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(A) ILP formulation for family-free DCJ-indel

The ILP, shown in Algorithm A1, was developed in our previous work [12], but there it only considered an optimal capping

of a family-free relational graph FFR(A,B, S). It is an adaptation of the ILP for computing the DCJ-indel distance of

family-based natural genomes, by Bohnenkämper et al. [8], which is itself an extension of the ILP for computing the DCJ

distance of family-based balanced genomes, by Shao et al. [7].

Algorithm A1 FF-DCJ-Indel: ILP for computing the best DCJ-indel weighted cost

Input: A family-free relational graph FFR(A,B, S) with a valid capping ✓? or ✓t
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and xe 2 {0, 1} 8 e 2 E (D.01)

0  yi  i 8 1  i  |V | (D.02)

zi 2 {0, 1} 8 1  i  |V | (D.03)

rv 2 {0, 1} 8 v 2 V (D.04)

te 2 {0, 1} 8 e 2 E (D.05)

sk 2 {0, 1} 8 k 2 K (D.06)

p = p⇤ (optimal capping) or pt (heuristic capping) (D.07)
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ILP description

Given a valid capping ✓ (that here can be ✓? or ✓t), the general idea is searching for a sibling-set that, together with a

capping-set, induces an optimal capped consistent decomposition of the capped diagram ✓(FFR(A,B, S)) = (V,E), where:

• V = V (A) [ V (B) [ ✓̂(A) [ ✓̂(B) (vertices representing gene extremities and cap extremities) and

• E = E� [ E✓ [ EA
adj [ EB

adj [ EA
id [ EB

id (the set of edges comprises all disjoint sets of distinct edge types).

• Additionally, we define the set K that contains all circular chromosomes of both genomes A and B. Without loss of

generality, let k be a circular chromosome in genome A. In the ILP we also refer to the set of edges Ek
id ✓ EA

id.

The same ILP formulation (shown in Algorithm A1) computes

either GenDiFF(A,B, S) and OrthoFF(A,B, S) (with ✓?)

or GenDiFF
t
h(A,B, S) and OrthoFF

t
h(A,B, S) (with ✓t).

A particular feature of this ILP when compared to those from [7] and [8] is that its search space is not restricted to

maximal sibling-sets but includes all sibling-sets, of any size.

For capturing the properties required for computing the best DCJ-indel weighted cost, whose details can be found

in [12,13], the ILP (Algorithm A1) is distributed in three main parts:

1 Counting indel-free cycles (those without indel edges) makes up the first part, depicted in constraints (C.01)–(C.06),

variables and domains (D.01)–(D.03).

2 The second part is for counting transitions (paths between an indel edge in A and an indel edge in B), described in

constraints (C.07)–(C.10), variables and domains (D.04)–(D.05).

3 The last part describes how to count the number of circular singletons (circular chromosomes exclusively composed

of indel and adjacency edges) with constraint (C.11), variable and domain (D.06).

The objective function of our ILP minimizes the size of the sibling-set (that is twice the size of the ortholog-set), with

sum over variables xe, the number of circular singletons, calculated by the sum over variables sk, half the overall number

of transitions in indel-enclosing (non-singletons) cycles, calculated by the sum over variables te, and the weight of all indel

edges in the decomposition, given by the sum over their weights wexe for all e 2 Eid, while maximizing both the number

of indel-free cycles, counted by the sum over variables zi, and half of the weight of the sibling-set.

Note that the minimization is not a↵ected by constant p that corresponds to p⇤ when the graph is optimally capped or

to pt when the graph is heuristically capped.

Availability

The ILP can be downloaded from our GitLab server at gitlab.ub.uni-bielefeld.de/gi/gen-diff and is integrated

to OrthoFFGC/OrthoFFGC
t
h pipelines at gitlab.ub.uni-bielefeld.de/gi/FFGC.
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(B) Supplementary information on the analysis of eleven Drosophilas

First we show in Figure B1 the distribution of the numbers of resolved FlyBase families (per family size) inferred by

each of the methods.
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Figure B1 Distribution of resolved families in common with FlyBase families for eleven Drosophilas.

Now we show in Table B1 the numbers of resolved families in the pairwise intersections.

Table B1 Comparison of the sets of inferred resolved families considering eleven Drosophila species. Each cell in the diagonal holds the number of
families given by a method and the number of those families that are identical to a FlyBase family. The remaining cells show the number of families
in common between two methods.

common resolved incomplete families (FlyBase has 4,769 res. incomplete families)

OrthoFFGC
t
h (+mcl) Poff ProteinOrtho Oma

OrthoFFGC
t
h (+mcl) 5,825 (+629) 3,653 (+256) 3,449 (+167) 3,103 (+238)

[\FlyBase ] [ 3,407 ] [ (+200) ]

Poff - - 7,707 5,751 4,235

[\FlyBase ] - - [ 3,560 ]

ProteinOrtho - - - 6,995 4,127

[\FlyBase ] - - - [ 3,458 ]

Oma - - - - 9,673

[\FlyBase ] - - - - [ 2,868 ]

common resolved complete families (FlyBase has 6,189 res. complete families)

OrthoFFGC
t
h (+mcl) Poff ProteinOrtho Oma

OrthoFFGC
t
h (+mcl) 5,988 (+96) 5,317 (+52) 5,159 (+33) 4,349 (+31)

[\FlyBase ] [ 5,654 ] [ (+39) ]

Poff - - 5,865 5,501 4,468

[\FlyBase ] - - [ 5,356 ]

ProteinOrtho - - - 5,835 4,369

[\FlyBase ] - - - [ 5,231 ]

Oma - - - - 4,688

[\FlyBase ] - - - - [ 4,328 ]
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