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Gene Ontology Sensory perception of cold stimulus 334
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Response to cold
Cold-induced thermogenesis
Trehalose metabolism in response to cold stress
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Negative regulation of cellular response to heat
Cellular response to heat
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Positive regulation of heat dissipation
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Thermoception
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Cold-induced thermogenesis
Adaptive thermogenesis
Temperature-gated ion channel activity
Temperature-gated cation channel activity
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Circadian temperature homeostasis
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ANDSystem Positive regulation of cold-induced thermogenesis 253
Negative regulation of cold-induced thermogenesis
Response to cold
Detection of temperature stimulus involved in sensory perception of pain
Cellular response to heat
Response to heat
Detection of temperature stimulus involved in sensory perception of pain
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MpunoxxeHune S2

Matepwuanbl u metogbl

ITocTpoenne rennoii ceTu. ['eHHYIO CETh CTPOMIIH C TOMOIIBIO ITPOTpaMMHO-HH(popMannonHoi cuctemsl ANDSystem,
paspaborannoii B UL{ul" CO PAH (Ivanisenko V.A. et al., 2019; Ivanisenko T.V. et al., 2024). B pa6ote ucronbs30BaH
HHCTPYMEHT «MacTtep 3ampocoB» mnporpammbel ANDVisio (mporpamMMHoi koMImoHeHThI cucteMbl ANDSystem). Ha
MIEPBOM 3Tare Mbl CTPOMJIA CETh MEX/y BCEMH F'eHaMH TEPMOPETYJISLUH U KOAUPYEMbIMU MU O€IKaMU, BHIOMpas BUJ
opranusma Homo sapiens. JTa ceTh BKJIIOYAJIa BCE TUIBI B3aUMOJCHCTBUH, KpoMe acconuaruit. Ha Bropom sTamne Ha
BXOJl ”HCTpYMEHTa «MacTep 3armpocoB» MojaBajiy CIIMCOK OSTKOB, KOAWPYEMbIX HalICHHBIMH HAMHU T'€HAMHU TEPMOPETY-
a0y, 1 nposenu nouck MukpoPHK, perynupyromux ux sxcnpeccuto. Takoii 3ampoc k cucreme ANDSystem BbIsiBIIsII
PETYIIATOPHBIE CBSI3U, HHPOPMAIIHS 0 KOTOPBIX UMITOPTUPOBaHa U3 0a3bl aHHBIX miRTarBase, B koTopoi conepkarcs
IKCIIEPUMEHTAIBHO TIOATBEPIKICHHBIC CBEACHIS 0 B3aumoneiicTBusax mexry MukpoPHK n nx MPHK-mumensmu (Cui
et al., 2025). lanee nBe ceTy 00ObeAUHIIN cpesicTBaMu iporpaMMbl ANDVisio.

AHAJIU3 IBOJIOIHOHHBIX XaPAKTEPUCTHK I'eHOB. AHAITU3 SBOJIIOLIMOHHBIX XapaKTEPUCTUK T'€HOB OCYIECTBIISIIN
¢ ucnoas3oBanueM nHaekcoB PAI (phylostratigraphic age index) u DI (divergence index), JaHHBIC O KOTOPOM COACP-
xarcst Ha monsix PAI n DI madopmannonnoit Tadmumer Genes evol u3 6a3s! 3nannit Termo Reg Human 1.0. Magexc
¢unoctparurpadudeckoro Bo3pacra (phylostratigraphy age index, PAI) Obur mpeyioskeH B HAUX TPEIBIIYIINAX
uccieaoBanusax (Mustafin et al., 2017). On npencraBiseT co0oi YuCIoByO MKamy (UG PbI oT 1 10 16), OTpaXkarolryro
HBOJIIOLIUOHHBII BO3PACT I'eHa [0 aHAJIOTHH ¢ PHIOCTPATUTPAPUICCKIMHU YPOBHIMU, IPUMEHIEMBIMU B PsiJIC PAHHUX
pabot ¢unocrparurpaduu (Domazet-Loso et al., 2007; Domazet-Loso et al., 2008; Zhang et al., 2019). 3nauenue un-
nexca PAI cOOTBETCTBYET yCIIOBHOMY PacCTOSHHIO OT KOPHS (DHIIOTEHETHYECKOTO JIepeBa Ul TAKCOHA, I'/I¢ IPOU30IILIO
pacxokaeHNe UCCIIeTyeMOT0 BUIa ¢ HanboJiee OTAATCHHBIM POJICTBEHHBIM TAKCOHOM, B KOTOPOM OOHApPY>KEH OPTOJIOT
paccmaTpuBaeMoro refa. Uem mosmHee B XOJ€ ABOJIONUH OOHAPYKHUBAETCS MPEAINICCTBEHHHUK HCCIIETyeMOTO TeHa,
Tem Oomnbire BenmunHa PAI nannoro rena. 3nauenus naaekca PAI paccunteBamm B mporpamme Orthoweb (MBanoB
u 1p., 2024) Ha ocHoBe 6a3sl nanHbix KEGG SSDB (Sequence Similarity DataBase) ¢ yueToM mocienoBareibHOCTEH
OPTOJIOTMYHBIX I'€HOB, KoTOpble Ha 50 % unu Oojee HACHTHYHBI paccMaTpuBaeMoMy reHy denoneka (Mustafin et al.,
2017; Mycradun u ap., 2021). Takum oOpazom, 3Hauenus naaekca PAI paccuntansl s 19504 0enok-koaupyommx
TCHOB YEJIOBEKA.

3nauenust DI Taxoke paccunrtansl B mporpamme Orthoweb Ha ocHOBE CpaBHEHHUS OCIOK-KOTUPYIOMINX YIAaCTKOB
TCHOB YEJIOBEKA C YYaCTKAMU OPTOJOTMYHBIX TCHOB ONM3KOPOICTBEHHBIX OPraHU3MOB M3 CeMEHCTBa TOMUHHI: Pan
troglodytes (mumnanse), Pan paniscus (KapiukoBbli mumnanse), Gorilla gorilla gorilla (3anagHas paBHUHHAs TOPUILIA),
Pongo abelii (cymaTpaHCKuil OpaHTyTaHT), KaK 3TO oNucaHo B nmybnukanuu (Myctadus u ap., 2021). Takum oOpazom,
3HadeHus uHjekca DI paccunTansl 11t 19504 Gestok-KoIUPYIONIUX TEHOB YeTIOBEKa.

O1eHKY BEpOSTHOCTH MOJYYUTHh TAHHOE KOJHWYECTBO I'€HOB C OMpPEACICHHBIM 3HAYCHHUEM 3BOIIOINOHHON
xapaxkTepucTHKH PAI 0CyIIecTBISIIN C TOMOIIBIO KPUTEPHS XU-KBaIpaT.
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MpunoxeHue S4. Paznyuvie mexay KOnmMyecTBOM reHOB B Bblbopke Thermoregulation_467, nmetownx PAl =1,
1 X OXKMAAEMbIM KOJTIMYECTBOM, pacCcuMTaHHbIM Mo BblGOpKe Bcex 6enoKk-koanpyoLwmx reHos yenoseka (allCDS_19,504)

Bbi6opka Bblbopka reHoB

A TOMBBIBOPKA [EHOB e
allCDS_19,504 Thermoregulation_467

Konmqecmo ...........................................................................................................................................................
H a 6 nmnaemoe ................................... o )KM.qaeMoe ....................................... H a6n Kmaemoe .................................
BCQFEHHBH6OPKM ............................... 19504467467 ...................................................
reHblco3HaqumeMpA|=1 ................... 6 350467*6350/19504=15204 ............. 176 ...................................................
reHb|c03HaqumeMpA|>1 ................. 13154467*13154/19504=31496 ........... 2 91 ....................................................
pvalue(KpmepMMXMKBaApaT)p<005 ............................................

MpunoxeHue S5. Paznnune mexzay KonmuectBOM reHoB B Bbibopke Thermoregulation_467, umetowmx PAl = 6,
1 X OXKMAAEMbIM KOJIMUYECTBOM, pacCUMTaHHbIM MO BbIGOPKe BCEX OEMOK-KOAMPYIOWUX reHOB YenoBekKa (allCDS_19,504)

Bbibopka Bbibopka reHoB

MV TOMBBIBOPKA FEHOB e e
allCDS_19,504 Thermoregulation_467

KonmquTBo ...........................................................................................................................................................
Ha6m0naew|oe ................................... c.). )KmaEMoe ....................................... H a6monaeMoe .................................
BcereHblel6opKM ............................... 19504 ................................................. 4 67467 ...................................................
reHblco3HaqEHmeMpA|:6 ................... 3203 ................................................. 4 67*3203/19504:7669 ............... 100 ...................................................
reHb|c03HaqumeMPA|¢6 .................. 16301 ................................................. 4 67*16301/19504:39030 .......... 3 67 ...................................................
pva|ue(KpMTepMMXMKBaApaT)p<001 .............................................
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MpunoxeHne S6. PyHKUMOHaNbHbIN aHanu3 ana 176 reHoB Co 3HayeHuem nHpaekca PAl =1
c nomouibto DAVID no cnosapto BP_Direct. lNpepactaBneHo nate GO TepMrHOB,
CBSI3aHHbIX C HAMBOMNbLINM KONMYECTBOM reHoB 1 umetoLwmx FDR < 0.05

Tepmun GO KonnuectBo reHoB FDR
(NpoLEeHT OT 06LLEro KONNYECTBA)

G0:0045944~positive regulation of transcription by RNA polymerase Il 43 (24.6 %) 1.5E-11
GO0120162-positive regulation of cold-induced thermogenesis 9023% 2440
GO:0000122~negative regulation of transcription by RNA polymerasell 2083% 808
| GO:0006357~regulation of transcription by RNA polymerasell - wozzw ool
600034605 Nce”u'ar re S ponse tOhea t ........................................................................... 2 2( 126%) ................................................... 11 E_25 ................

MpunoxeHune S7. OyHKUMOHaNbHbIM aHanu3 anda 100 reHOB co 3HaueHnem nHgekca PAl = 6
c nomoubto DAVID no cnosapto BP_Direct. lNpeactasnerHo nate GO TepMrHOB,
CBA3aHHbIX C HAMOOMNbLLMM KONMYECTBOM reHoB 1 umetowmx FDR < 0.05

TepmuH GO Konuuectso reHoB FDR
(MpoueHT OT 0bLLero KonnyecTsa)
| GO:0120162~positive regulation of cold-induced thermogenesis 21008% 7.3
GO:0007204~positive regulation of cytosolic calcium ion concentration 140139% 4710
Goooo7136~Gprotemcoup|edreceptors|gna|mgpathway ....................................... 14(139%)003 .......................
| GO:0008284~positive regulation of cell population proliferation 2019% 0004
| GO:0120163~negative regulation of cold-induced thermogenesis 009% 1389
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