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Abstract

Illumina Next Generation Sequencing (NGS) platform targeting the con-
served regions of bacteria ribosomal DNA (16s rRNA) was used to identify
the bacterial community associated with soursop (Annona muricata L.). The
aim of this work is to compare the diversities of the bacterial communities
of Annona muricata and Malus domestica [obtained from National Centre for
Biotechnology Information (NCBI) database]. The functional genes in these
communities were also predicted. A total of 167,693 high quality reads was
obtained from Annona muricata and Malus domestica. Clustering on
GREENGENES database revealed 570 Operational Taxonomic Units (OTUs).
Alpha-diversity indices indicated high diversity and abundance of microbial
community. Taxonomic analysis revealed that bacterial community was
grouped into 24 phyla and 455 genera. The microbiome of the samples was
dominated by distinct populations of four phyla viz Proteobacteria
(58.41%), Bacteroidetes (18.59%), Actinobacteria (11.13%) and Firmicutes
(7.29%). The functional genes were predicted for 16S rRNA gene sequences
based on Kyoto Encyclopaedia of Genes and Genomes (KEGG) which indi-
cated amino acid metabolism, carbohydrate metabolism, xenobiotics bio-
degradation and lipid metabolism, metabolism of terpenoids and polypep-
tides and biosynthesis of other secondary metabolites as predominant met-
abolic categories. Thus, the study revealed the structure of microbial com-
munity and functional genes composition in A. muricata and M. domestica
fruits and this will help to expand the knowledge concerning the structure
of plant-associated bacterial communities, revealing valuable information
of their impact and indicating their crucial roles in evolutionary and ecologi-
cal processes.
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Introduction

Annona muricata (L.), commonly called soursop belongs to the family An-
nonaceae (1). It is a multipurpose fruit with various nutritional benefits and
has gained global essence because of its medicinal and food values (2).
A. muricata is a common fruit inherent to the Caribbean and most parts of
Central America which is currently being distributed and spread to several
tropical areas globally and several other nations in Africa including South-
ern Nigeria (3). A. muricata is susceptible to attack by microorganisms which
can lead to reduction in market quality. The International Society for Infec-

Plant Science Today, ISSN 2348-1900 (online)


http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14719/pst.1749
http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.1749&domain=horizonepublishing.com
http://www.horizonepublishing.com/
https://doi.org/10.14719/pst.1749
mailto:nkechi.iyanyi@gmail.com

2 MOOREETAL

tious Disease reported that the impacts of the diseases
caused by microbes on plants have increased worldwide
(4).

Generally, agricultural food crops of a nation loose
appreciable quality in storage due to threatened plant
diseases caused by the activities of microorganisms. The
interactions between different microorganisms can affect
the microbial community structure and can lead to several
evolutionary and ecological processes (5). It was explained
that early detection of plant diseases is an important key
in preventing disease spread with minimal damage to crop
production (6). Hypothetically, researchers affirm that mi-
crobes living on tropical areas are diverse and defined by
associated species of plant (7, 8). As researchers started
appreciating and understanding diversity in microbial
community, it resulted to understanding the fact that most
microbes do not grow under standard culture technique
and are not observed by conventional techniques (9). Met-
agenomics analysis using next-generation sequencing
(NGS) has been shown to be an excellent instrument in
studying and analyzing microbial diversity in various envi-
ronments. Interestingly, the relationship between the
members of the microbial community and the plant host is
crucial to understanding agricultural production systems
and management (10). The novel methods in molecular
research in addition to bioinformatics have made genetic
research for characterizing and identifying microorgan-
isms more practical, revealing diversities which are hidden
in environmental samples. Only a limited number of works
on microorganisms associated with fruits have been re-
ported and to the best of our knowledge, no reports on
Annona muricata bacterial microbiota have been present-
ed so far.

This research was carried out to 1) determine the
bacterial organisms associated with Annona muricata
fruits; 2) determine the bacterial community structure of
the fruit; and 3) compare the bacterial community struc-
ture of A. muricata fruit with that of Malus domestica ob-
tained from the Sequence Read Archive on National Centre
for Biotechnology Information (NCBI) database. This study
will contribute to the knowledge of the structure of plant-
associated bacterial communities, providing valuable in-
formation of their impact.

Materials and Methods
Sample Collection and DNA Extraction

Ripe Annona muricata fruits were obtained from Choba
market in Port Harcourt, Rivers State, Nigeria. The fruits
were collected in sterile plastic-bags and transported to
Regional Centre for Biotechnology and Bio-resources Re-
search Laboratory, University of Port Harcourt under ice
condition. DNA was extracted from soursop fruit using Zy-
mo Fungal/Bacterial DNA Miniprep kit (Zymo Research
Biotechnology Company, California, U.S.A.) according to
the manufacturer’s protocol. Half of a gramme (0.5 g) of
soursop fruit was used. The fruits used in the study are
presented in Fig. 1.

Fig. 1. Soursop (a) and apple (b) fruits

Bacterial DNA Amplification

Bacterial genomic DNA was amplified with the primer pair:
341F (5'-CCT AGC GNG GCG WCG AG-3') - forward and 785R
(5'-GCAC TCA HVG GTG ATC TAA TCC-3') - reverse (11). This
primer pair targets 16S rDNA gene sequence variable re-
gions V3 and V4. The resultant amplicon was gel-purified,
end-repaired and Illumina specific adapter sequences
were used to ligate each amplicon. After polymerase chain
reaction (PCR) quantification, sample was specifically in-
dexed and a second purification was carried out. The am-
plicon was sequenced on Illumina platform with Miseq v3
(600 cycles) kit, based on manufacturer’s protocol. 20Mb
data (2 x 300bp long paired end reads) was produced.

Data Processing and Analysis

Raw sequences obtained were first analyzed to remove
PCR artifacts and low quality reads with ngsShort (Next-
generation sequencing Short Reads) trimmer (12). The
sequences of Annona muricata and Malus domestica were
normalized to an even sampling depth before diversity
analysis. Sequence reads lower than 200 nucleotides,
reads with more than 2% of uncertainties or 7% homopol-
ymers were expunged from the data during analysis. The
UCLUST algorithm (13) on QIIME (v.1.9.0) pipeline was uti-
lized to cluster sequences at 97% identity threshold,
grouping them into OTUs. GREENGENES database was
used for open reference picking and highest sequences in
each OTU based on alignment of their 16S-rRNA were cho-
sen as representative sequences and utilized for taxonom-
ic assignment. Alpha-diversity analysis (ADA) was done
using vegan R package (14). ADA indices like Chaol and
Shannon were measured. Sequence reads for Annona mu-
ricata sample were deposited on National Centre for Bio-
technology Information (NCBI) Database under Sequence
Read Archive (SRA) Bio-project number PRINA755909. To
compare bacteria metagenomes of Annona muricata and
Malus domestica fruits, four 16S-rRNA meta-sequences of
M. domestica fruit were obtained from the European Nu-
cleotide Archive (ENA) at the study Bio-project number:
PRJEB32455 (run accession numbers - ERR3347698,
ERR3347699, ERR3347700 and ERR3347701). The sequenc-
es were recovered from a study (15). Analysis of functional
group was carried out with PICRUSt (Phylogenetic Investi-
gation of Communities by Reconstruction of Unobserved
States) software (16). PICRUSt and KEGG were employed
to ascertain the relative abundance of the different bacte-
rial genes obtained from the fruits and the functions of
those genes.
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Results

Composition of Annona muricata and Malus domestica
Bacterial Communities

The clustering of the sequences from Annona muricata and
Malus domestica resulted in 570 OTUs with a total se-
quence count of 183958. After data processing, a total of
167693 quality reads were generated. The number of OTUs
ranged from 346 to 1337 across the samples. The highest
number of OTUs was identified in A. muricata fruits (1337)
whereas the least was observed in M. domestica (sample
FruH9: 346). The total OTUs observed in A. muricata and M.
domestica were taxonomically assigned into 24 phyla, 76
classes, 133 orders, 248 families and 455 genera.

The diversity of the bacterial community composi-
tions of A. muricata and M. domestica fruits were explored
by comparing the relative abundance at different taxo-
nomic levels, and the alpha diversity indices such as Chaol
and Shannon. The Shannon diversity and Chaol estimates
equally revealed that soursop had higher bacterial diversi-
ty compared to apple (Fig. 2, 3).

Description m M. domestica A. muricata
Observed - Chaol Shannon
——
1250 .z ——
o0
. 1000 .
g .
= .
2 s0
2 o
200
! ) o
200 L
Li + i
250
S & §'_ H i H

Fig 2. Alpha diversity analysis of the bacterial population when grouped
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Fig 3. Alpha diversity analysis of the bacterial population for each sample

Distribution of Bacteria Phyla in Annona muricata and
Malus domestica fruits

The dominant phyla across the entire bacterial population
were: Proteobacteria (58.41%), Bacteroidetes (18.59%),
Actinobacteria (11.13%) and Firmicutes (7.29%) (Fig. 4).
Planctomycetes was also detected at a low frequency
(0.59%) with other phyla representing less than 1% of the
community population.

The most dominant phyla in Annona muricata were
Actinobacteria (31.64%), Proteobacteria (24.53%), Bac
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Fig. 4. Dominant bacteria phyla (A) and classes (B) across the bacterial com-
munities for Annona muricata and Malus domestica fruits

teroidetes (20.73%) and Firmicutes (14.87%). In Malus do-
mestica, Proteobacteria (66.88%) was the most prevalent
phylum, followed by Bacteroidetes (18.05%), Actinobacteria
(6.00%) and Firmicutes (5.39%). The phyla, Acidobacteria
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(0.50%), Armatimonadetes (0.05%), Chlamydiae (0.02%),
Fusobacteria (0.06%), Nitrospirae (0.12%), Planctomycetes
(0.74%) Spirochaetes (0.12%) and Verrucomicrobia
(0.06%) were only present in M. domestica fruits.

The most abundant classes across the two fruits
were: Alphaproteobacteria (85.89%), Betaproteobacteria
(32.24%), Actinobacteria (27.58%) Cytophagia (22.34%),
Gammaproteobacteria (21.19%), Bacilli (16.52%), Sphingo-
bacteriia (16.60%), Deltaproteobacteria (6.70%) and Flavo-
bacteria (6.47%) (Fig. 4). In M. domestica fruits, Alphaprote-
obacteria (40.29%), Betaproteobacteria (15.53%), Cy-
tophagia (11.17%), Gammaproteobacteria (7.71%), Actino-
bacteria (5.89%), Bacilli (4.93%), Deltaproteobacteria
(3.35%), Flavobacteria (3.23%) and Sphingobacteriia
(3.12%) were the dominant classes while in A. muricata,
Actinobacteria (31.61%), Sphingobacteriia (20.72%), Bacilli
(13.32%), Gammaproteobacteria (11.56%), Alphaproteo-
bacteria (10.62%) and Betaproteobacteria (2.34%) were
the predominant classes.

Distribution of Bacterial Genera in Annona muricata and
Malus domestica Fruits

The microbial diversity of Annona muricata and Malus do-
mestica fruits consisted of 455 distinct bacterial genera.
The predominant genera across the samples were Methylo-
bacterium (12.13%), Sphingomonas (8.83%), Hymenobacter
(7.27%), Sphinogobacterium  (4.23%), Pseudomonas
(3.06%), Ralstonia (2.98%), Bacillus (2.27%), Flavobacte-
rium (2.22%), Brachybacterium (1.79%), Erwinia and
(1.52%) (Fig. 5). Bdellovibrio, Burkholderia, Flavobacterium
and Pseudomonas were only observed on Malus domestica
fruits while Saccharopolyspora and Ochrobactrum oc-
curred only on Annona muricata fruits.

The abundance of Methylobacterium which was the
predominat genera on M. domestica was 15.15%. Other
genera present in M. domestica fruit include: Sphingo-
monas (11.03%), Hymenobacter (9.08%), Pseudomonas
(3.80%), Ralstonia (3.73%), Flavobacterium (2.78%), Bacil-
lus (2.13%), Burkholderia (1.89%) and Spirosoma (1.61%).
In A. muricata, Sphinogobacterium (20.72%), Brachybacte-
rium (8.94%), Erwinia (7.57%), Brevibacterium (5.90%),
Paenibacillus (3.51%), Staphylococcus (3.36%), Ochrobac-
trum (3.13%), Bacillus (2.80%) and Saccharopolyspora
(2.12%) were the predominant genera (Fig. 5).
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Fig. 5. Dominant bacteria genera across the bacterial microbial communities
of Annona muricata and Malus domestica fruits.

Functional Prediction of Bacterial Communities for An-
nona muricata and Malus domestica

A total of 301 KEGG Orthology (KO) categories were ob-
tained after assigning sequences using KEGG gene data-
base. From these categories, 146 metabolic groups and 12
sub-systems were obtained. The metabolic groups include
amino acid metabolism, energy metabolism, metabolism
of co-factors and vitamins, lipid metabolism, enzymes
families, biosynthesis of other secondary metabolites, me-
tabolism of terpenoids and polyketides, metabolism of
other amino acids, xenobiotics biodegradation and metab-
olism, nucleotide metabolism and carbohydrate metabolic
pathways among others (Fig. 6). Lipid metabolism, xenobi-
otics biodegradation and metabolism, biosynthesis of other
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Fig. 6. heat map showing abundances of functional categories.

secondary metabolites, metabolism of terpenoids and
polyketides, carbohydrate metabolism and amino acid
metabolism were predominant metabolic categories. The
genes involved in biosynthesis of streptomycin, novobi-
ocin, isoquinoline alkaloid and phenylpropanoid were the
most abundant genes under the biosynthesis of secondary
metabolites category (Table 1). These genes were only
obtained from M. domestica fruits.

Discussion

Bacterial Organisms Associated with Annona muricata
and Malus domestica

Fruits are important components for healthy diet with
sufficient amount of nutrients such as minerals, vitamins,
protein and water. According to from harvesting to con-
sumption, fruits are highly prone to attack by several path-
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Table 1. Genes associated with biosynthesis of secondary metabolites in Annona

KEGG Ortholog

No of genes present

number KEGG Pathway Apple Soursop
Fru8 Frulo Frul2 Fru9 All
KO 00940 Phenylpropanoid biosynthesis 11693 12996 12474 10575 0
KO 00401 Novobiocin biosynthesis 38494 47875 25365 24240 0
KO 00965 Betalain biosynthesis 288 325 401 111 0
KO 00944 Flavone and flavonol biosynthesis 161 159 69 68 0
KO 00941 Flavonoid biosynthesis 6084 5998 7283 6666 0
KO 00950 Isoquinoline alkaloid biosynthesis 31839 41627 18529 18641 0
KO 00521 Streptomycin biosynthesis 59849 70210 49469 45732 0
KO00901 Indole alkaloid biosynthesis 227 146 348 54 0
KO 00550 Beta-Lactam resistance 4936 4321 4973 3245 0
KO 00941 Isoflavonoid biosynthesis 24 5 49 10 0
KO 00311 Penicillin and cephalosporin biosynthesis 6414 5850 6500 3707 0
KO 00524 Butirosin, Kanamycin, Gentamicin and neomycin biosynthesis 5350 5626 5154 4924 0

ogens due to their notable moisture content and this leads
to massive economic losses (17). Metagenomic analysis of
genomic DNA purified from A. muricata and M. domestica
showed that several bacterial species are associated with
the fruits, and this leads to deterioration, rotting or discol-
oration which may affect their preservation leading to post
-harvest fruit losses. Majority of the bacterial organisms
obtained from this study revealed that the microbiome of
A. muricata and M. domestica was dominated by four phy-
la: Proteobacteria, Bacteroidetes, Actinobacteria and Fir-
micutes. The number of OTUs represents the abundance of
species within each sample (18).

The bacterial community of A. muricata was domi-
nated by the genus Sphingobacterium. Members of the
genus are opportunistic pathogens and contain high
amount of sphingophospholipids (lipid components). They
are known to possess several antimicrobial susceptibility
patterns (19). The bacterial community of M. domestica
which was dominated by Methylobacterium was more di-
verse when compared to that of A muricata. The genus
Methylobacterium belongs to the family Methylobacteri-
aceae and class Alphaproteobacteria. This is a new genus
of facultative bacteria that can utilize one-carbon com-
pounds (such as methane or methanol) as the source of
carbon for growth (20). Methylobacterium species may be
related to phytohormone production or interaction with
plant pathogens, promoting plant growth and inducing
higher photosynthetic activity (21). Some Methylobacte-
rium strains have been reported to synthesize cellulose
and pectinase suggesting that they are capable of stimu-
lating systemic resistance during plant colonization by
pathogens (21). Hence, these species can play an essential
role in plant development.

The genus Hymenobacter accommodates species
that are aerobic and non-motile. The species grow under
conditions of extremely low organic substances using lim-
ited carbon sources like isoprene, sugars, amino-acids,
organic-acids and alcohols (22). Flavobacterium spp. are

widely distributed in nature. They have been isolated from
different habitats such as diseased fish, fresh water, soil
and from several cash crops like red-pepper, rice and soy-
bean (23, 24). The isolation of a novel species, Flavobacte-
rium glycines from the rhizosphere of Glycine max
(soyabean) has been reported (24). Consistently, Flavobac-
teria were also found to be associated with food and prod-
ucts spoilage, and was confirmed that growth of psychro-
philic or psychotropic bacteria on products depends on
relative humidity of storage environment where such
products are kept (25).

Spirosoma sp. have been discovered to exist in dust,
fresh water, soil and extreme environments such as high
Arctic glaciers. The genus contains strains with high activi-
ty of glycosyl hydrolases, including L-fucosidase (GH29),
xylan-1,4-xylosidase (GH39) and cellulase or hemicellulas-
es, which degrade polysaccharides of plant origin. Spiro-
soma also comprises of strains with high radiation re-
sistance (26).

The genus Staphylococcus which belongs to the
family Staphylococcaceae and class Bacilli dominated the
phyla Firmicutes. The genus consists of gram-positive op-
portunistic pathogens capable of increasing in aerobic and
anaerobic conditions. Firmicutes intake results in obesity
among humans (27) and could equally cause infections via
toxin production, coagulase enzyme or penetration. These
toxins are capable of causing poisoning which can result to
life threatening infections, invasive surgery and injuries
creating severe clinical issues (28). Staphylococcus aureus
is of great relevance in the food industry due to its produc-
tion of enterotoxins, a major cause of food-borne intoxica-
tions (29).

It was reported that the genus Sphingomonas com-
prises of over 103 Gram-negative bacteria species that are
basically aerobic and contain ubiquinone-10 as their main
respiratory quinone (30). They also contain glycosphin-
golipids (GSLs) and not lipopolysaccharide; and produce
pigmented colonies that are yellow in colour. By 2001, over
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20 species with diverse physiological, ecological and phy-
logenetic properties were added to the genus. Although
Sphingomonas spp. have been isolated from different envi-
ronments and the physiological and metabolic properties
of selected strains have been examined in detail, relatively
little is known regarding the ecology of this diverse group
of microorganisms. However, 2 aspects of their metabo-
lism probably contribute to their widespread distribution
in the environment: their ability to utilize several organic
compounds and their ability to grow and withstand low-
nutrient conditions or starvation. Sphingomonads play an
essential role in plant tolerance to abiotic stress, biodegra-
dation and bioremediation processes (31).

The genus Ralstonia is an aerobic Gram-negative
rod-shaped bacterium mainly isolated from plants, soil
and contaminated water. These pathogens can cause
meningitis, bloodstream infection, endocarditis, pneumo-
nia, spinal osteitis, peritonitis, prostatitis, septic arthritis
and osteomyelitis (32). The genus Burkholderia was de-
scribed to include most rRNA group-Il pseudomonads
which comprises of seven species (33). Two among these
species, Burkholderia mallei and Burkholderia pseudomal-
lei are mainly humans and animals’ pathogens. Two spe-
cies, Burkholderia gladioli and Burkholderia caryophylli are
phytopathogens, 2 other species Burkholderia pickettii (a
human pathogen) and Burkholderia solanacearum (a phy-
topathogen) were placed under the genus, Ralstonia and
the last species, Burkholderia cepacia was described as the
causal agent of bacterial rot of onion bulbs. The study re-
vealed that Burkholderia species are diverse and maybe
found as free-living species within soil or water, or in asso-
ciation with other hosts, including plants, fungi, animals
and humans (34). The bio-geographic distribution of
Burkholderia spp. is strongly affected by soil pH.

Functional Analysis of Annona muricata and Malus do-
mestica Bacterial Communities

Metabolic profiles and functional ability of microbes from
the different samples based on the results of KEGG were
predicted. Their results showed that there was significance
between phylogenetic calculations and functional profiles
of the bacterial genes indicating that the functions of mi-
crobiome genes can be predicted from bacterial 16S rRNA
sequences.

Research has shifted to the study of compounds in
foods to obtain a better understanding of their specialized
roles and the mechanisms associated with the prevention
and reduction of human diseases. Metagenomic functional
analysis of M. domestica fruit reveals the abundance of
streptomycin, novobiocin, isoquinoline alkaloid and phe-
nylpropanoid biosynthetic genes. A lot of studies have
been done on dietary polyphenols, especially the flavo-
noids (which comprises of 60% of all polyphenols) and
phenolic acids (which represents 30% of total polyphe-
nols) (35). Polyphenolic compounds are responsible for
the taste, colour, flavours and metabolic activity of foods
obtained from plants. The quantity of polyphenols is
affected by plant variety and environmental factors such
as season, storage and geographical region. Annona plant

is a source of sweet and fragrant flavor. The fruit is con-
sumed directly or in the form of processed products such
as juices, ice cream and alcoholic beverages (36). Apart
from this, it is a potential source of bioactive chemicals
and nutrients that improve human health. Annona fruit
contains several natural and beneficial compounds and
some phytochemicals that are considered very useful be-
cause of their potential health benefits to man. The most
important bioactive substances present in the fruit are
phenolic compounds, cetogenins (ACGs), essential oils
(EOs), alkaloids (ALKs), anthocyanins, cyclopeptides (CPs),
minerals, carotenoids, vitamins and amino acids (37).

Agricultural produce that are under various environ-
mental stress that can have deleterious impact on the
quality of food, developed several biochemical and physio-
logical mechanisms to adjust and adapt to this stress. Sev-
eral physiological metabolic reactions are produced in
these plants to contain these changes. Thus, functional
amino acids metabolism in the fruits shows notable regu-
latory and metabolic adaptability (38). They are consid-
ered as vital precursors for the synthesis of various mole-
cules of great importance, and equally control some major
metabolic pathways that are essential to growth, health,
development, homeostasis of organisms and reproduc-
tion.

Protein and carbohydrate metabolisms are very
important determinant factors in response of fruits to
stress. It was suggested that ascorbic acid (ASA) metabo-
lism, proline metabolism and other pathways play vital
roles during salt stress response (39, 40). Amino acids and
carbohydrates are the chief players in various regulatory
and metabolic pathways and are responsible for biological
cell adaptation. Therefore, amino acid and carbohydrate
metabolisms are very important for salt stress response.
Also, it has been observed that amino acid metabolism is
closely related to abiotic stress tolerance and carbohy-
drate metabolism holds a vital function in abiotic stress
tolerance (41).

Isoflavones have received notable attention due to
their health benefits to man. They are believed to be pro-
duced only in legumes and are important determinant
factors in defense and root nodulation in plants. Isofla-
vones are involved in symbiotic association with rhizoidal
bacteria and defense response in leguminous plants (42).
Specialized plant terpenoids are used in medicine because
of their biochemical selection for biological activity in ani-
mals. Terpenoid families in natural plants are important
source of medical discoveries. Isoprenoids and terpenoids
are isoprene-based natural products with basic roles in the
metabolic process of all organisms. Terpenoid chemical
diversity is particularly high in plants where several of
them are considered as secondary metabolites (43). Such
non-vital, specialized plant terpenoids stimulate several
ecological connections between animals and plants (44),
acting as allelochemicals to entice pollinators, deter herbi-
vores or attract predators (45).

Xenobiotic compounds are substances which are
foreign to the biosphere. Depending on their occurrence in
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soil, air, sediment or water, xenobiotic pollutants may be-
come available to microorganisms in different environ-
mental compartments. In fact, the means of degradation
and transformation of xenobiotic compounds on earth
depends on microorganisms (46). Conversely, microorgan-
isms can utilize xenobiotic compounds as their source of
energy, sulfur, nitrogen or carbon. Xenobiotic compounds
are naturally persistent however, their persistence is main-
ly because they are not easily detected by organisms and
hence, do not follow common metabolic pathways. They
are extremely toxic in nature and can affect both higher
and lower eukaryotes. The major challenge in the use of
xenobiotics is their toxic nature which is a serious threat to
human health. In humans, they interfere with several cellu-
lar communication pathways that play vital roles in growth
and development (47).

Interestingly, genomics opens molecular channel to
the study of metabolic processes in plants which would
help in understanding gene coding for some major meta-
bolic enzymes as well as the evolutionary significance of
their pathways. This will make way for exploration of sev-
eral plants for bio-technological advancement, noting that
natural products have long been used by humans owing to
their beneficial effects. The functional analysis done in this
study suggests that the species characterized possess sev-
eral enzymes that can degrade varied range of carbon for
energy. Some of these species possess ability to control
aerobic heterotrophic microbes in different land and water
environments. Importantly, in the future in order to under-
stand what really happens during post-harvest storage
(spoilage), we hope to explore the metabolites of each
species at a given time, the part played by chemical reac-
tions and microbes in food quality formation by metabo-
lomics.

Conclusion

Naturally, microorganisms which are commonly intro-
duced through water, wind, soil, humans and animals are
present on every foodstuff, with the ability to cause food
borne infections. The findings from this work have re-
vealed bacterial organisms associated with Annona muri-
cata and Malus domestica some of which are pathogenic
and may lead to changes in the durability or nutrient con-
tent of the fruits. Pathogenic microorganisms contaminate
fruits thereby affecting their market value and promoting
health risks on consumers and handlers of these fruits.
However, this study has revealed that A. muricata and M.
domestica fruits can host several human, plant and soil
pathogens and proper identification of bacterial organ-
isms using metagenomics is a step towards proffering
ways to prevent or control microorganisms on fruits.
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