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Screening, cloning and expression analysis of NAC transcription factors

related to grape fruit ripening
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Abstract: [Objective] NAC transcription factor is a type of terrestrial plant-specific transcriptional reg-
ulatory factor, which plays an important regulatory role in plant growth and development. However, up
to now, the roles of the grape NAC gene family participating in regulating fruit ripening has not been
systematically studied. Our present study screened the NAC transcription factors involved in grape rip-
ening and revealed the biological functions of the grape NAC transcription family during grape fruit rip-
ening. [Methods]The fruit of Red Globe in different periods were collected and divided into two parts.
One part was used to test the physical and chemical properties, and the other part was used for RNA ex-
traction. Then the RNAs were reverse transcribed into cDNAs for NAC genes expression detection. The
expression primers of 74 NAC genes were designed according to the full-length sequence obtained
from PlantTFDB. Some NAC genes were screened out by comparing their expression level at different
stages of Red Globe fruit with fluorescent quantitative PCR technology. The expression of the genes

was detected in different periods of the fruit of Red Balad. Based on the gene expression in the two vari-
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eties, four candidate NAC genes were identified and cloned. Nucleic acid sequence of the four NAC
genes were analyzed using DNAMAN software. The molecular weight, isoelectric point, instability in-
dex, average hydrophilicity and other physical and chemical properties of predicted proteins were ana-
lyzed by Protparam software. The transmembrane regions and signal peptide were also analyzed using
TMHMM Server v.2.0 and SignalP 4.1 Server. Plant-mPLoc v1.0 was used to predict their subcellular
localization. In addition, in order to analyze the protein properties of the candidate NAC genes, a phylo-
genetic tree was constructed using MEGA X depending on other related studies and 18 NAC proteins of
other species obtained through NCBI. At the same time, different tissue expression of the candidate
NAC genes was detected by fluorescent quantitative PCR. Besides, the transcriptional activation activi-
ty were detected using yeast one-hybrid technology. [Results]In this study, 11 differentially expressed
NAC genes were screened out through the expression in Red Globe. They were detected in another
grape variety (Red Balad). Based on the expression change in the NAC genes in the two grape varieties,
4 differentially expressed NAC genes-VvNACS, VvNAC1I, VvNACI13, VvNACI18 were identified as can-
didate genes. They were cloned and sequenced using the cDNA of Red Globe as the template. It was
found that the ORF lengths of VvNACS, VvNACII, VvNACI13 and VvNACIS8 genes were 1083, 1092,
1098, 1062 bp, encoding 360, 363, 365 and 353 amino acids, respectively. The molecular weights and
isoelectric points of these proteins were different. All the proteins were hydrophilic proteins. The com-
parison of the protein sequences showed that the 4 NAC genes contained highly conserved NAM do-
mains at the N-terminus, but the C-terminus sequences were highly variable. The results of phylogenet-
ic tree analysis divided these NACs into three branches. Branch one included a number of NAC tran-
scription factors involved in stress response. The second branch contained VvNACI8 and the aggrega-
tion of many proteins that regulate fruit maturation and senescence and leaf shedding, indicating that
VvNAC18 might participate in the ripening process of grape fruit. The third branch mainly consisted of
the NAC proteins related to the formation of meristems and organ development. VvNACS, VvNACII
and VvNAC13 all belongs to the last branch, which might play a role in the process of tissue formation
and development. The expression of the 4 NAC genes in 6 different tissues and organs of grapes dis-
played different patterns. V'wNACS5 and VvNACI8 were mainly expressed in fruit, and significantly more
active than in other parts. Y'wNACII and VvNACI3 had the highest expression in roots and leaves, re-
spectively, but also had a higher expression level in fruit, indicating that they may be involved in the de-
velopment and maturation of fruit. The four candidate NAC genes were recombined with the pGB-
KT7vector, and the recombinant plasmids and the empty PGBKT7 plasmid were transformed into yeast
AH109. It was found that the yeasts transformed with the recombinant plasmid and the pGBKT7 empty
plasmid grew normally on SD-Trp single-deficient medium. Yeasts transformed with pGBKT7 empty
plasmids could not grow on SD-Trp-His-Ade deficient medium plates. Yeasts transformed with PGB-
KT7-NACs recombinant plasmids grew on SD-Trp-His-Ade (X-a-gal) deficient medium plates, and de-
composed X-a-gal to produce a blue substrate, indicating that all the four NAC transcription factors had
transcriptional activation activity. [Conclusion]NAC transcription factors play an important regulatory
role in the development and maturation of fruits. Based on the gene expression in the two grape variet-
ies, 4 NAC transcription factors (VvNACS, VwvNACI11, VvNACI13, and VvNACI18) were screened out and
cloned. The results showed that the 4 NAC transcription factors may be involved in fruit development
and maturation.
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Fig.1 Analysis of quality of Red Globe and Red Balad during fruit development
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Fig.2 NAC gene expression in different periods of Red Globe(left) and Red Balad(right)
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Table 1 The correlation analysis between fruit quality and expression of NAC genes

A 41 H5K Red Globe 4L 4% Red Balad
E S - - - - o ;
Genemame  EEE B Teto ERRE R i TE

Weight Fructose Glucose Anthocyanin Weight Fructose Glucose Anthocyanin

VvNACS 0.839%* 0.908%** 0.929** 0.841%* 0.969** 0.975%* 0.973** 0.882%*
VvNAC11 0.855%* 0.923%* 0.934%* 0.845%%* 0.798%* 0.822% 0.794* 0.793*
VvNACI13 0.822%* 0.898** 0.926%* 0.772%* 0.761* 0.628 0.668 0.342
VvNAC17 0.164 0.239 0.299 -0.011 0.592 0.373 0.411 0.326
VvNACI18 0.734* 0.685 0.686 0.644 0.920** 0.903** 0.914%* 0.775%*
VvNAC20 0.928** 0.967** 0.970%* 0.906** 0.945%%* 0.836%* 0.869%* 0.69
VvNAC26 0.293 0.308 0.369 0.021 -0.119 -0.366 -0.292 -0.194
VvNAC33 0.08 0.132 0.198 -0.12 0.463 0.225 0.284 0.213
VvNAC47 0.321 0.469 0.521 0.285 0.415 0.147 0.212 0.166
VvNAC61 0.001 0.146 0.196 0.001 0.625 0.583 0.611 0.396
VvNAC74 0.567 0.583 0.568 0.747* -0.489 -0.503 -0.486 -0.271

VE UKL 0.01 5 0.05 KT EEH.

Note: ** and * indicate significant correlation at p << 0.01 and p << 0.05.

JUE VEH EEWR2FT/R. 4 NNACE AL FY
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FAAERS IR X 38, AN & 15 5 Ik Plant-mPLoc #E47 7.4
78 AL PRI 7 A T RERE A AL

BE 41 NAC HERETHELREFER

Table 2 Basic information of 4 NAC transcription factors

PlantTFDB %45 /% 3 [X ID FaE KE

o TR

R4 4 X SEHLAT “RaE R ISR SOPIN
i Gene ID in the plantTFDB i . BEAE Length/ Molecular Sl . 0 E¥ i& :Fijﬂfzﬂ( e
Gene name database Location Orf an weight/u Theoretical pI  Instability index Aliphatic index
VvNACS GSVIVT01007982001 17 1083 360 40 585.87 7.70 42.74 -0.574
VvNACI11 GSVIVTO01011445001 14 1092 363 41 111.22 5.70 44.45 -0.697
VvNACI13 GSVIVTO01013182001 2 1098 365 41137.49 4.78 45.74 -0.644
VvNACI18 GSVIVT01014405001 19 1062 353 38917.87 8.55 43.59 -0.622
XF4NNAC A FABEATHAMEXS 85 R e BT e 2=,
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