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Table 1 PCR primer used in this study
EE] k72l il UL B
ID of primers Sequences of primers(5'—>3") Restriction site Function
L S A
03182-F AAGCTTCGAGGCAGACAAGGATGGGA Hind Il To amplify the exchange upstream
arm fragments by PCR
P T i s R B
03182-R CCCGGGGACGGAACCGCGATCTCGA Sma | To amplify the exchange downstream
arm fragments by PCR
\/T\:m 22 AR f A
03182-MAP TCCTGTTGATGACCGTTCCCG = iR 2
To detect the mutant
A »‘[‘1| 23 AR
pK19-MAP CCTGTGTGAAATTGTTATCCGCT R 2

To detect the mutant
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1 SfHH103_03182 RS & B R F LB o4
Fig.1 Analysis of conserved domains of SfHH103_03182

¥ SFHH103_03182 4 % 2 11 1) & 5 iR T 4]
¢ NCBI $ds J& v 545 BLAST [R] U8 1 H Xt . 65 8
KPGWREEAMERELEN (B 2), 45818
RGInK AT Z4 M THRE WS FME. 5 Si-
norhizobium fredii NGR234 4% % ) ACP26885.1
M (FER M nitrogen regulatory protein P Il ) 3%
AU Fe i, I8 3 82% 5 5 Sinorhizobium melilo-
171021 4R fg NP_387295.1 %K A (¥ B4 nitrogen
regulatory protein P Il AP IE 5] 78% 5 5 Meso-
rhizobium loti MAFF303099 % % 1) BAB50949.1 &
H (7B F nitrogen regulatory protein Pll; GInK)
Mesorhizobium huakuii 7653R 4t i AID33269.1 &
H (A8 N Pll-like protein P2) AHRIM AR 70% ., B
Az WA WAL 5 KM AT (Escherichia coli) %t )
WP_087905121.1 (7 # M nitrogen regulatory protein
PID & A A RIE S 69005 158G [ R B Pseudo-
monas stutzeri A150 %) WP_003096476.1 & [
(FER A Pl family nitrogen regulator) #8181 ¥ N
64 % ;5 H 4 B A W Azotobacter vinelandii 4t )
WP_012703245.1 FE A GERN PI family nitrogen
regulator) ARITEIAFE] 64% ., MER KBTI LULFE
. Sinorhizobium fredii " GInK & H 4k % 1%
ST T B — A AR S Y R A 3, AR T AT R
HERARESEHE R T HRMRELE 5 H
5 A A RGO R BUL, AT RE S HAFTE D) BE
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CCE97674.1 Sinorhizobium fredii HH103

82

83A5Y70732.1 Sinorhizob ium fredii CCBAU 83666
ACP26885.1 Sinorhizobium fredii NGR234
APG86188.1 Sinorhizobium americanum CCGM7
NP 387295.1 Sinorhizobium meliloti 1021
WP 087149174.1 Pararhizobium antarctic um
WP 097141339.1 Rhizobium subbaraonis
WP 064331794.1 Shinella sp. HZNT
_ WP 003492620.1 Agrobacterium genomo sp. 5
WP 101290079.1 Pleomorphomonas diazotrophica
87 EWP 060909617.1 Bradyrhizobium diazoefficiens
66 WP 012114237.1 Xanthobacter autotrophicus
89 [AID33269.1 Mesorhizobium huakuii T653R
100LBAB50949.1 Mesorhizo bium loti MAFF303099
WP 035670687.1 Azospirillum brasilense
WP 013067397.1 Rhodobacter capsulatus YW1

|WP 087905121.1 Escherichia coli

—
0.05

L_CDK70806.1 K lebsiella pneumoniae 1S22

58 WP 003850469.1 Pantoea agglomerans 299R
7 WP 003096476.1 Pseudomonas stutzeri A1501
100] WP 012703245.1 Azotobacter chroococcum NCIMB 8003
98'WP 012703245.1 Azotobacter vinelandii
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¥%E

L HH103 3£ 4] DNA AH . L 03182-F I
03182-R 5|9, P ¥ HIWHEKE SFHH103_03182
[ PR A i 7 BE R /R 225 bp, v B sC i A BE
2 TA JREHAR pMD-19T, I 5 38753 1IE 7 TA sk
Ja AR FOR . BIR 2 Hind [T A1 Sma T 3UEE Y] Y
H W F B, B E A B 2 2 48 8] XU T % pK19mob,
Ak E. coli S17-1, LA M13 i 1514 PCR ¥ iIF #%
FEZ5 5L A5 BN FF 6 TR/ 375 bp 9 BL (Kl 3A).,

DA A 6] U5 8 4 ki pK19mob-SfFHH 103 _
03182 WY E. coli S17-1 N BEAKTE , BF 4= #Y Sinorhi-
zobium fredii HH103 N Z 1K B M9 3= AN & %%
% 0% W) U5 & 40 Bk pK19mob- SFHH 103 03182
FAZE HH103, [RIVEE 4 Gk - 5 B S
HH103 KK 4Hd SFHH103_03182 3 K & A= [7] I
YL BRI A 2 HH103 Yok b, 35 40w 5k N
M, Bk b Kan SEHE R BB a FHERT
Foak M R AR E VRS A Kan BUE . & Kan 41
P A 3 B M A AMLS G 358 43 97 T 28 AR 1A

B 08 358 - AMS+ Kan | A= K Y B 7% 3 32 4
&% TY + Kan VM, # W % PCR # ik, U
pK19mob BTk F 4 5 IES] 4 pK19-MAP FitH
Dy R R TR A PR 2 81 b B S IR S [ 9 03182-MAP
17 PCR ¥ ¥4 56 UF , [A] B LUEY A= A HH103 W AE R

Phylogenetic analysis of the GInK protein

PR AR, B UES W pK19-MAP #i1 03182-MAP 3"
B g AR R T H Y 254 /N 644 bp, 5 ) R
BER/INGF 4 T4 HBF A= R HH103 % B8 41 6 45 HF
( 3B) . ¥ BGIZ 550 #4700 7 43 A Xt 43 By 45
R A BAr R i B A 5t D] 205 4 R BORL ) 8
kL A BE R A B B9 3 ORF 9 276 bp 4b, £
SFHH103_03182 JE K 528 (A4 FE IE i .

1 M M CK 1 2

— bp
750

—

bp B 500

500

250

M:DNA marker; 1:pkl9mob-SfHH103_03182; 1-2:SFHH103_
03182 mutant; CK:HH103.
B3 RiFERZRBEH pK19mob-SHH103_03182 ¥ (A)
5 SfHH103_03182 EE RZE & PCR I iE (B)
Fig.3  Construction of plasmid of pK19mob-SfHH103_03182 (A)
and PCR identification of SfHH103_03182 mutant(B)

REBLERBNENS 5
DUEF A= R HH103 hy %F R B bR, AR Ak Sf-
HH103 03182 mutant HSEW AR, AR B2

23
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FUO IR LR BE 15 KRR Bl O FE Bl X REAT R o TS . AR R R SYHH 103_03182 1Y
AL . ERE YA 22 COCMET R ERIF MY RBNEF HH103 L, AR % F AR 5 ff
28 d, SRS AR AV RE A DN E AL A S A Y L P TR R L A A b S 0 O RARURE [ G G W
4R 2 i WL EE AN KR EHY RN, BER,

F 2 SMHH103_03182 RE#MEERBVELR
Table 2 Symbiosis phenotypes of SfYHH103_03182 mutant tested on Tianlong 1 soybean
- B RRAE Py 6o T 4/ g [ %0 Bl % / (pmol/ (g« b)) LRI BT AL/ g By E
7 bR . . . - . .
Strai Fresh weight Nitrogen fixation Fresh weight of Number of
Strau per plant activity nodule per plant nodule per plant
HH103 3.66+0.27a 17.31+6.16a 0.47240.131a 53.60+19.98a
SFHH103_03182 mutant 3.90+0.15a 17.08+4.48a 0.610+0.168a 68.40+£17.52a

CK 1.60+£0.39b 0 0 0
R 3 N EE B YME AR S A R SRR 2R OR JC 3 22 % (P <C0.05) . Note: The data is average of three replicates.

Data in each column followed by the same letter indicates no significant differences (P <0.05).

AHEFD HH103 A HE TR FIEEF SAHH103_03182 mutant fR ML AT 4» 70 ; B Bl HH103 APy (4 2598 R A 5 C A He TR 09 A1 bk AN 25
s DERN SFHH103_03182 mutant A FR 45 2, A. Symbiosis phenotypes of aerial part inoculated with HH103 and SfHH103_
03182 mutant; B. Nodulation phenotype of underground part inoculated with HH103; C. No nodulation phenotypes of underground part
without inoculation; D. Nodulation phenotypes of underground part inoculated with SfHH 103_03182 mutant.

B4 SHH103_03182 REMKEREXR[E 1 SHLERE
Fig.4 Symbiosis phenotypes of SfHH103_03182 mutant tested on Tianlong 1 soybean

24 AEREREZLETHLEREENSH
WIFASF B NH, NO, ¥ £ (0.5,10,20 mmol/L)

Ab 3 AT A FR R 56, 4 A HH103 H %8 A8 {k Sf-

HH103_03182 mut, W5 KEHKRTE 22 CHER

Fi SRR 28 d R R AR R ol L ST S5 B0
DTG 30 3 o 5 A2 A 114 DR W 75 7 55 U1 0 fige Bk
SR ZE R M HIVE T . B S R 6 BT R, %) 4G
B & L, 7E 20 mmol/L ALK 558 e R 4
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oI 7E 10 mmol/L AbFR T M B 4 BN 2 A5 K S f-
HH103_03182 mutant [ K & ¥R H A5 1y 2598

T B SR 5 A8 A BB A A 5 0 0 O AT
[=A
=

A. 0 mmol/L NH;NO3;B. 5 mmol/L. NH; NO3;C. 10 mmol/L NH;NO3;D. 20 mmol/L NH; NOs. 5> &b B 25 2 4 4K IR 2 2
HH103 4%/ SFHH103_03182 mutant F1A 3 B (Xf 18) #8 #k ; Treatments from left to right are inoculated with HH103, SfHH 103 _

03182 mutant and without inoculation.
B 5
Fig.5

50F SfHH103_03182 3845

40 SHH103_03182 mutant
30F B HH 103 -

248 %L Nodule number
(3]
S

005600 5 10 20

NH,N O, E/(mmol/L)
Concentration of NH,NO,

B 6 FEAE NH,NO; iR EAET SHH103_03182
REKERERE | SHERNEERENE
Fig.6 Nodule number of SfHH103_03182 mutant tested on

Tianlong 1 at the different concentration of NH,NO;
3 it

8 R R G R R R RO L LA S A IR
I B T B2 o 0 v 0 A TR 1 R R R T RE 2
R JC R E R B . P IR A E B A Ak
e G FSCINE 4 6 M b R L R 2 A AR IR EE A GInD
Mt 0 = R ATP A 2- 3 — @Rt vl LA
LR AR WNTTECE IR A SRR LR g SRR (BN P
JBEPRTFF A P 1T A 23 B0 2 A R G NoeB 3% PE
Al NerC 8 P 42 o) 280 3R ) 458 6 IR Ay ekt
H GInK 3 H 9k B LUK , A7 K F 52 B 58 K T
B A A T R LA R R S T T A A T Y
glnK/gInB W I BEBEAT B 5. 78 K #F i GInK
B EAEBREUG 0T 2345 Nor 5K 235, % 1 4
TR TE B 2R AT 0 A G 28 OG5 7R B UG 0 T X

%

AERE NH,NO, A BT SfHH103_03182 RE#MEF LR XE | SHEERE
Nodulation phenotype of SfHH103_03182 mutant tested on Tianlong 1 at the different concentration of NH, NO;

R AT T AN 2005 2 TR RE % P PR 2 AR It e B —
SEVERIES S Sl X K AT B b R A 3 2 R
W R AR A W EWNHE BT GlnK 52 3] ™ 4% 1Y
PR Z N O T BRIk, R UITE R AT &
GInK AT BE7E Rk B2 & A 20 Rl 28 Ak i 4 Sy 22 o, 6
Al BE 7E Ak 2010 0 B &R PR /E Y. Haloferax
mediterranei ' GInK T 1275 5 205 00 T BH W &
Hid AR AE Y. He %Y £ Pseudomonas
stutzeri A1501 Wi ginK FER LW, XK MTE ginK
AR nifA BE PR SEOCHT L T S2  T 98 7%
TR T . AR AR T GlnK Y
YEFH R GE LL 88 /D, 76 Sinorhizobium meliloti 1021
R B ginK 78 5 o KR 98 K IH AT LA FIAE 90 08 1
AR AR AR,

ABFFEE L GInK # H AT R K F
BB GInK J"ZAFTE T4 D W sE , Horh 3 A [ A
FNER G 1 2 & H 3 5D i — A Bt i RS K F 7
. TE Sinorhizobium " GInK & 1 3 5 {8 57, #E
T H: T et 8 A L. AE Mesorhizobium huakuii
7653R " MCHK _5476 K 4t P I -like £ 4 Pz,
AR 45 e i 2 K000 3 A A B e R AR b e 2 |
PR IE H Sinorhizobium meliloti™ Fl Rhizo-
bium leguminosarum ™ {EFA 264 F L P 11 2L H
TFIRIK, HEWTEA R AR E T GInK Y St AR A
TR AT REAN A

AR BIF G 3 o 5 A8 e [ R E A ) T kA TR
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B, RGP AERBEE SAHH103_03182 H: K 28 28 A it 4 3 A 3 Az [ 28 36 281 40 by 41

MR SFHH103_03182 A #k i i PCR 4 14 Al
S oa AR ENE DT A O TR U R W 2
SFHH103_03182 {2 J5 AR 98 %5 2 F0 AR I8 fef o o I
Tt H b A3 AE P R TR RCBE TS T B 2 . B
SFHH103_03182 i Z 5 K UMK HH103 Al
KRG RRBE 15 A 1 A o [ R AE A /2 L B
S MR IR TR AN i . 5 Sinorhizobium meliloti
1021 FRAE ginK Ja 3L RAZE R KL, @
o AL B AP K SRR B HH103 RIS AR (R (1 K G
FE R X 2248 PR AE K 5 L M 2598 66 ) WL B, B 5
NH, NO, ¥ B F+ 55, K G458 8 H i H glnK
PRI 9 708 Ji N 2 e I3 o AR B2 280 38 X6 K 2 19 49 g 400+ 4
. HEM, BT GlnK H1 GInB 76 & Z 7 b e 7]
GInD i J8 4 . G2k B0 gln K J5 7T REAF7E D) RE 9%
#HMER .

2 % X #
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Mutant construction and symbiotic nitrogen fixation phenotype
analysis of soybean rhizobia SfHH 103 03182

DU Si ZENG Xiaobo LI Youguo

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

Abstract The GInK protein is a P family protein existing widely in bacteria, archaea and plants
and involved in regulating nitrogen metabolism. The insertion mutant of g/nK homologue gene S/f-
HH103 03182 in Sinorhizobium fredii HH103 was constructed. The results of PCR and sequence ana-
lyses confirmed that the mutant was correctly constructed. The results of pot plant experiments showed
that the nodule number of the plant inoculated with the mutant,the fresh weight of plants and the fresh
weight of root nodules increased compared with inoculated with wild-type strain HH103. There was no
significant difference in root nodule nitrogenase activity. The results of symbiotic phenotype tested on
host plant soybean at different concentrations of nitrogen levels showed that there was no significant
changes in the number of root nodules in the mutant inoculated plants.

Keywords Sinorhizobium fredii HH103; P Il protein; inserted mutant; symbiotic nitrogen fixa-

tion; high nitrogen stress

(FTAE % 4 . TR & 45)



