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Molecular and morphological characterization of the causal agent of
potato pink rot in potato stores in Fars Province
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Molecular and morphological characterization of the causal agent of
potato pink rot in potato stores in Fars Province
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(Received: 16.12.2014; Accepted: 28.2.2015)

Abstract

While sampling from potato tubers infected with potato pink rot in Fars province's potato stores, several
Phytophthora isolates were recovered which differed from those known to cause pink rot. Various gene
analyses including three nuclear (internal transcribed spacers (ITS), B-tubulin and heat shock protein 90) and
one mitochondrial (cytochrome c¢ oxidase subunit I) gene regions showed these isolates were hybrids
between Phytophthora cryptogea and P. erythroseptica. Phylogenetic analysis using Bayesian approach
showed the causal agent of potato pink rot, P. erythroseptica and P. cryptogea GII form a monophyletic
group which is independent of major members of Phytophthora clade 8. Cloning of the B-tubulin region
produced both parental B-tubulin sequences and confirmed the hybrid nature of these isolates. Isolates
produced non-papillate and ellipsoid to ovoid sporangia, globose and aplerotic oogonia, and amphigynous
terminal antheridia. While there were some differences, based on morphological characteristics, these
isolates were most similar to their maternal parent, P. erythroseptica.
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Table 1. Primers used in this study.
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Cytochrome ¢ oxidase COXF4N S'GTATTTCTTCTTTATTAGGTGC3"  Kroon et al. 2004

subunit I COXR4N 5'CGTGAACTAATGTTACATATAC3”

ITS ITS6 5'GAAGGTGAAGTCGTAACAAGG3” Cooke et al. 2000
ITS4 5'TCCTCCGCTTATTGATATGC3” White et al. 1990

B-Tubulin TUBUF2 5"CGGTAACAACTGGGCCAAGG3’ Kroon et al. 2004
TUBURI 5'CCTGGTACTGCTGGTACTCAG3”’

Heat shock protein 90  HSP90 Flint 5"CAAGGTGATCCCGGACAAGGC3" Blair etal 2008
HSP90 R2 5'CGTGTCGTACAGCAGCCAGA3’
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Table 2. Isolates used in this study and their accession numbers in the GenBank database.

Species Isolate Host Year of  Location Accessions'
655 code olsee isolation  &ilelr Joe e,
Ll Silelax Jlo ITS TUB COXI HSP 90
Slss! s Lo £S5 g Ssd e n
= S| A Sl
P. erythroseptica SUC655 Potato 1992 USA KP099905 KP099917 KP099922 KP099927
P. cryptogea GII  SUC633  Eggplant 1985 Iran- KP099906 KP099918 KP099923  KP099928
Yasuj
PS1 Potato 2012 g’;‘ﬁh 4 KP099907 KP099919 KP099924  KP099929
PS2 Potato 2012 Iran- 1 p099908 NP NP NP
Eghlid
Iran- NP NP NP
P. erythroseptica PS3 Potato 2012 Eghtig  KP099909
xP.  cryptogea Iran-
GII PS4 Potato 2012 Eobl KP099910 KP099920 KP099925 KP099930
ghlid
PS5 Potato 2012 Iran- KP099911 P NP NP
Eghlid
PS6 Potato 2012 Iran- KP099912 P NP NP
Eghlid
PS7 Potato 2012 Iran- KP099913 P NP NP
Eghlid
PS8 Potato 2012 Iran- — pogggrs NP NP NP
Eghlid
PS9 Potato 2012 ggﬁh 4 KP09991s KP099921 KP099926 KP099931
PSI0  Potato 2012 Iran- KP099916 ¥ NP NP
Eghlid

COXI= cytochrome ¢ oxidase subunit I; ITS= internal transcribed spacers of rDNA; TUB= B-tubulin;
HSP90= heat shock protein 90, NP= Not performed.

addlas pl 53 4ty IS 4 (51,08 g i 53 (e Kn) (i b 5 (i e A 5 (sLaplbl (5031081 Sile —¥d o
Table 3. Average measure of sexual and asexual reproduction organs (um) of Phytophthora isolates used in this

study.

Isolate code Sporangia Oospores Antheridia
wla P59 29l Pyl (258
PS1 (39.75 £2.60)x(26.52 £2.84) (41.20 £3.36)x(38.40 £4.13)  11.46 £1.02
PS2 (40.44 £4.05)x(27.71 £3.68) (40.19 £3.14)x(37.76 £4.15)  11.71 £1.16
PS3 (39.09 £3.77)x(25.32 £2.46) (41.48 £3.80)x(39.45 £3.15)  13.01 £2.44
PS4 (40.39 £3.54)x(27.18 £3.18) (41.98 £3.02)x(39.13 £2.91)  11.63 £0.90
PS5 (43.02 £3.69)x(26.21 £3.78) (39.72 £3.60)x(37.52 £3.89)  12.16 +£1.11
PS6 (40.16 £3.51)x(27.01 £2.28) (41.84 £3.64)x(38.32 £3.29)  12.26 +£0.78
PS7 (39.47 £3.73)x(26.76 £3.70) (41.17 £4.39)x(38.54 £3.20)  12.38 +£0.83
PS8 (41.14 £3.68)%(26.67 £2.86) (40.55 £2.87)x(36.63 £3.41)  12.60 £0.52
PS9 (42.23 £2.86)x(26.77 £2.79) (42.12 £4.12)%(37.99 £4.37)  12.51 £0.84
PS10 (44.74 £4.26)x(29.39 £2.34) (41.53 £3.32)x(38.20 £4.34)  12.35 +0.66
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Fig. 1. Characteristics of the sporangium (a, b) oospore, oogonium and antheridium (c) of hybrid isolates
between Phytophthora erythroseptica and P. cryptogea (PS9). Bar = 20 pm.
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Fig. 2. Trace electropherograms from one part of the heat shock protein 90 gene in SUC655 (Phytophthora
erythroseptica), SUC633 (P. cryptogea GII), PS1, PS4 and PS9 (hybrid between P. erythroseptica and P. cryptogea

GII) isolates. Black arrows show heterozygote sites.
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Table 4. Comparison of variable sites in sequences of Phytophthora isolates used in this study

Isolates (GenBank Accession)

Variable sites

ESNIN *
SUC655 SUC633 PS1 PS4 PS9
ITS KP099905 KP099906 KP099907 KP099910 KP099915
37 T C Y Y Y
56 T C Y Y Y
123 - T T T T
131 - C C C C
582 G A R R R
714 T C Y Y Y
B-tubulin KP099917 KP099918 KP099919 KP099920 KP099921
111 A C M M M
207 C T Y Y Y
363 A C M M M
381 C G S S S
426 T C Y Y Y
502 C T Y Y Y
633 C T Y Y Y
744 T C Y Y Y
750 T G K K K
Heat shock protein 90 KP099927 KP099928 KP099929 KP099930 KP099931
45 T C Y Y Y
50 C A M M M
77 A C M M M
335 C T Y Y Y
347 C T Y Y Y
392 A G R R R
509 T C Y Y Y
542 G C S S S
629 G C S S S
683 G A R R R
773 C G S S S
782 C T Y Y Y
866 A G R R R
965 T C Y Y Y
1022 C T Y Y Y
1032 T C Y Y Y
1034 G T K K K
1100 T C Y Y Y
1154 A G R R R
1190 T A W w w
1209 A G R R R
1268 T A w w W
1271 C T Y Y Y
1442 G C S S S
1514 C T Y Y Y
1523 T C Y Y Y

"SUC655= Phytophthora erythroseptica; SUC633= P. cryptogea GII; PS1, PS4 and PS9= P. erythroseptica xP.
cryptogea GII. A= Adenine; C= Cytosine; G= Guanine; T= Thymine; R= A or G; Y=C or T; S= G or C; W= A or T;
K=GorT;M=AorC.
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Fig. 3. Phylogenetic relationship of the causal agents of potato pink rot (PS1-PS10) with Phytophthora
erythroseptica (SUC655), P. cryptogea GII (SUC633) and major members of Phytophthora clade 8 using ITS
sequences. Bayesian posterior probabilities (%) are shown next to the branch points.
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