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The root-knot nematode (Meloidogyne sp.) is an endoparasite that is considered to 
be the single most damaging crop pathogen in the world [10] by causing damages to 
more than 3000 plant species including tomato (Solanum lycopersicum). On the local 
market there are a large variety of chemical nematicides, but their use is not the best 
option since farmers desire to produce organically grown tomatoes. The screening and 
the study of tomato cultivars resistant to the root-knot nematodes is very important for 
the practical use in agriculture since the Republic of Moldova is an agrarian country. 

Plant resistance, mediated by specific genes, is included among the methods for 
biological control of pests and diseases [3, 4], which is considered one of the most sig-
nificant approaches to plant health management currently and in the near future [1].

Mi is a unique characterized resistance gene, because it confers resistance against 
three very different organisms - root-knot nematodes, aphids [7] and whiteflies [9]. 



64

These pests are among the most important on tomato crops worldwide, making Mi a 
valuable resource in integrated pest management programs. The Mi gene was intro-
gressed into tomato from a wild relative Solanum peruvianum. The Mi gene has been 
cloned and shown to belong to the NBS-LRR class of  R (resistance) genes [8]. In the 
Mi locus, two highly homologous genes with NBS-LRR motifs, Mi-1.1 and Mi-1.2, 
were identified. Only Mi-1.2 is sufficient to confer resistance to root-knot nematodes.

In this study, the degree of nematode resistance of 16 tomato cultivars were evalu-
ated and the presence of the Mi gene associated with nematode resistance was identified 
by PCR with further distinguishing of cultivars carrying the homozygous forms and the 
hybrid cultivars.

MATERIALS AND METHODS

Plant material. Tomato (S. lycopersicum) seeds were kindly provided by the In-
stitute of  Plant Industry “Porumbeni”, Pascani, Republic of Moldova. Sixteen tomato 
cultivars (Fakel, Djina, Missouri, Marta, Shakira, Onix, Zagadca, Rif, Novinta prednis-
trovia, Peto-86, Laguna, Nadejda, Novicioc, Biruinta, Viteazi, Leana) that never have 
been tested for nematode resistance were used in this study. 

Between 10-20 seeds of each cultivar, treated with 1% KMnO4 solution, were ger-
minated in Petri dishes at 26ºC temperature during 3 days. The germinated seeds were 
planted in vegetation vessels of 500 ml volume in a mix of 9:1 sterilized sand and soil. 
Three vessels for each genotype were used. Every two weeks, plants were watered with 
a mix of organic and mineral fertilizer Biohumus Raduga (1 litter solution contains: 
NH4NO3-10g; K2O-10g; P2O5-10g; huminic acids-2 g).

Nematode isolation and inoculation; evaluation of degree of root galling. Indi-
vidual tomato infected root systems were cut to pieces and blended in a 0.5% NaOCl 
solution to extract eggs [5]. The solution was poured through a 200-mesh (75 μm) sieve 
nested on a 1 l beaker, then eggs were collected on a 500-mesh (26 μm) sieve. Eggs 
were allowed to hatch using a modified Bearmann funnel [7]. For the nematode infec-
tion 1 ml of inoculum was used for each vegetation pot. The inoculum was added at the 
base of each plant in small holes. 

Three months after planting, tomato plants were carefully removed from the pots, 
and the root systems washed free of soil. The galls were stained with a 0,05% erioglau-
cine (Sigma, Saint Louis, MO, USA), counted, studied under the binocular МБС-9 
(resolution power=70X). Gale index (GI) was determinated as follows : 0=no galls or 
egg mass; 1=1-2 galls; 2=3-10 galls; 3=11-30 galls; 4=31-100 galls; 5= more than 100 
galls or egg mass per root system.

Analysis of tomato DNA for the REX-1 marker by PCR and digestion with 
TaqI.  DNA was isolated from young leaves using CTAB [2]. The purity and yield was 
monitored by 1% agarose gel electrophoresis and by UV absorbance (A260/A280) us-
ing PG instruments UV.VIS NC 60 spectrophotometer.

The reaction mixture used for PCR amplification contained: 50 ng of genomic 
DNA, 5 pmol of primers: 

REX-F1 (5’-TCGGAGCCTTGGTCTGAATT-3’) 
REX-R2 (5’-GCCAGAGATGATTCGTGAGA-3’) [11] 
200 µM of dNTP mix, 2,5 mM MgCl2, 10x PCR buffer supplied with the Go Taq 

DNA polymerase (Promega, Madison, Wi, USA) which was used at a concentration of 
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1,25 units per reaction, in a total volume of 25 µl. The PCR reaction was performed in 
CG1-96, Corbett Research thermocycler, programmed: 940C for 3 min; followed by 35 
cycles:     94 °C for 1 min, 55° C for 2 min and at 72 °C for 2 min; 720C for 5 min.

Amplified products (7 µL) were digested overnight at 37°C using 5 units of TaqI 
(Sigma, Saint Louis, Missouri, USA) per reaction (total volume 10 µL). Digested prod-
ucts were resolved on a 1,5% agarose gel and 50 bp DNA ladder (Sigma, Saint Louis, 
Missouri, USA) were used.

RESULTS AND DISCUSSION

Plant growth and identification of the root-knot nematode infection symptoms. 
Different tomato cultivars were grown for three months. After three weeks of growth 
(at the 3 true leaf stage) plants were infected with root-knot nematodes. During the 
plant growth period the symptoms of root-knot nematodes infestation were observed: 
stunted growth, wilting and symptoms of nutrient deficiency. These symptoms can be 
the result of the alteration in the vascular system that is caused by the giant cells initi-
ated by the nematode feeding. These vascular alterations restrict water and nutrients 
uptake and interfere with translocation of minerals and photosynthates in the host. The 
primary symptom of root knot nematode infection is the formation of galls on the root 
of susceptible host plants.

Evaluation of the gall index. The evaluation of degree of root galling showed that 
tomato cultivar Peto-86 has the biggest GI =4. Thus this cultivar is the most susceptible 
to nematode (Fig.1, 2).

Fig.2 Root galling degree evaluation.
1-Fakel; 2-Djina; 3-Missouri; 4-Marta; 5-Shak-
ira; 6-Onix; 7-Zagadca; 8-Rif; 9-Novinta pred-
nistrovia; 10-Peto-86; 11-Laguna;  12-Nadejda; 
13-Novicioc; 14-Biruinta ;  15 - Viteazi; 16- 
Leana.

Fig.1 Galls of an infected tomato root

 The screening of tomato DNA for the identification of the Mi	gene. PCR ampli-
fication with the REX-F1 and REX-R2 showed a band of approximately 750 bp for all 
studied tomato cultivars (Fig. 3).

The digestion of the amplified fragments with TaqI was carried out to distinguish 
the homozygous from heterozygotes. After digestion with TaqI, only one tomato culti-
var, Djina, displayed three fragments: 750, 570 and 160 bp (Fig.4), thus was identified 
as heterozygote (Mi/mi) for Mi resistance gene. The rest of the samples did not contain 
TaqI cleavage site, which indicated that these tomato cultivars are susceptible to nema-
todes.
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Fig.3 Gel electrophoresis of PCR amplified products using    REX-F1 
and REX-R2 primers.

M- molecular marker; lane 1-Fakel; lane 2-Djina; lane 3-Missouri; lane 4-Marta; lane 
5-Shakira; lane 6-Onix; lane 7-Zagadca; lane 8-Rif; lane 9-Novinta prednistrovia; lane 10-Peto-
86; lane 11-Laguna; lane 12-Nadejda; lane 13-Novicioc; lane 14-Biruinta ; lane 15 - Viteazi; 
lane 16- Leana.

Fig.4 Gel electrophoresis of the digested amplicons
M-molecular marker; lane 1-Fakel (S); lane 2-Djina (R/S); lane 3-Missouri (S); lane 4-Marta 

(S); lane 5-Shakira (S); lane 6-Onix (S); lane 7-Zagadca (S); lane 8-Rif (S); lane 9-Novinta pred-
nistrovia (S); lane 10-Peto-86 (S); lane 11-Laguna (S); lane 12-Nadejda (S); lane 13-Novicioc 
(S); lane 14-Biruinta (S); lane 15 Viteazi (S). S-susceptible; R-resistant; R/S-heterozygote.

The correlation and the comparison of the results of infection tests and the molec-
ular-genetic analysis of tested genotypes showed that obtained data is consistent and 
confirm each other. Resistance and susceptibility of all the genotypes was unequivocal 
by means of both methods determinated. The Djina cultivar was identified as resistant 
heterozygous based on molecular analysis and its roots were unaffected by root knot 
nematodes (the GI=1). The highest degree of susceptibility was characteristic for the  
Peto-86 cultivar, its roots were seriously affected by root-knot nematodes (GI=4).

The screening of the resistance to root-knot nematodes of the tomato grown in the 
Republic of Moldova is very important for its practical use in different breeding pro-
grams in order to obtain resistant cultivars.
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Introducere

Este cunoscut faptul că stabilirea componenţei speciilor de fungi care produc di-
verse maladii la plantele de cultură prezintă o condiţie obligatorie pentru elaborarea 
strategiilor corecte de testare a rezistenţei  genetice a materialului iniţial pentru selecţie, 
precum şi la luarea deciziilor de protecţie chimică. Totodată, se cunoaşte că complexul  
de patogeni, implicat în iniţierea şi dezvoltarea unor boli de plante, precum  ar fi pu-
tregaiul  de rădăcină şi bolile spicului la grâul comun de toamnă (Triticum aestivum 
L.) este destul de variabil, funcţie de condiţiile ambientale, genotipul plantei-gazdă, 
particularităţile  agrotehnice de cultivare [1, 3, 4, 6]. Luând în consideraţie acest fapt, 
prezintă interes cercetările cu privire la componenţa speciilor de fungi care produc boli 
de rădăcină şi de spic la genotipurile/populaţiile de grâu, omologate sau perspective 
pentru ameliorare, ceea ce a constituit obiectivul prezentei lucrări.

  Material şi metode

În calitate de material de studiu au servit genotipuri omologate şi perspective de 
grâu comun de toamnă care au servit ca genitori, precum şi populaţii descendente F1, F2, 
F4 şi retroîncrucişări BC4, cultivate pe terenul experimental al Institutului de Genetică 
şi Fiziologie a Plantelor al AŞM (2005-2006).


