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AHHOTALIA

CraTbs mocBgauieHa Aphelenchoides besseyi Christie,
1942 — pucoBo# aucTOoBON HeMaTome. OHa pacIpo-
CTpaHeHa BO MHOTHUX CTPaHaxX MHpPa, BO3JIEJIbIBAIO-
LIUX prC. B HacTosIIee BpeMs OHa UCKJIIoueHa us Enu-
HOTO [TePeYHs KapaHTUHHBIX 00beKTOB EBpa3suiickoro
5KOHOMUYECKOTO COI03a, OJHAKO SIBJISIETCS PETYIUPY-
eMOM PSIIOM CTPaH — UMIIOPTEPOB POCCUICKOM IIPO-
IYKIAN.

BpenuTenb saBiseTcsa moaudaroM m mopaka-
eT 6OJIbIION KPYT pacTeHui. B cTpaHax EBpomeii-
cko¥l m Cpeam3eMHOMOPCKOM OopraHu3aliuy II0 Ka-
paHTUHY U 3amuTe pacteHuit (EOK3P) 0CHOBHBIMU
pacTeHusIMU-X03sI€BaMU, KOTOPble IOABEPraiTCs
HauboJIbIIEMY PUCKY 3apa’keHUsI HeMaTozou A. besseyi,
SABJSIOTCS puc U KiIybHuKa (PM 7/39 (1), 2004). ITo-
CKOJIBKY PUC SIBJISIETCS BaXKHBIM TIPOAYKTOM ITUTAHUS,
10 TTOCEBHBIM ILIOIIALSIM 1 BaJIOBBIM cOOpaM 3epHa
OH 3aHMMAaeT B MUPOBOM 3eMJIeJIeIUY BTOpOe (T1ociie
MIIEeHUIIbI) MECTO.

B craTbe 06061eHa ¥ TTpOaHATIN3UPOBaHA HAYY-
Has nH@opMaIyg 1o reorpaguueckoMy pacipocTpa-
HEHUI0, BPEJOHOCHOCTY PHCOBOM JIMCTOBOI HEMAaTOI bl
A. besseyi, ee G03KOJIOTUYECKUM 0COOEHHOCTSM, METO-
Iy MOp(oJIOrnuecKoi AMarHOCTUKY. V3yuyeHbl METO/IbI
MOJIEKYJIIPHO-T€HETUYECKON NAEHTU(DUKAIIUY PUCO-
BOW JINCTOBOU HEMATOZBI A. besseyi, TpuMeHsieMble B 3a-
PYOEXXHBIX UCCIeIOBaHUAX. [IpU ITPOBEIeHUM HAIITHUX
HCCJIeJOBAaHUI MCII0JIb30BaJY HEMATO, COOPaHHBIX
BO BpeMs sKcIleauiuil Ha JanbHui BocTok (ITpuMop-
CKUU Kpa¥, XaHKalCcKu# paiioH) 1 B KpacHomapCcKuii
Kpaii Poccutickoit ®enepanuu. [IpoBeseHa BUI0Bas
UAeHTU(GUKAIIMS HeMAaTOoZ, IT0 MOP(OJIOTMYECKUM IIPH-
3HaKaM B COOTBETCTBUU C METOAUYECKMMY PEKOMEH-
IaIMsSIMMY 110 BhISIBJIEHUIO U UAEHTU(PUKAIIMYA PUCOBOM
HeMaTozbl Aphelenchoides besseyi Christie (MP BHVUVKP
N2 89-2016). [Jyis 1abopaTOPHOTO MCCIeNOBAHUS UC-
MTOJIB3YIOT KaK MOP(OJIOTUYECKUE, TAK U MOJIEKYJISIP-
HbIe MeTOAbL. PazpaboTKa ¥ MpUMEHEHNE COBPEMEHHBIX
METO/IOB IMAaTrHOCTUKY B 06JIaCTY KapaHTUHA PACTeHUN
SIBJISIIOTCST aKTYaJIbHBIMU JIJIS1 BBISIBJIEHUS U UIEHTUDU-
Kalluy PUCOBOM JINCTOBOM HEMATOXBI A. besseyi.

[IpoBe/ieHO HCCIe0BaHNe C TOMOIIbI0 ITOJIU-
MepasHou 1enHoi peakiuu ([1LIP) ¢ ucoab30Ba-
HUEeM cMecel IJIs aMIIuPUKAIu KOMMEePUYeCcKOoTo
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ABSTRACT
The article is dedicated to Aphelenchoides besseyi Chris-
tie, 1942 —rice leaf nematode. It is widespread in many
rice-growing countries. Currently, it is excluded from
the Common List of Quarantine Objects of the Eurasian
Economic Union, however, it is regulated by a number
of countries importing Russian products.

The pest is polyphagous and infects a wide range
of plants. In the European and Mediterranean Plant
Protection Organization (EPPO) countries, rice and
strawberries are the main hosts most at risk from
A. besseyi infestation (PM 7/39 (1), 2004). Since rice is
an important food product, it occupies the second place
(after wheat) in world agriculture in terms of sown area
and gross grain harvest.

The article summarizes and analyzes scientific
information on the geographical distribution, harm-
fulness of the rice leaf nematode A. besseyi, its bioeco-
logical features, and the method of morphological diag-
nosis. The methods of molecular genetic identification
of the rice leaf nematode A. besseyi used in foreign re-
search papers have been studied. When conducting
our research, we used nematodes collected during ex-
peditions to the Far East (Primorsky Krai, Khankaisky
District) and Krasnodar Krai of the Russian Federation.
The species identification of nematodes by morpho-
logical characteristics was carried out in accordance
with the guidelines for the detection and identifica-
tion of the rice nematode Aphelenchoides besseyi Chris-
tie (MR VNIIKR No. 89-2016). For laboratory research,
both morphological and molecular methods are used.
The development and application of modern diagnosis
methods in the field of plant protection are relevant for
the detection and identification of the rice leaf nema-
tode A. besseyi.

The study was conducted with polymerase
chain reaction (PCR) using commercial amplification
mixtures 5x MasP’Taq MIX-2025 and 5x Mas®Taq
MIX-2025 Dialat Ltd. (Russia), as well as 5x ScreenMix,
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npousBofcTBa 5x MasPPTaq MIX-2025 u 5x Mas®*Taq
MIX-2025 3A0 «Jduanat Jitn.» (Poccus), a Takxke
5x ScreenMix, 5x ScreenMix-HS u 5x ScreenMix-HS
(UDG) 3A0 «EBporen» (Poccus).

Kntouesvie cnosa. KapaHTUH pacTeHUl, MOJIEKY-
JIIPHO-TeHEeTUYEeCKUU MeTOo[, TToJiuMepa3Has IelHas
peakIius, pucoBas JIUCTOBas HeMaTona, MOpQOIOTH-
JecKue IpUsHaky, MopdomeTpus.

BBEJEHUE

OCKOJIBKY PUC SIBJSETCS ILEeHHBIM
TIPOAYKTOM MMUTAHUS, TI0 [TOCEBHBIM
TIJIOMIAZSIM 1 BaJOBBIM cbopam 3ep-
Ha OH 3aHVMAaeT B MUPOBOM 3eMJIe-
Ienuu BTOpoe (Tocjie TMIIIEeHUIIbI)
MecTo. OCHOBHBIE ILJIOMIAAU STOU
KYJIBTYPBl COCPEIOTOYEHBI B CTpa-
Hax IOro-BocTouHol A3suu: HIUH,
[TakucTtaHe, BoetHame u Kutae (XapueHko, Py0aH,
2015). B Poccum prc BO3OENBIBAIOT B IEBSITU PETHO-
Hax. KJIloueBbIM PETMOHOM BO3IENIBIBAHUS SABJISIETCS
KpacHogapckuii kpaii. [To utoram 2021 roma 73,6%
puca 6bL10 cobpaHo B KpacHomapckoM kpae, 9,8% —
B Pecmrybsivke JlarectaH, 6,6% — B PocToBCKOI o6Jia-
cty, 4,4% — B Pecrniybsiike Anpiree, 1,9% — B AcTpa-
XaHCKoI o6yactu, 1,8% — B [IpuMopckoM Kpae. Takxe
puc BosmenbiBaloT B YeueHckol Pecryosuke (1,0%),
Pecny6simke Kanmbikuu (0,8%), EBpelicKoi aBTOHOM-
Ho# o6sactu (0,03%). OCHOBHBIMM MMIIOPTEPAMU
poccutickoro prca Ha 2021 rof ABJISJIUCDH CIENYIONIe
ctpaHbl: Typuus, Monrosus, KazaxctaH, Azepbaii-
’KaH, YkpawHa, An6anus, Bemapych, Benbrus, Vop-
nauug, Mapawab, ApMeHuda, TamxkukucraH, ['pysud,
CIIIA, Pecniy6nuka MospmoBa, OA3, Kuprusus, Kutaii
u gpyrue (http://stat.customs.gov.ru/analysis).

Cpenu pakToOpOB, TUMUTUPYIOIIVX POCT YPOXKaK-
HOCTU puca W APYTUX KyJbTyp, 60JIbllIOe 3HAUEHUE
uMelT 6oJyie3Hu U Bpenutenu (Jexkep, 1972). He-
MAaTO/Ibl CHMI)KAIOT CEMEeHHbIe U TOBAPHbIE KauecTBa
pacTuTeNIbHOM NMPOAYKIIUY. B mpoliecce MUTaHUS Ha-
pylIaeTcs 11eJOCTHOCTD KJIETOK PACTUTEIbHON TKa-
uu puca (TTorroBa, 2001, 2004). Bpei, TpUYNHIEMBbIT
HeMaToZaMu, yCyTybJisieTcs TeM, UTO OHU CIIOCOOCTBY-
I0T PaACIIPOCTPAHEHUI0 I'PUOGHBIX, BUPYCHBIX U 6aKTe-
puanbHbIX 3a6osieBaHul pacTenuit (Koctelies, 2011).

OIHUM U3 BpeauTesel prica sBJISeTCs JUCTOBas
Hemartoga Aphelenchoides besseyi Christie (1942), BbI-
3BIBAIOIIAS 3HAUUTENbHYIO TIOTEPI0 YPOXKast B 6OJIb-
IIUHCTBE PUCOCEINUX PETrMOHOB TPOMUKOB U Cy6-
TPOMUKOB. PucoBas HeMmaTozma A. besseyi cuuTaeTrcs
CyOTPOIMYECKUM U TPOTIMYECKUM BUJIOM, HO BCTpe-
JaeTcs TakXKe B YyMEePEHHBIX MUPOTax. beJoBepIInH-
HOCTb, BhI3bIBa€Masi PUCOBOM JINCTOBOM HEMATOIOM
A. besseyi, Tak)xe Ha3bIBaeTcs a)eJIeHXOUI030M U 13-
BecTHa 6oJiee 100 j1eT, 06Hapy’KkeHa BIIEPBbIE B IOHUN
B 1915 1. (Xapuenko, Py6an, 2015). PucoBas JiucToBas
HeMaToZa paclpocTpaHeHa BO MHOTMX CTpaHaxX MUpPa,
Bo3mesbiBaiomux puc (puc. 1) (llectunepos, CaBOTHU-
KOB, 1995; Brown et al., 1993).

B oTzenbHbBIE TOIBI TOPAYKEHUE HEMATOLAMMU ITPH-
HUMAaeT XapaKTep sIU(OUTOTUMN, BbI3bIBasl 3HAUUTEIb-
HOe yXyAllleHne KauecTBa 3epHa. B KpacHomapckoM

5x ScreenMix-HS and 5x ScreenMix-HS (UDG)
Evrogen (Russia).

Key words. Plant protection, molecular genetic
method, polymerase chainreaction,riceleafnematode,
morphological characteristics, morphometry.

INTRODUCTION

ince rice is a valuable food product, it occu-

pies the second (after wheat) place in world

agriculture in terms of sown area and gross

grain harvest. The main areas of this cul-

ture are concentrated in the countries of
Southeast Asia: India, Pakistan, Vietnam and China
(Kharchenko, Ruban, 2015). In Russia, rice is culti-
vated in nine regions. The key region of cultivation is
Krasnodar Krai. At the end of 2021, 73.6% of rice was
harvested in Krasnodar Krai, 9.8% — in the Republic of
Dagestan, 6.6% — in Rostov Oblast, 4.4% — in the Re-
public of Adygea, 1.9% — in Astrakhan Oblast, 1.8% —
in Primorsky Krai. Rice is also cultivated in the Chech-
en Republic (1.0%), the Republic of Kalmykia (0.8%),
the Jewish Autonomous Region (0.03%). The main
importers of Russian rice for 2021 were the following
countries: Turkey, Mongolia, Kazakhstan, Azerbaijan,
Ukraine, Albania, Belarus, Belgium, Jordan, Israel, Ar-
menia, Tajikistan, Georgia, USA, Republic of Moldova,
UAE, Kyrgyzstan, China, etc. (http://stat.customs.gov.
ru/analysis).

Among the factors limiting the growth of yields of
rice and other crops, diseases and pests are of great im-
portance (Dekker, 1972). Nematodes reduce the seed
and commercial qualities of plant products. In the pro-
cess of nutrition, the integrity of rice plant tissue cells
is disturbed (Popova, 2001, 2004). The harm caused by
nematodes is exacerbated by the fact that they contrib-
ute to the spread of fungal, viral and bacterial plant dis-
eases (Kostylev, 2011).

One of the rice pests is the leaf nematode Aphelen-
choides besseyi Christie (1942), causing significant yield
loss in most rice-growing regions of the tropics and
subtropics. The rice leaf nematode A. besseyi is consid-
ered a subtropical and tropical species, but also occurs
in temperate latitudes. “Whitehead” caused by the rice
leaf nematode A. besseyi, also called aphelenchoidosis,
has been known for over 100 years, and was first de-
tected in Japan in 1915 (Kharchenko and Ruban, 2015).
The rice leaf nematode is spread in many countries
cultivating rice (Fig. 1) (Shestiperov, Savotikov, 1995;
Brown et al., 1993).

In some years, nematode damage takes on the
character of epiphytoties, causing a significant deterio-
ration in grain quality. In Krasnodar Krai, the rice leaf
nematode was first reported in 1939. Later, the mani-
festation of the disease was noted in Rostov Oblast and
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Kpae pucoBas JINCTOBas HeMAaTOMa BIIEPBbIe ObLiIa
obHapyxeHa B 1939 r. TTo3xe NposiBJieHUEe 6GOJIe3HU
OTMeyYajioch B POCTOBCKOM 1 ACTpaxaHCKOM 06JIaCTsIX,
CTaBpOMIOJILCKOM Kpae, /larectaHe, Ha [lanbHeM Boc-
TOKe, a TakXe B Y36ekucTaHe, Peciybiuke MoJiioBe,
Ha YKpauvHe U B psijie IPYTuX cTpaH. HecMoTps Ha TIpu-
HHMaeMble MepbI 60pbOBI ¢ (QUTOHEMAaTOZaMU, ITPOoGIIe-
Ma YMEHbIIEeHUS IPUUNHIEMOT0 UMY Bpea IIPOJI0JI-
JKaeT ocTaBaThbcs cepbe3Hoit (ByTopuna u nip., 2006).

HemaToma mopa)kaeT GOJIbIION KPYT PacTeHUH,
aBasercsa nogudarom. OCHOBHBIMU PACTEHUSIMU-
X03s€BaMU, KOTOPble MO/ABEPralTcd HauboJblieMy
PUCKY 3apa’keHUsI HEMaTozIou A. besseyi, SBJISIIOTCS PUC
u KiIyoHuKa (Sanchez-Monge et al., 2007). HemaToza
BBI3bIBAET XapaKTepHoe Io0ejieHre KOHUYNKOB BePX-
HUX JINCTHEB PHCa, KOTOPbIE BIOCENCTBUY CTAHOBSIT-
Csl HEKPOTHUUECKUMH, a TaKI)Ke ITOPaKaeT METEJIKY, UTO
MIPUBOJUT K ITOTePe yposkast. Ha 3eMyisiHUKe (KIyOHU-
Ke) MOXKHO HabJII0aTh KapJIMKOBOCTh ¥ CMOPIILUBA-
Hue nuctbeB (Desaeger, Noling, 2017). [1o mJaHHBIM
EOK3P, A. besseyi He BcTpeuaeTcs: ceBepHee 43° c. 1.
Ha puce u 40° c. 1. Ha KIyoHUKe. OLHAKO, COTJIACHO
OTeUYeCTBEHHOU JIMTEPAType, B HAIIEH CTpaHe BpPeu-
TeJb Ha puce gocturai 48° c. mi. ([llectumepos, CaBo-
TUKOB, 1995).

O cepbe3HBIX TOTEPSIX, CBI3AHHBIX C A. besseyi
B dnonuu u yactu CIIIA, coobmany ¢ Havaia XX Beka
(ocobenno ¢ 1935 1m0 1945 1.). Ho ¢ 1OsIBJIeHEM YCTOM-
YUMBBIX COPTOB pPrca U APYrux Mep 60pb0bI BpeLoHOC-
HOCTBb HEMATO/Ibl YMEHbIIUJIACH.

PucoBas HeMaToZa IIPeICTaBJIIET OMIaCHOCTD
IJIT CEMEHHOTO M IT0CAZI0OYHOTO MaTepuaJa: ce-
MSIH pHca JIJIs TI0CEBa, PACTEHUM 3eMIITHUKY (KITyOHU-
KW), KIIyOHEeH, TyKOBUII, KOPHEBUII. PrcoBas HeMaToga
peryaupyeTcs B psjie CTPaH, KOTOPbIe SKCIIOPTUPYIOT
POCCUICKYI0 3ePHOBYI0 IPOAYKIIMIO (BpemHble opra-
HU3MBbI, UMeIoIe KapaHTUHHOE 3HaueHue AJsI EB-
porbl, 1996). B ciayuae eciy pucoBast HEMaTO/1a BbISIB-
JISIETCS B TIOCTABJIIEMOU TTPOAYKIIVU, B COOTBETCTBUU
C MEX/IyHapPOIHbBIM M HAITMOHAJIbHBIMY (DUTOCAHUTAP-
HBIMM 3aKOHO/IATEIbCTBAMU MOTYT OBITH IIPUHSITHI CO-
OTBETCTBYIOIIVE (PUTOCAHUTAPHBIE MEPbI (HAIPUMED,
OCYIIIECTBJIEH BO3BPAT, YHUUTOXEHYE, 06pabOTKY MU
BBeJleHVe BPEeMEHHbBIX OTPaHUUYEeHUN
Ha BBO3 3ePHOBOM IPOAyKIuu 13 Poc-
CUM), KOTOPBIE TIPUBEAYT K CYIIECTBEH-
HBIM SKOHOMUWYECKUM U3AEPIKKAM.

BpeloHOCHOCTb HEMATOIBI IIPO-
SIBJISETCS B HadaJie POCTa ¥ Pa3BUTUS
pacTeHu#. Y CUJIBHO 3apakeHHBIX
CeMsH puca CHIMKAeTCs S9HePrus IIpo-
pacTaHusa 1 BCXOXXeCTH. [lopakeHue
TOYEK POCTa I'yOUTEJIbHO IJIsT pacTe-
HUM, TaK KaK 4acTO IIPUBOAUT K UX
yChIXaHWI0 U rubenu. Beimag pacre-
HUY B ouarax adejeHxou103a J0CTU-
raeT 20-35%. Y mopaxeHHbBIX pacTe-
HUM YMEHbIIAETCS YUCIO KOJIOCKOB,
YBEJIMUMBAETCS ITPOIIEHT HEOTLJIOHOT-

BOPEHHBIX IIBETKOB, MYILIBIX 3€PEH  pyc. 1. PacnpocTpaHeHue pUCcOBOii

(KupbsHoBa, Kpasib, 1971).

BepxHue KOHIBI mopakeHHBbIX (https:/gd.eppo.int/taxon/APLOBE)

JucTbeB (3—5 ¢M), TUIIEHHbIE XJIOPO-

(bunbHBIX 3epeH, B a3y BLIMEThIBAHUS OEJIeI0T, T03TO-
My 3ab0JieBaHMe TTepBOHAYAIBHO ITOJIYYMJIO Ha3BaHe
«beJoe TIaMsi», «6ejias BepIInHKa», Wi 6eJI0BePIINH-
HocTb puca (puc. 2) (Kupbauosa, Kpamib, 1971).

Astrakhan Oblast, Stavropol Krai, Dagestan, the Far
East, as well as in Uzbekistan, the Republic of Moldova,
Ukraine and a number of other countries. Despite the
measures taken to control plant nematodes, the prob-
lem of reducing the harm they cause is still serious (Bu-
torina et al., 2006).

The nematode infects a wide range of plants,
so it is a polyphage. The main hosts most at risk for
A. besseyi infestation are rice and strawberries (San-
chez-Monge et al., 2007). The nematode causes a cha-
racteristic whitening of the tips of the rice upper leaves,
which subsequently become necrotic, and also infects
the panicle, resulting in yield loss. On wild strawber-
ries (strawberries), stunt and wrinkling of leaves can
be observed (Desaeger, Noling, 2017). According to
EPPO, A. besseyi does not occur north of 43° N on rice
and 40° N on strawberries. However, according to liter-
ature, in Russia, the pest on rice reached 48° N (Shesti-
perov, Savotikov, 1995).

Serious losses associated with A. besseyi in Japan
and parts of the United States have been reported since
the beginning of the 20™ century (especially from 1935
to 1945). But with the advent of resistant varieties of
rice and other control measures, the harmfulness of the
nematode has decreased.

The rice leaf nematode is dangerous for seed and
planting material: rice seeds for sowing, wild straw-
berry (strawberry) plants, tubers, bulbs, rhizomes.
The rice leaf nematode is regulated in a number of
countries that export Russian grain products (Pests of
Quarantine Importance for Europe, 1996). If the rice
nematode is detected in the supplied products, in ac-
cordance with international and national phytosanitary
laws, appropriate phytosanitary measures can be taken
(for example, return, destruction, processing or the in-
troduction of temporary restrictions on the import of
grain products from Russia) that will lead to significant
economic costs.

The harmfulness of the nematode manifests it-
self at the beginning of the growth and development
of plants. In severely infected rice seeds, the vigor ger-
mination is reduced. Damage to growth points is det-
rimental to plants, as it often leads to their drying out

Fig. 1. Aphelenchoides besseyi
Hemartopbl Aphelenchoides besseyi B mupe  around the world

(https://gd.eppo.int/taxon/APLOBE)
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Puc. 2. BHelHMe cCMMNTOMbI NopaXkeHus pacteHuin puca  Fig. 2. External symptoms of damage to rice plants by nematode
HeMmaTonoi Aphelenchoides besseyi (hoTto A.B. UBaHoBa) Aphelenchoides besseyi (photo by A.V. Ivanov)

3apakeHHbIe PAaCTEeHUs puca He BCETa MOTYT
MIPOSIBJIATDH Kakye-Ir60 CUMIITOMEIL. Jlaxke eciiu obec-
1IBEUNBAHME TTOSIBJISIETCS HAa BCXOIaX BOCIIPUUMUMBBIX
COPTOB B CTaJINU MEPBBIX 2—3 JIUCTHEB, KaK ITPaBUJIO,
IIepBbIE€ XOPOIIO 3aMETHbBIE CUMIITOMBI ITOSIBJISIOTCS
B KOHIIe CTaAuM KyllleHus. Ha 3To¥ cTaguu moBpe-
JKJIEHHBIE JINCThSI YKOPOUEHHbIE, 3aMETHO CKPYUYEH-
Hble B BePXyLUIEYHOU yacTu, TOGPUPOBaHHEIE, C Oe-
JIECBIMU BepXyIIKaMU. MeTeJika 4YacTO Pa3BUBAETCS
JIMIIb YaCTUYHO WJIM He Pa3BUBAETCs BOODIIE, ee pas-
Mep YMeHbIIIaeTcs, Kak ¥ YMCJio 3epeH. Ha 6oJiee o3 -
HeU CTauM KOJIOMIeHY S HabJII0IaeTCsI ITyCTOKOJIOCHUIIA
(3unHOBBEBA, YnKoB, 2012). Kporolye YemynKu CTaHo-
BATCS 6eJIbIMU, 3ePHOBKA CMOpPIIeHHAas, IyTIas Uin
COBCEM OTCYTCTBYeT. CUJIbHO TTOpPaKeHHbIe MeTeJ-
KU He IIOHUKAIT, TaK Kak comepixar 10 90% mycThIX
U UIYIJIBIX 3epeH. XapaKTepHOU 0CO6EeHHOCThIO 3a-
PaXXeHUs ABJISIETCS TOSIBJI€HNE OT OCHOBaHMS CTebJs
(M3 HMIKHUX Y3JI0B) NOTIOJHUTEIbHBIX MEJIKUX MeTe-
JIOK. Ha cuJIbHO MOpa)keHHbIX PaCTEHUAX HabJI0IaeT-
cs cpactanue (yara B Buie TPYOKU C ITePEMbIYKOMN HaJ,
OoTpacTawuell MeTeJIKON — «3aKyKJIMBaHUE METEJIKI».
Takye pacTeHMs XOPOIIIO 3aMeTHBI B IToceBax (XapueH-
Ko, Py6aH, 2015).

CUMIITOMBI TOPAYXEHUSI HEMATOI0 TTPOSIBJISIOT-
Cs TaK)Ke B BUJIe MO3aUYHOCTY, CKDYUMBAHUS B CIIU-
panb u gedpopmanuu. ApeeHX0NA03 Pa3BUBAETCSI
B TeUeHNe BCEro Iepro/ia BereTalluy prca 1 rHopaxaeT
BCe HaJ3eMHble oprausl (Sivakumar, 1987). [TposiBiie-
HUe 60JIe3HU 3aBUCUT OT COPTA PYCA, ITOTOAHBIX YCJIO-
BUM, arPOTEXHUKH, YMCJIeHHOCTH mmaToreHna (Giudici,
Callegarin, 2005).

Il 1TabopaTOPHOTO UCCIEOBAHUS C 1IEJIbI0 BbI-
SIBJIEHUS] PUCOBOM JINCTOBOM HEMATO bl TPUMEHSTIOTCS
Kak MOPGOJIOTUYECKHE, TAK ¥ MOJIEKYJISIPHBIE METO/IBL.
[TOCTOSTHHOE COBEPIIEHCTBOBAHUE MOJEKYISIPHBIX
METO/IOB TPe6yeT HOBBIX ITOJX0I0B K pa3paboTke Aua-
THOCTUYECKUX ITPOTOKOJIOB 110 BBISIBJIEHUIO Y UIEHTU-
¢ukanuu. ITpeacTaBiseTcs aKTyaJbHOU pa3paboTka
U TIpUMeHeHNe COBPEMEeHHbIX METOL0B B 06J1aCTH Ka-
PaHTWHA PacTeHUU M BBISIBIECHUS U UIeHTUDUKA-
UV BPEIUTEJS prca — PUCOBOM JIMCTOBOM HEMATObI
Aphelenchoides besseyi.

Insg nuarHOCTHUKYM HeMmaTton pomaa Aphelen-
choides UCTIONIb3YIOTCS Te YK€ MOJIEKYJISIPHbIE METO-
IIBI, UTO U JJisI GOJIbIIMHCTBA JPYTUX BUILOB HEMATOZ,
BkJtouag ITLP-TIAP®, TILIP ¢ BumocnelluUUHbIMU

and death. The loss of plants in the outbreaks of aphe-
lenchoidosis reaches 20-35%. In affected plants, the
number of spikelets decreases, the percentage of un-
fertilized flowers, feeble grains increases (Kiryanova,
Krall, 1971).

The upper ends of the affected leaves (3—5 cm), de-
void of chlorophyll grains, turn white during the head-
ing phase, so the disease was originally called “white
flame”, “white tip”, or rice white tip (Fig. 2) (Kiryanova,
Krall, 1971).

Infected rice plants may not always show any
symptoms. Even if discolouration appears on the
seedlings of susceptible varieties in the first 2—-3 leaf
stage, as a rule, the first clearly visible symptoms ap-
pear at the end of the tillering stage. At this stage,
damaged leaves are shortened, noticeably twisted at
the apex, corrugated, with whitish tips. The panicle
often develops only partially or does not develop at
all, its size decreases, as does the number of grains.
At a later stage of heading, an empty ear is observed
(Zinovieva and Chizhov, 2012). The covering scales
become white, the caryopsis is shriveled, puny or
completely absent. Severely affected panicles do not
droop, as they contain up to 90% of empty and feeble
grains. A characteristic feature of the infection is the
appearance of additional small panicles from the base
of the stem (from the lower nodes). On severely affect-
ed plants, the fusion of the flag in the form of a tube
with a bridge over the growing panicle is observed —
“panicle pupation”. Such plants are clearly visible in
crops (Kharchenko, Ruban, 2015).

Symptoms of nematode damage also appear in
the form of mosaic, twisting into a spiral and defor-
mation. Aphelenchoidosis develops during the entire
vegetation period of rice and affects all aboveground
organs (Sivakumar, 1987). The manifestation of the dis-
ease depends on the rice variety, weather conditions,
agricultural technology, and the pathogen number (Gi-
udici, Callegarin, 2005).

For laboratory research in order to identify the
rice leaf nematode, both morphological and mole-
cular methods are used. Continuous improvement of
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npariMepamu, I11IP B pealbHOM BpeMeHH, a TaKXKe
MeTOZbI YacTUUHOro cekBeHupoBauusa JHK (Clemen et
al., 2019; Buonicontro et al., 2017; Zhang et al., 2022).

UccnenosaTtenu us bpasunuu ucnonb3yroT [THP
B peasbHOM BpeMeHUu (Buonicontro et al., 2017).
B Bpasunuu Aphelenchoides besseyi v A. fujianensis 4acTo
BCTPEYAIOTCS B CMEIIaHHBIX MOMYIALNIX, CBI3aHHBIX
C ceMeHaM¥ KOPMOBBIX TPpaB. MOp(hOJIOTUYECKOE CXO[I-
CTBO MEXY ABYMS BUIaMU paHee MPUBOLUIO K TOMY,
uTo A. fujianensis ommb0YHO OIIPeIEeIIIn Kak A. besseyi.
It 06HAPYKEHUS KaXKI0T0 BUIA 6bLIM pa3paboTaHbl
2 meToga I[P B pexxuMe peajbHOTO BpeMeHU. AMe-
PUKAHCKUE UCCIEe0BATEIN UCIIONb3YIOT LJIs JUaTHO-
CTUKU 3 pasMnYHbIX JioKyca: 18S (SSU); hbparMeHThI
skcrnancum D2-D3 rena 28S pPHK u COI; g4 mocie-
nyorero cekBeHupoBanud (Clemen et al., 2019).

Llenbro HaIlIETO UCCIENOBAHUS SBJIAJIOCH UCIbI-
TaHUVe M OTITMMU3alLus kjaccuueckoii I[P ¢ mocTyt-
HBIMY OT€YECTBEHHBIMU KOMMEpPUYEeCKUMY HabopaMu
o5 3pheKTUBHON UAeHTUDUKAIIMY PUCOBOM JIMCTO-
BOI HeMaTOoZbI A. besseyi, B TOM UuCJie C UCTI0JIb30Ba-
HUeM cllelln(pUIHbBIX TpaliMepPoB. B HacTosIIee BpeMs
Y POCCUMICKUX KOMITAaHUY UMeEeTCS MUPOKUL CIIEKTP
peareHTOB IJis BeifeneHud JHK u aMminuKaium.
B uactrocTu, 000 «CuHTON» (POCCHS) ITpeaiaraeT Ha-
60p [JIsT BBIZEJIEHS HYKJIEMHOBBIX KUCJIOT M3 TKaHe!n
J)KUBOTHBIX «JHK-JKcTpaH-2». Ba3oBble KOMILJIEKTHI
IJI IPOBeJleHUs aMIIM(UKaAIlUY, coepsKalllre Bce
HeoO0X0oAMble KOMIIOHEHTHI, 33 UCKJIIOUEeHUEM BUO-
crenuUUHBIX OJIUTOHYKJIEOTUIOB, TPOU3BOLASAT POC-
cuiickre OO0 «CunTos», 3A0 «EBporen», 000 «Arpo-
Ouaruoctuka», 3A0 «Jlmanat JiTg.» u pgpyrue
komnauuu (https://www.syntol.ru, http://evrogen.ru,
https://agrodiagnostica.ru/, http://dialat.ru/).

3aJlauu UCCJIeIOBAaHMS — OITUMU3UPOBATH TECTHI
Ha oCHOBe KJjlaccuueckoit ITLP co crnenu@uyHbIMU
npaMepaMy U CPaBHUTH 3((PEKTUBHOCTb FOTOBBIX
PEaKIIMOHHBIX CMecel, TpejIaraeMbIX POCCUNUCKUMU
KOMIaHUSIMU.

MATEPUAJIbBI U METO/IbI

[Ipu IPOBEIeHN Y KCCIeI0BaHNM MCII0Ib30BaJIK PHUCO-
BBIX JIUCTOBBIX HEMATOZ, A. besseyi, COGpaHHBIX BO BPEMS
sKcrepuimii Ha JlaabHui BocTok (ITpMMOPCKUM Kpaii,
XaHKalcKkuii palioH) u B KpacHomapckuii kpai Poc-
cutickon ®epepaiiuy. HeMaTombl MAEHTU(UIINPOBAHBI
COTJIACHO METONYECKVM PEKOMEHIAIUSAM I10 BBISIBJIE-
HUI U UIeHTU(PUKAIIUY PUCOBOY HeMaTo bl Aphelen-
choides besseyi Christie (MP BHUVKP N2 89-2016).

Mopdosioruueckoe MccjieioBaHue

nepep Boigesenuem JHK

[Tepen Boigenenuem JJHK nipoBesiv ugeHTUQUKA-
IIW0 MCIT0JIb3YEMBIX JIJISI UCCIENOBAaHS HEMATO/, MOP-
omornueckum MmeTogom. oTorpaduu UCCIEIyEeMbIX
ocobelt HeMaTOJ, IPe/ICTaBJIEHbI HA PUCYHKE 3.

BbIfeIeHHbIX HEMAaTO/ IMEePEeHOCUIN B KaIlJio
BOZIbI HA IIPEeJIMETHOE CTEeKJIO ¥ HaKPhIBAJIK IIOKPOB-
HBIM CTEeKJOM. MUKpoIlperapaT HarpeBajJu Ha Ha-
rpeBaTeIbHOM CTOJIMKE 10 IPeKpalleHus JBUKeHUT
HeMaTo. 3aTeM 0co0el PUCOBOM JIMCTOBOI HEMATOIbI
MIPOCMAaTPUBAJIU 10, MUKPOCKOIIOM, U3MEePSIIN I1a-
THOCTHYECKYEe TAKCOHOMUYECKIe IIPU3HAKY U IIPOBO-
OUIU UAeHTUDUKAIIUIO 10 MOP(OJIOTUUECKUM TIPU-
3HaKaM.

MopdoMeTpruUecKre mapaMeTpbl UCCIENYyEMbIX
HEMAaTo/]l COOTBETCTBOBaJIX BULY Aphelenchoides besseyi.

molecular methods requires new approaches to the
development of diagnostic protocols for detection and
identification. It seems relevant to develop and apply
modern methods in the field of plant protection for the
detection and identification of rice pest — rice leaf ne-
matode Aphelenchoides besseyi.

Diagnosis of Aphelenchoides nematodes uses the
same molecular methods as for most other nematode
species, including PCR-RFLP, PCR with species-speci-
fic primers, real-time PCR, and partial DNA sequencing
methods (Clemen et al., 2019; Buonicontro et al., 2017;
Zhang et al., 2022).

Brazilian researchers use real-time PCR (Buoni-
contro et al., 2017). Aphelenchoides besseyi and A. fujian-
ensis are often detected in mixed forage seed-associ-
ated populations in Brazil. Morphological similarities
between the two species have previously led A. fujian-
ensis to be erroneously identified as A. besseyi. To detect
each species, 2 real-time PCR methods were developed.
American researchers use 3 different loci for diagnosis:
18S (SSU); fragments of the D2-D3 expansion segments
of 28S rRNA gene and COI; for subsequent sequencing
(Clemen et al., 2019).

The aim of our study was to test and optimize clas-
sical PCR with available Russiam commercial kits for
the effective identification of the rice leaf nematode
A. besseyi, including the use of specific primers. Cur-
rently, Russian companies have a wide range of re-
agents for DNA extraction and amplification. In par-
ticular, Syntol (Russia) offers a DNA-Extran-2 kit for
the isolation of nucleic acids from animal tissues. Ba-
sic kits for amplification, containing all the necessary
components, with the exception of species-specific oli-
gonucleotides, are produced by Russian Syntol, Evro-
gen, AgroDiagnostica, Dialat Ltd. and other companies
(https://www.syntol.ru, http://evrogen.ru, https://agro-
diagnostica.ru/, http://dialat.ru/).

The objectives of the study are to optimize tests
based on classical PCR with specific primers and com-
pare the effectiveness of ready-made reaction mixtures
offered by Russian companies.

MATERIALS AND METHODS

When conducting research, we used rice leaf nema-
todes A. besseyi collected during expeditions to the Far
East (Primorsky Krai, Khankaisky District) and Kras-
nodar Krai of the Russian Federation. Nematodes
were identified in accordance with the guidelines
for the detection and identification of the rice leaf
nematode Aphelenchoides besseyi Christie (MR VNIIKR
N2 89-2016).

Morphological study

before DNA extraction

Before DNA isolation, the nematodes used for
the study were identified by the morphological meth-
od. Photos of the studied individuals of nematodes are
shown in Figure 3.

The isolated nematodes were transferred to a drop
of water on a glass slide and covered with a coverslip.
The slide was heated on a hot plate until the movement
of nematodes ceased. Then, individuals of the rice leaf
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Puc. 3. O6pasubl, oTobpaHHble ans Fig. 3. Samples selected
uccnepoBanuii (poto A.B. MBaHoBa)  for study (photo by A.V. Ivanov)

[ TIOATBEPXKIEHUS Pe3yJIbTaTOB MOP(OJIOTrUUECKO-
T'0 aHa/IM3a GbLIY TPUMEHEHBI METO/BI MOJIEKYJISIPHOMN
IUATHOCTUKMU.

MoJieKyJIIPHO-TeHe TUUEeCKOE VICCJIe/IOBaHNEe

U IIPUMEHsAeMble KOMMepUuecKue HaGopbl

nJis Beigeaenvisa JHK

Tl KOPPEKTHOM PaboThl AMArHOCTUYECKO-
ro Habopa He0OXOIMMO IIPOBOAUTDL OIMTUMU3AIIUIO
[T P-TecTa. B maboparopuu reabMuHTOIOTMM VJIL],
OI'BY «BHUUKP» 6b1JI0 TIPOBEJIEHO MCCIIeL0BaHMIE
Ha ocHoBe [IlIP ¢ ucmnoib3oBaHUEM KOMMepue-
CKUX CMEeCeMn.

OCHOBHbIE KOMILJIEKTHI [IJIsI TPOBEeJIeHUS aMILIN-
¢uKalmy, comeprxanire Bce He00X0IMMbIe KOMIIOHEH-
ThI, IIpeJJiaraloT Komnanuu «JIuamnar Jith.» u «EBpo-
TeH»:

- 5x MasPPTaq MIX-2025 3A0 «Iuanat Jitm.» (co-
IEePKUT 2 UHEPTHBIX KpacuTtess (CTabUIbHBIX IPU
XPaHEHUU M HEe WHTUOUPYIOIIUX aMIIU(DUKAIIIO),
OCHOBOM CMecCH BJISIETCS TepMocTabmiIbHag hot-start
nojauMepasa SmarTaq, TT03BOJIAIONIAA aMILIUDUIN-
poBaTh HU3KOKOMUNHbIE JJHK-MaTPUIIbI, CI0XKHBIE
nocyenoBaTenabHocTu JHK, MOXeT NpUMeEHAThCSA
B MyJIbTUILIEKCHOI TTLP);

- 5x Mas®*'Taq MIX-2025 3A0 «/luazart Jitx.» (co-
IEepPXUT UHEPTHBIN KpacuTenb (CTaOUIbHBINA IPU
XPaHEHUU U He MHTUOUPYIIUKA aMITU(GUKAIIUI),
cTabuiIrM3aTop/9HXaHCeD, YCUIUBAKONIUI TePMOCTa-
6uIn3aIuio epMeHTa IIPY MOBLIIIEHHBIX TEMIIEpPA-
Typax, yay4inas CrieluUIHOCTb ¥ YyBCTBUTEIbLHOCTD
TI1IP);

- 5x ScreenMix 3A0 «EBporen» (oKpaieHHas pe-
AKIMOHHAs CMECh MpeJHa3HaueHa AJd9 TPOBeAeHUS
[TI[P-aHain3a 60JIBIIOr0 KOJIMUYECTBa 06pa3IloB C I10-
CJIeIYIOIIVM aHAJIM30M Ha rejib-3JeKTpodopese);

nematode were examined under a mi-
croscope, diagnostic taxonomic cha-
racters were measured and identified
by morphological characteristics.

The morphometric parameters of
the studied nematodes corresponded
to the species Aphelenchoides besseyi. To
confirm the results of morphological
analysis, methods of molecular diag-
nosis were applied.

Molecular genetic testing

and applicable commercial kits

for DNA extraction

For the correct operation of the
diagnostic Kkit, it is necessary to opti-
mize the PCR test. In Helminthology
Laboratory of Testing Laboratory Cen-
ter at FGBU “VNIIKR”, a study was con-
ducted based on PCR using commer-
cial mixtures.

Basic kits for amplification, con-
taining all the necessary components,
are offered by Dialat Ltd. and Evrogen:

- 5x MasPPTaq MIX-2025 Dialat
Ltd. (contains 2 inert dyes (stable
during storage and not inhibiting am-
plification), the basis of the mixture is
the thermostable hot-start polymerase
SmarTaq, which allows amplification
of low-copy DNA templates, complex
DNA sequences, can be used in multiplex PCR);

- 5x Mas®Taq MIX-2025 Dialat Ltd. (contains an
inert dye (stable during storage and does not inhibit
amplification), a stabilizer/enhancer that enhances
the thermal stabilization of the enzyme at elevated
temperatures, improving the specificity and sensiti-
vity of PCR);

- 5x ScreenMix Evrogen (colored reaction mixture
is designed for PCR analysis of a large number of sam-
ples with subsequent analysis on gel electrophoresis);

- 5x ScreenMix-HS Evrogen (colored reaction mix-
ture is designed for highly specific PCR amplification of
a large number of DNA samples);

- 5x ScreenMix-HS (UDG) Evrogen (colored reac-
tion mixture is intended for routine PCR and amplifi-
cation of a large number of DNA samples, the presence
of UDG (uracil-DNA glycosylase) and dUTP in the opti-
mal concentration in the mixture provides protection
against contamination by PCR products containing ura-
cil).

Classical PCR conditions and primer sequenc-
es were taken from published articles (Valcheva et al.,
2017; Rybarczyk-Mydlowska et al., 2012).

Sample preparation

and nematode DNA isolation

DNA isolation using the DNA-Extran-2 commer-
cial kit (Syntol) was carried out according to the ma-
nufacturer’s instructions. The samples were homoge-
nized with a pestle in a 1.5 ml microtube in a 300 ul
lyse solution.
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- 5x ScreenMix-HS 3A0 «EBporen» (OKpalieHHas
peakIMoHHAasg CMeCh IpeHa3HavYeHa [Ji1s IPOBEIEHUS
BeIcOKOCTIeupuuHOoMi [T P-ammiaudukanuy 60ab110-
r'o KoJinuecTBa 06pasnos JHK);

- 5x ScreenMix-HS (UDG) 3A0 «EBporen» (okpa-
IeHHas peakIIMoHHasg CMeCh ITpelHa3HadeHa JIJ1s IIPo-
BemeHus pyTuHHOM [P 1 aMmmimdukanmuy 60IbII0r0
KoJimuecTBa 06pasioB JHK, Haiuyre B COCTaBe CMeCcu
UDG (ypaumi-IHK-riavko3uiassl) 1 dUTP B onTUMaJib-
HOM KOHIIEHTPAIUM 06eCreuynBaeT 3auUTy OT KOHTA-
MuHaIuy [IP-IpoayKTaMu, COIEPKAIIMU YPaIlWI).

YcaoBus MpoBefeHns Kiaaccuueckon TP u 1mo-
CJIeIOBATEJIbHOCTY IIPAMEPOB ObLIIN B3STHI M3 OITY0-
JuKoBaHHBIX cTaTel (Valcheva et al., 2017; Rybarczyk-
Mydiowska et al., 2012).

IMogroTroBka 1po6 u BeizeaeHue JJTHK HeMaTo,

Brigenenue JHK koMMepueckuM HabopoMm
«OHK-9xcTpaH-2» (000 «CHUHTOJI») IPOBOLUIN CO-
TJIaCHO MHCTPYKIIMY ITPOU3BOAUTENS. O6pasIiibl rOMO-
TeHV3VPOBAaJIM IECTUKOM B MUKPOIIPOOUPKe 06bEMOM
1,5 MJ1 B IU3UPYIOIIEM pacTBope 06beMoM 300 MKJIL.

MeTog, kiaccuueckoii ITI[P

WnenTtudukaiyio MetogoM [P mpoBoguu C 1c-
TI0JIb30BAaHWEM MaphI CIIeIN(PUIHBIX ITPAMEPOB, aM-
naudunupyuux gparMeHTs 325 ap HyKJIeOTUA0B
(Rybarczyk-Mydtowska et al., 2012):

1770 (forward) 5-GCGGGATTCGTGGTTC-3’;

1772 (reverse) 5’-CGACATGCCGAAACATGAG-3’.

[Ipu IpoBeIeHNY TOJIUMEPa3HON IEMHON peak-
WY KUCIT0Jb30BaJIi PaboUuyo KOHIIEHTPAIIUI0 TIpai-
MepOB, paBHYI0 10 TUKOMOJIb/MKJI. AMIIU(QUKAIUIO
npoBonwiu B ammuingukarope CFX96 (Bio-Rad, CIIIA).
Pexxum aMmindurKanuy IpuBeeH B TabOIUIlE.

JlJisg IpOBeeHUSI TECTOB MCIIOJb30BaJI T'OTO-
BbI€ peaKIIMOHHbIE cMecy koMnauuit 3A0 «EBporem»
u 3A0 «/Iuamnat JITa.» (OKpalleHHbIe CMECH JIJIS TTOCTa-
HOBKM aMILIM(UKAIUU C TIOCJIeYION UM BHECEHUEM
MIPOJIYKTOB B T'€JIb).

CocTaB paboueil cMecu B XOJie MCCJIEIlOBAHUS
ObIJT ONITUMU3UPOBAH: MCHBIThIBaeMasl PeaKIlMnoH-
Hag cMechb — 5 MkJI, 1770 (forward) — 1 Mk, 1772 (re-
verse) — 1 Mk, H,0 — 16 Mk, o6paser JHK (uccneny-
eMblli o0paselr) — 2 MKJ. Bcero 25 MKJI.

VicpiTaHUS NPOBOAUJIY Ha aMIJAU(pUKATOpPE
CFX96 (Bio-Rad, CIIIA). /ljs TecTUpPOBaHUS GBLIO
WCII0JIb30BaHO 5 ob6pasioB JHK pucoBoii HeMaTo-
Inbel Aphelenchoides besseyi, BbIleJIeHHBIX HabopoM
«ITHK-9KkcTpaH-2» B TpeX IOBTOPHOCTAX.

Ananus pparmenToB JHK mpoBoguiu ¢ momo-
b0 BJieKTpodopesa B 1,5 %-M arapo3HoM TeJe.

PE3VJIBTATBI U OBCYKJIEHHNE

CpaBHEHHeE rOTOBBIX PeaKI[HOHHBIX CMeceil

Pe3ynbTaThl TECTUPOBAHUS PEAKIIMOHHBIX CMecel
IJis Kjaaccruyeckoii [P mpeacTaBiieHbl Ha BJIEKTPO-
¢operpammax (puc. 4-8).

O1eHKa pe3yJabTaTOB anpobaluu peakIluoH-
HbIX cMecelt njs [P mokasaja, 4To JIJis BbISIBIEHUS
U ULeHTU(PUKAIUY PUCOBON JUCTOBON HEMATOMbI
A. besseyi TIOOXOSIT BCe KOMMePUYEeCKUe CMECH, ICTTONb-
30BaHHbBIE B paboTe. CMech 5x ScreenMix 3A0 «EBpPO-
TreH» C 9KOHOMUYECKOM TOUKM 3peHUA 60Jiee BhITOLHA
JLJIS YICTIOJIb30BAHMS B IUATHOCTUKE GOJIBIIIOTO KOJIY-
YyecTBa 00pasioB. JIJs gajabHelnel paboThl BhIOpaHa
3Ta CMECh.

Ta6auia

Pexxum amiiuukanyuu
I rpaiiMepoB 1770/1772
Table

Amplification mode
for primers 1770/1772

KosauuecTBO
IMKJIOB
YeaoBuga® t,Mmud The number
Conditions® T, °C t,min of cycles
[TepBuuHag 94 3:00 1
JeHaTypauusa
Primary denaturation
JlenaTtypanusa 94 0:30 40
Denaturation
OTxur 63 0:30
Annealing
DJIOHTAl WS 72 1:00
Elongation
®uHanbHAd JIOHTALIUA 72 5:00 1

Final elongation

*T, °C — TeMnepatypa B rpagycax Llenbcus;
t, MUH — BpemMsi B MMHYyTax.

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

Classical PCR method

Identification by PCR was carried out using a pair
of specific primers that amplify fragments of 325 bp
(Rybarczyk-Mydtowska et al., 2012):

1770 (forward) 5'-GCGGGATTCGTGGTTC-3’;

1772 (reverse) 5-CGACATGCCGAAACATGAG-3’.

When carrying out the polymerase chain reac-
tion, a working primer concentration of 10 pmol/ul was
used. Amplification was carried out in a CFX96 ampli-
fier (Bio-Rad, USA). The amplification mode is shown
in the table.

Ready-made reaction mixtures of Evrogen and Di-
alat Ltd. were used for the tests (colored mixtures for
amplification with subsequent introduction of products
into the gel).

The composition of the working mixture during
the study was optimized: test reaction mixture — 5 pl,
1770 (forward) — 1 ul, 1772 (reverse) — 1 ul, H,0 - 16 ul,
DNA sample (test sample) — 2 ul. Total 25 ul.

The tests were carried out on a CFX96 amplifier
(Bio-Rad, USA). For testing, 5 DNA samples of the rice
leaf nematode Aphelenchoides besseyi were used, isolated
with the DNA-Extran-2 kit in triplicate.

DNA fragments were analyzed by electrophoresis
in 1.5% agarose gel.

RESULTS AND DISCUSSION

Comparison of finished

reaction mixtures

The results of testing reaction mixtures for classi-
cal PCR are presented on electrophoregrams (Fig. 4-8).
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Puc. 4. 3nekTpodoperpamma

c npanmepamun 1770/1772

1 peakLMOoHHON cMecbio 5x MasPPTaq
MIX-2025 3A0 «Ouanart Jita.» (Poccua)
Foe: c 1-ro no 5-11 o6pasew, — Aphelenchoides
besseyi (B Tpex NOBTOPHOCTAX, 06pasLbl

1-3 ns3 NMpumopckoro kpas, 4-5 — us
KpacHopapckoro kpas), K- — oTpuuatenbHbiit
KOHTpPOJIbHbIN 06paseL, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 4. Electropherogram with primers
1770/1772 and reaction mixture 5x
MasPTaq MIX-2025 Dialat Ltd. (Russia)
Where: from the 1° to the 5" sample —
Aphelenchoides besseyi (in triplicate, samples
1-3 from Primorsky Krai, 4-5 from Krasnodar
Krai), K- — negative control sample,

M — molecular weight marker 100-1500 bp.

Puc. 5. 3nektpochoperpamma

¢ npanmepamn 1770/1772

N peakLMOHHOI cMecbio 5x Mas®RTaq
MIX-2025 3A0 «Ouanart JIta.» (Poccus)
Foe: ¢ 11-ro no 15-1 o6paseu, — Aphelenchoides
besseyi (B Tpex NOBTOPHOCTAX, 06pasLbl

11-13 un3 NMpumopckoro kpas, 14-15 — u3
KpacHopapckoro kpasi), K- — oTpuuatenbHbiit
KOHTPOJNbHbIN 06pasew, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 5. Electropherogram with primers
1770/1772 and reaction mixture 5x
Mas®RfTaq MIX-2025 Dialat Ltd. (Russia)
Where: from the 11t to the 15" sample —
Aphelenchoides besseyi (in triplicate, samples
11-13 from Primorsky Krai, 14-15 from
Krasnodar Krai), K- — negative control sample,
M — molecular weight marker 100-1500 bp.

Puc. 6. AnekTpodoperpamma

¢ npanmepamun 1770/1772

1 peakuMOHHON cMecbto 5x ScreenMix
3A0 «EBporeH» (Poccus)

Foe: c 21-ro no 25-1 o6paseu, — Aphelenchoides
besseyi (B Tpex NOBTOpPHOCTSAX, 06pasLbl

21-23 un3 NMpumopckoro kpas, 24-25 - us
KpacHopapckoro kpas), K- — oTpuuatenbHbiit
KOHTPOJIbHbIV 06pasew, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 6. Electropherogram with primers
1770/1772 and reaction mixture 5x
ScreenMix Evrogen (Russia)

Where: from the 21 to the 25t sample —
Aphelenchoides besseyi (in triplicate, samples
21-23 from Primorsky Krai, 24-25 from
Krasnodar Krai), K- — negative control sample,
M — molecular weight marker 100-1500 bp.

Puc. 7. 3nekTpochoperpamma c npaiimepamu 1770/1772

1 peakLMOHHOW cMecbto 5x ScreenMix-HS

3A0 «EBporeH» (Poccus)

Foe: ¢ 31-ro no 35-i obpasew, — Aphelenchoides besseyi

(B TPex noBTOPHOCTAX, 06pa3ubl 31-33 n3 NMpumopckoro kpas,

34-35 — u3 KpacHogapckoro kpasi), K- — oTpuuaTenbHblii KOHTPONbHbIV
obpaseu, M — Mapkep MonekynspHoro Beca 100-1500 n. o.

Fig. 7. Electropherogram with primers 1770/1772

and reaction mixture 5x ScreenMix-HS Evrogen (Russia)
Where: from the 31 to the 35 sample — Aphelenchoides besseyi
(in triplicate, samples 31-33 from Primorsky Krai,

34-35 from Krasnodar Krai), K- — negative control sample,

M — molecular weight marker 100-1500 bp.

K M 4 42 43

Puc. 8. AnekTpochoperpamma ¢ npanmepammu 1770/1772

1 peaKkuMoHHoI cMecbto 5x ScreenMix-HS (UDG)

3AO0 «EBporeH» (Poccus)

Fpe: c 41-ro no 45-i obpasew, — Aphelenchoides besseyi (B Tpex
NOBTOPHOCTAX, 06pa3ubl 41-43 n3 NMpuMopcKoro kpas,

44-45 - u3 KpacHopapckoro kpas), K- — oTpuuaTenibHblil KOHTPOJIbHbIN
obpaszeu, M — Mapkep MonekynapHoro Beca 100-1500 n. o.

Fig. 8. Electropherogram with primers 1770/1772

and reaction mixture 5x ScreenMix-HS (UDG) Evrogen (Russia)
Where: from the 41 to the 45" sample — Aphelenchoides besseyi

(in triplicate, samples 41-43 from Primorsky Krai,

44-45 from Krasnodar Krai), K- — negative control sample,

M - molecular weight marker 100-1500 bp.
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Puc. 9. 3nekTpochoperpamma knaccuueckori MLP
¢ npanmepamu 1770/1772
Fpe: c 1-ro no 3-1 o6paseu, — Aphelenchoides besseyi, c 4-ro no 6-u

obpaseu, — Aphelenchoides fragariae, c 7-ro no 9-i obpaseu, — Ditylenchus

destructor, M — Mapkep MonekynsipHoro Beca 100-1500 n. o.

Fig. 9. Electropherogram of classical PCR

with primers 1770/1772

Where: from the 1% to the 3" sample — Aphelenchoides besseyi,
from the 4thto the 6" sample — Aphelenchoides fragariae,

from the 7t to the 9" sample — Ditylenchus destructor,

M — molecular weight marker 100- 1500 bp.

Ins monTBepXKAeHUsS crienu(pUIHOCTH Tpa-
MepoB 1770/1772 ObLIN KCITIOJIb30BAaHBI HEIIEJIEBbIE
OpraHu3Mbl: GJIU3KUN BUJ 3eMJITHUYHAS HEMAaTOZa
Aphelenchoides fragariae u cTebieBass HeMaTola KAPTO-
(ensg Ditylenchus destructor (puc. 9). AlTpo6HMpPOBaHHBIM
meTtof [TLIP co crieniuuUHBIMU TIpaiiMepaMu MMoX0-
IUT IJIT JUAaTHOCTUKY U AuddepeHIuauy BUL0B.
[Tpu aHanuM3e 3J1eKTPOoGOPerpaMMbl YCTAHOBIIEHO, UTO
crnenuduyHble nipaiiMepst 1770/1772 TpUTOIHBI AJS
KCIIOIb30BAaHUS ITPYU UAEHTUDUKALIMY PUCOBOM HEMA-
TOoxbI A. besseyi.

3AKJ/IIOYEHUE

Vi3yyeH u anpoOUpPOBaH METOM, MOJIEKYJIIPHO-TeHe-
THUYEeCKOU UIeHTU(GUKALUYU PUCOBOM JINCTOBOU He-
MaTonbl Aphelenchoides besseyi, UCTIOJIb3yEMBIH B 3apy-
OeXXHBIX HCcliefoBaHUIX. ATpo6upoBaH Mertop ITLIP
co cnenupuUHBIMU npanMepamu 1770/1772 nns
unenTuduranuu A. besseyi. laHHas TeCT-CUCTEMA
TOAXOIUT IJi UAeHTU(PUKAIINY HEMATO/, TTOJIyUYeH-
HBIX 13 Pa3HbIX PErMOHOB Poccuiickoit demepalinu.
TecTupoBaHue mapel mpaiimMepoB 1770/1772 c Hellene-
BBIMU BU/IAaMU HEMATO/ TTI0KA3aJI0 UX CIIeIU(PUIHOCTD
K 11eJieBoMy 06BbeKTy A. besseyi. TIpaliMepbl MOTYT UC-
TI0JIb30BAThCS IJII IUAaTHOCTUKY PUCOBOY JINCTOBOU
HemaTombl A. besseyi. TIpoBesieHO uccaemoBanue TP
C UCII0Jb30BaHUEM KOMMepUeCKUX cMecel AJIsI aM-
nnudpukanuy 5x MasPPTaq MIX-2025 u 5x Mas®*Taq
MIX-2025 3A0 «Inajat JITh.», a Takxke 5X ScreenMix,
5x ScreenMix-HS u 5x ScreenMix-HS (UDG) 3AO0 «EB-
poreH». Bce roTOBBIE PEAKIIMOHHBIE CMECU MOTYT UC-
TI0JIb30BaThCS JJis mpoBeeHus [P, Ho 5X ScreenMix
3AO «EBporeH» c 3KOHOMUYECKOM TOUKY 3peHus 60Jiee
BBITOJIHA JIJIST UCTIOJIb30BAHMS B JUATHOCTHUKE O0JIBIIIO-
T'0 KOJIMYeCcTBa 06pasIioB.
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Evaluation of the approbation results of reaction
mixtures for PCR showed that all commercial mixtures
used in the work are suitable for detection and iden-
tification of the rice leaf nematode A. besseyi. From an
economic point of view, the mixture 5x ScreenMix of
Evrogen is more profitable for use in the diagnosis of
a large number of samples. This mixture was chosen
for further work.

To confirm the specificity of primers 1770/1772,
non-target organisms were used: a closely related
species, strawberry nematode Aphelenchoides fragari-
ae and potato stem nematode Ditylenchus destructor
(Fig. 9). The proven PCR method with specific prim-
ers is suitable for diagnosis and species differentia-
tion. When analyzing the electrophoregram, it was
found that specific primers 1770/1772 are suitable
for use in the identification of the rice leaf nematode
A. besseyi.

CONCLUSION

The method of molecular genetic identification of the
rice leaf nematode Aphelenchoides besseyi, used in inter-
national research papers, has been studied and tested.
The PCR method with specific primers 1770/1772 was
tested for the identification of A. besseyi. This test sys-
tem is suitable for identifying nematodes obtained
from different regions of the Russian Federation. Test-
ing of primer pair 1770/1772 with non-target nema-
tode species showed their specificity for the target
A. besseyi. The primers can be used to diagnose the
rice leaf nematode A. besseyi. PCR study performed us-
ing commercial amplification mixtures 5x MasP’Taq
MIX-2025 and 5x Mas®Taq MIX-2025 Dialat Ltd., as
well as 5x ScreenMix, 5x ScreenMix-HS and 5x Screen-
Mix-HS (UDG) Evrogen. All ready-made reaction mix-
tures can be used for PCR, but 5x ScreenMix by Evrogen
is more economical from an economic point of view for
use in the diagnosis of a large number of samples.
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