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('Key Laboratory of Horticulture Science for Southern Mountainous Regions,Ministry of Education/ College of
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Abstract; Gene PMADSY is a member of the AGL15 subfamily in MADS-box genes. The Arabidopsis AGL1S
subfamily genes have been reported to act as inhibiters of flower senescence, repressors of floral transition and en-
hancers of somatic embryo development. Using YADE method and hiTAIL-PCR , we isolated 1853bp sequences up-
stream of the putative translation start of the PMADS9 gene from petunia. The results of 5' RLM-RACE analysis
showed that the PYADS9 gene has at least four TSSs,and two of them are located in the first exon. Cis-regulatory el-
ements of the PMADS9 promoter predicted by PLACE and PlantCARE are related with seed and pollen development
and environmental response. Analysis of promoter sequences from AGLI5-clade MADS-box genes by FootPrinter
showed that very conserved RY-repeat motifs were exist among them,and the conversation of promoters between So-
lanaceae and the selected 5 species of Rosids is higher than that between Brassicaceae and the same selected spe-
cies,even though Solanaceae is less closely related to Rosids than Brassicaceae. Furthermore, the results also sug-
gested that regions of 200-400bp and 800-1000bp upstream of the ATG were functionally important.
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$%22 4 (Petunia hybrida) PMADS9 $:P & AGLI1S
TWHREH—R ", BIRIFth AGLIS W R IKEH AGLIS
M AGCLIS BRAH 5o M1 Bx AGLIS M FRE T
BYEARS BFHEAEHEEIR A RAKEH
Fix 1,

HMERIX AGLIS F AGLIS B RE 4 FHE™
AR R BE ZERTEA KRR S, e R R A
BRYEHERREEERN EEENEKEH
FHER BREHEEELERERT . W
agll5agll8 XUZEAEPRAY 43 i thiE 3 AGLIS WK KA
B A 45 T 2R 66F U] AR o ORBR R AR AR A
BAREEMWHHEY , ERGEHMNTRAEFIE,
FEFEBRMZRHEHESBEANAR, 5HHETH
BAR, HER PMADS9 5#{83F AGLIS 3R KT ik
WEEHFELER, TR PMADSY XN R,
CEMETHREIBUHTHIER,S ACLIS %R
AER., B, AWK 7ET PMADSI 3 FIF51,
SHEHEREETH AL SHMY R AGLIS RK &
B sh FRI R RHATT 2.

1 #8557 *%

1.1 PMADSI B FRICZERER

HYHHAE T LR Z AT REALRER
FHBEF AR AL, BUSHM ;i F CTAB B2
BB 41 DNA, % RNA R 4b 28 8- 05 B K fh &
4lifk ., YADE(Y-shaped adaptor dependent extension,
S Y 8k 5 i R A 7 51 ) % A hiTAIL-PCR
(high-efficiency thermal asymmetric interlaced PCR,
FBAA TR PCR) M L0 E EMBAERF S WX
B, BT BT Y 2 B SRR R 8
QB EEREEFTREER RARREE
BHAENFIRITSI DT KA W F I
P36 E Bt
1.2 PMADSY BRERmNEE

i id 5'RLM-RACE ( RNA ligase- mediated rapid
amplification of ¢cDNA ends) ik # # & th O &
(TSS, transcription start site) , B {& #2{E #% GeneRac-
er i 7 & (Invitrogen ) ) 3 B 17, FAMUBREEE 4
B EFRE RNA RAH 3pg #H17 RACE R ¥
F¥AE B 1) RACE cDNA {E# M 4T PCR ¥73¥,
1.3 PMADSY BEhFHRTESI

B FTE 2% 4y 47 T. & PLACE ( http://www. dna.
affrc. go. jp/PLACE/) il PlantCARE ( http ;//bioinfor-
matics. psb. ugent. be/webtools/plantcare/html/) X J§

BT R0, FREZFE TS,
1.4 AGLIS ERFBREERHFHFIMNENE R
ZEERESW

SRE 4 PMADSY |5 3 T 51 H AR5 Bl
# mE EBR2E BH I AEE 5D
el 5 4 A 4 3 XD O 0 9 X P AR 5 SRR IR GE 9
BRFHEEM MM BEmENERAR, BN, F
AJLF K Z 9 FF 5 M phytozome ¥ 4% FE ( hup://
www. phytozome. net/) K., Hi&kL TN, ELL
AAGLIS B [ i FF 51 £ phytozome % XUF Ff 4 4
FWF BN K E AR E—#1T BLASTP 8%, BY
MRBEREREK 4 ZFS, BHXEFH 54
FA 7T B MADS-box 2R #1791 4 i #E AL 8 20 7, R
JEHE B AGLIS T K 1K % B Uitk — 2 4 A, B A
AGLIS By E 1 R IR EEH , 3 M phytozome 7% BUiX 4t 2
B EwmEErsl. SO ERRERERAA LI
1.2kb B3 5 (BrAGLI5. 1 ¥3986bp; BnAGLIS.
2 3% 1069bp) . it 47 FootPrinter!™ 43 #7 Bt , “ Subre-
gion size” ¥ &7 100bp, “ Subregion change cost” ¥ X
1; ST K E (motif size ) F1 72 15 B9 2 & $ ( maximum
number of mutations) {E RFEBIEAFTRE,

2 ZRE5HH

2.1 FiRk

R E 4 PMADS9 ¥ H 7 5 (AY370526) %
NCBI M35 %F nr 348 & 34 47 blastn # &, & L& %
5 AY370510 &% —B PMADSO BB (0 5'3%% i
B L EXBRFHINESTANBREREBFAR
f# 539bp FF3, il H A A MEP RN K3 T4,
B, %A BT A YADE st f7 e o i 5 B 19 5
Y1, R EcoR1.EcoRV 1 BamHI 43 S 851N &4 £ H
41 DNA, I 546 AL I He sk i B, RS 3E4T PCR ¥ 38,
2% PCR KNG, A EcoRV 8% BamHI K§1]) % 3%
BLMERBAEEHT e, WA EcoRl Y1 5
P12 800bp M & (B 1A) . B AW, W
FEHAFIH I HETPOFIIME, BE, &
BHERFIMPRIRIT S| WHT PCRY ¥, H—5
RiFZEMBENFIIRSHLBEFI, 253
YADE £# )5, K& T PMADSY BiFE A0 5 L i#F
3t 1053bp P ¥, h FH K EKRARE, %M
YADE # %8 B #ft , F§ hiTAIL-PCR # /7 7 # —
R,

23 %9 W5 ,5]% LADI-1 LAD1-2 1 LADI-
3AMERRINYREMTHESANABRT M
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(B 1B), 55| E4g LAD1-2 #1 LAD1-3 §y4 #>4),
WFFE5 R £ LADI-2 (= AR B MY ™=,
LADI-3 89y P SE RS PF . RS RiB
RERZ BV 5 B it LS 9, % ORF X JF 51 8 it

A

M EcoRl EcoRV BamHI

T #5141, PCR ¥ 14 25 FEF 515 Bl — &2y 2kb f %
W@ 1C), skl K8, 3% A B 1994bp, & #f i
A BRPRR IR 07 8 B3 1853bp FFI (R 2), FFIE
7 GenBank 1% 3%, % R4 K FI798977,

LAD-2
M LAD-I

LAD-4

(bp)
2000

(bp) LA D—f’-

1000
750

500

B1 PMADSY BERHFEE
Fig.1 Cloning of the PMADSY gene promoter
A:YADE 3348 5'% LW /75, B:hiTAIL-PCR §" 18 '3 LW R 50, C. £ KB F 71T %
q by YADE
by hiTAIL-PCR, C: Amplification of the full length promoter

A ; Amplification of the 5'-up

thod , B : Amplification of the 5’-upstream sequence

2 B4 PMADSY BEEHFHFH
Fig.2 The promoter sequence of the PMADS9 gene from Petunia hybrid
W BR R BN AERICH +1,TSS #7% 5'RLM-RACE BiE R BRI A BP BHm ¢ PLACE MM &84 .
FHER P A fEEY TATA-box FTTE( & , CAAT-box 4RI H KI5 F 8 W-box I B/R , KR XX FER P HE

Nucleotides are numbered on the right, with the putative lation start site desigr

d as + 1. The transcriptional start sites( TSS)
determined by 5’ RLM-RACE are marked with bent arrows. Only parts of functional elements predicted by PLACE are showed:
the potential TATA-box regions in box,the CAAT-boxes by uppercase letters,the W-boxes in shadow ,and others indicated in the figure

2.2 PMADSY #REBUESDH SE#fTT S'RLM-RACE "1 (H 3), B EHMH R
NI PMADSY M RBIGOIE(TSS) , A HER MW 6 SRR H#THFHRE, BIFLEREL
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B : PMADS9 Z /L& 4 4 TSS, 43 5% T Ml 1 89 3%
RS A B 51bp (TSS1), 18bp (TSS2) A1 T ¥
53bp(TSS3),97bp(TSS4) &b (A 2) , A RB A A
HFE—HBFR, KEUR, RERERK SR
f# cDNA R ENEIEMEKHERA NCBI EHE
RefSeq $(4E FE i th B X B, (HEZX WIS
HEREUHEHTFTHEARRE R, - ERY
BEEMBHF,— PRI FNERLEEZA TSSEA
— 5 EARAA S, TSS RE#uE AN, B
—7 @ ,5'RLM-RACE 4B EE 2 cDNA F7)
NABER T, B, W AX 4 4 TSS T g AR
#T PMADSY RN % FEHBMATHEMR,

(bp)
2000
1000
750
500

250

M3 PMADSY EE S'RACE § 4R
Fig.3 5'RACE amplification of the PMADS9
gene from Petunia hybrid
M:DNA 2 FEB45ic,R1.45 1 % PCR 734 R2.55 2 % PCR ¥ 1},
W ;7K % B ; M ; Marker, R1 ; External round of PCR,R2;Internal round,

W ; Water control

RACE Z5 5 %W, PMADS9 R A N % &
Ya s A5 (TSS3 #0 TSS4) 7 46, M 3X 8 47 £ & 16 1 ¥
REPHET BN E, RAEHELEAN,
XEMRNEHESREEHARRRE, U R R™
VERBEALMHEDEES ABRNEN ., BRF
MHASYEAE KBNS BTRERZERLL,E

MELRAERERARE SR EREAGER S, T
B — R EF RN RE R mRNA (¥, B
M. XTFHASHHRAREFAZ N,

2.3 PMADSY R FLWFRAETHIN

WAy BEERNALBENFIRRX
PLACE i PlantCARE #4774 9 #7 , 4 B R B TSS2
B EIFHNFR /A EEX(E2)BE£4
B4R 38 i A4 H A 4 b K 8 1) TATA-box F5, HE
TSS1 L% 100bp 5 %4 5 TATA-box FF 5l A8 {6l ) X
W, WA KRB EIEFE, CAAT £ &~
MEVEESTFAHE RO TH, EFMLT 1SS ki
80 ~300bp 41", FEEH PMADSY JEsh ¥+ ,% E
W BE TSS1 156bp #1 214bp 4b 4 % —/ CAAT TTH#,
AT RSt R (E 2),

PLACE 447 % 8 ,PMADSY [ S'HAHERK ZE LA
8 AMMTE ) MADS 7B 145 4 il & CArG(C-A/T-rich-
C), K2 MEMAE CC-(A/T),-GG & (CAIG, 1
CAIG, , /B 2) ,6 N AGLIS IIF4 A4 H C-(A/T),-G
Y BIEEIF AGLIS HH S'HB XA 3 4 CAG,
A% C-(A/T),-G B, Ef15 ACLIS 254, B £WH
AGLIS Byik K FD, tF BA K CAG TLHRER,
AGLI15 T 1% % BB £ R Rl o 0 v B 48 ) ) J 191
R, REKFEHERAY,

BLERTHAH, PLACE ELTME £,
PMADSY R Sh FHEKBMFRIEREAELIBDR
BFRE M IT A, DA R 5 B HE R R OB 5% 1 6
K TCHE, 0 : W-box (10 />, B 2) 6 RL % T
GT-1 ARRI 5T EMFEEERLEEYHIELY
B30 507 AR % B F AR TTAF s M XU C T %
ER USSR A% 1, 2 PlantCARE $4E &
T %5 8 5 PLACE WA MR BB %E,

#% 1 PLACE # PlantCARE B M) PMADSY B 3T LiFiB# T
Table 1 Regulatory elements of the PMADS9 promoter predicated by PLACE and PlantCARE

55 % Environment! aresponsive

M4 ¥ Tissue specific

T - - WRRLE HAts

Function of site % B — MR Hormone responsive B ¥ Htts Others
Light Stress General response Pollen Seed Others

PLACE 27 42 47 6 26 16 8 8

PlaniCARE 21 14 5 5 2

t BRI M BRI R R AR

The general response factors are those involvedputatively in more than one response path

2.4 AGLIS EMRBEZEERNFIH
BFHRA T4 A0 8 (TFBS) & % 8 (5 ~

12bp)  HEEAKF Ibp EEFZHWMET R AE

4% H Ik, F B PLACE #1 PlantCARE %t 3 31 F % 5

AfETEA LT BERTFBS” B+ 0
REgAWEHE", SHEIAREHH—TH
W53 3hF o TFBS Mk R RE K F Rl i (phylo-
genetic footprinting) , % 77 B\ 0 & &1 F H &9 TBS
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FIE HREFPEMBR T, BEEERRBTERY
P X P 5 R S B KR T BB S 30 T R IE R B T
BEREER . FHK, BT EE PMADSI B3 Fi
FEEMTHME I, F A FootPrinter X AGLIS B[]
FWRER G FFHH#HATT 94

(% B.napus)

(it 3 B napus)
(UIB 5F A thaliala)
(#HAR C papaya)
(%R Csatrvus) o,
PIPMADS40  (BRY; P trichocarpa)©
(K& M esculenia) =
(K'E Mesculenta)
(#E V.vimferay

(# A S.Iycopericon)
(%t Phybrida)

PIPMADS39
VvAGLIS.2

4 AGL1S ERKEE#ELH
Fig.4 Phylogenetic tree of plant AGL15 subfamily genes
BEREEMF T MEGAL. | BAFHEAT AT, X R A
ClustalW , 2B 4B e 0k, S B R BIN(E. SO0 KEEH
X T 50% dyksm e ¥ A kb

SABMRRABEERREERT ZEZXRT
EARRH 9 AYFE 11 4~ MADS-box BN, B
5 AGLIS BF—X (B 4) , XEERHELXF
IR R R ER BRI RE X R (5 htp.//
www. ncbi. nlm. nih. gov/taxonomy ) 3 & — 8, Foot-
Printer SMAT R BL.3X 11 MR FHEBER I AKEXR
9bp HIBRSF LA, 1 24 K i€ 8bp BRI E 4
M Sa), FERMGEEBTE 9 IR I7 3
B ARAEFE R <F RO T 8bp K B I TTHF B/, X 2 5T
BEENREHEPREEEER, X4 THE
B 43 e 3T BH R 4R A & 200 ~ 400bp X ], 4347
BILA TS5 R B, E#%E CATGCA 751,
BI“RY repeat” T , ERMFEAEABPIFRES
& s,

ATH—BAHARYH AGLIS H 10 [F FH 5
ARz FETHMRFHE, BEREFTANEDHTF
Pl —XF—BH b7, K T KR R 12bp, B T
RFHREEEHR 12 bp, KRR TFHRFHES
Vst IE ] A B A — B Bln, YRR
RABOH 1 0t , KRE R BN IEE MeAGLIS. 1 F1 MeA-
CLI5S.2 Mg s F2 A 85 MRSFLiF, RFT A R
Hh B A ;{HiM3E BnAGL15. 1 1 BnAGLIS. 2 I8
T HRTFITH (34 1) HET B Al SIMBPI1 5%
4 PMADS9 (57 4) . ¥ ¥ PMADS40 5 K % MeA-
GLI5.2(49 )Y LR B AR CpAGLIS 5%t SIMBPI1
(B M EAFBEEAMETEZXRAYHRAOKE,
Fhb W/ MEF—W/ BRI/ KRB/ &N/ 4

i ADSi)
(/ )
= CsAGLIS
—= WAGLIS 1
118 cpacLls
L S PHEMADS

B 5 FootPrinter $E 0 AGLIS EB&K
EHARBHFHRTTH
Fig.5 Conserved motifs detected by FootPrinter

in the promoters of AGLI5 orthologous genes
a:fiA 1L AR B AR EERRT T
b B 5 S 9y B 8R4 5 1 3 200 ~ 400bp (KIR{RSF
o fi B A A+ F AR YR E BIFRE MR
k. 200 ~400bp F1 800 ~ 1000bp B9 X 15 {3 5F
B FHERFITHETHE R 18 4 KT HFAMH/E
B/ BN/ ARG/ 8L/ 4K 28 4, H
i 58 8K 5 3 (rosids) , BT Z M MER G
Hif, YA RERN 2 bp 8, BFLHAHEE
KAEmM ERBHFRELATHEBELT Foot-
Printer XM ARG LR, BEREERSHS T
FRFHMX RS RGHREHE R 1 AL
I F & B L F AR R AR R B 3 F 6
ER BEFEMUNZPTFHAFYHNEHTFER
R AR P R AT XS AT, b T ARAE B 4 B
BEFEINSHEN B, EYHRR - EHENE
HFRFI, HTTHMKERAY I, RFEEN2E,
BEAXTYMERNBH FEEBERERMA
200 ~400bp X [6]4 8t £ B4R SF o4 (B Sb) . T H
TUN P+ FRER PR ERERROHE,T
YRR e B F 7E B iR 46 L S b i 200 ~ 400bp Al
800 ~ 1000bp P DX I & 4 4R <F 7o (B 5c¢) o

3 it
MTFERZEDFBRMERMFLEHYET,
MREBXBHRLEY R MEELHATE L
R 40 R, i 2 E 0 B 7 5T R 3 48 U 51 A B AR
CHYRTHEE¥ARAEENE. AWRTRAT
B AR LIRS PMADSY B 3 F %), YADE
BERE—FEGEMEL PCR ER™ B AR BRHH
PHROEREANES, BB TELPCRERTE
AT A EER N, X DNA R EEREE, #
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S ERE FEEENRRAGEABIFZFI T E
P A RBRE . RELSKFSGE, KRB
HEZEFBELRKEBRERKEh THAMAIE
A4 &, TAIL-PCR 2 —Fp{U{Li# 4T PCR 37 5L k&
EAFFI SR MR, BAERE B DNA B
FRHEAFTERRNT, RESSH#EH hi-
TAIL-PCR I T BT - S RETY
RS MR LB T PMADSY 15 3 F
4%, hiTAIL-PCR EREEHFFIFH4X
MBNAERB T .

BHIT B D F 484 AP3 T 5 % MADS-box 2
BEFRER, SRS FHREL 4 HREARE
KK BT 8bp I HRFITLH . X9 P
B AACLIS ERRABEEBSHFR AT ER,
A2 6] AR 72 3 B i & 4R £ & 200 ~ 400bp [X [6] 77
FERK BT 8bp MR SF T, X 3B X JLAS o 2
HYRTFH, ENTRERAFIE S, W ER TG K
FAE 0 YR B HE 2 06 T B 5 3 JL A R SR IT 14 8B
& CATGCA (RY-repeat) FF 3, BF5L 48,2 4
RY-like 5 1 4~ ACGT-like A& 2 X FH W # F
FEEAERMAERMOHBRIER MEFP,
LEC2 A4 & AGLIS B FHHI® 4 RY-repeat,
VB ACLIS 3 E X, Bk, PMADSY B3 F
F 51 o g B4 RY-repeat ] BEXT PMADS9 #) 3 G &
VER;EMNTESTHARADSS5ZHXEH E-box
1 ACGT-like Jo04 (@ 2) — & 4L R #8145 PMADS9 £
MTFERBERPILEL, MHEATHRFTHHS
V&M, B AGLIS AR BRI BRENBH F 5
TFEHEH S XY EIR, B4 200 ~
400bp #1 800 ~ 1000bp P [X 5% & & {# 5F T . Xt
MADS-box EHEX R EHM AL LR, BHMEEH
AGLIS HpRBEXE A HBW RAEX , EHMR
TREIBTRARE"" , Hilt,PMADSI |35 F
800 ~ 1000bp X b Ly e R EFHEEK

%30
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