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Gene Analysis of A Fruit-specific Thaumatin-like Protein, VVTL1-homolog,
from Campbell Cultivar of Grape
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ABSTRACT Vitis vinifera thaumatin-like protein (VVTL1) is a fruit-specific and ripening-related protein in grape. In
order to isolate VVTL1-homolog gene and fruit-specific promoter from Campbell cultivar, we isolated a genomic
done containing VVTL1-homolog gene from grape genomic library through plaque hybridization. VVTL1-homolog
gene has an intronless genomic structure, which the pattern is matched with those of other PR5 genes such as
osmotin and osmotin-like protein genes. Transcription start site was determined by primer extension analysis. The
promoter region of VVTL1-homolog gene contains a sequence or structure, especially the location and number of
TCA box and ABRE (abscisic acid-responsive element), distinct from other reported plant PR5 genes, though with
several known functional elements such as a TATA box and CAAT box. These results suggested that VVTL1-
homolog gene may be regulated by a plant hormone, abscisic acid, and one or several stresses such osmotic
pressure and pathogen infection. The isolation of fruit-specific promoter may be helpful to breed a genetically
modified grape with valuable phenotype or materials in fruits.
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(Biale 1964). Zxol A A& F2t 3o o] F7heka
A] 82| (antifungal) 84S UeERE ZA2E 47T o
7 gASo| wasiAd wel HHEcty gz A
o]# 8t G ASL thaumatin A} ¥4 & (TLP, thaumatin-
like protein)¥} chitinase, A2 Ag @3 (LTP, lipid trans-
fer protein) S22 83X It} (Tattersall et al. 1997;
Salzman et al. 1998).

kDa®] TLPY] VVTL10|Z, o] #3ze] &8 EE3Adl
Mo 2% (FH)Fo|Ho R, A& B FAHETh
Tattersall & (1997)0] B7atgch 3 XA VVTILIE
728 Zolgls EXo] g Y (genotype)o] TEH, H7)
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MEH obuiit MEelE Apel7d vEldThy BIEsch
(Tattersall et al. 1997; Salzman et al. 1998; Davies and
Robinson 2000). #1744 VVTLI#H AEA L Hol= T&
TLP #7Z A= Sultania (Loulakakis 1997)¢} Shiraz (Davies
and Robinson 2000), Vitis riparia (GenBank accession no
AF178653), Muscat of Alexandria (Tattersall et al. 1997) 5
9o XA EFHYUrE TLPE= PR (pathogenesis-related)
©E o] PRS Alge &3k A2EX, 4FY (osmotic
pressure)ol] gt Hro}7] 2, g, actin AfE, $8A
(receptor)®] M| EQ] E.8] (extracellular domain), 953} ¢
WA B-1,3-glucan A3E, endo-f-1,3-glucanase E4AEA
52 T Qo] weagdl e AL HEAG Foi
o} &2&] oL} (Salzman et al. 1998; Trudel et al. 1998;
Grenier et al. 1999; Ye et al. 1999; Barre et al. 2000), ¢}&
7 BgE 7122 geiA A &2 AEjo|th RRS Aol
+ thaumatin, TLP, osmotin, osmotin -3-A}5H4 &, zeamatin,
permatin 52| AN E27l| 4FAE el @dEo] 2%
=t} (Stintzi et al. 1993).

At 10o] d F<tell TLP £-274¢] cDNA7ZF #Hj (Comelissen
et al. 1986)4 S Be|® &, EnlE (Pressey 1997), 2
%= (Malehorn et al. 1994), '@ (Rebmann et al. 1991), o 7]1&
o) (Capelli et al. 1997; Hu and Reddy 1997; Shih et al. 2001),
vl (Barre et al. 2000), vl (Sassa and Hirano 1998), A|2]
(Fils-Lycaon et al. 1996), ¥ (Reimmann and Dudler 1983)
59 B AEFUAA EHJAL, TEY HEE 48 2E
g2}, 229 wEAy o] g W3l Fo] ZAEUTH

I8y Als DNAS #2E AF7HA] At @9 59
AEZXE osmotin osmotin FAFFH A (Nelson et al.
1992; Zhu et al. 1995)0)|A o|Fo{H Y, TLPS] A5 DNA
FZo] thaiXE =) (van Kan et al. 1989)o A9 2221
o}, FIe f718 e FA Aw d7INge] EXHEA
TLP] A5 DNA g7IMEE ¢4 HAth ol& T3l AL
o] ZAe) FL3M L3H= TCA box$} ABRE (abscisic
acid-responsive element) 5°] B E St} (Goldsbrough et
al. 1993). 22t 359 A5G vhate] 2= TLP
o that AlE DNA 42 A3 o|FolAA] ok, Wiz
Ao AHE == promoter 95 BHE Hol glok T3 IA
747 BIE 259 TLP= FWoA= A=A &= &5
ogRE Bod A0, o A4 128 7RI U
o2 FRHEE FW Au) FF5 g AFE FIHo ok
AL R AlFH

uetx B Aqeas FulddA 7 2ol A= gle
Z29] sl ul (Vitis Vinifera cv. Campbell early) 23
B VVTLI-homolog #AHE #F3td, o] H7|ME &
o4t MEE VVTLLS HIES O E XT=FFS TLPS}
H) 33} Y, promoter F71XERA S T3l LT it 5
A& ZAEIA
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FAAFEE = AW (Vitis Vinifera cv. Campbell early)
FE5= ARSIt 2 A g ARSE AE AEE =X e0A
AR X2 A Qo] 2AE AFHs A3

Hi= DNA £2| 3 VVTL1-homolog probee| H|&*

IE Yo zHES] DNA £#|& Dellaporta 5 (1983)9]
ol mel 3)stgith VVTLI-homolog A #8]8t
7} 9% probeE SH3Y) 3 EZE 100 ug DNAE
template 2 A}&3ld PCR-E 4318ttt WA Tattersall &
(19970} 98] X7H VVTL19 cDNA g7 |Xg25HE 2+
Z+ % 709 sense primer (TL5P1, TL5P2)9} antisense
primer (TL3P1, TL3P2)E A &ict ztzte] H7ixge
923 7th TL5PL, 5 -ATGCAGCCACCTTCGACATC-
3", TL5P2, 5 -CTGGACAATCACCGTCAACC-3';
TL3P1, 5 -ACACGGGTTGTTGCATCCAC-3 ; TL3P2,
5" -AGG GTGGTGTTGAAGCGCAT-3 . PCR 882 A4&
U CAA 1EZY STCAA 187 T2CoA 30x710 2 =
303 =Z 3 ¥, agarose A A7)9E3td GeneCleanll kit
(Biol01, Inc.)£ DNAS %23}%th o] DNAE pGEM-
T ¥E (Promega)l]l 4Ust &, E. coli IM1099)] EZAZIA
Atk 971MES FA8te, pGEM-T ¥E o] 4t9]¥ PCR 4
E°] VVTLI1-homolog®] @HJAXE &Ql35tch Ed
DNA Z TL5P13 TL3P1¢] primerE AMEsled SEH Ab
55 [0L—32P]dCTP9} random primer labeling kit (Promega)
< ARE3ke EAE §, probeE AR

s DNA SEXISH ST} SEA B

In vivo excision®] 7F5317, 4 DNAY Z7|7} Fof &
Zto] 4% A-Zapll WEIE AHS-3lo 7l DNA f3A-3
£ AAsIHTE T3 subcloning FAIE Z0)7) $18, South-
ern blot A#E vg O 2 Sacl E3)AE 9 band A7)7}
VVTLI-homolog 3 A$} promoter XS & F83] ¥}
I s B 7 AR FHHo, ¥ AlE DNA (10
Ug)E SacleZ A3t 5 A-Zapll WEIS] Sacl #¢o] 44
39k I8 the, ©o]& DNAE GigapackIll gold cloning
kits (Stratagene)9ll packaging3tHt). o|2A sl TE|R
AE DNA #3223 3} probeE ©]&3td FA4+2] plaque
lift method (Sambrook and Russell 2000)& A3}
VVTLI-homolog §#2HE SH3HITE 1 ~2417F 52} 42°C
ol 4] 30% formamide, 5x Denhardt’s 294, 5x SSPE, 100



ug/ml denatured salmon sperm DNA Zgaloll X prehy-
bridizationdt ¥, probeE 21 2447t F< EA3 (hy-
bridization)E =81 3k4th Filters 2x SSC, 0.05% SDS &
oA 42°C, 1587 EFoFHA A-g F, 0.2x SSC,
0.1% SDS &3raol| A 42°C, 1027 23] ¢} 68°C, 1587 3§
X Rk

Southern blot 24& Al DNAE HindlIll, BamHI, Sacl,
Xbalt.2 AYE &, 0.7% agarose A 7Y F3AT
DNAE Hybond-N membrane (Amersham Pharmacia) ol
$7 F, Yol AFE W w3 IR £43) 43

k=
< a3k
mRNA £2| ! primer extension 244

RNAE hot phenol RNA E2H4 (Verwoerd et al. 1989)
of we} veraison G419 T O 2HE F&31% ) Poly(A)
RNA= PolyATract mRNA isolation System H (Promega)
& AMgsle] EEEith VVTLI-homolog A4 Alw
DNA 971A44g9) 208-2274) #E=l+= 20 bps] antisense
primer (5’ -ATGCGCTTCAACACCACCCT-3)E A3
%, T4 DNA polynucleotide kinase$} [v-"PJATPE AM&-3}
o ke FASPT TEAFOZRE F8F mRNA (1
pg)E FolN EAF primerst E443HAFTE MMLV 54
A& A (Promega)S AHE3le]l cDNAE §AS £, 6% seq-
vencing Aol A £4]351t} (Sambrook and Russell 2000).

Z T Thaumatin SAFCHRE XX} - 257

H7IME B

DNA9 g7148& Sanger £ (1977)9) dideoxy chain
termination WPHel &k Sequenase 2.0 kit (Amersham)E
st ARk o] W) AMEE primers FHHLE AL
£.5)= T7 promoter primer$} T3 promoter primer& AH8-3}
of oF Tere] QMBS AXSAL, AFSH2E primers
st WA G749 E AR 238 FrIMEe
PCGENE ZZ7# (IntelliGenetics Inc., Release 6.60)3}
Clustal X (version 1.64b) T2 132 o]&3le HEAarh
SAA (pl, isoelectric point) 2] Al4HE web’de] EMBL WWW
Gateway to isoelectric point (www.embl-heidelberg.de/cgi/
pi-wrapper.pl) ZZ21%8 AME-3te FAH3HTH

Zdz 9 nE
Zhe| ZxE2EE VVTL1-homolog SXAel Al DNA 2%

FUoll A wo] A= dE ¥ FF22FE VVILL-
homolog F-AAE £2l8t7] $]3l, Muscat of Alexandria =
Zo] VVTLI $32e) G71E2RE 457 primerg &
A3l PCRE Fa)s}ed, probeS B3Itk 2+ 2ol 9
8 479 MBS dioH, o5 & TR AAARTH
223 20¢ 9199 4S5 SR W ol
o] g7HFE VVTL1F v&aixgh SdsiaEs ggktt. o]

-1342 atctttcatgtattcaatcatttatagggectgtttggttocatgatttcaaaaactattttctgtitttgaaaaataaaaa

-1260 actagcaaaasatttgtttgagg gtttttatttattgtgttttctatgttete

-1140 ataatagattatttttcgtgttttototticttetttttgtgttt

tgtgagttce

tattttttgaasataattaaaaaaatgttttcattatttttcactgticaa
TCA box

ataceetecgc tttettottecttaaattattgaaat

TCA box

-1020 taatatacttatacatgacaaagtc

ttataactgg tataaaaattttaasattgaataattttttitaatttaaatgaaatgtgtatatgaasattatt tatatatttataat

-900 atcaaactaat: actttactaatt.

taactttcaaacatattttttt wvuataaaaacctgttttccaaaattcagttctcaaacataatttttttttttctq

aatttte

~780 aaaatac tattttc

ttattct

caaattctaataattttatttattattctaatcattictagaaaaticcacce

-660 attgaaaaatgc

taaaataaa muuuu:uusdul.u.aggunguLuaaL\.dLL\.LU!LELdLLaLL\.Luﬂuuu.uL\.\.w\.\.wLL\,usuLLLLu.uu\.(,u:uuuLttaa

=540 aaatataaaaattgtatqagcttgtaattaaatttattttttttaaattr,ttt.atsatataqtcacacatatataaaaaaatcaattttattaacatttcttttcttttcttcat&gatt

TCA box TCA box

-420 tgctteggacgegatttcatctagaatggeatagataattt

agataagggtcatce

ttgaacatgataggttgttcaaatgcaagtttgecggttocacgaattct

-300 tctaatttctaagttctgacatcttgactttacgttecgeattctgea

tttcacggaty

-180 tgat

tgcatgctccatticaagtegegtitictoat,

tgattaatgcegttetettegggteattectatgtgtgtggacgeg

ttgtcttgattttattatCCAATgtattetoctcactgtggecttiteteagttctaccatggteactigg
ABRE

-60 cttgccaagtctagagTATMgccagutaqqgcaattccgtttctttcatcatctttttktctgtaatcaatcacccaatcaagtccaacaaaabgctgaaatttctatthaattaac

61 ccacttctcacgtaatctcecasaccatagecaccctteatetataaaagecectccatacatecatet

ttagee: taataattctaaatactticgatic

181 tgatcatctgattcatr.caacatcaaaATGCGCI'TCAACACCAC(XITCCCAATICFCATCCCPCYCCFCCFCACCCICCICIHACCI@ACCCATGCAGCGACI'I‘OGACGATCCTCAAC

M RFNTTLPTILTIPLLLTLLFTSTHAATSTITLN

301 AAATGCACCT ACACCGTCTERECAGCOBCCTCOCCTEECCBEEE6CEEAGACTTBACTCOSBCCAGTCCTGACAATCACCE TCARGCCCBGCACCACCAATGCTCGCATCTGEEECCEA

KCTVYTVWAAASPGRGRRLDS®@QSWTITVEKPGTTNARTIWNGR R

421 ACCTCATGCAC(.TI‘CGACGCCAATGmmmmmmAmMmﬂwmmﬂC}WAmmAATTCGCPCI‘MAC

T SCTFDANGRGEKCKTGDCNGLLNCQGGYGSPPNTLAETFALN

541 CAGCCCAATAACC’ITGACIACAT(IiACATCI'CCC'mTCGATGG(.'I'TCAACATCCCCATGGGCTTCAGCCCCA(EACCAGCGCGGCCGCGGCATCCAGPG@CNCYMCAEMTGGG

QPNNLDYIDISLVDGFNIPHGFSPTTSACRGIQCSANING

661 CAATGCCCCAGTGAGTTGAAGGCOCCOBATEEATGCAACAACCCETETACAGTGTTCARGACCAATAATTATTGTTGCACTAATEGACCTGEAAGCTGTGGTCCRACCACATACTCCAAR

QCPSELKAPDGCNNPCTVFKTNNYCCTNGPGSCGPTTYSK

781 TTCTTCAAGGACAGGTGCCCAGATGCTTATAGCTATCCTCAGGATGATAAAACCAGCTTGTTCACCTGTCCTTCTGGTETCAACTACAABGTCACGTTTTGCCCTTGAagt tggaacte
FFXDZRCPDAYSYPQDDEKTSLTFTCPSGVNYKVTFCEP-

901 attttccttcactttcttggtgaats T elele

ttotagttttcagectaaagaataataaatttgtgeacgtaatgatagtatigtgegeatgtaatgtg

1021 attccagt taaa

tagttactcattttcaccttggatgaaac |.tgtcaacctatttaacttctttaacaaaaacatagtttttgggttcaacctccataatacaa

1141 aaccttcattatttttttgectcatttatttatttatttattatasaaataactetttetttt

acatgtaaatacttgaaatagt atttatgttaaaaattgatta

1261 ctette at

ttasattcataaatatggagactattttatecettttaactaattaatte ttaaatgaattacataatatattacttgtttaataatttgatga
1381 atatttgaatttatgattttaatacgatattattcatatcagatttaagttactt

Figure 1. Nucleotide sequence and deduced amino acid sequence for the VVTL1-homolog genomic clone of Grape (cv. Campbell).
Uppercase letters represent exons, and lowercase letters indicate 5 -upstreams and 3'-downstreams regions. TATA and CCAAT boxes are
represented by uppercase letters in bold. The potential promoter elements are represented both by underlines and letters above: ABRE, abscisic
acid-responsive element; TCA box, conserved sequence in several stress-induced genes. The other underlined letters indicate the poly(A)
signal. Transcription start sites are represented by uppercase letters in bold with dot.
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23t A= X2 VVTLIL F5vitt 71483 o)
Ab Aol Zpol7t Exfjgvhes od e Beh YR|s= A
£ BoEt} (Tattersall et al. 1997; Salzman et al. 1998;
Davies and Robinson 2000).

471¢] PCR A& = TL5P13 TL3P1o] 298] oozl
320 bp AHEE probeE ARE-SIATE I A 22719 E2
25897, ] & PCRE £3] VVTL1-homologE 7}
e Aoz #AYE 1) 2 YANLS B,
GenBankoll 5 (accession No. AF227324)3}%ich 415
AlE DNAS F7)+= 1,440 bpEA], introno] $l& 379
exonl 2 o[Fo]7 VVTLI-homolog #AHA¢] A& DNA
E 7HZ USE st (Figure 1). ©]2f 3t introno] §]
& Als72E gul9) osmotin (Nelson et al. 1992), 7ZFz} (2
Z5)(Zhu et al. 1995)9} Benincasa2] osmotin S-APHA A
(Shih et al. 2001)¢] FZ} SAFs}ch o]gjst PRS S-dxt9)
T AE TR FAA EEA] splicing FAH S A Ash
WAL Tz Bol YATE 1) Nodsie Ao 33
At

o] 7Al¥ DNAY H/IMERFEH FEF VVTLI-
homolog®] ¢cDNA%} VVTL1 cDNAS] g7 1ME-g 7zt §
UTR, ORF, 3 UTRol thajA ¥lwaiB ke uf, 242} 98.6%,
93.7%, 87.3%4] }53de BHAFA olg A A
EZA E2d VVTL1-homolog FA2}7} Muscat of
Alexandria E0A 2% VVTL1 §44¢} 728 7122

e fAA9S Uet

B odle 12

Hl= Southern blot 244

£28 VVTLI-homolog 4-H27}F Al WA 2 copy
2 ZAHE=AE Fopl7] 93] Southern blot £AL 455
A, 4709 ME S AFBARE A BE ABAA ©
d bandE HAFT} (Figure 2). o|8}g ZAzl= VVTLI-
homolog fAA7F & AlF WA &Y copyE 4TS
Uehlio, @714 28z d7Ee] TLP7E 9 copyE &
Ak A7FEAE (Capelli et al. 1997; Hu and Reddy
1997; Sassa and Hirano 1998; Oh et al. 2000; Shih et al.
200135 YAty =3 Tattersall S (1997)2) Southern
blot 24 2z} vlaet 2719 £U band WL B AF
o slal Beld o] WANLH ohulat e Aol
BYA e VVTLI {3z 22 fAXDE A A8 Fo.

ZHHOA 225} VWTL1-homolog SMAIt CIE T EZ0|
FOA H|L

HAA7AA ExolA BEHo] BiH 7719 TLP $344
9 AVMEZRE FEH ol AMEE, B AFE B
A EFolM BElg A ofmimAl NP3} v e Bt

HII Bl SI Xl

231

9.4
6.5

4.3

2.3
2.0

(kbp)

Figure 2. Genomic Southern blot analysis of VVTL1-homolog.
Genomic DNA (10 ug) was digested with HindIIl (HIII), BamHI
(BI), Sacl (SI), and Xbal (XI) for each DNA sample. Size markers
(kbp) are indicated on the left. The blot was done with probe DNA
labeled with [o-""PJdCTP.

—-~-MGLCKILSIS---—SFLLTTLFFTSSYAATFNI DNI-F

——~MFSSKLPSMSDLRILFIFFLCFISSIHAATFQITN
-——MRFTTTLPILIP—---LLLSLLFTSTHEATFDILN!

Grape Y10992

Grape AJ237998
Grape AF178653
Grape AJ237999

Grape AFO03007 ——MRFTTTLPILIP--~~~LLLSLLFTSTHAATFDILNI

Gr. 227, —--MRFNTTLPILIP-----LLLTLLFTSTHAATST]

Grape AF195653 —-—-FVATILALLC---—---—~---VSEVDSATFRL!

Grape AF195654 MAISPKLCLLPLLCL---~—=-=~ VVSTVSA' YTIWPGTLSGNGAALLGN
: *

GBMQLGSGASHSLNVNAGTTGARVHGRTNCNFDASG] TCE-GLLATAY-GTPP
GEMALGSGASWSLNVNAGT TGGRVWARTMCNFDASGN TRIXS-GLLQXTAY-GTPP
GGRRLDRGQSWILNVPAGTKMARIWGRTM ASGRG! DTG[IEG-GVLNCQGW-GSPP
GGRRLDSGQSWT I TVNPGTINARIWGRT SOTFDANGRGKETGDIN-GLLELGY-GSPP
GGRRLDSGASWT I TVNPGTTNARIWGRTSIITFDANG] ¥TGDON-GLLECRGY-GSPP

Grape Y10992

Grape AJ237998
Grape AF17865S3
Grape AJ237999
Grape AF003007

Grape AF227324 RGRRLDSGASKT I TVKPGTTNARIWGRTSITFDANGRGKIK TGN -GLLMIGY-GSPP
Grape AF195653 TGFVLKSGKSRT I SVPRSWS-GRMWGRTLUARDDSGKFSCATANGSGKVE NAEPP
Grape AF195654 GGFVLPPGASIQLOAPFGNS-GRFWARTGONFDSAGKGTHI TGOS —ALMIIGG-GVPP

X £ xx HE L. .E 3 3z 5 3 s X x5 RS I . Xz
Grape Y10992 NTLAEFALNQFSN-LDFFDISLVDGFNVEMAFNPTSN-G- ITADIVGEQPAAL
Grape AJ237998 NTLAEFALNQFSN-LDFFD]SLVDGENVPMAFNPTSN-G~ TSOTADIVGEQPAAL
Grape AF178653 NTLAEYALNQFGN-KDFFDISLVDGFNI PMDFSPTSG-G- [QTANINGQQPQAL
Grape AJ237999 NTLAEFALNQPNN-LDYIDISLFDGFNIPMDFS——---G--] ADINGQGPSEL
Grape AF003007 NTLAEFALNQPNN-LDYIDISLVDGFN] PMDFS———~-G~-] VDINGQUPSEL
Graj 73 NTLAEFALNQPNN-LDYIDISLVDGFNIPMGFSPTTS-A-- ANINGQUPSEL
Grape AF195653 ATLAEFTLNGDQG-LDFYDVSLVDGYNLPMLVVARGGHGE) VDLNGACPKEL
Grape AF195654 VSLAEFTIGADSADKDFYDVSLVDGYNVGMSIESSGGTG-IX ADLNSNCPAEL

eEE XD RIxE I X . o® LIS
Grape Y10992 TVFKTDE SG-—--—JNATTYSEFFKTREPDAYSY

ATDYSRFFKTROPDAYSY
PTDYSRFFKTROPDAYSY
PTTYSKFFKDROPDAYSY

Grape AJ237998
Grape AF178653
Grape AJ237999

TVFKTDEY
[TVFKTPQ
JEVFKTNEY] P---Gi

Grape AFQQ3007 TVFKTNEY T DGR G SPTTYSKFFKDROPDAYSY
Grape AF227324 ITVFKTNN' GP—— PTTYSKFFKDROPDAYSY

YSTPDTIRPSVYSQ PRSYSY
PTQYSEI! PTAYSY

x .3 LITN JF D ORX ¥R %% laxx

Grape AF195653
Grape AF195654

PKDDQTSTFIPAGTNYEVIF[P
PKDDQTSTFTPTGTNYEVVECP
PQDDPTSTFT] ANYRVVE(JPTGSSNNIFPLEMYGSDSEE——~==~~==mmmmmmmem
PQDDKTSLFTJTSGTNYKVTE
PQDDKTSLFTIPSGTNYKVTEQ
PQDDKTSLFTPSGVNYKVTH
AYDDKTSTFIAS-ADYI I IFPSPFTSQKVLALRGEAAELPLVNKTMMY IGRKYASGTS
AYDDPTSTCTUIG-ANYLITFUPPAF-

. EX X B3 % ! %ax

Grape Y10992

Grape AJ237998
Grape AF178653
Grape AJ23799%9
Grape AF003007
Grape AF227324
Grape AF195653
Grape AF195654

Grape Y10592

Grape AJ237998
Grape AF178653
Grape AJ237999
Grape AF003007
Grape AF227324
Grape AF195653
Grape AF195654

SPGRVQEQI 1AHGASIVVSLLLLLLFL

Figure 3. Comparison of the deduced amino acid sequence among
TLP isolated from several grape cultivars. The gene identities are
described by plant names and GenBank accession numbers. The
predicted amino acid sequences of the grape TLP were aligned
using the Clustal X (version 1.64b) and manually adjusted to obtain
optimal alignment. Gaps are marked with dashes. Amino acid
residues which are conserved are marked with asterisks. The
positions of almost conserved cysteine residues are boxed.



Arabidopsis AF360165
Grape AF195653
Pyrus ABO0O6009
Cherry U32440
Arabidopsis L34693
Arabidopsis M30510
Grape AF195654

[~ Wheat X58394
Barley X58565

Bariey X58566
Barley X58564
._____l_‘—:ﬁi_C_e u77656
Rice U77657
Thaumatococcus J01209

Banana AF001528
Tobacco X03913
Tobacco X12739
Grape AF227324
Grape AJ237999
Grape AF003007
Tobacco M64081
Tomato X66416
Potato X72928
Tobacco M29279
Tobacco A16780
Tomato M21346
Potato X72927

Grape AF178653
Soybean P25086
Grape Y10992 —01

Grape AJ237998

Figure 4. Phylogenetic relationship of the grape VVTL1-homolog
to other various plants TLP. Phylogenetic analysis is based on the
deduced amino acid sequences of TLP from various species. The
tree was generated by Clustal X (version 1.64b) and TreeView
(version 1.6.1). The ¢cDNA sequences used for amino acid
translation was retrieved from GenBank. The respective accession
number is described next to plant name.

th (Figures 3, 4). VVTL1-homolog ©hidL & ¥
TLPES H=3 A7)9}F 454 de ot AEE 71
T BET, TLPIA disulfide 28-S o1F32 oz 433,
1678¢] cysteine® HEEFHO A (Figure 3, boxed). 8]
3 A= VVTIL1-homolog AR} £ Al ZoflA A4
E ¥4e Yehlie e Lty des 7T

olgidt obn|iAt MFe] vt o|F wEoE ¥ /A
79 A4S B EECA ¥ 8788 TLPE 4709
type 02 Y& 4 AT} (Figures 3, 4). Yurd o2 TLP &
AREL A5AE HolAR 08 #3Az THEE o
A FAA) familyZ FAES vty BRI HJTH (Hu and
Reddy 1997, Tattersall et al. 1997; Davies and Robinson
2000). el o5 & Fo| UE Vinis ripariad A R e
AF178653& A93ta, TR E Holx 370 typed] 3
Ago] Alg Wl EASL YA, M Z e 2o 23
A FEEH = AR FRPHUH

°olf Bi® Xk9 TLP F, ov| =¥ A go] 153}
A 2P AJ237998-% A E vmA] DA EL BT o]
U] A48 EFE Hole A3 HEE (signal
peptide) 2 FAH T A go] EAlHE A& AT + AT
(Figure 3). Z12]% AF17865332 2 9] AF227324E A
AF{IE BT A FHHE YA E§ AF195653
St AF178653& A9 vmA 6719 @HdS X
(vacuole) 2 HEHE ol BLF 75 Tete] HE = A Y
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o] ZA8tA Pol A EAYAIE AX RY AR
FHHAL & A7E T3 AE 54 £9€ VVILI-
homolog @& FAFe] &3 Hr|ES el &,
79 E=9] VVTLI-homolog: 8.1 (preprotein®] 73-$) &
= 8.0 (mature protein®] 7Z-$)¢] SAHEE BHrh A
ARE 7= TLPE AX g7 EA8ta, 9714 543
Zh= W A ¥of] EFTEIL Stintzi F (1993)e] <

AT 28 T ool o|E3F vt AFgS B
W, & 97149 §HAE e TLP7} Alx9Fd)
EZAFe A5 BIHAH (Grenier et al. 1999). o]} 742
o7t e Aot JRHES TP B o Al FFY
VVTL1-homolog T @ o] EA3l= YR, 712 EA] T
o] A AY HElE o9 (vacuolar targeting extension)©]
EA A 3, ohrmEHe ATHE|E FFo] EAs= A
O e o, MEREY AR FAHHIA

i FEo)AM E2]3k VVTLI-homolog #7342k E7]A
FZRE FE9 oA MES OE HEA AN 2%
TLP A€l otv|iit M8 viwsle &£F/ ASTE A4
stk 1 23 TLP+= 34 61522 78#E F eg &
oFt} (Figure 4). B8 A7Ae] AgTe 8 J52=
TEEY O} (Sassa and Hirano 1998; Barre et al. 2000), 6

FoR9 tsle BYHE FHA w7 S whe)
AETY ol B ALE AIEHUTH

3

L 8 e oft rf

e
&Y

Promoter X|242| &7|MY £M

Primer extension #£49 93] {3218 AAVIAIE WY
(translation) 7§ A] F-2H €] -238 bp upstreamol| &) A+T g

P G A T C

“O0APAAANAHA0O
T

Figure 5. Primer extension analysis. Autoradiogram of the primer
extension products separated on a 6% sequencing gel. Lanes: P,
primer extension products; G, A, T, C, sequencing ladders. Seq-
uencing ladders were obtained by priming sequencing reactions with
the same 20-nucleotide primer and the isolated genomic clone as a
template. The arrows point to a transcription start site.
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o] £& B9 (TITTTATCTGTAAT A ikl Y&
& & 4 YUt} (Figures 1, 5). & A+T F&& DNA F
7ree) BgE & QoA RNA FEAY H23 2AWNA
S) &% Eole o [T A Yo (Umek et al.
1988).

BAVIAL 2919] upstream R9o1A AAle] o] 2@
297 FRUE 42 4BY ML B 2ASE0: 2
ANAL 399 ¢k 39 bp upstreamdl], DAL Q) ele-
ment?) TATA box2 FAHE H7IMNE (TATAA)o] &4
387, 3 MY CAAT boxE FAHE AE (CCAATE
116 upstream F-9jof] EzstHth (Figure 1). 7R PRS
L AAEL ABA (abscisic acid)9F NaCl, A4#, F%o] 749
59 A7 ATl w-gdle @do] YAETY B uHAT
VVTL1-homolog?® 5 upstream Ao} o5 ukSsi=
cis-element7} EA A S BURSITE O A3 s o)
o} AT thste] ¥hg-atthsl 283 TCA box (Goldsbrough
etal. 1999)E FAHE B4 47t AAPIA FEREH
~1151, -1111, -443, -425°] &A1, 3 7§2] ABREE
97 B29oA} B AT £ YA} (Figure 1). ©]218 element
9 &2 PFL 2l osmotin 58 TE PRS §7329)
promoter 2} BlaE B, TCA boxs= 2 PRS promotero]
ZA3 A A2t 927 23, ABREE 22 promoter
At EZAsks FHE Y F AU (Figure 6). o[ T
2ol PR5 FAxte] ddo] chfsiAl 2EHT UFE A
&t Mt Exo] VVTLI-homolog 84 o8 &2
ER AF (v 2B g 23] 2HEHL glon,
FeAAA B FAE abscisic Aboll oajA W] &
FE 243ET Jes FEF $ Uk 18y 98 TLP
Fx2e] promotero) Al #H2HE H-box, E-8, as-1-like ele-
ments, G-box S VVTL1-homolog #FA#¢] promoter A

VVTL1-homolog (grape AF227324)

AP24 (tobacco X65701)

_ R e0r—)
Osmotin {tobacco X95308)
] | [ ok
ABA-activated (tobacco $40046)
N R | | 0 [ Xd¢] |
E272 (tobacco X15224)
E2 (tobacco X15223)
) | 5 | | X TN )
POSMLI13 (potato X72928)
a_1_ e 1
POSMLS) (potato X72927)
i [ Rl
§ TCAbox @ CAAT box
[ ABRE (0 TATA box

Figure 6. Comparison of genomic structure and cis-element with
other thaumatin/PR5-like genes. ABRE, abscisic acid-responsive
element; TCA box, conserved sequence in several stress-induced
genes.

dolME FEE & AAUTh
o)y e ATAAEE F8 ¥ VVTLI-homolog 3
A4e) wdol F88H ALste o Jf9 cis-elementEE
FAY F UUAT, 0159 B4F A8AE B 2EHS
e A ™S Hsty] Slg dvt desi

%, #7349 clementge] EI¥o] fk9t £ promoter
AQE o &3ld, ¥ = AHA AT g w3 A
m RAzE 7)1 A Uid g2 ARE AE

A

VVILIE I5 Fgo4 5408 O3 LdslsE, PRS
AL thaumatind ¥ A5AS Vel 9oz, &
Zo) wal d71Mge] Aolg Vet dEA ek A
A 229 VVTLIY] disid 22 A77F AFHRART, &
AU 78 Bol Auise F5¢ AddME s o)
FojzlAl gtk £ AFoide Bl FFOoE2HH VVTILI-
homolog F379} Alx DNAE £E3ld, F7IKEE &4
3151tk VVTLI-homolog $A1= ko= PRS -4z
o) &9 Fdg +x4l, introno] gl shte] exon2 2
FAE AU FIIMERREE FEFH VVTLI-homolog
gl ofnliat ML VVTLIS HIE3 O E 59 =
TZola EEE TLPoE gl 97149 538 7KL A
Sitk Primer extension £412 8] ZAWNA] BE 25
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