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1- Canadaôs genetic improvement program (ca. 15 min.)

2- Genetic Improvement: The nuts and bolts (ca. 30  min.)

-Genetic evaluation

-An example

-Success stories

3- Genomics: Genetics reloaded (ca. 45  min.)

-Genomics basics

-From Genotype to Phenotype

-Genomic Relationships

-An example

-The impact of genomic selection

-Things that make you go ñHmmmmmééò

4- ñPoking the Bearò and a bit about current research (ca.30 min.)

-Special example: fertility

5- Where do we go from here? 





The Canadian Dairy Industry

<4>

Unique among livestock commodities:
ÅEstablished ecosystem for genetic improvement in Canada

ÅProven track record for rapid implementation

ÅRespected international reputation for genetics exports

ÅImportance of dairy products to human nutrition

$19.9 Billion GDP
221,000 FTE Jobs 

Genetic 
Exports 
$138 
Million*

Semen Exports 

$119 Million
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Genetic Improvement Ecosystem

<6>
Genetic Evaluation Board Dairy Gen

Canadian Dairy Network

(CDN)

Ag Canada - CFIA

Animal Pedigree Act

Health of Animals

Canadian Livestock Genetics Association

(CLGA)

Semex Alliance

Dairy Farmers of Canada

Provincial Marketing Boards

MILK MARKETING

CanWest DHI

Valacta

Canadian Milk Recording

Alta Genetics

CIAQ

WestGen

Gencor

ABS Global

Universal

Genervations

Others

AI Organizations

Holstein (93%)

Ayrshire

Brown Swiss

Canadienne

Guernsey

Jersey

Milking Shorthorn

Canadian Dairy Breeds

GENETICS

MILK PRODUCERS

Exporters



ÅCalculationandpublicationof all dairygenetic
evaluationsis the responsibilityof the Canadian 
DairyNetwork (CDN)

Å8-member boardof directors(mostlyproducers)

ÅMember organizations: all breedassociations, milk 
recordingagencies, AI centres, DFC

ÅAnnual budget: $1,000,000 ($400,000/yr research)

ÅMember organizationsprovidefundingon a pay-
for-service feestructure
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Å 8,585 Herds: 73.5% 

Å 694,265 Cows: 72.4% 

Å Small to large herds: 25 - 1500+ Cows

Å Tiestall: Freestall 65 : 35

Å 93% Holstein



Å7 dairybreeds(Holstein, Ayshire, Jersey, Brown 
Swiss, Guernsey, Canadienne, MilkingShorthorn)

ÅAll animalsreceivegeneticevaluationsfor a series
of trait complexes

ÅBulls with enoughoffspringreceieveofficialproofs

ÅSires provenoutside of Canada arealso evaluated
throughInterbull usingMACE

ÅAccess to all officialevaluationsisavailableat 
http:// www.cdn.ca
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Currently over 80 traits collected 



ÅMust be unique per animal

ïNames

ïTattoos or Registrations

ïEar tags

ïPassive Integrated 

Transponder (PIT) tags

 APPROVED TAGS ï BOVINE 

2013/04/22 RDIMS: #2587425 Page 15 of 46

CFIA code: BOV 01 08

Beef Improvement OntarioςBIO

ManufacturerΩscode: BE21J31X32J31
Manufacturer: Allflex
Allocator: Canadian Cattle Identification Agency

EIDCouple:

FemaleςFront
Weight: 8.9g

Front View Rear View Profile/Side View

MaleςBack
Weight: 4.0g

Front View Rear View Profile/Side View

                      APPROVED TAGS ï OVINE 

2012/08/30 RDIMS: #2531000 Page 11 of 12
 

CFIA code: OVI-03-01 

Ketchum Kurl Lock #3 tag
Manufacturer: Ketchum
Allocator: Canadian Cattle Identification Agency
SKU Code: not determined

 

Note: asof July 1, 2011 the tagOVI 03 01 isno longer sold and isgradually beingphased out
from the program

 

 

  
Weight: 2.9 g  

 

http://www.canadaid.com/about_us/tags_tech.html
https://www.registry.jockeyclub.com/registry.cfm?page=dotRegistryHelpDeskTattoo&CFID=168078293&CFTOKEN=82099261

Identification

http://www.canadaid.com/about_us/tags_tech.html
https://www.registry.jockeyclub.com/registry.cfm?page=dotRegistryHelpDeskTattoo&CFID=168078293&CFTOKEN=82099261
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2. Genetic Improvement:

The nuts and bolts



Phenotype Genotype Environment= +

From Genotype to Phenotype



(Miglior et al., 2017) 

Milk

Fat

Protein

Mammary

Body

Feet & Legs

Longevity

Fertility

Calving

SCS

Mastitis
BHB

Metabolic Disease

Milking Speed

Temperament
Workability

Health

Conformation

Production

0   0.1  0.2  0.3   0.4  0.5   0.6        

0   0.1  0.2  0.3   0.4  0.5   0.6        

0   0.1  0.2  0.3   0.4  0.5   0.6        

0   0.1  0.2  0.3   0.4  0.5   0.6        

0   0.1  0.2  0.3   0.4  0.5   0.6        

4

But first, a confessioné



ÅTo perform genetic selection, need to identify 

animals with superior alleles that can be 

transmitted to next generation

üEvaluate and rank individual animals for breeding 

value (additive genetic value)

16

+BV-BV

0

Genetic Evaluation



ÅEBV = Prediction of additive genetic 

effects that can be transmitted from 

an individual to its offspring

ÅAdditive effects of all loci combined

ÅEstimate has level of accuracy or 

reliability

ÅUsed for:

ïPredicting future performance 

ïSelection / culling decisions

ïMating decisions

ïMeasuring genetic change

17

Estimated Breeding Value (EBV)



ÅPredictions can be accurate <-> inaccurate

ÅMost accurate predictions derive from 

large amount of high quality data

ÅGood predictions

ïAre unbiased: contemporary groups are 

genetically similar (similar mean BV)

ïAccount for amount of information

ïAccount for common environmental effects
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Prediction Properties



ÅUse to calculate genetic predictions (EBV) for large-scale 

evaluation and ranking

ÅUses all data on all relatives

ÅCalculates EBVs for all animals in pedigree

ÅSimultaneously estimates identified environmental and 

genetic effects

ÅAccounts for 

ïContemporary groups with different genetic levels

ïGenetic change due to selection

ïNon-random mating

ïCulling for poor performance

ÅEvaluate animals for multiple traits

19

The Animal Model and BLUP



ÅPhenotypic records

ÅComplete pedigree

ÅIdentify genetic and management 

effects

ÅKnowledge of trait genetic 

parameters (heritability, genetic 

correlations among multiple traits)

20

Requirements for BLUP



Åy = vector of observations

Åb = vector of fixed effects

ÁX = design matrix relating b to y

Åu= vector of random effects

ÁZ = design matrix relating u to y

Åe = vector of residuals (random error terms)

y = Xb +Zu +e

Mixed Linear Model



22



Beef Calf Growth



DatA : Pre - weaning growth in beef calves

GOAL: Estimate sex effects and breeding values for all 

animals

Calf Sex Sire Dam Growth (kg)

4 M 1 - 4.5

5 F 3 2 2.9

6 F 1 2 3.9

7 M 4 5 3.5

8 M 3 6 5.0

From: Mrode 1996: Linear Models for the Prediction of Breeding Values

Example : Beef Calf Growth



y = vector of observations yijk

b = vector of fixed effects of sex bi ,    (i = F,M )

X = design matrix relating elements of b to y

a = vector of random effects of animal aj ,    ( j =1 to 8)

Z = design matrix relating elements of a to y

e= vector of random residual effects eijk

y = Xb +Za +e

Example : Beef Calf Growth

yijk = bi +aj +eijk
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yijk = bi +aj +eijk
Calf Sex Sire Dam Growth 

(kg)

4 M 1 - 4.5

5 F 3 2 2.9

6 F 1 2 3.9

7 M 4 5 3.5

8 M 3 6 5.0

yijk = observation of PWG ijk

bi = fixed effect of sex i,   (i = F,M )

aj = random effect of animal j,   ( j =1 to 8)

eijk = random residual effect for observation ijk

Example : Beef Calf Growth



y = n x 1

b = p x 1

a = q x 1

e = (p+q) x 1

X = n x p

Z = n x q

n = Number of observarions

p = Number of levels (Fixed)

q = Number of levels (Random)

y = Xb +Za +e

yijk = bi +aj +eijk

yijk = observation of PWG ijk

bi = fixed effect of sex i,   (i = F,M )

aj = random effect of animal j,   ( j =1 to 8)

eijk = random residual effect for observation ijk

Calf Sex Sire Dam Growth 

(kg)

4 M 1 - 4.5

5 F 3 2 2.9

6 F 1 2 3.9

7 M 4 5 3.5

8 M 3 6 5.0

Example : Beef Calf Growth
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Example : Beef Calf Growth

Ą What the hell is òAò?

ÅNumerator relationship matrix

ÅSymmetric (and beautiful)

ÅContains one row and one 

column for every animal in the 

pedigree

ÅContains inbreeding 

coefficients and relationships 

between all animals
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1.Männlich

2,Weiblich
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Male calves

grow faster

than female

ones

Although we

have no

observations

for animals 1-3, 

they still have

estimated

breeding

values!

Example : Beef Calf Growth



Animal Sex Sire Dam Estimated Effect Rank

8 M 3 6 0.183 1

6 F 1 2 0.177 2

1 M - - 0.098 3

4 M 1 - -0.009 4

2 F - - -0.019 5

3 M - - -0.041 6

5 F 3 2 -0.186 7

7 M 4 5 -0.249 8

Example : Beef Calf Growth
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Genetic
Progress  
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http://www.lohmann-information.com/content/l_i_41_2006-12_artikel5.pdf

Success Stories

http://www.lohmann-information.com/content/l_i_41_2006-12_artikel5.pdf


2019-06-11

Courtesyof T. See (Fix et al. 2010 Livestock Sci. 128:108-114)

1980 2005

Success Stories



Relative emphasis of traits included in an 
average dairy selection index over time

Proportion of selection response for trait 
categories over time (sum = 100%) 
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Genomics:

Genetics Reloaded



Phenotype Genotype Environment= +

From Genotype to Phenotype



All life formson this planet haveŀ άblueprintά 
written in thesebases(letters)

The genomeiscomposedof four nucleotides(bases): 
Adenine (A), Thymine(T), Guanine(G), Cytosine (C)

Term ñgenomeò coined 1920 by Hans Winkler

Genomics Basics

https://en.wikipedia.org/wiki/Hans_Winkler


Dienstag, 11. Juni 2019

http:// www.ncbi.nlm.nih.gov/genome

HIV Virus:
9,700 
bases

E. Coli:
4,600,000 
bases

Chicken:
1,000,000,000 
bases

Mouse:
2,500,000,000 
bases

Cow:
2,670,000,000 

bases

Donald Trump
(Human):

3,000,000,000 
bases
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2,670,000,000 bases

...ca. 7,000,000 bases(0.002%) aredifferent!
These differencearecalledά{btǎά ό{ƛƴƎƭŜ bǳŎƭŜƻǘƛŘŜ Polymorphisms)

2,663,000,000 (99.7%) bases
are identicalin JellyBean andPolka...

JellyBean Polka

2,670,000,000 bases

What do theseSNPs do???

From Genotype to Phenotype
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Diacylgylcerolacyltransferase1 (DGAT1)
- Responsiblefor Triglyceridesynthesis

- Chromosome14
- Micegiveno milk whenthis

enzymeisknockedout...
- Lysine Ą Alanine exchange

- + 136 kg Milk
- + 2.27 kg Protein
- + 0.17% Fat
- Fattyacidprofile altered

- But thatsonly1 SNP! 
- Whatdo the other 6,999,999 SNPs 

do!?

Grisartet al., 2002, Thaller et al., 2003

Je
lly

B
e

a
n

P
o

lk
a

Lysine Variant = 

Alanine Variant =

Example : DGAT1
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Example : DGAT1
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From Genotype

to Phenotype : 

Estimation of

SNP effects
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Trainings group= Olderanimals
Genotypes+ 

BV basedon offspring

..... AA..... BB.. BB..... AB........ AB..

..... AB..... AB.. AB..... AA........ BB..

..... AA..... BB.. BB..... AB........ BB..

..... BB..... BB.. BB..... AB........ AB..

..... BB..... AA.. AA..... AA........ AB..

..... AB..... BB.. BB..... AB........ AA..

..... AB..... BB.. AA..... AB........ AA..

..... AA..... BB.. AB..... AB........ BB..

..... BB..... AA.. AA..... AA........ AB..

..... AA..... AB.. BB..... AB........ AA..

..... AB..... BB.. AA..... AB........ AA..

..... AA..... AB.. AB..... AB........ BB..

SNP Effect Estimation
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..... AA..... BB.. BB..... AB........ AB..

..... AB..... AB.. AB..... AA........ BB..

..... AA..... BB.. BB..... AB........ BB..

..... BB..... BB.. BB..... AB........ AB..

..... BB..... AA.. AA..... AA........ AB..

..... AB..... BB.. BB..... AB........ AA..

..... AB..... BB.. AA..... AB........ AA..

..... AA..... BB.. AB..... AB........ BB..

..... BB..... AA.. AA..... AA........ AB..

..... AA..... AB.. BB..... AB........ AA..

..... AB..... BB.. AA..... AB........ AA..

..... AA..... AB.. AB..... AB........ BB..

AA = 0

AB =+2

BB =+4

AA =+60

AB =+30

BB =  0

AA = 0

AB =+1

BB =+2

AA = - 10

AB = - 5

BB =  0

AA = - 10

AB = - 5

BB =  0

Resultsof the effect
estimation: 
άDirectgenomic
breedingvaluesά 

SNP Effect Estimation

Trainings group= Olderanimals
Genotypes+ 

BV basedon offspring
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Genomic

Relationships
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Simianer
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Simianer
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Milk Production



ARVE (Born 21.02.2001) Rolling View DENVER-ET 
(Born 10.11.1998)Breeder: Baumann Christoph, 

Weidhof, 5075 Hornussen Breeder: VanderWaal Walter, 
Orange City, Iowa USA

Steiner'sDenv
ALINGHI-ET

(Born 24.01.2007)

Steiner'sDenv
AEROSTAR-ET

(Born 22.10.2006)

Breeder: Edwin Steiner-Fuchs, Eulenweg94, 8832 Wilenb. Wollerau

Full -sib Example

61
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ÅPedigree BreedingValue 
(Milk) = 849 Kg

Steiner'sDenvALINGHI-ET
(Born 24.01.2007)

Steiner'sDenvAEROSTAR-ET
(Born 22.10.2006)

ÅPedigree BreedingValue 
(Milk) = 849 Kg

SNP Effect Estimation
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ÅPedigree BreedingValue  
(Milk) = 849 Kg

ÅGenotyping
ÅDirectgenomicbreeding

value= -40 Kg

ÅPedigree BreedingValue 
(Milk) = 849 Kg

ÅGenotyping
ÅDirectgenomicbreeding

value= 431 Kg 

Steiner'sDenvALINGHI-ET
(Born 24.01.2007)

Steiner'sDenvAEROSTAR-ET
(Born 22.10.2006)

SNP Effect Estimation
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Steiner'sDenvALINGHI-ET
(Born 24.01.2007)

Steiner'sDenvAEROSTAR-ET
(Born 22.10.2006)

ÅPedigree BreedingValue  
(Milk) = 849 Kg

ÅGenotyping
ÅDirectgenomicbreeding

value= -40 Kg
ÅCH-breedingvalue

04.12.2014 = -114 Kg

ÅPedigree BreedingValue 
(Milk) = 849 Kg

ÅGenotyping
ÅDirectgenomicbreeding

value= 431 Kg 
ÅCH-breedingvalue

04.12.2014  = 441 Kg

SNP Effect Estimation



ÅGenomicbreedingvaluesarecalculatedfrom the
DNA of an animal
ÅThese breedingvaluesarebasedon complex

algorithms, whichconnectthe genomic
information(Genotype) andthe observed
performance(Phenotype) 
ÅBreedingvalueestimationwill continueto be

basedon comprehensiveandexactperformance
testing
ÅExactphenotypesareandremaina veryimportant

part of breedingvalueestimation! 

Genomic Selection
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Success Stories
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Annual Genetic Progress ïMajor Traits

<68>

0 0.05 0.1 0.15 0.2 0.25 0.3

Fertility

Udder Health

Longevity

Feet & Legs

Mammary

Protein

Fat

Milk

SD unit

Before Genomics After Genomics



Gain in Reliability with Genomics

<69>

68

86

41

50

34

36

40

83

89

71

73

69

67

73

0 20 40 60 80 100

Foreign Sires with MACE in
Canada

1st Crop Proven Sires in
Canada

LD Foreign Cows with MACE in
Canada

Younger LD Cows in 1st or 2nd
Lactation

LD Heifers

50K Young Bulls and Heifers
with a Young Sire

50K Young Bulls and Heifers
with a Proven Sire

Genomics Traditional



<1>

Population size: 0.9 M

Lag time* for Benefits: 3.33 yrs

10-Year Horizon

Genetic 

progress 

(Pro$)

Benefit per 

cow per 

year ($)

Cumulative 

benefits per year of 

selection ($M)[28]

Before Genomics 

(before 2007)
60 31.30 174

Introduction of Genomics 

(2008-11)
108 56.35 314

Adoption of Genomics 

(2012-Today)
183 95.48 532

Addition of Resilience Index 252 131.48 733

*number of years between the selection investment and the first year of benefits

Tangibledeliverablesfor end-users
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Things that make you go
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ChiefτƭŜǘΩǎ Ŏŀƭƭ ƘƛƳ /ƘƛŜŦ ŦƻǊ ōǊŜǾƛǘȅΩǎ ǎŀƪŜτwas so popular because his daughters 
were fantastic milk producers. He had great genes for milk. But, geneticists now 
know, he also had a single copy of a deadly mutation that spread undetected through 
the Holstein cow population. The mutation caused some unborn calves to die in the 
womb. According to arecent estimate, this single mutation ended up causing more 
than 500,000 spontaneous abortions and costing the dairy industry $420 million in 
losses.
¢ƘŀǘΩǎ ŀ ŎǊŀȊȅ ƴǳƳōŜǊΣ ōǳǘ ƘŜǊŜΩǎ ŀƴ ŜǾŜƴ ŎǊŀȊƛŜǊ ƻƴŜΥ 5ŜǎǇƛǘŜ ǘƘŜ ƭŜǘƘŀƭ ƳǳǘŀǘƛƻƴΣ 
ǳǎƛƴƎ /ƘƛŜŦΩǎ ǎǇŜǊƳ ƛƴǎǘŜŀŘ ƻŦ ŀƴ ŀǾŜǊŀƎŜ ōǳƭƭΩǎ ǎǘƛƭƭ ƭŜŘ ǘƻ Ϸол ōƛƭƭƛƻƴ ŘƻƭƭŀǊǎ ƛƴ 
ƛƴŎǊŜŀǎŜŘ Ƴƛƭƪ ǇǊƻŘǳŎǘƛƻƴ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ор ȅŜŀǊǎΦ ¢ƘŀǘΩǎ Ƙƻǿ ƳǳŎƘ ŀ ǎƛƴƎƭŜ ōǳƭƭ ŎƻǳƭŘ 
affect the industry.

It started with a bull named Pawnee Farm Arlinda Chief, who had a whopping 
16,000 daughters. And 500,000 granddaughters and more than 2 million great-
granddaughters. Today, in fact, his genes account for 14 percent of all DNA in 
Holstein cows, the most popular breed in the dairy industry.

http://www.journalofdairyscience.org/article/S0022-0302(16)30352-6/abstract
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CDN

For a list of known lethal haplotypes, see 
https://aipl.arsusda.gov/reference/recessive_haplotypes_ARR-G3.html

https://aipl.arsusda.gov/reference/recessive_haplotypes_ARR-G3.html
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CDN

Timing is everythingé

(see "Discovering Genetic Anomalies from Genotyping", July 2015 at www.cdn.ca)

ÅIn 2015, a recessivehaplotypetermedαI/5ά ǿŀǎ 
identifiedby German researchers(Haplotype 
associated with Cholesterol Deficiency)
ÅAffected calves had extremely low levels of blood 

cholesterol, which prohibits the normal deposition 
of fat body tissues. 
ÅCalves are born alive, but homozygotes die in 3 

weeks-6 months
ÅThe oldest known source of this gene is Maughlin

Storm (HOCANM5457798)
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CDN

Haplotypes spread like wildfireé

(see "Discovering Genetic Anomalies from Genotyping", July 2015 at www.cdn.ca)
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CDN

Haplotypes spread like wildfireé
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Pausch et al., 2015

Subtle Effects?
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Management of haplotypes

ÅCattle breeding populations are susceptible to the 
propagation of recessive diseases. 
ÅIndividual sires generate tens of thousands of progeny 

via artificial insemination. 
ÅThe frequency of deleterious alleles carried by such 

sires may increase considerably within few 
generations. 
ÅDeleterious alleles manifest themselves often by 

missing homozygosity resulting from embryonic/fetal, 
perinatal or juvenile lethality of homozygotes.
ÅGenome-assisted approaches to avoiding inadvertent 

carrier matingsand to improving reproductive and 
rearing success are key
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4. Poking the Bear 
(and a bit about current 

research)
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Wow. 

¢ƘŀǘΨǎawesome.

Whydid they evenhire you?



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION

DairyGenResearch Priorities
25



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION
Improving fertility phenotypes

- Current traits heavily influenced by 
management

- Need to get closer to the biology of the 
cow 

- Need to ensure fair comparison of cows

- Need to collect better and more 
detailed data!

Baes, Cánovas, Miglior, Schenkel26



What is fertility 

(éto a geneticist)?



Heifer Cow

AI

Day 56

Age at first service

Birth

NRR_H: Non-Return-Rate (0/1)

Day 56

CTFS: Calvingto first service

NRR_C: Non-Return-Rate (0/1) 

AI AI AI AI AI

. . . . . .

Fertility Traits

FSTC_H: First service to conception FSTC_C: First service to conception
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1. Trait definitions are far from the biology / physiology 
of the cow. 

2. Management of reproductive performance makes 
bad cows look good

3. Long Shot: Inbreeding depression may have an 
effect on cow fertility

4. Even Longer Shot: Effects of breeding for short teats 
on physiology???



Heifer Cow

AI

Day 56

Birth

Day 56

AI AI AI AI AI

. . .
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ñIn Canada, we donôt use hormones. Period. 

Thatôs one of the many things that makes our 

milk better than American milk.ò  
Facebook user ñFriends of Supply Managementò                       

% Herds with Ó50% Breedings

on 1-2 Days of the Week



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION

Mastitis Resistance 
ï Clinical Mastitis and Somatic Cell Score

ï Antimicrobial resistance?

Metabolic Disease 
ï (Clinical) Ketosis, Displaced Abomasum, BHB

Hoof Health 
ï Digital Dermatitis, other lesions

Fertility Disorders 
ï Retained placenta, metritis, cystic ovaries

Immunity 

ï Immunity +

ï WƻƘƴŜΩǎΧΚ

ï Calf Health

Resilience to environmental stressors
ï Heat, cold, novel pathogens

Baes, Cánovas, Karrow, Mallard, Miglior, Schenkel27

ά²Ƙȅ ŎŀƴΩǘ ǿŜ Ƨǳǎǘ 
build barns with 

decent flooring??? 
/ƻǿǎ ǎƘƻǳƭŘƴΩǘ 
stand on wet 

concrete all the 
ǘƛƳŜΦέ

15% of Holstein 
calves die between 
birth and 2 months 

of age.

46% of Canadian 
Herds are infected 
with MAP (WƻƘƴŜΩǎ

disease).
WƻƘƴŜΩǎis likely 
associated with  
/ǊƻƘƴŜΩǎdisease in 

humans

ά¢ƘŜ ƛŘŜŀ ǘƘŀǘ Ŏƻǿǎ 
are pushed so hard 
that they get sick 
makes me want to 
stop supporting the 
ŘŀƛǊȅ ƛƴŘǳǎǘǊȅΦέ

Canada has the 5th

highest use of animal 
antimicrobials in the 

developed world.

68% of Canadian 
antimicrobials are 

used for udder 
health (mastitis and 
dry cow treatment)



Improving feed efficiency and reducing 
emissions with genomics

ÅFarm-level benefits 

ÅSocietal benefits

ÅNational and international scope

Increased breeding efficiency

ÅIncreased genetic gain per generation

ÅAbility to select for traits in animals 
without phenotypes

HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION

Baes, Cánovas, Miglior, Schenkel, Stothard33



5. Multi-
Generational 
Effects and 
Epigenetics 

1. ñCloser-to-

Biologyò Fertility

3. Feed Efficiency and 

Methane Reduction

6. Data Management 
7. GE3LS: Optimizing traits to 
maximize sustainability and 

societal acceptance

8.Translation and 
Implementation

2. Enhanced 

Disease Resistance

4. 
Genomic and 

Environmental 
Relationships

Genomic tools to 
select for 

sustainable cows



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION

Milk spectral data can be used for 
many novel traits

Å Fatty Acid composition of milk

Å Milk fat globule membrane / size

Å Lactoferrin

Other important properties of milk

Å Protein type / content

Å Technological and sensory 
properties of milk

Å etc.

Miglior, Schenkel, Fleming, Cruz34



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION
Defining more exact measures of inbreeding

Localizing areas of homozygosity

ïPositive effects

ïNegative effects

Baes, Marras, Miglior, Schenkel35
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ñHolsteins have a 

gene-pool about as 

deep as a pie-plateò

Tom Jokinen, The Walrus
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(Makanjuolaet al., in preparation)

Chromosome

Red = inbred

Blue = heterozygous

P
o

si
tio

n

35



HEALTH

EFFICIENCY

MILK

INBREEDING

TECHNOLOGY

REPRODUCTION

Baes, Miglior, Schenkel

Incorporation of novel 
technologies into animal breeding

Å Understanding the impact of 
genomic technologies and novel 
phenotypes for optimal and 
sustainable genetic progress
ï Maintain genetic diversity

ï Cost vs. benefits of specific traits, 
technologies, and processes

ï Optimal indexes for selection

ï Editing?

36



ñEverybodyôs selling somethingéò
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