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AuHoTauuA. B npoyecce pabomul 6bl1a UYYEHA 803-
MOJNCHOCMb NPUMEHEHUSL Memoda NOAUMEPA3HOT UenHol
peaxyuu (TTLP) onpedenenHuvix yuacmros eena COI 0ns udeH-
mugukayuu asuamcxoii 20010l Opozogunvt Drosophila
suzukii Ha NPEUMALUHANBHLIX CMAJUIX PA3BUMUS U 603-
MONCHOCb NPUMEHEHUS. U3YYUaAeMblX mMecmos s 1a60pa-
mopHoti duazHocmuku. B cmambve npueedeHvl 0pueuHaIb-
Hvle dauHble (HykJieomudnvle nociedosamenvHocmu) Ons
udenmuguxayuu yenesoeo obvexma memodom I1LP u ux
nocaedyoueeo Ucnosv30eanus 8 nodbope sudocneyudiuy-
HbLX 2EHEMUYECKUX MAPKEPOS.

KiroueBsle cioBa. Asuamckas 200Has dpo3oguna
Drosophila suzukii, sudosas udenmuguxayus, ITLP, eex
COI, kapaumuu pacmeHull.

BBEJEHUE

mocjaegHue TOAbl 3HAUYUTENbHO
YBEJIUYUJICA UMIIOPT ILJI0L0BO-
SITOIHOM TIPOAYKIIMY Ha TEPPUTO-
puto Poccuiickot denmeparuu. I1o
na"HbIM PeflepaibHOM CIIYXKOBI 110
BeTepUMHAPHOMY U (DUTOCAHUTAPHOMY Hazzopy (cTa-
TUCTWKA TIOCTYTIAIIEN MPOLYKIIUY B HCIIBITATENb-
HbIe JIabOPaTOPUM CTPaHbl COTJIACHO MH(OPMAIIOH-
HOW cucteMe «Apryc-®uTo»), ToJbKo 3a 2018-2019 rT.
Ha TeppuTopur Poccuyu UMIIOPTUPOBAJIU OKOJIO
2 MJIpPZ, T TIJIOAOBOY U ATOLHOU MPOAYKIIMY HA CYMMY
6oJiee 3 muiph, mosapos CIIA m3 cTpaH pacipocTpa-
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Abstract. In the process of work, the possibility of ap-
plication of polymerase chain reaction (PCR) of certain COI
gene fragments for identification of preimaginal develop-
mental stages of spotted-wing drosophila Drosophila suzukii
and possibility of application of these methods for laboratory
diagnostics were studied. The article presents original data
(base sequences) for identification of the target object by PCR
method as well as further use for selection of species-specific
genetic markers.

Keywords. The spotted-wing drosophila Drosophila
suzukii, species-level identification, PCR, COI gene, plant
quarantine.

INTRODUCTION

n recent years, the import of fruit products into
the Russian Federation has increased signifi-
cantly. According to the data of Federal Ser-
== vice for Veterinary and Phytosanitary Sur-
veillance (statistics on products incoming to
the testing laboratories of the country, according to the
Argus-Phyto information system) in 2018-2019 only,
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Henus Drosophila suzukii. TIpy TaKOM TTOTOKE TTPOAYK-
UM eCThb GOJNBbIION pUCK MHBa3uu Drosophila suzukii
B Poccuiickoit ®enmepaliuu.

ExxeqHeBHO Ipu (GUTOCAHUTAPHOM IOCMOTPE
1 J1a60paTOPHOM KCCJIEOBAHUU TTOAKAPAHTUHHON
MTPOAYKIIMY BBISBJISIOT KaK KapaHTUHHbIE, TaK U He-
KapaHTUHHBbIE BUJBI IJIOJOBBIX MYIIEK CEMENCTRBA
Drosophilidae.

3a2018-2019 rr. mpu puUTOCAaHUTAPHOM U Jiabo-
PaTOPHOM HCCJIEIOBaHUY B IJIOLOBO-ATOLHOMN U IIJIO-
JIOBOOBOIIHOM ITPOAYKIIMY ObLIN BBISBJIEHBI TaKUe
BU/IBI TJIOJOBBIX MYILIEK, OTHOCSIIUXCS K CEMENCTBY
Drosophilidae, xak Zaprionus tuberculatus* Malloch,
1932, adpukanckasa ¢purosas Myxa Zaprionus indianus
Gupta, 1970, nposoduna o6bIKHOBeHHAas Drosophila
melanogaster Meigen, 1830, npo3oduia moxoxas
Drosophila simulans Sturtevant, 1919, azuaTcKas arof-
Hag gposoduiua Drosophila suzukii (Matsumura, 1931).
Eciu nepBbie 4 He SBJISIOTCS KAaPpaHTUHHBIMU BPEIIN-
TEJIIMHU, TO a3uaTcKas aromHas nposoduia Drosophila
Suzukii OTHOCUTCS K UMCJY KaPAaHTUHHBIX 00 bEKTOB,
OTCYTCTBYIOIIMX HA TEPPUTOPUN EBPa3suiicKoOro sKo-
HOMMYECKOTO COH03a.

Drosophila suzukii — monudar, IoBpeXxaaeT pac-
TeHus u3 15 ceMelcTB, 0co6eHHO u3 pomoB Vaccinium
(BakumHUyM), Rubus (Manvuua), Prunus (cnusa), Fragaria
(3emmsrHuKa), Vitis (BuHOrpam), Ficus (bukyc), Actinidia
(axkTuHUAUS), Rhamnus (kpymnHa), Lonicera (KUMo-
JIoCTh), Sambucus (6y3rHa) 1 MHOTUX Ipyrux (Kanzawa,
1939) [6].

OGBIYHO IIeJieBble BUIbI ceMelicTBa Drosophilidae
3aCeNIII0T MeXaHUYeCKY MMOBPEeXIeHHble, THUIOIINE
ionel; Drosophila suzukii, B OTIIMYKE OT TaKWUX BUIOB,
CcIIocoOHa 3aCejIsITh CBEXUeE, HETIOBPEXXIeHHbIe TIJ10-
nv1. Kpome Toro, camku Drosophila suzukii OTKJIagbIBa-
0T giilla B CO3PEBAIOIINE TIJIObI. BBLIYIISIONECS
U3 UL INYUHKYA TUTAITCS BHYTPU ILJIOZA, BBI3BIBAS
pasMsaryenue TkaHel. Ha 3apaXeHHBIX IJI0/IaX ITPOSIB-
JISI0TCA BHauaJje HeboJbInne pyo1ibl, OCTaBIEHHBIE i~
1IeKJIaJOM CaMKH, a 3aTeM MATKIE BAABJIEHHbBIE IITHA,
YTO B JAJIbHEUIIEM ITPUBOIUT K PE3KOMY CHIKEHUIO
KauecTBa mpoaykuuu [3].

[Ipu KapaHTUHHOM (PUTOCAHUTAPHOM 06CiieloBa-
HUY U JJabOPaTOPHOM MCCIENOBAHUM TTOLKAPAHTUH-
HOM IPOAYKIIMY Yallle BBIABJSIOT IIPeMMarnHabHble
CTaZu¥ Pa3BUTUS (INYWHKY, IIyTIapuu). B HacTosmee
BpeMs Drosophila suzukii MOXXHO UIeHTU(PUITUPOBATD
TOJIBKO 110 MOP(OJIOrNYECKUM IIPHU3HAKAM B3POCIIBIX
ocobei. Kiouell m IMarHOCTUYECKUX IIPU3HAKOB I10
NpeuMaruHaJbHBIM CTaNUAM He paspaboTaHo [3].
B cirydae BbISIBJIEHUS TIPEUMaruHaIbHbIX CTAUHN JIJIs
IOCTOBEPHON NIeHTU(DUKAIIMY He0O6X0ouMO Jopac-
TUTh OOHAPY)KEHHBIN 0OBEKT IO COCTOSTHUSI UMAaro
(masg Takoro mopauuBaHUS TPEGYETCS B CPEHEM OT
5 o 10 mHel), 9YTO IPUBOLUT K 3a€PXKKe TPOLYKITUU
Ha GUTOCAHUTAPHBIX KOHTPOJIbHBIX IIOCTAX U BCIIE-
CTBUE — IIOPYEe U [I0TePe TOBAPHBIX KAUEeCTB IMapTUM
TJIOZOBOY M SITOJTHOM IPOLYKIIU Y.

Iloist GBICTPOY M IOCTOBEPHON UAEHTU(GUKAIIUN
Drosophila suzukii cpeivi HeKapaHTUHHBIX BUJ0B ILJIO-
JIIOBBIX MYyIIEeK, KOTOPble BCTPEYAIOTCS IPU KapaH-
TUHHOM (pUTOCAHUTAPHOM 06GCIEIOBAHUY UMIIOPTH-
pPyeMoii MPOAYKIIMY Ha PaHHUX CTaAUSAX Pa3BUTUS
(MuumHKK, Tynapuu), HeobxomuMo paszpaboTaThb
KOMIIJIEKC MOJIEKYJISIPHO-TEHETUUYECKUX METOI OB

1 Pycckos3blYHOE Ha3BaHWe OTCYTCTBYET.

about 2 billion tons of fruit products worth over 3 bil-
lion dollars were imported into the territory of Russia
from the countries where Drosophila suzukii is present.
With such a flow of products there is a great risk of in-
vasion of Drosophila suzukii into the Russian Federa-
tion.

Every day during phytosanitary inspection and
laboratory tests of regulated products, both quaran-
tine and non-quarantine species of fruit flies of family
Drosophilidae are detected.

In 2018 and 2019, during phytosanitary and labo-
ratory tests, species of fruit flies of the family Drosophi-
lidae, such as Zaprionus tuberculatus Malloch, 1932, Afri-
can fig fly Zaprionus indianus Gupta, 1970, common fruit
fly Drosophila melanogaster Meigen, 1830, Drosophila simu-
lans Sturtevant, 1919 and spotted-wing drosophila Dro-
sophila suzukii (Matsumura, 1931), were detected in fruit
and vegetable products. While the first four species are
not quarantine pests, the spotted-wing drosophila Dro-
sophila suzukii is one of the quarantine objects absent on
the territory of the Eurasian Economic Union.

Drosophila suzukii is a polyphage that damages
plants from 15 families, especially from genera Vaccini-
um, Rubus (raspberry), Prunus (plum), Fragaria (straw-
berry), Vitis (grape vine), Ficus (ficus), Actinidia, Rhamnus
(bearwood), Lonicera (honeysuckle), Sambucus (eldern)
and many others (Kanzawa, 1939) [6].

Target species of Drosophilidae family usually in-
habit mechanically damaged, rotting fruits; Drosophila
suzukii, unlike these species, is able to inhabit fresh, un-
damaged fruits. In addition, females of Drosophila suzukii
lay eggs in ripening fruits. The larvae hatching from the
eggs feed inside the fetus, causing tissue softening. In-
fected fruits first show small scars left by female’s ovi-
positor, and then soft indented spots, which later leads to
a sharp decline in the quality of the product [3].

Quarantine phytosanitary inspection and labora-
tory tests of regulated products more often reveal pre-
imaginal developmental stages of (larvae, puparia).
At present, Drosophila suzukii can only be identified by
morphological features of adults. No keys or diagnos-
tic features have been developed for the preimaginal
stages [3]. In case of detection of preimaginal stages,
for reliable identification it is necessary to grow the
detected object to the state of imago (it takes on average
5 to 10 days for such completion of growing), which
leads to production delay at phytosanitary border con-
trol posts and consequently — spoilage and loss of com-
mercial qualities of lots of fruit products.

For quick and reliable identification of Drosophila
suzukii among non-quarantine fruit fly species, which
occur during quarantine phytosanitary inspection of
imported products at early stages of development (lar-
va, puparium), it is necessary to develop a complex of
molecular-genetic methods of diagnostics. To accom-
plish this task, it is possible to test and use the world
experience of molecular identification with PCR and
subsequent sequencing of COI gene fragment with uni-
versal primers for insects S1859/A2191 (Bogdanowicz
et al., 2000), in modification (Kamayev et al., 2015),
as well as the proposed international Q-bank primers
LCO1490/HC02198 (Murphy et al., 2015) [2, 5, 7].
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IUarHOCTUKU. [IJig BBIITIOJHEHU IIOCTaBJIeHHOM 3a-
Ilau¥M BO3MOXKHO allpo6UpPOBaTh M UCIOJIb30BATh MU-
POBOIi OTIBIT MOJEKYISIPHON UAeHTU(GUKAIIWY C TIPU-
MeHeHueM [P u mocienyoiyM CEKBEHUPOBaHUEM
ob6sactu reHa COI c yHuBepcaJbHBIMY MpaliMepaMu
I HacekoMbix S1859/A2191 (Bogdanowicz et al.,
2000), B mopudukanumu (Kamaes u ap., 2015), a Tak-
JKe MTPeJI0KeHHBIMY MEeXIYHapoaHOW 6a30¥ JaH-
HBIX Q-bank mpaitimepamu LCO1490/ HCO2198
(Murphy et al., 2015) [2, 5, 7].

Vicrosb30BaHME MOJIEKYISIPHOTO METO/Ia TTI03BO-
JIUT UAeHTUDUIUPOBATh Drosophila suzukii ¢ TOUHO-
CThI0 10 99-100% Ha nperMarvHaJbHBIX CTALUIX
pa3BUTHUS B TeueHMe 2—3 IHEHN B 3aBUCHUMOCTH OT KO-
JIMYecTBa MOCTYIIUBIINX HA aHaIu3 06pasioB JIUYU-
HOK WJIY ITyTIapUEB.

MATEPHAJIBI U METO/IbI

Ilo HavaJja uccieqoBaHNA OMOJIOTUYECKUY MaTepuasl
xpaHuiu B 70%-M 3TUIJIOBOM CIIUPTE, TIepes, Bblaese-
HueM JIHK mpoBOAUIY €T0 IPOCYIIKY 10 TIOJTHOTO BhI-
rmapuBaHUs CIIMpPTA.

IHK BbIIensAnu U3 UCCIeLyeMOro Marepuasa
(mymapuy ¥ JUUYMHKYA Ha PA3JIMYHBIX CTAIUSIX Pa3BU-
THs1), o6pabaTbiBas 06pasilsl IpoTenHasoi K ¢ mocie-
IYIONIUM yaaJieHueM 6eJIKOB 6e3 9KCTPaKI[MY OPTaHu-
YeCKUMU PAaCTBOPUTEJIIMU, UCTIONb3Yd Habop «JHK
JKcTpaH-2», Ha6op N2 NG-511-100 (3A0 «CuHTOI»,
Poccutickas demepaliys) COTJIaCHO MHCTPYKIIUU ITPO-
U3BOJUTEIS.

[Tocne BoigeneHusa JHK mnpoBomuau umsme-
peHue ee KOHIEHTPAIMU Ha CHEKTpodoToOMeTpe
NanoDrop-2000 (Thermo Fisher Stf., CIIIA). PekomeH-
nyemada KoHLeHTpauuda JHK ninga nmonydeHuda xaue-
CTBEHHBIX IpoAyKTOB [P mosKHa cOCTaBIIATE B IIpe-
Ienax 2—130 Hr/MKJI. [Tpy HEOOXOAVMOCTU TOTAILHYIO
IIHK pasBoguau 10 50-100 HI/MKJI.

Il mepBOTroO 3Tala aHajliki3a MPUMEHSIJIU pa-
Hee IpencTaBjeHHbIe IIpaiMeps! [5]: $S1859 (5° —
GGAACIGGATGAAC (A/T) GTTTA (C/T) CCICC - 3’)
nA2191 (5" - CCCGGTAAAATTAAAATATAAACTTC - 3’).
B pa6oTe ucrosb3oBaiu ycjioBud AJis [P, onTuMu3sm-
poBaHHbIe KamMaeBbIM B coaBT., 2015 [2].

Takxe TpPOBOAUJM aMIOJUDUKAIUO
yuactka JHK mpatimepamu c¢ LC0O1490 (5 -
GGTCAACAAATCATAAAGATATTGG - 3’) u HC02198
(5’ -TAAACTTCAGGGTGACCAAAAAATCA - 3’) tpu yc-
JIOBUSIX Pa3paboTUNKOB.

BupmocnenuduuHbie npaiMepsl OJsS a3war-
CKOU garomHo# mpos3oduiabl — Dro-Suz A390 (57 -
TTGAACTGTTTACCCACCTCTT - 3 ") u Dro-Suz S390
(5" — GGTATTCGGTCTAATGTAATACCC — 3 ") — ampo-
6VpoBaU C peareHTaMy OT€YEeCTBEHHOTO ITPOU3BOJI-
cTBa [8]. ABTOpamMu 6bLIN IIPeJIOKEeHbI COCTaB peak-
IIMOHHOM cMecH U ycaoBusd amIiudukanmu (tabi. 1).
JlaHHBIX 0 TOM, UTO YKa3aHHas [Tapa npariMepoB ObLIa
npuMeHeHa B Poccuu paHee, He HaliJIeHO.

Bce mpaliMmepsl pas3paboTaHbl OJiI Kjaccuue-
ckoii ITLIP, B CBSI3U C YeM BU3yaJIM3aIUI0 TPOYKTOB
aMIIu(pUKaIUY ITIPOBOAUIIN METOJIOM rOPU30HTAJIb-
HOTO 3JeKkTpodopes3a B 1,5%-M arapo3HoM reile.
[Ipu MOJIydyeHUHU TOJOXKUTEJbHOTO pe3yJibTaTa Ha
ajieKTpodoperpaMMe BCce aHAJIM3UPyeMble 00pa3Iibl
IIPOXOIUJIY TIOATOTOBKY MPO6 K aHAJIU3y METOIOM
CEKBEHUPOBaHUA.

Jig ourcTku nponykrToB [P npumMeHsanu Ha-
6op pearenToB GeneJET Purification PCR product

=

e -

P
L —
h——}
~
—
=

Puc. 1. 9nekTpocoperpamma Fig. 1. Electrophoregram

c npaiimepamu S1859/A2191:  with primers S1859/A2191.:
1 - Drosophila suzukii, 1 - Drosophila suzukii,

2 — Drosophila simulans, 2 — Drosophila simulans,

3 - Drosophila melanogaster, 3 - Drosophila melanogaster,
4 - Zaprionus tuberculatus, 4 - Zaprionus tuberculatus,
5 — Zaprionus indianus, 5 — Zaprionus indianus,

K — oTpuuartenbHbiii KOHTponb K — negative control

The use of the molecular method will make it pos-
sible to identify Drosophila suzukii with an accuracy of
99-100% at preimaginal stages of development with-
in 2-3 days, depending on the number of larvae or pu-
paria samples submitted for analysis.

MATERIALS AND METHODS

Before the study began, the biological material was
stored at 70% ethanol, before DNA extraction it was
dried until the alcohol was completely evaporated.

DNA was extracted from test material (puparia
and larvae at various stages of development) by treat-
ing samples with K proteinase followed by protein re-
moval without extraction with organic solvents, and the
“DNA Extran-2” kit, kit N2 NG-511-100 (ZAO “Sintol”,
Russian Federation) were used according to the manu-
facturer’s instructions.

After DNA extraction, its concentration was mea-
sured on the NanoDrop-2000 spectrophotometer
(Thermo Fisher Stf., USA). The recommended DNA
concentration for quality PCR products should be in
the range of 2—130 ng/uL. If necessary, total DNA was
diluted to 50-100 ng/uL.

For the first stage of analysis, the previously pre-
sented primers [5] were used: S1859 (5’ — GGAACIG-
GATGAAC (A/T) GTTTA (C/T) CCICC — 3’) and A2191
(5" — CCCGTAAATTAAAACTTC - 3’). Optimized condi-
tions for PCR were used in work PCR conditions were
optimized by Kamaev et al., 2015 [2].

The amplification of the DNA fragment was also
performed with primers LCO1490 (5° — GGTCAA-
CAAATCATAAAGATATTGG — 3’) and HC02198 (5’ — TA-
AACTTCAGGTGACCAAAAAATCA - 3’).

Species-specific primers for spotted-wing dro-
sophila — Dro-Suz A390 (5° — TTGAACTGTTAC-
CCACCTCTT - 3’) and Dro-Suz S390 (5" — GGTATTC-
GTCTAATACCC - 3’) — were tested with reagents of
domestic production [8]. The authors proposed the

CeHTsbpb N2 3 (3) 2020 35



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Ta6auia 1

CocTaB peaKkIIOHHOM cCMeCH

JLJ1S TIpaiiMepoB

Dro-Suz A390/Dro-Suz S390

U TeMIlepaTypHO-BpeMeHHoi pexum I[P

0O6'beM KOMIIOHEHTA
PeareHTbI Ha 1 o6pa3zel], MKJI

Forward primer: Dro-Suz A390 0,5

Reverse primer: Dro-Suz S390 0,5

ScreenMix-HS 5X 5
H,0 17
IOHK 2
O6BeM 25
Ycaosusa IIP:

Henatypanug ripu 95 °C B TeueHue 90 cex

Ilanee 35 IIMKJIOB:

IeHaTtypanusa 15 cex ipu 95 °C

OTI)KUT IIpariMepoB 30 cek ripu 58 °C

3JIOHT AW 30 cek ripu 72 °C

TTocnmemumii sTan: puHAJbHAA SJIOHTAUs ITpu 72 °C
B TeUeHUE 5 MUH

Kit (Thermo Fisher Stf., CIIIA). K kaXX10My IIPOJIYKTY
TP mo6aBisanu 1:1 06bem 6ydepa A CBI3bIBAHUS
B TOTOBYI0 cMech 1t [P (Hanpumep, Ha Kaxkabie 100
MKJI PeaKIIMoOHHOM cMecu nobasiisiau 100 Mk 6ydepa
ILJIs CBSI3BIBAHMS). TIATEIbHO ITepeMernyBaty. [lepe-
HOCMJIV PACTBOP B OUMCTUTENIbHYIO KOJIOHKY, 3aTEM
neHTpudyruposanu B TedueHue 30-60 c. [Tocae aToro
B KOJIOHKY OUYMCTKY H06aBisau 700 MKJI IPOMBIBOY-
Horo 6ydepa, neHTpudyrupoBanu B TeueHue 30-60 c,
IIOTOM BBIGPACHIBAJIM IIPOTOYHYIO YaCTh U ITOMeIa-
JIV KOJIOHKY OUMCTKY 06paTHO B IIPOOUPKY AJis c6o-
pa. [lanee 1eHTpUQYTUPOBATIU IIYCTYI0 OUUIIAONTYI0
KOJIOHKY B Te€UEeHUe IOIIOJHUTEJNbHOU 1 MUH, TOCJe
4Yero MepeHOCUJIU OYHUIIANIYI0 KOJIOHKY B YMCTYIO
1,5-MUJIIUIUTPOBYI0 MUKPOIIeHTPU(DYTUPOBAHHYIO
mpobupky. s anonuu gobasisiau 50 Mk 6ydepa
B IIeHTp MeMOpaHbl U IIeHTPpUudyTrupoBaIy B TeUEHNE
1 MuH.

CekBeHUPOBaHNE IPOBOAUIN Ha TeHETUYECKOM
ananusaTope AB-3500 (Applied Biosystems, CIITA/4r0-
HUSI) C UCITOJIb30BAHUEM ONITUMHU3UPOBAHHOTO IIPOTO-
KoJia [1].

[TosryueHHble yuacTku reHa COI aHasmm3upoBasiy,
BBIPABHUBAJU U PeJaKTUPOBAJIU C ITOMOIIbI0 PeaK-
tTopa BioEdit v.7.0.5.3. CpaBHUTENbHbBIN aHAJIN3 TI0JTY-
YEeHHBIX I10CJIEI0BATEIbHOCTEN ITPOBOJIUIY C TI0CTE-
JIOBATEJbHOCTAMU MeXIyHapomHOU 6a3bl JaHHBIX
National Center for Biotechnology Information Search
database (NCBI) [4].

PE3VYJIBTATBI U OBCYKJEHUA
B mpoiiecce mpoBeIeHHOM paboThI MpOaHAIU3UPOBAH
MaTepuaJl, oJiydeHHbIH 3a 2018-2019 rr. jabopato-
puel SHTOMOJIOTUY VCIBITATEIbHOTO JIAG0PaTOPHOTO

composition of reaction mixture as well as amplifi-
cation conditions (Table 1). No data on the use of this
primer pair in Russia was found.

All primers are developed for Conventional PCR,
in this connection visualization of amplification pro-
ducts was carried out by horizontal electrophoresis
method at 1.5% agarose gel. If a positive result was ob-
tained at the electrophoregram all test samples were
prepared for sequence analysis.

The GeneJET Purification PCR product kit (Ther-
mo Fisher Stf., USA) was used for purification of PCR
products. To each PCR product added a 1:1 volume of
Binding Buffer to completed PCR mixture (e. g. for eve-
ry 100 pL of reaction mixture, added 100 uL of Binding
Buffer). Mixed thoroughly. The solution was transferred
to the purification column, then it was centrifuged for
30-60 sec. After that 700 uL of wash buffer was ad-
ded to the purification column, it was centrifuged for
30-60 sec, then the flow-through was discarded and
purification column was placed back into the collection
tube. Then the empty purification column was centri-
fuged for an additional minute, after that the purifica-
tion column was transferred to a clean 1.5mL micro-
centrifuged tube. For elution, 50 uL of buffer was added
to the center of the purification column membrane and
centrifuged for 1 min.

Sequencing was performed on the AB-3500 gene-
tic analyzer (Applied Biosystems, USA/Japan) with the
use of optimized protocol [1].

The obtained fragments of the COI gene were
analyzed, aligned and edited using BioEdit v.7.0.5.3.
Comparison analysis of the obtained sequences was

Table 1

Composition of reaction mixture

for Dro-Suz A390/Dro-Suz S390 primers
and temperature-time regime of PCR

Component volume
Reagents per 1 sample, pl

Forward primer: Dro-Suz A390 0.5

Reverse primer: Dro-Suz S390 0.5

ScreenMix-HS 5X 5
H,0 17
DNA 2
Volume 25
PCR conditions

Denaturation at 95 °C for 90 sec

Next 35 cycles:

Denaturation 15secat 95 °C
annealing of primer 30secat58°C
elongation 30 secat72°C

Last stage: final elongation at 72 °C for 5 min
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Tao6auma 2

Pe3ynbTaThl CEKBEHUPOBaHUA yuacTKa reHa COI

Nen/m UpeHTUDUIUPOBAHHBIN BU, IToxkpbiTUE NaeHTU4YHOCTh

1 Drosophila suzukii, ID-kom N868747.1, crpaHa [TopTyraius 100% 99,57%
Drosophila suzukii, ID-kogq MK435599, ctpana Typrus 100% 99,58%

2 Drosophila simulans, ID-kox MK251433, cTpaHa HOxHas Adpuka 100% 99,66%
Drosophila simulans, ID-kox KJ671606, ctpana HoBast 3etaHIus 100% 99,66%

3 Drosophila melanogaster, ID-xom KJ463787, ctpana CIIIA 100% 100%
Drosophila melanogaster, ID-kog, MK251427, ctpana IOxHasg Appuka 100% 100%

4 Zaprionus tuberculatus, ID-kog MK509763, ctpana Typrus 100% 99,62%
Zaprionus tuberculatus, ID-kom MK509764, ctpana Typiius 100% 99,65%

5 Zaprionus indianus, ID-kox EF632362, ctpana Erumner 99% 99,87%
Zaprionus indianus, ID-kom MN824026, cTrpana Vipan 99% 99,98%

nenTpa ®I'BY «BHUUKP» (okoso 200 06pas1ioB ImyIia-
PUEB U INYNHOK), C TIOMOIIbI0 2 yuyacTKOB reHa (COI)
nuToxpom C-okcupasbl. ATpo6upPoOBaHbI BUIOCIIE-
nudrUIHbIe TpaiMepsl IJI IUarHoCTUKYU Drosophila
suzukii.

[Tory4eHBbI MOCTIEL0BATEIbHOCTY yUaCTKA reHa
COI pag manmbHeNIIEro moa6opa BUAOCIEU(PUIHBIX
MMpauMepoB [Js MOJHOIIEHHOTO IMOATBEPXKAEHUS
1abopaTOPHBIX MCCIeIOBaHUYN 6e3 MPUMEeHEeHU
METO/la CEKBEHUPOBAHUSA. ITO MO3BOJUT YCKOPUTH
BpeMs aHaJiK3a TJIOLOOBOUIHON MPOAYKIIUU TPU
BBISBJIEHUU MTPEUMaruHaJbHBIX CTAUN Pa3BUTUA
KapaHTUHHBIX BUJIOB IJIOJIOBBIX MYIIEK CEMeMCTBA
Drosophilidae.

PesynbraThl 3jieKTpodopesa, MpeicTaBIeHHbIE
Ha pucyHKe 1, Tokasanu, YTO IIpaliMepHas cucTema
S1859/A2191 amnaudunuposaja npoaykTs [TLIP of-
HOTO pasMepa — 385 map ocHoBaHM (1I. 0.).

performed with the sequences of International data-
base of the National Center for Biotechnology Infor-
mation Search database (NCBI) [4].

RESULTS AND DISCUSSIONS

In the course of the work, the material obtained in
2018-2019 by the Entomology Laboratory of the Labo-
ratory Testing Center of FGBU “VNIIKR”, for 2 frag-
ments of the gene of cytochrome C-oxidase (COI) was
analyzed, and primers for species identification of Dro-
sophila suzukii were tested.

Sequences of the fragment of the COI gene were
obtained for further selection of species-specific prim-
ers for full laboratory validation without sequencing.
This will allow to speed up fruit and vegetable pro-
duct analysis when identifying the preimaginal deve-
lopmental stages of the quarantine species of the fruit
flies of Drosophilidae family.

Table 2

Results of COI gene’s fragment sequencing

Ne Identified species Coverage Identity
Drosophila suzukii, ID code N868747.1, Portugal 100% 99.57%

! Drosophila suzukii, ID code MK435599, Turkey 100% 99.58%
Drosophila simulans, ID code MK251433, South Africa 100% 99.66%

i Drosophila simulans, ID code KJ671606, New Zealand 100% 99.66%
Drosophila melanogaster, ID code KJ463787, USA 100% 100%

° Drosophila melanogaster, ID code MK251427, South Africa 100% 100%
Zaprionus tuberculatus, ID code MK509763, Turkey 100% 99.62%

N Zaprionus tuberculatus, ID code MK509764, Turkey 100% 99.65%
Zaprionus indianus, ID code EF632362, Egypt 99% 99.87%

> Zaprionus indianus, ID code MN824026, Iran 99% 99.98%
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Tao6auia 3
Pe3yabTaThl aHAJIM3a ¢ npaiimepamu HC02198/1.C01490

The results of electrophoresis, which are present-
ed in Fig. 1, showed that the primer system S1859/
A2191 amplified PCR products of the same size — 385

Puc. 2. 9nekTpochoperpamma Fig. 2. Electrophoregram
C npanmMepamum with primers

HC02198/LC01490:
1 - Drosophila suzukii,
2 - Zaprionus indianus, 2 — Zaprionus indianus,

3 — Drosophila simulans, 3 — Drosophila simulans,

4 - Drosophila melanogaster, 4 - Drosophila melanogaster,
K — oTpuuatenbHbIn KoHTponb K — negative control

HC02198/LC01490:
1 - Drosophila suzukii,

OTpuilaTeabHbIN KOHTPOJIb IT0KA3aJl OTCYTCTBUE
KOHTaMUWHAIIUU MeXAy obpasiiaMu pa3sHbIX BUIOB
IJIOAOBBIX MyllIeK ITpu BeigeseHuu JHK u3 vHux. I1o-
JIOXKUTEJNbHBIN KOHTPOJb B HCCJIEN0BAaHUY He MIpe-
rojlarajicd, Tak Kak BoigesieHue JHK ocyiiecTBinganu
u3 1Mpob MaKpoobbeKTa. Pe3ynbTaThl T€HETUUECKO-
ro aHaju3a MOoCJieOBaTEeNbHOCTEN MIpeACTaBIeHbI
B Tabnutie 2.

Vi3 TabauIlel 2 BULHO, YTO IIPECTaBIeHHbIE 06-
pasibl pa3HOTro reorpaguueckoro MPOUCXOXIeHU
UOEHTUYHBI ITocjaemoBaTeabHoCcTIM 6as3bl NCBI oT
99,57% 10 100% c mokpeiTHEM 0T 99% 10 100%. [Tosty-
UeHHbIe JaHHbIE MOTYT ObITh MCII0JIb30BAHBI JIJIS1 TAJTh-
HellIero aHaamaa 1ejgeBoro yuyactka JHK miomoBeIx
MYIIEK TIPY MTOA60pe BUAOCTIEIIN(PUIHBIX TECTOB.

PesynbraThl TP ¢ mpaiiMmepamu HC02198/
LCO1490 nipencraBiieHbl Ha pUCYHKe 2. OTMEUYEHO, UTO
Bce IIeJieBble 00pasiibl cpaboTa Iy MOJIOKUTEIBHO C 06-
pasoBaHueM npogykra 1P pazmepom okoJio 800 11. 0.
TouHbIl pazmMep MpoaykToB ITI[P n3-3a pa3aMepHOro
psoa MapKepa MOJIEKYJISIPHOTO Beca YCTAHOBUTD He
TIPeCTaBIIIOCh BO3BMOXXHBIM, X 9TO HE BJIMSJIO Ha pe-
3yJbTaT UCCJIe[OBaHNS. Pe3ynbTaTel aHAIN3a ITOCTIEI0-
BaTeJbHOCTE ITPeICTaBIeHbl Ha PUCYHKE 2.

PesysbTaT reHeTUYECKOTO aHAIU3a [IPeCTaBIIEH
B Tabyuile 3 IIPY COOTBETCTBUY MOPSLKOBOIO HOMEPa
¢ anekTpodoperpamMmoit ammaupukauu (puc. 2).

V3 Tabuniibl 3 BULHO, UTO IOJIyUeHHBIE ITOCJe-
IOBaTEJIbHOCTU COOTBETCTBYIOT NJaHHBIM NCBI npu
aHaju3e 06pasIloB Pa3HOro reorpadruuecKoro pouc-
XOXIEeHUd IPU ULeHTUYHOCTHU U ITIOKPBITUHU OT 99,81%
10 100% u oT 99% 1o 100% cooTBeTCcTBEHHO. Ha oc-
HOBe HYKJEOTUIHBIX IIOCIEN0BATEIbHOCTEH, ITPe -
CTaBJIEHHBIX BBIIIE, a TAK)KEe HEe BOLIEIINX B ITOJHOE
OTIXCaHMeE Pe3yIbTaTOB aHAIM3a KOJUIEKITUY 00Pa31ioB

base pairs (b. p.). N2 n/m Pe3ysabTaT MCCJIeI0BAHNSA ITokpbiTUE NaeHTU4YHOCTh
Negative control showed no contamination be- - -
tween samples of different species of fruit flies during 1 Drosophila suzukii, ID-xop, MK435596, crpana Typuus 100% 100%
DNA extraction. No positive control was used in the Drosophila suzukii, ID-koz, MG605095, crpana iseiiapus ~ 100% 100%
study since DNA was extracted from macro-object
samples. The results of genetic analysis of the sequen- 2 Zaprionus indianus, ID-xox EF632367, ctpana UHausS 99% 99,81%
ces are presented in Table 2. ) T
Table 2 shows that the presented samples of dif- Zaprionus indianus, ID-kox KF736189, crpana Haus 99% 99,81%
ferent geographical origin are identical to the NCBI 3 Drosophila simulans, ID-xog, MK801758, cTpada Typuus 100% 100%
base sequences from 99.57% to 100% with coverage
from 99% to 100%. The data obtained can be used for Drosophila simulans, ID-kog KX161438, crpaHa VicrmaHus 100% 100%
further analysis of the target fragment of fruit fly DNA . N
in the selection of species-specific tests 4 Drosophila melanogaster, ID-xom MK236169, ctpana Kutaii 100% 100%
The results of PCR with HC02198/L.C0O1490 pri- Drosophila melanogaster, ID-xox MK236173, crpana Kurait 100% 100%

mers are shown in Figure 2. It is noted that all target
samples have worked positively with formation of PCR
product of about 800 b. p. It was not possible to specify
the exact size of the PCR products due to the range size
of the molecular weight marker, which did not affect the
result of the study. The results of sequence analysis are
presented in Figure 2.

D. suzukii D.simulans M D. melanog |

) o D O ¢ D Y e I o

Negativ controls |
D EA e G = B = ) = =)

Puc. 3. 3nekTpochoperpamma Fig. 3. Electrophoregram
c nparimepamu with primers

Dro-Suz A390/Dro-Suz S390: Dro-Suz A390/Dro-Suz S390:

1 - Drosophila suzukii, 1 - Drosophila suzukii,

2 - Drosophila simulans, 2 - Drosophila simulans,

3 - Drosophila melanogaster, 3 - Drosophila melanogaster,
K — oTpuuartenbHbIii KOHTponb K — negative control
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nabopaTopuu OymeT BBITIOJHEH IMOAOOP BUAOCIIE-
IUMOUYHBIX IPAKMEPOB He TOJIBKO [IJIsg IPOBeIeHUs
uneHTU(GUKAIUYU METOAO0M KJyiaccmueckoiu ITLIP, HO
TaKXXe C TI0Z00POM 30HI0B AJis [TLIP B pexxumMe peaib-
HOTO BPEMEHMU.

Pes3ynbTaThl MCCHENOBAaHUSA C IMpaliMepHOU
cuctemoit Dro-Suz A390/Dro-Suz S390, npenrmo-
JjaraeMou IJisg BUIOBOUM MAeHTU(UKAIWY, Ha Iep-
BOM 3Talle UCCJIeOBAHUS IMOJYUYUIN JOCTATOUHO
nH(pOPMaTUBHBIE.

Ha smexTpodoperpamme (puc. 3) BUIHO, UTO
npaMepsl MO3BOJUIU MOJYUYUTH MPOAYKT ITIP
TOJIbKO nJist Drosophila suzukii, B To BpeMs kak JHK
Drosophila simulans w Drosophila melanogaster okasa-
JUCh HecrelU(PUUHBI I 1IeJIeBOTO yJyacTKa, Ha
KOTOPBIY mojmobpaHa cucTeMa IipaliMepoB Dro-Suz
A390/Dro-Suz S390. YcTaHOBJIEHO, YTO BhILIEYKa3aH-
Has CUCTeMAa MOXXET MCII0JIb30BATHCS B KAUECTBE BU-
Iocrelnu(UYHOTO TeCTa /IJisd BhISBIEHUS a3UaTCKOMN
SITOJTHOY L p030(hUJIBI CPENY BUIOB MYIIIEK, BCTPEYat0-
IUXCS B XapaKTePHOU IJig Hee ITPOoAyKIIuu. Heobxo-
IVMBI NaJibHeWIe anpobanus 1 BaJuganus IJis

Table 3 shows the result of genetic analysis; the
order number corresponds with the amplification elec-
trophoregram (Fig. 2).

The table 3 shows that the obtained sequences cor-
respond to NCBI data while analyzing samples of diffe-
rent geographical origin with an identity and coverage
from 99.81% to 100% and from 99% to 100% respec-
tively. On the basis of the nucleotide sequences present-
ed above, as well as those not included in the full de-
scription of the results of the analysis of the collection
of samples, the selection of species-specific primers will
be made not only for identification by conventional PCR,
but also with the selection of probes for Real Time PCR.

The results obtained at the first stage of the re-
search using Dro-Suz A390/Dro-Suz S390 primer sys-
tem for species identification were quite informative.

The electrophoregram (Fig. 3) shows that the
primers allowed to obtain PCR product only for Dro-
sophila suzukii, while DNAs of Drosophila simulans and
Drosophila melanogaster were not specific for the tar-
get fragment, for which the Dro-Suz A390/Dro-Suz
S390 primer system was selected. It was found that

Table 3

Results of analysis with primers HC02198/L.C01490

N2 Result of research Coverage Identity

1 Drosophila suzukii, ID code MK435596, Turkey 100% 100%
Drosophila suzukii, ID code MG605095, Switzerland 100% 100%

2 Zaprionus indianus, ID code EF632367, India 99% 99.81%
Zaprionus indianus, ID code KF736189, India 99% 99.81%

3 Drosophila simulans, ID code MK801758, Turkey 100% 100%
Drosophila simulans, ID code KX161438, Spain 100% 100%

4 Drosophila melanogaster, ID code MK236169, China 100% 100%
Drosophila melanogaster, ID code MK236173, China 100% 100%
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oTpesieIeHUsT MEPEKPECTHHIX PeaKIuil C IPYyTUMU
Bumamm cemerictBa Drosophilidae.
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the above-mentioned system could be used as a spe-
cies-specific test to identify spotted-wing drosophi-
la among the species of flies found in its host pro-
ducts. Further approbation and validation for possible
cross-reactions with other species of Drosophilidae
family is required.
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AHHOTALUA. BOCOYHASL KAUIMAHO08AS 0PEXOMEOD-
Ka nocie nepeozo nossaeHus 8 Poccuu 00801bHO Oblcmpo
3aHANG 8CE MECMA NPOUSPACMAHUS KAULMAHA NOCEBHO-
20 u cmana epedums. Mecmuvie SHMOMOPazU HE MOy
IffexmusHO pecyiuposams ee HUCAEHHOCHb, NOIMOMY
UHMPOOyKYUs ee CReyuauU3UpPoOBaHH020 Napasumouda
Torymus Sinensis, 0CHOBAHHASL HA ONbIME MHO2UX CIMPAH,
S619emcs. eOUHCMBEHHOL B03MONCHOCMbI0 ObICMPO CHIUL-
3Umb YUCIEHHOCMb 8pedumens u npedomspamums 0aJib-
Hetiwee yxyouwerue cocmosHus kawmara. ITpoeeder ana-
JU3 IKOJI02UYECK020 PUCKA 348034 HOB020 3HMoMoOdiaza
UL NOKA3AHO, 4MO e20 UHMPOOYKYUSL He UMeent CKOJIbKO-HU-
6y0b 3a.MEMHBLX PUCKOB OIS ECMECTNBEHHDLY JIECHbLX C000-
wecms.

KiroueBbie cI0Ba. BOCIMOYHAS KAUMAH08AS 0pe-
XOMBOPKA, MOPUMYC, AHANUS IKOJLOZUYECKO20 PUCKA.

BBEJIEHUE

OCTOYHAs KallTaHOBAast 0PEXOTBOP-
ka Dryocosmus kuriphilus Yasumat-
su,1951 (Hymenoptera, Cynipidae)
TPOHUKJIA Ha TEPPUTOPHUI0 Poccuu
B parioHe I. Couy 1 BIepBbie ObLIa

BBISIBJIEHA HA KalllTaHe MOCeBHOM B COYMHCKOM Ha-

nuoHaJdbHOM mapke (CHII) B 2016 r. [2, 6]. [TomaB Ha

0c060 OXpaHSIeMy IPUPOAHYI0 TeppuTopuio (OOIIT),

KakoBo# sBysieTcss CHII, 3ToT nHBaimep GakTUIeCKn

caM oKasaJics II0J, OXPaHO cTaTyca HAIMOHAJIBHOTO

rmapxa.
B pesysibTaTe CIOKUBIIENCS CUTYAlUK TPUHSITD

IleliCTBEHHbIe MePHI I10 3alUTe KallTaHa OT CEPhEe3-

HO OTIAaCHOCTY, KOTOPYIO IIPEACTABIIET OPEXOTBOPKA,
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Abstract. After the introduction into Russia, the ori-
ental chestnut gall wasp has spread in all growing areas of
sweet chestnut and started to cause damage. Local ento-
mophages are unable to regulate its numbers effectively, so
the introduction of its specialized parasitoid Torymus sinen-
sis, based on the experience of many countries, is the only
way to quickly reduce the number of pests and prevent fur-
ther deterioration of chestnut. The environmental risk as-
sessment of the new entomophage has been carried out and
its introduction has been shown not to have notable risks for
natural forest communities.

Keywords. Oriental chestnut gall wasp, Torymus sinen-
sis, environmental risk assessment.

INTRODUCTION

he oriental chestnut gall wasp Dryocosmus

kuriphilus Yasumatsu, 1951 (Hymenoptera,

Cynipidae) was introduced in the territo-

ry of Russia near the city of Sochi and was

first detected on the sweet chestnut in Sochi
National Park (SNP) in 2016 [2, 6]. Having entered the
specially protected natural area (SPNA), which is the
SNP, this invader actually found himself under protec-
tion of the status of the national park.
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