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Phylogeny, morphological and physiological characterization of
Phytophthora erythroseptca isolates, the causal agents of potato pink
rot in different geographic regions

B. Safaiefarahani’ and R. Mostowfizadeh-Ghalamfarsa®
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Abstract

Pink rot, caused by Phytophthora erythroseptica, is an important soil-borne disease of potato causes
significant losses in the field and storage. A selection of P. erythroseptica isolates from potato-growing
regions in four continents including America, Asia, Europe and Australia was assessed using phylogenetic,
morphological and physiological analyses. In all nuclear (internal transcribed spacers, B-tubulin and heat
shock protein 90) and mitochondrial (cytochrome ¢ oxidase subunit I) trees as well as combined nuclear and
mitochondrial tree, P. erythroseptica isolates formed a separate phylogenetic lineage containing the type
isolate. Additionally, no morphological and physiological diversities were observed among the isolates. All
isolates were homothallic and produced amphigynous terminal antheridia and globose aplerotic oogonia as
well as non-papillate and ellipsoid to ovoid sporangia. The results showed that P. erythroseptica isolates
belonged to different geographic regions are phylogenetically and morphologically similar. This uniformity
could be due to the homothallic nature of P. erythroseptica or distribution of a single clone of pathogen by
infected potato.
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Table 1. Isolates of Phytophthora erythroseptica examined in this study, their origin and their GenBank accession

numbers
Isolate code Location GenBank Accession no.
COXI HSP90 ITS TUB

MUCR820 Iran MG196189 MG196207 MG196225 MG196243
MUCR821 England MG196190 MG196208 MG196226 MG196244
MUCS822 England MG196191 MG196209 MG196227 MG196245
MUCRS823 Netherlands MG196192 MG196210 MG196228 MG196246
MUCR24 Netherlands MG196193 MG196211 MG196229 MG196247
MUCS825 Australia MG196194 MG196212 MG196230 MG196248
MUCB826 Australia MG196195 MG196213 MG196231 MG196249
MUC827 Canada MG196196 MG196214 MG196232 MG196250
MUCS828 Canada MG196197 MG196215 MG196233 MG196251
MUCS829 Canada MG196198 MG196216 MG196234 MG196252
MUCS830 USA-Maine MG196199 MG196217 MG196235 MG196253
MUCR831 USA-Washington MG196200 MG196218 MG196236 MG196254
MUCR832 USA-Idaho MG196201 MG196219 MG196237 MG196255
MUCB833 USA-Minnesota MG196202 MG196220 MG196238 MG196256
MUCR34 USA-Minnesota MG196203 MG196221 MG196239 MG196257
MUCB835 USA-North Dakota MG196204 MG196222 MG196240 MG196258
MUCB836 USA-California MG196205 MG196223 MG196241 MG196259
MUC837 USA-North Carolina MG196206 MG196224 MG196242 MG196260

COXI= cytochrome c oxidase subunit I; HSP90= heat shock protein 90; ITS= internal transcribed spacers of TDNA;

TUB= 3-tubulin
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Table 2. Recipes of media used in this study

o cpl oo 4B, L8 4 e iShow sag Sy, Y Jad

Media Recipes

Carrot agar (CA)

Corn meal agar (CMA)
French beans agar (FBA)
Hemp seed agar (HSA)
Malt extract agar (MEA)
Potato dextrose agar (PDA)
Pea broth agar (PBA)

Carrot extract 250 g L™'; agar 15 g L™

Ground corn extract 40 g L™'; agar 15 g L—1

Ground French been 30 g L™'; agar 15 g L™

Ground hemp seed extract 60 g L '; agar 15 g L™

Malt extract 25 g L™'; agar 15 g L™

Potato extract 300 g L™'; dextrose 20 g L™'; agar 15 g L™
Pea extract 125 gL' agar 15 g L™
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Table 3. Primers used in this study

A T L AP P STV A R PRPS

Target DNA Primer name

Primer sequence (5'—3")

Reference

Cytochrome c oxidase subunit I COXF4N GTATTTCTTCTTTATTAGGTGC Kroon et al. 2004
COXR4N CGTGAACTAATGTTACATATAC

ITS ITS6 GAAGGTGAAGTCGTAACAAGG Cooke et al. 2000
ITS4 TCCTCCGCTTATTGATATGC White et al. 1990

B-tubulin TUBUF2 CGGTAACAACTGGGCCAAGG Kroon et al. 2004
TUBURI1 CCTGGTACTGCTGGTACTCAG

Heat shock protein 90 HSP90 Flint CAAGGTGATCCCGGACAAGGC Blair et al. 2008
HSP90 R2 CGTGTCGTACAGCAGCCAGA
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Table 4. Average measures (mean =+ standard deviation) of hyphae, sexual and asexual reproduction organs (pm)
of Phytophthora erythroseptica isolates used in this study

Sporangial length:

Isolate Hyphae Sporangia breadth ratio Oogonia Oospores Antheridia
MUC820 3.65+0.58 (44.25+2.80)x(31.10£2.31) 1.42 35.854£3.30 32.05+2.97 10.63+1.97
MUCS821  3.8240.56 (39.45+2.16)x(26.85+1.95) 1.46 37+2.66 32.61+£2.26 10.47+2.11
MUCS822 3.87+£0.55 (45.1543.26)%(28.70+2.84) 1.57 37.2842.77 33.28+2.49 11.26+1.85
MUCS823 4.07+0.59  (39.60+2.62)%(26.85£1.90)  1.47 35.574£2.97 31.66+2.65 12.10+1.62
MUCS824 4.09+0.89 (41.15+3.09)%(28.55+2.95) 1.44 35.09£3.36  31.09+2.91 10.68+1.94
MUCS825 4.35+0.79 (45.45+£2.92)%(31.10+£2.12) 1.46 33.2842.96 29.09+2.86 11.84+1.83
MUCS826 3.92+0.73  (41.10+2.44)x(28.50+£3.03) 1.44 34.42+395 30.52+3.86 11.57+£2.03
MUCS827 4.27+1 (42.9042.61)%(26.45+2.87)  1.62 31.90+£2.82 27.57+2.13 10.42+1.42
MUCS828  3.75+0.76  (44.45+3.11)%(27.40£2.90) 1.62 37.4742.97 33.28+3.06 10.63£1.49
MUCS829 3.324+0.67 (39.85+3.43)%x(25.45£2.21) 1.56 37.57€2.63 32.47+£2.52 11.21£2.29
MUCS830 4.12+0.84 (46.65+3.01)%(31.75£2.63) 1.46 36.09+£3.65 32+3.36 11.844+2.06
MUCS831 3.80+0.65 (40.20+3.53)x(27.1542.75) 1.48 33.5243.38  29.7143.33  12.21+£2.01
MUC832 3.87£0.45 (46.45+3.13)x(30.15£3.06) 1.54 33.28+3.19 29.38+3.05 12.68+1.73
MUCS833  3.65+0.62 (42.25+2.26)x(28.05+2.74)  1.50 36.5243.72  32.66+3.41 11.73+2.02
MUCS834 3.82+0.65 (46.10+£3.91)%(30.70+2.71)  1.50 35.28+43.19 31.9543.15 11.314+2.28
MUCS835 4.02+0.65 (39.45+3.31)x(24.70+£3.16)  1.59 32474297 28.61£2.95 11.47£2.24
MUCS836 3.80+0.73  (44.80+4.08)x(28.30+3.29)  1.58 35474321 31.38+2.87 10.214+2.27
MUCS837 3.7740.67 (42.65+3.43)x(28.55£3.77) 1.49 35.52+3.42 31.66+£3.19 10.84+2.45
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Fig. 1. Colony morphology of Phytophthora erythroseptica (isolate MUC827) after 10 d at 25 °C; top: (from left to
right) PDA, CMA, and MEA; bottom: (from left to right) CA and HSA

jf)bj(ﬁ.)bj_:) £5_L>‘J Jﬂ)j—e‘ 6‘)() l_ﬁ
(sympodial) aslas ol ay 5 esl 55 55 sl
L—sp 5305, . PN N

&£ :.“:)

) 60)"-1
a5 Ko CEYAMEY/AV ) (YA/FFEY /YY)

YYEVXYYTY S

352 1/0) 0T (550 a0 dob Cad 580k 5 (s S
(F dsa=)

”A)Jg.:A OY/Y\XY’O/??

U Shash (nl 03 o p 2050 Slaglir sles

SAL gl Glacs & @b pell W5 sl o35
oslal o 5 3 e L;uw%ﬂ bt oles . tzilis A2
A5 Sl 55,8 Gl sl 5 65,5 slag s sST
5 Lop s ST g sty 5T 31l Sl (7 JS05) i S
NSRS R U U BV W K E T P |
ey s VAAEY/FY 5 TO/Y /00 )/ YALY /P

Growth rate (mm d1)

0 3 =1 10 15 20 25 30 33 33
Temprature ("C)
Phytophthora  glalis slbd i) o Kla-Y IS5
CiSh e 59, Sy opl oo 4, LS & erythroseptica

uﬂ_,:-w-l—d 64—‘?).}*0 UP})CMA

Fig. 2. Average radial growth rate of Phytophthora
erythroseptica isolates used in this study on CMA at
0-35°C
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Fig. 3. Morphology of the sporangium (A, B) oospore, oogonium and antheridium (C) of Phytophthora

erythroseptica (isolate MUCS827). Bar =20 pm
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Fig 4. Phylogenetic relationship of Phytophthora erythroseptica isolates with major members of Phytophthora
clade 8. (A) internal transcribed spacers; (B) B-tubulin; (C) heat shock protein 90; (D) Cytochrome ¢ oxidase
subunit I; (E) combined nuclear regions. Bayesian posterior probabilities (%) are shown next to the branch
points.
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