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Momusayus u yenv: UccnenoBanns GWAS 00BIYHO JalOT OTPaHUYCHHOE KOJIMYECTBO
MapKepHBIX TEHOB, HEIOCTaTOYHO OONbLIOE AJsl MPOBEACHUS aHAIW3a, MOJA00HOTO
GSEA. B at0ii pabote MBI mpeanaraeM rpadoBBId alrOPUTM, KOTOPHIH MPUCBAUBACT
KaXIOMy TeHy OnxHy (QyHKOuio, oOecrieuyuBas TeM CaMbIM  OJHO3HAYHYIO
(YHKIMOHANBHYI0 aHHOTanuio. (s 3Toro OOJNbIIOE KOJMYECTBO (DYHKIIMOHATIBHBIX
CUTHATyp OOBEIWHSIOTCS B €IWHBIA B3BEIICHHBIA Tpad, KOTOPHIA pa30uBaeTcs Ha
KiacTepsl. st KakJjoro MapKepHOro rena GopMupyeTcst orpaHHYeHHBIH HaOOp T'eHOB,
KOTOPBIE KOJKCIIPECCHPYIOTCS C MAapKEepHBIM TE€HOM B OOJBIIOM KOJHYECTBE
HCCIIEIOBAaHNH 10 MPOQaIMHTY 3KCTIPECCHHU I MOTYT PACCMaTPUBATHCS KaK MEPBUYHBIC
KaHIU/aThl Ha yJacTHe B OHHUX M TeX )K€ mporieccax (opMUpOBaHUs (HEHOTHUIIA.
Memoowvr u ancopummei: OCHOBHBIM alTOPUTMOM B paboTe SBISIETCS alTOPUTM
moctpoeHusi Tpadosoii pasBeptku OpenOrd, a Taxke amroputm K-Means mis
ABTOMATH3allMM  IpPOIleccCa  IOCTPOEHHS  KiIacTepu3anuu.  Pe3yiapTupyromme
KJIaCTepPHU3allK CPABHUBAJIMCH 110 METPHKAM aCCOPTATHBHOCTH U 1o Mepe JKakkapa.
Pesynomamer:  IlolydeHHBI aNrOpUTM IPOJEMOHCTPUPOBAN JIydlllee KadeCTBO
KJIaCTepPH3aIlX CPEIH IPUMEHUMBIX K 3TOH 3aa4e aJropuTMOB KIIACTEPU3ALINH, TAKUX
kak HDBSCAN, k-medoids u ap., Ha Beibopkax pasmepom 10 5000 renos. Kpome toro,
B OTJIMYHE OT APYTHX aaroputMoB kmacrepusannu, OpenOrd moaxoaut u st Gosee
INIMPOKUX BBIOOPOK, B pe3yjIbTaTe Yero BO3MOXKHA KJIACTEpH3AlWs MOJHOTO Habopa
u3 ~20 000 renoB, moctymHbix B Oazax Enrichr. Mer ucnons3oBanun Metascape st
AHHOTHPOBaHUS TEHOB, [UIA  BBISBJICHHUS  JIOKA3aTENbCTB,  IOJITBEPIKIAIOIINX
palMOHATIBHOCTh KJIACTEPU3AINH, W JJISl TONyYeHHS WHPOPMAIUK O PEeNICBAHTHOCTH
KJacTepa.

B nanpHelimem mosrydeHHas KiiacTepu3anus Obula 3aHOBO arperupoBaHa alrOpUTMOM
JUIS TIONYYEHHUs] HepapXudecKod CTPYKTYphl KiacTepusalmu. B pesynbrare aByX
JIOTIONTHUTENBHBIX WTepaluii ObLTO TOJIY4eHO TpW cjosi KiacTepu3anuu. Ha menee
JIeTAIN3UPOBAHHBIX CIIOSIX HEM30EKHO BO3HUKAET MPOOJIeMa CIUSHHS CI1a00CBI3aHHBIX
TCHOB B THUIEPKJIACTEpPbl. YUWTHIBAs, 4YTO HepapXxuyeckas MHOTOCIONHAs
KJIacTepU3alsl JJOTMYECKH BBITIONHSETCS Ha OOIIMPHBIX HAabopax JaHHBIX ¢ OOJBIINM
KOJIMYECTBOM T'€HOB, MOXKHO CJIeNaTh BBIBOJA, YTO Takas OpraHM3aIMs JaHHBIX
oka3biBaeTcs Hed(h(heKTUBHOM B JaHHOW KOHKPETHOM 3a7aye.
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Figure 8: TP53 cluster analysis

G0:0000902: cell morphogenesis

hsa05200: Pathways in cancer

G0:0120035: regulation of plasma membrane bounded cell projection organization
G0:0050804: modulation of chemical synaptic transmission
G0:0051960: regulation of nervous system development
G0:0044057: regulation of system process

G0:0035239: tube morphogenesis

G0:0043068: positive regulation of programmed cell death
GO0:0007507: heart development

R-HSA-9006934: Signaling by Receptor Tyrosine Kinases
G0:0030162: regulation of proteolysis

G0:0007610: behavior

G0:0009725: response to hormone

WP382: MAPK signaling pathway

G0:0034330: cell junction organization

G0:0010817: regulation of hormone levels

G0:0007167: enzyme-linked receptor protein signaling pathway
hsa05163: Human cytomegalovirus infection

G0:0060322: head development

G0:0032970: regulation of actin filament-based process

T T T T T

0 5 10 15 20 25
-log10(P)

Figure 9: MYHI14 cluster analysis
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Figure 10: IL6 cluster analysis
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Motivation and Aim: GWAS studies usually produce a limited numbers of marker genes,
not large enough to provide GSEA-like analysis. Here we suggest a graph based
algorithms that assignes a single function to each gene, thus providing an exclusive
functional annotation. To this end a large number of functional signatures are combined
into a single weighted graph, which is segregated into cliques. For each marker gene a
limited gene set is formed that are coexpressed with the marker gene in the large number
of co-expression studies and can be considered as a primary candidates for taking part
in the same processes of phenotype formation.

Methods and Algorithms: The main algorithm in the work is the OpenOrd graph scan
algorithm, as well as the K-Means algorithm for automating the clustering construction
process. The resulting clusterings were compared using assortativity metrics and the
Jaccard measure.

Results: The resulting algorithm demonstrated the best quality of clustering among
clustering algorithms applicable to this problem, such as HDBSCAN, k-medoids, etc. on
samples of up to 5,000 genes. In addition, unlike other clustering algorithms, OpenOrd
is also suitable for wider samples, as a result of which it is possible to cluster the entire
set of about 20,000 genes available in the Enrichr databases. We used Metascape to
annotate genes, to identify evidence supporting the rationality of clustering, and to obtain
information about cluster relevance.
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Figure 10: IL6 cluster analysis

The resulting clustering was then re-aggregated by the algorithm to obtain a hierarchical
clustering structure. As a result of two additional iterations, three clustering layers were
obtained. At less detailed layers, the problem of merging loosely connected genes
into hyperclusters inevitably arises. Given that hierarchical multilayer clustering
logically works on large datasets with large numbers of genes, it can be concluded
that such data organization is ineffective for this particular task.
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