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Abstract:

The classification of Cytospora species, has historically presented challenges due to
the limitations of conventional methodologies. Understanding the genetic
characteristics of these species has become a vital necessity for their precise
identification and classification. In this comprehensive study, we conducted an in-
depth analysis of the genetic composition of various Cytospora species, focusing on
four distinct gene regions: ITS, ACT, TUB, and RPB2. Our primary objective was
to elucidate the evolutionary relationships among these species and their capability
to differentiate from other taxonomic groups. Within the ITS region, our analysis
revealed the presence of 68 clades. However, this region was able to effectively
separate only 43% of the studied species. Notably, a basal clade featuring C. valsoide
was observed, with relatively modest bootstrap values for species containing
multiple sequences. Turning our attention to the ACT region, we identified 45 clades,
achieving a 53% success rate in species separation. Importantly, this region exhibited
higher bootstrap values for certain species, including C. populinopsis, C. japonica,
and C. leucostoma sequences. The TUB region emerged as particularly successful,
presenting 34 clades and achieving an impressive 76% success rate in species
separation. High bootstrap values were observed for species such as C.
chrysosperma, C. davidiana, and C. brevispora. In the RPB2 region, we identified 63
clades, effectively separating 80% of the studied species. Species with multiple
sequences formed cohesive clusters with high bootstrap values. The combination of
gene regions yielded robust results. In the combined phylogenetic analysis of gene
regions, ITS+ACT, ITS+RPB2, ITS+TUB, ITS+ACT+TUB and
ITS+TUB+RPB2+ACT were able to separate 97, 97, 100, 116 and 125 species
among 137, respectively. This research underscores the necessity of analyzing
multiple gene regions for precise Cytospora species identification. It notably
highlights the significance of the RPB2 and TUB genes, particularly when resource
constraints are a concern. These findings offer valuable insights into the genetic
diversity and relationships within the Cytospora genus, significantly advancing the
accuracy of taxonomic classification and enhancing our understanding of these
fungal species.

Keywords: Phylogenetic analysis, Single-Gene, Multigene phylogeny, Species
identification.
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Introduction

Cytospora, introduced by Ehrenberg in 1818, is a
significant pathogenic genus responsible for causing canker
disease on branches of various tree and shrub species. This
disease often results in extensive dieback in a wide range of
plants, including forest trees, fruit trees, and ornamental
species (Adams et al., 2004) (Extension Utah State
University, 2025). Cytospora represents the asexual form of
Valsa, which serves as the type genus of Valsaceae within
the order Diaporthales Nannf. Additionally, the family
Valsaceae includes other genera such as Amphicytostroma,
Chadefaudiomyces, Cryptascoma, Ditopellina, Durispora,
Harpostroma,  Hypospilina,  Kapooria,  Leptosillia,
Maculatipalma, Pachytrype, and Paravalsa (Yang et al,
2015).

In addition to its association with the genus Valsa,
Cytospora has also been recognized as the asexual form of

other genera,

Valsella,

including Leucocytospora, Leucostoma,

and Valseutypella. These genera share a
morphological connection with Cytospora, indicating the
presence of different stages or forms within the life cycle of
these fungal organisms (Adams et al., 2002).

Consequently, Adams et al., in 2006 unified all of these
sexual genera under the umbrella of Valsa, merging them
either as subgenera or species. This taxonomic consolidation
aimed to establish a more comprehensive classification
system and facilitate a better understanding of the
interrelationships among these fungal genera (X. Fan et al.,
2015; X. L. Fan et al., 2015; Wikee et al., 2011).

Consequently, the genus Valsa (1849) was considered
synonymous with Cytospora (1818), with the latter being
recognized as the oldest and most extensively employed
name. This decision was made to maintain consistency and
avoid confusion in the taxonomy of these organisms (Fan et
al., 2014; Fotoubhifar et al., 2010).

The majority of the names formerly attributed to Valsa
already possess an earlier epithet within Cytospora
SMML Database

according  to  the Fungal

(http://nt.arsgrin.gov/fungaldatabases/). Additionally,
Rossman et al., (2015) introduced certain new names for the
widespread species of Cytospora that were previously
classified under Valsa (Rossman et al., 2015). This update
aimed to enhance the accuracy and consistency of
nomenclature within the field of mycology.

Cytospora species usually produce asexual fruiting
bodies and contain a single or labyrinthine of locules,
filamentous conidiophores or asci, and allantoid hyaline
conidia or allantoid hyaline ascospores (X. Fan et al., 2015;
X. L. Fan et al., 2015). In moist conditions, the conidia will
emerge from the fruiting bodies forming yellow, orange to
red gelatinous tendrils ((Adams et al., 2006).

Cytospora species are typically identified based on their
association with specific host plants, as morphological
descriptions often lack distinctive differences. As a result, it
is possible for a single Cytospora species to be found on
multiple unrelated host plants, or for a single host plant to
host multiple Cytospora species (Wang et al., 2015). In
recent years, phylogenetic approaches have become
essential tools for the accurate identification of Cytospora
species and related fungi. Traditional morphological
identification alone often leads to misclassification because
of high phenotypic plasticity and overlapping host
affiliations (Pan et al., 2020) (Wang, Jiang, & Ma, 2024).
Therefore, molecular phylogenetic analyses based on
multiple gene regions provide a more reliable framework for
distinguishing closely related taxa (Reeb et al., 2004; Tang
et al., 2007). Among the available markers, the internal
transcribed spacer (ITS) region has been widely used as a
universal fungal DNA barcode due to its relatively high
interspecific variability, although it sometimes lacks
sufficient resolution among closely related species (Pan et
al., 2020). The B-tubulin (TUB) and RNA polymerase II
second largest subunit (RPB2) genes offer higher
phylogenetic resolution at species and genus levels (Reeb et
al., 2004; Tang et al., 2007), while the actin (ACT) gene
contributes additional support for clade differentiation

(Guan et al., 2020).
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Multi-locus phylogenetic analysis provides a more robust
and reliable framework for species delimitation in
Cytospora, overcoming the limitations of both traditional
morphological identification and single-gene approaches
(Pan et al., 2020; Reeb et al., 2004; Tang et al., 2007).

In Index Fungorum (2017), there are 585 epithets
assigned to Cytospora, with an estimated count of 110
species according to Kirk et al., (2013) (Fungorum, 2017;
Kirk et al., 2013). However, ex-type sequence data is only
accessible for 23 species in GenBank (Benson et al., 2018).
Consequently, identifying species solely based on a
phylogenetic perspective poses difficulties (Hyde et al,
2014).

The objective of this study was to identify Cytospora
species within a specific region through phylogenetic
analysis. Additionally, a multi-locus phylogeny was
constructed using ITS, LSU, RPB2, and ACT sequence data
to enhance the resolution of Cytospora species. Furthermore,
the distribution of Cytospora species on different hosts is
also discussed in this research. The comprehensive analysis

of Cytospora species in this study not only addresses long-

standing taxonomic challenges but also provides valuable
insights into their ecological associations, distribution, and
potential implications for forest health management and
biodiversity conservation.

Materials and methods

Information Retrieval

A comprehensive search was carried out on renowned
academic databases, including Google Scholar, Scopus, and
PubMed, utilizing the keywords "Cyfospora" and
"Cytospora sp. no." The purpose of this search was to
compile a selection of reliable articles related to valid
species of the genus Cytospora. These articles were carefully
reviewed to identify newly reported species and access
phylogenetic data. Subsequently, a definitive list of valid
species was prepared.

Dataset Compilation

Table 1 presents the sequences of valid species sourced
from gene repositories, which were essential for conducting
phylogenetic analyses of Cytospora species. Within this
dataset, strains marked with 'T' represent the type species,
while 'NA' indicates caseswhere the desired isolate lacked a

corresponding sequence in the gene pools.

Table 1: Authentic species sequences obtained from gene bank for use in phylogenetic study of the genus Cytospora

species (strains marked with T are types and NA indicates the absence of the sequence in gene bank)

Species Strain ITS ACTI1 RPB2 TUB2

C. ailanthicola CFCC 89970" MH933618 MH933526 MH933592 MH933565
C. abyssinica CMW 101817 AY347353 NA NA NA

C. abyssinica CMW 10178 AY347354 NA NA NA

C. acaciae CBS 468.69 DQ243804 NA NA NA

C. ampulliformis MFLUCC 16-0583" KY417726 KY417692 KY417794 NA

C. ampulliformis MFLUCC 16-0629 KY417727 KY417693 KY417795 NA

C. amygdali CBS 1442337 MG971853 MG972002 NA MG971718
C. atrocirrhata CFCC 89615 KR045618 KF498673 KU710946 KR045659
C. atrocirrhata CFCC 89616 KR045619 KF498674 KU710947 KR045660
C. atrocirrhata CFCC 89625 EF447305 NA NA NA

C. austromontana CMW 67357 AY347361 NA NA NA

C. beilinensis CFCC 50493 MH933619 MH933527 NA MH933561
C. beilinensis CFCC 50494 MH933620 MH933528 NA MH933562
C. berberidis CFCC 899277 KR045620 KU710990 KU710948 KR045661

C. berberidis CFCC 89933 KR045621 KU710991 KU710949 KR045662
C. berkeleyi StanfordT3" AY347350 NA NA NA

C. berkeleyi UCBTwig3 AY347349 NA NA NA

C. brevispora CBS 116829 AF192321 NA NA NA

C. brevispora CBS 1168117 AF192315 NA NA NA

C. bungeana CFCC 504957 MH933621 MH933529 MH933593 MH933563
C. bungeana CFCC 50496 MH933622 MH933530 MH933594 MH933564
C. californica CBS 1442347 MG971935 MG972083 NA NA

C. castanae DBT 183" KC963921 NA NA NA

C. carbonacea CFCC 89947 KR045622 KP310842 KU710950 KP310825

C. carpobroti CMW 489817 MH382812 NA NA MH411207
C. cedri CBS 196.50 AF192311 NA NA NA

C. celtidicola CFCC 504977 MH933623 MH933531 MH933595 MH933566
C. celtidicola CFCC 50498 MH933624 MH933532 MH933596 MH933567
C. centrivillosa MFLUCC 16-1206" MF190122 NA MF377600 NA

C. centrivillosa MFLUCC 17-1660 MF190123 NA MF377601 NA
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Table 1 Continuation: Authentic species sequences obtained from gene bank for use in phylogenetic study of the

genus Cytospora species (strains marked with T are types and NA indicates the absence of the sequence in gene bank)

Species Strain ITS ACTI RPB2 TUB2

C. ceratosperma CFCC 89624* KR045645 NA KU710976 KR045686
C. ceratosperma CFCC 89625* KR045646 NA KU710977 KR045687
C. ceratospermopsis CFCC 89626" KR045647 KU711011 KU710978 KR045688
C. ceratospermopsis CFCC 89627 KR045648 KU711012 KU710979 KR045689
C. chrysosperma CFCC 89629 KF765673 NA KF765705 NA

C. chrysosperma CFCC 89981 MH933625 MH933533 MH933597 MH933568
C. chrysosperma CFCC 89982 KP281261 KP310835 NA KP310818
C. cinerostroma CMW 57007 AY347377 NA NA NA

C. cinnamomea CFCC 53178*T MK673054 MK673024 NA MK672970
C. coryli CFCC 531627 MN854450 NA MNB850751 MNB861120
C. cotoneastricola CF 20197027* MK673072 MK673042 MK673012 MK672988
C. cotoneastricola CF 20197031*T MK673075 MK673045 MK673015 MK672991
C. cotini MFLUCC 14-1050" KX430142 NA KX430144 NA

C. curvata MFLUCC 15-08657 KY417728 KY417694 KY417796 NA

C. davidiana CXY 1350" KM034870 NA NA NA

C. davidiana CXY 1374 KMO034869 NA NA NA

C. diatrypelloidea CMW 8549T AY347368 NA NA NA

C. diopuiensis MFLUCC 18-1419T MK912137 MN685819 NA NA

C. disciformis CMW 65097 AY347374 NA NA NA

C. disciformis CMW 6750 AY347359 NA NA NA

C. elaeagni CFCC 89632 KR045626 KU710995 KU710955 KR045667
C. elaeagni CFCC 89633 KF765677 KU710996 KU710956 KR045668
C. elaeagnicola CFCC 528827 MK732341 MK732344 MK732347 NA

C. eriobotryae IMI 1365237 AY347327 NA NA NA

C. erumpens CFCC 50022* MH933627 MH933534 NA MH933569
C. erumpens CFCC 53163* MK673059 MK673029 MK673000 MK672975
C. eucalypti LSEQ AY347340 NA NA NA

C. eucalypti CBS 144241 MG971907 MG972056 NA MG971772
C. eucalypticola ATCC 961507 AY347358 NA NA NA

C. eucalypticola CMW 5309 AF260266 NA NA NA

C. eucalyptina CMW 5882 AY347375 NA NA NA

C. eugeniae CMW 7029 AY347364 NA NA NA

C. eugeniae CMW 8648 AY347344 NA NA NA

C. euonymicola CFCC 504997 MH933628 MH933535 MH933598 MH933570
C. euonymicola CFCC 50500 MH933629 MH933536 MH933599 MH933571
C. euonymina CFCC 899937 MH933630 MH933537 MH933600 MH933590
C. euonymina CFCC 89999 MH933631 MH933538 MH933601 MH933591
C. fraxinigena MFLU 17-0880 MF190134 NA NA NA

C. fraxinigena MFLUCC 14-0868" MF190133 NA NA NA

C. friesii CBS 194.42 AY347328 NA NA NA

C. fugax CXY 1371 KM034852 NA NA KM034891
C. fugax CXY 1381 KMO034853 NA NA KMO034890
C. fugax CBS 203.42 AY347323 NA NA NA

C. galegicola MFLUCC 18-1199" MK912128 MNG685810 MN685820 NA

C. germanica CXY 1322 JQ086563 NA NA NA

C. gigalocus CFCC 896207 KR045628 KU710997 KU710957 KR045669
C. gigalocus CFCC 89621 KR045629 KU710998 KU710958 KR045670
C. gigaspora CFCC 50014 KR045630 KU710999. KU710959 KR045671
C. gigaspora CFCC 896347 KF765671 KU711000 KU710960 KR045672
C. granati CBS 1442377 MG971799 MG971949 NA MG971664
C. hippophaés CFCC 89639 KR045632 KU711001 KU710961 KR045673
C. hippophaés CFCC 89640 KF765682 KF765730 KU710962 KR045674
C. japonica CBS 375.29* AF191185 NA NA NA

C. japonica CFCC 89956* KR045624 KU710993 KU710953 KR045665
C. japonica CFCC 89960* KR045625 KU710994 KU710954 KR045666
C. joaquinensis CBS 1442357 MG971895 MG972044 NA MG971761
C. junipericola BBH 42444 MF190126 NA NA NA

C. junipericola MFLU 17-0882" MF190125 NA NA NA

C. juniperina CFCC 50501" MH933632 MH933539 MH933602 NA

C. juniperina CFCC 50502 MH933633 MH933540 MH933603 MH933572
C. juniperina CFCC 50503 MH933634 MH933541 MH933604 NA

C. kantschavelii CXY 1383 KMO034867 NA NA NA

C. kantschavelii CXY 1386 KMO034867 NA NA NA

C. kuanchengensis CFCC 524647 MK432616 MK442940 MK578076 NA

C. kuanchengensis CFCC 52465 MK432617 MK442941 MK578077 NA

C. kunzei CBS 118556 DQ243791 NA NA NA

C. longiostiolata MFLUCC 16-0628" KY417734 KY417700 KY417802 NA

C. longispora CBS 144236" MG971905 MG972054 NA MG971764
C. leucosperma CFCC 89622* KR045616 KU710988 KU710944 KR045657
C. leucosperma CFCC 89894* KR045617 KU710989 KU710945 KR045658
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Table 1 Continuation: Authentic species sequences obtained from gene bank for use in phylogenetic study of the

genus Cytospora species (strains marked with T are types and NA indicates the absence of the sequence in gene bank)

YAS

Species Strain ITS ACTI RPB2 TUB2

C. leucostoma CFCC 50016* MH820400 MH820408 NA MHS820389
C. leucostoma CFCC 50017* MH933635 MH933542 NA MH933573
C. leucostoma CFCC 50018* MH933636 MH933543 NA MH933574
C. leucostoma CFCC 50019* MH933637 MH933544 NA NA

C. leucostoma CFCC 50020%* MH933638 MH933545 NA NA

C. leucostoma CFCC 50021* MH933639 MH933546 NA MH933575
C. leucostoma CFCC 50023* KR045635 KU711003 KU710964 KR045676
C. leucostoma CFCC 50024* MH933640 MH933547 MH933605 MH933576
C. leucostoma CFCC 53156* MNB854447 MN850762 MN850748 MNR861117
C. leucostoma MFLUCC 16-0574* KY417731 KY417696 KY417798 NA

C. leucostoma MFLUCC 16-0589* KY417732 KY417698 KY417800 NA

C. leucostoma CFCC 53167* MK673056 MK673026 MK672998 MK672972
C. lumnitzericola MFLUCC 17-0508" MG975778 MH253457 MH253453 NA

C. mali CFCC 50028%* MH933641 MH933548 MH933606 MH933577
C. mali CFCC 50029* MH933642 MH933549 MH933607 MH933578
C. mali-spectabilis CFCC 53181*T MK673066 MK673036 MK673006 MK672982
C. melnikii CFCC 89984 MH933644 MH933551 MH933609 MH933580
C. melnikii MFLUCC 15-0851" KY417735 KY417701 KY417803 NA

C. melnikii MFLUCC 16-0635 KY417736 KY417702 KY417804 NA

C. mougeotii ATCC 44994 AY347329 NA NA NA

C. multicollis CBS 105.89" DQ243803 NA NA NA

C. myrtagena CFCC 52454 MK432614 MK442938 MK578074 NA

C. myrtagena CFCC 52455 MK432615 MK442939 MK578075 NA

C. myrtagena CBS 1168437 AY347363 NA NA NA

C. nitschkii CMW 101807 AY347356 NA NA NA

C. nitschkii CMW 10184 AY347355 NA NA NA

C. nivea MFLUCC 15-0860 KY417737 KY417703 KY417805 NA

C. nivea CFCC 89641 KF765683 KU711006 KU710967 KR045679
C. nivea CFCC 89643 KF765685 NA KU710968 KP310829
C. notastroma NE TFRS JX438632 NA NA NA

C. notastroma NE TFRS8 JX438633 NA NA NA

C. ochracea CFCC 53164*T MK673060 MK673030 MK673001 MK672976
C. oleicola CBS 1442487 MG971944 MG972098 NA MG971752
C. olivacea CFCC 53174* MK673058 MK673028 MK672999 MK672974
C. olivacea CFCC 53175* MK673062 MK673032 MK673003 MK672978
C. olivacea CFCC 53176*T MK673068 MK673038 MK673008 MK672984
C. olivacea CFCC 53177* MK673071 MK673041 MK673011 MK672987
C. palm CXY 1276 JN402990 NA NA NA

C. palm CXY 12807 IJN411939 NA NA NA

C. parakantschavelii MFLUCC 15-0857"7 KY417738 KY417704 KY417806 NA

C. parakantschavelii MFLUCC 16-0575 KY417739 KY417705 KY417807 NA

C. parapersoonii T28.17 AF191181 NA NA NA

C. parapistaciae CBS 144506" MG971804 MG971954 NA MG971669
C. parasitica MFLUCC 15-0507*T KY417740 KY417706 KY417808 NA

C. parasitica CFCC 53172%* MK673069 MK673039 MK673009 MK672985
C. parasitica CFCC 53173* MK673070 MK673040 MK673010 MK672986
C. paratranslucens MFLUCC 15-0506" KY417741 KY417707 KY417809 NA

C. paratranslucens MFLUCC 16-0627 KY417742 KY417708 KY417810 NA

C. piceae CFCC 528417 MH820398 MHS820406 MH&820395 MH&820387
C. piceae CFCC 52842 MHS820399 MH820407 MHS820396 MHS820388
C. pingbianensis MFLUCC 18-1204" MK912135 MN685817 MNG685826 NA

C. pini CBS 197.42 AY347332 NA NA NA

C. pini CBS 224.52"7 AY347316 NA NA NA

C. pistaciae CBS 144238 MG971802 MG971952 NA MG971667
C. platanicola MFLU 17-0327 MH253451 MH253449 MH253450 NA

C. platyclada CFCC 505047 MH933645 MH933552 MH933610 MH933581
C. platyclada CFCC 50505 MH933646 MH933553 MH933611 MH933582
C. platyclada CFCC 50506 MH933647 MH933554 MH933612 MH933583
C. platycladicola CFCC 50038" KT222840 MH933555 MH933613 MH933584
C. platycladicola CFCC 50039 KR045642 KU711008 KU710973 KR045683
C. plurivora CBS 1442397 MG971861 MG972010 NA MG971726
C. populicola CBS 1442407 MG971891 MG972040 NA MG971757
C. populina CFCC 89644T KF765686 KU711007 KU710969 KR045681
C. populinopsis CFCC 50032'T MH933648 MH933556 MH933614 MH933585
C. populinopsis CFCC 50033* MH933649 MH933557 MH933615 MH933586
C. predappioensis MFLUCC 17-2458" MG873484 NA NA NA

C. prunicola MFLU 17-09957 MG742350 MG742353 MG742352 NA
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Table 1 Continuation: Authentic species sequences obtained from gene bank for use in phylogenetic study of the

genus Cytospora species (strains marked with T are types and NA indicates the absence of the sequence in gene bank)

Species Strain ITS ACTI1 RPB2 TUB2

C. pruni-mume CFCC 53179%* MK673057 MK673027 NA MK672973
C. pruni-mume CFCC 53180*T MK673067 MK673037 MK673007 MK672983
C. pruinopsis CFCC 500347 KP281259 KP310836 KU710970 KP310819
C. pruinopsis CFCC 50035 KP281260 KP310837 KU710971 KP310820
C. pruinopsis CFCC 53153 MN854451 MN850763 MN850752 MN861121
C. pruinosa CBS 201.42T DQ243801 NA NA NA

C. pruinosa CFCC 50036 KP310800 KP310832 NA KP310815
C. pruinosa CFCC 50037 MH933650 MH933558 NA MH933589
C. pubescentis MFLUCC 18-12017 MK912130 MNG685812 MN685821 NA

C. punicae CBS 144244 MG971943 MG972091 NA MG971798
C. quercicola MFLU 17-0881 MF190128 NA NA NA

C. quercicola MFLUCC 14-0867" MF190129 NA NA NA

C. rhizophorae MUCC302 EU301057 NA NA NA

C. ribis CFCC 50026 KP281267 KP310843 KU710972 KP310826
C. ribis CFCC 50027 KP281268 KP310844 NA KP310827
C. rosae MFLU 17-0885 MF190131 NA NA NA

C. rosicola CF 20197024*T MK673079 MK673049 MK673019 MK672995
C. rostrate CFCC 89909T KR045643 KU711009 KU710974 KR045684
C. rostrate CFCC 89910 KR045644 KU711010 KU710975 NA

C. rusanovii MFLUCC 15-0853 KY417743 KY417709 KY417811 NA

C. rusanovii MFLUCC 15-0854" KY417744 KY417710 KY417812 NA

C. salicacearum MFLUCC 16-0576 KY417741 KY417707 KY417809 NA

C. salicacearum MFLUCC 16-0587 KY417742 KY417708 KY417810 NA

C. salicicola MFLUCC 15-0866 KY417749 KY417715 KY417817 NA

C. salicicola MFLUCC 14-10527 KU982636 KU982637 NA NA

C. salicina MFLUCC 15-0862" KY417750 KY417716 KY417818 NA

C. salicina MFLUCC 16-0637 KY417751 KY417717 KY417819 NA

C. schulzeri CFCC 50040* KR045649 KU711013 KU710980 KR045690
C. schulzeri CFCC 50042%* KR045650 KU711014 KU710981 KR045691
C. sibiraeae CFCC 50045°T KR045651 KU711015 KU710982 KR045692
C. sibiraeae CFCC 50046* KR045652 KU711015 KU710983 KR045693
C. sophorae CFCC 50047 KR045653 KU711017 KU710984 KR045694
C. sophoricola CFCC 89596 KRO045656 KU711020 KU710987 KR045697
C. sophoricola CFCC 895957 KRO045655 KU711019 KU710986 KR045696
C. sophoriopsis CFCC 89600" KR045623 KU710992 KU710951 KP310817
C. sorbi MFLUCC 16-06317 KY417752 KY417718 KY417820 NA

C. sorbicola MFLUCC 16-0584" KY417755 KY417721 KY417823 NA

C. sorbicola MFLUCC 16-0633 KY417758 KY417724 KY417826 NA

C. sorbina CF 20197660*T MK 673052 MK 673022 NA MK 672968
C. spiraeae CFCC 50049*T MG707859 MG708196 MG708199 NA

C. spiraeae CFCC 50050* MG707860 MG708197 MG708200 NA

C. spiraeicola CFCC 531387 MN854448 NA MN850749 MN861118
C. spiraeicola CFCC 53139 MN854449 NA MN850750 MN861119
C. tamaricicola CFCC 50507* MH933651 MH933559 MH933616 MH933587
C. tamaricicola CFCC 50508*T MH933652 MH933560 MH933617 MH933588
C. tanaitica MFLUCC 14-1057" KT459411 KT459413 NA NA

C. thailandica MFLUCC 17-0262" MG975776 MH253459 MH253455 NA

C. thailandica MFLUCC 17-0263" MG975777 MH253460 MH253456 NA

C. tibetensis CF 20197026* MK 673076 MK 673046 MK673016 MK 672992
C. tibetensis CF 20197029* MK673077 MK673047 MK673017 MK 672993
C. tibetensis CF 20197032*T MK673078 MK 673048 MK673018 MK 672994
C. tibouchinae CPC 263337 KX228284 NA NA NA

C. translucens CXY 1351 KMO034874 NA NA KMO034895
C. ulmi MFLUCC 15-0863" KY417759 NA NA NA

C. valsoidea CMW 43097 AF192312 NA NA NA

C. valsoidea CMW 4310 AF192312 NA NA NA

C. variostromatica CMW 6766" AY347366 NA NA NA

C. variostromatica CMW 1240 AF260263 NA NA NA

C. vinacea CBS 141585T KX256256 NA NA KX256235
C. viridistroma CBS 202.36" MN172408 NA NA NA

C. viticola Cyt2 KX256238 NA NA KX256217
C. viticola CBS 141586" KX256239 NA NA KX256218
C. xinjiangensis CFCC 53182* MK 673064 MK 673034 MK 673004 MK 672980
C. xinjiangensis CFCC 53183*T MK 673065 MK673035 MK 673005 MK 672981
C xinglongensis CFCC 52458 MK432622 MK442946 MK578082 NA

C. xylocarpi MFLUCC 17-0251" MG975775 MH253458 MH253454 NA

YAY




YAA

Iranian Journal of Plant Pathology, Volume 60, Issue 3. Pages 282-327

Data Analysis

Sequence Preparation and Alignment

The core objective of phylogenetic analysis is to infer the
evolutionary relationships and history of genes or gene
fragments by comparing their homologous positions. To do
this, alignment of homologous sequences in the study is
essential.. To facilitate this alignment, we employed BioEdit
version 4.0.6.2 (Hall, 1999), incorporating the Clustal W
algorithm for multiple sequence alignment. In cases where
sequences were short and exhibited significant nucleotide
variations in specific regions, additional data were
introduced to prevent unwanted deletion of these regions
during subsequent phylogenetic analyses

.Phylogenetic Analysis for Species Discrimination and
Evaluation of Gene Regions

For species with multiple sequence alignments accessible
in the gene repositories for the four gene regions, two or
more sequences were selected for analysis. Additionally,
two outgroup taxa, Diaporthe vaccinii, and Diaporthe eres,
were chosen to root the phylogenetic trees. The phylogenetic
analysis was conducted utilizing the maximum likelihood

algorithm and validated with 1000 bootstrap replicates

through the utilization of MEGA 11 software (Tamura et al.,
2021). The best-fitting model for maximum likelihood
analysis, as determined by the minimum Akaike Information
Criterion (AIC) score, was employed. Furthermore, a
bootstrap analysis with 1000 pseudoreplicates was
performed to assess the support values of clades, branches,
and tree topology.

Results

Separation Based on Individual Gene Regions

ITS Region

The phylogenetic tree based on the ITS region (Figure 1)
revealed a total of 68 clades. However, this region exhibited
a separation success rate of only 43% concerning the studied
species in comparison to other taxa (Table 2). Notably, the
clade representing the species C. valsoide emerged as the
most basal clade at the terminus of the phylogenetic tree. It
is important to mention that bootstrap values for species with
multiple sequences used in the phylogenetic analysis were
relatively low. Among these, the clade comprising C.

atrocinrhata and C. valsoidea species displayed bootstrap

values of 92 and 98, respectively.

Table 2: Separated species using ITS region

C. joaquinensis
C. galegicola
C. ulmi

C. friesii

C. davidiana
C. Rusanovii
C. Rusanovii
C. Viticola

C. Elaeagnicola
C. Oleicola

C. pruinosa

C. sibiraeae

C. cotoneastricola
C. rosicola

C. tibetensis

C. japonica

C. sorbina

C. atrocirrhata
C. sorbi

C. olivacea

C. amygdal

C. sorbicola

C. erumpens

C. leucostoma
C. pruinopsis
C. salicicola

C. xinjiangensis
C. multicollis

C. notastroma

C. bungeanae

C. kunze

C. pini

C. cinereostroma
C. diatrypelloidea
C. berkeleyi

C. parapistaciae
C. pistaciae

C. parapersoonii
C. variostromatica
C. variostromatica
C. eucalypti

C. californica

C. vinacea

C. abyssinica

C. acacia

C. abyssinica

C. palm

C. platyclada

C. pingbianensis
C. brevispora

C. rhizophorae

C. viridistroma

C. castanae C. eugeniae
C. punicae C. myrtagena
C. valsoidea C. tibouchinae
C. gigalocus
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Figure 1: Phylogenetic tree based on ITS region using the model TN93+G+I in maximum likelihood analysis

ACT Region taxa (Table 3). In the analysis, species with multiple

Within the phylogenetic tree of the ACT region (Figure sequences showed notably high bootstrap values. The most
2), 45 clades were identified. Impressively, this region supported clade within this region included sequences of C.
succeeded in effectively separating 53% of the studied populinopsis, C. japonica, and C. leucostoma, featuring
species (equivalent to 36% of the total species) from other bootstrap values of 99, 99, and 95, respectively.
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Cytospora oliwces CFCC 53176
Cytospora olnacea CFCC 53176
Cytospora ninea MFLUCC 15-0860
Cytospora nivea CFCC 89641
Cytospora atrocinhata CFCC 89614
T‘: Cytospora platyeladicola CF CC 50039
Cytospors longiostiodata MFLUCC 160628
Cytosporz longispora CBS 144236
Cytspora ribis CFCC 50026
Cytospora rosae MFLU 17088
Cytospora davdianae CXY1374
Cytospora melnikii MFLUCC 15-0851
Cytospora paratranslucens MFLUCC 16.0827
Cwtospora paratranslucens MFLUCC 150506
Cytospora paratransiucens MFLUCC 150506
Cytospora paratransiucens MFLUCC 160627
Cytospora sophorae CF CC 60047
Cytospora sophorae CFCC 50048
L Cytospora sibiraeae CFCC 50046
Cytospora pruinosa CB § 201.42
Cytospora erumpens MFLUCC 16.0580
_| 44 Cwytospora eucalypi CBS 144241
Cytospora eucalyptt LSEQ
71, Cytospora enobotryae  MI136523
Cytospora erumpens MFLUCC 16-0580
Cytozpora sophorioola CFCC £0506
Cytospora sophonicala CFCC 89595
— Cytespora quercicola MFLU 17360821
Cytospora sophorae CFCC 50048
Cytospora japonica OMW3374
Cytospora japoréca CMWNZ374
Cytospora ochracea CFCC 53164
Cytospora cunata MFLUCC 15.0865
Cytospora davdiana CXY1350
Cytospora pruinopsis  CFCC 50035
Cytospora pruinopsis CFCC 50034
Ogptospora spiraeae CFCC 0050
Cytospora spiraeicota CFCC 63130
— Cytospora parapistaciae CBS 144506
Cytospora hippophaes CFCC 29640
ﬁ{ Cytosporapini CB522452

5,

.
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Cytospora besbendis CFCC 89933
Cytospora bedealey Stanbrd T2
Cytospora myrtagena CFCC 52464

Cytospora anostromatica ChAiG766
Cytospora euonymina CFCC 89292
Cytospora euonymina CFCC 89999

74, Cywspora chrysosperma CFCC 89629
97| ICstpom chrysosperma CF CC 89620
Cytospora pistacize CBS 144238

Cytospora castanae OBT 183T
Cytospora eucalypticola ChW5309

Cytosporamall CFCC 50029
Cytospora platanicola MF LU 17-0327
Cytospora platyclada CFCC 50504

Cytospora sorbina CF 20107660
— Cytospora spiraeae CFCC 50049
_ &, Cytospora sorbi MF LUCC 16-0631
| Cytospora sorvicola MFLUCC 16-0534
£3, Cwospora rosicola CF 20187024
Cytospora rostrata CFCC 89909
Cytospora cotini MFLUCC 14-1050
Cytospora faxinigena MFLU 17-0880
Cytospora faxinigena MFLUCC 140868
Cywtospora parakantschawli MFLUCC 15-0857
Cytospora parakantschawlii MFLUCC 16-0575

9 Cytospora atrocithata CF CC 89616
| Cytospora austromontana CMWET3S
Cytospora populinopsis CFCC 5003
7 A Cytospora populinopsis CFCC 50033
gl Cytospora carbonacea CFCC 89947
I Ctospora carpobroti ChiNi48981

9§, Ortospora berkeleyi UCH Twigd
Cytospora brevspora CBS 116811
q, Cytospora kunzei CBS 118556
Cytospora leucosperma CF CC 89622
Cytospora oleicola CBS 144248
Cytospora pruinopsis CFCC 50034
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72 Ontospora rusanod MFLUCC 15-0853
Cptospora rusanod MFLUCC 150854
Cytospora junipericola MFLU 17.0882
Cytospora melniki MFLUCC 15-0851
Cytospora mougeots ATCC 44904
Cytospora onereostmma  OMWETOD
Cytosporacinnamomes CFCC 43178
Cytozpors lumnitzerfools MFLUCT 17-0509
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Cytospora ribis CFCC 60026
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Cytospora granati LBS 144237
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Cytozpora pruinopst s CFCC 50025
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Cytospos mali CFCC 60023
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Cytospora japonica CFCC 800€0
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74, Cytozpora elseagnicols CFCC 52882
Cytospora elaeagnicola CFCC 52883
& Cytospom celidicola CF CC 50497
4(?vp«:»spuu salicing MFLUCC 150862

Cytospom salicing MFLUCC 16-0637

Cytospors schulzeri CFCC 50042
Cytospora schulzen CFCC 50042
Cytospora sibraeae CF CC 60046
- R, Cywospora kucostoma CFCC 63140
M Cytospora leucostoma CFCC 53140

Cytospora mali-spaectabis CFCC 53181

—'Qlcwwm meinikil CFCC 39024
<, Dporthe eres CBS 145040

Ciapocthe eres CBS 145040
H [Daporthe vaccma CB'S 160.32

“Hl Dlaporthe \accinii CB S 180,32

’—T—'

Figure 2: Phylogenetic tree based on ACT region using the model TN93+G+I in maximum likelihood analysis
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Table 3: Separated species using ACT region

C. atrocirrhata
C. platycladicola
C. melnikii

C. paratranslucens
C. sophorae

C. sibiraeae

C. pruinosa

C. sophoricola
C. japonica

C. ochracea

C. curvata

C. davidiana

C. pruinopsis

C. spiraeae

C. spiraeicola

C. parapistaciae
C. hippophaes

C. pini

C. berberidis

C. berkeleyi

C. myrtagena

C. variostromatica
C. euonymina

C. chrysosperma
C. pistaciae

C. castanae

C. eucalypticola
C. mali

C. rosicola

C. rostrate

C. cotini

C. populinopsis
C. oleicola

C. pruinopsis
C. junipericola
C. cinereostroma
C. cinnamomea
C. piceae

C. populicola
C. punicae

C. sorbicola

C. amygdali

C. mal

C. castanae

C. eucalypticola
C. mali

C. rosicola

C. rostrate

C. cotini

C. populinopsis
C. oleicola

TUB Region

The TUB region-based phylogenetic tree (Figure 3)
exhibited a total of 34 clades. Remarkably, this region
achieved a substantial separation success rate, successfully
segregating 76% of the studied species, which accounts for

23% of all species, from other taxa (Table 4). Species with

multiple sequences in the phylogenetic analysis displayed
robust bootstrap values and were clustered together. The
most well-supported clade was constituted by the sequences

of C. chrysosperma, C. davidiana, and C. brevispora,

exhibiting an impressive bootstrap value of 100.

Table 4: Separated species using TUB region

C. chrysosperma
C. coryli

C. gigalocus

C. granati

C. berberidis

C. eucalyptina
C. eugeniae

C. fraxinigena
C. eucalypti

C. eucalypticola
C. eucalypticola
C. californica
C. carbonacea
C. hippophaes
C. diopuiensis

C. friesi

C. brevispora

C. davidiana

C. erumpens

C. eucalypti

C. japonica

C. joaquinensis
C. cinereostroma
C. amygdali

C. atrocirrhata
C. beilinensis

C. kuanchengensis
C. ampulliformis
C. eugeniae

C. euonymicola
C. berkeleyi

C. atrocirrhata
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Cytospora chrysosperma CF CC 89682
10| Otospora chrysosperma CFCC 80629
Oytospora ceratosperma CFCC 80626
@ Cytospora ceratosperma CF CC 80625
Cytospora chrysosperma CF CC 80981
Cytospora chrysosperma CF CC 89982
Cymspora conyli CFCC 531627
Cyospora gigalocus CFCC 89620
ggmmm CBS 144227
Cytospora hippophaes CFCL 89636
Cytospora centrivlosa MFLU 17-0887
B Oytospora kunzei CBS 118556
Cytospora centrivlosa (72132
Cytwspora berbenidis CFCC 89927
100, Ctospora evcaliptina OMW38E2
Cywospora eugeniae OMW7029
Cytospora faxinigena MFLU 170880
Cytospora eucalypti LSEQ
10 Oytospora eucalypticats ATCC 08150
L Oytospora eucahypticola OMWS308
Cytospora calibmica 9024
Oytospora carbonacea CFCC 89047
;| . Cytospor hippophaes CFCC $9640
Cytospora diopuiensis MFLUCC:18-1419
Cytospoa fiesii CBS 10442
100, Otespora coini MFLUCC:14-1050
Cytospora coneastricola CF 20107030
) Cytospora davdiana CXY1350
|_ Ctospora davdianae OXY1374
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|3

Cytospora brevspora CBS 116811
100| Cytospora brvispora CBS 116820
Cytospora bungeanae CFCC 50405
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Cytospora amygdali CBS 144233

Cytospora atrocimhata CFCC 89615
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Cytospor kuanchengensis CFCC 52485
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Cytospora eugenize CMWEE48

Cytospora evonymicola CFCC 50409
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100, Otospora atrocimhata CFCC 89616

Cytospora austromontana CMWE735
Cytospora euonymicola CFCC 50500
Cytospora galegicola MFLUCC:18-1198

Cytospora germanica CXY1322
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T

Diaporthe \accinii CBS 160.32

Figure3: Phylogenetic tree based on TUB region using the model TN93+G+I in maximum likelihood analysis

RPB2 Region

In the phylogenetic tree based on the RPB2 region
(Figure 4), a total of 63 clades were depicted. This region
demonstrated its efficacy by successfully separating 80% of

the studied species, which corresponds to 47% of all species,

from other taxa (refer to Table 5). Notably, species with
multiple sequences included in the phylogenetic analysis
showcased high bootstrap values and were consolidated

within a single clade.
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Cysospora junipenna CFCC 50502
Cysospora junipenina CFCC 50503
Cytozpora juniperina CFCC 50501

Cytespora populing CF CC 59044
L= g sis CFCC 82182
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Cywospora conyl CFCC 53102
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Cytozpora populinopsis CFCC 50032
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¥ > Lo s

CRo5pora et MFLUCC 16-0029
Cytospora cotini MFLUCC 141050
Cytospom prunicola CFCC 88632
Owtospora plmtycladicota CFCC 50038
Cyospora piatyciadicota CFCC 50039
Cytospora ribis CF CC 50026
Oytospora picess CF CC 52841
2 "llﬂw.m CFCC 52842

Cospors elsengni CF CC 89632
Iar: 5 ia CFCC 08

]cmwamm
Oytospora sophocse CFCC S0047
Cytospora sophome CFCC 50048
Cytospom sophoncota CFCC 20595
Cytosp oph ts CFCC 80590
10, Cwtospora TF CC 50090
Cytospora schalzes CFCC 50042
Oytospora parasitica MFLUCC 150507
Ontospora parastica CFCC 53171
Oytospora parasstica CFCC 53172
), Ontospora meinika CFCC 89984
Cytospora mwinial MFLUCC 150851
Cytosp longiostictata MFLUCC 160628
Owosp chrysosp CFCC 89629
Cysospora chrysosperna CFCC 89081
Cytospora rostrata CF CC 290090
Cytospora rostraa CFCC 29010
Ontosp Phonop CF CC 80800
Cytospors salicing MFLUCC 15.0862
TR Crospora saficing MFLUCT 15-0837
QCMWCFCCM
Cytospora bungeanae CFCC 50405
1D Cywospora sparseicols CFCC 53139
Cytospoc spirasicola CFOOS3138
1M S taeagnicola CFCC 52882
Cytospora elacagnicola CF CC 52883
Optospora spirasas CF CC 200490
Cytospora spwraeae CF CC 50050
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| Icwo-m carmtrivillioss MFLUCC 18-1200
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Figure 4: Phylogenetic tree based on RPB2 region using the model TN93+G+I in maximum likelihood analysis

Table S: Separated species using RPB2 region

C. juniperina C. parakantschavelii
C. populina C. leucosperma

C. xinjiangensis C. mali

C. coryli C. celtidicola

C. hippophaes C. kuanchengensis
C. populinopsis C. berberidis

C. prunicola C. pruinopsis

C. piceae C. atrocirrhata

C. elaeagn C. sibiraeae

C. carbonacea C. rusanovii

C. sophorae C. olivacea
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C. sophoricola
C. schulzeri

C. parasitica

C. melnik

C. longiostiolata
C. chrysosperma
C. rostrate

C. sophoriopsis
C. salicina

C. spiraeicola
C. bungeanae

C. spiraeicola
C. elaeagnicola
C. spiraeae

C. centrivillosa
C. ceratospermopsis
C. platanicola
C. ceratospermopsis
C. ceratosperma
C. platyclada

C. tamaricicola
C. euonymina

C. salicicola
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C. erumpens

C. erumpens

C. atrocirrhata

C. atrocirrhata

C. sibiraeae

C. rusanovii

C. olivacea

C. erumpens

C. sorbicola

C. sorbi

C. leucostoma

C. paratranslucens
C. mali-spectabilis
C. nivea

C. rosicola

C. cotoneastricola
C. tibetensis

C. japonica

C. myrtagena

C. curvata

C. salicicola

C. parakantschavelii

Combined ITS + ACT Regions

The phylogenetic tree resulting from the combined ITS +

ACT regions (Figure 5) unveiled the presence of 86 clades.

These clades were effective in distinguishing 71% of the

studied species from other taxa, as elaborated in Table 6. It's
noteworthy that species with multiple sequences employed
in the phylogenetic analysis exhibited elevated bootstrap
values, forming coherent clusters within distinct clades.

Table 6: Separated species using ITS+ACT regions

C. atrocirrhata
C. brevispora
C. brevispora
C. bungeana

C. carbonacea
C. carpobroti
C. castanae

C. celtidicola

C. ceratosperma
C. ceratospermopsis
C. chrysosperma
C. cinnamomea
C. coryli

C. cotini

C. davidiana

C. diopuiensis
C. disciformis
C. elaeagni

C. eriobotryae
C. erumpens

C. eucalypti

C. eucalypticola
C. eucalyptina
C. eugeniae

C. euonymina
C. friesii

C. galegicola

C. germanica
C. gigalocus

C. granati

C. hippophaes
C. japonica

C. joaquinensis

C. notastroma
C. oleicola

C. olivacea

C. palm

C. parakantschaveli
C. parapersooni
C. parapistaciae
C. parasitica

C. paratranslucens
C. pingbianensis
C. pini

C. pistaciae

C. platyclada

C. plurivora

C. populicola

C. populinopsis
C. pruinopsis

C. pruinosa

C. pruinosa

C. kuanchengensis
C. prunicola

C. pruni-mume
C. pubescentis
C. punicae

C. quercicola

C. rhizophorae
C. ribis

C. rosae

C. rostrate

C. rusanovii

C. salicicola

C. salicina

C. schulzeri

C. juniperina

C. kantschavelii
C. kunzei

C. leucosperma
C. leucostoma
C. lumnitzericola
C. mali

C. mali-spectabilis
C. melnikii

C. mougeotii

C. multicollis
C. myrtagena
C. juniperina

C. kantschavelii
C. sibiraeae

C. sophorae

C. sophoricola
C. sophoriopsis
C. sorbicola

C. sorbina

C. spiraeicola
C. tamaricicola
C. tibetensis

C. translucens
C. valsoidea
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Cytospora ollwces CFCC 53176
Cytospora olnacea CFCC 53176
Cytospora niea MFLUCC 15-0860
Cytospora nivea CFCC 89641
Cytospora atrocimhata CFCC 89615
Cytospora platyeladicola CFCC 50039
Cytospors longiostiolata MFLUCC 160628
Cytospora longispora CBS 144236
| Cytspora ribis CFCC 50026
_BiCstpa'a rosae MFLU 17088
Cytospora davdianae CXY1374
e Oytospora mlnikii MFLUCC 15-0851
=] Cvtospora paratranslucens MFLUCC 16.0827
Cwtospora paratranzlucens MFLUCC 150506
Cytospora paratranslucens MFLUCT 150506
Cytospora paratransiucens MFLUCC 160627
Cytospora sophorae CF CC 60047
Cytospora sophorae CFCC 50048
L Cytospora sibiraeze CFCC 50046
Cytospora pruinosa CB S 201.42
Cytospora erumpens MFLUCTC 18.0580
L j4(‘440590(: eucalypt CBS 144241
Cytospora eucalyptl LSEQ
71, Cytospora enobotryae  hI36523
Cytospora erumpens MFLUCC 16-0580
Cytozpora sophorioola CFCC £0506
Cytospora sophoncoia CFCC 89595
— Cytospora quercicola MFLU 17380821
Cytospora sophorae CFCC 50048
Cytospora japonica DMW3374
Cytospora japoreca CMWI2374
Cytospora ochracea CFCC 53164
Cytospora ounata MFLUCC 15.0866
,;)spon davdiana CXY1350
Cytospora pruinopsis  CFCC 50035
] Cytospora pruinopsis CFCC 50034

=3 Optospora spiraeae CFCC 50050
[ Cytospora spiracicota CFCC 63130

Cytospora parapistaciae CBS 144506

- Cytospora hippophaes CFCC 29640
ﬁBE Cytosporapini CBS22452
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Cytospora bebendis CFCC 88933
Cytospora beksleyi Stanbrd T3
Cytospora myrtagena CFCC 62464

Cytosporaariostromaica ChVIG766
Cytospora euonymina CFCC 89292
Cytospora euonymina CFCC 89999
74, Cytospora chrysosperma CFCC 80629
F[ 1Cytospora chrysosperma CF CC 89629
Cytospora pistaciae CHS 144238
Cytospora castanae DBT 183T
Cytospora eucalypticola ChMWWS309
Cytosporamall CFCC 60029
Cytospora platanicola MFLU 17-0327
Cytospora platyclada CFCC 50504
Cytospora sorbina CF 20107660
. AEBI Cytospora spiraeae CFCC 50040
] @' Cytospora sorbi MFLUCC 16-0631
| Cytospora soricola MFLUCC 16-0584
£3, Cytospora rosicela CF 20187024
Cytospora rostrata CFCC 89309
Cytospora cotini MFLUCC 14-1050
Cytospora faxinigena MF LU 17-0880
Cytospora faxinigena MFLUCC 14-0868
Cytospora parakantschawlii MFLUCC 15-0857
Cytospora parakantschawlii MFLUCC 16-0575
%) Cytospora atrocimhata CF CC 89618
| Cytospora austromontana CMWET25
3 Cytospora populinopsis CFCC 5003
| Cytospora populinopsis CFCC 50033
Qlcyospom carbonacea CFCC 89947
ICytospora carpobroti Ch48081
9, Ostospora berkeleyi UCB Twigd
Cytospora brevspora CBS 116811
o, Cytospora kunzei CBS 118556
Cytospora leucosperma CFCC 89622
|‘ Cytospora oleicola CBS 144248

Cytospora pruinopsis  CFCC 50034
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72 Cntespora rusanod MFLUCC 15-0853
Cytospora rusanod MFLUCC 15-0854
Cytospors junipericola MFLU 17.0882
Cytospora melniki MFLUCC 15-0851
Cytospora mougeots ATCC 44004
Cytospora omereostoma  OMWSTOD
Cytosporacinnamomes CFCC 43178
Cytozpors lumnitzerools MFLUCC 17-0509
Cytospora plurivoras CBS 144230
Cytospora mizophorae MUC 302
Cytospora nibis CFCC 60026
Cytospora piceas CFCC 52341
Cytospoms picess CFCC 52842
Cytospoma junipedna CFCC 50503
Cytozpom kamschawell CXY 1333
Cytospom kantschawelii CHY 1333
Cytospora granati L85 143237
Cytospora hippophases CFCC 89638
Cytospora cemtosperma CF CC 80624
Cytospora centiullosa MFLUCC 17-1880
Oytospora populicola TR S 144744
Cutospora platyciadicola CF CC 30033
Cytozpora pruinopsi s CFCC 50025
Cytospora platyciada CFCC 505605
Cytozpoes punicae CBS 144244
Cytogpora sorbicola MFLUCC 160622
Cytospora amwpdall CBS 144233
Cytospocs mali CFCC 50023
Cytospora populina CFCC 89644
Cytospora populina CFCC 58044
Cytospora japonicoa CFCC 89058
Cytospora japonica CFCC §00€0
Oytospora wizoidea CMWW 4210
Cytospora @nostromatica ChWI 1240
Cytospors salicicola MFLUCC 15-0860
Cytospora salicicola MFLUCC 15.0866
Cytospora parasitica CFCC 53171
Cytospora parasitica CFCC 52172
Cytospora parasitica MFLUCC 15-05607
74, Cytozpora elseagnicols CFCC 52882
Cytospora elaeagnicota CFCC 52883
&5 Cytospora celtidicola CF CC 50497
Cytosporm salicing MFLUCC 15-0862
67] Cytospom salicing MFLUCC 16-0637
Cytospors schulreri CFCC 50042
Cytospora schulzeri CFCC 50042
Cytospora siboaeae CF CC 50035
- B, Cyospora leucostoma CFCC 53140
_l Cyeospora leucostoma CF CC 53141

Cytospora mali-spactabiis CFCC 53181
—EI Cytospors melniki CFCC 90084
95 Diaporthe eres CBS 146040
| Giaporthe eres CBS 145040

H |Diaporthe \accima CB'S 160.32
Il Daporthe vaccinii CB S 180,32
26
Figure 5: Phylogenetic tree based on ITS+ACT regions using the model TN93+G+I in maximum likelihood analysis
Combined ITS + RPB2 Regions separating 71% of the studied species from other taxa, a fact
In the phylogenetic tree derived from the combination of elucidated in Table 7. Species with multiple sequences used
ITS + RPB2 regions (Figure 6), a total of 86 clades was in the analysis showcased high bootstrap values within a
identified. This combination succeeded in effectively unified clade.
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Cytospora fugax CBS 203 42
Cytozp salicicola MFLUCC 15.0266
Cytospom populicola CBS 144244
Cytospora flesiik CHS 194 42
Cy pors pingbianensis MFLUCC 181204
Cytospora wticola CBS 141586
Cytospora wticola Cn2
Cytospora ganati CBS 144237
Cytospora hippophaes CF CC 80039
Cytospom populina CFCC 89643
Cytospora junipernna CF CC S0503
Cytospom junipedna CFCC 50502
Cytospom junipencola MFLU 170882
Cytospora junipenna CFCC S0501
Cyrospora pruni-mume CFCC 53180
Oytospora tibouchinse CPC 26333
Cytozpom coryli CFCC 521862
Cytospora platycladas CFCC 50505
Cytospora populina CFCC 89643
Cytospora rhizophorase MUCC302
Cytospora quercicols MFLU 175€ 0881
Cytoszpora fugax OCY 1381
Cytospora tamancicola CFCC 0507
e CytOSpora gategicola MFLUCC 18-11909
Cytospora euonymicola CF CC S0%500
Cytospora cinnamormes CFCC 53178
N Cy P eugeni Crinwvesae
Cytospora euonytnicola CFCC 50400
COytospora garmanica OXY 1322
Cyrtospora gigalocus CFCC 89020
Cytospora discibrmis CMWSS00
Cytozpora elasagni CFCC 29632
— Cytospora elaecagni CFCC 80632
Cytospora carbonacea CFCC 80047
LCn“m piceae CFCC 5284

Cytospora sophorae CF CC S0047
Cytospora sophorae CFCC S0048
Cytwospora sophorae CFCC 50048
ng sibiraeas CFCC S0045
Cywospora sibiraease CFCC 50030
Cytospora parmransiucens MFLUCC 160027
Cytospora faxinigena MFLUCC 14.0898
: Cytospora melnilkii MFLUCC 15.0851
Cytospora parapistaciae CBS 144506
Cytospora parasitica CFCC 43172
Cytospora parasitica MXIALIZS5$2-1
Cytospors parasitics CFCC 53171
Cytospora chrysosperma CFCC 890620
Cytospora ochrysosperna CFCC 80081
COytospora meinikil CF CC 89084
Oytospora melnikii MFLUCC 15-0851
Cytospora longiostiolmta MFLUCC 18.0628
Cytospora salicina MFLUCC 15.0862
Cytospora salicina MFLUCC 16.0627
Oytospora sophonopsis CF CC 20600
Cytospora rostrata CF CC 89909
Cytospora rostrma CF CC 88910
Cytospora cinereostroma COWMWS700
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Dytosporas patens CXYI1280
Oytospors parskartschawelii MFLUCC 150857
Oytospors kamtscohawell CXT1383
Cysosp e haseli MFLUCC 10.0575
Cytospors euvonymina CFCC 80003
Oytospors rusanovwi MFLUCC 1508452
Otospors rusanow MFLUCC 150844
Cytosp Smpons CAWII72
Cytospora CFCC 50040
Cytospoms plurinora CHS 133230
Cytoxp =nlicicols MFLUCC 150888
Cytoxpors salicine MFLUCC 180637
Cytospora rosicols CF 20197024
Optospora mali apectabiis CFCC S318)
Cytospora cheysospertres CFCC 80620
Cytospora ofwysospernmna CFCC s9es)

Cy pora !l CFCC sty
Otospora rosae MFLU 17088
Cy > wull MF LUCC 160629

Oytospora smypdall CES 143230
Optospora cotirw MF LUCC 141050
Ontospors pruni colas CF CC 89632
Cytoxpora pl & yocladicola CF CC S0038
Cytospors plat yocladicols CF CC S0030
Cytospors ribis CF CC 50020

Cytosp populinopsis CFCC SO032
COytospora populinopsis CF CC SD0O2
Oytospora predappioensis MFLUCC 17-24568

Cwtospoma sortecota MFLUCC 18-058<
8B Oy > rcota CF 01970630
Cy » ta CF 20197031
v > P CFCC So038
Oytospors pruinoss CHS 201 42
Cytospom tanaitics MFLUCCI41057a
Cytosposa thaflandioa MFLUCC 17.0262
Cytospora japonioa CF CC 29650
Oytospora japonioa CF CC 89960
Oytospora notastromna NE TFRe

5, Otospora certriviiosa MFLUCC 16-1206

Cytosp » NFLUCCT 17-1880
Cwtospora kunzed CHS 1184856
Cys » . pere CFOC 890622

Ty > hurmnitz ericola MFLUCC 170508
Cytospora mall CFCC S0028
77, Cytospora somicola MFLUCC 100633
Cytospora sorbina CF 20197000
Cytospom Wwnaocea CBS 141685
Cy > oma CBS 20230
& Ovtospora spaasioota CFCC 83139
Otosporas spaaeicolta CFCCS3138
Onrtospora etseagnicota CFCC 52682
Oytospora el seagnicota CF CC S2708
Cwtospors spirsese CFCC S0046
Cytorpora spirseas CFCC S0050
, O e g sis MFLUCC 18.1204
Cytospora pird CHBS 107 a2
Oytospora kuanchengensis CF CC S2405
COytospora kuanchengensis CF CC 2404
L= ol CXYIZEed
Cytospom celtidicola CF CC 50497
Cwtospors ceftidicota CF CC 50499
Cy P PrsNop CFCC 50034
Cwto=p prumnopsis CFCC S0035
Optospora berbendis CF CC 80027
L berbaridis CFCC 89033

Cytospora octwaceas CFCC 53104
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Cytorpors guearciootas ML 170001
Cytospors <infiangeanslis CRFCC s2102
Cry =y CrCC S2454
Cytospors =injiangensis CRFCC S32100
Cyrtospornm pruinopeis CF CC SOO0D<4
Cytonpors prulnopesls CFCC SOO0OS
Cytonpon sophoriools CFOCC 30508
Cytospom sophoncols CFCC S0s800
(= - - e RAF LLNCT 80007
Cytonpors rssugeotilt AT OCE S300a
Cytospors tibetansts CF 20197032
Cytospors ntscohikit ChRAWY 101859
Cytowpors parmtransiocosns MPFLUOUCC 7S.0027
Cytosporn mahh CFrCC S0020
COytowporm sophortools CFOCC 00900
Cytosporm mrreulBiorrmids MMPF LU CC 1To.0803
Coy R E ol b ey O F OO Sosu-s
T Cviospors olatoots O RS 1eadas
Ot osgrars olisacan CFOCC S2176
Cutospars i wen OF CC SO0-9Y
oy grant i Pl s RAF LAMCC 180500
Co O S ars Danmrensiuoarns MME LUCT 1606800
oWt s ot et cmessbocmres RAF LLHCC 3680800
T * - O A
s georm Sorsd RAF LUMC C 1008
Cyrosprorm anobotryees BAN3IBGXS
C Wi EPorm eanuampeanes MM LIICC 190500
C o porm sourmpenes CFCC S3160D
o), Cytospora mrocivhanas CF OC 990 16
C Yl OEPOri Buustrormoneans CRAWWS 7T O%

Cytospors Bungeans CFOCC SO0

Cytospors Dungeanas CFCC SO0
CvEoaprorms Derfcale vt S men fomst T
Cytaspars Bertialey LUCBRTwigs
oo s ol Gy s o Epeaerna CF C C aues 2
Cytaspors dashdianas CxCI12T
Cytospom MmrooinTats CFOC son15
Cytospors cmrpobrott CRAWY S000 )
Cytosporm parapearsoconid T20 1
Cytospora pird CDS 224 52
Cytosporms sucaliypt! LSEZO
Cytosporm sucoaiyptiooln ATCOCC 98150
Cytowporms japonkcs CRMME DD TS
Cytospora gigalocus CFrCC asez
Cyrtonpoara dlopaualaneis MM LI C 10-T410
1 CYtORPOra MmyTtagens CHB S 1 1004
Sy Cvtosporas sucalyptina  ChAWWSOO2

Oyt ompars augarims ChaNEroOx

Cyr = - rveaiw B 106 850
Cytosporm thatansis CTF 2010970032
L= " Pporm cmstanees DBT 1537

Cytosporm Dravspors OB S 11051
e Cytospors Drevspors OB S 110020
Cytospors auvomsiypticools CRAVWS 00

Cytospors wriostrommtion CRAWVW 7o
(= Torgt s Co= 1493200
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Figure 6: Phylogenetic tree based on ITS+RPB2 regions using the model TN93+G+I in maximum likelihood

analysis

Table 7: Separated species using ITS+RPB2 regions

C. ampulliformis
C. amygdal

C. berberidis

C. berkeleyi

C. brevispora

C. bungeana

C. californica

C. carbonacea
C. carpobroti

C. castanae

C. celtidicola

C. centrivillosa
C. ceratosperma
C. ceratospermopsis
C. chrysosperma
C. cinnamomea
C. coryli

C. cotini

C. cotoneastricola
C. davidianae

C. diopuiensis
C. elaeagnicol
C. erumpens

C. eucalypti

C. eucalypticola
C. eugeniae

C. euonymicola
C. euonymina

C. fraxinigena
C. galegicola

C. germanica

C. gigalocus

C. hippophaes
C. japonica

C. joaquinensis
C. juniperina

C. kantschaveli

C. nitschkii

C. nivea

C. notastroma
C. ochracea

C. oleicola

C. palm

C. parakantschaveli
C. parapersoonii
C. parapistaciae
C. parasitica

C. paratranslucens
C. piceae

C. pini

C. pistaciae

C. platanicola
C. platyclada

C. platycladicola
C. plurivora

C. populicola

C. populina

C. pruinopsis

C. pruinosa

C. prunicol

C. pruni-mume
C. quercicola

C. ribis

C. rosae

C. rosicola

C. rostrate

C. rusanovi

C. salicina

C. schulzeri

C. sibiraeae

C. sophorae

C. sophoricola
C. sophoriopsis
C. sorbi

C. kuanchengensis
C. leucosperma

C. leucostoma

C. longiostiolata
C. longispora

C. lumnitzericola
C. mali

C. mali-spectabilis
C. melnikii

C. mougeotii

C. multicollis

C. myrtagena

C. sorbicola

C. spiraeae

C. spiraeicola

C. tamaricicola

C. tanaitica

C. tibetensis

C. tibouchinae

C. variostromatica
C. viticola

C. xinjiangensis
C. xylocarp

C. nitschkii

Combined ITS + TUB Regions separating 73% of the studied species from other taxa, a fact

In the phylogenetic tree derived from the combination of elucidated in Table 8. Species with multiple sequences used
ITS + TUB regions (Figure 7), a total of 90 clades was in the analysis showcased high bootstrap values within a

identified. This combination succeeded in effectively unified clade.
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Cytospora platycladicols CF CC 50038
Cytospora platyoladicola CF CC 80030
Cytosporas populine CFCC 80043
Cytospora longispora CB S 144236
Cytospom cotini MFLUCC 14-1050

Cywospora pruni-mume CFCC 53180
Oytospora taman cicols CF CC 0508
I legicola MFLUCC 181100

Cywospora galegl
COytospora rhizophorae MUCCI02
Cytospora ribis  CF CC 60026
Cytospora tansiucens CXY1351
24, Oytospora Nppoph CFCcC
Oytoxpora hippophass CF CC 80640
Cytospora populinopsis CFCC 60032
Cytosporn gigslocus CFCC 896321
Cytospora granat) CBS 144237

lwhcpom fugax CXY1381
+ Cytospora populina CF CC 20644
'Woc

pora salicicols MFLUCC 16.0866
Cytospora juniperina CF CC 608032
Cytospora juniperina CF CC 0502
Cytospom wticola Cyt2
Cytospom xinjiangensis CFCC $3182
Cytospora oarpobrot CAMWAS0S1
Oytospors Lgax CHS 203 42
62, Oytospora sibirmeae CFCC 50040
Oytospora tophorae CF CC 50047
Cytospom sophorae CF CC 50048
Cytosp phoricola CFOC N

Cytospora piceas CFCC 62842
Cytospora piceae CF CC 52841
Cytospora elaeagnl CFCC 80032

Cytozpora junipetina CFCC 60501
Cytospo@m tesil CBS 10442

Cytoxpora mougeotii ATCC 44004
Cytospora salicina MFLUCC 160637

5"0‘”9«: schulzert CFCC 50042

P parak haelll MFLUCC 160867
v parak hawlii MFLUCC 16-0575
L hawlll CXY1383

Cytospora kantschaelii CXY138)
g, Cvtospora euonymicola CF CC 50400

Cytospora suonymicols CF CC 50500
Cytozpora gigaloous CFCC 80620

Cytospora gerrranica CXY1322
= Al MFLUCC 18.08%4

Cytosp
I Cytogpora suonyminag CFCOC 80003
Cytospora euonymina CFCC 20000
Cytoxpora salicicola MFLUCC 15-0868
Cytospora coryll CFCC 53162
Cytospora elaeagni CF CC 80633
Cytospora cinnamomea CFCC 63178
Cytospors parasitica IALIZ5642-1
Cytospora parasitioa MFLUCC 160807
Cytospors parasition CFCC 53171
Cytospora parasitioa CFCC a82172
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Cytospora chrysosperma CFCC 894981
Cytospora chrysosperma CFCC 80981
L Cytospora populicola CBS 144244

L Cytospora rostrata CFCC 89909
Cytospora melnikil CF CC 89984
Cytospora melnikii MFLUCC 150851

Cytospora joaquinensis CBS 144235
i | Cytospora longiostiolata MFLUCC 18.0628
Cytospora msicola CF 20107024
Cytospora chrysosperma CFCC 89620
Cytospora chrysospenma CFCC 89620
Cytospora salicina MFLUCC 16.0637
Cytospora salicina MFLUCC 150862
Cytospora pubescentis MFLUCC 18-1201
P, Ostospora vndistroma CBS 20236
Cytospora wticola CBS 141585
Cytospora austromontana CMWWE735
Cytospora bungeanae CFCC 50405
Cytospora calibmica 9C24
Cytospora sorbina CF 20197660
Cytospora spirmeas CFCC 50049
G, Cytospora elaeagnicola CFCC 52882
Cytospora elaeagnicola CFCC 52883
Cytospora spiraeae CFCC 50050
Cytospora spiraeicola CFCC 53136
&, Cytospora schulzent CFCC 60042
COytospora sibiraeae CFCC 50045
g7, Cytospora cotoneastricola CF 20187030
_'l Cytospora cotoneastricola CF 20197031
Oytospora rosae MFLU 17-088
Cytospora japonica CFCC 89956
Cytospora japonica CMW3374
P, Cytospora thailandica MFLUCC 17-0263
Cytospora tibetensis CF 20197032
Cytospora sorbicola MFLUCC 16-0633
Cytospora japonica CFCC 89960
Cytospora ochracea CFCC 53164
Cytospora pruinosa CB S 201 42
Cytospora pruni-murme CFCC 53180
Cytospora pinl CBS 197 42
Cytospora pini CB$224.52
Cytospora kunzei CBS 118556
$|Cytom ulmi MFLUCC 15.0863
I Cytospora alsoidea CMW 4302
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Cytospora chrysosperma CFCC 89981
Cytospora chrysosperma CFCC 80981
Cytospora populicola CBS 144244
Cytospora rostata CFCC 89909
Cytospora melnikil CF CC 89924
Cytospora melnikii MFLUCC 150851
Cytospora joaquinensis CBS 144235
i | Cytospora longiostiolata MFLUCC 16.0628
Cytospora msicola CF 20107024
Cytospora chrysosperma CFCC 89620
Cytospora chrysospermma CFCC 89629
Cytospora salicina MFLUCC 16.0637
Cytospora salicina MFLUCC 150862
Cytospora pubescentis MFLUCC 18-1201
P, Ostospora vindistroma CBS 20236
Cytospora wticola CBS 141585
Cytospora austromontana CMWWE735
Cytospora bungeanae CFCC 50405
Cytospora calibmica 9C24
Cytospora sorbina CF 20197660
Cytospoms spimeae CFCC 50049
&, Cytospora elaeagnicola CFCC 52882
Cytospora elaeagnicola CFCC 52883
Cytospora spiraeae CFCC 50050
Cytospora spiraeicola CFCC §3139
&, Cytospora schulzert CFCC 50042
Oytospora sibiraeae CFCC 50046
7, Cytospora cotoneastricola CF 20197030
_'| Cytospora cotoneastricola CF 20197031
Oytospora rosae MFLU 17-088
Cytospora japonica CF CC 89956
Cytospora japonica CMW3374
P, Cytospora thailandica MFLUCC 17-0263
Cytospora tibstensis CF 20197032
Cytospora sorbicola MFLUCC 16-0633
£3, Otospora japonica CFCC 80960
Cytospora ochracea CFCC 53164
Cytospora pruinosa CB S 201 42
Cytospora pruni-murme CFCC $3180
Cytospora pinl CBS 197 42
Cytospora pini CB $224.52
Cytospora kunzei CBS 118556
$'Cyto:m ulmi MFLUCC 15.0862
1 Cytospora alsoidea CMW 4309
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82, Cytospora awrootmhata CF CC 80616
Cytospora bevspora CBS 116811
Cytaspora di mrypsil oldea CMUWS540
Cytospora berkeleys UCS Twig2
Cytospora chrysosperrra CFCC 80987

Cytospora cinereostroma ChMWS700

Cytospora oastanse DBT 1227

Cytospors discitrmis COMWOS00

Cytospora japonioa CMUW2IZT4
_| Ecmspon parapistaciae CB S 144508
Cytospora pistacise CBS 144238

| Cytospora eucalypticola ATCC 06160
Cytozpora eucalypticola CAWUWSI09
93, Cvtospora sugeni se CAMWT0Z
Cytospora eugenias ChWE042
Cytospora myrtagena CFCC 53464
Cytozpom myrtagena CBS 116843
Cytosporatibetensis CF 20197032
Cytospora punicae CHS 144243
Cytospora quamicola MFLU 17.0881
Cytospora faxinigena MF LU 17.0880
Cytospora junipericols MFLU 170882
Cytospora jJunipencola MFLU 17.0882
Cytospora prunicola CF CC 80632
Cytospora faxinigens MFLUCC 140868
Cytospom nbis CFCC S0026
Cytosporas populinopsis CF CC S0033
Cytospora pruinopsis CFCC S0035
Cytospora pruinopsis CFCC 80024
Cytospora cersmtospernmna CFCC 89625
Cytospora vaostromatica ChWWBT700
Cytospora cerstosperma CFCC s@az?
Cytospora cermtospermopsis CF CC 88620
Cywspora platanicola MFLU 17-0327
Cytospora ceratospermna CFCC 20626
Cytospors cermtosperma CFCC 89625
Cytospora populinopsis CF CC SO0
Cytospora cermtospermopsis CFCC 89627
B[l cyrospom CFCC 50040
Cytospora ceftidicola CFCC 80407

Cytospora quercicola MFLU 1750821
Cy injlangensis CFCC 53183

P

Cytospora eucalyptina ChWWSS82
- F Cytospora lurrnitzericola MFLUCC 170500

Cytospora vinacea CBS 141585
Cytospora brevspora CBS 116220
Cytospors bungeana CFCC S0900
Cytospora cabonacea CFCC 80047
Cytospora eucalypti CBS 144241
Cytospora sucalypti LS EQ
Cytospora palm CXY 1276
m{ Cytospora palm CXY1290
G Otoxpora nitzchki  CMWID 180
Cytospora nitschidl CMW 10184
Cytospora tamarnicicola CFCC 50507
Cytospora diopuiensis MFLUCC 18-1419
Cytospora tanaitica MFLUCC 1410672
Cytospora platycladas CFCC 50504
Cytospora pingbianensis MFLUCC 18.1204
Cytospora platyolada CFCC S0406
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Cytospora berkelayl Stanbrd T3
Cytospora cermosperma CF CC 80624
Cytoszpora leucosperma CF CC 89622
Cytospora leucosperma CFCC 89294
Cytospora enobotryse MN3IB523
Cytogpors mali CFCC 50028
Cytaspora mali CFCC 50029
Cytospora kuanchengensis CF CC 62464
94, Cytospora predappiocensis MFLUCC 17-2458
Cytospora pruinopsis CFCC $0034
Cytospora oleicola CB S 143248
Cytospors kuanchengensis CFCC 5295
Cytospora celtdicola CFCC 50408
Cytospora cemniviiosa MFLUCC 18-1200
Cytospora cemnulosa MFLUCC 17.1660
Cytospora spiraeicola CFCCA2138
Cytospora pruinopsis CFCC 0025
— Cytospora priinosa CFCC 50030
Cytospora amygdali CBS 144233
Cytospora awocimhata CFCC 80015
Cytospora berbendis CFCC 800927
Cytospora berbendis CFCC 800232
Cytospora ourwmta MFLUCC 15.0866
Cytospors rostrats CFCC 289810
Cytospors rusanovi MFLUCC 15-0853
Cytogpora davdiane CXY1350
Cytospora davdianas OXY 1374
Cytospora notastroma NE TFRS
Cy P T oma NE TFRa
Cytospora leucostoma CFCC 53140
Cytospora leucostoma CFCC 53141
Cytospora plurhvors CBS 144239
Cytospom sorbi MFLUCC 16-0031
Cytospom sorblocola MFLUCC 16.05284
Cytospora erumpens MFLUCC 18.0680
Cytospora erurrpens CFCC 621863
Cytospora erurrpens MFLUCC 16-0580
. Cyrozpors parapersooni T28 .1
Cy P olhacea CFCC 63174
Cytospora olhvacea CFCC 52170
Cytospora multioollis CBS 105 89
- Cytospora sophonopsis CF CC 99800
- 58 Cytospora melnikii MFLUCC 15-0851
Cytospors myrtagens CFCC 524564
Cytospora ampullifamis MFLUCC 16-0029
Cytospora pingbianensis MFLUCC 18-1204
Cytospora mali-spectabilis CFCC 53181
Cytospora nlwea MFLUCC 15.0800
Cytozpora nivea CFCC 86841
Cytospora Sbouchinae CPC 26033
Cywospora parmtransiucens MFLUCC 16-0027
CYospora paratrans! MF LUCC 15-0500
Cywspora parmransiucens MFLUCC 15.0500
Cytospora parmransiucens MFLUCC 10.06827
Cytospora wmisoidea CMW 4210
_Q‘L Cytospora wariostromatics  ChWI1 240
Cytospora sophoricola CFCC 89596
Cytospors xylocarpl MFLUCC 17-0251
. Oyt spora sophorae CFCOC 50048
b CytOspora sophonoola CF CC 20506
3 Diapothe vaconil CBS 160.32
Diaporthe eres CB S 145040
W] | Diapotthe eres CB S 1450490
51 Disponthe \@ccinii CHS 16032

D—u-z—‘
Figure 7: Phylogenetic tree based on ITS+TUB regions using the model TN93+G+I in maximum likelihood analysis
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Table 8: Separated species using ITS+TUB regions

C. ampulliformis
C. atrocirrhata
C. austromontana
C. berberidis

C. berkeleyi

C. berkeleyi

C. brevispora

C. brevispora

C. bungeana

C. bungeanae

C. californica

C. carbonacea

C. carpobroti

C. castanae

C. celtidicola

C. celtidicola

C. centrivillosa
C. ceratosperma
C. ceratosperma
C. ceratospermopsis
C. chrysosperma
C. chrysosperma
C. chrysosperma
C. cinnamomea
C. coryli

C. cotini

C. cotoneastricola
C. davidianae

C. diatrypelloidea
C. diopuiensis

C. disciformis

C. elaeagni

C. elaeagnicola
C. eriobotryae

C. erumpens

C. kantschavelii
C. kuanchengensis
C. kunzei

C. leucostoma

C. longiostiolata
C. longispora

C. lumnitzericola
C. mali

C. mali-spectabilis
C. melnikii

C. mougeotii

C. multicollis

C. myrtagena

C. nitschkii

C. notastroma

C. ochracea

C. oleicola

C. olivacea

C. palm

C. parapersoonii
C. parapistaciae
C. parasitica

C. paratranslucens
C. piceae

C. pingbianensis
C. pini

C. pistaciae

C. platanicola

C. plurivora

C. populinopsis
C. predappioensis
C. pruinopsis

C. pruinosa

C. pruinosa

C. pruni-mume

C. eucalypti

C. eucalypticola
C. eucalyptina
C. eugeniae

C. euonymicola
C. euonymina
C. fraxinigena
C. friesi

C. fugax

C. germanica
C. gigalocus

C. granati

C. hippophaes
C. japonica

C. joaquinensis
C. juniperina
C. pubescentis
C. quercicola
C. ribis

C. rosae

C. rosicola

C. rostrate

C. rusanovii

C. salicicola

C. salicina

C. sorbicola

C. spiraeicola
C. tamaricicola
C. tanaitica

C. tibetensis

C. translucens

Combined ITS +ACT+ RPB2 Regions
In the phylogenetic tree derived from the combination of
ITS + ACT+ RPB2 regions (Figure 8), a total of 95 clades

was identified. This combination succeeded in effectively

separating 73% of the studied species from other taxa, a fact

unified clade.

elucidated in Table 9. Species with multiple sequences used

in the analysis showcased high bootstrap values within a

Table 9: Non separated species using ITS+ACT+RPB2 regions

C. austromontana
C. berberidis

C. berkeleyi

C. bungeanae

C. californica

C. centrivillosa
C. predappioensis
C. pruinopsis

C. rostrate

C. rusanovii

C. sorbi

C. tibouchinae

C. viridistroma
C. viticola

C. fugax

C. joaquinensis
C. populina

C. xinjiangensis
C. ribis

C. pruni-mume
C. tamaricicola
C. platycladicola
C. ceratosperma
C. rhizophorae
C. longiostiolata

ARN




Iranian Journal of Plant Pathology, Volume 60, Issue 3. Pages 282-327

Cytospora chrysosperma CFCC 80629
Cytospora chrysosperma CF CC 80081
b Cytospora chrysosperma CFCC 80931
Cytospora populicola CBS 144244
Cytospora salicina MFLUCC 15-0862
Cytospora salicina MFLUCC 160637
e Cyt0spora roswata CFCC 89909
L Cytospora rosicola CF 20197024
Cytospora chrysosperma CFCC 89982
Cytospora chrysosperma CFCC 80629
[~) Cytospora melnikil CFCC 80084
_d.caospoe melnikii MF LUCC 15-0851
l— Cytospora joaquinensis CBS 144235
Cytospora longiostiolata MFLUCC 16-0628
Cytospora kantschawedii CXY1383
Cytospora kantschawelii CXY1383
| Cytospora parakantschaielil MFLUCC 150857
Cytospora parakantsohawelii MFLUCC 18-0675
[ | ,Cytospora cinnamomea CFCC 43178
Cytospora ceratospesmopsis CFCC 89627
Cytospora CFCC 50040
Cytospora parasitios JUALRS42Z-1
- Cytospora euonymina CFCC 89993
Cytospora euonymina CFCC 80000
Oytospora parasitica CFCC 53171
Oytospora parasitica CFCC 52172
Oytospora parasitica MFLUCC 15-0507
L Cytospora salicioola MFLUCC 15.0866
Cytospora msanowi MFLUCC 15-0854
Cytospora germanica OXY1322
Oytospora salicing MFLUCC 16-0637
Cytospora schulzea CFCC 50042
Cytospora sibiraeae CFCC 50046
Cytospora sophomae CFCC 50047

23] Cytospora sophorae CFCC 50048
I Echophoﬂcoh CFCC 80508
Cytospora tlesit CBS 194.92

Cytospora mougeotii ATCC 44004

Cytospora piceae CFCC 52841
E':l{__o,mm piceae CFCC 52842

2, Cytospora elaeagni CFCC 80632
75 Cytospora elasagni CFCC 89633
Cytospora carpobroti CMW4E8231
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93, Cytospora suonymicota CF CC 50200
Oytospora evonymscola CF CC 50800
Cytospora gigalocus CF CC 89620
Cytospors gigalocus CFCC 89021
b Cytospora corytl CF CC 462162
Cytospora salicicolas MFLUCC 150068
Cytozpomm Lugax CXY1381
Cytospomm populina CFCC 80644
Cytoszpora fugax CB S 203 42
Cytosp popufinopsis CFCC 50032

|Cwospoc:|m CF CC S0%02

Cytospora juniperina CF CC 50503
Cytospora junipenna CF CC 50501
Cytospora hippophaes CFCC 280630
Cytospora hippophaes CFCC 29640
gl Cytagpora fticols Tyl
LX="

P WING CFCC 563182
Cytoszpora platyoladicola CFCC S0020
ﬂ Cytosp populinag CFCC 89844
lC“ocm plaryoladicola CFCC S0038
Cytosp longispora CHS 144236
Cytosporn galegicols MFLUCC 18-1199
Cytwospora transiucens OXY 1341
Cytospors cotind MFLUCT 141050
Cytospora rdis CF CC 50020
Cytospora pruni-mume CFCC 83180
Cytospora rhizophorae MUCCI02
| Cytospora tamad cicols CF CC 50508
Cyosp populinopsis CFCC 50033
Cytospora prumnopsis CF CC S0035
Cytosp pruinopsis CF CC 50034
Cyrospora centn dllosa MFLUCC 17.1860
Cytospora ceratosperma CFCC 89624
Cytosp o CF 20197000
Cptospora spiraeae CF CC 50040
Cytospora spiraeae CF CC 50050
Cytospors spirasicola CFCC 53139
g3, Onosp Indi CB S 202.36
| Cytospora wticola CBS 141530
Cytosp lseagnicols CFCC 52882
4“0‘9«. elasagnicola CF CC 52883
et Cytoszpora schulzeri CFCC 50042
Cytospora sibirssas CF CC S0045
a Cy P cotor ia CF 20197020
Cytospora cotoneastioola CF 20197021
Cytosp japonica CFCC 80056
Cytospora thaillandica MFLUCC 17.0263
Cytosporatibetensis CF 20197032
Cytospora japonica ChWI374
Cytospora ochracea CFCC 53104
Cytospora japonioa CF CC 89080
Cytospora sorbicola MFLUCC 10-0033

Cytospom pruinosza CBS 201 42
Cy P pruni-mume CFCC 2120
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LD Cytospora mali CF CC 50028
Cytosporamall CFCC 50020
| Cytospom ariobotryme MN30523
Cytospora leucospernma CFCC 869622
Cy P ) P CFCC 80804
&, Cytosp ana OMWBT735
Cytospora berbendis CF CC 89927
Cytospom bungeanae CFCC 40405
Cytospom oali bmica 9C-24
Cytosporn kunzei CBS 118556
Cytozpora pini CBS 197 42
Cywospora pind CBS22452
B3 Ontospora davidiana O(Y 1350
Cytospora davdianae CXY1374
Cytospora notastroma NE TFRS
&0 Cytospora notastroma NE TFRS
Cytospora ounata MFLUCC 146.08635
| rc_, pora rostrana CFCC 89010
a w]Cmporl rusanoui MFLUCC 16.0853
Cytospors rosase MFLU 17088
Cytospora multicollis CB S 104 80
5 Ovtospora berbenidis CFCC 80033
Cytospors berkeleyi Stantrd T3
] Cytospora celtidicola CF CC 40408
Cytospora cantrivilosa MFLUCC 16-1200
——— Cytospora olelcota CTDS 144248
Cytospora prainosa CFCC 60036
Cytospora kuanchengensis CFCC 52404
Cytospora kuanchengensis CF CC 524865
Cytozpora pruinopsis CFCC S0004
Cytospora spimaeicota CFCO52138
Cytaxpora predappiosnsis MFLUCC 17-2458
Cytospora pruinopsis CF CC S0024
Cywospora parmranshucens MFLUCC 1505006
Cytospora parmransiucens MFLUCC 160627
&1 Cytospora parmtransiucens MFLUCC 1505806
] Cytospora p =t MFLUCE 16.0627
Cytospors nivea CF CC 800641
Cytozpom tibouchinse CPC 26333
Cytospora nhvea MFLUCC 16.0860
Cytospom mali-spectabiis CFCC 53181
Cytoxpora oli CFCC 53175
—B! Cytospora olhacea CFCC 62176
Cy parap i T28.1

¥ P

— Cytoxporas sophonopsis CFCC 89600
Cytospora leucostoma CFCC 43140

N/
Cytosp 1 CFCC 53141

| Cytospors plurhora CBS 144239

£ G5, Cytospora sorbl MF LUCC 16.0631
Cytospora sorbicols MFLUCC 10.0584

p. Cytogpoms erumpens MFLUCC 16-0530
Cytospora erumpens CFCC §3163

Cytospom erumpens MFLUCC 1606380
Oy ol MFLUCC 170261

¥ L L

28]

&
r—cmo:pom xylocarpt MFLUCC 170261

Cytoxpors amygdali CBS 144233
‘ Cytospora atrocimhata CF CC 29615
Cytospora meinikil MFLUCC 15.0861
Cy myrtagens CFCC 62464
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Cytospora pingbdanensis MFLUCC 12.1204
EH Cytospom platyolada CFCC 0504
ptan CcFCC

Cy P
L Cytosp pingts = MFLUCC 19.1204
Cytosporma cearnmospenmna CF CC 89625
Cytospors cermospenna CF CC 89626
al Cytospora platanicots MF LU 1 7-0227
Cytospora popull nopsis CF CC 8003
0 Cytoxpora cermtosperma CF CC 80627
Cytoxpora cermospearmopsiz CPCC 80828
Cy n Cmr > w CFCC aus2s
e - IR Cyiospora \@nostromation  CMUWO700
— Cytospora ribis CFCC 600206
Cytospora pruniocla CFCC 89032
Cytospora punioae CTBS 144244
b Cywtospom quercioola MFLU 17.0897
Cytospoma faxmnigena MF LU 170800
Cytospora faxinigena MFPLUCC 140800
7.’4 Cytospora junipeascola MF LU 17-08002
Cyworpora junipescola MF LU 17-0002

Cytozpors carbonaces CF CC 0007
93' Cotospora eucalypti LSEQ
Cytospora eucalypti CB S 144241

Cytospora brevsporas CBS 110820
Cytospora bungeana CFCC 60490
Cytospora euoalyptina ChWWSSS2
Cylospora vinacea CBS 141686
Cyiospora quercicola MFLLU 178erpes )
Cytaspora xinjlangensis CF CC S3180
Cytospora lumnitz encols MFLUCC 17-0908
99, Cytospos palm CXY 1278
Cytospom palimy CXY1280
Cytospora mmancioola CFCC 50507
Cytospom diopulansis MFLUCC 181410
Cywspora tananioa MFLUCCI141057a
Cytospom nitsohkii CMWI0 180
Cytospora nitsohkii W10 184
Oytospora disolmmis CMWOS0e
Cytospors granatt CB S 144227
43, Cytospora eucalyprioota CMWEZ00
Cytospora |aponioa CAIWIITS
Cytospors evcatypticola ATCC 90150
Cytospors parapistacias CB S 143500
—g{::w.m pistaciae CBS 184238
Cytosporna cinereostroma CMUWS700
C pora castanae DBT 1837
Cylospors mroouthats CFCC S0010
I Cytospora diatrypeficides CAMUWE540
Cytospora berkeleyl UCBTwig3
Cytospora brevspora CBS 116811
53, Oytospora il soldea CMWW 4210
—L CVIOSpora anostroman oa TR 240
Cytospora sugenias OMVWTOZ
Cytozpora sugeniss CAMWaSsS3IS
], Cyospora myrtagens CFCC 52454
34 Cylospors myrtagens CHBS 1106843
Cytospors tibetensis CF 20107032
Cytosp Pty is MFLUCC 181201
Cytospora sophorae CFCC 60048
Cwtospom sophonoola CFCC 80606
Cytospom sophonoola CFCC 80600
Cytospom Vi MFLUCC 15.0903
Cywospom wisoides CMW 4309
c pors s CFCC 50907
Diaporthe sms CHS 144040
Oiaporthe ares CHS 145040
Diaponthe wooind CBS 100 32
Dimporthe wcocind CBS 100 .32

—os
Figure 8: Phylogenetic tree based on ITS+ACT+RPB2 regions using the model TN93+G+I in maximum likelihood
analysis
Combined ITS + ACT+TUB Regions separating 85% of the studied species from other taxa, a fact
In the phylogenetic tree derived from the combination of elucidated in Table 10. Species with multiple sequences used
ITS + ACT+ RPB2 regions (Figure 9), a total of 117 clades in the analysis showcased high bootstrap values within a

was identified. This combination succeeded in effectively unified clade.
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Cytozpora LUgax COS 203 42
Cywspora sabiei cola MFLUCC 16.0900
Cytospora Lgax CHYII0L
Cytosporm populing CFCC 800644
Cytospors ploeas CFCC 52042
Cywospors popubnopsis CFCC 40032
Oytorpora hppophaes CF CC 296069
Cytoxpors hippophses CFCC 80820
Cytosp ymicola CF CC 60400
Cytospors sibirasas CF CC 40048
Cytospora sakoing MFLUCC 10.0007
Cytospora sohulzert CFCC 50042

© taaagnl CF CC #9633
Cyospora juiperna CFCC 50802
Cytospora wricola a2
Cytospora sinjiangensis CFCC 43182

Cy I CFCC 50503
Cytospots picese CFCC 52840
Cyoxp grv CFCC Ran32

Cytospoa g Y1322
Cytospora pamsiton X)AL2642.1
Cytoxpora kantechawiil CXY1383

Cy chawlii CxY13a3
]r, I3 i MFLUCC 15-0057
Cytospors rasanow MFLUCC 150854
(= £ ta MFLUCC 150000
l y P CFCC 30003
= L U CcFCCcsamwe

Cytaspom paresition CFCC 63171
Cytospora pamasitcs CFCC 43172
Cytospors pamsivoa MFLUCC 15.06507
Cy P ola CF CC 50500
| Cy - ymina CFCC 80000
Ortospora gigatecus CF CC 86620
10N Cptospors gigalocus CF CC 80021
Cytosporatransiucens XY 1381
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Figure 9: Phylogenetic tree based on ITS+ACT+TUB regions using the model TN93+G+I in maximum likelihood

analysis
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Table 10: Non separated species using ITS+ACT+TUB regions

C. berkeleyi

C. chrysosperma
C. curvata

C. fugax

C. kunzei

C. populina

C. rostrate

C. rusanovii

C. viridistroma
C. xinjiangensis
C. fraxinigena

C. californica

C. pingbianensis
C. centrivillosa
C. ulm

C. ceratosperma
C. platyclada

C. viticola

C. bungeanae
C. californica

C. pingbianensis

Combined ITS + ACT+RPB2 +TUB Regions
In the phylogenetic tree derived from the combination of
ITS + ACT+ RPB2 + TUB regions (Figure 10), a total of 125

clades was identified. This combination succeeded in

effectively separating 91% of the studied species from other
taxa, a fact elucidated in Table 11. Species with multiple
sequences used in the analysis showcased high bootstrap

values within a unified clade.
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Figure 10: Phylogenetic tree based on ITS+ACT+RPB2+TUB regions using the model TN93+G+I in maximum likelihood

analysis

Table 11: Non separated species using ITS+ACT+RPB2+TUB regions

C. rusanovii C. ceratosperma
C. salicina C. populinopsis
C. schulzer C. prunicola

C. schulzeri C. rostrate

C. sibiraeae C. ulmi

C. viticola C. valsoidea
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Discussion

In this comprehensive study, a dataset comprising a total
of 224 sequences from 138 distinct taxa, including outgroup
taxa, was carefully collected. The subsequent phylogenetic
analysis, performed using the maximum likelihood
algorithm, aimed to reveal the evolutionary relationships
among Cytospora species. As shown in Figures 1 to 10, both
single-gene and multi-gene approaches were used for this
purpose.The results from maximum likelihood analysis
showcased consistent clustering patterns in both single-gene
and multi-gene trees, affirming the compatibility of
sequences within each region and the promise? of their
synergistic application. These findings indicate that the
genetic regions differ considerably in their phylogenetic
resolution, which may be attributed to the evolutionary rates
and selective constraints acting on each locus. The high
variability of RPB2, in particular, provides strong
phylogenetic signals for distinguishing closely related
species, as previously reported for Sordariomycetes by Tang
et al.(2007) (Tang et al., 2007).

The concatenated sequence, representing all four
investigated regions, encompassed 2491 nucleotide sites
after accounting for nucleotide insertions and deletions. This
composite sequence integrated 554, 736, 697, and 296
nucleotide sites derived from the ITS, TUB2, ACT, and
RPB?2 regions, respectively. Notably, within this alignment,
1459 sites were found to be conserved after excluding
outgroup taxa, with the ITS region contributing 262 sites,
TUB2 contributing 85 sites, ACT contributing 93 sites, and
RPB2 contributing 295 sites. Conversely, there were 198
variable sites that lacked informative data for species
differentiation, encompassing 46, 115, 21, and 84 nucleotide
sites from the ITS, TUB2, ACT, and RPB2 regions,
respectively. In addition, 1256 variable sites provided
informative data that helped in species separation, including
212,551, 171, and 233 nucleotide sites from the ITS, TUB2,
ACT, and RPB2 regions, respectively. In the context of
single-gene phylogenetic analysis based on the individual
gene regions, a distinct number of clades emerged, with 68,

34,43, and 63 clades derived from the ITS, TUB2, ACT, and

RPB2 regions, respectively. Notably, the concatenated
dataset, integrates all four regions, yielded the highest
number of clusters, containing125 high-confidence clusters.
Conversely, the combined region analysis of ITS+ACT and
ITS+RPB2 generated 86 clusters, representing the lowest
clustering.

In the ITS region-based phylogenetic tree, only 43% of
the strains successfully segregated from other species,
forming low-confidence clusters. Although ITS remains the
primary barcode for fungal identification, its limited
discriminatory power within Cytospora agrees with findings
by Liicking et al. (2020), who highlighted that ITS alone is
often insufficient for species delimitation in closely related
taxa (LlUcking et al., 2020). This limitation stems from its
high rate of intra-specific variability and alignment
ambiguities in certain clades. Remarkably, the TUB region-
based phylogenetic tree exhibited a separation success rate
of 76% for the studied species, encompassing 23% of the
total species. The relatively high resolution of TUB2 may be
linked to its moderate evolutionary rate and balanced
variation level. As reported by Conti et al. (2021), single-
copy protein-coding genes with medium taxonomic
resolution often provide optimal discrimination for species-
level analyses, which aligns with the present findings for
Cytospora. The RPB2 region-based phylogenetic tree
showcased the most robust separation, with 90% of the
studied species successfully distinguished, constituting 47%
of the total. This strong resolving power of RPB2 may result
from its slower saturation rate and balanced substitution
pattern across codon positions, which preserve informative
phylogenetic signals. Such performance is consistent with
prior multilocus studies in Sordariomycetes and Cytospora
(Tang et al., 2007), confirming RPB2 as a robust locus for
delineating closely related specie. This high percentage of
formed clusters underscored the reliability of this region for
separation. In the case of the ACT region, the phylogenetic
tree separated 53% of the studied species, representing 36%
of the total. These findings align with previous studies (Pan

etal., 2020; Wang et al., 2015), confirming the reliability of
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RPB2 and TUB regions for species delimitation in
Cytospora.

The phylogenetic trees constructed from combinations of

regions, including ITS+ACT, ITS+RPB2, ITS+TUB,
ITS+ACT+RPB2, ITS+ACT+TUB, and
ITS+RPB2+ACT+TUB, displayed relatively similar
clustering patterns. While the combined regions

demonstrated effectiveness in separating most studied
species, specific variations were observed in their ability to
segregate certain species. It's noteworthy that species which
were representatives of two or more strains consistently
formed clusters with high values. However, several species,
such as C. ulmi, C. rostrate, C. populinopsis, C. viticola, and
C. sibiraeae, remained inseparable from other species across
all phylogenetic trees based on the combined regions. Such
unresolved clusters could be attributed to low interspecific
divergence and limited sampling, as observed in other
studies (Pan et al. 2021). It is also possible that incomplete
lineage sorting or recent speciation events contribute to this
lack of resolution within the genus. However, some species
remained unresolved, likely due to low interspecific
divergence or limited sampling, consistent with observations
by (Reeb et al, 2004). Furthermore, species like C.
rusanovii, C. ceratosperma, C. valsoidea, and C. schulzeri
were successfully separated in single-region-based
phylogenetic trees but not in the phylogenetic tree based on
the combined regions.

Recent investigations in fungal population studies have
emphasized the efficacy of phylogenetic analysis based on
the combined sequences of multiple housekeeping genes,
preferably encompassing non-coding gene regions
(Dettman et al., 2003). In this study, four regions, namely
ITS, TUB, RPB2, and ACT, were meticulously explored
both individually and in combination to assess the
phylogenetic separation of Cytospora species. Single-gene
phylogenetic analyses indicated that the ITS, TUB, RPB2,
and ACT regions independently enabled the separation of
58, 104, 109, and 72 species, respectively, from a total of
137 validated species within the Cyfospora genus. Hence,

these single regions can successfully distinguish and support

the identification of up to three-quarters of the known
Cytospora species. It's essential to highlight that this
separation, as per a single-gene analysis, should align with
the results of morphological investigations.

However, in situations where resource constraints
necessitate amplification of only one single region, the
RPB2 gene emerged as the most promising choice and
provided optimal results. For studies with the capacity to
amplify and analyze two regions, the combination of the
TUB and RPB2 genes yielded the most reliable results.
These results highlight that while multi-locus analyses
enhance resolution, combining genetic data with
morphological features remains essential for accurately
distinguishing closely related species. Basically, to ensure
the precise identification and differentiation of Cytospora
species, sequence and phylogenetic analyses of the ITS,
RPB2, and TUB regions, along with morphological
investigations are essential. These methodologies
collectively contribute to robust and accurate species
identification. It's worth notingto acknowledge that while
genetic analyses significantly aid in the species separation
process, morphological features remain crucial in resolving
sibling species and are particularly valuable for refining the
final identification and differentiation of closely related
Cytospora species.

This study enhances our understanding of Cytospora
fungi by conducting extensive genetic analyses on four gene
regions: ITS, TUB, RPB2, and ACT. The results reveal the
effectiveness of the RPB2 and TUB regions for species
differentiation. ~Morphological characteristics remain
essential for resolving closely related species. The study
distinguishes up to 90% of Cytospora species and provides
valuable support for fungal taxonomy, benefiting
researchers and mycologists. A combined genetic and
morphological approach enables accurate species
identification and enhances ecological and evolutionary
research in this genus. Overall, these analyses reinforce the
importance of integrating multiple gene regions and
morphology in Cytospora taxonomy and provide guidance

for future biodiversity studies. This research emphasizesthe
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importance of integrating genetic and morphological data in
fungal taxonomy for more accurate classifications.
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