truncates approximately one-third of the encoded APAF1 
protein. It is responsible for a substantial proportion of spontaneous abortion in 
Holstein dairy cattle and reduces conception rate by 3.4%

HH2 estimates by Kent Weigel (2011) places the frequency of this haplotype at 
4.6%. Its impact on conception rate is -3%.

HH3 is also a loss of function mutation. This polymorphism changes amino acid 
1135 from phenylalanine to serine and causes a non-neutral, non-tolerated, and 
evolutionarily unlikely substitution within the NTPase domain of the encoded protein. 
SMC2 plays essential roles in DNA repair, chromosome condensation and 
segregation during cell division. This mutation also impacts conception rate at -
3.2%.

HH4 – two mutations are present that can be deleterious, one causing a mis-sense 
mutation (asparagine substituted by threonine). This disrupts biosynthesis of 
purines which is needed in the components of molecules of DNA, RNA, ATP, etc. So 
loss of this ability results in death to the conceptus shortly after fertilization.
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HH5 – most carriers trace back to a Canadian bull born in 1957, estimate -3.5% 
effect on conception rate and the fertiity loss all seems to occur before 60 days of 
gestation. No significant effect on stillbirth.
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BH1 reduces conception rate by 3.4% and traces back to West Lawn Stretch 
Improver

BH2 carrier frequency gradually increased from 4% before 1980 to 20% today. 
Nearly all carriers trace to US Brown Swiss bull born in 1963. Effect is significant in 
the US and Austrian data for stillbirth (not fertility) and the rate of calf loss is similar 
to those of SMA.
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JH1 is a loss of function mutation in the CWC15 spliceosome-associated protein 
homolog gene discovered by Sonstegard et al. The use of haplotypes for this test 
has been shown was 96.5% overall concordance with the LOF tests. GeneSeek
offers the Loss of function test. Further information on combining the test results 
from the LOF and haplotypes tests is available VanRaden et al 2012 J. Dairy Sci
95(Suppl 2) abstract LB6. Weigel et al. 2011 estimated the frequency of this 
haplotype to be over 23% and reported that the impact on conception rate is -3.7%
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Nearly all carriers trace to a US Ayrshire bull born in 1953. The -4.4% effect of AH1 
on conception rate is slightly larger than for previous fertility haplotypes.
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Recent study evaluated 25,544 Fleckvieh cattle to identify loci affecting reproductive 
and rearing success. WGS was done on 263 animals.

FH1 reduced conception rate by 6.64%

FH2 – first year survial of descendants from FH2 matings was reduced by 6.6%; 
frameshift mutation in exon 7 of SLC2A2 encoding the glucose transporter 2 
(GLUT2) results in a premature stop codon, shortening the protein by 250 amino 
acids (48%)

FH3 - reduced conception rate by 4% and a reduced first year calf survival rate (-
4.3%) was observed

FH4 reduced conception rate by 6 %, A missense mutation in SUGT1 encoding 
SGT1 controls kinetochore function during metaphase of mitosis. The missense 
mutation replaces a highly conserved amino acid
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SEMA3E (5.88 × 10-8) semaphorin 3E on BTA4 
• Dysfunctional signaling underlies GnRH neuron deficiency in Kallmann

syndrome and failure of onset of puberty (Cariboni et al. 2015)

TRPM7 (3.80 × 10-9) transient receptor potential cation channel subfamily member 
7 on BTA10
• Deletion results in embryonic lethality; inhibition of ion channels reduces 

progression to the blastocyst stage in mice (Carvacho et al. 2016)
• Required for vertebrate gastrulation (Liu et al., 2011)

MGA (1.60 × 10-8) MAX dimerization protein on BTA10
• MYC-MAX transcription factor that mediates cellular proliferation, 

differentiation and apoptosis (Hurlin et al., 1999)

ATAD2 (2.34 × 10-8) ATPase family AAA domain-containing protein 2 on BTA11 
• Regulates estrogen and androgen receptors and is associated with histone 

methylation via methyl transferases late in mitosis (Revenko et al., 2010) 

DDR1 (1.06 × 10-8) discoidin domain receptor tyrosine kinase 1 on BTA23
• Critical to blastocyst implantation in mice (Vogel et al. 2001) 

SCGZ and MIR383 (1.37 × 10-22) sarcoglycan zeta and micro RNA-383 on BTA27

• Genes are co-activated in granulosa cells with MIR383 targeting RBMS1 to 
enhance release of estradiol from granulosa cells in mice (Yin et al., 2012); 
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interacts with MYC

48



49



50



51



52



53



54



The genotypes from these tests are sent to the USDA where they are entered and 
compared with the USA herds for that breed. The Igenity Prime and Select are 
imputed up to 66k SNPs.
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Wellness traits – research should be based on US Holsteins populations, have large 
numbers (had millions), see article in JDS, january 2017 and validation coming out 
soon; reliabilities about 50%; metritis 12% to 25%
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