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Abstract

The pantropical Zingiberaceae family is among the most threatened monocotyledonous plants,
with numerous species endemic to the Philippines, and thus, is an ideal host to study fungal
endophytesIn this study, we determined the occurrence and diversity of fungal endophytes
associated with the Philippine endemic ginyf@noverberghia sepulchrdilerr. All major plant
organs, k., leaf, pseudostem, rhizome, and root, were swstardized to isolatd/anoverberghia
associated fungal endophytd¥FE). A combination of morphological characteristics and
phylogenetic analyses of DNA sequences derived from ITS were used to identify selected isolated
fungi. Our results showette isolatiorof twenty fungal morphospecieandthese werédentified as
belonging to the generBjerkandera Cladosporium Colletotrichum Cosmospora Diaporthe
Fusarium Leptographium Mucor, Nigrosporg Perenniporia Phomopsis Phyllosticta
Phytophthora PseudofthomycesRhizopus and Trichoderma The results of this studyavedthe
way for the first report of fungal endophytes from the Philippine endemic ginger
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Introduction

The hundreds of endemic plant species and the top levels of global plant endemism make
Southeast Asiamne of the worl& most biodiverse landscapé@darrison & Griffin, 2020 The
Philippine archipelago, for example, is known for over 9,000 plant species with more than 6,000
indigenousor endemicspeciegMyers et al 2000 The Zingiberaceae, also known as the ginger
family, is among the most prominent monocotyledonous familghe Order Zingiberales and
comprises roughly 53 genera and over 1,500 spegdiaglor et al 2009 .These perennial,
rhizomatous, usually aromatic herbs are pantropical in the Malesian floristic region comprising
Brunei, Indonesia, Papua New Guinea, Resniar Malaysiathe Philippines, and Singapore as
having the highest concentration of genera and spéZlesu et al 2018 Unfortunately, most
species are found in tropical forestsd arethreatened by habitat loss, deforestation, and invasive
alienspecies
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One of the most intriguing genera in the Zingiberaceae family i¥dneverberghianamed
in honor of Father Mauric@orice) VanoverbergtiDocot et al2019 The type species of the genus,
V. sepulchreiMerr., is restricted to northern Luzongwinces of Mountain Provinogype locality),
Benguet and Ifuga¢Funakoshi & Ohashi 2000This aromatic terrestrial herb is locally known in
the Philippines aagbaldakbab(in Bontog andbarapatchakchakilpaddapad(in Igorof) and falls
under the other threatened spedi®3 S) category due to the ongoing conversion of their natural
habitats into alienable and disposable ldmatals inthe Mountain Province enjoy the fruits &
sepulchrei which are said to have a sweet andrsiaste(Docot et al 201§ Vanoverberghia
presently comprises only five species native to Taiwan and the Philipiities Philippines, so far
only two speciefave beermescribedV. rubrobracteataDocot & Ambida andv. sepulchreiMerr
(Docot et al2019.

Endophytism is a unique association between a plant and a bacterium or a fungus in which the
microorganism colonizes the healthy tissues of the plant without causing any visible.ditézase
endophytic relationship is almost universal among platidied thus fagiChakraborty et ak019 .
These diverse endophytic fungi alsavesignificant effects on the plant communities, either by
enhancing plant fithesproviding tolerance to both abiotic and biotic stresses, promoting growth, or
by negatiely impacting fithess by altering resource allocatiBongal endophytes in plants are
described afungi that live symbiotically within the interior tissues of their hosts for all or part of
their life cycles without presenting any visible pathogemmmoms (Song et al2017 but can
becomesaprobesluring the host senescen@&odriguez et aR008 Fungal endophytes from plants
in unusual or extreme environments have been shown to impact teeduadbdgical adaptatiqhata
et al 2018, Pan et a2018 Fungal endophyteslsohelp plants develop faster and survive biotic and
abiotic challengefPotshangbam et.&017 They are advantageous to plants due to the production
of secondary metabolites, which can protect the host plant against disedsefestatior{Estrada
et al 2013 The metabolites are with complex structufildamed et al2015 and varied biological
activities(dela Cruz et al2020, including antimicrobia(Moron et al 2018, Ramirez et a020),
anticancer(Chen et al2016, antidiabetiqRondilla et al 2022, antifungal(De Mesa et al2020,
Pecundo et ak021), anttHIV (Zhang et al2016, antioxidant(Eskandarighadikolaii et a2015
and cytotoxic activitiegApurillo et al 2019, dela Cruz et &2023) .

Most researh on fungal endophytes associated with the Philippine flora drecos(Solis et
al. 2016, Pandanus amaryllifoliuRoxb. Bufgihan et al2011, 2013a, }p and some endemic plants
such asCanarium ovatun{Torres & dela Cruz 2035Cinnamomum mercaddMarcellano et al
2017, and Uvaria grandiflora (Notarte et al2019 To add to this growing list of indigenous
Philippine plants, this study isolated and identified fungal endophytes associatédesttuemic
ginger plant,V. sepulchrei We hypothesize distinct assemblages of fungal endophytes exist in
relation to the plant parts

Materials & Methods

Collections of host plant

The Philippine endemic ginger plaviinoverberghiaepulchrewas collectedrom a terraced
mountain area in BrgyAmganad, Banaue, Ifugad6°5300o N, 121°3610 E) at an elevation of
1,2438 masl(metersabove sea level Fid. 1) and used to isolate VFE in this studye stunning,
pendulous inflorescence distinguishes the leafy shoot members by their crimson oerlapédes
and flabellate leaf apice@~ig. 1) Symptomless and maturganoverberghiasepulchreiwere
gatheredor the isolation of fungal endophytes and preparation of herbarium voucher specimen for
species identificatioof the host plant

Isolation of fungal endophytes

Fungal endophytes were isolated frimaleaf, pseudostem, rhizome, and roo¥Yo$epulchrei
following the protocol described by Hallmann et 2006 Briefly, the plant organs were thoroughly
washed with running tap waterg¢bminate soil particles and then dried at room temperature on sterile
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Whatman® filter paper€ach plant organ was cut separately, into 1 cm long segments for the
pseudostemand roots, 2 chfor the rhizoms, and 6mm diameter for leaved hirty explants for
each plant organ were surfaseerilized by immersing in 2@ EtOH for 1 minute, then in.5%
NaOCI for 5 minutes, and finally in O EtOH for 30 seconds before fihakinsing three times
sterile distilled waterAll explants wereblot-dried on sterile Whatman® filter papers fohés, and
five explants were placed in a Petri plate containing Potato Dextrose (Bgadalab Spair)
supplemented with 50 rfigtetracycline(Sigmg and 80 md streptomycin(Sigmg as a bacterial
growth suppressoresulting in a total of six plates per organ30 explanty To check for the
effectivenessf the surfacesterilization, 1 rhof the water from the final rinse@asplated on PDA
media to check for any microbial growtll culture plates were incubatédr seven days at room
temperature and inspected every two days for fungal growattobtain pure cultures, the mycelia
from the fungal colonies emerging from the edges of the explants wexukuled in a freshly
prepared PDA medium free of antibiotiexsd incubated for seven days at room temperaturegal
colonies were isolated and purified following further subcultures on new PDA growth.media
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Fig. 1 17 A The map ofthe collection site in Banaue, Ifugao in Northern Philippines
B Vanoverberghia sepulchré¥err. with infructescence in its natural habitat and the roots and
rhizomes

Grouping into morphospecies

Vanoverberghidungal endophytes, here designated as VFE, were cultured on PDA for seven
days at room temperaturBollowing incubation, colony, hyphal, and spore morphologies were
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examined under a compour{fujie YJ-701BN-T) and stereomicroscopgEuromex ZEL624) .
Comparison of the colonial growth and spore morphologies grouped the isolates into morphospecies

Identification of fungal endophytes
DNA Extraction

To confirm species identity, representative isolates from each of the morphotypes were initially
grown on PDA for at least seven dalyt/celia were lysed by homogenizing ~10 mg biomass in 500
el 2% CTAB solution at 65°CRemoval of wateinsoluble contaminants was carried out by organic
extraction ina 1:1 volume of 241 chloroformisoamyl alcohal Further purification was done by
adding20% polyethylene glycol solution to a final concentration o¥dl@ndwashing of genomic
DNA precipitate with 86 ethanol

PCR Amplification

Fragments of the nuclear ribosomal internal transcribed sia&mregion were amplified for
all morphospecies with IS (56 TCCGTAGGTGAACCTGCGGE306 ) and ITS4 (56
TCCTCCGCTTATTGATATQC-306 Jungal universal primer pair@Vhite et al 1990 PCR was
carried out usingthermal cycler for 35 cycles with an initial denaturation at 95°C for 5 min, cyclic
denaturation at 95°C for 1 min, annealing at 55°C for 30 seconds, and extension fair 70f@n
with the final extension of 10 min at 72{8old at 4°G The PCR products were validated visually
by Agarose Gel Electrophoresis and were then serthadPhilippine Genome Center DNA
Sequencing Core Facility for sequencing

Sequencdlrocessing, Alignment and Constructing Phylograms

BioEdit v.7.0.0 was used to assess the quality of the ITS gene sequehe8aser was then
used to generate consensus sequences for each isolate, which were loaded to the NCBI website using
the Basic LockAlignment Search TodBLAST) searchhttps//blastncbi.nim.nih.gov/Blastcqi) to
compare with related sequences and identify the isolatesse were used to look for published
backbone trees of related ta¥éne sequences were aligned with these reference sequences by using
MAFFT (Multiple Sequence Alignment based on Fast Fourier Tran$fsoftware v/0 (Katoh &
Standley 2018and BMGE (Block Mapping and Gathering with EntrgpyCriscuolo & Gribaldo
2010 at NGPhylogenyr (https//ngphylogenyfr) Le(moine et al2019 The Cyberinfrastructure for
Phylogenetic ReseardCIPRES Science Gateway softwav8.3 (https www.phylo.org/) Miller
et al 2010 was used to generate maximum likelihood tr&atistical support was computed from
1,000 bootstrap replicates by using RAXML.Q8Finally, the generateghylogenetic trees were
visualized and reooted with FigTree 2.4 (http: treebio.edacuk/softwaréfigtree/) Branches that
received bootstrap suppdBS) O50% for maximum likelihood were caidered as significantly
supportedOur gene sequences are finally uploattetthe NCBI Gene BankTable J) .

Ecological analyss

To analyze the ecological patterns, data on the occurrence of VFE on leaves, pseudostems,
rhizomes, and roots were examingdtially, the frequencies of VFE were assessed by counting the
number of explants with isolatddsing these counts, colonization ré@&R) and isolation ratéIR)
were @mputed as followgSolis et al2010:
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The composition and diversity of fungal endophytes between the different plant parts were
compared based on species richng€ys ShannorWiener (HO Jndex, and Fishés-Alpha (FA)
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diversity indicesusing the Paleontological statistics software PA&rsion 403) Hammer et al
2001 Theformulafor each diversity indices is listdumklow.

S =number of species found in a particular plant part

H6=-Si (pi In pi)
where pi = The total number of individuals ith species

FA = a*In (1+n/a)
where S=number of taxa
n = number of individuals
a=Fishers alpha

The taxonomic diversity index, represented as the ratio of species over(§&iysvas also
determined To assess the differences in diversity, the analysis of varignee005) was also
conducted using PASVersion 403) The datasets obtained from the study aimed to provide insights
into the overall community composition and strret of fungal endophytes associated with the
endemic ginger planThe data were represented as a Venn diagram to visually represent the number
of species that are shared between different plant parts and the number of unique taxa found within
each planpart

Results

In this study, 123 VFE were isolated from mature ledwes 35), pseudostem = 30),
rhizomes(n = 28), and rootgn = 30) (Table ) The findings of this study show that the endemic
gingerV. sepulchreis a favorable host for variofisngal speciesThe isolated/FE weredistributed
among four phyla, four classes, 11 orders, and 15 familid$e records are enumeratéu
alphabetical and hierarchical ordd@able ) The fungal endophytablat were successfuligolated
from the endena ginger belong tdhe Phylum Ascomycotg88.62%) Basidiomycota(4.88%),
Mucoromycota4.07% ), and Oomycot#2.44%) The most frequently isolated Ascomycota belong
to the class Sordaomycetes, order Glomerellales, and class Glomerella¢2a&8%) The
percentage of explants colonized by VFE was high, ranging fréa&® 76 .Specifically, the VFE
isolated from the leaves exhibited a high isolation frequé€p8y) compared to VFE isolated from
the pseudostems, roots, and rhizomes, ranging only fro2423 .

However, the TDI of VFE isolated from each part displayed no differ@\ekeoxon, p =
0.125 A comparative analysis of species diversity indices between the different plant parts showed
the highest values for the lea\e® 256, FA=9.94), followed by rhizomegHo=2.02, FA=5.59)
(Table 9 The pseudostems exhibited a lower diversity véii= 1.92, FA= 3.57) than that of the
leaves and rhizomes, though the least diversity was observed in(iHiots1.74, FA = 2.87) .
However, the dferences in species diversity values between plant parts were not statistically
significant(Kruskal Wallis,p = 0.2529), indicating that the taxonomic diversity or species richness
was similar across the different plant parts being compared

The phylogenetic trees based on the maximum likelihood of the selected 20 VFE
morphospecies are presented in Figsl&® These confirm the identities of our isolated
Vanoverberghidungal endophytes-igs 17and 18show the colony growthnd spore morphologies
of selected/FE on the PDA medium after five days of incubation
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Table 1 Abundance and diversity of fungal endophytes isolated ttiff@rent plant parts o¥anoverberghia sepulchrei

TaxonomicRank Fungal Endophytes Number of Isolates Total na of GenBank
9 P Leaf Pseudoster Rhizome Root isolates Accession No
Phylum Class Order Family
Ascomycota Dothideomycetes  Botryosphaeriales  Phyllostictaceae Phyllosticta fallopiae 1 1 1 1 4 ORO052164
Ascomycota Dothideomycetes Cladosporiales Cladosporiaceae Cladospon_um 1 - 1 - OR052150
chasmanthicola
Ascomycota Dothideomycetes Cladosporiales Cladosporiaceae Cladosporium 1 - - - 1 OR052151
oxysporum
Ascomycota Dothideomycetes Pleosporales  Didymosphaeriaceau Psmpd;l)rp:itgggyces - - - 1 ORO052166
Ascomycota  Sordariomycetes Diaporthales Diaporthaceae Diaporthe litchiicola 3 - - 5 8 OR052156
Ascomycota  Sordariomycetes Diaporthales Diaporthaceae Diaporthemillettiae - 3 - - 3 ORO052157
Ascomycota  Sordariomycetes Diaporthales Valsaceae Phomopsis . - - 4 - 4 OR052163
mahothocarpi
Ascomycota  Sordariomycetes Glomerellales Glomerellaceae Colletotrichum 2 1 1 - 4 OR052152
aeschynomenes
Ascomycota  Sordariomycetes Glomerellales Glomerellaceae CoIIetotnc_hgm 10 7 6 - 23 OR052153
gloeosporioides
Ascomycota  Sordariomycetes Glomerellales Glomerellaceae Colletotrichum 2 - - - 2 OR052154
yulongense
Ascomycota  Sordariomycetes Hypocreales Hypocreaceae Tn_chode_r ma 1 - 6 5 12 OR052168
longibrachiatum
Ascomycota  Sordariomycetes Hypocreales Nectriaceae Cosmospor_a - - - 2 OR052155
khandalensis
Ascomycota  Sordariomycetes Hypocreales Nectriaceae Fusarium ramigenum 2 9 7 4 22 OR052158
Ascomycota  Sordariomycetes Ophiostomatales Ophiostomataceae Leptayraphium gibbsii 5 3 1 - 9 OR052159
Ascomycota  Sordariomycetes Xylariales Apiosporaceae Nigrospora aurantiaca - - - 12 12 OR052161
Basidiomycota Agaricomycetes Polyporales Phanerochaetaceat BJerkandera} 1 - - - 1 OR052149
ecuadorensis
- . Perenniporia
Basidiomycota Agaricomycetes Polyporales Polyporaceae subtephropora 5 5 OR052162
Mucoromycota Mucoromycetes Mucorales Mucoraceae Mucor fusiformis 1 1 1 4 OR052160
Mucoromycota Mucoromycetes Mucorales Rhizopodaceae Rhizopus azygosporus 1 - - - 1 OR052167
Oomycota Peronosporales  Peronosporaceae Phytophthora 3 - - - 3 ORO052165
palmivora
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KJ847428.1 Phyllosticta vitis-rotundifoliae strain CGMCC 3.17322

EU683672.1 Phyllosticta parthenocissi strain CBS 111645
v
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AB454274.1 Phyllosticta ardisiicola MUCC0031
f{ JF261459.1 Guignardia mangiferae strain IMI1260.576
KF170287.1 Phyllosticta cordylinophila strain CPC20261
oVFE 16
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A§§#54307.1 Phyllosticta fallopiae MUCC0113
NR147316.1 Phyllosticta fallopiae MUCC0113

L— AY042927.1 Phyllosticta beaumarisii isolate B1
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{7KF206176.1 Phyllosticta minima strain CBS 585.84
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Fig. 27 Phylogenetic tree based on RAXML analysis of ITS datagehifosticta The treeopology

of the RAXML is similar to that of the maximum parsimony analysighe tree is rooted to

Botryosphaeria obtus@CMW8232 Bootstrap support values for RAXML greater thaor@re
given at each node
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