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Abstract

Introduction: In bioinformatics, analyzing single-cell data is crucial for
understanding cellular functions' complexities. However, this analysis faces
challenges like inefficient dimensionality reduction and suboptimal clustering.
This study aimed to present a method that enhances the clustering of single-cell
data, improves reconstruction quality, and reduces data dimensions.

Method: This paper introduces SAMS (Single-cell Analysis using Multi-Scale
Autoencoder), which uses a multi-scale autoencoder model to improve the
challenges in single-cell data analysis. The SAMS method involves three
primary steps: (1) data preprocessing and normalization, (2) employing a deep
neural network model to reconstruct and reduce data dimensions with the help
of a multiscale autoencoder, and (3) clustering the reduced data using the K-
means algorithm to assess the method's performance.

Results: The SAMS method was implemented using Python on single-cell
datasets. The results demonstrate that SAMS can effectively visualize cells in
a two-dimensional space with an average Nearest Neighbor Error (NNE) rate
of 89%, indicating a strong preservation of data structure. Additionally, the
Silhouette index and Davis-Bouldin index, which measure clustering accuracy,
show significant improvement with averages of 0.66 and 0.50, respectively.

Conclusion: The proposed SAMS method by combining the multiscale self-
encoder model and the K-means algorithm could obtain better results than the
previous methods. Its application in single-cell data analysis can aid researchers
in gaining deeper insights into cellular functions and discovering new patterns.

Keywords: Single-cell analysis, Dimensionality reduction, Clustering analysis

© 2024 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

Journal of Health and Biomedical Informatics 2024; 11(1): 72-82

vy


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.14%20&domain=pdf&date_stamp=2024-06-20
https://dx.doi.org/10.34172/jhbmi.2024.14
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

@
VY=Y o OFY gl oflad wndfl o)g0 oSond 3 Commnd 3 § CroYw Suilo 981 dlro t
doi: 10.34172/jhbmi.2024.14
OloyS (S pole Sl ((Sbjy Sisloygii) iiod 3 50

®

CrossMark P )‘ . Jlio

SLo31d Jlxi g Suadii g 3 gue Cug> (swlidto Wi 51N 303395 gy S &1
S yhno—J oo

*1 s
2GR (ol
Ol ) eKiag bl o goDad 3157 ol (S my L) oy ¢ 5 apslS” panikign 03,5 5 Lskal )

XS :allio cle Wb
ool Jdot S oo ol lnJgho 3 Shos (sla Suomn wrd 0 (2lims B djitem Joho (slaodly Juoo tdosie s ddluw

Cowl L;w” 45])‘ o u:’.l LA S 4>|?o u}l.\a.nl; d.\uc\w? 9 MT)KL) )Lu‘ u.dblf Jole L;’L“J*Jb L osly
iy 3 |y 2t Johe (clmodly (sitzaibgs dmodls Slul LIS 5 (g5lusls kS Ll e 45 WY =chys
AR VATAR T VRY
(Single-cell Analysis using Multi-Scale autoencoder) sb & wis (oo, G ddlllas oyl 5 115 (o VRPN s, L]
—Jobos sloosly o )3 39550 (sl il dgus (sly (wlidedin (IS 50y 355 Jie S jl S 355 0 431,) SAMS

(V) doals (g5l Jloy 5 (i3l i (V) il Lol dls o aw Jobis SAMS (golgiing (g -3y o0 0,80 3ydio

P P . *
ity (V) 5 Loliiosin IS 5o 095 (KaS a4y aodls slal L28lS g (gjlusl el ses smaas 45 Jio 5 o0lizus phess obiuery)
ey gy 3,Shee il cslyy KAMEANS g 5 oolizl L adly il (claosls I o
degezma 59y p odel Cund & gl g ord (iluedly ool (b5 edlisel L SAMS (ooleiiy by, slaidly koot
SSbe b Sin 93 (slad 5y oYL cuaS by b Jol Alg5 0 SAMS aS sad o Ui 3yh0— Jolur (slaodl Amin.Einipour@iau.ac.ir

— 9 9 Coglw (olb 4t li piran .l o3l {15 Lo Canlio Lt onims Lis a5 aad Lials NNE= 7AA £ 5
dgste Adlys [0+ g +[FF iSike b o 4 ok B9y 45 W3 pe (L s anadsS B byl > (pls
A8 bl b Jslo (sanddes o 1) ass

Sy ol e £/
@l andly K-means o550l 5 (wbiorz LS098 Juo oS 5 b SAMS (ol (jbg) 16 55 4 lio dix JJiS5a5 o)
4 Slge dsitem Jobo laodls Ll 3 SAMS (655,54 gl Cusd 4 iy slashyy & Comd (ke Dl 5 (adden Sguy S
S SaS e lagSll LS 5 b Jobe 5 Sl pige S5 3 o Sdng iy Ao 2ydtemJoho lamosls

Cawj g G Soloysal
stizadgp el ol Jaals it Jslo oo dbojlg s MY-AY OV AF-Y S,

\aJ Journal of Health and Biomedical Informatics 2024; 11(1): 72-82



https://dx.doi.org/10.34172/jhbmi.2024.14
http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.14%20&domain=pdf&date_stamp=2024-06-20
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

[, e 3o Jobw o031 Julodi Can cwladosia S 50,055 s,

doddo
Sl Slogiilses 5 oo (ol o Wby (iied) 8 g s 1 (S (Single-Cell) syae sl slaodls Jilos
535> SlMbl bSuisSs (pl ST gy lome jgody Joho 1 )3 1) (SS9 9 (SeB] Ol w300 (Sl (i 4 a5
i 3 g i 2yt Jobo o 113 o 4l il lalagmo 43 Jsbo slagunly 5 Bl 55, oo (Kanb o)l
o slagsbgy )l 5383 (Sloyd (sla gy dnwgi g Gl ile edzmn (Slaisilow Yk S53 )3 0hag 4 g (S j liios
DV Spoe 00 35800 Jobo (2955 (bl 5 oSeesBn RNA-SEQ ils (ilise (oS 1 3 ie=Jole
y Jobe o o 1 03 Ol o Ol ST ol sl Wodls g5l Jelos 13 e sl 51 (S 30— Jobo RNA-SeQ
5 10X-Genomics sile ola g a8 o S8 oo Seolisd (cawyp 9 b sla ol ololid & 9 A8 0 oal)d
slacsgles Klgs o 3 yate— Jos RNA-SEq a8 wlosly oyl clidiss [Yor] wlos S Sl KaS 0j9> () dnwgs 4 Fluidigm
A8 plolis oYL i L) b Jolo oo 0 Gl
D33 yce0 Jobo o aw ) 0ab o (S g oy 4 &S sl 0>l )3 e slooje Sl S0 (S5 jatem Jobs uSagg
i €BALT B 0> e sla i lolid 4 5 A8 o obld by sl ) el o)y ad> SleMbl o bs, oyl
[F] 28 o K il
il S oy Iiome Cpgods oo s o )3 1) (85 Slyeti B oo Sl Glie 4 55 350 oo (00955 (bl
{PV] s dido e o Jsho (o (ST £95 oy 5 0 S plolid (lp LSS
sloesls o 53 Lol slotlle (S 0l 925 himas o3 ul sloile Ll doosls g5 cul b Sl 55 3525 b
osld slel yidlS” (gly ol (sla by ol odld jl dsgezme (pl b g o s j (sba Sz o odly (gYL poxs o yaio— Jolo
Principal Component ) Lol cladse Julo silo (o3,lukul (slacSiss Jolis a5 wloss 1y  Jobo clagSIl g o
Iy osls slul o a5l oslil L PCA [AQ] widb o (t-SNE) LS 5 (Soluor o5kas mjes 9 PCA(ANAlYSIS
o 6l a8 cal Jad e ST S E-SNE il sl )81 sdomy sla iKenl pusd )3 canl (Son bl cnd o sinlS
ey 5 CB GldCudgime 4 a5 D oYL by glej ¢ Sluwlre (S o 4 Lol g oo 0dlitul (Jgw ST glaosly
10+] sl 0 1) nools l o 5 3bel GE0lS (el 30 5 (o5 5 (slnisy ] sl 3 olal GEalS SKdS slaisng)
Monocle SC3 Seurat ssle sl .08 KaS 54000 Joho (sloodly oo 4y wilg5 o calises SSloygiilon (slol5l dnugs
ol mals (il i gl aliste GUIKl baylpl ! [IVIY] dien 055> () 4 Ggome oyl aes I SIMLR
i3 oo Bl ;G Jlod g suades
Sy logn (plolid & by cul )l (Gl Gliios )3 lod g (sbad )5 3 die= sk glaosls Jdow 35 (ol 0jg>
DFN] A8 o S8 0rd gl pazed Slagleys drwgi 5 5)lon Glapusille (o) i
S lp Gnlie s B (ng i3l S plgis 4 djitem ok (slaodly Jlod 45ty o Hlai 4 59530 350 @ d2gi L
o iy (slo g 31 ootz L 38 oo only 3ite (sl Jobo g 53 (i Sy 53555 oo 9 Jgho (Sanl i
Oladss ¢ b oS gl (o5 Jumwily g sl Cdpin Jb 0 Copw 4 0> opl ool Liall Las b SSS 5 00ld
K- w50 olyon a0 awbiosin J13850) 368 Jao K 3l oss (61356l SAMS &S aslllas (pl 5 oss Byxe og, 2yl (o3l
Soupa |y 30k Johw (glaodly (saidisd daodly slul (ials 5 (gilosl cutS yili8l yous (golpauiny hg) A8 0 odlaiwl MEANS
255 )58 ool 3y90 dine (pl )3 MieT )8 5l Sy plgis 4 Sl g &S LS 0

FLEIY
alio sl S b slosbe 45 cosl (clisS 4 b Jobu (sauados 5 bodls sl zals Lol (Ban e jaie= Jobo (slaosly ulos 5

Journal of Health and Biomedical Informatics 2024; 11(1): 72-82 Ve


http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

VY=Y o OFY gl oflad wndfl o)g0 oSond 3 Commnd 3 § CroYw Suilo 981 dlro

doi: 10.34172/jhbmi.2024.14
S S5 e Al o Kby Sl i 350

L

5 €85 3900 (sl 4 el (G lol (o SST g e (0L slag, S 5l oS 5 orladiby ) Al 4Lbl e 5Slas
Gl 0ad (b 50— ol osly Jdow 1)K

3% SAMS(Single-cell Analysis using Multi-Scale autoencoder) ,las| 4 asllas cpl )3 45" ooloiin g,
9 il (B poie il (ol dlsye aw Jold g 3)dte= Joho laosly Jilod owlide dix 513550005 (b9 S a0
Loodld (ganddes 5 wbdodin HlA5 50,005l odlaiwl b slal ials

Lo31d (40319 3yt 9 (S 59) R0 1) Al yo

Jobo 2 gy ol 3 gdion (5 yglaen (SCRNA-SEQ) 35ai0— Jobo RNA b JIg (slagsbyy )b 1 55aiem Jgho (slaodly
Smart- 5 Drop-seq « oy e 4iuej cpl y Johio cla oo, 5l 39 co 2b Iy g !5l o] RNA §oss dgpl e jobas
Sishbyyy oSel DIOP-S8Q gy Jle olyis 4 i 395 (ol oo g bl (sl labgy ) j1 ey 0,87 0)Ll S€G2
Syl s bl (> ¢ 5YL cd> SMart-seq2 « Jb ;5 wiS o walyd |y Jobo (o3 dlusi o)l55) 5 a0

120d1> (4315 59 i

il 25 3ylge Jold (IS yobods (A5l Jolye )1 (33130 4 5ls (8 MSte g 5290 Jd 4 Pl (slosls

Sl dlas o aS Slays b syl il (o (dume Sl | iaS 4T Sla Jolu CBls 1CwllS o glaeald 43,5 s -
lons ol b Jsk

Sl Y

olde 496 3l oalatul (g5l Jloy (gl Jgexe sla 3, 5l S o(Library Size Normalization) ¢lalsols” ¢ jlo b s
g o dslee (V) alaly 3 g 305 ygo 1 Jobo (sl (wlido H5S6 390 0 duwle Jolo pa (slp 45 el (SiZe factor)

SF; )
Total reads in cell i

~ Median of total reads across all cells

Sgdon Jloys 95516 ul e b T Johoo 13 55y olor y3lie g
O35S Jolaie 4y pluBl (V) alasly b g (0 )& (il oy 5l edlinl b als yo oyl 5 ((LOg-NOrmalization) o, 5 (g5l Jl
wdd b JlF glaoslss

Log — normalized value (v)
Read count + 1

Size Factor

= log,(

A e 03be] (g )lol sla o (gl 1y laodly g ams o il 1) S5 claclis ilwJloy o)
opl 9 g o odlel 55 by o yile SO B Jd g Jde 4 399 (sl cawlio pyd 4 laodls calsye opl 45 tlaodls Law Y

Jsbo 4 53 (ol 55 S0 ol o Sl (o 55 iy it Loy S5 Loy g o oo S5 Lo, e o

Yo Journal of Health and Biomedical Informatics 2024; 11(1): 72-82


https://dx.doi.org/10.34172/jhbmi.2024.14
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

r’ 9 3 o Jolw (glao3ld Julodi i owlillosia 5135 50,555 (g

oolbionis )35 30,355 (g, Sy 5 03likel b dluao slasl LIRS Y o o

oS ol (ooaxio oY Joli oS cunl ros mas 455 g9 S (MUlti-Scale Autoencoder) wlaoss ,13850,50
] Joo a5l el S o (il |y ooy i ol 5 A0S o (IS a8 o) b shtd 1, mosls Jlsie oot
Do oo plul pj Gldas doyo cpl 0000k s ] odly wlidedi> g odomy sla S5 U aed o

oS Dl b (glad a1y (63959 (slodly &S Cunl uae 4 S§ ol wlidodin )15 50,005 15105 30,355 (6 lore &4k )
1Wgd oo 48,5 4la3 > 53 0)lge Alspo pl 0.8 (g5l |y odly pl aS’ WS o W g 9 AS o (5,158

eSSl 4 1y (63959 slodly Jlgie ygo 4 a5 Canl pae 4V psis Jols 13508 (ENCOEr) i80S uac 4 -
Cp5b > i oy b a8 e oolizul Leaky ReLU L ReLU wile s e giloJld oy 5l Y o a8 o el
©5y5 S .S sl jiaS dlul (glad 4y g gl il 1) Lodls pho sla Sig a8 3)ld aadsy aSud (pl b ]38l sduon (sl gSl
g 0 Pl 5 O ygo 4 (1) alasly b (6158 00T )3 (o S0 L5 )3 X1, Lol

Z= fencoder X) )
= 0(WencoderX) + bencoder

Al oo (g Jlkd b 0 g bl b OlSNS sla 3 W ¢ poS Sl b oss (6,13508" slad Z CJ] oS
Silwjl adgl (slad s 1y oais 61388 (slmodly a5 ol pae 4V pais ol ISuSSs i(Decoder) 415050y awas aSiud
Pl 15 O ygods g () aaly b 01,8l 39 e o3linl SIgMOIM L RELU sl (5l Jlsd mlgs 51 55 aayY opl 53 .08 oo

PDgdcs

X = fdecoder(Z) \
= U(Wdecoderz) + Daecoder

Al oo giludled 26 T g b bl b OSNS sla 59 W oo Skl slmodls X’ O] s

Adam sl ¢5loaits sl ol 5l ooliznl b (oilujb (slas by JBlus ay aSs bjge] | Bam 145l (590l — Y
o3lil (8) alally 3o g3 9 Sl 450 sl 31 48 Canl (bl)S 1 itne (sjlodiae b9y So ADAM 1258 e
.LSL;A

0t+1 = Qt - (a)

a
—ml\
e+4B0

Jie S € 9 OLgbl)f uﬂjl.;‘)ls CpeS tv ‘Qlibl)f Slee OxeSS Mg o 6,50L F5 O t el 50 Jbo slagielyl Ht O] PN s
sl oo gy ol 3l (655 olr (sl S8

Loald guudigs Y dl> w0
osly (sauddes 4 pladl K-means oo ,sXl 5l ealitul b g ¢ 8 als o 51 fuols ou gl ysuinl sla Sig jl edlatwl b als o ] )
ol leodls 1Ske 45 g 0 03> olaid] (clabes 4 031y ya a5 g gy 1S o aundi aigd K a1y laodld oi,651 ol
— e gd yadls g Choluw (asls aile olaylae | e sl (canadeds cuiS byl lp coles > ash S5 o 4 ades

Do o o3laiol g
Journal of Health and Biomedical Informatics 2024; 11(1): 72-82 \a


http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

VY=Y o OFY gl oflad wndfl o)g0 oSond 3 Commnd 3 § CroYw Suilo 981 dlro

doi: 10.34172/jhbmi.2024.14
S S5 e Al o Kby Sl i 350

L

Usoskin 4 Buettner Kolod (slasl 4 5 yaie— gl 0313 dc oo dw (g5 2 9 g9l b 5l edliw] L SAMS (osloiiw 59,

A g jlwodly
5 WYY 03l degomme (pl (slays dlasw sl ige 320 3l ity mas slo Jolw jl diged FYY Jolis Usoskin sal> de gono
ok 48 > Gilisee olhe )3 s (90Ut sla Johe Jols BUBTINET oaly acgammo .ol g9 ¥ 5 (Bly (slo ok glgil dlass
D503 VAT Jolis 90,8 o cpund 0)f o g o |y Jokw a8 > 3148 Conl oads J S dalllas G 51 (lae gamo odls (ol s
ol 1y calizee e bl 50 lgi s (oobis Jolw (slaosly 55 Kolod sl asgosmo Cul Jslo g9 ¥ olasd o 5 AOVY ¢ Jolu
gy odds g5kl (sboodly g Lol (slaosly (g5l yguan 45 pladl UMAP aile algs 3l ooliiwl b lul (ooloiins 59y 2bj) sl
5 dpbe anadgs giloysas CutS NINE pb 4y oS jbee 5l oolitl b g 0 (cangd (clis 5 (g5, 5 (ool Lis)
2 ol ilwdie o g Bodld e ( Solues 1 1S G célo LUMAP Ll oS slal b glas 5 laodly e jld L

Sl adls I anddss old CutS ) Sl rizen V] Cusl 039 3890 pgal slaodls g (055 (slmedlsy aile YU la
W 0olaiwl p e 93D 5 Cookow

inles cuiS oLl el el a8 ol o)l ke S5 Nearest Neighbor Embedding jles L NNE jLxo :NNE jLxe
A Cond 8l ialS glad > B luen 13S0 5 balgy bats oy ds jlre il Dgus o odlatul sl EalS sla jig,y 4o ool
Cowl 0 Lais _uwyd dy adly (ialS clad p3 (Soluen Hl3 Lo bl a5 0iS oy a8 ol ol NNE Gua il o Lol (L
bl nlS gl 5 ol L 5 Al o fSilesan 325005 J 20> iz o 1S oy NNE (s b o s b
ol ) 4 Ko oae aS g pebas cawl [0,1] 65,5 (eoae NNE aslors j Jols jlade silosile (Bl doluvad o 5Sod 5 3
Hidlo a8 Conl cpl dme a4y ¢ 4 S0P dae g Gl o bats s 4 Al ialS gl Sles sl a5 conl Gxe 4
53 osls jlisb Lais g slul (il sl by (b)) slp 2edhyl IRl o lie o jlne cpl canl oads b (098 4 (Solaen
g oo odlatwl bl yials slas

o Aold g aades S1he 4 b Joho Sdp & dg b ]y ganades cuas Lasls ol (Silhouette Index) coghw Lasls
51 gl 03g05e Ll [0 sladdign b dwslie (3 068 ddisd 4 b5 SO Cald liae jlre gl Hlade (S o bl laddes
oaimd L+ o5 e (Lo (CAbAbgS) dg> Abgd A diged Sudp odimd s TV onp pale oy aS el = )V B+
bl yiin (81 .l (Cuslio U (gadigd) dbgye ddgd 4 ladiged (So05 pie sl ylid =) 5o polde g (550 sladiges
OSee Sygo (ol 43 bl e b oS lde sl bl I (g)la STl cuslie (0 adgs jLdlo il Jo)e8 0 (oYL jlado
plos (sl gl Sl (5S5lin ccsradgs IS ) (sl A8l o5 s b 25 sl slass )b svadgs 5l ca
W dle gl

ol 4 S e oLl Ty Al e (55,08 g bdded ol e pasls ol (Davies-Bouldin cpls— s (asls
b dy Cuns |y adgs o alold agin bl cul (B gaadgd (he) S lp rilgm s (a3 LS duwlbre lp & sy
53 3)S dulxe 1y oy 630) by 0as bl (sladded den clp odd dulxe (claalols ain y1Sokhe uww 3y5l Cawd 4,50
A3l 8 sl ket yo 55 o dnuline |y bt s (SASTyy &0 (99 (ST 51 oSk 3L (]
ol 4B 5y50 iy SApAGSS Jas

\a4 Journal of Health and Biomedical Informatics 2024; 11(1): 72-82


https://dx.doi.org/10.34172/jhbmi.2024.14
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

2%

3y Jobw (031> Jalodi Cupa owlidosia )35 30,095 g

=

oy gy 45 amd o ylis UsosKin ¢ Buettner dKolod »jiie— Jgho 0313 dcgosme dw (59, 1 odel Cawsd 4 golis o)y p
uslin Lt 003 s 48 wmd Ligles NNE= </A £33 5:ke b om0 (sbad 5 55 (oYl oS b 1y b sk g5 o
degaze duw (§g) p il slacdls 3 UMAP (gilejgns hg) 5l eolitnl by sl opl ol 1uas (glad )5 aodly jls e
V IS 0 gilygan cpl ol b duolie Lol claodly b (oolpiiins o5y p (e (&lwygan guls g 0ald ploul Hlai 550 00l
Al o g 55 S oximd Sl S5y 50 g Jsbo S Sl o o JSB ) 53l 025 0305 gl

Lol glassls

SAMS by wdl judd slassls

Clusters. Clusters Clusters
-0 -0 .o
1 1 c 1
2 2 2
3
g s,
=¥ /] C e et
- e b,
Fe
R 08 0
Clusters Clust
-
o P -0
1 44'1 1
: i z
.‘x;’
-\.
.
Ty
£
- o
i - i
e -
2
il
-«

usoskin Dataset

Buettner Dataset

kolod Dataset

S 90 Lad S5 55 by Sl b 5y Johw (slaodl> dsgosme (5w youae Y JSud

U9y a8 A o i Jols uls .l sad ool (isled V s )3 05 (NNE jlixe) (sanaiiss cuiS 4 by jo L;;fugl..{)')l L
s gy g (6 5V Hlas cB L) lnJoko Wil oo aSl amd o ol 38 ) b ok (sanadsd cuasS s & SAMS (oolpiis,

SOldwiu 9y NNE jluzo a1 bgyo 13l 1) Jou>

NNE 2313 4sg05%
+JAV Usoskin
+JA¥ Buettner
/Ay Kolod

4y (oolodiy hg) 45 Amd oo LIS (g aades ol CBY bl ) g pmgd paSls g Cogls (a3l @S (peen
Lol 03,5 2bul b Jolu (gunades > 459 BB deuo ( Lol slaodly /54 5 /FA (Sl & G /B 5+ /55 (L SSle L
53 ool Cawd 4 ol .l oad 031y ioled ¥ Jgdn B p3 j ke (slaodls dcgazo (g9, p o padli pl 4 bgs e Job8 @l

Journal of Health and Biomedical Informatics 2024; 11(1): 72-82

YA


http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

VY=Y o OFY gl oflad wndfl o)g0 oSond 3 Commnd 3 § CroYw Suilo 981 dlro

doi: 10.34172/jhbmi.2024.14
S S5 e Al o Kby Sl i 350

L

Caoddgs ol B alys odls slul sl b g 4 (ooliin b, 45 s e lis (Original) Lol claosls b duslio

RV IPWEE
Vg mged (AL g Coglow ad L Y Joi
o Vgmmgd paslS g pmgd sl Coglenws pad Lo Coglenws 2 LS Asgodne
(Original) (SAMS) (Original) (SAMS) o3l>
/A -Jos - [¥Y I8y Usoskin
<JAY <[5 </¥N -/50 Buettner
-/¥0 <I¥A NS vy Kolod

S 5 o 9 Sy

545 (anadsds g osly byl ials Wb (6)liKel SAMS &S adllae oyl jd (solgiing L9y (ol Ban L5 o )lsl &S el oyl
53l g ys S 5] S 5 ool gy S B gt S e sla Sy b (sla oo 45 el (G5 & o S
ol 00 oyl 3 yaiem Johas clmodls ulow LS 5 €55 dut0 (6l 45 sl (g lo ola S5 g Gaes

g 5 00niS gl &) sdn 93 b ) S YL S LTy b ol caul atudls SAMS (ealpriny oo, 45 3l oL gl
(SAaAS g CuiS & bayye oS by Cas (mitmed [IV-Y ] ol s cliad 3 baosly Hlisl cuslio Lais oaind Lis a5 S
IV S o b 1) dpae (slad 5 (oolpitiy (bg) bawg bodl anadd oS il Jobs gols a5 a5 o3l NNE s
b9y Jlesl dr g B dgnp oin (il J abadt (aled €83 b))l sl pilgr s 5 Sgk lapadls 4 by e gl
momed oAl g e (sMads el SYL Coglu yadli A o)ldl 4 b len sl (Lol slaodly 4 s (ooleidy
el iS5 (g5l b oolaindoy gy a8 3 L Juols zols [YY Y] ol baded e olds s LS powl pile
e &l ]y (g3 5, Ses (palgmpugd (aSls a3 jl e g sl jadld il ea daedly cuslis

Ohgy e i &S €8S LB bl oyse (ool by lawed ol (gileil sedly b Lol sleosly ganddess cudS
& lpiuiig gy dsldl y> a8 Sl laedly (ganddgs o 1) 2 b dgunn Llgi o odly cuwlio dlal (ialS g (o5l b (oolpiniy
255 o dunlio )90 SIMLR 4 SC3 Seurat Jio dgym0 sla y55, L SAMS

U0l < g3lo Loy (5513 i 1y Wodld dmd o Sl )] p,l8 4 a8 sl 5 piie— Joho (slaodls Julow ¢l xels 15l 5 Seurat
Sl il (sla g, ) oalitl Vb lymss b (a5 pasets & lge SEUMAL (a8 gla Shy 5l S ganades 5 ol
oS g bl lp clod s ob 4 lpl ol 3,8 o Lal LOUVAIN wile (canadss slapn sl g UMAP 4 PCA wile
{VF] 255 0 ool (S5glom (sloaiges )3 b Jobe ilisee gl

ol gy ol iy o0 gloal 4y (ganalis (ho) iz S 5 L &S Canl 5 o= Sl (clodls (gl (gunadgs o801 S, SC3
Anadsd S (5] G 4y (gl il (A p pdin @ S 5 g &-SNE L PCA jloslizul Lslul (2al8 o g3lo b 3
osly s 15 Game slaylpl 5l (S dmosly siuddgd )d gatie sl gy 5l edlatwl 9 YU cdy s 4 SC3 el ol
IVYV] ol 5 yaio— Joluw

x5O 3l gy ol sl 2 o= Jolo (sloodl 5,5 (sla )il s g 2ol (gl ble 653k 92,68 S, 55 SIMLR
Chnddes g ol il 4 g S e ookl b ok o bcalis <530 ol (MUulti-kernel learning) (lacs s
CAddes g s s )lS )3 0hg (g g ol odly Cypie 1 Vb LUy bl 4 SIMLR w8 o KaS ool
V0] ol a8 )8 41,8 dogi 550 €3 ytio— Jokw (glaodls

9 Cogkow slapadli | g o)Ll 3)00 slasdy) mlo b el he) J ol anadss <y anmlie 5 ol (bl Gl
15505 48" jobo Lo cuwl 0ais 00 (sl ¥ o ¥ sl IS5 50 olajlaged LB )d dbgyyo ol .l oad odlitul pg— uesd

va Journal of Health and Biomedical Informatics 2024; 11(1): 72-82


https://dx.doi.org/10.34172/jhbmi.2024.14
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

3 e Jolw (sodld Jdod Cqa (owlidosia (135 50,595 (99

Coshes (ails Jlo lgisdy sl Jloy58 5 55Vl <8 Sl olsan o jbg) sl 4 Cond SAMS (ooloiiy by om0 i
3935 dgur b /8 ke L SIMLR iy b g, polos cghu (a3 li jlade op Vb & Cons /55 5:3ke b (ooloiin 39,
— o923 el jlade oy SV 4 Cod <[00 (1SSbe b odloidiy B9, 55 (g g eSS 1l el dxlge (sauo )3 A

ol 0dd Juols (chuo > d9as Do+ OF 1S5ke L SIMLR in a gy plo cpig

80
70
60
3
g) 50
3 0
g 30
20
10
0
Usoskin Buett Kolod
lSeurat mSC3 SIM B SAMS

SAMS (gdlpgwing (g, b Blisee sy g,y Coghaw (o dug e 1Y JSUS

Usoski Bue tt er Kolod
lSeurat W SC3 SIMLR H SAMS

70

(%) N g— g g2 >l
S 8 &8 8 8

=
o

o

SAMS (gl g, b iz (5l g, (rlgr-mgd oS WS dmglio 1Y JSW

g Seurat (Juo yob 4 .ol Cpi slaingd zls L SAMS g,y (139 gued odisd (jLis odel Coawd 4 gl (S yeb 4
LSS 5 Baes (650L slapn ;o cuS ) L SAMS gy bl ailodly Hlis b Johw (saiddied > oladgdy 35 SIMLR
Sl bas b Lol claodly slul jialS eus Conl diuil SAMS g, gBly 55 .l atils bl 0 Coms (6 yia0 3, as ¢ g)l]

&l g Joho Fenl ololis )3 SAMS (oolaiins gy Uy 5 L (Sen zuls opl amd &)l 1) (6558 (cavadgd o

Journal of Health and Biomedical Informatics 2024; 11(1): 72-82 A+


http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

VY=Y o OFY gl oflad wndfl o)g0 oSond 3 Commnd 3 § CroYw Suilo 981 dlro

doi: 10.34172/jhbmi.2024.14
S S5 e Al o Kby Sl i 350

L

Ko S g s S loge olelid (o ldtse 4 Wl e aS 2l Colss dyaie— Jelo slaodly | 385 § mels Juow S
CautS 4y (Siusly ¢ Cpizmad 0)S o)Ll OT YL Slulbre (Saos o YU (oibp 4 5l e oo addllae pl slacudgisme dlos

STyl g o tmgy sl laslocuss Slgioe a5 walipo Uog) ol slacudgione 1505 §l 5 3ib0ie €85 9 gl slaedly
Opnen g suddes (VL 8 Jold (it laphe) b dualie p3 adlllas ol )3 (ool (29 (ol 8 bl (Jlo cpl b il
sk slmosls o 05 55 liie 4y casbio )13l lyie 4 Blsion o el eam 53 5Lab 53 bl iales sV S

LS SaS 000

b colos
Al o (Jlo Colon oy Jitune Buios Lol hmghy ol

Blo o)l

OB Mg &8 i i
By el g S dlds

References

[1]. Ziegenhain C, Vieth B, Parekh S, Reinius B, Guillaumet-Adkins A, Smets M, et al. Comparative analysis of single-
cell RNA sequencing methods. Molecular Cell 2017;65(4):631-43. doi: 10.1016/j.molcel.2017.01.023

[2]. Svensson V, Natarajan KN, Ly LH, Miragaia RJ, Labalette C, Macaulay IC, et al. Exponential scaling of single-cell
RNA-Seq in the past decade. Nat Protoc 2018;13(4):599-604. doi: 10.1038/nprot.2017.149

[3]. Zheng GXY, Terry JM, Belgrader P, Ryvkin P, Bent ZW, Wilson R, et al. Massively parallel digital transcriptional
profiling of single cells. Nat Commun 2017:8:14049. doi: 10.1038/ncomms14049

[4]. Budnik B, Levy E, Harmange G, Slavov N. Mass-spectrometry of single mammalian cells quantifies proteome
heterogeneity during cell differentiation. Genome Biol 2018;19(1):161. doi: 10.1186/s13059-018-1547-5

[5]. Specht H, Emmott E, Petelski AA, Huffman RG, Perlman DH, Serra M, et al. Single-cell proteomic and
transcriptomic analysis reveals protein-protein interactions and cell heterogeneity. Genome Biol 2021;22: 50. doi:
10.1186/513059-021-02267-5.

[6]. Baslan T, Hicks J. Genome-wide copy number analysis of single cells. Nat Protoc 2012;7(6):1024-41.
doi: 10.1038/nprot.2012.039

[7]. Navin N, Kendall J, Troge J, Andrews P, Rodgers L, McIndoo J, et al. Tumor evolution inferred by single-cell
sequencing. Nature 2011;472(7341):90-4. doi: 10.1038/nature09807

[8]. van der Maaten L, Hinton G. Visualizing data using t-SNE. Journal of Machine Learning Research 2008;9(86):2579-
605. doi: jmir.org/papers/v9/vandermaaten08a.

[9]. Abdi H, Williams LJ. Principal component analysis. Wiley Interdisciplinary Reviews: Computational Statistics.
2010;2(4):433-59. https://doi.org/10.1002/wics.101.

[10]. Einipour A, Mosleh M, Ansari-Asl K, A graph-based clustering approach to identify cell populations in single-cell
RNA sequencing data. Journal of Health and Biomedical Informatics 2020;7(1):60-72. [In Persian]

[11]. Kiselev VY, Kirschner K, Schaub MT, Andrews T, Yiu A, Chandra T, et al. SC3: consensus clustering of single-
cell RNA-seq data. Nat Methods 2017;14(5):483-6. doi: 10.1038/nmeth.4236

[12]. Stuart T, Butler A, Hoffman P, Hafemeister C, Papalexi E, Mauck WM, et al. Comprehensive integration of single-
cell data. Cell. 2019;177(7):1888-902. doi: 10.1016/j.cell.2019.05.031

A Journal of Health and Biomedical Informatics 2024; 11(1): 72-82


https://dx.doi.org/10.34172/jhbmi.2024.14
https://doi.org/10.1016/j.molcel.2017.01.023
https://doi.org/10.1038/nprot.2017.149
https://doi.org/10.1038/ncomms14049
https://doi.org/10.1186/s13059-018-1547-5
https://doi.org/10.1186/s13059-021-02267-5
https://doi.org/10.1038/nprot.2012.039
https://doi.org/10.1038/nature09807
https://www.jmlr.org/papers/v9/vandermaaten08a.html
https://doi.org/10.1002/wics.101
https://doi.org/10.1038/nmeth.4236
https://doi.org/10.1016/j.cell.2019.05.031
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html

[ Downloaded from jhbmi.ir on 2025-07-27 ]

[ DOI: 10.34172/jhbmi.2024.14 ]

r 9 5 o Jolw (gLa03ld Julodi i owlillosia 5135 50,595 (g

[13]. Trapnell C, Cacchiarelli D, Grimsby J, Pokharel P, Li S, Morse M, et al. Pseudo-temporal ordering of individual
cells reveals dynamics and regulators of cell fate decisions. Nat Biotechnol 2014; 32(4): 381-6. doi: 10.1038/nbt.2859
[14]. Tirosh I, Venteicher AS, Hebert C, Escalante LE, Patel AP, Yizhak K, et al. Single-cell RNA-seq supports a
developmental hierarchy in human oligodendroglioma. Nature 2016;539(7628):309-13. doi: 10.1038/nature20123

[15]. Patel AP, Tirosh I, Trombetta JJ, Shalek AK, Gillespie SM, Wakimoto H, et al. Single-cell RNA-seq highlights
intratumoral heterogeneity in primary glioblastoma. Science. 2014;344(6190):139-401. doi: 10.1126/science.1254257.
[16]. Vermeulen M, Smith K, Eremin K, Rayner G, Walton M. Application of Uniform Manifold Approximation and
Projection (UMAP) in spectral imaging of artworks. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy 2021;252:119547. doi: 10.1016/j.saa.2021.119547.

[17]. Liu S, Maljovec D, Wang B, Bremer P-T, Pascucci V. Visualizing High-Dimensional Data: Advances in the Past
Decade. IEEE Trans Vis Comput Graph. 2017;23(3):1249-1268. doi: 10.1109/TVCG.2016.2640960.

[18]. Mclnnes L, Healy J, Saul N, Groberger L. UMAP: Uniform Manifold Approximation and Projection. J Open Source
Softw 2018;3(29):861. doi:10.21105/j0ss.00861.

[19]. Arbelaitz O, Gurrutxaga I, Muguerza J, Pérez JM, Perona I. An extensive comparative study of cluster validity
indices. Pattern Recognit 2013;46(1): 243-56. doi: 10.1016/j.patcog.2012.07.021.

[20]. Vahldiek K, Klawonn F. Cluster-centered visualization techniques for fuzzy clustering results to judge single
clusters. Appl Sci 2024;14(3):1102. doi: 10.3390/app14031102.

[21]. Yang J, Lin CT. Multi-View Adjacency-Constrained Nearest Neighbor Clustering (Student Abstract). In
Proceedings of the AAAI Conference on Artificial Intelligence 2022; 36(11):13097-8. doi: 10.1609/aaai.v36i11.21685.
[22]. Shutaywl M, Kachoule NN. Silhouette analysis for performance evaluation in machine learning with applications
to clustering. Entropy 2021;23(6):759. doi: 10.3390e23060759.

[23]. Xiao J, Lu J, Li X. Davies-Bouldin index based hierarchical initialization K-Means. Intell Data Anal 2017,
21(3):13271338. doi: 10.3233/IDA-163129.

[24]. Butler A, Hoffman P, Smibert P, Papalexi E, Satija R. Integrating single-cell transcriptomic data across different
conditions, technologies, and species. Nat Biotechnol 2018;36(5):411-420. doi: 10.1038/nbt.4096.

[25]. Wang B, Zhu J, Pierson E, Ramazzotti D, Batzoglou S. Visualization and analysis of single-cell RNA-seq data by
kernel-based similarity learning. Nat Methods 2017;14(5):414-6. doi: 10.1038/nmeth.4207.

Journal of Health and Biomedical Informatics 2024; 11(1): 72-82 AY


https://doi.org/10.1038%2Fnbt.2859
https://doi.org/10.1038/nature20123
https://doi.org/10.1126/science.1254257
https://doi.org/10.1016/j.saa.2021.119547
https://doi.org/10.1109/TVCG.2016.2640960
https://joss.theoj.org/papers/10.21105/joss.00861
https://doi.org/10.1016/j.patcog.2012.07.021
https://doi.org/10.3390/app14031102
https://doi.org/10.1609/aaai.v36i11.21685
https://doi.org/10.3390/e23060759
https://doi.org/10.3233/IDA-163129
https://doi.org/10.1038/nbt.4096
https://doi.org/10.1038/nmeth.4207
http://dx.doi.org/10.34172/jhbmi.2024.14
http://jhbmi.ir/article-1-867-en.html
http://www.tcpdf.org

