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Looking Ahead

• Genomic Adoption

• New Tools

• New Predictions





Genotypes in Weekly Angus Genetic 

Evaluation
Date Genotypes

Oct. 2012 11,000

Oct. 2013 42,000

Oct. 2014 89,000

Oct. 2015 159,000

Oct. 2016 262,000

Oct. 2017 383,000

Oct. 2018 556,710

Current (Sept 21 2019) 694,515



Female testing increases with 

lower testing cost
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Details of Genetic Evaluation Published

angus.org/nce



No looking back now.  



• 8.7M birth weights

• 9.2M weaning weights

• 4.5M yearling weight records

• 1.7M heifer calving ease scores

• 124K carcass records

• 2.0M ultrasound records

• 26K individual intake records

• 305K docility scores

• 104K heifer pregnancy observations

• 223K mature cow weights

• 25K foot score

• 11K altitude tolerance 

• 695K Genotypes

As of 9/21/2019

Data + DNA = Selection Tools that Work



Genomic Testing Increases Accuracy 

of Prediction



Genomic Testing Increases Accuracy 

of Prediction



Genomic Testing Increases Accuracy 

of Prediction

Birth Weight Accuracy of 0.27 = +/- 2.0 lb.

Confidence Range = -0.3 to 3.7

Birth Weight Accuracy of 0.54 = +/- 1.2 lb.

Confidence Range = 0.5 to 2.9



h2 Progeny 

Equiv
AverageAcc

CED 0.19 28 0.36

BW 0.46 21 0.48

WW 0.28 26 0.42

YW 0.27 21 0.38

Milk 0.12 33 0.30

SC 0.48 13 0.40

CWT 0.44 9 0.32

MARB 0.48 9 0.34

REA 0.32 12 0.30

Fat 0.33 10 0.29

Angus Progeny Equivalents with Genomic Testing

Genotyped non-parent 

animals (2014-2016 born).  

Average accuracy and 

number of progeny 

required to reach that 

accuracy.



Bottom Line: Genomics are a 

Risk Reduction Tool 

• Genomic-tested animals have similar 

accuracies to older animals with 9 to 33

progeny born and measured, depending on 

the trait

– Young bulls = higher accuracy 

– Females = greater EPD accuracy than with a 

lifetime of production records



AI in Angus has risen to over 55%

0

0.1

0.2

0.3

0.4

0.5

0.6

0

50000

100000

150000

200000

250000

300000

350000

400000

450000
1

9
6

3

1
9

6
5

1
9

6
7

1
9

6
9

1
9

7
1

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

2
0

1
7

Num Registrations Num AI Sired Prop AI Sired



ET in Angus is also rising

Now 13% of registrations 
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Proportion of ET that are IVF in 

Angus is now approaching 20% 
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Proportion of calves whose sire has 

an AI sire is over 80%
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Proportion of calves with an ET 

parent over 40%

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0

50000

100000

150000

200000

250000

300000

350000

400000

450000
1

9
6

3

1
9

6
5

1
9

6
7

1
9

6
9

1
9

7
1

1
9

7
3

1
9

7
5

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

2
0

1
7

Num Registrations Prop with Sire of Sire (AI) Prop with ET Parent



Generally more progress post 

genomics 

Standardized units
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One Chip – Multiple Purposes

Genomic Selection

Parentage

Conditions

Traits

Research





More accuracy

• Imputation is accurate, but never as good as 

actual genotypes

• Single-Step uses a common ~40K SNP

– This chip will provide these genotypes directly 

with minimal imputation 



The previous 40,000 SNP left gaps 

in Genome coverage



Problem with gaps at 

ends of Chromosomes 

The previous 40,000 SNP left gaps 
in Genome coverage



Sparse in places 

The previous 40,000 SNP left gaps 
in Genome coverage



Genome Coverage of Angus GS



AngusGS Content Summary

• 50,000 SNP for Angus

• Core SNP for Single-Step (~40K)

– Parentage 

– Conditions

• Targeted Genes (>100)

– Meat Quality, Carcass, Efficiency, Fertility, PAP, 

Fescue, Select F250 and more



AngusGS Content Summary Cont …

• Tenderness – 500 target SNP and Exclusive 

Calpastatin

• Angus Specific fertility haplotypes

– 8,000 SNP added to track these regions 

influencing reproduction in Angus

• Coverage of entire genome – use for 

imputation to higher density in future

– Example - Sequencing



328 Whole Genome 
Sequence, including many 
highly influential sires 

Sequence from over 3,000 
animals

20M Angus variants

And we are just getting 
started ….



Higher density 

genomic analyses 

narrows in on 

genomic regions

For important fertility traits like 

heifer pregnancy



A Constant striving for better

Build a 
Better Chip

Genotype

Analyze

Bring in 
other intel

100,000 

per year



Investigating Fertility Haplotypes

• Haplotype discovery and 

validation underway

• American Angus policy TBD

• We expect to be dealing with 

these within the next year

• Still a lot we don’t know



Fertility Haplotypes Track Embryonic 

Lethal Genes
• Exist in all breeds and 

species
– Detectable when genotypes 

are plentiful

• Detected and reported in 
dairy cattle since 2011
– Holstein (5)

– Jersey (1)

– Ayrshire (2)

– Brown Swiss (1)

• We expect to identify 
several in Angus using our 
genotypes and sequence 
information



Engaging expertise to build the best 

$ indexes

Have experience developing 
indexes around the world in 
many species – eg Irish Beef



Fertility is a High Priority Trait

Seedstock

Commercial

Retained 

Owner

n CLUSTER group
Weaning 

weight
Milk

Heifer 

pregnancy

Calving 

ease

Cow 

survival

Cow 

weight

Cow 

frame
BCS Foot Docility

Feedlot 

gain

Feedlot 

efficiency

Yield 

grade

Marbling 

grade

663 1 - Maternal 5.7 5.7 4.8 5.5 3.9 10.4 11.2 7.9 4.5 4.3 10.3 8.9 11.8 10.1

559 2 - Production 6.2 7.2 6.5 8.1 5.6 11.3 11.8 8.5 6.3 5.9 7.1 6.7 9.4 4.4

472 3 - Cow (hard) 8.5 11.9 5.6 6.6 3.8 7.1 8.4 5.7 5.8 5.6 9.8 7.4 10.6 8.2



What is a Haplotype?

• Animals are Diploid

– Chromosome pair (2) one from each parent

– Genotypes then are in pairs AA, AB, BB 

• 50,000 SNP Genotypes per animal

• Line SNPs up on a chromosome and zoom in 

on a region

– Window of 72 consecutive SNPS

– Lets keep it to 4 SNP for this example



4 SNP Haplotype example

• 4 SNP Genotypes AA, AB, BB, AB

• What are the haplotypes?  

A A

A B

B B

B A This animal is heterozygous for this 4 SNP 

Haplotype ABBA



Homozygous Example

• This animal is homozygous for the ABBA 

haplotype

A A

B B

B B

A A

Special Software is needed to convert 

genotypes to haplotypes

The haplotypes are tracking the underlying 

genetic variant causing the loss



Searching for Haplotypes with 

reduced homozygosity

½ H ½ h

½ H ¼ HH ¼ Hh

½ h ¼ Hh ¼ hh

If we mate two carriers, we expect 25% of offspring to be 

homozygous

What if hh does not exist, but there are lots of HhxHh

matings? 



Example of Reduced Homozygosity

• 567,164 Genotypes 

– (316,910 Male and 250,254 Female)

• Genotyped Trios – 202,381

• Haplotype Frequency – 2%

• Heterozygotes – 21,979 (512 sires, including AI sires)

• Homozygotes (hh) = 0 Observed and 213 Expected

• 353 Hh x Hh matings with genotyped offspring





Example of a semi-lethal allele

Not everything discovered will follow the embryonic lethal 

model



Increasing Density in Typical Fertility 

Haplotype Region



Recessive management strategy will 

depend on a number of factors 

• Frequency in population

• Effective population 

size

• Genetic merit of carrier 

animals and available 

alternates (Free)



Inbreeding plays an important role



Legacy Ancestors in Angus





Genomics has been widely adopted 

in American Angus and the impact 

will continue to grow 



Questions/Discussion

Stephen Miller, Ph.D. Genetic Research Director
smiller@angus.org 816-383-5157


