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MCMC inference

New parameters are proposed using a symmetric transition kernel which will thus not appear in the Hastings ratios. The proposed
parameter will be accepted with a probability given by the minimum between 1 and the Hastings ratio.

Updating B,

Propose a new Egjr recalculate 5ng using equation 2 foralll = 1,..., L, and use equation 5 to calculate the Hastings ratio
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Using the functional equation I'(n 4+ 1) = nI'(n), we obtain
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This ratio is evaluated as a logarithmic sum:
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In the case when we have a big value of N, we can approximate a sum Zfi olog(x + i) as the integral fON log(c + k)dk. To calculate
this approximation, we use the Euler-Maclaurin formula
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where the —N term will be canceled developing the approximation for the numerator and denominator in the argument of the
logarithms in the equation of the Hastings ratio logarithm.

Updating Pgl
Propose a new fig; and use equation 5 and equation 8 to calculate the Hastings ratio
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As we did it before, we can simplify the ratio between the Gamma functions using the functional equation I'(n + 1) = nI'(n)
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Calculating the logarithm of & we obtain
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at which equation we can apply the approximation of the sums as integrals under the established conditions.

Updating Pgl without hierarchy (the case when g=1)
Propose a new fig; and calculate the Hastings ratio
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As we did it before, we can simplify the ratio between the Gamma functions using the functional equation I'(n + 1) = nI'(n)
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Calculating the logarithm of i we obtain
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at which equation we can apply the approximation of the sums as integrals under the established conditions. Cause we are using

a beta distribution as a prior (pg; ~ beta(a, b), where the parameter a and b describe the shape of allele frequencies in the ancestral
population), we can replace the term representing the fraction between the two priors

- ~ ] e —1 ~ . Nojj—ngi—1 ~ .

Pgl 1—Pg d ! nglpgl +1 # & egjl(l - pgl) +1
logh=(a—1)log—= + (b—1)log ——= + log | =—— | + log | =—F———
gh=(a-1)log P (b=1)log 7 Pl ]; l;) 8 Ogjipgr +1i ,;:) 8 Oji(1— pgr) +i

Updating S <l

Propose a new §g/1, recalculate égjl using equation 2, and use equation 5 to calculate the Hastings ratio
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Using the results that we have obtained previously, we can write the Hastings ratio as
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In this case we have to calculate all the elements of the matrices le and Q.

Updating In k¢
Propose a new In &y and calculate the Hastings ratio
L ]P(Sg,l |Sg/1,1,ln kgr dl)
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where P(S,|Sq1-1,InRg, d]) means that we are using the transition matrix le for the new Inf,. Calling Qg (:Sg,1,1 — Sg1) as the
probability to go from the states S, ;1 to the states S, ;, and supposing to take the same priors for the matrices Q,;(Sg1 — Sg2) and
le (ngl — Sg,Z)r we can write the Hastings ratio as

L le(sg,lfl - Sg,l)
1=2 le(sg,l—l - Sg,l)

h=
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To make the calculation faster, we can calculate only the element of the le matrix (and the same for the le matrix) in the i-th row
and j-th column

m
lei,j = ZHf,k'Dk,k'HIZ:j VZ,],k S {1,2,..,m}
k=1

where D is the diagonal matrix which we have seen before: D = diag(es®M, . ., ¢FsiAn),

Updating B,
Propose a new B, recalculate ®gl using equation 9 foralll = 1,..., L, and use equation 8 to calculate the Hastings ratio
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This ratio be done evaluated as a logarithmic sum.

Updating P,
Propose a new P; and use equation 8 to calculate the Hastings ratio

ﬁP(Pgl\Pl/ Og)
—1 P(pg| P, Og)

After the substitutions and the calculation we obtain
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Cause we are using a beta distribution as a prior (P; ~ beta(a, b), where the parameter 2 and b describe the shape of allele frequencies
in the ancestral population), we can replace the term representing the fraction between the two priors
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Updating S,
Propose a new S, recalculate ®gl using equation 9, and use equation 8 to calculate the Hastings ratio
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Using the results that we have obtained previously, we can write the Hastings ratio as
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In this case we have to calculate all the elements of the matrices Q; and Q;.
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Updating In x
Propose a new In % and calculate the Hastings ratio

L 1P(S|S;_1,In%, d;)

E P(S5;]S;-1,Inx,d;)

using the same procedure that we used for Inxg, where IP(5;[S;_1,In &g, d;) means that we are using the transition matrix Q for the
new In&. As we did for Inxg, we can write the Hastings ratio as

1 QS S1)
15 Qi(S1-1 = S1)

and to make the calculation faster, we can calculate only the element of the Q; matrix (and the same for the ; matrix) in the i-th
row and j-th column as we saw before.

Updating y and v
For the two parameters 1 and v we use the same procedure. Let’s consider . We propose a new ji and we use the Hastings ratios that
we have already found in the updating of x and x,
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We use the same hasting ratio when we propose a new .

Updating a without hierarchy (the case when g=1)
We are using a beta distribution beta(a, b) as a prior of pg;, where the parameter a describes the shape of allele frequencies in the
ancestral population. To update the parameter a we use the following Hastings ratios

Calculating the logarithm of i we obtain
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Updating a with hierarchy
In this case we are using a beta distribution beta(a, b) as a prior of P;, where the parameter a describes the shape of allele frequencies in
the ancestral population. To update the parameter a we use the following Hastings ratios
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Updating b without hierarchy (the case when g=1)
We are using a beta distribution beta(a, b) as a prior of pg;, where the parameter b describes the shape of allele frequencies in the

ancestral population. To update the parameter b we use the following Hastings ratios

Calculating the logarithm of & we obtain
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Updating b with hierarchy
In this case we are using a beta distribution beta(a, b) as a prior of P;, where the parameter b describes the shape of allele frequencies in

the ancestral population. To update the parameter b we use the following Hastings ratios
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Figure 1 The false discovery rate (FDR) in classifying loci as neutral (black) or under divergent (orange) or balancing selection
(blue) as a function of the FsT between populations (A), the number of haplotypes N (B), the number of populations | (C) and

the strength of auto-correlation « (D). Lines indicate the mean and range of false discovery rates obtained with Flink (solid) and
BayeScan (dashed) across 10 replicate simulations. Filled dots and the vertical gray line indicate the reference simulation shown in

each plot.
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Figure 2 Plot of the posterior distributions of the parameters inferred by Flink of the p arm of the first chromosome.
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Figure 3 The fraction of regions identified as divergent among the different groups by Flink (green) and Bayescan (black) at a false

discovery rate (FDR) of 0.01 (solid) and 0.05 (dashed) also identified by the other method at different FDR.
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Figure 4 Signal of selection on Chromosome 1p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 5 Signal of selection on Chromosome 1q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 6 Signal of selection on Chromosome 2p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 7 Signal of selection on Chromosome 2q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 9 Signal of selection on Chromosome 3q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 10 Signal of selection on Chromosome 4p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 11 Signal of selection on Chromosome 4q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 32 Signal of selection on Chromosome 16q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 33 Signal of selection on Chromosome 17p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 34 Signal of selection on Chromosome 17q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 35 Signal of selection on Chromosome 18p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 36 Signal of selection on Chromosome 18q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 37 Signal of selection on Chromosome 19p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 38 Signal of selection on Chromosome 19q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 39 Signal of selection on Chromosome 20p. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 40 Signal of selection on Chromosome 20q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 41 Signal of selection on Chromosome 21q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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Figure 42 Signal of selection on Chromosome 22q. The orange and blue lines indicate the locus-specific FDR for divergent (orange)
and balancing (blue) selection, respectively. The black dashed line shows the 1% FDR threshold.
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