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Abstract: Insect gut microbes are the direct responders of the interaction between insects and the natural
environment. To explore the relationship between diversity of gut microbes and sex and environmental
factors of C. kiangsu in different regions the Illumina NovaSeq platform was used to sequence and analyze
the 16S rDNA gene of C. kiangsu collected from newly invaded areas and frequently occupied areas in
China. The results showed that geographical location and gender had effects on the diversity and
composition of gut microbes among which geographical location had the most significant effect followed
by developmental stage. The Beta-diversity analysis found that the gut microbes varied most in the diversity

between Xinning County Hunan Province and Jiangcheng County Yunnan Province. Samples with
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different genders showed significant differences in the composition and abundance of gut microbes only at
the genus level in the three regions. Specifically Lactococcus (9.0%) and Enterobacter (5.9%) was the
most dominant genus in female and male samples of Taojiang County Hunan Province; while the dominant
counterparts in female and male samples of Jiangcheng county Yunnan Province were both Enterobacter
(27.9% 27.0%) . Enterobacter (29.9%) and Lactococcus ( 12% ) was the most dominant genus in
female and male samples of Xinning County Hunan Province. Among the eight selected environmental
factors the evaporation relative humidity and barometric pressure may influence the gut microbes’

diversity. This study analyzed the environmental adaptability of C. kiangsu from the perspective of

symbiotic microorganism and environmental factors

geographical origin traceability technology and microbial-based locust management reagents.
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Table 1 Sample collection information table of Ceracris kiangsu
Sample Collection sites Stadium Sex Code
Female HYTA-F
Imago
Taojiang County Hunan Province Male HYTA-M
Female HSXA-F
Imago
C. kiangsu Xinning County Hunan Province Male HSXA-M
Female YPJAF
Imago
Jiangcheng County Yunnan Province Male YPJA-M
1.1.2 RH; SUN;
WVEL; EVA;
5 ( 2). Pa: GND.
T, P,
2 2017 -2020
Table 2 Statistics on the average meteorological conditions from 2017 to 2020 for different geographical locations
C % h /s C
(C) ( ) (%) (h) (m/s) ( ) (hPa) (°C)
Mean o Relative Sunshine Wind ) Ground
Sample Precipitation o ) . Evaporation Pressure
temperature humidity duration velocity temperature
T P RH SUN WVEL EVA Pa GND
HYTA 18.32 1 640. 26 80 1432.52 1.62 32 766 1 009. 42 20. 06
HSXA 17.54 1 373.08 80.6 1 300. 64 1.74 19 667. 22 978. 04 19. 98
YPJA 19. 04 2 076. 58 83 1 875. 06 1. 12 19 668. 32 878. 96 22.70
1.2 (3) 70°C 5 min
1.2.1 15 s 20 000 xg 1 min,
(4) 1.5 mL 15 pL
o Proteinase K 3 200 pL
3 PBS °
I min; (5) 200 L Buffer AL
70°C 10 min,
2 ml (6) 200 wL (96% ~100%)
1.2.2 (7) 6 QIAamp
DNA: 1 min o
(1) (8) 500 pL Buffer AW1 1 min
(2) 1 mL Inhibit EX (9) 500 pL Buffer AW2 3 min
Buffer 1 min o o
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(10) 1.5 mL Alpha
200 pL Buffer ATE QTAamp o ASVs
o 1 min 20 000 xg
1 min DNA. ( NMDS)
(11) DNA o o
1.2.3 PCR LEfSe
DNA PCR Spearman
16S V3-v4 (341 F: 5-
CCTAYGGGRBGCASCAG3~ 806 R: 5'-GGACTAC o
NNGGGTATCTAAT-3") PCR o 2%
. PCR 2
1 x TAE
2% PCR 2.1 OTU
o Iumina NovaSeq
1.2.4 16S V3~V4
Mumina TruSeq DNA PCR-Free
Library Preparation Kit ( 3).
Qubit ( HSXA-F)
o (104 993 )
( HSXA-M)
barcode (95742 )., 6
barcode FLASH 103 136  Reads .
o Clean Tags 100 824 Clean Tags
o 97.7% o
DADA2 OTU 3
5 ASVs (Li OTU
et al. 2020) ,
ASVs ( Callahan et al. 2017) ; 3
ASV OTU o
3 16S rDNA
Table 3 Basic information of high-throughput sequencing of 16S rDNA in the gut of Ceracris kiangsu
OTU -
Number of taxa of different taxonomic categories
Sample Number of Number of Number of
raw tags valid tags OTUs
Phylum  Class  Order  Family  Genus Species
HSXA-F 107 739 104 993 485 17 29 73 126 230 273
HSXA-M 98 270 95 742 450 19 28 67 119 220 258
YPJAF 103 625 101 515 731 21 31 79 138 254 312
YPJA-M 102 209 99 848 865 22 34 82 145 282 362
HYTA-¥ 101 587 99 379 887 22 34 79 142 268 342
HYT-M 105 386 103 469 911 21 34 86 148 281 352
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Fig. 1  Composition of the top ten gut microbiota of Ceracris kiangsu in different geographical populations
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Fig. 9  Analysis of environmental factors of Ceracris kiangsu in different geographical populations ( Genus level)
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