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PART 1: A new challenge of modern genetics data

« CHALLENGE:
Datasets are getting LARGER and MORE COMPLEX
« AIM OF THIS TALK:

Understand ancestry patterns from such data
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Ancestral Recombination Graph - Summary

Ancestral Recombination Graph (ARG) model

- backwards in time, ignore unobserved ancestors

IS equivalent to the
Forwards in time model
- Random mating, within known size populations

- No selection

Inference under the ARG is impossible for reasonable
datasets




Sex, sample randomisation

ARG-based inference 'impossible'

Population model:

- Assume individuals exchangable within
populations

- Simple distribution (pirichlet...) model for SNP
frequencies in each

Gives likelihood for frequency of SNPs

- Assume no linkag € (linkage approximations exist)

Gives popular STRUCTURE* model

- Still can't cope with large datasets

« Can we do this well on genomic data?

| *Pritchard, Stephens and Donnelly, Genetics, 155:945-959, 2000



Outline: The process

SNPs O(10°-°)

i
Populations
O( 102- 3) PopE
Step 1: popD
ChromoPainter _» popC
popB
Step 2: popA
Individuals Finestructure < m O QO w
010" RS
Coancestry
matrix

1) ChromoPainter: SNPs are converted to detailed co-inheritance
information

| 2) Finestructure: analyse the population structure
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Local genealogies Time to MRCA with haplotype 1
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See: Li and Stephens , Genetics 165:2213-2233, 2003



Local genealogies

ChromoPainter step

Time to MRCA with haplotype 1

2140, B=

@

o

FRE Il -

< —

&

g I

g 535

p

@ ——

g 134_ .|

g

= v
O - T .. T 1
0 (i) 250 (ii) 500 750

Sequence position

True 'nearest neighbour' distribution of haplotype 1

Mean painting of haplotype 1

See: Li and Stephens , Genetics 165:2213-2233, 2003



Local genealogies Time to MRCA with haplotype 1

__ 2140 B=

o

2

FRE il —

< —

&

g I

g 535

2

@ ——

O 134 I ——————————————————————

£

= N
0 - T .. T 1
0 (i) 250 (i) 500 750

Sequence position

True 'nearest neighbour' distribution of haplotype 1

Mean painting of haplotype 1

0 250 500 750

Coancestry matrix row for haplotype 1

Donor haplotype
1 2 3 4 5 6 7 8 9 10

ChI’OInOPalIltGI' Step Haplotype 1 O | 0.08|0.09| 1.1 | 1.24] 0.52| 0.52| 0.06| 0.01| 0.06

See: Li and Stephens , Genetics 165:2213-2233, 2003



fineSTRUCTURE: partition model

Individuals exchangable within populations

:inj

i€a,jEDb

Populations donate chunks independently at a
characteristic rate P ,

K xab

p(X|P) =H
// a,b=1

Donation
frequency of  Number of individuals to donate from
population

Coancestry matrix \ Population assignment

1
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http://www.paintmychromosomes.com/

Probability of a partition

e Dirichlet process prior for partition n:

« Rows of Pab (i.e. G,) are Dirichlet (containing hidden
biological parameters)...

* ... SO conjugate, and we integrate out P,

(ldea: add each individual, update Dirichlet
posterior, use as prior for the next individual)

I « MCMC sampling of partitions

13



1

Proven theoretical results

To O(N), the Coancestry matrix is a rotation of the eigenvector
matrix

- If SNPs are uncorrelated

- and the number of individuals is large

To O(N), the fineSTRUCTURE likelihood is equivelent to the
STRUCTURE* likelihood

- if SNPs are uncorrelated,
- drift is weadk,

- genotyped SNPs are not very rare

With linkage model we do better.

*Pritchard, Stephens and Donnelly, Genetics, 155:945-959, 2000
Calculations due to Simon Myers
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Some checks

« Excellent MCMC Mixing
« Simulated data: complex demographic scenario*

e Confirm theoretical results

C) Correlation with truth vs data size
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The future - Admixture model

 Pure population structure is not correct - recent
mixing leads to admixture
- Seek conjugate mixture model for individuals
- Hierarchical Dirichlet Process!

- Interpretation: Pure populations created by drift,
we see mixtures

e Better model:

- Allow drift and admixture to both occur in real
time

- Requires more sophisticated model, can we keep
conjugacy?
- (Matrix Coalescent* results available)

I - Dirichlet diffusion tree** concept

*Wooding and Rogers, Genetics, 161:1641-1650, 2002 Qs
**Neal, in J. M. Bernardo, et al. (ed.), Bayesian Statistics 7, pp. 619-629, 2003




Posterior evaluation

« MCMC update of hyperparameters and partitions
« Partition moves:

- Move an individual

- Merge

- Split

- Merge and resplit
« Merge/split 'nearly Gibbs' move:

plg, a,b)=p(q,)pr(q,lq,) - plq,lq, ., )
plq,=a)~n,| F(x,|P,)dH _, ¢ (P,)

| (Not exact as the 'unsplit' population interacts with the remaining dataset)

Simple case: Pella and Masuda Canadian J. Fish. Aquatic Science 63:576-596, 2003
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Weak Biological Model for prior

'Correct' Ancestral Recombination Graph for the limit of large populations at large time with
simple population structure

Ancestral population
Time “ V' =Frequency of donating
increasing F
( gF) K
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(Individual labels not shown)

| Mixing: Pairwise coincidence

Run 1

| HGDP DATA
| (650K SNPs,

938 Individuals)

Run 2

(data for the hardest continent,

Central South Asia)
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~650,000 SNPs
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3k years

1k years

|
B

2k years|

C

Simulation scenario: 'Europe’
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Posterior evaluation: building block

« Sample from posterior
p(qm;a’ b>:p(Q1)p(Q2|Q1)”'p(qm|91:m—1)
« Metropolis-Hastings proposal for a split:

- Random individuals creates population a and b
from c

- Move rest from ¢ with probability

p(m;a)ch, | F(x,|p,)dH ., g,
P(Sa’{lzla'“’ })P(SC,{ZZI,,WZ})

~n

‘P(S_,li=1,---, m—1})P(S_ . {i=1,---,m—1})

| (Not exact as the 'unsplit' population interacts with the remaining dataset)

Exact case: Pella and Masuda Canadian J. Fish. Aquatic Science 63:576-596, 2003



Probability of a partition

Rows of £, are Dirichlet
- Conjugate to multinomial, sum to 1

- Weak prior

Compute posterior incrementally due to conjugacy

plxJg)=I1]J F(x,|P,.q)dH _, s (P,)

mea

dH <m,Sa<Pa):DiriChlet<Pa’.{Bab_l_x <m,b}b:1,---,K)

(Idea: add each individual, update Dirichlet posterior, use as

I prior for the next individual)
26




Final model

» Posterior

K - A r<Ba) = r<xab/C+Bab)
X I
piee [ g 1 F

» Prior for hyperparameters

3 :rbe if a#b
N y(1+8)V, . ifa=b

Ancestral donation frequency

\

Drift due to mutation

Y= ( 1—F ) / F < Drift in allele frequency

1+ 27
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