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Cloning of ACA Gene Promoter and Preliminary Study of

its Function”
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i 2 HECHHAAABAN SR AFARTZALEHR KO A G5 (GSP-1,GSP-2,G8P-3) 4 31 5 11 A & #7] #(AN-
AD11) # 2t , % 47 #& & 3f #F #% & PCR{Thermal asymmeiric interlaced PCR, TAIL-PCR) #" ¥ %A T ACA A BRBFHF L # H
T00bp 9 K B, ARMARENHE HETHEREDL Cus RS A B WA A R4 pBpAG, EA TR H THRARFGAF. 8T
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g A AT T i,

X4 TAILPCR, ACA B®-F, GUS, #T#H R AR
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Abstract  Using total DNA isolated from Amaranthus caudetus as the template, a DNA fragment of about 70Chp upstream of the
coding sequence of Amaranthus cavdatus agglutinin( ACA) gene was amplified by TAIL-PCR and cloned. To examine the regula-
tory function of this DNA fragment, it was inserted into a plant expression vecior containing GI/S gene to substitute the CaMV
35S promoter and the resulied recombinant plasmid was designated as pBpAG. The expression vector pBpAG was transferred to
different tissues of plants, via Agrobacterium-mediated transformation in vacuum condition. Transicnt expression of GUS in the
transformed tissues was detected by histochemical GUS staining and the results showed that the GUS activity was expressed specif-
ically in seeds. These preliminary results indicate that this DNA fragment upstream of the ACA coding sequence could very possi-

bly be a promoter with seed specificity. Some putative cis-elements within the promoter were discussed.

Key words TAIL-PCR, ACA promoter, GUS, seed-specific expression
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EHERREW, FRAENASAHUNEEBEERESN
IHm B BEETRTFEE AN EEEEE B E-Y T
FHEEMFEHEARFEBEAETENHERNRE
B HEAFTEAESEAMRSI TUUARKNERKS
HYRAEE TARREAEHEEMDPHBERERE.

EHUEER(ACA)R—FMFE T RE X (Anamanthus
caudatus )W TP EEL RO X EEEX . REEE
EEEEMAKLFEEM BAMENERMNME" . AR
HW R EREFTFAF LN EERERH R ER HE
Rinderle " Z A MW ¥ HES T EE LT o %
MEARRBEHT T RERN ZRESREEMTHEN
BEAPAR UM EZEQMTE. ZIER a4 LET
EERTHRELN, TAEHEENS—RA S5HA6E
97. 7% FI B 9 Amtl REGAAEMFFARET, £F
MERTER, BINEN ACA BRANZRW THREREN,
Bt A 8ZRs T AR AENAREREREZRAA
MHNELAGAEREES L,

FA“TAIL-PCR"BIARET ACA BEAMBEsH T . WET
ACARBT-CUS S ENMHBEERE B RkTFE N
SETEHAHPHALE AR cUs REER- P EHASA T
WEAER, FXWELEARRMODEEE.

1 MHE5F#%

1.1 ##

1.1.1 WfhS R . KB E DHSe, + BRI 3 LBA4404;
[E# pBG438, pBI121 B & K 12 F # # B {7 & . pCEM-T Easy
EAWE Promega 27,

1.1.2 #1: B % ( Amaranthus caudates ) 1 £ H 10WA M
NREXSHYG AR LR E R FHY
W { Capsicum annuem L.) . i 5. Dolichos lablab L.) T i
WML HRTEAR A LR,

1.1.3 MHEA . SHEHEP BN A MBI 2 E, T4 DNA
HEEMW A Biolabs 237, Tag DNA B2 MM H XEE4EPT
BARAA,

1.1.4 PCREI¥:ACA B[R 5% = K 01 $F 7 5] ¥ (Gene
specific primer, GSP) EHES}E: 5" » GTG TAG CGA GAT TTG ATG
TGA AC < 3',GSP2:5" > CGA CTT CAA ATT GAG CTA ATG GA
<3',GSP3:5’ > CAC ATA ATC ACT GGT AAT CCT GC <3';11
A~ f&f 35| ¥ ( Arbitrary degenerate primer, AD ) Bl A_Dl :5 > NTC
GA(G/C) T(A/T)T (G/CIG(A/T) GTT < 3',AD2:5' > NGT CGA
(G/C)(A/T)G ANA (A/T)GA A<3',AD3:5" > (A/T)GT GNA G
(A/T)A NCA NAG A< 3", AD4: 5’ > TG(A/T JGNA G(A/T)A
NCA (G/C)AG A<3,AD5: 5' > AG(A/T) GNA G(A/T}A NCA
(A/TYAG G <3',AD6:5' > CA(A/T) CGI CNG AIA (G/C)GA A
<3 ,AD7: 5' > TC(G/C) TIC GNA CIT (A/T)GG A <3', ADS:
5" > (G/C)TT GNT A(G/C)T NCT NTG C < 3",AD9:5 > (AST)
CA GNT G(A/T)T NGT NCT G < 3, ADI0: 5’ > TCT TIC GNA
CIT NGG A < 3',AD11: 5' > TTG IAG NAC IAN AGG < 3'; IR &

FRERFATIRAN ACA B TR #1514, BF Sense: 5’
> GCAAGCTT CCG ACA GGA TAT TCT AA <3 (& Hindlll £
&), Antisense: 5' > TIGGATCC GTG ATC GAT GAT TGT CTA
GCG C<3' (& BamH I ki), B L7330 4y eh S = W F 52
Priof AR W 3T G AW K fh s |t LA TRAREA
Ao

1.2 Hik

1.2.,1 BEXDNAWER:UEBETRxEFNTN
A HERE S E ONA, Rk k5% 0k (8]

1.2.2 TAIL-PCR 5. & Rk [9]. M song BEHE R
DNA,7E 20pL 0 Ll GSP-1 5 11 4~ 3 5 0 4+ B B =t
HITE—RPCRY Y B ~HRESOMMEM .l fEHE,
LLGSP-2 FAE R R JF 51 S FFI6 S5 Z Ik PCR & 3 (R Mk 47
# =W PCR. TAIL-PCR EAEFERE 1,

%1 T ACA REBWT A RN TAIL-PCR K E 88
Table 1 The parameters of TAIL-PCR used to amplify the promoter of ACA gene

Program Number

Reaction( primers) Parameters
code of cycle
First reaction 1 1 93 T, 1 min; 95 T
(GSPI/AD) 2 5 94 °C, 30s; 62 °C, 1 min; 72 C,2.5 min
1 94 T, 30 s; 25 C,3 min; ramping to 72 C over 3 min; then 72 C 2.5 min
94 C, 30s; 68 C, 1 min; 72C, 2.5 min; 94 C, 30s; 68 C, 1 min; 72 T, 2.5 min;
4 B 94 U, 30s; 44 C, | min; 72 C, 2.5 min
5 1 72 T, 5 min
2nd and 3rd reaction 6 1 94 T, 1 min
94 T, 30s;: 64 T, 1 ming 72 C, 2. 5min; 94 T, 30s; 64 T, | min: 72 C, 2.5 min:
(GSP2/AD)and GSP3/AD 7 15
94 C, 305; 46 €, 1 min; 72 T, 2.5 min
3 1 72 €, 5 min

1.2.3 HRREMEK TEERES FHHIE:PCREMSE
BE FAFESERAXENT MBI ISERYE. &
M Omega 2RI MMM S RIEFE BRI oifL H 80 R B, ¥ B i

B HG H o p B i MO0 & 48 80 5 1 T2 BE B Promega 4
# pGEM-T Easy B ik E. KB EKF 4, BB RER, 2
RIS RESB M0}, HNEAFHPHREANR
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BRI EEREEREY I RARARNE,

1.2.4 ACAZRRBITFHIBRREIBENHNE K 50ng
BRI DNA,TE 20uL KK 5 77, Ll Sense Fl Antisense 3|
WiHkiT PCRY M, P HKEMHR T MCHEH 3min, ARG
B4 94C 2 # 1min,60°Ci8 X Lmin, 72°C EE§ 1min, # 17 35 5
R . BE X 2CHEM Smin, ¥FBHFERED pCEM T-
Easy ¥, BT {8 B4 A B Ay 45 24 pPaca. S W FLEEA R ACA %
B ¥ A BG, Al BamH 1 i Hind [l XU 40 pBG438""
pPaca [ 8% , ¥ ¥ pBG438 K K B Hl pPaca /N B E) BB &
ACA REIF-cUs Ik S EBEMF R B, 65 B M pBpAG.
1.25 +BRAENMSHASTHAEREEF . EXRATE
HHREER TR E sk, FeEmE 0 RE
REEMEE e A9 /N, B Tl A 4b, 3 H fh 41 48
MK EE KM 70% 0 ZBEEE | ~ 2min, 2R 5 F 10% #9K 8
WY Imin, BERAXTHE A S H. WRABSWHARABTHER
Y FF25C,BREERHIEF 1d. & pBpAG H pBII21 Fiki
MRFEMSFER A Sk o121 B a7 ikt 17,
ez, TR . AAXHERAREZEZRNER. G
BHETHEXHEEN 12MS 5K EHE % 2d(& 4R
).

1.2.6 GUS MRS R A GUS R AR IURKDI3I#
-

2 ZRE5%H

2.1 TAIL-PCR 5 EHE R BRI E

B =K TAIL-PCR,ETHIE KRBT 4 > 5B M,
ME_HE=RKy B AEEYS GSP-2 1 GSP-3
R PZERASHT =) B1ERTHEKNE=
K TAIL-PCR F= 4y b kR B tE 8045 B . oy T %0 G W9 1) 331 40
WRE_RKMEZRKEPEXNLHEEELTFELRR
GSP-2 I GSP-3 P 5| By fa) BT I8 A B 9 K /N (€9 120bp) , R A (8
BB RGBS PHE_KME KT E=Y o5 L&
FHIHSN AP HiTRAkEE. MBE L PR
% AD3,AD4 1 AD8 =& 33| ¥ HO MK TAIL-PCR =¥ £
BERIHETHEROES . BES 1519 HRE MK PCR
P4 Fc /N 2 44 100bp, 55 GSP-2 T GSP-3 7E 2L 4] DNA
FHRNEERH YRR TR EZEEL AD1 R3]
Z—HWE =K TAIL-PCR ¥ ¥ ™4 B — 700 £ bp B8R
S, BARHS K TAIL-PCR B9+ 5 1 3 7= ¥y o8 3 i o o
B LB RAEN HEZ X SR ERERH PCR, &
BEFOTNEEAXRERNOY HEN B HETRE
BAIEMBM B, 5 AD4.ADS F1 AD11 25/ 1K
PR ey B R BB, 34 B 5L BE B pGEM-T Easy
L. aadhdk EARFBEREIIEN KETHNEAT
§:2:1 30
2.2 PCRFEHNEISH

B =TSRG TERESF . KRBE=1TFF
(UEHERENRBRLCEIITRERERIN HERTHE

FIFEMFRE, W H=1F 5167 3' 55 80 8 AEM RS
EREM ACA EEM S ERBEK (SUTR)™ —BL M HER
BE 2. B—4REM .G ADU S5V EMREBHHER
IRBIINFEMNEMRAE, B ACA BRM B3 FH
BRZNFIIZRAFENNEENES AX - KAEXE
BTHEES L R,

M 1 2 3 4 5 6 7 8

bp
750

250

B 1 % _WHE =K TAIL-PCR 9 & ki ME
Fig. 1 Results of the second and the third time TAIL-PCR
M: DL2000 DNA ladder; 1 ~ 8:the second and the third time TAIL-PCR
products when primer pairs AD3 + GSP2, AD3 + GSP3, AD4 + GSP2,
AD4 + GSP3, ADS + GSP2, ADS + GSP3, AD11 + GSP2, AD11 + GSP3
were used respectively.

BCRA 5'UTR giasacccassssssecanssaesisdsinassansanansa c
ADd 0 AR R il i e s e e s mae e e 0
ADB  OEREAALRREN AAGCARGTATTATGARACGGAAGARG 26
AD11 GCGTCAGARAATAGAAGCARGTATTATGARACGGARGAAG 40
Consensus

ACR 5TUTR O oo S v ot T e I e s 1}
ADE 0 N B e GGTACCGCTACGCAATATG 15
ADB TATTATCRATARARCAGRGACGGTAC . GCTACGCAATATG 65
AD1) TATTATCAATAARACAGAGACGGTAC . GCTACGCAATATG 79
Consensus

ACAAE LUTR () )a s+ o ofit e e ey g Pl [t]
AD4 TACTACGCTATARAAAGGGCTATATGTGGCGCTAGACAAT 59
ADB TACTACGCTATARRARGGGCTATATGTGGCGCTAGACAAT 105
ADL1 TACTGCGCTATARAAAGGGCTATATGTGGCGCTAGACAAT 119
Consensus

ACA 5TUTR 39
AD4 99
ADB 145
AD11 158
Consensus

ACA 5'UTR 73
AD4 133
ADS TGATTATC 179
AD11 TTATET 3’ 192
Consensus

a(jagct.':aala;gg(;a-g};a)t't.a'ccagi:g-a.tt.‘atgL
Coding sequence
B2 AD4,ADS.ADN =W H WA R E ST RHABRBRH - TFF
SR REH ACA AN 536 8F K F 7 2 B 69 L
Fig. 2 Comparison of three sequences from TAIL-PCR using

AD4,AD8 and ADI1 arbitrory primers respectively with
the published sequence of 5'-LTR of ACA cDNA
The right of the arrowhead is the coding sequence.

AFXRERENEN ACA XBESITHEANFAUHE
3 R (G FF 7 2 8 GenBank FT R, B R 5 H AY552752).
AHFERZEBRFIEE T SHFAREHEXN=IETERNE
T LB (DES ATHS. Stalberg 5% AN, K8 AT E
MEEZERHATHEEHEES, LK R THELHEMG
BAEFNELSEFEEE L. BERINNENXE 634 1
WEMM P AT &3k 65% L Lo (2)TATA-box, fi F -
33bp 4k, (3)CAAT-box,fii F - 74bp &b, BHHAEHRILAE
MTERERAHAXAOVEETH 1 B-box, ELHMFFER
5,4 diaB f proxB, ER FEEBOERBHFIH
HER EVSHeEXHBILER E3EM FHERE
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E L EBLRT AR GCCAC, Shen %17 BE S R W
CHEH—-BELBRRERT, R KRR HER ABREs(ab-
scisic acid-responsive elements) BT 8E ;2 . RY & 5 F ¥ (CATG-
CATG/TGCATGCA) , FFIE BN FH PN TH RS
Frgfpa" T FRARNEY. ERMNHATED KT
IR ERTRATSHEMOFET, 56 F - 367bp 1 -
a3bp b3 (Cam Tl EEEFET LR FEEEAR
HEMAERFIT A TAMERANEETE ERNEREE
A" ;4 .G-box{ CAAGTG = CACGTG), fi F - 320bp &b, %K
FIEEFET. TN ABREs, T EENR FHREELAFEE
HEAERD (STRTHANEERE )., RESHERE
HRNFREIANES FRUTERERFIHRERENT.
aagctt

-634 CGACAGGATATTCTAACCATCAAACAAAAGTTGATAGCACTATAGCAGAR -585
-584 GRAACCTAGCATTATATGAGTATAATTTTTTTTTGAAGGAARACCAACTG -535
-534 AGTGGTACTGATCAGCTTATTAACTGGAGCCAAGCARGATTARRATAATA ~-485

-484 CAAAACAAGCAATATCTAGAAAGATGCAAARGAGCTCGGATTAGTAATAT  -435
-434 CACCATCACATAAGGCATGTAARTCAATGCCTGTGTTICCCATGCGCTTA — -385

-384 TGTGGTGT TACRAGG%TTGCATCCCAAGCTGCCACCTACBGATT‘I‘ACAM\ -335
A B
-334 AAAAAAGCTARATACAAGTGAAGTTAAGCAAGGGTTATCAAGTTTATCAA  -285

-284 ATTTCTCCCTTGTTGACTTTTTGGTGCACATAAAGCACAAATAGACAARRA  -235
-234 TATTGGATTAAAATATTTCAAACARGAACTCTAAATAACCTACTAAAAAA  -185
-184 TTGAACTAATGAATTAACCTAATCCTGTACARCACACTACATCTAGICAT -135

D
-134 TTCCCATGGACAATGCGTCAGAAMATAGAAGCAAGTATTATGAAACGGAR -85
-84 GAAGTATTATCAATAARACAGAGACGGTACGCTRCGCAATATGTACTGCG =35

-34 CTATAAAMGG&TATATG{'GGCGCTEGACAATC.FCGATCACESatcc +9
F

M3 AcA BEBBEZTHF
Fig. 3 The promoter sequence of the ACA gene
The arrowhead indicates the transcriplional start site and orientation; puta-
tive regulation elements: A:RY-like elements, B: the core of the B-box,
C:G-box, D:{CA)n element, E:CAAT-box, F:TATA-box.

2.3 ACA R F-GUSHBAERARLEBHANHURERAER
PEDP R RX

2.3.1 FAREMWER . TAET M ACA B3 FHE 5%
f3RESI W ESHIIAT Hindll A1 BamH I 7 &, FTLLE
113X PO A~ BE B0 AT ACA J3 B F M pPaca R LU T , 5 AR
HEMEBHAN pBea3s" R ENBAS A4 EERBSTF
(Paca)-GUS ¢ & 3£ [ i 1 9 7 15 4 7% pBpAG. 7E pBpAG 9,
B A 7E pBG438 | B9 CaMV35S J3 31 T # Paca BUIY, X GUS
BB F ik F F) B R Paca f3 51 F F NOS ¥ R 2 1k FF 51
(NOS-T) R4 ¥ .  FEMBRESN cus ERRFAAG
Fag" M HAME S A RERIE GUS EA B 4% T
BRI AT REYE . pBpAG WA 4 i,

2.3.2 GUS AT R LKW AT HALFRE 2
MARMEEZ X-Clue 25 EERBETUREMN . ZRE
M pBII21 64k 6 & Rt R 1 i BE IE BE, T 8 & pBpAG I
BHAEHAELMMRRAAERTHR(EERBEMHTRRE
HEETREGRR; FAMNATEBREABAR A HE
(WES5) XS REH, ACA ERMB TR cUS &
AN THEPEREE, NEEERE . FEXNER
RFRSREMTEAERAGEEARK, T IS 2—1E4
HMEZF TEIETHEIRARDNEHEAARETH

Hindill BamHl

ne pBpAG

l4kb
NOS-P

B4 HPRERE pBpAG HHHE
Fig. 4 Map of the plant expression vector pBpAG

s THETFAERAEYEHAN GUSRE
Fig. 5 GUS staining of plant tissues infiltrated
with A . tumefaciens

A:seeds of Capsicum annuum L.; B:iruits of Dolichos labiab L.; C:
fruits of Capsicum annuum L. ; D: leaves of Nicotiana obacum cv. SR1:
E, F: seeds of Dolichos lablab L.
The samples from left to right in A, B, C, D were: positive control ; negative
control ;and the sample transformed with A . tumefaciens containing pB-
pAG; the samples on left and right in E were transformed with pBpAG and
non-iransformed respectively ; the samples on left and right in F were posi-
tive control and transformed with pBpAG respectively.

AFEE BEEMN AAERABS FURE-ITHTHR
3843 31 F AR ZE B F RIS E B TS MR AE LU R
M ERANFEEERAY I —FiE%.
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