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Key words Abstract The genus Fusarium includes numerous important plant and human pathogens, as well as many industri-
E . ally and commercially important species. During our investigation of fungal diversity in China, a total of 356 fusarioid
usarium ) ) . . ) ) . . )
multigene phylogeny isolates were obtained and identified from diverse diseased and healthy plants, or different environmental habitats,
new taxa i.e., air, carbonatite, compost, faeces, soil and water, representing hitherto one of the most intensive sampling and

identification efforts of fusarioid taxa in China. Combining morphology, multi-locus phylogeny and ecological prefer-
ence, these isolates were identified as 72 species of Fusarium and allied genera, i.e., Bisifusarium (1), Fusarium
(60), and Neocosmospora (11). A seven-locus dataset, comprising the 5.8S nuclear ribosomal RNA gene with the
two flanking internal transcribed spacer (ITS) regions, the intergenic spacer region of the rDNA (IGS), partial transla-
tion elongation factor 1-alpha (tef?), partial calmodulin (cam), partial RNA polymerase largest subunit (rpb1), partial
RNA polymerase second largest subunit (rpb2) gene regions, and partial B-tubulin (tub2), were sequenced and
employed in phylogenetic analyses. A genus-level phylogenetic tree was constructed using combined tef1, rpb1,
and rpb2 sequences, which confirmed the presence of four fusarioid genera among the isolates studied. Further
phylogenetic analyses of two allied genera (Bisifusarium and Neocosmospora) and nine species complexes of
Fusarium were separately conducted employing different multi-locus datasets, to determine relationships among
closely related species. Twelve novel species were identified and described in this paper. The F. babinda species
complex is herein renamed as the F. falsibabinda species complex, including descriptions of new species. Sixteen
species were reported as new records from China.
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systematics
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INTRODUCTION

Fusarium and allied genera comprise a large number of de-
structive pathogens and mycotoxigenic fungi, threatening plant,
animal, and human health, as well as food security (O’Donnell
et al. 2013). Fusarioid species cause many notable plant dis-
eases, such as Fusarium head blight or scab of cereals by
members of the F. graminearum species complex (O’'Donnell
et al. 2000a, Cuomo et al. 2007), sudden death syndrome of
soybeans (Aoki et al. 2005) and root rot of many diverse hosts
(Coleman et al. 2009, Sandoval-Denis et al. 2018a) by members
of Neocosmospora (Lombard et al. 2015, Sandoval-Denis et al.
2019), ear rot of maize by members of the F. fujikuroi species
complex (Desjardins et al. 2002), and vascular wilts of many
economically important crops by members of the F. oxysporum
species complex (O’Donnell et al. 1998b, Skovgaard et al. 2001,
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Van der Does et al. 2008, Lombard et al. 2019a, Maryani et
al. 2019a). Species within this complex are also well-known
for their ability to produce a range of secondary metabolites,
including some notorious mycotoxins produced by Fusarium
spp. in cereals (Marasas et al. 1984, O’'Donnell et al. 2018).

Since the establishment of Fusarium (Link 1809), the taxonomic
framework of this genus has undergone several significant
changes. Link (1809) determined the primary morphological
character of Fusarium to be the distinctive canoe- or banana-
shaped conidia. Wollenweber & Reinking (1935) surveyed the
morphology of macro- and microconidia, and the presence of
chlamydospores, sclerotia and sporodochia, and suggested
that Fusarium should be divided into 16 morphological sections,
including 65 species and 77 varieties and forms. In the next
several decades, this system has largely influenced subsequent
taxonomic studies. Despite the impact of this system, other
several controversial viewpoints persisted. Snyder & Hansen
(1940, 1941, 1945, 1954) reduced the number of species to
nine with a number of formae speciales, and highlighted the
importance of morphological observations based on cultures de-
rived from single-spore isolates. Gordon (1944, 1952, 19544, b,
19564, b, 1959, 1960) developed a pragmatic approach that com-
bined sexual morph morphology, incorporating some thoughts
from Wollenweber & Reinking (1935) and Snyder & Hansen
(1940, 1941, 1945, 1954), which accepted 26 species in the
genus. Booth (1971) introduced the morphology of the conidio-
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genous cells as a species-level diagnostic character. Nelson
et al. (1983) provided a detailed morphological identification
manual for Fusarium. Nevertheless, the species identification
in Fusarium, based on morphology was still confusing, because
of the variable phenotypes in culture, intricate or too vague
descriptions of species among different studies, and the histori-
cally complicated subspecies level ranks (Leslie & Summerell
2006, Lombard et al. 2019a, b, Wang et al. 2019).

During the last three decades, phylogenetic inference played
an increasingly important role in Fusarium taxonomy (Lombard
et al. 2019a, b). Many morphological sections in the system
of Wollenweber & Reinking (1935), e.g., sections Discolor
and Elegans, proved to be polyphyletic based on rpb1-rpb2
analyses (O’Donnell et al. 2013). Debates about the generic
boundary of Fusarium also led to disagreement among taxon-
omists. Grafenhan et al. (2011) and Schroers et al. (2011)
introduced several genera in the basal Fusarium clade in
the Nectriaceae, and indicated that several monophyletic
clusters in the terminal Fusarium clade corresponded to other
genera, including Neocosmospora. However, Geiser et al.
(2013) insisted on a broader definition of Fusarium, to avoid
the introduction of additional genera. By means of a 10-locus
phylogenetic analysis, Lombard et al. (2015) delineated se-
veral genera in the terminal Fusarium clade, e.g., Bisifusarium
(F. dimerum species complex), Rectifusarium (F. ventricosum
species complex), and also resurrected some older generic
names, e.g., Albonectria (F. decemcellulare species complex),
and Neocosmospora (F. solani species complex). Based on the
combined ITS-LSU-rpb1-rpb2-tef1 dataset, Crous et al. (2021)
re-examined the fusarioid taxa in Nectriaceae and showed that
the Wollenweber concept of Fusarium presently encompasses
20 distinct genera, including four new genera (Luteonectria,
Nothofusarium, Scolecofusarium, and Setofusarium). Following
the end of dual nomenclature, the genus Fusarium as currently
circumscribed accommodates members that belong to the
Gibberella clade (O’Donnell et al. 2013, Lombard et al. 2015),
including 18 species complexes (Laurence et al. 2011, Aoki et
al. 2014, O’Donnell et al. 2013, Zhou et al. 2016, Sandoval-
Denis et al. 2018a, Lombard et al. 2019a, Crous et al. 2021).
Numerous cryptic species have recently been uncovered based
on multi-locus phylogeny, morphology, and ecological charac-
teristics (Gordon & Martyn 1997, O’Donnell et al. 2000a, b,
2008, 2009a, b, Laurence et al. 2014, Lombard et al. 2019a, b,
Sandoval-Denis et al. 2018a, b, 2019, Maryani et al. 20193, b,
Wang et al. 2019, Xia et al. 2019, Yilmaz et al. 2021).

Previous investigations on Fusarium in China were summa-
rised by Yu (1955), in which 77 species, varieties and formae
speciales of pathogenic Fusarium spp. from 55 plant hosts
were listed. A wider sampling region included 103 species,
varieties and formae speciales of Fusarium and Gibberella
(sexual morph of Fusarium s.str.) obtained from at least 111
plant species, faeces, and soil (Tai 1979). Identifications in both
studies employed the morphology-based taxonomic system of
Wollenweber & Reinking (1935). According to the currently used
taxonomic system, only 31 of the 77 names in Yu (1955), and
36 of the 103 names in Tai (1979) remain in Fusarium. Con-
sidering the importance of Fusarium and allied species, it is
necessary to clarify the species diversity and distribution of
Fusarium in China in a modern taxonomic framework.

In our continuous survey of phytopathogenic fungi from China,
356 fusarioid strains have been isolated from diverse plant
materials and various environmental samples including air,
carbonatite, compost, faeces, water, and soil. In this study
through a combination of morphology, multi-locus phylogeny
and ecological characteristics, we advanced our knowledge on
the species diversity of fusarioid taxa from China, as well as
their host range and distribution.

MATERIALS AND METHODS

Sample collection

Samples were collected from 15 provinces (Fujian, Guangdong,
Guizhou, Hainan, Hebei, Hubei, Hunan, Jiangsu, Jiangxi, Qing-
hai, Shandong, Shanxi, Sichuan, Yunnan, and Zhejiang), three
autonomous regions (Guangxi Zhuang, Neimenggu, and Tibet)
and two municipalities (Beijing and Chongging) in China, and
isolated from agricultural products imported into China from
13 other countries (Argentina, Australia, Brazil, Canada, Italy,
Japan, Netherlands, Philippines, Poland, Saudi Arabia, Spain,
Ukraine, and USA). Diseased and healthy plant tissues were
collected and placed in paper bags. Air samples were collected
using the Koch sedimentation method (Zhang et al. 2017).
Water samples were collected as 10 mL samples and kept in
sterile 15 mL centrifuge tubes (Zhang et al. 2017). Compost,
faeces, pollen, and soil samples were collected (10—100 g per
sample) after removing the surface layer (Zhang et al. 2017).
Carbonatite samples were collected as five pieces in different
orientations at each sample site (Zhang et al. 2017).

Fungal isolation

Fungi were isolated from plant tissues using single spore isola-
tion as outlined in Zhang et al. (2013). Fungal endophytes were
isolated using a tissue isolation method. Briefly, plant tissue
pieces (4—5 mm?) were taken from the margin of leaf or stem
spots as well as healthy sections, consecutively immersed in
70 % ethanol for 1 min, 5 % NaCIO for 3 min, 70 % ethanol
for 1 min, and rinsed in sterile distilled water for 30 s. Tissue
pieces were blotted dry in sterile paper towels and incubated
on 1/4 strength potato dextrose agar (PDA; Crous et al. 2019)
containing ampicillin and streptomycin (50 mg/L each) (Liu et
al. 2015). Isolates were retrieved from compost, pollen, soil, and
water using the plate dilution method. One gram of compost,
faeces, pollen, soil, or water was suspended in 9 mL sterile
water. The suspension was shaken on the Vortex vibration meter
for 10 min. The extract was diluted to a series of concentrations,
i.e., 102 to 105. For each concentration, 200 uL suspensions
were spread onto the 1/4 strength potato dextrose agar (PDA)
with three replicates. Carbonatite samples were treated follow-
ing the protocol of Zhang et al. (2017).

All plates were incubated at room temperature and examined
every 2 d for fungal hyphae. Individual colonies were picked up
with a sterilised needle and transferred onto fresh PDA plates.
All the cultures were then purified using an optimized protocol
of single spore isolation (Zhang et al. 2013).

All isolates examined in this study were deposited in Lei Cai’s
personal culture collection (LC), housed at the Institute of
Microbiology, Chinese Academy of Sciences, Beijing, China.
Information of isolates including geographic distribution and
host/habitat are listed in Table 1. Type specimens of new
species were deposited in the Mycological Fungarium of the
Institute of Microbiology, Chinese Academy of Sciences, Beijing,
China (HMAS), and living ex-type cultures in the China General
Microbiological Culture Collection Centre (CGMCC).

Morphological observation

Examined isolates were incubated on synthetic nutrient poor
agar plates (SNA; Nirenberg 1976) for 7 d at 25 °C. Agar pieces
of approximately 5 x 5 mm were cut from the edge of colonies
and transferred onto media for morphological characterisation.
Culture characteristics, including colony morphology, pigmen-
tation and odour, were observed after 7 d incubation in the
dark on PDA, oatmeal agar (OA; Crous et al. 2019), and SNA.
Colours were rated according to the colour charts of Kornerup
& Wanscher (1978). Sporodochia were induced by incubating
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Fusarioid species in China

M.M. Wang et al.:

—  090VSSMIN  90LVZVMIN  8V.FZOMIN  L8LOZOMIN - 0Z.9L0MIN lisebuey sisdouejsed Ay noyzn4 ‘eauinoid uellng ‘eulyo 8.0 = 9€8€101
- 6SOPESMIN  SOLPZVMIN  Lv.¥ZOMIN  08L0ZOMIN - 6LL9L0MIN "ds Jo0y ueder 9904 = 6£8€101 ipewnseed ‘N
- 8SOPESMIN  VOLVLVMIN  OV.FZOMIN  6LLOZOMIN - 8L.9L0MIN ajijeuoqied Ayo 1hunz “eduinoid noyzing ‘eulyd 667,01 ebuojqo ‘N
- LSOVESMIN  €OLPZVMIN  SYZPZOMIN  8LLOZOMIN - LLL9LOMW poom pabiawiqns Ayo Bueyoue ‘eouinold IxBuelr ‘eulyd €€65071
- 9GOVESMIN  ZOLVZYMIN  PYLVZOMIN  LLLOZOMIN - 9LL9LOMW poom pabiswqns Ayo Bueyouen ‘souinold IxBuelr ‘eulyd 0£6G01 sueJorejew ‘N
— GSOVESMIN  LOLPZYMIN  SYLVZOMIN  9LLOZOMIN - SLL9LOMI awnw eoejusULY uedep €0€d = #€8€107
—  YSOVESMIN  00LPZYMIN  ZVLVZOMIN  SLLOZOMIN - YLL9LOMIN awnw eoejusULY uedep L0€d = €€8€101 ewyssibuo ‘N
—  ESOVESMIN  669V.YMIN  LYLYZOMIN  ¥ZLOZIMIN - €LL9LOMI eiqelb sndieooyjry eulyo Ze8e1L0
—  TSOPESMIN  869VLVMIN  OVLFZOMIN  €LLOZOMIN - ZLL9LOMIN eiqelb sndiesoyyy euyo 1€8€101
—  LSOPESMIN  L69VLVMIN  6SLFZOMIN  ZTLLOZOMIN = LLL9LOMIN eiqelb sndieooyyy eulyo L€LLLOT = £2802°€ DONDD 1dieooy ‘N
- -  969V.VMIN  8ELVZOMIN  LLLOZOMIN - O0LL9LOMW wnjeuibea wnjedsed 80UINOI] UBUIEH ‘BUIYD GBZLNMT = 0€8€1LOT
- —  G69VLVMIN  LELPZOMIN  0LLOZOMW - 60L9LOMW wnjeuibea wnjedsed 90UIAOId UBUIEH ‘BUIYD 68ZLNIM = 628€1O1
— O0SOVESMIN  ¥69V.YMIN  9ELPZOMIN  691L0Z9MIN - 80L9LOMW sinpe eioyissed  uoifey snowouoiny Buenyz ixbuens ‘euyd LZZLAM = 828€1L01
- —  €69V.YMIN  SELFZOMIN  89LOZOMIN - LOL9LOMW wnjeuibea wnjedsed 80UIAOId UBUIBH ‘BUIYD 0£2S91 = 2Z8€101
- —  T69VLVYMIN  PELFZOMIN  L9LOZOMIN - 90.9L0MIN wmeubea wnjedsed 90UIAOId UBUlBH ‘BUIYD G/1S97=928¢101
—  6VOPESMIN  L69VLVMIN  SSLFZOMIN  99L0ZOMIN —  S0L9LOMIN ds syIA eulyo ¥699 = 251101
—  8VOVESMIN  069VZVYMIN  ZELVZOMIN  S9LOZOMIN - Y0L9LOMW ds sin eulyo 6799 = 69511071 siuuojioe) ‘N
—  LVOVESMIN  689V.VYMIN  LELVZOMIN  Y9LOZOMIN - €0L9LOMW wnjewjed 190y uedep 6004 = 628€101 ejnuwIp ‘N
- —  889V.VMIN  0SLPZOMIN  £9LOZOMIN - TOL9LOMW poom pabiswiqns Ao noyzues ‘souinoid IxBuelr ‘eulyd 911201 sinaiq N
©10dSOWS0008N
-  VYYOVESMIN  ¥89VZYMIN  9ZLPZOMIN  6SLOZOMIN - 8699LOMI “ds easyy Ao noyzueg ‘soulnoid IxBuelr ‘eulyd ¥€0501
—  EYOVESMIN  €89F.YMIN  SZTLPZOMIN  8SLOZOMIN - 1699LOMW “ds easyy Ao noyzues ‘souinoid IxBuelr ‘eulyd Z€0501
—  ZVOVESMIN  Z89VLYMIN  $ZLVZOMIN  LSLOZOMIN - 96991L0MIN jueld paynuspiun Ao ogBulN ‘eouinoid Buelfeyz ‘euryd €GHd = 2Z8€101
—  LYOVESMIN  L89VLYMIN  SZLVZOMIN  9SLOZOMIN —  S699L0MIN eojuodel sejpwouseyd ueder 00v4 = 128€101
—  OVOPESMIN  089VLPMIN  ZZLFZOMIN  SSLOZOMIN - ¥699L0MIN wmewjed 199y uedep €€04 = 028€101
—  6SOPESMIN  6L9VLVMIN  LZLFZOMIN  ¥SLOZOMIN - €£6991L0MIN "ds sgews|D puejod 0204 =618€101
— BEOVESMIN  8L9V.ZVMIN  OZLPZOMIN  €SLOZOMIN - Z699L0OMIN wnjewjed 190y uedep G004 = 818€101
—  LSOVESMIN  LL9%.VYMIN  6LLPZOMIN  ZSLOZOMIN - 1699LOMIN epwnd ejwez ag ‘eulyd 65001
—  9COVESMIN  9L9%.YMIN  8LLYZOMIN  LSLOZOMIN —  0699LOMW "ds eysoH Bullleg ‘eulyo €500 wnoujoly o
—  6ZOVESMIN  699%.YMIN  LLLYZOMIN  ¥¥LOZOMIN - £899LOMW "ds eesor0d uolbay snowouoiny }eqiL ‘eulyd 8G€/01
—  8ZOPESMIN  899VZVMIN  OLLFZOMIN  S¥LOZOMIN —  T899LOMIN euABouow snbaejei) aouInold leybuid ‘eulyo 991601
12219ZA
—  LZOVESMIN  L99V.VYMIN  60LVZOMIN  ZPLOZOMIN - 1899LOMIN eJojoe| eluosed souInold leyburp ‘eulyd =/18€107=2180Z°€ DONDD
— 9ZOVESMIN  999%.YMIN  80LVZOMIN  L¥LOZOMIN - 0899LOMW "ds snjndod souInold leyburd ‘eulyd Z-019ZA =918€101
—  GZOVESMIN  S99F.YMIN  LOLVZOMIN  OFLOZOMIN - 6.99L0MIN snaunyep snwAjg @oulAoid leybulp ‘eulyd 9GO = G18ELDT
—  ZIOVESMIN  ZSOPLYMIN  $69YZOMIN  LZLOZOMIN —  9999L0MIN e.qeds euepuen @oulA0ld leybulp ‘eulyd G8ND = Z18ELO1
—  OLOVESMIN  0SOPLPMIN  Z69VZOMIN  SZLOZOMIN - $999L0MIN ©eiqess euejuan aouInold leybuld ‘eulyo GOND = 018101
— LOOVESMIN  LV9P.ZVYMIN  689YZOMIN  ZZLOZOMIN - 1999LOMW "ds obejueld @oulArold leybulp ‘eulyd €ZLND = 208€1L01 oejuosed o4
-  VYZOVESMIN  ¥99VZYMIN  90LPZOMIN  6ELOZOMIN - 8.99L0OMIN eiqelb sndieooyy] eulyo [413%ex! wnojuels o
—  EZOVESMIN  €99VZYMIN  SOLPZOMIN  8ESLOZOMIN = LL99LOMIN  wnsisrosuod wnhieoolyjog BuibBuoy) ‘euyd 1 /56¥07 = 12802°€ DOWNDD
—  ZZOVESMIN  Z99¥.YMIN  $OLVZOMIN  LELOZOMIN —  9/99LOMIN  wnsieAoiuod wnhiesolyjog BuibBuoy) ‘euyd 718€101
—  LZOVESMIN  L99F.YMIN  SOLPZOMIN  9SLOZOMIN — GL99LOMIN  wnsieroiuod wnhiesolyjog BuibBuoy) ‘euyd €18¢L01  esusbuibbuoyo o
—  O0ZOVESMIN  099%.YMIN  ZOLVZOMIN  SSLOZOMIN —  $L99LOMI "ds eesoEOd uolbay snowouoiny }eqiL ‘eulyd ¥85/01
—  GLOPESMIN  6SOVLVMIN  LOLFZOMIN  #ELOZOMIN —  €L99L0MIN sisuauls eljjawe) 80UINOId NOYZING ‘eulyd 68€901
—  SLOPESMIN  8SOVLVMIN  00LFZOMIN  S£ELOZOMIN —  TL99LOMIN sisusuls eljjawe) 80UINOId NOYZING ‘eulyd 88£9071
= LIOVESMIN  LSOPZVYMIN  669YZOMIN  ZELOZOMIN =~ LL99LOMIN sisusus eljjawe) 80UINOId NOYZING ‘eulyd 18€9071
— O9LOVESMIN  9S9P.YMIN  869YZOMIN  LELOZOMIN - 0,99LOMIN sisusujs eljjpwe) 80UINOId NOYZING ‘eulyd 9/€901
— GLOVESMIN  SSOPZYMIN  L69YZOMIN  0SLOZOMIN —  6999L0MIN sisusujs eljjpwe) 80UINOId NOYZING ‘eulyd 82£901
—  VIOVESMIN  ¥SOPLYMIN  969YZOMIN  6ZLOZIMIN —  8999L0MIN sisusujs ejjjowed 80UINOId NOYZING ‘eulyd 129071
-  CLOPESMIN  €SOPLVMIN  S69VZOMIN  8ZLOZOMIN - L9991L0MWIN "ds seooeqe uoibay snowouoiny 38411 ‘eulyo %0901
—  LLOPESMIN  LSOPLVMIN  €£69¥ZOMIN  9ZLOZOMIN —-  G999LOMIN eoLIqIs elusjer @oulroud leybulp ‘eulyd LZND = 118€LDT
—  600VESMIN  6VOPLYMIN  LE69YZOMIN  PZLOZOMIN -~ €999L0MIN ejeuurdiq susplg soulnold leyburp ‘eulyd 0EWD = 608€1LO7T (1Ju0d) wneoeusne o
SOl zZam zqdi Lqdi 149} wed Sll 1eHqeH /3SOH uoneso/Anunoy je|os| seadg

(‘uod) | ajqeL



12

Persoonia — Volume 48, 2022

(cont.)

Table 1

tub2 IGS

pb2

rpb1

cam tef1

ITS

Host/Habitat

Country/Location

Isolate

Species

MW474707
MW474708
MW474709
MW474710
MW474711

MW024749

MW024750

MW620182
MW620183

MW016721

Lithocarpus glabra
Acer platanoides

Passiflora edulis

China

LC1120

N. petroliphila

N. pisi

MW016722
MW016723
MW016724
MW016725
MW016726
MW016727
MW016728
MW016729
MW016730
MW016731

USA

=F073

LC13837

N. pseudensiformis LC13838

MW534061
MW534062
MW534063
MW534066
MW534067

MW620184 MWO024751
MW620185 MWO024752

MW620186
MW620187
MW620188
MW620189
MW620190
MW620191

Guangxi Zhuang Autonomous Region

Passiflora edulis

Guangxi Zhuang Autonomous Region

MW024753
MW024756
MW024757
MW024758
MW024759
MW024760
MW024761
MW024762

Passiflora edulis

faeces

Guangxi Zhuang Autonomous Region

Guizhou Province

MW474712
MW474713

Capsicum annuum
Acer palmatum

Shandong Province, Weifang city

China

LJM1257
LJM1263
LJM1273

China

LC13839
LC13840
LC5482

China

China

N. silvicola
N. solani

China

LC13841 =6S1
LC13842
LC13843
LC13844
LC13845
LC13846
LC13847
LC13848
LC13849
LC3717

MW474714 MW534068
MW474715 MW534069

MW474716
MW474717
MW474718
MW474719

Japan
Italy

= F002

Syringa vulgaris

Oryza sp.

=F016

Hebei Province
Shandong Province, Weifang city

MW534070
MW534071
MW534072

MW620192
MW620193

Zingiber officinale
Zingiber officinale

soil
soil
soil
soil

MW016732
MW016733
MW016734
MW016735
MW016736

Shandong Province, Weifang city

MW620194 MWO024763

Beijing
Beijing

Beijing
Guangxi Zhuang Autonomous Region,

MW620195 MWO024764 MW474720
MW620196 MWO024765 MW474721

MW620197

MW534073
MW534074

MW474722

MW024766

China

HBN6-5
J3R1
J3R2

China

China

China

LGS032

China

LGS033

China

LGS054

China

Nanning city

MW474723 MW534075

MW024767
MW024768
MW024769
MW024770

MW620198
MW620199
MW620200
MW620201

MW016737
MW016738
MW016739
MW016740

soil

China, Shanxi Province, Baode city

LC3785

MW474724 MW534076

MW474725
MW474726

compost

soil
soil

China, Shanxi Province, Baode city

China, Guizhou Province

LC3932

LC5548

MW534077

LC5387
Ex-type specimen of new species; A.

N. stercicola

Note: T

China, Guizhou Province

= Neocosmospora.

Fusarium, N.

= Bisifusarium, F. =

Albonectria, B.

under a 12/12 h near-ultraviolet light/dark cycle, on SNA and
water agar amended with sterilised pieces of carnation leaves
(CLA; Snyder & Hansen 1947, Fisher et al. 1982) at 25 °C,
respectively. Micromorphological characteristics were examined
and photo-documented with water as mounting medium under
a Nikon 80i microscope with Differential Interference Contrast
(DIC) optics, and a Nikon SMZ1500 dissecting microscope. For
each species, respectively 30 conidiophores, conidiogenous
cells and chlamydospores, 50 micro- and macroconidia were
mounted and randomly measured to calculate the mean size
and standard deviation (SD).

DNA extraction and amplification

Genomic DNA was extracted from fungal mycelia grown on
PDA, using a modified CTAB protocol as described in Guo et al.
(2000). Seven loci, including the 5.8S nuclear ribosomal RNA
gene with the two flanking internal transcribed spacer (ITS) re-
gions, intergenic spacer region of the rDNA (IGS), partial trans-
lation elongation factor (tef7), partial calmodulin (cam), partial
RNA polymerase largest subunit (rpb 1), partial RNA polymerase
second largest subunit (rpb2) gene regions, and partial B-tubulin
(tub2), were amplified and sequenced, respectively. The primer
pairs and PCR amplification procedures following protocols
described by O’Donnell et al. (1998a, b, 2008, 2009a, b,
2010), Crous et al. (2009, 2021), and Lombard et al. (2015), are
listed in Table 2. PCR amplifications were performed in a reaction
mixture consisting of 12.5 uL 2 x Taq PCR Master Mix (Vazyme
Biotech Co., Ltd, Nanjing, China), 1 yL each of 10 yM primers,
1 uL of the undiluted genomic DNA, adjusted to a final volume
of 25 L with distilled deionized water. The PCR products were
visualised on 1 % agarose electrophoresis gel. Sequencing was
done bi-directionally, conducted by the Tianyi Huiyuan Company
(Beijing, China). Consensus sequences were obtained using
SegMan of the Lasergene software package v. 14.1 (DNAstar,
Madison, Wisconsin, USA).

Phylogenetic analyses

Sequences of the 425 fusarioid strains studied in this study
(356 from China, 69 intercepted from 13 other countries) are
listed in Table 1. For each locus, sequences were aligned us-
ing MAFFT v. 7 (Katoh et al. 2017), and the alignments were
manually adjusted where necessary. The best-fit nucleotide
substitution models under the Akaike Information Criterion (AIC)
were selected using jModelTest v. 2.1.7 (Posada 2008, Darriba
etal. 2012). Alignments derived from this study were deposited
in TreeBASE (submission ID 29103), taxonomic novelties in
MycoBank, and new sequences in NCBIs GenBank database
(www.ncbi.nlm.nih.gov/; assession numbers shown in Table 1).

Phylogenetic analyses of both individual and combined datasets
were performed using Bayesian inference (Bl) and Maximum-
likelihood (ML) methods. The Bl analyses were conducted using
MrBayes v. 3.2.1 (Huelsenbeck & Ronquist 2001) following
the protocol of Wang et al. (2019), with optimisation of each
locus treated as partitions in combined analyses, based on the
Markov Chain Monte Carlo (MCMC) approach (Ronquist et al.
2012). All characters were equally weighted, and gaps were
treated as missing data. Stationarity of analysis was determined
by examining the standard deviation of split frequencies (< 0.01)
and —In likelihood plots in AWTY (Nylander et al. 2008). The ML
analyses were conducted using PhyML v. 3.0 (Guindon et al.
2010), with 1000 bootstrap replicates. The general time rever-
sible model was applied with an invariable gamma-distributed
rate variation (GTR+I+G).
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Table 2 Primers information of PCR amplification of the seven loci.

Locus Primer Sequence of Primer (5’-3’) Annealing temperature (°C) References

ITS ITS5 GGAAGTAAAAGTCGTAACAAGG 55 White et al. (1990)
ITS4 TCCTCCGCTTATTGATATGC

IGS iNL11 AGGCTTCGGCTTAGCGTCTTAG 55 O’Donnell et al. (2009a)
iCNS1 TTTCGCAGTGAGGTCGGCAG

tef1 EF1 ATGGGTAAGGARGACAAGAC 55 O’Donnell et al. (1998b)
EF2 GGARGTACCAGTSATCATG

cam CL1 GARTWCAAGGAGGCCTTCTC 55 O’Donnell et al. (2000a)
CL2A TTTTTGCATCATGAGTTGGAC

pb1 RPB1-Fa CAYAARGARTCYATGATGGGWC 58 (5 cycles)—57 (5)—56 (35) O’Donnell et al. (2010)
RPB1-G2R GTCATYTGDGTDGCDGGYTCDCC

pb2 RPB2-5f2 GGGGWGAYCAGAAGAAGGC 57 Reeb et al. (2004)
RPB2-11ar GCRTGGATCTTRTCRTCSACC Liu et al. (1999)

tub2 T AACATGCGTGAGATTGTAAGT 54 O’Donnell & Cigelnik (1997)
T2 TAGTGACCCTTGGCCCAGTTG

RESULTS dataset, and rooted with F. sublunatum NRRL 13384 (Fig. 5).

Phylogenetic analyses

Analyses of the generic level phylogeny of fusarioid fungi were
conducted by using a combined tef1, rpb1, and rpb2 dataset that
included 643 bp for tef1, 1583 bp of rpb1, and 1311 bp for rpb2.
For the Bl and ML analyses, a GTR+I+G model was selected
for the combined tef1-rpb1-rpb2 dataset. The combined tef7,
rpb1, and rpb2 phylogeny (Fig. 1) revealed that the Chinese
isolates clustered into nine species complexes in Fusarium, and
two allied genera (Bisifusarium and Neocosmospora). Isolate
LC13606 from Podocarpus macrophyllus imported from Japan
was closest to Albonectria rigidiuscula CBS 122570 (Fig. 1).

Phylogenetic analyses of different Fusarium species complexes
and allied genera were conducted using different multi-locus
datasets following O’Donnell et al. (2009b), Jacobs-Venter et
al. (2018), Sandoval-Denis et al. (2018a, b, 2019), Lombard et
al. (2019a, b), Xia et al. (2019), Crous et al. (2021), and Yilmaz
et al. (2021). Briefly, phylogenetic analyses of the F. concolor,
F. falsibabinda, and F. nisikadoi species complexes were per-
formed by using the tef1-rpb1-rpb2 dataset, and rooted with
F. humuli CQ1039 (Fig. 2), and single gene trees were per-
formed respectively (Supplementary Fig. S1). Phylogenetic
analyses of the F. fujikuroi species complex was performed
by using the tef1-cam-rpb1-rpb2-tub2 dataset and rooted with
F. nirenbergiae CBS 744.97 (Fig. 3), and single gene trees
were performed respectively (Supplementary Fig. S2). A tef1-
cam-rpb2 dataset was constructed for phylogenetic analyses
of the F. incarnatum-equiseti species complex and rooted with
F. concolor NRRL 13994 (Fig. 4). Phylogeny of the F. lateritium
species complex was performed using the tef1-rpb1-rpb2-tub2

Phylogenetic analyses of the F. oxysporum species complex
was performed by using the tef1-cam-rpb1-rpb2-tub2 dataset
and rooted with F. globosum NRRL 26131 (Fig. 6). Phylogenetic
analyses of the F. sambucinum species complex was performed
using tef1-rpb1-rpb dataset and rooted with F. lactis CBS 411.97
(Fig. 7). Phylogenetic analyses of the F. tricinctum species com-
plex was performed by using a combined ITS-tef1-rpb1-rpb2
dataset and rooted with F. concolor NRRL 13994 (Fig. 8), and
single gene trees were performed respectively (Supplementary
Fig. S3). Phylogenetic analyses of the genus Bisifusarium
were performed by using the ITS-tef1-cam-rpb2-tub2 dataset
and rooted by Rectifusarium robinianum CBS 430.91 (Fig. 9),
and single gene trees were performed respectively (Supple-
mentary Fig. S4). Phylogenetic analyses of Neocosmospora
were performed using ITS-tef1-rpb2 dataset, and rooted by
Geejayessia cicatricum CBS 125552 and G. atrofusca NRRL
22316 (Fig. 10), and single gene trees were performed respec-
tively (Supplementary Fig. S5). Composition of the multi-locus
datasets, outgroup taxa and character numbers and the best
model of each locus were listed in Table 3.

Taxonomy

In total 425 strains were isolated. Of these, 356 isolated from
China and were identified to 72 species, including 61 known
and 11 novel species (Table 1). Sixty-nine isolates from diverse
plants imported from 13 countries were identified as 26 spe-
cies including one new species, namely F. falsibabinda. New
species in Fusarium are treated alphabetically based on their
respective species complexes.

text continues on p. 25

Table 3 Number of characters/model for Bl analysis of each locus in phylogenetic analyses of different Fusarium species complexes and two other genera.

Genus/Species complex  ITS tef1 cam pb1 b2 tub2 Outgroup taxon
Bisifusarium 480/SYM+I+G  660/GTR+G 565/SYM+G - 1455/SYM+G 528/HKY+I+G F. concolor
Fusarium concolor - 627/GTR+G - 1585/SYM+G  1601/GTR+G - F. humuli

F. falsibabinda - 627/GTR+G - 1585/SYM+G  1601/GTR+G - F. humuli

F. fujikuroi - 666/GTR+I+G  673/SYM+I 1549/SYM+G  1455/SYM+I+G 573/SYM+G F. nirenbergiae
F. incarnatum-equiseti - 592/GTR+I+G  547/SYM+G - 816/GTR+I+G - F. concolor

F. lateritium - 645/HKY+G - 1586/SYM+G  1716/GTR+I+G 555/HKY+G F. sublunatum
F. nisikadoi - 627/GTR+G - 1585/SYM+G  1601/GTR+G - F. humuli

F. oxysporum - 544/HKY+G 552/K80 1455/SYM+G ~ 1704/GTR+G 505/SYM+G F. udum

F. sambucinum - 621/GTR+G - 1492/SYM+G  1293/SYM+I - F. lactis

F. tricinctum 491/SYM+I 613/GTR+G - 1575/SYM+G  1270/SYM+G - F. concolor
Neocosmospora 333/GTR+I1+G  606/GTR+G - - 1202/SYM+I+G - Geejayessia atrofusca and

G. cicatricum
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F. asiaticum NRRL 13818 T

F. asiaticum LC13774

F. acaciae-mearnsii NRRL 26754 T
F. acaciae-mearnsiji LC13786

F. ussurianum LC7573

F. ussurianum NRRL 45681 T

F. graminearum LC13775

F. graminearum CBS 136009 ET

F. mesoamericanum NRRL 25797 T

0.93/9418 F meridionale NRRL 28436 T
F. austroamericanum CBS 110244 T
F. cortaderiae NRRL 29297 T
F. brasilicum NRRL 31281 T
F. gerlachii NRRL 36905 T
F. boothii NRRL 26916 T
F. louisianense NRRL 54197 T
F. nepalense LC13781
F. nepalense NRRL 54222 T
1/93-7/100 F. vorosii NRRL 37605 T
F. aethiopicum NRRL 46726 T
F. lunulosporum NRRL 13393 T
F. culmorum NRRL 25475 ET sambucinum
F. dactylidis NRRL 29298 T
1p100k- F. pseudograminearum NRRL 28062 T
F. praegraminearum NRRL 39664 T
1100 1/100& F. subtropicale CBS 144706 T
[ M|F. armeniacum LC2797
F. armeniacum CBS 485.94 T
111004 | 1/1ho - F. sporotrichioides NRRL 3299
L_—p - £ sibiricum NRRL 53430 T
i gg\@ F. langsethiae CBS 113234 T
T F. goolgardi NRRL 66250 T
0.93/95]  g5fge— F. nodosum CBS 201.63 T
F. palustre CBS 126796 T
1/100¢ F. kyushuense LC7000
F. kyushuense MAFF 237645 T
F. sambucinum NRRL 22187
F. robustum CBS 637.76 T
F. venenatum CBS 458.93 T
F. poae LC6917
171001 F. poae NRRL 26941 ET
F. musarum NRRL 28507 T
1/100p F. longipes LC13779
F. longipes CBS 476.77 NT
1100 F. transvaalense LC13784
F. transvaalense CBS 144211 T
1/100 F. brachygibbosum NRRL 20954 T
F. sporotrichioides CBS 145.25 NT
1/100p F. compactum LC13699
0.92/910 F. compactum CBS 186.31 ET
1100k~ F. jpomoeae LC12165 T
F. lacertarum LC7927
F. lacertarum NRRL 20423 T
F. guilinense LC12160 T

0.96/95

q
0.99/95 /88

0.97J01
1f100+ F. persicinum CBS 479.83 T
1100 F. incarnatum LC13705

F. tanahbumbuense LC13726

F. tanahbumbuense InaCC F965 T

1/1qoy F. pernambucanum LC12148

0.9¢/90) F. pernambucanum URM 7559 T
F. sulawesiense LC12173 , ..
F. sulawesiense InaCC F940 T  incarnatum-equiseti
F. luffae LC12167 T

F. irregulare LC7188 T

F. monophialidicum NRRL 54973 T

F. hainanense LC11638 T

—— F-. fasciculatum CBS 131382 T

F. arcuatisporum LC12147 T

F. neoscirpi CBS 610.95 T

F. scirpi NRRL 36478 ET

F. serpentinum CBS 119880

F. flagelliforme CBS 162.57 T

F. equiseti CBS 307.94 ET

F. humuli CQ1039 T

1/99) — F. citri LC6896 T

F. reticulatum CBS 473.76 ET

/100 F. acuminatum LC13797

19 ' F. acuminatum NRRL 36147

1hooly F- tricinctum LC5034

1100 F. tricinctum NRRL 25481 ET

l,d = F. citriforme CBS 253.50 T

0.99/98] EEF. avenaceum LC13807

1229

T

171004 F. paeonium LC13817 T .

sl AL F. alpinum LC6045 T tricincii
F. avenaceum CBS 408.86 NT

1100 |*= F. sinense CBS 122710 T

700l =\ F. iranicum LC1112
9 gﬂ- F. iranicum CBS 143608 T

1/100 F. flocciferum CBS 821.68 ET
0.95/9 F. petersiae CBS 143231 T
' F. torulosum NRRL 22748
1/93L= F. gamsii CBS 143610 T
1/100¢ F. anguioides LC7007
F. anguioides NRRL 25385 NT
F. austroafricanum NRRL 66741 T concolor
F. concolor NRRL 13994 T
F. bambusum LC7180 T
F. falsibabinda LC13611 T I b
F. falsibabinda NRRL 25539 falsibabinda

Fig.1 Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (tef1, rpb1, and rpb2) showing the phyloge-
netic relationships of Fusarium and allied genera. The Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support values (BS > 50) are displayed
at the nodes (PP/ML). The tree was rooted to Fusicolla violacea (CBS 634.76 T). Ex-type cultures are indicated with ‘T, epi-type with ‘ET’, neotype with ‘NT".
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F. proliferatum CBS 480.96 ET
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F. fractiflexum NRRL 28852 T
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F. madaense LC13614

F. andiyazi CBS 119857 T

F. verticillioides LC2818

F. verticillioides CBS 218.76 ET
1710004 F. verticillioides LC2810
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Fig. 2 Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (tef?, rpb1, and rpb2) showing the
phylogenetic relationships of five species complexes within the Fusarium, namely F. concolor (FCOSC), F. falsibabinda (FFBSC), and F. nisikadoi (FNISSC).
The Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to
Fusarium humuli (CQ1039). New species are indicated in bold, ex-type cultures in bold with ‘T".
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Fig. 3 Fifty percent majority rule consensus tree from a Bayesian analysis based on a five-locus combined dataset (tef1, cam, rpb1, rpb2, and tub2) showing
the phylogenetic relationships of species within the Fusarium fujikuroi species complex (FFSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. nirenbergiae (CBS 744.97). New species are indicated in
bold, ex-type cultures with ‘T’, epi-type with ‘ET’, neotype with ‘NT".
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Fig. 4 Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (tef1, cam, and rpb2) showing the
phylogenetic relationships of species within the Fusarium incarnatum-equiseti species complex (FIESC). The Bayesian posterior probabilities (PP > 0.9) and
PhyML Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. concolor (NRRL 13994 T). Ex-type cultures are

indicated with ‘T’, neotype with ‘NT".
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Fig. 5 Fifty percent majority rule consensus tree from a Bayesian analysis based on a four-locus combined dataset (tef1, rpb1, rpb2, and tub2) showing
the phylogenetic relationships of species within the Fusarium lateritium species complex (FLSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. sublunatum (NRRL 13384 T). Ex-type culture are indicated
with ‘T’, epitype with ‘ET’, and neotype with ‘NT".

FUSARIUM colony margin erose, surface and reverse white. Pigment and
odour absent. Sporodochia orange grey (5B2), formed abun-
dantly on carnation leaves. Conidiophores in sporodochia verti-
cillately branched and densely packed, consisting of a short,
smooth- and thin-walled stipe, 4—7 x 3—5 ym, bearing an api-
cal pair or whorls of 3 monophialides; sporodochial phialides
subulate to subcylindrical, 12—15 x 3—5 ym, smooth- and thin-
walled, sometimes showing a reduced and flared collarette.
Sporodochial macroconidia falcate, slender, slightly curved with
almost parallel sides tapering slightly towards both ends, with
a papillate to hooked, curved apical cell and a foot-like basal
cell, 3—6-septate, hyaline, smooth- and thin-walled; 3-septate

Fusarium concolor species complex

Fusarium bambusarum M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842152; Fig. 11
Etymology. Named after the host of the type specimen, bamboo.

Typus. CHINA, Jiangxi Province, from bamboo, July 2016, J.E. Huang
(HMAS 351575, holotype designated here, dried culture on SNA with carna-
tion leaves, culture ex-type CGMCC 3.20820 = LC7180).

Colonies on PDA grown in the dark reaching 5.7—5.9 cm diam

after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
erose to entire, surface and reverse white. Colonies on OA
grown in the dark reaching 5.9—6.1 cm diam after 7 d at 25 °C,
raise, aerial mycelia dense, colony margin entire, surface and
reverse white. Colonies on SNA grown in the dark reaching
5.2-5.5 cm diam after 7 d at 25 °C, flat, aerial mycelia scant,

conidia: (39.4-)41.2-50(-51.3) x 3.4-5.6 um (av. £ sd. 45.7 +
2.4 x 4.3 +0.6 uym); 4-septate conidia: (50.3—)51-59.6(—59.7) x
3.1-5.9um (av. £sd. 56 £ 2.7 x 4.4 + 0.8 ym); 5—6-septate co-
nidia: (62.9-)63.3—-85.2(—85.7) x 3.6—6.2 ym (av. £sd. 73.2 +
5.5 x 4.9 £ 0.7 ym). Conidiophores borne on aerial mycelia

text continues on p. 30
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Fig. 6 Fifty percent majority rule consensus tree from a Bayesian analysis based on a five-locus combined dataset (tef1, cam, rpb1, rpb2, and tub2) showing
the phylogenetic relationships of species within the Fusarium oxysporum species complex (FOSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. globosum (NRRL 26131). Ex-type cultures are indicated

with ‘T, epitype with ‘ET".
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Fig. 7 Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (tef7, rpb1, and rpb2) showing the phylo-
genetic relationships of species within the Fusarium sambucinum species complex (FSAMSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. lactis (CBS 411.97 T). Ex-type cultures are indicated with

‘T’, epitype with ‘ET’.
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Fig. 8 Fifty percent majority rule consensus tree from a Bayesian analysis based on a four-locus combined dataset (ITS, tef?, rpb1, and rpb2) showing the
phylogenetic relationships of species within the Fusarium tricinctum species complex (FTSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to F. concolor (NRRL 13994 T). New species are indicated in

bold, ex-type cultures are indicated with ‘T’, epitype with ‘ET’, neotype with ‘NT'.
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Fig.9 Fifty percent majority rule consensus tree from a Bayesian analysis based on a five-locus combined dataset (ITS, tef1, cam, rpb2, and tub2) showing the
phylogenetic relationships of species within the Bisifusarium. The Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support values (BS > 50) are
displayed at the nodes (PP/ML). The tree was rooted to Rectifusarium robinianum (CBS 430.91 T). New species are indicated in bold, ex-type cultures with ‘T".

30-110 pm tall, unbranched or sparingly branched, bearing
terminal or intercalary monophialides, often reduced to single
phialides; aerial phialides subulate to subcylindrical, smooth-
and thin-walled, 23—30 x 3—4 um; aerial microconidia forming
small false heads on the tips of the monophialides, hyaline,
oval, smooth- and thin-walled, aseptate, (5-)5.5-11(-12) x
1.6-3.5um(av.£sd. 7.9+ 1.4 x 2.8 £ 0.4 ym). Chlamydospores
terminal, almost globose, rough, thick-walled, hyaline, aseptate,
6.3-12.8 ym diam (av. £ sd. 10.4 £ 2.1).

Ad(ditional material examined. CHiNA, Guangdong Province, Guangzhou
city, from bamboo, July 2016, L. Cai, LC7187.

Notes — The two isolates were resolved as a strongly sup-
ported genealogically exclusive lineage in the combined fef7,
rpb1, and rpb2 phylogeny (Fig. 2). Phylogenetically, F. bam-
busarum is closely related to F. austroafricanum and F. concolor,
but differs by 152 bp and 136 bp in the three loci dataset, respec-
tively. Morphologically, this species is distinguished based on
the number of septa in sporodochial macroconidia (3—6-septate

in F. bambusarum vs 0—11-septate in F. austroafricanum) and
in the type of aerial phialides (monophialides in F. bambusarum
vs polyphialides in F. concolor) (Marasas et al. 1986).

Fusarium falsibabinda species complex

Fusarium falsibabinda M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842153; Fig. 12

Etymology. Named after species of this newly introduced clade, F. babinda.

Typus. JapaN, intercepted and isolated at Ningbo Customs, from Podocar-
pus macrophyllus imported to China, Oct. 2012, W.J. Duan (HMAS 351576,
holotype designated here, dried culture on SNA with carnation leaves, culture
ex-type CGMCC 3.20823 = LC13610 = FO15).

Colonies on PDA grown in the dark reaching 3.7—4.2 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
erose, surface white; reverse pale yellow in the centre, white
at the margin. Colonies on OA grown in the dark reaching 5.9—

text continues on p. 33
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Fig. 10 Fifty percent majority rule consensus tree from a Bayesian analysis based on a three-locus combined dataset (ITS, tef1, and rpb2) showing the
phylogenetic relationships of species within the genus Neocosmospora. The Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support values
(BS > 50) are displayed at the nodes (PP/ML). The tree was rooted to Geejayessia cicatricum (CBS 125552) and G. atrofusca (NRRL 22316). Ex-type cultures
are indicated with ‘T’, epitype with ‘ET".



32

Persoonia — Volume 48, 2022

*/99

¢ CBS 190.35
05 LN Coeesiaag
1198 -HH LC2116
0.9790 NRRL 32792
o1 CBS 144387 T
0.96/100—HH CBS 123669 ET
7100 -HHHEL| LC 13837
0.93/90—H[ NRRL 22820
CBS 232.34 T
0.99/100—1 CBS 309.75T
CBS 145468
1199 —HHH, JS169
1100 T 1] CBS 145467 T
0.977100- | |1 § CBS 266.50 T
0.98/100—-1 13 CBS 126407 T
100 IRy LC13834
inge LC13833
489 CBS 130325 T
HHENR LC7499
11008 LW CBS 109028 T
0.99/100 CPC 28194
11001 CBS 146523 T
199 CBS 143228
11100 CBS 143229 T
0.9 /oo CBS 142424 T
1sa- NN cPcC 28192
0. ??1/9& CBS 145474 T
U891 CBS 637.82
1100 LIFER'CBS 518.82 T
1199 | | NRRL 52701
—HHIli CBS 144.25 NT
*100 CBS 239.39
1/100~) CBS 143038 T
0.99/94—- 11 |] N Eg%%%S.GG
08 SR CBS 224.34
0.9/93 CBS 203.32
*1pg CBS 144142 T
*1007 CBS 145466
1199} CBS 145464 T
o [ EHNRR. %2158
0.99/92 CBS 117481 T
11001 NRRL 32301
11100 1 IEE} CBS 115695 T
"INRRL 31158
e
0-94/100— 1 =1 CBS 143207 T
] [
17100 CBS 145462 ET
et s
11100 LC1113 T
11100, NRRL 62611 T
11100 | THHJF NRRL 22231 T
0.9/08_ - HENE, NRRL 62946
W s
—10.99/100 NRRL 62628 T
o) | | Pz
0Pl ces 571.94 ET
0ol | I CBS 135854 T
e NRRL 62626
58| NRRL 62578
CBS 143241 T
LC13839
CBS 241.93
1h00} CBS 125729 T
0.95/90 { t=11.C13838
0.98/92 LC13840
111001-{ {,CBS 101957
CBS 562.70 T
0.99/981 7 BPI 453072 NT
*k4|_;CBS 509.63 T
11100 CBS 623.92 ET
CBS 616.66 T
| hod—CBS 145470 T
0.91/991- =1~ CBS 1454711
: 1100t UFMGCMF 12570 T
HMAS 248885 T
<} og—CBS 466.70.IT
CBS 125727 T
NRRL 22396
| NRRL 22090
1/100L NRRL 22632

oo—

Fig. 10 (cont.)

[ CBS 113.23
1/100=CBS 133.73
Geejayessia atrofusca NRRL 22316

G. cicatricum CBS 125552 T

0.04

N. regularis
Neocosmospora sp.

N. brevis

N. pisi

N. neerlandica
N. nelsonii

N. mori

N. pseudopisi
N. longissima

N. oblonga

N. ferruginea
N. epipeda

N. catenata

N. macrospora

N. spathulata
N. cyanescens

N. bostrycoides
N. pseudotonkinensis

N. petroliphila

N. perseae
N. hypothenemi

N. pseudoradicicola
N. liriodendri

N. parceramosa

N. gamsii

N. diminuta
N. borneensis

N. lithocarpi sp. nov.

N. obliquiseptata
N. tuaranensis

N. kuroshio
N, rekana

N. floridana
Neocosmospora sp.

N. ambrosia
N. euwallaceae

N. oligoseptata

N. pseudensiformis

N. vasinfecta
N. ornamentata
N. thepbromae

N. ramosa

N. lichenicola

N. churb/tae

N. protoensi?or
N. nograndens:s
. bomiensis
N. parva

N. rectiphora

N. illudens
N. plagianthi
F. caeruleum

I Outgroup



M.M. Wang et al.: Fusarioid species in China

33

Fig. 11 Fusarium bambusarum (ex-type culture LC7180). a, b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA: e—f. colony on SNA; e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g. sporodochia on carnation leaves; h—i. conidiophores and phialides on sporodochia; j—o. sporodochial conidia (macro-
conidia); p. conidiophores and phialides on aerial mycelium; q. chlamydospores. — Scale bars: g = 50 ym; h =20 uym; i—q = 10 pm.

6.1 cm diam after 7 d at 25 °C, raised, aerial mycelia dense,
colony margin entire, surface and reverse white. Colonies on
SNA grown in the dark reaching 5.2—5.5 cm diam after 7 d at
25 °C, flat, aerial mycelia scant, colony margin erose, surface
and reverse white. Pigment and odour absent. Sporodochia
golden yellow (5B7), formed abundantly on carnation leaves.
Conidiophores in sporodochia verticillately branched and
densely packed, consisting of a smooth- and thin-walled stipe,
14-17 x 5—6 um, bearing apical pairs or whorls of 3 monophia-
lides; sporodochial phialides subulate to subcylindrical, 15—21 x
3—5 um, smooth- and thin-walled, sometimes showing a re-
duced and flared collarette. Sporodochial macroconidia falcate,
slender, slightly curved with almost parallel sides tapering slight-
ly towards both ends, with a papillate to hooked apical cell and
a barely notched to distinctly notched basal cell, 3—5-septate,
hyaline, smooth- and thin-walled; 3-septate conidia: (39.4-)
41.2-47(-49.3)x3.4—4.5um (av.£sd.44.6 £2.4x 3.9 £0.6 um);

4-septate conidia: (42.3-)44-49.6(—51.7) x 3.6—4.5 ym
(av. £sd. 47 £ 1.7 x 4.1 £ 0.4 ym); 5-septate conidia: (50.9-)
51.3-53.2(-53.5) x 3.7-4.5 ym (av. £ sd. 52.2+ 0.8 x 4.2 +
0.3 ym). Conidiophores borne on aerial mycelia 30—50 um tall,
unbranched, polyphialides or monophialides, often reduced
to single phialides; aerial phialides subulate to subcylindrical,
smooth- and thin-walled, 30—40 x 3—5 um; aerial microconidia
forming small false heads on tips of mono- and polyphialides,
hyaline, oval or obovoid with a truncate base, smooth- and
thin-walled, aseptate, (6-)6.5-11(-12) x 2.6-3.5 ym (av.
sd. 7.9 + 1.4 x 3.1 £ 0.4 pm). Chlamydospores intercalary,
almost globose, slight rough, thick-walled, hyaline, aseptate,
4.3-5.1 ym diam (av. + sd. 4.7 £ 0.3).

Ad(ditional material examined. JarPan, intercepted and isolated at Ningbo
Customs, from Camellia sasanqua imported to China, Mar. 2014, W.J. Duan,
LC13611 (= F058).
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Fig. 12 Fusarium falsibabinda (ex-type culture LC13610). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at 25 °C;
f. reverse of colony on SNA; g. sporodochium on carnation leaves; h—i. conidiophores and phialides on sporodochia; j. sporodochial conidia (macroconidia);
k—I. phialides on aerial mycelium; m. aerial conidia (microconidia); n. chlamydospores. — Scale bars: g = 50 pm; h =20 ym; i—n =10 pm.

Notes — Several strains isolated from soil in China (NRRL
25539, NRRL 53467, and NRRL 53470), and Camellia sasan-
qua and Podocarpus macrophyllus from Japan (LC13610 and
LC13611), clustered as a distinct clade near the F. concolor
complex (Fig. 2). This clade was recognised as F. babinda by
Jacobs-Venter et al. (2018) and Sandoval-Denis et al. (2018a),
with NRRL 25539 (= CBS 396.96) as the representative isolate.
However, based on the ex-type isolate of F. babinda (BBA
69872 =F11217 = NRRL 25807) designated in Summerell et al.
(1995), Crous et al. (2021) confirmed that F. babinda clustered
in the F. fujikuroi complex, distant from the clade encompass-
ing NRRL 25539. In this paper, we introduce a new species,
F. falsibabinda, to represent this previously incorrectly named
clade (Fig. 2). Based on morphology, F. falsibabinda is distinct
from F. babinda in the sporodochia colour (golden yellow in
F. falsibabinda vs pale orange in F. babinda), macroconidial
size (39.4-53.5 x 3.4—4.5 ym in F. falsibabinda vs 32—72 x

4-6 uym in F. babinda), type of conidiophores (polyphialides or
monophialides in F. falsibabinda vs monophialides in F. babin-
da), and shape and septation of microconidia (oval or obovoid
with a truncate base, aseptate in F. falsibabinda vs fusiform,
0-1-septate in F. babinda) (Summerell et al. 1995, Leslie &
Summerell 2006). Phylogenetically, F. falsibabinda is closest
to an undescribed Fusarium species (represented by NRRL
25533), with both taxa residing in the F. falsibabinda species
complex (Fig. 2).

Fusarium fujikuroi species complex

Fusarium aquaticum M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842154; Fig. 13

Etymology. Refers to its habitat, water, from which the holotype was
isolated.
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Fig. 13 Fusarium aquaticum (ex-type culture LC7502). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g—j. conidiophores and phialides on aerial mycelium; k. aerial conidia. — Scale bars: g—k = 10 ym.

Typus. CHINA, Guizhou Province, Zunyi city, from water, May 2015, L. Cai,
Z.F. Zhang, X. Zhou & J.R. Jiang (HMAS 351577, holotype designated here,
dried culture on SNA with carnation leaves; culture ex-type CGMCC 3.20819
=LC7502).

Colonies on PDA grown in the dark reaching 5.7—5.9 cm diam
after 7 d at 25 °C, flat, aerial mycelia scant, colony margin
filamentous to erose, filiform, surface pastel yellow (2A4) in
the centre, white at the margin; reverse pastel yellow (2A4).
Colonies on OA grown in the dark reaching 5.8—6.2 cm diam
after 7 d at 25 °C, flat, aerial mycelia dense, colony margin
entire, surface and reverse pastel yellow (3A4). Colonies on
SNA grown in the dark reaching 5.4-5.7 cm diam after 7 d at
25 °C, flat, aerial mycelia scant, colony margin erose, white;
reverse white. Pigment and odour absent. Sporodochia not
observed. Conidiophores borne on aerial mycelia 30—50 ym
tall, unbranched or rarely branched, bearing terminal or inter-
calary mono- or polyphialides, often reduced to single phialides;
aerial phialides subulate to subcylindrical, smooth- and thin-
walled, 2—23 x 2.5-3 ym, periclinal thickening inconspicuous
or absent; aerial microconidia single, forming short chains or
small false heads on tips of mono- and polyphialides, hyaline,
ovoid, ellipsoid to reniform, smooth- and thin-walled, aseptate,
(4-)4.1-11.9(-12.7)x 1.6-3.7um (av. £sd.6.9+2x 2.6 £ 0.5
pm). Chlamydospores not observed.

Additional material examined. CHiNA, Guizhou Province, Zunyi city, from
water, May 2015, L. Cai, Z.F. Zhang, X. Zhou & J.R. Jiang, LC13615; ibid.,
LC13616.

Notes — Fusarium aquaticum is phylogenetically closely
related to F. udum (Fig. 3), but differs by 68 bp in the five loci
dataset. Morphologically, F. aquaticum is distinct from F. udum
in the type of aerial phialides (polyphialides or monophialides in

F. aquaticum vs monophialides in F. udum), shape and septa-
tion of aerial microconidia (ovoid, ellipsoid to reniform, aseptate
in F. aquaticum vs fusoid to reniform or ovoid 0—1-septate in
F. udum) (Leslie & Summerell 2006).

Fusarium elaeagni M.M. Wang & L. Cai, sp. nov. — MycoBank
MB 842155; Fig. 14

Etymology. Named after the host genus of the type specimen, Elaeagnus.

Typus. CHINA, Jiangsu Province, Suzhou city, from Elaeagnus pungens,
Nov. 2017, Q. Chen (HMAS 351578, holotype designated here, dried culture
on SNA with carnation leaves; culture ex-type CGMCC 3.20822 = LC13627
= CQ1053).

Colonies on PDA grown in the dark reaching 5.7—5.9 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
erose, surface and reverse white. Colonies on OA grown in
the dark, reaching 5.7—-5.9 cm diam after 7 d at 25 °C, raised,
aerial mycelia dense, colony margin entire, surface and reverse
white. Colonies on SNA grown in the dark reaching 5.5-5.8
cm diam after 7 d at 25 °C, flat, aerial mycelia scant, colony
margin erose, surface and reverse white. Pigment and odour
absent. Sporodochia greyish orange (2C3), formed abundantly
on carnation leaves. Conidiophores in sporodochia verticillately
branched and densely packed; sporodochial phialides subulate
to subcylindrical, 13-17 x 3—4 pym, smooth- and thin-walled.
Sporodochial macroconidia slender, falcate, slightly curved with
almost parallel sides tapering slightly towards both ends, with
a papillate to hooked, curved apical cell and a blunt to foot-
like basal cell, 3—4-septate, hyaline, smooth- and thin-walled,
(21-)23.5-35.8(—37)x 2.5-3.7ym(av.+sd. 30.7+4.1x 3.1
0.9 ym). Conidiophores borne on aerial mycelia 20—40 ym tall,
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Fig. 14 Fusarium elaeagni (ex-type culture LC13627). a—b. Colony on PDA; a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at 25 °C;
f. reverse of colony on SNA; g. sporodochium on carnation leaves; h—i. conidiophores and phialides on sporodochia; j—n. sporodochial conidia (macroconidia);
o. conidiophores and phialides on aerial mycelium; p. aerial conidia. — Scale bars: g = 50 pm; h =20 ym; i—q = 10 ym.

often reduced to single mono- or polyphialides; aerial phialides
subulate to subcylindrical, smooth- and thin-walled, 20—29 x
2-3 ym; aerial microconidia forming small false heads on tips
of mono- and polyphialides, hyaline, ellipsoid to falcate, rarely
club-shaped, smooth- and thin-walled, 0—1-septate; aseptate
conidia: (5-)6-9(-11)x 1.7-4.2pym(av. £sd.6.9+1.1x 2.4 +
0.5 um); 1-septate conidia: (8—)9-17.5(-20) x 2.1-4.2 ym (av.
+sd. 13.5+2.8 x 2.8 + 0.5 ym). Chlamydospores not observed.

Additional material examined. CHINA, Jiangsu Province, Suzhou city, from
Elaeagnus pungens, Nov. 2017, Q. Chen, LC13628 (= CQ1053.2); ibid.,
LC13629 (= CQ1053.3).

Notes — This species is phylogenetically closely related to
F. fujikuroi, but differs by 112 bp in the five loci dataset (Fig. 3).
Morphologically, F. elaeagni is distinguished in sporodochial
colour (greyish orange in F. elaeagni vs orange in F. fujikuroi),
macroconidial septa (3—4-septate in F. elaeagni vs 3—5-septate
in F. fujikuroi), microconidial shape (ellipsoidal to falcate, rarely

club-shaped in F. elaeagni vs ovoid or club-shaped in F. fuji-
kuroi), and the type of aerial phialides (mono- or polyphialides in
F. elaeagni vs polyphialides commonly in F. fujikuroi) (Nirenberg
1976, Leslie & Summerell 2006).

Fusarium hechiense M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842156; Fig. 15

Etymology. Named after the location of the type specimen, Hechi city.

Typus. CHINA, Guangxi Zhuang Autonomous Region, Hechi city, Sanwang
country, from Musa nana, June 2017, M.M. Wang (HMAS 351579, holotype
designated here, dried culture on SNA with carnation leaves; culture ex-type
CGMCC 3.20824 = LC13644 = GXHCSWL14-E1).

Colonies on PDA grown in the dark reaching 5.3—5.6 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
erose, surface white; reverse yellowish white (4A2) in the centre,
white at the margin. Colonies on OA grown in the dark reaching
5.7-5.9 cmdiam after 7 d at 25 °C, raised, aerial mycelia dense,
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Fig. 15 Fusarium hechiense (ex-type culture LC13644). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g—j. conidiophores and phialides on aerial mycelium; k. aerial conidia. — Scale bars: g—k = 10 ym.

colony margin entire, surface and reverse white. Colonies on
SNA grown in the dark reaching 5.5-5.8 cm diam after 7 d at
25 °C, flat, aerial mycelia scant, colony margin erose, white;
reverse white. Pigment and odour absent. Sporodochia not ob-
served. Conidiophores borne on aerial mycelia 15-90 ym tall,
unbranched or sparingly branched, bearing terminal or inter-
calary monophialides, often reduced to single phialides; aerial
phialides subulate to subcylindrical, smooth- and thin-walled,
15-21 x 2—4 pym, periclinal thickening inconspicuous or absent;
aerial microconidia forming small false heads or chains on tips
of monophialides, hyaline, subglobose, oval, reniform or obo-
void with a truncate base, ellipsoidal, smooth- and thin-walled,
0—1-septate, (5—-)5.2—-10 x 1.8-3.5 uym (av. £ sd. 6.9+ 1.2 x
2.6 £ 0.4 ym). Chlamydospores not observed.

Additional material examined. CHiNA, Guangxi Zhuang Autonomous Re-
gion, Hechi city, Sanwang country, from Musa nana, June 2017, M.M. Wang,
LC13645 (= GXHCSWL14-E12; ibid., LC13646 (= GXHCSWL14-E13).

Notes — Fusarium hechiense is phylogenetically closely
related to F. annulatum (Fig. 3), but differs by 143 bp in the
five loci dataset. Morphologically, the two species are distin-
guished in the number of microconidial septa (0—1-septate in
F. hechiense vs aseptate in F. annulatum) (Leslie & Summerell
2006).

Fusarium panlongense M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842157; Fig. 16

Etymology. Name refers to the location of the type specimen, Panlong
country.

Typus. CHINA, Guangxi Zhuang Autonomous Region, Guilin city, Panlong
country, from Musa nana, June 2017, M.M. Wang (HMAS 351580, holotype

designated here, dried culture on SNA with carnation leaves; culture ex-type
CGMCC 3.20825 = LC13656 = GXGLPLL15E2).

Colonies on PDA grown in the dark reaching 5.7—5.9 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
filamentous, erose to filiform, surface white; reverse grey (3B1)
in the centre, white at the margin. Colonies on OA grown in the
dark reaching 5.0—5.5 cm diam after 7 d at 25 °C, raised, aerial
mycelia dense, colony margin entire, surface white; reverse
orange grey (6B2) to brownish grey (6C2) in the centre, white
at the margin. Colonies on SNA grown in the dark reaching
5.2-5.5 cm diam after 7 d at 25 °C, flat, aerial mycelia scant,
colony margin erose, white; reverse white. Pigment and odour
absent. Sporodochia brownish orange (5C4), formed abun-
dantly on carnation leaves. Conidiophores in sporodochia
verticillately branched and densely packed; sporodochial phia-
lides subulate to subcylindrical, 9-17 x 3—4 um, smooth- and
thin-walled. Sporodochial macroconidia slender, falcate, slightly
curved with almost parallel sides tapering slightly towards both
ends, with a papillate to hooked, curved apical cell and a blunt
to foot-like basal cell, (3—)4—5-septate, hyaline, smooth- and
thin-walled; 3-septate conidia: (35-)37.4—49.7(-50.1) x 2.7—
4.4 ym (av. £ sd. 41.7 £ 3.7 x 3.6 £ 0.5 pm); 4-septate conidia:
(39.3—)40.3—-53(-53.9) x 2.5—-5.9 pm (av. + sd. 48.4 £ 3.7 x
4 + 0.6 ym); 5-septate conidia: (42.9-)46.1-57.5(—59.4) x
2.6-5.1 uym (av. £ sd. 51.4 £ 3.9 x 4 + 0.6 ym). Conidiophores
borne on aerial mycelia often reduced to single monophialides;
aerial phialides subulate to subcylindrical, smooth- and thin-
walled, 10—50 x 2—4 pm, periclinal thickening inconspicuous or
absent; aerial microconidia forming small false heads on tips of
monophialides, hyaline, ovoid, reniform, ellipsoid, smooth- and
thin-walled, 0—1-septate; aseptate conidia: (4.3—)4.8—7.6(—8) x
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Fig. 16 Fusarium panlongense (ex-type culture LC13656). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g. sporodochia on carnation leaves; h—i. conidiophores and phialides on sporodochia; j—k. sporodochial conidia (macro-
conidia); I-m. phialides on aerial mycelium; n. aerial conidia (microconidia). — Scale bars: g = 50 ym; h—i =20 ym; j—n = 10 pm.

1.5-2.7pum (av.£sd.6£0.7 x 2.1 £ 0.3 ym); 1-septate conidia:
(7.3-)8.2-14(-16.5) x 2—-3.4 ym (av. £ sd. 10.7 £+ 2 x 2.7
0.3 ym). Chlamydospores not observed.

Notes — Phylogenetically, F. panlongense is well separated
from known species in the FFSC, and clustered basally to se-
veral species in the Asian clade of the FFSC (Fig. 3). To date all
known isolates of this species were isolated from Musa spp. in
China (isolates MUCL 55954, MUCL 55958, and MUCL 55950
from Hainan Province), suggesting a possible preference in
host and geography. Species in the FFSC are common in Musa
spp. hosts, e.g., F. concentricum, F. lumajangense, F. musae,
F. sacchari, and F. verticillioides were recovered from Musa
spp. from Costa Rica, Guatemala, Honduras, Indonesia, Mexico
(Yilmaz et al. 2021). Fusarium panlongense was distinguished
from F. concentricum in the width of macroconidia, type of
aerial phialides and shape of aerial microconidia (macroconidia
width 2.7—-5.9 ym, monophialides, microconidia oval, reniform,

ellipsoidal in F. panlongense vs macroconidia width 3.5—4 ym
mono- and polyphialides, microconidia obovoid or ovoid to
allantoid in F. concentricum) (Nirenberg & O’Donnell 1998),
from F. lumajangense in the size of microconidia (4.3—-14 x
1.5-3.4 ymin F. panlongense vs 6—23 x 2—5 ymin F. lumajan-
gense) (Maryani et al. 2019b), from F. musae in the presence
of sporodochia and macroconidia (absent in F. musae) and
shape and size of aerial microconidia (ovoid, reniform, ellip-
soid, 4.3-14 x 1.5—-3.4 ym in F. panlongense vs claviform or
ellipsoid, often truncated, 5-17 x 1.5—4 ym in F. musae) (Van
Hove et al. 2011), from F. sacchari in the septation of conidia
(macroconidia 3—5-septate, microconidia 0—1-septate in F. pan-
longense vs macroconidia usually 3-septate, microconidia
0-2-septate in F. sacchari) (Leslie & Summerell 2006), and
from F. verticillioides in the shape and septation of microconidia
(oval, reniform, ellipsoidal, 0—1-septate in F. panlongense vs
ovoid to club-shaped with a flattened base, usually aseptate in
F. sacchari) (Leslie & Summerell 2006).
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Fig. 17 Fusarium paranisikadoi (ex-type culture LC2800). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g—h. sporodochia on carnation leaves; i. conidiophores and phialides on sporodochia; j. aerial conidia (macroconidia);
k—m. phialides on aerial mycelium (microconidia); n. aerial conidia (napiform microconidia); o. aerial conidia (ovoid microconidia). — Scale bars: g—h =50 ym;

i=20 um; j—o =10 ym.

Fusarium nisikadoi species complex

Fusarium paranisikadoiM.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842158; Fig. 17

Etymology. Named after its morphological similarity to Fusarium nisikadoi.

Typus. CHINA, Beijing, Beijing Botanical Garden, from unidentified grass,
July 2010, W. Sun (HMAS 351581, holotype designated here, dried culture
on SNA with carnation leaves; culture ex-type CGMCC 3.20826 = LC2800).

Colonies on PDA grown in the dark reaching 5.7—5.9 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
erose, surface greyish orange (5B3) in the centre, white at the
margin; reverse greyish orange (5B4) in the centre, white at the
margin. Colonies on OA grown in the dark reaching 5.9—-6.2 cm
diam after 7 d at 25 °C, flat, aerial mycelia scant, colony mar-
gin entire, surface orange grey (5B2) in the centre, white at
the margin; reverse greyish orange (5B4) in the centre, white

at the margin. Colonies on SNA grown in the dark reaching
5.7-5.9 cm diam after 7 d at 25 °C, flat, aerial mycelia scant,
colony margin erose, white; reverse white. Pigment and odour
absent. Sporodochia greyish orange (5B3), formed abundantly
on carnation leaves. Conidiophores in sporodochia verticillately
branched and densely packed, consisting of a short, smooth-
and thin-walled stipe, 11-17 x 2—5 pym, bearing an apical
pair or whorls of three monophialides; sporodochial phialides
subulate to subcylindrical, 9.2—14.6 x 2.4—3.8 ym, smooth-
and thin-walled, sometimes showing a reduced and flared
collarette. Sporodochial macroconidia falcate, slightly curved
with almost parallel sides tapering slightly towards both ends,
with a blunt to papillate, slightly curved apical cell and a blunt
to distinctly notched basal cell, 3—4-septate, hyaline, smooth-
and thin-walled; 3-septate conidia: (36.7—-)39.4—50.3(-51.6) x
2.3-4.1um (av. £ sd. 45.7 £ 3.5 x 3.1 £ 0.4 pm); 4-septate
conidia: (42.8-)43.1-56.3(—57.6) x 2.5-5.2 ym (av. * sd.
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Fig. 18 Fusarium alpinum (ex-type culture LC6045). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g. sporodochia on carnation leaves; h—i. conidiophores and phialides on sporodochia; j. sporodochial conidia (macroconidia);
k. phialides on aerial mycelium; I. aerial conidia (microconidia). — Scale bars: g = 50 ym; h =20 ym; i—1 = 10 pm.

50.2 + 3.5 x 3.8 + 0.6 ym). Conidiophores borne on aerial
mycelia, 15—-80 pym tall, unbranched or sparingly branched,
bearing terminal or intercalary monopbhialides, often reduced
to single phialides; aerial phialides subulate to subcylindrical,
smooth- and thin-walled, 15-25 x 2—4 ym, periclinal thickening
inconspicuous or absent; aerial microconidia forming chains
on the tips of the monophialides, hyaline, oval, pyriform to
napiform, smooth- and thin-walled, aseptate; ovoid conidia:
(3.5-)45-72(-7.7) x 1.5-3.2uym (av. £sd. 5.8 £ 0.9 x 2.2 +
0.4 um); pyriform to napiform conidia: (4.7-)5.2—-8(-8.1) x
3.4-6.3 ym (av. £ sd. 6.4 £ 0.8 x 4.5 + 0.6 pm). Chlamydo-
spores not observed.

Additional material examined. CHINA, Beijing, Beijing Botanical Garden,
from unidentified grass, July 2010, Dimuthu, LC2819; ibid., LC2824; Beijing,
Beijing Botanical Garden, from Pennisetum alopecuroides, July 2010, W. Sun,
LC2823.

Notes — Fusarium paranisikadoi is phylogenetically closest
to F. miscanthi and F. nisikadoi (Fig. 2), but differs from the latter
by 45 bp and 71 bp in the combined tef1, rpb1, and rpb2 data-
set, respectively. Morphologically, F. paranisikadoi differs from
F. miscanthi in shape, septation, and size of their sporodochial
macroconidia (slender, with a slightly foot-shaped basal cell
and a curved and gradually tapering apical cell, 3—5-septate,
40-65(-75) x 2.5—-4.5 ym in F. miscanthi vs falcate, slightly
curved with almost parallel sides tapering slightly towards both
ends, with a blunt to papillate, slightly curved apical cell and a
blunt to distinctly notched basal cell, 3—4-septate, 36.7—57.6 x
2.3-5.2 ymin F. paranisikadoi) (Gams et al. 1999), and from
F. nisikadoi in the size of their sporodochial macroconidia
(56—-92 x 3.5—4 ymin F. nisikadoi vs 36.7—57.6 x 2.3—-5.2 ym
in F. paranisikadoi) (Nirenberg & Aoki 1997).
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Fusarium tricinctum species complex

Fusarium alpinum M.M. Wang & L. Cai, sp. nov. — MycoBank
MB 842159; Fig. 18

Etymology. Named after the special geographical reference of this spe-
cies, ‘alp’.

Typus. CHINA, Tibet Autonomous Region, from species of Fabaceae, June
2015, L. Cai (HMAS 351582, holotype designated here, dried culture on SNA
with carnation leaves; culture ex-type CGMCC 3.20818 = LC6045).

Colonies on PDA grown in the dark reaching 5.9—6.2 cm diam
after 7 d at 25 °C, raised, punctiform, aerial mycelia dense,
colony margin undulate, surface purplish grey (14C2) in the
centre, white at the margin; reverse reddish lilac (14C5) in the
centre, white at the margin. Colonies on OA grown in the dark
reaching 5.7-5.9 cm diam after 7 d at 25 °C, raised, aerial
mycelia dense, colony margin entire, surface white; reverse dull
red (9B3) in the centre, white at the margin. Colonies on SNA
grown in the dark reaching 5.2—5.5 cm diam after 7 d at 25 °C,
flat, aerial mycelia scant, colony margin erose, white; reverse
white. Pigment and odour absent. Sporodochia greyish yellow
(4B4), formed abundantly on carnation leaves. Conidiophores
in sporodochia verticillately branched and densely packed,
consisting of a short, smooth- and thin-walled stipe, 9-11 x
3—4 pm, bearing apical whorls of 3 or more monophialides or
rarely as single lateral monophialides; sporodochial phialides
subulate to subcylindrical, 9.3—19.7 x 2—4 ym (av. £sd. 13.9 +
2.2 x 3.3+ 0.4 ym), smooth- and thin-walled, sometimes
showing a reduced and flared collarette. Sporodochial mac-
roconidia falcate, curved slightly to dorsiventrally with almost
parallel sides tapering slightly towards both ends, with a blunt
to hooked, curved apical cell and a blunt to distinctly notched
basal cell, 1- or 3-septate, hyaline, smooth- and thin-walled;
1-septate conidia: (15.6—)15.7—34.9(—35) x 2.4—4.6 um (av.
+ sd. 26.1 £ 6.3 x 3.3 £ 0.5 ym); 3-septate conidia: (29.2-)
30.5-46.3(-48.2) x 2.7-5.1 ym (av. £ sd. 37.8 £ 4.8 x 3.7
0.6 um). Conidiophores borne on aerial mycelia 20—70 ym
tall, unbranched or sparingly branched, bearing terminal or
intercalary monophialides, often reduced to single phialides;
aerial phialides subulate to subcylindrical, smooth- and thin-
walled, 16—23 x 2—3 pm, periclinal thickening inconspicuous
or absent; aerial microconidia forming single on the tips of the
monophialides, hyaline, ellipsoidal to falcate, smooth- and thin-
walled, 0—1-septate; aseptate conidia: (6.8—)7.8—12.6(-12.8) x
2.2-4.7 ym (av. £ sd. 10.3 + 1.2 x 3.9 + 0.4 ym); 1-septate
conidia: (12.7-)13.3-19.1(-20.8) x 3.1-5.5ym (av. £ sd. 16.6 +
1.8 x 4.4 £ 0.5 ym). Chlamydospores not observed.

Additional material examined. CHINA, Yunnan Province, from unidentified
plant, Sept. 2011, F. Liu, LC2853; ibid., LC2854; Tibet Autonomous Region,
from species of Fabaceae, June 2015, L. Cai, LC6034; ibid., LC6037; ibid.,
LC6043.

Notes — Fusarium alpinum was collected from high altitude
areas of Yunnan province and the Tibet Autonomous Region
in this study. Phylogenetically, F. alpinum is closely related
to F. paeoniae (Fig. 8), but differs by 44 bp in the three loci
dataset. Morphologically, the two species are distinguished in
the number of conidial septa (0—1(—3)-septate microconidia,
3—5-septate macroconidia in F. paeoniae vs 0—1-septate micro-
conidia, 1- or 3-septate macroconidia in F. alpinum).

Fusarium chongqgingense M.M. Wang & L. Cai, sp. nov. —
MycoBank MB 842160; Fig. 19

Etymology. Named after the location of the type specimen, Chongging.

Typus. CHina, Chongging, Jinfo Mountain, from Bothrocaryum contro-
versum, Oct. 2012, L. Cai (HMAS 351583, holotype designated here, dried
culture on SNA with carnation leaves; culture ex-type CGMCC 3.20821 =
LC4957).

Colonies on PDA grown in the dark reaching 4.6—5.1 cm diam
after 7 d at 25 °C, umbonate, aerial mycelia dense, colony
margin erose, surface pale yellow (4A3) to dull red (8B3) in
the centre, white at the margin; reverse brownish red (10C6)
in the centre, white at the margin. Colonies on OA grown in the
dark reaching 5.7-5.9 cm diam after 7 d at 25 °C, flat, aerial
mycelia dense, colony margin entire, surface white to greyish
yellow (4C3) in the centre, white at the margin; reverse brown-
ish orange (5C4) in the centre, white at the margin. Colonies
on SNA grown in the dark reaching 5.2—5.5 cm diam after 7 d
at 25 °C, flat, aerial mycelia scant, colony margin erose, white;
reverse white. Pigment and odour absent. Sporodochia grey-
ish orange (5B3), formed on carnation leaves. Conidiophores
in sporodochia verticillately branched and densely packed,
bearing apical pairs or whorls of three monophialides or single
terminal monophialides; sporodochial phialides subulate to
subcylindrical, 8—11 x 2—4 ym, smooth- and thin-walled, some-
times showing a reduced and flared collarette. Sporodochial
macroconidia falcate, curved slightly with almost parallel sides
tapering slightly towards both ends, with a blunt apical cell and
a blunt basal cell, 1- or 3-septate, hyaline, smooth- and thin-
walled; 1-septate conidia: (5.8—)8.7-18.8(-19) x 1.5—4.4 ym
(av. £ sd. 13.9 £ 3 x 3.1 £ 0.4 ym); 3-septate conidia: (21-)
21.8-31.6(-31.8) x 2.6-5 pm (av. £ sd. 25.7 + 25 x 4 +
0.4 ym). Conidiophores borne on aerial mycelia not observed.
Chlamydospores not observed.

Ad(ditional material examined. CHiNA, Chongging, Jinfo Mountain, from
Bothrocaryum controversum, Oct. 2012, L. Cai, LC13813; ibid., LC13814.

Notes — Fusarium chongqingense is phylogenetically closely
related to F. avenaceum, F. paeoniae, and F. alpinum (Fig. 8).
However, F. chongqgingense differs by 67 bp from F. paeoniae,
and 59 bp from F. alpinum in the three loci dataset, respectively.
Morphologically, F. chongqingense is distinct based on the type
of apical and basal cells of its macroconidia (blunt apical and
basal cell in F. chongqingense vs long and tapering to a point
to somewhat bent apical cell, and poorly to well-developed foot-
shaped basal cell in F. avenaceum, blunt to papillate, curved
apical cell and a blunt to foot-like basal cell in F. paeoniae;
and blunt to hooked, curved apical cell and a blunt to distinctly
notched basal cell in F. alpinum) (Wollenweber & Reinking
1935, Leslie & Summerell 2006).

Fusarium paeoniae M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842161; Fig. 20

Etymology. Named after the host genus of the type specimen, Paeonia.

Typus. CHINA, Qinghai Province, from Paeonia lactiflora, Aug. 2019, M.M.
Wang (HMAS 351584, holotype designated here, dried culture on SNA with
carnation leaves; culture ex-type CGMCC 3.20817 =LC13817 = YZG12-2).

Colonies on PDA grown in the dark reaching 5.3—5.5 cm diam
after 7 d at 25 °C, raised, aerial mycelia dense, colony margin
entire, surface greyish yellow (3B4) to bluish red (12A3) in the
centre, white at the margin; reverse greyish ruby (12E4) in the
centre, white at the margin. Colonies on OA grown in the dark
reaching 5—5.3 cm diam after 7 d at 25 °C, raised, aerial myce-
lia dense, colony margin entire, surface greyish yellow (3B4) in
the centre, white at the margin; reverse golden brown (5D7) to
greyish yellow (3B4) in the centre, white at the margin. Colonies
on SNA grown in the dark reaching 4.8—5.3 cm diam after 7 d
at 25 °C, flat, aerial mycelia scant, colony margin erose, white;
reverse white. Pigment and odour absent. Sporodochia pale
orange (5A3) to brownish orange (5C4), formed abundantly
on carnation leaves. Conidiophores in sporodochia verticil-
lately branched and densely packed, consisting of a short,
smooth- and thin-walled stipe, 8—10 x 6—8 pym, bearing apical
pairs or whorls of three monophialides, or as single lateral
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Fig. 19 Fusarium chongqingense (ex-type culture LC4957). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on
PDA; c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after
7 d at 25 °C; f. reverse of colony on SNA; g. sporodochium on carnation leaves; h—i. conidiophores and phialides on sporodochia; j. sporodochial conidia

(macroconidia). — Scale bars: g = 50 um; h—i =20 pm; j =10 pm.

monophialides; sporodochial phialides subulate to subcylindri-
cal,6.9-13.3 x2.2—-45pym(av. £sd. 9.6 £ 1.7 x 3.6 £ 0.5 ym),
smooth- and thin-walled, sometimes showing a reduced and
flared collarette. Sporodochial macroconidia falcate, slightly
curved, with a blunt to papillate, curved apical cell and a blunt
to foot-like basal cell, 3—5-septate, hyaline, smooth- and thin-
walled; 3-septate conidia: (27.6—)28.4—-39(—39.4) x 3.8—5.8 pm
(av. £sd. 32.1 £ 3.3 x 4.5 + 0.5 ym); 4-septate conidia: (30.3-)
32.1-41.7(-43)x 3.6-7.1uym (av. £sd. 37.9+ 2.7 x 5+ 0.8 ym);
5-septate conidia: (39.5-)39.8—-50.2(-52.2) x 3.2-5.8 ym (av.
+sd.45.2+2.8 x4.7 £ 0.7 ym). Conidiophores borne on aerial
mycelia often reduced to single phialides, mono- or polyphial-
ides; aerial phialides subulate to subcylindrical, smooth- and
thin-walled, 5—20 x 3—5 um, periclinal thickening inconspicu-
ous or absent; aerial microconidia forming small false heads
on the tips of the mono- and polyphialides, hyaline, ellipsoid
to falcate, smooth- and thin-walled, 0—1(—3)-septate; aseptate
conidia: (6—)7-10(-11) x 2.2—-3.6 ym (av. + sd. 8.6 + 0.9 x
2.9 1+ 0.4 ym); 1-septate conidia: (12.7-)13-15.8(-16.2) x
3.5-4.7 ym (av. £ sd. 14.2 £ 0.8 x 4.1 £ 0.3 ym); 3-septate
conidia: (20.2-)21.3-25.2(-25.4) x 3.6—-5.7 uym (av. * sd.
23.4 £1.5%x 4.8 £0.6 ym). Chlamydospores not observed.

Additional material examined. CHINA, Qinghai Province, from Crataegus
monogyna, Sept. 2013, Q. Chen, LC5166; Qinghai Province, from Elymus
dahuricus, Aug. 2019, M. Gao, LC13815 (= GM56); ibid., from Plantago
sp., LC13807 (= GM123); ibid., from Gentiana scabra, LC13810 (= GM65);
ibid., LC13812 (= GM85); Qinghai Province, from Populus sp., Aug. 2019.
M.M. Wang, LC13816 (= YZG10-2); Tibet Autonomous Region, from species
of Poaceae, June 2015, F. Liu, LC7358.

Notes — Phylogenetically F. paeoniae is closely related
to F. alpinum (Fig. 8), but differs by 44 bp in the three loci
dataset. Morphologically, the two species differ in the number

of conidial septa (0—1(—3)-septate microconidia, 3—5-septate
macroconidia in F. paeoniae vs 0—1-septate microconidia, 1- or
3-septate macroconidia in F. alpinum).

Bisifusarium L. Lombard et al., Stud. Mycol. 80: 223. 2015

Bisifusarium aseptatum M.M. Wang & L. Cai, sp. nov. — Myco-
Bank MB 842162; Fig. 21

Etymology. Refers to the aseptate sporodochial conidia.

Typus. CHINA, Guangdong Province, Guangzhou city, from species of
Orchidaceae, Mar. 2011, Y.Y. Su (HMAS 351585, holotype designated here,
dried culture on SNA with carnation leaves; culture ex-type CGMCC 3.20816
=LC1075).

Colonies on PDA grown in the dark reaching 1.7—2.1 cm diam
after 7 d at 25 °C, flat, aerial mycelia dense, colony margin
erose, surface and reverse white. Colonies on OA grown in the
dark reaching 0.9-1.1 cm diam after 7 d at 25 °C, flat, aerial
mycelia dense, colony margin entire, surface and reverse
white. Colonies on SNA grown in the dark reaching 1.2—1.5 cm
diam after 7 d at 25 °C, flat, aerial mycelia scant, colony margin
filamentous, white; reverse white. Pigment and odour absent.
Sporodochia white to yellowish white (4A3), formed on carnation
leaves. Conidiophores in sporodochia forming a smooth- and
thin-walled stipe, bearing apical whorls of mostly 3 monophiali-
des; sporodochial phialides subulate to subcylindrical, 8—10 x
3—4 um, smooth- and thin-walled. Sporodochial macroconidia
oval, reniform, aseptate, hyaline, smooth- and thin-walled; (4.4-)
45-7(-71)x2.6—4.1 um (av. £sd. 5.7 £ 0.7 x 3.3 £ 0.3 ym).
Conidiophores borne on aerial mycelia, 50—80 uym tall, un-
branched, bearing terminal monophialides, sometimes reduced
to single phialides; aerial phialides subulate to subcylindrical,



M.M. Wang et al.: Fusarioid species in China

43

Fig. 20 Fusarium paeoniae (ex-type culture LC13817). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g—h. sporodochia on carnation leaves; i—j. conidiophores and phialides on sporodochia; k—o. sporodochial conidia (macro-
conidia); p. phialides on aerial mycelium; q. aerial conidia (microconidia). — Scale bars: g—h =50 ym; i—j = 20 ym; k—q = 10 ym.

smooth- and thin-walled, 30—35 x 3—5 pym, periclinal thickening
inconspicuous or absent; aerial microconidia single or forming
small false heads on the tips of the monophialides, hyaline,
ovoid, reniform, or obovoid with a truncate base, smooth- and
thin-walled, aseptate, (5.2—-)5.7-8.8(-9.7) x 2.1-3.8 pym (av.
+sd.7+0.9x2.7 0.3 um). Chlamydospores not observed.

Ad(ditional material examined. CHiNA, Guangdong Province, Guangzhou
city, from species of Orchidaceae, Mar. 2011, Y.Y. Su, LC13607; ibid.,
LC13608.

Notes — The genus Bisifusarium was established to accom-
modate several fusarioid species previously included in the
F. dimerum species complex, with B. dimerum as type species
(Lombard et al. 2015). Prior to this study eight species were
known from the genus (Lombard et al. 2015, Sun et al. 2017).
Bisifusarium aseptatum is distinct from other Bisifusarium spe-
cies in producing unicellular sporodochial conidia (Lombard et
al. 2015).

Neocosmospora E.F. Sm., U.S.D.A. Div. Veg. Pathol. Bull.
17:45. 1899

Neocosmospora lithocarpi M.M. Wang & L. Cai, sp. nov. —
MycoBank MB 842163; Fig. 22

Etymology. Named after the host genus Lithocarpus, from which the
holotype was isolated.

Typus. CHINA, from Lithocarpus glabra, May 2011, W. Sun (HMAS 351586,
holotype designated here, dried culture on SNA with carnation leaves; culture
ex-type CGMCC 3.20827 = LC1113).

Colonies on PDA grown in the dark reaching 5.7-5.9 cm diam
after 7 d at 25 °C, flat, aerial mycelia dense, colony margin
filamentous to erose, filiform, surface white to greyish yellow
(4B3) in the centre, white at the margin; reverse greyish orange
(5B3) in the centre, white at the margin. Colonies on OA grown in
the dark reaching 5.7—5.9 cm diam after 7 d at 25 °C, flat, aerial
mycelia dense, colony margin entire, surface white to yellowish
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Fig. 21 Bisifusarium aseptatum (ex-type culture LC1075). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA,;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at
25 °C; f. reverse of colony on SNA; g—h. sporodochia on carnation leaves; i. conidiophores and phialides on sporodochia; j. sporodochial conidia (macroconidia);
k—I. phialides on aerial mycelium; m. aerial conidia (microconidia). — Scale bars: g—h = 50 pm; i—j, m = 10 ym; k—I =20 pm.

grey (4B2) in the centre, white at the margin; reverse yellowish
grey (4B2) in the centre, white at the margin. Colonies on SNA
grown in the dark reaching 5.2—5.5 cm diam after 7 d at 25 °C,
flat, aerial mycelia scant, colony margin erose, white; reverse
white. Pigment and odour absent. Sporodochia opaline green
(25C6), formed abundantly on carnation leaves. Conidiophores
in sporodochia verticillately branched and densely packed;
sporodochial phialides subulate to subcylindrical, 9.9-23.3 x
2.8-6.3 ym (av. £ sd. 14.4 £ 2.7 x 4.0 £ 0.8 pm), smooth- and
thin-walled, showing a reduced and flared collarette. Sporo-
dochial macroconidia falcate, with a blunt apical and basal
cell, 5-septate, hyaline, smooth- and thin-walled, 32.1-57.8 x
3.9-8.1um(av. £sd.49.6 £4.8 x 5.3 + 0.9 ym). Conidiophores
borne on aerial mycelia, 20—60 pym tall, unbranched or sparingly
branched, bearing terminal or intercalary monophialides,
often reduced to single phialides; aerial phialides subulate
to subcylindrical, smooth- and thin-walled, 20—45 x 2—3 pym;
aerial microconidia forming small false heads on the tips of

the monophialides, hyaline, ellipsoid to falcate, smooth- and
thin-walled, 0—1-septate; aseptate conidia: (7—)8.8—-11.1(—12) x
3.5-3.9um(av. £sd. 9.9+ 1 x 3.7 £ 0.2 ym); 1-septate conidia:
(12-)12.5-23.8(-24) x 3.6—7 ym (av. £ sd. 16.3+ 2.8 x 5 +
0.7 ym). Chlamydospores abundant, terminal, ellipsoid, rough,
thick-walled, hyaline, aseptate, 6.1-8.7 x 5.3—7.3 um (av. £ sd.
6.8+0.9x5.8+0.7 um).

Ad(ditional material examined. CHINA, from Lithocarpus glabra, May 2011,
W. Sun, LC13831; ibid., LC13832.

Notes — Neocosmospora lithocarpi is phylogenetically
closely related to N. ambrosia, N. euwallaceae, N. kuroshio,
N. oligoseptata, and N. pseudensiformis (Fig. 10). Morphologi-
cally, this species is distinguished in the shape, septum number
and length of its sporodochial macroconidia (falcate, 5-septate
in N. lithocarpi, vs irregularly clavate and swollen conidia pre-
sent, 3- or 5-septate in N. ambrosia, N. euwallaceae, N. kuro-
shio, N. oligoseptata; 5-septate, 32.1-57.8 ym in N. lithocarpi,
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Fig. 22 Neocosmospora lithocarpi (ex-type culture LC1113). a—b. Colony on PDA: a. surface of colony on PDA after 7 d at 25 °C; b. reverse of colony on PDA;
c—d. colony on OA: c. surface of colony on OA after 7 d at 25 °C; d. reverse of colony on OA; e—f. colony on SNA: e. surface of colony on SNA after 7 d at 25 °C;
f. reverse of colony on SNA; g. sporodochium on carnation leaves; h—i. conidiophores and phialides on sporodochia; j. phialide on sporodochia; k. sporodochial
conidia (macroconidia); |. phialides on aerial mycelium; m. aerial conidia (microconidia); n. chlamydospores. — Scale bars: g = 50 pm; h =20 pm; i—n =10 pm.

vs 2—8-septate, 49—63 pm in N. pseudensiformis) (Nalim et
al. 2011, Aoki et al. 2018, Na et al. 2018, Sandoval-Denis et
al. 2019).

DISCUSSION

In this study, 259 species belonging to four well-supported ge-
nera, including 12 new species were analysed using a combined
tef1-rpb1-rpb2 multi-locus phylogeny (Fig. 1). Within Fusarium,
196 species are categorised in nine species complexes, one of
these complexes here renamed as the F. falsibabinda complex
(previously incorrectly recognised as the F. babinda species
complex) (Fig. 1, 2). One and four distinct clades in the FLSC
(Fig. 5) and FOSC (Fig.6), respectively, were not described,
awaiting more data for species delimitation. Seven loci were
employed in this study, i.e., ITS, IGS, tef1, cam, rpb1, rpb2 and
tub2 (Table 1). Among these seven loci, ITS failed to resolve any
species in Fusarium, but recognized B. aseptatum, B. penzigii

and B. tonghuanum from other known species in Bisifusarium.
The IGS locus was amplified for the FOSC members, but its
phylogenetic topology showed significant conflict with other
loci. The rpb2 locus appeared to be most effective in species
recognition in several Fusarium complexes, e.g., the FFSC
(Supplementary Fig. S2d), the FTSC (Supplementary Fig. S3d),
and Neocosmospora (Supplementary Fig. S5c), followed by
tef1 (effective in the FOSC). The rpb1 locus showed the best
species recognition in the FNISSC (Supplementary Fig. S1b).

Employing morphological characters, multi-locus phylogenies
and ecological preferences, 356 fusarioid isolates from China
were identified to 72 species belonging to three genera (1 spe-
cies with 3 isolates in Bisifusarium, 60 species with 321 isolates
in Fusarium and 11 species with 32 isolates in Neocosmospora).
Most of the previous studies on Fusarium in China focused
on species associated with agricultural and cash crops, e.g.,
maize, rice, wheat, pepper, and tobacco (Yu 1955, Tai 1979,
Wang et al. 2013a, b, Zhang et al. 2014a, b), and insects (Bai
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& Chen 1991), with more than 250 species, subspecies, va-
rieties, and formae specialis hitherto reported. Based on the
current taxonomy, these records correlate to 87 species, as
summarised in Table 4. Our results present a significant step
towards understanding the species diversity and distribution
of Fusarium in China (Table 1), which increased the number
of species to 114 (11 new species and 16 new records from
China (23.7 % increase)).

In this study, 321 isolates from China were characterised be-
longing to eight species complexes in Fusarium. The F. fujikuroi
complex (FFSC) presented the widest geographic distribu-
tion (30 locations) and the second highest number of hosts/
habitats (28 types; 20 plant genera). Members in this complex
were well-known for their worldwide distribution, with wide host
ranges, diverse habitats, and pathogenicity to many cereals and
economically relevant plants (O’Donnell et al. 1998a, 2000b,
Leslie & Summerell 2006). Hitherto about 73 species were
accepted in this complex, and 17 of them (15 from China, two
from the USA), including four novel species and four newly
recorded species in China, were reported in this study. The
F. incarnatum-equiseti complex (FIESC) presented the second
widest geographic distribution (21 locations) and the highest
number of hosts/habitats (50 types; 44 plant genera). This
complex is well-known as pathogens of plants and animals,
endophytes, and saprobes of various host substrates (Leslie
& Summerell 2006, O’'Donnell et al. 2009b, Villani et al. 2016).
Currently about 38 species have been introduced in the FIESC
(O’Donnell et al. 2009b, Wang et al. 2019, Xia et al. 2019). In
this study, 15 species in the complex were reported from envi-
ronmental habitats and 44 plant genera (29 families) in China
(Table 1), suggesting a very wide host range of this complex.
The F. tricinctum species complex (FTSC) is an important
group in Fusarium which encompasses mycotoxin producing
species (Leslie & Summerell 2006). Members of this complex
are well-known as cereal grain inhabitants (Kulik 2008), smut
and mushroom endophytes (Torbati et al. 2019), and saprobes
in soil and other environmental habitats (Leslie & Summerell
2006). Previously four species in this complex were recorded
from China, i.e., F. acuminatum, F. avenaceum, F. flocciferum,
and F. tricinctum from cereals, pumpkin, and winter squash
(Yu 1955, Tai 1979, Zhuang 2005, Zhang et al. 2015, Chang
et al. 2018, Li et al. 2019). In this study, seven species were
identified, including three new species and one species newly
recorded from China (F. iranicum).

This study also investigated 66 strains isolated and intercepted
at Ningbo Customs from various economically important plants
of 12 countries over six years (2012-2017), e.g., cereals,
ornamental plants, and fruits (Table 1). These strains were
identified as 26 species, including 25 known and one new
species (Table 1). Six known species were hereto undetected
in China, and two of them, F. curvatum and N. pisi, were previ-
ously reported as pathogens of Brassicaceae and Rubiaceae
plants and Pisum sativum, respectively (Lombard et al. 2019a,
Sandoval-Denis et al. 2019). Interception of these species
implies potential threats to biosafety and ecosystem stability
of China in international trade.

The taxonomic framework of Fusarium and allied genera has
undergone several significant changes since establishment. De-
spite controversial opinions that exist on the generic boundaries
of Fusarium and allied genera, we favour separating Fusarium
s.lat. into multiple genera including Albonectria, Bisifusarium,
Fusarium, Neocosmospora, and Rectifusarium as proposed
by Grafenhan et al. (2011), Nalim et al. (2011), Schroers et
al. (2011), Lombard et al. (2015), and Crous et al. (2021).
Approximately 1800 Fusarium and allied species epithets are
recorded in the Index Fungorum and MycoBank databases

(accessed December 2021). However, presently less than 400
species are accepted and have been studied using multi-locus
DNA data from type specimens (Aoki et al. 2014, O’'Donnell et
al. 2009a, b, Sandoval-Denis et al. 2018a, b, Lombard et al.
2019a, b, Wang et al. 2019, Xia et al. 2019, Crous et al. 2021,
Yilmaz et al. 2021). The taxonomic status of many names re-
mains unresolved because of the lack of type specimens and
derived sequences, e.g., £ caeruleum. It is noteworthy that
there is still an incredibly high number of undescribed Fusarium
species, e.g., 256 phylogenetic clades recorded in Fusarium-ID
database (http://isolate.fusariumdb.org/blast.php) vs hitherto
only about 31 species introduced in the FOSC (Lombard et
al. 2019a). Considering the huge number of fusarioid strains/
specimens from diverse fungaria around the world, there are
undoubtedly many as yet resolved new species. Significant
effort is thus required to fully discern the complexity of such a
diverse and important fungal group. It is hoped that with the
epitypification and neotypification of old names, and descrip-
tion of cryptic species, the classification system of this fungal
group would be more stable and less artificial and serve the
needs of the users and community impacted by this fungal
group in future.
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Supplementary material

Fig. 81 Fifty percent majority rule consensus trees from Bayesian analyses
inferred from the tef1 (a), rpb1 (b), and rpb2 (c), showing the phylogenetic
relationships of five species complexes within the Fusarium, namely F. con-
color (FCOSC), F. falsibabinda (FFBSC), and F. nisikadoi (FNISSC). The
Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support
values (BS > 50) are displayed at the nodes (PP/ML). The tree was rooted
to Fusarium humuli (CQ1039). Ex-type cultures are indicated with ‘T".

Fig. 82 Fifty percent majority rule consensus trees from Bayesian analyses
inferred from the tef1 (a), cam (b), rpb1 (c), rpb2 (d), and tub2 (e), showing
the phylogenetic relationships of species within the Fusarium fujikuroi species
complex (FFSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML). All
the trees were rooted to F. nirenbergiae (CBS 744.97). Ex-type cultures are
indicated with ‘T, epi-type with ‘ET’, neotype with ‘NT".

Fig. 83 Fifty percent majority rule consensus trees from Bayesian analy-
ses inferred from the ITS (a), tef1 (b), rpb1 (c), and rpb2 (d) showing the
phylogenetic relationships of species within the Fusarium tricinctum species
complex (FTSC). The Bayesian posterior probabilities (PP > 0.9) and PhyML
Bootstrap support values (BS > 50) are displayed at the nodes (PP/ML).
The tree was rooted to F. concolor (NRRL 13994 T). Ex-type cultures are
indicated with ‘T’, neotype with ‘NT.

Fig. S4 Fifty percent majority rule consensus trees from Bayesian analyses
inferred from the ITS (a), tef1 (b), rpb2 (c), cam (d), and tub2 (e), show-
ing the phylogenetic relationships of species within the Bisifusarium. The
Bayesian posterior probabilities (PP > 0.9) and PhyML Bootstrap support
values (BS > 50) are displayed at the nodes (PP/ML). All the trees were
rooted to Rectifusarium robinianum (CBS 430.91 T). Ex-type cultures are
indicated with ‘T".

Fig. S5 Fifty percent majority rule consensus trees from Bayesian analyses
inferred from the ITS (a), tef? (b), and rpb2 (c), showing the phylogenetic
relationships of species within the genus Neocosmospora. The Bayesian pos-
terior probabilities (PP > 0.9) and PhyML Bootstrap support values (BS > 50)
are displayed at the nodes (PP/ML). The tree was rooted to Geejayessia
cicatricum (CBS 125552) and G. atrofusca (NRRL 22316). Ex-type cultures
are indicated with ‘T’, neo-type with ‘NT".



