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Abstract

Chinese chestnut (Castanea mollissima) is an important crop tree species in China. In the present study,
Cytospora specimens were collected from Chinese chestnut trees and identified using molecular data of
combined ITS, LSU, ACT and RPB2 loci, as well as morphological features. As a result, two new Cyro-
spora species and four new host records were confirmed, viz. C. kuanchengensis sp. nov., C. xinglongensis
sp. nov., C. ceratospermapsis, C. leucostoma, C. myrtagena and C. schulzeri.
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Introduction

Chinese chestnut (Castanea mollissima) is a widely cultivated crop tree species in China,
producing nutritious and delicious nuts for humans (Lu and Guo 2016). However,
Cryphonectria parasitica and several fungi are causing severe chestnut diseases worldwide,
which reduce the nut production, even killing the hosts. (Aghayeva et al. 2017, Shuttle-
worth and Guest 2017, Jiang et al. 2018a, Rigling and Prospero 2018). Recently, several
diaporthalean species were described from Chinese chestnut trees for the clear taxo-
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nomic concepts of families, genera and species in Diaporthales (Rossman et al. 2007,
Senanayake et al. 2017, 2018), including species of Aurantiosacculus, Coryneum, Cryph-
onectria, Dendrostoma, Endothia, Gnomoniopsis, Neopseudomelanconis and Ophiognomo-
nia (Gong et al. 2017, Jiang et al. 2018b, 2018¢, 2019a, 2019b, Jiang and Tian 2019).

Cytospora (Cytosporaceae, Diaporthales) is a widely distributed genus worldwide,
occurring on a broad range of hosts (Sarma and Hyde 2001, Yang et al. 2015, Lawrence
etal. 2017, Norphanphoun et al. 2017, 2018, Wijayawardene et al. 2018, Jayawardena
etal. 2019, Phookamsak et al. 2019, Fan et al. 2020). Some species can cause severe can-
ker diseases on woody trees, such as Cytospora chrysosperma, which is a commom patho-
gen on the commercial tree genera, Populus and Salix (Fan et al. 2014b, Zhang et al.
2014, Kepley et al. 2015, Wang et al. 2015). Host affiliation was considerd as the main
evidence for separating species in Cyrospora before DNA sequences were used; however,
morphology combined with phylogeny has revealed many cryptic species. For example,
28 Cytospora species were discovered from Eucalyptus from South Africa (Adams et al.
2005) and six from apple trees in Iran (Mehrabi et al. 2011), three from Chinese scholar
tree (Fan et al. 2014a), four from walnut tree (Fan et al. 2015a), six from anti-deserti-
fication plants in China (Fan et al. 2015b) and two from grapevine in North America
(Lawrence et al. 2017). Several recent studies discovered new species of Cyzospora using
multiphasic analyses (Lawrence et al. 2018, Norphanphoun et al. 2017, 2018, Senanay-
ake etal. 2017, 2018, Pan et al. 2018, Zhu et al. 2018, Zhang et al. 2019).

During our investigations of chestnut disease in China from 2016 to 2019, dis-
eased branches with typical Cytospora fruiting bodies were discovered and collected
(Fig. 1). In the present study, Cytospora species from Castanea mollissima were identi-
fied using a combined method of morphology and phylogeny.

Materials and methods

Sample collections and isolations

Chinese chestnut has a wide distribution in China. In the present study, we surveyed
Hebei, Shaanxi and Shandong Provinces from 2016 to 2019. Dead and dying branches
with typical Cyrospora fruiting bodies were collected and packed in paper bags. Isolates
were obtained by removing the ascospores or conidial masses from the fruiting bodies on
to clean PDA plates and incubating at 25 °C until spores germinated. Single germinated
spores were transferred on to the new PDA plates and incubated at 25 °C in the dark.
Specimens were deposited in the Museum of the Beijing Forestry University (BJFC) and
axenic cultures are maintained in the China Forestry Culture Collection Centre (CFCC).

Morphological analysis

Observation and description of Cytospora species from Castanea mollissima was based on
fruiting bodies formed on tree barks. Ascomata and conidiomata from tree barks were sec-
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Figure |. Canker symptoms on Castanea mollissima caused by Cytospora spp.

tioned by hand using a double-edged blade and strctures were observed under a dissecting
microscope. At least 10 conidiostromata/ascostromata, 10 asci and 50 conidia/ascospores
were measured to calculate the mean size and standard deviation. Measurements are report-
ed as maximum and minimum in parentheses and the range representing the mean plus
and minus the standard deviation of the number of measurements is given in parentheses
(Voglmayr et al. 2017). Microscopy photographs were captured with a Nikon Eclipse 80i
compound microscope equipped with a Nikon digital sight DS-Ri2 high definition colour
camera, using differential interference contrast illumination. Introduction of the new spe-
cies, based on molecular data, follow the recommendations of Jeewon and Hyde (2016).

DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from young mycelium growing on PDA plates following
Doyle and Doyle (1990). PCR amplifications were performed in a DNA Engine Pelti-
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er Thermal Cycler (PTC-200; Bio-Rad Laboratories, Hercules, CA, USA). The primer
pair ITS1/ITS4 (White et al. 1990) was used to amplify the ITS region. The primer
pair LROR/LR5 (Vilgalys and Hester 1990) was used to amplify the LSU region. The
primer pair ACT512F/ACT783R (Carbone and Kohn 1999) was used to amplify
ACT gene. The primer pair dRPB2-5{/dRPB2-7r (Voglmayr et al. 2016) was used to
amplify the RPB2 gene. The polymerase chain reaction (PCR) assay was conducted as
described in Fan et al. (2020). PCR amplification products were assayed via electro-
phoresis in 2% agarose gels. DNA sequencing was performed using an ABI PRISM
3730XL DNA Analyzer with a BigDye Terminater Kit v.3.1 (Invitrogen, USA) at the
Shanghai Invitrogen Biological Technology Company Limited (Beijing, China).

Phylogenetic analyses

The preliminary identities of the isolates sequenced were obtained by conducting a
standard nucleotide BLAST search using I'TS, LSU, ACT and RPB2. Then all Gyzospora
isolates were selected to conduct phylogenetic analyses, based on sequence datasets from
Fan et al. (2020). Diaporthe vaccinia (CBS 160.32) in Diaporthaceae was selected as the
outgroup taxon. All sequences were aligned using MAFFT v. 6 (Katoh and Toh 2010)
and edited manually using MEGA v. 6 (Tamura et al. 2013). Phylogenetic analyses were
performed using PAUP v. 4.0b10 for Maximum Parsimony (MP) analysis (Swofford
2003) and PhyML v. 3.0 for Maximum Likelihood (ML) analysis (Guindon etal. 2010).
MP analysis was run using a heuristic search option of 1000 search replicates with
random-additions of sequences with a tree bisection and reconnection algorithm. Max-
trees were set to 5000, branches of zero length were collapsed and all equally parsimoni-
ous trees were saved. Other calculated parsimony scores were tree length (TL), consist-
ency index (CI), retention index (RI) and rescaled consistency (RC). ML analysis was
performed using a GTR site substitution model including a gamma-distributed rate
heterogeneity and a proportion of invariant sites (Guindon et al. 2010). The branch
support was evaluated using a bootstrapping method of 1000 replicates (Hillis and Bull
1993). Phylograms were shown using FigTree v. 1.4.3 (Rambaut 2016). Novel sequenc-
es, generated in the current study, were deposited in GenBank (Table 1) and the aligned
matrices used for phylogenetic analyses in TreeBASE (accession number: $25160).

Results

Phylogenetic analyses

The alignment based on the combined sequence dataset (ITS, LSU, ACT and RPB2)
included 124 ingroup taxa and one outgroup taxon, comprising 2097 characters in
the aligned matrix. Of these, 1375 characters were constant, 89 variable characters
were parsimony-uninformative and 663 characters were parsimony informative.
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The MP analysis resulted in 14 equally most parsimonious trees and the first tree
(TL = 3270, CI = 0.344, RI = 0.815, RC = 0.281) was present as in Fig. 2. The ML
analysis yielded a tree with a likelihood value of In: -18627.915604 and the follow-
ing model parameters: alpha: 0.181328; [1(A): 0.246855, [1(C): 0.260898, [1(G):
0.272379 and [1(T): 0.219868. Isolates from Castanea mollissima formed six clades
in Fig. 2, representing two undescribed species and four known species.

Taxonomy

Cytospora ceratospermopsis C.M. Tian & X.L. Fan, Persoonia 45: 19. 2020
Figure 3

Description. Sexual morph: Ascostromata immersed in the bark, erumpent through
the surface of bark, scattered, (350-)550-900(~1300) um diam., with 15-40 perithecia
arranged circularly or irregularly. Conceptacle absent. Ectostromatic disc black, usually
surrounded by tightly ostiolar necks, circular to ovoid, (180-)240—-410(—450) pm diam.
Ostioles black, at the same level as the disc or slightly above, concentrated, dark brown to
black, arranged circularly in a disc, (55-)60-85(—~110) pm diam. Perithecia dark brown,
flask-shaped to spherical, arranged circularly or irregularly, (255-)280-350(—420) pm
diam. Asci clavate to elongate obovoid, 8-spored, (20.5-)27-35.5(—43) x (4-)4.5-6.5(—
8) um (X=31.2 x 5.6 pm). Ascospores biseriate, elongate-allantoid, thin-walled, hyaline,
aseptate, (5.8-)7.5-9.2(-11.5) x (3-)3.2-4.8(-5.5) pm (X = 8.6 x 4.1 um). Asexual
morph: Pycnidial stromata ostiolated, immersed in bark, scattered, erumpent through
the surface of bark, discoid to conical, with multiple locules. Conceptacle absent. Ecto-
stromatic disc light brown to grey, circular to ovoid, (230-)280-360(-480) pm diam.,
with one ostiole per disc. Ostiole in the centre of the disc, dark grey to black, con-
spicuous, at the same level as the disc, (60-)75-110(-135) pm diam. Locule numerous,
arranged circularly or elliptically with independent walls, (300-)350-600(-950) pm
diam. Peridium comprising few layers of cells of textura angularis, with innermost layer
brown, outer layer brown to dark brown. Conidiophores hyaline, branched or not, thin
walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, (6.5-)8.5-15.5(—
18) x 1.5-2.5 um (X = 12.2 x 1.9 pm). Conidia hyaline, allantoid, smooth, aseptate,
thin-wall, (4.5-)5-6.5(-7) x 1-1.5 pm (X = 5.9 x 1.3 pm).

Culture characters. On PDA at 25 °C in darkness. Cultures are initially white,
becoming olivaceous buff in centre after 7 d and finally olivaceous at 30 d. The colony
is flat, thin with a felt and tight texture in centre. Pycnidia distributed irregularly on
medium surface.

Specimens examined. CHINA, Hebei Province, Chengde City, Xinglong County,
chestnut plantation, 40°24'32"N, 117°27'56"E, on branches of Castanea mollissima,
11 October 2017, N. Jiang (BJFC-51699, living culture CFCC 52471 from the as-
cospore; BJFC-51700, living culture CFCC 52472 from the conidium).
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Cytospora ailanthicola CFCC 89970*
Cytospora melnikii MFLUCC 15-0851*
Cytospora melnikii MFLUCC 16-0635

Cytospora salicacearum MFLUCC 15-0509*
Cytospora salicacearum MFLUCC 15-0861

Cytospora salicacearum MFLUCC 16-0587
Cytospora chrysosperma CFCC 89981
Cytospora chrysosperma CFCC 89629
Cytospora chrysosperma CFCC 89982
Cytospora longiostiolata MFLUCC 16-0628*
Cytospora salicina MFLUCC 15-0862*
11°0190L 6y tospora salicina MFLUCC 16-0637

100199

Cytospora sophoriopsis CFCC 89600*
Cytosproa rostrata CFCC 89909*

1007191 ¢ytospora rostrata 89910

Cytospora ampulliformis MFLUCC 16-0583*
Cytospora ampulliformis MFLUCC 16-0629
Cytospora platycladicola CFCC 50039
Cytospora platycladicola CFCC 50038*
Cytospora ribis CFCC 50026

Cytospora ribis CFCC 50027

Cytospora tanaitica MFLUCC 141057*
Cytospora prunicola MFLU 17-0995

96/100|

1001100

Cytospora prunicola MFLU 17-0995*
Cytospora ulmicola MFLUCC 18-1227*
Cytospora ulmi MFLUCC 15-0863*

1001100 | Cytospora euonymicola CFCC 50500

99/100 Cytospora euonymicola CFCC 50499*

Cytospora gigalocus CFCC 89621
1m/1_n|

Cytospora gigalocus CFCC 89620*

100100 | Cytospora hippophaes CFCC 89639
Cytospora hippophaes CFCC 89640

1001100 [ CYtospora juniperina CFCC 50503
Cytospora juniperina CFCC 50501*
100181
Cytospora populina CFCC 89644*

Cytospora populinopsis CFCC 50033

1001100

Cytospora populinopsis CFCC 50032*
Cytospora carbonacea CFCC 89947
Cytospora elaeagni CFCC 89632

1% cytospora elaeagni CFCC 89633
1001100 CYtospora sophorae CFCC 50048
Cytospora sophorae CFCC 89598

1001100 | CYtospora sophoricola CFCC 89596

Cytospora sophoricola CFCC 89595*
Cytospora parasitica MFLUCC 15-0507*
Cytospora schulzeri CFCC 50040
Cytospora schulzeri CFCC 50042
100M00|, Cytospora schulzeri CFCC 52468

95/95| - Cytospora schulzeri CFCC 52469
Cytospora schulzeri CFCC 52480
Cytospora euonymina CFCC 89999
Cytospora euonymina CFCC 89993*

100100

Cytospora parakantschavelii MFLUCC 15-0857*
Cytospora parakantschavelii MFLUCC 16-0575
Cytospora salicicola MFLUCC 141052*

86190 Gytospora salicicola MFLUCC 15-0866
1001100 | Cytospora beilinensis CFCC 50494

98/100 Cytospora beilinensis CFCC 50493*

1001100 | Cytospora bungeanae CFCC 50496

Cytospora bungeanae CFCC 50495*
1001100 Cytospora spirae CFCC50049
Cytospora spirae CFCC50050
Figure 2. Maximum parsimony phylogram of Cytospora obtained from the combined matrix of ITS,

LSU, ACT and RPB2 genes. Bootstrap value = 50% for MP and ML analyses are presented at the first
and second position. Scale bar = 200 nucleotide substitutions. The strains in the current study are in blue

and ex-strains are marked with *.
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1001100 | Cytospora leucosperma CFCC 89622

100/100 Cytospora leucosperma CFCC 89894
Cytospora mali CFCC 50028

Cytospora mali CFCC 50029

991100 Cytospora atrocirrhata CFCC 89615
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Cytospora sibiraeae CFCC 50045*

1001100 | Cytospora berberidis CFCC 89933
Cytospora berberidis CFCC 89927*
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Cytospora kuanchengensis CFCC 52464*

LR Cytospora kuanchengensis CFCC 52465
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sa/100] Cytospora donetzica MFLUCC 16-0574*

Cytospora donetzica MFLUCC 15-0864
99/98 | 6797 Cytospora leucostoma CFCC 50018
Cytospora leucostoma CFCC 50021
99/99| - Cytospora leucostoma CFCC 50019

Cytospora leucostoma CFCC 50023
100175

eers0| Cytospora leucostoma CFCC 52461
Cytospora leucostoma CFCC 52462
Cytospora sorbicola MFLUCC 16-0584*
07199l Gytospora sorbicola MFLUCC 16-0633
Cytospora sorbi MFLUCC 16-0631*

Cytospora gigaspora CFCC 50014

Cytospora gigaspora CFCC 89634*
Cytospora nivea CFCC 89641

100191 Gytospora nivea CFCC 89643

Cytospora paratransiucens MFLUCC 15-0506*
100100 Cytospora paratransiucens MFLUCC 16-0627
Cytospora erumpens CFCC 50022

Cytospora erumpens MFLUCC 16-0580*

Cytospora platycladi CFCC 50505

Cytospora platycladi CFCC 50506

Cytospora platycladi CFCC 50504*

Cytospora lumnitzericola MFLUCC 17-0508

52/57

1001100 Cytospora tamaricicola CFCC 50507
100-

Cytospora tamaricicola CFCC 50508*

1001100 Cytospora thailandica MFLUCC 17-0262
99/99

Cytospora thailandica MFLUCC 17-0263
1001100 Cytospora xinglongensis CFCC 52458*

Cytospora xinglongensis CFCC 52459
Cytospora xylocarpi MFLUCC 17-0251

96/87

Cytospora ceratospermopsis CFCC 89627

Cytospora ceratospermopsis CFCC 89626*

Cytospora ceratospermopsis CFCC 52471
100/100

Cytospora ceratospermopsis CFCC 52472
Cytospora ceratosperma CFCC 89624

100/100 Cytospora ceratosperma CFCC 89625
96/100| Cytospora myrtagena CFCC 52454

100/100 Cytospora myrtagena CFCC 52455

Cytospora myrtagena CBS 116843*
Diaporthe vaccinii CBS 160.32

500

Figure 2. Continued.
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Notes. Fresh specimens with both sexual and asexual morphs were collected from
cankered branches of Castanea mollissima and two isolates were obtained from the
ascospore and conidium, respectively. Phylogenically, the two isolates were close to
Cytospora ceratospermopsis represented by CFCC 89626 and CFCC 89627 (Fig. 2). We
compared their sequences and found no differences in LSU and RPB2, but 2 bp differ-
ences in I'TS and 3 bp differences in ACT. Fan et al. (2020) reported the asexual morph
of Cytospora ceratospermopsis from Juglans regia in China with conidial size in 4.5-6 x
1-1.5 pm, which is exactly matched with the asexual characters observed in the present
study. Hence, we described the asexual morph of Cyrospora ceratospermopsis in its sexual
morph for the first time and reported a new host, Castanea mollissima.

CGytospora kuanchengensis C.M. Tian & N. Jiang, sp. nov.
MycoBank No: 829514
Figure 4

Diagnosis. Cyrospora kuanchengensis can be distinguished from C. oleicola and C. pru-
inose by longer conidia.

Etymology. Named after the county where it was collected, Kuancheng County.

Description. Sexual morph: not observed. Asexual morph: Pycnidial stromata
ostiolated, immersed in bark, scattered, erumpent through the surface of bark,
discoid, with multiple locules. Concepracle black, circular surrounded stromata.
Ectostromatic disc black, circular to ovoid, (350-)455-540(-575) pm diam.,
with 1-7 ostiole per disc. Ostioles black, at the same level as the disc, (40-)60-
85(-115) pm diam. Locule numerous, arranged circularly or elliptically with
independent walls, (285-)355-520(—605) pm diam. Peridium comprising few
layers of cells of textura angularis, with innermost layer brown, outer layer brown
to dark brown. Conidiophores hyaline, unbranched, thin walled, filamentous.
Conidiogenous cells enteroblastic polyphialidic, (6.5-)8.5-11(~15) x 1-1.5 pm
(X = 9.8 x 1.3 um). Conidia hyaline, allantoid, smooth, aseptate, thin-walled,
(5.5-)6-7.5(-8) x 1-2 um (X = 6.9 x 1.6 pm).

Culture characters. On PDA at 25 °C in darkness. Cultures are initially white,
producing pale brown pigment after 10 d. The colony is flat, felt-like, with concentric
circular texture. Pycnidia distributed irregularly on medium surface.

Specimens examined. CHINA, Hebei Province, Chengde City, Kuancheng Coun-
ty, chestnut plantation, 40°38'37"N, 118°27'54"E, on branches of Castanea mollis-
sima, 13 October 2017, N. Jiang (holotype BJFC-S1695, ex-type living culture CFCC
52464; paratype BJFC-5§1696, living culture CFCC 52465).

Notes. Cyrospora kuanchengensis is associated with canker disease of Castanea mollis-
sima in China. Cyrospora kuanchengensis differs from its phylogenetically closely species,
C. pruinosa, by ITS and ACT loci (7/470 in ITS and 21/245 in ACT). Morphologi-
cally, C. kuanchengensis has slightly larger conidia than C. pruinose (5.5-8 x 1-2 pm in
Cytospora kuanchengensis vs. 5-7.5 x 1-1.5 pm in C. pruinosa) (Fan et al. 2020).
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Figure 3. Gyrospora ceratospermapsis on Castanea mollissima (BJFC-51699, BJFC-S1700). A, € Habit of con-
idiomata on branches B habit of ascomata on branches D transverse section of conidiomata E transverse section
of ascomata F longitudinal section through conidiomata G longitudinal section through ascomata H, I asci
J ascospores K conidiogenous cells with attached conidia L conidia. Scale bars: 500 pm (C=G), 10 um (H-L).
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Figure 4. Cytospora kuanchengensis on Castanea mollissima (BJFC-S1695). A, B Habit of conidiomata on
branches € longitudinal section through conidiomata D transverse section of conidiomata E peridium F,

G conidiogenous cells attached with conidia H conidia. Scale bars: 500 um (B-D), 10 pm (E-G), 5 um (H).
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CGytospora leucostoma (Pers.) Sacc., Michelia 2(7): 264. 1881.
Figure 5

Description. Sexual morph: not observed. Asexual morph: Pycnidial stromata osti-
olated, immersed in bark, scattered, erumpent through the surface of bark, with
multiple locules. Conceptacle black. Ectostromatic disc black, circular to ovoid,
(150-)250-300(-375) pm diam., with one ostiole per disc. Ostioles black, at the
same level as the disc, (40—)50-85(~115) pm diam. Locule numerous, arranged
circularly or elliptically with independent walls, (550-)700-1200(~1350) pm diam.
Peridium comprising few layers of cells of textura angularis, with innermost layer
brown, outer layer brown to dark brown. Conidiophores hyaline, unbranched, thin
walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, (7.5-)9.5—
21(=22.5) x 1-1.5 pm (X = 15.2 x 1.3 pm). Conidia hyaline, allantoid, smooth,
aseptate, thin-walled, (3.5-)4.5-5.5(-7) x 1-1.5 um (X = 4.9 x 1.3 um).

Specimens examined. CHINA, Hebei Province, Chengde City, Kuancheng Coun-
ty, chestnut plantation, 40°38'37"N, 118°27'5"E, on branches of Castanea mollissima,
13 October 2017, N. Jiang (BJFC-51697, living culture CFCC 52461; BJFC-S1698,
living culture CFCC 52462).

Notes. Cytospora leucostoma is a common species causing canker disease on Rosace-
ae in China (Teng 1963, Tai 1979, Wei 1979, Fan et al. 2020). In this study, fresh
specimens were collected from diseased branches of the Chinese chestnut for the first
time and identified as Cytospora leucostoma, based on strictly matched asexual morph
(4-5.5 x 1-2 pum from Castanea mollissima in this study vs. 4.5-5.5 x 1-1.5 pm from
multiple specimens in Fan et al. 2020) and phylogenic analysis (Fig. 2).

Cytospora myrtagena (G.C. Adams & M.]J. Wingf.) G.C. Adams & Rossman, IMA
Fungus 6 (1): 147. 2015.
Figure 6

Description. Sexual morph: not observed. Asexual morph: Pycnidial stromata pulvi-
nate, immersed in bark, scattered, erumpent through the surface of bark. Concepracle
absent. Ostiole dark grey to black, conspicuous, at the same level as the disc, (50—
)65-75(-82) pum diam. Locules undivided, circular to ovoid, (430-)550-720(-810)
pm diam. Peridium comprising few layers of cells of textura angularis, with innermost
layer brown, outer layer brown to dark brown. Conidiophores hyaline, unbranched,
thin-walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, (6.5-)8.4—
12.5(-15.3) x 0.9-1.4 um (x = 10.2 x 1.2 um). Conidia hyaline, allantoid, smooth,
aseptate, thin-walled, (3.2-)3.4-5.4(-6.2) x 1-1.5 um (X = 4.7 x 1.3 pm).

Culture characters. On PDA at 25 °C in darkness. Cultures are initially white, becom-
ing olivaceous buff in centre after 7 d and finally olivaceous at 30 d. The colony is flat, thin
with a felt and tight texture in centre. Pycnidia distributed irregularly on medium surface.

Specimens examined. CHINA, Shaanxi Province, Ankang City, Xiangxidong
forest park, 32°40'33"N, 109°18'57"E, on stem barks of Castanea mollissima, 1 July
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Figure 5. Gyrospora leucostoma on Castanea mollissima (BJFC-S1697). A, B Habit of conidiomata on
branches € transverse section of conidiomata D longitudinal section through conidiomata E conidiog-
enous cells attached with conidia F conidia. Scale bars: 500 pm (B-D), 10 pm (E, F).

Figure 6. Cyrospora myrtagena on Castanea mollissima (BJFC-S1704). A, B Habit of conidiomata on
branches C, E transverse section of conidiomata D longitudinal section through conidiomata F, G con-

idiogenous cells attached with conidia H conidia. Scale bars: 500 pm (B-D), 5 pm (E, G), 10 pm (H).

2017, N. Jiang (BJFC-S1704, living culture CFCC 52454; BJFC-S§1705, living
culture CFCC 52455).

Notes. Cyrospora myrtagena was introduced from Eucalyptus and Tibouchina in
America and Indonesia (Adams et al. 2005). Two ITS sequences of Cytospora myrtagena
were available, AY347363 from the type strain CBS 116843 and AY347380 from CBS
117013. However, thereare 14 bp differences between AY347363 and AY347380. Cyrospora

tibouchinae was introduced as a phylogenically close species to Cyrospora myrtagena
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(Suppl. material 1: Fig. S1), with 21 bp differences to CBS 116843 and 14 bp bp
differences to CBS 117013 (Crous et al. 2016). Two isolates from Castanea mollissima
in the present study were close to Cyrospora myrtagena and Cytospora tibouchinae (Suppl.
material 1: Fig. S1), with 22 bp differences to CBS 116843, 15 bp differences to CBS
117013 and 6 bp differences to Cyrospora tibouchinae. Morphologically, they have similar
conidial sizes (3.4-5.4 x 1-1.5 pm in BJFC-S1704 vs. 3—4 x 1 pm in C. myrtagena vs.
3—4 x 1.5-2 pm in C. tibouchinae) (Adams et al. 2005, Crous et al. 2016). Hence, it is
hard to identify our isolates to C. myrtagena or C. tibouchinae, for the large differences
between two I'TS sequences in C. myrtagena provided by Adams et al. (2005) and absence
of ACT and RPB2 loci in C. myrtagena and C. tibouchinae. We give the name Cyrospora
myrtagena to our isolates provisionally, and hope for more studies on this species.

Cytospora schulzeri Sacc. & P. Syd., Syll. fung. (Abellini) 14(2): 918. 1899.
Figure 7

Description. Sexual morph: not observed. Asexual morph: Pycnidial stromata ostiolated,
immersed in bark, scattered, erumpent through the surface of bark, flat, discoid, with mul-
tiple locules. Conceptacle absent. Ectostromatic disc brown, circular to ovoid, (250-)300—
400(—475) pm diam., with 1-5 ostiole per disc. Ostioles black, at the same level as the disc,
(40-)50-85(~115) pm diam. Locule numerous, arranged circularly with common walls,
(600-)700-1500(-1750) pm diam. Peridium comprising a few layers of cells of textura
angularis, with innermost layer brown, outer layer brown to dark brown. Conidiophores
hyaline, unbranched, thin walled, filamentous. Conidiogenous cells enteroblastic polyphi-
alidic, (6.5-)8.5-18.5(-21) x 1-2 pm (X = 13.1 x 1.6 pm). Conidia hyaline, allantoid,
smooth, aseptate, thin-walled, (3.5-)4.5-6.5(-7) x 1-1.5 um (X = 5.2 x 1.3 pm).

Specimens examined. CHINA, Hebei Province, Chengde City, Kuancheng Coun-
ty, chestnut plantation, 40°38'37"N, 118°27'54"E, on branches of Castanea mollis-
sima, 13 October 2017, N. Jiang (living culture CFCC 52468; BJFC-S1702, living
culture CFCC 52469; BJFC-5§1703, living culture CFCC 52470).

Notes. Cyrospora schulzeri is a common species causing apple canker disease in
China (Teng 1963, Tai 1979, Wei 1979, Zhuang 2005, Fan et al. 2020). In this study,
fresh specimens were collected from diseased branches of chestnut trees and identified
as Cytospora schulzeri, based on the strictly matched asexual morph (4.5-6.5 x 1-2 um
from Castanea mollissima in this study vs. 4=7 x 1-1.5 pm from multiple specimens in
Fan et al. (2020) ) and phylogenic analysis (Fig. 2).

CGytospora xinglongensis C.M. Tian & N. Jiang, sp. nov.
MycoBank No: 829517
Figure 8

Diagnosis. Cytospora xinglongensis can be distinguished from C. californica and C.
eucalypti by longer conidia.
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Figure 7. Cytospora schulzeri on Castanea mollissima (BJFC-S1702). A, B Habit of conidiomata on
branches € transverse section of conidiomata D longitudinal section through conidiomata E conidiog-
enous cells attached with conidia F conidia. Scale bars: 500 pm (B-D), 10 pm (E, F).

J

Figure 8. Cytospora xinglongensis on Castanea mollissima (BJFC-§1706). A Habit of conidiomata on

ol

branches B longitudinal section through conidiomata € transverse section of conidiomata D peridium
E conidiogenous cells attached with conidia F, G conidia. Scale bars: 500 pm (B, C), 10 um (E-G).

Etymology. Named after the county where it was collected, Xinglong County.

Description. Sexual morph: not observed. Asexual morph: Pycnidial stromata im-
mersed in bark, erumpent through the surface of bark, discoid, with a solitary undi-
vided locule. Conceptacle black, circular surrounded stromata. Ostiole inconspicuous.
Locules undivided, circular to ovoid, (480-)540-685(~755) um diam. Conidiophores
hyaline, unbranched. Peridium comprising a few layers of cells of textura angularis,
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with innermost layer brown, outer layer brown to dark brown. Conidiogenous cells en-
teroblastic polyphialidic, (4.5-)6.5-8.5(-12) x 1-1.5 um (X = 7.4 x 1.3 pm). Conidia
hyaline, allantoid, eguttulate, smooth, aseptate, thin-walled, (7.5-)8.5-9.5(-10.5) x
1-1.5 um (X = 8.9 x 1.3 um).

Culture characters. On PDA at 25 °C in darkness. Cultures are white. The colony
is flat, thin with a uniform texture, lacking aerial mycelium. Pycnidia distributed uni-
formly on medium surface.

Specimens examined. CHiNA, Hebei Province, Chengde City, Xinglong County,
chestnut plantation, 40°24'32"N, 117°28'56"E, on branches of Castanea mollissima,
11 October 2017, N. Jiang (holotype BJFC-S1706, ex-type living culture CFCC
52458; paratype BJFC-51707, living culture CFCC 52459).

Notes. Cytospora xinglongensis is associated with canker disease of Castanea mollis-
sima in China. Cytospora xinglongensis can be distinguished from its phylogenetically
closely species C. thailandica by having much longer conidia (8.5-9.5 um in C. xin-
glongensis vs. 3.3—4 um in C. thailandica) (Norphanphoun et al. 2018). In addition,
Cytospora xinglongensis differs from C. thailandica by ITS, ACT and RPB2 loci (16/470
in ITS, 22/245 in ACT and 52/726 in RPB2).

Discussion

In the present study, an important fruit tree species, Castanea mollissima was inves-
tigated and Cytospora canker was found as a commom disease in plantations in He-
bei Province. Identification was conducted based on 13 isolates from fruiting bodies
using both morphological and molecular methods. As a result, six Cyrospora species
were confirmed. Cytospora kuanchengensis and C. xinglongensis are introduced as new
species, C. ceratospermopsis, C. leucostoma, C. myrtagena and C. schulzeri are firstly
reported on Castanea mollissima.

These six chestnut Cyrospora species can be easily distinguished using DNA se-
quences of single I'TS sequence or combined sequences of ITS, LSU, ACT and RPB2
(Fig. 2; Suppl. material 1: Fig. S1). In addition, colonies on PDA and MEA of these
six species are also different (Fig. 9). Cytospora xinglongensis never produce fruiting
bodies on PDA or MEA, while the other five species form conidiomata in one month
(Fig. 9). Morphologically, Cyrospora xinglongensis has obviously longer conidia than
others. However, the conidial dimension can hardly distinguish C. ceratospermopsis, C.
kuanchengensis, C. leucostoma, C. myrtagena and C. schulzeri.

Dar and Rai reported Cytospora diseases on Castanea sativa in India, causing
perennial cankers on stems and branches (Dar and Rai 2014). The Cytospora iso-
lates were identified mainly based on I'TS sequence data, which were introduced as a
new species named Cytospora castaneae (wrongly wrriten as Cytospora castanae in the
original paper) (Dar and Rai 2014). However, further study is required to confirm
the species position within the genus, including detailed morphogical features and
sequences of high quality.
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Figure 9. Cultures of Cyrospora species from Castanea mollissima after 1 month at 25 °C. A C. myrtagena

B C. kuanchengensis C C. ceratospermopsis D C. leucostoma E C. xinglongensis F C. schulzeri A1-G2 cul-
tures on PDA A3-G4 cultures on MEA A5-Gé fruiting bodies or hyphal masses produced on cultures

Cytospora canker is a common disease on chestnut trees, but there are few formal re-
ports. In China, this disease is known amongst phytopathologists, but no-one conducted
accurate identifications. Hence, this paper is the first formal report of Cytospora chest-
nut canker in China. From our investigations of chestnut diseases in China, Cyrspora
species are closely associated with canker diseases in chestnut plantations. In most cases,
they infect twigs or small branches, causing necrotic lesions (Fig. 1A), finially forming
fruiting bodies on dead tissues (Fig. 1D). However, Cytospora myrtagena was discovered
on stems of a 15-year-old chestnut tree, causing typical Cytospora canker symptoms.
More works should be conducted on the newly emerging pathogens from several aspects.

As the species concept of Cytospora has been improved a lot by using molecular
data (Yang et al. 2015, Lawrence et al. 2017, Norphanphoun et al. 2017, 2018, Jaya-
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wardena et al. 2019, Fan et al. 2020), many Cytospora canker diseases and new species
have been discovered and reported in recent years. Further studies are, however, now
required to confirm their pathogenicity.

Acknowledgements

This study is financed by National Natural Science Foundation of China (Project No.:
31670647). We are grateful to Chungen Piao, Minwei Guo (China Forestry Culture
Collection Center (CFCC), Chinese Academy of Forestry, Beijing.

References

Adams GC, Roux J, Wingfield MJ, Roux J (2005) Phylogenetic relationships and morphology
of Cytospora species and related teleomorphs (Ascomycota, Diaporthales, Valsaceae) from
Eucalyptus. Studies in Mycology 52: 1-144.

Adams GC, Roux ], Wingfield M] (2006) Cyrospora species (Ascomycota, Diaporthales, Vals-
aceae), introduced and native pathogens of trees in South Africa. Australasian Plant Pathol-
ogy 35: 521-548. https://doi.org/10.1071/AP06058

Aghayeva DN, Rigling D, Meyer JB, Mustafabeyli E (2017) Diversity of fungi occurring in
the bark of Castanea sativa in Azerbaijan. In VI International Chestnut Symposium 1220,
79-86. https://doi.org/10.17660/ActaHortic.2018.1220.12

Carbone I, Kohn LM (1999) A method for designing primer sets for speciation studies in
filamentous ascomycetes. Mycologia 3: 553—556. https://doi.org/10.1080/00275514.19
99.12061051

Crous PW, Wingfield MJ, Richardson DM, et al. (2016) Fungal Planet description sheets:
400-468. Persoonia 36: 316-458. https://doi.org/10.3767/003158516X692185

Dar MA, Rai MK (2014) Occurrence of Cytospora castanae sp nov., associated with peren-
nial cankers of Castanea sativa. Mycosphere 5: 747-757. https://doi.org/10.5943/myco-
sphere/5/6/5

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh tissue. Focus 12: 13-15. hteps://
doi.org/10.2307/2419362

Fan XL, Bezerra JDD, Tian CM, Crous PW (2020) Cytospora (Diaporthales) in China. Persoo-
nia 45: 1-45. https://doi.org/10.3767/persoonia.2020.45.01

Fan XL, Hyde KD, Liu M, Liang YM, Tian CM (2015a) Cytospora species associated with wal-
nut canker disease in China, with description of a new species C. gigalocus. Fungal Biology
119: 310-319. hteps://doi.org/10.1016/j.funbio.2014.12.011

Fan XL, Hyde KD, Yang Q, Liang YM, Ma R, Tian CM (2015b) Cytospora species associated
with canker disease of three anti-desertification plants in northwestern China. Phytotaxa
197: 227-244. hteps://doi.org/10.11646/phytotaxa.197.4.1

Fan XL, Liang YM, Ma R, Ma R, Tian CM (2014a) Morphological and phylogenetic studies
of Cytospora (Valsaceae, Diaporthales) isolates from Chinese scholar tree, with description
of a new species. Mycoscience 55: 252-259. https://doi.org/10.1016/j.myc.2013.10.001


https://doi.org/10.1071/AP06058
https://doi.org/10.17660/ActaHortic.2018.1220.12
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.3767/003158516X692185
https://doi.org/10.5943/mycosphere/5/6/5
https://doi.org/10.5943/mycosphere/5/6/5
https://doi.org/10.2307/2419362
https://doi.org/10.2307/2419362
https://doi.org/10.3767/persoonia.2020.45.01
https://doi.org/10.1016/j.funbio.2014.12.011
https://doi.org/10.11646/phytotaxa.197.4.1
https://doi.org/10.1016/j.myc.2013.10.001

Cytospora in China 23

Fan XL, Tian CM, Yang Q, Liang YM, You CJ, Zhang YB (2014b) Cytospora from Salix in
northern China. Mycotaxon 129: 303-315. https://doi.org/10.5248/129.303

Guindon S, Dufayard JE Lefort V, Anisimova M, Hordijk W, Gascuel O (2010) New algorithms
and methods to estimate maximum-likelihood phylogenies: assessing the performance of
PhyML 3.0. Systematic Biology 59: 307-321. https://doi.org/10.1093/sysbio/syq010

Gong S, Zhang X, Jiang S, Chen C, Ma H, Nie Y (2017) A new species of Ophiognomonia
from Northern China inhabiting the lesions of chestnut leaves infected with Diaporthe eres.
Mycological Progress 16: 83-91. https://doi.org/10.1007/s11557-016-1255-z

Hillis DM, Bull JJ (1993) An empirical test of bootstrapping as a method for assessing confi-
dence in phylogenetic analysis. Systematic Biology 42: 182—192. https://doi.org/10.1093/
sysbio/42.2.182

Jayawardena RS, Hyde KD, McKenzie EHC, et al. (2019) One stop shop III: taxonomic up-
date with molecular phylogeny for important phytopathogenic genera: 51-75. Fungal Di-
versity 98: 1-84. https://doi.org/10.1007/s13225-019-00433-6

Jeewon R, Hyde KD (2016) Establishing species boundaries and new taxa among fungi: rec-
ommendations to resolve taxonomic ambiguities. Mycosphere 7: 1669-1677. https://doi.
org/10.5943/mycosphere/7/11/4

Jiang N, Fan XL, Tian CM (2019a) Identification and pathogenicity of Cryphonectriaceae spe-
cies associated with chestnut canker in China. Plant Pathology 68: 1132-1145. https://
doi.org/10.1111/ppa.13033

Jiang N, Fan XL, Crous PW, Tian CM (2019b) Species of Dendrostoma (Erythrogloeaceae,
Diaporthales) associated with chestnut and oak canker diseases in China. Mycokeys 48:
67-96. https://doi.org/10.3897/mycokeys.48.31715

Jiang N, Fan XL, Yang Q, Du Z, Tian CM (2018a) Two novel species of Cryphonectria from
Quercus in China. Phytotaxa 347: 243-250. https://doi.org/10.11646/phytotaxa.347.3.5

Jiang N, Li J, Piao CG, Guo MW, Tian CM (2018b) Identification and characterization of
chestnut branch-inhabiting melanocratic fungi in China. Mycosphere 9: 1268-1289. htt-
ps://doi.org/10.5943/mycosphere/9/6/14

Jiang N, Tian CM (2019) An Emerging Pathogen from Rotted Chestnut in China: Gromoni-
opsis daii sp. nov. Forests 10: 1016. https://doi.org/10.3390/f10111016

Jiang N, Voglmayr H, Tian CM (2018c) New species and records of Coryneum from China.
Mycologia 110: 1172-1188. https://doi.org/10.1080/00275514.2018.1516969

Katoh K, Toh H (2010) Parallelization of the MAFFT multiple sequence alignment program.
Bioinformatics 26: 1899-1900. https://doi.org/10.1093/bioinformatics/btq224

Kepley JB, Reeves FB, Jacobi WR, Adams GC (2015) Species associated with Cyrospora canker
on Populus tremuloides. Mycotaxon 130: 783-805. https://doi.org/10.5248/130.783

Lawrence DP, Holland LA, Nouri MT, Travadon R, Abramians A, Michailides TJ, Trouillas FP
(2018) Molecular phylogeny of Cyrospora species associated with canker diseases of fruit
and nut crops in California, with the descriptions of ten new species and one new combi-
nation. IMA Fungus 9: 333-370. https://doi.org/10.5598/imafungus.2018.09.02.07

Lawrence DD, Travadon R, Pouzoulet J, Rolshausen PE, Wilcox WEF, Baumgartner K (2017)
Characterization of Cytospora isolates from wood cankers of declining grapevine in North
America, with the descriptions of two new Cytospora species. Plant Pathology 66: 713-725.
hteps://doi.org/10.1111/ppa.12621


https://doi.org/10.5248/129.303
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1007/s11557-016-1255-z
https://doi.org/10.1093/sysbio/42.2.182
https://doi.org/10.1093/sysbio/42.2.182
https://doi.org/10.1007/s13225-019-00433-6
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.1111/ppa.13033
https://doi.org/10.1111/ppa.13033
https://doi.org/10.3897/mycokeys.48.31715
https://doi.org/10.11646/phytotaxa.347.3.5
https://doi.org/10.5943/mycosphere/9/6/14
https://doi.org/10.5943/mycosphere/9/6/14
https://doi.org/10.3390/f10111016
https://doi.org/10.1080/00275514.2018.1516969
https://doi.org/10.1093/bioinformatics/btq224
https://doi.org/10.5248/130.783
https://doi.org/10.5598/imafungus.2018.09.02.07
https://doi.org/10.1111/ppa.12621

24 Ning Jiang et al. / MycoKeys 62: 1-25 (2020)

Lu C, Guo §] (2016) Analysis on the nutritional characters and comprehensive evaluation of
16 chestnut germplasm resources. Science and Technology of Food Industry 37: 357-376.

Mehrabi ME, Mohammadi GE, Fotouhifar KB (2011) Studies on Cytospora canker disease of
apple trees in Semirom region of Iran. Journal of Agricultural Technology 7: 967-982.

Norphanphoun C, Doilom M, Daranagama DA, Phookamsak R, Wen TC, Bulgakov TS,
Hyde KD (2017) Revisiting the genus Cytospora and allied species. Mycosphere 8: 51-97.
https://doi.org/10.5943/mycosphere/8/1/7

Norphanphoun C, Raspé O, Jeewon R, Wen TC, Hyde KD (2018) Morphological and phy-
logenetic characterisation of novel Cytospora species associated with mangroves. Mycokeys
38: 93-120. https://doi.org/10.3897/mycokeys.38.28011

Pan M, Zhu HY, Tian CM, Alvarez LV, Fan XL (2018) Cytospora piceae sp. nov. associated
with canker disease of Picea crassifolia in China. Phytotaxa 383: 181-196. https://doi.
org/10.11646/phytotaxa.383.2.4

Phookamsak R, Hyde KD, Jeewon R, et al. (2019) Fungal diversity notes 929-1035: taxo-
nomic and phylogenetic contributions on genera and species of fungi. Fungal Diversity 95:
1-273. https://doi.org/10.1007/s13225-019-00421-w

Rambaut A (2016) FigTree, version 1.4.3. University of Edinburgh, Edinburgh.

Rigling D, Prospero S (2018) Cryphonectria parasitica, the causal agent of chestnut blight: inva-
sion history, population biology and disease control. Molecular Plant Pathology 19: 7-20.
hteps://doi.org/10.1111/mpp.12542

Rossman AY, Farr DE, Castlebury LA (2007) A review of the phylogeny and biology of the
Diaporthales. Mycoscience 48: 135-144. https://doi.org/10.1007/510267-007-0347-7

Sarma VV, Hyde KD (2001) A review on frequently occurring fungi in mangroves. Fungal
Diversity 8: 1-34.

Senanayake IC, Crous PW, Groenewald JZ, et al. (2017) Families of Diaporthales based on
morphological and phylogenetic evidence. Studies in Mycology 86: 217-296. https://doi.
org/10.1016/j.simyco0.2017.07.003

Senanayake IC, Jeewon R, Chomnunti P, et al. (2018) Taxonomic circumscription of Dia-
porthales based on multigene phylogeny and morphology. Fungal Diversity 93: 241-443.
hteps://doi.org/10.1007/s13225-018-0410-z

Shuttleworth LA, Guest DI (2017) The infection process of chestnut rot, an important disease
caused by Gromoniopsis smithogilvyi (Gnomoniaceae, Diaporthales) in Oceania and Europe.
Australasian Plant Pathology 46: 397-405. https://doi.org/10.1007/s13313-017-0502-3

Swoftord DL (2003) PAUP*: Phylogenetic Analyses Using Parsimony, * and Other Methods,
Version 4.0b10. Sinauer Associates, Sunderland.

Tai FL (1979) Sylloge fungorum sinicorum. Science Press, 1-1527.

Teng SC (1963) Fungi of China. Science Press, 1-808. https://doi.org/10.1136/bmj.1.5333.808

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically ampli-
fied ribosomal DNA from several Cryptococcus species. Journal of Bacteriology 172: 4238—
4246. hteps://doi.org/10.1128/]B.172.8.4238-4246.1990

Voglmayr H, Akulov OY, Jaklitsch WM (2016) Reassessment of Allantonectria, phylogenetic
position of Thyronectroidea, and Thyronectria caraganae sp. nov. Mycological Progress 15:
921-937. https://doi.org/10.1007/s11557-016-1218-4


https://doi.org/10.5943/mycosphere/8/1/7
https://doi.org/10.3897/mycokeys.38.28011
https://doi.org/10.11646/phytotaxa.383.2.4
https://doi.org/10.11646/phytotaxa.383.2.4
https://doi.org/10.1007/s13225-019-00421-w
https://doi.org/10.1111/mpp.12542
https://doi.org/10.1007/S10267-007-0347-7
https://doi.org/10.1016/j.simyco.2017.07.003
https://doi.org/10.1016/j.simyco.2017.07.003
https://doi.org/10.1007/s13225-018-0410-z
https://doi.org/10.1007/s13313-017-0502-3
https://doi.org/10.1136/bmj.1.5333.808
https://doi.org/10.1128/JB.172.8.4238-4246.1990
https://doi.org/10.1007/s11557-016-1218-4

Cytospora in China 25

Voglmayr H, Castlebury LA, Jaklitsch WM (2017) Juglanconis gen. nov. on Juglandaceae,
and the new family Juglanconidaceae (Diaporthales). Persoonia 38: 136—155. https://doi.
0rg/10.3767/003158517X694768

Wang YL, Lu Q, Decock C, Li YX, Zhang XY (2015) Cytospora species from Populus and
Salix in China with C. davidiana sp. nov. Fungal Biology 119: 420-432. https://doi.
org/10.1016/j.funbio.2015.01.005

Wei JC (1979) Identification of Fungus Handbook. Science Press, 1-780.

White TJ, Bruns T, Lee S, Taylor ] (1990) Amplification and direct sequencing of fungal ribo-
somal RNA genes for phylogenetics. PCR Protocols: A Guide to Methods and Applica-
tions 18: 315-322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wijayawardene NN, Hyde KD, Lumbsch HT, Liu JK, Maharachchikumbura SSN, Ekanayaka
AH, Tian Q, Phookamsak R (2018) Outline of Ascomycota: 2017. Fungal Diversity 88:
167-263. https://doi.org/10.1007/s13225-018-0394-8

Yang Q, Fan XL, Crous PW, Liang YM, Tian CM (2015) Cytospora from Ulmus pumila in
northern China. Mycological Progress 14: 74. https://doi.org/10.1007/s11557-015-1096-1

Zhang LX, Alvarez LV, Bonthond G, Tian CM, Fan XL (2019) Gyrospora elaeagnicola sp. nov.
associated with narrow-leaved oleaster canker disease in China. Mycobiology 47: 319-328.
hteps://doi.org/10.1080/12298093.2019.1633902

Zhang YB, You CJ, Fan XL, Tian CM (2014) Taxonomy and phylogeny of Cyzospora in North-
east China. Mycosystema 33: 806-818.

Zhu HY, Fan XL, Tian CM (2018) Multigene phylogeny and morphology reveal Cytospora
spiraeae sp. nov. (Diaporthales, Ascomycota) in China. Phytotaxa 338: 49-62. https://doi.
org/10.11646/phytotaxa.338.1.4

Zhuang WY (2005) Fungi of Northwestern China, New York, USA. Ithaca, Mycotaxon, Ltd,
1-430.

Supplementary material |

Figure S1

Authors: Ning Jiang, Qin Yang, Xin-Lei Fan, Cheng-Ming Tian

Data type: (phylogram of Cytospora)

Explanation note: Phylogram of Cyzospora obtained from the ITS gene.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.62.47425.suppl1


https://doi.org/10.3767/003158517X694768
https://doi.org/10.3767/003158517X694768
https://doi.org/10.1016/j.funbio.2015.01.005
https://doi.org/10.1016/j.funbio.2015.01.005
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1007/s13225-018-0394-8
https://doi.org/10.1007/s11557-015-1096-1
https://doi.org/10.1080/12298093.2019.1633902
https://doi.org/10.11646/phytotaxa.338.1.4
https://doi.org/10.11646/phytotaxa.338.1.4
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.62.47425.suppl1

	Identification of six Cytospora species on Chinese chestnut in China
	Abstract
	Introduction
	Materials and methods
	Sample collections and isolations
	Morphological analysis
	DNA extraction, PCR amplification and sequencing
	Phylogenetic analyses

	Results
	Phylogenetic analyses
	Taxonomy
	Cytospora ceratospermopsis C.M. Tian & X.L. Fan, Persoonia 45: 19. 2020
	Cytospora kuanchengensis C.M. Tian & N. Jiang, sp. nov.
	Cytospora leucostoma (Pers.) Sacc., Michelia 2(7): 264. 1881.
	Cytospora myrtagena (G.C. Adams & M.J. Wingf.) G.C. Adams & Rossman, IMA Fungus 6 (1): 147. 2015.
	Cytospora schulzeri Sacc. & P. Syd., Syll. fung. (Abellini) 14(2): 918. 1899.
	Cytospora xinglongensis C.M. Tian & N. Jiang, sp. nov.

	Discussion
	Acknowledgements
	References
	Supplementary material 1
	Figure S1


