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HE. [ B89 )4K A48 % & Nilaparvata lugens %, 2B M A MR MW SR, [F&]) 258
R & 7R iE 32 IS DNA, A B Tllumina MiSeq ( PE300) 3% K x 2 7 i4 20 3 16S tRNA #5 V3-
V4 T F R A 1TS2 5 7] 80470 5, G it B i 4% 28 09 34F 2 % 3 7T (operational taxonomic unit,
OTU) # =, oA AP 4k, . F & Alpha % #tE, Jridid qPCR KIS IEREALPL L 2B 2] 09 4 FF
B A GBS RIEGR L, [ER]) AN FEFB AR K HEME 16S tRNA = A1 ITS2
IR 55 32 395 Fm 24 986 % 4RI P ARMAPEBEAT B £ 547 & B 3K 4% 235 A= 128 A~ OTUs, H
MEEEBET A, ISARW, 26 88,45 AR T3 ANE; AR EETI 3 AT, 9A AR, 124
B, 15 M4 18 AR, £ 5 %KF L, @ A% B H I (Proteobacteria ) | 34 4F & 17
( Bacteroidetes ) #= /22 B 7 ( Firmicutes ) A 4E #1712 ; A vA-F £ B 11 ( Ascomycota ) H 4 5048 # H
Mo BB » kKT L @mE WK BB ARDAFB B Acnetobacter VA B % ¥ o H #
( Porphyromonadaceae ) & # & J& #= £, 3% i #} ( Lachnospiraceae ) & # T %, £ F & 5 A 4 36.37% ,
17.22% %= 15.01% ; A 64463 & 2 35 % # 4R ( Sordariomycetes ) & # 2 /& , £ B 4 95.77% ., Alpha
SHUELSFERBT,BRABEEET (AFH) IR HFF 4, Chaol F5 4k Shannon 45 £ A= Simpson
354 %) H 235(128) , 262.64(165.40), 3.90(0.91)#20.62(0.75) , 4 ##ih @9 qPCR R 2
il PR ARG A A, [ ]38 IR R iE e e A B R AR
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FrmBRETIRE,
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Analysis of the gut microbial diversity of the brown planthopper,
Nilaparvata lugens ( Hemiptera: Delphacidae ) by high-throughput

sequencing

WANG Tian-Zhao", WANG Zheng-Liang”, ZHU Hang-Feng, WANG Zi-Ye, YU Xiao-Ping* ( Zhejiang
Provincial Key Laboratory of Biometrology and Inspection and Quarantine, College of Life Sciences,
China Jiliang University, Hangzhou 310018, China)

Abstract: [ Aim] To reveal the gut microbial community structure and diversity in adults of the brown
planthopper ( BPH) , Nilaparvata lugens. [ Methods] The total gut DNA was extracted from the adult
BPH. The V3-V4 region of the bacterial 16S rRNA gene and the fungal ITS2 fragments were sequenced
by Illumina MiSeq (PE300), and then the number of operational taxonomic units ( OTUs), species

composition, abundance and alpha diversity of gut microbes were analyzed. The high-throughput
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sequencing data of four randomly selected gut microbes annotated were verified by qPCR. [Results] A
total of 32 395 valid tags and 235 OTUs were obtained for gut bacteria of adult BPH, while the numbers
of valid tags and OTUs for gut fungi were 24 986 and 128, respectively. The total OTUs of gut bacteria
were annotated into 7 phyla, 15 classes, 26 orders, 45 families and 73 genera, while the fungal OTUs
were annotated into 3 phyla, 9 classes, 12 orders, 15 families and 18 genera. At the phylum levels, the
dominant gut bacteria were Proteobacteria, Bacteroidetes and Firmicutes, while the dominant gut fungi
with the highest abundance belonged to Ascomycota. Acinetobacter, one indeterminate genus in
Porphyromonadaceae and one indeterminate genus in Lachnospiraceae were dominated at the genus level
in the bacterial communities, with the abundance of 36.37% , 17. 22% and 15. 01% , respectively.
Fungi belonging to an indeterminate genus in Sordariomycetes were the most dominant, accounting for
95.77% . The alpha diversity analysis revealed that the number of observed species, Chaol index,
Shannon index and Simpson index were 235, 262. 64, 3. 90 and 0. 62 for gut bacteria, and 128,
165.40, 0.91 and 0. 75 for gut fungi, respectively. The qPCR results of four gut microbes confirmed that
the high-throughput sequencing data had a high validity. [ Conclusion] The results indicate that the
bacteria and fungi are diverse in the gut of adult BPH. The results of this study not only lay the
foundation for the further studies on the environmental adaption mechanisms of BPH from a microbial
standpoint, but also facilitate the studies on the development of new technology for the biocontrol of BPH.

Key words: Nilaparvata lugens; gut microbiota; 16S rRNA; ITS2; high-throughput sequencing;

bacteria; fungi; species diversity

B 18 2 B dfe e ) TH AL RN Y 37
Horh g R A, 5 18 E7e K b A i
it A B T 5 Y B A A 5 &R (Engel and
Moran, 2013) . —J5 T, B 2 o0 [ 36 2R 4 kAR
S WA A7 IR BT AL B E T2 ) 5T (Pang et al., 2016
Peterson and Scharf, 2016) ., B H i 8 f ¥ 5% 0] L)
S i TG 0 R 7 A R I 2l , T I T
FATE A Y R 28 2 R HE R A 32 R 5 M 9 4% 1 (Kim
et al., 2013 ; Kuraishi et al., 2013) . H— 7w, BH
B MAEYZ SRR E EA KA E VBRI
Bis BRI 2R W B R AR TS E A e
PR B2 5 K1 (Douglas, 2015; Hammer and
Bowers, 2015) . %7 du iy A= Yy i FE 2L TR,
FHOCHFIE O R 3Z [ N e B, ARk, Fl
FH B B L AR R W4 ) 3 R B B S R SR 2 )
P TR, Herh R g B R B A S e (s A
P&, 2017) o AKE ik IR BUIE RN 43 1Y i 1 2 A
M5 A Eh W, et g meE F AR,
DT 325 381 628 PR M o A% 406 9 55 1 S A 0 E ( Wang e
al., 2012) o FEH0A: 3R 5 2% HOR BC AT 8 it , B 12 35 el
DRI A A T ) R, TR R b $ v 1R
R s R ERCR (Shentu et al., 2016) . 15
D, R W B S i 3 A ) VO B i 5 i) S 2 R 02
WA bR T AR O R 093 AT EOR B R A

Fei

G T B W I AR W) Z2 AR PRI 32 252 3]
IR MRS ARG ARSI BRI TR T 22
W& T Rl 2 R A3 AN AT R IR B AR W R S T
Ah B W E Y 2R (AR5, 2015) o JE T4
FESTFhRC HE A (A4 168 rRNA Fl KL B 18S
rRINA) P9 A5 P A8 5 GG 1L Dk 5 A R B g S ) 4
AR SUAE AR AE 20 B B, R i 52 B0 I Y Bk F
(Dong et al., 2011; Pang et al., 2012; Hou et al.,
2013; TRELAESE, 2014) o % HE DA 2H HOR 7] LA skE T
Aoy B G IR 0L 7 BE S A DR | e
LR YRR D) Z R0 S R, 7R B d il
TAE YRR 2k, B9 B HR 5 g 8 R ) 1 A
KA, R BA R E DI RE R I 1 U W B H ok
LD D7 R BB R (Shi et al., 2010) . %
R Z T — e 3 B A 2k B AU i
AT, N ZE 4 Bombyx mori(Li et al., 2012;
JE A 2015) A1 B¢ ( Makonde et al., 2013; Z=
FHELAE, 2017) o UTAER, fE— Sl 2R FE i,
FSCHF R IBAG T — s HEJ& (X /LSS, 20165 4
BEmE S5, 2018)

#5 K&\ Nilaparvata lugens J&>-3 H (Hemiptera )
KEF}(Delphacidae) , f2& 3 B K f - fe BB 1Y
Tz — o H HUl I B KRR R
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PR AR 3 T Al AR, 7 FLIE BE 1% 16 7K e s 2
i, o RS ZKRR ™ Y R 2k (B R4, 2013) , 4
TIEM AR U KR T YR e
DL K A e T AR 2 A L AR b iy B BT e
( Morrison et al., 2009 ; Frago et al., 2012) , #5 K&\
W T AR AR DR AT BT LIV SR B IR LA 7 LR
B IFAEEEER b T % BT e BB PR R
W, A BT T B I A YT RS . DAAE SR
T4 CEUZE Y Z 5T 2 T s e .
PRI v, BLWEGEAET X T o 18 40 0 (R A
2011) , EZHAT, 1z FH 2% 5 A BR 4 1 73 A v
WU 18 A TR RN L B R T 45 R A AR ST IR R
WAHRIE . g, A BIF 5T R AL T 16S rRNA A ITS
(internal transcribed spacer) 41 ) & 3 12 0 5 3R 0%
3R T 3P4 24 b Py A R EURC H i T A0 A
FLPA (R R S 2 e, DU AR BB IR BT L
AT A BT ) F A I A= P B2 U, Sy A2
A=W £ A s A TR LY BRI 3 7 DA R S AR P
[] AL AL B IS B 5 Bk LAl

1 #R5HE

1.1 #iXRER

HHE RECR B WL o i &8 X oK #E H
N T % N LA UK RS S Bl TN 3% 2245 3% 50
LA I FloE . 1) 55 IR BE 24 £ 1°C AHXHE
70% +5% , 58] 161L: 8D, VEHUFIfL 24 h P HI#8
YU A ol U A R
1.2 #HEBFESERSEREZE DNA 2E

HUPIE 24 h po 6 & U A L 45 100 Sk, 1L
TRALFE 6 h, BT FH 75% A TP9RE X oAk e i % 3
W, RFIR 3 min, R JCRK IR 5 . FE TR K
fife ) AR, (A B piE, 8 F -2 KEm
2 mLEDE S, AF T - 20C kAR5 . 1
DNeasy Blood & Tissue Kit( Qiagen, Hilden, %[ )iz
&, 2 MU B EGE CEUmE SR, SR
AL DNA H 50 L JCH ddH, O ¥, (f F i 25 1
BRI % 1% (NanoDrop 2000, 3¢ [ ) #l 72 DNA ¥
& 0D,/ O {8, 1 FH 0. 8% [HE IR i FL kRS I
TR, A A S AR RAE T - 80C & .
1.3 47 16S rRNA EFFfEF ITS EFE A PCR
yigsEENF

PLL 2 i 48 C a1 S D A A,
4% B LL S 81 4 X% 333F/806R (5'-ACTCCTAC

GGGAGGCAGCAG-3"; 5'-GGACTACHVGGGTWTCT
AAT-3") 1 FITS7/RITS4 (5’-GTGARTCATCGAATC
TTTG-3';5'-TCCTCCGCTTATTGATATGC-3") ¥ 1 4
B 16S tRNA V3 + V4 X ( 5k E 55 55, 2015) Fll
B ITS2 [X ( Blaalid et al., 2013), PCR ¥ #4{k & i
PRFH % SO pL: 3 5 40 DNA A 4% 2 ul,
TransStartTaq DNA Polymerase 0. 5 pL, 10 x Buffer
5 uL, 5% 338F/806R &Y, FITS7/RITS4 (10 mmol/
L) 1 pL, dNTPs(4% 2.5 mmol/L) 4 pL, ddH,0
36.5 pl, PCR #"84544. 94°C HiZe Pk 5 min; 94°C
AP 30 s, 55°CIB K 30 s, T2°CHEAH 45 s, 35 AMF
5 72°CEAH1 10 min, PCR "4 5 i #4 3 ¥, PCR
IG5 IT IS 28 1% B Aa M GE e i Tk A I, ok 32
FIVRE M58 I ST I 1 A W) H AR B0 A7 R )
PEATEE Y . R ] Hlumina MiSeq PE300 i J3
- HEA T I T o
1.4 FEENFHEES

MiSeq W ¥ 5¢ 1 J& , %F 3R A% 09 )52 46 7 51 (raw
reads ) FEAT 5T R4 , 4 SRR TR R A1 (50 A 2220
SR <25, P <50 bp BRI EE=1) .
iz ] Flash (V1. 0. 3) B4 0 X B4 47 F 42,
UCHIME Algorithm % 2: B fix & 14, S Bk 175 32 A &
FEoJE , SRAH U 51 ( clean reads) ¥dfs . I 1
QUME X1 5t ¥ 51 E 97 % /K- b b 45 451 73 25 H
JG ( operational taxonomic unit, OTU) F &, 31 5| A
Silva I UNITE 4 2 3550 % 1.3 19 9 H 4R 454 1 45
KE I E AT 16S rRNA FIEE ITS Jy 41 #E47
Prdh e, BET OUT Wy gt 4R, #I ] Mothur %t
PFH5T Alpha Z2FE 5 58, F0 45 S WeAE i h 7% F
& B2 Y Chaol 4 %A1 WL Iy F % ( number of
observed species) , DL M [ W AE 5 i ) Bl 22 RE M 1
Shannon $5 %% F1 Simpson $5%% .
1.5 HEENFEREIE

e AR A R 8 PCR ALE
(qPCR) AR HAIE, FEPLPIL T RSN 4 g IETH
BT H )y HIE BB B i 1 S 1k qPCR 519 (€
1), LA 1.2 95753 38 04 K a1 5 DNA i, 5t
PEFT @ PCR, S0AiE 5 | W45 S M JF i 5 qPCR 9 B
HER KR, HE KPR R PCR Bl
pUCI9-T #{&kAHi%E , b Z K IGFFH Escherichia coli
DHS o 52 85 B bR T, 9 2 58 e B e B 5 i 42 H
oKL, A AR BURE o A BRE BORLIEA T 10 156 B2
JERRE BB o M RE 6 A BE, DA B AR R ik
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IrRERAS 4 A BORL bR S A AR 2R AR e, B
L2 S5 BRIy 45 EUs e i 1 S R PR 2H DNA 8
Mgy i 347 qPCR 4l qPCR " H /K % SYBR
Green Mix 10 pL, FEE 4] DNA R 2 wh, 1F 52 a)
519 (10 mmol/L) £ 0.5 uL, il ddH,0 #h5¢ = 20
Lo SNV FRTT : 94°CTRZASYE 1 ming 94°C 2844 10 s,

57 ~60°C (AR5 A [ 1 AR (4 45 5 M 5 1 Wi 5 ) 1B K
30 s, 40 NEFR, K245 S HEAT I R 2o
BEAREAE S 4 U KA R B2y C (AR AR il
L7, TR RN DU, SR AT SPSS(V21. 0) 1
TR AR R B E AR 22, LU T8 R EUiz E
HRORH L BRI PR ) 2 S ST

*1 B ECEARH4 MEFER qPCR 5|4
Table 1 qPCR primers of four microbial strains in the gut of adult Nilaparvata lugens

JiE B 519 IYFEI(5" -3") B (C)
Gut microbial strains Primers Primer sequences Annealing temperature

FUAT R LaF TTCCAATGCACTACTCCGGTTAA 57
Lactobacillus sp. LaR CGTAGGTGGCAAGCGTTATCC

AT AcF CTCTACGCATTTCACCGCTAC

Acinetobacter sp. AcR GTTAATACCTAAAGTGAGTGGACGT >

FEER B T CrF GCGATGGCAGGTTATGAGCAG 5
Cryptococcus sp. CrR CAAGCCTGATCCAGCAAT

EATTHE WmF CTACAAATTACTAAGGCGAGAT -

Wallemia mellicola WmR TTCCGTAGAGTACGTCTGTTT

2 #HR

2.1 FIHHEARS OTU BESHT
) REURH B0 R 16S tRNA 5 i 7 3t

FEAEIRUG A 35 864 Z%, IE B e A B B 51
32395 k. LR TTS2 el £ P 4L 45 51 26 540
RIEHR S, BHEALIS LB 51 24 986 4%, A&
T 97% WAL K-, 46 R g 18 4 1 A TR o 2R
For B o AR S 235 F1 128 4~ OTUs (£ 2) .

R2 BEMHEFEME 16S rRNA FIEHE ITS2 SEENFELREFR
Table 2 Basic information of high-throughput sequencing of bacterial 16S rRNA and fungal ITS2

in the gut of adult Nilaparvata lugens

- ERGE Y AR OTU % AR EB I FEEICHEH ()
G Number of Number of Number of Number of taxa of different taxonomic categories
one raw tags valid tags OTUs ["] Phylum 24 Class H Order #l Family J& Genus
16S rRNA 35 864 32 395 235 7 15 26 45 73
ITs2 26 540 24 986 128 3 9 12 15 18
R DRI e e 1) 2R 4T BE AL 19 07 2%, LAh 2] 2501
AP P ECS BN BT REAC R B OTU X H M 4 R &l . 200
o S A A v U e 5 R A R IR (18T 1) £
WP LRI LU 165 tRNA RO BEMAAE 5% 1sof
97 %0 FEAAPE K F-T T [ SF-$HAH i A 58 42 kA S5
S0, F ARG I 2 AT OTUs 33 100]
Pk, WIS BEORRINGA ka2 | “Smre
2 HA

IS5 10, 22 B H 7 T AR5 00 7 50 &2 2
DI e REU I R 28 B . R, AR
T 2 AR 8 S WA U T 40 RN L PR R 2
BCFFPE
2.2 BYENHRBEAEMERMNMEARRE
E;s

FF OTUs (43285 R, CEUAE AR
AR R T 7 AT, 15 449, 26 4~ H, 45 MR

0 5000

10000 15000 20000 25000 30000
HhEER SR

Number of sequences sampled

11 e R EU R 7 T8 20 T R L RO ) A B R i 2
Fig. 1

species for bacterial and fungal communities in

Rarefaction curves of the number of observed

the gut of adult Nilaparvata lugens
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T3AE i BRI 3 AT, 9 N, 12
H, IS AR ME(#£2),

o KA IEFEAALET 193260 oK BRI EY)
FETR A RN 2 firzs o e il & 0¥ Y 16S rRNA 7
FIIFRE R T AR B[] ( Proteobacteria) | JERE T[]
(Firmicutes) . ¥+ # ] ( Bacteroidetes ) . il £k i | ]
( Actinobacteria) FIZZ IR [ ] ( Tenericutes) 287 N1,

ForP AT 1) FOURT B DR RE B DA R A A
LA BE A ) o AR 38. 68% , 28. 67% Fl1 25. 68%
(FE2: A) . # CEUZIE P ERE B Y ) 1TS 751
BT 3 AT, 400 FHE ] (Ascomycota) (1
FHiI ] (Basidiomycota ) Fl—> K i ] (indeterminate
phylum) . JHrh R T BT 5 LR R (9. 26% )
TR LA 0.63% (K2: B),

A 100 mm SHSE| JProteobacteria S E Gammaproteobacteria w1 EEEEPseudomonadales
mm |28 IFirmicutes mm R PBacteroidia mm PR EBacteroidales
90 mm ATEI IBacteroidetes R ERPClostridia BB Clostridiales
- jiEEE | JActinobacteria . IR Bacili mm 3| AFEELactobacillales
80 B Bacteria_indeterminate = R Actinobacteria = e EE Actinomycetales
B Candidatus Saccharibacteria mm o 3R Alphaproteobacteria mm (5B BEnterobacteriales
® 70 mm Z2ASE| JTenericutes BB Bacteroidetes_indeterminate m Bacteroidetes_indeterminate
\/g 5 60 3T EDeltaproteobacteria W Bacteria_indeterminate
< g B R Betaproteobacteria W Proteobacteria_indeterminate
E‘f _._Ed 50 m Bacteria_indeterminate = 4792F HRhodospirillales
=2 mm HifiOthers mm H{thOthers
EE 40
<
(o'
30
20
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0
["] Phylum 44 Class H Order

HXEEE(%)

Relative abundance

B 100 = FEF | JAscomycota mm FEFRFE P Sordariomycetes
mm {BF{H| IBasidiomycota EE Ascomycota_indeterminate
90F = Fungi_indeterminate e iBE{Wallemiomycetes
mm EEFEFDothideomycetes
80F W Fungi_indeterminate
70k mm F2¢Saccharomycetes
& mm Ustilaginomycotina_Incertae sedis
= 60} P Tremellomycetes
e HEFPEurotiomycetes
Z sof
= 40t
30F
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= PEE EHypocreales
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Fig. 2 Relative abundances of the top 10 bacteria (A) and fungi (B) at the phylum,

class and order levels in the gut of adult Nilaparvaia lugens

TEN B IR, 4 KUY 8 40w SRS T y-
I W W ( Gammaproteobacteria ) . 8l ¥ B# 4
( Bacteroidia ) | #2 B 44 ( Clostridia ) . Zf 7 #T & 24
(Bacilli) FN7ic £k 7 49 ( Actinobacteria ) 45 15 ~44 ( &
2: A)o Hh 808 B4 LR M,
37.99% , AT T8 N FI AR T W K Z, F BE 4 K
24.61% F121.17% ., # Qa7 8 B R ALE R g T
£ 5 2% 72 B 49 ( Sordariomycetes ) | & 4 FH 4N
( Dothideomycetes ) . liZ £ 44 ( Saccharomycetes ) | 15 $H

4 ( Wallemiomycetes ) FIIZE A3 B 4 Ustilaginomycetes
TENEY 9 DMK 2: B) . HhFE7C i N BB i1,
FLARE G B 97.90%

FEH 2B ot b, 4 b 38 4 B 7 AR S AT
H ( Pseudomonadales ) . 1 ¥1 & H ( Bacteroidales ) . 18
W H (Clostridiales) . ZL¥F 7 H ( Lactobacillales) | it 2%
i H (Actinomycetales) i1 5 H ( Enterobacteriales )
26 N HMEA (K 2 A) o HP R
H I B AR B B 400 R, 5 s R



328 B 244k Acta Entomologica Sinica 62 &

36.50% , 24.61% F1 21.06% , H 4 23 ~HIL L
17.83% , #5 REUpiE @ Rs 17 12 A~ H (K
2. B) , Hi 2B WA E H (indeterminate order)
SURE I 5 M3 (95. 779% ) L FEk S 14 S 1
( Hypocreales ) #11F %& £ | ] ( Ascomycota ) & #iff '€ H
(indeterminate order ), 3 3= & 7 51l & 2. 13% Fi
112% . ik 3 A~ HryE R 35 Rt 99.00% ,
T 9 A HIER FELE 0.98%

TERF BT b4 REUE WSS T 45 4
Bl HphERRBT 5% A 5 AR, 50 518 B b
#} ( Moraxellaceae ) (36. 50% ) . %2 PA i T B}
( Porphyromonadaceae ) ( 18. 42% ). & 18 & F}

( Microbacteriaceae) (5. 22% ), #y K& 7 & #H 4L
B 15 R BR 3 DRI E RN, KRR E R F
YIRR 1%  FE5TH WA E RS s, FEHN
95.77% ; W H KRB EFHRZ, FEH 2. 11%
(#£3),

TEJE 4328 W o b, 4 R EUW A A 43 ) T 3
T 3B 18 AN B EE , HrP R 3%
K8 T AN IEJE Acinetobacter | 58 Fp I TR A 22
J& BRI R € IR FLAT RS Lactobacillus FIis{
5 J& Microbacterium, HE. W F 304 T 272 H N
NORHAE IR A RE T H R E R T H R R Wallemia
FIEBREEBEJE Cryptococeus . AN Bl FF TR 1 J& A 41 B

( Lachnospiraceae ) ( 15.
( Lactobacillaceae ) ( 7.

27%) . 3L T ®W F

33%) H LT BB

RO R , R b SR 36. 37 % ; F& 7 i MR 5E
JE A E SR, R 95.77% (%K 3) .

®3 BCRABRGENERES LM T EAXEEHERT 10 HARMER

Table 3 Relative abundance of the top 10 bacteria and fungi at the family and genus levels

in the gut of adult Nilaparvata lugens

M Bacteria

H.H# Fungi

Bl Family

J& Genus

A} Family

J& Genus

BRI R}
Moraxellaceae (36.50% )

ANENIT B
Acinetobacter (36.37% )

FESE R AR E R
Indeterminate family of
Sordariomycetes (95.77% )

S H WA B
Indeterminate genus family of
Sordariomycetes (95.77% )

MR
Porphyromonadaceae (18.42% )

e Nl % S e
Indeterminate genus of

Porphyromonadaceae (17.22% )

PR JBE i E AT E R
Indeterminate family of

Hypocreales (2.11% )

PR TR AR E )8
Indeterminate genus of

Hypocreales (2.11% )

BIRER}
Lachnospiraceae (15.27% )

TRHEPATE S
Indeterminate genus of

Lachnospiraceae (15.01% )

THEW IR ER
Indeterminate family of

Ascomycota (1.12% )

TREHTATE)S

Indeterminate genus of Ascomycota

(1.12%)

FAF R FLFF v TR REEiELE )
Lactobacillaceae (7.33% ) Lactobacillus (7.33% ) Wallemiaceae (0.60% ) Wallemia (0.60% )
T TR [CGR=1 SR R IR
Microbacteriaceae (5.22% ) Microbacterium (5.21% ) Capnodiaceae (0.11% ) Capnodium (0.11% )
HTRH HEEH IR

Meyerozyma (0.05% )
Prevotellaceae (3.30% ) Prevotella (2.51% ) Debaryomycetaceae (0.05% )

I8 B ALK R

11

Ruminococcaceae (3.18% )

Indeterminate genus of

Ruminococcaceae (2.07% )

LEE AN Y
Malasseziales (0.02% )

LEE AN )
Malassezia (0.02% )

TakT R R WHKHE BRAC AR 7582435
Enterobacteriaceae (2.51% ) Serratia (2.01% ) Mycosphaerellaceae (0.02% ) Cryptococcus (0.01% )
FFRE B AR A0 2R

Indeterminate family of
Bacteroidales (2.01% )

M AT 8
Barnesiella (1.34% )

K R
Cordycipitaceae (0.02% )

[E2535 )
Saccharomyces (0.01% )

BERRAT B R

Acetobacteraceae (1.34% )

HIBEBHAT R

Gluconacetobacter (1.06% )

AR
Eurotiaceae (0.01% )

HER
Penicillium (0.01% )

F55 s A% . Data in brackets are the relative abundance.

2.3 W@ EMBEAEMER Alpha LS
Alpha ZFEPERSEOTAS AT LS BRAE A P9 1 3R A

ZREVE, AW 5T 35 BRI 4 Fh %X, Chaol | Shannon
F1 Simpson 4 >4 FHH8 BOR /4 B E R
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ZREPE, I AN ECRT Chaol 8 5U(E MK, F2R ke
i FP V% T BB R ; Shannon 35 i 57, Simpson
FEEGEIN, BLEAAE S R 2R R . B3R 4
AIHL, R EU A Hh 40 R R B R R B R
F R

F4 HBREARHBEANAHMERSEERESST

Table 4 Diversity indices of bacteria and fungi in
the gut of adult Nilaparvata lugens

ZFEEFE S Diversity indices
e BURIIEY/ LIk

Groups Number of observed Chaol  Shannon Simpson
species
474 Bacteria 235 262.64  3.90 0.62
HA Fungi 128 165.40 0.91 0.75

Rank-abundance [l ] L)) B & BUAE 5 v BT &
YiFpi = BRI SRR, Hrp Ry e R
SR N2 Srd N R S T EE = S L
PR RGEF5 . W A Y 35 5 B el th SO Rk B e,
i 2B 35, 0 B AR S rb W b 2 0 18 5 R
HH L 3 AT, 4 U ) A R T A A
L HI A EEAN Y, RIAAE— S R B8 5 e 1 20 R
AN
2.4 SEENFERK qPCR WIE
BEALLE B B I8 2 AR 22 5710 2 F )
A E (A B FF R Acinetobacter sp. Fll F FT
Lactobacillus sp. ) F1 2 Fhfip i W (AW HE
Wallemia mellicola F1BaBRIFEEEE Cryptococcus sp. ),
BT HWFE BB L1 (% 1), FIH] gPCR
$ AR E g 38 5 I O B AT Rk a4 s

PCR YJRE A KA 18 G A 9 SE DR AL rh 4 14 4 P
— 4%, HLN P S e HERf (&1 42 A) . qPCR BIRiF
R Mh &Y Ry s — g, IR B SRR I Fr it | P4
PR AF. qPCR 45 2R R, N S AF 1 19 # 0280k
39 953 +5 297 B 2FLATFEE (5 836 £768) [ 7. 54
2 AR T FE TR sk I R TR Y 5 DL By SR
62 700 +7 270 F12 155 +383, & 1 1 29. 10,
fen 3l B A M b R S AT I S LA T R R
Wk 36.37% F17.33% ($3) , HFER L 4.96,%
AT TR BRI RE TR T 7 S B2 4351 0. 21% N
0.01% ,JLFFE A 21 10(K 4: B), LA, 4
A WiB B AE M REUAIE ) E B 7 S 2 S R A 4
AR 3, NS GIE 1 57 38 St 00 0 2 A 35
AT RE:

0.1k — YH 7 Bacleria
— H.# Fungi

¢

Z 001f
BE
w3
= ¢ 0001
£E

=

G

= 0.0001 |

1 1 1 1 1 1
0 50 100 150 200 250
PR hEER
Species number rank
13 45 REH 7 4 A R EC I OTUs 1y
Rank-abundance [H]Z&
Fig. 3 Rank-abundance curves of bacterial and
fungal OTUs in the gut of adult Nilaparvata lugens
Wm B

FPo145 UL £ (x10°)
Sequence copy number (x10°)

c v s o xRN B33
° <

La Ac Cr Wm

Gut microbial species

K4 46 CEU B U Y R B P A5 R A PCR(A) Fll gPCR(B) $iE
Fig. 4 Verification of the high-throughput sequencing results for microbial diversity analysis
in the gut of adult Nilaparvata lugens by PCR (A) and qPCR (B)

La: FUAT I Lactobacillus sp. ;5 Ac: NEFTE Acinetobacter sp.

; Cr: BRBREEEETE Cryptococeus sp. ;

Wm: 245 Wallemia mellicola.
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B 1 v A R R E Y, RS 2R R
TRA IR, 2508 B SN BRI L S
A RN 38 TH AN A2 TE A B 2 i 22 2 i i #E ( Boman
and Hultmark, 1987; Robacker and Lauzon, 2002;
Morrison et al., 2009 ; Frago et al., 2012) , PIfFE&T
o CEU T A P A 5T S R TS AR Tl 35 Al
VERESCIE VR, HAE b T A0 T RV 45 K A Z AR O A
T (AT, 2011 ; 2245, 2011) , JE4ER, 5
T I PP HOR Sy A T PR 4 TR EUl 18 TR RS A 4
TR o T B, AT Tlumina Miseq
I PP HARAKG I ZH TR 16S vRNA FIELF 1TS J7 31 (17
B2, RGP A R R L TR )
KRR IR A N

R A5 RER W], 8 CEUE A IS F 5, 168
rRNA JEH—ILE B2 T 7 47,15 A4, 26 1~ H,
45 BE, I3 AR, MEIR A, REAFRFIZEH
B s AL I AR 22 5 (B AS IE TR 1] 1t d
BRI E MR Z —(Yun et al., 2014) , AHFFE
HOG T AL TR 1T A 20 SR R 2R, A8
TERT T4/ F BEAE A CEUG 8 4 & b b L
(38.68% ) (& 2) . BRILZAHL, BUAF 3 1] FE BE R
I TANR IS e R PR, e as R 5O H R
A db B B
Reticulitermes speratus 1B 340 # 252 ( Ohkuma et
al., 2002 ; Schloss et al., 2006) . WAEICE BERF %
BRI TR JERER ] R T
¥ 1] (Schloss et al., 2006) , #5 K&\ i iE kLA
U TE B T3 AN BANA , LI T ARG TP A
FEBARFN SR L R 25 5 . AR RSPl
TIRHR B ASE (2011) {7 1E N
Y ES R TSNS R Acinetobacter | WRSC G T J
Erwinia . % i J& Bacillus. % #F &
Microbacterium JH & J& Enterobacter F14: 85 A 5 &
Chryseobacterium FE NI 6 &AM . AHFFE AL
RO B X SO A 3 & IR A AT B R i H R TG
PN I AT, 4058 B B R R E TR (17.22% ) Fl
TIRE BRI E R (15. 01% ), "] W, 5T 168
rRNA ) Tllumina MiSeq =y 3 f  J¥ 45 AR 68 % 55 fin
T b 4 75 4 6 B\ T R A 10 A5 R A R 2
R

AWK B, AN ST s S EU A

- Anoplophora  glabripennis

TR (36.37% ) AR B (£ 3) . ZWWH WL
THABR AmE N, BA e Ea W iHA AR
54k ) 31 € ( Briones-Roblero et al., 2017) ,{H H 4=
Y SO AN 2 W . 25 TIZ R AT AE REUASR
RS SR IR, 5 8206 T H B AR L 67 431
B sh A AL 07 SO A: 2= T e ) 50K A2 1541
SERI AT HEAh, 4R AU A A A B — 5 L)
(7.33% ) MFLH R 078 (2 3) o i%Jm 48 A
A5 I 22 ik K AR 400 5 ik T o 2R TG I ik I
HOK AT 2K ) RE T, AT RES S KAl
B TR R (SR 5%, 2017) o HHTIMA OB FR
FUFF I 4 T 0 B B 24 R 0 7 R A — s B BRI A
F(Xia et al., 2013 ) , H HAW W] e 2 56 #9) i1 fig
BT TR A A TR (0 K T 8 AU v QR T 40 1) 7R
e CEUZE R AT R I, (3 2 i 38 T R 54
TREWPT 2P A AR SCPEA R it — 2D 9T o TRIK
ESE RAKJE Wolbachia j& ) 2 AF1E T 19 B8 W1 1A A
IS FAEFEAT R AR A R TE T2 R
HmE N il E %5, 2002; Yun et al., 2014) , Z=
AR (2011 ) 38 o #4416 rRNA by B SC 8 19 J7
2, 704 REUAIE T 4E B TR A . RN AR
ST R I AAG I 3 1 R 40 B, AL 45 SR Al UL T HA
B Uiz AR W) 2 BV S8 (XN BCEE, 20165
H/NAHESE , 20175 ¥55°5%, 2018) o B Lk 2= R4k
LA T R 5 R b FIRBERRBEAT . 1
Ji B A (2013 ) 5% 22 A4 6 EUAS [m] 3
Wolbachia ()17 190 247 K60 43 A7 B, 2 80 L ot O
2009 AEMHEEP AR BTN . e Ah, B AR R
YW 51 FRE MBI ZE A X (Su e al.,
2016) o A BIFFEHRE 1R 52 56 % b LU — K R it Ao )
FEH KA, HAR N Wolbachia 1) B3 7R b %5 17 57
RERY G2 [ # (Wang et al., 2015) , A&
WF5E 2 LA PR FE T TNT 7K b 50 4R Sz #h
HE X4, 3K A AT RE 2 AS A 5T 45 SR v oK A i )
Wolbachia [— ] EZJHH

BT OTUs 1y 73264551, 16 LAl i B W R &
T3IMNTOANH, 12 4H,15 48,18 ME., Hp
SR FHEE1(99.26% ) FEFERA (97.90% ) () H.
W AR XA g R 5 O6JE B R4 iE B
PR AEAH R (Mason et al., 2019) ,{H 547 2L du iy
EP LA AR, g4 (2017) BT 1TS 7
FIH DNA S5 RSER S T 3R E 5 B 8 A th fig
ER A B2, 25 R RO 7
W1, 4633 B K E H (Auriculariales ) #141 B H
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(Tremellales) , H i, 0¢ T4 CELE W 8 fHUE Y 1Y
WFoE EZAE T8 CEUE D5 A N A 2R R AR T
TSRS (2007 ) A1) ] B9 B 15 57 19 75 1 A K L
PRGBS T IRR IR A BT, 28 5 0 S i i A 22 I B
Yarrowia lipolytica F1VWg Ih 45 #0 1§ £ Sterigmatomyces
halophilus ., Hou % (2013 ) jifi 1 18S rDNA Fi 5. 8S-
ITS Jp 51 7 2355 728 P s J38 B Je i VK R TR B 1 463
REURNI AN AFAE Noda T8 |\ F=t1 52 B2 R B B) Pichia
guilliermondii (R 22 W% +} Candida sp. V) F— 2ok
RSN IR BB R B AL AR FORRT . AT RS KR IE
Hh A I B T — S R R R T, 0 B K R B T
Cryptococcus sp. FIEFER Saccharomyces sp. . K1,
AT b R R S Y 1 LR R 4> OTU R 48
FE BRI 2B TT , AR TN 107 1A 0 gy 1 v Y e B
RIS A [F IR C R KBTI EE, B ARG,
W AME Z W5, B U 1 R 2 R AR T
FEYIANE T G W ORI, BN, BRE 24
(2014) )\ AL B WS Acrida cinerea i WP 40 55 55
Fe T 18 fRILAEH, KB 2 Bk &
Fusarium FLT U EARBES ™ 108 FE 3008 18 BA 5L
SERAGIN IR FH o K 7 et 85 gy 3 3 2F TR O #8232 Ik 52
Daldinia eschscholzii 7% ;™= H= B 28 8 3 00 SR R 25 1k
Y, Mz A G W B AR G 0 S g 10 S
(Zhang et al., 2008 ) ., # W EUfiz 18 TR -t & 90 AT
REHAT 7 A R TS R ) o g O B LR (N R R
Penicillium ) ,{HH: A BLAT Az B V8 68 (1 R R AT i i —
AAZRARIIE

i bl W4 REUmE A Y T E 2. A
AP T REB A Y T REE YRR —
PR SR mE , Horh e A= G A ) 02 4 R EUUAE I B iR
W R IT R — R B E IR . AR IR T 401
Fric (40P 16S rRNA FIELEA ITS) [ 7 5 K 41 5 gk
ST T 4 EUD I8 AR W 0 B 3 A5 A T 2 A
PR BIFFEEE RN IF R BT 34 OC R i R EL " DL
B HORSRE TR, o 5 2 8 s 1 TR AU 3
S A L e B - B[R] AE AR ML B 50 B T BRI
Feith
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