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Cloning and functional analysis of Gm/NRT1.2a and GmNRTI1.2b in soybean

LI Guo-Ji”", ZHU Lin"", CAO Jin-Shan, and WANG You-Ning"

College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei, China

Abstract: Nitrate transporters (NRTs) have been found to be involved in nitrate uptake, transport and allocation in Arabidopsis.
The role of GmNRTI.2s in soybean (Glycine max) symbiotic nitrogen fixation process has been speculated by bioinformatics
analysis, however, its biological function has not been explored yet. In this study, we mainly focused on analyzing the expression
pattern and biological function of GmNRTI.2a and GmNRTI1.2b in soybean. The relative expression levels of GmNRTI.2a and
GmNRT1.2b were higher in leaves, which induced by nitrate and up-regulated with increasing nitrate concentration. GmNRT].2a
and GmNRTI1.2b expressions were also induced by rhizobial inoculation and nod factor (NF) treatment. Overexpression of
GmNRTI.2a or GmNRT1.2b caused dramatic increment of nodule number. The results provide some data for further investigating
the molecular mechanism of GmNRT1.2a and GmNRT1.2b in regulating the symbiotic nitrogen fixation process of soybean.
Keywords: soybean; nodule; expression analysis; nodulation; symbiotic nitrogen fixation
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(1] [2]
, , GmNRTI.2a (Glyma.18G126500) GmNRTI1.2b (Glyma.
, 08G296000)5" ,
- (symbiotic ,
nitrogen fixation, SNF),
’ 1 MRIEAEE
, 1.1
(nod factor, NF) 1.1.1  MHpHH
LysM NFR Glycine max var. Williams 82,
NF (Lotus japonicus) W82
LjNFR1  LjNFR5 (13-14] 1.12 A#HAf4
(Medicago  truncatula) MtLYK3/MtLYK4 (E. coli) DH5a,
MtNFP“S]; (Glycine max) (Agrobacterium rhizogenes) K599,
GmNFRIa/f ~ GmNFR5a/p "7 Bradyrhizobium diaefficiens
NF USDA 110 T Blunt3,
( LjSYMRK pEGAD
MtDMI2 GmNORK ), “ oo 1.1.3  BgA=iX 7] KOD plus neo
TOYOBO, New England Bio-
NIN , labs (NEB), T4 TaKaRa
NSP1  NSP2 Adlab TRI pure RNA,
TaKaRa RNA
, , cDNA , SuperReal
ENOD40M!®! miR172¢c-NNC 11! PreMix Plus (SYBR Green) PCR,
GmEXPB2®"  GmPT7"*""  GmBEHLI™ )
G-protein DNA Axygen
Ga G Gy RGS* 1.2
, 1.2.1 K& %A GEFARG R L w82
, 70% 30 s,
, GmYUC24®"  miR393- . 132,
GmTIR1/GmAFB3”"  miR160-ARF10/ ARF16/ARF17*7 Ca(NOs),4H,0
miR167-GmARF8a/GmARF8b!** , 0.25 mmol L',
, ,16h /8h 140 pmol m s,
, 26C, 70% 15d ,
Bradyrhizobium diaefficiens USDA 110
(ODgopp  0.08) )
(nitrate transporter, NRT) 30 mL, 10 d 28 d
, NRT , -80°C
NRT1 NRT2 ,
AINRTI.2 NRTI1 , 122 REFEAWGFOREHELAE
N , [29-30] Ca(NO3),"4H,0 ,
GmNRTI.2s , (ON, 0 mmol L") (LN, 0.25
GmNRTI.2s mmol L) (HN, 15.75 mmol L™") 3
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7 : GmNRTI.2a
W82
15d
1.2.3 55 AT 3R
( ),
Bradyrhizobium diaefficiens
USDA 110  287C, 150 xg , ODgoo
0.4~0.6 5mL 250 mL TY
,28°C, 150 xg ODgpo  0.8~1.0
0.25 mL 5 mmol L™ 7000 x
g 10 min , 1/5
2 ,1/10 L,
80°C , 2 mL
, 4°C
124 XKe%AMEZERBRATLE
, 5d 1 mL
, 3d GmNRTI.2a
GmNRT1.2b 1 mL 1 mL
(ODgoo ~ 0.08) ,
125 % RNA RERBAE K& &0 TRI
pure RNA, RNA
cDNA GmNRT1.2a  GmNRTI1.2b
CDS PCR

GmNRTI.2a-QF: 5'-TGTTCTTGGCAGGCTCAACT
ACT-3', GmNRTI.2a-QR: 5'-CTTCTGGTTCCTTGTTT
GCAAT-3', GmNRT1.2b-QF: 5'-TTCACTTAACAGTT

A
DL2000

2000 bp

GCTTCAACAGTAG-3', GmNRTI1.2b-QR: 5'-TCTTA
CCCCTTGAGCGTGG-3'

SuperReal PreMix Plus (SYBR Green)
, GmELF1b ,

GmELF1b-QF: 5'-GTTGAAAAGCCAGGGGACA-3/,
GmELF1b-QR: 5'-TCTTACCCCTTGAGCGTGG-3’

AACT
1.2.6 EAMWABASEEHRFME
GmNRTI.2a GmNRTI.2b s
Phytozome (http://www.phytozome.net/)
GmNRT1.2a  GmNRTI1.2b  CDS ,
1758 bp 1785 bp

pEGAD GmNRT1.2a  GmNRTI1.2b

s Sma 1

Bam HI, GmNRTI.2a-F: 5'-TCC

CCCGGGATGGAATTAGAACAAAACCAGAG-3',
GmNRT1.2a-R: 5'-CGGGATCCTCAGTTGTTTGTAGT
TCCTGTCC-3', GmNRTI1.2b-F: 5'-TCCCCCGGGAT
GGAATTAGAACAAAACCAGAG-3', GmNRTI.2b-R:
5'-CGGGATCCTCAGTTGTTGTTTGTAGTTCCTG-
3 cDNA ( 1-A),

T

pEGAD ( 1-B) , GmNRTI1.2a

GmNRTI1.2b 358::GmNRTI.2a
358::GmNRTI1.2b
DH5a , LB
K599, R 1 1

30% , -80°C

GmNRTI1.2a  GmNRTI.2b

1785 bp
1758 bp

E1
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EcoR 1, Sma 1, Hind 111, Bam H 1

RB 35S

EGFP(AIN)10

1
Fig. 1
A: PCR

GmNRT1.2a 1 GmNRT1.2b i ik & K

GmNRTI1.2a  GmNRTI1.2b

1.2.7 K22 RAREABAR G £ ALK

Ocs3'

358

Construction of GmNRT1.2a and GmNRT1.2b overexpression vectors

; B: pEGAD
A: the coding sequence of GmNRTI.2a and GmNRT1.2b were obtained through PCR amplification. B: the partial vector map of pEGAD.

[33-34] (1]
3~4d K599
3~4 mL LB 28°C 150  min'
(ODggo  0.8~1.0) 1 1000
50 mL LB
, 1 1000
K599 0.2 mol L™
Acetosyringone (AS), ODyg0 0.8
, , 50 mL
(CCM)
, (
), 0.1~0.2 cm s
lh
CcCM
, 3d
, 10 d (ODggo
0.8~1.0), 30 mL, 28 d
A 7=
5 6 —®lel O Root —v— Nodile
=8 5 a
SEE
S0
& 14 S.—/’g‘
04
10d 284

DAI

=

Basta LB

1.3
DNAMAN 7.0 ,
GraphPad Prism 5.0 , SigmaPlot
10.0 , SPSS 13.0
2 HRE5SMH
2.1 GmNRTI1.2a GmNRTI1.2b
GmNRTI1.2a  GmNRTI.2b
, W82
, 15 d ,
10d 28d
RNA cDNA,
GmNRTI.2a  GmNRTI1.2b
2 , GmNRTI1.2a  GmNRTI.2b
14—
T 12+ .
=8 10+
8=
£% 06-
0O
}:E T 0.4 X b
S — o
oz 0.2 g 8(1
O_ v
104 284
DAI

2 GmNRT1.2a #1 GmNRT1.2b EXEXF 4 B R EMALRRIEEX DR
Fig. 2 Expression pattern of GmNRTI.2a and GmNRTI1.2b in different developmental stages of soybean
P<0.05
Mean values indexed with different letters are significantly different at P < 0.05. DAI: days after inoculation.

DAL



7 : GmNRTI.2a GmNRTI.2b 1029
GmNRTI.2a 10d 28d s 5d 1 mL
28 d , GmNRTI.2a S 3d
10 d R , GmNRTI.2a GmNRTI.2b
,10d 28d GmNRTI.2b R
R 28 d GmENODA40-1 4 s
s GmENOD40-1 R
GmNRTI.2a GmNRTI.2b
2.2 GmNRTI1.2a GmNRTI.2b >
GmNRTI.2a
GmNRTI.2b R W82
0 0.25 15.75 mmol L™ 2.4 GmNRTI1.2a GmNRTI1.2b
15d >
GmNRTI1.2a  GmNRTI.2b 3 GmNRTI.2a GmNRTI1.2b
, GmNRTI1.2a  GmNRTI.2b GmNRTI.2a GmNRTI.2b
GmNRTI.2a GmNRTI.2b s (EV) 28 d
, 5 , GmNRTI.2a
2.3 GmNRTI1.2a GmNRTI.2b GmNRTI.2b ,
( 5-A,B) (EV)
GmNRTI.2a GmNRTI.2b 15.38, GmNRTI.2a
, W82 GmNRTI.2b ,
12— 39.60 24.63 ( 5-C,D)
—Y a 2 GmNRT1.2a  GmNRTI.2b
— 10 ’
z s GmNRTI.2a
& ¥
g | 160 I CK
B 6 a USDA110
2 4 b 5 1407 I NFs
2] B é 120
ON LN HN 2
S 204
E3 GmNRTL2a% GmNRTI.2b FERRERE T RRER I T AR £ L b :
EER c ¢
Fig. 3 Expression pattern of GmNRTI1.2a and GmNRTI1.2b 0 d d d
under different concentrations of nitrate AQ,\I \’W \’l‘o
ON (0 mmol L) LN (0.25 mmol L") HN (15.75 mmol <P K\ K\
L3 15 d, N o o
PCR GmNRTI.2a (A) GmNRTI.2b (B) , N
GmELF1b P< El4 GmNRTI.2a %1 GmNRT1.2b W EMRBEMEEE TR
0.05 BHER T

Soybeans were germinated in vermiculite at different nitrate con-
centrations (ON-0 mmol L™, LN-0.25 mmol L™, HN-15.75 mmol
L™). The roots were collected at 15 days after germination. The
expression of GmNRTI.2a (A) and GmNRT1.2b (B) was analyzed
by RT-qPCR. Bars with different lowercase letters in each figure are
significantly different at P < 0.05.

Fig. 4 Expression patterns of GmNRT1.2a and GmNRT1.2b in
response to rhizobium inoculation and nod factors treatment

P<0.05
Values followed by different letters are significantly different at P <
0.05.
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A B
500 500 a
a
400 400+
%, 300 4 ) 300
- b 200
.2 200 i
e 2.2
=
5
2
=
Q
~
1234123456728 910 12 341 2 3 4 567 8
EV 358::GmNRTI.2a EV 35S::GmNRTI1.2b
C D
2 809  p—2—
§~. | * % % I
g 601 e
= |
§_ | |
ol X
£ -
2 ] *%
5 20 T
é . Aaa
z O \]I ) ]
\ i \ s S..G“‘ S.-G“‘
EV 35S::GmNRTI.2a 35S::GmNRTI.2b ERE L
5 HERBIEFEETIRE GmNRTL.2a B, GmNRT1.2b ¥ EH B
Fig.5 Nodule number increased by 355::GmNRTI.2a or 35S::GmNRTI.2b under low nitrate condition
A, B: 28d PCR EV  35S::GmNRTI.2a  35S::GmNRTI.2b , GmELFI1b
P < 0.05 C: EV  358::GmNRTI.2a
358::GmNRTI1.2b ,Bar =5 mm D: EV  35S8::GmNRTI1.2a  35S::GmNRTI.2b * kR

358::GmNRT1.2a  35S::GmNRTI.2b

P<0.05 P<0.001

A, B: RT-qPCR analysis of GmNRTI.2a or GmNRTI.2b in single hairy root transformed with empty vector, 35S::GmNRTI.2a or
358::GmNRTI.2b inoculated with Bradyrhizobium japonicum USDAI110 at 10 and 28 days treatment. GmELF1b was used as an endogenous
control for gene expression. Bars with different lowercase letters in each figure are significantly different at P < 0.05. C: the phenotype of
nodule per hairy root transformed with empty vector (EV), 35S::GmNRT1.2a and 35S::GmNRT1.2b at 28 DAI. Bar = 5 mm. D: nodule num-
ber per hairy root transformed with empty vector (EV), 35S::GmNRTI1.2a or 35S::GmNRTI1.2b were counted at 28 DAI. The values followed

by * and *** are significantly different at P < 0.05 and P < 0.001.

s GmNRTI.2a GmNRTI1.2b
3 i
[35] [36-39] [40] [41] [42]
GmNRTI.2s
S GmNRT1.2s
NRT1.2
B , ATNRTI.2s ,

[29-30]’ GmNRTI.2a

GmNRT1.2b
, GmNRTI.2a ,
GmNRTI1.2b ,
, GmNRTI1.2a  GmNRTI.2b
GmNRTI1.2a  GmNRTI.2b
RNA (RNA interfer-
ence, RNAI) CRISPR
GmNRTI1.2a GmNRTI1.2b ,
RNAIi CRISPR
s GmNRTI.2a GmNRTI1.2b
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7 : GmNRTI.2a
GmNRTI.2a GmNRTI1.2b
ChIP-PCR EMSA
GmNRTI.2a GmNRTI1.2b
GmNRTI.2a GmNRTI.2b

4

string 10 (https://string-db.org/)
, IP-MS
GmNRT1.2a  GmNRT1.2b ,
GmNRTI1.2a  GmNRTI.2b

it

GmNRTI.2a GmNRTI1.2b
GmNRTI.2a GmNRTI.2b

s GmNRTI.2a GmNRTI.2b
, GmNRTI.2a

GmNRTI1.2b
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