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Community Structure of Microbes in Rhizosphere Soil of Transgenic Soybean
Carrying Two Fungus-resistant Genes’
ZHOU Lin', SHU Changlong!, HUANG Wenkun', ZHU Yanming?, SONG Fuping' & ZHANG Jie"™

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

(*College of Life Sciences, Northeast Agricultural University, Harbin 150030, Heilongjiang, China)

Abstract G043l is the genetically modified soybean by transformation of two anti-fungus genes, “chi” (chitinase gene from
bean) and “rip” (barley ribosome-inactivating protein gene) into the natural strain, Heinong 35. The methods of classical plate
counting and denaturing gradient gel electrophoresis (DGGE) were employed to analyze the amounts of culture microbes
in rhizosphere soil and the community structure of bacteria (including Bacillus and fluorescent Pseudomonas), fungi and
actinomycetes. The results showed that there was no significant difference between the amounts of culture soil microorganisms
in the rhizosphere soil of the transgenic G0431 and Heinong 35. Moreover, the results of cluster analysis of DGGE profile of
bacteria and fungi indicated that the time was the main factor which affected the community structure of rhizosphere soil
microbes. For the two investigations, the Shannon’s index of the bacterial community in the rhizosphere soil was 5.32~5.37 and
the evenness index was 0.91~0.95; the Shannon’s index of the fungal community in the rhizosphere soil was 4.78~4.91 and the
evenness index was 0.81~0.89. The same as the community structure of bacteria and fungi, there was no remarkable difference
in the rhizosphere soil between the transgenic and non-transgenic soybean in the numbers of culture bacteria (including
Bacillus and fluorescent Pseudomonas), fungi and actinomycetes. It implied that the transformation of the two extra anti-
fungus genes into soybean didn’t cause any significant effect on the amounts and community structure of its rhizosphere soil
microbes. Fig 4, Tab 2, Ref 22
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TR LA KOS #5522 A I S, AR AR A (R R
VR, 69 T R TAT Y AF 4 AT 3 Bl A T R 9 7™ 0 2 0K
PRI, 30 4 00 R 356 TR TR - B 5 8 0o R 2 3 1) AT
9% TAEAS 3 7GR I, FHIAS T ik -,

R A A T TR W B R AL R A 4 1 BT
RN S RGP TR0 B3R R RS R
£S5 <R 25 A s W P B N 1 2 PN E( EE 7/ D 0 e w7 @ =L T
R RS SCH K. Means%F (2007) & BLAE BT AL H B K & Hh
R W it R, 2 B AR BRI AR W R R A AR Ak, AR
TR H v A A RIS B DA ARG, DA A % R D T L
HOH R SR AR P A0 A= K B DoneganZE 7E W 57 5% 3k K BAAR
A IV 35 DR 8 S AR 3R 40 I % B v 240 TR 1 5 T 5T
T IR 2% A TR R ) N TR R R AR ) 5 0 B2 22 TR E
HH & 22 SR 001 TP B A (2004) R IE eryl AcHE AT HUR
FE B IR 2R AR PR R G W 0 B R A A R R A A
ZEFAT R, ERACIS I, e 5 R A6 AR B 1 38 v 40 1 LE X
RSN, {0 25 54 5K 58 3] 35 4 K02 Schmalenberger s
R VLAt T TR K 118 AR 1S 248 T 2 5 G Al e R TR 2 A0 R
A 2% 509, AR S G 5 AE i S DR AE W o A A W 1 5
J7 HARAE T 18 2 W58 TAEM. ARG LLFE chitripSUN BT
DA R R R S g B ), USRS T 555 5 110 78 M A6 i o i v,
ik (Denaturing gradient gel electrophoresis, DGGE) & 3= % 5~
B, HEAT B 3 PR L TR 5 58 R 0 X AR B A 0 R A S )
AHICATFFE, DI by e DRI R W2 A A 7 P s DA B ™ M Ak AL
EEINPLY S T I B N £

1 MRS 7k
11 FERFIFEE

Taq2B & it . pMD19-T Vectorlly | TaKaRa/\ 7 ; KOD Plus
DNAZR A HIW A6 B R e A FHCA R 5T AR SYBR
Green 1l H AmrescoAH], B A R 43 Hr 4l 38 8
DNA#EUR #] & (E.Z.N.A™ Soil DNA Kit) 4 353 (Jt
) B A RE L PCR= W 4lifk i 5 & o AxyPrep™
PCR Clean Kit.

PCRE| Y R J7 1 th i A4 T A4 R A B2 w4 4k
F15¢ Y. PCRAY A Thermocycle, 11 B 7% Biometra/s ii]. DGGE
{¥ " DCode™ Universal Mutation Detection System ( Bio-Rad
Laboratories, USA) . DGGE#E i il %2 4t "N Universal Hood T1

(Bio-Rad Laboratories, USA) .
1.2 i KERFIEHE

MBI R 52 2 AR T B 5% AL R AT B 5% chitrip XU BT L
I KR ©2.G0431 (chi i RT3 G LT il L8, riphy
K HT R EZ ARG E AFER ) UL HRA AR FE IR K
T3S,

T2 50 b, 57 T TG A5 R B T A Ml R B A AR B IR
T B AN} A O 0 3 5 3, 1 b A Rl AR AR 2R A RN
X BT A N42.8 m?, ABV5 K4 m, FILK 107 m, FEAEET m
LI, BRI EE12 000 g/hm?; J3 i) R AR 56 [ G043 1 K B [A]
SEAKT R AR AR 3SR G AR, b B3R E R
1.3 ik TR R EFAAb IR

S3 BT HEFIET (0 d) K A%EFN1S d. 30 d. 90 d. 180 dJ, LA

/KK AR LS IORE. B SR R R AR B L R 22~3 em e
A DL S TR AR S TR 2R, B/ N2 kg
B HERE S, R ARSI, AR =N, RS S 4
BIHC2 gf110.5 il 47 AT K% I3 ik A5 90 00 P50 00 B A AT A
DNA$ZHL.

14 EMNEFSITEAEZ

141 BEFE AW KR REITTECR A B E AR TR
B, RO A N B BRI Kings’ BE; 7R 2L 00, H g HHR
FHE TR IR, MR TECR A R R 1S 45 37 307,

142 EMTE R RAME G R G BE X T B R 4
CELFE ZEHOAT B AN 7= G I R R ) o T A 2 v a7
M4,

1.5 HESH
SPSS 11.57Ff 740 H.
1.6 T FETES

1.6.1 TIEMREADNATREE LIRSS DNASE L B AT
%2 IR & .

1.6.2 ZHE16S rRNA V3XFAEE18S rRNA (V1+V2) XEJPCR
1% 16S rDNA VXY #5924 P2 (5-ACT CCT ACG
GGA GGC AGC AG-3') #IP3 (5-ATT ACC GCG GCT GCT
GG-3") 7E1E 1549 B9 555 4% il “GC-clamp” (5'-CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCC CGG GGG-3') U8,
H 02 T b7 1k PCR ™ 9 78 A8 P B0 5 55 ¢ Fh ik b 58 4 fift
50 uL ¥ PCR WK Z M. 5 uL 10xPCR Buffer (Mg Plus) ,
4 uL dNTP Mixture (2.5 mmol/L) , 314 (20 pmol/L) %1
uL, DNAFEAHZ1 uL (10 ng) , 0.4 uL Taq DNA polymerase (2
U), JOR A 4l K #ME 50w, [ LG 8 40 7K R 45 A A 19
4 X} B& . PCR% FH Touch-down# ¥4 F2 )% : 94 CHIASPE 5 min;
94 °CZFE1 min, 65 °CiE K1 min, KREMMEHREL °C, 72
CHEAF2 min, 201G ; 94 CAZPET min, 55 °CiH k1 min,
72 CHEMP2 min, 5MEFF, 72 CLEMH110 min. Ky R PCRT 2
Hp A A S R ORUEE , B PCR ™= W VE A AR B 7E 17 Reconditioning
PCR, JZ N2 /¥ H: 94 CTASYES min, 94 CAE M1 min, 55 C
iE k1 min, 72 CHEfH2 min, fEHE5U, 72 CLEff10 min. PCR
FEY L Al

18S rRNA (V1+V2) X r 3 345 4#1 A NS1 (5-GTA GTC

ATA TGC TTG TCT C-3') FlFungGC (5'-CGC CCG CCGCGC
CCC GCG CCC GGC CCG CCG CCC CCG CCC CATTCC
CCG TTA CCC GTT G-3') 1", 50 unLEPCRIZMAZR H: 5 ul
10xKOD-Plus Buffer, 5 uL dNTPs (2 mmol/L), 2 pL MgSO, (25
mmol/L) , 54 (20 umol/L) 41 pL, DNAF A1 uL (10 ng) ,
2 uL KOD Plus DNA polymerase (2 U) , JCH# #8 4l 7K #h 2 50
uL, [R] B DA TG PR 4 7K R B AR B X . PCRYT S A8 %4 ¢
94 CHIAEMES min, 94 CAEPEL min, 50 CiE K1 min, 68 C
FEART min, 28D EFR, 68 “CHEfH7 min. Reconditioning PCRY)
16S rDNA V3IX Ab BEAH[R], PCR7™ 43 #E4lifk.

1.6.3 THBEERREXSH (DGGE)  INMBEME (37.5: 1)
W 8%, 16S rDNA V3IX T AR M 56 8 4 37.5%~60%
(100%[H 728 P FI % AL 5 40% (V/V) 0 H k5 7 mol/LiY
JRZ ), 18S rRNA (VI1+V2) X fif F 28 M 77 B 1 M 15%~35%,
PCR j=¥_FAEE40500 ng, FLIKS 60 CIEIE ., 200 VIE

MR 2 R R 2R GE T o B
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JE FHLYK 240 min, SYBR Green I 4%, 30 min, 1. DGGE
SRR, KRR A E .

1.6.4 DGGEEiEHHr DGGEX 45 & Image TFIPASTH
HEAT M. T AR T8 8% (Shannon’s index) Jz WREEVE 4H i 1) 2 #F:
P£, H==Y P, In P,, P48 KI5 55 5%l AR X F2 55 395
& (Evenness) EDRE& HORRIZERE A O3 SRR B, 23R iR BT
RN A — AR SHL, E=H/n S, HoPhH R EARIEEL,
SRR AR UKGE Y 2B

1.6.5 #RETRESFEISH K DGGERE At B2k
AR v S IR, BT 1.5 mLK E A B0 T, Mtip
W, AIAL00 pLEE 2K, 4 CERMR, B, B L
YEN B HEATPCRY 1S, AR 1.4, HETHM S AE GC-
clamp. 4fi{k PCR/™ ¥ % 5 B pMD19-T#k {& (TaKaRa) , 1k
KIGAT B IM110, £5 3] 5ok SO, 58 B4 M1338 1 51 P PCREE
FE RIS RE 5, B A0 BEALBK 34 S B b A7 0 e U0/ 445
IR EHRIFIIAE B, 5 NCBUEE PR F 5917 e X, Sk
R R e B, TRV LA— SO B BT o5 B 43 EAE R b,

2 GRS
2.1 REPTEFRP RIS EMN TR ST AR
S AL B8 149 - A 30 8803 AN [ i 2R K AR 38 AT % 37 4
B (R 2R AT B L = S OB IR M TR ) . B BT R B 2R B % F 5
gL (1) W, W IR0 A ECN 3.68x106~13.10x10° cells/
g(t), ARG 5 2R AT B R B0R 0.73x109~2.60%106 cells/g(+), AT
J 35759 AR A T A R 1.49%105~3.43x10° cells/g(t), AT
B3 B B 6.75x104~12.28x10% cells/g(1), T 3R 214
BN 1.51x105~6.83x10° cells/g(t). AR 478 tha] 1% 55 (i A= 9
A4 5 o B B R 04 25 b 2 0 — 2 B TR AR R (H, BL A
K E G433 I T B FR AN Tl (A 2R AT B P2 ook
AT ), M 2 BT R R TR A A, 5 R AT R A
LK 5 A 351 0 W M 25 S
2.2 DGGEEE& o1
221 HAEDGGEEIES#  16S rDNA V3X DGGER i (&l
1) R T R R . GO43 VRN HE % FE IR R W B A 3504 [W] Bt
P I ] R 08 398 110 400 B 9 5 M AL . B M A R (E12)
7R, ERURE S [R) A [R] Ik AR T 00 58 A 200 AR U 45 R A

AR . RS AR G AN, 20 B TV 45 A 2L 3
R, 7 [A) BBORE B 301 %) AR 351 72 90% LA I 5 T A [i) Bsf ] T
P B PR P DR T AR 0 A0 1 RV 245 R A 0 B 2200, d
180 it K AR 5 - M2 41 1 10 75 445 A 2 B AH LR SR 1%, 290
93%; TEd 30F0FP K AR A M2 41 5 v 45 i AP E Fe s, 24
}97.6%. AN [a] URE I [1] 57 55 PR K T2 GOA3 VRN AR 5% B PR R R
A% 3504 AR HB 1 1€ 41 B B VK £ £ 4 $5 4K (Shannon’s index ) 7E
5.32~5.37 Z[8], dNTEREVE A 9 2] EAE0.91~0.95 (3R2) ,
LR SRR AR R, PR A B E 25, dIknr
F L, U T B R SR B AR 5 AR AN
FEVE 25 40 2 A= W i AR 4k

T E DGGERITE (1) s 7 4% SR 7 b
ZPCRYEGE i, B 45 4517 B ML 26 B34S s e 0 47 0 . I
5 R W, KE A AR MR AR SR . o B
HE3INARFEIFH, 738 TIERER T (Firmicutes) . AR F1Fh
2% (Unknown) FIFTF B 2E (Bacilli) ; B2F AL AN 1
FE 91 43 8 TS BE T 1] (Firmicutes) FIAF % 2% (Bacilli) ; B3
Ha&—FfE A # 28 (Bacilli) B Lactococcus lactis; B4
AL AR E T3, 40 )8 T R AR 2E (Unknown ) Flly-
AFJEFT T (p-proteobacteria) ; BSALE W 43 J8 Tl ZE i 2
(Actinobacteria) FIFERRZFT 2% ( Acidobacteria) ; B67Ed 0
KA 150 EHERE T S AR LI B, RE &R TR
#5 # 25 (Gemmatimonadetes) i — 4~ JF %1 ; B75BSJSL,
[R] B0 75 40 J| T i 6 28 (Actinobacteria) FIWE B2 AT 1 28
(Acidobacteria) 1751 ; B8R ZEd 900 - 4JEAE i (K13 rh
HIE, BE7 8T y-"LJEAT I (y-proteobacteria) | J-A8 JEAT A
(J-proteobacteria) AR HIE 2 (Unknown) 37 51; B9 H
TEd 90FId 1806 T3 A it €1 3% A7 7E , W] 6% 43 & T R
JITE 2% (Unknown) | LZEH 28 (Actinobacteria) A5 4 &
2% (Gemmatimonadetes) 751 ; B105BOZALL, (H4 5
TANAREIWFF, 438 F AR EZE (Unknown) | LZE R 28
(Actinobacteria) . a-“8 JEFF i (a-proteobacteria) FIHIFTF F# 2
(Bacteroidetes) .
2.2.2 EHEDGGEEESH  18S rDNA VI+V2[X DGGE i
(FE3) WoR TR K TTGO43 1R HE A IR AR e 3L R K 5
FRAR 35N [ HURE B [ AR -2 1) B TR 9 45 M 2 . 40 2%

1 HEFXSMIERERAXTRFAEFAE. ERMMEENEE (1/10° cells g'soil, x + )
Table 1 Amounts of culture bacteria, fungi and actinomycetes in rhizosphere soil of GM
and non GM soybean varieties (1/10° cells g'soil, x = s)

AEYIX R 3L

e do di1s d30 d90 d 180
Microbial flora Treatment
g HHE[NG0431 Transgenic G0431 7.63+3.00a 4.20+1.15a 3.68+1.00a 8.92+1.152 12.20+1.40a
Bacteria 4% 35 Heinong 35 6.01+2.42a 4.78+1.75a 4.43+1 45a 8.10+1.05a 13.10+1.5a
ZEHAT T #:HEIGO431 Transgenic G0431 1.25+0.29a 0.73x0.17a 1.33%0.39a 1.53+0.13a 2.60£0.98a
Bacillus 435 Heinong 35 1.53+0.17a 0.87+0.20a 1.40+0.22a 1.65+0.21a 2.60+0.48a
PRI R #:IEKIG0431 Transgenic G0431 3.43+0.96a 2.50+0.23a 2.53+0.77a 1.78+0.83a 1.800.63a
PFluorescem , H¢35 Heinong 35 29340472 2.60+032a  2.6040.74a  2.03+0.47a 1.49+0.49a
seudomonas
FLE 4 IERIG0431 Transgenic G0431 10.38+1.11a 12.28+1.23a 7.08+0.40a 9.90+1.04a 7.60+0.95a
Fungi 435 Heinong 35 10.98+1.41a 10.28+1.70a 7.90£0.90a 9.40+1.14a 6.75+0.93a
eEqc HILKG0431 Transgenic G0431 2.19+1.20a 5.69+1.14a 1.89+0.21a 1.55+0.40a 2.60+0.45a
Actinomycetes %35 Heinong 35 2.50+0.33a 6.83+1.43a 2.06+0.77a 1.510.18a 2.00:£0.42a

AORAE ]I IO I G 043 VRLTAR 35 (AR S LA i o) PR B A T LR (R B AR R R Rs 22 S N B

The difference between the samplings of G0431 and Heinong 35 obtained at the same time is tested only. The same letters in one column show the differences

between G0431 and Heinong 35 are not statically significant (P < 0.05; N = 3)
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B A[RIIHYR SRR 1 M DNA 41 B 45 ADGGE K /)b
Fig. 1 DGGE image of bacterial community structure in soil sampled in
different periods

1: G0431 180 d; 2: M35 180 d; 3: G0431 90 d; 4: {35 90 d; 5: G0431
30d; 6: 2A3530d; 7: GO431 15 d; 8: 4435 15d; 9: G0431 0d; 10: AR
350d

1: G0431 180 d; 2: Heinong 35 180 d; 3: G0431 90 d; 4: Heinong 35 90 d; 5:
G0431 30 d; 6: Heihong 35 30 d; 7: G0431 15 d; 8: Heinong 35 15 d; 9: G0431
0d; 10: Heinong 350d

Similarity
S & % 2 g 8 2 %
o = o) )l = = =N X =
=} =) < 4 =3 =) S o S
L L 1 L L 1 L L L
M4 3515d Heinong3515d
G043115d  G0431 15d
2/ 3530d Heinong3530d
G043130d  G043130d
I #43590d Heinong 3590 d
L G043190d  G043190d
/& 35180d Heinong 35180 d
G0431180d  G0431 180 d
G04310d G04310d
I BAR350d HBK350d

P12 AR A & A5 A RS
Fig. 2 Cluster analysis of bacterial community structure in soybean
rhizosphere soil

WA AR T OUARALL, 5 400 P TR v 45 A 2 AR TR AR AL, SR AT
g5 (1El4) SR« BURE I [1AH ) slRH 3 1) - B8R 5 I R RE
SE R A UM s ERE S KRG AR I, BB 451
A FE AR , AN (] RORE I AR BL P 25 75 93% LA E 5 T A
(i) FsF ) BB ) TR e A T2 R 8 - 3 A T 9 4 R A v e
822 ], d ISR A TSR S - 9 L AR 4t A A R
IK2998%. AN [v) JURE I ) 4 ik PR RS2 GOA3 1A e Ak PA R &2
PRAC3SHAR R I LR T 7% 22 FE Pk 7 8K (Shannon’s index) 7
4.78~4.9127 ], B RETE /M I3 2 FE7E0.81~0.89 (%£2) , £
PR S e s R, P B 22 5. T UG
W, OB T B T e I TR A IR T A R g A R
T 25 R A A= I i AR Ak
X E I DGGER I ([E3) T dr 7 2% [l Fn o [

ZPCRYEE i, B 5% 4517 B ML 328 B 34> o s i A7 0 ). U
FFEER BN, FENMTE . R 7 ERE MLk
HEEE. KPP FUh & mARE)F A, 008 12k 5w
(Deuteromycetes) 8 f# & ( Fusarium sp.) flF %5
(Ascomycota) [EK B & )& ( Guignardia sp.) ; F2HE & 34A

R2 KREMBLIFHE. ERFFEEMFHE
Table 2 Community structure characteristics of bacteria and
fungi in soybean rhizosphere soil

4074 Bacteria K& Fungi
IR E— E—
Soil sample AARIGE s ERIEEL By
Shannon’s Shannon’s
. Evenness . Evenness
index index
W e
"."/&35 0d 5.35£0.09a 0.93+0.05a 4.79+£0.07a 0.83+0.03a
Heinong 350d
G04310d
Transgenic G0431 0 d 5.32+0.10a 0.91+0.06a 4.86+0.05a 0.86+0.04a
AR5 15 d 536+0.09 0.94+0.052 4.8040.06a 0.81-0.05a
Heinong 35 15d
G0431 15d
Transgenic G0431 15 d 5.37+£0.08a 0.94+0.04a 4.78+0.06a 0.84+0.06a
MAe3530d
Heinong 35 30 d 5.35+0.09a 0.93+£0.05a 4.90+0.05a 0.89+0.05a
G043130d
Transgenic G0431 30 d 5.36+0.09a 0.94+0.06a 4.85+0.05a 0.86+0.05a
3590 d
Heinong 35 90 d 5.33+0.08a 0.91+0.04a 4.91+0.05a 0.89+0.04a
G043190d
Transgenic G0431 90 d 5.37+0.08a 0.95+0.05a 4.82+0.08a 0.83+0.07a
435180 d
Heinong 35 180 d 5.37+0.08a 0.95+£0.05a 4.78+0.10a 0.82+0.06a
G0431 180 d

5.37+0.08a 0.95+0.04a 4.78+0.10a 0.83+0.05a

Transgenic G0431 180 d

FI3 AR TR AR - 35 A DN A B B 25 IDGGE B 43
Fig. 3 DGGE image of fungal community structure in soil sampled in
different periods
1: BA350d; 2: G0431 0.d; 3: FBA35 15 d; 4: GO431 15d; 5: FAK3530 d;
6: G0431 30 d; 7: #2435 90 d; 8: G0431 90 d; 9: 2435 180 d; 10: G0431
180d
1: Heinong35 0 d; 2: G0431 0 d; 3: Heinong35 15 d; 4: G0431 15 d; 5:
Heinong35 30 d; 6: G0431 30 d; 7: Heinong 35 90 d; 8: G0431 90 d; 9:
Heinong35 180 d; 10: G0431 180 d G0431 180 d
[E] )7 30 53 J& T2 B . AR R E B (Unknown fungi) #1553
s P3S4 TF 2, 47 )8 FKickxellomyces , F 224 | 2
S 47 (Chytridiomycota) ; FAFRALE 3 A 751,
SYIET TR R . RFEE; PSS TR T F 3.
A T ATHH T4 (Basidiomycota) 3R AG 51 ; F6, F74
DU L %t 285 5 8 7 2 3ol kD 26 sh W R 26 3l s ISl R
nEEFE I EAZAEY (Uncultured eukaryote) 5 FONA & TR T
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Similaity A S TR A, 15 5 K SRR 40 T 8 9% £
§ £ 8 2 8 § % A B RN B . ECTRETE S5 K 10 5 A, B A

S

whess 154 Hemongas s MIIEIHBOBE AR TR LR HEBUE 9 0 5F SR B %2
E Goa31 15 GoA31 15 Qo). AT A V% RO K T R B A R R 48 T 2

Mk 3500 Heinong 3500 e 5 SR E R, L BUAL A DR AR L % A
IjE G043190d  G043190d PERF R BT W AR S

4 35180d Heinong35 180 d

G0431180d G0431 180d References

G04310d  G04310d 1 WuQ (&%), Peng DL (28 ), Peng YF (i T k). Effects of herbicide

4,—: M 3530d Heinong35 30 d o .
G043190d  GO43190d tolerant soybean on biodiversity of non-target arthropods communities.
B4 R AR LR R VR 45 MR ST Acata Ecol Sin (£75°%4R), 2008, 28 (6): 2622~2628

Fig. 4 Cluster analysis of fungal community structure

Y %7 B i [ A 7
in soybean rhizosphere soil 2 Zhao ZH (BEHE) , Yang LT (B3 88), Ai XJ BLBE), Zhang DB (5K
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