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$i,50 pg/mL KA E E (Kan) HLPE A 10 pg/mL
VU (To) btk |1 28 & I 76 55 50 = fR 98
12 EHRE

TY B %E:5.0 g JRE H K. 1.3 g CaCl,
6H,0,3.0 g B:#y,ddH.O €& ZE 1 000 mL,pH 1
JHE 7.0~7.2,

SM K777 %£.10.0 g ###.0.5 ¢ K, HPO,,0.1 g
NaCl,0.2 g MgS0O,,0.1 g CaCl, « 6H,0,4.0 mL
Rh TTEW (5 g H;BO;,5 g Na,MnO, ,ddH, O E%
% 1000 mL),1.0 mL {B&4E4: R (10.0 mg Hi %
#,10.0 mg Z M 4%5,10.0 mg ML, 1.0 mg £
Z.ddH, O E&E 1 000 mL),ddH,O EFZZE 1 000
mL ,pH HME 6.8~7.0,

MY 15 9% 5 FM.0.10 g CaCl, » 2H, 0,0.12 g
MgSO, « 7H,0,0.10 g KH,PO, ,0.15 g Na, HPO, *
12H,0,5.0 mg F/ R (Fe-EDTA) , 1 mL &It &
BEWE (2.86 g H,BO,,2.03 g MnSO, » 4H,0,0.22 g
ZnSO, « 7H, O, 0.13 g Na,MoO, *« 2H, O, 0.08 g
CuSO, * 5H, O, ddH, O E 4 £ 1 000 mL), & & £
1 000 mL,¥H% pH £6.5,12 °C K20 min, F{& FM
RFREMA 12 o/L 305,

1.3 REEEMHBRREN

FIH =R AR S H AR AT E. coli S17-1/
pMH1701. %% & B Sm2011. % B & E. coli/
pRK2073 435I 76 AH N Bt 1 35 % W v 85 37 2 0 £50
(ODgo 29 0.8) K =FLL2:2+:1(2mL : 2 mL :
I m W EBIRE A WERH TY R EOxR, H
50~70 pL I TY MK EEIFHEH B TY VA iy i
FLUERE I, T 28 CHIE S 2 d. AA)5 5 mL LA
KR B R DA B BSE 1 e R SR IR B & 10" L B 100
pL %45 T SM+Kan(70 pg/mL) A4z, 28 “C 8] & 1%
7% 3~4 d;7E SM+ Kan V-4 b #1475 i s &2 0 5 19
B 4> 9 SR T SM + Kan, SM + Kan + Tc (10
pg/mL) SM+Kan-+ Sac(7 % BEMH 19°F A L, dE 47
25 B i s IR AR AE SM+Kan P B4 K,
AHETE SM+Kan—+ Te fl SM+ Kan—+ 7 % ji# 5 1) -
B b A AR 0 TR ) R A AR L BB PR 2o PR 9
51% Tn5-F (5-TAGTGAAGCCATGCAGGAAG-
GCGCTTA-3)/Tn5R (5-CGATGGGTATAAAT-
GTCGATGACGCGCAAG-3) #4F Tn5-1S50 3 A
PCR "4 551F
14 HHREERTEHNETE

76 B AR HE 8 F R i 100 bp & A kb & %3

14519 (F/R), 518 KR FEZy 60 °C, F LI BF A=
TR BN AR JE 17 PCR ¥ 89 36 5iF, 76 %% ) 1
Tn5-sacB Wfl] 100 bp 22457 #1 50 bp 2245 4k, 43 5l
#5149 P (5-GCACGATGAAGAGCAGAAGT-
TATCATGAAC-3) 5 P2(5-GTTAGGAGGTCA-
CATGGAAGTCAG-3), Tn5-sacB H B %2 180°
FIE W ¥ P 5 P2t P Pr(Tn5 /&2
MADYE P2, P2y (Tnb ZFA) . H:X PCR Fik.
% —% PCR.LL PL/F .Px/R H51W50 0 4 5 7%
TRIR A PE 3 5 5 LIFG B¢ 200 f5 1955 — % PCR =4
JEM . ] P2 /F P2y /R R 5195y Sl iEAT 4 1 .
A RET 3G 5 G BRI A B R S Al DU
P FEUE, I E/P, M Py /R 5189 5%t R0 96
FLF A 0 B AR B AN B 1E L IR AE TY + Kan P4l |
By B Vg R EWiYE PCR LA F/P, Py /R
FE/R R5| it 474 38 F — 25 30k KXy .
15 MEBERTERBEMNETE

P EF A 7 R108 #2545 Fh 7 A ik H, SO, 10
min.2% NaClO 5 min K {4 #40H 5 .4 °C TH K
BB 2 dEHEBE FM BRI 23 C 3
B 12~ 16 h, AR KFE AW 2 Tk /1%
A 2D IRAFET P DL IR 3 d SRR,
B HH TY WA ER 37 2 X800 (ODgo 2920 1.0,
FM + 0.5 mmol/L KNO, & & fi B & 0Dy, 7E
0.02~0.04,$E 5 28 d J& , WL | 58 114 Bk 10 45 IR A+
KFRA,

2 HRESW

BEHPERBERTEENH &ERIEF
FIHANTE = E AR LA WA Tn5-SacB %
JAEF JFORE (pMH1701) B K AT B8 R (44 78 &5 45 B
B %% 5k (pRK2073) 19 K i #F 1 4 Bh F . 8%
Tn5-SacB 1 T BB A S K B bk H 75 b 46 MR R
W Sm2011 v, B FEUERE 12458 2 d Rl & 42 58
TR G BB, W RS J5 40 0l U A SMLCHE AR 35 3% 56 Al
SM+ Kan -4, 5 & & 3% J5 40114 41 M 08 3%
B, it 4k B R W, Tns5-SacB % B R 4 K
1.84X10°°, WF Kk pMH1701 £ 15 £ H %
HAHRAREE S, S Tn5-SacB % FET 16 A 2 &
PRI Y e A B PN R SR L AR R B 5 A A Kan Btk
Ml SacB FEH . L B 22 58 5 76 7 i b K Y T
73 ) 5 Fh 2] SM A+ Kan, SM + Kan + Te #1 SM+
Kan+Sac(7 % B 19 VA b W8 R 75 AR . 45
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i 45 . A R AR R R A [ SRR O i IR R AR A A 2 R 45

BoR 4R 25 AR REFE SM+ Kan 4 EAEK,
MTE 5 A8 2 B B REA R (B TA) L UL Tns-
SacB ¥ FEF i A BRI E E 6l F . 7 Tns-
1S50 Jy B Eit 5l 9. B AL PR ER 23 > 3% dE 17
PCR #6:10 , #SHED 1 1 810 bp By 55, F W45 ) 1
fE7E T E T AR E b (B 1B, &l & OF, i 1k

SM+Kan+Tc

2 3 456 7 8

SM+Kan+Sac

BN Ly 8 000 A HE e T4 A e [ L 73 i 45 Ff T
96 LAk (% TY +Kan Fi 3780 I s Fh T8 d 85 77
B b (BRI 96 A>3 B I X5 BT —A> 96 fLARD , B 57
Ja RSP 96 AT VS A BUR A A BT —
PRI T 5 20 5 7E 96 FLARRIIES B PR RO imAL50 %
H L AE —80 CIF R A .
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SM+Kan

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Y I L L] EE

A. Sm2011 4 AGEAE RHUVE I % BE PR 1 FR BLAKK 9 SM+ Kan—+ Te (HEBR AR 1 % Te PTHER B pMH1701) , SM+ Kan + Sac (% H
SacB 3 K (1 AL T % BEBE U L SM+Kan; B.AY PCR Kzl . M:DNA marker; CK:SZ AT Bk Sm2011; 9kl 1~23 M TEREN Tns-
I1S50 ¥4 F Bt , K/ K 810 bp, A.Selection of drug-resistance mutants, mutants were grown on medium SM-+Kan-+ Tc,SM+ Kan+ Sac
and SM+Kan respectively. B.Tn5-1S50 (810 bp) by PCR; M:DNA marker; CK: Wild type strain Sm2011; Lane 1-23:Random selective

drug-resistance colonies.
1
Fig.1

22 HEPEREESEENRERRTEHFGER
BALEANEE

MR 7 TP AR MU B Sm 2011 R 41 {5 B 2k B
R HARIF R ITAE R i 51 9, FIH B2 PCR 7 ik %
FE HBREE P AR I, A B 5T 5k B H AR SR AL L)
643 ) 4 A 61 2803 JEL 8 (i fHD V25988 (nod C) L PR 15
K BE G OR IR, BRI Tns EB51Y)
P(P,.Px) Ml P2(P2, ,P2;) (Tnb & A5 1) il
B BS54 F A RCIE (5 F 1)) #4758 SRS X,
Xt 79 MRS FHWIEAT PCR 748, 24 DNA §" 34757
B A B — A Bt PG AR R B 96 FLAR R AY AEA

BREPEREREAMFER Tno BRETHERE

Selection of drug-resistance and identification of Tn5 transposon in mutants of S. meliloti

SERESI N HEATY 4G S I H bR R RS AR AR,
K Fl Z R (1) PCR K I 25 3L W 7R, 78 58 A8 K
Tn5 51K P 5 F 51904 14 549 bp DNA
F B, Tab 519 Pr 55519 R W15 877 bp
DNA F Bt MFE F R 514K 685 18 i 45
EEF AR B R Sm2011 L. W59 F MR BEd
#1190 bp R B, Ut Bl Tn5-SacB 1fi A 7E
smc01188 RN X (K 2 Ay, [HAER gk, %
7 B Tn5-SacB 43 546 ATE smc04024 K& PH E #H12E
X (B 2B) vni fH P g i X (& 2 C) Fl nodC K&
4 IX (K 2 D),
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M1 23 45 67 8 9M

PL PR

-— —_—
2000 w
1000 F

—_—

750
500 —| smc01188

PL PR
— —_—
2000 w
1000 F
—_—

750
500 —| smc04024

M1 23 45 67 8 9M

M1 2 345 67 8 9M

M1 23 45 67 89M P, P,
-— —_
bp
2000
D 1000 —F>
750 —| nodC
500

)
)
)
)

AR KGR 28 8 7K Csmc01188) A 51 #5 % PCR #7314 A B (72 B AR 8 AS [ 51 4 % 97 18 v Be i K/ B A 6, % 7 3
Tn5-SacBIf AL 5 CH D s B 56 B 3L IR 28 28 1K (sme 04024) NI B4 PCR 4738 F B 5 C. 1 FUE R 3L ) (i fH D) 728
AR G4 PCR 78 ) B s DAL R 2598 B [ (nod C) 28 B AR R 5154 PCR 978 )1 B, HaL UK APk I8 1: Sm2011 1 dR kA
H BB, A L BAR S E 5 Tus5-P Lol Wi W OGBSI TR0 52,3 43 3 LLGEAZ (A 2 AT 9% He T8 20 B . LA H B ik 1R
F 5 Ta5-P oIy 1 4: L) Sm2011 FEE AR, LA HAREEE R 5 Tn5-ProlWH 155,640 5 LA AR 7K 2 418 v 1A 21
AN, LLEARIEE R 5 Tu5-Pr 514 19 :7: LA Sm2011 B4 AR, L HAr 5B F 5 R 5199 558,940 5 WL 281k 2
ANEVEIE R N, L HBR RN F 5 R 5189 485 M. DNA 4> FRE AR HE, A.smc01188 gene mutant; B.smc04024 gene
mutant; C. ni fH mutant; D. 70dC mutant. The target mutant DNA {ragments were amplified by different pairs of primers
(Left picture) and schematic structure of Tn5-SacB insertion site on target gene (Right picture). Two colonies were selected
for PCR detection in each mutant. In electrophoresis:Lane 1:Wild type Sm2011 strain was amplified by F/Tn5-P primers;
Lane 28&. 3: Two colonies of each target mutant were amplified by F/Tn5-P primers; Lane 4; Wild type Sm2011 strain was
amplified by R/Tn5-Pg primers;Lane 5 & 6:Two colonies of each target mutant were amplified by R/Tn5-Pg primers; Lane
7:Wild type Sm2011 strain was amplified by F/R primers;Lane 8 & 9:Two colonies of each target mutant were amplified by
F/R primers; M:DNA marker.

B2 BEfnREEREFEBANCLAR PCR KGN

Fig.2 Detection of Tn5-SacB insertion site on target genes by PCR
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23 BHEPEREEREBSHNBEXERRTH
KRR E

T TE AR AR IR R R T AL A7 TR 6 A 3 DR 44 A 0
ECRINE B e AN SR T P N
(smc00122, smc01188 )., ¥ I % B f It
(smc04024) 41 M 5> 24 F BE T Csmc00716) | i &
il 5 K] (smc 01854) (7K fife i 5 K] (s1mc04025) , 8 2
g JOE Y175 728 B A AV st v G 0 R B, TS 4 A
FRFEH L AE NCR247 Z KN i F S84
A B4 5 e PR AR IS 78 3 S 3L R 7 AR RS [ R0
TRl BE S SRR A BB 2 K S .
Tk LB I 58 A A iy S AR R R R, FRATT R
Tn5-SacB i A 28K smc01188, smc04024 HE 4T
SRR . A5 BN RN smc01188 RAR{K 28 d
S o 5 XF R AR AR 9B AH L, 58 AR (AR AR IR B 41 (0 IX K
KRR/ s 52 B0 A 4 £ BB IR EE D %
A S B B TS R R i 4 S A R R AR R
I AR R R IR sme04024 TRAZ IR L5 9%
T 00 25 A W B IR S O B AT R AR R R
BEAIER (K 4. FEFEAREZEH T Tn5-SacB i
AL JETE smc04024 FEH AR5 X (& 2B) , 1

R4 Nodule

A Leaf

Smc01188

R % B R IE A
24 BEEPELIRER nifH 1 nodC EERTHH
=3

A W45 A8 B ) i fHDK fE7E T B A [ &
Ay, HESH AT Re AR 1 a0 O sr , JLrp AR ] — > gk
R g AR 0 3 B A T RE 2k . MR ni fHDK
PR 5 748 ) S 30 4B 7 A AR T T
HOJRT BRI ' nod ABCD 55 2598 DG A 36 9 7 52 459 IH 7
0 B, JL 58 A8 J5 B JC vk AR s EAE Y b OE R S5 .
W i 18 2] 1 [E) ZR0A Ji i R I (i fH ) RN 9 35 1A
(nod C)Hfi A 878 PR 7E 36 5 55 95 3k H G L5 75 TR
BRFRAAE N HEAT AR A 0, 2 A R TR AR
Jei o WL AE AR AR MR 0 B AR IR 3, 5 SR o Y A
PREEFD B AR AR T Sm2011 5. MMk AE K A B IE
AR OB AL T AN S Y i fH SRR
JE AR R AR, A K KT Z M. A S 2
o RN A (R 3A-C) . 5 8 A4 AR 8 B 7E
FHEY L REAS IE B 450 (1 3R A LB R nodC
AR IS ) b 58 A 459 (B 3D-G) . i B
Tn5-SacB W) #i A 5 B nifH, nodC ) fe

smc04024

WT 28 75 A8 Bk 356l B A 780 B Bk Sm2011 5 5mc 01188 3EF smc 01188 Z8 AF AR B Ak 5 5mc 04024 . 35 smc 04024 ZEAB R #R . T M LL M
AR R S A 21 0, R IE T GRURRIRT L A 20t e A/ N U I TS AR . i AR AR O U A R 2 BB K . WT: Inoculation

with wild type Sm2011;smc01188:Inoculation with smc01188 mutant; smc04024 : Inoculation with smc04024 mutant. The pink nodule

with a fill of leghemoglobin has normal nitrogen fixating activity and nodule with less pink has low nitrogen fixating activity. Leaf with

brown shows plant grew under nitrogen-starvation.
B 3
Fig.3

REFERBEESHEXEARTHHRE

Phenotype of peptidoglycan synthesis related gene mutants in S. meliloti
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AR T 28 d JE AB R AR KOR B0 5 BB A0 B AR BB AR Sm2011 J5 M ARIRT s CEFD nd fH 2828 IR T MR JS AR L 522 11 66 0 [ 00 1
D.FAZF A BIAR 8 B (DL ED Fl nodC RAEMKR (F.G) 10 d J5 Bk A9 34 A, A, The growth of plants by 28 dpi with rhizobia.
B-C.Nodules of plant inoculation with wild type Sm2011(B) and nifH mutant (C). D-G.Symbiotic phenotype of palnts by 10 dpi with

wild type Sm2011(D,E) and nodC mutant (F,G); E:Magnification of root nodules in (D) ; G:Magnification of root in (F).

& 4

nifH #1 nodC BEERT AR R E

Fig.4 Phenotype of nifH and nodC gene mutants in S. meliloti
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152 B0 22 e 10 55 — 3 5 I 2 3 5 A ) A M I 2
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O3 TR T AR G TR W) I Ry ] B A S0 R Y
B8 SN 5 e Hb b SR W5 K KR TR TR AH DG BRI Y ) RE
PR A WF 5 M 8 T | A B R A Sm2011 1Y
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A e F AR R A R R R Y . A5 ) 3t
B nodC ni fH .smc01188,smc 04024 45K K 28
AR A T Sy S RIS R T A A [ AR G Tk R i 2
RE S LR RE 5 [R) I, AL T DU ] SR 4 98 728 1A R R
R 1 R R T A o) i o e A T L Ik 9 5% 7 ) T E Sk
P DUE R A ST AR 96 T -5 S B W A0 B A A
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Isolation and identification of mutant of symbiotic nitrogen fixation

related genes from Sinorhizobium meliloti

ZHANG Qing YU Haixiang ZHANG Zhongming

State Key Laboratory of Agricultural Microbiology/College of Life Science and Technology ,
Huazhong Agricultural University sWuhan 430070,China

Abstract Sinorhizobium meliloti strain 2011(Sm2011) was used to construct a random mutant li-
brary consisting of approximately 8 000 clones with transposon Tn5-sacB insertion mutagenesis tech-
nique to clarify the coordination mechanism of symbiosis and immunity in the legume-rhizobium interac-
tionand to reveal the function of rhizobium genes involved in plant cell infection, colonization and nitro-
gen fixation process in the nodule. We screened insertional mutants of four specific target genes including
nodC ,ni fH ,smc01188 and smc04024 from the mutant library and identified its insertion sites with nes-
ted PCR.The symbiotic and nitrogen-fixing phenotypes of mutants were examined by nodulation experi-
ments. The result showed that the gene mutation caused a decrease in nitrogenase activity after
smc01188 mutant was inoculated for 28 days compared with the control plant root nodules, which was
similar to the phenotype of the slow-growing soybean rhizobium.The smc04024 gene mutation did not af-
fect the growth of the plant,and the root nodule development was basically normal. The plant had a ni-
trogen-deficient phenotype with white nodule, blocked growth and development after inoculation of the
ni fH mutant. There was no nodulation on the plants after the inoculation of the n0dC mutant,indicating
that the insertion of Tn5-SacB resulted in loss of function of the ni f H and nodC genes. Detection,iden-
tification and isolation of target gene mutants with PCR is an effective method.

Keywords Sinorhizobium meliloti ; symbiotic nitrogen fixation; Tn5 transposon; inserted mutant
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