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Abstract:[Objective}Grapevine (Vitis vinifera L.) as one of the most economically important fruit crop
is widely cultivated all over the world. Seedlessness of the fruit is one of the most desired traits for table
grape consumers. The MADS-box genes, which generally comprise large families, encoded transcription
factors (TFs) with a highly conserved MADS domain, and played diverse roles in plant embryo develop-
ment, flowering time, floral meristem, and fruit ripening regulation. In this study, Y'vMADS46 was ex-
pressed in the different grape cultivated species tissues and ovule developmental stages. Gene cloning,
sequence alignment and overexpression in the Micro- Tom tomato were analyzed for V'vMADS46 gene
related grape seedless function identification, in order to provide foundation for further research of
VvMADS46 participating in regulation of seedless grapes. [Methods] Grape tissues and organs, includ-
ing roots, stems, leaves, tendrils, inflorescences, flowers in the fully opening stage and fruits on 33 days

after flowering (DAF) were harvested from the seedless grape Thompson Seedless and the seeded grape
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Red Globe, respectively. Ovules were collected from the two seeded grape cultivars (Kyoho and Red
Globe) and the two seedless grape cultivars (Thompson Seedless and Flame Seedless) on 33, 36, 39 and
42 DAF. Total RNA extraction and first strand cDNA synthesis were accomplished using EZNA Plant
RNA Kit (R6827-01, Omega Bio-tek, USA) and PrimeScript 1st Strand cDNA Synthesis Kit (TaKaRa
Biotechnology, Dalian, China), respectively. V'vMADS46 expression in the different grape tissues and or-
gans was made by quantitative real-time PCR. V'vMADS46 cDNA sequences, alignment and phylogenet-
ic tree were analyzed by homologous clone. The sub-cellular localization and the overexpression of
VvMADS46 were analyzed in the onion and the model plant Micro-Tom tomato. [Results] V'wMADS46
was expressed in all the different tissues and organs of the Thompson Seedless and the Red Globe. Ob-
viously, there was no significant difference in the roots, stems, leaves and tendrils between the seedless
and seeded grapes, but the expression of V'vMADS46 in the inflorescences, flowers and fruits were sig-
nificantly higher than those in four vegetative growth organs, also higher in the Thompson Seedless
than that in the Red Globe. In four researched grape ovule development stages, the expression levels of
VvMADS46 on 33 and 36 DAF were higher than those on 39 and 42 DAF. Additionally, the expression
levels of V'wMADS46 in the seedless grape Thompson Seedless and Flame Seedless were significantly
higher than those the in seeded grape Red Globe and Kyoho in all these four stages. The full-length cD-
NA sequence of V'vMADS46 was 681 bp, encoding 226 amino acids, with a complete MADS conserva-
tive structure. The sequence alignment showed that mRNA sequences and amino acid sequences of
VvMADS46 cDNA in the Thompson Seedless and Red Globe were similar to the Pinot Noir (cv.
PN40024), with 99.8% and 99.1% similarity, respectively. According to the homologous alignment, 8
AP3 proteins (AtAP3, AeAP3, CmAP3, LjAP3, LrAP3, PhAP3, AcAP3 and PtAP3) were screened
from the NCBI database, the phylogenetic tree was constructed using MEGA 5.0. Additionally, the sub-
cellular localization vector PBI221- VvMADS46- GFP and the overexpression vector pCAMBIA2300-
VvMADS46 were constructed, following Agrobacterium tumefaciens mediated infection in the onion sur-
face cells and transformation into the Micro-Tom tomatoes, respectively. GFP signaling was observed
by the inverted fluorescence microscope and localized in the grape nucleus. The growth and develop-
ment phenomenon of the overexpression tomatoes, the empty vector transgenic tomatoes and the wild
type tomato lines were identified and compared on more than 30 DAF with the same condition. The
empty vector transgenic tomatoes and the wild type tomato lines had no significantly growth phenome-
non difference, however, the height of the VY'vMADS46 overexpression tomatoes were significantly short-
er than that of the empty vector transgenic tomatoes and the wild type. Moreover, the fruit size and seed
number of the empty vector transgenic tomato lines and the wild type tomato fruits showed no signifi-
cantly difference, but the fruit size of the V'wMADS46 overexpression tomatoes was significantly smaller
than that of the empty vector transgenic tomatoes and the wild type, also the seed number was signifi-
cantly decreased, with nearly no healthy and plump seeds in the V'vMADS46 overexpression tomato
lines. All these researches suggested that a possible function of V'vMADS46 in development and forma-
tion of seedless fruits in grape. [Conclusion] V'wMADS46 was a reproductive growth organ induction
gene in grapevine, and possibly played an important role in grape seedless character regulation through
inhibiting the ovule development.
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Fig. 1 Differential expression analysis of VvMADS46 in seven tissues of Thompson seedless and Red Globe
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Fig. 2 Differential expression analysis of VvMADS46 in four ovule development stages of four grape species

2.3 VwMADS46 £ E K EIR 52 b 5 F 5 a9t Lt
I
K FH TR0 5 B 75 32 TG A% RN AT 3K w3 3
15 3| V'vMADS46 () ¢cDNA J¥ 51| , W ¥ 45 B &R
VvMADS46 1¥] cDNA J7 51 4= K 681 bp, 4 i 226 4~
RILFR , I A 58 B MADS {57 45 8 (B 3)
7 B EL S AT LU B, VwMADS46 1] cDNA K & 3 2
FPAAEToAZ 1 21 b3k v 5 4 28] 2 DS 28 D) s 4 A )
bb 1 7 % (PN40024) /7 B AHBL, 43 53 B A 99.8%
199 1% K P FIAH L ZE (B 4) o
2.4 VvMADS46 EIRFHI L R R G A B M E
BE G AR AT T K HE VVMADS46 7 [ {5 5., 78
NCBI 5 51 Lk, 25 [ AH 56 SCHR 548 21040 7
(Arabidopsis thaliana, AF115814) « B AL TR NERE (Ac-
tinidia eriantha, HQ1133591) W14 (Chrysanthemum x
morifolium, AA022985)  F Bk #R (Lotus japonicus,
AAX13301) \ T % (Lilium regale, BAB91550) \ %% %=

L% Pinot Noir |
) 2T HhER Red Globe
JoA% A Thompson Seedless

Consensus margkieikrienstnrqvtyskrrngifkkaseltvlcdakvs

L1 Pinot Noir BF
ZIHiER Red Globe
Je#% 1 Thompson Seedless

A= Thompson Seedless BTSN

Consensus hknllhefdardrdqhyglvdnggdyesvlgfsngs spvfalslqpnppndlhsgvgsdltftll

1 SCTAGAGGAAAGATTGAGATCAAGAGGATAGAGAACTCGACGAACAGGCAGGTCACC

1 M ARGZKTETEKTRTIENSTNRIQVT
61 TACTCCAAGAGACGAAATGGTATCTTCAAGAAGGCCAGTGAGCTCACTGTTCTTTGTGAT
21 Y S KRRNGTIFKZKASELTVTLTCTD
121 GCTAAGGTTTCTATCATCATGCTCTCCAGTACTGGAAAGCTCCATGAATACATCAGTCCT
41 A XKV ST T MLSSTGKTLHEYTISP
181 TCCACTACAACGAAACAAATATTTGATCAGTACCAGAACACTCTAGGAGTGGATCTATGG
61 STTTEKQTIFDQYQNTTLSGV DLW
241 AGCTATCACTATGAGAGAATGCAAGAAAACCTGAAGAAACTGAAAGATGTGAACAAGAAT
81 SYHYERMQENLTEKTZ KTLTE KDVNIKN

301 CTCAGGAAGGAGATTAGGCAGAGGATGGGTGAACATTTGAGCGATTTGAGCGTTGAGGAA
101 LRXKETIR QRMGEUHTLSDTLSYVEE
361 CTGCGAGATCTTGAACAAGAGATGGAGAGTTCTTTGAAGATGGTTCGTGATAGGAAGTAC
121 LRDLEQEMESSTLI KMMVYRGRKY
421 CAGGTGATCAATAATCAGATTGAAACTTTCAAGAAAAAGGTAAGGAATGTGGAACAAATA

141 Q VINNQTIETTFZKEKEKVRNYEQ.I
481 CACAAAAACCTCCTACATGAATTTGATGCAAGGGACAGAGATCAACACTATGGGCTAGTG
161 HKNLLHETFDARDRDQHYGLY
541 GACAATGGAGGGGATTACGAATCTGTTCTTGGATTCTCAAATGGAAGCTCTCCGGTATTT
181 DNGGDYESVYLGFSNGSSPVF
601 GCCCTAAGCTTGCAGCCTAACCCGCCTAATGATCTTCACTCGGGTGTGGGCTCTGATTTG
201 ALSLQPNPPNDLIHISGVGSDL
661 ACCTTTACTTTGCTCGAGTAG]

221 TFTLLE %

JiTCHE ATG\TAG 73 5l At if 26 1B %651, R 2300 AR
MADS R+ &4
The boxed sequences indicate the start and the stop codon, The un-
derlines indicate MADS like domain.
3 VvMADS46 HIFHER
Fig. 3 The sequences information of VvMADS46

80
80
80

mlsstgklheyispstttkgifdgygntlgvdlw

160
160
160

225
225
225

4 LIHbEk. TizB SEGHEE B LbiE VwMADS46 S E R F 5 b3t

Fig.4 The amino acid sequences alignment of V'vMADS46 from Thompson Seedless, Red Globe and Vitis vinifera

‘Pinot Noir’



1236 x i)

S 4

55384

2 (Petunia x hybrida,X69946) R MRk (Actinidia
chinensis , HQ113358) 1 & A ¥ (Populus tomentosa,
AY359606 1) H () [FEZE A . 383 Clustal X #EAT 1
FFHIELR, g5 3 a1 5 frzs , MADS  Intervening . Ker-
atin-like &% C-Terminal Z5 4 #E4T 1 Xt N FRiE , MADS-
box DX IR X >R U R 5 14 f ot , I 1 MegAlign 5.0
Mg TIXRIONEER TN RGE K E W (6.
2.5 ERIE VwMADS46 3 B MEMKRE KR RS
A BHIF N

1 VvMADS46 #3508 B A #4 4L Micro-

AeAP3
PhAP3
AtAP3
CmAP3
LjAP3
VVMADS46
AcAP3
PtAP3
LrAP3
Consensus

Tom &, MR & AF PRI BALF 1A 2 A, Rsii
o . W8 L pCMBIA2300 - V'wMADS46 it &
TR FAR 25 B A I B TR 7 s e B 2B B3 A Ak 11
AR B, 25 8 A B 5 R 3 s AR B 2 28 2 Ak A

KANAEAE B2 25 {5 VwMADS46 %% 35 IR Rl bk bk
RURA BB /N 7)) 5 R LG 3 FhoAT R it i 0 L 52
KNFIF T B8, 25 0 M A o [R]85 79 0 T A 2R 3% i
FESLR /N KR F B JE W L 22 ), {2 V'eMADS46 %%
DRI 75 i R I B /IS L SR ST B AR R R AL G
(AT, IR ERFT 70 E IR B 5 (E8) .

AeAP3
PhAP3
AtAP3
CmAP3
LjAP3
VvMADS46
AcAP3
PtAP3
LrAP3
Consensus

AeAP3
PhAP3
AtAP3
CmAP3
LjAP3
VvMADS46
AcAP3 [
PtAP3 § ALEDLGGOLYDN -’&A‘L AN ;
LrAP3 i (K EME DM Y e L

Consensus 161 h] n I.'I heldar

adp »p\,l'.d nggdyvdsvlay

- ;.Emn‘
sEvine ERLED@EcAnE LR

{ [ SQPELH{HE: YESIHDLR
n prsmrl'-n] rlgpnh n 1h g gsdltif L1

C-Terminal

At. LB IT (AF115814) ; Ae. BAEHERE (HQ1133591) ; Cm. Hi45 (AA022985) ; Lj. Bk (AAX13301) ;L. [ & (BAB91550) ; Ph. #&74

(X69946) ; Ac. THERIFHE(HQ113358) ;: Pt. B (AY3596061) .

Kl 6 .

At. Arabidopsis thaliana (AF115814); Ae. Actinidia eriantha (HQ1133591); Cm. Chrysanthemum % morifolium (AAO22985); Lj. Lotus japoni-
cas (AAX13301); Lr. Lilium regale (BAB91550); Ph. Petunia * hybrida(X69946); Ac. Actinidia chinensis (HQ113358); Pt. Populus tomentosa

(AY3596061). The same Fig. 6.

El5 VVMADS46 5Hfth 9 MIFh AP3 EH RIRF Lt 5347
Fig.5 The alignment of VVMADS46 with other nine homology AP3 proteins
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W.T. Wild type; E.T. Empty vector type; O.T. V'wMADS46 overexpression type. The same Fig. 8.
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Fig. 7 Phenotype observation of F'vMADS46 overexpression and wild Miro-Tom tomato

€z ZZ iz oz Bl ai £k

o ||Ll|||L|I!kl|'||||11|||l||il|!|lllu L 5I *hf‘dl
L
oL Q ﬁ

E 8 VWwMADS46 I3 EFRE . FHARFERBEMBEHRIIFLZEUE

Fig. 8 Seed development observation of V'vMADS46 overexpression and wild Miro-Tom tomato
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Fig. 9 The sub-cellular localization observation of VvMADS46
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