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Abstract

The root-knot nematode (RKN) species cause substantial damages on roots of crops and decrease the yield of susceptible
cultivars. Developing improved resistant cultivars, against species and races of root-knot nematodes, is the goal of breeding
programs worldwide. Accurate identification of root-knot nematode species and races are prerequisites for the management of
these pathogens. Accordingly, in the present study, several soil and root samples were collected from vegetable growing areas
of Guilan and Kohgiluyeh and Boyer Ahmad provinces. The root-knot nematodes were isolated and each population was
purified and cultured on the susceptible tomato cv. Early Urbana using single egg masses. Each population was morphologically
identified based on perineal patterns and morphometrics of second-stage juveniles. To confirm morphological characteristics,
SCAR primers Ink-14 and F/R jav, and universal primers D2A/D3B 28s rDNA were used for specific amplification and
sequencing. The newly generated sequences were compared with previously deposited sequences at GenBank. The recovered
species were identified as M. javanica and M. incognita from Kohgiluyeh and Boyer Ahmad and Guilan provinces, respectively
based on differential host test. The results of the test revealed that the races of the recovered species belong to race one of M.
javanica and race two of M. incognita, respectively. The obtained results of this study are useful in screening and developing

new resources of resistance against root-knot nematodes.

Key words: Differential Host, Identification, molecular methods, race, root-knot Nematode
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Table 2. The primers used for identification of root-knot nematode species
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Table 3. Morphometrics characters of Meloidogyne incognita race 2 and M. javanica race one (All measurements are in um
and in the form: mean £sd (rang)).
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Fig 2. Morphological features of Meloidogyne javanica and Meloidogyne incognita. A: Egg mass of M. javanica on infected
root. B: Mature female of M. javanica. C and D: Perineal patterns morphology of adult females in M. javanica and M. incognita,
respectively (40X). E- Second stage juvenile of M. incognita (10X).
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Table 4. The reaction of differential host varieties in the present study

\égrelsité/ Cotton Tobacco Pepper Peanut  Watermelon  Tomato
L - 2, - + +
M. incognita
Race one * * - * *
Race two + - " _ i +
Race three
Race four * * * - + *
M. javanaica - + - - + +
1 Susceptible 2 Resistance host
JS8) 89y gy S Come> Meloidogyne javanica aisS 35 ¢ Meloidogyne > )0 085S g9 4 a9 L
55T L Meloidogyne incognitaasss b o ye diges (A-¥ 5 igil aigS i (6lp B8l slabie 5 awg aels
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-y ilos ey H9 9 <o MLincognita 4 javanica Stanton ) sl e iy el ol o )0 lagyse;l ol 380
28S IDNA4>L oS5 4 bgs o 0als <5 PQ466918 Loy -age Jcpl b (& O’Donnell 1998; Stanton et al. 1997
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05 SSb sla g b avslin o M. javanica alos>  solais| (Moens et al. 2009) el |,
Slod oy b Slaed doy0 AVFY 5 idg o DL LAl 5o slofug Cuedl DNA 5 e olulis sl g,
Gl Lz conle 2885 18 0l 5,50 MT408130.1 Coroz 93,2 .Cullo dalgs 4565 ¢ iz 19,0 25l g 4sS
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Fig. 3. Response of pure population of Meloidogyne javanica against differential varieties of tobacco, tomato, pepper, peanut,
cotton and watermelon.
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ady ) 5loads zlimiwl gladigas V-V o,les Meloidogyne javanica «s8 olaiz! SCAR [ Slas b g5k iz £V - dshad oSG A LF JSCo
S5 1B L e J S5 aalis NC g Meloidogyne incognita w55 o5 )+ o)leds 5 50y 9,¥ S5 V-2 (&b oole wilei G -5 o0l oL
wobaiz! 2S5 (C M. javanica Cuxes 4 by o F-F g M. incognita coses 4 bgypo V-V 0,leis 285 IDNA a>U (55L itz £1Y axlad
S5 pas g M. javanica L las e aslax Fojleis congll olS 4y, V-V o Loy SCAR SiLis L M. incognita cosex (550 i ¥R anad
o35 oS3 1M 5 M. incognita alaz o35 0355 5 90 s 9,¥ S5 (&l oole wiled ST O-V (glee,lais INC-K14  _olazs| 55T L

wsiio JyS :NC L cas Ve oo B Y-+ I Mix (Fermentase)

Fig. 4. A: Amplification profile of SCAR marker (670 bp), M for Meloidogyne javanica, lines 1-3 from infected root, 4-6
female, 7-9 J2 and line 10 egg mass. M in. for Meloidogyne incognita and NC for Negative control. B: Profile marker of
amplified (612 bp) 28s rDNA (lines 1-3) from M. incognita and 4-6 for M. javanica C) Profile of SCAR marker Inc-k14 (399
bp) for M. incognita, lines of 1-3 for infected root, line 4 for M. javanica and not amplified with Inc-k14 marker, lines of 5-7
for female, J2 and egg mass of M. incognita, M for ladder marker Mix (Fermentase) showing 100-10000 bp, and NC: negative
control.
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D9l o0 09 S b aisls jo £4i5 dloul 5l aile baybje o Sy ool Jlsel g ) a5 s wiee ladse

2 bl sl Sluls oS! (Moens et al. 2009) Coxaz 50 £ obnl b cwl (Sen (25 Ay, slowils



&‘)m 9 ‘;élaa

aol p drwg [0 3 D e slas pel, 3BT 5 egdle Lyl
Foo sl o ol 3l5 (e polie pB)) g0l sl
Dy dalgs
Gy amaiz 5 S5y, S Sl s oo olis asllas oyl
Caedl 3l ols o 4 i, 4o Meloidogyne spp slaassS

Sl )‘Q)Pﬁ 6“’3-.’.5

Lo ol
OB Mgy ol )] slaosls jo adlie olay aisS zun

S,lad 592

S15 ol
@ ogas b B o x5 dla, Sl cise Glagh ol
L_‘:'m‘; 9 w QLD.».G.?U 3 w}a )») V—‘A—‘/\—ﬂ&\ -y O)Lo.:)

0331 55,98 sy g hjgel «Olinioy ol (b 5 )4
Sy 09 SSa5 5 pall Sl GBS alesy oy ol
28 gz )5S de dunge (LT A olulid 5 Cud oglee

Siled oo 5l p3Y SUISl joges

References

Adam M.A.M., Phillips M.S. & Blok V.C. 2007.
Molecular diagnostic key for identification of
single juveniles of seven common and
economically important species of root-knot
nematode (Meloidogyne spp.). Plant Pathology
56, 190 —-197.

Akhiani A., Mojtahedi H. & Naderi A. 1984. Species and
physiological races of root-knot nematodes in
Iran. Iranian Journal of Plant Pathology 20: 57-
70. (In Persian with English summary).

Askarian H., Sharifnabi B., Olia M., Mahdikhani-
Moghadam E. & Akhavan A. 2009.
Identification of Meloidogyne javanica using
morphological and morphometrical characters
and species-specific primers. Journal of Science
and Technology of Agriculture and Natural
Resources 13, 279-290. (In Persian with English
summary).

Aydinli G. & Mennan S. 2016. Identification of root-
knot nematodes (Meloidogyne spp.) from green
houses in the Middle Black Sea region of
Turkey. Turkish Journal of Zoology 40, 675-
685.

e P S y ailod Ol g AigS i Y¥F¥

OSon @lrog 3 50 wiled glacarez 5 9l v pglie o8
wils aBly £e sanS uSaie a5 oS I3 col
3 ebcaaa> L3 Sldlas 4o (Robertson et al. 2009)
4 Gleie a5 el azils 5929 M. incognita oM. arenaria
el a5l Wags oad oyt sladli ) el e
Stanton & O’Donnell 1998; ) cuisls s9>y Wz slaslys
wilgs oo B8l sl bee ol L (RoObertson et al. 2006
23,5 adly auae aislil glacoaes ololis (o

s 4 s slaSilis el 51 sl o
omwf)t.wmmo?ulmylﬁ)oof5¢@bf

e Sboged 9 ;0 (JeSlge lalid lahs) ol
2bo s =l sl pslie pBIL BLS,I o (00,5 ass ) wiles
S Sl s oo Lol 4y a5 oy e IS5
S 5o oad )l s el 00505 4255 BB SaS o lo
So@ Oy sbiied geile slaghy, elel n ol
SS9 S o el (2 Tl ;) wiled 45T 50 3l uds sluls
e @lolid Grizmed 5 Wiled slacurer Jioadys la

Behdani M., Afshar F.J. & Mirzaee M.R. 2017. First
report of Meloidogyne javanica on Berberis
vulgaris in Iran. Pakistan  Journal  of
Nematology 35, 155-156.

Conceicao I.L., Tzortzakakis E.A., Gomes P., Abrantes
I. & da Cunha M.J. 2012. Detection of the root-
knot nematode Meloidogyne ethiopica in
Greece. European Journal of Plant Pathology
134, 451-457.

Dong K., Dean R.A., Forthum B. A. & Lewis S. A. 2001.
Development of PCR primers to identify species
of root-knot nematodes: Meloidogyne arenaria,
M. hapla, M. incognita, and M. javanica.
Nematropica 31, 273-282.

Eisenback J.D., Hrischmann H., Sasser J.N. &
Triantaphyllou A.C. 1981. A guide to the four
most common species of root-knot nematodes
(Meloidogyne spp.), with a pictorial key.
Raleigh, North Carolina, USA.

Eisvand P., Farrokhi Nejad R. & Azimi S. 2020. First
report of Meloidogyne javanica (Treub, 1885)
Chitwood, 1949 from tangerine tree in
Iran. Plant Protection (Scientific Journal of
Agriculture) 42, 81-95. (In Persian with English
summary).



Y¥Fo

Figueroa M., Hammond Kosack K.E. & Solomon P.S.
2018. A review of wheat diseases—a field
perspective. Molecular Plant Pathology 19 (6),
1523-1536.

Fuller V.L., Lilley C.J. & Urwin P.E. 2008. Nematode
resistance. New Phytologist 180, 27-44.

Garcia L.E. & Sanchez-Puerta M.V. 2012.
Characterization of a root-knot nematode
population of Meloidogyne arenaria from
Tupungato (Mendoza, Argentina). Journal of
Nematology 44, 291-301.

Ghaderi R., Dehghan A.A., Hesar A.M. & Karegar A.
2020. Genetic intraspecific diversity of
Meloidogyne javanica parasitizing vegetables
in southern Iran. Journal of Nematology 52, 1-
13.

Ghule T.M., Singh A. & Khan M.R. 2014. Root knot
nematodes: threat to Indian agriculture. Popular
Kheti 2(3), 126-130.

Haghighi H., Jahani M., Razavi S.E, Rahnama K. &
Taheri A.H. 2009. lIsolation of Meloidogyne
incognita Kofoid & White, 1919 race 2 from
olive in Golestan area. Journal of Plant
Production Research 16 (4), 163-170. (In
Persian with English summary).

Hartman K.M. & Sasser J.N. 1985. Identification of
Meloidogyne species on the basis of differential
host test and perineal pattern morphology. In
Barker, K.R. Carter, C.C. and Sasser J.N. (Ed),
An advanced treatise on Meloidogyne (pp. 69-
77). N.C. State University.

Handoo Z.A., Nyczepir A.P., Esmenjaud D., Van Der
Beek J.G., Castagnone-Sereno P., Carta L.K., ...
& Higgins, J.A. 2004. Morphological,
molecular, and differential-host
characterization of Meloidogyne floridensis n.
sp. (Nematoda: Meloidogynidae), a root-knot
nematode parasitizing peach in Florida. Journal
of Nematology 36 (1), 20-35.

Hussey R.S. & Mims C.W. 1990. Ultrastructure of
esophageal glands and their secretory granules
in the root-knot nematode Meloidogyne
incognita. Protoplasma 156, 9-18.

Jepson S.B 1987. Identification of root-knot nematodes
(Meloidogyne species). Wallingford, CAB
International.

Katooli N., Moghadam E.M. & Aghnoum R. 2020.
Morphological and molecular identification of
major species of Meloidogyne and distribution
there in pomegranate orchards in Khorasan
provinces. Iranian Plant Protection Research
34 (3), 297-308. (In Persian with English
summary).

Khan A., Aiman S.1., Baber Y., Hassan F., Usman H. M.,
Sohail M. A. & Abbas A. 2021. An overview of
root-knot nematodes and their
management. Journal of Entomology and
Zoology Studies 9 (1), 35-40.

Kiewnick S., Holterman M., van den Elsen S., van
Megen H., Frey J. E. & Helder J. 2014.

YEY_YES (V6 [ Y oylois /) ol | ol owlidoiles

Comparison of two short DNA barcoding loci
(COl and COII) and two longer ribosomal DNA
genes (SSU & LSU rRNA) for specimen
identification among quarantine root-knot
nematodes (Meloidogyne spp.) and their close
relatives. European Journal of Plant Pathology
140, 97-110.

Mennan S, Aydinli G. & Kati T. 2011. First report of
root-knot nematode (Meloidogyne arenaria)
infecting parsley in Turkey. Journal of
Phytopathology 159, 694-696.

Moens M., Perry R.N. & Starr J.L. 2009. Meloidogyne
species- a diverse group of novel and important
plant parasites. In Perry R.N., Moens M. & Starr
J.L. (Ed.), Root knot nematodes (pp. 1-17).
Wallingford. CAB International.

Munera G.E, Bert W., Karssen G., Couvreur M.,
Waeyenberge L., Vierstraete A. & Decraemer
W. 2010. Morphological and molecular
characterisation of Meloidogyne populations
associated with Andean fruits and Musa plants
in Colombia. Nematropica 40, 121-162.

Nisa R.U., Tantray A.Y. & Shah A.A. 2022. Shift from
morphological to recent advanced molecular
approaches for the identification of nematodes.
Genomics 2, 1-13.

Oliveira C.M.G.D., Monteiro A.R. & Blok V.C. 2011.
Morphological and molecular diagnostics for
plant-parasitic nematodes: working together to
get the identification done. Tropical Plant
Pathology 36, 65-73.

Pathania A., Sharma S.K. & Sharma P.N. 2014. Common
bean. In Singh M., Singh Bisht. I. & Dutta M.
(Ed.), Broadening the genetic base of grain
legumes (pp. 11-50). New Delhi, Springer.

Powers T.O., Mullin P.G., Harris T.S., Sutton L.A. &
Higgins R.S. 2005. Incorporating molecular
identification of Meloidogyne spp. into a large-
scale regional nematode survey. Journal of
Nematology 37, 226-235.

Randig O., Leroy F., Bongiovanni M. & Castagnone-
Sereno P. 2001. RAPD characterization of
single females of the root-knot nematodes,
Meloidogyne spp. European Journal of Plant
Pathology 107, 639-643.

Robertson L., Die’z- Rojo M.A., Lopez-Pe'rez J.A.,
Piedra-buena A., Escuer M., Lopez-Cepero J.,

Bello A. 2009. New host races of
Meloidogyne arenaria, M. incognita and M.
javanica from horticultural region of Spain.
Plant Disease 93, 180-184.

Robertson L., Lopez-Pe’rez J.A., Bello A., Di’ez- Rojo
M.A., Escuer M., Piedra-buena A., Ros C., ...
Marti'nez C. 2006. Characterization of
Meloidogyne incognita, M. hapla and M.
arenaria population from Spain and Uruguay
parasitizing pepper (Capsicum annuun L). Crop
Protection 25, 440-445.

Stanton J., Hugall A., & Moritz C. 1997. Nucleotide
polymorphisms and an improved PCR-based



&‘)m 9 ‘;élaa

mtDNA diagnostic for parthenogenetic root-
knot  nematodes  (Meloidogyne  spp.).
Fundamental and Applied Nematology 20, 261-
268.

Stanton J.M. & O’Donnell W_.E. 1998. Assessment of the
North Carolina differential host test for
identification of Australian populations of root-

knot nematodes (Meloidogyne
spp.). Australasian Plant Pathology 27(2), 104-
111

Starr J.L. & Mercer C. 2009. Development of resistant
varieties. In Perry R.N., Mones M. & Starr J.
(Ed.), Root-knot nematodes (pp. 326-335).
Wallingford, CAB International.

Strajnar P., Sirca S., Geric Stare B. & Urek G. 2009.
Characterization of the root-knot nematode,
Meloidogyne ethiopica Whitehead, 1968, from
Slovenia. Russian Journal of Nematology 17,
135-142.

Subbotin S.A., Palomares-Rius J.E.P. & Castillo P. 2021.
Systematics of root-knot nematodes (Nematoda:
Meloidogynidae). Volume 14 of nematology
monographs and perspectives. Brill.

Taylor A.L. & Sasser I.N. 1978. Biology, identification
and control of root-knot nematodes
(Meloidogyne species). North Carolina State
University Graphics.

Taylor A.L., 1987. Identification and estimation of root-
knot nematode species in mixed populations
(No. 12). Florida Department of Agriculture &
Consumer Services, Division of Plant Industry.

Taylor A.L., Sasser JN. & Nelson, L.A. 1982.
Relationship of climate and soil characteristics
to geographical distribution of Meloidogyne
species in agricultural soils. Raleigh, North
Carolina, U.S.A.

Taylor D.P. & Netscher C. 1974. An improved technique
for preparing perineal patterns of Meloidogyne
spp. Nematologica 20, 268-269.

Van der Beek J.G., Maas P.T., Janssen G.J.W., Zijlstra
C. & Van Silfhout C.H. 1999. A pathotype
system to describe intraspecific variation in
pathogenicity of Meloidogyne
chitwoodi. Journal of Nematology 4, 386-392.

Vidhyasekaran P. 2007. Fungal pathogenesis in plants
and crops: Molecular biology and host defense
mechanisms, 2nd edition. CRC Press.

Williamson V.M. & Kumar A. 2006. Nematode
resistance genes in plants: the battle
underground. Trends in Genetics 22, 396-403.

Uysal G., Sogit M.A. & Elek¢gioglu I.H. 2017.
Identification and distribution of root-knot
nematode species (Meloidogyne spp.) in
vegetable growing areas of lakes region in
Turkey. Turkish Journal of Entomology 41(1),
105-122.

Ye W. Zeng Y. & Kerns J. 2015. Molecular
characterization and diagnosis of root-knot
nematodes (Meloidogyne spp.) from turf grasses
in North Carolina, USA. Plos One, 10, 1-16.

e P S iy ailod 05 g AigS yunni Y¥s

Zeng J., Zhang Z., Wu X., Zeng Y. & Li Y. 2017.
Distribution and molecular identification of
Meloidogyne spp. parasitizing flue-cured
tobacco in Yunnan, China. Plant Protection
Science 54, 183-189.

Zijlstra C., Donkers-Venne D., & Fargette M. 2000.
Identification of Meloidogyne incognita, M.
javanica and M. arenaria using sequence
characterized amplified region (SCAR) based
PCR assays. Nematology 2, 847-853.


https://www.google.com/search?tbo=p&tbm=bks&q=bibliogroup:%22Nematology+Monographs+and+Perspectives%22&source=gbs_metadata_r&cad=4
https://www.google.com/search?tbo=p&tbm=bks&q=bibliogroup:%22Nematology+Monographs+and+Perspectives%22&source=gbs_metadata_r&cad=4

