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ABSTRACT

Herbivore specialists adapt to feed on a specific group of host plants by evolving various mechanisms to 
respond to plant defenses. Gene enrichment in the metagenome, accompanied by functional identification, 
revealed an essential role of specific gut bacteria in the breakdown of plant cell walls, detoxification of 
plant phenolics, and synthesis of amino acids. The Lipaphis erysimi (Kalt) gut bacteriome is an essential 
aspect for herbivory adaptation and this study is aimed at the microbiome of the musatrd Aphid L. 
erysimi gut by targeting the V3-V4 hyper variable region of the 16S rRNA gene with the Illumina platform 
sequencing using adult L. erysimi was performed to understand the bacteriome variations. A total of 
103883 reads were obtained revealing the gut of the L. erysimi was found to be dominated by the main 
symbiont Buchnera a Protobacteria. 
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The connections insects formed with diverse 
microbes are largely responsible for their ability to 
adapt to various circumstances (Chu et al., 2013; 
Rosenberg et al., 2010; Takeshita et al., 2015; Moran 
et al., 2019). Aphids (Hemiptera: Aphididae), which 
feed on phloem sap, provide as an appropriate model 
for studying such insect-bacteria interactions (Buchner 
et al., 1965). They have developed relationships with 
facultative (or secondary) symbionts, which can be 
found in a variety of host tissues and can improve, while 
obligate (or primary) endosymbionts, which are housed 
in particular host cells called bacteriocytes and primarily 
provide nutritional roles. As an illustration, facultative 
symbionts have demonstrated their capacity to enhance 
host heat tolerance (Montllor et al., 2002; Burke et al., 
2010), host resistance to natural enemies (Oliver, 2003; 
Schmitz et al., 2012; Łukasik et al., 2013; Costopoulos, 
2014), host plant specialization (Leonardo et al., 2003; 
Tsuchida et al., 2004), and host survival (Koga et al., 
2003) as well as hinder predation by causing aphid 
body-color alteration (Tsuchida et al., 2014). The 
eukaryote gut co-evolves with a microbiome that plays 
important roles in digestion, nutrition, development, 
and immune responses (Warnecke et al., 2007; Engel 
et al., 2012; Engel and Moran, 2013b). Additionally, 
aphids host a variety of facultative endosymbionts, 
are not necessary for life or reproduction. However, in 

some environmental circumstances, their presence can 
improve the fitness of their hosts (Oliver et al., 2010).

The Lipaphis erysimi, and its obligatory bacterial 
endosymbiont, Buchnera, are well-known examples 
of nutritional symbioses. Aphids feed on phloem 
sap throughout their development, a diet deficient in 
vitamins and essential amino acids (EAAs) required 
for aphid growth and survival. Buchnera offers critical 
nutrients to its aphid host that the aphid cannot produce 
on its own, allowing the aphid to feed on this specialized 
plant niche (Shigenobu and Wilson 2011). Buchnera is 
mostly found in bacteriocytes. Bacteriocyte cell number 
and size increase throughout nymphal development 
(Simon et al., 2016; Colella et al., 2018). This fast 
expansion in bacteriocytes coincides with the aphid's 
high nutritional need throughout nymphal development 
as it expands, moults, and generates longer embryonic 
chains (Koga et al., 2012). Buchnera population growth 
rates can also be affected by development (Simon et 
al., 2016; Zhang et al., 2019), Metagenomics is a 
powerful tool for studying gut microbial diversity in 
order to better understand their physiology (Tringe et 
al., 2005). Complete taxonomic profiles of the holobiont 
can provide information into the co-evolution of this 
herbivore's gut microbiota. The aim of this study is 
to document the bacteriome of the L.erysimi using 
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16S rRNA amplicon-based Illumina sequencing and 
analytical procedure

MATERIALS AND METHODS

A susceptible adult mustard aphid L. erysimi sample 
was collected in February 2023 from Indian mustard, 
Brasssica Juncea (L.) Czern. farm field SHUATS 
(25.4137°North and 81.8491° E), Naini, Prayagraj, U.P. 
India. The specimens were kept in 70% ethanol at 6°C 
immediately after collection. DNA samples enriched in 
bacteria were prepared by using Charles and Ishikawa 
(1999) protocol. 10-15 aphids were first rinsed three 
times in ultrapure water (Qiagen, Germany) and then 
crushed in 1 mL of buffer A (35 mM Tris –HCl, 25 
mM KCl, 10 mM MgCl2 and 25 mM sucrose, pH 7.5) 
with a Teflon pestle and a glass mortar. The resulting 
homogenate was then successively filtered and DNA 
were extracted from the residual pellets, each DNA 
sample was amplified in triplicate along with a control 
following Jousselin et al. (2015) with the DNeasy 
Blood and Tissue Kit (Qiagen,Germany). A Thermo 
Fisher Scientific Inc., Waltham, USA, NanoDrop 
spectrophotometer was used to measure the extracted 
DNA's concentration and quality. Anuvanshiki (OPC) 
Private limited, Delhi prepared and sequenced the 
high-throughput paired-end Illumina MiSeq libraries 
from the extracted aphid DNA samples. A limited 
cycle PCR reaction was carried out to produce a single 
amplicon of the V3 and V4 variable region (Rintala et 
al., 2017). All PCR products (250bp) were quantified 
and purified before sequencing then, sequencing 
libraries were generated using TruSeq. The libraray 
quality was assessed on the FastQC (version 0.11.5) 
(Andrews 2010) and MultiQC at last the library was 
sequenced on an Illumina PE250 platform at Novagen 
6000 (Beijing, China), and 250 bp paired-end reads were 
generated. Total 132806 raw sequence was obtained 
for each sample.

QIIME 2 was followed in the analysis of 16s 
metagenomics sequencing data (Bolyen et al., 2019). 
The sequencing center provided fastq primer-trimmed 
MiSeq paired-end reads, which were processed using 
DADA2 (version 1.26.0) for denoising in order to obtain 
amplicon sequence variations (ASVs), (Salomon et al., 
2023).We utilized modified versions of the universal 
primers (16S-V4F:GTGCCAGCMGCCGGTAA) and 
16S-V4R: GGACTACHVGGGTWTCTAATCC). 
DADA2 (version 1.26.0) A naive Bayes taxonomy 
classifier was used to categorize each ASV against the 
SILVA 138.1 reference database in order to create the 

taxonomy table (Wasimuddin et al., 2020). Using R 
Studio (version 4.2), statistical analysis of the filtered 
sequences were carried out. Population diversity for 
the alpha diversity study with in sample was measured 
and calculated using the shannon entropy and the 
Chao1 index, a richness estimate index that calculates 
estimated ASV based on observed ASV from sequence 
data (Chiu et al., 2014). 

 RESULTS AND DISCUSSION

This study uncovered the variety and composition 
of Mustard Aphid's gut microbiome. 49 ASVs were 
found in a sample after the resultant merged count and 
taxonomy table was filtered, merged, chimera removed, 
and further curated.104788 sequences were retrieved, 
with a mean of 103883 reads per sample. Using a 
Naive Bayes classifier, all of these sequence reads were 
categorized into Operational Taxonomic Units (OTUs), 
which accounted for all of the sequences. 10 distinct 
bacterial genera belonging to 7 phyla, 10 classes, 10 
orders, and 10 families and 10 species were produced 
by the classification using the classify-sklearn method 
database. The highly abundant fraction of L. erysimi's 
microbiome (>1% abundance) was dominated by 99% 
Gammaproteobacteria, while the Alphaproteobacteria 
and Proteobacteria accounted for 1% and 2% of the 
total (Fig. 1) Most prevalent genera was Buchnera 
accounted for 90% while the Aeromonas accounted for 
10% (Fig. 2) The three most prevalent species being 
Aeromonas caviae and Achromobacter piechaudii 
both endosymbiont caviae and piechaudii accounted 
for 50% (Fig. 3) Alpha diversity index used to describe 
species richness within sample (Whittaker 1972) by 
using Shannon’s entropy (H’) which was 0.13 showed 
lesser uncertainty (Duan et al., 2020) (Fig. 4). The 

Fig. 1. The bacteriome classification at  
second level of taxonomy with Proteobacteria  

being the most dominant phyla reported in L. erysimi
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that the sequencing depth was sufficient to cover the 
majority of species.

Aphids feed on plants, however because these plants 
lack critical amino acids, the primary supply of nutrition 
is insufficient for the aphids' growth and reproduction 
(Nalam et al., 2019). A symbiotic bacterium called 
Buchnera synthesizes vitamins and other nutrients for 
the host insect, influencing its growth and development. 
(Manzano-Marı et al., 2020; Liu et al., 2023). According 
to Janda and Abbott (2010), A. caviae are a kind of 
facultative anaerobic bacteria that are Gram-negative 
and commonly found in insects, humans, and fish which 
contains antimicrobial resistance (AMR) genes (Roy 
et al., 2013; Dubey et al., 2022). According to Koga 
et al. (2003), mild rifampicin therapy preferentially 
removed the obligatory symbiont Buchnera from the 
host insect, whereas ampicillin treatment selectively 
eradicated the facultative symbiont. A. piechaudii which 
is linked to endophytes (Patel et al., 2023) but may 
reportedly enter insect guts with completelyunknown 
consequences. Aphids are more likely to pick up these 
bacteria from the plant surface or from the honeydew, 
where they are most likely expelled (Stavrinides et 
al., 2009), (Sabri et al., 2013). If these bacteria are 
allowed to move into the phloem, they may also be 
consumed from plant sap (Caspi-Fluger et al., 2012). 
To determine the significance of aphid gut companions, 
more research is necessary. Thus due to AMR genes 
present in facultative bacteria allowing L. erysimi to 
be an evolutionarily adaptable herbivore (Shigenobu 
and Wilson, 2011). In summary, these investigations, 
discovered that bacterial communities linked to mustard 
a Buchnera symbiont predominates in aphid hosts. 

The current work raises a number of significant 
questions about how microbial communities affect 
the aphid hosts they inhabit. Notably, they include the 
nature and relative forces that influence the structure 
of microbial communities, with special emphasis to 
ecological considerations and transmission patterns, as 
well as the effective relevance and role of gut associates. 
NGS (Next generation sequencing) technology, together 
with more concentrated biological and functional 
investigations, will undoubtedly aid in the resolution 
of these important concerns.
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Fig. 2. The bacterial composition in the gut of L. erysimi  
at the genus level with highest abundance of Buchnera

Fig. 3. The bacterial composition in the gut of  
L.erysimi at the species level with highest abundance of  

caviae followed by piechudii and xenophagum

Fig. 4. Shannon Alfa refraction at 0.15 displaying  
good coverage of gut bacteriome of L. erysimi

sequencing depth index (Good’s coverage) exceeded 
99.9%, indicating that the sequencing depth is sufficient 
to demonstrate the microbial diversity of the samples 
and can reflect the actual situation of microorganisms 
carried by the samples. The species refraction curves 
also reflected the abundance of the L. erysimi microbial 
community. The refraction curves attained saturation 
(0.16) in every sample that was tested, indicating 
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