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1  |  INTRODUC TION

Sex is an important factor influencing gut microbiota (Costello et al., 
2012; Koren et al., 2012). Female and male insects exhibit different 
ecological behaviors in terms of nutritional and dispersal capabili-
ties (Minard et al., 2013; Rani et al., 2009), which lead to different 

gut microbiota community in host. For instance, Foster (1995) and 
Zouache et al. (2011) showed that male mosquitoes dispersed less 
than the female, which could be a factor constraining bacterial di-
versity. Minard et al. (2013) also found that the different nutritional 
requirements between two sexes of mosquitos affected bacterial 
microbiota composition. Moreover, Wan et al. (2020) showed that 
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Abstract
Sex	 is	 one	 of	 the	 important	 factors	 affecting	 gut	microbiota.	 As	 key	 predators	 in	
agroforestry ecosystem, many spider species show dramatically different activity 
habits and nutritional requirements between females and males. However, how sex 
affects gut microbiota of spiders remains unclear. Here, we compared the composi-
tion and diversity of gut bacteria between female and male Pardosa astrigera based on 
bacterial	16S	rRNA	gene	sequencing.	Results	showed	that	the	richness	of	bacterial	
microbiota in female spiders was significantly lower than in male spiders (p < .05). 
Besides, β- diversity showed a significant difference between female and male spi-
ders (p =	 .0270).	The	relative	abundance	of	Actinobacteriota	and	Rhodococcus (be-
longs	 to	 Actinobacteriota)	 was	 significantly	 higher	 in	 female	 than	 in	 male	 spiders	
(p < .05), whereas the relative abundance of Firmicutes and Acinetobacter (belongs to 
Proteobacteria)	and	Ruminococcus and Fusicatenibacter (all belong to Firmicutes) was 
significantly higher in male than in female spiders (p < .05). The results also showed 
that amino acid and lipid metabolisms were significantly higher in female than in male 
spiders (p < .05), whereas glycan biosynthesis and metabolism were significantly 
higher in male than in female spiders (p < .05). Our results imply that sexual variation 
is a crucial factor in shaping gut bacterial community in P. astrigera spiders, while the 
distinct differences of bacterial composition are mainly due to their different nutri-
tional and energy requirements.
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higher gut bacterial diversity in females might contribute to the ver-
tical	 transmission.	 Although	 dramatically	 different	 activity	 habits	
between the two sexes were shown in spider variable species, the 
effect of sex on gut microbiota of spiders was almost ignored.

Spiders are key predators in agroforestry ecosystem (Nyffeler & 
Birkhofer,	2017).	The	research	on	gut	microbiota	of	spiders	mainly	
focused on the following aspects. Hu et al. (2019) and Kumar et al. 
(2020) investigated the diversity and composition of gut microbiota 
from	a	 few	 spider	 species	 and	 found	 that	Proteobacteria	was	 the	
most	dominant	phylum	in	Lycosidae,	Titanoecidae,	and	Thomisidae,	
while Firmicutes was the most dominant phylum in Oxyopidae. 
Kennedy et al. (2020) suggested that the structure of gut microbiota 
in Badumna longinqua (Desidae) was dictated by the consumed prey; 
different prey taxa may remodel gut microbiota in different ways. 
Hu (2019) compared the tissue-  and population- level microbiota of 
spiders between ovaries and testicle, and the results showed that 
the relative abundance of most bacteria was significantly different, 
but the difference between the gut and gonad was not significant. 
Besides, the significant differences of microbiome were found be-
tween populations and individuals but not be found between tissue 
types (Sheffer et al., 2019). However, the effect of sex on gut micro-
biota of Pardosa astrigera has not been reported.

The wolf spider Pardosa astrigera	 L.	Koch	1878	 is	 a	wandering	
spider which distributes widely throughout terrestrial environments, 
including	agricultural	lands	in	East	Asia	(World	Spider	Catalog,	2021).	
It is a very active ground- dwelling predator and dominant species in 
most	parts	of	China	(Li	et	al.,	2020).	As	a	generalist	predator,	P. as-
trigera plays an important role in pest control in farmland ecosystem 
(e.g., as the natural enemy of Plutella xylostella	[Plutellidae]	on	both	
cabbage and oilseed rape) (Quan et al., 2011). Obvious behavioral 
differences between female and male P. astrigera during the breeding 
period have been reported. That is, the female spiders usually adopt 
a “sit and wait” strategy, which avoids energy loss and being preyed 
by natural enemies, whereas the male is very active in searching for 
female everywhere (Chen & Song, 1999). Thus, P. astrigera is a good 
agent to investigate the effect of sex on gut microbiota of spiders. 
In this study, we investigated the gut bacterial community of female 
and male P. astrigera by high- throughput sequencing. We hypothe-
sized that (i) the diversity of gut bacteria in male P. astrigera would 
be higher than in female, and (ii) the effect of sex on dominant gut 
microbiota would be different, and the variations could be explained 
by the differences of metabolic function related to energy demand.

2  |  MATERIAL S AND METHODS

2.1  |  Spider and sample collection

Adult	specimens	of	P. astrigera (female, n = 40; male, n = 40) were 
randomly	 collected	 by	 pipe	 buckle	 method	 on	 April	 10,	 2021	
from	 cornfield	 (41°56′N,	 123°22′E)	 aside	 by	 Puhe	 river,	Northern	
Shenyang	city,	China	(Figure	1).	All	spiders	were	transported	to	labo-
ratory	(Insect	Ecology	Laboratory,	College	of	Life	Sciences)	and	kept	

singly in plastic tubes (each 30 mm in diameter and 110 mm long) 
with moistened cotton at the bottom to maintain air humidity.

Spiders were starved for 10 days before dissection to remove the 
non- native microorganisms in the gut (Hu et al., 2019). To ensure the 
sterile condition during dissection, the aseptic table was wiped with 
75%	ethanol	for	three	times	and	irradiated	with	ultraviolet	lamp	for	
60	min.	Before	dissection,	each	spider	was	sterilized	by	75%	ethanol	
for 5 min while rinsing three times by sterile water before and after 
sterilization to remove contaminants on its body surface. Then, the 
residual water on the surface of spider was sucked by sterilized filter 
paper. The gut was dissected in sterile phosphate- buffered saline 
(PBS)	solution	with	a	sterilized	scissor	under	microscope	and	washed	
with sterile water, placed into 1.5- ml microcentrifuge tube, and 
temporarily stored in refrigerator (Haier BCD- 252WBCS, Qingdao, 
China)	at	−20°C.	The	process	of	dissection	was	finished	on	ice.	Ten	
guts were added in a tube as one sample and instantly quick- froze 
in	liquid	nitrogen,	stored	in	a	−80°C	freezer	(AUCMA	DW-	86L500,	
Qingdao,	China)	until	DNA	extraction.	Each	female	and	male	spider	
has four biological replicates, respectively.

2.2  |  DNA extraction and 16S rRNA gene amplicon  
sequencing

The	 total	 DNA	 of	 each	 pooled	 sample	 was	 extracted	 using	 the	
FastDNA	 Spin	 Kit	 for	 Soil	 (MP	 Biomedicals,	 USA)	 following	 the	
manufacturer's	protocol.	The	quality	and	integrity	of	collected	DNA	
were	assessed	by	1%	agarose	gel	electrophoresis;	its	concentrations	
and purities were determined with a NanoDrop 2000 spectropho-
tometer	(Thermo	Fisher	Scientific,	Wilmington,	USA).

The	 DNA	 was	 amplified	 using	 16S	 rRNA	 gene	 V3-	V4	 region	
primers	 338F	 (5′-	ACTCCTACGGGAGGCAGCAG-	3′)	 and	 806R	
(5′-	GGACTACHVGGGTWTCTAAT-	3′)	 (Kumar	 et	 al.,	 2020).	 The	
Polymerase	Chain	Reaction	(PCR)	amplification	contains	4-	μl 5 × buf-
fer, 2- μl	dNTPs	(2.5	mM),	0.8-	μl forward primer (5 μM), 0.8- μl reverse 
primer (5 μM), 0.4- μl	DNA	polymerase,	10-	ng	template	DNA,	and	finally	
ddH2O up to 20 μl.	The	PCR	reaction	under	the	following	conditions:	

F I G U R E  1 Photo	of	Pardosa astrigera in nature
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initial denaturation at 95°C for 3 min, and 29 cycles of denaturation at 
95°C	for	30	s,	annealing	at	53°C	for	30	s	and	extension	at	72°C	for	45	s,	
and	a	final	extension	at	72°C	for	10	min.	The	PCR	product	was	extracted	
from	2%	agarose	gel	and	purified	using	the	AxyPrep	DNA	Gel	Extraction	
Kit	(Axygen	Biosciences,	Union	City,	CA,	USA)	according	to	manufactur-
er's	instructions	and	quantified	using	Quantus™	Fluorometer	(Promega,	
USA).	 Sequencing	was	 carried	 out	 on	 an	 Illumina	MiSeq	 platform	 at	
Majorbio	Bio-	Pharm	Technology	Co.,	Ltd.,	Shanghai,	China.

2.3  |  Bioinformatics, sequence analysis, and 
statistical analysis

In order to obtain more reliable and high- quality sequencing results (valid 
reads), the following pre- procedures were performed on the raw reads 
from the Illumina MiSeq platform: raw reads were demultiplexed, qual-
ity	filtered	by	FASTP	(version	0.19.6;	Chen	et	al.,	2018),	and	merged	by	
FLASH	(version	1.2.11;	Magoc	&	Salzberg,	2011),	and	high-	quality	reads	
were	clustered	as	an	operational	taxonomic	unit	(OTU)	by	UPARSE	(ver-
sion	7.0)	when	the	sets	of	sequences	shared	at	least	97%	identity	(Edgar,	
2013),	and	chimeric	sequences	were	identified	and	removed.	All	OTUs	
with totaling reads more than 50 were used. The taxonomy of each OTU 
representative	sequence	was	analyzed	by	RDP	Classifier	(version	2.11;	
Wang	et	al.,	2007)	against	the	Silva	16S	rRNA	database	(version	138)	
using	confidence	threshold	of	70%	(Quast	et	al.,	2013).

Mothur software (version 1.30.2) was employed to calculate α- 
diversity including Sobs, Chao1, Shannon, Simpson, and Coverage. 
Student's t- test was performed to compare α- diversity estimates; p- 
value less than .05 was considered significant in statistics. β- diversity 
analysis was performed and visualized using principal coordinate 
analysis	 (PCoA)	 based	 on	 Bray–	Curtis	 distances	 calculated	 from	
OTU compositions. In addition, a permutation multivariate analysis 
of	variance	(Adonis	test	with	999	permutations)	was	performed	to	
test for the effects of sex on microbial community structures.

Taxa abundances in two sexes at the phylum and genus levels 
were compared by Wilcoxon rank- sum tests and two- tailed p- value 
less	than	.05	was	considered	significant	(with	bootstrap	values	95%).	
The different biomarkers associated with sex were characterized by 
linear	discriminant	 analysis	 (LDA)	effect	 size	 (LEfSe)	 (Segata	et	 al.,	
2011). Microbial functions were predicted by using phylogenetic in-
vestigation of communities by reconstruction of unobserved states 
2	 (PICRUSt2)	 based	on	high-	quality	 sequences.	 Independent	 sam-
ple t- test was further performed to test whether the difference be-
tween	 the	 two	 sexes	was	 significant.	 All	 statistical	 analyses	were	
conducted	using	SPSS	statistical	software	(SPSS,	version	26.0),	and	
the diagrams were finished by Origin software (version 2019).

3  |  RESULTS

3.1  |  Bacterial 16S rRNA sequence data

A	 total	 of	335455	 raw	 reads	were	generated	 from	eight	 samples.	
After	quality	filtering,	299149	valid	reads	were	obtained	while	re-
maining	with	an	average	of	37393	valid	reads	per	sample.	All	esti-
mated	coverage	values	were	over	99%	which	indicated	that	current	
sequences sufficiently covered the diversity of the sample of bacte-
rial	communities	 (Table	1).	About	268	OTUs,	clustered	at	97%	se-
quence	similarity,	were	detected	 in	all	samples.	Among	them,	155	
OTUs were shared between both sexes; 110 OTUs were specific 
in male samples, whereas only three OTUs were specific in female 
samples.

3.2  |  Bacterial diversity between the two sexes

Bacterial community richness and diversity varied between female 
and male P. astrigera (Table 1). The results of Student's t- test showed 
that bacterial α- diversity of Sobs (p = .0269), Chao1 (p = .0238), and 
Shannon index (p = .0001) in females was significantly lower than 
in males, whereas Simpson index (p = .0000) in females was signifi-
cantly higher than in males. Meanwhile, males showed a much larger 
standard deviation in Sobs and Chao1 indices than females.

Sobs Chao1 Shannon Simpson Coverage

Female 91.25 ± 15.63 92.28 ±	17.09 0.96 ±	0.27 0.71	± 0.09 0.9999

Male 153.75	± 39.98 159.03 ± 40.98 2.96 ± 0.38 0.16 ± 0.03 0.9998

p- value .0269 .0238 .0001 .0000 .1135

Note: p < .05 indicates significant difference.

TA B L E  1 The	α- diversity indices 
(Mean ± SD) of bacterial communities of 
Pardosa astrigera. The differences based 
on Student's t- test

F I G U R E  2 Beta	diversity	difference	in	gut	bacteria	within	sex	
of Pardosa astrigera.	Principal	coordinate	analysis	(PCoA)	based	on	
Bray–	Curtis	distances	and	Adonis	test	(with	999	permutations)	to	
show differentiation in microbial structures of different sexes
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The	 PCoA	 results	 of	 β- diversity illustrated that bacterial com-
munity	of	the	two	sexes	clustered	separately.	The	results	of	Adonis	
test showed significant difference between females and males 
(p =	.0270,	R2 = .48; Figure 2) in their community composition and 
relative abundance, and the variation range among male samples 
was much greater than that of female samples.

3.3  |  Bacterial compositions between the 
two sexes

The relative abundances of dominant (>1%)	 gut	 bacteria	 showed	
evident differences between two sexes at different taxon levels 
(Figure	3).	At	phylum	level,	a	total	of	21	phyla	were	identified	across	all	

data,	among	 these,	Actinobacteriota,	Firmicutes,	and	Proteobacteria	
were the dominant phyla in both sexes, and Cyanobacteria and 
Bacteroidetes were dominant in male spiders (Figure 3a). The results 
of Wilcoxon rank- sum test indicated that females had a significantly 
higher	relative	abundance	of	Actinobacteriota	(p = .0304) and a sig-
nificantly lower relative abundance of Firmicutes (p = .0304) relative 
to males (Figure 4a). Other dominant phyla were all higher in male than 
in	female	spiders,	though	no	significant	difference	was	observed.	At	
genus level, a total of 168 genera were found across all data, among 
these, 5 dominant genera belong to females, whereas 12 dominant 
genera belong to males (Figure 3b). The results of Wilcoxon rank- sum 
test showed that females had a significantly higher relative abun-
dance of Rhodococcus (p = .0304) and a significantly lower relative 
abundance of Acinetobacter (p = .0304), Ruminococcus (p = .0304), 

F I G U R E  3 Gut	bacterial	compositions	at	the	level	of	phylum	(a)	and	genus	(b)	from	Pardosa astrigera.	Taxa	with	less	than	1%	membership	
in samples of each group are grouped within “Others”
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and Fusicatenibacter (p = .0294) relative to males (Figure 4b). Other 
dominant genera had no significant difference between the two sexes.

In agreement with community composition, noteworthy diver-
gences	in	bacterial	community	were	found	from	the	result	of	LEfSe	
analysis between female and male spiders, based on relative abun-
dance of biomarkers of bacteria. Two groups of bacteria, namely 

Rhodococcus (from phylum to genus) and norank_f_norank_o_0319- 
6G20 (from class to genus), were significantly enriched in female 
spiders, whereas Blautia (from phylum to genus) and Lactobacillus 
(the phylum and family to genus) were significantly enriched in male 
spiders	(LDA	Score	>4, p < .05; Figure 5a, b).

3.4  |  Functional predictions with PICRUSt2

A	 total	 of	 11	 level-	2	 pathways	 associated	 with	 key	 metabolic	
functions were contained in the result of functional predictions 
using	 PICRUSt2	 analysis.	 Among	 these,	 amino	 acid	 metabolism	
(p = .0269), xenobiotics biodegradation and metabolism (p = .0135), 
lipid metabolism (p = .0052), and metabolism of terpenoids and 
polyketides (p = .0220) in females were significantly higher than 
males, whereas glycan biosynthesis and metabolism (p = .0445) in 
females was significantly lower than in males (Figure 6).

4  |  DISCUSSION

This study compared the gut bacterial community between female 
and male P. astrigera.	Although	all	individual	spiders	used	in	the	pre-
sent study were collected at early spring season from a highly ho-
mogeneous cornfield in a very small range, obvious differences in 
gut bacterial diversity and composition were found between the two 
sexes. Our results prove that sexual variation is a crucial factor in 
shaping the gut bacterial community in spiders.

Contrary to the previous results that higher gut bacterial diver-
sity	was	found	in	female	insects	(Han	et	al.,	2017;	Mason	et	al.,	2019;	
Wan	et	al.,	2020;	Xu	et	al.,	2016),	we	found	that	male	spiders	had	
higher gut bacterial richness than female spiders. Environmental 
factors have been proved to be important roles in gut microbiota 
assembly in arthropods (Chandler et al., 2011; Wong et al., 2013); 
insects can obtain microbiota from their surrounding environments 
(Douglas, 2011). For the reason that female P. astrigera takes a “sit 
and wait” strategy during breeding period, the male may wander 
around for seeking female spiders, thus male spiders have more en-
vironmental exposure. Consistent with our first hypothesis, different 
sex- related behaviors result in a significantly higher bacterial rich-
ness in male spiders than in female spiders. This finding corresponds 
with those of Foster (1995) and Zouache et al. (2011), which sug-
gested that less dispersal and more retention around breeding sites 
could be factors constraining bacterial diversity of male mosquitoes. 
Similarly, Ng et al. (2018) reported that reduced constant environ-
mental exposure could decrease gut bacterial diversity in crickets.

Our results also showed that significant differences in gut bac-
terial community composition were found between female and 
male P. astrigera, and the relative abundance of dominant bacteria 
differed in different taxon level between the female and male. The 
differences of gut bacterial community composition are mainly 
caused by various metabolic activities induced by different nutri-
tional needs. Female spiders try to avoid the reduction of energy 

F I G U R E  5 LEfSe	analysis	for	remarking	the	significantly	
abundant bacterial community of Pardosa astrigera. (a) Cladogram 
showing the relationship among taxa (from the inner to outer rings, 
phylum, class, order, family, and genus). (b) The bar plot showing the 
different	taxa	with	a	LDA	score	>4, p < .05
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and accumulate substantial nutrients for spawning simultaneously. 
As	a	result,	very	high	Actinobacteriota	and	Rhodococcus (belongs 
to	Actinobacteriota)	were	found	in	female	spiders,	which	probably	
due	to	the	reason	that	Actinobacteriota	needs	nutritional	supple-
ment for normal growth (Salem et al., 2013). On the contrary, we 
found that male spiders have higher Firmicutes and Firmicutes/
Bacteroidetes (F/B) ratio than female spiders, which contribute to 
the decomposition of complex carbohydrates, fatty acids, polysac-
charides (Flint et al., 2008), and energy harvest (Ng et al., 2018; 
Turnbaugh	et	al.,	2006;	Yu	et	al.,	2020).	Therefore,	high	Firmicutes	
and F/B ratio might meet the energy needs of male spiders which 
wander in the breeding period for seeking the female spiders. 
We also note that bacterial genera unrelated to sex were similar 
between female and male P. astrigera. For example, fenitrothion- 
resistant Burkholderia has ability to hydrolyze the compound, thus 
protect its host (Kikuchi et al., 2011).

Our results demonstrated the effect of sex on gut bacteria of 
spiders. Specially, P. astrigera spider has significant differences in gut 
bacteria due to different behavior and physiological needs. Male P. 
astrigera has been habituated to wander around for seeking female 
spiders, thus has a significantly higher gut bacterial richness than 
female which has “sit and wait” strategy. Moreover, the female has 
a	high	relative	abundance	of	Actinobacteriota	which	helps	to	meet	
their need of spawning and reproduction, whereas the male has high 
relative abundance of Firmicutes and F/B ratio due to their energy 
demand of searching for partners. In conclusion, sexual dimorphism 
is a very common phenomenon; the potential importance of sex on 
gut bacteria should not be ignored in future research in spiders.

ACKNOWLEDG MENTS
This study was financially supported by the National Natural Science 
Foundation	 of	 China	 (NSFC-	31970410),	 Liaoning	 Revitalization	
Talents	Program	(XLYC2002083),	and	Liaoning	Province	Science	and	
Technology	Plan	Project	(2018103004).

CONFLIC T OF INTERE S T
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS
Ying Gao:	 Data	 curation	 (equal);	 Investigation	 (equal);	 Writing	 –		
original draft (equal). Pengfeng Wu:	Data	 curation	 (equal);	Project	

administration	 (equal);	Writing	 –		 review	&	 editing	 (equal).	Shuyan 
Cui:	Writing	–		review	&	editing	(equal).	Abid Ali:	Writing	–		review	&	
editing (equal). Guo Zheng: Data curation (equal); Funding acquisi-
tion	(equal);	Supervision	(equal);	Writing	–		original	draft	(equal).

DATA AVAIL ABILIT Y S TATEMENT
The original data of the gut microbiota relative abundance in spiders 
are	available	from	the	NCBI	Sequence	Read	Archive	(SRA)	database	
(Accession	number:	PRJNA781009).

ORCID
Ying Gao  https://orcid.org/0000-0002-2500-1777 
Pengfeng Wu  https://orcid.org/0000-0001-5617-6708 
Abid Ali  https://orcid.org/0000-0003-3674-7811 
Guo Zheng  https://orcid.org/0000-0002-9735-9700 

R E FE R E N C E S
Chandler,	J.	A.,	Lang,	J.	M.,	Bhatnagar,	S.,	Eisen,	J.	A.,	&	Kopp,	A.	(2011).	

Bacterial communities of diverse Drosophila species: Ecological 
context of a host- microbe model system. PLoS Genetics, 7(9), 
e1002272.	https://doi.org/10.1371/journ	al.pgen.1002272

Chen,	J.,	&	Song,	D.	(1999).	A	review	of	the	reproductive	behavior	of	wolf	
spiders. Acta Arachnologica Sinica, 8(1),	55–	62.

Chen,	S.,	Zhou,	Y.,	Chen,	Y.,	&	Gu,	J.	(2018).	fastp:	An	ultra-	fast	all-	in-	one	
FASTQ	preprocessor.	Bioinformatics, 34(17),	884–	890.	https://doi.
org/10.1093/bioin forma tics/bty560

Costello,	E.	K.,	Stagaman,	K.,	Dethlefsen,	L.,	Bohannan,	B.	J.,	&	Relman,	
D.	A.	 (2012).	 The	 application	of	 ecological	 theory	 toward	 an	 un-
derstanding of the human microbiome. Science, 336(6086),	1255–	
1262. https://doi.org/10.1126/scien ce.1224203

Douglas,	A.	E.	 (2011).	Lessons	from	studying	 insect	symbioses.	Cell Host & 
Microbe, 10(4),	359–	367.	https://doi.org/10.1016/j.chom.2011.09.001

Edgar,	R.	C.	(2013).	UPARSE:	Highly	accurate	OTU	sequences	from	mi-
crobial amplicon reads. Nature Methods, 10(10),	996–	998.	https://
doi.org/10.1038/nmeth.2604

Flint,	H.	J.,	Bayer,	E.	A.,	Rincon,	M.	T.,	Lamed,	R.,	&	White,	B.	A.	(2008).	
Polysaccharide	utilization	by	gut	bacteria:	Potential	for	new	insights	
from genomic analysis. Nature Reviews Microbiology, 6(2),	121–	131.	
https://doi.org/10.1038/nrmic	ro1817

Foster,	W.	 A.	 (1995).	 Mosquito	 sugar	 feeding	 and	 reproductive	 ener-
getics. Annual Review of Entomology, 40(1),	 443–	474.	 https://doi.
org/10.1146/annur ev.en.40.010195.002303

Han,	G.,	Lee,	H.	J.,	Jeong,	S.	E.,	Jeon,	C.	O.,	&	Hyun,	S.	(2017).	Comparative	
analysis of Drosophila melanogaster gut microbiota with respect to 
host strain, sex, and age. Microbial Ecology, 74(1),	207–	216.	https://
doi.org/10.1007/s0024	8-	016-	0925-	3

F I G U R E  6 Comparison	of	predicted	
function of gut bacteria in Pardosa 
astrigera. The difference based on 
independent sample t- test

carbohydrate metabolism

amino acid metabolism

xenobiotics biodegradation and metabolism

energy metabolism

metabolism of cofactors and vitamins

lipid metabolism

nucleotide metabolism

metabolism of other amino acids

metabolism of terpenoids and polyketides

biosynthesis of other secondary metabolites

glycan biosynthesis and metabolism
Female
Male

Relative abundance (%)

0 6 12 18

0.3790

0.0445

0.3928

0.0220

0.0727

0.0538

0.0052

0.3251

0.3501

0.0135

0.0269

P

info:x-wiley/peptideatlas/PRJNA781009
https://orcid.org/0000-0002-2500-1777
https://orcid.org/0000-0002-2500-1777
https://orcid.org/0000-0001-5617-6708
https://orcid.org/0000-0001-5617-6708
https://orcid.org/0000-0003-3674-7811
https://orcid.org/0000-0003-3674-7811
https://orcid.org/0000-0002-9735-9700
https://orcid.org/0000-0002-9735-9700
https://doi.org/10.1371/journal.pgen.1002272
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1093/bioinformatics/bty560
https://doi.org/10.1126/science.1224203
https://doi.org/10.1016/j.chom.2011.09.001
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1038/nrmicro1817
https://doi.org/10.1146/annurev.en.40.010195.002303
https://doi.org/10.1146/annurev.en.40.010195.002303
https://doi.org/10.1007/s00248-016-0925-3
https://doi.org/10.1007/s00248-016-0925-3


    |  7 of 7GAO et Al.

Hu, G. (2019). The diversity of microbial communities within three spider 
species[D]. Hubei University.

Hu,	G.,	Zhang,	L.,	Yun,	Y.,	&	Peng,	Y.	(2019).	Taking	insight	into	the	gut	
microbiota of three spider species: No characteristic symbiont 
was found corresponding to the special feeding style of spiders. 
Ecology and Evolution, 9(14),	8146–	8156.	https://doi.org/10.1002/
ece3.5382

Kennedy,	S.	R.,	Tsau,	S.,	Gillespie,	R.,	&	Krehenwinkel,	H.	(2020).	Are	you	
what	you	eat?	A	highly	transient	and	prey-	influenced	gut	microbi-
ome in the grey house spider Badumna longinqua. Molecular Ecology, 
29(5),	1001–	1015.	https://doi.org/10.1111/mec.15370

Kikuchi,	Y.,	Hosokawa,	T.,	&	Fukatsu,	T.	 (2011).	An	ancient	but	promis-
cuous host- symbiont association between Burkholderia gut symbi-
onts and their heteropteran hosts. The ISME Journal, 5(3),	446–	460.	
https://doi.org/10.1038/ismej.2010.150

Koren,	O.,	Goodrich,	 J.	K.,	Cullender,	T.	C.,	Spor,	A.,	Laitinen,	K.,	Kling	
Bäckhed,	H.,	Gonzalez,	 A.,	Werner,	 J.	 J.,	 Angenent,	 L.	 T.,	 Knight,	
R.,	Bäckhed,	F.,	 Isolauri,	E.,	Salminen,	S.,	&	Ley,	R.	E.	 (2012).	Host	
remodeling of the gut microbiome and metabolic changes during 
pregnancy. Cell, 150(3),	 470–	480.	 https://doi.org/10.1016/j.
cell.2012.07.008

Kumar,	V.,	Tyagi,	I.,	Tyagi,	K.,	&	Chandra,	K.	(2020).	Diversity	and	struc-
ture of bacterial communities in the gut of spider: Thomisidae 
and Oxyopidae. Frontiers in Ecology and Evolution, 8, https://doi.
org/10.3389/fevo.2020.588102

Li,	 M.,	 Luo,	 F.,	 Liu,	 J.,	 &	 Yuan,	 M.	 (2020).	 Biological	 and	 ecologi-
cal characteristics of Pardosa astrigera: Status and prospect. 
Pratacultural Science, 37(6),	1183–	1193.	https://doi.org/10.11829/	
j.issn.1001-	0629.2019-	0497

Magoc,	 T.,	 &	 Salzberg,	 S.	 L.	 (2011).	 FLASH:	 fast	 length	 adjustment	 of	
short reads to improve genome assemblies. Bioinformatics, 27(21), 
2957–	2963.	https://doi.org/10.1093/bioin	forma	tics/btr507

Mason,	C.	J.,	Campbell,	A.	M.,	Scully,	E.	D.,	&	Hoover,	K.	(2019).	Bacterial	
and fungal midgut community dynamics and transfer between 
mother and brood in the asian longhorned beetle (Anoplophora gla-
bripennis), an invasive xylophage. Microbial Ecology, 77(1),	230–	242.	
https://doi.org/10.1007/s0024	8-	018-	1205-	1

Minard,	G.,	Mavingui,	P.,	&	Moro,	C.	V.	(2013).	Diversity	and	function	of	
bacterial microbiota in the mosquito holobiont. Parasites & Vectors, 
6(1),	146.	https://doi.org/10.1186/1756-	3305-	6-	146

Ng,	S.	H.,	Stat,	M.,	Bunce,	M.,	&	Simmons,	L.	W.	 (2018).	The	 influence	
of diet and environment on the gut microbial community of field 
crickets. Ecology and Evolution, 8(9),	 4704–	4720.	 https://doi.
org/10.1002/ece3.3977

Nyffeler,	 M.,	 &	 Birkhofer,	 K.	 (2017).	 An	 estimated	 400–	800	 million	
tons of prey are annually killed by the global spider community. 
Naturwissenschaften, 104(3),	 30.	 https://doi.org/10.1007/s0011	
4-	017-	1440-	1

Quan,	 X.,	 Wu,	 L.,	 Zhou,	 Q.,	 Yun,	 Y.,	 Peng,	 Y.,	 &	 Chen,	 J.	 (2011).	
Identification of predation by spiders on the diamondback moth 
Plutella xylostella. Bulletin of Insectology, 64(2),	223–	227.	https://doi.
org/10.1653/024.093.0220

Quast,	 C.,	 Pruesse,	 E.,	 Yilmaz,	 P.,	 Gerken,	 J.,	 Schweer,	 T.,	 Yarza,	 P.,	
Peplies,	J.,	&	Glöckner,	F.	O.	(2013).	The	SILVA	ribosomal	RNA	gene	
database	project:	Improved	data	processing	and	web-	based	tools.	
Nucleic Acids Research, 41(1),	 590–	596.	 https://doi.org/10.1093/
nar/gks1219

Rani,	A.,	Sharma,	A.,	Rajagopal,	R.,	Adak,	T.,	&	Bhatnagar,	R.	K.	 (2009).	
Bacterial diversity analysis of larvae and adult midgut mi-
croflora using culture- dependent and culture- independent 

methods in lab- reared and field- collected Anopheles stephen-
si-	an	 Asian	 malarial	 vector.	 BMC Microbiology, 9, 96. https://doi.
org/10.1186/1471-	2180-	9-	96

Salem, H., Kreutzer, E., Sudakaran, S., & Kaltenpoth, M. (2013). 
Actinobacteria	as	essential	symbionts	in	firebugs	and	cotton	stain-
ers	 (Hemiptera,	Pyrrhocoridae).	Environmental Microbiology, 15(7),	
1956–	1968.	https://doi.org/10.1111/1462-	2920.12001

Segata,	N.,	Izard,	J.,	Waldron,	L.,	Gevers,	D.,	Miropolsky,	L.,	Garrett,	W.	S.,	
& Huttenhower, C. (2011). Metagenomic biomarker discovery and 
explanation. Genome Biology, 12(6), R60. https://doi.org/10.1186/
gb- 2011- 12- 6- r60

Sheffer,	M.	M.,	Uhl,	G.,	Prost,	S.,	Lueders,	T.,	Urich,	T.,	&	Bengtsson,	M.	
M. (2019). Tissue-  and population- level microbiome analysis of the 
wasp spider argiope bruennichi identified a novel dominant bac-
terial symbiont. Microorganisms, 8(1), 8. https://doi.org/10.3390/
micro organ isms8 010008

Turnbaugh,	P.	J.,	Ley,	R.	E.,	Mahowald,	M.	A.,	Magrini,	V.,	Mardis,	E.	R.,	
&	Gordon,	J.	I.	(2006).	An	obesity-	associated	gut	microbiome	with	
increased capacity for energy harvest. Nature, 444(7122),	 1027–	
1031. https://doi.org/10.1038/natur e05414

Wan,	X.,	Jiang,	Y.,	Cao,	Y.,	Sun,	B.,	&	Xiang,	X.	(2020).	Divergence	in	gut	
bacterial community structure between male and female stag bee-
tles Odontolabis fallaciosa	(Coleoptera,	Lucanidae).	Animals, 10(12), 
2352. https://doi.org/10.3390/ani10 122352

Wang,	Q.,	Garrity,	G.	M.,	Tiedje,	J.	M.,	&	Cole,	J.	R.	(2007).	Naive	Bayesian	
classifier	 for	 rapid	 assignment	 of	 rRNA	 sequences	 into	 the	 new	
bacterial taxonomy. Applied and Environment Microbiology, 73(16), 
5261–	5267.	https://doi.org/10.1128/AEM.00062	-	07

Wong,	A.	C.,	Chaston,	J.	M.,	&	Douglas,	A.	E.	(2013).	The	inconstant	gut	
microbiota	of	Drosophila	species	revealed	by	16S	rRNA	gene	anal-
ysis. The ISME Journal, 7(10),	1922–	1932.	https://doi.org/10.1038/
ismej.2013.86

World Spider Catalog (2021). Version 22.5. Natural History Museum Bern. 
http://wsc.nmbe.ch (accessed November 10, 2021), 1024436/2

Xu,	L.,	Lu,	M.,	Xu,	D.,	Chen,	L.,	&	Sun,	J.	(2016).	Sexual	variation	of	bac-
terial microbiota of Dendroctonus valens guts and frass in relation 
to verbenone production. Journal of Insect Physiology, 95,	110–	117.	
https://doi.org/10.1016/j.jinsp	hys.2016.09.014

Yu,	Z.,	Shen,	J.,	Li,	Z.,	Yao,	J.,	Li,	W.,	Xue,	L.,	&	Yin,	D.	(2020).	Obesogenic	
effect of sulfamethoxazole on Drosophila melanogaster with simul-
taneous disturbances on eclosion rhythm, glucolipid metabolism, 
and microbiota. Environmental Science & Technology, 54(9),	 5667–	
5675.	https://doi.org/10.1021/acs.est.9b07889

Zouache,	 K.,	 Raharimalala,	 F.	 N.,	 Raquin,	 V.,	 Tran-	Van,	 V.,	 Raveloson,	
L.	 H.,	 Ravelonandro,	 P.,	 &	 Mavingui,	 P.	 (2011).	 Bacterial	 diver-
sity of field- caught mosquitoes, Aedes albopictus and Aedes 
aegypti, from different geographic regions of Madagascar. 
FEMS Microbiology Ecology, 75(3),	 377–	389.	 https://doi.
org/10.1111/j.1574-	6941.2010.01012.x

How to cite this article:	Gao,	Y.,	Wu,	P.,	Cui,	S.,	Ali,	A.,	&	
Zheng, G. (2022). Divergence in gut bacterial community 
between females and males in the wolf spider Pardosa 
astrigera. Ecology and Evolution, 12, e8823. https://doi.
org/10.1002/ece3.8823

https://doi.org/10.1002/ece3.5382
https://doi.org/10.1002/ece3.5382
https://doi.org/10.1111/mec.15370
https://doi.org/10.1038/ismej.2010.150
https://doi.org/10.1016/j.cell.2012.07.008
https://doi.org/10.1016/j.cell.2012.07.008
https://doi.org/10.3389/fevo.2020.588102
https://doi.org/10.3389/fevo.2020.588102
https://doi.org/10.11829/j.issn.1001-0629.2019-0497
https://doi.org/10.11829/j.issn.1001-0629.2019-0497
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1007/s00248-018-1205-1
https://doi.org/10.1186/1756-3305-6-146
https://doi.org/10.1002/ece3.3977
https://doi.org/10.1002/ece3.3977
https://doi.org/10.1007/s00114-017-1440-1
https://doi.org/10.1007/s00114-017-1440-1
https://doi.org/10.1653/024.093.0220
https://doi.org/10.1653/024.093.0220
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1186/1471-2180-9-96
https://doi.org/10.1186/1471-2180-9-96
https://doi.org/10.1111/1462-2920.12001
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.3390/microorganisms8010008
https://doi.org/10.3390/microorganisms8010008
https://doi.org/10.1038/nature05414
https://doi.org/10.3390/ani10122352
https://doi.org/10.1128/AEM.00062-07
https://doi.org/10.1038/ismej.2013.86
https://doi.org/10.1038/ismej.2013.86
http://wsc.nmbe.ch
https://doi.org/10.1016/j.jinsphys.2016.09.014
https://doi.org/10.1021/acs.est.9b07889
https://doi.org/10.1111/j.1574-6941.2010.01012.x
https://doi.org/10.1111/j.1574-6941.2010.01012.x
https://doi.org/10.1002/ece3.8823
https://doi.org/10.1002/ece3.8823

