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Abstract
The gut bacteria of insects in�uence their host physiology positively, although their mechanism is not yet
understood. This study characterized the microbiome of the gut of Spodoptera frugiperda larvae fed with nine
different host plants; sugar cane (M1), maize (M2), onion (M3), cucumber (R1), tomato (R2), sweet potato (R3),
cabbage L1), green amaranth (L2), and celocia (L3) by sequencing the theV3-V4 hypervariable region of the 16S
rRNA gene using Illumina PE250 NovaSeq system. The results revealed that gut bacterial composition varied
among larvae samples fed on different host plants. Three alpha diversity indices revealed highly signi�cant
differences on the gut bacterial diversity of S. frugiperda fed with different host plants.. Analysis of Molecular
Variance (AMOVA) and Analysis of Similarity (ANOSIM) also revealed signi�cant variations on the bacterial
communities among the various host plants. Five bacteria phyla (Firmicutes, Proteobacteria, Cyanobacteria,
Actinobacteria and Bacteroidetes) were prevalent across the larvae samples. Firmicutes (44.1%) was the most
dominant phylum followed by Proteobacteria (28.5%). Linear discriminant analysis effect size (LEfSe) analyses
showed that S. frugiperda larvae were enriched by diverse bacteria groups. Celocia (L3) and sweet potato (R3)
were enriched in phylum Firmicutes by 15.1% and 14.2 % respectively while green amaranth (L2) and sugar cane
(M1) were enriched in proteobacteria by 18.5% and 14.3% respectively. Genus Enterococcus was predominant and
mostly enhanced by L3 with 21.7% incidence. Mann-Whitney’ test revealed highly signi�cant differences (p<0.001)
on OTUs number among larvae samples. Our �ndings indicate that host plant is a major driver shaping insect gut
microbiota. 

Introduction
Insects inhabit a diverse set of niches, and are confronted with many different challenges like food sources, toxins,
environmental dissipations, parasites and pathogens menace.  They have developed strategies to cope with these
challenges which often include creating symbiotic associations with microbes [1]. Native bacterial communities
are usually concealed in insect guts Studies on the microbial communities associated with insect guts have
recently been generating interest among researchers due to their economic and ecological importance [2].  Several
host functions like development, defense against natural enemies, immune system response, energy utilization
and food digestion, insect resistance, production of essential vitamins and gut physiology can be performed by
microbes [3-4]. For instance, metabolic characteristics which are often absent in insects are often possessed by
microorganisms   and they can assist the insects to adapt to diverse host plants[5].  Herbivorous insects have
developed strategies to overcome plant defenses through exploitation of microorganisms for their metabolic
processes [6]. 

 Bacteria in the insect gut can adapt to sudden changes in the insect diet or population structure [7].  )  The
adaptive ability of the insects supports them in exploiting various types of food sources and which is the basis for
the development of host-associated differentiation[2].The insect gut can be rich in microbial symbionts. The
locations, functions and associations of these associates can vary considerably. Some insects possess special
gut modi�cations or structures such as paunches, diverticula, and caeca to house symbionts while others lack
morphological modi�cations [5].   Studies have shown that gut associated bacteria of lepidopteran insects could  
enhance plant growth and physiology by aiding nutrient acquisition and digestion [8]. Insects gut microbiota also
metabolize toxic plant compounds [9], assist in the hydrolysis or synthesis of N-acyl amino acid conjugates which
are elicitors of JA-mediated plant defenses [10]. They produce digestive proteases and protect the host from
pathogens [11].
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Fall army worm (FAW), Spodoptera frugiperda   is a highly polyphagous lepidopteran insect in the family
Noctuidae and a major agricultural pest causing huge economic loss in South America, the Caribbean, and lately
in Africa [12 -13]. FAW has a very wide host range, it has been reported in about  80 plant species but they
 intermittently cause major economic damages to their major host plants such as maize, rice sorghum, wheat,
alfalfa, cotton, turf, millet, soybean and grasses [14].  They are known to cause severe damage through feeding on
the leaves /shoots of their major hosts resulting to leaf skeletonization. The leaves of the heavily infested maize
usually look scruffy [15]. 

According to Silva et al. [16] fall armyworm develops faster and prefers maize and wheat but can also complete
development on broadleaf crops like soybean and cotton.  Presently, there is inferred evidence that plant-
associated bacteria contribute signi�cantly to bacterial diversity in herbivore guts [17-18].   However. it is not yet
known if the variation is driven by replacement of bacteria from the environment or from the initial formation of
gut bacteria.

The precise bene�cial functions of gut microbes of fall army worm have not been determined.  According to
Acevedo et al. [19] some bacterial taxa have been observed to suppress plant defenses while other bacteria
isolates can aggravate the harmful effects of plant defenses on caterpillars [20]. 

The variation in lepidopteran gut microbial communities is a major constraint in studying microbial function in
plant interactions. [21].  Approaches that involve modifying insect microbiomes are being evaluated presently for
control and management of pests and vectors of plant diseases [22].

A comprehensive knowledge of the bacterial communities of insect gut is vital for the full understanding of its
hosts biology and ecology and will provide insight in the development of a novel strategies in pest management

Despite the economic importance of fall army worm, not much is known about how host plants in�uence their
bacteria communities particularly in the tropics. In this study, we used bacterial 16S-rRNA sequencing to determine
variations in gut communities of fall armyworm fed with nine different host plants in vitro.

Materials And Methods
Insect sampling and rearing

The fourth instar larvae of fall armyworm were collected from maize plants at Farmers �eld in Ibadan, Oyo state
Nigeria during 2020 farming season and transferred to the Entomology and biology laboratory of the Federal
College of Forestry Ibadan, Forestry Research institute of Nigeria (FRIN), Oyo state, Nigeria.   Ibadan is in western
part of Nigeria located within latitude 7 22' N and longitude 30 54' E of Greenwich Meridian Time (GMT) with
annual rainfall of about 1300 to 1500mm and average relative humidity of about 80 to 85 % [23].  

The larvae culture was maintained on potted maize plant under laboratory condition of ambient temperature 27 ±
0.5˚C, 80% relative humidity and 12:12 photoperiod until the adult emerged.  The emerged adults were paired for
mating in separate cages and fed with 10% sugar solution. They were supplied with different host plants in
separate cages for oviposition.  Nine host plants were used for rearing larvae used for this study (Table1). Each
host plant had �ve biological replicates. The leaves used in feeding the larvae in the laboratory were sourced from
farmers �eld and were rinsed with distilled water (dH2O), dried on �lter paper before being fed to S. frugipeda
during the entire experimental period.   The Fifth‐instar larvae   reared from the nine different host plants were
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collected and preserved separately in 50 ml tubes in 95% ethanol and stored at 4 °C until used for DNA extraction
at the Forest Pathology Laboratory, University of Helsinki, Finland (see below).

DNA Extraction and Sequencing 

Genomic DNA was extracted from full bodies of each larvae samples by crushing directly with a sterilized mortar
and pestle according to procedure by[24]De Cock et al (2019) in liquid Nitrogen using CTAB extraction buffer [25]
at the Forest Pathology Lab (Department of Forest Sciences, University of Helsinki, Finland). The DNA extraction
followed the same procedure as previously described [25].  The purity and concentration of DNA were monitored
on 1% agarose gels and DNA was diluted to 1ng/μL using sterile water. 16S rRNA of distinct regions16S V3-V4
were ampli�ed using speci�c primer with the barcode.   Sequencing libraries were generated using NEBNext Ultra
DNA Library. The quality of the library was assessed on Agilent Bioanalyzer 2100 system and the concentration
was checked on Qubit@ 2.0 Fluorometer. The library was sequenced on Illumina platform to generate 250 bp
paired-end reads.

Processing of Sequencing data   

Paired-end reads was assigned to samples based on their unique barcode and shortened by cutting off the
barcode and primer sequence. Paired-end reads were merged using FLASH   Quality �ltering on the raw tags were
performed under speci�c �ltering conditions to obtain the high-quality clean tags according to the QIIME (V1.7.0.)
quality-controlled process [26].  The tags were compared with the reference database (Gold database) using
UCHIME algorithm to detect chimera sequences and the chimera sequences were removed to obtain the effective
Tags [27]. Sequence analysis was done using Uparse software and sequences with ≥97% similarity was assigned
to the same OTUs. Species annotation was done for each representative sequence. The Green Gene Database was
used to annotate taxonomic information (Multiple sequence alignment was conducted using the MUSCLE
software to study relationships of different OTUs and differences in dominant species. OTUs abundance
information were normalized using a standard of sequence number corresponding to the sample with the least
sequences. All sequence reads were archived in the Sequence Read Archive in NCBI under the BioProject:
PRJNA734744

 Data Analysis

 Alpha diversity indices (Observed-species, Shannon, ACE and Chao1) were calculated with QIIME (Version 1.7.0)
and displayed with R software (Version 2.15.3) Beta diversity on both weighted and unweighted unifrac were
calculated with QIIME software (Version 1.7.0).  Principal component analysis (PCA) and Principal Coordinate
Analysis (PCoA) were performed   in R to compare bacteria community structures across all larvae samples based
on the relative abundance. Unweighted Pair-group Method with Arithmetic Means (UPGMA) clustering was done
with QIIME software (Version 1.7.0) to interpret the distance on average linkage. Analysis of Molecular Variance
(AMOVA) was calculated in mothur to determine differences in microbial community structure among groups. The
ADONIS test was also performed in R 3.5.1 to analyze differences in the entire bacterial communities of M1, M2,
M3, R1, R2, R3, L1, L2, L3, L1 samples. Linear discriminant analysis (LDA) effect size (LEfSe) was conducted
using LEfSe software to detect signi�cant abundant bacterial taxa among the host plant groups. The factorial
Kruskal-Wallis sum-rank test (α = 0.05) was done to identify signi�cant differences in the bacterial communities
between groups. 
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Results
Structural changes in the bacterial communities

The number of valid reads varied among different samples (Table 2). A total of 6,274,405

high quality reads with an average length of 422 bp were obtained. Rarefaction analysis indicated that the number
of species increased rapidly before reaching a plateau (Fig. S1). 

Bacterial diversity among all the larvae group fed with different host plants were highly signi�cant as
demonstrated by three parameters (observed species richness, ACE and Chao1 (Table 1, Fig.1, Fig.S2, Fig. S3).
 Shannon index showed no signi�cant difference among all the larvae group from the different host plants,
although signi�cant differences existed between larvae samples fed with celocia (L3) and cucumber (R1)     with p
value =   0.0207    by Shannon wilcox test. Simpson index also showed no signi�cant differences among all the
larvae groups fed with the various host   plants.

Principal component analysis (PCA) by clustering showed that the  bacterial communities of all the larvae groups
were not totally  different  although some groups like M1 and R1 groups were distinct from other larvae groups
(Fig. S4). This indicates that host plants had a signi�cant effect on the larvae of FAW gut bacterial communities.
Principal coordinate analysis (PCoA) was calculated based on weighted and unweighted UniFrac, which considers
both community membership and relatedness of community members. These distances were visualized by PCoA
plots which displayed similarity between communities (Fig. 2). The unweighted pair group method with arithmetic
means (UPGMA) clustering analyses also indicated that the entire bacterial communities of bacteria group were
clearly distinct from each other (Fig.3). Analysis of molecular variance (AMOVA) revealed that the bacterial
communities were signi�cantly different among the various larvae groups (p=0.002).

Comparison of Bacterial communities of FAW larvae from different host plants 

Nine phyla (Firmicutes. Proteobacteria.  Cyanobacteria. Actinobacteria. Bacteroidetes Acidobacteria
Patescibacteria    Chloro�exi and Verrucomicrobia) were present in all the samples at varied proportions (Fig.4a).
Firmicutes was the most abundant phylum and accounted for 44.1 % of the total bacteria with 15.1% and 14.2 %
from larvae fed with  celocia (L3) and sweet potato (R3) plants respectively (Table S1). Proteobacteria with 28.5%
of the total bacteria followed in abundance and was dominated in the larvae group fed on green amaranth (L2)
and sugar cane (M1) with 18.5% and   14.3% respectively.  Cyanobacteria constituted 11.4% of the total phyla and
was mostly enriched by larvae groups fed with cabbage (L1) and cucumber (R1) with    20.0% and 17.9%
respectively. Actinobacteria recorded 9.4% bacteria phyla representation and was mostly enriched in M3 and R2
with 24.3% and 20.9% respectively.  Phylum Bacteroidetes was only 5.4% and was mostly enriched by R1 and L2  
with 36.2% and 22.8% respectively. Acidobacteria recorded 0.35% of the total bacteria phyla and was enriched by
M1and R1 with 40.7%and 38.3% respectively.  Chloro�exi constituted 0.09% of the total bacteria phyla in the gut
of S. frugiperda   and was mostly contributed by R1 and M1 with 40.8% and 35.4% respectively.  Phylum
Rokubacteria constituted only 0.05% of total bacteria and was found in three groups; M1, R1 and M2 with 47.9%,
34.1% and 17.9 % respectively (Table S1).   Unweighted Hierarchical clustering tree of all gut bacterial groups
based on taxon distribution revealed gemmatimodetes and Chloro�exi to be among the top ten bacteria phyla in
the gut of S. frugiperda and was only recorded in three samples (R1, M1 and M2) (Fig.3). 
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 Eight bacteria classes were prevalent across all the larvae groups; Gammaproteobacteria, Bacilli, Erysipelotrichia,
Oxyphotobacteria, Actinobacteria, Bacteroidia, Alphaproteobacteria, and Clostridia.  Bacilli was the most dominant
class representing 28.8% of the total classes followed by Gammaproteobacteria with 23.2%. Class Bacilli was
mostly enriched by L3 and M1 with 21.3% and 15.8% respectively while Gammaproteobacteria was mostly
enriched by L2 and M1 with 20.4 and 14.9% respectively (Fig.4b).   Erysipelotrichia was 13.9% and was mostly
enriched by M3 and L2 groups with 19.5% and 19.5% representation respectively (Table S2). The number and
relative abundance of bacterial phylum to species levels varied among the different groups fed with different host
plants, although there were no signi�cant differences among them (Table 3).   However, M1 sample recorded
highest number of bacteria order and families with 196 and 328 respectively while R1 recorded highest number of
bacterial genus and species with 578 and 416 respectively. Order Lactobacillales was the most dominant order
observed in all the samples, followed by Erysipelotrichales (Fig. S5).  They constituted 28.4% and 13.9% of all the
bacteria order sequenced respectively. The order Lactobacillales   and Erysipelotrichales were mostly enhanced in
L3 and M3 larvae samples with 21.6% and 19.5% respectively (Table S3). 

The resulting heatmap shows the relative abundances of the top 35 OTUs at the family level facilitating the
identi�cation of species that vary in abundance in each sample (Fig.5). Enterococcaceae was the predominant
bacterial family in all the larvae samples constituting 28.3 % of all the bacteria families recorded (Fig. S6).
 Erysipelotrichaceae with 13.9 % and Moraxellaceae (13.3%) followed Enterococcaceae in occurrence.  The family
Enterococcaceae was mostly enhanced by L3 and M1 with 21.59% and 15.8% respectively while
Erysipelotrichaceae and Moraxellaceae were mostly enriched by M3(20.5%) and L2(30.3%) respectively (Table
S4). The relative abundance and number of bacterial genera varied in different larvae samples. The predominant
genus Enterococcus (28.2%) was mostly enhanced in L3 followed by M1 with 21.7% and 15.7% (Fig. S7).
Erysipelatoclostridium (13.5%) and Acinetobacter (13.33%) followed Enterococcus in relative abundance among
the top 10 bacteria genera recorded. Erysipelatoclostridium and Acinetobacter were   mostly enriched in L2 sample
with 20.0% and 30.3% respectively (Table S5). The genus Klebsiella was mostly supplied by M1 (58.7%) while
Corynebacterium_1 was dominant in M3 sample.  Other minor bacteria genera apart from the top ten found in the
different larvae samples was about 34.4%. Larvae samples fed with R1 was mostly dominated by genus
Weeksella (64.0%).

The number and relative abundance of bacterial species also differed in larvae from different host plants ranging
from 205 to 416.   R1 sample with 416 number of bacterial species has higher number of bacteria species
followed by M1 (415). The least bacterial species was recorded in L2 sample (Table 3). Uncultured_Clostridium_sp
with 13.48 % of all the bacteria species was the most dominant species and was enriched in L2 and M3 with
20.0% and 19.2% respectively (Fig.S8). Acinetobacter_calcoaceticus and Klebsiella_variicola were mostly
enhanced by L2 and M1 with 41,86% and 58,72% representation respectively.
Pectobacterium_carotovorum_subsp._carotovorum and uncultured_ Flavobacterium_sp were mostly enhanced in
M1 (50.2 %) and R1 (64.1%) respectively (Table S6).  In total, 38724 OTUs were identi�ed in all the larvae groups
from different host plants. The number of OTUs signi�cantly varied among the groups.  The number of OTUs
ranged among the larvae groups in the order of M1>R1>M2>R3>R2>L2>L1>L3>M3 (Table 3). M1 had the highest
OTU numbers while M3 was the least among all the groups in the number of OTUs.

LEfSe analyses revealed that Phylum Cyanobacteria   of class oxyphotobacteria, order chloroplast species
Sphingobacterium_multivorum were enriched in larvae fed by L1 host plant (Fig. S9).  Phylum Firmicutes of class
Bacilli, order lactobacillales and family Enterococcaceae, genus Enterococcus and species Acinetobacter_baylyi
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were enriched in L3 fed larvae. Phylum protobacteria of class Gammaproteobacteria, order Pseudomonadales and
family Moraxellaceae, genus Acinetobacter, species Acinetobacter_calcoaceticus  as well as order Cytophagales
of family Spirosomaceae  and Leadbetterella were enriched in  L2 host plant  as well as order  Flavobacteriales of
families Flavobacteriaceae and Weeksellaceae, order _Corynebacteriales of family Tsukamurellaceae,
Micrococcaceae and order Rhodobacterales of family Rhodobacteraceae were enriched in R1 host samples 

 M1 host plants were also enriched in Class bacilli of the order Lactobacillales, the family Enterococcaceae and
genus Enterococcus. M3 enhanced predominance of the class_Actinobacteria of the   order Corynebacteriales
within the family Corynebacteriaceae,   genus Corynebacterium_ and species Corynebacterium_variabile (Fig.
S10). A signi�cant variation was found between the R1 and R3 groups. We found that 6 taxa were overrepresented
and 10 were underrepresented, e.g.  order Flavobacteriales (Fig. 11).

Discussion
In the present study, we analyzed the composition and relative abundance of the gut bacterial communities of the
�fth instar larvae of S. frugipeda fed with nine different host plants under in vitro conditions. The results showed
that the bacterial communities were substantially in�uenced by feeding of larvae on the nine different host plants.
  Earlier studies have suggested that life stage, environment and diet are the major factors that in�uence the
formation of gut bacterial communities in insects [28-29,]. The results of this study are in line with �ndings from
previous studies which showed that the bacterial community structure in many insect species are in�uenced by
diets [30, 2]. The results from this study   provided a further evidence that insect gut bacterial communities are
in�uenced by diet which is dependent on their hosts. 

High bacteria diversity with nine phyla (Proteobacteria, Firmicutes, Cyanobacteria, Actinobacteria, Bacteroidetes,
Acidobacteria, Patescibacteria, Chloro�exi and Verrucomicrobia) in the gut of all the larvae samples were
documented.     Firmicutes was the predominant phylum among them followed by proteobacteria. This results
corroborate with the �ndings of other researchers  that bacteria phylum Firmicutes  was the most abundant
 followed by Proteobacteria in the gut of late instar of Spodoptera  litoralis  [31] . Similarly, Gomes et al. [32]
reported that Firmicutes was the predominant bacteria phylum in the gut of S. frugiperda larvae.  However, two
recent studies on the gut bacterial community of the �fth instar larvae of FAW revealed that Proteobacteria
was most dominant phyla followed by Firmicutes [33,25]. Similar observation was made by several authors in
other phytophagous insects, in particular lepidopterans [8,17,34] . Similarly, Lu et al. [2] reported that
Proteobacteria and Enterobacteriaceae were the principal phylum and family respectively in the gut of fourth
instar larvae of Henosepilachna vigintioctopunctata fed on two host plants Solanum melongena and Solanum
nigrum.   These variations could probably be attributed to the different host plants on which the larvae fed on,
implying that host plants are major driving force to the community diversity in microbial composition of insect’s
gut. 

 This study also showed that the relative abundance of Firmicutes was signi�cantly higher in larvae groups fed by
celocia and sweet potato compared to other host plants. Studies have shown that   Firmicutes function in energy
absorption, and may  cause diabetes and obesity  in insects, mice and humans  [31]). According to Chen et al.[31],
studies on insects and other animals proved that   increase  in ability to extract energy from the diet are related to
�rmicutes increase.  Thus, high proportion of Firmicutes observed in larvae fed on celocia and sweet potato
suggests that the two plants have higher content of carbohydrates and polysaccharides than the other host
plants.  This may indicate that FAW larvae need more Firmicutes bacteria for the digestion hence the higher
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number observed on their guts.   Our results revealed that protobacteria were more dominant in green amaranth
(L2) and sugar cane (MI) host plants. Proteobacteria can digest secondary metabolites (as terpenes, alkaloids,
glycosides and phenolic compounds) of insect host plants and help to maintain the growth and development of
insects and its absence leads to poor development in insects and other growth abnormalities[35].The higher
proportion of Proteobacteria in larvae fed with green amaranth and sugarcane observed in our study suggest that
those two host plants contain more secondary metabolites than other host plants, hence the higher proteobacteria
to aid the metabolism.  Proteobacteria have been reported to degrade insecticides [36]. The high number of
proteobacteria may help the larvae tolerate plants that were treated with insecticides. Proteobacteria plays a
diverse functional role  and   helps for adaptation  to different hosts in nature[37-38].  

Phylum Cyanobacteria was the third in the rank of bacteria phyla observed in this study constituting 11.4% of the
total phyla and was mostly enriched in groups fed with cabbage (L1) and cucumber (R1). Oxyphotobacteria
belong to the class of cyanobacteria observed in our larvae samples. These results are consistent with the study
by Lu et al. [2] who reported that Oxyphotobacteria was found in small proportion on   the fourth instar H.
vigintioctopunctata fed with solanum nigrum.  According to Soo et al. [39]phylum Cyanobacteria comprises of
three classes namely; Oxyphotobacteria, Melainabacteria, and Sericytochromatia.     A study by Utami et al. [40]
revealed the presence of Melainabacteria in the gut of termite but this study detected   Oxyphotobacteria   in the
gut of FAW larvae. Thus, this study has advanced the knowledge of Cyanobacteria group in the guts of insects.  
The information on any host associated variation in microbial structure and description of microbial communities
of insects is vital for full understanding of insect ecology and development of innovative strategy for pest
management. For instance, according to Crotti et al. [41] microbes can be used to improve Sterile Insect Technique
(SIT) programs aimed at reducing the spread of insect borne pathogens and vectors and to protect bene�cial
insects.  The baseline knowledge on the biology of the target species, and the characterization of microorganisms
associated at the different life stages and its host need to be discovered[42] Furthermore, we identi�ed a relatively
high presence of Actinobacteria (9.4%)  associated with S. frugiperda fed with different host plants This �nding is
consistent with the results of   Strano et al. [34] who reported high incidence of Actinobacteria in the gut
of Thaumetopoea pityocampa from conifer pine species. Actinobacteria has been previously reported in the guts
of other insects like pyrrhocorid bugs where it acts as essential nutritional symbiont [43].  According to Kaltenpoth
[44] Actinobacteria associated with insects provide protection against detrimental microorganisms. Remarkably,
among Actinobacteria, reads associated with the genus Corynebacterium_1 were more abundant in S,
frugiperda larvae fed with onion (M3) than other host plants. This result is of particular interest from an ecological
point of view since it suggests a speci�c association between Corynebacterium_1   and S. frugiperda larvae
feeding on onion plants. Ventura et al. [45] reported that Corynebacterium in the family of Corynebacteriaceae
contains over 80 species and have been isolated from diverse samples like human clinical samples and animals,
soil, marine environments, and dairy products.  However, Corynebacterium have also been reported to occur in the
gut of adult and larvae of Anopheles gambiae [46]. 

Acidobacteria was relatively low in the guts of S. frugiperda larvae as observed in this study and was prevalent in
larvae samples fed with   three different host plants (M1, R1, and M2). Acidobacteria is known to be a principal
bacteria phylum in tropical agricultural soils [47]. Several research using 16S rRNA gene sequencing and
environmental shotgun metagenomic analyses have shown that the Acidobacteria denote a highly diverse phylum
resident in a wide range of habitats around the globe[48]. Acidobacteria have been reported to play several roles
such as carbohydrate metabolism [49], Nitrogen metabolism and production of Exopolysaccharide (EPS) [50]
.Phylum gemmatimodetes and Chloro�exi were observed in small proportion in three larvae samples fed with
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three different host plants. This is consistent with recent report by Leite-Mondin et al. [51] who detected very low
abundance of Chloro�exi in the guts of Trichoplusia ni populations fed with exclusive diets.

We observed relatively high bacteria taxa associated within the gut of fall armyworm fed with different host plants
ranging from 205- 416 species in 319 – 578 genera from 511- 1518 OTUs.  Similarly, a recent study of the of
Mexican bean beetle (Epilachna varivestis) regurgitant revealed a highly diverse microbiome with 1230 bacterial
species in 577 genera [52] However, Jones et al. [53] reported less diversity and richness using culture dependent
sequencing which detected about 100 OTUs in fall army larvae fed on maize and soybean. Bacteria associated
with insects can confer their host with traits that allow them to exploit different host plant species in diverse ways,
further de�ning the species host range [3]   Shin et al., 2011).

Conclusions
Our study has con�rmed that these diverse host plants impact differently on the structure and community
diversity of the microbiome associated with larvae of fall armyworm. This study contributes in part to our
understanding of the factors that in�uence gut microbiomes in fall armyworm larvae. It also offers insight into the
composition of bacterial communities in FAW guts which are likely to be relevant for mediating plant–insect
interactions. We showed that variation in host plants can affect the composition of bacterial gut communities of
FAW larvae. Further research  are needed  to identify other factors that alter bacterial communities in each of these
host plants, the mechanisms of the variations in insect microbiomes and the ecological implications of this
variability in S. frugiperda larvae gut microbiota.
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Sample
designation/code 

Plant’s common
name 

Scienti�c name  Family  Part of plant used in
feeding the larvae

M1(A) Sugar cane Saccharum

 o�cinarum 

  Poaceae  leaves 

M2 (C) Maize Zea mays Gramineae leaves 

M3 (H) Onion Allium cepa     Alliaceae leaves 

R1(B) Cucumber  Cucumis sativus   Cucurbitaceae fruits

R2 (F) Tomato  Solanum
lycopersicum   

  Solanaceae fruits 

R3 (G) Sweet potato  Ipomoea batatas Convolvulaceae   roots

L1 (D) Cabbage   Brassica oleracea
 

 Brassicaceae  leaves 

L2(E) Green
amaranth 

 (Amaranthus
viridis 

   
 Amaranthaceae

leaves 

L3 (I) Celocia Celosia argentea  Amaranthaceae leaves 

 

Table 2. Alpha diversity indices of the gut bacterial community of FAW larvae fed with nine different host plants 

Sample
designation

/Code

Number of
valid read
valid read

Observed
species
richness 

Ace  Chao1 Shannon  Simpson

M1(A) 139,753±10.1 1314.40±413.4 1575.06±451.9 1472.67±432.5 4.07±1.4 0.78±0.1

M2(C) 141,52±4.8 983.80±442.5 1164.66±532.1 1112.99±482.2 4.34±0.6 0.80±0.1

M3(H) 133,266±4.1 457.20±45.8 529.11±52.1 508.79±57.4 3.84±1.0 0.80±0.1

R1(B) 140,933±6.3 1321.80±536.8 1562.04±659 1587.68±798.7 5.34±1.6 0.87±0.1

R2(F) 139,339±4.3 606.40±115.0 723.71±104.9 703.84±103.9 3.84±1.1 0.74±0.2

R3(G) 139,982±5.3 624.20±30.9 725.79±41.7  

717.93±35.9

4.18±0.6 0.79±0.1

L1(D) 141,393±5.8 527.00±41.2 625.31±29.9 607.21±36.1 3.78±0.7 0.77±0.1

L2(E) 139,581±7.3 544.00±66.2 633.48±98.5 624.19±112.2 3.97±1.1 0.75±0.2

L3(I) 137,081±4.3 471.60±141.5 557.79±159.1 540.28±153.4 3..46±0.7 0.78±0.1

P 0.793 <0.001 <0.001 <0.001 0.250 0.873

F 0.573 7.994 8.348 6.873 1.353 0.464
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Table 3. Number of gut bacteria taxonomic categories in different host plants 

Sample designation/code Phylum class order family genus species OTUs

M1(A) 30 91 196 328 568 415 1518.0±420.2

M2(C) 34 87 187 310 541 364 1117.20±509.0

M3(H) 19 32 85 168 347 219 511,8±47.6

R1(B) 30 91 182 311 578 416 1444.4±533.4

R2(F) 20 31 89 171 354 212 695.8±111.4

R3(G) 16 27 75 156 349 237 701.6±30.8

L1(D) 14 25 75 158 348 218 597.6±37.6

L2(E) 17 29 69 141 319 205 618.6±81.3

M3(H) 19 32 85 168 347 219 511.8±47.6

L3(I) 19 33 77 150 214 198 539.8±157.4

 

Figures
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Figure 1

The observed bacteria species richness of FAW larvae group fed with different host plants .Group: L1, cabbage; L2,
green amaranth; L3, celocia; M1, sugarcane; M2, maize; M3, onion; R1, cucumber; R2, tomato; R3, sweet potato
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Figure 2

Principal coordinate analysis performed on the entire gut bacterial community in all the larvae groups. a, weighted;
b, unweighted unweighted , L1, cabbage; L2, green amaranth; L3, celocia; M1, sugarcane; M2, maize; M3, onion; R1,
cucumber; R2, tomato; R3, sweet potato
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Figure 3

UPGMA Unweighted Hierarchical clustering tree of all gut bacterial groups based on taxon distribution Group: L1,
cabbage; L2, green amaranth; L3, celocia; M1, sugarcane; M2, maize; M3, onion; R1, cucumber; R2, tomato; R3,
sweet potato

Figure 4

Relative abundance of gut bacterial phyla and class (top ten) in FAW larvae fed with nine host plants . a, Phylum,
b, Class, Group: L1, cabbage; L2, green amaranth; L3, celocia; M1, sugarcane; M2, maize; M3, onion; R1, cucumber;
R2, tomato; R3, sweet potato
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Figure 5

Heatmap showing the relative abundance and distribution across the different host plants used for rearing
Spodoptera frugipeda larvae. The colour code indicates relative abundance, ranging from blue (low abundance) to
yellow (moderate abundance) to red (high abundance). Group: L1, cabbage; L2, green amaranth; L3, celocia; M1,
sugarcane; M2, maize; M3, onion; R1, cucumber; R2, tomato; R3, sweet potato
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