S1 Algorithm Functional description of the SubMARine algorithm in extended mode.

Input: ¢ € REXN M € {0,1}/*L ACy € ZI*E ACp € ZI*EK N\ € {1,2,..., K — 1}/,

A€{1,2,.... K -1}t 0,€{0,1,....] -1}/, 0. €{0,1,..., ] — 1} n. € {A, B}~

Output: ancestry matrix Z, SSM phasing vector ms, possible parent matrix 7

1:

> set 1’s through germline rule and 0’s through trivial relationships of generalized sum Tule

Zy, s, < initializeCloneTree(K, J)

> set 1’s through equivalence rule based on Eq (13) (Section IV.3 in S1 Text), propagate 1’s through
partial tree rule (Eq (1) in main text), set SSM phasing through equivalence rules based on Eqs (14) and
(15) (Section IV.3 in S1 Text) and lost allele rule based on Eq (8) (Section I in S1 Teat)

. Z1,ms, < updateOnesAndPhasing(M, AC 4, ACE, As, Ac, Os, Oc, e, Tsy 5 Z0)

> set 0’s through equivalence and lost allele rules based on Egs (16), (17), (18), (4), (6), and (7)(Sec-
tions IV.3 and I in S1 Text), through crossing rule (Eq (9) in Section III.1 in S1 Text) of generalized
sum rule, propagate 0’s through partial tree rule

Zy + updateZeros(¢, M, AC 4, ACB, s, ¢, Os, Oc, T, Tsy 5 Z1)

> set 1’s and O’s through generalized sum rule with Subpoplar algorithm

4: 73, sy, T3 < useSubpoplar(K, ¢, M, AC4, ACp, As, Ac, Os, Oc, Te, Tsy , L2)

return Z3, ms,, T3

initializeCloneTree (K, J):
Z {_1}KXK U fgerm(K) U fsum“-w (K)

T T — {—1}‘]

return 7, m

updateOnesAndPhasing(M, AC4, ACp, As, A¢, Os, Oc, Te, Tsy Z):

2 Z 4= Z U feq., (M, D, Ac)
VRS fptreE(Z)
¢ s <= T U f@‘Lsa'nLepha (M, As; A, me) U fe(Idifpha (M, Ay A, e, Z) U flostpha (AC4; ACB, As; Ac, 05, 0c; e, Z)

: return Z, s

updateZeros(¢, M, AC 4, ACp, Xs, ¢, Os, Oc, Te, Ts, £ ):

VAR fquO (M7 ACA) ACB? )\37 )‘C7 Os,Oc, Tlc, Tls, Z) U flostzo (ACAa ACB7 )\57 )\C7 Osy0cy Ticy Ts, Z) U fsumcr,»((b)

VRS fptree(Z)
: return Z

useSubpoplar(K, ¢, M, ACx, ACp, A, A, 04, 0, e, s, Z):

. initialize d,, T
: while Z did not converge do

Z' 6,9, T fsumsubp (K,9,2,6,9,7)
if Z' contains more 1’s than Z then
Z, s + updateOnesAndPhasing(M, AC 4, ACp, As, \c, Te, s, Z')
Z,ms + updateZeros(¢, M, AC 4, ACp, s, \c, Os, Oc, T, Ts, Z )
else if Z' contains more 0’s than Z then
Z fptree(Z/)

: return Z, ms, T




