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Momusayus u yeas. ATpecCUBHOE TIOBEICHIE )KHBOTHBIX N3y4aeTCs yKe TaBHO U 3aHH-
MaeT BeAyIIee MECTO B HAYYHBIX UCCIICIOBAHHUIX OCHOB NOBEICHUS. BhisBlieHUE TeHe-
TUYECKUX JIETCPMUHAHT arpecCHMBHOTO IOBEICHUS HMeEET OOJbIIOE 3HAYCHHUE, I10-
CKOJIBKY B YEJIOBEYECKOM OOIIECTBE MOBHIIIEHHAS aTPECCUBHOCTD — O/IHA U3 OCHOBHBIX
MpO0JIeM COIMANIBHBIX OTHOIICHHMIA. TakKke BaXKHO TO, YTO IMOBBILICHHASI arPECCUBHOCTh
HaOJII0/IaeTCS TPU MHOTUX TICUXHUATPUICCKUX M HEHPOJIeTeHEPAaTUBHBIX 3a00ICBaHUSX,
MO3TOMY 3a]a4a YMEHBIICHUS IPOSBICHUN arpECCHH BEChMa aKTyalbHa.

B nposiBiieHnn arpecCHBHOTO MTOBEICHNUS BEJIMKa POJIb HACTIEACTBEHHBIX (pakTopoB. Co-
BPEMEHHBIC UCCIICIOBAHUS TOBOPSAT O TOM, YTO arpPECCUBHBIN THUII IIOBEACHHUS UMEET T10-
JUTEHHYIO JIeTepMHUHAINI0. B HacTosmmeil paboTe ObUIM MPOIOIKEHBI HCCIIEIOBAHUS,
HamnpaBlieHHbIE HA W3YYE€HHE TEHETHYECKHUX NIETePMUHAHT arpeCCHBHOTO IMOBEICHUS.
Llenbro pabOTHI SBISETCS PSKOHCTPYKIIMS M aHAJIM3 TEHHBIX ceTell MudpepeHIIuaibHO
AKCIPECCUPYIOLTUXCS 'CHOB U KOMITBIOTEPHBIH aHAJIN3 TOTIOJIOT U MOJTYYSHHBIX TEHHBIX
ceteit ¢ momoripio Beb-cepprica ANDSystem. Takxke ObLTH BBISIBIICHBI O0IIHE U TKaHE-
crierupUIHbIe OMOJIOTHYECKHE MTPOLIECCHI M0 TaHHBIM aHAIN3a TeHHBIX CeTel IS aHa-
JIU3UPYEMBIX CTPYKTYpP MO3ra.

Memoowt u anzopummsi: PaboTy MpOBOAUIN HA TAHHBIX CEKBEHUPOBAHU TKaHEH MO3Ta
B3POCIIBIX CaMIIOB CephbIx Kpbic (Rattus norvegicus), KoTopsie ObLIH CENEKITHOHUPOBAHBI
B Mucturyte ruronorun u redetnkn CO PAH (HoBocuoupck). Cenexius mpoBOAUIaCh
B TeueHue 90 MOKoJIEeHNH Ha BRICOKHI YPOBEHD arpeCcCHH 10 OTHOIICHHIO K YEIOBEKY.
st moctpoenwus ciimcka nud pepeHnmnanbHo dKcpeccupyrontuxcs reHos (1310) y kpbic
C arpecCUBHBIM IOBEICHUEM HCIOJb30BaHbl qaHHble PHK-cekBeHUpOBaHUS 4eThIpex
OT/ENIOB MO3ra (THIOTaIaMycC, TUIITIOKAMII, TOKPBIIIKA CPETHEr0 MO3Ta U Cepoe Bellle-
CTBO MIEPHAKBEAYKTyMa). BHOIMOTEKN YTeHUI TPAaHCKPUTITOB OT aHAITM3UPYEMBIX KPBIC
moctynmuel  Ha caiite  NCBI  (https://www.ncbi.nlm.nih.gov/sra) mox wuHmEKCOM
PRINA668014.

PexoncTpyxkius renHbix cereit JIO1° Obuta mpou3BeieHa ¢ HCIIOIB30BaHUEM METO/Ia aB-
TOMATHYECKOTO U3BJICUCHHS 3HAHUN W3 TEKCTOB HAYYHBIX IMyOnuKarmii (textmining) u
0a3 JaHHBIX O MOJICKYJISIPHO-TCHETHYECKUX B3aMMOCHCTBUAX. ABTOMAaTUYECKas pe-
KOHCTPYKIIUSI TEHHBIX CeTel mpoBeieHa ¢ momoiipio cuctembl ANDSystem [1]. Paciu-
penue cnucka J[D1" HOBBIMU reHaMU, CBI3aHHBIMU C HUMU (DYHKIIHOHAIIEHO, TAKIKE OCY-
HIeCTBIICHO ¢ moMolkio cuctembl ANDSystem.
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YtoOBI MOCTPOUTH TEHHBIE CETH, OMMCHIBAIOLINE PETYIISITOPHBIE YTH, B KOTOPBIX Y4acT-
BYIOT O€JKH, KoJupyemble TuddepeHInanbHO SKCIPECCHPYIOMIMMUCS TeHaMH, ObLT HC-
nosb30oBaH «Mactep myTeit», uMeroruiics B mporpamme ANDViIsio. C ero momorisio
ObUIN COCTaBJIECHBI 5 MA0JI0HOB AJIS IOCTPOEHUS PETYIISITOPHBIX MOJIEKYJIIPHO-T€HETH-
4YecKux myTed 5 Tumnos. C MOMOIIBIO 3TUX [IA0JIOHOB OBLIIM OMHUCAHBI PA3THYHbBIC THUIIBI
PEryJIsATOPHBIX MyTEH MOJEKYJISPHO-TEHETUYECKUX B3aUMOACHCTBUI.

CxeMbI 1a0I0HOB YKa3aHBI HIKE:

1. Benku, kogupyembie TudPepeHInATEHO IKCIIPECCUPYIOIIUMECS TeHaMH, — OEJIOoK-
OeJIKOBbIE B3aUMOJICHCTBHSI — BCE OCIKH KPBICHI.

2. benxu, xogupyemsie muddepeHnnanTbHO SKCIPECCHPYIOINMECs TeHAMH, — Pery-
JSIIMS AaKTUBHOCTH/CTaOMIIBHOCTH/TIPOTE0NIN3a/TIOCTTPAHCISIIMOHHBIX MOAU(pUKA-
LUI/TpaHCOPTa — BCE OEIIKU KPBICHI.

3. benxu, xogupyemsie muddepeHnnanbsHO SKCIPECCHPYIOINMECs] TeHAMH, — pery-
JSIMA KCIIPECCUU T€HOB — BCE T'€HBI KPBICHI — 3KCIIPECCHSI — BCE OENKH KPBICHI.

4. benku, xonupyemble auddepeHnranbHo 3KCIPECCUPYIONMMECs: TeHaMU, — Pery-
JISIMS 9KCIIPECCHH TEHOB — BCE T€HBI KPBICHI — SKCIPECCHS — BCE OEITKU KPBICHI —
PeryJssiys SKCIPECCHH T€HOB — BCE T€HBI KPBICHI — SKCIIPECCHS] — BCE OEIIKU KPBICHI.

5. benku, xogupyemsie auddepeHHaIbHO IKCIPECCUPYIONIMMECS TeHaMH, — pery-
JISIMS 9KCIIPECCHH TEHOB — BCE T€HBI KPBICHI — SKCIPECCHS — BCE OEIKU KPBICHI —
perynanus akTUBHOCTH/CTaOMIBHOCTH/TIPOTEOIN3a/TTIOCTTPAHCISAIIMOHHBIX MO~
(hMKanuit/TpaHCTIOPTa — BCE OCIKH KPBICHI.

[Toce mocTpoeHUst TEHHBIX CETel 10 MepeuncieHHBIM MaldioHaM ObUIH PacCMOTPEHBI

UX CTaTUCTUYECKUE MapaMeTpsl. [IpoaHanu3upoBaHbl TONOJIOTMYECKHE CBOMCTBA TOITY-

YEHHBIX T€HHBIX CeTEel 0 LEHTPAIILHOCTH, a TAKXKE M0 IOCPEIHUYECTBY U CTEIIEHHU BEp-

IIHH.

Pezynsmamur: C moMmonipo mabioHOB, YKa3aHHBIX B pasjiesie « MeTo bl U alrOpUTMBbD»,

ObLIN TIOCTPOEHBI PEryJIATOPHBIE MOJIEKYIIPHO-TEHETUUECKHUE MTyTH, B KOTOPBIX y4acT-

BYIOT OeJiku, Komupyembie nuddepeHInanbHO-3KCIPECCUPYIOIUMECS TeHaMH. Briu

HalJIeHbI TOTTOTHUTEIbHBIE TEHBI, YIaCTBYIOIINE B MOJICKYJISIPHO-TEHETHIECKUX MY TSIX.

B ux gncne okazanmce reHsl, acCOIMUPOBaHHEIE ¢ arpeccuel, Harpumep, BDNF, NPY,

I'€Hbl CEpOTOHUHOBOM CHCTEMBI U JIp. M3 MOIy4YeHHBIX MOJIEKYIAPHO-TeHETHUECKHUX ITY-

Tel OBIIIM MOCTPOCHBI Kak 001Iasi FTeHHas CeTh, TaK M TKaHECTIEU(PUYHbIE TEHHbBIE CETH

B3aUMOJEeHCTBUS TU(PepeHIHaATEHO-3KCIIPECCUPYIOLMXCS TEHOB.

Bbu1 nmpoBesieH cTaTUCTHYECKUI aHAIN3 PEKOHCTPYUPOBAaHHBIX TeHHBIX ceTeid. B xone

3TOTO aHanHu3a ObUIM BBISABIICHBI HanOollee Ba)KHBIC YYACTHHKH IONYYCHHBIX CETEH.

MHorue u3 HuX, Takue Kak Heiporpoduueckuii pakrop BDNF, yxxe naBHO n3yuatorcs

B UCCJICIOBAHHUSX, CBSI3aHHBIX C arpeCCHBHBIM IOBeAeHUEM. Ponb ApYrux, Takux Kak

6emok TerutoBoro moka HP74 wmm tpanckpunimonHsiii daktop P53, B mposiBiieHUN

arpecCUBHOIO TIOBE/ICHUS M3yUeHa HEIOCTATOYHO XOPOIIIO.

AHanu3 NOMy4YeHHBIX TEHHBIX ceTell ¢ momomipio BeO-uHcTpymenTta DAVID mokazan

BBICOKYIO NPEICTABICHHOCTh OMOJIOTMYECKHUX IPOLIECCOB, CBSI3aHHBIX C pabOTOM HEpPB-

HOM CHCTEMBI: HEMPOAKTUBHOE JIMTaHA-PELENTOPHOE B3aUMOJEHCTBHE, CUTHAJIBHBIN

myTh TAM®, KaNbIUEBBIA CUTHAIBHBIN YT U T. .

Buigoowi: C momompio ANDSystem 01 peKOHCTPYHpOBaHa Kak 00111ast FeHHasl CETh,

TaK W TKaHecTenn(pUIHbIEC TeHHBIE CETH B3aUMOJIeHCTBUS MU depeHITHATBHO dKCIpec-

CUPYIOIIUXCS B YETHIPEX CTPYKTYPax MO3ra arpecCUBHBIX U PYYHBIX CEPhIX KPBIC TEHOB.

Bbut npoBenieH cTaTUCTUUECKH aHATTU3 PEKOHCTPYHUPOBAHHBIX TEHHBIX CEeTel, ¢ TOMO-

LIbI0O KOTOPOTO BBISIBICHBI HAaHOOJIee BaXKHBIE YUaCTHUKHU TOJIyYEHHBIX ceTed. AHammn3
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MPEICTAaBICHHOCTH OMOJOTMYECKUX MPOIECCOB MOKa3al BBICOKYIO MPEACTaBICHHOCTh
MPOIIECCOB, CBSI3aHHBIX C Pa0OTON HEPBHON CUCTEMBL.

Qunancuposanue. ViccnemoBanue momanepkaHo OromkeTHbIM mpoekToM Ne FWNR-
2022-0020.
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Motivation and Aim: Aggressive behavior in animals has been studied for a long time
and occupies a leading position in scientific research on the foundations of behavior.
Identifying the genetic determinants of aggressive behavior is of great importance since
increased aggressiveness is one of the major problems in social relations in human soci-
ety. Additionally, heightened aggression is observed in many psychiatric and neuro-
degenerative diseases, making the task of reducing manifestations of aggression highly
relevant.

Hereditary factors play a significant role in the manifestation of aggressive behavior.
Modern studies suggest that the aggressive behavior type has a polygenic determination.
My work continues the research aimed at studying the genetic determinants of aggressive
behavior. The goal of this work is the reconstruction and analysis of gene networks of
differentially expressed genes and the computer analysis of the topology of the resulting
gene networks using the ANDSystem web service. Common and tissue-specific biolog-
ical processes were also identified based on gene network analysis for the analyzed brain
structures.

Methods and Algorithms: The work was carried out on sequencing data from the brain
tissues of adult male gray rats (Rattus norvegicus) selected at the Institute of Cytology
and Genetics SB RAS in Novosibirsk. Selection was conducted over 90 generations for
a high level of aggression towards humans.

To compile the list of differentially expressed genes (DEGS) in aggressive rats, RNA
sequencing data from four brain regions (hypothalamus, hippocampus, midbrain teg-
mentum, and periaqueductal gray matter) were used. Transcript libraries from the ana-
lyzed rats are available on the NCBI website (https://www.ncbi.nlm.nih.gov/sra) under
the accession number PRINA668014.

The reconstruction of gene networks of DEGs was performed using the method of auto-
matic knowledge extraction from scientific publications (text mining) and molecular-
genetic interaction databases. The automatic reconstruction of gene networks was car-
ried out using the ANDSystem [1]. The expansion of the DEG list with new functionally
related genes was also accomplished using the ANDSystem.
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To construct gene networks describing regulatory pathways involving proteins encoded
by differentially expressed genes, the “Pathway Master” available in the ANDVisio pro-
gram was used. Five templates for constructing regulatory molecular-genetic pathways
of five types were created using this tool. These templates described various types of
regulatory pathways of molecular-genetic interactions.

The template schemes are listed below:

1. Proteins encoded by differentially expressed genes — protein-protein interactions —
all rat proteins.

2. Proteins encoded by differentially expressed genes — regulation of activity/stabil-
ity/proteolysis/post-translational modifications/transport — all rat proteins.

3. Proteins encoded by differentially expressed genes — gene expression regulation —all
rat genes — expression — all rat proteins.

4. Proteins encoded by differentially expressed genes — gene expression regulation —all
rat genes — expression — all rat proteins — gene expression regulation — all rat genes —
expression — all rat proteins.

5. Proteins encoded by differentially expressed genes — gene expression regulation — all
rat genes — expression — all rat proteins — regulation of activity/stability/proteoly-
sis/post-translational modifications/transport — all rat proteins.

After constructing gene networks using the templates listed above, their statistical pa-
rameters were examined. The topological properties of the resulting gene networks were
analyzed for centrality, betweenness, and degree of vertices.
Results: Using the templates specified in the “Methods and Algorithms™ section, regu-
latory molecular-genetic pathways involving proteins encoded by differentially ex-
pressed genes were constructed. Additional genes involved in molecular-genetic path-
ways were identified. Among them were genes associated with aggression, such as
BDNF, NPY, serotonin system genes, and others. From the obtained molecular-genetic
pathways, both a general gene network and tissue-specific gene networks of interactions
of differentially expressed genes were constructed.
A statistical analysis of the reconstructed gene networks was conducted. This analysis
identified the most important participants in the resulting networks. Many of them, such
as the neurotrophic factor BDNF, have long been studied in research related to aggres-
sive behavior. The roles of others, such as the heat shock protein HP74 or the transcrip-
tion factor P53, in the manifestation of aggressive behavior are not yet well understood.
An analysis of the obtained gene networks using the DAVID web tool showed a high
representation of biological processes related to the functioning of the nervous system:
neuroactive ligand-receptor interaction, CAMP signaling pathway, calcium signaling
pathway, etc.
Conclusion: Using ANDSystem, both a general gene network and tissue-specific gene
networks of interactions of differentially expressed genes in 4 brain structures of aggres-
sive and tame gray rats were reconstructed. A statistical analysis of the reconstructed
gene networks was conducted, identifying the most important participants in the result-
ing networks. An analysis of the representation of biological processes showed a high
representation of processes related to the functioning of the nervous system.

Funding: The study is supported by budgetary project No. FWNR-2022-0020.
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