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Abstract: FRUITFULL (FUL) is an MADS box gene that functions early in controlling flowering time, meristem identity and
cauline leaf morphology and later in carpel and fruit development in Arabidopsis thaliana. In order to clarify the regulation of FUL
expression the upstream regulatory region, —2 148 bp—+96 bp and the first intron of the FUL gene were cloned, and vectors with a
series of deletion of FUL promoter, and the ones fused with the first intron were constructed. Vectors harboring the fusion of
cis-acting elements with the constitutive promoters of TUBULIN and ACTIN were also constructed. f-Glucuronidase activity assays
of the transgenic Arabidopsis plants showed that two cis-elements were involved in the repression of FUL expression, with one of the
two being probably the binding site of the transcriptional factor AP1. And the two CArG boxes played a important role in FUL
initiation particularly. Furthermore, the first intron of FUL was shown to participate in the development of carpel and stamen as an
enhancer.

Keywords: Arabidopsis thaliana, FUL gene, upstream regulatory region, the first intron, deletion analysis, GUS activity

Received: March 18, 2010; Accepted: May 24, 2010

Supported by: National Basic Research Program of China (973 Program) (No. 2007CB1087).
Corresponding author: Rongcai Ma. E-mail: marc@bjny.gov.cn

[ 5% B SRR ST R S TR (973 k1)) (No. 2007CB1087) %) .



st RS FRUITFULL (FUL) 3L 1) 3k P8

1547

IR FF Arabidopsis thaliana "F FRUITFULL (FUL)
R, WFRHN AGL8 (AGAMOUS-LIKE 8)M, J& T —
2 MADS box KA, Gl —Fhie % Sk . FUL
1 APETALAI (AP1). CAULIFLOWER (CAL) #{)&F
AP1/SQUA-like JE W 5 5P, 1846 TR VR S B 38 B %
H ) ABCDE Billrh, [iJ@ A JIEHP, He 4p1
SEACTP Ay AR SURRIESE I, R AR 38 B RR IR 3L
PEHEAEIRRIE R A R B, W0 APT W55 R IR L
CAL, RTEALRE R e e o E 2 )
5 APIF CAL M H , FUL R W HAG B 72 I DBk
EREREAEAL K B RIS AT o A BB L,
RETEAL K B W 010 B M4l R %38, [l 4 B
JARN R & T

FE 4% il L FE JF JF A6 B ) J7 |, FUL F
TERMINAL FLOWER (TFL)' . SUPPRESSOR OF
OVEREXPRESSION OF CONSTANS 1 (SOCI)® 45
IR HEAE R LG R B R . R T et B A
Y, FERKHER (16 h/d) 40 FHAEH R (8 hid) 42
B AL o A2 AR AR e, £ Rk
JHAT I AT CONSTANS (CO) 455, 0k
FLOWER LOCUS T (FT) 7 Fr 445 s ik,
FT #iiz ik 3| W E 4145, 51% FUL f1 SOCI
TR ARG Rk, FUL 2 5250 4 4140
AT A BN AE , BifR FUL 1 SOCI e R &
(47 JRE 1 )2 v 22 38 5 5 L ) 46 43 A A 2L
A%, DA B i FFAE RS [

TEM TR E R, FUL % API fujifs ., Fi
EFRAE N FUL JLFAZRE, HEUME TR
ARG, FUL FERATEAL)T 0 A A8 rh s B 3k
kM, FUL HT%Z5] API M, ) A2 TR T
WA R IR (Rib zone) FPFik. FEkA
., FEEFEMBIE, XA ERBEHE,
MR A 7= TEBRAE A A L, ek, PR A AT
BRALTF A8, a8 R R EFErt i iE . 78
R B S, FUL TE4E 57 A A rh e X SRk
P SA & B G B . TR DR BRI, FUL 15
AL KRR MBS O R ARELRE , FUL
) A AL F A EE F3RIR, TR A ZE ALY

O M QR R . AT Sk DA KT B BRI T
AN AN 1N o DR - KA = N =R B o
FUL fEZ 52 S . 2R rhf g ik,
Bamnolker 2843, 7EMFror, FTH=Y{edt FUL
1 SEPALLATA3(SEP3) e | 284 i (R 4R 45 R
ik, MfigERI RSN,

FUL FEREHRRE IR R & I Re &2 %
o —J7iE, FUL ¥R, S8 ful Fitk
FR 00 B AE 2R e AN A5 LA, 350 i /N 2R
e, [, FUL WAHIARR MM LT, ful 5=
AR PRI SR B AR T A2 BEL, T By bR i SR p
T35, FUL 3R 5 100 57 A SRR ST 2L HERA G
WF o8 R W 32 8 2 5 5 N SHATTERPROOF 1
(SHP1)/SHATTERPROOF2 (SHP2)!" 3 i#t F i 5L A
ALCATRAZ (ALC) H INDEHISCENT (IND) ik,
Horp N IND FE IR FE B 209 7 J2 LAY 55 4y
U i ALC PR IR E A p AR Bkt R
Jérh FUL SR SHP1/2 Ry FL, JEmH0H]
ALC F1IND 72 R i 223k, BHLIE SR IER AT AL,
1% B Bt th 47 REPLUMLESS (RPL) & PR U741 4
SHP1/2. ALC #1 IND TrfbaBirh iy kik . Bk, 78
FUL #1 RPL SL[RMHIVERI R, SHP1/2. ALC I IND
SEP RAE SRR R L RA , TR T AR FEM R 2L,
WFFE R, 333K FUL H5E 50058 I+ 51 2 5 2 40
i SHP1/2 . ALC 1 IND ikt T, 5241
WZRH, HARBURE B AR, S Bl R i 2R
RIFHUS, SEEBAAEY, amse, hTRIEFH
BT R, R BRI A B R Y
1M 5 (i 3R35 FUL 745 R 21 2400 e 1k vl 3] 22
TEH, B EA —E s E!,

XFF FUL SERDIRE MR GY O 4 LUASIR A, SR
X T FUL B BTl - & TR 2 GRA A
BRI IERRANRA . AR B it —
BB FUL M 3235 (i) 23 R S e S P2, 1]
B A IR T, SRR 47 Sk,
DIAE— 4 7R 3 FUL 52D 55 19 5L 774
MIVEINLS, KGR ABEGE FUL 3R 1 B e
HZ 515 W 2% 2558 Heal;
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1.1 ##

B} 4= R R IT Arabidopsis thaliana Col-0 FEFE ;
WA R KMFTF R Escherichia coli Wtk DH5a, HRJE
AT B B ¥k Agrobacterium tumefaciens C58 (GV
3101::pMP90RK); Fikiky pBI121, BT HERN . ks
P AL = . REIENYIEE . Tag 6 . Ex Tag
fig F1 T4 DNA iR A K% TaKaRa X572 A
oAb A2 3R 289 Sy [ 7 o A
1.2 ZHMEYRIZHIKRIEE

F2 $&  http://www.arabidopsis.org/ ## & #| 3&
FRUITFULL(At5G60910) . ACTIN (At3G46520)2"F
TUBULIN (At5G62690)[2”E’Jr“ G, Wit &R EIY,
W 1, it PCR ¥ 34453 8] FUL W5 37730 (fi
FRR PFUL) KE—W &85 (#FRN Intronl),
ACTIN Ja3 8 ¥ %% (##H PACT), TUBULIN J5 3]
FH (@ FKN PTUB), Fi#id PLACE Web Signal
Scan %] FUL Ji3h+ Lif DNA Jiff CArG box
(CC(A/T)6GG)?, CaMV 35S 3 8F 1 46 bp iy
AR BT X mini35S JF51 2,

P — RPN RIBME . FUL J33h T IF 51 43 Bk

F1 KARBATARSY

Table 1 Primers used in the experiment

e FEIRHE PFUL2244(—2 148 bp~+96 bp); PFUL2083
(—1 987 bp~+96 bp); PFUL1580(—1 484 bp~+96 bp);
PFUL1124 (—1 028 bp~+96 bp); PFUL474(—378 bp~
+96 bp); FUL %i— W& Fhlf CaMV35S BEAJH 5
T mini35S YFEIEHE Intronl+mini35S; PFUL2244
Bl 4 Intronl f) FIAHE PFUL2244+Intron] ; PFUL2244
R 5 24~ CArG-box —1 916 bp~—1 737 bp X [
IKHE PFULACAYG; TUBULIN, ACTIN JR 8 THI#
ikHE PTUB. PACT; FUL Y L Ui#A¥E ¥ 51 PFUL161
(=2 148 bp~—1 987 bp) 4+illfli& PTUB. PACT ()3
IKHE PFUL161+TUB ., PFUL161+ACT; PTUB ., PACT
g % @l A Intronl f#) % 35 #E PTUB+Intronl |
PACT+Intronl, ¥ iR Fr A FIRHEICE: pBI121 #iik
T CaMV35S B3I T, a3l GUS £ik, HRIKHE
LA 1,
1.3 #E T AR & FiE

%% Clough Ml Bent ()75 kY, i Y
FBHAR AL B ALFFR C58 o, M & Rk KM
LHFFHEEA YEP 83553 d (& Kan 100 mg/L; Ter
10 mg/L; Rif 50 mg/L), 200 r/min. 28°C/MEL#,
FHAE 400~500 mL YEP 15353+ (% Kan 100 mg/L;
Ter 10 mg/L; Rif 50 mg/L) % 3 mL W ¥ ,

Forward primers (5'—3") Reverse primers (5'-3") Purpose
pF-F1: CCCAAGCTTCGAATTAATAT g’g}ig :fCCCGCGT’ET}&SSTAGAAA Construct PFUL2244
pF-F2: CCCAAGCTTTCAGGCC pF-R5: CGCGGATCCGAGAAACG
ACAGTCACGCAGT ACAACCCTGAAAT Construct PFUL2083
%ﬁ :T(;ECAAGCTTGGGACCGACATGAATGT %Ié-g%:(}(i(/}\(ingATCCGAGAAACGACAA Construct PFULLSS0
pF-F4: CCCAAGCTTCAAGTGAATAA pF-R5: CGCGGATCCGAGAAACGAC
GTTATGGAATATAGGC AACCCTGAAAT Construct PFUL1124
pF-F5: CCCAAGCTTATTGAGTTCTTTGGTCTG Z’Zgg&%&iﬁf“mGAAACGAC Construct PFUL474
pF-F-412: GGAAGATCTAACAAATTTACGTCG pF-R-231: GGAAGATCTTTCCGGTG CCAGTTCTCC  Construct PFULACAIG

GAAGGT
In-F: CCCAAGCTTTCGTCGTC AGCCTTGGAAATA

In-F:CCCAAGCTTTCGTCGTCAGCCTTGGAAATA

pA-F: CCCAAGCTTAAGTTTTAAT
GGGTTTTGTTCGG

pT-F: CCCAAGCTTGTTGGGTAGTTGCT TGCGTAG

In-R: CGCGGATCCAGGTCAA CACTCGATTAATT

In-mini35S-R: CGCGGATCCTCCTCTCCAAA
TGAAATGAACTTCCTTATATAGAGGAAGGGTCTTG
AGGTCAACACTCGATTAATT

pA-R: CGCGGATCCGCGAAACGGTCA
GATCATAGAGA

pT-R:CGCGGATCCTGGAAATTACGTCTGAAA
CAACC

Construct Intronl

Construct Intron1+mini35S

Construct PACT

Construct PTUB
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Vv v

Bl PFUL2244

h A 4

C—mm PFUL2083

W PFULI580

> Ml PFULII24

Wl PFUL474

>
DLTIT A A
> Hm ' ULOCAIT

—/T Wl PFUL2244+Intronl
—N O B Intronl+mini35s

MMTMTMTT—"8 PTUB

RN s TR )Y Pl il
DONNNNNNNNNNY G mEm FACL

(I —C——=m PTUB+Intronl
S PACT+Intronl

1 HERRIKIE
Fig. 1

~IIIMTMITT——" WM PFUL161+TUB
T SSSSY W PFUL161+4CT

Construction of expression cassettes. —> represents the upstream regulatory sequences of FUL; 3 represents GUS coding

region; mm represents Nos; W represents CArG box; =) represents Intronl; I represents 1 PTUB; represents PACT; O
represents MINI35S Promoter; .~ represents deletion of two GArG box.

200 r/min. 28°C K#& i K & ODgoo KT 2.0, 7E
4900 xg, 4°CE.L 15 min WHEREMK, HEFTRY
3 ERFIB B IR, LR ODgoe 20 0.8 %
FHAE PP B 125 58 O AU R T A4 T, KRR RS ACITE
WA R SR 3~4 J, WCERN T RIBOGR RS I
ToACF T2 S, #EAP T 50 mg/L Kan [y
1/2 MS Bi 236 |, 4 CER AL #E 2~3 d % A 20°C
SRR R E . KA R IR A R E IR L,
1.4 GUS iE &N

To [RHI BRI FPFI5, 2L 4 R FIREE
PUPEGE . PCR R4, 75 T A075 3 45 5 3 R AE
FRIEE AR R . GUS 2L 657 Jefferson [
JrEP AR MR T, {4 PCR %58 M
PERY 15~20 DSTAR R , KA VR AGE B YL 6,
PP, FEINAGE AR IE N 1 mg/mL X-Gluc %
W, HEZS 5 min, %E 37°CHEEIR, 70% 54
VR Z BRI 4R 2, AR SR EA W a .
V25 G SRR R e 6 )5 7E Leica MZ16F 280614
ETACC AR - S e)

GUS E#4MT5% Gallagher 752, GUS
Ve 2 0 S B A BB U 4-MU 19 pmol £

N, UL DI RERE T340 15~20 57 bk R 04T
I RER A H P2

2SR5

2.1 FUL BEFHBERREEEBEKEN GUS
iE M

BN T AR MR 4 PCR %525, B PCR
SER R BAMERY 15~20 kST AR RiEAT GUS 14Uk
Yeta, LB FP L BEDR RAR A — 2 LUl (20 65%~
82%) MM bk R YL g AR, FLAAR HE £k d
* 2,

L MR PFUL2244 ¥ )5 7 d (K 2a2). 14d
(K1 2b). 21 d (&l 2c) MIFERE GUS B B
MEIFIE)S, PFUL2244 (18 2d, 2e) 7EXEREM, 25
A LR R GUS ik, EFAERY Col-0 3%
A GUS Wit (# 21).

HILRRERR PFUL2083 #&F1 5 7 d (K 3a). 14d
(1 3b). 21 d (&l 3c) (RE KRS i - R4l /)N 3 s
A GUS FRik, MBS, PFUL2083 (14 3d,
3e) FEREREM: . 25| ZEAEM RAEME B A GUS I
P, IF H PFUL2083 i) GUS ittt PFUL2244 B4
0.4 1% (I 6).
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Table 2 Proportion of same expression patterns in
different transgenic plants

Number of same

Transgenic Number of expression Proportion
plants sample patterns (%)
PFUL2244 18 12 66.70
PFUL2083 20 13 65.00
PFUL1580 15 11 73.33
PFUL1124 15 12 80.00
PFULA74 16 13 81.25
PFULACAIG 17 12 70.59
PFUL2244+Intronl 16 11 68.75
Intronl+mini35S 20 16 80.00
PTUB 18 14 77.78
PACT 16 13 81.25
PTUB+Intronl 15 10 66.67
PACT+Intronl 17 12 70.59
PFUL161+TUB 20 14 70.00
PFUL161+ACT 19 13 68.42

2 ®KBEHF PFUL2244 1 GUS R EHER

Fig. 2 GUS staining of transgenic plant PFUL2244. (a, b, c)
GUS staining of seedlings at 7, 14 and 21 days of the transgenic
plant PFUL2244, respectively. (d) GUS staining of PFUL2244
after the transition from vegetative growth to reproductive
growth. (e) GUS staining of floral organ of PFUL2244. (f) GUS
staining of Col.

& TG L LR AR PFUL1580 (& 31).
PFUL1124 (&l 3g) GUS Y (a2 FIM:, T PFULAT4
(Bl 3h), PFULACArG (Il 3i) FiHpAER Col (& 2f)
Jt GUS ik, Jf H PFUL1124 1) GUS P58
PFUL1580 55
2.2 FUL £—®W%E&F (Intronl) % E FEHKH
GUS &%

TEE SR E Y, PFUL2244+Intron] fll PFUL2244
) GUS IR BEAIEAE], ML LA E T, PE
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PEB B 2E] (B 4a, & PFUL2244+Intronl, 75
PFUL2244), PFUL2244+Intronl (/8] 4b) MAEFF I 5]
F R IITE S LG 2 v GUS #f0A Kk, JF Hid
LSRRG F R, BE O KRR GUS Gk
IEEA B 1) i s de v (8] 4ce). 17 H. PFUL2244+
Intron1 75 BCAHE S8 1Y A6 K 22 th A W 0 1) GUS
o, (&l 4d,4e). 1M PFUL2244 S 72 Frvh %3k GUS,
O IS ARV AT WG P8 4, 4g. 4h. 4i). XL
Bl FUL W% — W& TR R AR RS R
BER .

3 B FULBHTRRRAREERER GUS RERK

Fig. 3 GUS staining of transgenic plants harboring different
deletion of FUL promoter. (a, b, c) GUS staining of seedlings at
7, 14 and 21 days of the transgenic plant PFUL2083,
respectively. (d) GUS staining of PFUL2083 after the transition
from vegetative growth to reproductive growth. (e) GUS
staining of floral organ of PFUL2083. GUS staining of
transgenic plants PFUL1580 (f), PFUL1124 (g), PFUL474 (h)
and PFULACArG (i), respectively.

2.3 Intronl 1 PFUL161 IgEpYH— SR

Wt — 25 FUL 55— N &+ Intronl Fl I Jif
—2 148 bp~—1 987 bp (PFUL161) XHThfiE, HEHN
FE#E Intronl+mini35S (& Se) 7E25. MR R A
kb GUS FiE ¥R, b CaMV35S Ji 3 GUS (K
5a, ¥ pBII21 fHBE) WEPEE R . ACTIN
TUBULIN JA 3l GUS KikiGE#f s, RAE PTUB
(E 5by Wik, AEZEFR AN PACT (& 56) M A B9k
LI A D EFRIK . i PTUB+Intronl (& 5¢) K
GUS Wt B, AEME R | AEZE 2R vh kA
PACT+Intronl (& 5g) GUS {& A #E7, 7ELERA .
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4 3 EE{E PFUL2244+Intronl 71 PFUL2244 i) GUS 38

Fig. 4 GUS staining of transgenic plants PFUL2244+ Intronland PFUL2244. (a) GUS staining of PFUL2244+Intronl (left) and
PFUL2244 (right). (b, f) GUS staining of floral organs of PFUL2244+Intronland PFUL2244 from bud to silique, respectively. (c, g)
GUS staining of the carpels of PFUL2244+ Intronl and PFUL2244 in different stages, respectively. (d, h) GUS staining of anatomical
floral organ of PFUL2244+ Intronland PFUL2244, respectively. (e, 1) GUS staining of stamens of PFUL2244+Intronland PFUL2244,

respectively.

5 HEEEFEREKR GUS &
Fig. 5 GUS staining of other transgenic plants. GUS staining of transgenic plants pBI121 (a), PTUB (b), PTUB+Intronl (c),

PFUL161+TUB (d), Intron1+mini35S (e), PACT (f), PACT+Intronl (g), PFUL161+ACT (h), respectively.

45000
40000
35000 r
30000 r
25000 ™

20000 F

GUS activity (pmol/min-mg)

15000
10000 H
5000
i [ = [ .
>

WD S oo O S ® < SO
& TP S & S \X@ PSS
¥R T & RO &
R . 0\;» x&@ < < |
Q

6 BEREREK GUS EENH
Fig. 6 GUS activity analyses of different transgenic plants.
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R MR R ES . H PFUL161+TUB (& 5d)
Ml PFUL161+ACT (& 5h) B GUS 6455
PTUB. PACT A KK 25
24 FBHEEREEK GUS EEHEENT

N A2 e R B 3R T AR BR R L 15~20 Bk GUS
LU= Ry BAYE R AT GUS 2 =447, & A i
EHMEARTRA I N bR GUS FikmyTEdE, WLIE 6.
EmaE R, HILHMME Intronl+mini35S GUS
Yo iF v, LR AR AR pBII21 1Y 1.1 £%,
PFUL2244+Intronl . PFUL2083, PFUL1124 GUS i
P4 ; PFUL2244 . PFUL1580 3G PE%555 s PFUL474
Ml PFULACArG JLFJE GUS ¥itk; Intronl fif
TUBULIN F1 ACTIN ¥K3l] GUS FRikRESIHG 5
PFUL161 #llili] TUBULIN F1 ACTIN )& 3 i) fig 151
AW, 5 GUS UL e (55 RIEAFAT
3 wH

B EBZEH DNA FRIRRAE TS
R 5 14 B 2 FH TR R R 2 A IR, A
MR B 2 R e o B s R S TR A A
P O] RE 5 5 S il 3 P A e 3k, ok B4R S i it
52 2% IR PE B R ST BT, R 37 Bl 2 S
FEAH SR A T A 305 1o AR S0 38 3 44
i FUL — RN 8l 3 Bel ok v BO N & 738Uk
I L L GUS TP T S HOR , A Sl R
AR EILL T 4598

LR IT FUL Jg 8 F Ll )R 5 77 51 -2 148 bp~
—1 987 bp X BEGE I I A 5 8 3 710G 1, Tk
—2 148 bp~—1 987 bp X i#E#:F|)5 8l F TUBULIN
ACTIN AR GEM S E ARG . X 3] FUL 5 3)
T IR 512 148 bp~—1 987 bp X A3 1
ANEAEw M, R R BIR IT P IR FUL 3
PRl 3 38 1Y 5 s I 1 I RE S 45 5 X3, PFUL2244
(=2 148 bp~+96 bp) FEFHFEKBBTE GUS i,
FHUAEEFRAERKN B FUL B8 T R b a4 X
(=2 148 bp~+96 bp) ToikJash GUS ik, HEHA
JA gAY B, 2R AR RS B TR A GUS TR,
X5 Jefferson 258 —2, b AITFF 2.3 kb FUL
JAETFRG GUS B, R BIR I R A KB
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Bl GUS ik, i— B A A K, R0 E
YLVRHT A Y 22 A R R I GUS 1M AR SLgi
BEILR A bR PFUL2083 (—1 987 bp~+96 bp) itk
KRBT o g/NERENT . 25D R AR B A K B
22 R GUS k. ARYE Mandel A
Yanofsky! "WIF5E £ W] AP1 4] FUL 158 354 K B
Ris, HBIF AMAE R B S EHRRE
N5 3 BBt FUL AFF iR BRERE, IfF HAE
BrAEMZEA N FUL PR FRIL . 251, RATIAH
—2 148 bp~—1 987 bp K H: T X AR 1 Gk 254 5%
KF AP1 BUZE &ALk o (HZXT AP1 2 & EIEAEH]
TS, EEAMEA, 25 RN T4 5 )5
TR T I 55 A A 1 T — PR AF S
FUL FFR# 7511 484 bp~—1 028 bp X W AE
A F B R sh T s AR AL 7 i — 2 i
F¥. =378 bp~+96 bp K AFEHMH 3 FUL ik, #
X I Bl P AR AR O X . P8 i B FUL
JA B FAE—1 916 bp~—1 737 bp X &4 2 4~ CArG-box.
CArG-box f&EHA MADS 25438 (1) 5% 5 745 5 or
M HA RS, — B CCA/T)6GGRY, #
—1916 bp~—1 737 bp MiIBx, W PFULACArG %%k 2 )A
G, VWX T FUL B 7R3, % 2 4
CArG-box #HIARHEZAVE . [HZARMEMFREAY 2
W FUL J3 8 TR RIXERBERARTX 2 4
CArG-box HIfiEJ3 8 GUS WA, XKE/R TAESEIT
FA BT A X IRA HiX 2 4~ CArG-box JL Al
FHRAE e, BT 55 5% XA AR DB L
HRME AR, S s RN Rk
AR IA R FUL IS —NE T35 FUL
RIS . Deyholos Fl Sieburth FHF5T 2 BH LR
IF AG FEH PR NG T RAMEIRE, H 3mT
G TS AG BRI R B R AG A0 By
INAEEAER], 5T IIX AG TEHES TR
K E P AG-Like 3L 5 AG WA —EWF
GIARRIE, TR —E RSP, AG-Like JE
& F k2 B8 —4 CArG-boxPY, 4
PLACE Web Signal Scan /7450 #r &M FUL (AGLS)
B2 — N & F N EAEAE 2 ) CArG-box (18] 7). ANSE
55 (25 RAUE W] FUL B 55— N & 1 XU I+ A 4h 85 10
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1 GTAAATGTTTTTTTAATGTTTTATATTATATATCACATCGATCATATCTATCTGTTTTCTTGATCTTTAACCAGATTTTGTTTTTITATTCGTACTTCTCG

101  ATCTCGATCGTCGTCAGCCTTGGAAATAAATCCAAATCTCGTATCTTGGTCTTTCATATCTTCTCTAGATTTGTTTGTTCCCTAAGAACTGGCTCGAGAA

201  ATTAGGGTTTTTTTTTGGGATTTTACGTACGGACGCATGAAAAAGCTGIT TATGTTTATTTCTAAATTTC CTTTCC TTTACCCAA TTGAAAATAGCATAA

301  AATTATGAAA CTTAGTACACACACTCACGATTTGATTGCCCCTTTTGATGTATGGAAGCACGTGCACTCAGACACGTACGAAGATATGTATGTAGATAAC

401  ATGTATAATAATACTTGAGTATACCATATATTTGAAAGAAAGGTTGATTTGAAACGATGAAATAAAGCATTTATAACAAGGATGTGCTATAATCCCCAAT

CArG box

501 GGACAATAACATAACGTTAAACATATATGTAAGTTCGTACTGATATTTTAAATGCGTTTTGTGAAAGTGTATATATATGTTTTTATGTAC GATCATAGAG

601  ATTTATAGTGATCGTTTGCTTTGATAACCGAGTCAGGAGGGAAACTCGAATCTTTAAATTGAATTTGTACGTATGTTTTCTATGATGTTTTGTGGACTCA

an1 O AAAACCA
iUl Linnnn

COTTOTATATACATTTTTOTCY ATATTCY ATT ACOTATTCY TOTOCUITATACCAAATACCUITAAACTTTTOOOTTOOA
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CArG box
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801 ACAAATGTTACACATTATAACATGTGAAATTATAATAATTTTTATGGATCAAATTAATCGAGTGTTGACCITITTTTICTIT CTTAAATCTAG

El7 FUL%—MN&T2® CARG box
Fig. 7 Two CArG box in the first intron of FUL.
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