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Identification and expression analysis of grape COMT gene family

XU Wenwen', GAO Huanchao', HAN Feifei', LI Kaiwei', JIA Shanyi', LI Guirong"*

('School of Horticulture and Landscape Architecture, Henan Institute of Science and Technology, Xinxiang 453003, Henan, Chi-
na; "Henan Province Engineering Research Center of Horticultural Plant Resource Utilization and Germplasm Enhancement, Xinxiang
453003, Henan, China)

Abstract: [Objective]Caffeic acid O-methyltransferase (COMTSs) is a multifunctional enzyme in lignin
synthesis. It participates in some primary and secondary metabolic pathways, and plays an important
role in the synthesis of lignin secondary substances and the responses to stresses in plants. The Europe-
an grape genome was used in the study to search for genes and proteins homologous to members of the
COMT gene family, and identification of the final grape COMT gene family and analysis of their expres-
sion levels under grape downy mildew stress were carried out to provide a molecular basis and genetic
resources for grape resistance breeding. [Methods] Firstly, the identified O-methyltransferase gene se-
quence was searched from the Arabidopsis database. Based on the Arabidopsis COMT gene, the grape
COMT gene family was searched by BLASTP tool, and candidate genes of the VvCOMT family were
obtained by search and comparison, and duplicate and redundant sequences were deleted. The gene
structure, protein physicochemical properties, protein secondary structure, chromosome location and
promoter cis-acting elements were obtained using various biological online analysis software; Moldova

and Summer Black were selected as materials to inoculate the pathogen spores of grape downy mildew
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on the leaves respectively. The samples were taken at 0, 6, 24, 48 h and 120 h after inoculation, and the
expression patterns of the COMT gene family in Moldova and Summer Black after inoculation of
downy mildew pathogen were analyzed by real- time fluorescence quantitative method. [Results] A
grape COMT gene family consisting of 26 COMT members was obtained through the identification, and
all COMT genes had a Methyltransfer 2. The C- terminal catalytic domain (PF00891) was named
VvCOMTI-26 according to the chromosome position, 84.6% of the grape COMTs had an amino acid
length of over 300 aa, and their amino acid numbers ranged from 189 to 395. Among them, V'vCOMT24
(VIT _215s0048g02460) had the longest sequence with 395 amino acids, while V'vCOMT3 (VIT
208s0032g01130) has the shortest sequence with only 189 amino acids. The relative molecular weight of
the proteins were between 21 179.45 (V/vCOMT3) and 43 521.88 (VvCOMT24); The isoelectric points
were distributed between 5.18 (V'WCOMT22) and 6.23 (VvCOMT3), and the isoelectric points were all
less than 7; The protein instability coefficients ranged from 27.21 (V'vCOMT23) to 43.30 (V'vCOMTY),
among them 6 instability coefficients over 40 belonged to unstable proteins; All proteins with a hydrophi-
licity index between —0.158 (VvCOMT16) and 0.079 (VvCOMT?7) were amphoteric proteins; The subcel-
lular localization results showed that the final localization was in cytoplasm and extracellular space. By
constructing the phylogenetic trees of the different species, it could be observed that the grape COMT
gene was relatively conservative and highly similar in the evolutionary process, which was closely relat-
ed to Arabidopsis and rice, and was farthest related to apple. From the prediction of the secondary struc-
ture of the proteins, it could be seen that the grape COMT gene family contained a-helix, f-corner, irregu-
lar curl and extended chain four configurations, the total proportion of a-helix and irregular curl was
70%. The Motif analysis yielded 19 more conservative motifs, and each V'vCOMT gene was distributed
with 4-14 motifs, the motif 6 present in all COMT genes, indicating that the motif 6 was highly conserva-
tive. At the same time, it was found that the COMT genes in the same group contained the same motifs.
For example, the closely related Y'vCOMTs in Group I contained motifs 5, 7, 8, 17 and 19, while those
in Group II were different. Most COMT genes contained motifs 13, 14 and 16, while the Y'vCOMT4 on-
ly contained motifs 2, 3, 6 and 10. The difference in the motifs contained in different branches might be
one of the reasons for functional differentiation in the evolution of the ¥'vCOMT. It was found that 26
VvCOMT genes were irregularly distributed on 7 chromosome skeletons, among them the 12 chromo-
some had the most genes, including 13 VY'vCOMT genes. The promoter visualization showed that 227 cis-
acting elements were found in the grape COMT gene family, including 184 hormone related elements,
19 fungal induction related elements and 29 defense and stress response related elements. By analyzing
the expression of the COMT genes in the two cultivars after inoculation with downy mildew pathgen, it
was found that 25 V'wCOMTs were significantly upregulated under downy mildew stress in the resistant
cultivar Moldova, with 42% of the COMT genes significantly upregulated at 48 h after inoculation,
WCOMTI, 5, 6, 7, 8, 9 and 19 were most significantly upregulated after inoculation with the pathogen
in the susceptible cultivar Summer Black. Among them, the Y'vCOMT?2 was not significantly upregulat-
ed in both cultivars, indicating that it did not respond to the infection of downy mildew. In addition, the
expression of the COMT genes in resistant cultivar was significantly higher than that in susceptible culti-
vars, indicating that the 'vCOMT genes played a certain role in the process of resistance to downy mil-
dew. [Conclusion] This study showed that the grape COMT gene family responded to grape downy mil-
dew and played an important role in the process of resistance to downy mildew infection.

Key words: Grape downy mildew; Caffeic acid O-methyltransferase; Biological analysis; Functional

analysis
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Table 1 The primer sequences used for qRT-PCR amplification

R A FR LIS ANl

Gene name Forward primer (5°-3") Reverse primer (5’ -3")

WCOMTI CCCCTTTTGCACTTGATCG CCACTGTGACCTTGTCCTGAAT
wCOMT?2 CCGCCTTCTCACCACTTACG CGCTGTCATCAACTCCTCCTG
VvCOMT3 TTGAAAGCAGCCTTGGAGC AGGGTTGTGGGTGGGGAT
WwCOMT4 TCCCAACTTGTCAGCCTTCG TTCCCTCTGAACCAGTCTCCTA
WCOMTS CTCATGCGTTTGCTGGTGC GATAAGTTGGAAGTTGGGTTGTCT
wCOMT6 AGCTTGGCACCGATTGTTC TGGTTCCCATAGTTCCAGAGG
VwCOMT7 GTGACGATGGGTGCAAGAAG GTAGCATTCAGTGATGGAGG
wCOMTS TCATGCGTGTTCTTGTTCAATC TGCGTAAGCACATACCCCTC
WCOMTY9 AAAATGATGACCCCACTCCG AATACGCCCTTGCCCTCC
WCOMTI0 TGGGCACAAGTGAAAACGG GATTGGGCGGGCGTGA
wCOMTI1 AGCAGCGTATAAAGATGGGTTC TCGAAGTTAATGCCCTTGATGT
VwCOMTI12 CCCCGACATCATTCACAACC CCCTCTTCGTCCGCACTTT
VwCOMTI3 GGCTTTGGCAGTTGGTGAG TTGTGGATGATGTCTGGGATG
WCOMTI14 TCAGTGCGTGTACCGTCTCAT CCCCTCTTCTTCCTTACCTTGT
VwCOMT15 TCAGTGCGTGTACCGTCTCAT CACATACCCCTCTTCTTCCTCA
VvCOMT16 TTCCAAAATGAAGACCCCACC CCGACCTCAACCAACCACC
WwCOMTI17 AGAAAGTGCGGACGAAGAGG CGAGCAGTAGCAAGAAGGGTG
WCOMTIS8 TCCTTGCCTCCATCGTCTTA TTCTTGCTCATTGTGGTCGG
WCOMTI9 TGATCCCACTCCGTTCCAC AAGCAGCACGCTGATGACTAA
YwCOMT20 GACCCCACCCCATTTCATAC CAACCCTTCAAACACCTCCTT
VwCOMT21 GAAGCAAGAGGCGGCAGAG CGGGTTGTTTGTGGCTAAGTG
WCoMT22 GGGGATAGGGGAGAGGATGT TTCCCACACCCACCCATCGA
WCOMT23 GCAAGCGTGCTGATTACCAA TCCCCTCCTACAACCTCCAA
wCOMT24 CTGCGTGCAAACAACCCG CTTGAGCCGCCCACCATC
VwCOMT25 ACAGTCTCAGCCAACATTCCTT ACTCCTTCTGGGTCCTTTCTTT
wCOMT26 CTCGGTCAACATTCCTTTCG ACTCCTTCTGGGTCCTTTCTTT
WACT AACCCCAAGGCCAACAGAGAAAA CACCATCACCAGAATCCAGCACA
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VvCOMTI9  NLQGGENLEFVGGDIFEAIPPADAILLKSI DGECVKILKKCKEAIHPRKDKGGKV 289
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VwCOMTI IVVDAVIPDAPEPSAQVKSTYQLDLEMMNLNPDGK AELAKEAGFFSTKVAGCA 351
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VwCOMTI19 ITITIDIVMENNKG.DEAVEAQLFYDIIMMVVVAG. K ENLFLAAGFAHYKITSTL 347
TaCOMT-3a VLVECILPVNPEATPKAQGVFHVDMIMLAHNPGG EALAKGAGFAAMKTTYIY 345
Consensus d m 1 agf k

VwCOMTI 362
VwCOMTS 361
WCOMTI19 357
TaCOMT-3a 355
Consensus

Xt SAM el RS G G AR,
Green. SAM binding; Blue. Substrate binding; Orange. Catalytic residues.

1 VwCOMTI,VvCOMTS F1 VvCOMTI9 ERFH)5 TaCOMT-3a EERZ EFFILL T

Fig.1 Multiple sequence alignment of V»COMT1I, VvCOMTS5 and VvCOMTI19 with TaCOMT-3a genes
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Table 2 Physicochemical properties of COMT gene in grape
IR T Protein physicochemical properties
BEAH ERID \\ e RN PREY s okt
Gene name Gene ID Jetufh Numbf:r Relative HHA A . Subcellular R
Chromosome  of .amlno molecular pl 'Instablhty localization Gravy
acids mass/ku index

VwCOMTI VIT 2025002502920 chr2 363 39230.16  6.01 35.91 Y4 Extracellular  -0.117
PwCOMT2 — VIT 20850007g04520 chrg8 358 39900.86  5.61 41.40 44 Extracellular ~ —-0.133
VvCOMTS3 VIT 208s0032g01130 chr8 189 2117945  6.23 42.10 4N Cytoplasm -0.097
VYwCOMT4 VIT_210s0003200480 chr10 361 4063496  5.93 34.30 YR Cytoplasm -0.023
VwCOMTS — VIT 2105000300460 chr10 358 4035852 545 43.30 4ALJF Cytoplasm -0.030
JwCOMT6 ~ VIT_ 2105000300470 chr10 354 39357.56 539 37.01 YR Cytoplasm 0.028
WCOMT7 VIT_210s0003g04160 chr10 358 39 241.34 5.72 31.89 414 Extracellular 0.079
yYwCOMTS VIT 21250028202950 chr12 357 40384.68  6.01 38.39 45 Cytoplasm -0.141
yvCOMT9 VIT 21250028202880 chr12 357 40 290.61 5.91 37.19 4IPRJFR Cytoplasm -0.139
VwCOMTIO — VIT 21250059g01750 chrl2 367 4032755 538 34.53 SR Cytoplasm 0.010
PwCOMTII  VIT 21250059g01790 chr12 375 41564.99 535 40.95 4IRS Cytoplasm -0.044
VwCOMTI2  VIT 2125002802700 chr12 359 40460.68  5.58 35.18 4R Cytoplasm -0.077
YwCOMTI3  VIT 2125002802850 chr12 358 40249.59  5.62 30.34 LR Cytoplasm -0.015
VwCOMTI4  VIT 21250028g01880 chrl2 357 4010043  6.05 33.69 4lALJF Cytoplasm -0.035
VwCOMTI5 — VIT_21250028g02830 chr12 358 4017937 527 35.70 4Af)F Cytoplasm -0.046
VWwCOMTI6 — VIT 2125002802885 chr12 299 3434874 585 40.62 4N Cytoplasm -0.158
VYwCOMTI7 — VIT 2125002802740 chr12 358 40397.57  5.61 33.22 45 Cytoplasm -0.116
YWwCOMTIS — VIT 21250028202860 chrl2 347 3854427 591 29.66 45 Cytoplasm -0.070
VwCOMTI9  VIT 21250028g02810 Chrl12 357 40379.68 557 36.56 YR Cytoplasm -0.048
PvCOMT20  VIT 2125002802870 chrl12 357 40061.56  5.72 35.10 4R Cytoplasm 0.038
YwCOMT21  VIT 2155004802450 chrl5 357 39331.89  5.63 28.42 44k Extracellular ~ -0.068
JwCOMT22  VIT_21550048202490 Chrl5 255 28 066.16 5.18 40.32 4841 Extracellular 0.122
VwCOMT23  VIT 2155004501490 chrls 358 39977.19  5.89 27.21 4l Cytoplasm -0.039
YwCOMT24  VIT 2155004802460 chrls 395 4352188 536 30.77 4 A4 Extracellular 0.026
VwCOMT25  VIT 2185000102610 chr18 372 41275.57 5.34 34.02 414k Extracellular ~— ~0.017
VYwCOMT26 ~ VIT 219s0135g00030 chr19 372 4122444 534 38.65 44k Extracellular ~ ~0.030
T 145 EK 28 5 AKAE 16 2 KEM 12 56 F 3L 1I30%.
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Fig. 2 Phylogenetic tree of grapes and members of the OMT gene family of other plants constructed

using maximum likelihood
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Table 3 VvCOMT family protein secondary structure
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