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Summary

Pythium is a fungus-like genus with worldwide distribution that is found in most terrestrial and aquatic
ecosystems. It is a species-rich genus contains important plant pathogenic species. Little is known on the systematics of
Pythium in West Azarbaijan province (N.W. Iran). Thus, the aim of this study was to identify 200 isolates collected
from different cultivated soils of West Azarbaijan province during 2012—13. Based on morphological and molecular
(ITS and coxI sequences) data, 14 Pythium species from six clades, A, D, E, F, I and J, were identified. Of these,
P. ornamentatum from clade D, P. nodosum from clade J and P. stipitatum from clade E are new records for Iran
mycobiota. Molecular data failed to separate P. glomeratum, P. ornamentatum and P. viniferum from closely related
species and they were identified based on morphological features. Detailed description is presented here for P. minus,
P. ornamentatum, P. nodosum and P. stipitatum.
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KX788821 NI oSk P. aphanidermatum CUU 21
KX788822 o5, gl P. aphanidermatum CUU 29
KX788833 NS (45 J5) ares) P. attrantheridium IRAN 2406C
KX788827 R JEYReR (o350lel) ares | P. carolinianum IRAN 2392C
KX788828 : (s30) ares) P. carolinianum IRAN 2422C
KX788826 RUCIRCES (0255 o> P. carolinianum IRAN 2423C
KX788842 elol PHRRY P. glomeratum IRAN 2398C
KX788832 REEJRUFS (),255) s> P. middletonii IRAN 2591C
KX788831 Jals (00l 30Lel) aag)| P. minus IRAN 2592C
KX788852 s oS P. nodosum CUU 46
KX788849 (s35) ames P. nunn IRAN 2384C
KX788851 : (s50) ares) P. nunn IRAN 2385C
KX788843 R JEYReR e P. nunn IRAN 2399C
KX788844 RULJRCES Ss> P. nunn IRAN 2400C
KX788845 L65] S oo P. nunn IRAN 2401C
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KX788846 ol ,SolsT s P. nunn CUU 31
KX788847 RELJRCPS ook P. nunn CUU 35
KX788848 RELJRCPS ook P. nunn CUU 37
KX788824 elob 91! P. ornamentatum IRAN 2589C
KX788834 RCEJRCE (olis) polodes P. paroecandrum IRAN 2407C
KX788825 RELJRCES deg) P. periplocum IRAN 2590C
KX788830 R JEYeeR e P. stipitatum IRAN 2391C
KX788829 R JEYeeR e P. stipitatum CUU 23
KX788837 I JEYeeR e P. ultimum var. ultimum IRAN 2395C
KX788836 R JEYeeR e P. ultimum var. ultimum IRAN 2403C
KX788838 Jals (o3 30lel) dns| P. ultimum var. ultimum IRAN 2424C
KX788839 axsy Sy P. ultimum var. sporangiiferum IRAN 2396C
KX788840 axsy Sy P. ultimum var. sporangiiferum IRAN 2397C
KX788841 594 s> P. ultimum var. sporangiiferum CUU 42
KX788835 Jals (o3 0lel) dns| P. viniferum IRAN 2404C

* Collection of Urmia University; IRAN: Iranian Research Institute of Plant Protection, Tehran, Iran
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92> Leaslozr (gainog, S 4y bogje Lol (e Sl s g wing,
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55 K Lol ] ol Lo .85 5
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sloa 58D L3I P. periplocum g P. ornamentatum
sleasss E LS 5| P. stipitatum 4 P. minus P. carolinianum
55 51 P. viniferum ¢ P. paroecandrum P. attrantheridium
slaiss oI L5 5| P. ultimum ¢ P. glomeratum sladieS F

wad gl J LS 51 Ponunn o P. nodosum

oLk ;8 BLAST sz latl dadslaz (JoSUse olulis
sbalax ITS  >lg slo g 5l eolaiwl b s NCBI Sl
slaJlg alas ol ulalyy G (2855 plol (o) 2 09
s NCBI ;o 55230 sla o b (gusion (] 10 odel Cews &
adox 5D mlae ;5 S92 90 ytae 5 s slaaslo g 50
g Levesque & de Cock 2004, Robideau et al. 2011
Loasl)l ooz laaiss (Byme 5 cirogs 4 bgsyo sloallis
5 zlpenl Sledbl oL 5l albogs o sla Jlss g Lol
sLasdbl j3 §ios ol slaaslaz slaJlys ol on 4
sloslewl U Lo Jlgs 003,85 )13 eolaiwl 050 Soijeld
(Katoh & Standley 2013) MAFFT v.7.043b ,l; 3ls, s
L LaGap o 95290 Suisiedid Sledlbl . was caso,pn
oS (Young & Healy 2003) GapCoder ,l;-3ls 5 ;| oolazul
L ools gl 4y o laslinl eols (oSG le S & ygu0 4y g 00
L oolawl b U1 o g aslal
Neighbor-Joining  yss, dw b Sui5ké slasJUl
Bayesian Inference 5 (MP) Maximum Parsimony (NJ)
pmsS S5l 38 pfle Jas b NT b, b ol (BD)
53l 5 alewg 4y Bootstrap 1,55 Ve -+ L ¢ (Kimura 1980)
LMP s, e85 alxl (Swofford 2003) PAUP v. 4.0b10
stepwise sla_a>Ls L Heuristic search b, ;| colazul
OS5 Ve
JRley alows 4 TBR 2 )98 g Ve
Solul s plxl (Swofford 2003) PAUP v. 4.0b10

L random addition sequence addition
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o b, Bootstrap )1,S5 Ve e b e, o 5 Sgemmw )b
RI CT 50 Job yudai oo azLi (Hillis & Bull 1993)
MrBayes ,l33ls 5 ;o BT g, .aials (5 ,m5o;lail 55 HI
3 eolawl L (Ronquist & Huelsenbeck 2003) v3.0B4
4.3;31 &llas Markov Chain Monte Carlo (MCMC) 2,651
(Abdollahzadeh er al. 2014) ) Ken 5 ooljalloe lawgs
YO gy opl ;0 a5 Solas (pl b 3,5 ploxil ool ools &,
Blgi Z 0 g Burn-in=25%) Bi> adsl slacs o oo
slocs o el cass 4 ssile (Bb s, VO Lululy ol
TreeView ,l3dle 5 alws & (Sebjshd loow,p 5l Jol>
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100/99/-

IRAN 2403C

IRAN 2395C

IRAN 2424C

IBR656 (var. ultimum)
BR657 (var. ultimum)
BR 1036 (var. ultimum)
BR1038 (var. ultimum)

L BR1054 (var. ultimum)

71/58/-
99/89/1 —

99/96/1

73/54/0.77

63/-/0.87

CUU 42
IRAN 2397C
IRAN 2396C
BR651 (var. sporangiiferum)
100/100/1 = CBS 219.65 (var. sporangiiferum)
P. heterothallicum ADC9868
P. glomeratum CBS 122644
P. glomeratum CBS 120914
P. heterothallicum DAOM 229136
P. glomeratum CBS 119165
P. heterothallicum CBS 122656
IRAN 2398C
P. heterothallicum CBS 450.67

100/100/1
Clade |

100/100/1

II:’RAN 258?'(: CBS 552.88
. amasculinum :
89/96/0.95 | ' omamentatum CBS 122665
P. hydnosporum CBS 253.60
P. oligandrum CBS 382.34
IRAN2590C

P. periplocum CBS17068

P. periplocum CBS122664
P. periplocum CBS 289.31
L— P. acanthicum CBS 377.34
P. aphanidermatum CBS28779

P. aphanidermatum CBS 118.80

71/56/0.67
Clade D

100/100/1
82/-/0.79 —

100/100/1

59/-/-

98/99/1

CUU 29

CUU 21

Cuu 17

P. deliense CBS 314.33

P. adhaerens CBS 520.74

99/98/0.9

100/100/0.8 Clade A

100/100/0.98
100/99/1
99/93/1
98/95/0.7

Cuu 23

P. stipitatum F1516

IRAN 2391C

P. takayamanum 1D2S013
P. rhizosaccharum F-1244
IRAN2592C

P. minus CBS 226.88

P. middletonii CBS 528.74

IRAN2591C
P. multisporum CBS 470.50

99/95/1

100/100/1

100/100/1

Clade E

77/51/-

50/74/1]

100/100/1

IRAN 2423C
IRAN 2392C

100/100/0.98 g

iCoBei] i P. carolinianum CBS122658
P. radiosum CBS 217.94

P. ornacarpum CBS 112350

100/100/1

IRAN 2399C, IRAN 2400C, IRAN 2401C
IRAN 2402C, IRAN 2384C, IRAN 2385C
CUU 31, CUU 35, CUU 37

99174/~ Clade J

100/100/1
P. nunn CBS 808.96

100/100/1 P. orthogonon CBS 376.72

99/100/1

76/69/0.97

CUU 46
P. nodosum CBS 102274
100/100/1 P. acanthophoron CBS 337.29
87/ P. perplexum CBS 674.85

BR 601

BR 807
100/99/0.99] p paroecandrum CBS 15764

80/56/1
65/-/-

[~

100/100/1
S
>

IRAN 2407C
P. irregular CBS 250.28
P. sylvaticum CBS 453.67

P. debaryanum CBS 752.96
Clade F

97/83/0.82
100/99/0.87

l— Phytophthora citrophthora CBS 111338

L. Phytophthora capsici CBS 12823

0.1
Substitution per site

P. viniferum CBS 119168

IRAN 2404C
P. violae CBS 132.37

100/99/1 P. lucens CBS 113342

93/55/- ——>

P. attrantheridium DAOM 230383
95/100/1 |RAN 2406C
DAOM 230388
100/100/1 =P intermedium BR1042

polie Gz cpl o oad lulid Pythium laais ITS asb Jlg NI Ul 5l ol  Sojehd e -V e
lis e 5 g9, NI/MP/BI o 5 4 Bayesian U1 & bgyyo (PP) (yans Jloiil g MP g NI 5.JUT & Logs e (0w ) bootstrap support
Aad eolazwl outgroup yleie &5 Ph. capsici (CBS 12823) ¢ Phytophthora citrophthora (CBS 111338) 4565 40 .ol 00l o0lo

Fig. 1. Phylogenetic tree obtained using NJ analysis on the ITS sequence data of Pythium species identified in this
study. NJ/MP/BI bootstrap support and posterior probability values are given at the nodes. The tree is rooted to
Phytophthora citrophthora (CBS 111338) and Phytophthora capsici (CBS 12823).
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Fig. 2. Pythium minus (IRAN 2592C): a—c. Hyphal swellings, d—e. Antheridia attached to oogonia, f-g. Corolloid
antheridia and oogonia, h. Monoclinous antheridium and oogonium, i. 1-3 Oospores inside oogonia and a globose

hyphal swelling (Bars = 10 um).
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Dulieu, FEMS Microbiol. Lett. 158: 207 (1998)
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Fig. 3. Pythium nodosum (CUU 46): a—b. An antheridium attached to each oogonium, c. Oogonium surrounded by

antheridia (Bars = 5 pm).
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Fig. 4. Pythium ornamentatum (IRAN 2589C): a—d. Hyphal swellings, e—f. Antheridia attached to oogonia, g.
Hypogynous antheridium and oogonium, h. Plerotic and aplerotic oospores, i. Oogonium with a papilla, j. Oogonium

with bifurcated spine (Bars = 10 um).
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Fig. 5. Pythium stipitatum (IRAN 2391C): a. Hyphal swellings, b—c. Corolloid antheridia and oogonia, d. Ooospore
inside oogonium, e. Two oospores inside an oogonium (Bars: a, b, d and e = 10 um, ¢ = 20 pm).
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