Original Research Article
Mycobiota of Cnidoscolus aconitifolius (Mill.) I.

M. Johnston Phyllosphere

ABSTRACT

Aims: This study was conducted to determine the mycobiota of Cnidoscolus aconitifolius
phyllosphere using metagenomics. The phyllosphere, which is the above-ground (aerial) part
of plants, is colonized by different microorganisms some of which may be pathogenic to
plants and also to humans and animals.

Methodology: The mycobiota was determined by sequencing the 18S rRNA gene on
lllumina MiSeq platform. The primer pair: ITS1F (5 -CTTGGTCATTTAGAGGAAGTAAT-3")
and ITS4 (5"-TCCTCCGCTTATTGACATGS-3") were used to target the ITS regions | and I,
and a portion of 28S rDNA.

Results: A total of 107 Operational Taxonomic Units (OTUs) were obtained. The mycobiota
of C. aconitifolius had 100% Ascomycota classified into Dothideomycetes (84.15%),
Eurotiomycetes (2.26%) and Sordariomycetes (12.45%). Only 1.13% of the fungi were
unassigned at the class level. The core mycobiota of chaya consisted of the genera
Cladosporium (51.70%), Lasiodiplodia (18.11%), Allophoma (6.79%), Stagonosporosis
(2.26%) and Aspergillus (2.26%).

Conclusion: The economic importance of the organisms obtained were highlighted. The
result from this study shows that C. aconitifolius phyllosphere harbors diverse fungi some of
which may promote plant growth or are pathogenic to plants and/or humans.
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1. INTRODUCTION

Cnidoscolus aconitifolius (Mill.) 1. M. Johnston commonly called “cabbage-star” or “tree
spinach” is an economic plant that is cultivated for both food and for medicinal purposes [1].
C. aconitifolius leaves are used as vegetable to cook soup and yam portage in Nigeria and
other parts of the world. The leaves have been reported to contain more nutrients than every
other land-based leafy vegetable by two to three folds [2]. It is eaten in Mexico as a
vegetable and also used as feed for domestic animals. It also has the ability to darken grey
hair and strengthen fingernails. In Nigeria, it is used locally as a blood-booster in the rural
areas especially in the Southern part of the country. Hamid et al. [3] reported that the above-
ground parts of Cnidoscolus aconitifolius exhibit antibacterial and antifungal activities. Mordi
and Akanji [4] also reported that C. aconitifolius have antihaemorrhagic, antihypertensive
and cardiac depressant properties.

Tree spinach occurs in the wild and can also be cultivated. Propagation of C. aconitifolius is
by seeds or by stem cuttings [1]. Cultivated varieties are propagated mostly by stem
cuttings. The wild form of C. aconitifolius occurs in open forest, usually in open rocky
localities, from 1300 metres above sea level [5,6]. C. aconitifolius is used as live fence-posts
[1]. It is also used as mulch for vegetable gardens [7]. The edible leaves can be preserved
as they have the potential to be processed and canned or frozen [7].




The phyllosphere is a microbial habitat that exists in the aerial parts of vascular plants. It is
regarded as a hostile environment for the survival of microorganisms as microorganisms in
this sphere need to have the ability to tolerate high ultraviolet (UV) radiations, rapid
variations in humidity, temperature and heterogeneous availability of nutrients [8,9]. The
phyllosphere is largely colonized through the migration of bacteria, fungi, and other
microorganisms from soil, seed, air, water, or through animal-borne sources [9]. Some plant
pathogens can inhabit the phyllosphere prior to an infection or in the apparent absence of an
infection [9]. Filamentous fungus population in the phyllosphere ranges between 10% and 10°
colony forming unit per gramme (CFU g'l) leaf [10].

Understanding the modalities of the structure of microbial communities in the phyllosphere is
vital for developing bio-control strategies for both plant and human pathogens [11].
Phyllosphere microbiota plays an important role in promoting plant growth through various
mechanisms and also protecting plants from various diseases [12]. Microbial communities of
the phyllosphere are believed to play a significant role in remediating atmospheric
hydrocarbon pollutants and residual pesticides [13,14]. Phyllosphere-fungi can increase
drought tolerance of plants and confer protection against plant pathogens [15,16]. Leafy
vegetables significantly inhabit human pathogens in the phyllosphere which may lead to
food-borne diseases [17]. It has been established that host genotype, site characteristics
and seasonal changes are some of the factors that determine the structure of microbial
communities in the phyllosphere [18,19]. Cordier et al. [20] investigated the variations in
fungal communities of European beech, Fagus sylvatica L. leaf surfaces using ITS1 gene
sequencing and observed a relationship between the genetic distance of beech trees and
differences in fungal community structure, signifying that host genetics determines the fungal
community structure on beech leaves. Plant genotype has also been identified as a
determinant of fungal community structure on balsam poplar, Populus balsamifera L.
phyllosphere using ITS pyrosequencing [21].

Earlier studies have employed the use of culture-dependent method to study and describe
community structure and function. These methods are classified as low-through-put
molecular techniques as they are believed to underestimate the diversity of microorganisms.
All taxa present in a sample cannot be fully represented or identified using these methods.
Only members of the microbial communities that can be cultured in the laboratory are
represented while majority of the organisms in the habitat are left out. The advent of high-
throughput molecular technologies which are also cost-effective has led to remarkable
improvements in the field of phyllosphere microbiology as researchers have been able to
analyse large number of samples at ease with in-depth coverage of phyllosphere microbiota
present [8]. There is more information on the structure and composition of bacteria in the
phyllosphere than there is for fungi [12,22]. In this study, we conducted ITS gene-based
sequencing on lllumina Miseq platform to determine the mycobiota of Cnidoscolus
aconitifolius phyllosphere. The results from this study would widen our knowledge on the
fungal community associated with Cnidoscolus aconitifolius phyllosphere.

2. MATERIAL AND METHODS

2.1 Sample Collection

Cnidoscolus aconitifolius leaves were obtained from Choba, Rivers State, Nigeria in April
2018. The coordinates of the sample collection location is 4.89°N and 6.91°E. The leaves
were transferred to the lab in a zip bag prior to DNA extraction.



2.2 DNA Extraction and lllumina Next Generation Sequencing

DNA was extracted from C. aconitifolius leaves using Zymo Fungal/Bacterial DNA Extraction
kit (Zymo Research Group, California, USA) with a slight modification as described in a
previous study [23]. To analyze the total fungal community of the phyllosphere, 0.50g of
leaves was used. The leaves was transferred into a sterilized mortar and homogenized with
750ul of Bashing Bead Buffer using a pestle. After homogenization, the sample was
transferred to a 1.5ml Eppendorf tube. The tube containing the sample was centrifuged in a
refrigerated centrifuge at 10,000 x g for 1 minute. 400ul of the supernatant was transferred
to a Zymo-Spin llI-F Filter in a collection tube and was centrifuged at 7,000 x g for 1 minute.
1,200pl of Genomic Lysis Buffer was added to the filtrate in the collection tube and
thoroughly mixed. 800ul of the mixture was transferred to a Zymo-Spin IIC Column in a new
collection tube and centrifuged at 10,000 x g for 1 minute. The flow through in the collection
tube was discarded and the above step repeated. 200ul of DNA Pre-Wash Buffer was added
to the Zymo-Spin IIC Column in a new collection tube and centrifuged at 10,000 x g for 1
minute. The content of the collection tube was discarded. 500ul of g-DNA Wash Buffer was
added to the Zymo-Spin IIC Column in a new collection tube and centrifuged at 10,000 x g
for 1 minute. The Zymo-Spin IIC Column was transferred to a clean 1.5ml microcentrifuge
tube and 100ul of DNA Elution Buffer was added directly to the column matrix and then
centrifuged at 10,000 x g for 30 seconds to elute the DNA.

The forward primer, ITS1F (5-CTTGGTCATTTAGAGGAAGTAAT-3") and reverse primer,
ITS4 (5-TCCTCCGCTTATTGACATGS-3") were used to target the ITS region 1 between
the 18S and 5.8S rDNAs, ITS region Il and a portion of 28S rDNA. The samples were
analyzed with 300 bp paired-end read, lllumina MiSeq, at Ingaba Biotechnology Limited,
South Africa. The resulting amplicon was gel purified, end repaired and lllumina specific
adapter sequence added to the 5" end of each primer.

2.3 Processing of Sequence Reads

The reads obtained were preprocessed to check sequencing errors. Sequences that did not
contain the exact match for both forward and reverse reactions were eliminated from the
analysis. Sequences were trimmed with Next-generation sequencing Short Reads
(ngsShoRT) trimmer as described by [24]. The ITS gene sequences were processed using
QIIME v.1.9.0 (Quantitative Insights Into Microbial Ecology) pipeline as described by
Caporaso et al. [25]. Sequences with less than 200 base pairs and reads with more than 2%
of ambiguities were excluded from the final analysis. The UCLUST algorithm [26] was used
to cluster sequences into Operational Taxonomic Units (OTUs) at a 97% identity threshold.
Each OTU sequence was represented by the most abundant read. The Unified System for
the DNA-based fungal species linked to the classification (UNITE) reference database [27]
was used for both open reference OTU picking and taxonomic assignment for the
sequences. Raw sequences of C. aconitifolius microbiota were deposited on NCBI (National
Centre for Biotechnology Information) database under Sequence Read Archive (SRA) in
GenBank as BioProject ID PRINA592288.

3. RESULTS

3.1 Cnidoscolus aconitifolius Mycobiota at the Division and Class Levels

Sequences were assembled and a total of one hundred and seven (107) OTUs were
successfully characterized and grouped into twenty-eight (28) genera. The fungal
microbiome of C. aconitifolius had 100% Ascomycota classified into Dothideomycetes



(84.15%), Eurotiomycetes (2.26%) and Sordariomycetes (12.45%). Only 1.13% of the
sequences were unassigned at the class level. The fungal community of C. aconitifolius at
the division and class levels is presented in Figures 1 and 2.

Ascomycota

Figure 1: Fungal division obtained from Cnidoscolus aconitifolius phyllosphere
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Figure 2: Fungal classes obtained from Cnidoscolus aconitifolius phyllosphere

3.2 Distribution of Fungi at the Genus and Species Levels



The most represented sequences (each representing more than 1% of the total classified
fungi) in C. aconitifolius phyllosphere belonged to the families Cladosporiaceae (52.83%),
Botryosphariaceae (18.11%) and Didymellaceae (9.06%).

Out of the 107 OTUs obtained, only thirty-five (35) belonging to eight (8) taxa were
successfully identified to the species level on UNITE database. The other remaining OTUs
were blasted on NCBI database for species identification. This is because NCBI is a
constantly updated “gene-house” database as thousands of sequences are deposited on
GenBank on a daily bases. The BLAST searches revealed the match sequences of the
clones against known sequences on NCBI with 86 to 100% identity. The OTU number and
GenBank accession number of match sequences are listed in Table 1.



Table 1: Taxonomic affinities of OTUs with BLAST searches from NCBI Database
based on their ITS sequences

OTU number Taxonomic affinity Percentage Similarity (%)

(GeneBank Accession no.)

1 Penicillium citrinum (MF476066.1) 96
11 Lasiodiplodia theobromae (GQ469915.1) 100
27 Aspergillius nomius (MK841463.1) 99
39 Phoma eupyrena (KY765281.1) 89
42 Lasiodiplodia theobromae (MH251950.1) 99
50 Penicillium citrinum (MK852473.1) 100
57 Allophoma minor (MF380953.1) 100
70 Phoma eupyrena (KX610328.1) 99
84 Pericona pseudobyssoides (KU214550.1) 99
108 Cladosporium cladosporioides (KU182497.1) 90
112 Acremonium charticold (KT878345.1) 95
114 Aspergillus flavus (MG976497.1) 98
118 Corynespora casiicola (AY238605.1) 99
119 Lasiodiplodia theobromae (GQ469915.1) 97
127 Cladosporium cladosporioides (MH535968.1) 98
137 Cladosporium tenuissimum (MF473305.1) 89
138 Aspergillus flavus (MG976497.1) 100
142 Lasiodiplodia theobromae (GQ469915.1) 100
147 Corynespora casiicola (AY238605.1) 96
159 Nigrospora sphaerica  (JQ936184.1) 96
162 Pericoma byssoides (KC954157.1) 99
164 Lasiodiplodia theobromae (MH251950) 98
185 Allophoma minor (MF380953.1) 97

193 Corynespora casiicola (AY238605.1) 97



OTU number Taxonomic affinity Percentage Similarity (%)

(GeneBank Accession no.)

214 Lasiodiplodia theobromae (MH251950.1) 100
217 Cladosporium cladosporioides (MH535968.1) 98
224 Postia placenta (KJ995944.1) 91
227 Aspergillus violaceofuscus (MG682503.1) 99
232 Cladosporium xanthochromaticum (MF473323.1) 97
235 Lasiodiplodia theobromae (EJ904912.1) 89
245 Corynespora casiicola (MH864416.1) 93
254 Nigrospora oryzae (MH619723.1) 87
259 Corynespora casiicola (AY238605.1) 89
268 Colletotrichum gleosporioides (MH392749) 100
272 Corynespora casiicola (AY238605.1) 98
274 Schizothyrium pomi (EF134949.1) 98
283 Cladosporium cladosporioides (MH535968.1) 100
287 Aspergillus versicolor  (JQ717322.1) 99
324 Corynespora casiicola (MK685154.1) 99
325 Leptosphaerulina cartarum (KC879283.1) 99
326 Helminthosporium asterinum (MH178554.1) 99
327 Cladosporium cladosporioides (MH790419.1) 100
335 Periconia pseudobyssoides (KU214550.1) 99
338 Lasiodiplodia theobromae (GQ469915.1) 97
343 Schizothyrium pomi (EF134949.1) 98
345 Lasiodiplodia theobromae (MH251950.1) 99
349 Cladosporium colombiae (MH244376.1) 99
364 Corynespora casiicola (MK685154.1) 100

366 Corynespora casiicola (AY238605.1) 97



OTU number Taxonomic affinity Percentage Similarity (%)

(GeneBank Accession no.)

367 Zygosporium oscheoides (MH861194.1) 96
368 Devriesa Lagerstroemiae (KP197670.1) 94
369 Cladosporium tenuissimum (MG569541.1) 100
394 Aspergillus amstelodami (MK267406.1) 99
395 Pithomyces chartarum (MH859914.1) 99
410 Corynespora casiicola (MK685154.1) 100
420 Allophoma minor (MN380953.1) 100
428 Acremonium charticola (KT878345.1) 94
431 Lasiodiplodia pseudotheobromae (FT904912.2) 89
434 Aspergillus penicillioides (Mh86439.1) 100
439 Colletotrichum siamense (MK471371.1) 100
442 Nigrospora oryzae (MK429852.1) 100
443 Penicillium paxilli (JIN617709.1) 98
454 Trichoderma harzianum (MN046978.1) 100
457 Helminthosporium asterinum (AF073918.1) 96
475 Rombousta ilealis (LN555523.1) 99
479 Lasiodiplodia pseudotheobromae (FJ904834.1) 89
480 Spegazzinia tessarthra (JQ673429.1) 94
483 Periconia byssoides (MK370654) 98
506 Simplicillium lanosoniveum (KT878334.1) 97
510 Periconia byssoides (MK907734) 99
523 Nigrospora sphaerica (KT259476.1) 98
529 Aspergillus gracillis (MH858708.1) 99

The core mycobiota of chaya consisted of the genera Cladosporium (51.70%), Lasiodiplodia
(18.11%), Allophoma (6.79%), Stagonosporosis (2.26%) and Aspergillus (2.26%). At the
genus level, the unassigned OTUs obtained 15.47% of the total OTUs. The most



predominant species were: Lasiodiplodia theobromae (14.98%), Corynespora casiicola
(14.98%), Cladosporium tenuissimum (14.98%), Cladosporium xanthochromaticum
(14.98%), Cladosporium cladosporioides (14.98%), Nigrospora oryzae (14.98%), Nigrospora
sphaerica (14.98%), Stagonosporosis curcubitacearum (14.98%), Allophoma minor
(14.98%), Aspergillus flavus (14.98%) and Aspergillus chavelaeri (14.98%). The fungal
community of Cnidoscolus aconitifolius at the genus and species levels is presented in
Figures 3 and 4 respectively. A phylogenetic tree was constructed to show the relationship
between the genera obtained (Figure 5).
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Figure 3: Fungal genera obtained from Cnidoscolus aconitifolius phyllosphere
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Figure 4: Fungal species obtained from Cnidoscolus aconitifolius phyllosphere
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Figure 5: Phylogenetic tree generated by maximum composite likelihood analysis
based on the ITS sequences of the OTUs

4. DISCUSSION

Many authors have reported that the majority of taxa obtained from plant leaves belong to
the division, Ascomycota [28,29]. Ascomycota, Basidiomycota and Chytridiomycota have
also been reported as the dominant fungal divisions on plants [30,31].

Cladosporium belongs to the class Dothideomycetes, order Capnodiales and family
Cladosporiaceae. Species occur in clusters of black, green or yellow spots. Different species
of Cladosporium has been found on a variety of plants including Phaseolus vulgaris, Alium
porrum, Ananas comosus, Pinus ponderosa etc; and on different parts of human samples
including sputum, toe nail, lung, foot, skin, scalp, etc [32]. Ten new species belonging to the
genus Cladosporium were reported by Sandoval-Denis et al. [28] and these species are
associated with animal and human infections. C. cladosporioides and C. tenuissimum were



detected in air conditioning, ventilation and heating equipments in China with C.
cladosporioides having the highest frequency and concentration [33]. Long term exposure to
Cladosporium is associated with allergies, asthma symptoms, and eye, ear and skin
infections.

Stagonosporopsis belongs to the class Dothideomycetes, order Pleosporales and family
Didymellaceae. S. cucurbitacearum is a fungal parasitic pathogen reported by Zhao et al.
[34] to be responsible for gummy stem blight disease of pumpkin in North-east China. The
disease stands as one of the major severe pumpkin diseases in North-eastern region of
China and leads to huge crop losses. S. cucurbitacearum as a parasite inhabits its host,
causing serious damage to crops but does not directly kill its host. The pathogen makes use
of penetration pegs (conidial structure) at the early stage of infection, to absorb nutrients
necessary for its survival [30]. Wipornpan et al. [35] also reported gummy stem blight of
cantaloupe caused by S. cucurbitacearum in Thailand. Bhuiyan et al. [36] and Vaghefi et al.
[37] reported ray blight disease of pyrethrum (Tanacetum cinerariifolium) caused by S.
tanaceti. This is considered as a limiting factor to pyrethrum cultivation in Australia.

Corynespora belongs to the class Dothideomycetes, order Pleosporales and family
Corynesporaceae. The genus Corynespora consists of mostly plant pathogenic species
causing diseases on various plants, world-wide. Some of the species of this genus occur as
saprobes and endophytes. About 200 species of Corynespora have been recorded and
several novel species have been reported [38-41]. Corynespora is synonymous with the
genera, Cercospora and Helminthosporium. Corynespora cassiicola, a phytopathogen
reduces yield of natural rubber latex in African and Asian countries. C. cassiicola has 375
host species. Symptoms occur as leaf and fruit decay.

The genus Allophoma belongs to the class Dothideomycetes, order Pleosporales and family
Didymellaceae. Allophoma causes lesion and leaf spots on plants. A. tropica was first
observed on lettuce in Northern Italy in 2011 [42]. Allophoma tropica causes leaf spot of
lettuce [43]. A. zantedeschiae caused symptoms of small yellow lesions on lower leaves of
Papaver dubium which eventually spread to the whole plant in Iran [44]. A. minor is a
phytopathogenic fungus [45,46]. It was isolated as one of the pathogens responsible for
lesion blight of P. dubium in Iran.

Aspergillus belongs to the class Eurotiomycetes, order Eurotiales and family
Trichocomaceae. Aspergillus chevalieri was reported on peanuts in Malaysia [47]. A.
chevalieri is a xerophilic organism which provides a favorable growth condition for other
spoilage-related fungal organisms. This organism might affect the quality of plant products
and lead to reduced shelf life. A study conducted by Chukwu et al. [48] indicated that A
niger, A. flavus and A. terreus were associated with both fresh and dry tiger nuts and they
can possibly endure processing treatment. The occurrence of these fungi may cause diverse
effects on human health as they have the potential of producing mycotoxins [49]. A. flavus
produces two most common aflatoxins; aflatoxins B1 and B2 [50].

Nigrospora species exist as endophytes on stems and leaves of different plant species [51]
or as saprobes from leaf litter or dead larvae [52,53]. The genus consists of plant pathogenic
species infecting various fruits, economic crops and ornamentals. Zhai et al. [54] reported
the occurrence of Nigrospora oryzae on Aloe vera in China where it caused leaf spots. N.
oryzae was also reported in India on Brassica juncea where it caused stem blight [55].

Nigrospora sphaerica has been isolated from different plants where it caused leaf spots,
rots, blight and lesions. N. sphaerica was reported in China as the causal agent of leaf blight
of Camellia sinensis [56]. Alam et al. [57] reported that N. sphaerica caused fatal leaf spot on



Kinnow mandarin (Citrus reticulata). Nigrosora sphaerica has also been reported to be
associated with a disease in human. Ananya et al. [58] reported that N. sphaerica caused
corneal ulcer in an immunocompetent woman. N. oryzae and N. sphaerica were found to
cause leaf spot on date palms (Phoenix dactylifera L.) [59,60].

5. CONCLUSION

The use of next-generation molecular techniques has led to advances in phyllosphere
microbiology. These techniques have helped researchers to know the structure of plant
microbial communities, the organisms present on leaf surfaces, and what these organisms
do in plants. Most of the organisms obtained in this study are plant pathogens, causing
deterioration on plants, reduced quality of plant products and devastating decrease in the
guantity of agricultural produces recovered after harvest. Cnidoscolus aconitifolius is a highly
neglected and underutilized plant. Insight into the mycobiota of C. aconitifolius phyllosphere
is the starting point for devising ways of combating the pathogenic species and increasing
the yield of this plant thereby making it more available to the fast-growing population. The
correct identification of microorganisms in the phyllosphere and the in-depth understanding
of the interaction that exists among these organisms will help in protecting plants against
pre- and post-harvest diseases.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this
research are commonly and predominantly use products in our area of research and
country. There is absolutely no conflict of interest between the authors and
producers of the products because we do not intend to use these products as an
avenue for any litigation but for the advancement of knowledge. Also, the research
was not funded by the producing company rather it was funded by personal efforts
of the authors.

REFERENCES

1. PFAF. Plants For A Future Database. Dawlish, UK; 2019.
http://www.pfaf.org/USER/Default.aspx

2. Ross-lbarra J and Molina-Cruz A. The ethnobotany of chaya (Cnidoscolus aconitifolius): A
nutritious maya vegetable. Journal of Ethnobotany. 2002;56(4):350-364.

3. Hamid AA, Oguntoye SO, Negi AS, Ajao AO. Chemical constituents, antibacterial,
antifungal and antioxidant activities of the aerial parts of Cnidoscolus aconitifolius. Ife
Journal of Science. 2016;18(2):561-571.

4. Mordi JC and Akanji MA. Phytochemical screening of the dried leaf extract of Cnidoscolus
aconitifolius and associated changes in liver enzymes induced by its administration in wistar
rats. Current Research Journal of Biological Sciences. 2012;4(2):153-158.

5. PROTA. PROTA4U web database. Wageningen and Nairobi, Netherlands\Kenya: Plant
Resources of Tropical Africa; 2019. https://www.prota4u.org/database/


PFAF.%20Plants%20For%20A%20Future%20Database.%20Dawlish,%20UK;%202019.%20http:/www.pfaf.org/USER/Default.aspx
PFAF.%20Plants%20For%20A%20Future%20Database.%20Dawlish,%20UK;%202019.%20http:/www.pfaf.org/USER/Default.aspx
PROTA.%20PROTA4U%20web%20database.%20Wageningen%20and%20Nairobi,%20Netherlands/Kenya:%20Plant%20Resources%20of%20Tropical%20Africa;%202019.%20https:/www.prota4u.org/database/
PROTA.%20PROTA4U%20web%20database.%20Wageningen%20and%20Nairobi,%20Netherlands/Kenya:%20Plant%20Resources%20of%20Tropical%20Africa;%202019.%20https:/www.prota4u.org/database/

6. Useful Tropical Plants. Useful tropical plants database: K Fern; 2019.
http://tropical.theferns.info/

7. Growables. Growing Florida Edibles; 2019. https://www.growables.org/

8. Lindow SE and Brandl MT. Microbiology of the phyllosphere. Applied and Environmental
Microbiology. 2003;69:1875-18883.

9. Vorholt JA. Microbial life in the phyllosphere. Nature Reviews Microbiology. 2012;10:828-
840.

10. Inacio J, Pereira P, De Carvalho M, Fonseca A, Amaral-Collaco MT and Spencer-
Martins 1. Estimation and diversity of phylloplane mycobiota on selected plants in a
mediterranean-type ecosystem in Portugal. Microbial Ecology. 2002;44:344-353.

11. Lopez-Velasc G, Carder PA, Welbaum GE and Ponder MA. Diversity of the spinach
(Spinacia oleracea) spermosphere and phyllosphere bacterial communities. FEMS
Microbiology Letters. 2013;346:146—154.

12. Rastogi G, Coaker GL and Leveau JH. ew insights into the structure and function of
phyllosphere microbiota through high-throughput molecular approaches. FEMS Microbiology
Letters. 2013;348:1-10.

13. Zhou Y, Qiao X, Li W, Xu J, Wang W and Chen X. Phyllosphere bacterial communities
associated with the degradation of acetamiprid in Phaseolus vulgaris. African Journal of
Biotechnology. 2011;10:3809-3817.

14. Ali N, Sorkhoh N, Salamah S, Eliyas M and Radwan S. The potential of epiphytic
hydrocarbon-utilizing bacteria on legume leaves for attenuation of atmospheric hydrocarbon
pollutants. Journal of Environmental Management. 2012;93:113-120.

15. Arnold AE, Mejia LC, Kyllo D, Rojas El, Maynard Z, Robbins N and Herre EA. Fungal
endophytes limit pathogen damage in a tropical tree. Proceedings of the National Academy
of Sciences of the United States of America. 2003;100: 5649-15654.

16. Schweitzer JA, Bailey JK, Bangert RK, Hart SC and Whitham TG. The role of plant
genetics in determining above- and below-ground microbial communities. In: MJ Bailey, AK
Lilley, PT Timms-Wilson and PT Spencer-Phillips (eds.). Microbial Ecology of the Aerial
Plant Surface. CABI International, Wallingford, UK; 2006.

17. Teplitski M, Warriner K, Bartz J and Schneider KR. Untangling metabolic and
communication networks: interactions of enteric with phytobacteria and their implications in
produce safety. Trends in Microbiology. 2011;19(3):121-127.

18. Dees MW, Lysoe E, Nordskog B, Brurberg MB. Bacterial communities associated with
surfaces of leafy greens: shift in composition and decrease in richness over time. Applied
and Environmental Microbiology. 2015;81:1530-1539. https://doi.org/10.1128/aem.03470-14.

19. Ding T and Melcher U. Influences of plant species, season and location on leaf
endophytic bacterial communities of non-cultivated plants. PLoS One. 2016;11(3):1-13.
https://doi.org/10.1371/journal.pone.0150895.



Useful%20Tropical%20Plants.%20Useful%20tropical%20plants%20database.%20In:%20Useful%20tropical%20plants%20database%20:%20K%20Fern;%202019.%20http:/tropical.theferns.info/
Useful%20Tropical%20Plants.%20Useful%20tropical%20plants%20database.%20In:%20Useful%20tropical%20plants%20database%20:%20K%20Fern;%202019.%20http:/tropical.theferns.info/
https://www.growables.org/
https://doi.org/10.1128/aem.03470-14.
https://doi.org/10.1371/journal.pone.0150895.

20. Cordier, T., Robin, C., Capdevielle, X., Fabreguettes, O., Desprez-Loustau, M. L. and
Vacher, C. (2012). The composition of phyllosphere fungal assemblages of European beech
(Fagus sylvatica) varies significantly along an elevation gradient. New Phytologist, 196: 510—
519.

21. Balint M, Tiffin P, Hallstrf€om B, O’Hara RB, Olson MS, Fankhauser JD, Piepenbring M
and Schmitt I. Host genotype shapes the foliar fungal microbiome of balsam poplar (Populus
balsamifera). PLoS One. 2013;8(1):1-9.

22. Vacher C, Hampe A, Porté AJ, Sauer U, Compant S and Morris CE. The phyllosphere:
microbial jungle at the plant-climate Interface. Annual Review of Ecology, Evolution, and
Systematics. 2016;47(1):1-24. https://doi.org/10.1146/annurev-ecolsys-121415-032238.

23. lyanyi NG, Ataga AE and Nwachukwu EO. Molecular characterization of fungi associated
with Cnidoscolus aconitifolius (Mill.) . M. Johnston.  Researchjournali’s Journal of
Agriculture. 2019;6(4):1-12.

24. Chen C, Khaleel SS, Huang H and Wu CH. Software for pre-processing lllumina next-
generation sequencing short read sequences. Source Code for Biology and Medicine.
2014:9(8):1-11.

25. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Buschman FD and Costello EK.
QIIME allows for high-thoroughput community sequencing data. Nature Methods.
2011;7:335-336.

26. Edgar RC, Haas BJ, Clemente JC, Quince C and Knight R. UCHIME improves sensitivity
and speed of chimera detection. Bioinformatics. 2011;27(16):2194-2200.

27. Abarenkov K, Nilsson RH, Larsson KH, Alexander 1J, Eberhardt U, Erland S and Kd&ljalg
U. The UNITE database for molecular identification of fungi - recent updates and future
perspectives. New Phytologist. 2010;186(2):281-285. https://doi.org/10.1111/j.1469-
8137.2009.03160.x

28. Selim KA, Nagia MM and Ghwas DE. Endophytic fungi are multifunctional biosynthe-
sizers: Ecological role and chemical diversity. In: Evelyn Hughes (ed.). Endophytic Fungi:
Diversity, Characterization and Biocontrol. Microbiology Research Advances. Nova
Publishers, New York; 2017.

29. Tibpromma S, Hyde KD, Bhat JD, Mortimer PE, Xu J, Promputtha I, Doilom M, Yang J
B., Tang AM and Karunarathna SC. Identification of endophytic fungi from leaves of
Pandanaceae based on their morphotypes and DNA sequence data from Southern Thailand.
MycoKeys. 2018;33:25-67.

30. Kembel SW and Mueller RC. Plant traits and taxonomy drive host associations in tropical
phyllosphere fungal communities. Botany. 2014;92:303-311.

31. Darlison J, Mogren L, Rosberg AK, Grudén M, Minet A, Liné C, Mieli M, Bengtsson T,
Hakansson A, Uhlig E, Becher PG, Karlsson M and Alsanius BW. Leaf mineral content
govern microbial community structure in the phyllosphere of spinach (Spinacia oleracea) and
rocket (Diplotaxis tenuifolia). Science of the Total Environment. 2019;675:501-512.


https://doi.org/10.1146/annurev-ecolsys-121415-032238.
https://doi.org/10.1111/j.1469-8137.2009.03160.x
https://doi.org/10.1111/j.1469-8137.2009.03160.x

32. Sandoval-Denis M, Gene N, Sutton D, Wiederhold N, Cano-Lira J and Guarro J. New
species of Cladosporium associated with human and animal infections. PubMed.
2016;36:281-298.

33. Luo Y, Li J, Zhang X, and Gao W. Characterization of potential pathogenic Cladosporium
exposure risks from heating, ventilation and air conditioning (HVAC) in two cities, China.
Medical Mycolology: Open Access. 2016;16(2):18-25.

34. Zhao Q, Wu J, Zhang L, Xu L, Yan C and Gong Z. Identification and characterization of
Cucurbita gummy stem blight fungi in Northeast China. Journal of Phytopathology.

35. Wipornpan N, Worawoot A, Nakarin S and Jaturong K.First Report of Gummy Stem
Blight on Stagonosporosis cucurbitacearum on Cantaloupe in Thailand. Canadian Journal of
Plant Pathology. 2018;40(20):306-311.

36. Bhuiyan MA, Groom T, Nicholas ME and Taylor PW. Disease cycle of Stagonosporosis
tanaceti in pyrethrum plants. Australian Plant Pathology. 2017;46(1):83-90.

37. Vaghefi N, Pethybridge SJ, Ford R, Nicolas ME, Crous PW and Taylor PW.
Stagonosporopsis spp. associated with ray blight disease of Asteraceae. Australasian Plant
Patholology. 2012;41:675-686.

38. Kumar S, Singh R, Gond DK and Saini DC. Two new species of Corynespora from Uttar
Pradesh, India. Mycosphere. 2012;3:864-869.

39. Kumar S, Singh A, Singh R and Dubey NK. Corynespora bombacina causing foliar
disease on Bombax ceiba from Sonebhadra Forest of Uttar Pradesh, India. Canadian
Journal of Plant Protection.2013;1(2):76-77.

40. Singh A, Kumar S, Singh R, Dubey NK. Corynespora clerodendrigena sp. nov. causing
foliar disease on Clerodendrum viscosum from Sonebhadra forest of Uttar Pradesh, India.
Plant Pathology and Quarantine. 2013;3(1):15-17.

41. Singh A, Kumar S, Singh R, Dubey NK. A new species of Corynespora from Sonebhadra
forest of Uttar Pradesh, India. Current Research in Environmental and Applied Mycology.
2014;4(1):149-151.

42. Garibaldi AG, Gilardi GO and Gullino ML. First report of leaf spot of lettuce (Lactuca
sativa L.) caused by Phoma tropica in Italy. Plant Disease. 2012;96(9):1380-1380.

43. Pintore |, Gilardi G, Garibaldi A and Gullino M. Efficacy of different fungicides against the
leaf spot of lettuce caused by Allophoma tropica. Journal of Plant Diseases and Protection.
2018;125(3):297-309.

44. Parisa R and Doustmorad Z. Characterization of fungi causing lesion blight on Papaver
dubium in Iran. Anthonie van Leeuwenhoek. 2018;111(3):437-455.

45. Razaghi P and Zafar D. Characterization of fungi causing lesion blight on Papaver
dubium in Iran. Antonie van Leeuwenhoek. 2017;111(6):1-20. doi: 10.1007/s10482-017-
0966-8

46. Marin-Felix Y, Hernandez-Restrepo M, Iturrieta- Gonzélez |, Gené GD, Groenewald J,
Cal, Chen Q, Quaedvlie W, Schumacher R, Taylor P, Ambers C, Bonthond G, Edwards J,



Krueger-Hadfield S, Luangsaard J Morton L, Moslemi A, Sandoval-Denis, M, Tan Y,
Thangavel R, Vaghefi N, Cheewangkoon R and Crous P. Genera of phytopathogenic fungi:
GOPHY 3. Studies in Mycology. 2019;94:1-124.

47. Kamarudin NA and Zakaria L. Characterization of two xerophilic Aspergillus spp. from
peanuts (Arachis hypogaea). Malaysian Journal of Microbiology. 2018;14(1):41-48.

48. Chukwu MO, lbiam OFA and Okoi A. Studies on the fungi and phytochemical and
proximate composition of dry and fresh tiger nuts (Cyperus esculentus L.). International
Research Journal of Biotechnology. 2013;4(1):11-14.

49. Nura M, Abubakar A, Auyo MI, Sunday E and Kutama AS. Isolation and identification of
fungi associated with tigernut milk drink (kunum aya) in Dutse, Jigawa State. Global
Advanced Research Journal of Agricultural Science. 2016;57:302-308.

50. Amaike S and Nancy P. Aspergillus flavus. Annual Review of Phytopathology.
2011;49:107-133.

51. Wang M, Liu F, Crous P and Cai L. Phylogenetic reassessment of Nigrospora:
ubiquitous endophytes, plant and human pathogens. Persoonia. 2017;39:118-142.

52. Thalavaipandian A, Ramesh V, Bagyalakshmi A, Muthuramkumar S and Rajendran A.
Diversity of fungal endophytes in medicinal plants of Courtallam Hills, Western Ghats, India.
Mycosphere. 2011;2(5):575-582.

53. Uzor PF, Ebrahim W and Osadebe PO. Metabolites from Combretum dolichopetalum
and its associated endophytic fungus Nigrospora oryzae — evidence for a metabolic
partnership. Fitoterapia. 2015;105:147-150.

54. Zhai L, Liu J, Zhang M and Wang L. First report of leaf spots in aloe vera caused by
Nigrospora oryzae in China. Plant Disease. 2013;9(7):1256.

55. Sharma P, Meena PD and Chauhan JS. First report of Nigrospora oryzae (Berk. and
Broome) Petch causing stem blight on Brassica juncea in India. Journal of Phytopathology.
2013;161:439-441.

56. Liu YJ, Tang Q and Fang L. First report of Nigrospora sphaerica causing leaf blight on
Camellia sinensis in China. Plant Disease. 2015;100:221.

57. Alam MW, Rehman A, Gleason ML, Riaz K Saira M, Aslam S, Rosli H and Muhammad
S. First report of Nigrospora sphaerica causing leaf spot of kinnow mandarin in Pakistan.
Journal of Plant Pathology. 2017;99(1):295.

58. Ananya TS, Kindo AJ, Subramanian A and Suresh K. Nigrospora sphaerica causing
corneal ulcer in an immunocompetent woman: A case report. International Journal of Case
Reports and Images. 2014;10:675-679.

59. Abass MH, Hameedm MA and Ahmedm A N. First report of Nigrospora sphaerica
(Sacc.) Mason as a potential pathogen of date palm (Phoenix dactylifera L.). Canadian
Journal of Plant Patholology. 2013;35(1):75-80.



60. Abass MZ and Mohammed NJ. Morphological, molecular and pathological study on
Nigrospora oryzae and Nigrospora sphaerica, the leaf spot fungi of date palm. Basra Journal
for Date Palm Researches. 2014;13(1-2):26-38.



