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First report of Graphium carbonarium associated with
walnut dieback in Iran
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Abstract: Walnut tree is one of the most important
nut crops in Iran. Dieback and decline of walnut trees
are some of the factors limiting the cultivation and
sustainability of this crop. During 2017 and 2018,
field surveys were conducted on walnut orchards in
Yazd province to study of fungal pathogens
associated with diseased trees. Wood samples were
collected from diseased branches showing canker,
dieback and gumming symptoms. In the laboratory,
affected branches were cut transversally and infected
wood tissues were cut into small pieces. Wood pieces
were plated on a potato-dextrose-agar (PDA) after
surface sterilization. In this study, 10 isolates of a
fungus were obtained from affected trees. Based on
morphological and molecular (for two selected
Iranian isolates based on ITS-rDNA and tefl-a gene
sequences) characteristics, all isolates were identified
as Graphium carbonarium. Based on literature
reviews, this is the first report of this species
associated with necrotic wood of walnut trees in the
world.

Keywords: Canker, Graphium, gumming, ITS-
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INTRODUCTION

Walnut (Juglans regia, Juglandaceae), as one of
the most important nut crops, has long been of
interest to humans to produce wood and fruit.
According to FAO (2018), Iran, with 150,000 ha and
405,000 tons of walnut, is the third-largest producer
of walnut in the world.

The genus Graphium sensu lato has been
identified by usually well-developed dark synnemata,
producing single-celled conidia in slimy masses.
Graphium species have been isolated from soil, plant
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debris, woody substrate and galleries of bark beetles
(Jacobs et al. 2003). Graphium carbonarium Paciura,
ZW. de Beer, X.D. Zhou & M.J. Wingf. was first
identified associated with a Pissodes sp. on Salix
babylonica (Paciura et al. 2010). This species has also
been reported from Tsuga dumosa (Paciura et al.
2010), Larix olgensis (Liu et al. 2016) from China,
Ricinus communis in China and Acacia auriculiformis
trees in Vietnam (Lynch et al. 2016). In the current
study, 10 isolates of a Graphium species were
isolated from walnut trees showing decline symptoms
in Yazd province. The objective of this study was to
identify these isolates using morphological and
molecular characteristics.

MATERIALS AND METHODS

Sampling and fungal isolation

During 2017 and 2018, field surveys were
conducted on walnut orchards in Yazd province to
study of fungal pathogens associated with trees
showing decline symptoms. Samples were collected
from branches of trees with canker, dieback and
gumming symptoms. Fungal isolations were
conducted from internal wood necrotic tissues. In the
laboratory, small wood segments (5x5 mm) were cut
from affected tissues and surface-sterilized in 0.5 %
sodium hypochlorite for 2 min followed by two rinses
in sterile distilled water and then placed on potato
dextrose agar (PDA, Merck, Germany) amended with
streptomycin sulphate. The cultures were incubated in
the dark at 25°C. For further study, pure cultures were
obtained from each isolate based on a single spore
method.

Morphological and molecular identification and
phylogeny

The putative identities of isolates were based on
morphology following methods of Paciura et al.
(2010). In order to molecular identification of the
isolates, the total genomic DNA was first extracted
from the aerial mycelium using a CTAB method
(Doyle & Doyle 1990). All DNA samples were
incubated at —17°C until used for PCR amplification.
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The internal transcribed spacer 1 and 2, including the
intervening 5.8S nrDNA gene (ITS-rDNA) and a
partial sequence of the translation elongation factor 1-
alpha (tef-7a) gene, were amplified using primer sets
ITSL/ITS4 (White et al. 1990) and EF1-728F/EF1-
986R (Carbone & Kohn 1999), respectively. PCR
products were purified and sequenced by Macrogen
(Madrid, Spain). All sequences were read and edited
with Sequencher software v. 1.8 (Gene Codes
Corporation, Ann Arbor, MI), and then run through
the BLAST (Basic Local Alignment Search Tool,
http://blast.nchbi.nlm. nih.gov/Blast.cgi) to determine
their basic identity.

For phylogenetic analyses, individual loci
sequences obtained in this study and those references
retrieved from GenBank were aligned using default
settings of Clustal W algorithm (Thompson et al.
1994) included within MEGAX software package
(Kumar et al. 2018). The alignments were manually
checked and improved where necessary. Phylogenetic
analyses for each locus and concatenated datasets
were based on Maximum Likelihood (ML) and
Maximum Parsimony (MP). Measures calculated for
parsimony included tree length (TL), consistency
index (CI), retention index (RI) and rescaled
consistency index (RC). The robustness of the
topology was evaluated by 1000 bootstrap
replications (Felsenstein, 1985). All sequences were
deposited in GenBank (Table 1).

RESULTS AND DISSCUSSION

Field surveys were conducted on walnut orchards
in Yazd province. The most important external
disease symptoms observed on walnut trees were
gumming, branch cankers and dieback. Internal
symptoms included central, irregular, watery and v-
shaped necrosis, which were observed in cross-
sections of diseased branches (Fig. 1).

Graphium isolates produced dark gray-olive

colonies with a white margin, aerial mycelium and
abundant synnemata on PDA. Conidia aseptate,
hyaline, curved cylindrical, aggregate in a hyaline
mucilaginous mass at the apices of the synnemata.
Based on morphological and cultural features, the
fungal isolates identified tentatively as Graphium sp.
(Paciura et al. 2010). Iranian isolates had
synnematous anamorph in culture and sexual
structures were never observed. Conidiophores
organized in synnemata, that generally formed in
groups and sometimes singly. Synnemata had 125-
290 pm long and 43-59 pm wide at the apex. Conidia
aseptate, hyaline, curved, cylindrical with truncated
bases, 3.5-6 um x 1-3.5 um (Fig. 2). The optimum
growth temperature is 25-30°C. Colonies reaching a
radius of 4.5-6 mm in 7 d and 9.5-10.5 mm in 14 d at
25 °C. Graphium carbonarium is most closely related
to G. basitruncatum (Matsush.) Seifert & G. Okada
and G. euwallaceae Twizeyim., S.C. Lynch &
Eskalen. However, they also have morphological
differences. Graphium carbonarium has larger
synnemata and conidia than G. basitruncatum. The
latter species is characterized by conidiophores (70-
)72-131(-158) pum in length, conidiogenous apparatus
(19-)24-45(-56) um wide and conidia of 5-6%1-2 pm
in size (Paciura et al. 2010). Conidia in G.
euwallaceae are also shorter and slender compared to
G. basitruncatum and G. carbonarium (Lynch et al.
2016).

DNA sequence comparisons were conducted to
confirm the identity of these isolates. The two
individual phylogenetic analyses (ITS and tef-/a)
resulted in a similar tree topology (data not shown).
Sequences of two Iranian isolates, 17 reference
isolates of Graphium spp. (include of nine species)
and Pseudallescheria boydii (Shear) McGinnis, A.A.
Padhye & Ajello (as outgroup) were aligned. The
combined alignment consisted of 1082 characters,
including gaps (ITS: 563 and tef-/a: 519). Of these,
626 were constant and 276 parsimony informative.

Table 1. Origins, host and GenBank accession numbers of the Graphium strains used in phylogenetic analyses (Iranian

isolates are shown in bold type).

Isolates

Genbank Accession Number

Species Code Host Origion ITS tefl-a
Graphium adansoniae CMW30618" Adasonia digitata South Africa KM592371 KM592363
CMW30620 A. digitata South Africa GQ200613 HM630597
Graphium basitruncatum JCM9300 Forest soil Solomon Islands AB038427 KJ131248
Graphium carbonarium CMW124207 Salix babylonica / Pissodes sp. China FJ434979 HM630603
CMW12418 S. babylonica / Pissodes sp. China FJ434980 HM630602
IRNPmM47 Juglans regia Iran MT605368 MT625161
IRNPmM48 J. regia Iran MT605369 MT625162
Graphium euwallaceae UCR 2980 T Acasia sp. Vietnam KM592371 KM592363
UCRFD97 Acasia floribunda California KF540225 KF534806
Graphium fimbriisporum CMW56057 Picea abies France AY148177 HM630590
CMW5606 P. abies Austria AY148180 HM630591
Graphium larics CMW56017 Larix deddua Austria AY148162 HM630588
CMWS5603 L. deddua Austria AY148182 HM630589
Graphium madagascariense CMW30628™ Adasonia rubrostipa Austria HM630606 HM630595
CMW30629 A. rubrostipa Austria HM630607 HM630594
Graphium penicillioides CMW52927 Populus nigra Czech Republic HQ335310 HM630600
CMW5295 P. nigra Czech Republic HQ335311 HM630601
Graphium pseudormiticum CMW503T Pinus sp. South Africa AY148186 HM630586
Pseudallescheria boydii CBS 101.22 Homo sapiens USA AMB887718 EF151369

TEx-type strains
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Fig. 1. Main branch canker and
trunk disease symptoms found on walnut
trees. a-c. external disease symptoms; a.
gumming; b. branch dieback; c. branch
canker; d-g. internal wood lesion types;
d. central necrosis; e. v-shaped necrosis;
f. irregular wood necrosis; g. watery
Necrosis.

Fig. 2. Graphium carbonarium.
Colony on PDA after a. 14 days and
b. 28 days, c. Conidia, d-g.
Synnemata. — Scale bar = 40um, ¢
=5um.

Fig. 3. One of the most
parsimonious trees for Graphium
obtained from combined ITS-rDNA
and tefl-a sequence data. ML/MP
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Maximum parsimony analysis resulted in three
equally most parsimonious trees (TL=645, C1=0.817;
R1=0.912, RC=0.745). MP tree of the respective
datasets is presented as Fig. 3, with bootstrap results

heria boydii CBS 101.22

from the ML and MP trees. Based on MP analyses,
the Iranian isolates clustered with the reference
isolates of Graphium carbonarium. In this study, G.
carbonarium collected from walnut trees in Yazd
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province. This species was first identified and
described by Paciura et al. (2010) associated with a
Pissodes sp. on Salix babylonica. Phylogenetic
analyses reveal that G. carbonarium is distinct but
closely related to Graphium euwallaceae and
Graphium basitruncatum. This species has also been
reported from Tsuga dumosa (Paciura et al. 2010) and
Larix olgensis (Liu et al. 2016) from China. In 2016,
G. carbonarium was isolated from Ricinus communis
in China and Acacia auriculiformis trees in Vietnam
(Lynch et al. 2016). Graphium basitruncatum was
first described from forest soil in the Solomon Islands
as Stilbum basitruncatum Matsush. (Matsushima
1971). This species has been isolated from a patient
with leukemia in Canada, confirming that this species
can act as an opportunistic human pathogen (Deepali
et al. 2007). In a study conducted by Lynch et al.
(2016), G. euwallaceae was reported as a pathogen of
avocado and box elder (Lynch et al. 2016). Based on
the literature review, the present study has shown that
the walnut trees can also be considered as a new host
for this species in the world.

ACKNOWLEDGEMENTS

This work was done at the Shahid Bahonar University
of Kerman. The authors acknowledge the editorial
board of Mycologia Iranica Journal as well as the
respected reviewers for their helpful comments for
improving the paper.

REFERENCES

Carbone I, Kohn LM. 1999. A method for designing
primer sets for speciation studies in filamentous
ascomycetes. Mycologia 91: 553-556.

Deepali K, Sigler L, Gibas CFC, Subhash M, Schuh
A, Medeiros BC, Peckham K, Natul H. 2007.
Graphium basitruncatum fungemia in a patient
with acute leukemia. Journal of Clinical
Microbiology 45: 1644-1647.

Doyle JJ, Doyle JL. 1990. Isolation of plant DNA
from fresh tissue. Focus, v.12, pp.13-15.

FAOSTAT 2018. Food and Agriculture Organization
of the United Nations. http://www.fao.org/faostat/
es/#dat.

Felsenstein J. 1985. Confidence limits on
phylogenies: an approach using the bootstrap.
Evolution 39: 783-791.

Jacobs K, Kirisitis T, Wingfield MJ. 2003.
Taxonomic re-evaluation of three related species
of Graphium, based on morphology, ecology and
phylogeny. Mycologia 95:714-773.

Kumar S, Stecher G, Li M, Knyaz Ch, Tamura K.
2018. MEGA X: Molecular evolutionary genetics
analysis across computing platforms. Molecular
Biology and Evolution 35: 1547-1549.

Liu XW, Lu Q, Meng XJ, Bai X, Huang G, Li X,
Zhang X. 2016. Identification and phylogeny of
Graphium spp. (Microascales: Graphiaceae)
associated with Ips subelongatus (Coleoptera:
Scolytidae) in China. Scientia Silvae Sinicae 52:
76-86.

Lynch Sh, Twizeyimana M, Mayorquin J, Wang D,
Na F, Kayim M, Kasson M, Quang Thu P,
Bateman C, Rugman-Jones P, Hucr J, Stouthamer
R, Eskalen A. 2016. Identification, pathogenicity
and abundance of Paracremonium pembeum sp.
nov. and Graphium euwallaceae sp. nov.-two
newly discovered mycangial associates of the
polyphagous shot hole borer (Euwallacea sp.) in
California. Mycologia 108: 313-329.

Matsushima T. 1971. Microfungi of the Solomon
Islands and Papua- New Guinea. Published by the
author, Kobe.

Paciura D, Zhou XD, De Beer ZW, Jacobs K, Ye H,
Wingfield MJ. 2010. Characterization of
synnematous bark beetle associated fungi from
China, including Graphium carbonarium sp. nov.
Fungal Diversity 40: 75-88.

Thompson JD, Higgins DG, Gibson TJ. 1994.
Clustral W: improving the sensitivity of
progressive multiple sequence alignment through
sequence  weighting,  position-specific  gap
penalties and weight matrix choice. Nucleic Acids
Research 22: 4673-4680.

White TJ, Bruns T, Lee S, Taylor J. 1990.
Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: "PCR
protocols, a guide to methods and applications".
Innis. (MA, Gelfand DH, Sninsky JJ, White TJ,
eds). 315-322. Academic Press, San Diego, USA.



SOHRABI & MOHAMMADI: First report of Graphium carbonarium 153

Olal 53 93,5 LA 3 SuSUiS o U ol o Graphium carbonarium aigs yguas 51 (w135 owdg!

e dne> g (ol jiew dagaimo
Olnleale,S le,S yal angds olKiils (g3 ,5liS ouSiiils o Kb 5alS 09,

Olsie 4 53,5 oLy Iy 5 (TSt bl olnl 5o (el ogee (S0 et 5 (S 905 C5 0 enaSsy
L oolyer =) i lon Jolge dasllas jolaie a4y a9l oo ALl Jpamme cpl ()lul 5 CuiS caiiSogame slo,ei5l
3l diged 8T (18 ) 0550 YTAY 9 AVAP sla Lo sk jo 05 Ll ;o 90,5 gl 5l cam len s
w2y Do ds olBinlesl ;o s0gd] slaasls o plxl Fojaems 5 (SauSis pw S sloailis b e LS 0 slaasls
» 6?:.‘4:.“4 uo; Oyt )‘ S g &>9S Slalad 50l ody » &9-55 Sladad L o> 4....9[: \_i;) ).M.Ju MSLJ 9 Lo esls L}"’J’
OS50 5l (2B asS Sl alas Ve cadllas pl jo asal eols 1,8 (PDA) )Ki—jgwo—ij eSS e (g9,
9 ITS-rDNA wb u,ul...u‘ » 0 uL?L.u‘ @‘)“ cL)‘d.> 9o 6‘):) ‘5[9& 9 GA.uLmuzJ) 6[.%‘;1)5 U,.:L..J‘ » A.c] Cowd )LM
adlas oyl 290 mbio oy p bl ol oluls Graphium carbonarium aisS olgie 4 leasla> acn (tef-la (5

3l oo L8s 55 99,5 (LS50 oz S8l 59,80 L ol e s al 9929 5 A5 Gl

tef-1a ATS-IDNA . 555500 Graphium «SiLs : gauls” Olods

Email: hmohammadi@uk.ac.ir (g duos 0a0S 455
LAY VARVA R SRIRIF TR | o VA RYAT R PR AN



