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Abstract

The present study sought to explore the mating populations (MPs) of the Fusarium fujikuroi
species complex (FFSC) associated with asymptomatic wild grasses throughout Peninsular
Malaysia. Results demonstrated that species in the FFSC associated with wild grasses were
less diverse of which only two species were obtained, namely F. sacchari (10 isolates) and F.
proliferatum (20 isolates). Of 30 isolates, 26 were found to be fertile and produced eight-
celled ascospores in perithecia, whereas the remaining four isolates were not, hence,
considered as infertile. Two MPs were recognised i.e. MP-B (F. sacchari; 10 isolates) and
MP-D (F. proliferatum; 16 isolates). Both mating types, namely MAT-1 and MAT-2 were
present, but the ratio was somewhat uneven (~2:1). Based on the uneven ratio of mating types
and different sampling locations, sexual reproduction among isolates obtained in this study is
not possible under the field condition. Reproduction using sexual means is insignificant for
the survivability of Fusarium species in nature. Also, the findings further confirmed that F.
sacchari and F. proliferatum are indeed two main species in the Asian Clade regardless of
their hosts.
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Introduction
The Fusarium fujikuroi species complex (FFSC) is a group of species with high complexity
and is controversial in their morphological features. Species in this complex are assigned into
three distinct clades based on their origins which are American clade, African clade, and
Asian clade (O’Donnell et al., 2000). F verticillioides and F. andiyazi are examples of
American and African clades, respectively. Meanwhile, F. proliferatum, F. fujikuroi, and F.
sacchari are clustered into Asian clade as these species are predominantly found in Asian
countries. Descriptions of these group species by traditional identification systems proposed
by Nelson et al. (1983), Gerlach & Nirenberg (1982) and Booth (1971) are unable to
accurately identify the species due to the similarities they share. Biological species concept
(BSC) has merely disentangled the intricacy of the classical taxonomic characterisation
within this species group as each species is incompatible with each other, although some are
reported to be compatible with more than one species (Leslie et al., 2004; Hsuan et al., 2011;
Mohamed Nor et al., 2013). BSC is a common practice and is highly suggested when the FFS
C is chosen as a subject of research interest. The concept is based on sexual cross-fertility bet
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ween fungal strains of which the progenies need to be viable and fertile (Perkins, 1994). The
species is then considered as genetically distinct biological species and is placed under differe
nt groups known as mating populations (MPs).

In agricultural settings, MP-A (F. verticillioides), MP-D (F. proliferatum), and MP-F (F.
thapsinum) are the most frequently recovered MPs worldwide (Mohamed Nor et al., 2019;
Jablonska et al., 2020; Jiang et al., 2021). Earlier reports on the FFSC and their MPs in
Southeast Asia (SEA) found that MP-A (F. verticillioides) is the common MP isolated from
maize (Summerell et al., 1998; Cumagun, 2007). In Malaysia, five MPs have been compiled,
namely MP-A (F. verticillioides), MP-B (F. sacchari), MP-C (F. fujikuroi), MP-D (F.
proliferatum) and MP-E (F. subglutinans). These MPs are associated with three local
agricultural hosts which are rice, sugarcane, and maize (Hsuan et al., 2011). Adding to this,
Mohamed Nor et al. (2013) found 29 isolates from mango were MP-D (F proliferatum).
Masratul Hawa et al. (2013) further reported 83 isolates from dragon fruit were also MP-D
(F. proliferatum). Recently, F. proliferatum (MP-D) was also reported from corn ear rot
together with F. verticillioides (MP-A) by Mohd Zainudin et al. (2017). Thus, it can be
concluded that sexual reproduction could occur, and MP-D (F. proliferatum) is the most
commonly found species recovered from agricultural hosts.

Based on the above-mentioned literature, the teleomorph phase of the FFSC from local
agricultural hosts is well-known with numerous reports available. However, in Malaysia and
other Asian countries, reports on the FFSC and its teleomorph recovered from the natural
ecosystem such as wild grasses are unknown. Grasses surpass any other flowering plants in
seeds distribution due to wind-pollination, fertility in seed production, simple fruit dispersal
devices, vegetative spread by tillers and rhizomes, regeneration of parts from growing points,
and regeneration of whole plants from buds. These favourable mechanisms may have caused
some grass species to appear to be alternate hosts for several pathogens (Fulcher et al., 2019;
Seifollahi et al., 2020; Maia et al., 2020). This present work assumed that the FFSC recovered
from the Asian wild grasses (Gramineae) are also able to sexually reproduce and the grasses
might have the potential to be the alternate hosts for species in this complex. This work also
provides extended information related to the biological diversity of the FFSC recovered from
tropical regions, specifically in Malaysia and generally in Southeast Asia (SEA).

Materials and Methods
Fusarium isolates
A total of 30 isolates of the morphologically identified FFSC consisted of F. proliferatum (20
isolates) and F. sacchari (10 isolates) were evaluated for their sexual compatibility by
conducting the mating test with the standard tester strains. The species were isolated from
wild asymptomatic grasses randomly collected throughout Peninsular Malaysia. All isolates
are listed in Table 1.

Sexual crosses
Sexual crosses were conducted according to a procedure by Klittich and Leslie (1992). Field
isolates and standard tester strains were grown on PDA for 7 days prior to the crossing
procedures. The standard tester strains, F. sacchari (B3852 and B3853) and F. proliferatum
(D4853 and D4854) were provided by Kansas State University (KSU). Field isolates served
as male parents were grown on complete medium (CM) slant agar (CM; 6 - 8 ml of medium
in a 16 x 150 mm test tube), while standard tester strains served as female parents were
grown on thick carrot agar (CA) in disposable petri dishes (60 x 15 mm). Both male and
female parents were grown on the same day. After seven days, 1 ml of Tween 60 solution
(0.25%) was poured into the tube and gently shaken to obtain the conidial suspension. The
suspension was then spread evenly on the CA plates using a sterile spreader. Fertilised
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cultures were incubated at 25°C under cool-white and near UV fluorescent light bulbs for six
weeks. Crosses were considered successful after perithecia started oozing viable ascospores
on the incubated cultures. Perithecia were observed in situ using a compound microscope
(FESEM Leo Supra model 50 VP Carl-Zeiss SMT), while asci and ascospores were observed
under a light microscope (Olympus model BX-50F4). Images of perithecia, asci and
ascospores were captured using a camera (JVC model FY-F55BE) with an image pro-
analyser attached to both cameras.

Results and discussion
A total of 16 F proliferatum and 10 F. sacchari isolates were male fertile and produced
perithecia. The remaining four isolates of F. proliferatum failed to produce perithecia and
were assumed infertile. Matured perithecia appeared on CA after 3 to 4 weeks of fertilisation.
Perithecia were superficial, solitary to aggregate in groups, obovoid, wart-like appearance,
and blue-black in colour (Figure 1A). Asci were fusiform, thin-walled, non-pigmented, and
generally contained eight ascospores (Figure 1B, 1C and 1D). The ascospores were 2-celled
with 1-septate, rounded at both ends and slightly constricted at the septum (Figure 1E, 1F
and 1G). High fertility among F. proliferatum and F. sacchari was previously reported by
Petrovic et al. (2013) and Nurul Faziha et al. (2017). Both species are generalists, being
recovered from a broad range of agricultural hosts (Leslie & Summerell, 2006).
Among 16 fertile F. proliferatum isolates, 10 isolates carried MAT-1 and the other six carried
MAT-2, making MAT-1: MAT-2 ratio obtained was ~2:1. Meanwhile, all 10 F. sacchari
isolates carried MAT-1. The dissimilarity of the mating type idiomorphs ratio with a larger
number of MAT-1 than MAT-2 among field isolates has been reported by many authors
(Jurado et al., 2010; Masratul Hawa et al., 2013; Qiu et al., 2015). Theoretically, the
maximum effective reproductive strategy occurs when the ratio of the mating type
idiomorphs are 1:1 (Britz et al., 1998). In most cases, the ratio was generally different from
the expected 1:1 ratio. It further provides a clue as to why sexual reproduction is uncommon
in the field. The finding correlates well with Venturini et al. (2011) where they found the
possibility of sexual reproduction to occur was obscured due to the predominance of one
mating type. Sexual reproduction may also occur in the field if both mating type alleles
(MAT-1 and MAT-2) present in the same field and seed lots (Leslie, 1995). From the allele
distribution in this study herein, sexual reproduction in the field was impossible as isolates
that carried different alleles were recovered from different sampling locations (Table 1).
The anamorph of F. proliferatum was morphologically inseparable with that of F. fujikuroi.
However, both species were successfully separated using the mating test as no field isolates
of F. proliferatum were observed to cross fertile with MP-C (F. fujikuroi) tester strains.
Hence, it can be assumed that a complete barrier exists between F. proliferatum isolates
recovered in this study with MP-C (F. fujikuroi) tester strains. Isolates of F. sacchari also
showed no sexual interbreed with MP-E (F. subglutinans) tester strains. The MAT-1 and
MAT-2 alleles were responsible for recombination (de Oliveira Rocha et al., 2011) and
specific in each heterothallic Fusarium species. Therefore, the identification of Fusarium
species can be done by using these alleles through sexual crosses (Leslie & Summerell,
2006).
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Table 1 FFSC recovered from wild grasses throughout Peninsular Malaysia and their MPs

Fusarium Isolate” Location® Mating Mating
species” type gene’  Population®
MAT-1/2

F sacchari J13527& Skudai, JOHOR 1 MP-B

(10 isolates) J3531& Skudai, JOHOR 1 MP-B
M3554& St. John, MELAKA 1 MP-B
P3575& Seberang Perai, P. PINANG 1 MP-B
P3588& Bukit Relau, P. PINANG 1 MP-B
P3600& Sungai Pinang, P. PINANG 1 MP-B
K3619& Padang Terap, KEDAH 1 MP-B
K3624& Padang Terap, KEDAH 1 MP-B
T3671& Kemaman, TERENGGANU 1 MP-B
C3852& Cameron Highlands, PAHANG 1 MP-B

F proliferatum D3474& Pasir Puteh, KELANTAN 1 MP-D

(20 isolates) C3488& Cameron Highlands, PAHANG 1 MP-D
T3505& Kemaman, TERENGGANU 1 MP-D
T3509& Kemaman, TERENGGANU 1 MP-D
J3518& Skudai, JOHOR 1 MP-D
M3542& St. John, MELAKA 1 MP-D
P3586& Bukit Relau, P. PINANG 2 MP-D
P3594& Sg. Burong, P. PINANG 1 MP-D
P3599& Sg. Pinang, P. PINANG 1 MP-D
P3606& Teluk Bahang, P. PINANG 1 MP-D
P3607& Teluk Bahang, P. PINANG 2 MP-D
P3611& Seberang Perai, P. PINANG 2 MP-D
K3620& Padang Terap, KEDAH 1 MP-D
T3688& Kemaman, TERENGGANU 2 MP-D
C5099& Genting Highlands, PAHANG 1 NF
C5362& Genting Highlands, PAHANG 1 NF
C5538& Genting Highlands, PAHANG 1 NF
C5980& Genting Highlands, PAHANG 1 NF
C6662& Cameron Highlands, PAHANG 2 MP-D
C6663& Cameron Highlands, PAHANG 2 MP-D

“Fusarium species morphologically identified using Leslie & Summerell (2006)

bIsolates coding number according to Fusarium Culture Collection Unit, Universiti Sains Malaysia
“Sampling location throughout Peninsular Malaysia

“Mating types based on the mating test with the standard tester strains provided by KSU

“Assigned MPs after sexual crosses with the standard tester strains provided by KSU
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Figure 1 Morphological features of the FFSC after sexual crosses. A. Blue-blac
matured ascospores. E-G. 2-celled ascospores discharged from the ascus
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A molecular approach has been widely used by researchers worldwide of which they detect
specific genes, namely MATI-1 and MATI-2 responsible for mating type alleles in the FFSC
(Mohamed Nor et al., 2019; Maia et al., 2020; Jiang et al., 2021). The mating type is
generally determined through PCR amplification by using the primer sets comprising
Gfmatla and Gfmatlb for MAT1-1, and Gfmat2c and Gfmat2d for MAT1-2. Although sexual
crosses are time-consuming and cumbersome, the techniques, however, are reliably useful if
molecular techniques involving high-end apparatus and costly chemicals are not available.

FE proliferatum and F. sacchari were believed to have evolved in New Guinea and were
placed in Asian clade (O’Donnell et al., 1998; Petrovic et al., 2013). The close geological
separation of Papua New Guinea from Malaysia suggests that these species may have a long
co-evolutionary history with Malaysian grasses as well as other non-domesticated plants.
Wild grasses may serve as alternate hosts and reservoirs of these fungal pathogens. Maia et
al. (2020) reported that F. gigantea was found to be pathogenic to maize although the species
is known to be an endophyte species of a common forage grass, Panicum maximum. Based
on the present study, the potential alternate host is Dactyloctenium aegyptium, a wild grass
grown at sugarcane plantations in Padang Terap, Kedah where F. sacchari was recovered
from (data not shown).

From different types of grasses and numerous sampling locations, this study gives a
preliminary assumption that among the FFSC, F. proliferatum and F. sacchari are the most
commonly isolated species from wild grasses. To the best of our knowledge, this study also
offers the first information regarding the FFSC and their MPs recovered from wild grasses in
Malaysia as well as in SEA. Larger samples are indeed required to better understand the
diversity of these species and their population structures in the natural ecosystem.

Conclusion

Two MPs, namely MP-B and MP-D were recovered from this study. Both mating type alleles
(MAT-1 and MAT-2) with unequal frequencies were observed and from the ratio of mating
type alleles of both species, the occurrence of sexual reproduction in the field was not
possible. In terms of species distribution, F. sacchari (MP-B) and F. proliferatum (MP-D)
were the main species recovered, supporting the earlier findings that these species were from
Asia. Regardless of its hosts, F. proliferatum (MP-D) is indeed the most commonly found
FFSC in Malaysia. All isolates were presumably endophytes and/or saprophytes since no
visible symptoms were observed on the grass samples.
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