B37 % H 2
2018 4¢3 H

€ ook Kk ¥ ¥ IR

Journal of Huazhong Agricultural University

Vol.37 No.2
Mar. 2018.28~33

METHARBEEERLRNEBERERIESH

ey 2

F KA

P RULKRFAGHFRRFR/RLBAHFERELEE T, XX 430070

WE  WUTR AR SR SCEE R TEAR G ALY b R 0 00 8 0 A= W BOR Be 5 AR W o7 05 s 8 10
ANBEALE SURE ST AR PR IA IR B T A 10 A BKAR SE AR £ 5 1 38 1 G B SR TN 2y SR 2 D 2 R IRk kL B
pUNS6 (5 6 KD FI pDNS4 (7 4 AR o F5 R I H B AR e Ak 540 AR R 52 B AR ) 10 5 748 R, 30 R K A2
SR A B 45 98 DI RE L B ST RE B FI A 3 TR R A 2 T R 5 B AR R R TR 3 B AL R B L fF pUNSGE A
pDNS4 75 5l % AU I X B A bk o B RS E TR RGN T, T T AUHE R AR S B B i 2 L R W 24>
e JE R Ao AP AE T ARG O 56 R 4 L5 A ] RT-PCR 7 BH 4 % 56 PR A Bk AR b 40 BE A T 31 mRINA 7K P 1 2 (R

#ik,

KB TR BT LA SR EF R
NERS

FESES S182; Q78 XERARIRED A
AR ) 5 AR R R SR AE AU — SRR H &
et R AR B RRME W AR T O T A A R
B, XA RS RE T RHEY SRR AT
HAt A B PR A2 SO 45 dE ST Y X R R T L
WHAMEEL M A6t S SR Y 17 3 AR 4E
R R Bl E R SRS A ) B KR (Lotus ja-
ponicus) X H f§ (Medicago truncatula) W 57 W) FF
J&,CaEMT — R I A A L kR
BLHIAS B 3E— 2048 s . B KR A9 35 4% i 98 SR B, i
ANAE S BER L 10 S8 3 R 4] B, ix se 3t
PRI L 2 i e i A 3 A B 10 Jir o0 5 1 o G AH B 19 28
SR AN BE 5 AR R S AR O R R SE Y
WS HIEFSES, §%. 2K NFRL FI
NFR5 2% HIAR IR B 43 W6 1 45 98 P F (Nod factor) Ji
(R RIS O O (= A= (b0 I/ S A S (N
SymRK" ™, 3 S Y 152 A 1 H 15 S 4k S T
e f% i, P 4R Bl & 1 POLLUXY Rl
Ca®" FAS 4 2= (925 HH CCaMK Al LU0 IF i %
SRS S TR T E S, CCaMK 5K
1 CYCLOPS(BE R LIS W) B E &0 Ot 15
A 4 TR R Sk e SR R LR G A S i
FEEE 1 NSPL #l NSP2 ' I I 31 5k 45 990 i Ih ok

Wi B 7. 2017-05-25

1000-2421(2018)02-0028-06

NINM B AA RS RE AR . 53 51, 4
SR ZM LHKL W2 5 834 i g oh o H g
R AR e A A AR R S o BB R A R R A
ABFFERFIX 10 A5 H Ik A 2 i i AR R AT B A
ST RY T AT BIEMH— 5 HRE
FR TR I A 1) 45 5 3 6 O A SR - AR R R 3 A
A AT 5 32 11 B 18 Al

1 BRI

1.1 # #

Gk CL. japonicus ) MG20.,Gifu K H& 4R
W ifrionfrs.symrk Jhitl nsp2.ccamk ccyclops .
nin) P BERETE ( M. truncatula) A17 J H 8284
(dmil nsp DFRF 3 FEIT col FfF 7k 28 35 T 75 5L 58
FARAF. pYL322-dl.pYL322-d2,pYLTAC380DTH
H AR b ROl R 2 A i B 2 BOR 2 B AR 4 S
W s % MR AR FF B LBA1334/MSU440 ., AR ¥ 4% FF 3
EHA105. K #F 8 DH10B 3k [ % & T £ L 50 =
W Mesorhizobium loti MAFF303099/pHC60/
pMP2112 & iE .
12 HAEMEE

i3 PCR 438 M H kAR cDNA FHEL R 57 ik [

FETH . FME AR S THE (31670240) s 2UH 30 m 25 24 A 424 R L I1(20130146130003)
MEVTMG A5 B 5T AL BF 5T 7 ] AREE B 4 7 AE 1. E-mail: 307759820@qq.com
WEEH . KB HEZ. . HEMA. E-mail: zmzhang@mail.hzau.edu.cn



5% 2

MV 25 . J00R I b AR L A 2 DN 2 i O 1 s MR R IR e b 29

Hrp AT H B HE N A B K 8 v B, AT TR
YR R B 2 S SRk Ak
1.3 BEIFTHFERLE

PRI A K S BEAL 3 5 min, JC I 75
IKVE 4~5 W R 200 B U RR M W CR B LR i
BE 0] 0.1% Triton X-100) &L 5 min, 4R 5
TCTR B ZE K 5~6 K, e Ja B BB K B A7 8
Fi Rt A 4 °C VKA BCE 2 d 24,

DAE 3 rp s 35 . 8 Ab B4 1 B T 400 Sk R
(Vg * Vg * Vg =111 1D L8, FFMHE
B2y 3 cm, B TN 16 h/8 h O IR/ B A
WLEE Ry 23~25 COLIREE b 37, AR K I a] B2 i 8 K
JEIE Y GERE 1/2 MS B FR W 77 A bR T AE B (29 10
em &) BT IV B 0E LU ) A i, DU R vk A=
K,

DTET M TC 5 5% . A4 A BRAF () Tl 1 6 i v
TAEGEHH 1 mL BT A S MS 85555 (0.8%
TG 9 Vo ERE L m / V) BT LA, ) K B 3 2 fiff ol
T oA W 22 B K G B B R LT R A
16 h/8 hOE IR/ Mams) AR Ry 23~25 °C 85 5%
PR R,

14 ERRAENSHERENLE4

AWK 5 H AE 09 B A A D7 ik i 2 BROSCHER
(17- 18], MR MRk Bk 2R A +B%kE
(Vi * Vage =1 DINIREG TP, 4~5 d J5#
iy pHC60 ki RO AR 18 . 21 d Je WL A= 3R A,
15 RERFENSHNEFEEL

W B0y ok R R A e N R OR R AT R
EHAL05 A2 A4 rh, 55 IR 5 270 T 3 mL
TY B (S HiAZR) 5558 12 h 5,4 1/100 # 4%
P EPUERMFE TY 8598218 Do, =0.8 B,
DR TR, B35 85 92 %6 (0.05% Silwet L-77 +
50 REMD A E B AR, o ki, KL
TF AR 26 R S (4 400 R I 481 4 A% AL . 60 s IS
U, T I SRS B I B 0 (LU RRR D Dl
AERE R PR, R H B R4S IE W 5 97,7 d
Ja HE AL 1 R O] DU @ AR R0R) L 20 30 d gk
FliF,37 °C THE 1 G AT 748 IR A
16 HEFREKNGFGESHEHREE

1) To AR BH P R RE (4 0 6 . 467 12 G I B3R
PR B0 ToAC SR T S AL AR 29 1 A 5 Fib
TR BV AE TR 1. AP AL BB R 5
EEA 50 mg/L BRI MS FfAR 7R L& T

JEMAEE FRAE PSR 10 dL BAPERE AR K HAR R
K s B A AR R O & AR RN, EAR R .
FVERE AR B A AR IT B 55 b BB 3 d 38 1 Ik
1/2 MS AR E IR

2) 4l A AR B Y 0 2 . WSO T, AR BH A AR
FL37CTH 1A, Frib B EHA TER LT,
RARUEE AT 16 KR F SN, T IE Y 2R T, K
W R TR, S TR bR, 35 5 R BE 1
R o A BHPEAR B 23 S OBOR -, BEBRGE & T R
FiF OB 4 % TACBHMER R 2 08 Fp, =/ 16
B B T, AR, %eE T, A M RE L BT PH R R R
SRR T B AR, HEME M 16 Hk4e
R BE PR RR RO AT A SR Al A R, ICH Al A R R T
BT AR R

2 HEREHSMW

PEFRPSEREREBHFHRE

R T BB — 58 o R ER TR S & A4,
SR AN [) 5 A E A () 5 3l 2R 0 3l 638 1Y g L AR
PWEHMIIG &I T AtPT1,AtPT2.AtARSK 1,
AtPYK10, Ar3g25820, AtPIP5K3, AtPGP4,
AtKC1. AtLHT6 Ffll AtNIP2-1 %5 10 N7ERR 4
Stk m R IR A 30 TS Yt s ik PCR A
PR IF I AL P38 B 2L 10 AN B 3 PR B AT
o R/ANS B ARAT (B 1 BIE 400 47 6 (e
WG F] pEASY-Blunt3 |, 200 IF 8 5 % .

21

M1 2345678 9I10M

bp l
3000 P
2000 2000
1 000 1 000

750
500

M:DNA Fr#fi; 1~10 3k i 59 AtPT1.AtPT2.AtARSK 1,
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Fig.1 PCR amplification of promoters
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A:pUNS6 A5 M /R B F; B: pDNS4 3K LSR8 B K C.pUNS6 a4k H 19 7 Be i) PCR B83F ; M. DNA AR ; 1~12 3k il 43 51~
AtPT1,NFR1.,AtPT2 .NFR5,AtARSK1.SYMRK . AtPYK10,POLLUX .At3g25820,CCaMK AtPIP5K3,CYCLOPS ;D:pDNS4
AR H Y A B PCR B691F ; M. DNA AR ifE; 1~10 3k 918 A.LHT6 . NSP1.AtNIP2-1 . NSP2 . AtPGP4 NIN .AtKC1,LHK1,

NINpro .Cherry, A:Schematic representation of pUNS6 vector; B: Schematic representation of pDNS4 vector.C: PCR of the target

fragments in pUNS6 vector. M: DNA marker. Lanes 1-12 were the PCR fragments of AtPT1, NFR1, AtPT2, NFR5, AtARSK1,
SYMRK ,AtPYK10,POLLUX ,At3g25820, CCaMK , AtPIP5K3,CYCLOPS.D:PCR of the target fragments in pDNS4 vector. M: DNA
marker.Lanes 1-10 were the PCR fragments of A;-LHT6,NSP1,AtNIP2-1,NSP2,AtPGP4,NIN,AtKC1,LHK1,NINpro,Cherry.
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Fig.2 Construction of multi-genes expression vectors

EAMR AL B AME R R GEP FRic AR & 3 J8 G, 76 w] WG A5 S 7R 5 5 i T W 4% kb A bk 285 98 3R B0, A 9 B ORI 4R B
FR) 2 €0, ¢ S AR IR 2 32 Fh A AR 9% B T 2., The nodulation phenotypes of complement plants three weeks after inoculation rhizobia la-

beled with GFP were observed under light and fluorescence microscopes.
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Fig.3 Complement by hairy root transformation
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49 NFR1,NFR5,.SymRK . POLLUX .CCaMK .
1~54r%18 NIN, LHK1,NSP1,

NSP2.Cherry. A:ldentify the genes in transgenic plants of pUNS6 by PCR.M:DL2000 marker.Lanes 1-5 were the PCR fragments of
NFR1,NFR5, SymRK , POLLUX , CCaMK , CYCLOPS , Cherry. B: Identify the genes in transgenic plants of pDUNS4 by PCR.
M:DL2000 marker.Lanes 1-5 were the PCR fragments of NIN,LHK1,NSP1,NSP2,Cherry.
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Fig.4
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Identification of target genes in transgenic plants
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B 735 LA 7K R AR ) B A X B
M:DNA marker; 1-5 35058 NIN . LHK1 ,NSP1.NSP2.Cherry; 6 iKii & Cherry-polyA ., A:Detection of tar-

13 KB A Cherry-polyA, B:fE pDUNS4 5 LR A Ak b H 1Y

get genes expression in pUNS6 transgenic plants by RT-PCR. The lanes 1,3,5,7,9,11 were the PCR fragments of NFR1, NFR5,
SymRK , POLLUX ,CCaMK ,CYCLOPS respectively,and lanes 2,4,6,8,10,12 were negative control with water.M:DNA marker.B:

Detection of target genes expression in pDUNS4 transgenic plants by RT-PCR. The lanes 1-5 were the PCR fragments of NIN,LHK 1,
NSP1,NSP2,Cherry respectively.M:DNA marker. The lane 13 in pUNS6 and lane 6 in pDUNS4 were Cherry-polyA.
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Detection of target gene expression in transgenic plants by RT-PCR



32 o Rl R ¥R

%37 &

3 it i

FI A TARR AR SR A P S AR SR
TP 3 S SRR AL AR R iR AR TR ORME
Wy B A A A ) Re R A 0 [ R Bt o 1)
PR R T oA A B SRR A )
IR . SR, BRSO BN B A 5 A T
AR R DI RE WA B A 5 BRI (AMP) JE 18
R D) A8 (2 A 80% LA L fli B # BE 5 AMF JE
Ao ARWFFEEBEAU G ITAE A PR BHE B T LR
WA s e, 2 300 R A P R e A R PR AT B T AR IR I
A DR 2 8% 1) DR RS 5 T R U R T AR A
PEFRIB WA RS 2l 5 2 A 30 A A 5 3 A 5 R A
R AE R EES AR A E . AR RV,
TERE Z2 A J R Y A vk b TR — )3 3 25 5 B0 B
R VA RUTER ARG T RME YA KR 4598
W55 10 oL, o I d g 2 2
BN BRI 500 F A SR Y LR I P, &
SYE R ER IR R T 2 AR R e R ai G
PRI AE PR . B AR AT B — A 50 B S AR Sl I 1 7 S
PR PR B S 01 FT LL3E i pUNS6 5 pDUNSY #% 5
PR AR 2 28 ok S B . A, AR B 5 48 1 2 WoT 3%
TR AR TE 58 I 3 JS O S8 R DR U I L ok A T
T8 DR 7% 30 4 TR 3 Y s B ) R, O HL T DA 4k 2
A LAt 3 A R R AT DA AR v, S AR LR T
P& — A5 A JE R 2R B BRI AL R

Z % x M

[1] STEFFEN W,RICHARDSON K,ROCKSTROM J,et al.Plan-
etary boundaries: guiding human development on a changing
planet[ ] ]. Science, 2015, 347 (6223). DOI: 10. 1126 /science.
1259855,

[2] VENKATESHWARAN M, VOLKENING J D,SUSSMAN M
R, et al.Symbiosis and the social network of higher plants[J].
Curr Opin Plant Biol,2013,16(1):118-127.

[3] LIMPENS E,FRANKEN C,SMIT P, et al. Lysm domain re-
ceptor kinases regulating rhizobial Nod factor-induced infection
[JJ.Science,2003,302(5645) : 630-633.

[4] RADUTOIU S,MADSEN L H,MADSEN E B.et al.Plant rec-
ognition of symbiotic bacteria requires two LysM receptor-like
kinases[J ].Nature,2003,425(6958) :585-592.

[5] STRACKE S,KISTNER C.,YOSHIDA S,et al. A plant recep-

tor-like kinase required for both bacterial and fungal symbiosis

[J].Nature,2002,417(6892) :959-962.

[6] HOLSTERS M.SYMRK, an enigmatic receptor guarding and
guiding microbial endosymbioses with plant roots[ ] ].Proc Natl
Acad Sci USA,2008,105(12):4537-4538.

[7] IMAIZUMI-ANRAKU H,TAKEDA N,CHARPENTIER M,

et al.Plastid proteins crucial for symbiotic fungal and bacterial
entry into plant roots[J].Nature,2005,433(7025) ;527-531.

[8] HAYASHI T,BANBA M, SHIMODA Y.et al. A dominant func-
tion of CCaMK in intracellular accommodation of bacterial and fun-
gal endosymbionts[ J].Plant journal,2010,63(1) :141-154.

[9] SINGH S.KATZER K,LAMBERT ]J,et al.Cyclops,a DNA-bind-
ing transcriptional activator,orchestrates symbiotic root nodule de-
velopment[ J].Cell host &. microbe,2014,15(2);139-152.

[10] FRUGIER F,KOSUTA S,MURRAY ] D.et al.Cytokinin: se-
cret agent of symbiosis[ J]. Trends in plant science, 2008, 13
(3):115-120.

[11] HAYASHI T,SHIMODA Y,SATO S,et al.Rhizobial infection
does not require cortical expression of upstream common sym-
biosis genes responsible for the induction of Ca?" spiking[]].
Plant journal,2014,77(1) :146-159.

[12] SUZAKI T,YANO K,ITO M, et al.Positive and negative regu-
lation of cortical cell division during root nodule development in
Lotus Japonicusis accompanied by auxin response[ ] ]. Develop-
ment,2012,139(21) :3997-4006.

[13] CKURSHUMOVA W, BERLETH T. Overcoming recalci-
trance-auxin response factor functions in plant regeneration
[J].Plant signaling behavior,2015,10(7) :¢993293.

(14 SRAE, THER R0 458 7 DRI 41 28 PR 2 111 IR LHK /9 %35 2

P E L] A thROE R 22224, 2017, 36(2) :59-63.

[15] MURRAY J D,KARAS B J.SATO S,et al.A cytokinin percep-
tion mutant colonized by Rhizobium in the absence of nodule
organogenesis[ J |.Science,2007,315(5808) :101-104.

(167 Z=58 MgLMS . ok S W1 GRE e A S B TR 3 30k 00k 1y g o B G
A E AN BT LI, oh ERBE 0. 2016,11(24) : 2806-2810.

[17] STOUGAARD J. UDVARDI M, PARNISKE M, et al. Lotus
japonicus handbook [ M ]. Dordrecht: Springer Netherlands,
2005:261-277.

[18] KUSTER H B A,SAMAC D,et al.Medicago truncatula hand-
book[ M/OL]// MATHESIUS U, JOURNET E P,SUMNER
. W. Transcriptomics. Ardmore: Noble Research Institute,
LLC,2006.http://www.noble.org/MedicagoHandbook/.

[19] OLDROYD G E D.DIXON R.Biotechnological solutions to the
nitrogen problem[ ] ]. Current opinion in biotechnology, 2014,
26:19-24.

[20] CHARPENTIER M,OLDROYD G.How close are we to nitro-
gen-fixing cereals? [ J]. Current opininon in plant biology.
2010,13(5):556-564.

[21] ROGERS C, OLDROYD G E D.Synthetic biology approaches
to engineering the nitrogen symbiosis in cereals[ ] ].Journal of
experimental botany,2014,65(8):1939-1946.

[22] 22305 , B SCHI L 2258, 45 DRAR 4 AN 3 A 5 DR 7 K g v iy 3



%2 M MEVTIG 25 . 400RE I b AR e A R DR 2k i 1) 55 2 S LR R a0 33

Feik B o K ARG 5 S AL 52 ma ()], A v Rl K 24 25 41, 2017, multiple genes by a multigene assembly and transformation
36(4):55-61. vector system[ ] ]. Proc Natl Acad Sci USA, 2003, 100 (10)
[23] LIN L,LIU Y G.XU X P,et al.Efficient linking and transfer of 5962-5967.

Construction and expression analyses of nodule symbiosis

genes route in Arabidopsis thaliana

MEI Jiangpeng LI Hao ZHANG Zhongming

State Key Laboratory of Agricultural Microbiology ,Life Sciences and Technology
Huazhong Agricultural University ,Wuhan 430070,China

Abstract Ten key genes in symbiosis signaling from Lotus japonicus were controlled under ten dif-
ferent individual promoters expressed in roots of Arabidopsis thaliana with biotechnology and synthetic
biology approaches. Two multigenes vectors, pUNS6 containing 6 genes and pDNS4 containing 4 genes,
were constructed respectively to transform Arabidopsis thaliana. The result of complement assay
showed that ten genes controlled in CaMV35S promoter were able to restore symbiotic function of rela-
tive genes mutant in leguminous plants with hairy root transformation. The pUNS6 and pDNS4 were
transformed into Arabidopsis with Agrobacterium tumefaciens-mediated inflorescence infection respec-
tively. The result of identifying the transgenic T,, T, and T, plants by PCR and RT-PCR showed that
those of foreign symbiotic genes were stably existed on genome and were able to express at the RNA lev-
el in Arabidopsis thaliana.

Keywords Lotus japonicus; Arabidopsis thaliana ; symbiosis signaling genes; inflorescence infec-

tion
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