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Abstract: To study the role of vacuole H*-ATPase subunit ¢ genes on plant growth and
development, over-expression vectors of VHA-c4 and VHA-c5 from Arabidopsis thaliana were
constructed and introduced into wild-type A. thaliana, and 9 and 7 homozygous T2 generations
of VHA-c4 and VHA-c5 overexpressed transgenic lines were obtained, respectively. Semi-
quantitative RT-PCR methods were used for identification of the positive VHA-c4 and VHA-c5
transgenic homozygotes, and their corresponding transcript levels were increased in every
transgenic line. When cultivated under different light conditions, the VHA-c4 transgenic plants
exhibited a reduction in primary root length compared with that of the wild-type when cultivated
in the dark, whereas the VHA-c5 transgenic plants showed reduced primary root length under
normal light conditions. These results indicated that VHA-c4 and VHA-c5 affected the growth of
roots during light/dark cycles. Following ABA and sugar ( glucose and sucrose) treatment, no
significant differences were found between the transgenic homozygote phenotype and wild
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type, indicating that VHA-c4 and VHA-c5 overexpression did not affect the response of Arabidopsis

to ABA or sugar.

Key words . Arabidopsis thaliana; VHA-c4; VHA-c5; Dark; Normal light; ABA; Sugar
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Table 1 Primer sequences
GlE/E S Em5) S5 14
Primers Forward primers (5'-3") Reverse primers (5'-3")
Clone-VHA-c4 CAGGTACCGGAGCAACAGTCATCAAAGAG(Kpnl ) GTCGACATGATGATAATAACAATAAGTCTCC( Sall)
Clone-VHA-c5 GGTACCGAGAAGATGTCTACGTTCAG(Kpn 1) GTCGACGGCTCCCGATACTACATAC(Sall )

RT-PCR-actin[?%! ATGGCAGATGGTGAAGACATTCAG
RT-PCR-VHA-c4[%3]

RT-PCR-VHA-c5 TGTCTACGTTCAGCGGCGATG

CTCATCGGAGCAACAGTCATCAAAGAGCCA

GAAGCACTTCCTGTGGACTATTGA
TCACCGACGATTCCAATAGCCATACCAGCA
TTAGGCCGTATAGAGCGAGCG
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BEI VHA-c4 . VHA-c5 LR FI pCHF3 4844, 4
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Iy AL A KT B GV3101, it 1 7 PCR 6 i &
FHAE, $IERH 52 ok pCHF3-c4 fil pCHF3-c5 #E
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— LTS 9 A VHA-c4 T2 %% 5L I 4l A 1R bk
2, 4rWldE. c4-1-1, c4-2-3, c4-9-1, c4-10-4,
c4-11-6., c4-15-2, c4-18-2, c4-21-4 fil c4-22-1;
g VHA-c5 T2 AR BEN A SRR R 7 4, 25
&, ©b-3-2, cb-5-5, ¢5-8-5, ch-14-6, cb5-15-
10, ¢5-16-4 #il ¢5-33-8,
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) MRNA 5K F558, c4-21-4 1) mRNA ik
K, T c4-18-2 i mRNA F kK 4855

K A ) 75 B A I VHA-c5 e 5 ] 4l & 14
(K 3. B), %% ¥R c5-3-2, c5-5-5, ¢c5-8-5,
c5-14-6., c5-16-4 il c5-33-8 ) MRNA FKik /K4
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M M M
— 1500 bp
1000 bp —|
1000 bp ——
B C D

A: VHA-c4 B R B H; B: VHA-c5 B B 4, C. BALFRL pCHF3-c4 MM % ; D FAUR pCHF3-c5 MR %5
A Amplified product of VHA-c4 fragment; B. Amplified product of VHA-c5 fragment; C. Identification of the recombinant pCHF3-
c4 plasmid digested with Kpn 1 and Sal 1 ; D. Identification of the recombinant pCHF3-c5 plasmid digested with Kpn I and
Sall .

A

2 VHA-c4 Tl VHA-c5 EE Y 1 ME A A A WIE
Fig. 2 Gene amplification of VHA-c4 and VHA-c5 and verification of the recombinant plasmids
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WT 1 2 3 4 5 6 7 8 9

VHA-c4

WT 1 2 3 4 5 6 7

100% 176% 213% 182% 182% 200% 204% 101% 157% 167% 100% 385% 317% 407% 322% 158% 238% 273%

WT S4B (XHHR) o A VHA-c4 B 3L R 4l A 1 mRNA Z357KF, 1 ~ 9 MR IE N R c4-1-1, c4-2-3, c4-9-1, c4-10-4, c4-11-6,
c4-15-2, c4-18-2, c4-21-4, c4-22-1; B, VHA-c5 $EILHAE 1R mRNA ik /K, 1 ~ 7 5l )2k 3 [ &R ¢5-8-2, ¢5-5-5, ¢5-8-5,
c5-14-6, c5-15-10, ¢5-16-4, c5-33-8,

WT. Wild type (control). A. Transcript level of VHA-c4 gene in transgenic plants. 1 — 9. Transgenic plants c4-1-1, c4-2-3, c4-9-
1, c4-10-4, c4-11-6, c4-15-2, c4-18-2, c4-21-4 and c4-22-1, respectively; B. Transcript level of VHA-c5 gene in transgenic
plants. 1 = 7. Transgenic plants c5-3-2, ¢5-5-5, ¢5-8-5, c5-14-6, c5-15-10, ¢5-16-4 and c5-33-8, respectively.

3 FHEREMEUF VHA-c4 F1 VHA-c5 B9 mRNA RikKF
Fig. 3 Transcript level of VHA-c4 and VHA-C5 in transgenic plants
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T AR AR BERE n
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KAl A RS B AR RUFP - B AR TC 25 5 . BERE%
5dJE, AR FREBLX R, 25 Hoxd i
W 5%, 21% . 29% ., 22% . 17%. 16%. 29% .
2%F1 8%, Hr c4-11-6 5xf a2 B8] AR 1Y 2
SRR F B K, c4-2-3, c4-9-1, c4-10-4, c4-
15-2, c4-18-2 5 XA 2 ) = M4 B 9 22 57 38 3
BEARF-(KE 4. A, B),

2.4.2 VHA-cb 3RFEAGEHREEEAXLBRTER

IEREIIEFRT, T VHA-c5 it Rikai &1k
Y FE AR X BRI AR 5 0T BT R B 25 S, 7
ANMEZR (1735 AR 23 5 e B 10% . 5%,
15% ., 16%. 13%. 11% fl 6%, H ' c5-3-2 A
c5-16-4 5 X R 22 Sk 81 i K F, ¢5-8-5, ¢5-
14-6, ¢5-15-10 5 X} H8 2 [a] 3k BB i 257K - (& 5.
A, B), MTERKEFMEEFRT, VHA-cb it Fikdl
AR R F A S B AR (KR T B 255
2.5 VHA-c4 #1 VHA-c5 ERiEE A K% ABA #n
ELERTAETL

ek VHA-c1 Fl VHA-C3 i ik 4l & 1k
X ABA | 2 A R A 0 R AR AR
b5 VHA-c4 Tl VHA-c5 i 3k a4 1A i ABA kb
G, A RSG5 AR A LT 25 5
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A: JTHORBESEINBR R . B: KL 1 ~ 9 4R BR R c4-1-1, c4-2-3, c4-9-1, c4-10-4, c4-11-6, c4-15-2, c4-
18-2, c4-21-4, c4-22-1, = FRBFEWNEZER (P <0.05), == FRBBFEERE(P<0.01), FF,
A Control and transgenic homozygote lines. B: Root length statistics; 1 — 9. Transgenic homozygote lines c4-1-1, c4-2-3,
c4-9-1, c4-10-4, c4-11-6, c4-15-2, c4-18-2, c4-21-4 and c4-22-1. * indicates significant difference (P < 0.05); #* indi-
cates markedly significant difference (P < 0.01). Same below.

4 BEEFEGT VHA-4 BRERGEHERTE
Fig. 4 Reduction in primary root length of different VHA-c4 transgenic homozygote lines grown in the dark
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A XTERIFIENRRR . B: WKL, 1~7 2B HEINER c5-3-2, ¢5-5-5, ¢5-8-5, ¢5-14-6, ¢5-15-10, ¢5-16-4, ¢5-33-8,
A Control and transgenic homozygote lines. B: Root length statistics; 1 — 7. Transgenic plants ¢5-3-2, ¢5-5-5, ¢5-8-5, ¢5-14-6, c5-
15-10, ¢5-16-4 and ¢5-33-8, respectively.
5 VHA-os AEHEFASFAEEE LR TEREE
Fig. 5 Reduction in primary root length of different VHA-c5 transgenic homozygote lines

0




5 5

T ARG 32K VHA-c4 Fl VHA-5 JE BRI RS TR AR 1) 52 4l

(I 6), HFARAEX K 5 X A L 25 5 R B
i AR, b RR A AR 1 & R 50 IR
AR 2 AN [ B 1) A A S R A B i e Gk
é%*ﬁiﬂ%ﬂh%}‘ -1 & e, S5 P AR R Tt 2
S(E 7)), XEEREH, VHA-c4 Fl VHA-c5 3
PR 1) 38 FRR AT AR LR T % ABA FIDRE 4 1 7

3 e
3.1 VHA-c4 1 VHA-c5 EEX M EFREKD

500 5 AT BEHL

¥ V-ATPase i i iz i 5t 1 i {if 40 j 25 1R

WT c4-11-6

C 8 ymol/L ABA

S MR VI E AR E B R 5, VHA-c W3
T FE i i e E Y V-ATPase i 14 f 4

HilF—E b 2, W5 VHA-c $7 5 45 A i i
T, £ VHA-c 73Xt T 485 V-ATPase
TWHEIEA T D RE R BRI

RZ KT V-ATPase H & W 5 (1 #F 58 91 5%,
V-ATPaseifi Xt i 9 A= KR OCHAE T, B, A
1£( Anemone vitifolia Buch') £F 4 41 jg i9 ff < 1 72
HA ARG SRR N s SE I A LY
Pk, BEEEIE SR A As N SR T

ARk atvha-C (det 3) i) C WALk A/ i

0585

WT c4-11-6

D 12 ymol/L ABA

6 ABA IEEHEREFER c4-11-6 1 ¢5-8-5 HIFREL
Fig. 6 Phenotype of the transgenic lines c4-11-6 and ¢5-8-5 treated by ABA.

0% Glu 4% Glu

5% Glu

6% Glu

c4-11-6 | ¢5-8-5
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