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B E [HM) #%9EEiRE R4 % Rhyzopertha dominica ( Fabricius ) 4 HURISCH A YL DI RETS
AN LR [ F7i%E ] FIA Tllumina NovaSeq /il T H AR S ZAR TG 16S 1DNA ) V3-V4 AL R
XFIELTE ITS (19 ITS1 KA T sty oA, [ &R ] WAL dRs A a3 2405 16S tDNA
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Differences in microbial diversity between larval and adult
Rhyzopertha dominica (Fabricius) (Coleoptera: Bostrycidae)
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Abstract [Objectives] To investigate the microbial composition of larvae and adults of the important stored grain pest
Rhyzopertha dominica (Fabricius). [Methods] The Illumina NovaSeq high-throughput sequencing platform was used to
sequence the V3-V4 fragment of the bacterial 16S rDNA gene and the ITS1 fragment of the fungal ITS gene in larvae and
adults of R. dominica. [Results] Valid reads of 16S rDNA from larvae and adults were 256 551 and 249 101, which were
clustered to 214 and 251 OTUs, respectively. Valid ITS reads from larvae and adults were 196 246 and 109 184, which were
clustered to 547 and 963 OTUs, respectively. The Flavobacteriales endosymbiont of R. dominica (FERD) was the dominant
bacterial genus in R. dominica, comprising for 63.77% of the larval, and 88.28% of the adult, microbiome, respectively.
Alternaria was the most abundant fungus, comprising for 44.62% of the larval, and 7.10% of the adult, microbiome,
respectively. Alpha diversity analysis showed that there is a significant difference in the microbial diversity index of larvae and
adults, but no significant difference in the richness index. Beta diversity analysis indicates that there is a significant difference
between the larval and adult microbiome. [Conclusion] There are significant differences between the microbiomes of larval

and adult R. dominica. Larvae had higher bacterial diversity, but lower fungal diversity, than adults. This study lays a
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foundation for the development of novel control technologies for stored grain pests based on “inhibiting microorganisms to

control pests”, and research on the environmental adaptability of symbionts in R. dominica.

Key words Rhyzopertha dominica; microorganisms; diversity; larva; adult; high-throughput sequencing

4+ &% Rhyzopertha dominica ( Fabricius ) /&
TH#§# H Coleoptera, 4% F+ Bostrichidae, J&—
o o P e PR I, RS A AR BT R
P HLIX , 7E R E IR X S, HA RS
AT A 5268 /) ( Longstaff, 1999; #UEREE,
20105 Z=FHFH4E, 2021; Perkin et al., 2021 ),
Ly ORI AR iR i 5, AT DA S R R
b, BCFED R EE R, AFRER, B
BT R G E B R G , BHRCRE
SR, FLEALTT . 5L 8 RGE DL B R R
AR, SRRAMEBR AR E R — (A E &
45, 2018 ), BEALSRAL A= 2R PR A dh e ik
AR, BRIAGHEE LR 7% R b
P IREETS YR 24 ) (Opit etal., 2012),
WEITIERM SR a6 AR R E R
HEAR

E AR AREHEY , 25 &fa4:
#i %3 ( Bertino-Grimaldi et al., 2013; Scully
etal., 2014; Consuegra etal., 2020 ), [FIEFEA]
2552 815 £ B BT, Bl T A BT R A
b RS IR R AR AT AR AL o HUAS R 5 B
ENHEH SR R EENRZ — KR
Sitophilus oryzae ( Linnaeus ) P4 A¢ P A B %
Y9 B TE R PR S VG I, 332 i T AR
5 AR B2 WTE R 2 K IR, AR A Al
VIR FP A IR, AN B AR TR KR B A
R, BiEE R (Vigneron etal., 2014 ),
Wolbachia 7£ 2414+ %5 Tribolium confusum AY H {4
A IR B 2 e T (R, 2017 ),
% S 4> 5, Holotrichia parallela 1 #&4h g i i
PREFFRTT, 2 8 3 54 Bz E 3w 2
JERET ] ( Huang and Zhang, 2013 ), R4rH14%
Colletes gigas fikil¥ 4 4 | 1= ¥ 20 H R B il 1)
Jo 3 e A AU TR () AN AR A B
2021 ),

BRI UE Y O RGN R E R, B Rixe

R BERATRA , B KA Buchnera 7] L
ik R JEBZ ( Moran and Degnan, 2006 ),
Wolbachia 7519 [ sh ¥ ARG A AR =, %6 3=
By AFE A VR, 7T LA S M SAN
A, SR MEPESSERN ( Serbus et al., 2008; Zug
and Hammerstein, 2012; R&MF4E, 2020), R
i %) P b g A AR ) FL AT T Lactobacillus
plantarum FIEEFF B Acetobacter pomorum et
WIIRE B EA], e fE ERR AR B, "L
A ¥e s EEMREFRFM T IEH 4K (Consuegra
et al., 2020), HEWS SR M EMES), 2k
B%; 3= Yeast-like symbiontes 7] DA Ay K|
Nilaparvata lugens $E b Z Z LR , i ] Lf it
A EBES R h Ry, 2518 £ 4 8RR
B, PREE FIEW AR A E (Noda and Omura,
1992 ;Noda and Koizumi, 2003 ; £ [ #%5,2005 ),
A EAE N AR E L, A ORI
AFFE AL TR BB . Okuded % (2017) WF5¢
ERASHEAERNELE —-MIEHNEER

Flavobacteriales endosymbiont of Rhyzopertha

dominica ( 445’5 5 FERD ), J& THIFF#il],
PFFREN, EIFHE, RIE2K 16S rDNA 751
ST R, BARDIRE AN . BLAh, B
RPN B FERD £ %) Ha AR HUR Y 9 A X
FERERDA, AEARNEDR IR0 5 2
P ANERE . PR A 78 R el P R
X A5 ke 47 T H AR PN %) 40 R R B R R A T S
FZFEE ST, WA 2 40 SR g M A PN 448 7 R
FHR RN . SR EMZE S . BFRE Rl Ll
Ja SE IR A BEAR N T W i AR B D e LA I &
FT RGBT B A

1 #R5HE

1.1 $6lE R R R AbE
A% kAR T I GO R B4 A SR A
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FBRE BV L=, 2016 4K H L
T, AR /INGZ Rkt B RE R 27 °C,
AXHRE R 65%M N T & RERF=41 ( HPP750,
memmert, fEE ) HiEFE, H 2.5 mm ZrEEGH M
JINZERL AR Y R, B 25 Sk Zd 12 h WL
HRALE, BT ICREAE G L 75%I R AR 5
3min, HE 3K, FHIEKED 3-5 K, BT
IKAY 5 A A 2 mL BB T AR
TR 5 SRR, 3 ANER L /N RS
iy, RFTHEERIE S R —B, B4 HRE
50-60 3k, H3ANEE,

1.2 X DNA RIS

i 8 TIANGEN [ /21 fifl/4H 2R 5L 4 DNA
BEGAF & (DP304, RARAALEHE AL ) IR
vn], HED) BB EREUR BRI A U S DNA,
At 1%IE G VKA I DNA $2 BRICR ,
Bid 5 DNA FELET, ¥ DNA Wik=x
1 ng/uL, HTJ5%L PCR ¥4,

1.3 EERRYIE. XERESNF

DIFS RS Y SL 4] DNA it , 1 4
16SV3-V4 [X 5|4 (341F F1 806R ) FIELHH ITSI
X51%) (ITSIF F1 ITS2-2043R ) #:47 PCR ¥ 14,
PCR VA Z : DNA #itiz 10 uL, Phusion Master
Mix (2x) 15 uL (M0531S, NEB, %[ ), FX
5194 1 uL, #h76 ddH,O % 30 pL, PCR P44
TP 98 CHIZZYE 1 min, 30 MEFF (98 °CA
P£ 10 s; 50 °CiEk 30 s; 72 °CIEfH1 30 s), %
J& 72 CCHEAHY 1S 5 min, PCR j=HyH3 4 ik 2 ik
TP RIRFE, FEMRAIRMH R 2% B 1 B e b
EE UK VI E B A, X E Sl
Universal DNA Zfifg [a[id5 & (DP214, KR
AR A A RAR, TE) #EfT R,
I NEB Next® Ultra DNA Library Prep Kit &%
ik5F & (E7370L, NEB, £ ) #Ef7 30 M,
{4 ] NovaSeq 6000 (Illumina, 5[ ) 347 FAL
My, SR TS 500 bp.

1.4 OTU BERUFhTRE
P R A BOAR S NS | ) 5 AR A A

BEAS I B Hls . A FLASH #f4 (V1.2.7,
http://ccb.jhu.edu/software/FLASH/ ) Xf &M HEA
PR AT OHE , SR %dE (Raw reads ),
Zoad b ik B . KBRS IR B R LA RO
( Valid reads ). F Qiime ( Version1.9.1 ) %f4-%F
F B REARA ST IILA 97% 10— B RS AT
BEAE 43258 ¥ 50 ( Operational taxonomic unit,
OTU ), #EH OTU WK FFIHEAT YIRS 5
% 16S tDNA 5 SILVA138 $0#i7%E (http://
www.arb-silva.de/ ) #EATHI R F BT, E1X) ITS
¥ H Unite (v8.2) 4% ( https://unite.ut.ee/ )
HATYIFERE T, FEARR 3 20K Se i AN [F] 55
ISR, FH SPSS 25.0 B 1IFZ£ A [E] 42
KPR AR EL

15 REMEESHEES TR IR

XA B ST 8 — b B, T 24
P43 . f#H Qiime ( Version1.9.1 ) #4358 8
MHEAR Alpha ZHEMFEEL (o IS,
f14% Shannon-Wiener $5%5 . Simpson $8%%. ACE

& 4UH Chaol #5844, Shannon-Wiener 5 %5z LA£:
AR ZAEE R A A B, BEVR IR 24
Phk R, SRR A FE B . Simpson $8 4L
JBRASE A Al A W T R 2 R T N g A 32
B, xfs A 3 FiERIES, B—-fEgi
Simpson 8% (D), 55— Fh2 1 I & #H Simpson

5% (1-D), M Gini-Simpson 5%, %=
& 17421 Simpson 84X ( 1/D ), g 2f 2
FEPEFE S ( Ruggiero et al., 2015; Jiaetal., 2018;
Rosenthal et al., 2019 ), ARSCEEH 1 WL
Simpson F84(( 1-D ), H[l Gini-Simpson 8%~ ,
FEIE NI Fh ZREvER R, oA BRIA 5], Fe 8Bk

( Venturi etal., 2007 ), Chaol FSECPFHFETE+
YRS, WA BB 2R B K
ACE #8E0FI FEA T OTU B8, OTU SAi 2%
ZA8E UK (Chao, 1984; Chaoetal., 2000 ).
AT Qiime FAFIHRAFHEA N Beta BEES, 75
20 T AL B KF 23 Bl A T A BR 0BT (Principal
co-ordinates analysis, PCoA ), £ _#EAsbREH
T 2 AR L AR AR I B R

41 B L B U PICRUSt ( Phylogenetic
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investigation of communities by reconstruction of
unobserved states ) 73T J& 5T Greengene FE PRI %L

P& £ ( http://greengenes.secondgenome.com/ )
H R LR AR OTU B9 ERIE R 741,
3T KEGG ( Kyoto Encyclopedia of Genes and
Genomes ) A48 FE#EAT R DI RE A0, % b U
7R AR AT R ) A 2 A L, DI REAS iy )
REFEI AL, F SPSS 25.0 #1422 il kT = B2
FIE B .

L6 HEsZItSSH

JH SPSS 25.0 HAF S AEA T A5 LAY
AR AR PV AH TR T EL A A YS Alpha 24
PEFEE E S, 75 P=0.05 fKFE R ZER R
Z M, H GraghPad Prism8 44K . J:T Beta
B A Z 70 2250 ( Adonis ) 11 4) HUFI AL
HR NN LR RIS Z B AR 225,

H R ( Version 2.15.3) {4+ vegan fi Adonis
PRAGHAT I

2 BRERMH
21 BEGAARREERE SRS

2.1.1 16S rDNAEE V3-V4 X FHHESEHE
S BEARNYIE 16S rDNA B V3-V4 [X 5l
LR B E AR RS 518 444 4%, PHEMAL)E
B REHE R 505 652 Z5 o TE 9T% AU K- I
e, HH455) 291 4> OTUs, High A
IR GEE R 262 710 4, XRiAALIS 153
256 551 ZARCEHE, RIS 214 > OTUs,
B HOREAS I Y SRR s ol 255 734 4%, XFRIEAL
JEAFE] 249 101 SFAMESE, REF 251 4
OTUs. MHAZHILA R OTU L H N 174, B
WA 7740, YRR 401 (R1),

®1 BHEENAHE 16S rDNA FEENFER
Table 1 Basic information of high-throughput sequencing based on 16S rDNA in Rhyzopertha dominica

B ESGEVEI A BRI A OTU % R OTU %L
Sample Number of raw reads Number of valid reads ~ Number of shared OTUs ~ Number of unique OTUs

RDL 262 710 256 551 174 40

RDA 255 734 249 101 174 77

RDL: #j#; RDA: WM. FHEF,
RDL: Larvae; RDA: Adults. The same below.

212 AEFNHEEMEARSHT KT OTU
MY IrIEEE IR, TEAS T ARG AT Rk 4 SRR g
TR N AU TEFP AR F i T g it ot (L1 ).
FRAE 16S IDNA {ERELE AL 102K 7oK |,

E ) L G| o= N VS I S 1/ S B
( Bacteroidetes ). ZZJE R[] ( Proteobacteria ).

& OBE W 1) WA E T
( Cyanobacteria ), Z¢%5 &[] ( Chloroflexi ) 55
24 140 . #UAFHR T ( Bacteroidetes ) /43414
SR — RALFATETT, 4301 o 4y R g A P 44
B VR AL R 64.60%F11 91.92%., &)y Al 3
A 16 NI TR, ldad 4 A1, 4o
A 4 AT, Gy EORECR A T ] 20 R
fiX, ¥R 0.05%, 7EH KoK L, i
B3 o5 H, G35 H ( Flavobacteriales ).

( Firmicutes ) .

ST IR KR B ( Rickettsiales ). 1A 7 K& H

( Burkholderiales ) moJFE fk H
(  Entomoplasmatales ) F1 # Ak H H

( Corynebacteriales ) %5, 4fy H 1A% A 2 L) 38 T
W H (Flavobacteriales ) MALEE H, 35154
HUR R R A AR T R VR 4L RS 64.56% F
91.85%. TERFFRHITAKT I, R 141
B, EIEEFF T H AR L EF (Flavobacteriales
fam. ). AL ICE Al ( Burkholderiaceae ). 125 {&
Bt ( Spiroplasmataceae ) . ¥ IR EH B

( Corynebacteriaceae ) F1 [ Hr 78 B F}

( Pasteurellaceae ) 55 . %)y AL Al A 34 DL ¥ AT 1A
HoAR%ERL (Flavobacteriales fam. ) S EZ3A
PR, 435 7 4y AR AR AR P 4 R R T 2R
64.55%1 91.79%. TE@IrZEHIeKF F, ik
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Fig.1 Relative abundance of the bacteria at the phylum(A), order(B), family(C) and
genus(D) levels in larvae and adults of Rhyzopertha dominica

RDL: #jHi; RDA: i, TEIH.
RDL: Larvae; RDA: Adults. The same below.

BE) 213 )&/, a4 E FERD ., A

% 5 B J& ( Burkholderia ) .

LN

( Spiroplasma ) . U 6 AT AR {& Bl oK %€ &

( Blattabateriaceae

gen. ) I HE R W OJE

( Corynebacterium) % . 4% %k 4l HURR HUAR 9 119
AR A A &N 3L FERD, RIS Okude

85 (2017) YRR —2, AWFFEH FERD 7E4) 0
N S AR RIS N 63.77%, TE R HUR N
88.28%,

213 AEARESHMEIN SELHA
WA N AR REYE Alpha Z2REME M4 51 UL E
2, 4l H1f¥) Shannon-Wiener 18500 2.07 B & KT
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Y 1.08 (P=0.002), #jHUE Simpson F54CH
0.55 BERT A 023 (P=0.043) (K&l 2: A,
B), FHAL) A LA AR P AN RS 2R
YIRh A 5] o R ACE $8%0H 257.66 KT
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400 [ ¢
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& 2

G 16118 HERARZE (P=0.072), MR
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ANEE (P=0.073) (K 2. C, D), KRR
L RN A E D AP B 2 A 2
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Fig. 2 Variance analysis of the a-diversity index of bacteria in larvae and adults of Rhyzopertha dominica

A. Shannon-Wiener $5%1(; B. Simpson #§4%; C. ACE #5%{; D. Chaol 5%, *FnzFEH (P<0.05) ,
#FoREFWEE (P<0.01) . E 6,

A. Shannon-Wiener index; B. Simpson index; C. ACE index; D. Chaol index. * means significant difference (P<0.05),
** means extremely significant difference (P<0.01). The same as Fig. 6.

Beta ZAEMEMIT A REW], a4 A HEA
RETE i, HRSHEARESE R, BRihg)
WA 2 K (B 3), b0 4 a) R ik
172007 22500, 45 SR 4y MU HL R 2 a) 4
A LSITEE R E 2R (R=0211, P=0.008),
214 HEHBMEBRENAREIIERN ~
RN AN DI RE TN 45 5 UL 4, AR P40 R
HA 45155432 ( Membrane transport ), & 5
&% (Replication and repair ). & FEMRICH

( Amino acid metabolism ), B/K L& P10
( Carbohydrate metabolism ). g/t ( Energy
metabolism ). #i% ( Translation ). #{Bh A T #1
“A 4 ZHYICHF ( Metabolism of cofactors and
vitamins ), BB ( Nucleotide metabolism )
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%025}
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— ‘2 1 | 1 1
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Fig. 3 PCoA analysis of bacteria larvae and
adults of Rhyzopertha dominica



-+ 204 - o B 3244 Chinese Journal of Applied Entomology 60 %

100 - g g I OB R (55

Cellular processes and signaling
. . BTmRA M
Nucleotide metabolism
80 CE RS C 2SS0l
Metabolism of cofactors and vitamins
| s
60 F Translation
REEARIY
Energy metabolism

KA S PR
40 - Carbohydrate metabolism
W EAERR A
Amino acid metabolism
mERS5ER
Replication and repair
[Eiein
Membrane transport
0 mHE
RDL RDA Others
FE & Sample

B4 HEHRMEHENEREEINAE
EREXFEEERE
Fig. 4 Relative abundance and gene function

annotation of the bacteria in larvae and adults of
Rhyzopertha dominica
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HXTEEE (%) Relative abundance (%)

i A= B B2 515 % ( Cellular processes and
signaling ) % UJHE. #43 16S rDNA JFFIARLELL
P e oot FE B R R BOE ZFh, B REHEA T
RETIN, P2 HE,

22 AEGAEEHEEARRSHFES T

22.1 ITS1 FHIHEBESERES T HEAEN
H ITS [ ITS1 eyl s 3 A5 2 5 4R 7 51
530 914 5%, PrELb )5 A 50C8diE 4 305 430 4%,
TE 97%AHLEE K AT RS, 455 963 4
OTUs, H &)y diAEACI 77 J5i if £ dli ol 287 603
%%, ML IS 135 196 246 A58, B2k
F| 547 4~ OTUs, LA AEA N 7 5 4k 4l Ry
243 311 %%, XTREALE15 2] 109 184 454 35K
P, BAKH 963 4> OTUs, JHHFI4h g A ()
OTU % H N 547, BULFEA 416 4>, ghJoky
A OTU (#£2).

®2 BHERENEEITSIUFERL
Table 2 Basic information of high-throughput sequencing based on ITS1 in Rhyzopertha dominica

AR JEU iR K AR A OTU %1 Fifi OTU £
Sample Number of raw reads Number of valid reads ~ Number of shared OTUs Number of unique OTUs
RDL 287 603 196 246 547 0
RDA 243 311 109 184 547 416
222 ABRFANEEMEEARSH LT OTU H 320K L, A 84l BRI AR AL T R

PP REE R, TEAS I3 IS5 A 3 4 Rl
FLIR AP AR F B TS o (Bl 5). 78
1326 ek |, A8 &k ORI A Y BT 1Y
ITS JERFHIIERS] 11 17, A FRE]
( Ascomycetes ), ¥ [] ( Basidiomycota ).

# 7 % 1] ( Mortierellomycota ) . 4% M ]
( Chytridiomycota ) fI%' 2£ %[ ] ( Rozellomycota )
A TR (Ascomycetes ) A ZLIAR N A
— ROCABTT, 53500 i &y ORR A A N BB R V%
IR 52.84%F1 11.07%. 4 HUATRETT 6 14>,

S JE 4 B 1] ( Chytridiomycota ), BR2E i []
( Glomeromycota ), %] ( Mucoromycota ),

oM OE I (
Neocallimastigomycetes il Aphelidiomycota, S
Bl 1 AHETIHE ] (Kickxellomycota ), fE

Blastocladiomycota ) .

# 68 H, FTEKR=mMWHEHAKMEH
( Pleosporales ), #(# % H ( Eurotiales ), 45 H
( Capnodiales ). N H ( Hypocreales ) [

M H (Erysiphales ) 55, 25%&40 d s R4 DA

K ftliE H ( Pleosporales ) AL H , 43515 %)

ORI HAR N LR 2R 46.71%F1 7.28%

TERM TR M AT b, 45 8 4 HURI g AR AR

BE 125 B, FEEE W RHA R E R
( Pleosporaceae ), [#Fl ( Aspergillaceae ), 7R

5¢ Bt ( Nectriaceae ) . ¥ K B & F}
( Phaffomycetaceae ) #1 E i &K F}
( Megasporaceae ) %5, 7% 4 HUA R H X5 DAAS

f# R} ( Pleosporaceae ) NALHERL, 239154

ORI B A P LR AT 44.78% 1 7.18%.

TEJE TR IR b, 5 8 40 ORI AR AR
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