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Selection goals over 100 years
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Selection response over 100 years
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Range of Heritability
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Holstein LPI Relative Emphasis Over Time
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Comparison among US, Italy and Canada
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Which Health Traits are Evaluated
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Genetic Trends for CAN Holstein Females

JARE AT HIE B 4 iR 1 #55

1000 RLLT
®
Annual Pro$ Gain La%tanet °

DAIRY EXCELLENCE ..
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2o 0 EEEBEN. SE79
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Gain in Reliability with Genomics

2% BN 2H 452 18 U A MR 14

B Genomics ™ Traditional

ERETN (G Lactanet , ¢

50K Young Bulls and Heifers

BEAFMBEETFFERAS KSR
LD Heifers

BESHERRBEESRH
LD Cows in 1st or 2nd Lactation

KRR B ERRE RS

1st Crop Proven Sires in Canada

EmEXRFEHZLNEIELSF
Foreign Sires with MACE in Canada
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Gain in Reliability with Genomics
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72-76% Reliability once genotyped
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Reliability Gain by Reference Population
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Generation interval tt{tjarE

-»-Sire of bulls +Damofbulls -=Sireofcows -—Damofcows <+ Average m

NERFE NFEE BHFGE BHEE )& Pedigreed animals
BARIBHTE 676,534

Founders
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#H%k
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Genotyped bulls
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Functional Traits Genetic Trends for Females
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Traditional Selection

R Gt iRIRIRTE

* Sophisticated statistical methods are used to predict the genetic merit of individuals

ERERG T H AU FESNE

— Information from daughters, parents and other relatives SB2=H %)L, X

R
BRHEEEEER

— G@Genetic and environmental effects well Separatedﬁzﬂlﬁllﬁiﬁﬁ%ﬂﬂ;ﬁﬁ}ﬂ
Their application has been very successful in dairy for the improvement of easily

measured traits {EYI4 B M E RS ITEFAR B AR L 5 T E R
BB EXBI

— Mainly due to the feasibility of recording traits from thousands of herds across

the country E%Jﬁ ElE:FEI wﬁﬂ ilté‘%ﬂllé El&:':ﬁﬁl EI‘J'I*EE‘JkiEi
I DAIRY 44
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New Phenotypes: Novel traits

Fpeal: FER

* However, this strategy is not feasible for traits that are costly to measure B854t

iZ BRI ERTUNERASRERIERIERE
* The advent of genomics provides an exceptional opportunity to genetically improve
the national herd for those traits that are more costly to record E E 2B F AR

I, REESFKELEENERESIMTERESR T 2N
- What is a novel trait? fFARFTMIR?

— An economically important trait that was not recorded or used in evaluation

because too expensive RBLFEEM, BEMEREXESMNERSE
AAMRIZRE A FEEF ISR

B DAIRY 4%




National Dairy Health Recording

£ E 4R AR S

2%
Lactanet @
* Starting in 2007, a national system for collecting health events in Canada =" 09

20074FiE, MEXEIL T RZGWK2ENFBREHNEARER
— Concentrates on eight key diseases %*?8%35;3%%
*  Producer-recorded on voluntary basis ‘RIAFEEHEES5I2FE
— Herd participation ~40% of herds 2J40%¥in& 5
* Provides data for genetic evaluations for health traits AN ERY RN IBEESE TR
Tt BE

* Additionally some hoof trimmers are now sending their records in a standardized

manner ItESMEBSHMEEHIAR A 53 RERAEIL Y77 UBERTS L3R (TR0 IS EH 833

I DAIRY A%




Health Genetic Evaluations in Canada

TR A4 G2 R A R B R AR VL

o 2014 o 2018 Lactanel .:-
ractanet

, Mastitis Resistance : Hoof Health

LB T

l e Clinical mastltls, SCS l e 8 most prevalent hoof lesions

 ISERILER. HERS . SHE LB

—e ) . ) >

' Metabolic Dis. Resistance . Fertility Disorders
R  EEER
: e Displaced abomasum, clinical, e Metritis, Retained Placenta,
: sub-clinical ketosis (milk BHB) ' Cystic Ovaries

( %ﬁ?ém\ IIfﬁﬁE*IJSIEIIﬁﬂE!ﬂﬁ FEX. BKRAT. SRERM

i3
B DAIRY A% O 2016 O 2020
at GUELPH y
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Evaluation Enhancements
VEfh B R
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Health Genetic Evaluations in Canada

IR Y4 BRI N R 1514k

RLLL PN . . .
( ) 2014 Lagtanet..: Two-Step genomic evaluation
MaStitif Resistance * traditional evaluation
A B

¢ Clinical mastitis, SCS e SNP estimation

 IEREER. HEms

. . Use of correlated predictor traits
Metabolic Dis. Resistance

RIBHE with high heritability

e Displaced abomasum, clinical,
sub-clinical ketosis (milk BHB)

%ﬁﬁh ||EEF5FHSIEI|EEEEH#§G * To improve SNP estimation

B DAIRY 4% O 2016 accuracy
| at GUELPH

Bl CANADA'S DAIRY UNIVERSITY

* To increase reliability of EBV




WA FL B Dt B

Multiple-trait evaluation including mastitis and well correlated predictors with higher heritabilityZ%

MRER, OFBERAMAGSREINEEXEREA
— Patterns of SCS, BCS, Udder Depth and Fore Udder {4884 FRIESD. ELER ﬁ*ﬂﬁllﬂ

I Lactanet o
— Increase of +30 points in reliability of EBV BMEAITAIEMERHIPE o m (L

Since Aug 2014, Index for Mastitis Resistance (MR) 20145E8 A #IEFL BRI IEIEE
— 1/; CM-First + 1/, CM-Later + 1/; SCS
Genomics ZFELAFM
— Holsteins: over 3,000 Canadian reference bulls fSrfiB4&E 8K >3000LME A LSE

— Increase in reliability of +16 points for young bulls,

and +8 for proven bulls BEAFHFME/ T ATREMERAINEST R, BIELQFREAT

Now we may use Interbull MACE to increase bull reference population

g DAIRY IATE A Interbull MACE# K A4 8E 8K



Why an Index with SCS and Mastitis?

A {isIE BT E 4R D P, B R ALR S HE
scs eay. (hAIARS} it HARA

[N ]

L]

L t ) t .
CANADIAN NETWORK FOR DAIRY EXCELLENCE . ..

*  Why not using just mastitis EBV? i)

35 | ARAE R ERE?

. :.::'giii!iiiiﬁi. | :'.%;,’ * Mastitis EBV are indicators of clinical
3 . ..E:!:!“ ||§§.:;:'.'... mastitis LB S B F{E R RIR
- A REEALE %
Best Bulls A A * SCS EBV are indicators of subclinical

z-iﬁ 2 . I I . ! ! ! mastitis WZEIHE!&NE*‘»‘I‘EW{E&HH&

80 85 90 95 100 105 110 115 120  yps RS fR &

Clinical Mastitis EBV est Bulls
B DAIRY £% SHRILELMEHEME  seas
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Metabolic Diseases — Evaluation
R iw—IE4h

First parity cows — 2"d Parity cows and later SkBRFd—4& /5 Lactanet .:
Metabolic disease traits (5-100 DIM) (h2 = 0.02-0.06) T es

RigEEHBMEIR  (FB5-100K) (it 47 0.02-0.06)
— Clinical Ketosis (CK) and Displaced Abomasum (DA) K M4EIFFIE BT
Sub-clinical Ketosis (SCK) (5-45 DIM) YIRS Eif® (FE/E5-45K)
— Milk B-hydroxybutyrate (BHB) (h? = 0.08-0.15) 4£3ip-B2 T8 (/% /). 0.08-0.15)
Milk recording predictor traits: (5-45 DIM) DHIIZFZ P RIFE R MR (FF/F5-45 K)
— Fat to Protein Ratio (F:P) (h? = 0.10-0.16) JEZEEE (344 /7: 0.10-0.16)

First parity cows yzﬂﬁ‘tF
Conformation indicator traits Wﬂ'ﬁ’ﬂ(ﬁlﬂ H(J?E'ﬂ_?'l’ijlk
— Body Condition Score (BCS) (h? = 0.29) &Ry GREES: 0.29)

I DAIRY AN
at GUELPH

CAMNADA'S DAIRY UNIVERSITY




Index for Metabolic Diseases Resistance

RN &

MDR = 0.50 SCK + 0.25 CK + 0.25 DA ( JF Il b Bl + e PR B + BB 25 43L)
* All componentsskff 54 7*: 0.5*EBV, + 0.5*EBV,,
* Rational for weightings SIERIIE

— Higher frequency and cost of CK compared to DA &R SRR ZREMZFIRES

«?
L t > t s
CANADIAN NETWORK FOR DAIRY EXCELLENCE . .

FRBTL
— However, sub-clinical ketosis (SCK) more common than CK $AT, IEEKM4ENIBELIREKE
M ERAREES

— Selection on SCK will induce a correlated response on CK and DA (genetic correlations) =k;

%ﬁggﬁﬁﬁﬁﬁﬁﬁﬂ. &R R R E B ARG EEER B
— Higher heritability of Sck Y& AR MNHEIRE B S

Quantity and quality of BHB records is superior to producer-recorder health data

DA_lRY ‘ _ . B s
AGUELPH PR TRERMERRRRGETANMRER




Expected Percentage of Healthy Daughters

. 100%
R g
g '§° 96%
i S 92%
> %
B S
23 88%
o T °
ﬁ ~ 84%
Q.
80%
I DAIRY AW
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2R e B4R FRALE B

... lactanet @
eoo0®’® o0 ® oo on o xceioe (@) @)
T -
o o« Displaced Abomasum EBIF{I
= =(linical Ketosis & PR 1 B s
e==Subclinical Ketosis TP s R 14 B
85 90 95 100 105 110 115
Sire’s EBV for Metabolic Disease Resistance (MDR)
L RFHERMETEME (MDR)
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Health Genetic Evaluations in Canada

IEEX B B By S VR4S

Enlargement of female reference RLAL
[ J

population La%tqnet 0e®
e Over 20,000 genotyped cows o 2018

- Hoof Health EER R R
Inclusion of hoof trimmers in animal !

! als,
improvement industry * ?e?i]g;: prevalent hoof 8T LB R

o >

e Metritis, Retained

* Data pipeline for hoof lesions i Fertility Disorders %ﬁﬁﬁﬁ%
" Placenta, Cystic Ovaries FBX. B

Implementation of Single-Step genomic

evaluation O 2020
* Increase of GEBV reliability

KA. RS T

. * No need of correlated predictors

28



Hoof Lesions

i

* In Canada, around 25-30% of cows have at least one hoof lesion TIEX  Lactanet ©

48R 2925-30% AV BH A = A B I — IR ER
Hoof lesions compromise the welfare of animals EEEAFITFEZIH1EFI
+ Economic loss, costs associated: XL FFILNT :

— with treatment of lesions EEfRAYIETT

— with decreased cow performance (production and fertility) M EETEE (&%
FEFISETE)

* Low correlations between hoof lesions and feet and leg conformation traits & Fl

BB R AL R AL BV A B 43 2 B BOIR 45 HE K 1K
* Solution: EBRINE
— Use data collected by hoof trimmers F| B {&BFA RULE RN TR

I DAIRY AN
at GUELPH

ANADA'S DAIRY UNIVERSITY




Large Differences among Sires

NEBEFEEXRES

* From hoof trimmer tablets to DHI, and to CDN {&#§ Lactanct
AGRFHELERIDHI, BEICDN oo
« QOver 50 trimmers have been recruited83 T 50Z AL {EBH A R

150,000 cows. Aim is 10-20% of milk recorded cows 15kd, BHEsZDHIEM
E/Y10-20%

%l 5 h

Digital Dermatitis BHER R 2¢ 17.4  0.08

Heel Horn Erosion 5 P BE = 2.4 0.08

Sole Hemorrhage B i 7.2 0.03

Interdigital Dermatitis  BHBIRZ & 2.6 0.05 . 2

Interdigital Hyperplasia Rt |E]3#4 2.2 0.06 5

Toe Ulcer Bk 52 5% 95 1.4 0.04 H#

Sole Ulcer B 57 8.5  0.05 &

White Line =E5377 48  0.04 ke R, T
RS U A I K Y “ Sire Proof for Digital Dermatitis (DD)

- atGUELPH R G A -E T

ANADA'S DAIRY UNIVERSITY



FAEITHAREE

BEAR

. = y -
'1 :‘!1,
»"

FIEFCHINVERTORENY=S =378 -10 F =37
Interface e
v Hoof I.actanet :-
Lesions CDN

 VaNYAA
ool S

Trimming ,

& Dairy
HS Reports Producers

DAIRY Ay PEHSEE

Management

report SRR

for hoof health
at GUELPH EERRE BAM&HEEEEME y
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Heritability of Hoof Lesions

i R kWA

BEER R 98 Digital Dermatitis 89%
FEtEYe Heel Horn Erosion 8%
B K & Sole Hemorrhage
BB % Interdigital Dermatitis
BitjB) &4 Interdigital Hyperplasia 7%
Bl 2%75 97 Toe Ulcer 4%
B R 7R % Sole Ulcer 59,
B White Line Lesion h 4%
I DAIRY 49 0% 5% 10%

§at GUELPH 32
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Single-step GBLUP

— 355 2 I 4H B EE LR |
* Multiple-trait model (8 lesions) ZMIRIER (SThEFH) Lactanet K

- Animal linear model with repeated observations ZktZhIHER, 4b
HESWEE
* Single-step GBLUP using Mix99 ETFMix99izE —23XGBLUP
* Environmental factors: EFEEH(RY -
— Herd-Trimming Session ﬁﬁi-ﬂ%ﬂﬁﬁq
— Trimmer 1%E$Aﬁ
—  Days after calving FEEEfG R
— Parity Hﬁ‘)ﬁ’(

=D AI—R y ow effect (PE) BFFIN (K AIREHIRL)
at GUELPH .




Trait Relative Emphasis for HH Index

HH#E SRR X AU

[N ]
Hik7% X
1 - ®
ﬂlt' \ 91 White Line Lesion La%tqnft ...
Toe Ulcer 8%
10%

it JR 758
Sole UIcer ﬂt%ﬂ&ﬁ
20% Digital Dermatitis

34%
i e L 1
Sole Hemorrhage
R 3%
Bt [8) 38 4
Interdigital Hyperplasia
2%

ﬂtrﬂj&ﬁ i / Hﬁ%rﬁgon
gD D AI RY ‘ 9% 14%
1at GUELPH

CANADA'S DAIRY UNIVERSITY




Fertility Disorders — Phenotypes

SRR —RE

[N ]

L]

L t ) t .
CANADIAN NETWORK FOR DAIRY EXCELLENCE .

* Traits (0 = no case, 1 = at least one case): oo

MR (0=k%Z%E, 1=FPEE—NR)

» Cystic Ovaries (CO): calving — 305 DIM
DRELFEBrh - FEE-3hEL.305K
» Metritis (MET): calving — 150 DIM
FEX: FEEE-#hFL150K
» Retained Placenta (RP): calving — 14 DIM
BRIRAT: FEEL-3h R 14K
I DAIRYAN
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FE R —RA

Multiple-trait linear animal model 4R MEBhIIREY La%tanet":'
H = (pedigree + genotypes) based relationships
H=&T (Ri§+ EEE) HFEEXHRERE
No indicator traits in the model  {REVP FTEHHXAIFE R EIR
First and later lactations: different (correlated) traits %H’ﬁ‘&?é}ﬁ A[E] (*E;E)
27N
Observations on lactations > 2 treated as repeated observations for lactation 2 286
ZERNEERAE=FNESNEE
6 traits in total S ILOFPMELR

I DAIRY AN

at GUELPH

MNADA'S DAIRY UNIVERSITY



Fertility Disorders — Methods

S$EER—7 A

Single-Step method (MiX99 software) “—2B3&” (MiX99%x4¥) Laﬁtanet":
Reference population: all genotyped animals in the pedigree SERH., %‘l,%ﬁlﬂﬁﬁ'

FEEEAHBBERNME
*  Estimation of GEBV (phenotypes + pedigree + genotypes) GEBV{&iH{E (FRH
+HRig+EER)

* Calculation of DGV (reference) DGV E (SEEf)
*  Estimation of SNP effects SNPEIM (& TH{E
«  Calculation of DGV for other genotyped animals (not in Single-Step)itEEECEB

ERBNMFRDGV (RE “—DE” HhzARD

I DAIRY AN
at GUELPH

CAMNADA'S DAIRY UNIVERSITY




Fertility Disorders — Genetic Parameters

SEER— RSN

*  Single-Step method (MiX99 software) “=—2B3E” (MiX99%#F) Lagtaﬂet.
*  Heritability: 0.02 — 0.03 (across all traits) 1= 73: 0.02-0.03 (FFrEHER)

* Genetic correlation between first and later lactation traits: from 0.55 (CO) to 0.70

(MET) kR E& = F iz RE0iREHE>X: 055 (PREEM) —0.70 (F

BH)
e CO genetically uncorrelated with MET and RP PRE RS FERMBERAT
FiBEEHEX

* Genetic correlations between MET and RP: %E”ﬁiﬁuﬂaz‘zZ?TEﬁiﬁ{%#E;é
> 0.54 (first lactation) SLB&490.54
> 0.51 (later lactations) 24 0.51

B DAIRY A8
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Large Research Projects at CGIL
CGIL BB m B

2014 > 2015 > 2016 > 2017 ) 2018 > 2019 ) 2020 > 2021 > 2022 ) 2023 4

Hoof Health BB R
e

Milk Spectral Data H{j3¢ik iz
—

Efficient Dairy Genome Project &394 B K28 Fi
—

Build Female Reference Population
BRS4SER

Breeding Strategies with Genomics

EELHE PR |

Resilient Dairy Genome Project

it B9 E B T

B DAIRY AN
at GUELPH

AAAAAA 'S DAIRY UNIVERSITY



Large Research Projects at CGIL
CGIL BB m B

2014 ) 2015 > 2016 > 2017 ) 2018 > 2019 > 2020 > 2021 > 2022 ) 2023 4

Hoof Health Hoof Health Evaluation & Herd Management Report

R WEREH o RAEERE

Milk Spectral Data Milk MIR pipeline and storage since 2013

iR B2013RARS- IR LTSRS iR iR A BB 77

—
Efficient Dairy Genome Project Feed Efficiency Evaluation

= S804 A & X LB T (G2 &R

Build Female Reference Population 37 f4-&E B
—
Breeding Strategies with Genomics R E|20 B fhEERE
—
PEFTMRELEFM Resilient Dairy Genome Project
Ay > —

B DAIRY ‘ Fertility Disorders Evaluation
at GUELPH BIEESIEM

ffffffffffffffffffffffffff




Large Genomic Research Projects

___ xmsmmgism
{am mwnss (Lo —

Efficient Dairy ESPAERGRL Eiasilient Dairy =] 48 o

GENOME PROJECT GENOME PROJECT
« 2015-2020, $10.3M  2015~2020, $10304 * 2020-2024, $12.5M  2020~2024, $12507
* Filippo Miglior & Flavio Schenkel (CGIL, Guelph), FEIRFKKEE * Christine Baes (CGIL, Guelph), Marc-André Sirard (Laval), Ronaldo
Paul Stothard (University of Alberta)  PAI/RIAIEKE Cerri (UBC), Paul Stothard FE/RRKKE, RRRKE, T FE

EMELLIERE, PIRIABKAE

* Creation of international database for Feed Efficiency (FE) and

Methane Emissions (ME) * Development of new health trait evaluations (Johne’s, Leukosis,
B ST RIS S Fn R HE R O (E PR BB EE Respiratory Diseases, Calf Health) FF & HERMEK T (B
¢ Australia, Canada, Denmark, Switzerland and USA %, AIfE, ERuEER, E4ER)
AXFE. MEX. AE. &t =E + Closer-to-biology fertility traits FF& & B &ZFEMFREMAOEAE MR
* Single Step genomic evaluation for FE launched * New evidence-based epigenomic data to complement the genetic
in April 2021 by Lactanet Canada selection strategy FMIRMEREFHIE L STE R F A EIFRK
MZEXLactanet AR TF2021. 42380 T AR — P EEEAITME - Further enhancement of Feed Efficiency, further analysis of Methane
* Milk MIR predictions for DMI & Methane Emissions Emission data f— 12 AR R, #H—$ oirBREHEREE
L'qu:glﬁ’l‘%lgﬁ;ﬁ“q:%ﬁ%ﬁiﬂ $'§%’HF75§I TR * Same EDGP partners + Spain and Germany
(in Progress) -> Genetic evaluation for ME EDGPA{EMk -+ PR HEF F{EE Y

*‘1 monitoring for ME . + Development of Genomic Evaluations for
' DA I RY Eﬁﬁﬁkﬁﬁﬂ‘]iﬁﬁﬂzﬁ Resiliency F RIS DN EEETNER

STGUELPH  #usmssmeaism »




Genomic Evaluation for Feed Efficiency

{R1 S 30T Yy 2 B L T

Milk Energy and Maintenance #-#iGE RS #EI54E® © Single-Step evaluation using Mix99 {8 Fi Mix99i#{T— & 51 14E
l_ REE T 1 * Two lactation periods in first lactation S8—B&I¥ B R hFLMER
_“zw"'ﬂ Energyexcess -, Up to 60 days in milk FEEEZE #hFL60d =g E _EFHMEL

\l Ahlﬂﬂ ° After 60 days in milk FEHE60dSE PRI E T BEMTER

° H = /NiMEYR Y12
Feed Energy \ Three traits (weekly averages) =4 (BF153)
NEREEE -‘ * Dry Matter Intake, Energy Corrected Milk, Metabolic Body Weight
RRAR, RENE, KHGE
Body Energy RHE & THRRRE, REPE, 1&15‘”4(\
Stores * Feed Efficiency calculated as: ARNENTESE
Early lactation Mid- lactation Late lactation EBV(e = EBVpy —a*EBVeey — b*EBV gy

* Genetically independent of energy sinks iﬁﬁz‘iﬂi‘l?ﬁﬁiiﬁﬁ
* Equivalent to RFI (Residual Feed Intake) 1L TFHRIKREE
* Average Reliability of young bulls: 2% BEAFFHAIEM: 42%

Overall aim is to select for cows that use less feed at the 2%
DAlRY‘ same level of production and body size after peak of lactation la"“a"e.‘:
at GUELPH .E'\ﬁtEﬁE?iﬁ&%ﬁﬂ%’ﬂélﬁ#ﬁI?JEF%SF%MML’T%Q!E’DE@mfF“ ¢

CANADA'S DAIRY UNIVERSITY
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Cumulative FE and ME database by 2023

2023 <F {80 1 F e HE U B R T 2R AR
Hm mees

THE
Resilient Dairy El?ﬂﬁﬁ!‘]
GENOME PROJECT

No. of Cows with Feed No. of Cows with Methane
Country Efficiency Emissions
Australia JBAXF I 1,200 900
Canada lIZ&X 3,000 900
Denmark 3% 1,400 450
Germany EE 1,800 1,800
Spain BRI 250 3,000
Switzerland ¥t 500 250
M DAIRY.,  UsAxE 7,500 1,000
| 0t GUELPH  Total B3t 15,650 8,300

Bl CANADA'S DAIRY UNIVERSITY 45



Impact of Genomics

% B LH TR L

* Many GREAT things have resulted from GENOMICS:
FIAEREABATMERE TIFSHEREXNER

— Accurate parentage verification and discovery
BRI FRE X REEMIZHE

— Higher accuracy of selection for young animals

YEEFERBEES

— Shorter generation interval between parents and the next generation of

replacements{g#g ttH{X [B]B&
* Both for heifers in a herd and for bulls in A.l. ¥z EBFAIN S

— Discovery & management of genetic recessives & I F1$2 #1183 & G
— FASTER rates of genetic progress are a reality {Eh1R1%E %1 & X 9 T 52
— Improve new/novel traits of importance it BiESEEMNEHME R

B DAIRY 4%
at GUELP

MADA'S DAIRY UNIVERSITY




EDGP Funders & Participating Organizations
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RDGP Funders & Participating Organizations
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