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Overview 

 Background information on genetic 
improvement and DNA marker technology  

 Improvements in genetic gain possible from 
including DNA information into genetic 
predictions 

 Genetic tests that are on the market for 
production traits 

 DNA testing for recessive genetic defects  
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Traditional animal breeding on the 
basis of phenotype (appearance) 
can be very successful 
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However breeding based on objective 
performance recording has been 
spectacularly successful….. 
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Image from: Dekkers, J.C.M, and F. Hospital, 2002. The use of molecular genetics in the 

improvement of agricultural populations. Nature Reviews Genetics 3: 22-32 

Average milk production per lactation of US Holstein cows has nearly doubled during the past 40 years 
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Should you use this bull?  
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In the absence of any other 
information selection can only be 
based on appearance or reputation…  
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But what you would really like to 
know is the future performance 
of his unborn calves !! 
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What if I told you these 
calves belonged to the bull?  
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What if I told you these 
were his daughters’ calves?  
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What if I told you this was a typical 
steak from his progeny?  
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Animal breeders use records of an animals own 
performance and that of its relatives to predict an 
animal’s genetic merit or estimated breeding value 

½ x EBV = Expected Progeny Difference (EPD) 
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What is an EPD/breeding value?  

An animal’s breeding value is an estimate of its genetic 
merit, half of which will be passed on to its progeny (EPD). 
While we will never know the exact breeding value, for 
performance traits it is possible to make good estimates 
based on performance records of the animal and its 
relatives. These are called Estimated Breeding Values 
 

Calculating EBVs 
In the calculation of EBVs, the performance of individual animals within a 
contemporary group is directly compared to the average of other animals in 
that group. A contemporary group consists of animals of the same sex and age 
class within a herd, run under the same management conditions and treated 
equally. Indirect comparisons are made between animals reared in different 
contemporary groups, through the use of pedigree links between the groups. 
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Challenge for breeders is to accurately 
identify those individuals that have the 

best true breeding values   

• Records – more are better 

• Would ideally like records before selection 

• Need to know genetic relationship  
between what you re measuring (e.g. an 
ultrasound scan) and the trait you get paid 
for (e.g. marbling)   

• Perhaps DNA information can help improve 
the accuracy of breeding values if they 
have been shown to work in Wagyu! 
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The genome age 
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SNP (Single Nucleotide 
Polymorphism)  

 

A DNA sequence 
variation that 
varies sufficiently 
between 
individuals that 
its inheritance 
can be tracked 
through families 
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What is a Genetic Marker ?  
 

A DNA sequence 

variation that has 

been associated 

with a given trait in 

one or more 

populations 
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What is needed for develop a 
DNA test?  

 Population 

 Phenotypes  

 Genotypes  

Training = Need a 
population where genetic 
markers have been 
associated with 
production traits in BREED 
of interest  

Prediction = the results of training can then 
be used to predict the genetic merit of new 
animals based on their DNA genotype alone 

TRAINING 
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There are DNA-markers for 
simple traits 

 DNA test result is highly predicitive 
 

–  Coat color  

–  Polled/horned staus 

–  Certain genetic diseases (e.g. “curly calf”) 

–  SCD (Prescribe Genomics, $90 per test) 

–  “Exon 5” (Prescribe Genomics, $100/test) 
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Wagyu-specific DNA-makers 
for simple traits  

SCD - Stearoyl-CoA desaturase  (AA, VA, VV) 

 “the percentage of beef that is “not delicious” 
has increased as a result of increased fat of a 
high melting temperature 

 ~ 18 % AA, 74% VA, 8% VV 
 

Exon 5 – growth hormone (AA,AB,BB,BC,CC) 

 Only found in Wagyu,  

 Purportedly associated with marbling  

 No more information on frequency  
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 SIMPLE TRAITS 

e.g. Coat Color 

Double muscling 

COMPLEX TRAITS 

e.g. Marbling (h2 = 0.37) 

     100 % 
GENETICS 

37% 
GENETICS 

 
63% 

ENVIRONMENT 
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Igenity L was a single T/C 

SNP test for Leptin 





Which would you rather have??? 

 A bull that is 
‘homozygous’ for a 
positive genetic variant  
with a low-accuracy 
marbling EPD of +3, or 

 

 Or an unrelated bull 
carrying no copies of 
that genetic variant with 
a low-accuracy marbling 
EPD of +3 

** 
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Both are important!! 

 The ‘homozygous’ bull is a source of favorable 
alleles (genetic variant) of the gene. Can 
eventually be used to create homozygous calves  

 The other bull contributes favorable unmarked 
alleles of other genes, which will improve the 
frequency of other desirable alleles for the trait.   

 Breeding the marker-associated form of the 
gene into the bull that has no copies should 
improve the trait  by combining all of the good 
forms of the genes together in one animal 
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DNA TEST FOR MARBLING EXPLAINS 
SOME % (r2) OF GENETIC VARIATION 

63% 
ENVIRONMENT 

37% 
GENETICS 

DNA  
TEST  

OTHER 
GENES 

EPD 
estimates  
all genes 
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Recap of early product offerings 

 Single gene tests reported as actual 
results of genotyping (** or AT) 

 Great deal of explanation of what the 
gene was and how it had its effect 

 DNA-test billed as 100% accurate  

 The need for third-party validation of 
commercial tests becomes evident 

 A lot of emphasis was put on a single SNP 
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First multi-gene test arrives 
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Explains 70% of 

the genetic 

variation in 

marbling with 

128 markers 

Explains 

100% of the 

genetic 

variation in 

tenderness 



Results reported on 1-10 scale 
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Results reported as a MGV  
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Pfizer Animal Genetics 
aquired Bovigen – results 
reported as GPD 



Recap of next generation of 
products 
 Multigenic marker panels start to become the norm 

 Number of traits and markers grow exponentially 

 No longer any emphasis on which genes the 
markers are associated with, or how those genes 
function 

 No independent validation of many tests 

 Multiple different reporting systems that do not 
allow interchange (1-10, MGV, GPD, Number of 
Stars) or interpretation relative to EPDs 

 DNA information still being presented separately 
from EPDs 
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Lead Today with 50K 

1.  Birth weight 

2.  Weaning weight  

3.  Weaning maternal (milk) 

4.  Calving ease direct 

5.  Calving ease maternal 

6.  Marbling 

7.  Backfat thickness    

8.  Ribeye area  

9.  Carcass weight  

10.  Tenderness 

11.  Postweaning average daily gain 

12.  Daily feed intake  

13.  Feed efficiency (net feed intake) 

50K SNP chip assays 

50,000 SNPs spread 

throughout genome 
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1. Dry Matter Intake 
2. Birth Weight 
3. Mature Height 
4. Mature Weight 
5. Milk 
6. Scrotal Circumference 
7. Weaning Weight 
8. Yearling Weight 
9. Marbling 
10.Ribeye Area 
11.Fat Thickness 
12.Carcass Weight 
13.Tenderness 
14.Percent Choice (quality grade) 
15.Heifer Pregnancy 
16.Maternal Calving Ease 
17.Direct Calving Ease 
18.Docility 
19.Average Daily Gain 
20.Feed Efficiency 
21.Yearling Height 
22.  Scrotal Circumfrence 
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http://www.angus.org/AGI/GenomicChoice070811.pdf 

American Angus Association performs 

weekly evaluations with genomic data 



  

DNA TEST FOR MARBLING EXPLAINS 
SOME % (r2) OF GENETIC VARIATION 

63% 
ENVIRONMENT 

37% 
GENETICS 

?? 

OTHER 
GENES 

EPD 
estimates  
all genes 
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Trait 

AGI h2 IGENITY® Angus 
Profile 

Pfizer HD 50K 
for Angus 

  
Included % Genetic 

variation (r2) 
Included % Genetic 

variation (r2)  

Average Daily Gain X   X 302 

Net/residual Feed Intake      X 122 

Dry matter intake  0.31 X 201 X 421 

Feed Efficiency X   X 

Tenderness  X   X 262 

Calving Ease (Direct)  0.20 X 221  X 111 

Birth weight  0.42 X 321 X 261 

Weaning Weight  0.20 X 201 X 271 

Yearling Weight 0.20 X 121 X 411 

Yearling Height X       

Calving ease (maternal)  X   X 402 

Milking Ability 0.14 X 61 X 101 

Heifer Pregnancy X       

Docility 0.37 X 221     

Mature Height X       

Mature Weight X       

Scrotal Circumference X       

Carcass weight 0.31 X 291 X 231 

Backfat thickness  0.26 X 251 X 311 

Ribeye area 0.32 X 341 X 361 

Marbling score  0.26 
X 421 X 321 

Percent choice  X       
[1] Northcutt, S.L. (2011) Genomic Choices. American Angus Association®/Angus Angus Genetics Inc. release. 
http://www.angus.org/AGI/GenomicChoice070811.pdf (updated July 7, 2011) 
[2] Pfizer Animal Genetics. 2010. Technical Summary. (posted April, 2010) 

https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics%20Assets/HD50K/50K%20Te

ch%20Summary%204-13-10.pdf. 

http://www.angus.org/AGI/GenomicChoice070811.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
https://animalhealth.pfizer.com/sites/pahweb/US/EN/PublishingImages/Genetics Assets/HD50K/50K Tech Summary 4-13-10.pdf
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What about 

Wagyu? 
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Summary 

 Selection requires accurate identification of genetically 
superior animals to become parents of next generation 

 Accuracy of EBVs/EPDs can be improved by  
– Having performance records on individual and its relatives 
– Maintaining contemporary groups – especially in feedlot 
– DNA tests that have been shown to work in Wagyu breed 

 Need training populations of Wagyu cattle with records and 
genotypes to develop accurate DNA tests for Wagyu cattle 

 If DNA tests could be developed that explain genetic variation 
in marbling in Wagyu cattle, there would be great potential to 
increase the accuracy of marbling score breeding values – a 
trait of great financial importance to Wagyu breeders – and 
considerable value would be generated by this improvement 
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There are a large number of genetic abnormalities 
in cattle occurring in a variety of breeds. 
 

Images from an article by David S. Buchanan, NDSU 
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle 
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http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
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Phenotypic 

comparisons of: 

“double muscled”  

bull homozygous for 

loss-of-function allele 

at the myostatin 

(MSTN) locus, mouse, 

and human. 

Womack J E Genome Res. 2005;15:1699-1705 
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Myostatin: 
mutations in cattle, 

mice and humans 
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An early '50's 

advertisement that 

superimposed a 

measuring stick in the 

picture of this bull 

who was nick-named 

"Short Snorter."  
 

Based upon his height 

and age, he was less 

than a frame score 1.  
 

 
Image from https://www.msu.edu/~ritchieh/historical/shortsnorter.jpg  
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Economic implications of 
recessive genetic factors 

https://www.msu.edu/~ritchieh/historical/shortsnorter.jpg
https://www.msu.edu/~ritchieh/historical/shortsnorter.jpg
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A 1956 survey of Hereford 

breeders in the USA 

identified 50,000 dwarf-

producing animals in 47 

states.  

Through detailed pedigree 

analysis and test crosses, 

the American Hereford 

Association, in concert 

with breeders and 

scientists, virtually 

eliminated the problem 

from the breed. Because 

carrier status was difficult 

to prove and required 

expensive progeny 

testing, some entire 

breeding lines were 

eliminated.  
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Arthrogryposis  
multiplex; aka  
Curly Calf 

 From a scientific standpoint, AM is the complete 
deletion of a segment of DNA that encompasses two 
different genes  

 One of these genes is expressed at a crucial time in 
the development of nerve and muscle tissue. The 
mutation results in no protein being produced from 
this gene and therefore it is unable to carry out its 
normal function so homozygotes show phenotype 

Animal Biotechnology and Genomics Education  
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From September 8 – November 3, 2008 
identified genetic problem, developed test, 
and released carrier status of 736 bulls! 

Based on calculations in Buchanan, D.S. 2009. Genetic Defects in Cattle.  

http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle 

 

 In the 11 months following the release of the test, the 
AAA posted the results of tests for AM on about 96,247  
cattle. 

 

 This amounts to $2.4 million in testing costs 
 

 Of these, 20% (19,529) were carriers of AM. That 
leaves 23,638 bulls and more than 53,000 
heifers which tested as free of AM.  
 

 At $4K/bull and $2K/heifer ~ $200 million of 
suspect animals shown to be free of RGF allele 
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http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-in-cattle
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Estimates of US and Australia 
genetic testing costs (Angus) 
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US AUSTRALIA 

AMF 113,526 12,021 

NHF 77,067 9,936 

CAF 28,837 2,532 

TOTAL NUMBER 294,054 34,991 

COST (@ $25/test) 7,351,350 874,775 

Numbers kindly shared by Bryce Schumann, American Angus Association; 

and Carel Teseling, Angus Australia  
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Angus Australia provides 
probability data on animal in 
database 

Figure courtesy of Carel Teseling, Angus Australia 
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GeneProb used 

to estimate the 

probability of 

every animal in 

the database 

being a carrier 

based on all 

ancestor and 

descendant DNA 

test results 
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Factor XI (F11) is a plasma protein that 

participates in the formation of blood 

clots. Factor XI deficiency is an 

autosomal disorder that is associated 

with mild bleeding in Wagyu. Affected 

animals show prolonged bleeding time 

and abnormal plasma coagulation after 

trauma or surgical procedures such as 

castration or dehorning.  
 

PHOTOGRAPH – Affected F11 Female 

exhibiting no harmful symptoms   

  

 

Factor XI deficiency (F11) status 
(usually non-lethal)  
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Cattle that are homozygous (have two 

copies of the recessive allele) have 

morbidly anemic (bleeding caused by 

the abnormal red blood cells). This is a 

disorder of the surface membrane of the 

erythrocyte (red blood cells). The alves 

are typically born weak and small (40-55 

lbs birth weight) with labored breathing 

and are not able to stand or suckle at 

birth. Death normally occurs within the 

first 7 days after birth. Some cases live 

to adulthood but there is a severe 

retardation in growth.  
 

PHOTOGRAPHS - Icterus in the eyes &, 

anaemic calf @ 5m (90 kg lwt)   

 

Erythrocyte Membrane Protein Band 
Deficiency (Spherocystosis) (Band3) 
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Claudin 16 or RTD(Renal tubular 

dysplasia) is a gene disorder on 

chromosome 1 and causes kidney 

failure (chronic interstitial nephritis 

(CIN), often with a build up of excess 

fibrous connective tissue in kidneys as 

well as other tissues). This disorder 

results in terminal kidney failure and 

the onset can occur any time from late 

adolescence. Affected cattle typically 

have short lives (unlikely to live more 

than 6 years). 

 

PHOTOGRAPH - Elongated Hooves on 

an affected CL16   

 

 

 Claudin 16 deficiency (CL16) (Type 1)   
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CHS is a macrophage disorder (a 

white blood cell that has an important 

role in the immune response to 

disease). If cattle have a 

malfunctioning immune system, this 

makes them unable to resist bacterial 

challenge. Blood is slow to coagulate 

so often the first indicator is unusual 

umbilical cord hemorrhage at 

parturition (calving). Cattle with this 

syndrome often have an unusually 

pale coat color.  
 

PHOTOGRAPH – Affected newborn calf 

with a pale coat   

 

 

 Chediak Higashi Syndrome (CHS)   
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This gene contributes to fibrin stability which 

is an integral part of the blood coagulation 

pathway (blood clotting ability). Disorders in 

this gene cause severe hemorrhage 

(bleeding). In calves hemorrhage is 

particularly likely to occur in the hindquarters 

causing blood to pool and stagnate under the 

hide. In adult cattle any minor trauma (such 

as hitting the animal) can cause major 

hemorrhage at the trauma site.  

 

 Factor 13 deficiency (F13) status   
  
  

NOTE, this test is still in R&D as a positive control animal has not been identified in the US or 

Australia. We will continue to run this test and report the results tothe American Wagyu 

Association (the “Association”), and if and when a Positive animal is identified by the test, staff 

from iGenix will work with the breeder and the Association to validate the results. When the 

validation is complete iGenix will begin reporting on this disorder to the member. If you have an 

animal that has symptoms as described above, please collect a blood sample (purple top 

blood tube) or nasal swab and contact the iGenix lab. 

PHOTOGRAPH - 

Navel of an affected 

F13 newborn   
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If you breed a curly calf carrier cow (AMC)    
to an curly calf free bull (AMF), what is the 
chance that the offspring will be stillborn      

as a result of being curly calf?  

0

 ¼
 (2

5%)

 ½
 (5

0%
)

 2
/3

 (6
6%

)

 ¾
  (

75%
)

  1
  (

100%)

51%

34%

0%
2%

0%

13%

1. 0  

2. ¼ (25%) 

3. ½ (50%) 

4. 2/3 (66%) 

5. ¾  (75%) 

6.  1  (100%) 

Results from 

a typical- 

producer 

meeting 
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Genetic implications of 
recessive genetic factors 

“Carrier animals….their overall breeding 
value worth may outweigh the economic 
value of carrier status” 

 

 

Should the market decide or should this 
choice be directed by industry (e.g. 
disallowing registration of known carriers)? 
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Chalier C.  et al. (2008)  Highly effective SNP-based association mapping and management 

of recessive defects in livestock.  Nature Genetics 40:449-454 
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Some questions that remain 
about recessive genetic defects 
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 If all animals carry recessive genetic factors/defects – 
how should “defects” be managed 

 

 Can 50K or 800K data be also used to identify carrier 
status to spread the costs of DNA extraction. If so 
does it infringe on diagnostic test patents/IP  
 

 Can we use genomics to better manage recessive 
genetic factors/defects 

 

 Are appropriate decision support tools available for 
producers 
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Ideally cattle would be genotyped once early in life 

and genotypes shared among production sectors 

to derive the maximum value from the fixed DNA 

collection and extraction costs 

Figure from McEwan, J. C.  2007 Current status and future of genomic selection. 

Proceedings of the New Zealand Society of Animal Production 67: 147-152. 

++++++++ 

+++ 

+++ 

++++++++++ 

+++++ 

Potential Value of Genomics to Sector  

$ 
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National Research Initiative Grant no. 2009-55205-05057  
From the USDA National Institute of Food and Agriculture 
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DNA tests are most valuable 
for traits that are 

 low heritability (influence that genetics 
rather than environment has on a trait) 

 are difficult or expensive to measure 
(feed efficiency) 

 cannot be measured until after 
selection has occurred (carcass data) 

 are currently not selected for due to 
lack of available phenotypic data 
(tenderness) 
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