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PE®EPAT

Junomuas padora 50 c., 11 puc., 11 ta6:m1., 65 UCTOYHUKOB.

KuarwueBbie cioBa: nuroxpomsl P450, neTokcukaius, reHOMUKA, SBOJIOLMS
T'€HHBIX CEMEUCTB, TJIH.

O0bekT ucciaenoBanus: uuToxpomsl P450 y pa3HbIX BUIOB TIIEH.

Henanb: nosiyyeHre HaAyYHBIX JTaHHBIX 00 3BOJIOLMH U aJaNTAllMU LIUTOXPOMOB
P450 y T Macrosiphum rosae.

Martepuanabsl 1 Metoabl: nuToxpoMbl P450 tiim M. rosae, yeii reHom ObLI
AaHHOTHPOBAH BIIEpBBIE, ITUTOXpoMbl P450 timm Aphis craccivora, ueii TeHoM ObLI
anHoTupoBaH cotpyaHukamu CHUJI 6nonHdopMaTuKe U MOJIEKYJISIPHON 3BOJIOLUN
KUBOTHBIX, a Takxke UuToXpombl P450 7 BHUIOB Tied W3 TEHETHUYECKOW Oa3bl
GenBank. Metossr: OnonHpOpMaTHIecKre, KOMITBIOTEPHEIE.

[To pesynbraram padbotsl, 66110 00HApYkeHO 7 reHoB CYP380, 7 renoB CYP4,
17 renoB CYP6 — muroxpomoB P450, oTHOCAIMXCS K CUCTEME I€TOKCUKALIUU Y TIIN
M. rosae.

Cpenn nocnenoBarensHocTer CYP380 u CYP4, k rpynnam ¢ camoil BBICOKOU
(UIOreHeTHYeCKOM HeCcTa0MIBHOCThIO OTHOCUTCA HMMEHHO cemeiictBo CYP380,
KOTOpPOE, COIJaCHO MCCIEIOBAHUAM, CBEPXIKCIPECCUPYETCS MPH MOTJIOIIEHUU
cyibokcadpnopa. I[lomydeHHble  JaHHbIE  MOATBEPXKAAECT  IMPOUCXOMASIIYIO
HBOJIIOLMOHHYIO aIaNTalMI0 K JAaHHOMY BHUAY MHCEKTHIMAOB. B renome M. rosae
Obla HalIeHa TyTUTHKaIus reHa u3 aToro cemeiictea — CYP380C35.

K caMbIM  3BOJIONMOHHO-HECTAOMJIBHBIM  MOCJIEIOBATEIBHOCTSIM  OBLIU
otHeceHbl TeHbl CYP6CY3, CYP6CY6, CYP6CY9, xoropeie HENMOCPEACTBEHHO
OTHOCATCA K JIETOKCUKAIIMM HEOHUKOTHHOUIOB

B xoze pacuera CKOpOCTH 3BOJIONMHU ObUIO 3aMEYEHO, YTO MApajord UMEIOT
0oxee Boicokue 3HaueHus dN/dS. To ectb oHM B OOJIBIIIEH CTENEHU HAXOIATCS MO
JNEHUCTBUEM 3BOJIIOLIMOHHOTO OTOOpa. A TaKKe HEKOTOPbIE M3 3THX MapaJOrMYHbIX
r€HOB MMEIOT HM3KMM mokazarenb ds, T.. 3TH NOCIENOBATENbHOCTU SIBISIOTCA
mosoaeivu. JlymmumupoBansabiii TeH CYP380C35 mMeer OTHOCHUTENHHO BBICOKHIMA
nokazarenb ON/AS (0,4935) u Huskuit mokaszarens dS (0,0298). To ecth oH ¢
OoJIbIlIel BEPOSITHOCTHIO OOpazoBajiCsi B Ipoliecce IyIUIMKaMM (SBISETCS Oosiee
MOJIOJIOM  TOCJEAOBATENbHOCTBIO), a TakKe B XOJ€ [MPUCHOCOOTEHUS K
KCEHOOMOTHKAM OBICTPO MEHSIET CBOIO (DYHKIIHUIO.



PODPEPAT

Hermmomnas padota 50 c., 11 mai., 11 Tabm., 65 xkpeiHim,.

KirouaBbisi ¢j10BbI: mbITaxpoMbl P450, maTakcikalieisi, TeHOMIKA, ABAJTIOIBISA
TeHHBIX CAMEUCTBAY, TIi.

A0'ekT nacienaBaHHs: pITaxpoMbl P450 y po3HbIX Bigay Tiei

MbdTa pacienBaHHsSl: aTphIMAaHHE HABYKOBBIX MJa/J3€HBIX a0 HBajIoONbI 1
amanraieli npiraxpomay P450 y tii Macrosiphum rosae.

Mampsisiiibl i MeTtaabl: 1piTaxpomsl P450 tmi M. rosae, 4eiii reHoM ObIY
aHaTaBaHbl YTepHIbIHIO, IpITaxpoM P450 tmi Aphis craccivora, 4blif reHOM OBIY
aHataBanbl cymnparoyHikami CHJIJI OisindapmaTeiki 1 MalleKyasipHail 3BaTIOIbIL
KBIBEN, a Takcama upitaxpombl P450 7 Bimay Tnei 3 reHetsiuyHai 0a3pl GenBank.
MeTtazpl: OissiHpapMaTbIYHBISL, KAMITY TAPHBIS.

[la BeHiKax mpanbl, ObuT0 BeIsyneHa 7 renay CYP380, 7 renay CYP4, 17
reHay CYP6 — upitaxpomay P450, saxis amgHocsIna aa CiCTAMBI I3TaKCIKaIbIl ¥ Tl
M. rosae.

Capon mnacnsgoynacusy CYP380 1 CYP4, nma rpyn 3 camail BbICOKaid
(diuTareHeTbIYHBIX HeCTaOlIbHACIIO CTaBillla MeHaBiTa cameiictBa CYP380, sxoe,
NaBOJUIE JlacieaBaHHAY, 3BEpXAKCIpacyella Mpbl MarjblHAHHI cyibdakcadiaopy.
ATpbIMaHbIsi  JaI3€HBIS  MalBIP/HKAIONb  OBAJIONBIMHYIO  aIanTalbplio,  sKas
an0ObIBaeIa /1a Jaja3eHara Thilly 1HCEKThIIbIAaY. Y reHoMe M. rosae Obuia 3HOMI3eHa
TyTUTiKanpls reHa 3 rarara camericrea — CYP380C35.

Jla caMbIX 3BaJOLBIHA-HECTAOUIBHBIX MACIAA0OYHACUAY ObUTl aJHECEHBI T€HbI
CYP6CY3, CYP6CY6, CYP6CYY, sakis HemacpdAHa 3BsI3aHBI 3 JITAKCIKAIIBISHA
HEaHIKaThIHO1aY .

VY Xoxa3e pasiiKy XyTKacli BajIiolbll ObUTO 3ayBajkaHa, IITO Mapajari Marolb
Ooonbm  Beicokist 3HaudHHI ON/AS. T'ata 3HaAubIb, sSHBI ¥ OoJbIIAl  CTyMeHi
3HAXO/A34LA Naj A3€sTHHEM dBaIIOLbIHAra afdopy. A Takcama HEKaTOpbIs 3 TITHIX
napayiariyHbIX T€HAY Marollb Hi3Ki maka34blk dS, raTa 3HAYbIb TITHIS MACISI0YHACIII
s'synstonna manaabiMi. JymminsipaBansl reH CYP380C35 mae agHOCHa BBICOKI
naka34ybik dN/dS (0,4935) 1 wmizki nmakazusik dS (0,0298). ['9ta 3HAYBIE, WTO €H 3
OoJbIlIali BeparoJHACIIO YTBaphIycs Yy mpamdce AyIumikaipll (3'syisenma OoJbIil
MaJIaJIof MmacisA0yHAcCIi0), a TakcaMa Y XOj3¢ NpbICTacaBaHHs Ja KCeHaOlEéThIKay
XyTKa MSHS€ CBaO (DYHKIIBIIO.



ABSTRACT

Diploma project 50 p., 11 figures, 11 tables, 65 sources.

Keywords: cytochromes P450, detoxification, genomics, evolution of gene
families, aphids.

Object of the research: cytochromes P450 in different aphid species.

The aim of the research: to obtain scientific data on the evolution and
adaptation of cytochromes P450 in aphids Macrosiphum rosae.

Materials and methods: cytochromes P450 of aphid M. rosae, whose genome
was annotated for the first time, cytochromes P450 of aphid Aphis craccivora, whose
genome was annotated by the staff of student research laboratory of Bioinformatics
and Molecular Evolution of animals, as well as cytochromes P450 of 7 species of
aphids from the GenBank genetic database. Methods: bioinformatics, computer.

According to the results of the work, 7 genes of CYP380, 7 genes of CYP4, 17
genes of CYP6 — cytochromes P450 related to the detoxification system in aphids of
M. rosae were found.

Among the CYP380 and CYP4 sequences, the groups with the highest
phylogenetic instability include precisely the CYP380 family, which, according to
studies, is overexpressed when sulfoxaflor is absorbed. The data obtained confirms
the ongoing evolutionary adaptation to this type of insecticide. A duplication of a
gene from this family, CYP380C35, was found in the genome of M. rosae.

The genes CYP6CY3, CYP6CY®6, and CYP6CY9, which are directly related to
the detoxification of neonicotinoids, were attributed to the most evolutionarily
unstable sequences

During the calculation of the rate of evolution, it was noticed that paralogs
have higher values of dN/dS. That is, they are more under the influence of
evolutionary selection. And also some of these paralogous genes have a low dS score,
I.e. these sequences are young. The duplicated CYP380C35 gene has a relatively high
dN/dS index (0.4935) and a low dS index (0.0298). That is, it is more likely to have
been formed during duplication (it is a younger sequence), as well as during
adaptation to xenobiotics, it quickly changes its function.



