CLINICAL

ISSN 2304-8336. pobnemn paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2022. Bun. 27. R Es EAR c H

YIK: 575.224.2:616-053.2:614.876+355.42:616.89-008.444.9

B. A. Ilo3unm><, B. 10. Baosenko, 1. €. Koamakos, 1. B. AOpamenko, A. A. Uymak

Lepucasna ycmarnosa «Hayionanvnuii Haykosuii uenmp paodiauiiinoi meouyunu Hauionanvhoi akademii
meduunux Hayk Ykpainu», éya. I0pisa Linenka, 53, m. Kuie, 04050, Ykpaina

INEHTUPIKAILIA ITOJIIMOP®PI3ZMY ITPOMOTOPA T'EHA
MOHOAMIHOKCUJIA3U-A (MAOA-UVNTR) TA YIOTO 3B’S130K
3 ATPECUBHOIO ITOBEJIHKOIO B YKPAIHCLKUX JTITEM

ArpecuBHi po3naan MalTb NOMipHY CNAfKOBICTb; TOMY BaX/MBOIO € iieHTU(iKaLiA reHeTUYHUX BMAMBIB. 34enneHun
3 X-xpomocomoto reH MAOA wo kopye dhepmeHT MAOA, mae dyHKULioHanbHUIA nonimopdi3m NOBTOPiB 3aBROBXKM 30
N.H. y NpOMOTOPHiN minaHui (MAOA-uVNTR), skuit BnanBae Ha arpecito. CTpecoBi XuTTEBi NoAii Ta poauHHe Hebnaro-
NOJly4Yys TaKOX € BiJOMUMMK KOpensTaMu po3nagy noBefiHku y fiteit.
MeTa: gocniguTn iHTepakTUBHMIA edekT nonimopdizmy npomMoTopa reHa MoHoamiHokcuaasu-A (MAOA-uVNTR) Ta cepe-
LOBUX YNHHUKIB HA PO3BMTOK arpecuMBHOT NOBERiHKM.
Marepianu i metogu. Y 144 xnonuis Ta giyat 10 go 16 piyHOro BiKy NpOBeAEHO reHOTUNYBaHHA nonimopdismy
MAOA-uVNTR, reHoTUnM GynM 3rpynoBaHi 3a BUCOKOW Ta HU3bKOK TPAHCKPUNUiiiHOW aKTWBHicTo. [ns 3aranbHoi
OLHKM NcMxoeMoLinHOT chepy AiTell BAKOPUCTAHO MPOEKTUBHY METOAMUKY «HEiCHYIO4a TBAapUHaY, BU3HAYEHHA NOKa3-
HUKiB Ta opm arpecii 3gifcHeHo 3a meTogukoto A. bacca Ta A. [apki.
Pe3ynbratn Ta 06roBopeHHs. BcraHoBneHo, Wwo nepesaxanu anenbHi BapiaHtu reHy MAOA 3 3 (S) i 4 (L) TaHpeMHU-
MU NOBTOpaMu. BusiBfieHO HAsiBHICTb TiCHMX B3aEMO3B'A3KiB MiX 3a€HOI0 3MiHHOIO: «arpecuBHa NoBefiHKa» Ta npe-
AVMKTOPHUMMW 3MIHHUMU: «iHAEKCOM POAMHHOIO Hebnarononyyysy» 1a «reHotunom MAOA-uVNTR». [loBeAeHo, Wo npu-
CYTHICTb Y FEHOTUNi BUCOKOAKTMBHOTO anens (L) 3HMXKYE WaHCK pO3BUTKY BUHUKHEHHSA 3araibHOi arpecii, AenikBeHT-
HOT noBeAiHKK, hi3M4YHOT arpecii, BifKpuUTOT arpecii, HeraTuBi3mMy Ta eKcTepHanisauii.
BucHoBku. feHotun MAOA BucokoakTueHoro anento (L) nom’skwyBaB BNAUB CTPECOBUX XKUTTEBUX NOAIN, @ HU3bKOAK-
TUBHUIN anenb S acouiloBaBCA 3 NiABULEHOI0 arpeCcUBHICTIO Yy AiBYAT 1 XNOMLiB, AKi 3a3HANM CUNILHOTO CTPecCy.
KnioyoBi cnoBa: arpecuBHa nosefiiHka; reHotun MAOA-uVNTR; cTpecoBi XWTTEBi Nopii, poANHHe Hebnarononyyys;
iHTepaKTUBHUIA edeKT.
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IDENTIFICATION OF MONOAMINOXIDASE-A GENE PROMOTER
POLYMORPHISM (MAOA-UVNTR) AND THEIR RELATIONSHIP
WITH AGGRESSIVE BEHAVIOR IN UKRAINIAN CHILDREN

Aggressive disorders have moderate heritability; therefore, identification of genetic influences is important. The
X-linked MAOA gene encoding the MAOA enzyme has a functional polymorphism of 30 bp repeats. in the promoter
region (MAOA-uVNTR), which affects aggression. Stressful life events and family misfortune are also known correlates
of behavior disorder in children.

Objective: to investigate the interactive effect of monoamine oxidase-A gene promoter polymorphism (MAOA-uVNTR)
and environmental factors on the development of aggressive behavior.

Materials and methods. Genotyping of the MAOA-uVNTR polymorphism was performed in 144 boys and girls aged
from 10 to 16 years, genotypes were grouped by a high and low transcriptional activity. For the general assessment
of the psycho-emotional sphere of children, the projective method «non-existent animal» was used, the indicators
and forms of aggression were determined according to the method of A. Bass and A. Darky.

Results and discussion. It was found the predominant allelic variants of the MAOA gene with 3 (S) and 4 (L) tan-
dem repeats. The presence of close relationships between the dependent variable «aggressive behavior» and the
predictor variables: «family disadvantage index» and «MAOA-uVNTR genotype» was established. It has been proven
that the presence of the highly active allele (L) in the genotype reduces the chances of developing general aggres-
sion, delinquent behavior, physical aggression, open aggression, negativism, and externalization.

Conclusions. The MAOA genotype of the high-activity allele (L) moderated the impact of stressful life events, and
the low-activity allele S was associated with increased aggression in girls and boys who experienced severe stress.
Key words: aggressive behavior; MAOA-uVNTR genotype; stressful life events, family misfortune; interactive effect.
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BCTVYII
JoBrorpuBaji AOCHIIXEHHSI KOHTUHICHTIB HaCeJIeHHS
MOCTPaXIATUX BHACTIIOK IIMPOKOMACIITAOHUX aBapiit
Ha aTOMHUX eJIeKTpocTaHLigsx — Tpu-Maiin-AiineHa
(1979), YopHoowis (1986), dykycima Haitiui (2011), —
BU3HAYWIM CTIMKWI BIUIMB HA eMOLiiiHe 0JIaronoayyysi,
110 TIPOSIBJISIBCS Y BUIJISIII JIETIpecii, TPUBOTM, arpecuB-
HOCTi, MOCTTPaBMaTUYHOTO CTPECOBOTO PO3JIafy, OraHoi
CaMOOIIHKM 3I0POB’Sl Ta HE 3’SICOBAaHMX 3 MEIUYHOI TOU-
KM 30py CUMOTOMiB. B 1LigoMy, piBeHb NCHUXOJOTTYHUX
MopYyIIeHb BapitoBaB Big 25 % 1o 75 % 3anexxHo Bin rpyn
HaceJIeHHsI, 110 JocimkyBanucs. Lli mokasHUKY 3HAYHO
TEePEeBUIILYBaIA PO3MOBCIOMKEHICTh IICUXIYHNX 3aXBOPIO-
BaHb y He TocTpaxaganaoro HaceneHHs [1, 2]. Ha mmpo-
KM CIEKTP MCUXOMNATONOTIYHUX 3MiH, eMOLIMHMUX i MO-
BEIiHKOBUX TPOOJEM y IiTeil, AKi 3a3HaIu KOMILIEKCY
HECMPUSATIUBUX YUHHUKIB HOpHOOMIBCHKOI KaTacTpodu
Ta iIHIINX SAepPHNUX aBapiii, BKa3aaun psi aBTopiB [3, 4].
Bucoka yactora ncuxoJIOTiYHUX PO3JIaiB Y HACETIEHHS,
siKe TiepeOyBa€ B 30Hi 00MOBUX Aili, BiaMiyeHa JOCTiIHN-

B« Victoria A. Poznysh, e-mail: viktoriapoznysz @gmail.com

INTRODUCTION
Long-term studies of contingents of the population
affected by large-scale accidents at nuclear power
plants — Three Mile Island (1979), Chornobyl
(1986), Fukushima Daiichi (2011) — determined a
persistent impact on emotional well-being, manifes-
ted in the form of depression, anxiety, aggressiveness,
post-traumatic stress disorder, poor self-esteem and
medically unexplained symptoms. In general, the
level of psychological disorders varied from 25 % to
75 %, depending on the population group studied.
These indicators significantly exceeded the pre-
valence of mental illnesses in the unaffected popula-
tion [1, 2]. A number of authors pointed out a wide
range of psychopathological changes, emotional and
behavioral problems in children who were exposed
to a complex of adverse factors of the Chornobyl dis-
aster and other nuclear accidents [3, 4].
Researchers from Western Europe, the USA,
Japan, and Russia have noted the high frequency
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Kamu i3 3axigHoi €Bponu, CIIA, AnoHii Ta Pocii ipu
aHaJii3i HacmiakiB KoHQuikTiB B KOrocnasii, A¢graHic-
taHi, Ipaky, AHrosi Ta iHIIMX KpaiHax [5, 6]. Jociia-
JKEHHSI TICMXiYHOTO 3A0pPOB’sl LIUBIILHUX 0Ci0, mepeMi-
IIEHUX B PE3YJIbTaTi 30pOHOI0 KOHMIIIKTY, 30CepeIKe-
Hi, TOJJOBHMM YMHOM, Ha NPSIMMX HACJIIKaX BIUIMBY
TIOB’SI3aHOTO 3 BilfTHOIO HACWJILCTBA i BTpatamu [7].

IHIIi HOCHiMHMKM BUCYBalOTh €KOJIOTIYHY MOJEJb
Jinxa, siKa MoKa3ye, 1110 TICUXO0COMaTU4YHe 310pOB’s Oi-
JKEHIIB i IIyKayiB MPUTYJIKY, 3aJ€KUTh HE TiUIbKU Bif
nonepeaIHbOro BILUIMBY BiliHM, aje I Big aii 6e3/1ivi no-
TOYHHUX CTPECOBUX (DAKTOPIiB Ta TEHETUYHOI CXUJIb-
HocTi [8]. HakonmuuyloTbesl 1oKa3u i AeMOHCTPYEThCS
3B’30K TF€HETUYHMX OCOOJMBOCTEN iHIMBiIyyMiB 3
iMIYJIbCUBHOIO Ta aHTUTPOMAJIChKOIO TTOBEAiHKOIO.

OpHUM 3 HAHOTBII BiTOMMX KaHIUAATIB Ha POJIb I'e-
HETUYHOTO MpeIuKTOpa arpecuBHOCTI € TeH MAOA.
MyrTaliii, 1110 iHAKTUBYIOTh i€l T'€H, MPU3BOIITH 10
MiABUIIEHHS arpecii y Takux iHAWBIAiB. OcoOIUBYy
yBary JOCJiIHMKIB TIpMBepTae mMojaiMopdizM 3a
KiJIbKicTiO TaHAeMHUuX ToBTopiB (VNTR) 30-HyKieo-
TUAHOI TOCiTOBHOCTI Y MPOMOYTEPHiiA OUISIHLI reHa
MAOA. Icuyrots aneni 3 2, 3, 3,5, 4, 5, Ta 6 moBTOpaMu,
3 SIKMX HaWOIbII PO3MOBCIOIXKEHI BapiaHTH 3 TPbOMa
Ta yotTupMa nosropamu [9, 10]. BBaxxaeTbcs, 1110 YuM
Oibllia KiJbKiCTh TMTOBTOPIB Yy MPOMOYTEPHIilt AiMSHLI,
TUM BMILE PiBEHb €KCIIpecil reHa, a OTXe MeHIla
CXUJIbHICTB 10 arpecii y Hocis uporo reHa [11, 12]. Xo-
ya B psiii AOCHIIKEHb LIel 3B’SI30K He IMiATBEpAUBCS
[13, 14].

MerTa-aHai3 BKa3y€e Ha CTiMKUIA 3B 130K KOPOTKOTO i
MeHIn aktuBHoro anenst (MAOA-uVNTR-S) 3 aHtu-
COLIiaJIbHOIO i 3JIOUMHHOIO TTOBEIIHKOIO Y YOJIOBIKiB,
SIKi 3a3HaIU HerapasaiB B AMTUHCTBI [15]. THII gocmia-
>KeHHSI BUSIBUJIM 3B’SI30K MiX B3a€EMOII€I0 JOBIOI'O BU-
cokoaktuBHoro anenst (MAOA-uVNTR-L) 3 Herapa3na-
MU JTATUHCTBA Ta aHTUCOLiAIbHOIO ITOBEIIHKOIO >KiHOK
[16] i arpecMBHOIO TOBEAIHKOIO Ta HACUJIbHUIbKUMU
3JIOUMHAMU cepell 4ooBiKiB [17]. € ToBimomiaeHHS,
IO MiATITKM 4Y0yJ0Bivyoi crarti, ki HecyTb MAOA-
uVNTR-S, neMOHCTpYBaJIM MiIBUILEHUI piBEHb Mpa-
BOIIOPYIIEHB IIPY BUXOBAaHHI B HECIIPUSTIMBUX CiMeii-
HUX YMOBaX i 3HMXKEHHSI PiBHSI MPaBOIOpYLIeHb MPU
BUXOBAHHI B CIIPUSITIMBUX CiMelHMUX yMoBax [18].

OpHak, cydacHMI piBeHb PO3YMIiHHSI T€HETUYHUX
TepeIyMOB arpeCUBHOCTI HE IO3BOJISIE POOUTU OCTa-
TOYHUX BMCHOBKIB MPO BIUINB TTOJiMOP(]i3MiB OKpe-
MUX IeHiB Ha MOBEIiHKY JIOAMHU. Y poOOoTax, ormyoJti-
KOBaHUX OCTaHHiIM yacoM [19], Big3Havya€eThCs, 110 re-
HEeTHKa arpecUBHOI IMOBEAIiHKM TepedyBae Ha paHHIK
cramii mocrmimkenHsa. [lpm nmocmimkeHHI 3B’SI3KiB

of psychological disorders in the population in war
zones when analyzing the consequences of conflicts
in Yugoslavia, Afghanistan, Iraq, Angola, and other
countries [5, 6]. Research on the mental health of
civilians displaced by armed conflict has focused pri-
marily on the direct effects of war-related violence
and loss [7].

Other researchers put forward an ecological model
of disaster, which shows that the psychosomatic
health of refugees and asylum seekers depends not
only on the previous impact of war, but on the action
of many current stress factors and genetic predispo-
sition [8]. Evidence is accumulating and the con-
nection of genetic characteristics of individuals with
impulsive and antisocial behavior is demonstrated.

One of the best-known candidates for the role of a
genetic predictor of aggressiveness is the MAOA
gene. Mutations that inactivate this gene lead to
increased aggression in such individuals. The poly-
morphism in the number of tandem repeats (VNTR)
of the 30-nucleotide sequence in the promoter
region of the MAOA gene attracts special attention of
researchers. There are alleles with 2, 3, 3.5, 4, 5, and
6 repeats, of which variants with three and four
repeats are the most common [9, 10]. It is believed
that the greater is the number of repeats in the pro-
moter region, the higher the level of gene expression
is, and therefore, the less prone to aggression is the
carrier of this gene [11, 12]. Although this relation-
ship was not confirmed in other studies [13, 14].

A meta-analysis indicates a persistent association
of the short and less active allele (MAOA-uVNTR-S)
with antisocial and criminal behavior in men who
experienced trubles in childhood [15]. Other studies
have found an association between the interaction of
the long highly active allele (MAOA-uVNTR-L) with
childhood trubles and antisocial behavior in women
[16] and aggressive behavior and violent crimes in
men [17]. There are reports that male adolescents
carrying MAOA-uVNTR-S showed an increased level
of delinquency when raised in an unfavorable family
environment and a decrease in the level of delin-
quency when raised in a favorable family environ-
ment [18].

However, the current level of understanding of the
genetic prerequisites of aggressiveness does not allow
us to draw final conclusions about the influence of
individual gene polymorphisms on human behavior.
In works published recently [19], it is noted that the
genetics of aggressive behavior is at an early stage of
research. When studying the links between gene
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noaiMop@i3My TeHiB 3 arpeCUMBHOIO ITOBEIiHKOIO
MiAKPECIIOETbCSI HEOOXiMHICTh BpaxyBaHHS BILIUBY
HaBKOJIMILIHBOTO CEPeIOBUILA HA HOCIIB «aJjieJliB pU3U-
Ky». Takuii migxig 103BOJUTH BUBHAYMTU BKJIAJ B PO3-
BUTOK arpecuMBHOI MOBEAIiHKM F€HETUYHOI CKJIaIOBOI,
YMOB PO3BUTKY i KOHKPETHUX CUTYallili, 3 SIKUMU JIIO-
JIWHI TOBOJAUTHCS CTUKATUCS B XKUTTI.

META

Hocnigntu iHTepaKTUBHUM e(eKT mojiMopdizMy mpo-
MoyTepa reHa MoHoaMiHoKcuaasu-A (MAOA-uVNTR)
Ta cepeJOBMX YMHHUKIB Ha PO3BUTOK arpecHUBHOI MO-
BEJiHKM.

MATEPIAJIN I METOJIN

O6ctexeHo 144 miteil mikinpHOro Biky (Bim 10 mo 16
POKiB), sIKi mepeOyBaiu B [lepkaBHiil yctaHOBi «Harrio-
HaJIbHUI HAayKOBUM LIEHTp padialliiHOT MeIUMLIMHU
HauionanbHol akageMii MeIUYHUX HayK YKpaiHU»
(HHLIPM) npu ix maHOBii rocritajisauii 3 MpuBOLy
(byHKIiOHATBHUX PO3JIAAiB Ta XPOHIYHUX COMAaTUYHUX
3axBOpoBaHb. HociakeHHsT 0yJIo CXBaJleHO MiCLIEBUM
KOMITETOM 3 MEINYHOI €TUKM, 1 0aThbKM BCiX MAaIliEHTIB
Janu iHpopMOBaHy 3roAy Iepes yuacTio B HhOMY.

[Mepmy ocHoBHy Tpymy (I rpymna) ckimanu 60 miteii, 3
HUX 22 xjonui Ta 38 miBYat, AKi MOCTIHO (3 MOMEHTY
HapOIKEeHHS) MPOXWBAIA HA PagioaKTUBHO 3a0pyi-
HeHux teputopisx (P3T) B Hacenenux nmyHnkrax Hapo-
nuibkoro, OneBcbkoro Ta KopocTeHChKOTo pailoHiB
KutoMmupcbkoi obacti Ta Borogumupeubkoro, 3api-
YaHCbKOIro, POKUTHSIHCHKOIO paiioHiB PiBHEHCBHKOI
obJiacTi 3i 1IUIBHICTIO 3a0pyaHeHHs IpyHTiB ¥'Cs Bin
18 kbk/M? mo 235 kbk/M?. Bumict '¥’Cs B opraHi3mi Ko-
JIMBABCSl y 3HAYHOMY Adiana3oHi — Bim 74 bk mo 2400
bk, cknagaiouu B cepenromy 910 bx. CepeaHbopiuHi
HaKOMUWYEeHi 103U BHYTIIITHHOTO OMPOMiHEHHS CKJIaN
Big 0,1 no 2,8 M3B.

Hpyry ocHoBHy rpyny (I rpyna) cknanu 43 IMTUHU,
3 HUX 18 XJ10MmIIiB Ta 25 miBYaT, TAMYACOBO TepeMillie-
Hux 3 IliBneHHoro Cxomy YKpaiHu, sKi IpOXOAUIA
amOyiaTopHe OOCTeXeHHS y BidileHHi KJiHiKo-
eMiZIeMiOJIONiYHOTO PEECTPY Ta KOHCYJIBTAaTUBHOI 10-
nomoru aitaM B ymoBax KiaiHiku HHIIPM, a gami —
cTallioHapHe JiKyBaHHSI Y BiIIiUICHHSIX paaialliifHOi
neniatpii i BpOIXKEHOI Ta CIaJIKOBOI MaTOJIOTII.

Tpyny nopiBusHHs (III rpyna) cknanu 41 autuHa, 3
Hux 21 xmoneup Ta 20 AiBYaT — NOCTIHHUX MEIIKAHIIIB
micta KreBa Ta «9MCTHX» 111010 PagioHYKJIiZHOTO 320-
pynHeHHs1 pailoHiB KwuiBcbKoi o0jacTi. 3a BiKoM,
CTaTTIO i CTAaHOM 300POB’S BOHU HE BiIpi3HSUIMCS Bil
JIiTed OCHOBHUX IPYII.

polymorphisms and aggressive behavior, the need to
take into account the influence of the environment
on carriers of «risk alleles» is emphasized. This
approach will make it possible to determine the con-
tribution to the development of aggressive behavior
of the genetic component, developmental conditions
and specific situations that a person has to face in life.

OBJECTIVE

To investigate the interactive effect of monoamine
oxidase-A gene promoter polymorphism (MAOA-
uVNTR) and environmental factors on the develop-
ment of aggressive behavior.

MATERIALS AND METHODS

School-age 144 children (from 10 to 16 years old)
were examined during their planned hospitalization
for functional disorders and chronic somatic dis-
eases to the State Institution «National Research
Center for Radiation Medicine of the National
Academy of Medical Sciences of Ukraine»
(NRCRM). The study was approved by the local
medical ethics committee, and the parents of all
patients gave informed consent before participation.

The first main group (Group I) consisted of 60
children, of whom 22 were boys and 38 were girls,
permanent, since birth, dwellers of radioactively
contaminated areas (RCA) in the settlements of
Narodytskyi, Olevskyi, and Korostenskyi districts of
Zhytomyr region and Volodymyretskyi, Zarichan-
skyi, Rokytnyansky districts of Rivne region with the
density of soil contamination by '¥’Cs from 18 kBq/m?
to 235 kBg/m?. The content of '¥’Cs in the body fluc-
tuated in a significant range — from 74 Bq to 2400
Bq, with an average of 910 Bq. The average annual
accumulated doses of internal radiation ranged from
0.1 mSv to 2.8 mSv.

The second main group (Group 1I) consisted of 43
children, including 18 boys and 25 girls, temporarily
displaced from the South-East of Ukraine, who under-
went an outpatient examination in the Department of
the Clinical-Epidemiological Register and Advisory
Care for children in the NRCRM clinic, and then
inpatient treatment in Departments of Radiation
Pediatrics and Congenital and Hereditary Pathology.

The comparison group (Group III) consisted of 41
children, 21 of them boys and 20 girls - permanent
residents of Kyiv city and «clean» in terms of
radionuclide pollution districts of Kyiv region. They
did not differ from the children of the main groups in
terms of age, sex, and health status.
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71 3araabHOl OLIIHKM MICUXOEMOILIiHO1 cepu miTeit
BUKOPHCTAHO TECT «HEiCHyl0oYa TBapWHAa», SIKWII Halle-
KUTh 0 IIPOEKTUBHUX METOIMK, TOMY MOa€ IIMMPOKi
MOXKJIMBOCTI U1 CaMOBUPaXKEHHS i JO3BOJISIE OTPUMATH
SKICHUI MaTepian Ijig iHTeprnpetalii [liarHocTuyHa
LiHHICTb BUBHAYAETHCSI TUM, 110 AOr0 BUKOHAHHS 3a3-
BUYAl He BUKJIMKAE HEOOBIpU, TEHACHLII 10 CUMYJISILIil
abo nucumyssiii [20].

B sxocTi 0CHOBHOI METOIMKM JOCIiI>KEHHSI arpecuB-
HOCTi OyJ10 00paHO OCOOMCTICHUI ONMUTYBaJILHUK, PO3-
pobneHuit A. baccom ta A. [lapki, npu3HauYeHUNR OJjs
JIiaTHOCTUKM arpecUBHUX i BOPOXKUX peakliil y Imim-
JIITKiB, OCKiJIbKU BiH HE JIMIIIE TO3BOJISIE BUSIBUTU JaHUIA
CUMITOMOKOMILIEKC, ajie W BUOKPEMJIIOE Pi3Hi Horo
dopmm [21].

MoJieKyJIIpHO-TeHeTHYHE AO0CJIiPKEeHHS MOJIiMopP(phHOro
papianty u VNTR rena MAOA

3abip nmepudepraHoi KpoBi B 00’emi 2,5 M1 31ilicHIOBA-
JIN B CTePUJIbHI MPOOipKU 3aKpUTOI cucteMu « MoHOBET»
3 eTUJIeHAUaMiHTeTpaouToBoto kuciaoTor (EITA), Bu-
pobHuuTBa hipMu «Sarstedt».

Bupinenns JJHK 3 mepudepiitHOi KpoBi ITPOBOIMIIN
HabopoMm «Quick-DNA Miniprep Plus Kit» (Zymo
Research, CIIIA). B mikponpo6ipku Ha 1,5 ma (Tumy
Eppendorf, HiMmeuunna) gomaBanu 1mo 200 MKJI KpOBi,
200 mka BioFluid&Cell Buffer (Red) ta 20 MK po3Be-
JIeHO1 BiAIMOBiAHO 10 iHCTpyKIlii Proteinase K. Perenb-
Ho BopTekcyBanu 10—15 ¢ Ta iHKyOyBaau MpooipKy 3
cyMito npotsarom 10 xB mpu 55 °C. Ilicnas iHKyOanii
nmo 3pa3kiB pmomaBanm mo 420 mxa Genomic Binding
Buffer, BoprekcyBanu 10—15 ¢ Tta mepeHOCUIU BeCh
BMICT 10 cliH-KOJI0HOK Zymo-Spin IIC-XL, mo 3Ha-
XOAWJIMCS Yy KOJIEKTOpHii mpoOipui. CriH-KOJOHKHU
neatpudyryBanun 1 xB mpm 12 000 g micist 4goro
3aMiHIOBaJIM 3allOBHEHi KOJIEKTOPHI Mpobipku. B
cniH-KogoHKU goaaBanu mo 400 mxia DNA Pre-Wash
Buffer tTa nenTpudyrysanu 1 x8 mpu 12 000 g, omicis
BigOupanu piguHy 3 KOJeKTOPHOI nMpodipku. 1o criH-
KoJioHoK noaaBanu 1o 700 mxi g-DNA Wash Buffer ra
neHtpudyrysaiu 1 xB npu 12 000 g, 3 KoJeKTOpPHOI
npoOipku BigOupanu BigLeHTpUGDYTroBaHY PioUHY.
B cmin-komonku BHOcuim 1o 200 Mk g-DNA Wash
Buffer ta nentpudyrysanm Ha mBuakocti 14 000 g
npotsaroM 1 xBuJMHU. o 4YUCTOI LEHTPUDYXHOI
OpoOipKU MEePEHOCUIM CIiH-KOJOHKY Ta HaHOCWJIHU
6esnocepenHbo Ha 11 ¢inerp 60 Mxi DNA Elution
Buffer, micng 4yoro iHkyOyBanu 5 XB Mpu KiMHAaTHil
temrepatypi. CHiH-KOJOHKM B YMCTUX IpoOipKax
neHTpudyryBanu 1 xsunmuny nipu 14 000 g o enrorii
JAHK. CynepnaranT, mo mictuB ounteny JJHK, Bu-

For the general assessment of the psycho-emo-
tional sphere of children, the «non-existent ani-
mal» test was used, which belongs to projective
methods, therefore it provides ample opportunities
for self-expression and allows obtaining high-
quality material for interpretation. The diagnostic
value is determined by the fact that its perform-
ance usually does not cause mistrust, tendencies to
simulation or dissimilation [20].

A personal questionnaire developed by A. Bass
and A. Darky, designed for diagnosing aggressive
and hostile reactions in adolescents, was chosen as
the main method of researching aggressiveness, as
it not only allows to identify this symptom com-
plex, but also distinguishes its various forms [21].

Molecular genetic study of the uVNTR
polymorphic variant of the MAOA gene
Peripheral blood sampling in a volume of 2.5 ml
was carried out in sterile tubes of the closed system
«Monovet» with ethylenediaminetetraacetic acid,
produced by the company «Sarstedt».

Isolation of DNA from peripheral blood was
performed with the Quick-DNA Miniprep Plus
Kit (Zymo Research, USA). 200 pl of blood, 200
ul of BioFluid&Cell Buffer (Red) and 20 ul of
Proteinase K diluted according to the instructions
were added to 1.5 ml microtubes (Eppendorf type,
Germany). The tubes vortexed thoroughly for
10—15 s and incubated with the mixture for 10 min
at 55 °C. After incubation, 420 ul of Genomic
Binding Buffer was added to the samples, vortexed
for 10—15 s, and the entire content was transferred
to the Zymo-Spin IIC-XL spin columns located in
the collector tube. After centrifugation of the spin
columns for 1 min at 12,000 g the filled collector
tubes were replaced. 400 ul of DNA Pre-Wash
Buffer was added to the spin columns and cen-
trifuged for 1 min at 12,000 g, then the liquid was
collected from the collector tube. 700 pl of g-DNA
Wash Buffer was added to the spin columns and
centrifuged for 1 min at 12,000 g, the centrifuged
liquid was collected from the collector tube. 200 pl
of g-DNA Wash Buffer was added to the spin
columns and centrifuged at a speed of 14,000 g for
1 minute. The spin column was transferred to a
clean centrifuge tube and 60 ul of DNA Elution
Buffer was applied directly to its filter, after which
it was incubated for 5 min at room temperature.
Spin columns in clean tubes were centrifuged for 1
minute at 14,000 g to elute DNA. The supernatant
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KOPUCTOBYBAJIM JIJISI TOCTAaHOBKU ITOJIiMEpa3HOi JIaH-
mrorosoi peaxiuii (ITJIP).

st Bu3HaYeHHs nojaiMopgHoro BapiaHTy uVNTR re-
Hy MAOA (OMIM*309850, Xp11.3) npoBoawiu I1JIP 3
BUKOPHCTAHHSIM afalToBaHUX MPoToKoiB (1, 2). Buko-
pucTtaHi crneuuiyHi OJIrOHYKJIIEOTUAHI TIpaiMepu
(Metabion, HiMmeuyunHa) HaBeaeHi B Ta0I. 1.

ITocTaHoBKy peakiii amruticikalii 3miiicHIOBaIM 3a 10-
nomoroto koMepiitHoro Habopy «DreamTaq Green PCR
Master Mix» (Thermo Scientific, CILIA). B Mikpomnpo-
oipku Ha 200 My «Optically Clear Flat Cap PCR Tubes»
(SSIbio, CIIIA) nonasanu 1o 12,5 mxit DreamTaq Green
PCR Master Mix, 9,9 mxn DEPC-BiibHOI BoaM Ta IO
0,3 MKk KoxxHoro crneuudiuHoro npaitmepa (30 pmol).

B npobGipku kpananu 1o 1 kpami onii g ITJIP ta
00epeKHO BHOCHJIM MO 2 MKJI BilIMOBiZHOro 3paska
AHK min onito (Tad. 2).

ToToBy cyMilll peTeIbHO MiNeTyBalu, IicJs YOro Mmpo-
0ipku mepenocuin B Tepmouukiep «FlexCycler BU»
(Analytik Jena, HimeuunHa) nist 3abe3neyeHHsS HEOO-
XiIHOTO TeMMepaTypHOro pexumy (Tadiu. 3).

Enexrpodopetnunuii anani3z npoayktis ITJIP Bu3Ha-
YyaJii, TIOPiBHIOIOYM pO3MipM aMInIiiKoBaHMX dpar-
MEHTIB 3 MapKepoM MoJieKyasspHoi Mmacu «GeneRuler 50
bp DNA Ladder» (Thermo Scientific, CLLIA) B 3 % ara-
po3HoMy reni (arapoza «CSL-AG500», Cleaver
Scientific Ltd, Benuka bpwutaHig) 3 BUKOpUCTaHHIM
eTuairo OpoMigy gk OapBHuKaA. Bisyanmizauiio reniB

Taoauusa 1

containing purified DNA was used for polymerase
chain reaction (PCR).

To determine the uVNTR polymorphic variant of
the MAOA gene (OMIM*309850, Xpl11.3), PCR
was performed using adapted protocols (1, 2). The
specific oligonucleotide primers used (Metabion,
Germany) are listed in Table 1.

The amplification reaction was carried out using
the commercial kit «DreamTaq Green PCR
Master Mix» (Thermo Scientific, USA). In 200 ul
microtubes «Optically Clear Flat Cap PCR Tubes»
(SSIbio, USA) 12.5 ul of DreamTaq Green PCR
Master Mix, 9.9 ul of DEPC-free water and 0.3 ul
of each specific primer (30 pmol) were added.

One drop of PCR oil was added to the test tubes,
and 2 ul of the appropriate DNA sample was care-
fully placed under the oil (Table 2).

The finished mixture was carefully pipetted, then
the test tubes were transferred to the thermocycler
«FlexCycler BU» (Analytik Jena, Germany) to
ensure the required temperature regime (Table 3).

Electrophoretic analysis of PCR products was
determined by comparing the sizes of the ampli-
fied fragments with the molecular weight marker
«GeneRuler 50 bp DNA Ladder» (Thermo Scien-
tific, USA) in a 3 % agarose gel (agarose «CSL-
AG500», Cleaver Scientific Ltd, Great Britain)
using ethidium bromide as a dye. Gels were visual-

MNocnigoBHicTb cneuundiyHnx oniroHyKNeOTURHMX NpaiMepiB Ans BU3HAYeHHA nonimopdHoro BapiaHty ul/NTR

reHa MAOA
Table 1

Sequence of specific oligonucleotide primers for determining the uV/NTR polymorphic variant of the MAOA gene

FeH (nonimopdHmii BapiaHT)
Gene (polymorphic variant)

MocnipgoeHicTb npaiimepie (5° — 3’) / Primer sequence (5’ — 3’)

MAOA (uVNTR)

Forward: ACAGCCTGACCGTGGAGAAG / Reverse: GAACGGACGCTCCATTCGGA

Ta6nuusa 2

Cknap cymiwi ansa npoBepeHHs amnnidikauii rena MAOA (uVNTR)

Table 2

Composition of the mixture for MAOA gene amplification (uV/NTR)

FeH (nonimopdHmii BapiaHT)

) . PeareHtn / Reagents Kinbkictb / Quanti
Gene (polymorphic variant) / Reag / vy
DreamTaq Master Mix 12,5 ul
npaimep F / primer F 30 pmol (0,3 pl)
MAOA (uVNTR) npaiivep R / primer R 30 pmol (0,3 wl)
DEPC-treated Water 9,9
JHK / DNA 2 ul
3aranbHuii 06’em cymildi / Total volume of the mixture 25 ul

(1) 390
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Ta6auusa 3

TemnepatypHuin pexxum amnnicikauii ¢pparmentie rena MAOA (uVNTR)

Table 3

Temperature mode of amplification of MAOA gene fragments (ulV/NTR)

FeH (nonimopgHuiA BapiaHT)

E St
Gene (polymorphic variant) Tan / Stage

Temnepartypa, °C
Temperature, °C

KinbkicTb uuknis

Yac, x8 / Time, min
, X8 / Time, mi Quantity of cycles

MNepepnnasnexns / Premeltinig
[nasnenHs / Melting
Bignan / Annealing
CuHres / Synthesis
Mponoxravyjs cuxTesy / Elongation

MAOA (uVNTR)

9
9
66
72
72

}x35

N — — = N

3MIMCHIOBAJIM 3a MOMOMOIOI0 CUCTEMU Tejib-AOKYMEH-
tauii «Micro DOC System with UV Transilluminator
Clear View» (Cleaver Scientific Ltd, Benuka bpuranis).
PesyawraTu [1J1P-ananisy iHTepripeTyBaju 3a HassBHOCTI
a0o0 BiICYTHOCTI (DparMeHTIB BiIMOBIAHOI MOJIEKYISIPHOT
macu (tab. 4).

ITenorunu 3 2 a6o 3 konismMu MAOA-uVNTR 6ynu Bu3-
HaveHi 1K KopoTki (S): S (xyomnui)/SS (xiBuarta), 3 3,5, 4
a6o 5 xomissMu MAOA-uVNTR Bu3Hayaiucs SIK JOBTI
(L): L (xnomui)/LL (niBuara) abo LS nyst niByaT-rerepo-
3WUTOT 3a JIOBI'MM i KOPOTKUM ajeneM [9].

Yci BuxinHi faHi 3 METOI0 ONTUMI3allii MaTeMaTUYHOL 00-
pobku BBOOMIM A0 O0a3u gaHux Microsoft Excel. Crartuc-
TUYHY OOpOOKY Pe3yJIbTaTiB JOCHTiIKEeHb 3AiACHIOBAIN 3a
JIOTIOMOTOI0 CTAHIAPTHOI'O IAaKeTy MPUKJIATHMX Iporpam

Ta6nuus 4

ized using the gel documentation system «Micro
DOC System with UV Transilluminator Clear
View» (Cleaver Scientific Ltd, Great Britain). The
results of the PCR analysis were interpreted in the
presence or absence of fragments of the appropri-
ate molecular weight (Table 4).

Genotypes with 2 or 3 copies of MAOA-uVNTR
were defined as short (S): S (boys)/SS (girls), with
3.5, 4 or 5 copies of MAOA-uVNTR were defined as
long (L): L (boys) /LL (girls) or LS for heterozy-
gous girls for the long and short allele [9].

All raw data were entered into the Microsoft
Excel database in order to optimize the mathema-
tical processing. Statistical processing of research
results was carried out using the standard package

Moxxnusi BapiaHTu reHoTunie nonimopcHoro BapiaHty uVNTR rena MAOA

Table 4

Possible variants of the genotypes of the ul/NTR polymorphic variant of the MAOA gene

FeH (nonimopdHwmii BapiaHT)
Gene (polymorphic variant)

MonekynsipHa maca ¢parmeHty, n.H.
Molecular weight of fragment, p.b.

BapiaHTu reHoTunis ang ocid
Versions of genotype for

2R/2R xiHovoi crari
2R/2R females
2R/Y 4onogiyoi cTari
2R/Y males

3R/3R xiHouoi cTari
3R/3R females
3R/Y yonogiyoi cTaTi
3R/Y males

3,5R/3,5R xiHoyoi cTari
3,5R/3,5R females
3,5R/Y yonogivoi cTari
3,5R/Y males

4R/4R xiHovor cTari
4R/4R females
4R/Y 4onosiyoi cTari
4R/Y males

5R/5R xiHoyoi cTarTi
5R/5R females
5R/Y yonogiyoi cTari
5R/Y males

2R 294

3R 324

3,5R 339

4R 354

5R 384
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SPSS 13.0 for Windows Ta makety mporpam StatSoft,
Inc. (2011). STATISTICA (data analysis software sys-
tem), version 10. JIj1sT cTaTUCTUYHOTO aHAITI3Y TAaHWX B -
KOPMCTOBYBAJIU AECKPUIITUBHY CTaTUCTUKY; ITOPiBHSIH-
HSI CepeHiX 3HaYeHb 3MiHHUX 3IiMCHIOBAIN 3a JOIO-
MOIo10 TapaMeTpu4yHUX MeTomiB (f-Kputepito CTblo-
JIEHTA) 32 YMOB HOPMAJIbHOTO PO3IOAiIy JaHUX O3HaK.
B iHmmmx Bunankax BUKOPMCTOBYBAJIA HellapaMeTprud-
Huii Meton (U-kputepiii Mana-YitHi). s ouiHKK
CTaTUCTUYHOI 3HAYYLIOCTI Pi3HULI MiX 4YaCTOTHUMU
XapaKTepUCTUKAMU BUKOPUCTOBYBaIU Kpurtepiit Xi-
KBazpaT. BinmoBinHicTh Bumy po3IoAily 0O3HaK 3aKOHY
HOPMaJIbHOTO PO3IMONUICHHS IMepEeBipsUIM 3a JOTMIOMO-
roto meroay Ilamipo-VYinka. ITpoBoauau perpeciiiHuii
Ta KOpeJSIUIMHUI aHai3 3 po3paxyHKOM KoedillieHTa
Kkopensuii [TipcoHa — r mpu BiAMOBITHOCTI pO3MOIiTY
HOpMaJbHOMY 3aKOHY i KoedillieHTiB Kopesiiii Crip-
MeHa — Ry pasi gkicHux o3Hak. KoedilieHtn Kope-
JISIITIT 31 3HAKOM «+» PO3LIHIOBAIIN SIK IIPSIMUI 3B SI30K,
3l 3HAKOM «-» — K 3BOpPOTHUI. OCHOBHI e(eKTH Ta
eexT B3aeMofii reHeTUYHUX (aKTopiB i (hakTopiB
HaBKOJIMIITHBOTO CEPEIOBUIIA OYJIM TTPOAHAJI30BaHi 3a
JIOITOMOTOI0 3arajlbHUX JIIHIMHUX MOJENCH.

PE3VJIBTATU TA IX OBTOBOPEHH4
HaHi 10A0 BiAMOBIAHOCTI €MITIPUYHOIO PO3MOALTY
YaCTOT F€HOTUIIIB JOCIIKYBaHUX JIOKYCIB TEOPETUY -
HO OYiKyBaHOTO pPiBHOBaXXHOTO pO3MoAiny Xapmi-
Baitn6epra y Bubipkax oocTexkeHUX AiTeil HaBeIeHO B
Taba. 5. Y 3B’I3KY 3 TeMi3UTOTHICTIO JJOKycY MAOA-
uVNTR y xjiomnuiB, TeCT OPOBOAUBCS TiAbKU IS
JKiHOYOI YacTMHU 00CTeXXeHUX Tpyn (Tad. 5).

YacToTu ajeiB MOoCaiI0BHOCTI, 110 MOBTOPIOETHCS,
3 30 map ocHoOB, Oyau npeactabaeHi y 3 (0,374), 3,5
(0,004), 4 (0,617) a6o 5 (0,004) korisgx, BOHU Oy/In
OJHAKOBUMM y 000x cTaTeii. BimoMo, 1110 excrpecis
(epmenTa B 2—10 pasiB BuIila 1151 MOBTOpiB 3,5 i 4,
Hix 1711 moBTopiB 3 [10]. Tomy aneni 3 3 moBTOpamMu
Oynm kimacugikoBaHi IK HU3BKOAKTUBHI (S), TOmi K
asneni 3 3,5 Ta 4 moBTopaMu Oyu KjacugikKoBaHi 1K
BucokoakTuBHi (L). Aneni 3 5 moBTOpamMu Oy/u BUK-
JIIOYEHi, OCKiJIbKA PiBHi iXHbOI aKTMBHOCTI 1€ He-
JMOCTaTHbO BUBYEHi. YaCTOTU T€HOTUITIB AJIs1 XJIOMILLiB
cknamm: S: 0,377 Ta L: 0,623; mist gisuat: SS: 0,146,
SL: 0,451, LL: 0,402. YacToTK reHOTHUIB BiaMoOBiga-
JI1 piBHOBa3i Xapni-BaitHb6epra.

PesynbraTi monapHux NOpiBHSIHb PO3MOAiIIB yac-
TOT aJIeJliB Ta TEHOTUITIB IIpeACTaBJIeHi y Ta0JI. 6.

SIK BUIHO 3 TaGIMLb 5 Ta 6 Y JOCTIIKEHUX BUOIipKax
110 1oKycy MAOA-uVNTR Gyino BUsIBICHO 4 aleIbHUX
BapiaHTu. IlepeBaxawuuMu [Ajsl IMpeacTaBHUKIB

of application programs SPSS 13.0 for Windows and
the StatSoft, Inc. software package. (2011). STA-
TISTICA (data analysis software system), version 10.
Descriptive statistics were used for statistical data
analysis; comparison of the average values of variables
was carried out using parametric methods (Student’s
t-test) under the conditions of normal distribution of
these characteristics. In other cases, a non-paramet-
ric method (Mann-Whitney U-test) was used. The
Chi-square test was used to assess the statistical signif-
icance of the difference between frequency character-
istics. Compliance of the type of distribution of fea-
tures with the law of normal distribution was checked
using the Shapiro-Wilk method. Regression and cor-
relation analysis were carried out with the calculation
of Pearson’s correlation coefficient — r when the dis-
tribution conforms to the normal law and Spearman’s
correlation coefficients — R in the case of qualitative
characteristics. Correlation coefficients with a «+»
sign were regarded as a direct relationship, with a «-
» sign as an inverse relationship. Main effects and
interaction effects of genetic and environmental fac-
tors were analyzed using general linear models.

RESULTS AND THEIR DISCUSSION

Data on the correspondence of the empirical fre-
quency distribution of the genotypes of the studied
loci to the theoretically expected Hardy-Weinberg
equilibrium distribution in the samples of examined
children are shown in Table 5. Due to the hemizygos-
ity of the MAOA-uVNTR locus in boys, the test was
performed only for the female part of the examined
groups (Table 5 ).

Allele frequencies of the 30-bp repeat sequence,
presented in 3 (0.374), 3.5 (0.004), 4 (0.617), or 5
(0.004) copies, were the same in both sexes. It is
known that the expression of the enzyme is 2-10 times
higher for repeats 3.5 and 4 than for repeats 3 [10].
Therefore, alleles with 3 repeats were classified as low
activity (S), while alleles with 3.5 and 4 repeats were
classified as high activity (L). Alleles with 5 repeats
were excluded because their activity levels have not
yet been sufficiently studied. Genotype frequencies
for boys were: S: 0.377 and L: 0.623; for girls: SS:
0.146, SL: 0.451, LL: 0.402. Genotype frequencies
corresponded to Hardy-Weinberg equilibrium.

The results of pairwise comparisons of allele and geno-
type frequency distributions are presented in Table 6.

As can be seen from Tables 5 and 6, four allelic vari-
ants were detected at the MAOA-uVNTR locus in the
studied samples. Predominant for representatives of

(1) 392
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Taoauuya 5

Po3nogain yactor anenie Ta reHotunie nonimopgHoro nokycy MAOA-uVNTR y piteit rpyn cnocrepexKeHHs

Table 5

Distribution of frequencies of alleles and genotypes of the MAOA-uVNTR polymorphic locus in children of

observation groups

MoxkasHuk / Index I ocHoeHa rpyna / Group |

Il ocHoBHa rpyna / Group Il

Fpyna nopieusiHHg / Group lll, comparison

xnonui / boys pisyara / girls  xnonui / boys pisuara / girls xnonui / boys  piBuara / girls
Aneni / Alleles
3R 9 (0,409) 33 (0,434) 6 (0,333) 13 (0,260) 8 (0,380) 16 (0,400)
3,5R 0(0) 0(0) 0(0) 0(0) 1(0,047) 0(0)
4R 13 (0,590) 43 (0,565) 12 (0,667) 36 (0,720) 12 (0,571) 24 (0,600)
5R 0(0) 0(0) 0(0) 1(0,020) 0(0) 0(0)
Fenotunu / Genotypes
3R/3R 8(0,211) 0(0) 4 (0,200)
3R/5R 0(0) 1 (0,040) 0(0)
3R/4R 17 (0,447) 12 (0,480) 8 (0,400)
4R/AR 13(0,342) 12 (0,480) 8 (0,400)
p-value 0,858 0,487 0,166
%2 0,304 1,435 0,920
o > 0,05 >0,05 > 0,05
Ta6nuusa 6
Pe3ynbratn G-TecTy ANnA nonapHUx NOpiBHAHb PO3NOAINiB YacTOT aneniB Ta reHOTUNiB NONIMOP(HOro NOKyCy
MAOA-uVNTR
Table 6

G-test results for pairwise comparisons of allele frequency distributions and genotypes of the MAOA-uVNTR

polymorphic locus

[ocnipxyBaHi napm
Investigated twosome

MopisHioBaHi napameTpu G

xnonui | rpynu / boys of group |
xnonui Il rpynu / boys of group I
xnonui 1l rpynm / boys of group il
xnonui | rpynu / boys of group |
xnonui Irpynu / boys of group |
xnonui Il rpynu / boys of group I
pisyara | rpynu / girls of group |
nisyara | rpynu / glrls of group |
pisyara | rpynu / glrls of group |
pisyara | rpynu / girls of group |
gisyara Il rpynm / girls of group I
gisyara Il rpynm / girls of group I

pisyara | rpynu / glrls of group |
gpisyara Il rpynm / glrls of group I
pisyarta lll rpynwn / glrls of group I
xnonui Il rpynu / boys of group I
xnonui Il rpynm / boys of group I
xnonui Il rpynm / boys of group I
nisyata Il rpynm / girls of group Il
nisyata Il rpynm / girls of group Il
pisyarta lll rpynwn / glrls of group I
pisyara lll rpynm / girls of group Il
gpisyara lll rpynm / girls of group Il
pisyara lll rpynm / girls of group Il

Compared parameters of P
aneri / alleles 0,0036 2 0,951
aneri / alleles 0,0241 2 0,876
aneni / alleles 0,0016 2 0,967
aneni / alleles 0,0273 2 0,867
aneri / alleles 0,0031 2 0,950
aneni / alleles 0,0108 2 0,917
aneni / alleles 0,1205 2 0,728

reHoTunu / genotypes 0,4038 3 0,817
aneri / alleles 0,0066 2 0,935
reHoTunu / genotypes 0,0159 3 0,992
aneni / alleles 0,0863 2 0,768
reHoTunu / genotypes 0,2213 3 0,89

000X craTteil Oyiu ajesibHi BapiaHTh 3 3 Ta 4 TTOBTO-
pamu. Ipu ubomy, SIK y XJIOIILIB, TaK i y AiBYaT yac-
TOTa JIOBIOr0O aJIeJIbHOTO BapiaHTa, IepeBakasia Jac-
ToTy Kopotkoro. Kpim toro, y 1 xjmomust B rpymi
MOpiBHSIHHS OyJ10 BusBiaeHo 3,5R-anenb tay 1 niB-
yuHU B II ocHOBHili rpyIi Oyyi0 BusiBieHO SR-anenb.
BinMiHHOCTE 11040 poO3MOniNy ajieliB JoKyca
MAOA-uVNTR mix XJOMUSIMU i AiBYaTaMM Bcepe-
JIMHI KOXHOI 3 BUBYEHUX TPYIT BUSIBICHO HE OYJIO.
Takox Oyau BiACYTHiI AOCTOBiIpHi BiAMiHHOCTI y pO3-
NOoAiJaxX 4YacTOT ajlefliB MK XJIOMNLSIMU Y IpyHax, 110

both sexes were allelic variants with 3 and 4 repeats.
The frequency of the long allelic variant prevailed over
the frequency of the short variant in both boys and girls.
In addition, 3.5R allele was detected in one boy in the
comparison group and 5R allele was detected in one
girl in the II main group. There were no differences in
the distribution of alleles of the MAOA-uVNTR locus
between boys and girls within each of the studied
groups. There were also no significant differences in
allele frequency distributions between boys in the stud-
ied groups. In all groups, the highest frequency was
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JOCiaKyBaucs. Y BCix Tpylax HaliBUIIA 4acTOTa CITOC-
tepiraerbes y 4R-anens (0,590 — I rpyma, 0,667 — 11 rpy-
na, 0,571 — 11l rpyma). ¥ miByaTt crmocrepiraincs mMaitke
OIHAKOBi YaCTOTU reTepo3urotHoro reHotuny 3R/4R Tta
romo3urotHoro reHotuny 4R/4R, B I ta III rpynax ix
YacToTa BIBiUi IepeBUIyBajia YaCTOTU TOMO3UTOTHOTO
reHotunty 3R/3R, npu npomy, y aiBuar 11 rpynu romo3u-
rotHoro reHotuny 3R/3R 30BciM He criocTepiranocs.

IeHeTnuHi epeKTH y AiBUAT OLIHIOBAIM 32 JOTIOMOIOI0
Mojei JiHiAHOI KoBapiallii, Je BUSIBISIACS B3aEMOIis
KiJIBKOCTI aJiesliB 3 BUCOKOIO aKTUBHICTIO Ta PiBHS arpe-
cuBHocTi (puc. 1). Leit minxig Oy BUMpaBAaHU TUM
(hakToM, 1m0 MAOA, K Oy10 ITOKa3aHO, BXOAUTH 10 YUC-
na 15 % reniB, 3uerieHUX 3 X-XpOMOCOMOIO, SIKi YHUKA-
IOTh iHAKTHUBAlii [22].

IToTouyHwuii epeKT B3a€EMO/il TeHOTUITIB 3 BUCOKOIO aK-
TUBHICTIO Ta PiBHS arpeCUBHOCTI Y JiBYaT MaB BipOTiTHY
3HAuyLIicTh Ta cTaHoBUB: F(2, 83) = 6,1412, p = 0,00384.
ToOTo y AiBUAT, TEHOTUII SIKMX MiCTUB 00MABa HU3bKOAK-
TUBHI ajiefti (3 3 moBTOpaMm), BipOriIHO YyacTillle BU3HA-
yaJIuCcsl BUCOKIi MOKAa3HMKU arpecuBHOCTI. HasiBHiCcTh B
TeHOTUIIi Xoua O OJHOI0 BUCOKOAKTHUBHOrO ajnes (3 3,5
Ta 4 MOBTOpPaMM ), 0OOYMOBITIOBaJIa BipOTiTHO HIKYI TTO-
Ka3HUKW arpecUBHOCTI. Y miByatr 3 reHoturiamMmu SL Ta
LL moka3HMKM arpecMBHOCTI H€ MaJMu iCTOTHUX
BiAMiHHOCTEIA.

IeHeTuHiI e(deKTH OLIIHIOBAIM Y XJIOMIIIB SIK Pi3HUIIIO
MOKAa3HUKIiB arpeCUBHOCTI Y 0Ci0 3 ajieIiM1 BUCOKOI Ta
HU3bKOI aKTUBHOCTi, MOJeJb JiHiAHOI KoBapiallii
MpeacTaBiIeHa Ha puc. 2.

ITorouHuii epeKT B3aEMOil TEHOTHUITIB 3 BUCOKOIO aK-
TUBHICTIO Ta PiBHS arpeCUBHOCTI y XJIOMIiB TaKOX MaB
BiporigHy 3HauymicTh Ta ctaHoBuB: F(1, 61) = 10,249,
p = 0,00272. ToO6TO y XJIOMUiB, TEHOTUN SIKUX MiCTUB

observed in the 4R-allele (0.590 — in group I,
0.667 — in group 11, 0.571 — in group III). Almost
identical frequencies of heterozygous genotype
3R/4R and homozygous genotype 4R /4R were ob-
served in girls, in groups I and III their frequency
was twice as high as the frequency of homozygous
genotype 3R/3R, while in girls of group II, ho-
mozygous genotype 3R/3R was not observed at all.

Genetic effects in girls were evaluated using a
linear covariance model, where the interaction of
the number of alleles with high activity and the
level of aggressiveness was revealed (Fig. 1). This
approach was justified by the fact that MAOA has
been shown to be among the 15% of X-linked
genes that escape inactivation [22].

The current interaction effect of genotypes with
high activity and level of aggressiveness in girls had
probable significance and was: F(2, 83)=6.1412,

p = 0.00384. That is, in girls whose genotype con-

tained both low-active alleles (with 3 repeats), high
aggressiveness indicators were probably determined
more often. The presence of at least one highly
active allele (with 3.5 and 4 repeats) in the genotype
caused probably lower aggressiveness indicators. In
girls with SL and LL genotypes, there were no sig-
nificant differences in indicators of aggressiveness.

Genetic effects were evaluated in boys as the dif-
ference in indicators of aggressiveness in individu-
als with high and low activity alleles, the linear
covariance model is presented in Fig. 2.

The current interaction effects of genotypes with
high activity and the level of aggressiveness in boys
also had probable significance and amounted to:
F(1, 61)=10.249, p=0.00272. That is, boys whose

8,0
75
7,0
6,5
6,0
5,9
5,0
45
4,0

3,5

3,0

PucyHOK 1. 3anexHictb piBHA arpe-
CMBHOCTI y AiBYar Big reHoTUny

ArpecuBHicTb (6anu) / Aggressiveness (points)

Fenotun / Genotype

Figure 1. Dependence of the level of
aggressiveness in girls on genotype
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PucyHOK 2. 3anexHictb piBHA arpe-
CMBHOCTI y xn0NuWiB BiAg reHotuny

ArpecuBHicTb (6anm) / Aggressiveness (points)

S L
Fenotun / Genotype

Figure 2. Dependence of the level of
aggressiveness in boys on genotype

HU3bKOAKTUBHUN ajieib (3 3 MOBTOpaMu), BiporiaHO
yacTilme BU3HAYaJMUCs BUCOKI IMMOKA3HUKU arpecuB-
HOCTI.

Pesynbratu ananizy jorictuuHoi perpecii MAOA-
uVNTR nonimopdizMmy i pizHux dopMm arpecii 3a
onuTyBajJbHUKOM bacca-Jlapki y xjomniiB, y3arajib-
HeHo B Taba. 7. Y KOXXHOMY BUNAAKYy T€HOTUIT XJIOT -
LiB pO3IJIsiAaBcs sIK 3ajiexKHa JMXOTOMiYHa 3MiHHA, a
Oan 3a pisHUMHM (opMmaMu arpecii sIK HesajlexkHa
3MiHHa.

PesynbraTtyi 1moOymoBHM JIOTiCTUYHOI perpeciiiHoi
MoJeJli TToKa3aju, 10 HasIBHICTh BUCOKOAKTUBHOIO
anenst (L) cyTTeEBO 3HMXKYE IIAHC BUHUKHEHHS 3a-
raJbHOI arpecii, AeTiKBEeHTHOI TTOBeMiHKM, (hi3UIHOI
arpecii, Bigkputoi arpecii. IllaHcu po3BUTKy Hera-
THUBI3MY Ta eKCTepHaJli3allii 32 HasIBHOCTiI BUCOKOAaK-
TUBHOTO ajes (L) Takox OyJIv BipOTriTHO MEHIITUMMU.

ArpecuBHa MOBEIiHKA € TOLIMPEHOI eKCTepHali-
30BaHOIO TTPOOJIEMHOIO MTOBEAIHKOIO, SIKa 00YMOBITIOE
KOPOTKOCTPOKOBUI Ta JOBrOCTPOKOBUII HETAaTUBHUM
BILUIMB Ha PO3BUTOK MimJiTKiB [23]. ToMy BUSBICHHS
OCHOBHMX M€XaHi3MiB, 1110 CIIPUSIIOTh PO3BUTKY arpe-

genotype contained a low-activity allele (with 3
repeats) were likely to have high levels of aggressive-
ness more often.

The results of logistic regression analysis of MAOA-
uVNTR polymorphisms and different forms of aggres-
sion according to the Bass-Darkey questionnaire in
boys are summarized in Table 7. In each case, the boys’
genotype was considered as a dependent dichotomous
variable, and the score for different forms of aggression
was considered as an independent variable.

The results of building a logistic regression model
showed that the presence of a highly active allele (L)
significantly reduces the chance of general aggression,
delinquent behavior, physical aggression, and open
aggression. The chances of developing negativism and
externalization in the presence of the highly active
allele (L) were also likely to be lower.

Aggressive behavior is a common externalized prob-
lem behavior that causes short-term and long-term
negative effects on adolescent development [23].
Therefore, identifying the main mechanisms con-
tributing to the development of aggressive behavior of

Ta6nuusa 7

MmoBipHicTb BUHUKHEHHA pi3Hux dopm arpecii y xnonuyis i3 MAOA-L reHotunom (norictmyua perpeciitHa Mogens)
Table 7

Probability of various forms of aggression in boys with the MAOA-L genotype (logistic regression model)
LLikana onutyBanbHuka / Questionnaire scale B SE (%3 OR 95% Al / Cl p
3aranbHa arpecisi / General aggression -0,694 0,273 9,853 0,499 0,287 - 0,868 < 0,0017
®isnyHa arpecisi / Physical aggression -0,387 0,154 7,815 0,678 0,497 - 0,927 < 0,0051
Heratugiam / Negativism -0,543 0,233 6,405 0,580 0,362 — 0,930 <0,0113
Binkpua arpecia / Open aggression -0,192 0,080 7,166 0,825 0,701 — 0,971 < 0,0074
[enikeeHTHa noeepjHka / Delinquent behavior -0,442 0,170 9,271 0,642 0,454 — 0,907 < 0,0023
ExcTepHanisauia / Externalization -0,078 0,037 5,069 0,924 0,857 — 0,997 < 0,0243
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CHUBHOI TTOBEiHKH ITi/UTITKIB € aKTyaJIbHOIO Ta HEOOXiTHO
3agadeto. barato momnepenHiX reHeTMYHO iH(OpMaTUB-
HUX JIOCJIiIKeHb OyJIM 30CepeaKeHi Ha BU3HAUEHHI BHEC-
Ky OCHOBHUX €(heKTiB IeHiB Y pU3UK PO3BUTKY TICUXiYHUX
po3JaiB He3aJeXHO BiJ BIUIMBY HAaBKOJMILHLOTIO cepe-
moBuina. Llst mapamurma mependadae MpsSIMUNA IUISIX Bl
IeHiB O 3aXBOPIOBaHb 0€3 B3aEMO/Iil MixK T€eHETUUHUMU
YUHHUKAMU Ta (haKTopaMu PU3UKY HABKOJIMUIIHBOTO Ce-
penoBuia. ITpoTte Takuit minxia gaB Qy>Ke HEOAHO3HAUHI
PE3YJIBTaTH Ta 3MIT OSICHUTH JIMIIE TyXKe HeBEJIMKY 4acT-
Ky Bapiauii pu3uky. AKilo reHy B nepuly 4yepry BILUIMBaA-
JOTh Ha PU3UK TICUXIYHUX PO3JIaIiB, SIKi ITOB’sI3aHi 3 BITJIN-
BOM HaBKOJIMIITHBOTO CEPENOBUIIA, 1€ TOSICHIOE TyXKe
00MEXEeHUI YCITiX JOCIiIKEeHb, CIIPSIMOBAHUX Ha BUSIB-
JICHHST OCHOBHUX e(PEKTiB TeHiB 3a JOITOMOTOIO TPAINIIiii-
HUX JOCTiIKeHb 1X acoliallii. BpaxoByroun BaxkKJIMBiCThb
eIireHeTUKH Y PO3BUTKY JIOJACHKOI0 MO3KY Ta CKJIAAHICThb
MOBEIIHKOBUX PeIepTyapiB JIOOAUHU, OYEBUIHO, IO Te-
HETWYHi BIUIMBU HA TICUXiYHi (DEHOTUIT CTAIOTh TTOMIT-
HIIIMMU, KOJIU OEpYThCs 10 yBaru BiAMOBiIHI KOHTEKCTH
HaBKOJIUIIHBLOTO cepenonuiua [11].

3a OCTaHHE ACCATWIITTS OyJ0 IMPOBEIACHO HU3KY J0-
CJTiKeHb, MPUCBIYEHNX BUBYECHHIO (PAKTOPIB pU3UKY ar-
pPeCcUBHOI MOBEAiHKHU Y MinjTliTkoBoMy Billi. [TorepenHi mo-
CJIIKEHHST TToKa3aiv, 10 iHAWBIAyaJIbHI BiIMiHHOCTI B
TaKiil MOBeAiHIIi MalOTh BaXKJIMBi TEHETUYHI, a TAKOX €KO-
JIOTiuHi TTIepeaymMoBH [24, 25], BenKa KidbKiCTh HASBHUX
JlaHUX BKa3ye Ha Te, 1110 TeHU KaTeXoJIaMiHepIiyHOoi CUC-
Temu, 30kpeMa MAOA, MOXYTb B3aEMOJISTUA 3 pi3HOMA-
HITHAMM BIUIMBAaMM HABKOJIMIIHBLOTO CEPEHOBHUINA IIPU
peasizaliii arpecBHOI ITOBeAiHKHY [26].

3rimHo 3 rirmore3olo pycTpaliii-arpecii, sika CTBEpI-
Xy€, 10 Oymb-ska ¢opMa HeraTUBHOro agekty abo
JUCTpeCcy MOKe 3011bLIMTHA MMOBIPHICTh arpecii, MoxHa
OYiKyBaTH, 110 HEraTWUBHIi YMHHUKMW JOBKULIS MOXYTb
BUKJIMKATU arpeCUBHY ITOBEIiHKY, TOMY 1110 BOHU BUK-
JINKAIOTh HETaTUBHUIM aeKT.

B Hamomy nochigkeHHi 3 «KaHAMAATHUX» YMHHUKIB
TOBKIJIJISI, MU 30CEPEOMINCS Ha CTPECOBUX KUTTEBUX
MOJisIX Ta iHAEKCi pPOIMHHOIO HeOJIaronoayJyys.

besrnepepBHa 3MiHHa «CTPECOBi XUTTEBI Momil» Oysa
OTpHUMaHa 3 TaKUX €JEMEHTiB: BHYTPIiLIHE MepeMillleH-
HsI; TIEpeXia B iHILY IIKOJIY; TPYJ0Ba 3alHSITICTh 0aThKiB;
JIOXiJl pOAVMHU; TOCTAaTHICTh Ta SIKiCTh XKUTJIA; 0ATbKiBCh-
Ka OcCBiTa; po3Mip CiM’i; BiTHOCMHU 3 OJHOJIITKAMM;
3JI0BXXMBAHHS OATbKiB aJIKOTOJIEM.

Innmexc poamuaHoro Heomaronomyydst (IPH) 0yB mooyno-
BaHWI1 3 BUKOPUCTAHHSIM TPhOX BiTOMUX KOPEJISITIB PO3/1a-
JIy MOBEIiHKU: 0aTbKiBCbKOI 3HEBAru, CXWIbHOCTI 0 MiX-
0aTbKiBCbKOI0 HACUJILCTBA, HEMOC/IiIOBHOIO OaThbKiBChKO-
IO BUXOBaHHS Ta 3aCTOCYBaHHSI (hi3MUHOIO TTOKApaHHSI.

adolescents is an urgent and necessary task. Many
previous genetically informative studies have
focused on determining the contribution of main
effects of genes to the risk of developing mental
disorders independent of environmental influ-
ences. This paradigm assumes a direct pathway
from genes to disease without interactions between
genetic and environmental risk factors. However,
this approach produced very mixed results and was
able to explain only a very small proportion of the
variation in risks. If genes primarily influence the
risk of mental disorders that are linked to environ-
mental influences, this explains the very limited
success of studies aimed at identifying main effects
of genes using traditional association studies.
Given the importance of epigenetics in human
brain development and the complexity of human
behavioral repertoires, it is evident that genetic
influences on mental phenotypes are more readily
discernible when relevant environmental contexts
are taken into account [11].

Over the past decade, a number of studies have
been conducted to examine risk factors for aggres-
sive behavior in adolescence. Previous studies have
shown that individual differences in such behavior
have important genetic as well as environmental
prerequisites [24, 25], a large amount of available
data indicates that the genes of the catecholamin-
ergic system, in particular MAOA, can interact with
various environmental influences in the imple-
mentation of aggressive behavior [26].

According to the frustration-aggression hypoth-
esis, which states that any form of negative affect
or distress can increase the likelihood of aggres-
sion, one might expect that negative environmen-
tal factors can cause aggressive behavior because
they cause negative affect.

In our research of «candidate» environmental
factors, we focused on stressful life events and the
index of family dysfunction.

The continuous variable «stressful life events»
was obtained from the following items: internal
displacement; transfer to another school; employ-
ment of parents; family income; adequacy and
quality of housing; parental education; family size;
relationships with peers; parental alcohol abuse.

The family dysfunction index (FDI) was con-
structed using three known correlates of conduct
disorder: parental neglect, exposure to inter-
parental violence, inconsistent parenting, and use
of physical punishment.
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IIpu npoBeneHHI KOpensiiHOTO aHai3y MiX 3MiH-
HOIO «CTPECOBi XXUTTEBI MOii» Ta iIHAEKCOM POAUHHO-
ro HeOJIaroImoIyYusl BUSBIIEHO 3B’ SI30K ITOMipHOI CHIIN
(r =0,341), (p <0,001).

BcranosneHno, mo reHotunmn MAOA-L 1ioM’sIKIIlyBaB
BILIUB CTPECOBUX XXUTTEBUX MO K y niBuaT (f = -0,24;
95% AI: Bin -0,37 mo -0,06; p = 0,001), TaK i y XJ101M1iB
B = -0,19; 95% Al: Bin -0,32 no -0,07; p = 0,009), a
HU3bKOAKTUBHUN ajiesib .S acoliloBaBcs 3 IiJBUILEHOIO
arpecUBHICTIO y JiBYAT i XJIOMLIiB, SIKi 3a3HaId CUJILHOTO
ctpecy, BinmosigHo (f = 0,30; 95% AI: Bin 0,14 o 0,56;
p =0,0032) ta (B = 0,27; 95% AI: Bin 0,09 no 0,54; p =
0,0121), puc. 3 ta 4.

Pucynku 3 Ta 4, 1eMOHCTPYIOTh CepeHi 3HaYEHHS 10~
Ka3HUKIB arpecuBHOCTI s reHotumniB SS, SL, LL y
JiBYaT Ta anexiB S Ta L, y XJIOIILiB, OTpUMaHi B pe3yJib-
TaTi aHaIi3y 3 BUKOPUCTAHHSIM TUXOTOMIYHOI 3MiHHOI

When conducting a correlation analysis between
the variable «stressful life events» and the FDI, a
relationship of moderate strength and (r = 0.341),
(p <0.001) was revealed.

It was found that the MAOA-L genotype moder-
ated the impact of stressful life events in both girls
(B=-0.24;95% CI: -0.37 to -0.06; p = 0.001) and
boys (B =-0.19; 95% CI: -0.32 to -0.07; p = 0.009)
and the low-activity allele S was associated with
increased aggression in high-stress girls and boys,
respectively (B = 0.30 ; 95% CI: from 0.14 to 0.56;
p =0.0032) and (B = 0.27; 95% CI: from 0.09 to
0.54; p=0.0121), Fig. 3 and 4.

Figures 3 and 4 show the mean values of aggres-
sion indicators for genotypes S, SL, LL in girls
and alleles S and L in boys, obtained as a result of
the analysis using the dichotomous variable

High stress level (HSL)

Low stress level (LSL)

Bucokuit pisensb ctpecy (BPC) | |

Husbkuii piBeHs ctpecy (HPC)

ArpecuBHicTb (6anm) / Aggressiveness (points)

SS SL

Fenotun / Genotype

LL

PucyHoK 3. BnnauB cTpecoBux KuT-
TEBUX MOJiN Ta Ppi3HUX reHOTUNIB
MAOA Ha arpecuBHicTb piBuar

Figure 3. The influence of stressful
life events and different MAOA geno-
types on the aggressiveness of girls

8

|
N
| -

Bucokuii piBeHs ctpecy (BPC)
High stress level (HSL)

Husbkuii piBeHb ctpecy (HPC)
Low stress level (LSL)

ArpecuBHicTb (6anm) / Aggressiveness (points)
S

S L
Aneni / Alleles

PUCYHOK 4. Bnnue cTpecoBUX XXUTTEBUX NOAiN Ta
pi3Hux reHoTunie MAOA Ha arpecuBHiCcTb xnonuie

Figure 4. The influence of stressful life events and
different MAOA genotypes on boys’ aggressiveness
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«CTPECOBi XWUTTEBI MOMil»: HU3BKWI pPiBEHb CTPECy
(HPC) ta Bucokuii pieHs ctpecy (BPC).

JIns1 oliHKM iHTepaKTUBHOTO €(eKTy iHAEKCY POIMH-
Horo HebOJaromnojy4yus i BapiaHTiB MAOA reHOTUIB 3
BHCOKOIO aKTUBHICTIO Ta HU3bKOIO aKTUBHICTIO Ha BU-
HUKHEHHSI aTpECMBHOCTI, B MeXXax IMOOYyIOBM 3arajb-
HUX JIIHIKMHUX Mopesieli TpoBeleHO OaraTOMipHMIA Ji-
HIMHUNM perpeciiHuil aHai3, KW JOBIiB HasIBHICTb
TiCHUX B32a€EMO3B’SI3KiB MiX 3aJIeXKHOI0 3MiHHOIO: «arpe-
CHBHA IIOBediHKa» Ta MNPEIUKTOPHUMHU 3MiHHUMU:
«iHIEKCOM POAMHHOIO HEOJIAronoayyus» i «reHOTUIIOM
MAOA-uVNTR», (R = 0,601, R* = 0,362, df 2, F 10,79,
p = 0,000195). Anani3 MoTyXXHOCTi IoKa3aB, 1110 B MO-
neni IPH x MAOA-uVNTR nioryxHocTi (0,913) Oymo moc-
TaTHBO IJ1s1 BUsIBJIEHHS eekTy (o = 0,05).

IToxioHi nepexpecHi epexTu reH x cepegonuiie (G x E)
OyJIM TaKOX 3apeECTPOBAHI y iHILKX JOCTiIXKEHHSIX [24,
235]. I xoua Halli pe3yabTaTh Y3roaKyrThCs 3 BACHOBKA-
MM {HIIMX TOCJIiIHUKIB, CJIiA 3a3HAYUTH, 110 CTATUCTUY-
HO 3Hauylli B3aeMofii G x E HacrnpaBai MOXyTb OyTH
CTaTUCTUYHUMM apTedakTamu [14]. st yHUKHEHHS
NOAiOHUX MOXJIMBOCTE MM I€peBipUIM, UM MOXe
B3aemomist MAOA-uVNTR 3i cTpecOBUMM XUTTEBUMU
noaisiMiu abo iHAEKCOM POJMHHOrO HeOJaromnoyyus
MOTEHIIiITHO OyTH apTeaKToM KOpeJsllil TeHiB i ¢ak-
TOPiB HABKOJIMIIHBOTO CepemoBUIlA. AHali3 HE MOKa-
3aB TAKOI KOPEJIALIii 3 MTOKa3HMKaMU JOBKIJIJIS (Iiarma3oH
r=-0,02 —0,03).

BUCHOBKU

1. IepeBaxaruyuMu ajeJibHUMU BapiaHTaMU y JiTel oc-
HOBHUX TpYIl Ta AiTell Tpyny IMOPiBHSIHHS € BapiaHTU
reny MAOA 3 3 (S) i 4 (L) TaHOIEMHUMU TTOBTOPaMHM.
YacToTu TeHOTUITIB AJis1 XJomnuiB ckiaanu: S: 0,377 ta
L: 0,623; a ma giBuat: SS: 0,146, SL: 0,451, LL: 0,402 i
BigmoBimanu piBHoBa3i Xapai-BaitHOepra. JlocToBipHUX
BiIMiHHOCTEN Y po3IoijaxX YacTOT ajleJliB y LIbOMY JIO-
KyCi MiXKk OCHOBHMMMU TpylaMu Ta IPYNo0 HOPiBHSIHHS
HE BUSIBJICHO.

2. BcraHoBieHO 3HAuylly B3a€EMOJil0 aJiejliB 3 BUCO-
KO0 aKTUBHICTIO (L) i piBHEM arpeCUBHOCTI y AiBYaT
F(2, 83) = 6,1412, p = 0,00384 Ta xymomnuiB F(1, 61) =
10,249, p = 0,00272. JloBeaeHo, 1110 IPUCYTHICTb Y T€HO-
TUITI BUCOKOAKTUBHOTO ajiefio (L) 3HUXKYE IIaHCU PO3-
BUTKY BUHMKHEHHI 3arajbHOI arpecii, 1eJ1iKBEeHTHOI I0-
BediHKU, (i3MuyHOI arpecii, BiZKpUTOi arpecii, Hera-
TUBiI3MY Ta eKCTepHali3allii.

3. Tenotun MAOA-L moM’sIKIllyBaB BIUIMB CTPECOBHUX
KUTTEBMX ToAil aK y aiBuar (B = -0,24; 95 % Al: Bin
-0,37 mo -0,06; p = 0,001), Tax i xmornuiB (B = -0,19;
95% Al: Bix -0,32 mo -0,07; p = 0,009), a HU3bKOAKTUB-

«stressful life events»: low level of stress (LLS) and
high level of stress (HLS).

To assess the interactive effect of the index of fam-
ily adversity and MAOA variants of genotypes with
high activity and low activity on the occurrence of
aggressiveness, within the framework of building
general linear models, a multivariate linear regres-
sion analysis was conducted, which proved the pres-
ence of close relationships between the dependent
variable: «aggressive behavior» and predictors vari-
ables: «family disadvantage index» and «MAOA-
uVNTR genotype», (R = 0.601, R* = 0.362, df 2,
F 10.79, p = 0.000195). Power analysis showed that
in the FDI x MAOA-uVNTR model, power (0.913)
was sufficient to detect an effect (o0 = 0.05).

Similar cross-effects gene x environment (G x E)
were also reported in other studies [24, 25]. And
although our results are consistent with the find-
ings of other researchers, it should be noted that
statistically significant G x E interactions may
actually be statistical artifacts [14]. To rule out
such possibilities, we tested whether the interac-
tion of MAOA-uVNTR with stressful life events or
the family disadvantage index could potentially be
an artifact of the correlation of genes and environ-
mental factors. The analysis did not show such a
correlation with environmental indicators (range
r=-0.02 —0.03).

CONCLUSIONS

1. MAOA gene variants with 3 (S) and 4 (L) tandem
repeats are the predominant allelic variants in chil-
dren of the main groups and children of the compar-
ison group. Genotype frequencies for boys were:
§:0.377 and L: 0.623; for girls: SS: 0.146, SL: 0.451,
LL: 0.402 and corresponded to Hardy-Weinberg
equilibrium. No significant differences in allele fre-
quency distributions at this locus were found
between the main groups and the comparison group.
2. A significant interaction of alleles with high
activity (L) and level of aggressiveness was estab-
lished in girls F(2, 83) = 6.1412, p = 0.00384 and
boys F(1, 61) = 10.249, p = 0.00272. It has been
proven that the presence of the highly active allele
(L) in the genotype reduces the chances of devel-
oping general aggression, delinquent behavior,
physical aggression, open aggression, negativism,
and externalization.

3. MAOA-L genotype moderated the impact of stres-
sful life events both in girls (B = -0.24; 95% CI:
from -0.37 to -0.06; p = 0.001) and boys (f =-0.19;
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HUI ajesib S acoliloBaBcsd 3 MiJBMUILEHOIO arpe-
CHMBHICTIO Yy AiBYaT i XJIOMILIB, SIKi 3a3HaJX CUJIBHOIO
ctpecy, BinnmosigHo (B = 0,30; 95% Al: Bixm 0,14 no
0,56; p = 0,0032) ta (B = 0,27; 95% AI: Bin 0,09 no
0,54; p =0,0121).

4. BcTaHOBJIEHO HAsIBHICTb TICHUX B3aEMO3B’SI3KiB MixX
3aJIeXKHOI0 3MiHHOIO: «arpeCuBHa IOBeIiHKa» Ta Ipe-
JUKTOPHUMU 3MiHHUMM: «iHIEKCOM POAMHHOIO HeO-
Jlaromoayyusi» ta «reHoTurnnoM MAOA-uVNTR», (R =
0,601, R*=0,362, df 2, F 10,79, p = 0,000195). Monenb
IPH x MAOA-uVNTR 06yno J0CTaTHBO ITOTY:KHOIO
(0,913) nnsa BusineHHs edexty (o0 = 0,05).
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