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Abstract

We show that collapsing walk-preserving shared prefixes does not affect
the set of variants spelled in variation graphs.

A popular data structure in pangenomics are variation graphs [3, 2, 1]. Let
G = (V, E) be a variation graph with node set V representing the set of oriented
nodes of G. Each node v € V is associated with a sequence t(v) representing a
DNA molecule. For any given sequence v € V there exists a unique node v € V/
with t(v) corresponding to the reverse complementary sequence of t(v). We
further assume that G has a source node s and a sink node S s,5 € V, such
that for any v € V there exists a walk (s,...,v,...S). Then the variants Vg
of graph G is the set of all possible sequences t(s).t(vg)...t(vg).t(S) such that
(s,v0,-..,0,5) is a walk in G.

Further, p(t(u), t(v)) denotes the longest common prefix of sequences t(v)
and t( ). Further, we denote by a(v) := {u | {t,u} € E} the parents of v and
by c(v) := {u | {v,u} € E} the children of v. A triple (u,v,w) with u # w and
{v,w} C c(u) is a cherry.

Proposition 1. Let (u,v,w) be a cherry with |p(t(u),t(v))] > 0. Let G' =
(V',E") be a graph with

V' =V \{v,0,w,w} U{z,z,0, 0w o'}
and

=E\ ({{v.y} [y e V}IU{w,z}[2€V})
U{{z,p}Ipealv)Va(w)}U{{z,p}|pe€alv)Ua(w)}
U {{z,v'}, {2, 0’} {2, 7'}, {7, 0"} }
U{{v',c} |cec)fu{{w',c}|cec(w)},

where t(z) = p(t(u),t(v)), and t(v'),t(w’) the sequences of v and w without
p(t(u),t(v)). Then Vg = Vg holds true in general if and only if a(v) = a(w).

Proof. = Let V, := {t(s)...t(p).t(v).t(c)...t(S) | p € a(v),c € c(v)} C Vg

and V= {t(s) ... t(p).4(x) 4(t').£(0) ... £(S)) | p € a(x),c € e(v))} C
Ver. By construction we have a(x) = ( ) and c(v') = ¢(v) and t(v) =
t(z).t(v"), therefore V,y = {t(s)...t(p).t(v).t(c)...t(S)) | p € a(v),c €
c(v)} = V,. The same logic, apphed to all other new variants of Vg,
completes the proof.



< Assume Vg = Vi and a(v) C a(w). Consider some walk of graph G of
the form (s,...,p), p € a(w) \ a(v), s.t. t(s)...t(p) € {t(s)...t(p/) | p €
a(v)}. Then the set of sequences {t(s)...t(p).t(x).t(v').t(c)...t(S) | c€
c(v)} is a subset of Vg, but not of Vg, thus contradicting the assumption.
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