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Y, 2009 AR A AiTHE BF 5T X G5 K F S R g%
W H MR A, I8 UE T 2 BT BTSSR i8R B Bt
EES TR R SR R A A X A
JE TR [F]4F , Ben Raymond S84 58 T Bt A TG £
INSZE MR ( Plutella xylosetella) WP Jigp 4 1 1Y) 5 &, WF X &
B, B b g A O 2 B k4 R U R I
iyt
AR S A He R EE N T 3 AR A 0 P M A EOE
3000 5 (9 B YRS A B R A R O R A A
Ht (Helicoverpa armigera) " i {3 A= WUt ¥ 2L 1, 90 40
VTR I A W R R SRR T PEAR G . A
A S 1 7 T 28 1 N7 Y 7 M A R B B L Uk ( DGGE) 43
B B B i 2 g R R T T 4 A ST 168
rDNA SCPE, %F Cryl Ac 85 F 701 FAEUROR 2 ey o
Jo A R TR FEAT T B A, XS T AERY T R
WA o AR A IS O 1, O itk — 2B A5
EL HUXS Bt (950 M LT B8 LAl

1 MoK &

1.1 ##
L1.1 F2AAFAGH : Tag Plus DNA 5 A A
TIANGEN /28 7] 5 Alu T 1 Sac T % B Py U0 1 | % 4%
fiti . pMD19-T #4& 4y 3§ TaKaRa /> &) ; SYBR Green
LI H AMRESCO 2w, Hoe A A0 34 O o #r 24
R ZH DNA $2H0GR 7] & QIAamp DNA Stool Mini Kit
(QIAGEN, USA ), PCR = ¥y & B [ e i ) &
AxyGEN DNA Gel Extriction Kit( AxyGEN,USA) ,
PCR {Y %l 5 35 Thermocycle ( & & Biometra 2\
7)) ; DGGE Y £ #1 2 % DCode™ Universal Mutation
Detection System ( Bio-Rad Laboratories, USA) ; DGGE
B % 1% & 8t SN Universal Hood II ( Bio-Rad
Laboratories, USA)
112 fECs 48 e BURG R (A FK 968) 11996 4
P RON RN A R I e S ) PN ER SR GRS
T4 R AT AT % HUR . Cryl Ae 8 EHTHE A &R
(fajFr BIR) <Y T 968 i &, F A CrylAc A
Tk 1 95 AR UM A B 3000 f% . 2 i 1y
H L AO BE 2 e AR ) AR 47 BIF 5 BT A AE 3 L 4 g
(TS S N B G =S L o K i R e
T3R5 12 IOk 20]
1.2 R HBH R EEREHA DNA R
VEHFE 3 I8 AR A8 HL A T5% 190 kS TR I
10 s, fETCTAE B AE T O A IR e 0. 1% Sk ok
(HgCL) VK EE 2 min, B A JC I K i Bk, 76 0 &

S R A7 i O g, e 1.5 mL B9 G EP
o WRSE TR G FR N A A 22 T i TR RE 22 S sk
A8t v i A SR — A B, SRR/ B 1 1 4 i B 10
Sk s BT ME BB B8 R 22 [R] b i O R 25 R 10
AR W T IR AN — AN FE S ARIE S SM K
RM, F QIAamp DNA Stool Mini Kit $# B % K 2H
DNA
1.3 PCR ##16S rDNA &K & V3 X

16S rDNA V3 X §" 3 fF FH 5] 4 K 343f(5'-
ACTCCTACGGGAGGCAGCAG-3') I 534 ( 5'-
ATTACCGCGGCTGCTGG-3") " R m B i 5 5
N “ GC-clamp” (5’-CGCCCGCCGCGCGCGGCGG
GCGGGGCGGGGGCCCCGGGG-3") , H Wl T B 1k
PCR =¥ 16 A e B B B e vk b o8 & i e . & K
5141k 27f(5'-AGAGTTTGATCCTGGCTCAG -3") Al
1492r ( 5'-TACGGYTACCTTGTTACGACTT-3") )
25 pL (9 PCR A& %y : DNA it 0.5 pL, 514
(10 wmol/L) %4 0.5 ulL, Taq Plus B &5 1 U,
10 x Tag Plus Buffer 2 2.5 pL, dNTP Mixture
(10 mmol/L) Ky 0.5 pL, K B 1 2 & F K #b 2
25 wL, BEASFE SRR T 3 AN RN E A

V3 X PCR 4" 3 #2 /¥ 7 : 95°C il 22 ¥ 4 min;
95°C 7% £ 1 min,65°C 1B X 1 min,72°C $E{#i 2 min, H
Jei B 19 ANE I, B A 18 P18 R E BRI 1°C, 3
BRMAAE i a 15 MG R KR 55C , HE
FAARAL ;72°C FE M 10 min, 4K PCR §7 1 & )7
H:95C Fi A5 ¥ 1.5 min; 95C 0.5 min, 60°C
0.5 min,72°C 3 min, ¥ 5 % ;95°C 0.5 min,55%C
0.5 min,72°C 3 min, fF¥ 5 ¥&;95°C 0.5 min,50C
0.5 min,72°C 3 min, {5¥F 20 ¥ ;72°C ZE{§i 10 min,

T A Bk PCR 2o /2 rp = AR 1) 5 U5 BUEE 8% PCR
FEWIVE S 55 AR 3#E 4T Reconditioning PCR, 2 [ & JF
#7:95C W AR 1 min, 95°C 28 ¥ 1 min, 55%C B k
1 min,72°C %E{# 2 min fFFF 5 YK ,72°C 2E{# 10 min,
PCR =¥ AxyGEN DNA Gel Extraction Kit [B]i ,
1.4 16S rDNA X E#ZER OTUs 58

2 A5 FR 16S rDNA 4K 3716 7= 4 % 4 pMD19-
T 44, R 3 P47, 8% 3 AN FAT IS ™Y
RAJG, 5 wL #4k3] DHS o B322SS 40 M0, 75 & A
FORPUIE IPTG B X-gal LB Pl B8R, A2 AS3C
JE rh 4y B BREL 96 A (L BE, FH M13 54k fT PCR %
5. HU5 WLPCR 724, ] Alu T 1 Sac 1 7£ 37°C i)
4 h, YT F=H 2.5 % B 60 E I L vk R . AR 5 Tl
DI L3 6 A4~ SCPE Hp T A BH M v B R AT 4 B A
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N2 R BN SR — A~ $: 4F B 5T ( Operational taxonomic
unit, OTU) ™', J& F- ] — 4> OTU 9 5 B 1 i A 2
SEa—RE WAE R G  BARW B BT L4
A~ OTUs B — A~ B 5 B A Sy A3 3047 I 77 20 A7 5
B IE S 3 W,

1.5 mEXEMNITHREFESSH

iz ] CHECK _ CHIMERA # & 7£ RDP
(Ribosomal Database Project) 7F £ % 4% J& (http.//
rdp8. cme. msu. edu/cgis/chimera. cgi) FF17#% & KK
5.

il C {4 ( Coverage) " ffi 1 Fir @ 5 B SC 2 X A
AR Z R IR L, C IR AL R C =
1 =nl/N, Hrnl Jy SCHE AT B — Y 5 B 1
LN T AT s B A, BE B, C {E Y 100%
] LR AR S b i BT A A A 2 MR S &

T, T ) S ) B A
1.6 HMEAHFAMESR PCRWIE

M 16S rDNA SCE I3 M &5 KR, 169 H Y
AR BEURR T AR A AR A2 H Y 3 TR 2 A
FATER S, TEBUIE G & i, 2 PR 43 A b G 21 1
TN AT B 3% 09 4 W, 5 NCBL w41 5 43 3
EU535654 1 AB486727 {4 f & , LA B 7= w41
(Alcaligenes sp. ) FIAS AT 15 352 (%) 1 AT 1 ( Uncultured
Achromobacter sp. ) , X 26 4l B 7 B50EK 5 £ BE 0 P IF
ARBAGIN ] o ARG BT ARSI, L RM g A5
B, PCR 438 7= 49 Ay BH P %o B, ofe A 0 0% i & o
Je T REY Y X JLAN AR L R AR Y O s, A
I g Pk R R AR R A i T R P Y
2 TR T A R ST AR U AR R A TR A
BT 8 XML, Ik 1,

x1 BEARZERBIESIMEFT

Table 1 ~ The primers and sequences of PCR verification
Primers Sequence(5'—3") Length/bp Target bacteria
Bac-F AGAACCTTACCTGGTCTTGACATCC
536 Uncultured Bacillus
Bac-R GGCTACCTTGTTACGACTTCACCC
Alca-F GAGTTTGATCCTGGCTTAGATTGAATG
1523 Alcaligenes sp.
Alca-R TAAGGAGGTGATCCAGCCGC
Ach-F GAGTTTGATCCTGGCTCAGATTGAA
1492 Uncultured Achromobacter
Ach-R CGGCTACCTTGTTACGACTTCACC
Ste-F TGAGTTTGATCCTGGCTCAGAGTG
1521 Stenotrophomonas maltophilia
Ste-R CGCACCTTCCGATACGGCTA
U06-F GAGTTTGATCCTGGCTCAGAGTGAA
1459 Uncultured bacterium ( FJ155006 )
U06-R GGTTACCTTGTTACGACTTCACCCC
U27-F GGAGAATAGTTGATGGTAACTGATACTGT
1363 Uncultured bacterium ( AB486727)
U27-R CGGTTAAGTCACCGGCTTCG
U54-F CCTTAGAGTTTGATCCTGGCTCAGA
1519 Uncultured bacterium ( EU535654 )
U54-R GCCCTTTACGGTTACCTTGTTACGAC
U75-F GAGTTTGATCCTGGCTCAGAGTGAA
1388 Uncultured bacterium ( FJ707375)
U75-R AAGGCCCGGGAACGTATTCA

DIRE A B [ 4 SM L RM KA, #:47 PCR 971,
PouE A R b B DNA B R 0.5 pL, 514
(10 wmol/L% A 1 wL, Tag Plus WA 1 U,10 x
Taq Plus Buffer i 5 L, ANTP Mixture (10 mmol/L)
L L, KR8 T KANE 50wl § 3R
95°C i ZFPE 5 min,95°C 25 # 1 min,55°C 1B k1 min,
72°C #EfH 3 min fEFF 29 YK ,72°C FEH10 min,PCR 7=
P2 1. 0% B Hs Bl 6 e v A
1.7 DGGE K Eig& 5o

P T (37.5: 1) WK EE S 8. 0% , it I A2 #4571
FREE N 32.5% - 50% (100% By A8 P 77 3% W 00 5 1K
TR 40% W Bt 5 7. 0 mol/L i JR 3K ) , 168
rDNA V3 [X PCR 724 _F & N 300 ng, 7E 60°C .200
VL E T HFZERL UK 4 h, 985 1 SYBR Green T Zt

45 min, #1108,

DGGE & i A Quantity One %X {4 ( Version
4.6.6, Bio-Rad) #1770 8, N T EEBRA M < 1% 1
A5, Shannon’s $8 8 S R T REIE I Z A E, H =
- X Pilog Pi, Horp Pi 45 R385 0 55 1 2570 A0 AH X
B, Similarity ( Dice) Coefficient, S, Jz Bt A [A] &b # 24
6] F) i A P REVE AR, S, = 20/ (ny + 1y )
Horbny 02 AB BIASAb B AL b LA & BCH 0
2 A AP RSEEHE 0y 2 B I PR S
#H.

2 ERFpAH

2.1 16S rDNA X MBS 547
2 ANSUE AR 96 A BEEAT R VE PCR, 25 5
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Yo M13, 45 5L 5 oR, Bk R M EUR S R 168
rDNA SCPE BV 52 B 43 501l o 94 1 90, BH PR A 32 43
A 98% F1 94% ., BHPE v B XT N ) PCR 7= 4y 28
Alw TN Sac 1 XUES 1 43 Hr , 38 1o X B 41 B 38 43 ]
AL, ot 2R REROER S AR B A B OTUS 43 5]
HT R,

Coverage C i [ 7~ 16S rDNA 77 [ SCJiE vp
JUT AL B G ) B b 2 o A A T AR A W B R 2R
9 Ee ) . 38 kT, Bk S &R 16S rDNA S H 43
MrEd) 94 A sofe B, O Bl — R S AT 2 Fh, 2
G5k 97.9% , HUR T & 16S rDNA SCE AL 43 Hr T
88 My, M Bl — IR seREECH 3 Fh, EAR N
96. 6% , LA FRATA A Il 2B W Al S BE AR 1] D e
WA s 11 240 DR TR 5 45 4
2.2 16S rDNA Jll F X 5 51 4 #7

PSR OTU Bt 16 4 Hittk i R 7 14,
RS R 9 A4, A OTU Bk — A 5 B 145 00 e,
J7 455 CHECK_CHIMERA 83 43 87 i A& . btk
iR 9 AR A AN SR A, FE IS 20 4 i
2B, AT 5 4 28 ) NCBI $ i Fe b 34T U X
SEALINZR 2 M P A5 R, BubE S R F 8 L X 4
AIPEERAE 3 7 (=99% ) , RA —ANF 51 He 45
FEAUPE Ry 83% , P fig & — T R B A A . 7E 94
A AP OB R, 5 e T — PPN TR SR A
XTI Y B RERC 53, i SCE Y 56. 4% , Ho 53 28 i Avr
EARWE ,ZIF 5 5 NCBI Hh 2 55y FJ795282 1y
J7 50 A LMl 99% , Wk p # B BE S FLFF R H

( Lactobacillales) T W) 1 3k B8 J& ( Enterococcus sp. ) ,
AT 32 AT, 5 SO 34.0% , 8L FE T PR
( Enterococcus gallinarum ) F1 %5 ¥ g ¥k B
( Enterococcus casseliflavus ) o H T &5 /D80 3 A= 9
H B-ZZTE ¥F i ( B-proteobacteria ) , UL N 55 A1 A AN
TG SR B A0, RN B SE R 6.1 1 2, 4 G L
6.3% ,1. 1% M1 2. 1% . Hi - B AT B AL & 7 ik
B (Alcaligenes sp. ) Fl AN Al K 3% (%) 1 (4 FF B
( Uncultured Achromobacter sp. ), #UH M EZ P, I f
9 5 90 LG 48 SR AR LM R AR & ( =99% ) , A 34T A
i SCE) 60. 2% , 5 NCBI Hr & 5% 5 o4 1795216 1Y
S AR 100% |, J& — AN W] 15 3% 1) 20 14, 7 26
MLk A E o R AE T RE R 7 3R ( Enterococcus
sp- ), 34 30 AN TERE, 5 T3 AT SO RE R 34. 1% ., H:
B LAE y- AT (y-proteobacteria ) FIA A 5 37
B 2E AT IE ( Bacillaceae) , 73035 2.3% F1 1. 1%

PNERSETE S s AR W R I A
SEA L LIARARAL , 7 R 22 B #8 2 — Fh AN T 35 5%
BB B, O B TR AR Dl 26 i BR TR ( Enterococcus
gallinarum ) 1 & ¥ M Bk W ( Enterococcus
casseliflavus) . A[E W2, L HE P, priEsS &b
LT B EIEHT I (B-proteobacteria)) , A1 45 7 B AT
J& (Alcaligenes sp. ) Fl—Fp AN 0] 15 55 09 A4 6 )&
( Uncultured Achromobacter sp. ) , X Wi~ J& 1Y I RESRa|
505 AR 24 B ARG, IR SR R v, B 22
y-BIEFT i (y-proteobacteria ) FIA AT B 3% 1 ZF # 4T
Wi ( Bacillaceae)

%£2 ##F16S rDNA 555 NCBIHIEEHRFFI ML &R

Table 2 The result of 16S rDNA sequences and comparison with sequences from NCBI database

Clone relative

Groups Most related sequence in NCBI Accession number Identity/ % abundance
Bt-R(94 clones)
Lactobacillales Enterococcus gallinarum DQ465365 99 16
Enterococcus casseliflavus EU151766 100 16
Unidentified Uncultured bacterium clone FJ795282 99 53
Uncultured bacterium clone EU535654 99 1
Uncultured bactertum clone AB486727 83 2
B-proteobacteria Alcaligenes sp. FJ613798 99 5
Uncultured Achromobacter sp. ¥J543032 100 1
Bt-S(88 clones)
Lactobacillales Enterococcus gallinarum EF025908 99 17
Enterococcus casseliflavus EUI51766 99 13
Unidentified Uncultured bacterium clone ¥J795216 100 53
Uncultured bacterium clone AY959175 99 1
Uncultured bacterium clone FJ155006 99 1
y-proteobacteria Stenotrophomonas maltophilia FJ707375 100 2
Bacillaceae Uncultured Bacillus sp. EU876635 100 1
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2.3 WEHEAMESR PCRRIE HuA i 38 A0 RE T AR AR AR, S5 RN IEL 1, PCR &5
B R AN R R T AT PCR 8 % SR 16S rDNA SCHE - 3R W, BURE &R S BT
L, 16S rDNA SCHE 3 Bt b e B 00) 22 5 T A 1 il 3R FRRR A% T g 20 TR v A SR )
¥ L A L ¥ o & o X 9 & 9 x o
bp
— 2000
— 1000
— 750
— 500
B 1 PCR #1305 HE 8RB ik 45 R
Fig. 1  Analysis result of agarose electrophoresis with PCR products. R:PCR products from resistant variety; S:PCR products from sensitive

variety.

2.4 DGGE KB i& 5

16S rDNA V3 [X PCR ;=¥ DGGE 43 #r £ W, G

WA A — i R R Z ] i 2R R R TR AR

i Z 18], DGGE 257 73 A #R AR AH 8L, 76 A1 e 1 4%
VKBRS A B, N TR TAHBNT 1% /19 5%
L B DGGE JEAT % 43 A Ik, o5 B V& 2R 9
SRR 1% B I AN R Wi 2, ok s & R vk
i R ARE L DGGE S5 8 H N 4305 o 6.1 Fi
5.7, ZREIRECH 3 5 2 0. 765 F10. 732,748 57 R 4K

S1-S10

SM RM

SRR 5.6% M 7. 5% o X FIR A RS, SUS S & A
Utk R A ECH 2000 6 R T, Z 8 4R B0 S R
0.765 F10.830, M LR v] LLFE 1, Toie 2 [
— b FR AR R R (E] A AL R B AR AL 2 R
RN ARRIVE R AL S, B RIS, BB S WA [ A 555 1 %
8 R DU A R, R VR e T TP B AR . AE
AL BBUR T R RPPE S R AR AL HUTE =
BT i A0 TR BV AR AL I 92. 3% , 3 13 B I A
B b i 00 TR R 22 REPEAR AR AL

RI-R10

§ . e S qr“-ﬂ ;-"

B B2 be PN .

ey 1 B

granmme:

-

B b2 B2 L B

"SRR _F ]
4

e bl 24 b e

) e

2 1BE HTIFME 16S rDNA V3 X8 DGGE 4 17
Fig.2 DGGE analysis of 16S rDNA V3 region from the midgut of larvae H. armigera. Lane 1-10: S1-S10; Lane 11: SM; Lane 12: RM;

Lane 13-22: R1-R10.

*3 HET DGGE HifEmiin

B/ HERRBEETGAEREEHNERESN

Table 3 Variation based on DGGE profile of midgut bacterial communities of resistant and

sensitive larvae population of H. armigera

Pool Samples

Individual Samples(n =10)

ltems
Bt-S Bt-R Bt-S Bt-R
H 0.765 0. 830 0.765 £0.043 0.732 £0. 055
N 6 7 6.1+0.6 5.7 0.8
CV - - 5.6% 7.5%
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3

A XS Bt AT ) AR 5 2% [ 56 T A B4
ARV AR 2 A XL OF B — AR R 2o
AR o Bt B 8 45 B AR A i e AT i
— P BUR R A AT RE T B R R B AR S,
DAL R TR 7 R M BT S A AR . B ARE
(9 JUAP = ZEHPEBIL ) 6L 45 - v i 2 R fl B ) T
5 P R E A S B A S R E A A A e
TIREAR P i b R 240 A A A bR v i B AR
T ME B R BT OACTLRE O B R %Y A 2006 4R
Broderick % B YCHIE T A= W 20 Bu i LIk, h
Wi 9)5 BUIR PRI E R Kb e R R 2 5
LU B ™ A G g o B, 5] AR 2 5
VYA

AR A% DGGE Hl 16S rDNA 7 fft 5 AR 41 45
B 0HT T IE A Y B R PR £ R R
Ji A0 AR 9 2 R, 5 SRR R HEA T T 3 M R L
16S tDNA J} #7745 R A8 7R , PR il 2R 9 7 24 e Jig £
PR AR AR AR, D BT Bl R A IR, S 22 R
KRR TE— S H B LA 22 0 o 83 5w vk
PyHEAT PCR B0 UE 2 B, i 86 45 #4071 76 W b i 2 L 4K
AR AEAE , FRATTAREI 3 b 22 S5 T B o Tk 2 5 9
R TE P i 40 R K R RT o L AR D, X168 tDNA
SO HEAT OTU 73 YIS AR 25 5y e A T A6 T 7 A 19 5 [
i A SCRE RIS 75 C IF AR IA 5] 100% )t T 5
FBIAT I N R 2 — o O 1 AT S A A
AR BT BOK 2 P EOR IS &, DL S
B BE & 4Y BT I 7 3%, W0 Miniprimer-PCR™
DGGE &5 R W], WA~ i 2 0 i 20 1 7 % 20 R 1 A1
= BEHRAT B B AR DL, AR RLPE R BA B 92.3% .
LA b SE g a5 2R R, 5 U RS HUR L B
F A U I BRURE 4 T R e Atk 3 R A D A AR
B U BT 7 A R i AR R R C B G R
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Comparison of midgut bacterial community between Bt-
resistant and sensitive Helicoverpa armigera

Weiyu Jiang''?, Gemei Liang’, Yi Lin', Changlong Shu’, Fuping Song’,
Jie Zhang®”

(' College of Chemical Engineering; Huaqgiao University; Xiamen 361021, China)

(* State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection;
Chinese Academy of Agricultural Sciences; Beijing 100193, China)

Abstract: [ Objective ] To investigate the midgut bacterial community of sensitive and resistant Helicoverpa armigera for
the emergence of resistance to Bacillus thuringiensis. [ Methods] Two culture-independent techniques (16S rDNA library
and DGGE) were introduced. The genomic DNA of midgut bacteria was extracted. The full length gene of 16S rDNA was
amplified by PCR and then cloned. The 16S rDNA library was analyzed with Alu I and Sac 1. The V3 region of 16S rDNA
was amplified by PCR. The intrapopulation variation and variation between resistant and sensitive Helicoverpa armigera
were assayed by DGGE. [ Results] Analysis of 16S rDNA library showed similar patterns of midgut bacterial structure and
diversity in terms of the dominant bacteria, but the inferior bacteria were significant different. The resistant population
harbored abundant phylotypes belonging to uncultured bacterium (56.4% ), Enterococcus gallinarum (17.0% ) and
Enterococcus casseliflavus (17.0% ). For the sensitive population, the dominant bacteria were uncultured bacterium
(60.2% ), Enterococcus casseliflavus (14.7% ) and Enterococcus gallinarum (19.3% ). The divergence of midgut
bacteria community between resistant and sensitive populations detected by 16S rDNA library analysis was verified by PCR
with specific primers, and the result showed that all those inferior bacteria presented in both varieties. DGGE profile
revealed that the similarity of the two varieties was 92.3% . [ Conclusion] The midgut bacterial community of resistant
and sensitive H. armigera was similar, which had no direct effect on Bt-resistance of H. armigera.

Keywords: Helicoverpa armigera; bacterial community; 16S rDNA; DGGE; resistance; Bacillus thuringiensis
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