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% 16S rDNA RFLP 4347

¥ 2L T,FEW,RAR,LBE, FUE, FER
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B OE MERKAEFIGE T XN ERAE AR s R 2Ix SR A PR 38 SR , Rk F PCR-RFLP 7 TR HET 165
tDNA FEEEE 8T, B R M R R TEHRIEAT 16S 1DNA 2 FFMIE , B R R B WRE, 35T 38 FREHE4T Zn Hg,Cu.Cd
1 Pb 5 MEEEATMEDT . SRED, MXFH RS FEE T EMRIE B (Sinorhizobium ) AT H & (Rhizobium ) Fl AT H B
(Agrobacterium), XFEH Mk CCNWSX1277 FI CCNWSX1294 W] it 3% 2.0 mmol - L §) Zn?*,CCNWSX 1277 H] i} 3% 0.25 mmol - L™ #
He, ZHBEF A2 1.6 mmol - L A Cu®, X 3 BRANFEFR AT L2 Cd*, Hodp CCNWSX1277 BBt 52 1.4 mmol - L #j Cd*,
B RFBVERERETH 3 2.5 mmol- L 1 Pb*, Agrobacterium [ 2 #RARIAERT 5 M E S B BERMTT 321 ; T Rhizobium B 4
FRBAFN Sinorhizobium JB 1Y 3 BkPAX] 5 MELS BMMZ AR, RABERMER ., BHRE, AN E LB W2 HIRF
N Agrobacterium>Rhizobium>Sinorhizobium,,

KR T K AREE; ELBPirE; 16S tDNA RFLP; RE KT

hESES X172  XEIFEEE: A XEHS1672-2043(2010)06-1156-08

Identification and Heavy Metal Toxicity of Rhizobia Isolated from Leguminous Plants in Some Mining Areas
of Northwest China

CAO Ying, MA Ning, CHANG Jia-li, ZHAO Long—fei, KONG Zhao—yu, LI Zhe—fei, WEI Ge-hong

(College of Life Science, Shaanxi Key Laboratory of Molecular Biology for Agriculture, Northwest A & F University, Yangling 712100,
China)

Abstract; The aim of this experiment is to study the phylogeny of rhizobial strains, their resistance to heavy metals and the relationship be—
tween these two aspects. Thirty—eight rhizobial strains were isolated from the leguminous plants which grew in some mining areas of Northwest
China. The genetic diversity of these strains was analyzed by using 16S rDNA PCR-RFLP and the complete 16S tDNA sequences of the rep—
resentative strains to establish the phylogenetic tree. Response to increasing levels of Zn, Hg, Cu, Cd, Pb in media by these strains was ob—
served. The result of the genetic diversity analysis was that these strains belonged to Sinorhizobium, Rhizobium and Agrobacterium based on
16S rDNA phylogenetic tree. Nine strains were selected as representative in the phylogenetic tree. The two strains CCNWSX1277 and CCN-
WSX1294 survived at Zn* concentration of 2.0 mmol-L™. Only one of the nine strains, CCNWSX1277, survived at Hg* concentration of 0.25
mmol - L., Most of the nine strains survived at Cu** concentration of 1.6 mmol - L', Only three representative strains could survive any expo—
sure to Cd* of which CCNWSX1277 could survive at the highest level of the three( 1.4 mmol - L' Cd?*). All nine of these strains survived
at Pb* concentration of 2.5 mmol - L™, Two representative strains, both belonging to Agrobacterium had strong and stable tolerance to all five
kinds of heavy metals. But four representative strains belonging to Rhizobium and three representative strains belonging to Sinorhizobium had
different tolerances to all five kinds of heavy metals. Overall, the genus order of the tolerance to all five heavy metals was Agrobacterium>
Rhizobium>Sinorhizobium.

Keywords: mining areas; rhizobia; resistance to heavy metals; 16S rtDNA RFLP; phylogeny
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FETGAC X IR, 7RI R A SR
BT AR5 o B A I Y SRR 2L A i, AT
R WG Sha R K, Z 2N ES R Y 1%
TR H R I, K B SRR RE I (2 B T5 44y
TEATBE B M ERER, JEiGE,RE
ZRAVR W A 3R A7E 300 7 hm?, HA3% 54
AV 173,20 TR EE R R RS
WE AR 313 75 h?™; 32 8 4 @ 15 44 A8 b T AR OE
2000 77 hm?, 2 &5 MBHE ARG 1/5, s iR &
W=k 1000 7 v, FHAFERZEHEA BB ER 1200
U1t LT T 200 425TP, I, 57X -3 s E Xt
HEBTENRT SR AAEENE L. £YE
HAG TG Y BB E ARSI S, EEYSRR
oY SRS B BARBCRECH B B, AR
A - S AMEY Y S S 4 R B A R BE I B
B, T ERMEY [ e X R T4, vl il AU Rk
ol , TGS - S B Ak i R R

PEAL X F B e — A 2 AR R R
X, A R K, IR 2 M AR AATITIAAT, X
H TR AR B . MR B 5 St AT LA AL
AR RTEAE L WP X E SR 15 b ak
RIFHATF, R EN R — 240 R H B 8iE
N PR A MRV o LRI , AR SET 43 B B X Y 38 Bk
HRIE B >R 16S rDNA PCR-RFLP £ AR 347 i84% Z 4%
M R R LT A, I RES B
PIRIESRPUME UL B B, e 68 S LA &
FRIETE IR B R I 0 A SRS EE X B S IR
KA

I HRS TR

L1 g ERR Bl

HEEREIL 38 Bk, 4155k B BCPS H AR IX
WREE. WHERMETER 3 ff5 THY. RH
YMA (yeast—manitol agar ) 5535 FEORE 35 |, #4720 55 4
o BRSSO PR IE IR 1,
1.2 16S rDNA PCR-RFLP
1.2.1 & DNA f9$2HEL

F4E Terefework M ER I Pt TR, T 1%89
B HEE AT
1.2.2 PCR § 3%

LI DNA Ak, EBCRIET E. coli 165 rRNA
PR 8 ST XA P B 5 |9 P1 A P6, BRI AL 10
pwmol - L™ ¥ B  IE M 5[4 P1:5'-CGg gat ccA GAG

TTT GAT CCT GGC TCA GAA CGA ACG CT-3', Xt T
E. coli BY5E 8~37 BoIEAE ; RIn5|4) P6:5'-CGg gat
ccT ACG GCT ACC TTG TTA CGA CTT CAC CCC-3',
ST E. coli BIE 1479~1 506 HALAIES, FrAIE Y
B _b¥ A T T RRATRAEE . PCR RVAER A
Reaction Buffer(10x)5.0 wL.dNTPs(10 mmol - L™)4.0 pL.
G4 P1 (10 pmol -L™)1.0 pL, 2547 P6(10
pmol L 1)1.0 wL.Taq KEHEF(5 U-uL1)0.25 pL MeCl,
3.0 pL EZEEE 7K 33.75 pL AT DNA (£ 50 ng)
2.0 pL, EAFH 50 wL, PCR W 45444 :95 CHIAE
P 5 min,94 °CZEM: 1 min, 55 CIR K 1 min, 72 “CIEf 2
min.,72 CRAFEM 10 min 4 CLRHE, 36 MEFR.
1.2.3 RFLP 434

YEFT 4 R RGN VIBGHATREYT, 23508 Hinf
I \Haell . Msp 1 #1 Hha 1, WY 5 & Z& 8 20
pL, 73 8 WL PCR &34 74y , 4% il A & 5 R
PN TIES S M AN 1 wL MRRHITENUIEE, MRS R
37 CHgY) 4 h, BEUI=YIT] 2% 937 HE eI , 70 V .4
h Bk, BEAS R R G B
1.2.4 16S tDNA £F 5|z

R4 AL A B AR ¥ 16S rDNA-RFLP & 5% 25 Y 25
A, IR G B2 G A AR B bR, H 1Y
P AT BB E Y AR FRA BTN A5
B9 16S rDNA 894545 M GenBank (NCBI) F1 3515
WIARIE R O AN A HEA T 2 E P A LX), B A Clustal X
il Treeconw 34T, ¥ H DL 16S rDNA 275
BRI R G BRPIRE, I DNAMAN $HE %
WMAERR] 16S rDNA 751 BUAR{RITE o
L3 EHMEERENE

X} 38 BRAHA B MR 4T A RV & Cu Hg.Zn.Cd,
Pb (i S2 A E , DU R AR E N ES
JEFE S YMA 5537550 HIRBHCK B (121 °C,30 min),
BHMANR AN . HLUESHH (BA7 mmol - L)
0.4.0.8.1.2,1.6,2.0 Zn*;0.05.0.1,0.15,0.2.,0.25 Hg**;
0.4.0.8.1.2.1.6.2.0 Cu**;0.2.0.6.1.0.1.4.1.8 Cd**;
0.5.1.0.1.5.2.0.2.5 Pb*", R £ sifcfhit, IR 100
pL WA R 2 SN, RIS ARk
EEERE T YMA AR L 355 3~5d, )
ERERMAERENR
2 ZBRESH
2.1 16S rDNA PCR-RFLP 4%t

¥ 38 BRALR FE AR A 16S rDNA i Hinf 1 Haelll
Msp 1 F1 Hha 1 4 FpFRGIVE N UIBEHATEGY], X504
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— YR EE R, LR AR EE EARIEARE] b Msp T BEYISRELA 5 B, Hha T BEVIEEIA 1 F,
LB RMREBAFEICRR—MER, s HEHIAGRMSITE 1.

a—e, WA 1 Fi7n . MEREHTT LI H 38 #RBtHAH LAV EERIHTTN  HE I A 8 FhlEY)
PRE) Hinf T BRVIRIAG 3 B Hoe MG Y1 TUA 5 RN, Hh R EAVEBE ARG A aaaa acba,

R 1 EHRE#RRHE 165 1DNA PCR-RFLP iR
Table 1 The tested strains and their types of 16S rtDNA PCR-RFLP fingerprint patterns

. . 71257 Restriction enzyme pattern 4 A2
Ptk Strain T3 Host  3R¥H Origin  A:=4% Habitat Hin 1 Hooll MspyI P Hhal Fingerpriﬁf faferngi 165 1DNA

CCNWSX1293 KE BRPY 75 %y a a a a I
CCNWSX1287 [N B P TR &y a a a a I
CCNWSX1277  J 7Ti#Fgis  BEPEREHH 8]y a a a a I
CCNWSX1270-1  IIEFgiE.  BRFERE &8 b b b a I
CCNWSX1270-2 (LT BEPGRE &7 b b b a I
CONWSX1271-1  \LHBiE PR &7 b b b a I
CONWSX1271-2  ILIHBiE PR R &7 b b b a I
CCNWSX1278-1 [ TiHfHie  PRPaEGHH = b b b a I
CCNWSX1278-1-1 [ 1ilfpi=  PEPEREH &8 b b b a I
CCNWSX1278-1-2 [ 1ilfpi=  PEPEREH &8 b b b a I
CCNWSX1281  J #ilfiT  BRPHEfH &7 b b b a I
CCNWSX1283  JfiBfgis  BRPmEH &7 b b b a I
CCNWSX1280 KE B W &5 b b b a I
CCNWSX1289  DOAFHFBEE BRPTIR X b b b a I
CCNWSX1290  FFFF#E  BRp T8 X b b b a I
CCNWGS0752 (55 NG] HifgsL B c b d a It
CCNWGS0753-1 HARE Hi#ea i e b d a I
CCNWGS0753-2  ¥fkE Hi#ea i e b d a I
CCNWGS0754 Lig N2 BB T c b d a I
CCNWGS0755-1  BF Kk HAHE itz e b d a I
CCNWGS0755-2  ¥FAT g itz e b d a Il
CCNWGS0756-1 Wk HifgsL - c b d a It
CCNWGS0756-2  ¥fkE Hi#ea i e b d a I
CCNWSX1273-1  RKEH e KB T c b d a m
CCNWSX1273-2  RKEH e KB T c b d a m
CCNWSX1275 K& B RLEL itz e b d a I
CCNWSX1276 K& B KU B c b d a It
CCNWGS0750-1 PN HiltE i e b d a I
CCNWGS0750-2 PN HiltE i e b d a I
CCNWSX1279 iy =2 o P i &8 c b c a \%
CCNWSX1282  J"Ailfgis.  PEPERGEH &8 c b c a \%
CCNWSX1291-1  REEH Bl TIR X e b c a v
CCNWSX1291-2  KIEHHE Mo TH 3 c b c a v
CCNWSX1272-1  ILFHE  BERE &7 a e b a v
CCNWSX1272-2  IIFHE  BERE &7 a e b a v
CCNWGS0751-2  Bj ko HHga B b b ¢ a Vi
CCNWSX1288 (55 N5 B 5 X b d e a Vi
CCNWSX1294 p T B TR B a e b a VI

H BURFOR 16S rDNA MIFFE R, The boldfaces are the strains for sequencing.
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A Hinf1

B. Hae lll

C.Msp1 D.Hhal

M. DL 100bp; A. Hinf | B8V ; B. Hae ITEEYIEIRE ; C. Msp 1 BEYIF 1S D. Hha | BEYIERE
M. DL 100bp; A. digested by Hinf | ; B. digested by Hae IIl ; C. digested by Msp 1 ; D. digested by Hha I .
1 HHLEHRAY 168 rDNA Bt B & I3
Figure 1 16S rDNA-RFLP fingerprint patterns of the tested strains

bbba.chda 4 Fp2E#Y , B K GARE B B9 U KR A
aaaa.bbca.bdea.cbca.chda 5 F 258 | 11| B B O AR I
BB B4 acba.bbba 2 F2KE, T IRETHiTAR
T RIS aaaa bbba.chea 3 FpE AL, DUk EF
BT ARE A R U] B35 A bbba 1 F2RAEL, RIEETE
MR B BB IS chea Fil chda 2 FEAL, BT
B RS R B TE MR — BN, JB T asaa (MA
REMEE . BREREBEM AR EARRE; R
T bbba WA KE AR EF B 111 55 5 A PO S
SHYRE ;BT cbea FIRH RS T A EF B AR TE
BAEAET ;BT cbda A KRS B RGMRIEETE
HORE . MASRTE, (IXBbk 163 rDNA LI B A7AE
—REM2E 5, KW 16S 1DNA HA F E LS
2.2 16S1DNA 5447

IR RERRY 16S IDNA 27515 B AP
AR B P A1 LA, TR & Bk Z IR Bt 2 R B, R T
Neighbor—joining [ 77 A8 HH R G0 sr2Kp ik E (F
2), MRPIRIEETLIE H ,38 BRAHARRE BiTE R G0k
A RIEE T PR BB (Sinorhizobium ) AR B H
J& (Rhizobium) 5 + T 5 (A grobacterium ) & i #) 38
X3 XA IR (Rhizobium )RR LB 51 Fo

TE AR B R (Sinorhizobium )53 32 b, 53 B A
R G MHEARE R CCNWGS0755-1 AR KRS
Z LB RR S. fredii 1 S. xinjiangense ¥ — /N K&
BHorse, HIFFIAHRIAES AN 99.64%H 99.78% ; LA
SrES A RIE B 78 A HAB bR CCNWSX1291-1 903

BB 5 2 LR S. melilon # B— 1~/ 433Z , 4
A 99.93%; 4385 H BF KT CCNWGS0751-2 &5
Z LR S. morelense BE— ML EE 74>, B
FEHIARINE R 99.42%

TENIE B (Rhizobium )5 T 3R (A grobac—
terium )JE B AN AE L4332 b, DA 8 B BF R S A CCN-
WSX1288 HLRMTEIRS R. galegae TE H—1~/MY
4332, FLFE B AR I R 98.91% 5 L CCNWSX 1277 Fil
CCNWSX1287 5 Ag. tumefaciens & —1 /> oy a1
4y ,CCNWSX1277 5 CCNWSX1287 B9 4 ARl 1%
K 100%, XHHRAHRE KRS S HLE M Ag tumefa-
ciens BIFFFIARIPEIS R 99.21%,

HRIE I /8 (Rhizobium ) 5332 b, LA4r B 3 DUAFEF
PG AR B Bk CONWSX1289 WAL RN E# 5 R.
leguminosarum W E—N/NURGE LB 433, FFIH
IR 99.64%; LI5S B ILEF# & CCNWSX1272-2
FRFHIHES R. mongolense B —A~/NUKE 53
X, HIFFUARLIE R 99.42%; 438 B R G/ CCN-
WSX1294 5 R. sullae #B—N/NMIKE %, FH)
AR 98.83% , MHAMEEAR , AR T B N A — 1
TETEHTR, B KRR B — 25 R .

23 ERNESENHE

BEESHESBN YMA 55358 FARKWIEE
TR ALE A VR L R TS E , T4, 2L
&R INEIE, 28.9%MRHERETE S 2.0 mmol - L Zn*f¥)
YMA B33 A K, 23.7% B @Rk BEZE S 0.25 mmol -
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909

1000

2010 6 A
562 S. fredii USDA205(D14516)

916 _|IS. xinjiangense IAM14142(D12796)
655 CCNWGS0755-1( GU645015 ) T2
S. kostiense HAMBI1489205(Z78203)

737 I:S. saheli LMG7837(X68390)
931

S. terangae LMG6463(X68387)
S. aboris HAMBI1552(Z78204)

997
S. medicae A321(1.39882)

1000

712 .
. medicae LMG6133(X67222)
1000

CCNWSX1291-1( GU645020 ) IVE

%L—S. morelense LCO4( AY024335)

CCNWGS0751-2( GU645022 ) VIEY

470

784

R. giardinii H152(U86334)

R. gadegae ATCC43677(D11343)
FECNWSXIZSS( GU645018 )VIIEY
R. huautlense SO( AF025852)

974 Ag. vitis LMG8750(D14502)

587

940

882

659
811

Al undicola LMG11875(Y17047)
—————— Az albertimagni AOL15(AF316615)
954

Ag. rubi TF013261(D14503 )
968
A g. tumefaciens LMG196(X67223)

ig(i)o CCNWSX1277( GU645014 ) T &

CCNWSX1287( GU645017) 1 &Y

R. hainanense 166(U71078)
CNWSX1294( GU645021 )VITIEY

679 I:C

R. sullae 1S123(Y10170)

R. yanglingense CCBAU71623( AF003375)

R. gallicum R602(U86343)
R. mongolense USDA1844(U89817)

CCNWSX1272-2( GU645016 ) V Y

1000 ,_R. leguminosarum USDA2370(U29386)

1looo CCNWSX1289( GU645019 ) Il &Y

1 000

R. tropici CFN299(X67234)

R. tropici CTAT899(U89832)

Bl i LB ST ATREE , 355 N8 GenBank B35

The numbers on the nodes stand for bootstrap values. GenBank accession numbers are shown in parentheses.

B 2 HRE# 165 DNA 2F I RGR EH
Figure 2 Phylogenetic tree on the basis of 16S rDNA full-length sequence

L7'Hg* i) YMA 3353 A K 2. 1% BERR AT 75 AR R BT PR B 4 B W 32 KU 2 Fim
2.0 mmol L Cu® ) YMA 35553 BAEK N 1 #%REfRE

e
(o8 LA mmol L C B BRIE LA K, PPAdiby O T

BEFERY 2.5 mmol - L™ PH 3% REE EA R AP AITI

WA YA R LSRR R B R o
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Table 2 Heavy metal toxicity testing of the representative strains

H4 B E /mmol - L Heavy metal concentration

Pk Strain 2 3= Host P He o o v 4:3% Habitat
CCNWSX1277 it sn=s 2.0 0.25 2.0 14 2.5 ko
CCNWSX1287 BRE 1.6 0.15 2.0 0.2 2.5 N

CCNWGS0751-2 i NS 0.4 0.05 1.6 - 2.5 Ltz
CCNWGS0755-1 HRE 0.4 - 2.0 - 23 T
CCNWSX1291-1 PR 1.2 0.1 12 - 2.5 R
CCNWSX1272-2 B HE - - 1.6 - 2.5 XN
CCNWSX1288 BRE 12 0.1 2.0 - 2.5 Z3in
CCNWSX1289 VKBS 12 0.1 1.6 - 2.5 Z3in
CCNWSX1294 xE 2.0 0.15 2.0 0.2 2.5 &%y

T RRNEHREINRESERE T AR K, 7" is that the strains couldn’t grow at this concentration of heavy metal.

W &0 T, 3 H A A fE AR SRR 20 B H A
BEPTA , R A ER TR T 7 RIR S AR B R IR 2=
SRR ME R A5 e b X AR B LA DR e
X St ip T R & E M F E BRI, B K E
SRIBAAHEAREENE L.
3.1 S EHRRIBEE SRR

ARSI XK 28 T B e ER
BWIET Ve SAER RGBT . F5R
xKH, F—MEYEA R A SR ] 5ARBR
AR B A, F—a4 S5 FERE ) AR AT
DB TARME, fEESERHEYRIEAECRN
ABIIEM R T HA M SHAEY, RIEBHER
BB CCNWSX1273-1 fl CCNWSX1273-2, £33 Xt &
G K BRARER T, BB T S. fredii; 3B H K
WE TR CCNWSX1291-1 Fil CCNWSX1291-2 & F
S.meliloti. R 7 FIARIE B HR IR TE P AR R
WL, S REEEERREER LT, R
ZHE WG BRIE RS R. leguminosarum T F—2,
LEUBRT R. mongolense K1 S. meliloti; R, REJEAR
W BT FMEDL, 28R T S. xinjiangense , /DEL
J&TF S. morelense \R. galegae 1 R. sullae , ;X SL BT 51 5.
BAK BRI HER AR A BRI AN s 08 A 1
BB A B K E MR B CCNWGS0755 -1 #1 CON-
WGS0751-2 #HI XA+ HE T S. xinjiangense FI S. more—
lense, AL, 538 BILEFBIZAY CCNWSX1272-2 BT
R. mongolense , T R. mongolense X FHNF HIEETE
AU B, CCNWSX1272-2 A RE 5 N Z T L B E B
AR, M 16S IDNA 2755 TR T LUE
H , HEI B bR 735 7E AR R (Sinorhizobium ) R
JRE )& ( Rhizobium ) M1 134V J& (Agrobacterium ) , 3%

X SR vk B 5O £ & S 2R
32 AEEMEESRHMENX R

M A R IR, AR B E SRR
&, R AR R IR, T 2 bk B >, A
A B AR B R BT A [, 2 4 TR 75 YL T 37 B
AR MU PR TR, X (150 2E T VR X PS5 3 11
6 AE 13858 . M. Diaz—Ravina ™R T 154+ 40
WS BIHEE LEh SR IREA K, Hix L
BXT 2R &R M Z AR R TIRIE, X 540t R
AHE BIE,

SREE 2R 2 AT LR S, LB AR REmT
ZWFLL EESSE . X AR RARIE B P8 S IR
T BBV XA FR IR, S5 K R AR, R E
&, ZEMHRET S ES BRI A URES, i
X2 &R EA MM, BT ERE e 325
¥ BE Y Pb™(2.5 mmol - L), HATHT A LR A A &
2 A M AR R T 20 B4R BIAY 10 Bk Frankia T8 %
HEE POy PSR R ES R Wbk
YA K HL AT RERG R LIS 1, ik A AR KA —
SEAMHIVE RS , U BH 1 e TRk B A Tid 52 38 = MR BE Pb™
RITBTERE ) o BT A I BARYIXS Cu AT 2, 24
i5#] 2.0 mmol - L7, SEERFRBBETT 52 1.4 mmol - L Cd*
J&TF Agrobacterium B CCNWSX1277, ZEERE
SR B Y HRE B X 0.2 mmol - L™ CA™ Btk /K F- 1
7 1%, BT Agrobacterium f) CCNWSX1287 F1 CCN-
WSX 1277 438 0] RLiit 52 0.15 mmol - L F1 0.25 mmol «
L1 Hg*, 8 2 #RJE T Sinorhizobium BYE 3% 0.05~
0.1 mmol - L # Hg*, A 3 k)8 T Rhizobium BHHE
3% 0.1~0.15 mmol - L™ #) Hg?*, J&TF Agrobacterium
RICCNWSX 1287 #1 CCNWSX1277 4330 AT 3Z 1.6
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mmol -+ L7 F12.0 mmol - L™ {{] Zn*,7g 3 #kJE T Sinorhi-
zobium BB 0.4~1.2 mmol-L! § Zn*, B 3 #/E
F Rhizobium B E 5 1.2~2.0 mmol - L™ 1] Zn**,
it LESAT LUE 1, A grobacterium JRHY 2 BREGXT 5 Ff
BEAJR YA BRI 321 1 Rhizobium J& ) 4 ¥R
Al Sinorhizobium ) 3 BREANT 5 Fh 48 MU TH %
AHF, XFEH AEENESE NI REMNEAR
AR KRNZER, XS5 A RMENES Rk
ML %, B R E—2 9%
33 REENEESEXMESERMNLER

E. Baath" ) A B & J8 7] REXAE7E Fi5 e 14
WA B B SR R AR T AR
AR . ERRNESBIELRS, 205 3Pk
T RERA A I R S ARV B CCNWSX 1288, PU¥rif
i TR CCNWSX1289, KRG EH TR 7 CCN-
WSX1291-1 FlK S ARJE B CCNWSX1294 Xf 5 F &
LRI FEER R A R ESST MRS
R B CCNWGS0751-2 il CCNWGS0755-1, L J 3k
BT R R RO B K SARE I CCNWSX 1287 Al
CCNWSX1288,%F 5 FiE & @ Ptk b R AR, %
43 B IR — 3 X AN R 5 R A 4 £ HR 88 B % ] —
HERAPIHE —E 2R, EE2R4H A R—HX H
—FlUE SRV AR B R R —FREE 4B Tt
RMFE X AR B - EARMEY I A A KIE S,
B MR S, AT REEZAESE LR
Pb.Zn .Cr.As fl Cd ZH)5 3, K ZAELEMN
e AR R AR M E S B =4 T AR P2
PEo ARSZE 4y BS B AR BRI A9 0 7 B Fk CCN-
WSX1277 %} & 4 J& Hg.Cu.Cd.Zn F1 Pb fif 37 P 45
58, AT AR HH T AR B h 4R A A 1 LAY o

WA, A FEE TR ELE
ERAE ARG = H 2 MR, SREN, &
H BT 1 20 BT T BB RO — M T E 2B 15 YR
T B FP R R R 1K AR AT 4R BR, T AR EHE
R R E M, S TESRTTE R F i —
HFHA

4 it

(138 B BEVE 7738 (W FH  RE H R BUE RS
BWREE. B EMEREEN 38 HARERETER
55432k EIHE T AR H R (Sinorhizobium ) AR E
B )& (Rhizobium )5 + EFTF B (A grobacterium ) T i, £Y
SE Xy 3 FAR I B (Rhizobium )R G R T 133 Fo

()RR E SR U R A B LA AR
B KM ER . Agrobacterium J& ) CCNWSX1287
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