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o 8 FRIATE T ZNHXFIZxVPI- 15 F R RSB B A 44
mERY, InE, He, THR’ THEHE

DN B TR ARl 5 TR, 22N 730050; 222 M KSR EEH AR D RN 2 B, B AL AR A B G SR N s s, 22
730020; >t [F AP R} B 22 M B 0 2 2GR 9T T, 22730050

WE: vt &k § TRUAIENa /H 1 6 4518 & & ZxNHXA=H -PPase ZxVP1-1A B 694 F AR A= 5 £ BLHMR ) M4, KA
BiEMATRAK. Na's K'\ Ca’'s IHRBATEMAE S T4 T, ST AR MRS e R, SREAN, 5
FETHARMMRGAERZEI IR, T h X EAEE; R ARARDG R AF EFT AR, SEMATHARMMbKOSEE
Fatl 4K BRI A R M 541 %A238%, M L 3Na IR 2 I 4 B ARG 1.2~1.54%, 00 R BOR B 5 A& B ARG An
40%~60%, 2f AR ARH L3 feth b KRB B F MK, M AR AT B K B 38 4020%., 525 A R AR ARAE L,
A RAART B . et AR 6 RAEFaF] B AE AT 535%~100%, IEHAR T EAES T 56%~16%, B, it £ & ZxNHXA=

ZxVPI-IA P 9538 5% 3 K B T R At /), e L3RR L5 69Na'. Ca’'s AR, RAEAH A, LBk T RE L

% B, TG 5% G AR SR 18 4G At b
KRR R TN TIAMAE; ZxNHX; ZxVPI-1

T 5 I 2 A BRAE A 7= R0 T ) R
YIiE Rl f- 2 —(Berkovd$2010; X G HE5E2012; F)
PgE2013). FREGR G AR o ™ E 5K
Z—, TG TE, TR HIREE -
FURIL/3, S ZE1 M T 20 AR S R AR
O A 7= K i 1 A R B :2005) . KT+
B B X AR KIS T R IR R
B R T AR PR LS, 2 S A T P
FE R % JH (Farooq%5:2009) . VR N ffEHTIX S8 HE Y 1)
PUEHUH, 328 1 R 40 AN 45 52 PR ThRE L [, ¥ 3R
B b 07 5 2 5 b X AR A 000 M g A% i R 2 it
Hg kR

FEFR I A6 77 1 X 732 43 A (0 S B R AR AE ) B
F(Zygophyllum xanthoxylum) ~ H. 7 [ FR 5 R FE ),
FA W Bt SRR 53R e JJ(Wus$2011; Yue
2:2012). % TREMN & R ERK M LI IR fok &
Na 04 H XA 200 b, AR — R 26 13558
T 7R BT 5 A B (Wang 2520045 WuE2011).
Na 757 1) X 35 A A2 38 3o 3 0 5 7 22 H-PPase
(VP)FIH -ATPaser=E 15 55 1 3 11 9K 3l i V6L e
Na'/H ¥ [ ¥ 32 2 [ (tonoplast Na/H" antiporter,
NHX) 52 i [(GaxiolaZ52001; Qiu 2012; Schilling%
2014) X — 32— J5 T AT Y 2% i 5 Na % 4H Jf o
MIEE AR, 5 — 5 T AR Ris B 3, 1okl
JR /K g F1(Flowers2£2015; 7K 4 #£25£2015). Wu
(2011 M FH v b BB I Na /H 3 1) #4515 2
[ ZxNHXAIH' -PPase ZxVPI-13:[H, &K ILAE AT

FHiE v ZeNHX G 5K 5Na F R & 2 IE
AHOE, B WLZXNHXAE $i 0 3 25 A0 52 o ae Ak
FHHELZEN . Baof5 (2014, 20150 7T A, I EH*R
TR ZXNHXAN Zx VP 1-1 1) B IR B BKAR (Lotus cornic-
ulatus) VAL E T (Medicago sativa)fE¥ 41 M5 N
Na X3 B, [(EEMARPREEL T
Na', M s 2 R R r i Sh e A5k . mT
DL, S AR B R T X84k D ek R A
AN 5 AL 250 R 7 T AT H Y S A .
Hlf 5 (Beta vulgaris) &4 BR 5 — KBEEHEY),
Hopi = &K T H #E(Saccharum sinensis), 25ttt
FLpE MR 35% (LiuZs2008; F4£4E2009; 257K
WEE2010) . i SEH 2 —Fh BAT T 71 R IEAEY,
M TFHE. TK(Zea mays) R & % (Sorghum
bicolor), FAETF K IARL 2B = b 77 T B A 5
A7 IS FH A 55 (< B S B JE2011) 0 SR, SR 0
it S 6E J1 A9, FE7KEK, HOK 22 HOREs ot Pl i
WK K 535 B U (Ober FRajabi 2010). Hy
I, AT R AT N TR S ZxNHX AN
ZxVPI-1E: R G A B = v, R I R DR 5
FELRR (1 2 1 5 25 42 R (WuRE20152) . 2R, IX
P A 25 AT 1 st B 30K B A 184 i SR 02 7 e 1)
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ZxVPI-IHR W REERR A K, Na'y K' Ca™\ fifi
FIRANT IR S R AR, DU RS £ T
DX A T e 2 A FE 5 v B SR T A P O A A

MRS 7EE

1 {EIM R R IETE

LUt & Rk & T (Zygophyllum xanthoxylum
Maxim) ZxNHXF1ZxVP1-1 %% 5K & 5 (Beta vul-
garis LYFEMRANEF 4 RUE AR BHWus$2015a), 14
HFERTHAEAMERZGE T cmxH1£10 cm,
Uik 757y, JFBeiEnk R i Hoagland & 22 AT 1%
Fo EIRMEL TR 0.25 mmol- L MgSO, - 7H,0.
2 mmol-L" KNO,. 0.1 mmol-L" Ca(NO,),-4H,0.
0.5 mmol-L" NH,H,PO,. 0.5 mmol-L" Fe-citrate.
18 pmol-L' MnCl,-4H,0. 92 pmol-L" H,;BO,. 1.6 pmol-L"
ZnSO,-7H,0. 0.7 pmol-L™" (NH,),Mo,0,,-4H,0
#10.6 umol-L"' CuSO,-5H,0. ¥ % BHIRE N
(28+2)°C/(23£2)°C, JtHE16 h-d”, 4 S HHRHE
60%~80%, Yt I8 32 % J9500~600 umol-m’-s™.
2 KA

Ryt R AR K260 dJ, Bhiktkim . M3
B U A 3 R R A A R Ak, 780 mmol- L
L BT (1) FRR A 3, L BT Pk P R R 12 h L8O
mmol- L™ iZ @i 1, i H 4Kk FF X 3)320 mmol-L
(BiEHN-1.0 MPa), DAL ZLEEAE %] i,
B2 doT 4 — IR AL FRVE, RIEFAIKREES do RN AbEE
WOREH K
3 HHXIEFRNE

fof 5. T E I E A S KRS %
YueZ5(2012) 5% . Na'y K'FICa> W BE % H .k
YOG RETHED E (Wud52014, 2015b), Na' MK ZEA
[ ZH 23 fR AR R 20 B B A8 ) T3 2 %5 Ma % (2012)
JiiFe BHERFH80% L BESREL, FERE. FLBE AN
ZHE BRI E 2% LinsE(2008) 1) ik . T IR
B 8 K B =l LE €175 (Bates®%1973) .
4 HAEALIE

K FHSPSS 19.0F% 44X S 56 £ 4 347 et o
#1, K Duncanfi 36 V5 X} 7 5 2 2 £ (P<0.05) 4T
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Fig. 1 Morphology, fresh weight and tissue water content in
wild-type and transgenic sugar beet plants
under osmotic stress
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RURE b T o i 58 B K 2 DRI ok ) i 0 AT 2 21
B 7K & LB AR UM R 23 0 =4 1% A138% (] 1-BF
C). AL, BIEM A B E MR RN ALK, dER
IR ZXNHXFNZx VP 1- 15 PR ) e 3 528 i 52 5042 12 1
SERIN] R
2 BiEME T ERIAZXNHXFIZXVPI- 1R £
E#ErAEFRES

TEXTHR A& T, B B DR A S Ak e e o
T~ T SR R AE N "R B 5 B A R R RR A L
ZERAEE. EBEWET, BAREKITE A
AN I %A B & MEAR AL, SR, 5 5 A Pk
I AR P N 4 5 I 285 I 388 T, 43 J31) e i A AR
FERRII1 25 /015053 1) . S5 IRARL, BiE M E
7 AR RURE AR o PR AR R AR H KR B 4l T
[526%. 28%. 8%F129%. IAN, 5% hia %t B A4
R EHSERAR T AR Ca™ IR 3 1 B2 PR,
T A5 2 T DRUARL AR Iy v Ca® R B 35 1 8 I, 722 B

AR 1665 1),

FH 2 0] LU Y, B AR BB AR A e R A
R T KENa', 705 5k S Na & & 161%F
28%. BIEME T EABEARM A AR AU AR
[FINa A T 73 B R 35 A K P, 78 T3k AR A 4
33%. SPEARIARLL, BIE MR IR B R
e PR R R AT AR N 40 B A, G AR
AR A 1) 73 FiE e A7) 53 50l B A3 9% A 11% . 5 B
A RIA L, TIRTE IEH IR ZBIEMNE R, 3R
PRI B HKC A 23 e B A7 20 S0l 38 1 0% A020%, 448
T R 2 51 R B 11 % A19% . o] WL, i & Rk
ZxNHXFNZxVP1-13E R 3 in i 3 _E#Na fliCa®
WRE, FRARAR FPNa [ 7 i, B oK 43 i L 4
RN
3 BEME T E ERIAZXNHXFNZxVPI-1H 5
IR AMES =S

TR R 2 SR G A A AL, RS R

R BEI T I AR BRI ESERIR NG, KFICa™ Yk

Table 1 The concentrations of Na", K and Ca>" in wild-type and transgenic sugar beet plants under osmotic stress

Na"# & /mmol-g” (DW)

K ¥ /mmol-g™ (DW)

Ca”" ¢ /umol-g" (DW)

LiELy SEIEDA Qb
By LR L :igackit] IR LHigacpi] L
LA X R 0.56+0.01° 0.54+0.03° 1.59+0.07° 1.60+0.04° 30.38+2.41° 33.87+3.11°
BiE e 0.53+0.02° 0.62+0.01* 1.17+0.08° 1.27+0.04° 30.98+2.52° 49.58+3.07"
4 PO 0.27+0.02° 0.34+0.05° 2.02+0.14* 2.09+0.05" 27.51+2.99° 33.4942.92°
BiEE 0.29+0.05" 0.44+0.04¢ 1.67+0.06° 1.58+0.05" 32.06+2.03" 40.11+2.80"
TR AR PO 0.07+0° 0.07+£0.01" 0.63+0.07* 0.65+0.04" 27.35+3.71° 32.4142.82°
BiE e 0.08+0.01* 0.07+0.01" 0.58+0.04% 0.51+0.04" 26.62+2.68" 27.63+2.05"
RUUEYRS Pt 0.13£0.01¢ 0.10+0.02°" 0.80+0.04° 0.77+0.05° 42.86+4.78" 51.33+6.47"
BiEE 0.16+0.03° 0.17+0.02° 0.57+0.05° 0.54+0.05°" 49.54+4.16" 53.2849.42°

R ZIBER J5 A R NG B R R 22 57 .3 (P<0.05), SR A1

2 VBB Ia T A BRI L DR SR AR O Na AT A X 43 1T EL A5

Table 2 Relative distribution of Na” and K" in wild-type and transgenic sugar beet plants under osmotic stress

Kbk S hh Na' X} 73 Fe b9/ % KRR 43 i b 51l %
Lisgacpi L2 N7 Lisga g AL
L) POt 61.25+2.42° 62.69+2.29° 38.02+1.54 41.82+0.78™
BiEE 61.47+2.63" 60.90+1.98" 37.11+1.57° 44.03+1 .45
A POt 28.0642.29" 28.03+2.61° 44.68+1.52" 39.8+0.727™
BiEE 26.12+2.49" 30.09+2.16" 42.55+1.58" 38.57+1.10°
g% POt 5.50+0.51° 5.83+0.48° 10.59+0.38¢ 12.37+0.91¢
BiEE 7.264+0.57° 4.43+0.41° 15.26+1.37° 12.22+0.91¢
e POt 5.19+0.46° 3.45+0.41° 6.70+0.31° 5.94+0.46°
BiEE 5.14+0.51° 4.58+0.43¢ 5.08+0.48° 5.17+0.29°
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TP L PR

R R A B 1160 %~T70%, e o B w2 B bt e, SRR
W2, BERERAD(ER3). EIEHZM T, HERE
PRI SO b (b & B 2w T H A Ak, R
PEAEAFES R ERAEE . BEBERE T, i
DRI 0 T A= R A AR AR R R 5 B4 Y S PR o,
H A R MR AR AN AR R S B R A T
By A R AR, 70 A 53%A1115% . IbAb, 3L R
PRI o R0 088 60 1 2 o A B A R AR R 0 3l v
83%F1120%, AR 43 7 Hi35%F160% (£3). X
ezt BRI o B R Ik ZXNHX M Zx VP -1 35 R GE A
TEESRAE PRI A AR R SR 2 RERE L SR
T B, TR R B T 2 JRE R A SR
4 BEE TS 8 RIKZXNHXFZxVPI-1H5E &
E A RERE

FEIEH 4N, SE AR L, B3R
BRI A PR S s AR rP Tl R VR FE 2
NEFEGERY) . BIBEWIET, 5 RRE A= B

WA AR R0 R i TR A 35 S 5 M
L2 DR REL PR I P AT A o B i B K, BB AR
FELFR 20 531 7140% F1158% (£4).
i
1 BEME T3 8 RIAZXNHXFNZXVPI- 1 EE {F
FHREFRESNEYIEMSKE
T E e 2w 2 A K AR B 1 EEEA
Vb8 R 7, FR I B AR & T8 2R R 25 i ol
(GongZ£2005; TahiZ5E2007), F0HIK " I (WuZk
2014), a0 B Y R e 00 248 PR A K (Tahi562007)
S FRATTETHIAR I, V2 IF b an 0 R R 4 T
AR, B3 P PR ) AL 2R 5 K B (Wus52014;
2015b). ALK, B My ia N B AR R SRR R
R R RN 225, T % DR AR PR e 4 3 1B 8 AR K
FCAE PR A RN 20 21 & /K i B 3 v T B AR R R (&
1)o ZALhgE BAE L B RIKZNHXFN Ze VP 1 -1 1) 55 5

R3 BB 0T B A AN DR S S R A TR L RPN R

Table 3 The contents of sucrose, fructose and glucose in wild-type and transgenic sugar beet plants under osmotic stress

FERE S B/mg g (DW)

bl /mg-g (DW) HETHE S #/mg-g (DW)

TR ERAL b FE

Egacee| SEEEDN Egach] B HEIN AR LT
Ly Xif He 29.68+4.13% 25.09+1.04¢ 21.1242.10° 20.0742.14% 12.42+1.75 9.70+1.57°
B E 23.71+1.02° 27.86+1.13¢ 18.88+1.43° 34.68+2.99% 11.32£1.17° 25.07+2.73°
A PO 38.5242.09% 36.02+2.26° 44.39+5.78" 36.81+3.10° 33.69+8.31° 28.09+3.37°
B E 43.19+1.79° 66.15+3.14° 51.79+4.31° 70.1245.82° 40.93+4.82" 65.53+8.81°
e AR PO 283.49+7.92° 299.08+5.38" 206.90+9.22° 191.44+8.50 443243 45" 42.8244.37°
B E 296.99+6.73" 341.8149.65" 214.4349.32° 229.57+10.77" 39.79+2.56" 34.58+4.99™
R RS oyt 26.50+1.65% 30.11+1.62° 18.83+2.32° 21.2942.32% 4.84+0.78" 4.13+0.75°
B E 33.70+1.22° 31.33+2.10° 19.74+2.10° 18.00+2.98° 3.38+0.67" 4.37+1.06°

Red VB IE 0 A TR A DR SR R PO P = R
Table 4 The proline concentration in wild-type and

transgenic sugar beet plants under osmotic stress

JI 2 BRI FE /umol g (DW)

TR AT abF
Ligeciv] B HE
i PO 1.02+0.10° 1.17+0.06°
B a 2.90+0.08" 4.05+0.31°
AR POy 1.01£0.09° 1.20£0.05°
BEE 3.97+0.12° 6.27+0.61°
AR oyl 0.93+0.05* 1.01+0.13%
BEE 0.14+0.06° 1.59+0.06°
R POy 0.40+0.10° 0.38+0.06°
BEE 0.72+0.59¢ 1.23+0.10°

AL E BKAR AR TE 1 4 Pt K I (Bao%52014,
2015). 4h, H-PPaseid R AR MY 4K
I HEIZ H(Li%5E2005), [E 3k 5 LA HRAR R 1
0, A AR B N A KA B R 2
(7K o RN 7 43, 36T 3 98 A8 ) 1 e 3 % (Park 55
2005), A W, it B FIAZxNHXH Zx VP 1155 K 1 5k
B S0 5 32 e (R 52 1, 4R R m I AE Y = AN
HREHKE.
2 BiEME T ERIAZXNHXFIZxVPI-1EE
R EEZHIMAET

YRR 20 P Na RTKC R RS 2 2 A 4 3 I 1 5%
Jpif [ B LS NG 2 —(Bassil&E2011). KEWF R E
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B, o & R A A I Na/H 3 A ¥ s 2 (A AIH -
PPase[f1 54 BRI A 2K FENa’, AT 38 s i 14
(Bao%52009, 2014, 2015). Zi#E il Fid & Fik
ZxNHXFZxVPI- 11 R S b B R 2 (1
Na' (%1). HtbE W, ZXNHXM ZxVPI-11)5d &%
A A R I B S O BE Na /H A g VE(Yamagu-
chiZ2013) 1% it T-BKZ) 71(Bao:2009, 2015), Hize
it 5 DRI SRR MR Na TE VRO I [X Sk A b R

A, Na'[X 3840 B 7 138 55 e e 13t 4 2 TR Al
VAR BT IR, T2 R A S N/ H T [
BEAWAME K H A 8 s K 2 i 4 (Lei-
di%%2010; Bassil&52011). Leidi%5(2010)HF 58 &K N,
b BRI AU ST AINHX T ) 3% B R 76 i (Lycopersi-
con esculentum) K WS EE I RITERGE AL B &1
BE TR AR . SR, $LES SFamhx]/atnhx2
WFEARR K B AL 2 B AE ALK 30% (Bassil%s
2011). YuanZ:(2015)F 72 & IH, i EZxNHX-RNA
TP R R KR 5 0 T AR T AR bk S M N B, AL
Ji P ZXNHX 10 2R B8 67 ) 1 45 5 KR ISCRN % 12 AH
KEHAZXAKT1IFZXSKOR ., AHF R KRI, REB
B Wi R i Rk ZeNHXAN Zx VP 1-1 1) 5% F IR
SEAARK & A B G I, (R K gy
B L A9 S5 35 P BE N (3R2) . W] WL, ZxNHXAIZxVP1-1
()3 5 Rk AT SR i B R PR K 1) 43 e A% =, 3F
T EBERR /KT b 42 F0 E A K (AR S P4l

BhAh, Ca® fEAE W10 1 J T th e 2 5 B4
FH, RS 5 20 B RT A B B L R Y 40 B N K o)
7 A2k 2 i KR % 78 M 58 A5 4145 (Conn
Z£2011; Pittman 2011; YangflPoovaiah 2002). &
e N it B R IEZeNHX N Zx VP 1-1 1 3 IR
SRR EH LR RR T £ [1CaY (K1), X
522k (Pennisetum glaucum) PgNHXFIFE I+
AtVPI{E i (BhaskaranfllSavithramma 2011) A &%
INZE (Triticum aestivum) TaNHX1F1Ta VP I{E R &
(Nicotiana tabacum) (Gouiaa%$2012)H i &R IiA )
g5 — 3.
3 BIEMMNE TiE 8 RIBZXNHXFIZxVPI1-1 5§
EH SR R B 2 A9 HE A0 il SR

T S R OB B A R SR R O
K2 2 —(LiuZE2008; OberfllRajabi 2010). #7513
B, H'-PPasesE AL T ) [ 3 07 & - il (sieve ele-

ment-companion cell, SE-CC)E &5 I I, HAE
o RS V9 A T B (T H X 30 7 /9 00 B R R p R 4 B A
B ZAF H (Paez-ValenciaZ:2011; RegmiZ52016). 5
75 i R R R R B A R R AR R
(1) SR W R 0, AR AR R T 2 B RERE (R
3)o X 5L ST ANHX3HE RITE B S il Rk (1 45
B (LiuZ52008) 41— . ZxNHXAIZxVPI-11)id &
FIET] BEBOE 5 FERE A A QB 1 (Liug52008),
T 84 100 2t 25 R L A R % 2o

Tk, T2 IR A2 M ) A B (2 A R T,
TEFRE AR AN B B RS540 . TEBRTE RSP R
1% %5 # BLF H (Szabados #lSavouré 2009; 7 [F 745
2012). BFEMIETS, Jo1e 2 B A B e L A A
P, FL Ry A RO AR o i 2 R AR 2R O B
PR N, SR, AMHEL R, R bR
AR R 22 R 3 T AR AU R (R ). 1E
B RIAANHX )3 FE K 4 2 (Ipomoea batatas)
(Fan%§2015)flid & R IA Lk & (Vigna radiata) VrN-
HXI1H ¥ FE N YL 5 (Vigna unguiculata) (Mishra%s
2014) 453 T FHZE LR S5 5

g bR, ZxNHXHZxVPI-1{)id 832k ] i
o8 A 5 DR Al S () - X Ak e ), A i b AR
HHELZHINa . Ca’'y fHEER . FL0EFIE &0,
SRR AR B8 5 22 RRE M, T 2 i e i DR A kxS 5
35 W38 YT 5212
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Overexpression of ZxNHX and ZxVPI-1 genes from Zygophyllum xanthoxylum

enhances sugar beet (Beta vulgaris) resistance to osmotic stress

WU Guo-Qiang"’, FENG Rui-Jun', WEI Jin-Kui', WANG Suo-Min’>, WANG Chun-Mei’

'School of Life Sciences and Engineering, Lanzhou University of Technology, Lanzhou 730050, China, *State Key Laboratory of
Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China;
*Lanzhou Institute of Husbandry and Pharmaceutical Science, CAAS, Lanzhou 730050, China

Abstract: In the present study, to analyze drought tolerance of transgenic sugar beet (Beta vulgaris) plants
overexpressing ZxNHX and ZxVPI-1 from Zygophyllum xanthoxylum, the changes of plant growth and accumu-
lations of Na', K, proline and soluble sugars were investigated in transgenic and wild-type plants subjected
with osmotic stress induced by sorbitol. The results indicated that osmotic stress significantly inhibited the
growth of wild-type plants, and their leaf blade showed chlorosis and shrink, whereas transgenic plants still
maintained the normal phenotype. Under osmotic stress, fresh weight and tissue water content in transgenic
plants were higher 41% and 38% than those in wild-type plants, and the concentrations of Na" and proline in
shoot of transgenic plants increased by 1.2—1.5 folds and 40%-60%, respectively. Furthermore, K concentra-
tions in shoot and root of wide-type plants were significantly decreased, while the Na" relative distribution in
leaf blade in transgenic plants were increased by 20% under osmotic stress. In addition, glucose and fructose
contents in leaf blade and leaf petiole of transgenic plants were higher 35%-100% than wild-type plants sub-
jected with osmotic stress. It was also observed that sucrose contents of storage root in transgenic plants were
higher 6%—-16% than those in wild-type plants. These results suggested that sugar beet plants overexpressing
ZxNHX and ZxVPI-1 genes increased the sequestration of Na' into vacuoles, and accumulated more Na', Ca™",
proline, fructose and glucose in shoot, and more sucrose in storage root, thus led to enhance resistance to os-
motic stress.

Key words: sugar beet (Befa vulgaris); drought tolerance; soluble sugar; ZxNHX; ZxVPI-1
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