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Functional Studies of JOINTLESS and Its Interacting MADS-domain
Proteins in Tomato

WANG Xiangl’2 and YIN Jun""

('National Center for Wheat Research, Henan Agricultural University, Zhengzhou 450002, China; “Institute of Crop
Sciences, Chinese Academy of Agricultural Sciences/National Key Facility for Crop Gene Resources and Genetic
Improvement, Beijing 100081, China)

Abstract: The MADS-box gene JOINTLESS (J) is required for flower abscission zone formation in
tomato. MADS-box genes encode a class of transcription factors that usually form protein complexes
controlling the transcription of genes. This study aims to identify the specific function of J and its
interacting MADS-box in tomato. Seven of the JOINTLESS-interacting MADS-domain proteins are
selected, and the functions of their encoding genes are studied using RNA interference (RNAi) and
transgenic overexpression strategies. It is found that knockdown of TAG1 expression not only causes
severe morphological changes in male and female floral organs but also reduces fertility. Overexpression
of J leads to higher than normal numbers of flowers in individual inflorescences and changes in fruit shape.

Key words: tomato; JOINTLESS; MADS-box gene; RNAi; overexpression
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(PBRE Gt 2R 5 S I, ARl I 2 DR MR UE 5 T i R R AEAe A 25 X R B T I DB

J J&2—> MADS-box %K . MADS-box K& —24 1 12 W e sk -, 420 ABC B (1)
FES5#, EaSEYess m RGBT RERTEENIEM . 54, MADS-box JEPH 520 F=
W mRE S B FRERTR] A0 RSl R H 5 (Colombo et al., 1995; Vrebalov
etal., 2002; Rosinetal., 2003; Yanetal., 2003; Adamczyk etal., 2007; Tapia-Lopez et al., 2008).

MADS-box J PRl ] —A i 205 U T U2 S R R s SR R G (R 2 A
A (4 DMARI MADS-box 5 H B VU 2 AR 5 Wi A H T/ 3 B 5D ', MADS-box S5 i
1 SEP (SEPALLATA) R FE B VY RAE B A AIM S (Honma & Goto, 2001; Theissen,
2001). Leseberg 5F (2008) FJFHEEREXUAL RGMEFT T i) MADS-box [ HAEM LS, 54
FIT @A, RFENEE A Z MR AR BEAER, BRI Fh 2 WA & H IR
% (Davies et al., 1996; de Folter et al., 2005). 734, MADS-box &K 1) MADS %5 #4517
T A A EAEH R 2. Leseberg 25 (2008) M 22 A i MADS-box & A4t 745 J A
AR 8 Mk MADS-box #5111, JfH &I T RE B R OAE . {H1% 8 > MADS-box FE [ 1 Lhfg
X T AR 25 DX R B N RE WA IR AHGE . ABFFHRE# RIS T A AR T 7 AMRIEER A,
I RNAL ARSI 7 N EERIEAT DR 50, JERI A B3R 3 DRt — 2 AT 9T

QY ZE SRS DARE

1.1 #

RIS T 2007—2009 A1 EAN R B EVRNE 00 A 15 B 27 5 /N 22 Dy e RE R 41 27 S
HUAT. MY R T AR LA3021 i E AR E BRI AP . ST A I DRI A A R
ki A v [ ARV R 27 B AL AR 3 S b B AR ME R B A DR 2t ST il ==

WA AR EIE A DIBEE § NEB A7) ; TagDNA polymerase. T, ¥E#% M550 H TaKaRa 2] ;
IPTG. X gal. 7 =B (gelrite). RAEEZR. IRRFZ=. AR AT KZZIT (Trans-Zeatin-
Riboside). #73EN] (Timentin). LBET Ml LA & FifER . MS B 7R 3E480 H Simga A ;5 Trizol.
S S A H Invitrogen A )5 Fobi 2 ORI G H AR AR A R A ]

JURLAITR AR : pGWC-T B th v R MR T2 it (B 1D MR R GV3101
FIFIEF AR pjawoh18-RNAI Hi 1 E A ML Bl 2% B bk s i ez de it (K 2).

PGWC-T # A K4 3 kb, 5 Gateway R 5¢

Eag I(2764) Xba 1(2876)  Pstl(214)

7%, attL1 Al attL2 J& LR A1 BP iR 51 K] & A9\ \ eodi | ARIC2D)

L7 And T BEVLR ELEE2E T A 41, et \ | f e

5 PCR PAHAT B M. b cedB JE A 4 ]\_ni‘j&&:‘ B

AR, W HEGEIE, LR AnHEse g Nromats

Wl 7 395 % 1 T8 4120 L 9 Pt PGWC
FIFH 3 A pJawohl18-RNAi _[ff] attR1 Fil Nhel(2269) 2978 bp

attR2 F A7 f 4T LR A1 BP v, ) LAJA] s

SN T MR K AR 5 B AR pUC origin

35SF 1 35SR. intronF il intronR ([& 2) s} SacTl(1491)

BRI, G S DR 5 7 A i e I 1 pGWCT Sk

Fig.1 pGWC -T vector map

LR AR o
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:] B bar 35s emRi cedB intron cedB emR 35 RB :

attR1 attR2 attR2 attR1

-

355R Intron R Intron I 355F

B2 #ifk pJawohl8-RNAI FREE
Fig. 2 pJawoh18-RNAi vector map

1.2 EYEFRE
BRI RIS Sun 45 (2006) 1512

1.3 #HiriE

RNAi &AM K 7E MADS Z5 i AR 7p FEM D g, e B T 82 AR TLAE T 71 MADS-box
LR TAGL (TOMATO AGAMOUSL). LePI (Lycopersicon esculentum P1). TAGL1 (TAG-Likel). TM3
(TOMATO MADS3). TM5 (TOMATO MADS5). SLMBP20 #1 JIL (JOINTLESS LIKE1), iX 7 /M
K% AA K MADS-box FIGEA RS . FIHAE Primer 5.0 Bl BN EERIMRE 514, K9 38t Fr
Beri P 3] pGWC-T Hla gk (R 1), RJFE LR KW 5 AR IEH A& pJawoh18-RNAi H1.

#1 RNAIRERIERMFRAFESIY

Table 1 Primers used for amplifying gene-specific fragment in RNAI experiments

FER AR RNAi 514 Jr BUbr B K
Gene name Primer of RNAI fragment Position and length of production
TAG1 F: 5 AACAGGAACATGATGGGTGAA 3’ 370 ~ 728
R: 5 GGTTGGTCTTGTCTAGGGTAA 3’
LePI F: 5% GGACTCACTGGTATCCGTGAAA 3’ 370 ~ 615
R: 5 GACTCTGAAAGCAAAAGGCATT 3’
TAGL1 F: 5 TCGCAATAACTTCCTGCCTGTA 3’ 720 ~ 894
R: 5 TGAAGATGAAGAGCCTTGACCC 3’
TM3 F: 5% ACCTGAGGTAATAGAGCGAT 3’ 180 ~ 350
R: 5 TCTCCCAAGAACTTCCTTTT 3’
TM5 F: 5% TGTCGCTCAAACAGATCAGAT 3’ 190 ~ 409
R: 5 ACATCTTGTGCATTTGGCTG 3’
SLMBP20 F: 5 GAATGCTAATGATTCTGATCCC 3’ 209 ~ 409
R: 5 TCAGTTGATTCTTCCTGCTTCT 3’
JiL F: 5 CAACCTTCCCTTGATTTACAG 3’ 210 ~ 405
R: 5 TCCATTATTCGTTTACCCTTAA 3’

J I ERIBEAAE: I KK cDNA P41, P A S 4R gmhs X F1KE 5> 5 UTR
3"UTR. 59t & g BIRUCE AR pFGC5941 Frf 11 BRI B ) 467 2 Xba T #1 Sac 1, 51473 7l
) MAOS-P5 Sac [ (5-GAGTGAGCTCCCCTCTTTCTTCATACTCTCTTAG-3', X4k Sac I ft))
f7 1) MAOS-P3 Xba I (5-AGTCTCTAGATACTAACAATAATATTTATATAAAC-3', X4 Xba |
B UIAL D, ARG pEASY-T1 Simple T #8544 5 A\ 2 FRiA 84 pFGC5941 . FBED) %5 € 1E 4 1)t
REALRFTE, SR G0 AR T B ORI EE T PCR FIBE DA S 5, KB PE B VR AE - 80 CHRAF % H

14 REENTSHEMREL

¥ - 80 CHEAFIIARNFF BEAEM N PTAEZ A YEB [ A5 775 ERIZER % 48 h, BRI e, K%
TREAEWAA YEB £ 355 v k95 (28 °C, 250 r- min™) £ OD 1 0.6, H{ 10 mL B4 6 000 r - min”
250 10 min, WAER TR, WA MS B L B B3%, I B T 7R 25 264 J% 24 200 pmol - L,
MR,

TR 7 AL T Al LA3021 (Sun et al., 2006). K7 mlifh 1 75%K5E 0 30 s, ARG
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FH 20% 0 BRI 10 min, FK R ZETRAKMGE 3 ~ 5 Ik, HEF T 12MS ¥R K4 7~8d J5, 1
B HILZ T, I 3 ~4 B, 75 MO 35780k B gR 2 do RMBR B4 10 min J5B 71 7 B
E MO B KL, BEREAAE NG SR 2 do ARJEHE T I BUBE ML MR RIE b, RE 10 d 464001
R R ARSI MBS 22 M2 59558, FHZEFAEK R 2 om BRI MR M3 A MR B
FRHE, WA EB 205 E TR L REA e

15 HERERNETE

X T RNAi IR S, RAZES WAL A KI5, 7E RNAL AT [ intron ¥t
—X E WS, d5i4 35S migI4 (35SF) A 35S [l 54 (35SR) KFHEATRHMEX E (K 2). #
414 IntroF + FERRF 2514 Fy R, intronR + JEFFER5 14 F. R, 35SF + JEHFT. 5514, 35SR +
FERET JET14,  BHER I B RN B T 1)

T3 i BRI AR IR I, ] 35SF+ IR (JEERMIGE 51D SIMA SR TR E,

FEIFIERI . FH Trizol $RHUELFEDIRIRE A5 RNA, SR cDNA, X5 ACTIN 1A NS
FEDDOTHEA) RNA (RIS BEA T, P (19 & RT-PCR #43 28 /MG .

2 HiIR 5

2.1 HERERRIIKS

T I AMEAR L TG IR ILREIR L T B R ARG , 304 2 B PR R IR 27 B (3R 2D
Horh TAGL RNA fifk 8 ¥k, J i35k 7 #k, FAAAEIE RIARIE 12 B DUFRIE DRI BR R K1 2E [H1 41 DNA
BT PCR 408, 355 FHPERIRR, IFXS S R R AT H KT e . 4RK ], 75 RNAI
WG, BR T 1K TAGL RNAI [UFRRRAN B A4 R0 i B seAT 22 A0 Ab, BITAT oA DN AR IR 1) 2 DR A 1
RG] (& 30, M RRIBFAREIFRAR 1) I RIL A E A RN B 5w (& 4D,

®2 FAMMAMEEREFRTT (G275
Table 2 Atally of kanamycin- and BASTA-resistant transgenic plants (27 plants in total)

LA PR AR £ RT # il &5 24 it ULl SCHR
Vector name Plant number Express level Phenotype Expected phenotype Reference
TAG1 RNAi 8 RiIL T MESS R, MESESS  MESS. MERKH AR Pnuelietal, 1994
Down-regulated Mg 7 Abnormal stamen and
Abnormal stamen and carpel development
carpel development
TAGL1 RNAi 5 RIE T R Y MEES. EESRKE A% Busietal, 2003
Down-regulated No significant Abnormal stamen and
phenotype carpel development
TM3 RNAi 5 RIL TR EN TRt S ITAEI ] Pnueli etal., 1991
Down-regulated No significant Flowering time changed
phenotype
LePI RNAi 2 T BA R LB A TMWAESE R G 57H  Goto & Meyerowitz,
No significant change No significant Abnormal petals and 1994
phenotype stamen development
J it Ik 7 Feik b HIYIRE P E, B SR E Mao etal., 2000
J overexpress Up-regulated VRN Flower abscission zone

Inflorescence and fruit
shape changed

development changed
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ACTIN

1 2 3 4 5 6 1 2 3 4 1 2 3 4
_ _ ot _ e
m Act m Act _

A B C

3 RNAI #EEE#E RT-PCR #il

2~ 4. HEIEIRRIFR); C. TM3 RNAI #FE DI RIBR IR RIE (1. BFAERIN I, 2 ~ 4. LRI
Fig. 3 The RT-PCR results of RNAI transgenic plants
A. Gene expression in TAG1 RNAI transgenic plants (1. Wild type; 2 - 6. Transgenic plants);
B. Gene expression in TAGL1 RNAI transgenic plants (1. Wild type; 2 - 4. Transgenic plants);
C. Gene expression in TM3 RNAI transgenic plants (1. Wild type; 2 - 4. Transgenic plants) .

E 1.1 C TL\!

4 ) BEFREEERE RT-PCR &

Fig. 4 The RT-PCR results of J overexpression transgenic plants

1. Wild type; 2 - 7. Gene expression of J overexpression transgenic plants.

22 TAGL ERAZWMEMELFZENALE

KRS F S RIRE R 0, TAGL RNAL B LMK R 4 BR kA2 T W B i e Ay
b (RT-PCR I F 5KV FHERIFER ). A TAGL J& T C 25T REIEH, T LAZEE IR () R I 0k 5%
W T 28 3. 4 BAEREE IR T (Pnueli et al., 1994). 3ILDAEHARIEANTE P LACHI S5 M8 K A2 T A K
WERMA, TERICHESMMES L (B 5, A). fERBRFINEILRRET, Mg a kL
ERITEES, T HEEART, ARk, MESE 2 A0 RIRA AN, RETHEME (BS, B).
AR R, O H 3 ~5 MRE o dlk (B 5, . GRS R A (K s,
E)o ME—BHIRI, RS ZA TR NG (B S, F)o 7Emi 0 DI, nf
DA S22 22 AN T0) 7 S A MESE RO 2 A ELIR A 1 i 4128 (&S, DD, 1 ELAE T A 88 AT Sk sk
B R . R ARSI G MR AE B, (HRFTA R RN (D WMBEXKFIER. &
] TAGL {13 IA A M B AL B X K

23 I ERIEEZMBEMLFFIRIK

263 RT-PCR Hrill, J i RRIAMFIENIRAR T, RO T BRI R — 7, 1e/r4;
WA TS, MIXTREAER (K6, A) AMELEFRISZWI R Z, i HAEAN e EREd
BFEHZ (He6, B H—Jiih, RITERKAE T BF2A, BRI RAE LML, Mt
EARISAEMR IR RYS K ETE (K6, D)o WIREE REW, I AGEWENAEFEik, L5
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5 TAG1RNAi HE#ki&REL
A: FEERRMRROIET: B: M RMETE ik, RBLIMER S-S BN &R 8, C: BIEDIRIRIFES H4;  D: B ERIBEDII A,
E: REEAERALERNE, HFHRIPEHEZANRE; F: E BRI G B s 24D R
Fig. 5 Phenotype of TAG1 RNAI transgenic lines
A: Inflorescence of transgenic line; B: Flower determinacy was lost and showed mixed stamens and carpels; C: Enlarged single flower of transgenic
line; D: Cross section of the flower in B; E: Mature fruit of plant showed multiple peels and fruit;

F: Small fruits were showed after dissection from the fruit in E.

E6 JEEFREERER
A: FHIFAERACT; B: I EREHEET AR, AR S L, ¢ BRI MRS UL
D: Jid RIS 5 B K T sl T -

Fig. 6 Phenotype of J overexpressed line

A: Inflorescence of wild type tomato; B: Inflorescence of J overexpressed plant contain many branches with many flowers;

C: Fruit shape in wild type tomato was round; D: Fruit shape in J overexpressed line was ellipse.
2.4 H'E MADS-box £[F RNAI #E R EIR 5 4

7E RNAI B3 EDI AR, TAGLL Fl TM3 .95 B2 T 5 BRI FE AR R, 0 HL AR Sk
P B RT-PCR %858, AP R IR e sy A 8] (L 3D, (R A R I B B i 3R Y
A4k o BRI AT e T RE A SR R T ILAE T, R PT RESR L SR AT IR SRR R A R I A
X AR PN AR EE () AR A R ZERE— 2P
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3 e

AG /& MADS SR K —/NE N C RIpREIEF, HMEYIE 3. 4 RIEBTEKRE, e
MYAEA B A BRYE (Yanofsky etal., 1990). AGREGH, KA RNAL HA W35 FRAR T 4 L RIR A b
TAGI [E5AKF (B 3), BILNBE R 3. 4 BAess o A T B, HETRIEE, e
MRESS . O ER ML, R RIEEA FRE R L THRYE, X5 TAGL [ SUMHIRIF %
RIEABL (Pnueli et al., 1994), Fifk AG JE DA 1900 g 704 A0 RAE PRt UL ¢ 21 28U 6 2. (Bowman et
al., 1991; Bradley et al., 1993). 534k, ASRE0 % R DA R AR SR 5 b 2t 1] s 5 HEIR ,  HL b ) SR sk
WAL Z AT TR N o e DRURRR & PR 2R 10 JRU R n] RS R B i (R RESE AN R A2
AR AN o B RE R R AR R B # R INIE T, KB TAGL BRI M BRARAS S M bl B X R B
SEL T RE AR AT IR 45 K (Leseberg et al., 2008), #EM TAG1 F1 J 8 (A2 [ {4 L AE W] fg 2 5 A 6
REWILE I, W e KA R B SRS

ARIGH 7 Mk I b ERA L RAR R, S MR BE AP A G . S EFAE AR L,
TR0 SCRS A LR 2% (B 6, B). A KK (Eucalyptus grandis) 1] EgrSVP J&
J IFIEIE R, s R IA EgrSVP e WA BRI AL/ A MM, 2H)PERM, 518k
IEARRL (Brill & Watson, 2004) . 757 i A6AR 25 Xk & I 2 i 73—/ 2L 1) 3L K] JOINTLESS2 (32D,
A C g M R 2R L] (C-TERMINAL PHOSPHATASE-LIKE GENE), ZR7ARMA j2 ANHETE K
TEMES X, HAEFHEE (Yang etal., 2005). 7EXNSEARAA jj2 v, fe/pdfi Az, 5 3 ds&iA
R AL FrLh, 3 A0 02 HS 52 ik 1467 4540, DB AR IR B X R B FIAE 7 45 0 S ARG 78
J b EREME Y, B X R RIIEFE AP A, R J B TEEEXEEI, @by
(AL 450 o

J B RIERRRN AN ER R R R A . B AR IL D R 92 i K 58 L2y 90 0.97 F
1.17, ZR%W%. OVATE M1 SUN & 5ZM 3 A R L IR AN B K . OVATE R 5848 Jo JE e — M
W2 R8RS AR B A AL (Liu et al., 2002). SUN K4 —AEA 1Q67 45
ISR 1, — N R T J0F RIDER 318 —A 24.7 kb FEE B s, Az &k ETF, M
M5 R SRR (Xiao etal., 2008). J ik R A FT 51 1 R SLTE R4k 15 OVATE Fil SUN ZE[H
SEARDG, WEHE—PE. SRR, SR § R j2 IARSBRZERIAK, TGRARA jj2
R SEAR RINALE, XK AR, I R 32 5% AR SLIR K E

TAGLL ¥ MM RESE R, AR ARG P R SE IR R R I IE AT RE 2 i T D) RE i A LA
fieas 7T IAE T . mTLURFH R ZRIE R R S AR PR el 2 T oAk, R D) RE T S SR M a5 /E T . TM3
SEMAREI AR ], AR B R B W2 220, v REE i T Dhae R L RAE R /E ], ]
AE i T AN S 45 1 1)K ARSI sE e TR0 45 RIS I M o i SR AR T B AT U — 2D i
S o

RNAI 6 RIS A 3 8 R0 B X R B HB B 500 o 4R n] B2 6 DhRE Y T 2 1 poE i
XKRE, MALIREERZ D BIFRMCN X K E K — N ER LS (LATERAL SUPPRESSOR)
i —~ VHIID 85 [ o |s SEARART 73 TEAN B5 X0 2%, AN TR 2, 5848 PR R AR /> FE9F (Schumacher
etal., 1999). J. J2. LS B¥MFE &S X KT 3 NMEFH 7, eI s e 5 X kK &
MAC P4t . Bk, FAfei B X R E SEF K%K, HEXKETRELTFKEN—T
LT
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