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Ideal Dairy Cow
• High fat and protein
• Excellent fertility and ability to produce a calf regularly

• Longevity and few health problems (~5 to 7 years)

• Low somatic cell count

• Smaller and functional cow
• Efficiently converts feed to milk

• Breed depends on each producer’s management system



National Genetics Conference, 2019 Holstein Convention, Appleton, WI, USA, June 26, 2019 (6) Cole

Genotypes are plentiful

Source: Council on Dairy Cattle Breeding (2019).



Genomic Selection and Crossbreeding for 
Health in Organic Dairy Cattle

• Establish associations of mastitis and cow health with genomic 
evaluations for specific diseases

• Establish associations of respiratory disease, general health, and 
growth in organic dairy calves with genomic predictions of 
respiratory disease resistance, and breed composition

• Evaluate the influence of genetic merit and breed composition 
on pasture behavior and associated health outcomes
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Genomic testing

• Number of animals tested 
• GGP 50K

• 424 crossbreds 
• 165 Holstein
• 86 Control Holstein

• GGP HD 150K
• 127 crossbreds
• 51 Holstein
• 24 Control Holstein



1964 genetic control Holstein
• Started in 1964 a the Southern Research Center in 

Waseca, MN

• Moved to West Central Research Center in 2003 to a 
low-input and grazing environment

• Herd is maintained between 20 to 40 cows and 
heifers.

• 100+ years of semen remain



Ma et al. (2019). BMC Genomics volume 20, Article number: 128 (2019) https://doi.org/10.1186/s12864-019-5459-x

1964 Holstein selection



Ma et al. (2019). BMC Genomics volume 20, Article number: 128 (2019) https://doi.org/10.1186/s12864-019-5459-x

1964 Holstein selection
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1964 Holstein 
Genetics



Purebred Holstein



Number of observations 

Variable 1964 Control Holstein

Number of cows 45 64
305-d milk (kg) 4,973 7,358
305-d fat (kg) 155 266
305-d protein (kg) 150 238
Somatic cell score 3.2 2.5



Clarifide Plus results
Variable 1964 Control Holstein

Number of cows 45 64

Future inbreeding (%) 1.46 6.87
Fat + protein -183 36
DPR 7.1 2.1
Livability -0.3 1.2

Final Score Type -4.5 -0.3
NM$ -837 276
DWP$ -746 403



Net Merit ($)



Holstein



Holstein



KIT proto-oncogene, receptor 
tyrosine kinase– Chr 6

RAN binding protein 2– Chr 11



University of Minnesota
crossbreeding research

Crossbreeding initiated in 2000 with two research herds of 
Holsteins – the campus herd at St. Paul and the low input 
research herd at Morris, MN

2000 to 2002:
• ½ bred to Holstein AI sires
• ½ bred to Jersey AI sires

2003 to 2007:
• Pure Holsteins bred to Holstein and Montbeliarde AI sires
• Jersey x Holstein crossbreds bred to Montbeliarde AI sires

•

•

•

2008 forward:
• Viking Red replaced Jersey in the 3-breed rotation

•



Profit per day from California study
(ignoring differences in health cost)

Production 
Cows                 income/day                Profit/day

Holstein 165 $11.47 $4.17

** Difference from Holstein P < 0.01

VR×HO and NR×HO 369 –$.22 ** +$.15 **
–2 % +4 %

MO×HO 218 –$.22 ** +$.22 **
–2 % +5 %



22Pro Cross at the U of MN
Montbeliarde sire

Viking Red sireHolstein sire



Viking Red

Normande

Jersey

GrazeCross



Viking Red x Holstein x Montbéliarde



Normande x Viking Red x Jersey



Jersey x Normande x Viking Red



Montbéliarde x Holstein x Viking Red



A2 Genetics WCROC
Breed group N A1/A1 A1/A2 A2/A2

----------%----------

Holstein 50 16 36 48
1964 Holstein 37  27 41 32
Holstein-sired 65  17 34 49
Jersey-sired 51  8 45 47
Montbéliarde-sired 98  17 47 36
Normande-sired 56  5 45 50
Viking Red-sired 136  15 40 45
Overall 493 15 41 44



Crossbreds



Crossbreds



Crossbred Population Stratification



Crossbreds



Calf Health - Holm and Laue HL 100 feeder



Health scores for feeding groups

Trait Milk   Replacer
Nose score 0.00 0.02

Eye score 0.03a 0.01b

Ear score 0.01 0.00

Cough score 0.01 0.00

Fecal score 0.89a 1.54b

Navel score 0.00 0.02

Joint score 0.00 0.00
Means within a row without common superscripts are different at P < 0.05.



Calf breed distribution



Calf call rate



Calf Cryptic Relatedness



Calf PCA analysis



Calf Manhattan Plot



Calf LD Plot

coagulation factor X

SLC7A1 solute carrier family 7 member 1



Calf Q Q Plot



Calf ROH



Calf ROH



Conclusion
• 1964 Control Holstein cows still exist and 

may provide interesting results for gene 
discovery of dairy cattle health

• Gene discovery will continue for calf health 
traits in grazing dairy herds 

• Genome wide association studies for grazing 
dairy cattle

• Identify markers and regulation of traits 
that affect health of cattle



Future work
• PBAT Family analysis
• Candidate gene analysis
• G x E analysis with crossbreds and Holstein and comparing 

studies
• Jersey calf health in automatic feeder
• Genomic selection and genomic evaluation to improve economic 

weights for grazing merit.
• More sensor analysis – Phenotype is king

• USDA animal blueprint
• Body temperature, activity, rumination time, feed & water 

intake
• Graduate student course
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