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Abstract: The early response of plant auxin gene family Aux/IAA (auxin/indole-3-acetic acid) and its
interaction with auxin response factor (ARF) are important pattern to regulate plant growth and development. This
work identified 28 Stol4A and 24 StoARF members based on the whole genome data of the medicinal plant Senna
tora L., which were classified into 10 and 8 subfamilies, respectively. Phylogenetic tree and collinearity analysis
showed that S. fora has close evolutionary relationship with the /44 and ARF homologous genes of Glycine max,
Medicago truncatula, and the segment duplication events dominate the expansion of Stol4AA4 and StoARF. Gene
structure analysis showed that the vast majority of Sto/4A4 and StoARF contain characteristic conserved domain.

Transcriptome data showed that Stol4As and StoARFs were expressed in leaves, roots and seeds, some members
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had tissue specific expression. The Stol4A4 and StoARF promoter region most contain functional elements related to

stress response, growth and development, hormone induction and secondary metabolism. In addition, gene

expression analysis showed that many Sto/4AAs and StoARFs can quickly respond to drought and salt stress and

exhibited same expression patterns under both stress condition. The yeast two-hybrid experiment confirmed that

StoARF8 and StoARF10 exhibit varying degrees of interaction with multiple StolAA proteins, respectively. The

above results provide a basis for further biological functional analysis of the Aux/[AA and ARF gene family of S.

tora.

Key words: Senna tora; Aux/IAA; auxin response factor; hormone; protein interaction
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Table 1 Primers used for quantitative real-time PCR (qRT-PCR) in this study. Sto/4A4s: Auxin/indole-3-acetic acid (Aux/IAA4) gene from S.

tora (Sto); StoARFs: Auxin response factor gene (ARF) from Sto

Gene Gene ID Forward primer sequence Reverse primer sequence Size/bp
StolAA1 Sto01g002110 ACTGGATGCTTGCTGGGG TCCAAGCAGCACTCGCAA 150
StolAA2 Sto01g002120 ATTGTTGATGCCGGCGGT GGCCACCCCACAACTTGA 95
StolAA3 Sto01g003090 TGGGATGGCCTCCAATTCG GCAACAACAACACCACGCT 133
StolAA4 St002g036010 GTTAGGCCGACGGAAGGG CGCCGCATACCCAGAGAG 124
StoIAA5 Sto03g064360 GCTAAGCCACCTGCAGCT TCCTCCTCCTGTCTCGCC 126
StoIAA6 Sto03g064380 GCAGCATGGGAGGCATCA AGGGTGCTTGTTGCCACT 89
StolAA7 Sto05g123870 GTCCCCCAGGCCTACTCA TCTCGAGTGCGGCCTTTG 119
StolAA8 St006g204060 GGAGCTCAGCCAACCTCG AGCTGGTGCACTGCCATT 120
StolAA9 St008g232830 GGTTGGCCACCAGTTCGA TTCACAAACGTTGCGCCG 89
StolAA10 St008g235250 CAGCAGCAACCACCCACT AGGCTGCCCCCTACTTGA 142
StolAA11 Sto08g238370 GCTGTGCCTCTTCCTCCC GATCTGCCCCCACGACAG 134
StolA412 Sto08g238390 CCAACCCTCCTGCCAAGG TGGAGCTCCATCCATGCT 149
StolAA413 Sto08g239310 TGAACGGACTGCAGCCAG AGCATCCAGTCTCCCTCCT 144
StolAA14 St008g252470 ACCTCAAAGCCACCGAGC GAAACCCCTCTTGGCCCC 107
StolAA15 St009g281850 GTCCTGTGGTGGGATGGC TCCCAGCAAGCTTGTCCAC 126
StolAA16 St009g282170 TTGGGCTTCCTGGCTGTG AGCCTCTCTTAGATCCAGCCA 117
StolAA17 St009g282820 ATGGTGGTGACGACGGTG TCCCCTCCTCCTCCTCCT 84
StolAA418 St009g282850 CCAAAGCGGGCACGAAAC TCCGATCCCTTTGGTGCG 118
StoIAA19 Sto09g310410 TCCTCTGTGTCCCTCGAAGA TTCCCCTCGGAGAAGCCA 81
StoIAA20 Sto10g348320 GCTACGGCTCGGGTTACC AACCAGCGTCAATGGCGT 140
StolAA21 Sto11g355830 ACTGTGCAACCTGAAGCCT CCAATGCACTGAGTTTGGCA 91
StolAA22 St012g391490 CGATTCGGCCCCTCCTTC ATCCCACCACTCTCGCCT 102
StolAA23 Sto12g391500 GATGCTCCTTCCGCCTCC TCTGCCCCTCCTGAAGCA 106
StolAA24 Sto13g437070 GTGACTCCATGCTCACCGA AGCTGTTACGTTGGCCCC 113
StolA425 Sto13g437970 TTGGATGCTTGTCGGCGA TGCATGGCTCTTGGTGCA 108
StoIAA426 Sto13g438000 GGGATGGCCACCTGTGAG GCACCAGCCATGCTCACT 96
StolAA27 Sto13g440900 ACCATTCTCTTGGGGACGG GGAACATCCCCAACCACGA 104
StolAA28 Sto13g443170 GGATGGCCACCTGTTCGA AGGAGCTCCATCCATGCT 102
StoARF1 St002g025950 GGGGTCAACCAAGGAGGC GCAGCCCTACGGATTCCC 136
StoARF2 St002g051230 GGAGCTGCGTGTTGGAGT GCAGTGGCCAGAACACCA 102
StoARF3 St002g052010 CCACCCTTTCCTGGCAGG CTGGTGCTGCTAACCCCC 146
StoARF4 Sto03g060360 TGGCATGCATGTGCTGGA GCTGCAACTTGCTCGCTG 92
StoARF5 Sto03g087170 CCTGTGCTGGTCCCCTTG ACGCCTCCACCTGCTCTA 87
StoARF6 Sto04g089020 GCGGACCAGCATATGCCT GCTCCGGAACCAACGTCA 124
StoARF7 Sto04g116880 ACAATCCAAGGGCCAGCC CTGCGCACTCCAGACTCC 130
StoARFS8 Sto05g119260 TCAGTACCTCGCAGGGCT CTCTTCGGCTGACCACGG 140
StoARF9 St005g122210 CTGCCGCGTATCCTTCGT AGGTGCATCGGCGGATTC 139
StoARF10 Sto05g157220 ACCGGCTCAAGAAGGGGA GTTGAAGCGGCAACCTGC 141
StoARF11 Sto05g157230 GGGTATCCGGCGAGCAAA GCTATTTGTGGCAGCGGC 115
StoARF12 Sto06g173650 AGGCAGAGCAAGCAGGTG CTGCTCGACCAACAGCCA 82
StoARF13 Sto06g192810 ACGACGTTGAATCGCGGT GTCGACAAGAGGTCCCGC 119
StoARF14 Sto07g215360 AATGGTGGCGGCTTCTCC GACGTCCTTGGCCGAGAC 105
StoARF15 Sto07g215710 GGGCGGCTGAAGACTGTT AAGCAGATGCCGCCTTGG 137
StoARF16 Sto08g237050 CGCCGGCCCTTCTGTTAA AAGGCAGCGACCTGTTCC 84
StoARF17 St008g240730 ACAGAGGAACGCCAAGGC TGAATCCCCCGCAACGAG 83
StoARF18 St008g255920 GGCTGTAACTTCCGCGGT GCTCTCACAGACGAGGCC 99
StoARF19 St008g260200 CTGGGCATCTGGGGCTTC ATTGCCCTGCTCCAGCTG 93
StoARF20 St009g302520 CTGCTGGGACTCGTGTGG TCAACTGGGGTGGCAAGC 117
StoARF21 Sto12g377610 GACGACTGGGTGGAGCAC GGCGAATCCCCACACACA 104
StoARF22 Sto13g414350 GCCCCGATGATCCTCTGC ACATGTCCAATGGCGGCA 144
StoARF23 Sto13g425100 GCTTCGGGTTTGGCTCCT GCTGCTCAAAGTGGCCCT 145
StoARF24 Sto13g430430 CGTGTTGCGGTGGATCCT TGTGGCTGCCCTAACTGC 80

U] Aux/IAA B 51 73 R TP o4k fiE, 5% % 1I-V H i) StoARF3.4.7.8.10.11.19.20.

ARF [ 8 ML 5K i h, 45 K 2 U StoARFs & H1 24 I MD [X 38 5 & 2 & Wk I (Q) L& R (S) Mt &
—ANMEYVRE 5 B3 S5 — A ARF S5 ML M 20 B8 (L), 15 5% T ) StoARF2.5.6.12.13.16.22 1)
B SF DBD. AR F X 3% (MR) IR F A4 MRIZSHE LA MR JRAR (P) &R H AR (G).
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Table 2 Primer sequences used for vector construction for yeast 2 hybrid (Y2H) analysis

Gene Restriction enzyme Primer sequence
StoARF8 EcoR 1 For: TGGCCATGGAGGCCGAATTCATGGCTTTCGTGGAAGACAAGATT
BamH 1 Rev: CGCTGCAGGTCGACGGATCCCTATATGAAGCCACCCGACATGGA
StoARF10 EcoR 1 For: TGGCCATGGAGGCCGAATTCATGAGGCTCTCTTCATCTGGACT
BamH 1 Rev: CGCTGCAGGTCGACGGATCCTCAACTACCAGATTCATGCAATTCA
StolAA2 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGACTCTTGGACTTGAGATC
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTCACTTCGTTTTGCCCTTCAAAGATCC
StolAA5 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGCCGCTTTGGGATTGA
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTTAGCTTCTGCTTTTGCATTTTTC
StolAA8 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGTCTACGCCAGTGTTAGTT
BamH 1 Rev: CAGCTCGAGCTCGATGGATCCTAGCTCCTGCTCTTGGATT
StolAA10 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGGCAAAGGGTCAAGCTC
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTTAGCACCCAAATGCATCTACCC
StolAA13 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGATGGGTTACCAATTGG
BamH 1 Rev: CAGCTCGAGCTCGATGGATCCTACCCCCAAGGTACATCT
StolAA17 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGGGAAGGAAGAATTGGGAG
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTTACTCCCAAGGGACATC
StolAA420 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGAGAAAAGCTCCGATAAGTTTTC
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTTAATTACGACTTTTGCACTT
StolAA21 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGATTCTAACACTTCCAGCTTTG
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTTAGGTGTAGCTAGAAGAACAA
StolAA427 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGGGCAAACCCTCTGCTTC
BamH 1 Rev: CAGCTCGAGCTCGATGGATCCTATACCCTGGTGATCCTTAG
Stol4A28 EcoR 1 For: GCCATGGAGGCCAGTGAATTCATGAGTGGGAAAGATATGAAGG
BamH 1 Rev: CAGCTCGAGCTCGATGGATCTCATATGGCGCAGCCCAATCCTT

Table 3 Analysis of physical and chemical properties of Stol44 gene family. CDS: Coding sequece; pl: Isoelectric point

Protein Gene ID CDS length /bp  Protein length /aa  Molecular mass / kDa pl Subcellular localization
StolAAL Sto01g002110 642 213 23.68 8.44 Cytoplasmic
StolAA2 Sto01g002120 567 188 20.88 7.62 Nuclear
StolAA3 Sto01g003090 747 248 27.10 6.97 Nuclear
StolAA4 St002g036010 558 185 19.78 10.00 Cytoplasmic
StolAAS Sto03g064360 624 207 22.88 8.82 Cytoplasmic
StolAA6 Sto03g064380 711 236 26.50 6.54 Cytoplasmic
StolAA7 Sto05g123870 1071 356 38.61 7.15 Cytoplasmic
StolAAS8 Sto06g204060 1 068 355 38.24 7.61 Nuclear
StolAA9 Sto08g232830 717 238 26.17 8.63 Cytoplasmic
StolAA10 Sto08g235250 528 175 19.20 5.69 Chloroplast
StolAA11 Sto08g238370 711 236 26.35 6.51 Chloroplast
StolAA12 Sto08g238390 732 243 26.97 8.52 Nuclear
StolAA13 Sto08g239310 258 85 9.39 4.88 Nuclear
StolAA14 Sto08g252470 729 242 26.36 8.62 Nuclear
StolAAI1S Sto09g281850 912 303 33.25 6.02 Nuclear
StolAA16 St009g282170 831 276 30.70 5.91 Nuclear
StolAA17 St009g282820 492 163 18.56 4.81 Nuclear
StolAA18 St009g282850 588 195 21.56 8.70 Cytoplasmic
StolAA19 Sto09g310410 1032 343 38.09 6.47 Nuclear
StolAA20 Sto10g348320 828 275 29.88 8.22 Chloroplast
StolAA21 Sto11g355830 654 217 24.83 5.74 Nuclear
StolAA22 Sto12g391490 603 200 22.08 5.36 Nuclear
StolAA23 Sto12g391500 945 314 34.91 4.96 Nuclear
StolAA24 Sto13g437070 771 256 27.89 6.01 Nuclear
StolAA25 Sto13g437970 399 132 14.74 7.65 Chloroplast
StolAA26 Sto13g438000 570 189 21.26 5.42 Chloroplast
StolAA27 Sto13g440900 429 142 15.72 6.21 Chloroplast
StolAA28 Sto13g443170 588 195 22.00 5.24 Chloroplast

MAGE KRB WA LR, BT 8ONRER P 2K VI
LLAb, StoARFs 5 StolAAs KL, ERG KB R EZ LS

MtARFs fl GmARFs B &£ T .

3 HELEHE motif 94
StolAAs F1 StoARFs [AMNE T/ & T o0 A 4t R B R,
B 7 StoIAA13 F1 StolAA17 R&H 14NN & T4, HAth
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Table 4 Analysis of physical and chemical properties of StoARF gene family

Protein Gene ID CDS length / bp Protein length / aa Molecular mass / kDa pl Subcellular localization
StARF1 St002g025950 1992 663 72.48 6.33 Nuclear
StARF2 St002g051230 2991 996 112.02 8.1 Plasma membrane
StARF3 St002g052010 3072 1023 114.51 7.96 Nuclear
StARF4 Sto03g060360 3297 1098 122.46 6.02 Nuclear
StARF5 Sto03g087170 2598 865 96.38 6.22 Nuclear
StARF6 Sto04g089020 2 694 897 99.46 6.32 Nuclear
StARF7 Sto04g116880 4104 1367 152.80 6.2 Nuclear
StARFS Sto05g119260 2805 934 103.22 5.23 Nuclear
StARF9 Sto05g122210 1920 639 71.13 8.69 Chloroplast
StARF10 Sto05g157220 750 249 27.69 6.19 Chloroplast
StARF11 Sto05g157230 2166 721 79.47 6.32 Nuclear
StARF12 Sto06g173650 2118 705 78.73 5.78 Nuclear
StARF13 Sto06g192810 2493 830 92.89 5.77 Nuclear
StARF14 Sto07g215360 2025 674 75.72 8.58 Nuclear
StARF15 Sto07g215710 2409 802 88.52 6.59 Nuclear
StARF16 Sto08g237050 2226 741 82.31 6.2 Nuclear
StARF17 Sto08g240730 2028 675 74.04 6.85 Nuclear
StARF18 St008g255920 1821 606 66.74 6.74 Nuclear
StARF19 St008g260200 3207 1068 117.49 6.07 Nuclear
StARF20 St009g302520 2547 848 94.61 6.06 Nuclear
StARF21 Sto12g377610 2019 672 74.22 6.94 Nuclear
StARF22 Sto13g414350 1857 618 68.91 5.87 Nuclear
StARF23 Sto13g425100 2016 671 73.84 7.29 Nuclear
StARF24 Sto13g430430 2670 889 98.82 5.87 Nuclear

v

A

Figure 1 Phylogenetic analyses of IAA (A) and ARF (B) proteins among S. fora (Sto), A. thaliana (At), M. truncatula (Mt) and G. max

(Gm)
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Figure 2 Segmental duplication analysis of Aux/IAA and ARF
genes in Sto. Pink curves represent the Sto/4A gene pairs; green

curves represent StoARF gene pairs
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Figure 3 Synteny analysis of /44 (A) and ARF (B) gene families of Sto and At, Mt and Gm. The green, yellow, red and blue rectangles

represent the chromosomes of A. thaliana, M. truncatula, G. max and S. tora, respectively; the green, yellow and red curves represent the

collinear gene pairs between 4. thaliana, M. truncatula and G. max with S. tora respectively
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Figure 5 Heatmap of Stol4As (A) and StoARFs (B) expression in different tissues and development stages
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