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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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(Figure-1): Calculates the similarity between each
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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(L ot 3 ok ot SBLLS
(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

&9 90 digad olows [ olaw Slaxy Sloxi | Acgozxo
LSy | abgs | badgs | b Shy | bages | ools

(FR) O+-0+-b- ¥ ¥ \a- Iris
(VVR),

FA-YV-04 ¥ Y \YA Wine
(vn
(OR) | Ye-vo-ro- ¥ 0 Y\0 | Thyroid
SVYSVV-YA-V-
(AR) i4 q ¥ Glass
Ya-q
(an YYa-FEF Y q FAY



http://dx.doi.org/10.52547/jsdp.18.2.97
https://jsdp.rcisp.ac.ir/article-1-980-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.2.97 ]

Wsolen Hidrg LS, G ilwdde Sl 332 dlub Hlse K 9 S2eXS (GIisdubgd gy Ky S )3

<

L (CO) )5 by, Jolis lapn ;s ()l
Sgw p.a:Q—l aS ONCE 4[28] (nSilee aigay 5l oolazul
2ol [29] MCLA 4 [23] WS s o8liiasl (,Silio
oy Gl S 51 (CO) (sigm 5 Sen ho,
Sz Gioled So B 4 gloa! lasl cllSS alewgay
4 a4z b Ll 5l ze) o o Saplie G sile o] 50 a5
Wy K0S b egate oy Se slasl sl SoSs
abewgas 2l 5181 G cnl 5o 058 o0 (60T sl (gl o
Sl el ganadss slaph oSl pleol (5 S
Cowdty Glad G ple lp 5Nl bSjhe Wi
Ot sxbad e 38lo5 4l X, ONCE o9y 5o e
oS Gl Wz by, el oud zhkae Lasl
sl 0 0ol xezS ganadisd b dylas (gLl
Ldlz g o (Sl abal) 5l oolanl g, opl 5l Boa
abre sl @974 bogsy o bLSI cnl &5 ol
cald laol MCLA )5 55, 00 )15 4 Cypline s yilo
ool o gledl STal vl badss 795 om
Jaccard _asli daswgs o,k 5l I cpl WS oy
Lao S oS g aitle gy GBS s coloul
SIS o ol |y atigizg; com ol da Ly g loassgs
aleogar |y (2l 4o 2 9 12l agye oo ) o580l Lo
NMI, ARI o5 oli2 33,5 6,505kl MMI, ARI
SR Wigyee H8 a4 ganabss s byl sl
53 Wosls e s AN lgieds b gamate> slajl 3
Jeeyo 098 0 oold igles Pr L as ogl ad S
a5 dgliee a,5 I o 00 slacenzy Jgensjsbay
(£89) S 9l sl Wl on &5 plogeuly acds (sl
5550 5hal ol ez g e eolaiuwl (gundie> Ax
B0 PT dnlore 4y 5L A el grezd ganadieS A
Al ) &g &5 Cl (RI) ozl 4 ausly a5 AR
D9 o iy 5 (V9)

ARI(P*, PY)
_ RI(P*,P") — Expected|[RI] 0%

\ — Expected|[RI]

135 g0 dmwlme (VV) ala, 5IRI ] jo a5

nqy +n
RI(P*,Pt) = L9 \\Y)
Ngo+n11 + Nyp + Np1

4 odloplasl s b zgy olaw nyp o oakaly cpl o
z9; Slawi Ngg .cl Pl g PTsge,m 50 aline slaaigs
Pl gt e Oglite slaadgs 4 ondosls plaisl e o
oled 4 salosls plaisl glilzgy slass nyp .ol

A 2 Vol Vfee Lo

2 bdiges asn | sadplxl slaislesl ples o

ol el Gus el ead colaiu] eesldacgesre
> oSl ol oS Gilesl daiales]
3o s b SigS ownlie izmas 5 (s3lgiig
slass () Ui .l o) lapin oSl sl b oyl dslae
dor )0 (golgiiny o HoNl alisey 0alalS slaaliss
Qe o olas ) 1l e j8 ead jioles] (slasslsacgoe
s 50 adgs a5 ol o] 5l S sselcassas ass
eade oadly i 4 S5 by 5 Cays Lnosloaegans
Sl Lyl 00 )0 pss BB g ,laubl lises Lol ool 00

Number of Hur

Ji3xo gl 08 jo saliadgl gralgs dlowy (B- JSCi)
(Figure-5): The number of clusters in 10 separate runs

31O JS& b Gllae g3l o9y @l <o

50 oadiule;l slacoloac gamms aad (sl e (slyal o0
S oneliansds am el 0ol sols ylas (F) S
Sloadss Guad )3 Goliiny Py oo 0 Sles
oy yshieds Sl broslsacgass flicn )0 Cew,d
wlieo o) maixr by mls b goleian by, 5380

heumte / Runs
Ji3zmo 1yl 00 40 cubaudel (guuadigs CdS (P - JS)
(Figure-6): The accuracy of the cluster in 10 separate runs.


http://dx.doi.org/10.52547/jsdp.18.2.97
https://jsdp.rcisp.ac.ir/article-1-980-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-16 ]

[ DOI: 10.52547/jsdp.18.2.97 ]

laoslsacgos 3,50 ;5 (pgata g9o90 (nl WS (o0
Iris sl oS conl Jb> 50 cpl sl oo Bew g Wine
ol e e Yl 4 Seyp bl Thyroid
Ol BEW (g5, 405 iz 10 000 oo &3] aosloac gosne
didy laosloacgomo (5l (golginn g, 4S5 QB o
wooleidan (he) )k ogas S sl ceslie )
ol 35,85k L Bew, Glass solsac gasxe 49 3590 40
A5 5 e o5l plo b anslie o Wine (55, a5 Jl> )0
95 Nl jsbay o)l 18 pgs K6 o ()55
oS axals )55k Sl 5l (o058 e mls o5l
w05l 9o ol s ONCE MCLA I wle)le
LYY g oo Y0 5wl le oS Say

NMI ozl 5l oolaiwl b alin slo iole;] zls
shils goloainn (hgy Cawl 0als ools HLas (¥) Jguz jo
ol BCW 5 Iris oolsacgors 99 (59, ) 25V
S S o, ) Glass 3 Wine o wiz o
Azl (paiz il o ol SLS YL & Kooy
oleidn by, @ Sinl Cadi 9)ls 3929 >
&S Jb o el oolsac oz iy 0 CO JONCE i s
Loy o035 s osloaegorme o 53, ()1 0,Skae
@b glea olerin By Snl s ol
3,1 BCW oolsacgoxs ;o |, MCLA 4 CO (slaqy ;5!
] 0010de gozma et w4 bogy o CB0 0 SYL ATl g
Szl abiwgas oadgpSojlal 6 )55l o9 ;s
95 Lptysll plo b alie o Lo By, oot
g Sl 6,85l o i lils thyroid colsacgesrs
asgezmo 3 o2ysN) 0,5k 4 S5 Sl Ol S
Ll Bew g Wine a5 solawl oy oo syl slaosls
8l peles oadioln] slac! o5 .Sk alaxdla
slasl (1Sl ojlalay ez slo iy, 4o o, Slos a5
L] oolddc gozmo dan (59,

NMI Lo o ylaibow! Bl il g (21,1 (uSleo (Y- Jgo)

Jy2Ye Gl
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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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