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Atropa belladonna. Genome-wide identification and expression profile analysis of the belladonna ARF gene (4bARF) can lay a
scientific foundation for elucidating the growth and development functions and mechanism of the 4bARF gene family. Methods
Based on the published whole genome data of A. belladonna, bioinformatics methods were used to identify the 4AbARF gene family
members and analyze their physical and chemical properties, chromosomal distribution, phylogenetic evolution, gene structure, and
cis-acting elements, using real-time PCR (qQRT-PCR) to analyze its expression characteristics at different temperatures, light quality,
and tissue locations. Results A total of 41 A. belladonna ARF genes (AbARF1—AbARF41) were identified, divided into four
subfamilies, The length of the encoded amino acids ranges from 603 to 1 116 aa, the relative molecular mass of the protein is 68 709.35
to 125 100.60, the protein isoelectric point ranges from 5.27 to 8.25, and all subcellular locations are located in the nucleus. Gene
structure analysis found that all ARF proteins contain the B3 conserved domain, the prediction results of cis-elements indicate that
light-responsive elements and abscisic acid elements are widely distributed in the promoter region of the AbARF gene family. Intra-
genomic collinearity analysis showed that whole-genome duplication and segmental duplication played an important role in the
evolution of the AbARF gene family, and that duplication underwent strong purifying selection. The results of gPCR expression profile
analysis showed that the expression levels of most AbARFs were significantly down-regulated under low temperature (18 °C) stress.
The expression levels under white light regulation were significantly higher than those under red and yellow light. The expression
levels of most AbARF genes in leaves were generally higher than those in main roots, lateral roots, stems, and flowers. Conclusion
Identification and bioinformatics analysis of the ARF' gene family at the whole genome level will lay the foundation for further
elucidating the function of the A. belladonna ARF genes.

Keywords: Atropa belladonna L.; ARF transcription factor; bioinformatics; gene family; collinearity analysis; expression characteristics
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Table 1 Primer sequences of AbARF genes

FR AR EMSY (5°—3%) IAEY (5°—3%)
AbARF1 ACAAGCAGCCTGCTGAGTTC CTCTTGAGCAGCAGGTTGCAT
AbARF7 CGGCGTGCAGCTGAGAAAAT AGGCTCCACCCTGTTGTTAGC
AbARF13 AGCCGAGGGTCTATCGGAAAC AGGACCAGCACATGCATGC
AbARF17 TGCTGAAACGGCGTTGTATACG TCTGCTGGTCAGCCTCTTGATT
AbARF18 CGGAAAAGTTGATGCTGAGACGG CTGCTGATCAGCCACTTGATTGG
AbARF19 TGCCGTGTGGTTAATGTCCG AGTGCTTGTATCAGAGGCCGT
AbARF20 AGGAACTCTGGCATGCCTGT CTCGGCCCGAAGTTGAACATTC
AbARF21 TGAGTTGCTGGATCGTCCAACC ACTCGTGGGGAGACCTCATAGAT
AbARF22 AGAACGGGGAGCTTCGAGTT CTGACTGACAAGCCCTAGGCT
AbARF25 CGACAACGAAGGAACCAATGCC ACCATAGGGGGAGGCATTCATC
AbARF29 AGGCAGAGCAAGAGGAGCCTT AGTCATGTCCAGTTGCGGGAG
AbARF33 AACTATGCCGGCGGTAGCAT ACAGAAAACGTGAGGAGGGAGG
AbARF41 ACTCCGGAGTTCTGTGTGAAGG AGTAGATCAGGTTCGTCCCACG
PGK TCGCTCTTGGAGAAGGTTGAC CTTGTCCGCAATCACTACATCAG
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# 2 Hifl AbARF EEBL SRS
Table 2 Analysis of physical and chemical properties of AbARF proteins from A. belladonna

AL ID IR H XD FE SR AMEERS AR KPR WAREN

AbARF1 1116 125 100.57 6.37 71.67 69.47 -0.716 41 A%
AbARF2 1093 122 392.50 6.23 69.68 68.45 -0.693 41 ff A%
AbARF3 1115 123 520.70 6.16 62.02 73.38 -0.545 41 ff k%
AbARF4 1108 122 640.73 6.25 63.76 73.21 -0.540 41 H A%
AbARF5 1107 122 404.37 6.61 64.01 71.80 —0.545 41 A%
AbARF6 1102 121 777.19 5.89 56.35 73.08 —0.569 4 A%
AbARF7 1103 122 073.51 6.22 55.53 71.95 -0.601 4 %
AbARF8 1049 116 77451 6.13 58.90 73.25 -0.620 41 ff A%
AbARF9 890 98 907.17 6.19 62.90 73.93 -0.453 41 ff A%
AbARF10 832 92 948.50 5.85 59.27 75.36 -0.444 41 ff A%
AbARF11 826 92 392.98 6.01 56.11 73.05 -0.480 4 %
AbARF12 891 99 020.22 6.19 62.10 73.96 -0.456 4 %
AbARF13 882 98 874.90 5.99 56.47 80.23 -0.318 4 A%
AbARF14 905 100 296.37 5.35 52.58 75.38 -0.442 41 ff A%
AbARF15 907 100 325.50 5.27 53.76 79.63 -0.389 41 ff A%
AbARF16 806 89 767.68 6.07 62.15 74.03 -0.473 41 ff A%
AbARF17 826 92 466.80 6.92 54.41 65.59 -0.656 4 %
AbARF18 850 94 164.72 6.44 55.45 69.15 -0.578 4 A%
AbARF19 847 94 346.99 6.35 50.10 67.10 -0.598 4 ff A%
AbARF20 656 73101.71 6.16 59.96 70.27 -0.507 41 ff A%
AbARF21 656 73377.85 5.99 60.65 69.10 —0.544 41 ff A%
AbARF22 656 72 965.36 5.93 60.69 70.14 -0.525 41 ff A%
AbARF23 796 88 404.31 5.89 55.50 73.18 —0.466 4 ff A%
AbARF24 705 78 832.94 5.79 51.52 77.80 -0.479 4 ff A%
AbARF25 785 88 448.30 6.29 52.53 75.87 -0.492 4 ff A%
AbARF26 798 88 863.29 6.24 55.72 73.48 -0.448 41 ff A%
AbARF27 681 76 490.21 5.75 52.34 78.40 -0.481 41 ff A%
AbARF28 787 87 242.17 6.00 55.51 71.68 —0.445 41 ff A%
AbARF29 692 77 761.79 5.77 54.03 78.70 -0.457 4 ff A%
AbARF30 603 68 709.35 6.84 57.78 77.10 -0.493 4 ff A%
AbARF31 750 82 470.50 6.46 53.52 71.77 -0.422 41 ff A%
AbARF32 623 69 743.53 5.86 51.11 72.42 -0.513 41 k%
AbARF33 754 82 610.20 8.25 50.06 72.71 -0.400 41 k%
AbARF34 693 76 353.41 6.79 48.40 72.31 -0.395 41 k%
AbARF35 697 76 694.92 6.79 48.16 73.86 -0.377 4 ff A%
AbARF36 679 75 380.49 5.66 4552 81.53 -0.285 4 ff A%
AbARF37 778 86 289.14 8.06 48.59 80.33 -0.254 4 ff A%
AbARF38 697 76 840.00 7.86 45.41 78.34 -0.278 41 k%
AbARF39 673 74 587.83 5.98 49.01 80.53 -0.252 41 k%
AbARF40 686 75 285.50 7.56 47.04 80.87 -0.236 41 k%
AbARF41 680 75 063.87 6.48 47.13 73.97 -0.417 41 f k%
3.2 Hinh AbARF ERFARRRGH L7 WY E AL N 4 DN KIR, Sl AbARF #:

KA ML ARG AR, SR0E 1 PR, PN KR T o0 A, I B fidiE e ®
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33 AbARF EFAMA LM KR

Table 3 Collinear relationship among AbARF genes within species

FEF XS NS Ka Ks Ka/Ks PRI S5
AbARF15  AbARF14 EFERAEH] . B E S 0.020381 0.138404  0.147 260 aifh ik
AbARF2 AbARF1 EFERAEH . B E 0.023136 0.088573  0.261 204 aifh ik
AbARF9 AbARF16 AFERAEH] B R 0.022398 0.079020 0.283444 alith ik
AbARF19  AbARF18 AFERAEH]. B 0.036885 0.078698  0.468 683 alith ik
AbARF19  AbARF25 AFERARH]. B 0.142274 0508381  0.279 858 alith ik
AbARF19  AbARF17 AFERAEH]. B 0.041557 0.104401  0.398 057 alith ik
AbARF10  AbARF11 EFERAEH] . B E S 0.083050 0534212  0.155462 aifh ik
AbARF10  AbARF13 ERERAEH . B E 0.028174 0.106297  0.265 047 aifh ik
AbARF18  AbARF25 SEFERALEH . F BRI 0.137645 0.514069 0.267 757 alifh
AbARF18  AbARF17 SFERALH . F BRI 0.039470 0.092496 0.426 724 alifb ikt
AbARF25  AbARF17 SFERARH] B H 0.128307 0.540190 0.237522 alifb i B
AbARF11  AbARF13 SFERARH]. B 0.107811 0560262  0.192 429 alifb i B
AbARF24  AbARF27 SFERARH]. B 0.034282 0.166038  0.206 472 alifbiE B
AbARF22  AbARF20 SFERARH]. B 0.017794 0.086702  0.205233 alifb i B
AbARF24  AbARF32 SFERAEH . F BRI 0.274153 2.269381  0.120 805 alifb ik FE
AbARF24  AbARF29 SIERALEH . F BRI 0.028023 0.091197 0.307 281 alifb ikt
AbARF22  AbARF21 SIERALEH . F BRI 0.020174 0.080630  0.250 202 alifb ikt
AbARF27  AbARF32 SFEFAE R FBAEE S 0.257512 1960176  0.131372 alifb ikt
AbARF20  AbARF21 SFERARH]. B 0.025592 0.097889  0.261 436 alifb i B
AbARF27  AbARF29 SFRFAE R FBAEEH 0.047201 0.149730 0.315242 alifb
AbARF32  AbARF29 ERRNHATH .. FEBEHEEH 0.271992 1.834682  0.148 250 gk
AbARF26  AbARF23 EFERNHAEH. HBEEH 0.020710 0.071596  0.289 260 alith ik
AbARF26  AbARF28 EFERNAEH. HBEEH 0.031008 0.132254  0.234 457 alith ik
AbARF23  AbARF28 ERRNHAGH .. F B 0.029048 0.133306  0.217 903 alifh e FE
AbARF36  AbARF37 EFERNAEH]. HBEEH 0.160796 0.624668  0.257 410 alith ik
AbARF36  AbARF38 EFERNAEH]. HBEEH 0.159857 0.637677  0.250 686 alith ik
AbARF36  AbARF39 ERRNHATH .. FEBEHEEH 0.036405 0.135483  0.268 708 alifh e FE
AbARF36  AbARF40 ERRNHATH .. FEBEHEEH 0.164 140  0.609 120  0.269 470 alifh e FE
AbARF3 AbARFS8 SFERARH]. B H 0.107082 0.647165 0.165 463 alith ik
AbARF3 AbARF5 ERRNHAGH .. F B 0.034444 0.128093  0.268 900 alifh e FE
AbARF35  AbARF39 ERRNHAGH .. F B 0.287934 2.875177  0.100 145 alifbik$t
AbARF35  AbARF34 EFERNAEH. FBEEH 0.018035 0.096 657  0.186 588 alith ik
AbARF35  AbARF41 EFERNAEH . HBEEH 0.041699 0.121485  0.343 249 alith ik
AbARF35  AbARF40 AFERAE . F B 0.249427 5403669  0.046 159 alifh ¥
AbARF37  AbARF38 AFERAE . F B 0.032659 0.112256  0.290 934 alifh ¥
AbARF37  AbARF39 EFERNHAEH]. FBAEEH 0.159982 0.568931  0.281198 aifh ik
AbARF37  AbARF40 AFERAEH . F B 0.043777 0.134424  0.325663 alifh ¥
AbARF31  AbARF33 AFERAE . F B 0.039345 0.118454 0.332150 alifh ¥
AbARF38  AbARF39 EFERNHAEH]. FBAEEH 0.153182 0.587011  0.260 953 aifh ik
AbARF38  AbARF40 EFERNHAEH]. FBAEEH 0.036428  0.11942  0.305041 aifh ik
AbARF39  AbARF34 AFERAE . F B 0274184 3.168391  0.086 537 alifbik$t
AbARF39  AbARF40 EFERNHAEH]. FBAEEH 0.158472 0.561749  0.282 105 aifh ik
AbARF34  AbARF41 EFERNHAEH]. FBAEEH 0.037203 0.145276  0.256 084 aifh ik
AbARF7 AbARF6 AFERAE . F B 0.023483 0.124438 0.188716 alifh ¥
AbARF8 AbARF6 AFERAE R F B 0.031581 0.149992  0.210554 alifh ¥
AbARF7 AbARF8 EFERNHAEH]. FBAEEH 0.027936 0.151486  0.184 412 aifh ik
AbARF15  AbARF14 EFRRNAEH]. B 0.020381 0.138404  0.147 260 aith ik
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Fig. 8 Collinearity analysis of 4. Belladonna (A) and A. thaliana genes (B)
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Fig. 9 Expression pattern of AbARF genes under low temperature conditions
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