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AHHOTAIUA

Cpenu 6oJsiee ueMm 90 BUmOB HeMATO[ poaa Ditylenchus
crebieBas HeMaTtoza Jyka Ditylenchus dipsaci (Kihn,
1857) Filipjev, 1936 u cTebieBas HeMaToza kapTode-
a1 Ditylenchus destructor Thorne, 1945 uMeloT BajkHOe
SKOHOMUYECKOE 3HAUEHUE [IJIsI CeIbCKOX03SIHCTBEH-
HBIX KYJIbTYP. OTU HEMATOMbI SIBJISIOTCS MUTPUPYIO-
UMY 3HAOINapasuTamMu u noaudaramu. Haubomee
pacmpocTpaHeH U BPEeNOHOCEH JJis KyJIbTYPhI Kap-
Toesd Ha TEPPUTOPUU HallleW cTpaHbl Bui D. de-
structor, KOTOPbIM UMeeT KapaHTUHHBIA CTATyC I
psifia CTpaH — UMIIOPTEPOB POCCUMCKOM MPOAYKIIWH.
[ToaTOMY GBICTPAS W TOYHAS €TI0 JUATHOCTUKA MMEET
6oJbIIIoe 3HAYEHUE IJi (PUTOCAHUTAPHOU ITPAKTUKU.
B MeXyHapOIHBIX U PETMOHAIbHBIX JUATHOCTAYE-
CKUX IPOTOKOJIaX OCHOBHOE BHUMAaHUeE yIeJseTCs
cTebyeBolt HeMaTome JyKa D. dipsaci, a I UIEHTU-
ukanuu D. destructor mpencTaBJIeHbl JOCTATOYHO
TPyZIOeMKUE AJs JIabopaTopuil TecThl. C LIeJIb0 OIITU-
MU3aMUY IUaTHOCTUKY CTe6JIeBOY HEMATObI KAPTO-
¢ens D. destructor 6611 BbIOpaH METO/, KJIaCCUUYECKOMN
MOJIMMEepPa3HOH HeITHON peaKIlnu, NPenIoKeHHbIN
MoJIbCKUMU yueHbIMU — Arnika Jeszke ¢ coaBTopaMu
(Jeszke et al., 2013), c yHUBEPCAJIbHBIM U BULOCIIEIIN-
¢puueckum nparimepamu DITuniF/DITdesR, paspa-
6O0TAaHHBIMU K YUYACTKYy BHYTPEHHEro TPAaHCKPUOU-
pyemoro crieticepa 1 (ITS1) u 5.8S pJIHK. TecT 6611
anrpoObUpPOBaH C OTEYECTBEHHBIMU KOMMEPUYECKUMU
Habopamu aJg BeigeneHus JHK u amonudukanum,
TaK)Xe OTITUMU3WPOBAH COCTaB pabouel cMecu AJg
TIOJTyYeHU S JIYUIlIeTro pe3ysIbTaTa Py PaboTe ¢ STUMU
Habopamu. B mpoilecce anpo6aiiuy MpOTEeCTUPOBAHbI
OTeueCcTBeHHbIe KapTodesbHble momynsatuy D. destruc-
tor pa3INYHOro reorpad@uyueckoro MpouCXoXIeHY,
yCTaHOBJIE€HA UX MIPUHAAJIEKHOCTD K rarioTuny E.
YcnenHo poBeieHa OlleHKa MPUMEHUMOCTY TECTA.
OH peKOMEeHI0BaH IJIs IPOBeIeHNs UCCIeI0BaHNN
B OTE€UYECTBEHHBIX JUATHOCTUYECKUX JIaG0PaTOPHUAX
B 06acTy GUTOCAHUTAPUY U KAPAHTUHA PACTEHUN.
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ABSTRACT

Among over 90 nematode species of the genus Ditylen-
chus, Ditylenchus dipsaci (Kithn, 1857) Filipjev, 1936 and
Ditylenchus destructor Thorne, 1945 are of great econo-
mic importance for agricultural crops. These nema-
todes are migratory endoparasites and polyphages. The
species D. destructor is most common and harmful for
potato culture in Russia, which has a quarantine status
for some countries importing Russian products. There-
fore, its rapid and accurate diagnosis is of great impor-
tance for phytosanitary practice. International and re-
gional diagnostic protocols focus on D. dipsaci, and for
the identification of D. destructor, quite sophisticated
tests for laboratories are presented. In order to opti-
mize the diagnosis of D. destructor, the classical poly-
merase chain reaction method was chosen, proposed
by Polish scientists — Arnika Jeszke with co-authors
(Jeszke et al., 2013), with universal and species-spe-
cific DITuniF/DITdesR primers designed for the region
of internal transcribed spacer 1 (ITS1) and 5.8S rDNA.
The test was verified with Russian commerecial kits for
DNA extraction and amplification, and the composition
of the working mixture was also optimized to obtain the
best result when working with these kits. In the veri-
fication process, Russian potato populations of D. de-
structor of various geographic origins were tested, and
their belonging to the E haplotype was established. The
applicability of the test was assessed successfully. It is
recommended for research in Russian diagnostic labo-
ratories for phytosanitary and plant quarantine.
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Knrwuesvte cnosa. PUTOCAaHUTAPUSL, MOJIEKYISIP-
HO-reHeTuueckue metopl, [TLIP, I[TJP®, ITS, rarioTui.

BBEJJEHUE

TebJeBble HeMaToIbl KapTodes Dity-
lenchus destructor Thorne u nyxa Dity-
lenchus dipsaci (Kihn) Filipjev HaHOCAT
6oJibIION yIepb ypoXkaio KapTodess,
JIyKa, YeCHOKA U MHOTUM JIPYTUM BU-
IaM CeJIbCKOXO3SIMCTBEHHBIX U JIEKO-
PATUBHBIX KyJbTYP (AHUCUMOB U IP.,
2009; Byropuna u gnp., 2006; Edpe-
MeHKO, Bypirrelin, 1972; 3uHOBReBa U nAp., 2012).
B Hacrogilee BpeMsa UIAeHTUDUKAIIUSA STUX BUIOB
UMeeT 3HaUeHVe B OCHOBHOM [IJiS 3KCIIOPTUPYeMOit
MIPONYKIIVY U CEMEHHOTO U TTI0CaZ0YHOI'0 MaTePU-
ajla BHYTPHU CTPaHbl. aeHTUQUuKausg Mophoaoru-
YeCKUM METOAOM JIOCTATOUHO Ha/Ae)XHa, HO BO3MOXK-
Ha TOJBKO Yy B3POCJBIX 0COGEl, TaK KaK CTPOeHUe
IOJIOBBIX CTPYKTYP SBJSETCS OCHOBHBIM [WarHO-
CTUYECKUM IIPU3HAKOM. MOJEKyIIpHO-TeHeTuuec-
KM€ METOIbI JAl0T BO3MOXXHOCTb UAEHTU(MUKAIIUU
U TI0 JIUYMHOYHBIM cTazugaM (Subbotin et al., 2005).
B MeXIyHapOAHBIX AUATHOCTUYECKUX ITPOTOKOJIAX
OCHOBHOE BHUMaHUe yJeJsieTcs cTe6aeBol HeMaTo-
ne ayka D. dipsaci, njis KOTOPOU OMMUCAaHO 6 MOJIEKY-
JITPHO-TeHEeTUYEeCKUX MeTOHO0B (IToJiuMepasHas Iell-
Hag peakiius (TTLP), mosmMepasHas IlelTHas peakIius
C aHajau3oM IMojuMopduaMa IJUH PECTPUKIIUOH-
HBIX (parmenToB (ITLIP-TIIAP®)) (MCO®M 27 MOII 8,
2015; PM 7/87 (2), 2017). B TO e BpeMs AJis MoOJie-
KyJSIpHOU auarHocTuku D. destructor peKOMeHIyeT-
ca [NIP-TIIAP® unu CeKBEeHUPOBAHUE BHYTPEHHETO
TpaHcKpubupyemoro crieiicepa — ITS-yuacTka resa
pOHK (Subbotin et al., 2005; Wendt et al., 1993). Me-
ton ILIP-TIAP® mocTaTOYHO TPyLOeMKuii, TpebyeT
HAJIMY U MTOJIHOTO Habopa epMeHTOB, pEKOMeHIye-
MBIX aBTOPaMM METOZa, B ITPOTUBHOM CJIydae TPYILHO
C YBEPEHHOCTHIO uleHTUDUIIMPOBaTh BUL D. destruc-
tor, XapakTepusywIuicsad BHYTPUBUIOBOM Bapua-
6eJIbHOCTDIO, CBA3aHHOM C M3MEHUYMBON IJIMHOU I10-
ciaenoBaTeabHOCTHU [TST.

B HacTogmee BpeMsI M3BECTHO 7 TaIlJIOTUIIOB
D. destructor (oT A 10 G), KOTOPBIE OTJIMYAIOTCS I10 JIJIU-
He U T10 HyKJIEOTULHOMY cocTaBy peruoHa ITS1 (Jeszke
et al., 2013). HauboJiee ITOAXOOAUINM IJISI IIPUMEHe-
HUS B IUATrHOCTUYECKUX JilabopaTopusaXx MpeICcTaB-
JIsieTcs MeToJ Kjaccuueckoy IMIIP, mpeaoXeHHbIU
MOJIbCKUMU yueHbIMU — Arnika Jeszke ¢ coaBTopamMu
(Jeszke et al., 2013). Umu paspaboTrad Habop mpaime-
poB: 1 yuuBepcanbHbiil DITuniF k yuactky 18S pJHK
u 2 cnenudmUecKux npariMepa K ygactkam ITS1
u 5.8S pIHK — DITdesR nsa D. destructor u DITdipR gis
D. dipsaci. 3TOT MeToA 6bLJ1 anipo6UPOBaH HA OIS~
uuu D. destructor 13 MOCKOBCKOM 06JIaCcTU U ITOKa3aJl
TTOJIOXKUTENbHBIE pedysnbTaThl (Mahmoudi et al., 2019).
OxujlaeMble pa3Mephbl aMIJINKOHOB 11 D. destructor
(B 3aBUCHMOCTH OT rarioTumna): 152—-340 map HyKJIeo-
TUIOB (1. H.), 111 D. dipsaci — 148 11. H. MoJIeKyJIsIpHbIe
MapKephl, MCII0Jb30BaHHbBIE aBTOPaAMU ITPEIJI0XKEH-
HOT'0 METOZIA, TTI03BOJISIOT OTIPEIEJIUTD BCE IOy MU

Key words. Phytosanitary, molecular genetic
methods, PCR, RFLP, ITS, haplotype.

INTRODUCTION

itylenchus destructor Thorne and Ditylenchus
dipsaci (Kithn) Filipjev cause great damage to
the crop of potatoes, onions, garlic and many
other agricultural and ornamental crops
(Anisimov et al., 2009; Butorina et al., 2006;
Efremenko, Burshtein, 1972; Zinovieva et al., 2012). At
present, the identification of these species is important
mainly for exported products or seeds and planting ma-
terial within the country. Identification by the morpho-
logical method is quite reliable, but is possible only in
adults, since the reproductive structures are the main
diagnostic feature. Molecular genetic methods make
it possible to identify by larval stages (Subbotin et al.,
2005). International diagnostic protocols focus on D. dip-
saci, for which 6 molecular genetic methods are de-
scribed (polymerase chain reaction (PCR), polymerase
chain reaction with restriction fragment length poly-
morphism analysis (PCR-RFLP)) (ISPM 27 DP 8, 2015;
RM 7/87 (2), 2017). At the same time, for molecular di-
agnosis of D. destructor, PCR-RFLP or sequencing of the
internal transcribed spacer, the ITS region of the rDNA
gene, is recommended (Subbotin et al., 2005; Wendt
et al., 1993). The PCR-RFLP method is quite laborious,
since it requires the full set of enzymes recommend-
ed by the authors of the method, otherwise it is diffi-
cult to identify with certainty the D. destructor species,
which is characterized by intraspecific variability as-
sociated with the variable length of the ITS1 sequence.
Currently, 7 haplotypes of D. destructor are known
(from A to G), which differ in length and nucleotide com-
position of the ITS1 region (Jeszke et al., 2013). The most
suitable for use in diagnostic laboratories is the classical
PCR method proposed by the Polish scientists — Arnika
Jeszke et al. (Jeszke et al., 2013). They developed a set of
primers: 1 universal DITuniF to the 18S rDNA region and
2 specific primers to the ITS1 and 5.8S rDNA regions —
DITdesR for D. destructor and DITdipR for D. dipsaci. This
method was tested on a D. destructor population from
Moscow Oblast and showed positive results (Mahmou-
dietal., 2019). Expected amplicon sizes for D. destructor
(depending on haplotype) are 152—-340 bp, for D. dipsa-
ci— 148 bp. Molecular markers used by the authors of the
proposed method make it possible to identify all D. dipsa-
ci populations and all D. destructor haplotypes, deposited
in the GenBank database. It should be noted that in the
laboratory diagnosis of nematodes, the availability of the
method, its reliability and the time of the study are im-
portant. Therefore, the PCR method with specific prim-
ers seems to be the most suitable.
The aim of this work was to optimize the mole-
cular genetic diagnosis of D. destructor, to select an ap-
propriate method for its use in phytosanitary practice.
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D. dipsaci u Bce rartoTuIrsl D. destructor, IeIIOHUPO-
BaHHBIE B 6a3y maHHBIX GenBank. Hajmo oTMeTUTD,
YTO B JaOOpPaTOPHOM AMArHOCTHMKE HEMAaTO] BaXkKHa
JIOCTYITHOCTb METOJa, €T0 JOCTOBEPHOCTh U BPEMSI
TIPOBEIEHUS UCCIeIoBaHus. [I09TOMY CaMbIM OIITH-
MaJbHBIM MpefcTaBiseTcs MeTon [P co crienudu-
YeCKUMHU IpariMepaMu.

Llenbio HacTOAIIEeN pPabGOThI ABJIANIACH OIITUMMU-
3amusg MOJEKYJISIPHO-TeHETUYECKOU NUArHOCTUKU
cTebeBo¥ HeMaTobl KapTodes D. destructor, Ton6op
TIOIXOIAIIEr0 MEeToa AJIs ero IIPUMeHeHUs B (PUTO-
CaHUTAPHOI IIPaKTUKE.

MATEPUAJIBI U METO/IbI

Boliu mpoaHaIu3upoBaHbl 0cobu U3 11 momyasnui
crebaeBol HeMaTonbl D. destructor, BblIeJIeHHbIE
3 KapTodesis MPorCXoXIeHeM 13 MOCKOBCKOMH, Ps-
3aHCcKo, Tynbckol u OpJioBCKOM obacTen.

ITomrorosieHbl o6pasiiel JHK D. destructor (11ene-
BO¥ 06bEKT) U3 IIecTH ocobelt Ha o6paszer] 1 06pasIibl
IOHK Tpex npyrux BuIOB HeMmaTon — Meloidogyne hap-
la v Rhabditidae sp., BbIZeIEHHBIX U3 KIYOHEN 1 KOp-
Helt kapTodens, u Ditylenchus dipsaci 3 3eMJISTHUKU
(aereseBble 06BEKTHI). Boimenenne JHK npoBemeHo
HabopoM «JHK-dkcTpan-2» (000 «CunTOJ», Poccus).
VHCTPYKIIUA IPOU3BOAUTEINSI MOAU(DUIIUPOBAHA I1y-
TeM yMeHbIlleHNd B 2 pa3a 00beMa peakTUBOB 6e3 13-
MeHeHUd pe3yibTaTa BblAesieHNA. ONTUMU3UPOBAIN
cocTaB pabouux cMecel AJisT aMIIN(UKAIIUY C TIPU-
MeHeHNeM 0TeueCTBEHHOTO KOMMepuecKkoro Habopa
«5x ScreenMix» (3A0 «EBporeH», Poccus), yBeJuueH
0b61mii 06beM paboueli cMecH 10 25 MKJI, AJIT aHaInu3a
6panu 2 Mmxa JHK u 1o 1 MKJI KaXXIoTo mpatimMepa.

Inga npoBemenus INLIP-TIAP® mo Wendt et al.
(1993) ucrnosb30BaNU CleAyI0Ie YHUBEPCATbHBIE
npaiiMeps! K peruony ITS pJHK:

18S:5'-TTG ATT ACG TCC CTG CCC TTT-3;

26S: 5'-TTT CAC TCG CCG TTA CTA AGG-3'.

YenoBus aMmianuKauu: HadajdbHBINA ImIar —
1,5 muH ripu 96 °C, 30 cex ripu 50 °C u 4 muH ripu 72 °C;
40 pukJioB 110 45 cek nipu 96 °C, 30 cek ripu 50 °C
u 4 muH nipu 72 °C; u nocjiegHul mar — 45 cex npu
96 °C, 30 cek ripu 50 °C u 10 MmuH npu 72 °C.

Pasmepbl aMIIJIMKOHOB cocTaBigioT 1200 1. H.
nas D. destructor u 900 11. H. gJjig D. dipsaci. PecTpuKIus
(parMeHTOB IIpoOBeJleHa OOHUM 13 QePMEHTOB, PEKO-
MeHIyeMbIM aBTOpaMu MeTojia, — Taql u pepmMeHTOM
Trull. Jlyiga pectpukTrassel Taql oxxyaemblie 1oKas3aTeau
aMILIUKOHOB: 640, 200, 150 1. H. CocTaB paboueii cMe-
cu: 5x ScreenMix — 5 M1, JHK — 2 Mk, 2 Tpatimepa —
o 1 mxit, H,0 — 16 MKJI.

Ilnsg mpoBemeHUs TecTa Kiyaccuueckoiu IILIP
1o A. Jeszke et al. (2013) vcrionb3oBaIy IIpaiiMephl:

DITuniF CTGTAGGTGAACCTGC (yHuBepcajb-
HBIN);

DITdesR GTTTTTCGCCCACAAATTAGC (cietucu-
yeckuii K D. destructor).

YesioBug amMminuduKanuy: JeHaTypanus — 3 MUH
npu 95 °C; 35 uukiaoB — 30 cek nipu 95 °C, 30 cek
pu 63,5 °C u 30 cex ipu 72 °C; puHaIbHASI DJI0OHTA-
nud — 5 MuH 11pu 72 °C. OxupaeMble pa3Mephl aMILIU-
KOHOB 114 D. destructor (B 3aBUCUMOCTH OT rarljIOTUIIA):
152-340 1. H.

CocraB paboueir cMmecu: 5X ScreenMix — 5 MKIJI,
IHK - 2 Mk, 2 npaiMepa — 1o 1 M1, H,0 — 16 MKJL

B xauecTBe TOJOXUTEIbHOTO KOHTPOJIS MC-
NOJBb30BAJId OUMNILEHHYI U MHOLTBEPXIEHHYIO

MATERIALS AND METHODS

Individuals from 11 D. destructor populations isolated
from potatoes originating from Moscow Oblast, Ryazan
Oblast, Tula Oblast and Oryol Oblast were analyzed.

DNA samples of D. destructor (target object) were
prepared from six individuals per sample and DNA
samples from three other nematode species — Meloi-
dogyne hapla and Rhabditidae sp., isolated from pota-
to tubers and roots, and Ditylenchus dipsaci from wild
strawberries (non-target objects). DNA extraction was
carried out using the DNA-Extran-2 kit (Syntol, Rus-
sia). The manufacturer’s instructions have been modi-
fied by reducing the volume of reagents by a factor of 2
without changing the isolation result. The composition
of working mixtures for amplification was optimized
using the Russian commercial kit “5x ScreenMix” (Ev-
rogen, Russia), the total volume of the working mixture
was increased to 25 ul, 2 ul of DNA and 1 ul of each
primer were taken for analysis.

For PCR-RFLP according to Wendt et al. (1993) the
following universal primers for the ITS region of rDNA
were used:

18S: 5'-TTG ATT ACG TCC CTG CCC TTT-3';

26S: 5'-TTT CAC TCG CCG TTA CTA AGG-3'.

Amplification conditions: initial step — 1.5 min at
96 °C, 30 sec at 50 °C and 4 min at 72 °C; 40 cycles
of 45 sec at 96 °C, 30 sec at 50 °C and 4 min at 72 °C;
and the last step is 45 sec at 96 °C, 30 sec at 50 °C and
10 min at 72 °C.

The amplicons are 1200 bp for D. destructor and
900 bp for D. dipsaci. Fragment restriction was carried
out by one of the enzymes recommended by the au-
thors of the method, Taql and Trull. For restrictase
Taql expected amplicons: 640, 200, 150 bp. Composi-
tion of the working mixture: 5x ScreenMix — 5 ul, DNA —
2yl, 2 primers — 1 pl each, H,0 — 16 ul.

For the classical PCR test according to A. Jeszke et
al. (2013) primers were used:

DITuniF CTGTAGGTGAACCTGC (universal);

DITdesR GTTTTTCGCCCACAAATTAGC (specific to
D. destructor).

Amplification conditions: denaturation — 3 min at
95 °C; 35 cycles — 30 sec at 95 °C, 30 sec at 63.5 °C and
30 sec at 72 °C; final elongation — 5 min at 72 °C. Ex-
pected amplicon sizes for D. destructor (depending on
haplotype): 152-340 bp.

Composition of the working mixture: 5x Screen-
Mix — 5 ul, DNA -2 yl, 2 primers — 1 ul each, H,0 — 16 ul.

Purified and confirmed by sequencing D. destructor
DNA was used as a positive control from the laboratory
collection, while as a negative control — it was deionized
water. Amplification was carried out on a CFX96 ther-
mal cycler (Bio-Rad, USA).

RESULTS AND DISCUSSION

The isolated nematodes being D. destructor was con-
firmed by the morphological method. The morpho-
metric parameters of the studied nematodes (males
and females) corresponded to those of D. destructor
(see Fig. 1). The body length of adults is from 995 to
1610 um (n = 10); body width — from 27 to 45 pum; sty-
letlength — from 10 to 13.8 um; tail length — from 65 to
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Puc. 1. OcHoBHble MOphoMeTpuYecKme NpUsHaKku

HemaTog Bupa D. destructor Ha npumepe nonynauuu,
noapep>xnuBaeMol B Kynbtype naboparopun
renbMmuHToNorum UJL* ®reY «BHUUKP»: a — ronoBHomi
KOHeL, B3pocnoli ocobu D. destructor; b — XBOCTOBOI KOHeL,
CaMKWU, BEHTpaJibHas CTOPOHA; C — XBOCTOBOM KOHEL, CAMKM,
6okoBast npoekuus (hoto C.B. CypapukoBoit)

Fig. 1. The main morphometric features of D. destructor
nematode on the example of a population maintained

in the culture of the Helminthology Laboratory of Testing
Laboratory Center, FGBU “VNIIKR”: a — the head end

of an adult D. destructor; b — the tail end of the female,
ventral side; ¢ — the tail end of the female, lateral projection
(photo by S.V. Sudarikova)

cexkBenupoBauueM JIHK D. destructor u3 KoJIJIeKIIUU
JabopaTopuy, B KaUeCTBe OTPUIATEIbHOT0 KOHTPO-
JISl — AeMOHU3UPOBAHHYI0 BOLIY. AMILIN(UKAIINIO TTPO-
BOIMIM Ha TepMolukiepe CFX96 (Bio-Rad, CIIIA).

PE3VJIBTATBI U OBCYXKJEHUNE

[IpuHALJIEXHOCTh BBIJEJEHHBIX HEMATOM K BULY
D. destructor ogTBepXAeHa MOP(OJIOTUUECKUM METO-
oM. MopdomeTpuyeckue mapamMeTpbl UCCIIeLyeMbIX
HeMaTo[ (caMIIOB XU caMOK) COOTBeTCTBOBaJU D. de-
structor (cM. puc. 1). [IIuHa Tejla B3POCJbIX 0CO0EH —
oT 995 1o 1610 MM (n = 10); mupuHa Tejaa — oT 27
1o 45 MKM; gJrHa ctuiaeta — oT 10 7o 13,8 MKM; AJanHa

* McnbiTaTenbHbl 1abopaTopHBbIN LEHTP
drey «BHUMKP».

81 um; average values: a = 36; b = 6.5; ¢ = 17. The
esophageal glands overlap the intestines from the dor-
sal side. Males have a bursa that does not reach the tail
apex. In females, the posterior uterus is more than half
the length of the distance “vulva — anus”.

As a result of PCR-RFLP with the target species
using universal primers according to Wendt et al. a
1200 bp fragment was obtained. The fragment was
sequenced, and its belonging to the D. destructor spe-
cies was confirmed using the GenBank database (Mah-
moudi et al., 2019). As a result of its restriction with
the Taql enzyme recommended by the authors, frag-
ments of 550, 190, and 95 bp were obtained instead of
the expected 640, 200 and 150 bp (see Fig. 2). This dif-
ference is likely due to intraspecific variation in D. de-
structor. Restriction with the Trull enzyme resulted in
the formation of 2 fragments 500 and 300 bp in length.

The method is quite laborious, requires additional
testing on D. destructor populations in Russia, and is cur-
rently not recommended as the main one in a diagnos-
tic laboratory. However, this analysis is promising for
studying the intraspecific polymorphism of the species.

As a result of PCR with DITuniF/DITdesR primers,
a 209 bp fragment was amplified for D. destructor DNA
samples from all studied populations, which corre-
sponds to haplotype E (see Fig. 3).) (Jeszke et al., 2013).

When studying non-target species by PCR
with these primers, no amplification was observed.
The applicability of this method was assessed: sensi-
tivity — 1 individual of the nematode, DNA was detected
even when the stock solution was diluted 1 : 100. Speci-
ficity and repeatability were 100%.

Trull Taql
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Puc. 2. PesynbraTbl anekTpodopesa (hparMeHTOB PeCTPUKL MU
aMM/IMKOHA, NOSTy4YeHHOro C MOMOLLbIO Mapbl YHUBEPCasbHbIX
npanmepoB 18S/26S pepmeHTamu Taql u Trull:

o6pasubl 2, 3 — nonynauun D. destructor ns MockoBckoli obnacTu;

M - mapkep MonekynapHoro seca 100-3000 n. H.
(GeneRuler 100 bp Plus DNA Ladder)

Fig. 2. The electrophoresis results of the restriction amplicon
fragments obtained using a pair of universal primers 185/26S
with TagI and Trull enzymes:

samples 2, 3 — populations of D. destructor from Moscow Oblast;
M —100-3000 bp molecular weight marker
(GeneRuler 100 bp Plus DNA Ladder)
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XBOCTa — OT 65 110 81 MKM; CpelHVE 3HaYeHusd: a = 36;
b =6,5;c=17.IuneBogHbIE )KeJIe3bl HAJIeTralT Ha KU-
LIeYHUK C LOPCAJIbHON CTOPOHBI. Y CaMIl0B IIPUCYT-
cTByeT 6ypca, He IOCTUTaeT KOHYMKA XBOCTA. Y CAMOK
3aJHAS MaTKa 60JIbIlle TOJIOBUHBI AJIMHBI PACCTOSHUS
«BYJIbBA — QHYC».

B pesyabrare npoBeneHud [ILP-TIIP® c me-
JIEBBIM BUJIOM C MCIIOJIb30BaHUEM YHUBEPCATIbHBIX
npaiimepoB o Wendt et al. monyueH ¢parMeHT
1200 11. H. PparMeHT CeKBEHUPOBAH, IOATBEPXKAeHA
ero IMPUHAJIEXXHOCTD K BUmy D. destructor ¢ NCIIOJNb-
30BaHMeM 0asbl JaHHbIX GenBank (Mahmoudi et al.,
2019). B pesynbTaTe €ro peCTPUKIIUY, TIPOBEIEHHON
pekoMeHAyeMbIM aBTOpamMu epmMeHTOM Taql, mo-
JiydeHbl (hparMeHThl pa3zMepoB 550, 190 u 95 m. H.
BMecTO oxxugaeMbix 640, 200 u 150 m. H. (cM. puc. 2).
BeposTHO, 5Ta pa3HuIla CBI3aHa C BHYTPUBUIOBBIMU
Bapuanusamu D. destructor. IIpu pecTpukiiuu ¢gep-
MeHTOM Trull o6pasoBanuck 2 hparMeHTa IJIUHOUN
500 1 300 1. H.

MeTon, nOCTaTOYHO TPYLOEMOK, TpebyeT IOTI0JI-
HUTEJBbHON 0TPaboTKM Ha OT€YEeCTBEHHBIX TOTTYJIS-
nusx D. destructor B HACTOsIIee BpeMs He PEKOMEH-
IyeTcs B KaueCTBe OCHOBHOTO B LUAaTrHOCTUUYECKOU
Jnabopatopuu. OmMHAKO, DTOT aHAJMU3 IIEPCIEeKTUBEH
IJig M3y4YeHUsd BHYTPUBUAOBOTO MoaumMopduiMa
BUIIA.

B pesynbprare [P ¢ npaiimepamu DITuniF/
DITdesR pjs obpasiioB IHK D. destructor Bcex ucciie-
IyeMbIX TIOMyAdI Ui aMIauuiiupoBad GparMeHT
pasMepom 209 1. H., YTO COOTBETCTBYET rarioTuy E
(cMm. puc. 3) (Jeszke et al., 2013).

IIpu ucclefoBaHUU HEIleJEBBIX BUIOB METO-
noMm IILIP c sTUMM ImpaliMepaMu aMIIU(GUKAIINU
He mpo1wuio. [IpoBefeHa OlleHKa IPUMEHUMOCTHU JaH-
HOTO MeTOJa: YyBCTBUTEIbHOCTb — 1 0COOb HEMATOIBI,
IHK BbIsIBIISITIACH Jake IIPY pPa3BeJeHUU UCXOIHOI0
pactBopa 1 : 100. CiequpUUHOCTh ¥ TOBTOPSIEMOCTD
coctaBuiau 100%.

CnenmyeT OTMETUTH, UTO MIPU IIPOBeLEHUU OV-
mekcHo# TP ¢ nmpatimepamu DITuniF/DITdesR/
DITdipR Bo3MOXHa aMIIM(pUKALIUSA OUeHb OJIN3KUX
110 pasMepy pparmMeHTOB 11 D. dipsaci v rarioTuna A
D. destructor — 148 u 152 11. H., YTO He JaeT BO3MOX-
HOCThb nuddepeHIIMpPOBaThL UcCCeAyeMble BUAbI 6e3
ToCJeAyIoero CeKBEeHNPOBaHUSI, KOTOPOE IIOBbBIIIA-
€T TPYZO0EMKOCTb METO/Ia. PEKOMEHAyeTCS ITPOBOIUTD
TTLIP oTmenbHO c Tapamu mpatiMepoB DITuniF/DITdesR
u DITuniF/DITdipR gys ugeHTUGUKALIUY 3TUX ABYX
BUJOB.

3AKJIIIOYEHUE

I IpoaHaIM3UPOBAHHBIX OT€UECTBEHHBIX MOITYJIS-
uutt Ditylenchus destructor onpefieJieHa IPUHAAJIEXK-
HOCTb K rarutotuny E. OnipeniesieH pasmMep (hparMeHTOB
npu npuMeHeruu [MIP-TTIP® mo Wendt et al. (1993)
nJs paHHoro ramoTtuna E: mia ¢gepmenTta Taql — 550,
190 u 95 nap HykneoTunos; Trull - 500 u 300 mmap HyK-
JIEOTUZOB.

MeTop TP nng unentudukauuu Ditylenchus de-
structor ¢ mapoi nipaiMepoB DITuniF/DITdesR, npen-
noxeHHbI Jeszke et al. (2013), oNITUMU3UPOBAH IS
KCIIOJIb30BAHUS C OT€YECTBEHHBIMU KOMMEPUYECKUMU
HabopaMu. YCIIEIIHO ITPOBeieHa OlleHKa ITPUMEHUMO-
ctu Tecta. OH PeKOMEH0BAH JIJIs TPOBENeHUS VCCIIe-
IOBaHUM B OTE€UECTBEHHBIX IMAarHOCTUYECKUX Jlabopa-
TOpUAX B 06J1acTy (PUTOCAHUTAPUU.

209 o. H.

209 no. 1.

Puc. 3. Pesynbtatbl MNP ¢ npaimepamu gna D. destructor
(DITuniF/DITdesR): 06pa3ubl D. destructor:

1-3 — MockoBckas obnactb; 4—6 — Tynbckasa obnacTb;

7-9 - PasaHckas obnacTtb; 10, 11 — OpnoBckas obnacTb;

12 — NONOXUTENbHbIN KOHTPONb; K- — oTpuLaTenbHbIi
KOHTponb; M — Mapkep MmonekynapHoro seca 100-3000 n. H.
(GeneRuler 100 bp Plus DNA Ladder)

Fig. 3. PCR results with primers for D. destructor
(DITuniF/DITdesR): D. destructor samples:

1-3 - Moscow Oblast; 4—-6 — Tula Oblast;

7-9 — Ryazan Oblast; 10, 11 - Oryol Oblast;

12 - positive control; K- — negative control;

M —100-3000 bp molecular weight marker
(GeneRuler 100 bp Plus DNA Ladder)

It should be noted that when performing du-
plex PCR with primers DITuniF/DITdesR/DITdipR, it
is possible to amplify fragments very similar in size
for D. dipsaci and D. destructor haplotype A — 148 and
152 bp, which makes it impossible to differentiate the
studied species without subsequent sequencing, which
increases the complexity of the method. It is recom-
mended that PCR should be performed separately with
primer pairs DITuniF/DITdesR and DITuniF/DITdipR to
identify these two species.

CONCLUSION

Haplotype E was determined for the studied Russian
populations of Ditylenchus destructor. Fragment size was
determined using PCR-RFLP according to Wendt et al.
(1993) for this haplotype E: for the Taql enzyme, 550,
190, and 95 bp; Trull — 500 and 300 bp.

PCR method for identification of Ditylenchus de-
structor with primer pair DITuniF/DITdesR proposed by
Jeszke et al. (2013), optimized for use with Russian com-
mercial kits. The applicability of the test was assessed
successfully. It is recommended for research in Russian
diagnostic laboratories in the field of phytosanitary.
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