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Mission

Innovating for the Future of Genetic Analysis

Food and feed are central to human health. lllumina is advancing the use of genetic
variation-based approaches to crop and livestock markets.
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Chip Technology for use in Genomic Evaluation and New
Developments

©The genomic era : a reality in animal breeding
©The technology behind the change of paradigm

@lllumina’s genomic portfolio for Cattle
— Bovine HD, BovineSNP50, Bovine3K, ...

— Whole Genome Sequencing

& Conclusions
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THE AGRIGENOMIC ERA
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The AgriGenomic Era ...

©Sequencing of livestock genomes has discovered 100s
of thousands of Single Nucleotide Polymorphism (SNP)
markers

" ..GTCAAAGATTCGA...

————

' ..GTCAAAGGTTCGA...
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The big promises of genomic selection

General idea

With enough markers one can follow the transmission
(segregation) of the entire genome and not only a set of

specific regions of interest

Parental relationship is no more used to explain similar

performances in animal

Similar performances are explain by the fact that animals are

sharing identical chromosome fragments

llumina’



Why is genomics so attractive ?

& Genetic evaluation can be
performed as soon as DNA is
available

© Allows accurate selection in
both genders early in life

©Some direct consequences

— Genetic progress could be
doubled

— Generation interval reduced

— Cost for proving bulls could

Genomic be reduced

Information

— Low heritability traits could
be selected

lumina'



Genomic Selection for Males

Age in years 0 2 6
Milk 62% 62% 70%
Genomic Evaluation
Fert 50% 50% 50%
Milk 30% 35% 70%
Traditional Evaluation
Fert -- -- 20%
As shown by E. Verrier, November 2009
e o T el illumlna“’




Genomic Selection for Females

Age in years 0 2 3
Milk 62% 62% 70%
Genomic Evaluation
Fert 50% 50% 50%
Milk 30% 35% 45%
Traditional Evaluation
Fert - - - - - -
As shown by E. Verrier, November 2009
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THE TECHNOLOGY OF THE NEW
PARADIGM
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: Array format generation

BeadArray™ Technology

BeadChip

hoto-

resist

——__silicon

wafer

cleaning
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GoldenGate" Custom Genotyping

Assay Plex:

GoldenGate BeadArray GoldenGate Veracode

) 96 to 1536-plex
DNA input ~ 250ng
IScan system
LIMS/Automation
BeadChips

) ~288 samples/day

® 48 to 384-plex

DNA input ~ 250ng

BeadXpress system

P Automation
P VeraCode

® ~288 samples/day

A-:'_.T i.".-e"l’.-..!. GATTACTTGRATCCAC TOATTCAACT LAACTTA A T AAT TRALLACT \.-‘w.,-. ATr.-‘w.,-.l' T - T-U-l’.ﬂ-l'.i.l"_ T,
i dent on. A AL
ity “Depen ﬁﬁwmﬁmﬁ&@ W@Mﬁwm AL CAALLT LA . .
a1 Tl $ AL IZ IM 1.-.I -\. 1 IIZ;.-‘-J IZ M }\.ﬂ. ;.ﬁl: TALT TCIATLA
.U.I'i.' ..ﬂ- T:'J.I'J- &
Fv’- LT f A C ¢ ¥ YR ALLAT va‘-f.
ATCAT I."".n- -". III'.-n.-'l.I L."L _1.-".I l'.n.-u"L\'_-:I LG TAAL J._.I'Ln'_-..l' l'_-u'l.." u.-"l. AR ". I.l' Ll! TARCCAT GO TGEAACCACEAANAAAT AT AR -’. 'l.-.l'_ WAL TTCT T TAACC T TARSCCARCG TATCAT TAALATTALTT



Infinium iSelect®HD Custom Genotyping

s 2020 b

12 Samples per Chip
Fully customizable content
Target Any Species, Any SNP

Low DNA input (200ng)

Potential content could include:

— CNV, Rare variants
— Any species

— Candidate gene coverage

§5i.

Assay Plex:
60,800

iSelect HD

200,000
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Consortia-developed Focused Genotyping Panels

Bovine

Canine Bovine Equine Porcine Ovine
SNP20 SNP50 SNP50 SNP60 SNP50

Nov Dec Jul Jan Jan Nov Q1 Q2
2007 2007 2008 2009 2009 2009 2010 2010
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TABLE 3: BOVINESNPS0 BEADCHIP CONTENT VALIDATION

BREED sampLes  POUYMORPHIC e MDA
Angus 40 41,491 0.21 0.21
Beefmaster 24 42,925 0.22 0.21
g‘,’f indicus 24 23,971 0.11 0.02
z:‘c:::i‘”s 21 25,814 0.11 0.02
Brahman 25 30,284 0.13 0.08
Brown Swiss 24 36,347 0.19 0.17
Charolais 26 42,589 0.22 0.21
Guernsey 21 38,632 0.19 0.17 BO vineSNP50
Hereford 32 42,992 0.20 0.23
Holstein 84 42,730 0.22 0.22
Jersey 28 35,976 0.18 0.14
Limousin 45 42,821 0.22 0.22 S N PS a I SO
N'Dama 25 29,049 0.14 0.08 . . .
- f
::;weg'a" 21 42,782 0.22 0.21 Inform at Ive In
3o S e 24 42,185 0.22 0.21 many breeds
Red Angus 15 40,188 0.21 0.20
Romagnola 24 38,830 0.20 0.19
z::u i 24 42,064 0.22 0.21
Sheko 20 35,726 0.17 0.12
Outgroup? 18 11,206 0.05 0.00
Overall 565 47,545 0.24
*MAF > 0.05
Igm;?szi 5;;[::01;3::55 Bos grunniens, Bos javanicus, Bubalus depressicornis, and
o S:'f:cerus 'caffef -‘ ’ ' : ' ‘ r | I u m I n a®



The current trend in animal breeding
(especially Dairy Cattle)

© Make use of the genomic information by geng

genetic/genomic value of animals !

© Marker Assisted Breeding is chang

N

Ifare and

productivity

Towards Genomic Seler,

@ Cost savings ir ~ ST an animal have been forecast.

lllumina BovineSNP50 has become the
standart whole-genome genotyping tool
for research and industry in Cattle

6 llumina’



THE BOVINE GENOMIC PORTFOLIO
AT ILLUMINA
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The current Bovine Genomic Portfolio
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Illumina BovineSNP50 has become the
standartwhole-genome genotypine
for research and industry i
—~——

A A TG T TAACCT A 1 Al TAT & &) YRS
AT R AT A T T GAT AL T AT TCAACE TAC EG TAACEAAC TAT CART TEAGAE TAA AT TAAC G TACCAT TAA ] SAATCATARC A

Humina’




BovineSNP50 transition to
a 24-sample format

From

BovineSNP50
vltov2

Illumjnﬂ BovineSNP50 has become the
standart whole-genome genotyping tool
for research and industry in Cattle

el e T e e e e R e e llumina



BovineSNP50 has been resynthesized on the  Bovinesnpsov2.0
2um 24-sample BeadChip Format

© Faster sample throughput
© Faster scan times per sample

© Availability of 24-sample tip guide for more accurate loading

© Due to the re-synthesis of beadpool onto 2um beads,
the content of v2 is slightly different than v1
— 54,609 loci are on BovineSNP50v2
— 52,340 loci are common to vl and v2
— 1661 loci on v1 are not on v2

— 2269 loci are new on v2

& The concordance of genotypes between vl and v2 is 99.72%

20 llumina’



BovineHD

The Next Generation High Density Bovine BeadChip

@ Whole genome research array to complement the current
BovineSNP50 for the identification of agriculturally important
genes and for a deeper implementation of genomic selection

in cattle

— Developed in collaboration
= USDA-ARS
= Pfizer Animal Genetics
= University of Missouri
= UNCEIA, INRA

= Other high-profile
agricultural organizations

21

BovineHD : Groups, institutions and companies involved
in the development

USA Republic of Korea

@ USDA & Chungbuk National University

& George Mason University @ Yeungnam University, Gyeongsan
& University of Missouri Danemark

& University of Illinois @ University of Aarhus, Danemark
« Pfizer Germany

Brasil & Technical University of Munich
@ UNESP, Aracatuba Italy

& Embrapa, Brasil @ University of Piacenza

France & University of Milano

@ UNCEIA-INRA UK

Netherlands @ Roslin Institute

@ CRV

lumina
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Assay Design Results

© All of BovineSNP50 SNPs will be attempted
© ~800,000 bead types after 60,800 beads of BovineSNP50 positioned
© 795,000 SNP positioned on BTA1-29,X

© 5,000 beads represent unknown contigs, BTA'Y, and mitochondrial SNP

& Breed groups used:

— Holstein, Angus, Nelore, Taurine dairy, Taurine beef, Indicine, tropically adapted Taurine

@ 852,645 total gaps
— 850,816 <20kb
— 1795 >20kb, < 100kb

— 34 >100kb

C. Van Tassell, PAG, January 2010
2 llumina



Intervalls between adjacent SNPs
under 20,000 bp

C. Van Tassell, PAG, January 2010




Bovine 3K panel : 3072 SNPs (GoldenGate Technology)

@ Designed in collaboration with the USDA and Dairy Cattle Breed Associations

© Enables broader access of cattle herds to genetic tests for the evaluation of

net merit

© Content derived from BovineSNP50 and designed to accurately impute back to

BovineSNP50
@ Includes > 100 parentage SNPs (Heaton’s panel, USDA)

© Less sensitive to DNA quality (esp. Sheared DNA)

24 llumina’



In Silico Genome Re-Sequencing

Use Low-Density SNP Chip

. ATTCTGGGGGCCTTACTCCC...
*..ATTGTGGGGGCCATACGCCC...

..ATTCTGGGGGCCTTACGCCC...
*..ATTGTGGGGGCCATACTCCC...

Dﬂ G T

Modified from Hayes, 2009

25 . | o . lumina'



In Silico Genome Re-Sequencing

Use Low-Density SNP Chip to infer Sequence data

. ATTCTGGGGGCCTTACTCCC... ATTCTGGGGGCCTTACGCCC...
*..ATTGTGGGGGCCATACGCCC... *..ATTGTGGGGGCCATACTCCC...

/*@E{)...ATTGTGGGGGCCATACTCCC
.ATTCTGGGGGCCTTACTCCC... S

1//‘z:;:%»...ATTGTGGGGGCCATACGCCC

Modified from Hayes, 2009

2 . | o . lumina'



Selection of SNPs (for low-plex genotyping)

@ Dense genotypic data available for
— Both parents
— Only sires

@ Selection of SNPs

— Magnitude of the estimated marker effects

— Expected contributions to the genetic variance
= |n previous generation
= |n the next generation

— Evenly spacing on chromosome

@ Some concerns about the accuracy of Genomic Evaluation
— Across populations
— Over generations

Time consuming (computing involved)

27 llumina’



Whole Genome (re-)Sequencing

Research

Open Access

Whole genome sequencing of a single Bos taurus animal for single

nucleotide polymorphism discovery

Sebastian H Eck™*, Anna Benet-Pagés™*, Krzysztof Flisikowski®,
Thomas Meitinger**, Ruedi Fries” and Tim M Strom**

Addrezses: *Institute of Human Genstics, Helmholtz Zentrum Minchen, German Pesearch Center for Environmental Health, Ingolstidter
‘Landstr, S5754 Wenherberg, Germany. ‘Lahrstuh] fiir Tierzucht, Technische Universitat Minchen, Hochfeldweg, 83354 Fredsing-
Weaihenstephan, Germany. *Institute of Human Geneties, Kliniknm rechts der Isar, Technische Universitat Minchen, Trogerstr., B1675

Munchen, Germany.
= Thess authors contributed equally to this work.
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Abstract

Background: The majority of the 2 million bovine single nucleotide polymorphisms (SMPs)
currently available in dbSNF have been identfied in a single breed, Hereford cacte, during the
bovine genome project. In an attempt to evaluate the variance of a second breed, we have
produced a whaole genome sequence at low coverage of a single Fleckvieh bull.

Results: We generated 24 gigabases of sequence, mainly using 36-bp paired-end reads, resulting

in an average 7.4-fold sequence depth. This coverage was sufficient to identify 2.44 million SMPs,

81% of which were previously unknown, and | 15,000
genotypes of the same animal, generated ona 50 k oli

of 74% and 30% for homezygous and heterozygous SN
determined by comparison with genctypes determin
approximately 1.1%. We further determined the allele f
and 48 Braunvieh bulls. 95% of the SMPs were polymor
of 24.5% and with 83% of the SMNPs having a minor allel

Conclusions: This work provides the first single cary]
The chosen appreach - low to medium coverage re-se
SMPs to the currendy publicly available SMP resour
construction of high density oligonuclectide arrays in
studies.

- 24 Gb of sequence
- 7.4-fold coverage

- 2.44 millions SNPs

-115°000 indels  /
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HiSeq2000 launched

in January 2010

© 200 Gb per run or over 2 bovine
genomes at a quality allowing the
detection of single base pair

differences (to the SNP level)

© 25 Gb/day; 7-8 days for 2 x 100 bp

llumina’



Using Whole Genome Sequence Data in Genetic
Evaluation (Meuwissen & Goddard, 2010)

@ Accuracies of prediction of genetic © Not possible for a cost point of view.

. 0,
values increased by more than 40% © The costs may be reduced

relative to the use of dense ~30K SNP :
substantially by the whole-genome

chips. . —
P sequencing of a limited subset of the
@ Predictions of genetic values individual.
remaine(

These results suggest that with a combination of genome F
training «

. sequence data, large sample sizes and a statistical method the
generati(

that detects the polymorphisms that are informative,
© Similar af | ) .
high accuracy is attainable
and traingwocacorrrerorrene

same generation.
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CONCLUSIONS
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Optimization of Genomic Breeding

)

Genomic Tools

Q
et > o
/ /
31
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Optimization of Genomic Breeding
Different combinations of genomic tools

Actions, tools & Costs

Biological sample 1
Genomic tool Bovine3K 1
Genotyping 1 e?’*
Imputation 1 g,o“ )
Genomic Breeding 1

Value

Imputation needed ; Imputation Error ; Accuracy of GE

. 32 s | | V .. .. | y .. . . :.. .- |Ium|na®



Optimization of Genomic Breeding
Different combinations of genomic tools

Actions, tools & Costs

Biological sample 2
Genomic tool Bovine3K 2
Genotyping ’
Imputation 2
Genomic Breeding 5

Value

Imputation needed ; Error due to Imputation reduced ; Accuracy of GE

33
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Optimization of Genomic Breeding
Different combinations of genomic tools

Actions, tools & Costs
Biological sample
Genomic tool BovineSNP50

Genotyping

Imputation

Genomic Breeding
Value

No imputation ; no biais ; individuals to be integrated in future reference population

. 34 s | | V .. .. | y .. . . :.. .- |Ium|na®



Towards « The genome-assisted Barnyard »
Nature Biotechnology 27, 487 (2009)

¥ Livestock genomes are providing
— Hugely valuable biological information

— Immediate benefits to the way livestock breeders go about their business

@« In contrast to the slow translation of human genome
information into medicine, animal genomics is likely to have a

rapid and tangible impact on Agriculture »

NATURE BIOTECHNOLOGY VOLUME 27 NUMBER & JUNE 2009
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Economical optimization of genomic breeding :
Genomic evaluation is one important step but not the only one

Price (DNA + Genomic Tool + Analysis)

Information & Accuracy(Genomiclnformation)

Genotyping
using the
genomic tool
of choice

" J

Blood, sperm, hair BovineSNP50, BovineHD,
roots, ear punches, 3K SNP, ...
nasal ...

36

1 Prediction equation N
Genomic breeding value =
BB X WaXsm Y,

Computing
the genomic

breeding
value
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Thankvollj] for

your attention !

&* s s

aeggen@illumina.com
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