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Kernel Approximate Bayesian Computation for Population Genetics
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m(0|D) «x f(D[0)m(6)
D : data, 0 : parameters
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[A] Rejection-sampling method (Ripley 1987)
Al. Generate 0; from m(-).
A2. Accept 8; with probability f(D|0;),
and go to Al.

S = (51’52’...
51 = (511»512»'“,

— (Snl' Sn2,)

,Sq)

1LVf=ABC method DX B
Nakagome et al. (2012)

| Observed data
S1q)

Snq)

Simulated data (n)
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[B] Approximate Bayesian Computation (ABC) method
(Beaumont et al. 2002)

B1. Generate 0; from ().

B2. Simulate data D; by the model using ;.

- B3’. Accept 0, if d(s,s;) < 6.

S : summary statistics for D
d : metric to measure dissimilarity between s and s;

[C] Kernel ABC method

Cl. Generate 0;from m(+).

C2. Simulate data D; by the model using ;.
C3. Compute s; for D;, and return to C1.

{(0;,5:)}i=1

—

o(S) =k(,S) |2

D(S;) o
s, /\V

O(S;) ®

[Kernel Bayes Rule (Fukumizu et al. 2011)]

The empirical estimator of the kernel posterior mean is given by
?=1 Wl'k(°l Bi);
The weighted coefficient is given by

o
Mg|s =

3
>

w;(S) =

(1 : space of summary statistics Hg : reproducing kernel Hilbert space

The inner product between mappings is given by

" (Gg +ne L)1 k(sj,s)

G¢ : Gram matrix (k(sl,s]))
1,j=1

An estimator of posterior expectation of a function £ () is given as

— . s — n

(@(5), 0(S))) = k(5. 5)) EIF@)Is] = (£ (), gjehacs = Ziy wif (8.

Evolutionary model €D Sseq | @ Kernel ABC
~ N = 10,000 ® o () ABC-rejection
BE T e f(D|6) is computed by importance sampling =~ a0

(Griffiths, 2007), T e
o= 4Ny e Gaussian RBF kernel E .o
Uu: %TE ff\z 1 ®; 500
(2.5 x 10~ 4) k(X,y) = exp (—7“.9(' —yllz), 0%
2.0 l l -
7 L] Lj ‘ ﬂ (o : median of pairwise Euclidean distances) 0.00 e e O 0.06
Summa 'y statistics Table 1. Comparison of posterior estimates of 0 given D, S5, and Sy .- SSFS 5'0.8 o 0%
m9|D* m9|SSFS** 7ﬁé’|55eg —~ 4.0 1.6%
* &5{(A,B,C),D} S e
* { ( )} Mean 10.498 10.510 9.677 QEJ . ~6-2%
¢11A,B,C, (D E 304 00 13.7%
*fz{A (B, C), D} S.D. 0.067 0.044 0.041 T e -
El (A)' ,C D} % . ) ] . ) 1,000
51 {A (B) C, D} The posterior mean given D is generated by the rejection-sampling method. ®
% 2.0 T I I |
A D The kernel posterior means are obtained from 16,000 simulated samples. 0.0 0.5 1.0 1.5 2.0

¢; 1 the number of segregating sites in which
the mutations is present on i sequences.
1. The number of segregating sites (Sg.4)

> Y& =5

2. Site frequency spectrum (Sgps)

- (51»52»53) = (3,2,1)

S3ml
Rl

Mean squared error (MSE)

[51 A >CER]
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