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Abstract

Background: There are many theories about the causes of hereditary diseases, but physician believe that
both the genetic and environmental factors simultaneously play an important role in the development and
progression of these diseases, although the extent to which this effect is not yet clear. In order to detect
effective genes in the development of diseases, it is necessary to achieve the relationship between
cells/tissues.

Objective: In fact, inter-cell or inter-tissue communications indicate the hereditary relationships between
patients. Detecting these communications help to identify common parts of the body that are influenced
by various diseases. The interaction between different cells/tissues can be demonstrated by expressing the
gene between them. By sampling chromosomes, useful information is obtained about the type of disease
and how it is transmitted. By examining this information, you can identify disorders that have led to highly
altered changes. In previous research, various clustering methods have been used to discover the links
between diseases based on gene expression data. However, ensembl clustering approaches have not yet
been used for this purpose.

Method: In this paper, the recognition of intercellular and inter-tissue interactions in various diseases have
been done according to the characteristics of the topological structure of the graph and an improved
ensembl clustering method. The proposed clustering algorithm uses an agreed similarity function to
measure the similarity between objects. The proposed method has two stages; in the first step, several
clustering models are combined to identify the initial relationships between cells or tissues in order to
produce better results than individual algorithms. In the second stage, the similarity between cells or
tissues in each cluster is calculated by using a similarity criterion based on the topological structure of the
graph. Eventually, the maximum similarity between cells or tissues in each cluster is used to discover the
relationship between diseases. In addition, an algorithm for improving the uncertainty of objects is
evaluated by allocating them to other clusters in order to enhance the quality of the final clusters.
Results: To evaluate the performance of the proposed method, several UCI datasets and the FANTOMS
dataset have been used. The results of the proposed method on the phantom data set 5 report a silhouette
of 0.901 in 18 clusters for cells and 0.762 in 13 clusters for tissues.

Conclusion: The conducted evaluations have confirmed the power of the proposed clustering algorithm
in terms of accuracy. Clustering of cells or tissues has increased the accuracy and concentration of the
topological similarity criterion of the graph in the range of similarity of cells or tissues.

Keywords: Intercellular communication, Improved clustering, Graph topological structure, FANTOMS
dataset.
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pair of objects.
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Similarity Calculation Algorithm :

Input : X dataset with N samples and M features; m
clustering method and .

Output : Similarity matrix Fyyy

For P =1tomDo
For k=2to N Do
Forz=1tok Do
If (x,v,xj) € Cluster, from p method Then
F(x;,x) = pN-"0
Else
Flxux)=1
End If
End For
End For
End For

F < Normalized F;

Ll A loro i 5981 1 (Y- i)
(Figure-2): Similarity Calculation Algorithm
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Clustering Algorithm :
Input : Fyyy; thy; thy; ths
Output : Cluster members, C, (Vj =1, ...,Z)

/[Creation of initial clusters :

z=1,C, = {15 sample and f}..};
Fori=2toN Do

Z—Z+1

C, = {i*t sample and fiz};
End If
End For
Repeat until no change in the final cluster
/IMerging of the initial clusters :
Z € Total number of clusters;
O.max = w’
While 6™ > th? Do
Forz=1to Z Do
0(C,C)=eq.(9), (Vvj=1,..,2)
End For

new {Cu G }
Remove C; and (; clusters.
End While
/lImprove the final cluster :
Forz=1toZ Do
Y = eq.(10);
If < th; Then
Remove 1 sample from z cluster.
Crew {Cw}
End If
End For
End Repeat

F,ff;;: Maximum similarity in the F for each x; sample, (Vi = 1, ..., N).

If sample x; has not included in any previous clusters Then

L = samples of £, has not included in any previous clusters.

[C..Co™*] = max o(C.C), (vj=1,..

@3l (sivadig i3 (- JS0)

(Figure-3): Proposed Clustering Algorithm
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Cell-to-Cell Communication with Graph topological
Algorithm

Input : Cluster members, C, Vj = 1, ..., Z and Adjacency
matrix A

Output : com(x;,%;) V% € X

A(z) : Adjacency matrix calculate for the z cluster vz =
1,..,Z.
Forz=2toZ Do
Fori=2to N Do
sim(v;,v;) =eq.(13),  (¥j=12,..,N) //KFL
algorithm is applied to the A(z).
com(x;, x;) = eq.(14) I/ For each cell k number of
cells with the highest similarity score obtained are
offered as a cell-to-cell communication.
End For

End For
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(Figure-4): The proposed algorithm for graph theory in
detecting intercellular and interconnected relationships.
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Table-1): The data set used in experiments
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NMI criteria for 10 executions.
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(Table-4): Intercellular connections extracted from the phantom dataset using the proposed algorithm.
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(Table-6): Compare clustering results with different thresholds.
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Full names of cells (Ci) in Table(4-19).

C1: (hes.gfp.embryonic.stem.cells), C,: (basophils),
C3I
(cd14..monocytes...treated.with.lipoplysaccharide),

Ca: (h9.embryonic.stem.cells), Cs:
(lens.epithelial.cells),

Ce: (ciliary.epithelial.cells), Cr
(cd14.cd16..monocytes.2), Cs:

(fibroblast...aortic.advantitial.donor2..cytoplasmic.f
raction),

Co: (cd14.cd16..monocytes.1), Cio:
(b.lymphoblastoid.cell.line..gm12878.encode), Cia:
(cd14..monocytes),

Ci2: (astrocyte...cerebral.cortex), Cis: (mast.cell),
Cia: (melanocyte), Cis: (mesothelial.cells), Cis:
(fibroblast...villous.mesenchymal), Ciz:
(melanocyte...dark), Cis: (melanocyte...dark).

Full names of tissues (T;) in Table(4-20).

Ti:  (amygdala), T (caudate.nucleus), Ts:
(hippocampus), Ta: (Kidney), Ts: (locus.coeruleus),
Te: (medial.frontal.gyrus), T7: (medulla.oblongata),
Ts: (occipital.cortex), To: (small.intestine), Tio:
(temporal.lobe), Ti1: (testis), Tio: (throat), Tis:
(thymus), T14: (trachea).
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