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Abstract

Members of Cytospora encompass important plant-associated pathogens, endophytes and saprobes, commonly isolated from
a wide range of hosts with a worldwide distribution. Two specimens were collected associated with symptomatic canker and
dieback disease of Spiraea salicifolia in Gansu, China. These isolates are characterized by its hyaline, biseriate, aseptate,
clongate-allantoid ascospores and allantoid conidia. Cytospora spiraeae sp. nov. is introduced based on its holomorphic
morphology plus support from phylogenetic analysis (ITS, LSU, ACT and RPB2), and differs from similar species in its host
association.
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Introduction

The genus Cytospora (Ascomycota: Diaporthales) was established by Ehrenberg (1818). It is commonly famous as the
important phytopathogens that cause dieback and canker disease on a wide range of plants, causing severe commercial
and ecological damage and significant losses worldwide (Adams et al. 2005, 2006). Previous Cytospora species and
related sexual genera Leucostoma, Valsa, Valsella, and Valseutypella were listed by old fungal literatures without any
living culture and sufficient evidence to identify (Fries 1823; Saccardo 1884; Kobayashi 1970; Barr 1978; Gvritishvili
1982; Spielman 1983, 1985). Adams et al. (2005) revised genus Cytospora from Eucalyptus with 28 species and
accepted all sexual genera were combined under Valsa, either as subgenera or species without additional infrageneric
rank. Following the single-name for pleomorphic taxa, Cytospora (1818) was proposed to be the recommended name
to against Valsa (1849) according to the older name and more common in nature (Rossman ez al. 2015). More than
600 species epithets named Cytospora have been recorded in Index Fungorum (2017) with an estimated 110 species
in Kirk ef al. (2008). Recent studies have subsequently emphasized on part of Cytospora species using multiphase
approaches to solve the confused frame (Fan et al. 2014a, 2014b, 2015a, 2015b; Yang et al. 2015; Lawrence et al.
2017; Norphanphoun et al. 2017). However, only ITS gene are available for most known Cytospora species, and ex-
type sequence data are available for only a very few species and many taxa need epitypifying (Adams et al. 2005).
Thus many of Cytospora species still need re-clarification and the identification to species level is difficult.

To facilitate species recognition of Cyfospora, an investigation of forest pathogens that cause canker or dieback
disease in China was performed. Three Cytospora specimens were collected from Spiraea salicifolia in Gansu Province,
China. This species is characterized by hyaline, biseriate, aseptate, elongate-allantoid ascospores and allantoid conidia.
Phylogenetic analysis inferred from combined ITS, LSU, ACT and RPB2 sequence data provided strong support that
this is a new species. We introduce Cytospora spiraeae sp. nov. in this paper with a description and illustrations and
compare it with other species in the genus.

Materials and methods

Isolates
Three isolates were isolated from infected branches or twigs of Spiraca salicifolia during collecting trips in Gansu
Provinces in China (Table 1). The suspension of conidia was established by removing a mucoid spore mass from
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conidiomata or ascomata, and spreading the suspension on the surface of 1.8 % potato dextrose agar (PDA) in a petri-
dish, and incubating at 25 °C for up to 24 h. Single germinating conidia were transferred onto fresh PDA plates. Living
cultures are deposited and now maintained at the China Forestry Culture Collection Center (CFCC) and specimens are
deposited in the Museum of the Beijing Forestry University (BJFC).

Morphology

Specimens were described based on the morphological characteristics of their fruiting bodies from infected host
materials. The macro-morphological photographs were captured using a Leica stereomicroscope (M205 FA), including
size and arrangement of stromata; presence or absence of special structure such as conceptacle and central column;
number and diameter of ostioles per ectostromatic disc; shape and size of discs; number of locules. Micro-morphological
observations include size and shape of conidiophores and conidia (asci and ascospores) determined under a Leica
compound microscope (DM 2500) with differential interference contrast (DIC). Over 20 conidiomata were sectioned
and 50 conidia were selected randomly to measure their lengths and widths. Colony diameters were measured and the
colony colours described after 3 days and 30 days according to the colour charts of Rayner (1970). Adobe Bridge CS
v. 6 and Adobe Photoshop CS v. 5 were used for the manual editing. Nomenclatural novelties and descriptions were
deposited in MycoBank (Crous et al. 2004).

DNA isolation, amplification and sequencing

Fungal mycelium grown on PDA was scraped from the agar and used for genomic DNA extraction using a CTAB
method (Doyle & Doyle 1990). The ITS region was amplified using the primers ITS1 and ITS4 (White et al. 1990).
The LSU region was amplified using the primers LROR and LR7 (Vilgalys & Hester 1990). The partial ACT region
was amplified using primers ACT512F and ACT783R (Carbone & Kohn 1999). The RPB2 region was amplified
using primers RPB2-5F and fRPB2-7cR (Liu et al. 1999). The PCR products were sequenced in two directions using
the PCR primers and the BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA,
USA), and performed with an ABI Prism 3730XL Sequencer (Applied Biosystems) according to the instructions of
manufacturer. The multiple sequences generated by each primer combination were used to obtain consensus sequences
using Seqman v. 7.1.0 in the DNASTAR lasergene core suite software (DNASTAR Inc., Madison, WI, USA).

Phylogenetic analyses

Sequences were aligned using MAFFT v. 6 (Katoh & Standley 2013) and edited manually using MEGA v. 6.0 (Tamura
et al. 2013). Phylogenetic relationships were inferred by maximum parsimony (MP), and confirmed using maximum
likelihood (ML) and Bayesian inference (BI). A MP analysis was performed using PAUP v. 4.0b10 with a heuristic
search option of 1000 random-addition sequences with a tree bisection and reconnection (TBR) branch swapping
algorithm (Swofford et al. 2003). The branches of zero length were collapsed and all equally parsimonious trees were
saved. Other parsimony scores such as tree length (TL), consistency index (CI), retention index (RI) and rescaled
consistency (RC) were calculated (Swofford et al. 2003). A ML tree analysis was performed with GTR+G+I model of
site substitution including estimation of Gamma-distributed rate heterogeneity and a proportion of invariant sites using
RAxXMLV.7.2.8 (Stamatakis 2006).

MrModeltest v. 2.3 was performed to estimate the best nucleotide substitution model settings for each gene
(Posada & Crandall 1998). Bayesian inference (BI) employing a Markov Chain Monte Carlo (MCMC) algorithm was
performed using in MrBayes v. 3.1.2 based on the individual DNA dataset from the results of the MrModeltest (Ronquist
& Huelsenbeck 2003). Two MCMC chains were run from random trees for 1000000 generations and trees were
sampled each 100th generations. The first 25 % of trees were discarded as the burn-in phase of each analysis, and the
posterior probabilities (BPP) were calculated to assess the remaining trees (Rannala & Yang 1996). The branch support
from MP and ML analysis were evaluated with a bootstrapping (BS) method of 1000 replicates (Hillis & Bull 1993).
Diaporthe vaccinii was selected as outgroup in all analyses. Phylograms are shown using Figtree v. 1.3.1 (Rambaut &
Drummond 2010). Novel sequences data was deposited in GenBank (Table 1) and the multilocus sequences alignment
file and ITS sequence-alignment file were maintained in TreeBASE (www.treebase.org; accession number: S22039).
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Results

The phylogenetic analysis of ITS sequence data contained 134 Cytospora ingroup strains with a total of 597 characters
including gaps, of which 359 characters are constant, 63 variable characters are parsimony-uninformative and 175
characters are variable and parsimony-informative. MP analyses generated 200 parsimonious trees, one of which is
presented in Fig. 1 (TL = 1009, CI = 0.378, RI = 0.815, RC = 0.308). ML and Bayesian analyses were similar to the
MP tree. Cytospora spiraeae representde a monophyletic clade with high support value (MP/ML/BI = 99/95/0.99)

(marked in blue in Fig. 1).

Cytospora salicacearum MFLUCC 15-0861
Cytospora salicacearum MFLUCC 15-0509
Cytospora salicina MFLUCC 15-0862
- Cytospora melnikii MFLUCC 16-0635
Cytospora salicina MFLUCC 16-0637
- Cytospora chrysosperma CFCC 89982
56/62! Cytospora chrysosperma CFCC 89630
08/97] Cytospora rostrata CFCC 89909
seo| | Cytospora rostrata CFCC 89910
Cytospora longiostiolata MFLUCC 16-0628
- Cytospora kantschavelii 287-2
53/601 Cytospora parakantschavelii MFLUCC 15-0857
Cytospora parakantschavelii MFLUCC 16-0575
Cytospora kantschavelii CXY1383
Cytospora salicicola MFLUCC 15-0866
Cytospora salicicola MFLUCC 14-1052
- Cytospora germanica CXY1322
M Cytospora parasitica MFLUCC 15-0507
82/-~ Cytospora schulzeri CFCC 50040
Cytoggora schulzeri CFCC 50042
Cytospora sophorae CFCC 50047
" Cytospora sophorae CFCC 89598
Cytospora sophorae CFCC 89597
|| Cytospora sophoricola CFCC 89596
Cytospora sophoricola CFCC 89595
' Cytospora mougeotii ATCC 44994
Valsa friesii CBS 194.42
e Cytospora carbonacea CFCC 50055
65/66] Cytospora carbonacea CFCC 50058
o074 I+ Cytospora carbonacea CFCC 89947
™| Cytospora elaeagni CFCC 89632
Cytospora elaeagni CFCC 89633
Cytospora populina CFCC 89644
Cytospora fugax CBS 203.42
671/97, Cytospora hippophaés CFCC 89639
Cytospora hippophaés CFCC 89640
71/74 Cytospora ribis CFCC 50026
Cytospora ribis CFCC 50027
Cytospora ribis CFCC 50038
Cytospora ribis CFCC 50039
Cytospora tanaitica MFLUCC 14-1057
- Cytospora ribis CBS 187.36
7 Cytospora ampulliformis MFLUCC 16-0583
100/| Cytospora ampulliformis MFLUCC 16-0629
Cytospora cotini MFLUCC 14-1050
Cytospora ulmi MFLUCC 15-0863
100/1oq Cytospora gigalocus CFCC 89620
Cytospora gigalocus CFCC 89621

-[ Cytospora melnikii MFLUCC 15-0851
63/87

76/87<

92/1
53/

FIGURE 1. Phylogram of Cyfospora based on ITS gene. MP and ML bootstrap support values above 50 % are shown at the first and
second position. Thickened branches represent posterior probabilities above 0.95 from BI. Ex-type strains are in bold. Strains in current

study are in blue.
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The second phylogenetic analysis are performed based on available ITS, LSU, ACT and RPB2 sequence dataset.
The multi-locus analysis includes 75 Cytospora ingroup strains with a total of 2141 characters including gaps (566
characters for ITS, 522 for LSU, 326 for ACT and 727 for RPB2), of which 1497 characters are constant, 124 variable
characters are parsimony-uninformative and 520 characters are variable and parsimony-informative. MP analyses
generated six parsimonious trees, one of which is presented in Fig. 1 (TL=2338, CI=0.412, R =0.798, RC =0.329).
ML and Bayesian analyses were similar to the MP tree. Cytospora spiraeae also formed a monophyletic clade (MP/
ML/BI = 100/100/1) (marked in blue in Fig 2). The MP bootstrap supports (BS) equal to or above 50 % were shown
in branches in Fig. 1. The branches with significant Bayesian posterior probabilities (BPP) equal to or above 0.95 are
shown in the phylogram (Table 1).

197, Cytospora spiraeae CFCC 50049
9 Cytospora spiraeae CFCC 50050
Cytospora spiraeae CFCC 50051
Cytospora viticola CBS 141586
-195) Cytospora ambiens CFCC 89622
175 Cytospora ambiens CFCC 89894
odis Cytospora mali CFCC 50031
Cytospora mali CFCC 50044
Cytospora eriobotryae IMI136523
63/-; Cytospora berkeleyi StanfordT3
71175/ Cytospora berkeleyi UCBTwig3
Cytospora cinerostroma CMW 5700
Cytospora diatrypelloidea CMW 8549
Cytospora austromontana CMW 6735
83/91 /94 Cytospora disciformis CMW 6509
Cytospora disciformis CMW 6750
Cytospora eucalypticola ATCC 96150
Cytospora eucalypticola CMW 5309

75/99r Cytospora tibouchinae CPC 26333
[ 100/100 E[ Cytospora myrtagena CBS116843
99/95

93/100

Cytospora eugeniae CMW 7029
Cytospora eugeniae CMW 8648
100H00 Cytospora atrocirrhata CFCC 89615
Cytospora atrocirrhata CFCC 89616
Cytospora atrocirrhata 22
97/109_1 Cytospora sibiraeae CFCC 50045
Cytospora sibiraecae CFCC 50046

Cytospora abyssinica CMW 10181
100100 Cytospora abyssinica CMW 10178
Cytospora abyssinica CMW 10179
Cytospora acaciae CBS 468.69
9p(99, Cytospora nitschkii CMW 10180
Cytospora nitschkii CMW 10184

98MO0Ccytospora palm CXY1276
78/94 Cytospora palm CXY1280

Cytospora brevispora CBS 116829
Cytospora brevispora CBS 116811
Cytospora eucalyptina CMW 5882
Cytospora rhizophorae MUCC302
83/82— Cytospora variostromatica CMW 6766
1007100/t Cytospora variostromatica CMW 1240

Cytospora variostromatica PPRI5297
—— Cytospora eucalypti LSEQ
8/190 Cytospora pini CBS 197.42
gt/- ' Cytospora pini CBS 224.52
Cytospora kunzei CBS 118556
6o~ Cytospora vinacea CBS 141585

61/84 |\ Cytospora sacculus CBS 116.21
Cytospora sacculus CFCC 89624
Cytospora sacculus CFCC 89626

Cytospora sacculus CBS 192.42
Cytospora cedri CBS 196.50

J

FIGURE 1. (continued)
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voig1r Cytospora nivea MFLUCC 15-0860
457|- Cytospora paratranslucens MFLUCC 15-0506
Cytospora paratranslucens MFLUCC 16-0627
070l Cytospora nivea CMW 5274
Cytospora nivea CFCC 89641
y85|"' Cytospora nivea CFCC 89643
o8[100 Cytospora gigaspora CFCC 50014
Cytospora gigaspora CFCC 89634
Cytospora multicollis CBS 105.89
Cytospora donetzica MFLUCC 16-0574
91196 | || Cytospora donetzica MFLUCC 16-0589

1~ ~

oo o

5378 || A|| Cytospora leucostoma CFCC 50015
100/100 = Cytospora leucostoma CFCC 50023
98/97 ', Cytospora sorbicola MFLUCC 16-0584

L |[' Cytospora sorbicola MFLUCC 16-0633
Cytospora erumpens MFLUCC 16-0580
- Cytospora sorbi MFLUCC 16-0631

- Cytospora parapersoonii T28.1

B — Cytospora curvata MFLUCC 15-0865

9 Q’j Cytospora rusanovii MFLUCC 15-0853
9

38 Cytospora rusanovii MFLUCC 15-0854
82/17 Cytospora davidiana CXY 1350
Cytospora davidiana CXY1374
Cytospora berberidis CFCC 89927
Cytospora berberidis CFCC 89933
m Cytospora pruinopsis CFCC 50034
Cytospora pruinopsis CFCC 50035
10087 Cytospora pruinosa CFCC 50036
Cytospora pruinosa CBS 201.42
w.— Cytospora cincta CFCC 89956
Cytospora japonica CBS 375.29
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—— Diaporthe vaccinii CBS 160.32

100/100,
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20.0

FIGURE 1. (continued)

Taxonomy

Cytospora spiraeae Fan sp. nov. Fig. 3
MycoBank MB 823824

Holotype:—China, Gansu Province, Gannan City, 34°17'22.16"N, 102°58'44.23"E, from branches of Spiraea
salicifolia, Aug. 2012, X.L. Fan, deposited by X.L. Fan, holotype BJFC-S784, ex-type living culture CFCC 50049.

Etymology:—Named after the host genus on which it was collected, Spiraea.

Descriptions:—Ascostromata immersed in the bark, erumpent through the surface of bark in a large area,
scattered, (920—)950-1100(—1240) um in diam., with 5-8 perithecia arranged circularly or irregularly. Conceptacle
absent. Ectostromatic disc dark grey to black, usually surrounded by tightly ostiolar necks, triangular to circular, (240-
)280-340(—390) um in diam., with 5-8 ostioles arranged circularly per disc. Ostioles numerous, dark brown to black,
at the same or above level as the disc, concentrated, arranged triangularly to circularly in a disc, (50—)52.5-80(—98)
pum in diam. Perithecia dark grey to black, flask-shaped to spherical, arranged circularly, (250-)270-400(—440) um in
diam. Asci free, clavate to elongate obovoid, (25.5—)27-35(-37) x (5-)6.5-8(-9.5) um, 8-spored. Ascospores biseriate,
elongate-allantoid, thin-walled, hyaline, aseptate, (6—)7—8(-8.5) x (1.5-)2-2.5 um. Pycnidial stromata ostiolated,
immersed in bark, scattered, erumpent slightly through the surface of bark, with multiple locules. Conceptacle absent.
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Ectostromatic disc dark brown, unconspicuous, circular, (200-)225-290(-325) um in diam., with 14 ostioles per disc.
Ostioles black, unconspicuous, at the same level as the disc surface, arranged circularly in a disc, (40-)45-70(-85)
um in diam. Locule numerous, subdivided frequently by invaginations with common walls, (980-)1050-1250(-1320)
um in diam. Conidiophores hyaline, branched at base or not branched, thin walled, filamentous. Conidiogenous cells
enteroblastic polyphialidic. Conidia hyaline, allantoid, smooth, aseptate, thin-wall, (5-)5.5-6.5(=7) x (1-)1.5 pm.
Culture characteristics: Culture on PDA is initially white, becoming fawn after 7-10 days. The colony is flat,
felt-like, thin with a uniform texture, lacking aerial mycelium. Pycnidia distributed irregularly on medium surface.

o704f Cytospora ribis CFCC 50026
10002~ Cytospora tanaitica MFLUCC14-1057
Cytospora ribis CFCC 50039
Cytospora ampulliformis MFLUCC 16-0583

Cytospora cotini MFLUCC 14-1050
Cytospora ulmi MFLUCC 15-0863
1001100 Cytospora gigalocus CFCC 89620
87/52 |60/97 Cytospora gigalocus CFCC 89621
Cytospora populina CFCC 89644

o Cytospora hippophaés CFCC 89639
Cytospora hippophaés CFCC 89640

100/1002 Cytospora sophorae CFCC 89598

60/-—_|

100410 Cytospora sophorae CFCC 50047

85 100100y Cytospora sophoricola CFCC 89596
Cytospora sophoricola CFCC 89595
ﬂ)ﬂ Cytospora elaeagni CFCC 89632

100

60/-_{100

Cytospora elaeagni CFCC 89633
Cytospora carbonacea CFCC 89947
1opr0oy Cytospora schulzeri CFCC 50040

86| ' Cytospora schulzeri CFCC 50042
Cytospora parasitica MFLUCC 15-0507
o7/99) Cytospora melnikii MFLUCC 15-0851
Cytospora melnikii MFLUCC 16-0635
Cytospora salicacearum MFLUCC 15-0861
Cytospora salicacearum MFLUCC 15-0509
Cytospora longiostiolata MFLUCC 16-0628
100y Cytospora salicina MFLUCC 15-0862
Cytospora salicina MFLUCC 16-0637
Cytospora chrysosperma CFCC 89600
1001dp] Cytospora rostrata CFCC 89909
Cytospora rostrata CFCC 89910
—{|  os96; Cytospora salicicola MFLUCC 14-1052
94/84 Cytospora salicicola MFLUCC 15-0866
osi95) Cytospora parakantschavelii MFLUCC 15-0857
Cytospora parakantschavelii MFLUCC 16-0575
~ Cytospora viticola CBS 141586
100100] Cytospora spiraeae CFCC 50049
100/99 Cytospora spiracae CFCC 50050
—— Cytospora spiraecae CFCC 50051

50/

FIGURE 2. Phylogram of Cytospora based on combined ITS, LSU, ACT and RPB2 genes. MP and ML bootstrap support values above
50 % are shown at the first and second position. Thickened branches represent posterior probabilities above 0.95 from BI. Ex-type strains
are in bold. Strains in current study are in blue.
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Cytospora nivea CFCC 89641
100119 Cytospora nivea CFCC 89643
91199/ - Cytospora nivea MFLUCC 15-0860
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Cytospora mali CFCC 50044
100/100 Cytospora atrocirrhata CFCC 89615
78194 Cytospora atrocirrhata CFCC 89616
10100 Cytospora sibiraeae CFCC 50045
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Cytospora cincta CFCC 89960
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100/100
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FIGURE 2. (continued)

Materials examined:—China, Gansu Province, Gannan City, 34°17'22.16"N, 102°58'44.23"E, from branches
of Spiraea salicifolia, Aug. 2012, X.L. Fan, deposited by X.L. Fan, BJFC-S785, living culture CFCC 50050; Shanxi
Province, Datong City, Wenying Lake Park, 40°04'32.02"N, 113°22'13.17"E, from branches of Spiraea salicifolia,
Apr. 2014, X.L. Fan, deposited by X.L. Fan, BJFC-S1058, living culture CFCC 50051.

Notes:—Cytospora spiraeae is associated with canker disease of Spiraea salicifolia. Morphologically, this species
possesses obviously multiple ostioles and locules with common walls, which is similar with Cytospora carbonacea and
Cytospora schulzeri, species but the host. Cytospora spiraeae has smaller locules with a centre column as compared
with C. schulzeri (950—1100 vs. 1400—1500 pm) in diam., and it has smaller conidia than C. carbonacea (5.5-6.5 x 1.5
vs. 9-13 x 2-3 pm) (Fotouhifar et al. 2007; Zhang et al. 2014; Yang et al. 2015). The clear phylogenetic distinction
with all other available strains included in this study, resulted in this species represented an individual clade. Cytospora
spiraeae represented the unique Cytospora isolated from Spiraea salicifolia in China. Thus the current study indicated
is as a new species and provides the clear phylogenetic distinction with all other available strains and holomorphic
descriptions.
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FIGURE 3. Morphology of Cytospora spiraeae from Spiraea salicifolia (BJFC-S784). A: Habit of ascomata on twig. B: Transverse
section of ascomata. C: Longitudinal section through ascomata. D: Habit of conidiomata on twig. E: Transverse section of conidiomata.
F: Longitudinal section through conidiomata. G—H: Asci. I: Ascospores. J-K: Conidiophores and Conidiogenous cells. L: Conidia. M:
Colonies on PDA at 3 days (left) and 30 days (right). Scale bars: B-C, E-F = 500 um; G-L = 10 pm.

Discussion

The taxa investigated in the current study revealed Cytospora spiraeae sp. nov. infecting branches and twigs of Sibiraea
angustata in China. Phylogenetic studies published on the genus Cytospora in recent years have been substantially
influenced by Adams et al. (2005). However, only ITS gene are available for most known Cyfospora species,
which caused confused species delimitation. In the current phylogram, C. chrysosperma complex, C. leucostoma
complex, C. nivea complex and C. ribis complex were proposed to accommodate relative species due to the unclear
separation among them (Fig. 1). In the past five years alone, the polyphasic approach (morphological identification
and phylogenetic species recognition concept) has led to the descriptions of additional new species of Cyfospora in
China (Wang et al. 2013; Zhang et al. 2014; Fan et al. 2014a, 2014b, 2015a, 2015b; Yang et al. 2015; Lawrence et al.
2017; Norphanphoun et al. 2017), which were included here. The current study indicated that the Cytospora spiracae
represents a novel species with high support value (MP/ML/BI = 100/100/1) (Fig. 2).

In future studies of Cytospora, extensive fresh collections should be collected to help clarify the species concepts
of taxa presently still lacking types linked to multigene DNA data, especially in northwestern China, the phytopathogen
hotspot with many species of Cytospora from host families associated with canker disease, seems an attractive region
for the discovery of new taxa in this genus.
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