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Abstract: Drought and soil salinization harm are a major challenges that compromise crops growth and lead to soil

degeneration and desertification of natural environments. Most of food crops are glycophytes with high susceptibility or low
|

to soil salinization. Develop of new salt-tolerant crop varieties is important to production in large area of

saline soils. It is known that the adaptation of plant cells to salt stress requires an improved cellular ion homeostasis that

involves ic solute ion in eytosol, compartmentalization of ions and exclusion of extra Na* from the

B

cells. The latter two functions are implemented by a Na* /H* antiporter located on both plasma membrane and tonoplast.
In particular, the compartmentalization of Na* can help to absorb and reserve in the ions into the vacuoles, which is

necessary to improve their osmotic adjustment and lly enh the salt tol of the plants. Potatoes are widely
cultivated as a dual-purpose crop for food and vegetable consumption in the world. They are also one of the most important
economic crops in arid and semi-arid areas in China. However, they are salt sensitive, and difficult to be selected and
developed for a new variety with a stronger salt tolerance from limited genetic resources using traditional methodology. In
this study, we constructed a pBI12135-GZ + AtNHX! expression plasmid carrying a constitutive promoter (CaMV 35S),
npt [ gene (the resi gene to K in) and AtNHXI gene (the tonoplast Na* /H* antiporter gene), and then
attempted to introduce this constructed expression plasmid into the slices of microtubers of “Gannongsu 2” and the stems of

“Kexin 2” potato cultivars mediated by Agrobacterium efaciens . After ing the transformed slices and stems on a
medium containing 50 mg L™! Kanamyein and 300 mg L' Cefotaxime, we obtained 30 transgenic plants from the slices at
a regeneration rate of 37% , but none from stems. We further used specific primers to amplify the full-length of the AINHXI
gene from total genomic DNA of the transgenic plants, of which 27 plants had a positive amplification, indicating 90% of
successful transformation. Southern blot showed that two copies of the AtNHX! gene were inserted into the genome of the
transgenic plants and Northern blot hybridization detected a normal expression of the AtINHX1 gene at different levels among
the transgenic plants. These resulits pave the way for the generation of a new potato variety with a stronger salt tolerance.
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TRABEBR N EREENBFEYER. L
BREAHMERESHREANFEREZ—. B
W, 2R EHERBH 10248, A L5 EHRY
13 HERBMRER T BERS =4, H
e, T SR G AL OB R BE LB Ik 38 TR AR Y 7=
B—ERAMNXEHNELD,

I,44 B ( Solanum tuberosum L.) Rttt F BT R fh
HAMRERAREY , WRRETEMETRRLX
BEENLFEY, BB, SRt E~E
HAEDHENAEREE, BRTES AN R
KEWhEE, DI HAHESEERE REN
THBROAEKREEHE , B, FFHERA
FHERNHEDRETAAREBTHHEE. R
i , 72 U5 B — B AR 3 B R D0 3 O R OR IO A5 4K
MY, Kt FREE IEEERE &
HOBER EMUETRR RRELBRESE, WA
EDAERMHNET. ERESOZFNDRER
HERP BEREEETERNR. CEARENSE
&HE™ R AT RAHRRE.

HTM SREOT 4, A REE R
EBERES TAE ML ERZIECIMNRE
HFHER A EEAM R T A THERER.
AYETER REFR REEH SR AEEBREU
RETCREFENRR. GRE2UA, DREMHE
BEATREDY,0.2% K £k 3% 55 B0 T 038 R,
HRE FERR MBI EERT, FEEWH
FREAMGR. RARMATATHFREENTRERE
ZHREDHEHRETEFTHRILAF,

BN EYNGERANBFEE KRS SHAM
BFARE" ,Na' /H BHHZEEREH Na'
KRR TR ERK Na* HEH 40 MR ZH A8, R 40 fL IR
No' BB AVTBBEEMTEHE THER, AT
BMPHY &S NARADEIFBRREY
Na'/H' B EEAERBTHIEFORERL,
£ Bt B R IK 2 E H KA AR TE 200 mmol L™' NaCl ¥
B ERERET™ KR R AR
B WA R TR 2 B BAR AU R AR R
No' /H' BRHEEEHEERET RWHREYH &
MRERTER.

BRI M BEEESADLERN T EARFESN
SR EREERACREREEMERBE, KIT

EASHUEBEE RXEE N HEEABALR
NF ERRSMER EBEA M B B 2 MR
MREES HP BB AURREE
BABMFE LT REMRES, 8 E6E/H, %5
ERAEEXARAPEG-~5B) BARERENRE
FEHBEEENER" R DL EREELEEE
RISME

FIF RT-PCR B AR MR8 T A sIF ot 1 &
RNA P RERBIRMEE Na* /H BAESEOE
B (AtNHX1) 9 cDNA™ , EAYR B0 Xho 1 B 407 A 10
pBII21 FAL N RIE, B R MY R TR . &8
RENRFEN T, B ANHXI ZHRRE
SADRE IRERDHREFRERREN T MEHR

HFRMHETEET RFNEM.

1 HEMAE

1.1 #R5EH

111 #p#H UDSRELTERFHFHR

B2 5" RBEMAH 2 SR EHER MR,
E MS AR E (pH 5.8) L 3E3%, %6 15 d R K
B1K. BEUNBREAFBEIFYH MS Bk
FRE(pH 5.8) 3 3% 25 d, BHIERE, MAREEH
SRR, E0uml m s THEERR2JETR
BEPEFREE. AEHEHEREMGN 60 pmol
m? s ESENEM(22£1)C, REHEBILALN
(22 1) CREER,

1.1.2 FHEfFEHH# AtNHX1 B R ¥ WSOk
[18]. BBk AR AR HF B (Agrobacterium tumefaciens )
LBA4404, PiHEARIE N Rif " F S, S AW RBE
%L pBII12135-GZ + A:NHXI, #i ¥ #% i€ & Kan's
pBII12135-GZ + A:NHXI1 JRRf5 B WA 1, gt 2
R3cER(19].

1.1.3 EH&&HN EMHBHEAYBW A
TaKaRa A H] ; Tag DNA 4 Bl A 5 E /A 7 ; DNA
BEREENEW LRI IHRATHEERN
Sigma 7= i , 3l A2 A6 350 5 E 7= 4 7 4. Southern
#2323 & DIG high prime DNA labeling and detection
starter kit I 1 RNA #f 4 #5 ic iX 7/l & DIG RNA
labeling kit(SP6/T7) ¥ & # E Roche 2 ],

1.1.4 3% % (DRITHEEFRTAERER
YEP, BFERESTE 10 g BB REY 10 g REH
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KRS BRWRATEAN R ANAX EE DB EHIRG 1069

NOS-pro

NOS-ter

Hind 1t

pBI12135-GZ+AINHX1 14386 bp 358

BamH 1
Xmal

Sac |
Xho 1

NOS-ter

LB Feor 1 K7 1

M1 pBI2135-GZ+ AINHXI ¥ ®E BN GHTEE
Fig.1  Sketch map of construction of pBI12135-GZ + A(NHX1
expression plasmid

BRAN 5 g NaCl,pH 7.0; ) ZBRERIFFHREN MS K
BREGEAERE(E ITER); Q) HEERER
BFHENMS+5mg L' 6-BA+0.15% 5 R + 8%
BEENREERET (OREEEBRMMLEHRE
5 MS+0.25 mg L™' NAA +0.25 mg L™' 6-BA +0.25
mg L°! 2,4-D W ERIEHRED  S)REEE R Hb
WHEFMS+1mg L~  IAA+0.2 mg L' GA, +0.5
mg L™ 6-BA+2 mg L™* ZT M E k3217,

1.2 7%

1.2.1 RHREFK BSR4 L& OB
pBI12135-GZ + AtNHXI F B8P , 88 F 25 mL YEP
BB (H SOmg L™ Kan+50 mg L™' Str+25 mg L™'
Rif) ,7£ 28°C 214 x g BIK L IRFEFRLK. £2 X
W 1ml EREAHE, BBEEZHEN 50 mL HEE YEP
BHRES,E28C214x g BIK LR IEFHZE 0Dy,
%5 0.5,7£4900x g FEL 10 min, F EH®, U
EHARGBMS EEEREEFRPEH,

1.2.2 #ff ki h YRAEEKZHERY
0.8 e BlBHNBREAHRT,RELSFR, TR
1~2cmBEHEA AEEZERR lem LR ¥
WA MERERTFEERE P B 10 min(B B
WENEBERRTS), EHBRAR T EHEALE
BREBNLIERE, E 8 CEALTEEIER2
do

1.2.3 Ken BB fEkRE HEEIESE 2 d
BB R BIF A S 300 mg L' Cef 1 50 mg L'
Kan MERBREBRSUERE LCEERRERR
ASBFREP BB E), HFE 4R 25C

F1 40 pmol m™? s ELOL I (B4 2 ik 1 W B
BRE), YoMt FR 1.0~1.5em b, 81T
INEERE A4 50 mg L' Kan F1 200 mg L' Cef £ MS
EAEEEFITHERBKERGE, UKESxR
izt

1.2.4 DNA #£R
HA B DNA™
1.2.5 PCR##| FIF 14 ANHXI BEHEEKF
51 45 9 4% R 51 8 JCP1(5'-CGATGTTGGATTCTCT
AGTGTCGAAACTG-3') F1 JCP2 ( 5'-CGTCAAGCCTTA
CTAAGATCAGGAGGG-3') # 47 PCR A I, LAk ¥
B # B pBI12135-GZ + AtNHX1 Ji %z 43 Bl 3% B i Fn
FHHEXT . PCR VRN 25 wL, VB F X
94°C 3 min;94°C 1 min,50°C 1 min,72°C 1 min 30 s,
35 PGP ;72°C S 10 min, B 5 pL PCR =4 1T
1% IBMERE R R 3K , P B MY =)

1.2.6 Southern blot # # 43 BIBL 30 ~ 40 pg ¥
A F % R AR Bk BB B 40 DNA, PR %14 P YT B8 EcoR T
(ANHX] B RPBH ZBEY LK) E 3ICTEHY
12 ho B VI Y12 0.8 % RO D BE I 88 16X ol ok 43 38 (1 x
TAEZ W), BIkGERE, %% DNA Bl e B &
(Roche, Germany) | , 5 ANHXI 3% B # 4t 72 ™,
B AT MICE RN BT R B AL E SR
DIG High Prime DNA Labeling and Detection Starter Kit I
(Roche,Cemlany)ﬁm"k;ﬁEﬂﬁﬁo

1.2.7 Northern blot # %) F 5 B SRR A v 4R
e 2 R AR R P X PR R 40 I U0 B RNA™ 1%
HBEER R W . B 40 ug & RNA, b0 2 fEEBH
S A 4] B9 Loading buffer, 65°C 28 ¥ 10 min, 7£ 2%
HIEE-MOPSHUARVESE R L ik REHERBHE L,
BiE T-R4E& L ANEX] EEEED W, X pGEM-
AtNHX1 BAE#AT Noc 1 BGY), Br S 4RJ5 FH Z BR UL
EI, B 1 pg F B4 A DIG RNA Labeling Kit
(SP6/T7) (Roche, Germany ) Xt 8, {& & AINHXI ZEH K
B X mRNA K BE#EF7HRI0, 678 RNA 541 . R
FIHZRS 5B BB L &9 RNA #1743, REHF
JCFIFRIC R H K P #% DIG RNA Labeling Kit(SP6/T7)
(Roche, Germany ) & Fi 8. B3 # 47, B 442 f B .43
[G] Southern blot 1] .

2 BERESH

2.1 HEEE%RNHES
ERMEBRERTERRMEERE, HFIE

FIF CTAB B R BUE Bk 4 ¥
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EREE

% 50 mg L™' Kan + 300 mg L™' Cef B3 H B ZE B &
3SR B3R, 10 d BE R TR K3F B #i A
5,20 d FER R RAESZENE, dEhRLEE
A4k 48 2 5 (18] 2-0) ,40 d E B SfLG 6
BRI (E 2-b) o BHTMEFSAREE,
%K37%. BERES RBBERNHLIEFRE LS
BYIRB RS K, BE AR RERAL(E 2-
o), REMEEE ST, BUEFEHAY 2 300 ZASME R
7= A LA AR

Vit FLRERBERER,S dFEWOLLERE
2-d) , FE Rk, TR EEMEE . BB ME
IR IAREFEY DAL EAR . ZFESTIFEFER 2
AN B IR 6 , 378 30 BRI HEAE AR

B2 FEREENMEKE Kan G
BRELFSUMERBLE

Fig.2  Shoot diffe

N o thia aclsctl . ok

a: WEEATUHFRDb: REEAFS; o: ZRERANHE
RAL; d: FREFEMKTE Kan 903 EAR 1. EFHEE R
HPRAE MS B3 b5 23k 5% 2 B X RUBPR 76 % 50 mg L' Kan
B MSHEFRE b 3~ 4. B AR R 50 mg L' Kan + 200 mg

L' Cef i) MS 35583 L,
a: Bud regeneration from microtuber discs; b: Shoot regeneration from
microtuber discs;c: Wadding tissue formation from stems;d: Rooting of
transgenic potatoes on MS medium containing Kanamycin: 1: Non-
transgenic potato on MS(CK) ;2: Non-transgenic potato on MS + 50 mg
L~" Kan(CK) ;3-4: Transgenic potatoes on MS + 50 mg L™" Kan + 200
mg L™ Cef.

and plant ion from

2.2 PCR4#f

VLA Bk DNA V345 1.6 kb (R A B, 5
RIS T A BRI FH Xt BR W) &, T I &% 4k A8 vk ) 6
ZH B (B 3). 30 BRPTHEM AR A 27 BRI
HEB AR, 5 90% , Vi B T 0 B A% L A BR B9
RN+ 2E 3.
2.3 Southern blot 43 #7

J R SNE ANHXT EEE DR ERXEA T

R 10, .11

B3 HeHEske PCR AN
Fig.3  Detection of i by PCR
M: DNA 4 FHARIE V; 1: pGEM-AtNHX1 R ;
2: FEEEE DA R 3~ 11 HEEDHEMK.

M: DNA marker V;1: plasmid of pGEM-AtNHX1;

2: ic potato;3—11: ic potato.
BAYE DS R S (8 Bk ) PCR % & FH MR8 AR 19
F:F 4 DNA, B V) )5 7= 9 £ 47 L UK 5% B, LAAR T 9
AtNHX1 B[R R4 5 H 4T Southem 3. ZR K
B2HREH | ZERH,5 BREFR 2 KBTH, 1
MR EFEEKR L RZGFS , RASMNEEEE RS
P DA EEFRAR DNA 1, BAMNEEE £ UNE N
EREA(E 4),

4

21226

5148/4973
4268
3530

4 #{L4E# Southern blot £
ion of i by Southern blot

Fig.4 D

M: DNA 2 FRAZICI , B F4RiC; 1 ~8: i EcoR [ MY 05

HEDA B EE S DNA; 9: /il EoR I BT IS HE

Ty 34 4 bk 19 3 B9 41 DNA. M: DNA marker I, digoxigenin-

labeled; 1-8: Genome DNA of transgenic potatoes was digested by

EcoR I ;9 : Genome DNA of non - transgenic potato was digested by
EcoR1 .

2.4 Northern blot 43 #7

HT SR T ANHX] X HET 1T
IE %% % , I DIG RNA Labeling Kit(SP6/T7)F%iC T
]k E ANHXT EE AR L mRNA KB HE, BB
Southern %% 32 % 5& H BH 1 B 5 434 2 IR A vk (B B 3
5.7 5 8 S LAE AR ) Fi X BRAE AR A B RNA(Z
40 pg) (B 5-a) 47 Northern 2835, 455 2 Wi
HERBRHBEBRORZES (7 5.85),1 #hfx
REEHBS) (B 5-b), MBERLFES, KHE
AEDEERFAT N ANHX] HH C 5 F AR
) mRNA, B3 R B AF ., 454 Southern il Northemn
TGRSR, BTk AR 3 RS b BRE D4
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HREL . HRBRITEN S ANVEX] EEDEEHKE 1071

ERRAFHFBA2ANEN BBEAMLSFEESR,
ShR ANHX] BERAEREFREKR PO REIEZRES
53 AR AR FEAX, M FT i —BHR.

B5 #HEEDLWH Northern X HE
Fig.5 Northern blotting of transgenic potato
a: DS BERIPRE B RNA; 1. JE52E AR i) 5 RNA;
2~4: FHEAMMA B RNAL

b: D4 B AEPKE Northern blotting Ryl 5 1: k452 PIAE bR i)
Northern blotting % 5 ;2 ~ 4: ¥ 3 Ak Northern blotting % 5 .
a: Total RNA of potato; 1: Total RNA of non-transgenic potato;
2-4: Total RNA of transgenic potato.

b: Northern blotting of potato; 1: Northern blotting of non-transgenic
potato;2—4: Northern blotting of transgenic potato.

3 itig

DREFMHPAEMSER EEH B 5 s
RO AR S ) R, ) AR B R R AT T 40 3 E A 1t
fEBR B 35 BT RO b R BT VR SR R R AR R B A
gz, BR, EdEETREECHKRE T —HIRE.
WEE JAE DR PIREN . AR REFRER
DRAEHRRE™,

DEAEXHEFREUR, R RAFHAK,
WHER S B, HREL FRETRE, L2
=B, HET,FIAEETEET DA RN R
IR . BA HIE 2 5% 6 WA R e A
TPS BERR H MBS S B 2 A GPD . 1-BEFR H BB BB
AEFEE MiD LA K FH S EE B S B8 2 A BADH %
ADRE FREKROHEESE—ERE™ ., K
M, BTFERTHYRBENENEERATY RS/
LR IUPGER R L R 2 HEBRATYRHEAR
it BRBRBRHHEYM B EE —ERE.

Na' R RHEYERARPEFHLER
P, X —Zh BB AY SC B B VR I Na* /H' 3% [n) #5522
HEMRE (NHXI) k58 Ro. BEF B BFRIE L, %
A:NHX1 % B 3008 I+ L 7 7l 70 T 3 A4 Tif b 1 BH B 42
U ARBFFTHAME ANHXT RS D D4
REEAS,BRHEF, FRARETENEEME
A NEER R 2 4 B EEEkRNFAEEER
BERENHBEER XIMEFETEBAMLSAHA
FIFB T — B R ¥ ANHXT FFE KA IR

HEFERIARWH DR EN MR

SMREHE S AZEEY R EE TER KR
Fo BRURIFEN FHDREM H ZB RE,
R B R B S5 I R AL B RS R D) B
HABERET BEREA KBS RS AHRE
B i 0 2 B B H A SR £ AT
F2EEBMHRE 2 SRAEENRL.ERE
RES FMBROMMOERE L, ZBSNE AL
5 REWK B AR, RESGRET , FRERBHE
AAE R, TR B AT B R P R RO A A 3 SR R
TR TR 2 A AR R 45 b B % SR DNA, I
HENE R P& EEF, REROFLR, 31
B, R E R DR R R AR S M

4 %ig

FIRARFEN S, FARBEIFAO B Na*/
H* ¥ %5 % B 2 W (ANHXT ) , 76 DUR B 55 W 1
ZIRMEAER S DI EENE R AL,
KAG 30 BREZILAE MR , PUEEAE R E R R 37% s E LA
REWUEBRNZEOELER D, ZRIZHE L
HEYBRL” RRB Rk, RUREEREDRE
1% 5 AL i B AR SR AR
Xt 30 BRPUPEAE K B9 & DNA #E4T PCR i, &
27 ¥R A BEME, 5 90% . Southern 732 45 RAiF 52, SR
EFRZUNEN RS SRENERA P,
Northern %% 38 45 5 3% B3, #% 2 B M #k o A # 47
AtNHX1 3P mRNA B IE % %% 5% , (BH bR R A7 76 5 5%
FERNER, ¥ ANHXI EFREKGHREEAEBESE
ISR EHR AR
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