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PE®EPAT

Junomuas padorta 31 crpanunia, 6 pucyHkoB, S5 Tabnwi, 45 HICTOYHUKOB
JUTEPATYPHI.

KIIFOUEBBIE  CJIOBA: TJIM, MACROSIPHUM  ALBIFRONS,
[MUTOXPOMBI P450, CTPYKTYPHAA BMONH®OPMATUKA,
MOJIEKVYJIAPHOE MOAEJINMPOBAHUE.

OObeKT wuccienoBaHUS: TEHHOE CEeMEWcTBO muToXpomoB P450 Tmum
Macrosiphum albifrons.

Lenpro AUMIOMHON pabOTHI SIBISETCS MOTYYCHHE HAYYHBIX JaHHBIX O T€HAaX
CHCTEMBI JCTOKCUKAIINH, B YaCTHOCTH IUTOXpOMOB, Y Tt M. albifrons.

Mertonbl: OMOMH(POPMATUYECKHUE.

B pesymbrare, B renmome M. albifrons Obuto HalimeHo 14 TEHOB,
oTHOcAIMXCS K 4 knage qutoxpomoB P450, u 23 rena, OTHOCSIIIMXCA K 3 KIIaze
uutoxpoMoB P450. Cpennsst nnuHa reHa — 4915 HyKIeoTHIIOB, CpeaHEE YHUCIIO
DK30HOB — 5, cpelHss JUIMHA dK30Ha — 972 HyKIIeOTHIa, CpEeIHAs JIMHA HHTPOHOB
— 2307 HyKJIEOTHIOB.

Hanmuune npyOnmukamuit renoB, Takux kak CYP6DAI, CYP6CY12,
CYP6CY 16 u CYP6CY35, koTOpBIE CBSI3aHBI C META0OIM3MOM MUPETPOUTHBIX H
opranoocaTHbIX WHCEKTUIUAOB, roBopuT 00 ycroiumBoctu M. albifrons x
TAKOro poJia MHCEKTHIMAAM. Takke Haauuue OOJIbIIEro Yucia IyIUIMKauud B
cemeiictBe CYP6 MOXeT CBUAETENBCTBOBATh O 00Jie€ aKTUBHOM YYaCTUHM T'€HOB
JTAHHOTO CEMEMNCTBA B MPOIIECCE IE€TOKCUKAIIUU META0O0IUTOB.

AHaM3 TNpeacKa3aHHbBIX CTPYKTyp murtoxpoma P450, mo3Bonun yBuaeTh
pacnpenenenue Metpuk aocroepHoctu (pLDDT, IDDT) u nokaszan BbIpa>K€HHYIO
reTepOreHHOCTh MO MOJUNENTUIHON LENu: KOHCEPBATUBHbIE JOMEHbI, TaKUE Kak
CalT CBA3BIBAHMS I'€Ma U YYACTKU KAaTATMTUYECKON aKTUBHOCTHU, XapaKTEPU3YIOTCS
BbICOKMMHU 3HaueHusMu pLDDT (>90), uro cBUAETENbCTBYET OO0 TOYHOCTH HX
npeackazanus. B To ke Bpems Hanu4ue 3HAUYUTEIbHO 00Jiee HU3KHE 3HAYEHUS
(pLDDT 50-70) meMOHCTpUPYIOT HAJIMYUE MEMOpPAHHBIX CETMEHTOB W 00JIACTCH
IrMOKUX TMETelb, KOTOPbIE OTBEYAIOT 33 PEryJislui0 (epMEHTATUBHON aKTUBHOCTU
U TPAHCIIOPT CyOCTpaToB.

Pe3ynbrarhl ucciaegoBaHWsT MOTYT OBbITh NPUMEHEHBI B HaIpaBICHUSX
UCCJIEIOBAHUM B 00JIACTH MOJIEKYJIIPHOM SKOJIOTUH, HKOJIOTHYECKON TN'eHEeTUKe U
HYHTOMOJIOTUH.



PODEPAT

Hermmomuas pabora 31 craponka, 6 MamoHKay, S5 TaOmin, 45 KpbIHILM

JiTapaTyphl.
KIIIOYABBISA  CJIOBA:  TJI, MACROSIPHUM  ALBIFRONS,
LIBITAXPOMBI P450, CTPYKTYPHAA BISSIHOAPMATBIKA,

MAJIEKVYJIAPHAE MAZIDJIAIBAHHE.

AG'exT gacnefaBaHHS: TEHHae csAMelcTBa wpITaxpomay P450 Tmi
Macrosiphum albifrons.

MbTail qplIToMHaN Mpansl 3'ayisieria aTpbIMaHHEe HABYKOBBIX J1aJ3€HbIX a0
TeHaxX CiCTAMBI JIETOKCIKaIlii, y mpbIBaTHACII IbITaxpomay, y Timi M. albifrons.

Mertanpi: OisiHpapMaTbIYHBIS.

Y BeiHIKY, y reHome M. albifrons Obulo 3HOMA3eHa 14 reHay, skis
agHocsnua na 4 ckapOwl npitaxpomay P450, 1 23 rena, skis agHocsAnna na 3
ckapObl mpiTaxpoMay P450. Csapapnss nayxeiHs reHa - 4915 Hykieatbiaay,
CSIP3JIHI JIIK 3K30HAY - 5, CAP3AHSS NaYKbIHS 3K30HA - 972 HyKnearblaay, cAp3aHssa
JayKbIHA IHTpOHAY - 2307 HyKIeaTbIaay .

Hasynacup nyOmikameiii renay, Ttakix sk CYP6DAI, CYP6CY12,
CYP6CY16 1 CYP6CY35, sKkis 3Bsi3aHbl 3 MeTabaili3MaM NUPETPOUAHBIX 1
opranodocdaTHBIX IHCEKTHIIbIIAY, Kaxka ad ycroimBacmi M. albifrons ma Takora
poay iHCekThIbIIay. Takcama HasyHacIp OOJbIIAM KOJbKACLl AYTUTIKALBIA Y
cameirictBe CYP6 Moxka cBemubIlb a0 OOJIbII aKTBIYHBIM yA3€eJie TeHay Jaj3eHara
csiMeMcTBa ¥ mparpce A3TaKciKalbll MeTadaniTay.

AHani3 mpaakazaHblX CTPYKTyp ubITaxpomay P450, na3Boniy yOaublilb
pasmepkaBaHHe MeTphIK AakiagHacui (pLDDT, IDDT) i1 maka3zay BBISAYICHYIO
reTapareHHaclp Ma NOJUNENTUAHON JIAHIYTY: KaHCEPBATBIYHbIS TaMEHbI, TaKIs K
CalT 3BS3BaHHS Tema 1 Y4YacTKl KaTajiThblYHAal aKThIYHACLI, XapaKTapbl3yrola
BbICOKiIMI 3HAUdHHsAMI pLDDT (> 90). V¥ Toi1 a yac HasyHaCI[b 3HAYHA HIKAIUIIIBIS
3HaudHHI (pLDDT 50-70) asmaHCTpylolb HasyHACIb MEMOpPAHHBIX CErMEHTAy 1
abiacueld THYTKIX 3aBecC, SKisf aJKa3Balolb 3a pAryJsUbIl0 (pepMeHTaThIYHAl
aKTBIYHACIII 1 TpaHCHapT cyOcTparay.

BbIHIKI 1aciiejaBaHHS MOTYIb OBILb YXKBIThIS ¥ HalpaMKax JacjeaaBaHHSAY
y TaJliHe MaJIeKyJIsipHal SKaJIOTil, SKaJlariyHaid reHeThIIbI 1 PHTaMaJIor1l.



ABSTRACT

The graduation project includes: 31 pages, 6 figures, 5 tables, 45 sources of
literature.

Key words: APHIDS, MACROSIPHUM ALBIFRONS, CYTOCHROMES
P450, STRUCTURAL BIOINFORMATICS, MOLECULAR MODELING.

Object of study: gene family of cytochromes P450 of aphids Macrosiphum
albifrons.

The aim of the thesis is to obtain scientific data on genes of detoxification
system, in particular cytochromes, in aphid M. albifrons.

Methods: bioinformatics.

As a result, 14 genes belonging to cytochrome P450 clade 4 and 23 genes
belonging to cytochrome P450 clade 3 were found in the genome of M. albifrons.
The average gene length was 4915 nucleotides, the average number of exons was
5, the average exon length was 972 nucleotides, and the average intron length was
2307 nucleotides.

The presence of duplications of genes such as CYP6DAL, CYP6CY12,
CYP6CY16 and CYP6CY35, which are related to the metabolism of pyrethroid
and organophosphate insecticides, indicates the resistance of M. albifrons to these
kinds of insecticides. Also, the presence of a greater number of duplications in the
CYP6 family may indicate a more active participation of genes of this family in the
detoxification of metabolites.

Analysis of the predicted structures of cytochrome P450 allowed us to see
the distribution of confidence metrics (pLDDT, IDDT) and showed a pronounced
heterogeneity along the polypeptide chain: conserved domains, such as the heme
binding site and sites of catalytic activity, are characterized by high pLDDT values
(>90), which indicates the accuracy of their prediction. At the same time, the
presence of much lower values (pLDDT 50-70) demonstrate the presence of
membrane segments and flexible loop regions, which are responsible for the
regulation of enzymatic activity and substrate transport.

The results of the study can be applied to research directions in molecular
ecology, ecological genetics and entomology.



