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We want to “paint” DNA according
to which ancestor it comes from
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Recombination » “mosaic” genomes

Positions of recombination crossover events



Recombination » “mosaic” genomes



Recombination » “mosaic” genomes




Chromosome “painting”
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Ancient ancestors

We share segments of DNA today, inherited from shared ancestors
living in the distant past.

Identifying these shared segments, and insights into the genetics of
people from the UK, and worldwide human migrations



Chromosome painting in practice

 (Lawson et al. 2012)
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A) Local genealogies

Time (Generations, nonlinear)

B) Time to MRCA with haplotype 1
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F) Coancestry matrix row for haplotype 1
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B) Sample paintings of haplotype 1
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D) Coancestry matrix row for haplotype 1

Donor haplotype
1 2 3 4 5 6 7 8 9 (1011 |12 (13|14 |15 |16 | 17|18 | 19 | 20

Haplotype 1 | 0 |8.06|9.59(8.27 [11.64/6.51|7.17|7.68|9.25(10.944.11| 7 |591|562|568|6.53|6.72|5.03|5.86|7.05
Population 1 Population 2




Genealogical interpretation of painting

* The painting of each segment indicates who in the
painting panel has the has the most recent shared
common ancestor with the focal chromosome for
that stretch of DNA.

* Boundaries between segments correspond to the
positions of ancestral recombination events.

* The time at which the ancestor lived varies from
segment to segment.

* Longer segments are associated with more recent
shared ancestors



FineSTRUCTURE

1. Paint each individual using every other individual in the

sample as the painting panel and record the painting
palettes.

2. MCMC algorithm is used to find clustering such that:
(a) members of the same cluster paint with the same colour
(b) individuals within clusters have similar palettes
(c) palettes are enriched for their own colour (mostly).

(Algorithm takes into account the fact that individuals are not
used to paint themselves).
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Notes about FineSTRUCTURE

MCMC algorithm includes both merges and splits.
Good convergence properties in practice.

Number and membership of clusters is inferred
based only on DNA.

We call the collection of palettes obtained in the
all-versus-all painting the “coancestry matrix”.

If the markers are treated as unlinked, the
coancestry matrix is equivalent to the covariance
matrix used by SMARTPCA.

Likelihood approximately equivalent to that of
STRUCTURE for weak genetic drift



Application to Peopling of British Isles project

S Onney etong “Engna | Wales Sampled individuals had
4 $ B {gﬁ Nk T all four grandparents
' HJ iy \_%EJ living within 50 miles of
each other.

Genotyped using SNP
chip. (500,000 markers)

P © 54 distinct palettes
s :
N inferred by
& fineSTRUCTURE

Build a tree: by
@?‘“\@ successively joining

groups with the most

similar palettes.
CREDIT: Bruce Winney, Stephen Leslie,
Walter Bodmer, Peter Donnelly




British palettes
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IRISH, BRITONS/WELSH AND ANGLO-SAXONS
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Traditional software (Admixture)
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Component 1

A) Linked model
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Continental European palettes

0.75 -
0.25 - H | A e e e e

rrrrrrrrr1r1r1r1rrrrrrrrrrT T rTT T T T T T T T T I T I T T T T T T I o Tl
1 3 5 7 9 11 14 17 20 23 26 29 32 35 38 41 44 47 50

SWE NOR IT _SP/FB GE/BE FIN

Hospital based sampling as controls for an
association study with FineSTRUCTURE
used to identify populations




British palettes
painted with a continental European panel
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Mixture modelling of an English palette based on
European palettes using Non-Negative Least Squares
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World-wide dataset application (HGDP+more)
~475K SNPs on 1490 individuals from 95 pops (5-45 inds/pop)

%’
41. Hadza 60. Druze 81. HanNchina
42. Sandawe 61. Lezgin 82. Miao
62. Iranian 83. Tujia
"BANTU" 84. Han
43. BantuSouthAfrica 85. She
44. BantuKenya
"N.EASTASIA"
"W.AFRICA" 86. Xibo
6. Mandenka 87. Tu
7. Yoruba 88. Mongola
89. Daur
"N.W.EUROPE" 90. Orogen
8. Ireland 91. Hezhen
9. Spanish 92. Japanese
10. Welsh
11. Scottish "YAKUT"
12. Orcadian 93. Yakut
13. Basque
14. English "OCEANIA"
15. French 94. Papuan
16. Norwegian "S.EASTASIA" 95. Melanesian
17. GermanyAustria "W.ASIA" 75. Myanmar
55. Cypriot 76. Naxi
"N.AFRICA" 56. Turkish 77. Dai
18. Moroccan "C.AFRICA" 57. Adygei 78. Lahu
19. Mozabite 39. BiakaPygmy 58. Georgian 79. Yi
20. Tunisian 40. MbutiPygmy 59. Armenian 80. Cambodian

CREDIT: Christian Capelli, George Busby
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169 populations inferred in HGDP data

Colombian2 Maya 0,18

NN NN

345925
Yaktl-£6-310-14.16-24
Japineset-

47 Avmus
Oroqen2-3.5-64 »m‘}ﬁﬁw

Wongeiad 7~ am

Mongaiat-~ Imexin?—

She2-351
Snet.

Yi
Hr2400-10.7.18 253033 S4tanN
Cambodian2Y@:Han1 3, ot 25 3031

Sardinian!1-17.20-25
Sasnant-iD1e-1026-2
Orcadian2.4.

Nmm.é‘,
Hazara1 4.2.11-12.16.18-20
Uygurt-10;Hazara3.15.21

Pathan1-8,11.14-18.20-22
‘SinG59.11-18.20-24Balochid 11Pathan10,12-13.1
Burusho

Burushot-10; 'u—n.m—zs

Makranit | |esmm| =
Makrani4.6,8-10,15,18-18.25 8rahui2é Balochi 15,24
Sranuit=05-8.11-14.16-18 2325 Bdoch 1-2

Sosn1eBochd |2—|:u7-|v
5.7,12,14 23-24 8rahit0 20-22 Baloch 162021
B

Bedouint, 15-16.19.27.42
inian.

Palestinant6 31 3345
Palestnian2,10.28.41
Palestiniang. 15

IIIIHIIIIIII[lIIIIIIHIIIIIHIIIIIIHIIIIII]JIIIIIIIHIIIIIIHIIIIIH

Bedouin3. 1221 n.zws.u e

Sedoin? 4 alestniand 22-25 383843 45 D10
Secount 1334-25 28,31 36-37 FakstnantT 4044
Matanit Seang?

Sncnig 8

Malrans, 7 815 Sacche .14

Mecamte 1118
Mozabite34.7.1020

Mozabie5 817
Mozabite1-20.12-16,1821-27
Mandenka. 1

MoutPygmy7.12
MbutPygmy.3-4.0,8-11.13
Sant-5

g
i el
L '
5 P
E E >

o
Oroqenz-3.5-6..0au o s




A) fineSTRUCTURE e o= ey ]

results

U

3
-y
e

=
a
a E% 7t
P
Sa
A

Udsd ueosnL

el
3,

n o g

- 3

LR CETT TTTEEETTA
Ly !

Adygei

Russian

Russian

885

F

85.0

O rca d ia n ﬁ Orcadian

781

ALERIRRDRRRR RRRR TR RRRA AR A RR AR

French

746

ni1

676
Tuscan, French

Tuscan

Italian ! 60.6

Bergamo |

57.1

536
Sardinian

Sardinian

501

46.6

431

396

Basque

361

SULRLUURRLIRRRRUNRRUORR [ LLEELLLLL LR IEREEER COU LD RN LU ORER [ L LT

B) ADMIXTURE results ' |
|t ‘ " |



HGDP Middle east
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Half-matching based on coancestry matrix
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Information on time since mixture given by spatial
structure of ancestry along the chromosome



Globetrotter

Simulated admixture
30 generations ago

Mixture modelling of genomic palettes
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Raw painting

Fitting of spatial structure of variation in palettes along the chromosome
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http://admixturemap.paintmychromosomes.com
(Hellenthal et al 2014)

_| World ancestry
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A map of recent human ancestry

Companion website for "A genetics-based atlas of human admixture history", in submission. Show help
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Can also identify complex events such as
multi-way admixture
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@ can fit curves with sum of two exponential distributions
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Conclusions

Can use chromosome painting to

* Distill ancestry information

* Cluster based on genetic similarity
* Visualise genetic drift

* |dentify mixtures

* Date mixture events

* Reconstruct history
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Cluster group
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Positional Burrows Wheeler Transform

A set of haplotype sequences sorted in order of reversed prefixes at position k, showing the
set of values at k isolated from those before and after, and on the right hand side how the
order at position (k + 1) is derived from that at k as in Algorithm 1.

yHk]  yF k1]

11011100100100000000000100010000011000000100100010101000100110000100110000010000100
00011111000101010000100100011000000110000010100011110001000101000100110000010000100
10011100100101010000100100011000000110000010100010001000000111010000010000010100100
10011100019
10011100100110001101000100011010011010000001110010000000100101010100110000100000010
10011111010101010000000100010101101001000000000100010001100100000000000111100000010 0
00100000010101010000000100010101100000100100100100100111100100000000000111100000010 BQO 'qu"
00011111000101010000100100011000000001000000000011110001000101.000000000111100000010 NY 'l%‘ ‘Qﬁ)”’.
10011000010001010100100100011000100001000100100010000000000101010000110000010000010 n% Qﬁ“’Q"’ "

1 00000001101
1
1
1
1
1
1
1
eSS
10100011010100010000000100010101100000100100100001100001001100000001000000010100010 1 ‘.&$$0”0’
1
0
0
0
0
0
1
0
0
0

0810000011
0B10Q01001
OO0 N 001

Ol ONQ ONQ ONL ONQ 4

[ 1Y

10101111010101001100000110101000100001000100100100100000100101010100110000110100010 0 “&" @#’&‘;’0‘0
10011100100110100000000110101000100001000100100011110000000101011000010000101100010 (1) l? “' ‘t"’"
10011000010101010000100100011000000000000010100100100000100101010100010000101100010 0'0'*{§!E$’
10011111000101010000100100011000100000000010100100100000100101010100010000101100010 00 'lfq§
10011111000101011110000000010000000000000100100001100001000100000100010000010110010 049410012
10000000010101001010001100101000000110000010000001100001000110100000000110010110010 0 001
06204001101
0L 90800 01

10011111100100010011000100011000000000100100100001100001000100010000010000100101010
10011100100100000000000100011010011010000001110010010001000111010000110000010010110
10011100100110001101000100011010011010000001110010000000100101010100110000100110011
00011100100101010000100100011000000110000010100100100111000101011100110000010110011

—

Reverse sorted prefixes at k
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