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Cloning and Expression Analysis of a Grape asr gene, VIASR Containing a Promoter Region. Joon
Yeong Kihl and Jaeho Pyee*. Department of Molecular Biology and Institute of Nanosensor and
Biotechnology, Dankook University, Yongin-si, 448-701, Korea - VVMSA, a grapevine ASR which is highly
inducible by sugar and abscisic acid signals was previously shown to be a transcription factor for a
hexose transporter gene VvHT1. We isolated a cDNA clone, VIASR which is regulated temporally dur-
ing the grape berry development by ACP RT-PCR (annealing control primer reverse tran-
scriptase-polymerase chain reaction) and it proved identical to VoMSA. RT-PCR and real-time PCR
analyses revealed that the VIASR gene was expressed in berries at fruit set and that its expression
increased as berries aged but decreased at the late ripening stage. In order to understand the regu-
latory mechanism of the asr gene, a genomic fragment was cloned from grapevine. The genomic DNA
was 1375 bp long and a sugar box (sucrose box 3 and sucrose responsive element 1) was identified
in the 611 bp upstream region of the open reading frame. Analysis of the VIASR promoter::reporter
gene fusion demonstrated that this promoter was expressed in transgenic Arabidopsis even without su-
crose treatment. This result suggests that the ASR/VvHT1-mediated sugar/ABA signaling, previously
reported in grapevine, may not function in Arabidopsis which has no ASR homologue.
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bt R A dojute AE] 2 AsHEZ A Wl
g d7F 25 s AEANE Udez AgEe &
TH1532]. = & tomato$} 22 climacteric fruit?] ripening
HAol /AL 7PF wol dolgktH34]. Ripening color,
texture, flavor 5 thkgt WstE Fukste HAolH, o
Hal= gyl AEsz2Re) 98] 2A "0 Climacteric fruit
9] 7% ethylenes} abscisic acid (ABA)ol] 93+ %3 2} &0
2 ¢y A UTH9,20]. 531 ABAE AARE A 7
ZE#H 2 ghgo #oFdrh36]. #AUE Ao ABA ¢
FE2EH 2 93 2AHe FHARAZE Tusem F[18]9]
o] EvtEdA Ee|FHo] AL RiE asr (abscisic acid,
stress, ripening-induced) A2} k29 Ao g, EvlE
9] pericarp Z 29| A ripening A 7] @o] ¥, Yof
M= FELEH L o3 2] fdd)h EvfEdE 34
N9 asr FAHF AR} gene familyE o] F3 gleH, of F
asr1®} asr2 FRAAE @71 D olulx it Dol A 80% o] 4
H]$:3}t}[1]. §+9H, pummelo [3], Chaco potato [31], taeda
2UHF4], S4[25] A[24], BR[17], N FH35], W[33], =
2] FAME asr FH27F EHHAEY, ol F43 A
ojol &= 40-50% BEo] FAHe] Stk 2} o] & fAAY
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wE gyl 7] M2 g 27 T2 7)# 5o]4E el
t}. & 59, taeda &5 9] asr gene familye] 79 4 7]
o A FAAZ FAH A=, o F ip3F Ip3-lee 7
7} needle®} stemol| ] FEAEH A0 98] HALF FEE
U Bedae 7 FA2 25 3 2@ d 6]

ASRE alanine} histidineo] 53] @& 13 kDa 27)¢] &
N4 BaAzA o5l FR e BuARE §A40] A
9 goh 35U o] 4gARIE 2olE ASR o
FZE Hud Y 2 AMES 2AT 4 9tk ASR ©
W e N-hsh C-uro] 242} 2001749} 80 ol el ohvlic
Mog FAHE conserved domaing 7}A1 9lon, ol
domain Aol 80% o]d9] A o] ItH2l]. 53 2E
ASR Tl A o] C-terminal domaine], 3040 «7]¢] o}n =
2o 2 FAE putative nuclear targeting signalo] glth
[14,16,26]. &4, E. colid] A 28 E G AL 0|43t im-
munolocalization 4§ & 8 g A3}, ASR ¥l & o] ripen-
ing A1719] oy} FRAEHAE w1 9o oM A
HAATH22,23]. oleig ZAARZHE ASR ©@¥iHo] YZF 9
nonhistone chromosomal protein®. 4], & 1] DNA top-
ologyE W3tA|A chromatin 72& fAsted #oF A
O2 AMHATN29]. e AEHA FAT oFF A H
A FEYth HZ, Cakir 5] L= ASR (VVMSA) dhil A o]
sugar 413 9@ ABA 4135 Hdatgo] Bel3in], hexose
transporter A9} HALE 2AdTE A WA &
3] VoMSA 7247} hexose transporter 2 x}¢} 34| su-
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crose ¥ ABA] 93] Wdo] {51, hexose transporter
+A2e] ZE2RE Y & sugar box (sucrose box 3 @ su-
crose responsive element 1)7} ASR ©¥ido] AHglale=
cis-elementd]-& A3} tH2,10,11].

A7 A ErtE[29), melon [14], ok 7+ 2H(Solanum tuber-
osum) [7] SL2HE ZtZt asr §-AX S ZRZRET} £ H
Atk o] F EvtEY asr2 T2 REE YA AEA )M ABA
o o&] 2ol FrE ot Solanum tuberosume) StDS2
ZZRHE ABAd 93Me Wi} 911, droughte] oa)
Auk ddo] 25Uk 22} melond] asr TERE O] T
HAe o o) By v gtk ¥H, T asr HAAV)}
hexose transporter 32} VoHT18] AALE A3} 1[2], 0]
RO 2HY asr FHA7} ripening HFFA A FoGF &
3= sugar 2159} ABA [6] A5 9] crosstalke] B 7%
Aol AA =7l Yo, sugar sensing & signaling 77 o]
A o]l f3AY 7)%S FHEE AL df TR a7t
2 Aot wetA E A7WLE sugar AT AGA Aol £
%9 asr A 2H712E W3)7] 3, 9A o] FHA
o Z2RHE By, T2 RE Yol sugar $H33 A
o] Q& cis-elementE EA 312} SFH} of =EL B o

o 9% 2%e T3 A
Mz & g

48 M=

SYAEH Ve £9 A)dFAY T I (Vifi
labracana cv. Campbell early)oll X 7§3tA1 715 Y 7H
Ao g AAE FHAT A9 ¥ 8 FHHE #7F Ix
A2 53t A3 E Beldtel 47 A AL FY
A7l H, -80°Ce] nastgct w3 ¥x9 o, 7] a9z
FEE e o AFeto] 80°Col RusETh

Total RNA &2

-80°Cel H#tslo] = ARERE 5 g& AF st B}
dhol] &4 1L 71EZ UE ¥, 25 ml9 extraction buffer
(2% CTAB, w/v; 14 M NaCl; 1% PVP, w/v; 0.2% p-mercap-
toethanol, v/v; 20 mM EDTA; 100 mM Tris-HCl, pH 9.0;
04 g PVPP/g)E #7F3E ths, 40 ml2] polypropylene tube
2 §7 70°Ce] e 2N 58 FAAAT, ol F3
9] phenol:chloroform:isoamylalcohol (25:24:1, v/v/v)& %
7hete] £3A17 H 13,000 rpmell A G4 EeJskglth 459
S AES tubeZ $£AA 0.6 #) 9] isopropanols ¥ 11, -20°C
ol A 30 &3t FAAIZ H, 13,000 rpmol| A 10 &3t L4dE
st T} Pelleto] 0.6 mlo] DEPC (diethyl pyrocarbonate)
g BT FFFE 92 594 1.5 ml9] eppendorf tubeZ
27 O, B39 4 M LICE ¥ 4°Col A 12~14 A7+ A A

A7 g 9N 223ttt Pelletg 70% ethanolE 4111,
30~50 ple] DEPC X&) @it F7 5l FefA -80°Co] Bs}
o] ALS-3}4 ). Total RNAS] 3 %8 UV Spectrophotometer
(BIO-RAD)E A1-8-31 921 1.8%9] formladehyde - agarose
geldl Al RNA &3] Ze& Felsiglch

ACP based GeneFishing RT-PCR

TE S} WY AY) F FY F 1594 F Aaan
H ¥ ¢ total RNAE A}&35le ACP (annealing control
primer) RT-PCR (reverse transcriptase-polymerase chain
reaction) (A A, =) AH-L YAk FZH PCR prod-
uctE agarose gel Aol ANt T A|g 7ho) L3 z}o)s}
8413k DNA Wi=E Eg3le) TOPO TA cloning vector
(Invitrogen)o] 24 3t}

871 Me 24

(F)FFE 2 A(3) o A dideoxy chain termination S
o] g-sta] 4 F89 F7IHEE AL, NCBI Blast
(http:/ /www.ncbi. nlm.nih.gov/)9} TIGR (http: //www.
tigr.org/) databaseE o] &3l 7| ES MY =
2X¥ W cis-element?] £42 PLACE (Plant Cis-Acting
Regulatory DNA Elements) database [12]9} PlantCARE
(Plant Cis-Acting Regulatory Element) database [28]Z o]-&

stol et

Semi-quantitative real time RT-PCR

10 unit M-MLV (Promega), 2 pg total RNA, 1x RT buf-
fer, 05 mM dNTPs % 30 pmole oligo dTE Zgsla
DEPC-waterg HZ 20 plE 95 &, 37°ColA] 1 A)7L, 75°C
oA 5 &3t ¥-3A1A cDNAE §45tdth 4 ¥ DNAE
FY 0.2 &t 1x buffer, 0.2 mM dNTP, 0.25 pmol primer,
0.05x SYBER Green 13X 0.025 unit Taq polymerase
(Bioworld)& £33l B7H SHTE ol & 20 47} §
=5 3 g, PCR Whg-& 4335k} Sense primerZ&
5" -GCTCATGGAA AGAAGCATCA CCATC-3' &, anti-
sense primerZ 5 -AAGGGTTTCA CAAGGACACA
CAGAG-3 " & AF&38l9th Real time PCRE Rotor-Gene
RG-3000A (Corbett Research)E A}&-3tgom, HhezAL
94°Coll A 5 £7+ 4zt A=l g ohe, 95°C 30 &, 58°C 30 %,
7°C 30 22 4AW $FF7E % 4038 WESPh

Northern blot &4

Z+ 239, 283 A7]E AEZ45E 5535 RNA 20 pg
o) loading bufferE €3 70°Cell A 10 #3F 2 3, 1 pul
9] ethidium bromide (0.1 mg/ml)E ¥ 18% form-
aldehyder} 8= 0] 9l= 1.3% agarose geld|x 50 VE A



719%8t9t. A7)19E 5 geld DEPC-waterZ 15 ¥ A3
8t1 20x SSC gH o2 208 FoF AH A7l 5, Sambrook
29 uhjo= membraned] &71 & UV cross linker
(Fisher)2 1AA|Z1t}H30]. Membraneg 5x SSC, 0.1%
(w/v) N- lauroylsarcosine, 0.2% (w/v) SDS, 1% blocking
reagent7} E 3HE pre-hybridization &9 ¢l @31 60°Coll A 2
AlZF F9F HkAIF T Pre-hybridizationo] £% F, probe
& Y3 55°ColAM 18 Al7F hybridization ¥H$-2 AZHT-
ProbeZ & DNA 288 #3902 DIG-dUIP (Roche)9}t &
7 PCRE $83 & PCR productE A}-§-3%2.0, primer
2 ¥3 yhe-2A2 RT-PCR 433 5Y3I ok &30t
$0] ¥ % 14} washing buffer (2x SSC, 0.1% SDS)Z 4
204 1584 33] A2t thA] 23 washing buffer (0.5x
S5C, 0.1%)= 55°Cel| A 1587+ M A3stHth CSPD detection
kit (Roche)S AM&-8}o] X-ray filme] 73 A T}

Genomic DNA 22|

Doyle & Doyle %3] & o]£3}¢] total genomic DNAZ
2] £5 9 252 97 A28 olg3d 18
F2 7+ 5, 10 mle] CTAB buffer (025 M NaCl, 02 M
Tris-Cl pH 8.0, 25% PVP, 50 mM EDTA, 0.1% p-mercap-
toethanol)el] @3 70°Coll A 10% F<t wjekstdrt. S
phenol:chloroform:isoamylalcohol (25:24:1/viviv) & ¥ & &
13,000 rpmol A 1083 44 FA& thF, B3 A& 33t
Ak o] Xoll thA] 579 choloform:isoamylalcohol (24:1)S-
Y3 13,000 rpmel A 1023 94 B3t 35 #
g 0.6 Bje] & F3}E isopropanolS Po] 20°Cel| A 30%
3 HAE oy, 13,000rpmel A 1087 94 e
Pellet 70% ethanol2 A 3§ th-& 100 ple] B8 S/
£ ol ¢tk RNAZ Wol 91 #90lE RNase (10
mg/ml)E AHEshe] RNAZ #7510

GenomeWalker PCR

GenomeWalker kit (CLONTECH)-S o] £8l9] X% ge-
nomic DNAZ #E genomic DNA libraryZ st ¢t} o]
& F3 92 1x PCR buffers} g7 0.2 pmol adaptor primer
1 (AP1), 0.2 pmol gene specific primer 1 (GSP1), 1.1 mM
MgCl, 0.2 mM dNTPs, 0.05 unit Taq polymeraseE ¥ 3 PCR
HgS FAATE °CHA 10 %, 64°Col A 3 & wh3- 7
3], 94°C A 10 %, 60°CoIl A 3 & Wh3- 32 3} nHEgh O g,
v o] F7bA 08 60°Col A 7 #7F vk A Z T APl
GSP1 primer= 2+7t 5 -GTAATACGAC TCACTATAGG
GC37, 5" -ACCCAGGAAA CAAGACACAA ACTCATCCA-
37 o]t} A WA PCR productS 1/508 3]A8jA F3 0
2 AR§-3}3, 1x PCR buffers} @7 0.2 pmol adaptor primer
2 (AP2), 0.2 pmol gene specific primer 2 (GSP2), 1.1 mM

Journal of Life Science 2007, Vol. 17. No. 8 11569

!
-

MgCly, 02 mM dNTPs, 0.05 unit Taq polymerased %3 3L 2
PCR 3H3-& 33 Ah 94°Col A 5 %, 64°Coll A 3 &

5 3], WCAA 5 &, 60°Col A 3 & wh3 25 3§ WHa g o,
opAgte] FrlH o2 67°CojA 7 &3 whEAIA T AP23}
GSP2 primeri= Z+2} 5 " -ACTATAGGGC ACGCGTGGT-3*
9} 5 -CGCGGCAATC TCTTCTTCTA TCTTGTGCT-3 * ¢}
2t} PCR productE 1.5% agarose gelo| 27]3l4] sizeE 3
Q13 the, gel Ao]A Kol bandE Gel extraction kit
(GENECLEAN® Turbo Kit, Q-Biogene)& o] &8t 7|3}
TOPO-TA cloning vectore] 233} t}

olo

dlo

VIASR promoter (VIASRp)::GUS construct H|%t

pBI121 vector DNAE HindIlls} Xbal©. 2 *j&]s}te] 355
CaMV promotr 29 Z A AL, ol7]d] PCRE 53 ge-
nomic clone® 2H-E] £33 VIASR promoter }-9]& &
8¢} VIASR promoter (VIASRp):GUS constructE A28}
t}. PCR #h-g-o] Al-8-3F sense ¥ antisense primer= Z+Z}
5" -GGAAGCTTCG ATGGCCCGGG CIGGTA3', 5'-
GGTCTAGAGG TGGTGGTGAT GATCAA-3 " o|¢ith

Arabidopsis thaliana gZHEt

A& VIASR promoter (VIASRp):GUS constructs A}-&-
3] Agrobacterium tumefaciens GV3101 straing 32 A 33}
A TH13]. Arabidopsis HAAEF-E 23°Coll A oF 2 F7F 7]%
Arabidopsis thaliana ecotype Col-0¢] floral-dip method& A}
&3te] FHIHTAS] T1 FAHBAZRE 4LE seedE 7}
F3 Thg 23°C A Eu 7)o wjgste 2 21 wolA 7l F,
seedling g 0, 50, 100 mM sucrose €< o] 0-24 AJ7}F A 23}
Q.

Histochemical GUS assay

Sucrose 402 ] § seedlingS 1 mM X-glucuronic
acid (X-gluc)& *¥3g GUS solution (50 mM phosphate
buffer (pH 7.5), 3 mM potassium ferricyanide, 3 mM pota-
sium ferrocyanide)o] Wi 37°ColA 24 A7 ¥hgA|ZTh
Dehydration& 25, 50, 70, 90% ol gh-&oj ztz} 30 4 1k
g%, npA e 70% og-gol HolA MAE 43 A A
SFATH19]. GUS @d-& 358 u| 7 (Alpha SYSTEC SV-35)
& olgste] BgsYt

da gl na

VIASR =EXt Z2TE{Q| 22|

IT A B A7 F HY F 1794 F ARER
Bl 223 total RNAS A8t} ACP RT-PCR GeneFishing
Adg FP&Y) FEH PCR productZ agarose gel Ao
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HA7ste] F Alg Zho] L@ pol7) 4% DNA =8 &
st TOPO TA cloning vectord] Z243l: DEG
(differentially expressed gene) &&o]2} &5} thFig. 1).
o] ¥ DEGITS ddste] ¥7|MEE A8tk DEGIL &
£L 2 47 79 gz FAEo] 9lon, BLAST database
ol g5t @71MLE 4T A}, 20039 Cakir 5o 9
ExoA EHo] 2ud asr FAA (VoMSA)S 2 A
TEHLHESE AYsiae YASATH] =¢ ErlE
e AgAdA Bl ar 049 B FARHE
Open reading frame(ORF)o| A -2} ¥ polypeptides] o}w]
4 4Ee 2 ASR gl A 9] C-terminus F-33} 80% o]
4 f-Atsl ¢l th(data unpublished). welA o] DEGI1 8¢
VIASR 1A B3 ths A8E 38ttt 914 o
179 AX ORFe} T RES B3ty Y3 #ng o
7INEE EOE primerg AT o]E o] 4314
GenomeWalker PCRE& 42333} 9]t}. PCR 4H&-2 agarose gel
o) 27hske] A28 500 bp ol4slE MWL F2 TOPO TA
cloning vectord] &2}t o|2HE Z 1,375 A9 ¢

off o & au

ACP 8

Fig. 1. ACP-based GeneFishing PCR for identification of dif-
ferentially expressed genes (DEGs) from grape berry.
Messenger RNA (mRNA) was isolated from grape ber-
ries one and four weeks post-flowering and employed
for ACP RT-PCR using the protocol in the kit. PCR
products were separated on 1.5% agarose gels and
stained with ethidium bromide for visualization. Bands
for differentially expressed genes (DEGs) were excised
from the gel for further cloning and sequencing. The
arrow indicates a PCR product designated DEGII.
Lane M, molecular marker; 1, one week; 2, four weeks
post-flowering.

712 7Y 288 28 F ANeH, o] §#HA 8L
open reading frame regiont]¢l] 100 7] ] nucleotide® 4
¥ introng ¥t Qoh(Fig. 2). Intrond] AAE GT,
AGE X ¢3}= conserved splicing site7} ZA)3kc) w3 v)
T JAPHA B0t g4 EAT oF 600 bpo] T2 RE
£ z3sta YrkFig 2).

VIASR 78XI9 s 5014

Ie FHAe e dAEE VIASR #AALe] wEgAS
E4387] 93] Semi-quantitative real time RT-PCRE 48
AQtk 18 3A)IA B AAY, o] FUAE fruit set
(F3) A7l BEE7] AFste] fAo] wdstaA HA
o 27tetel 23 310 70l 714 Bol FRHAL. A3 &
78 = Ho| Aa7h YEHH T A5 o] ripeningH 7] A%
&} veraison A] 7], VIASR §AA}+= o] A7) F23)
Fo] WAL AFatrt Ag7] Futde zelo] HHY
of BT oA BT vAY S5 v Hue
northern blot ¥4 4%8& FAME thA] FH AhFig.
3B). °]# 3 A= o]n] Cakir 5ol 93] TEoM &g
asr 7} (VoMSA)S] W P ofs FAHTH. e
AEA e 28 = Y= asr AR} single copy2 &
AR 7P Aol o4 ¥7] AR oY FFo A2 Bt
= e 540 #A1E A0 BUED. ST Fe 2
F 812 F AR %0l 53 F st 45 225
AHg-stA=tl, VIASR #2AE F&d vlg] e 44 o
%ol TAHUT FHHd ¢ Fo| LAHE AL E AT
o oz #dE e SHAHYU 4P S FIHHE FAHA
t}. &, mRNA differential display #I'H-& ©]€-3}9] ripen-
ing Al7]o] E& #3oA © Bo] FHEHE FAAE E2
98 Ax, o 5 & N9 KAACAP71, AF176655)7}
VIASR s AAE g8 5 th(data unpublished). Z2¥ &g
A& vastd VIASR AR Aol wg] dore o
T+ Ae & HYEY, Zolu BedAe AY AEHA &
SkTh(Fig. 3B). ol4e] A o] §AAN} F2 = HA9
ripening Al7]o] of® 7)5-% 3} o]d3 Qo] HguTh
& B3oq o B olRelAT Uee AN Sk
& ASR (VVMSA) @ F o] sugar A1 2 ABA 45 A
el #eldla hexose transporter FHA] HALE =23
dohe Hol MFolE H[2), o] A7} T tAHsugar me-
tabolism)7} 23] Qoluke g urh ool A of Bol
QUTHe AL W SoF QAlTh O, Fusk 9% B
Aol g Bs 7|5S Y8 thdet oAU ARIES A
e, e o] WA ez xe) AP
T}H37]= Al A, ASRI} hexose transporter T o] o] 3}
= sugar sensing/signaling A A7} oA ojH d&S 3
EAE %08 ¥ o dFHoof & Zeojth
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1 cgatggcccg ggctggtatc gaattgamgt attatcactc aacegataaa asttatttta 60
61 taaataatag attattcttt ctcaa@aaat tcatcgatag aaa@gcttga cactttgata 120
121 ttgactcette gotacctgag actttgtagt tttettttet tatttetttt tttectateg 180
181 acggtggatc aaagacgcaa atgataatgt atatttttca aacattttece tacttttgasa 240
241 atasatacaa cggatgacta cttatatttg aacaasasaca attataataa tetcacggaa 300
301 atctaaaaat gtggttasaa satgtcgtgg ttasagatcc aatgasattg ccgacacgaa 360
361 aacaaagtat cgacaaagta ggagccatcyg agatttgaaa aatgtagata agaatggtga 420
421 atggtgagyc cccacccatt caggccattc ccaataccca ttcatctete ccacgatctt 480
481 tggacacctt cgceaccage atttataaat accccaccac ccaccactge actoteccac 540
541 atcacacctt cacagttcac aaaccatctt cetetetegt ttotgcaget aatttgatca 600
601 tcaccaccac CATGTCGGAG GAGAAGCATC ACCACCACCT CTTCCACCAC AAGGACAAGC 660
M 8 E E K H H H H L F H H K D K
661 CTGTTGACGA CTCCGTTCCC TACTCCGACA ACACCTACTC CGACACCACC TACTCCGACA 720
P V D D A V P Y 8 D N A ¥ 8 D T T Y 8 D
721 CCAGCTATGC TACCGATGGT GTCAGCGGCT ACGCTGCCGA AACCACCGAA GTGTTAGCAG 780
T 3 Y A T DG ¥V 3 6 Y A A E T TE V L A
781 ATGACCCAGG CCCTGACTAC AGGAAGGAGG AGAAGCACCA CAAGCATCTC GAGCACCTCG 840
D D P A P D Y R K E E K H H K H L E H L
841 GCGAGCTCGG CGTCGCTGCT GCTGGCGCTT ACGCCTT aatgcccegt gtgtcatgaa S00
G E L G v A A A G A Y A Lgr‘
901 gtttgaaaat ctttttgttt taattaattt tatacaaagg aactatttcet tatcgtottyg 960
961 atgatgcttyg aattata*A TGAGAAGCAC AAGTCGGAGA AAGACCCTGA GCATGCCCAC 1020
H E K H K 8 E K D P E H A H
1021 AAGCACAAGA TAGAAGAAGA GATTGCCGCG GCTGCTGCAG TGGGAGCTGE CGGGTTCGCG 1080
KH K I EEE I A A A A A V GA G G F A
1081 TTCCACGAGC ATCACGAGAA GAAAGAAGCC AAGGAAGAAG ATGAAGAGGC TCATGGAAAG 1140
F H E H H E K K E A K E E D E E A H & K
1141  AAGCATCACC ATCTTTTCTA Gacgcatgca tgtgtgetty ttgtgtaatt agatttacaa 1200
K H H H L F *
1201 ttgocagtga geaactatge tegataattt ctatghtctga gectatgttgyg atgagtttgt 1260
1261 gtettgttte ctgggtctet ctgtgtgtee ttgtgaaace cttgttgtgt ggctttatca 1320
1321 tgattategt teccatgttaa taagattata gtttgatgtt assaaaaaaas aasaaa 1375

Fig. 2. Nucleotide and deduced amino acid sequences of the grapevine VIASR gene. The 5 - and 3 ' -untranslated regions are
indicated in lower-case letters. The underlined sequences indicate a putative poly-adenylation signal. The star designates
the stop codon. The bold letters represent the conserved sequences of splicing sites. Rectangle box designates an intron
and the ellipse indicates 5351 box (sucrose box 3 and sucrose responsive element 1),

VIASR #a&Xt Z2E| cis-element SH

Sugar A5, @ ABA A& 2]5] hexose transporter 73
2} VoHT12] AAV} Z7betn o)g)dh HAL Z2&o) asr $3
A7k HelRThE HolM, asr §3AHE sugar 2 ABA 437
DA/ A hexose transporte] A¢jo) EA|Sc}H2]. et
asr FRAAE ZAste & & A 2434 gisjre
A% B8 Wl 4T B R AFRES LT or 47
Aol 247128 w7 9, o 449 T2eHg By
&%tk GenomeWalker PCRE 53] 2H. % 1,375 bp9
genomic DNA 482 W% B 9% Gaaa 23
A%k o 600 bpe] LEEEE EFan gchFg. 2). 53]
asr A= sugar 3 ABA9 93] HAp}h Frtdthe 4T

ARE WO )2, asr FAALY ZTERE W] sugart}
ABA BH$3} dto] & cis-element7} Y& A S 439
t}h. PLACE (Plant Cis-Acting Regulatory DNA Elements)
database [12]9} PlantCARE (Plant Cis-Acting Regulatory
Element) database [28]5 o] &3t T2 2 ¥ U] cis-element
& AT A, sugar A3 HET ddo] e Aog U
%1 sugar boxl sucrose box 3 (S3, 5 -AAAATCA--TAA-
3") [11]¢} sucrose responsive element 1 (51, 5°
-AATAGAAAA-3 ") [10]3} A3 cis-element7} 3915 Q)
UHFig. 4). 3+, ABA 433} B o] Sl ABRE (ABA re-
sponse element)= FHHA ¢t EE, £2]" VIASR &
Azt 22 RE 9] Zo]7} 600 o bpE HlwA 7] o B
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Fig. 3. Real time RT-PCR and northern blot analyses of the
VIASR gene expression in berries and other tissues. (A)
Semi-quantitative real time RT-PCR analysis of the
VIASR gene during grape berry development. RNA
levels were determined by real-time RT-PCR using total
RNAs isolated from grape berry sampled at fruit set
and 1, 2, 3, 4, 6, 8, 10 and 12 weeks post-flowering
(wpf). (B) Northern blot analysis of the VIASR gene
during grape berry development and in various tissues.
Total RNAs were isolated from leaf (L), root (R), flower
(F) and grape berry sampled at different developmental
stages, subjected to electrophoresis, transferred to nylon
membranes and hybridized with the corresponding
DIG-labeled ¢DNA probe. Ribosomal RNA (rRNA) is
shown as an RNA loading control. Skin and flesh tis-
sues were separated from berries sampled 8, 10 and 12
weeks post-flowering.
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Fig. 4. Conserved DNA sequence motifs in the 5" upstream regions of the asr homologous genes from grapevine and other plants.
Heavy black lines represent the 5 upstream region of the homologous gene. ABRE, ABA-response element [27]; S3, sucrose
box 3; S1, sucrose responsive box 1 [2]. + and - represent plus and minus strand of double-stranded DNA, respectively.
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Fig. 5. Histochemical staining of transgenic Arabidopsis seed-
lings expressing the GUS gene driven by VIASR
promoter. (A) A schematic diagram of the construct
VIASR promoter (VIASRp):GUS reporter gene. (B)
Histochemical ~staining of transgenic Arabidopsis
seedlings. Seedlings were dipped in 0, 50 or 100 mM
sucrose for 0, 12 or 24 hr, applied to GUS staining and
photographed using an anatomical microscope. (C)
Wild type (Col-0) and pBI121 were used as negative
and positive control, respectively. L, S, and R repre-
sent leaf, stem, and root, respectively.
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