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DNA EraDNA Era
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DNA EraDNA Era

• Disease prevention
– For example BLAD +For example BLAD

•Will this technology be used for humans?

–Already is for Thalassemia disease in Cyprus.



What is DNA?What is DNA?



What is DNA?What is DNA?

• 3 billion base pairs in the bovine and human3 billion base pairs in the bovine and human 
genomes

• Approximately 20‐25K genes

• Genes only make up 2.5% of the genome
Rest previously thought to be junk– Rest previously thought to be junk

– Junk DNA now identified as controlling expression 
of the genesof the genes



DNA applied to dairy farmingDNA applied to dairy farming

• Genetic gain for milk production traits

• Different milk characteristics

• Pasture improvementPasture improvement



DNA applied to dairy cattle breedingDNA applied to dairy cattle breeding

Animal performance

V i i h DNA l l i flVariation at the DNA level influences 
animal performance

If one can identify “important” DNA variation 
then we can predict animal performance

DNA



DNA research undertaken by LICDNA research undertaken by LIC

• 1994 started research with University of Liege, 
Belgium and Holland Genetics

• Identified 2 genes that influenced milk production

• Used to pre‐screen bulls into SPS

• 2007‐08 DNA research delivered



Why now & not 10 years ago?y y g

• Bovine sequence in 2006

• Before bovine genome sequenceg q
– 1-5000 genetic markers
– $2-3 per animal per genetic marker

• After bovine genome sequenceg q
– 100,000+ genetic markers
– Less than 1 cent per animal per genetic 

marker



DNA applied to dairy cattle breeding

AATGC…..Prot+

AAGGC…..Prot-

Genotype 3000 bulls

- bulls’ daughters with T allele average 150kg protein

- bulls’ daughters with G allele average 148kg proteinbulls  daughters with G allele average 148kg protein



Genetic merit is well predictedGenetic merit is well predicted



DNA proven teamDNA proven team

• Bulls sold to farmers as 2 yr‐olds rather than 5 yr‐oldsy y

• Individual DNA proven sires have reliability of 50‐60%p y
– Daughter proven 80‐85%

d l b l• Used in a team increases reliability
– 97% for team of 16
– Average of 250 BW– Average of 250 BW

• 95% of the time will be ± 23 BW as a team
• Daughter proven team ± 13 BW as a team



The world’s first large scale g
commercial launch of 
“DNA P ” ti“DNA Proven” genetics



Size of the prizeSize of the prize
• Genetic gain is permanent and cumulative

• “Compounding returns is the greatest mathematical 
discovery of all time”

• Genetic gain in dairy cattle delivers the bulk of 
productivity improvement on NZ farmsproductivity improvement on NZ farms

• Genomics is expected to increase the annual rate of 
di i b 30 40%compounding gain by 30‐40%

• It is the biggest development in genetics (and gg p g (
therefore on‐farm productivity gain) in 60 years



DNA proven teamDNA proven team

• Offered for the first time in 2008
– NZ, UK & Ireland

I d h i f d i f• Increased choice for dairy farmers
– 19% of inseminations by DNA proven team

• 60% KiwiCross™

• Charge an extra $5 premium over daughter proven 
teamsteams
– Reflects genetic superiority of teams
– 1 BW for a sire worth ~50 cents to farmer
– 10 BW advantage break even



Milk characteristicsMilk characteristics



Milk characteristicsMilk characteristics



PasturePasture
• Low‐input mixed sward pasture‐based farming 
on most farms
– 70% perennial ryegrass (Lolium perenne) – hardy, p y g ( p ) y
palatable, productive, digestible obligate outcrosser

– 30% white clover (Trifolium repens) – leguminous 
obligate outcrosser



PG: smart sustainable forages for NZPG: smart sustainable forages for NZ
• Our Meat, Dairy, Wool and Deer industries rely on the long‐

term productivity of pasture for their international low‐cost 
and high‐quality positions. 

• Biotechnology will give the greatest stepwise and sustainable 
improvement in pasture productivity. We will use our in‐depth 
knowledge of pasture genomes to enhance conventionalknowledge of pasture genomes to enhance conventional 
breeding. And we will use ryegrass genes in ryegrass, clover 
genes in clover to capture the untapped genetic potential in 
pasture plantspasture plants.



Transgenic with 
added genes

Cisgenic® with
no new genes



PG’s targets
PRODUCTIVITY TARGETS - RESEARCH & APPLIED DISCOVERY

Minimum 25% increase in forage biomass from cultivars

PG s targets

Minimum 25% increase in forage biomass from cultivars

More pasture Condensed Tannins to increase animal production

Improved drought tolerance in forages

Increased persistence of cloversp

Increased quality of forages

CommercializeDevelopDiscover

SUSTAINABILITY TARGETS - APPLIED DISCOVERY & DEVELOPMENT

Nitrogen use efficiency

CommercializeDevelopDiscover

Phosphorus use efficiency

Water use efficiency

Whole-farm biotechnologies



Drought tolerant cisgenic® ryegrassg g y g

Unimproved

Contains our 
cisgene®

Contains our 
cisgene®

Unimprovedcisgene®



What next for DNA technologyWhat next for DNA technology

• Zinc finger nucleasesZinc finger nucleases

S ifi i• Specific gene extraction

• Use DNA technology to extract a gene or a 
particular variation of the genep g
– One cell embryo

– HeritableHeritable



What next for DNA technology?What next for DNA technology?
• Sequencing

– Human genome (2000)Human genome (2000)
• $4 billion

– Bovine genome (2006)
$50 illi• $50 million

– Ovine genome (2008)
• $2‐3 million

– Human
• 1000 genome project

– $100K each (2 weeks to complete)$ ( p )

• $1000 genome 2012

• Bulls bought by LIC will be sequenced in the 
next 5 10 yearsnext 5‐10 years



Summaryy
• Living in a DNA era

• Dramatic technology and cost changes over the last 5 yrsDramatic technology and cost changes over the last 5 yrs

• Utilised the technology with biological resources

• Bulls available to market as 2 yr olds rather than 5 yr olds.
– Rate of genetic gain to increase by 30-40%

• Cows selected and bred based on DNA profile for specific 
milk characteristics.

• Pasture enhanced through cisgenics

• Sequencing the next “big” technology

• Life on and off the farm will be affected by DNA


