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Analysis of the microbial community structure and diversity of Myzus
persicae ( Hemiptera: Aphididae) by high-throughput sequencing
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Abstract: To clarify the microbial diversity and differences in adults of Myzus persicae ( Hemiptera:
Aphididae) fed on different diets microbial community structures predominant microbia on each
taxonomic level and alpha diversity of the microbia of apterous adults fed on Brassica pekinensis and
Brassica oleracea were analyzed on the basis of 16S rDNA and ITS1 fragments sequences which were
obtained through Illumina HiSeq techniques. A total of 473 750 valid tags and 959 OTUs were obtained
for bacteria of adult BPH  while the numbers of valid tags and OTUs for fungi were 472 980 and 1 424
respectively. The total OTUs of gut bacteria were annotated into 26 phyla 55 classes 128 orders
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227 families 419 genera and 451 species
172 families

bacteria was Proteobacteria ( 73. 11%

while the fungal OTUs were annotated into 10 phyla 31

classes 77 orders 343 genera and 441 species. At the phylum levels the dominant
80.10%)
50.98%) .
highest abundance in aphid fed on B. pekinensis and B. oleracea were belonged to Buchnera ( 60. 82%
56. 11%)
(10.04%)
and B. oleracea were belonged to Penicillium (5.15%) and Aspergillus ( 3.93%)
3.86%) .

microbial community composition and diversity of M. persicae adults fed on different diets were different.

while the dominant fungi with the highest abundance

belonged to Ascomycota ( 51.91% At the genus levels the dominant bacteria with the
and the second dominant genus of both diets were Chloroplast (2.84%) and Rickettsiella

respectively. The dominant fungi with the highest abundance in aphid fed on B. pekinensis
respectively. The
second dominant genus of both diets was Mortierella (3. 83% The results indicated that the
The alpha diversity index showed that the microbial community in M. persicae adults had higher richness
and diversity. This study provided an important foundation for further studies on the excavation and

utilization of microbial resources for the biocontrol of M. persicae.

Key words: Myzus persicae; microbial diversity; 16S rRNA gene; ITS gene; high-throughput sequencing
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( 2019) .
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2018) ;
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Myzus persicae Sulzer

Aphididae

Prunus persica L. «

Hemiptera

Sesamum indicum L.

Prunus salicina Lindl. «

Nicotiana tabacum L.

. (2018)
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1% DNA.
1.3 16S rRNA ITS PCR
F © 5"-ACTCCTACGGGAGGCAGCAG-
3 R 5= GGACTACHVGGGTWTCTAAT3~
V3-v4 o F : 5'-CTTGGTC
ATTTAGAGGAAGTAA3” R © 5°=-GCTGCGTT

CTTCATCGATGC3~ ITS1 . PCR
50 wL: DNA 60 ng. Q5

High-Fidelity DNA Polymerase 0. 2 pL. 10 x Buffer
10 pL- 10 WM. dNTPs 1 pL. High
GC Enhancer 10 pL. PCR : 95C
5 min, 95°C 1 min. 50C 1 min. 72C

1 min, 25 72°C 7 min, PCR

2%
[llumina HiSeq 2500 (
) o
1.4
( Raw reads)

o overlap

( Clean reads)

( Effective reads) o

Usearch 97.0%
Reads (OTU) »
SILVA UNITE
16S rRNA ITS
o QIIME 2 Alpha
1
Fig. 1
. BoM ; BpM

ACE. Chaol. Simpson

Shannon o
2
2.1
6
16S rRNA 480 400
Reads Reads N 473 750
Clean reads 78 474 Clean
reads 78 958  Clean reads. 97%
959 OTUs

( 1A),
OTUs 898 OTUs
69 OTUs
890 OTUs 61 . ITS

480263  Reads Reads

N 472 980  Clean reads
78 575  Clean reads
78 830  Clean reads 97 %
1424 OTUs (  1B),
OTUs 1251
OTUs 219 ;
OTUs 1 205 OTUs
173
( 2
(A) (B) OTUs

Venn analysis of OTUs of bacteria ( A) and fungi ( B) of Myzus persicae fed on two diets

o Note: BoM M. persicae fed on Brassica

pekinensis; BpM M. persicae fed on Brassica oleracea. The same below.
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2 (A) (B)
Fig. 2 Rarefaction curves of the observed species of bacteria ( A) and fungi (B) of Myzus persicae fed on two diets
2.2 Proteobacteria
OTUs Firmicutes
26 . 55 . 128 v 227 . 419 . Bacteroidetes
451 10 31 77 N o
172 343 L 441 ITS
16S Ascomycota ( 51.91%) .
rRNA Proteobacteria Basidiomycota (  10.89%) .
( 73.11%) . Firmicutes (  9.74%) . Mortierellomycota  ( 2.22%) .

Bacteroidetes (  5.98%) . Mucoromycota (1. 79%) . Rozellomycota
Cyanobacteria ( 2.91%) . Acidobacteria ( 1.68%) . Chytridiomycota ( 1.60%) .
( 2.18%) . Actinobacteria ( 2.5%) . Olpidiomycota ( 0.33%) .

Chloroflexi ( 1.34%) . Glomeromycota ( 0.06%) . Zoopagomycota
Gemmatimonadetes ( 0.54) . ( 0.05%) ( 3B). ITS
Patescibacteria(  0.32%) . &— Epsilonbacteraeota Ascomycota (

( 0.23%) ( 34). 16S 50.98%) . Basidiomycota (  11.40%) .
rRNA Proteobacteria Mortierellomycota (  2.24%) .
( 80. 10%) . Cyanobacteria ( Mucoromycota( 1. 78%) . Rozellomycota
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Epsilonbacteraeota ( 0.25%) ( 34, Basidiomycota.
168
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73.11%  80.10%:; Firmicutes ( 1.28%) . Lachnospiraceae
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5.98% 1.71% . ( 0.77%) . Rickettsiella (
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0.45%) . Sphingomonas ( 1.47%) . Acinetobacter ( 1.43%) .
0.45%) Pantoea (  0.43%) ( 4-A). Lactobacillus ( 0.42%)
16S rRNA Bacteroides ( 0.34%) ( 4A),

Buchnera ( 56.11%) .

o

Rickettsiella ( 10.04%) . Buchnera
Lachnospiraceae ( 6.96%) . 73.11%  80.10%;
Chloroplast ( 4.88%) . Pantoea ( Ricketisiella
2.51%) . Sphingomonas ( 9.59% o
1.68%) . c. 6 Subgroup _6 (
3 (A) (B)

Fig. 3 Proportional composition of bacteria ( A) and fungi ( B) of Myzus persicae at the phylum level

4 (A) (B)

Fig. 4 Proportional composition of bacteria ( A) and fungi ( B) of Myzus persicae at the genus level

( 3.83%) . Fusarium ( 3.51%) .
o ITS Aspergillus  ( 3.46%) .
Triangularia ( 2.69%) . Saitozyma (

Penicillium ( 5.15%) . Mortierella 2.68%) . Botryotrichum ( 2.50%) .
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Trichoderma ( 1.57%) . Mortierella ( 3.86%) ;
Talaromyces ( 1.94%) Cladosporium Penicillium
( 0.90%) ( 4B), ITS 3.92% o
2.3 Alpha
Mortierella ( 3.86%) . Aspergillus o
( 3.93%) . Fusarium ( 3.59%) . Shannon. Simpson.
Triangularia ( 2.96%) . Chaol  Ace 3.99. 0.61. 744
Botryoirichum ( 2.82%) . Saitozyma ( 731 (1) Shannon
2.60%) . Cladosporium (  2.35%) . Simpson. Chaol Ace 3.70,
Trichoderma ( 1.50%) . Penicillium 0.59. 764 729 ( 1),
( 1.23%) Talaromyces ( 1.04%) Shannon. Simpson. Chaol
( 4B), Ace
Penicillium ( 5.15%)
Mortierella ( 3.83%) ;
Aspergillus ( 3.93%) o
1 a
Table 1 Alpha diversity indices of microbia of Myzus persicae
Chao Ace
Sample Microbial group Chao index Ace index Shannon index Simpson index
BoM Bacteria 744 731 3.99 0.61
Fungi 854. 04 839. 16 7.65 0.98
BpM Bacteria 764 729 3.70 0.59
Fungi 830. 42 803. 12 7. 66 0. 06
Shannon. Simpson ( 2016) .
Chaol  Ace 7.65. 0.98. 854.04 [lumina
839.16 ( 1) . HiSeq 16S TRNA
Shannon. Simpson. Chaol  Ace ITS
7.66. 0.06. 830.42 803.12 ( 1) . Shannon. o
Ace  Chaol Simpson OTUs
o 26 . 55 . 128 N
227 . 419 | 451
o 10 v 31 77 172 N
343 | 441 .
3
26

Proteobacteria (73.11%)

( Haynes et al. 2003) .
( 2017) .
( 2018)

Acyrthosiphon  pisum
Hyphaniria cunea
Laodelphax striatellus

Nilaparvata lugens
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( 2019) o
( 2020) .
10
Ascomycota
Basidiomycota Anoplophora
glabripennis ( Mason et al. 2019) | (

2019) . Trypophloeus klimeschi
( 2018) . Macrotermes barneyi
( 2017) . Omphisa fuscidentalis (
2017) . Apriona germari
Apriona swainsoni ( 2020)
419
Buchnera
73.11%  80.10% -

( Douglas 1998) .

Buchnera
(
2013) . Rickettsiella
(10.04%)
Rickettsiella
0.45% . Rickettsiella

( Tsuchida et al. 2010; kukasik et al. 2013)
343
Penicillium 3.92%
Penicillium
( 2019) .
OTU
( 898

890 ) OTU 829 0
OTUs Alpha

Shannon-

Simpson. Chaol Ace

Simpson
(Su et al. 2016) .
( Lee
et al. 2017)
( - Pyrus spp. ~ )

(. .

Brassica chinensis L. «

L.\ Al

Raphanus sativus L. «
Solanum melongena

Spinacia oleracea L. ) o

(2018)

( References)

Adams AS Aylward FO Adams SM et al. Mountain pine beetles
colonizing historical and naive host trees are associated with a
bacterial community highly enriched in genes contributing to terpene
metabolism ] . Applied and Environmental Microbiology 2013
79 (11): 3468 —3475.

Cai YL Qiu F Huang KG et al. Microbiological safety evaluation of
edible bucket worms J . Journal of Agricultural Biotechnology

2020 28 (9): 1675 -1687.

2020 28 (9): 1675 -1687

Dillon RJ Vennard CT Charnley AK. Pheromones — exploitation of gut
bacteria in the locust J . Nature 2000 403 (6772): 851.

Douglas AE. Nutritional interactions in insect — microbial symbioses:
Aphids and their symbiotic bacteria Buchnera J . Annual Review
of Entomology 1998 43 (1): 17 -37.

Frazo E Dicke M Godfray H. Insect symbionts as hidden players in



985

insect — plant interactions J .
2012 27 (12): 705 -711.
Gaio Ade O  Gusmao DS Santos AV et al. Contribution of midgut

Trends in Ecology & Evolution

bacteria to blood digestion and egg production in Aedes aegypti
( Diptera: Culicidae) (L) ] . Parasites & Vectors 2011 4 (1): 105.
Gao GQ. Occurrence and Host Selection Mechanism of Trypophloeus
klimeschi Eggers D . Xian: Northwest A & F University Doctoral
Dissertation 2018.
D .
2018
Haynes S Darby AC  Daniell T] et al. Diversity of bacteria associated
with natural aphid populations ]

Microbiology 2003 69 (12): 7216 —7223.

. Applied and Environmental

Lee JH Lee KA Lee WJ]. Microbiota gut physiology and insect
immunity J . Advances in Insect Physiology 2017 52: 111 -138.

Liu L Huang XL Qiao GX. Trends in research on the primary
endosymbiont of aphids Buchnera aphidicola ] . Chinese Bulletin

of Entomology 2013 50 (5): 1419 - 1427.
Buchnera aphidicola J .

2013 50 (5): 1419 —1427
Liu S. Study on the Microbial Diversity and Enzymatic Activity of
Omphisa fuscidentalis Hampson D . Beijing: Chinese Academy of
Agricultural Sciences Master Thesis 2017.
Sfuscidentalis D .

2017

Omphisa

Liu YH Ma RY Liu TX. Diversity of endosymbionts in viviparous
females of Myzus persicae ( Hemiptera: Aphidicae) collected on
different host plants from distinct regions in China and in different
morphs collected on peach trees J . Acta Phytophylacica Sinica
2018 45 (4): 679 -688.

I 2018 45 (4): 679 —688
Liu YH. Role of Symbionts in Using Nitrogen Nutrition of Host Plants
and Defensing Against Stresses: A Case Study for Myzus persicae
D . Xian: Northwest A & F University Doctoral Dissertation
2016.

2016

Lukasik P van Asch M Guo H e al. Unrelated facultative
endosymbionts protect aphids against a fungal pathogen ]
Ecology Letters 2013 16 (2): 214 -218.

Mason C] Campbell AM Scully ED et al. Bacterial and fungal midgut
community dynamics and transfer between mother and brood in the
asian longhorned beetle ( Anoplophora glabripennis) an invasive
xylophage J . Microbial Ecology 2019 77 (1): 230 -242.

Mason CJ Couture JJ Raffa KF. Plant — associated bacteria degrade
defense chemicals and reduce their adverse effects on an insect
defoliator J . Oecologia 175 (3): 901 -910.

Mitraka E  Stathopoulos S Siden — Kiamos I et al. Asaia accelerates
larval development of Anopheles gambiae ] . Pathogens and Global
Health 2013 107 (6): 305 -311.

Strano CP Malacrind A Campolo O et al. Influence of host plant on
Thaumetopoea pityocampa gut bacterial community ] . Microbial
Ecology 2018 75 (2): 487 -494.

Su MM  Guo L Tao YL et al. Effects of host plant factors on the
bacterial communities associated with two whitefly sibling species

J . PLoS ONE 2016 11 (3): e0152183.

Sun XX. Studies on the Gut Microbial Diversity and Isolation
Identification of Chitin — degrading Bacteria from the Hindgut of
Macrotermes barneyi D . Jiman: Shandong University Master

Thesis 2017.

2017
Tsuchida T Koga R Horikawa M et al. Symbiotic bacterium modifies
aphid body color J . Science 2010 330 (6007): 1102 —1104.
Wang TZ Wang ZL Zhu HF et al. Analysis of the gut microbial
diversity of the brown planthopper Nilaparvaia lugens ( Hemiptera:
Delphacidae) by high-throughput sequencing J . Acta Entomologica
Sinica 2019 62 (3): 323 -333.

2019 62 (3): 323 -333
Wei DF Wang XJ Yang J et al. Analysis of the diversity and

difference of intestinal bacteria in larvae Hyphantria cunea Drury

( Lepidoptera: Arctiidae) on different diets ] Journal of
Environmental Entomology 2017 39 (3): 515 -524.
I 2017 39 (3): 515 -

524
Wei G Bai L Qu S et al. Insect microbiome and their potential
application in the insect pest and vector-borne disease control J .

Acta Microbiologica Sinica 2018 58 (6): 1090 — 1102.

J. 2018 58 (6): 1090 - 1102

Wei XY Guo CL. Chu D. Research progress on the factors influencing
microbiota diversity in insect J . Journal of Biosafety 2019
28 (3): 170 -176.

I 2019

28 (3): 170 -176

Wu XL Xia XF Chen JH et al. Effects of different diets on the
diversity of larval gut bacteria of the diamondback moth Plutella
xylostella ( Lepidoptera: Plutellidae) J
Sinica 2019 62 (10): 1172 - 1185.

Acta Entomologica

I 2019 62 (10): 1172 -1185
Yang XQ Wang ZL. Wang TZ et al. Analysis of the bacterial
community structure and diversity in the small brown planthopper
Laodelphax striatellus ( Hemiptera: Delphacidae) by 16S rRNA
high-throughput sequencing J . Acta Entomologica Sinica 2018

61 (2): 200 —208. ) 168
RNA
J. 2018 61 (2): 200 —208



