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Abstract
A novel filamentous fungus was isolated from the upper layer of soil in a poplar plantation of Jiangsu Province in eastern
China. Morphological observations showed that the strain exhibited typical sickle-shaped and multicellular macroconidia. In
addition, the strain was also found to produce microconidia and chlamydospores on the surface of mycelia under
different culture conditions. These results and further phenotypic observations revealed that the morphological
characteristics of this isolated fungus were extremely similar to those of fungi in the genus Fusarium. Moreover, the
phylogenetic analysis based on EF-1α, RPB1, RPB2 and LSU genes indicated that the strain had the highest similarity
(99.28, 97.89, 99.43 and 81.17%) to Fusarium convolutans for EF-1α, RPB1, RPB2 and LSU, respectively. Based on the
phylogenetic relationships together with physiological characteristics, we proposed that strain PD2T represents a novel species
of the genus Fusarium, and the name F. soli sp. nov. is proposed. The type strain is PD2T. © 2020 Friends Science Publishers
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Introduction
Fusarium is a large genus of filamentous fungi that is widely
distributed in soil, plants and animals. This fungal genus is
one of the most important plant pathogens and can cause a
variety of plant diseases (Bai et al. 2002; Dean et al. 2012;
Coleman 2016), thereby affecting the growth of crops and
other plants and reducing their economic value. In addition,
it also harbors mycotoxin producers that can produce several
extremely important mycotoxins, such as trichothecenes and
fumonisins (Ilgen et al. 2008; Woloshuk and Shim 2013),
and opportunistic human pathogens (Desjardins 2006;
Tupaki-Sreepurna et al. 2018). Although Fusarium species
are of great economic importance because of their beneficial
and harmful effects, they are difficult to identify.
In 1809, the genus Fusarium, with Fusarium roseum
as the model species, was first described by Link, Heinrich
Friedrich. In 1935, the first complete taxonomic system of
Fusarium was proposed, and it divided Fusarium into 16
groups and 65 species and became the basis for the
taxonomic study of Fusarium (Wollenweber and Reinking
1935). From 1945 to 1983, scholars have proposed 10
different classification systems (Snyder and Hansen 1940;
Booth 1971; Gerlach and Nirenberg 1982; Nelson et al.
1983), and the most influential system was proposed by
Nelson et al. (1983). To date, more than 300 different

Fusarium species have been discovered, and nearly half
have not been formally described (O’Donnell et al. 2018;
Summerell 2019). Nevertheless, some Fusarium species
have been isolated, identified and characterized, such as F.
oxysporum, which could cause a variety of root-rot diseases
(Pérez-Hernández et al. 2014; Liu et al. 2016); and F.
graminearum, which could lead to head blight of wheat
(Duan et al. 2019; Rojas et al. 2020). Most plant species
have one or more fusarium diseases that affect their
production. Fusarium spp. have both the asexual and sexual
states in their life cycles. In morphological taxonomy, some
morphological characteristics could provide a useful
reference for the identification of Fusarium spp. such as the
presence of the typical banana-shaped macroconidia,
chlamydospores formed from hyphae, as well as
microconidia and sexual reproductive structures. However,
because the morphology of Fusarium spp. is complex and
susceptible to environmental impacts, results based on
morphological characteristics are not very accurate.
Currently, molecular classification techniques, such as DNA
markers to distinguish species and molecular phylogenetic
analyses, have been successfully applied to the identification
of the species of genus Fusarium.
In this study, soil samples were collected from a
poplar plantation (32°52’28.45’’N, 120°49’47.63’’E)
located in Jiangsu Province, Eastern China. The poplar
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plantation is close to the Yellow Sea State Forest Park and
belongs to the transition region between the subtropics and
warm-temperate zones. It has obvious transitional, oceanic
and monsoon climates. The soil is classified as a Fluvisol
according to the World Reference Base (WRB), and the soil
pH is alkaline. From these collected soil samples, some
interesting filamentous fungi were isolated. According to
the morphological characteristics and molecular
identification, a new species of the genus Fusarium is
identified and described in this paper.

Materials and Methods
Isolation and culture condition
Soil samples were collected from the Dongtai Poplar
Plantation (32°52’28.45’’N, 120°49’47.63’’E) of Jiangsu
Province in eastern China. The soil had a sandy texture and
was alkaline, and no fertilization or other treatments were
conducted. Martin's plate (10 g of dextrose, 5 g of peptone,
0.5 g of MgSO4·7H2O, 1 g of KH2PO4, 3.3 mL of 0.1%
Bengal Red Solution, 20 g of agar, 3.3 mL of 1000 UmL-1
streptomycin solution, 20 mL of 2% sodium deoxycholate
solution and 1 L of water) was used as the fungal isolation
medium. Subsequently, 0.5 g soil samples were diluted
along a gradient (10-1, 10-2, 10-3, 10-4, 10-5) with sterile
distilled water and then coated on the fungi isolation
medium. After 3–10 days of incubation at 30ºC, single
colonies were selected for further isolation and purification.
Morphological,
characterization

physiological,

and

biochemical

The isolated strain was cultivated on synthetic low nutrient
agar (SNA; Elite-Media, China), Potato dextrose agar
(PDA; BD Difco, Sparks, M.D., U.S.A.) and Czapek yeast
agar (CYA; Kalang, Shanghai, China) and incubated at
30ºC for 7 days to obtain colony growth. The morphology
of the strain was observed during this period. The strain was
cultured on a VBC plate (0.5 g of dextrose, 1 g of KH2PO4,
1 g of NaNO3, vitamin B, vitamin C, 20 g of agar, and 1 L
of water) (Wang and Chen 1994) and incubated in a
constant temperature incubator at 30ºC for 7 days. Spore
production was observed during incubation. An inverted
microscope (IX73, Olympus, Tokyo, Japan) was used for
microscopic observation, and an advanced scientific camera
control (Digital Optics, Ltd., Auckland, New Zealand)
equipped with OCULAR software (Digital Optics, Ltd.)
was used for image analysis.
Growth temperature of the strain: The strain was
grown at different temperatures (4, 15, 25, 30 and 35ºC),
and PDA (BD Difco) was used to investigate the
temperature range of strain growth. Growth was observed
during culturing at different temperatures for 7 days.
The carbon source utilization of the strain was
investigated by using the carbon source identification plate
FF Micro Plate™ (Biolog Inc., Hayward, CA, USA).

Molecular characterization
The high-fidelity PCR enzyme KOD FX DNA Polymerase
(TOYOBO, Osaka, Japan) was used to amplify the target
genes from the fungal mycelia directly. The translation
elongation factor 1-alpha gene (EF-1α), the largest subunit
of the RNA polymerase gene (RPB1), the sec largest
subunit of the RNA polymerase gene (RPB2) and 28 S large
subunit (LSU) sequences were amplified in a Gene Amp
9700 system (Applied Biosystems, Foster City, CA, USA)
with primer pairs EF1/EF2 (O’Donnell et al. 2008), Fa/G2R
(O’Donnell et al. 2010), 5F2/7cR (O’Donnell et al. 2007),
and NL1/NL4 (Kwiatkowski et al. 2012). The PCRs were
performed as follows: initial denaturation at 94ºC for 4 min;
followed by 40 cycles at 98ºC for 10 s, 50ºC for 30 s, and
68ºC for 30 s; and a final extension at 72ºC for 7 min. The
PCR products were isolated using agarose gel
electrophoresis and then purified using a TaKaRa
MiniBEST DNA Fragment Purification Kit (TaKaRa, Otsu,
Japan). The purified PCR products were further sequenced
and analyzed. The DNA sequence data were deposited in
GenBank under accession numbers MN848239,
MN848237, MN848238 and MN809346. Previously
published sequences included in this study are available
from the GenBank database (Table 1).
DNA sequences were aligned with ClustalX
(Thompson et al. 1997), and then edited and trimmed by
using BioEdit software (Hall 1999). The EF-1α, RPB1,
RPB2 and LSU sequences of the strain isolated in this study
and similar model strains were used to construct the
phylogenetic tree by using the Neighbor-joining method
(Saitou and Nei 1987) in MEGA 5.0 software (Tamura et al.
2011). The evolutionary distances were computed using the
Kimura 2-parameter method (Kimura 1980), and the unit is
the number of base substitutions per site. Gaps and missing
data were taken into consideration when > 95%
unambiguity was encountered. One thousand bootstrap
methods were used (Felsenstein 1985).

Results
Morphological,
characteristics

physiological

and

biochemical

The strain PD2T isolated from a soil sample was spotcultured on PDA, SNA, and CYA plates at 30℃ for 7 days
to obtain colony growth and observe the morphology of the
strain (Table 1). The diameter of a 7-day old single colony
on PDA medium was 67-73 mm, on CYA medium was 8586 mm, and on SNA medium was 48–53 mm. On PDA
medium, the edge of the colony was light brown and
irregular, the aerial hyphae were white, the spores were
transparent to white, and the reverse colony was light orange.
On CYA medium, the surface of the colony was wrinkled,
the aerial hyphae were white, the spores were transparent to
white, and the reverse colony was light yellow. On the SNA
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Table1: Strains used in the molecular phylogenetic analysis in this study
Species

Source

Substrate/Host

Origin
EF-1α

GenBank accession number
RPB1
RPB2
LSU

Reference
ITS

PD2
Fusarium convolutans
F. sublunatum

—
CBS 144207T
CBS 189.34T=BBA 62431T

Soil
Kyphocarpa angustifolia rhizosphere
Soil of banana plantation

China
South Africa
Costa Rica

MN848239
LT996094
—

MN848237 MN848238 MN809346 MN559538
LT996193 LT996141 MN749523 —
JX171451 JX171565 KM231680 NR111606

F. algeriense
F. concolor
F. beomiforme
F. coffeatum
F. napiforme
F. inflexum
F. globosum
F. petersiae
F. ananatum
F. transvaalense
F. concentricum
F. bulbicola
F. babinda
F. domesticum

NRRL 20897
NRRL 66647T
NRRL 13994T
NRRL 13606T
CBS 635.76T
NRRL 13604T
NRRL 20433T=CBS 716.74T
NRRL 26131T
CBS 143231T
CBS 118516T
CBS 144211T
CBS 450.97T
CBS 220.76T = NRRL 13618T
CBS 397.96T
CBS 434.34T

Unknown
Durum, wheat
Hordeum vulgare
Soil
Cynodonlemfuensis
Pennisetumtyphoides
Viciafaba vascular bundle, wilting plant
Zea mays
Garden soil
Ananas comosus fruit
Sidacordifolia rhizosphere
Musa sapientum fruit
Nerine bowdenii
Soil in Nothofagus forest
Cheese

Unknown
Algeria
Uruguay
Australia
South Africa
Namibia
Germany
South Africa
Netherlands
South Africa
South Africa
Costa Rica
Germany
Victoria
Belgium

KX302919
MF120510
MH742650
MF120507
MN120755
AF160266
AF008479
KF466417
MG386159
LT996091
LT996099
AF160282
KF466415
—
—

KX302927
MF120488
MH742492
MF120485
MN120717
HM347136
JX171469
KF466396
MG386138
LT996188
LT996210
LT996192
KF466394
—
—

F. penzigii
F. nurragi
F. biseptatum

CBS 317.34T
CBS 393.96T
CBS 110311T

Fagus sylvatica decayed wood
Soil in heath land
Ex soil

EU926324
—
—

KM232211 KM232362 KM231661 NR137707
—
—
—
NR159860
—
—
—
NR137706

In this study
Sandoval-Denis et al. (2018)
Nelson et al. (1983); Gräfenhan et al.
(2011); Lombard et al. (2015)
—
Laraba et al (2017)
Jacobs-Venter et al. (2018)
Laraba et al. (2017)
Lombard et al. (2019)
Nirenberg and O'Donnell (1998)
O’Donnell et al. (1998)
Proctor et al. (2013)
Crous et al. (2017)
Sandoval-Denis et al. (2018)
Sandoval-Denis et al. (2018)
Nirenberg and O'Donnell (1998)
Proctor et al. (2013)
O’Donnell et al. (2013, 2015)
Bachmann et al .(2005); Ropars et al.
(2012)
Schroers et al. (2009)
O’Donnell et al. (2013)
Schroers et al. (2009)

Fusicolla acetilerea
F. violacea

IMI 181488T
NRRL 20896T

—
—

—
—

—
—

—
—

NR111603
NR137617

Tubaki et al. (1976)
Gräfenhan et al. (2011)

Neonectria lugdunensis
N. major
Paracremonium inflatum
P. binnewijzendii
Pseudocosmos
poraeutypellae
P. porametajoca
P. porarogersonii
Rectifusarium robinianum

CBS 250.58T
CBS 240.29T
CBS 485.77T
CBS 143277T
CBS 133966T

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

NR155466
NR121496
NR154312
NR157491
NR158888

Chaverri et al. (2011)
Chaverri et al. (2011)
Lombard et al. (2015)
Crous et al. (2017)
Herrera et al. (2013)

—
—
—

—
—
—

—
—
—

—
—
—

NR155633
NR154295
NR154410

Herrera et al. (2013)
Herrera et al. (2013)
Lombard et al. (2015)

BPI 879088T
BPI 1107121T
NRRL 25729T

England
Victoria
South
Africa,Transkei
Polluted soil
Japan
Quadraspidiotusperniciosus on dying twig Iran
of Prunus domestica
Ilex aquifolium submerged decaying leaf
U.K.
Canker on Alnusincana
Norway
Man
India
Soil
Netherlands
Eutypella sp.
USA,Maryland,
Beltsville
Eutypa sp.
New Zealand
Eutypella sp.
U.S.A.
Robiniapseudoacacia twig
Germany

medium, the positive and negative sides of the colony were
white and translucent, the aerial hyphae were white, and the
spores were transparent to white (Fig. 1 a–c).
The morphological structure of the strain was further
observed by microscopy (Fig. 1 d–m). Microconidia were
columnar; macroconidia were moderate in number, sickleshaped, and segregated and most had 3–6 septate; the
sporogenesis cell type was single-bottle-stalk sporogenesis;
the conidia stalk was lateral; the chlamydospore was
spherical, single or catenulate and showed intercalary and
clustered growth and a high quantity. Sclerotial bodies were
not observed. These morphological characteristics,
especially the typical sickle-shaped and multicellular
macroconidia as well as the spherical intercalary
chlamydospores are very similar to those of Fusarium
species, suggesting that this new isolate PD2T may be a
member of the genus Fusarium. The growth temperature of
the strain PD2T was investigated by cultivation on PDA
plates at different temperatures (4, 15, 25, 30 and 35ºC) for
7 days. The results indicated that the temperature range of
the strain growth on PDA medium is 15–30ºC.
Furthermore, the carbon source utilization of the strain
was examined using the Biolog FF Micro Plate. After 48 h of
incubation on the carbon source identification plate, the
available carbon sources of the isolate were as follows: ierythritol, glucose-1-phosphate, glycerol, γ-hydroxy-butyric
Acid, p-hydroxyphenyl acetic acid, α-keto-glutaric acid, Dsaccharicacid, L-alanine, L-alanyl-glycine, L-asparagine, Laspartic acid, L-glutamic acid, L-ornithine, L-phenylalanine,
L-serine, L-threonine, and adenosine-5'-monophosphate
(Table 2).

KX302935
MF120499
MH742569
MF120496
MN120736
EF470117
JX171583
KF466406
MG386149
LT996137
LT996157
LT575063
KF466404
—
—

—
—
—
U34553
NG057718
U34541
U34548
AY249384
NG058528
KU604065
—
U61652
U61650
MH874204
NG057952

—
NR158423
—
—
—
—
—
—
NR156397
—
—
—
—
NR159861
NR145050

Phylogenetic analyses
The sequences of EF-1α, RPB1, RPB2 and LSU genes of the
isolate PD2T were subjected to a BLAST sequence alignment
on the NCBI website, and the results showed that the genus
Fusarium had the highest similarity with this strain. Some
sequences from the alignment results were selected to
construct phylogenetic trees. The strains used in the
molecular phylogenetic study are listed in Table 1. To
analyze the phylogenetic relationship, we selected the
following strains and used them for phylogenetic tree
construction: the new isolate and 14 Fusarium species
belonging to the F. buharicum (FBSC), F. fujikuroi (FFSC),
F. tricinctum (FTSC), F. sambucinum (FSAMSC), F.
incarnatum-equiseti (FIESC), F. oxysporum (FOSC), F.
burgessii and F. concolor species complexes (Fig. 2).
According to the phylogenetic tree, the new isolate can be
clustered within the FBSC clade (Vu et al. 2018) based on
the combined sequences of partial EF-1α, RPB1 and RPB2
genes (Fig. 2). In addition to strain PD2T, F. convolutans
(CBS 144207) and F. sublunatum (CBS 189.34) are also
clustered in the FBSC clade. The similarity analysis of the
combined sequences (partial sequences of EF-1α, RPB1 and
RPB2 genes) showed that the PD2Tstrain had the highest
sequence similarity of 98.89% with F. convolutans, followed
by F. sublunatum (94.18%). Despite the high sequence
similarity (99.28%, 97.89% and 99.43% identical to F.
convolutans for EF-1α, RPB1, and RPB2), a further BLAST
analysis indicated that the LSU sequence of the PD2T strain
is 81.17% identical to that of F. convolutans, implying that
the PD2T strain may not belong to F. convolutans.
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Fig. 1: Fusarium soli (PD2T). a-c. Colony morphology grown on PDA, CYA, and SNA after 7 days at 30 ºC in the dark. d-e. Phialides
and microconidia on PDA. f. Phialides and microconidia on CD. g. Macroconidia on SNA. h-i. Macroconidia on VBC. j-k.
Chlamydospores on CYA. l-m. Chlamydospores on PDA
Fusarium ananatum CBS 118516T

100

66

Fusarium bulbicola CBS 220.76T

Fusarium napiforme NRRL 13604T

82

FFSC

Fusarium globosum NRRL 26131T

100
100

Fusarium concentricum CBS 450.97T

100

Fusarium inflexum CBS 716.74T

FOSC

Fusarium algeriense NRRL 66647T

100

Fusarium beomiforme NRRL 13606T

100

Fusarium concolor NRRL 13994T
Fusarium coffeatum CBS 635.76T

100

Fusarium transvaalense CBS 144211T
Fusarium petersiae CBS 143231T

F. burgessii species complex
F. concolor species complex
FIESC

FSAMSC
FTSC

Fusarium sublunatum NRRL 20897
76
Fusarium convolutans CBS 144207T

100
100

FBSC

PD2T

0.02

Fig. 2: Phylogenetic tree based on the sequences combined with the EF-1α, RPB1 and RPB2 genes of 15 strains. The evolutionary history
was inferred using the neighbour-joining method in MEGA software version 5. Bars, 0.02 expected nucleotide substitutions per site. Only
bootstrap values above 50 % are shown (1000 replicates) at branching points. The strains used here belong to F. buharicum (FBSC), F.
fujikuroi (FFSC), F. tricinctum (FTSC), F. sambucinum (FSAMSC), F. incarnatum-equiseti (FIESC), F. oxysporum (FOSC), F. burgessii
and F. concolor species complexes

To further study the phylogenetic relationship of the
isolate and other Fusarium species, the phylogenetic tree was
generated based on a combination of partial sequences,
including EF-1α and LSU (Fig. 3). Twelve strains were
selected for further construction and analysis of a
phylogenetic tree, and the results showed that the new isolate

PD2T is distributed in the FBSC clade while the other 11
species belong to the FBSC, FFSC, FTSC, FIESC, FOSC, F.
dimerum (FDSC) and F. burgessii species complexes. The
EF-1α plus LSU sequence similarity of the new isolate PD2T
is 96.36% identical to that of F. convolutans (Fig. 3).
Another phylogenetic tree constructed using the
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Table 2: Carbon source utilization of the species
Carbon source
Water
Tween 80
N-Acetyl-D-galactosamine
N-Acetyl-D-glucosamine
N-Acetyl-D-mannosamine
Adonitol
Amygdalin
D-Arabinose
L-Arabinose
D-Arabitol
Arbutin
D-Cellobiose
α-Cyclodextrin
β-Cyclodextrin
Dextrin
i-Erythritol
D-Fructose
L-Fucose
D-Galactose
D-Galacturonic Acid
Gentiobiose
D-Gluconic Acid
D-Glucosamine
α-D-Glucose
Glucose-1-phosphate
Glucuronamide
D-Glucuronic Acid
Glycerol
Glycogen
m-Inositol
2-Keto-D-gluconic Acid
α-D-Lactose

Reaction
—
+
—
—
—
—
—
—
—
+
+
—
—
—
+
++
—
—
—
—
—
—
—
—
+++
—
+
+++
+
—
—
—

Carbon source
Lactulose
Maltitol
Maltose
Maltotriose
D-Mannitol
D-Mannose
D-Melezitose
D-Melibiose
α-Methyl-D-galactoside
β-Methyl-D-galactoside
α-Methyl-D-glucoside
β-Methyl-D-glucoside
Palatinose
D-Psicose
D-Raffinose
L-Rhamnose
D-Ribose
Salicin
Sedoheptulosan
D-Sorbitol
L-Sorbose
Stachyose
Sucrose
D-Tagatose
D-Trehalose
Turanose
Xylitol
D-Xylose
γ-Amino-butyric Acid
Bromosuccinic Acid
Fumaric Acid
β-Hydroxy-butyric Acid

Reaction
—
—
—
—
+
—
—
—
—
+
—
—
—
—
—
—
—
+
—
+
+
+
—
—
—
—
—
—
—
—
—
—

Carbon source
γ-Hydroxy-butyric Acid
p-Hydroxyphenylacetic Acid
α-Keto-glutaric Acid
D-Lactic Acid Methyl Ester
L-Lactic Acid
D-Malic Acid
L-Malic Acid
Quinic Acid
D-Saccharic Acid
Sebacic Acid
Succinamic Acid
Succinic Acid
Succinic Acid Mono-mMethyl Ester
N-Acetyl-L-glutamic Acid
Alaninamide
L-Alanine
L-Alanyl-glycine
L-Asparagine
L-Aspartic Acid
L-Glutamic Acid
Glycyl-L-glutamic Acid
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic Acid
L-Serine
L-Threonine
2-Amino Ethanol
Putrescine
Adenosine
Uridine
Adenosine-5'-Monophosphate

Reaction
+++
++
++
—
—
+
+
+
+++
—
—
++
—
—
+
+++
+++
+++
++
++
+
+++
+++
—
—
+++
+++
—
—
—
—
+++

Growth reactions: —, no growth; +, weak growth; ++, moderate growth; +++, strong growth

combined partial sequences of RPB1, RPB2 and LSU genes
(Fig. 4) also showed that the strain PD2T is still clustered in
the FBSC clade. The combined sequence of RPB1, RPB2
and LSU genes shared 97.54% and 94.22% similarity with
those of F. convolutans and F. sublunatum, respectively. In
addition to these two strains, the DNA sequences of other
Fusarium species showed less similarity with this strain.
Overall, these molecular phylogenetic analyses of the above
mentioned genes demonstrated that this new discovered
strain PD2T is a new species distributed in the FBSC, and it
is named Fusarium soli spp. nov.

were white, and the spores were transparent to white.
Microconidia were columnar; macroconidia were moderate
in number, sickle-shaped, and segregated and most had 3–6
septate; the sporogenesis cell type was single-bottle-stalk;
the conidia stalk was lateral; the chlamydospore was
spherical, single or catenulate and showed intercalary and
clustered growth and a high quantity.
The type strain PD2T was isolated from the upper layer
of soil in a poplar plantation (32°52’28.45’’N,
120°49’47.63’’E) of Jiangsu Province in eastern China.

Discussion
Description of Fusarium soli spp. nov
F. soli spp. nov: The temperature range for strain growth on
PDA medium is 15–30°C. On PDA, the diameter of a single
colony was 67–73 mm after 7 days at 30°C, the edge of the
colony was light brown, the aerial hyphae were white, the
spores were transparent to white, and the reverse colony was
light orange. On CYA, the diameter of a single colony was
85–86 mm after 7 days at 30°C, the surface of the colony
was wrinkled, the aerial hyphae were white, the spores were
transparent to white, and the reverse colony was light
yellow. On SNA, the diameter of a single colony was 48–53
mm after 7 days at 30°C, the positive and negative sides of
the colony were white and translucent, the aerial hyphae

The new species described in this paper was identified to
belong to the genus Fusarium based on the presence of
typical morphological features, such assickle-shaped
macroconidia and intercalary chlamydospores. In the study
by O’Donnell (2015), EF-1α, RPB1 and RPB2 genes could
be used for the accurate identification of the genus
Fusarium. According to the phylogenetic trees (Fig. 2–4),
the strain PD2T has the closest relationship with F.
convolutans (Sandoval-Denis et al. 2018). The minimum
and maximum temperatures for growth of this strain on
PDA are 12°C and 36°C, respectively. The surface of the
colony is white to cream colored, with short aerial
mycelium; and the margin of colony is irregular to rhizoid,
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99

Fusarium ananatum CBS 118516T
Fusarium bulbicola CBS 220.76T

90

FFSC

Fusarium napiforme NRRL 13604T
Fusarium concentricum CBS 450.97T
59

Fusarium globosum NRRL 26131T

99

Fusarium inflexum CBS 716.74T

FOSC

F. burgessii species complex

Fusarium beomiforme NRRL 13606T
Fusarium coffeatum CBS 635.76T

FIESC
Fusarium penzigii CBS 317.34 T

Fusarium petersiae CBS 143231T

58

FDSC
FTSC

PD2T

7
3

99

Fusarium convolutans CBS 144207T

FBSC

0.02

Fig. 3: Neighbour-joining phylogenetic tree based on the sequences combined with the EF-1α and LSU genes of 12 strains. Bars,
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with abundant white to gray submerged mycelium. The
reverse side is white with straw to yellow diffusible
pigment. Sporulation is scant from conidiophores formed on
aerial mycelia, and sporodochia are not observed.
Conidiophores on the aerial mycelia are straight or curved,
smooth and thin-walled, and simple, and most of them
degenerate into conidia cells; phialides are subulate to
subcylindrical, and smooth- and thin-walled; and the conidia
are lunate to falcate shaped and curved or somewhat
straight, with (1–2–)3-septa. Chlamydospores are abundant,
globose to sub globose, terminal or intercalary in the hyphae
or conidia, and they are often borne laterally at the tip of
elongated, cylindrical, stalk-like projections and found alone
or in small clusters.
Although the morphological characteristics of the

strain F. convolutans are partially similar to those of the
new isolate F. soli, some distinct characteristics can be used
to distinguish them from each other. For example, compared
with F. convolutans, the new isolate F. soli has more sparse
aerial hyphae on SNA, up to 6-septate macroconidia,
catenulate chlamydospores and no curved sterile hypha. In
addition, under the same culture conditions, the strain F. soli
has a significantly faster growth rate than the strain F.
convolutans. These different morphological characteristics
combined with the molecular phylogenetic analysis results
suggest that this isolate was a completely different species
from F. convolutans.
The phylogenetic trees showed that in addition to the
new isolate and F. convolutans, the strain F. sublunatum
also belongs to the same FBSC clan. The aerial mycelia of
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F. sublunatum are sparse and white; the sporodochia are
orange; the sclerotia are dark blue to blue-green;
microconidia are rare; the macroconidia are sickle-shaped
with a distinctly foot-shaped basal cell; and the
chlamydospores are abundant (Nelson et al. 1983;
Gräfenhan et al. 2011; Lombard et al. 2015). F.
sublunatum was also isolated from the soil and the
perfect state is still unknown. However, according to the
phylogenetic trees and BLAST analysis, F. sublunatum
has only a relatively low sequence similarity with the
isolate F. soli, and the new isolate can be distinguished
from F. sublunatum by transparent to white sporodochia and
the lack of sclerotia.
F. petersiae (CBS 143231) (Crous et al. 2017) is
another strain of the genus Fusarium with relative lower
sequence similarity to PD2T based on the phylogenetic tree
analysis. The morphological characteristics of F. petersiae
on SNA included hyphae that were hyaline and smooth and
absent chlamydospores; sporulation was abundant only
from sporodochia; no conidiophores were observed on the
aerial mycelia; sporodochia were abundant only on the
surface of carnation leaves; macroconidia were falcate and
curved and showed a papillate and curved apical cell that
tapered towards a foot-like basal cell. F. petersiae is a new
member of the F. tricinctum species complex (FTSC) that is
closely related to F. flocciferum (Booth 1971) and F.
torulosum. There are obvious differences in the
morphological characteristics between F. petersiae and the
new isolate PD2T.
Combining the results of the molecular phylogenetic
analyses and morphological characteristics indicates that the
strain F. soli isolated in this study is a new species clustered
in the FBSC of the genus Fusarium.

Conclusion
The new isolate showed the closest relationship with F.
convolutans which was clustered in the FBSC clade.
However, sequence similarity analyses combined with
different
morphological
characteristics,
such
as
macroconidia with more septa, catenulate chlamydospores
and no curved sterile hypha, demonstrated that the isolate is
a new species of the genus Fusarium. The carbon source
utilization of the new isolate Fusarium soli was further
examined in this study.
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