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A comprehensive evaluation of salt-tolerance and physiological
response of transgenic potato to salt stress in field
by the introduction of AtNHXI gene
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Abstract: This study investigated the morphological and physiological traits of eight transgenic potato ( Solanum
tuberosum L. ) lines carrying AtNHXI gene and one non-transgenic control “Gannongshu No.2” grown on normal soil and
saline land at 0.56% salt and 0.29% salt concentration. The salt tolerance of transgenic potato was evaluated using a
comprehensive evaluation method including subordinate function, correlation analysis and cluster analysis. The result
showed that with the increase of salt concentration the plant height, leaf area expansion rate, yield per plant, chlorophyll
content, activity of SOD and the rising range of proline content of transgenic lines were higher 1.17 ~ 3.96 times than
that of the control. However, the increasing degree of MDA, relative conductivity of transgenic lines was significant lower
than that of control, only 63.07% ~ 78.4% and 82.7% ~ 86.35% of the control. A transgenic potato line with highest
salt tolerance and three transgenic lines with higher salt tolerance were screened out according to the comprehensive eval-
uation on the morphological , physiological and biochemical parameters. The transgenic lines with different degree of salt

tolerance were as follows: 19>15>8>4>18>2>1> 6> CK. The result concluded that the salt tolerance of trans-
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genic potato grown in field can be improved by introducing AtNHX1 gene, and the comprehensive evaluation method can

be used to screen out transgenic potato with high salt tolerance.

Keywords: potato; A:NHX1 gene; salt stress; physiological parameter; comprehensive evaluation of salt tolerance
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Note: Different lowercase letters in the chart show significant difference at P < 0.05 level, the same as below.



%3

RN AT e ANHXT 5N 8% 55 H e]ER i T ro) A BRSO, it ER PR 255 PP 133

ERWiE T S AR R M T ARY R R A R
e B I T R (B 1B) o FE[R]— 3R A R, K
DEEFERMAR S CK M EREEF (P <0.05), H
BEAMHT, BRENKABREF O FYTRET
19% HH A EFSE Y R (BR 1 F1 6 SRR
J& CK [ 2.55 f%, 22 ik B .3 (P < 0.01) K F-.
TR TR R, % e DR R 1 I TR R R CK Y
1.75~3.73 5.

ER 38 X BB P B M AR (] 1C) o 1EH 4%
PR R IE Z R T B S DRURE AR PRRR ST 35 7 4
BE(P<0.05)F T CK, % CK 437425 139.28%
~79.77%F 61.97% ~ 103.58% , b hE T, -1y
PRI CK 325 T 48.24% ~254.67% , Hith 2 .4.15
19 S0k R AR R A CK BEHM 2. 17% .
1.83% .1.48%F12.55% (P <0.05),

2.2 HEMEXNDRERREBERHOZNE

Bt VA R 86 T, Xof FE R B R PR bk R P 2 R
B YR AR R L Bk &R T BRI B I /N T
XTRE (T 2A) o IEH o, 5% AINHXT FEAR )2 R
SHEBFET CK(P<0.05); hEiha T, RN
MRREME E SR CK 5 35.59% ~ 75.57% , Hip
95 HABMMZETHZ CK1.76 15 (P <
0.05) ; E iR e T, X FEAE AR A 2R R St el 1.35
mgrg” "NFER 0.99 mgrg !, FREIEEIA34.71% , 10
ML MR R BRI A Y TR T 11.71%, Hrp
418 F1 19 SHERM G E SN 1.69 mg-g™' . 1.57
mg g™ 'F 1.66 mgr g™ ", M HIEXTHRAY 1.68 1% .1.57
A1 1.66 135, DL BA SN ANHXT B R A S A, 8055
TXPH SRR S A, AR R 4,18 119 1Tt
AN

AR o0 I 2 R £ Bl A AR T R P R T
(JE 2B) o I 1l Ak o PRI RE o il 208 7 1 45 CKAIG
12.61% ~52.7% , FER AT T &4k R 2R & 1Y
WP <0.05)8 &, (AR R 22 7R 3 =k
e R X BRI R T O R SRR R 1. 14 ~
1.49f%, HEEh TR AR 5w B 2w Tt T
AL, RO 5 DR bk 2 il 2R & i (IR 0 i (1
BOEFANELR AR A b aE R S R R A
R 5 1Y b 0 B 5 B R 66. 28% ~ 214. 3% I
175.14% ~ 288.49% , 1 %f HEHE Ak A 220 R 1) 1 7 i
JER 54.07 % F1 173 .4% , Vi B 5% 356 DRRE AR A6 £ i 38
T RFL R,

LR ol fof Th A% S 5 20 i 5 245 4 37 B 40,
TR IN A  H R R B R 8 AR
TR, AN ) 44 S v 28 AH G H S5 R 088 o 1) i 3 2 5%
K GERI IR B R DR T 44 S i AR 0 P A
JINFEGT HL G S5 T ) S R I T R e 5 PR R (A

2C) o MEZE R4 453 475 5| R M8 g 2o 480 Ak S B i i) 3k
FALrEY) MDA FLZE, Wi 2D, R E KRR AT
MDA bR EN TR RN L, FIEW
S &R, R 5% AINHXT Bk &+ MDA &5 &
5 CK AR B E 2 F (P <0.05); fm#h ks i, 7%
FEAPRFR AN CK /) MDA FR 2 & 55 1E & 43 5138
T 47.44% F1 15.80% , 5 CK R F MR (P <
0.05). HE 2E R IR £ vk B T+ o S E A AR 1Y
SOD {HPE 2 FItE#, e —Ab PR % ANHX]
FEFRA SOD 1% P & F CK, b A b 44 F 5%
AtNHXT FEFE (%) SOD il 36 P 43 5l J& CK 19 1.15 ~
1.40f%#11.09 ~ 1.19 1%,
2.3 ¥ AINHX] DE5ERIMmER 1T M
2.3.1 0T LAEH R &S IRAFM A ST
XY 8 AN EL IR 2R A ST AR R R A %=

1o G5 EIR, DR B IR R R & TR bR i 5 2R 2028
R I A—E, I CK AT I BTt 56 R BUROK,
MEEILF R R 4 5 Z P R e, 18 &
SOD AT Ek R B K o 3 i 2 5 8 B 150 I S B
FEPRME LAER L E AT S S i Sh M PR, i3 F 248
FRiFATER A TR A IR 24538, AT RE 8 25 5 7F
Prif iR R R AR R . R 1 R, R B —48
bR TR 3 RBORN R, (H5 5L AR R 28 A T Eh R 8L
BT CK, %S ANHXT ¥k 2 BT R PR

JUE BRI B ME LA B E M sz AR R 1) T 3
{AIAEA Rk SR e A K p SR A EEE . AT
A5 Am X i R 1 1 SRR | 2 B S A B B
SR GETE R I A5 R ik R 5k D AL Ry
0.25 431 7 AL X ], AR BOR B o A 2. 3R 2
AT 7 [R] — 21 X[ 5 1R it 28 50000 A 8K
AHZERER, W 100% B T AR R R At 4 8 & &
BT R 22 %0 PI0.75,1),88.9% ) MDA #i1 SOD ffif
EREZEE PI[1,1.25),66.7% 0 2 R A TR 5 2 %1
P> 2, Ut B 4545 b x5 10 38 1 #5088 R B AN ], B
[N e N s S DY T e e SO N ) SIEE|S
UK

WE—2 LIS HR AR TR 6 R BOR AR, X He kA7
FrRuEALAb B, LARK R 25 1S5 A AR, 2R FH S
ZEV T R B A T RIS A A5 R A& 3 R .
FRAE R ZE L, v N Th AR BB A Mk R Y i £ 4k S
KA, B—RNERLA 19 5 Mt Eh v 45 — 2k
HILNAR R 8 5 .18 5 .15 S Eh Pt ; 4 =3
ST R PR R IR R 2 S 6 55 SR UK R L
A ERPE IR R 1 54 558 HBRER
HILNRR R CK, MR hME 22, B nT DI H, #63EH
PR A E) T £ P 5 559 A7 R 3 K 22 7=, (H & 5% ANHX]
FEDR) 8 ARk AR AT R PE 45 X BR CK



134

TR AT

o535 &

5
S
1

W
T
)

—
f=}
T

[=1
w

M4g R B (mg + g)
Chlorophyll content

[}

iE % Normal

500
450
400 |
350
300
250 F
200F 2 p
150 -
100 |
50

(B)

Porline content

c ¢ d de ef ef f

Jil 2R & e (ng e g

1E %% Normal o
40
301

20

AH RS HL AT 26/ %
Relative electrolytic leakage

1 £k Medium salt
#h AL Salt treatment

a gabcdheqd

L Medium salt
Salt treatment

LSS

b
ba? %cd

7/

N
N
N

251

20

1.5

1.0

i/ (umol ¢ g
Malondialdehyde content

0.5

A

1k Me
Fh AL PE Salt treatment

dium salt i1 #5 High salt

[T &

IE % Normal

o
(=4
(=1

(E)

(=
(=1
(=}

. bcab abab_:__ab ab o,

SOD activity
-~
(=]
(=)

3
(=3
(=1

SODR T /(U » g™)

i ik Medium salt
#h A B Salt treatment

[T =

f=}

1E % Normal

rh ik Medium salt

&k 4b F Salt treatment

ECK H1

m2 ¥W4 N6 EHS8

B2 #HEMETEBEELIERHETL

Fig.2  Changes of physiological parameters under different salt stresses
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Table 1 Salt-tolerance coefficience of comprehensive evaluation indexes

PATRHAE bR L 2B Salt-tolerance coefficients s iR
4P . I FH }E - IH-4 = X B3 e . . N %ﬁ(
i 3= B R PARR Kji% L) EEEF}; [N [t SOD 15k Comprehensive
Type Leaf area L Relative )
Plant Yield per . Proline MDA SOD salt-tolerance
. expansion Chlorophyll electrolytic ..
height plant content content activity coefficient
rate content leakage
CK 0.622 0.803 0.710 0.836 1.292 1.761 1.235 1.169 1.054
1 0.699 0.809 0.749 0.983 1.281 1.807 1.047 1.316 1.086
2 0.767 0.830 0.890 0.875 1.256 2.145 1.198 1.208 1.146
4 0.864 0.819 0.810 1.012 1.318 2.002 1.008 1.158 1.124
6 0.753 0.906 0.779 0.918 1.247 2.287 1.158 1.194 1.155
8 0.712 0.829 0.732 0.950 1.344 2.426 1.095 1.203 1.161
15 0.658 0.982 0.846 0.936 1.242 2.499 1.085 1.147 1.174
18 0.634 0.886 0.791 0.997 1.382 2.549 1.021 1.243 1.188
19 0.889 0.890 0.834 0.957 1.393 2.686 1.112 1.201 1.245
HERAT
EARE
KIBE 0.581 0.421 0.611" 0.469 0.562 0.842" " -0.385  -0.084
Correlation
degree

T x %% SR1F0R 0.01 F10.05 /K2 57 4
Notes: * * , % indicate significant difference at P <0.01 and P <0.05 level, respectively.
®2 HAMBEERERNTHE R ERRXER S 6

Table 2 Distributions of salt-tolerance coefficients of tested parameters

U Times
Eiian
Parameter 0.50<PI< 0.75<PI< 1.01<PI< 1.25<PI< 1S5I<PI< L75<PI< 00
0.75 1.01 1.25 1.51 1.75 2.00 =
M Plant height 6 3 0 0 0 0 0
TR 2R Leaf area expansion rate 0 9 0 0 0 0 0
HRRFE R Yield per plant 2 7 0 0 0 0 0
43t Z Chlorophyll content 0 9 0 0 0 0 0
AR 5% Relative electrolytic leakage 0 0 3 6 0 0 0
[ Proline content 0 0 0 0 0 3 6
T MDA content 0 1 8 0 0 0 0
SOD i SOD activity 0 0 8 1 0 0 0
*3 WHIEESITEN
Table 3 Comprehensive evaluation of salt — tolerance in potato

Type salt-tolerance index salt-tolerance indexes function value D value Rank

CK 0.094 0.982 0.271 0.222 9

1 0.115 1.072 0.549 0.503 7

2 0.13 1.168 0.559 0.541 6

4 0.133 1.158 0.61 0.606 4

6 0.116 1.092 0.513 0.445 8

8 0.135 1.182 0.631 0.632 3

15 0.142 1.179 0.631 0.642 2

18 0.138 1.189 0.659 0.576 5

19 0.16 1.318 0.737 0.773 1
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Table 4  Pearson correlation coefficients among subordinative function value and D, index weight of each parameters

- L iagist - RS X B ps . ; =
. B Pl e R IR IR e mom sopiete mibreR
izt =S . 5L Relative . .
Plant Yield per . Proline MDA SOD EE D
Parameter . Leaf area Chlorophyll electrolytic ..
height . plant content content activity D Value
expansion rate content leakage
PR Plant height 1
I 5B7 P2
NIEAE S - 0.646 1
Leaf area expansion rate
BBk Yield per plant 0.739"  0.892* " 1
432 & it Chlorophyll content 0.858" "  0.856" " 0.89%" " 1
* = . . -
H T%Efz . 0.694" 0.892" " 0.922"" 0.932" " 1
Relative electrolytic leakage
fitid R Proline content 0.648 0.820" "~ 0.864" "~ 0.8327" 0.932"" 1
P& MDA content 0.443 0.695" 0.743" 0.805" " 0.796" 0.667" 1
SOD J& % SOD activity 0.384 0.694" 0.818" ¢ 0.714* 0.866" " 0.725* 0.764" 1
Mt AH D D Value 0.824""  0.931°"  0.95%9"°  0.947"°  0.929"" 0.847"" 0.711°  0.733" 1
AL Index weight 0.179 0.286 0.158 0.106 0.042 0.100 0.068 0.060
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