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AHHOTALINA

Tabaunas GeyiokpbuiKa (Bemisia tabaci Genn.) —
OJIVIH W3 KJIIOUEBBIX TIEPEHOCUNKOB (DUTONIATOTEHHBIX
BUPYCOB, MpeXje BCero 6eroMoBUPYCOB (CeM.
Geminiviridae), K KOTOPBIM U OTHOCUTCS BUPYC XKEJITOM
KypuaBocTuJuCcTheB ToMaTa (TYLCV).

B cBsg3u ¢ TeM, uTo TYLCV umeeT putocanuTap-
HBIW CTaTyC U PEryJupyeTrcs B COOTBETCTBUU C
Pemenuem CoBeTa EBpasmiiCKOM SKOHOMUYECKOH
komuccuu oT 30 Hog6ps 2016 r. N2 158, ocobeHHO
Ba)XKHO 00€CIIeUUTh eT0 paHHEee BhISIBJIEHVE U UTeHTU-
(ukamuro. B paMKax HACTOSIIETO MCCIIELOBAHUS OBLIO
MIPUHATO pellleHUe ONpPeLeJUuTh BO3MOXHOCTh
Boigenenus JHK TYLCV u3 ocobeil TabauHOU 6ejo-
KPBLIKY, XPAHANIIUXCS Pa3HbIMY criocobamMu — B 70%-M
pacTBope 3TUJIOBOTO CIMPTA U B 3aMOPOXEHHOM
cocTosgHUU. [IUTaHWe HaHHBIX 0COOEM MPOUCXOMUIIO
Ha pacTeHudax Tomara, 3apakeHHbIX TYLCV. CpaBHU-
BaJiu BeifeneHue [JHK pasHbIMU KOMMeEPUYECKUMU
HabopaMu, TOCJie Yero NMPOBOAUJIMN M3MepeHUe
KoHIleHTpauuu JHK. 3aTeM ocCylleCTBJLJIM I1OCTa-
HOBKY I1LIP B pexxuMe peasbHOrO BDEMEHMU.

JIOTIOJTHUTENIBLHO C 11eJIbI0 aHaIN3a TeHeTUUeCcKon
T0CJIeI0BAaTeIbHOCTU y4YacTKa reHa LIUTOXPOMOKCHU-
masbel B. tabaci mociie BblIeJeHUda ToTajJbHOU HK
cTaBUJIM Kjlaccudeckyto [T P Kk uckoMmoMy hparMeHTy.
Kak mokasaio ucciemoBanue, JHK-IpOayKT GbII
IeTeKTUpPoBaH Ipu o6oux crocobax BbIIEJNEHUS,
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ABSTRACT

Silverleaf whitefly (Bemisia tabaci Genn.) is one of
the key vectors of phytopathogenic viruses, primarily
begomoviruses (family Geminiviridae), which include
tomato yellowleaf curl virus (TYLCV).

Since TYLCV has phytosanitary status and is
regulated in accordance with Decision No. 158 of the
Council of the Eurasian Economic Commission dated
November 30, 2016, it is particularly important to
ensureits early detection and identification. This study
aimed to determine the feasibility of isolating TYLCV
DNA from silverleaf whitefly individuals stored in
different ways —in a 70% ethanol solution and frozen.
These individuals fed on TYLCV-infected tomato
plants. DNA extraction using different commercial kits
was compared, after which DNA concentrations were
measured. Real-time PCRwas then performed.

Additionally, to analyze the genetic sequence of
the B. tabaci cytochrome oxidase gene fragment after
total NC isolation, classical PCR was applied to the
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yKa3aHHbIe METO[bl IPUMEHUMbI Ha TIpaKTuKe. Tak
Kak B ciydae c obpasmaMu TabauHOI OEJIOKPBIIKH,
xpaHamumucs B 70%-M pacTBope 3TaHoJa, HabJroma-
Jn I/IHI‘I/IGI/IpOBaHI/Ie peaKnuu IIPpU BbIOACIEHUU
HabopoM «ITpoba-HK», K UCTI0JIb30BAHNI0 PEKOMEH/TY-
eTcsa HaGop «PuToCopo».

Knrouesuole cnoea. Bemisia tabaci, 6eTOMOBUPYCHI,
TIEPCUCTEHTHO-IIUPKYIITUBHAS TIeperada, UIeHTU-
(ukanus, kKapaHTUH pacTeHui, ITIP.

BBEJEHUE

abaunasa GesokpbuiKa (Bemisia tabaci
Genn.) — oguH 13 HauboJjiee OITaCHbIX
BpeauTesiell CeJbCKOX03IMCTBEHHbBIX
KyJbTYD, SABJSETCS MEPEHOCUYUKOM
IIXPOKOTO0 CIeKTpa (PUTOIaTOTEHHbBIX
BUPYCOB, BKJIIOUAS BUPYCHI cCEMeNCTBa
Geminiviridae. BOAIBIMIUHCTBO
6EeTOMOBUPYCOB IepenanTcs 0eJo-
KPBIJIKOW B MEPCUCTEHTHO-IIUPKYJIITUBHOM, HO
HEMPOHUKAINEM pPEXMUMe: BUPYCHbIE YaCTUIIBI
MIPOXOASIT KUIMEYHUK, TeMoNuM®dy U CIIOHHBIE
JKeJie3bl HaceKOMOTO, B3aMMOIENCTBYsS C GeJKaMu-
NPOBOJHUKAMHU, UTO OmpenesnseT 3hGHEeKTUBHOCTb U
crnenuduuHOCTh nepemauu. Cpeau BUPYCOB CEMEN-
crtBa Geminiviridae Beizenserca Tomato yellow leaf
curl virus (TYLCV) (Ghanim, 2014), BbI3bIBAIOLIUK
cepbe3HbIE TTOBPEXIEHUS PACTEHUM-X035€B, IIPUBO-
IAIIYe K 3HAYUTENbHBIM SKOHOMUYECKUM ITOTEPSIM.
Ero pacnpocTpaHeHUe TIPEICTABJISIET CEPhEe3HYI0
YI'PO3Y JJIsI CEJIbCKOTO XO3SIMCTBA, TOCKOJIBKY CHU)KAET
YPO’KaWHOCTD ¥ KAYECTBO TPOLYKITU Y.

Oco6eHHO OCTPO CTOUT HEOBXOAMMOCTH paspa-
00TKM 5D PEeKTUBHBIX METOLOB AUATHOCTUKU U
PaHHETro BBIIBJIEHUS MAaTOTEHOB, ITO3BOJISIONINX
CBOEBPEMEHHO PearupoBaTh HA BCIIBIIIKYA BUPYCHBIX
nHpEeKIIUN ¥ NPefoTBPallaTh UX AalibHeUIIee
PacrIpoCcTpaHEeHMEe B OTKPBITOM M 3allVII€EHHOM
TPYHTE.

OmHUM U3 KJIFOUEBBIX aCIIEKTOB UAEHTUDUKAITUYN
SIBJIIETCSI BBIJIEJIEHNE HYKJIEMHOBBIX KUCJIOT BHpycCa
13 OpraHu3Ma HaceKOMBbIX-BpenuTeyei. MeTombl
BBIZIEJIEHYST HYKJEWHOBBIX KHCJIOT Pa3JIMYAIOTCSA 10
9 HEKTUBHOCTHU, HAEKHOCTU U IIPOCTOTE UCIIOJHE-
Hud. [T03TOMy BBIOOD ONTHMMAaJIbHOTO METO/ia BaXKEH
ILJIST TIOBBIIIEHUS TOYHOCTM W CKOPOCTY JIMArHOCTU-
YyeCcKOTo IIpoliecca.

LleJib HACTOSIIEro MCCIEeIOBaHUS COCTOSJIA B
CpaBHEHUU JIByX KOMMepUeCKUX HabOpOB [IJs
Boigenenusa JHK TYLCV u3 ocobeil TabauHOI 6eJio-
KPBLIKY, XPAHUBIIVXCS Pa3IMUHBIMU CIIOCOOAMU: B
3aMOPOXXEHHOM COCTOAHUU U B 70%-M CIIMPTOBOM
pacTBope. O1ieHuBasach 3(PHEKTUBHOCTD BbIIEJIEHNI
HK, KOHIIEHTpAaIus MOJyYEHHOTO MaTepuajga U ero
MIPUTONHOCTD IJIS AAaJIbHEUIIEero MOJIEKYISIPHO-
reHeTUYEeCKOTO aHaJiu3a METOJOM IIOJIMMepPa3Hou
nerrHo# peakmuu (TILP).

target fragment. The study demonstrated that the DNA
product was detected using both isolation methods,
and these methods are applicable in practice. Since
inhibition of the reaction was observed with the Proba-
NK kit for silverleaf whitefly samples stored in 70%
ethanol, the FitoSorb kitis recommended for use.

Key words. Bemisia tabaci, Begomoviruses,
persistent circulating transmission, identification,
plant quarantine, PCR.

INTRODUCTION

ilverleaf whitefly (Bemisia tabaci Genn.) is
one of the most dangerous agricultural
pests, it is a vector of a wide range of
phytopathogenicviruses, including viruses
of the Geminiviridae family. Most
begomoviruses are transmitted by whiteflies in a
persistent-circulating, but non-penetrating mode:
viral particles pass through the insect's intestines,
hemolymph, and salivary glands, interacting with
carrier proteins, which determines the efficiency and
specificity of transmission. Among the viruses of the
Geminiviridae family, Tomato yellow leaf curl virus
(TYLCV) stands out (Ghanim, 2014), causing severe
damage to host plants, leading to significant economic
losses. Its spread poses a serious threat to agriculture,
asitreducescropyields and product quality.

There is a particularly pressing need to develop
effective methods for diagnostics and early detection of
pathogens, allowing for a timely response to outbreaks
of viral infections and preventing their further spread
inopenand protected ground.

One of the key aspects of identification is the
isolation of viral nucleic acids from insects. Nucleic
acid extraction methods vary in efficiency, reliability,
and ease of implementation. Therefore, choosing the
optimal method is important for improving the
accuracy and speed of the diagnostic process.

The aim of this study was to compare two com-
mercial kits for the extraction of TYLCV DNA from
silverleaf whiteflies stored in different ways: frozen
and in a 70% alcohol solution. The efficiency of DNA
extraction, the concentration of the resulting material,
and its suitability for subsequent molecular genetic
analysis using polymerase chain reaction (PCR) were
assessed.
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Ta6J1. 1. CocTaB peaKI[IMOHHOI cMecHu
JJI IPOBeeHUA aMILIuuKaIun
Table 1. Composition of the reaction
mixture for amplification

PeareHT 06BeM, MKJI
Reagent Volume, ul

PeakiimoHHasa cmech TYLCV BIIK

TYLCV vPK reaction mixture Y

SynTaq (BIIK-mosiumMepasa) 05

SynTaq (VPK polymerase) :

Boga Beicokoounuiennasa (DNA-free) 17

Water, highly purified (DNA-free)

IHK

DNA 2.0
MATEPUAJIBIUMETO/bI

In4a Beigenenva JHK u3 aHanusupyeMbIX HACEKO-
MBIX WCIIOJIb30BAJIN CJIEAYIOle Habophl PeareHTOR:

— «IIpo6a-HK» (OO0 «ArpommarHOCTHKa»,
Poccust) — Habop peareHTOB IS BBIAEJIEHUS TOTAJIb-
Ho¥t JHK it o6pasiioB pacTUTENbHOTO MaTepuala,
HauboJiee YacTO MIPUMeHIeMblil 1715 BeifeseHus JHK
BUPYCOB. MeTOJi, OCHOBaH Ha 9KCTPAKIIUU HYKJIENHO-
BBIX KMCJIOT C TIOMOIIbI0 XUMUYECKUX COeIUHEeHNH 6e3
COpOEHTOB;

— «®utoCopb» (000 «CuHTOI», Poccust) — HAGOP
pearenToB 14 Beigenenud JHK u PHK u3 pactuTesns-
HOTro MaTepuaJjia (Ha MarHUTHBIX YaCTHUIIAX). MeTou-
ka Boimenenusa JHK u PHK ocHoBana Ha copbiiuu JTHK
u PHK Ha TOKPBITBIX CUJKMKaArejgeM MarHUTHBIX
YacTUIAX C MOCTeAYIONINM OCaXAeHUEM IPEUTUTHA-
PYIOIIUM peareHToM.

Boipenenue HK npoBoguiu 1o npujiaraeéMbIM K
HabopaM UHCTPYKLUAM GUPM-TIPOU3BOAUTENEN.

CMBIB c ocoGeii Bemisia tabaci

Bpanu ocoGeli TabauHO¥ GEJIOKPBLIKM, ITUTAIO-
LMXCSI Ha PacTeHusAX ToMarta, 3apaxeHHoro TYLCV,
4TO GBbLJIO MOATBEPXKIEHO METOJAMU, YKa3aHHbIMU B
MeTonYeCKUX PEeKOMEHAAIUIX AJIS BhIIBIEHUS U
uneHTUUKALINY JaHHOrO Bupyca (MP BHUMKP 39-
2015). ITomemanu ocobelt B Ipobupky o6bemom 1,5
MJI, 06aBIsIIM B Tpo6upKy 500 MKJI 9KCTParupyrolie-
ro 6ydepa, uaky6upoBasu B TeueHue 40 MUH C
MePUOIVYECKUM BCTPSIXMBAHUEM.

[MTocnenyioiee BhifesieHre Habopamu «IIpoba-
HK» 1 «®utoCop6» 0CyIeCTBIILIN COTIIACHO UHCTPYK-
WY TPOU3BOILUTENS.

[Tocne sTamna BbIJeJeHUS KOHIEHTPAIUI U
YUCTOTY dKCTparupoBanHou [JHK ompemensnu Ha
crekTpodoTomeTpe NanoDrop 2000 (Thermo Fisher,
CIIIA) mjisi KOJIMUecTBeHHOTO ompenenenuss JHK B
TPeXKPaTHOU MOBTOPHOCTH.

Il TIpoBeIeHU S aMIIM(DUKAIIUY UCTIOJb30BaJIU
Habop peareHTOB AJs quarHoctuku JHK 6eroMmoBupy-
coB komnaHuu «CuaTON» (JIo3oBag E.H. u ap., 2023).
CocTaB peakIIMOHHON CMeCcH MpeACcTaBJieH B Tabu. 1.

AmrmuuKauo MPOBOAWIY Ha TEePMOIUKIEPE
BioRad CFX 96 (CIIIA). YciaoBus IpuBeIeHbl B Ta0JI. 2.

IIOTIOTHUTEJIbHO B KauecTBe KOHTPOJISI BbIZee-
Hug IHK TYLCV u3 HaceKOMBIX KCIToJib30oBaJiu [T1IP ¢
ImpaiMepaMm K y4acTKy TeHa I[UTOXPOMOKCUIIA3bI
(COI) TabauHOM 6€JTOKPBIIKY. [IPOBOIMIIN ITIOCTAHOBKY
kjaccuyeckoyt TP ¢ yHuUBepcalbHOU IpaliMepHOU
cucteMo#r S1859/A2191 (Garner, Slavicek, 1996;
Schreiberetal.,1997) (cM. Tabi. 3, 4).

MATERIALS AND METHODS

The following reagent kits were used to extract
DNA from the analyzed insects:

— Proba-NK (Agrodiagnostika LLC, Russia) — a
reagent kit for the extraction of total DNA from plant
material samples, most commonly used for the
isolation of viral DNA. The method is based on the
extraction of nucleic acids using chemical compounds
without sorbents;

— "FitoSorb" (Synthol LLC, Russia) is a reagent kit
for the extraction of DNA and RNA from plant material
(using magnetic particles). The DNA and RNA extrac-
tion method is based on the sorption of DNA and RNA
onto silica-coated magnetic particles followed by
precipitation with a precipitating reagent.

The isolation of NA was carried out according to
the instructions supplied with the kits by the manufac-
turers.

Washing from Bemisia tabaci

Silverleaf whitefly individuals were collected
feeding on TYLCV-infected tomato plants, which was
confirmed using the methods specified in the
Methodological Recommendations for the Detection
and Identification of this virus (MR VNIIKR 39-2015).
Individuals were placed in a 1.5 ml test tube, 500 pl of
extraction buffer was added to the tube, and the tube
was incubated for 40 minutes with periodic shaking.

Subsequent isolation using the Proba-NK and
FitoSorb kits was carried out according to the manufac-
turer'sinstructions.

After the extraction step, the concentration and
purity of the extracted DNA were determined using a
NanoDrop 2000 spectrophotometer (Thermo Fisher,
USA) for DNA quantificationin triplicate.

For amplification, a "Synthol" reagent kit for
diagnostics of begomovirus DNA was used (Lozovaya
E.N. et al.,, 2023). The composition of the reaction
mixtureis presentedin Table1.

Amplification was performed on a BioRad CFX 96
thermal cycler (USA). The conditions are given in Table 2.

Additionally, PCR with primers to the cytochrome
oxidase (COI) gene region of the silverleaf whitefly was
used as a control for the extraction of TYLCV DNA from

Ta6.1. 2. YeaoBua aMITuGUKALIMH OJ1s
Jetexkuuu TYLCV Ha6opom Tomato yellow
leaf curl disease-PB («CuHTOJI», Poccusa)
Table 2. Amplification conditions for
detection of TYLCV using the Tomato
yellow leaf curl disease-PB kit (Synthol,
Russia)

VYesioBus aMILIU hUKanu
Amplification conditions

JTarnbl ToC t, MUH HuKJIbI
Stages t, min Cycles
IlepBUYHAA JeHATypaLUsa 95 5:00 1
Primary denaturation ’
eHaTypanusa
Aenarypan 95  0:15
Denaturation
50

OT:KHT IPaiiMepoB

i lel 60 0:40

Primer annealing

®espanb N2 1 (26) 2026 59
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Ta6.1. 3. [TocjieoBaTEJIbHOCTD IIpaiiMepHoii crcTeMbl S1859/A2191
Table 3. Sequence of the S1859/A2191 primer system

IIpaiiMepsl ITocsiegoBaTeJIbHOCTD IIpaiiMepa Pa3mep NpoAiyKTa, M.0.  MICTOYHHUK

Primers Primer sequence Product size, p.b. Source

S1859 5’-GGAACIGGATGAAC(A/T)GTTTA(C/T)CCICC-3’ Garner, Slavicek,
350 1996; Schreiber

A2191 5-CCCGGTAAAATTAAAATATAAACTTC-3’ etal.,, 1997

Ta6. 4. CocTaB peakIlUOHHOI cMecH

JIJIS IPOBEIeHUd aMILINpUKaIUN

c mpaiiMepHoii cucTemoii S1859/A2191

Ha (pparmeHT reHa COI (1Ha 25 MKJI peaKI1m)

Table 4. Composition of the reaction mixture
for amplification with the S1859/A2191
primer system for the COI gene fragment

(per 25 pl of reaction)

PeareHT 06 BbeM, MKJI
Reagent Volume, pl
5x Screen mix HS 50

5x Screen mix HS ’

S1859 npaiimep, 10 pmol 05

S1859 primer, 10 pmol !

A2191 npaiimep, 10 pmol s

A2191 primer, 10 pmol ’

Boga

Water 17

JHK

DNA 2

[TLIP mpoBomuau B aMmiaudurarope ProFlexTM
PCR System (Cmuramyp, Thermo Fisher Scientific).
YcioBUS TPUBEIEHBI B TAOJI. 5.

[Tocne amnnudukanuu 5 Mg [MIP-npoaykTa
packanbeiBajau B JyHKU 1,5%-T0 arapo3HOro rejd ¢
6pomucTeiM aTUAUEM B 0,5x TBE-6ydepe, pazmesnsiiu c
IIOMOIIbI0 BJIeKTpodopesa, paccMaTpUBaIuU U
doTorpadupoBanu mom YP-cBeToM. ITosydueHHBIN
npoaykKT [TIP ncnosip30oBaiu 4Ji1 CEKBEHUPOBAHM .

[Tepen cekBeHMPOBAHUEM IIPOBOJNUIUA OUYUCTKY
AMIJINKOHOB C KCIIOJIb3OBAHUEM KOMMEPUYECKOTO
Habopa DNA Purification Kit komnanuu Thermo Fisher
(CIIIA). CekBeHUPOBaHME OCYNIECTBIISIIN COTJIacHO MP
BHVUWKP 116-2018 Ha reHeTUYECKOM aHaJIU3aTOPE
Genetic Analyzer AB-3500 (Applied Biosystems, CIIIA).

Ilns m3ydeHus BUIOBOY MpuHazjexxHoctyu JHK
ob6pasiia MpoBOAUIY TIEPBUYHOE CPaBHEHUE TTOJTyUeH-
HBIX TIOCJIeIoBaTEeJIbHOCTEH ¢ 6a30¥ JaHHbIX [eHBaH-
Ka Cc nmomoublo MHTepHeT-pecypca NCBI BLAST.
[Tocnepyoulyio IPOBePKYy, peJaKTUPOBAaHUE U
BBIPAaBHUBaHUE I10 pehepeHCHOU MoceloBaTeNbHOC-
TU 13 'eHBaHKa II0CJIeN0BATEIbHOCTEHN BBIIIOJHSIIN B
penakTope «BioEdit version 7.0.5.3».

PE3VJIBTATBI 1 OBCYKJIEHUE

CpelHue 3HAUeHUs OIpeesieHUusI KOHIeHTpa-
nuu u kKospdurunreHTa KavyecTBa BhIJEJIEHHOU
ToTanbHOU HK TpuBeieHbI B Ta61. 6. OI[eHKY KauecTBa
9KcTparvpoBaHHol JIHK mpoBoauau Ha OCHOBAHUU
U3MEPEHUs OMNTUUYECKOHN IJIOTHOCTU pacTBopa JHK
npu 280 u 260 HM. I9 KaueCTBEHHO OUYMILEHHBIX
06pas1oB JITHK cooTHOIIEHNE ONTUYECKUX INIOTHOCTEH,

Ta6J. 5. YejioBusa aMmiin(pukamuu
t¢parmenTa resa COI ¢ mpaiimepHoii
cuctemoii S1859/A2191

Table 5. Conditions for amplification of the
COI gene fragment with the S1859/A2191
primer system

VYesoBus aMiugukanuu
Amplification conditions

JTamnsl ToC t,Mua  IIuKJIBI
Stages t, min Cycles
ngnnqﬂaﬂ p,ena'.rypaunﬂ 95 10:00 1
Primary denaturation

(S
Alenatypauus 95 0:15
Denaturation
OTx aliMmepo

et 55 0:30 35
Primer annealing
JJoHranua 79 1:30
Elongation ’
PDuHAJIbHAA 3JIOHTalUsA

72 3:00 1

Final elongation

* Tlpumeuanue: T, °C — TeMmmepatypa B rpamycax
Llenbcus; t, MUH — BpeMs B MUHYTaX

*Note: T, °C — temperature in degrees Celsius; t, min —
time in minutes

insects. Classical PCR was performed with the univer-
sal primer system S1859/A2191 (Garner and Slavicek,
1996; Schreiberetal., 1997) (see Tables 3 and 4).

PCR was performed in a ProFlexTM PCR System
(Singapore, Thermo Fisher Scientific). The conditions
arelisted in Table 5.

After amplification, 5 pl of the PCR product was
pipetted into wells of a 1.5% agarose gel containing
ethidium bromide in 0.5x TBE buffer, separated by
electrophoresis, examined, and photographed under
UV light. The resulting PCR product was used for
sequencing.

Before sequencing, amplicons were purified
using a commercial DNA Purification Kit from Thermo
Fisher (USA). Sequencing was performed according to
MR VNIIKR 116-2018 on a Genetic Analyzer AB-3500
(Applied Biosystems, USA).

To determine the species identity of the DNA
sample, an initial comparison of the obtained
sequences with the GenBank database was performed
using the NCBI BLAST online resource. Subsequent
verification, editing, and alignment with the GenBank
reference sequence were performed using BioEdit
version 7.0.5.3.
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Tab6J1. 6. CpaBHEeHUE METOI0B BbiziesieHus JJTHK
Table 6. Comparison of DNA extraction methods

o}

o

4 «IIpoGa-HK» «®urtoCop6»

£ Proba-NK FitoSorb
g gcéo KoH1eHTpanus, IToka3saTeJb KoHIleHTpauus, Ioka3aTesb
55 Nem/m HI/MKJI 260/280 HM Ne n/m HI/MKJI 260/280 HM
=da N Concentration, ng/ul  Indicator 260/280 nm N2 Concentration, ng/ul  Indicator 260/280 nm
EE’ 1 34,7 2,01 1 22,3 1,88
E 3 2 29,1 2,04 2 25,4 1,96

(0]
E_‘gi 3 31,6 1,95 3 34,3 2,07
EE 4 33,7 2,00 4 21,5 2,00
Q
&2 5 26,3 1,93 5 32,5 2,08

« 6 39,2 1,80 6 23,2 1,89
- QO
ég 7 41,3 2,03 7 31,7 1,98
Q
£ 8 43,5 2,05 8 34,8 2,13
2 c
g “S’ 9 37,4 2,04 9 27,8 1,95
5]
o & 10 34,2 1,89 10 41,3 2,02
- L

. - xf /
= _p._;/ — e =

a

Puc. 1. Pesynbtatsl MLP-PB c uccnepyembiMu obpasuamm
TabayHoI 6enoKpbINKKU: cneBa — BblaeneHne Habopom «Mpoba-
HK», cnpaBa — «®uTtoCop6», roe FAM — TYLCV (cneumduuHbli
reH) (cuHun); HEX — BHYTPEHHMI NOJIOXKUTENbHbIA KOHTPOJIb
(3eneHbin)

MoJIly4eHHBIX NIpu 260/280 HM, AOJXXHO OBITH B
uHTepBase 1,8—-2,2. Bojiee HU3KUY TOKa3aTeIb MOXKET
yKa3bpIBaTh Ha HaJU4Me 3HAUYUTEJIbHOTO KOJIWYECTBA
6eJIKOBBIX TpUMece, (heHOJIOB WJIM JPYTUX KOHTaMU-
HAQHTOB, KOTOPble CUJIBHO IMOTJOIIAIT CBET IIpU
280 HM, UTO TOBOPUT O BO3MOKHOM 3aTrpPsi3HEHNY 06pasiia
OCTaTKaMU BEIeCTB I10CJIE ITPOLeCCa SKCTPAKIUU.

PesynpraTs! [1LP-peaknuu ¢ MCHOJIb30BaHUEM
Habopa «duToCopb» TTOKA3aJIU YCIIEIIHOE BhISIBIEHTE
neyieBoil mociaepmosareabHocTu JHK TYLCV, uTo
MOATBePXKAaeT 3(PPeKTUBHOCTh METO/IA SKCTPAKIUU.
HanpoTtus, nmpuMeHeHue Habopa «IIpo6a-HK» He
[10Ka3aJio pe3yJibTaTa B OTHOIIEHUU 3aCIIUPTOBAHHBIX
06pa31i0B, UTO yKa3bIBaeT HA BO3MOXXHOE UHTUOUPO-
BaHve peakuuu [P uny HELOCTAaTOUHYIO OYUCTKY
06pa3s1oB (cM. Tab. 7, puc. 1).

[To pesynbTaTaM ITOCTAaHOBKY KJIacCUUecKoi [TLIP
c rmpariMepHol cucteMoit S1859/A2191 Ha hparMeHT
resa COI JHK npoiyKT aMIIupUIIIPOBaJICS YCIIEITHO
U B ciyudae BbiIejeHUus Habopom «IIpo6a-HK», u B
cirydae BhIZiesieHus HabopoM «durocopb (cM. puc. 2).
Jnunra nonydyeHHoro npogykra [1IIP cocTaBiger
npuMepHO 350 11.0.

Fig. 1. Results of RT-PCR with the studied silverleaf whitefly
samples: on the left — isolation by the Proba-NK kit, on the
right — by the FitoSorb kit, where FAM is TYLCV (specific gene)
(blue); HEX is the internal positive control (green)

RESULTS AND DISCUSSION

The average values for the determination of the
concentration and quality factor of the isolated total NA
are presented in Table 6. The quality of the extracted
DNA was assessed by measuring the optical density of
the DNA solution at 280 and 260 nm. For high-quality
purified DNA samples, the ratio of optical densities
obtained at 260/280 nm should be in the range of
1.8-2.2. A lower value may indicate the presence of
significant amounts of protein impurities, phenols, or
other contaminants that strongly absorb light at 280
nm, indicating possible contamination of the sample
with residues from the extraction process.

The PCR results using the FitoSorb kit demon-
strated successful detection of the target TYLCV DNA
sequence, confirming the effectiveness of the
extraction method. In contrast, the Proba-NK kit failed
to detect alcohol-preserved samples, indicating
possible inhibition of the PCR reaction or insufficient
sample purification (see Table 7, Fig. 1).
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Ta6.1. 7. Pe3yabTaTsl [IL[P-PB c HcciIieAyeMbIMH 06pa3iaMiu Ta6auHoi 6eJTOKPhLIKH: CJIEBA —
BbIZieJieHMe Ha6opoM «IIpo6a-HK», ctipaBa — «®@utoCopo»

Table 7. Results of RT-PCR with the studied samples of silverleaf whitefly: on the left -
isolation by the Proba-NK kit, on the right — by the FitoSorb kit

Ne /it OGpa3ser, Cp, FAM Cp, HEX Ne i/m OGpa3ser, Cp, FAM Cp, HEX

Ne Sample Av, FAM Av, HEX Ne Sample Av, FAM Av, HEX
E 3 1 1 N/A 31,95 1 1 11,60 32,45
E 3 2 2 N/A 33,15 2 2 11,85 33,57
55 qé 3 3 N/A 32,54 3 3 12,13 33,20
Eig 4 4 N/A 32,82 4 4 12,10 33,45
5\?% 5 5 N/A 33,81 5 5 12,35 32,21
g , 6 6 11,72 34,36 6 6 11,77 32,42
£ Ex 7 7 10,65 33,14 v 7 12,58 33,48
%E z 8 8 11,45 34,20 8 8 12,07 32,77
%é 2 9 9 15,08 32,89 9 9 12,19 32,62

S

Mo & 10 10 11,87 33,88 10 10 12,26 32,49
E ! K+ 32,82 33,69 11 K+ 33,97 33,73
&% 12 K N/A N/A 12 K N/A N/A
58 13 X N/A N/A 13 K N/A N/A

[Tpumeuanue: FAM — ¢pparmenT reHa (TYLCV) (1o kanamy dayopectieHiuu FAM/Green); HEX — BHYTPEHHUH ITOJIOXKY -
TeJIbHBIN KOHTPOJIb (BIIK) (110 Kanamy diyopeciieniiuyu R6G/HEX)
Note: FAM is a gene fragment (TYLCV) (using the FAM/Green fluorescence channel); HEX is an internal positive control

(IPC) (using the R6G/HEX fluorescence channel)

M o 011

Puc. 2. nekTpocoperpamma knaccuueckom MNLP

c npaiMepHon cuctemon S1859/A2191, roe 1-10 -

BuAbl Bemisia tabaci: ¢ 1-ro no 5-i — BbigeneHHble HAa6opom
«Mpob6a-HK», c 6-ro no 10-i1 — BblaeneHHble HabopoM
«®@utoCopb», 11 — NONOKUTENBHbIA KOHTPONb, K™ —
oTpUuATENbHbIV KOHTPOJb, M — MapKep MOJIEKY/IIPHOIO Beca

Fig. 2. Electropherogram of classical PCR with the
S1859/A2191 primer system, where 1-10 are Bemisia tabaci
species: 1-5 isolated with the Proba-NK kit, 6-10 isolated
with the FitoSorb kit, 11 is the positive control, K is the
negative control, M is the molecular weight marker
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Tao6J1. 8. Pe3ybTaThl CEKBEeHUPOBaHUA yuacTka reHa COI BugoB Bemisia tabaci
Table 8. Results of sequencing of the COI gene region of Bemisia tabaci species

Nen/m  Pe3yJabTaT MccjiefOBaHUS (MCIIBITAHUS) IokpbiTHE HNaeHTUYHOCTDh
N2 Study (test) result Coverage Identity
1 Bemisia tabaci isolate 100% 99,06%
2 Bemisia tabaci isolate 98% 99,08%
3 Bemisia tabaci isolate 100% 99,08%
4 Bemisia tabaci isolate 94% 92,72%
5 Bemisia tabaci isolate 100% 99,08%
6 Bemisia tabaci isolate 100% 99,38%
7 Bemisia tabaci isolate 99% 98,77%
8 Bemisia tabaci isolate 98% 99,08%
9 Bemisia tabaci isolate 99% 98,43%
10 Bemisia tabaci isolate 98% 99,04%

ITo pesysibTaTaM CEKBEHUPOBAHUS ObLIN TOJTyYe-
HBI [I0CJIeIOBaTEJIbHOCTU ydyacTka reHa COI BumoB
Bemisiatabaci. laHHbIE TIPeICTABIEHBI B TA6JI. 8.

Kak nokasajso uccuaeposanue, JHK-IponykT
BBIJIEJIUJICS aHAJIOTUYHO B 060UX CIrioco6ax 3KCTPak-
1uu, 06a Habopa IPUMEHUMBI Ha ITPaKTUKe. Tak Kak B
cirygae ¢ obpasiamMu TabavyHOM GeJOKPBIIKY, XPaHS-
mumucsa B 70%-M pacTBOpe 5TaHOJA, HAGIIIAIOCh
UHrubrUpoOBaHME PeaKIUyW MPU BblJejieHUuU HabopoM
«ITpob6a-HK», K UCIIOJIb30BaHUID PEKOMEHJYETCI
Ha6op «®uToCopb».

3AKJ/IIOYEHUE

[To pesynbraTam uccienoBanusd JJHK HaceKOMbIX
U BUpYyCa BBIAEJNUJINCH OLUHAKOBO, 06a Habopa
MMPUMEHUMBI Ha MpakTuKe. OMHAKO MPU BbIIEJIEHUN
HabopoM «IIpoba-HK» B cBA3U ¢ MHTUOMPOBAHUEM
[IIIP ¢ mpaliMepaMu [OJis BBIIBJIEHUS TabauyHOU
OEJIOKPBIIKA TIPU TECTUPOBAHUM 00pasIloB, XpaHs-
muxcs B 70%-M pacTBOpeE 3TaHOJIA, K UCII0JIb30BAHUI0
pexomeHayeTcs Habop «PuToCop6».
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According to the results of classical PCR with the
S1859/A2191 primer system on the COI gene fragment,
the DNA product was successfully amplified in the case
ofisolation with both the Proba-NK kit and the Fitosorb
kit (Fig. 2). The length of the obtained PCR product is
approximately 350 bp.

Based on the sequencing results, the sequences of
the COI gene region of Bemisia tabaci species were
obtained. The dataare presentedin Table 8.

The study showed that the DNA product was
isolated similarly using both extraction methods, and
both kits are applicable in practice. Since inhibition of
the reaction was observed with the Proba-NK kit for
tobacco whitefly samples stored in 70% ethanol, the
FitoSorb kitisrecommended for use.

CONCLUSION

Based on the study results, insect and viral DNA
extraction was identical, and both kits are applicable.
However, due to inhibition of PCR with silverleaf
whitefly primers when testing samples stored in 70%
ethanol, the FitoSorb kit is recommended for use with
the Proba-NK Kit.
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