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Abstract
Gut microbes play critical roles in host nutrition, physiology, and behavior. Periplaneta americana is a
famous urban pest which is widely distributed in the tropics and subtropics, but very few information is
available on the gut microbiome of Periplaneta americana, particularly in its different life stages. Here, we
characterized the diversity and structure of gut microbiome in eggs, nymph and adult life stages of
Periplaneta americana using high-throughput 16S rRNA genes sequencing. Both the results of Alpha- and
Beta-diversity analysis showed the diversity and structure of gut microbiome were signi�cant different
among the eggs, nymph and adult stages. The result of species distribution showed the predominant
phyla in three life stages were Bacteroidetes , Firmicutes and Proteobacteria , but the relative abundances
of these bacteria were signi�cant different among each life stage. 1,169 operational taxonomic units
were shared by three stages, which indicating the gut microbiome may be inherited to offspring from
parents of Periplaneta americana. According to the prediction of functional genes in metabolic pathways,
most of them were distributed in the metabolic pathways of basic physiology such as nutrition, growth,
development and immunity, etc. The relative abundances of functional genes in metabolic pathways
were signi�cant different among life stages of Periplaneta americana, indicating the gut microbiome
might play an important role in the physiology across its different life stages. This study revealed the
diversity and structure of gut microbiome in different life stages of Periplaneta americana, which may
contribute to us to understand it’s physiology and behaviors.

Introduction
The American cockroach, Periplaneta americana, is one of the most diverse and abundant pests in the
world (Nasirian 2018; Li et al 2018). Similar to other hemimetabolous insects, its life cycle can be divided
into egg, nymph, and adult stages (Mullins 2015; Bell and Adiyodi 1981). Periplaneta americana can
survive in a wide variety of habitats due to its strong environmental adaptability, and it prefers moist,
shady, and warm areas so that it is famous for its household name “Waterbug”. Periplaneta americana is
also a serious urban pest due to its ability to act as a carrier and transfer many disease-causing
organisms, such as bacteria, viruses and parasites (Baggio-Deibler et al 2018; Yun et al 2017; Pai 2015).
Periplaneta americana can become a potential model to study the biology of a hemimetabolous pests
due to their rapid growth, high fecundity, and remarkable environmental adaptability.

Similar to other animals, the gut microbiome is one of the most important divisions of the insect gut
system, contributing to host �tness, particularly to nutritional needs, immunological functions, and
defense against pathogens (Douglas 2014; Engel and Moran 2013a; Kwong et al 2017; Kaltenpoth et al
2014). In recent years, several studies have revealed that the effects of the gut microbiome also extend to
systemic physiology, such as the immunity, metabolism, development and behaviors of the host (Shin et
al 2011; Engel and Moran 2013b; Crotti et al 2012). Thus, the gut microbiome can be integrated into the
biological system of the host and as a bacterial organ of the host (Bäckhed et al 2005), and it plays an
important role in the overall health of its host.
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However, little is known about the gut microbiome of Periplaneta americana or other hemimetabolous
insects, especially the characteristics of the gut microbiome in different life stages is still lacking. Ayako
et al found that the gut microbiome of cockroaches is responsible for producing pheromones such as
fatty acids, which could promote the social behaviors of cockroaches (Ayako et al 2015). Moreover,
Tinker et al has revealed that Periplaneta americana hosts an abundant gut microbiome and has evolved
unique mechanisms for maintaining stability of its gut microbiome (Tinker and Ottesen 2016). Therefore,
the gut microbiome may be a curial factor which can strongly in�uence various physiological functions
of Periplaneta americana. In this study, we characterized the structure and diversity of gut microbiome
among eggs, nymph and adult life stages of Periplaneta americana, and revealed the relationship
between the gut microbiome and the development of Periplaneta americana. Our results assisted to
further understanding of the growth and development of Periplaneta americana, which may help in the
development of effective management strategies of Periplaneta americana or other cockroaches.

Materials And Methods
Sample collection and DNA extraction

The Periplaneta americana insects in this study were reared and provided by Guangdong Provincial
Center for Disease Control and Prevention. The cockroach adults and nymph were fed with dried wheat
bran and water, and no feeding to eggs. The insects were paralyzed at 4 ˚C and washed alternately with
water and 75% ethanol 3 times before dissection. The intestinal tracts were then quickly removed and
washed carefully in sterile 1×PBS (Phosphate-buffered Saline). Samples were stored at -80 ˚C until DNA
extraction.

The frozen tissues were transferred to a sterile mortar into liquid N2 and ground with a sterile pestle. The
DNA extraction of the samples, as well as the soil and root samples, were carried out using the PowerSoil
DNA Isolation Kit (ANBIOSCI TECH LTD, Shenzhen, China), using instructions provided by the
manufacturer.

PCR ampli�cation, library preparation and high-throughput sequencing

The V3-V4 region of the bacterial 16S rRNA gene was ampli�ed by PCR using the 338F/806R primers set
(Yu et al 2005; Walters et al 2016) (338F: 5'-ACTCCTACGGGAGGCAGCA-3', 806R: 5'-
GGACTACHVGGGTWTCTAAT-3'). The PCR was performed in a total volume of 50 μL containing 0.2 μL Q5
High-Fidelity DNA Polymerase, 10 μL High GC Enhancer, 10 μL Buffer, 1 μL dNTP, 1.5 μL of each primer
(10 μM), 40-60 ng of DNA template and deionized ultrapure water to 50 μL. The conditions of the PCR
were as follows: denaturation step at 95 ˚C for 5 min; 15 cycles at 95 ˚C for 1 min, 50 ˚C for 1 min, and 72
˚C for 1 min; and a �nal extension at 72 ˚C for 7 min. The PCR products were veri�ed by 1.8% agarose gel
electrophoresis and the samples with a bright main band of approximately 450 bp were mixed in
equidensity ratios. Then, the mixture of PCR products was puri�ed by GeneJETGel Extraction Kit (Thermo
Fisher Scienti�c, Waltham, MA, United States) and quanti�ed with Qubit 2.0 Fluorometer (Thermo
Fisher).The resultant products were sent for sequencing using the Illumina HiSeq 2500 platform (Illumina,
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Inc., San Diego, CA, United States) and the 16S rRNA libraries were generated at Biomarker Bioinformatics
Technology, Co., Ltd. (Beijing, China).

Bioinformatic and statistical analysis

The overlapping regions between the paired-end were merged into longer single sequences using FLASH
(v1.2.7) (Magoč  and Salzberg 2011), and the raw reads were quality �ltered under the speci�c �ltering
conditions (Bokulich et al 2013) to obtain high-quality clean tags on the basis of the quality-control
program suite QIIME (v1.8.0) (Caporase et al 2010). Sequences that were less than 200 bp in length or
that contained homopolymers longer than 8 bp were removed. The chimeric sequences were detected by
comparing tags with the references database (RDP Gold database) and removed using the UCHIME
algorithm. The effective sequences were obtained and used in the �nal analysis.

Operational taxonomic units (OTUs) were clustered on the basis of 97% similarity sequence identity using
the clustering program UCLUST (v1.2.22) (Edgar 2010). Then OTUs were taxonomically classi�ed to
different levels of phylum, class, order, family, genus, and species by the Ribosomal Database Program
(RDP) classi�er.

Alpha-diversity analysis (i.e., Observed species, ACE, Chao 1, Shannon and Simpson indices) were
calculated by QIIME (v.1.8.0) using for richness and diversity indices of the gut bacterial community in
each sample. Beta-diversity analysis was calculated by unweighted UniFrac and non-metric
multidimensional scaling (NMDS). A one-way analysis of similarity (ANOSIM) was performed to
determine the differences in gut microbiome structures among eggs, nymph and adult stages. Linear
discriminant analysis (LDA) effect size (LefSe) analysis was performed to reveal the signi�cant
differences in ranking of abundant among eggs, nymph and adult stages (Segata et al 2011). The
functional biomarkers were discriminated using a size-effect threshold of 4.0 on the logarithmic LDA
score. The functional gene content in the gut microbiome was predicted by Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States (PICRUst).

Alpha-diversity indices are presented as the means ± SD. The differences in Alpha-diversity indices and
relative abundances between groups at the phyla and genus levels were calculated by use of the
Independent-sample t-test. The p-value < 0.05 was considered the differences were statistically
signi�cant. The raw sequences obtained in this study have submitted to the NCBI Sequence Read Archive
database under the SRA accession number PRJNA517316 (BioSample accession number
SAMN10826798 to SAMN10826812).

Results
Analysis of 16S rRNA Sequencing data

After pyrosequencing, quality �ltering, and the removal of chimeric sequences, a total of 3,584,855 clean
tags and 173,805 − 220,205 (Mean 238,758 ± 33,191) effective tags (Mean length = 422 bp) from per
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sample. At a sequence-similarity level of 97%, the reads for the eggs, nymph and adult samples were
assigned to 899, 1,422 and 1,428 OTUs (Table 1). The observed species (OTUs) in eggs, nymph and adult
samples are shown in Fig. 2a.

Table 1
Richness and diversity estimates of gut microbiome in eggs, nymph and adult stages of Periplaneta

americana

Sample Tag
numbera

OTU
numberb

Ace Chao 1 Simpson Shannon

Eggs 971,740 899 836.02 ± 
54.12

842.03 ± 
54.96

0.78 ± 
0.06

0.84 ± 
0.18

Nymph 1,305,334 1,422 1,131.89 ± 
26.53

1,351.57 ± 
31.13

0.01 ± 
0.002

5.61 ± 
0.07

Adult 1,304,299 1,428 1,198.15 ± 
23.18

1,208.99 ± 
22.91

0.05 ± 
0.02

4.88 ± 
0.21

The table showing the numbers of Tag and OTUs in eggs, nymph and adult samples of Periplaneta
americana. The species richness and diversity were estimated with abundance-based coverage
estimator (Ace), Chao1, Shannon and Simpson indices. Each life stage included �ve biological
replicates.

a Tag number after quality �ltering and removal of chimeric sequences;
b Operational taxonomic units (OTUs) were de�ned by pairwise 97% sequence identity

The rarefaction curves for the OTUs indicated that the quantity of observed species increased as the
sequencing depth increased at the beginning, and decreased while the rarefaction curves tapered off at
the end. The rarefaction curves tended to approach the saturation plateau revealed that the quantity of
sequencing in this study was adequate. (Fig. 2b). The Good’s Coverage can re�ect the database coverage
rate of each sample, and its value in this study was close to 99%, indicating that all samples reached
su�cient sampling depth.

Differences of the gut microbiome diversity among the eggs, nymph and adult of Periplaneta americana

The richness and diversity of the gut microbial communities from all samples were assessed using the
Alpha-diversity indexes, including the Ace, Chao 1, Simpson and Shannon estimator (Fig. 3). The Ace
(836.02 ± 54.12, 1,131.89 ± 26.53, 1,198.15 ± 23.18), Chao 1 (842.03 ± 54.96, 1,351.57 ± 31.13, 1,208.99 ± 
22.91), Simpson (0.78 ± 0.06, 0.01 ± 0.002, 0.05 ± 0.02) and Shannon (0.84 ± 0.18, 5.61 ± 0.07, 4.88 ± 
0.21) indices were signi�cant different among the eggs, nymph and adult of Periplaneta americana (p < 
0.05).

The difference in bacterial communities between groups were re�ected by the Beta-diversity analysis. The
Venn diagram of the eggs, nymph and adult samples showed that 1,169 OTUs were shared by the three
groups and only a few OTUs (ranging 8–31) were unique present in one life stage of Periplaneta
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americana gut sample (Fig. 4). The NMDS plot showed that the microbial communities of eggs samples
were different from the other groups, and it also revealed the distinct structure among the eggs, nymph
and adult of Periplaneta americana (Fig. 5).

Relative Abundance and Core Gut Microbiome of the eggs, nymph and adult of Periplaneta americana

The top 10 representative phyla and genera according to relative abundance of the gut bacteria in eggs,
nymph and adult stages that were displayed in Fig. 5. Bacteroidetes, Firmicutes and Proteobacteria were
the predominant bacteria in every life stages at the phylum level, followed by Tenericutes and
Fusobacteria (Fig. 6a). These bacteria accounted for 99.48, 91.82 and 96.65% of the detectable reads in
the eggs, nymph and adult samples. The results of statistical analysis showed that the phyla in relative
abundance with signi�cant differences among eggs, nymph and adult stages were Bacteroidetes,
Firmicutes and Proteobacteria (p < 0.05). Tenericutes showed signi�cant differences between eggs and
nymph (p < 0.05), and Fusobacteria showed signi�cant differences between eggs and adult (p < 0.05). On
genus level, Blattabacterium was the predominant genera in the eggs and adult samples, but it was
hardly detected in the nymph samples. Desulfovibrio and Parabacteroides were the predominant genera
in the nymph and adult samples (Fig. 6b). In the top 10 genera in relative abundance, Blattabacterium,
Parabacteroides, Christensenellaceae, and Ruminococcaceae showed signi�cant defferences among the
eggs, nymph and adult stages (p < 0.05).

The core gut microbiomes of eggs, nymph and adult life stage were represented by the shared taxa within
each group. The number of the shared OTUs was 334, 980 and 688 in the eggs (Fig. 7a), nymph (Fig. 7b)
and adult (Fig. 7c) stages, respectively.

Signi�cant Difference Analysis and Functional Genes Prediction among the eggs, nymph and adult of
Periplaneta americana

The signi�cant ranking of abundant modules and the different taxa among eggs, nymph and adult
stages were revealed by LefSe analysis (Fig. 8a). The LDA scores displayed the intestinal microbial 47
taxa with signi�cant differences among eggs, nymph and adult (Fig. 8b). At the level of genus, the
biomarker showed the signi�cant differences among the eggs, nymph and adult stages. The genera
Blattabacterium and Lactobacillus were signi�cant different genera between the eggs stage and the other
two life stages. Butyricimonas, Parabacteroides, Rikenellaceae, Christensenellaceae, Ruminococcaceae,
and Desulfovibrio were signi�cant different genera between the nymph stage and the other two life
stages. Moreover, the genera Bacteroides, Dysgonomonas, Porphyromonadaceae and Alistipes were the
between the adult stage and the other two life stages.

The functional gene composition in each life stage was inferred by comparing 16S sequencing data via
PICRUSt software, and the differences and changes of metabolic pathways of functional genes in gut
microbiome among the samples of different life stages could be observed by analysis of Kyoto-
Encyclopedia of Genes and Genomes (KEGG) metabolic pathways. The representative abundance of
functional genes in the metabolic pathways were displayed in Fig. 9, and the results showed the top 3
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Discussion
With the development of next-generation sequencing (NGS) technology, bacteria gene sequencing has
become more convenient (Macas et al 2011; Aloisio et al 2016). In this study, we used 16S rRNA gene
Illumina HiSeq sequencing to study the gut microbiome in eggs, nymph and adult life stages of
Periplaneta americana. The results from Alpha-diversity analysis showed that the richness and diversity
of gut microbiome in eggs stage was signi�cant lower than that in nymph and adult stages. However, the
numbers of the OTUs shared by eggs, nymph and adult stages were high, and the predominant bacteria
in the three life stages were similar. The results suggested that the gut microbiome of Periplaneta
americana might be inherited to the offspring from their parents.

Microbial communities are particularly prominent in the digestive tract of most insects and animals
(Rowland et al 2017). Like other animals, the insect gut microbiome is an important factor which may be
related to many physiological functions of their host such as food digestion, tolerance, development and
immunity, etc. (Chen et al 2016; Ceja-Navarro et al 2015; Aksoy 2018). The histogram of relative phylum
abundance showed that regardless of the Periplaneta americana in eggs, nymph or adult stages,
Bacteroidetes, Firmicutes and Proteobacteria were the predominant bacteria. Many previous studies have
shown that both Bacteroidetes and Firmicutes are associated with the nutrient absorption of the host
such as digestion of the carbohydrates that synthesize short chain fatty acids (Macfarlane and
Macfarlane 2003; Liu et al 2017). Recent studies suggested that Bacteroidetes seem to establish a close
interaction with their host early in lifetime and played an important role in the immunomodulation of their
host (Ivanov et al 2008; Gibiino et al 2018). In addition, Firmicutes can also inhibit the invasion of
opportunistic pathogens and prevent intestinal in�ammation in vivo (Atarashi et al 2011; Zhang et al
2015). The increment of Bacteroidetes and Firmicutes abundance gut microbiome of eggs stage would
likely concomitantly increase the digestive and immune physiological ability. Furthermore, the
comparison of the structure of gut microbiome showed signi�cant differences between eggs stage and
the other two life stages, which suggesting that Bacteroidetes and Firmicutes may have close related to
the physiology of Periplaneta americana, especially in eggs stage.

The results of LefSe analysis showed the signi�cant differences in gut microbiome among eggs, nymph
and adult stages on the genus level. The biomarker demonstrated the signi�cant different genera
between eggs stage and other two stages constitute Blattabacterium and Lactobacillus. Blattabacterium
is a genus of obligate mutualistic endosymbiont bacteria that are believed to inhabit all species of
cockroach studied to date, with the exception of the genus Nocticola (Lo et al 2007). It serves a vital role
in nitrogen cycling, which is important to their host for using such as woods and other raw materials to
synthesize all of the essential amino acids and several vitamins (Sabree et al 2009; Patiño-Navarrete et al

representative abundance of functional genes in the metabolic pathways in the eggs, nymph and adult
life stages were Global and overview maps, Amino acid metabolism and Carbohydrate metabolism.
Moreover, a total of 6 functional genes in the metabolic pathways showed signi�cant differences
between the eggs stage and the other life stages (p < 0.05).



Page 8/21

2014). Moreover, Blattabacterium seems to be inherited to succeeding generations of the host by
infection of the mother's eggs prior to their fertilization (Carrasco et al 2014), which indicating the gut
microbiome of Periplaneta americana with ability of heredity. Besides, Lactobacillus is a probiotic which
can protect the host against potential invasions by pathogens and other diseases (Martin et al 2013; Ford
et al 2014). Therefore, Blattabacterium and Lactobacillus constitutes a signi�cant component of the gut
microbiome in eggs stage of Periplaneta americana, which indicating that they may play an important
role in the nutrient absorption and disease resistance of Periplaneta americana, especially in eggs life
stages.

The KEGG analysis revealed the distribution of functional genes in the metabolic pathways in eggs,
nymph and adult stages of Periplaneta americana. The abundance of functional genes in the metabolic
pathways of Translation, Nucleotide metabolism, and Cell growth and death signi�cant increased in eggs
stage, which indicating presence of gut microbiome may in�uence the growth and development of the
host (Sommer et al 2013; Coon et al 2014). In addition, with the growth and development of Periplaneta
americana, the abundance of functional genes in the metabolic pathways of Membrane transport, Signal
transduction and Xenobiotics biodegradation and metabolism signi�cant increased in nymph and adult
stage, which indicating the gut microbiome may in�uence more and more different aspects of
physiological and social activities of Periplaneta americana nymphs and adults (Parashar et al 2016;
Kohl 2012; Paniagua et al 2018). The highest abundance of functional genes in the metabolic pathways
of Global and overview maps, Amino acid metabolism, and Carbohydrate metabolism in eggs, nymph
and adult stages of Periplaneta americana, and we believed the gut microbiome may play an important
role in the basic physiological functions of Periplaneta americana across its whole life stages.

The structure and composition of gut microbiome in nymph and adult stages of Periplaneta americana
exhibited more complex than those in eggs stage, suggesting that there may be many underlying reasons
for physiological regulation in nymph and adult stages. Periplaneta americana has strong ability of
environmental stress resistance so that it can survive in harsh environment. In order to adapt to the
complicated and changeable environment, the gut microbiome may change with the grows and develops
of Periplaneta americana (Benson et al 2010; Dehler et al 2017). Furthermore, the compositions of gut
microbiome signi�cantly correlated with diet of the host, especially in the elder stage (Claesson et al
2012; Scott et al 2013; Serino et al 2012). Therefore, we believed the complex intestinal bacterial
communities of nymph and adult stages might be in�uenced by the environment and diet, and play a
vital role in the physiology of Periplaneta americana, especially the environmental adaptability.

Although accumulating researches have focused on the microbial in the insect gut, to data there have
been few reports comparing diversity and structure of gut microbiome associated with successive life
stages. This study is the �rst to discuss the differences in the diversity and structure of gut microbiome
across the eggs, nymph and adult life stages of Periplaneta americana. The results in this study reveals
the diversity and structure of gut microbiome in eggs, nymph and adult life stages of Periplaneta
americana, and suggests the gut microbiome will become more complex and diverse with the grows and
develops of Periplaneta americana. However, the gut microbiome of Periplaneta americana may be
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inherited to offspring from their parents, and we believe the gut microbiome in every life stages of
Periplaneta americana may play their respective physiological regulating roles in different life stages.
However, the mechanisms of how the gut microbiome affects the physiological functions of Periplaneta
americana are still unknown, and require further study. This study helps advance our understanding of
the physiology and other characteristics of Periplaneta americana, which could promote the development
of effective management strategies for Periplaneta americana.

Conclusions
Periplaneta americana is a widely distributed pest of public health importance found in the tropics and
subtropics. It is a serious urban pest due to its ability to act as a carrier and transfer many disease-
causing organisms. This �rst to study the differences in the diversity and structure of gut microbiome in
the eggs, nymph and adult life stages of Periplaneta americana systematically. The diversity and
structure of gut microbiome in different life stages of Periplaneta americana are signi�cant different,
which suggesting the gut microbiome may change with the growth and development of Periplaneta
americana. However, the predominant bacteria in the eggs, nymph and adult are similar, indicating the gut
microbiome of Periplaneta americana can be inherited to the offspring from their parents across its
whole life stages. All representative functional genes in metabolic pathways are both related to various
physiological activities of eggs, nymph and adult stages, indicating the gut microbiome may in�uence
many aspects of Periplaneta americana physiological functions such as metabolism, immunity, growth,
development, and behavior, etc. In conclusion, this study has revealed differences in diversity and
structure of gut microbiome in different life stages of Periplaneta americana, which may help us to better
understand its physiological activities and lead to more effective management of cockroaches.
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Figure 1

Overview of the development stages of Periplaneta americana.

Figure 2
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Boxplot and rarefaction curves of operational taxonomic units (OTUs). (a) Boxplot of OTUs of observed
species. The x-axis shows the observed species (OTUs) and the y-axis shows different groups. The OTU
similarity threshold of 97% was considered. Boxes represent the interquartile range (IQR) between the
25th and 75th peroentile, and the horizontal line inside the box de�nes the median. Whiskers represent
the maximum and minimum values within 1.5 times the IQR from the 25th and 75th peroentile. ** p<0.01,
*** p<0.005 (Student’s t-test). (b) The rarefaction curves of OTUs. The x-axis shows the number of valid
sequences per sample and the y-axis shows the observed species (OTUs). Each curve in the graph is
shown in a different color and represents a different sample. The curves were precipitous at the
beginning, which indicated that the number of OTUs increased rapidly as the sequencing depth increased.
Eventually the curves tended to plateau which indicated that the number of OTUs detected was decreased
as the number of extracted sequences increased.

Figure 3
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Boxplot of Alpha-diversity indices. The (a) Ace and (b) Chao 1 indices re�ect the OTU abundance in
samples. (c) Shannon and (d) Simpson indices re�ect the diversity of OTU in samples. The greater the
Ace or Chao 1 indices, the higher the expected species richness of the microbiome; the smaller the
Simpson or the greater the Shannon indices, the higher the diversity of the microbiome. Boxes represent
the interquartile range (IQR) between the 25th and 75th peroentile, and the horizontal line inside the box
de�nes the median. Whiskers represent the maximum and minimum values within 1.5 times the IQR from
the 25th and 75th peroentile. * p < 0.05 (Student’s t-test).

Figure 4
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Venn diagram of eggs, nymph and adult gut samples. The numbers represent the number of unique and
shared OTUs in the gut samples at different life stage of Periplaneta americana. A refers to the gut
samples from the eggs of Periplaneta americana. B refers to the gut samples from the nymph of
Periplaneta americana. C refers to the gut samples from the adult of Periplaneta americana. Each life
stage included �ve biological replicates.

Figure 5

Nonmetric multidimensional scaling (NMDS) analysis. Each point in the graph represents one sample
and each color represents different groups. A refers to the gut samples from the eggs of Periplaneta
americana. B refers to the gut samples from the nymph of Periplaneta americana. C refers to the gut
samples from the adult of Periplaneta americana. The distances were determined using unweighted
Unifrac method with OTUs. The closer of the distance between points the samples in the graph, the higher
their similarity. Stress lower than 0.2 indicates that the NMDS analysis is reliable.
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Figure 6

Relative abundance of bacteria at the phylum and genus levels in eggs, nymph and adult samples of
Periplaneta americana. The x-axis represents groups and the y-axis represents relative abundance
presented as percentage. (a) Relative abundance of the top 10 bacteria at the level of phylum. (b) Relative
abundance of the top 10 bacteria at the level of genus. Only the top 10 bacteria are shown in the graph,
other species are combined as “Other”. Each life stages included �ve biological replicates.

Figure 7

Venn diagram of Periplaneta americana eggs, nymph and adult samples. The diagrams represent the
numbers of the shared OTUs (at 97% sequence identify) in eggs, nymph and adult samples individuals
depending on overlaps. (a) The number of OTUs shared by Periplaneta americana eggs samples. (b) The
number of OTUs shared by Periplaneta americana nymph samples. (c) The number of OTUs shared by
Periplaneta americana adult samples.
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Figure 8

The LefSe analysis of the eggs, nymph and adult samples. (a) The Cladogram shows the microbial
species with signi�cant differences in the three life stages. The species classi�cation at the level of
phylum, class, order, family, genus and species are shown from the inside to the outside. Red, green and
blue refers to eggs, nymph and adult life stages. The red, green and blue nodes in the phylogenetic tree
represent microbial species that play an important role in the eggs, nymph and adult life stages. The
yellow nodes represent the species with no signi�cant differences among three life stages. (b) While the
LDA score greater than the estimated value, the species with signi�cant difference. The length of the
histogram represents the LDA score which indicates the degree of in�uence of species with signi�cant
difference between different life stages. The default score is 4.0.
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Figure 9

Relative abundance of metabolic pathways related to functional genes in eggs, nymph and adult
samples of Periplaneta americana. The presentative metabolic pathways are shown in the graph. A refers
to the gut samples from the eggs of Periplaneta americana. B refers to the gut samples from the nymph
of Periplaneta americana. C refers to the gut samples from the adult of Periplaneta americana. Each life
stages included �ve biological replicates. Different functional genes in metabolic pathways of
Periplaneta americana are represented by different color.


