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Graph-based Clustering using the Wilcoxon Test to Extract
the Biological Communication of Cells and Tissues
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Abstract: Finding a graph-based clustering is an applied method for detecting the relationship between nodes in complex networks,
which has attracted considerable attention. Since recognizing different communities in large-scale data is a challenging task, by
understanding the relationship between the behavior of elements in a society (cluster), we can predict the general characteristics of the
clusters. Graph-based clustering techniques have played an important role in the clustering of gene expression data due to their ability
to show the relationship between data. In order to detect effective genes in the development of diseases, it is necessary to achieve the
relationship between cells or tissues. The interaction between cells or different tissues can be demonstrated by expressing different
genes between them. In this research, the problem of cell-to-cell and tissue-to-cell communication is expressed as a graph and is
extracted by the recognition of relationships. The Phantom & database is used to simulate and calculate the similarity between cells and
tissues. After preprocessing and normalizing the data, for the conversion of these data to the graph, the expression of the gene in
different cells and tissues has been examined and considering the threshold and the Wilcoxon test, using clustering of communications
They were identified.

Keywords: Graph-based Clustering, Gene Expression, Normalization, Wilcoxon, Cell-Cell Communication, Tissue-Tissue
Communication.
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Cell-to-Cell Communication Extraction Algorithm
Input: FANTOMS dataset
Output: Cells/Tissues clustering

1: Apply filters to dataset (Remove cells with only one sample and Lines
without GenelD)

2: Use Relative Log Expression (RLE) to normalize FANTOMDb dataset.
3: for i =1 to nCells/nTissues do

4: for j =1to nCells/nTissues do

5: ifi#jthen

6: GraphCommunication (i,j) = Use the Wilcoxon test to calculate
Communication between i and j cells/ Tissues, with p-value > 0.05

7. else

8: GraphCommunication(i,j) =0

9: endif

10: end for

11: end for

12: Apply LouvainAlgorithm(GraphCommunication) clustering method
to detect Communication with the highest Gene Expression.

(5l w55 o8 4t ) S

5 95550 ol O pgmld 0ol degazme Sy ld wnl ) b3 o

Tabriz Journal of Electrical Engineering, vol. 50, no. 3, autumn 2020

Serial no.93



IYAY-AIYYY (0¥ 500 o)l B0 ala 5y 105 oRS1s 5y (i oo 1)) e 5 8 200

AAA

Ganaby>) (b Slides Lol Jol> mli g Judeiga s
s 12l glej 5 SOl daadiss Slasd slo )l )3 (x5 52k
Sl )| gl sln goleimin gy Jlos! 5l ol @l

VoA GlpV Jeam ;08 =0.2 wamipjlmpgp O
Slbls,l gl Sledbl cpl s | oo oals lis ad 95 4 j0 Jolu
f‘ Lg‘).:/\ JB» )J 6=01 M:-QA AQL.__MJT S>> )LA.&A L\ LS:BL’ O

] dosls QLM..: Ay VY S <8l

Ot 6l Sl (o515 jlae)anisl Suo 5 0S5 4 (e u>
355 dlss> uzmen .l bosls uiljly daosls (S15 ol
G ol 5o (o jlre)aiidl o 0usy 51 (A o3lusley s
] ool )9Ja.uc Qﬂl 6‘).: ujjl.»u ua}l.w )‘
Sheolams jo a8 Wl 092y a4 Sloj U/ Jokw 90 LLs)|
el oad ol (2P B Ol 4 o Sgegn jlade lacdlila Jolo
sloastin] o b o5 ole polie a5 o o Hlis mls Julodgay o0

Lg‘)" e ] 00 R GBL“-“" 6LQAJL..»TJ.> L1 C)Lu )9Ja...c

bbb ol p el ‘SLB:ASU.M:T A b sanaded puli alio Y Jous

-I¥0 s - I¥O A AL N -/ 0 0) wlin] s> (FYIY)
A 'Y B Y 14 14 \$ loaiys olass
YA -0 -1724 -Ivof N - IYOA PEY Coghw asle Sl gauaigs
OFY of- ovyY OAY £ £YY £V (436) 1,21 oo
A 12 N q Ve A A asgs slass
—< VAR =¥ -[#YA -f5aA -foAd -1 NI gl Lasli SO (SN gS
1 VFAY A AYYY VA-$ YAQD YRy (sl Il ol
A o q q A A A asgs slass
—A0F -y /YEA [ AYVF /A -foay -foay Chslaw a3ls I g S (GgadigS
frs \Ad - £PA FAQ 0.8 oY (46 L2l ol
sl (gl y hlisen Wbl ax b guiyadss 7l amlio A Jsoz
Y0 - - I¥O -I¥ AT </ A @) bl o> (FITY)
W q N B N A q baiss sloss
NiZa -IPY0 -I0% “Ife. IEYA NINY2 RN Coghw als Sl gauadgs
TaA £-q Y- £YY £F) fOV FPA (46 L2l ol
V0 W Y V0 4 1 ) loaiys olass
/vy JVe. /vy NAta1 ViR /974 -Jov-. gl Lasli (ST Gy
V0. # VoYY VOFY VOV VY \£00 178 (436 L2l ol
) Y A 1 N Y W oaiys olass
S IAYY -0V —/YYA Vidas AV SERY ALV VAR Coghw el DS e gAlgS
Y vf. T¥q YoF Ty YAY £.5 (46 2l oles

Loazlse o 1) dobo g0 cnl alie L8, o ole ol ()
il 5 Wil e S eyl amo o i il slacs lans
S S yebar S S ol ang Sl 618, slagSl
5 TACC2 oy , 5 sadinle ABLIMI o5 o olbls)
55 5 sam slaas, o KIAAL217
oy b aigy jlade s o) ailiw] oo« Giolejl ol 4y a5
ey 50 45 el Il 45 ol bl o il gl VAR gl
Cogbows (e ol @ S 5 SRk Ganabys sle
aliwl pol)b b GBS 5 e gomadys guli .ol < VFY 5+ /Y0
Gl pli 28l B ya0 Ty olos .ol oaiionls las Ve Jgao 10 aigs
LSl oyl e 2 YL sdeliawdds zuls 4 az g5 b ol o ¥ g
(Tyy) testis 5 (T,,) medulla.oblongata slacidl 4y by o 8L

o b g e sl + /Y alin] o «ialejl s & a5 L

- gy 5 48 Cewl b 55 el il oo baJsbe sl IV Cislons
Chglow Copd (ny iy 4 (oS g gl ganadys slbe
Sisy) SLE e samaded mls el /PN -IVOA
oles .l oalionls Ll A Jgaz 10 die aliw] sal)b b (solpin
el 5 03,51 ) gy 55 T ol a8 el gk Jslos 5,20 G
L R e X e R T

slodsbe a4 Loy
ad, o sl of obe #FOA- L (Cye) cd14.cd16..monocytes.2

oo S 4 s 9 pgd
cd14..monocytes L (C,,) basophils 4 (C¢.) ciliary.epithelial.cells

s (Cuy) hes3.gfp.embryonic.stem.cells

L (C,y) cdl4..monocytes

Wil oo o5 ole bl o YL 6lls (Cyy)

Tabriz Journal of Electrical Engineering, vol. 50, no. 3, autumn 2020

Serial n0.93



VPAYSVFYY 739 50l ojleds e alo gy 5 ol K2l (3 (oo alims [0, Ko 5 3,500 .0 VWA

o BLI L 00,01 s gl il sailw, il 1 ]
oolizes| [+ 0 51 55,5 pyalUe b 5 cypmnSTShyg o, 51 28U/ ok
O S ie lag Gl o (Ko Sl (295 090 (o0
ol So e g ple nl e ge Gt |y AU Jglow digas 90 0
)95l 9B o0 ol JolS BLF Sy S jg—oas a5 Cl a0
5 oS o oolat il Sloy (55, p al—ay > by, SO ;I Louvain
Bl a3 Gl 1 B sl i il AL
o haleT & puild ool asgaze 59y (soleiiiy 29y S (0
S 558 e Siin sy 45 4 e i b5
Jel o 0lbls )l (o954 gl pazld bl soleiiny
ialS ool bsy slaca e 5 S e ololid | lacdlls
o] el G1S & a3 LT 2S5 5 51 05 s closls oo
SIS s aly st (sla 550§ oslitl sl 5,55,
b | o Cgpliin s bno gl 050 0 05 Ol sloodls (555
oS ooooliiul Gilize Sliw] otz 3 il a> o by
oyt Bl gy o1V ailis Ty b sl gy +/Y aibins T culysyo
Jslos SABLS | ol 03505 ool sl Lol 4y azgi b 1, b
<l 4 8l Slblsyl g Joo VoA slnad 52 8 50 ol Jobe @
JOMPREIEINIE 0 FUCIORNSNCI IR P [RPEIUILL SN

A Jsuz 50 (C) b Jolu JolS™ ol 1) Comwgny
C\: x293slam.rinderpest.infection,
Cy: arpe.19.emt.induced.with.tgf.beta.and.tnf.alpha,
Cy: adipocyte...breast,
C¥: adipocyte...omental,
Co: adipocyte...subcutaneous,
Cs: adipocyte.differentiation,
Cv: alveolar.epithelial.cells,
CA: amniotic.epithelial.cells,
Ca: anulus.pulposus.cell,
C\ - aortic.smooth.muscle.cell.response.to.fgf2,
C\\: aortic.smooth.muscle.cell.response.to.illb,
C\Y: astrocyte...cerebellum,
C\Y: astrocyte...cerebral.cortex,
C\¥: b.lymphoblastoid.cell.line..gm12878.encode,
C\o: basophils,
C\#: bronchial.epithelial.cell,
C\v: cd14..monocytes,
C\A: cd14..monocyte.derived.endothelial.progenitor.cells,
C\4: cd14..monocytes...mock.treated,
Cy-: cdl4..monocytes...treated.with.b.glucan,
Cv\: cdl4..monocytes...treated.with.bcg,
CvY: cd14..monocytes...treated.with.candida,
CyY: cd14..monocytes...treated.with.cryptococcus,
Cyf: cd14..monocytes...treated.with.group.a.streptococci,
Cya: cd14..monocytes...treated.with.ifn...n.hexane,
Cy#: cd14..monocytes...treated.with.salmonella,
CyV: cd14..monocytes...treated.with.trehalose.dimycolate..tdm.,
CYA: cd14..monocytes...treated.with.lipopolysaccharide,

Sl ey @ pew g pgd 4, 50 e ) Ol VOYOS L
L (Ty,) medulla.oblongata 4 (Tyy) testis L (T,¢) locus.coeruleus
o S y5boay 3l o 55 et US| 2 5V (81l (Toa) trachea
;8 TCFTL 4 CELF slagny; 5 saisls ACSL (5 ,o olbls)

adyle )18 sow sleas,

L gl gl +/¥ aliwlas b guisabgs guls A Joao

(b gkw) raigas adgs

C. \ adgs>
C\\ Voady
Cv ¥ adys
S, F s
Cr.’cr\’cf\‘ 8 ady>
CoCC Gy GG €€, C L CLC, 7 ale>
cc-€cc,c-c,c.c.c.c.c.c.C.C.C,

LAY ST L TNt 7SNt ¢ St 7t Ut L A At SEN L VU V ahes
C.C,.C.C. C ”

M T e Ty Ty
C\’C?’va’cfr-cﬁ’cm’cvv’CVF-CW’C\M’Cﬂf'cﬂﬂ'c\~~’C\~V'C\~A A abss
cccccccccc,ccc-c,c-.c.-

Y o Y A \ld YA YR oYY fTrOfA o o oY oy et ial [A L) q 4_.;55

cccccc-cc,c.c,.c.c c-C
v v g Ay Ay Tan’ ey T s s

v W A T A

bl gy o)) aillas b guivadys gl )e Jgax

(ledl) baiges adgs
TT T | aigs
Tl T T T T T The Y aigs
Tv’Tr-’Trr’Trr Y oabes
T T T T ¥ asgs
Tl O abes
T\» 7 abe>
T.T,T, Y aigs
T, A algs
T\f abe>
ToT T T Ve ases
T.T,T, 1Y s
Trﬁ VY abgs
Tv’Tf VWoadss>

& 35 A -7
5 hlide slagslo (plwbd & lacdl L b Jslow (e olbLs)|
o i/l Jol s (s Ll adls,s o5 walys Ko o] Jolss
bl Lol 4y Ly, cplaes o plis ]y lilesy e (55155 Ll
oS 05 o0 B e slais oy b o5 oS Gy S i
2 Bl I o labls )l pad a5 Budod (nl )0 035 o
5 09— BLy b9y RLE (3w loy oS 5 b iz slags Lo
by el oads &Sl Louvain GBS 5 e (gaiuad g5 vy 46X
YL s gl (Ll b (goleidag onaldss oyl o Shee

Tabriz Journal of Electrical Engineering, vol. 50, no. 3, autumn 2020

Serial no.93



IYAY-AIYYY (0¥ 500 o)l B0 ala 5y 105 oRS1s 5y (i oo 1)) e 5 8 200 \YAN
CAf: hair.follicle.outer.root.sheath.cells, Cya: cd14.cd16..monocytes,
CAo: hep.2.cells.mock.treated, Cy.: cd14.cd16..monocytes.1,
CAf: hep.2.cells.treated.with.streptococci.strain.5448, CY\: cd14.cd16..monocytes.2,
CAY: hep.2.cells.treated.with.streptococci.strain.jrs4, Cy'v: cd19..b.cells..pluriselect.,
CAA: hepatic.sinusoidal.endothelial.cells, Cyy: cd19..b.cells,
CAA: hepatic.stellate.cells..lipocyte., CY'f: cd34.cells.differentiated.to.erythrocyte.lineage,
Ca-: hepatocyte, Cy0: cd34..progenitors,
Ca\: k562.erythroblastic.leukemia.response.to.hemin, Cy'#: cd34..stem.cells...adult.bone.marrow.derived,
Cav: keratinocyte...epidermal, Cyv: cd4..t.cells,
Cay: keratocytes, CY'A: cd4.cd25.cd45ra..naive.regulatory.t.cells.expanded,
Caf¥: lens.epithelial.cells, Cya: cd4.cd25.cd45ra..naive.regulatory.t.cells,
Caa: lymphatic.endothelial.cells.response.to.vegfc, C¥.: cd4.cd25.cd45ra..memory.regulatory.t.cells.expanded,
Ca#: mcf7.breast.cancer.cell.line.response.to.egf1, C¥f\: cd4.cd25.cd45ra..memory.conventional.t.cells.expanded,
Cav: mcf7.breast.cancer.cell.line.response.to.hrg, C¥Y: cd4.cd25.cd45ra..memory.conventional.t.cells,
CaA: macrophage...monocyte.derived, Cfty: cd8..t.cells..Pluriselect.
Caa: mast.cell, C¥¥: cd8..t.cells,
C\ - -: melanocyte...dark, C¥fo: cobl.a.rinderpest.infection,
C\-\: melanocyte...light, C¥t#: cobl.a.rinderpest..c..infection,
C\-Y: melanocyte, C¥V: cardiac.myocyte,
C\ - ¥: meningeal.cells, C¥A: chondrocyte...de.diff,
C\ - ¥: mesenchymal.stem.cells...adipose, Cta: ciliary.epithelial.cells,
C\ - 0: mesenchymal.stem.cells...bone.marrow, Ca-: corneal.epithelial.cells,
C\ - #: mesenchymal.stem.cells...umbilical, Co\: dendritic.cells...monocyte.immature.derived,
C\ - V: mesothelial.cells, CoY: dendritic.cells...plasmacytoid,
C\ - A: monocyte.derived.macrophages.response.to.Ips. CoY: endothelial.cells...aortic,
Co¥: endothelial.cells...artery,
Ve Jsiz o (T ol Lals ol ¥ Cosgn Coo: endothel?al.cells...Iymphatic,
Cos: endothelial.cells...microvascular,
T,: mesenchymal.stem.cells...adipose, Cav: endothelial.cells...thoracic,
Ty: adipose, CoA: endothelial.cells...umbilical.vein,
Ty: amygdala, Coa: endothelial.cells...vein,
T¢: brain, Cs.: eosinophils,
Td: caudate.nucleus, C#\: esophageal.epithelial.cells,
T,: cerebellum (??\’: fibroblas_t...aortic._a@ventitial.donorr...cytoplasmic.fraction. Csy:
' fibroblast...aortic.adventitial,
Ty: colon, Cs¥: fibroblast...cardiac,
T,: duodenum, Cso: fibroblast...choroid.plexus,
T, globus.pallidus, Cs#: fibroblast...conjunctival,
C#V: fibroblast...dermal,
T,.: heart, . Lo
] C#A: fibroblast...gingival,
T\ hippocampus, CsA: fibroblast...lung,
Tyt kidney, Cv-: fibroblast...lymphatic,
T,y: liver, Cv\: fibroblast...mammary,
T,¢: locus.coeruleus, Cvy: fibroblast...periodontal.ligament,
T,,: lung, Cvy: fibroblast...villous.mesenchymal,
. Cv¥: fibroblast...skin.dystrophia.myotonica,
T,s: medial.frontal.gyrus, ) .
Cva: fibroblast...skin.normal,
T\y: medial-temporal.gyrus, Cvs: fibroblast...skin.spinal.muscular.atrophy,
T\ medulla.oblongata, Cvy: fibroblast...skin,
T,4: mesenchymal.precursor.cell...adipose, CVYA: gingival.epithelial.cells,
T,.: occipital.cortex, Cva: hl.embryonic.stem.cells.differentiation.to.cd34..Hsc,
Ty,: occipital.lobe, CA-: h9.embryoid.body.cells,
. CA\Y: h9.embryonic.stem.cells,
Tyy: parietal.lobe, .
CAY: hes3.gfp.embryonic.stem.cells,
Ty pineal.gland, CAY: hair.follicle.dermal.papilla.cells,
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