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Overview of today’s topics

l-Canadads genetic i mprovement program ( C:

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

-Thi ngs that Hmmkimeméyeoou go 0

4-fnPoking the Bear o and a bit about currert
-Special example: fertility

5- Where do we go from here?






The Canadian Dairy Industry

$19.9 Billion GDP Semen Exports A World Leader
221,000 FTE Jobs $119 Million in Genomics

[ Genetic
\ i Exports
| p $138

1w Million*

Unique among livestock commodities:

Established ecosystem for genetic improvement in Canada
Proven track record for rapid implementation

Respected international reputation for genetiegorts
Importance of dairy products to human nutrition



Genetic Improvement Ecosystem
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Genetic Improvement Ecosystem

MILK PRODUCERS

I

MILK MARKETING J

GENETICS

Dairy Farmers of Canada

\ Canadian Milk Recording

Al Organizationsl

Canadian Dairy Breeds

Provincial Marketing Boards

Canadian Dairy Network

(CDN)

CanWest DHI
Valacta

— Alta Genetics

— CIAQ
— WestGen| ge

— Holstein (93%)
— Ayrshire

— Brown Swiss
— Canadienne

— Guermnsey

— Jersey

[
Genetic Evaluation Board

— Milking Shorthorn

Exporters

I
Ag Canada - CFIA
Animal Pedigree Act
Health of Animals

Canadian Livestock Genetics Association

(CLGA)




Genetic Evaluations

ACalculatiorand publicationof all dairy genetic
evaluationgsthe responsibilityof the Canadian
DairyNetwork (CDN)

A8-memberboard of directors(mostly producers

AMemberorganizationsall breedassociationsmilk
recordingagenciesAlcentres DFC

AAnnualbudget $1,000,000 ($400,000f research

AMemberorganizationgprovidefundingon apay-
for-servicefee structure



Overview: Canadian Herdbook

A 8,585 Herds73.5%
A 694,265 Cows72.4% |
A Small to large herd®5 - 1500+ Cows
A Tiestall: Freestall 65 : 35

A 93% Holstein

Atlantic

UUUUU
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Genetic Evaluation Services

A7 dairy breeds(Holstein Ayshire Jersey, Brown
Swiss, GuernseganadienneMilking Shorthorn)

AAll animalsreceivegeneticevaluationsor a series
of trait complexes

ABullswith enoughoffspringreceieveofficial proofs

ASiresprovenoutsideof Canadaare alsoevaluated
through Interbull usingMACE

AAccesdo all official evaluationds availableat
http:// www.cdn.ca



Genetic Evaluation Systems

Table 1: Holstein LPI Formula Weights as of April 2019

Production (40%) Durability (40%) Health & Fertility (20%)
Fat Yield 60% | Herd Life 20% Daughter Fertility 67%
Protein Yield 40% | Mammary 37% | Mastitis Resistance 33%

Feet & Legs 21%
Hoof Health %
Dairy Strength 10%
Rump 9%

Currently over 80 traits collected



|dentification

A Must be unique per animal

Front View

I Names A

I Tattoos or Registrations /@‘ J\

i Ear tags L‘W””””’J
I Passive Integrated - Front view

Transponder (PIT) tags
* E.g. Dairy ID number

HOCANM1234567890
Breed Sex
Country of birth 10-dig registration #

http://www.canadaid.com/about us/tags tech.html
https://www.registry.jockeyclub.com/reqistry.cim?page=dotReqistryHelpDeskTattoo&CFID=168078293& CFTOKEN=82099261



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

QUESTION:

What is your experience with herd registration
on your farms?

-beneficial, but expensive?
-useless and too expensive?
-other?



2. Genetic Improvement:
The nuts and bolts

Capyoghl 20406 Henk Vresslaar



From Genotype to Phenotype

Phenotype = Genotype + Environment




But f1rst, a conf essi

Milk |
Production Fat ]
Protein —

0 010203 0405 0.6

0 01 0203 0405 0.6

0O 0.1 0203 0405 06

0O 0.1 0203 0405 06

0O 010203 0405 0.6



Genetic Evaluation

A To perform genetic selection, need to identify
animals with superior alleles that can be
transmitted to next generation

U Evaluate and rank individual animals for breeding
value (additive genetic value)

-BV +BV
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Estimated Breeding Value (EBV)

A EBV = Prediction of additive genetic
effects that can be transmitted from
an individual to its offspring

A Additive effects of all loci combined
A Estimate has level of accuracy or
reliability
A Used for:
I Predicting future performance
I Selection / culling decisions
I Mating decisions
I Measuring genetic change




Prediction  Properties

A Predictions can be accurate <-> inaccurate

A Most accurate predictions derive from
large amount of high quality data

A Good predictions

I Are unbiased: contemporary groups are
genetically similar (similar mean BV)

T Account for amount of information
T Account for common environmental effec




The Animal Model and BLUP

A Use to calculate genetic predictions (EBV) for large-scale
evaluation and ranking

A Uses all data on all relatives
A Calculates EBVs for all animals in pedigree

A Simultaneously estimates identified environmental and
genetic effects

A Accounts for
I Contemporary groups with different genetic levels
I Genetic change due to selection
I Non-random mating
I Culling for poor performance

A Evaluate animals for multiple traits
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Requirements  for BLUP

A Phenotypic records
A Complete pedigree

A Identify genetic and management
effects

A Knowledge of trait genetic
parameters (heritability, genetic
correlations among multiple traits)




Mixed Linear Model

y=Xb+Zu+e

Ay = vector of observations

y
A u= vector of random effects
AZ = design matrix relating u to

A e = vector of residuals (random error terms)



QUESTION:

Do you understand how information flows into
genetic evaluations?

-Yes
-No
-Don’t really care...



example

Beef Calf Growth



Example :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

Yiik =D ta, +6,

y=Xb+Za+e

y = vector of observationsy;,

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

X =desgnmatrix relating dementsof b toy

a = vector of randomeffects of animal a;,, (j =1to 8)
Z =desgn matrix relating dementsof atoy

e = vector of randomresidud effects g,



Example :Beef Calf Growth

Calf Sex Sire Dam  Growth yijk — b| + aj + ij

(kg)

4 M 1 4.5 Y = observation of PWG ijk

o F 3 2 2.9 b =fixed dfect of sexi, (i=F,M)

6 F 2 3.9 a, = randomeffect of animal j, (j =1to 8)

7 M 4 5 3.5 _ . -

e, = randomresidud effect for observationijk

8 M 3 6 5.0
N\ 1 1 ‘ - 2
ex' X X'Z 0% s2=20 /= Se
e - ue é Cl 2
& X ZZ+aA ..e&ﬂ &'y s2=40 S



Example :Beef Calf Growth

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

y=Xb+Za+e

n = Number of observarions
P = Number of levels (Fixed)
g = Number of levels (Random)

Yiik =b T, + 6

Y = observation of PWG ijk

b =fixed dfect of sexi, (i=F,M)

a, = randomeffect of animal J, (j =1to 8)
6, = randomresidud effect for observationijk

y=nx1l

a=qgx1
e =(p+q) x 1

Z=nxq



Example

: Beef Calf Growth

Calf

Sex

Sire Dam Growth (kg)

4 M 1 - 45
5 F 3 2 2.9
6 F 1 2 3.9
7 M 4 5 3.5
8 M 3 6 5.0
&l 0
go 1
X=€ 1
e
gl 0
g 0

y=Xb+Za+e

&X' X X'Z zaEﬂeXyz
2 x zz+en RalT & U




: Beef Calf Growth

Example

y=Xb+Za+e

Dam Growth (kg)

Sex Sire

Calf

4.5

2.9
3.9
3.5

5.0
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: Beef Calf Growth

Example
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Example :Beef Calf Growth
A What the hell is 0 Ao ?

A Numerator relationship matrix
A Symmetric (and beautiful)

A Contains one row and one
column for every animal in the
pedigree

A Contains inbreeding
coefficients and relationships
between all animals




Example :Beef Calf Growth
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Growth

Example : Beef Calf
$3.666 1.000 0.000 -
21.000 4.000 1.000
€0.000 1.000 4.000
e

a1 £1334 0000 0000

€0.000 - 2.000 -2.000
%2000 -2.000 1.000
go.ooo 0.000 0.000 -
60.000 0.000 - 2.000

1.334 0.000 - 2.000 0.000 0.0
0.000- 2.000- 2.000 0.000 0.0
0.000- 2.000 1.000 0.000- 2.(
3.666 1.000 0.000- 2.000 0.0
1.000 5.0000.000 - 2.000 0.000
0.000 0.000 5.000 0.000- 2(
2.000 - 2.000 0.000 4.000 0.0
0.000 0.000 - 2.000 0.000 4.0



Example :Beef Calf Growth




Example
&8 0
9 2
0 0
goo
& 0
20
€0 1
e
Do 1
€1 0
e
g 0

: Beef Calf Growth

exX' X

X'Z zelEﬂ e)<yﬂ

& x zz+on Eh &yl

eO O o
SO o o
$3.666 1.000 0.000 -
£1.000 4.000 1.000
€0.000 1.000 4.000
%1334 0000 0.000
€0.000 - 2.000 -2.000
%2000 -2.000 1.000
go.ooo 0.000 0.000 -
60.000 0.000 - 2.000

a O
O a
1.334 0.000 -
0.000- 2.000-
0.000- 2.000
4.666 1.000
1.000 6.000
0.000 0.000
2.000 - 2.000
0.000 0.000 -

O 1 A 4430
1 O OF 68
2000 0000 00% Yeo

2.000 0.000 0.0é& U0

1.000 0000 2.(gk 560

0.000- 2.000 oerzl 324,5
0.0002.000 0.000 ¢k {€2.9
6.000 0000- 2(§% Y.
0.000  5.000 OOeE7 €35
2000 0.000 508 U0



Example

C
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: Beef Calf Growth

EEU €y xz UCxyl

e | u=e g € L

B&EQ 8ZX ZZ+IATQEZY
80O O O 1 O O 1 1A |430
928 o0 O O 1 1 o O 56.8
0 0 @3.666 1.000 0.000 - 1.334 0.000- 2.000 0.000 0.0 é,O
20 0 21.000 4,000 1.000 0.000- 2.000- 2.000 0.000 0.0 gO
GfO 0 é0.000 1.000 4.000 0.000- 2.000 1.000 0.000 2« éO
21 0 g— 1.334 0.000 0.000 4.666 1.000 0.000- 2.000 0.0 24.5
€ 1 €0.000 - 2.000 -2.000 1.000 6.000 0.0062.000 0.000 €.9
20 1 2-2.000 -2.000 1.000 0.000 0.000 6.000 0.000- 2.( 23.9
21 0 20.000 0.000 0.000 - 2.000 - 2.000 0.000 5.000 0.0 23.5
gL 0 ¢0.000 0.000 - 2.000 0.000 0.000- 2.000 0.000 5.0 é.0




Example

- Beef Calf Growth
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for animals 1-3,

they still have




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 5 -0.249 8




QUESTION:
Do you think the A matrix is cool too?

-Yes
-No



The Key Equation

Genetic
Progress

Year

’EIS’

d

DG T,
.

L
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Success Stories

Figure 3: Broiler carcasses from the Ross 308 and the Control (ACRBC) broilers in the 2001

study (Havenstein et al., 2003a,b) Figure 4: Turkey carcasses at 196 days of
age from the randombred RBC2
strain established in 1966 and
maintained at Ohio State Univer-
sity and a modern turkey hatched
in 2003 (Source: Havenstein et al.,
2004a,b; 2007)

ACRBC Males - 2001 Feed

RBC2 2003 Turkey

Day 43 Day 57 Day 71 Day 85

http://www.lohmann-information.com/content/|_i_ 41 20042 _artikel5.pdf



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

201906-11
Success Stories

Courtesyof T. See (Fix et al. 2010 Livest&ck128:108114)



J. Dairy Sei. TBC:1-21
https:i'dol.org/10.3168/ds.2017-12968
© Amasican Dalry Sclence Association®, TBC

S
@
A 100-Year Review: ldentification and genetic selection
of economically important traits in dairy cattle'

Filippo Miglior,*t* Allison Fleming,* Francesca Malchiodi,* Luiz F. Brito,* Pauline Martin,*
and Christine F. Baas®

100%
90%

80% Production

70%
60%

50% Gonformation

40% Longevity

Calving
30% Workability

20% Health

10%
Fertility

0%
1917 1927 1937 1947 1957 1967 1977 1987

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

ait



Genomics:
Genetics Reloaded

www.bruna2012.com



From Genotype

Phenotype

Ca'Cium
aminerals

to Phenotype

Genotype

+

Environment




Genomics Basics

Thegenomeis composedof four nucleotides(bases:
Adenine (A)T'hymine(T),Guaning(G), Cytosine (C)

Stop

UL rrrrrrrrrrrrrrrrrrrrrrrrrrnrria

11
ATGACGGATCAGCCGCAAGCGGAATTGGCGACAITAA

TACTGCCTAGTCGGCGTTCGCCTTAACCGCTGTATT

All life formson this planethavel blaeprinta
written in thesebasegletters)

Term Aigenomeo dHansWiekttr 1920 by



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

HIV Virus: E. Coli:

9,700 4,600,000

bases bases
Mouse:

Chicken
1,000,000,000 £
bases

2,500,000,000
bases

» Donald Trump
Cow & e (Human):

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

http:// www.ncbi.nlm.nih.gokgenome



48

From Genotype to Phenotype

JellyBean Polka

N

2,670,000,00ases 2,670,000,00ases

2,663,000,000 (99.7%pses
areidenticalin JellyBeanand Polka...

...ca. 7,000,000ase90.002% pre different! |
Thesedifferencearecalledd { bt a & 6 { A yPblynSorphista®t S2 (0 A |

What do these SNPs do???
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Example : DGAT1

Diacylgylceroacyltransferasd (DGAT1)
- Responsibldor Triglyceridesynthesis
- Chromosomel4
- Mice giveno milk whenthis
enzymeis knockedout...
- LysineA Alanineexchange
- + 136 kg Milk
- + 2.27 kg Protein
- + 0.17%at
- Fattyacidprofile altered

- Butthatsonly1 SNP!
- Whatdo the other 6,999,999 SNPs
do!?

Lysine Variant =

(&SR}

\N (( 3
{
\ /

Alanine Variant =

JellyBean
R

Grisartet al., 2002, Thaller et al., 2003
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601
45
301
155

Example

: DGAT1

N=5024




o1

From Genotype
to Phenotype
Estimation  of

SNP effects
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SNP Effect Estimation

Trainingggroup= Olderanimals
Genotypest
BVbasedon offspring

VVVVVl‘VVVVVV
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SNP Effect Estimation
Trainingggroup= Olderanimals
Genotypest
BVbasedon offspring
e AA... BB. BB... AB... AB..
Y e | ‘ﬂg ..... AB.... AB.. AB.... AA.. BB.
Vit .. AA... BB. BB... AB........ BB.
B e—x o BB... BB. BB... AB.. AB..
T~ B — BB... AA. AA.. AA... AB..
‘\7/, - S AB..... BB.. BB..... AB........ AA.
2 (/D AB..... BB. AA... AB... AA.
v/ )
i (77( ..... AA... BB. AB... AB........ BB..
b B BB..... AA. AA... AA.... AB..
SOV/li -;«77 re ﬁg.... gg.. ii.... ﬁg ........ m.
=y A ... AB... . e AB........ :
/N / AA..I.L./AB.. i\B ..... §B ........ LBB
Resultof the effect AA=-10 | AA=-10 | AA=0 |AA=0 |AA=+60
: : AB=- 5|AB=- 5| AB=+1 | AB=+2 | AB=+30
eStImatlorI BB = BB = BB=+2 | BB=+4 | BB =
oDirectgenomic

breedingvalues




QUESTION:

Do any of your herds engage in genomic
selection?

-All
-Some
-None

-Don’t know
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pedigree-based (expected)
relationship

N\ ]/

25% 25% 25% 25%

U/

candidate

marker-based (realised)
relationship

SS\ Sil' 75 /DD

28% 22% 20% 30%

U/

candidate

Simianer



S7

Marker kinship

0.1

y = 0.06 + 0.42x

RY=0.61
-
i'!
. -
I | | I
0.2 03 0.4 05 06

Simianer



&X' X X'Z oo Xyg
&2 x zz+acKa & yY



QUESTION:
Isn’t the G matrix even cooler than the A matrix?

-Yes
-No



example

Milk Production



Full -sib Example

‘RoIIiAng View DENV
(Born 10.11.1998)

Breeder VanderWaal Walter,

Orange City, lowa USA

e
o< S

A A .{l“’

ot

ARVE (Born 21.02.2001)

Breeder Baumann Christoph,
Weidhof 5075 Hornussen

Steiner'sDenv
AEROSTART
(Born 22.10.2006)

Steiner'sDenv
ALINGHET
(Born 24.01.2007)

Breeder Edwin SteineFuchsEulenwe@®4, 8832Wilenb. Wollerau

61
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SNP Effect Estimation

Steiner'sDenvALINGHET Steiner'sDenvAEROSTART
(Born 24.01.2007) (Born 22.10.2006)

- ™

A PedigreeBreedingvalue A PedigreéBreedingVaIue
(Milk) = 849 Kg (Milk) = 849 Kg
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SNP Effect Estimation

Steiner'sDenvALINGHET Steiner'sDenvAEROSTART
(Born 24.01.2007) (Born 22.10.2006)

A PedigreeBreedingvalue A PedigreeBreedingVvalue
(Milk) = 849 Kg (Milk) = 849 Kg

A Genotyping A Genotyping

A Directgenomicbreeding A Directgenomicbreeding

value=-40 Kg value=431 Kg
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SNP Effect Estimation

Steiner'sDenvALINGHET
(Born 24.01.2007)

A PedigreeBreedingvalue
(Milk) = 849 Kg

A Genotyping

A Directgenomicbreeding
value=-40 Kg

A CHbreedingvalue
04.12.2014 =114 Kg

Steiner'sDenvAEROSTART
(Born 22.10.2006)

A PedigreeBreedingVvalue
(Milk) = 849 Kg

A Genotyping

A Directgenomicbreeding
value=431 Kg

A CHbreedingvalue
04.12.2014 =A41 Kg



Genomic Selection

AGenomidoreedingvaluesare calculatedirom the
DNAof ananimal

AThesebreedingvaluesare basedon complex
algorithms whichconnectthe genomic
iInformation (Genotypg andthe observed
performance(Phenotypé

ABreedingvalueestimationwill continueto be
basedon comprehensiveand exactperformance
testing

AExactphenotypesare and remaina veryimportant
part of breedingvalueestimation



success

1.5

0.5

SD units

-0.5

1.5
20

Stories

Papa ==

Yearly Rate of
Genetic Progress

-0.02 SD for Herd Life
0.04 5D for SCS

1994

1999

2004

2009

2014



Genotype Databank

2,000,000

mxpnY { bt Lo Dessity
1,500,000
1,000,000
500,000
) ——

010 2011 2012 2013 2014 2015 2016 2017 2018

DAIRY _
atGUELPH Holsteins

BACK TO INDEX




Annual Genetic Progress i Major Traits

ul Before Genomics u After Genomics

Milk

ot —
oo —
IR, s—
Feet & Legs :
Longevity :
Udder Health :
Fertility

0 0.05 0.1 0.15 0.2 0.25 0.3
SD unit

<68>



Gain in Reliability with Genomics

m Genomics = Traditional

50K Young Bulls and Heifers
with a Proven Sire

50K Young Bulls and Heifers
with a Young Sire

LD Heifers

Younger LD Cows in 1st or 2n(
Lactation

LD Foreign Cows with MACE |
Canada

1st Crop Proven Sires i
Canada

Foreign Sires with MACE i
Canada

0 20 40 60 80 100

<69>



Tangibledeliverabledor end-users

Population size: 0.9 M Genetic | Benefit per Cumulative
Lag time* for Benefits: 3.3$rs | progress | cow per |benefits peryear o
10-Year Horizon (Pro%$) year ($) | selection ($M)[28]

Before Genomi
e 60 31.30 174

(before 2007

Introduction of Genomics
Nntroauction o enomic 108 56.35 314

(200811)

Adoption of Genomics
Option o1 SsEnomic 183 95.48 532

(2012Today)

Addition of Resilience Inde 252

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

<1>



1/; of the cows — the same amount of milk

S m Total Milk () = Cows
< 5,000 100
T 4,000 30
_I

" 5

3,000 60 £
. =
h —
Z ~
0 2,000 40 2
10 >
S 1,000 o
N
©

1960 1970 1980 1990 2000 2010

DAIRY AN

2t GUELPH
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Things that make you go

Hmmm...



QUESTION:

Are you aware of any drawbacks of the large-
scale adoption of genomic selection?

-Yes
-No



Popular Latest Sections v Magazine v Subscribe

HEALTH
The Dairy Industry Lost $420 Million From a Flaw in a
Single Bull

Farmers have quadrupled how much milk a typical cow can make, but there
are hidden downsides.

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 millionr 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.

Chiet t SGQa OF ff KAY t/wksis&popurzbéthuseNis dalighters) 2
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 thror
the Holstein cow population. The mutation caused some unborn calves to die in th
womb. According to acent estimateg this single mutation ended up causing more
than 500,000 spontaneous abortions and costing the dairy industry $420 million in
losses.

~

CKIFIGQa I ONIYT & ydzYoSNE 0dzi KSNBQa Iy
dzaAy3d [/ KASTQa &aLISNY AyadaSlR ) ¢
AYONBIFASR YAf]l LINRPRdAzOGAZ2Y 2¢

affect the industry.


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

75

Figure 1: Possible outcomes when two
known carriers are mated

AB X AB
gl
AA AB

(25%) (50%) 4Z5%

For a list of known lethal haplotypes, see
https://aipl.arsusda.gov/reference/recessive haplotypes ARRhtml

CDN


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

Aln 2015, aecessivehaplotypetermeda | / 54 4|
identified by GermanresearchergHaplotype
associated withCholesterolDeficiency)

AAffected calves had extremely low levels of blood
cholesterol, which prohibits the normal deposition
of fat body tissues.

ACalves are born alive, but homozygotes die in 3
weeks6 months

AThe oldest known source of this genéviaughlin
Storm (HOCANMb5457798)

(see "Discovering Genetic Anomalies from Genotyping", July 20&%atcdn.cag CDN



Hapl otypes spread

Table 1: Carrier Sires with the Most Active Daughters in Canada

HCD

Fertility Haplotype
(HH1—HH5)

GILLETTE WINDBROOK

MAINSTREAM MANIFOLD (HH3)

LIRR DREW DEMPSEY VAL-BISSON DOORMAN (HH5)
GILLETTE STANLEYCUP PICSTON SHOTTLE-ET (HHS)
COMESTAR LAUTHORITY MS ATLEES SHT AFTERSHOCK-ET (HHS)
BRAEDALE GOLDWYN O-BEE KRUSADER-ET (HH1)
COMESTAR LAVANGUARD LINCOLN-HILL SHOT LASER-ET (HH5)

LARCREST CONTRAST-ET

DUDOC MR BURNS (HH2)

GILLETTE WINDHAMMER

REGANCREST DESIGN-ET (HH3)

GOLDEN-OAKS ST ALEXANDER-ET

CLAYNOOK TENNESSEE (HH2)

DUDOC MR BURNS

CHARPENTIER LFG SPECTRUM (HH1)

(see "Discovering Genetic Anomalies from Genotyping", July 20&d\atcdn.ca

CDN



Hapl otypes spread

Figure 1: Estimated Frequency of HCD Gene in Canadian
Holsteins and Number of Registered Heifers Affected
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- 900

No. Registered Heifers Affected

- 600
- 300

0 -0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Year of Birth (actual or expected for 2016)
CDN



Subtle Effects?

1.00
B non-risk mating

M risk mating

Survival rate
= ] o o
[0¢] © ©
[6)] o (@)

| | |

0.80 -

0 50 100 150 200 250 300 365
Calf’s age (days)

Figure 1 Survival rate of descendants from FH2 risk matings. Bars
represent the first-year survival rate of 8,428 and 109,386 descendants
from FH2 risk (blue) and non-risk (darkgrey) matings, respectively.

Pausch et al., 2015



Management of haplotypes

ACattle breeding populations are susceptible to the
propagation of recessive diseases.

Alndividual sires generate tens of thousands of progen
via artificial insemination.

AThe frequency of deleterious alleles carried by such
sires may increase considerably within few
generations.

ADeleterious alleles manifest themselves often by
missing homozygosity resulting from embryonic/fetal,
perinatal or juvenile lethality of homozygotes.

AGenomeassisted approaches to avoiding inadvertent
carriermatingsand to improving reproductive and
rearing success are key
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4. Poking the Bear
(and a bit about current
research)




m Gain Before Genomi

m Last 5 years
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(Adopted from Beavers and Van Doormaal, CDN Article, 2017)



Wow.
¢ K | dwdsame

Whydid they evenhire you?

at GUELPH 83



Current Research
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Current Research

REPRODUCTIO
HEALTH
EFFICIENCY
MILK
INBREEDING

TECHNOLOGY

at GUELPH

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!

26 Baes CanovasMiglior, Schenkel



What is fertility
(éto a geneticist)?

DAIRY A%
at GUELPH




Fertility Traits

Heifer

Day 56 '3 ;w Day 56 'e N
) =

Age affirst service CTFSCalvingo first service

Or——f)

NRR_C: NeReturnRate (0/1)
Ol Ol
FSTC_C: First service to conception
Or—f) O——f)

NRR_H: NoReturnRate (0/1)

FSTC_H: First service to conception
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Phenotypic Trends
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QUESTION:

That's weird. Whats going on?



My thoughts....

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 teat
on physiology???

DAIRY 4%
at GUELPH




Understand the Long-Term Effects of Fertility

Management

Heifer

Cow

PGF PGF PGF PGF
14 d 14 d 14 d 14d
Presynch-14 2 * Sk o | Presynch-14 — L * — L =
PGF PGF PGF PGF
Presynch-12 " 14 days * 12 days " Presynch-12 ! 14 days * 12 days e
PiF PGF PGF PGF
14 days * 11 days » 14 days * 11 days "
Presynch-11 . GnRH-2 Presynch-11 > GnRH-2
PGF PGF GnRH-1 PGF TAl PGF PGF GnRH-1 PGF TAI
“ 14 days * 10 days *u * Blrth * 14 days * 10 days +Td +
Presynch-10 y Y > o el Presynch-10 X y > ok
GnRH PGF GnRH GnRH PGF GnRH
Double * 7 * 3 * Tdays Double * 7 * 3 * 7days
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PG-3-C & 3 ¥ 7days > PG-3-C o 3 ¥ 7days >
PGF G;RH PGF GnRH
6-6-G ti.ﬂLb G-6-C e-24Bdays

DAIRY A4
at GUELPH

CANADA'S DAIRY URIVERSITY




I POKING THE BEAR !
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Canada has the's 68% of Canadian }EAR Ad¢CKS ARSI

highest use of animal antimicrobials are are pushed so hard
antimicrobials in the used for udder that they get sick
developed world. health (mastitis and makes me want to

dry cow treatment) e stop supporting the
astitis and RI ANE AYR
timicrobial resis
gy Metabolic Disease @
a2 Kad OF yQoi -l i (Clinical) Ketosis, Displaced Abomasum, BHB
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stand on wet I Retained placenta, metrj#

concrete all the DING Immunity
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ECHNOLOGY W2 KR with MAP W2 Ky § Q
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Current Research

= DAIRY A%
B at GUELPH 33
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2. Enhanced
Disease Resistance

1.
Bi ol ogyo Fle

3. Feed Efficiency and
Methane Reduction

. GELS: Optimizing trait
maximize sustainability an
societal acceptance

->

Generational

Genomic tools to

select for 8.Translation and
sustainable cows Implementation



Current Research

Milk spectral data can be used for

many novel traits

A Fatty Acid composition of milk

A Milk fat globule membrane / size
A Lactoferrin
Other important properties of milk

| INBREEDING | -

BERESEEER A protein type / content
A Technological and sensory

properties of milk
A etc.

atG UELPH 34 Miglior, SchenkelFleming, Cruz



Current Research

ETRRNEe, | Pefining more exact measures of inbreeding
Localizing areas of homozygosity
HEALTH

I Positive effects

I Negative effects

HtG UELPH 35 BaesMarras, Miglior, Schenkel



I POKING THE BEAR !

NHol stel ns h:
gene-pool about as
deepasapie-pl at eo

Tom Jokinen, The Walrus

101



QUESTION:

Is inbreeding a problem in your herds?



Fpep — Pedigree estimates °

Fron — Genomic estimates =

0 0.1 0.2 0.3
Inbreeding coefficients

Red = inbred
Blue = heterozygous

T = LT P 00 CF C e T O e W A e OO O o A T O e T U e DO O

Position

(Makanjuolaet al., in preparation)



Current Research

REPRODUCTIO
HEALTH
EFFICIENCY
MILK
INBREEDING
TECHNOLOGY

at GUELPH

Incorporation of novel
technologies into animal breeding

A Understanding the impact of
genomic technologies and novel
phenotypes for optimal and
sustainable genetic progress

I Maintain genetic diversity

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

I Optimal indexes for selection
I Editing?

36 BaesMiglior, Schenkel



POKING THE BEAR

Genotype / -omics data
Body weight (gain), composition
and conformation

So much data, so little knowledge...




QUESTION:

Do your farms use precision technologies, and
does the use of that technology help your
producers?



