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¢ Increase in markers used in US genomic predictions

e Methods for selecting better SNPs and removing poorer SNPs
e Gene tests added and effects on traits

e Conversion of locations to new reference map

e Results when applied to 5 breeds (HO, JE, BS, AY, GU)

e Correlations and reliability gains with more SNPs
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Growth of markers used

e Numbers of markers used have increased over the years
— 2008: separate lists within each breed based on MAF
— Numbers were 38,416 for HO, 31,628 for JE, 34,593 for BS
— 2009: common list of 43,385 SNP for multi-breed research
— 2014: increased to 60,671 SNP with HD SNPs and gene tests

— 2018: increased to 79,276 SNP with added sequence, HD, and
gene tests

e Future lists may include more HD and sequence SNPs selected
from other breeds, from other traits, and more data
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Choosing the SNPs to include

e Large effect HD and sequence SNPs from 2 previous studies
— Wiggans et al., 2016 J. Dairy Sci. 99:4504-4511 [HD SNPs]

— VanRaden et al., 2017 Genet. Sel. Evol. 49:32 [sequence] to
be added in next update

e Gene tests that were added to recent chips
e Causal alleles within lethal haplotypes

e Removed previous SNPs with high parent-progeny conflict rates,
missing genotypes, Hardy-Weinberg within breeds, etc.

e Set SNPs to missing on individual chips with poor properties
USDA
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Gene tests and sequence SNPs with large effects

e Gene tests for DGAT1, ABCG2, B-casein, and B-lactoglobulin had
large effects on yield traits and net merit.

e Gene tests for Holstein cholesterol deficiency, complex vertebral
malformation, brachyspina, and calpain had large effects on
somatic cell score, udder cleft, protein yield, and gestation
length, respectively.

e A new sequence marker on chromosome 3 had the largest
effect on Holstein final score, foot angle, feet-and-legs score,
and rear legs (rear view).

e For Jerseys, bGHR had a large effect on productive life.
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Added HD SNPs with large effects
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New SNPs with larger effects than 50K

e Top 5 largest SNP effects Traits | 50K SNPs
__ . as % of

— within each trait Top 5 SNPs
— within each breed Holstein 41 34%
¢ How many were on the LB 27 2o
original 50K chip? Brown Swiss 30 53%
Ayrshi 27 33%
e New SNPs were added from WIEIIE °
HD, sequence, or gene tests CILUCITISE L7 S0
Weighted average 152 42%

e Percentage of 50K SNPs for
each breed, across traits
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Correlations of 80K with 60K predictions

e Genomic predictions improved more for breeds with larger
reference populations such as HO and JE.

¢ Individual predictions changed most for animals less related to
the US population, with less complete pedigrees, or genotyped
with lowest density chips such as 3K.

e Correlations of 80K with 60K predictions for young animals were
— about 0.99 for Jersey, Holstein, and Guernsey yield traits
— higher for Ayrshire and Brown Swiss yield traits

— lower for many other traits, about 0.98
USDA
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Reliability

e No change in calculation of reliability
— Recent research suggested that reliability was over estimated

— Wiggans et al (2016) found 1 to 3 point increase with 77 K
SNP
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Computation

e Missing alleles were imputed for Holsteins by:
— first imputing all bulls and their ancestors

— using those haplotypes as priors to impute the remaining 2
million females

— required 9 d to compute with 25 processors and 270 GB of
memory.

e The 80K list increased computing times for other key programs
by about 30%
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Conclusions

e Important variants now included directly had large effects on yield traits and
the net merit index.

— e.g., in DGAT1, ABCG2, B-casein, and B-lactoglobulin

— For HO, 66% of top effects are from added SNPs, only 34% from 50K chip
e Revised SNP list also improved quality control and used new reference map
e Using 80K instead of 60K SNPs increases computing by ~ 30% for some steps
e Reliability is expected to increase by 1 to 3 percentage points

e Future predictions could assign more prior emphasis to the known QTLs
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Questions?
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Holstein and Jersey crossbreds graze on American Farm Land Trust’s

Cove Mountain Farm in south-central Pennsylvania
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Source: ARS Image Gallery, image #K8587-14; photo by Bob Nichols USDA
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