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AHHOTALIA
[IpoBezmeHBI aNTPOGMPOBAHNE M OTITUMU3AIUS TECTOB
Ha OCHOBE MOJIMMEPAa3HON I[eNHOU PeaKIuM C HC-
0JIb30BaHWEM KOMMepUecKUX HabopoB peareHTOB
POCCHUICKOTO IMTPOU3BO/ICTBA JJI BhIZEJIEHUS Y aMILIN-
¢ukarum JHK coeBoli ucTo06pasyomei HeMaTO bl
Heterodera glycines Ichinohe B ¢popMaTe KjaccuyecKoit
[1P. [TonTBepXIeHa IPUTOLHOCTb OTEUECTBEHHBIX
KOMMepPYeCKUX HabOPOB AJI JAaHHOTO MCCIIeIOBAHNS.

Knrouesvie cnosea. KapaHTUH pacTeHUi, coe-
Bas mucToobpasyromias HemaTona Heterodera glycines
Ichinohe, Mopdosioruueckue Mpu3Haky, MOPHOMET-
pud, MOJIEKYJIAPHO-TEHETUYECKEe MeTO/bl, II0JInMe-
pasHag emnHag peakius ([TLIP), cekBeHUpPOBaHUE.

Jlna xoppecnondenyuu. ViBanoB AHTOH Biamuc-
JIaBOBUY, MJIAMUINY HAy4YHBIM COTPYLHUK Jjabopa-
TOPUM TEJbMHUHTOJIOTUU VICTIBITATENBHOTO Jiabopa-
TopHOro uenrpa ®I'bY «BHUUKP», 140150, Poccus,
MockoBcKas 061., I. PaMmeHCKoe, p. IT. BeikoBO, yi1. I10-
rpanudHas, 32, e-mail: tonijons8@mail.ru.

BBEJEHUE

051 SIBJISIETCS II€eHHBIM WHTPENVEHTOM
MIUIIEBbIX IPOAYKTOB U KOPMOB, BaXK-
HEUIIUM KOMIIOHEHTOM MHOTHUX (ap-
MalleBTUYeCKUX IIperapaToB U KOC-
METUYECKUX CpPeAcTB. [TomysnsipHOCTD
STOU KyJIbTYPHI CBSI3aHA B TIEPBYI0 OUePElb C BHICOKOU
KOHIIeHTpaIuel 6ejika, KOTOPbIK comep XKUTcst B 60-
6ax (B cpemueM okojo 40% OT Macchl CEMEHHU), U JI0-
CTAaTOYHO BBICOKOM YPOXKAHOCTHIO.

Obmas raomanb o coeit B Mmupe B 2019 . co-
craBujia 122 MJIH ra, MUPOBOE ITPOU3BOJICTBO JJOCTUT-
J10 336 MJiH TOHH. bosiee 80% MUPOBOIo MPON3BOLCTBA
cou nipuxonuTcd Ha 3 ctpansbl: CIIA, Bpasunuio u Ap-
TeHTUHY.
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ABSTRACT
The approbation and optimization of PCR tests us-
ing Russian commercial reagents kits for the DNA ex-
traction and amplification of the soybean cyst nema-
tode Heterodera glycines Ichinohe in classic PCR format
has been carried out. The suitability of Russian com-
mercial kits for this study has been confirmed.
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INTRODUCTION

oy is a valuable ingredient of food and forage,
a major component of many pharmaceuti-
cals and cosmetics. This culture’s popularity
is mainly accounted for by high protein con-
centration in beans (about 40% of the seed

mass on average), and a fairly high yield.
The total area of soybeans cultivation in the world
in 2019 amounted to 122 million hectares, the world
production reached 336 million tons. Over 80% of the
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Ha mouio Poccrum B MEPOBOM ITPOM3BOJICTBE COU
B 2019 r. mpuxoauaoch okoJio 1,3%. Poccus o6iamaer
CYLIECTBEHHBIMU BO3MOXKHOCTSIMU JIJISI PA3BUTHUS COE-
BOI OTpAaC/U: paclojiaraeT arpoKJINMaTUYECKUMHU,
3eMeJIbHbBIMU, BOJHBIMU PECYpCcaMu, YHUKAJIbHBIM
COPTOBBIM IIOTEHIIMAJIOM ¥ MHOTOJIETHUM OIIBITOM
BO3/IEJIbIBAHUS COU.

Benyas poJib B IPOU3BO/ICTBE COU B Poccuiickon
denmepanvy MIpUHAIJIEKUT JlaIbHEBOCTOUHOMY (efie-
panbHOMY OKpyTY ([IpUMOpCKUii, XabapoBCKUY Kpad,
AMypckas 06J1acTh), Tlie pasmeniaeTcs 6oee 88% 1o-
CEBOB cOU U IIpou3BoAuUTCS 6oJjiee 86% ee BaJOBOTO
cbGopa B CTpaHe.

Heterodera glycines Ichinohe — coeBas 1mcToo6pa-
3ylollas HeMaTo/Ja, KOTopass HAaHOCUT OTPOMHBIN
yIep6 ypoXxar cou U pyrux 6060BbIX KyJIbTYD. Briep-
BbIe O6bIIa 06HapyxeHa B dnoHuu 1 Kopee B 1915 T.
B 1952 r. HeMaToa Gbljla OIKCaHa MCCIEI0BATEIEM
Ichinohe Ha ocTpoBe Xokkatizo [1, 2]. H. glycines uupo-
KO pacIpocTpaHeHa B 60JIbIIMHCTBE CTPAH, TIe TPOu3-
BOJZICTBO COMU SIBJISIETCSI OCHOBOII CEJIbCKOXO03SIHCTBEH-
HOMU JIesITeJIbHOCTH, 0COGEHHO B CTpaHax AWM.

B Mupe 10% ceslbCKOX035ICTBEHHOM ITPOAYKIIUY
COU TEPSIETCS 13-3a ITOBPEXKIEHUI COeBOI HEMATOI 0,
YTO COCTaBJIAET 1/3 IOTEPh OT BpeguTeael u 60Jes-
Heli [3, 4]. B 2014 . H. glycines 6b1a BKJIIoUeHa B [Tepe-
YeHb KapaHTUHHBIX 00beKTOB Poccuiickoit denepaliuu
u 3ateM, B 2016 I., BHeceHa B EQWHBIN IepevyeHb Ka-
PAHTUHHBIX 00BeKTOB EBPa3niicKOro SKOHOMUYECKO-
ro cor3sa [5, 6]. B HacTosiIee BpeMs coeBas HEMaTo1a
OTPaHUYEHHO MPUCYTCTBYET Ha TeppuTopuu Poccuu
B JlaibHEBOCTOUYHOM (pefepasibHOM OKpyre. C 11eJbio
TIOTIOJIHEHUSI HAYYHOU KOJIJIEKIITMY HEMATO/, U3y YEHUS
00beKTa U pa3paboTKy METOHOB €ro UAeHTU(GUKAIIUYT
B 2016-2019 I'T. COCTOSJIMCH HAYYHO-UCCJIEI0BATEb-
CKMe DKCIeIUIINY BCepoCcCuicKoro IieHTpa KapaHTu-
Ha pactenus (PI'BY «BHUVKP») Ha JlaibHN# BocToK
Poccuu.

CHMIITOMBI ITOPAXKEHUSI PACTEHNH COEBOI IIUCTO-
obpasymwulell HeMaToOLON HA HAJ3eMHOU YacTu He-
cnenuMUYUHBI, UX MOXKHO CIIYTaTh C e(UIUTOM ITUTAa-
TeJIbHBIX BelecTB (0CO0EHHO ¢ Ae(UIIUTOM XKejesa),
CTPECCOM OT 3aCyX¥ WM IPYrUMU 3a60JIeBaHUSIMU.
OHU ITPOSABJIIIOTCS B 3aMeIJIEHUY Y OTCTaBaHUU B PO-
CTe PACTEHUMH, TIOXKEITEHNU JINCThEB, CHUKEHUU YPO-
JKaliHoCTU ceMaH. [Togo6GHble CUMIITOMBI HaGJII0LaIU
BO BpeMs SKCIIeIUIIMK Ha MoceBax cou (puc. 1). Ha
KOPHSIX TaKUX PacTeHUM ObII0 OTMeUeHO 06pa3oBaHue
CaMOK C SHIIeBbIMU MEIIKaMU, a TaK)Ke CHIDKEHNE KO-
JIMYeCcTBa KJIyOeHbKOB U MOSBJIEHUE JOTIOJHUTEIbHBIX
KOpemKoB (puc. 2, 3).

BHeIHWe NMPU3HAKY YTHETEHUS HA OTIEJIbHBIX
PACTEHUSIX COU U IOSIBJIEHWE 0YaroB IMTOXKEJITEBIINX
pacTeHui MOTYT GbITh OCHOBAHUEM JIJISI TPOBEIEHUS
obciieoBaHMM Ha HaJIM4Yre HeMaToAbl. VIHOTIa TaKue
YYaCTKY TOPAKEHHBIX PACTEHUY OBLIY PACIIOJI0KEHBI
I10 Kpalo I10JIs, YaCTO B MECTaX, T 3ae3’Kajia TEXHUKA.
HawboJiee CMJIbHO CTpagaiv PaCTEHUS B IIEHTPE ITopa-
JKEHHOTO yYacTKa.

Vicxons 13 GMOJOTUK 00BbEeKTa, OITUMAaJIbHBIM
IIpeJICTaBJIIeTCS 00CIeOBaHYE HA IPUCYTCTBUE COEBOM
HEMAaTOZbI B IIEPUO]] BereTaluy ¢ 0T60POM pacTeHUH
COM C KOPHEBOU CHUCTEeMOI IJIs JaJbHEeNIIero aHajImsa.

Lukn passutusg H. glycines TUTIMYEH IJIST BCEX
BUIOB IIMCTOOOPA3yONIMX HEMATO. [IJisT COEBOM He-
MaTObl XapaKTepPeH MOJIOBOM IUMOP(U3IM: CaMKU
JIMMOHOBUIHBIE, O€JIOTO IIBETa, CAMIIBI ITPO3PaAYHbIE

world soybeans production is concentrated in 3 coun-
tries: the USA, Brazil and Argentina.

In 2019, Russia’s proportion of the soybean pro-
duction in the world accounted for about 1.3%. Rus-
sia has significant opportunities for the soybean indus-
try development: agroclimatic, land, water resources,
unique variety potential and many years of experience
in soybean cultivation.

The leader of the soybeans production in the Rus-
sian Federation is the Far Eastern Federal District (Pri-
morsky Krai, Khabarovsky Krai, Amur Region), where
more than 88% of soybean crops are located and more
than 86% of its gross harvest in the country is produced.

Heterodera glycines Ichinohe, 1952, is the soybean
cyst nematode, which causes great damage to the soy-
bean and other Fabaceae crops. It was first detected in
Japan and Korea in 1915. In 1952 the nematode was
described on the island of Hokkaido by the researcher
Ichinohe [1, 2]. H. glycines is widespread in most coun-
tries where soybean production is the basis of agricul-
tural activity, especially in Asia.

10% of the world’s agricultural soybean produc-
tion is lost because of the soybean cyst nematode,
which amounts to 1/3 of the losses caused by pests and
diseases [3, 4]. In 2014, H. glycines was included in the
Quarantine Pest List of the Russian Federation and then
in 2016 it was included in the Common List of Plant
Quarantine Objects of the Eurasian Economic Union [5,
6]. At present, soybean cyst nematode is limitedly pre-
sent in Russia’s Far Eastern Federal District. To develop
the scientific nematode collection, study the object and
develop methods for its identification, in 2016-2019
All-Russian Plant Quarantine Center (FGBU “VNIIKR”)
sent scientific expeditions to Russia’s Far East.

The symptoms of plants’ damage by soybean cyst
nematode on the aerial parts are non-specific, they can
be confused with nutritional deficiencies (especial-
ly iron deficiency), drought stress, or other diseases.
They manifest themselves in slow and irregular plant
growth, yellowing of leaves, and a decrease in seed
yield. Such symptoms were observed during an expe-
dition to soybean crops (Fig. 1). On the roots of such
plants, the formation of females with egg sacs was not-
ed, as well as a decrease in the number of tubercles and
the appearance of additional roots (Fig. 2, 3).

External signs of inhibition on individual soybean
plants and the appearance of yellowed plants foci may
be the basis for surveys for the nematode presence.
Sometimes such areas of infected plants were located
at the edge of the field, often in places where vehicles
entered. Plants in the center of the affected area were
infected the most.

According to the biology of the object, the best
option is to conduct the examination for the soybean
nematodes presence during the growing season se-
lecting soybean plants with root systems for the fur-
ther studies.

The development cycle of H. glycines is common for
all cyst nematode species. Soybean nematode is cha-
racterized by sexual dimorphism: females are lemon-
shaped, white, males are transparent and vermiform.
The nematode remains in the stage of eggs and larvae
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e

to the development of diagnostic protocols for detec-
tion and identification. Heterodera spp. cyst nematodes
diagnosis involves the same molecular methods as
those used for many other nematode species, including
restriction fragment length polymorphism (PCR-RFLP),
PCR with species-specific primers, real-time PCR (R-T
PCR), as well as methods of DNA partial sequencing
(determination of the nucleotide sequence).

Molecular methods are becoming more important
as Heterodera spp. nematode cysts are quite often de-
tected on regulated products. Morphologically they are
quite similar, e. g. nematodes belonging to one group.
In this case, conducting research by the morphological
method can be difficult.

The aim of the research was testing and opti-
mizing sample preparation methods and classic PCR
methods with available Russian commercial kits for the
effective identification of soybean cyst nematode, in-
cluding the use of specific primers. Currently, Russian
companies offer a wide range of reagents for DNA ex-
traction and amplification. For example, Syntol (Rus-
sia) offers a kit for the isolation of nucleic acids from
animal tissues “DNA-Extran-2”. Basic kits for carrying
out amplification, containing all the necessary compo-
nents, with the exception of species-specific oligonu-

Puc. 3. UucTa coeBom
HemaTtopbl Heterodera nematode Heterodera glycines

Fig. 3. Cyst of soybean cyst

Puc. 1. Ouaru nopaxkeHusi cou HemaTogou Heterodera Fig. 1. The foci of soybean syst nematode Heterodera glycines
glycines Ha JlanbHeM BocToke Poccuum (Mpumopckuii kpai)  infection in the Far East of Russia (Primorsky Krai)
(choTo A.B. MBaHOBa) (photo by A.V. Ivanov)

glycines c anueBbIM with an egg sac on soybean
MEeLLKOM Ha KOPHSAX con roots
(choTo A.B. MBaHOBa) (photo by A.V. Ivanov)

u yepBeobpasHble. HeMaToma COXpaHSIeTCs B CTaIUU
UL, U JIMUWHOK, HaXOASAIIUXCS B LIUCTaX. BecHoM
JIMYMHKYA WHBA3UPYIOT MOJIOZble KOPHU, TTUTAKTCS
¥ TIPEBPAIIAIOTCS B CAMOK M caMI1i0B. CAaMKM OCTAIOTCS
B KOPHE, a caMIlbl BBIXOJST B [TIOUBY, OILJIOLOTBOPSIOT
caMoK 1 moru6arT. CaMKY OTKJIaZbIBAIOT M1 B THIIE-
BOM MEIIOK MJIX BHYTpU Teja (puc. 2, 3). BHyTpeHHUE
OpraHbl CaMOK IT0CJIe BbI3PEBAHUS BHYTPU HUX SUI]
OTMUPAIT, KYTUKYJIa CAaMKHU yTOJIIAEeTCs, 3aTBEPe-
BaeT U nmpruobpeTaeT KOPUUYHEBBIH 11BeT (puc. 4). Ta-
KUe OTMepIlNe CaMKU C SUIlaMy BHYTPU Ha3bIBAIOTCS
nycTaMu. L{UCTHI IBJSIOTCS UCTOUHUKOM UH(EKITNUN.
3a BeTeTalMOHHBIN MTePUOJ, MOXET PA3BUTHCS OT 3 /10
5 TTOKOJIEHU ! COeBOY HeMATOIbl. [IpM3HAKY ITOpake-
HUS COEBOM HEMATO/IOH ITOSIBJISIIOTCS IPUMEPHO Yepes
2 Mecslia rmocJie mocesa [7].

Iuar"octuka H. glycines OCHOBBIBAETCS Ha MOp-
(hostornyeckom 1 MOJIEKYJISIPHOM MeToiaX. [I0CTOSIH-
HOE COBEPUIEHCTBOBAaHME MOJIEKYJISIPHBIX METOLOB
TpebyeT HOBBIX MOAX0MIOB K pa3paboTKe AMarHOCTU-
YeCKHUX ITPOTOKOJIOB 110 BBISIBJIEHUIO U UAeHTUDUKA-
uuu. [ IMarHOCTUKY IIMCTO0OPAa3y0IIuX HeMaTo/
pona Heterodera VCTIONb3YIOTCS TE K€ MOJIEKYIISIPHbIE
METOJbI, UTO U IJisi GOJIBIIMHCTBA APYTUX BUIOB He-
MaTO[I, BKJIFOUAs MOJIUMOPGU3M IJINH PECTPUKITUOH-
HbIX hparmenToB ITLP-T1IP® (PCR-RFLP), ITLIP c Bu-
JocrneuuduyeckuMu npaiiMmepamuy, 1P B peasibHOM
BpeMenu (Real-Time PCR), a Tak)Xe MeTOAbI YaCTUU-
HOT'O CEKBEHUPOBaHUs (ONpefiesieHre HYKJIeOTULHON
nocyiefoBaTesbHoCTH) JHK.

B HacTodIee BpeMs MOJIEKYJISIPHbBIE METOJbI
npuo6peTaroT 0coboe 3HaUeHUe, TaK KaK B ITOJKapaH-
TUHHOW MPOAYKIIUYU JJOCTATOYHO YAaCTO BBISBJISIOTCS
LIMCTBI HeMaTo, posa Heterodera, KoTopbie MOpdoJio-
TUYECKM OUYEHb CXOXM MEeXIy cO00M, HAIIpUMep He-
MaTOAbI OJJHOY I'pymIThl. [IpOBEIEHNE UCCIEN0BAHMIM
MOpPGhOJIOTUYECKMM METOOM B 3TOM CJydyae ObIBAET
3aTPYLHUTENBHO.

[lesbl0 UCCTAEeNOBAHUS SABJSJOCH UCIIBITAHUE
¥ OTITUMU3AIIYS CIIOCOG0B MOJITOTOBKY TIPO6 1 TECTOB

in cysts. In spring, larvae invade young roots, feed and
develop to females and males. Females remain in the
root, while the males go out into the soil, fertilize the fe-
males and die. Females lay eggs in an egg sac or inside
the body (Fig. 2, 3). The internal organs of females die
off after the eggs inside them mature, the female’s cu-
ticle thickens, hardens and turns brown (Fig. 4). Such
dead females with eggs inside are called cysts. Cysts are
the source of infection. During the growing season, 3 to
5 generations of soybean cyst nematodes can develop.
The signs of soybean cyst nematode infection appear
approximately 2 months after planting [7].

The diagnosis of H. glycines is based on morpho-
logical and molecular methods. The constant improve-
ment of molecular methods requires new approaches

Puc. 2. Camku coeBoit Fig. 2. Female of soybean

HeMmaTopbl Heterodera cyst nematode Heterodera
glycines Ha kopHsax cou  glycines on soybean roots

(choTo A.B. UBaHOBA) (photo by A.V. Ivanov)

dutocaHuTapusi. KapaHTuH pactenuii -~ 32

kJaccudeckoy [P ¢ MOCTYIHBIMU OTEUYECTBEHHBI-
MU KOMMepuecKuMU Habopamu Ay 3ppeKTUBHON
uneHTUDUKALINY COeBOM 1cTO06pasyollell HeMaTo-
IIbI, B TOM YMCJIE C UCIIOJIb30BaHMEM CITIeIU(PUUIECKUX
mpaiMepoB. B HacTosIIee BpeMs POCCUMCKIE KOM-
MaHUU MpeajaraT IMUPOKU Habop peareHTOB AJg
Boifenenusa JHK u amnaudukanuu. B yacTHOCTH,
000 «CunTosn» (Poccus) mpeaJjaraeT Habop [IJs Bbi-
IeJeHUsT HyKJIEMHOBBIX KMCJIOT U3 TKaHeH >KMBOTHBIX
«[IHK-9kcTpaH-2». bBa3oBble KOMILIEKTHI JJIsI TPOBee-
HUS aMIUTMGUKAILIUY, COIepIKalIre Bce He06X0quMble
KOMIIOHEHTHI, 38 UCKJIIOUeHUEM BUAOCTEIUPUIHBIX
OJIUTOHYKJIeOoTUumoB, npepmaratoT OO0 «CuHTOII»,
3A0 «EBporen» (Poccus), OO0 «Arpo/luarHOCTU-
ka» (Poccus), 3A0 «/Iuajat JIta.» (Poccus) [8, 9,10, 11].
BupocnenuduyuHble OIUTOHYKIJIEOTUIbI M3TOTABINBA-
eT 000 «Buotexunayctpus» (Lumiprobe), 3A0 «EBpO-
res», 000 «CHUHTOJI».

3AJJAYU NCCJIEJOBAHUA

OnTUMU3UPOBATH TECTHl HA OCHOBE KJIACCUYECKOH
T1LIP c mpaiiMmepamu, paspaboTanusiMu Hu et al. (2002)
u Subbotin et al. (2001) [12, 13]. B paMKax 2To 3aauu
IIPOBECTU TeCTUPOBaHMWE HEMATOJ, IPynnsl Schachtii,
CXOIHBIX MEXXIYy 0001 MOPGOJOTUUECKY.

MATEPHAJIBI U METO/IbI

Pa6oTa mpoBomuyiach B JlabopaTOPUU TeNb-
MUHTOJIOTUY VICTIBITaTEIbHOTO J1ab0paTOPHOro IeH-
Tpa ®I'BY «BHUUKP». [Ipu npoBeleHNN nCCIe0Ba-
HUM MCTIO0Jb30BAaJIM IUCTHI H. glycines B KOMTUYECTBE
10 mTykK, co6paHHble BO BpeMs SKCIIeAUIIUU Ha
HOanbHuil BocTok Poccuu ¢ pacTeHuit cou (puc. 5),
a Tak)ke I[MCThI CBEKJOBUYHOU Heterodera schachtii
u JollepHOBOU Heterodera medicaginis IUCTO-
00pasywIux HeEMATOJ, MMOJyueHHbIe U3 Jjabopa-
TOPHOM KoJIeKuuu. [lepen BeimenenueM JHK
MMPOBENIN UAeHTU(DUKAIIUIO UCIIOJIb3yEeMbBIX JIJIS WC-
cjieloBaHUS HeMaTod MOP(OJIOTUUECKUM METOJIOM
cornmacHo MP BHUUKP N2 32-2015 «MeTogudeckue

cleotides, are offered by Syntol, Evrogen (Russia), Agro-
Diagnostica (Russia), Dialat Ltd. (Russia) [8, 9, 10, 11].
Species-specific oligonucleotides are produced by Bio-
techindustria (Lumiprobe), Evrogen and Syntol.

OBJECTIVES OF THE RESEARCH
Optimize tests based on classical PCR with primers de-
signed by Hu et al. (2002) and Subbotin et al. (2001) [12,
13]. As part of this task, test morphologically similar
Schachtii spp. nematodes.

MATERIALS AND METHODS
The work was carried out in Helminthology Laborato-
ry of FGBU “VNIIKR” Testing Laboratory Center. The re-
search involved 10 cysts of H. glycines collected during
an expedition to the Russian Far East from soybean
plants (Fig. 5), as well as the cysts of beet cyst nematode

P E

Puc. 4. UucTa coeBoit Fig. 4. Cyst of soybean
HeMaTtogabl Heterodera cyst nematode Heterodera
glycines c aniueBbIM glycines with an egg
MELLKOM U caMKa sac and a female

(choTo C.B. CypmapukoBoi) (photo by S.V. Sudarikova)

Nekabpb N2 4 (4) 2020 33



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

PEKOMEH ALY T10 BBIABICHUIO U UAEHTUPUKALIUA
coeBoii HeMaTo bl Heterodera glycines (Ichinohe)» [14].

MOP®OJIOTUYECKOE MCCJIEJOBAHUE
IIEPEJ BBIJEJEHUEM JHK

Kaxxzyio ycTy paspesaliy, BEIYUIIAIYN COLEePKUMOe
B KaTLJII0 BOJIBI U OTIPEEJISIIN IO, MUKPOCKOITOM KH3-
HeCIIOCOGHOCTB. JIJis TPOBeAeHYsI MOP(OJIOTUIECKOTO
aHaJIM3a W3TOTABJIMBAJIM ITPENapaThl aHAJTbHO-BYJIb-
BapHBIX ITACTUHOK, 8 OCTABIIYIOCS TIOJIOBUHKY ITUCTEI
TTOMEIaIu B MPOGUPKY IJIs TTOCTEAYIOIEro MOJIEKY-
JISPHOTO aHAJIM3a.

Jlist aHaJIM3a MOJIEKYIAPHBIMYU METOJaMU 0TG-
panu ucTel H. glycines, comepiraliye )XU3HeCcII0COOHbIe
SIAIA U IMYUHKY, TaK KaK 9TO TapaHTUPYET IOCTOBED-
HBIN pesynbTaT. Kus3HecrmocobHble JUUNHKY UMENT
TUMUYHYI 4YepBeoOpasHyo Gopmy Tesa u HeHaPY-
IIEHHYI0 CTPYKTYPY BHYTPEHHUX OPTaHOB.

MOJIEKVIIAPHO-TEHETNYECKOE
NCCIEJOBAHUME

It IpOBeIeHUsT TECTOB Kylaccuuecko [TLIP 1cIob-
30BaJIM KOMMepueckuil Habop 5x ScreenMix mpo-
usBojgicTBa 3A0 «EBporeH» (OKpalleHHas CMECh JIJIs
TTOCTAaHOBKY aMIIN(DUKAIIUY C TTOCTIEIYIOIUM BHECE-
HUWEM TIPOJIYKTOB B T'€Jib) U OJIUTOHYKJIEOTUbI, U3TO-
TOBJIEHHBIE 110 3aKa3sy B 3A0 «EBporeH».

TecTUpOBaHUE MOJIEKYISIPHBIMU METO-
mamMu mpoBoguau mo Hu et al. (2002) u Subbo-
tin et al. (2001) [12, 13].

B KauecTBe MTOJIOKUTEIHHOTO KOHTPOJIS NCIIOJIb-
3oBasiu [HK H. glycines n3 1abopaTOPHOYN KOJIJIEKITUU.

INOJATOTOBKA ITPOB
U BBIJEJIEHNE JHK HEMATO/IbI

Boigenenue JJHK u3 06pasiioB IIMCT roMOreHu3aI e
¥ HarpeBaHUEM [I0 TeMIIEPATypPhl JeHaTypanuu 6e-
ka B TE-6ydepe nmpoBogunu corjiacio CTO BHUUVKP
6.001-2010 gns FLASH-PCR [15]. ToMoreHu3aIno
LUCT C IIOMOIIbI0 BCTpaxuBaresga MagNa Lyser
(ROCHE, IliBetiniapus) B TE-6Gydepe MpoOBOAUIIN CITO-
co6oM, 0TpaboTaHHBIM B J1abopaTOPUY reJIbMUHTOJIO-
TUM ¥ OITyOJIMKOBAaHHBIM paHee: 06beM 60POCUINKAT-
HBIX mapukoB — 0,5 MKJI, 06beM pacTBopa — 110 MKJI,
pexum BCTpAxUBaHUA — 60 CeK IIPU CKOPOCTU
3000 06/muH [16].

Beimenenue OJHK xKoMMepueckuM Habopom
«OIHK-9xcTpaH-2» (000 «CHHTOJI») IPOBOLUIN CO-
TJIaCHO MHCTPYKILWY IPOU3BOAUTENA. LIuCThI roMore-
HU3UPOBAJIY ITECTUKOM B MUKPOITPOOVPKE 06bEMOM
1,5 MJ1 B Tu3upyolieM pactBope o6bemMom 300 Mkt [8].

WCCJIEJOBAHME JHK HEMATOJbI
METOJOM KJACCUYECKOI ITIIP
10 HU ET AL., 2002 [12]

[Ipu IpOBeleHUY UCCIeN0BaHUN UCIIOIb30BAJH ClIe-
Iyiollye mpaiMepsl: IPSIMOU YHUBePCaIbHbBIN ITpai-
mep JB3 (5’ = TTTTTTGGGCATCCTGAGTTTAT - 3’)
1 o6paTHBIM yHUBEpPcadbHbIN mpaimep JB5 (5 —
AGCACCTAAACTTAAAACATAATGAAAATG — 3’), KO-
Topble aMIIndunupyT dparmeHT 400 bp, xapak-
TEePHBIN [JIT BCeX BUIOB HeMaToJ poxaa Heterodera.
JaHHbBIN MeTOJ, UCTI0Ib30BaJIU JIJIsI CPDaBHEHUSI CIIOCO-
60B BrIZeaeHud JHK.

CocTaB paboueil cMecu B XOJie MCCJIEJOBAHUS
OBLJI OTITUMM3VPOBAH: YBeJIUUYEeH 00beM MpaliMepoB
u ToTanbHOU JJHK 1Mo cpaBHEHUIO C PpEKOMEHYEMbIM

Puc. 5. LucTbl n caMmku Fig. 5. Cysts and females
Heterodera glycines, of Heterodera glycines
oTobpaHHble pns aHanusa  selected for the analysis
(choTo A.B. UBaHOBa, (photo by A.V. Ivanoy,
C.B. CymapukoBoit) S.V. Sudarikova)

Heterodera schachtii and alfalfa cyst nematode Heterodera
medicaginis obtained from the laboratory collection. Be-
fore DNA extraction, the nematodes used for the study
were identified by the morphological method according
to MR VNIIKR N2 32-2015 “Methodological recommen-
dations for the detection and identification of soybean
cyst nematode Heterodera glycines Ichinohe” [14].

MORPHOLOGICAL EXAMINATION
PRIOR TO DNA EXTRACTION

Each cyst was cut open, the contents were cleaned out
in a drop of water and the viability was determined un-
der the microscope. For morphological analysis, slides
with vulval-anal plates were made, and the remaining
half of the cyst was placed in a test tube for further mo-
lecular analysis.

H. glycines cysts containing viable eggs and larvae
were selected for the analysis by molecular methods
as this guarantees a reliable result. Viable larvae had a
typical vermiform body shape and an intact structure
of internal organs.

MOLECULAR GENETIC STUDY

For classic PCR tests, a commercial kit 5x ScreenMix
by Evrogen (colored mixture for setting amplification
followed by adding products to the gel) and oligonucle-
otides custom made by Evrogen were used.

Molecular testing was carried out according to Hu
et al. (2002) and Subbotin et al. (2001) [12, 13].

H. glycines DNA from the laboratory collection was
used as a positive control.

SAMPLE PREPARATION
AND EXTRACTION OF NEMATODE DNA

DNA extraction from cyst samples by homogenization
and heating to the protein denaturation temperature in
TE buffer was done according to STO VNIIKR 6.001-2010
for FLASH-PCR [15]. Homogenization of cysts with
MagNa Lyser (ROCHE, Switzerland) in TE buffer was
carried out by the method previously tested in the hel-
minthology laboratory: borosilicate beads volume -
0.5 pl, solution volume — 110 pl, shaking mode — 60 sec
at a speed of 3000 rpm [16].
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Tao6auiia
MopdomeTpuuecKkre XapaKTePUCTUKU
HUCCJIeyeMbIX IIUCT (MKM)

IucThI

JdauHa
Mudp JauHa MIupuna ByJIbBApPHOM
o6pa3sua ¢eHecTpsl (eHeCcTPbl IIEJU

1 56,0 24,0 46,0
2 49,1 32,8 48,8
3 42,0 30,2 48,5
4 47,3 29,0 46,1
5 49,0 28,0 47,5
6 52,0 27,3 47,3
7 49,8 29,7 48,4
8 51,1 26,2 46,2
9 49,6 30,4 47,2
10 47,9 31,6 46,9

Cpennee 49,4+3,6 28,9+2,6 47,3+1,0
3HavyeHue (42,0-56,0) (24,0-32,8) (46,0-48,8)

aBTopamu: 5x ScreenMix — 5 MkJ, JB3 — 1 mkJ, JB5 —
1 Mk, H,0 - 14 MK, o6pasen JJHK (uccnemyembrit 06-
paseir) — 4 MKJI. Bcero 25 MKIJI.

Pexxum amnnudukanuu: 15 MmuH npu 95 °C,
40 uwmkaos (mo 1 MuH npu 95 °C, mo 1,5 MUH IIpU
41 °C, o 2 MuH npu 72 °C), OKOHYATeJbHaI SJI0HTa-
uusg — 10 MuH npu 72 °C. AMIIU(UKAIIUIO IIPOBOI I
B ammugukatope CFX96 Bio-Rad.

Ananu3s ¢parmenTtoB JHK mpoBomuiu c 1mo-
MOIIIbI0 METOJla TOPU30HTAJBHOTO 3JeKTpodopesa
B 1,5%-M arapo3HoM reJie.

WCCJIEJJOBAHUE JHK HEMATOJbI
METO/IOM KJIACCUYECKOH MIIP
110 SUBBOTIN ET AL., 2001 [13]

[Tpu IpOBEIEHUY MCCIIeLOBAHUHN UCIIOIb30BAJIU CIIe-
Iylolve TpaiMepsl: IPAMOU BUIOCTIETU(PUIHBIN
npaiimep GlyF1 (5° — TTACGGACCGTAACTCAA - 3’)
1 o6paTHBIN YHUBepCaJbHBIN nTpaiiMep rDNA2 (5° -
TTTCACTCGCCGTTACTAAGG - 3’), aMIIIuUIIUPYI0-
mue pparmMeHT 181 bp, 4TO COOTBETCTBYET BUAY
H. glycines. C 1eJbl MPOBEPKU CIEUPDUIHOCTHU
MpaliMepoB TeCTUPOBAJU CJeNyIolle BUAbI, 6JI13-
Kue Mexzay coboii Mopdosoruuecku U OTHOCIIMe-
cs K omHOU rpymrie Schachtii: H. glycines, H. schachtii,
H. medicaginis.

CocTtaB paboueii cMecH B X0OJie UCCIIeIOBAHUS ObLI
OTITUMU3UPOBAH: YBeJIMYEH 00BEM ITPAiMEPOB U TO-
TasibHOU JIHK 1o cpaBHEHMIO C peKOMEHIyeMOU aBTO-
pamu: 5x ScreenMix — 5 mkJI1, GlyF1 — 1 Mk, rDNA2 —
1 mxa, H,0 - 14 Mk, ob6pasen; JHK (uccnepyemblia
obpaserlr) — 4 MKJI. Bcero 25 MKJI.

PexuMm amnaupukanuu: 4 MuH mnpu 94 °C,
35 mukioB (o 30 cek mpu 94 °C, mo 30 cek pu 55 °C,
o 1,5 muH nipu 72 °C), OKOHYATeJIbHAS SJIOHTAIIUS —
10 muH nipu 72 °C. AMIIn(QUKAIIVIO TPOBOAUIN B aM-
mudukarope CFX96 Bio-Rad.

DNA extraction with the commercial kit “DNA-Ex-
tran-2” (Syntol) was carried out according to the pro-
ducer’s instructions. Cysts were homogenized with
a pestle in a 1.5 ml microtube in a lysis solution with a
volume of 300 ul [8].

STUDY OF NEMATODE DNA BY CLASSICAL
PCR ACCORDING TO HU ET AL., 2002 [12]

The following primers were used in the studies: for-
ward universal primer JB3 (5’ — TTTTTTGGGCATCCT-
GAGTTTAT - 3’) and reverse universal primer JB5 (5’ —
AGCACCTAAACTTAAAACATAATGAAAATG — 3’) which
amplify the fragment 400 bp typical of all Heterodera
spp. nematodes. This method was used to compare
methods of DNA extraction.

The composition of the PCR mix during the study
was optimized: the volume of primers and total DNA in-
creased in comparison with that recommended by the
authors: 5x ScreenMix - 5 ul, JB3 —1ul, JB5 -1 ul, H,0-
14 ul, DNA sample (studied sample) — 4 ul. In total — 25 ul.

Amplification mode: 15 min at 95 °C, 40 cycles
(1 min at 95 °C, 1.5 min at 41 °C, 2 min at 72 °C), final
elongation — 10 min at 72 °C. Amplification was carried
out in the amplifier CFX96 Bio-Rad.

The analysis of DNA fragments was carried out us-
ing the method of horizontal electrophoresis in 1.5%
agarose gel.

STUDY OF NEMATODE DNA BY CLASSICAL PCR
ACCORDING TO SUBBOTIN ET AL., 2001 [13]

The following primers were used in the studies: for-
ward species-specific primer GlyF1 (5’ — TTACG-
GACCGTAACTCAA - 3’) and reverse universal prim-
er rDNA2 (5" — TTTCACTCGCCGTTACTAAGG - 3’)

Table
Morphometric characteristics
of the studied cysts (um)

Cysts

Sample Fenestra Fenestra Length
code length width of vulval slit
1 56.0 24.0 46.0

2 49.1 32.8 48.8

3 42.0 30.2 48.5

4 47.3 29.0 46.1

5 49.0 28.0 47.5

6 52.0 27.3 47.3

7 49.8 29.7 48.4

8 51.1 26.2 46.2

9 49.6 30.4 47.2

10 47.9 31.6 46.9

Average 49.4+3.6 289+2.6 47.3+1.0
number (42.0-56.0) (24.0-32.8) (46.0-48.8)
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Puc. 6. AHanbHO-ByNibBapHasa naacTuHKa

umncTbl Heterodera glycines (hoto A.B. MBaHoBa)  plate (photo by A.V. Ivanov)

Ananus ¢pparmenTtoB JHK npoBoguaum c mo-
MOIIbI0 METO/A FOPU30HTAJNBHOTO 3JIeKTpodopesa
B 1,5%-M arapo3HoM reie.

[Tocne mpoBeieHUA JIeKTPO(OPE30B IPOBOAUIIN
CeKBeHUPOBaHUE U 6MOMH(POPMAIIMOHHBIY aHAJIU3
¢parmenTtoB JHK. IIpoBepKy, BbIpaBHUBAHNE U PeJlak-
THUPOBAaHME TI0CJIEIOBATEIBHOCTEN BHITIOJHSJIHU C I10-
MOIIbIO TIPOTrPpaMMHOr0 obecrnevenus BioEdit v.7.0.5.3.
CpaBHUTEJIbHBIY aHAJMU3 MOJyUeHHBIX ITOCJIe0Ba-
TeJIbHOCTEN MPOBOAUIU C IMOCJTIEL0BATEIbHOCTIMU
6asb! JaHHbIX BLAST NCBI [17].

PE3VJIBTATBI U OBCYXKJIEHHNE

1. Ha ocHOBaHUU ITPOBEIEHHBIX UCCIIEeIOBAHUM
OBLII cIleJIaH BBIBOI, UTO MOPQoJIoTHUecKre 1 MOP¢o-
MeTPUYECKUE XapPaKTEPUCTUKM UCCIENYEMBIX ITUCT
TIOJTHOCTBIO COOTBETCTBOBANU Bunmy Heterodera glycines
(puc. 6, 7; Tabauiia).

Teslo TMYMHKY YePBeo6pasHoe, C KOJIbYATON Ky-
TUKYJION. JITuHA TUINHKY 0K0JI0 400 MKM; IJINHA CTU-
Jeta — 21,0-22,8 MKM. BynbBapHas IacTUHKA aMOu-
¢eHecTpasibHOrO TUTA. [luHa peHecTphl — 49,4 + 3,6
MKM; IJINHA ByJbBapHOU mmenu — 47,3 + 1,0 MKM. Byi-
Jie XOpoIo HabJII0La0TCs, OHU PACIIOI0XKeHbl BOKPYT
3agHero Mmocta. dopma Gyssie — OT KPYTJIbIX IO Majlb-
11e06pas3HbIX, PA3JIMUHON AJUHBI U IMUPUHBL. 3aJHUHN
MOCT Pa3BUT XOPOILO (PHUC. 6).

Heterodera glycines BXOIWUT B TPYTIILY Schachtii v OT-
JINYaeTCs OT BJIM3KUX BUJIOB 110 KOMOMHAIIMY MOP(O-
JIOTUYECKUX U MOP(HOMETPUUECKUX ITPU3HAKOB. Tak,
oT H. schachtii oHa oTimyaeTcsa (OPMOM TOJIOBOK CTUIIE-
Ta MHBA3WOHHOU JIMUYMHKY (CJIErKa BBITYKJIbIE, TPOTUB
YMEPEHHO WJIV CUJIBHO BOTHYTHIX), 60JI€€ KOPOTKUM
CTUJIETOM JIMUYMHKY (21-23 MKM, IIPOTUB 22—26 MKM)
u 6oJiee LIUHHOY (beHECTPOU y ITUCT (34—58 MKM, TIPO-
tuB 32-38 MkM). OT H. medicaginis oTinudaeTcs 6oyee
KOPOTKUM CTHJIETOM (21-23 MKM, IPOTUB 25 MKM)
¥ XBOCTOM (39-51 MKM, IPOTUB 52 MKM) y JIUUHNHOK
BTOPOTr0 BO3pacTa.

2. VccremoBaHye ¢ yHUBEPCAJIBHBIMY TIpaliMe-
pamu JB3/JB5 mokasaJio, 4To criocob Beiaenenus JHK
¢ nomoIbio Habopa «IHK-9kcTpan-2» (000 «Cun-
TOJ») (06pasibl 1-5) Jyuine 10 CPaBHEHUIO CO CIIO-
co6om BhieneHuss B TE-6ydepe (06pasiisr 6-10).
VHTEeHCHUBHOCTh CBeueHUs obpasiioB 1-5 Ha ¢ope-
rpaMMe BBIIIIE.

PesynbTaThl 3jieKTpodopesa ImoKasaau, YTo Uc-
cienyemMble OOBEKTHI SIBJASIOTCS HeMaToLaMU pojia
Heterodera, pazmep ammiaukoHa — 400 bp (puc. 8).

which amplify the fragment
181 bp, which corresponds to
the species H. glycines. In or-
der to check the specificity of
primers, the following species,
morphologically close to each
other and belonging to the
same group Schachtii: H. gly-
cines, H. schachtii, H. medicagi-
nis, were tested.

The composition of the
PCR mix during the study was
optimized: the volume of pri-
mers and total DNA increased

Fig. 6. Heterodera glycines cyst vulval-anal ~in comparison with that re-

commended by the authors: 5x
ScreenMix — 5 ul, GlyF1 — 1 yl,
rDNA2 — 1 ul, H20 — 14 pl, DNA
sample (studied sample) — 4 ul. In total — 25 ul.

Amplification mode: 4 min at 94 °C, 35 cycles (30
secat 94 °C, 30 secat 55 °C, 1.5 min at 72 °C), final elon-
gation — 10 min at 72 °C. Amplification was carried out
in the amplifier CFX96 Bio-Rad.

The analysis of DNA fragments was carried out
using the method of horizontal electrophoresis in 1.5%
agarose gel.

After electrophoresis, sequencing and bioinforma-
tic analysis of DNA fragments were performed. Valida-
tion, alignment and editing of sequences was performed
using the software BioEdit v.7.0.5.3. The comparative
analysis of the obtained sequences was carried out with
the sequences of the database BLAST NCBI [17].

RESULTS AND DISCUSSION

1. The conducted research has led to the conclu-
sion that the morphological and morphometric charac-
teristics of the studied cysts totally corresponded to the
species Heterodera glycines (Fig. 6, 7; Table).

The larva body is vermiform, with ringed cu-
ticle. Larva length about 400 um; stylet length —
21.0-22.8 um. Vulval region ambiphenestral. Fenestra
length —49.4 + 3.6 um; vulval slitlength—47.3 + 1.0 um.

Puc. 7. TonoBHas Fig. 7. The head (anterior)
(nepepHsia) vactb nuumHkm  part of the Heterodera
Heterodera glycines glycines larva (photo by
(choTo C.B. CypapukoBoit) S.V. Sudarikova)
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Cnocobbl Bbigenenusa OHK: 1-5 — npu nomowm Habopa
«AHK-3KcTpaH-2»;

6-10 - B TE-6ychepe. M — mapkep; K- — oTpuuatenbHblii
KOHTPOJIb (AUCTUNNIMPOBaHHas BOOaA);

K* — koHTponb H. glycines

Puc. 8. Pesynbtathbl MLP ¢ yHMBepcanbHbIMK NpanmMepamm
JB3/JB5 u pasHbiMu crnocobamMu NnpobonoproToBKu

DNA extraction methods: 1-5 — using the kit “DNA-Extran-2";
6-10 - in TE buffer. M — marker; K- — negative control
(distilled water);

K* — control of H. glycines

Fig. 8. PCR results with universal primers JB3/JB5

and different methods of sample preparation

Pe3ynbTaThl Kjaaccudeckoi TP 6b1IU JOTIOTHY-
TEJIbHO ITOATBEPIKIEHBI METOLOM CEKBEHUPOBaHUSA. BO
BCEX MCCJIeyeMbIX 06pasiiax — coeBasi [ICTO06Pasyo-
mas Hematoa H. glycines, TPOLIEHT MMOKPBITUS U ULEH-
TUYHOCTHU cocTaBageT 99-100%.

3. VccnemoBaHue mapbl IpaliMepoB — YHUBED-
canbHOro rDNA2 u BugocnenuduyHoro ajs H. glycines
GlyF1 - Ha 3 Bumax HeMaTog, poza Heterodera 1ajio IoJio-
JKUTENIbHBIN Pe3yabTaT. AMILIN(MUKAIINS ITPOIILIA TOJb-
KO B obpastiax H. glycines (181 bp), 4TO MOATBEPXKAAET
crnenu(UIHOCTD ITpaiMepoB. OTHAKO, MHTEHCUBHOCTD
cBeueHUs Ha hoperpaMmme 06pasioB H. glycines HEBBI-
cokas. B obpasiiax 6JiM3KuxX BUIOB H. schachtii v H. medi-
caginis aMIIIUGUKauy He HabII0an0ch (puc. 9).

MR =

b L IR ;

0O6pasubl 1-5 — Heterodera glycines; 6-10 — Heterodera
schachtii; 11-15 — Heterodera medicaginis.

«=» — OTPULATENbHbIN KOHTPONb (BUCTUNNNPOBaHHas BOAA);
«+» — MONOXUTEJIbHbIN KOHTpOnNb H. glycines

Puc. 9. Pesynbtatbl MNLUP ¢ npaimepamu GlyF1/rDNA2

Bullae are clearly seen; they are placed around the vul-
val bridge. Bullae shape — from round to finger-shaped,
of various lengths and widths. Vulval bridge is well-
developed (Fig. 6).

Heterodera glycines belongs to Schachtii and dif-
fers from close species by a combination of morpho-
logical and morphometric characters. Thus, it dif-
fers from H. schachtii by the shape of the stylet heads
of the invasive larva (weakly convex against mo-
derately or strongly concave), a larva’s shorter sty-
let (21-23 um, against 22-26 pym) and a longer fenes-
tra in cysts (34-58 um, against 32-38 pum). It differs
from H. medicaginis by a shorter stylet (21-23 pm,
against 25 ym) and a tail (39-51 pm, against 52 um)
in second instar larvae.

2. The study with universal primers JB3/JB5
showed that the DNA extraction method using the
“DNA-Extran-2” kit (Syntol) (samples 1-5) is bet-
ter compared to the extraction method in TE buffer
(samples 6-10). The luminescence intensity of samples
1-5 on the foregram is higher.

The electrophoresis results showed that the stu-
died objects are Heterodera spp. nematodes, amplicon
size — 400 bp (Fig. 8).

The results of classical PCR were additionally con-
firmed by sequencing. All the studied samples were the
soybean cyst nematode H. glycines, the percentage of
coverage and identity is 99-100%.

3. Study of a pair of primers — universal rDNA2 and
species-specific for H. glycines GlyF1 — on 3 Heterodera
species nematodes gave a positive result. Amplification
took place only in samples H. glycines (181 bp), which
confirms the specificity of the primers. However, the
luminescence intensity on the foregram of the H. gly-
cines samples is not high. In close species H. schachtii
and H. medicaginis samples there was no amplifica-
tion (Fig. 9).

The research results show that the method Subbo-
tin et al. (2001) [13] after adjusting it to increase the glow
intensity and validate it, can be used to identify the qua-
rantine species Heterodera glycines and can be included
in the new Methodological recommendations for the de-
tection and identification of Heterodera glycines.
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Samples 1-5 - Heterodera glycines; 6-10 — Heterodera
schachtii; 11-15 — Heterodera medicaginis.

«—» — negative control (distilled water);

«+» — positive control of H. glycines

Fig. 9. PCR results with primers GlyF1/rDNA2
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PesynbTaThl UCCIEIOBAHUS TOKA3BIBAIOT, YTO Me-
Toz Subbotin et al. (2001) [13], rTocyie ero KOPPEKTUPOB-
KU C [eJIbI0 YBEJINYEHUST UHTEHCUBHOCTY CBEUEHUS
¥ €TO BaJIUAIIU¥, BO3MOXKHO TPUMEHSTD ITPYU UIeH-
TudUKAIUY KapaHTUHHOTO Buma Heterodera glycines
¥ BKJIIOYUTDH B HOBbIe MeTOIUYECKUE PEKOMEHIAIINN
TI0 BBISIBJIEHUIO U upeHTUDUKauu Heterodera glycines.

BbIBO/JIbI 1 3AKJIIOYEHHE

Ha ocHOBaHWM IPOBEIEHHBIX MCCIAEIOBAHUN OBLI
clejiaH BBIBOJ, UYTO Mopdosoruveckue u Mmopdo-
MeTpuUecKrue XapaKTepPUCTUKU UCCIeNyeMbIX IIUCT
TIOJIHOCTBIO COOTBETCTBOBAJIU BULY Heterodera glycines.
Bce cmioco6wI Beiienenus JJHK, ormrcaHHbIe B paboTe,
TIOAXOISAT IJIsI KJlaccuyueckoro Mmetoa ITLIP. Hanboee
5 HeKTUBHBIM Mg BeigenaeHus JHK coeBoii 11mcTo-
obpasyrorel HeMaTonbl Heterodera glycines Tpu3HaH
Habop «IHK-dxcTpaH-2» (000 «CuHTOJI»). MeTog,
kyaccuyeckoi [TILIP Subbotin et al. (2001) ¢ mpuMeHe-
HUEM TOTOBBIX OT€UEeCTBEHHBIX KOMMEPUECKUX Habo-
poB 5x ScreenMix 3A0O «EBporeH» u rpatimMepos GlyF1
1 rDNA2 MOYXHO UCIIOJIb30BaTh IIPU IIPOBEIEHUH Jia-
60paTOPHBIX UCCIIeNOBAHNN. [TpeII0KeHHBIN COCTAB
pabouelt cMecu ITPUTOJIEH IIJIs UCIIOJIb30BaHUS OTIH-
CaHHBIM METOJIOM.

CIINCOK JINTEPATYPBI

1. EPPO Global Database, 2020. — URL: https://
gd.eppo.int (mata o6parienus: 01.09.2020).

2. Ichinohe M. 1952. On the soy bean nema-
tode, Heterodera glycines n. sp., from Japan // Oyo-
Dobutsugaku-Zasshi. - Vol. 17, No. 1-2. - P. 1-4.

3. Bosikora T.B. CoeBas HeMaToza (Tylenchida:
Heteroderidae: Heterodera glycines) B IIppyMOpPCKOM
Kpae. — BinaguBocTok: JlanbHayka, 2003. - 91 c.

4. Qing Yu. Soybean Cyst Nematode (Heterodera gly-
cines Ichinohe) // In: Soybean Physiology and Biochemis-
try / Prof. Hany El-Shemy (Ed.). — InTech, 2011. — 488 p.

5. EOVHBIN IIepevyeHb KapaHTUHHBIX 00beKTOB
EBpasuiicKoro SKOHOMUYECKOTO COI03a, YTBEPIKIEH-
HbIM Pemenuem CoBeTa EBpasuiickoil SKOHOMUYE-
ckobt komuccuu oT 30.11.2016 N2 158. C u3MeHeHUsI-
MU U gonojHeHuamu oT 30.03.2018 (u3MeHeHUd OT
02.05.2018 — Pemenne CoBeta EBpa3uiickoi 5KOHO-
Muueckor komuccuu ot 30.03.2018 N2 25). — 2018.

6. [lepeuyeHb KaPAaHTUHHBIX 06'HEKTOB, YTBEPXK-
JIeHHBIN TPUKAa30M MUHUCTEPCTBA CEJIbCKOTO X035IH-
cTBa Poccutickont demepariuu ot 15.12.2014 N2 501.

7. Bytopuna H.H., 3unosbeBa C.B., Kynunuu O.A.
u ap. [IpukaagHas HeMaToJorus / IH-T mapasuToJio-
ruu PAH. — Mocksa: Hayka, 2006. — 350 c.

8. OduimanbHbIA cCalT KOMOAaHUU «CUHTOI». —
URL: https:/www.syntol.ru (mata obpauieHus:
03.09.2020).

9. OpuILMaNbHBIN CAUT KOMIIAHUY «EBPOTeH». —
URL: http://evrogen.ru (maTa o6paimenus: 03.09.2020).

10. OduiuanbHbIY caliT KOMIIaHUU «Arpo/lua-
rHoctuka». — URL: https:/www.agrodiagnostica.ru
(maTa obparienus: 03.09.2020).

11. OdpunuanabHBIM caWT KoOMIIaHUM «Jlua-
gat JItm.». — URL: http://dialat.ru (gaTa o6pamieHus:
03.09.2020).

12. Hu M., Hoglund J. Mutation scanning analy-
sis of mitochondrial cytochrome c oxidase subunit 1
reveals limited gene flow among bovine lungworm
subpopulations in Sweden // Electrophoresis. —2002. -
Vol. 23, No. 19. - P. 3357-3363.

CONCLUSION

The conducted research has led to the conclusion that
the morphological and morphometric characteristics
of the studied cysts totally corresponded to the species
Heterodera glycines. All the methods of DNA extraction
described in the work are suitable for the classical PCR
method. The kit “DNA-Extran-2” (Syntol) was the most
effective for the DNA extraction of the soybean cyst
nematode Heterodera glycines. The classic PCR method
by Subbotin et al. (2001) using the ready-made Russian
commercial kits 5x ScreenMix (Evrogen) and primers
GlyF1 and rDNA2 can be applied for laboratory re-
search. The proposed composition of the PCR mix is
suitable for use by the described method.
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