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= SNP discovery and chip design
m Statistics of the 60 K chip

= Hapmap data: MDS and clustering

® Hapmap data: Haploype diversity, haplotype

sharing and selective sweeps

® Fom SNP genotyping towards reseguencing
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= Objective
e Design of a 60K lllumina BeadChip

= Challenge
e Limited number of SNPs available
e Only half of porcine genome sequence available
e Job had to be done between April/August 2008

= Approach
e SNP identification by sequencing reduced representation
libraries (RRL) on an lllumina Genome Analyzer
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Overview seguencing approach

5 Reduced representation
libraries (RRL)

Restriction digest of DNA

Separate on acrylamide
gels
Isolate 150-200 bp
fragments

6X

——> Rough estimate of

' MAF within breeds
|

30X —— Highly reliable SNP identification
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Haelll 160-200
Alul  100-150
Alul  150-200
Mspl 100-200
Dral 180-260

TOTAL

=12.8 billion bp
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Align to reference genome and identify SNPs using MAQ

GEAGGCTTTRACCTGACTGAGATTATTGECAACCCCAGRGET HHCCTQCGCCQCHGCHGGHCHHCGCEHGHCCCTCﬂﬂCTGCTﬂGGCCHCCHGGGQF
INMMHGCTTY RACCTOACTEAGATTATTRECAAC L CCAGEGHE HHMMHHMHCCACAGCAGGACAACGCSAGACCCT CAACT GETAGGHMMHMHMHHHME

GCTTTGACCTGACTGAGATTATTGGCAACCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAARCCCCAGRG
GCTTTGACCTGACT GAGATTATTGGCAARCCCCAGRG
GCTTECGACCTGACTGAGATTATTGGCAACCCCAGGG
GCTTLGACCTGACTGAGATTATTGGCAACCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAACCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAARCCCCAGRG
GCTTLGACCTGACTGAGATTATTGGCAACCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAACCCCAGGG
GCTTEGACCTGACTGAGATTATTGGCAACCCCAGGG
GCTTLGACCTGACTGAGATTATTGGCAACCCCAGGG
GCTTTGACCTGACTGAGATTATTGGCAACCCCAGGG
GCTTLGACCTGACTGAGATTATTGGCAACCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAARCCCCAGRG
GCTTTGACCTGACTGAGATTATTGGCAARCCCCAGRR
T TGACT GAGATTATTGGCAACCCCAGGG

C/T

CCACAGCAGGACAACGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCGAGACCCTCAARCTGETAGR
CCACAGCAGGACAARCGCCAGACCCTCAACTGETAGR
CCACAGCAGGACAACGCGAGACCCTCAACTGETAGR
CCACAGCAGGACAACGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCCAGACCCTCAACTGETAGR
CCACAGCAGGACAACGCCAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCCAGACCCTCAACTGETAGR
CCACAGCAGGACAACGLCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCGAGACCCTCAACTGETAGR
CCCCAGCAGGACARCGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCCAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCGAGACCCTCAACTGETAGR
CCACAGCAGGACARCGCCAGACCCTCARCTGETAGR
CCACAGCAGRACA

SNP called if minor allele seen at least 3x
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NP distribution on lllumina GA reacd
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All porcine SNPs currently available

HQ Solexa SNPs WU™
454 sequencing MARC 110,000
7K 1Select chip AU-RI 5,500

dbSNP 17,700
INRA (Sanger seq) 61,700 = TOTAL #SNPs submitted for
: . . the chip: 72,000
Cambridge University 14,900
= 70 % mapped on build 7
Total No SNPs 543,000 = 7 % predicted
Total Unique SNPs 510,000 = 23 % unmapped

*Plus additional 58,000 SNPs
where minor allele seen twice
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(89 % of SNPs)
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Porcine 60K BeadChip: Excellent performance

Final total number of SNPs on the chip: 62,163

Number of SNPs with MAF>0.05 in at least 1 breed: 59K

Conversion rate overall: 94.8% (lllumina GA SNPs: 96 %)

Good correlation between allele count based on GA sequencing and Geotyping
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The porcine HapMap project

576 individuals typed by Illumina
991 individuals typed by WU

CARTOGRAPHICS
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Phenotypic variation
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Porcine Hapmap panel

Landrace

Large White

Duroc

Pietrain

Wild Boar

12 Chinese breeds
3 Synthetic
Hampshire
Berkshire

Museum samples
Other suiformes
Other european br.
Tobasco

TOTAL

Including 165
animals of the
discovery panel

Sus celebensis
Sus verrucosus
Sus barbatus
Pecari tajacu
Potomochoerus
Babyrousa

Sus cebifrons

Animal sequenced
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Use of the 60K chip: European vs Chinese breeds

= Biased towards common variants
= Biased towards SNPs in European breeds

= SNP density of the 60K chip

e Sufficient for GWA and GWS in european breeds
e Too low for Chinese breeds

T R —

Large White

Ningxiang

Amaral et al. (2008) Genetics 179: 569
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Gene flow
Selective sweeps
Haplotype diversity
Haplotype sharing
Extent of LD

MtDNA analysis

Greger Larson et al. (2005) Science 307:1618
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Multi dimensional scaling

and clustering
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MDS plot Axis1-2: Division Europe-Asia (PLINK

Asian WB

Outgroup
(other suidae)

Asian breeds

European/US breeds

European WB
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MDS plot Axis1-2: Division Europe-Asia

. Museum sample from
Indonesia (~ 100 y old)
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Outgroups

Other suidae
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0| Sus cebrifons (1
| Sus celebensis (2

| Potomochoerus |. (1
.\ | Potomochoerus p. (1

. L Phacochoerus a. (2

~ 70 MY
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SNPs shared with other suidae

* Phacochoerus aethiopicus

. ﬂ Sus scrofa 23 %

Hylochoerus meinertzhageni Sus barbatus 3%

Potomochoerus porcus

Sus celebensis 2 %
59167 Sus cebifrons 0.8 %

2 Sus salvanius
Babyrousa babyrussa & A Sus scrofa
m /m' Sus verrucosus 0.6 %
496 - 5837

-g o Sus barbatus Phacochoerus 0.8 %

B
.,.

Scmph @ ’ Aexihipidts Potomochoerus|. 0.7 %
Ancestor Catagonus wagner %’ B

1167 Potomochoerus p. 0.9 %

Pecari mjacu e - I:
m — ) Babyrousa b. 0.9 %
& Sus celebensis -’
Thpeneil pocers : 4 7 8115 cebifrons

2306

Ancestral allele identified for > 95% of the SNPs

‘ 2 ANIMAL SCIENCES GROUP lllumina Agriculture Seminar Series Animal Breeding &
a WAGENINGEN[FEH AUgUSt 3, 2009, Madison WI Genomics Centre




Haplotype diversity,

haplotype sharing and
selective sweeps
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Haplotype sharing between pig populations

Sharing is high between populations of the

same breed, but not uniform across chromosomes
Pietrain/Pietrain yuumi T THimm W iy T 7 7N T T T W .
Duroc/Duroc A T N I ey N e ey Il I

Sharing is low between Chinese and

European breeds, but local exceptions exist
Duroc/Meishan | NRENEEEESE B0 RN (Y /IO o o YR N RN

Sharing is intermediate between
populations of several 'white' breeds

Large W/Landrace i im0 | | N0 NN 0 VRNV OO N ONANETR 10 O i
Large W/Pietrain | INENSER NSNS "NONUAIE NOT NN U A, I I I e

3567 SNPs on SSC7, nearly complete, 133 Mb
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|dentification of selective sweeps: Examples on SSC1-4

Low heterozygosity
High frequency of

1

LW27

derived allele
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From SNP typing to

reseguencing
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(1) Site frequency spectrum analysis based
on RRL seguence data

reference genome

RRL cover 5-10 % of the genome
Coverage differs between breeds
4 commercial white breeds + Wild Boar

Data from pools
Within 500 Kb windows estimate:
— Watterson’s estimator: 6 = (S, n).
— Tajima’s estimator: © = f(S, n, fregs.).
— Tajima’s D: D = (n-0) / sd.
— Fst measures population differentiation
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Reanalyse data per breed

Transitions

SNP Transiion
ransversions
R ||||||””|III
pl IIIIIIIIIIII_

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

‘llll.--_
1 2 3 4 5 6 7 8 9

10 112 12 13 14 15 16 17 18 19 20

Minor allele count
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Example: Site frequency spectrum of Ssc8 derived
from deep sequencing of pools

Variation of nucleotide diversity (éw)

Pietrain Wild Boar

\\‘
™,

bl
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= 6x on lllumina GA
= 200, 500 and 3000 bp libraries
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