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Abstract

Microorganisms play an essential role in the growth and development of numerous insect

species. In this study, the total DNA from the midgut of adults of Dactylispa xanthospila

were  isolated  and  bacterial  16S rRNA sequenced  using  the  high-throughput Illumina

MiSeq platform. Then, the composition and diversity of the midgut bacterial  community

were analysed with QIIME2. The results showed the midgut bacteria of D. xanthospila

belong to 30 phyla, 64 classes, 135 orders, 207 families and 369 genera. At the phylum

level,  Proteobacteria,  Bacteroidetes  and  Firmicutes  were  the  dominant  bacteria,

accounting  for  91.95%,  3.44%  and  2.53%,  respectively.  The  top  five  families are

Enterobacteriaceae  (69.51%),  Caulobacteraceae  (5.24%),  Rhizobiaceae (4.61%),

Sphingomonadaceae  (4.23%)  and  Comamonadaceae  (2.67%).  The  bacterial

community's primary functions are carbohydrate metabolism, amino acid metabolism and

cofactor and vitamin metabolism, which are important for the nutritional requirements of

plant-feeding insects.
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Introduction

As special internal environments, animal guts host abundant microorganisms and the gut

microbiome is one of the essential parts of the animal-microbe super-organism (Kramer

and  Bressan  2015,  Salvucci  2019,  Sleator  2010).  After  long-term  co-evolution,  gut

microbes  and  animal  hosts  have  shaped  different  kinds  of  ecological  relationships,
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including commensalism, mutualism and parasitism (Backhed 2005, Hooper and Gordon

2001). Insects comprise numerous species, have various habitats and use diverse foods

(Basset et al. 2012, Shi et al. 2010) and thus have correspondingly evolved diverse gut

characteristics  and  microbiota  (Engel  and  Moran  2013).  Some  gut  microorganisms

improve  the  host’s  nutritional,  digestive  and  reproductive  fitness  and  even  pathogen

defence (Chen et al. 2020, Douglas 2015, Engel and Moran 2013, Liu et al. 2020, Wang

et al. 2020). Gut microbial  composition  of insects are  largely affected  by host feeding

habits (Colman et al. 2012, Wang et al. 2020, Liu et al. 2020, Yun et al. 2014). Moreover,

gut microbiota  can  vary  when  insects  feed  on  different plant parts  of the  same  host

species (Chen et al. 2020).

Many  insects  have  associated  microbial  symbionts  in  their  midgut  that  provide

ecologically-important benefits to the host. Many of these bacteria can improve the host's

health or life span (Douglas 2015, Behar et al. 2008b). They are indispensable for the

normal  growth  and  development of host insects. Therefore, the  relationship  between

microorganisms  and  hosts  in  insects  has  gradually  become  one  of  the  hotspots  in

entomological  research.  Besides,  the  extensive  application  of  various  biological

techniques  in  entomology  and  microbiology  has  promoted  the  research  on  the  co-

evolution of gut microorganisms and host insects (Wang et al. 2020).

Dactylispa xanthospila (Gestro)  (Coleoptera:  Chrysomelidae:  Cassidinae)  is  mainly

distributed in the Oriental Region. In China, they are is mainly found in East China, South

China  and  southwest  China  (Chen  et  al.  1986).  Dactylispa  xanthospila  is  a  leaf-

miner feeding inside the leaves of several weeds of Poaceae. In this paper, the midgut

bacterial  16S rRNA of D. xanthospila adults were high-throughput sequenced and the

composition and diversity of the midgut bacterial community were analysed.

Materials and methods

Sample collection

Dactylispa  xanthospila adults  and  larvae  were  collected  on  Pogonatherum  crinitum

(Thunb.)  Kunth  and  Arthraxon  prionodes (Steud.)  Dandy  (Poaceae)  at  Damingshan,

Nanning, China  (23.52  N, 108.49  E)  on  15  August 2019. Voucher  specimens of the

beetles were deposited in Nanling Herbarium, Gannan Normal University (GNNU). The

larvae were reared to adults in the lab.

After treatment by 48 h of starvation to evacate food plant materials (Vilanova et al. 2016),

D. xanthospila adults were soaked in 70% ethyl alcohol for 3 min and then washed three

times with  sterile  deionised water to  remove exogenous contaminants. The guts were

then dissected under sterile deionised water, using sterilised tweezers and eye scissors

under aseptic conditions. There were three replicates and each replicate consisted of a

mixture  of samples from 10  adults. A total  of 30  adults  were  dissected. The  gut was

immediately frozen at -80°C for subsequent DNA extraction.
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DNA extraction and sequencing

Extractions of DNA from the gut samples were performed using a Mag-Bind Soil  DNA

extraction  kit  (Omega,  Norcross,  GA,  USA)  according  to  the  manufacturer’s

instructions. The V3-V4 hypervariable region of the 16S rRNA gene was amplified with

the  universal  primers  338F  (5’-ACTCCTACGGGAGGCAGCA-3’)  and  806R  (5’-

GGACTACHVGGGTWTCTAAT-3’) (Mizrahi-Man et al. 2013). The amplification reactions

were carried out in a 25 μl volume, containing 5 μl of Q5 reaction buffer (5×), 5 μl of Q5

High-Fidelity GC buffer (5×), 2 μl  of dNTPs (2.5 mM), 1 μl  each of forward and reverse

primer (10 uM), 2 μl of DNA template, 0.25 μl of Q5 High-Fidelity DNA Polymerase (5 U/

μl)  and made  up  to  25  μl  with  sterile  H O. The  fragments  were  amplified  under  the

following  conditions:  denaturation  at  98°C  for  2  min,  followed  by  27  cycles  of

denaturation at 98°C for 15 s, annealing at 55°C for 30 s and extension at 72°C for 30 s,

with a final extension at 72°C for 5 min. The PCR products were purified with magnetic

beads  (Vazyme  VAHTSTM  DNA  Clean  Beads).  The  purified  PCR  products  were

quantified  with  the  fluorescent reagent (Quant-iT PicoGreen  dsDNA Assay  Kit0,  Life,

USA), using  a  Microplate  reader (FLx800, BioTek, USA). The  sequencing  library was

prepared with TruSeq Nano DNA LT Library Prep Kit, Illumina (USA) through mixing each

sample in a corresponding proportion according to the requirements of the sequencing

quantity  of  each  sample  and  the  fluorescence  quantification  results.  Then,  all  PCR

products were sequenced on an Illumina Miseq platform using 2 × 300 base pairs (bp)

paired-end reads (Personalbio, Shanghai, China). The reference number of sequence

data is MbPL201910038.

Data analysis

Microbiome bioinformatics was performed with QIIME 2 2019.4 (Bolyen et al. 2019) with

slight  modification  according  to  the  official  tutorials  (https://docs.qiime2.org/2019.4/

tutorials/). First, both unmatched sequences and primer fragments of matched sequences

were  removed  with  the  cutadapt  plugin  (Martin  2011).  Sequences  were  then  quality

filtered, denoised, merged and the chimera removed, using the DADA2 plugin (Callahan

et al. 2016). The classification-sklearn algorithm of QIIME2 (Nicholas et al. 2018) was

used to annotate the representative sequences of each operational taxonomic unit (OTU)

by a pre-trained Naive Bayes classifier, using the SILVA database (Release 138) (Quast

et al. 2012) under default parameters. The phylogeny tree was constructed with FastTree

(Price et al. 2010). The taxonomic composition of midgut bacteria at different taxonomic

levels was visually presented with the Krona software (Ondov et al. 2011). All data used

in bacterial abundance analyses are available in Suppl. material 1. 

Metabolic pathway analysis of midgut bacteria

The  abundance  of marker  gene  sequences was analysed  with  PICRUSt2  software  to

predict the functional abundance of different samples (Douglas et al. 2020). First, the 16S

rRNA gene sequences of the sequenced D. xanthospila were aligned, the evolutionary
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tree was constructed and the gene functional  profiles of their common ancestors were

inferred. A new evolutionary tree  was then  constructed  by aligning  16S rRNA feature

sequences with reference sequences. Using the R package ‘castor’ (Louca and Doebeli

2018),  the  nearest  sequence  species  of  the  characteristic  sequence  were  inferred

according  to  the  copy  number  of  the  gene  family  corresponding  to  the  reference

sequence  in  the  evolutionary tree  and  then  the  copy number of the  gene  family was

obtained.  When  the  nearest  sequence  species  index  (NTSI)  of  each  sequence  was

available, sequences with NTSI > 2 were excluded from subsequent analysis. Combining

the abundance of characteristic sequences of each sample, the copy number of gene

families  of  each  sample  was  calculated.  Finally,  the  gene  family  was  "mapped"  to

MetaCyc  (https://metacyc.org/)  (Caspi  et  al.  2006)  and  KEGG (https://www.kegg.jp/)  (

Kanehisa and Goto 2000). In the database, MinPath was used to infer the existence of

metabolic pathways and then the abundance data of these metabolic pathways in each

sample were obtained (Ye and Doak 2009).

Results and discussion

Taxonomic composition of midgut bacteria 

According  to  the OTU  classification,  the  midgut  bacteria  of D.  xanthospila belong  to

30 phyla, 64 classes, 135 orders, 207 families and 369 genera (Suppl. material 1). From

the  phylogenetic  tree,  it  can  be  seen  that  three bacteria  phyla  (Proteobacteria,

Bacteroidetes  and  Firmicutes)  have  much  richer species  than  any  other  phyla in the

midgut of D. xanthospila  (Fig. 1).

At the phylum taxonomic level, the midgut bacteria of D. xanthospila belong to 30 phyla

(Suppl.  material  1).  Proteobacteria,  Bacteroidetes  and  Firmicutes  were  the  dominant

bacteria, accounting for 91.95%, 3.44% and 2.53%, respectively (Fig. 2;Suppl. material 1

).  Gut  microbiota  of  218  insect  species  in  21  orders  are  generally  dominated  by

Firmicutes  (62.1%)  and  Proteobacteria  (20.7%)  (Yun  et  al.  2014).  For  example,

Proteobacteria  and Firmicutes are amongst the dominant flora  in  the intestinal  tract of

lepidopteran  insects,  such  as Plutella  xylostella, Lymantria  dispar, Helicoverpa

armigera, Spodoptera  littoralis,  Ectropis  obliqua, E.  grisescens and Bombyx  Mori （
Rajan et al. 2020, Shinde et al. 2019, Xia et al. 2017, Zeng et al. 2019, Chen et al. 2016, 

Wang  et  al.  2020).  Proteobacteria  and  Firmicutes  are  also  dominant in  the intestinal

bacterial  community  of  other  insects,  such  as Bactrocera  tau, Ceratitis  capitata, 

Procecidochares utilis and Lutzomyia longipalpis of Diptera, Anophora glabripennis of

Coleoptera  and Schistocerca  gregaria of Orthoptera  (Behar  et al.  2008b, Dillon  et al.

2010, Gouveia  et al. 2008, Prabhakar et al. 2013, Schloss et al. 2006). Bacteroidetes

dominates in the gut microbiota of some insect species (Tagliavia et al. 2014, Yun et al.

2014, Ferguson et al. 2018). However, the order of dominant bacteria phyla in insect guts

differs amongst different host species (He et al. 2001, Huang and Zhang 2017, Wang et

al. 2011, Xia et al. 2013).
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At the class taxonomic level, the midgut bacteria of D. xanthospila belong to 64 classes,

including Gammaproteobacteria, Alphaproteobacteria, Bacteroidia and Clostridia (Suppl.

material  1).  Gammaproteobacteria  was  the  dominant  class,  accounting  for  76.53%,

followed  by Alphaproteobacteria  and  Bacteroidia, with  an  abundance  of 15.38%  and

3.44%,  respectively  (Fig.  2;Suppl.  material  1).  Gammaproteobacteria  generally

dominates  in  insect  guts,  with  a  great  impact  on insects  growth  and  development  (

Karamipour et al. 2016, Kashkouli  et al. 2019). Gammaproteobacteria  in  the intestinal

tract  of  bees  can  encode  pectin-degrading  enzymes  and  degrade  pectin  in  pollen,

indicating that Gammaproteobacteria can help bees digest food (Engel et al. 2012). The

biological  functions  of  Alphaproteobacteria  on  the  host  mainly  include reproductive

regulation, life history suitability and tolerance to the external environment (Zhang et al.

2017). Bacteroidia are  dominant  in  almost  all gut  microbiome  of  dictyopteran  insects;

however, cockroaches  and  termites  share  fewer Bacteroidia  species than  expected  (

Sabree  and  Moran  2014). Clostridia  are  also  abundant  in  dictyopteran  hosts

including mantids, cockroaches and termites (Sabree and Moran 2014).

At  the  order  taxonomic  level,  the  midgut  bacteria  of D. xanthospila are  distributed  in

135 orders, including Enterobacteriales, Rhizobiales, Caulobacterales, Burkholderiales

and  Sphingomonadales  (Suppl.  material  1).  The  abundance  of  Enterobacteriales,

Rhizobiales and Caulobacterales was 69.83%, 5.63% and 5.29%, respectively and other

orders  accounted  for  19.25%  (Fig.  2;Suppl.  material  1).  Enterobacteriales  is  one

dominant order in the gut biota of Spodoptera litura, reared either on taro leaves or on

artificial diet (Xia et al. 2020).  The proportion of Enterobacteriales is about 45% amongst

the midgut bacterial orders of diamondback moth (Plutella xylostella) (Xia et al. 2013, Xia

et al. 2017). The wide distribution of Rhizobiales in ants is connected with their herbivory

adaptations; Rhizobiales could  increase  the  nitrogen  supplies for plant-feeding  ants (

Russell  et al.  2009). Enterobacteriales is  the most abundant gut bacterial  order in  the

blood-suking bugs  (Triatoma  dimidiata)  found  on  porcupine,  while Burkholderiales for

those live on dogs (Dumonteil et al. 2018).

At the family taxonomic level, the midgut bacteria of D. xanthospila belong to 207 families

(Suppl. material 1). Amongst them, five families with an abundance larger than 2% are

Enterobacteriaceae  (69.51%),  Caulobacteraceae  (5.24%),  Rhizobiaceae (4.61%),

Sphingomonadaceae (4.23%) and Comamonadaceae (2.67%) (Fig. 2;Suppl. material 1).

Enterobacteriaceae was also dominant in the intestine of Tephritidae (Behar et al. 2008a,

Capuzzo et al. 2005). Some Enterobacteriaceae can help  the host degrade cellulose,

xylan, pectin and other polysaccharide substances in the plant cell wall and promote the

host's  digestion  of  food  (Abbott  and  Boraston  2008,  Anand  et  al.  2010).

Enterobacteriaceae is considered to be the most prevalent symbiotic microorganism in

dipteran insects (Kuzina et al. 2001). Some Enterobacteriaceae play an important role in

plastic biodegradation (Xu et al. 2020). Many Enterobacteriaceae can fix nitrogen and

produce necessary nutrients for the  hosts (Behar et al. 2005). Enterobacteriaceae  can

also produce anti-fungal compounds for insect resistance to many pathogenic fungi (Oh

et al. 2015).
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At the  genus  taxonomic  level,  369 genera  of  bacteria  were  annotated  in  the  midgut

samples  of D. xanthospila (Fig.  2;Suppl.  material  1 ).  Amongst  them, bacteria  mainly

belong  to  Enterobacter,  one  unclassified  genus  of Rhizobiaceae, Sphingomonas,

Caulobacter, Vibrionimonas, Acinetobacter, Brevundimonas and Cedecea (Fig. 2;Suppl.

material 1). Enterobacter is the dominant genus of bacteria, accounting for 68.07% of the

total  (Suppl.  material  1). Sphingomonas  can  tolerate  extreme  nutrient  deprivation  (

Fegatella and Cavicchioli 2000) and degrade complex organic matter (Gong et al. 2016).

Some Sphingomonas species can  also  produce  valuable  biopolymers, such  as beta-

carotene and gellan gum (Silva et al. 2004, Wang et al. 2006). Sphingomonas could also

protect the host plants against pathogens (Innerebner et al. 2011, Laskin and White 1999

). However, some Sphingomonas species can cause  infection  to  plant roots or animal

wounds  (Zhao  et  al.  2016).  In  a  leaf-mining  moth Diaphania  pyloalis, Wolbachia can

account for 40.60% of the total  gut bacterial  genera (Chen et al. 2018). However, no 

Wolbachia were detected in our leaf-mining beetle D. xanthospila.

Metabolic pathways of midgut bacteria 

Primary  functions  of midgut bacteria  in  the D. xanthospila adults  are  metabolism and

biosynthesis  (Figs  3,  4).  There  are  several  important  metabolic  pathways,  such  as

carbohydrate  metabolism,  amino  acid  metabolism  and  metabolism  of  cofactors  and

vitamins (Fig. 3). The primary biosynthetic pathways are (1) cofactor, prosthetic group,

electron carrier and vitamin biosynthesis; (2) amino acid biosynthesis; (3) fatty acid and

lipid biosynthesis; (4) nucleoside and nucleotide biosynthesis (Fig. 4).

Many herbivorous insects  can  neither  produce  all  the  necessary vitamins and  amino

acids nor obtain them from the food plants (Behmer 2009, Skidmore and Hansen 2017).

However, some gut bacteria can take part in the biosynthesis of amino acids, vitamins

and cofactors to compensate for the nutrition shortage of plant-feeding (Dillon and Dillon

2004, Skidmore and Hansen 2017). For example,  both Pseudomonas and Acinetobacter

 play very important roles in the nutrient supplements of willow galling sawflies (Michell

and  Nyman  2021). Diamondback  moth  (Plutella  xylostella)  could  not  synthesise

histidine (His)  and  threonine  (Thr)  by  itself,  but  there  existed  the  complete  synthesis

pathways  of  the  two  amino  acids  in  midgut  microbiota  (Xia  et  al.  2017).  Symbiotic

bacteria  in a  wood-feeding  termite  gut could  help  with  lignocellulose  degradation  (

Warnecke et al. 2007). Gut bacteria in honey bees could make vitamin B12 for the host (

Engel  and  Moran  2013). In  the  glassy-winged  sharpshooter  (Homalodisca  coagulata

), the  gammaproteobacterium Baumannia  cicadellinicola produces  vitamins  and

cofactors, while the  Bacteroidetes  species Sulcia  muelleri synthesises  essential  amino

acids  (Wu  et  al.  2006).  Gut microbes  provide many  necessary  amino  acids  for

their associated host - the Asian longhorned beetle  (Anoplophora glabripennis) (Ayayee

et al. 2015). 

In  the  midgut  microbiota  of D.  xanthospila,  nearly  two-thirds  are  plant-fermentation-

related  bacteria,  such  as  Enterobacteriaceae  and  Brucellaceae. D.  xanthospila is  a

herbivorous insect and these bacteria may help D. xanthospila with the digestion of plant

tissues. However, few studies on the gut microbiota of different leaf-mining insect groups
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have been carried out. Therefore, whether there are any microbes which might be linked

to the leaf-mining habits needs further verification.
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Figure 1.  

Graphlan evolutionary tree diagram of D.xanthospila (Gestro) midgut bacteria.
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Figure 2.  

 The composition of  D. xanthospila midgut bacteria at  different taxonomic levels.  The letter

before each scientific name stands for  the corresponding taxonomic level:  d -  domain; p -

phylum; c - class; o - order; f - family; g - genus. 
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Figure 3.  

Abundance map of secondary functional pathways of D. xanthospila as predicted, based on

the KEGG database. Note: The abscissa is the abundance of the functional pathways (in units

of KO per million), the ordinate is the functional pathway at the second classification level of

KEGG and  the  rightmost  division  is  the  first  hierarchical  pathway to  which  the  pathway

belongs. This figure shows the average abundance of all samples.
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Figure 4.  

Abundance map of secondary functional pathways of D. xanthospila as predicted, based on

the MetaCyc database. Note: The abscissa is the abundance of the functional pathway (in the

unit of KO per million), the ordinate is the functional pathway at the second classification level

of MetaCyc and the rightmost division is the first hierarchical pathway to which the pathway

belongs. This figure shows the average abundance of all samples.
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