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Table 1- Marker characteristic on chromosome 6.
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= T T T T ]
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Figure 1- Minor allele frequency histogram.
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Table 2- The r? and D’ value in different distance on chromosome 6.

Aol glbcdr Al Sk D'sle D o SLe sl oSk LS sl
Distance & Sl Average Medjan *SD r2 r2+SD r2>0.3 L
(Mb) ) distance D Mean Median Mean
Markers pair (Mb) D’ +SD r2 r2+SD Marker
number with
r2>0.3
<0.02 261 6.07 1 0.82+0.42 0.22 0.42+0.35 126
0.02- 629 29.6 0.99 0.77+0.33 0.17 0.30+0.33 224
0.04
0.04- 419 49.4 0.92 0.73+0.32 0.09 0.22+0.26 97
0.06
0.06- 457 69.6 0.84 0.71+0.31 0.10 0.19+0.23 96
0.08
0.08-0.1 459 89.98 0.73 0.65+0.34 0.07 0.15+0.21 62
0.1-0.2 2199 149.6 0.60 0.60+0.34 0.06 0.13+0.18 181
0.2-0.3 2230 250.1 0.60 0.56+0.34 0.05 0.1+0.14 174
0.3-0.4 2154 349.7 0.53 0.53+0.33 0.05 0.09+0.12 135
0.4-0.5 2156 449.9 0.47 0.51+0.33 0.04 0.08+0.11 110
0.5-1 10550 750.3 0.46 0.50+0.33 0.04 0.08+0.11 469
1-3 39200 1992.5 0.4 0.33+0.29 0.03 0.06+0.08 965
3-5 39311 3990.2 0.33 0.40+0.27 0.02 0.04+0.06 377
Shasl oY sl Blas r?) 35 Joles Sldlas o (5SS Jalss oo WP ch.-
2 . . o g
wj_idu 4_b_>br ‘_)b_:ﬂl_:‘\_’jxu c)‘.)u‘ L}")JL dbL;Jl
2 C el .
|4 SN WOV RSSO PR U OIS | 6 P E TR K s xS Coms oS lis L
S S oSGl s B 6L L) L a8 L (WS Cdo oK) 05 6oL
T 3l s D oS 358 Slad Slalas 3 Lads ol a aiw g sla LS
.(Pritchard and Przeworski 2001) >, = ke s syls skl G el LS |
. T oeii s oy e .2 ) )
oladlae &)LA‘ Sy oJ\_MSL').xa_;r ‘uﬂ‘J"L"’ L§|J_’ LS)”l—i“‘:j JJL:U r.,\_o.,\_:.znéa_ww
e .(Sargolzaei et al 2008) .| bLs )| Slalas sl s KL Colis S| ks
23 Cudsdome Sl (S5 Joles pde ke Zhao et al., 2005; Ardlie et ) .l ;5,5
el 55 a5 e et as el oIS) 158 3 SIS sl e Aide e (@, 2002

. . o . g2 . -
J:l_mr.)\.o,\ﬁucb.wo\ﬂr > Y Sldlas 4SS e ‘u“s“i’d'%l’ftﬁ‘;)‘}f‘é‘ﬁ

Sargolzaei et )l cal 4 3 s > (S5 Meuwissen et al .5, i s sdalio SGLES
al, 2008; Lu et al 2012; De Ross et al
Ade mla S0 .(2008; Ardlie et al., 2002

gl g an S b s oY IS dsls ple

Como il il gl as S 55155 (2000)

bl e /A0 U e sss ) a5l 2l

1)



R R R R

7.7,7,7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7,7,7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7,7,7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7,7,7,7.7/?
1

14

(\¥40 sl Lo ) $oo9liS (654 oSS g dows

14

WWa0 Sl (Y o, A 0)93) 5,9 SO 52 2

Fl
.7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7,7,7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7,7,7.7.7,7,7,7,7.7.7,7.7.7.7.7.7.7.7.7.7.7.7.7,7,7.7.7,7,7,7,7.7.7,7.7%

Y S o s e e S 5
tht_.:.;&_i@)mw\;yzwjfjﬁ;,;rz:
Dt gl LSty 5VOKD o sl 4
et S T Ll e S 05 S

Y J.{,i) L

ol Bl a0 a

5 S Sl oLl it plulid DIl
S e 15 S S sl S Ve
dbl_;) Sladlas Sl b kbﬁ;\)\gﬁw

0.5

04

—8— Holestin_BTAOG

03

average r2

0.2

01

0.0

20 40 60

330 5 Ll Cume 50 03l 5 (al., 2009
SeLS s Dl e 4 J el e e
Lol S5 Ol 5 sl LSCas ol sl
Js 00 Sl o Ko el S e
¢ J<& .(De Roos et al., 2008) .., |3
Ve LYo sl Camer JSge o3l 2alS W,
33 Camax Fge o3Il ez e OLES 1 3 s
Sl os g wly Wer s> 55 |3 s Your

wb\i" MJ—JJAMJ\... )JJ‘J.&AL').;“\S

I I I I
80 100 200 300

distance(kb)

Figure 3- Useful level of LD in r* decay with increasing distance.

ay

Sorer J oo o5l
C“J” 03 Camer Jge o3l HalS
sy o Sl slalid s il
55 (Reich & Lander 2001) s,ls ¢l
L DLy S o 53,8 S 4 Gl
« S .| (Cetartiodactyla) J=S1s 5.5,k
ol sl i 1S Jle Osde T s
Jlo S5 You 5o 3 g sl ol slaslS

Burt et )uslesl Slinil S xiw slasl 51 i



o)) gl eds 1S slis UL e ialS
Al o o o B D) sy e e
ol Nep o3l a8 558 0 15 5 dslas j3 |53
Lol sl peiie S 3 4SS50 3 Sl
U_la{@l_:;,\_'sj_,g:u_k}c;,MNetJf\

Sod= an L8 el Ve ol 5o Sl el
Al @l L as el wily 2als aly )
Qanbari et al. 2009; ) 5,5 cilbhe olallas
Sargolzaei et al 2008; Bohmanova et al,
53 Slewls 1 .(2010; De Ross et al 2008
P O=Y S S g3 Sl g sl oo
S Vo Sl S el sl Bl dslee

1500 — J
—&— Holestin_BTAQG ‘ &"\e/e
1000 —
z /,/E/
500 - ///a-’“"—
s
o=
T T | T T | T T T | T
10 16 50 100 125 166 250 500 625 833 1250 2500
generation

wm.h 315 55 Came g0 0l £ JS.J»

Figure 4- effective population size in Holstein population.

SIVKD Sy Fel S As 3L N pisas S
-l ria ol Jsb VA KD Lol o sl
Lo ls VYo kb syu > 5 Js b L s
LSk a4 by o Ol oo ,meS 5 (EY/ATL)
semVer Kb 5l S s 8es Kb 5l i Js b
S5 olssl JWas IS s e (0 JS2)
Sk e J2b S JSiS kil

Lo sl ol w\ww&b ijLa

ay

el LS b sl
dlacgshls ol o bl Slallas
= A sbes bl s i s )
(ol Sllpm) oS Slio 5 (OLiDlaslas
A LS sk ol 5
5l eslawal L Gabriel et al (2002) &5, Lol
254 3 s 8 asie Haploview s,
ol 53V AMD b L 5 sbls S0 84



,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(VY40 s

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

s b ol e sSe (2000
= 3 s sla S sla Pl o Sl
S e S b pde Rl 4 s
e Ole 5 o0 pa3505,5 S S b
St (S el sl (5L dolss
Ardlie et al., ) s,ls J s b 5 Olsl

(2002

40
30
=
c
-0
5320—
10
O_

3.y a)uc 0)‘9.3) 6})}\.&5 ‘53‘93‘}&3_}3417.50

e

................................................................................................

ol ps (nd 50 Rl 8l sy e G )b
Sdee skl sl 1SS SIS
5 ol sle T (sl Sl oS 5 ey
Gla T 555 o Eol Osllasl gl JT Cod
Bt Bl g bl G slme la IS )
s (Hitchhiking) of —aa Ol 1 ssy oyl
22 I el pde sl 4 e oS- s

Farnir et al. ) 555 o Clsal coss oL

[
100<

Al s Y sl dalss f“%"‘d‘“
2% 0535 S S sl SV S
GIPIVAP IR K P SGIUVH | O 340 uial...:)‘ Oladlze
o= W aS das e 0lis S shls S ol

rjjj_AjJScE_M)J deasQlM ol.<”l>.-

100-200 200-300 300-400

[ [ [
400>

Block_size

N 55095 B9 2 AL gl Jus) -0 IS

Figure 5- distribution of haplotype blocks in chromosome 6.

q¥

S S s
So 2 SIS Dol pde assy pl 2
3 sz 2050 G35 Veslad psisas S

5> EeKb (LS Jal pie Gy 5 5 S

SV ol ol s sdalia =Y e



S S S S S S S S S S S S S S S S S S S S S S S S S S S T S S S S S

L}_;l_,wj&f)ubw\ &Lu)‘uwl.hﬁ)b éu&ﬂWbe&uw‘f|c-\o)L@w

e L I v Nieee S sl sl B ol pae (VL e b
el g U Ol (6 0l B g3 Oladlan 43 35 sl ] dsles oo Sladlas s e e

WL.A 4.:‘5.“.: c;\.,\.:\jjﬁl.&_; é‘f&.ﬁ‘.ﬁ*")" r.)d

@l;.a

Ardlie KG, Kruglyak L, Seielstad M (2002). Patterns of linkage disequilibrium in the human
genome. Nature Reviews Genetics 3: 299-309.

Arias JA, Keehan M, Fisher P, Coppieters W, Spelman R (2009). A high density linkage map
of the bovine genome. BMC Genetics 10: 18-30.

Barrett JC, Fry B, Maller J, Daly MJ (2005). Haploview: analysis and visualization of LD and
haplotype maps. Bioinformatics 21: 263-265.

Bohmanova J, Sargolzaei M, Schenkel FS (2010). Characteristics of linkage disequilibrium in
North American Holsteins. BMC Genomics 11: 421-435

Burt DW (2009). The cattle genome reveals its secrets. BMC Biology 8: 36

De Roos AP, Hayes BJ, Spelman RJ, and Goddard ME (2008). Linkage disequilibrium and
persistence of phase in Holstein-Friesian, Jersey and Angus cattle. Genetics 179: 1503-
1512

Diskin SJ, Li M, Hou C, Yang S, Glessner J, Hakonarson H, Bucan M, Maris JM, Wang K
(2008). Adjustment of genomic waves in signal intensities from whole-genome SNP
genotyping platforms. Nucleic Acids Research 36: €126.

Farnir F, Coppieters W, Arranz JJ, Berzi P, Cambisano N, Grisart B, Karim L, Marcq F,
Moreau L, Mni M (2000). Extensive genome-wide linkage disequilibrium in cattle.
Genome Resarch 10: 220-227.

Freyer G, Kuhn C, Weikard R, Zhang Q, Mayer M, Hoeschele 1 (2002). Multiple QTL on
Chromosome six in Dairy Cattle affecting Yield and Content Traits. Journal of Animal
Breeding and Genetic 119: 69-82

Gabriel SB, Schaffner SF, Nguyen H (2002). The structure of haplotype blocks in the human
genome. Science 296: 2225-2229.

Gautier M Faraut T, Moazami-Goudarzi K (2007). Genetic and haplotypic structure in 14
European and African cattle breeds.Genetics 177: 59-70

Gibbs RA, Taylor JF, Van Tassell CP, Barendse W, Eversole KA, Gill CA, Green RD,
Hamernik DL, Kappes SM, Lien S (2009). Genome-wide survey of SNP variation
uncovers the genetic structure of cattle breeds. Science 324: 528-532,

Hayes B, Visscher PM, McPartlan HC, Goddard ME (2003). Novel multi-locus measure of
linkage disequilibrium to estimate past effective population size. Genome Resarch 13:
635-643.

Hill WG, Robertson A (1968). Linkage disequilibrium in finite populations. Theoretical and
Applied Genetics 38: 226-231.

Khatkar MS, Collins A, Cavanagh JAL. et al (2006). A first generation metric linkage
disequilibrium map of bovine chromosome 6. Genetics 174: 79-85.

Khatkar MS, Nicholas FW, Collins AR, Zenger KR, Cavanagh JA, Barris W, Schnabel RD,
Taylor JF, Raadsma HW (2008). Extent of genome-wide linkage disequilibrium in

0


http://www.nature.com/nrg/
http://nar.oxfordjournals.org/search?author1=Sharon+J.+Diskin&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Mingyao+Li&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Cuiping+Hou&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Shuzhang+Yang&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Joseph+Glessner&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Hakon+Hakonarson&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Maja+Bucan&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=John+M.+Maris&sortspec=date&submit=Submit
http://nar.oxfordjournals.org/search?author1=Kai+Wang&sortspec=date&submit=Submit
http://www.springer.com/life+sciences/plant+sciences/journal/122
http://www.springer.com/life+sciences/plant+sciences/journal/122

4

S S T S S S S S S S S S S S S S S S S S S S S S S S S S A S S

S S T S S S S S S S S S S S S S S S S S S S S S S S S S A S S

Australlan Holsteln Friesian cattle based on a hlgh den3|ty SNP panel BMC Genomlcs 9
187-205.

Lee YM, Lee YS, Han CM, Lee JH, Yeo JS, Kim JJ (2008). Detection of Quantitative Trait
Loci for Growth and Carcass Traits on BTA6 in a Hanwoo Population. Asian-Australasian
Journal of Animal Sciences 23: 287 — 291

Lewontin RC (1964). The interaction of selection and linkage 1. General considerations,
heterotic models. Genetics 49: 49-67.

Lewontin RC, Kojima K (1960). The Evolutionary Dynamics of Complex Polymorphisms.
Evolution 14: 458-472.

Lu U, Sargolzaei M, Kelly M, Li C, Vander Voort G, Wang Z, Plastow G, Moore S, Miller
SP (2012). Linkage disequilibrium in Angus, Charolais, and Crossbred beef cattle.
Frontiers in Genetics 3: 1- 10

Marques E, Schnabel RD, Stothard P, Kolbehdari D, Wang Z, Taylor JF, Moore SS (2008).
High density linkage disequilibrium maps of chromosome 14 in Holstein and Angus cattle.
BMC Genetic 9: 45-64.

McKay SD, Schnabel RD, Murdoch BM, Matukumalli LK, Aerts J, Coppieters W, Crews D,
Dias Neto E, Gill C A., Gao C (2007). Whole genome linkage disequilibrium maps in
cattle. BMC Genetic 8: 74-87

Meuwissen, THE, Hayes BJ, Goddard ME (2001). Prediction of total genetic value using
genome wide dense marker maps. Genetics 157: 1819-1829

Odani M, Narita A, Watanabe T, Yokouchi K, Sugimoto Y, Fujita T, Oguni T, Matsumoto M,
Sasaki Y (2006). Genome-wide linkage disequilibrium in two Japanese beef cattle breeds.
Animal Genetic 37: 139-144.

Olsen HG, Lien S, Svendsen M, Nilsen H, Roseth A, Aasland Opsal M Meuwissen TH
(2004). Fine mapping of milk production QTL on BTA6 by combined linkage and linkage
disequilibrium analysis. Journal of Dairy Science 87(3): 690-698.

Olsen HG, Meuwissen THE, Nilsen H, Svendsen M, Lien S (2008). Fine Mapping of
Quantitative Trait Loci on Bovine Chromosome 6 Affecting Calving Difficulty. Journal of
Dairy Science 91: 4312-4322

Pritchard JK, Przeworski M (2001). Linkage disequilibrium in humans: Models and data.
American Journal of Human Genetic 69: 1-14.

Qanbari S, Pimentel ECG, Tetens J, Thaller G, Lichtner P, Sharifi AR, Simianer H (2010).
The pattern of linkage disequilibrium in German Holstein cattle. Animal Genetics.41: 346-
356

Reich DE, Lander ES (2001). On the allelic spectrum of human disease. Trends in Genetics,
17:502-510

Schnabel RD, Kim JJ, Ashwell MS, Sonstegard TS, Van Tassell CP, Connor EE, Taylor JF
(2005). Fine-mapping milk production quantitative trait loci on BTA6: Analysis of the
bovine osteopontin gene 102: 6896 — 6901

Sargolzaei M, Schenkel FS, Jansen GB, Schaeffer LR (2008). Extent of linkage
disequilibrium in Holstein cattle in North America. Journal of Dairy Science 91: 2106-
2117

Sved, JA (1971). Linkage disequilibrium and homozygosity of chromosome segments in
finite populations. Theoretical Population Biology 2: 125-141.

Tenesa A, Knott SA, Ward D, Smith D, Williams JL, Visscher PM (2003). Estimation of
linkage disequilibrium in a sample of the United Kingdom dairy cattle population using
unphased genotypes. Journal of Animal Science 81: 617-623.

Vallejo RL, Li YL, Rogers GW, Ashwell MS (2003). Genetic diversity and background
linkage disequilibrium in the North American Holstein cattle population. Journal of Dairy
Science 86: 4137-4147.

a7


http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=1011-2367
http://journalseek.net/cgi-bin/journalseek/journalsearch.cgi?field=issn&query=1011-2367
http://www.ncbi.nlm.nih.gov/pubmed?term=Olsen%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Lien%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Svendsen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Nilsen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Roseth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Aasland%20Opsal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed?term=Meuwissen%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=15202654
http://www.ncbi.nlm.nih.gov/pubmed/15202654
http://www.ncbi.nlm.nih.gov/pubmed/15202654
http://www.ncbi.nlm.nih.gov/pubmed/15202654
http://www.sciencedirect.com/science/journal/00405809

"

Varrlo T Paunro T Parker A Perola M Meyer J Terwrllrger JD Peltonen L (2003) The
interval of linkage disequilibrium (LD) detected with microsatellite and SNP markers in
chromosomes of Finnish populations with different histories. Human Molecular Genetics
12: 51-59

Vignal A, Milan M, Sancristobal M, Eggen A (2002). A review on SNP and other types of
molecular markers and their use in animal genetics. Genetics Selection Evolution 34: 275-
305

Wright S (1938). Size of population and breeding structure in relation to evolution. Science
(Wash DC) 87: 430-431.

Zhao H, Nettleton D, Soller M, Dekkers JCM (2005). Evaluation of linkage disequilibrium
measures between multi-allelic markers as predictors of linkage disequilibrium between
markers and QTL. Genetics Research 86: 77-87.

v

K\\\&\&\&\&\\


http://www.gsejournal.org/content/42/1/24

. ; ) I . e

i/:

(1F40 3l oY o)l ) S33UES (55 555 g oo

00 ALY N 0y93) 83,9 S I A2
L

S S S ISR s
Investigations of linkage disequilibrium phase in chromosome 6 of Holstein breed
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Abstract

In whole genome association study, genomic selection, Determining of extent and
level of linkage disequilibrium (LD) is important in sample size and marker density. In this
experiment, the blood and sperm samples were collected form 1089 Holstein bulls and 2030
markers on chromosome 6 were genotyped by using Illumina Bovine SNP50K BeadChip
based on UMD3.1 genome assembly. Data were corrected for missing genotyped SNP and
individual with unknown genotype by Plink. After correction 1606 markers remained (79%).
The average observed heterozygosity was 0.37 and 80% of the markers had minor all
frequency more than 0.2. The LD was calculated with r? and D’ by Haploview v4.2. The
extent of LD in this study was 40 kb with r?=0.3. The r® value was decreasing to 0.2
(moderate level) in 80kb and 0.1 (background level) in 300 kb. The effective population size
has been decreased to 100 individual in 10 generations ago. The 49 haplotype blocks with
range 18-472 kb were detected that covering the 10.6 Mb of whole chromosome. These
results showed that between 4000-70000 markers or one marker per 40-75 kb will be need for
whole genome association study in this Holstein population.
Keywords: Holstein, linkage disequilibrium, chromosome 6, Ne.
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