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Linkage Disequilibrium-LD

LD- non-random association of alleles at two or more locil,

LD used as input for

Population structure
Population diversity

Genome Structure

Haplotype construction

Haplotype diversity
Selective sweeps

Effective population size
Breed development

Building LD maps-
marker ordering

Usual indicators of LD
-r2 range 0-1
-D" range 0-1
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Resources

73 breeds - range
2819 individuals
50K genotype array- 49,034 genotypes post QC
Adjusted for sample size
Breeds n<20 excluded

ALL breeds 2819
Churra

Soay
AustralianSuffolk
AustralianPollDorset
MilkLacaune
Rambouillet

r’ corrected for sample size
r’(corrected) = (r2-1/n)/(1-1/n),
where n is the number of haplotypes
(eg 25 animals would be 50 haplotypes). ISG C /,r'«’
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Linkage disequilibrium (r%)
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Comparison of breeds for LD for
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Comparing Sheep LD to other species
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Australian Polled Merino

A LD across OAR 10 (polled locus)
: Higher in polled Merino’s vs non OAR10 and non polled
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Population characteristics




Effective population size

Effective population size Ne
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Method by Hayes et al (2003) Genome Research
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Effective population size ~ 50 generations ago

AfricanDorpar 264 Comisana 5849 Mew ealand Fomney 405
Afzhari 465 CyprusFatT ail 203 MewZ ealand Taxal 282
Altamurana 4549 Deccari 83y MNorduz 285
AustralianindustryMa 853 DorsetHom 134 - Ojalada 588
AustralianMearing B33 EastFriesianBrown 186 Cezal 1317 -
AustralianPollDorsat 218 EngadineRedSheaep 4a2 Rambaouillet 709
AustralianPollMerino 918 Ethicpiantanz 1260 Rasaaragonesa 7an0
AustralianSuffolk it Finnzsheap Ta5 RedMaaszai 1070
BangladeshiBGE G2 Gahway a2z Sakiz 185
BangladeshiGarale 437 Garut a7 Santalnas 520
BarbadosBlackBally 374 Gaman Texal 448 SardinianAncestralBl 306
BlackHeade dhountain 247 GufCoastMative G511 ScoftishBlackface 528
Borderleicastar 242 IndianZarola 364 ScottishTexel 305
BrazilianCraole a7 1 Irish Suffolk 200 Soay 194 -
BundnerOberandarzhe 253 Leccasa B56 Spasl-white 339
Castellarna 46 MeatLacauns B35 Sumatra 336
Changthangi 654 Merinolandschaf 407 SwissBlack- Brawnhoun 323
ChinesaMearino 297 MilkLacauns 714 SwissMirrorsheep 262
Chios 324 Moghani 825 SwizsW hitadlpinaShas a4
Churra GO0 MoradaMova 227 Tibetan a03
YakizBlhcknoseSheop 288
VahisRadSheap 173
Wiltshire 100 -

A4
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Population divergence




LD between LD between
breeds @10kb breeds @50kb

Mer 1 = Merino 1 BRL= Border Leicester

Mer 2 = Merino 2 APD= Aus Poll Dorset

APM = Aus Poll Merino  ASU= Aus Suffolk
NTX= NZ Texel
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Divergence times estimated from LD sharing

Divergence time in generations

600

400

I
200

Divergence between human populations estimated from linkage disequilibrium.
Sved JA, McRae AF, Visscher PM. Am J Hum Genet. 2008 Dec;83(6):737-43

Linkage disequilibrium and persistence of phase in Holstein-Friesian, Jersey and Angus cattle.
de Roos AP, Hayes BJ, Spelman RJ, Goddard ME. Genetics. 2008 Jul;179(3):1503-12. Epub 2008




Haplotype formation

Used Haploview (Barrett et al 2005)

D" all pairwise combinations of SNP within chromosomes
Strong LD if 95% CI=0.7 — 0.98

Define haplotype blocks based on SNP in strong LD

e,
Y

Infernational Sheep Genomics Consortium



/.
Ini r sortium

nternational Sheep Geno



£ B 4 & : F-q- . ‘ t'.l g ,}I ".,
. &+ : & L .\“ ’ vt- e
* i 1’ni-" s 24 ‘..._ -'" ' 4 Ao
e NP o & % ", 'n‘- + N EF. e 4
d ’ bocih Sie ‘ g ¢ i‘l‘. .*‘ 4 ' {.‘ -
SRR R ok , W wWN s
* . ‘ * 4 H
. ¥ , i & W e 4 <
> * ‘ - ¥ - L]
¢ # v, > ,
b &y # * L X * t !
e # * ; -
P L \* ¥ > .’i
-, L X : "‘f & 7 /.-.
Be a4 % =
- W ¥ PR
" - .
* . r
.. o -~ & F *
o 4 b u . " + W
- - -‘ 4 -
+ F & + 3 ’ - Y " -
b * _’ - - » i
- . - &
¢ ("‘ - ¢ T .
& a - E F "
. *
. * .
* -
1‘. *
: e
#

Infernational Sheep Genomics Consortium



Haplotype coverage genome

breed n block Mean kb | Min kb Max kb % cov
breed code n 3+ SNPs | (3+SNP) | (3+SNP) | (3+SNP) | (3+SNP)
Churra CHU 120 169 126.1 14.1 986.4 0.8
Soay SOA 110 1619 357 12.7 3547.9 21.84
Australian
Suffolk ASU 109 198 138.1 11.2 1623.1 1.03
Australian
PollDorset APD 108 439 177.3 11.2 1923.6 2.94
MilkLacaune LAC 103 168 141.9 12 834.6 0.9
Rambouillet RMB 102 190 138.8 11.2 858.1 1
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Fig. Relationship between animals based
on haplotype similarity.

G —y

Haplotype similarity

= -IBD shared segments

-(GERMLINE- Gusev etal 2009)

-Length and number of segments

- each pair of individuals

- 2819 x 2819 matrix

- relatedness  within breeds and
between breeds
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Breed clustering based on haplotype similarity

Cluster Dendrogram
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HapBlock score (1-6)

HapMap of six breeds: chromosome 2
occurrence of haplotype blocks across genome
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Occurrence of haplotype blocks across 6 breeds
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LODE- mapping markers by LD

Khatkar et al 2010

Locus Ordering by Dis-Equilibrium

 placing markers by LD in relation to others

e only SNP MAF>0.01 considered

e r2 calculated each SNP to all other SNP (mapped and unmapped)
* SNP assigned to chromosome — max r2 and number hits r2>0.1

* SNP assigned to position- adjacent to mapped SNP with highest r?

« Each SNP taken as “unmapped” in turn 49,000 x 49,000

* positioned based on LD in two breeds — Soay and Churra

» Mapped position compared against ISGC Virtual Sheep Genome (VSG)

» VSG contains integrated map all known markers & comparative genome

ISGC =7~
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Agreement marker positioning LODE vs Virtual Sheep genome

LODE

L - - BT X = Byt o e

[ o]

-y

0. arfes genome (Soay)

e TP BRI M e o ey = aa W [ ]
r e i = R I PN &, W R P et X

|SGE
Success in breed with HIGH LD

LODE

I AT s L
e i T e R [ e e Tl R

]

Q. aries genorme [(Churra)

i e e A e ey et bbb
2 e B R R S P e et S A

=G
Success in breed with LOW LD

- ‘:l} L fid

Infernational Sheep Genomics Consortium



Concluding observations

LD profiles in sheep breeds similar

LD relatively low in sheep based on ovine 50K beadchip

LD sufficient to detect divergence time

LD short and long range sufficient to map breed development
LD sufficient to pick up evidence of selective sweeps

LD sufficient to validate marker maps/possible assembly errors

 Limited genome coverage in haplotype blocks
* Ne in sheep appears quite high most breeds

ISGC =7~
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Current development sheep genome

- reference genome seguence

30x Roslin Institute- Texel ram — BAC library
15X paired end 75 bp read 250-300bpfragment- in progress
10X mate pair 1.5kp insert - planned

1X mate pair 8kb insert 454 150bp ends reads (Baylor)
1x mate pair 20kb insert 150 bp end reads 454(Baylor)

Assembly- CSIRO- Brisbane + Agresearch NZ+.....

Funding — ISGC (ISL) + USDA- Noelle Cockett Utah State U.
- AgResearch
- Baylor College of Medicine
- Genesis Farraday

ISGC =7~

Infernational Sheep Genomics Consortium



Acknowledgements John McEwan 1ISGC

Rudi Brauning
‘lm ' James Kijas

: Theresa Wilson I ~ Marylinn Munson
Brian Dalrymple =1 Alan McCulloch Illumlna Kim Gietzen

csiro  WVEs Barris Christian Haudenschild
David Townley

Sean McWilliam

Russell McCulloch rf Peter Wilson
UNIVERSITY Voo ANNELte McGrath

: : OTAGO
Human Genome Sequencing Center Richard Gibbs
Baylor College’ of Medicine % JO Ann Stanton

Donna Muzny

T Whare Wilndnga o OF
NEW FEAL '\\[]

3 ﬁ An Australian Government Initiative

SDA
Shee ' GENON"CS E"‘_— United States Department of Agriculture 5355 Backing Australia’s Ability

e UtahState
genesisfaraday NI

The University of Sydney

Jill Maddox (U. Melb) Tim Smith (USDA)

Herman Raadsma (U. Syd) Mike Heaton (USDA)

Frank Nicholas (U. Syd) Curt van Tassell (USDA) And finally........
Hutton Oddy (UNE) Terry Longhurst (MLA)

Chris Warkup (GF) Mohammad Shatriflou (U. Syd)

Noelle Cockett (USU) Ben Hayes (Vic DPI)


http://backingaus.innovation.gov.au/�
http://www.genesis-faraday.org/home.asp�
http://www.meatnz.co.nz/main.cfm�
http://www.usu.edu/�

International Sheep Genomics Consortium

f':‘ International Sheep Genomics Consortium - Windows Internet Explorer o |
it

Q = IQ http: f e, sheephapmap.org)f j *+ || K | |Google 2
I 2 ) ) ) S v E] ~ oy~ ik P - Ok Tools - (@)~ 01 7
Ld ol @ International Sheep Genomics Consortium g | 3] - - Page o5 Tools = I@dl- do

Home About A Froject Details "‘ Partmer Resources "‘ Contact | |

www.sheephapmap.org d was built on an

www.livestockgenomics.csiro.au/sheep/oarl.0.ph

Isgcdata.agresearch.co.nz

hd
Done I_ l_ ’_ I_ l_ ’_ |@ Internet w100% - 4



http://www.sheephapmap.org/�
http://www.livestockgenomics.csiro.au/sheep/oar1.0.php�
http://www.isgcdata.agresearch.co.nz/�

	cattle-sheepRAADSMApag2010 (2)
	LD analyses in the sheep HapMap project�using an ovine 50K SNP array�
	Linkage Disequilibrium-LD 
	Resources
	Slide Number 4
	LD profiles all breeds
	Comparison of breeds for LD for chromosome 26 
	Slide Number 7
	LD across chromosomes
	Population characteristics
	Slide Number 10
	Slide Number 11
	Population divergence
	LD between �breeds @10kb
	Slide Number 14
	Divergence times estimated from LD sharing
	Haplotype formation
	Soay Chr 2 section
	Churra Chr 2 section
	Haplotype coverage genome
	Fig. Relationship between animals based on haplotype similarity.
	Breed clustering based on haplotype similarity
	HapMap of six breeds: chromosome 2�occurrence of haplotype blocks across genome�
	Occurrence of haplotype blocks across 6 breeds 
	LODE- mapping markers by LD
	Slide Number 25
	Concluding observations
	Current development sheep genome
	Slide Number 28
	Slide Number 29

	Pg22



