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Identification and detection of Phytophthora erythroseptica and its
hybrids using specific primers
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Abstract

Phytophthora erythroseptica, the causal agent of potato pink rot, is one of the oomycete plant pathogens that
causes significant losses in field and storage. In order to develop a sensitive and rapid method for detection
and identification of P. erythroseptica, six nuclear and mitochondrial gene regions were investigated to
design species-specific primers. Due to the high similarity of P. erythroseptica sequences to its closely
related species, only one nuclear region, TigA, was appropriate to design specific primers. Using specific
primers, a simple as well as a nested-PCR based method was developed for the identification and detection
of P. erythroseptica. The specificity of designed primers was examined using a collection of Phytophthora
species from different phylogenetic clades as well as close relatives of P. erythroseptica. In addition to pure
DNA, designed primers detected P. erythroseptica in infected plant tissues including potato, tomato and
spinach. Specific primers detected 10 pg of P. erythroseptica pure DNA, however, nested PCR increased
primers sensitivity at least 100 times. Moreover, specific primers designed in this study were able to detect
P. erythroseptica as the maternal or paternal parent species in hybrid isolates that would make a significant
help to recognize one of the parental species in hybrids of P. erythroseptica.
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Table 1. Phytophthora spp. isolates used to evaluate primers specificity.

LA;J'L';T Coolbaisl ) sl Sags cpl ps esliiul 3,0 Phytophthora spp. slawlis ) Jgd

Species Isolate Hosts Location

P. arecae SCRP18 - -

P. asparagi SCRP21 - -

P. botryosa SCRP21 - -

P. cactorum SCRP27 Rubus idaeus Wales

P. cambivora SCRP67 R. idaeus Scotland

P. capsici SCRP103 Piper nigrum India

P. cinnamomi SCRP115 Chamaecyparis lawsoniana Netherlands

P. citricola SCRP130 R. idaeus Scotland

P. citrophthora SCRP179 Actinidia sp. Chile

P. cryptogea SCRP206 - England
SCRP230 Rubus idaeus England
SUC613 Pseudotsuga menziesii USA

P. drechsleri SCRP232 Beta vulgaris USA
SCRP236 Solanum tuberosum Argentina

P. erythroseptica 090NB S.tuberosum Canada
SCRP240 S.tuberosum Netherland
SCRP241 S.tuberosum Australia
266-2 S.tuberosum USA
217-1 S.tuberosum USA
1ICA2-3 S.tuberosum USA
IICO1-4 S.tuberosum USA
SUC655 S.tuberosum USA
MUC820 S.tuberosum Iran
MUCS821 S.tuberosum England
MUCS822 S.tuberosum England
MUCS823 S.tuberosum Netherlands
MUCS824 S.tuberosum Netherlands
MUCS825 S.tuberosum Australia
MUCS826 S.tuberosum Australia
MUCS827 S.tuberosum Canada
MUCR828 S.tuberosum Canada
MUC829 S.tuberosum Canada
MUCR830 S.tuberosum USA
MUCR831 S.tuberosum USA
MUCR832 S.tuberosum USA
MUCR833 S.tuberosum USA
MUCS834 S.tuberosum USA
MUCS835 S.tuberosum USA
MUCS836 S.tuberosum USA
MUC837 S.tuberosum USA

P. pseudocryptogea SUC620 Solanum melongena Iran
SUC633 S. melongena Iran
VHS5380 Xanthorrhoea preissii Australia
DDS3612 Banksia cirsioides Australia
VHS16118 Isopogon buxifolius Australia

P. gonapodyides SUC660 - -

P. hydropathica SUC1012 - -

P. inféstance Sc 03.26.3.3 Solanum tuberosum Scotland

P. inundata SCRP644 Salix sp. England

P. irrigate SUC2317

P. katsurae SCRP389 Theobroma cacao N. Sulawasi

P. meadii SCRP400 - -
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Table 1. Continued.

Species Isolate Hosts Location

P. medicaginis SCRP407 Medicago sativa Iran

P. melonis SUD26 Cucumis melo Iran

P. nicotianae SCRP468 Citrus sp. Trinidad

P. palmivora SCRP526 Hevea brasiliensis Thailand

P. parsiana SuC25 Pistacia vera Iran

P. pistaciae SUD44 P. vera Iran

P. quercina SCRP541 Quercus robur Germany

P. ramorum Alex1 Rhododendron sp. Scotland

P. soja SCRP555 Glycine max USA

P. tropicalis 7Ga Piper nigrum USA

P. cryptogea x P. erythroseptica WAC6627 - Australia
SUC654 - -
SUC636 - USA

P. erythroseptica x P. pseudocryptogea PS1 S. tuberosum Iran
PS4 S. tuberosum Iran
PS9 S. tuberosum Iran

P. pseudocryptogea X P. sansomeana SUC622 B. vulgaris Iran
SUC623 B. vulgaris Iran
SUC628 B. vulgaris Iran

P. cryptogeax P. pseudocryptogea SUC605 Gerbera jamesonii France

P. pseudocryptogeax P. cryptogea SUC607 Ozothamnus vagans England
SUC608 - -
SUCe614 Gerbera jamesonii France
SUC630 B. vulgaris Iran
SUC641 Rosmarinus officinalis France
SCRP1086 - Poland
SCRP1087 - Poland
SCRP1088 - Poland
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P. (V) (P. erythroseptica: 266-2 (0) P. erythroseptica: SCRP241 (¢) (P. erythroseptica: SCRP240 (v) 090NB
P. erythroseptica: (%) P. erythroseptica: 11CO1-4 (A) P. erythroseptica: 1ICA2-3 (V) .erythroseptica: 217-1
(\¥) (P. erythroseptica: MUCS823 (\Y) .P. erythroseptica: MUCS821 (\\) (P. erythroseptica: MUCS820 (\+) SUC655
P. (\\) P. erythroseptica: MUCS830 (\o) .P. erythroseptica: MUCS827 (\¢) P. erythroseptica: MUCS825
(F) (g dals (V) (6l0I 62 Sl ) 1omb e Aals (VA) (P. erythroseptica: MUC836 (\V) .erythroseptica: MUC832,
P. erythroseptica: (\) .P. pseudocryptogea: SUC620 (¢) P. cryptogea: SCRP230 (¢) P. drechsleri: SCRP232
(3) P. pseudocryptogea xP. sansomeana: SUC623 (A) .P. pseudocryptogea xP. sansomeana: SUC622 (v) MUC833
P. (\\) (P. cryptogeaxP. pseudocryptogea: SUC605 (\+) P. pseudocryptogea xP. sansomeana: SUC628
P. (Y) P. pseudocryptogeaxP. cryptogea: SUC614 (\Y) pseudocryptogeaxP. cryptogea: SUC607
P. cryptogea x P. (\o) .P. pseudocryptogeaxP. cryptogea: SCRP1086 (\¢) pseudocryptogeaxP. cryptogea: SUC641
P. cryptogea x P. erythroseptica: (\V) .P. cryptogea x P. erythroseptica: SUC654 (\1) .erythroseptica: WAC6627
(Y+) (P. erythroseptica x P. pseudocryptogea: PS4 (\4) .P. erythroseptica x P. pseudocryptogea: PS1 (\A) SUC636

.P. erythroseptica x P. pseudocryptogea: PS9

Fig 1. An example of the electrophoretic patterns of the fragments amplified in polymerase chain reaction using
different isolates of P. erythroseptica and its hybrids compared to other related species and hybrids. a: (1) DNA
ladder, (2) P. erythroseptica: 090NB, (3) P. erythroseptica: SCRP240, (4) P. erythroseptica: SCRP241, (5) P.
erythroseptica: 266-2, (6) P. erythroseptica: 217-1, (7) P. erythroseptica: 11ICA2-3, (8) P. erythroseptica: 11CO1-4,
(9) P. erythroseptica: SUC655, (10) P. erythroseptica: MUC820, (11) P. erythroseptica: MUCS821, (12) P.
erythroseptica: MUCS823, (13) P. erythroseptica: MUCS825, (14) P. erythroseptica: MUCS827, (15) P. erythroseptica:
MUCS30, (16) P. erythroseptica: MUCS832, (17) P. erythroseptica: MUC836, (18) negative control. b: (1) DNA
ladder, (2) negative control, (3) P. drechsleri: SCRP232, (4) P. cryptogea: SCRP230, (5) P. pseudocryptogea:
SUC620, (6) P. erythroseptica: MUCS833, (7) P. pseudocryptogea xP. sansomeana: SUC622, (8) P. pseudocryptogea
xP. sansomeana: SUC623, (9) P. pseudocryptogea XxP. sansomeana: SUC628, (10) P. cryptogeaxP.
pseudocryptogea: SUC60S, (11) P. pseudocryptogeaxP. cryptogea: SUC607, (12) P. pseudocryptogeaxP.
cryptogea: SUC614, (13) P. pseudocryptogeaxP. cryptogea: SUC641, (14) P. pseudocryptogeaxP. cryptogea:
SCRP1086, (15) P. cryptogea x P. erythroseptica: WAC6627, (16) P. cryptogea x P. erythroseptica: SUC654, (17) P.
cryptogea x P. erythroseptica: SUC636, (18) P. erythroseptica x P. pseudocryptogea: PS1, (19) P. erythroseptica *
P. pseudocryptogea: PS4, (20) P. erythroseptica * P. pseudocryptogea: PS9.
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Table 2. Effect of Phytophthora erythroseptica, P. cryptogea X P. erythroseptica and P. erythroseptica x P.
pseudocryptogea template DNA quantity (per pl sample) on PCR product quality on simple and nested-PCR
using species-specific primers.

DNA Quantity”
Primer sets 100 10 1 500 100 50 10 1 100 10
ng ng ng pg pg pg pg pg fg fg
P. erythroseptica
EF&ER + + + + + + + + + + + + + + - - -
N’- EF&ER +++ +++ +++ +++ ++ ++ ++ + + -

P. cryptogea x P. erythroseptica
EF&ER ++ + + + + + + + + - - - -

N- EF&ER + 4+ ++ + + 4+ ++ + + 4+ + + + + + + + -

P. erythroseptica x P. pseudocryptogea
EF&ER ++ + ++ + + + + + + - - - -

N- EF&ER +++ +++ +++ + + ++ + + ++ + + -

+++ = Very good band. ++ = Good band. + = Reasonable band. - = No band.
ng =nano (10”) gram. pg = pico (10™'?) gram. fg = femto (10"°) gram.
® N= Nested PCR with corresponding universal primer pairs (Tig FY & G3PDH_rev).

P. erythroseptica x P. 4 P. cryptogea % P. erythroseptica Phytophthora erythroseptica o, ¥ Jgi—>
s o3l 5l edy (glo pamiy STy 55 (ER 5 EF) ol o 55T 5 oslizul b o ol il 0L s pseudocryptogea

F
Table 3. Detection of Phytophthora erythroseptica, P. cryptogea x P. erythroseptica and P. erythroseptica x P.

pseudocryptogea in different inoculated plants using PCR species-specific primers (EF&ER) in simple and nested
polymerase chain reaction.

Common Lo PCR detection by
name Scientific name Inoculated by EF&ER N'EF&ER
Tomato Solanum lycopersicum  P. erythroseptica ++ +++
P. cryptogea % P. erythroseptica + ++
P. erythroseptica x P. pseudocryptogea  ++ +++
Eggplant Solanum melongena P. erythroseptica + ++
P. cryptogea x P. erythroseptica + +++
P. erythroseptica x P. pseudocryptogea  + ++
Spinach Spinacia oleracea P. erythroseptica ++ +++
P. cryptogea % P. erythroseptica ++ +++
P. erythroseptica < P. pseudocryptogea  ++ +++

+++ = Very good band. ++ = Good band. + = Reasonable band.
# N= Nested PCR with corresponding universal primer pairs.
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