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Community structure and diversity of bacteria in winged and
wingless Megoura crassicauda
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Abstract: [Objective] To study the species and community structure of bacteria in winged and
wingless Megoura crassicauda (Mordvilko). [Methods] Illumina MiSeq high-throughput
sequencing was carried out for the V3—V4 variable region of bacterial 16S rRNA gene.
[Results] A total of 4 746 449 sequences were obtained and annotated to 586 operational
taxonomic units (OTUs) belonging to 477 species, 336 genera, 192 families, 106 orders, 46 classes
of 25 phyla. Firmicutes, Actinobacteria, Proteobacteria, and Cyanobacteria were the dominant
phyla in all samples. The dominant genera included Staphylococcus, Corynebacterium, and
Buchnera. At the phylum level, the relative abundance of Proteobacteria, Cyanobacteria, and
Deinococcus-Thermus in the winged morph was significantly higher than that in the wingless
morph. At the genus level, the relative abundance of Buchnera, Exiguobacterium, Pseudomonas,
Glutamicibacter, and Pseudonocardia in the winged morph was significantly higher than that in
the wingless morph. [Conclusion] This study clarified the diversity and community structure of
the bacteria in winged and wingless M. crassicauda and provided a reference for exploring the
role of bacteria in the wing differentiation of aphids and developing new methods for pest
control.

Keywords: Megoura crassicauda (Mordvilko); bacteria; wing differentiation; high-throughput
sequencing; biodiversity
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1.4 ERRKXEE qPCR

i qPCR X422 5 bk A i, 5
WL 1. AR 274 A 2 R R B A X
Heoadst CE, SRR 27 M E LN
AXF KK, FHAE B GraphPad Prism 22 il #4:
NS ESUES
1.5 HEFITFASH

B X B SRR AR B BN A s PE reads 132
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Ffa) 22 S AR R . AR SR AT DL K R B
REW M, XL BRA B TR A T f#H
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F| F UPARSE %X f4:(http://drive5.com/uparse/,
version 7.1)%F 281 JoT 45 4 B ) i A5 A R8s E
PRI, WP IR 97 %1 — St R Ik
OTUs X5, 7] LLFIH QIIME %k {4 (http://qiime.
org/install/index.html)H [ blast 777454 SILVA
B 2 (https://www.arb-silva.de/) #1149 Fh 1 B

%1 qPCRENH{ERABSIY

ST, INTTAEAS [A] 1 43 28K P BB VR )
Pl 5 B, A% B (kingdom) . [ (phylum) . 2X
(class), H (order). Fl(family). J& (genus). Ff
(species)¥ . [AA}, KA RDP Classifier DI -3t
807 (https://sourceforge.net/projects/rdp) Xt 97%
LR OTU REJFHNHAT 0T, Gt
ATEI (domain), #. 1. . H. #. J&.
Fi A BE 7 R A B . i MEGA X 8 F k17
RGEKRE T, W 16S rRNA JLHE T 414
HEREKEW, HI&E bootstrap HEIKEH
1 000 ¥k, DAMEsRBREREIR S, @il R85
KE N, B AEYR R Z R R,
TR A W EAS R R 58T AR S D) se
AL

2 HERE4M

21 WMEREWMARRNMAEEERFS OTU
RESH

23 I e B, X 16 NREAS B 1k
170k, IR TSRS R RR, Wik 2
FIR o FAREAREIAL T 51 968 25741, BlEAL
294 22 249 916, JPHIKEETE 427.47-428.58 bp
A, AR 1 873 4~ OTUs, i X &da iy 4y

Table 1  Primer sequences used for gPCR

Wb L/ E S EEY ]l

Species Primer name Primer sequences (5'—3")

PEIRFT 17 R DL-Cor-F ACGGGCATAACTTGAGTGCTGTAG
Corynebacterium DL-Cor-R TTCGCCATCGGTGTTCCTCCT

At k2 FR TR R DL-Buc-F GATGTGAAATCCCTGGGCTTAACCTA
Buchnera DL-Buc-R TTCGCACCTCAGTGTCAGTATTCG
MR IA S DL-Sta-F AGGGTCATTGGAAACTGGGAAACTTG
Staphylococcus DL-Sta-R GCCACTGGTGTTCCTCCATATCTCT
HE BRI E DL-Glu-F ACGGGCAGACTAGAGTGATGTAGG
Glutamicibacter DL-Glu-R TTCGCCATCGGTGTTCCTCCT
(GNER) DL-Exi-F GAAGGCTTGAGTACAGAAGAGAAGAGTG
Exiguobacterium DL-Exi-R CAGCGTCAGTTACAGACCAAAGAGT
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*2 BEARERMEESI
Table 2 Statistical data of each sample after quality
control

HEARG S FHI% Ak HE K FEKEE OTUs
Sample Sequences Bases (bp) Average

number length (bp)
MCW1 42 667 18269 407 428.19 85
MCW2 46 724 20016 512 428.40 100
MCW3 51518 22079 652 428.58 89
MCW4 46 803 20 050 450 428.40 111
MCW5 50 990 21 810215 427.74 140
MCW6 51518 22 061 445 428.23 125
MCW7 45 853 19 615 764 427.80 132
MCWS8 52516 22 448 885 427.47 125
MCWLI1 56 759 24264 388 427.50 270
MCWL2 44764 19 187 558 428.64 76
MCWL3 54 755 23 460 350 428.46 79
MCWL4 57 669 24 680 752 427.97 99
MCWLS5 53018 22705 043 428.25 95
MCWL6 70048 29986 797 428.09 126
MCWL7 56551 24226 014 428.39 134
MCWL8 49 342 21 135438 428.35 87

BrAbRE, RIE S St sae TR, Wk
FERAL T fRE S A A AR T 5%

A AN )0 P R R AN o 2 REMETR B0
MLt (& 1A), R IREE WP IR B
Rt ez 2z, s T, HiaERE
1t 99%. ik FWILE AT H R AR BUAEAS DU 5 4
P2 70 0 T A Y, RS I 3 i A R i A
N K BT . BFE 45 ok — IR AT i
Wi A R A WA R T KSRk
FHRHFFE BEE T A
22 WHERIEEMHAEBEMMEN S

Venn Z3Hr 45 REW], FEFRKE- L, A 8B
OG> BITFERER] 128 A 165 RF, Hihs
30 M1 67 MREERREA (K 1B). FEEKE, A
W RER] 218 &, Ha R 7148, o
BREREE] 273 A&, HArEa 126 1ME (Bl 10).
i — 23l A 2 R BT (OTU) i T 25 M
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KMo &I, Bio s RE A MBS 346 1
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BH, HAra o 269 (& 1D). XHZT,
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M ZHEE . TR TKF b, JBEEER ] (Firmicutes,
92.26%). JtZk il (Actinobacteria, 4.23%). 7%
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A 4.20%H1 4.27%, ZFE ] (Proteobacteria)
TE JC 38 WF A AT S8 0 v b Ay ) Sl 1.29%
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TICHAH(E 30),
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344 Mg . H, # 4Bk R (Saphylococcus,
92.06%) B IR FT- i J& (Corynebacterium, 3.22%) .
Aii % 4 FC & (Buchnera, 2.84%)1E M AKKEA
SRR A th X SR B AR DU AL i, 48
N T IR AR G RS Py M,
o EECAN R S A S Z AL 25 5, WSR3 R
AN A ] S TR A AR DO = AR 25 5 (] 4) . i
BR A R 7E A 0 RN I #8 BY B S R AFAE S rh
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E 1 HEEREFTRMAREEE R & &Y FhE 4 B E

Figure 1 The rarefaction curves and species composition Venn diagrams of different samples of Megoura
crassicauda. MCW: Winged Megoura crassicauda;, MCWL: Wingless M. crassicauda. A: Dilution curves of
endosymbiotic bacteria in aphids. B: Venn diagram showing differences in gut microbiota at the family level.
C: Venn diagram showing differences in gut microbiota at the genus level. D: Venn diagram showing
differences in gut microbiota at the OTU level.
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Figure 2 The composition of symbiotic bacteria at the phylum level.
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A
AT ] Proteobacteria 5.35%
TR

Actinobacteria 4.27%

. HAth Others 0.48%

JRBEGE ] Firmicutes 89.90%

JEBE ] Firmicutes i — —e—j
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FRBETAI | Firmicutes 94.34%

0.05923  gm 4743

TUERTE ] Actinobacteria B —e—i 0.85900 o iﬁ xng
B E ] Proteobacteria P —e— * 0.01799
WA IE Cyanobacteria | e * 0.026 60
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WPS-2 | L] 0.292 60
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—_ )

— 111

3 MMKFELAEFHENFEENILRZYMERHEEN

Figure 3 The percentage abundance of bacterial communities at the phylum level and the significance of
multi-species differences. A: Horizontal bacterial community distribution of winged aphids. B: Distribution
of horizontal bacterial communities of wingless aphids. C: Multispecies differences tested at the gate level. *
indicates a significant difference; ** represents a very significant difference.
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Figure 4 The pea aphid with different wing types composition of symbiotic bacteria at the genus level.
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D—— HiAth PRIRATHI R < ,
Coryn ebactifj;’]}i Others 2.51% Corynebacterium 3.45% RHLIRR LA
WHIFR R Staphylococcus 89.66% BRI S Staphylococcus 94.18%
c - A8 MCW 95% {5 1X 1]
== i MCWL 95% Confidence intervals
TEERE IR Staphylococcus |y —e—— 0.055 31
BERATF IR Corvrebacterium-1 | —e— 0.632 20
T hhaN K i 8 Buchnera P —e—  * 002328
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Figure 5 Abundance percentage of community in genus level and histogram of multi-species difference test.
A: Community analysis piepiot in genus level (alatae). B: Community analysis piepiot in genus level
(wingless aphid). C: Histogram of aphid multispecies diversity test at genus level. * indicates a significant

difference; ** represents a very significant difference.
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Figure 6 Bacterial phylogenetic tree of Megoura crassicauda symbiotic bacteria based on 16S rRNA gene
sequences. Phylogenetic trees are constructed according to the neighbor-joining method. Each branch
represents a species, and is colored according to the level of the phylum to which the species belongs. The
length of the branch represents the evolutionary distance between species.
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Figure 7 Fluorescence quantitative verification of the relative abundance of bacteria in Megoura
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Relative abundance of Buchnera. D: Relative abundance of Glutamicibacter. E: Relative abundance of
Exiguobacterium.
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