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Linkage Equilibrium (LE)
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M is as often associated with Q
as m is associated with Q

D=Pyq-PyPo=0
Marker genotype NOT related to phenotype

pP(MQ) = p(Ma)= p(mQ)=p(ma)
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Linkage Disequilibrium (LD)
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M is more often associated with Q
than m is associated with Q
D=Pyq-PyPo#0

% Marker genotype IS related to phenotype
(if Q/q has effect on phenotype)

p(MQ) # p(Ma)
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D = p(A1B1) — p(A1)p(By)

2N=100
P(A1)=( ny1+ny2)/ 2N = (1+0)/100=0.01
P(B1)=( ny1+ny)/ 2N= (1+49)/100=0.5
P(A2)=( nyu+ny)/ 2N- (49+50)/100=0.99
P(B,)=( nip*+ny)/ 2N= (0+50)/100=0.5
p(A;B;)=1/100=0.01

D =.01 - (.01)(.5) = .005
J:L'J(a.,\&BjAogi\q-js&:{df.,\.udoi)hid;xd‘.@‘}pJ&A}@AD)\M
o5 O LD lie 055 STl b il b adasly 3 (e 5 ot 3o ol el 3,13 5 55 5ISCS

LS

1D daslome -0
D’=D /D max

D = min(piqy, paga) when D < 0
- min(pige, p2¢q1) when D >0
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PaPB2, ol Hldie 1 el i 51 8 55 5 e D Sluie Sl w a5 U D' aislons (ol

:JJ; < )‘} P S0 Dl w\:u BL) Dmax O“}—N pAZpBl

P(A) . P(B,)=001x05=0.005  min
D(A;) . P(B1)=0.99 x 0.5 = 0.495

D' = (0.01 - (0.01)(0.5)) / (0.005) = 1

Sie STas 3B A JKl g3 LD &S das e 0lissae cpl gl SO L, D'l

.J)‘M)ﬁj@jb@b))&é}}j@ﬁjw‘t}i“

L r? dwlxo -

r’=D?/ (Pa1 PA2 Pe1 PB2)
= (0.005)2 /(0.01*0.99 * 0.5 * 0.5) =0.002475

r=0.0497

JMJG_AQL&S.).,\_G&\.@|'/'?‘\J{‘ﬁj}pq}&ﬁjgf‘;aA, Ba@\q—j;wrﬂ,\jﬁ

.C.,.w\&;E°@bﬁ>@\w§;‘wyc33ﬂ>aﬁ)LD °\§..l?}-’&;{yj‘

:LD é)gTﬁ S IPlpyg il S
GOLD - "Graphical Overview of LD*“(Abecasis and Cookson)
Arlequin (Schneider, Roessli, Excoffier)
Haplo (Kidd et al.)
MIDAS: software for analysis and visualization of inter allelic
disequilibrium between multi allelic markers
LDcompare
R (package genetics)
BMAPBUILDER(Building chromosome-wide LD maps)
BOOLD(for calculations under different linkage disequilibrium
(LD) distribution models)
CHROMSCAN(for association mapping of disease genes)

A\



DMLE(mapping of the position of a disease mutation )
EMLD(estimation of haplotype frequencies and LD calculation )

LdCompare 4b g b ob&T

Wl e 4l ol ol oS 555 Sl 43 LD Ol 5 s 61 51 406, LACompare
LT K55 SLbpan iomat 5 03 ad dnlonn 350 5 6 i (gla S5 (61215 LD 0 s
Sl ool 531 Il 33 59y sy oS 555 Sladlas 1 odaT Sy SledMb! ulidin b les pon
sl oy &5 4 058 G ADSNP et L 53 SNP 6 sl 4 K5 5)

http://www.ncbi.nlm. nih.gov/SNP; (Karchin et al., 2005; Wang et al.,
2005)]
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Compute pair-wise linkage disequilibrium between
genetic markers

Genctypesl Genctype?l Genoctype3
"T/R" "C/RT "T/A"
"T/R" "C/RT "T/T"
"T/T /et "T/A"
"T/R" "C/RT "T/T"
"T/T /et "T/A"
"T/L" "C/L" "T/T™
"T/R" "C/RT "T/T"
"T/L" "C/L" "T/L"
"T/R" "C/RT "R/A"
"T/T" "c/C™ "T/T™
"T/L" "C/L" "T/L"
"T/T" "L "T/L"
"T/L" /A" "T/T™
"T/L" L/ "T/L"
"T/L" C/A" "T/L"
"T/T" "c/cT
"T/R" "C/nn
"T/R" C/a"

"T/R" c/n
"T/T" AR

0Kl Sy 4 5 2y 4 CRAN R 515 0T Lol cule 5l 0ls o1, R I >
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:genetics s Jlgs18 -
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File Edit Yiew Wsc Packages Windows Help

|~ RConsole \Z||E|fg|
L3

The R-Genetics project has developed an set of enhanced genetics W
packages to replace 'genetics'. Please wisit the project howepage
at http://rgeneties.org for informtion.

Lttaching package: ‘genetics’
The following chject(s) are masked from ‘package:base’:
4$in%, as.factor, order

Warning wessages:

1: package ‘genetics’ was bullt under R wersion £.15.0
Z2: package ‘combinat’! was built under B wversion 2.15.0
31 package ‘gdata’ was buillt under B wversion 2.15.0

4: package ‘gtools’ was built under B wersion 2.15.0
5: package ‘MASSY was built under B version 2.15.0

6: package ‘mvtnorm’ was built under R wversion 2.15.0
> library(genetics)

> |

|

P4l ik uwighl Sy -
Sym S balaly 5315 5131 (i 55 GBNOLYPE ) s 31 a3lisel b ey o o 55

(S r e ol e 401,02,03 lapl b o
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I R Console

5in%, as.factor, order =

Warning messages:

package ‘*genetics’ was buillt under R wersion 2.15.0
package ‘*combinat’ was built under B wersion 2.15.0
package “gdata’ was built under R wversion Z.15.0
package *gtools® was built under R wersion Z.15.0
packagse *MASSY was built under R wversion 2.15.0
package ‘*rvthnorm’ was built under B wersion 2.15.0
likbrary(gensetics

gl <- genotype( o("T/A", Mi, "T/T", Mi, "T/4", Mi, "T/T", "T/4",
RTATT, CTATT, TTALT, UAAT, CTSTT, CT/AT, CTAAT, CTATR,
ML, "T/A", "T/A", MNA) )

g2z <- genotype( o(TCALT, TC/LT, MCSCT, CC/AM, MC/CT, UCFLM, MCALT, CCAAT,
nc/&rr, ”C.r”C", I'I'CK'AI'I', "A/’A", "C/’A", "A/’k", ncf&rr, ”C.r”C",
TCAAM, TCALT, UCSAT, TAALTY )

g3 <- genotype( o{"T/AL", "T/LY, "T/TT, "T/AT, "T/TT, UT/AR", "TAAT, "T/AT,

®TALT, UTATT, "T/ALY, "T/T™, "T/4", "T/h", "T/L", "T/T",
MTALM, UTALM, UTSAM, UTSTR)

[l

B2 v v rrv v sy v b e vy v v a O e a

02 591 S,k LD asloes ¥
a1, 02 S5k g o LD L1iie LD(91,02) 2w 5l elizal b day al 50 53

gh oMy b3 S 90sd o

File Edit %iew Misc Packages Windows Help

[=]2P]@ 5| @] S|

[? R Console

gl <- genotype| o{"T/A", Ni, "T/T", Mi, "T/A4"™, Mi, "T/T", "T/L",
WTSTR, WT/TR, WTFAM, WAJAM, WT/TR, WT/Le, WTnm wTSTR,
ML, "T/A", TT/AT, ML) )

>

>

>

4

+

>

> gz <- genotype( o(TCSLM, UCAAM, UCSCT, MC/LM, MC/CM, MC/AM, UC/AT, eC/Ln,
OMCEM, MO/, MCFAM, MRZRM, MC/AM, MRSAM, WCSRM, woiCM,

+ MCAAT, /AT, MCAAT, "ASATY )
-
>
+
+
>
>
>
>

o3 <— genotype | o (TTAAT, TTSAT, MT/T®, STFLM TSR mTian T nem o wT g
WTALT, MTATR, MTALT, UTSTT, MTFAN, WT/LT, TSR, wTSTH,
wTALT, UT/AT, UTAAT, UTSTY) )

LDigl, gz)

FPairwise LD

o ot Corr
Estimates: 0.1419402 0.5110566 0.6029553

"z P-walus N
LD Test: 10.290665 0.0009551955 15

= |

[%]

< | &

omamed Lol ol &1, (COIT Ol ge Cos) I 3 D' 5D (gl o )leT Hldie YU o5 5 5
bﬁb&@‘oﬁqjﬁ)T;)lﬁjawLD J?j(:u\.ﬁfbpupjs )}{w‘k q}e)T)‘ob‘J&w\L
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Jola LD e e ds )3 AY dslre 5 el YU s LD i o8 s o 0l DY luie

s 6 S Hle ol 53 55 bs (55 Siran 45 das o OLE T 0ylT Sl cpuioeen 355

sl sy #0 Jslae 5 YL

SOl 4w (0 954 93 LD dwlxe
05 02 B8 Jle yoodd ke Sl an Sl g 4 sl i 5k dw Sl i 9 e
Ga B 054 5 ol 1) o 55 e 5 035 eslizd MaKEGENOLYPES s 1R 15

:("356"
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| R Console

> data <- mwakeGenotypes(data. frame (gl, g2,93))
> data
gl gz g3

1 TAL CAL TR
2 «<Ni» C/L Tih
3 T/T C/C T/T
4 <Ni> C/A T/A
5 TAL C/C T/T
&  <MNA» C/L T/A
7 T/T CAL TAA
g TAL CAL TAL
9 T/T C/L T/L
10 T#T CfC T/T
11 TFAL CfL TAA
1z A/L AFRT/T
13 T/T C/a TAA
14 T/L AFL TAA
15 TF/L CfL TFA
16 T/T C/C T/T
17 <MNA» /4 T/A
18 T/L CAL TAA
19 T/L CfL TAA
20 <Mi> AFA T/T
>

1=

st 5 5l 4w o LD deslxo

Al



JJ‘JM)O};@W‘);JLAMwLD)h«\}.&LD(data))}LW))‘OJL&L&‘L:M
pl’lnt(|dt) D5 r:.fuxox?-.ﬁldt rbﬁolib

File Edit Wiew Misc Packages ‘Windows Help
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I R Console Z E El

> 1ldt <— LDidata) B
> print(ldc)

FPairwise LD

= o3
gl D 0.1415402 0.0895457
gl D! 0.511058a68 0.4151342
gl Corr. 0.6025553 0.4000333
gl X2 10.9066513 4.,5007390
gl P-walus 0.0003551958 0.02544654
gl n 15 15
g2 D 0.153659=27
g2 D! 0.999553581
gz COrr. 0.7712137
g2 E*2 23.79058198
gz P-wvalue 1.073933e-06
gz n 20

|

Syl S5l 3 ob g3 gls oS 5 ¢l , D,D'r, p-value, K2 5t VU o 5 o
b, 02,03 SHb 5o 0w LD Ol a8 Cl Lasein YU (25 5 53 Jle (ol .l okl
01,03 S5l 53 o omomen 501,02 Sl 55 o LD 1505y STas Ld laie 44/48

das o OLES 1) Candly men o P-VAlU 5T slie .l i

S obdw LD Sy 510905 mw)
J}I.wb)" Q‘j@ksw)j J)y;)LOMwLD J.i)u.a )" é} 6&)‘3).«;4:.@56‘];

LD Ol 4 by o Ky dsdr 5 s2mws 2l ool L. 5,8 eslizal geNetics «.. ,» LDtable

Dys ool b Sl
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> LDtskle|ldt)
= |

[=: R Graphics: Device 2 (ACTIVE)

Linkage Disequilibrium

g2

g3
|
0.0899
0.415

o}

15

Marker 1

g2

Marker 2

o e LD s gy 65 (5)3) 5 sy &5 0 S (o) 5 0,5 &5 B3 Jgdr 5o
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S e Sy aS Ei g 1y (gl asl Q‘}J@R)Ué\ SSERT S <la cl}j\ oslaiul b
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5= LD K, Jsar 015 o LDtable | gus b e s LD(datA) | gws ol b
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> # more markers makes prettier plots! —
> data <-— li=t ()
> nokbs <— 1000
> ngene <— =20
> =3 =— seqgi(l,1, length=ngen=)
> 8l <— aZ «<- matrix (""", nrow=nohs, ncol=ngenes)
= fori{i in 1:lengthi=s)
+ 1
+ rallele <— functionip! sSample| c("L", T, 1, p=cip, 1-pi)
+ if(i==1)
+ 1
+ =a2l1[,1] <—- samwple c(far,”™Tr), 1000, p=c(0.5,0.5), replace=TRUE)
+ 22[,1] <— =sawple | o (far, mTr) 1000, p=c(0.5,0.5), replace=TRUE]
+
+ =lse
+ 1
+ pl <— pmax| pmwmini{ 0.Z25 4+ =[1i] * as.numericial[,i-1]=="4"),1 1, 0O ]
+ p2 <— pmwax| pmini 0.25 4+ =[1i] * as.numeric(a2[,i-1]=="4") .1 1, 0O ]
+ =2l1[,1] <- sapplvipl, rallele )
+ 22[,1] <—- sapplvyip2, rallele )
+
+ datal[[paste("G",i,sep=""1]1] <- genotype(al[,i]l.azZ[,1i]])
+
> data <— data.frawes (data)
> data <— makeGenotcypes (data)
= | L
b’
= RG
File History Resize Windows
i7: R Console L = X|
-
> ldt <=— LD (data) 0
> LDtakhle|ldr)
= |
|2 R Graphics: Device 2 (ACTIVE) (=13
Linkage Disequilibrium
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ol
L]
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