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ABSTRACT

Objective: Potato (Solanum tuberosum L.) is one of the world's most important cultivated tuber
crops in Cameroon. Potato aphids remain a major pest to potato plant thus greatly reducing its
productivity. Inadequate information still exists on identification of fungi species associated with
potato aphids. The aim of the study was therefore to identify fungi species associated with aphids
of potato using molecular techniques to determine the entomopathogenic species which can be
used to control potato aphids to increase potato productivity as well as increase food security.
Methodology and Results: One hundred samples of aphid’s cadavers were collected monthly from
the field, put in zip lock bags and preserved in coolers. These samples were then transported to the
laboratory and cultured on potato dextrose agar. After a period of 7 days, they were sub-cultured
to obtain pure cultures. The pure cultures were obtained and molecularly identified using the
ribosomal ITS and TEF regions. Results from cultural identification revealed fungi belonging to
three genera: Fusarium, Aspergillus and Penicillium with different species in these genera.
Sequence data analysis from the ITS gene regions revealed 6 fungi species namely, Fusarium
oxysporum Aspergillus sydowii, Aspergillus niger, Curvularia affinis, Microascus murinus and
Trichoderma erinanaceum. Also, 6 species with the translation elongation factor (TEF) were
identified namely, Cladosporium cladosporoides, Fusarium oxysporum, Fusarium babinda,
Trichoderma gamsii, Chaetomium cochiloides and Aspergillus niger. Phylogenetic analysis
produced a phylogram consisting of sequences of samples collected from the study area together
with those from the GenBank.
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Conclusions and application of results: Some of these fungi species have been reported to be
entomopathogenic. Further research will screen entomopathogenic isolates that will serve as a
biocontrol strategy against potato aphids which is an environmentally friendly method of pest

control compared to synthetic pesticides.
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INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
world's most important cultivated tuber crop
(FAO, 2009). According to the FAO (2009),
potato is grown in over 125 countries,
consumed by over a billion people worldwide.
In developing countries, millions of people
depend on potato for survival (Njomo et al.,
2019). The ease of cultivation of potatoes and
its nutritional value (such as cholesterol free,
rich in dietary fibres, antioxidants and high
potassium content) are responsible for the
expansion of potato production in developing
countries. Production of potatoes in
developing countries is still low, when
compared to production in developed countries
(FAO, 2009). In Cameroon, potato is an
important crop and ranks among the major
crops in tons produced after cassava, plantain,
cocoyam, and maize, with majority production
done by small holders mostly women, with
most marketing done locally (Njomoh et al.,
2019). Potato was introduced in Cameroon
during the German colonial period between
1884 to 1914. Later in the 1940’s, its
cultivation became widespread by the British
and Dutch government (Foncho, 1982). The
West and Northwest Regions of Cameroon are
the predominant areas of potato cultivation,
with 80% (435,354 tons) of national
production (Mengui et al., 2019). These two
regions are located in the western highlands of
the  country, characterized by cool
temperatures, and high rainfall of at least 800
mm per annum at altitudes ranging between
900 to 3000 meters above sea level. About 17%
is exported to neighbouring countries like
Gabon, Central African Republic, Congo, and
Equatorial Guinea (Mengui et al., 2019).
Planting is wusually done in March and

harvesting in June. Second planting occurs in
November depending on the water stored in the
soil (Mengui et al., 2019). Potato production is
still constrained by poor farming practices,
pests, inefficient use of available technologies,
poor soil fertility, high cost of inputs like
fertilizers, low quality seeds and fungicides,
lack of access to credit, and a lot more despite
government subsidization (Mengui et al.,
2019). The common insect pests of potatoes
are the cutworms, fruit worms, leaf miners,
white flies and aphids experienced at various
growth stages (Konje et al., 2019), Potato
aphids known as green peach aphids are
usually prominent at the maturity stage.

Aphids (Aphididae) are one of the most
destructive insect pests in farming (Francis et
al, 2022). Some important infesting aphids of
potato are the green peach aphids (Myzus
persicae) and potato aphids (Marcrosiphum
euphorbiae) which can be differentiated by
their tubercles between the lower surfaces of
their antenna. Those of M. euphorbiae slope
externally while those of M. persicae rather
converge (Yi and Gray, 2020; Francis et al.,
2023). These species are highly polyphagous
and are widely distributed making them able to
attack many plant families (Machado-Asseth
et al., 2023). They mostly have two stages in
their life cycle, which is the nymph and adult
but, in some stages, they experience three
developmental stages which are the egg,
nymph and adult (Yiand Gray, 2020). A female
adult can give rise to about 20 to 50 nymphs
which mature within a period of 4 to 21 days
in summer season. Some fungi have been
noted to be useful pathogens of aphids (Francis
et al, 2022). They usually form an endophytic
association with the aphids which is said to be
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pathogenic to the aphids. These categories of
fungi are called entomopathogenic fungi (EPF)
and so causing death to the host insect
(Scorcetti, et al., 2007). Majority of the
pathogenic fungi associated with aphids
belong to the phylum Ascomycota and class
Entomophthoromycota  (Humber, 2012).
Conventional fungal morphological
identification relies on the examination of both
microscopic and macroscopic  features.
However, morphological plasticity and genetic
variability in the parameters employed to
identify species usually cause a restriction to
this identification, despite its importance (Paz
et al., 2011). The advancement of molecular
techniques in recent years has made it possible
to develop quick, precise, and widely
applicable methods for the detection and
identification of various fungi. These methods
are primarily based on the polymerase chain
reaction (PCR) analysis of DNA. The internal
transcribed spacers (ITS) and ribosomal DNA
genes (rDNA) for example, make it possible to
examine the evolutionary connections between
various entomopathogenic fungal taxa. As
such, it's critical to compare the outcomes of
morphological and molecular analysis to
increase accuracy in the identification of
fungal isolates and assess their genetic

MATERIALS AND METHODS

Study area: The study was carried out in
Bamenda, Mezam division located in the
North-West Region of Cameroon, (Figure 1)
with a combined surface area of 391 km2, it is
composed of three subdivisions: Bamenda I,
Bamenda II, and Bamenda III and located
between latitude 5.5734N and longitude
10.845E (Acho, 1998). Its terrain is composed
of vast valleys and plateaus spaced apart, with
Guinea Savannah-type vegetation and mild
temperatures. A high scarp-oriented NE-SW
divides the two topographic units (Neba,
1999). The upper plateau, which is mostly
Bamenda I and makes roughly 10% of the
city's total size, is situated above the cliff.

variability (Hibbet ef al., 2011). Some
endophytic fungi such as Metarrhizum have
been identified molecularly by amplification
and sequencing of factor 1-alpha (EF-1a) and
B-tubulin (Clifton et al., 2018), Cladosporium
species (Bensaci et al., 2022), Cordiceps and
Beauveria bassiana using the internal
transcribed spacer (Tian et al., 2010). Other
researchers focus only on morphological
means by looking at the growth features and
characteristics of the colonies on culture plates,
making comparisons with those in literature
and using identification keys. Some group of
fungi isolated from potato aphids such as
Beauveria  bassiani and  Metarrhizum
anisoplae have been identified by this means
(Ullah et al., 2022). These groups of fungi have
been reported in forming endophytic
pathogenic association with most insect pests,
including aphids of which potato aphids have
not been reported to be an exemption (Vu et
al., 2007, Ullah et al., 2022, Bensaci et al.,
2022, Nouh, 2019). In Cameroon,
identification of some of these species have
been done only by morphological means
(Membang et al., 2021). It is therefore
imperative that these fungi are properly
identified to aid in molecularly taxonomy of
fungi species.

Here, altitudes range from 1472 metres to 1573
metres (Parfait et al., 2023). There are two
distinct seasons in this humid tropical highland
climate: wet and dry. This place has extremely
cold temperatures, which are greatest from
January to March. Minimum and maximum
temperatures range from 14.10°C to 17.80 °C .
Humidity ranges from 39 to 90%, and rainfall
occurs at a rate of 0.1 to 14.1 inches per hour
(Parfait et al., 2023). According to Tita et al.
(2012), the rainy season is often longer, lasting
eight months from mid-March to mid-October,
with a brief dry season of four months from
mid-October to mid-March. It has a mean
yearly temperature of 19.93 degrees Celsius.
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The annual average precipitation ranges from
1700 to 2824 mm and exhibits fluctuations
(Ayonghe, 2001). Along the many
watercourses in the watershed, the town boasts
a densely populated area and a strong
hydrographical network (Parfait et al., 2023).
Two study regions were used for this work:
Santa and small Babanki. Santa Sub-Division
is one of the seven administrative units of
Mezam Division in the Northwest Region of
Cameroon (CDP, 2011). It is found along
longitude 9° 58 and 10° 18 East of the
Greenwich Meridian and between latitude 5°
42 and 5°53" North of the Equator (Konje et
al., 2019). Santa is situated 20 km to the south
of Bamenda, the Northwest Regional capital

Cameroon
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and about 60 km North of Bafoussam, the
regional capital of the West Region (CDP,
2011). Santa is the main gateway into the
Northwest Region from the rest of the country.
In 2008, the estimated population was 99851
and 90% is engaged in farming and agriculture
(Fogwe, 2014). Small Babanki is a village in
the Northwest Region, Mezam Division and
Tubah Subdivision. It is also known as Kedjom
Ketinguh which means “people who live under
the rock”. It is located 20km East of Bamenda,
the regional capital. It is 1100 to 1800m above
sea level. It has an annual rainfall of 2450mm
and an annual temperature of 18 to 21 °C
(Ndikintum, 2009).

10719.41TE

Figure 1: Map of the study area

Aphid collection: Field surveys were
conducted in two villages, (Santa and Small
Babanki) in November 2021 in Bamenda,
Northwest Region of Cameroon. A total of 100
samples of insect cadavers suspected to have
fungal infection were collected from the field
(50 samples from each village site) with the

help of an entomological forceps, put in
labelled sample cups. These samples were put
in coolers and transported to the Life Science
Laboratory of the University of Buea,
Southwest Region of Cameroon for isolation
and identification of associated fungi.
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Media preparation: The working
environment was disinfected with 70% alcohol
to reduce chances of contamination. Potato
dextrose agar (PDA) medium was prepared
following the protocol of Beever and Bollard,
(1970). The mixture was then homogenized,
corked tightly with cotton, sealed with
aluminium foil paper and autoclaved for an
hour at 121°C and pressure of about 20 Pa. The
medium was allowed to cool to about 40°C. An
electronic wind balance was used to measure
0.1g of gentamycin while a micropipette was
used to measure 500 mL of penicillin. These
antibiotics were added to the PDA medium to
prevent the growth of other microbes such as
bacteria. The medium was gently stirred by
swirling the flask and then poured into sterile
petri dishes over a glowing flame from a gas
bottle to prevent contamination from the
environment. The medium was allowed to
solidify before inoculation of the insect
cadavers. Isolation of fungi: The insect
cadavers were put in small nets, surface
sterilized by immersing in 2.5 % sodium
hypochlorite solution for 1 minute, followed
by rinsing with 70 % alcohol for 1 minute.
They were finally rinsed 3 times with sterile
distilled water, then plated upon the solidified
PDA medium in labelled Petri dishes (Mekwe
et al., 2018). The Plates were sealed with
parafilm and incubated at room temperature
(25 °C) in the dark for 7 days. After 7 days,
fungi that grew out of the inoculants were sub-
cultured on fresh PDA plates at room
temperature. The distinct fungi colonies from
primary cultures were cut out using a sterile
scalpel, and then transferred to the fresh PDA
plates to obtain pure cultures. Inoculated plates
were sealed with parafilm and incubated at
room temperature (25 °C), in the dark for 7
days and pure cultures were obtained (Leslie
and Summerrel, 2006). Morphological and
cultural characterization: Macroscopic
features such as colony diameter, colony
colour, texture, margin, form, elevation and
aerial hyphae were recorded by observing the

growth forms on PDA physically. The
mycelium was observed under a light
microscope and crosschecked with those in
literature (Leslie and Summerelle, 2006).

DNA extraction: DNA extraction was done
following the Sorbitol-CTAB protocol
according to Inglis et al. (2018). The oven was
preheated at 65 °C. Before
pipetting/dispensing, lysis buffer was warmed
at 65 °C for at least 15 minutes. Fifty to 100mg
of cultures that were stored in sterile distilled
water was used. This was followed by the
addition a bead mixture (3 spoons of 0.25-
0.5mm), 1 spoon of 1-0.25mm and 2 glass
beads 2.5mm) into each sample tube. The
beater was beaded at 4m/s for 30sec x 2. An
excess or 500 pl of sorbitol wash buffer (80 ul
mecaptolethanol was added to every 40mL
sorbitol wash before usage) was added to fill
sample tubes containing macerated plant
material to approximately % capacity (0.9 — 1.5
ml, depending on tubes used). The tubes were
caped and shook manually or using vortex.
This stage was checked again to make sure that
the powdered material formed a suspension,
and the tubes were shaken again if need be.
Centrifugation was done at 8500 rpm for 5
minutes at RT. The supernatant from samples
was decanted or aspirated and discarded. Pre-
warmed (at least 15mins) extraction buffer was
added to the sample tubes (approximately 2
the sample tube capacity or 500 to 800 pl). To
every 40mL CTAB  buffer, 80 pul
mecaptolethanol was added before usage. 5 pul
proteinase K to was added to each sample tube.
The macerated samples were resuspended by
vortexing for 5 seconds. Samples were then
incubated at 65°C for 60 minutes, with mixing
by inversion every 10 minutes. The samples
were removed from heating block and allowed
to cool at RT for 5 minutes. They were
centrifuged at 9000 rpm for 5 minutes at RT
and 600 pl supernatant were removed and
transfer into new 1.5mL tubes. CIA were added
to sample tubes (600 pl or fill to approximately
4/5 tube capacity) and shook vigorously for 10
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seconds. Centrifugation of the samples was
done at 13000 rpm for 10 minutes at RT. The
upper aqueous phase 500 pl was removed with
much care by pipetting and transferred to a
new 1.5mL tube, disturbance of the debris
between phases was carefully avoided. A
volume equivalent to 10% 3 M sodium acetate
pH 5.2 (50 pl) and 70% of ice-cold isopropanol
(stored at -20 °C) (350 ul) was added to each
tube for the recovered supernatant to
precipitate nucleic acids. This was mixed by
inverting 10 times and kept at -20 °C
overnight. Centrifuging was done at 13000
rpm for 10 minutes at RT. The supernatants
were carefully decanted off and tubes drained
by resting inverted on paper towels. The pellets
were washed by the adding 1000 ul of 70 %
ethanol. Centrifuge at 13,000 rpm for 10
minutes. The supernatants were carefully
removed by aspiration to avoid loss of the
nucleic acid pellet. The open tubes were dried
at RT for approximately 1 hour. Pellets were
suspended gently in 30 pl TE containing 0.1
mg ml' DNase-free RNase A and incubated
tubes at 37 °C for 30 minutes. DNA purity was
checked in a Nanodrop and stored at -20 °C for
future use.

PCR amplification: The complete internal
transcribed spacer (ITS) region, including ITS-
1, ITS-2 and the 5.8S small subunit gene was
amplified for all isolates using primers ITS1F
and ITS4 (Hoggard et al, 2018).
Amplifications of the partial translation
elongation factor 1-a (TEF1-a) gene region

was  obtained using  primer  pairs
EF595F/EF1160R (Kauserud and
Schumacher, 2001). The reaction was

performed using GoTaq® (G2 Hot Start
Colourless Master Mix Promega) and a primer
combination of ITSIF
(TCCGTAGGTGAACCTGCGG) and ITS4
(TCC TCC GCT TAT TGA TAT GC) with a
total volume of 12 pl per reaction (Quecine et

al., 2014). The program was performed on the
‘Primus 96’ thermal cycler (MWG-Biotech,
Ebersberg, Germany) and comprised an initial
heat activation step at 95°C for 3 min, followed
by 30 cycles of denaturation at 94°C (27 s),
annealing at 57 °C (1 min), extension at 72 °C
(1 min 30 s), and a final extension step at 72 °C
(7 s). For TEF region, the PCR conditions used
with primers EF595F
(CGTGACTTCATCAAGAACATG) and
EF1160R (CCGATCTTGTAGACGTCCTQG)
was as follows: an initial denaturation step at
95°C for 4 min, followed by 35 cycles of
denaturation at 95°C for 30 s, 30 s of annealing
at 55°C and 60 s of extension at 72°C. The
reactions were completed with a final
elongation step at 72°C for 7 min. PCR
products were analysed using an ethidium
bromide stained 1.5% wi/v agarose gel (Inglis
et al., 2018). QIAGEN® purification kit was
used for the purification of the PCR products
as instructed by the manufacturer. The purified
PCR products were sent to for Sanger
sequencing. The sequences obtained were
edited using chromas software and a BLAST
(Basic Local Alignment Search Tool) search
was conducted in NCBI (National Center for
Biotechnology Information) to obtain identical
fungi with similar published sequences (Bich
etal., 2021).

Phylogenetic Relationship: Alignment of the
sequences downloaded from the GenBank was
done using Mafft on the TrEase webserver
(http://thineslab.senckenberg.de/trease/)
implemented by the G-INS-i algorithm. The
alignments were subjected to phylogenetic
analysis using MEGA (Molecular
Evolutionary Genetics Analysis) version 7.0
(Tamura et el., 2011). Phylogenetic inference
was done using the Tamura-Nei substitution
model using minimal evolution at 1000
bootstrap replicates and all other settings set as
default.
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RESULTS
Cultural Identification: Cultural  of fungi, identified as Fusarium, Aspergillus
identification revealed three different groups and Penicillium species (Figure 2).

L= —

Figure 2: Three identified genera based on cultural features a: Fusarium b Aspergillus c:
Penicillium.

Aspergillus cultures had a colony dimeter that colour portrayed white, pink, green, creamy,
ranged from 21 to 80 cm, Penicillium, 78cm, ash, grey, black and fluffy white for all groups.
Fusarium, 47 to 80 cm. Colony form of all 3 The reverse colony colours were dark to
fungi were diverse from flat, raised to yellowish and creamy. Table 1 shows the three
umbonate. The form of the colony varied from groups of fungi identified using cultural
circular to irregular while the surface colony characteristics.

Table 1: Fungi species identified morphologically using cultural characteristics.

Code | Suspected fungus | Colony Colony Colony | Surface Reverse
diameter | form margin | colony colony
colour colour
Gl Unidentified 69 Flat Circular | Ash Dark
G2 Fusarium 80 Raised Circular | White Creamy
G3 Fusarium 76 Raised Irregular | Pink Violet
G4 Unidentified 66 Raised Irreqular | Fluffy-white | Creamy
G5 Fusarium 61 Raised Irregular | Creamy Yellowish
G6 Penicillium 78 Raised Irregular | Green Dark
G7 Fusarium 47 Umbonate | Irregular | Creamy Yellowish
G8 Fusarium 53 Raised Irregular | White Violet
G9 Fusarium 47 Umbonate | Irregular | Peach Orange
G10 Fusarium 54 Raised Irregular | Peach Orange
Gl1 Unidentified 72 Flat Circular | Fluffy-white | Creamy
G12 Unidentified 76 Raised Irregular | White Cream
G13 Aspergillus niger | 61 Flat Circular | Black Creamy
Gl4 Unidentified 71 Flat Irregular | Black Creamy
G15 Unidentified 76 Raised Irregular | White Creamy
G16 Aspergillus 72 Flat Circular | Ash Dark
G117 Unidentified 31 Flat Irregular | Creamy/dark | Dark
G18 Unidentified 33 Flat Circular | Grey/dark Dark
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G19 Unidentified 36 Umbonate | Circular | Ash Dark
G20 Unidentified 44 Flat Circular | White Ash
G21 Unidentified 76 Flat Irregular | Fluffy-White | White
G22 Aspergillus niger | 39 Flat Circular | Black Creamy
G23 Aspergillus 72 Raised Circular | Ash Dark
fumigatus
G24 Aspergillus 44 Umbonate | Circular | Grey Black
fumigatus
G25 Aspergillus 65 Raised Circular | Grey Black
fumigatus
G26 Aspergillus flavus | 50 Flat Circular | Grey Black
G27 Aspergillus flavus | 38 Raised Circular | Fluffy-white | Creamy
G28 Aspergillus spp. 46 Umbonate | Circular | Fluffy-white | Creamy
G29 Aspergillus spp. | 60 Umbonate | Circular | Fluffy-white | Creamy
G30 Aspergillus spp. 81 Raised Circular | Fluffy-white | Creamy
G31 Unidentified 16 Raised Irregular | White Creamy
G32 Unidentified 17 Raised Irregular Creamy
G33 Aspergillus spp. 37 Raised Circular | Ash Dark
G34 Aspergillus spp. 32 Raised Circular | Ash Creamy
G35 Aspergillus niger | 62 Raised Circular | Ash Creamy
G36 Aspergillus 23 Raised Circular | Ash Dark
fumigatus
G37 Aspergillus flavus | 21 Flat Irregular | Green Creamy
G38 Aspergillus 52 Raised Circular | Green Dark
fumigatus
G39 Unidentified 48 Raised Circular | White Creamy
G40 Aspergillus spp 59 Raised Circular | Ash Creamy
G41 Aspergillus flavus | 31 Umbonate | Circular | Dark Dark
G42 Aspergillus 78 Raised Circular | Dark green | Black
fumigatus
G43 Aspergillus 80 Flat Circular | Black Black
G44 Aspergillus flavus | 49 Raised Circular | Green Creamy
Molecular Identification: BLAST search  identity of 100%. The least maximum identity

result of ITS sequences provided reference
sequences from the GenBank with a maximum
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Table 2: BLAST search results for the ITS gene region

CODE | Scientific Name Max Total Query E Per. Acc. Accession Author
Score Score Cover Value Ident Length
G1 Fusarium oxysporum 1007 1075 91% 0.0 99.82% 732 ON927009.1 Schltdl, 1824
G4 Fusarium oxysporum 1005 1005 98% 0.0 99.64% 865 MG574894.1 Schltdl, 1824
G5 Fusarium babinda Summerell et
937 937 90% 0.0 100.00% | 507 MT478951.1 al., 1995
G9 Fusarium babinda 937 937 90% 0.0 100.00% | 507 MT478951.1 ifmlrggge” et
G10 Fusarium tricinctum 928 928 91% 0.0 99.41% 540 KR011974.1 Corda, 1838
G12 | Eysarium babinda 937 937 79% 0.0 100.00% | 507 MT478951.1 ifmlrgg;e” et
G13 Chaetomium cochliodes 1029 1029 97% 0.0 99.65% 575 0OW982621.1 Palliser, 1910
G15 Samuels &
Trichoderma gamsii 1114 1114 100% 0.0 99.67% 857 KM491887.1 Druzhinina,
2006
G19 Fusarium oxysporum 994 994 100% 0.0 99.45% 1419 LT970803.1 Schitdl, 1824
G21 . .. Thom and
Aspergillus sydowii 1048 1048 100% 0.0 99.65% 971 LN898726.1 church, 1926
G22 Aspergillus niger 1109 1109 100% 0.0 99.83% 76751 AM270051.1 Tieghem, 1867
G23 Cladosporium Sandoval-
P . 1024 1024 98% 0.0 100.00% | 1219 KY781767.1 Denis et al.,,
xanthochromaticum 2016
G24 Cladosporium aciculare | 983 983 97% 0.0 99.44% | 547 MZ568163.1 ?gf;Ch et al,
G26 Cladosporium Sandoval-
P . 1024 1024 100% 0.0 100.00% | 840 MF472932.1 Denis et al.,,
anthropophilum 2016
G28 Periconia cookei 826 826 86% 0.0 96.78% | 497 MG333490.1 E/:ﬁzori%s .
G29 Cladosporium Sandoval-
P . 1005 1005 98% 0.0 100.00% | 593 MK732115.1 Denis et al,,
xanthochromaticum 2016
G30 Cladosporium colombiae | 1020 | 1020 | 97% 0.0 100.00% | 553 ON9207101 | S¢hub  and
Crous, 2009
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https://www.ncbi.nlm.nih.gov/nucleotide/LN898726.1?report=genbank&log$=nucltop&blast_rank=13&RID=HZ9HUN8V013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5061
https://www.ncbi.nlm.nih.gov/nucleotide/AM270051.1?report=genbank&log$=nucltop&blast_rank=39&RID=J1FMY55A01R
https://www.ncbi.nlm.nih.gov/nucleotide/KY781767.1?report=genbank&log$=nucltop&blast_rank=4&RID=J1G2SYXW01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1758412
https://www.ncbi.nlm.nih.gov/nucleotide/MZ568163.1?report=genbank&log$=nucltop&blast_rank=2&RID=R0JY7FXV013
https://www.ncbi.nlm.nih.gov/nucleotide/MF472932.1?report=genbank&log$=nucltop&blast_rank=4&RID=R0K4YH9S013
https://www.ncbi.nlm.nih.gov/nucleotide/MG333490.1?report=genbank&log$=nucltop&blast_rank=32&RID=J1JBDP0Z013
https://www.ncbi.nlm.nih.gov/nucleotide/MK732115.1?report=genbank&log$=nucltop&blast_rank=59&RID=J1KHCJYV013
https://www.ncbi.nlm.nih.gov/nucleotide/ON920710.1?report=genbank&log$=nucltop&blast_rank=99&RID=J1MM1NMS013
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G33 Curvularia affinis 1053 1053 96% 0.0 100.00% | 714 HG778981.1 Boedijn, 1933
G34 | Cladosporium 1005 | 1001 | 99% 0.0 99.28% | 1651 | KJ596320.1 | resen. 1850
cladosporioides
G36 Sandoval-
Microascus murinus 979 979 89% 0.0 100.00% | 530 MG457819.1 Denis et al,
2015
G37 Penicillium chrysogenum 1077 1077 99% 0.0 100.00% | 608 MH127463.1 Thom, 1910

For the TEF gene region, a BLAST search results provided reference sequences form the GenBank with a maximum identity of 100%.
The least maximum identity was 92.13%. The query coverage ranged from 69% to 100% (Table 3).

Table 3: BLAST search results for the TEF gene region

CODE Scientific Name Max Total Query E Per. Acc. Accession Author
Score Score Cover Value Ident Length
G5 Fusarium babinda 737 737 69% 0.0 99.51% 849 MZ954878.1 Held et al. (2021)
ce Neocucurbitaria | p75 | 475 | 419 | 8e-120 | 92.94% | 1207 | MF79s8641 | JaKlitsch
rhamni et al. (2018)

G9 Fusarium babinda | 793 793 79% 00 | 993206 | 908 | MT502634.1 (Slugn;?)erell etal
G10 Fusarium babinda | 737 737 90% 0.0 99.51% | 849 | MZ954878.1 (slugn;geren etal
Gl2 Fusarium babinda | 789 789 99% 00 | 98.87% | 908 | MT502634.1 (slugn;geren etal
G13 Chaetomium 795 795 100% 0.0 | 99.32% | 926 | KF001720.1 | Palliser, (1910)

cochliodes
G15 Trichoderma gamsii | 758 758 93% 0.0 99.05% | 960 | FJ436186.1 Samuels and

Druzhinina, 2006

Fusarium 749 749 95% 0.0 98.59% | 539 | MN190165.1 | Schitdl, 1824
G19 oxysporum
G23 Cladosporium 678 678 100% 0.0 | 9474% | 1075 | OL697235.1 | Fresen., 1850

cladosporioides
G24 Cladosporium 732 732 97% 0.0 97.45% | 629 | MT881852.1 | Penzig, 1882
sphaerospermum
G26 Cladosporium 745 745 98% 0.0 97.91% | 914 | MW73s657.1 | Ciisand Arthur,
cucumerinum 1889
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https://www.ncbi.nlm.nih.gov/nucleotide/HG778981.1?report=genbank&log$=nucltop&blast_rank=12&RID=J1NR888K013
https://www.ncbi.nlm.nih.gov/nucleotide/KJ596320.1?report=genbank&log$=nucltop&blast_rank=25&RID=J1P1F3W4013
https://www.ncbi.nlm.nih.gov/nucleotide/MG457819.1?report=genbank&log$=nucltop&blast_rank=10&RID=J1RG7S8Z013
https://www.ncbi.nlm.nih.gov/nucleotide/MH127463.1?report=genbank&log$=nucltop&blast_rank=75&RID=J1S52W0A013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=48486
https://www.ncbi.nlm.nih.gov/nucleotide/MZ954878.1?report=genbank&log$=nucltop&blast_rank=6&RID=P6B5CWSH016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2053780
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2053780
https://www.ncbi.nlm.nih.gov/nucleotide/MF795864.1?report=genbank&log$=nucltop&blast_rank=9&RID=3CN75GT001N
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=48486
https://www.ncbi.nlm.nih.gov/nucleotide/MT502634.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKFH5H1J01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=48486
https://www.ncbi.nlm.nih.gov/nucleotide/MZ954878.1?report=genbank&log$=nucltop&blast_rank=6&RID=PKFTT7KN013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=48486
https://www.ncbi.nlm.nih.gov/nucleotide/MT502634.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKG235HS013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=904709
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=904709
https://www.ncbi.nlm.nih.gov/nucleotide/KF001720.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKGBDAH801R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=398673
https://www.ncbi.nlm.nih.gov/nucleotide/FJ436186.1?report=genbank&log$=nucltop&blast_rank=24&RID=PKGTCGG101R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5507
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5507
https://www.ncbi.nlm.nih.gov/nucleotide/MN190165.1?report=genbank&log$=nucltop&blast_rank=87&RID=PKH11ZWC01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=29917
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=29917
https://www.ncbi.nlm.nih.gov/nucleotide/OL697235.1?report=genbank&log$=nucltop&blast_rank=79&RID=PKHURCE3013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=92950
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=92950
https://www.ncbi.nlm.nih.gov/nucleotide/MT881852.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKJ5H6UU01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=166633
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=166633
https://www.ncbi.nlm.nih.gov/nucleotide/MW735657.1?report=genbank&log$=nucltop&blast_rank=31&RID=PKJCZ2PG016
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G29 Waydora typica 562 562 99% | 2e-155 | 90.26% | 431 | MN072433.1 | Rodway, 1918

G30 Cf;gg;’sgﬁgf " 767 767 98% 00 | 99.07% | 435 |MK752020.1 | Fresen., 1850

G32 Aspergillus fischeri | 752 752 99% 00 | or72w% | 1383 | 200102 senocn, etal. (2020)

G34 Aspergillus 77 717 99% 00 | 99.74% | 1701 | XM 02676672 | e et al. (2020)

welwitschiae 7.1

36 Crggf}i:‘ﬂﬂﬁ"a 606 606 99% | 8e-169 | 92.13% | 970 |LT634054.1 | Koukol, 2016

G37 Crg’grﬁz?rﬂﬂfg"a 606 606 99% | 8e-169 | 92.13% | 970 |LT634054.1 | Koukol, 2016

G40 Aspergillus 619 619 09% | 1e-172 | 92.26% | 1479 | XM-02557989 | giih et al. (2020)
saccharolyticus 3.1

Ga2 Cladosporium 752 | 1211 | 96% 00 | 98.14% | 598 |LCa2s559.1 | vasseurand Crous,

lebrasiae (2016)
G43 Periconia delonicis 734 734 100% 0.0 96.82% 920 MK360071.1 Jayasiri et al. (2019)
Ga4 Cﬁfgs'ggé'#g‘m 623 623 96% | 8e-174 | 93.18% | 990 | KP009000.1 | Schoch, et al. (2020)
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1439771
https://www.ncbi.nlm.nih.gov/nucleotide/MN072433.1?report=genbank&log$=nucltop&blast_rank=3&RID=PKK315P9013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=29917
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=29917
https://www.ncbi.nlm.nih.gov/nucleotide/MK752020.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKK9J8VY013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=331117
https://www.ncbi.nlm.nih.gov/nucleotide/XM_001265027.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKKFAUN0016
https://www.ncbi.nlm.nih.gov/nucleotide/XM_001265027.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKKFAUN0016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1341132
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1341132
https://www.ncbi.nlm.nih.gov/nucleotide/XM_026766727.1?report=genbank&log$=nucltop&blast_rank=10&RID=PKM06HRF016
https://www.ncbi.nlm.nih.gov/nucleotide/XM_026766727.1?report=genbank&log$=nucltop&blast_rank=10&RID=PKM06HRF016
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1920181
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1920181
https://www.ncbi.nlm.nih.gov/nucleotide/LT634054.1?report=genbank&log$=nucltop&blast_rank=4&RID=PKMF16UT01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1920181
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1920181
https://www.ncbi.nlm.nih.gov/nucleotide/LT634054.1?report=genbank&log$=nucltop&blast_rank=3&RID=PKMP97CY01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1450539
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1450539
https://www.ncbi.nlm.nih.gov/nucleotide/XM_025575893.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKMUVCFP01R
https://www.ncbi.nlm.nih.gov/nucleotide/XM_025575893.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKMUVCFP01R
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1859216
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1859216
https://www.ncbi.nlm.nih.gov/nucleotide/LC425559.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKN07Z0U013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2499441
https://www.ncbi.nlm.nih.gov/nucleotide/MK360071.1?report=genbank&log$=nucltop&blast_rank=1&RID=PKN5JGB9013
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5076
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=5076
https://www.ncbi.nlm.nih.gov/nucleotide/KP009000.1?report=genbank&log$=nucltop&blast_rank=2&RID=PKN9NRY8013
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Phylogenetic relationship: Phylogenetic tree
of the ITS sequences revealed six distinct
fungal  species:  Fusarium  oxysporum
Aspergillus  sydowii,  Aspergillus  niger,
Curvularia affinis, Microascus murinus and
Trichoderma erinanaceum with very high
bootstrap support values of 93%, 100%,100%,
100%, 100% and 100% respectively. This gene
region could not provide enough resolution of
all our sequences to species level. Some
sequences (G13, G24, G26, G30, G23, G19
and G27) could not be assigned to a specific

species due to polytomy (the presence of many
species in one single clade) observed in this
clade. Some other sequences (G5, G9, G10,
G12) could not be assigned to a specific genus
but formed a clade with Fusarium oxysporum
with a support value of 66%. One sister group
was shown by Aspergillus sydowii, and
Aspergillus niger with a support value of 97%.
Figure 3 shows the minimum evolution tree for
ITS sequences constructed with the Tamura-
Nei model with 1000 bootstrap replicates.
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Figure 3: Minimum evolution tree constructed using the Tamura Nei model for the ITS gene
region with reference sequences from the BLAST software. Number on branches denotes bootstrap
values from minimum evolution analyses.

Aspergillus sydowii

Aspergillus niger

Phylogenetic tree of the TEF sequences
showed 6  distinct species  namely,
Cladosporium  cladosporoides, ~ Fusarium
oxysporum, Fusarium babinda, Trichoderma
gamsii,  Chaetomium  cochiloides and
Aspergillus niger with support values of 88%,
77%, 99%, 100%, 100% and 99% respectively.

Fusarium oxysporum formed a sister group
with Fusarium babinda with a 100% support
value. This gene region was still not sufficient
to identify all the sequences. Figure 4 shows
the minimum evolution tree for TEF sequences
using the Tamura-Nei model with 1000
bootstrap replicates.
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Figufe 4: Minimum evolution tree constructed using the Tamura Nei model for the TEF gene
region with reference sequences from the BLAST software. Number on branches denotes bootstrap

values from minimum evolution analyses.
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DISCUSSION

Cultural Identification: Results obtained
from cultural identification revealed fungi
belonging to three genera: Fusarium,
Aspergillus and Penicillium. Simon et al.
(2021) worked on the efficiency of indigenous
entomopathogenic fungi to control the black
bean aphid. He reported some species of
Aspergillus 1solated from the black bean aphid
as being entomopathogenic but their potential
use to control this aphid was discouraged in the
agricultural setting due to their ability to
produce toxic secondary metabolites known as
aflatoxins that are poisonous to crops and
responsible to various health problems such as
cancers, immune suppression and growth
problems in children in reports of Gong et al.
(2016). From the findings of Simon et al.
(2021), it can be explained that the species of
Aspergillus isolated from potato aphids in our
study posed a pathogenic effect on the aphids
leading to their death. Seye et al. (2014)
reported some Aspergillus species (4. flavus
and A. clavatus) in being pathogenic to aphids
in laboratory bioassays. This same pathogenic
interaction could have also occurred in the
field in our studies. Moreover, Alhadidi,
(2023) also reported Penicillium species
extracted from insect cadavers. The
cosmopolitan nature of Penicillium and its
possibility of interactions with insects was
mentioned by Visagie et al. (2009). He
explained that some Penicillium species
forming associations with arthropods have
extended synnema that help in dispersal
through the arthropod vectors according to
Abbot, (2000) while Roets et al. (2007)
reported that some form associations with
mites simply for the spreading of their spores
as such, seen as an opportunistic interaction.
Fusarium is also a cosmopolitan group of fungi
and different studies have confirmed their
occasional isolation from insect cadavers (the
case in our study) as well as live insects Lav
and Guilherminia, (2018). Isolation of
Fusarium from dead insects has also been

reported in literature by, Feng-Yan and Quing-
Tao, (1991). They reported 180 Fusarium
strains isolated from about 150 dead insects.
Molecular Identification using the ITS: The
ITS gene region identified six species
(Fusarium oxysporum Aspergillus sydowii,
Aspergillus  niger, Curvularia  affinis,
Microascus murinus ~ and  Trichoderma
erinanaceum). According to Raja et al. (2017),
this gene region is the most useful gene
(universal barcode) for fungi identification at
species level and many environmental surveys
have used this gene region to conduct their
research. Given the fact that ITS provides
greatest probabilities for a varied group of
fungi as reported by Schoch et al. (2012),
species identified based on this gene region are
accepted except for specific genera such as
Penicillium, Trichoderma, Aspergillus,
Fusarium and Cladosporium because enough
resolution for species identification cannot be
done based only on the ITS gene region as
mentioned by Raja et al. (2017) which was the
case observed in our study. This therefore
mean that, we can trust the species identified
as Curvularia and Microascus using the ITS
gene region. These groups are widely
distributed and mainly isolated from the soil,
decomposing plant materials and indoor
environment according to studies of Sandoval-
Denis et al. (2016) but few of them are reported
to be opportunistic pathogens of insects and
animals with humans inclusive. Curvularia
exhibits a variety of life forms, including
saprophytic, endophytic, and pathogenic
behaviour on both plants and animals and
studies of Isabel et al. (2020) reported that the
endophytic species have the potential for
producing organic compounds that are eco-
friendly.

Molecular Identification using the TEF gene
region: The TEF gene region could also
identify 6 species Cladosporium
cladosporoides, Fusarium oxysporum,
Fusarium babinda, Trichoderma gamsii,
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Chaetomium cochiloides and Aspergillus
niger. Raja et al. (2017) proposed this gene
region as a secondary barcode to the ITS gene
region for a better resolution to species level in
groups belonging to Cladosporium, Fusarium,
Trichoderma and Aspergillus. Therefore,
results based on this gene region can be
appreciated. In addition to the species that
were identified with the ITS gene, the TEF
gene region could identify 3 more species
which are Cladosporium, Trichoderma and
Chaetomium that were not possible with ITS
gene alone. The association of Cladosporium
species with insects have been confirmed in
many studies confirmed by Nicoletti et al.
(2024). They have been noted to form
associations with beneficial insects as well as
pest, including the green peach potato aphid
(Myxus persicae), the cow pea aphid (A.
craccivora), the cotton aphid (A. gossypii) and
the black bean aphid (A. fabae) and many
species have been reported to be effective in
inducing insect pest mortality according to the
studies of Nicoletti et al. (2024) and have been
used as effective biological control agents and
effective potato production technologies in
past studies performed by Bensaci et al.
(2022). Trichoderma also falls among the
cosmopolitan group of fungi that was isolated
from aphids in our study. Various species of
this fungus have been reported by Hexon et al.
(2019) for their effectiveness in biocontrol of
several insect pests and many plants
pathogenic fungi. They interact with insects by
producing volatile organic compounds for
example 1-octen — 3-ol that attract the insects
to their fruiting bodies there by reducing the
pest activity on the plant. It has also been
reported to have very good potentials in the
management  of the potato  aphid
Marcrosiphum euphorbiae acting as a pest on
tomato plants by the production of volatile
organic compound that attract parasitoids and
aphid predators as reported by Battaglia et al.
(2013). According to Seethapathy et al. (2023),
the genus Chaetomium is known for its rapid

and saprophytic colonization in a similar
manner like Trichoderma and it inhabits a wide
range of environmental habitats with good
biological control potentials in regulation a
wide variety of bacteria, fungi as well as insect
pests. Moreover, our results can be explained
following the studies conducted by Alhadidi,
(2003) who reported 30 species of EPF tested
on different insects with 16 genera. Similar
genera corresponding to his findings were,
Penicillium, Fusarium, Cladosporium,
Trichoderma and Chaetomium. These species
were experimentally tested and were noticed to
be entomopathogenic. This could support the
fact that they must have formed a pathogenic
association with the potato aphids, producing
spores that grew on the body surface of the
aphids and thus leading to their death. This is
in accordance with the findings of Abebe et al.
(2020). Furthermore, Francis et al. (2022),
reported that some insect pathogenic fungi
species may spend their lives within the tissues
of the host plant without portraying any
symptoms but retain their pathogenic effects
against the insects. This could be exactly the
case of the fungi species recorded in our
findings that led to the killing of the aphids that
were cultured. Molecular techniques clarify
the doubts, errors and limitations obtained by
cultural studies of Paz et al. (2011). Therefore,
the integration of both morphological and
molecular  approaches  permits  proper
identification of samples than sole dependency
on the morphological methods as mentioned in
the research of Bich et al. (2021).

Phylogenetic relationship based on both ITS
and TEF gene regions: Phylogenetic studies
using the ITS gene region placed the identified
species into five individual clades which are:
the Aspergillus clade (comprising A. niger and
A. sydowii sub clades) with a bootstrap support
of 67% and 100% support for the subclades
respectively, the Curvularia affinis clade with
a bootstrap support of 100%, Trichoderma
eranaceum clade with 100% support,
Microascus murinus with a 100% bootstrap
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support and the Fusarium oxysporum clade
with 93% bootstrap support. Many sequences
could not be assigned to a particular group
using this gene region due to poor resolution.
Therefore, more gene regions are required for
a clearer resolution and proper phylogenetic
placement of the poorly resolved sequences as
mentioned in the studies of by Raja et al.
(2017). Phylogenetic analyses using the TEF
gene region placed the identified samples into
five different monophyletic groups made up of
Cladosporium cladosporoides clade Fusarium
clade (F. oxysporum and F. babinda sub-
clades),  Trichoderma  gamsii  clade,
Chaetomium cochiloides clade and Aspergillus
clade (A. niger and a polytomous Aspergillus

sub-clade) with bootstrap support values of
88%, 100%, 100%, 100% and 79%
respectively. F. oxysporum formed a sister
group with F. babinda. This gene region was
still not enough to provide enough resolution
of all our sequences to species level but has
been reported to be widely used in fungal
phylogenetic studies according to the works of
Stielow et al. (2015) and Raja et al. (2017).
Hence, phylogenetic studies based on the TEF
gene region for this study is more informative
and accurate than the results obtained with the
ITS gene region. This gene region could
identify species that were not possible with the
ITS gene.

CONCLUSION AND APPLICATION OF RESULTS

Potato aphids are associated with a variety of
fungi species. These associations though some
posing harm to the aphids in being pathogenic
to them, is rather a better strategy that farmers
can use as a control measure to combat potato
aphids as a component of integrated pest
management. Molecular identification is
preferred as it could identify many species of
fungi compared to identification only by
morphological means of which, only 3 species
of fungi were identified. The ITS gene region
could identify 6 different species (Fusarium
oxysporum, Aspergillus sydowii, Aspergillus
niger, Curvularia affinis, Microascus murinus
and Trichoderma erinanaceum) while species
identified using the TEF gene regions were
also 6 and included Cladosporium
cladosporoides, Fusarium oxysporum,
Fusarium babinda, Trichoderma gamsii,
Chaetomium cochiloides and Aspergillus
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