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Least Common Ancestors:
v for A C L(G), the set LCA(A) comprises all <-minimal
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What does “supported” mean?

A vertex v is an LCA-vertex (= supported),
if v is the LCA of some subset of leaves

A DAG G is LCA-RELEVANT if all its vertices are LCA-vertices
This begs several questions:

* How to determine unsupported vertices and how to get rid of them?
Testing all A € L(G) and check if v € LCA(A) is not an option!

® Can we characterize LCA-RELEVANT DAGs?
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p p p

T Y z T Y z x Y z

Theorem. If W is the set of all non-LCA vertices of G, then G & W is LCA-RELEVANT and satisfies the following properties:

® V(GeW)=V(G)\W and L(G& W) = L(G) [no new vertices introduced amd same leaf-set]
® u=gwifandonly ifu <gow w for allu,w € V(G)\ W [ancestor relationship perserved]
® LCAG(A) =LCAGow(A) forallAC L(GE W) [the same sets of LCA’s]
® C6=Cqew [same clusters]

Moreover, W is the minimum-sized set for which G © W is LCA-RELEVANT and G © W can be computed in polynomial time.
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Network N with highlighted non-LCA vertices

6/9



Results: An example

Back to our Plant-Tinder-Elites . ..

[ o [}
) 2.

"‘%/ o 470{? (A O/G,, %O % {;&4/0.% “ij// Q@bé&;@( C}f,/o Ode ’?Oé {%O_7¢<>;.
%, % %, . %, 0 O 6/")0@- e, O, 2 U % I)/(/
O O Y %, Y, Cu % %, % %, “, %,

@ ,o/, D . @Q z)}& Y eé ]
", 0’0;
< 2,

6/9



Results: An example

Back to our Plant-Tinder-Elites . ..

LSA-tree of N to show “trend of evolution”

6/9



Results: Let’s strengthen LCA-RELEVANT
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Theorem.
For a network or DAG G the following are equivalent:
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A DAG satisfies (PCC): there is a vw-path if and only if
c(v) and c(w) are comparable w.r.t C.
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For a network or DAG G the following are equivalent:

® G is LCA"-RELEVANT
® G is LCA-RELEVANT and satisfies (PCC)
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Results: An example

Back to our Plant-Tinder-Elites . ..

%o, %o, %, Yy, %, T, %0, Y, Uy U, S, O, e, P 0, %, %o, M, %, Y, o, %, N, Uy, U, 9, % Y % 0,
oy 0, 0, My, Py, e, e, e,y Y, e oy o, %, Yy P, 0, P Y, R, e, G, G, G,
Pl o, “wW ", v,?{/%, '0%4/ K w " “ ; 2 %, 4,04:,, %,% “ ”
“ “, “ 4,
. u )
the LCA-RELEVANT version of N an LCA"-RELEVANT version of N

(all shortcuts removed)

All these simplifications can be computed in polynomial-time and are implemented as python-tool LCA-SimpliDAG

Lindeberg and Hellmuth, Simplifying and Characterizing DAGs and Phylogenetic Networks via Least Common Ancestor Constraints, Bulletin of Math. Bio. (submitted), 2024

https://github.com/AnnaLindeberg/LeastCommonAncestor-relevant.git
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Other results and open problems

® Generally worked with a generalization: a DAG is .#-LCA-RELEVANT if for every vertex v € V(G) there is some A C L(G)
s.it. |A| € .# and v € LCA(A).

Lindeberg and Hellmuth, Simplifying and Characterizing DAGs and Phylogenetic Networks via Least Common Ancestor Constraints, Bulletin of Math. Bio. (submitted), 2024
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Other results and open problems
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* Our results also fit rather nicely together with an axiomatic framework recently introduced in the context of another type
of simplification (resulting in so-called LSA-trees).

Still lots of interesting open todos:
® For G& W being LCA-RELEVANT the set W is uniquely determined and €gow = €

For G& W being LCA"-RELEVANT, the set W is not uniquely determined and €5y C €6
How to find min-sized |W|? Or how to find W s.t. |€5 \ €gew/| is minimized?

* |s it too much to require vertices to be LCA’s of leaves?

Recursive Def:
Every leaf in G is pertinent.
A vertex is pertinent if it is the LCA of pertinent vertices.

What is the structure of DAGs in which all vertices are pertinent and how to determine such vertices?
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