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1- SCAR (Sequence Characterized Amplified Region)
2- RAPD (Random Amplified Polymorphic DNA)
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Table 1- Sampled areas and the number of samples collected in each area of Fars Province

Aged &S Ol st oL &3 piges bl FHEA asy 50 Agod dlaxi
Sample code Name of county sampling areas Greenhouse Farm Number of samples
R sblyg ) JLes 3
Nourabad Rostam Cucumber
K oyl 3g,lud pires 5
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N <hls 29)ld N S 5
Darab Fasaroud Tomato
G oyl 3g;lud olbredly 5
Darab Fasaroud Eggplant
J oyl e Gz gires 10
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F Ol &/ ol 9 k> 5
Estahban lj Cucumber and Basil
. )5 )5 PN 3
Kavar Kavar Tomato
H )‘)‘““" ol Ls'i")3 d‘>9§ 2
Shiraz Bajgah Tomato
Shiraz House Eggplant
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Table 2- The names of the primers along with their sequence and temperature Tm and connection temperature according to

the formula
bod
) ool Tm sled Annealing
D 6 skt Jy o akd Job s g S Jgeyd bl
NG Primer Sequence Reference T radment  Temperature Tm Annealing
name length based on the temperature
manufacturer according to
the formula
, . Dong et al.,
1 MJ-DF 5'CCTTAATGTCAACACTAGAGCC3 2001b 1650bp 60 59
MJ-DR 3'GGCCTTAACCGACAATTAGAS’ 56
2 MJ-MF 5'ACGCTAGAATTCGACCCTGG3’ Meggé‘i al., 517bp 60 57
MJ-MR 3'GGTACCAGAAGCAGCCATGCS’ 63
3 Fjav 5'GGTGCGCGATTGAACTGAGCS “llsra ot 670bp 63 59
Rjav 3'CAGGCCCTTCAGTGGAACTATACS" 65
4 MI-F 5’ GTGAGGATTCAGCTCCCCAG3’ Meg%gfl al g5spp 63 59
MI-R 3’ACGAGGAACATACTTCTCCGTCC5S” 65
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Table 3- PCR reaction components for specific primer pairs of M. javanica

Bpandlge
Consuming materials

23likuwl 390 o

PCR(10X) ,5L
PCR buffer (10X)
S50MM(MgCl2) pg jiie 5,8
Magnesium Chloride 50
mM (Mgcl2)
(10mM) cé, 55l
Forward Primer
(10MM) cuss p, 3lel
Reverse Primer
SJIDNA
DNA template
ool oo
Sterile distilled water
DNTP 10mM

Taq s jl
Taq enzyme

the final Volume

2.5ul

0.75ul

1ul
1ul
1ul
18ul

0.5ul
0.25ul

25ul
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Table 4- PCR program for different primer pairs

dl> o obj JSew 3lasi o>
Stage Time Number of cycles Temperature
adgl syl FEEIRR 1 95
Initial denaturation 10 min
b yuly 438> ) 38 95
Denaturation 1 min
Jlas! 43,83 38 s
Annealing 1 min
O S aa8s VY. 38 72
Extension 1.5 min
Final Extension FECERY 1 72
15 min

o VO 3g L 7N 55T U5 55 Wadiges 599 iUl sl 003,5 disy s 9 05 dsaslins (slod Bubs ol 005 aseiio oyl b a4 S5k s o (sl Jlasl slos %
A5 001 guitands Of )3 ABE S oo g 1D, (a5 4B Vo ke 4y Wolog peadll (gols OB LD Ly § 23,5 55999 55U s Ceslr S ko Ay VO il
23,5 b pSe 58S )LE GBOX Juo oSy J5 olKiwd )3 Lusww
#The annealing temperature for each pair of primers marked with an asterisk is used according to the temperature calculated and

then optimized. Electrophoresis of the samples was electrophoresed in 1% agarose gel with 75 volts and 75 amps for half an hour and
then stained in a tank containing ethidium bromide for 10 minutes and washed in water for one minute. Then it was placed in GBOX
document gel system and photographed.
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Table 5- Information about sample code, different regions, number of samples and morphological and molecular results with
different primers of M. javanica and M. incognita

digod oS 3L pend digod dilio PHES L asy50 diged dlaxi =W
Sample County Sl Greenhouse Field Number of Results
code . samples 59lgd ,5;l (FYCgH]
Sampled ESSTIUTY ss; ss;
region Morphological M.J M.1
M.J M.1
Primers Primers
R s ) s 3 M. javanica + -
Nourabad Rostam Cucumber
K <hp 5l o 5 M. javanica + -
Darab Fasaroud Cucumber
N N 9l R 5 M. javanica + -
Darab Fasaroud Tomato
G N 5l obedl 5 M. javanica + -
Darab Fasaroud Eggplant
J <hp Rl i o 10 M. javanica + -
Darab Janatshahr Cucumber
ol & by 9 s ) )
F Estahban " Cucumber 5 M. javanica + -
) and Basil
P )% g i 3 M.javanica + -
Kavar Kavar Tomato
H e - i 2 M. javanica + -
Shiraz Bajgah Tomato
B et S9we Jjie obresl 2 ol b _ _
Shiraz House Eggplant Unknown

Seowist @l jI Jols (55,589 5SUN (g - UKW

&S FjaviRjav ,55lel s 5,989 51 ol 13) 3905 3wl B70DP 1L A o)l wiges oo Lol dad a5 o) liasl cilises sblio 5l o0d (9l @er (slosles :A

59995 el 53) 1505 L5 955D Wb K b o8 bl Cilises sblie jlond (o9l zen slosiles B (i odlitul ool M. javanica w35 JolS ssle 4y by, s
] 3w <8 b J9Ug0 ,SHle Ml 0 &1 Y Jgdo 53 ladiges 35 (15 odliul cul M. iNCOgNItA 4565 4 bgyye 45 MI-FIMI-R 351 cais
Figure 1- Electrophoresis patterns of PCR products

A: Nematodes collected from different parts of Fars province, all of which formed 670bp band except for sample No. 9 (in this

electrophoresis, Fjav / Rjav primer pair, which is related to the adult female of M. javanica, was used),), B: Nematodes collected
from different parts of the province that did not show any 955 bp band (MI-F / MI-R primer pair belonging to M. incognita species

was used in this electrophoresis). The sample code is given in Table 2. M is a molecular marker of Sinagen Company.
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Table 6- Morphometric characteristics of adult females and second instar larvae in M. javanica populations

Olasuiv
Characteristics

(g 550 1) o3lo
Females (in micrometers)

295 (w5 )Y
(309,50 1)

Second instar larvae
(in micrometers)

ok Jsb 690-964 (828.3)
Body length
O oo 350-530 (436)
Body width
cdilil Job 15.5-18 (16)
Style length
el 0,5 £lis)| 2-3(2.6)
Style knot height
cdilinl 0F oy 2-5(4)
Style knot width
iy sk Slyime iy Joe 3-6 (4.6)
Valve of the dorsal gland
by Wiy b e dlols 42-47 (45)
Distance from head to the secretory
orifice
e o 3550 b VL slel Jolo > 90-96 (932)
The distance from the top end to the
center of the middle bubble
T Gl Jobo 18-30 (25)
The length of the vaginal cleft
e b 5 alols 12-32 (17.5)
The distance from the vulva to the
anus
1036 93 oy alols 20-30 (25)

The distance between the two
phasmids
P> Job
Tail length
P> sl Blas s Jgbo
The length of the transparent part of
the tail end
£ Jobl o Jsb
Body length / tail length

395-420 (410.8)
9-11 (10.8)
10.5-13 (11.4)
1-1.6 (1.4)
2.5-4(2.2)

2.5-4 (3.2)

- 46-57 (52.4)

- 11-16 (13)

_ 7-9 (8.3)

Cogte Olg s calise oo 5108 S5 g wles sae )+ sluws b gl
Oy e Ol Aty hey cpl Ol (o0 &5 Cuwl 0l ol
2903 dlield 2l el

A8 ) Silad asAd yu L ST (5 luddiaga
M. javanica oad obdy Sles 3ble 151 50 4l &y asgs b
Bblie > aS 565 oyl an bguye cla)S5lel oplplo cul 03
O b oalatwl (Y Jgas) 29 418 )3 1,8 edlasiwl 550 caliseo
aS FjaviRjav ,5;Lel oolisul 390 ,55lel s dws 3 jobaito
sl 517bP axkad < 45 Mj-MF/Mj-MR 4 670bp askss S,

Vo) oS ¥ olie d mjoid il L peiomen
sle 4 (PH=8 L Tris-HCL Yoo oo V¢ )3 mjsid £ e
35 pykaie do (pizmen b Job s poslhe s KLty
=45 sled 5,5 Bl axjd =V+0C glod (sl 4 sl )8
los S Tgd g, aislean asldl )3 s exliwl 5,5 ke a5y
Ve g oobais plos ) celw SO e 4 31,5 ke as > £0%C
oy ola olBiws g9y 5o 31,5 lw 4553 ADC glod jd aadd
2 3l (JoSlge 2b3) 53 gl el slag) ) 2205 eolinl
Gl 04 a2 Vg
odd iy gy 3 3,5 (o0 oalde V gz 53 45 5o o
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Table 7- Comparison of optimal extraction methods in molecular tracing of root knot nematode

)yl ‘_g\bu:as) Jol5 o5le 055 dawnS’ 093 cyw 9,Y
Extraction methods Adult female Egg sac Larvae of the
second instar
(VARA) ohen g STl5 oad diugy (b9, FXCRAN a0\ FXCRN dae ) XN e )
Optimized method of Zhang et al. 10 individuals 1 individuals 10 lindividuals 10 individuals 1 individual
(1998) individuals
+ - + - - -
(Vere) ohar g lghow s diny b9, + _ + _ + _
Optimized method of Silva et al.
(2000)
(Vor)) o) g Tod osid diugs o9, + + + + + +
Optimized method of Liwa et al.
(2001)

Vi wiee e

Seswist 3 Jols (55989 2SI gl Y S

LB ite JyS F Sabs (056 dunS S5 T Sl (3l o3l 5 Y Sals pod  5,Y S5 ) Sals 16500p alols 54 Mj-DF/M]-DR Sjel cas | :A
Mj- 55l cis LiC e JyiS F Sols 056 duS S Sl (&l o3le S5 ¥ Sals agd oy 9,Y S5 N Sals H70DP abols 15l Fjav/Rjav 5el cas
100bp - 3000bp 3l <8 13 JoSIge 55 5lo M 155 duaS’ S5 ¥ Sals (@l o3lo S5 2V Sbls qpod pu 9,Y S5 ) Sl 5170 alwsls 5L MF/Mj-MR

Figure 2- Electrophoresis patterns of PCR products

A: using Mj-DF / Mj-DR primer pair formed 1650bp band, well 1: single second instar larvae, well 2: single adult female, well 3:
single egg sac and well 4: negative control, B: using Fjav / Rjav primer pair formed 670bp band, well 1: single second instar larvae,
well 2: single adult female, well 3: single egg sac and well 4: negative control C: using Mj-MF / Mj-MR primer pair formed 517bp

band, well 1: single second instar larvae, Well 2: single adult female, Well 3: single egg sac, M: molecular marker of Sinagen 100bp
- 3000bp
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Table 8. Comparison of primer power in tracking M. javanica

JOg{rt Jol5 25l S S s - y
Primer name Adult female Egg sac P72 S Second instar larvae % O %
dae Ve dae ) dae Ve dae ) die Ve dae )
10 individuals 1 individual 10 individuals 1 individual 10 individuals 1 individual
Mj-DF/R + + + + +
Fjav/Rjav + + + + + +
Mj-MF/R + + + + + +
Mi-F/R - - - - - -
Mt iS5 4 6 ) Slel : +
+: Primers are able to reproduce
Mg iS5 4 6 b Silel :
-: Primers are not able to reproduce
L S 3LeT Jlail (slou (5 jhoudisgs Mj- S5l ccds 33,5 o sanlie A Jgio ;5 S job lon
Sl JSw U g cilises (slales 5| uios ol 3 ysbaie cpy Sl e ol 039 pg> (9 S5 2k 4 38 DFIR
S s ool @l ool w5l Ve ol b 55T o ol Cilisea ples > cewl M. incognita 455 oLulid 4y by ye Mi-F/R
Gl 0025 03551 ¥ i 53 ,55ET 1 &y bgyye 00ty (slod Slacamer (392 pAllS oLl a5 bl (ite 3)lge
(F U)ol oy S YA Sy disgy IS 3l Al o olatl 3550 Wil

3 4 =M

Seswist § Jools (55989 5SUN gl —Y S5
08 los L Mj-MF/Mj-MR 3Ll i :C o5 slo a5 )3 0+ clod L Mj-DF/Mj-DR 5;lél cén B 51,5 il 455 OF clo> L Fjav/Rjav 35l cas :A
o3 b 45,5 OF clod L MJ-MF/Mj-MR ,35leT s 195 Saly ol 5 5l 45,5 OF clod L Mj-DF/Mj-DR 35k cas 1S5 Sals :D o 5 sbo a5 )
e J5S sles Sals ol 5 le 433 0F clod L Fjav/Rjav 55kl cas 4w Sals
Figure 3- Electrophoresis patterns of PCR products
A: Fjav / Rjav primer pair at 54 ° C B: Mj-DF / Mj-DR primer pair at 50 ° C, C: Mj-MF / Mj-MR primer pair at 56 ° C and D: Well
1, Mj-DF / Mj-DR primer pair at 53 ° C, well 2: Mj-MF / Mj-MR primer pair at 53 ° C, well 3: Fjav / Rjav primer pair at 53 ° C and
well 4: negative control
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Table 9- Optimized annealing temperature of each primer

Skl cas ol bowd (gjlwdiags slod  ,Ua1 3 yae Wby o3l
Name of the primer pair Optimized temperature Expected band size
Fjav/Rjav 54 670bp
Mj-DF/Mj-DR 50 1650bp
Mj-MF/Mj-MR 56 517bp
MI-F/MIR 55 955bp
ol oyl &S 0l L Zobs b eolaiwl (5, Sue YO STy Jiu"“u;‘ Sl ¢ leudings
)-’—-(‘c JS8) 29 aal ) ST s aws yp (gl 0 4S5 Slge I DNA lise poi 515l w0 lin] (iloaige jolate 4
915 (boy 4 (25l 9 U DNA jlicie pgd (o 9)Y 3590 5 DNA g5l cilise cla s, > Mgcly colalé i
Mo am V5o o 00 MQCl2 5 iy )Sin ¥ 4y (1) oS0 oy S adyy wilos ilisen (gla ,S5LT L wiles oy alises Jnlye
e 659 S VO STy S sl o 8L (l3EN g S JelS o0le 3l gl sl g, 55 4" A oolazw] M. javanica «45
(0 JS8) 390 el S S5l e sy sl g 035 V3 i sl gl sy du g il eoliiel b 555 e

S22 Ygeiskes 8+ MOCl2 i Sie S g 95U DNA 2y S

3000bp
41500bp

500bp

Yioa Yl oRIIDNA (iaf380 9 ) s « /YO 5IMGCH liee (339381 Ul ot 3 ol (55999 U1 (gl —F S0
5 S5 gy 2 gl el 05 A Ve 3 0 5 F Saly e S8 ¥ Sl (Voo 0] olSon g sk (59, & gl 055 4 VeSS Y 5 ) Sy A
U9y 4 lyseis] v55 S Ve olus Vo) Saly B oSN DNA Y [ ol5e g MGCla /v 1 e3lizal L 670bp wb Rjav ¢ Fjav S5kl cis L (VA) o) Ken
oSIDNAY [ e s MICI2 ) e 31 0lied L 517DP 5L Mj-MR s Mj-MF S5LT cais b G515 gy 4 ]yl 056 duS Voolis ¥ 5 ¥ Sl ok
Sal D GSIDNA Y 1 ylie s MICl2 \ 1 ylie 51 elisl b 1650bp w54 Mj-DF/R S5l s b Ik gy 4 56l o565 duaS Ve i ¥ 5 ) Sals :C
;1 eslizul L 670bP w5 Rjav 5 Fjav 35el cas b ¢ ite S8 F Sals o lgbus zly5mol (os) ped oy 9,¥ TiV e Saals @l ole Vo) o Sl 055 duanS V41
.100bp-3000bp 5w <8 ps (J5Ug0 ,S5Lo :M 4 SIDNA Y U 5l500 9 MOCl2 V [ 150
Figure 4- Electrophoresis patterns of PCR products while increasing the amount of MgClI2 from 0.75 p to Y p and increasing

the template DNA from 1 pto 2 .

A: Wells 1 and 2: 10 egg sacs extracted by Silva et al. (2000), wells 3 negative control, wells 4 and 5: 10 egg sacs extracted by Zhang
et al. (1998) with Fjav and Rjav primers, 670bp band formed by using 0.75 u MgCI2 and 1 p template DNA, B: wells 1 and 2, 10
egg sacs extracted by Silva method, wells 3 and 4, 10 egg sacs extracted by Zhang method with Mj-MF and Mj-MR primers, 517 bp
band formed by using 1 p MgClI2 and 2 p template DNA, C: wells 1 and 2 includes 10 egg sacs extracted by Silva method with Mj-
DF / R primer pair, 1650bp band formed using 1 p MgCI2 and 2 p template DNA, D: well 1: 10 egg sacs, well 2:10 adult females,
well 3: 10 Second instar larvae extracted by Silva method, well 4: negative control, with Fjav and Rjav primer pairs, 670bp band
formed using 1 u MgCI2 and 2 p template DNA, and M is molecular marker of Sinagen 100bp-3000bp.
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Figure 5- Electrophoresis patterns of PCR products while increasing the amount of MgCI2 from 0.75 p to 1.5 p and
increasing the template DNA from1lpto2pand 4 p
A: All 5 wells including DNA extracted from the second-instar larvae based on Liao et al. (2001) using Fjav / Rjav primer pair and
applying 1.5 ul of 50 mM Mgcl2 and 2 pl of template DNA, B: well lincludes single second instar larvae by Liao extraction method
with Fjav / Rjav primer pair applying 1.5 pl of 250 mM Mgcl2 and 4 ul of template DNA, C: 3 wells including single second instar
larvae extracted based on Liao Method with Mj-MF / Mj-MR primer pair using 4 ul of template DNA and 1.5 pl of 50 mM Mgcl2.

M. 568 5l bl o gyl ymdiges sble ST 50 (2,5 ddy, MQCla (5o (129381 b 33,5 0 osalie & IS5 j3 jglailon
o Sl 5l (So3dsse lulid 10l (gl .03l o javanica 2L (V1) ohiSan 5T gl 5l oad dige (b9y 5 5 DNA
ool 5 (Y+) S 5 oy Lausgs o8 4558 gl pobuais) 5 o135 ] ¥ S5 imy 5lad doly o iSinsS b, &
plad ooy i zols .aib edlaiwl cowl osds sl SISl g,

iz SV ol 5l 25 S5 g Caman olly (605, o]y S 35 4o

(F) Ol 5 K593 bawgs o olatsl Sl 20 0 155 (5 Sles 3 s JsSge 5 (Sujolsirpe mlolid j Jols gls
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Introduction: Root-knot nematodes are the most common and destructive plant-parasitic nematode group
worldwide and adversely influence many economically important crops, ornamental plants, and fruit trees. They
are obligate parasites of the roots of many plant species, including herbaceous and woody plants. Symptoms
associated with Root-knot nematodes infection include root galls, shoot chlorosis, stunted growth, nutrient
deficiencies, and secondary infections by other pathogens. A high level of damage can lead to serious crop loss.
Due to the considerable morphological similarity between species of Meloidogyne and high intraspecies
variation, it is difficult to differentiate species from each other based on the morphology of their perineal patterns
alone. Molecular techniques are used for detection, species differentiation, and phylogenetic analysis of species.
Polymerase chain reaction (PCR) is a method widely used to rapidly make millions to billions of copies of a
specific DNA sample, allowing scientists to take a very small sample of DNA and amplify it to a large enough
amount to study in detail. The objective of this study was to improve molecular diagnosis of root knot nematode
in vegetable crops in Fars province to enhance our diagnostic knowledge and allow species identification of root
knot nematode through PCR by species-specific primers.

Materials and Methods: In 2012, in order to identify the different stages of growth of Meloidogyne javanica
species, 40 soil and root samples infected with the nematode were collected from different cultivation sites of
Fars province (Darab, Jannatshahr, Estahban, Nurabad, Qavar, and Shiraz). The roots of plants were flushed with
water to remove soil and then washed with soap for 10 min. To obtain the pure population of each sample, a
large egg bag containing more eggs was selected. The isolated egg bag was placed adjacent to Rutgers tomato
transplant. After 70-60 days, the roots were removed from the pot and prepared to identify species of the
nematode. After purification of nematodes using single egg method on Rutgers tomato root and diagnosis of
them on the morphological basis, the DNA was extracted at different growth stage of nematode using three
optimized methods of Zhang, 1998, Silva, 2000, and Liao, 2005. PCR products (5 ul) were separated on standard
agarose gels. A DNA ladder (Sinagen 100bp-3000bp) was used to determine the molecular sizes of the bands.
Band patterns were photographed under UV light using the GBOX document gel system. The PCR was
optimized by varying the reaction components and cycling conditions. The annealing temperature was optimized
separately for each primer based on the manufacturer's Tm and formula. The roots were flushed with water to
remove soil and then washed with a 0.52% NaCIlO soap for 10 min. Individual root knots were obtained after
three to five washes. Furthermore, DNA extraction was performed using four methods.

Results and Discussion: The root-knot nematodes were recovered from the vegetable crop soil samples.
Species identification in this study was based on the PCR by species-specific primers. Specific primers of
Fjav/Rjav, Mj-MF/Mj-MR and Mj-DF/Mj-DR could detect M. javanica with 670 bp, 517bp and 1650bp,
respectively, proving their usefulness for PCR on root-knot nematodes. No band was detected using specific
primer of M. incognita (MI-F/R primers) from the samples in PCR. During optimizing PCR method, it was
revealed that the best annealing temperature is 54°C for Mj-MF and Mj-MR primers, 56°C for Mj-DF and Mj-
DR primers, and 50°C and for Fjav and Rjav primers. Adding the DNA extracted template from 1u to 2u for
single female and single egg cist and from 2 to 4 for single juvenile made the best result for detection of root-
knot nematode based on PCR. Changing the MgCI2 concentration from 1.5 mmol to 2 mmol in a 25ul PCR
reaction made the best PCR result. The Liao optimized method was the best DNA extraction for monitoring M.
javanica. Fjav/Rjav and Mj-MF/Mj-MR primers were the best primers in detecting M. javanica.

Conclusion: The results of this study showed a remarkable ability of DNA extraction methods, specific
primers and the cases optimized in this study in identifying root knot nematode. Identifying M. javanica species
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based on morphological methods is time consuming and difficult, and requires high skills and also needs to be
examined for a particular stage of nematode growth. In addition, identifying of this species based on biochemical
methods is time consuming, affected by environmental conditions, requires relatively large amounts of living
organism and a particular stage of the nematode's life cycle. Given these difficulties, DNA extraction methods,
specific primers and the cases optimized in this study can be used to identify M. javanica species. However, as
M. javanica and M. incognita primer pairs were not detected for a sample taken from Shiraz, more researches are
needed to be carried out on this case.
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