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Identification and expression analysis of flavonoid
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Abstract: Artemisia argyi (A. argyi) is a Chinese herbal medicine in China. The main active components are
volatile oils, flavonoids, and other compounds, which have various pharmacological activities. Methoxylated
flavonoids are the main active ingredients in 4. argyi. Flavonoid O-methyltransferase (FOMT) is a key enzyme in
the O-methylation of flavonoids. In order to further understand the function and characteristics of FOMT proteins,
this paper carried out the whole genome mining and identification of FOMT genes in 4. argyi and performed
phylogenetic, chromosomal localization, gene sequence characterization, subcellular localization prediction,
protein structure, gene structure analysis, and expression pattern analysis. The results showed that a total of 83
FOMT genes were identified in the genome of A. argyi. The phylogenetic tree shows that FOMT genes are divided
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into two subgroups, CCoAOMT (caffeoyl CoA O-methyltransferase) subfamily (32 genes) and COMT (cafteic acid
O-methyltransferase) subfamily (51 genes). Gene sequence analysis showed that the number of amino acids
encoded by FOMT was 70-734 aa, the molecular weight was 25 296.55-34 241.3 Da, and the isoelectric point was
4.51-9.99. Compared with 32 members of the CCOAOMT subfamily, nearly 1/3 of the 51 members of the COMT
subfamily were hydrophobic proteins and 2/3 were hydrophilic proteins. Subcellular localization prediction showed
that more than 80% of CCoAOMT subfamily members were located in the cytoplasm, and 96% of COMT
subfamily members were located in the chloroplast. COMT subfamily members have more motifs than CCoAOMT
subfamily members. The N-terminal motifs of COMT subfamily proteins are relatively variable, while the
C-terminal motifs are relatively conserved. Expression pattern analysis showed that CCoAOMT subfamily
members were mainly expressed in roots, while COMT members were mainly expressed in leaves. Some FOMTs
showed the tissue expression specificity by real-time quantitative PCR analysis, especially in leaves. In this study,
we identified and analyzed the FOMT gene family in A. argyi, and provided a theoretical basis for further research
on the function of FOMTs and the biosynthesis of methylated flavonoids in 4. argyi.
Key words: Artemisia argyi; flavonoid; flavonoid O-methyltransferase; bioinformatics; expression analysis
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Table 1 Primer sequences of flavonoid O-methyltransferase (FOMT) genes randomly selected from Artemisia argyi

Gene Forward primer sequence (5'-3")

Reverse primer sequence (5'-3")

Reference gene

FOMTI GGTCCATAGACAAATGTTTGATCTT
FOMT?2 CCACTGAAGAGACCTTTGCTTATGC
FOMT3 GGTTGCTAAGAGTAAATCAAATAAATA
FOMT4 CCACTGAAGAGAACTTTACTTATGC
FOMTS ATGACAACCGAAATTAAAACAGAAA

FOMT6

GCAAGAGCTTGAAACCGCAA

CACATACTTCATTCTCAGGCTCATA

AAGAGAACCTCAGGGCAACG
TTCTACACGCCATTGCTTCATT
CTACGGGAGTGAGTCCATACGC
CCATCGTCCTTTCGCACATA
GAACTGATCTAGACTTGTAGTCCCC
TGTTTCAGTTTCAGATAAGGGTTTTT
CCTTCTTTTTCTCCATTCTCGGTT
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Figure 1 Phylogenetic tree of FOMT gene family of Artemisia

argyi. CCoAOMT: Caffeoyl CoA O-methyltransferase; COMT:

Caffeic acid O-methyltransferase
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Table 2
GRAVY: Grand average of hydropathicity
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Information and characteristics of the FOMT gene family in the flavonoid synthesis of Artemisia argyi. pl: Isoelectric point;

Sequence ID  Amino acid length Molecular mass/Da pl

Instability index ~ Aliphatic Index GRAVY

Subcellular localization

CCoAOMT
AY149247-RA 77.00 8511.05 6.23
AY239694-RA 279.00 31200.99 7.00
AY235918-RA 185.00 21 069.00 4.58
AY235920-RA 197.00 22 540.75 4.80
AY235961-RA 109.00 12 410.68 5.54
AY235951-RA 584.00 65 124.66 5.32
AY235950-RA 115.00 12 767.04 6.29
AY071553-RA 229.00 26 049.98 5.08
AY270094-RA 227.00 25207.26 4.51

38.88 122.73 0.440  Nucleus

39.31 97.46 -0.010  Chloroplast

24.51 102.76 -0.137  Cytoplasm

26.36 101.47 -0.184  Chloroplast, cytoplasm
39.18 127.89 0.418  Chloroplast

31.78 93.30 -0.144  Chloroplast

32.69 103.48 -0.033  Cytoplasm

28.96 100.87 -0.218  Chloroplast, cytoplasm
40.25 95.73 -0.256  Cytoplasm
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Continued
Sequence ID  Amino acid length Molecular mass/Da pl Instability index ~ Aliphatic Index GRAVY Subcellular localization
AY260644-RA 305.00 34241.30 4.65 35.94 87.21 -0.475  Cytoplasm
AY278243-RA 305.00 34241.30 4.65 35.94 87.21 -0.475  Cytoplasm
AY269035-RA 305.00 34 241.30 4.65 35.94 87.21 -0.475  Cytoplasm
AY298043-RA 305.00 34241.30 4.65 35.94 87.21 -0.475  Cytoplasm
AY235956-RA 229.00 25 860.71 5.23 29.42 97.55 -0.203  Chloroplast, cytoplasm
AY235966-RA 574.00 65 770.09 5.88 38.29 101.03 -0.080  Cytoplasm
AY235972-RA 70.00 7 802.12 9.99 24.33 114.14 -0.053  Chloroplast
AY163682-RA 252.00 28211.32 532 37.36 95.20 -0.223  Cytoskeleton, cytoplasm
AY240907-RA 233.00 26 441.46 5.29 38.26 103.39 -0.228  Cytoskeleton, cytoplasm
AY240911-RA 244.00 27 459.48 5.26 28.85 101.93 -0.206  Cytoplasm
AY240906-RA 486.00 54 584.57 5.27 30.80 102.53 -0.172  Cytoskeleton, cytoplasm
AY240908-RA 244.00 27 442.45 5.29 29.65 104.30 -0.147  Cytoskeleton, cytoplasm
AY240916-RA 725.00 82 749.66 5.94 31.89 98.12 -0.183  Cytoplasm
AY240913-RA 243.00 27325.34 5.17 35.42 103.95 -0.145  Cytoskeleton, cytoplasm
AY240909-RA 244.00 2743453 5.28 30.38 103.11 -0.156  Cytoskeleton, cytoplasm
AY030677-RA 266.00 29 966.43 5.20 32.99 104.89 -0.102  Cytoskeleton, cytoplasm
AY030679-RA 247.00 27795.93 5.56 35.05 100.69 -0.203  Cytoplasm
AY182940-RA 109.00 12 585.39 5.52 33.76 94.77 -0.188  Cytoplasm
AY264504-RA 244.00 27 340.31 5.16 34.17 102.75 -0.156  Cytoskeleton, cytoplasm
AY240919-RA 734.00 84 350.75 5.83 32.90 104.06 -0.124  Cytoplasm
AY297453-RA 244.00 27 399.38 5.28 33.39 102.75 -0.168  Cytoskeleton, cytoplasm
AY296908-RA 244.00 27 399.38 5.28 33.39 102.75 -0.168  Cytoskeleton, cytoplasm
AY277792-RA 412.00 47 473.14 8.59 41.84 88.45 -0.214  Chloroplast, cytoplasm
COMT
AY065929-RA 260.00 29 062.74 7.65 34.10 87.04 -0.040  Chloroplast
AY065926-RA 352.00 39 155.04 5.43 41.14 96.68 -0.028  Chloroplast
AY182609-RA 302.00 33385.82 6.08 24.82 96.49 0.030  Chloroplast
AY182607-RA 357.00 40 129.53 5.85 33.34 91.74 -0.054  Chloroplast
AY269690-RA 357.00 39 612.66 5.39 32.81 92.04 0.015  Chloroplast
AY261599-RA 357.00 39 612.66 5.39 32.81 92.04 0.015  Chloroplast
AY271418-RA 353.00 3943452 5.38 33.73 96.69 -0.027  Chloroplast
AY261603-RA 353.00 3943452 5.38 33.73 96.69 -0.027  Chloroplast
AY271416-RA 352.00 39002.23 5.26 31.04 96.36 0.068  Chloroplast
AY261605-RA 352.00 39002.23 5.26 31.04 96.36 0.068  Chloroplast
AY062438-RA 369.00 42 106.76 5.81 38.64 96.07 -0.122  Chloroplast
AY291035-RA 398.00 45 558.61 5.07 26.71 95.95 -0.117  Chloroplast
AY062441-RA 398.00 45573.58 5.06 26.77 95.70 -0.122  Chloroplast
AY163775-RA 244.00 27379.62 5.54 29.99 97.50 0.008  Chloroplast
AY163777-RA 392.00 44 168.96 6.31 34.84 95.03 -0.098  Chloroplast, mitochondrion
AY163585-RA 363.00 40 756.99 5.69 34.29 97.22 -0.033  Chloroplast, mitochondrion
AY065065-RA 363.00 40 650.13 5.72 38.81 101.02 0.006  Chloroplast, mitochondrion
AY065064-RA 360.00 40 573.91 5.80 35.97 92.64 -0.129  Chloroplast
AY065069-RA 237.00 26 594.02 5.66 28.63 101.60 0.006  Chloroplast, cytoplasm
AY065068-RA 266.00 29 585.37 6.05 32.25 99.70 0.089  Chloroplast
AY259406-RA 231.00 25967.00 5.73 3491 80.52 -0.153  Chloroplast
AY297101-RA 259.00 28 479.82 5.34 37.28 91.04 -0.136  Chloroplast
AY161038-RA 246.00 26 996.16 5.31 39.64 92.24 -0.076  Chloroplast, cytoplasm
AY068204-RA 363.00 40 196.52 5.62 35.41 87.77 -0.101  Chloroplast
AY068208-RA 359.00 39 985.95 5.34 40.38 91.45 -0.094  Chloroplast
AY068210-RA 364.00 40 481.72 5.15 44.37 89.67 -0.074  Chloroplast
AY068207-RA 365.00 40 660.86 5.35 43.24 92.08 -0.081  Chloroplast
AY183190-RA 364.00 39773.75 5.18 28.67 87.36 0.007  Chloroplast
AY064395-RA 364.00 39 693.62 5.10 28.95 88.19 0.001  Chloroplast
AY028399-RA 384.00 42 000.57 6.18 35.14 89.40 -0.013  Chloroplast
AY028396-RA 289.00 31505.29 5.77 35.48 85.40 0.002  Chloroplast, mitochondrion
AY163215-RA 364.00 39914.18 5.42 30.95 90.33 0.029  Chloroplast
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Continued

Sequence ID  Amino acid length Molecular mass/Da pl Instability index  Aliphatic Index GRAVY Subcellular localization

AY163525-RA 203.00 22290.72 5.68 29.25 84.09 -0.087  Chloroplast
AY182323-RA 357.00 39 890.35 5.86 26.35 96.11 0.041  Chloroplast
AY152098-RA 350.00 38 827.07 6.26 23.22 95.23 -0.032  Chloroplast
AY163248-RA 350.00 39047.17 5.95 25.86 96.34 0.005  Chloroplast
AY026740-RA 227.00 25296.55 8.99 27.77 105.59 0.094  Chloroplast, mitochondrion
AY178618-RA 350.00 38 932.11 5.84 35.34 93.54 0.125  Chloroplast
AY178612-RA 352.00 39312.39 5.49 32.52 92.73 0.084  Chloroplast
AY178617-RA 352.00 39074.33 5.77 26.00 95.51 0.115  Chloroplast
AY178615-RA 270.00 30 336.34 7.18 31.95 101.00 0.182  Chloroplast
AY186255-RA 356.00 40 096.12 5.61 30.78 85.17 -0.110  Chloroplast
AY265592-RA 298.00 33 442.62 6.00 36.39 90.97 -0.073  Mitochondrion
AY270170-RA 233.00 26 559.46 6.08 53.61 82.83 -0.245  Chloroplast, nucleus
AY267177-RA 178.00 20 058.90 5.13 41.70 86.01 -0.074  Cytoplasm
AY178629-RA 238.00 26 358.29 6.23 25.65 82.73 -0.054  Chloroplast
AY178613-RA 350.00 38913.88 6.06 26.47 89.69 -0.013  Chloroplast
AY178622-RA 184.00 20 671.02 6.05 25.41 89.46 -0.045  Chloroplast
AY287149-RA 184.00 20671.02 6.05 25.41 89.46 -0.045  Chloroplast
AY287150-RA 358.00 39 736.75 5.57 27.91 91.20 -0.005  Chloroplast
AY178621-RA 358.00 39 736.75 5.57 27.91 91.20 -0.005  Chloroplast
chrt_t o2t ohrd_t cng chrs_1 chrs_1 Cchr7 1 o1 Chro_1 chrto_1
a ) [ & ) fa ) (™ T AY000255-RA
[ AVBERI0RA (] Avooozoera
AY026740-RA AY235950-RA AVO00SI0RA
AY235951-RA YO0028T RA
AY071553-RA A AY000289-RA
AY235966-RA AY000291-RA
Nesi | | NS
AY000303-RA
AY064395-RA AY028396-RA AY161038-RA
AY028399-RA
AY065064-RA
| AY065065-RA
AY065068-RA
AY065069-RA
|| Av149247-RA
|| AY065926-RA
AY065929-RA
AY182323-RA
AY182607-RA
[T AY182609-RA AY003922-RA
- AY182940-RA || Av239694-RA
AVIBIIE0RA AY163215-RA
AY163248-RA
FAVIGTERA | | Aaibenma
AY240909-RA
AY240911-RA
AY240913-RA
AY240916-RA
| AY067761-RA AY178612-RA AY240919-RA
AyiTeRA AY186255-RA || AY030677-RA
AY068204-RA AY178617-RA AY030679-RA
AY068207-RA AY152098-RA m ;gg; ?:rRzﬁ
G Airseazin o
o Z .
o
- AYge24se-Ra L || AY007857-RA
— LW 4
&, u
AY009125-RA
AY009126-RA
AY009130-RA
AY009131-RA
| AY009132-RA

AY009136-RA
AY009138-RA
AY009141-RA

d

AY010078-RA
| AY010237-RA
[T AY010322-RA

o
Figure 2 The distribution of members of the FOMT family on chromosomes. The red font indicates that the gene is on the positive strand

of DNA and the green font indicates that the gene is on a negative strand of DNA
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Figure 3 A: Phylogenetic tree of FOMT gene family of Artemisia argyi. B, C: The motifs (B) and conserved domains (C) of FOMT gene

family of Artemisia argyi. D: Gene structure analyses of FOMT gene family of Artemisia argyi
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Figure 4 Expression pattern of FOMT gene in Artemisia argyi. A: Indicates expression pattern of CCo4OMT subfamily genes in different

tissues; B: Indicates expression pattern of COMT subfamily genes in different tissues. The red asterisks indicate the FOMT genes randomly

selected from Artemisia argyi
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Figure 5 The expression levels of the FOMT genes in different tissues. R: Root; Rh: Rhizome; S: Stem; L1: Young leaves; L2: Mature

leaves; L3: Old leaves
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