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T1 Ba yadBoupe oNuepa?

= Ti gival n 1IcoppoTria ouvdeong (linkage equilibrium)

= Tigival n aviocoppoTtria ouvdeong (linkage disequilibrium - LD)
* Ti €ival 0 atTAOTUTIOC - TTApadEiypaTa

* [lola gival Ta JETPA EKTIMNONG TS AVIOCOPPOTTIAG OUVOEONC

* [lwc¢ avatrapioTartal n LD

» ATTO TTOI0UG TTAPAYOVTEG ETTNPEACETAI

* [Mwg petaBaiAeTal n LD o1o ¥podvo

* [lou Kal TTWE aCIOTTOIEITAlI AUTA N yvwon
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Mia yeveTIK B€on
N
‘Evag YEVETIKOC TOTTOG
(locus)




chromosome chromosome

AAANAGUOP PO

A — !EngAaKTleg pqp(psg syog yovidiou
i fl A yiag aAAnAouxiag (Tufparog) DNA
O€ €VO OUYKEKPIMEVO YEVETIKO TOTTO
A ! ! A A ! !a a ! ! A a ! ! a
L |
Homozygous AA Heterozygous Aa Homozygous aa

1°¢ Nopog Tou Mendel —

- 1®)
O diaxwpIopoc Twv aAAnAopopewy
OTOUG YOMETEG €ival TuXAiog Kal
avegapTnTog atrd aAAa Ceuyn B
aAANAOuOPPWYV
| SBAKHE s Homozygous Heterozygous Hemizygous

Alleles are same Alleles are different Only one allele E—

FENETIKHE ey
e &, (e.g.XY)




ETravaAnyn... p2+2pg+g2=(p+q)?=1
O@ceswpnua Hardy-Weinberg

©OnAuUKoi YOUETEG (OUXVOTNTA)

S
5 A (p) a (q)
=
2 [A(P)
£ AA (p*p=p?) | Aa(p*q)
&)
g [a(a)
3 aA(g*p) |aa(9*9=02)
<
P(AA) = p2
. P(Aa) = p*q (unTépa) + p*q (TTatépa) = 2pq
w"a’“n%:%\% P(aa) = g2



NMpoutroBéoeig yia TNV 1I0XU TOU Bewpuarog H-W kai . . .

- AIttAo€16iRg opyaviouodg
- ZeCOUAAIKN avatrapaywyn

- Tuxaia o0deuin TwWV ATOPWYV (Trappiia) (Vs
O10OTPWHATWOT), OMOIOTUTTIKA ocUeugn,
ouUyYEévela €€ aipaTtog & evooyauia)

- Mn €mMIKAAUTTTOMEVEG YEVIEG

- Méyg00g TTANOUOCMOU TTOAU peydAo
(~a1re1po) [vs pIKPO (YeVETIKA TTaOpPEKKAION)]

- 181e¢ ouxVvOTNTEG OAANAOUOPPWYV OE
APOEVIKA Kal BnAukd drtopa (vs mitDNA, Y-
chr, non-PAR1/2 ota apoEeVIKA)

- Agv utrdpxel €TIAoyR YOVOTUTIOU (VS
ovnoiyéva aAAnASpop@a, TTAEOVEKTHO
eTepoluywTn)

- Agv utrdpXeEl e1o0por} aAAnAoudépPwyV oTOV
TTANBUO NGO Kal Apa aAAOY} CUXVOTATWYV TWV
AAANAOHOPPWYV (VS PETOVAOTEUOT) I
METAAAQYR)

aiTIO ATTOKAIONG ATTO QUTO

-,
e o o o O NOpoc Hardy-Weinberg

0 vouoc Hardy-Weinberg 1oxUgl uno Tic €ERC NPoUNOBEDEIC:

* O nAnBuopGE gival JEYANOC Kal Ol OUZEUEEIC Eival TUXQIEC,
GO0V a®opa OToV unod JEAETN YEVETIKO TONO.

e 01 guxvotnteC TV afnnAouOPPWV NAPAUEVOUV OTABEPEC
UE TNV NApodo Tou xpdvou yiati:

0 puBuoc yetannaglyéveonc Sev Eival oNPAVTIKOS.

Ta atopa 6NV TV yovotunwv gival EEi00OU Ikava va avana-
paxBouv kal va PETapIBacouy ta yovidid Touc OToug anoyo-
VvOuG toug, Sniadn dev undpxel enifoyn €1 BApoC kanolou
OUYKEKPIPJEVOU YOVOTUNOU.

Agv unnpxe onuavtikn €ioodoc atduwy and gvav annfo nAnBu-
oud uE ouxvotnteC aninAoudp@wv Nonl SIaQOPETIKESC and
QUTEC Tou evdoyevoucg ninBuouou.

ANIZOPPOMIA ZYNAEZHX



Assumptions of Hardy-Weinberg Equilibrium

1. NO Selection 2. NO Mutation 3. No Migla.tion

4. Large Population

B3
B
9

71 e :
sl \\ | o/
g Y )

s. Rondom Moting

NG
e
8
.)

o

@AmoebaSisters

TMbMA
MOPIAKHE [
Y BIOAOTIAER:
MENETIKHE +
ane ANIZOPPOMMIA SYNAESHS 8

e



Hardy-Weinberg Equilibrium
for a Three-Allele System

p+tq+r=1 P4 and r are the three alleles in the
population (system).

(p + q + r)2 =1 “Cross” the individual alleles together by
\ . - squaring the trinomial.

r—

!

p?+ g%+ r2+ 2pq + 2pr + 2qr =1

@wormthoughts
Pyt Pt pst ... + p,)°=1, €dv o€ £vav YEVETIKO TOTTO £XOUV TTEPIYPAPEI N
: O1aPoPETIKA aAAnNASuopPa
=
e %s
4ne ANIZOPPOIIA YNAESHS 9
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tial _»
GLN" etlcs A GENOMICS PERSPECTIVE
Hardy—Weinberg Principle

+ X-linked genes are a
special case because
males have only one X-
chromosome

» Genotype frequencies
among females: HH = p?;
Hh = 2pq; hh = q?

+ Genotype frequencies
among males are the same
as allele frequencies:

H=p,
h=gq

Fig.14.15

Fourth Edition
Daniel L. Hartl and Ehzabeth W. Jones

Female gametes

@ @

male
gamotos

q’ hh

Female gametes

Y-bearing
male
gametes




AUO YEVETIKEG BEOEIC

n
AUO YEVETIKOI TOTTOI

(loci)




2°6 Nojuoc¢ Tou aveecapTnTou
ouvouaouou Tou Mendel

Ta aAAnASGuop@a D/d kar M/m
XAPTOYPOA@OUVTAl O DIOPOPETIKA

’ Meiosis:
XPWHOOCWHATA homologous
chromosomes

line up randomly

in one of two

orientations

Figure 10-2 m Independent assortment of alleles at two
loci, 1 and 2, when they are located on different chromo-
somes. Assume that alleles D and M were inherited from one
parent, d and m from the other.
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Parental combinations
(DM and dm)
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(Dm and d\)



Ta aAAnAGuop@a A/a kal B/b xaptoypa@ouvTal oTo 010 XPWHOCWHO

OpoAoyoc avo.ocuvOUOoOC

No crossing over Homeologous Recombination in
Eukaryotes

E / )
A
G /B
=¢ P
}Recombinam B B

aB
AK‘ ‘x" TéAog Meiwong |
) | B Sl | I
Ol yeveTIkéG BEoeIC TwV aAAnASuopewy Al/a kal B/b
TTOU XapToypa@oUvTal aTo i010 XpWHUOOWHA UTTOPE] "l ‘l ’l l TeAog Meiwong i
va atréXouVv TTOAU 1} Aiyo PJETAEU TOUG B -

. DNA dynamics during meiosis
TMHMA . *
MOPIAH-%’.
BIOAOTIAZE: .
TENETIKHE .
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OuoAoyoC ovo.oUVOUOOMOC

Set of ancestral

2.€ ETTITTEQO OIKOYEVEIQG chromosome

. O

Hypothetical
Chromosome

Mutation occurs

Recombination occurs

I 20 generations

(ID 50 generations
E ﬂ H E ! 2.€ eTTiTTEd0 TTANBUCOU

Figure 10-1 m The effect of recombination on the origin
of various portions of a chromosome. Because of crossing
over in meiosis, the copy of the chromosome the boy (genera-
tion III) inherited from his mother is a mosaic of segments
of all four of his grandparents’ copies of that chromosome.

ANIZOPPOIMIA 2YNAEZHZ 14




Avioopporia ouvoeonC
Linkage disequilibrium (LD)

H un tuxaia guoXETion aAANAOUOPPWY O€ dIAPOPETIKOUC
YEVETIKOUC TOTTOUG ETTAVW OTO 1010 XpWwHOowWHa!!!

ATTOKAION TOU VOUOU TOU QVECAPTNTOU
OUVOUOONOU TwV aAANAOUOPPWYV TOU
Mendel

[ATI ?
Y3



=05 6~0 0.01<6<05 Ta aAAnASpop@a D/d kal

(avegapTnTOg dlaXwPIoHOG) (TEA€Ia avicoppoTTia oUVOEDNG) (pepIkh/aTeAng M/m xapToypagouvTal
(1IcoppoTTic oUVdEONC) aviocoppoTria oUvoeong) OTO i0I0 XpPWHOOWHA

) () BN A M

Locus 1 —|D| |d Locus 1 —|D| |d Locus 1 —|D| |d
Locus 2 — M| |m
Locus 2 —|M| |m

oge oo of
Locus 2 —|M| |m

LI e I

i l i Figure 10-4 m Assort-
ment of alleles at two loci, 1

and 2, when they are located
on the same chromosome. A,
The loci are far apart and at
least one crossover between

them is likely to occur in

every meiosis. B, The loci are

so close together that cross-
ing over between them is
very unlikely. C, The loci are
close together on the same

=D
=
S|
n._;}
=0
3 a)
[0 IIS)
OENLY
S
O Y]

_ o

M |m| |m M
J v v, YRYERYERY chromosome but fqr enough
apart that «crossing over
Monrecombinant = Recombinant MNonrecombinant only MNonrecombinant = Recombinant | occursintheinterval between
(DM + dm) = (Dm + dM) (DM + dm) only (DM + dm) = (Dm + dM) the two loci only in some

meioses and not in others.

A B C

O0oo 1m0 HIKPOS gival To TTOCOOTO avacuvduaouou (8), Téoo TTIo KovTa BpiokovTtal oI U0
YEVETIKOI TOTTOI (5w Ta D/d, M/m) 2 O0TTou 0 < 6 < 0.5

ANIZOPPOIMIA 2YNAEZHZ 16




Y1revlBupion

NOJOG TOU avecapTnTou
ouvouaouou Tou Mendel

Ta aAAnASGuop@a D/d kar M/m
XAPTOYPOA@OUVTAl O DIOPOPETIKA

’ Meiosis:
XPWHOOCWHATA homologous
chromosomes

line up randomly

in one of two

orientations

Figure 10-2 m Independent assortment of alleles at two
loci, 1 and 2, when they are located on different chromo-
somes. Assume that alleles D and M were inherited from one
parent, d and m from the other.
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Avo.ouvOuaoOC

0 (1 ¢ A r) = KAaoua avaouvduaouou (recombination fraction)

* 0= 10 TTOCOOTO AVAOUVOUAOUEVWY YAMETWY TTOU TTAPAYOVTAI ATTO £vav
OITTAG eTEPOlUYWTN

e Tiuéc 6 ammd 0 wg 0.5
« 0=0 TTA}PNC ouvdEoN
« 0=0.5 avegapTnToC dIAXWPIONOC
« 0=0.01 dnA. 1/100 yauETEC €ival avaouvOuaoUEVOI

(atrootacn 1cM avdueoa oToug dUO YEVETIKOUC TOTTOUG)

ToTtT01 TTOU BpiokovTal o attdooTacn >50cM diaxwpilovTal aveeapTnTa

TMbMA . *
MOPIAKHE %
BIDAOTIAZE: .
ane ANIZOPPOMMIA SYNAESHS 18




Enidpaon tou avacuvduaopou oTn KN Ttuyala
OUOXETLON TWV AAANAOUOPP WY

O avacuvduaouds avaueoa o€ dUO YEVETIKOUG TOTTOUG TEIVEI VA TUXAIOTTOIEI TOUG
OuvOUQCOHOUG TwWV aAANAOUOPPWYV ATTO YEVIA O€ YEVIA.

O pubudc autnc TS diadikacoiag e¢apTaral atrd Tov pubud avacuvduacuou

AvAPETA O€ AUTOUG TOUG TOTTOUG.
Hapiotype biocks

Aev yvwpiloupe akpIBWC T \
BloAoyikr) BAon yiaTi OPICUEVES
o . .
e :
% E

TTEPIOXEG TOU YOVIOIWHATOG
eM@avifouv peyaAn ouxvornta
QVOOUVOUAOHOU VW AAAES
ECAIPETIKA XAMNAN.

i n

mr*rrﬂ:lhlar'l:fl' recombinabon in !?Elr"ﬁfﬂ'mmﬂ o
TAEMDE ¥ Ginteiss

TMbMA . *
MOPIAKHE %
BIDAOTIAZE: .
I'ENEHKHE *
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ATTAOTUTTOI

['ovoTuTroc: AaBb

AUVOTOI ATTAOTUTTOIL:

ATTAGTUTTOGC 1 ATTAOTUTTOG 2
A} J a
B } 1b
Al 1 a
b 4 1 B

£ E ATIAGTUTTOC 3 ATIAGTUTTOC 4



[ ovOTUTTOI KOOI ATTAOTUTTOI

‘Evac YEVETIKOG TOTTOG: AUO YEVETIKOI TOTTOI:
Homozygous wild type  AA Locus1 Locus2 AmAOTLTOL:
Homozygous alternative aa AA BB ii
Heterozygous Aa aa bb 4B

Aa Bb ab

IMoAAaT1TAoi VEVETIKOI TOTTOI:
Locus1l Locus?2 Locus3 Amidotumot.

AA BB CC ABC
ABcC
aa bb cC o
Aa Bb Cc Abe
aBC

5. G aBc
:m%& abC
TENETIKHE *

e &, abc



ArtAoturioc (haplotype)

‘Eva cuvoAo aAANAOUOPD WV YOVISLWV/YEVETIKWY TOTIWV OE EVOV OPYAVLOLLO

TIOU KAnpovopouvtal poll amno €va yovea

o [.X. LoxVeL yla ouvedepéva yovidla/yevetikoU ¢ TOMoUG ou Bplokovtal Kovta,
TIAvVw oTo 810 YpwHOoW U

° M.X. ot moAupopdLopol ptoxovdplakou kal YAwpormAaotikol DNA, kaBwg kot Tou
DNA tou Y xpwpoowpatog (1n Yevdoavtoowuikeg meploxeg PAR1 & PAR2) mou
KANPOVOUOUVTAL ATTO EVOL YOVEQ XWPLC avaocuvOuaoHo

Nopadeiypota AAAWY XPriOEWV TOU OPOU (BAéne endpevn Stadavela):

> 'Eva ouvolo amo nmapaAAayEg (=moAuvpopdlopod) (T[ X. SNPs) o€ éva xpwHoOowa
Tou telvouv va epdavifovtal pali (sival oTaTloTiKA oXETI{OUEVEC)

° TLY. €épELVA 00BeVELWV 0TOV AVOpWTTO HEoa amod To mpoypaupa HapMap

> Eval 0UVOAO OUYKEKPLUEVWYV TTapaAAaywV pHEoa o€ €va TR DNA og €va ATtopo

¥4 ANIZOPPOIMIA 2YNAEZHZ 22




ATAOTUTIOL TTOAU HOP DKWV BEcEWV

2.UVOUQCOHOi AAANAOHOPPWY DIAPOPETIKWYV TTAPAAAAYWY (=TTOAUHOPPICHUWV)
O€ EVa XPWHUOCWHA

O1 TrapaAAayéc ptropei va gival Tuttou RFLPs, pikpodopugdpol, SNPs, KTA

« 3 dilaAAnAikoi (biallelic) TroAupop@Iooi 23=8 duvaToi aTTAOTUTTOI

* 7 OIaAANAIKOI TTOAUpPOPYICUOI 27=128 duvaToi aTTASTUTIOI

Av UTTapyouV AIyOTEPOI ATTAGTUTTOI ATTO OTI AVAUEVETAI CUM@PWVA JE

TO VOMO TOU AVECAPTNTOU OUVOUACOHOU, TOTE OI TTAPAAAQYEC TTOU
MEAETAME €ival O€ avioopPPOTTia oUuvOEC NG

+ Linkage Disequilibrium g LD



[Tapadeypa pe deiktec RFLPs

Ma 3 Seikteg RFLPs umdpyouv 23 = 8

, ) 1 ++s
duvartol amAoturot - OEQPHTIKA 2 e
Moool amAotunol Ba mapatnpnBouv 3 e
o€ éva Selypa; - MPAKTIKA 4. -++ 1

U S
E€aptatoal amno: 6 -+
° TNV avloopporia cuvdeong avapeo T —+
oTLc O¢oeLc (RFLPs, SNPs, aAAa loci) g —

o ToV MANBUOUO UTO HEAETN

° TO HEyeBoC Tou MAnBuouLlakoL
Sdelypatog

° TIG OUXVOTNTEC TwV aAAANAoUOpdPwWV oTOV
dedopévo mAnBuouo




Ac peAeTRAOOUHE DUO YEVETIKOUG TOTTOUC A Kal B pe aAAnAopopoa

AAANAGHOpRa ZuyxvoeTnTa

A= A P Pi+p, = 1
a= A; Pz
B = B, 9 qi+q; =1
b = B, Y4z

L]
-
-

TMbMA *
MOPIAKHE %
Y BIOAOTIAZA: Y—e &
ENETIKHE ¥ +

e
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looppormia ZUvdeong
(linkage equilibrium)

Avicopporia ZUvdeong
(linkage disequilibrium - LD)

(mApng)

Y1trapyouv 4 mi0avoi YONETEG

MapéTeg
A’l B’l
A’l BE
AE B’l
AE BE

2UXVOTNTA ATTAOTUTTOU

X3 X+ Xo+Xq+X, = 1

AB=25%  f(Ab)=f(A) x f(b)
— . Ab=25%

B b
SSENT

a —

° 2 [l

AB = 50%
el f(Ab)B 4 f(i)xf(b)
s aB= 0%
T b= 50% A

JEE




Linkage Equilibrium

Tuxaia cuoX£ETION AAANAOHOPPWYV OTOUG YOMUETEG

Tétrog B

B, B,

d4 g

A ABy AB,
i X1=P14y | X=P102

Toétrog A
:2 AJB, A,B,
2

X3=P20y | X4=P202

E‘ X-1+X2+X3+}(4 - 1

e



loopportia ZUvdeonC

possible haplotypes
(combinations)

SNP#1 SNP#2 Allele frequencies
C A
#
C=03
SNP#1
CI GI T=07
T A
# A=0.1
SNP#2
T G G=09
#

Expected haplotype frequencies

CA=03x0.1=0.03

CG=03x09=027

TA=0.7x0.1=0.07

TG=0.7x09=0.63

210 OEiyHa HAG TTAPATNPOUME OAOUG TOUG duvaTOUG
ATTAOTUTTOUG, UE TTOIKIAEG CUXVOTNTEG

ANIZOPPOIMIA 2YNAEZHZ
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Linkage Equilibrium

Parental
Genotype

/ —Q—D—Azﬂz\

Nonrecombinant Recombinant
Chromosomes Chromosomes
——— A B. x ——{ — A.B, X
-—::H:h AZEE ){q —:_—:,‘+ AEE] }{3
Gamete  Frequency Allele Frequency
AqiB; X4 = P19 A, P{=X+X%,
A.B ¥ = _
122 > P19 A Po=Xq+ X,
AsB, X3 = P20y B, Q=X+ X
AsB; Kg = P29 B, =X+ X,

¥4 ANIZOPPOIMIA 2YNAEZHZ 29



[MANpNc Avicopportia ZUvOeoNC

MNapddeiypa yia 2 SNPs:

SNP1: A 50% C 50%
SNP2: A 50% G 50%

SNP1 SNP2 ouxvornTta
A A 0,5x 0,5 =25%
A G 0,5x 0,5 =25%
C A 0,5x 0,5 =25%
C G 0,5x 0,5 =25%

210 OEiypa HOG UTTOPEI VA TTAPATHPOUME HOVO BUO aTTAOTUTTOUG
AACCATATC...CGATT... 2 p(AG)=0.5R 50%
AACCCTATC..CAATT...> p(CA)=0.5R150%

L]
e *
]
MOPIAKHE =%
BIOADTIALS: .
TENETIKHE +
ane

o




Noapapetpog avicopporiac cuvdeong, D

Lewontin and Kojima (1960) Evolution 14:450-472

Fapétng  Zuxvornra

AB, X4 =p,q,tD

AB, Xy =p,9,-D

AB, Xy =p,q,-D

A;B, Xy = p,a,+D
D =X%-p49,

= QUTO TIOU TIEPLUEVOULIE OE
= QUTO TTOV TOPATNPOVUE Loopporia ouvdeong

H TipR D gival pia TTapAapeTpog TNG atTOKAIONG TNG
ouxXvOoTNTAG TOU KABE aTTAGTUTTOU ATTO TO OEVAPIO
E TNG I00PPOTTIaG oUVOEONG

]
TEBA &
MOPIAKHE H
BIDAOTIAZ: .

TENETIKHE .
Ane



MapaupeTpoc avicoppoTriag ouvdeong, D

AvVTIKaBioTWVTOC:

D = %-pyq; Py =% %
By =%y,
qi=%F43
Q=X+

D = XXX, e

L]
-
-

TMbMA *
MOPIAKHE %
Y BIOAOTIAZA: Y—e &
ENETIKHE ¥ +

e
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Noapapetpoc avicopporiac cuvdeong, D

Marpikég
aTTAOTUTTOG

# A1B1

/ e = A.B, \

Mn avaocuvduaouévol Avaouvduaopévol
YOMETEG YOMETEG

—&—i— AB, x —&—{— AB, x
— ] e AB, X, ol A.B, X,

D = 10 YIVOHEVO TWV CUXVOTATWY TWV HN
AVOOUVOUNOHEVWYV YOMETWY HEIOV TO YIVOUMEVO TWV
OUXVOTATWY TWV AVOCUVOUAOHEVWYV YONETWYV

al

L]
2 *
]
MOPIAKHE -
BIOAOTALA:
TENETIKHE +
ane

e



Estimate of D in case of Linkage Equilibrium
If allele frequencies of p1 and g1 are both 0.5 and equilibrium
occurs

x, =p1g1=0.5 x 0.5= 0.25
X, =p29g2=0.5 x 0.5= 0.25
X, =p1g2=0.5 x 0.5= 0.25
X3 =p2g1=0.5 x 0.5= 0.25

* *

D = (0.25) (0.25) - (0.25) (0.25) = 0




Estimate of D in case of Linkage Disequilibrium

If allele frequency of p1 and q1 are both 0.5 and there is
complete non-random association (only as and as, :xist in the
population) with equal allele frequencies at all loci -

x, =plgl+D = 025+D = 0.5

X4 = p292+D = 025+D = 0.5
X, =plg2-D = 025-D =0
X3 = p2q1-D = 025-D =0
D=X*X, — X,*X5

D = (0.5) (0.5) - (0) (0) = 0.25

TMEMA

MoPiaz T
BIOADMAZZ: ‘= ®
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Estimate of D in case of Linkage Disequilibrium

If allele frequency of p1 and g1 are both 0.5 and there is

complete non-random association(only A&. and A=. 2xist in the population)
with equal allele frequencies at all loci

X, =plq1+D =025+D = 0

Xs = p292+D = 025+D =0

X
N
]

p192-D = 0.25-D =05

X
W
I

p2q1-D = 0.25-D =0.5
D=X*X, — X% X,

D = (0) (0) - (0.5)(0.5) =-0.25

TMbMA - *
MOPIAKHE %
BIDAOTIAZE: .
TENETIKHE *
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|blotntec tou D

Ao tomoL aveéaptntol €xouv D=0
o Otav untapyel avicopporia cuvdeong €xoupe D#0

To mpoonuo sivat avBaipeto
o Aappavel tipec amnod -0,25 we 0,25

AUOKOAN n oUyKpLON aVAUEDSO O€ TEpLocOTEPA (eVyYN OELKTWV

H tiun tou e€aptdatol amo Tig cuxvotnTeG TwV aAAnAopopdwv
o Amoauteltol otabuion

o MrmopouUpe va SLoPECOUE TO D Ye TN PEYLOTN TIUA TTOU UTTOPEL var AdBEL yLa TLG
OUYKEKPLUEVEC cUXVOTNTEG AAANAOLOPP WV

Dmax = n HKPOTEPN TLUA TwV p1g2 kat p2ql otav D>0
N
Dmax = n ULKPOTEPN TIUA TwV plgl Kot p2qg2 otav D<O




>TaBuLlopevoc detktne D

|D'|=1, tote £XoUpE AMOAUTN avLoOPpPOTILAL CUVOEDNC
° TOUAALoTOV évac amAoturog Sev mapatnpeital

° |D'|< 1, onuaivel mwg n amoAuTn TPOYOVIKA avicopportia cuvdeong EXEL
StatapoayBel

Yriepektipnon tn¢ aviocopporiag cuvoeonc
o |SLaitepa Otav to HEYEOBOC Tou Selypatog eival HLKPO
o ‘Otav €va TouAdyLlotov armo ta aAAnAopopda eivol omavio

o MeyaAn rubavotnta va unv doupe Eva aAAnAopopdo oto deiypa amo tuxn

ANIZOPPOIMIA 2YNAEZHZ
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MapdueTpOC avIoOppPOTTiaE ouvdeonc, r?

Hill and Robertson (1968) Genel Res 8:269-294.

Square of the correlation coefficient.

rE = DE
PP

O<ri<1

2UVTEAEOTNG ZUOXETIONG

-l << ,
1 r<1 KT Pearson

L]
-
-

TMbMA *
MOPIAKHE %
Y BIOAOTIAZA: Y—e &
ENETIKHE ¥ +

L)
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2TATIOTIKI) OUOXETION

r°=(Xy - X4 — Xy - X3 )?/(P1- Po- 0y - Uy)

e EKTING OTATIOTIKI) CUOXETION

« [a xapnAéc ouxvoTnTEC aAANAOPOPPWV, TO r? gival TTIo AgIOTTIOTO
ato 10 |D’.

e r2=1T1éAeia LD. O1 rTapaTtnpriocic o€ £va OEIiKTN TTPOTPEPOUV
TTANPEIC TTANPOPOPIEC YIa TOV AAANO — DeV €ival atTapaitnTn N
TUTTOTTOINON KAl TwWV OUO

e >=1 qav Kal JOVO av Ol OEIKTEC BEV £XOUV dIaXWPIOTEN TTOTE ATTO
AVACOUVOUOAO MO Kal €XOUV akpIBwC TIC idIEC TUXVOTNTEC
aAAnAopdppwyv. Tote, JOVO TTapaTnEOUVTAl dUO ATTO TOUG
TEOOEPIC TTIBAVOUG ATTAOTUTTOUC

https://pbgworks.org/sites/pbgworks.org/files/measuresoflinkagedisequilibrium-111119214123-phpapp01_0.pdf



>UYKpPLON

2 e€aptaral atro TIC oUXVOTNTEC TWV AAANAOUOPPWY Kal
gival OUOKOAN n €ppNVEia TOU yIa OUYKPION aQvAPEDQ O€
TToANaTTAOUG OcikTeC (Hedrick, 1987)

|ID'| oxetileTal aueoa ye To KAQoOPa avacuvduaouou Kal
gival To uovo PETPO LD TTOU Ogv eTnpeadleTal atro
OAANAIKEC OUXVOTNTEG

|ID'[=1 av euygavifovTal 2 1 3 atTAGTUTTOI
r2=1 gu@avidovral yovo 2 armrAdTtutrol — TEAgia LD

Evdiaueoeg TiuéEG Tou |D'| gival OUOKOAO va EpUNVEUTOUV



Raw |D’| data from Chr22
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Abecasis G, University of Michigan,
http://csg.sph.umich.edu/abecasis/class/666.03.pdf



Raw r? data from Chr22
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Ontikomnoinon LD

50 kb 100 kb 150 kb
| | | | | | | | | | | | | | |
1 I |
i [ I | | I i I i I
SNP# 1 2 3 4 5 6 7 8 9 1011 12 13 14
11 I P / / / s [ AN " \ |
[ [ | / ro7 » NN \ I
I I 1 | I ! / ! ra [} \ 5 \ |
I R I I ’ ! NN \ I
I [ B | rod Py ] N \ [
(I [ ! / ;" P I AN \\ I
I [ ’ 1 N [
I I e 1 N \ I
1 [ ! ;o ’ ] A \ \ [
[ I B | :" T I OOV I
vy )1/ [/ Haplotype \ Allele N\ )\ ! Haplotype
1 2 3 45 6 7 8 9 frequency 10 frequency 11 12 13 14 frequency
G TCCTTCTCGA 40% G 40% CGTA 42%
ACTTGTTTT 30% A 60% TGT A 31%
A CCCTCTGA 11% 100% C TCT 26%
G TCCTCTGA 9% 99%
G TTCTTCTGA 8%
98%
CLUSTER 2




Ontikomnoinon LD

Complete
disequilibrium

14 kb Complete
equilipsi S C ] o
10 1 10 100 1000
Generations

11

12 42 kb

13

0.8 14
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[ewypadkn poeAevon kat LD

KaBwg n LD e€aptdtal amod tn YEVETIKA amootacn 060 Kal armo Tn XPOoViKn mepiodo mou
npwtospudaviotnke pia mapailayn (moAvpopdlopoc), mAnbuopol pe dStadopetiki
Lotopia (ry Adplkavoi vs Kavkaotlot vs Aclatec) pmopel va deixvouv SLapopeTIKEC TLUEC
D’ petaél twv dlwv delktwyv oto yovidlwpa:

Africans: Ave LD block = 7.3kb
Asians: Ave LD block = 13.2kb
Caucasians: Ave LD block = 16.3kb

African

East
Asian

European

A

Ancestry Informative Markers (AIMs)
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Ancestry Informative Markers — AlMs

MAnpodoplakol SeIKTEC TNC KATAYWYNAC

® InUavtikég StadopEg otn ouxvotnTa
aAANAoUOp P WV OpLOPEVWY TTApaAAAY WV
SIRE TUTou SNPs mapatnpAOnkav PeTagy
T SladopETIKWY MANBUGUWV.

002~

® ATIOTEAECUA YEVETLKIN G TTOPEKKALONG ] TOU
dawopgvou tou 1putnA N StadopEg emAoyng
OE OUYKEKPLUEVEG YEWYPAPLKEC TIEPLOXEG/
ouvOnkeg?

002+

004~

® XpNOLUOTIOLOUVTAL O LEAETEC KATAYWYNG
\ TOoU avBpwrvou £(60U¢, TNG LETAVACTEUONG
002 000 002 Kol oTNV Lotpodikaotiki (mAnbuoptakn
- KaTaywyn Tou 6pAaotn) Kot TG LEAETEG
Principal Component Analysis (PCA) OUGOXETLONG O€ €Mined0o oAU yovISLWUATOG
(GWAS) yia tnv eAdttwon Twv Peudwg
Avaluvon kUpwwv (N Baolkwyv) CUVICTWOWV BETIKWV EUPNUATWY

TMEMA

MOPIAKHZ

Ad

BIOAOTIAZZ: \—o &

FENETIKHE @
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Testing for statistical association between two known
SNPs. In this example D=0.21-0.0 = 0.21 and D’=/
SNP1 and SNP2 are in LD R s M

p192 kai p2g1 6tav D>0

SNP1

Nucleotide A G
P> P1

Frequency 0.30 0.70 Expected

Nucleotide Frequency

d; C 0.70 Ob
Serv

Fig. 9 Linkage disequilibrium
illustration. A hypothetical example
of two single nucleotide polymor-
phisms (SNPs) that are either in
linkage equilibrium (random

14 0.30 association of alleles according to
q2 0.09 0.21 allele frequencies — see text for

n 00 details) or linkage disequilibrium

(nonrandom association of alleles)—
shown in red.

E’%%;ﬁ%‘ From Kaessman & Paabo 2002
Tome, (The statistical test is a chi-square test)

SNP 2




[TpoodLOPLOUOC TNC
OTATLOTIKNC ONUOVTIKOTNTOC

Determining Significance

£ (O-E)?
X*=2
o L
df =1
E https://www.ncbi.nlm.nih.gov/books/NBK22084/
I'ENETIEHH%.I;



[Tapadeypa — Opadec Alpotocd

S s S s MS=474/2000=0.237
N=2000 &ropa 474 | 611 X, X, Ms=611/2000=0.3055
(=yovaéTtuTror) 0237 | 09099 NS=142/2000=0.071
142 | 773 Xs X4
0.071 |0.3865 Ns=773/2000=0.3865
Matpikdg
ATTAOTUTTOG
il 1115
/ —O—{T— Ns \
Mn avacuvduaopuéva Avaocuvduaopuéva
XPWHOCWHATA XPWHOOWHATA
—&—— NS x, ——{— Ms
] Jn NS X, el NS
gggmm%: https://pbgworks.org/sites/pbgworks.org/files/measuresoflinkagedisequilibrium-
I - 111119214123-phpapp01_0.pdf



[Tapadelypa — Ouadec AipaTtog

S S
M X X
0237 | 03055
N Xy Xy
0071 | 03865
Gamete  Frequency Allele Frequency
MS Xy =0.2370 M Py = X+X;=0237 + 0.3055 = 0.5425
Ms X5 = 0.3055 N Po= X3+X, = 0.071 + 0.3865 = 0.4575
NS X3 =0.0710 S Q= X+X3=0237+0071 =0308
Ns X, = 0.3865 S 0, = XyF X, = 0.3055 + 0.3865 = 0.692

Y160eon Ho: E@boov TTaparnpoupe OAOUG TOUG ATTAGTUTTIOUG, OI TOTTO!
BpiokovTal o€ I00pPOTTIa OUVOEDNG (ACUVOETOI)



[Mapdaodelyua — Opdadec AipaTtog

Gamete  Frequency Allele Frequency
MS  X,=0237 M p;=05425
Ms X5 = 0.3055 N p,=04575
NS  X3=0071 S (,=0308
NS  X,=03865 s Qy=0865060
D = X, %,-X, X, D =(0.237)(0.3865) - (0.3055)(0.071) = 0.07
D D= 007 _ 0.q,=0.141<p.q,=0.377
D’ — D - 0141 - EIE' 21 ) 2 -
max
2
2= b 2= 0.07° -Dﬂﬁ
P12/,?CI1*~'11 (0.5425)(0.665)(0.308)(0.665) =
2 0.4575 0.692 0.092
..i r— { DE |Ii_ —
MoPlaE - F= —
ey B ¢ h/p}ﬂzchqz / o -0hs
e &> 0.092 0.304
ot P2



Napadeypo — Opadec Alpotog

A
; (O — E)_ degrees of freedom,df = (r—1) = (c— 1)

}Lr T = Z l’jf — l where r = number of rows
E L

1 ¢ = number of columns
I=

Observed Expected
S s S s
M | 474 | 611 M | 334.18 | 750.82 | Eiisthe expected frequency
i = Visotal * Citotal
N | 142 | 773 N |281.82 |633.18 grandoal

= -\.

(474-334.18) (611-750.82) (142-281.82) (773-633.18)
334.18 750.82 281.82 633.18

A= ~ 184

KataAnyoupue nwg n untoBeon Ho katappintetal: Ymapxel onuavtiko LD p < 0.001
HeETAEL TwV SU0 yeveTikwy tontwv (D’=0.5) - H mapatnpolpevn amokALlon

avapeoa oto neipapa (observed) kat Tig BewpnTikeg (expected) TIHES eival

HAaAAov amiBavo (0L Opwc aduvato) otL odpeiletal povo otnv TUXN.



Determining Significance

. .5.' (O . E)_
X° =X df =
- E
S s S S
M 1 0 M 0.51 0.49
N 50 | 49 N 50.49 | 48.51
D=1
X*=0987
p=0.10

Y1606eon Ho: E@ooov dev TTapatnpouue OAOUG TOUG ATTAOGTUTIOUG, OI TOTTOI
BpiokovTal o€ avicoppoTria ouvdeons (CUVOEDEUEVOL)

KataAryoupe nwe n unmoBeon Ho AEN katappimtetat: Yrapxet onuavtiko LD petaéd twv dUo yevetikwy tonwv (D’=1) —
H mapatnpoUpevn amokAlon avapecsa oTig mapatnpoUpeveg (observed, aplotepd) kot Tic OswpntikeS (expected,
6e€1a) TLpEC odeileTal otnv TUXN - To melpapa cupBadilel pe tnv umoBeon ou KAvVaUE Kal SV TIPETEL vaL
anoppiPoupe TV UTOBECN HaC.

Mpocoxn otn xprion tou Chi square test yLa TILEG KEALWY <5



Noapayovtec mou ennpeAlouv TNV

] h yovidiwua
OLVLOOPPOTILOL CUVOEDNC

TTANBUOOC

H avicoppoTtria ouvdeonc dlapEpel avapeoa o€ dIAPOPETIKOUG TTANBUOOUG
KAl QVAPECO O€ DIOPOPETIKEG YEVETIKEC TTEPIOXEC

« QuoIKr} aTTOOTOON AVANECA O€ U0 YEVETIKOUC TOTTOUC
« PuBuoc avaocuvduaopou Tou YovIOIWUATOC
« MeTaAAGceig (yovidiakn pon)
« QuoIKn eTTIAOYN
« Tuxaia yeyovota (YEVETIKI TTAPEKKAION)
daivéuevo Tou 1I5puTH (founder effect)

["eveTiK oTeEVWTTOC (bottleneck)

* [TANBUCMIOKES TTPOCOMICEIC (admixture) 1) opouIgia (atTopovwuévol TTANBUGOI)

0l
TMEMA &
MoPIAKHE [0
BIOAOTIAZS: .
MENETIKHE .
ane

o



To D oyxetiletal e to pubuo
AVOLOUVOUOLOOU

D, = (1-0)D,

Otr0U 6 TO KAGOUQ avacuvduaouoU



XWwpig avaouvouaouo

B b

A PaPet+Das PaPo—Das  Ppa
a PP~ Dapg PP+ Das  Pa
Ps Po

O1 ouxvoTNTEG TWV ATTAOTUTTWY TTAPANEVOUV
E oTaBePEC OTNV OIAPKEIA TOU XPOVOU

TENETIKHE



Me avaouvouaouo

B b
A PaPe+ (1 - 60)Dgs PaPy — (1 — 6 )Dyg Pa
& PaP,— (1 — 0)Dpg PaPy +(1— 6)Dpg P
Ps Po

E H avicoppoTtria ouvdeong UEIWVETAL...

TENETIKHE



OewpnTIKOC puBuOC pelwong tne LD petaél Lo yeEVETIKWY TOTIWV
wWC oUVAPTNON TOU XPOVOU (VEVLEC)

Complete
disequilibrium

Complete
equilibrium

Generations

Figure 10-11 m Theoretical rate at which initial
linkage disequilibrium between alleles at two loci
decays and the alleles approach linkage equilibrium
as a function of time and various values of recombi-
nation frequency, 8, between the markers. (Adapted
from original figure by G. Abecasis, University of
Michigan. http:/lwww.sph.umich.edulcsglabecasis/
class/666.03.pdf.)
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Change in D over time

D, = (1-c)D,
0.25 — —
0.7 - c=0.001
w18 c=0.01
0.1 4
0.05 -
(] 0 e —
35 40 45 &0
-0.05 -
-0.1 4
015 4
-D.z—//
generation
mﬁ% Each generation will decay until D = 0.
TENETIKHE .
— &%



Published: June 2008

Linkage disequilibrium — understanding the
evolutionary past and mapping the medical future

Montgomery Slatkin

Nature Reviews Genetics 9, 477-485(2008) | Cite this article

Linkage disequilibrium (LD) is one of those unfortunate
terms that does not reveal its meaning. As every
instructor of population genetics knows, the ferm js 3
barrier not an aid to understanding. LD means simply

@ nonrandom association of alleles at two or more loci,

g : I ther 1inl

lack of equilibrium. The term was first used in 1968 by

Lewontin and Kojimal and it persists because LD was
initially the concern of population geneticists who were

not picky about o |jnkage disequilibrium (LD) is the nonrandom association of alleles of different loci.

definition was c

e i mer [l There is no single best statistic that quantifies the extent of LD. Several statistics have

biology and huma  heen proposed that are useful for different purposes.
of population ge.._ ___ . . _., ol i = g -

rapidly in the 198¢ . . .
mapping became evic ® IMhumansand other model organisms, LD between marker alleles and traits of interest

closely linked loci  gllow fine-scale gene mapping. Many recent genome-wide association studies have

was too well establ ] ] ) ) ] ]
successfully mapped SNPs associated with complex inherited diseases in humans.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5124487/

ANIZOPPOIMIA 2YNAEZHZ




H avicoppornia cuvéeonC eivat xpAoLun...

 ['la Tn dlgpeUivnoNn TNG 1I0TOPIAC TWV TTANBUCHUWYV

 [10 TN XapToypa@naon yovidiwv

(YVwpiopata/XapakTrpec | voornuata/diatapaxEc)



Xaptoypadnon yovidlwv Kol
aVLoOpPOTILO. cLVOEONC



Movoyovidiaka
VOO MATA
Mikpn TTTITLWON YA TN
OnuooIa uyeia
‘Eva yovidlo — pia vooo¢
MevoeAiavn
KANPOVOUIKOTNTA
2TTAVIEC NETAAAAEEIC
KAQOOIKNA YEVETIKN
[Tapadeiyuara:
— Noooc¢ Tou Huntington
— KuarTikn Tvwon

ANIZOPPOIMIA 2YNAEZHZ

[ToAUTTAOKQ
VOO NMHATA
20[3apn ETITITWON YIa TN
OnuoaIa uyeid

[MoAAG yovidia — pia
vOOOC

[TOAUTTAOKO TTPOTUTTO
KANPOVOMIKOTNTAC

2 UVNOBEIC VEVETIKOI
TTOAUPOP@ICUOI
Aduvauia KAAOOIKAG
VEVETIKNAC
[NMapadeiyuara:

— ‘Epgpaypa

— AlaBATNC

— 2XI(oppeveld




[EVIKO oxnua xoptoypadnonc yovidilwv

[ Evdeigeig yeveTikng Baong? ]

|

[ TxeS100u6G MeAéTng ]

T

[Meyd)\eg OIKOYEVEIEG ] [ Sib pairs ] [ Mepovwpévol aoBeveig
[ 2UAAoyn SelypdTwy, 0ESONEVWY, YOVOTUTTNON ]
AvdAuon

[ |
AvdaAuon
20vdeong
N v

MpoodiopIcuOG UTTOYWHPIWYV
YEVETIKWV TTEPIOYX WV

®uoikn Xaproypd@non/Evrotmriondg yovidiou



2UvVOEDN KAWL ZUCYETLON
(Linkage and Association)

OL pelétec avaAuvong ocuvdeonc
XPNOLUOTIOLOUV LEUOVWHUEVEC OLKOYEVELEC LLE
npooBeBAnpeva LEAN Kal tpooTiaBolv va
deitouv ocuvdeon avapeoa otov GalvoTumo
Kall yeveTikou¢ deiktec (ovoyxetilovral
VEVETLKOL TOTTOL KOl OXL aAAnAopopda)

OL pelétec ovoyetionc Baoilovtol og
nAnBuopouc kat mpoornabouv va deiéouv
OUOXETLON OVALECO O€ EVOL CUYKEKPLLLEVO
aAANAOLOpdO EVOC YEVETLIKOU SelkTn KAl TNV
npodLabeon ). yla pLot vooo (oTaTLoTLKOC
EAEYXOC TNC TOUTOXPOVNC TIOPOUCLOC EVOC
OUYKEKPLULEVOU aAANAOpOPdOU KoL EVOC
dawvoturmov)

fl:i:liage anal?sj(
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| ;T::‘:: e HQJ:
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The Allelic Architecture of Disease

What is it and how do we discover it?

ia_l:%é.

e

Q

= .

L.a Rare, high penetrance

o mutations — use linkage

o

- Common, low penetrance

g variants — use association

=
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Frequency in population




©o @ cF1R z;r“sos_ (Cystic Fibrosis) :
Highly Penetrant I
Mendelian Common Variants |
= Large Kitatione with Large Effects
% () APOE4 (Alzheimers) E
ﬁ CFH lA;A.bIH E
© 5.0 ,
© | Less Common :
O Moderate i Variants with
@ 1 Moderate Effects |
~N | () NOD2 (Crohn's Disease) n ,
& | .
t i @TNFRSFIA!MuhipIe Sclerosis) ™
gq:) e i Qreenapez0abete) - mmon Variants
w  Small | Rare Variants with ~ “._ with Small Effects
1.2 i Small Effects Identified by
} GWAS
, : LMTK2 (Prostate Cancer) )
10 L e ——
0.001 0.005 0.05 0.5
“Mutations” Rare Low Frequency Common

Allele Frequency




[MoiKIAOTNTA TOU avBpwTTivou DNA

* AUO GToua gival duola Kata 99.8%
* To 90% TtNnC dlapopac opeileTal oe SNPs

 Y1rohoyiovtal 10.000.000 ocuvndn SNPs
(MAF>10%)

* dbSNP: >9.000.000 kartaxwpnoeig

[Tol10UC OEIKTEC TTPETTEI VA ETTIAECOUE;



MeANETEC OCUOYETIONC

|

SNP1 SNP2 | SNP...
Cases ~ Cases | Repeat for all
Count of G: Count of G: SNPs

2104 0of 4000 | 1648 of 4000

Frequency of G:| Frequency of G: ‘

- 52.6% 41.2%
Controls Controls
Count of G: Count of G:

2676 of 6000 2532 of 6000

Frequency of G: | Frequency of G:

44 .6% 42.2%
P-value: l P-value:

50307 0.33



A block-like structure of the human genome...

SEFTE ILs IRF1 P4HAZ FACLE

= ool . e

IL4 IL12 RADSD OCTNZ OCTNT  PDLIMZ CS5FZ2 L2

&= genes W1 Hebelb B ] I

SNPs i | 11 b 1 mm [N I TLIEn I Al (NNl R N

1
L IL Il IL
I

DN

| | 1 | | | 1
GEACARCC, |TTACG., OGEAGACGA, ,OGCGOCCGEAT — CCAGC  COCGAT  CCCTGCTTACGGTGCRGTGGCACGTATT*CA  CGTTTAG, ACRACA,  STTCTGRM, TATAG
i K fx‘i«;ac'm % TPECCCOGECT, CARCC  CTGAC [/ CATCACTCCCCRGACTGTGATSTTAGTATCT — TRATTGGE %, GTGACG A ge-- 517> TATCR
AATTOGTGY |[CCCAR ¢ '-c:'sc;n.s;n.c's;-:--.;«"':.«c-r-:;«_'r_as:r.=s._=s.1:'-:'u‘:_~1~ G0GCT _~CTGAC, TCCCATCCATCATGGTCSAATGOSTACATTE _-TGTT*GA Y, GOGGTE < TG*GTAR~-"  ~*~ 0GGECG
“rreococcarce  Csccaces” ATACT COCCGCTTACGGTGCAGTGGCACSTATATCE TGATTAG — ACGGETE
block 1 block 2 block 3 block 4 block 5  block 6 block 7 block B block 9 block 10 block 11

84 kb 3 kb 14 kb 30 kb 25 kb 11 kb 92 kb 21 kb 2T kb 55 kb 19 kb

I’:' 96% O7% 92% 949 93% a97% 93% 91% 92% =0 Q5%

Table 1 » Haplotypes of SNPs in block 1 (8 SNPs/84 kb)*

Haplotype Observations
GGACAACC 283 (83.2%) haplotype A
AATTCGGG 40 (11.8%) haplotype B
GATTAGCC 2 (0.6%)

GGTCAGCC 2 (0.6%)

*Another 13 chromosomes (3.8%) were observed that matched haplotype A

or B at all alleles except one, and might represent gene conversion or an
Daly et al. (2001). Nature Genet 29: 229-232 undetected genotyping error.




Block atTAOTUTTWYV Kal MEAETEC
OUOXETIONC

|6avika Ba BEAQUE VO UTTOPOU LE VOL CUYKPLVOULLE OAQL TaL
urtapyovta SNPs avapeoa o€ pa peyaAn opado acBevwyv Kot
ua opada controls

ATIOLYOPEUTLKO KOOTOC

Xapn otn doun tou avBpwrivou XovuSubuou:oq dev gival
oIoPaltNTO va yovoturtnoou e oAa ta SNPs

OL LEAETEG CUOYXETLONG UTITOPOUV VA ETUKEVTPWOOUV HOVO ota
avtutpoowrnevtikd tagging SNPs (tagSNPs ) tSNPs)



htSNPs-haplotype tagging SNPs

* Mia utto-opdda SNPs o€ Evav atrAOTUTIO
TTOU €ival APKETA yIa va KaBopioouv OAa 1O
UTTOAOITTa

Haplotype 1
Haplotype 2

Haplotype 3

if a chromosome has alleles G and C at the two tag SNPs position,
then it has the Haplotype 3.




Human Sequence Variation

SNP SNP SNP

a SNPs i \ L
Chromosoma1 AACACGCCA.... TTCGEGGGTC.... AGTCGACCG....
Chromosome2 AACACGCCA.... TTCGAGGTC.... AGTCA ACCG....
Chromosome3 AACATGCCA.... TTCGGGGTC.... AGTCA ACCG....
Chromosome4 AACACGCCA.... TTCGUGGTG..:.: AGTCGCUACCG...:

b Haplotypes
Haplotype1 CTCAAAGTACGGTTCAGGCA
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotype3 CCCGATCTGTGATACTGGTG
Haplotype4 TCGATTCICGCGGTTCAGACA
v v v
A T c
¢ Tag SNPs = ~ -~
G c G

The International HapMap Project, Nature 2003



SNP density across genome
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The HapMap Project

2.TOXOl:

« KaBoplopocg TnG OopNG Tou avBpwTTivou YOVIDIWMOTOC

* [Npoodiopiouog tSNPs

e ANUOCI0TTOINCN TS TTANPOPOPIAC

* |lOXUPO EPYAAEIO VIO TTIO ATTOTEAECUATIKEC MEAETEC YEVETIKNC
OUOXETIONG

ddaon I: 1.000.000 SNPs (1 SNP/5kb) yia 270 avBpwTtToug
The International HapMap Consortium (2005), Nature



"':;{.7 Vf HCPMGP POPUIGTion Samples

Project launched in 2002 to provide a public resource for
accelerating medical genetic research

270 Individuals from 4 Geographically Diverse Populations
YRI: 90 Yorubans from Ibadan, Nigeria
30 parent-offspring trios

CEU: 90 northern and western European-descent living in

Utah, USA from the Centre d’Etude du Polymorphisme
Humain (CEPH) collection
30 parent-offspring trios

CHB: 45 unrelated Han Chinese from Belijing, China
JPT: 45 unrelated Japanese from Tokyo, Japan

http://www.hapmap.org/ HapMap
http://www.genome.gov/page.cfm?pagelD=10001688 NHGRI




HapMap Project s

CHD
Phase 1 Phase 2 Phase 3 b ILAW
Samples & POP 269 samples 270 samples 1,115 samples
panels (4 panels) (4 panels) (11 panels)
Genotyping HapMap
centers |nternati0nal Per|egen Broad & Sanger
Consortium
Unique QC+ 1.1 M 38M 1.6 M (Affy 6.0 &
SNPs (phase 1+1) [llumina 1M)
Reference Nature (2005) Nature (2007) Draft Rel. 1
437:p1299 449:p851 (May 2008)
1dUIE | Adpivigp ueldns
No. of SNPs
genotyped Targeted SNPs Populations studied
Phase | 1 million Prioritized coding SNPs to attain  CEU, YRI, CHB, JPT
1 SNP for each b kb region
Phase Il 3 million Prioritized non-synonymous CEU, YRI, CHB, JPT
SNPs in coding regions
Phase Il 1.4 million Prioritized rare variants CEU, YRI, CHB, JPT,
ASW, CHE, GIH, LWK,
MXL, MKK, TSI

SNP, single nucleotide polymorphism.



2 UMTTEPAOUATA. ..
MAeovaouoc (redundancy) tng mAnpodopiac twv SNPs

Auvatni n ertthoyn tagging SNPs (tagSNPs, tSNPs)

Auvatni n avaktnon (mpoBAsPn) oAokAnpnc tng mAnpodopiag
e dedopevo Hovo gva Hkpo aplBuo tSNPs

Meilwon KOOTOUC Kol XpOVou

‘EAevon texvoloylwv next generation sequencing
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