va%\y@w@@& L@w«u\wg Vndustond dodpe | 7

\mﬂ\ouk *‘w(ﬁte/
q)( Cr\aQat CQM(FGM J%(X{ézs P CA\

Eyo\\%)t@', (ZD A&jroa%@&f 3: (ﬁ‘,‘ls:i 0 o 5

| 2
>< = AR C/,(’Kn% ®,
. Yz
S, T

LOG\&S U@ O&(JNO%* QL (/"‘@ Con we ((),S on OwaBd(Mer‘O’VB N

W?Y%@m} Qe 1D® —>—

\O\Qa. (Dumeﬁgtoh/ 'VCO\UULCOW tor . . T 7=
> oy va@:@a\o?éﬁ[y N ;l } nx /]
= dOCUVLS/F 160w CC)WFM“LQAW'OMQC SD\/(SnSS >< - é\ @



oo LT, NS

] Human genetics

Single Nucleotide Polymorphisms: the most common type of genetic variation in the

genome across different individuals.

They are known locations at the human genome where two alternate nucleotide bases

(alleles) are observed (out of A, C, G, T).
SNPs

/.i.AGCTGTGGCTCCCCCCCCAGAGAGAGAGAACTAAGGGGCCGGAGCGACCCAACCAAGGTI'ACCTCGCGCG
...GGTT TT GG TT CC CC CC CC GG AA AG AG AG AA CT AA GG GG CC GG AA GG AA CC AACC AA GG TT AA|TT [GG GG GG
...GGTT TT GG TT CC CC CC CC GG AA AG AG AA AG CT AA GG GG CC AG AG CG AC CC AA CC AA GG TT AG|CT|CG CG CG
...GGTTTT GG TT CC CC CC CC GG AAAG AGAGAACCGGAACCCCAGGGCCACCCAACGAAGGTTAGICTICGCG CG
...GGTT TT GG TT CC CC CC CC GG AA GG GG GG AA CT AA GG GG CT GG AACCACCG AACCAAGG TT GG Cq CG CG CG
...GGTTTT GG TT CC CC CG CC AG AG AG AG AG AA CT AA GG GG CT GG AG CC CC CG AA CC AA GT TT AGJ|CT|CG CG CG

individuals

AT

RN

AT| CT CT AG CT AG GG GT GAAG ...
TTITTCC GG TT GG GG TT GG AA ...
AT|CT CT AG CT AG GG GT GAAG ...
AT ICT CT AG CT AG GT GT GAAG ...

CTCTAGCTAGGGTT GG AA ...

ATICTCTAGCTAGGG TT GG AA ...

o)
\w_.- GGTT TT GG TT CC CC CC CC GG AA AG AG AG AA TT AA GG GG CC AG AG CG AA CC AA CG AA GG TT AA|TT GG GG GG

TI"ITCCGG'I'I'GGGTTI'GGAA_y

Matrices including thousands of individuals and hundreds of thousands if SNPs are available.
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HapMap Phase 3

The Human Genome Diversity Panel (HGDP)

Africans Europeans
2 Mandenka _
3 Yoruba |
4 San 11 Basque
5 Mbuti pygmy 12 French
6 Biaka 13 North ltalian
7 Mozabite 14 Sardinian
15 Tuscan

Cavalli-Sforza (2005) Nat Genet Rev
Rosenberg et al. (2002) Science
Li et al. (2008) Science

The International HapMap Consortium
(2003, 2005, 2007) Nature

Western Asians

Tonser

18 Palestinian

Central and
Southern Asians

19 Balochi
20 Brahui
21 Makrani
22 Sindhi
23 Pathan
24 Burusho
25 Hazara
26 Uygur
27 Kalash

Eastern Asians

40 Yi

41 Mongola
42 Naxi

43 Cambodian
44 Japanese
45 Yakut

Oceanians

Papuan

Native Americans

50 Colom!ian

51 Maya
52 Pima

Mﬁt‘m&f @?f thang, 2,0/\(

HGDP data
+ 1,033 samples
+ 7 geographic regions

+ 52 populations

HapMap Phase 3 data

+ 1,207 samples
+ 11 populations

We will apply SVD/PCA
on the (joint) HGDP and
HapMap Phase 3 data.

Matrix dimensions:
2,240 subjects (rows)
447 143 SNPs (columns)

Dense matrix:

over one billion entries
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* Top two Principal Components (PCs or eigenSNPs)
(Lin and Altman (2005) Am J Hum Genet)

* The figure renders visual support to the “out-of-Africa” hypothesis.

* Mexican population seems out of place: we move to the top three PCs.
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Not altogether satisfactory: the principal components are linear combinations
of all SNPs, and - of course - can not be assayed!

Can we find actual SNPs that capture the information in the singular vectors?

Formally: spanning the same subspace.



\O& O Wl (Y (yﬁ n dade Famﬁg may \:/ ‘P@{w% @71
A%Uwe/ \A/t“\wlc (s afjmw Cw%"ﬂt X@ Cé%JVmw{ (o l(/l/} \ (@

(O\\/@/O%@, \/DL(LLQ/ Qg QQJL Qﬁu{qu ::O>

ule for ek o v b sl V<R chff
aM Mirormad Qafcs Ve [ ]C(ka(gacﬁw hcﬂ/ s

| _ X4 nﬁgk Sgec
%@@(To@ OQ(?CA' Lt X X ? & ﬁ:k . &ﬁgﬁg

V' = o Lx- X
)

(\\;@:i‘{ V-

T
/ B
il L 79, @moﬁ S %S @?
ol
Q{(gji@,mgg [D WQKVZ/ r@fo ond

Pv ?_SQOXZUQQ WW{S

7 r .
L Cﬂ,\ f 022/", ..“’fjj $ ””“”V“wm/(
¥

f\




> OH‘OWV p(m;mgé 91@> Q@W d{(/b@':s(ow@gp \QF@SQWL{%
?:xv:X& cERT
’ZW"‘J

T 00~ Lg 43

4]
O?c e oo points .o 7) '
> MQ/WOJV\Q) S0s @(h /T"\(Mﬁ[oooj\ q{dm/l(

'hb T (MB%SV nga,h\/a[ugs O£ @W(F ( Vlcw.(, Closience
b
147 15/ \\/\Z h_4/ ><'5<|'T tv\/f/\x"l’x QQ\RSA G}/\

v VCA QW\QQ Cfg(//@gcmé Aim@%@g @,ﬁ W&xcwé LsoCo, (‘/HLQJ é)gél’[ﬂ?v pogwyaj,ﬂ

o 87574@%@
T T
Ve o Ll X7 X (7 )
\/CW‘&{ sz// —

[






