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in the Gene Ontology resource, Entrez Gene and ANDSystem

Database Input terms Number
of genes found
Gene Ontology Sensory perception of cold stimulus 334

Cold acclimation

Response to cold

Cold-induced thermogenesis

Trehalose metabolism in response to cold stress
Cellular response to cold

Regulation of cold-induced thermogenesis

Positive regulation of cold-induced thermogenesis
Negative regulation of cold-induced thermogenesis
Detection of cold stimulus involved in thermoception
Thermoception

Detection of temperature stimulus

Regulation of cellular response to heat

Positive regulation of cellular response to heat
Negative regulation of cellular response to heat
Cellular response to heat

Response to heat

Heat acclimation

Trehalose metabolism in response to heat stress
Cellular heat acclimation

mMRNA export from nucleus in response to heat stress
Heat generation

Heat dissipation

Regulation of heat dissipation

Negative regulation of heat generation

Positive regulation of heat generation

Negative regulation of heat dissipation

Positive regulation of heat dissipation

Regulation of heat generation

Regulation of mRNA export from nucleus in response to heat stress
Trehalose biosynthesis in response to heat stress
Trehalose catabolism in response to heat stress
Thermomorphogenesis

Thermoception

Detection of temperature stimulus involved in sensory perception
Cold-induced thermogenesis

Adaptive thermogenesis

Temperature-gated ion channel activity
Temperature-gated cation channel activity
Detection of hot stimulus involved in thermoception
Circadian temperature homeostasis

Temperature homeostasis

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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Materials and methods

Building gene network. The gene network was built using the ANDSystem software and information system developed
atthe IC&G SB RAS (Ivanisenko V.A. etal., 2019; Ivanisenko T.V. et al., 2024). The Query Wizard tool of the ANDVisio
tool (a software component of the ANDSystem) was used. As the first step, we built a network involving all the genes
associated with thermoregulation and the proteins encoded by them, choosing Homo sapiens as the type of organism.
This network included all types of interactions, except for the type of interactions called “associations”. As the second
step, a list of proteins encoded by genes associated with thermoregulation was submitted to the Query Wizard tool,
and a search for microRNAs regulating expression of these proteins was conducted. This search identified regulatory
interactions using data imported into ANDSystem from miRTarBase, a database containing experimentally validated
microRNA-mRNA interactions (Cui et al., 2025). Next, the two networks were merged using the ANDVisio tool.

Analysis of evolutionary characteristics of genes. The analysis of the evolutionary characteristics of genes was
carried out using the PAI (Phylostratigraphic Age Index) and DI (Divergence Index). Both sets of data are available in the
PAI and DI fields of the Genes_evol table within the Termo Reg Human 1.0 Knowledge Base. The phylostratigraphic
age index calculated using the Orthoweb system (Ivanov et al., 2024) was suggested in our previous studies (Mustafin et
al., 2017). It is a numerical scale (numbers from 1 to 16) reflecting the evolutionary age of a gene, conceptually similar
to the phylostratigraphic levels used in previous phylostratigraphic studies (Domazet-Loso et al., 2007; Domazet-Loso
etal., 2008; Zhang et al., 2019). The PAI value corresponds to the conditional distance from the root of the phylogenetic
tree for the taxon at which the divergence of the studied species occurred with the most distant related taxon in which
the homolog of the gene in question was found. The later in the course of evolution the ancestor form of the studied
gene is detected, the greater is the PAI value of this gene. The PAI values were calculated using the Orthoweb program
(Ivanov et al., 2024) based on the KEGG SSDB (Sequence Similarity DataBase), taking into account the sequences of
homologous genes that are 50 % or more identical to the human gene under consideration (Mustafin et al., 2017, 2021).
Thus, the PAI values were calculated for 19,504 human protein-coding genes.

The DI values were also calculated in the Orthoweb program (Ivanov et al., 2024) based on a comparison of protein-
coding regions of human genes with regions of homologous genes of closely related organisms from the hominid family
(Pan troglodytes (chimpanzee), Pan paniscus (pygmy chimpanzee), Gorilla gorilla gorilla (western lowland gorilla),
Pongo abelii (Sumatran orangutan)), as described in the publication (Mustafin et al., 2021). Thus, the DI index values
were calculated for 19,504 human protein-coding genes.

The probability of obtaining a given number of genes with a certain value of the PAI or DI evolutionary metrics was
estimated using the chi-square criterion.
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Supplementary Material S3. The references to scientific publications confirming interactions
between genes and proteins shown in Figure 2b
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Object 1, Object 2, Reference
regulator regulated

PPARG (protein)  SLC27A1 (gene) Briot A., Decaunes P, Volat F, Belles C., Coupaye M., Ledoux S., Bouloumié A. Senescence alters PPARy
(Peroxisome Proliferator-Activated Receptor Gamma)-dependent fatty acid handling in human
adipose tissue microvascular endothelial cells and favors inflammation. Arterioscler Thromb Vasc Biol.
2018;38(5):1134-1146.doi 10.1161/ATVBAHA.118.310797

PPARG (protein)  STAT3(gene) JuK.D., Lim J.W,, Kim H. Peroxisome proliferator-activated receptor-y inhibits the activation
of STAT3 in Cerulein-stimulated pancreatic acinar cells. J Cancer Prev. 2017;22(3):189-194.
doi 10.15430/JCP.2017.22.3.189

PPARG (protein)  UCPT (gene) Yang X., Xiao X., Wang H., Li Y., Wang L., Li G., Deng S. Renoprotective effect of Danhong injection
on streptozotocin-induced diabetic rats through a peroxisome proliferator-activated
receptor y mediated pathway. Evid Based Complement Alternat Med. 2018;2018:3450141.
doi 10.1155/2018/3450141

PPARG (protein)  VEGFA (gene) Rapp J., Kiss E., Meggyes M., Szabo-Meleg E., Feller D., Smuk G., Laszlo T., Sarosi V., Molnar T.F,, Kvell K.,
Pongracz J.E. Increased Wnt5a in squamous cell lung carcinoma inhibits endothelial cell motility.
BMC Cancer. 2016;16(1):915. doi 10.1186/512885-016-2943-4

Supplementary Material S4. The difference between the observed number of genes
from the Thermoregulation_467 set having PAl = 1 and the expected one, calculated based on data
for all human protein-coding genes (the set allCDS_19,504)

Set or subset of genes Set of genes
a / / CDS_, 9 504 .......................................................................... The,mo regumnon_467 ........................................
Observednumber | Bpectednumber Observednumber
A”genesfromtheset .......................... 19504467467 ...................................................
GeneshavmgpA|:1 .............................. 6 350467*6350/19504:15204 ............ 176 ...................................................
GeneshavmgpA|>1 ............................ 13154467*13154/19504:31496 .......... 2 91 ....................................................
pvame(chlsquaretest)p<005 ............................................

Supplementary Material S5. The difference between the observed number of genes
from the Thermoregulation_467 set having PAl = 6 and the expected one, calculated based on data
for all human protein-coding genes (the set allCDS_19,504)

Set or subset of genes Set of genes
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Supplementary Material S6. Functional analysis for 176 genes having PAl = 1 using DAVID
according to the GOTERM_BP_Direct dictionary. Five GO terms associated with the highest number
of genes and having FDR < 0.05 are presented

GO term Number of genes FDR
(percentage of the total number)
|GO0045944~positve regulation of transcription by RNA polymerase Il 43(246%) s
|G0:0120162~positive regulation of cold-induced thermogenesis v@23% 24849
| GO:0000122~negative regulation of transcription by RNA polymerase l 2083%  B0E8
| GO:0006357~regulation of transcription by RNA polymerase ll - sworze ool
600034605~ce||u|ar re S ponse tOhea t ........................................................................... 2 2 ( 126%) ................................................... ” E_25 .................

Supplementary Material S7. Functional analysis for 100 genes having PAl = 6 using DAVID
according to the GOTERM_BP_Direct dictionary. Five GO terms associated with the highest number
of genes and having FDR < 0.05 are presented

GO term Number of genes FDR
(percentage of the total number)
| GO:0120162~positive regulation of cold-induced thermogenesis 21008%) 17-3
GO:0007204~positive regulation of cytosolic calcium ion concentration 140139%  47E-10
Goooo7186~Gprote|ncoup|edreceptors|gna|mgpathway ....................................... 14(139%)003 .......................
G0:0008284~positive regulation of cell population proliferation 20119% 0004
| GO:0120163~negative regulation of cold-induced thermogenesis 1009% 1389
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