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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.

Keywords: Oomycota, phylogeny, Pythium, water mold
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* Collection of Urmia University; IRAN: Iranian Research Institute of Plant Protection, Tehran, Iran
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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).



YV CONY iz, o Pythium iz sbalas S5Licsy, 5 Joeae 059SU /) ) S 5 Jou

84 /MY

LS oyl
Pythium minus Ali-Shtayeh, J. Linn. Soc. Bot. 91:
299 (1985)

slylo g 48,5, CMA S L oro j0 a8
5 995l JS=b an S PCA (55, (oledh a5
6L_4bﬁ)9.s s culie )5.,»..»»5.3) 9 P}JJJ‘)QAN‘ J,».As).i».a
M.LC‘ ‘c..\,,_J;S & Lfé)“qu';.d sdsjs L.,»..w.s ‘65)5 6‘4».;.‘{)
)_.ABJS..A Y.—¥Y J_,a.g a- s@L_Q,.u‘ G.Ql_f ‘SJ'L_“.A
9 65)5 L\..._m.; [y 65)5 Slo o)|5.g.\> 6‘)|Q L.Qﬁ}.«.)}fﬁ
)Mﬁ)i.aﬁ V\'Y—YY )_Ia.s -] s@L_@‘.\.A‘ 9 @L_.A O ygue A
sJ.S_..u 651_?)A ‘S.Ql._? wae V—F olaws a Lblaj.i&g.)ls—‘
ra}g...\_l)ls—‘ =\._~>b ‘0_35\) ‘S.Ql_? 9 u_:u&; 9 )‘Qd.g.Lg: Mlc‘
V=Y (Plerotic) jlew i «s9,=5 o, gull . JS_s 65,5
‘J_’Las)_i,:.a\ V=YD )_Ia_§ A s|a9_u9f‘r‘ c_i_> 090 dd—<
J_».AS)KM s_i_a [ J,».S‘».\> 9 J)L: )9¢.in“ 0)19.3‘& CanlBs
(Y JSs)
a0 Y0 sloo ;0 CMA S e (5g, oy ol jue
595 5% Pk VP mgrada

2 asS el de—zy 51 0l sl -5
)| L3538 U5Jl_> a_s 6)5_,0 A sé)‘.) Sg—>9 QL—G(>
6l_'di)é] 5 (Ali-Shtayeh & Dick 1985) Ql;l._m.lis‘
oad 9,155 5 silelas (McLeod et al. 2009) ogi
oyl Ly anlas ol solibcsy ) Sluogas ool
Ceisllas (Ali-Shetaye & Dick 1985) P. minus a3
aS sl s an wlas Lid olaas aseS ol 5l csls
6J5_§J9“° Lngsdu)ﬁ Lg‘)—.’ (IRAN 2592C) d..z‘d.’? &.s
(ammog,l) Jald g 050 51 aisd (ol slaaslas ol Sl

ok g slwlas (caid) il uis> 5 (595) Qlo)igl;;_ﬂ

g P. ornamentatum P. glomeratum glaa_ssS

5 (V JSB) ITS a4l Jlgs 5l eolaul U P. viniferum
slo Ul Lasais SSas jglome slaaisS 5l coxl
a>l Jloi 51 oolawl U Pythium glaaiss Soisgslié
i coxI ¢ ITS

VP glomeratum a_S cwl ools 4l

sloaisS 5| P. ornamentatum P. heterothallicum
P. oligandrum ¢ P. hydnosporum P. amasculinum
S5 o8 P debaryanum 5| P. viniferum 445
5 olwlids ¢yl ulsy (Robideau et al. 2011) sui s
sloslaiwl b joloe (sloassd 5l ased aw ol SSas
o=l 50 Gemizmen 23,5 plil sSllbos, slo S
(Seiiiolad 09,5 Sy yo Pooultimum glaaslos iz
a5 o x8,8 ), 8 a lise glwog, 555 0 Ll
a5e5 S glgme ay aies ol B il 5l Sl
S plesl &g ,0 g (Robideau et al. 2011) (uSLoS
Sy lom ptes 4595 Ol 59, parie 9§83 anlllas
A3l e oLS
) T GiL,.uL:..JZ; slra_iss Ol—ss o
9 P. nodosum P. ornamentatum 4_sS d—w ¢ 3—wizxs
S etz (gl g 009 w1l gl P.ostipitatum
Al gl o ol g )5S i Gl o
oo—d gil—wlas s—idmi ol b a S P minus
Sl el 5 pala g8 e al)l Goa M B
3t (OIVAY Gl S g Ja) ca s (3155 1,
P. aphanidermatum ;> & (yrizred 3¢ so oyl
ol 31 5158 as’ P. ultimum ¢ P. paroecandrum

Afshari-Azad et al. 2008, ) alloas i,l55 e

Babai-Ahari et al. 2004, Badali et al. 2014, Gholi
Toloui et al. 2008, Iran & Ershad 1995, Ravanlou

)| )l_s u.:.,»._w.z; 6‘;.3 d._».a_zs U'J‘ 6[&459? ﬂLw «(2000



AO /85 VYA CONY Lz, [ Pythium iz sbalas c5lincsy ) 5 Jelae (099uSt /5] Kan o Jou

lopgan il fog Lapse o8l 4y Jaie slapgas sl d—e (sl slap,g5 a—c Pythium minus (IRAN 2592C) -¥ S
(g Soe Vo = o pulidie)

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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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 pm, ¢ = 20 pm).



YV CONY iz, o Pythium iz sbalas S5Licsy, 5 Joeae 059SU /) ) S 5 Jou

89 /A%

VF a0 Gl alas Ve v 0g0s legosxe cGudod ol 0
= Sl oz 5T golaws 5 ool ALl Pythium 4565
bl S 0 a5 ols las uls ays 5 axllas g (5,90 co
o A boe 4555 (29 o slas end (6l pdiged
Sl g5 o e iy G gy o b aS 3,0 5924 Pythium
Olomldl Gl GlaS s cagiin jolb aio) 1o 55580
P. ultimum s Loz 3l oaisS ] 5| golaws o)g) Cans 4y o)8
aslos ol sl S lew oyleie & P aphanidermatum
Ol 5sd8 ol (8 pme da slaaiss 5l aries ool
Laz,3 JIP. ornamentatum ¢ P. nunn oils oladisS
Loasss (A Jl! SIS, gl &5 Jb 0 s
sloz,BL LS 9, P. stipitatum ¢ P. minus 455 iile
355 I8 o 3590 (LS S e

References

Abdollahzadeh, J., Javadi, A., Zare, R. & Phillips, A.J.L.
2014. A phylogenetic study of Dothiorella and
Spencermartinsia species associated with woody
plants in Iran, New Zealand, Portugal and Spain.
Persoonia 32: 1-12.

Abdollahzadeh, J., Mohammadi Goltapeh, E., Javadi, A.,
Shams-bakhsh, M., Zare, R. & Phillips, A.J.L.
2009. Barriopsis iraniana and Phaeobotryon
cupressi: ~ two  new  species of  the
Botryosphaeriaceae from trees in Iran. Persoonia
23: 1-8.

Afshari-Azad, H., Mirabolfathi, M., Sharifi, K., Dalili,
S.A.R. & Azadbakht, N. 2008. Determination of
damping-off, root and crown rot causal agents of
rapeseed throughout important cultivation areas of
Iran. Proceedings of the 18" Iranian Plant
Protection Congress, Vol. II, 24-27 Aug.,

Hamedan, Iran: 14.
Ali-Shtayeh, M.S. 1986. The genus Pythium in West

Bank and Ghaza Strip. Research and
Documentation Centre, An-Najah National
University.

Ali-Shtayeh, M.S. & Dick, M.W. 1985. Five new species
of Pythium (Peronosporomycetidae). Botanical

Journal of the Linnean Society 91: 297-317.

039 oo |l DalS 438 50 (ol 5 (Seijeked s

20k s lp 655 ) () JS) ses SIS LB
il 3 olo 0S5l Cawhongy aigS S lgie 4 g Vo1 Jle
5 (Karaca et al. 2009) el oo 5,155 a5 5 9 3 ( migs
oy H0 dx> ST .cwl Lo o aigS pl 5l 5155 aego ol
5 ounlice sl 4y Uopsoisfl o ity oSt Lol
P E-E N R W ISP T K € R P W) PR W S g
Slacss 438 ol 5l dsg Siliny sl,ls lapguisSTh 5l oS slaws
CUU 4IRAN 2391C) asloz g0 45 sl s a0 gl 4w
ol aw o wald Gl JeSse slo o) sl 23
Ol e 5o (K az oS ac )50 Sy SISl aisS cpl 4y by

ol Cawd 4 SS9

Ali-Shtayeh, M.S. & Saleh, A.S. 1999. Isolation of
Pythium  acanthicum, P. oligandrum and
P. periplocum from soil and evaluation of their
mycoparasitic activity and biocontrol efficacy
against selected phytopathogenic Pythium species.
Mycopathologia 145: 143—-153.

Babai-Ahari, A.D., Abrinnia, M. & Heravan, M. 2004.
Identification and pathogenicity of Pythium
species causing damping-off in sugar beet in
northwest Iran. Australasian Plant Pathology 33:
343-347.

Badali, F., Abrinbana, M. & Abdollahzadeh, J. 2014.
New record of Pythium for flora of Iran.
Proceedings of the 21* Iranian Plant Protection
Congress, 23-26 Aug., Urmia, Iran: 247.

Bala, K., Robideau, G.P., Désaulniers, N., de Cock,
AW.AM. & Lévesque, C.A. 2010. Taxonomy,
DNA barcoding and phylogeny of three new

species of Pythium from Canada. Persoonia 25:

22-31.

Beakes, G.W., Honda, D. & Thines, M.
2014.  Systematics of the  Straminipila:
Labyrinthulomycota, Hyphochytriomycota and

Oomycota. Pp. 39-97. In: The Mycota VII,

Systematics and Evolution, Part A, 2™ Edition



YV CONY Lz, o Pythium iz sbalas S5Licsy, 5 Joae 059SU /o] ) S 5 Jou

90/ 4

(McLaughlin, D.J. & Spatafora, J.W., eds).
Springer-Verlag, Berlin.

de Cock, A.W.A.M., Mendoza, L., Padhye, A.A., Ajello,
L. & Kaufman, L. 1987. Pythium insidiosum sp.
nov., the etiologic agent of pythiosis. Journal of
Clinical Microbiology 25: 344-349.

de Cock, A.W.A.M., Lodhi, A.M., Lodhi, A.M., Rintoul,
T.L., Bala, K., Robideau, G.R., Abad, Z.G.,
Coffey, M.D., Shahzad, S. & Lévesque, C.A.
2015. Phytopythium: molecular phylogeny and
systematic. Persoonia 34: 25-39.

Dick, M.W. 1990. Key to Pythium. University of
Reading Press, 64 pp., Reading, UK.

Ershad, D. 2009. Fungi of Iran. Iranian Research Institute
of Plant Protection, 531 pp, Tehran, Iran.

Galland, D. & Paul, B. 2001. Pythium perplexum isolated
from soil in France: morphology, molecular
characterisation and biological control.
Microbiological Research 156: 185-189.

Gholi Toloui, S., Babaye-Ahari, A., Ghosta, Y. &
Sedghi, M. 2008. Identification of fungi and
pseudofungi responsible for pepper root and
crown rot in West Azarbaijan province.
Proceedings of the 18" Iranian Plant Protection
Congress, Vol. II, 24-27 Aug., Hamedan, Iran: 71.

Hall, T.A. 1999. BioEdit: a user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT. Nucleic Acid Symposium
Series 41: 95-98.

Irani, H. & Ershad, D. 1995. Identification of fungi
associated with sugar beet root rot in West
Azarbaijan. Proceedings of the 12" Iranian Plant
Protection Congress, 2—7 Sept., Karaj, Iran: 126.

Jones, E. & Deacon, J. 1995. Comparative physiology
and behaviour of  the mycoparasites

Pythium acanthophoron, P. oligandrum and

P. mycoparasiticum. Biocontrol Science and

Technology 5: 27-40.

Karaca, G., Jonathan, R. & Paul, B. 2009. Pythium
stipitatum sp. nov. isolated from soil and plant
debries taken in France, Tunisia, Turkey and
India. FEMS Microbiology Letters 295: 164—169.

Katoh, K. & Standley, D.M. 2013. MAFFT multiple
sequence alignment software. Version 7:

improvements

Molecular Biology and Evolution 30: 772-780.

Kawamura, Y., Yokoo, K., Tojo, M. & Hishiike, M.

in performance and usability.

2005. Distribution of Pythium porphyrae, the
causal agent of red rot disease of Porphyrae spp.
in the Ariake Sea, Japan. Plant Disease 8&9:
1041-1047.

Kimura, M. 1980. A simple method for estimating
evolutionary rates of base substitutions through
comparative studies of nucleotide sequences.
Journal of Molecular Evolution 16: 111-120.

Levesque, C.A. & de Cock, A.W.A.M. 2004. Molecular
phylogeny and taxonomy of the genus Pythium.
Mycological Research 108: 1363-1383.

Lifshitz, R., Dupler, M., Elad, Y. & Baker, R. 1984.
Hyphal interactions between a mycoparasite,
Pythium nunn and several soil fungi. Canadian
Journal of Microbiology 30: 1482—1487.

Martin, F.N. & Loper, J.E. 1999. Soilborne plant diseases
caused by Pythium spp.: ecology, epidemiology,
and prospect for biological control. Critical
Reviews in Plant Sciences 18: 111-181.

Matsumoto, C., Kageyama, K., Suga, H. & Hyakumachi,
M. 1999. Phylogenetic relationships of Pythium
species based on ITS and 5.8S sequences of the
ribosomal DNA. Mycoscience 40: 321-331.

McLeod, A., Botha, W.J., Meitz, J.C., Spies, C.F.J.,
Tewoldemedhin, Y.T. & Mostert, L. 2009.
Morphological and phylogenetic analyses of
Pythium species in South Africa. Mycological
Research 113: 933-951.



9 /91

VYA cOONY Lwisew, o Pythium iz slaa)as c5Licsu; 5 (Joge 0555uSU /oS0 5 Jo

Miura, M., Hatai, K., Tojo, M., Wada, S., Kobayashi, S.
& Okazaki, T. 2010. Visceral mycosis in Ayu
Plecoglossus altivelis larvae caused by Pythium
flevoense. Fish Pathology 45: 24-30.

Mostowfizadeh-Ghalamfarsa, R. 2015. The current status
of Pythium species in Iran: challenges in
taxonomy. Mycologia Iranica 2: 79-87.

Page, R.D.M. 1996. TreeView: An application to display
phylogenetic trees in personal computers.
Computer Applications in the Biosciences 12:
357-358.

Paul, B. 1987. A new species of Pythium with
ornamented oogonia from Algeria. Mycologia 79:
797-802.

Paul, B., Galland, D., Bhatnagar, T. & Dulieu, H. 1998.
A new species of Pythium isolated from the
Burgundy region in France. FEMS Microbiology
Letters 158: 207-213.

Raeder, U. & Broda, P. 1985. Rapid preparation of DNA
from filamentous fungi.

Microbiology 1: 17-20.

Letters in Applied

Ravanlou, A. 2000. Etiology of root and foot rot of wheat
in West Azarbaijan. Proceedings of the 14"
Iranian Plant Protection Congress, Vol. II, 5-8
Sept., Esfahan, Iran: 219.

Ribeiro, W.R. & Butler, E.
of the

1995. Comparison

mycoparasites Pythium periplocum,
P. acanthicum and P. oligandrum. Mycological
Research 99: 963-968.

Robideau, G.P., de Cock., W.AM.A., Coffey, M.D.,

Voglmayr, H., Brouwer, H., Bala, K., Chitty,

D.W., Désaulniers, N., Eggertson, Q.A., Gachon,

C.M.M., Hu, C-H., Kipper, F.C., Rintoul,

T.L., Sarhan, E., Verstappen, E.C.P., Gzhang, Y.,

Bonants, P.J.M., Ristaino, J.B. & Lvésque, C.A.

2011. DNA barcoding of oomycetes with
cytochrome ¢ oxidase subunit I and internal
transcribed spacer. Molecular Ecology Resources
11: 1002-1011.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.,
Darling, A., Hohna, S., Larget, B., Liu, L.,
Suchard, M.A. & Huelsenbeck, J.P. 2011.
MrBayes 3.2: efficient bayesian phylogenetic
inference and model choice across a large model
space. Systematic Biology 61: 539-542.

Su, X. 2006. A new species of Pythium isolated from
mosquito larvae and its ITS region of rDNA.
Mycosystema 25: 523-528.

Swofford, D.J. 2002. PAUP*: phylogenetic analysis
using parsimony (*and other methods). Version
4.0. Sunderland, Massachusetts: Sinauer
Associates.

van der Plaats-Niterink, A.J. 1981. Monograph of the
genus Pythium. Studies in Mycology 21: 1-239.

White, T.J., Bruns, T., Lee, S. & Taylor, J. 1990.
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. Pp.
315-322. In: PCR Protocol: A Guide of Methods
and Application (Innis, M.A., Gelfand, D.H.,
Sninsky, J.J. & White, T.J., eds). Academic Press,

San Diego.



