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BB EERARTNEY - HREFE - BHEERITTEMEAE R (BRI
ofREE) - AERENIGRE TETERITEREGEIEERD » BEERIE LS CHY K £PAL EERY
BT A H AS(Takeuchi er 2/, 1994; 1995 RN 4R -

CHS TERRRESKTERREE - (ASERFRRRRENESE - AARERRTESER
ZHIZ T - EYIAHBEPRARNSERES  PERRABFEEENYE - SERENFE
PF - MCEFrdER LERE @ MEFER T ABREAEHTT - EEINER)N » KRSERE R
i BB NIRRT NN 0 B EE FERERE, 1985, BAAR, 1987, 1988) R E ¥k
EREHESFRUGE » REETEHEN - AXHSTFEYRBIORES » $H8 CHS ERAERE
ETTHSE » DAHART SRS ER B A A RIENE 2 AR -

12 RIERTSE

UI

— ~ EERSEL
— AR HEMAER AR 5 o BOH B 3T B Merck B¢ Gibco BRL /A2F] - A5 BDH 2 &J#&

XEMRR I L - PREGIES . FPRREEUH L S A R FEEE h i B Boehringer Mannheim(JA T
T BM), Pharmacia, Invitrogen /35| » - EAEHE 588 Gibco BRL F; BM /N F] » ¥32Fh

{5 FH R G 1R 2 50 B Amersham /2 F|EE i PCR FEFRTHEE M Promega B¢ PE Applied

Biosystems 7 &) FE i °

=~ SRR
(—) KEGHI(Z. colr)
XL.1-Blue MRF' :
A (mecrA)I83 A (mcrCB-hsdSMR-mrr)173 endAl supE44 thi-1 recAl gyrA96 reldl
lac[F'proABlaclqZ AMI1535Tnl0(Tetr)]
SOLRTM
eld’(mcrAd) A (merCB-hsdSMR-mrr) 171 sbeC recB rec umuC::TnS(Kan)uvrClac gyrd496
relAl thi-1 endAl A " [F'proAB laclgZ A M15]Su (nonsuppressing)
TM109 '
recAl endAl gyrA96 thi hsdR17 supE44relAl A (lac proAB)¥ traD36 ProAB lacl?Z AML15
(Z)H &
L3 ﬁ%
pBluescript SK- : AMPr @ LacZ.
pGEM T AMP" : LacZ
pLFlS pBR322 ?%.E #9 1.5Kb 5¢2¢ CHS cDNA
pAl4 : pBluescript SK- FE % 1.4Kb 7XE CHS cDNA
pAS ' pAMP1 HH#9 0.87Kb 35 CHS cDNA
pC4 : pBluescript SK- THE 2RI CHS cDNA(KEFEE)

pC6 : pBluescript SK- T H & RZFKEE CHS cDNA(AHFIE)
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pC9 : pBluescript SK- FHH 2 KAREE CHS cDNA(KIRZT)
pCl14: pBluescript SK- WHEZ BRI S cDNA(ZIEEJW

3. DEERS
AZAPT : AMP' LacZ.

ExAssist™ : helper phage.
VCSM13 : helper phage.
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(—) ZXIE RNA ZHiHY
. # RNA ZHHEY
| AHZEARIR Lopez-Gomez et al. (1992) k2 Wan et al. (1994)33 3= BB TE (GRS,
1999) 13 Z4HHs SR EIRE S pvp-40 SRBIREHEZ S chih i B o2 B 5 5/ 2 RNA -

2. Poly(A)” RNA Z Ak,

{#t Fast Track 2.0 kit( Invitrogen /3T 7 i) S BEIEARR— R BERI] #8470 BR 25 rRNA:
U R 2E0 RNA B AE 10nL Lysis buffer (200mM NaCl, 200mM Tris-7.5,
1.5mM MgClz, 2% SDS 5z 200 uL protein / RNase degrader)=Z SOmL BECYEH » FE65CTF
NEL S 434 fﬁlﬂhﬁ&ﬁ/\{ﬂ(@rm | 734 > FASHEDEEER MO0 650 L SM NaCl
FREETHEBER » B-20CHEE 78tz Oligo(dT) cellulose(#7 75mg) ke
Z{EHY Lysate EH%_I:%E@%.“EE-Y’”{& 2 4348 0 (ff 0ligo(dT) cellulose HE{EBEHYS
) ERIR T IRFORERENEE S 15~16 53788 (FELR poly(A) RNA BE#E Oligo(dT)
cellulose W) LA 3,000rpm BELs S 7358 (ER) @ FIR LB -

L4 20mL &) Binding buffer(500mM NaCl, 10mM Tris-7.5) %% 0ligo(dT) cellulose
LA 3,000rpm BECs 5 8 (ER)BRFIE LW - [B&LL 10mL Binding buffer EEfERR
H—x o #ELL 10l Low salt wash buffer (250mM NaCl, 10mM Tris-7.5)%&&
0ligo(dT) cellulose, 3000rpm Bty 5 4158 ( 2V ) (51T L@V ELAILARTE 2~ 4 R (H
DM LB AEAEREEID) » FHHESERCEI 800 1 L Low salt wash buffer #8 011igo(dT)
REVENIG IFELFZ A spin-column F(FR7EEAHAY) LA 5000rpm KLy 10 *’J?(E{%)@Jﬁﬂmq[
W » B ERE A 2~3 K iGFTERY Oligo(dT)FBA spin-column A - FE
LL500 L Low salt wash buffer J8%E spin-column W2 Oligo(dT) cellulose ::‘_5.&‘:_
K EHENREE A 1m=0.05 -

U LSRR spin-column BOAZSMH I — B R CE DA 200 4L elution
buf fer MELUBEANE buffer B cellulose FFIH4S » DL'S, 000 rpm BiECr 30 FOMCERRE (.,
ERHARENR » EEERE—K 0 ZRATEZBEEEIGT 400 1 L 0 0. 15 887 2M Balssh
K 2.5 R AEENENGE-70°C 30 2348 0 DL 12,000rpm BfECy 15 5388(4°C) > YERLEL 70%
e R » EZHREBIEN 20~50 u L |FKkd - &E-T0CHETF -




90

FENTFTRIEES 20 H7 (2001)

(Z) Hetald DNA KBRS DNA By AL,
1. S HE DNA RUFHEN

AR FeE Yy @i DNA fHL 0 JHIKHE Gawel er al. (1991){%
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2. 'H 5 DNA RURhE B AL,
(KR (1999) 77 AN -
3. E RS DNA /) Bk
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3. R RIBREE UK
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(Y ) $ZBReEE]
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ASAESH FH GeneScreen Plus (DuPont-760)EEE[JAE
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{IPRBR(1999) 2 T EETT
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1. PCR 7 [fE
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- DNA BRI ERC Y GeneScreen

BY—3% 0.5mL AYBE.LVEIDA 10 ¢ L 10 x synthesis buffer(25mM MgCly), 16 ¢ L
1.25mM dNTP Mix, S ¢ L 10 u M primer 1, S £ L 10 2 M primer 2, 10 ¢ L 207K 95.5 1
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PCR RIEEYIH S8 S HE DNA » BERrY 5| F R IFHERI Rz H B -
UV260nm HUR Y HE7E TERERS41 PCR EYIHIESR -
l[:-l _%EJ%HR DNA E{J%EL ©
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{HRRE (1999) /7 EEUE -
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(J\) ZFEE cDNA EH 22T
LA Stratagene Z>TIHY A ZAP-cDNA S REHSECAEE cDNA, W LIE%Z TR Gigapack 11
Gold Packing Extract ; _ﬁ%ﬁﬁﬂ@%ﬂn vitro packaging), 17/ %3E ¢cDNA & -
1. cDNA WS
i Fast Track 2.0 kit $rBEESEIRT mRNA, 765 Chgh 10 43881%% , ILRIENR KT
AN, BB SRS — R cDNA HUREAR - 55—M% cDNA &R , AR S 38 — ik ¢DNA
2. cDNA BYfEET
E{E cDNA EIE A A ZAP S, B0 cDNA BYm 0L MEER B FE EHIR
*%Hﬁ?iltﬂu Bi(restriction site) TSI EERE cDNA K 3 IHESE Xho I BIYMUE, &
JBIERD WaHELE EcoR 1 BTJ{;U{_L%‘/? BEER1 A ZAP #Eaghss o
3. BRI AR BFREIMEL2E
Stratagene 7>H@JHY A ZAP-cDNA &k ZEfHHES Uni-ZAP XR #iig L ociil Xho 1 2
EcoR 1 EUY] A]TH BEHLZEME A IVSEE cDNA BTN E - W E e % R T o987
SRR, SRAYTEEREREATIERYLERR -
(1) Z5ZE CHS cDNA HY:3E5H
R cDNA EFRIEH CHS cDNA  VRIEFTE & cDNA IR B RS B MR
L EFAER IR R AT EREAR L - #4 A NaOH IR /% I{5 DNA 2% »
FHARB P FIERTE & 80°CHLE G DNA FEIETERENAR b » R LB R BREHEZ
HETTEGE » DIEEIYIE cDNA EEHEHEH CHS cDNA o
(+) 2% CHS cDNA EFF |
ASRES BRI FH-E&HR unique primer B insert Z W ESETER LE
a2 EE cDNA BRI - B LB/Anp WEESEERE » BR%EE - B 2¢L
uﬁ%%@bnk 0.8¢L 25mM dNTP, 1gL 20mM primerl, 14L 20mM primer2, 10uL 10
x PCR buffer L 7.2 FiEHEIT PR - SMESERE BT RIAIe AL Fr B3R RBIERE
e
(+—) EI&THT
DNA 35t AT PE AR B ISTE IS T Hitacht &Y DNAs1s, M BRI HE A EiE:%E
SRR SRR - A PR REEISER 16 - EaERENN HSFRYIER -

et SJHELY

— ~ 3 cDNA B E1T
FUFH Camellia sinensis var. TTES No.12 (3372 mRNA([B —)FTr& RS EERE cDNA R 8 k77

A B FNAT-S Y cDNA K/ fi7E 0.3Kb~ 1.3Kb 2 i %l cDNA fE{SEfi{% L1 Sephacryl 400
EAEEE B - DURE/N T8 38 FBECRS-EI(FT 0.2kb~1.3kb)#y cDNA H1 ZAP HiREHY
arm §hfgE o R FKEE AR A A USSR TR . HVATERE B E ATV AR ARG 1.25 x10° pfv
ugarm o FEEIFRIEEE R RUR E.coli X1L1-Blue MRF' » £ IPTG F X-gal .Z157E MEE » 5TET
5 ¢DNA RYEFHWERBATG LI TR 97.6% - JRRIHEEETE 5 ¢« L By # WA BT cDNA =
o> #5745 cDNA IERBBAHIHE 1.2 x10°(E «  7E3ERR R AFRY 1o L {a‘ﬁzﬁ%ﬁ%ﬁﬁﬁ% 4% -
PRI HEFR AR T A cDNA BEEFHIRE BB S 2.5x10° il » HAEAFIEHARA 2.4x10° {8 - —F
i library A8 amplification -

1.1 Z58E CHS cDNA 3858
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E.cloi XL1-Blue MRF' LIAZER] cDNA. BB g L% ﬁﬁﬂﬁ}*ﬁ’\‘f‘ﬂ‘f oS NZY [H i

AL B IIL(137mm) - Fif; DNA BENE TR et L (P ER AR - SRR

400bp Z5EE CHS cDNA {EE¥ESF - Nick translation P TR E1THEZT LLEHS &;xﬂﬁﬁhﬁ CHS

cDNA ° Z5—RERES 21 (EIEREN S HRETP IR EIEHERESE = - = RIIRERE -
e 2P ISR BB 4 5 IE SR 8 - PR T 1
A b
1 = L
2,37 e
1.35

B — - #%3E RNA Z R BFEZRBE K7 BB P fRIFSEEY CHS cDNA
Fig.1. Formaldhyde gel electrophoresis of C. sinensis var. TTES No.12 RNA

Agarose gel : 1%.

Panel A: staining with ethidium bromaide.

< Northern ¥E3Z [ &

Panel B: Northern hybridization using **P-labeled CHS ¢cDNA from N. tabacum as probe

1: total RNA(10 £ g) ; 2 : poly (A)'RNA(3 1 g).

1.2 Z58E (HS cDNA IF R FEMRAE T

W8 21 {jl] 1F Sz FEMERR in vivo excision HEREE » G 41 ¢cDNA BB 8 pBluescriptSK-

H A ZAP 11 8RS8 Y)H » BXES phagemid » 58 21 {#1E X FEXRES B & pC2.1, pC2.2, pC4.1,

pC4.2, pC4.3, pC6.1, p(Co6.2, pC6.4, p(C9.2, pCI9.3, pC13.2, pCl14.1, pC14.2, pC15.3,

pC16.4, pC23.1, pC23.2, pC24.2, pC24.3, pC24.4, pC25 -

FiS IE SR phagemid DNA F§ Eco RI Jt Xho 1 BSYI%AR 1% KBRS BEIKAT +

H&E DNA FrESEEIZE Gene Screen plus J84% | > #4810 >*P 42854 400bp Z53& CHS ¢cDNA {é‘d{

RERgt » #E1T Southern HEAFE R pC6.1 K pC24.3, pC24.4 MFEFEAHADE - BRILHEREIH

18 FRIESFERR » W HEEIEANE )51 1.0~1.2Kb (pC4.1, pC6.4, pC9o.2, pCI.3,
pC14.1) » 0.8Kb (pC24.2, pC25) + 0.5~0.6Kb (pC2.1, pC4.2, pC6.2, pC13.2, pC14.2,

pC15.3, pC16.4, pC23.1, pC23.2) ~ 0.3Kb (pC2.2, pC4a.3)EH 1 L pC4.1, pC6.4, pC9.2, pC9.3,
pCl4.1 FAHRIRE @ THEAER pCl4.1 4 » HERF Eco RI {EFRFIRRIG/M3 DNA YT » HoA /N

Eco Rl J Xho 1 RIEBIIFHAEANS - FHILAEETELS cDNA g —E

promoter FEFIEE [FLL 1.0~1.2Kb ;z 5 Jréle cDNA. FEHUSEEST PCR £
TE H 4G9S 1.3Kb 1y DNA FEX(B
BIkER R CHS 2K - Eﬁf R cDNA EHERETFTHT

Eco RI site UL T5, T+
» DLBE VKIS R 88

[FZ53E CHS cDNA [L#ESIHES 5 £k cDNA
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1.3 & ¥k cDNA Z 3R E 5k

BRI ER cDNA 8 > 9812, Pvu Il ~ Pst 1 ~ Hindll ~ Xho 1 §r Eco REE[R%] {F single
digest ST Southern §#EITE L1 400bp FFBE CHS ¢cDNA BiESHFHER 7 FE(E PU)AE FH DNA FrER

AV NG AR R (B )R Pst 15Xho 1 Fz Eco RTEFBYAEESIE » Al pC2.1, pC2.2, pC4.1,
pC4.2, pC4.3, pC6.2, pCh.4, pC9.2, pC9.3, pC13.2, pC14.2, pC15.3, pC16.4, pC23.1, pC23 4,
pC25 Frfs—3H » pCl4.1 ANBEAAHR - ERUICTHERT pCl14.1 B 16 i AF > FEKETE
mRNA 7 cDNA © pC24.2 BERFIFS F3iide » FE s RS iR 5 poly (A)' SHET/EE
PR LA L cDNA 7E ligation RpEERFTEL - '

18 47 10 19 2021 817 181920 21

i
31':;5?-
Db e
L3 —

Bl — ~ &I CHScDNA FRFFYIRE RS B Southern BHEI34f
Fig.2. The insert size determination and Southern blot analysis of C. sinensis CHS ¢cDNA digested with

EcoR | and Xho 1 by using CHS ¢cDNA (400bp) from C. sinensis var. TTES No.12 as probe
Agarose gel : 1.2%.

1: pC2.1; 2: pC2.2; 3: pC4.1; 4: pC4.2;

5: pC4.3; 6: pC6.1; 7: pC6.2; 8: pC6.4;

9: pC9.2; 10; pC9.3; 11: pC13.2; 12: pCi14.1;
13: pC14.2; 14: pC15.3: 15: pC16.4: 16: pC23.1;
17: pC23.2; 18: pC24.2; 19: pC24.3; 20: pC24.4;

21: pC25.
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1 2345

LLH

P Ovilias

11

T

B = ~ R CHS cDNA 1ERFER SR PCR EEY)
Fig.3. Agarose gel electrophoresis of PCR products from T; and T; promoter sequences. C. sinensis positive
clones were used as templates

Agarose gel : 1.2%.
1: pC4.1; 2: pCo6.4; 3: pC9.2; 4. pC9.3:; 5: pCl4.1.

ey,

PG pe2 2 oo bl pich 2 pos 3 R4, 11y, g O ;L1 ;1% IR 1 | . N
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| 2 3 &8 ) 23 a0 h 12 84 5 193 3 4% P 24 4 4 P23 4% 5 12y AE Y OFPD oS 1 2 5345

e
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:
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.! H Tk e

i AR A e TN 2ot ; i B EEERS:
£ : R i S = L LI i L : = ; S I s D
A RS A '"ﬁf" L s CEoo SNV i AR ; ; Fp bRttt b S : Hapte Tt
o MR ’ﬁ_‘i_“% ; Fois : $ i ipm e KRR il L i i i L e el
e rrr’.""'.".'.‘;" 5?3 L P AR T At T ! o e ey -y Lt { i i H i —y it ] }Qwﬁt!% sty
Do eI R Sy R e T - in - F TR Dtk LD & :mwm# i D A g R LT AL

=Y~ cDNA £REANY] /K2 Southern §EE[1/ 47
Fig.4. Southern blot analysis of C. sinensis CHS ¢cDNA clones digested with endonucleases. ““P-labeled
CHS ¢cDNA (400bp) trom C. sinensis was used as hybridization probe
Agarose gel : 1.2%.
l: PvuIl; 2: Hind Il ; 3:Pst] 4. Xho 1 ; 5: Eco R]



RTINS P cDNA 238 95

= REFER ARSI (CHS)ZEHRE v R R 21T
2.1 DNA FFollortfr
Rr LR E R cDNA FEFFRELATE CHS (400bp) S kRS THETTLLY - §§3R8% 400bp #IALFS
pC4.1; pC6.4 ; pC9.2 B pC9.3 Z & 490bp 58 910bp [l » EMF2ER » (SRR —M
cDNA) » F.H pC9.2 B2 pC9.3 HIFF5 e BRI B [F—Hk cDNA « pCl4.1 BEEMBkRRIZ= 2K
K(EF) -
Tk cDNA 3527 1,167bp @S, (ORF) » WESIEERE—KHEZ ATG » (B
2 TAA E.&5—1R polyadenylation site AR poly(A)” tail o

Type |

E
rCéd b, 64,92,93

— o
pi— [T}

E p E X
pC25 4 |
pC21:2.2,42: 4.3 6.2 13.2; E P E X
14.2; 15.3:16.4; 23,1, 23.2 | i 4
Type 1
E X
pclal |
0.1kb
|

HY ~ LIZEEE “P-CHS cDNA B3y EX SRS HENLZ. CHS cDNA BIEMTRHIERE » £BRKE Eco RIK
Pst 1 RN/ MZE - |

Fig.4. Partial restriction maps of CHS cDNA clones established by hybridization with **P-CHS ¢cDNA from
C.sinensis as probe (400bp). Clones were classified into two types based on their relative Eco RIand
Pst T sites.

E:Eco RIX:Xhol P:Pst]

2.2CHS cDNA 7 845357

FF DNAsis #5347 3E TTES No.12 2 Pk CHS cDNA JPUrEEREL 7 fH B EI(G+O)Z &
SRIES 48.78% (pC4.1) 5 47.16% (pC6.4) : 49.09% (pCo. 3) 4792% (pCl4.1) - TR ICEERF
4512 codon usuage ratio fEEMS7E 61 {E o] gh{F HFEET » FKAERAETE pC4.1 k2 pC6.4 Y
PR E CTG Fz CGA Mf#E : pC9.3 #£5 CGA —{H : pCl4. 1 #ES CTG ~ TCG K AGA =1 - %
Eﬁﬁﬁ%ﬁ% {iif(wobble position) G/C FR{LEIELBI( x x G/C)/3BIFE 58.6% (pC4.1)

59.1% (pC6.4) ; 58.9% (pC9.3)R& 56.3% (pC14.1) ; ZEMUEK cDNA thELFISSMEML - PURK
cDNA B8535 Leu, Glx(Glu+Gln), Ala,Val,. Asx(Asn+Asp) S BERE » His, Trp, Tyr S (K
H1i9H 389 {EIEER AR @ BEBRBLIGVKEEERSE® © Molecular mass 7F 42.5KDa

~427KDa & - WEZE 310 R EMMBEE — (8 leucine zipper motif o
(Lx{6}Lx{6}Lx{6}L,EL) -
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PC4-1.DNA
PC6-4 .DNA
PC9-3.DNA
PCl14-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PCl4-1.DNA

PC4-~1.DNA
PC6-4 .DNA
PC9-3.DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4 .DNA
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PC9-3 .DNA
PCl14-1.DNA

PC4 -1 .DNA
PC6-4 .DNA
PC9-3.DNA
PCl14-1.DNA

PC4-1.DNA
PCo-4 .DNA
PC9-3 .DNA
PC1l4-1.DNA

PC4-1.DNA
PC6 -4 .DNA
PC9-3 .DNA
PC1l4-1.DNA

No.12).

sequence are indicated by framing and highlighting, respectively.

broken lines.

~ KB
Fig.5. Comparison of the nucleotide sequence of four CHS ¢cDNAs from tea plant(C.sinensis var TTES

The CHS ¢cDNAs are included in the clones named as pC4.1, pCé6.4, p(C9.3 and pC14.]1 Bases are
numbered from the 5'-terminuses of the ¢DNAs.
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10 20 30 40 50

1 GGCACGAG-- -~-ACAATACTT ATCTTCTACT CTGCCTCCTC TGTAGCTTTG

1 oo GA T......... € e e e r e Govevwnnn

1 ..., - e i v e e M b et e e e et e

1 ........ T S il R R I I i
60 70 80 90 100

51 TGGTCTCAGA CCCACCACCT CATAACCACC ACCACCACC- ----- GCACA

51 ... ..., O - me——- ...

51 ... C.ov v vt R R L T A CCACC.....

Bl ~emecrcemn mceem v TCi i mmew= rrmececrece maecmne -
110 120 130 140 150

101 CGGTGTCTCT CCGCCCCCTE TEAATTTCTT TCTCCGGCGA A TGAC

101 rrrrrrrrr ) » . & ) 0 ¥ o o+ 4 8 A & A @ a d F ¥ 2 % 4 4 s % moE s §

1 be e e e e e aaaaaen e
101 ---------=- - -A. .. .G =L C. JA..... C
160 170 180 190 200

151 AGTGGAGGAA GTGAGGAGGGE CACAGAGGGL CGAGGGACCC GCGACGGTGA
151

--------------------------------------------------

1 . A iiiaa
151 C..C..... C A.CC...... AC.A.. T..A..... T C..... T
210 220 230 240 250
201 TGGCGATCGG GACGGCGACT CCGCCCAACT GCGTAGATCA GAGCACGTAC
201 ... . L 000 ool Ao oo e e
20 L e e s e e e B
201 ....... T.. A..... A..C A,..G.... R
| 260 270 280 290 300
251 CCAGATTACT ACTTCCGCAT TACTAACAGC GAGCATAAAA CGGAGTTGAA
72 R -
D2 T
251 ..G..... T. T..G.. C.. A, ... i GG .C........
310 320 330 340 350
301 AGAGAAGTTT CAGCGCATGT GTGACAAGTC CATGATTAAG AAGAGGTATA
3
0 T
301 G..A..... CA......... CLa . A.. T......... C.T. . C
360 370 380 390 400

351 TGTATTTGAC AGAGGAAATT TTAAAAGAAA ACCCAAATGT GTGTGCCTAC
351

--------------------------------------------------

1
351 ....C..... T......... G..G. T..TC.A.. ..... AG
410 420 430 440 450
401 ATGGCACCTT CACTAGATGC TAGGCAAGAC ATGGTGGTTG TTGAAGTACC
A0 L e e i i i e e h e s s e s e e e
0L .ttt it it i e et s e e s et e e
401 .......... R G... ..... T..G. ..... A,
460 470 480 490 500

451 AAAACTAGGC AAAGAGGCTG TAACCAAGGC CATCAAAGAA TGGGGCCAGC

451 ...t e i e Gt it s ettt s i it et i e e et s e e e
3 T e i e e e e e e e e e e e e e e
451 ...G..... S C...A..... o T..A.

TR 2 KRR S e cDNA 731

The polyadenylation signals in the sequence of CHS cDNAs are underlined.

to pC4.1 are denoted with dots.

50
50
>0
50

100
100
100
100

150
150
150
15Q

200
200
200
200

250
250
250
250

300
300
300
300

350
350
350
350

400
400
400
400

450
450
450
450

500
500
500
500

The initation and termination codons in the pC4.1
The deletions of bases are marked by
Identical bases



PC4-1 .DNA
PC6-4 .DNA
PC9-3.DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4 ,DNA
PCS-3.DNA

pCl4-~-1.DNA

PC4-1.DNA
PCé6-4 .DNA
PC9-3 .DNA
PC14-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PC14-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4.DNA
PC9-3.DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4.DNA
PC9-3.DNA
PCl4-1.DNA

PC4-1.DNA
PCé-4 .DNA
PC9-3.DNA
PCl4-1.DNA

PC4-1.DNA
PCé6-4.DNA
PCS-3.DNA
PCl4-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PC14-1.DNA

PC4-1.DNA
PC6-4 .DNA
PC9-3 .DNA
PCl14-1.DNA

PC4-1.DNA
PC6-4 .DNA
PCS-3 .DNA
PCl4-1.DNA

510
501 CGAAGTCCAA
501 v ovrvennn.
BOL \onean. .
501 .A........
560
551 ATGCCCEGAG
551 1 vevneen..
551 . .uern...
7% A
610
601 TGTCAAGCGC
0L .vvun.. e
601 .0unnn.. G
601 A......AAG
660
651 TGCTCCQCCT
651 ...,
35 A
651 .A..T.....
701 CTAGTTGTGT
701 ...
0T v eeeenn..
701 T....C....
| 760
751 TGCCCATCTT
713 R
TBL ..
751 .A....... C
810
801 CTGCTATTAT
801 ..ovunn..
801 ..........
BOL v eeeenns
" 860
851 TTTGAGTTGG
851 ..vurunn..
BEL veeenennns
851 ..C..un...
910
901 TATCGATGCGG
Y
901 . .einnn...
901 C..T..C..A
960
951 ATGTTCCTGC
951 ...,
951 ..........
951 ...
1010
1001 ..C.vvnn..
1001 ..C.......
1001 ..C.......
1060
1051 TCCCGETGGEC
1051 . onenn...
1051 ©veennnn,
1051 ...T..... G
1110
1101 . vennnnn.
1101 o veenan. ..
1101 ..GAA.....

RELER 7 MBS R cDNA 2385

520
AATCACCCAC

570

670

720

iiiiiiiiii

770

820

llllllllll
..........

870

lllllllllll

970

----------

..........

1070
CCTGCCATTT

llllllllll

1120

IIIIIIIIII

530
TTGGTTTTCT

llllllllll

580

llllllllll

llllllllll

780

830

llllllllll

iiiiiiiiii
iiiiiiiiiii

llllllllll

980

1030

llllllllll

1080

L ] » L ] * = % ¥ ¥ =

iiiiiiiiii
-

iiiiiiiiii

940

540

lllllllll

lllllll

590

IIIIIIIII
llllllllll

690

--------
llllllllll

llllllllll

740

lllllllllll

.........

iiiiiiiiii
llllllllll

lllllllll

840

------

890

llllllllll

llllllllll
llllllllll

llllll

990

llllllllll
lllllllllll

1040
TGATTGGAAT TCCCTTTTCT GGATAGCCCA

1090

_____________
nnnnnnnnnn

llllll

1140

llllllllll
IIIIIIIIII

640

IIIII

790

Fig.5.continued(
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GCACCACTAG TGGCGTCGAC

lllll

llllllllll

650'

700

& = = & = = = A & .

750

- L] a . B # B " & = .
lllllllll

iiiiiiiiii

800

.........

850

llllllllll

200

« ® F E B B &% . ® @&

950

..........
...........

1000

llllllll

T. GGCG. . A..

1050

1111111111

1100

llllllllll

1150

----------

----------
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| 71.45)

550
550
550
250

600
600
600
600

650
650

650
650

700
700
700
700

750
750
750
750

BOO
800
800
800

850
850
850
850

900
200
200
900

2950
950
950
950

1000
1000
1000
1000

1050
1050
1050
1050

1100
1100
1100
1100

1150
1150
1150
1150
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Fig.5.ontinued (| 7.8)
1160 1170 1180 1190 1200
PC4-1.DNA 1151 ATGTCCAGCG CTTGTGTGTT GTTTATCCTA GATGAGATGA GARAGAGTTC 1200
PC6-4.DNA 1151 .......... «.cuunnnn. Cheee e e e 1200
PC9-3.DNA 1151 .......... covuvrunns e e e 1200
PC14-1.DNA 1151 ..... A..T. .G..C..... L AT .G....AG 1200
1210 1220 1230 1240 1250
PC4-1.DNA 1201 AGCAAAGAAA GGACTCAAGA CCACTGGTGA GGGCCTCGAC TGGGGTGTGC 1250
PC6-4.DNA 1201 ..tvivvuvn tanaurnone sunnnuntne suosunuenee saunnoanns 1250
PCI=3.DNA L1201 .ttvrinnn tuvvennnns aeonanaene theunnniae cnvonennn. 1250
PCl4-1.DNA 1201 C..GGC.G.T ..CG.cvuvee vrevrnine, N G v A.... 1250
1260 1270 1280 1290 1300
PC4-1.DNA 1251 TCTTTGGGTT CGGACCAGGG CTCACCGTTG AGACTGTGAT GCTACATAGC 1300
PC6-4.DNA 1251 ...... e e e et e eeaaae e, 1300
PCO-3.DNA 1251 ittt ttiitiit e e e e 1300
PC14-1.DNA 1251 .A..C....t tiiiuinunen unn. 4 o 1300
1330 1340 1350
PC4-1.DNA 1301 TGTTGCTCTA TCATTGAACT ACGCTGTAGT 1350
PC6-4.DNA L1301 tutriuiunr vuunemrnrs tteerencas amrnrnenns caenonnnas 1350
PCO9-3.DNA 1301 ......uvvs cdBiinnnn vieiinnnen avnrnene, A ...T...... 1350
PC14-1.DNA 1301 T....... A, ..----- .T G.C....AGC CT..... GTA TT.T.TC--. 1350
1360 1370 1380 1390 1400
PC4-1.DNA 1351 GAGGTCTTTT TTTTTT-AAT GTGETTGT GTTGGCTTTT ATTTGGTTCC 1400
PC6-4.DNA 1351 .......... ...... e e e e 1400
PC9-3.DNA 1351 ......0.ne vunnn. Tt e e e 1400
PCl4-1.DNA 1351 .G.------ : CouCuove Tovinnnn. R ---...G.TG 1400
1410 1420 1430 1440 1450
PC4-1.DNA 1401 ACTTTGCTTT GGTTGTTTGC ATTTTGTAAT GATACTCATG TA-[J@RATTA 1450
PC6-4.DNA 1401 ...ttt ittt et e e e 1450
PCO-3.DNA 1401 . ttiitiit eimtneae et et e e 1450
PC14-1.DNA 1401 G..... Com=mm C.. A mmm —m-- T..C.. C.--=-T 1450
1460 1470 1480 1490 1500
PC4-1.DNA 1451 AAATTTAAAT AATATATGTT TCTTGTGATA ---=-=--=-=- =—=--o-u--- 1500
PC6-4 .DNA 1451 .....iuvnit cuvnvnenne vurrennnas TCCTTGCAAA AAAAAAAAAA 1500
PC9-3.DNA 1451 ......... N R e T L LT 1500
PC14-1.DNA 1451 ..G.AAG... G.A..----- TA...A..G —~----=--- —mmmme——- 1500
1510 1520 1530 1540 1550
PC4-1.DNA 1501 -=-==---m- mmommmmoom omeoloo oo oo AARA 1550
PC6-4.DNA 1501 AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAAR ARAAAAAAAA 1550
PC9-3.DNA 1501 =-==--=---= =coemommmm —ememiois oo AAAAAARAMA 1550
PCl4-1.DNA 1501 -------moe —commomnn- - - -AGATTAT AATGGAAAAT AAAAAAAAAA 1550
1560 1570 1580 1590 1600
PC4-1.DNA 1551 AARAAARAAA AAR.. .. ... toivorieine sannenonen tennonenns 1600
PC6-4.DNA 1551 AAAAAAAAAR AAB. ... ... «0orvnruen ormrnnnnnn rennnonn. 1600
PC9-3.DNA 1551 AARAARAAAR AAR. ... ... «oterenene tcmenenmnnn cnennennnn 1600
PC14-1.DNA 1551 AAARAAABAR AAB. ... ... wouennnenr tnrvnncann cunnnnnnn. 1600
= * cDNA 73| R i Bl — R AT LE
3.1 DNA &g 5\ < rREE
FIFH ERGTRH B FIRRHIRTES pC4.1, pC6.4, pC9.3 Fz pC14.1 1 L2 FR I 7 H (7'
A.B.C.D.)it B IRHTHABRIERTSE R BER TSR ROEErT(EILY) - ARGREIRE rT A0 5 L

cDNA #E7BmRAY » HrA
HEASHERTYSZ cDNA £ DNA KATHEES — i ES B | EHRr (B R EHE) - #)25 RFRREE

CHS 2 cDNA PR IZERIEEEE TR 1,167bp 18

IR E(homology) : FLELER class T (pC4.1;

28 EY coding region AT — A BYZARPE
5 74~84% -

Yabukita .7 CHSI » CHS2 J¢ CHS3 [EER 47 RIE 64~ 84% » 92~99% Ei 74~82% - class I £

i’

1 pC4.1, pC6.4, pC9.3, B class I ; pCl4.1 K classTT

(EAZ R EEEA - &

class I Eil Takeuchi et al.(1994) 3 @38 &

H class

35 LA ED
pC6.4; pC9.3) 5 class O (pCl4.1)Utk DNA(S

e class T 2 =R TEIEE 94 ~99% » R

A Camellia sinensis cv.

|




AR E K IBIAS B cDNA Z 3858 99

CHSI + CHS2 . CHS3 FEBESTBIES 96~99% + 77 ~84%EHE 84~89% o [HArltZ =#k cDNA 2~
EITHEFREAMER 76~82% - EIEER RS EEME (B E class I =Rk HHEME
B 98% » B8 class T ZABMLIPEES 94% ; class T BIA7 M CHS! & 94~95% » $2 CHS2 £ 99%E1
CHS3 £ 92~93% ; class L BI3CRE CHS! FELAMER 99%EL CHS2 58 94%81 CHS3 £5 95% » 3L
B = RE AR PATERS 93~95% - HELELhEiS REEN class | [ESIAC M CHS2? SE—ER!
i class IT B3 MR CHSI R[El—EY » CHS3 BRI BN RNASBMAEES <~ CHS cDNA -
3.2 LIRS AR LU

F B SRR R R NS Y pC4a.1, pC6.4, pCO.3, pCl4.1 B3R CHS1, CHS2, CHS3 ¥
DNA homology plot 5z protein homology plot(f# /\ A.B.C.D ;[&J1 A.B) - F homology plot
HUFSSRECS 3.1 ZAEEUL sEttEERE S AR EZ cDNA - f[E—IZ pC4.1, pC6 4,
pC9.3, CHS2 fEtLE (B /\Z A-1,.A-2, A-5, B-1, B-4, C-3)E|h7]:Bi—EAfEERR © pCl4.1
K CHS1(# /\z D-V)E RO BRE R TR E —3 > T CHS3 SR A —2 A BT
—tk cDNA ZRGE 7 (# /\ < A-6,B-5,C-4D-3)- 7F protein homology plot FEA[EjHl 2 ¢cDNA
RSB G TR TERR

Y - ¥ PCR FBIERERVROR SRR |
BHIEREY CHS AR E S intron’ IRIRZRIE CHS cDNA pC9.3 FFA(B )5 [+ 1 GE
139bp Z 168bp): 5 |F 2 (& 719bp Z 748bp): 5 | F 3 (748bp Z 719bp) B |[F 4 (25 1308bp = 1279bp)
= i e Re Iamn S B YRR [ FEdE R =B E R = -

LA C.sinensis var. TTES No.12 ] DNA {88 SN 7T PCR T JE » £ ENIE+2 A » =&
5 FHHEFTS2)H) PCR BEY)Z REHEFEGEESS - FH P fEIB(IR nick translation J7ik)#I3%
I 400bp CHS cDNA 1881 37T Southern 42 i FESSIR =18 DNA EEL CHS ¢cDNA #i G ¥ IR
(& B)  EBA LI =@ ER » 43R BB - S TR 71 51| IUik cDNA Hrz—

SEEAHF] o FRORERIE CHS By ORF & intron o

'“-_
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A pC4.1
(-
0.1kb
, ;34 586 3 4221
i {2 e mant 4
Nunbher Enzyme Name Jequence Count Cutting Position
1 Accl GTIMKAC A 538 12906
z Barl ACTGGN! 1220 1236
3 EcoRI GIAATTC o+ 10189
9 HarIX RGCGC'Y i 602 11583
5 Pat]) CTGCA'G o+ 719
6 Pvull CAG'CTG + 792
7 $all GITCOAC + 837
8 Snel CCCI'GRG o+ 548
B. pCe.4
784 § _GI 3 43221
Nunber Enzyne Nane Sequsnce Counc Cutting Posicion
1 AccX GT!MEKAC +4 541 1298
2 Bsrxl ACTGGN ! = 1223 1239
3 EcoRI G!'AATTC ++ 1022 1190
4 Haell RGCGC! Y +4 605 L1156
5 Pastl CTGCA'G + 122
6 Pvull CAG'CTG + 795
7 Sall G!TCGAC + 540
8 mal CCC! GGG + 551
C. pCa.3
1
8 56 3 4 221
f - # = e
Nunber Enzyne Name Jequence Count Cutting Position
1 Acecl - GT ! MKAC et 543 1901
pA Bxrl ACTGGN! ++ 1225 1241
3 EcoRI G AATTC + 1024
4 HaeIlT RGEGC!'Y + 1158
5 Pstl CTGCA'( + 124
6 Pwrull CAG'CTG 4 797
7 Sall G!TCGAC + 542
8 Smal CCC! GGG + 553
D RC14.1
3 4 4 5261
= s Hifornsnnd
Nuxnber Enzyne Name Seguence Count Cucting Position
1 AccI GT 'MRAC + 1203
: Barl ACTGGN ! + 1127
3 BatEII G'GTHACC + 44
4 Smal CCC GGG ++ 458 594
5 $stII CCGC ! GG + 1102
6 XhoI C!'TCGAG + 1134

B 7S~ BT R EE L IBEAS FUEE cDNA 2 PR il B 7

Fig.6. Restriction maps of . ssnenszs TTES No.12 CAHS cDNA by
computer analysis

A .pC4.1 B .pC6.4 C. pC9.3 D .pCl4.1




PC4-1.AMI
PC6-4. AMI
PCY-3. AMI
PC14-1.AMI
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PC9-3 . AMI
PCl14-1.AMI
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Fig.7. Alignment of deduced amino acid sequences of cDNA clones of C.sinensis CHS. Maching base 1n

shifted alignments are indicated by highlighting. Stars indicate the 6 cysteines conserved in all CHS.

"L" under sequences 1ndicates leucine zipper motif, Bracket indicates the putative active region.

(CHS1, CHS2,CHS3 from Takeuchi ef al., 1994)
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F2— ~ 4% CHS ¢cDNA Z DNA 5L
Table1. Comparison of DNA homology degree (%) among C. sinensis CHS cDNA clones

A.Total c¢DNA sequences |
pC4.1 pC6.4 pC9.3 pCl4.1 CHS1* CHS2* CHS3*

pC4.1 100
pC6.4 94 100
pC9.3 97 04 100
pCl14.1 76 74 75 100
CHSI 78 75 64 96 100
*  CHS2 92 03 92 77 78 100
*  CHS3 77 74 77 84 85 76 100

* From Takeuchi et al.(1995)

B.Coding region sequences

pC4.1 pC64  pC93  pCl4l  CHSI*  CHS2*  CHS3*
pC4.1 100

pC6.4 99 100
pC9.3 99 99 100
pC14.1 84 84 84 100
CHSI R4 84 84 99 100
* CHS2 99 99 99 84 84 100
* CHS3 82 83 82 89 39 82 100

~ * From Takeuchi er 27.(1995)

= « 25 CHS cDNA HERTIEERERES = Ll

Table 2. Comparison of deduced amino acid homology degree (%) among C. sinensis CHS cDNA clones
pCA4.1 pC64  pCO.3 pCl4.1 *CHSI1 *CHS2 *CHS3

pC4.1 100

pC6.4 98 100
pC9.3 98 98 100
{9014.1 94 94 94 100
* “CHS1 95 95 94 99 100
* CHS2 99 99 99 94 05 100

* CHS3 93 92 92 95 95 03 100
* From Takeuchi es 2/.(1994) '

=~ X5 [ FRraEHEI PCR EY)
Table3. PCR products from various primer combinations _ o

Primer combinations

Predicted Actual
S'end 3'end Size {bp)* size (bp)
1 (139bp~ 168bp) 3 ( 748bp~ 719bp) 610 610
2 (719bp~748bp) 4 (1308bp~ 1279bp) 590 590
1 (139bp~ 168bp) 4 (1308bp~ 1279bp) 1170 1170

"The calculation of predicated size is based on the DNA sequence of pC9.3 in Fig.5.
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Fig.8. Homology plot of C sinensis CAS cDNA

Check size: 10; Matching size: 8
(CHS/,(HS2. (HSF from Takeucht ef a/.,1995)
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Fig.8. continued( /)
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FeHEAHE Z IR & B cDNA 80

A1

A-4
pCe.4 CHS1
1 196 9 1 196 389
' 38 \ .t
§195 §195
3594 38l N
Ar2 A-B
pCo.3 CHS2
1 196 9
1
§195
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1 1
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Fig.9. Protein homology plot of C.sinensis CHS
(CHS1,CHS2,CHS3 are from Takeuchi et al., 1995)
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Kk

3

IR

W LI rmhs
AOCD KDL

B+ ~ LA C. sinensis var. TTES No.12 {+E48 DNA BENEI S TEMESE [ FAEEI8Y PCR E 5
Fig.10. Southern blot analysis of PCR products obtained by various primer

combinations TTES No.12 genomic DNA was used as the template
Agarose gel : 1.2%.
Panel A: staining with ethidium bromide.
Panel B: Southern hybridization using *“P-labeled CHS cDNA (400bp) from
C. sinensis var. TTES No.12 as probe.
Lane 1. primer 1&3.
Lane 2: primer 2&4.
Lane 3: primer 1&4.

A~ ZEEYIARRE R 2GRS R R 2 P
5.1 CHS ¢DNA 7 3258

A B IR B | FH 5t (Petroselinum hortense)BIFSEE(Nicotiana tabacum)CHS cDNA (55
EST 5 SEHESSBE CHS cDNA » {H3$35 5545 CHS cDNA FI4S 854 RNA %] Northen 35 57 E#:
57 © MATFAE CHS cDNA(pA 14) R FEAC [ » FETBEELIAREE {7 <~ cDNA(pAS)
HEAC SUFEINFEH G5 (PR » 1999)# 2 RS RB1FAEL CHS cDNA #1753 CHS cDNA #1TLh
¥R WREFB MR 67~68% ~ 71~75%  FeZiy A B KE S BTG R
IR - TMASE CHS cDNA 5% 58RO E - Mam_ -] A B AR 2E cDNA E BT -

5.2 mRNA [ EEEEEEHR <R
B — LIS — K ATG IR E R IERERLLAE - SEF Y AR x xATGG 7
FIRIMERE(Gallie, 1993) - ZRIE CHS cDNA RIEEERIGEER Y heg—R R ATG » B
s HSEE DNA FA R AGATGG(pC4.1, pCo6.4, pC9.3) 5z AAATGG (pCl4.1) ;
FLER A A [FIEYIHY CHS 33 ATG 25 TERIEEREREL ) DIE-3 FAIER TS purine ATk
E(Nlesbach-Klosgen et al., 1987) » DIERZES(P.hybrida) P » FFSHE—FH I ATG 13845
EHIRR I EEIB(TAA) » BHILE - RHIRRY ATG FIEEEEEIAEL - EtTSAE U

top




KRR ZJSETS IR DNA = 20 107

majus) ~ NMI(M.liliiflord) ~ KZ&(H.valgare) ~ 782 ~ £H(Z. mays) EEFEEY) CHS ¢cDNA /)
5%—*{ i ATG 7l T AZ(GAIICGATGG)TE-3 BN B B pyrimidine » EAMFIEES purines(&
) » 10 pyrimidine FELL(/ B RIHEIRTE I ATG FeBERELAHS HiF - BATE methionine S
(Kozak,1984) « IZEATSHET 126p 28 fH ATG EEBA MR F75I(GARCGATGA) -
M3 CHS cDNAs FrERInE =S Ia R PR & _EALER L TR IERERY - S AEfEY) CHS
B YR molecular mass FEHY 42.2~43.0KDa 2[4 » AZR{oE 379~402 {fEiRE-FEFTAH
X+ (B DBEESFEEISNMIEENEE A (P nil) 2. CHSFLI ~ Hig(M.sativa L)z CHS 4 ~ msCHS 1l FLiRZE
LE(Povulgaris) 2 CHSJT 413 340, 331, 265 F¢ 319 {#EEEREAHE * H molecular mass £ 28.6
~37.5KDa -

{ELLRC R T RRHYMISE T 3EHY) CHS cDNA SRR E(ORF)APUREEREA ) EH - $3R
B TEEREWIY CHS cDNA H(G+C)2 &7 {1k CHS cDNA H(G+C)E 65.7% EHE 69.3%

e FIEEYIY) CHS cDNA HI(GHCO)YE BEWE » 4R 45.5~53.9% 2] » iBEFE
46.0% * S5 48.8% » & AEE 52.3% (Niebach- Kléisgen et al., 1987)455 B (M. incana) B

52.8% (Epping et al., 1990)7+58(S.alba L.) £ 53% (Batschauer et al., 1991) o ZRGBRATEEIER
3 CHS cDNA HEEE (G+O) & B4 51.78%((pC4.1) ; 51.87(pC6.4) & 52.04%(pC9.3) ;

50.84% (pCl4. 1) IFFSEFIEMEY) CHS cDNA(G+O)YS & -
U753 CHS cDNA EEERBEGRAERE BTHE BEE L B BRI o 5E—(F
ISR TAA » RN FEERE SR TAA 5 TGA i 1S AR R EE

K~ mRNA JRNERH  HlAEZES(Reimold et al., 1983) ~ &3 (koes et al.,1986) F FH7{HFT

(A.thaliana) (Feinbaum & Ausubel, 1988) - X[ ZE T (Fukada-Tanaka et al., 1997) - B

(P.lobata)(Nakajma et al., 1991)E8 CHS 395 m{ELL_EBI IF%HE « CHS cDNA 3%

UTR(untranslated region)_-AJEERY polyadenylation signal ARIBCBhEC = (Niesbach-Kldsgen er
al., 198E1E poly(A) _Lifio AATAAA, AATAAT, AATGAA F; AATATA YRR AEASEERIIY
% CHS cDNA FASEE » 451 AATAAT(pC4.1 T pC6.4 43 BIFE poly(A)* tail L1 22bp K
30bp) ; AAAATA(pC9.3 7 poly(A)" tail _LjfF 19bp) ; AATGAA(pC14.1 1E poly(A)’ tail _EJf7
35bp) - ERHEE—{E WIRERY polyadenylation signal B ANEEZ po ly(A) tail

B A YRR EE8% LT RNA KEIEARIR splicing 48 t 5' cap & 3' poly(A) B REF R
HIEERT mRNA, poly(A) "B AR HEERENM + XA S'cap K ploy(A) B0l HeEl
RN EsEEE H'E 2 82 ) (Munroe & Jacobson 1990; Galiie, 1993): —i¥ = poly(A)' BB 54
# polyadenylation signal By NEER
£ B H# CHS | B?'UEI’J?FE% FER T IR SCHS 1 #R#F40) CHSJ K ETE L msCHS
TERSY - HAUEYIRY CHS & » £ CHS 5 67 i EER 75802 cysteine (multiple alignment

FRARSIHD) « RO ERECH C ERE ~ oK » /&%~ BESL - MA{HF - BE(G.max)
TrZR BB IN FRIA(P.sylvestris) 5 Z FEFEY) (Sommer& Saedler, 1996; Niesbach-Klosgen et al.,

1987; Herrmann Batshauer, 1991; Rohde, 1991; Fligmann et al., 1992; van der Meer et al., 1992)

H’ﬂﬁé Ofg CHS BKE CHS cDNA FFHIINLALEEY 7 cysteine codon RYFTEIFIEfL B2 D
% A (B2 28 T 8% 5 BRFTRS EEHY intron - REEEFTEIERYAREE CHS cDNA -
ﬁ% 60 {ERZEERES cystenie (B 73) B LA C.sinensis var. TTES No.12 B {688 DNA EHfE
LA SR EE CHS cDNA HY S'UinB R a0 K 3 iniE 212 8k DNA FPHI A& ey Bz B
5|4 FH PCR EiflgFmiE5EE! C.sinensis var. TTES No.12.CHS By 8RR BB C.sinensis
var.CHS cDNA MTEEEEZAZ(E+) » H DNA FF5If1 CHS ¢DNA Hih—FFEy5e 24
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Bl FRoTARIEZLEHE CHS EFTE intron: [ EMERE CHS BR 2 % H—RKE$HEA S intron
) CHS B -
5.3 SEEVIMEERZBS RENCHS) 2 & E Lk

RIEH CHS cDNA i EEFE molecular mass £ 42.6KDa (pC4.1); 42.5KDa
(pC6.4,pC14.1); 42.6KDa (pC9.3) - pl fHAIRIE 6.50(pC4.1); 7.19(pC6.4); 6.50(pC9.3); 5.95

(pC14.1) B 7= H fiES) CHS cDNA BB E 265~402 {HIEEES '8 molecular mass
% 28.6~43.4KDa, pl {H 5.32~7.24 FF&BBAFTIL) - TR EHE IR Z Bk Bk MR B
FEIA

Lanz et al.(1991)F!FH ﬁ{j%ﬁ?ﬁi(site—directed mutagenesis) 55 B cysteine-169 £ L4
resveratrol synthase (RGFE RS)RIZE CHS Y FEMHE I B » # cysteine-169 & H A i BY
BZ & B 7 5 MMYQQGCFAGGTVLR)HRERVEIE 4 » HiEESMERE CHS AT
pCl4.1 IR = (EiEEEEH tyrosine 0¥ phenylalanine. 5541 Landschulze et al. (1988) k¢
O'shea et al. (19VFELEBFZ T 25 5 & (nuclear transforming protein) & gk ET B T
(nuclear transforming protein)\J#5fE @ 2R EA —HILFEIIEEMF Lx{6}Lx{6}Lx{6}L
H VOB 2 FE (o (B REER ) leucine BRI IR, - B leucine zipper motif - —iFEER I motif
FIE BB e (dimerization)$5FEHE R - B[l motif $#Y leucine {HJEEH L4 —(polypeptide) HY

a -helix P HHZREEE — (F % i —HHREIAIE o -helix B leucine HIEEZZ X - FEAEEREE
R -

Kreuzaler ef al. (1979) #lifbHHY5cZs CHS EHEFHE E AR {# subunit Fr#A L - —]Eﬁ
leucine zipper motif I H'EEMEER - I CHS BEHHEINAAEML - HHEGERS
FA R B A A el A AT R (ERAIA IR E CHS il 2 B1EHE 2 leucine zipper motif [
Alf EUET%&BT%%E%F%

"h._

C.sinensig(pC4.1) .....TCCGGCCRAGATGGTGACAGTGGAGGAA. . .
(pC14.1)...... TCCGGCCRAAATGGTCACCETTCGAGGA. .
A.majus m.mTTATAAGHAA&EQGTGACTGTGAGGTTC...
H.vulgare .. AGATCGAIICGATCGCACCECCATGACCG. .
M.1iliiflord ... . ATCAAAAEGCCATGTCTCGGTGTCCACCC. .
P.hortense ... AAAAAAAAA A TGGCAAATCATCATATG...
P.hybrida ICTAT GAATGCTGACTGCGAGTATC...
R.acer(1l) . . ATAATCARATATGGTGACTGTAAAATAC. . .
R.acer (2) e - CTARATCIMGTATGGGTGACTGTAAAATC. ..
Z.mays .. . . GACGACGICCATGGCCGGCECGCCGETGEA. .

[B+— ~ AR ER LIGES FU cCDNA Z BSR4
Fig.11. Analysis of translation initiation regions of several CHS cDNA species

The possible initiation and termination codons are underlined and framed respectively.
The -3 positions of possible initiation codons are indicated by highlighting.
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fa ol
R I cDNA ERJERE FEERT2AE R CHS £igERD RlEmf R El - Class I £ pC4.1,
pC6 4 B pC9.3 {7 ] ORF By EIEHAE 98% A I Class T A pCl4.1; BB IR BRI EH AL S Yabukita
HIFTE T EE S 77% -  H Yabukita FRfFHHE CHS cDNA BB =4 (HERNE =R » AR
%EJ—‘} H o AR RAEY) - BILATER] CHS cDNA 4725 JEB L » EHARE T fEn] 583
B2 BEEMRY CHS cDNA 177F - F|ARSHEEE R ME3E5E C.sinensis var TTES No.12 F3@igE
K]+ B HE DNA FE5FT CHS cDNA FE¥% » 55383 C sinensis var TTES No.12 HyEv@ B8 CHS REFIHA

"\._

LY

e

& CHS BR—HTa

=P~ 518

intron o

HY)) ol BE A LIRS

y,

CEBTE TN B leucine zipper motif 7 EL#A

Table 4.Comparison of conserved active sites and leucine zipper motifs of chalcone synthases

from different plant species

Plant species Active site Leucine zipper motif Reference .
C.sinensis MMYQQGCFAGGTVIR BoQVELKJ(A/G)LK (P/E)EK[IRATRHV] This study
N.tabacum MMYQQGCFAGGTVLR BQVELKBGLKQEKKATRK V] Hu, 1993
Stuberosum  MMYQQGCFANVIGGTVILR [BDQVELKGLK (P/Q)EKJ(Q/RYATR(Q/E)V]  Jeon, 1996
S.lycopersicurn.  MMYQQGCFAGGTVALR  [IDOVELKM (G/S)LK(P/A)EKRATR(Q/E)VIF  ONeill eral, 1990
P.hybrida MMYQQGCFAGGTVIR BoovECT/LYKJGLKPEKI(R/K)ATR(H/N) VR Koes et al., 1986

van Tunen, 1989
Ipurpurea MMYQQGCFAGGTVLR BOQVEDKBGLKPEKRATRHV Fukada-Tanakaeza.], 1997
M.incana MMYQQGCFAGGTVIR BoovEIKJGLKAEKMRATRIV Hemleben, 1989
S.alba MMYQQGCFAGGTVIR o vEKKIGLKAEKMRATRHV]] Ehmann & Schaefer, 1988
D.caroia MMYQQGCFAGGTVLR BoQVETERSLKPDKEKSTRQVIH Ozeki ef al, 1993
P.crispum MMYQQGCFAGGTVIR B ovELKIGLKEEKMRATRQV[R Reimold ef al, 1983
P.frutescens MMYQQGYPAGGTVIR  DQVEAKBGLKPEKHRSTRUV Gong et al,, 1997
P.lobata MMYQQGCFAGGTVIR BQVEQKMGLKPEKMKATRDV]Y Nakajima et al,, 1991
M.sativa MMYQQGCFAGGTVIR WoQVE(E/Q)KM(G/A)LKPEKM|(K/N/R)ATREVll  Junghans er af, 1993
P.vulgaris MMYQQGCFAGGTVLR BovEQKLGK PEKMKATRDV( " Ryderetal, 1987
P.sativum MMYQQGCFAGGTVAFR  [IDOVE(Q/E)KJ(G/A)LDPEKM|(R/K)ATREV]  Ichinose, 1991
Vunguiculata ~ MMYQQGCFAGGTVIR FovAQKGLKPEXMKATRDV(] Krause, 1993
V.vinifera MMYQQGCFAGGTVLR !DQVELK&LKEEKLRATRHVE Sparvoli ef al,, 1994
O.sativa MMYQQGCFAGGTVLR IDQ VELDE( A/GYLK(P/E) EKERATR HV Scheffler, 1995
S.cereale MMYQQGCFAGGTVLR BoMVEAKVNVINKERMRATREV]Y Haussuehl, 1995
Hvulgare MMYQQCFAGGTVIR ~ [JPRVEDPYVGLDKKRMRASREV[] Christensen, 1996
C.chinensis MMYQQGCFAGGTVIR BovELKGLKEEKMRATRH V] Henkel, 1995
G hybrida MMYQQGCFAGGTVLR BoovERKINLEKEDK R ASREV Helariutta, 1994
D.caryophyllus ~ MMYQQGCFAGGTVLR BoQVEAKIGLKEEX[RATRNVY Henkel, 1995
C.americanum  MMYQQGCFAGGTVIR IDQ VEHKIAPGRRAN@MTRH I u Gulick, 1997

Note : The four leucines of these motifs are indicated by highlighting and the substituted ones of these same

positions by frame.
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FIF DNAsis 534752238 CHS 2248 cDNA FRrETHHFEAR RS » B2 Rl R EEIEE S
cDNA [HEEEI9E 1,167bp ez —13 389 (HIFERIIE LR - b pC4.1 Mr £ 42621 pl £ 6.50;
pC6.4 Mr.55 42570 » pl £ 7.19; pC9.3 Mr. £ 42,666 plﬁy650 pCl4.1 Mr.5 42537 » pl £ 5.95 5
1 MrABEST » R — g AT LR EE 5 PEE Lo RS -

C.sinensis var. TTES No.12 #y CHS FIEMBAHEYIEY CHS _EEVE /SN BEFEE RAFHY cysteine »
H cysteine-164 FJRER CHS RYIEMEAIE - #<IERY CHS FOEMET %’TE"F%EI’J CHS —%& » HH—{H leucine
zipper motif, I, motif FHE I E L EE S ER » RILHER] C sinensis var. TTES No.12 g4 CHS JE
A RS o

%ﬁ? BREAENGE L OEBEENER  SERXSRER TR » KRAOHIEZ RIEEVH
K R AHAIEHIRE R F PN AARES R » LIREEENEERESERENIWEE » R EESRY
cDNA BHBIF R IR Eie CHS EERRTUGE » LERIERARENE SR KIS CHS B RFHEEIRAY
BEAMIE R EH & -

—

33
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Cloning of Camellia sinensis Chalcone
Synthase cDNA

Ying-Ling Chen' Hsien-YiSung® Jong-Ching Su?
Summary

Phenolic compounds are the most abundant water-soluble component in tea. Catechins,
the major phenolic compounds in tea, can be divided into two categories according to their chemical
structures. One of them ig the simple catechin including epicatechin, epigallocatechin and
catechin, the other is the catechin gallate including epigallocatechin gallate and epicatechin gallate. Catechins
constitute about 15~30% of the dry weight of leaves and stems. Studies on the biochemical properties of
catechins may lead to new technologies for controlling the quality of tea leaves.

The catechin is a flavonoid compound derived from the phenylpropanoid pathway.
Chalcone synthase (CHS) is a key enzyme of the biosynthesis of catechin. The CHS cDNA, genomic clones,
and its proteins have been isolated or purified from a number of plant species. According to previous reports,
three full-length cDNAs enconding chalcone synthase, CHS1, CHS2, CHS3, were isolated from tea. The
three cDNA transcripts were expressed in various organs and were found to respond to sugar in young leaves
In a similar manner.

In the present study, a cDNA library has been constructed from the C.sinensis poly(A)'RNA using A
ZAPTI as the vector. Eighteen positive clones have been isolated from 10’ pliques using a homologous CHS
400bp cDNA probe. This C.sinensis CHS 400bp cDNA probe was prepared by the reverse transcriptase
polymerase chain reaction (RT-PCR) technique.

These clones can be divided into two classes, one consisting of pC4.1, pC6.4 and pC9.3 and the other
being pC14.1. These two classes of CHS cDNA clones were sequenced and identified by comparison with
previously published CHS sequences of tea. The cDNAs of classes I and II showed a single open reading
frame of 1,167bp which codes for a protein of 389 amino acids. The amino acid sequences showed 93 ~96%
identity to one another. The molecular masses of the proteins range from 42.5KDa to 42.6KDa. There are
about four to five termination codons, and a polyadenylation signal downsteam. The tea CHS cDNAs from
the present as well as previously reported studies can be classified into three groups according to the levels
of the nucleotide and amino acid sequences. In the first group, our class 1 and the CHS2 showed 90%
identity to each other. In the second group, our class Il and the CHS1 also showed the same identity of 90%.
In the third group, the CHS3 showed 74 ~85% identity to groups I and II.(The third group was not found
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in present study.) The genomic CHS DNA has been isolated using the PCR technique and compared with the
cDNA sequence. The study also revealed that the C.sinensis gene contains no intron.

The alignment of the C.sinensis CHS amino acid sequences with those from various plants indicated that
they all have 6 conserved cysteine residues. The cysteine-164 in the CHS of C.sinensis might be essential for
the CHS activity. The C.sinensis CHS also contains a leucine zipper motif similar to those found in most
CHS:s from various plants. The motif may contribute to dimerization of the protein structure.

The sequence comparison of the C.sinensis CHS cDNAs with those of other various plants revealed
more than 70% identity to one another. The homology of the deduced CHS amino acid sequences of
C.sinensis toward those from other plants revealed more than 80% identity. This result indicates that the
CHSs has been highly conserved in the evolution, a characteristic for most essential house keeping gene.
Key words : Tea, Chalcone synthase, cDNA, Gene cloning



