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Outline

• Tracing “plate to mate”

• Rapid removal of genetic defects

• Towards genomic ASBVs

• Accelerating genetic gain with 
genomic ASBVs and JIVET



The technology

• 50,000 DNA markers 
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https://genographic.nationalgeographic.co
m/genographic/lan/en/atlas.html
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Genetic Abnormalities
http://www.ag.ndsu.edu/williamscountyextension/livestock/genetic-defects-
in-cattle



Compare dwarfism response in 
1950s to response to curly calf



Curly calf – Arthrogryposis 
multiplex (AM)

� Deletion of DNA that 
codes for entire gene

� This gene switched 
on at crucial time in 
the development of 
nerve and muscle 
tissue. 

� Mutation arose in 
single Angus bull!

Animal Genomics and Biotechnology Education 



Curly calf (AM disease)

o From Sept. 8 – Nov. 3, 2008 identified genetic 
problem, developed test, and released carrier 
status of 736 bulls

o In 10 months following release of test, Angus 
Association posted results of tests for AM on ~  
90,000 cattle ($30).

o Of these, almost 5,000 bulls and more than 
13,000 heifers have tested as carriers of AM. 

o That leaves more than 22,000 bulls and more 
than 50,000 heifers which tested as free of 
AM. (Buchanan, D.S. Genetic Defects in Cattle.)

Animal Genomics and Biotechnology Education 



Animal Genomics and Biotechnology Education 
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� Some traits are easy to breed for….. 

DNA markers for breeding



� Others much harder…………. 

DNA markers for breeding



� For these traits DNA markers 
potential solution 

DNA markers for breeding



A gene affecting growth….
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DNA markers
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The flags are
• Single nucleotide polymorphisms (SNPs)

DNA markers



• Use SNP “flags” along the genome to track genes 
down

ACTCGGGGCCCGTTAATCGGGAAGGCTTTCCGGGGGCTCGGGGCCCGTTAATCGGGAAGGCTTTCCGGGCTCGGGGCCCCTCGGGGCCCGTTAATCGGGAAGGCTTTCCGGGGGGTTAGGCCCGTTAATCGG CGGGGGCTCGGGG

DNA markers



• Use SNP “flags” along the genome to track genes 
down

• DNA marker technology is 1000 x cheaper than 3 
years ago

• A 50K “SNP chip” has 50,000 Flags

DNA markers



Towards genomic ASBVs

� Genetic gain ~ $2.00 per 
ewe/yr

� Selection for 
• post weaning weight
• scan eye muscle depth
• scan fat

Swan et al. 2009.  Proc 18th conf Assoc. Anim. Br. Genetic.  326. 



� With DNA markers potential to breed 
for profit traits directly 
� Lean meat yield 
� Carcass fat
� Intra muscular fat?
� Faecal egg count?

� These traits are measured in     
Sheep CRC Information Nucleus

� Progeny have “SNP chip” data

Towards genomic ASBVs



Accuracy of selection results in gain
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Genomic BVs in Terminals

Current......
Trait Accuracy

Eye muscle depth 0.43

Fat depth 0.28

Faecal egg count 0.50

Lean meat yield* 0.21

Intra muscular fat* 0.17

*Limited records so far



� Without genomics
• $2 ewe / yr

� With current genomics
• Increase gain by ~ 5-10%
• $2.10 - $2.20 ewe / yr

� After 7 years of Sheep CRC
• Increase gain by 30%
• $2.60 ewe / yr

Economic benefit?
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“Look over the fence” to see how 
technology is used in dairy cattle



Dairy cattle breeding….

Screen ’00s of 
calves on parental 
average EBV 
(accuracy 0.4)

Current......

Year 1 Year 2 Year 3 Year 4 Year 5
~ 100 bull 
calves 
selected

Daughters 
born

Daughters 
mated

Daughters 
milking

~ 10 Bulls 
chosen for 
industry 
wide semen 
sales

~ 20 elite 
bull calves 
selected on 
GEBV

Semen from 
elite bulls 
for industry 
wide sale

3 yrs advanced genetic gain



Screen ’000s of 
calves on GEBV 
(accuracy 0.7)

With genomics

Year 1 Year 2 Year 3 Year 4 Year 5
~ 100 bull 
calves 
selected

Daughters 
born

Daughters 
mated

Daughters 
milking

~ 10 Bulls 
chosen for 
industry 
wide semen 
sales

~ 10 elite 
bull calves 
selected on 
GEBV

Semen from 
elite bulls 
for industry 
wide sale

3 yrs advanced genetic gain



Wide adoption in dairy

GENE TEAM: GENETICS AUSTRALIA'S 
FIRST GENETIC MARKER BULLS 

INFUSE, DEFIER AND WATCHDOG.



� Young sire programs
� More accurate selection of young rams

Reduce generation        
interval in sheep?

34
Assumed heritability =    25%;      Accuracy of genomic test =  50%

Genomic information is more helpful early in life!
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� Young sire programs
� More accurate selection of young rams

� Juvenile In vitro Embyro Transfer (JIVET)
� Oocytes from ewe lambs (4-8 weeks), fertilise, 

embryos in recipients
� Choose females with genomic ASBVs!
� Need quick lab turnaround……

� Halve generation interval (~ 1 yr) 
� Towards 100% increased gain ($4/ewe/yr)?

Reduce generation        
interval in sheep?



Delivery – Sheep Genetics

Ram 1 AA,CC,CT

Ram 2 AT, CT, AT

Ram 3 TT,CC,CT

ASBVs



Conclusions

�Rapid development in DNA marker 
technology 

�Genomics for “plate to mate”
�Rapid removal of genetic defects
�Genomic ASBVs on the way

— ~ 30% gain by end of Sheep CRC

— Delivered through Sheep Genetics

�Synergies with young sire programs, 
JIVET, double rate of gain?



Conclusions

�Practical stuff (making it happen 
faster for WS)

�As a breed society, build a DNA bank 
(semen/ear punches) from 

�widely used sires, donor ewes
�Anything with a genetic defect
�Take pictures!

�Get sires into the sheep CRC 
Information nucleus!


