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Diversity of gut microbiota in Locusta migratoria manilensis
Meyen from different regions of China
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Abstract: [Objective] Gut microbiota plays an important role in the environmental adaptation
of insects. This study aims to explore the diversity of gut microbiota in Locusta migratoria
manilensis Meyen from different regions of China. [Methods] The Illumina NovaSeq platform
was used to sequence the 16S rRNA gene of gut microbiota in L. migratoria manilensis Meyen
from four representative locust regions in China. [Results] Geographical location, development
stage, and gender affected the structure of gut microbiota, among which geographical location
had the most significant effect, followed by gender and development stage. The L. migratoria
manilensis Meyen from Qingyuan City, Guangdong Province and Cangzhou City, Hebei
Province showed the largest difference in the diversity of gut microbiota. Mean temperature
and precipitation among the eight selected environmental factors may influence the gut
microbiota diversity. [Conclusion] This study analyzed the environmental adaptability of L.
migratoria manilensis Meyen from the perspective of symbiotic microorganisms and
environmental factors, which provided a basis for the development of technology for tracing
geographical origin and microbial preparations.
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Table 1

1 S

1.1 #HiXEH

SRAET R 4 A HiL XA AR g AR
qu, ARFERWE 1,
1.2 R WEHRES

TE 4 DHUIXBEDLBER 4 % . 5 IR A 4R
PR i, DR ] 2 B g R BT AE TR 3 Sk
YER 3AES, MERBENLER 3 3k, fEh 3 4
B, 4K 7 FORES, St 42 EEM . TR
1 PBS W 43 e 2 3, BEIK 1 ming P VE
Jei ) MR e W 4 AT AR B R A
BoET, BtA—12mL BOoEY, A5
FEVFEENL RS, AFFEE 45 R A VK AR 25 H
1.3 BAEMAME FEREE AN

Foe B G 1 20 SR A URE AR 41 21 DNA -

(1) 7ERES A 1 mL Inhibit EX Buffer,
RAJEET 70 CHidA 5 min, ZiE T 20 000xg
B0 1 min,

(2) B 200 pL BIEW, MRUWIMA 15 pL
Proteinase K #1 200 uL Buffer AL, o/ iR5IE
70 CH#7 10 min,

Sample collection information table of Locusta migratoria manilensis Meyen

Collection sites Stadium Sex Number Code
Dongying City, Shandong Province 4th instar Female 84 SD4-F
Male 54 SD4-M
Sth instar Female 21 SD5-F
Male 65 SD5-M
Cangzhou City, Hebei Province 5th instar Female 25 HCS-F
Male 27 HC5-M
Imago Female 28 HCA-F
Male 30 HCA-M
Qingyuan City, Guangdong Province Sth instar Female 33 GQS5-F
Male 27 GQ5-M
Imago Female 34 GQA-F
Male 30 GQA-M
Kunming City, Yunnan Province Imago Female 32 YKA-F
Male 38 YKA-M
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SRIGANA 500 pL Buffer AW2, E5.0» 3 min,
TUE A
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Buffer ATE, &M H 1 min, 20 000xg &>
1 min. 5 J #EATHERS HL KA .
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H5[4) 341F (5'-CCTAYGGGRBGCASCAG-3')
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& Illumina /A & TruSeq DNA PCR-Free
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Table 2 Basic information of high-throughput sequencing of 16S rRNA gene in the gut of Locusta

migratoria manilensis Meyen

Sample Raw paired Clean paired reads Number of Number of taxa of different taxonomic categories
reads OTUs Phylum Class  Order Family Genus Species

GQS-F 114 164 103 705 214 11 15 34 55 87 97
GQ5-M 120 761 114 151 261 14 24 57 86 125 141
GQA-F 116 317 112 280 485 24 45 102 152 216 247
GQA-M 121 212 112 886 756 22 42 101 165 267 322
HCS-F 120 675 114 357 444 20 34 82 129 204 234
HC5-M 119 975 111 347 651 26 57 133 196 293 332
HCA-F 121 801 117 086 331 13 18 47 74 123 141
HCA-M 117 387 107 597 458 14 18 48 77 118 134
SD4-F 116 829 112 222 667 22 42 102 157 244 285
SD4-M 116 678 110 971 343 24 43 89 130 174 188
SDS5-F 117 742 109 282 281 15 25 54 82 117 128
SD5-M 114 156 110 403 325 16 21 52 83 135 158
YKA-F 118 565 110 096 389 19 31 72 109 155 176
YKA-M 116 937 114 580 430 23 39 81 118 179 205

R3 FIVIEAFEMMBEMEFBHEMEY o ZSHEST

Table 3 Alpha diversity of gut microorganisms in different geographical populations of Locusta migratoria

manilensis Meyen

Sample Chao 1 Goods_coverage Shannon Simpson
GQS-F 220 1.000 2.951 0.668
GQ5-M 274 0.999 3.725 0.834
GQA-F 497 0.999 4.082 0.837
GQA-M 766 1.000 4.954 0.890
HCS-F 453 0.999 4.152 0.803
HC5-M 672 0.999 3.883 0.782
HCA-F 341 0.999 3.109 0.708
HCA-M 468 0.999 3.889 0.810
SD4-F 683 0.999 4.544 0.848
SD4-M 366 0.999 2.887 0.725
SDS-F 288 1.000 3.833 0.851
SD5-M 327 1.000 4.506 0.896
YKA-F 403 0.999 3.885 0.856
YKA-M 440 0.999 4.079 0.821
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Figure 1
geographical populations (genus level).

P4 actamicro@im.ac.cn, & 010-64807516

TS U O A b s ke R A % TR A 2
Ry T AR AR TR O T SR R A LU 5 0% E A A
i B8 TR AL B 25 57 R 5 2 e A R PO T ol o
PRSI RRALN 22 k. IWEEIARE, L BEAH
4 LA AR LA HF B S EE, WA
7] 2t JH b A B 2 I Y0 3 2R ) 2 AT ]

=~
4

<
RN RE A O A2 8 B LA (R K )

RS

Klebsiella
Corynebacterium
Lactococcus
Escherichia-Shigella
Serratia
Spiroplasma
Pantoea
Enterococcus
Comamonas
Buchnera
Castellaniella
Ralstonia
Diaphorobacter
Stenotrophomonas
Parapusillimonas
Weissella
PHOS-HE36
Staphylococcus
Chloroplast
Glutamicibacter
Pediococcus
Dialister
Mitochondria
Sphingomonas
Lysinibacillus

Methylobacterium-Methylorubrum

Acinetobacter
Enterobacter
Pseudomonas

Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium

Lactobacillus
Muribaculaceae

Clostridium_sensu_stricto_1

Caproiciproducens

Clostridium_sensu_stricto 11

Heat map of gut microbial composition of Locusta migratoria manilensis Meyen in different



M S | A YR, 2023, 63(1)

257

T HE L Hb X AN [ b B 3 A AR IR
B W 25 S AT RIS, IRATRA T
NMDS J5ik. g5k 2A, ANJa] B EEAY

A

Stress=0.17

0.2r

0.0F

MDS2

~0.4 ¢

2025 0.00 0.25 0.50 0.75

Bl GQ5-F = HCS-F

! ! ! !
g Christensenellaceae R_7 group _
— s_Corynebacterium_glyciniphilum

s_Quadrisphaera_granulorum

-6.0 —4.8 -3.6 24 -1.2 0.0 1.2 2.4 3.6 4.8 6.0
LDA score (log 10)

2 FREMIBME R 424 NMDS B2 45 47(A) K LEfSe £ 47 E (B)
Figure 2 NMDS analysis (A) and LEfSe analysis (B) plots of Locusta migratoria manilensis Meyen in
different geographical populations. GQ5-F: Female 5th instar of Qingyuan City, Guangdong Province;
GQ5-M: Male 5th instar of Qingyuan City, Guangdong Province; GQA-F: Female imago of Qingyuan City,
Guangdong Province; GQA-M: Male imago of Qingyuan City, Guangdong Province; HC5-F: Female 5th
instar of Cangzhou City, Hebei Province; HC5-M: Male 5th instar of Cangzhou City, Hebei Province; HCA-F:
Female imago of Cangzhou City, Hebei Province; HCA-M: Male imago of Cangzhou City, Hebei Province;
SD4-F: Female 4th instar of Dongying City, Shaodong Province; SD4-M: Male 4th instar of Dongying City,
Shaodong Province; SD5-F: Female 5th instar of Dongying City, Shaodong Province; SD5-M: Male 5th
instar of Dongying City, Shaodong Province; YKA-F: Female imago of Kunming City, Yunnan Province;
YKA-M: Male imago of Kunming City, Yunnan Province.
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Figure 3 Composition of the top ten gut microbiota of Locusta migratoria manilensis Meyen in different
geographical populations. A: Phylum. B: Class. C: Order. D: Family. E: Genus.
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£4 TRIMIEHH 2017-2020 EFEH SR EUHBIERIT

Table 4 Statistics on the average meteorological conditions from 2017 to 2020 for different geographical

locations

Sample  7/C P (mm) RH (%) SUN (h) WVEL (m/s) EVA (mm) Pa (hpa) GND (C)
GQ 22.42 2 053.36 78.6 1 607 2.92 26 223 1004.18 24.16

HC 13.92 528.52 60.4 2 565 2.16 32766 1016.16 16.02

SD 14.56 754.32 60.4 2701 1.90 32766 1016.48 15.86

YK 16.08 1063.78 70.8 2482 2.24 19 674 810.98 19.00
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Figure 4 Analysis of environmental factors of
Locusta migratoria manilensis Meyen gut microbes
in different geographical populations. T: Mean
temperature; P: Precipitation; RH: Relative
humidity; SUN: Sunshine duration; WVEL: Wind
velocity; EVA: Evaporation; Pa: Pressure; GND:
Ground temperature.
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Figure 5 Analysis of environmental factors of Locusta migratoria manilensis Meyen gut microbes in
different geographical populations (phylum level). T: Mean temperature; P: Precipitation; RH: Relative
humidity; SUN: Sunshine duration; WVEL: Wind velocity; EVA: Evaporation; Pa: Pressure; GND: Ground
temperature.
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Figure 6 Analysis of environmental factors of Locusta migratoria manilensis Meyen gut microbes in
different geographical populations (class level). T: Mean temperature; P: Precipitation; RH: Relative
humidity; SUN: Sunshine duration; WVEL: Wind velocity; EVA: Evaporation; Pa: Pressure; GND: Ground
temperature.
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Figure 7 Analysis of environmental factors of Locusta migratoria manilensis Meyen gut microbes in
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temperature.
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Figure 8 Analysis of environmental factors of Locusta migratoria manilensis Meyen gut microbes in
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Figure 9 Analysis of environmental factors of Locusta migratoria manilensis Meyen gut microbes in
different geographical populations (genus level). T: Mean temperature; P: Precipitation; RH: Relative
humidity; SUN: Sunshine duration; WVEL: Wind velocity; EVA: Evaporation; Pa: Pressure; GND: Ground

temperature.
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