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It's party time in the U.S. dairy industry.

“Nearly every dairy bull worldwide chosen for widespread use
is now selected on the basis of genomic predictions.”

-ME Holsteins are the

genomic selection
Tendon and cartilage

“Even Canada and Europe are using the US genomic discovery systems oo poster O

to identify their top genetics.”
Traits are easy to measure.

;"ﬁe?

“Genomic selection was a

technology waiting to be invented
for the US dairy industry.”
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As the industry changes ...... it influences how
you model and analyze the data.

We're happy to have
genomic information.

*Analyst - Data structure

*Everyone else — business opportunities, market
share and livelihoods

But it’s a rapidly *Some planning....followed by adjusting,
changing industry . adapting, and competing. With winners and
less-than-winners.

ANIMAL BREEDING
PLANS

v L s

LLCARALLELO R GRS Ll ow we’re using genomics within the Holstein
Lots to be happy about! gain breed

600

500 /;‘g;'j‘f/s::: «Determine the genetic merit of elite animals at a young age.
g 7 *Manage the rate of Inbreeding.
‘E 232 : *Keep undesirable genetic defects at a low level.
g 100 Average gain: eldentify Breed composition of crossbreds. % HO, % HO, etc.
g'f 7 Average gain: $47.95/ver «Verify or discover Parentage.
< 100 1 $19.42/year *Herd Management, cull low end replacement animals earlier,

200 7 breed lower genetics to beef bulls.

00 01 02 03 04 05eBEeREreAAby 10 11 12 13 14 *Having more animals genotyped allows us to more easily
investigate other genetic issues.

Genetic merit of marketed

o - NIk Functonal/  Frequency
Haplotype tests for recessive disorders that affect fertility and Breed Haplotype | 9913 10! gene name %) Chromosome Region (bp) Reference
other traits Holstein HeR 001199 | Black/red coat color/ 08 18 14757332~ |Lawlor et al. (2014)
o logendy i dpeiliockoo mdvod iyt USO8, Betsile, MO 207052350 e el
o . i o s A L e ] e e e 05+ HOR 001529 oomananted coak 004 3 9,479,761 Laor e . (2014),Captan ac o
HHO 000151 Brachyspna/FANC] 276 21 21,184,869 - Agerholm et al. (2006), Charber et al.
21,188,198 (2012)
[ 000001 ot 192 s 63,150,400 dams exal. (2012)
e 00623 = 16 T 5406083 - | VanRaden et . (2011), Moclure stal
96,553,339 (2014)
http://aipl.arsusda.gov/reference/recessive_haplotypes_ ARR-G3.html W3 00182+ ez 295 0 95410507 | Dasteyler et al. (201%), McChure et ol
| » 201
W | oowas T 037 T P )
HHS. 001941 - 222 El 92,350,052 - Cooper et al. (2013)
95910957
1 v, 1me ar, % cted ~arrier HHB. 000595 BLAD/ITGE2 025 1 145,119,004 Shuster et al. (1992)
One in five animals are expected to be a carrier e
Wi o010 | owisicasas [ 3 311473 sgwholm et al.(2001)
of a genetic defect causing early embryonic loss. wo_ | wome | owswes | oo i 757801 [shoks etk (1599
HHM 000963 Mulefoot/LRed 007 15 77,663,790 - Eldndge et al. (1951), Duchesne et al.
Tiviz0s | e00s)
VanRaden and Miller, 2006 HHP 000483 | Polledness/POLLED (X 1 1,705,834~ 1,969,460 M‘eﬂgﬂ;ar?tma\ (2012), Rothammer et
ol (2019
HHR 001199 Red coat color/ 542 18 14,758,207 Joerg et al. (1996)
eI
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Undesirable haplotypes can increase in frequency when they

contain a number of desirable alleles

Easy access to information

6/1/17

Storm’s best chromosome

is chromosome 11 from his

dam, the one containing HCD

HCD New undesirable
genetic condition

Haplotype associated with
Cholesterol

Deficiency

First identified by German researchers

But, don’t eliminate a bull because of one allele.

S merD e oy ot T
vy o 1

TTLTYTD GT
1y 012345BCDMPDRRRCO
TTTTTTTTTTTO 0 0

04/23/2006
ot

@
TMTVTLTY GT 1

144 012345BCDMPDRRRCD
TTTTTTTTTTTO 0 0

USA 137045433 100%-NA
PASEN ROLEX MUMMY.
@ o/os/2005

MOUNTFIELD MARSH MAXINE-ET

Breeder awareness and
avoiding carrier-to-carrier matings

0

B Dam Untested ¥ Tested Free Dam B Tested Carrier Dam

Probability of being bred to a HH3 CARRIER bull

Just )
the breeder is 2 times more likg

to breed to a non-carrier bull

Knowing the .
the breeder is 3 times more likg
to breed to a non-carrier bull.

Improving the breed

Defects -Live Calves

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Brachyspina cvm

Haplotype impacting Fertility

HH1 HH2

ieving our goal — lowering the frequency of undesirable alleles

Genomic testing allows farmers and countries to

jump ahead of their competition !

in dairy cattle

= ca. 1950 - 2009:
* Holstein breeding based on daughter proven A.|
bulls (test-waiting-proven bull system)

= from 2010 onward:
* Selection based on genomic proofs
= Same reliability for males and females

All major dairy

Countries are = >90% young sires of sons
. X = >90% yeariing heifers as buil dams
using genomic = 50-80% use of young genomic AL bulls in

cow population

selection

= 3Breeding based on genomic selection

Page 2
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6/1/17

So, how can
the U.S. stay

Future of from West:

® Selection in breeding programs 100% based on genomics

= Almost 100% use of young genomic sires of sons

= intensive selection of bull dams among genotyped yearling heifers

= Intensive selection among resulting male candidates to become A.1. bull
= Use of young bulls for >2/3 of inseminations
DEU (2015

>70% young bulls
15 most used bulls: 10 young bulls

April 24,2016 Seite 14

Genotype counts by animal sex

500000

1 Males
1 Females

&
g

Over 1.5 million
Holsteins genotyped

Genotypes (no)

g B B
- 8 8 8

8 209 0 01 012 0 20 005 006

S-S-I PARTYROCK PROFIT-ET coes Soatonyesr

Multiple generations

- genotyped

best genetics
in the world

The best Holstein genetics are now coming almost exclusively from

The U.S.
quickly
adopted
genomic
selection
and has
continued to
invest
heavily in it

TOP TPI™ GENOMIC SIRES

North America

Italy

2%

Netherlands
4%

2017 BIF Symposium, Athens, Ga.

Develop the best genetics
in the world

Percentage of Top bulls

Registration of offspring of the
bulls from companies with an
aggressive genomics program
have increased by 14%.

TOP TPI™ GENOMIC S

2010 to 2016
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. . companies are controiing access 10 neir top
Select Sires jumps out ahead

Top 200 TPI° Genomic Young Bulls sz
Semen satus is GENOMIC with no daughters in their proofs for Production or Type *Early access to the top young bulls is being limited to a “select group”

prRoDUCTION veau consomunon
Bk Mame ___ uRMA __ N PR FAT NAK FE A 505 PL AR LS PIALSA WX AC BSC TET

“US. Registered Holteins

| BLUNENFELD JEDIREASON-ET TRTP 951 S07HOI2041 80 66 2221 215 76 270 86 71 29 63 166 74 139 166 035 26880 . ) )
LEANINGHOUSE BIG BUBBAET  THTP 001 S07HOT2040 70 76 2023 205 6 205 74 71 40 85 208 75 1.8 163 0.40 26840 +Their own females or cooperator herds with a marketing agreement.

& SIMONTROSS JEDLET . TRTP 901 59 & 2726 212 79 205 72 74 28 72 204 79 143 172 070 28670

i SANDYVALLEY GOPYCAFTWIET TRTP 951 507HONZ07 63 89 147 171 78 273 65 71 30 68 250 75 241 222 209 28616 «Ri ;

5 BLUMENFELD JEDI RESOWVEET TRTH 991 s07Hoload2 70 89 1600 130 76 274 54 71 30 60 160 74 12 177 122 28580 Right of first refusal

& LADYS MANOR WLED LANTERN £T 551 THOISTd 62 8 1617 184 76 274 76 71 36 68 241 75 11 177 108 28540 o ; ;

7 SSINODESTYPIZAZZET | TRTP 951 s07HOISd® 70 75 1694 200 76 290 50 71 26 68 235 74 107 210095 28460 *40% of young bulls coming from this source.

o SANDWVALLEV CADEFET  TRTR 981 sorHoloses 75 8 1779 204 76 277 56 71 30 69 198 75 184 180 11 28416

RTP
9 WELCOME THONMAKER 3170-ET TRTP100NA 7HO12998 54100 1808 203 77 290 87 71 25
1

2323333333333383

10 SANDYALLEY CODEG £T 991 507HO1207 72 8 1640 194 76 260 62 71 a1 60 142 75 180 100 151 28040
11 554 JEDI GOMES £T TATP  oa1 THOIST2 65 69 1806 172 70 285 8071 42 69 218 75 169 196 045 26296
12 SSMODESTY MAGICTOUCHET TRTP 951 SO7HOT07 58 71 1192 174 75 260 82 71 33 68 258 74 224 248 041 28200 *Female-sex-sorted semen
15 1 MODESTY MARGUEE.ET | TRTP 901 S07HOTaR08 &2 65 1600 18 76 27 104 70 44 & 171 75 1ot 134114 26190
SANDY-VALLEY AIRJETET TRTP 991 7HOI2085 69 O1 2327 191 76 288 68 70 28 68 217 75 207 150 059 2819G «When semen is released to the mass market
15 BUTZHLLDELAWORTHET  TOTV 991 551HO03415 53108 1867 221 78 271 85 73 25 70 204 70 165 00-108 28166
16 S81 JETT IAMOCHAET 551 THOToRts 73 89 2295 185 70 272 63 71 25 68 249 75 160 201 111 28140
17 BAGONHLL PETY MODESTY.ET TRTP100NA 7HO12600 64 97 1009 221 79 309 77 73 16 71 220 78 221 167134 28026
18 515G MODESTY VORTEX £T T00NA 250013883 61 87 1485 205 75 203 80 70 22 68 247 74 252 180.061 27966
19 WELCOME-TEL BRENNAN S158-£T TRTP | 991 s07HO12999 56 5 1685 160 75 275 72 71 20 e 57 75 208 149 00 27970
20 551 LAJEDI KNIGHTET TRTP 91 so7HOIST 7 57 1634 161 78 280 67 70 34 &8 216 7 raa 164 148 279rG

TULILUL UL DUl U LU

Spread of genetics has changed in the genomics era Harder for individual breeders to produce elite

Offspring of a top bull

w00
w0
w0 . Heifers Pre-release Sex-sorted
<
s | wo|  Semen Semen
a
2 2
o 2500
-
5 2000 o
OJ 50
—g o 1500
3
b= s00 Bulls 1000
ot
o e £ 75 06 0
Age of bull —in days O s 775 o2 579 o

It's HARD to Control the access to the TOP Genetics
Very competitive environment
Catch ith “F ts”
atch up wi ree Agents
K » High Ranking Genomic Young Bulls .z
T 10 ) Pre-release Sex-sorted on A PhOTY {g\;.r\l\‘;wwhnndellkgh’!::\n(re\rgervo:’:;(‘pvomsm;?rmu(\lcnalfype No requirement for semen status.
» e
sons | Semen Semen e s by [ iz e S o e R e
T Bttt st o re pe R ror m i e e
7 are s e e B mwome DU SR B K RN NIE R
e e e o Gmeerelmamid B n i s
AFTER HOCANO00012529327 PROGENESIS TOPNOTCH ‘Semex 200HO10864 20160622 8.6 73 85 20: 5 275 9.5 29 2.37 208
e oo e e
Pre_releas HOB40003005586762  SS-HORSENS BLU 11 Select 507HO13673 20160315 8.6 67 101 76 277 78 28 245 243
erlod HOBA0003141227727 LARCREST B COMPLETE-ET Select 20161224 84 64 74 174 75 278 8 40 261 2
p HOBA003138307671 5.5 BANDARES BIGGIEET Seed  00THOIIBST 20160004 83 5 80 le4 75 261 08 20 262 208
B v N vl R A S R TR
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840 3123885076 99%-1
(S-S-TDONTROSS JETT-ET
LY 7FoT3251 05/15/2014

TRTPTCTVTLTY TD GT

USA 71703339 100%-NA
BACON-HILL MONTROSS-ET
@ 7012165 10/14/2012

TRTPTVTLTY TD GT

840 3011538078 99%-1

International competition amongst countries has caused
the creation of genotype exchange consortiums.

Growth of large National Genetic Evaluations - move away from
the Interbull model of “pooling data”.

012345BCDMPDRRRCD
HH (S-S-TYUPRSIRE MIRI 8679-ET
TTTTTCTTTTTO 0 0 ? o
840 3135245753 99%-1 @ /2012 CD’-\B Initial Al
LDRIDGE-ET TRTPTLTD GT N
@3510 08/01/2016 k/ Service
e metirrtierd
012345BCOMPORRRCD USA 70626040 100%-NA German Holstein fee system |Full data contributor $15 | $575
TTTTTTTTTTTO 0 0 DE-SU MG DAVINCI 11288-ET
940 3126667995 100% A @) 7r012014 05/12/2012 for genomlc evaluations
I PAVINCI 905 ELSA-ET TRTPTVILTYTD GT Noninator wianaee | Alsmiaw | NON-Member of CDCB | $150 | $575
pa { Member of 063 natonal polcy natona polcy
Al e | 4y 012345BCDMPDRRRCD USA 72186138 100%-NA Hoprovd parner 1™ taksd o€ AplcyECieines $15 $575
ownersnip of remale TTTTTITTTTTO 0 0 MILLER-FF SSIRE EXOTIC-ET oved parner 2 o S0€
v @ ooz ki i it All others $150 | $1,200
genetics is now common CTVTLTYTD GT Third pary buls rominated by DGS) natona poly 1000€
® e Cows with record(s): fat
practica m cations for genetic mudeling in the genomics era' Choice of proper model is o] — sscap
oo 207082350 . f f — BLUP
becoming increasingly more
Mot Desrption e

Iterative, nonlinear model with heavy-tailed
prior for marker effects analogous to Bayes A

VanRaden, P.M. 2008. J. Dairy Sci.
91:4414-4423.

For example: potential bias

SNP-BLUP with polygenic effect Liu, Z., et al. 2011. Genet. Sel. from genomic pre-selection.
Evol. 43:19 21 .

Bayes C with no polygenic effect Fernando & Garrick, 2009 N M o e

Bayes multiple QTL Meuwissen & Goddard, 2004 _.,.--"'

QTL detection with Bayes Cpi, Linear regression Croiseau P. et al., 2015. EAAP 2 _,.-""

on ESIhaplotypes meeting; Masuda et al., 2017 ‘I' T T T T T T

Single-step GBLUP Aguilar, 1., et al. 2010 J. Dairy Sci. 2000 2002 2004 2006 2008 2010 2012
93:743-752. Year of Birth

PROGRESSIVE

DAIRYMAN

APY - Algorithm for Proven and Young
limited number of ancestral chromosome segments in
our current population

Genetic
Evaluations

EIERe (e ] (oFzl8[s] Changes coming to who calculates,
distributes genetic evaluations

HoHosth  Fond & Notion A ew Tocmoiogy  Mansgomert

U.S. needed a commerecial entity to do genetic evaluations.

Proprietary data, procedures and genetic evaluations has caused
a fragmentation within our industry

2017 BIF Symposium, Athens, Ga. 6
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In addition to multiple sources of Health
National Genomic Evaluations, we’re Monitor
seeing multiple sources of Domestic

information for the same trait

Zoetis - Wellness Traits

ABS Global - TransitionRight
GENEX — Exclusive Health Traits
CDCB - soon to be released Health Traits

SEMEX — Immunity Plus

6/1/17

Competition amongst the breeds
Genomic testing - size matters

*Holstein
 Jersey
* Brown Swiss
* Ayrshire
» Guernsey

0.2 million

1.5 million

0.03 million

0.007 million
0.003 million

Holsteins

Total as of April 2017: 1,361,770 females 237,636 males

Genotype counts by animal sex

1 Males
u Females

Each year, we've
seen an increase

2008 2009 2010 2011 2012 2013 2014 2015 2016

COCB Evaluation year

In May, 2017 40,252 heifers 2,475 bulls

Renaissance Period
Rapid gains in health, fertility and production

Genomic testing gives us an extra boost in
improving the lowest heritable traits

Conformation
Calving Ease

Production

Somatic Cell Score

Productive Life

Fertility

over other

s is GROWING with the use of
nomics

Genetic Evaluation Summary

Genomic tested young bulls

being marketed

Breed

Number

PTAM

PTAF%

PTAF

PTAP%

PTAP

scs

PL

DPR

NMS

FMS$

cm$

Holstein

2215

1105

0.06

0.03

42

2.81

5.2

16

635

Jersey

394

691

0.08

0.05

33

2.93

42

0

445

Ayrshire and Red

981

0.06

0.04

40

2.92

13

11

392

Brown Swiss

749

0.01

0.02

28

2.87

3.5

0.9

364

Red and White

335

0.05

0.04

21

2.88

28

0.7

332

Guernsey

504

-0.02

-0.02

12

2.96

14

0.3

169

2017 BIF Symposium, Athens, Ga.
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. . . INAAB IName BBR or JX| NM$ |REL NMS

Just like Ancestry.com, breed purity is checked. UL ‘ oo ] ]
o . . l001JE00957 _[FARIA BROTHERS BRAD STEVENS {5} 100 | 766 [ 68
Jersey bl’eed haS brO ht N H0|Steln genet|CS Top Net Merit $ [S51JE01650 [SUNSET CANYON GOT MAID {5}-ET. 100 763 70
P Jersey Sires [200JE00913 _[FARIA BROTHERS MESSI {5}-ET 100 | 737 | 69
 parADE Loure-er © ANeTITE ! l001JE00935 _[CO-OP AD WORLD CUP {5}-ET 100 | 716 | 68
sl & [FARIA BROTHERS CALVIN HARRIS {4} 100 | 698 | 69
WALDEN FARM ANGEL GRAYSON [FARIA BROTHERS FUTURE {3}-ET 93 [ 692 | 66
[t USDA Evaluations, December, 2016  [001JE00922 _[FARIA BROTHERS RONALDO {3}-ET 92 689 69
T 1029/E04033 [AHLEM FRISCO {5} 100 [ 682 | 71
Ircatui 33870 . . [551JE01643 [SEXING VALIDATE 60883 {5}-ET 100 | 680 [ 70
This Top 100 007740 g o Bulls with HOIStem 01JE00962 _FARIA BROTHERS DEGROM {3}-ET 100 | 677 | 66
P " par ane genetics (014JE00652 _FARIA BROTHERS MARLO {2}-ET X | 674 | 70
Jersey bulls i o o o s | s |

N y 1JE00921 _FARIA BROTHERS EUSEBIO {4}-ET 70
20% Holstein s eaon manneeer ; - - [FOREST GLEN HARRIS HALT (5} 100 | 665 | 70
{X} = Generation Count where X is the

FARIA BROTHERS MATINEE AUERBAC . number of back l001JE00964 _FARIA BROTHERS JODECI {3} 100 | 661 | 66
Fesor001577150 i t0 an unknown ancestor [007XD01535 [FARIA BROTHERS SYNDERGAARD x| ess | s3
Born; 20-AUG-08 l001JE00963 |HEARTLAND HARRIS MAGLIO {5} 100 | 654 | 69
an: 190, 1% AL OIS 21458 BBR Breed Based Representation l007JE01533 |FOREST GLEN HARRIS RHUMBA {5} X[ es2 | 70
’ et M issing pedigree 93.75% or higher is rounded up to 100 011JE01179 [CDF VICEROY-ET 100 651 86
l001JE00892 _|FARIA BROTHERS VANDRELL {2}-ET x| e8| 66
[ February 4, 2017 Jersey-Cross Prefix | HLEM HARRIS BALTAZAR {5)-ET 100 | 646 1

Herd Improvement Greater differences between herds

HIGH herd make more lifetime profit per cow

Genetic education, combination of
technologies and economic analysis Genomic testing,
are more important than ever. Exceptional New York herd ———

DAIRY HERD

In vitro fertilization,
Embryo transfer,
Sexed semen

I

Less progressive herd Using older bulls and

little genomic testing

e=lower Herd ==mBreed Average ===Higher Herd

What's your genomics program?

Genomics Program

Basic theme: Variations:

*Top animals are IVF « Many have On-farm IVF facility

*Next tier are bred with sexed
semen or conventional semen
(if bulls are wanted)

*Bottom 50% to 85% carry
embryos

* Several are selling embryos to
other farms

* Low end animals bred to beef
bulls

Large herds have an adv;

2017 BIF Symposium, Athens, Ga. 8
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Enough breeding to beef bulls that we can now

do a fertility evaluation on Angus sires

Bull fertility evaluations for Angus service sires bred to Holstein cows
J.L. Hutchison! ", PM. VanRaden!, J.B. Colel, G.C. Fok!, and H.D. Norman®

! Animal Genomics and Improvement Laboratory. ARS. USDA. Beltsville. MD
2Council on Dairy Cattle Breeding. Bowie. MD

Sire Conception Rate (SCR): A Measure of Sire Fertility

So much flushing is going on,
that a cow’s ability to make eggs

is now a trait of interest

6/1/17

Evaluation of genetic components in traits related to superovulation,
in vitro fertilization, and embryo transfer in Holstein cattle

K. L. Parker Gaddis,"' S. Dikmen,*t D. J. Null 3 J. B. Cole,t and P. J. Hansen*

Science, Faclly o y iy, Bursa, 16059 Turkey
nimal Genamics and Improvement Laboratory, Agriculural Research Service, USDA, Belsle, D 20705-2350

LOT11G

No-Fla Stoic Anne 40873-ET
840003129448990 96%RHA-I
Born 3/2/15 4/16 PTA +2683GTPL
+1894M +.00% +70F +.02% +64P
+867NMS +7.7PL +2.4DPR 2.74SCS
+1.65T +1.47UDC +.73FLC
+1168DWPS +233WT$

Bred 4/7/16, Due 1/13/17 to
7HO13093 Damaris +2644GTPI

*Sells ready to IVF
*Donor Dam

4/26/16 IVF: 7 frozen
5/10/16 IVF: 7 frozen & sold!

Table 1. Su per procedure, SD, witimum, and i
vitre

ed data for superovlation, in

Item Total Average

Minimum Maximum

Superavalati

Large Herd Genomic Testing
no set practice has been established

100 R .
080 . -
=
o - = 5
TGon . =
173
Goo =
o ow =
S ow .
o3 L] . =
& ox -
020 L} L °
o0 a®
u L] [
oo ! mibar s ° ooe o
Number born in 2016

L]

Hera
—~ Breea
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Sequencing

Finding informative SNPs
linked to important QTLs

Add BEST SNPs to our
current SNP chips.

Not selecting for any
specific genetic variant
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Gains in reliability from adding imputed sequence variants

60K + selected (reliability %)

6/1/17

Key to success is good Imputation .
Low cost, still informative ‘ o

Trait 60K only 60K + 17K Improvement 400,000 372,713
PL 35.6 38.2 2.6 . 300000
3
SCS 35.1 37.0 1.9 1
2 200,000
DPR 29.0 33.0 4.0 H
CCR 28.9 31.8 2.9 o000
45,945
HCR 20.5 215 1.0 , 20w,
Average trait reliability improvement:  2.7% e e e
Genotype counts by chip density (2016)
Slide adapted from a presentation by Mel Tooker at ADSA, Salt Lake City, UT. 2016
Journalof . Why do these two bulls have different progeny distribution?
™
Use of haplotypes to esti deli effects and 2011 If we can predict “expected progeny distribution” ahead of time
selection limits we use it in a mating program
—_
2014
Prediction of expected genetic variation within
Genetics | 9roups of offspring for innovative mating schemes <01lbs 0 to 60 > 60 lbs
Evolution — Denim 3% 92 % 5%
Mendelian sampling covariability 2016 Baxter 9 9 82 % 9 o
of marker effects and genetic values C L/
Sarah Bonk', Manuela Reichelt', Friedrich Teuscher', Dierck Segelke” and Norbert Reinsch'™
Higher percentage of extreme daughters for AltaBaxter

Large farms can provide
a tanker truck full of milk
with a specified genotype

Personalized Nutrition

Our farmers say.... tell us
what you want and we’ll
produce it.

Study volunteers
please check-in here

for escort

2017 BIF Symposium, Athens, Ga.
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Genomic information is being used in many ways
within the U.S. dairy industry.

Any questions ?

2017 BIF Symposium, Athens, Ga. 11



