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Abstract: Symbiotic nitrogen fixation between soybean and rhizobia is one of the most important sources of nitrogen for
agricultural ecosystems. And it is of great significance to study its interaction mechanism. However, rhizobia are small and
difficult to be labeled by transformation and lack of efficient and stable method for rhizobial labeling. This study aimed to
provide a method for rhizobial labeling to investigate the interaction between soybean and Bradyrhizobia. In this study, the
original vector pMG103 was modified to construct a labeled vector that efficiently expressed tdTomato, GUS, and LUC.
Bradyrhizobium elkanii BXYD3, a slow-growing rhizobia strain with high nitrogen fixation, was used as the experimental strain
and labeled by electric shock conversion. Microscope, GUS staining and chemoluminescence were used for BXYD3
colonization visualization. Our results suggested BXYD3 rhizobia was successfully labeled with different tags and labeling
signaling were stable in different compartments of roots for different intentions. In summary, this study established a relatively

stable vector expressing a variety of marker proteins, which should be well applied to Bradyrhizobia strains, providing effective

method for studying the interaction between soybean and Bradyrhizobia.
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TEPA ARG T S B, T B A E AR E &)
FRMRHE 55 F 8R035 BORR U S5 il
HEE R S AT S f A A ) 2 AR
U437 15 pHSG298 ori Al pMG101 ori, Ji3 B 3% JH 40
BN B8R 3§ NPT S GE RRRIA I pRBC 1)
# tdTomato , GUS , LUC AR 4518 19 Bradyrhizobium
elkanii BXYD3 , A J5 22 0] AL 58 K G 5 AR 8 TR 2
[i] FR A BT AR B B B S

1 BRI

1.1 ##

B K G A A Williams 82, BHAKIREHE 12
HARJE B Bradyrhizobium elkanii BXYD3 ( A 5L 56 %
TAE) A KA FF B DHS

HYJRE TR YMA BrR . HEE R 10 gL' \MgSO, -
7TH,00.2 g-L™" NaCl 0.1 g-L~" | FERHEEW)3 o-L 7",
K,HPO, 0.25 g-L.™" KH,P0, 0.25 g-L.™', Bill§ 15 g-L ",
KIGFF# LB 15353 Tryptone 10 g-L™' | B RF 3 HLY)
5g-L7" NaCl 10 g-L™" B 15 g-L™', KEE
WS WL RGBT, R IE IR 5%
JT i X AT R A
1.2 gt

FIFH H 5 00 J7 20K B0 4 1 A0 TR 3R 8 AR
pRBC-NPTIIpro-tdTomato ,pRBC-NPTIIpro-GUS . pRBC-
NPTlpro-LUC S AR Z AT B. elkanii BXYD3 [/
TN, 7ERIRPOE YMA SR L X BH A v
Tt I %22 .

5 d WS RGAR R 4 BIER#EH A pRBC-
NPTIIpro-tdTomato . pRBC-NPTIIpro-LUC #I pRBC-
NPTIIpro-GUS #ARHIARIC B. elkanii BXYD3, 7EK
TR KA R AR (NH, /NO; 1200 pumol - L") %
T, HEFr— B G 2 R ER R, BRI,
TR AR D0 AR A W U T W AR K AR B R A
tdTomato % Y6 {5 55 [l K & AR & Wi it 25 6 IR 9

D-Luciferin sodium, & T k2% & Gk WAL #% I #E 47
iRl Xﬂ?*ﬁﬁ%fﬁcﬁ*ﬁ%E@%ﬁﬁ‘%‘/ﬂ-%ﬁta
RRBEMAE GUS Yl rhifb A7 i 68 5 g, i i i (5
SRRV AR R MR P I B
#] H] pRBC-NPTlIpro-tdTomato #% & #% it 1Y

B. elkanii BXYD3 , 7EROGIL R DO UAFE BB T
WA TR S RIR A ALK B8 e SRS O
1.3 Ak
1.3.1 #4kMmE  XFEHBERAK pMG103 (K 1A) £
FEREN A EATME . 7E Sph 1( GCATGC) Fll EcoR 1
(GAATTC) B A5 0], ¥ i 1 4> Spe T( ACTAGT)
14 A1) il il U0 57 60, 03 S Y 354w 44 O pRBC,
FIF N YIEE Sph 1 F1 EcoR 1 1T pRBC 244k, ¥+
ARJE 2l 7 NPTIlpro i% # 7E tdTomato %< & H
(tdTomato Fluorescent Protein, GenBank: CVH74135. 1)
B3 R IR HE, B T Sph 1 ( GCATGC) 1 EcoR 1
(GAATTC) il Y1 i #5 Z [a], #4 # pRBC-NPTIIpro-
tdTomato X & (& 1B), K/N K 7 427 bp, GUS
(B-glucuronidase , GenBank : AB039209. 1) K& LUC
(Luciferase , GenBank ; AKA95351. 1) #Ric 48 4 k4
77 ¥ Al k., pRBC-NPTIIpro-GUS, pRBC-NPTIIpro-
LUC @B E 1C FE 1D Fin,
1.3.2 12 ARG H B. elkanii BXYD3 & % 7 ) &

fifi FHK B (R 32 R0 38 BB B, elkanii BXYD3 FR,
FE YMA [R5 FRIZ, BT 30 Ca kKGR
HEIERFE 2 ~3 d, $hELB. elkanii BXYD3 3ifE s
A S mL YMA ARG FRILN) 50 mL 25.0451,30 C
200 r-min 'R ISR 2 ~3 d, HIEFR R EBRAE
HETAEGHLL1:100 W LB B Z A 100 mL
YMA ARG IR = I ,30 °C 200 r+min ' 5E
IR EXBUE K (0D, =0.3 ~0.5) , 1EHE
TAEG HOI W% 2 J0R I 50 mL 25048, vk
i 30 min,4 °C . 7 000 r-min "' B> 8 min, X
LR, [ IR L& FKESWEE, T
4 °C .6 000 r+min " B0 10 min, WHERK, EE E
—2 ~3 W, R EREE SRS R OK T R
FIA 2 mL oK TV B9 Hh (10% ) HE R A, % =
1.5 mL B0 T (B8 50 pL) KA B GG RAF T
-80 C VKA,
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NPTIpro-LUC # {4 &3,

Note; A. Construct of vector pMG103 ;B. Construct of vector pRBC-NPTIIpro-tdTomato ; C. Construct of vector pRBC-NPTIIpro-

GUS;D. Construct of vector pRBC-NPTIIpro-LUC.

E 1

Fig. 1

1.3.3  @wiirie ¥ 5l#E7 A pRBC-NPTIIpro-
tdTomato , pRBC-NPTIIpro-GUS | pRBC-NPTIIpro-LUC
FARM TG DHSe 755 A - FIRPTAEZR (50 pgeml ™)
(1) LB 35 Fe B fm R 3%, AT BRE 4 O ) &
(ALY ARG RAF), EasyPure© Plasmid
MiniPrep Kit) 2 B )% #. pRBC-NPTIIpro-tdTomato
pRBC-NPTIIpro-GUS . pRBC-NPTIIpro-LUC, HX B. elkanii
BXYD3 J&Z 5 E TUK FA#ZR MA 3 ~5 pL WS
41300 ng- w7 BYFURL DNA BRERTR AT, VK L& 10

BEEHK ik

P

= g-fzi::i' ~ ’ =

HiEEE

Construction of vectors

~ 15 min B 5 JFORL DNA BYRZ BB E -20 C
W% 2 h B EE AT, 1.25 kVeem ™ HLETPIIR,
i) B o AR AR TR A 800 W YMA AR 723, H
RO FE 03 AT IS W TR B2 22 2. 0 mL B0
30 °C H B R ARG W FE 2 h, B0 WO TR A,
TR 200 L b3 BB A, R B iR T 5 A
50 pg-mL " RIREE R YMA [ A 35 35 16 15 35
E,F30CHFT~ 10 dJa%E(KE2),
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Fig.2 Flow chart of electro-transformation assay
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1.3.4 BANRBRABMRGHE LA
pRBC-NPTIIpro-tdTomato ,pRBC-NPTIIpro-GUS ,pRBC-
NPTIpro-LUC ZAKH B. elkanii BXYD3 #5514 7%
ZEA 1 mL YMA 92 mL B0 HiEE,3~5d )5
A E T 500 mL YMA B =i, 1537 % 0D, 2
R 10, B0 WAR R AR, R R SR ACE 77 0K A
A, R K] 0Dy, 294 0.3 FIMIRE RN
1.3.5 FREAFCORAERBRASE  FHZER L
RGO AL AL BB % 5 tdTomato 2% Y FR 10 HY
B. elkanii BXYD3  WLE< A v B8 T Vi S 71 HIUR Y £ 45

MEE4E pRBC-NPTIIpro-GUS FI pRBC-NPTIIpro-
LUC 25 (1) 4 51 35 75 567 AL Bl BL Pk 35k B0 o 28 1
T (LIRS AL AR IR T R X IR #6882 YMA TR A
RSP P TY B Ji 52 0D, >0.5,

WZHY 30 pl LUC #5129 B. elkanii BXYD3 PR
5 LUC JE%Y ( D-Luciferin sodium ) 45 HL VR AT, BB S
AN RN S min, T4 A 32z &OGEIR 73 Bl
( Tannon5200) T A5 JF 4148 LUC %0, 1B HZEE
5ER I A R 11 B o P AR PR A TR AT

W HY 30 WL GUS #Ric i B. elkanii BXYD3 B
5 GUS Y A5 LR A1 5 , BB AE 37 CfE IR 5 5%
Fah, AN 30 min ZE A, LA AL RO AR R 1 R
Xof L TR R R 5 A8 T, A Bt A 1) R R TR R AN
R A B v AR R A
1.3.6  SEARTAR ARG E ALK KRG
Rt 00 A e /N 20 4 AT IR R R (121 °C
20 min) KEALH  Fh 128 70% £ 553 10 1 7% o APk
A, KDL B A BRI (0D, =0.3)
FHARHERN 50 mL, AR E 4R IR (100 wmol -L71)
KGEFW T ARG Aeie bR, 85985 d K4
#EH tdTomato HRICHY B. elkanii BXYD3 KT R R
A I 2 R A E 5 R OB IR R AR 0O

A B

Control

1

AR A Tl i RFP 2863 i W %K B, elkanii
BXYD3 7E K GARE L AYEIE oL, 5% 14 d B
PR LUC #RICH) B. elkanii BXYD3 Ay K &
M Z IR A7 R B, 25 0% A, 7R 42 A Bk 2R &
B 53 B ( Tannon5200) FAMEE B. elkanii BXYD3
FEREMMAMEEEN, K% 20 d iF AT
IO R4 GUS FRiCAY B elkanii BXYD3 YK
TARARRULAE GUS YL, 37 CHEIR B IR b 4
o, BRI A A IS, B R 30 d #5717
tdTomato #RICHI B. elkanii BXYD3 f R G AR K
HREHEATU) b, 28 w06 L 3R AR OB A% B
B e MR N OLME S .

2 HREHH

B4 HRIEE B. elkanii BXYD3 tRiC 45 R4
WE 3A FiR, #4684 tdTomato %€ Y6 HRiC 1018
MY T B. elkanii BXYD3 BA 0 R T 745 75 56 6 1934
BT AR E WA A5OUES

WE 3B FiR K% A6 pRBC-NPTIpro-GUS %
K18 A ARG T B. elkanii BXYD3 B30 [ 18 HE4 T
F R GUS A8 SR, A A Al B AR R T o RO S 3
0, T P AR R A v o 7 AR Y Y R 1B Pk
) PR B ARUR B L 269 GUS IAmic

WA 3C P, N4k pRBC-NPTIHpro-LUC # A
PR 240 TR 35 5 BT AR Bk B s B TR 9 (AR AR 1Y
AR G R X JR) [ HEA T4 B R B 8 S ], R R e AR
Je DA TP A U AS 21 B S 19 R 065, T BH P AR 1
B4 T RIS 5, U Bk Ik 1Y e PE AR R
2285 LUC JIhbric,

PLE By g5 3 3R 0 5E o i B 0y O R Dy
B. elkanii BXYD3 #5747 LA I 3 Figric, ol T 5 &k
W,

2.1

2 Control

7. A. tdTomato %%W,B GUS YLfa %] ;C. LUC %26,

Note; A. tdTomato fluorescence map; B. GUS staining map; C. LUC fluorescence map.
3 B. elkanii BXYD3 #RIZ45 R
Fig.3 Results of B. elkanii BXYD3 labeling
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2.2 FRIEHY B. elkanii BXYD3 £ X5 EEHE

W 4A Fi 7R, pRBC-NPTIIpro-tdTomato 2% A5
1CHY B. elkanii BXYD3 fE R EAR RAHRE F LK
ESRiOL iR S TN ol K D oRei 1 P d v el
fRYLI AR ARG AR B LA BRI E S,
Ui BRI R AE OB 8 T T B, R W] tdTomato A3 ic
() B. elkanii BXYD3 8 T W48 A= HLJR I 75 K &L
R LR E G L,

W 4B FioR , 78 K O AR R AR L3 A1 4R
il 3 58 210 4 pRBC-NPTIIpro-LUC #% 14 7 i 19
B. elkanii BXYD3 ) LUC 26154, Ifil 7 JE AR F1 ]
R ERE S AR 55, RIIE R T, B, elkanii
BXYD3 %A KT AR BET B F2 MR K e B
ZEBYEIH LUC ARiC Y B. elkanii BXYD3 0] UL T
FELL LA B KT WS HR R TR AR B AR R 1

ANTRIERASE B 2 B DL

mE 4C Fn ARERESR 20 d J5 2R 5 GUS
FRICH B. elkanii BXYD3 19K TR R M AOAE I
BA U EEEES 223 A A AR R st B
HOENEAES,

PLE4E UL #54HF tdTomato , LUC , GUS #ric
1 B. elkanii BXYD3 A FH T W18 A AR TR 7R K &L
MR 2R B AR IR 10 2 B A L
2.3 #Ri2HY B. elkanii BXYD3 R N EHEIE R

WME 5 f s, 78 wdTomato £1 7 % 5% #5 ic B9
B. elkanii BXYD3 #:Ff K 5.2 )5 , 7 ThL A R AE1E
MG , it 2400 B, 76 R G AR IE A5 SR fig
g A I s U 21 (A 555, KW tdTomato Fric
B B. elkanii BXYD3 RS2 %E 3235 tdTomato ¢
B, AT TR 20 A K X SRR R A e B

A KEARE tdTomato 7GR B. KRR LUC 28361 ; C. KR EARME GUS Y@,

Note; A. tdTomato fluorescence map of soybean root hair; B. LUC fluorescence map of soybean root system;

C. GUS staining map of soybean root nodules.

4  B. elkanii BXYD3 EXERRZ/RE LM EEBR

Fig.4 Colonization of B. elkanii BXYD3 on soybean roots and nodules

B5 XEREVREEN

Fig.5 Fluorescence detection of soybean nodule sections
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AR AR R B e T FE ) S (6,258 0 2R 1 bR g 2R
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Uk )5 37 NPTIL S 8, NPTIL Ji 8 12 40
PN RS 31, B8 15 25 b 0TS T T R TR 7 5
HsRAR D BRI eIk, ASHIF ST P A R 1 AR R A
SRER B BRI TENAE 5, UF A 58 1 2 B AT
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ARG A FAS R AR e X R I K S AR
T HAE B R B, LUC bRic ) B, elkanii
BXYD3 A HI 40 0 7 A [ 5B b B 2 FE 15 O 1Y) %
TRLEE , 191 G0 76 AR 40 0 AR 3 35, vp B AR B AR 2R
A, AN TR [R50 AL X I T E AR R b
FEISZ , XT GUS AR1iC /) B. elkanii BXYD3 K&
WREHAT R )G AT LB B W] B A, T iz
N AR BRIAE Y58 4 5 TR F 5, tdTomato FRic
() B. elkanii BXYD3 7£ AR IR P 2¢ 6 B i | Hp 2k it
[, T ER, (AL E 3 Fl B Abnic A
—E BB, AN tdTomato FRICAETE—E 07T 5L 29,
LUC ,GUS 1y &t {0 238 b 5 IS W kA7 B g S 3L
S5 S RT AR — 20 Bt I 2 O A
ORI LUX bR i AR T, B A S5 1Y fux
( CDABE ) J K 7 2 At 5 18 2¢ 't 28 i S HAH B A8 &
SCICPIT = A MR G55, S 2SR N2 1
e AT BLEEAE 4 A Sl & S UG B OW 8%
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g5 L AT AR ST R 3 FOR R AR & bR iC 118 A
FRRE R BXYD3 Y0l F T GRME Y 55 988 18 2 1] 1
YEMIFSE . ARBFFAAE R I BT TR 5
TIE, 76 K 5 B DA K AE R B O R & 75 nl 4747

i 2RI IE, 3 4h AR H A A AR AR
SR BXYD3 B — 5 fft il ] A Al 240 B A 1
PP A TR — PRI

W
4 it

A i A i ) Oy A T BB R
R IE A 7] A5 % 19 B AR ( pRBC-NPTlpro-tdTomato |
pRBC-NPTIIpro-GUS . pRBC-NPTIIpro-LUC ) Jf- Hy, #%
I RIS L MR B. elkanii BXYD3 i Ih4k15 T
tdTomato GUS &z LUC Fric i) H8 A= MR8 A1 % fL TR 1k
If HRBAE R AR R MR N AR il . DFoR 45
RIGEER T - 18 A MR T B AR ST S 4L T O vk R
BARS%

&% 3k

(1] BIasE, skER, HRE AN EEE KA WBA T
SEWLI]. gl EE, 2017, 45(12) : 1960-1964, 2031.
(JIAZ R, ZHANG M J, YANG W D. Effects of nitrogen fertilizer
on nitrogen uptake and utilization of intercropped maize [ J ].
Journal of Shanxi Agricultural Sciences, 2017, 45(12): 1960-
1964, 2031. )

(2] JEImEE, AR, S B X A SO AR e K G B 3 i
WEERF[I]. gl R, 2017(1) ; 74-78. (ZHOU L P, QI
R S. Effect of unreasonable fertilizer on soil property and its
controlling measures [ J ]. Gansu Agricultural Science and
Technology, 2017(1) . 74-78.)

[3] ZEhbddh. R EEIEX LERUEYRETE SBR[ D], TR
PEEHAL R4, 2017. (JANG J J. Effects of excessive fertilization
on soil microbial community structure [ D ]. Shenyang: Shenyang
Agricultural University, 2017. )

(4] X035, X0, ACALHE A P R R M ()], vhiE
RHUAAE, 2021, 42(8) : 92-100. (LIU F, LIU S. Analysis of
the effect of chemical fertilizer application on grain yield in China
[J]. Journal of Chinese Agricultural Mechanization, 2021, 42(8) .
92-100. )

[5] R[], gy, skoRme. BoKkabs 55 UR AR ALT]. &
MEALT., 1998(20) : 4042. (XU Y T, SHIJ L, ZHANG D P.
Waste water treatment-bio-denitrification[ J ]. Shanghai Chemical
Industry, 1998(20) : 4042.)

[6] BRUINF J, HUNGRIA M. Biological nitrogen fixation [ M] //
DE BRUIN F J, SMIDTH, COCOLIN L S, et al. Good microbes
in medicine, food production, biotechnology, bioremediation, and
agriculture ; Chapter 37. Hoboken: John Wiley & Sons Ltd, 2022 ;
466475.

[7] HERRIDGE D F, PEOPLES M B, BODDEY R M. Global inputs

of biological nitrogen fixation in agricultural systems[ J]. Plant and



282

)

B

3

[11]

[12]

[13]

[14]

[15]

[16]

Soil, 2008, 311(1): 1-18

sKAKEE, AREL, SFIRE. AR R A RSO
[J]. EHR @R, 2008(2): 14. (ZHANG Q L, LIN M,
PING S Z. Biological nitrogen fixation and its application in
sustainable agriculture[ J]. Biotechnology Bulletin, 2008 (2): 14.)
SESSITSCH A, HOWIESON J G, PERRET X, et al. Advances in
rhizobium research[ J]. Critical Reviews in Plant Sciences, 2002,
21 (4) : 323-378.

XUWH, S, LOT, S AR S U R R A K
LSRRG R[], MY ESR SR AR, 2015, 21(3)
644-654. (LIU L, MA M C, JIANG X, et al. Effect of rhizobia
and PGPR co-inoculant on soybean characteristics and soil enzyme
activities[ J]. Journal of Plant Nutrition and Fertilizer, 2015, 21
(3):644-654.)

FRNEK T MU A R X B i SR B AR
PR )], Al BUUERTSE, 2010, 31(5) : 630-633.
(GUO L Z, MA J, HUANG G B. Effect of rhizobia inoculation on

/> e e
g, HE

pea yield and microbial number in pea rhizosphere soil [ J].
Research of Agricultural Modernization, 2010, 31(5) : 630-633. )
MRS, fLiEd, TR, % AREEA: SRR [ R
HEPRIRRL]. BHAESSR, 2019, 30(3) : 961-968.
(ZHENG Y M, DU L T, WANG C X. Nitrogen fixation
characteristics of root nodules in different peanut varieties and their
relationship with yield [ J].
2019, 30(3): 961-968. )
ARRAK, VFBLRE, BILL. R A B R ROl T 1 A Y
GRS S 1], KERE, 2016, 35(4) ; 531-535. (LI
X X, XU R N, LIAO H. Contributions of symbiotic nitrogen

Chinese Journal of Applied Ecology,

fixation in soybean to reducing fertilization while increasing

efficiency in agriculture [ J]. Soybean Science, 2016, 35 (4):
531-535.)

QIN L, ZHAO J, TIAN J, et al. The high-affinity phosphate
transporter GmPTS regulates phosphate transport to nodules and
nodulation in soybean [ J]. Plant Physiology, 2012, 159 (4) .
1634-1643.

LI X, ZHOU H, CHENG L, et al. Shoot-to-root translocated
GmNN1/FT2 a triggers nodulation and regulates soybean nitrogen
nutrition[ J]. PLoS Biology, 2022, 20(8) : €3001739.

e, BTG SRS SR b1 R A R Y
HEREL)]. AR, 2010, 34(7) . 876-888. (CHOU M
X, WEI X Y. Review of research advancements on the molecular
basis and regulation of symbiotic nodulation of legumes [ J].
Chinese Journal of Plant Ecology, 2010, 34(7) . 876-888. )
RERIR. A AR T A R DA A 33 A% 201 B PR A AR
B0 SRR LA [ D] dEat: PERIER:, 2014,
(GUO H J. Replicon-dependent differentiation of symbiosis-
related genes in Sinorhizobium strains and the effect on soil

microbial community of Sinorhizobium and Bradyrhizobium [ D ].

Beijing: China Agricultural University, 2014. )

[18]

[19]

[20]

[21]

[22] %

(23]

[24]

[25]

[26]

[27]

VN, R, BRSCHT. iR AR R R AR T Y 07 s K 4y
FARic[J]. KERHEL, 2007(4) : 35-38. (TANG H,SUIX H,
CHEN W X. Screening of high efficient symbiotic fast-growing
thizobia strains of soybean and molecular markers[ J]. Soybean

Science & Technology, 2007 (4) . 35-38.)
FIREL, JRTE B 25 55 B8 AL T 4 8 0L B A bR e bk R4S

RO BRRES R I R AE T AR [ 1], RS REIE, 2018, 38
(1): 4449, 56. (YANG X M, ZHOU T, A Y, et al

Establishment and nodular nitrogen fixation effect of green
fluorescent protein labeled strains of alfalfa rhizobia[ J]. Grassland
and Turf, 2018, 38(1) : 4449, 56.)

i, dpiEAE, B, F M gh HEFPRMCEII R SR
BTER AR E AR UL ) ] A A, 2006(2) <14
(WANG H, SHENG Z Y, SUI X H, et al. Adoption of gfp
marker gene method to study soybean rhizobium and the state of
nodulation residence on soybean root[ ] ].
2006(2): 14.)
B, RN 808 55 TR OCREIE A (luxAB) brid BBt
FUIRE AR R TS S A AE T [J]. AA8aedl, 2003(2) :
278-283. (LUO M Y, ZHANG X P, LI D Y, The

Journal of Microbiology,

et al.
competitiveness of Bradyrhizobium sp. ( Arachis) studied by using
luxAB marker gene technique[J]. Acta Ecologica Sinica, 2003
(2):278-283.)

AL, PR HNOT S H 5828 Bk GXHN100 X R TR A
L5 B E A RRIR [ D], BT )TPERAE, 2007, (LIANG
S F. Nodulation and microbial ecology of soybean endorhizoshere
affected by inoculated rhizobial HNO1 and mutant GXHN100[ D ].
Nanning: Guangxi University, 2007. )

DIOUF A, SPENCER M M, GUEYE M. Use of the gusA gene
marker in a competition study of the rhizobium strains nodulating
the common bean ( Phaseolus vulgaris) in Senegal soils [ J].
World Journal of Microbiology and Biotechnology, 2000, 16(4) :
337-340.

TR KPR, N GUS e PR ST o [ v A ARG T 1) 45 9%
KAERLT]. RS, 1997(6) :595-598. (MENG S D,
ZHANG Z 7. Studies on nodulation and efficiency of S. fredii using
GUS gene[ ] ].
595-598.)
B, R, I, . M ot e 0O RUE bR
IR BB FEVD TR ()], B2, 2018, 38(5) : 84-
89. (LIAO H B, XU L, YANG G L, et al. The construction of

Chinese Journal of Applied Ecology, 1997 (6) :

stable chemiluminescence-green fluorescent marked Salmonella
typhimurium[ J]. Journal of Microbiology, 2018, 38(5) : 84-89.)
W, LM, K, S — RS R R AR AR [
REETRBHITIR R[] AY2AAR, 2018, 53(4) : 519-527.
(AI'W Q, JIANG H Y, LI X X, et al. An efficient nutrient
solution system to study symbiotic nitrogen fixation in soybean[ J].

Chinese Bulletin of Botany, 2018, 53(4) : 519 —527.)
REN B, WANG X, DUAN J, et al. Rhizobial tRNA-derived small



3

E/MESE RS AR 3 Fhbric s Al E 5 0

283

[28]

RNAs are signal molecules regulating plant nodulation [ J J.
Science, 2019, 365(6456) : 919922, 389.

SRAEAR.  Eh I aE X B B AR AR T AR R R MOHRUE Y
RS BT (D). Bk, PUdLRAMEB B R, 2022.
(ZHANG Y M. Effects of salt stress on the Longhuang variety
soybean-thizobia symbiosis system and its microbial community
[D]. Yangling: Northwest A & F University, 2022. )

EmEE, T8, BESF, & ARERNHEE LR KL
JRB AR ER AW )], RAeR =M, 2022, 37(1): 95-
102. (WANG X L, WANG M, YUE A Q, et al. Effects of
nitrogen nutrition and rhizobium inoculation on nodulation and
nitrogen fixation and growth of soybean [ J]. Acta Agriculturae
Boreali-Sinica, 2022, 37(1): 95-102. )

X, BA, KW, & SEOIOLEARC SOX9 2N 18K
TR R A S B B ) SR B T A R B R A [T].
SLER2 WA, 2017, 21 (1) 140-145. (LIU W, WANG J,
XING Y M, et al. Construction of a SOX9 gene recombinant
lentivirus vector marked by green fluorescent protein and it s
expression in rabbit bone marrow derived mesenchymal stem cells
[J]. Chinese Journal of Laboratory Diagnosis, 2017, 21 (1):
140-145. )

[31] I8, s, KIB, 5. SOUhRCIIHZUR RN S H S

[32]

HEEANTAE R B R AOREE[T]. B aEE R, 2021, 48
(2):351-361. (JUHM, YANG J, ZHANG S, et al. Labeling a
coral tissue-derived bacterium with stable fluorescence and
microscopic observation of the interaction between the labeled
strain and Symbiodiniaceae [ J]. Microbiology China, 2021, 48
(2):351-361.)

¥, TER, T, % FEFRESAIO0E A b LHTE
INERFETEINWIRL )] HYHELFAR, 2004(4) : 346-351.

[33]

[34]

[35]

[36]

[37]

(TIAN T, QI X C, WANG Q, et al. Colonization study of GFP-
tagged Bacillus strains on wheat surface[ J]. Acta Phytopathologica
Sinica, 2004 (4) : 346-351.)

kiR, BNEE, AR, . OIOCE APRICIFIE R 2T
B Bam22 TEVHSE R N GE SB[ 1], P R AR 2208 4R, 2022, 38
(1):125-130. (YANG X X, HUANG X Q, ZHANG L, et al.
Colonization of GFP-labelled Bacillus amyloliquefaciens Bam22 in
Brassica napus[ J]. Chinese Agricultural Science Bulletin, 2022,
38(1): 125-130.)

FEFELL, XUNE, 224, 55, GFP b ic i B 5 AR rh 42 AR R T
CHWI10B B HEF [J]. Mol B, 2015, 51 (1) 74-79.
(REN J H, LIU H, JIANG N, et al. Sinorhizobium meliloti
CHW10B strain GFP-labelling and its colonization associated with
Taxus chinensis var. mairei[ J]. Scientia Silvae Sinicae, 2015, 51
(1):74-79.)

AR, Lux FEP TR SR M550 MO TR ) AL RV AT PIA A2
YL RPLEEA [ D], #. PEdeARMBIE K, 2020.
(WANG Q. Studies on luminescence characteristics, bacteriostatic
evaluation, and exploration of biofilm formation mechanism of lux-
tagged recombinant luminescent Pseudomonas aeruginosa [ D ].
Yangling: Northwest A & F University, 2020. )

X, AR, 0, & B RIMIATIE luxAB FRICTE B IVIR PR
SERWFSELT]. A #iE %, 2001(6): 14. (LIUJ, L1 7,
JIANG X, et al. Study on root colnization of wheat by luxAB
genes-marked Bacillus megaterium ATCC1458 [ J]. Microbiology
China, 2001(6): 14.)

ZOTTA T, GUIDONE A, TANNIELLO R G, et al. Temperature
and respiration affect the growth and stress resistance of

Lactobacillus plantarum C17[J]. Journal of Applied Microbiology,
2013, 115(3) . 848-858.

i 7 B I

TR FERESFTLER S
AR LEKXKF K EHRA
TR LA FIRKEH R
Bow R Lk XK F K2R
ITHREMF RS
FT b B RARF; 3 1R ik AR 4 B R P



