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Abstract: Three sorghum high affinity potassium transporter genes, SODHKT1;4, SDHKTI;5 and ShPHKT2; 1,
were cloned and constitutively expressed in Arabidopsis hktl-1 mutant, respectively, and the tolerance to salt
and drought of the transgenic lines analyzed. Upon high Na' stress, the growth of all transgenic lines was inhib-
ited, and this phenotype could be obviously alleviated when adequate K was added. After water stress, we
found that transgenic lines were more tolerant to drought than athkt/-1 mutant line. These results indicated that
SbHKTs not only played a role in tolerance to salt stress, but also exerted significant function in the presence of
drought-stress.
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Tablel Primers of SbPHKT genes cloning

E|EZEZR S FFHI(5'—>3") E B

Sb06g027900F ATGGCCGGAGCGCATAAGTT ShbHKTI;4
Sb06g027900R  CTAACTAAGTTTCCAGGCTTTGCCT SbHKTI;4
Sb03g021590F ATGAAGTCCATCTCCG TCCCTAG SbHKTI;5
Sb03g021590R  TTAGCCTAGCTTCCATGCCTGAC  SbHKTI;5
Sb10g029000F ATGCCTATTCGGTTCCATGTCTTG SbHKT2;1
Sb10g029000R TCACCTCCTGCG TCGCTGTC ShHKT2; 1
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Table 2 Primers of SbHKTs expression in transgenic

Arabidopsis

Gl BN FFAI(5'—3") RS R

SbO6F GGGAGAAGCTGTCCAACG SbHKTI;4
SbO6R GAGAAGCCAACATTTCCATAA SbHKTI;4
SbO3F ATGGCGTCCTTCAAGTC SbHKTI;5
SbO3R CAGCAGGTGGTCGTAGC SbHKTI;5
Sb10F TCTCCTCTGCTGCCTGAACTGG ShHKT2;1
Sb10R CGTCCTGCACCGACAACAAT SbHKT?2;1
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Table 3 The number of SODHKTS transgenic plants in

Arabidopsis
ok PR LR FHPERRR(T)  BHMERRR(T,)  2ESHER(T)
SbHKT1I;4/athkt1-1 11 6 6
SbHKT1I,5/athkt1-1 9 3 3
SbHKT?2; 1/athkt1-1 6 5 3

Actin

K1 B RE DU R ST AR SBPHK Ts 5k (R ) 1%
Fig.1 Expression patterns of SbHKT genes in transgenic

Arabidopsis
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Fig.2 Analysis of Na senstive phenotype of SbHKTs transgenic lines
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Fig.3 Analysis of K sensitive phenotype of ShHKT transgenic lines
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Fig.4 Effects of different drought stress on osmotic regulation substances in transgenic lines
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Fig.5 Effects of different drought stress on reactive oxygen metabolism in transgenic lines
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Table 4 F values of variance analysis of different parameters in trasgenic lines under drought stress

AR SRR TSS SOD GPX APX CAT
Sz 4725.610" 98.303" 1524.189" 459.719" 638.961" 75.860"
33 71.966" 5.453" 72.982" 94.869" 4210”7 26.176"
A5 PE R 68.995" 4.282" 33.367" 36.065" 15.176" 10.663"

“RFP<0.01 5 H AT

RS BED A P TR AR AR I A OC R B
Table 5 Correlation coefficient matrix of different indexes in

transgenic lines

fabr TSS SOD FP GPX  APX CAT
TSS 1.00

SOD 0.70" 1.00

FP 0.91" 0.82"  1.00

GPX 0.73" 0.34 0717 1.00

APX 058"  —0.01 0.38 075"  1.00
CAT 0.59° 0.15 0.46 0.38 039  1.00

TR AR bR 2 AR G (1 3 VKT (P<0.01, P<0.05).
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SOD#E S i 1 S BB e 1-c L s . E o 1
R 2B R R A Sy, k] I, <2-c iR
LSRRI T RGRAPURE, BAREM,
WK HAE 5 S0P AR (Dorostkar$2015) .
3.4 HEFEMREITTEK SRR RBRBES T
TEYIIN R — A 2 R E =S
IR (HuangZ£2009; Zhu 2002; MillerZ:2008), A
PRI R FH 35 Ja8 bR B (R VR S R PR O P I i T 4
GVE o I8 I T AR R R L R ST AR AR AR LT R
%1 FIITSS5FP4 &, SOD. GPX. CATHIAPX
TG TR 1D SR R U, RSP 3 SRR B SRR L AT
HEFP(GR7), BHbXT &Pk R PR M H 285 VR
(7 TLEEE2007). 450K, B i E KT
BV K Tathktl-1, o SbHKT2; 1/athkt]-1F1

6 FEREDIIULHE THREAR 2 FEAR I 32 170 TR 36 K R O

Table 6 Principle component loading for measured parameters of transgenic lines

ES Wiy ARAE EE A5/ % E Sy e TSS SOD FP GPX APX CAT
B %! 62.29 62.29 -0.501 ~0.342 —0.480 -0.435 -0.336 -0.315
FH2 20.84 83.13 0.648 0.281 ~0.268 ~0.603 —0.244




TP L PR

1520
A 75 [K] 3% ]
A
nl
S c G
<
o
8 o
I S
P
K] 3r
H |
= -1 0 1 2
FER1 (62.29%)
B MiFFEE
F o]
2 A g
26 :
< o
5 0-3
& ° 0=10.70-6 =
4‘:\' 0-c b )
g2 7 1-10
H ..
al 1-h 1-6 e
-4 ;) 0 2 4

ERIT (62.29%)

Pl6 e BE DRI R T LR B4 b S 7 B 6 2R
Fig.6 Biplot for measured parameters of tansgenic lines
A: ZEN %, D: SOD; S: TSS; C: CAT; G: GPX; P: FP; A:
APX. B: MAERZE, 0: XHHE4L; 1: 10% PEGAbERAL; 2: 20% PEG
AhPRZH; ¢ Col (gll); h: athkil-1; 3: SbPHKTI,5/athktl-1; 6: SbH-
KT1;4/athkt1-1; 10: SbHKT2, 1/athkt-1 .

SbHKTI;5/athkt]-17 i (middle resistence, MR),
ShHKTI;4/athkt1-1 455114 (little resistence, LR),
MM athkt1-1M) AT (no resistence, NR), Col (g/1)¥]
Ptk T H AR PR R (E 9T, high resistence, HR). 1%
gt —PI0uE 1 Kl6-BI &S
15 I

1 SRSOHKTsESEHME T EFETEKERA
Na'/K &1 Ih &k

TEAM S BRI B R I BV RO B T, dEdr
PP [ Na /K S, 3 A AR A R AL ) — A B
W . TEELT¥(Thellungiella halophila)H TsHKTI 2
CIRYS B uR=E: P v 2 Y G A B Q2R SR N
P fEINa /K7 (AliZ52012) . /NEBL S (Puccinel-
lia tenuiflora)F ) PutHKT2; 1 yNa'-K L1544,
A DUEEAI AR B 2R A R A 280 7 1 R U (Ar-
die552009). AT 78 H ARt 7 15 224 HK T
R R EcHKTIL; IRIECHKTI; 2. 1658 2 G AEM
JTCIE G -RE 20 i 1) 2 R R, 12 5 IR 1 8 25 - L
W e 71 I FE SN A BN S T AEAE RS S 5, fEAN AT
AT OUR, T DG B R 5  (LiusE
2001). WFFLEW, KAENo-OsHKT2;2/15: X [F FE
HA mNa 264 TR IK B4R (Oomen%52012)

R B DAL P TR AR A 7 5 o 14 5P o o AL B i A D

Table 7 Subordinate function (SF) values of different transgenic lines

PR TSS SOD FP GPX APX CAT SEH R o
ShHKTI, 4/athkt1-1 0.40907  0.29804 0.27375 0.47183 0.65898 0.25060 0.3937 LR
SbHKTI, 5/athkt1-1 022257  0.46597 0.38685 0.32308 0.15107 0.93148 0.4135 MR
ShHKT2, I/athkt1-1 0.77190  0.33514 0.55473 0.64000 0.51760 0.39506 0.5357 MR
athktI-1 0.12737  0.58794 0.04115 0.02738 0.55418 0.25358 0.2653 NR
Col (gl 0.83186  0.57203 0.91878 0.82827 0.77444 0.39590 0.7202 HR

AARGS I, A ) 25 e R R AU e T R AR T AR K
1E R 38 T 3552 BAS A RE B () sz, FLAN B 1
AR K . SbHKTI 4 /athkt]-1>SbHKT2; 1/at-
hkt1-1>ShHKTI ;:5/athkt]-1, HIWHURNET]E%E 2
BT RIS 8 2 M, Na' /K HE# T &
W, AT 2 FE R AR B IR AU KT . X5 TR
T HKTHINa /K iz Rk AT 70 45 R — B (ALi%E
2012; Oomen%52012), tH1RA 7] §E 2 = G2 A0 LL HoAth
T 5 M &6 (1) — A 3 25 Kl (Wang 52014).

2 SRSbHKTsEFRSEMKITE M IIEE
2.1 FRimE THEYMERIEIE BT R A G R
e A Ay, W AR, YR RS R
JBE )8 0 AT DA ARG 40 1D 35 0 A4 G R R IR K
(PinheiroZ£2001; KaviZ£2005). [tz 4k, %Y
JBE AR BR340 T DL UR R A4 P 1 S A 5 SR A
LBEIE 5 ¥ 5 (Hare251998) . KEHFFLRY], A
T tERRE . TR ER . BRSSP R
TEAE W) 8 38 T 5 K 1 AR (Jones %%
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1980; Ashraffillram 2005). 15 ANAEYIE N 1155
WHYRz —, FEMERN S EEEEHELT
R, Y28+ 2 KRR S, L5
B R E DA R iE . R, TR pa
TR R U R AR R = T LA e A i
T LE BRI — A E A B 4R AR (Rhodes % 1986; De-
launey fllVerma 1993). B{iR [ 4(2008)IN T 5
IS ERTE DI I SR N R e e ey
B HPE . 5 R PEG6000#E I, T 5 (1) 46 14
T, Ak SR R R R S I A B
Fhi, AHIC BT 25 TR B, Ui B I iR & & 5 Rk
PURMER REY), AR HAE i ide o 51 Ak )
A FARC(LotfiZs2009) . A6 25 LT
B A TR R S B R E T
(Rout ), 1IX 511 B 7T 45 5 —F(AshraffllIram
2005; XFEMFEF2015).

AL SOE AT DATE — E YO [ N 4ERR R A AR A
M E s . WEET, K& 8RS IRE — €~
B B AT DU A I PIE e /7. KameliflLosel
(1995)FEXRT /N2 (B T R I, T 5 B w1 it
FRE MRS . AR EM, PS5 5ABA
R IEZ DA BAE R, 7R 52 2 T F WhiE
A 4iE 2% 32 22 1) 55 2 )7 [ (Paul 2007; Wingler fll
Roitsch 2008). 5 7R A] A iy G AR 0 VR 2L v 0 %
Z) E I R B 4 5 (Gll452003) . AR IR HIF 9T K
L5 R 2 DR 0L T R AR 1 TV M R W B A
T B b 3 S5 0 T, U R R ) A A
FIFHE Y R T Frif, X 5 Sanchez%5(1998) %
AN i A B R PR 2 SR — 3
2.2 FEMETEMENFEEHSRISHNETHL

SOD. GPX. APX5CAT/EAMA N BEEHK
PRy IR . IERREOUN, X SEEEE S MY RN e
AR H H A TP AR A (Zhang M Krikham
1994). {HX452 3055 a n, BN 2B K
HHROS, A P FEHE TR, BLE, X Lot A AL
B R A% EH I IIEE, 1ERROS, M A HE 4 e
) B 3 39 15 (Mascher22002) .

T 5038 5 AN [ AR AR b B0 1 bR s B,
SODHFICAT & 642 3d B T - I 1) 32 Z Pt A AL il
(3K B 4#4:2013) . Ghahfarokhi%s(2014) L 48 764
FRFAZ PRIy, TR EEm T 55
FHIICATIE %, HKfE, MRS EFK. Gao%s

(2009) I FLR A, TFWhiajE, A A F sl
FAHISOD, CAT. GPX. APXJEMEM B & T W
A, PR T XEE, WIHIE T 2R 34 147
fE. T5Wra s, Bk i i A0 Be T 1 AR
13 855 2 A A 38 BT 51 5 S — (Mascher 5%
2002). FHIER] I, K% M A B 1 B AR
R PR T ik 2 — AT H TS .
ARG REKY, TRELAEE, S48
SOD. CAT. GPX. APXi& k)47 1EAS [F) R B 1)
Fhim, XS RN PARE — S, Y RO T 5P E
A —A™ B B 5% (Gao%5E2009; MascherZ$2002),
2.3 SRS HK T4 E E BT RIS TN

T 5 Wl 0 R A IR S e 2 22 T, BRI, R
A FEA B — 4R PR R PP A I P R, A
SR FHRSORY K27 r 11 S5 R BB 0 ) — A 3 % b
IR AT T R ZRE R R S AR AR 1)
P35 S R A X AR R — R AT HE T, EE e —
Fa bR PEAN 0 TP, H AT e s N T K.
W AR EERRSE B BT R YRR AT (R D S A
2004; 5k D AESE2007; 154562008, + B 5%
2009; £ EZRZE2013). OAIRIERM, BHFEEK
AR TR 214 H B A AR IR AN R P SE M
3FPRA: mhi. hht. (KPi(ZhangdF2015). fK#E
SR AP A ], XieZ5(2014)i8 i k¥ AN [+
B F AR SR A NS, RO 4R Y AR BUR Y . AR
TG0 AR A U T MR AS BB B AR DR PR AT 0 2K,
ShHKTI,5/athkt]1-15SbHKT2; 1/athkt1-1FF#i,
SbHKTI;4/athkt]-1 H&F, athktl-1 A%, Col
(gl . FeREEARDU R 1R T Sk, 38
ShHKTs R A S Ir ot R ERIEA . 2l T
TP AR — N B R, e R0 5 e 2 —
NE R HE R (Zhu 2002; DavletovaZ$2005; TranZs
2007), Ft, % T ShHK TsLE R Yy Ht 5 77 1 1 F Ak
eIl 75 Bk — 0 PR AN 51
2.4 ZEig

DLAE S T AR o HK THE PR ) HO BT 92 %2 45 h
P8 1 ¥ 32 J7 TH A 7E H (Rubio®$1995; Pardo Al
Quintero 2002; Lunde%42007). A4 XT SOHK Ts%%
&N /K IIRFERET T 4007, [RIE Hpt St
TUIRNWHTL . SRR, AT MFIE T, =g
HEKTHE R AT 3 RV RSO 251, AT 4 FRAE AR 14
PO Na /K HABLAE IE 5 AR KT, IX A ML R
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