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Abstract: Nitrate transporters (NRTs) play an important role in NO; uptake or transporters in plant roots. In order to study
the function of soybean NRTs genes in response to salt stress, eight differentially expressed Gm/NRTs genes that respond to salt
stress were identified from the transcriptome data of salt stress treatment. The promoters of these Gm/NRTs genes contain
multiple plant stress or plant hormones response elements, suggesting that these genes might be involved in abiotic stress or
plant hormone regulation of salt stress response of soybean. At the same time, we cloned GmNRTI. 5A from soybean roots,
which was the most up-regulated gene under salt stress treatment. The GmNRTI. 5A CDs of 1 794 bp in length, encoded a 597
amino acid, with molecular weight of 66. 78 kD and isoelectric point ( pl) of 5. 85. Phylogenetic analysis revealed that
GmNRT1.5A had a close relationship with AtNRT1.5 and ZmNRT2.5, contained twelve transmembrane domains and typical
NRT1s conserved domains, and the secondary structure of GmNRT1. 5A was found to be composed of a-helix and random
coils. Real-time quantitative PCR analysis showed that GmNRT1. 54 was mainly expressed in seeds and roots. Salt stress and
drought stress significantly induced the expression of GmNRTI. 5A gene in root. In addition, the expression of GmNRTI.5A
was significantly induced by ABA and ACC, while GA, treatment significantly inhibited the expression of Gm/NRTI. 5A. This
study showed that GmNRTI. 5A played an important role in response to salt stress, which provides a new idea for exploring the
function of NRTs genes in soybean response to stress, and also lays a foundation for in-depth research on the function of
GmNRTI. 5A gene in soybean.

Keywords: soybean; salt stress; NRTs; GmNRTI. 5A; expression analysis

TR AL R E Y AE R W AR Y SRR ERE LA KO R AR I
Wiz —, EERALEN AT 22T R U EY, AL 30% DL - IhAR A 70% L T2
WERE F =X, HH, TR A R, FE R RIE RGP A 2R R
B VR A AE G A 2 S5 ) R 209 At oz, (E ER e 30 ™ B S W O LAY 7 i S
SRR B, R AL AR B g S b PR ORI R LB AT ST, 4w R S R, X T

e %E B #5:2022-03-17

E&WAB . HKARPAES TSI H (U22A20467) ; ILARA A KRB 5 450 H (ZR2020MC101 ) 5 11 AR A RO BE# BeBHE A 37 TR
I H (exgx2023A02) 5 [ KM R B RIIRIR VS H (CARS-04-CES12)

FE—1EH . TR (1988—) , I, A BhBRAFST B2, 2R R Sl S F D) BEAF ST, E-mail . wangyb_221@ 163. com,

BIAESE  RALR(1972—) , 2, W58 61, 2R T8 3L S IR ST . E-mail: zhanglifengd639@ sina. com;
B (1967—) , 5 4 AR5 R, EENF R G SE RS0 S EZ 5T, E-mail : soybeanxu@ 126. com,



6 HA T Ek A RGN, NRT B A9 %5 & GmNRTI. 5A W) 5E BERIZR IR 40 Hr 675

PRRGIERERE &SRO m EAEEMNE X,

Tl £h %% 12 % 11 ( Nitrate Transporters, NRTs) 7E
FLH W s AR ] £ 8 NO; 3 B P k4R R OEAE
B, BT, B %0 R RR R 75328 R R 54
5 4 Fh, H o, NRT1s/NPFs ( Nitrate Transporter
Protein 1s/peptide Transporters ) % % il 51 B9 W 57 B¢
£ AINRTL. 1(NPF6.3) EAY S —ApiE e
FIFEREREEE NO, ik, & H T U Reif o5 il
FEMELIZ IR, AINRTL. 1 AL VA 4 MR W i i
FREL T iz B AR T AR, 38T LIEA NOS
55z, 25 NOy (%™ . KAS NPF6. 3
(OsNRT1.1B) 55 AtNRTI. 1 [A]J, — & ¥ J XGE F
NO; iz  HArHGE £k 5 ANRTL. 1 [
VRAY LA WA, ZmNPR6. 4 F1 ZmNPF6. 6,19 # 1
PEIFE iz No; el BIEE I R B AR IE AR T
53 > NRT1 %1k Hof A 12 M5 (AINRTL. 1 ~
NRT1. 12) 9 ve B % 5, JF ik B 2 5 1 1R £ 19 5%
2 B NO; BETiEESN , SRR NRTs 3 1
B Z K KT CL MY R S5 R 1 A )
[ SER IR/ ) SN TRl L - (N
AINRTL. 5 J& 5 7 T 4 M AR 1 AR S5 0L ) i 1R 56
Frag i, F BN TR R £h s A RS A0 M, SR
JE B BB , B NO; AR 12 B 53
OB BT IS 45 B F B, AINRTL. 5 76 14 2 4R 356 1] 76
K" W% i rp R R 4 E AR [R] B R 4% AR A
e T AR T ER L BN KR I 93 A4
NRT1s J& 5, {0 2 A A 51 A% 51 A oh g 45 s
BRI IT NRTL. 5 () BE B 98 8 A A6 41, B HixT
NRTI. 5 B %558 K I ge g ik i il 52 420 AUFE &
DRAIH 3 B3 3 v e s e i 1

JTAESK  NRTs 7EAY DR o8 2 AL e
FEFRC T, Feme R AR AR P i i R, T
SNBSS R NRT2. 4 JEDR Ak i 12
TR A e o Jo - S P U150 kB Kb 3 8 205
MR TE NRT2. 1 JE 3R, T3S AR 2= Al
MR NO, AR SRR OsNRT2. 36 £ 1]
DA 5 7 R 6T R 3t 1) it 37 BE 112 Zhao 251 38
A WA B 2E A3 A FE A ARG Hh M Y 56 > NRTIs
FIRIEIN |, o 24~ NRT1s 3L IR 1 361532 2h a0 i
PEE B XA AR i R AR FR AR Kb B A S 4 4y B
KB, £ e b B G 2 S AR A b S R AR

NRTI. 5 FEH ML B, Wi A9 0E 8280
B B, P AR R S rh—Jh 4375 150 > NRT1s %4
PR3 kRS m NRTI. 3 Fl NRT2 K:RAEAR A BT
PETCREARE P BRI Z A, HoB KT NRTs 3[R fif
VAR TE , H H AT KT NRTs FeP 2752 5 5 W 3f i
NEIRANTEHE

IR NRTs DR AEAF 1 0 7 12 A8 9 Wy 30 v ) A
REEEEM, B HHIKE NRTs W RS 5
30T M 18 T AN A L A 53 3 ke i A R 2 b
PRI SRAVBAR AT 04, TR e ) 8 ANTE 4 AN b3
R[] g1 2 25 53 3R MY RS IR R 7542 B 14 (NRTs ) 4w
FEPR, O 0k B 305 S AR 9 NRTL K% &
GmNRTI. SA 47 SRR AE W5 B2 b, Sl ad 52
I EH PCR AR T GmINRTI. 5A HEHAEARF4H
2U[E) 1Y 235 DA R X AE ) P %K ABA (abscisic acid) |
GA, ( gibberellin ) . ACC ( l-aminocyclopropane-1-
carboxylic acid) FIAS [A] 131 5% ( NaCl, PEG ) [ 1. 2 43
Mo A5 ik — 98 GmNRTI. 5A 3L HE K E
b p e o S P T RESR L 22 A

1 HE5H®

1.1 #

M G R Ry Tiid £k 5 Fp 55 85 34120 (i S
MEHE RNA iR 77 £ ( FastPure Universal Plant Total
RNA Tsolatin Kit) $2H(55# 34 AS[a]HA7 A1 [H] &k B
HRZ RNA, IR %2 7] HisSeript RT SuperMix for
qPCR B FEAT S e s B PR B P 31 vy R L il
Rapid Taq Master Mix %04 [ g 5% 15 ME P8R 7 47 FR
o) s B gl mTsoR] & L KRBT A DHS o A
B %2 FHEAY 2 x Tag PCR MasterMix 21 [ RAR
AR A BR S B 5 S22 # PCR ( Polymerase
Chain Reaction ) 17 & 18 H 5 99 4= W) Bl 5 A R
YNGR
1.2 Ak
1.2.1 Mm% E b
O EAR S 2 30 R 5 7E LR A ROl Rl
BedE ¥y BT O IR B 3% = R AT, B 3R iR B O 26 °C/
22 C,EHREFRIY 16 h, B4 K2 60%
1.2.2 RNA-seq M 5 % GmNRTs & B # ik B
ERALFRANXT AL EE 1,3,6 112 h (KGR AR, B4
FEdh 3 AMEY2EE S RNA $2 UMY TAE¥ e



676 K = Bl % 6 M

U SRR e A IR A R 58 8, cDNA SRR
#1475 % A Tlumina NovaSeq 6000 (illumina, USA) |
S4 EALIY . 84533 #Y CleanReads i# i Tophat2
Bt xT 2) K 5 W82 £ 25 3k [ 4 ( pub/plants/
_ Ho Xt 45 O
Cufflinks R UEATAH S ARG DESeq2 FFXT 45
AT R R B 0 #r . 22 53R 3K GmNRTs
HE DR A 0 8 BR AE B A 1 log, FC | =2 H. P-adjust
value < 0. 05, H 4 A~ WF [8] &5 ¥ g 57 26 JB 38 (9
GmNRTs 5, F) Fl TBools X i & Hi % Y 22 &
GmNRTs SERMEATIERE

1.2.3  GmNRTs A B LR XAE A 424 N
Phytozome (#i8 JZ2 Hhit 2 42 HU 8 > 22 K38 GmNRTs
FERAY ATG L3 2 000 bp 15 RIS 3T 31 , 35 H
PlantCare #5387 8 4~ GmNRTs K8 3 57 7] REAE
FER I AR I JT . 8 23 B 45 R A2 1E GSGS2. 0
(hitp://gsds. cbi. pku. edu. en/) 7 ¥ 17 Al #H 1k
eI,

1.2.4  GmNRTI. 5A AW A B AHEARME N
Phytozome $0#5% 2 o 2% GmNRTI. 54 3£H CDS J¥
I35 ¥ . GmNRTI. 5A-F ( ATGGGTTGTTTGT-
ATTTTCT ) ; GmNRTI. 5A-R ( CACTACTTCAGGGT-
CTTCTT) , $REUIE % Ab B 55 5 34 HR R RNA, &
B M cDNA JF A S A i, B T AR E i R
GmNRTI. 5A B 2K #FT vl P e H
PCR 77 ¥ 5 pLB #4A i% 2 )5 %% fk DHS o, ¥ 1
WA T & A AL 100 pg - mL ™" KRR E %
RIEFRAEE |37 Cab 377, PR v B 5 45
W HEAT PCR % &, % & 51 % J¥ 4 K. pLB-F
( CGACTCACTATAGGGAGCGGC ) ; pLB-R ( AAGA-
ACATCGATTTTCCATGGAG) , W F U .95 °C,
120 s;(94 °C 30 5,56 °C 30 5,72 °C 30 s)28 1§
FR,72 °C 5 min, PEHL 2 ~ 3 AN PHAE ST R S pEAT 0
Fe 0 R 7 5 AR A R A BR A F SE AR

1.2.5 GmNRT2.5 AR &AMz 804 FH
ExPASy TMHMM , NetPhos3. 1 1 NCBI CDS %} 4 %
B REEH  B5 BREE 1 | Wl R 10 R0 DR ~F 45 4 1

release-52/fasta/glycine _ max/) ,

AT HT, 1 MEGAS. 0 #0449 Clustal W EE X
GmNRT1.5A 5 AINRT1s Z%E A ZmNRT1. 5 3t 6 4~
SR EAREIR T, RS EE M ERE LB W,
1.2.6 %8 % K% EF PCR (qRT-PCR)  F|H
NCBI [ 35 H14 Primer-Blast 7528835 F T 4600
B GmNRTI. 5A bR LI, DLRKE
GmActin FEPFE NS, 515510 . GmNRTI. 5A-F-
qRT ( GCCACAGATGAGATGCCAGG ) ; GmNRTI. 5B-
R-qRT ( TACAAGATCAGCTGCGGTGAG ) ; GmActin-F
( CGGTGGTTCTATCTTGGCATC) ; GmActin-R ( GTCT-
TTCGCTTCAATAACCCTA) , IR G AR L (MR
B M JEFRPRL) SR AR B (NaCl, PEG | JIi 7%
M2 OIRFIREER ) JF HFF 8T 34 LR RNA Jf e sg
B cDNA  Fi B 10 /%55 H T qRT-PCR, e ik
# SYBR green qPCRMix ( 55 44 4= Wy B 35 A FR A
Al) ,PCR A48 A % [G 480, B HE S EAT 3 IRAEW)
SEE L, WP UT 95 °C 30 s5(95 C 10 s,
60 °C 10 )40 MEH;72 C 30 s, & 2 2“5k
TR A ik m ™
1.3 HEHH

FIH Excel 2018 #4784 1Y 5% A Jf 2 il &3
FH SAS9. 0( SAS Institute Ltd. , USA) #E47 B 48
81, FIFH Fisher's LSD (P <0.05) #E47 22 5
EHRL,

2 HZREHH

2.1 MmizKEEAME NRTs £ F )ik

X NaCl &b A [a] B[] 5500 R AR 2R 5 s 2 5K
o3 Hr &3, 5 0 mmol - L' NaCl AbBH (X B8 A L,
150 mmol-L ™" NaCl 4b#8 1,3,6 fl 12 h J5FA8 1~k
T NRTs JERIRY KRR ¥ k4R B2, 8 IR
T A GmNRT2. 4 L& T NRT2 5%, v A
Bk NRTI KGR NEE SR AT LU 1, 3h Ak 2 i
FVES T GmNRTI. 2 .GmNRTI. 11 ,GmNRTI. 14A .
GmNRTI. 14B .GmNRTI. 5A . GmNRTI. 5B 3£ [F ) 3=
i5 AL, GmNRTI. 1 F1 GmNRT2. 4 FERAE 4 1} A]
MBBETH(EL,



6

F AR R IR NRT FED B S 5E Sz GmNRTI. SA W) 5 BRI 73 H

677

Glyma.15G016900 GmNRT1.11

.... Glyma.12G163800 GmNRT1.14A -6

Glyma.07G272600 GmNRT1.14B

.... Glyma.01G210500 GmNRT1.1

8
6
Glyma.02G022200 GmNRT1.2 4
2
0

.... Glyma.18G260000 GmNRT1.5A

GlymallG042000 GmNRT1.5B

N | [ —

1h

B 1

3h 6h 12h

Fig. 1

2.2 GmNRTs ERIRNXERTHS

8 2% FEKIKM GmNRTs 1 H S5 A %
Phytozome ™1 b HEHL 8 4~ NRTs 5 [K & If % 15+
ATG [ 2 kb 895 81+ /7 %1, #IH PlantCARE
BAEXT 8 A~ NRTs K5 2+ By =4 Tk 24T
SIRT R SRR G SR S 2 A SAREY

Glyma.01G210500 1
Glyma.02G022200 1 ! 1
Glyma.07G272600 1

Glyma.11G042000

Glyma.11G195200 1

Glyma.12G163800 ¥ 1 1 1] 1
Glyma.15G016900 ~» 1
Glyma.18G260000 1 ()

NaCl LB AR [E A E R iR R ERKIE GmNRTs £H
DEGs of GmNRTs in roots after NaCl treated for different times

i R S P I A T 7 A2 R A ) 38 3R e g T A
Ji 368 w0 1 G A 4 T 5 e B2 G4 (MYB Fl MBS)
LA 03 2R i) 7 A2 4« B T e oz I X e
4 ABRE | 758 2 Wi i 7G4 GARE-motif | Z, % i i
JCfF ERE | 5 #1 R W Mg me) i T 7F TGACG-motif
(K2),

5 1
Legend: 0 bp 500 bp

Exon #8 ABRE

AuxRR-core ™% CGTCA-motif ®m Ere

1 1 J 3/
1000 bp 1500 bp 2000 bp

Bl GARE-motif ®M@MBS sesMYB & TGACG-motif

. ABRE. BRI BTG ; AuxRR-core. 42K E R E I ; GARE-motif. /8 RN 0 ; ERE. ZMR &0 ; MBS. 35+
BIFEFN MYB 8560750 ; MYB. MYB 45607 58 ; TGACG-motif. SR FF iR i B TG4

Note: ABRE. Abscisic acid responsive element; AuxRR-core. Auxin-responsive element; GARE-motif. Gibberellin-responsive element;

ERE. Ethylene responsive element; MBS. MYB binding site involved in drought-inducibility; MYB. MYB binding site; TGACG-motif. Methyl

Jjasomonate responsive element.

2 KEHMMEmME NRTs EEEzFIRKX(ERTHS

Fig.2 Analysis of the predicted cis-elements in the promoter regions of the salt responsive soybean NRT genes
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