Supplemental Material

S1: The full posterior distribution

Following the notation in the main paper’s Methods section, the model parameters consist
of 0, e, A\, and Z(x). We represent the transitions of IBD states Z(x) along chromosomes
by transition location z; and the resulting state zy = Z(zy) for k = 1, ..., K, where an IBD
transition occurs between nucleotide sites at z; — 1 and x; for k¥ > 2. For convenience we
set 1 = 1 and x4 = ¢+ 1, where £ is the length of the chromosome in base pairs (bp).
Let x = {o4},_y sy and z = {z},_, ; denote the vectors of transition points and IBD
denote the vectors of SNP sites and their

partitions. Let s = {s;} and w = {m;}

i=1l..m i=1..m>

minor allele frequencies. These allele frequencies w and SNP locations s are assumed to be
known. Finally, let y; = {v;; }j:I..n denote the vector of observed alleles at SNP site ¢ over
gametes j, and y = {y;j }i=1.m j=1.» the complete data over all gametes and sites. Note that
subscript ¢ indexes the SNP sites, j the gametes, and k the IBD transition locations.

The full posterior distribution is given by

p<97€? )\7K7X’Z‘y77r7s) X p<y|7T7S7K7X7Z7€) p(K7X7Z|97>\> p(e) p()\) p(€)7

where each term is explained as follows. First, the SNPs are assumed to be independent

given the latent IBD state, so that the likelihood term is a product over SNP sites:

m

p(ylﬂ-7S7K7X7Z75) = HP(Yz | Z(si)aﬂ-i707€>'

i=1
Additionally, since we assume independence of the allelic type of non-IBD DNA, each term
in the product over SNPs is again a product over the IBD subsets of gametes. Second, the
IBD process along the chromosome is modeled as a continuous time Markov process, with

the prior distribution given by

p(K,x,2|0,\) = p(z|K,0) p(K,x|N).



The probability of the vector z of IBD partitions is given by

K-1

p(z| K,0) = p(z|0) HP(%H | 2;,0),

i=1
where the distribution for the initial IBD state z; is given by the ESF (main paper Equation
1), and the transition probability p(z;+1 | z;,0) can be calculated from the modified Chinese
restaurant processes (MCRP) (main paper Equations 2 and 3).

Since A < 1 and thus K < ¢, the geometrically distributed discrete inter-transition base-
pair counts are approximated by exponential distributions for the inter-transition distances.

That is, if K is not constrained,

K-1
P x| ) o (L= T = a ety s Ate™

i=1
If K is bounded by K. < oo, the distribution of K will involve a normalization constant

that depends on A. That is
p(K,x | \) oc C(AMMNE—Le=
where C'(\) = I'(K., \l)/T'(K,), and the numerator is the incomplete Gamma function:
[(a,b) = [t e tdt.

(Note C'(\) = 1if K. = c0.) Thus x is uniform on the space 1 = 27 < 29 < .... < x4 = (+1
and [dx =¢%X"1/(K —1)!. Then

CANN)E e /(K —1)! if K < K,
p(K |\ = /p(K,x|)\)dx = _ :
0, it K > K,
That is, the prior distribution for (K — 1) is a truncated Poisson distribution with mean \/.
The prior distributions for § and A are Gamma distributions, where that for ¢ is bounded
below by 6. Thus if G[u | o, 8] = (['(a)B%) 'u®"te~*/# denotes the gamma probability
density on u > 0 with shape parameter o and scale parameter (3, the prior distribution of 8
is
G0 | ag, Pl if6 >4,
0 if 0 < 6.,

p(f)



and the prior distribution of A is
p(A) = Tl B
The prior distribution of € is the uniform distribution in [0, 1]:

1 Hfo<e<l1
ple) =
0 otherwise.

In general A must be sampled via a Metropolis algorithm, but if K. = oo the full condi-
tional distribution for A is the gamma distribution G(\ | (K + ay — 1), (85" +¢)7!). In this

case A can be integrated out to obtain the posterior distribution on the other parameters:
plb,e, K,x,z | y,ms) x ply|=w,s K ,x,2z,¢)p(z| K,0) p(K,x) p(d) pe), (S1)
where

p(K,x) = /p(K,X | A) p(A\) dX o< T(K +ay—1) (B! + )~ EFaa=D,

S2: Possible transitions between two IBD states z, and zg

In this section we list all the transformations between two IBD states that differ by at most
two steps (|za — 2| < 2). In describing these transformations, we use lower case letters a,
b, ¢ and d to denote gametes, and upper case X, Y, P and @ to denote IBD subsets. The
notation {a, X'} will denote the subset {a} | X. Note that any specified gamete such as a is
not in any specified subset such as X. We denote the size of subset X by |X|, and group the
transformations by the pair of sizes (|zal, |zg|) for the numbers of subsets in the two IBD
states that are involved in the transformation. Note that the IBD subsets shared between
z4 and zp are irrelevant.

Case |z4 — zp| = 0: If 24 = zp no transformation is needed.

Case |z4 — zp| = 1: Recall that one step of our process can move one gamete a from a
source subset S to a target set T. This move results from proposing the new gamete in set
T, and then deleting a from S, and the transformation is denoted (a : S — T'). In Table S1,

we give both the transformation from z4 to zp and the transformation from zg to z4.
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Case |z4 — zg| = 2: In Table S2, we denote the intermediate state by z;, and give the

transformations from z4 to z;y and from zp to z;.

# subsets | Subsets Subsets Transformation Transformation Condition
in 24, 2B in zy in zg ZA — ZB ZB — Za
1,2 {a,b} {a} {6} | (a:{a,0} ={}) | (a:{a} = {b})
(b:{a, b} = {}) (b: {b} — {a})
(X} |{ahX | {aX}>{) |(:fa} > X) x| > 2
2,2 {a, X},Y | X, {a,Y} | (a:{a, X} —Y) (a:{a,Y} = X) |1 X|>1
Y| >1

Table S1: List of transformations for |z4 — 25| = 1.




# subsets | Subsets Subsets Transformation Transformation Subsets Condition
in 24, 2B in zy in zp ZA — 2T 2B — 21 in zy
1,2 {a,b,c,d} {a,b},{c, d} (a:{a,b,c,d} — {}) (b:{a,b} = {c,d}) {a}, {b,c,d}
(b:{a,b,c;dy = {}) | (a:{a,0} = {c;d}) | {b}{a,c,d}
(c:{a,bc;dy = {}) | (d:{c,d} = {a,b}) | {c},{a,b,d}
@:{abedr—{) | (c:{ed—{abl) | {d}{abe)
{a,b, X} {a,b}, X (a:{a,b, X} — {}) (b:{a,b} — X) {a},{b, X} | X| >3
(b:{a,b, X} = {}) (a:{a,b} — X) {b}{a, X'}
1,3 {a,b, ¢} {a}, {0}, {c} (a:{a,b,c} = {}) (b:{b} = {c}) {b;c}, {a}
(c:{c} = {b})
(b:{a,b,ct = {}) (a:{a} = {c}) {a,c}, {0}
(c:{c} = {a})
(c:{a,b,c} = {}) (a:{a} = {b}) {a, b}, {c}
(b: {0} = {a})
{a,b, X} {a}, {b}, X (@:{a,b, X} = {}) | (b:{b} = X) {b; X}, {a} [ X] =2
(b:{a,0, X} = {}) | (a:{a} = X) {a, X3, {b}
2,2 {a,b,c}, {d} {c},{a,b,d} (a:{a,b,c} — {d}) (b:{a,b,d} — {c}) {b, ¢}, {a,d}
(b:{a,b,c} ={d}) | (a:{a,b,d} = {c}) | {a,c},{b,d}
(c:{a,bcy = {d}y) | (d:{a,bd} = A{c}) | {a,b},{c,d}
(c:{a,b,c} = {}) (d:{a,b,d} = {}) {a,b}, {c}, {d}
(d:{d} = {a,b,c}) (c:{c} — {a,b,d}) {a,b,c,d}
{a,b, X}, Y X, {a,b,Y} (a:{a,b,X} =Y) (b:{a,b,Y} = X) {b, X},{a,Y} |1 X|>1
(b:{a,b,X} =Y) (a:{a,b,Y} = X) {a,X},{b,Y} Y] >2




{a,b},{c,d} {a,c}, {b,d} (a:{a,b} = {c,d}) | (d:{b,d} = {a,c}) | {b},{a,c.d}
(b:{a,b} = A{e,d}) | (c:{a,c} = {b,d}) | {a},{bc,d}
(c:{e;dy = {a,b}) | (b:{b,d} = {a,c}) | {d},{a,b,c}
(d:{e;d} = {a,0}) | (a:{a,c} = {bd}y) | {c} {a,b,d}
{a, X7, {0} {b, X}, {a} (a:{a, X} = {b}) (b:{b, X} — {a}) X, {a, b} X1 =3
(b:{b} = {a, X}) (a:{a} = {0, X}) {a,b, X}
@ Aa X} {) |G X o) | X {a) )
{a, X}, {b, Y} {b, X}, {a, Y} (a:{a, X} = {b,Y}) | b:{b,X} = {a,Y}) | X, {a,b,Y} |1 X >1
Y] >2
b:{b,Y} = {a,X}) |(a:{a, Y} —={b,X}) |{a,bX},Y or [ X|>2
Y]>1
2,3 {a,b,c}, {d} {a}{c} {b,d} | (a:{a,b,c; = {}) (b:{b,d} = {c}) {b, ¢}, {a}, {d}
(b:{a,b,cy = {d}) | (a:{a} = {c}) {a,c}, {b,d}
(c:{c} = {a})
(c:{a,b,c} = {}) (b:{b,d} — {a}) {a, b}, {c}, {d}
{a,b, X},Y X, {a},{b,Y} (a:{a,b,X} —{}) (b:{b,Y} = X) {a},{b, X},Y | X| > 2
(b:{a,b,X} =Y) (a:{a} = X) {a,X},{b,Y} Y] >1
{a,c}, {b,d} {a}{b,ch {d} | (a:{a,c} = {}) (b:{b,c} = {d}) {a},{c}, {b,d}
(c:{a,c} = {})
(b:{b,d} = {}) (c:{b,c} = {a}) {b},{d},{a,c}
(d:{b,d} —{})
(b:{b,d} = {a,c}) | (a:{a} = {b,c}) {a,b,c}, {d}
(c:{a,c} = {b,d}) | (d:{d} = {bc}) {b, ¢, d}, {a}




{a, ¢}, {0, Y} {a}, {b,c},Y (b: {0, Y} —{}) (c:{b,c} = {a}) {a,c}, {0}, Y Y[=2
(b:{b,Y} = {a,c}) (a:{a} — {b,c}) {a,b,c},Y
(a:{a,c} —{}) (b:{b,c} =7Y) {a},{c}. {0, Y}
(c:{a,c; = {})
{o, X}, {b,Y} [ {a}, {6, X}Y | (a:{a, X} = {}) (b: {0, X} =7Y) {a}, X, {b, Y} | X] =2
(b:{b,Y} = {a,X}) | (a:{a} — {b,X}) {a,b, X}, Y Y| >2
[WXLYY | {abh XY} | @ {a X} o) | (b {ab} ) WX Yy | [X]>2
G-I o) el oX) | {aXh{LY | Y] 20
2, 4 {a,b},{c,d} {a}, {0}, {c}, {d} | (a:{a,b} = {}) (c:{c} = {d}) {a}, {0}, {c,d}
(b:{a, b} —{}) (d:{d} = {c})
(c:{e,d} = {}) (a:{a} —{b}) {a, b}, {c}, {d}
(d:{cd} = {}) (b: {0} = {a})
{a, b}, {c, Y} {a}, {0} {c}, Y | (a:{a,b} = {}) (c:{c} =Y) {a}, {b} {c, Y} Y[=2
(b:{a, b} —{})
(c:{e,Y} = {}) (a:{a} —{b}) {a, b}, {c},Y
(b: {b} = {a})
[WXP oY) b XAchY  |@ {aXio{h) | @ {d—Y) hX {eY) | X]>2
(c:{c,Y} = {}) (a:{a} = X) {a, X}, {c},Y Y[ =2
3,3 {a, X}, {b},Y [ {a}, X, {0, Y} | (a:{a, X} = {}) (b: {0, Y} —{}) {a}, X, {b},Y X >1
b: (b}~ V) (a: {a} > X) WXLy} |21
(@, X}, {b,Y}LP | X,Y, {a.b,P} | (a:{a, X}, P) b:{a,b,Py >Y) | X, {a, P} by} ||X]|>1
(b:{b,Y} = P) (a:{a,b,P} = X) {a,X},{b,P},Y ||Y]|>1

|P| >1




{a, X}, {b,Y}, P | {b,X},Y. {a,P} | (a:{a,X} — P) b:{b,X}—=Y) X, {b,Y},{a,P} ||X]|>1
(b:{b,Y} = {a,X}) |(a:{a,P} = {b,X}) |{a,b,X}Y,P Y] >1
[Pl >1
3,4 {a, X}, Y, {bc} | X {a, Y}, {0}, {c}] (a:{a, X} =) (b:{b} = {c}) X{a, Y} Abep | IX[=1
(c: {c} = {b}) Y] >1

(b:{b,c}t = {}) (a:{a,Y} = X) {a, X}, Y, {0}, {c}

(c:{bc} = {})
{a, X}, Y, {b,P} | X, {a,Y},{b},P | (a:{a, X} —=Y) (b:{b} — P) X, {a, Y}, {b,P} ||X|>1
Y] >1
(b:{b, P} = {}) (a:{a,Y} = X) {o, X}, YV, {b}, P | [P|>2
4.4 {a, X },Y, X, {a,Y}, (a:{a, X} —=Y) (b:{b,Q} — P) X, {a,Y},{b,P},Q| |X|>1
{b, P},@Q P {b,Q} Y| >1
(b: (b, P} = Q) @ oY} X) | {aXLY,P{5Q} P> 1
Q>1
Table S2: List of transformations for |24 — 25| = 2.




S3: The proposal distributions of an IBD state

We define three IBD proposal distributions used in the Metropolis type sampling from the

full posterior distribution (section S4).

(A) One-side distribution. Let q(z|za) be the proposal distribution where the IBD state z

is proposed from z4 according to the MCRP.

(B) Two-side distribution. Let q(z|za,zp) be a proposal distribution for z as an interme-
diate state between z4 and zp. Thus |z4 — zp| < 2, and the proposed z must satisfy

|z — za] <1 and |z — 25| < 1. We define ¢(z|z4, zp) for three cases:

e |24 — 25| =0 (24 = zp). We sample z from ¢(z|z4).

e |24 —2zp| = 1. We sample z = z4 with probability 1/4, z = zp with probability
1/4, and otherwise generate the proposal by the following three steps:

— Insert a new gamete into a subset of z4 of size j with probability j/(n + 6),

or insert it as a new singleton with probability 6/(n + 0).

— Delete the gamete that is deleted in a randomly chosen transformation from

z4 to zp (see Table S1).

— Label the new gamete as the deleted one.

o |24 — zp| = 2. We list all the possible intermediate states, and randomly choose

one of them (Table S2).

(C) Propagation distribution. Suppose that z4 and zp are two consecutive IBD states along
the chromosome (|z4 — zg| < 1) and also that |z4 — zc| = 1. Let q(z|z4, 2B, 2¢) be the
proposal distribution of an IBD state z satisfying |z — zg| < 1 and |z — z¢| < 1. Thus

there are four cases as shown in Figure S1.
o I: |24 —2p| =0and |zp — z¢| = 1. Set z = zp.
o II: |24 —zp| =1and |z — z¢| = 0. Set z = zp.
o III: |z4 —zp| =1 and |z — 2¢| = 1. Set z = zp.
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Figure S1: The possible scenarios for state z under ¢(z|za, 25, 2c). The distance between

each pair of states is shown on the joining lines.

e IV: |24 — 25| = 1 and |25 — z¢| = 2. Sample z uniformly from all the possible
IBD states satisfying the distance constraints (Table S2). If there is no such IBD

state, reject the proposal

Note that q(zp|zc, 2, z5) is the reverse proposal distribution to ¢(z|z4, 2B, 2¢).

Cases I and II are paired in this reversal, while cases III and IV remain unchanged.

S4 Sampling the posterior distribution via MCMC

We estimate the model parameters 0, A, ¢, K, x, and z by MCMC, using several versions of
the Metropolis algorithm. Our general notation for the target distribution of state variables
w, is p(w), and the proposal distribution for a new state given current state w; is q(+|w;). The

acceptance probability of proposed state w* is

- (Lp(m ) el ) | )

If the proposal is accepted w;y; = w*, and otherwise w;11 = wy. We refer to the ratio
p(w*)/p(wy) in equation S2 as the target ratio, and the ratio q(w*|w;)/q(w:|w*) as the proposal
ratio. In the case of reversible jump MCMC, the acceptance probability also includes a

Jacobian factor (Green 1995).
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The full conditional distributions of 6, € and A are given by

o p(z | K,0) p(0)

)

) X p(y | 7T>S>K7X?Za€) p(g)

) o p(K,x | A) p(N) in general
)

= TA\K+ay—1, 1/ (87" +¢) if K.=oco (equation S1).

To sample 0, € and A from their full conditional distributions, we use random walk Metropolis
algorithms (Gelman et al. 1996) for each parameter separately (except in the case where A
can be sampled directly). In this case the proposal ratio in equation S2 is equal to 1, and only
the target ratio is required. In each case the proposal distribution is a normal distribution
centered at the current value with the variance adjusted to give an acceptance ratio around
0.44 (Gelman et al. 2004).

Since the insertion or deletion of IBD change points involves a change in the dimension
of the parameter space, we update K, x, and z by reversible jump MCMC (Green 1995).
We use six move types in the sampler: (A) update a transition location, (B) update an IBD
state, (C) update an IBD state with downstream modification, (D) insert an IBD transition,
(E) delete an IBD transition, and (F) update segments of IBD states by swapping their
gamete labels. We denote by ¢; (i = A, ..., F') the sampling probability for move type i. In
move types (D-E), the parameter dimensions change by a transition location and an IBD
state at the location, and the Jacobian factor is 1.

In the following, we describe the proposals and give the proposal ratios for all the move
types (A-F), the target ratios for move types (D-E), and the full conditional distributions
for move types (A-C) and (F) from which the target ratio can be obtained.

(A) Single update of a transition location. First randomly choose 2 < k < K, and then
sample a proposal value zj from a discrete uniform distribution in the range from
ZTr—1 + 1 to xp1 — 1. The full conditional posterior distribution is

p(l’k|) X H p(yi | Z(si)vﬂ-iaeﬂg)'
{i|:ck_1<si<zk+1}

The proposal ratio is 1 as the proposal distribution is symmetric.
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(B)

Single update of an IBD state. First randomly choose 1 < k < K. If there are no
IBD transitions (K = 1), a proposal state is sampled from ¢ (z}|z1). If the focal IBD
state is at an end of the chromosome (k = 1 or K), a proposal state is sampled from
q(2f|z2) for k = 1 and from ¢ (zj|2x—-1) for £ = K. Otherwise, a proposal state zj is

sampled from ¢ (z}|zk—1, 2k+1). The full conditional posterior distribution is

p(a]) o H p(yilZ(si); i, 0,€) p(2rt1lzr, 0) p(zrl2x-1,0),

{i|$k§81<$k+1}
where p(zx11|2K,0) = p(21]20,0) = 1 for the cases k =1 or K.

The proposal ratio is

g(z12) fa(21]20) i K =1, and otherwise q(2{|2) /q(1]2) if k = 1,

q(zxlzr-1)/q(zK|2x-1) if k = K, and otherwise q (2f|2k—1, 2k+1) /9 (2k|2k—1, Zk+1) -

Single update of an IBD state with downstream modification. First randomly choose
k, 1<k < K. If K=1ork= K, update using move type (B). If & = 1, sample
zf from q(z7|z1). Otherwise for k > 1, set 2 = 2z for [ = 1...k — 1, and sample 2}
sampled from q(z}|zk—1,2x). If 2} = 2z we set I = k + 1. Otherwise we iteratively
sample 2/ from q(z]|z-1, 2, 27_;) from | = k + 1 until there exists I’ > k + 1 such that
zp=zporl'=K+1 Ifl' < K, weset zf =z forl=1"+1... K. The full conditional

distribution is

-1

p{Z@)}cica, 1) ][ p@ilZ(si),m0,0) 1] plala0),

{ilzp<s;<zp} I=k—1

where p(zx11|2K,0) is set to be 1 for I’ = K 4 1. The proposal ratio is given by

-

CI(ZZ|Zk) Hl:k:l q(zﬂzl—lv 21, thl)
’_

q(zxl20) TTZ a(als 20, 205 201)

if £ =1, and otherwise (1 < k < K) by

_
q(2 |2k 2e-1) Tl a(z 121, 20, 5 1)

a(zelze 5 ) TIS a(al 2y, 25 2e)
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(D) Insert one IBD transition. First randomly choose k, 1 < k < K. Then insert an
IBD transition location into x to give x* with z_ ;, sampled from the discrete uniform
distribution in the range from x; + 1 to x441 — 1. Set z; = z; for l = 1.. .k, and insert
Ziy1 sampled from q(z; |2). If b = K we set I' = K + 2, and if 2/, = 2, we set
' =k + 2. Otherwise we iteratively sample 2/ from q(2/|z1-2, z1-1, z7_;) from | = k + 2
until there exists I’ > k + 2 such that 2/, = zp_; or ' = K+ 2. If ' < K + 1, we set
2f =z forl=0+1... K+ 1. The target ratio is
pE+1x"2) _ iccayy POAZ7050,m00.9) T platia|ef 0) pl(K +1,x7)

p(Koxz2l)  Tlgeecsicoy POl Z(s0), 70,0, €) T2 p(z14a)21,6)  PIK,%)

where the term p(K + 1,x*)/p(K,x) is replaced by p(K + 1,x*|\)/p(K,x|\) if A is

Y

sampled (equation S1), p(2x41|2x, 0) and p(2f 5|25 41, 0) are set to be 1 for I’ = K 42.

The proposal ratio is given by

/I
oK Nwer — ok — 1) (=i 20) Tle @(21 |21-2, 21-1, 2

QDEKil Hﬁ/:_]irl Q(zl’7 Zl*a Zl*_|_17 Zlfl)

(E) Delete one IBD transition. First randomly choose k, 2 < k < K. (If K = 1, we do
not change anything.) Set x* by deleting x) from x, and set 2z =z for [ =1...k— 1.
If k = K weset ! =K, and if 2} | = z; we set ' = k. Otherwise, we iteratively
sample 2/ from q(2]|21, 2141, z7_;) from [ = k until there exists I’ > k so that z}; = zp41

orl'=K. Ifl' < K—1,weset 2z =24 forl=14+1... K — 1. The target ratio is

p(K - 1aX*7Z*|') H{i|x2—1<si<m;}p(yi|Z*<Si)77Ti7 9’ 6) Hélz_klfl p(’zl*—&—1|zl*7 6) p (K - 17X*>

p(Ka X7Z|') B H{i‘xk_1<5i<xl,+1}p(Yi|Z(Si)7Wiaeag) H;;k_lp(ZH_ﬂZl,e) p(K7 X)

Y

where the term p(K — 1,x*)/p(K,x) is replaced by p(K — 1,x*|\)/p(K,x|\) if A is
sampled (equation S1), p(zx 1|2k, 0) and p(zj|2z5_;,0) are set to be 1 for I’ = K. The
proposal ratio is given by

— - * *
pp(K —1)"" Hl:kl (2] |20 241, 20 1)

— * * — * l/ * * )
ep(K = 1) (@} — 2y — D)7 q(zalzi_y) s a(al2gs 200, 2-1)

(F) Update segments of IBD states. We first randomly choose one pair of gametes and
partition them into IBD and non-IBD segments. Independently for each non-IBD
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segment, we propose IBD states by swapping the labels for the pair of gametes. Let k
and [ (I > k) be the two ends of the segment so that z, and z; are IBD for the pair of
gametes. We set k = 0 for the first segment, and [ = K + 1 for the last segment. The

full conditional distribution is

p({Z<x)}zk+1§x<ml|') X H p(Yi‘Z<Si)77Ti797€)J
{ilzgy1<s;i<zi}
which does not depend on the IBD transition probabilities. The proposal ratio is 1 for

this symmetric proposal distribution.

In each iteration of a single MCMC, we update 6, A, € one by one, update Z(z) 107>/ times
with move types (A-E), and update IBD states n/2 times with move type (F). To improve
the mixing of the MCMC, with probability 0.5 we reverse the direction of the chromosome
in every iteration. When A is not sampled (equation S1) move types (A-E) are sampled with
probabilities ¢ = ((1 —2¢)/3, (1 — 2¢)/3, (1 — 2¢)/3, ¢, ¢), respectively. Here ¢ is a tunable
constant, and it is set to be 0.2. When A\ must also be sampled due to the bounding of K
by K., we set ¢ to be a small value of 0.05, as the number of IBD transitions is distributed
sharply around K, due to the LD in the founder genomes.

We run two independent groups of MCMC chains. In each group there are four MCMC
chains, and parallel algorithms are used where the full conditional distribution is raised to
the power 0,0 < 0 < 1 (Metropolis-coupled MCMC, (Geyer 1991)). The power o is set to
1 for the coldest chain, and decreases with equal interval Ao, which is adjusted so that the
accept probability for swapping a pair of chains is 0.5. Only the coldest chain in each group

is saved.
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Figure S2

Figure S2: Overall recovery of IBD states from long data sets. Estimated IBD states along
gametes obtained from the data sets L-NoLD (left panels) and L-LD (right panels). They
are evaluated in terms of the number of IBD sets (A and B), the pairwise IBD probability
(C and D) and the false positive probability (E and F). Error bars denote the 95posterior
intervals with black lines connecting the medians. In panels A-D, magenta lines denote the

true values. Compare with Figure 5 in the main text.
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