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Expression characteristic analysis of MADS- box family members of

grape transcription factors in berry development and ripening process
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Abstract: [Objective] Fruit development and maturation are important stages for fruit quality formation.
Fruit ripening regulation is valuable for commercial production of grape. MADS—box Transcription fac-
tors are a class of proteins which directly or indirectly interact with specific cis acting function in promot-
er region, and regulate the initiation of gene transcription. However, its function may vary greatly with dif-
ferent family members and regenerate different regulation modes during grape berry, non— climacteric

fruit, development and ripening. In this study, the regulation function of 17 MADS—box transcription fac-
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tors during ‘Wink’ grape berry development and maturation were investigated. [ Methods] The potential
functions of MADS—box transcription factor members in the processes of grape development and matura-
tion were predicted by analyzing their promoter motif elements using the Plantcare software. The variety
‘Wink’ (‘Muscat Bailey A’ X ‘Rubel Muscat X’) was used as experimental material. The berry samples
were collected in eight development stages. ABA and NAA were sprayed one week before color change
stage. The fruit size, firmness, content of soluble solids, glucose, sucrose, and fructose were measured. We
analyzed the different spatial and temporal expression modes of various transcription factor members in
eight developmental stages of grape berry to preliminarily screen the vital members participating in berry
development process and verify the regulation function acting importantly in coloration and ripening pro-
cess of grape berry. [ Results] Promoters of MADS—box members contained elements related to grape ber-
ry development and ripening and the different number of each type of elements, indicating that they partic-
ipated in regulating berry development and ripening process, although their function were different.
MADS-box members expressed in berry development and exhibited different expression modes in differ-
ent stages. VoAG and VoFBP24 had high expression level only in hard stone stage, indicating the positive
regulation role on fruit development. VoMADS1, VoMADS9, VuSVP—likel and VvAP3 only exhibited high
expression level in the stages of berry veraison and ripening, indicating the positive regulatory function on
fruits ripening. ABA up-regulated the expression levels of 6 members of MADS—box in certain stages,
while NAA down regulated their expression. At the same time, NAA up-regulated the expression levels of
8 members of MADS—box in certain stages, while ABA down regulated their expression, indicating that
the members would probably regulate grape berry development and ripening by responding to ABA/NAA.
[ Conclusion] MADS- box members act importantly in regulating fruits development and maturation,
among which 6 members positively promote fruits” coloration and ripening and another 8 members posi-
tively promote berry development and negatively regulate fruit ripening .

Key words: Grape; Transcription factor; qRT-PCR; Promoter element; Berry development and maturation
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%X 1 MADS-box RiEHRKFEEE PCR 5|4

Table 1 Primers of MADS—box family members used for real-time quantitative PCR

FEH A FR BT Em 51975 B 151975

Gene name 1D Forward primer sequence Reverse primer sequence
Vo—ACTIN XM_002273532 GCTCGCTGTTTTGCAGTTCTAC AACATAGGTGAGGCCGCACTT
VoMADS1 GSVIVT01000802001 TCTCATCGTCTTCTCCAGCC GATTTGACGGCGCAATTTGG
VoMADS2-likel GSVIVT01008139001 AATGCCCTGAGAAGGAAGCT TCCTGCAGCATTGTATCCCA
VoMADS2-like2 GSVIVT01036551001 CTTGAGCAGCTTGAACGTCA GAACCCCTGAGACTGAGCTT
VoMADS4 GSVIVT01010521001 GCGATTTGAGCGTTGAGGAA CTCCATTGTCCACTAGCCCA
VoMADS5 GSVIVT01025945001 CGAGAACAGGCTTGAACGAG AGCCTCTCCACTTCTGCAAT
VoMADS9 GSVIVT01008806001 ATGGGAAAGTGGTGAGCAGA TTTTGGGCATTACTCGGAGC
VoSVP-likel GSVIVT01001701001 ACTCCAGAGAAACCAGAGCC TTTTCTTCCACAACGCTGCA
VoSVP-like2 GSVIVT01001701001 CTTCCACTGGCAAGCTCTTC ACTTCCTTGCTCAACCTGGA
VoSVP—like3 GSVIVT01009171001 GGGACCATCACTTGAACTGC TTTGTCTGGAGAGTGGCGAT
VoSVP-like4 GSVIVT01011300001 TCCACAGACTCCAGGGAAAC GTTGCACAGACCAGCTTCAA
VoSVP—likeS GSVIVTO01015641001 TCAAGTGTGAGCCAGGTGAT CCTTTTCTTCCACGACGCTG
VwAPI GSVIVT01012250001 GGAACAGCAGCTTGATACCG TTTGCTGCTCCCAATGTGTC
VvAP3 GSVIVT01009815001 GCGATTTGAGCGTTGAGGAA CTCCATTGTCCACTAGCCCA
VwFBP24 GSVIVT01012110001 TTCTGTGCTTTGTGATGCCC ATGCAGTTGTTCGATGGCTC
VWwCMBI1 GSVIVT01012249001 GTGGAGCTGAAGAGGATCGA ACCTCTCAAGTGTCTCTGGC
VWAG GSVIVT01021303001 TCAAGGACCTCAAGAGCCTG TAGCTCCTCCTGGCATCAAG
WTTI16 GSVIVT01026207001 CCAGATCGGGCTCATCATCT CCTCACCTGTGTAGCCTCTC

B LR 1 8 AN SR A SRS A B I I D i g b
BHE 1, 22) B AR SUE R KB £ BIS”
R, 20 1 UCR I HRE T K B BUR MAE S 10~17 d,
SR GRS | ATV ) 5 4 K 3 B m] v v

BRI AR 17~37 d, SRS A R R el e, SR
FeBAAR TR s Z A 10 d P, SRR B IR S 5
g0 MALJS 69 d IR, R SEHF IRk A (), SRS
AR TR PRI R, A S ] s R i b

1~8 Sy “BAT HERR I KRR 8 ANMLEIRTT. 1 BPPUNE, B 10 d) ;2. BBTCGR 1 YZIMIRASE AESS 17 d) 53, SHS (AR 2R
92, ABJA 37 d) 54 BTCCORBZARGHI M AEE FES 47 d) 55, BPROFEEURT 7 d IR, FE)G 61 d)56. ECPURR RIS FE)E 69 d) ;7. CCP
(IR s, 4E)5 84 d) ;8. BRP(SESUIIMR I, AEG 99 d). FIF.

1-8 is the eight typical development stages of grape fruits. 1. BPP (Berry pea size period/small berry, 10 days after anthesis); 2. BBT (begin of berry
touch/first enlargement of berry, 17 days after anthesis); 3. SHS (stone hardening stage/small hard, 37 days after anthesis); 4. BTC (berry touch complete/
peel green fading stage, 47 days after anthesis); 5. BPR (begin period of ripening/one week before veraison, 61 days after anthesis); 6. ECP (early color—
change period, 69 days after anthesis); 7. CCP (color-change period/mid coloring stage, 84 days after anthesis); 8. BRP (berry ripening period/mature

berry, 99 days after anthesis). The same below.

1 ‘BRAEHRILEKEAELEFRENTL
Fig. 1 Morphological change of ‘Wink’ grape at grape berry eight development and maturation stages
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Table 2 Changes of physiological indexes during grape fruits development process

H KB Development stages

HEHFERR Physiological indexes

BPP BBT SHS BTC BPR ECP ccp BRP
YA FE Longitudinal diameter/mm 0.60 eF 1.00 dE 1.67 dDE 1.99 ¢CD  2.05 ¢CD 2.10 ¢BC 2.50bB  2.90 aA
SESIHEAR Transverse diameter/mm 0.45 fF 0.92 eE 1.43 deDE  1.70 ¢cdCD  1.92 heBC 1.99 beBC 220 bAB  2.50 aA

o a7 Iﬁﬁ/}%) Soluble solids content/% 6.50 eE 7.20 eE 10.27 dD 11.39 dCD  12.00 cdBCD 13.27 beBC 14.18 bB  17.90 aA
A Fruit firmness/(kg - cm™) 16.00 aA 14.00 abA  13.50 abA  12.00bAB  9.00 ¢B 8.50 cB 4.00 dC 1.10dC
o(F7ENE) Glucose content/(mg-g™) 1.90 fF 2.10fEF  3.00 ¢fEF  3.80 ¢E 6.00 dD 8.00cC  30.30bB  38.70 aA
w(FEH) Sucrose content/(mg-g™) 0.01 eC 0.30dC 0.80 cB 1.00 bB 1.25 aA 1.30 aA 4.05aA 423 aA
o(FHH) Fructose content/(mg- g™ 0.90 fF 1.20 fF 1.70 {F 3.00 ek 6.20 dD 7.60 cC 28.50 bB 37.50 aA

T NE TR AL KA SRR IS5 5% R ACE s K TR A KR A BRAREE 15 1909 227K F. Tl

Note: Values followed by different small letters in table are significantly different among different development stages at 5% level; Values followed by

different capital letters in table are significantly different among different development stages at 1% level. The same below.

AR 2 M B S SR s A B IR SR SR B 2 T
BRI TERSERV B E R A BB, Rl i
BT REAR , 5 R, AT [ 1 7 A 3 M)

3 AEHELEX B BERIZREMNEZE
Table 3 Effects of different hormone on fruit
quality of ‘Wink’ grape
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B AT A ph TR 1 , A A SR wcid seid
AR A R IR B ZE AR 1 — R Lol dimteim o PO
PRI AR B K PRORIZUAS M RO 270beBC 2500 2300AR
G o B T B MADS-box % 5% 78 4E o(MTEVEEEY) 19.10dCD  17.90 aA  13.18 bB
R FEEM, EH T RIS LT Soluble slids content%
WAL R P IS, T T IERL BRI P pomesieny B0
BEEH (R | 4350bB  38.70aA  24.00 cC
22 giﬂiﬂxﬁ%%%;ﬁﬁmgzum j;;:;; e 6.30 aA 4.23 aA 2.43 aA
56 TR (ABA) J&— R K AR B Suerose content(mg-) ' ' ’
w(FE) 4250bB  37.50aA  25.20 bB
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A. Light-related elements; B. Hormone-related elements; C. Stress—related elements; D. Tissue specific elements; E. Circadian—related elements.

> represent the standard deviation.

B2 MADS-box RIEAEMRERNEHFLhTERIELES T

Fig. 2 Promoter motif elements classification and function quantification analysis of MADS—box family members
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Table 4 Hormone-related and tissue—specific elements analysis of MADS-box family members

PR MR
TCIF R
FFR Number of
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Auxin Zein ellin acid acid
related
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AR FR RER KEIR B O AR
Gibber— Salicylic  Abscisic Ethy— H[ig
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qBURE
e
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Fig. 3 Expression modes of 17 MADS—-box family members genes during ‘wink’ eight developments stages
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Fig. 4 Expression level of MADS—-box family members genes after the treatment of ABA/NAA
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