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(Clustal W, ver. 1.8) JLdIS l38ls 5 5l laadselSss Jlgs cod i 9,5 (aseine o baaylas



VoY Olpl 5o et gade (s lews b Lo 1o Ophiostoma 455 ¢ aslllas

oyl Slid) ab eolatul jerwl siciad] lawss ool 4y (Thompson et al. 1994)

.(http://bioweb.Pasteur.fr/seqanal/interfaces/clustalw-simple.html

e Lo 05 g5 crmnd (9051 5o soliiuwl 0,90 Ophiostoma slaalas -\ Jgas
Table 1. Isolates of Ophiostoma used in identification of sequence of g -tubulin Gene

I\
]
alo o Silwlaz Joxo e &t 03 Sk ojleds
Isolate Code Place of Isolation slwlaz Source Accession No.
Date
“Ir-Out-1 Tehran & Karaj, Iran 1999 V. Rahjou et al. EF638890
Ir-Out-2 Tehran & Karaj, Iran 1999 V. Rahjou et al. EF638890
Ir-Out-3 Tehran & Karaj, Iran 1999 V. Rahjou et al. EF638891
Ir-Out-4 Tehran & Karaj, Iran 1999 V. Rahjou et al. EF638891
Ir-Out-5 Tehran & Karaj, Iran 1999 V. Rahjou et al. EF638891
AST-20 Asalem Forest, Iran 1977 C.M. Brasier X98835
CKT11-0 Chachkam, Sari, Iran 1977 C.M. Brasier AB110977
W2WT Gloucestershire, UK 1972 J.N. Gibbs AF052061
CESS16K Canada 1996 C.G. Bowden EF5036A
FG245WT Canada 1996 M. Hubbes EU136398
MH75 Canada 1996 J.N. Gibbs U23424
O. ulmi 695A Canada 1996 M. Hubbes CV827999
O. ulmi W9 Oxfordshire, UK 1970 J.N. Gibbs AY887023
O. ulmi R21 Bozovici, Romania 1980 C.M. Brasier EF467310
O. quercus P.T. Scard &
H1039 UK 1989 CMB AF081133
O. quercus P.T. Scard &
H1040 UK 1987 CMB AF234835
0. ips Lo .
ATce24285 Canada 1999 C. Breuil AY194949

B, T oliils wlidolS Lidew 0 lag B et eSS 55,0 50 (olp! 5l oo g5lulaz) Jol alos 0 #

(Lynne Sigler ,guds » b a3le) gl oo (5 0SS (I5LLS)

Sy g Al
s Ophiostoma. ulmi glael 4 7,8 4555 g0 olowi ool plowl gl gwyp b
Sb odsl @lp 0. ulmi 4668 oy ol 5ol Sloliss mle g gl soaisS (59, O. novo-ulmi
5 OleSwss 5 gl s, 51,k Gelgl sl O novo-ulmi g5 5 | puges 5 09 (ASizr 3bols

D9800 OIS 25 TS & OIS D e sl 0s,b LS 0

Ophiostoma ulmi (Buis.) Nannfeldt, Sven Skogsvardsfoeren g5 <luoguas -
Tidskr, 32: 397-616, 1934

Lrsl 595 51 AFIVIO) Lrwgs 5 (AFIPIY (5y5laaz) og) JSiz 5l onds (o) sloaigas
V-V Slye)
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(subculture) saze gbcaS |1 ST L izmed g Oglate calizee gladlas 5l S
dgy S Sy 5l (rnboyed Wy D90 4 5T (55, 9 438, (e 5l Al 0, (SIS,
O o 4 al s 5o beaslas wljey oy ol 31 g ol cdslin eSS o
Solew 8L plpie Cov O edbgin Jelie Gl Sy 092y 4
Jelge (pl 0924 (Cole et al. 2000) s4i oo 00ld Coms 7B sbdans, o (disease factor)
JE) (Slas (slojpalioll oy S ol ool Spioe @5 S5 5 o, ialS el
ds RNA g5 cpoiz 5l Jalse ol aS aos o lis 5] olagss (Brasier 1983) ool oo
ool s (sem 3l (Swinton & Gilligan 1999) wiladl, JSes Sglate JoSge (59 b
poge (Mycovirus) b g ngsSole (> S99 4 4is5 (nl slaaslozr w2l 9 ol Sy
A 399 556 (Cole et al. 2000) ol oals oold o (MItOVITUS) g pggle a
(Tuomivirta 2004) cewl oo, Slil 4y z,B cpl j0 Jugpsenle
S92l b 4 bpgaas Y MEA cuS o (g5, Sporothrix a> sy
S ol (F US8) w0 552y sloailis @y 5 00l wdgs olsS (slays8g000
S o WG o 355 0a Slo Sl slags iS85 &) nie phinaniS S, sl 5o lopgpasS
5 oaiS «(single-celled) 454 «(hyaline) S5, o bpgaas .wslaisd )3 13 Sled o,ad
031l g sl g0 g oo lagyl )b G LI g 004 (elongated pyriform) K& NS
slcwis o (g9, 455 opl Pesotum a>,e b o g, Y-F X F-A Loyl
Slals e onl 0g Sglie Sl S 5 03lail (5 jese al> o 5o aid LSad  alfisl;]
Cawd 4 e asS 6l p wel> cutS e (0 o2 9 PDB mlo S e o o2 z,8
Cymne 97 slaisl Jb o gl jlasl ol e g, (Sw; 5l alse ol o]
A8 4 (ot 595 Seond) 2ol b olopsns p oy (o al> e )0 358 o0
05 (rl Sly pamin g 005 Job bwgte (izen 35 adgi eg S Voo Lawgie
ez oo b 4 ) 0 Gladngn, S5 @ bpgaiin S Sy S VA
ojlasl g 05gs JSCi (reniform) (slogld U (crescent) Mo b ST 5, o b guwgSul
Ot 4 005 ol 3 Jlad diy )y gl (ol s dslons ying So V=Y X -8 L |
Mbor go poaait p dlas Sgi )3 Sl 5 23 @be So 50 Vgene 5 Wigd oo o,
w5 (nl Slp mle bz ;0 (09, Sda CiS) (2B edgi SiS (59 Oliee (V JSB)
090 455 9y 455 (nl @lilen Gliee ol Cewd @y 0,5 (oo YVAITO Lagie j5b 4,
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lilem Sal saes Hlis AT 10,5 Al do o 90 Sgd ;0 5 o5 Hlews Al g0 S
ol dsS ol oS

el e (g9, 0. novo-ulmi z B iz 18 g owiz Jio 0dgi alies J>1 0 -V S
L pguis y C (Pesotum) loss owi pé > o S5 B Sporothrix s,5 :A MEA

ey y ol ya 4y Vg iul ailas D adly 0,5 Jobo
Fig. 3. Characteristics of sexual and asexual stages of Ophiostoma novo-ulmi on

MEA: A. Sporothrix form with conidiogenous cells on the dental mycelia.
B. Pesotum form: Synnema. C-D. Perithecium with long neck and ostiolar hyphae.

Ophiostoma novo-ulmi Brasier, Mycopathologia, 115: 151- 4¢5 Gluwogas -Y
161, 1991

(Yoo ¥ Ble) AFIVIY) ads 5 (AFITIT) lSug b IS 5l oo sy slodiges
5 Ol e sLa3 OV YVA Loia ) JSalew (o DLS Lol (O YVA Loi ) o)l ol (uSiioe
OYVA g2 )) z,5



S pyareye g loan, Glyals VoF

(fibrous) (s, U (striate) s,lg /.Y MEA ¢S o (59, 7,8 sboass
e boo uizmen (Y 5 ) sl IS0) Wiog e oo YIF Lawgio ailjg, oy b g Blob

0. ulmi g (YL sl .Se) Ophiostoma novo-ulmi &5 ,, s b S0 90 dunlin -) S
JY MEA S oo (9, 05,0 oLz 0 5lead las (il oSe)

Fig. 1. Comparison between colony morphology of Ophiostoma novo-ulmi (top) and
O. ulmi (bottom) isolated from elm trees on 2% MEA.

£

oo (SN Jowe ;o awiz plail adgy cauns lis S,) Ophiostoma novo-ulmi

QW T S L W
Fig. 2. Crossing the mycelia of two sexual types A and B with unknown isolates Is.
Production of perithecia at the crossing zone of mycelia between sexually
compatible isolates (arrow).
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Glade> LSAS 4 jomie 55850005 S sl jo bepganS Jlgte addsi ez o0 532,
WSS (S, 0 lpgpass wilaid S 15 Sl oydad SOy Wl oS 0gd 0 S
Loyl ojlail 5 ool 50 5 odas Loy Bk S, LI 5 00g S (SEI L (IS 5 0nS
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3l om Y MEA ¢S e 59, balas 5,0 asS () Pesotum al> o
Il g S5 05 Sladngn) 59, @)1 Ao ye cnl )3 ad JiSiS 5, TO-T i
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I SIS IV C Rt ERPPRLIN PR P LN L PSRV SO ES R
sl e ol el Caws 4 jaie 4sS (6lp el cilS o (0 o2 9 PDB mle cuiS
Sgdse Dy 257 sl 31 5o 7,8 lasl Lol Jele g )8 (Sws;

695 Cwnd) gloal LB plepgenn adg 2B (peiz dlepe o
o5k & g5 Gl Slp pomatnp 03,5 Jsb eiged 05 Fleg S VoV Sl 4 (pgnt
bhow 4 K 0,0 ongn, SaS a4 pgans Al dlxe g, S YO+ lawgio
ool olail 5 oo JSb Glogls b o aisbSs K, 0 bygwsSwl ot
oily gy 4 9355 ol 5l Jld Ayl 4 b g gSl (pl 0l aloe fog S 1Y X ¥
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Fig. 4. Comparison of phylogeny of five Iranian isolates of Dutch elm disease with
isolates of others areas based on sequence of g —tubulin gene. All Iranian isolates of
Ophiostoma novo-ulmi belong to O. novo-ulmi ssp. novo-ulmi (EAN populations).



S pyareye g loan, Glyals \$-

&bw

Dgds daxl o eSSl e 4 olie ala>dlo g

SEnelS (i o Ehe pgansie eaige 5 Laie, GlelS S0 i BWHIS (GLAG
'QL?)'? g;’**‘o é-."-‘«c 9 65)5‘.&15 f}].c oRadls ‘Gcl))' ﬁjj_; IRUVH R



Summary Rostaniha, Vol. 10(2), 2009

STUDY ON TWO SPECIES OF OPHIOSTOMA
IN RELATION WITH DUTCH ELM DISEASE
IN IRAN

K. RAHNAMA and M.M. IRAQI>1<
Agricultural Sciences & Natural Resources, University of Gorgan

Received: 29.06.2008 Accepted: 23.09.2009

An investigation was carried out in some areas of Golestan Province
including: Loveh forest, Soosara, Daland forest park, Tooskestan; Gilan Province
including Siahkal and Asalem forests; Arasbaran and landscape of urban trees during
1999-2007. In this investigation, based on some morphological, physiological and
molecular characteristics and also comparison with standard isolates two species
Ophiostoma ulmi and O. novo-ulmi were identified as casual agents of Dutch elm
disease where majority of isolates belonged to O. novo-ulmi. This is the first report of
O. novo-ulmi on Ulmus glabra and U. carpinifolia, from Tooskestan forest and urban
elm trees and here it is compared with O. ulmi. The O. novo-ulmi isolates of Iran

belonged to the EAN (Euro-Asian) populations based on sequence comparison.

Key words: Phylogeny, Dutch elm disease, Guilan, Golestan, Ophiostoma
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Figures and table are given in the Persian text.

References

AFSHARPOUR, F. and ADELI, E. 1974. Dutch elm disease Ceratocystis ulmi
(Buisman) C. Moreau in Iran. Research Institute of Forests & Rangelands
(Tehran). Tech. Pub. 16: 27pp.

ALEXOPOULOS, C.J., MIMS, C.W. and BLACKWELL, M. 1996. Introductory
Mycology. Wiley & Sons. New York. 868pp.

BENADE, E., WINGFIELD, M.J. and VAN WYK, P.S. 1997. Conidium
development in Sporothrix anamorphs of Ophiostoma. Mycol. Res. 101:
1108-1112.

BRASIER, C.M. 1981. Laboratory investigation of Ceratocystis ulmi. Pp. 76-79.
In: RJ. Stipes & R.J. Campana (eds). Compendium of Elm Diseases. APS
Press.

BRASIER, C.M. 1983. A cytoplasmically transmitted disease of Ceratocystis ulmi.
Nature 305: 220-223.

BRASIER, C.M. 1990. China and the origin of Dutch elm disease: an appraisal. Pl
Pathol. 39: 5-16.

BRASIER, C.M. 1991. Ophiostoma novo-ulmi sp. nov., causative agent of current
Dutch elm disease pandemics. Mycopathologia 115: 151-161.

BRASIER, C.M. 2001. Rapid evolution of introduced plant pathogens via
interspecific hybridization. Bioscience 51(2): 123-133.

BRASIER, C.M. and KIRK, S.A. 2001. Designation of the EAN and NAN races of
Ophiostoma novo-ulmi as subspecies. Mycol. Res. 105(5): 547-554.

BRASIER, C.M. and MEHROTRA, M.D. 1995. Ophiostoma himal-ulmi sp. nov., a
new species of Dutch elm disease fungus endemic to the Himalayas. Mycol.
Res. 99: 205-215.

BUISMAN, CJ. 1932. Ceratostomella ulmi, de geschlachteliuke vorm van
Graphium ulmi Schwarz Tijdschr. Plantenziekten 38: 1-8.

COLE, T.E., HONG, Y., BRASIER, C.M. and BUCK, K.W. 2000. Detection of an
RNA-dependent-RNA polymerase in mitochondria from a mitovirus infected
isolate of the Dutch elm disease fungus, Ophiostoma novo-ulmi. Virology

268: 239-243.



Study on two species of Ophiostoma in relation with ... 79

CRANE, J.L. and SCHOKNECHT, J.D. 1973. Conidiogenesis in Ceratocystis ulmi,
Ceratocystis piceae and Graphium penicillioides. Amer. J. Bot. 60: 396-354.

DE HOOG, G.S. 1974. The genera Blastobotrys, Sporothrix, Calcarisporium and
Calcarisporiella gen. nov. Stud. Mycol. 7: 84pp.

EBRAHIMI, A.G. and MC NAB, H. 1971. Growth of fungus Ceratocystis ulmi
causal agent of decline Dutch elm disease, in forest areas of Astara on stem of
various fresh plants. Appl. Ent. Phytopath. 32: 26-30.

ERSHAD, D. 1995. Fungi of Iran. Agricultural Organization, Ministry of Jihad-e-
Agriculture, Tehran, Iran. 870pp.

HAJIAN, M. and KASHKI, M. 1999. Incidence of Dutch elm disease in Mashhad.
Pajouhesh-va-Sazandegi 40: 60-61 (in Persian).

HARRINGTON, T.C. 1981. Cycloheximide sensitivity as a taxonomic character in
Ceratocystis. Mycologia 73: 1123-1129.

HARRINGTON, T.C. and WINGFIELD, M.J. 1998. The Ceratocystis species on
Coniferous. Can. J. Bot. 76: 1446-1457.

HINTZ, W.E. 1999. Sequence analysis of the chitin synthesis A gene of the Dutch
elm disease pathogen Ophiostoma novo-ulmi indicates a close association
with the human pathogen Sporothrix schenckii. Gene 137(1): 215-221.

HOFFMAN, B. and BREUILL, C. 2002. Cloning and genetic analysis of subtilases
in sap staining fungi. Curr. Gen. 41: 168-175.

HUNT, J. 1956. Taxonomy of genus Ceratocystis. Lloydia 19: 1-58.

IRAQI, M.M. 2007. Investigation on isolates of fungus causal agent Dutch elm
disease in some areas of Golestan Province and their pathogenesis effect on
Ulmus species. M.Sc. thesis. Agric. Sci. Nat. Resour. University of Gorgan.
108pp. (in Persian with English summary).

IRAQI, M.M. and RAHNAMA, K. 2007. Investigation on severity of pathogenicity
of Ophiostoma ulmi and Ophiostoma novo-ulmi on Ulmus parvifolia Jacq. J.
Agric. Sci. Natur. Resour. 14(3): 164—173 (in Persian with English summary).

IRAQI, M.M., RAHNAMA, K., RAZAVI, S.I. and EBRAHIMI, A. 2007.
Investigation on isolates of fungus causal agent Dutch elm disease in some
areas of Golestan Province. J. Agric. Sci. Natur. Resour. 14(6): 124-138

(in Persian with English summary).



80 K. Rahnama and M.M. Iraqi

KIM, J.J., KIM, S.H., LEE, S. and BREUIL, C. 2003. Distinguishing Ophiostoma
ips. and Ophiostoma montium, two bark beetlr-assiciated fungi. FEMS.
Microbiology Letters 222: 187-192.

MELIN, E. and NANNFELDT, J.A. 1934. Researches into the bluing of ground
pulpwood. Sven Skogsvardsfoeren Tidskr. 32: 397-616.

MOREAU, C. 1952. Coexistence de formes Thielaviopsis et Graphium chez une
souche de Ceratocystis major (Van Beyma) nov. comb. Remarques sur les
variations de Ceratocystis. Rev. Mycol. 17, Suppl. 1(12): 17-25.

RAHIJO, V., MOJDEHI, H., ZAMANIZADEH, H. and MOSAHEBI, GH. 1999.
Investigation of distribution of Dutch elm disease in Tehran and Karaj cities,
and initial evaluation effect of some fungicides against Ophiostoma ulmi. Iran.
J. Agric. Sci. 5(20): 15-36 (in Persian with English summary).

RAHNAMA, K. 2003. Incidence of Dutch elm disease in new area of natural forest
and urban trees of Iran. Proceedings of the 2" International EIm Conference.
Valsain, Segovia, Spain. P. 34. (Abst.).

RAHNAMA, K. 2004a. Molecular identification of Ophiostoma and Ceratocystis
genera and their relationship together: with emphasis on identification and
occurrence population of new casual agent of Dutch elm disease in Iran.
Research report of study opportunity in University of British Columbia,
Vancouver, Canada. 20pp.

RAHNAMA, K. 2004b. Dutch elm disease survival of elm (Ulmus) and Zelkova
species by integrated pest management and the conservation of forest genetic
resources. University of British Columbia, Forest Sciences, Vancouver
Canada. 18pp.

RAHNAMA, K. and TAHERI, A.H. 2004. Distribution of Dutch elm disease
pathogens, aggressive and non-aggressive isolates in Iran. Can. J. Pl. Pathol.
26: 121-126.

RAHNAMA, K., ASADEH, G. and SALAHSHOUR, M. 2000. Study in occurrence
of Dutch elm disease, status and the future of disease in Iran. The first Asian
Conference on Plant Pathology. China Agricultural Scientech Press. P. 49.
(Abst.).

RAHNAMA, K., ASADEH, G. and TAHERI, A. 2002. Incidence of Dutch elm

disease in some new areas of Golestan Province and conservation from



Study on two species of Ophiostoma in relation with ... 81

decline of species. Proceedings of the 2™ Seminar of Research Projects of
Golestan Province. J. Agric. Sci. Natur. Resour. Pp. 52-53 (in Persian).

RAHNAMA, K., TAHERI, A., BREUILL, C. and SADRAVI, M. 2005. Molecular
analysis and nucleotide sequences of Iranian isolates of Dutch elm disease by
B-tubulin gene sequences distinguishes two distinct forms of the Euro-Asian
and North American isolates. Proceedings of the 2™ International Asian
Conference of Plant Pathology. Faculty of Science, National University of
Singapore. P. 65 (Abst.).

SHARBATKHARI, M., RAZAVI, S.I., SANEI S.J. and RAHNAMA, K. 2007.
Effect of glucose and amino acid L-asparagin on asexual reproduction of the
causal agent of Dutch elm disease. J. Agric. Sci. Natur. Resour. 14(1): 93-98
(in Persian with English summary).

SINCLIAR, A. and CAMPANA, R.J. 1978. Dutch Elm Disease: Perspectives after
60 years. Agric. PI. Pathol. 8(5): 55pp.

SMALLEY, E.B. and GURIES, R.P. 1993. Breeding elms for resistance to Dutch
elm disease. Ann. Rev. Phytopathol. 31: 325-352.

STIPES, R.J. and CAMPANA, R.J. 1981. Compendium of Elm Diseases. APS Press.
96pp.

SWINTON, J. and GILLIGAN, C.A. 1999. Selecting hyperparasites for biocontrol of
Dutch elm disease. Proceedings of the Royal Society. London. 266: 437-445.

THOMPSON, J.D., HIGGINS, D.C. and GIBSON, T.J. 1994. Clustal W: improving
the sensitivity of progressive multiple sequence alignment through sequence
weighting, position specific gap penalties and weight matrix choice. Nucleic
Acids Res. 22: 4673-4680.

TUOMIVIRTA, T. 2004. Polyphylectic viruses of Grammeniella abietina type A, a
major pathogenic fungus of coniferous trees. Ph.D. Thesis, University of
Helsinki.

WINGFIELD, M.J., SEIFERT, K.A. and WEBBER, J.F. 1993. Ceratocystis and
Ophiostoma Taxonomy, Ecology and Pathogenicity. St. Paul, Minnesota: APS
Press. 293pp.

WINGFIELD, M.J., SLIPPERS, B., ROUX, J. and WINGFIELD, B. 2001.
Worldwide movement of exotic forest fungi, especially in the tropics and the

Southern Hemisphere. Bioscience 51(2): 134-140.



82 K. Rahnama and M.M. Iraqi

ZAKERI, Z. 1989. Occurrence of Dutch elm disease in Karaj area. Proceedings of
9th Iranian Congress of Plant Protection. College of Agriculture, Ferdowsi

University of Mashhad (Abst.) (in Persian with English summary).

Acknowledgment
This paper is partly supported by National Project of Dutch elm disease in
Iran and partly of M.Sc. thesis of the second author submitted to the Agricultural

Sciences & Natural Resources, University of Gorgan, Gorgan, Iran.

Address of the authors: Dr. K. RAHNAMA and M.M. IRAQI, Department of Plant
Protection, Faculty of Crop Sciences, Agricultural Sciences & Natural Resources,
University of Gorgan, Gorgan, Iran.



