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HFEBH 81T, 1540, 33 H. 52 B 79 BMgrE. b, LS ET TEHEAIEIATT ( Proteobacteria ). J&
BERA ] ( Firmicutes ) FIJZRET] ( Actinobacteria ) 5%, L# B A E)E ( Pseudomonas), T
FERIR%E B ( Unclassified-f-Enterobacteriaceae ). A2l BJE ( Acinetobacter ). JER & ( Enterococcus )
FIARIE A JE (Rhizobium) 45, 3 AN HBLRRE ) 2R304 5 18 4050 19 Shannon #5848 . Simpson 6%k, Ace 45
BRI Chao F85020 510 1.5-1.7. 0.3, 79.7-133.2 1 76.4-85.2, LY T [G) H FRARRE (4 27 380485 ¥ A R 14
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Diversity of intestinal bacteria in different geographic populations
of Tribolium castaneum (Coleoptera: Tenebrionidae)

WANG Zheng-Yan™ WANG Yang HE Meng-Ting LU Yu-Jie™™

(Henan University of Technology, School of Food Science and Technology, Zhengzhou 450001, China)

Abstract [Objectives] To reveal the community structure and diversity of the intestinal bacteria of Tribolium castaneum.
[Methods] The Illumina MiSeq high-throughput sequencing platform was used to sequence the V3-V4 regions of the
bacterial 16S rDNA gene in the intestine of adult male T. castaneum from three geographic populations. [Results] A total of
465 293 reads and 113 OTUs were obtained and annotated into 8 phyla, 15 classes, 33 orders, 52 families and 79 genera. The
most common phyla were the Proteobacteria, Firmicutes, and Actinobacteria. The most abundant genera were Pseudomonas,
unclassified-f-Enterobacteriaceae, Acinetobacter, Enterococcus and Rhizobium. The Shannon, Simpson, Ace and Chao indices
were 1.5-1.7, 0.30, 79.7-133.2 and 76.4-85.2, respectively. [Conclusion] Bacterial community structure and diversity differ
among different geographic populations of T. castaneum.
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Uz E BTG RS T H B iR ME R ( Opit
etal., 2012), B, FHRMAEFIG BB AR
BR AR AU B B TG A FR TP R A A U TR) R A
FRW, WmEMAEYES S R fny A skl
R, EmEBRAER. ARKAKR . KEYiH
A4k 14 ( Engel and Moran, 2013 ), 5%
IR B 00 B T T T DA L B i 4R T )
Jr5gic 8

I, TR S iE A A Y s
FEAMAAE G B AR TR o SREUE G IR
R AR UR B Ml A T 0 Z R R B, mT RS
KR4 A ek E 8 ( Enterococcus ), “UEREA
J& ( Aerococcus ) FlfiFFE & ( Enterobacter ), A
AN R WA I % w8 (Aspergillus ) 55
(Larson et al., 2008; Kumari et al., 2011; Patil
etal., 2015), B HRIAE A KRS 2,
o R 2B A H HRiE DL T AN T8 3% (HgK
S, 2018 ), MEARSMEFREE RIS XS AR #E
J 3 Tl 0 B R T 45 A RN 22 A T R A T TR R TR A
o0 . R, AR s s PR, XF
3 A B R R 0% 2l 004 W R R i A T Y
16S rDNA (1) V3-V4 A2 7 Xy, IF o HHE V%
HINHZ RN, NI SLAE R AR UL 5 1 10 41 T %
18 F 1 D RE B I S 2 A0, )5 455 BT B AR L b 1y
SRS

1 MRS
1.1 #iXER

A EER 3 D HBEAEET 2017 4 6 H 0y
RAE AW 5 (ZIIX), EAIMN (HNZZ)
FAIL I (HBWH ), 7ESEIREN, LIeEH
VE Rk, FERBE N (29+1 ) °C. MRS
50%+5%. SGJEI 16 L : 8 D A1 i FE R
B o I N TR SR S5 A% AR A s SR PR
WiE R AL RE ), PR A SRFEE Fy AR 1
JEL ) 8 A T R A A R A S AT o

1.2 FEAAMEME S DNA H#iiE

TEPSE R A B, PRI R . HERCR Y
A2 TR 2 A S BRI K S E AR R 22 5 (R KR

R ), AR R e TS0 . Pkt 30 3k
e e R A TR . A ok O i T I R T
A R T 24 h AYLERALEE . KR A
75% LR TCH K TE VM AR 5, 3R 58
i I ABEREE ZE vh . #2 IR Axy Prep
i) % ( Central Avenue, Union City, USA) i
W 45517 5 DNA #ilid2, /5 H 50 uL 19 dd H,O
V. DNAL T ZE & DNA R4 (03 5 Fn OD
8, JFH 1% BB e A ra Dk R U BT i (A ibe
55, 2018 ), HANHIFRRPEEE R 3 K,

1.3 PCR ¥ #% Fripatit

DL 1.2 $RHU B A S DNA Shiisk, H
E 817514 338F S )75 | #) 806R X 16S rDNA 1)
V3-V4 il AR X #E1T PCR ¥ 34 (44 B0 55, 2018 ),
PR N 95 CHIASME 3 min, 27 PMEIF
(95 °CZ5ME 30 s, 55 °CiBk 30 s, 72 °CHEfH
30s), i 72 CIEAPH 4 10 min, § KRR : 5%
Buffer 4 uL, dNTPs (2.5 mmol-L™") 2 uL, FJ%
519145 0.8 pL, FastPfu R4 0.4 uL, BSAH
7 0.2 uL, DNA #4g 10 ng, #M7E ddH,0 =
20 uL. PCR F=¥1% 2%3 NEHHBE A 56 Je A 7
J5E I, 1 DNA ki) @ik A7 alifh( £,
2019 ),

1.4 SEENFM OTU B

WA Nlumina V5 AERERURE , He IR TR 36
HAEYEARHIA R AR R, T 1.3 gifk
() PCR ¥ 34 v By s SO, K& 4% J5 FILH
Ilumina 23 &) Y Miseq PE300 ~F &5 1F . JR
GREE A% 5] NCBI %44 /4 . i HH USEARCH FiI
QIIME #AEAE 97%AHUEE T X A 4K reads #1745
YE4r26 80 (OTU) H2%K,

15 FPHASFEAEFRESHEEIN

HIH UCHIME #A45 Bide 5 A e 24T 4 il
SRR, RN Silva BE FEFATHIRN XS (1
Xt EIE A 70% ) 158 Mothur 33217 i 1 21
B Alpha Z#EVE53H1, KA Shannon. Simpson.
Ace Fll Chao FEECITAN W18 4N P HE TS AL 24
Mo Her, FAH Ace Fll Chao $8 XV 4 R BE %
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M EEE, A Shannon 5 B00FH 40 B VR
B Z R, 3% 3 SRR E R 7% 4H A
224 B Simpson F8 BTN 41 B FHETE TP OGSV R
o i B R B, HCBSCME /N B i 2 0B A R

( Chao, 1984 ; Chao et al.,2000; Kuczynski et al.,
2011 )o XF 3 ASH BRI B SR S0 M0 1 40 TR
A AT F 00T (PCA), SrBrBva 4k
B9 Beta ZAEPE, i 4k AL bR IK] St Z2 2 Kb
225, AMARRINFEATE PCA EH R B4
T (E¥E, 2019),

1.6 BWEHS 5

R E FE T 225081 (ANOVA ) Hl Tukey
65 567 LU 5 A [R] B AHF 1) R 4004 ¥ i 1 4 e 4
B 2E 5, PR SR 3 40 A1 e 3
18L&, 7€ P=0.05 /K b g2 5 B,
FIFH SPSS16.0 KA1 7481153 HT

2 HERE5SH

21 FRAEBHEMREEREFT OTU BESH

2% 16S rDNA =R sl 7, A 3 A~ Hb AP HER
R Bl A 7 B AR TR AR A h AR 465 293
AR reads, £ 97%FHMLIKF T RAAG3] 113
A~ OTU, X HMHATHERAHI 8. 1549, 33 H.,
52 BHAN 79 JE AR . Hidr, AN HNZZ #fEi s
EREA SIS 52 108 256 3K reads, F1453)
76 NRIEOTU, HRBER 71T, 114, 24 H. 40
BIFN 52 B4 ; A HBWH FiRERY Iz B A
HOE I3RS 52 200 45 K reads, FA5 %] 82 4>
BRI OTU, HREH 71T, 1249, 28 H., 41 Ft
159 JRIVANTE ; M ZITX FhEERY I B REAS T oF
BI3R15 50 790 443K reads, JF15%] 89 MK
OTU, FEH 707, 1444, 31 H. 43 B0 65
J& BN

HNZZ. HBWH Fl ZJJX 3% 3 N BFP LR
AL 5 I M A R Y T AR R it R
WiE RS (IR 1), B P 45t 1k B 4p A
a LT HE 8. [FEF, Shannon 50tk A
FRORAS (& 2), #E—LutBIN T 8dE 28K,
AT DA o i 1 20 R A O P i 4 RS R

YRS Number of species

S EELFSLS,SLESLSESLESS S ®
N N RV M I S S o
A %readsEL
Number of valid reads
E1 FUSKERFENENFEEEHEELZ%
Fig.1 Rarefaction curves of gut bacteria of male
Tribolium castaneum

HBWH . HNZZ il ZJIX fRR AR A Hi (A [ PR
TR
HNZZ, HBWH and ZJJX mean different populations
of T. castaneum. The same below.

18,
1.6 =
141

N

ShannonF5 %k

Shannon index

S o = =
» o

N

— HBWH
»»»»» HNZZ
e ZITX

e <
o b b
—T

S P T TS OO SO
S EEESLEL,LELSE S S S
OO A I
A ¥readsE

Number of valid reads

2 A BHERIEER Shannon Bz
Fig.2 Shannon curves of gut bacteria of male
Tribolium castaneum

2.2 FRINE i A A E B R A AT

AU Hs I 1B T A FEA AT 16S tDNA

(3 R 2 e e 1) 8 A1) AR PR s il v Hh
FERR (=0.17%) KRB ET]
( Proteobacteria ). JE&E£[E ] ( Firmicutes ) FjiL
2w 1] ( Actinobacteria ), ., WIEHEITE
HBWH, ZJJX fll HNZZ iX 3 R EEAG IS8
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BT, o0 3 5 B L) 75.3%.95.9% 11 99.3%,
I+ HHAE HBWH FhEE A9 45 B35 KT HNZZ
A1 ZIIX P . HBWH R v A g w1 ] R J5
BEGE T, ZIIX RO AR A IE T T M w1 ],
IF HIREEE TR T T4E 3 /M B AP i i
AT EEAEREES (£ 1), FUR
W PR (<0.11%) BYHH 1A 5w
I ] ( Cyanobacteria ), #lfT 1] ( Bacteroidetes ).
AT ( Fusobacteria ) 15 ¥ BR A - | ]

( Deinococcus-thermus ).

*1 TSR ERREARMBEIREENFERE
Table 1 Dominant phyla and their relative abundance
of gut bacteria of male Tribolium castaneum

X (%)
Relative abundance (%)

HBWH VYARD¢ HNZZ

["] Phylum

I
Proteobacteria
JEEETHT]
Firmicutes
ERTAT]
Actinobacteria
FPRE AR R, RS SR A AR R RS
FRRERARRLE, AIPEERIE A MR NG
RSB (BN KT 20T, Tukey K4, P=0.05),
SR

Data in the table are mean+SE, and followed by the same
capital letters in the same column or lower-case letters in

the same row are not significantly different (One-way
ANOVA, Tukey test, P=0.05). The same below.

75.3£2.8Ab 95.9+2.5Aa 99.3+0.4Aa

23.0+2.7Ba  0.3+0.1Cb  0.4+0.2Bb

1.8£0.3Cab 3.7+1.4Ba  0.2+0.1Bb

MIAUA BT I IEFEASATE ) 16S rtDNA
FOFER AL R 79 ANE, AUIE IR i E
( Pseudomonas ) 7T IR %5 12 J& ( Unclassified-
f-Enterobacteriaceae ), AN2//FT £ J& ( Acineteobacter ).
117 ER 1% J& ( Enterococcus ), AR 5 & ( Rhizobium ),
1% 4= M98 & )8 ( Brandyrhizobium ). < f # @
( Aeromicrobium ). %53 FUfifd B ( Brevundimonas ).,
% f W J® ( Cupriavidus ) . A= 2 T H &
( Hyphomicrobium ) . 3£ 3% ¥ jfi H J&
( Senotrophomonas ). % Z 41 4 J& ( Pandoraea ).
IR 45 8 ( Delftia ), ¥ 2 B 20 0 1 )8
( Sphingomonas ) F1JC {4 J& ( Achromobacter )

S5 o AN [F) o BRI R AR ARLAS W T O 9 o s )
25 % . HBWH MR IE LS B 9 T s
FERSEE R . ek & | B i AN Sh AT B
J&, ZJIX FRERE PR R D B R . A
AT S AT RER SE5E & , HNZZ R iE
DUH Bl o AN ShAT 1 (BRI B AL AT B R
REER (F2).

x2 FUAKERBEAEREERREBENEE
Table 2 Dominant genera and their relative
abundance of gut bacteria of male Tribolium castaneum

X FE (%)

J& Genus Relative abundance (%)
HBWH ZJJX HNZZ

Sl 12.4£0.9Cc 48.0+3.7Aa 30.6:0.3Bb
Pseudomonas
JAAT R 4 B
Unclassified-f- 43.4+3.1Aa 12.7£1.9Cc 26.3£2.1Cb
Enterobacteriaceae
A ST 12.3£0.3Cc 20.9+3.8Bb 35.2+1.6Aa
Acinetobacter
il 22.842.7Ba _ 0.2+0.2Eb
Enterococcus
*EE@E 3.7£0.3Da 2.0+0.2Db  4.7+0.2Da
Rhi zobium
‘EE*EE@E 1.6£0.2Da 4.1+0.5Db  0.1+0.0Eb
Bradyrhizobium
JE—
RGN 1.7£0.3Dab 3.7+1.4Da  0.0+0.0Eb
Aeromicrobium
L I I 4.1404Da 1.6£0.2Da  0.1=0.0Eb

Brevundimonas

— TR B AK ., — means the genus not detected.

23 FUABHERERESHMESN

IRFULT 75 18 240 TR 41 Alpha Z2FEPE 4> M 4
UL 3, HNZZ FhiEI%1E 41 1) Shannon $5 %%
A 1.5, /T HBWH Ry 1.6 Fl ZIIX FpfEny
1.7, UL HBWH FREERT ZITX FPEENA 18 41 i
&I Z RV B S T HNZZ R, Simpson $8507E
3ANFREEAR A 22 AN, U IR W T P A B o 4 R
B R AN [ AP rh AR {6 K HBWH Rl
TEANBER) Ace F850M Chao F8EXI/NT ZITX Al
HNZZ #2255 AR RE , Uil ZJIX fil HNZZ
T I 1 - 5 B2 =5 T HBWH AP
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3 FUBBEHFEME Alpha ZHMEIRY
Table 3 Alpha diversity indices of gut bacteria of male Tribolium castaneum

L Shannon %% Simpson 5 %% Ace 185 Chao F5%¢
Populations Shannon index Simpson index Ace index Chao index
HBWH 1.6+£0.0A 0.3+0.0A 79.7+4.4A 76.4+2.1A
VALD.S 1.74£0.1A 0.3+0.0A 84.5+1.4A 85.24+3.8A
HNZzZZ 1.5+0.0B 0.3+0.0A 133.2+27.9A 84.2+14.9A

AU HE A TE M4 N Beta ZHREMEMHT4,
RILE 3, il PCA /TR, B—FWan
TTHK R 79.74% , 55 T F o 1Y ST ER R N
16.34% . 235 55 2 IH K [5] $th B 8% g 1 R AAS ) 200 B8
TEVE AR — B , TS R R A A T R AR
) 20 R RV AL B 25 5 0

PCA on OTU level

10 000 |
AHBWH

*Z1IX

¢ HNZZ
5000 -

—5000 -

7 FRAPC 2 (16.34%)
o

O

~15000 —10000 —5000 O 5000 10000 15000
#i—E S PC 1(79.74%)

3 FUAHERGEMRE PCA D4
Fig.3 PCA analysis of gut bacteria of
male Tribolium castaneum

3 Tig

AW T 16S rDNA 5 18 &0 7 H AR XA
[Fi) it B T R 40U 5 H %) i T A0 R RV 2
PEFEAT T b, HERRI 8 1], 154, 33 H,
52 BEA 79 JRIANTE o AR HAAT s 1 20 TR 1 P 4
WIS T JERERR T TR AT T o I BE TR
PR RVFZ 2 EH | 853 E | SGH H sl 5
B A7 E PR (XN, 2017 Beiels
45 2018; MEmE4:, 2018 ), ZJJX. HBWH Fi
HNZZ iX 3 A~ Ho PP A9 25 40045 5 1 108 240 e £ 35
BB SRR A R (12.4%-48.0% ). kT

Bl R % ER (12.7%-43.4% ). KT HE &
(12.3%-35.2% ). WEREE (0-22.8% ) FIHLRE
W (2.0%-4.7% ) %5, MZEFREE R,
ANBIAT TR T FIARL R TR T8 S B A D 3] ) A s o ot
Hb, B IRAEAR AT Hs P I 3] AR EE (<0.5% )
FRR KRB E . R hiERE . LR MR
P B A0 TE (Larson et al., 2008; Kumari
etal., 2011; Patiletal., 2015 ),
ZREMEAT TR, 3 A BRAP 0 AR AU H
[ 38 R B4 2E B AE T T R Jg (R KT AR AE
225 5 IXCUESE I X 2 AT LASE e B e i Tk
YRR (Suetal., 2016 ), TEA[FHBIERIRE
M fE 49\ % - 85 Cnaphalocrocis medinalis
(Guenee)., 4% Helicoverpa armigera Hiibner .
PERFM Lymantria dispar L., K74 Cicadella
viridis (L.)F174 J; % 1% Apis mellifera L.[% 18
AR ) Z A A 5 S IR A A5 SR (XN,
2017; [, 2018 ). RHRFEMAEY S S51E
FHERKER EFRACHRI PR N 55 A R
A R, EREAATRAEN (0G5,
2018 )o A7 MINEW AL, AS[F HBBRFPREAR4ELAT
B BCIERA T AR 225 (E¥E, 2019 ),
K, 7ERs SR A Ao v i) 7 8 AR A 7R L 25
I R 1] 422 ST, BB R W T T %) AR 4PL A i S T
PEBAT R IRZ IR, A7 Bl T B AR U B AN R 2R
538 WM A3 Ak B AR 2558 A TR AR S AL
IR IR BB HOR BB AR R
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