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Abstract; [Objective] This study aimed to investigate the role of PeSOSI in salt sensing and adaption
through H, O, signaling. [Method)] Plasma Membrane (PM) Na' /H" antiporter gene PeSOS1 of Populus
euphratica was cloned and introduced to Arabidopsis thaliana. Then differences in salt tolerance between
wild-type and PeSOSI1-transgenic Arabidopsis plants were illustrated by comparing germination, root

length, biomass,contents of K™ ,Nat and Ca®" ,fluxes of root K™ ,Na™ and H™ , H,O, production,antioxi-
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dant enzyme activity and effects of inhibitor on ion fluxes of homozygous seedlings under 100 mmol/L NaCl
salt stress. [Result] Compared to wild-type, PeSOS1-transgenic Arabidopsis plants had higher germination
rate,root length, and biomass under NaCl stress. PeSOS1-transgenic Arabidopsis plants also had higher
contents of K* and Ca’" but lower content of Na'. Transgenic plants exhibited lower ratio of Na™ /H" an-
tiport compared to wild-type. In roots of transgenic Arabidopsis, H, O, production was more rapidly than
wild-type when plants were subjected to NaCl stress and the activities of the antioxidant enzymes were
higher. Transgenic plants were unable to remain K™ /Na® homeostasis when salt-induced H, O, production
was inhibited by diphenylene iodonium (DPI),an inhibitor of NADPH oxidase. [Conclusion) PeSOS]1 in-
creased salt tolerance through rapid H, O, production, which maintained the stability of SOS1 mRNA, con-
trolled K /Na®" homeostasis and triggered antioxidant defense in Arabidopsis.

Key words: Populus euphratica ;salt stress;transgenic Arabidopsis; PM Na®™ /H™ antiporter (SOS1);

H. O, signaling; K* /Na™ homeostasis;ion flux
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NA 2K K 3 665 bp, fl & —4~1+ 3 438 bp MY FFjik
CEAAE , G fis 1 145 A SEWR . B 4> T i oy 127
ku, TOM AR N S A 12 A8 R DX, G B R X O
b ) VAR A 0 v B AL s C il A7 — AN 0 F M BT 9
AR SRR M R L, S R e 41 5 L RS T Y R
Na® /H" i# [0 %% 32 & 11 (AtSOSD) ML Bk 64 %,
FEER Wi N L K4 B AR Bk Na©/
H " ¥ [0 %32 75 1 EcNhaA il EcNhaB 3% #: (1) #h
BRI FF T EP432 v, & BAT LA i K T T 6
b A RO L AR L R R L B K A SR IE
B, PeSOS & o 7 Jit B 1, JH: T B8 J2& 4 40 i o8 1)
Na " HE i Mo 4 DLk G i 5t N 3 2 Na® (19 B8 5 3y
AR LA B PeSOST (2635 B, Bl H -
ATPase R B 98 LA EE H -ATPase 7]
N PeSOS1 AhHE Na® $#243h /1%, Chung %5 1¢
PR IF kB, 7E $h Wl N A BN FRE 1) ArSOS1
mRNA FE A Fr s in , 32802 R i A A ST EG
AtSOSL 3% 1 7] i 32 5% 5 e A g s . H H st
SOSL Ft H, O, (A EAEFHHLE] o A5 2

AW A 1 PeSOST HE [H 6 3 40 1 77 v
i o SO a2 i PCR 43 M7 A [R) 5% 36 R bk &R 40 R
JFh PeSOS1 ik w25 55 3EFI A 3 4~ PeSOS1
Fik R R R HEAT I ER P S PeSOS1 5 H, O,
ARG I o b A BT 25 ARG ST R % PeSOS1 3: A
PR IFEER D P A R R ORK BT & RR
BFUHL O B 7= A KA ST S A i 15 1 25 38 4
PLHI A B IHEA RS PeSOST i 37 5 o361 (4 7 FH AL i 25

FE FEA
1 MRS
1.1 # #

L11 AaXAadh W B 2 AR 2R WA S8R
4 H Oy ¥ AR FIAE 10 L S3RE A B (1 bR/ 4D, 35 55
B bR 1 T ARRIIR A Ay A BT, T A et
AR R 2% 0 B T P AT % R B AR 4 AR AU
SEWIDE KA BR B, HoAERR 1 4 Al B AR BE 1 L Ho-
agland 48 7 .

U IF R B A2 A= 45 7 (Columbia ecotypes
Col-0) » b st ARl R 2 P Wy 52 30 28 B A7 . B 9% R
IR 25/22 C Ot /%0 MR EE 7026 06 IR B
150 pmol/(m” « s) JEHEFE WIS 8 h BKF/16 h LI,
L1.2 A FAELRN KBITE TOP10 Sk
Z A s F AL UMY K A Pk W S 56 % BR A A s R AT
# GV3101, 1 A b5t B i AW R A IR ITE S
Al a2 & pENTR/D-TOPO %] & (2 580 bp.,
AR iC R RABE %) W H Invitrogen 22 Fl . HHY)
BEFRBE ML pKIm34GW2-8m21GW3D. 0 (pK7,
15 801 bp, fii A ic Rt W AE 2 o i b s ol K2
W S0 = B AE

r Tag DNA polymerase, Ex Tag DNA poly-
merase, Takara (F/FE¥ TR KEAR B LA 4 7=
Silwet-77, 3% [F GE 24 w] A4 7 5 Fkz 4 B 551 & Fi i
MO &L W 3 R AR A B (L 5D A7 R A Al
Gateway LR Clonase ]| Enzyme Mix,RNA iz
7 Trizol reagent Fl3¥i#% 55X 7] & SuperScript [l
Reverse Transcriptase ik # &, W H Invitrogen 7
7] ;0ligo (dT) 5, W H Promega; + — %% & 5% 18 40
(SDS) . Z#i 5 B B (DTT) . DEPC . B fig 5 . 4 % 7



el

T 5 818 PeSOS] XU IFEIAE S H. O, 5 5 &R M IHE 81

B RIEE % = MW A 2,y Sigma 28\ 4277
JBR AR 1R T BE B U, O e [ Oxoid 28 ) A 77 5 H:
b5 58 [ 7 o b Al 0] S e A T AR

1.2 A &

1.2.1 #A# RNA #23)5 cDNA —4 654 5% $#
4 Trizol 13 B A5 48 U5 4% 4h BT 1) 80 RNA™
SuperScript [l Reverse Transcriptase i 7] & )2 #%
SEA K cDNA,

1.2.2 PeSOS1 4 st MG Bl PeSOS1
(GenBank & 3#%% . DQ517530. 1) B ¥ %1 . | Primer
Primier 5. 0 % {4 % i 51 # (S-P1f. 5'-ATGGG-
GAGCGCGATAGAAACAG-3", S-Plr; 5'-CTAA-
GAAGCATGATGGAACGAC-3") #47 PCR ¥ 14,
PCR& & H.2.5 pl. 10 X Tag buffer, 17. 5 pL
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Fig. 1 Gel electrophoresis of Populus euphratica RNA
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PeSOS1 [ PCR #8455 LK 3, Kl 3 BoR,
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3 000~4 000 bp, fF & ALK BE . 200 )7 %5 R I
PHERF SIS Wu & 5B PeSOS1 (GenBank %
S5 :DQ517530. D K/ K73 58 e —3K .
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10 000 bp

3000 bp

2000 bp 2000bp

1000 bp 1000 bp
750 bp

500 bp

B 2 #4% cDNA —4 i Ik 45 3
1. DNA Marker DL2000;2. cDNA —4% 724 5
3. DNA Marker DL.10000

Fig. 2 Gel electrophoresis of Populus euphratica ¢cDNA
1. DNA Marker DL2000;2. cDNA;3. DNA Marker DL10000

2.3 % PeSOS1 #Hifkpytaze

Bl A-A SR . # # (9 v R 24k pENTR/D-TO-
PO-PeSOSI A /A 3 000 bp, X4 & (4 o ] 4%
# pENTR/D-TOPO-PeSOSI #17 PCR % 5& . 45

10000 bp
3000 bp
1000 bp

& 3 #1#% PeSOS1 i1y PCR 4" 25
1~3. PeSOS1 4 #8724 ;4. DNA Marker DL10000;5. B4 Xt #8
Fig. 3 PCR amplification of Populus
euphratica PeSOS1 gene
1—3. PCR product of PeSOS1;4. DNA Marker
DL10000;5. Negative control
(I 4-B) 7R % AR il )
H & 5 T4, FiR AR pK7-PeSOS1 f) PCR 7=
PR/ R 3 000 bp 24, fF A W PCR 7= 49
(PeSOS1 B4 KK/,

A B
1 2 3
10 000 bp
2000 bp
3000 bp
1000 bp
2000
fn 750 bp
1000 bp 500 bp
250 bp
100 bp
250 bp

B 4 g e 24k pENTR/D-TOPO-PeSOS1(A) J% H PCR %5 45 5 (B)
A:1. pENTR/D-TOPO;2. pENTR/D-TOPO-PeSOS1 ;3. DNA Marker DL10000;
B:1. DNA Marker DL.2000;2~4. pENTR/D-TOPO-PeSOS1 J&i %7 ;5. A M: %} B
Fig.4 Construction (A) and PCR identification (B) of intermediate vector pENTR/D-TOPO-PeSOS1
A:1. pENTR/D-TOPO; 2. pENTR/D-TOPO-PeSOSI1 ;3. DNA Marker DLL10000;
B:1. DNA Marker DL.2000;2—4. Plasmid samples of pENTR/D-TOPO-PeSOS1 ;5. Negative control

15000 bp
10 000 bp
7500 bp
5000 bp

2500 bp

1000 bp

Bl 5 Fik#ik pK7-PeSOSI fy) PCR 4% 7 45 5
1~4. pK7-PeSOSI Jii ki ;5. DNA Marker DL15000
Fig. 5 Identification of pK7-PeSOSI1 by
PCR gel electrophoresis
1—4. Plasmid samples of pK7-PeSOSI 5
5. DNA Marker DL15000

2.4 WEIFREL
AL IT )R R AIRAS T 7 A BHMERR R L ARiE

A S1~S7. AH s EL PeSOS1 F k&= 3 S Hk &
(S1.S2 Fl S5) P47 4l & F 0 ik K mif £5 vl g . #%
PeSOST 1 rg FF BHME A BR 9 FE P 40 DNA LI 6.,

1 2] 3 4 5 6

15000 bp

2500 bp

1000 bp

250 bp

6 ¥ PeSOS1 Ll R I BH M A bk 1) 36 1 2 DNA
1. DNA Marker DL15000;2~6. 7S s % 3t 5 b 2
Fig. 6 Gel electrophoresis of genetic DNA of
transgenic Arabidopsis lines

1. DNA Marker DL15000;2—6. Different transgenic lines
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i

12 3 4 5 6 7 8

910 11 1213

2000bp

1000 bp
750 bp
500 bp

250 bp
100 bp

600 bp

Kl 7 Fe PeSOS #U1p 3T B PE R bR ) PCR 252 45
1HFAE TR 2~ 8. FE LN BR R S1~S759~11. BHPEXT 15
12. DNA Marker DL2000;13. [ % id
Fig. 7 PCR identification of positive transgenic
Arabidopsis lines
1. Wild type;2—8. S1—S7;9—11. Positive control;
12. DNA Marker DL.2000;13. Negative control
2.5 AEHBRMEIF PeSOS1 RikE W LAk
E2 PCR o4 #f
WP A B M EL PeSOST 3 [H 411 ¥ JF B9 RNA K
PCR #3445 R LA 8.

2000 bp

1000 bp
750 bp
500 bp
250 bp

100 bp

B8 WA U PeSOS] 3 N R IF 1
RNA (A) J PCR ¥ #4531 (B)
WT. B A 5 S1~S7. Fe 3L AR A s VC. ¥ 25 dik pK7 fi bk
Fig. 8 Gel electrophoresis of RNA (A) and PCR products of

PeSOS1 (B) from wild-type and transgenic
Arabidopsis lines
WT. Wild type; S1—S7. Transgenic lines;

VC. Vector control (pK7 transgenic line)
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