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Fig. 1 Phylogenetic tree of the SBT family
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A:GmSBTI *F5E 5 PCR 458 B: GmSBT1 9 1 PCR Z558 4l & 3 M EW ¥ E 45 R . A: GmSBTI semi quantitative PCR
results; B: GmSBT1I real-time quantitative PCR results, data are results of three biological replicates.
2 GmSBT1 fEE MR IR FIIRIE P B EE Rk F
Fig. 2 Transcriptional level of GmSBT1 in roots and nodules

7256 Fluorescence H37; Bright i Merged

35S:GFP

358:GmSBT-GFP

A-C: 25 AKX B8 D-F : GmSBT1 EA [RIHFE o il 5 £, A% R K 10 pm. - A-C: Non-fused 35S-GFP (control) ; D-F: The localiza-
tion of GmSBT1 fused 35S-GFP in N. benthamiana leaf cells. Bar=10 pm.
3 GmSBT1 FEREM F oY TF 48 B 5 iz
Fig. 3 Subcellular localization of GmSBTT1 in N. benthamiana leaf cells
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PG HSE)/d Time post inoculation

sy ) A 200 pm
A-C RZERE 9 d FHMESE AL RRULSE s D-F y 30 G PRS2 AL AR MRS s G-1 R e 21 d B FE AL AR MROW %S J-L S HeRh 5 28 d
FH P55 PR A AR MK . F5 A 100 pm. A-C: Transgenic plants of 9 days post inoculation for GUS staining observation; D-F: Transgenic

plants of 14 days post inoculation for GUS staining observation; G-1: Transgenic plants of 21 days post inoculation for GUS staining observa-

1200 pm : 200 pm St 200 pm

tion; J-L: Transgenic plants of 28 days post inoculation for GUS staining observation. Bar=100 pm.
4 GmSBT1 EXEIRE P = RIXE L
Fig. 4 Temporal and spatial expression of GmSBT1 in nodules
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R85 C o6 BRI T H843 JR 3B s D : GmSBT1-RNAG PSR AR T 5853 R R 5 B ARIREG F AR o 5 G« [P U0 14 5 HL: B350

ST, B 3 M EW S E AT ASE R ARG I 22 S (4. P<<0.05; *+: P<C0.01) , IR FR-FHE AR . A:The left
side was the aerial part of CK control group, and the right side was the aerial part of GmSBT1-RNAI transformed plants; B: The left side is the
underground part of CK control group, and the right side is the underground part of GmSBT1-RNAI positive transformed plants; C: Partial un-
derground control map of CK group; D: Partial underground control map of GmSBT1-RNAi group; E:The number of transgenic nodule; F:
Transgenic nodule fresh weight; G: Nitrogenase activity as determined by an acetylene; H:Fresh weight of areail part of transgenic plants.Data
are the averages of three biological replicates. The statistical significance was determined using an unpaired two-tailed Student’ z-test (*: P<<
0.05; **: P<C0.01). Error bars represent means=+SD.
B 5 GmSBT1-RNAifIxf R AT ENELR
Fig. 5 Symbiotic phenotype of GmSBT1-RNAi transgenic plants



138 LRI I NI <3 4

943 %

FE, GUS B J5 MO GmSBTI ik, 4558
7N GmSBT1 TEREA- G A Rab  HRIBFAL
SR FTANE] . TESSIE R (M 9 d), GmSBTI
TEMLE 2 2 h 2635 (B 4A-C) s TEHERNE 14 21d &
BB, GmSBT1 78 MR8 57 )2 LA K [ X (1)
AN Rk F A0 B d s 5 AR P (3
P 28 d) , MRS Bz J2 DA K 280 DX 1Y) 2 TR A L oS-
BT1 W3RIAWEES o
2.4 GmSBT1EEXRELEHZM

R T UE GmSBT1AE K & 459 F & A i )y
AE , M GmSBTI-RNAL # A , %5 AL A bR 10 45 9
RBETPATRN . S5 5 Won , H2Rh B. japonicum US-
DA110 J5 28 d 1 RNAIFE AR HL 3584340 B4 34
2 M R AARIE /N (B SA) R4 EAR A/
AR AR B0, LM 3B 4 AR LB 41/ 5B-D) . 48
145 5 R, GmSBTI-RNAG AR bE 4 1y, b 6 5 B | 5
PRG-I SRR B3R ~F- 2490 ot et 4 0 25 IR T e 4
(I8 5E-H) , %M GmSBT1 1 K SR I il & & LA
R R [ A/ h A ) RE
3 i it

SBT & & — MY & & G 5 % h 1A
o B R S M ) R 1Y) 22 TR B 11 L B LA A e R O
L T8 I R Y AN L RE Y T RN A R AME A I
Mok AR Y K KT WA A SR R B AN
G55 SRR h ZHEEETRE ., MRk m,
SBT # M B ReR JC s PE M TR 8 1 % o B A=
T Ve Y 2 IR 2R B U0 R R G Yl R
T 1IOT S Al R E EOM A0 K A B X R
A RN Y S [ T

Takeda % 58 % BIL, % MK AR 0T 45 7
BT PR L SheM 11 2 X 5 o7 78 I G 4 i
A A M AR L, 17T LjShtM gt X A5 5 JIK DX o7 78 41
IfL 1] B LA S R AR R I, 7T B {5 5 K5 1 5 LjSbtM L
11D\ RS 4 A% 25 440 ) B R PR DA S O L
LjSbeM 1 10 ER 2400 1l 41 240 e P 1949 DA DR R L 1
(97, R, HEI LjShtM 1 T A8 S A 40 200 it e Py
VA i R 2 [ f) 45 4 R P, DA K R 22 A 200 i 1] it
T IR 2R B B A A

AWFFEEEH B, K5 GmSBT1 K& K 2 M8
RS AR A A AR IR 1 260 DX 1Y B2 )2 B % T A
MR 08, WA ML E 7 45 R 278 GmSBT1
SEDLAE A b, 454 %F GmSBT1 8 A 1 51 45 # 1

G307, ED GmSBT1 4 1 B BE A ISP 2R 1 — i AR
IR 2 J2 A MU MR 7% 22 B AN - 3 E . GmS-
BTI1-RNAi 45 58 SR i 09 & & K 18 AU 9 3
], 2B GmSBT1 78 K -5 R B A 62 [ i
PR HE T EEAE, WIS R 2 A R BT A
K, GmSBT1 i i 2L A8 W) 40 LB 2 1, ) T34 |
YE ST (symbiotic interface) (JE i . %FF GmSBT1
B PRIE R G5 AR T S A v A AR D R Y 43 T LI AT
FEPR AL AT 7 i — PR 5E .

£ % 3k References

(1] REar, XUmm, A8, 45 BEE T 25 He R AR o xd L e E
A NN SR A IR IR N === QRS o
W) ,2021,49(2) :66-75.ZENG C L,LIU L, TIAN X T, et al.
Effects of tillage management and rhizobia inoculation on soil
fertility, pea yield and quality[J].Journal of Jianghan Universi-
ty (natural science edition) , 2021, 49 (2) : 66-75 (in Chinese
with English abstract).

[2] TANAKA H,ONOUCHI H, KONDO M, et al. A subtilisin-
like serine protease is required for epidermal surface formation
in Arabidopsis embryos and juvenile plants[J].Development,
2001,128(23) :4681-4689.

[3] SCHARDON K, HOHL M, GRAFF L, et al.Precursor pro-
cessing for plant peptide hormone maturation by subtilisin-like
serine proteinases[ J |.Science, 2016, 354(6319) : 1594-1597.

[4] ENGINEER C B, GHASSEMIAN M, ANDERSON J C, et
al. Carbonic anhydrases, EPF2 and a novel protease mediate
CO, control of stomatal development [J]. Nature, 2014, 513
(7517) : 246-250.

[5] VON GROLL U, BERGER D, ALTMANN T. The subtili-
sin-like serine protease SDD1 mediates cell-to-cell signaling
during Arabidopsis stomatal development [J]. The plant cell,
2002,14(7):1527-1539.

[6] TAKEDA N,SATO S, ASAMIZU E, et al. Apoplastic plant
subtilases support arbuscular mycorrhiza development in Lozus
Jjaponicus[J]. The plant journal, 2009,58(5) : 766-777.

[7] OLDROYD G E D, MURRAY J D,POOLE P S, et al. The
rules of engagement in the legume-rhizobial symbiosis[J]. An-
nual review of genetics,2011,45:119-144.

[8] OLDROYD G E D. Speak, friend, and enter: signalling sys-
tems that promote beneficial symbiotic associations in plants
[J].Nature reviews.microbiology,2013,11(4) : 252-263.

(91 MR /NG, 22 KGR MR I STHH 103 __ 03182 %%
R 2 A i ey s A A T SRR AL [ . AR ARl R 2
%, 2019,38(1) : 35-42.DU S, ZENG X B, LI Y G.Mutant
construction and symbiotic nitrogen fixation phenotype analy-
sis of soybean rhizobia SfHH 103__03182[J].Journal of Hua-
zhong Agricultural University, 2019, 38(1) : 35-42 (in Chinese
with English abstract).



o541

TN 5. BARAT R A EER GmSBTI1 18 R G A [ A P i D ig

139

[10]

[11]

[12]

[13]

[14]

BEIAG €450 T, FLFE/K D W 4r Fod ke Se g fe v (M. 3 i 3
Bide, 2 b st B A, 2002. SAMBROOK J, RUS-
SELL D W. Molecular cloning [M]. 3rd ed. Translated by
HUANG P T.Beijing: Science Press,2002(in Chinese).
IV, T, BRAR CRATIEA F 1 pCB302-3 FfR A4
A e R I 2R 38 S5 RO AL [T AR rh el R 272441, 2015, 34
(3) :8-12.SUN C L, WANG H Y, TIAN Z D.Optimizing
agroinfiltration-mediated transient expression in Nicotiana ben-
thamiana using pCB302-3 vector[ J].Journal of Huazhong Ag-
ricultural University, 2015, 34(3) : 8-12 (in Chinese with Eng-
lish abstract).

SRBERK, SRR T, SO 45 R ARARAT IR - = K L B RARA
RS [T]. AR ARk K2 2 4R, 2012, 31(6) £ 699-703.
ZONG X Q, ZHANG D S, HUANG W K, et al. Establish-
ment of soybean hairy root system induced by Agrobacterium
rhizogenes [J]. Journal of Huazhong Agricultural University,
2012,31(6):699-703 (in Chinese with English abstract).
CHATTOPADHYAY T,ROY S,MITRA A, et al.Develop-
ment of a transgenic hairy root system in jute (Corchorus cap-
sularis L.) with gusA reporter gene through Agrobacterium
rhizogenes mediated co-transformation [J]. Plant cell reports,
2011,30(4):485-493.

CEDZICH A, HUTTENLOCHER F, KUHN B M, et al.

[15]

[16]

[171]

[18]

[19]

The protease-associated domain and C-terminal extension are
required for zymogen processing, sorting within the secretory
pathway , and activity of tomato subtilase 3 (SISBT3)[J].Jour
nal of biological chemistry, 2009, 284(21) : 14068-14078.
LEIBOWITZ M J, WICKNER R B.A chromosomal gene re-
quired for killer plasmid expression, mating, and spore matura-
tion in Saccharomyces cerevisiae [J]. PNAS, 1976, 73 (6) :
2061-2065.

CHASAN R, ANDERSON K V.The role of easter, an appar-
ent serine protease, in organizing the dorsal-ventral pattern of
the Drosophila embryo[J].Cell, 1989,56(3) : 391-400.
NAKAYAMA K. Furin: a mammalian subtilisin/Kex2p-like
endoprotease involved in processing of a wide variety of pre-
cursor proteins[J]. The biochemical journal, 1997,327 ( Pt 3):
625-635.

IZAGUIRRE G. The proteolytic regulation of virus cell entry
by furin and other proprotein convertases [J/OL]. Viruses,
2019, 11 (9) : 837 [ 2024-01-23 1. https://doi. org/10.3390/
v11090837.

PATON A W,BEDDOE T, THORPE C M, et al. AB5 subti-
lase cytotoxin inactivates the endoplasmic reticulum chaperone

BiP[J].Nature, 2006,443(7111) : 548-552.

Function of subtilases GmSBT1 in symbiotic

nitrogen fixation of soybean

LEI Sijie, HUANG Shichen, LI Youguo, LIN Hui

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

Abstract

Bioinformatics analysis, spatiotemporal expression localization, GUS staining localization

and gene silencing were used to study the mechanism of SBT family proteins in the soybean-rhizobia symbi-

osis to investigate the function of the GmSBTI gene in symbiotic nitrogen fixation between rhizobia and

host plants. The results showed that the GmSBT1 gene was specifically induced by rhizobia and only ex-

pressed at high levels in the nodules, possibly functioned in the rhizobia cortex and bacterial cells. RNA in-

terference significantly reduced the fresh weight, nodule weight, and nitrogenase activity aboveground. It is

indicated that the GmSBT1 protein plays an important role in the formation and development of nodules,

and the nitrogen fixation in nodules as well.
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