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3 MEKIRELORY H R BOR B2 AWEIET, AT 210042

HERMABMNZHAEME S HF AR

M O&, I ¥, kELR, gBEK', X 3, BKRE®K, EHR, F Br
(1 PSRRI 2 RN AR RS A TR TSP %, MAt 210095; 2 VLA IAET MM H.0ul, I 2100365
4 P RFEIREE 2 Bty Jeda il P K TSI A, MU 210093)

. WS Br BN L R ZI N A M S, VAR R AR AR AR 4 e A MR BRI . SRR 3R
TS RARAE ChAT 30, TC) HIHAEAR (i 16, CC) ZEFBPEANBBEAT 0 B9 50040, AN 1 (03 FH 5 |09 B 40 1 1) 16
tDNA JvBt, AT RFLP 4747 SRHIERFR 72300 B SO A AR AL 25 N AR T 10° ofw/g: BEALIPEIEL 100 NREE, 235
PRIV N YIRS Hha 1A Ras 1 EY), BEIERIRRAE RS 30 (TC) ZEEN A WNEY) S 7728 10 b OTUs, # ¥k 16 (CC)
N AWML EEYIE 742 9 Fh OTUs; P45 B, Hif 30 (TC) AW E T Microbacterium FI Curtobacterium J&, 1A
16 (CC) RN Curtobacterium F Enterobacter J& . & Bt FEIRPUHEAT AT 30 (TC) X 25350 Py £ 4N T B0 AP A BAT 18 AT

FHRW .

KA BRI PRI Bt RELP ST SR

FESES: X172; S182

ARAEPIPEAR S RE DA 2 Al AP o) L A A It
e AN )Ty ), B D BT B R S AT
PRI R ETCRE 7 — A BT . M 20 2D 90 4EAR
B FE AR MY ARR 2 B D) E k B 5 2 4 2 B R ) S
B AT AL (Bacillus thuringiensis insecticidal
crystal protein gene, Bt cry14) ", F{Eky MG LI
VRS B I 0BT, 5 DR 0 SRR () SR 5 5 7
MV AL 7 T I T B g . AR T B DA e A
(R R B IR B R JHOR ™ NP AN, F AT B A=) 2 e
AR SRS AN ARAGE R P AR RS R R AR E e, e Bk Rt
TR (1) A 4 4 P Ay ) 240 e s DRI s KRS 7
P e LR 2P A S DR NG A5 5% o U 00 77 1
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Fio AEAAN PN AR Bt i S 0 A 0 50 11— B Bl 4
BT B A0 1A FREAE A 1R 25 b ZH 230 B B A 8 PR A
SRECH, IR A T ORI — A
XEMAY SR R A AR, SR
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PIEERS o [ Y Ah 23 0 B R DA T A B AT (RO A
LA VEIT I IO, T2 AR A R R R DA T A (1 2
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WHUIEREH, B SENPTAUR (R i 30, TC) LILEREAR
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PIRAE bR A AL A0 2 FEVE RS . 7 BIRRAEZE SN 2R
A, HBRBIE A DI A 2T 16S rDNA ZEATHEED),
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I /NXAL TR RN X, % H X T3
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MRIERAR, REEMIAEZEFTEEEL) 100 go PIFIRRIZE,
I3 AN TG IR S A8, A1 (B 5256 %00 4°C UKARRAT
WA A ) T R g3 B S A — 2 A R
1.2 KR

DUBEHE PR FIPE N VI8 Hha 1 A1 Rsa 1% Takara
W] (Hha 1 BYINL SN GCG' C; Rsa 1 BEVINI SN
GT AC); dNTP. Taq DNA H &4 [ I Genbase
AL 51 B Sangon A F] A k.

1.3 AEMAEMSBRITE

MfE 2500 £ B FKiFseR I 5, I 2 g,
BRI EE (75% LEER 1 min, 2% KSR
W 3 min, 75% 8% 30 s, JCEKERE 3 ) HE
AR BRI JC AT ER T, i 18 ml JEpE/K, I
YERD 7SS EE , BT BT A REE B ERRES] 107,
107, 107, 10, 1074 MREERIEER, LL 0.2 ml

(200 p AN LB [k 5y @R =5 TR, 7EfEi
30°C S5 NEEFE 3 R I A I B9 BE CAE 1L 20 ~ 300
NG BTV VL
1.4 16S tDNA By¥ 1%

KJHHA PCR 7183 16S rDNA, JH4H #8151
Yoyt 16S tDNA. 5P H1 0. 5 5] 4):
5'-CAGGCCTAACACATGCAAGTC-3' (63F), 3’ 5|
Y. 5'-GGGCGGWGTGTACAAGGC-3' (1387R). %t
3725 pl JRPAR R IY VA R : ANTP (20 mmol/L)
2.5 ul, Mg (25 mmol/L) 2.5 ul, i 20 (10%) 2 pl,
5514 (25 pmol/ul) 0.5 pl, 3" %5514 (25 pmol/ul)
0.5 ul, Taq DNA A& (5U/u 0.3 pl, #k ddH,0 5
25 plo PCR 4718 52 W 46142 94°C 1481 5 min; 94°C 4%
P£30s, 52°C ik 30s, 72°C A 1 min, 30 MEH;
72°C ZKEEM 10 min. PCR 14 0.75% I BRIE b
HIUK, EB Bt fid AN A AR, A A = i e
PR R IENG Ol ARSI 3 ANEE, §HY)
B35V LA B B A 8 1 v 1o 12
1.5 ¥ i8R EBAIBREIEER T4 47

5 Hha TAN Rsa 1 P PUBEALRERS 16S rDNA
PCR ¥ 4= AT B D) 0 A1 o BV RN : 5 < WigD) 2%
MR 1 ul, PCR Y 1 ul, Hhal i (5% Rsa 1) (10
U/uD 0.2 ul, #hKZE 5 ple 37°C K 4 h LLERLFE S
D). W)= Y)4 S IR I e vk, R B A)E,
331 16S rDNA FRarlit. DAL B2 A ik A Jt
RHEAT RIS, JE BN M H A B0 1) o o i 22
FH B P B A D) B EAT I D) Rk A B . M

DT A B BE DR B AT SR AR AT, A A AT & AR [ (1)
R (OTU).
1.6 ZEFIIMERSERFLEMGE

WEFE 12 Bl OTUs, g Se9R 24 24 =) 5 sl 7
TAE, MIH ) 16S rDNA KK 741 7E NCBI 93 1 o}
[ J5PE 43¢ A GenBank $#ig i, 354545 % 5 (Accession
number) 4: FI941080 ~ FJ941091. #R¥E NCBI [
PEECXT I EE R, MAZIREGE T 3 mIVEPE 17 16S
tDNA J7 5| LA SAN R 4 KR AL NE 16S tDNA
51|, Fl BioEdit ¥4 /3 41 #5 # 4 FASTA #%2X. LL_I- FASTA
AT ClustalX #4722 29I Lbxf 5, F MEGA
BT M X, I failid Al #e% (neighbor-joining) 4=
FRFR R o

2 HRE5SH

2.1 HBEZFMREAFRSBS5ITH

KAETHE 30 (TC) FIHPAE 16 (CCH ZEFBIHEAT
TR EN G A R R, N4 AE Y
F5 o PR 30 (TC) 223 N AE 40 T8 B0 B o 4 278
2147 1.70x10° cfu, THiHAR 16 (CC) R ifiFL iy
1.17x10° cfu, " 30 (TC) ZEHBA A B HE g
TrHE 16 (CC) &
2.2 16S tDNA HI¥ &% RFLP 245 R

LA 63F Fil 1387R K514, 55t Hxt 100 £k Py
A0 B 16S tDNA X Belb AT 438, 4738 v BOR /AN A
1.5kb Zits (K1) o R BRI N VI8 Hha 1 F Rsa 1
S AEEY), ZRNIEBEE R R (B2, ik
BEAE 30 (TC) BgYIJE =2 10 MASE ) OTUs, H
M 16 (CC) &RV G =4 9 FANH ) OTUs (& 3D
7EHAE 30 (TC) FEMEEYIN) 10 F OTUs H', TC-1
HMITC-4 1) OTUs (54 = EALH, 40 BSCE 62%.
MAE A 16 (CCO MEEYIM OTUs H1, 7 STPEZE K
#9r h CC-2 F1 CC-4 [f) OTUs, 255 B OCE ) 82%.
2.3 ZHMIERSH

— M NP AN 7 T2 SR R I 2 R, —
HEAR T AR5 B2 (Species richess) , 73
— 7SRRI R B, RIE)— ¥ (Species
evenness) 2% i [ ST 1K) PE 2 AR BIURE ) 4% 808 A M
AR, AR 1 rTLE PR 16S tDNA SOk L
BT SC 6 1R PE AR AT 90% LA, R W FTFIE I ve e
SCPEPEAS i, T LA Bl 5 R A 25 P A 4 1T 1) 224
Mo PRI ZE N AT B 2 AR R ST GR D K
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2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

B 1 #B4 16S tDNA ¥ #E45R (Maker: DL2000)
Fig. 1

16S rDNA PCR amplification

TC-10

TC-5
2%

TC9
g, TCS TC7 TC6 4%
° 2% g, 2%

HE 30 (TC)

2000 bp

1000 bp

750 bp

500 bp
250 bp
100 bp

Mark 1 2 3 4 5 6 7

B 2 #B4 16S tDNA fit]] PAGE Bk EiL

Fig. 2 Restriction patterns of PAGE

CC-3
2%

CC-2

CCI g cc7 CC6 29
Wy 2% 2%

16 (CO)

3 W#IBTEEAMERY RFLP # 5 LA
Fig.3 Patterns and proportion of 16S rDNA digested by Hha I and Rsa 1

&1 165 1DNA TREX BB LB M Z H1%

Tablel Diversity of restriction endonuclease types in 16S rDNA clone library

R &l FEZE (O Shannon-wienner 5% (H") Simpson 5%¢ (D) EEE (dwa) Y5 (B
Wi 30 (TCO 93.62% 1.608 1 0.718 8 2.0779 0.418
i 16 (CO) 92.45% 13149 0.648 5 1.763 1 0.331

W, AR 30 (TC) BIHAIREE, RN
HEEZ, X5EARBN S RS 8. A 30
(TC) #J Shannon-wienner §4{. Simpson ¥5%(. F
WL WA ST REA TR 16 (CC), K Br
SEDIRRAE A 30 (TC) Mib =2 WA 2 FE 1tk T
FifE 16 (CC).
2.4 FIMERRFHLRBIE

A HHE B TP i U 5 10 P B 2 A5 1k D, PRk g D)

RAVAFIBR AR 16S tDNA HEATIIT o I 45 FAR 4
BLAST [FRJJRTELEXT SRR, WRRGERKEM (B 4) .
MIE 4 ATLUE , RN R E 2 6 N, 7>
A& Curtobacterium~ Microbacterium~ Enterobacter -

Bacillus+ Pseudomonas. Sphingobacterium, 47 7lJ&T
Bacteroidetes -

y-Proteobacteria M. "H7 30 (TC) ZERIHAHH 16 (CC)
2N A AT LB B R TSR], Microbacterium

Actinobacteria ~  Firmicutes -
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73 EU714337 Microbacterium esteraromaticum 2122
FJ941089 CC-5

FJ765512 Microbacterium sp. JJD-1

99 ——————— FJ348036 Microbacterium sp. GGC-P9A
FJ941085 CC-4/TC-2

)

69

99

DQ870704 Microbacterium arborescens KSC Ak2E
AY 649756 Microbacterium arborescens SE14

99 99 Actinobacteria

AB271048 Microbacterium ginsengisoli
FJ941084 CC-2/TC-1
EU236753 Curtobacterium sp. Y6

99

FI823008 Curtobacterium citreum gx-89

54 EU072704 Curtobacterium sp. MO60824-7

FJ941090 TC-7
AB167231 Bacillus fusiformis c84
DQ643066 Bacillus sp. CO64

DQ286311 Bacillus sphaericus Dak614
FJ941081 TC-6

FJ796434 Bacillus megaterium IMER-B4-12
9 99 L AY372926 Bacillus sp. PCI Firmicutes
FJ769136 Bacillus sp. BIC3.1
80 —————————— FJ595878 Bacillus subtilis 4(9-2)
FJ941086 CC-9

FJ641035 Bacillus amyloliquefaciens IMAUB1034
FJ528074 Bacillus sp. BM2

FJ868219 Sphingobacterium sp. No.6

FJ378900 Sphingobacterium sp. PF-11

99

nnnllr

99

86

F1378899 Sphingobacterium sp. PF-8
FJ941088 TC-10 Bacteroidetes
AM411066 Sphingobacterium faecium Z18zhy

99

99

AB361248 Sphingobacterium kitahiroshimense
FJ941080 CC-6

EF102826 Enterobacter sp. G-2-10-2
DQ919062 Enterobacter cowanii 6L

FJ941083 TC-4

71

99

D
=

nnlinl

EF120473 Enterobacter cloacae
F1596989 Pseudomonas putida 1S82

oo
~

98 52 EU439423 Pseudomonas putida QR2

AB088844 Pseudomonas sp. K23 y-Proteobacteria
FJ941082 TC-5

FJ941087 CC-1

AJ556801 Pseudomonas sp. MWHI1
FJ941091 CC-7/TC-3

EU686687 Pseudomonas sp. CK57
EF028122 Pseudomonas sp. Dui-7

99

97

nllinT

Bl 4 ET 16S 1DNA FIIR RS A FR
Fig.4 Phylogenetic tree based on 16S rDNA sequencing
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1 Curtobacterium 3 1 16 (CC) 253 N A= 40 B 1AL
PIE; 10 Curtobacterium R Enterobacter 24 H 1 30

(TC) ZEFBN AN AR H#E . Curtobacterium
PRI 2530 A A A s R R 5 e i

3 g

RRAE 2530 P A2 4 T 1) B 5 R A i R ) R DR 2R
FRAETRI ARG 51« ARIEHE M. FARIAEE . RIS
KRB ARFFCR AR R FR 710, o BRI AR A
ZEERNERECE N 107 cfu/g, X— B4 RANT2
AR LTS PR S 1) LR AL it Pl 25300 1 2 40 1 11 S

(10°~ 10° cfu/g) -

X SRR AL 2 A 4 T 16S tDNA BEAT T
PCR-RFLP 73#r. MBED) RS R0 LLE W, % Br A
fer i 30 (TC) HIHXHEEA TR 16 (CC) NAEE
FEVA 2SR AR T AR A . 5t TC-2 F1 CC-4 2 AR [F]
1) OTU, AR IE AR P Letgl 40 6%
Hl42%; TC-3 1 CC-7 WEAHIF M OTU, LLHI53 5
A 9% F 2%, fEFE Be MifEHh 30 (TC) 5 e
At 16 (CC) ZEWN, BAF/EAFF OTUs, U1 TC-4
He A S T o Ll ik 17%, CC-1 F1 CC-9 L
B0 4%,

SRR RN A A 6 NME, Hrh
Bacillus Pseudomonas- Curtobacterium & WL LI
WA, RN Bacillus 71 Pseudomonas W& 5 i
WHIN AR . EAUESE Bacillus F1 Pseudomonas 7257
MRz BERZ NN EE, eAEE =42 R
AR Y PR ZOR AT A KRR 71224,
ANTFIAE ) AN ) 35 DR TR FOCAN [) (4 4 28 e P 2 4 B 1)
FRAA o B =P MR P 43 2515 2 35 B
Bacillus J&; XEJRAEPO: B9 200 6 Fhoka 4L 640 i
FEW R 9w E, SO HE A Bacillus
Pseudomonas ;T4 %) a1 1 5553 85 45 3 14 00 5 8 A
Bacillus J&¥",

Rle =N AN IR 5, DLAEES IR BOAR ) Al
K5 T75, A RN AEA R A e .
SRR FE DR TR A%, 5 ARG N aE
FRAESRAR ik AN ], v e LB R e AR S R R
AR, 52— B R A 2 W iR R . ek
DRI e RS A 1) A 2 DRSS P 2 — > T 40T ELARR R 11 1)
A, DRI, A0S KT AR 1 2 ik PR R () 24
A VEAT KRS IR . H 50X e SE DR BT B VP4

i eI, IR et RE
M fr it — RN

E5 S /I NS P PR (P BRSO b S 7/
FEAP AR = rp B S (VAT o e DRRR PR MR A
EETE OEEY SR ey Gl 2 55k R A PN
FELAE AR 24 B KU s DRAR 24 3 P A 3 e
(IR G 5 Y AR . SRR IR 7 A 2 1 n
N AT T, BRI T AR 30 (TCO
AR 16 (CCH ZEN AR AL, R T duA
IDjeEt7/k e NAR g P SN [T

4 25

HISLIRPTHORR AR 30 (TC) AIXSFREARFHE 16
(CC) ZEFBAN A A wE G N, Wk 2R 80
RIS PTG 30 (TCO A FREAHH 16
(CC) ZETBAN AN 2, RINH Br JER Pl
R 30 (TC) S 2535 N A 41 250 R 1 2 AR i
AT 5 5 o
PRIE BT BRAR Y 16S tDNA P 45
KBUARAE A 30 (TC) LEHXMERAHH 16 (CO)
WAE IR AR R A T — 424k, A 30 (TC)
2500 AR g T )0 3w B 8 Curtobacterium Hl
Enterobacter; "H# 16 (CC) ZEFB N A 41 B8 L
BEA Microbacterium 1 Curtobacterium.
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Effects of Insect-resistant Transgenic Cotton on Diversity of Endophytic Bacteria in Stems

CHEN Lei', WANG Feng', ZHANG Xiang-zhi’, GAO Guo-ging', LIU Biao®, CHEN Liang-yan®, CUI Zhong-li', CAO Hui'
(1 Key Laboratory of Microbiological Engineering of Agricultural and Environment, MOA, Nanjing Agricultual University, Nanjing 210095, China;
2 Jiangsu Provincial Environmental Monitoring Center, Nanjing 210036, China;

3 Nanjing Institute of Environmental Sciences, State Environmental Protection Administration, Nanjing 210042, China;

4 State Key Laboratory of Pollution Control and Resource Reuse, College of Environment, Nanjing University, Nanjing 210093, China)

Abstract: This paper tries to compare the diversities of endophytic bacteria from Bt transgenic cotton and its parent cotton, and provides
basic data for the biosafety evaluation of Br transgenic cotton. Endophytic bacteria were isolated separately from the stems of two cottons
(Zhongmian 30, Bt transgenic cotton, TC; Zhongmian 16, contrast non-transgenic parent, CC) by culture-dependent method. 16S rDNAs were
amplified with universal primers of bacteria, and PCR products were digested with restriction endoenzyme Hha 1 and Rsa I respectively, than
analyzed by RFLP analysis. The results showed that endophytic bacteria content was 10° cfu/g. There were 10 OTUs (operational taxonomic units) in
the stems of Bt transgenic cotton and 9 OTUs in contrast parent cotton. The 16S rDNA sequences of 12 respective strains were identified and
submitted to GenBank. 16S rDNA sequencing indicated that the dominant genera of Bt transgenic cotton are Microbacterium and Curtobacterium.
The predominance families of corresponding receptor cotton are Curtobacterium and Enterobacter. Bt transgenic cotton did not bring harmful effects
upon the number and diversity of endophytic bacteria in stems.

Key words: Insect-resistant transgenic cotton, Endophytic bacteria, Biosafety, RFLP analysis, Biodiversity



