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Abstract

The gut bacteria of insects positively influence the physiology of their host, however, the

dynamics of this complicated ecosystem are not fully clear. To improve our understanding,

we characterized the gut prokaryotic of Henosepilachna vigintioctopunctata that fed on two

host plants, Solanum melongena (referred to as QZ hereafter) and Solanum nigrum

(referred to as LK hereafter), by sequencing the V3-V4 hypervariable region of the 16S

rRNA gene using the Illumina MiSeq system. The results revealed that the gut bacterial

composition varied between specimens that fed on different host plants. The unweighted

pair group method with arithmetic mean analyses and principal coordinate analysis showed

that the bacterial communities of the LK and QZ groups were distinct. Four phyla (Proteo-

bacteria, Bacteroidetes, Firmicutes, and Actinobacteria) were present in all H. vigintiocto-

punctata gut samples. It is noteworthy that bacteria of the phylum Cyanobacteria were only

found in the LK group, with a low relative abundance. Proteobacteria and Enterobacteria-

ceae were the predominant phylum and family, respectively, in both the LK and QZ groups.

Linear discriminant analysis effect size (LEfSe) analyses showed that the QZ group

enriched the Bacilli class and Lactococcus genus; while the LK group enriched the Alpha-

proteobacteria class and Ochrobactrum genus. PICRUSt analysis showed that genes pre-

dicted to be involved in xenobiotic biodegradation and metabolism, metabolism of other

amino acids, signaling molecules, and interaction were significantly higher in the QZ group.

Genes predicted to be involved in the metabolism of cofactors and vitamins were signifi-

cantly higher in the LK group. Furthermore, the complexity of the network structure and the

modularity were higher in the LK group than in the QZ group. This is the first study to charac-

terize the gut bacteria of H. vigintioctopunctat, our results demonstrate that the two host

plants tested had a considerable impact on bacterial composition in the gut of H. vigintiocto-

punctata and that the bacterial communities were dominated by relatively few taxa.
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Introduction

Insects harbor indigenous bacterial communities in their gut. Recently, the microbial commu-

nities associated with insect guts have been garnering interest, largely because of their ecological

and economic importance. Microbes can play important roles in a myriad of host functions,

including development [1], food digestion and energy extraction [2,3], defense against natural

enemies [4], immune responses [5], insecticide resistance [6], production of essential vitamins,

and gut physiology [4]. For example, microorganisms possess metabolic characteristics that are

often absent in insects; thus, they can help the insects adapt to host plants [7]. This is especially

obvious in herbivorous insects, due to the wide range of secondary materials present in plant tis-

sues. Hence, insects have evolved a battery of strategies to surmount plant defenses [8].

Over a long period of coevolution, a symbiotic interplay has formed between insects and

their gut bacteria. Insect gut bacteria have demonstrated some plasticity, possessing the ability

to quickly adapt to changes in the insect diet, or to changes in their population structure [9–

11]. This adaptive capacity can help insects by enabling them to exploit different kinds of food

resources and laying the foundation for the development of host-associated differentiation.

Thus, a complete description of the bacterial communities of the gut is pivotal for an inte-

grated understanding of the ecology and biology of insect hosts, and could possibly result in

the research and development of new pest management strategies.

Henosepilachna vigintioctopunctata (Fabricius) (Coleoptera: Coccinellidae), is an important

pest in Asia [12]. In China,H. vigintioctopunctata is spread across the entire Country [13]. In

recent years, host plants ofH. vigintioctopunctata are being grown year-round, facilitated by

global warming, the development of trade, and the expansion of the cultivated area of protected

vegetables. This has increased the damage caused by this pest.H. vigintioctopunctata colonizes

many different species of plants including eggplant Solanummelongena, tomato Solanum lyco-
persicum, potato Solanum tuberosum, pepper Capsicum annuum, cucumber Cucumis sativus,
waxgourd Benincasa hispida, black nightshade Solanum nigrum, winter cherry Physalis alke-
kengi, and tobacco Nicotania tabacum [13]. One recent study has shown that the fecundity ofH.

vigintioctopunctata adults that fed on S. nigrumwas remarkably higher than that fed on three S.

melongena cultivars. The finite rate of increase, intrinsic rate of increase, and net reproductive

rate ofH. vigintioctopunctatawere significantly higher when reared on S. nigrum than compara-

ble values when reared on two S.melongena cultivars, but did not differ from values whenH.

vigintioctopunctata were reared on another S.melongena cultivar [14]. Thus, to some extent, S.

nigrum is a better host forH. vigintioctopunctata than S.melongena.

In recent years, culture-independent PCR amplification of 16S rRNA has become a reliable

method for investigating the composition and abundance of gut bacteria [15]. The characteri-

zation of insect bacterial communities, in conjunction with information on host-associated

variation in bacteria composition, is indispensable for an overall understanding of insect ecol-

ogy, as well as for the development of new pest management strategies. The present study was

implemented to ascertain the composition and diversity of the bacterial communities in the

fourth instar H. vigintioctopunctata gut. In order to know more about the bacterial communi-

ties associated withH. vigintioctopunctata, this study also examined the changes in gut bacteria

that two host plant species, S. nigrum and S.melongena, undergo as a result of this association.

Materials and methods

Insect rearing and sampling

Adults H. vigintioctopunctata were collected from S. nigrum at South China Agricultural Uni-

versity, Guangzhou, Guangdong Province (113˚360N, 23˚170E) in April 2018, and then reared
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under controlled conditions; temperature 25 ± 0.5˚C, 80% relative humidity, and 14L:10D

photoperiod [16]. TheH. vigintioctopunctata colony was divided into two groups. One group

was fed with S. nigrum leaves (LK group), and the other group was fed with S.melongena leaves

(QZ group). After they fed on each host plant species for four generations, the guts of the

fourth instar larvae were collected, respectively. S. nigrum and S.melongena (cv. Wanshen-

gyuanshuai F1) were cultivated in a potting mix in 1.0 L pots (one plant/pot) under natural

light and controlled temperature (22–28˚C) in a glasshouse. The leaves were collected, rinsed

with ddH2O, and then dried with filter paper before feeding them to H. vigintioctopunctata
during the whole experimental period. Sufficient leaves were provided for each individual.

H. vigintioctopunctata guts were collected from the fourth instar larvae of both the LK and

QZ groups, regardless of sex. Specifically, the guts from 30 fourth instar individuals were dis-

sected as one replicate and three replicates were used for each group. The fourth instar larvae

surface was disinfected with 75% ethanol for 90 s and rinsed with ddH2O. Following dissec-

tion, the guts were collected in a 1.5 mL centrifuge tube and then frozen at -80˚C prior to

DNA extraction.

DNA extraction, amplicon generation, and library preparation

Genomic DNA was isolated from the guts (the guts dissected from 30 fourth instar individuals

as one replicate) using the HiPure Soil DNA Mini Kit (Magen, Guangzhou, China), according

to the manufacturer’s instructions. The prokaryotic 16S rRNA V3-V4 hypervariable regions

were amplified from a total of 20–30 ng of metagenomic DNA and were sequenced with the

forward primer 50-CCTACGGRRBGCASCAGKVRVGAAT-30 and reverse primer 50-GGAC

TACNVGGGTWTCTAATCC-30 [17]. Meanwhile, indexed adapters were added to the ends

of the 16S rRNA amplicons to generate indexed libraries ready for downstream next-genera-

tion sequencing on an Illumina MiSeq system [18].

Illumina MiSeq sequencing

DNA library concentrations were validated using a Qubit 3.0 Fluorometer. The library was

quantified and adjusted to 10 nM. DNA libraries were multiplexed and loaded on an Illumina

MiSeq instrument according to manufacturer’s instructions (Illumina, San Diego, CA, USA).

Sequencing was performed using PE250/300 paired-end; image analysis and base calling were

conducted with the MiSeq control software embedded in the MiSeq instrument. The over-

lapped full V3-V4 tags generated from PE reads for each line described above have been depos-

ited at the NCBI database under accession number PRJNA503516.

Data analysis

QIIME (Version 1.9.0) was used for the raw sequence data analysis. Briefly, low quality

sequences with sequence length< 200 bp, and mean quality score� 20, were removed. Then,

the chimeric sequences were removed using the UCHIME algorithm. The effective sequences

were clustered into operational taxonomic units (OTUs) using VSEARCH (Version 1.9.6)

against the Silva 132 database, based on 97% sequence similarity. The Shannon, Ace, and

Chao1 indices were calculated in QIIME and used to compare gut bacterial alpha diversity.

Weighted and unweighted UniFrac and principal coordinate analysis were calculated for

describing the beta diversity.

The Adonis test was performed in R 3.5.1 with the vegan package to analyze differences in

the entire bacterial communities of the LK and QZ samples. STAMP V2.1.3 was used to ana-

lyze the differences between LK and QZ samples at the genus level.
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Linear discriminant analysis (LDA) effect size (LEfSe) was performed to find significantly

abundant bacterial taxa within these two groups. The factorial Kruskal-Wallis sum-rank test (α
= 0.05) was used to identify characterization of the features of the bacterial communities with

significant differential abundance between categories, and then LDA was performed to esti-

mate the effect size of each feature [19].

Functional prediction of intestinal bacterial composition was carried out based on the refer-

ence sequence library of 16S rRNA gene. The PICRUSt algorithm was used to infer the func-

tions of the bacterial communities through the KEGG (Kyoto Encyclopedia of Genes and

Genomes) database [20].

Association network analyses were performed to understand the relationship among the

genera using R software and Gephi. Spearman’s correlation coefficient was greater than 0.6,

while a p-value of less than 0.05 was considered to be a valid interaction network. The network

topological properties are calculated using Gephi [21].

Statistical analysis

The means of two independent groups were compared by Student’s t-test, using SPSS 17 (SPSS

Inc., Chicago, IL, USA). Results were considered statistically significant when p< 0.05.

Results

Overall structural changes in the bacterial communities

The number of valid reads varied among different samples (Table 1). In total, 298,591 high-

quality reads with an average length of 463 bp were obtained. Rarefaction analysis indicated

that the number of species increased rapidly before reaching a plateau (S1 Fig). Bacterial diver-

sity was measured based on OTUs; four parameters demonstrated that there was no diversity

difference between the LK and QZ groups, although the Ace and Chao1 index suggested that

the bacterial diversity of the LK group was higher than that of the QZ group (Table 1). Princi-

pal coordinate and unweighted pair group method with arithmetic mean analyses indicated

that the entire bacterial communities of the LK and QZ samples were clearly distinct from

each other (Adonis test, p< 0.05; S2 and S3 Figs), indicating that the host plant had a signifi-

cant impact on the fourth instar H. vigintioctopunctata gut bacterial communities.

Bacterial composition

Four phyla (Proteobacteria, Bacteroidetes, Firmicutes, and Actinobacteria) were present in all

the samples. Proteobacteria, the most abundant phylum, accounted for 91.74 ± 1.43% and

86.63 ± 1.49% of the total bacteria in the LK and QZ groups, respectively (Fig 1A, S1 Table). In

addition, the relative abundance of Firmicutes was significantly higher in the QZ group than

that in the LK group (Fig 1A, S1 Table), while the relative abundance of Actinobacteria

was< 1.0% in both the LK and QZ groups, with no difference between the two. Interestingly,

Table 1. Alpha diversity of the gut bacterial community in the Solanummelongena (QZ) and Solanum nigrum (LK) groups.

Sample Number of valid reads Ace Chao Shannon Simpson

LK 46388 ± 3747 73.26 ± 2.45 72.90 ± 3.15 2.61 ± 0.16 0.69 ± 0.02

QZ 53142 ± 5927 65.28 ± 0.21 64.38 ± 0.78 2.78 ± 0.09 0.73 ± 0.01

P 0.390 0.082 0.058 0.395 0.175

F 0.470 9.321 5.381 0.581 0.336

https://doi.org/10.1371/journal.pone.0224213.t001
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Fig 1. Relative abundance (%) of gut bacterial (A) phyla and (B) classes in samples from the Solanummelongena (QZ) and Solanum nigrum (LK)

groups.

https://doi.org/10.1371/journal.pone.0224213.g001
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the phylum Cyanobacteria was only found in the LK group (0.04 ± 0.01%), although with low

relative abundance (Fig 1A, S1 Table).

Six classes (Gammaproteobacteria, Bacteroidia, Bacilli, Alphaproteobacteria, Clostridia,

and Actinobacteria) were present in allH. vigintioctopunctata gut samples. The most dominant

class in theH. vigintioctopunctata gut was Gammaproteobacteria, which accounted for

89.91 ± 2.19% and 86.24 ± 1.51% in the LK and QZ groups, respectively (Fig 1B, S2 Table).

Other dominant classes were Bacteroidia and Bacilli, with the relative abundance of Bacilli sig-

nificantly higher in the QZ group than in the LK group (Fig 1B, S2 Table). In addition, the

average percentage of Alphaproteobacteria in the LK and QZ groups was 1.83 ± 0.76% and

0.39 ± 0.02%, respectively. The average percentage of Clostridia and Actinobacteria was low

(< 0.15%) in both the LK and QZ groups (Fig 1B, S2 Table). The class Oxyphotobacteria was

only found in the LK group (Fig 1B, S2 Table).

The number and relative abundance of bacterial families varied in the LK and QZ groups,

with an average number of families of 30.33 ± 0.88 and 28.00 ± 0.58 in the LK and QZ groups,

respectively (Table 2). Enterobacteriaceae was the predominant bacterial family in the LK and

QZ groups, followed by the family Pseudomonadaceae (S4 Fig, S3 Table). The relative abun-

dance of Moraxellaceae, Burkholderiaceae, Streptococcaceae, Xanthobacteraceae, andMicrococ-
caceae was much higher in the QZ group than in the LK group, whereas the relative

abundance of Spirosomaceae was much higher in the LK group than in the QZ group (Fig 2A,

S3 Table).

The number and relative abundance of bacterial genera varied in the LK and QZ groups.

The predominant genus was an unclassified Enterobacteriaceae. The relative abundance of

Nubsella, Acinetobacter, Comamonas, Lactococcus, Xanthobacter, Glutamicibacter, and Vario-
vorax was higher in the QZ group than in the LK group, whereas Serratia showed the opposite

trend (Fig 2B, S4 Table).

At the species level, the number and relative abundance of bacterial species also differed in

the LK and QZ groups, ranging from 21 in the QZ group to 26 in the LK group (S5 Fig, S5

Table). Of these, the relative abundance of unclassified Enterobacteriaceae, Serratia marcescens,
and Sphingobacterium spiritivorum was significantly higher in the LK group than in the QZ

group, whereas the relative abundance of Acinetobacter baylyi, unclassified Nubsella, Comamo-
nas testosteroni, Lactococcus lactis, Pseudomonas geniculata, and Variovorax paradoxus was

significantly higher in the QZ group than in the LK group (Fig 2C, S5 Table).

In total, 84 OTUs were identified in the LK and QZ groups. Of these, 14 and 13 were identi-

fied as dominant enriched OTUs (> 0.5%) in the QZ and LK group, respectively (S6 Fig, S6

Table). The core OTUs (OTU1 and OTU2) with the highest relative abundance belonged to

the Proteobacteria and unclassified Enterobacteriaceae. OTU3 (Proteobacteria, Pseudomonas)
was the third most abundant in both the LK and QZ groups. The relative abundance of

OTU13 (Proteobacteria, Acinetobacter), OTU46 (Bacteroidetes, Nubsella), OTU49 (Proteobac-

teria, Acinetobacter), OTU5 (Proteobacteria, Comamonas), OTU4 (Firmicutes, Lactococcus),

Table 2. Number of different gut bacteria taxonomic categories in the Solanummelongena (QZ) and Solanum nigrum (LK) groups.

Sample Phylum Class Order Family Genus Species OTUs

LK 5 ± 0 7 ± 0 18.67 ± 0.33a 30.33 ± 0.88 42.33+3.18 25.33 ± 0.88a 71.00 ± 2.89a

QZ 4 ± 0 6 ± 0 16.00 ± 0.58b 28.00 ± 0.58 38.00+1.15 21.00 ± 0.58b 61.33 ± 0.33b

P 0.016 0.091 0.269 0.015 0.029

F 0.400 0.442 5.083 0.727 2.991

Different letters indicate significant differences between these two groups (P< 0.05).

https://doi.org/10.1371/journal.pone.0224213.t002
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OTU57 (Proteobacteria, Stenotrophomonas), OTU66 (Proteobacteria, Xanthobacter), OTU29

(Actinobacteria, Glutamicibacter), OTU51 (Proteobacteria, Variovorax), and OTU48 (Bacter-

oidetes, Sphingobacterium) was higher in the QZ group than in the LK group, whereas the rela-

tive abundance of OTU44 (Bacteroidetes, Sphingobacterium), OTU45 (Proteobacteria,

Acinetobacter), OTU6 (Proteobacteria, Serratia), and OTU76 (Bacteroidetes, Dyadobacter)
was higher in the LK group than in the QZ group. Additionally, OTU79 was only found in the

LK group (Fig 2D, S6 Table).

LEfSe analyses were performed to reveal the bacterial biomarkers of H. vigintioctopunctata
that fed on two different host plants. Overall, the phylum Firmicutes was enriched inH. vigin-
tioctopunctata that fed on the QZ group, whereas the phylum Proteobacteria was enriched in

the LK group. In particular, QZ treatment enriched Bacilli of the order Lactobacillales, the

family Streptococcaceae, and the genus Lactococcus; while the LK group showed more Alpha-

proteobacteria of the Rhizobiales order, family Rhizobiaceae, and genus Ochrobactrum (Fig 3).

The PICRUSt analysis was performed to investigate the link between gut bacteria and host

metabolic changes. The significantly different functional predictions are shown in Fig 4. Spe-

cifically, pathways such as xenobiotics biodegradation and metabolism, metabolism of other

amino acids, signaling molecules and interaction, environmental adaptation, and lipid metab-

olism were significantly higher in QZ group, whereas infectious diseases and metabolism of

cofactors and vitamins were significant higher in the LK group (Fig 4).

Two association networks were constructed to determine the patterns of gut bacterial com-

munities of H. vigintioctopunctata fed with S. nigrum and S.melongena. The positive and

Fig 2. The relative abundance of gut bacteria at the class (A), genus (B), species (C), and OTU (D) level in the Solanummelongena (QZ) and Solanum nigrum
(LK) groups. The colored circles, corresponding to the right column (yellow and blue), repr-esent 95% confidence intervals calculated using Welch’s t-test.

The error bars signify the calculated standard variation of triplicate samples.

https://doi.org/10.1371/journal.pone.0224213.g002

Fig 3. Different gut bacterial taxa abundance shown in the linear discriminant analysis effect size (LEfSe analysis) between

Solanummelongena (QZ) and Solanum nigrum (LK) groups.

https://doi.org/10.1371/journal.pone.0224213.g003
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negative correlation edges, graph density, average degree, and average weighted degree of the

network in the LK group were larger than those in the QZ group, while the modularity showed

an opposite trend (Fig 5, Table 3).

Fig 4. The relative abundance of predicted gut bacterial functions in the Solanummelongena (QZ) and Solanum nigrum (LK) groups, as predicted by PICRUSt

using KEGG Orthologs.

https://doi.org/10.1371/journal.pone.0224213.g004

Fig 5. Interaction networks of gut bacteria genera from the Solanummelongena (QZ) and Solanum nigrum (LK) groups, based on correlation analysis. For each

panel, the node represented unique genera, and the size of each node is proportional to the relative abundance. A red edge indicates a positive interaction between two

individual nodes, while a blue edge indicates a negative interaction.

https://doi.org/10.1371/journal.pone.0224213.g005
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Discussion

In the present study, we analyzed the composition and relative abundance of the gut bacterial

communities of the fourth instar H. vigintioctopunctata, this is the first study to characterize

the gut bacteria of H. vigintioctopunctata; our results showed that the bacterial communities

were considerably influenced by feeding on the two tested host plants. It has been proposed

that the main factors that influence the formation of insect gut bacterial communities are life

stage, diet, and environmental factors [9, 22–24]. Our study consistent with previous studies

which showed that the die can affect the bacterial community structure in many insect species

[25–27], our study provides another convincible evidence that diet can influence the insect gut

bacterial communities. Gut bacteria can affect the response of insects to plant defenses, and

vice versa [28]. Here, our results revealed the presence of a high bacterial diversity, with four

phyla (Proteobacteria, Bacteroidetes, Firmicutes, and Actinobacteria) present in all the H. vig-
intioctopunctata gut samples. Proteobacteria and Enterobacteriaceae were the predominant

phylum and family, respectively, in both the LK and QZ groups. This is consistent with the dis-

coveries of other scientists who reported that bacteria of the phylum Proteobacteria and family

Enterobacteriaceae were the most common one in Plutella xylostella, Rhynchophorus ferrugi-
neus, Bactrocera dorsalis, and Bactrocera tau [15, 29–31].

Our study showed that the relative abundance of Firmicutes was significantly higher in the

QZ group compared to the LK group. Firmicutes have been shown to participate in energy

absorption, and may influence the development of obesity and diabetes in insects, humans and

mice [32,33,34]. Many studies in insects and other animals have shown that increases in the

Firmicutes are related to an increased ability to harvest energy from the diet [34]. For example,

Clostridia species belong to Firmicutes such as C. thermocellum and C. ljungdahlii are known

to have a great ability to degrade the cellulose and hemicellulose, and to metabolize the amino

acids [35]. Maybe the contents of cellulose and hemicellulose in the QZ leaves are higher than

in the LK leaves, in other words, H. vigintioctopunctata need more Firmicutes bacteria to

digestive the QZ leaves (Fig 1). In this study, the OTU79 (phylum Cyanobacteria) with a low

proportion of 0.04% was only found in the LK group. The latest study divided the Cyanobacte-

ria phylum into three classes: Oxyphotobacteria, “Melainabacteria”, and “Sericytochromatia”,

with the latter two lacking the photosynthetic machinery [36]. One recent study showed that

“Melainabacteria” was found from the termite gut [37], however, Oxyphotobacteria was

detected in our study. Theoretically, the Cyanobacteria from the aphotic environment of insect

gut should lose the photosynthetic capability. Therefore, our result expands the current

Table 3. Topological properties of the gut bacterial networks obtained from the Solanummelongena (QZ) and

Solanum nigrum (LK) groups.

Network metrics LK QZ

Number of nodes 46 44

Number of edges 554 283

Number of positive correlations 403 172

Number of negative correlations 151 111

Average path length (APL) 1 1

Graph density 0.54 0.30

Network diameter 1 1

Average clustering coefficient (avgCC) 0.99 0.98

Average degree (avgK) 24.09 12.87

Average weighting degree 19.91 3.55

Modularity (M) 0.110 1.77

https://doi.org/10.1371/journal.pone.0224213.t003
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knowledge on this Cyanobacteria group in the gut of insects; the role of Cyanobacteria in the

H. vigintioctopunctata gut deserves further investigation.

The information with respect to the host-related variability in bacterial communities is very

important for an integrated understanding of insect gut ecology [38]. Microorganisms in the

gut can be used to enhance the resistance to transmission of pathogens, thereby protecting

insects [39]. In this study, the higher relative abundance of some bacterial genera inH. vigin-
tioctopunctata fed with S. nigrummay improve the disease resistance of this pest. One such

example is Serratia, which has been considered a biological control agent against several plant

pathogenic fungi because of the ability of its members to produce chitinase, a hydrolytic

enzyme that can degrade the cell walls of fungi [40]. S. marcescens has also been reported to be

a pathogen in several insects [41]. The S. marcescens strain SEN showed promise as a biological

control agent of Spodoptera litura [42]. The impact of Serratia on the growth and development

ofH. vigintioctopunctata remains to be determined.

A previous study has shown that S. nigrum leaves have high crude protein, total carbohy-

drate content, and vitamin C [43]. As an antioxidant, previous studies have shown that vitamin

C could reduce the microbicidal reactive oxygen species (ROS) in the gut of insects. For exam-

ple, experiments with B. dorsalis showed that ingestion of a high dose of vitamin C decreased

ROS levels in a dose-dependent manner, increasing the bacterial load [44]. Interestingly, the

mean proportions of metabolic cofactors and vitamins were higher in the LK group which fed

on S. nigrum, compared to the QZ group (Fig 4). This could help in regulating the gut bacterial

community homeostasis of H. vigintioctopunctata. Therefore, further studies are needed to

compare the nutrient composition in S. nigrum and S.melongena, to enhance our knowledge

regarding their impact on the bacterial composition and diversity of H. vigintioctopunctata.

Different host plants had considerable impact on the bacterial networks. The greater num-

ber of edges, number of positive and negative correlations, and average degree (avgK) within

the LK group implied that the network for LK group was complex and exhibited much more

cooperation and exchange events among the dominant bacterial genera (Table 3). Moreover,

the higher modularity of bacterial network in the LK group indicated that there is relatively

higher system resistance to changes compared to networks in the QZ group [45]. Together,

our results indicate that compared with S. melongena, S. nigrum is a better host plant to

strengthen the gut bacterial network complexity and system resistance to change.

This study provides novel information regarding the bacterial diversity of H. vigintiocto-
punctata, demonstrating that the bacterial communities of larvae that fed on S. nigrum were

different from those of larvae that fed on S.melongena. Our results support the following

hypotheses: 1) different host plants have different influences on the diversity of bacterial com-

munities associated with the H. vigintioctopunctata larvae gut; 2) the bacterial communities

are dominated by a few taxa; and 3) an unclassified genus is dominant in the gut of H. vigin-
tioctopunctata. We believe that our study makes a significant contribution to the literature

because our findings advance the understanding of the bacterial community associated with

the gut of an important pest, H. vigintioctopunctata.
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32. Ley RE, Bäckhed F, Turnbaugh P, Lozupone CA, Knight RD, Gordon JI (2005) Obesity alters gut micro-

bial ecology. P Natl Acad Sci USA 102(31): 11070–11075.

33. Ley RE, Turnbaugh PJ, Klein S, Gordon JI (2006) Microbial ecology: human gut microbes associated

with obesity. Nature 444(7122): 1022. https://doi.org/10.1038/4441022a PMID: 17183309

34. Chen B, Teh BS, Sun C, Hu S, Lu X, Boland W, et al (2016) Biodiversity and activity of the gut micro-

biota across the life history of the insect herbivore Spodoptera littoralis. Sci Rep 6: 29505. https://doi.

org/10.1038/srep29505 PMID: 27389097

35. Fonknechten N, Chaussonnerie S, Tricot S, Lajus A, Andreesen JR, Perchat N, et al (2010) Clostridium

sticklandii, a specialist in amino acid degradation: revisiting its metabolism through its genome

sequence. BMC Genomics 11(1): 555.

36. Soo RM, Hemp J, Parks DH, Fischer WW, Hugenholtz P (2017) On the origins of oxygenic photosyn-

thesis and aerobic respiration in Cyanobacteria. Science 355: 1436–1440. https://doi.org/10.1126/

science.aal3794 PMID: 28360330

37. Utami YD, Kuwahara H, Murakami T, Morikawa T, Sugaya K, Kihara K, et al (2018) Phylogenetic diver-

sity and single-cell genome analysis of “Melainabacteria”, a non-photosynthetic cyanobacterial group,

in the termite gut. Microbes Environ 33(1): 50–57. https://doi.org/10.1264/jsme2.ME17137 PMID:

29415909

Host plants influence gut bacteria

PLOS ONE | https://doi.org/10.1371/journal.pone.0224213 October 18, 2019 14 / 15

https://doi.org/10.3389/fmicb.2017.01705
https://doi.org/10.3389/fmicb.2017.01705
http://www.ncbi.nlm.nih.gov/pubmed/28928728
https://doi.org/10.1186/gb-2011-12-2-r16
https://doi.org/10.1603/EN12114
http://www.ncbi.nlm.nih.gov/pubmed/23339787
https://doi.org/10.1111/1365-2656.12692
http://www.ncbi.nlm.nih.gov/pubmed/28502120
https://doi.org/10.1038/s41396-018-0298-3
https://doi.org/10.1038/s41396-018-0298-3
http://www.ncbi.nlm.nih.gov/pubmed/30333525
https://doi.org/10.1111/mec.13376
http://www.ncbi.nlm.nih.gov/pubmed/26348261
https://doi.org/10.1111/j.1365-294X.2012.05752.x
http://www.ncbi.nlm.nih.gov/pubmed/22978555
https://doi.org/10.1093/jxb/eru435
https://doi.org/10.1093/jxb/eru435
http://www.ncbi.nlm.nih.gov/pubmed/25385767
https://doi.org/10.1186/1471-2180-14-136
https://doi.org/10.1186/1471-2180-14-136
http://www.ncbi.nlm.nih.gov/pubmed/24884866
https://doi.org/10.1111/j.1365-2672.2011.05001.x
http://www.ncbi.nlm.nih.gov/pubmed/21395953
https://doi.org/10.1002/ps.5074
http://www.ncbi.nlm.nih.gov/pubmed/29749026
https://doi.org/10.1038/4441022a
http://www.ncbi.nlm.nih.gov/pubmed/17183309
https://doi.org/10.1038/srep29505
https://doi.org/10.1038/srep29505
http://www.ncbi.nlm.nih.gov/pubmed/27389097
https://doi.org/10.1126/science.aal3794
https://doi.org/10.1126/science.aal3794
http://www.ncbi.nlm.nih.gov/pubmed/28360330
https://doi.org/10.1264/jsme2.ME17137
http://www.ncbi.nlm.nih.gov/pubmed/29415909
https://doi.org/10.1371/journal.pone.0224213


38. Strano CP, Malacrinò A, Campolo O, Palmeri V (2018) Influence of host plant on Thaumetopoea pityo-

campa gut bacterial community. Microb Ecol 75(2): 487–494. https://doi.org/10.1007/s00248-017-

1019-6 PMID: 28735425

39. Crotti E, Balloi A, Hamdi C, Sansonno L, Marzorati M, Gonella E, et al. (2012) Microbial symbionts: a

resource for the management of insect-related problems. Microb Biotechnol 5(3): 307–317. https://doi.

org/10.1111/j.1751-7915.2011.00312.x PMID: 22103294

40. Grimont PA, Grimont F (1978) Biotyping of Serratia marcescens and its use in epidemiological studies.

J Clin Microbiol 8(1): 73–83. PMID: 353073

41. Lauzon CR, Bussert TG, Sjogren RE, Prokopy RJ (2013) Serratia marcescens as a bacterial pathogen

of Rhagoletis pomonella flies (Diptera: Tephritidae). Eur J Entomol 100(1): 87–92.

42. Aggarwal C, Paul S, Tripathi V, Paul B, Khan MA (2015) Chitinolytic activity in Serratia marcescens

(strain SEN) and potency against different larval instars of Spodoptera litura with effect of sublethal

doses on insect development. BioControl 60(5): 631–640.

43. Odukoya JO, Oshodi AA (2018) Evaluation of the nutritional qualities of the Parquetina nigrescens, Lau-

naea taraxacifolia and Solanum nigrum. Eur J Pure Appl Chem 5(1).

44. Yao Z, Wang A, Li Y, Cai Z, Lemaitre B, Zhang H (2016) The dual oxidase gene BdDuox regulates the

intestinal bacterial community homeostasis of Bactrocera dorsalis. ISME J 10(5): 1037. https://doi.org/

10.1038/ismej.2015.202 PMID: 26565723

45. Carpenter S, Arrow K, Barrett S, Biggs R, Brock W, Crépin AS, et al (2012) General resilience to cope
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