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Momueayus u yenv: KapruHOMBI IpeACTaBIsIOT coOoi oxuH M3 Haubolee
pacmnpoCTpaHeHHBIX BUJIOB paKa, MOPaKAIOUIMX Pa3JIMYHBIE OPraHbl YeJIOBEYEeCKOro
tena. [loHMMaHne SBOJTIONMOHHOTO MPOUCXOXKICHUS U €T0 CBSI3H C (DyHKIMOHAIBHON
POJIBIO T€HOB, CBSI3aHHBIX C 3TUMH 3200JI€BaHUAMHE, BAYKHO HE TOJIBKO JUIST OCMBICIICHHS
MPUPOABI paKa, HO U IS pa3pabOTKH HOBBIX MOAXOOB K €ro JUarHOCTHUKE U JICUCHHUIO.
B Hamem wWccrenoBaHMM MBI HCIIONB30BAIM  (UIOCTpaTUrpaduuecKuii |
(GUIOTPaHCKPUIITOMHBIN aHAIN3 JJISl H3YUCHHUS ¥ CPABHEHHMS YBOJIIOIIOHHBIX BO3PACTOB
TCHOB  HAa  Pa3NUYHBIX  CTAAMAX  PAa3BUTUS  KapIMHOM Yy  4YeJlOBeKa.
dunoctparurpaduecKuii  aHanM3 — METOJ, HAamlpaBIICHHBI Ha OIpeJeNicHHe
HBOJTIOIIIOHHOTO TIPOUCXOXK/ICHUS TEHOB ITyTE€M aHAJIN3a MPUCYTCTBUS HX OPTOJIOTOB —
TCHOB, KOAMPYIOUIMX TOMOJIOTWYHBIE OCNKW, pasomenmmecss B  pe3ysbTare
BUA000pa30BaHMsl B T'€HOMAaxX pPa3HbIX BHUIOB. Takoi TMOAXOI HE TOJBKO BBISBISIET
KJIFOYEBbIE MOMEHTBHI B HBOJIIOLMHM T'€HOMA, KOTJa HaONIofancs pe3KHid pocT duciia
HOBBIX T€HOB, HO U TIIOMOTraeT MWIACHTH(UIMPOBATh TC€HBI, YHHUKAIbHBIC IS
cnenu(uveckux Opranu3MoB. DUIOTPAHCKPUNTOMUKA IKE SBISAETCS METOIIOM,
o0beAHIIONMM HHpOpMAUIO 00 BOJIIOIMOHHOM BO3pacTe T'€HOB, MOJYYEHHOH C
MOMOIIIBIO (pUIOCTpaTUrpaduu, U JaHHbIE 00 YPOBHE 3KCIIPECCHHU TE€HOB. JTOT MOJIX0]
MO3BOJISIET MCCJIE0BAaTh B3aMMOCBSI3b MEXIy JaBHOCTBbIO BO3ZHHKHOBEHHS T'€HOB U
W3MEHEHUSIMH B UX aKTUBHOCTH B KOHTEKCTE Pa3IMYHBIX (PU3HOIOTHUECKIX COCTOSTHHIM,
QIaNTUBHBIX OTBETOB WJIM JTAllOB pPa3BUTHS OPraHU3MOB MM OpraHoB. llembio
WCCIIE/IOBAHUS SIBIISICTCS BBISIBJICHUE TeHOB, A epeHnanbHo SKCIPecCHpYIONINXCS B
PaKoOBBIX TKaHSX, JBOJIONMOHHBIA aHAINM3 WX BO3pacTa M H3yYeHHE BO3pacTa ¢
AKTHBHOCTBIO 3TUX T€HOB B PA3BUTUH OITyXOJICH.

Memoowvt u ancopummer: JIJis NOCTWKEHHS TOCTaBICHHON IeNH ObUT HCIIOIb30BaH
KOMILJIEKCHBIHM TOJX0Jl, COUETAIONINIA aHanu3 JudQepeHInanTbHON SKCIIPECCHH TEHOB,
¢dunocrparurpapuyeckuii aHaiu3 W (QUIOTPAHCKPUNTOMHBINA aHanu3. [ oleHKH
YPOBHSI 9KCHPECCUM T'€HOB M BBIIBICHUS TU(P(EpeHIMAIFHO 3KCIPECCUPYIOINXCS
TeHOB Hcronb3oBaics amroputm DESeq2. ®wunocrpaturpadudeckuii  ananms
IPOBOIWIICS C HCIHONb30BaHMEM BeO-cepuca Orthoweb, KOTOpBIH MO3BOJSET
ONpENeNIUTh  HBOJIOLMOHHOE NPOMCXOXKICHHE TIEHOB B EAMHUIAX HHAEKca
¢unorpanckpunromuoro Bospacta (Phylostratigraphy Age Index — PAI) nHa ocHoBe
aHamu3a TPUCYTCTBUS WX OPTOJIOTOB B JAPYIMX BWIOB. B KadecTBe mopora
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WACHTUYHOCTH OBbLI BBIOpaH YPOBEHb MICHTUYHOCTH OEJIKOBBIX MOCIEN0BaTEILHOCTEN
0.6, paccunrannbiii anroputMoM Cmuta—Barepmana. [Ipu momomm Orthoweb taxke
OBLITH BEIIONIHEHEI OlleHKH nHaekca m3menunBoctu AN/AS (Divergency Index — DI) mpu
CpaBHEHHUH IOCJIEA0BATEIFHOCTEN T€HOB C UX OpToJioraMu B cemeiictBe I'omunua. Jlis
OLIGHKH YPOBHS OKCIPECCHU T€HOB M BBIABIICHHS IU((PEepeHIINATEHO IKCIPECCHPYIO-
IUXCSl TEHOB HMCHOb30Bajics anroputM DESeq2. ®umoTpaHCKpUNITOMHBIA aHAN3
MPOBOJWICS C MOMOIIBI MHCTpyMeHTa myT Al 4TO MO3BOJIMIO OUEHUTh AHUHAMHUKY
9KCIIPECCHM TEHOB B KOHTEKCTE HMX OJBOJIOLMOHHOIO BO3pacTa Ha pa3lnUYHBIX
MATOJIOTHYECKUX CTAAMAX KapLMHOM B €IMHUIIAX UHIEKCOB BO3pacTa TPAaHCKPHUIITOMA
(Transcriptome Age Index — TAIl) u wuHIeKCca W3MEHYMBOCTH TPAHCKPHIITOMA
(Transcriptome Divergency Index — TDI).

Pezynsmamur: B 310l paboTe MBI HCTIOJIB30BANIN AaHHBIE IO SKCIPECCHUU TeHOB B TKAHAX
NICYEHOYHON  aJICHOKApLMHOMBI, CBETJIOKJIETOYHOH  aJCHOKAPLMHOMBI  IIOYEK,
AJICHOKAPIIMHOMBI KHIIEYHHKA, KapLUHOMBI MOJIOYHBIX JKEJe3, aJeHOKAPIMHOMBI
IMpoCTaTbl, KapUHUHOMBI HII/ITOBI/II[HOI\/'I JKCJIC3bI, KAapUUHOMBI YPOTCIUA MOYCBOI'O
ITy3bIpA, BHI[OMCTpHOHI[HOﬁ KapouHOMBI TE€JIa MATKU W M3 COOTBCTCTBYIOUIUX HM
00pa3IoB 3710pOBhIX TKaHel u3 06a3bl JaHHBIX | CGA. B ka)X0M U3 HcceTyeMbIX THITIOB
PaKOBBIX TKaHen 6BIJ'II/I BBIACJICHBI OITYXO0JIN YE€TBIPEX MATOJIOTHUCCKUX CTaI[I/Iﬁ 1o Mepe
nporpeccur  omyxonu. Dunoctparurpadguueckuii aHaNW3 BBIABWI JIBA  ITHKA
MPEICTABICHHOCTH ['€HOB: HA PAaHHMX dTarax BOZHUKHOBEHHS MHOTOKJIETOUYHOCTH U Ha
JTare BO3HUKHOBEHUs 1M03BOHOUYHBIX (PAl = 3 1 6). OUIOTpaHCKPUIITOMHBIN aHaIN3
MOKa3aJdl H3MEHEHUS B BO3pacTe TPAHCKPUITOMAa HAa pa3HbIX CTaIusAX pa3BUTH
HEKOTOPBIX OIMYXOJIEH, Tie B PAaHHUX M MO3AHEH MaTOJIOTMYECKUX CTaAusX pa3BUTHSA
KapIMHOM HJIET MOBBIIICHWE BO3pPacTa TPAHCKPUITOMA B PAKOBBIX TKaHAX, a B
IMPOMEIKYTOYHBIX — TIIOHMXXCHHUE, C OCO6LIMI/I OTIIMYUsAMHU B aJACHOKAapIHHOMAX
KHILIEYHUKA, TJIC HA0JII0IaeTCsI TPOTUBOIIONIOKHAS KapTHHA. Takke ObUI0 00HAPYKEHO,
YTO 3[0POBBIE TKAHW MMEIOT 3HAYMMO 0osiee BBICOKHH BO3PAcCT TPAHCKPHUIITOMA IO
CpaBHCHUIO C PAKOBBIMH, YTO MOXKCT CBHUACTCILCTBOBATL O MOBBIIIIEHHOM aKTHBalluu
JPEBHUX TEHOB MIPU OHKOJIOTHYECKHX 3a00JICBaHUSX.

Buigoovr: Ananuz auddepeHIuaIbHON SKCIPECCMH T€HOB M UX IBOJIOLMOHHOTO
BO3pacTa B KapLUWHOMax BbBUIIBHJ 3HAUYMUTENIBHBIE DPA3IUUUsl MEXIY PAaKOBBIMU U
3I0pOBbIMH TKaHAMHU, a TaKKC CHeHI/I(I)I/IquKI/Ie N3MCHCHUA B JJUHAMHKE BO3pacTa
TPAaHCKPHUIITOMA Ha Pa3HBIX CTAaAMAX Pa3BUTHS ONYXONH. OTH PE3yJbTaThl
MOJYEPKUBAIOT 3HAYUMOCTD BOJIIOLIMOHHOIO aClIeKTa B H3YUYEHUHU PaKa.
Qunancuposanue. ViccnenoBanue monanepxkano OromkeTHBIM mpoekToM Ne FWNR-
2022-0006 MunucTepcTBa HAyKH | BhIcIIero oOpazoBanus PO.
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Motivation and Aim: Carcinomas are among the most prevalent cancer types, affecting
various human organs. Understanding the evolutionary origin and its correlation with
the functional role of genes associated with these diseases is important not only for
understanding the nature of cancer, but also for developing new approaches to its
diagnosis and treatment. In our study, we employed phylostratigraphic and
phylotranscriptomic analyses to investigate the evolutionary ages of genes involved in
different stages of human carcinoma development. Phylostratigraphy is a method used
to determine the evolutionary origins of genes by analyzing the presence of their
orthologs — genes encoding homologous proteins that diverged due to speciation —in the
genomes of diverse species. This method reveals key moments in genome evolution
characterized by surges in new gene numbers and identifies genes unique to specific
organisms. Phylotranscriptomics, on the other hand, merges phylostratigraphic data on
gene evolutionary ages with gene expression levels. This integrated approach enables
the exploration of how gene age correlates with changes in gene activity across various
physiological states, adaptive responses, or developmental stages of organisms or
organs. Our study aims to identify genes that are differentially expressed in cancer
tissues, analyze their evolutionary ages, and assess the relationship between gene age
and activity during tumor development.

Methods and Algorithms: To achieve our goal, we employed a comprehensive approach
that integrates differential gene expression analysis, phylostratigraphic analysis, and
phylotranscriptomic analysis. For assessing gene expression levels and identifying
differentially expressed genes, we utilized the DESeq2 algorithm. To determine the
evolutionary origins of genes, we conducted phylostratigraphic analysis using the
Orthoweb web service. This service enables the calculation of the Phylostratigraphy Age
Index (PAI) by analyzing the presence of gene orthologs across different species, with a
protein sequence identity threshold, calculated by Smith-Waterman algorithm, set at 0.6.
Additionally, Orthoweb facilitated the estimation of the dN/dS variability index
(Divergency Index, DI), comparing divergence of gene sequences with their orthologs
within the Hominid family. Furthermore, we performed phylotranscriptome analysis
using the myTAIl tool. This analysis allowed us to explore the dynamics of gene
expression in relation to their evolutionary age across various pathological stages of
carcinomas, quantified in terms of the Transcriptome Age Index (TAI) and
Transcriptome Divergency Index (TDI).

Results: In this study, we analyzed gene expression data from tissues affected by various
carcinomas, including hepatic adenocarcinoma, renal clear cell adenocarcinoma,
intestinal adenocarcinoma, breast carcinoma, prostate adenocarcinoma, thyroid
carcinoma, urothelial carcinoma of the bladder, and endometrioid carcinoma of the
uterine body. We also included samples from corresponding healthy tissues obtained
from the TCGA database. For each cancer type, tumors were categorized into four
pathological stages to assess progression. Our phylostratigraphic analysis identified two
significant peaks of gene representation occurring at the early multicellular and
vertebrate evolutionary stages (PAI = 3 and 6). Through phylotranscriptome analysis,
we observed variations in the transcriptome age across different tumor development
stages. Notably, in both early and late pathological stages of carcinomas, there was an
increase in transcriptome age in cancerous tissues, whereas a decrease was noted in
intermediate stages. This pattern was particularly distinct in intestinal adenocarcinomas,
where the opposite trend was observed. Additionally, our findings suggest that healthy
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tissues exhibit a significantly higher transcriptome age compared to their cancerous
counterparts, indicating a potential upregulation of ancient genes in cancer.
Conclusion: The analysis of differential gene expression and their evolutionary age in
carcinomas revealed significant differences between cancerous and healthy tissues, as
well as specific changes in the dynamics of transcriptome age at different stages of tumor
development. These results emphasize the importance of the evolutionary aspect in the
study of cancer.
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