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Haplotype

The term Is a contraction of haploid genotype, Is a
symbolic representation of a specific combination
of linked alleles in a cluster of related genes

Dictionary of Genetics
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Haplotype block (Bf%#Y)
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» On average 5.5 haplotypes for every block
» Size: an average of around 10Kb
» Not all of the human genome may have a clearly definable

haplotype-
» Block structure Svante

» Each human chromosome is made up of regions, called
‘haplotype blocks’, which are stretches of DNA sequence where
three to seven variants account for most of the variation found

Paabo, Nature, 2003



Haplotype map CEREHIAER)

The catalogue of haplotypes for every block makes up the
‘haplotype map’

Svante Paabo, Nature, 2003
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The Phase | of International HapMap Project
Launched in 2002

The objective was to genotype at least one common
SNP every 5 kb across the euchromatic portion of the
genome in 270 individuals from four geographically
diverse populations

YRI : Yoruba in Ibadan, Nigeria

CHB: Han Chinese individuals
JPT: Japanese individuals in Tokyo



The Phase I of International HapMap Project

Approximately 1.3 million SNPs were genotyped in
Phase | of the project, and a description of this resource

was published in 2005



Phase || HapMap

» Characterizes over 3.1 million human SNPs
genotyped in 270 individuals from four geographically
diverse populations

» Includes 25-35% of common SNP variation

» The map Is estimated to capture untyped common
variation with an average maximum r2 of between 0.9

and 0.96 depending on population.
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Phase Il of the HapMap Project

» A further 2.1 million SNPs were successfully genotyped
» HapMap: SNP density of approximately one per kilobase

» Contain approximately 25—-35% of all the 9—10 million
common SNPs



SNP density in the Phase |l HapMap
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SNP density across the genome. Colours indicate the number of
polymorphic SNPs per kb in the consensus data set. Gaps in the
assembly are shown as white.



SNP density in the Phase || HapMap
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Example of the fine-scale structure of SNP density for a 100-kb region on
chromosome 17 showing Perlegen amplicons (black bars). Polymorphic
Phase | SNPs in the consensus data set (red triangles) and polymorphic
Phase Il SNPs in the consensus data set (blue triangles).



SNP density in the Phase Il HapMap

(1
2= =
= 8 — 22 W _
= 1.1t T .Hﬂ

L i P o2 =
= = 1.0} o 2.0 EE_
[ I — - :
=B pal : 1.9 =2
= - * : E_E
o 4 i 1.8 =
Eﬂ_ DE- . ! . (i
%E 1 1 1 1 1 ! 1l ! 1 1 1 1 |-1.T'r 21:'
T W —100-20 0 <[40 =20 0 20 40 60 80 100 @

T3

Paosition (kb)

The distribution of polymorphic SNPs in the consensus
Phase Il HapMap data (blue line and left-hand axis)
around coding regions.



Haplotype structure and recombination rate estimates
from the Phase Il HapMap
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a. Haplotypes from YRI in a 100kb region around the 3-globin gene.
b. Recombination rates and the location of hotspots.
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Phase Il HapMap
and genome-wide association studies

Using Phase Il data, we estimated the
coverage of several available products on
which genome-wide association studies are
already underway.

Similar to earlier estimates, these products
typically perform well in CEU and CHB1JPT,
and some also perform well in YRI



» Improved coverage of common variation

» Phase Il HapMap and genome-wide association study

Table 4 | Estimated coverage of commercially available fixed marker arrays

Platfarm® YRI CEU CHB+IPT
=08 (%) Mean masimumr F=08 (%) Mean madimumr F=08(%) Mean madmum r

Affymetrix GeneChip 500K 46 0.66 ] 081 67 080
Aftymetrix SNP Array 6.0 66 LR B2 050 gl DA%
lllumina HumanHap300 33 0.56 77 085 63 0.78
lllumina HumanHap&50 55 073 Eg 09z B3 DA%
lllumina HumanHap&&0Y 66 L] HQ 093 B4 030
Perlegen 600K 47 (&R 92 034 B4 030

* Azzuming 21| 5MPs on the product arz intormative and pass 00 in practics these numbsrs are oversstimates



Table 3 | Number of tag SNPs required to capture common (MAF = 0.05)
Phase Il SNPs

Threshold YEI CEL CHB+JPT
=05 627,458 290,969 277831
=08 1,093,422 652,853 520,111
F=10 1,616,739 1,024,665 1078959

MA: Minor allele frequency
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New insights into linkage disequilibrium structure

» The extent of recent common ancestry and segmental sharing

» Any two individuals from the same population share approximately
0.5% of their genome through recent IBD ,shared segments over 1-
megabase (Mb) long and containing at least 50 SNPs,

»10-30% of pairs in each analysis panel share regions of extended
identity resulting from sharing a common ancestor within 10-100
generations. These regions typically span hundreds of SNPs and
can extend over tens of megabases



The extent of recent co-ancestry among HapMap individuals
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Three pairs of individuals with varying levels of IBD sharing
illustrate the continuum between very close and very distant
relatedness and its relation to segmental sharing



The extent of recent co-ancestry among HapMap individuals
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The extent of homozygosity on each chromosome for each individual in
each analysis pane. YRI, green; CEU, orange; CHB blue; JPT, magenta.



The distribution and causes of untaggable SNPs

» We marked as untaggable SNPs to which no other SNP within
100 kb has an r?value of at least 0.2

» In Phase Il, approximately 0.5-1.0% of all high-frequency SNPs
are untaggable and the proportion in YRI is approximately twice
as high as in the other panels. Similar proportions are observed
across the ten HapMap ENCODE regions



Properties of untaggable SNPs
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Properties of untaggable SNPs

» The proximity of untaggable SNPs to the centre of hotspots
suggests that they may lie within gene conversion tracts
associated with the repair of double-strand breaks.

» Double-strand breaks are thought to resolve as crossover
events only 5-25% of the time.

» Consequently, SNPs lying near the centre of a hotspot are
liable to be included within gene conversion tracts and will
experience much higher effective recombination rates than
predicted from crossover rates alone.
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The distribution of recombination

32,996 recombination hotspots
68% localized to a region of <5 kb

The median map distance induced by a hotspot is
0.043 cM, the hottest identified is 1.2 cM

Hotspots account for approximately 60% of
recombination in the human genome and about 6%
of sequence



Recombination rate around genes
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Systematic differences in recombination rate by gene class

Mean recombination rate within category (M Mb-1)
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Natural selection

The Phase | HapMap data have been used to identify
genomic regions that show evidence for the influence of
adaptive evolution, primarily through extended haplotype
structure indicative of recent positive selection

Approximately 200 regions with evidence of recent
positive selection



Properties of non-synonymous and synonymous SNPs
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Properties of non-synonymous and synonymous SNPs
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€ The initial HapMap Project data had a central role
In the development of methods for the design and
analysis of genome-wide association studies

@ Performing economically viable genome-wide
genotyping

€ Lead to a new phase in human medical genetics

€ Have led to novel insights into the distribution and
causes of recombination hotspots

@ The prevalence of structural variation and the
identity of genes that have experienced recent
adaptive evolution



» Because the HapMap cell lines are publicly
available, many groups have been able to
Integrate their own experimental data to combine
genome-wide data on such diverse aspects of
genetic variation with molecular phenotypes
collected in the same samples

» Provide a powerful framework to study the
connection of DNA sequence to function

» Association studies is shifting from candidate
gene approaches towards genome-wide analyses
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0UD  EmusonPCR  Liws(octamerswiihtwo-daseencoding)  ~32  $991000  Yes  Sul  30bp 1506
Polonator ~ Emulsion PR Ligase (nonamers) -3  BI55.000  Yes Subst, 13bp 13,20

Hdlﬁmpa Smglamnlaculu Fnlmumwjnchmmrmm] 51 51,35upm 'I'H F.EE Eth lB 30

Tha paca with which the field is mmhg makes it likely that estimatas for costs and rud-lurghs will b quickly outdated, ".rmm irn:luding Roche hpnliad Stlnrn:a. Illumlnm -
and Applied Biosystems have major upgrads releases curmently in progress. Estimated costs-per-meagabase are approximate and inclusive anly of reagants. Read-langths ara for
single tags. Subst., substitutions; indel, insertions or deletions; del, deletions.




e VR i B IR A R R

> o AR S A Ji -5 A R A A B A
FUREN A4 1) 5 RE B B

> 1z OB A A A B N 2 AR RE S
ARBEWEIFE . AT LA I

TR e 5EET 5, A LIRITHEA—
A AHT I A RERFAR




Hrt'_";

/NZZ R HE R Ppd-D1 4%

KR PROT5 A




51 &5
+ YT B B K A T FFAE R B R h

JRI 3 I

+ PERKHBIEY, SCRAMRN™EZWENZLET
W, PR NE N

+ PEEEARBRIEY P EN R ZRIEY




==

-<
<
it

2L pai]

HEh DU
ul’: 1un|:|un a

TURTEME LS oL [T
B RalawDnn - o AL B TR

COoSTa nICkH;F ‘\l:'-_zu: SR
preca g L e

Eouomp | -->" e
e
::‘J.l..a-c-':““\_"- 3
i
Tl
']

REALT
-
J.'_(-u:uv?ﬁ-.
v
M e
: i Lh

} e
& '\‘
GHILE ‘\: | ikrasy
L L L1
" l

21
E
"‘!

BRAZIL

CICTEREE T F el

.:muﬁu-

w.mu' '\.
LZERIA
ud\.w'\-

T ‘

o

1
MAIRRITak | - ¥l
iy 'nl-l'l MIGER )

e | EMMEER ‘75-"'”:' sUDAK | ko
A r"u, ':.-.-* .z'"u _' -
SKRRA LIOKE L S s "'":’“ Fhan 5 ety

LIRERIE . [ 5 _;;“:, .Ituu ErRos - _“W—d_\'“-.e-.-'m &
COTE OTWOIAE mw,u_,-. et FURRRDH |
“g; DEN: RER _— l:hrr.1'
e i THE e e,
R oG 5
L -._r'- M"l‘ P

ﬂ.H'C?DLm" 1-&""’.‘ e,
ar.umr,:-‘"-.ﬂ“:‘.nlhﬂ-'ﬂ
o ,»...Hw.
ummu\;h_/ i
! i
v Boan ina

Ao

[HADRGEACAN

S
AFRH

Antarcifica

HAZAKHSTAN

'3
T —
MOKGOLIA

""‘—\.
r "-_
i hie

3 mnnNEsmwnm_.,.::‘
. AUSTRALIA
Q@

FEALAND:

6 RIS S B

WA IE

& N RS R KV B I AR AR AL




/INZEIE)

FOCRIHE RS El N R BN F IR 2 —, 5/
FEEL IEMN L HBEEA A R R D)

> g th i 2 A"Norman Borlaug 8K 6 J A U R
Ppd-D1 5% T34 IRt L % k& (0 By JE [A]”

> NATTRE 3l U A ' ) PR REL 420060 ' ) A 1R s . g T L AR 1)

ek, 9@‘5@* H IR A BE G FHL R N AR A Bk
FH) 2 @ENE, RIS 2 AR

ilsy

HHEL R Ppd-1

I




N R S A 2 S AR ST

vAg
4@»
@5 PHY
sEfr g AEPPd-HL, Y
RINEPRRs F R R S
“Ayer” (PRR 9/7/5/3
o VBT N2 PpdE
Gl
co

T A

Turner et al. (2005) Science; Beales et al. (2007)
TAG.




Ppd-D1 2550325+

Ppd-D1_F> <Ppd-D1_R1 <Ppd-D1 R2 Ppd-Dlexon8 F1» <Ppd-Dlexon8 R1
D78F» <D78R D5-1F» D5-2F» «D5-2R «D5-1R
D520F » <«D520R
u l l
TE insertion 5bp deletion

2Kb deletion 16bp insertion
24bp and 15bp
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Ppd-D1 #ric B H &

Ppd-D1_F* and Ppd-D1_R1* D520

190bpMi12345678910

180bp - v ' —184bp
- B o

M: DNA Markers100bp or 200bp, 1 Yanzhan 1, 2 Akagomughi, 3 Chinese Spring, 4 Ningchun 10, 5 Fr81-
12, 6 Hussar, 7 Hezuo 2, 8 Early Premium, 9 96S-231 (synthetics), 10 96S-213(synthetics).
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CER

DR IRER AT
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N Means N Means N Means N Means N Means
BFERE i 103 207.21a(A) 37 210.27b(B) 4 217.75¢(C) 14 211.36b(B) 6 208.50ab(AB)
i 116 185.08a(A) 43 190.09b(B) 9 195.44c(C) 15 190.53b(BC) 10 189.10b(B)
FFfERl i 76 24536a 29 24555a 1 251 8 247880 5  246.40ab
i 117 222.89a(A) 42 224.07ac(AC) 8 230.00b(B) 15 226.47bc(BC)10 227.90b(BC)
b i 81 81.99a(AC) 35 97.97b(B) 5 80.48ac(ABC) 11 90.28ab(AB) 3  61.85¢(C)
i 105 103.73a(A) 41 123.17b(B) 6 111.50ab(AB) 12 117.00bc(AB) 9 103.19ac(A)
i 110 115.70a(A) 42 139.51b(B) 9 116.28ac(A) 14 127.65bc(AB) 8 111.70ac(A)
R4 i 81 28.10a(AB) 35 30.82b(A) 5 26.92abc(AB) 11 30.22ab(AB) 3  20.13c(B)
i 108 31.11a 41 3234ab 6  3245ab 12 3574b 9  30.44a
i 103 36.02a(A) 42 39.67bc(BC) 9 34.36a(AB) 14 41.66c(C) 8 35.64ab(ABC)

AP FRRE R EZZER, KEMREP<0.05/K TV EREFE, NEFEP<0.01EFNEE. I (B i.
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K i 81 9.39a(A) 35 10.48b(B) 5 12.54c(B) 11 11.15bc(B) 3 10.77abc(AB)
i 108 955a 41  965ab 6  1047ab 12  10.39ab 9  10.91b
i 110  9.80a 42  9.59a 9 1142b 14 10.76ab 8  11.56b
A% i 8l  1804a 35 1897ab 5  2061b 11  19.62ab 3  18.33ab
i 108 19.09a 41  1950a 6  20.00a 12  1915a 9  18.19a
i 109 19.33a 42  19.23a 9 19.64a 14  1946a 8  19.54a
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THE i 81 2952aA) 35 26.83bd(A) 5 22.64d(A) 11 30.56ab(AB) 3  38.84c(B)
i 108 29.75a(A) 41 26.13b(B) 6 28.88ab(ABC) 12 30.59a(ABC) 9 36.14c(C)
i 110 33.47a(A) 40 29.24bc(B) 9 26.63b(B) 14 32.25ac(AB) 8 38.03d(A)
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