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ABSTRACT

Wetlands are critical ecosystems known for their high biodiversity, supporting complex
interactions among various species, including plants, birds, fish, and mollusks. They provide essential
resources and ecosystem services that benefit local communities. The kole lands in Kerala serve as
vital habitats for both, migratory and resident birds, including the Purple moorhen (Porphyrio
poliocephalus), which is crucial for maintaining ecological balance. Understanding the gut microbiome
of these birds is essential for insights into their health, ecology, and behavior. While substantial
research subsists on mammalian and avian microbiomes remain less explored, especially in non-
domesticated species like the purple Moorhen, hence the present study exploits the metagenomic
analysis of fecal pellets from Purple Moorhens to investigate the relationships between gut microbiota,
avian health, and ecological roles. Fecal samples were collected, and metagenomic DNA was isolated
and sequenced using next-generation Illumina sequencing. The analysis revealed a diverse bacterial
community, with Proteobacteria as the dominant phylum followed by Firmicutes and Actinobacteria.
The predominant bacterial species in the fecal pellet were Pantoea and Microbacterium thalassium,
which play significant roles in digestion and pathogen resistance. The study helps to understand the
avian microbiome and suggests the potential eco-friendly pest management practices, leveraging the
natural behaviors and microbiota of the Purple moorhen to support sustainable agriculture.

KEY WORDS: Purple Moorhen, fecal pellet, Microbiota, 16sRrna gene, Metagenomics,
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INTRODUCTION is the Purple moorhen (Porphyrio poliocephalu), which
plays a crucial role in maintaining the ecological balance
of these ecosystems. Studying wetlands and their
biological diversity is necessary to comprehend the
connection between ecological balance and sustainable

essential resources and ecosystem services directly or fievelopment. The Impact of the gut n.ncroblo/me on the
indirectly and support local communities (Pattanaik & ~ !Mmune system (Brisbin et al., 2008; Ruiz-Rodriguez et al.,
Reddy 2007; Mahanti & Kumar 2016; Mahanti & Kumar 2009b; Yz'mg 'et al., 2_012) dl/gestlon (Dewar et al., 2013;
2017).Wetlands being a highly productive area attract Godoy-Vitorino; Ru1z—Rodr1.guez et al., 20092), growth
various birdspecies. Kole lands serve as an ideal habitat ~ (Barbosa ef al., 2016: Teyssier et al., 2018; Torok et al.,
for both migratory and local avian species and also provide ~ 2011; Videvalleral., 2019) and behavior (Cryan & Dinan,
resources essential for numerous avians, especially during 2012) makes it crucial for hosF hea}th. However, despite
their life cycle, such as breeding and migration. One of the ~ €Xtensiveresearch on the gut microbiome of mammals, the

most striking bird species inhabiting the wetlands of Kerala ~ ©rigins and effects of microbiome variation in birds remain
less understood. The functional significance of avian

Wetlands are renowned for having one of the richest
biodiversity areas, characterized by intricate interactions
among aquatic and semi-aquatic plants, water birds, fish,
mollusks, and various other species. They also provide
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microbiome studies has long been recognized in the poultry
industry (Oakley et al., 2014), but there is increasing
potential for avian microbiome research to contribute to
the study of avian ecology, evolution, and conservation,
studies. The intricate relationship between birds and their
microbiota likely has profound implications across all
aspects of avian biology (Hird, 2017; Trevelline et al., 2019).
Taking advantage of recent advancements, an increasing
number of avian researchers are investigating the link
between host life-history traits, ecology, and gut microbiota
(Van Dongen et al., 2013; Videvall et al., 2019; Grond et
al., 2018; Kohl, 2012; Teyssier et al., 2018; Trevelline et
al., 2019). Fecal sampling is commonly employed to study
gut microbiota due to its non-invasive nature. However,
the chemical composition of bird feces, where digestive
excretions mix with urine products like uric acid, complicates
DNA extraction and molecular analysis (Eriksson et
al.,2017; Regnaut et al.,2006). Despite increased interest
in avian microbiome research, there is limited
understanding of the microbiota in non-domesticated,
wetland-dwelling birds like the Grey-headed Swamphen
(P. poliocephalus) and their role in supporting sustainable
agricultural practices, such as natural pest control, remains
largely unexplored. Hence, the present study, metagenomic
analysis of fecal pellet (P. poliocephalus)bridges the gap
in understanding the complex relationships between bird
microbiome, their health, and ecological roles. This
research also sets the foundation for future studies on the
avian microbiome’s role in ecological balance, evolution,
and eco-friendly pest management practices.

MATERIALS AND METHODS

Field Collection of FaecalPellet Samples

The fecal pellet was collected from the fields of
Pazhuvil, Thrissur district, and the samples were preserved
in 70% ethanol and stored at -20°C for further studies.

Isolation of DNA for Characterization of the
Faecal Microbiota of Purple Moorhen

The isolation of metagenomic DNA from the faecal
pellet was done to study the complex microbiome of purple
moorhen in the Kerala wetlands. Zhou et al. (1996)
developed a direct method for metagenomic DNA isolation
which was modified and used to isolate metagenomic DNA
from thefecal pellet. A 50 mg pellet weighted and
homogenized in 400 pL of extraction buffer [200 mM Tris-
HCI (pH-8.0), 25 mM EDTA (pH-8.0), 250 mM NaCl, SDS
(0.5%)] in a 1.5 ml microcentrifuge tube and spun at 6,000
rpm for 10 to 15 min in a centrifuge (Eppendorf®). The
homogenized sample was incubated at room temperature
for 1-h. The supernatant was collected in a new
microcentrifuge tube after centrifugation at 12,000 rpm for

161

5 minutes. An equal volume of phenol: chloroform: isoamyl
alcohol (25:24:1) was added to the supernatant and
centrifuged at 10,000 rpm for 20 min at 4°C. Later, the
aqueous phase was pipetted out into a fresh
microcentrifuge tube and was incubated with 1-uL of
proteinase k and 0.5 uL RNase at 37°C for 30and 15 minutes,
respectively. The mixture was then incubated at 65°C for
15 minutes to degrade the enzymes.To that, an equal
volume of chloroform: isoamyl alcohol (24:1) was added
to the mixture and centrifuged at 10,000 rpm for 10 min at
4°C. Again the aqueous phase was pipetted out into a
fresh microcentrifuge tube. An equal volume of
isopropanol was added to the mixture and was incubated
at room temperature for 15 min, centrifuged at 13,000 rpm
for 5 min at room temperature and the metagenomic DNA
pellet was precipitated out. The DNA pellet was washed
with ethanol (95%) by centrifugation at 10,000 rpm for 10
min. The DNA pellet was air-dried, dissolved in 25 pL of
sterile distilled water, and stored in a deep freezer (-80°C)
for future use.

Amplification of 16 S rRNA Genes

The 16S rRNA fragment from the fecal pellet DNA of
the purple moorhen was amplified through polymerase
chain reaction (PCR) using universal 16S rRNA
primers (F-5° GAGTTTGATCCTGGCTCAG-3’, R-5’
ACGGCTACCTTGTTACGACTT-3’) in a Thermal Cycler
(Applied Biosystems®). The PCR mixture included 1-uL
of template DNA, 0.6 uL. each of forward and reverse
primers, 10 uL of Emerald Amp® GT PCR Master Mix, and
7.8 uL of Millipore® water. The PCR conditions were
performed with a lid temperature of 105°C, initial
denaturation at 95°C for 1-minute, followed by 35 cycles
of denaturation at 95°C for 15 seconds, primer annealing
at49°C for 15 seconds, and primer extension at 72°C for 30
seconds. A final extension step at 72°C for 7 minutes was
followed by storage at 4°C. The amplified products were
separated using 1.2% agarose gel along with a suitable
ladderand visualized with the Invitrogen E-Gel® Imager,
E-Gel Imager software, and Gel Quant Express software
(Thermo Fisher Scientific).

16S ribosomal RNA Amplicon Sequencing
using Next Generation Illumina MiSeq

The 16S V3-V4 gene regions were amplified using
specific primers. Each PCR reaction was performed in a 50
pL volume, containing 25 uL of Phusion® High-Fidelity
PCR Master Mix (New England Biolabs), 0.4 uM of both
forward and reverse primers, and approximately 20 ng of
template DNA. The thermal cycling conditions began with
an initial denaturation at 98°C for 1-minute, followed by 30
cycles of denaturation at 98°C for 10 seconds, annealing
at 60°C for 30 seconds, and elongation at 72°C for 60
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seconds, with a final extension step at 72°C for 5 minutes.

The PCR products were electrophoresed on a 1.2%
agarose gel. The samples with one bright main strip
between 300 and 600bp were taken for library preparation.

Library Preparation and Sequencing

Following the manufacturer’s instructions,
sequencing libraries were created using the NEB Next®
UltraTM DNA Library Prep Kit for Illumina (NEB, USA),
and index codes were added. The library quality was
assessed on the Qubit@ 4.0 Fluorometer (Thermo
Scientific) and Agilent Bioanalyzer 2100 system. At last,
the library was sequenced on an Illumina Mi Seq™
sequencer.

Analysis of NGS Data

Quality parameters such as base quality parameters,
base composition distribution, and GC distribution were
evaluated on all raw sequencing reads acquired from the
sequencer. MG-RAST programme was used for
downstream analysis. For each OTU, representative
sequences were found and compared to the Greengenes
core set of sequences.

RESULTS AND DISCUSSION

Metagenomic DNA was isolated from the fecal pellet
of purple moorhen and confirmed the presence of 16S rRNA
fragments in the isolated product by amplification with
universal 16S rRNA primers.When the product was
resolved on a 1.2% agarose gel, a distinct band of 400-500
bp was observed. The metagenomic DNA was quantified
using a JENWAY® Genova Nano Micro-volume Life
Science Spectrophotometer. The hypervariable (V3-V4)

regions of the 16S rRNA were amplified using specific
primers, and 16S rRNA library preparation.

The next generation Illumina sequencing of 16S rRNA
region revealed the bacterial communities associated with
the fecal pellet of purple moorhen. A paired-end sequence
from V3 metagenomics typically includes conserved region,
spacer, and V3 region. The initial step involves removing
the spacer and conserved regions from the paired-end
reads. After trimming these sequences from the original
data, a consensus V3 region sequence is created using
the Clustal Omega program. Various filters, such as
conserved region, spacer, and mismatch filters, are applied
to retain only high-quality V3 region sequences for
downstream analyses, which resulted in 97062 sequences
with GC content of 53.16%. Rarefaction analysis was also
carried out to determine the bacterial diversity and revealed
the highest number of bacterial diversity present in the
purple moorhen (47.21) and thelllumina sequencing data
have been submitted to the Sequence Read Archive with
the SRA number SRR16146720.

Composition of Bacteria Present in the
Fecal Pellet of Purple Moorhen

The analysis revealed the composition of bacteria
present in the fecal pellet of purple moorhen and grouped
them into each taxonomic category from phyla to species
level. The abundance of 10 major bacterial groups in each
taxonomic category is presented in Table 1. A total of 12
bacterial phyla were recorded in the fecal pellet of purple
moorhen. Among them, Proteobacteria was the most
dominant phyla (23%)followed by Firmicutes (14%), and
Actinobacteria (3%). The other phyla recorded in the
sample include Chloroflexi, Flavobacteria, Nitrospira,

Table 1: Abundance of top 10 bacterial communities with taxonomic categories from phyla to species level
Phylum Class Order Family Genus Species
Proteobacteria  Gammaproteobacteria Enterobacteriales ~ Enterobacteriaceae Pantoea Pantoea sp. P0356
Firmicutes Clostridia Clostridiales Clostridiaceae Clostridium Clostridium disporicum
Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Microbacterium M. thalassium
Chloroflexi Chloroflexi Chloroflexales Chloroflexaceae Chloroflexus C. aurantiacus
Bacteroidetes Flavobacteria Flavobacteriales Flavobacteriaceae Chryseobacterium C. soldanellicola
Nitrospirae Nitrospira Nitrospirales Nitrospiraceae Thermodesulfovibrio T. Islandicus
Deinococcus
thermos Deinococci Thermales Thermaceae Thermus T. scotoductus
Planctomycetes  Planctomycetacia Planctomycetales ~ Planctomycetaceae Pirellula P, staleyi
Chlamydiae Chlamydiae Chlamydiales Parachlamydiaceae Parachlamydia Parachlamydia
acanthamoebae
Tenericutes Mollicutes Mycoplasmatales  Mycoplasmataceae Mycoplasma Mycoplasma caviae
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Deinococci, Planctomycetacia, Chlamydiae, and
Mollicutes. Altogether 32 bacterial classes were identified
in the sample, among them, Gammaproteobacteria was the
most dominant class followed by Clostridia and
Actinobacteria.The sequence analysis at the order and
family level revealed 39 and 135 bacterial orders and
families, respectively. The dominant families include
Enterobacteriaceae, Clostridiaceae, Microbacteriaceae,
Chloroflexaceae, Flavobacteriaceae, Nitrospiraceae,
Thermaceae, Planctomycetaceae, Parachlamydiaceae, and
Mycoplasmataceae. A total of 532 bacterial species were
recorded in the fecal pellet of purple moorhen across 248
bacterial genera. Among them, Pantoea was the most
dominant genus followed by Clostridium,
Microbacterium, Chloroflexus, Chryseobacterium,
Thermodesulfovibrio, Thermus, Pirellula,
Parachlamydia, and Mycoplasma.

The predominant bacterial species recorded in the
fecal pellet of purple moorhen was Pantoea sp. Similarly,
Gibbs et al. (2007) also reported Pantoea in the feces
of yellow-headed blackbirds (Xanthocephalus
xanthocephalus). Pantoea acts as an antimicrobial agent
and has also been developed as a commercial biocontrol
agent to control insect pests (Johnson et al.,1993, 2000;
Johnson & Stock Well, 1998), it also has bioremediation
potential, with the ability to degrade herbicides (Pileggi et
al.,2012), and thus it helps to maintain the health of purple
moorhen by preventing pathogens. M. thalassium was
another dominant bacterial species present in the fecal
pellet of purple moorhen. M. thalassium is the commonly
known bacterial symbiont in mangroves, degraded
litter,and breakdown of complex carbohydrates (Andreote
et al., 2012), which serves a role in the bird’s diet to
breakdown complex organic compounds.

Another major bacterial symbiont present in the fecal
pellet of purple moorhen was Chloroflexus aurantiacus,
also known as green non-sulfur bacterium or green gliding
bacterium. This bacterium could break down organic
material in the food (Bryant & Frigaard, 2006). Thus it
plays essential roles in digestion, immunity, and overall
health. Chrysobacterium soldanellicola was also recorded
in the fecal pellet of purple moorhen, Charimba, (2012)
also reported this bacteria in the gut of birds. Chryseo-
bacterium has shown antagonistic properties against plant
pathogens (Mwanza et al., 2022) suggesting that it might
protect birds from pathogens. Thermodesulfovibrio
islandicus and Thermus scotoductus were also identified
in the sample. These bacteria were not yet reported in the
feces and gut of the birds earlier. They are thermophilic
and are known for their ability to survive in high-
temperature environments (Wilpiszeski et al., 2018). Thus
they might play a role in tolerating high temperature
conditions to purple moorhen. Pirellula staleyi was also
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identified in the sample and is known to be involved in the
degradation of complex organic compounds (Corsaro &
Greub, 2006). Thus it plays essential roles in digestion,
immunity, and overall health. Most bacterial species
present in the fecal pellet of purple moorhen were not yet
reported earlier in the gut or feces of birds. Thus, the study
of the Metagenomic analysis of fecal microbiota in Purple
moorhen (P, poliocephalus) from Kerala wetlands provides
valuable insights into avian ecology and crop pest
management by understanding the microbial communities
within the purple moorhen. It also highlights the potential
for using natural biological indicators, such as the purple
moorhen, to develop eco-friendly pest control methods
by leveraging the purple moorhen’s natural behaviors and
microbiome, which reduces the reliance on chemical
pesticides and promotes a more sustainable approach to
agriculture.
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