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Abstract

Aims: Neocosmospora species are saprobes, endophytes, and pathogens belonging to the family Nectriaceae. This study aims to investigate
the taxonomy, biosynthetic potential, and application of three newly isolated Neocosmospora species from mangrove habitats in the southern
part of Thailand using phylogeny, bioactivity screening, genome sequencing, and bioinformatics analysis.

Methods and results: Detailed descriptions, illustrations, and a multi-locus phylogenetic tree with large subunit ribosomal DNA (LSU), internal
transcribed spacer (ITS), translation elongation factor 1-alpha (ef7-«), and RNA polymerase Il second largest subunit (RPB2) regions showing
the placement of three fungal strains, MFLUCC 17-0253, MFLUCC 17-0257 and MFLUCC 17-0259 clustered within the Neocosmospora clade
with strong statistical support. Fungal crude extracts of the new species N. mangrovei MFLUCC 17-0253 exhibited strong antifungal activity to
control Colletotrichum truncatum CG-0064, while N. ferruginea MFLUCC 17-0259 exhibited only moderate antifungal activity toward C. acutatum
CC-0036. Thus, N. mangrovei MFLUCC 17-0253 was sequenced by Oxford nanopore technology. The bioinformatics analysis revealed that 49.17
Mb genome of this fungus harbors 41 potential biosynthetic gene clusters.

Conclusion: Two fungal isolates of Neocosmospora and a new species of N. mangroveiwere reported in this study. These fungal strains showed
activity against pathogenic fungi causing anthracnose in chili. In addition, full genome sequencing and bioinformatics analysis of N. mangrovei
MFLUCC 17-0253 were obtained.

Impact Statement

The novel fungus, Neocosmospora mangrovei MFLUCC 17-0253 displays promising potential for sustainable agriculture. Furthermore, bioin-
formatics analysis of the genome of this species revealed the potential for diverse compound production for applications in pharmaceutical,
agrichemical, and food industries.

Keywords: one new taxon; bioactivity; mangrove fungi; multi-locus phylogenetic analyses; whole genome; biosynthetic gene clusters

Introduction mented from woody or herbaceous plants such as Pistacia
vera, Citrus sinensis, Camellia sinensis, and Morus alba. This
genus has a cosmopolitan distribution in tropical, subtropi-
cal, and temperate climate regions. Guarnaccia et al. (2018,
2021) reported that perhaps the perithecia are predominantly
formed in tropical or subtropical regions. Neocosmospora has
been used in several industrial applications, due to its ability to
produce several enzymes such as chitosanases, cutinases, hy-
drolases, laccases, and lyases (Mannesse et al. 1995, Longhi
et al. 2000, Liu and Bao 2009, Wu and Nian 2014, Jallouli
et al. 2015). Species of this genus are also sources of cytotoxic
compounds and secondary metabolites with antimicrobial ac-
tivity (Nomila Merlin et al. 2013, Lee et al. 2014, Takemoto
etal. 2014, Rathna et al. 2016, Chowdhury et al. 2017, Klom-
chit et al. 2021).

In this study, three fungal strains, MFLUCC 17-0253,
MFLUCC 17-0257, and MFLUCC 17-0259, were isolated
from mangrove habitats in the southern part of Thailand.

Neocosmospora, typified by N. vasinfecta, was first intro-
duced by Smith (1899) as pathogenic fungi of wilt disease in
cotton, watermelon, and cowpea. Generally, this genus can
be characterized by superficial, solitary to gregarious, with
globose to pyriform, multiseptate, subcylindrical macroconi-
dia slightly curved with the tip cells slightly hooked. These
macroconidia are thick-walled and contain ornamented as-
cospores without germ pores (Pfenning 1995, Rossman et al.
1999, Lombard et al. 2015). Although Neocosmospora is con-
sidered to be one of the major groups of plant pathogenic
fungi, it is also recognized as a taxon of rich species diversity,
which to a great extent remains understudied. Currently, the
genus Neocosmospora comprises 129 morphological species
and members of Neocosmospora are saprobes, endophytes,
and pathogens in plant debris and living plant material (Hi-
rooka et al. 2012, Lombard et al. 2015, Sandoval-Denis et al.
2019). The members of Neocosmospora are mainly docu-
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Phylogenetic analyses of the combined large subunit riboso-
mal DNA (LSU), internal transcribed spacer (ITS), translation
elongation factor 1-alpha (ef1-a),and RNA polymerase II sec-
ond largest subunit (RPB2) regions were carried out. Morpho-
logical features and molecular data confirmed that MFLUCC
17-0253 and MFLUCC 17-0257 were new species of Neo-
cosmospora, and MFLUCC 17-0259 is the known N. fer-
ruginea. The distinctions between the new taxa and closely
related taxa are discussed. We also include an evaluation
of their antifungal activity against Colletotrichum spp., the
causal agent that causes anthracnose disease in chili. Further-
more, the genome of Neocosmospora mangrovei MFLUCC
17-0253 was sequenced by Oxford nanopore technology and
bioinformatics analysis was used to identify the biosynthetic
potential of this strain. To the best of our knowledge, we are
the first to publish the genome sequence of N. mangrovei.

Materials and methods

Morphological examinations

The fungal specimens were received from the Mae Fah Luang
University Culture Collection (MFLUCC), Center of Excel-
lence in Fungal Research, Chiang Rai, Thailand. These fungal
strains were isolated from mangrove trees from Phetchaburi
and Ranong provinces, Thailand, in 2016, as described in Nor-
phanphoun et al. (2018). The fungal colonies were character-
ized using potato dextrose agar (PDA) and carnation leaf piece
agar (CLA; Fisher 1982). Strains were incubated at 28°C with
alternating periods of light and darkness (12 h/12 h). Colony
growth rates were measured after one week on PDA. Sporu-
lation was induced and observed from a three-week-old cul-
ture on CLA. Micromorphological characteristics, including
size and shape of conidia, conidiogenous cells, and chlamy-
dospores were determined from colonies grown on CLA us-
ing a Motic SMZ 168 Series dissection light microscope. Fun-
gal fruiting bodies were documented using Nikon Eclipse
80i microscope-camera system. Measurements of microscopic
characters were calculated using Tarosoft Image Frame Work
program (IFW) version 0.97, and all photographic plates were
made using Adobe Photoshop CS6 version 13.12.

DNA extraction, specific gene sequencing, and
phylogenetic analysis

The genomic DNA extraction was performed from fresh
mycelium scraped out of the colony surface of PDA using
the PureDireX Genomic DNA Isolation Kit (Plant), accord-
ing to the manufacturer’s instructions (BIO-HELIX, Keelung
City, Taiwan). Four primer pairs were used for PCR am-
plification, including LROR/LRS (LSU); Vilgalys and Hester
1990), ITS4/ITSS (ITS region of the ribosomal RNA gene;
White et al. 1990), EF1-728F/EF1-986 (translation elonga-
tion factor 1-alpha gene (efl1-a); Carbone and Kohn 1993),
and fRPB2-5F/RPB2-7R (RNA polymerase 1I gene (RPB2);
Liu et al. 1999). PCR purification and sequencing of amplified
PCR products were carried out at Biogenomed Co., Ltd. using
the primers mentioned above. The phylogenetic relationships
between species were studied using a combined data set con-
taining LSU, ITS (4/5), ef1-a, and RPB2 sequences. Sequences
were assembled using BioEdit and aligned with MAFFT v.7 on
the online server (https//mafft.cbrc.jp/alignment/server/) (Ka-
toh and Standley 2013). Aligned sequences were automati-
cally trimmed using TrimAl v.1.3 with the gappyout setting on
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Table 1. Genome assembly statistics for Neocosmospora sp.

Neocosmospora mangrovei

Parameter MFLUCC 17-0253
Number of contigs 20
Total contigs length 49172478
Mean contig size 2458623.90
Contig size first quartile 875593
Median contig size 2579391
Contig size third quartile 3931106
Longest contig 5150129
Shortest contig 63679
Contigs > 100 K nt 20 (100%)
Contigs > 1 M nt 14 (70%)
N50 3561890
L50 6

N80 2504111
L80 11
Genes 15294
Protein-coding genes 15000
exons 41487
CDSs 41193
tRNAs 294

the web server (http://phylemon.bioinfo.cipf.es/utilities.html
[accessed on 20 May 2022)]. The online tool “ALTER” was
used to convert the alignment file to phylip and nexus formats
(Glez-Peia et al. 2010). Maximum likelihood analysis using
RAxXML and Bayesian inference (BI) analyses were done on
the CIPRES Science Gateway platform (Miller et al. 2012). Pa-
rameters for maximum likelihood were set to rapid bootstrap-
ping, and the analysis was carried out using 1000 replicates.
Phylograms were visualized with FigTree v1.4.0 (available
at http://tree.bio.ed.ac.uk/software/figtree/) and annotated in
Microsoft PowerPoint (2010; Table 1).

Assessing the antifungal activity against
anthracnose disease in chili

The pathogenic fungus that caused anthracnose disease in
chili, C. truncatum, CG-0064 was kindly provided by Chia
Tai Co., Ltd. (Bangkok, Thailand). A dual culture assay
was used to screen the antifungal activity of the N. man-
grovei MFLUCC 17-0253, N. mangrovei MFLUCC 17-0257,
and N. ferruginea MFLUCC 17-0259 against the above-
mentioned pathogen. Briefly, an 8-mm mycelium plug of
growing saprobic fungi and pathogens was placed 3 cm apart
on the PDA plate’s surface and plates were incubated at 28°C.
The PDA plate inoculated with only one pathogen was used
as a control. After ten days of incubation, the radial growth
of pathogenic fungi was recorded and converted into colony
area (D) following the formula:

Area of fungal colony = . (1)

The inhibition % of endophytic fungi to a pathogenic fun-
gus was calculated using the formula:
Inbibition (%) = 22—P2 100, 2)
D1
where D1 indicates the colony area of the pathogen in the con-
trol plate and D2 represents the colony area of the pathogen
in the antagonistic assay.
For poisoned food assay and in planta assay, the fungal
crude extract of N. mangrovei MFLUCC 17-0253 was ob-
tained from the liquid-liquid chemical extraction method by
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ethyl acetate (EtOAc) as previously described in Brooks et al.
(2022). The poisoned food assay was performed by excising
mycelial plugs (7 mm diameter) from cultures with actively
growing pathogenic fungi and then placed in the center of
PDA plates mixed with either fungal crude extract (final con-
centration at 0.6 and 0.9 mg/mL), sterile water, and fungicide
(Captan with final concentration 0.6 mg/mL). After incubat-
ing the plate at 28°C for ten days, a digital caliper was used to
measure pathogenic fungi radial (r) growth. The radial growth
was recorded ten days post-incubation and converted into an
area of colony (D). The inhibition percentage was calculated
using formula 2.

For the planta assay, the C. truncatum, CG-0064, and
C. acutatum, CC-0036 were separately cultured on V8 agar
plates (200 mL V8® Campbell’s, 20 g agar, 3g CaCO3) for
22 days to induce sporulation. Spores were washed off from
the culture plate using sterile water with 20% (v/v) tween
20. Spore solutions were prepared and adjusted to 1 x 10°
spores/mL following the method described in Brooks et al.
(2022). The 20 uL of the spore mixture with either fungal
crude extract (final concentration 0.9, 2.7, and 5.4 mg/mL),
sterile water (negative control), Captan (final concentration
0.6 mg/mL; positive control) were dropped on disinfected chili
leaves. Inoculated leaves were placed in plastic containers with
moist paper towels for five days. Leaves were cut and stained
with Coomassie Brilliant Blue mixture following methods de-
scribed in Brooks et al. (2022). A light microscope was used
to observe hyphal coverage on the plant material. Inhibition
of hyphal expansion was calculated using formula 2.

All experiments were performed in a completely random-
ized design (CRD) with three replications and the experiments
were repeated three times. Statistical analyses were performed
using Duncan’s multiple range test (DMRT) and the SPSS
V16.0 statistical package software program (SPSS Inc 2007).

Genome sequencing, assembly, and error
correction

The genomic DNA of N. mangrovei sp. MFLUCC 17-0253
was prepared by DNeasy Plant Kits (Qiagen) and DNA library
was prepared using kit SQK-LSK109 from Oxford Nanopore
Technology (ONT). The manufacturer’s protocol was mod-
ified for DNA repair and end prep stages by increasing the
incubation time and temperature after ethanol washing to
15 minutes minimum at 37°C. Native barcode ligation took
place at 37°C for 30 minutes. The long fragment buffer was
used to enrich DNA fragments of 3 kb or longer. The 1.2 pg of
genomic DNA was loaded at the beginning of library prepara-
tion. The library was sequenced on a MinION Mk1C (ONT)
with a FLO-MIN-106 R9.4 flow cell (ONT). The raw data
produced was base-called and demultiplexed using Guppy
v6.0.1. Guppy used config file dna_r9.4.1_450bps_hac.cfg; all
other parameters were left on default. Outputs were merged
into a single.fastq file that was inputted into Flye version 2.9
using the nano-hq setting to assemble the draft genome (Kol-
mogorov et al. 2019). The draft genome was polished by align-
ing to the raw reads with Minimap2 v2.24 (Li 2018) and cor-
recting errors using Racon v1.4.20 (Vaser et al. 2017), the
values given to bases were as follows: 8 for matches, —6 for
mismatches, and —8 for gaps, with a 500-base window size.
The output from Racon was entered back into Minimap2
and the process repeated for four total rounds of polishing.
Medaka v1.5.0 (ONT) was used to make further corrections

for the genome against model r941_min_high_g360. The pol-
ished genome was analyzed using BUSCO v5.0.0 against the
sordariomycete 0odb10. Functional annotation was performed
using the Funannotate version 1.8.9 pipeline (Palmer and Sta-
jich 2020). The prediction and annotation of functional el-
ements were done using the BUSCO Hypocreales database
(Neocosmospora falls within the Hypocreales order), mini-
mum training models were lowered to 100, and the Augus-
tus optimization setting was called. Unless specified, all set-
tings were left on their default parameters. CMscan (Burge
et al. 2013) was used with StructRNAfinder (Arias-Carrasco
et al. 2018) for screening for non-coding RNA, with the Rfam
database (Griffiths-Jones et al. 2005) as the input.

Bioinformatics analysis

The genome of N. mangrovei MFLUCC 17-0253 was
analyzed using antiSMASH fungal version 7.1.0; the de-
tection strictness was set to “relaxed” and the extract
features “KnownClusterBlast,” “ClusterBlast,” “SubClus-
terBlast,” “MIBiG cluster comparison,” “ActiveSiteFinder,”
“REFinder,” and “Cluster Pfam analysis” were set on (Blin
et al. 2023). The genes predicted in biosynthetic gene clusters
(BGCs) were further searched using NCBI BLAST.

Results

Phylogenetic analyses

The combined LSU, ITS (4/5), efl-a, and RPB2 dataset
comprised of 73 taxa from Nectriaceae, with E agapanthi
(NRRL 54463), E ananatum (CBS 118516), E. bulbicola (CBS
220.76), E fujikuroi (CBS 221.76), E. torreyae (CBS 133858),
and E tricinctum (CBS 393.93) as outgroup taxa (Table S1).
The analyzed dataset, after trimming, comprised a total of
4337 characters, including gaps (LSU = 473 bp, ITS (4/5)
= 1053 bp, efl-a = 678 bp, and RPB2 = 2133 bp) with
1514 distinct alignment patterns and 32.60% proportion of
gaps and completely undetermined characters. The ML anal-
ysis for the combined dataset provided the best scoring tree
(Fig. 1) with a final ML optimization likelihood value of
33795.848267 (In). The BI was terminated when the aver-
age standard deviation of split frequencies at the end of total
MCMC generations reached 0.009230. Phylogenetic analyses
of the combined data matrix resulted in well-resolved clades
(Fig. 1). The tree topologies resulting in ML and BI analyses
were congruent.

In the phylogenetic analyses (Fig. 1), all Neocosmospora
sequences clustered together with maximum statistical sup-
port. The two strains of N. mangrovei (MFLUCC 17-0253,
MFLUCC 17-0257) were sister to N. macrospora (CPC
28192; CBS 142424; CPC 28193), while MFLUCC 17-0259
nested with strains of N. ferruginea.

Taxonomy

Neocosmospora mangrovei A. Klomchit, M.S. Calabon, C.
Norphanphoun, and S. Brooks, sp. nov. (Fig. 2).

Mycobank number: MB 852465

Etymology: Named after the fungal habitat from mangrove
habitat, where the fungus was isolated.

Holotype: MFLU 22-0153

Colonies reaching 40-55mm diameter on PDA after
14 days at 24 °C, colony circular, white, flat, entire to filiform,
velvety; reverse white to pale straw.
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97/ \| Neocosmospora macrospora CPC 28192
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004 Neocosmospora catenata CBS 143228

Neocosmospora catenata CBS 143229

F Neocosmospora macrospora CBS 142424

: go_.: Neocosmospora epipeda CBS 146523

- Neocosmospora epipeda CBS 146524
Neocosmospora sp. CBS 143206
Neocosmospora sp. CBS 143222

| Neocosmospora sp. NRRL 25392
Neocosmospora sp. NRRL 46705

| Neocosmospora sp. NRRL 46704

4/-| Neocosmospora sp. CBS 143203
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Neocosmospora sp. CBS 143220

94/1.00

0| Neocosmospora sp. NRRL 22834
Neocosmospora sp. CBS 143212
' Neocosmospora solani LEMM 110676

95/1.00 " Neocosmospora hypothenemi CBS 145464

100/1.00 |

Neocosmospora parceramosa CBS 115695
Neocosmospora bostrycoides CBS 144.25
Neocosmospora diminuta CBS 144390
Neocosmospora gamsii CBS 143207
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3
3
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{— Neocosmospora solani CBS 140079
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Neocosmospora pisi CBS 123669
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B&/. [ Neocosmospora solani LEMM 110029
75 L Neocosmospora keratoplastica CBS 490.63
|./[ Neocosmospora noneumartii CBS 115658
Neocosmospora tonkinensis CBS 115.40

|
95] Neocosmospora suttoniana CBS 143214
| Neocosmospora stercicola CBS 142481

Neocosmospora ambrosia CBS 571.94
Neocosmospora rekana CMW 52862

Neocosmospora kuroshio CBS 142642

Neocosmospora cucurbitae CBS 616.66
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Neocosmospora samuelsii CBS 114067
1001100, setofusarium setosum CBS 574.94

Setofusarium setosum CBS 635.92
99100 Fusarium ananatum CBS 118516

100{1.00
|
100/1.00 |

100/1.00

L90/0.95 Fusarium

0.04

Fusarium bulbicola CBS 220.76

Fusarium agapanthi NRRL 54463
Fusarium fujikuroi CBS 221.76
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Fusarium tricinctum CBS 393 93

Figure 1. RAXML analysis of combined efl«, ITS, LSU, and RPB2 sequence datasets comprised 73 strains of Noval strains, MFLUCC 17-0253,

MFLUCC 17-0257 MFLUCC 17-0259, and Nectriaceae with six Fusarium

species (F agapanthi NRRL 54463, £ ananatum CBS 118516, F bulbicola CBS

220.76, F fujikuroi CBS 221.76, F. torreyae CBS 133858, and F. tricinctum CBS 393.93) as the outgroup taxa. Bootstrap support values for ML equal to or

>70% and BYPP equal to or >0.95 are given above the nodes..

Conidiophores on aerial mycelium straight, smooth, and
thin-walled, simple, terminal, single monophialides; phialides
36.5-74.0 x 2.5-5.5um (#n = 60.8 x 3.8um, n = 30),
subulate to acicular, smooth and thin-walled, conidiogenous

loci with inconspicuous periclinal thickening and non-flared,
minute collarettes; aerial conidia of two types: microconidia
4.5-8.0 x 1.5-3.5 um (x = 6.3 x 2.7 um, n = 50), subglobose,
mostly ellipsoidal, straight to slightly curved, often with a
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Figure 2. Neocosmospora mangrovei (MFLUCC 17-0253, ex-type culture). (a) Colonies on PDA (obverse and reverse); (b) mycelia on PDA with aerial
conidiophores and mass of conidia; (c, d, e, f, g) aerial conidiophores; (h, i, j, k, I) chlamydospores; (m) aerial microconidia; (n) aerial macroconidia. Scale

bars: (b) 500 um; (c-n) 10 um.

flattened base, aseptate, hyaline, smooth- and thin-walled,
clustering in false heads at tip of monophialides; macroconi-
dia 39-45 x 4.5-6.0um (% = 42.8 x 5.2um, n = 10),
falcate, straight to slightly dorsiventrally curved, apical cell
blunt and slightly curved; basal cell inconspicuously to mod-
erately notched, 4-5-septate, predominantly 4-septate, hya-
line, smooth- and thick-walled. Sporodochia not observed.
Chlamydospores 11-20 x 5-10um (x = 15.6 x 7.4 um,
n = 50), abundantly formed, globose to subglobose, smooth-
to verruculose and thick-walled, terminal or intercalary in hy-
phae or conidia, solitary or in chains.

Material examined: Thailand, Ranong Province, The Ra-
nong Biosphere Reserve, on branches of Rhizophora apic-
ulata, 7 December 2016, Chada Norphanphoun, NG27b
(MFLU 22-0153, dried culture, holotype, permanently pre-
served in a metabolically inactive state), ex-type living culture
MFLUCC 17-0253; on branches of R. mucronata, NG37b
(MFLU 22-0154, dried culture, paratype, permanently pre-
served in a metabolically inactive state), ex-paratype living
culture MFLUCC 17-0257.

GenBank accession numbers: MFLUCC 17-0253:
LSU = ONB833274, ITS = MT928792, efl-a = OP272135;

MFLUCC 17-0257: LSU = ON833275, ITS = MT928793,
efl-a = OP272136, RPB2 = OP272134.

Notes: Phylogenetic analyses of the combined sequence
data (LSU, ITS, ef1-a, RPB2) showed that N. mangrovei is
sister taxon to N. macrospora, and also belonged to the same
subclade as N. ferruginea. Morphologically, N. mangrovei
is distinct from N. macrospora by having longer phialides
(36.5-74 x 2.5-5.5um vs. 19-67 x 2-5um) and larger
chlamydospores (11-20 x 5-10 wm vs. 5-8.5 x 4.5-8 um)
(Sandoval-Denis et al. 2018). Neocosmospora mangrovei can
be distinguished from N. ferruginea by the size of phialides
[36.5-74 x 2.5-5.5 um vs. (29.5-)31-40(-45) x 2.5-3.5 uml],
microconidia [4.5-8 x 1.5-3.5 um vs. (4-) 4.5-11(-20) x (15-
) 24 (-6) um], and chlamydospores (11-20 x 5-10 um vs.
8-10 wm diameter) (Sandoval-Denis et al. 2019).

Neocosmospora ferruginea Sandoval-Denis et al., Persoo-
nia 43: 130 (2019) (Fig. 3).

Mycobank number: MB831182

Colonies growing on PDA, reaching 40-55 mm diameter in
14 days at 24°C, colony circular, white, flat, entire, velvety to
cottony, with or without white to straw concentric rings; re-
verse white to pale straw.
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Figure 3. Neocosmospora ferruginea (MFLUCC 17-0259) (a) colonies on PDA (obverse and reverse); (b) mycelia on PDA with aerial conidiophores and
mass of conidia; (c, d, e, f, g, h, i) aerial conidiophores; (j, k, I, m) chlamydospores; (n) aerial microconidia; (o) aerial macroconidia. Scale bars: (b) 500 um;

(c-0) 10 um.

Conidiophores on aerial mycelium straight, smooth, and
thin-walled, simple or branched several times verticillately,
bearing terminal or lateral, single monophialides; phialides
35-73 x 2.2-4.5um (x = 52.5 x 3um, n = 50) subulate,
subcylindrical, to acicular, smooth- and thin-walled, conid-
iogenous loci with inconspicuous periclinal thickening and
non-flared, minute collarettes; aerial conidia of two types:
microconidia 6.60-14.5 x 2.7-5.5um (x = 10.4 x 4.1 um,
n = 50) oval, obovoidal to ellipsoidal, mostly straight to
slightly curved, often with a flattened base, aseptate, hya-
line, smooth- and thin-walled, clustering in false heads at tip
of monophialides; macroconidia up to 55 um, falcate, rarely
straight with moderately curved ends, tapering toward base,
septation sometimes indistinct or with thin transverse septa;
apical cell of equal length or slightly longer than adjacent cell,

blunt to slightly hooked with rounded apex; basal cell incon-
spicuously to moderately notched, 4-septate, hyaline, smooth-
and thick-walled. Sporodochia not observed. Chlamydospores
9-21.5 x 5.5-10um (x = 13.7 x 7/7um, n = 30) abun-
dantly formed, globose to subglobose, smooth- to verruculose
and thick-walled, terminal or intercalary in hyphae or conidia,
solitary, in chains or in clusters.

Material examined: Thailand, Ranong Province, The Ra-
nong Biosphere Reserve, on branches of Ceriops decandra,
6 December 2016, Chada Norphanphoun, NG03b (MFLU
22-0152, dried culture, holotype, permanently preserved in
a metabolically inactive state), living culture MFLUCC 17-
0259.

GenBank accession numbers: 1SU = ON833276,
ITS = MT928794, ef1-a = OP272137.
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Figure 4. Dual culture assay between C. truncatum CG-0064 with N. mangrovei MFLUCC 17-0253 and N. mangrovei MFLUCC 17-0257 (a—d) and C.
acutatum CC-0036 with N. ferruginea MFLUCC 17-0259 (e-f), C. truncatum CG-0064 (control; a, c), N. mangrovei MFLUCC 17-0253 and C. truncatum
CG-0064 (b), N. mangrovei MFLUCC 17-0257 and C. truncatum CG-0064 (d), C. acutatum CC-0036 (control; e) C. acutatum CC-0036 with N. ferruginea

MFLUCC 17-0259 ().

Notes: In the multi-locus phylogenetic analysis shows that
N. ferruginea MFLUCC 17-0259 clustered with strains of
N. ferruginea. When compared with the holotype, N. ferrug-
inea CBS 109028, N. ferruginea MFLUCC 17-0259 can be
distinguished from by the size of phialides [35-73 x 2.2-
4.5 um vs. (29.5-)31-40(—45) x 2.5-3.5 um], conidia [6.6—
14.5 x 2.7-5.5 um vs. (4-)4.5-11(=20) x (1.5-)2—4(—60 uml,
and chlamydospores (9-21.5 x 5.5-10 um vs. 8-10 um di-
ameter) (Sandoval-Denis et al. 2019). Neocosmospora ferrug-
inea MFLUCC 17-0259 shared the same subclade with N.
mangrovei and N. macrospora. Morphologically, N. ferrug-
inea MFLUCC 17-0259 has a larger microconidium (6.6—
14.5 x 2.7-5.5um vs. 4.5-8 x 1.5-3.5um) than N. man-
grovei. Neocosmospora ferruginea MFLUCC 17-0259 has

longer phialides (35-73 x 2.2-4.5 um vs. 19-67 x 2-5 um)
and larger chlamydospores (9-21.5 x 5.5-10pm vs. 5-
8.5 x 4.5-8 um) compared to N. macrospora (Sandoval-Denis
et al. 2018).

Antagonistic activity against anthracnose disease

In the dual culture assay, N. mangrovei MFLUCC 17-0253
and N. mangrovei MFLUCC 17-0257 exhibited antagonistic
effects against C. truncatum, CG-0064 resulting in mycelium
growth inhibition percentages of 63.17% =+ 4.15% and
21.25% =+ 6.22%, respectively (Fig. 4). The N. ferruginea
MFLUCC 17-0259 exhibited 46.5% =+ 7.47% mycelium
growth inhibition against C. acutatum, CC-0036 (Fig. 4).
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Figure 5. Growth of C. truncatum CG-0064 in poisoned food assay (a—d) grown on PDA at 28 °C after seven days, mixed with either sterile water (a),
crude extract of N. mangrovei MFLUCC 17-0253 (0.6 mg/mL) (b), crude extract of N. mangrovei MFLUCC 17-0253 (0.9 mg/mL) (c), or captan (0.6 mg/mL)

(d). Growth of C. acutatum CC-0036 in poisoned food assay (e-h) grown on PDA at 28 °C after 7 days, mixed with either sterile water (e), crude extract of

N. ferruginea MFLUCC 17-0259 (0.6 mg/mL) (f), crude extract of N. ferruginea MFLUCC 17-0259 (0.9 mg/mL) (g), captan concentration (h).

Figure 6. Hypha growth of C. truncatum CG-0064 (a—e) on chili leaves, spore solution mixed with either sterile water (a), captan (0.6 mg/mL) (b), crude
extract of N. mangrovei MFLUCC 17-0253 (0.9 mg/mL; c), crude extract of N. mangrovei MFLUCC 17-0253 (2.7 mg/mL; d), or crude extract of N.
mangrovei MFLUCC 17-0253 (5.4 mg/mL; e) at 5 days after incubation. Hypha growth of C. acutatum CC-0036 (f—j) on chili leaves, spore solution mixed
with either sterile water (f), captan (g), crude extract of N. ferruginea MFLUCC-0259 (0.9 mg/mL; h), crude extract of N. ferruginea MFLUCC-0259

(2.7 mg/mL; i), or crude extract of N. ferruginea MFLUCC-0259 (2.7 mg/mL; j) at 5 days after incubation.

The dual assay displayed high antagonistic effects of N.
mangrovei MFLUCC 17-0253 and N. ferruginea MFLUCC
17-0259 against C. truncatum, CG-0064, and C. acutatum,
CC-0036, respectively. Thus, these two strains were further
analyzed for antagonistic potential through poisoned food
and in planta assays. Both assays confirmed the potency of
fungal crude extract obtained from N. mangrovei MFLUCC
17-0253 toward C. truncatum, CG-0064. The fungal crude
extract derived from N. mangrovei MFLUCC 17-0253 com-
pletely inhibited the growth of C. truncatum, CG-0064 in
poisoned food (at a concentration of 0.9 mg/mL), and in
planta assay (at a concentration of 2.7 mg/mL) (Fig. 5). At the

same time, fungal crude extract obtained from N. ferruginea
MFLUCC 17-0259 displayed antagonistic effects against C.
acutatum, CC-0036. At a concentration of 5.4 mg/mL, this
fungal crude extract inhibited hyphal growth on chili leaves
as high as 96.42% (Fig. 6; Table 2).

Genome sequencing for N. mangrovei MFLUCC
17-0253

Genomic DNA from new fungal species N. mangrovei
MFLUCC 17-0253 was sequenced through Oxford nanopore
sequencing. This led to ~2,507,796,378 bases from the
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Table 2. Inhibition of C. truncatum, CG-0064 by N. mangrovei MFLUCC 17—
0253 (A) and C. acutatum, CC-0036 by N. ferruginea MFLUCC 17-0259 (B)
in poisoned food assay and in planta assays.

Treatments Inhibition of mycelium growth (%)!
A B
Poisoned food assay*
0.6 mg/mL 82.64 + 0.74b 53.67 £ 3.09b
0.9 mg/mL 100.00 + 0.00a 69.39 £ 2.42a
Captan (0.6 mg/mL) 78.56 £ 20.79¢ 77.34 £ 3.00c
In planta assay
0.9 mg/mL 68.75 + 8.33 74.99 £ 11.66
2.7 mg/mL 100.00 £ 0.00 78.57 £ 10.00
5.4 mg/mL 100.00 £ 0.00 96.42 + 4.65
Captan (0.6 mg/mL) 75.00 + 1.09 100.00 £ 0.00

*Significant at P = 0.0S5.
IData are presented as mean =+ S.D. values of three independent experiments.

nanopore data. As our assembly of N. mangrovei MFLUCC
17-0253 has a 49.17 Mb genome, this gives a 51x coverage.
Assembly statistics reported in Table 1 show that this as-
sembly has 20 contigs of significant size, some of these are
likely to be assembled at the chromosomal level, although
this requires further investigation to be determined. BUSCO
(Manni et al. 2021) was used to determine the quality of the
genomes by quantifying the completeness of core conserved
genes in N. mangrovei MFLUCC 17-0253 that would be ex-
pected across the Hypocreales order. Supplementary Table S1
shows the conserved genes identified across the scaffold of
this assembly, while Supplementary Table S2 shows the con-
served proteins identified in the predicted proteome for this
species.

Genome analysis

The predicted proteome generated using the Funannotate
package was run through Eggnog-mapper v2.1.7, through
which 77.5% of the 15000 protein-coding genes were able
to be assigned a COG (Clusters of Orthologous Groups)
functional category. The distribution of genes across these
categories is shown in Supplementary Fig. S1. It is impor-
tant to note that some genes are assigned multiple COG cat-
egories. Supplementary Fig. S2 shows that Eggnog-mapper
was also capable of assigning gene ontology terms, fre-
quently with multiple terms assigned to individual pre-
dicted proteins, enzyme commission numbers, matches across
multiple KEGG databases, and BRITE hierarchies are also
included. A small number of predicted proteins (1.5%)
could be assigned to matches in the CAZy database for
carbohydrate-active enzymes, 1% were found to match with
BiGG IDs. 76.3% of genes were matched to the Pfam
database.

Biosynthetic gene clusters prediction

The genome of N. mangrovei MFLUCC 17-0253 was an-
alyzed using antiSMASH fungal version 7.1.0. This anal-
ysis revealed a total of 41 putative BGCs, including 13
polyketide synthase (PKS), ten non-ribosomal peptide syn-
thetase (NRPS), six NRPS-like BGCs, five terpenes, two ri-
bosomally synthesized and post-translationally modified pep-
tides (RiPPs), along with hybrid PKS-NRPS, indole, be-
talactone, phosphonate, and isocyanide (Fig. 7a). Out of
41 predicted BGCs, only six exhibited significant homolo-

gies to characterized BGCs. One polyketide containing BGC
closely matches BGCs that have been linked to the biosyn-
thesis of phenalenone precursors 1-2 and duclauxin 3
(Supplementary Fig. S3), while another polyketide BGC shows
a high similarity to oxyjanvanicin 4 BGC (Supplementary
Fig. S4). This BGC could be responsible for the biosyn-
thesis of secondary metabolites previously isolated from
this fungus, which are 2-methoxy-6-methyl-7-acetonyl-8-
hydroxy-1,4-maphthalenedione 5, 5,8-dihydroxy-7-acetonyl-
1,4-naphthalenedione 6, anhydrojavanicin 7, and fusarnaph-
thoquinones B 8 (Fig. 7¢) (Klomchit et al. 2021). Addition-
ally, one NRPS containing BGC was highly homologous to
the BGC responsible for the biosynthesis of dimerumic acid
9 and metachelin A 10 (Supplementary Fig. S5). Further-
more, two NRPS BGCs displayed significant similarity to the
BGC:s of choline 11 (Supplementary Fig. S6) and sansalvamide
12 (Supplementary Fig. S7), respectively. Lastly, one hybrid
NRPS-PKS BGC had high homology to the lucilactaene 13
BGC (Supplementary Fig. S8).

Discussion

Both Fusarium and Neocosmospora share similar features,
including macroconidia; thus, there are different hypotheses
as to the taxonomic and phylogenetic distinction between
the Neocosmospora and the E solani species complex (FSSC)
(O’Donnell 2000). Geiser et al. (2013) recognized the Fusar-
ium link broadly and considered Neocosmospora in the same
group as E solani. The same broad concept of Fusarium was
present in O’Donnell et al. (2020) and Geiser et al. (2021).
However, findings supported by Zeng and Zhuang (2017),
Sandoval-Denis et al. (2018), and Crous et al. (2021) have jus-
tified the presence of a distinct genus representing a morpho-
logically aberrant lineage within other groups, including Neo-
cosmospora in FSSC. This study identified Neocosmospora
species from the southern part of Thailand based on mor-
phological and molecular data. The phylogenetic analysis of
combined LSU, ITS, ¢f1-a, and RPB2 regions of 73 additional
taxa of Neocosmospora together with morphology confirmed
the placement of new species within the genus. Two strains of
N. mangrovei (MFLUCC 17-0253, MFLUCC 17-0257) sp.
nov. are phylogenetically related to N. macrospora (Fig. 1, see
Notes for morphological differences).

Previously, N. mangrovei MFLUCC 17-0253 has show-
cased its significance as a valuable source of beneficial
secondary metabolite compounds. The identification of
secondary metabolites, including mixture of 2-methoxy-
6-methyl-7-acetonyl-8-hydroxy-1,4-maphthalenedione 5,
5,8-dihydroxy-7-acetonyl-1,4-naphthalenedione 6, anhy-
drojavanicin 7, and fusarnaphthoquinones B 8 from N.
mangrovei MFLUCC 17-0253 has emerged as crucial for the
cucurbit industry due to their antibacterial activity against the
pathogenic bacterium, Acidovorax citrulli JT-003 (Klomchit
et al. 2021). In this study, bioinformatics analysis identified
a putative polyketide containing BGC that could be respon-
sible for the biosynthesis of the metabolites. Furthermore,
the current study highlighted the potent antifungal activity
of N. mangrovei MFLUCC 17-0253 against pathogenic
fungi causing anthracnose in chili. The promising efficacy
of the novel N. mangrovei MFLUCC 17-0253 against two
major plant diseases in crop production, combined with the
identification of 41 putative BGCs in this study, suggests the
potential for these BGCs to generate secondary metabolites

202 AeN ¢ uo 3senb Aq z6/99//1 1 L 9EXI/G/SE | /o101Ee/OlIquiel/woo dno oiwapede//:sdRy Wody papeojumod


https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data
https://academic.oup.com/jambio/article-lookup/doi/10.1093/jambio/lxae114#supplementary-data

10

(b)

Polyketide synthase (PKS) derived o. .0

Klomchit et al.

Non-ribosomal peptide synthetase (NRPS) derived

HEx-pks23 polyketide 1 Duclauxin 3 Oxyjavanicin 4

Hybrid NRPS-PKS derived

= PKS = NRPS = NRPS-like
Terpene = RiPP = Hybrid PKS-NRPS
= Indole = Phosphonate = Betalactone

O OH
0.
SO E:
0 e}
2-methoxy-6-methyl-7-acetonyl-8- 5.8-dihydroxy-7-acetonyl-1.4-
hydroxy-1,4-maphthalenedione 5 naphthalenedione 6

o o OH O
A\ A\
,o o

O OH
anhydrojavanicin 7

O OH
fusarnaphthoquinones B 8

/\)\/ﬁ\ i
HO = N/\/\‘)'\nj‘i/\, OH

OH MM

Lucilactaene 13

Dlmcrumw acid 9

e
):é % Choline 11

Sansalvamide 12

N . _OH

Figure 7. The biosynthetic potential of N. mangrovei MFLUCC 17-0253. (a) The distribution of the BGCs by type of natural products. Polyketide synthase
(PKS), non-ribosomal peptide synthetase (NRPS), ribosomally synthesized and post-translationally modified peptides (RiPPs) (b) The structure of
secondary metabolites that could be produced by this strain based on BGCs similarity to known BGCs in the literature. (c) Secondary metabolites

previously isolated from N. mangrovei MFLUCC 17-0253.

that might effectively combat other plant diseases, thus
making a significant discovery.

The N. mangrovei MFLUCC 17-0253 holds promise as a
potential microbial biocontrol agent for future application in
sustainable agriculture, as discussed above. This strain also
shows promise to be a valuable resource for pharmaceutical
applications. Six of the BGCs from this strain show high ho-
mology to BGCs that have been characterized to produce sev-
eral secondary metabolites, including phenalenone, duclauxin,
oxyjanvanicin, dimerumic acid, metachelins, choline, sansal-
vamide, and lucilactaene. Notably, phenalenone, an aromatic
polyketide, has been documented for its diverse bioactivities,
including cytotoxic, antimicrobial, antioxidant, and anti-HIV
properties (Harvey et al. 2018, Ibrahim et al. 2022). While
oxyjanvanicin was reported to have antibacterial properties
(Arnstein et al. 1946, Studt et al. 2012). Choline has a piv-
otal role in cell-membrane signaling (Hai et al. 2019). More-
over, other predicted compounds, including duclauxin, sansal-
vamide, and lucilactaene have efficacy against cancer cells,
which are tumor cell lines, cancer HT-29, and p53-transfected
cancer cells, respectively (Shahid et al. 2021, Styers et al. 2006,
Kato et al. 2020).

The genome of N. mangrovei MFLUCC 17-0253 was se-
quenced using Oxford nanopore technology, which resulted in
a very high-quality genome assembly, which highlights the ad-
vancement of this sequencing technology and its application
for sequencing fungal genomes (Tamizi et al. 2022). More im-
portantly, the genome of this species displays the potential for
diverse compound production that is effective against signif-
icant plant diseases, and some with the possibility of phar-
maceutical applications. Therefore, it is important to further

explore new species in this complex genus and assess their ca-
pabilities for both sustainable agriculture and pharmaceutical
advancements.
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