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Kernel Approximate Bayesian Computation for Population Genetics
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D : data, 0 : parameters
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[B] Approximate Bayesian Computation (ABC) method

® LEB F(DIONERMDIGZE (Beaumont et al. 2002)
B1. Generate 0; from ().

[A] Rejection-sampling method (Ripley 1987)

A1l. Generate 0; from (") B2. Simulate data D; by the model using ;.
. i .
A2. Accept 8; with probability f(D|0;),
and go tol AT l - B3’. Accept 0, if d(s,s;) < 6.
X . S : summary statistics for D
H—2ILiEZ ALV =ABC method DX B d : metric to measure dissimilarity between s and s;
Nakagome et al. (2012)
[C] Kernel ABC method
G — (51’52’.“’561) ; Observed data Cl. Generate 0;from m(+).

C2. Simulate data D; by the model using ;. | {(@,, s;)},

C3. Compute s; for D;, and return to C1.
Simulated data (n) P y L _

= (Sn1,Sn2>"** Snq) [Kernel Bayes Rule (Fukumizu et al. 2011)]

_ - | ®
d(S) = k(,S) The empirical estimator of the kernel posterior mean is given by

D(S;) o o
Si /\V (5;)) ® ﬁ\l0|s22?—1wik(':9i),

O(S; .
. The weighted coefficient is given by
o : w;(8) = Xiz1(Gs + neply) ™" k(S],S)

Sl — (511' 5121"'1 Slq)

() : space of summary statistics Hg : reproducing kernel Hilbert space Gg : Gram matrix (k(sl, s]))
1,j=1
The inner product between mappings is given by An estimator of posterior expectation of a function £ () is given as
_ A _\n
(CI)(Si), CI)(Sj)) — k(Si, Sj) E[f(@)lS] — (f( ); m9|s>7-[5 T Li=1 Wlf(el)
Evolutionary model €D Sseg @ Kernel ABC
| g 8,000 p _ _
a4 _IN=10,000 _ _ . * . () ABC-rejection
BE . ’ e f(D|6) is computed by importance sampling =~ a0
o
(Griffiths, 2007), = :CE.——OG_;;SOO
— . c |
0= 4N‘;_ - * Gaussian RBF kernel = a0 op
U: K&k E b33 ) , 2,000
(2.5 x 107%) k(x,y) = exp (— Py, lx — || ), oL 00
2.0 | | -
7 L] T ‘ﬂ (o : median of pairwise Euclidean distances) 0.00 S oo O 0.06
1 ean squarea error
SU mmary StatiStiCS Table 1. Comparison of posterior estimates of 6 given D, Sgs, and Ssegy . S " 8,000 0.4%
SFS o ~O~
m9|D* m9|SSFS** m6|SSeg —— 40- 1.6%
% &:{(A,B,C),D} g gt o
* Mean 10.498 10.510 9.677 s 6%
61 {A, B, C, (D)} = 3 H13.7%
*fz{A (B,C), D} S.D. 0.067 0.044 0.041 e
*é—l{(A)r ,C D} * . ] ] o ] 1,000
51 {A (B) C, D} The posterior mean given D is generated by the rejection-sampling method. ®
Kk 2.0 T i | |
A B C D The kernel posterior means are obtained from 16,000 simulated samples. 0.0 0.5 1.0 1.5 2.0
&; : the number of segregating sites in which Mean squared error (MSE)
the mutations is present on i sequences. [§|mj(ﬁjk]
1. The number of segregating sites (Sg.4) e Ripley, B. D. (1987). Stochastic simulation. John Wiley & Sons, New York.
Z - f — 5 e Beaumont, M. A. et al. (2002). Approximate Bayesian computation in population genetics. Genetics 162, 2025-2035.
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e Nakagome, S. et al. (2012) Kernel Approximate Bayesian Computation for Population Genetics. arXiv: 1205.3246.
e Fukumizu, K. et al. (2011). Kernel Bayes' rule. Advances in Neural Information Processing Systems 24, 1549-1557.
- (51» $2 SEB) = (3,2,1) e Griffiths, R. C. (2007). GENETREE version 9.0 http://www.stats.ox.ac.uk/~griff/software.html.

2. Site frequency spectrum (Sgps)
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