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Abstract

Grapevine decline disease (GDD) complex is a major global viticulture problem associated with a multi-year
decrease in plant productivity and an increase in vine mortality, resulting in important economic losses to the
viticulture industry. More than 35 fungal genera have been involved in the GDD complex, and the genus
Cytospora has also been reported as one of the genera included in the disease-causing complex. This study
aimed to identify Cytospora species involved in GDD complex in the vineyards of Miyandoab (West
Azarbaijan province) and Malekan (East Azarbaijan province) Counties. So, during the summer and autumn
of 2020-2021, sampling was done from the diseased plants showing symptoms of shoot wilting and die-back,
bark and wood discoloration, brown to black discoloration of vascular tissues, and wood canker. The fungal
isolation was done based on common phytopathological methods, and 78 isolates with the common
characteristics of the genus Cytospora were isolated and purified. Based on the results combining
morphological characteristics and sequence data obtained from three genomic regions, ITS-rDNA, TUB2,
and RPB2, four species viz., C. chrysosperma (15 isolates), C. ershadii (24 isolates), C. salicina (28 isolates),
and C. viticola (11 isolates) were identified. Cytospora viticola is a new species for the fungal biota of Iran,
and grapevine is reported as a new host (matrix nova) for C. ershadii in Iran and the world. Pathogenicity of
the selected fungal isolates from the identified species was confirmed on shoots of the Thompson seedless
cultivar based on Koch's postulates. The results of pathogenicity tests showed that all isolates were
pathogenic, although C. ershadii and C. chrysosperma isolates had the highest and C. viticola isolates had
the lowest virulence. The results of this study showed the presence of new species of Cytospora involved in
the GDD complex in the studied area and increased our knowledge about the host range of Cytospora spp.
This information can be used in devising effective strategies for managing GDD complex.

Keywords: Koch’s postulates, multi-gene phylogeny, grapevine decline complex, morphology,
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Table 1. Characteristics of the primers used in this study

Locus Primer name

Primer sequences (5'—3’)

References

ITS ITS1

CTTGGTCATTTAGAGGAAGTAA

White et al. 1990

ITS4 TCCTCCGCTTATTGATATGC

RPB2 RPB2-5F2

GAYGAYMGWGATCAYTTYGG

Liu et al. 1999; Sung et al. 2007

RPB2-7cR CCCATWGCYTGCTTMCCCAT

TUB2 BT2a GGTAACCAAATCGGTGCTGCTTTC Glass and Donaldson 1995
BT2b ACCCTCAGTGTAGTGACCCTTGGC

ISSR ISSR5 GAGAGAGAGAYC Nabi et al. 2018
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Table 2. Details of isolates and sequences used in phylogenetic analyses in this study.

GenBank accession numbers

180

Species Strain* Host Origin ITS RPB2 TUB2

Cytospora ailanthicola CFCC 899707 Ailanthus altissima Ningxia, China MH933618 MH933592 MH933565
azerbaijanica IRAN 4201CT Malus domestica Urmia, Iran MW295526 M\W824360—
azerbaijanica IRAN 4627C Malus domestica Miandoab, Iran OM368650 — -
beilinensis CFCC 50493" Pinus armandii Beijing, China  MH933619 — MH933561
beilinensis CFCC 50494 Pinus armandii Beijing, China  MH933620 — MH933562
bungeana CFCC 504957 Pinus bungeana Shanxi, China  MH933621 MH933593 MH933563
bungeana CFCC 50496 Pinus bungeana Shanxi, China ~ MH933622 MH933594 MH933564
chrysosperma CFCC 89981 Populus alba subsp. pyramidalis ~ Gansu, China MH933625 MH933597 MH933568
chrysosperma CFCC 89982 Ulmus pumila Tibet, China KP281261 — KP310818
chrysosperma CFCC 89629 Salix psammophila Shaanxi, China KF765673 KF765705 —
chrysosperma MGB8=IRAN 4760C Vitis vinifera Iran PP913911 PP914060 —
chrysosperma MG4 Vitis vinifera Iran PP913912 PP914061 —
chrysosperma MG5 Vitis vinifera Iran PP913913 PP914062 -
chrysosperma MG6 Vitis vinifera Iran PP913914 PP914063 —
chrysosperma MGL10 Vitis vinifera Iran PP913915 PP914064 -
cinnamomea CFCC 531787 Prunus armeniaca Xinjiang, China MK673054 — MK672970
donglingensis CFCC 531597 Platycladus orientalis Beijing, China ~ MW418412 MW422915 MW422939
donglingensis CFCC 54371 Platycladus orientalis Beijing, China  MW418413 MW422916 MW422940
elaeagnicola CFCC 528827 Elaeagnus angustifolia China MK732341 MK732347 —
elaeagnicola CFCC 52883 Elaeagnus angustifolia China MK732342 MK732348 —
ershadii IRAN 4197C Malus domestica Nahavand, Iran ~ MW295510— -
ershadii IRAN 4198CT Malus domestica Arak, Iran MW295523 MW824357—
ershadii MG30=IRAN 4762C Vitis vinifera Iran PP913916 PP914065 PP919153
ershadii MG39 Vitis vinifera Iran PP913917 PP914066 PP919154
ershadii MG41 Vitis vinifera Iran PP913918 PP914067 PP919155
ershadii MG58 Vitis vinifera Iran PP913919 PP914068 PP919156
ershadii MG59 Vitis vinifera Iran PP913920 PP914069 PP919157
euonymina CFCC 89993" Euonymus kiautschovicus Shanxi, China ~ MH933630 MH933600 MH933590
germanica CXY 1322 Elaeagnus oxycarpa China JQ086563 — -
globosa MFLU 16-20547 Abies alba Italy MT177935 MT432212 —
joaquinensis CBS 1442357 Populus deltoides California, USA MG971895 — MG971761
kantschavelii CXY 1386 Populus maximowiczii Chongging, ChinaKM034867 — -

longiostiolata
melnikii
melnikii
paracinnamomea
paracinnamomea
parakantschavelii
parasitica
parasitica
piceae

piceae

. populicola
rostrata
rostrata

. salicacearum
salicacearum
. salicicola

. salicina

. salicina

. salicina
salicina

. salicina

. salicina

. salicina

. schulzeri

. schulzeri

. spiraeae

. Spiraeae

. sophoriopsis
. spiraeicola

. spiraeicola

. Verrucosa

0000000000000 0000000000000000000000000000000000000000000000000

MFLUCC 16-0628"
MFLUCC 16-0635
MFLUCC 15-08517
CFCC 55452

CFCC 554537
MFLUCC 15-08577
MFLUCC 15-05077
XJAU 2542-1
CFCC 528417
CFCC 52842

CBS 1442407
CFCC 899097
CFCC 89910
MFLUCC 15-0861
MFLUCC 15-05097
MFLUCC 14-10527
MFLUCC 15-0862"
MFLUCC 16-0637
MG3=IRAN 4759C
MG12

MG13

MG35

MG36

CFCC 50040
CFCC 50042
CFCC 500497
CFCC 50050
CFCC 896007
CFCC 531387
CFCC 53139
CFCC 531577

Salix x fragilis
Populus nigra var. italica
Malus domestica
Salix matsudana
Salix matsudana
Populus x sibirica
Malus domestica
Malus sp.

Picea crassifolia
Picea crassifolia
Populus deltoides
Salix cupularis
Salix cupularis
Salix x fragilis
Salix alba

Salix alba

Salix alba

Salix x fragilis
Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera
Vitis vinifera
Malus domestica
Malus pumila
Spiraea salicifolia
Spiraea salicifolia
Styphnolobium japonicum
Spiraea salicifolia
Tilia nobilis
Platycladus orientalis

Russia

Russia

Russia

Gansu, China
Gansu, China
Russia

Russia
Xinjiang, China
Xinjiang, China
Xinjiang, China
California, USA
Gansu, China
Gansu, China
Russia

Russia

Russia

Russia

Russia

Iran

Iran

Iran

Iran

Iran

Ningxia, China
Gansu, China
Gansu, China
Gansu, China
Gansu, China
Beijing, China
Beijing, China
Beijing, China

KY417734 KY417802 —
KY417736 KY417804 —
KY417735 KY417803 —
MZ702593 OK303514 OK303642
MZ702594 OK303515 OK303643
KY417738 KY417806 —
KY417740 KY417808 —
MH798884 — -
MHB820398 MH820395 MH820387
MHB820399 MH820396 MH820388
MG971891 — MG971757
KR045643 KU710974 KR045684
KR045644 KU710975 —
KY417745 KY417813 —
KY417746 KY417814 —
KU982636 — -
KY417750 KY417818 —
KY417751 KY417819 —
PP913906 PP914055 —
PP913907 PP914056 —
PP913908 PP914057 —
PP913909 PP914058 —
PP913910 PP914059 —
KR045649 KU710980 KR045690
KR045650 KU710981 KR045691
MG707859 MG707643 MG708196
MG707860 MG707644 MG708197
KR045623 KU710951 KP310817
MNB854448 MN850749 MN861118
MN854449 MN850750 MN861119
MW418408 MW422911 MW422935
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GenBank accession numbers

Species Strain* Host Origin ITS RPB2 TUB2
C. verrucosa CFCC 53158 Platycladus orientalis Beijing, China  MW418410 MW422913 M\W422937
C. viticola Cyt2 Vitis interspecific hybrid ‘Frontenac’ USA KX256238 — KX256217
C. viticola CBS 1415867 Vitis vinifera ‘Cabernet Franc’ USA KX256239 — KX256218
C. viticola Kern504 Vitis vinifera USA OM976604 ON045095 ON086752
C. viticola Ben901 Vitis vinifera USA OM976601 ON045092 ON086749
C. viticola MG84B=IRAN 4761C Vitis vinifera Iran PP913921 PP914070 PP919158
C. viticola MG51 Vitis vinifera Iran PP913922 PP914071 PP919159
C. viticola MG52 Vitis vinifera Iran PP913923 PP914072 PP919160
C. viticola MG53 Vitis vinifera Iran PP913924 PP914073 PP919161
C. viticola MG55 Vitis vinifera Iran PP913925 PP914074 PP919162
C. yakimana Bent902 Vitis vinifera USA OM976602 ON045093 ON086750
C. yakimana Bent903 Vitis vinifera USA OM976603 ON045094 ONO086751
Diaporthe eres CBS 145040 Lactuca sativa Netherlands MK442579 MK442663 MK442731
Diaporthe vaccinii ~ CBS 160.32 Vaccinium macrocarpon USA KC343228 — KC344196

L All the new isolates used in this study are in bold and the type materials are marked with T.
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Fig 1: Grapevine decline disease complex. a-d), Symptoms showing yellowing and leaf scorch, wilting,

stunted growth, and dieback of canes and cordons. e-h), Bark and wood discoloration in cross-section

of symptomatic shoots.
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Fig 2. Phylogram of maximum likelihood analysis of Cytospora spp. based on combined sequences of
ITS region, and parts of TUB, and RPB2 genes. Diaporthe vaccinii CBS 160.32 and Diaporthe eres
CBS 145040 were used as out-group taxa. Numbers above the branches indicate ML/MP bootstrap
values (> 50%) and Posterior Probability (PP) values in Bayesian analysis, respectively (ML/MP/PP).
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Fig 3. Cytospora chrysosperma: a) Pycnidia formation on grapevine shoots, b) Ostiole with conidia
oozing as a cirrhus, c-d) Longitudinal section of pycnidium, e-f) Cross section of pycnidium, g)
Hymenial layer, h) Conidia and conidiogenous cells, i) Colony on PDA medium after 3 days (left half)
and 15 days (right half). Scale bars: b, ¢, e = 250; d, f = 100; g-h = 10 um.
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Fig 4. Cytospora ershadii: a) Pycnidia formation on grapevine shoots, b) Ostiole with conidia oozing as
a cirrhus, c-d) Longitudinal section of pycnidium, e-f) Cross section of pycnidium, g) Hymenial layer,
h) Conidia and conidiogenous cells, i) Colony on PDA medium after 3 days (left half) and 15 days

(right half). Scale bars: b, ¢, e = 250; d, f = 100; g-h = 10 pum.
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Fig 5. Cytospora salicina: a) Pycnidia formation on grapevine shoots, b) Ostiole with conidia oozing as
a cirrhus, c-d) Longitudinal section of pycnidium, e-f) Cross section of pycnidium, g) Hymenial layer,
h) Conidia and conidiogenous cells, i) Colony on PDA medium after 3 days (left half) and 15 days
(right half). Scale bars: b, ¢, e = 250; d, f = 100; g-h = 10 pum.
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Fig 6. Cytospora viticola: a) Pycnidia formation on grapevine shoots, b) Ostiole with conidia oozing as a
cirrhus, c-d) Longitudinal section of pycnidium, e-f) Cross section of pycnidium, g) Hymenial layer, h)
Conidia and conidiogenous cells, i) Colony on PDA medium after 3 days (left half) and 15 days (right
half). Scale bars: b, c, e = 250; d, f = 100; g-h = 10 pm.
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MG3 C. salicina MG12 C. salicina control MG4 C. chrysosperma control
MG50 C. viticola MG51 C viticola MG53 C. viticola control MG58 C. ershadii
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Fig 7. Results of pathogenicity assays of the selected isolates of C. chrysosperma, C. ershadii, C. salicina
and C. viticola on the shoots of Thompson seedless grape after 14 days.
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Fig. 8. Comparison of the mean pathogenicity index of Cytospora species (based on the length of the
discolored area) on the shoots of the Thompson seedless cultivar (dissimilar letters indicate a
significant difference between the species at P<0.05.
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Fig. 9. Comparison of the mean length of the discolored area in the inoculated branches of Thompson
seedless grapes according to the isolates of Cytospora species (dissimilar letters indicate a significant
difference between the isolates at P<0.05.
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