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High species diversity in Diaporthe associated with
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Key words Abstract Species in Diaporthe have broad host ranges and cosmopolitan geographic distributions, occurring as
endophytes, saprobes and plant pathogens. Previous studies have indicated that many Diaporthe species are as-

sociated with Citrus. To further determine the diversity of Diaporthe species associated with citrus diseases in China,

Citrus diseases

Diaporthe
newptaxa we conducted extensive surveys in major citrus-producing areas from 2017—2020. Diseased tissues were collected
pathogenicity from leaves, fruits, twigs, branches and trunks showing a range of symptoms including melanose, dieback, gummosis,

wood decay and canker. Based on phylogenetic comparisons of DNA sequences of the internal transcribed spacer
regions (ITS), calmodulin (cal), histone H3 (his3), translation elongation factor 1-alpha (tef7) and beta-tubulin (tub2),
393 isolates from 10 provinces were identified as belonging to 36 species of Diaporthe, including 32 known species,
namely D. apiculata, D. biconispora, D. biguttulata, D. caryae, D. citri, D. citriasiana, D. compacta, D. discoidispora,
D. endophytica, D. eres, D. fusicola, D. fulvicolor, D. guangxiensis, D. hongkongensis, D. hubeiensis, D. limonicola,
D. litchii, D. novem, D. passifloricola, D. penetriteum, D. pescicola, D. pometiae, D. sackstonii, D. sennicola, D. sojae,
D. spinosa, D. subclavata, D. tectonae, D. tibetensis, D. unshiuensis, D. velutina and D. xishuangbanica, and four
new species, namely D. gammata, D. jishouensis, D. ruiliensis and D. sexualispora. Among the 32 known species,
14 are reported for the first time on Citrus, and two are newly reported from China. Among the 36 species, D. citri
was the dominant species as exemplified by its high frequency of isolation and virulence. Pathogenicity tests indi-
cated that most Diaporthe species obtained in this study were weakly aggressive or non-pathogenic to the tested
citrus varieties. Only D. citri produced the longest lesion lengths on citrus shoots and induced melanose on citrus
leaves. These results further demonstrated that a rich diversity of Diaporthe species occupy Citrus, but only a few
species are harmful and D. citri is the main pathogen for Citrus in China. The present study provides a basis from
which targeted monitoring, prevention and control measures can be developed.

phylogenetic analysis
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INTRODUCTION vigour or even resulting in tree death, as well as reducing fruit

production and marketability (Cai etal. 2011, Chen et al. 2014).

The genus Diaporthe (syn. Phomopsis) was established by
Nitschke (1870) with D. eres as the type species. Species in
this genus have a cosmopolitan distribution and broad host
range, occurring as endophytes, saprobes and plant patho-
gens (Santos & Phillips 2009, Santos et al. 2011, Udayanga
et al. 2011, 2012, 2015, Gomes et al. 2013, Dissanayake et
al. 2017, Yang et al. 2018). The identification of Diaporthe has
traditionally relied mainly on host associations and morpholo-
gical characteristics such as shape and size of ascomata, asci,
ascospores, conidiomata, conidia and conidiophores (Weh-
meyer 1933, Uecker 1988, Rehner & Uecker 1994, Mostert

Citrus is one of the most important fruit crops in the world. China
represents one of the centres of origin for Citrus, with more
than 4 000 years of cultivation history (Deng et al. 2008, Wu et
al. 2018, Guo et al. 2019). Citrus is widely grown in southern
China with a production of 46.7 M tons in 2021 (FAO 2021),
making China the largest producer of Citrus. However, fungal
diseases associated with Citrus, especially dieback, gummosis,
canker, melanose and stem-end rot caused by Diaporthe spe-
cies, are commonly encountered in orchards. These diseases
can severely impact Citrus production, including affecting tree
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etal. 2001a, Udayanga et al. 2011). Previous studies have iden-
tified more than 2000 species names as belonging to Diaporthe
and Phomopsis (Index Fungorum, http://www.indexfungorum.
org/, accessed 25 July 2022). However, there has been some
controversy over the reliance on host tree association and
morphological features for species identifications in this genus.
Indeed, studies have shown that morphological features for
many Diaporthe species are not always stable, as they may
change in response to environmental changes (Wehmeyer
1933, Nitimargi 1935, Gomes et al. 2013). With the development
of molecular phylogenetics, Rehner & Uecker (1994) used inter-
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nal transcribed spacer sequences (ITS1 and ITS2) to conduct a
phylogenetic analysis of Diaporthe isolates from different hosts
and regions. These results further demonstrated that species in
Diaporthe were not host-specific, but that many species have
broad host ranges that overlap with each other. Since then,
molecular identification has been widely applied in Diaporthe
(Uddin et al. 1998, Mostert et al. 2001a, b, Murali et al. 2006,
Van Rensburg et al. 2006, Santos et al. 2011, Udayanga et
al. 2012, Gomes et al. 2013). A polyphasic approach based
on a combination of morphological characteristics, multi-locus
phylogenetic and phytopathological analyses is commonly
used for the identification of Diaporthe species (Guarnaccia &
Crous 2017, 2018, Guarnaccia et al. 2018, Guo et al. 2020). In
phylogenetic analyses, five loci, namely the internal transcribed
spacer regions (ITS), calmodulin (cal), histone H3 (his3),
translation elongation factor 1-alpha (fef7) and beta-tubulin
(tub2), have been considered as the optimal combination for
Diaporthe species delimitation (Santos et al. 2017), and have
been commonly used for molecular identification in recent
studies (Guarnaccia & Crous 2017, 2018, Guarnaccia et al.
2018, Yang et al. 2018, Manawasinghe et al. 2019, Guo et al.
2020, Sun et al. 2021).

Previous studies have shown that many species of Diaporthe
are associated with Citrus. Diaporthe citri represents one of
the most important pathogens in Citrus, causing gummosis or
blight of perennial branches and trunks, stem-end rot of fruits,
and melanose of fruits, young leaves and shoots (Mondal et
al. 2007, Huang et al. 2013, Udayanga et al. 2014b). Of these
symptoms, the most concerning is melanose, which affects
all Citrus species and occurs in most citrus-growing regions
worldwide (Timmer et al. 2000, Huang et al. 2013, Udayanga
et al. 2014a, Guarnaccia & Crous 2018, Chaisiri et al. 2022).
Based on morphology, multigene phylogeny (ITS, cal, teff and
tub2) and pathogenicity traits of Diaporthe isolates obtained
from citrus fruits and shoots, Huang et al. (2013) revealed that
D. citri was the dominant species responsible for citrus mela-
nose in China, and two new taxa (D. citriasiana and D. citri-
chinensis) were described. However, isolates in that study
mainly came from citrus melanose tissues, and seldom from
diseased branches. In a subsequent study, Huang et al. (2015)
obtained eight known and seven novel Diaporthe species from
asymptomatic citrus tissues in China, suggesting a high species
diversity of Diaporthe in China. Based on DNA sequences from
ITS, cal, his3, tef1 and tub2 gene regions, Guarnaccia & Crous
(2017) conducted a large-scale survey for citrus branch dis-
eases in Europe and reported that three known and two newly
described Diaporthe species were associated with Citrus in
Europe. Pathogenicity tests demonstrated that these five spe-
cies exhibited different levels of aggressiveness. While D. citri
was not reported in this survey, it was found associated with
shoot blight on Citrus reticulata in another survey conducted on
small islands of Portugal (Guarnaccia & Crous 2018). Based
on DNA sequences at five gene loci (ITS, cal, his3, tef1 and
tub2), Chaisiri (2018) reported 22 known Diaporthe species
obtained from citrus tissues with melanose symptoms in Jiangxi
Province, China, 13 of which represented first reports on citrus.
However, pathogenicity results revealed only D. passifloricola
as pathogenic to citrus fruits, while the pathogenicity status
of the other species remained unresolved. In a recent study,
Cui et al. (2021) reported two Diaporthe species (D. taoicola
and D. siamensis) identified by morphology and multi-locus
phylogeny of ITS, teff and tub2, on C. sinensis causing fruit
rot in China, and their pathogenicity was confirmed through
artificial inoculation on healthy fruits of C. sinensis. Similarly,
Dong et al. (2021) identified 11 endophytic Diaporthe species,
including two novel species, isolated from healthy tissues of
C. grandis (Table 1).

Based on these findings, it is clear that a rich and diverse as-
sembly of Diaporthe species occur on Citrus in China. Indeed,
the fact that Chaisiri (2018) isolated so many Diaporthe species
from melanose samples in Jiangxi province alone suggests
that there are likely more undiscovered Diaporthe species on
Citrus. In addition, most attention was paid to the symptoms
of melanose on young leaves, shoots and fruits (Huang et al.
2013, Chaisiri et al. 2021, Zeng et al. 2021), and few studies
have addressed the species diversity of Diaporthe on infected
citrus branches in China. Moreover, previous surveys have been
limited in scope, or had relatively small sample sizes. Consider-
ing the expansion of citrus planting areas and the replacement
of citrus varieties in China in recent years, Diaporthe species
and populations on Citrus may have also changed over time.
Furthermore, the pathogenicity of most reported species has
not been tested, and their potential economic impact on Citrus
remains unknown. During 2017-2020, a large-scale survey
of citrus diseases was therefore conducted in all major citrus
production regions in China. The host investigated included all
species in Citrus genus in China, and allied genera (Fortunella,
Poncirus) in the Rutaceae family. The objectives of this study
were to: a) identify the species of Diaporthe associated with
citrus diseases, especially branch diseases based on morpho-
logical traits and phylogenetic analysis; b) identify the dominant
species associated with Citrus diseases; and c) determine the
potential risk to Citrus of Diaporthe species other than D. citri.

MATERIALS AND METHODS

Sampling and isolation

From 2017 to 2020, diseased citrus samples showing dieback,
decay, canker and gummosis of twigs, branches and trunks,
and melanose of fruits, leaves and shoots were collected from
the major citrus-cultivation regions in 10 provinces of China,
including Chongqing, Fujian, Guangdong, Guizhou, Hunan,
Jiangxi, Shanghai, Sichuan, Yunnan and Zhejiang. The investi-
gated citrus species included C. limon, C. maxima, C. reticulata,
C. sinensis, Fortunella margarita, Poncirus trifoliata and hy-
brids. Whenever possible, multiple samples of diseased tissues
at each site and each host tree species were collected. The
isolation of fungal strains was conducted following the protocol
of Xiao et al. (2021). Type specimens of new species were
deposited in Zhejiang University, and ex-type living cultures
were deposited in the China General Microbiological Culture
Collection Centre (CGMCC), Beijing, China.

DNA extraction, PCR amplification and sequencing

Isolates used for DNA extraction were grown on potato dex-
trose agar (PDA, 200 g potatoes, 20 g glucose and 15 g agar/L
water) and incubated at 25 °C. Genomic DNA was extracted
from axenic cultures according to the Cetyl trimethylammonium
bromide (CTAB) method (Van Burik et al. 1998). Partial regions
of five loci were amplified. The internal transcribed spacers
(ITS) of the nuclear ribosomal gene cluster were amplified with
primers ITS1 and ITS4 (White et al. 1990). Part of the calmo-
dulin (cal) was amplified with primers CAL228F and CAL737R
(Carbone & Kohn 1999); histone H3 gene (his3) was amplified
with primers CYLH3F (Crous et al. 2004) and H3-1b (Glass
& Donaldson 1995); the translation elongation factor 1-alpha
gene (tef1) was amplified with primers EF1-688F (Alves et al.
2008) or EF1-728F and EF1-986R (Carbone & Kohn 1999),
and the beta-tubulin gene (tub2) was amplified with Bt2a and
Bt2b (Glass & Donaldson 1995). All amplification reactions were
performed in a total volume of 25 uL mixture consisted of 12.5 uL
of 2x Taq Master Mix (Dye Plus) (Vazyme), 9.5 uL ddH,0O, 1 pL
of each forward and reverse primer, and 1 uyL DNA template.
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The amplification conditions consisted of an initial denaturation
step at 94 °C for 5 min, followed by 35 cycles of denaturation
at 94 °C for 30 s, annealing at a suitable temperature for 30 s
(55 °C for ITS, 54 °C for cal, 57 °C for his3, 55 °C for tef1 and
tub2), and extension at 72 °C for 1 min, followed by a final
extension at 72 °C for 5 min. The PCR products were sent to
Shangya Biotechnology (Hangzhou, China) for Sanger DNA
sequencing. The nucleotide sequences were assembled and
edited with MEGA v. 7.0.26 (Kumar et al. 2016). Sequences
obtained in this study were deposited in the GenBank nucleotide
database (http://www.ncbi.nim.nih.gov; Table 2).

Phylogenetic analyses

Sequences obtained in this study were generated and com-
pared against the NCBIs GenBank nucleotide datasets (https://
blast.ncbi.nim.nih.gov/Blast.cgi) to determine the closest rela-
tives for a taxonomic framework of the studied isolates. Align-
ments of the five individual loci (ITS, cal, his3, tef1, tub2),
including sequences obtained from this study and those down-
loaded from GenBank (Table 3), were initially performed by
using MAFFT v. 7 online service (https://mafft.cbrc.jp/alignment/
server/index.html) (Katoh et al. 2019), with iterative refinement
methods (FFT-NS-i), and then manually edited with MEGA
v. 7.0.26 software.

Two separate phylogenetic analyses were conducted based
on concatenated loci for the D. eres species complex and the
remaining Diaporthe spp. included in this study. Because of
heterogeneity among copies of the ITS sequences within strains
of the D. eres species complex, the analysis of species within
this species complex may lead to overestimation of species
diversity (Udayanga et al. 2014a). Therefore, only the cal, his3,
tef1 and tub2 sequences were combined for the phylogenetic
analyses of the D. eres species complex. Phylogenetic ana-
lyses of the remaining species were performed for combined
sequences of ITS, cal, his3, tef1 and tub2. The Incongruence
Length Difference test (ILD) was conducted in PAUP (Phylo-
genetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2002)
to determine if a conflict existed among these four or five loci
datasets were concatenated (Farris et al. 1994, Cunningham
1997). Bayesian inference (Bl) analyses were conducted
using MrBayes v. 3.2.7 (Ronquist & Huelsenbeck 2003), and
MrModeltest v. 2.4 (Nylander 2004) was used to determine
the best nucleotide substitution model for each partition. The
Markov Chain Monte Carlo (MCMC) analyses used four simul-
taneous chains and started from random trees for 100 000 000
generations and trees were sampled every 10 generations.
Analyses stopped automatically when standard deviation of
split frequencies fell below 0.01. The burn-in fraction was set
to 0.25, after which the 50 % majority rule consensus trees and
posterior probability (PP) values were calculated.

Maximume-likelihood (ML) analyses for each dataset were per-
formed on the multi-locus alignment using IQtree v. 2.1.3 (Nguyen
et al. 2015), and selected the GTR site substitution model to
conduct analyses. Bootstrap analysis was conducted with 1000
replicates to evaluate branch support (Hillis & Bull 1993). For
both Bl and ML analyses, the phylogenetic trees were viewed
in FigTree v. 1.4.4 (http://tree.bio.ed.ac.uk/software/figtree).

Aligned datasets and phylogenetic trees were deposited in
TreeBASE (http://treebase.org; study number S30134).

Morphology

To observe sporocarps, we induced sporulation by inoculating
isolates onto 2 % PDA, and 2 % tap water agar supplemented
with sterile pine needles (PNA) (Smith et al. 1996) and alfalfa
stems (ASA) (Udayanga et al. 2014b). Cultures were incubated

at 25 °C in 12/12 h fluorescent light/dark cycle. Sporocarps
were embedded in a Leica Biosystem Tissue Freezing Medium
(Leica Biosystems Nussloch GmbH, Nussloch, Germany) and
sectioned (5—8 pym thick) using a freezing microtome (CryoStar
NX50 HOP, Thermo Fisher Scientific, Walldorf, Germany) at
-20 °C (Chen et al. 2018). Morphological observations of repro-
ductive structures were examined with a compound microscope
(Eclipse 80i, Nikon, Japan) and images were recorded with a
Nikon digital camera (NIS-Elements F3.0, Nikon, Japan). Mea-
surements were made with Fiji-lImageJ software (Schindelin
et al. 2012). Fifty conidia were measured per isolate, and 30
measurements were taken of other morphological structures.
Colony morphology was characterised from cultures grown on
PDA, malt extract agar (MEA, 15 g malt extract and 15 g agar/L
water) and oatmeal agar (OA, 30 g oatmeal and 15 g agar/L
water) after 15 d at 25 °C in 12/12 h fluorescent light/dark cycle,
and colony colours were determined according to the colour
charts of Rayner (1970).

Pathogenicity tests

Two representative isolates from each identified Diaporthe
species, except for those with only one isolate, were selected
for pathogenicity testing in this study. Given that Diaporthe is
widely distributed on citrus, citrus varieties were randomly se-
lected for pathogenicity tests. Inoculation tests were conducted
both in shoots and leaves. For shoot inoculation, the pathoge-
nicity test was conducted in vitro first. Healthy green shoots
(0.6-1.5 cm diam) were collected from C. paradisi trees and
C. reticulata cv. ponkan trees, and 10 shoots were inoculated
with each isolate. Shoots were superficially wounded between
two nodes using a cork borer (5 mm diam). Inoculations were
conducted by placing a 7-d-old, 5 mm diam mycelial plug from
the margins of colonies on a wound. The inoculated area was
covered with Parafilm. The negative control treatment was
inoculated with sterile PDA plugs. The inoculated shoots were
covered with paraffin at their ends to prevent desiccation and
incubated at 25 °C in moist chambers. Following inoculation,
the disease incidences were calculated and the internal lesions
or wound lengths were measured. Data were analysed by one-
way analysis of variance (ANOVA) using SPSS Statistics 20
software (SPSS 2011).

Based on the results of in vitro inoculation, isolates with dif-
ferent pathogenicity were selected for in vivo inoculation on
healthy plants of C. limon, citrus hybrid cv. cocktail grapefruit
and F. margarita. Each representative isolate, as well as the
control, was inoculated onto five shoots. After 10 d, the symp-
toms were assessed.

Pathogenicity tests on leaves were performed on seedlings
of C. tangerina cv. Hongjv, plants of C. limon and C. sinensis.
Based on the pathogenicity test results of shoots, only moder-
ate to highly aggressive isolates were selected for testing on
leaves. Conidial suspensions were used for inoculation, at a
concentration of 105-10° conidia/mL. Firstly, alcohol-soaked
cottonwool was used to disinfect the leaf surface. After air dry-
ing, conidial suspensions were spread on the leaf surface, and
finally the inoculated seedlings were each enclosed in a plastic
bag to ensure high humidity, and the bag was removed after
3 d. The negative control treatment was sprayed with sterile
water. Three seedlings or shoots with newly generated leaves
were inoculated for each isolate. To confirm Koch’s postulates,
the inoculated fungi were re-isolated by cutting small pieces of
necrotic tissue from the edges of each lesion and plating them
onto PDA plates at 25 °C. Species identities were confirmed
based on morphology.
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Diaporthe associated with citrus diseases in China

X.E. Xiao et al.:
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Diaporthe associated with citrus diseases in China

X.E. Xiao et al.:

96£067M 9995600 91067 v6Y.LSEOM 89vSe0r Bueny 4 BUIYD nysun snjgiy  , y€ANrZ = G2251'€00WDD = Zhevel S90 sisuauIyoLyIo “q
8067 9670671 655067 - 219067 Bueny euIyD ewxew sniyo zsanrz
6G5Y.GEOM £99%560r GLS06YMM L672GEOM SY9PSE0r Bueny 4 BUIYD nysun sngiy -, 0€ANrZ = ¥2251'€0DNDD = 0ZreL Sa0 eueiseuyo ‘g
G6£067MM 1 29¥S60r ¥15067MM - ¥S9vS60r Bueny 4 BUIYD eje[nolje. Sy Lanrz
181LEY8M 1L L0EY8OM - /SLEY8OM LLEEYBOM Jewwi] vsn ‘ds snio « 22YSEL S9D o g
98SLZLHN  9YSLZLHN  +9vLZLHIN - POSLZLHN Buex ‘O BUIYD “ds wnwoweuury « 9G2S 0040 lwoweuud “q
Y8SLZLHN  PYSLZLHN  29VLZIHIN  9ZFLZLHIN 20SLZLHW BueA O BUIYD sisusjsusyo seiqy « 29525 0040 sisueisusyo g
€8GLZLHIN  €VSLZLHN  LOPLZIHIN  SZPLZLHN  LOSLZLHIN Buex ‘O BUIYD SISUBUIYO 19180 99625 0040
T8SLZLHN  ZYSLZLHN  09VLZLHIN  ¥2#LZlHIN  00SLZLHW Buex 'O BUIyD SISUBUIYO 19480 « §96ZG 0040 sip1oied "q
06LL8ZOIN  8EGL8ZOW  €9€L8ZOW  ZLZLSZOW  LLOLSZOW - olignday Yooz eIBJIUIA SIIA « 29282 OdO = 6vEeyl S90 suejed *q
GLOPPEOM  €LLEVEOM LEGEYEOM  B8ZEVEOM  LPOEPEOM Jahswysm "3 vsn "ds snusefed « L27°6EL 580 eulse[oo ‘g
GLELBOMIN  GBSPSOMI  ZOZIZMIN  00ZLEMIN  ZSB9ZIMN Buex ‘O Buyo eljojuhd snikd 02S 90Sd
8EVSLTXI LO¥SLTXP - 0EVL6LXI 98//564r Bueir 'x's BuIyD euwssijjow esuejse) « 821 dNQ  eewissjjjow-sesuejses g
GLELBOMIN  GBSYSOMIN  ZOZ9Z/MN  00ZLEMIN  ZSB9ZIMN Buex ‘O BUIYD eljojuAd snifd 025 90Sd
08GLZLHIN  OVSLZLHIN  8SYLZIHIN - ZZPLZLHIN  86VLZLHIN BueA ‘O BUIYD sisusoulyy efied « £€9625 0040 oefies g
£688ZZAM 1888ZZAM 18882ZAM 118822AN 92/£02AM BueA O euIyD ejeujwinoe gasyjopdue) 291G 0040 gjoosyjoidwed g
68LL8ZON  LEGL8TOW  Z9EL8ZOW  LLZL8ZOW  910L8ZON - olignday Yooz BIBJIUIA SHIA 8veeyl S0
8811829  9€GL8ZOW  LOEL8ZOW  OLZLSZOW  GLOLSZOW - olignday Yooz BIBJIUIA SIIA 22282 OdO = ¥eeyl S90 eejweyoq g
90£9.G4M 1629264 - - 2829264 ung "M BuIyD eiqelb sndieooyyq « 18021°€ DONDD sisnpnbiq “q
Y0¥067M 2970671 GZS067MM - £85067M Bueny 4 BuIyD uowy snjQ 8yanrz
€01061 MM L9¥067 MM 25061 - 285067 Bueny 4 BUIYD uowy snjo « L¥ANFZ = 8¥221°¢ DONDD eeinpnbiq “q
9LLELLLIN SLLELLLIN LLLELLLIN  98/6SVLN  Z¥ZLOBNI - BUIYD Issojoxqnw snpujdes LPA
81061 MM 9/+064M 655067 09¥868.LN 165061 BuenH 4 BUIyD sipueib sniyo «29aNrZ = 252.1°€ DONDD ejodsjuoalq g
Z0LPPEOM  098EYEOM  8LO9EVEOM  9LEEYEOM  PELEPEOM enah|iseA vsn “ds suebnp « ¥0012) S90 ejpoulq g
LIGLZVHIN  LESLZLHN  GSPLZIHIN - 6LYLZLHN  S6VLZLHIN Buex ‘O BUIYD sisusuisoqye ejnjog « 09625 0040 eulnieq “a
1G9¥20XM GS9YZOXA 1L99¥Z0XM 659¥20XM £G9¥20XM ng -z ued TX BUIYD sisusuisoqje ejmog « 82LLG 0040 ejooymeq "q
0Z0€ELIM 910€EL1M - 166ZELIM 0S62EL1M ueq X BuIyD ejifydAerd ejnjeg » 69Y0S 0040 eemeq "
1260114 GEGZI8XI - - 625298XI ziey|ieg "O'A eljensny sijessne eisjobipul « T6LYS di¥g eejzieyjieq ‘q
ZEYBSYIN SYYEGYIM - YOPBSTIM YL¥BSTIM ununseJiyibue] ‘N puejiey ] e8| pesp umounun « B6620-21 00NT4N euesse 'qg
Z00¥PEOM  09ZEVEOM  BLSEVEOM  9/ZEYEOM  PEOEHPEOM apAH "a'M BUIYD usjbus ebusiy «616¥LL S0 eebusie °q
L2067 67067 25067 - 0090671 Bueny 4 BUIYD sisuauIs sniyo s9anrz
LLY06YIM 69%061 MM ZES067MY - 065067 noH "X euIyD sipuelb sniyo ssanrz
000¥PEOM  8GLEVEOM  OLGEVEOM  V/ZEYEOM  ZEOEPEOM BABJSBAUS "O'H elpu| nyoses esaly « Y9191 880 erosie (g
19¥£62dM 196292dM - - 188/92d) Bueyz A BUIYD sisusus eljjswe) ¥9€€01
9/v£62dM 026292d% - - 968/92d) Bueyz A BuIyD sisusus eljjswe) « £€6/1°¢ DONDD eje[noide *q
- Z69THPIN —  LS9ZTYPMN  8LGZHPMIN snoiD ‘Md BOLYY YInog Jap| Jes| paynuapiun ¥20€€ OdO = 0L9¥¥L SED0
Z66SVEOM  0GZEPEOM  80GEPEOM  992EvE€OM  20EyeOM 1uoond "W eolyy iseg 8[BjUBPIO0 WnipsedRUY «16°02. S99 lipiedeue “q
066SVEOM  8PIEPEOM  90GEVEOM  $9ZEYEOM  220EHEOM oboig 3 |ebnuod sionp snunid « 629921 890 iepbAwe g
25¥SL2Xr 9G0SY LAY - SYvI6LXT 1620824V - aoueld BIBJIUIA SHIA «9L0vLL S80 eujedwe q
9/6SVEOM  YELEVEOM BYEYEOM  0SZEPEOM  800S¥EOM JspniL g SpuepayleN ‘ds snujy « 997l 890 eaue ‘g
G/BEYEOM  E€E€LEVEOM LBYEYEOM  BVZEVEOM  L00EPEOM plouly ‘H'y epeue) sisusiueybajie ejnjog « L60¥Z D01V = 2/L°G6% S9D sisusiueybeje "q
BGO8LSMIN  SEL8LSMIN  VOOSPYMIN  BL6ZVPMIN  6S9ZEWMIN Buelr ‘N BUIYD sisusuisoqje ejmog « 990€S 0040 sisusuisogre "
VIGLZLHIN  PESLZLHIN  2SYLZLHN - 9LPLZLHIN 26V LZLHIN BueA O BuIyD nziny wnibuery 16525 0040
€/GLZLHIN  €ESLZLHN  LSPLZIHIN - SLYLZLHN  LBYLZLHIN Buex 'O BUIYD nziny wnibuely « 96625 0040 nbuere "q
YZZLEOMIN  COSYSOMIN  ZOLOZIMN  GZLLBOMIN  8SB9ZOMIN 1eg ‘o BUIYD eljojuAd sniAd 90 90Sd
GZZILBOMN  ZOSPSOM  LOLOZIMIN  SZLLEMIN  LGB9ZIMN 1eg ‘o euIyD eljojuAd snifd « L0 908d ejnoe *q
= LESIZLIHN  6VPLZLHIN  €LPLZLHN  68YLZLHIN Buex ‘O BuUIyD wnoleje} 183y « Y5625 0040 euabusoe q
¥20¥96AM 081796AM = ELY9B6AM ¥2Zr96AM - Aey opunbeu isoy « 9560-21 OONT4N ejoouBoe "
60S700dM - $0S¥00dM - 09v¥00dM PRYBUIN I eluezue| SI[IHO} BljjoyoBA « 2988€1590 wn.epede g
zZam 149} esiy ea Sl
qJogquinu uoIssad9e Yueguan 10}09|10D uoleosoT JSOH ¢"0U aInynH sooadg

‘sasAjeue oijauabolAyd ay) ur pasn salpnys Joyjo Woly sajejos| € djqel



Persoonia — Volume 51, 2023

238

IvJGG8LN  €98GG8LIN  61GGS8LN  SE9SG8LN  0SSZZSLN Bueny ‘1'S eulyo SIsuBUIYO 14OH] « 2T ¥6LO0NVS oy -a
GZ60.L1 4 6ES298XI - - £65298Xr 201D "TYM ellensny SIsuBUIYO 14T « 00675 diyg elo21ydH “d
€8G8LYdN  20G8LYAIN  €VESLYHAN  ZGZ8LPAN  €2P8LYAIN - ejen uowij Sn4IO LELLE OdO = 0852F) S0
28581 74N L0S8LY4N  ZYESLYAN  9SZ8LYAIN  ZZP8LYdN - ejen uowiy Sn4IQ . 00282 OdO = 6¥Seyl S90 ejoojuowl| '
- 161G9Nr - - LogLepdr uosdwoyl ‘'S ellensny snnuue snyjuelioH « LEOYS dIYg nbuoy "
- 608SYINI - - G6ZLEYAr uosdwoy] ‘'S ellensny snnuue snyjueljeH « EE0YS dI¥g nuewyooy g
009LZLHIN  €9GLZLHN  BFLZLHIN - 6EVLZLHIN  LZSLZLHIN BueA ‘O Bulyo eje[nounpadibuoj einspey « 98626 0040 eeinspey ‘g
YE9YZOXM 8Z920XM 229%20XM 91L9%Z0XM 101586NM Buex ‘O eulyo eounyspuew suejbne « PELLG 0040 ejooipuelbnf g
G¥2698MM - - - €€1698MM yueg Jep uea '\ elquez sisusjobue ejujiaqos| + 6¥G2Z OdO selulpeqos!
YBOYYEOM  ZS8EYEOM  OL9EPEOM  89EEVEOM  9ZLEFEOM ewr - r I1zeig SnijojiypuIqale} SNuIyoS « 9064INDT = 28202 OdO = Z18€€) S90 epunosjul g
LBOPYEOM  BFBEVEOM  L09EYEOM  GIEEPEOM  E€ZLEVEOM SBWO9D "y I1zeig eljojioly snusihepy « €18€€L S0 enajdsuoaul *qg
922666XM 981666XM G9Z666XM 682666XM ¥62986X) n o4 Bulyo sisuaurs ejjjewe « 88281°¢ DOWDD ejejdwoour *qg
LVLOOSMN  B9SEZSHIN —  VYEZOOSMN  808SEEMN ITHX eulyo BIBJIUIA SIIA zziozeazr
8VLO0SMIN  0LGEZSHIN —  GEZOOSMN  608SEEMIN M °H'X eulyo BIBJIUIA SHIA « Eclozedazr sisustaqny Qg
180VPEOM  SPBEYEOM  €£09E¥EOM L9EEYEOM 6LLEYEON 8pAH "aM eulyp ebnyuqey eoiyoIqg « 8¥¥SLL 890 sisusbuoxbuoy g
96ZL8ZOW  YPIL8ZOW  LYLBZOW  0Z8L8ZOW  €ZLL8ZOW - ureds BIBJIUIA SIIA « L2€0€ OdO = 1SeEYL S0 eejuedsly g
9220099  ¥22009OW  0ZZ009DW  8LZO09DWN  2ZZ009DN - souel ejifdyossjoy eroeoy « G12920d0 = 69.€¥) S0 oejifydoisjay "q
008GG8LAN  S1BSS8LIN L/GGSS8LN  Z89SG8LN  €092Z81N Bueny ‘1's eulyo eolj[e}owW eluodljeH S/ ¥6L00NVS
Z08GG8LIN  ZLBGSBLIN  €/GGS8LAN  $89SS8LN  S092Z81N Bueny '1'S eulyo eolj[e}owW ejuodljeH « LL'¥6100NVS aejuodliey "g
8280Z¥ MM 665012 G802%MM £Y0GEPM 8€5012MM Jayoewnyos Y soueld xijey esopoH « 112GV = 9658€1 S90 sy "
- €08SYINI - - 662LEVAr - ellensny snnuue snyjuelieH « G20V di¥g oefinb g
J9100SMN G9GEZSHIN = 9ZJ9EIN  LLISEEMN - eulyo BIBJIUIA SHIA £6002£9Zr
89100SMIN  99GEZSHIN = ITI9EIIN  TLISEEMN - eulyo BIBJIUIA SHIA « ¥600289Z0 sisueixbuenb g
080P¥EOM  8E8EVEOM  96GEVEOM  PSEEHEOM ZLLEVEOA puejedon ‘T vsn eAjjes siqeuued « 16081 S92 eefueb g
0ZELBIMN LOSYSOMN  SZIZIMIN  OLZLBIMIN  SLBIZOMN - eulyo eljojukd snihd4 G510 90Sd
G0€9/G4M 9629264 - €629/ 1829264 ung "M eulyo eiqelb sndiesoyjr] « 28021°€ DONDD ejooisny "
CEZLBOMN  OLSYSOMN  +9LIZIMIN LELLBOMIN  8G89ZIMN leqg ‘o eulyo eljojuhd snifd 150 90Sd
9EZLEMN  908YGOMIN  €9LOZIMN  ZELLBIMIN  6S89ZIMIN leg 0 eulyo eljojuAd snikd « 150 908d 10j00INNY “0
- 81,0801 - - 69,0800 - ueder eljojuhd snifd ¥£0529 44V nysmyny g
- BSSLZLHI - GEVIZLIHN  LISLZLHN Buea ‘O eulyo SIsuaUIyo snuixelo « 28526 0040 ejoojuixel *q
026014 YESZI8XI - - 825298Xr UHwS ellensny eljojisnbue snuixelo « 18¥G diyg eeljosnbue-juixesy ‘g
990P¥EOM  YZBEYEOM  TBSEVEOM  OPEEHEOM  860EHEOM wisey Y elseuopu| eojewole elusbng « 28'vhy S0 eejusbne g
262027 £0¥20800 Zv80ZH M ZL0GEPM 925012 Joxoan o4 vsn BpLIOY SNUIOD 90SNV4
9180Z¥MM £G65012rM 98802 910GEPM ze5012rM uosHer "M spuepayleN Joujw snuijf 8e¥0dd
£820Z%MM zZvsoLery £€80ZH M 9667EV M 815012y d souel BIBJIUIA SIIA eziy1a
LYOVPEOM  66LEVEOM  LGGEPEOM  GLEEPEOM  €L0SVEOM Keptap ‘W'D spuepayleN ‘ds snuixe. Zr.101 S80
66,027 0G5042rM 0G80Z#M 6667 625012 Jayoewnyas Y Auewien "ds snwin « €614V seis '@
£E0PYEOM LBLEVEOM  BYSEVEOM  L0SEVEOM  S90EHEOM ewr I1zeag SnjjojIypuIqaIs) SNUIYIS «9L6dNOT = L18EEL SED eopfydopue ‘g
¥629.54) G¥29.G4) - - 0.29.84 ung "M eulyo eiqelb sndieooyyry « ¥80.1°€ DOWDD ejoodijje *q
Sy067MM £0S067M 995067 - ¥2906%M' Bueny 4 eulyo niysun snjgi . 68ANFZ = 29902 dNOI = §5221°¢ DONDD eJods|ploosip '
- - - - 9GL22/4M snoid ‘Md BOUYY YINOS euesifym soifdsolq « 69112 OdO = 2659¢) S90 ejooufdsolp ‘g
LEVSITXP  LPE0S20D - 62V.L6LXI 05+688r4d unng ‘H N ds Jojs8U0J0D « 28'65% S90 ujsesu0j00 g
Z908LGMN  9ELBISMN  LOOEWPMIN  Z8BZPYMIN  Z99ZEVMN Bueir *N eulyo eounyspuew snjfiod ¥80€S 0040
LO08ZGMN  GELBLSMIN  900EPYMIN  L8BZVPMIN  LI9ZEWMIN Buelr ‘N eulyo eounyspuew snjfion « £80€6 0040 0o
T20VVEOM  08LEYEOM  8ESEVEOM  96ZEVEOM  SOSHEOM Jauseg " AexnL SIsusAIe SNINAJOAUOD «1210dd = ¥59¥2| S90 linajoauod g
88GLZLHIN  8VSLZLHN  99%LZLHN  8ZYLZLHIN  90GLZLHIN Buex ‘O eulyo asusuiyo wnibuely « 11626 0040 80U °q
GEYE62dM 626.92dM 605£62dM - §58/92dM n o4 Bulyo sisuaurs ejjjowe #80€01
YEYE6ZdN 826.92d) 805€62dM - $68/92d) n o eulyo sisueurs ejjjewed « £80€07 =9€G6/1°¢ DONDD epoedwod g
LPOE8LOW  OV0E8LON - ZhOE8/OW  SLLO0SOW - puejiey L eoedweyd ejjoubepy « 9€92-21 DONT4N eueue|joo g
zan 149} es1y 1ea Sll
g4@quinu UOISS820k Yuegua 10)99||0D uoljeso] 1SOH £"0U aInNyn) sa10adg

(‘uod) ¢ ajqeL



239

Diaporthe associated with citrus diseases in China

X.E. Xiao et al.:

558802dM £58802dM 16880ZdM 68802dM 1¥8802dM ueq "I’X BUIYD eounyspuew sueibnpe « 29005 0040 ejessol g
1/8S¥8ON  0.2628DN - - 6688289 seuor '9'g'3 N "ds esoy «9Y90-21 N4 ejo9jsos "g
7G6896OW  ¥S6896DON - - £6/9069N esslad "HY puejieyy eawels euuss ¥252-21 D0N14N
8/85¥8ON - - - ¥688Z89N seuor ‘993 puejiey "ds esoy « 8592-21 OONT4N eesol g
9995EVAM GZGEYAM  SYISEVAM 9G9GEYAM GEIGEYAM - |ebnuod 28UJ0000 BYjURIRIAL + €8V VWO seyjueorifd -q
0ZLYYEOM  8/8EVPEOM  9E9EHPEOM  PBEEYEOM  ZSLEPEOM JIAOY}OAD-BIOUBIUN “IN BIABISOBNA xifoy eiopaH « 68'8€€ S0 ejind q
LybSLTX €0¥SLZXI - CEVLIBLXT /8861901 - puejieyy snajpul sndieoossld « B08S0-0L 00NT4N gjoojdiesoisyd g
09¥5.2ZXr 9L¥SLZXI - LGY16LXTP 66861900 - puejieyy snajpul sndieoossld « L250-01L OONT4N 1diesoseyd *q
ZSLPYEOM  OLBEPEOM  899EPEOM  9ZHEVEOM  8LEPEOM By Jop UeA "V'H ureds eJejijfjoep xiueoyd « 6929Y S90 gjoojojusoydopnesd -q
6VLYYEOM  LOBEYEOM  GO9EVEOM  €THEYEOM L8LEVEOM Mnaa ep d alignday uesjuiwoq eolpul eisjibuepy «B6EELOL SED eelgjibuewopnssd ‘g
¥1GS81IN L98GG81IN  9LGSS8LN  ZE€9GS8LN  Z¥STZ8LN Bueny '1's BUIYD eueoliowe easiod 6161 DONVS
/6/GG81IN  ZILBSG8LIN  89SGS8LIN  6/9GG8LWN 0092281 BuenH 'S BuIyD ejeuuyd eyjewod « ZL¥61 DONVS eepewod "g
102666XM 191666XM  9¥Z666XM 8.2666XM ¥21986XM ueng ‘"M BUIYD snjjfydosoew sndiesopod « G519 07 =1828L°€ DONDD  Ijfydosoew-idiesopod g
PYLPYEOM  ZOBEPEOM  099EPEOM  SLYEVEOM  9ZLEPEOM nsibusy 'y vsn sijixe Jejsy L€ INVLS = 020911 S90
SYLYYEOM LOBEYEOM  6G9EYEOM  LLYEPEOM  GLLEVEOM nisibusy 'y vsn supsnjed ejuosede 0€ VLS = 610911 S90 wniojosseyd "q
20S%00dM - €05700dM - St00dM Bueyz ‘A 8 sno1d ‘Md euIyD sijeljsne sajwbelyd « 1688€l S90 spwbeyd g
08G/GSNM  ¥292G5NM - Y09/GSNM  95G/SSNM MHX BuIyD eojsied snunid 901091 00NT4N
6/G/GSNM  €29/65NM - €09/G6NM  SGG2GSNM MHX BuIyD eoysied snunid « G0L0-91L O0ONT4N gjoojsad g
LyLYPEOM  668EYEOM  LS9SPEOM  GLPEVEOM  €LLEVEOM ajlineT '3 SpuepayleN ewyssyeib essiod «€271G1 890 eeesied g
62SYLLdM LISPLLdAY  €67YLLdM - S0G¥LZdM n 4 BUIYD sisusus eljjswe) « €660 = 2€521°€ DONDD wnayupeued *q
18€822XM - 19882ZXM - 2628TTX plRUBUIM T eiskejely epljoo; eiojjissed « 08¥.2 OdO = 62¢Lvl S90 ejoouojyssed *q
¥260L14) 8€G298XI - - Z£5298Xr - eljessny eueoLBWIE BBSISd « LY8YS di¥g je00sed g
YO9LZLHIN  Z9GLZLHN  €8VLZLHW  €YVLZLHIN  GZSLZLHIW Buex ‘O BUIYD esowwsoe) snped « 06625 0040 euiped ‘g
67067 1050671 045067 - 829067 Bueny 4 BuIyD uowyy snyo  , 86ANIZ = 65902 dINDI = 95221 DONDD eJjodsjjero ‘g
£hre62dM 1€6/92dM  115£62dM - £98/9Zd) n o BuIyD sisusus eljjswe) + 99107 = LES/L°E DONDD nugooelo g
0SLPPEOM  888EVEOM  9V9EVEOM  YOPEVEOM  C9LEPEOM By 1op UeA ''H soueld ejoeoeopnesd eluiqoy 8.°685 S0 Bwojsoouo “q
GZILYYEOM  €88EFEOM LPOSPEOM  66EEYEOM  LSLEPEOM YefuanQ "L eneotd xew autoA|9 L1212} 890
YZLPPEOM  T8BEPEOM  OV9EVEOM  86EEYEOM  9SLEVEOM Yefuang ‘L eeosn xew aujaf|9 «042/21 890 wenou °q
BLLPPEOM  L/8SPEOM  SE9SYEOM  E£6EEHEOM LGLEVEOM Hounoy Auvewien sijiqou snine 6£°00Z S90 siiqou -
ZLLPYEOM  0/8SPEOM  8Z9SPEOM  98EEYEOM  tPLEFPEOM Jekawyspy "3 vsn “ds eoesids « 12 ¥l S0 seljiieu g
LLLPPEOM  B9SEPEOM  LZ9SVEOM  GSSEPEOM  EVLEVEOM  SBAIYS "D°Y B SN0ID ‘Md eljensny ‘ds esnpy « 92021 OdO = 615621 S90 eusbisnw -q
YS¥067MM Z1S067MM G/S06¥MM - ££906%M Bueny 4 BUIYD ewixew snyo  , 86ANIZ = 95902 dINDI = 85221 DONDD eje|mnbyinw -q
18G255NM 1£9/G5NM - LLOJGSNY  €9G5/GGNM MHX BuUIyD eojsied snunid « €110-91 00NT4N
1852G5NM LE92SSNM - LLOJGSNM  €9G6/6GNM MHX BuIyD eoysiad snunid « €110-9L O0NT4N gjoojuwow *q
29261 Yv2L6LM - - 28261 - eljensny snnuue snyjueljaH « 19€%6 dryg eepuUIW g
992.61MM 8Y2/6LMM - - 982.61MM - eljesny wnusobnu wnisidey « ©788YG diyd nuojelppiw *q
G8S8lLY4N  POSSLYAN  GPESLYHIN  6GZ8LPAN  SZv8LAN El00BUIEND A elen uowj snjQ 61812 0dO
¥8S8LY4IN  €0S8LYAIN  bPESLYPAN  8SZ8LYAN  ¥Z8LYHIN elooeuIeND A ejen uowi| snjD « €812 Od0 = 1S5ZvL SED sisusjifew g
152161 6ETL6LIM - - 91261 - ellensny snnuue snyjueljeH « BZ68.G dI¥d noimelsew “q
GLOPIGNM  €20ZSSNM  SZL9ELNI  9ZL9SLNIN  SZ02SSNM Aeuuey g epeue) sueqn. eaold « 12-G9gaN ewpuew g
ZLE9/G4M  /80ESLOM - LOVBSYIM  960£GLOM ung "M BUIYD eiqelb sndieooyyy « 18LGL°€ DONDD sndiesoyjoyew “q
¥6/GG81N  606GG8LIN  G9SGS8LIN  Z/9SS8LN  /6G2Z8LN Bueny 'L's BUIYD ejeuud efjowod 69'¥6100NVS
9€8G581IN LGBSGBLIN  909SG8LIN  8L/GS8LN  6£92Z81N BuenH ‘1's BUIYD nburd snpyoepy « LLL'PBL D0NVS nyoew g
€L0796AM 9 LY96AM —  9LLY9BAN 061796AM isejodwe) 3 Ay ds ese0ju0] « £960-21 OONT4N eelo0UO] "
£88019rM 1970661 881659 ¥ZLZLorM 822065 SQQOH ‘ML vsn xew aujoA|9 « G2€09 DOV = 665NV4 gjjoaibuol \q
1629254 ALAIRE N - - 1929264 ung "M BUIYD eiqelb sndieooyyy « 68021°¢ DONDD ejoopibuol ‘g
00£92G4) 1629264 - 8229.G4M 9129164 ung ‘m BUIYD eiqelb sndiegoyyry 860.1°€ DONDD
LLE9/GIM  GBOESLOM - GEZ9/SAM  POLESLOM uns ‘M BUIYD eiqelb sndieooyy «GLLGL'E€ DONDD sndieooyy
zZam 149} esiy ea Sl
qJogquinu uoIssad9e Yueguan 10}09|10D uoleosoT JSOH ¢"0U aInynH sooadg

('u00) ¢ ajqer



Persoonia — Volume 51, 2023

240

-|02 81n}ND |eUOSIad YYD ‘Ellesisny ‘aueqsiig ‘wnueqseH ABojoyied jueld pueisusand didg ‘SN ‘elulblip ‘uonos|jon ainng adA| uesuswy (0D 1V ‘YSN ‘Puelkiely ‘ollas)eg ‘SHY-YASN ‘Aoreloge ABojoiqosoipy pue ABOj0AN oiewaisAS JO UOROS|I00 BINYND NV4 ‘dd ‘HY

‘adA}-xa jussaidai sajelos|

‘ungn}-ejeq ‘zqn; ‘eydie-|, Jojoey uonebuoje uone|suel) ‘LJe] ‘EH BUOISIY ‘ESIY ‘UIINPoWeD ‘B0 ‘auab YNYIU S8°G BulusAlsiul pue uoibal Jeoeds paquosuel) [eulslul ‘S| 4
‘euly) ‘buellfoyz “Ausianiun buelfoyz “ABojouyosiolg jo aynysu| ‘bueny
Bua Jo UOI}O3||0 BINYND [euosIad :ANIZ ‘euly) ‘Buopbueys ‘Aysiaaiun [einynouby Buopbueys :0DNVS ‘eulyD ‘leqnH ‘Ausiaaiun [eunynouby Buoyzeny ‘ABojoiqoudijy [esnynduby jo Alojeloge Aay a)eis ‘ong BuenyseA ‘Uoijos||0d ainjnd [euosiad :9DSd ‘pueliey] ‘ley Buelyd
‘uonoa|jo ainyng Ausianiun buen ye4 sepy :00NT4IN ‘pueliey] ‘ley Bueiy) ‘Ausiaaiun Buen yed ey Jo wnueqiaH (N4 ueder ‘eqnyns] ‘sauaysi4 pue Aljsalo ‘einynouby jo Ansiuly ‘10sfoid yuegauss 44y 44VIA ‘euly) ‘Bullieg ‘seousiog Ansalo4 pue ainynouby jo
Awapeosy Bulfiag Jo UONI)0Id JUSWUOIIAUT PUE JUB|d JO SJNJISU| Ul UONRDS||0D SINYND gZ( :GZf ‘S99usIos Jo Awapedy asauly) ‘ABojolqoudi|y Jo snyisu| ‘ABojodA jo AlojesogeT] Aay 1e)S ‘1D 197 JO JSGUNU UOIIS]|09 [eUOSIad 107 pueleaz maN ‘pueyony ‘sjueld wolj swsiueblo
-0JDI\ JO UOIOB||0D [eUONBUIBI| (dIND] ‘eBueAepn exysnuey( JO UOIOS||09 BINYND [euostad :dNd ‘SO JB Pasnoy ‘Snoid ‘M 'd JO UOI08]j0d BUBLIOA) :0dD ‘eoLy UINos ‘euojald jo Alsiaalun ‘einisul ABojouyoajolg [ein)nouby pue Asisaio ‘weiboid aaesado-0) ABojoyed aai]
JMIND ‘eulyd ‘Bullieg Jsjuag uonas||o9 ainjng [e2160]0IGOIDIA [BISUSD BUIYD :DDNDD ‘Buly) ‘Bullleg 4susad uoios|jo) ainyng A1salod BulyD 10040 ‘SPUBUBYIBN aUL ‘Wydalin ‘anuad Aysiaaipolg [eBung MYNM-SED :SED ‘[eBNu0d ‘0lIoAY 8p SpepISISAIUN ‘SBAJY INJY UOROS)

©

TIBEVEOM  OSLEVEOM  8BYEVEOM  OVZEVEOM  YOOSYEOM enaljisse "N ) “ds snjAio9 L VZLIZL S0 euyifioo ejjeyuodelq
9/808VMIN  Z/808YMI  YI80SYMIN  89808VMIN  +88LLYMIN ong "S'A euyO eojsiad snunid €H4ZL
G/808VMIN  L/808VMIN  €9808YMIN  Z9808YMIN  €88LLYMIN ong "S'A ) eojsiad snunig « VH4ZL = 1/202°€ D092 Buenybusjoez ‘q
8ZZ666XM  88LB66XM  L9Z66EXM  06Z666XM 96986 ueng “rm eulyd ds eayoD 891907 = 68281 '€ DOWDD sisusueuunf -q
91Z666XM  GLLBBBXM  SSZ666X - £8/986X) o CT) sisususs ejjjowed « 019071 = 28Z81°E DONDD eojueqbuenysix ‘q
G1G1¥2dM - - - 99G/¥ZdM - BOLJY YINOS $0pj0qoJIO ENBIA 8vL0VMIND oelbiA g
EVZLBOMN  EG8VGOMW  GOZOZ/MN  SLLLBOMIN  81B9ZIMIN - BuyD eljoyuhd snikq el 908d
€ZZ666XM  281666XM - - 064986X) 08D "HA BuLD ds easpjoaN « V2 071 = 98Z81°E DONOD eunnjeA *q
96LYVEOM  PGBEVEDM  CLLEVEOM  OLVEVEOM  8ZZEHEOM 1eays 10 vsn sodieo0.eW $N209AX0 + 9Y92Z€ 04l = Z€'09} S0 1uooes g
LOVOBYIY  SOVOBYIM  8ZS06YM - 98506VM Bueny 4 euyO eojuodef sniyo 1SANMZ = 89521 '€ DOWDO
80VOBYIM  99VOBKIM  6ZS06VM - 18S06VM usyd V'O ) npysun sniyo +2SANMZ = 69521 '€ DOWDD sisusmiysun g
06Z666XY  06L666XM  692666)XM - 861986 nr 4 J9piog soeT-BuIyd 1S0Y UMOUXUN JO JesT] « 29901 = £6281°€ DOWDD ejeinpun g
- B9GIZVHN  G8YLZLHN  SYVLZLIHN  ZZSIZLHW BueA O CT) esuenpuninyn isdy « 26525 0040 sisusnpuninyn “q
1880LOMY  ZPJOBSMM  GLZ6SOPM  ZZLZLOMM  9ZLOBSIM - vsn ojow suwnond . 959 NvA orioy00N *q
ZELOLBYM  ££19E6MM - - 0£19864M - ellesny 1IN} 080EO BUWI0IGOS ] + B8Y229 dIvg sisusliin *q
€/86/Z4IN  8986/Z4N  8Z86/ZAN  8886/ZAN  Ev86.Z4N ueq TX BULD eibes sjpueibny + 66615 0040 sisusjaqy 'g
- 860SLLAM - - 160SLLdM ebuefepn 'q puejieyL eljojuney ebraquny L « €€00-Z} DONT4W ejoobiequnyy g
9IBEVINM  LLEBYLNM - gGeevIM  6Z¥eliNd woyiod W puejey | sipuesb euopa] « 69LLZ dWOI = £920-Z} DONT4W eusbjuojoe) ‘g
986EVINM  L9E6VINM  99Z666XM  PSEBVINM  B6EVZLLNM - pueley | sipuesb euopa] « LLYO-EL DONTAW eofydopusuoos) ‘g
LIBEVINM  BSE6YLNM - GYeeYINM  OSYZLINM - euyO sipuesb euopa] « 2220-21 00NT4N eeUON] ‘g
LBGLGSNM  9£92GGNM - - 89G/G5NM MHX BULD eojsiad snunig 8110-9} DONT4N
LBSLGSNM  GE92GSNM - - 19G/SSNM MH'X eulyd eoysiod snunid « L110-91 0DONT4I ejoojoe} *q
VEQOVION  ££99VZOW - - Z€99V/OW Bueny \'s CTe) poom pesp uo « €GL0-21 DOWN ejoojdijjeqns g
LGYOBYIY  B0SOBYMM  2.S06VMM - 0£906¥M noH "X BULD nysun SNy, G6ANIZ = £990Z dWOI = L6221 DONDD ejeaejoqns g
62S09LMM  ZL90ILMY 6VG09LMY  08G09LMY - Ay wnsoquiAIo wnjuipoBA 0.69¢} S90
8ZG09LMY  LLOOOLMM  OSESLPAN  8FSO9LMM  6/S09LrM - Arey wnsoquiAI0d WnjujoBA . 6969€} SED siuels 'q
VEZLBOMN  LLBYGOM  9GLOZ/MIN  BZLLGOMIN  6¥B9ZIMIN ong 'g'A eulyd eljojuAd snfiq « €8€ ©0Sd esoulds ‘g
GI80LOMM  Z9L06GMM  80ZBSOPM  9LLZLOM  6LL0BSY - vsn xew auoA|9 « G€9 N eefos g
BZYGLEXT  €BESLZXT - - 6861900 - pueley | ds uojeyosewdseq L BELG-0L OONTAN sisuswess ‘g
- EIBISMN  ZOOSPPMIN  ZLBZYYMN  SSOZEPMI Bueir ‘N eulyd Buel| Jo SeyoUBIq UO 10LES D040
—  OSIBISMN  LOOSYPMIN  OL6ZYPMIN  YSOZEVMN Bueir ‘N euyO BUEl| JO S3YOUBIG UO « 901€G 004D sisusixueeys ‘g
VGZIBLIM  9EZL6LIY - - VIZLELN - elesny snnuue snijueysH . BG99GS dIyg oejuyeios ‘g
0688ZZAM  V888ZZAM  0888ZZAM  V/88ZZAM  €ZLEOZAM BueA © BuyO suejnsdeolq euues €916 D040
6988ZZAM  £888ZZAM - €/88TZM  TTLEOZAM Buea O ) suejnsdeoyq euues « VE9LG D040 gjogjuuss *q
L6B8ZZAM  G888ZZAM  6/88TZAM  GI8SZZAM  ¥TLEOZAM - eulyd suensdeolq euues +9€91G 0040 seuuss g
BOLYIBAM  Z8LYIBAM - BELVIBAM  9ZZHIBAM - Arey SuBOUBIU SNUBOLOS «6Z1-GL NT4W 1us0yos q
€LGZG8AM  B0GZGBAM  GOGZGBAM  LOSZSBAM  L6VZS8AM Buea O BULD SISUBUILO BIPUESIYOS . 88616 004D orIpUESIOS ‘g
ZLGZGBAM  80GZSBAM  POSZG8AM  00GZS8AM  96YZS8AM BueA © eulyd nswelm snanquies /861G 9040
LLGZGBAM  J0SZSBAM  EOSZG8AM  B6VZS8AM  S6VZS8AM BueA O BuyO nsweym snonquies + 98616 D040 nsnonquies g
19ZI6L0M  6YZLELMY - - 18ZL6LMM - elesny snnuue sniyjueysH . 4BYIYS dIvg nuojsyoes q
8GLYYEOM  OLBEVEOM  VIO9EVEOM  ZEVEVEOM  0BLEVEOM uewusq ‘s BOLJY YOS suades eoj0id « LLEILL 9D gjeieooes g
zam Lo} esiy 180 sl
1dequinu uoisseooe yueguan 10)08]10D uoneso] 1SOH 2"0U 81NN sel0adg

(‘uod) ¢ ojqeL



X.E. Xiao et al.: Diaporthe associated with citrus diseases in China

241

RESULTS

Sampling and isolation

In the surveyed citrus orchards, we collected twigs and branch-
es that withered from top to bottom, sometimes accompanied
by a small amount of gum exudation, and in severe cases, the
whole dead branch (Fig. 1a, b). The affected branch and trunk
tissues appeared cracked, with dark discolouration, exuding
light brown gum, and as the disease progressed, lesions gra-
dually dried up and sank (Fig. 1c—f), and a large number of
protruding small granules (conidiomata) formed on the dead
branch in the late stage of disease development (Fig. 1h).
The pathogenic fungus colonized the bark of sunburned or
frostbitten trucks or branches, then invaded the xylem, and
gradually extended upwards and downwards (Fig. 1g). Light
brown sunken dots, surrounded by yellow halos, appeared on
the surface of newly generated leaves and shoots in the early
stage of being affected (Fig. 1i), and later the yellow halos

disappeared and turned into black raised dots (Fig. 1j, k). Scat-
tered black or reddish brown protruding small dots appeared
when symptoms on the fruit surface were mild (Fig. 11), and
the small dots merged to form flaky lesions when the infection
was severe (Fig. 1m).

A total of 1103 isolates were recovered from leaves, shoots
and fruits with melanose symptoms. These Diaporthe isolates
were initially identified using D. citri-specific primers (Zeng et
al. 2022) and 894 isolates identified as D. citri. The remaining
209 isolates initially identified as non-D. citri and 184 of these
Diaporthe isolates from diseased twigs, branches and trunks
were included for further study. Among them, 14 isolates were
collected from Chongging, 19 from Fujian, 18 from Guangdong,
12 from Guizhou, 139 from Hunan, 26 from Jiangxi, 21 isolates
from Shanghai, two from Sichuan, nine from Yunnan, and 133
from Zhejiang. In terms of Diaporthe isolate distribution among
host Citrus tree species, 15 were recovered from C. limon, 71
from C. maxima, 81 from C. reticulata, 73 from C. sinensis, 118

Fig.1 Disease symptoms on Citrus caused by Diaporthe. a. Twig blight; b. branch dieback; c—d. gummosis on branch and trunk; e—f. gummosis and decay on
trunk, peeled off the bark and a clear discolouration of the xylem could be observed; g. gummosis and decay on trunk; h. conidiomata formed on dead branch
(white arrow indicates a conidioma); i. melanose initially developed in leaf with small brown spots surrounded by yellow halo; j—k. dark brown to black and raised
spots formed on leaves and shoot caused by melanose; |. melanose on citrus fruit; m. the small dots on the fruit are dense in patches when disease is severe.
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from C. unshiu, three from F. margarita, four from P. trifoliata,
and 28 from citrus hybrids. As for symptoms, 81 isolates were
obtained from twig blight and gummosis; 75 associated with
branch dieback, canker and gummosis; 26 from trunk canker,
decay and gummosis; two from asymptomatic twig; 139 asso-
ciated with leaf melanose; nine from shoot melanose, and 61
from fruit melanose. Most of these symptoms were observed
on most citrus varieties (Table 4, S1).

Phylogenetic analyses

The ITS sequences were amplified for all 393 isolates obtained
in this study. Based on geography and host tree affiliations,
representative isolates were selected from isolates with identical
ITS and tub2 sequences, and then 131 isolates were selected in
the same manner for their cal, his3 and tef1 sequences (Table 2).
The partition homogeneity test for both four- and five-loci com-
bined alignments generated a low p-value (p = 0.01), indicating
that these genes were unsuitable for combination. Although
the p-values were low, sequences of the four and five regions
were combined for presentation purposes. Phylogenetic ana-
lyses were performed based on the concatenation of multigene
sequence data for the 131 isolates obtained in this study and
148 related strains downloaded from NCBI as reference strains
(Table 3).

In the D. eres species complex, phylogenetic analyses based
on the four genes (cal, his3, tef1, tub2) consisted of 59 se-
quences, including the outgroup sequences of D. citri (CBS
135422), with a total of 1481 characters including gaps (cal:

1-343, his3: 344783, tefl: 784—1123, tub2: 1124-1481).
For the Bl analyses, MrModeltest recommended model K80
for cal, model HKY+I for his3 and model HKY+G for teff and
tub2. In the phylogenetic construction based on four loci, 23
isolates clustered in the D. eres species complex, of which 19
isolates resided in one of the clades within the D. eres species
complex and four isolates grouped with D. penetriteum (Fig. 2).

For the remaining Diaporthe spp., phylogenetic analyses
based on the five genes (ITS, cal, his3, tef1, tub2) consisted of
256 sequences, including the outgroup sequences of Diapor-
thella corylina (CBS 121124), with a total of 2352 characters
including gaps (ITS: 1-517, cal: 518—-914, his3: 915-1420,
tef1: 1421-1913, tub2: 1914-2352). For the Bl analyses,
MrModeltest recommended models GTR+I+G for ITS, his3
and tef1, and HKY+I+G for cal and tub2. In the phylogenetic
analyses based on five loci, 92 isolates were clustered with
30 species respectively, including D. apiculata (4 isolates),
D. biconispora (1), D. biguttulata (3), D. caryae (2), D. citri (11),
D. citriasiana (5), D. compacta (6), D. endophytica (3), D. dis-
coidispora (3), D. fusicola (1), D. fulvicolor (2), D. guangxiensis
(1), D. hongkongensis (7), D. hubeiensis (2), D. limonicola (1),
D. litchii (3), D. novem (1), D. passifioricola (1), D. pescicola (1),
D. pometiae (4), D. sackstonii (4), D. sennicola (1), D. sojae (5),
D. spinosa (1), D. subclavata (5), D. tectonae (1), D. tibetensis
(1), D. unshiuensis (4), D. velutina (7) and D. xishuangban-
ica (1). In addition, 16 isolates formed four lineages distinct
from the other species (Fig. 3). These four distinct lineages
were therefore considered novel species of Diaporthe, which
are described below.

Table 4 Number of isolates collected for each Diaporthe species identified and province investigated.

Chongqging Fujian Guangdong  Guizhou Hunan Jiangxi Shanghai Sichuan Yunnan Zhejiang Total
D. apiculata - - - 1 1 - - - - 4
D. biguttulata - - - - 6 - - - - _ 6
D. bioconispora - - - - 1 1 — — _ _ 2
D. caryae - - - - 3 — — — _ _ 3
D. citri 1 3 8 5 48 10 19 - 97 192
D. citriasiana - - - - 4 - - - - 19 23
D. compacta - - - - 6 - - — _ _ 6
D. discoidspora - - - - 7 - - - - 1 8
D. endophytica 2 1 - - - - - - - 3
D. eres 2 - - 16 - 8 36
D. fulvicolor 4 - - - - - - — — _ 4
D. fusicola - - - - 1 - - - - - 1
D. gammata 2 - - - 1 — — — — _ 3
D. guangxiensis - - - - - 1 - _ _ _ 1
D. hongkongensis - 1 1 1 1 1 - - - - 15
D. hubeiensis — - - - 2 — — _ _ _ 2
D. jishouensis - 1 - 1 8 1 - - - - 11
D. limonicola - - - - - - - - - 1
D. litchii - - 6 - - - - - - 6
D. novem - - - - - _ _ _ 1 _ 1
D. passifloricola - 1 - - - - - - - - 1
D. penetriteum — - - 1 2 — — _ 2 _ 5
D. pescicola - 1 - - - - - - - - 1
D. pometiae - 8 1 - - - - - - - 9
D. ruiliensis - - - - - — _ _ 1 _ 1
D. sackstonii - - - 3 — _ 1 _ 8
D. sennicola - - 1 - - - - - - - 1
D. sexualispora - - - - 1 - - - - 1
D. sojae 1 - - 1 8 2 - - - 2 14
D. spinosa - - - - - - - - - 1 1
D. subclavata — 1 - - 4 — — — — _ 5
D. tectnoae - - - - 1 - - - - — 1
D. tibetensis - - - - 1 - - - - 1
D. unshiuensis — 2 - - 2 1 — — 1 8
D. velutina - - - - 2 1 - - - 4 7
D. xishuangbanica - - 1 - - - - - - - 1
Total 14 19 18 12 139 26 21 2 9 133 393
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Fig. 2 Phylogenetic tree generated by Bayesian inference analyses based on multiple gene loci (cal, his3, tef1, tub2) for species in the D. eres species
complex. Bayesian posterior probability (PP = 0.9) and IQtree bootstrap support values (ML = 50 %) presented above branches as follows: PP/ML. PP < 0.9
and ML < 50 % of branches marked with *, and absent marked with -. Ex-type strains in bold. The tree is rooted to Diaporthe citri (CBS 135422). The clades

marked with colour blocks contain isolates of Diaporthe obtained in this study.

Taxonomy

Diaporthe gammata X.E. Xiao, Crous & H.Y. Li, sp. nov. —
MycoBank MB 847573; Fig. 4

Etymology. Named for the presence of gamma conidia.

Typus. CHINA, Chongging Municipality, Fengjie County, from twig dieback
of Citrus reticulata, 2 Apr. 2019, T.J. Huang (holotype ZJUE H-0318, culture
ex-type CGMCC3.24384 = ZJUE 0318).

Sexual morph not observed. Conidiomata pycnidial, produced
on PNA, dark brown to black, globose or irregular, superficial
or semi-immersed, solitary or aggregated, 300—820 ym diam.
Conidiophores hyaline, smooth, 1-2-septate, unbranched, cy-
lindrical, 9-27 x 1.5—3 um. Conidiogenous cells phialidic,
hyaline, cylindrical, tapered towards the apex, 5—11 x 1-4 ym.

Alpha conidia aseptate, ellipsoid to cylindrical, obtusely rounded
at both ends, hyaline, biguttulate, 5.5-10 x 1.5-3 pym, av.
SD=77+11x25%0.3 ym, L/W ratio = 3.1 (n = 50). Beta
conidia hyaline, aseptate, filiform, straight or curved, tapering
towards both ends, 29-48.5 x 1-2 ym, av. £t SD=38.2+ 1.6
x 1.6 £ 0.2 ym, L/W ratio = 23.9 (n = 50). Gamma conidia not
observed on PNA but on PDA, hyaline, aseptate, fusoid to
obclavate, tapering towards both ends, 16—31.5 x 1.5—-4 ym,
av.+SD=24.3+4x2.8+0.4 ym, L/W ratio = 8.7 (n = 50).
Culture characteristics — Colonies on PDA with fluffy aerial
mycelium, growing in a concentric ring pattern, initially white,
turning grey olivaceous at the centre, becoming dark brick on
the surface and sepia to black in reverse, conidiomata distri-
buted in a concentric ring pattern. On MEA with flattened and
dense mycelium, developing in a whorl pattern, initially white,
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Fig. 3 Phylogenetic tree generated by Bayesian inference analyses based on multiple gene loci (ITS, cal, his3, tef1, tub2) for species in Diaporthe spp.
Bayesian posterior probability (PP = 0.9) and IQtree bootstrap support values (ML = 50 %) presented above branches as follows: PP/ML. PP < 0.9 and ML
< 50 % of branches marked with *, and absent marked with -. Ex-type strains in bold. The tree is rooted to Diaporthella corylina (CBS 121124). The clades
marked with colour blocks contain the isolates of Diaporthe obtained in this study.
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Fig. 3 (cont.)
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Fig.4 Diaporthe gammata. a—c. Colonies on PDA, MEAand OA, respectively; d. conidiomata formed on PNA; e, f. section view of conidiomata; g—i. conidiophores;
j. alpha conidia; k. beta conidia; I. gamma conidia. — Scale bars: d = 200 pym; e, f = 50 ypm; g—I = 10 pm.

being hazel on the surface, olivaceous in the reverse, and
brown vinaceous in the whorl, conidiomata distributed in the
whorl. On OA with fluffy aerial mycelium, growing in a petaloid
pattern, initially white, turning ochreous at the centre, brown
vinaceous pigment irregularly distributed in the petaloid pattern,
reverse with umber at the centre and dark mouse grey at the
margin, conidiomata distributed in the petaloid pattern irregu-
larly. Colony diam 50—51 mm, 39—42 mm and 50—55 mm on
PDA, MEA and OA, respectively, in 5 d at 25 °C.

Additional materials examined. CHINA, Chongging Municipality, Fengjie
County, from twig dieback of C. reticulata, 2 Apr. 2019, T.J. Huang (culture
ZJUE 0319); Hunan Province, Luxi County, from leaf with melanose of
C. reticulata, 22 Aug. 2019, S.S. Tan & D.H. Li (culture ZJUE 0401).

Notes — Three isolates represent the D. gammata cluster
in a clade distinct from other species of Diaporthe known from

DNA sequence data. Phylogenetically, D. gammata is most
closely related to D. bohemiae (Fig. 3, S2a—e), but can be
distinguished from D. bohemiae based on morphology in the
production of beta and gamma conidia, which are not observed
in D. bohemiae (Guarnaccia et al. 2018) (Table 5). Moreover,
D. gammata differs from D. bohemiae in sequence similarity
on ITS (98.6 %), cal (90.4 %), his3(91.3 %), tef1 (83.7 %) and
tub2 (96.9 %).

Diaporthe jishouensis X.E. Xiao, Crous & H.Y. Li, sp. nov. —
MycoBank MB 847574; Fig. 5

Etymology. Referring to Jishou City where the fungus was isolated.

Typus. CHINA, Hunan Province, Jishou City, from twig dieback of Citrus
unshiu, 31 Mar. 2019, H.Y. Li (holotype ZJUE H-0265, culture ex-type CG-
MCC3.24382 = ZJUE 0265).
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Fig. 5 Diaporthe jishouensis. a—c. Colonies on PDA, MEA and OA, respectively; d. pale yellow conidial mass oozing from conidiomata formed on PNA;
e, f. section view of conidiomata; g—i. conidiophores; j. alpha and beta conidia. — Scale bars: d = 400 ym; e, f = 50 pm; g—j = 10 ym.

Sexual morph not observed. Conidiomata pycnidial, produced
on PNA, dark brown to black, globose or irregular, superficial
or semi-immersed, solitary or aggregated, 175-750 ym diam,
often releasing pale yellow conidial drops from the ostioles. Co-
nidiophores hyaline, smooth, 1-septate, unbranched, cylindrical,
9.5-18 x 1.5—3 pm. Conidiogenous cells phialidic, hyaline,
cylindrical, tapered towards the apex, 5-13.5 x 1-3 ym. Alpha
conidia aseptate, ellipsoidal to cylindrical, obtusely rounded at
both ends or acutely round at one end, hyaline, bi- or multi-gut-
tulate, 5.5-9x1.5-3.5um,av.2SD=7.2+0.6 x2.7+0.3 um,
L/W ratio = 2.7 (n = 50). Beta conidia hyaline, aseptate, filiform,
straight or curved, tapering towards both ends, 30.5-54.5 x
1-2um,av.+SD =449+ 5x 1.6 + 0.2 ym, L/W ratio = 28.1
(n = 50). Gamma conidia not observed.

Culture characteristics — Colonies on PDA and MEA have
fluffy aerial mycelium, initially white, becoming dark yellow
with age, conidiomata releasing cream white to pale yellow
conidial drops, reverse with sepia pigmentation in a concentric
ring pattern. On OA with few arial mycelium, initially white,
producing dark brick pigment soon, becoming dense, felted,
pale greenish olivaceous at the centre and vinaceous buff at
the margin, conidiomata releasing cream white to pale yellow
conidial drops, reverse with hazel. Colony diam 79—-82 mm,
25-39 mm and 42—-47 mm on PDA, MEA and OA, respectively,
in5dat25°C.

Ad(ditional materials examined. CHINA, Hunan Province, Jishou City, from
twig dieback of C. reticulata, 31 Mar. 2019, H.Y. Li (culture ZJUE 0291); Fujian
Province, Zhangzhou City, from leaf with melanose of C. maxima, 2 July
2019, T. Xiong (culture ZJUE 0353); Guizhou Province, Congjiang County,
from leaf with melanose of C. reticulata, 8 June 2019, J.R. Long & G.F. Liang
(culture ZJUE 0356); Hunan Province, Luxi County, from leaf with melanose
of C. sinensis, 24 Aug. 2019, S.S. Tan & D.H. Li (culture ZJUE 0372, ZJUE
0374, ZJUE 0376, ZJUE 0382); Hunan Province, Shaoyang City, from leaf
with melanose of C. reticulata, 21 Aug. 2019, Y.T. Zeng (culture ZJUE 0421);
Jiangxi Province, Ganzhou City, from leaf with melanose of C. sinensis, 25
May 2019, X. Yan (culture ZJUE 0423).

Notes — Phylogenetically, D. jishouensis is closely related
to D. incompleta, D. ruiliensis and D. shaanxiensis (Fig. 3,
S2a-e), but can be distinguished from these species based
on morphology. Diaporthe jishouensis produces alpha co-
nidia, which are not known in D. incompleta (Gao et al. 2017)
and D. shaanxiensis (Yang et al. 2020), and beta conidia of
D. jishouensis are longer than in D. incompleta (30.5-54.5 vs
19-44 ym) (Gao et al. 2017) and D. ruiliensis (30.5-54.5 vs
29.5—47 pm) (this study) (Table 5). Moreover, D. jishouensis
has the following sequence similarities with the sequences of
the ex-types of D. incompleta, D. ruiliensis and D. shaanxien-
sis. On ITS: 98.2 %, 96.9 % and 98.4 %, respectively. On cal:
95.5 %, 95.3 % and 92.8 %, respectively. On his3: 87.5 %,
94.4 % and 94.9 %, respectively. On tef1: 94 %, 94.1 % and
93.9 %, respectively. On tub2: 87.4 %, 97.2 % and no tub2 for
D. shaanxiensis, respectively.
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Table 5 Conidial measurements of novel Diaporthe species and their phylogenetically closely related species in this study.

Species Alpha conidia (um) Beta conidia (um)

7.5-8.5x%x1.5-3 -

diospyricola (5.5-)6-7(-7.5) x (2—)2.5(-3) (18—)25-27(-30) x 1.5(-2)
gammata 5.5-10 x 1.5-3 29-48.5 x 1-2

incompleta - 19-44 x 0.5-1.5

Jjishouensis 5.5-9 x1.5-3.5 30.5-54.5 x 1-2

. oncostoma (7.5-)9-11(-12) x (2-)3(-4) -

. ruiliensis 5.5-9 x 2-3 29.5-47 x 1-2

. saccharata (11-)16—-20(-24) x (2.5-)3(-4) (15-)18-20(-27) x (1-)1.5(-2)
. sexualispora 8-12x 3-4.5 15-29 x 1.5-2.5

. shaanxiensis - (35.5-)37-47.5(-50) x 1

bohemiae

OCOODOOLOLOLLODODO

* |solates and measurements in bold were examined in this study.

Gamma conidia (um)

16-31.5x 1.5-4
(11-)12-16 x 3(-3.5)

Persoonia — Volume 51, 2023

Reference

Guarnaccia et al. (2018)
Crous et al. (2013)

This study

Gao et al. (2017)

This study

Crous et al. (2013)

This study

Mostert et al. (2001b)
This study

Yang et al. (2020)

Fig. 6 Diaporthe ruiliensis. a—c. Colonies on PDA, MEA and OA, respectively; d. yellow conidial mass oozing from conidiomata formed on PNA,; e, f. section
view of conidiomata; g—i. conidiophores and beta conidia developing on conidiophores; j. alpha conidia; k. beta conidia. — Scale bars: d =400 ym; e, f=

50 pm; g—k =10 pm.
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Diaporthe ruiliensis X.E. Xiao, Crous & H.Y. Li, sp. nov. —
MycoBank MB 847575; Fig. 6

Etymology. Referring to the Ruili City where the fungus was isolated.

Typus. CHINA, Yunnan Province, Ruili City, from twig dieback of Citrus
limon, 2 Apr. 2018, H.Y. Li (holotype ZJUE H-0307, culture ex-type CG-
MCC3.24383 = ZJUE 0307).

Sexual morph not observed. Conidiomata pycnidial, produced
on PNA, dark brown to black, globose or irregular, superficial
or semi-immersed, solitary or aggregated, 145—-560 ym diam,
often releasing in pale yellow to saffron yellow conidial drops.
Conidiophores hyaline, smooth, 1-septate, unbranched, cylin-
drical, 8—-18.5 x 1.5-3.5 ym. Conidiogenous cells phialidic,
hyaline, cylindrical, tapered towards the apex, 5-14.5 x 1.5—
4 um. Alpha conidia aseptate, ellipsoidal to cylindrical, obtusely
rounded at both ends, hyaline, bi- or multi-guttulate, 5.5-9 x
2-3um,av. SD=74 106 x 25+ 0.2 ym, L/W ratio=3
(n = 50). Beta conidia hyaline, aseptate, filiform, straight or
curved, tapering towards both ends, 29.5-47 x 1-2 ym, av.
+SD=373+£36x1.4+0.1pum, L/W ratio =26.6 (n =50).
Gamma conidia not observed.

Culture characteristics — Colony on PDA with white, felted
and dense aerial mycelium developing in a feathery pattern,
being fluffy, greyish sepia on the surface and sepia to fuscous
black in the reverse. On MEA with white felted and dense
mycelium developing in a feathery pattern, turning smoke
grey, reverse olivaceous. On OA with white dense and felted
aerial mycelium on the surface, turning vinaceous buff at the
centre and honey at the margin in the reverse. Colony diam
40-41 mm, 24—32 mm and 42—47 mm on PDA, MEA and OA,
respectively, in 5 d at 25 °C.

Notes — Phylogenetically, D. ruiliensis forms an independent
lineage, closely related to D. incompleta, D. jishouensis and
D. shaanxiensis (Fig. 3, S2a—e), but can be differentiated from
these species based on morphology. Beta conidia of D. ruili-
ensis are longer than D. incompleta (29.5—47 vs 19—44 uym)
(Gao et al. 2017) but shorter than D. jishouensis (29.5-47 vs
30.5-54.5 ym) and D. shaanxiensis (29.5—47 vs 35.5-50 um)
(Yang et al. 2020) (Table 5). Moreover, D. ruiliensis has the
following sequence similarities with the sequences of the ex-
types of D. incompleta, D. jishouensis and D. shaanxiensis.
On ITS: 95.2 %, 96.9 % and 92.5 %, respectively. On cal:
99.8 %, 95.3 % and 93.3 %, respectively. On his3: 85.1 %,
94.4 % and 94.1 %, respectively. On tef1: 100 %, 94.1 % and
92 %, respectively. On tub2: 86.2 %, 97.2 % and no tub2 for
D. shaanxiensis.

Diaporthe sexualispora X.E. Xiao, Crous & H.Y. Li, sp. nov. —
MycoBank MB 847578; Fig. 7

Etymology. Named for the presence of its sexual morph.

Typus. CHINA, Hunan Province, Shaoyang City, from leaf with melanose
of Citrus unshiu, 20 Aug. 2019, Y.T. Zeng (holotype ZJUE H-0418, culture
ex-type CGMCC3.24385 = ZJUE 0418).

Ascomata produced on PNA, dark brown to black, ostiolate,
250-750 uym diam, deeply immersed, densely clustered in
groups, multiple tapered, spiny perithecial necks producing
through substrate, 890-1710 uym long. Asci hyaline, unitu-
nicate, fasciculate, sessile, elongate to clavate, 42.5-57 x
7.5-10 ym. Ascospores hyaline, two-celled, ellipsoid to fusoid,
often 4-guttulate, with larger guttules at centre and smaller
ones at the ends, 10-16.5 x 10—4 ym. Conidiomata pycnidial,
produced on PNA and PDA, dark brown to black, globose or
irregular, superficial or semi-immersed, solitary or aggregated,
290-400 ym diam. Conidiophores hyaline, smooth, 1-septate,
unbranched, cylindrical, 9-19.5 x 1.5—4 ym. Conidiogenous

cells phialidic, hyaline, cylindrical, tapered towards the apex,
7.5-12.5 x 2—4 ym. Alpha conidia aseptate, fusoid to ovoid,
acutely rounded at both ends, hyaline, biguttulate, 8—12 x
3-4.5um,av.+SD =10.2+£0.9x 3.8+ 0.3 ym, L/Wratio = 2.7
(n = 50). Beta conidia hyaline, aseptate, filiform, straight or
curved, tapering towards one end, 15-29 x 1.5-2.5 ym, av.
+ SD=20.8+29 x 2.1+ 0.2 ym, L/W ratio=9.9 (n = 50).
Gamma conidia not observed.

Culture characteristics — Colony on PDA with felted and
dense aerial mycelium, developing in a feathery pattern, initially
white, reverse with honey pigmentation with age, conidiomata
releasing straw-coloured conidial drops at maturity. On MEA
white, felted and with dense mycelium, growing in a feathery
pattern, reverse honey with buff pigments, conidiomata ex-
creting straw conidial droplets at maturity. On OA with felted
and dense mycelium, growing in a radial pattern, initially white,
turning white to honey, becoming buff at the centre on the sur-
face and buff in the reverse, conidiomata releasing cream white
to yellow conidial drops at maturity. Colony diam 30—34 mm,
19-20 mm and 39—41 mm on PDA, MEA and OA, respectively,
in5dat 25 °C.

Notes — Phylogenetically, D. sexualispora forms an inde-
pendent lineage closely related to D. diospyricola, D. oncostoma
and D. saccarata (Fig. 3, S2a—e), but can be distinguished from
these species based on morphology. Alpha conidia of D. sexu-
alispora are shorter than D. saccarata (8—16 vs 11—-24 ym)
(Mostert et al. 2001b) but larger than D. diospyricola (8—16
x 3—4.5vs 5.5-7.5 x 2-3 ym) (Crous et al. 2013) and D. on-
costoma (8—12 x 3—4.5 vs 7.5-11 x 2—4 pym) (Crous et al.
2013). Besides, D. sexualispora differs from D. oncostoma in
the production of beta conidia not observed in D. oncostoma
(Crous et al. 2013) (Table 5). Moreover, D. sexualispora has
the following sequence similarities with the sequences of the
ex-types of D. diospyricola, D. oncostoma and D. saccarata.
On ITS: 95.7 %, 96.2 % and 95.5 %, respectively. On cal: no
cal for D. diospyricola, 92.3 % and 88.9 %, respectively. On
his3: no his3 for D. diospyricola, 90.2 % and 92.7 %, respec-
tively. On tef1: no tef1 for D. diospyricola, 87.5 % and 82.1 %,
respectively. On tub2: no tub2 for D. diospyricola, 92.8 % and
92.5 %, respectively.

Species associated with disease symptoms

In total, 36 species of Diaporthe were identified from citrus tis-
sues in this study. Of these species, four were obtained from
branch diseases with symptoms of dieback, decay, canker and
gummosis, 19 recovered from melanose symptoms, and 13
from both types of symptoms (Table S1). Diaporthe citri was
the dominant species for both symptom types, accounting for
71.7 % of the isolates obtained from branch diseases and
86.5 % from melanose symptoms.

Pathogenicity

For pathogenicity tests via C. paradisi shoot inoculations, all
the tested Diaporthe isolates could induce discoloured and
necrotic lesions 12 d post inoculation. The lesion lengths varied
significantly among the tested isolates. Overall, both isolates
of D. citri produced the longest lesions, with an average lesion
length of more than 9 cm. Isolate ZJUE 0378 of D. tectonae,
ZJUE 0393 and ZJUE 0400 of D. hubeiensis, ZJUE 0418 of
D. sexualispora, ZJUE 0217 and ZJUE 0416 of D. citriasiana
produced moderate-length lesions (4 cm < mean lesion length
< 9 cm). In contrast, the remaining Diaporthe isolates induced
very limited lesions (mean lesion length <4 cm), especially
isolates of D. apiculata, D. bioconispora and 13 other species
caused only slight discolouration around the inoculation points.
Diaporthe isolates produced shorter lesions on C. reticulata cv.
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Fig. 7 Diaporthe sexualispora. a—c. Colonies on PDA, MEA and OA, respectively; d. ascomata on PNA; e, f. section view of ascomata; g. asci; h. ascospores;
i. conidiomata sporulating on PNA; j. section view of conidioma; k, I. conidiophores; m. alpha conidia; n. beta conidia. — Scale bars: d, i = 400 uym; e, f, j = 50 pm;

g, h, k=n=10 pm.

ponkan compared to the length of lesions produced on C. para-
disi. On C. reticulata cv. ponkan, two isolates of D. citri caused
the largest lesions (mean lesion length > 4 cm), followed by
isolate ZJUE 0400 of D. hubeinensis and isolate ZJUE 0416
of D. citriasiana (2 cm < mean lesion lengths < 4 cm), and the
remaining isolates induced shorter lesions (mean lesion lengths
< 2 cm). No discoloured lesions were produced on the shoots
inoculated with PDA plugs as controls (Fig. 8, 9).

Representative isolates were selected for inoculation in vivo.
These isolates were chosen from isolates exhibiting different
aggressiveness based on the in vitro pathogenicity results on
C. paradisiand C. reticulata cv. ponkan. These isolates included
ZJUE 0254 and ZJUE 0413 (D. citri), ZJUE 0393 and ZJUE
0400 (D. hubeiensis), ZJUE 0217 and ZJUE 0416 (D. citriasi-
ana), and ZJUE 0418 (D. sexualispora) that showed moderate
to high in vitro pathogenicity; and ZJUE 0265 and ZJUE 0372
(D. jishouensis), ZJUE 0363 and ZJUE 0394 (D. penetriteum)
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Fig. 8 Mean lesion lengths on C. paradisi and C. reticulata cv. ponkan shoots inoculated with isolates in Diaporthe in vitro after 12 d. Bars represent standard
errors. Columns with different letters indicate significant differences according to LSD test with confidence level a = 0.05. Control: PDA plugs.
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Fig. 9 Pathogenicity test results of inoculated isolates of Diaporthe in C. paradisi (a—e) and C. reticulata cv. ponkan (f-j) shoots 12 d post inoculation.
a. Isolate ZJUE 0254 of D. citri produced longer lesion length (mean lesion length > 9 cm); b. isolate ZJUE 0217 of D. citriasiana produced moderate lesion
length (4 cm < mean lesion length < 9 cm); c, d. isolate ZJUE 0355 of D. passifloricola and ZJUE 0347 of D. unshiuensis produced short lesion lengths or only
caused slight discolouration around the inoculated points (mean lesion length < 4 cm); e, j. no lesions were produced on the shoot inoculated with PDA plug;
f. isolate ZJUE 0393 of D. hubeiensis caused larger lesion (mean lesion length > 4 cm); g. isolate ZJUE 0347 of D. unshiuensis caused moderate lesion length
(2 cm < mean lesion length < 4 cm); h, i. isolate ZJUE 0398 of D. biguttulata and ZJUE 0311 of D. fulvicolor caused short lesion lengths or only caused slight

discolouration around the inoculated points (mean lesion length < 2 cm).

that showed weak in vitro pathogenicity. After 10 d post inocula-
tion, isolates ZJUE 0254 and ZJUE 0416 (D. citri), ZJUE 0393
and ZJUE 0400 (D. hubeiensis) produced obvious lesions on
all the tested varieties, and caused gummosis on shoots of
C. limon and citrus hybrid cv. cocktail grapefruit. The symptoms
were similar to those observed in the field. Isolates of D. citria-
siana exhibited moderate to high pathogenicity on detached
shoots but produced shorter lesions on F. margarita and citrus
hybrid cv. cocktail grapefruit, and caused slight discolouration
around the inoculated points or no necrosis on C. limon. The
remaining isolates caused only slight discolouration or no le-
sions developed on the shoots of all tested varieties. In parallel,
no necrosis symptoms were observed on the control shoots.
Interestingly, we found that Diaporthe isolates rapidly produced

D. hubeinensis

D. citri D. citri
ZJUE 0254 ZJUE 0413 ZJUE 0393
" \ i_ i\,v i :" -

D. sexualispora
a ZJUE 0418

D. jishouensis
ZJUE 0265

D. jishouensis
ZJUE 0372

conidiomata at the point of inoculation in live shoots, even for
those weakly pathogenic isolates (Fig. 10).

Based on the pathogenicity tests on shoots, six isolates showing
moderate to high aggressiveness were selected for inoculation
on leaves of C. tangerina cv. Hongjv seedlings and plants of
C. limon and C. sinensis. These isolates included ZJUE 0217
and ZJUE 0416 (D. citriasiana), ZJUE 0393 and ZJUE 0400
(D. hubeiensis), and ZJUE 0254, with ZJUE 0413 (D. citri) used
as positive control. Ten days post inoculation, only isolates of
D. citri induced melanose symptoms in leaves (Fig. 11). All
isolates inoculated in shoots and on leaves were re-isolated
successfully from these lesions. As expected, no isolate of
Diaporthe was obtained from the negative control inoculations.

4
> A5
D. hubeinensis D. citriasiana D. citriasiana
ZJUE 0217

ZJUE 0400 ZJUE 0416

D. penetriteum
ZJUE 0363

D. penetriteum
ZJUE 0394

control

Fig. 10 Symptoms developed in shoots of: a. C. limon; b. citrus hybrid cv. cocktail grapefruit; c. F. margarita. With isolates of Diaporthe 10 d after inoculation.

Yellow arrows indicate gum exudate and red arrow indicates a conidioma.
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D. citri
ZJUE 0254

D. jishouensis
ZJUE 0265
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ZJUE 0372

D. sexualispora
Cc ZJUE 0418

Fig. 10 (cont.)

DISCUSSION

In this study, 1287 Diaporthe isolates were obtained from Citrus
showing symptoms of melanose on leaves, shoots and fruits,
dieback, local necrosis and gummosis, canker or wood decay
of twigs, branches and trunks based on large-scale surveys in
the main citrus production regions in China. Based on multi-
locus phylogenetic analyses and morphological features, these
isolates were identified to represent 36 species of Diaporthe,
including 32 known and four novel species. Of the 32 known

-
D. hubeinensis

ZJUE 0400

D. ciriasiana
ZJUE 0217

D. ciriasiana
ZJUE 0416

D. penetriteum control

ZJUE 0363

D. penetriteum
ZJUE 0394

D. ciriasiana
ZJUE 0217

D. ciriasiana
ZJUE 0416

D. hubeinensis
ZJUE 0400

w7

control

D. penetriteum
ZJUE 0394

D. penetriteum
ZJUE 0363

species reported here, 14 species are reported on Citrus for
the first time and two are newly reported from China (Table 1).
Our results revealed significant diversity of Diaporthe species
associated with Citrus in China.

Among the Diaporthe species obtained, D. citri was the most
frequently isolated, representing 71.7 % of the isolates in dis-
eased branch samples and 86.5 % in melanose samples. In
addition, the pathogenicity tests on citrus leaves and shoots
demonstrated that D. citri was more aggressive to Citrus than
other species of Diaporthe. Therefore, we rank D. citri as
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Fig. 11 Melanose symptom induced by D. citri isolate (ZJUE 0254) 10 d after inoculation on: a. C. tangerina cv. Hongjv; b. C. sinensis; c. after 3 d inoculation

on C. limon leaves.

the dominant pathogen of the genus Diaporthe on Citrus in
China, which is consistent with previous research (Huang et
al. 2013, Chaisiri 2018). Arecent study showed that D. citri has
frequent sexual reproduction in orchards (Xiong et al. 2021).
The occurrence of sexual reproduction is more suitable for the
long-term survival of fungi and increasing their adaptability to
changing environments (Nieuwenhuis & James 2016, Drenth et
al. 2019). However, comparative population genetic studies of
other Diaporthe species are needed to understand the potential
ecological factors responsible for the dominance of D. citri over
other Diaporthe species in China.

Aside from the highly virulent isolates of D. citri, isolates of
D. hubeiensis moderately aggressive on citrus shoots, and
could not cause melanose on leaves. In this study, only two
isolates of D. hubeiensis were recovered from leaf melanose of
C. reticulata and C. sinensis. Diaporthe hubeiensis was first re-
ported in the diseased trunk of Vitis vinifera in Hubei Province of
China. A pathogenicity test showed that D. hubeiensis was the
least aggressive compared to other Diaporthe species obtained
from diseased grapevines (Manawasinghe et al. 2019), which
is contrary to the pathogenicity results on citrus in this study.
Pathogenicity results indicated that D. hubeiensis could cause
moderate length lesions in citrus shoots in vitro, shoot dieback
and gummosis on lemon and cocktail grapefruits plants, and
wither-tip on kumquats plants. However, the number of isolates
collected in this study was small, and more isolates will need
to be obtained to evaluate their risk to Citrus.

Pathogenicity tests showed that the majority of the Diaporthe
species obtained in this study are weakly aggressive or non-
aggressive to citrus shoots. Species of Diaporthe have endo-
phytic, saprophytic and pathogenic lifestyles. Some Diaporthe
fungi can be both endophytic and pathogenic, depending on
the host species and the health status of the host plant. For
example, Guarnaccia & Crous (2017) reported that D. limonicola
causes cankers on lemon branches, while Dong et al. (2021)
isolated this fungal species from healthy leaves of C. grandis
cv. Tomentosa. Gao et al. (2016) isolated the same Diaporthe
species from leaves of both symptomatic and asymptomatic
Camellia sinensis, suggesting that this species might be a
latent pathogen. In this study, several Diaporthe species were
isolated from diseased tissues, which had previously been re-
ported from healthy citrus tissues (Huang et al. 2015) (Table 1).
In addition, weak or non-pathogenic Diaporthe isolates were
isolated from branch cankers in this study, while other fungal
taxa, such as Lasiodiplodia, Colletotrichum and Alternaria were
also isolated from the same samples. Thus, we speculate that
the strains of less aggressive Diaporthe species that were iso-
lated from diseased tissues could be latent pathogens. They
occur in healthy citrus trees under normal growth conditions,
but can transform into pathogens when the host is weakened
or experiencing stress conditions, and continue to survive as
saprophytes in decaying plant tissues.

Previous studies have reported the presence of multiple Dia-
porthe spp. in Citrus (Table 1), and the results of this study
further support these findings. Indeed, more novel species
will likely be found in the future. Several reasons may have
contributed to the high species diversity of Diaporthe on Citrus.
Firstly, our survey covered the broadest geographic and Citrus
host range reported thus far from China. Secondly, many of
the isolates obtained in this study are weakly aggressive or
non-pathogenic and likely represent endophytes or latent
pathogens. Previous studies have suggested significant undis-
covered diversity among endophytic fungi (Arnold et al. 2000,
Botella & Diez 2011). Thirdly, several species in Diaporthe
have a wide host range and can move between hosts among
geographic regions. For example, D. unshiuensis was originally
reported on Citrus in China (Huang et al. 2015), but the fungus
has also been found on Vitis (Manawasinghe et al. 2019) and
Pyrus spp. (Guo et al. 2020) in China. Extended surveys over
multiple years (2017-2020) helped us reveal that some of these
Diaporthe species likely migrated from non-citrus host plants.
These three factors are not mutually exclusive, and all could
contribute to the high Diaporthe species diversity observed in
this study. Additional research on Diaporthe from non-citrus
plants in orchards adjacent to citrus plants are needed to test
the third possibility. In addition to the three reasons mentioned
above, the high number of Diaporthe species on Citrus may
also be due to the changing criteria for species delimitation.
Recently, Hilario et al. (2021) used genealogical concordance
and coalescent-based species delimitation to assess species
boundaries in the D. eres complex and identified that the D. eres
complex as a single species, suggesting that the identification of
species in Diaporthe has been largely overestimated. Therefore,
a coherent approach consisting of genealogical concordance
criteria and methods for detecting recombination should be
implemented, or methods based on whole-genome sequence
analyses developed in the future to circumscribe species in the
genus Diaporthe (Xu 2020).

In conclusion, results of this study present a large-scale inves-
tigation into 36 species of Diaporthe associated with Citrus in
China. Overall, D. citri was the most prevalent and aggressive
species causing citrus branch diseases and melanose. Among
the 36 species, we found a range of frequency and pathogenic-
ity on citrus, consistent with a diversity of lifestyles and associa-
tions between Diaporthe species and Citrus in China. Based on
previous reports and the results of this study (Table 1), there
are currently 59 species of Diaporthe associated with Citrus.
Additional novel species will likely be found in the future. The
speciation of these species, the potential hybridization among
them, and their tissue and host ranges are all worthy of fur-
ther in-depth research and exploration. The DNA sequence
polymorphisms among species identified here will enable the
development of rapid molecular diagnosis of citrus diseases
caused by Diaporthe. Together, our increased understanding
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of the diversity of Diaporthe pathogens, their pathogenicity,
and potential rapid diagnosis and monitoring tools provide a
solid foundation for accurate assessments of the threats of this
group of pathogens to citrus productions in China (Xu 2022).
Such assessments will be essential for developing targeted
prevention and management strategies against the Diaporthe
diseases in citrus among geographic regions.
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Supplementary material

Fig. 81 Phylogenetic tree generated by Bayesian inference analyses based
on the individual cal, his3, tef1 and tub2 (a—d) sequence alignment of spe-
cies in D. eres species complex. Bayesian posterior probability (PP = 0.9)
and IQtree bootstrap support values (ML = 50 %) were presented above
branches as follows: PP/ML. PP < 0.9 and ML < 50 % of branches marked
with *, and absent marked with -. Ex-type strains in bold. The tree is rooted to
Diaporthe citri (CBS 135422). The clades marked with colour blocks contain
isolates of Diaporthe obtained in this study.

Fig. S2 Phylogenetic tree generated by Maximum likelihood (a) and Bayes-
ian inference analyses (b—e) based on the individual ITS, cal, his3, tef1 and
tub2 sequence alignment of species in Diaporthe spp. Bayesian posterior
probability (PP 2 0.9) and IQtree bootstrap support values (ML = 50 %) were
presented above branches as follows: PP/ML, except for ITS gene tree, which
only presented IQtree bootstrap support values. PP < 0.9 and ML < 50 % of
branches marked with *, and absent marked with -. Ex-type strains in bold.
The tree is rooted to Diaporthe citri (CBS 135422). The clades marked with
colour blocks contain isolates of Diaporthe obtained in this study.

Table S1 Details of all Diaporthe isolates obtained in this study.
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