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Molecular Identification and Detection of Phytophthora melonis Based
on Nuclear and Cytoplasmic Genome

S. M. Zolanvari', R. Mostowfizadeh-Ghalamfarsa' and A. Dadkhodaie?

(Received: 12.4.2017; Accepted: 8.6.2017)

Abstract

The plant pathogen Phytophthora melonis is morphologically similar to some other non-papillate
Phytophthora spp. especially P. drechsleri and therefore it is difficult to discriminate these convergent taxa.
This study was performed to design specific primers based on nuclear and cytoplasmic genome, examine
their specificity against other convergent species, and optimize the specific primers’ conditions to detect P.
melonis. Nine nuclear and four cytoplasmic genes were appropriate to design thirteen specific primers based
on their nucleotide polymorphism. PCR conditions were optimized. Phytophthora melonis were detected by
specific primers in inoculated plants such as cucumber, watermelon, melon, sugar beet and pistachio. All
specific primers detected pathogen in 1:100 (pathogen: soil) inoculated soil. Up to 10 zoospores per milliliter
were detected using nested polymerase chain reaction. ITS-MF1 and ITS-MR2 (ITS-M2 set, from internal
transcribed spacers of rRNA gene) were selected as the most efficient primers based on their specificity and
sensitivity. The optimized annealing temperature for this primer set was 68 °C. It seemed that nested PCR by
ITS-M2 primer set together with the universal primers ITS6 and ITS4 as external primers is at least 10° times
more sensitive than simple PCR. Multiplex polymerase chain reaction simultaneously detected the three
cucurbits’ pathogens including P. melonis, P. nicotianae and P. drechsleri. This study showed that the
designed primers could be effective tools for detection of P. melonis isolates from infected tissues, and
infested water and soil.
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S ol )5 edd eslizul Phytophthora spp. slaalis cow gd N Jgi>
Table 1. List of Phytophthora spp. isolates used in this study

Species Isolate Host Location Year of isolation

P. melonis
PH-6.57.05 Cucumis sativus Ahwaz 2002
PH-6.45.93 Cucumis sativus Bandar abas 1993
PH-6.62.05 Cucumis sativus Fars 2002
PH-6.52.03 Pistacia vera Rafsanjan 2003
PH-6.64.05 Beta vulgaris Ahwaz 2002
PH-6.61.05 Cucumis sativus Fars 2002

P. arecae SCRP18

P. asparagi SCRP21

P. botryose SCRP25

P. cactorum SCRP27 Rubus idaeus Wells 1985

P. cambivora SCRP67 Rubus idaeus Scotland 1985

P. capsici 2-8-87

P. cinnamomi SCRP115 Chamaecyparis lawsoniana Netherlands 1993

P. citricola SCRP133 Rubus idaeus Scotland 1989

P. citrophthora SCRP179 Actinidia sp. China 1989

P. cryptogea SCRP204 Abies nobilis Ireland

P. drechsleri SCRP236 Solanum tuberosum Argentina 1949

P. erythroseptica SCRP241 Solanum tuberosum Netherlands

P. gonapodyides SUC6

P. hydropathica 1012

P. inundata SCRP644 Salix sp. Britain

P. irrigate 23J7

P. katsurae SCRP388

P. meadii SCRP400

P. medicaginis 10-2-81

P. melonis SCRP455

P. nicotianae SCRP468 Citrus sp. Thrindad

P. palmivora SCRP526 Hevea brasiliensis Thailand

P. parsiana SUC25

P. pistaciae 11-1-05

P. quercina SCRP541 Quercus robur Germany

P. ramorum Alex1 Rhododendron sp. Scotland 2004

P. richardiae SCRP551 Zantedeschia sp. Netherlands

P. sojae SCRP555 Glycine max America

P. tropicalis 7Ga
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Table 3. The specific primers designed in this study for identification and detection of Phytophthora melonis

Primer®  Primer sequence orientation Target Accession Primer Length
DNA  number” location (bp)

ITS- 5" TCC TCC TCG TGG GGA ACT G 3’ Forward ITS AY659672  134-152 19
MF1

ITS- 5"CGG TTC ACC AGC CCATACCA 3 Reverse ITS AY659672  694-675 20
MRI1

ITS- 5" CCA ATT GAG ATG CTA CCT CCA 37 830-810 21
MR2

TIG- 5" GCC GCT GAG AAGACGCGCA ¥ Forward TIG EU079717  532-550 19
MF1

TIG- 5" AAG GGC AAT GCC AGC GCT A 3’ Reverse TIG EU079717 1602-1584 19
MRI1

ENL- 5" TGA CCG TTT CAT GGT CGA GG 3’ Forward ENL EU079714  192-210 20
MF1

ENL- 5" CGA CAC GCC CAG AATGGC A 3’ Reverse ENL EU079714  285-267 19
MR1

RPL- 5"CAA CTT CCA CAT GCG CATCCGC 3"  Forward RPL  EU079711  234-255 22
MF1

RPL- 5" ACG RGC GGC GACACCCGA A ¥ Reverse RPL  EU079711  369-351 19
MR1

SEY- 5" GAT TTT CAC AGA TAT AATTCCC 3’ Forward SEY  JF770772 372-393 22
MF1

SEY- 5" CAC CAC CAG ATA TGA TAA AT 37 Reverse SEY  JF770772 657-638 20
MRI1

ND9- 5" GAT ATA TAA ATA CCG TTA CG 3’ Forward  NAD  JF771938 115-134 20
MF1

ND9- 5" CAT CCT GAT TTA AGA AGA 3’ Reverse  NAD  JF771938 604-587 18

MR1

* ENL= Enolase; ITS= Internal transcribed spacers 1, 2 and 5.8S gene of IDNA; NAD= NADH dehydrogenase subunit
9; RPL= 60S ribosomal protein L10 gene; SEY= Preprotein translocase membrane subunit (secY); TIG=

Triosephosphate isomerase/glyceraldehyde-3-phosphate dehydrogenase (tigA) gene; °

Reference to the GenBank

accession containing the DNA sequence, on which the primer is based. ¢ Reference to the location of the primer within

the original DNA sequence.

2 lss le_ﬁ4_’_5§ LS‘J—’)‘J—“?li LS‘°J‘:>"') &5\‘5 LS‘J”
sadS ool s osls QLS # Jsa>= 5 Phytophthora
Glo iy STy gl podis 1 b Calises gla Siled
P, il glaaluz 5lodsl s 40 (5100es b 5l ek
Ol 3lass S a gty ol 5,5 e gasks melonis
-45 5a2es) ITS-MI sla S5LT s > b (gls 5T
ITS- (g4¢ sozs) ITS-M2 (ITS-MR1 , ITS-MF1 ¢

Sl edd b gla ST L esles 5l ek (gl oo
SRS 5 IOl 085S S e S5 S
Sl 5 55505 3l s Glo iy Sl a8 J= 5 s
23 lolgs p 8 e Ve U S50 S slanels o
S by edd b sl SHET LS 1) 2l S
b 55T coolazst o)l

ol b la S5l cuslant] b)) =

\Ki4



VAV-4Y AFRF Jle /) ojled / OF ts / alS slags ey

‘g\d’b) 9 @_l_...l;.& LS‘J—.’ S WY f‘,b gr"\"‘:"" 6LAJ§JLGI sta )|J-°’-‘Lﬁ 6")—_-"“) &Jb oJ—DLSJLAAJ.:@ .hg‘fﬁ £ dju\’

Phytophthora melonis
Table 4. Optimized PCR conditions of species-specific primers for identification and detection of Phytophthora
melonis

Primer® denl;iltz}[ion Nl:;:leers of Denaturation Annealing Extension Exl;lzlrllzsl}on L(T)I;‘%tbh
ITS-M1 95(120)°¢ 30 95(20) 69(25) 72(60) 72(600) 561
ITS-M2 95(120) 30 95(20) 68(25) 72(60) 72(600) 697
TIG-M1 94(120) 35 94(30) 69(30) 72(60) 72(600) 1071
ENL-M1 94(120) 35 94(30) 69(30) 72(60) 72(600) 94
RPL-M1 94(120) 35 94(30) 69(30) 72(60) 72(600) 136
SEY-M1 94(120) 35 94(30) 59(30) 72(60) 72(600) 286
ND9-M1 94(120) 35 94(30) 55(30) 72(60) 72(600) 490

* ENL-M1= ENL MF1 & ENL-MR1; ITS-M1= ITS-MF1 & ITS-MRI; ITS-M2= ITS-MF1 & ITS-MR2; ND9-M1=
ND9-MF1 & ND9-MR1; RPL-M1= RPL-MF1 & RPL-MR1; SEY-M1= SEY-MF1 & SEY-MR1; TIG-M1= TIG-MF1
& TIG-MR1.

® Average amplicon length.

¢ Temperature °C' (time 's").

503l 5l maddy (glo jomiy 2S5 g kS Phytophthora melonis (& ses s Son 53) 581 sl0lss oS J1 0 gk
webazsl gl S5l 5l oslizwl b g5 5

Table 5. The effect of Phytophthora melonis template DNA quantity (per pl sample) on simple and nested-PCR
product quality using the species-specific primers.

Primer DNA Quantity®
sets® 100 10 1 500 100 50 10 1 100 10
ng ng ng pg pg pg pg pg fg fg
ITS-M1 +++ - - - - - - - - -
ITS-M2 +++ ++ - - - - - - - -
TIG-M1 +++ + - - - - - - - -
ENL-M1 +++ ++ - - - - - - - -
RPL-M1 - ++ - - - - - - - -
SEY-M1 +++ +++ +++ -+ -+ ++ ++ + - -
ND9-M1 +++ +++ +++ ++ ++ ++ ++ + - -
N°-ITS-M1 +++ -+ -+ -+ -+ -+ -+ ++ + +
N-ITS-M2 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
N-SEY-M1 +++ +++ +++ +++ +++ +++ -+ -+ ++ ++
N-ND9-M1 +++ +++ +++ +++ +++ +++ -+ -+ ++ -

+++ = Very good. ++ = Good. + = Reasonable. - = No band.

* ENL-M1= ENL MF1 & ENL-MRI; ITS-M1= ITS-MF1 & ITS-MR1; ITS-M2= ITS-MF1 & ITS-MR2; ND9-M1=
ND9-MF1 & ND9-MR1; RPL-M1= RPL-MF1 & RPL-MR1; SEY-M1= SEY-MF1 & SEY-MR1; TIG-M1= TIG-
MF1 & TIG-MRI1.

® ng = nano (10) gram. pg = pico (10™'?) gram. fg = femto (10"°) gram.

“ N= Nested PCR with corresponding universal primer pairs.
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Table 6. Amplification of Phytophthora spp. DNA with species-specific primers designed for Phytophthora
melonis
Speci Isolat Primer sets”
peetes solate ITS-MI__ITS-M2__TIG-MI__ENL-MI__RPLMI__ SEY-MI__ND9-MI
P. arecae SCRP18 - - - - + - -
P. asparagi SCRP21 - - - - + + -
P. botryosa SCRP25 - - - - + - -
P. cactorum SCRP27 - - - - + - -
P. cambivora SCRP67 - - - - + - -
P. capsici 2-8-87 - - + - + - -
P. cinnamomi SCRP115 - - - - + - -
P. citricola SCRP165 - - - - + - -
P. citrophthora SCRP179 - - + - + - -
P. cryptogea SCRP204 - - - - + - -
P. drechsleri SCRP236 - - - - + - -
P. erythroseptica  SCRP241 - - - - + - -
P. gonapodyides  SUC6 - - - - + - -
P. hydropathica 1012 - - - - + - B
P. infestance sc 03.26.3.3 - - - - + - -
P. inundata SCRP644 - - + - + - -
P. irrigate 2317 - - - - + - -
P. katsurae SCRP388 - - - + -
P. meadii SCRP400 - - - - + - -
P. medicaginis 10-2-81 - - - - + - -
P. melonis PH-6.57.05 + + + + + + +
PH-6.45.93 + + + + + + +
PH-6.62.05 + + + + + + +
PH-6.52.03 + + + + + + +
PH-6.64.05 + + + + + + +
PH-6.61.05 + + + + + + +
P. nicotianae SCRP468 - - - - + - -
P. palmivora SCRP526 - - - - + - .
P. parsiana SUC25 - - + - + - -
P. pistaciae 11-1-05 - - - - + - B
P. quercina SCRP541 - - - - + - B
P. ramorum Alex1 - - - - + - -
P. richardiae SCRP551 - - - - + - -
P. sojae SCRP555 - - - - + - -
P. tropicalis 7Ga - - - + - -

+ = Positive PCR product. - = Negative PCR product.
* ENL-M1= ENL MF1 & ENL-MRI; ITS-M1= ITS-MF1 & ITS-MRI; ITS-M2= ITS-MF1 & ITS-MR2; ND9-M1=
ND9-MF1 & ND9-MR1; RPL-M1= RPL-MF1 & RPL-MR1; SEY-M1= SEY-MF1 & SEY-MR1; TIG-M1= TIG-

MF1 & TIG-MRI1.
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Fig 1. An example of the electrophoretic patterns of the
fragments amplified by simple (above) and nested (bottom)
PCR using SEY-MR and SEY-MF primers. 1: 100 bp DNA
marker; 2-11: Serial dilutions of Phytophthora melonis DNA
per pl sample (100, 10 and 1 ng; 500, 100, 50, 10 and 1 pg; 100
and 10 fg)
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Fig 2. An electrophoresis pattern example of Phytophthora melonis isolates detected in infected tissues of
inoculated plants using PCR with ITS-MF1 and ITS-MR2 specific primers. 1: 100 bp DNA marker; 2-4: infected
sugar beet roots inoculated by PH-6.52.03, PH-6.61.05, and PH-6.64.05 isolates; 5-7: infected watermelon roots
inoculated by PH-6.52.03, PH-6.61.05, and PH-6.64.05 isolates; 8-10: infected cucumber roots inoculated by PH-
6.52.03, PH-6.61.05, and PH-6.64.05 isolates; 11-13: infected melon roots inoculated by PH-6.52.03, PH-6.61.05,
and PH-6.64.05 isolates; 14: infected pistachio roots inoculated by PH-6.52.03 isolate; 15: 100 bp DNA marker;
16-17: infected pistachio roots inoculated by PH-6.61.05, and PH-6.64.05 isolates; 18-22: healthy tissues of sugar
beet, watermelon, cucumber, melon and pistachio roots; 23: positive control, DNA of PH-6.52.03 isolate
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Table 7. Detection of Phytophthora melonis using PCR species-specific primers in different inoculated plants

PCR detection b
Family E;:rimon Scientific name f;glcfﬁlea d S TS ENL- NDO. SEY-
Ml M2 Ml Ml Ml
Anacardiaceae
pistachio Pistacia vera PH-6.52.03 + +++ ++ + +
PH-6.61.05 + ++ + + +
PH-6.64.05 ++ ++ + + +
Chenopodiaceae
sugar beet Beta vulgaris PH-6.52.03 . i — N N
PH-6.61.05 ++ ++ ++ ++ +
PH-6.64.05 ++ ++ ++ ++ +
Cucurbitaceae
watermelon C1tru11ys PH-6.52.03 s e . s L
vulgaris
PH-6.61.05 +++ +++ ++ e ++
PH-6.64.05 +++ +++ ++ e ++
melon Cucumis melo  PH-6.52.03 +++ +++ ++ ++ ++
PH-6.61.05 +++ +++ ++ A+ ot
PH-6.64.05 +++ +++ ++ A+ ot
cucumber Cugunns PH-6.52.03 s e . e .
sativus
PH-6.61.05 ++ +++ ++ -+ ++
PH-6.64.05 +++ ++ + -+ ++

+++ = Very good; ++ = Good; + = Reasonable.

* ENL-M1= ENL MF1 & ENL-MRI; ITS-M1= ITS-MF1 & ITS-MR1; ITS-M2= ITS-MF1 & ITS-MR2; ND9-M1=

ND9-MF1 & ND9-MR1; SEY-M1= SEY-MF1 & SEY-MRI1.
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Fig 3. An electrophoresis pattern example of Phytophthora melonis isolates detected in infested soil using PCR
with ITS-MF1 and ITS-MR2 specific primers. 1: 100 bp DNA marker; 2-5: inoculated soil by PH-6.52.03 isolate
with a ratio of 1:1, 1:4, 1:10, and 1:100; 6-9: inoculated soil by PH-6.61.03 isolate with a ratio of 1:1, 1:4, 1:10,

and 1:100; 10-13: inoculated soil by PH-6.64.03 isolate with a ratio of 1:1, 1:4, 1:10, and 1:100; 14: negative
control, distilled water.
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Table 8. Detection of Phytophthora melonis (isolate
PH-6.64.05) in zoospore suspension with simple and
nested-PCR using species-specific primers

Primer Zoospore concentration (ml™)

sets’ 7x10° 7x10* 10* 10° 10> 10
ITS-M1 ++ - - - - -
ITS-M2 ++ ++ - - - -
ENL-M1 ++ + - - - -
SEY-M1 ++ + - - - -
ND9-M1 + - - - - -
NCITS-M1  +++  +++ +  +  + o+
N-ITS-M2 ++ ++ = =+ o+ +
N-SEY-M1 +++ ++ + + + o+
N-ND9-M1 ++ + - - - -

+++ = Very good; ++ = Good; + = Reasonable; - = No
band.

* ENL-M1= ENL MF1 & ENL-MRI1; ITS-M1= ITS-
MF1 & ITS-MRI; ITS-M2= ITS-MF1 & ITS-MR2;
ND9-M1= ND9-MF1 & ND9-MRI1; SEY-M1= SEY-
MF1 & SEY-MR1; TIG-M1= TIG-MF1 & TIG-MR1.

® N= Nested PCR with corresponding universal primer

pairs.
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Table 9. Multiplex PCR results using Phytophthora drechsleri, P. melonis and P. nicotianae species-specific

primers
Specific band

DNA ca 900 bp ITS 567 bp 697 bp 239 bp

Phytophthora spp. P. drechsleri P. melonis P. nicotianae
P. drechsleri + + - R
P. melonis + - + -
P. nicotianae + - - +
P. drechsleri
+P. melonis
+P. nicotianae + + + +
P. capsici (control) + - - -

Distilled water -

+= Positive reaction; - = No band.
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. B-tubulin
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. NADH dehydrogenase subunit 1
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. multiplex PCR
. 28 S ribosomal DNA
60 S ribosomal protein L10
. enolase
. heat shock protein 90
. tig A (triosephosphate isomerase/glyceraldehyde-3-phosphate dehydrogenase)
. elicitin
¥ NADH dehydrogenase subunit 9 (nad9)
.40 S ribosomal protein S10 (rps10)
. preprotein translocase membrane subunit (secY)
. melting temperature = T,
. self complementarity
. annealing temperature
. extension
. bovine serum albomine (BSA)
. 1In silico
. cetyltrimethylammonium bromide (CTAB)
. ethylenediaminetetraacetic acid (EDTA)
. housekeeping genes
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