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Abstract: [Objective] Low temperature is one of the important climatic factors affecting crop yield
and quality. It is urgent to study the mechanisms of low temperature at the molecular and genetic levels
and to find ways to improve plant cold resistance. According to the previous transcriptome analysis, it
was found that six members of the V'vEXO family in Muscat were up-regulated under low temperature
conditions, among which VvEXO1] was found to be the most significantly up-regulated. The analysis of
the expression profile of VvEXO showed that V'vEXOII responded to low temperature stress in grape-
vines at early stage, and its role in the response to low temperature stress needed to be further studied.
Vitis amurensis has been widely studied in cold resistance breeding. In this study, V'vEXOII and its pro-
moter sequence in V. amurensis were cloned and analyzed by bioinformatics methods, and the function
of VaEXO11 was preliminarily predicted, thus providing clues for further gene function verification, and
revealing the new cold-resistant grape varieties. [Methods] Using V. amurensis as the test material,
DNA and total RNA were extracted using DNAsecure novel plant genomic DNA extraction kit and
RNAprep Pure polysaccharide and polyphenol plant total RNA extraction kit produced by Tiangen Bio-
chemical Technology Co. The total RNA and DNA were extracted according to the product instructions.
Using qualified total RNA as template, TransScript one-step gDNA removal and cDNA synthesis kit
was used to reverse-transcribe the RNA into cDNA according to the instructions. The cDNA obtained

by reverse transcription of V. amurensis RNA and extracted V. amurensis DNA were used as templates,
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respectively, based on the EXORDIUM sequence fragments obtained by sequencing the V. amurensis
transcriptome and combined with the design of primers VAaEXO11-F/VaEXO11-R, Pvixoii- F/Pyixon -R
for the amplification of ORF and promoter of the target gene. The PCR amplification products were de-
tected by 1.2% agarose gel electrophoresis and DNA Marker DL2000. The amplified DNA fragments
were recovered and ligated to the cloning vector, and then the connected products were transformed into
the receptor state of DHSa Escherichia coli by heat shock method. After antibiotic screening and colo-
ny PCR detection, positive clones were selected for sequencing. The promoter sequence of VaEXOI11
gene in grape was firstly cloned and then analyzed by the Plant CARE (http://bioinformatics.psb.ugent.
be/webtools/plantcare/html/) to predict promoter cis element. The relationship between promoter Puzxor
and low temperature stress was investigated by transient transformation of tobacco. [Results] The ¢D-
NA sequence of VaEXOI1I gene cloned from the grapevine was 957 bp, and its open reading frame was
957 bp, encoding 318 amino acids. DNA sequence analysis of VaEXO11 revealed that VaEXO1I1 consist-
ed of only one exon, which had only 6 nucleotides different from JVvEXOII. The conserved domain
analysis of VaEXOI1 protein showed that VaEXO11 protein contained only one conserved domain, Phi 1
domain. VaEXOI11 and VvEXOII protein sequence comparison revealed that there were only 3 amino ac-
id differences between them. The basic physical and chemical properties of VaEXOI11 protein were ana-
lyzed by Protparam. The molecular weight of VAEXOI1I protein was 33855.58 Da and the theoretical
isoelectric point (pI) was 9.15. In amino acid composition, serine (Ser) content was the highest, reach-
ing 12.3%, followed by leucine (Leu) and glycine (Gly), which were 11.3% and 8.8%, respectively. The
instability index (II) was 31.75, indicating that the protein was stable. The Grand average of hydropath-
icity (GRAVY) is —0.082 and the Aliphatic index is 85.03, indicating that it was a hydrophobic fat-solu-
ble protein. Analysis of grape genome data showed that EXL/] was present on the 18th chromosome of
grape. Grape Py.zvon promoter contained multiple action elements. In addition to core promoters like
CAAT-box and TATA-box, some functional response elements were also found, including hormone re-
sponse elements, action elements involved in drought stress, circadian rhythm regulation and trauma re-
sponse elements. Phylogenetic analysis showed that besides V. vinifera and V. riparia, Tripterygium wil-
fordii was closely related to VaEXOI11. Transient transformation result in tobacco showed that low-tem-
perature activation of promoter activity induced a rapid increase in the relative expression of VaEXOI1,
directly or indirectly promoting the production of intracellular antioxidant enzymes, thereby reducing
the damage of low- temperature to cells and improving cold resistance. [Conclusion] In this study,
VaEXO11 gene was cloned from V. amurensis. The similarity of VaEXOI1 sequence with V'WEXOII se-
quence in Pinot Noir was 99.37%, and the similarity of protein sequence with V'vEXOII sequence was
98.75%. The protein contained a highly conserved Phi 1 domain and a signal peptide, which was pre-
dicted to be a hydrophobic fat-soluble protein. The cis-acting elements was predicted in cloned promot-
er sequence, and it was found that the promoter region contained a variety of elements related to stress,
indicating that the gene may participate in response to a variety of biological and abiotic stresses. Then,
the relationship between VaEXO11 and low temperature was explored, and it was preliminarily speculat-
ed that low temperature could activate the promoter activity and induce the relative expression of
VaEXO11 to increase rapidly, directly or indirectly promoting the production of antioxidant enzymes in
cells, and thereby reducing the damage of low temperature to cells and improving cold resistance.
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Fig.2 Nucleotide sequence alignment of VvEXOI11I and VaEXO11
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Fig.3 Amino acid sequence alignment of VVEXO11 and VaEXO11
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Fig. 4 Nucleotide sequence alignment of promoters of V'vEXOI11 and VaEXOI11
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A. Results of nucleotide sequence analysis of VaEXOII gene; B. Results of structural domain analysis of amino acid sequence of VaEXO11 pro-
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Fig. 5 Gene and protein sequence analyses of VaEXO11
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Fig. 7 Alignment of amino acid sequences of EXO of different species
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Fig. 9 Relative expression of VaEXO11 in V. amurensis under low temperature treatment
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TCATATATIA GTCCCACCGA
GGARATTICA TTATITITIT
AATGCATGOC CARAATAAGT
TICAGTIGAA AATAGAITIG
CCAAGCAAGC CGRGCAGARG
TATTATAGIT TIGTIGARAAT
AAAGTGAGAA ATCGICITIT
TITCARAATA CGATTICCAT
AATTTCARTA ATTTAATAGT
TICGTTARAG ATARRTITAT
TITATTTATT ATATAAGTIT

KB PR ] Treatment time/h
R TRE ZE  (p<<0.001).
*** indicates extremely significant difference (»p<<0.001).

9 RRLIET vaEX0ll ELIFEEPHENRIEE

TATCCAATIT ACTIGGCAIG
GRAATATATA ARTTITTICAT
GECARCRCAR GTTIATTIIT
ARRATTTAAT TTARRRACIG
TGEECCCCAG GETGCARGET
AAGRAAGRGR ARATAATTTR
ARRAAGACRR TTTCRATATR
ACTTTTARGR GCGRGRACAT
TITTARTTAR ATTRRARAGT
CATAATRCAR ATRRARTTRRT
ATTATTTTAR TATTATTAAT

RATTTATICT ATARACTTCA TITTCCIAAT ARACATGAAG RAAGAATCAC AGARATATGA

GITATTARRR ARRICARGAG AATCAAGATA

TIATIGARRA

TRAGAGRRAR

TIGAARRATA GRITITATIC CCTAARGATA TCTAGGATAR AATTTARAAG
TRARCTCICA CRRRRGGGIG GAGIGICACC GCARGAGGAG AGTGGARGCG

ATTGGIGAIT GTAGCCICAG GGARAAGIGE

GACGACAATT

TITARRRATA

TARGTGRARA ATCAICICIT CRAGAGATGA TTTAARAARR ATAARRATAT
TATATATAIG AGRRATICTC ACTTARAAGA ARARARAARR RACCARGIGE
CITCATGITT ARRTATAATA AGITTARATA TARATAATTIT ATTATTTAAG

RRARARRRRAR TTATAATTAR AATATICAGIT
ATTICTARRAR ATRRCARATT ARATATCITA
TTATTAATAR ATRRAATATT TATTTATAAT

ATAAATTACA
AATTARTARA
ATCTTTTAIT

GCTTARRAGT
TTATATARTT
TATCARTITIA

TRATATITAG
CEETGACTIAT
CIGRRGGIAG
ATTTCTARIC
ARRATARRAC
ARRATCGIAT
TATATTITITA
ATACTATTAR
TIATATAITA
TATTTATIGA

1101 AGTAATACTA GATTTITAAA TTTAARTATA RATAATTTAT TATTTAAGTA TATTTTAARA TITTAATCAT AAATTGTAAT TTAATAATTT TTAATTARAT
1201 TITTAATTITT AAAARATAAT TAACTAAAGT TTTAATTGGC ARCTGCAGIT TTAGTTTAAA AATGAAATCG TAGTTAATAA CTATGACTTIT AGTTCARAAR
1301 ATAAAGTCGC AGTTGACAAT TGCGGCTTTA ATTARAATGA CGRAAARARAR TTATTITITA ATAATATGGT ATTTATGIGG CATAAAARAAT GTCAATITAR
1401 ATATAAGTTT TAAAGAGCGG TTAGATTTTA CTICTITTGAT TTIGRCCCAA AACTCTATTT TITAAATCTG GTTTTCAAAA CAATCATGGA GGATGATGAG
1801 TIGITCTICCA AAGACGTTICA AATAARTGTA TTTATARTTT AGRARATGGT AARAARARARA RARRACAAAR TGGAAGAAAA ATAATAAAGA AAAGRARAGT
1€01 TIGACGATGA TAAARAGTCA CCCCTAGGCT CTTAATGICC TTAGCTGTAR ACGTAGAGIT TTTGATTITI CACAGCGAAA GACAGATCCG CACTCARCCR
1701 GATTAATTITC GAACGCGCTG TTGAGCTGGC ATTCGCTICG CTTTTCGCCT TTTCCCTICC TICTCGGCAC TTTCATTCAT ACCCTCICCC TCGCTICCICT
1801 CACGCTGTAG GTCACACTCT CCCCACTGCC T*TTTBLTJ\ TATATATIGRA .\CCCCCA‘RTI CATCTTCTCC TCACTCCAAA Cg:CCJ\.CCM AGCCATCTICT
1501 ACAGCTTAGC TTCACTGCAC TCTTARGICC TAACTGCC
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The red box represents the core promoter region and the black arrow represents the transcription start site.
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Fig. 10 Core promoter analysis of Py.cvon
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Table 1 Prediction of promoter cis-acting elements

PR EES il frE Thie
Element name Sequence Position Function
P-box CCTTTTG 350- Pt SUIVPIWER
Gibberellin-responsive element
MBS CAACTG 302-,1239+, 1309~ Z 5T RFEEMYBE G
MYB binding site involved in drought-inducibility
TGACG-motif ~ TGACG 1337+,1601+ 2 55 RHTIR T S 7 AR A P 9 9 e £
Cis-acting regulatory element involved in the MeJA-responsiveness
TCA TCATCTTCAT 763+ 2 557K S S I FH e
Cis-acting element involved in salicylic acid responsiveness
Myb CAACTG, TAACTG 865-,1930+ MYB M ¥ 764
MYB response element
Myc TCTCTTA 180- MY C i Wt
MYC response element
MYC CAATTG 1316~ MY C i )& 76 fF
MYC response element
W-box TTGACC 1441+ WRKY #3725 5L 1
WRKY transcription factors binding site
STRE AGGGG 1620~ s LGN

Stress responsiveness
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%1 (4 Tablel (Continued)

PR CEp s il frE Thie
Element name Sequence Position Function
ERE ATTTTAAA 1151+, 1153-,1205+ Yy LA

Ethylene responsiveness
WUN-motif AAATTTCCT 99~ EPLEINIwES

Wound-responsive element
AAGAA-motif ~ GAAAGAA,gGTAAAGAAA  79+,1547+ Z 513 I S A F ook

Cis-acting element involved in the abscisic acid responsive
MYB CAACCA,CAACAG 1694+,1717- MY B il ¥ 7T

MYB response element
Circadian CAAAGATATC 262+ Z 5 R PRI

Cis-acting regulatory element involved in circadian control
TCA TCATCTTCAT 781+, 1555~ Z: 57K IR IS BT AE FH e

Cis-acting element involved in salicylic acid responsiveness
ARE AAACCA 679+, 1468~ TEAF T T 5 G T T

Cis-acting regulatory element essential for the anaerobic induction
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Fig. 11 Transient expression analysis of promoter activity in tobacco
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