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Abstract

:

Branch canker diseases are important in forest ecosystems, causing economic and ecological losses. Members of Cytospora are common on cankered branches and associated with the diseases. Investigations on Cytospora cankers were conducted in Tibet, China, during 2022 and 2023. Samples were collected from Euonymus japonicus, Larix gmelinii, Malus pumila, M. spectabilis and Rosa omeiensis f. pteracantha, and cultures were obtained and identified by morphological features and molecular phylogeny of a combination of internal transcribed spacer region rDNA (ITS), the partial actin (act) region, RNA polymerase II second largest subunit (rpb2) gene, the translation elongation factor 1-alpha (tef1) gene and the partial beta-tubulin (tub2) gene. As a result, a new species is proposed herein named Cytospora lhasaensis and four known species are described for the first time from Tibet, viz. C. euonymina, C. gigaspora, C. mali and C. schulzeri. The current research enhances our understanding of the Cytospora species associated with woody host diseases in Tibet, China.
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1. Introduction


Branch canker disease is a serious problem in forest plants, causing plant barks to become cracked, discolored or even sunken. Species of several fungal genera are responsible for this disease, such as Aplosporella Speg., Botryosphaeria Ces. & De Not., Coryneum Nees, Cytospora Ehrenb., Dendrostoma X.L. Fan & C.M. Tian, Diaporthe Fuckel, Melanconis Tul. & C. Tul. and Endothia Fr. [1,2,3,4,5,6,7,8]. Of these, Cytospora is common on the cankered branches of woody plants, with C. chrysosperma (Pers.) Fr. widely causing polar and willow diseases in China [9].



Cytospora was initially established based on C. betulina Ehrenb., C. epimyces Ehrenb., C. resinae Ehrenb. and C. ribis [10]. Cytospora chrysosperma was subsequently selected as the type species [11]. Species in this genus are morphologically similar in having allantoid hyaline conidia and ascospores [12,13,14]. During species identification, host association and spore morphology were important than molecular phylogeny [15,16,17]. However, recently, many cryptic species were revealed from the same host with similar spore morphologies by polyphasic methods using a combination of morphology and molecular phylogeny [18,19,20,21,22]. For example, Cytospora vinacea D.P. Lawr., Travadon & Pouzoulet and C. viticola D.P. Lawr., and Travadon & Pouzoulet cause Vitis vinifera cankers in the USA [23]; Cytospora ailanthicola X.L. Fan & C.M. Tian and five other Cytospora species are responsible for Chinese polar canker diseases [24]; eight species of Cytospora are associated with willow cankers in China [25]; and C. kuanchengensis C.M. Tian & N. Jiang and five other Cytospora species cause Castanea mollissima Blume branch canker in China [26].



Tibet is located in the Qinghai–Tibet Plateau, which is known as the third pole of the earth. Euonymus japonicus Thunb. (Celastraceae R. Br.), Malus spectabilis Borkh. (Rosaceae Juss.) and Larix gmelinii Kuzeneva (Pinaceae Spreng. ex F. Rudolphi) are common landscaping plant species used in Tibet. Malus pumila Mill. (Rosaceae Juss.) is a commercial tree species cultivated to produce fruit apples in Tibet. Rosa omeiensis f. pteracantha Rehd. et Wils (Rosaceae Juss.) is a common wild shrub in the highland ecosystems. During our disease investigations on these plants in Tibet, branch and twig canker symptoms were observed and sampled. The aim of the present study was to identify the pathogenic fungal species using morphological features and molecular phylogeny.




2. Materials and Methods


2.1. Sample Collection, Morphology and Isolation


Investigations of canker diseases on woody plants were conducted in Lhasa and Shigatse in Tibet, China, during 2022 and 2023. Cankered branches and twigs from Euonymus japonicus, Larix gmelinii, Malus pumila, M. spectabilis and Rosa omeiensis f. pteracantha were sampled and packed in paper envelopes for morphological study and fungal isolation.



Species observations of Cytospora were based on the conidiomata that naturally formed on the host barks. Conidiomata were sectioned by hand using sterile blades and the conidiomatal structures were observed using a dissecting microscope (M205 C, Leica, Wetzlar, Germany). Microscopy photographs of conidiogenous cells and conidia were obtained using a Nikon compound microscope (Eclipse 80i, Nikon, Tokyo, Japan).



Cultures of Cytospora were isolated using two methods. For samples with conidiomata on the cankered barks, the conidial masses were taken from the conidiomata and spread onto potato dextrose agar (PDA, 200 g potatoes, 20 g dextrose, 20 g agar per L) plates and incubated at 25 °C for two days. Then, colonies from germinated conidia were transferred to new PDA plates and incubated at 25 °C in the dark. For samples without conidiomata, the diseased barks were first sterilized for 3 min in 75% ethanol, and then rinsed for 2 min in distilled water and dried using sterile filter paper. Then, sample barks were cut into pieces (0.5 cm2) and transferred to PDA plates and incubated at 25 °C for two days. Cultures were obtained by removing hyphal tips to new plates using sterile needles under a dissecting stereomicroscope. Fungal cultures were kept in the China Forestry Culture Collection Center, and the holotype is kept in the herbarium of the Chinese Academy of Forestry.




2.2. Sequence Data


The DNA of the fungal species were obtained using 7-day-old colonies growing on PDA plates using the CTAB method [27]. Polymerase chain reactions were conducted to amplify the internal transcribed spacer region rDNA (ITS), the partial actin (act) region, the gene for the second largest subunit of RNA polymerase II (rpb2), the translation elongation factor 1-alpha (tef1) gene and the partial beta-tubulin (tub2) gene using primer pairs ITS5/ITS4, ACT512F/ACT783R, fRPB2-5f/fRPB2-7cR, 983F/2218R and Bt2a/Bt2b, respectively [28,29,30,31,32]. DNA sequencing was conducted by Shanghai Invitrogen Biological Technology Company Limited (Beijing, China).




2.3. Phylogenetic Analyses


The obtained sequences for ITS, act, rpb2, tef1 and tub2 from the present study and related sequence data from recent publications (Supplementary file) [9,24,25] were aligned using the MAFFT v.7 online web server (http://mafft.cbrc.jp/alignment/server/index.html, accessed on 1 November 2023) under the default settings. The maximum likelihood (ML) phylogenic analysis was conducted using RAxMLHPC2 on the XSEDE in the CIPRES Science Gateway platform [33]. The GTR substitution model were employed, and 1000 non-parametric bootstrap replicates were set for the ML phylogenic analysis. The Bayesian analysis was performed using MrBayes v. 3.2.6 on XSEDE at the CIPRES with four simultaneous Markov Chain runs for 1,000,000 generations. The phylograms were visualized in FigTree v. 1.4.0 and edited using Adobe Illustrator 2020.





3. Results


3.1. Phylogenetic Analysis


The combined dataset of the ITS, act, rpb2, tef1 and tub2 sequences consisted of 204 strains, with Diaporthe vaccinii (CBS 160.32) as the outgroup taxon. The final alignment comprised 3152 characters including 566 characters for ITS, 330 characters for act, 741 characters for rpb2, 709 characters for tef1 and 806 characters for tub2. The final ML optimization likelihood value of the best RAxML tree was −58,893.68, and the matrix had 2068 distinct alignment patterns, with 40.58% undetermined characters or gaps. The estimated base frequencies were as follows: A = 0.244479, C = 0.288112, G = 0.237008 and T = 0.230400; substitution rates AC = 1.356952, AG = 3.037317, AT = 1.343486, CG = 0.970365, CT = 5.077078 and GT = 1.0; and gamma distribution shape parameter α = 0.379557. The RAxML and Bayesian analyses yielded a similar tree topology. The topology of our phylogenetic tree is nearly identical to those from previous publications. Eight isolates from the present study formed a new clade that is distinct from previously known species, which was named Cytospora lhasaensis sp. nov. There were also four known clades named C. euonymina, C. gigaspora, C. mali and C. schulzeri (Figure 1).




3.2. Taxonomy


3.2.1. Description of Cytospora euonymina from Euonymus japonicus


Cytospora euonymina X.L. Fan & C.M. Tian, Persoonia 45: 21 (2019).



See Figure 2.



Description: Causes branch and twig canker disease of Euonymus japonicus with cracked barks on the branches and twigs. Bark was easily removed from the cankered tissues and fruiting bodies formed on the damaged area. Sexual morph: Undetermined. Asexual morph: Conidiomata pycnidial, ostiolate, semi-immersed in the host bark, scattered, discoid, with multiple locules. Conceptacle black, circular surrounded stromata. Ectostromatic disc grey, circular to ovoid, (100–)150–250(–300) μm diam., with one ostiole per disc. Ostioles dark, at the same level as the disc, (50–)60–85(–120) μm diam. Locule numerous, arranged circularly or elliptically with independent walls, (250–)350–550(–750) μm diam. Peridium comprising few layers of cells of textura angularis, with innermost layer brown, outer layer brown to dark brown. Conidiophores hyaline, branched, thin walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, 9–45.5 × 1.5–2.5 μm. Conidia hyaline, allantoid, smooth, aseptate, thin-walled, (7–)7.3–8.7(–9.2) × 2–3 μm (   x -    = 8 × 2.5 μm).



Culture characteristics: Colonies on PDA are flat, spreading, with sparse to moderate aerial mycelium, initially white, becoming umber after 15 days, reaching a 90 mm diameter after 15 days and forming abundant conidiomata after 30 days at 25 °C in the dark.



Materials examined: CHINA, Tibet, Lhasa City, Chengguan District, Nongke Road, 29°38′43.06″ N, 91°53′93″ E, alt. 3615 m, on cankered branches and twigs of Euonymus japonicus, 29 July 2022, Jin Peng, Liu Yuanyuan, Jiang Ning and Liu Min (XZ053); culture CFCC 58889 (ITS: OR769862, act: OR767318, rpb2: OR767332, tef1: OR767358, tub2: OR767346).



Notes: Cytospora euonymina was initially described from diseased branches and twigs of Euonymus kiautschovicus collected from Shanxi Province [9], and was subsequently discovered on leaf spots of E. japonicus in Beijing City [25]. This fungal species has only been reported from the host genus Euonymus and in China. The present study revealed a new collection of C. euonymina from E. japonicus in Tibet, which is associated with branch and twig canker disease.




3.2.2. Description of Cytospora gigaspora from Larix gmelinii


Cytospora gigaspora C.M. Tian, X.L. Fan & K.D. Hyde, Phytotaxa 197(4): 232 (2015).



Description: Causes branch canker disease of Larix gmelinii. The host branches were dead, and part of the xylem became brown; however, no fruiting bodies were discovered on the cankered barks. Sexual morph: Undetermined. Asexual morph: Undetermined.



Culture characteristics: Colonies on PDA are flat, spreading, white, reaching a 90 mm diameter after 10 days, sterile.



Materials examined: CHINA, Tibet, Lhasa City, Chengguan District, Lalu Wetland National Nature Reserve, 29°40′57.86″ N, 91°6′11.13″ E, alt. 3617 m, on cankered branches of Larix gmelinii, 27 July 2022, Jin Peng, Liu Yuanyuan, Jiang Ning and Liu Min (XZ034); culture CFCC 59106 (ITS: OR769867, act: OR767323, rpb2: OR767337, tef1: OR767363).



Notes: Cytospora gigaspora has been recorded from Salix psammophila in Shaanxi Province and Juniperus procumbens in Shanxi Province, which are in North China [9,14]. In the present study, we isolated a pure culture of C. gigaspora from diseased branches of Larix gmelinii in Tibet.




3.2.3. Description of the new species Cytospora lhasaensis from Rosa omeiensis f. pteracantha


Cytospora lhasaensis Ning Jiang, sp. nov.



See Figure 3.



MycoBank: MB851204.



Etymology: Named after the collection site of the holotype, Lhasa City.



Description: Causes branch canker disease of Rosa omeiensis f. pteracantha. Barks of the cankered branches and twigs were discolored, with black rounded fruiting bodies abundantly formed on the diseased tissues. Sexual morph: Undetermined. Asexual morph: Conidiomata pycnidial, ostiolate, semi-immersed in the host bark, scattered, pulvinate, with multiple locules. Conceptacle dark brown to black, circular surrounded stromata. Ectostromatic black, circular to ovoid, (150–)200–300(–550) μm diam., with one ostiole per disc. Ostioles dark, at the same level as the disc, (35–)55–85(–100) μm diam. Locule numerous, arranged circularly or elliptically with independent walls, (245–)300–450(–550) μm diam. Peridium comprising few layers of cells of textura angularis, with innermost layer brown, outer layer brown to dark brown. Conidiophores hyaline, branched, thin walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, 8–28.5 × 1.5–2.5 μm. Conidia hyaline, allantoid, smooth, aseptate, thin-walled, (5.7–)6.6–8.6(–9.5) × 1.7–2.4 μm (   x -    = 7.6 × 2 μm).



Culture characteristics: Colonies on PDA are flat, spreading, with flocculent mycelium, white, reaching a 90 mm diameter after 15 days and forming abundant black conidiomata after 25 days at 25 °C in the dark.



Materials examined: CHINA, Tibet, Lhasa City, Mozhugongka County, Riduo Town, Zen Village, 29°42′24″ N, 92°6′28″ E, alt. 3893 m, on cankered branches of Rosa omeiensis f. pteracantha, 28 July 2022, Jin Peng, Liu Yuanyuan, Jiang Ning and Liu Min (CAF800086, holotype); ex-type cultures CFCC 59094 (ITS: OR769863, act: OR767319, rpb2: OR767333, tef1: OR767359, tub2: OR767347) and CFCC 59095 (ITS: OR769864, act: OR767320, rpb2: OR767334, tef1: OR767360, tub2: OR767348).



Notes: Cytospora lhasaensis from Rosa omeiensis f. pteracantha is phylogenetically close to C. xinjiangensis from Rosa sp. (Figure 1). However, Cytospora lhasaensis differs from C. xinjiangensis in having larger conidia (6.6–8.6 × 1.7–2.4 μm in C. lhasaensis vs. 4–4.5 × 1–1.5 μm in C. xinjiangensis) [34]. Additionally, C. lhasaensis can be distinguished from C. xinjiangensis by sequence data (nucleotide differences in ITS: 13/508; act: 14/248; rpb2: 25/727; tef1: 21/553; tub2: 24/430).




3.2.4. Description of Cytospora mali from Malus pumila


Cytospora mali Grove, British Stem- and Leaf-Fungi (Coelomycetes) (Cambridge) 1: 279 (1935).



See Figure 4.



Description: Causes branch and twig canker disease of Malus pumila. Diseased branches and twigs differed from healthy ones in having small brown rounded fruiting bodies under the bark. With older cankers, the host bark was easily removed. Sexual morph: Undetermined. Asexual morph: Conidiomata Pycnidia, ostiolate, semi-immersed in the host bark, scattered, discoid, with multiple locules. Conceptacle absent. Ectostromatic disc black, circular to ovoid, (200–)300–450(–500) μm diam., with one ostiole per disc. Ostioles dark, at the same level as the disc, (35–)50–100(–150) μm diam. Locule numerous, arranged irregularly with common walls, (350–)500–900(–1100) μm diam. Peridium comprising few layers of cells of textura angularis, with innermost layer brown, outer layer brown to dark brown. Conidiophores hyaline, branched, thin walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, 7–28.5 × 1.5–2.5 μm. Conidia hyaline, allantoid, smooth, aseptate, thin-walled, (4–)4.2–5(–5.8) × 1–1.5 μm (   x -    = 4.6 × 1.3 μm).



Culture characteristics: Colonies on PDA are flat, spreading, with aerial mycelium, grey to greenish, reaching a 90 mm diameter after 10 days, sterile.



Materials examined: CHINA, Tibet, Shigatse City, Gyirong County, Gyirong Town, 28°28′1.87″ N, 85°13′40.83″ E, alt. 3081 m, from cankered branches and twigs of Malus pumila, 10 August 2022, Jin Peng, Jiang Ning and Liu Min (XZ077; ITS: OR769866, act: OR767322, rpb2: OR767336, tef1: OR767362, tub2: OR767350); culture CFCC 58857 (ITS: OR769865, act: OR767321, rpb2: OR767335, tef1: OR767361, tub2: OR767349).



Notes: Cytospora mali is a common canker pathogen infecting Maloideae hosts, especially Malus pumila [9]. Although this fungus has been widely collected in many provinces in China, Tibetan samples have not been studied using molecular data. The present study confirmed the pathogen species on the apple trees in Tibet morphologically and phylogenetically.




3.2.5. Description of Cytospora schulzeri from Malus spectabilis


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



See Figure 5.



Description: Causes branch canker disease of Malus spectabilis. Cankered branches were discolored, with brown to dark, rounded fruiting bodies formed on the dead tissues. Sexual morph: Undetermined. Asexual morph: Conidiomata pycnidial, ostiolate, semi-immersed in the host bark, scattered, discoid, with multiple locules. Conceptacle absent. Ectostromatic disc brown to black, circular to ovoid, (200–)350–450(–550) μm diam., with 1–7 ostioles per disc. Ostioles dark, at the same level as the disc, (40–)60–85(–110) μm diam. Locule numerous, arranged circularly with common walls, (550–)700–1250(–1550) μm diam. Peridium comprising few layers of cells of textura angularis, with innermost layer brown, outer layer brown to dark brown. Conidiophores hyaline, branched, thin walled, filamentous. Conidiogenous cells enteroblastic polyphialidic, 7–18 × 1.5–2.5 μm. Conidia hyaline, allantoid, smooth, aseptate, thin-walled, (4.1–)4.5–5.9(–6.5) × 1–1.5 μm (   x -    = 5.2 × 1.4 μm).



Culture characteristics: Colonies on PDA are flat, spreading, centrally white and olivaceous grey at the margin, reaching a 90 mm diameter after 15 days, sterile.



Materials examined: CHINA, Tibet, Lhasa City, Chengguan District, Nanshan Park, 29°38′20.81″ N, 91°6′55.92″ E, alt. 3631 m, on cankered branches of Malus spectabilis, 27 July 2022, Jin Peng, Liu Yuanyuan, Jiang Ning and Liu Min (XZ042; ITS: OR769861, act: OR767317, rpb2: OR767331, tef1: OR767357, tub2: OR767345); culture CFCC 58854 (ITS: OR769860, act: OR767316, rpb2: OR767330, tef1: OR767356, tub2: OR767344).



Notes: Cytospora schulzeri is common on Malus hosts, causing canker diseases [9], and sometimes infects other hosts, such as Castanea mollissima [26]. However, Tibetan Cytospora samples on Malus spectabilis have not been identified based on combined approaches of morphology and phylogeny. In the present study, we confirmed that C. schulzeri infects M. spectabilis using morphological and molecular data.






4. Discussion


In this study, we investigated the species diversity of Cytospora from five common woody plants in Tibet, which is in the third pole of the earth. Euonymus japonicus, Larix gmelinii, Malus pumila, M. spectabilis and Rosa omeiensis f. pteracantha appeared to have typical canker symptoms during our investigations, and five Cytospora species were identified from them based on the morphological and molecular data. Of these, a new species named Cytospora lhasaensis and four known species (C. euonymina, C. gigaspora, C. mali and C. schulzeri) were identified. Before the present study, only four species of Cytospora were recorded in Tibet, viz. C. chrysosperma from Ulmus pumila, C. cotoneastricola and C. tibetensis from Cotoneaster sp., and Cytospora rosicola from Rosa sp. [9,34]. Hence, the current study improves our understanding of the distribution and host association of the genus Cytospora in Tibet.



Cytospora lhasaensis and C. rosicola are associated with Rosa hosts in Tibet [34]. Both species are described as an asexual morph on naturally formed barks, with similar conidial shapes. However, Cytospora lhasaensis (6.6–8.6 × 1.7–2.4 μm) has obviously longer conidia than C. rosicola (4.5–5 × 1–2 μm) [34]. In addition, they are phylogenetically distinct (Figure 1).



Cytospora is a species-rich genus of Diaporthales, which is often associated with plant diseases [35,36,37]. In recent publications, many cryptic new species of this genus were proposed based on evidence from combined morphology and phylogeny analyses [9,21,24,25,38]. Some of them have been proven to be the pathogens causing important diseases [21,24,25]. However, the others, including the new species in the current study, need further investigated through pathogenicity studies in the future. By using the molecular method for species identification, more cryptic species will be revealed from the third pole of the earth in the future.




5. Conclusions


In the present study, we identified five Cytospora species associated with canker diseases of five woody hosts in Tibet, China, using morphological and phylogenetic approaches. Of these, Cytospora lhasaensis from Rosa omeiensis f. pteracantha is new to science. Four fungal species named C. euonymina, C. gigaspora, C. mali and C. schulzeri were recorded for the first time in Tibet.
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Figure 1. Phylogram of maximum likelihood analysis based on the combined dataset of ITS, act, rpb2, tef1 and tub2 sequences. Numbers above the branches indicate ML bootstraps (left, ML BS ≥ 50%) and Bayesian Posterior Probabilities (right, BPP ≥ 0.90). The tree is rooted with Diaporthe vaccinii (CBS 160.32). Isolates obtained from the present study are marked in bold and blue. 
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Figure 2. Morphology of Cytospora euonymina from Euonymus japonicus. (A) Symptoms of canker disease on the host. (B,C) Conidiomata formed on branches. (D) Transverse section through the conidioma. (E,G) Conidiophores and conidiogenous cells. (F,H) Conidia. Scale bars: (B) = 2 mm; (C,D) = 500 μm; (E–H) = 10 μm. 






Figure 2. Morphology of Cytospora euonymina from Euonymus japonicus. (A) Symptoms of canker disease on the host. (B,C) Conidiomata formed on branches. (D) Transverse section through the conidioma. (E,G) Conidiophores and conidiogenous cells. (F,H) Conidia. Scale bars: (B) = 2 mm; (C,D) = 500 μm; (E–H) = 10 μm.



[image: Forests 15 00121 g002]







[image: Forests 15 00121 g003] 





Figure 3. Morphology of Cytospora lhasaensis from Rosa omeiensis f. pteracantha. (A) Symptoms of canker disease on the host. (B,C) Conidiomata formed on branches. (D) Longitudinal section through the conidioma. (E,G,H) Conidiophores and conidiogenous cells. (F) Conidia. Scale bars: (B) = 300 μm; (C,D) = 100 μm; (E–H) = 10 μm. 
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Figure 4. Morphology of Cytospora mali from Malus pumila. (A) Symptoms of canker disease on the host. (B,C) Conidiomata formed on branches. (D,E) Transverse section through the conidiomata. (F) Conidiophores and conidiogenous cells. (G) Conidia. Scale bars: (B) = 1 mm; (C) = 500 μm; (D,E) = 200 μm; (F,G) = 10 μm. 






Figure 4. Morphology of Cytospora mali from Malus pumila. (A) Symptoms of canker disease on the host. (B,C) Conidiomata formed on branches. (D,E) Transverse section through the conidiomata. (F) Conidiophores and conidiogenous cells. (G) Conidia. Scale bars: (B) = 1 mm; (C) = 500 μm; (D,E) = 200 μm; (F,G) = 10 μm.



[image: Forests 15 00121 g004]







[image: Forests 15 00121 g005] 





Figure 5. Morphology of Cytospora schulzeri from Malus spectabilis. (A) Symptoms of canker disease on the host. (B,D) Conidiomata formed on branches. (C,F,G) Conidiophores and conidiogenous cells. (E) Transverse section through the conidioma. (H,I) Conidia. Scale bars: (B) = 1 mm; (C,F–I) = 10 μm; (D,E) = 500 μm. 
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10071 { XZ042 Cytospora schulzeri
o7 CFCC 50042
CFCC 53173 Cytospora parasitica

10011 | Cyt2 Cytospora viticola
l Cyt6 Cytospora viticola
100/1 | CFCC 50049 Cytospora spiraeae

75/0.95| ' CFCC 50050 Cytospora spiraeae
% ?C 52883 Cytospora elaeagnicola
CFCC 52882 Cytospora elaeagnicola
100!1 CFCC 53139 Cytospora spiraeicola
99/1 | CFCC 53138T Cytospora spiraeicola
100/1 | CFCC 54000 Cytospora curvispora
CFCC 54001 Cytospora curvispora
1001 IT 2132 Cytospora centrivillosa
' MFLU 17-0887 Cytospora centrivill