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Abstract: Artemisia argyi is a traditional Chinese medicine in China, which is used as medicine with its
leaves. The leaves of 4. argyi mainly contain flavonoids, phenolic acids, volatile oils and other compounds, and
have a variety of pharmacological activities. AP2/ERF transcription factors are abundant in plants and are mainly
involved in plant growth and development, abiotic stress response and secondary metabolite biosynthesis regulation.
However, there are few reports on the 4P2/ERF gene family and its functions in 4. argyi. In this study, we
systematically identified the AP2/ERF gene family in A. argyi genome, and analyzed its phylogenetic tree, protein
physicochemical properties, subcellular localization, conserved motifs, promoter elements, and expression patterns.
The results showed that a total of 204 AP2/ERF transcription factors were identified in 4. argyi genome, encoding
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proteins consisting of 88 —483 amino acids with a relative molecular mass of 10-52.94 kDa and a theoretical
isoelectric point of 4.62 —9.88. Subcellular prediction showed that the majority of AP2/ERFs were located in
the nucleus, cytoplasm, and the minority of them is located in the membrane and chloroplasts. According to the
Arabidopsis AP2/ERF family classification, 4. argyi AP2/ERF proteins were divided into four subfamilies: Soloist,
AP2, ERF (B3, B4, B5, B6), and DREB (A1, A2, A4, A5, A6), among which DREB family accounted for the
largest proportion, and the same subfamily had similar conserved motifs. cis-Acting element analysis showed that
AP2/ERF promoters have a large number of elements responding to light and abiotic stress. Expression pattern
analysis showed that most of the genes of the AP2/ERF family were dominantly expressed mainly in roots and
stems, of which 19 were dominantly expressed in leaves, 77 would be induced to be expressed by methyl
jasmonate, of which 16 genes were both dominantly expressed in leaves and induced to be expressed by methyl
jasmonate, and these AP2/ERF genes may be the key regulatory genes for the synthesis of active ingredients in
A. argyi leaves.This study lays the foundation for the functional study of AP2/ERF family genes and their regulating
roles in the active components biosynthesis in 4. argyi leaves.
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Table 1 Sequences of primers for qRT-PCR
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Gene Forward primer sequence (5'-3')

Reverse primer sequence (5'-3")

Reference gene GCAAGAGCTTGAAACCGCAA AAGAGAACCTCAGGGCAACG
AP2-1 CCGTAGATCATTCTCGGCCC GGTTGTTGAGACGTTGGGGA
AP2-2 CACAAGGCACCATCAACACG ACGGCATTTAAGCCTCGGAA
ERF-1 GGGGGAAGTTCACAGCAGAA AGACCCTCGGTGCTTAAACG
ERF-2 GATCCACAAAAGGCGGCAAG AGAGCTGCCTCATCGTATGC
DREB-1 CCGGTCTATCGAGGTGTTCG GCTCCGACCAGTTCAGGAAA
DREB-2 TCCGAGATTCGACACCCTC AATGGCAGCCTCGTCATAGG
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Figure 1
factor; AP2: APETALA2; RAV: Related to AB13/VP
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Phylogenetic tree of AP2/ERF gene family. DREB: Dehydration-responsive element binding proteins; ERF: Ethylene-responsive
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Figure 2 The distribution of members of the AP2/ERF family on chromosomes
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Table 2 Information and characteristics of the AP2/ERF gene family of 4. argyi. pl: Isoelectric point; GRAVY: Grand average of hydro-
pathicity
Sequence ID Amino acid Molecular pl Insfablhty Al_l phatic GRAVY Subcellular localization
length mass/kDa index index

AY180197-RA 406 45.49 9.37 30.16 60.34 -0.726 Cytoplasm, nucleus
AY180253-RA 137 15.43 6.75 43.86 57.01 -0.894 Nucleus
AY181280-RA 340 38.04 9.12 40.14 69.35 -0.569 Nucleus
AY181310-RA 321 35.75 491 53.21 70.72 -0.695 Cytoplasm, nucleus
AY181339-RA 211 23.39 9.68 38.36 68.67 -0.716 Cytoplasm, nucleus
AY181338-RA 208 23.08 9.62 37.84 68.75 -0.718 Cytoplasm
AY182602-RA 355 41.04 5.25 59.31 41.24 -1.101 Nucleus
AY183336-RA 303 35.19 6.67 56.14 78.51 -0.469 Chloroplasts, cytoplasm
AY'183705-RA 467 52.40 5.57 45.44 78.14 -0.369 Nucleus
AY183710-RA 314 34.62 4.67 39.04 58.79 -0.697 Cytoplasm, nucleus
AY183723-RA 534 58.29 4.71 43.03 56.89 -0.586 Nucleus
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Continued
Sequence ID Amino acid Molecular pl Ins.tablhty Al}phatlc GRAVY Subcellular localization
length mass/kDa index index

AY183726-RA 278 30.56 5.02 43.97 56.62 -0.611 Nucleus
AY184289-RA 137 15.14 6.06 31.35 62.12 -0.743 Nucleus
AY186211-RA 205 23.41 7.97 55.68 58.59 -0.895 Nucleus
AY186562-RA 170 18.82 4.98 39.25 63.18 -0.589 Cytoplasm, nucleus
AY187195-RA 298 33.09 8.98 40.32 65.17 -0.668 Cytoplasm, nucleus
AY187226-RA 315 34.95 6.26 52.22 55.08 -0.726 Cytoplasm, nucleus
AY187410-RA 202 22.54 5.52 46.12 57.57 -0.690 Cytoplasm, nucleus
AY187446-RA 190 21.40 5.19 62.77 66.32 -0.521 Cytoplasm, nucleus
AY187449-RA 188 20.93 4.85 56.22 66.54 -0.476 Cytoplasm, nucleus
AY'187450-RA 190 21.25 5.49 55.68 68.84 -0.441 Cytoplasm, nucleus
AY187763-RA 873 96.38 4.89 50.28 76.21 -0.579 Nucleus
AY264308-RA 197 22.93 8.62 81.10 57.01 -0.914 Nucleus
AY258670-RA 236 25.80 4.75 64.52 57.50 -0.581 Cytoplasm, nucleus
AY292830-RA 226 25.10 443 53.93 53.54 -0.639 Cytoplasm, nucleus
AY267860-RA 381 43.34 9.16 34.36 62.47 -0.743 Cytoplasm
AY026491-RA 219 23.96 7.65 79.63 57.08 -0.515 Cytoplasm, nucleus
AY026771-RA 269 30.03 5.65 47.25 61.00 -0.643 Nucleus
AY027757-RA 205 22.86 9.45 52.61 61.90 -0.709 Nucleus
AY027880-RA 287 32.17 6.37 58.42 56.13 -0.835 Nucleus
AY028551-RA 243 27.06 5.91 53.74 59.55 -0.670 Cytoplasm, nucleus
AY030608-RA 611 68.67 6.84 41.31 56.69 -0.854 Nucleus
AY030689-RA 176 19.87 9.03 51.61 56.02 -0.949 Cytoplasm, nucleus
AY031582-RA 223 24.99 6.48 48.51 64.66 -0.889 Cytoplasm, nucleus
AY261487-RA 155 17.64 8.88 40.57 67.94 -0.685 Cytoplasm, nucleus
AY072245-RA 111 12.49 10.72 41.42 79.19 -0.505 Nucleus
AY073074-RA 164 18.85 5.56 34.90 73.23 -0.596 Nucleus
AY073288-RA 176 18.65 4.68 49.47 71.19 -0.244 Cytoplasm, nucleus
AY073430-RA 203 22.61 8.69 48.66 66.31 -0.728 Cytoplasm, nucleus
AY073573-RA 197 21.92 8.35 62.23 74.21 -0.639 Nucleus
AYO074153-RA 179 20.37 8.66 57.85 78.49 -0.427 Cytoplasm, nucleus
AY075370-RA 227 25.27 6.06 36.88 53.00 -0.815 Nucleus
AY075564-RA 170 19.08 9.81 53.33 76.88 -0.512 Cytoplasm, nucleus
AY076174-RA 208 23.34 5.72 60.54 69.47 -0.512 Nucleus
AYO076175-RA 212 23.84 5.24 66.37 67.22 -0.577 Nucleus
AYO076171-RA 216 24.19 6.00 61.78 67.78 -0.525 Nucleus
AY076216-RA 202 22.77 5.81 46.18 72.52 -0.634 Nucleus
AY076428-RA 168 18.21 4.75 45.18 61.67 -0.389 Nucleus
AY076425-RA 169 18.19 4.66 50.11 63.61 -0.475 Cytoplasm, nucleus
AY076670-RA 265 30.03 6.16 52.70 66.19 -0.667 Nucleus
AY076875-RA 205 22.71 5.39 55.14 74.83 -0.358 Cytoplasm, nucleus
AY077002-RA 245 27.94 8.35 52.80 66.94 -0.805 Nucleus
AY077005-RA 132 15.15 6.20 53.15 62.95 -0.901 Nucleus
AY077496-RA 208 23.32 8.17 34.71 60.96 -0.796 Cytoplasm
AY077962-RA 406 45.48 9.24 28.34 61.53 -0.682 Cytoplasm, nucleus
AY077964-RA 477 53.43 8.78 28.65 64.23 -0.611 Cytoplasm, nucleus
AY000023-RA 219 24.45 4.38 51.69 54.79 -0.675 Cytoplasm, nucleus
AY000414-RA 222 24.27 4.93 48.75 54.95 -0.690 Cytoplasm, nucleus
AY000415-RA 222 24.37 5.35 52.38 60.23 -0.583 Cytoplasm, nucleus
AY001307-RA 261 28.99 9.12 42.40 51.99 -0.826 Cytoplasm, nucleus
AY002453-RA 227 25.76 5.49 67.66 64.05 -0.708 Cytoplasm, nucleus
AY002390-RA 122 13.76 9.84 74.25 51.39 -0.705 Nucleus
AY002795-RA 214 24.67 9.84 28.34 68.79 -0.865 Nucleus
AY002796-RA 186 21.63 9.64 34.20 77.58 -0.803 Cytoplasm
AY004576-RA 337 37.71 5.02 52.72 63.56 -0.749 Nucleus
AY004834-RA 164 17.59 4.92 48.02 54.33 -0.822 Cytoplasm, nucleus
AY004842-RA 201 21.85 9.46 58.71 60.85 -0.672 Cytoplasm, nucleus
AY004843-RA 188 20.07 6.07 61.01 51.06 -0.818 Cytoplasm, nucleus
AY004832-RA 153 16.37 4.90 55.22 68.43 -0.454 Cytoplasm, nucleus

AY005010-RA 252 28.30 5.36 51.89 68.13 -0.510 Nucleus
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AY004836-RA 188 19.98 6.07 55.72 53.67 -0.774 Cytoplasm, nucleus
AY005238-RA 331 36.15 8.82 55.99 51.57 -0.760 Nucleus
AY006131-RA 278 30.56 4.93 52.25 53.06 -0.745 Nucleus
AY006470-RA 299 33.49 7.11 50.92 71.47 -0.600 Nucleus
AY006959-RA 254 28.70 4.54 69.01 72.56 -0.701 Cytoplasm, nucleus
AY007378-RA 141 16.23 9.46 58.04 71.28 -0.750 Nucleus
AY009150-RA 147 16.34 9.54 29.41 61.22 -0.821 Cytoplasm, nucleus
AY009626-RA 147 16.32 9.54 29.41 63.88 -0.803 Nucleus
AY009642-RA 291 33.60 6.25 41.22 65.29 -0.731 Nucleus
AY009916-RA 111 12.53 9.23 49.16 60.72 -0.767 Cytoplasm, nucleus
AY010498-RA 203 22.27 8.41 49.19 67.29 -0.574 Nucleus
AYO010774-RA 180 20.13 9.25 66.66 66.17 -0.691 Nucleus
AY010919-RA 190 21.42 5.82 43.74 81.11 -0.392 Nucleus
AY011089-RA 342 37.77 491 32.26 52.28 -0.712 Nucleus
AY012294-RA 245 27.02 5.06 55.68 56.61 -0.660 Nucleus
AY012495-RA 838 93.52 5.92 38.03 85.49 -0.325 Cell membrane
AY294365-RA 221 24.03 8.30 83.73 55.25 -0.506 Cytoplasm, nucleus
AY260039-RA 217 23.31 4.86 82.79 67.97 —-0.453 Cytoplasm, nucleus
AY260800-RA 408 44.86 8.67 49.25 58.85 -0.666 Cytoplasm, nucleus
AY264379-RA 164 18.30 8.24 55.77 55.37 -0.848 Cytoplasm
AY278882-RA 210 23.14 4.78 64.39 54.43 -0.643 Cytoplasm, nucleus
AY298862-RA 406 45.48 9.24 28.34 61.53 -0.682 Cytoplasm, nucleus
AY279492-RA 133 14.90 9.27 36.68 58.80 -0.868 Nucleus
AY272596-RA 168 18.85 7.78 42.70 81.25 -0.268 Cytoplasm, nucleus
AY298986-RA 188 20.04 6.07 60.72 51.06 -0.808 Cytoplasm, nucleus
AY281286-RA 265 30.03 6.16 52.70 66.19 -0.667 Nucleus
AY287512-RA 107 11.69 8.93 77.98 59.44 -0.755 Cytoplasm, nucleus
AY295505-RA 197 22.93 8.62 81.10 57.01 -0914 Nucleus
AY297935-RA 221 24.03 8.30 83.73 55.25 -0.506 Cytoplasm, nucleus
AY235667-RA 226 25.08 443 53.93 53.54 -0.639 Cytoplasm, nucleus
AY236122-RA 222 24.25 491 48.75 54.95 -0.690 Cytoplasm, nucleus
AY236123-RA 222 24.32 5.49 51.38 56.71 -0.646 Cytoplasm, nucleus
AY236984-RA 257 28.45 9.28 40.87 52.41 -0.782 Nucleus
AY238067-RA 123 13.91 9.98 75.12 50.98 -0.736 Nucleus
AY238477-RA 209 24.08 9.81 28.50 66.22 -0.907 Cytoplasm, nucleus
AY239387-RA 278 30.54 4.93 53.83 53.06 -0.738 Nucleus
AY239650-RA 124 13.82 4.81 42.41 59.92 -0.710 Cytoplasm, nucleus
AY240005-RA 179 20.31 8.66 55.27 79.61 -0.398 Cytoplasm, nucleus
AY240611-RA 192 21.75 6.96 56.65 78.75 -0.356 Cytoplasm, nucleus
AY240613-RA 192 21.77 6.24 50.16 78.70 -0.364 Cytoplasm, nucleus
AY240930-RA 161 18.02 9.16 29.39 68.01 -0.780 Cytoplasm, nucleus
AY242042-RA 331 36.12 8.81 55.30 53.32 -0.743 Nucleus
AY242262-RA 252 28.21 5.51 52.18 69.25 -0.493 Nucleus
AY242456-RA 203 22.79 6.834 41.87 68.23 -0.436 Cytoplasm, nucleus
AY242458-RA 188 20.04 6.07 60.72 51.06 -0.808 Cytoplasm, nucleus
AY242459-RA 189 20.33 6.41 58.56 63.65 -0.562 Cytoplasm, nucleus
AY242555-RA 360 40.36 4.54 47.91 62.47 -0.628 Nucleus
AY242749-RA 150 16.09 5.06 57.28 66.53 -0.483 Cytoplasm, nucleus
AY242750-RA 168 17.94 4.92 49.41 53.63 -0.817 Cytoplasm, nucleus
AY242752-RA 164 17.35 8.08 54.87 46.04 -0.850 Cytoplasm, nucleus
AY242751-RA 188 19.98 591 58.59 52.61 -0.812 Cytoplasm, nucleus
AY297538-RA 205 22.69 5.27 55.38 72.93 -0.366 Cytoplasm, nucleus
AY062997-RA 164 18.30 8.24 55.77 55.37 -0.848 Cytoplasm
AY064643-RA 355 39.94 5.66 45.82 74.39 -0.654 Cytoplasm, nucleus
AY064700-RA 350 39.54 9.68 51.18 66.20 -0.738 Nucleus
AY066021-RA 240 26.12 5.18 45.95 60.75 -0.643 Nucleus
AY066039-RA 199 22.37 7.99 70.19 66.68 -0.627 Nucleus
AY066040-RA 198 22.22 8.00 67.83 67.53 -0.619 Nucleus

AY066201-RA 275 30.76 5.35 43.71 75.16 -0.587 Nucleus
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AY066219-RA 210 23.44 9.39 61.95 57.57 -0.725 Nucleus
AY066733-RA 379 41.82 6.00 57.47 43.06 -0.960 Nucleus
AY066830-RA 301 33.52 8.40 56.09 60.66 -0.601 Nucleus
AY067358-RA 257 29.45 7.19 55.16 61.44 -0.836 Nucleus
AY067690-RA 242 27.46 8.78 46.23 59.21 -0.784 Nucleus
AY067776-RA 142 16.70 9.65 52.81 52.89 -1.361 Cytoplasm, nucleus
AY067959-RA 257 29.41 7.73 55.25 73.85 -0.684 Nucleus
AY068417-RA 205 23.50 8.76 49.73 70.44 -0.486 Nucleus
AY269974-RA 192 21.67 6.16 48.66 80.73 -0.332 Cytoplasm, nucleus
AY267188-RA 192 21.74 6.22 54.32 81.30 -0.324 Cytoplasm, nucleus
AY257987-RA 220 23.89 8.31 52.84 55.59 -0.629 Nucleus
AY257989-RA 185 20.36 8.95 54.21 58.22 -0.631 Nucleus
AY257990-RA 186 20.21 8.51 59.11 61.02 -0.560 Nucleus
AY286634-RA 356 39.67 9.17 49.54 57.87 -0.865 Nucleus
AY268494-RA 250 27.66 6.14 42.52 55.52 -0.776 Nucleus
AY267579-RA 319 35.41 4.90 43.75 60.88 -0.751 Nucleus
AY259625-RA 222 25.52 7.76 43.51 61.53 -0.845 Nucleus
AY173668-RA 230 25.74 9.57 34.46 81.83 -0.305 Nucleus
AY174582-RA 329 36.33 6.22 60.07 57.87 -0.634 Nucleus
AY174909-RA 213 23.96 9.18 54.48 67.84 -0.688 Cytoplasm, nucleus
AY175425-RA 202 23.00 9.85 50.85 62.28 -0.854 Nucleus
AY175831-RA 248 27.95 5.20 61.98 64.07 -0.548 Nucleus
AY176005-RA 195 22.70 8.62 79.47 58.56 -0.875 Nucleus
AY176430-RA 167 18.29 4.77 52.09 69.58 -0.417 Nucleus
AY176588-RA 236 26.78 9.66 41.55 73.56 -0.579 Nucleus
AY'176590-RA 236 26.68 9.59 38.87 73.56 -0.562 Nucleus
AY176600-RA 237 26.86 9.02 43.88 71.60 -0.569 Cytoplasm, nucleus
AY176595-RA 236 26.72 9.59 38.87 74.79 -0.542 Nucleus
AY176598-RA 236 26.65 9.59 39.69 71.91 -0.581 Nucleus
AY176603-RA 234 26.21 8.77 39.10 72.52 -0.531 Nucleus
AY176857-RA 177 19.86 4.80 51.42 61.75 -0.634 Nucleus
AY176860-RA 176 19.68 5.20 53.45 65.45 -0.606 Cytoplasm, nucleus
AY177295-RA 211 23.23 4.99 64.41 61.14 -0.491 Cytoplasm, nucleus
AY178095-RA 203 22.54 5.08 52.54 64.43 -0.574 Cytoplasm, nucleus
AY178097-RA 160 18.04 5.86 46.81 68.94 -0.542 Cytoplasm, nucleus
AY178101-RA 364 40.32 4.88 56.07 70.16 -0.482 Nucleus
AY178202-RA 274 30.51 6.55 48.82 66.90 -0.522 Nucleus
AY178207-RA 270 30.09 5.71 53.11 74.04 -0.424 Nucleus
AY178212-RA 207 22.85 9.36 52.51 68.84 -0.494 Nucleus
AY179225-RA 530 60.40 6.92 40.84 67.34 -0.834 Cytoplasm, nucleus
AY179226-RA 487 55.62 4.97 39.04 70.47 -0.709 Cytoplasm, nucleus
AY179469-RA 272 30.15 6.31 46.69 64.63 -0.630 Nucleus
AY179545-RA 355 39.56 9.17 49.65 58.03 -0.857 Nucleus
AY258432-RA 329 36.31 6.56 57.13 48.66 -0.675 Nucleus
AY266423-RA 331 36.15 8.82 55.99 51.57 -0.760 Nucleus
AY260855-RA 180 20.11 9.25 68.04 68.89 -0.633 Nucleus
AY263059-RA 137 15.44 9.05 38.83 54.16 -0.940 Nucleus
AY280551-RA 199 22.30 7.99 70.19 66.68 -0.627 Nucleus
AY263293-RA 132 14.89 10.51 57.23 88.71 -0.396 Nucleus
AY269708-RA 192 21.74 6.22 54.32 81.30 -0.324 Cytoplasm, nucleus
AY263085-RA 154 17.30 7.99 38.90 75.45 -0.338 Nucleus
AY269792-RA 198 22.22 8.00 67.83 67.53 -0.619 Nucleus
AY296060-RA 197 22.93 8.62 81.10 57.01 -0.914 Nucleus
AY297131-RA 177 19.86 4.80 51.42 61.75 -0.634 Nucleus
AY055991-RA 316 35.40 4.90 39.17 57.47 -0.776 Cytoplasm, nucleus
AY055994-RA 331 36.86 6.26 40.28 59.85 -0.670 Nucleus
AY055997-RA 313 35.23 5.79 39.29 50.83 -0.706 Nucleus
AY056146-RA 321 35.48 9.70 48.23 67.45 -0.633 Nucleus
AY056499-RA 160 18.04 5.18 52.02 65.31 -0.784 Nucleus
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AY056624-RA 232 26.59 9.04 61.87 53.84 -0.954 Cytoplasm, nucleus
AY058375-RA 226 24.75 6.52 38.65 66.86 -0.420 Cytoplasm, nucleus
AY059632-RA 347 39.53 9.18 33.06 62.68 -0.732 Nucleus
AY059736-RA 305 33.99 9.27 41.12 62.03 -0.671 Cytoplasm, nucleus
AY060001-RA 195 21.71 4.98 72.38 45.64 -0.790 Cytoplasm, nucleus
AY060481-RA 142 15.77 5.38 36.37 51.69 -0.890 Nucleus
AY061595-RA 257 29.47 5.04 53.31 64.44 -0.816 Nucleus
AY061702-RA 436 48.13 4.94 41.78 79.89 -0.286 Nucleus
AY062399-RA 173 19.14 10.39 62.20 69.31 -0.623 Nucleus
AY'146206-RA 313 35.13 5.39 43.07 50.54 -0.755 Cytoplasm, nucleus
AY146207-RA 280 31.44 6.13 40.10 54.07 -0.736 Nucleus
AY 146208-RA 951 10.65 5.88 36.48 77.22 -0.355 Nucleus
AY146373-RA 205 23.10 5.51 56.67 59.02 -0.562 Cytoplasm, nucleus
AY146787-RA 203 22.64 5.07 64.90 72.61 -0.580 Nucleus
AY162199-RA 254 28.68 4.52 69.83 71.81 -0.710 Cytoplasm, nucleus
AY285521-RA 190 21.34 9.47 25.93 59.53 -0.715 Nucleus
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Figure 3 Conserved motifs and gene structures of AP2/ERF’s in A. argyi. A shows the protein conserved motifs and gene structures of sub-

families AP2 and ERF and B shows the protein conserved motifs and gene structure of subfamily DREB. a: Phylogenetic tree of AP2/ERF

The motifs of AP2/ERF gene family of A. argyi; c: Gene structure analyses of AP2/ERF gene family of 4. argyi

gene family of 4. argyi; b
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Figure 5 Expression patterns of the 4. argyi AP2/ERF family in different tissues and at different treatment times with MeJA. A, B and C

represent the expression pattern maps of the three subfamilies AP2, ERF, and DREB, respectively, where a is the tissue expression pattern

map and b is the MeJA-induced expression pattern map. Leaf A: Leaf bud; Leaf B: Young leaves; Leaf C: Mature leaves; Leaf D: Old
leaves; CK: Control treatment group. MeJA 6 h, MeJA 12 h, MeJA 24 h, and MeJA 48 h denote induction treatment with MeJA for 6, 12,

24, and 48 h, respectively. The red asterisks indicate the AP2/ERF genes randomly selected from A. argyi
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