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Identification of the Sunflower ARF Gene Family and Prediction
Analysis of its Function in Flower Development
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Abstract: Auxin response factors (ARFs) are a family of transcription factors that play an important role in
flower development through responding to auxin signaling. However, their importance in flower development
remains elucidated in sunflower. In this study, 39 ARF family members were identified in sunflower through
transcriptome data analysis, and they were categorized into five subfamilies. These members shared similar gene
structures, conserved domains and functional motifs. The tissue specific expression pattern analysis showed that
20 ARFs are likely involved in flower development regulation. Through analyzing the transcriptional profiles at
various stages during flower development between WT, and the cbl (crazy broccoli 1) mutant, which exhibits
defects in meristem determinacy and floral organ differentiation, five ARF genes (gene33195, gene34899,
gene58924, gene2145 and genel6681) showed significant expression changes during flower development. These
genes were found to be highly expressed from St2 to St4 in WT but barely expressed in later stages. Their
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expression was up-regulated in c¢h/ mutant, corresponding to the peak level at early stages of flower

development in WT. Another ARF gene, gene70445 presented higher expressing levels during whole flower

development in ¢b! mutants than WT plants. We also found that the promoter regions of these six ARF genes
contained cis-acting elements recognized by AP2/ERF, MIKC MADS and LFY, suggesting that they might be
regulated by AP2/ERF, MIKC MADS and LFY family genes during meristem transformation and floral

organogenesis. The obtained results could provide important clue for further exploring the biological function and

molecular regulatory mechanisms of ARF genes in flower development of sunflower, becoming valuable in

future sunflower varieties breeding.

Key words: sunflower (Helianthus annuus L.) ; ARF gene family; bioinformatics; flower development;

expression analysis
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Table 1 RT-qPCR primers of ARF genes for expression analysis in sunflower

SEH IER G975 (5-3") F 51751 (5'-3")
Gene Forward primer sequences(5'-3") Reverse primer sequences(5'-3")
gene64257 TCTGACTACCGGGTGGAGTA AGCGCGTCTAATTCCAACAC
gene68557 GCGCTCGGGTGATCTATTTC GGGCATGTGAGCTTCGATTT
gene68106 AACCTCCGGCCCAAGAATTA CAGCCCGTTGTGAGAAGATG
genel6614 CCTTGGCCGGAGTTTGTAAG CTCAAGCGAACCCACTGATG
gened7563 CAAGTCAACGGTCAACAGCA ACACTTGATTGCGGCTTTGT
gene49293 TCTTTCTGCACTCGGGATGT CCAATGGATACCACCACCCT
gene70445 CGGTTTCTTCGGTTCATGCT GGCTTACTCGCTTCACGTTT
gene9534 ACCTTCAACAACAGCAGCAG GTGGCAACAGGTTGTTCTGT
gene34899 AAAGCCATCGGTGGATGTTG TTGCATGGCTGTTGCTTCTT
gene23770 GAGGATTCCAAGTGGCGTTC TTTCGGTGCAACTGGTTGAG
gene58924 TGAATGCCTACCTCCCTTGG AGCAAATGCCTTCTGGGTTG
genel 6681 CATGCTTGTGCTGGACCTTT ACTAAACTCGCCAGAACCCA
gene5350 CTATGCAACATCGCGTGCTA CCACGACCTCATCATAGGCT
gene2145 ACAAATTCTCGCTGGGAACG ACACCATCCCACTTTACCGT
gene33195 GCTAGCCTTGTTGATTCGCA CGATAGACCTCCCAACCGAA
gene64801 TTGACGACCGGTTGGAGTAA CCGACACAAAGATCGCCATT
gene75869 CACAAATAGAGGGCGGTTGG CTCGTACCGCTAACTGGACT
gene56407 AACCTTGACGCAATCTGACG GTTTGAACCGGAGGATCTGC
gene68026 ATAGAGGACAGCCTCGGAGA TTCGGATGCCCAACCTTAGT
genel4118 CCTCGTCCAGAGAGAGTGTC ACCGGAAGCGGATTTATTGC
HaeF14 AGCCCAAGAGACCCTCAGACAAG CCCTGATGGTCCGAAGGTAACAA

®2 MBZEARFREEEERER

Table 2 Basic information of ARF family genes in sunflower

SRS

S SR 1D BRI (a2) 4y (kDa) syt ¢ AL AE oL ok E P,
Gene Gene ID Protein length MOle_Cular SubCf:llu.lar GRAVY Conserved domain
weight localization
gene31334 LOC110872732 369 41.34 591 4% -0.491 B3.Auxin_resp
gene64801 LOC110904658 630 70.24 6.27 2% -0.364 B3 .Auxin_resp
gene31333 LOC110872731 407 4527 8.36 A% -0.408 B3 . Auxin_resp
gene30880 LOC110872467 622 70.01 6.39 A% -0.452 B3 . Auxin_resp
gene64257 LOC110904291 643 71.15 6.27 A% -0.401 B3.Auxin_resp
gene56407 LOC110900998 636 70.87 5.62 4% -0.257 B3 . Auxin_resp
gene70410 LOC110913015 655 72.05 6.79 A% -0.390 B3 .Auxin_resp
gene20979 LOC110941009 667 73.85 5.46 AL A% -0.377 B3.Auxin_resp . Aux_IAA
gene70445 LOC110913044 503 56.12 5.97 LA -0.413 B3 .Auxin_resp
gene7473 LOC110924766 657 72.45 6.79 4% -0.506 B3.Auxin_resp.Aux_IAA
gene33195 LOC110873708 862 95.68 5.38 2 A% -0.508 B3, Auxin_resp./Aux_IAA
gene2l45 LOC110870922 573 63.97 8.76 A A% -0.419 B3 . Auxin_resp
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Gene Gene ID Protein length Mole.cular PI Subcgllu-lar GRAVY Conserved domain
weight localization

gene35115 LOC110877733 539 59.64 6.18 A HfIA% -0.446 B3.Auxin_resp
gene27221 LOC110867964 626 70.26 6.38 4% -0.541 B3.Auxin_resp.Aux_IAA
gene64296 LOC110904319 757 84.08 6.10 2 % -0.470 B3.Auxin_resp.Aux _IAA
gene68026 LOC110911772 604 67.38 7.20 i A% -0.469 B3 .Auxin_resp
gene57466 LOC110898684 759 83.77 6.17 A LA -0.472 B3 .Auxin_resp
gene23770 LOC110864445 633 70.71 6.14 A% -0.504 B3.Auxin_resp.Aux_IAA
gene21961 LOC110941533 808 90.36 6.27 2 % -0.600 B3.Auxin_resp.Aux [IAA
gene5350 LOC110913846 270 30.94 9.21 gl 1ok 23 -0.525 B3 . Auxin_resp
gene58924 LOC110899475 647 72.87 5.54 A A% -0.452 B3.Auxin_resp.Aux_IAA
gene68106 LOC110911810 843 93.28 5.95 g1l 1ok 23 -0.428 B3 .Auxin_resp.Aux IAA
genel 6614 LOC110937214 840 92.83 6.16 4 A% -0.403 B3.Auxin_resp
gene60964 LOC110908143 783 85.83 6.49 2 A% -0.496 B3 . Auxin_resp
gene77736 LOC110921231 809 90.56 6.09 2 A% -0.595 B3 .Auxin_resp .Aux IAA
genel 6681 LOC110937249 566 63.13 8.09 A% -0.480 B3 .Auxin_resp
gene75869 LOC110925580 654 72.71 6.22 4 A% -0.641 B3.Auxin_resp.Aux_IAA
genel4118 LOC110935887 801 89.10 5.92 A% -0.606 B3 .Auxin_resp.Aux_IAA
gened811 LOC110911065 774 86.62 6.21 2 A% -0.590 B3 .Auxin_resp.Aux TAA
gene68557 LOC110912077 805 90.15 5.95 A% -0.466 B3 .Auxin_resp . Aux_IAA
gened4140 LOC110886230 1014 112.10 5.72 4 A% -0.481 B3.Auxin_resp.Aux_IAA
gened7563 LOC110890145 777 87.34 5.84 2t % -0.515 B3.Auxin_resp.Aux IAA
gened9293 LOC110891065 644 72.39 5.71 i A% -0.507 B3, Auxin_resp.Aux TAA
gene63042 LOC110909189 851 95.07 5.77 2 A% -0.526 B3 .Auxin_resp .Aux_IAA
gene34899 LOC110877618 970 107.52 5.93 A% -0.564 B3.Auxin_resp.Aux_IAA
gene75575 LOC110915653 775 86.70 5.98 4 A% -0.464 B3.Auxin_resp.Aux_IAA
gene9534 LOC110929007 968 107.38 6.33 2t % -0.534 B3, Auxin_resp.Aux_IAA
gene50913 LOC110894082 1096 122.74 6.05 2 A% -0.657 B3 .Auxin_resp . Aux_IAA
gene8442 LOC110928437 1052 118.35 6.53 El1)i 1ok 3 -0.679 B3.Auxin_resp.Aux IAA

GRAVY : Grand average of hydro pathicity
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Fig.1 Phylogenetic analysis of ARF proteins in sunflower and Arabidopsis thaliana
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