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Abstract. A technique was developed for the identification of Ditylenchus destructor nematode belonging to
the Ditylenchus genus, based on the use of different primers for polymerase chain reaction (PCR). Two universal
ribosomal primers were amplified to the internal transcribed spacer region ITS-rDNA. The sequencing of PCR
products confirmed the polymorphism between species. The primers were sensitive to generate a particular band
of the correct size (300bp) from the DNA template of a single, separate D. destructor stage of development.
Screening populations of D. destructor from Iran and the Russian Federation have tested the reliability of the
primers, and the expected size of the band was produced for all test populations. Ditylenchus destructor closely
related species have also been tested and no specific band was amplified. Such results showed that the primers
currently developed are useful for quantifying the D. destructor density in potato tuber.
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Introduction
Since the advent of polymerase chain reaction (PCR) and a large amount of genetic
data produced with DNA sequencing, molecular-based detection tools have been widely
developed and successfully used for plant parasite nematodes diagnosis. Molecular detection

© Mahmoudi N., Nejad D.K., Shayanmehr F., 2020

—G)
@ £ This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/1

150 SALMTA PACTEHMIA



Mahmoudi N. et al. RUDN Journal of Agronomy and Animal Industries, 2020; 15(2):150-158

tools have the following advantages compared to other approaches, (i) can be used in a
high throughput manner, (ii) DNA information can be easily acquired with a large number
of databases and sequencing information, (iii) inexpensive, fast and accurate, (iv) DNA
markers are independent of phenotypic variation and nematode developmental stage [1].
DNA-based detection tools make excellent nematode diagnostic methods because they
are simple, accurate and quick [2, 3] and can be used with a wide variety of sample types,
including host tissue, eggs, egg masses, soil extracts and fixed samples [4]. The sequences
contain readily detectable genetic markers in the form of tandem repeats used to create
phylogenetic trees [5] for the evaluation and diagnosis of genetically related populations
[6]. Because nematodes species descriptions have historically been focused on the idea of
morphological or typological organisms, molecular techniques have recently shown that
many assumed monospecific species are siblings or cryptic species, genetically distinct but
shared common morphological diagnostic characteristics [7—9]. [10, 11] and [12] used
and recommended the specific primers to identify D. destructor rDNA ITS regions have
also been reported to be used successfully for phylogenetic analysis [11—14]. Nonethe-
less, the definition of nematode species has been debated recently, indicating that species
delimitation should be based primarily on an amalgamation of polyphasic taxonomy
concepts, which assembles and assimilates all available data and information (phenotypic,
genotypic and phylogenetic) used to delimit taxa at all levels [8, 9, 15]. The main acces-
sible strategy that possibly can separate among the haplotypes is those of [12, 16, 17] D.
gigas have been developed [12, 13, 18, 19]. This method is suitable for the identification
of species in monospecific samples but cannot be used if the sample contains more than
one nematode species using species-specific SCAR or ITS-rRNA primers [11, 12, 20—22].
This study aimed to develop a PCR species-specific primers with sensitivity and reliability
based on the sequence analysis for the molecular identification of D. destructor from other
Ditylenchus species.

Materials and methods

DNA extraction. Nematodes were extracted from potatoes (Solanum tuberosum L.)
collected from different regions in the Russian Federation and Iran. Several nematode
specimens from the population were put into a drop of water and cut by a scalpel under
a camera-equipped ZEISS Axioskop50® microscope. DNA extraction from the material
under this research was laid out by treating the specimens with Proteinase K that was
followed by removing proteins with no extraction with organic solvents. For this purpose,
a DNA-Ekstran-2 set No EX-511—100 (Synthol, Moscow) was used.

PCR with Species-specific primers. The first PCR amplification mixture (final volume
25 pl) was prepared as follows in a PCR tube (Table 1).

Table 1
PCR reaction mixture composition
Reagents Volume pl
Master Mix 5ul
Primer DITdesR 0.6 pl
Primer DITuniF 0.6 pl
H20 13.8 pl
DNA 5pl
Total 25 pl
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The primer DITdesR and DITuniF were used for PCR Species-specific amplifica-
tion. The contents were mixed gently by overtaxing. The reaction was performed in a
thermal cycler, which involved the following stepwise procedure: denaturation of the
template at 95 °C for 3 minutes, annealing at 95 °C for 35 seconds followed by exten-
sion at 63.5 °C for 30 seconds, 72 °C, 30 seconds and 5 minutes at 72 °C for 35 cycles.
Negative control was included with each set of amplification. Then, The PCR products
were subsequently partitioned according to their size on 1 % agarose gel electrophoresis
and visualized by Gel documentation or purified for sequencing.

Sequencing and Phylogenetic analysis. The amplified PCR product obtained after
purification by Thermo Scientific Gene JET Gel Extraction Kit was sequenced by Sanger’s
dideoxy cycle by Genetic Analyzer AB-3500 (Applied Biosystems, USA). Primitive
comparison of sequencing results with the GeneBank genetic sequence database was
done by the NCBI BLAST web site (http://www.ncbi.nlm.nih.gov/BLAST). The results
are presented in percentage values, the DNA sequence available in the GeneBank ho-
mologous to those examined were analyzed along with the newly sequenced one.

Design of Species-specific Primers. The ITS sequences of D. destructor including
MN122076, MN307126, MN307128, MN493767, MN658597, MN658599, MN658637,
MNG658638 and D. dipsaci: MG676655, MG676656, MG676656, D. gigas: KJ653270,
KJ653267 which were retrieved from NCBI and were used for the design of specific
primers (Table 2). The specific forward and reverse primers were designed from the ITS
regions using Primer Premier DITdesR and DITuniF to generate an expected fragment
of about 126 bp in length and verified using BLAST (http://www.ncbi.nlm.nih.gov/blast)
to exclude nonspecific reactions with other closely related species.

Table 2
Sequence information from GenBank for designing species-specific primers
Accession Number Species Country

GQ469492 Ditylenchus destructor China

GQ469491 Ditylenchus destructor Czech Republic

KJ653270 Ditylenchus gigas Iran

KJ653267 Ditylenchus gigas Iran

MG676655 Ditylenchus dipsaci Japan

MG676656 Ditylenchus dipsaci Japan

MG676657 Ditylenchus dipsaci Japan

Results and discussion
Ditylenchus destructor DNA sequence analysis. The sequenced ITS-rRNA gene, de-
posited in NCBI GenBank under accession numbers; MN122076, MN307126, MN307128,
MN493767, MN658597, MN658599, MIN658637, MN658638 (Table 3) are 1013 bp,
1160 bp, and 1108 bp, 637bp, 553bp, 501bp, 624bp long, respectively. BLAST search
at NCBI revealed that all molecular markers of D. destructor from Russia Federation
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and Iran, newly obtained in this study, matched with the corresponding sequences of D.
destructor present in the database (Table 4). The sequence analysis revealed sequence
variability between different geographical populations of D. destructor isolated from
different host plants.

Table 3
Submitted Sequences in NCBI GenBank
Region Accession Number

Moscow region MN122076
Hamedan region MN307126
Hamedan region MN307128
Hamedan region MN493767
Briansk region MN658597
Briansk region MN658599
Nizhny Novgorod region MN658637
Nizhny Novgorod region MN658638

Table 4

Reference sequences of D. destructor used in the phylogenetic analysis
(http://www.ncbi.nlm.nih.gov)

Accession Number of D. destructor Country Host Plant
MH992393 China Potato
EU400636 China Sweet potato
EU400627 South Korea Sweet potato
EF208213 China Potato
HQ235698 Iran Potato
FJ707365 Czech Republic Potato
MG673926 China Carrot
EU400638 China Sweet potato
MG675235 China Carrot
EU400643 China Sweet potato
KY435979 China Carrot
EU400639 China Sweet potato
GQ469490 USA Potato
JX162205 Canada Garlic
DQ328727 Russia Potato
JN166693 Iran Potato
MK979365 China Potato
MG673926 China Carrot
KX766417 China Potato
LC030371 Japan Potato
GQ469491 Czech Republic Potato
DQ471335 China Potato

Design of Species-specific Primers. A first primer named dsn.1 (Table 5) was designed
to have some nucleotides mismatches observed when comparing D. destructor, D. dipsaci,
and D. gigas (Fig 1, 2). At present, a set of species-specific primers for D. destructor were
developed based on the sequence differences in the rDNA-ITS region of D. destructor.
The PCR amplification by the species-specific primers demonstrated that it could amplify
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a single, stable and clear band for a single adult and different geographical populations
of D. destructor. The specificity and reliability of the primers were also demonstrated
in vitro conditions. Given the specificity, sensitivity, and reliability of the primers for D.
destructor, the diagnostic primers could provide a rapid and reliable molecular marker for
identification or detection of D. destructor. Typically, testing diagnostic primers usually
need more samples with similar morphological characteristics and more geographically
disparate locations [23]. Possibly, the species-specific primers designed in the present
work may cross-react with other species in the genus of Ditylenchus and mismatches at

the primer-binding site to produce the same specific band.

TTGGATTATTATCC-TTTGGCACGTCT-GATTCAGGGTCG
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Fig 1. Multi-alignment generated of the rDNA-ITS sequences of D. destructor and other Ditylenchus

species from GenBank used to develop the species-specific forward primer
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Fig 2. Multi-alignment generated of the rDNA-ITS sequences of D. destructor and other Ditylenchus

species from GenBank used to develop the species-specific reverse primer

Table 5
Primer design for D. destructor
Primer.dsn.1 Sequence (5->3') TZ;?ErI]?jte Length | Start Stop Tm GC%
Forward primer | TTGGCACGTCTGATTCAGGG Plus 20 193 212 60.32 55.00
Reverse primer | GTCAACATTGGCCAAGAGGC | Minus 20 318 299 59.76 55.00
Product length 126
Table 6
Primer design for D. destructor by NCBI Primer-Blast
Primer.dsn.2 Sequence (5->3) Tz;r:grllaéte Length | Start Stop m GC%
Forward primer | TTTCGAATGCACATTGCGCC Plus 20 157 176 60.73 50.00
Reverse primer | CTAGGCCAAAGAGACAGCGG Minus 20 281 262 60.46 | 60.00
Product length 125
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Test of Species-specific Primers. To evaluate the sensitivity of the species-specific
primers, the PCR amplified products for different numbers of D. destructor amplified
using the primers (dsn.1 and dsn.2) were shown in (Fig 3). A single band with a length of
300 bp was obtained from DNA templates extracted D. destructor. The method proved
suitable for D. destructor sensitive identification of DNA samples. The specificity and
reliability of the specific primers were confirmed by yielding the expected fragment sizes
(300 bp) for all the populations of D. destructor and no products were detected for the
tested of the species D. dipsaci and D. gigas (Fig 4).

Fig 3. Gel with amplification products obtained in PCR with species-specific primer from the D.
destructor population. Lanes: M = 100 bp DNA ladder; K+=Positive control with D. destructor DNA,;
K- = control without DNA

Fig 4. Gel with amplification products obtained in PCR with species-specific primer. Lanes: M = 100
bp DNA ladder; K+=Positive control with D. destructor DNA; 1,2 = with D. dipsaci DNA; 3, 4 = with
D. gigas DNA

Conclusions
In this study, a set of species-specific primers (named dsn.1 /dsn.2) was designed
firstly for molecular identification of D. destructor based on the sequence analysis of
rDNA-ITS. The specificity, sensitivity, and reliability of the primers were repeatedly
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demonstrated. Therefore, the developed specific primers should be a rapid and accurate
molecular protocol for the diagnosis of D. destructor and also be fundamental for ef-
fective management of the nematode.
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HoBbiit Ha6op npamMmepoB ana cneundpuyHon amnnudpukaumm
ITS-nokycoB pAHK Ditylenchus destructor

H. Maxmyau® 2*, 1. K. Hempxap?, ®. lllasamep*

"Poccuiickuii yHUBEpCUTET [pyKObl HAPOJOB, 2. Mockea, Pocculickas ®edepayus
’BcepoCCUICKUH 1IeHTP KapaHTHHA pacTeHuit, Mockosckas obnacmsb, Pocculickas ®edepayus
3CeMHaHCKu yHUBepCUTET, 2. CemHaH, MpaH
“Yuusepcuter Tapbuat Mogapec, 2. TeeepaH, MpaH
*niloofarmahmoodi@ymail.com

AnnoTanms. PaspaboraHa MeToauKa uaeHTUGUKALUKU HeMaTobl Ditylenchus destructor, ocHoBaHHast
Ha MCII0/Ib30BaHWU Pa3/IMUHbIX [paiiMepoB [/is IPOBeJeHus MonrMepa3Hoit LenHoi peakyuu ([1LIP). [1Ba yHU-
BepCasibHbIX pUO0COMHBIX TpaiiMepa 6bUTH amMII(ULIMPOBaHbI BO BHYTPeHHel TpaHCKpUbupyemoii 0b1acTu
cneticepa ITS-p/IHK. CekBenupoanue npoaykToB I1LP nogTBepauio nonumopdusm Mmexay Bugamu. [Ipaii-
MepbI JIOCTaTOYHO UYBCTBUTE/IbHBI, UTOObI FeHEPUPOBATh OIpe/ie/IeHHYI0 M0/I0CY TIpaBU/IbHOrO pa3mepa (300
1.H.) u3 JHK-matpuiipl onpesienieHHoM ctaguu passutus D. destructor. CKpuHUHToM ronynsiuid D. destructor
n3 Vpana u Poccuiickoit @eziepaliyi poBepeHa Ha/|e)KHOCTh [TPaiiMepoB, U 0XKUAeMbIi pa3Mep MoJ0Chl ObLT
MO/TyueH Jijis BCeX TeCTUPYeMbIX MOmy/suid. bnskopoacteenHbie Buabl Ditylenchus destructor Takxe 6biin
MPOTECTHPOBaHbI, ¥ CHeL(pHUUeCKOi HMIUTM(HULIMPOBAHHOM MOJIOCHI He ObII0 BhIsSIB/IEHO. Pe3ysisraThl uccieso-
BaHWH NOKa3a/iu, UTo JlaHHble pa3paboTaHHbIe IpaiiMepbl MOTYT UCIO/Ib30BaThCS /IS KOJIMUeCTBEHHOW OL|EHKH
riotHoctu D. destructor B KyOHsIX KapTodes.

KiroueBbie cioBa: kKapTodenbHas Hemaroga, ITS-pJHK, Ditylenchus destructor, ripaiimepbl
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dunancupoBaHue. biarogapHoctu: VccienoBaHve poBeJieHo npy (priHaHCOBOM mofep ke [IporpaMMel
PYIOH «5—100».
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