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Abstract

In this paper, an algorithm of directed graph replacement by acyclic directed graph is constructing and is applying
for a study of the key players required for connecting ABA signaling and ABA-mediated drought and thermo tolerance.
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Formulation of Problem

In the analysis of protein networks, it is necessary to develop
a procedure for simplifying them by analogy with the method of
principal components in mathematical statistics. This simplification
can be achieving by removing feedbacks from the network and
transformation of the network (directed graph, digraph) into acyclic
digraph connecting input and output nodes only without any
feedbacks. Possibilities of acyclic digraphs application in calculation
of flows intensities are described earlier [1]. In this paper algorithm
of the replacement is constructing and is applying for a study of the
key players required for connecting ABA signaling and ABA-mediated
drought and thermo stability [2-5].

Algorithm of Network Simplification
Replacement of clusters by acyclic digraphs in network

For any digraph, A we denote P(A) the set of vertices and Q(A) the
set of edges. Let be G an digraph, produce its clustering with respect
to cyclic equivalence using the algorithm of [?]. In each cluster g of
digraph G, we can select a set U(g) of input vertices and a set V(g) of
output vertices. Under the front top of the cluster is a vertex, which
includes the outside edge of the cluster, under the output vertex refers
to the vertex the edge goes to the outside of the cluster. Sets U(g), V(g)
can intersect and can be empty. For simplicity and without loss of
generality, assume that all the clusters of the graph G, which are not
part of the ribs and/or of which they don't have ribs, are unimodal.

Denote G the set of all clusters in the digraph G. Then the set of
edges 0*=0(G)\|JO(g) consists of edges coming from the output

eeG
vertices of one cluster to the input vertices of other clusters. Assume
that we map each cluster geG to an acyclic digraph g that satisfies the
inclusion U(g) UV (g) < P(2).

Then, connecting the input and output vertices of acyclic digraphs
with the edges of a set Q*, we obtain an acyclic digraph containing all
the input and output vertices of clusters geG. In this case, an acyclic
subgraph & in which there are no feedbacks, is built from each cluster,
but all the links between the clusters remain. Replacing all clusters ge G
with acyclic subgraphs g can significantly simplify the appearance
of the protein network presented in the form of a digraph G and in
its formulation resembles the method of the main components in
mathematical statistics.

Construction of acyclic digraph with input and output nodes
of single cluster

Therefore, our task is to allocate in each cluster geG
an acyclic subgraph g containing all vertices from sets
U(g).V(g): U(g)u¥V(g) = P(g) The algorithm for transforming a

cluster g into an acyclic digraph & consists of the following steps.

First, we construct an acyclic subgraph g of an digraph g
containing a non-empty subset U(g)cU(g) of the set of input
vertices and the set V(g) of all output vertices. Then an acyclic subgraph
&, is constructed consisting of paths starting at any vertex of the set
and ending at any vertex of the set U(g)=U(g)\U(g) and ending
at any vertex of the set P(g). It is obvious that the union & = gug

also forms an acyclic graph, and the inclusion }'(g) < P(g) is true.
Construction of acyclic graph &

Construct an acyclic subgraph g* of digraph g, containing a non-
empty subset {/(g) < U(g) of the set of input vertices and the set V(g)

of all output vertices. For this purpose, in the cluster g, we implement
a recursive wave front algorithm from the set U(g) of all input vertices
until the front passes through all output vertices V(g):

4,=U(g), 4., ={jeOAL :EIieAk,(i,j)eQ(g)}, k=0,..,7-1,(1)

r= min{k V(@c OA,}: P(g¥) = LTJA,, V(g) < P(g™).

From each output vertex ve V(g) that necessarily belongs to one
of the constructed sets, for example veAr(v),the following recursive
procedure along the graph & * reaches to the set of input vertices:

By =}, Bl =licd,  ,:3jeB. (. )eQ@}, k=0...rm)-1. (2)

As aresult, a subgraph € *(v) is constructed in the graph & *. Then
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the subgraph £ = U g*(v) of digraph & ¥ satisfies the following

ver(g)

ratios U Brv(v) =U(@), V(g)c P(g).

veV(g)
Construction of acyclic graph g

The construction of a graph g is similar to the construction of a
graph € with some changes. First, the wave front algorithm from the
set P(g) is implemented until the front passes U(g), through all the
vertices of the set changing the orientation of the edges (i,) in the ratio
(1) to the opposite (j,i). Next, a recursive procedure (2) is implemented

from each vertex u € U(g), replacing the orientation of the edges (j,i)
by (j,1).
Example

Represent graphically protein network, using for research of plants
stability to drought and extreme temperatures, in accordance with
previous study [6].

In Figure 1, clusters (containing more than single node) are
outlining with blue and yellow curves. The clusters are constructing
by algorithm described [7]. In Figure 2, we represent digraph in which
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Figure 1: Factorization of protein network using for research of plants stability to drought and extreme temperatures.

(ABA receptors)
PYLs

»(HSP70-4

(ABA recepfors
PYLs

otamase

Figure 2: Replacement of clusters by shortest ways between input and output nodes in clusters.

J Biom Biostat, an open access journal
ISSN: 2155-6180

Volume 9 + Issue 2 + 1000390



Citation: Gurami T, Victor B, Alexandr L (2018) Replacement of Directed Graph by Acyclic Directed Graph and Its Application in Biostatistics. J Biom

Biostat 9: 390. doi: 10.4172/2155-6180.1000390

Page 3 of 3

each cluster is replacing by acyclic digraph. Next simplification is in
an extraction from Figure 2 sub graph connected with nodes DREBC2
and ABA receptors PYLs, supplying thermo tolerance of the protein
network only.

The transitions Figure 1 - Figure 2 > Figure 3 are basing on the
suggested algorithms and their mathematical properties. Comparison of
Figure 1 with Figure 3 shows possibilities of the network simplification
for solution of considered biophysical problem.

AUX signaling

ABA receptors
PYLs

Figure 3: Extraction of ways from input nodes to nodes DREB2C and ABA
receptors PYLs supplying thermo tolerance of the protein network.
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