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Identification and analysis of AP2/ERF gene family of Panax
notoginseng and function of PnDREB84 gene
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Abstract: The AP2/ERF gene family is one of the largest transcription factor families in the plant kingdom,
and plays an important role in response to biological and abiotic stresses, plant hormone responses, and plant
growth and development. In this study, the AP2/ERF family of Panax notoginseng was identified by bioinformatics
methods, and the physicochemical properties, structure, phylogenetic relationship, expression pattern and function of
PnDREB4 gene of the family were analyzed. The results showed that 140 AP2/ERF family members were identified
in P. notoginseng, which were divided into DREB, ERF, AP2, RAV and Sololit subgroups. The physicochemical
properties and motifs of proteins were similar among the subgroups. There were 34 differentially expressed genes
in the AP2/ERF family of Fusarium oxysporum infected P. notoginseng plants, and 19 genes were up-regulated.
The expression level of PnDREBS84 was up-regulated with the extension of Fusarium oxysporum infection time
in the range of 0—96 h. The content of ABA and SA in P. notoginseng plants overexpressing PnDREB84 gene
increased after 4 °C stress. The results showed that PuDREBS84 gene plays a dual regulatory role in the process of
biological stress and abiotic stress. PnDREBS84 gene can be used as a potential molecular marker for the breeding
of new varieties of P. notoginseng. The identification of AP2/ERF transcription factor and function analysis of
PnDREB84 gene of P. notoginseng provided data support for the analysis of stress resistance mechanism of
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P. notoginseng and the breeding of new varieties.
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Table 1 Sequence of primers used in the test

Primer Sequence (5'-3")
PnDREBS84-F TATCAAACACTTCCCAAGACCCT
PnDREB84-R CCGTATTTCCGACACCCATT
Actin-F TTTTGGATTCTGGTGATGGTGT
Actin-R CCGCTCAGCAGTTGTGGTAA

RNIREYHZE ABAFSA S EMNE KA
3 - 5 BE 5 R (high performance liquid chroma-
tography-mass spectrometry, HPLC-MS) JIl 72 =L+ N
TR VAR (abscisic acid, ABA) /KB (salicylic
acid, SA) & & .

PRUE S ABA (298%, #it 5 S08A9J67031) I SA
(298%, It 5 H31A10B96366) ¥k [ i 5 4= M Bl
HARAF .
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7N, 54 AP2/ERF & 7€ for 7£ 48 Jfd it , 58 /> AP2/
ERF 25 (A 5 A7 fE 40 fa #h . 12 4> AP2/ERF 25 (A & A7 (£ 4
A, 16 4> AP2/ERF 2K [ % 0 7E & i o o
2 AP2ERFEREFHRZLZE D

i 149 %/ 7+ AP2/ERF & LR 7 51 5 140 4 =
£ AP2/ERF @R T HI M I KRG . 4R E
7~: — -5 AP2/ERF ¥ 5% [A - 7] 43 4 DREB.ERF.AP2,
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Table 2 Analysis of physicochemical properties of AP2/ERF transcription factors of Panax notoginseng

No. Protein ID Amino acid (aa) Molecular weight/kD  Isoelectric point  Instability index =~ GRAVY  Subcellular localization
1 Pn-01ERF 117 13.14 10.68 26.54 -0.898 Periplasmic
2 Pn-02ERF 204 23.02 9.27 42.71 -0.982 Cytoplasmic
3 Pn-03DREB 202 22.47 6.83 54.11 -0.545 Extracellular
4 Pn-04ERF 314 34.78 5.64 58.85 -0.678 Extracellular
5 Pn-05DREB 162 17.07 4.02 50.99 -0.027 Cytoplasmic
6 Pn-06ERF 204 22.49 9.01 53.65 -0.517 Extracellular
7 Pn-07ERF 158 17.90 5.73 62.07 -0.62 Cytoplasmic
8 Pn-08ERF 105 11.84 10.02 423 -0.647 Periplasmic
9 Pn-09ERF 178 20.14 9.77 62.01 -0.512 Cytoplasmic
10 Pn-10DREB 169 18.85 6.21 35.21 -0.447 Cytoplasmic
11 Pn-11ERF 179 20.16 4.66 422 -0.684 Cytoplasmic
12 Pn-12ERF 179 20.39 6.16 49.98 -0.749 Cytoplasmic
13 Pn-13AP2 547 60.44 6.11 46.93 -0.709 Extracellular
14 Pn-14ERF 278 31.12 5.34 33.43 -0.665 Extracellular
15 Pn-15DREB 179 19.80 4.96 59.25 -0.646 Extracellular
16 Pn-16ERF 223 24.95 5.13 64.9 -0.643 Extracellular
17 Pn-17ERF 124 14.45 10.07 33.58 -0.71 Cytoplasmic
18 Pn-18DREB 268 29.87 533 51.96 -0.359 Cytoplasmic
19 Pn-19ERF 271 30.55 7.89 78.06 -0.581 Extracellular
20 Pn-20ERF 239 27.22 5.91 66.75 -0.6 Outer membrane
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No. Protein ID Amino acid (aa) Molecular weight/kD  Isoelectric point  Instability index =~ GRAVY  Subcellular localization
21 Pn-21ERF 208 23.59 5.87 57.63 -0.79 Extracellular
22 Pn-22ERF 346 38.93 5.61 66.02 -0.416 Outer membrane
23 Pn-23DREB 301 33.57 6.97 48.89 -0.639 Outer membrane
24 Pn-24ERF 250 28.47 5.2 56.27 -0.72 Cytoplasmic
25 Pn-25DREB 200 22.37 5.19 53.96 -0.547 Cytoplasmic
26 Pn-26ERF 404 45.29 4.63 53.02 -0.779 Extracellular
27 Pn-27ERF 343 39.16 5.19 40.92 -0.633 Cytoplasmic
28 Pn-28ERF 296 32.59 5.92 53.77 -0.719 Extracellular
29 Pn-29DREB 241 26.57 5.2 47.49 -0.56 Extracellular
30 Pn-30ERF 128 14.07 5.12 31.48 -0.722 Cytoplasmic
31 Pn-31RAV 380 42.49 9.27 48.33 -0.728 Outer membrane
32 Pn-32DREB 369 40.54 6.6 74.42 -0.717 Periplasmic
33 Pn-33DREB 345 38.78 8.71 54.2 -0.609 Periplasmic
34 Pn-34DREB 379 42.65 8.19 54.74 -0.587 Extracellular
35 Pn-35DREB 365 40.05 6.26 49.96 -0.503 Extracellular
36 Pn-36RAV 352 40.43 6.34 43.54 -0.527 Outer membrane
37 Pn-37ERF 111 12.17 9.07 76.71 -0.621 Periplasmic
38 Pn-38ERF 119 13.15 9.3 61.14 -0.637 Cytoplasmic
39 Pn-39ERF 275 30.05 7.9 57.22 -0.626 Extracellular
40 Pn-40AP2 557 62.31 6.97 55.09 -0.867 Extracellular
41 Pn-41DREB 154 17.46 8.93 54.38 -1.056 Cytoplasmic
42 Pn-42ERF 430 46.46 6.27 46.96 -0.543 Extracellular
43 Pn-43ERF 204 23.16 8.23 63.73 -0.705 Cytoplasmic
44 Pn-44ERF 206 23.25 7.91 60.38 -0.698 Extracellular
45 Pn-45ERF 188 21.32 6.53 55.84 -0.724 Cytoplasmic
46 Pn-46ERF 220 24.48 8.98 58.82 -0.637 Outer membrane
47 Pn-47ERF 134 15.35 5.19 33.34 -0.915 Cytoplasmic
48 Pn-48ERF 212 24.22 4.82 42.41 -0.588 Cytoplasmic
49 Pn-49ERF 135 15.76 6.96 28.37 -1.187 Cytoplasmic
50 Pn-SO0ERF 158 17.86 6.63 43.61 -0.96 Cytoplasmic
51 Pn-51RAV 225 25.37 5.38 58.99 -0.583 Extracellular
52 Pn-52ERF 384 43.33 4.97 52.22 -0.824 Cytoplasmic
53 Pn-53ERF 293 31.96 9.23 46.06 -0.41 Extracellular
54 Pn-54ERF 244 27.70 8.9 42.79 -0.978 Periplasmic
55 Pn-55S 256 29.33 8.73 58.17 -0.498 Extracellular
56 Pn-56ERF 235 25.96 5.28 70.62 -0.401 Cytoplasmic
57 Pn-57AP2 672 74.65 6.47 50.38 -0.763 Extracellular
58 Pn-58AP2 299 33.47 6.6 50.31 -0.642 Extracellular
59 Pn-59AP2 577 63.69 6.48 58.21 -0.653 Extracellular
60 Pn-60AP2 541 60.54 6.09 57.76 -0.877 Outer membrane
61 Pn-61AP2 671 74.00 5.85 45.97 -0.765 Extracellular
62 Pn-62ERF 379 41.92 491 36.84 -0.669 Periplasmic
63 Pn-63ERF 155 17.66 8.65 60.32 -1.126 Cytoplasmic
64 Pn-64AP2 154 17.57 9.89 60.83 =111 Periplasmic
65 Pn-65ERF 227 24.43 6.51 60.55 -0.512 Extracellular
66 Pn-66ERF 160 17.52 9.97 60.73 -0.5 Cytoplasmic
67 Pn-67ERF 301 32.85 9.67 46.68 -0.492 Extracellular
68 Pn-68ERF 221 23.70 8.01 45.4 -0.313 Cytoplasmic
69 Pn-69ERF 227 24.43 6.51 60.55 -0.512 Extracellular
70 Pn-70ERF 160 17.52 9.97 60.73 -0.5 Cytoplasmic
71 Pn-71ERF 221 23.70 8.01 45.4 -0.313 Cytoplasmic
72 Pn-72ERF 301 32.85 9.67 46.68 -0.492 Extracellular
73 Pn-73ERF 340 37.78 5.06 55.19 -0.646 Outer membrane
74 Pn-74ERF 310 35.15 5.47 47.46 -0.815 Extracellular
75 Pn-75ERF 251 28.21 5.49 35.77 -0.891 Extracellular
76 Pn-76DREB 238 25.99 5.99 63.53 -0.606 Extracellular
77 Pn-77DREB 260 28.02 5.04 52.6 -0.527 Extracellular
78 Pn-78DREB 257 27.84 4.88 54.94 -0.513 Extracellular
79 Pn-79DREB 255 28.15 6.47 45.23 -0.713 Extracellular

80 Pn-80ERF 199 22.06 7.71 57.97 -0.8 Cytoplasmic
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No Protein ID Amino acid (aa) Molecular weight/kD  Isoelectric point  Instability index =~ GRAVY  Subcellular localization
81 Pn-81DREB 185 19.98 7.68 47.23 -0.891 Extracellular
82 Pn-82DREB 109 11.98 9.83 41.86 -0.714 Cytoplasmic
83 Pn-83DREB 210 23.34 6.9 33.18 -1.024 Extracellular
84 Pn-84DREB 292 31.03 4.99 53.48 -0.523 Extracellular
85 Pn-85ERF 109 11.87 10.12 31.71 -0.971 Extracellular
86 Pn-86ERF 155 17.10 10.16 47.55 -0.375 Cytoplasmic
87 Pn-87AP2 157 18.15 10.47 42.21 -1.124 Cytoplasmic
88 Pn-88ERF 291 32.36 8.84 52.68 -0.53 Extracellular
89 Pn-89ERF 344 38.04 5.66 56.23 -0.809 Extracellular
90 Pn-90ERF 140 15.83 10.09 34.54 -0.788 Cytoplasmic
91 Pn-91DREB 240 26.38 4.95 62.31 -0.536 Extracellular
92 Pn-92ERF 177 19.78 9.98 64.59 -0.783 Periplasmic
93 Pn-93DREB 261 28.87 4.41 44.47 -0.59 Extracellular
94 Pn-94DREB 274 30.83 6.05 57.63 -0.557 Extracellular
95 Pn-95SDREB 172 19.51 10.13 49.04 -0.725 Periplasmic
96 Pn-96ERF 157 17.12 5.06 43.82 -0.497 Periplasmic
97 Pn-97AP2 410 46.48 5.36 56.53 -0.879 Extracellular
98 Pn-98ERF 205 23.50 532 67.32 -0.935 Cytoplasmic
99 Pn-99ERF 211 23.76 5.6 65.92 -0.782 Cytoplasmic
100 Pn-100ERF 231 26.61 4.73 63.01 -0.628 Cytoplasmic
101 Pn-101ERF 209 23.35 5.01 64.9 -0.67 Outer membrane
102 Pn-102ERF 154 17.05 9.59 55.38 -0.417 Cytoplasmic
103 Pn-103ERF 202 22.38 8.69 62.41 -0.766 Periplasmic
104 Pn-104ERF 287 3291 5.45 57.85 -0.733 Cytoplasmic
105 Pn-105ERF 373 41.88 4.86 51.11 -0.603 Cytoplasmic
106 Pn-106ERF 375 41.64 4.9 52.02 -0.589 Cytoplasmic
107 Pn-107ERF 213 23.81 4.97 57.19 -0.618 Cytoplasmic
108 Pn-108ERF 226 24.50 9.85 47.88 -0.435 Periplasmic
109 Pn-109ERF 206 22.20 9.03 61.88 -0.537 Cytoplasmic
110 Pn-110S 215 23.68 5.11 54.32 -0.489 Extracellular
111 Pn-111ERF 260 28.61 4.2 49.59 -0.515 Cytoplasmic
112 Pn-112ERF 265 29.35 7.11 66.25 -0.808 Extracellular
113 Pn-113ERF 317 36.04 6.3 73.96 -1.086 Extracellular
114 Pn-114DREB 235 26.03 6.32 49.55 -0.678 Cytoplasmic
115 Pn-115DREB 189 20.92 5 38.73 -0.407 Cytoplasmic
116 Pn-116DREB 269 29.51 5.32 46.68 -0.709 Extracellular
117 Pn-117DREB 452 50.48 5.45 67.06 -0.827 Extracellular
118 Pn-118ERF 205 22.96 6.97 69.37 -0.624 Extracellular
119 Pn-119DREB 108 12.02 9.44 49.94 -0.536 Cytoplasmic
120 Pn-120DREB 334 37.28 5.6 38.04 -0.875 Extracellular
121 Pn-121ERF 168 18.86 9.57 60.1 -0.786 Cytoplasmic
122 Pn-122ERF 167 18.58 9.42 43.89 -0.829 Outer membrane
123 Pn-124ERF 418 47.43 10.16 47.81 -1.041 Extracellular
124 Pn-125ERF 214 23.89 8.22 62.02 -0.729 Cytoplasmic
125 Pn-126ERF 136 15.31 9.99 47.07 -0.651 Cytoplasmic
126 Pn-127ERF 170 18.99 8.08 42.12 -0.709 Cytoplasmic
127 Pn-128DREB 200 22.20 9.88 53.13 -0.695 Extracellular
128 Pn-129DREB 254 28.18 6.33 48.58 -0.261 Periplasmic
129 Pn-130ERF 335 37.27 4.64 47.47 -0.73 Extracellular
130 Pn-131DREB 144 16.15 9.33 29.25 -0.814 Periplasmic
131 Pn-132DREB 151 16.90 8.96 31.42 -0.919 Cytoplasmic
132 Pn-133DREB 155 16.84 8.7 40.57 -0.33 Cytoplasmic
133 Pn-134ERF 331 36.33 5.56 53.14 -0.502 Extracellular
134 Pn-135ERF 379 40.65 8.77 66.35 -0.603 Extracellular
135 Pn-136ERF 106 11.75 5.82 40.02 -0.581 Periplasmic
136 Pn-137ERF 326 36.66 6.13 27.32 -0.423 Outer membrane
137 Pn-138ERF 280 30.58 8.89 37.29 -0.795 Extracellular
138 Pn-139AP2 382 43.03 9.28 54.8 -0.614 Outer membrane
139 Pn-140AP2 99 11.42 10.23 36.34 -1.027 Cytoplasmic
140 Pn-123ERF 144 16.12 9.05 43.67 -0.625 Cytoplasmic
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Figure 1 Phylogenetic analysis of Panax notoginseng and Arabidopsis AP2/ERF transcription factor family
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Figure 2 Analysis of conserved motifs of P. notoginseng and AP2/ERF transcription factor family
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Figure 3 Heat map of AP2/ERF differential expression gene pattern of Panax notoginseng
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Figure 4  Expression analysis of PnDREBS84 gene in Panax

notoginseng under low temperature stress
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gene were over expressed at 4 °C. A: Changes of PnDREBS84 gene
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