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Abstract

Fusariumusually implies plant pathogs. However, endophytiEusariumand allied fungi,
the nonpathogenic species, share equal importance due to their excellent biosynthetic capacity and
wide range of biological activitiesRosa roxburghiiis an economically important source of
medicine andiood. We have previously reported on the diversity and antimicrobial activity of
endophytic fungi from this plant. Finding seveRalsariumspecies that may represent new taxa
requires further confirmation using multicus phylogenetic analyses combineithwnorphology.
In this study, 60 related isolates were obtained and identified from héalttoxburghii Eleven
novel species and four new combinations are described and illustrated based egemeulti
phylogenetic analyses &lusariumand thirteen aleéd genera and morphological comparisons. The
new species described herein ardlbonectria guizhouensis Fusarium arbusti
F. caulendophyticumF. caulicolg F. cili, F. giannanenseF. radicigenum F. rosaeroxburghii,
F. rosendophyticum F. rosiradicicda, and Neocosmospora liupanshuiensisvhereas N.
gannanensis N. passiflorag N. populicola and N. tumidispermawere introduced as new
combinations. In addition, pathogenic and endophiytisariumand alliedfungi associated with
Rosaceae are summarizékhe results of this study have important implications for accurately
identifying Fusariumlinked fungi and developing potential applications for these endophytic.fungi

Keywords i Multi-gene phylogenyi Morphology i New taxai Rosacea@ssociated fungi
Taxonomy

Introduction

Fusariumwas introduced by Link (1809) with distinctive cano@e bananashaped conidia.
Since then, the taxonomic framework of the genus has been controversial. In particular, Grafenhan
et al. (2011) and Schroers et al. (201vited compelling phylogenetic evidence and introduced
several genera in the badalsariumclade in Nectriaceae. However, Geiser et al. (2013) made
opposite arguments for a broader definitiorFagariumto avoid introducing additional genera and
excludirg many agriculturally and medically relevant species. A few years lai®gorell et al.
(2020) and Geiser et al. (2021)sepported the broaBusariumconcept based on phylogenetic
analyses of 19 genes. Subsequently, Crous et al. (2028jameined thefusarioid taxa of
Nectriaceae based on mudene phylogenetic analyses and showed that the Wollenweber concept
of Fusarium presently accounts for 20 segregated genera. It is also supposed that a broad
circumscription ofFusariumis vague, without obviousynapomorphies, and does not include all
genera in Nectriaceae with fusaritdike macroconidia (Crous et al. 2021). Recent studies have
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shown that the genuBusariumincludes 18 recognized species complexes and one undefined
species complexX. nurragi(Wang et al. 2019, Crous et al. 2021, Han et al. 2023).

Fusariumand allied fungia ubiquitous and cosmopolitan group, are known to be destructive,
threatening plants, animals, human health, and food security (Schroers et al. @drin&l et al.
2013, Jia et al. 2022, Wang et al. 2022). However, just as every coin has two sides, endophytic
Fusariumand alliedfungi have been extensively used in a wide range of agriculture and medicine
for strong bioactivities. Various endophykasariumand alliedfungi are used to develop bioactive
compounds, such &S equiseti F. oxysporumF. lateritium F. proliferatum F. redolengToghueo
et al. 2020)Neocosmospora solaahdNeocosmosporap. Chowdhuryet al. 2017, Toghueo et al.
2020, Klomchit et al. 2021)Albonectria rigidiuscula(Liu et al. 2016),Neonectria ramulariae
(Shiono et al. 2012))yonectria robusta(Ye et al. 2022), an&usicolla violacea(Li et al. 2021).
These bioactive natural products include anticancer agents vinblastine and vincristirae € ain
2013), taxol (Elavarasi et al. 2012), rohitukine (Kumara et al. 2012); antimicrobial agents
fusarithioamide A (Ibrahim et al. 2016), angularly prenylated indole alkaloids (Zhang et al. 2019),
beauvericin (Zhang et al. 2016), and antioxidant agerbpolysaccharide (Mahapatra & Banerjee
2013). In addition, endophyti€usarium and alliedfungi also exhibit antiviral, antiparasitic,
immunosuppressant, immunomodulatory, antithrombotic, and biocontrol properties against
nematodes (Toghueo et al. 2020)

Rosa(Rosaceae) is a group of economically important horticultural plants, comprising about
200 species, often used for ornamental, food, and medicine (Yan et al. 2018, Shameh et al. 2019).
Several Rosa species have been demonstrated to be rich in egtlopfungi. Endophytic
communities onR. multiflora and R. multiflora var. carnea investigated with higlthroughput
sequencing resulted in four fungal phyla, 17 classes, 43 orders, 86 families, 157 genera, and 208
species (Zhao et al. 201&o0sa hybridacolonized at least 24 genera with 30 possible endophytic
culturable species (Heinz et al. 2018). Endophkisariumand alliedfungi from Rosamainly
reportedFusarium llyonectria, andThelonectria(Li et al. 2012, Menkis et al. 201BDasariet al.
2015, Heinz et al. 2018, Grunewal@ttcker et al. 2020, Zhang et al. 2021). In these reports,
however, almost only molecular phylogeny was used for species identification. Moreover, some
Fusariumand allied genera have not been identified at the speciesdegegkesting that many new
taxa ofFusariumand alliedfungi may occur irRosa

In our previous studies, about 300 strains belonging to more than 100 species were isolated
from R. roxburghij an economically important source of medicine and food (Zhang 021,
Zhang et al. 2022a). These findings suggest that several new enddpiséicum and allied
species may be presentk roxburghiiand may have moderate to intense antimicrobial activity
(Zhang et al. 2021). Therefore, this study aims to furtbelaie endophyti€usariumand allied
fungi from R. roxburghiiand to combine phylogeny and morphology for identification. The results
of this study will lay the foundation for developing bioactive natural products of endophytic
Fusariumand alliedfungi.

Materials & Methods

Sample collection and endophytic fungal isolation

Healthytissues oR. roxburghij includingtheroots, sterg leaves, flowers, frusf and seeds
were collected fromthree areas in Guizhou Province, Chifaui yang City (27
10 6 A2 9 Nybichng aBatural environmerit;i upanshui City (25Aa®2Nj521
Qi annan District (26A47Nj4dn N, 107A8Nj37n E), w
22, 2020; August 4, 2020; and August 17, 2021, respectively.

Endophytic fungi were isolated fromR. roxburghiiusing a previously described method
(Kumar et al. 2013. The tissues were rinsed thoroughly with running tap water, followed by
washing with doublelistilled water, aidrying, fragmenting into small pies (510 mm diam.),
and transferring them to a clean bench. The tissue segments were surface sterilized using 75%
ethanol for 1 min. Next, the segments were rinsed three times with sterile water. The tissues were
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then immersed in 1% (w/v) aqueous sodiurpdohlorite (NaOCI) for 1.3 minutes, depending on
the tissue type (roots 2 min, stems and seeds 3 min, and leaves, fruits, and flowers 1 min), after
which they were washed three times with sterile distilled water. Finally, the tissue pieces were
blotted dryon sterile filter paper, and the margins were trimmed. Fungal isolation was carried out
using six different media: potato dextrose agar (PDA), oatmeal agar (OA), malt extract agar
(MEA), Czapek Dox agar (CDA), water agar (WA), and synthetic low nutrigat €SNA), all
supplemented with streptomycin sulfate (0.5 g/L) to prevent bacterial contamination. All plates
containing fungi were incubated in the dark at°28for 3 to 7 days. Subsequently, the single
hyphal tip was picked and subcultured on PDA platatil pure cultures were obtained. Surface
sterilization was monitored using three previously described metAbdsd et al. 2029a

The holotype specimens were deposited in the Herbarium of the Department of Plant
Pathology, Agricultural College, Guiahi University (HGUP). Extype cultures were conserved in
the Culture Collection of the Department of Plant Pathology, College of Agriculture, Guizhou
University, China (GUCC), and the China General Microbiological Culture Collection Center
(CGMCC).

Morphological observations

Cultures were incubated on PDA, OA, and SNA in the dark at 28 After sever
colony diameters were measured, and colony characteristics were observed and recorded.
Macroscopic morphology was examined under a digital microscope (¥R, Keyence). After
sporulation, micromorphological features were obserne2bPo lactic acid under a Zeiss Axiolab 5
light microscope equipped with an Axiocam 208 camera.

DNA extraction, PCR amplification, and sequencing

DNA of endophytic strains was extracted using the Fungal gDNA Isolation Kit-(BW
GD2416, Biomiga, China), falwi ng t he manufacturerds instrucH
at -20 °C. Primers for polymerase chain reaction (PCR) were provided in Table 1. Generally,
annealing at 58C for 35 cycles is sufficient for successful amplification. The conditionplot
need attention: 94C 90 s; 5 cycles of 9AC 45 s, 58C 45 s, 72C 2 min; 5 cycles of 94C 45 s,
57°C 45 s, 72C 2 min; 35 cycles of 94C 45 s, 56°C 45s, 72°C 2 min; 72°C 10 min; 10°C
soak (@Donnell et al. 2010). Amplification products wemequenced by Sangon Biotech
(Shanghai, China).

Phylogenetic analyses

All forward and reverse sequences were converted into consensus sequences using BioEdit v.
7.0.9.0 (Hall 1999). All sequences generated in this study were submitted to GenBank. BLASTn
searches were performed with ITS sequences to retrieve the closest matches from GenBank.
Fusariumand allied genera were screened for further study. Recently published sequences have
been included in phylogenetic analyses (Supplementary Tables 1, 2).dRoloeas, sequences
were aligned using MAFFT (Katoh & Standley 2
alignment mode, and alignments were manually adjusted where necessary in BioEdit and
concatenated in PhyloSuite v. 1.2.2 (Zhang et al. 2020glodrinetic analyses were inferred using
Maximum likelihood (ML) and Bayesian inference (Bl) methods. The-fiestibstitution models
under the Bayesian Information Criteria (BIC) for ML analyses and the Akaike Information
Criterion (AIC) for Bl analyses @re selected using ModelFinder (Kalyaanamoorthy et al. 2017).
The ML analyses were inferred using-TREE (Nguyen et al. 2014) under the edigked
partition model for 100,000 ultrafast bootstraps (Minh et al. 2013). The Bl analyses were done
using MrBays 3.2.6 (Ronquist et al. 2012) under a partition model (2 parallel runs, 10,000,000
generations), in which the preliminary 25% of the sampled data were discarded am. burn
MAFFT, ModelFinder, IQTREE, and MrBayes were integrated into PhyloSuite (Zhangl.et
2020a). Trees were visualized with FigTree v.1.4.3 (Rambaut 2014). ML bootstrap support values
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(BS) over 50% and Bayesian posterior probabilities (PP) over 0.90 (BS/PP) were displayed near the

branches in Adobe lllustrator CC 2019.

Table 1 Primers ifiormation of PCR amplification dfusariumand alliedfungi.

Genes  Primers (Direction)

Sequer@&M) (5N;j

References

ACT*  TRIACTL (F)

TGGCACCACACCTTCTACAATGA

Samuels et al. (2006)

TRIACT2 (R) TCTCCTTCTGCATACGGTCGGA

ITS ITS5 (F) GGAAGTAAAAGTCGTAACAAGG White et al. (1990)
ITS4 (R) TCCTCCGCTTATTGATATGC

LSuU LROR (F) ACCCGCTGAACTTAAGC Vilgalys & Sun (1994)
LR5 (R) ATCCTGAGGGAAACTTC Vilgalys & Hester (1990)

SSuU NS1 (F)* GTAGTCATATGCTTGTCTC Gargas & Taylor (1992)
SR7 (R)* GTTCAACTACGAGCTTTTTAA

acll 230up (F AGCCCGATCAGCTCATCAAG Grafenhan et al. (2011)
1220low (R) CCTGGCAGCAAGATCVAGGAAGT

CaM CAL-228f (F) GAGTTCAAGGAGGCCTTCTCCC Carbone & Kohn (1999)
CAL-2Rd (R) TGRTCNGCCTCDCGGATCATCTC Quaedvlieg et al. (2011)

rpbi Fa (F) CAYAARGARTCYATGATGGGWC Odonnell et al. (2010)
G2R (R) GTCATYTGDGTDGCDGGYTCDCC
RPBla (F)* CAYCCWGGYTTYATCAAGAA Castlebury et al. (2004)
RPB1lc (R)* CCNGCDATNTCRTTRTCCATRTA

rpb2 RPB25f2 (F) GGGGWGAYCAGAAGAAGGC Reeb et al. (2004)
fRPB27cr (R) CCCATRGCTTGYTTRCCCAT Liu et al. (1999)
RPB27cf (F) ATGGGYAARCAAGCYATGGG
RPB211aR (R) GCRTGGATCTTRTCRTCSACC

tefl EF1(F) ATGGGTAAGGARGACAAGAC O6Donnell et
EF2 (R) GGARGTACCAGTSATCATG
EFR728 (F)* CATCGAGAAGTTCGAGAAGG Carbone & Kohn (1999)
EF1567 (R)* ACHGTRCCRATACCACCRAT

tub2 T1(F) AACATGCGTGAGATTGTAAGT O6DbDonnel | &

(1997)
TUB4RD (R) CCRGAYTGRCCRAARACRAAGTTGTC Woudenberg et al. (2009)
T2 (R)* TAGTGACCCTTGGCCCAGTTG O6Donnel | &
(1997)

IF: Forward ?R: Reverse; *only folrhelonectia in this study.

Genealogical concordance phylogenetic species recognition analyses

Fungal species that are phylogenetically related but ambiguous are often analyzed by
performing a pairwise homoplasy index (PHI) test with the Genealogical Concordance
Phylogenetic Species Recognition (GCPSR) model (Quaedvlieg et al. 2014, Sun et al. 2023). The
PHI test was conducted in SplitsTree4 (v. 4.19.0) using LogDet transformation and split
decomposition options to determine recombination Iédekon & Bryant 2006Quaedvlieg et al.
2014). If PHI is above the 0.05 threshold (p > 0.05), it indicates that no significant recombination is
present in the dataset.

Results

Molecular phylogeny

The genudevel phylogeny ofFusarium and allied fungi was investigated based a
combined dataset of ITS, LSthb1, rpb2, andtefl gene region, which consisted of 572 bp for ITS,
840 bp for LSU, 1581 bp fapbl, 897 bp forrpb2, and 819 bp fotefl A total of 235 isolates
were used for ML and BI analyses, and the resulting wa® rooted withNectria cinnabarina
(CBS 125165). For ML analysis, the bé&stmodels for ITS, LSU,rpbl, rpb2, andtefl were
GTR+F+I1+G4, TIM2e+I+G4, TIM3e+R5, TIM3e+R5, and TIM3+F+R4, respectively. For BI
analysis, the corresponding bé&st models were GTR+F+I+G4, GTR+F+I+G4, SYM+I+G4,
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SYM+I+G4, and GTR+F+I1+G4, respectively. The topology is consistent with the phylogeny
proposed by Crous et al. (2021). The phylogeny showed that 60 isolates were distributed over seven
Fusarium species complexes and foutieal genera Albonectrig Luteonectria Neocosmospora
andThelonectrig (Fig. 1)

Phylogenetic analyses of severalsarium species complexes and allied genera were
conducted respectively using different datasets. The phylogenetic treeFofincarnaumequiseti
species complex was constructed by combining t&8, CaM, rpb1, andrpb2 sequence data from
108 strains (Fig. 7), and the tree topology is similar to those in previous studies (Wang et al. 2022,
Han et al. 2023). Following the description Wang et al. (2022), a phylogenetic tree of the
F. oxysporunspecies complex was generated in this study by combi@alg, rpbl, rpb2, tefl,
andtub2 sequence data from 124 strains (Fig. 11), and similar phylogenetic results were observed.
Also, the phylgenetic tree of thé. tricinctum species complex was obtained in this study by
combining ITSrpb1, rpb2, tefl, andtub2sequence data from 59 strains (Fig. 17), and the topology
of ML and BI trees was similar to that of Han et al. (2023). For the speciesleocosmospora
a phylogenetic tree was generated in this study combamtig CaM, ITS, LSU,rpbl, rpb2, and
tefl sequence data from 196 strains as previously described (Crous et al. 2021), and a similar
topology was obtained (Fig. 21). Finallyphylogenetic tree of helonectriawas generated based
on the previously described (SalgaBalazar et al. 2016), combining ACT, ITS, LSPb1l, rpb2,

SSU, tefl, andtub2 sequence data from 130 strains, which was topologically consistent with the
previous mes (Fig. 27).

As a result of phylogenetic analyses and morphological features, the 60 selected isolates were
identified into 25 species, including 14 known species and 11 new spgacsesiumcomprised the
majority with 15 species, whil&lbonectrig Luteonectria Neocosmosporaand Thelonectriahad
one or two species present. Notably, additional analyses revealed fouNe®wosmospora
combinations.

Taxonomy

AlbonectriaRossman & Samuels

Albonectriawas described by Rossman et al. (1998)h A. rigidiusculadesignatedas the
type species The genus encompasses species with white to pale yellow ascomata that are
associated witlrusariumanamorph (Lombard et al. 2015). According to Index Fungorum (2023),
Albonectriacurrently comprises four species,nmaly A. albida A. albosuccinegA. rigidiusculg
andA. verrucosawhereA. albidawas transferred thuteonectria(Crous et al. 2021Albonectria
rigidiuscula can cause a variety of plant diseases such as cocoa green point gall (Vicente et al.
2012), Magnolia denudatacancer (Wang et al. 2015), and apple rot (Lee et al. 2017), while
endophyticA. rigidiuscula exhibited antimicrobial activity again®acillus subtilis Sclerotinia
sclerotiorum andStaphylococcus aureykiu et al. 2016). Two strains ohdophyticAlbonectria
were isolated fronR. roxburghiiin this study Fig. 1).

Albonectria guizhouensi$i. Zhang & Y.L. Jiang, sp. nov. Fig.2

Index Fungorum numbel=900485; Facesoffungi numbers: FoF 14969

Etymologyi Name refers to the locatn where the fungus was collected, Guizhou, China

Endophyticin roots ofR. roxburghiiin China. Sexual morph: not observed. Asexual morph:
Sporodochiayellow, formed on SNA.Sporodochial conidiophore®ften reduced to single
phialides. Sporodochial conidgenous cellsmonophialidic or polyphialidic, cylindrical to
subcylindrical, hyaline, smooth, thiskalled, straight to slightly curved, tapering towards the apex,
periclinal thickening and collarette inconspicuous, 2’5 x 57 e m ( av . =n510). 5 I
Sporodochial macroconidi@urved with parallel walls, apical cell curved to blunt; basal cell
papillate, poorly developed to walkveloped, foeshaped, 67-septate (mostly-8eptate), hyaline,
smooth, thirwalled: 5septate macroconidé8.5775x557 em (av. = 73.6 1
6-septatamacroconidi®é8i82 x557 . 5 em ( av. = 7 &eplatan@crodonidian, n =
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100/1 F. caulicola CGMCC3.25475 T
97/0.99 || F. caulicola GUCC 191051.2
65/-_ F. ipomoeae CGMCC 3.19496 T
99/ F. duofalcatisporum CBS 384.92 T
100/1 F. radicigenum GUCC 197371.1
F. radicigenum GUCC 197425.1
F. radicigenum CGMCC3.25478 T
F. lacertarum CBS 130185 T
F. clavus CBS 126202 T
F. longifundum CBS 235.79 T

990%/_1 F. neoscirpi CBS 610.95 T
g }45: F. longicaudatum CBS 123.73 T
96/0.96 F. cateniforme CBS 150.25 T
100/1 F. gracilipes NRRL 43635 T
79/- F. nanum CGMCC 3.19498 T
F. aberrans CBS 131385 T
100/1 F. equiseti CBS 245.61

o - humuli CGMCC 3.19374 T

100/1

100/1
N

100/1 <

100/1

09/0.97

\}

553//— I F. pernambucanum MUM 1862 T
) F. coffeatum CBS 635.76 T
F. fasciculatum CBS 131382 T
o 09/41‘/;_ F. caulendophyticum CGMCC3.25474 T
\AT F. caulendophyticumm GUCC 191050.2
F. citri CGMCC 3.19467 T
F. meridionale GUCC 190050.1
F. meridionale GUCC 190107.1
001 F. meridionale GUCC 190105.1
W00/L} | 7 meridionale NRRL 28436 T
10011 F. cerealis CBS 589.93

99/0.98
F. chaquense NRRL 66749 T
F. nodosum CBS 201.63 T
100/- F. kyushuense 1.C0725
F. sambucinum CBS 146.95
F. poae 1L.C13783
F. brachygibbosum NRRL 34033
F. subflagellisporum COAD 2989 T
F. longipes NRRL 20723
100/11 F- atrovinosum CBS 445.67 T
99/1|L F. sporodochiale CBS 220.61 T
100/0.94 F. spinosum CBS 122438
F. chlamydosporum CBS 145.25 T
F. peruvianum CBS 511.75 T

\ F. microconidium CBS 119843

F. humicola CBS 124.73 T

E |: F. nelsonii CBS 119876 T
F. aywerte NRRL 25410 T

{ F. tjaynera NRRL 66246 T

L F. praegraminearum CBS 141369 T

incarnatum-equiseti

S

=

N

S

S

Ry
sambucinum
chlamydosporum
aywerte

Figure 11 Phylogenetic relationships of several species complexEssariumand alliedfungi.

The phylogenetidree was generated using the maximum likelihood (ML) method by combining
ITS, LSU, rpbl, rpb2, andtefl sequence data from 235 strains. The tree is rooted Nattria
cinnabarina (CBS 125165). ML bootstrap support values > 50% (BS) and Bayesian posterior
probabilities > 0.90 (PP) are given near nodes (BS/PP). Strains isolated in this stoolyg.akew
species and combinations are shown in bold blue and blue, respedtitelptype or extype.
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99/1

F. rosiradicicola GUCC 190100.1

F. rosiradicicola CGMCC3.25482 T

F. rosiradicicola GUCC 191009.1

F. rosiradicicola GUCC 191129.1

97/0.99 | F. yosiradicicola GUCC 191073.1
\J F. rosiradicicola GUCC 190145.1

F. rosiradicicola GUCC 190194.1

F. rosiradicicola GUCC 191098.1

\. F. avenaceum GUCC 191095.1

F. avenaceum 1.C13801

92/0.95 | L F. chonggingense CGMCC 3.20821 T
95/0.90 F. rosendophyticum CGMCC3.25480 T
g;ﬁggg F. rosendophyticum GUCC 190163.2
100/0.95 . F. sinense IBE0O00007 T
100/1 | F. acuminatum 1.C13791
OV-"NI_ F. tricinctum CBS 393.93 T

l F. californicum CBS 145796 T
F. gamsii CBS 143610 T
F. flocciferum CBS 831.85
— F. celtidicola MFLUCC 16-0526 T

81/-| “\JL F. salinense CBS 142420 T
F. citricola CBS 142421 T
100/1] L F. nurragi CBS 393.96 T

100/1|

100/1

100/1

100/1

100/1, F- qiannanense CGMCC3.25477 T
100/1] | F. giannanense GUCC 198067.2
L F. heterosporum CBS 720.79
F. cugenangense GUCC 190057.1
F. cugenangense GUCC 190112.1
F. cugenangense GUCC 190019.1
F. cugenangense GUCC 190032.1
97/0.92 | F. cugenangense GUCC 190110.1
100/1] F. cugenangense InaCC F984 T
99/1| F. cugenangense GUCC 190113.1
100/1} F- vanleeuwenii CBS 148372 T
76/~ F- nirenbergiae GUCC 197140.1
100/0.94 1 F. nirenbergiae GUCC 197140.2
100/1 || F. nirenbergiae GUCC 190015.1
100ﬁ0-96 F. nirenbergiae CBS 840.88 T
| , I oxysporum LCI3T66
F. oxysporum CBS 144143 T
93/- | F. phialophorum InaCC F971 T
001 F. cili CGMCC3.25476 T
F. cili GUCC 190024.2

5

lOO?ll |l F. rosae-roxburghii GUCC 190111.2
|- F. odoratissimum InaCC F822 T
89/1 - F. triseptatum CBS 258.50 T
100/1]| L F. foetens CBS 110286 T
N I newnesense NRRL 66237
o/1| L F. newnesense NRRL 66241 T
100/1 ] F. miscanthi .C7503
\:‘[ F. paranisikadoi CGMCC 3.20826 T
L F. nisikadoi CBS 456.97 T
F. gaditjirrii NRRL 45417
F. lyarnte CBS 125536 T
F. fujikuroi GUCC 197164.1
88/-100/1 | F- fujikuroi GUCC 197336.1
| | F. fujikuroi GUCC 190012.1
99/0.96 ' F. fujikuroi CBS 221.76 T
F. concentricum CBS 450.97 T

271 F. sacchari CBS 223.76 T
100/1 F. coicis NRRL 66233 T
91/1 F. lactis CBS 411.97 T

- F. acutatum CBS 40297 T
89/- F. fracticaudum CBS 137234 T
100/0.96 | E[ F. sororula CBS 137242 T
100/1" F. echinatum CBS 146497 T
[ \ F. commune LC11660
e q F. commune LC13824
F. commune CBS 110090 T
\, I~ arbusti CGMCC3.25473 T
"1 F. arbusti GUCC 190154.2
F. redolens CBS 743.97
F. hostae FRC 0-2074 T
|\ L F.spartum NRRL 66896 T
\ - F. algeriense CBS 142638 T
L F burgessii CBS 125537 T
F. beomiforme CBS 740.97
100/1, F. concolor CBS 183.34 T
100/1[ | F. polyphialidicum CBS 961.87 T
F. austroafricanum NRRL 66741 T

100/1

Figure 17 Continued.

9
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F. zanthoxyli CBS 140838 T
F. torreyae CBS 133858 T

(1)89”7 F. continuum CBS 140841 T

100/1

99/1

72/0.96,

87

74/0.97,

98/-

IOO{F’ lateritium GUCC 197048.1
100/1 F. magnoliae-champaca MFLUCC 18-0580 T
94/- L F. sarcochroum CBS 745.79
100/1 1100/,1[ F. catvsia.e MFLUCC 18-0573 T
—‘<| F. stilboides CBS 746.79
100/1. F. massalimae URM 8239 T
N F. sublunatum CBS 189.34 T
| F. elongatum CBS 190.34
‘ F. convolutans CBS 144207 T
— F. buharicum CBS 178.35T
5 bml CBS 125561 T

100/1
C. cyanostoma CBS 101734 T

N. brevis YI1 T
95/0. 95FN pm (= F. vanettenii) CBS 123669 T
9. N. pisi GUCC 190177.1
100/1 N, pisi GUCC 190098.1
93/-l1 N. pisi GUCC 191172.1
N. mor CBS 145467 T
10%(/){ ~ N. perseae CBS 144142 T
97/0.96/— N. petroliphila CBS 203.32
97/0.994__ N. lerouxii CBS 146514 T
97% N. gamsii (= F. waltergamsii) CBS 143207 T
N. quercicola CBS 141.90 T
100/1 L N. piperis CBS 145470 T
i\ V. solani CBS 140079 T
86/- \| N. solani GUCC 198534.1
N. solani GUCC 190159.1
N. falciformis CBS 475.67 T
"\ N. falciformis GUCC 190025.1
N. ipomoeae CBS 353.87
N. ipomoeae GUCC 198175.1
N. passiflorae IBFS07
N. tonkinensis CBS 115.40 T
_; N. liupanshuiensis GUCC 190115.1
5 \j N. liupanshuiensis CGMCC3.25481 T
og/NN N. pallidimors KUMCC 20-0007 T
14U N stercicola CBS 142481 T
1000.94 | | N. horneensis CBS 145462 T
10071 T\\ N. populicola NJFU-JS02 T
A \\\‘\[ N. tumidisperma NJFU-JX26 1

5717\

N | N. gannanensis NIFU-JX12 1
L N. variasi (= F. variasi) CBS 146888 T
- N.awan CBS 146882 T
N. vasinfecta CBS 325.54
L'l N. vasinfecta (= F. neocosmosporiellun) CBS 446.93
ﬂ N. haematococca CBS 119600 T
00/1 N- lichenicola CBS 623.92 T
N. lichenicola GUCC 190172.1
100/lr N. bomiensis HMAS 248885 T
99/1 N. rectiphora CBS 125727 T
8/11_ 100/ N. acutispora CBS 145461 T
1 N. eny vplosepfata CBS ]4546'& T

b N geoaspar: aglcola CBS 148937 T
N kurunegalensis CBS 119599 T
100/1— N- illudens CBS 147303
4[ NplagmmthRRLZZG'%Z
= A. guizhouensis CGMCC3.25472 T
\ \9\9/]L{ 1. guizhouensis GUCC 198015.1
\ ~JL A. rigidiuscula CBS 133754
\ A. albosuccinea NRRL 20459
\\, . setosum CBS 574.94

95/-

100/1

97/-

B

9
85/0.91]
100/1}\

\ S. setosum CBS 635.92 T
L. nematophila GUCC 190041.1
L. nematophila NRRL 54600
L. nematophila GUCC 198542.1
L. albida CBS 102683
[ L albida NRRL 22152 T
G. atrofusca CBS 125482
861 [ G clavata HMAS 248725 T
| G. celtidicola (= F. celtis-occidentalis) CBS 125502 T
4] G. hispanica BRFM 1015 T
99/1, G- cicatricum CBS 125550
. G. montana BRFM 1441 T
G. sinica HMA S248726 T
G. zealandica CBS 11193
100/]| No. devonianum CBS 147304 T

100/1

100/1

I G. ruscicola BRFM 2592 T
100/1; R. robinianum CBS 43091 T

L R ventricosum CBS 748.79 T

Figure 11 Continued.
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98/0.97 ———— B. lunatum CBS 632.76 T

90/1 B. tongh CGMCC 3.17369 T R a
100l 100/1 B. aseptatum CGMCC 3.20816 T B lSlf usarium
il

B. biseptatum CBS 110311 T

AL 4X B. nectrioides CBS 17631 T
T. blackeriella GUCC 190037.1
100/1 | T. blackeriella GUCC 190037.2
100/0.99 _ 100/1 T. blackeriella CBS142200 T »
100/1 <‘ Thelonectria sp. GUCC 190155.1 Th elon ectrla
4. worl | | Thelonectria sp. GUCC 190169.1
[ / f— L T. fusongensis CGMCC 3.20153 T
99/- 4X T. veuillotiana CBS 132341 T
100/1 M. samuelsii CBS 125515 T -
M. elegans DAOM 226709 M ar lannaea
2X / St. applanata CBS 125489
/ 100/1 o
7~ 100/1 | . St. hetmanica CBS 147305 T S tyl onectria
L = St. corniculata CBS 125491 T
100/1 Fu. aquaeductuum CBS 837.85 T
| 91/~ L Fu. septimanifiniscientiae CBS 144935 T 5
‘ 100/1 Fu. melogrammae CBS 141092 T FuSICOIla
= — Fu. acetilerea NRRL 20827 T
90/~ Fu. gigas CGMCC 3.20680 T
Nectria cinnabarina CBS 125165 T
0.08 ()lltg;l1)lll)
Figure 17 Continued.
615895 x5%7. 5 em (av. = 80 . Conidioph6resdn aerial,mycelium= 3 0
unbranched, often reduced to single phialidesial conidiogenous celimonophialidic, straight or
slightly curved, cylindrical4i34 x 1.53 . 5 e m =( alv7 | 2 .hgaline, smootimand= 1 0)

thin-walled, periclinal thickening and collarette inconspicud\erial microconidiaforming small
false heads on tips of phialides, hyaline, slightly rouglied, thinwalled, straight, oblong, apex

obtusepase truncate saptate5i 13.5x24 em (av. = 8. &£hlamydaspdeaat m, n
observed

Culture characteristics Colonies on PDA attaining 52 mm diam. after 12 days in the dark at
28 flat, dense, Il i ght b r anargin, aerial mytekum floecoge,e r ,

round, with irregular edge, aerial mycelia abundant, and reverse light brown. On OA attaining 52
mm diam. after 12 days, buff to yellow, flat, margin entire, with concentric rings, abundant aerial
mycelium, and reverse coolorous. On SNA attaining 52 mm diam. after 12 daysline to pale
grey, with sparse aerial mycelium, slightly reddish in the center, and reverse same color. Pigment
and odor absent.

Material examined China, Guizhou Province, Qiannan Distrid&s, raxburghii Plantation,
from healthy roots oR. roxburghii Rosaceae), 26A47Nj4n N, 107A8N
2021, H. Zhang (HGUP198014, holotypegx-type living culture: GUCC 198014.1=
CGMCC3.25472; other living culture: GUCC 198015.1

Notesi Two strains CGMCC3.25472and GUCC 198015.1) isolated fmoR. roxburghiiin
this study, A. rigidiuscula (CBS 133754), andA. albosuccineaNRRL 20459) clustered as a
distinct clade (Fig. 1). Our collections are phylogenetically closeh.toigidiusculawith high
statistical support (BS = 99%, PP = 1.0§harirg 98.13%(471/480, no gapsequence similarity
on ITS, 98.84%425/430, no gaps)n LSU, 98.19%761/775, one gamn rpbl, 97.51%(783/803,
no gaps)on rpb2, and 98.29%(518/527, one gappn tefl Other genes are missing for
A. rigidiuscula Morphologially, the two species differ in the shape of aerial conidiophores
(unbranched inA. guizhouensisvs. branched inA. rigidiusculg, the number of septa and
macroconidial dimensionsi(3-septate, Septate68.577.5 x 5.57 ¢ rseptat® 6832 x 5.57.5
€ m7-septate61.589.5 x 5,57 . 5 dAnguizhouensigs. 7 10-septatep5130 x 61 0 e m i n
A. rigidiusculg, the size ofaerial conidiogenous cel@i34 x 1.53 . 5 & m, av. = 17
A. guizhouensiys. 2836 x 45  eimA. rigidiusculg, the aerialmicroconidial organization
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(microconidia arranged in false headsAn guizhouensiys. microconidia formed in chains in

A. rigidiusculg, and the number of microconidial septa (aseptafe guizhouensiss. O 1-septate

in A. rigidiusculg (Rossman eal. 1999, Crous et al. 2021). Furthermore, the PHI test showed that
there is no significant recombination (p = 1.0 > 0.05) betw&eguizhouensigind its closely
related taxa (Fig. 3). Thué. guizhouensis introduced as a new species.

Figure 21 Albonectria guizhouensiex-type culture CGMCC3.25472).iA& Colony on PDA, OA
and SNA (A, C, and E from above; B, D, and F from below). G SporodociilaAeétial and
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sporodochial conidiophores and conidiogenous cells. J Microconidisl. Macroconidia. Sc&
bars: G FsM59¥01€@ mg mH

Albonectria rigidiuscula CBS 133754

A. albosuccinea NRRL 20459

A. guizhouensis GUCC 198015.1
A. guizhouensis CGMCC3.25472 T

0.005 p=10

Figure 37 Results of the pairwise homoplasy index (PHI) test of Ayonectriaspecies and their
closely related species. New taxa are printed in bold blue.

Fusarium Link

Fusarium typified by F. sambucinumis diagmstically characterized as dark blue to black
perithecia that produce clavate asci; asci bears ellipsoidal to cylindrcéd nultiseptate
ascospores; asexual morphs, conidiophores arising from aerial hyphae amaioo polyphialides;
conidiogenous ckl produce micro and macroconidia, sometimes mesoconidia or only
macroconidia are produced in sporodochia, and chlamydospores form in hypoas ét al.
2027). Index Fungorum2023 lists 1757 species names kusarium while many species have
been trasferred to other genera. Mamusariumspecies are responsible for causing disease in
economically important plants, with about 80% of cultivated crops suffering from one or more
Fusarium diseases (Wingfield et al. 2018). However, some endoplggarium strains may
benefit certain hosts (Hill et al. 2022). In the present study, 42 strains of enddplsartumwere
isolated fromR. roxburghiiand identified as 15 species based on multigene phylogenetic analyses

(Fig. 1).

Fusarium arbustiH. Zhang & Y.L.Jiang, sp. nov. Fig. 4

Index Fungorum numbel=900494; Facesoffungi numbers: FoF 14970

Etymologyi Name refers to the plantation from which the species was isolated

Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Xs& morph:
Sporodochianot observed Conidiophoresmacronematous, arising from aerial hyphae, solitary,
unbranched, often reduced into conidiogenous c€lmidiogenous cellsnonophialidic, hyaline,
lateral, subcylindrical, tapering towards the apexight or slightly curved, smooth to rough, thin
walled, collarette and periclinal thickening inconspicudii3.5x 13 em (av. =, 10. 4
n = 10. Microconidia solitary or forming false heads on tips of monophialides, sometimes
produced directly o mycelium, hyaline, aseptate, oval to subcylindrical, straight to curved, ends
obtuse, guttulate, 4185 x 153 em ( av. = 7 . 7Madrocadidiagslengdenwith no = 3 |
significant curvature to slightly curved, slightly narrowing towards eachapinzil cell blunt; basal
cell obtuse, not foeshaped, 02-septate (mostly aseptate), hyaline, guttulate; tioinhick-walled;
aseptate macroconidiail®l.5x24 . 5 em ( av. = 2 0 -sBptate m&rodonidgam, n
17526 x34. 5 em ( a3.. 7 =t m,3 -s8ptate maddoponidia?237.5 x 254 . 5 & m
(av. = 28. 1 [Chlanyddspaesntobserved. 3 0) .

Culture characteristics Colonies on PDA attaining 55 mm diam. after 14 days in the dark at
28, whit e, r ound,y, irreguiasneadin, cdlohias feftilg, with@luhdand aerial
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hyphae, and reverse white to pale pink. On OA attaining 50 mm diam. after 14 days, whitish to
light pink, cottony, dense, margin irregular, aerial mycelia abundant, and reverse concolorous. On
SNA attaining 50 mm diam. after 14 days, greyish white, flat, aerial mycelia sparse, margin entire,
and reverse concolorous. Pigment and odor absent.

Figure 41 Fusarium arbusti(ex-type culture CGMCC3.25473).iA& Colony on PDA, OA, and
SNA (A, C, and Efrom above; B, D, and F from below).i& Aerial conidiophores and
conidiogenous cells. L Aerial microconidia and macroconidia. Scale baks: G 1 0 & m.

Material examined China, Guizhou Province, Liupanshui Cify, roxburghii Plantation,
from healthy rots of R. roxburghii(Rosaceae 5 A5 2 Nj5 2 nj N, alt. @A 3 AddgisO nj E
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2020, H. Zhang (HGUP190154, holotype), -tgge living culture: GUCC 190154.1 =
CGMCC3.25473pther living culture: GUCC 190154.2.

F. newnesense NRRL 66241 T

F. heterosporum CBS 720.79

F. commune CBS 110090 T [Y 1{1(/11{1({/1('11—\0 BE
CGMCC3.25477 1
F. citricola

CBS 142421 T

F lyarnte
CBS 125536 T

F. acutatum CBS 40297 T

E arbusti
CGMCC(C3.25473 T

F nurragi CBS 393.96 T
I echinatum CBS 146497 T

0.01 p =0.5358 0.01 p =0.09463
(a) (b)

F. humuli CGMCC 3.19374 T

F lacertarum FE radicigenum
F fasciculatum F. caulendophyticum CBS 130185 T CGMCC3.25478 T
CBS 131382 T CGMCC3.25474 T &
: F. clavus CBS 126202 T Havwheow. . ..
E citri CGMCC 3.19467 T CGMCC3.25475 1

F. duofalcatisporum CBS 384.92 T+,

F. ipomoeae CGMCC 3.19496 T

0.01 p=0.8193 0.005 p =0.1948

(©) (@)

Figure 57 Results of the pairwise homiagy index (PHI) test of newWusariumspecies and their
closely related species. New taxa are printed in bold blue.

Notesi Phylogenetic analyses revealed thaarbustiis located in a distinct clade with high
statistical support (BS = 100%, PP = 1.00} is closely related t6. commundgFig. 1). Thetefl
sequence oF. arbustishares 95.64% (504/523 gap$ similarity toF. communé€ITS, LSU, rpb1,
and rpb2 are missing for the etype F. commung Morphologically, F. arbusti differs from
F. communen having different shapes of conidiogenous cells (monophialidic and subcylindrical in
F. arbustivs. mone to polyphialidic and sufusiform in F. commung microconidial organization
(microconidia solitary, forming false heads, or produced directly emmycelium inF. arbustivs.
solitary or 23 microconidia arising from simple polyphialide iR. commung shorter
monophialides (up t®2 3. 5 ¢ nm Fl ashoggi vs. up to 6 0 & m inl Fo nogymung
macroconidial formations (from hyphaeRnarbustivs. borne in sporodochia h commung and
macroconidial shapes i(2-septate, mostly aseptate i arbusti vs. 3septate or HSeptate in
F. commung guttulate in F. arbusti vs. smoothin F. commung slender with no significant
curvature to slightly curved, apical cell blunt, basal cell obtuse, notsfagiedn F. arbusti vs.
typically fusiform with a slightly curved apical cell and atfehaped basal calh F. commung In
addition, chlamydospores were not observedFinarbusti but are commonly observed in
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F. commungSkovgaard et al. 2003). As shown in Fig. 5a, the result of PHI test also showed that
there is no obvious recombinatid¢p = 0.5358 > 0.05) betwedn arbustiand its closely related
taxa. Therefore, we introdu€e arbustias a new species.

Fusarium heterosporumnspecies complex

Fusarium giannanenseH. Zhang & Y.L. Jiang, sp. nov. Fig. 6

Index Fungorum numbelf=900486; Facesoffungi numbers: FoF 14971

Etymologyi Name refers to the location where the fungus was collected, Qiannan Districts,
Guizhou Province, China

Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Asexual morph:
Sporododbia light yellow, formed abundantly on SN&porodochial conidiophorea 3 branched,
bearing terminal whorls ofi2 monophialidesSporodochial conidiogenous celflyphialidic,
cylindrical to subcylindrical, hyaline, smooth, thialled, straight to sligtly curved, p&clinal
thickening inconspicuous, with slightly flared collarette, 1265x 23 e m ( av . =, 17. 4
n = 10. Sporodochial macroconidienoderately curved, sometimes with no significant curvature,
slender, tapering towards the basal part, apicacoelled, elongated, and tapered; basal cell poorly
developed to weltleveloped, foeshaped, 05-septate (mostly i3l-septate), hyaline, verrucae,

thin-walled: aseptate macroconidl&®i 21.5 x 23 em ( av. = 18.1-sdptate . 4 ¢
macroconidi®?1i37 x 23 em (av. = 27 . 7seplate hacwcomid®i4l.bxZE 30) ;
3 em (av. = 3 7. lseplate hacibcosidBi48m 23 S ) ( a 3. = 42.9
n = 30); 4septate macroconidid%i49.5 x 23 em ( av. = 45.5 -septate@ . 5 ¢
macroconidiad7i55 x 23 e m ( av. = 51 donidbphéeson aerial mycekum 3 0 ) .

unbranched, often reduced to conidiogenous cad#sial conidiogenous cellsmonophialidic,5.5

18x153 em (av. = 11. Byalihe, sthoothand thinrwalled, with dospicuous

periclinal thickening and inconspicuous collarett&stial macroconidisstraight to slightly curved,
tapering towards the basal paapical cell blunt to inconspicuously papillate, basal cell obtuse to
poorly developed,dot-shaped, 13-septate, hyaline, thiwalled, verrucae; -septate macroconidia
12.5225%x1%3 em (av. = 17 .2dseptate Bacrbcomdif.522% 1523 &) £ m
(av. = 20. 1 I -séptatk macmoconidia 1751 31058 ; €3 ( av . = 25.7
n = 30).Microconidiaandchlamydosporesot observed.

Culture taracteristics Colonies on PDA attaining 52 mm diam. after 12 days in the dark at
2 8 , -whoté, faised, flocculent, round, with irregular edge, aerial mycelia abundant, and reverse
off-white. On OA attaining 55 mm diam. after 12 days, grey, flat, maggtire, moderate aerial
mycelium, and reverse grey. On SNA attaining 50 mm diam. after 12 days, white, with sparse to
moderate aerial mycelium, slightly raised center, and reverse same color. Pigment and odor absent.

Material examined China, Guizhou Rwvince, Qiannan DistrictdR. roxburghiiPlantation,
from healthy roots oR. roxburghi(i Rosaceae), 26A47Nj4n N, 107A8N
2021, H. Zhang (HGUP198067, holotype), -tgge living culture: GUCC 198067.1 =
CGMCC3.25477ptherliving culture: GUCC 198067.2.

Notesi PhylogeneticallyF. giannanensdéorms a sister clade 6. heterosporunwith high
statistical support (BS = 100%, PP = 1.00), belonging to a separate clade (Frgisdium
giannanensaliffers from F. heterosporunby having 97.66% (501/513, 3 gaps) similarity in ITS,
96.11% (1506/1567, no gaps) similarityrpbl, and 96.67% (872/902, no gaps) similarity 2
sequencesOther genes are missing fér heterosporunexcept LSU. Morphologically, the two
species are distinguished based on sporodochial conidiogenous cells (polyphialidic of
F. giannanensevs. morophialidic of F. heterosporury the number of septa in sporodochial
macroconidia (05 septa of. giannanenses. 35 septa of. heterosporum and the length of-3
septate sporodochial macroconid®i4 8 ¢ m, a v .of F=giamh@nen8es.26683 0 e m
F. heterosporum Additionally, distinct morphology was observed in the aerial macroconidia of
F. giannanenseompared to its sporodochial macroconidia, while no significant differences were
found inF. heterosporungLeslie & Summerell 2006, Crous dt 2021) Moreover, the PHI test on
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F. giannanensehowed no significant recombination (p = 0.09463 > 0.05) betwegiannanense
and its closely related taxa as shown in Fig. 5b. TRugjiannanenseés introduced as a new
species.

Figure 6 7 Fusarium giannanenséex-type culture CGMCC3.25477).iA& Colony on PDA, OA,

and SNA (A, C, and E from above; B, D, and F from below). G SporodochiaSpbrodochial
conidiophores and conidiogenous cells. J Aerial conidiophores and conidiogenous cells.
K Sporodae hi al macroconi di a. L Aeri al macr ocoani di
10 & m.




Fusarium incarnatumequisetispecies complex

Fusarium caulendophyticumH. Zhang & Y.L. Jiang, sp. nov. Fig. 8
Index Fungorum number: IF900487; Facesoffungnbers: FoF 14972
Etymologyi Name refers to endophytic fungi isolated from the stems

F. pernambucanum MUM 1864

F. pernambucanum URM 6810

F. pernambucanum URM 6801 F per nambucanum
100/ 2. pernambucanum MUM 1862 T
F. pernambucanum MUM 1863

290 F. sulawesiense InaCC F940 T
100/ 1| F. sulawesiense Indo186 I sulawesiense N
100/0.99 | F. sulawesiense InaCC F941 ]
100/1 F. luffae CGMCC 3.19497 T '_Q‘-
F. luffae CQ1038 F. luffae
F. luffae NRRL 32522 E
971 F. irregulare CGMCC 3.19489 T - (=)
F. irregulare LC12146 F. ll’i‘egu/ai‘e (D)
100/l F_ irregulare LC12145 7,
F. multiceps CBS 130386 T F multiceps <5
96/]] F. caatingaense MUM 1859 T © pu(
100/1] F. caatingaense URM 6778 8
100/0.99' F. caatingaense MUM 1860 ’ . .
76/- F. caatingaense URM 6780 F. caatingaense Q‘
F. caatingaense URM 6782 @
F. caatingaense URM 6776 .‘z
92/098_____ F. monophialidicum NRRL 54973 T F. monophialid icum V
80/- 100/1— F- guilinense CGMCC 3.19495 T F. guilinense .ﬂ
N F. bubalinum CBS 161.25 T F. bubalinum =
ol - F. tanahbumbuense InaCC F965 T F. tanahbumbuense @
10071 F. incarnatum LC13705 F. incarnatum Q
F. coffeatum CBS 430.81 , .
L F. coffeatum CBS 635.76 T k. C()ff eatum é
F. persicinum CBS 143595
F. persicinum CBS 143596 ‘E
100/l F. persicinum CBS 131780 F. persicinum Q
99/1 99/1l | F. persicinum CBS 132821 :
F. persicinum CBS 479.83 T ~
10011 0011 F. nanum LC1385 8
F. nanum LC1516
F. nanum LC1384 F. nanum :
F. nanum CGMCC 3.19498 T o~
100/1 — F. hainanense CBS 544.96 s
F. hainanense NRRL 28714 I hainanense
F. hainanense LC12161 =
Al F. hainanense CGMCC 3.19478 T R
100/1r I aberrans CBS 131385 T a
F. aberrans CBS 131387 F. aberrans [
98/1 F. aberrans CBS 119866 ~
F. caulendophyticum CGMCC3.25474 T - - m
M‘fm{ F. umlcn:Iu:;/rytiuml GUCC 191050.2 F. caulendophyticum
gt F. citri CGMCC 3.19467 T F. citri
100/1F F- humuli CGMCC 3.19374 T =
92/_4[ F. humuli CQ1048 F. humuli
F. fasciculatum CBS 131382 T
100/1| F. fasciculatum CBS 131384 F fasciculatum
| | . fasciculaum CBS 131383 i '

Figure 7 T Phylogenetic relationships dfusarium incarnaturequiseti species complex. The
phylogenetic tree was generated using the maximum likelihood (ML) ohdtyraombining ITS,
tefl, CaM, rpbl, andrpb2 sequence data from 108 strains. The tree is rooted Rvitiaynera
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(NRRL 66246)andF. aywerte(NRRL 25410). The ML bootstrap support values > 50% (BS) and
Bayesian posterior probabilities > 0.90 (PP) areminear nodes (BS/PP). Strains isolated in this
study are indicated inold. The new species are in bold bltieholotype or extype.

A 100/1; F- caulicola CGMCC3.25475 T F. caulicola
F. caulicola GUCC 191051.2
77/0.94 F. ipomoeae CGMCC 3.19496 T L
F. ipomoeae LC12166 F. ipomoeae
F. duofalcatisporum CBS 384.92 T .
F. duofalcatisporum CBS 264.50 F. duofalcatisporum 5
100/1; F- radicigenum GUCC 197371.1 o
F. radicigenum GUCC 197425.1 F. radicigenum .
F. radicigenum CGMCC3.25478 T E
98/0.96 F. lacertarum CBS 102300
1001 100/1 F. lacertarum CBS 130185 T F. lacertarum 8
100/1 F. clavus CBS 130395
F. clavus NRRL 32871 @
o F. clavus CBS 126202 T F. clavus .2
F. clavus CBS 394.93 (D)
1 F. clavus CBS 119881 (<P)
94/1 F. equiseti CBS 107.07 a
F. equiseti CBS 414.86 PP n
99/0.93| F. equiseti CBS 307.94 T F. equiseti L)
F. equiseti CBS 245.61 g
55/, F. toxicum CBS 219.63 7o)
= F. toxicum CBS 406.86 T F. toxicum ]
F. toxicum CBS 130385 =
F. flagelliforme CBS 731.87 @
F. flagelliforme NRRL 6548 ?
= 100/1)! F. flagelliforme NRRL 31011 F. flagelliforme S
[) F. flagelliforme CBS 162.57 T
76/ F. flagelliforme CBS 259.54 =
F. longifundum CBS 235.79 T F. longifundum ‘5
F. gracilipes NRRL 43635 T F graci/jpes =
F. brevicaudatum NRRL 43638 T
100/1| F. brevicaudatum NRRL 45998 F. brevicaudatum §
F. brevicaudatum NRRL 43694
100/1 B 100/1 F. arcuatisporum CGMCC 3.19493 T F tis g
7//L 94/0.99 90/4 E‘i F. arcuatisporum LC11639 . arcu.a pparum ‘
= F. longicaudatum CBS 123.73 T F. longlcaudatum
8X i F. serpentinum CBS 119880 T F Serpen[jnum s
F. neoscirpi CBS 610.95 T F. neoscirpi :
Sl I 100/1; F. scirpi CBS 447.84 T o~
91/0'97~i0/i\< F. scirpi CBS 448 84 F. scirpi oy
i F. scirpi NRRL 13402 E
F. wereldwijsianum CBS 148244 T F. wereldwijsianum =
F. cateniforme CBS 150.25 T F. (;a[enlf()rme m
100/0.95 F. croceum CBS 131777 T
W B7/1 F. croceum CBS 131788
100/1| F. croceum CPC 35240 F. croceum
F. croceum NRRL 3020
100/1" F. croceum NRRL 3214
100/ £ mucidum CBS 102394 ) )
100/1 F. mucidum CBS 102395 T F. mucidum
L £ mucidum Indo 175
97/0.96— F. camptoceras CBS 193.65 F. camptoceras
100/1 F. neosemitectum CBS 189.60 T F. neosemitectum
100/1 L F kotabaruense InaCC F963 T F. kotabaruense
F. tjaynera NRRL 66246 T
7//L{ F. aywerte NRRL 25410 T Olltgl'Ollp
8X
0.03

Figure 71 Continued.
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Figure 81 Fusariumcaulendophyticungex-type culture CGMCC3.25474).i4& Colony on PDA,
OA ard SNA (A, C, and E from above; B, D, and F from below).JGerial conidiophores and
conidiogenous cells. K Macroconidia. Scale baiskG = 10 & m.

Endophyticin stems ofR. roxburghiiin China. Sexual morph not observed. Asexual morph:
Sporodochianot observd. Conidiophoregnacronematous, irregularly laterally branched, bearing
lateral and terminal monophialide or simple polyphiali@enidiogenous cellsnonophialidic or
polyphialidic, subcylindrical, straight or slightly curved, smooth or swollen and roughta
abundant conidiogenous loci, thivalled, periclinal thickening and collarettes inconspicudds,
24x23 em (av. = 1 4 .. acrbconBliastender with nm sigrificahtcirvature to
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curved with parallel walls, tapering towards the basal part, apical cell pointed to blunt; basal cell
obtuse to papillate, not foshaped, 15-septate (mdly 3-septate), hyaline, granular to guttulate,
thin-walled; tseptate macroconidia 105.5 x 23 e m ( avVv . = 13. 1-septate2 . 6 ¢
macroconidia 1820.5x 23 . 5 em (av. = 15 -séptate ma&roconidait®7 x n =
254 em (al. 3 =328 miseptate mac®dnidja 2UB.5x254 . 5 em (av.
I 3.7 & m, -septate=mac3o@ohiclia P87 x 354 . 5 em (av. = 33.4 1
Microconidiaandchlamydosporesot observed.

Culture characteristick Colonies on PDAattaining 50 mm diam. after 5 days in the dark at
28 whitish to | ight pi nk, round, rai sed, mar
whitish to light pink. On OA attaining 52 mm diam. after 5 days, white, cottony, margin regular,
moderateaerial mycelium, and reverse concolorous. On SNA attaining 45 mm diam. after 5 days,
greyish white, aerial mycelia sparse, undulate margin, and reverse concolorous. Pigment and odor
absent.

Material examined China, GuizhouProvince, Guiyang City, natar environment, healthy
stems oR. roxburghii(Rosaceae® 7 A4 Nj5 0 nj N, alt11088 A 229 Apsl @050, H. Zhang
(HGUP191050, holotype), eype living culture: GUCC 191050.1 = CGMCC3.254dtherliving
culture: GUCC 191050.2.

Notesi Our collections (CGMCC3.25474 and GUCC 191050R2)gitri, F. humuli and
F. fasciculatunform a distinct clade in the phylogeny, afadcaulendophyticuris sister toF. citri
(ex-type CGMCC 3.19467) with high statistical support (BS = 100%, PP = 1.00) (Fiusgrium
caulendophyticumshows 98.88% (528/534, no gapSpM sequence similarity withF. citri,
99.56% (457/459, 2 gaps) on ITS, 99.36% (1560/1570, 2 gapppdn98.57% (825/837, no gaps)
on rpb2, and 96.70% (615/636, 2 gaps) defl Other genes are missing fdf. Ccitri.
Morphologically, both species produce lyprmacroconidia. HoweverF. caulendophyticums
distinct fromF. citri. Macroconidia off. caulendophyticumvere borne on aerial conidiogenous
cells but borne on sporodochial conidiogenous cellg.imitri. In addition, they have different
conidiophoregirregularly laterally branched, bearing lateral and terminal monophialide or simple
polyphialide inF. caulendophyticunas. verticillately branched and densely packed, mostly bearing
apical whorls of three monophialidesHncitri), conidiogenous cellsooth or swollen and rough
due to abundant conidiogenous locij 20 x 23 ¢ nk. cautendophyticuras. smooth, 7511.5
x 2r4 ¢ k. citriny, apical cell (pointed to blunb F. caulendophyticuras. papillate to hookeuh
F. citri), basal cell (obtust papillate, not foeshapedn F. caulendophyticurs. footshapedn
F. citri), number of macroconidial septa @L.septa, mostly 3 septa i caulendophyticums. 35
septa inF. citri), and 3septate macroconidial sizes6(27 x 2.54 & m, av3.3ingm. 1
F. caulendophyticunvs. 2531 x 355 e&m, av. 2 &.chri) (Wang et al.n201B)n
Furthermore, e PHI test onF. caulendophyticumindicated that there is no significant
recombination (p = 0.8193 > 0.05) betwdencaulendophyticunand its closely related taxa as
defined in Fig. 5¢. Thus, we introduEecaulendophyticuras a new species.

Fusarium caulicolaH. Zhang & Y.L. Jiang, sp. nov. Fig.9

Index Fungorum numbel=900488; Facesoffungi numbers: FoF 14973

Etymologyi Namerefers to stems, from which this fungus was isolated

Endophyticin stems ofR. roxburghiiin China. Sexual morph not observed. Asexual morph:
Sporodochianot observed Conidiophoresmacronematous, arising from aerial hyphae, solitary,
unbranched or spaly branched, bearing lateral and terminal monophialide or polyphialides.
Conidiogenous cellmonophialidic or polyphialidic, hyaline, terminal and lateral, subcylindrical to
fusiform or tapering towards the apex and base, straight or slightly curvedhstmaough, thin
walled, without noticeable periclinal thickening, a minute apical collarette can be p@sEhx
254 em (av. = 9.Macrogoni@liaslender with nosignifi€nt curvature to curved
with widest at the middle portion, narrowing towards each a&pidal cell often pointed, sometimes
blunt; basal cell obtuse to papillate, not fsbped or poorly developed, feshaped, 14-septate
(mostly 3septate), hyaline, smooth, thivalled; Xseptate macroconidiafi24.5x23 . 5 em ( av .
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18.7 1 2. 7 -septate macroconidBal$E x23.5 em (av. = 2-1 1 3
septate maoconidia 2039.5x2%4 e m ( av. = 3 0. l-septate3ma@ocanidig n
28.5405x35 em (av. = 34 . Mcrotonidlaardchiamydosporesot ol3séred.

Culture characteristics Colonies on PDA attaining 450 mm diam. after 5 dayin the dark
at28 , whit e, round, rai sed, fringed edge, witdt
attaining 55 mm diam. after 5 days, grey, flocculent, margin regular, moderate aerial mycelium,
and reverse grey. On SNA attaining 47 mm diaftereb days, greyish white, moderate aerial
mycelium, and reverse concolorous. Pigment and odor absent.

Material examined China, GuizhouProvince, Guiyang City, natural environment, healthy
stems oR. roxburghii(Rosaceae® 7 A4 Nj5 0 nj N, altl108& &, 22 A\jBl @030, IE. Zhang
(HGUP191051, holotype), eype living culture: GUCC 191051.1 = CGMCC3.25488erliving
culture: GUCC 191051.2.

— L

Figure 91 Fusariumcaulicola (ex-type culture CGMCC3.25475).iA4& Colony on PDA, OA, and
SNA (A, C, andE from above; B, D, and F from below).i & Aerial conidiophores and
conidiogenous cells. L Macroconidia. Scale baidcG = 10 & m.
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NotesT Fusarium caulicola(CGMCC3.25475 and GUCC 191051.2) is closely related to
F. ipomoeaeg(ex-type CGMCC 3.19496) in thphylogenetic tree (Fig. 7), with high statistical
support (BS = 82%, PP = 1.08haring99.55% (439/441, 2 gaps) sequence similarity on ITS,
97.83% (1535/1569, one gap) gobl, and 98.58% (624/633, no gaps) @il Although both
species produce only nmraconidia, F. caulicola is morphologically distinct front. ipomoeae
based on the different macroconidial formations (borne on aerial conidiogenous cells in
F. caulicolavs. from sporodochial conidiogenous cellsFnipomoeag conidiophores (solitary,
unbranched or sparsely branched, bearing lateral and terminal monophialide or polyphialides in
F. caulicola vs. verticillately branched and densely packed, bearing apical whorlsi®f 3
monophialides ir. ipomoeag conidiogenous cells (subcylindrical tasfform or tapering towards
the apex and base, smooth to roughFincaulicola vs. subulate to subcylindrical, smooth in
F. ipomoeag number of septan macroconidia k. caulicola 1i 4 septa, while B5 septain
F. ipomoeag macroconidial shape& (cauicola is straighter thatfr. ipomoeag apical cell (often
pointed, sometimes blunt iR. caulicolavs. hooked to tapering ir. ipomoeag and basal cell
(obtuse to papillate, not foshaped or poorly developed, fesitaped inF. caulicola vs. foot
shapedin F. ipomoeag (Wang et al. 2019). Additionally, the PHI test showed that there is no
significant recombination (p = 0.1948 > 0.05) betw€ermraulicolaand its closely related taxa as
shown in Fig. 5d. Therefore, we introdudedcaulicolaas a novel ggries.

Fusarium radicigenumH. Zhang & Y.L. Jiang, sp. nov. Fig. 10

Index Fungorum numbel=900489; Facesoffungi numbers: FoF 14974

Etymologyi Name refers to endophytic fungi isolated from the roots

Endophyticin roots ofR. roxburghiiin China Sexual morph not observed. Asexual morph:
Sporodochianot observedConidiophoresborne on aerial mycelia, unbranched, often reduced to
conidiogenous cellsAerial conidiogenous cellsonophialidic, subulate to subcylindrical, straight
to slightly curved tapering towards both ends, smoadind thinwalled, apex with inconspicuous

periclinal thickening and minute collaret&511x253 . 5 em (av. = Qeridl 1 3

microconidiasparse, hyaline, oblong with a truncate base, apex obtuse,hsrandtthinwalled,

Or 1-septate aseptate microconidid0i14 x 23 e m ( av. = 11. 31skptat2. 4 ¢
microconidia7.518 x 23 . 5 em (av. = 1 2 .Aeriallmactbcobidiaglighty n =

curved to distinctly curved,ib-septate, predominagtl3-septate, hyaline, smoettand thick
walled, narrowing towards each end, apical cell blunt to hooked, elongated; basal cell papillate to

well-developed, foeshaped 1l-septatemacroconidial2.5235x23 . 5 em ( av. = 17.
n = 30); 2-septatemacroconidial6.5235x 23 . 5 em ( av. = 20.-8ptdte 2. 7
macroconidial7i135x 23 . 5 em (av. = 2 6 -s@ptattma@ocdhidia®615,38>n = 3
254 em (av. = 3 2. 2septateBacr&oniliéd8.544.5 x=2.53 0 ¥ m =B6abV .

I 3. 2 ¢ mChlamydesporgsphertical, subspherical to ellipsoid, lateral or intercalary, in
pairs, chains, sometimes solitary, thisklled, guttulate, 68L 4 e m (av. = 10. 1 &em
Culture characteristics Colonies on PDA attaing 48 mm diam. after 5 days in the dark at
28 cottony, white, round, rai sed, mar gin ir

and reverse light orange. On OA attaining 46 mm diam. after 5 days, cottony, white, raised, dense,
margin irregilar, abundant aerial mycelium, and reverse light yellow. On SNA attainirig24m

diam. after 5 days, white, margin irregular, abundant aerial mycelium, and reverse concolorous.
Pigment and odor absent.

Material examined China, Guizhou Province, Qiamrmaistricts, R. roxburghiiPlantation,
from healthy roots oR. roxburghi(i Rosaceae), 26A47Nj4n N, 107A8N
2021, H. Zhang (HGUP197221, holotype), -tgge living culture: GUCC 7221.1 =
CGMCC3.25478; othdiving cultures: GUCC 197371.1 and GUCC 197425.1.

Notesi Fusarium radicigenunms phylogeneticallyclosely related td-. lacertarumwith high
statistical support (BS = 98%, PP = 0.96) (Fig.sharing98.46% (576/585, no gaps) sequence
similarity onCaM, 99.23% (1555/1567, no gaps) gbl, and 98.80% (494/500, no gaps)tefi
The ITS is missing irF. lacertarumand rpb2 is missing inF. radicigenum Morphologically,
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F. radicigenum can be distinguished fromF. lacertarum by different conidiophores
(F. radicigenum unbranched, while branched or unbranched Fn lacertarun), longer
conidiogenous cellénonophialidic, subulate to subcylindrical, 813 x2.33 . 5 e m, av.
e m F.nradicigenumvs. rarely present, 280 x 1.01. 5 em or without
F. lacertarunm), number of septa in conidia i(& septa inF. radicigenumvs. 24 septa n

F. lacertarun), conidial shape K. radicigenumis curvier thanF. lacertarun), apical cell

Figure 107 Fusariumradicigenum(ex-type culture CGMCC3.25478).i4& Colony on PDA, OA
and SNA (A, C, and E from above; B, D, and F from below)l Gerial canidiophores and
conidiogenous cells. J Chlamydospores. K Aerial microconidia. iaAeracroconidia. Scale bars:

GiL = 10 g m.




(blunt to hooked, elongated kn radicigenunvs. pointed or slightly beaked kb lacertarun), and

conidial organization (conidia densely aggregatef.imdicigenunvs. conidia single or produced

in groups of 84 in F. lacertarun). Since Subrahmanyam (1983) did not distinguish between
macrce and microconidia, it was not conducive to comparing conidia size. However, the longest
conidia inF. radicigenumare significantly longer than those lef lacertarum(upto4 4 . 5 e m | o0 |
in F. radicigenunv s . up t o 3FR0lacBrtarann(Subralmgnyamnl983). Moreover, the

PHI test orF. radicigenumindicated that there is no significant recombination (p = 0.1948 > 0.05)
betweenF. radicigenumand its closely related xa as shown in Fig. 5dThus, we introduce

F. radicigenumas a new species.

Fusarium oxysporumspecies complex

Fusarium cili H. Zhang & Y.L. Jiang, sp. nov. Fig. 12

Index Fungorum numbel=900490; Facesoffungi numbers: FoF 14975

Etymologyi Name r ef ers t o the Chi n&sgmbuglame nCi Li

Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Asexual morph:
Sporodochianot observed Conidiophoresmacronematous, borne on aerial mycelia, hyaline,
cylindricd to subcylindrical, straight, unbranched, short, often reduced to single conidiogenous
cells. Conidiogenous cellsmonophialidic, formed directly from hyphae or terminal on
conidiophores, cylindrical to subcylindrical, straight or slightly curved, smaoid thinrwalled,
slightly tapering towards the apex and the base, with a distinct collarette and periclinal thickening;
small phialides (produce microconidia) 4% x 1.52 . 5 (a®.m20.8x 2.4 m, 10), large
phialides (produce mesoconidia)ily x3i4 g(am. =15.8% 3.4 m, 10). Microconidia
single or forming false heads on tips of monophialides, obovoid to reniform conidia: hyaline,
aseptate, smoottand thinwalled, 4.510 x 23 gam. =6.7x 2.5¢ m, n = 36432 I
(av. =2.7, n =30); oval to oblong with obtuse ends conidial8 x 4.56 &awn. =9x5¢ m, n =
30), I w=1.212.9 (av. =1.8, n = 30, minutely verruculose or irregularly rougtalled, thick
walled, 0 1-septate (mostly aseptatéjesoconidiasingle, tseptate, hyatie, oblong with obtuse
ends, straight or slightly curved, basal cell not felodped, minutely verruculose or slightly rough
walled, thickwalled, 1022.5 x 35¢ n{av. =15.7x 3.5¢ m, n = 3P56(av. k4.6, =
30). Chlamydosporesolitary, terminal or intercalarymostly subglobose, verruculose, hyaline,
rough- and thickwalled, aseptate,i4 4 e m di a8®.c m{ a\30). Macroconidia not
observed.

Culture characteristick Colonies on PDA attaining 50 mm diam. after 5 days in the dark a
28 pi nk, round, fringed edge, aeri al mycel i
OA attaining 50 mm diam. after 5 days, white to light pink, cottony, margin entire, and reverse
light pink. On SNA attaining 52 mm diam. after 5 days, lighey, with sparse aerial mycelium,
and reverse light grey. Pigment and odor absent.

Material examined China, GuizhouProvince, Guiyang City, natural environment, healthy
roots ofR. roxburghii(Rosaceae 7 A4 Nj5 0 nj N,, altl1084 M222 NiBiED2(), HE Zhang
(HGUP190024, holotype), eype living culture: GUCC 190024.1 = CGMCC3.254aferliving
culture: GUCC 190024.2.

Notesi Our collections (CGMCC3.25476 and GUCC 190024.2) are phylogenetically close
to F. phialophorum(holotype InaCC F971}. rosaeroxburghii (ex-type CGMCC3.25479, in this
study), andr. odoratissimuniholotype InaCC F822). Evolutionarily;. cili is significantly more
closely related té-. phialophorumandF. rosaeroxburghii, forming a distinct clade, with moderate
ML statistical support (BS = 77%) (Fig. 11lFusarium cili is phylogenetically closest to
F. phialophorumsharing98.96% (1429/1444, no gaps) sequence similaritgpbd. Fusarium cili
is morphologically quite distinct front. phialophorumby having different racroconidial
formations (borne on aerial conidiophoresHn cili vs. formed on sporodochia and on aerial
conidiophores irF. phialophorun), conidial typesK. cili producesl-septate mesoconidia, oblong
with obtuse ends, straight or slightly curved, basdll not footshaped, 122.5 x 35 ¢ mav. =

2114



15.7x 3.5¢ mwhile 2 5-septate macroconidia, apical cells papillate, basal cellssfoayied, 54

60 x 45 ¢ mF. phralophorun), and microconidial shapes and sizes (obovoid to reniform
microconidia, 45610 x 213 ¢ aw, = 6.7 x 2.5 ¢ mand oval to oblong with obtuse ends
microconidia, 613 x4.56 & m,

F. cugenangense GUCC 190032.1

F. cugenangense GUCC 190057.1

F. cugenangense GUCC 190112.1

F. cugenangense GUCC 190110.1

F. cugenangense GUCC 190113.1 F cugenangense
F. cugenangense CBS 130304

F. cugenangense GUCC 190019.1

F. cugenangense CBS 130308

~— F. cugenangense InaCC F984 T

F. cugenangense 1LC4496

F. elaeidis CBS 217.49 T

F. elaeidis CBS 255.52 o PE

F. elacidis CBS 218.49 F. elaeidis

F. elaeidis LC13742

F. grosmichelii GDGZP11-2-2
F. grosmichelii InaCC F833 T

F. duoseptatum InaCC F916 T

99/0.99

98/0.95457/=
N

lex

84/- : .
~J F. grosmichelii

100/1 F. duoseptatum LC13740 F. duoseplatum

86/- F. callistephi CBS 115423 T eallic i

41_:: F. callistephi CBS 187.53 T I callistephi

91/0.99 F. hexaseptatum InaCC F866 T F hexaseptalum
100/0.98[1 F. glycines CBS 176.33

M| . glycines CBS 200.89

100/1 F. glycines CBS 144746 T F. glycines

\\
F. glycines CBS 144745
F. glycines CBS 214.49
100/0.99_, | F. carminascens CBS 144740
Q F. carminascens CBS 144741 ' 7 o y
il \\‘A‘ F. carminascens CBS 144739 F. carminascens
100/1 | F. carminascens CBS 144738 T

i F. fabacearum CBS 144743 T —~ 7
L F. fabacearum CBS 144744 F. f achear um
F. inflexum CBS 716.74 T F. inflexum
100/1; F. gossypinum CBS 116612
F. gossypinum CBS 116613 T F. gossypinum
100/1L— F. gossypinum CBS 116611

F. phialophorum InaCC F827
78/-| F. phialophorum InaCC F842

F. phialophorum InaCC F830

F. phialophorum InaCC F834

g F. phialophorum InaCC F843
= —» | F. phialophorum InaCC F969 y :

e alophorum InaCC F971 T . phialophorum
+— F. phialophorum InaCC F970
——— F. phialophorum InaCC F844
F. phialophorum InaCC F889

rium oxysporum species comp

ML F. phialophorum InaCC F826 Q
syl il EpE <
100/1% F. odoratissimum InaCC F822 T F. odoratissimum m

100/1 E‘ F. cili CGMCC3.25476 T v are

F. cili GUCC 190024.2 F. cili

98/1 100/1y F. rosae-roxburghii CGMCC3.25479 T 11 R ik aro bl

97/1 F. rosae-roxburghii GUCC 190111.2 F. rosae-rox b”,gh”

L F. tardicrescens CBS 102024 T F. tardicrescens

F. tardichlamydosporum InaCC F956 i .

100/ F. tardichlamydosporum InaCC F958 T F. tardlch/amydosporum

79/0.94 F. tardichlamydosporum ITnaCC F957 | B

: F. vanleeuwenii CBS 148372 T F. vanleeuwenii

99/1 F. libertatis CBS 144747 . .
1‘: F. libertatis CBS 144749 T F. libertatis
F. libertatis CBS 144748
F. hoodiae CBS 132474 T F. hoodiae

Figure 117 Phylogenetic relationships &lusarium oxysporurapecies complex. The phylogenetic
tree was generated using the maximum likelihood (ML) methodombiningCaM, rpbl, rpb2,

tefl, andtub2 sequence data from 124 strains. The tree is rootedRwithiscanthi(LC7503)and

F. paranisikadoi(CGMCC 3.20826). The ML bootstrap support values > 50% (BS) and Bayesian
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posterior probabilities > 0.90 (PPjeagiven near nodes (BS/PP). Strains isolated in this study are
indicated inbold. The new species are in bold bllieholotype or extype.

F. nirenbergiae CBS 115416
F. nirenbergiae CBS 115417
F. nirenbergiae CBS 115419

F. nirenbergiae CBS 758.68
F. nirenbergiae CBS 840.88 T
F. nirenbergiae CBS 149.25

F. nirenbergiae CBS 123062

80/-

75/

74/0.95 | — F. nirenbergiae GUCC 190015.1
[ F. nirenbergiae CBS 115424

80/~ ﬁF nirenbergiae CPC 30807 F. niren[)ergiae 4

i F. nirenbergiae CBS 129.24 (<D

F. nirenbergiae CBS 130301 —_

81/ 0'94\\ L— F. nirenbergiae CBS 130300
F. nirenbergiae CBS 130303
L F. nirenbergiae CBS 196.87
97/- |56/4— F. nirenbergiae CBS 744.79
98/1 R F. nirenbergiae CBS 127.81
r F. nirenbergiae CBS 129.81
- F. nirenbergiae GUCC 197140.1
99/1 F. nirenbergiae GUCC 197140.2
F. veterinarium CBS 109898 T
F. veterinarium CBS 117790
F. veterinarium NRRL 54984
F. veterinarium NRRL 62542
F. veterinarium NRRL 62545 . .
99/0.96, | F. veterinarium CBS 117787 I veterinarium
F. veterinarium NRRL 54996
99/0.98 99/1| F. veterinarium NRRL 62547
100/'1 \\ - F. veterinarium CBS 117791
100/1 - F. veterinarium CBS 117792
89/0 98\ RN F. contaminatum CBS 111552 .
: ™ T | F. contaminatum CBS 117461 F. contaminatum
94/1 F. contaminatum CBS 114899 T
a— F. pharetrum CBS 144750
F. pharetrum CBS 144751 T
LS F. curvatum CBS 247.61 ,
F. curvatum CBS 744.97 F. curvatum
F. curvatum CBS 238.94 T
F. languescens CBS 413.90
F. languescens CBS 646.78

rium oxysporum species comp

7

Z
7

99/0.94

99/0.934

I~ F. pharetrum
1001 L
e

y -\ 2

100/1 E
98] F. languescens CBS 872.95 G A S
158%9)&\\\ F. languescens CBS 645.78 T . langu ERCeo °
\ﬁ F. languescens CBS 300.91
10071 F. languescens CBS 302.91
7/ /L F. queenslandicum BRIP 70769a T F. queens landicum
4X 100/1, F. oxysporum CBS 144135

F. oxysporum CBS 144143 T

F. oxysporum LC13766 F. oxysporum
F. oxysporum CBS 221.49

F. oxysporum CPC 25822

F. kalimantanense InaCC F918

|| F. kalimantanense InaCC F922 F. kalimantanense
F. kalimantanense InaCC F917 T

99/0.98

Fusa

/

100/1

F. sangayamense InaCC F960 T F. sangayamense
F. triseptatum CBS 116619
- 100/1 l—_l—— F. triseptatum CBS 258.50 T e
F. triseptatum CBS 119665 F. tr 1septatum
100/0.92 F. triseptatum CBS 130302

F. foetens CBS 120665 F. foetens

100/I—— F. miscanthi LC7503
Outgroup

— F. paranisikadoi CGMCC 3.20826 T

0.005

Figure 117 Continued.

av. =9 x 5 ¢ min F. cili vs. ovoid to ellipsoid, 24 x 36 € m, av. = 12
F. phialophorum (Maryani et al. 201 Fusarium ciliis also phylogenetically close t& rosae
roxburghii, having 98.98% (1752/1770, 4 gaps) sequence similaritypbfh. Morphologcally,

F. cili is also completely distinct frorA. rosaeroxburghii by having different conidiogenous cells
(distinct collarette and periclinal thickening iR. cili vs. minute periclinal thickening and
inconspicuous collarettes k. rosaeroxburghii), conidial types FE. cili produces diseptate
mesoconidia, oblong with obtuse ends, basal cell notdloaped, 122.5 x 35¢ mav. =15.7 %
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3.5¢ mwhile 1i 3-septate macroconidiaith a blunt apical cell, basal cell obtuse to papillate, 1

Figure 127 Fusariumcili (ex-type culture CGMCC3.25476).iA& Colony on PDA, OA, and SNA
(A, C, and E from above; B, D, and F from dw). G K Aerial conidiophores and conidiogenous
cells. ' N Chlamydospores. i® Microconidia. QR Mesoconidia. Scale barsiB = 10 & m.




F. phialophorum ThaCC FI71 T
F. tardicrescens CBS 102024 T phidiopliorimTaCC

F. odoratissimum
InaCCF822T

E cili CGMCC3.25476 T

E rosae-roxburghii CGMCC3.25479 T
0.002 p = 0.1587

()

F. californicum CBS 145796 T
E tricinctum CBS 393.93 T

E rosendophyticum CGMCC3.25480 T
F. acuminatum LC13791

F. chonggingense CGMCC 3.20821 T

E rosiradicicola CGMCC3.25482 T

F. avenaceum LC13801

9,005 p =0.7858

(b)

Figure 137 Results of the pairwise homoplasy index (PHI) test of Resariumspecies and their
closely related spées. New taxa are printed in bold blue.

septatemacroconidiall.519 x 23 ¢ nseptattmacroconidialdi 22.5 x 23 ¢ nseptaté
macroconidial8.526 x 23  eimF. rosaeroxburghii), microconidial formations (single or
forming false heads if. cili vs. single, forming false heads or borne in dry chain§.imosae
roxburghii), and microconidial shapes and sizes (obovoid to reniform microconidid,04:62 3

€ mav. =6.7x 2.5¢ mand oval to oblong with obtuse ends microconidid,¥x 4.56 ¢cawm =

9 x 5 ¢ mminutely verruculose or irregularly rougtalled, thickwalled inF. cili; while oblong

with a truncate base, smoetind thinwalled, 0 1-septate, aseptate microconidid x 23 . 5 & m,
1-septate microconidia 105 x 23 ¢ nk. rosaeroxburghi). Overall,F. cili, F. phialophorum
andF. rosaeroxburghii are significantly different morphologically. As shown in Fig. 13a, the PHI
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test onF. cili also showed that there is no significant recombination (p = 0.1587 > 0.05) between
F. cili and its tosely related taxa. Therefore, we introd&ceili as a new species.

Fusarium nirenbergiaelL. Lombard & Crous, Persoonia 43: 29 (2018) Fig. 14
Index Fungorum numbelf=826845

Figure 147 Fusariumnirenbergiaeg(GUCC 197140.1). AF Colony on PDAOA and SNA (A, C,
and E from above; B, D, and F from below). JGAerial conidiophores and conidiogenous cells.
K Chlamydospores. L Aerial microconidia. M Aerial macroconidia. Scale batd: G= 1 0 & m.




Endophyticin roots ofR. roxburghiiin China. Sexuaimorph not observed. Asexual morph:
Sporodochianot observedConidiophoresborne on aerial mycelia, unbranched, often reduced to
conidiogenous cells. Aerial conidiogenous cells monophialidic, subulate, cylindrical,
subcylindrical, straight to slightly cued, tapering slightly towards the apex, smeathd thin
walled, with inconspicuous periclinal thickening and collare2es,19.5 x 1.53 e m ( av. =
2. 6 & m, Aenal microtadifliaforming small false heads on tips of monophialides, hyaline,
oblong with a truncate base, smootind thinwalled, Oi 1-septate (mostly aseptategseptate
microconidia5.511 x 1.52 . 5 (am. = 7. 4 | 1-septa?e micnogonidial.520 8 0 ) ;
21I3.5 em (av. = 1 5Aerial macro2oni@isboenmon tips of=coni@idgenous cells
on aerial conidiophores, almost straight or slightly curvé®:septate, predominantly-septae,
hyaline, smoothand thickwalled, with a blunt apical cell; basal cell obtuse to papillate, not foot

shaped,2-septate macroconidia823 x 253 . 5 em (av. = 21. Iseptate 2. 9
macroconidia21i36.5x 254 e m ( av. = 2 80). €hlamyd&pofesulbglohoseio = 3
ellipsoidal, lateral, terminal, or intercalary, solitary or in chains, thveked, guttulate, 51 2 . 5 & m
(av. = 7.6 &m, n = 30) diam.

Culture characteristics Colonies on PDA attaining 485 mm diam. after 5 days in tharé
at 28 whi t e, rai sed, cottony, with irregul

orange. On OA attaining 48 mm diam. after 5 days, light pink, flat, flocculent, margin entire,
moderate aerial mycelium, and reverse light pink. On SNAnata52 mm diam. after 5 days, off
white, raised in center, with sparse to moderate aerial mycelium, and reverse grey. Pigment and
odor absent.

Material examined China, Guizhou Province, Qiannan Distrid&s, roxburghiiPlantation,
from healthy roots PR. roxburghii(Rosae ae) , 26 A4 7 Nj4nj N, 107 A8Nj37nj
2021, H. Zhangliving cultures: GUCC 197140.1 and GUCC 197140.2. ChBwizhouProvince,
Guiyang City, natural environment, healthy roots Rf roxburghii (Rosaceae)2 7 A4 Nj5 0 nj N
10 6 A2 9 al5184jm,R2 April 2020, H. Zhang, living culture: GUCC 190015.1.

Notesi In phylogeny, our collections, GUCC 197140.1, GUCC 197140.2, and GUCC
190015.1, clustered with. nirenbergiag(ex-type CBS 840.88), with higbtatistical support (BS =
98%, PP = 1.00)Hig. 11). The strain GUCC 197140shares 99.54%871/875, no gapsypb2
sequence similarityvith the ex-type of F. nirenbergiae 99.78%(447/448, no gap)n tefl, and
100% (602/602) orCaM. The tub2is missing in the strain GUCC 197140.1 and other ganes
missing for extype. Minor differences can be seen in base pairs between our strains and the ex
type. Morphologically, Our collections and the -type F. nirenbergiae exhibited similar
conidiophores (borne on aerial mycelia, unbranched, bearing témmamaphialides, often reduced
to single phialides), similar aerial conidiogenous cells (monophialide, subulate to subcylindrical,
smooth and thinwalled, periclinal thickening inconspicuous or absent), and similar aerial
microconidia (forming small falseeads on tips of monophialides, smoeahd thirwalled, G 1-
septateaseptatemicroconidia5.5'11 x 1.52 . 5 & m, av. £UQC. 1897140.1 %152 & m
11 x 24 pm, av.= 8 x 3 um in CBS 840.88;-4eptate microconidia1l.520 x 23 . 5 & m, av.
157x2 9 e@GWCEC 197140.1 vs.i95 x 24 um, av.=12 x 3 um in the exype) (Lombard et
al. 2019). Therefore, we report our collections as new host recofds\wénbergiaasolated from
the roots oR. roxburghii

Fusarium rosaeroxburghii H. Zhang & Y.L Jiang, sp. nov. Fig. 15

Index Fungorum numbel=900491; Facesoffungi numbers: FoF 14976

Etymologyi Name refers to cultivateld. roxburghij from which this fungus was isolated.

Endophyticin roots ofR. roxburghiiin China. Sexual morph not olvsged. Asexual morph:
Sporodochianot observed.Conidiophoresborne on aerial mycelia, unbranched or sparsely
branched, often reduced to conidiogenous celsrial conidiogenous cellsnonophialidic,
cylindrical to subcylindrical, straight, tapering towartti® apex, smoothand thinwalled, with
minute periclinal thickening and inconspicuous collare®s,23.5%x1.%52 . 5 em ( av. =
e m, n Aerial In&rpconidiaforming small false heads on tips of monophialides or borne in
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dry chains, hyalinepblong with a truncate base, smoo#nd thinwalled, O 1-septate (mostly
aseptate) aseptate microconididi2l x 23 . 5 em (av. = 8. 3lsdptat2 . 6
microconidialGi15x23 e m ( av. = 1 1. Aerial ma@acdhididbome omtipssf 3 0 ) .
conidiogenous cells on aerial conidiophores, straight or slightly curv8eseptate, hyaline, rough,

Figure 157 Fusarium rosagoxburghii (ex-type culture CGMCC3.25479).i4& Colony on PDA,

OA, and SNA (A, C, and E from above; B, D, and F frortow§. Gi K Aerial conidiophores and
conidiogenous cells. L Chlamydospores. M Aerial microconidia. N Aerial macroconidia. Scale
bars:GN = 10 & m.
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thick-walled, with a blunt apical cell; basal cell obtuse to papillate, notdioaped,1-septate

macroconidiall.519x23 em ( av. = 15 . Bsefdtate 2nacioconidibi 225 x = 3 0

213 em (av. = 18 -tept@emdcrocnmjal8.626x2A3 0 m Bav. = 21

e m, n ChlanBdbgporespherical to subspherical, lateral, terminal, oercalary, solitary,

occasionally in chains, thiekalled,5.51 4. 5 em (av. = 9 e€m, n = 30)
Culture characteristics Colonies on PDA attaining 52 mm diam. after 5 days in the dark at

28 colonies fertil e, whi tredges,raerial sngcdlia abendantt o ny

and reverse light orange. On OA attaining 48 mm diam. after 5 days, light pink at center and white
edges, raised, cottony, round, margin entire, abundant aerial mycelium, and reverse similar. On
SNA attaining 52 mm diamfter 5 days, offwhite, raised in center, with sparse to moderate aerial
mycelium, and reverse similar. Pigment and odor absent.

Material examined China, Guizhou Province, Liupanshui Cifg, roxburghii Plantation,
from healthy roots oR. roxburghii(Rosaceae)2 5 A5 2 Nj5 2 nj N, alt. P@A A 3 2WgjBsO nj E
2020, H. Zhang (HGUP190111, holotype), -tgge living culture: GUCC 190111.1 =
CGMCC3.25479ptherliving culture: GUCC 190111.2.

Notesi In the phylogenetic tree, our collections (CGMCC3.25479G@0ECC 190111.2) are
close toF. cili (ex-type CGMCC3.25476, in this studyj, phialophorum(holotype InaCC F971),
andF. odoratissimumn(holotype InaCC F822), forming an independent clade with high statistical
support (BS = 100%, PP = 1.00) (Fig. 1B)saium rosaeroxburghiiis phylogenetically closer to
F. cili. Sequence similarities and morphological differences betwemrsaeroxburghiiandF. cili
are described in the notes ef cili in this study. As shown in Fig. 13a, the PHI testromosae
roxburghii also indicated that there is no significant recombination (p = 0.1587 > 0.05) between
F. rosaeroxburghii and its closely related taxa. Therefore, we introdticeosaeroxburghii as a
new species.

Fusarium sambucinumspecies complex

Fusarium meidionale T . Aoki , Kistler, Gei ser & O6Donne
(2004) Fig. 16

Index Fungorum numbelf-843474

Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Asexual morph:
Sporodochianot observedConidiophoresborne on aerial mycelia, macronematous, irregularly
branchedAerial conidiogenous cellgolyphialidic, cylindrical, tapering towards the apex or flask
shaped, straight or slightly curved, smoadimd thinrwalled, periclinal thickening andoltarettes
inconspicuous,i8l9 x A3 . 5 (aw.m11.7%x 2.8¢ mn = 1Q. Macroconidiagradually curved,
sometimes straight, tapering towards the basal part, apical cell blunt, widest at the middle portion;
basal cell obtuse, not foshaped, 15-septate (@dominantly 84-septate), hyaline, smooth to
slightly rough, granular to guttulate:skptate macroconidia 9.5 x 253 . 5 em ( av. =
e m, n <septdt® macroc@nidia108.5x2.54 e m ( av. = 16 . 3septate3 . 2
macroconidia 1818325 x 254 e m ( av. = 2 4. 3-septatednacsoconidip 24.51 =
295%x34 em (av. = 27 -deptade.mdcrocomicia 26405 x B5%). ;5 T m (av.
32 1 3. 7 MiomconidiaaadcHamydosporerot observed.

Culture charactesticsi Colonies on PDA attaining 55 mm diam. after 5 days in the dark at
28 oli vaceous bei ge, round, mar gi n regul ar
concolorous. On OA attaining 50 mm diam. after 5 days, center palebolif;eperiphery whie,
flat, margin regular, moderate aerial mycelium, and reverse concolorous. On SNA attaining 50 mm
diam. after 5 days, greyish to greyish white, abundant aerial mycelia in center, raised, and reverse
concolorous. Pigment and odor absent.

Material examined China, Guizhou Province, Liupanshui CifR, roxburghii Plantation,
from healthy roots oR. roxburghii(RosaceaeR 5 A5 2 Nj5 2 nj N, alt. P@A A 3 23O nj E
2020, H. Zhang, living cultures: GUCC 190050.1, GUCC 190105.1, and GUCC 190107.1.

-
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Figure 167 Fusarium meridionaldGUCC 190050.1). AF Colony on PDA, OA, and SNA (A, C,
and E from above; B, D, and F frobelow). GJ Aerial conidiophores and conidiogenous cells.
K Macroconidia. Scale barsi& = 10 & m.

Notes T Phylogenetic analyses revealed that our collections, GUCC 190050.1, GUCC
190105.1, and GUCC 190107.1, clustered vfthmeridionale(ex-holotype NRRL 28436) in a
clade with high statistical support of 100% BS and 1.00 PP (Fig. 1). The strain GUCC 190050.1
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has 99.94%(1766/1767, no gaps)pbl sequence similarityvith ex-holotype F. meridionale
99.83%(585/586, one gap)n tefl, and 100% (911/911)napb2. Other genes are missing for-ex
holotype NRRL 28436. Our collection is morphologically similar to thdebotypeF. meridionale

in havingb-s ept ate macroconi di a GUGC W0080dwes .wi<dt .5 3¢
NRRL 28436 and gradually curved conidia. Additionally, the widest area of the conidia is in the
middle, and the upper and lower half of the conidia are mostly symmetio(@ell et al. 2004).

Hence, we introduce our collections as a new host recofel ofieridionaleisolated from the
healthy roots oR. roxburghii

96/1 F. alpinum LC2853
F. alpinum LC2854
F. alpinum CGMCC 3.20818 T 1
F. alpinum LC6034 F. alpinum
F. alpinum LC6037
F. alpinum LC6043
F. paeoniae CGMCC 3.20817 T
9L F. paeoniae LC5166
F. paeoniae LC13816 F. paeoniae
F. paeoniae LC13815
F. paeoniae LC7358
F. chonggingense CGMCC 3.20821 T
100/1| F. chonggingense LC13814 F. chongqingense
F. chonggingense LC13813
F. rosiradicicola GUCC 190100.1
F. rosiradicicola CGMCC3.25482 T
F. rosiradicicola GUCC 191009.1
F. rosiradicicola GUCC 191073.1
F. rosiradicicola GUCC 191098.1
F. rosiradicicola GUCC 191129.1
F. rosiradicicola GUCC 190145.1
F. rosiradicicola GUCC 190194.1
98/1; F. avenaceum LC13801
10071 94/1 F. avenaceum LC13803
85/0.98['| F. avenaceum LC13804 S
100711 £ gvenaceum LC13805 F. avenaceum
F. avenaceum LC13802
F. avenaceum GUCC 191095.1
100/1, F. rosendophyticum CGMCC3.25480 T U s oy
82/099] ——— F. rosendophyticum GUCC 190163.2 F. I()S(’ll(/()[)ll) ficum
F. californicum BL24

F. californicum BL29
100/1[ly £- californicum BL26 F. californicum

lex

ies comp

F. rosiradicicola

95/1|

fum spec

icinc

F. californicum BL28

F. californicum CBS 145796 T
100/1r F. tricinctum CBS 393 93 T : —
100/1 L F. tricinctum LC13819 F. tricinctum

F. acuminatum LC13791 F. acuminatum
100/0.99, F. sinense CBS 122710 T A ,
L F. sinense CBS 122711 k. sinense
F. iranicum CBS 143608 T
76/- F. iranicum LC1112 F. iranicum
F. iranicum CBS 143611
F. petersiae CBS 143231 T - i
58/- F. petersiae JW14005 k. pP G{ ersiae
99711 F. flocciferum CBS 831.85 F. flocciferum
ax | 50/ '————= F torulosum NRRL 22743 F. torulosum
100/1; F. gamsii CBS 143609
7/ ——1 F. gamsii CBS 143610 T F. gamsii
F. citricola CBS 142421 T
99/0.99| F. citricola CPC 27709

95/0.95

97/1

92/0.99

Fusarium tr

F. citricola CPC 27067 I citricola
F. citricola CPC 27069
1 95/1 F. citricola CPC 27813

F. salinense CBS 142420 T il S
LU F. salinense CPC 26457 PF .sallf?;_ns[e
100/1 F. aconidiale CBS 147772 T ‘.aconiudliale
L F. juglandicola CBS 147773 T F. ./ug/andlcola

F. nurragi CBS 392.96 O t
utgroup

Figure 1771 Phylogenetic relationships &usarium tricinctumspecies complex. The phylogenetic
tree was gemated using the maximum likelihood (ML) method by combining Il rpb2,
tefl, andtub2 sequence data from 59 strains. The tree is rootedRwitlurragi (CBS 392.96). The
ML bootstrap support values > 50 % (BS) and Bayesian posterior probabiliti€¥) XRP) are
given near nodes (BS/PP). Strains isolated in this study are indicabettinNew species are in
bold blue.T holotype or extype.
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Fusarium tricinctum species complex

Fusarium rosiradicicolaH. Zhang & Y.L. Jiang, sp. nov. Fig. 18

Index Fungorum number: IF900492; Facesoffungi numbers: FoF 14977

Etymology 1 Name refers tdhe roots of R. roxburghii, from whichthe holotype ofthis
fungus was isolated.

Endophyticin roots and stemsof R. roxburghiiin China. Sexual morph not observed.
Asexual morph Sporodochianot observed Conidiophoresmacronematous, arising from aerial
hyphae, unbranched or sparsely branched, often reduced into conidiogenousAeeds.
conidiogenous cellsnonophialidic or polyphialidic, sometimes enteroblastigaline, arising
laterally from hyphae, subcylindrical to botdbaped, straight to slightly curved, smoeo#nd
thick-walled, apical collarettes and periclinal thickening inconspicuous or alis&rg5 x 1.53.5
em (av. = 15. 2 . Reria mi&Gocoaidimformmng small falte¢ heads on tips of
phialides, hyaline, smooth, thimalled, Oi 1-septate oblong, apex obtuse, base truncate, straight,
aseptate microconida 518 x 234 e m ( 8v I 2. B0 sliseptate microcahifidd.5
24x24 em (av. = 1 Aerial m&croeomidicbome on tip8 & ronidiogenous cells
on aerial conidiophores, straight, sometimes distinctly curvé8;séptate, predominantly-3
septate, hyalinessmooth and thickwalled, narrowing towards each end, apical cell blunt; basal cell

obtuse, not foeshaped2-septate macroconidis6.522.5x23 em (av. = 19.9 [
3-septate macroconidi22/34.5 x 254 . 5 em (av. = 2 8. 74sédptate3 . 6 |
macroconidi®28.541.5x34 . 5 em (av. = 35-septatdnacBocoBidi®B3ri44 n =
x354.5 em (av. = 3 Thlamydospatendtobsermed. n = 30) .

Culture characteristics Colonies on PDA attaining 228 mm diam. after 5 alys in the dark
at28 , whit e, somewhat pale pink center, rai s e

hyphae, and reverse light yellow. On OA attaining 50 mm diam. after 5 days, white, light yellow
near the center, floccose, raised with enta@ge, aerial mycelium moderate, and reverse
concolorous. On SNA attaining 282 mm diam. after 5 days, buff, raised, aerial mycelia sparse,
with an irregular or slightly wavy margin, and reverse concolorous. Pigment and odor absent.
Material examined China, Guizhou Province, Liupanshui CitiR. roxburghii Plantation,
from healthy roots and stemsRf roxburghii(Rosaceae® 5 A5 2 Nj5 2 nj N, alt. 2@ZAm 3 3 Nj5
4 August 2020, H. Zhang (HGUP 190168, holotype}yge living culture: GUCC 190168.1 =
CGMCC3.25482;0ther living cultures: GUCC 190100.1, GUCC 191129.1, GUCC 190145.1,
GUCC 191098.1, and GUCC 190194.1. Chirayizhou Province, Guiyang City, natural
environment, healthy stems Bf roxburghii(RosaceaeR 7 A4 Nj5 0 nj N ,, alt1108! /222 Nj5 0 nj
April 2020, H. Zhangliving cultures: GUCC 191009.1 and GUCC 191073.1.
Notesi Although we are unable to find moleculatd for the type species Bf avenaceum
we selected several strains of this species from Wang et al. (2022) for phylogenetic analyses in this
study. Fusarium rosiradicolais phylogenetically sister té-. avenaceunwith high statistical
support (BS = 100%PP = 1.00) (Fig. 17Fusarium rosiradicolaandF. avenaceunmave similar
conidiophores and conidiogenous cells (monophialides or polyphialides) (Crous et al. 2021).
However, F. rosiradicola is distinct from F. avenaceumin having different macroconidial
formations (from hyphae irF. rosiradicola vs. borne in sporodochia ifr. avenaceum
macroconidial shapesttaight, sometimes distinctly curved, thialalled, narrowing towards each
end, apical cell blunt, basal cell obtuse, not &lwped inF. rosiradicola vs. straight to slightly
curved, thinwalled, apical cell long and tapering to a point, may be bent, basal cell usually
notched, sometimes foeghaped inF. avenaceui number of macroconidiadepta (25-septate,
predominantly 3septate inF. rosiradicola vs. usually Sseptate, but -3and 4septate may be

observed inF. avenaceul macroconidialsizes 8-septate macroconididzi3 4. 5 e m | ong
F. rosiradicolavs. 315 0 ¢ m F.avempceund-septatanacroconidiad28.54 1. 5 e m | on
F. rosiradimlavs. 5158 ¢ m F.avegaceunnb-septatemacroconidia33.544 e m | ong

F. rosiradicolavs. 546 3 ¢ m IF.oamegaceum and number of microconidial septa {9
septate inF. rosiradicola vs. 1 2-septate inF. avenaceum and their shapes (oblap in
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F. rosiradicolavs. fusoidin F. avenaceum(Wollenweber & Reinking 1935, Leslie & Summerell
2006). In addition, the PHI test oR. rosiradicola indicated that there is no significant
recombination (p = 0.7858 > 0.05) betwderrosiradicolaand itsclosely related taxas shown in
Fig. 13b Thus, we introduck. rosiradicolaas a new species.

Figure 18 7 Fusariumrosiradicicola (ex-type culture CGMCC3.25482).i4& Colony on PDA,

OA, and SNA (A, C, and E from above; B, D, and F from belowX @erial conidiophores and
conidiogenous cells. L Aerial microconidia. M Aerial macroconidia. Scale bétd: G= 50 € m,
M = 10 €m




Fusarium rosendophyticunH. Zhang & Y.L. Jiang, sp. nov.
Index Fungorum numbelf-900493; Facesoffungi numbers: Fo#O78
Etymologyi Name refers to endophytic fungi isolated from Eheoxburghii

Figure 1971 Fusariumrosendophyticunfex-type culture CGMCC3.25480).i4& Colony on PDA,
OA, and SNA (A, C, and E from above; B, D, and F from below)J Gerial conidiphores and
conidiogenous cells. K Chlamydospore$M_Aerial microconidia andnacroconidia. Scale bars:

GM = 10 &m.




Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Asexualph
Sporodochianot observed.Conidiophoresborne on aerial mycelia, unbranched or sparingly
branched, often reduced to conidiogas cells. Aerial conidiogenous cellsnonophialidic,
cylindrical to subcylindrical, or as short lateral pegs, straight to slightly curved, tapering slightly
towards the apex, smoetand thinwalled, periclinal thickenings inconspicuous, collarettes absent
to prominentlil45x I3 em ( av. = 4 . 4Aerial microg®nidéaformingnsmatl 1 0 )
false heads on tips of monophialides, hyaline, clavate to obclavate, apex obtuse, base truncate,
straight, smoothand thinwalled,aseptate4i11.5x 12 . 5 em ( ave m,= n7 Aediald 0)1.. .
macroconidiaborne on tips of conidiogenous cells on aerial conidiophores, slender with no
significant curvature to curved with parallel wall$53iseptate, predominantly 3-septate, hyaline,
smooth and thinwalled, apical cell cuneto blunt; basal cell papillate to poorly developed, foot
shaped,1-septate macroconidiali22.5 x 1.52 . 5 em ( av. = 15 2deptate 2. 2
macroconidial9i33x23 em (av. = 2 2. 2septateracr®@onidiad®@329.6xE 3 0)
3.5 em-=(an5.9 1 2-septatenacroconidiaddi 368>003; e4m ( a v . 3
e m, n =sep&t@ macrocdnidia34i36 x 23 em (av. = 34. 9
Chlamydosporespherical, ellipsoidal to cylindrical, mostly in long chains, lateral, itgam or
intercalary, rough or smooth, thiekalled, 5.511.5x2358 e¢m (av. = 7.4 1 5.1
=13 (av. = 1.5, n = 30).

Culture characteristics Colonies on PDA attaining 50 mm diam. after 5 days in the dark at
28 bei ge, fcotny,irregularpconeestrsc €ictles, undulate margin, moderate aerial
mycelia, and reverse concolorous. On OA attaining 60 mm diam. after 5 days, grey, smooth, flat,
round, margin entire, with sparse aerial hyphae, and reverse concolorous. On SiN#gaitaimm
diam. after 5 days, transparent, smooth, flat, round, with sparse aerial mycelium, and reverse
concolorous. Pigment and odor absent.

Material examined China, Guizhou Province, Liupanshui Cifg, roxburghii Plantation,
from healthy roots oR. roxburghii(Rosaceae? 5 A5 2 Nj5 2 nj N, alt. P@A A 3 2WgjBsO nj E
2020, H. Zhang (HGUP 190163, holotype),-tgge living culture: GUCC 190163.1 =
CGMCC3.25480ptherliving culture: GUCC 190163.2.

Notesi PhylogeneticallyF. rosendophyticurbelong to theF. tricinctumspecies complex,
and forms a separate branch with BS = 95% and PP = 1.00 statistical support (Fig. 17). This species
is phylogenetically close t&. rosiradicicola (extype CGMCC3.25482 in this study¥haring
99.62% (523/525, one gasequence similarity on ITS, 96.81% (1702/1758, no gapsploh
96.74% (919/950, no gaps) gob2, and 97.16% (513/528, no gaps)tab2 Theteflis missing in
ex-type CGMCC3.25482. Morphologically. rosendophyticundiffers from the latter in having
different aerial conidiogenous cells (cylindrical to subcylindrical, or as short lateral pegs, thin

5
2.

walled, 1145 x 13 & m, av. = R rodendbphyficun@s. saibeylindrical to bottle

shaped, thickvalled, 1.535 x 1.53 . 5 & m, av. e m H fEosiradicidolg, 2aerial
microconidia (aseptate,j41.5 x 12 . 5 & m, av. = F. foseBdophyticinys801e m o f
septate, aseptate microconidiaii8 x 24 e m, av. = -deptateBmicfocodidiagld.E m; 1
24 x 24 & m, av. = F.Id®iradicicoB), andraerialfmacroconidia (slender with no

significant curvature to curved with parallel wall$,53septate, predominantlyi 3-septate, thin
walled, basal cell papillate to poorly developed, fsloaped ofF. rosendophyticunvs. straight,
sometimes distinctly curved,i 8-septate, predominantlyseptate, thickvalled, basal cell obtuse,
not footshaped ofF. rosiradicicolg. The PHI test onF. rosendophyticunalso showed no
significant recombination (p = 0.7858 > 0.05) betwEemosendophytumand its closely related
taxaas shown in Fig. 13rhus,F. rosendophyticuns introduced as a new species.

LuteonectriaSand-Den., L. Lombard, Schroers & Rossman

Luteonectriawas introduced by Crous et al. @), with L. albida as the type species
Diagnostic morphological features of the genus arevbife to pale luteous perithecia that do not
change color on KOH or lactic acid, formed on the wieNeloped stroma, asci clavate, ascospores
fusiform, 3septate, finely striate; asexual morpholsgieonidiophoresarising from aerial
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mycelium, monophialides producing fusoid and multiseptate macroconidia, lacking- ramo
mesoconidia, and chlamydospores. To date, only two species have been listek ikFungorum
(2023, L. albida andL. nematopHa. In this study, two strains of endophytiateonectriawere

isolated fromR. roxburghii(Fig. 1).

Luteonectria nematophila(Nirenberg & Hagedorn) San@en. & L. Lombard, Stud. Mycol. 98:
60 (2021) Fig. 20

Index Fungorum numbelf-838666

Basionym: Fusarium nematophilumNirenberg & Hagedorn, Nachrichtenbl. Deutsch.
Pflanzenschutzdienstes 60: 214. 2008.

Endophyticin roots ofR. roxburghiiin China. Sexual morph not observed. Asexualph
Sporodochianot observed Conidiophoresmacronematas, borne on aerial mycelia, hyaline,
unbranched or sparingly branched, bearing lateral and terminal phialides, often reduced to
conidiogenous cellsAerial conidiogenous cellsnone to polyphialidic, formed directly from
hyphae, hyaline, smooth, straiglar slightly curved, cylindrical, with single or abundant
conidiogenous loci, 16 x 34 . 5 (ag. m26.4%x 3.9¢ m, 1). Aerial macroconidiastraight
to moderately curved, tapering towards the basal part, apical cell blunt and smaller than the
adjacentcell; basal cell papillate to poorly developed, fshaped, &eptate, hyaline, thinand
smoothwalled, 327148.5 x 46 € m av( = 419 x 54 ¢ m, n . Microdadiglia and
chlamydosporerot observed.

Culture characteristics Colonies on PDA attaining 338 mm diam. after 7 days in the dark
at 28 , l ight yell ow, round, slightly raised.
reverse yellow. On OA attaining 38 mm diam. after 7 days, light olive, round, flat, appressed,
flocculent, margin entireyith sparse aerial mycelium, and reverse light olive. On SNA attaining 34
mm diam. after 7 days, white, raised with abundant aerial mycelium in center, flat with an entire
edge, with sparse aerial mycelium, and reverse white. Pigment and odor absent.

Material examinedi China, GuizhouProvince, Guiyang City, natural environment, healthy
roots ofR. roxburghii(RosaceaeR 7 A4 Nj5 0 nj N,, alt1108 /229 Aysil @010, H. Zhang,
living culture: GUCC 190041.1China, Guizhou Province, Qiannan Distric®, roxburghii
Plantation, from healthy roots &. roxburghii( Ros aceae) , 26 A47Nj4nj N, 1
17 Auwgust 2021, H. Zhandgyving culture: GUCC 198542.1.

NotesT Our collections, GUCC 190041.1 and GUCC 198542.1, were phylogenetically
similar to L. nematophila(ex-type NRRL 54600) as they clustered together with high statistical
support (BS = 99%, PP = 1)0(Fig. 1), sharing 100% (844/844) similarity fggbl and 100%
(837/837) similarity forrpb2. Other genes are missing for the-tgge NRRL 54600. Our
collections resemble the @ype ofL. nematophilfd NRRL 54600) in having conidiophores (borne
on aerial mycelia, simple, unbranched or sparingly branched, bearing lateral and terminal
phialides), conidiogenous cells (merto polyphialidic,cylindrical; 1056 x 34 . 5 e m i n GU
190041.1 vs. 8iB6 x 3.534 um in NRRL 54600), and macroconidia (fusiform, straight to
moderately curved, tapering towards both endse@ate, 32485 x46 em i n GUCC 19
vs. 2943 x 6.18.2 um in NRRL 54600) fosimilar morphologies. This study revealed that the
morphology and phylogenetic identity of this isolate overlaps Wwithematophila we therefore
report our collections as a new host record isolated from the ro&s rokburghii(Nirenberg &
Hagedorr2008).

Neocosmospor&.F. Sm.

Neocosmosporatypified by N. vasinfectais diagnostically characterized as asci saccate,
clavate to cylindrical, ascospores globose to ellipsoidali Sgptate, longitudinally striate,
cerebriform or spinulose; asexual miesp producing micro and macroconidia on aerial
conidiophores with monophialides or only macroconidia in sporodochia (Crous et al. 2021).
According to Index Fungorun®023, a total of 141 epithets have been placetl@cosmospora
and more than 80 speciéave been accepted (Wijayawardene et al. 202Bhcosmosporas
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widely distributed, frequently found in soil, plant debris, living plant material, air, and water, and
contains saprophytes, endophytes, pathogens, and opportunistic animal pathogens|{Bandova

et al. 2019). In this study, tddeocosmosporatrains, including six species, were isolated fiem
roxburghii (Fig. 21).

Figure 207 Luteonectria nematophillGUCC 190041.1). AF Colony on PDA, OA and SNA (A,

C, and E from above; B, D, andfitem below). G J Aerial conidiophores and conidiogenous cells.
K Macroconidia. Scalebarsi&@ = 10 & m.
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