0SPy
AC.v

% MYCOSPHERE 15(1): 473 653(2024) www.mycosphere.org ISSN 2077 7019

s »
& : Doi 10.5943/mycospherE#/1/4
ARTICLE

Study on the diversity of rust pathogens from different hosts in Guizhou
Province, China

Sun JE., Fu L?, Norphanphoun C3% Chen XI5 Yu LF®, Hyde KD3“ McKenzie EHC’,
Wang Y, Yang ZF", and Liu FQY"

! College of Agriculture, Key Laboratorgf Agricultural Microbiology of Guizhou Province, Guizhou University,
Guiyang, Guizhou 550025, China

2 Shandong Institute of Pomology, @&ai, Shandong, 27100, China

3 Center of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai, Shaband

4 School of Science, Mae Fah Luang University, Chiang Rai, 57100, Thailand

5 Guizhou Key Laboratory of Agricultural Biotechnology, Guizhou Academy of Agricultural Sciences, Guiyang,
Guizhou 550006, China

6West Yunnan University, Lincang, 677000jr@&

”Landcare Research, Private Bag 92170, Auckland, New Zealand

Citation 7 Sun JE, Fu L, Norphanphoun C, Chen XJ, Yu LF, Hyde KD, McKenzie EHC, Wang Y,
Yang ZF, Liu FQ 20241 Study on the diversity of rust pathogens from different hosts in Guizhou
Provnce, ChinaMycospherd5(1), 473 653 Doi 10.5943/mycospherEd1/4

Abstract

Rust fungi are obligate plant pathogens that belond@gasidiomycota Puccinomycetes
Pucciniales Guizhou Province in Southwest China is rich in plant resources and has suitable
climate conditions for plant disease development, but there are few studies on rust fungi. In this
study over 300 plant samples with typical rust symptoms were collected from 33 counties in
various regions of Guizhou Province. These samples come from 98ediffeost plants in 33
families. According to ITSBLAST comparison results, the rust fungi belonged to 17 genera of 11
families in Chaconiacea€Mikronegerig, Coleosporiacea¢Coleosporiun), Gymnosporangiaceae
(Gymnosporangiulm  Melampsoraceae (Melampsord, Phakopsoraceae (Phakopsorg
PhragmidiaceagGerwasia Hamapora Phragmidiun), Pileolariaceae(Pileolaria), Pucciniaceae
(Endophylum Macropyxis Puccinig  Uromyce$, Pucciniastraceae (Pucciniastran,
TranzscheliaceagTranzscheliy and Uredinineae incertae sedis Nyssopsora Peridiopsorg.
Phylogenetic analysis based on combined sequence data of ITS, L$Ueafidti(toupled with
morphological evidence, support the species identification. Nthe®&g species of rust fungi were
obtained, comprisin@9 novel taxaand 61 known species. Most of the rust species belonged to
Pucciniaceag48.9%), whilethe most prevalent host family infected was Rosaceae (21.9%). The
Rosaceae are particularly susceptibl@boagmidiumspp.

Keywords i Host jumpingi Molecular phylogeny Plant diseasé Rust fungii Taxonomy

INTRODUCTION

Pucciniales(BasidiomycotaPuccinomycetgsaccount for about 25% of basidiomycete fungi,
and is one of the most abundant fungal groups (Aime & McTaggart 20@h)y rust species cause
significant losses to economic crops and trees (Hiratsuka et al. 1992, Aime 2006). Currently, there
are ca. 8,400 rust taxa reported in the world, parasitizing leaves, fruits and branches of plants,
inhibiting normal growth and development of plants, affieicing their yield and quality (Aime et
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al. 2018, Aime & McTaggart 2021, Zhao et al. 2021). According to Hennen & McCain (1993), the
number of rust species in certain areas may equate to alha%f plant species numbers. Wang

et al. (2015) reported one than 35,000 higher plants species in China (454 families and 3,818
genera) and Zhao et al. (2021) estimated that perhaps 1700 to 8800 were infected by rust disease.
According to Kolmer et al. (2009) and Fernandez et al. (2013), the hosts of rusinfurige

almost all families of plants, from ferns, gymnosperms to angiosperms.

Rust fungi are widely distributed in the world. Due to their complexity and diverse host
conditions, the geographical distribution of various genera is significantly diffévierst genera
are widely distributed in the Northern Hemisphere, mainly in Chine,European Union, the
United States and Japan (Kern 1973, Wei 1988, Zhuang et al. 2012, Pscheidt & Rodriguez 2016,
Tao et al. 2020, Zhao et al. 2021), sucHPasagmidiumand GymnosporangiumA few are also
distributed in tropical and subtropical areas, suclMasavalia and Ravenelia(De Carvalho &
Hennen 2009, Ebinghaus et al. 2020). Compared with other géhm@niahas a more extensive
geographical distribution (Zhuargg al. 1998, 2003, Berndt 2009, Carnegie et al. 2010, Roux et al.
2013, Kakishima et al. 2018, Zhao et al. 2021).

Some rust diseases causedPugciniaspp. on wheat anillelampsora liniwere reported as
devastating pathogens and listed in wuldGs top ten fungal diseases (Dean et al. 2012). Several
species of rust fungi cause serious harm to the economic value of agriculture and forestry. Many
years ago, Harkness & Cooke (1878) reporttdmyces fabaeas an important pathogen of
leguminous crops threati|g their growth.Puccinia corticoidswas reported as an important
pathogen of bamboo plants in China, Japan and India (Katumoto 1968, Cummins 1971, Gardner &
Hodges 1989, He et al. 1990, Okane et al. 20P@yagmidiumspp. infect Rosaceae plants,
especailly Rosa Rubus andPotentillaand often cause serious disease (Yang et al. 2015, Pscheidt
& Rodriguez 2016, Liu et al. 2018, 2019, 2020, Zhao et al. 202tagmidiummucronatumand
P. tuberculatumare common pathogens of ornamental roses in the Wafihyuno et al. 2001,
Wilson & Aime 2014).Phragmidiumrosaeroxburghii was reported by Sun et al. (2022) as a
pathogen oRosa roxburghiin Guizhou Province, China, which mainly damages the stems, leaves
and petioles.Coleosporiumspp. cause rust diseas®@ many medicinal plants such &etilla
striata, Tetradium ruticarpumClematis florida and Kalimeris indica Moreover,Coleosporium
spp. are also found dPinusplants and cause serious damage to young forests (Dai 1979, You et al.
2010, McTaggart 8Aime 2018, Song 20195ymnosporangium asiaticymranzschelia discolor
and T. prunispinosaeare rust diseaspathogens on fruit trees including pear, apple, peach, etc.
(Scholler et al. 2014, Tao et al. 2020). Other important rust pathogens includercstfélemileia
vastatriy), soybean rustRhakopsora pachyrhigitoon rust (caused bjyssopsora cedralaand
Phakopsora cheoana willow rust (Melampsora salicisinicag, chestnut powder rust
(Puccinastrum castanepéCummins & Hiratsuka 2003, Zhaoat 2014, Zhuang et al. 2021).

The investigation of rust fungi in China began in the middle of tHec&ftury and a series of
monographs and papers have been published. More than 1,200 rust taxa have been reported from
China (Dai 1979, Zhuang et al. 199803, 2005, 2012, 2021, Ji et al. 2017, 2020, Zhao et al.
2021, Sun et al. 2022). Rust fungi have a complex life history and a variety of spore types
(polymorphism). Since plant diseases caused by rust have always interfered with the development
of humanagricultural history, and most species have morphological similarity and unclear life
cycle their taxonomic research had attracted more and more attention from traditional
morphological methods to muigene analyses and even genomics researches, anchdlie
become a novel research hotspot (Aime et al. 2018, Ji et al. 2020, Aime & McTaggart 2021, Zhao
et al. 2021).

Pathogens or other parasitic organisms generally have one or more fixed hosts. In order to
adapt to the environment, they mutate or recomBmthat they can infect or parasitize a new host,
which is called Ahost jJjumpingo. Hart (1988) p
driving force for the diversity of rust fungi. Aime (2006) proposed that the phylogenetic
relationship enong rust fungi at the family level was related to the host plant. McTaggart et al.
(2016) also believed that host transfer determined the diversity of rust fungi. According to the host
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coordination analysis, Aime et al. (2018) proposed that the hosbnslaip of the rust life cycle
could better reflect the relationship between the rust fungi.

The purposes of this study were as follows: (1) To understand the diversity and distribution of
rust fungi in Guizhou Province. (2) To clarify the phylogenetiatrehship of rust fungi based on
three gene loci and their relationship with host plants in Guizhou Province. (3) To provide the
description and illustration of the new taxa and new record of rust fungi in Guizhou Province.

MATERIALS AND METHODS

Sampling

Over 300 fresh rust fungal specimens were collected from different hosts in Guizhou
Province, China. The hosts of these specimens belong to 33 plant families, Amaryllidaceae,
Anacardiaceae, Apiaceae, Araceae, Araliaceae, Asteraceae, Cannaceae, Clusiaceae,
Convolvulaceae, Elaeagnaceae, Fabaceae, Gentianaceae, Iridaceae, Lamiaceae, Liliaceae,
Meliaceae, Moraceae, Orchidaceae, Oxalidaceae, Plantaginaceae, Poaceae, Polygonaceae
Ranunculaceae, Rhamnaceae, Rosaceae, Rubiaceae, Rutaceae, Salicaceae, Saxifragacea
Urticaceae, Valerianaceae, Violaceae and Vitaceae. All samples were placed in envelopes and
returned to the laboratory as described by Senanayake et al. (2020).

Microscopy observation

The spores from specimens were mounted in sterile water, on stidesbaerved using a
Zeiss Scope 5 compound microscope (Axioscope 5, Jena, Germany), and photographed with an
AxioCam 208 color (Jena, Germany) camera and saved as JPG files. Approximately 30
measurements were made of each feature using the ZEN 2.0 (litio@)esbftware. The rust
specimens were deposited in the HerbariunhefDepartment of Plant Pathology, Agricultural
College, Guizhou University (HGUP). According to Jayasiri et al. (2015) and Index Fungorum
(2023), the Index Fungorum Registration Ideatiand Facesoffungi number of the new species
were obtained.

DNA extraction, PCR and Sequencing

Rust spores were scraped from fresh plant tissues using a sterilized scalpel. Total DNA of rust
spores was extracted with a BIOMIGA Fungus Genomic DNA Etitna Kit (GD2416) following
the manufacturerodos pSWt ek betk.amplifled wite thd respective( | T S
forward and reverse primers (Table 1). The PCR amplicons from purification and sequencing were
carried out at Sangon Biotech (Cheng@tjna).

Phylogenetic analyses

Newly generated sequences were deposited in GenBank. All the taxa used in the phylogenetic
analyses are listed in Supplementary Tablé$22 These sequences were compared with the
GenBank database using the Basic Local Alignt Search Tool (BLAST), and available
sequences of species in the genus containirtypx or representative isolates were downloaded
from GenBank followingprevious publicationsL{ et al. 2018, 2020Yu et al. 2019, Chen et al.
2020, Chu et al. 2021Alignments for the individual locus matrices were generated with the online
version of MAFFT v. 7.307 (Katokt al.2019) and manually improved using AliView (Larsson
2014) for maximum alignment and minimum gaps. BioEdit v. 7.0.5 was used to inspect and
manually improve the alignments wherever deemed necessary (Hall et al. 2011). Sequengematrix
1.7.8was used to concatenate the aligned sequéWeadya et al. 2011).

Maximum likelihood (ML), maximum parsimony (MP) and Bayesian inference (Bl) were
used b place the newly discovered specimens into a phylogenetic framework and estimate
phylogenetic relationships with otheust fungi ML analysis was performed using HTREE v.

XXX (Nguyen et al. 2015,Trifinopoulos et al. 2016 on the IQTREE web server
(http://igtree.cibiv.univie.ac.gt using a model selected by auto with rapid bootstrap analysis
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followed by 1000 bootstrap replicatd$e MP analysis was implemented to test the discrepancy of
the ITS, LSU andt e fdatdset with PAUP v. 4.0b10 (Swofford 2002). Gafsmere treated as
missing data, which were interpreted as uncertainty of multistate Rdgdogenetic trees were
generated using the heuristic search option with tree bisecti@omection (TBR) branch
swapping. AMaxtreeso was set to 5000, the tr
index (HI), retention index (RI) and rescaled consistency index (RC) were calculated. Bayesian
inference analysis was made with MrBayes3\2.6 (Ronquist et al. 2012), with the best fitting
substitution models using ModelFinder (Kalyaanamoorthy et al. 2017) for every single gene, and
the two software were integrated into the PhyloSuite v.1.2.1 (Zhang et al. 2020). Bl was performed
using six Makov chain Monte Carlo runs for 5,000,000 generations, sampling every 1000
generations. The first 25% resulting trees were discarded asnbpinase of each analysis.

Table 1Primers used ithis study.

Used genes Primer Sequencd5i@ 6 ) Direction  Reference
ITS Rust2inv GATGAAGAACACAGTGAAA Forward  Beenken et al. (2012)
ITS4rust CAGATTACAAATTTGGGCT Reverse  Aime (2006)
LSU No.4 ACCCGCTGAATTTAAGCATAT Forward  Van der Auwera et al.
(1994)
No.11 CTCCTTGGTCCGTGTTTCAAGACGC Reverse Van der Auwera et al.
(1994)
LR6 CGCCAGTTCTGCTTACC Forward  Vilgalys & Hester
(1990)
_ LROR ACCCGCTGAACTTAAGC Reverse  Hopple (1994)
tef 1U EFL728F CAT CGAGAAGTT CGAGAA GG Forward  Carbone& Kohn
(1999)
EF1-1567R ACHGTRCCRATACCACCSATCTT Reverse = Rehner& Buckley
(2005)
EF1-983F GCYCCYGGHCAYCGTGAYTTYAT Forward  Rehner& Buckley
(2005)

Diversity Indices Analysis

Dominant Taxa

A taxon is defined as dominant i f Pi > Car
richness, which is the number of fungal taxa, and Pi is caécle the number of isolates (Ni) that
belong to a certain taxon (i) divided by the total number of isolates (N) (Camargo 1992, Kusari et
al. 2013, Zhang et al. 2021).

RESULTS

Phylogenetic analyses

In this study, 304 rust samples were obtained from aBtghamilies in Guizhou Province.
Sixteen genera of the Pucciniales were determined, Celeosporium (Coleosporiaceae),
Endophylum (Pucciniaceae),  Gerwasia (Phragmidiaceae),  Gymnosporangium
(Gymnosporangiaceaeamapora (Phragmidiaceae)Macropyxis (Pucciniaceae),Melampsora
(Melampsoraceae) Mikronegeria (Chaconiaceae),Nyssopsora (Uredinineae incertae sedis),
Peridiopsora (Uredinineae incertae sedis)Phragmidium (Phragmidiaceae), Phakopsora
(Phakopsoraceae),Puccinia (Pucciniaceae), Pucciniastram (Pucciniastracea), Tranzschelia
(Tranzscheliaceae)Jromyces (Pucciniaceae)Eleven phylogenetic datasets were generated to
evaluate taxonomic placement of these rust specimens in Guizhou Province {Aigs 1
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Uromyces viciae-fabae HGUP21123
Uromyces viciae-fabae HGUP21125
Uromyces viciae-fabae HGUP21126
Uromyces viciae-fabae HGUP21124
Uromyces pisi-sativi BRIP 60151
Uromyeces stnatus BRIP 61228
NJ91/93/_, Uromyces euphorbiae-comiculati F425
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Uromyces punctatus F421
Uromyces punctatus F555
Uromyces scutellatus E269
Uromyces scutellatus E270
Uromyces striatus F430
Uromyces striatus F456
Uromyces striolatus E405
Uromyces pisi E272
70/99/"_Uromyces pisi F427
_l_ Uromyces vignae BRIP 60213
N Uromyces vignae HGUP21130
99/67/0.98 Uromyces vignae HGUP21131
Uromyces vignae HGUP21133
Uromyces vignae HGUP21132
Uromyces vignae HGUP21134
100/98/_- Uromyces bidenticola BRIP 57564
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Figure 17 Maximum parsimony tree dPuccinia@ae (excluding Pucciniayeconstructed from a
two-l ocus dat aset (1' TS, LSU) . RA I ML bootstrap
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support values (MP O 50%) and Bayesian poster
(ML/MP/PP). The strains from this study are showiblure. Melampsora epiphyll&CJ01/2/01 and
TSH-R3884) was selected as outgroup.

Pucciniaceae

A total of 31 specimens of Pucciniace&ug¢ciniaexcluded) were obtained. The LSU gene
fragment was also amplified to verify the accuracy of ITS comparisonsesud determined the
taxonomic placement of these specimens by the analyses of combination of these two leci. Fifty
two DNA sequences of Pucciniaceae fungi (belonging to three genera) were downloaded from the
GenBank database (Supplementary Table 2), wtblampsora epiphylla(CJ01/2/01) and
M. epiphylla(TSH-R3884) as the outgroup. The software MrModeltest v.2.3 was used to select the
best nucleic acid substitution model for the Bl phylogenetic tree of two gene fragments: ITS:
GTR+G; LSU: GTR+G. The twgene regions were spliced according to the-I'B® sequence
(ITS = 11 648; LSU = 6491252). The maximum likelihood (ML), maximum parsimony (MP) and
Bayesian inference (Bl) methods were run to yield the phylogenetic tree (Fig. 1).

The total character numbef combined sequences was 1252, including 697 constants, 184
variables and parsimony uninformative, and 371 parsianoioymative characters. The maximum
reduction method phylogenetic tree TL = 1217, CI = 0.631, RI = 0.845, RC = 0.533, HI = 0.439.
There wee 31 specimens of Pucciniaceae (excludihgeceinig obtained by the preliminary
comparison of ITS and these were mainly distributeBndophylum(10 specimens)acropyxis
(5 specimens), andromyceg16 specimens).

Endophyllum

Specimen HGUP21138 isdhfirst discovery of arEndophylumon Berchemia floribunda
(Fig. 1). It formed an independent branch with specimens HGUP21246 and HGUP21247 from
unknown plants, and the node support rate was (ML/MP/BI = 98/77/0.99). It is preliminarily
judged that they malye two different species. Specimens HGUP21244 and HGUP21245 collected
from Rhamnella franguloideplants formed a single branch, and the node support rate was
(ML/MP/BI = 87/94F), it was judged they were most likely a different species. Specimens
HGUP21212 and HGUP21243 formed an independent branch with a high node support rate
(ML/MP/BI = 100/99/1), and its kinship is distant. Specimens HGUP21237 and HGUP21238 are
from Dichroa febrifuga plants and form a branch with a high support rate (ML/MP/BI =
100/990.99). However, the latter was a known species described by Raciborski (1909b) without
nucleotide data. Specimen HGUP21217 is fielmeagnus elaeagnusvhich is different from the
reportedPuccinia elaeagnion Elaeagnu¥ gathered in one branch with thede support rate
(ML/MP/BI = -/100F).

Macruropyxis

Specimens HGUP21255 and HGUP21256 collected frBpipremnum aureumand
HGUP21142, HGUP21143, and HGUP21144 (frBaederia foetidp separated into one branch
with high support rate (ML/MP/BI = 100/99/®Y indicating that the five specimens are likely to
be different species (Fig. 1).

Uromyces

As shown inFig. 1, Specimens HGUP21122, HGUP21123, HGUP21124, HGUP21125,
HGUP21126 (host i¥icia fabg are all similar tdJ. viciaefabaegathered in one brancthe node
support rate was (ML/MP/BI = 57f), and the genetic distance was almost O, indicating that the
five specimens were probablyJ. viciaefabae Specimens HGUP21127, HGUP21128,
HGUP21129 andU. trifolii -repentis(Trifolium repensrust) gathered imne branch, and the node
support rate was (ML/MP/BI = 84/6%/ Their hosts werdrifolium repens and they presumably
belong to the same species. Specimens HGUP21130, HGUP21131, HGUP21132, HGUP21133,
HGUP21134 were collected frofhaseolus vulgarisandU. vignae(single spore rust of bean)
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gathered together, showing a very close genetic relationship. It is inferred that these five specimens
areU. vignae Specimens HGUP21135 and HGUP21136 were collected ¥tigma unguiculata
although they formed an iegendent branch, they were different from the repodedignae
sinensigcowpea monospora rust) from the same host, which may be the same species. Specimens
HGUP21137 andU. bidenticola gathered into one branch, and the node support rate was
(ML/MP/BI = 100/984). Both hosts werBidens bipinnatapresumably the same species.

100/99/0.99 Puccinia kusanoi TNM-F0029314
871_I_| | Puccinia kusanoi TNM-F0029314
Puccinia phyllostachydis HGUP21174
Puccinia phyllostachydis HGUP21175
100/100/1 | Puccinia thaliae HGUP21172
Puccinia thaliae HGUP21173
Puccinia ipomoeae-nilii HGUP21178
Puccinia ipomoeae-nilii HGUP21180
Puccinia ipomoeae-nilii HGUP21179
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100/97/1  Puccinia rufipes HGUP21177
—E Pucainia rufipes HGUP21176

Puccinia convolvuti HGUP21182

Puccinia convolvuti HGUP21183
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Puccinia convolvuli ZP-R1388
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100/100/1" Puccinia oenanthes-stoloniferae HGUP21185

100/100/1

61/_/_

58/_/_

68/_/_

80/_/_

8/_/_

Puccinia dichondrae SRG
100/99/0.99 | Puccinia cumminsii DAOM:114237
8/S3I_[" puccinia cumminsii DAOM:114238
Puccinia pammelii DAOM:695781
Puccinia pascua DAOM: 114286
67/ / 55/_/. Puccinia novopanici BPI 747673
Puccinia smilacis BP1 871784
100/100/1 3/_/_ Puccinia novopanici BP| 089011
74/ | Puccinia amari BPI 089009
Puccinia amari BPI 893097
Puccinia emaculata BP1 064483
Puccinia emaculata DAOM:JD927
Puccinia peradeniyae BP1 089014
Puccinia atra BP| 893214
Puccinia atra DAOM:108870
Puccinia esclavensis BP1 048988
62/98/_ 100/100/1! Puccinia esclavensis BPI 893096
Puccinia setariae BP| 188745
Puccinia setariae DAOM:116092
L Puccinia symphoricarpi BP| 879286
100/99/_ | Puccinia digitata BPI 085602
Puccinia digitata DAOM:36609
Puccinia coronata BPI 718354
Puccinia coronata PUR-N1057
Puccinia coronata var.coronata B 70 0006597
Puccinia coronata var.coronata BP 89076
Puccinia coronata var.coronata BP89353
Puccinia loliume-perenneii HGUP21240
9N/ Puccinia loliume-perenneii HGUP21241

66/_/_

0/69/_

76/53/

7574/
761_1
100/61/)
9/68/_
83/85/_

=
99/95/_
\

/I

/

Puccinia jaceae CUP-448
0/ / L Puccinia pampeana PUR 87662
Tl Puccinia arenariae BP| 893275

i Puccinia malvaceanim PDD:101511
Y

Figure 2 7 Maximum likelihood tree ofPuccinia reconstructed from a twiocus dataset (ITS,
LSU). RA T ML bootstrap support values (WL O !
and Bayesian posterior probability (PP O 0.90
this study are shown in bluMelampsora epiphylldCJ01/2/01 and TSHR3884) was selected as
outgroup.

Puccinia

In order to clarify the taxonomic status @6 rust specimens preliminarily identified as
Puccinia LSU gene was amplified on the basis ITS gene. Based on these two gene fragments, 153
fungal sequences &fucciniawere downloaded frorthe GenBank database (Supplementary Table
3), with the out grouppeing Melampsora epiphyllgCJ01/2/01) andM. epiphylla(TSH-R3884).
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The best nucleic acid substitution model for Bl of two gene fragments is: ITS: GTR+G; LSU:
GTR+I+. According to the IT&SU sequence, the two genes were spliced (IT$594; LSU =

595 1134), and the phylogenetic trees of ML, MP and Bl were constructed according to the above
tree building methods. The total number of combined sequence sites is 1134, including 291
conservative sites, 155 highly variable rexduced information sites and&8duced information

sites. The maximum reduction method phylogenetic tree TL = 4147, Cl = 0.366, Rl = 0.776, RC =
0.284, HI = 0.634. Detalof phylogenetic analyse of @lucciniaspecimens in Table 2.

‘\ Puccinia allii HGUP21226
57, /_/_\ Puccinia allii HGUP21229
™ Puccinia alli HGUP21225
I Puccinia porri BRIP 61579
Puccinia carucus ZP-R411
Puccinia alli HGUP21228
Puccinia allii BRIP 59595
90/56/_ Puccinia alli HGUP21227
Puccinia allil HSZ 1992
88/_/_ Puccinia allii HMJAU8954
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Figure 21 Continued.

Phragmidiaceae

According to the preliminary identification of ITS, 41 specimens of rust belong to
Phragmidiaceae. To determine their taxonomic status, LSU gene was further amplified. -Seventy
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nine Phragmidiaceae fungal sequen¢®spplementary Table 4yere selected and downloaded
from GenBank database (belonging to six genera), and the out groupdelemspsora epiphylla
(CJ01/2/01) and. epiphylla(TSH-R3884). The best nucleic acid substitution model for Bl of two
gene fragments is: ITS: GTR+I; LSIGTR+G. After comparing ITS @ahLSU, splice them (ITS =
1-569; LSU = 57601291), and construct ML, MP and BI phylogenetic trees according to the above

tree building methods.
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Figure 27 Continued.

Puccinia nepalensis HGUP21181
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Figure 27 Continued.

Phylogenetic analysis showed that the total number of couohlsequence sites was 1291,
including 501 conservative sites, 116 highly variable -remuced information sites, and 694
reduced information sites. The maximum reduction method phylogenetic tree TL = 2636, CI =
0.506, RI = 0.850, RC = 0.430, HI = 0.493. ThE specimens of Phragmidiaceae (Fig. 3) were
mainly distributed in three genera with 26 specimenBhloiigmidium 8 specimens oGerwasia
and 7 specimens dlamasora Details of phylogenetic analyse althragmidiaceaspecimens in
Table 2.
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Coleosporiacae

In order to accurately determine the taxonomic status of 40 specimens of rust fungus that
have been preliminarily identified as Coleosporinaceae, we amplified the LSU gene, and selected

and downloaded 124 fungal sequences corresponding to Coleospaeimatiee GenBank database
(belonging to seven generdpupplementary Table 5)and the out groups arklelampsora
epiphylla(CJ01/2/01) and/. epiphylla(TSH-R3884). The best nucleic acid substitution model for
Bl is: ITS: GTR+G; LSU GTR+I. After comparien, the ITS and LSU were spliced (ITS 4438;
LSU = 499992), and the phylogenetic trees of ML, MP and Bl were constructed respectively. The

phylogenetic analysis results showed that the total number of combined sequence sites was 992,

including 542 congwative sites, 104 highly variable noeduced information sites, and 346

reduced information sites. The maximum reduction method phylogenetic tree TL = 1001, CI =

0.613, Rl = 0.865, RC = 0.530, HI = 0.386. According to the phylogenetic tree (Fig. 4), 41

specimens of Coleosporiaceae were preliminarily identified and only distributed in the genus

ColeosporiumDetails of the phylogenetic analysef all Coleosporiunspecimensrein Table 2.
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50 %) and

selected as outgroup.

Figure 37 Continued.

Pucciniastraceae
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It has been preliminarily identified that four specimens belong to Pucciniastraceae. To clarify
their classification status, LSU gene was afigali on the basis of ITS gene. Based on these two

genes, 41 DNA sequences (belonging to seven genera) of the family were selected and downloaded
from NCBI (Supplementary Table 6and the out groups wef@ymnosporangium annuu(BJFG

R01456) ands. pleoporum (BJFGR02952). The best nucleic acid substitution model for Bl of the
two genes is GTR+I+. The two genes were spliced te#all according to the IT&SU sequence
(ITS = 1-439; LSU = 4401004), and phylogenetic trees were constructed using MP, ML and B
methods respectively. In phylogenetic analysis, the total number of combined sequence sites is
1004, including 723 conservative sites, 37 highly variableredoced information sites, and 244
reduced information sites. The maximum reduction method gbwiletic tree TL = 520, CI =
0.675, RI = 0.844, RC = 0.570, HI = 0.325. According to the phylogenetic tree (Fig. 5), four
specimens of Pucciniastraceae obtained through preliminary identification by ITS are distributed in

the genug$ucciniastrum
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50 %) and Bayesian posterior probability (PP
strains from this study are shown in blielampsora epiphyll§CJ01/2/01 and TSHR3884) was

selected as outgroup.

Pucciniastrum
Specimens HGUP21108 and HGUP21109 are compatible Rvittircaeaeand P. epilobii
and clustered into sister branches, showing a significant genetic difference and distant genetic
relationslip. Specimens HGUP21110 and HGUP21111 were collected Baghmeria niveaand
are close toP. corni P. kusanqi P. styracinum P. yoshinagai P. actinidiae and
P. boehmeriagbut node support rate (ML/MP/BI = 99/67/0.97), shows obvious genetic distance.

Phakopsoraceae

Molecular biological research was carried out on the five specimens of rust preliminarily
identified as Phakopsoraceae. The relevant genes were amplified by PCR, the ITS and LSU
sequence fragments were obtained, and compared in NCBIefGberses of 32 taxa belonging to
Phakopsoraceae (belonging to four genera) were selected and dowr(®agpkmentary Table
7). The out groups wer&ymnosporangium asiaticufTNM F0027941) ands. clavariiforme
(RSP0532). The best nucleic acid substitutionodel for Bl is: ITS: HKY+I+; LSU: GTR+I+
After comparing the two genes, the first and last splicing (ITS553; LSU = 5541204) was
performed according to the ITISSU sequence, and the phylogenetic tree was constructed using
MP, ML and Bl methods reectively. According to phylogenetic analysis, the total number of
combined sequence sites is 1204, including 740 conservative sites, 116 highly variaditapien
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information sites, and 348 simple information sites. The maximum reduction method phiitogene
tree TL =940, Cl = 0.735, Rl = 0.824, RC = 0.606, HI = 0.264. According to the phylogenetic tree
(Fig. 6), five Phakopsoraceae specimens identified by ITS are distributed in théPgakopsora
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Coleosporium eupatorii MCA 4470
Coleosporium eupatorii MCA 4471
Coleosporium inulae KR-M-0024891
Coleosporium inulae ZT_Myc_57996

100/94/__| |
100/90/1

~

Coleosporium saussureae HMJAU8161
99/58/ | Coleosporium saussureae HMJAU8B179
93/_/0.94 “Coleosporium cimicifugatum HMBF-95Y7
100/99/_ { Coleosponum cimicifugatum HMBF-95Y8
86/_/_ | Coleosporium asterum BPI 879270
100/100/7 Coleosporium solidaginis U389
96/61/0.99 Coleosporium solidaginis U430
Coleosporium delicatulum BP| 871737
00/99/1' Coleosporium delicatulum U347
leosporium plumeriae BPI 843715
Coleosporium plumeriae BPI| 880744
Coleosporium ipomoeae U365
Coleosporium ipomoeae JRH 485

100/92/1
93/ /0.91 00/97/1

Coleosporium montanum BP| 877858
Coleosporium montanum WU:43601
Coleosporium vemoniae RB 772200
83/70/0.92 95798/ Coleosporium vemoniae RB 772265
“Coleosporium verbesinae JRH151

100/66/ Coleosporium paederiae HGUP21083
—‘(Coleospoﬁum paederiae HGUP21084
100/96/1 ! Coleosporium paedeniae HGUP21085
99/72/0.94 Diaphanopellis purpurea BJFC R02299
100/99/1 s Diaphanopellis purpurea BJFC R02302
Diaphanopellis purpurea BJFC R02623
70/78/_ Chrysomyxa zhuoniensis BJFC:R00521
98/99/1 Chrysomyxa diebuensis BJFC:R00556
Chrysomyxa diebuensis BJFC:R00524
Coleosporium euodiae HMAS:41515
Chrysomyxa arctostaphyli 1299CHA_PCE_WY

—{ Chrysomyxa arctostaphyli 1301CHA_ARU_KE
100/99/1 L Chrysomyxa arctostaphyli 503CHA_PCG_NO1
Rossmanomyces pyrolae 356
Quasipucciniastrum agrimoniae HMAS:248095
Quasipucciniastrum agrimoniae HMAS:248097
Quasipucciniastrum agrimoniae HMAS:248096

99/99/1 Cronartium flaccidum HMAS:89231

98/82/0.99 Cronartium orientale HMIAS:242642
L—— Coleosporium jonesii BPI 910183

100/97/1 E Thekopsora rubiae HMJAUB574
Thekopsora symphyti HeRB 4732
ylla CJ01/2/01

E Melampsora eplph)dla TSH:R3884

87/_/0.91 |

99/7
97/100/0.99 97/771_

96/74/_

20.0

Figure 47 Continued.

Phakopsora

Specimens HGUP21P2, HGUP21113 and HGUP21114 (dDayratia japonica and
specimens HGUP21115 and HGUP21116 Rarthenocissus tricuspidataclustered into sister
branches (Fig. 6), and the node support rate was (ML/MP/BI = 95/90/1). At the same time, they
also clustered iata single branch with a high support rate, showing a distinct genetic distance and
a distant genetic relationship, and can be regarded as two independent species.

Melampsoraceae

Five specimens of Melampsoraceae rust fungus were obtained. To clarifyetimirary
identification results of ITS, the related genes (LSU) were amplified by PCR. Based on these two
genes, 48 sequences (belonging to two genera) of the family were downloaded from NCBI
(Supplementary Table 8and the out group washrysomyxa empi (287CHE_ EMN_ SA1) and
C. monesig1309CHM_ MOU_ GR). The best nucleic acid substitution model for Bl is GTR+I+.
After sorting out the sequences, splice them according to the$USsequence (ITS =335; LSU

336714), and construct phylogenetic seesing MP, ML and Bl methods respectively.

Phylogenetic analysis showed that the total number of combined sequence sites was 714, including
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469 conservative sites, 48 highly variable 1stmple information sites and 197 simple information
sites. The maxinmm reduction method phylogenetic tree TL = 492, Cl = 0.628, RI = 0.807, RC =
0.506, HI = 0.372. According to the phylogenetic tree (Fig. 7), five Melampsoraceae specimens
preliminarily identified by ITS are distributed in the gemlislampsora

Table 2 Detfails of results in phylogenetic analyseof Coleosporiaceae Cpleosporiuny

Phragmidiaceag3erwasig HamasporaPhragmidiun), PucciniaceaePuccinia).

Family Genus Specimens Host Node support rate
(ML/MP/BI)
Coleosporiaceae  Coleosporium HGUP21054 Clemats 99/84/0.97
brevicaudata
HGUP21055 Aster ageratoides NA
HGUP21061
HGUP21062 A. indicus 89/99/1
HGUP21063
HGUP21064 Bletilla striata 65/73/0.91
HGUP21065
HGUP21066 Zanthoxylum 100/99/1
HGUP21072, bungeanum
HGUP21203
HGUP21073 Tetradium ruticarpum  66/99/1
HGUP21074
HGUP21075 Phellodendron 100/100/1
HGUP21076 amurense
HGUP21077 Perilla frutescens 99/84/0.97
HGUP21078
HGUP21079 Camellia japonica 98/72/0.90
HGUP21086 Carpesium 100/96/0.99
HGUP21082 abrotanoides
HGUP21083 Paederia foetida 100/96/1
HGUP210%
Phragmidiaceae = Gerwasia HGUP21156 Rubug(Ru) alceifolius  99/99/0.92
HGUP21157
HGUP21166 Ru. reflexus NA
HGUP21167 Ru. setchuenensis 90/944
HGUP21168
HGUP21169 Ru. buergeri 85/75}
HGUP21171
Hamaspora HGUP21159 Ru. parkeri 100/98/0.99
HGUP21162
HGUP21163 Ru. lambertianus 99/86/0.99
HGUP21165
Phragmidium HGUP21029 Ru. coreanus 99/65/0.99
HGUP21030
HGUP21035, Rubussp., 99/65¢/
HGUP21038 Ru. adenophorus
HGUP21039
HGUP21031 Duchesnea indica 100/1@/1
HGUP21032
HGUP21033, Potentilla(Po) 100/87/1
HGUP21040 freyniana
HGUP21147 Rosa(Ro cymosa 100/100/1
HGUP21153
HGUP21025 Ro.Roxburghii 100/99/1
HGUP21028
HGUP21036 Ro.Laevigata 100/100/1
HGUP21037

487



Table 2 Continued.

Family Genus Specimens Host Node support rate

(ML/MP/BI)

HGUP21034 Po. Serpentina 100/98/1

HGUP21154 Ro.Kwangtungensis 100/764

HGUP21155

HGUP21158 Ro.Multiflorae 88/52/1

Pucciniaceae Puccinia HGUP21174 Phyllostachys nuda 100/100/1

HGUP21175

HGUP21172 Cannasativa 100/100/1

HGUP21173

HGUP21178 Ipomoea nil 92/97}

HGUP21180

HGUP21239 Indocalamus 68H/-

latifolia

HGUP21176 Imperata cylindrica 100/97/1

HGUP21177

HGUP21182 Calystegia hederacea 68/92f

HGUP21183

HGUP21184 Oenanthe javanica 95/90/1

HGUP21185

HGUP212460 Lolium perenne 99/95/

HGUP21241

HGUP21225 Allium sativum NA

HGUP21229

HGUP21231 Alopecurus 94/-/-

aequalis

HGUP21232 Oxalis sorrel 100/76/1

HGUP21233,

HGUP21235

HGUP21236

HGUP21139 Bamboo 100/96/0.99

HGUP21140

HGUP21248 Zea mays 100/99/1

HGUP2D252

HGUP21253 Plantago asiatica 100/95/0.97

HGUP21254

HGUP21208 Taraxacum mongolicun 10041

HGUP21209

HGUP21216 Youngia japonica 100/62/0.94

HGUP21211

HGUP21212 Crepidiastrum 99/65/

HGUP21213 sonchifolium

HGUP21214 Lactuca indica 100/99/1

HGUP2D16

HGUP21199 Arachis hypogaea 100/99/1

HGUP21200

HGUP21198 Senecio scandens 51H-

HGUP21195 Cryptotaenia japonica 100/88/1

HGUP21197

HGUP21186 Pleuropterus 100/80/0.93

HGUP21188 multiflorus

HGUP21206 Gentana macrophylla  100/99/0.96

HGUP21207

HGUP21193 Persicaria capitata 100/99/0.94

HGUP21194

HGUP21204 Viola diffusa 100/94¢

HGUP21205
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Table 2 Continued.

Family Genus Specimens Host Node support rate
(ML/MP/BI)
HGUP21181, Rume nepalensis 99/88+
HGUP211960
HGUP21192,
HGUP21230
HGUP21201 Iris tectorum 100/88/1
HGUP21202
HGUP21221 Patrinia (Pa) villosa 100H4/-
HGUP21218 Hemerocallis fulva 91/84f
HGUP21220
HGUP21222 Persicaria posumbu 100/88/1
HGUP21224
HGUP21141, Pa. foetida 100/100/1
HGUP21234
HGUP21189 Setaria plicata 17K--
94/59/0.90, Pucciniastrum epilobii MCA2916
91/72/_|| Pucciniastrum epilobii TSH-R4285
NLL Pucciniastrum circacae MCA2948
100/64/1 | L pucciniastrum circaeae TSH-R10187
_/60/_ Puccini phalise-sinicae HGUP21108
96/ /AN 70701 Pucciniastrum anaphalise-sinicae HGUP21109
80/84/0.99_| Pucciniastrum hydrangeae BP| 893293
61 /_/_\\ Pucc[lﬁastlum h}{d(angeae MCA2837
sous] Y | et e
08/92/1 | Pucciniastrum guttatum WM 1203
Melampsorella caryophyllacearum PUR 82
98/632/1 _T(Melampsorella caryophyllacearum \WM 1092

78/79/0.94

79/_/0.95

58/_/_

98/69/1L- Calyptospora goeppertianum TDB1497
99/67/0.97 | Pucciniastrum novembere HGUP21110
Pucciniastrum novembere HGUP21111
Pucciniastrum comi TSH-R4273
Pucciniastrum kusanoi TSH-R21252
Pucciniastrum styracinum TSH-R1527
Pucciniastrum yoshinagai TSH-R4270
Pucciniastrum actinidiae TSH-R4267
Pucciniastrum boehmerniae TSH-R4253
Pucciniastrum miyabeanum TSH-R4281
Pucciniastrum tiliae TSH-R4295
Pucciniastrum fagi TSH-R4245
Pucciniastrum hikosanense HVAS 249354
Pucciniastrum hydrangeae petiolaris TSH-R4264

90/_/0.91

84/58/_
69/_/_

77/82/0.99

55/_/ "

Coleopuccinia sinensis BJFC-R02364
100/100/1" Coleopuccinia sinensis BJFC-R02506

71/72/_ Pucciniastrum coryli TSH-R4237
100/100/1 Melampsor?d(um hlrgtsukanum H 6035362
Melampsoridium alni H 7019539
Melampsoridium betulinum PDD 64927
81/99/0.95 Melampsoridium betulinum PDD 77196

100/100/_ ~ Gymnosporangium annulatum BJFC-R01456

30.0

L Gymnosporangium pleoporum BJFC-R02952

Figure 57 Maximum parsimony tree dPucciniastraceageconstructed from a twiocus dataset

(1 TS,

LSU). RA T ML
50%) and Bayesian posterior pra bi | i t 'y

bootstrap

(PP O 0.90) are

strains from this study are shown in bluBymnosporangium annuufBJFGR01456) and
G. pleoporum(BJFGR02952)were selected as outgroup.

Melampsora

Specimens HGUP21117 and HGUP21118 @alix kabylonicg formed an independent
branch (Fig. 7), and the node support rate was (ML/MP/BI = 100/99/0.99). There was a significant

support wvalues
shown

(

genetic distance between specimens and the neighboring species, and there was a distant genetic

relationship. Specimens HGUPRIO, HGUP21120 and HGUP21121 clustered together with
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Melampsora coleosporioidewith a qualified node support rate (ML/MP/BI = 91), and the
genetic distance was close to 0, which was very likely to be the same species.

Phakopsora pachyrhizi BP| 871755

_ | Phakopsora pachyrhiziHMAS70143

Phakopsora pachyrhizi HMAS49224

Phakopsora pachyrhizi ZP-R283

95/_|_ | Phakopsora tecta JRH_476

751_1_ Phakopsora tecta MCA_2965

Phakopsora jatrophicola BP1 910196
Phakopsora jatrophicola BP1 910195

Phakopsora meibomiae R188

Cerotelium fici BRIP:58068

096/ Nothoravenelia japonica HMJAUS597

58/_/_ Nothoravenelia japonica HMJAU8598

9/65/0.99| nothoravenelia japonica HMJAUSS99

58/ / Nothoravenelia japonica HMJAUB600

- Phakopsora meibomiae LP24

81/_/_

Phakopsora gossypii BPI 910191
Phakopsora phyllanthi BP| 843632
Phakopsora phyilanthi 83

Phakopsora pistila 26
Phakopsora pistila 42
Phakopsora crucis-filii 80
Phakopsora crucis-filii 61

98/60/0.98 |, Phakopsora cherimoliae 30
Phakopsora cherimoliae 85

B/_/ H/73/_ Cerotelium fici UACH 107
= 100/64/1 |' Phakopsora nishidana BPI 910197
] Phakopsora myrtacearum PREM 61155
®L Phakopsora nishidana U_9

100/96/1 Phakopsora coca BP1 910190
Phakopsora cingens BRIP:55628
Phakopsora causonise-mollisii HGUP21112
100/99/1 | Phakopsora causonise-molisi HGUP21113
Phakopsora causonise-mollisi HGUP21114
Phakopsora parthenocissuse-tricuspidatae HGUP21115
97/99/0.98 | Phakopsora parthenocissuse-tricuspidatae HGUP21116

100/96/_ Gymnosporangium asiaticum TNM F0027941
Gymnosporangium clavariiforme RSP05-32

100/93/0.96

A/ /.

79/

95/90/1

005

Figure 6 7 Maximum likelihoodtree of Phakopsoraceaeeconstructed from a twiocus dataset

(1' TS, LSU) . RA T ML bootstrap support values (
50 %) and Bayesian posterior probability (PP
strains fromthis study are shown in blu&ymnosporangium asiaticufTNM F0027941) and

G. clavariiforme(RSP0532) was selected as outgraup

Uredinineae incertae sedis

In order to accurately determine the taxonomic status of the nine specimens preliminarily
identified as Uredinineae incertae sedis, we amplified the LSU gene, and selected and downloaded
26 fungal sequences corresponding to Uredinineae incertae sedis (belonging to five genera) in the
GenBank databag&upplementary Table 9yith the out grougPhragmdium zangdongi(BJFG
R02447 and BJFR03013). After comparison, the ITS and LSU were spliced (ITS39% LSU
= 4001063), and the phylogenetic trees of ML, MP and Bl were constructed respectively.
Phylogenetic analysis showed that the total number ofboted sequence sites was 1063,
including 564 conservative sites, 86 highly variable-smnple information sites, and 413 simple
information sites. The maximum reduction method phylogenetic tree TL = 1265, ClI = 0.603, RI =
0.812, RC = 0.489, HI = 0.396.céording to the results of the phylogenetic tree (Fig. 8), the 9
specimens of Uredinineae incertae sedis identified are distributégssopsord7 specimens) and
Periiopsora(2 specimens).
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81/56/_., Melampsora albertensis BP1 0021209
57/_/_ 100/99/1| Melampsora occidentalis 1452MO-PTC-USA
98/85/0.99 Melampsora medusae f.sp.deltoidis 98D10
Melampsora medusae f.sp.tremuloidis 1028ME-LAL-LJ.1
100/99/1 Melampsora abietis-canadensis 1399MEA POG-USA
Melampsora larici-tremulae PFH04-5
9/74/ ! Melampsora pinitorqua 97MP10-1

85/_/0.90
91/ 10.94 Melampsora nujiangensis 1423MEN-POY-CHI
= Melampsora sp.HMAS 62584
100/95/0.99 Melampsora larici-populina HMAS 247977
94/_/0.93 Melampsora aecidioides 664ME-POA-BC45.1
871/ | Melampsora populnea AAHO0-1
89/53/0.90 __| Melampsora rostrupii PFH08-3
Melampsora pulchermima 08ZK2
Melampsora pulcherrima 08ZK4
Melampsora magnusiana 1426MEG-CJ-DSD.1
53/ —/—\ Melampsora kamikotica HNMAP3186
EMelampsora laricis-pentandrae HNMAP3201
— Melampsora ribesii-purpureae PURP897-1
100/95/1 Melampsora alli-populina 1260MEAP-POC-HU
83/_/ Melampsora microspora 1407MEMI-PON-IRQ
N | Metampsora pruinosae 1343MEPR-POR-CHI.1
80/_/_ Melampsora iranica HMAAC4055

60/_/_

~
100/99/0.99
61/_/_

100/99/1
N
53/__

99/58/0.92

98/51/0.90
99/56/0.96
®//_

77171/0.96

%/_/_

100/100/1.__|

91/_/0.98 d
100/100/1 ©9/94/0.99 _|

541/
N

7 /i

Melampsora salicis-viminalis HMAS 38658
Melampsora apocyni LYR3
Melampsora euphorbiae AFTOL-ID 1400
Melampsora babylonicae HGUP21117
Melampsora babylonicae HGUP21118
Melampsora salicis-albae NWC-06210
Melampsora salicis-argyraceae HMAS 52894
Melampsora pakistanica BA13c
Melampsora salicis-cavalerieil HMAAC4043
Melampsora epiphylla TSH-R3884
Melampsora salicis-futurae TSH-R9620
- Melampsora laricis-miyabeana TSH-R18314
Melampsora arctica HMAS52919
Melampsora salicis-sinicae HNMAP1710
Melampsora salicis-bakko TSH-R3879
Melampsora salicis-tiandrae HNMAP3181
Melampsora humilis TSH-R7550
Melampsora capraearum NYS-F-003819
Melampsora coleosporioides HGUP21119
Melampsora coleosporioides HGUP21121
Melampsora coleosporioides HGUP21120
Melampsora coleosporioides HNMAP3114
Melampsora feminii SAG 21943
Melampsora microsora HH-53150
Melampsora yezoensis TSH-R7335
- Melampsora epitea TNS-F-121034
Melampsora epiphylla CJ01/2/01
Melampsora ribesii-viminalis HNMAP1698

91/

98/99/1 | Ceropsora weirii 545CHW-PC-ON31

1001100/ Chry

| Ceropsora weirii 916CHW-PCG SG8
empetri 287CHE_EMN_SA1

L Chrysomyxa monesis

008

1309CHM_MOU_GR

Figure 717 Maximum likelihood tree oMelampsoraceae=constrgted from a twdocus daaset

(1 TS,
50 %)

LSU). RA T ML
and Bayesi an

poster.i

support val
probability

bootstrap
or

ues

(PP

The strains from this study are shown in bl@&rysomyxa empir{287CHE_ EMN_ SA1) and
C. monesig1309CHM_ MOU__ GRwas selected as outgroup.

Nyssopsora

Specimens HGUP21103 and HGUP21104 @ranthus ilicifoliuy with sufficient node
support rate (ML/MP/BI = 99/80/0.99) along wiltyssopsora koelreuteriaelustered into ister

branches, showing a slightly distant genetic distance, with no close genetic relationship. Specimens

HGUP21098, HGUP21099 and HGUP21100 framalia elata gathered together with specimens
HGUP21101 and HGUP21102 (dmona sinens)swith a high node saport rate (ML/MP/BI =

100/99/0.99), with a relatively obvious genetic distance. Based on host and morphological

characteristics, rust ohoona sinensiw/as reported a. cedrelagbut specimens HGUP21101 and
HGUP21102 are largely different frobh cedrehe

Peridiopsora

Specimens HGUP21096 and HGUP21097 were collected from leavédomfs alba

Although they were isolated into one branch, the node support rate was (ML/MP/BI
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100/99/0.99). According to the records, the pathogen of mulberry leaf rBstidiopsora morj
which is probably the same species.

89/81/0.98 Aecidium otagense PDD:102314
Aecidium otagense PDD:104485
— | Aecidium brachycomes DAR 77060
Aecidium ranunculi-insignis PDD:101515
Aecidium myopori PDD:93248
B/61/_ Aecidium kalanchoe BPI 843633
100/93/1 [ Aecidium sp.HMUT 5668
Aecidium sp.HMUT 8003
100/99/0.99 68/75/_ | Allodus podophylli U272

~ Allodus podophylli U273

\\! Allodus podophylli BPI 842277

Allodus podophyili U803
%4/ 99/94/0.99 | Nyssopsora koelreuteriae HGUP21103

99/80/0.99 || Nyssopsora koelreuteriae HGUP21104
B/
100/97/0.98

Nyssopsora koelreuteriae BBSW-1
Nyssopsora echinata KR0012164
Nyssopsora thwaitesii AMH 9528
Nyssopsora araliae-elataii HGUP21098
Nyssopsora araliae-elataii HGUP21099
100/99/0.99 | Nyssopsora araliae-elataii HGUP21100
Nyssopsora cedrelae HGUP21101
93/83/0.99 Nyssopsora cedrelae HGUP21102
881091 | | 100/98/0.99 , Aecidium deightonii PC 0096724

N Aecidlium deightonii PC 0096730
100/29/0:99 Aecidium sp.PUR 43011

N
Peridiopsora mor HGUP21096
Peridiopsora mon HGUP21097

78/_/_. Caeoma dumeticola BJFC-R02707
100/76/0.93 | Caeoma rhododendri-capitafi BJFC-R02433
100/98/0.99 |1 Caeoma dumeticola BJFC-R02706

Caeoma rhododendri-capitati BJFC-R00549

92/67/0.95
~

74/63/_

87/_/0.93

100/99/0.99 83/73/0.98
Coleopuccinia sinensis BJFC-R02358
64/_/_ Coleopuccinia sinensis BJFC-R02506

100/99/0.991 cojeopuccinia sinensis BJFC-R02364

Caeoma toreyae DV29.1

Aecidium sp.IBA-9682
100/99/0.99 [ Phragmidium zangdongii BJFC-R02447
Phragmidium zangdongii BJFC-R03013

0.07

Figure 81 Maximum likelihood tree ofJredinineae incertae sedisconstructed from a twiocus
dataset (I TS, LSU) . RA T ML bootstrap suppor:t
(MP O am@%)Bayesi an posterior probability (PP
The strains from this study are shown in bleeragmidium zangdong{(BJFGR02447 and BJFC
R03013)was selected as outgroup.

Chaconiaceae
According to the preliminary ideification of ITS, three specimens of rust belong to

Chaconiaceae. To determine their taxonomic status, LSU and SSU genes were further amplified.
Based on these three gene fragments, DNA sequences of 22 Chaconiaceae (belonging to ten
genera) were downloadefrom NCBI (Supplementary Table 10with the outgroup taxon
Septobasidium apiculatu(®@UKE: DAH (064)). The best nucleic acid substitution model for Bl of

three gene fragments is: ITS: HKY+G; LSGTR+G SSU HKY+I. According to the sequence of
SSUITS-LSU, the three genes were spliced first and last (IT$485t LSU = 4861150; SSU =
11512179), and the phylogenetic trees of ML, MP and Bl were constructed respectively according
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to the above tree building methods. The total number of combined sequends 21L79, including
1508 conservative sites, 215 highly variable -neduced information sites and 456 reduced
information sites. The maximum reduction method phylogenetic tree TL = 1198, CI = 0.762, Rl =
0.803, RC = 0.613, HI = 0.237. According to fhiteylogenetic tree (Fig. 9), the three Chaconiaceae
specimens were preliminarily identified as in the geMilgonegeria

B/59/_ Mikronegeria fuchsiae PDD:101516
78/63/_} Mikronegeria fuchsiae PDD:101517
90/77/0.99 Mikronegeria fuchsiae PDD:94465

%/_/0.99 Mikronegeria fuchsiae PDD:97448

Mikronegeria mucunae-sempervirensii HGUP21045
Mikronegeria mucunae-sempervirensii HGUP21044
Mikronegeri: J: 7 il HGUP21043

97/_/0.99 100/99/1

97/_/0.99

Achrotelium sp.1 HMAS45350
Achrotelium ichnocarpi BRIP:55634

67/ /_

87/ 10.99 Maravalia cryptostegiae BRIP:56898

00/99/1| Hemileia vastatrix BP| 843642

Hemileia vastatrix Hvas231-246

o1 1 BI_1_P11821 Hemileia aff wrightiae BRIP:57470
FE

Blastospora smilacis US01

58/58/0.92 _|

Zaghouania phillyreae ZP-R222

Blastospora smilacis PUR N270

Cystopsora notelaecae BRIP:58325
92/93/_

Ochropsora ariae KR-M-42604
Ochropsora ariae KR-M-43444
100/83/1 Ochropsora aniae HeRB 4153
n 71 /52/_— Ochropsora ariae FO 47848

83/_/0.98 Olivea scitula BP1 871108

&/ 4</ M: lia guianensis R164
- Caeoma tonreyae ECS553

Caeoma torreyae DV29-1
Septobasidium apiculatum DUKE:DAH(064)

Figure 91 Maximum likelihood tree o€haconiacearseconstructed from a twiocus dataset (ITS,

LSU). RA xML bootstrap support vadus ( ML O 50 %) , MP bootstrap s
and Bayesian posterior probability (PP O 0. 9«
from this study are shown in blugeptobasidium apiculatuf@UKE: DAH (064))was selected as
outgroup.

Mik ronegeria

Specimens HGUP21043, HGUP21044 and HGUP21045 (Fig. 9) clustered into a single
branch with a high node support rate (ML/MP/BI = 100/99/1) and formed a sister branch with
Mikronegeria fuchsiaeand maintained a relatively distant genetic relatigndletween the two
taxa.

Gymnosporangiaceae

Ten specimens of Gymnosporangiaceae were obtained. To determine the genera and species
taxonomic units of these specimens, molecular biological research was continued. The relevant
genes were amplified by PCRydathe sequence fragments of ITS, LSU and fweré obtained.
The sequences of 74 taxonomic units belonging to Gymnosporangiaceae (only one genus) were
selected and downloaded from NC8lupplementary Table L1After comparing the three genes,
the firstand last splicing (ITS =-488; LSU = 4891046;t e f=110471626) was carried out
according to the ITSSU-t e fsdqgllence, and the phylogenetic tree was constructed by MP, ML
and Bl methods respectively. According to phylogenetic analysis, the total naibembined
sequence sites is 1626, including 952 conservative sites, 65 highly variatdenupbe information
sites and 609 simple information sites. The maximum reduction method phylogenetic tree TL =
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1896, Cl = 0.559, RI = 0.874, RC = 0.489, HI =4D4The ten specimens of Gymnosporangiaceae
identified by ITS are all in the gen@ymnosporangiun(Fig. 10).

Gymnosporangium

Specimens HGUP21086, HGUP21087, HGUP21088, and HGUP21089 were collected from
leaves of pear while specimens HGUP21090, HGUP21&%d HGUP21092 were collected from
Chaenomeles specias&pecimens HGUP21093, HGUP21094, and HGUP21095 were collected
from apple. All ten specimens clustered together @iyfmnosporangium asiaticu(fig. 10) with
sufficient node support rate (ML/MP/BI = ®%/1).

Tranzscheliaceae

Three specimens of rust were preliminarily identified as Tranzscheliaceae. The relevant genes
(ITS, LSU) were amplified by PCR, we selected and downloaded 20 DNA sequences in NCBI
belonging to Tranzscheliaceae (belonging to twenaga) (Supplementary Table 12)After
comparing the two genes, the first and last splicing (ITS521;, LSU = 5121161) was performed
according to the IT&SU sequence, and the phylogenetic tree was constructed using MP, ML and
Bl methods respectively. @geording to phylogenetic analysis, the total number of combined
sequence sites is 1161, including 695 conservative sites, 111 highly variabmpds
information sites, and 355 simple information sites. The maximum reduction method phylogenetic
tree TL = 701, CI = 0.835, Rl = 0.886, RC = 0.740, HI = 0.164. The three specimens of
Tranzscheliaceae obtained through preliminary identification are distributeBraimzschelia
(Fig. 11).

Tranzschelia

Specimens HGUP21105, HGUP21106 and HGUP21107 fPoumus pesica, gathered in
one branch along witf. discolor(Fig. 11), the node support rate was (ML/MP/BI = 99/99/1), and
the genetic distance was very short, indicating that they are all the same species.

Taxonomy

PuccinialesT. Caruel, Atti della Reale Accathia dei Lincei, Memorie della Classe di Scienze
Fisiche, Matematiche e Naturali Ser. 3, 10: 246 (1881)

PucciniaceaeChevall. [agPucciniead, Fl. gén. env. Paris (Paris) 1: 413 (1826)
EndophyllumLév., Mémoires de la Société Linnéenne de Paris 4: PRZ6(

Endophyllum berchemiadloribundae J.E. Sun, Yong Wang bis &.D. Hyde sp. nov. Fig.12

Index Fungorum number: IF901290; Facesoffungi numberi&as7

Etymologyi The nameaeflects the hodBerchemia floribundafrom which the type specimen
was collected.

Holotypei HGUP21138

Descriptioni Spermogoniaurediniaandaecianot known.Aecidioidtelia on leaves, abaxial,
golden, rarely caulicolousli2 cm long, peridium dehiscent at apex, no slits along the sides.
Aecidioid teliospored9i 24 x 171 22 um (x.= 22.2 x 18.9um, n = 30),globose, inclusions pale to
golden, scattered, wall 1.0.9 um thick, colorless, echinulate.

Hosti Berchemia floribundgRhamnaceae)

Material examined CHINA,Gui zhou Provi nce, Guiyang <city
1160 m,11 May 2021, oBerchemia floribundal.E. Sun, holotypelGUP21138

Notesi Berchemia floribundas analternate host for the aecial stagePafccinia coronata
(Zhuang et al. 1998). However, in the phylogenetic analgpeximerHGUP21138 did not group
with P. coronata Morphologically, however, they are different tetiospores30i 67 x 12 23 um)
(Zhuang et al. 1998)In phylogeny, thisspecimenwas distant toother known species of
Endophylum E. dimorphothecgeE. osteospermiand E. elytropappi (Fig. 1). The aecidioid
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teliospores oE. berchemiadloribundaeare slightly smaller than those Bf elytropappi(25.5 26
x 20.521 pm; Wood & Crous2009. We, thus,proposeE. berchemiadloribundae as a new

taxon
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(ML/MP/PP). The strains from this study are shown in bRigcinia corylopsidigBJFGR02977)

was selected as outgroup.
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The strains from this study are shown in blekakopsora pachyrhiZBRIP 56941) andP. crucis
filii (ZT Myc 48990)was selected as outgroup.

Endophyllum maiensel.E. Sun, Yong Wang bis &.D. Hyde sp.nov.

Fig. 13

Index Fungorum number: IF901291; Facesoffungi numberi 5863

Etymologyi T h e
Holotypei HGUP21246

speci fic

epithet fAmaienseo refers

DescriptionT Spermogoniauredinia and aecia not known. Aecidiod telia produced on
abaxial leaf surface, scattered, not surrounded by host epidermis, roesteliodd) Tidn diam.,
peridium dehiscent at apex, no slits along the sides, yel@widioid teliosporesllipsoidal or
irregular, 17123 x 13i 17 um (x.= 19.9 x 14.3 um, n = 30), inclusions light yellow; wal4i 2.4

pm thick, colorless, rugose.
Hosti Unknown host
Material examined CHINA, Gu i

zhou Province, Guiyang <city

1121 m, 6 May 2022jnknown hostJ.E. Sun, holotypelGUP21246 Guizhou Province, Guiyang

city, 26A45Nj33njN,

1 0 6 A @rikig8nthosii.E. SanH@UP21@47 6 May

Notesi In the phylogenetic analysis specimdi&UP21246 and HGUP21247 formed an
independent branch with high bootstrap support (MLBAP100/99/1.00,Fig. 1), with a distant
relationship toEndophyllum dimorphotheca&. elytropappiand E. osteospermiHowever, our
specimens havesmaller aecidioid teliospores thai. dimorphothecag20i 21x 16/ 17 pm),
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E. elytropappi(25.526 x 20.521 um) and E. osteosperm{21.522.2 x 17/ 18 um) (Wood &
Crous 2009. Therefore,E. maienseis introduced as a new species based on morphological

characters and phylogene&uidences.

Figure 12 7 Endophyllum berchemiaioribundae (from holotype HGUP211380on Berchemia
floribunda ai b Aecidioid telia on leaf. ¢ Longitudinal section aécidioid telium di f Aecidioid
teliospores. Scale bars: a =5 mm, b =2 mm, ¢ = 50 um, d = 50i fim 2& um.

Endophyllum rhamnellaefranguloidesel.E. Sun, Yong Wang b& K.D. Hyde sp. nov.
Fig. 14

Index Fungorum number: IF901292; Facesoffungi numberi 5889
Etymology i The namereflects the hosRhamnella franguloidesfrom which the type

specimen was collected.
Holotypei HGUP21244
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DescriptionT Spernogonia uredinia and aecia not known. Aecidioid telia produced on
abaxial leaf surface, scattered, not surrounded by host epidermis, roesteliodd) Tidn diam.,
peridium dehiscent at apex, no slits along the sides, yeAewidioid teliospore®blong b oval,
12718 x 111 14 pm (x.= 14.2 x 12.5 pm, n = 30), inclusions light golden; wial 2.0 um thick,
colorless, rugose.

Hosti Rhamnella franguloideRhamnaceae)

Material examined CHINA, Guizhou Province, Duyun city, 25°88"N, 107°1615'W,
1222 m, 2 May 2022, ofRhamnellafranguloides Y.J. Sun, holotypeHGUP21244 Guizhou
Province, Bijie city, 27°294"'N, 106°1417'W, 1200 m, 27 May 2022, oR. franguloidesJ.E.
Sun,HGUP21245

Figure 131 Endophyllum maiens@from holotype HGUP21246)%i ¢ Aecidioid telia on leaves
d Longitudinal section of aecidioid teliumi.geAecidioid teliospores. Scale bars: ¢ =1 mm, d = 50
pm, @ g = 25um.
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Figure 141 Endophyllumrhamnellaifranguloidese(from holotype HGUP21244) oRhamnella
franguloides aic Aecidioid telia on leavesd Longitudinal section of aecidioid telium.
el g Aecidioid teliospores. Scale bars: ¢ = 1 mm, d = 50 fiign/==e12.5um.

Notesi Rhamnella franguloides an alternate hosbr aecia ofPuccinia coronatagZhuang
et al. 1998) but the present fungus is pbgenetically different. Morphologically, it differs from
P. coronataby smaller aecidioid teliospore¢30i 67 x 14223 unm Zhuang et al. 1998)in the
phylogenetic analysis,Endophyllum rhamnellafanguloidese (HGUP21244, HGUP21245)
formed a single brancltlose to E. elytropappiand E. dichroae (Fig. 1), E. rhamnellae
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franguloidesehas smaller aecidioid teliospores thak. dichroae (23/35 x 1822 um), and
E. elytropappi(25.5 26 x 20.5 21 um) (Wood & Crous2005, Zhuang et al. 20L.2Hence, based
on both mophology and phylogeny, we identify our specimens as a hew species

Endophyllum rhamnusitglobosael.E. Sun, Yong Wang bis &.D. Hyde sp. nov. Fig. 15

Index Fungorum number: IF901293; Facesoffungi numberi&a360

Etymologyi The namereflects the bhst Rhamnus globosdrom which the type specimen
was collected.

Holotypei HGUP21242

DescriptionT Spermogoniauredinia and aecia not known. Aecidioid telia produced on
abaxial leaf surface, scattered, not surrounded by host epidermis, obvious botmektgfioid,
1.06)'3.0 mm diam., peridium dehiscent at apex, no slits along the sides, ydemdioid
teliosporesoblong to oval,13i 18 x 10i 17 um (X.= 16.2 x 14.4 um, n = 30), inclusions golden;
wall 1.8 2.5 um thick, colorless, rugose.

Hosti Rhamnus globosgRhamnaceae)

Material examined CHINA, Guizhou Province, Duyun city, 25°83@"'N, 107°1&5'W,
1224 m, 2 May 2022, oRhamnus globosar.J. Sun, holotypeHGUP21242 Guizhou Province,
Duyun city, 25°3@1'N, 107°1625'W, 1224 m, 2 May 2022, oRhamnus globosayr.J. Sun,
HGUP21243

Notesi Rhamnus globos#&s an alternate hosfor the aecial stage dPuccinia coronata
(Zhuang et al. 1998). Hower, our specimens did not group wkh coronatain the phylogenetic
analyses, and the two specigéfer by smalleraecidioid teliosporeg30i 67 x 1223 um in
morphology(Zhuang et al. 1998Phylogenetically, our specimens formediadependent clade
with high support (Fig. 1), and distant to the other spe&rdophyllum rhamnusijlobosaehas
smalleraecidioid teliospores thah. dichroae(23i 35 x 18/ 22 um) andE. elytropappi(25.5 26 x
20.5 21 um) (Wood & Crous2005, Zhuang et al. 201.2

Endophyllum dichroaeRacib., Bull. int. Acad. Sci. Lett. Cracovie, Cl. sci. math. nat. Sér. B, sci.
nat. 3: 274 (1909) Fig. 16

MycoBank numberMB 178778

Descriptioni Spermogoniauredinia and aecia not found.Aecidioid telia produced on the
abaxial le& surface, scattered, not surrounded by host epidermis, obviausldny, roestelioid,
0.51.5 mm diam., peridium dehiscent at apex, no slits along the sides, yduidioid
teliosporesellipsoidal or irregular21i 28 x 19 24 uym (X.= 24.6 x 21.4 um, r= 30), inclusions
light yellow; wall 1.8 2.6 um thick, colorless, rugose.

Hosti Dichroa febrifuga(Hydrangeaceae).

Material examined CHINA, Gui zhou Province, Panzhou city
1893 m, 2 Aug 2022, obichroa febrifugaJ.E. SunHGUP21237, HGUP21238

Notesi Endophyllum dichroasvas described on an unknown host by Raciborski (1909b),
with large aecidioid teliospore$28i 38 x 18 20 um). Our specimens formed a branch with high
support rate. When comparing our specimens with the deearipf Zhang et al. (2012) of
E. dichroaeon the same host plant, thecidioid teliosporeare similar in size (328 x 1924 um
vs.23i 35 x 18 22 um) in morphology. We, therefore, name our collectiors. aschroae

Endophyllum elaeagniatifoliae (Pech) Gokhale, Thirum. & Patel, Current Science 24 (4): 126
(1955) Fig.17
MycoBank numberMB297184
Descriptioni Spermogonia uredinia and aecia not found. Aecidioid telia produced on
abaxial leaf surface, scattered, obvious boundary, el@st 2.06.0 mm diam., peridium
dehiscent at apex, no slits along the sides, biolack. Aecidioid teliosporegllipsoidal or oblong
to irregular,20i 30 x 14i 20 um (x.= 22.2 x 16.9 um, n = 30), inclusions pale white to yellow; wall
1.41 2.0 um thick, colorless, verrucose.
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Hosti Elaeagnus punger(&laeagnaceae).
Material examined CHINA, Guizhou Province, Guiyang city, 26°686'N, 106°6742"'W,
1213 m, 21 Aug 2021n Elaeagnus pungend.E. SunHGUP21217

Figure 157 Endophyllum rhamnusijlobosagfrom holotype HGUP21242) oRhamnus globosa
ai c Aecidioid telia on leaves. d Longitudinal section of aecidioid teliimg.Aecidioid teliospores.
Scale bars: b = &im,c = 0.5mm,d =50 um, €ég = 12.5um.
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Figure 161 Endophyllum dichroadHGUP21237) orDichroa febrifuga ai ¢ Aecidioid teliaon
leaves. d Longitudinal section of aecidioid ueli & g Aecidioid teliospores. Scale bars: ¢ = 0.5
mm,d =50 pum, ég = 5 um.

Notesi The telial stageof Endophyllumelaeagnilatifoliae and Puccinia elaeagniwere
described orElaeagnussp. (Zhuang et al. 2003, 2012), although unfortunately with no molecular
data. When comparing our specimen with the descriptidh efaeayni-latifoliae, they are similar
in morphology éecidioid teliosporesl7i 25 x 1420 um; wall: 1.52.0 unm) (Zhuang et al. 2012).
We, therefore, confirm our specimen Bselaeagnilatifoliae, through morphological characters
and provide its nucleotide @at
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Figure 17 7 Endophyllum elaeagHatifoliae (from HGUP21217) onElaeagnus pungens
ai d Aecidioid telia on leaves. e Longitudinal section of aecidioiditelii i Aecidioid teliospores.
Scale bars: ¢ =&hm,d = 1mm,e =50 um, fi = 12.5um.

MacruropyxisAzbukina, Misc. Rep. Res. Inst. nat. Resour., Tokyo: 20 (1972).

MacruropyxisdiversiiJ.E. Sun, Yong Wang bis &.D. Hyde sp. nov. Figs18, 19
Index Fungorum number: IF901294; Facesoffungi numberi 5861
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Etymology 7 Name reflects thaliverse hostsEpipremnum aureunand Paederia foetida
from which the type specimen was collected.
Holotypei HGUP21255

Figure 18 i Macruropyxis diversii(from holotype HGUP21255) orEpipremnum aureum
ai b Aecia on leaves. c Longitudinal sectionaetium di j Aeciospores. Scale bars: b =nfin,c =
50 um, dj = 10pum.

504



Figure 197 Macruropyxis diversi{from HGUP21144) oriPaederia foetidaai b Aecia on leaves.
¢ Longitudinal section adiecium di g Aeciospores. Scale bars: b =5 mm, ¢ = 50 irg,=10 um.

Descriptioni Spermogoniauredinia and telia not found Aecia produced on abaxial leaf
surface, yellow or golden, 2.8.0 mm long, peridium dehiscent at apex, no slits along the sides.
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