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B4 A4 sgRNA, it 3 x4 S 519, LI PTG
(polycistronict tRNA-gRNA) A Hy, PCR ¥ 1 15
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HEGFUI LML) 5 iR 3 S B BEH Gibson ik iE
122, B Ky 8 4 b 8] 24K pBluescript SK (+)-LjU6-
tRNA-sgRNA, #—H Kpn | Fl Xba | XY
rp )RR D D) R Ok 1) LjUG-tRNA-sgRNA F
Be IR Kpn 1A Xoa T UG 3 1 fe 4 28
& pCAMBIA1300-sGFP-Cas9 -, % 45%& 4 4
sgRNA 1 5 TR B AR 5% 4k 5 5 DY R ok 80k

2) [ i R B 2 AN LA 3 AN FEF AR, S
7RI 1 A FE B P E) 24K pBluescript SK
(+)-LjU6-tRNA-sgRNA, ] Kpn [ Fl Spe | WTf
PIZBARIE R B2 ] Kpn 1A Xba 1 XL
P15 2 A iy o A) 24K pBluescript SK (4 )-
LjU6-tRNA-sgRNA, [EEE U] T K 19 LjU6-tRNA-
sgRNA F Bt 4% F Bid o fig V) i 1) 5 20 5% #2 31
W EI L (Spe 1 F Xba 1 2[R B ) . B 16
2 NEERY BT LjUG6-tRNA-sgRNA &I 7E — &, 52
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PRI L TG . PR TS T 5 mL A
FHR BT LB AV AR KE 3% 55, 28 °C 1200 r/min K
7% 12~16 h ffi ODg N 0.5~0.7,4 000 r/min &.[»

6 min WA, F g 0 5 mL TR B 92 vh ik
B .4 000 r/min B0 6 min WEFEK,F FiF . F
W 5 mL TR 2wl R AR, IR ERE 3~5 h,
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1)200 mL GUS 3+ & TAEMECHl . # 100 mL
100 mmol/L 8 & 4 2% s (pH 7.0).4 mL 50
mmol/L k&L H BE .4 mL 50 mmol/L ¥ £k &
BB .4 mL 0.5 mol/L EDTA £ (pH 8.0) .
1 mL 100 mg/mL X-Gluc % 1 200 pl. Triton X-
100 JRA . HZEWKEAE 200 mL. i JGFK 0.2 ¢
TR B A T LR W, BBC AL 200 mL
GUS Ye{a TAEW (—20 CHEOLIRTD) .
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D HE KR MG20 -2 9 75 Je i & . Hk
H, SO, 4b B E kAR MG20 FfF 8 ~12 min; /N0
HH, SO, IR KERERMF 3~4 WM 2%
(A% ) NaCIO B WAL ¥ 10~ 15 min, F KK, H
TR K EEVEFDF 7~10 W, )5 BB B4y K IR P F
ACCHEREER 1 d 245 flifl 7 58 20 Wik, & T 1/2 MS
TCRERE RS R 2L 1523 O 2~3 ARG &
F 23 COLRREFRAI (16 h JEHR .8 h JAMS) p 4k 2 1%
F1~2 d. M,

DRFFE IR YL 5 BHE AR . HBY 1N & Bk
R &Iy B DN IR A 2% €2 1) 25 R0 10 1) AR 22 80 IR KA 6
BT A B bR BORL A KRR FF AL rhi-
zogenes LBA1334 BRI F A4 30 min, B
JG B 7E HRE }: 32 86 B/AEMR 10~14 d. fE/RM
PEE WA T, W T 5¢ 5% 38 3 L 38 o 28O I AR Il
X5 B ST .

3)KRET AL Rk RAR R TR B AR . S E Y BH M
B CTE R A K B~ ML rp, T 23 °C Ol R 8% 57 48 1 i
1~2 d. Bl 6 4l i B ok 3 0% 4 F 2 2k s i oy
2 TAEZE D IR T AUE R s TR R = p
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21 HEER LjRbohA. LjRbohB #1 LjRbohC % H
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TE KA P, LiRboh A Fl LjRbohC F [ {37 &
FHAB , #A7 T ERKARSE 5 S Y0 fk B, LjRbohA 11
CDS &K W2 388 M B4 1, g b &% 795 2 5
& 1486 11 ; LiRbohC 1) CDS &K H 2 679 M 1T R
YL G 5 1% 892 AN SEWR 1) B 115 LjRboh B i T
KA 6 Sy ik ,CDS &K 2 661 M
R 2H Y A 886 MEFEMRIMEH .

LjRbohA . LjRbohB Fl LiRbohC J& T* NADPH
FGEI R ARG IX 3 N B 2R T8 R
¥ (http://smart.embl-heidelberg.de/) 73 #F H 4 H

GFP

23 # K Control

GFP-LjRbohA+
DsRed-554

GFP-LjRbohB+
DsRed-554

GFP-LjRbohC+
DsRed-554

ShAE AR R WIIX 3 AN AL & A DR ST I 85 R
Jf H Rboh # F N s #f £ & 25 300 A2 FER HE K X
W OZ KB 2 MMRSFI Ca’' 45/ EF TR
a5,
2.2 fAEM A & LjRbohA,LjRbohB #1 LjRbohC iIE
4 B 7E iz

i 2 B LjRbohA L LiRbohB F1 LjiRbohC
HR AR AL I IR AR B, DU X 3 AN AR AT R E
TEAE Y 0 A0 MR | 3 ik A G R4 L (i GFP 43
WA 7E LiRbohA ,LjRbohB #l LjRbohC (% N 3.,
R AR 35S A 3h 7ok A B Rk R AAT |
A. tume faciens EHAL05 4 5 40 ¥ F Bk B 38 35
HE, THOCHLRERME T WEEHEMENR.
S5 KWL 35S R 3 TR 3 Rk GFP 76 48 M #% .
2 S5 B 2 M RS b HR AT 2R 5K L T LiRbohA | LjRbohB
H1 LiRbohC filt &) GFP & A 76 4l i 5 - 33k, e aT
PIB E 3X 3 /N2 PR S FE A 9 4 B B - (&1 1)

DsRed [riles Merge

LjRbohA . LjRbohB il LiRbohC Z& [ 76 48 5 i J o SIF 40 Jifd 5 67 25 384K 35S Jii 3 7 %35 1 GFP R 1 76 40 i JBE . 40 i 5 A 400 i A% [ 3= 3k
(1,1 LiRbohA LjRbohB 1 LiRbohC fli & ¥ GFP & I fE 40 MR 1 335 Ch AR 554 B A A DsRed bR fE S AN AR 54 . Sub-
cellular localizations of GFP-LjRbohA, GFP-LjRbohB and GFP-LjRbohC fusion proteins in N. benthamiana leaf cells. Nuclear,cell mem-

brane and cytoplasm localizations of free GFP expressed from the control vector (Upper). GFP-LjRbohA, GFP-LjRbohB and GFP-LjRbo-

hC were localized at the plasma membrane (Middle and bottom). 554 fused with DsRed was used as a plasma membrane marker.

B 1
Fig.1

LjRbohA.LjRbohB #1 LjRbohC & A 1 & 1L £H il £ i
Subcellular localizations of LjRbohA,LjRbohB and LjRbohC in N. benthamiana
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Xt LG A3 AT T KR 4 Rboh 3 P 2638 B & B
A KR Rboh FEEHE FE % H LiRbohA J&E7E H KR
M P S KR L X s LjRboh B 1 LjRbohC 2
TE A DRA AR R b B B,

X I AT S 56 6 I %%IH“EHME MG20 il
IR TR M. loti MAFF303099 J5 0.1.3.5.7.14 dfil
21 d X HAR R AL 4Uqh 12 RNA,ufr%I% i gRT-

LjRbohA . LjRbohB # LjRbohC % H #j % i

0 1
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NIN ik K
Relative expression of NIN
x
=

PCR Kzl ix 3 A~ 5k X 75 42 M AR 83 T A0 i 45 1 300 B9
FIKTEOL . L5 RERW]  [R] FHAEXT I NIN JE A —HE,

KA AR PR S R B I LjRboh A 7E #: Fp R
WHEE 14 df2ld BEREERZENE 2 AB.
Mz By B E & MR I BT . LiRboh B 7 5 Fl AR
W 1 d e AmE LRERE, ZEWRETH
(E 2C). LjRbohC TEH: MR 21 d £ ik I
545K 2D), ZE b LjRbohA TE T BKAR MR vp 22 3k
WEARAVES S TIHAL SR, [ LiRbo-
hB F1 LjRbohC 7E 3 R MR 1 5 2 18 1M, A nf
ReS 5 TR R
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FERR 5[]/ d FER g B [al/d
Time postinculation Time post inculation
3.5p
C
=5 a0 | D
~ % g 6f
N o@aM 250 =
% £ =z st
K o 2.0 X 2=
9 2% 13 ®ES A
T S
E‘é.go 1.0 Ezﬂ 2F
32 0.5} Pi.% 1
0.0 e 0
0 1 5 7 14 21 0 1 3 5 7 14 21
%ﬂ‘ & [El/d FERb g B [a]/d
Time post inculation Time post inculation
LA Ubquitin fE RN SN i qRT-PCR K I M AR G 0.1.3.5.7.14 d Fl 21 d LjRboh ZEH 33K K-, LLO d AR He b (4R #

BE SR Jg 25 X B, NN 358 DR S BH LX) B
W, B W 25 R (P<<0.01)

B 3 REREZ TP HME .
A:NIN HHF Y EEB X B:LjRoohA FEH M FREHI; C:LjiRbohB 3 ) F BB K ; D: LjRbohC

* % FRINZ Student’s ¢ test ¥ K, S22 5 X B8 20 4H

H A F£ BB, The relative expression of each LjRboh gene was evaluated by qRT-PCR in roots of plants harvested at 0 d.1 d,3 d,
5d.,7 d,14 d and 21 d post inoculation (dpi). Transcript accumulation was normalized to the expression of Ubquitin , which was used as
a reference gene. Uninoculated roots (0 d) served as a control. NIN gene as a positive control. Error bars represent means &= SD. Data
are the averages of three technical replicates. Asterisk * * represents significant differences compared with control plants (Student’s ¢
test) (P<C0.01). A:Expression profiles of NIN; B: Expression profiles of LjRbohA ; C:Expression profiles of LjRbohB; D:Expres-
sion profiles of LjRbohC.
B 2 LjRbohA .LjRbohB #1 LjRbohC & F By R LK
Fig.2 Expression profiles of LjRbohA ,LjRbohB and LjRbohC

2.4 LjRbohA. LjRbohB #1 LjRbohC EE B zhF
&S AT

KT #—5 LiRbohA \LjRbohB Fl LjR-
bohC FEPH 1) B} 25 IR FRAE B 3% 3 4~ L PR A S 1R 2%
M5 ATG EiiF 2 kb J8 37 U8 3 75 1k 35 T )
¥ http://www. kazusa. or. jp/lotus/) ¥J & 5| 4% /&
DX2181-mcherry F ## X 3 MR FE 3+ 5
GUS x5 F: K il 5 #odk . o LjiRobhCop,, 3¢

GUS Rl 21 4 5 W, 5t BH T BE 2 ) o | 4 it
LjRobhC J3 8 F ¥ 5 A£ £ ) B . LLE KR MG20
B4 AR PCR §78 LjRobhC Ji 81 ¥ 751, 4
SRR gl T R S0 I e 5 2R 5 Rl B R Y 81 R DT
it ., ¥ LjiRobhAyp,, *: GUS Fl LjRobhBy,, * GUS
Rl & iR IR AL B R AT B A, rhizogenes 1LBA1334
i, 25 Bk DX2181-mceherry Sy Xt B L il FH B AR %
otk 76 E KR 09 AR AR 98 A GUS 3
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TEFE PRI B 7~ 14 d RIS 8 1 8 1 1, 45
RFW X B A AL ] AL ZUVER A 3R 3K, LjRobh A il

LiRbohA,,::GUS

LiRbohB,,,::GUS

puRA: kA

14 d *EJEZ’ s C: AR JE 3 s LjRobh A p,,

LjRobhB
(& 3),

B D7 AR AR SRR AR IR S R Gk

LAk A Yo €0 K5 0 5 R PRUAR B TP s 3l T I T L R R A A AR A A R TR R R P I R B GUS W0 M (A-D) s A4S 3 B AT D
3 GUS 5 56 DU MR 7 28 45 3R (B BOARSE 41 2 (F-HD K 3] GUS Z& A3k s LjRobh Bp,,

= GUS %

I DR R A 448 45 TR (D AR IR 4120 (J L KO B AR JEL 3 (L) K il B GUS & 13238 . Promoter activity was revealed by histochemical staining

of transgenic roots. A to D no GUS activity was detected in nodules and in transgenic roots bearing a promoter-less construct as a con-

trol. A: Vascular tissue; B and D :Nodule (14 dpi); C:Lateral root primordia. LjRobhA p,,

tected at the vascular tissue (E) and the nodule (F to H). LjRobhBp,,

32 GUS activity in transgenic roots was de-

:+ GUS activity in transgenic roots was detected at the vascular

tissue (I),the nodule (J and K) ,and in the cells at the base of lateral root primordia (1.).

& 3

AAN 2B SR LjRobhA 1 LjRobhB E F HI K 1%

Fig.3 Expression analysis of LjRobhA and LjRobhB by histochemical staining

2.5 CRISPR-Cas9 4t BB LjRbohA. LjRbohB
#n LiRbohC ERFE X H LA

1) LjRbohA . LjRbohB Hl LjRbohC H.3k [H il
BREAR 5% A 2k ik 9 f 2, B e, W LjU6 S 3l
sgRNA By 5 B0, ¥ tRNA-gRNA % £ 3] b [A]
#H 4K pBluescript SK(+)-LjU6 | (& 4A,B), %k
J 18 i i D) %R LjU6-tRNA-sgRNA 3% 4 51| £
AR pPCAMBIA1300-sGFP-Cas9 I, B4 # T 4
&4 sgRNA 1 H KR EAR 1L LiRboh B H 5
M B # A pCAMBIA1300-sGFP-Cas9-LjU6-
gRNA (LjRbohB) (] 4D),

2)LjRbohA Fl LjRbohC 2 A~ #: " K LjRbo-
hA .LjRbohB il LjRbohC 3 A>3 A [6] i il 4 & AR
ALK, T LiRbohA 1 LjRbohC fii T
[ — e o A I H % R B A 2K, 1T R AE AR L R T AR
A B0 B LI 2 A R A7 R B B . 8% LyjUe-
tRNA-sgRNA (LjRbohA) Fl LjU6-tRNA-sgRNA
(LjRbohC) HRBRAE —2 , SEB 2 A~ HE R A [) 1) i
% pBluescript SK(+)-LjU6-gRNA (LjRbohC)E
Shy e la] A 38 ) B DD K LiU6-tRNA-sgRNA
(LjRboh A)EFERiZ 44K (8 4 A,B), &5

% 45 3 i & 84k pCAMBIA1300-sGFP-Cas9 I,
R4S g X 2 A~ 35 DR R AT [8) B R B Y 2R pCAM-
BIA1300-sGFP-Cas9-1jU6-gRNA ( LjRbohC )-1;U6-
gRNAC(LjRbohA) (E 4D), [A1#, ¥ pBluescript SK
(+)-LjU6-gRNA(L;jRbohC)-1jU6-gRNA (LjRbohA)
1R 8, 38 i B V) B 3% K LiU6-tRNA-sgRNA
(LjRbohB)#EH R iZ i 18k L (K 4 A, O . 5%
P2 BN e 23k b, B A 3 S 356 R A T ] s o
£ R ¥ bk 3% &k pCAMBIA1300-sGFP-Cas9-1jU6-
gRNA ( LjRbohC )-LjU6-gRNA ( LjRbohA )-1jU6-
gRNA(LjRbohB) (] 4 D),
2.6 LjRbohA. LjRbohB #1 LjRbohC 3 4™ & & [ Bt
BB ERFURESW

9 T WE5E LjRboh &R 55 J2& 5 5% Wi kAR 1)
R 25 R R FH A KO B AR 7 Ak A R Ok X A b
SR RAUHAT 3T . B A g X R Y 28 Bk pCAM-
BIA1300-sGFP-Cas9 Fl#4 & 4 i) XF 3 A~ 3 A i 47
[F] BsF 5 B3k A B AR % Ak 2K pCAMBIA1300-sGFP-
Cas9-LjU6-gRNA(L;jRbohC)-LjU6-gRNA (LjRbo-
hA)-LjU6-gRNA (LjRbohB) % A & # 4 +F i
A. rhizogenes LBA1334 ", 15 2| PH Pk 5% FE I 4l 1 .
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M. loti MAFF303099, TOLMIE R E h A K, KR
3dR 1WA E T AEEF A 21 d J5 W%
et B DA R (0 S5 A5 DL . S5 AR B, 5 0 AR
PRAH L, RIS LjRboh 3R W 3 A3 LjiR-

A
4

B

M 1

bp M1
752

2 3 56 789

250
100

bohA \LjRbohB Tl LjRbohC FEAT BE R , %% K& X #ig
T 45 98 B0 H ik 3% 6 8] LjRbohA . LiRbohB #i
LjRbohC HEH AT e S 5% T @ kAR 0y 2 A4 25 94
WA, O B % B b R A R 0 E
(5,

b

D
b M 1234567
P

2000

1000
30

7
500

250
100]

A:PCR "5 B YKGE 1~3.4~6 F1 7~9 5352 LjRbohA .LjRbohB Fl LjRbohC B) tRNA-sgRNA 45 H50; B ykil 1 1 2
HEFI(Kpn 1 /Xba 1)% & HE M pBluescript SK(+)-LjU6-gRNA (LjRbohB) Fl pBluescript SK (+)-LjU6-gRNA (LjRbo-
hC)-LjU6-gRNAC(LjRbohA) I LI HE s C.BEYI (Kpn 1 /Xba 1) %58 11 2K pBluescript SK(+)-LjU6 gRNA(LjRbohC)-
LjU6-gRNA(L;jRbohA)-LjU6-gRNACLjRbohB) WYy # # (3K i 1) D: PCR 43 5l % 5 I 2 Zfk pCAMBIA1300-sGFP-Cas9-
LjU6-gRNA(LjRbohB) (¥kii 1~2) .,pCAMBIA1300-sGFP-Cas9-1.jU6-gRNA(LjRbohC)-1jU6-gRNA(LjRbohA) (JKil 3~4)Fi
pCAMBIA1300-sGFP-Cas9-LjU6-gRNA(L;jRbohC)-LjU6-gRNA(LjRboh A)-LjU6-gRNA (LjRbohB) (kI8 5~ 7) (¥ i 2y 44 2,
A:PCR amplification products. Lane 1-3,Lane 4-6 and Lane 7-9:The tRNA-sgRNA unit of LjRbohA , LjRbohB and LjRbohC re-
spectively. B: Middle vectors pBluescript SK(+)-LjU6-gRNA (LjRbohB) ( Lane 1) and pBluescript SK(+)-LjU6-gRNA(L;Rbo-
hC)-LjU6-gRNA(LjRbohA) (Lane 2) were correctly constructed,identified with double-enzyme(Kpn [ /Xba 1) respectively.
C:Middle vector pBluescript SK(+)-LjU6-gRNA(LjRbohC)-1jU6-gRNAC(LjRbohA)-LjU6-gRNA(LjRbohB) was correctly con-
structed.identified with double-enzyme (Kpn I /Xba 1) (Lane 1):D: Recombinant expression vectors pCAMBIA1300-sGFP-
Cas9-1jU6-gRNA ( LjRbohB 1-2), pCAMBIA1300-sGFP-Cas9-LjU6-gRNA ( LjRbohC )-1jU6-gRNA ( LjRbohA )
(Lane 3-4) and pCAMBIA1300-sGFP-Cas9-LjU6-gRNA (L jRbohC)-LjUb-gRNA (LjRbohA)-LjU6-gRNA(LjRbokB) ¢ Lane 5-7)

) ( Lane

were correctly constructed,identified with PCR respectively.

Bl 4 CRISPR-Cas) REERELHEHHE

Fig.4 Construction of CRISPR-Cas9 hair root transformation vectors

LjiRbohA-LjRbohB-
LiRbohC-
CRISPR

AR

Control

A

Control

LiRbohA-LjRbohB-
LiRbohC-CRISPR

HBRGHE
Number of nodules per plant
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Function of Rboh gene family in Lotus japonicas

during symbiotic nitrogen fixation

LING Ying ZHANG Tingting DUANMU Degiang ZHANG Zhongming CAO Yangrong

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

Abstract Three Rboh (reactive oxygen species) genes including RbohA (1.j5g3v1497840) , Rboh B
(Lj6g3v1549190) and RbohC (1.j5g3v1497820) were found to be primarily expressed in nodules based on
the transcriptions of Rboh genes in symbiosis in Lotus japonicus. Their function involved in symbiosis
were further studied in Lotus japonicus. The subcellular location of proteins, the expression pattern of
Rboh genes,the proteins function and the promoter activity of Rboh genes in Lotus japonicas were stud-
ied with methods of molecular biology,cell biology and genetics. The results showed that LjRbohA,LjR-
bohB and LjRbohC proteins were localized at the plasma membrane. The transcript of LjRbohA ,LjRbo-
hB and LjRbohC accumulated abundantly in roots and nodules. The activity of LjRbohA and LjRbohB
promoters were detected at vascular tissue,nodule,and the lateral root primordia. The numbers of nod-
ules were reduced in LjRbohB ,LjRbohA-LjRbohC and LjRbohA-LjRbohB-LjRbohC knockout transgen-
ic roots compared with control transgenic roots. It is indicated that these three Rbohs might have an o-
verlapping function in regulating nitrogen fixation symbiosis in L. japonicus.

Keywords  Lotus japonicus; symbiotic nitrogen fixation; respiratory burst oxidase homologue

(Rboh) ; reactive oxygen species(ROS) ; nodule
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