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Abstract

Background and objectives:

Auxin response transcription factors (ARFs) are involved in auxin-mediated responses and play a key role in
regulating the growth and development of plant nutrition, such as roots, stems, leaves, and reproductive
organs, such as flowers and fruits. A genome-wide analysis of ARFs can improve the understanding of their
regulatory role in the growth and development of our knowledge. Although the ARF gene family has been
studied in some plant species, its structural features, molecular evolution, and expression profiling
in Echium plantagineum are still unknown. This study aims to better understand distinctive structural and
functional features among ARF proteins in E. plantagineum.

Methodology:

In this study, a comprehensive genome-wide analysis was carried outto find All members of the ARF
family in E. plantagineum based on two methods: 1) Hidden Markov Model (HMM) profiles of ARF gene
family members and 2) Alignment with Arabidopsis (Arabidopsis thaliana) ARF genes sequence. ARF
proteins were performed. The conserved motifs of ARF genes were identified, the chromosomal map and
location of ARF genes were analyzed using a map chart, phylogenetic relationships using FastTree, and their
protein characteristics were analyzed using the Expasy-ProtParam online server. To investigate the
phylogenetic relationships of E. plantagineum ARF proteins, a phylogenetic tree was drawn using the
alignment of E. plantagineum protein sequences.

Functional annotation and Gene Ontology classification were determined using the g: Profiler web server.
The integrated network was predicted to identify co-expressed genes using the GeneMANIA web server.
Results:

Based on genome-wide analysis, 28 ARF genes were identified, widely distributed in multiple chromosomes
of E. plantagineum. These genes have a transcription regulatory activity, and depending on the nature of the
sequence, they have an activating or repressing role. Subcellular location prediction showed that the ARF
proteins are most present in the nucleus. Phylogenetic analysis of the 28 ARF proteins forms
ten main classes; each class is specialized in function and provides insights into different orthologous
relationships. The present study identifies the ARF gene family of E. plantagineum and its evolutionary
relationship with the members of this family in Arabidopsis species. This issue can help identify ARF genes
and reveal their function. Analysis of conserved motifs and domain search in ARF protein sequences showed
that ARF proteins have DNA binding domains such as B3 and Auxin_resp domain in their structure.
Chromosomal localization analysis showed that ARF members are widely distributed in chromosomes. The
analysis of gene ontology terms (GO terms) in the biological process category showed that cellular process
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regulation, metabolic process regulation, stimulus-response, signaling, and biological regulation are the most
significant GO terms.

Conclusion:

The results of this study provide a basis for identifying ARF genes and clarifying their function in
E. plantagineum, which will be helpful for future research to discover and confirm the function of these
genes.
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Table 1- Characteristics of primers used in gRT-PCR analysis.

Primer name* Forward primer (3’ to 5°)

Reverse primer(3’ to 57)

ARF2.3 GCGAGTGAGCAAGAGAATCAA
ARF4 TGTCAAGTGTACCACCAGTCA
ARF5 CGTGTGAGGTGAAGCAGATG
ARF8.2 TTGCTCAGATGTTCGGACTTG
ARF16.2 CTGTAGATGTGCCTGAACTTCC
eEF AAGCCAATGGTCGTGGAGAC

GAGAGCAGTTCATCGTAGTTGT
TCTACCATCAGGCATCTCCATT
CCAGGTTAGGAGTGAGCAATG
ATCGTCGCCAAGAAGAAGAAC
ACTTCCTTCGCCAAGACCTTA
GCAGCAGCCTTAGTCACCTT

* Fragments per Kilobase of Transcript per Million Mapped Reads
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Table 2. Characterization of ARF gene family in Echium plantagineum

Gene Query Sequence Blasted E?ltg;tq MV(\)IIeei(;lﬁ? " Isoelectric Cell Location

Name Sequence (AA) (kDa) Point (pl)

ARF1.1 DN27272_c0_gl_il AT1G59750.3 811 90809 5.2043 nucl: 12, cyto: 1, cysk: 1
ARF1.2 DN23636_c0_g1_il AT1G59750.4 665 74289.8 6.295 nucl: 11, chlo: 1, cyto: 1, vacu: 1
ARF2.1 DN28688_c0_gl1_i23  AT5G62000.3 833 92564 6.344 nucl: 14

ARF22  DN31239 c0 gl il  AT5G62000.3 1634
ARF23  DN27550 c0 gl i3  AT5G62000.3 835
ARF24  DN28688 cO gl il  AT5G62000.3 845
ARF4 DN27567 c0 g2 il AT5G60450.1 846
ARF5 DN27820 c7 gl i2  ATIG19850.1 1062
ARF6.1  DN28238 c3 g7 il  AT1G30330.1 929
ARF62  DN29500 c2 g2 i2  AT1G30330.1 1432
ARF63  DN28238 c3 g6 il  AT1G30330.1 830
ARF81  DN29249 cl g6 il  AT5G37020.1 670
ARF82  DN31321 c0 g3 i6  AT5G37020.2 901
ARF83  DN31321 c0 g3 i4  AT5G37020.2 903
ARF84  DN30736 c2 g2 i3  AT5G37020.1 845
ARF85  DN30736 c2 gl i6  AT5G37020.1 837
ARF86  DN30736 c2 g5 il  AT5G37020.1 741
ARF9 DN25788 cl g2 i2 ~ ATAG23980.1 1340
ARF9.1  DN25663 cl g2 i9  AT4G23980.1 629
ARF9.2  DN30148 c0 gl il  AT4G23980.2 698
ARF9.3  DN28141 cl gl il  ATA4G23980.1 696
ARF15 DN30424 c0 gl il  AT1G35520.1 596
ARF16.1  DN27633 c0 gl il  AT4G30080.1 698
ARF162  DN29889 cl gl il  ATA4G30080.1 741
ARF19.1  DN30945 c0 gl il  AT1G192201 1105
ARF192  DN28391 c0 gl il  AT1G192201 1078

ARF19.3  DN37168 c0 gl il ~ AT1G192201 1437
ARF194  DN23028 ¢0 gl i7  AT1G19220.1 643

182137 7.4965 cyto: 8, nucl: 5, chlo: 1

93446.7 6.4393 nucl; 14

94280.8 6.5516 nucl: 13, vacu: 1

93703.7 6.9828 nucl: 4, mito: 4, chlo: 3, cysk: 2, cyto: 1
117688 5.9219 nucl: 14

103160 6.2718 nucl: 10, chlo: 3, E.R.: 1

156459 6.3042 nucl: 9, cysk: 3, cyto: 2

91717.1 6.6501 nucl: 9, chlo: 3, plas: 1, ER.: 1
74347.5 6.2022 nucl: 9, chlo: 3, cyto: 1, cysk: 1
98922.6 6.3734 nucl: 8, cyto: 4, chlo: 1, vacu: 1
99149.8 6.4422 nucl: 9, cyto: 4, vacu: 1

94574.2 6.4774 nucl: 12, cyto: 1, cysk: 1

93094.5 6.4822 nucl: 14

82654.7 6.6399 nucl: 12, chlo: 1, vacu: 1

147041 7.1246 nucl: 11, chlo: 1, plas: 1, cysk: 1
70395.6 6.3745 nucl: 9, chlo: 2, mito: 1, E.R.: 1, pero: 1
77673.4 6.7352 nucl: 12, chlo: 1, pero: 1

77524 6.9435 nucl: 13, vacu: 1

67670 7.2508 cyto: 8, nucl: 4, chlo: 2
76989.4 7.2277 nucl: 13, plas: 1
81025.8 8.176 nucl: 10, chlo: 3, pero: 1
122172 6.587 nucl: 13, cysk: 1

120204 6.6282 nucl: 10, cyto: 2, vacu: 1, cysk: 1

vacu: 4, chlo: 3, nucl: 2, plas: 2, mito: 1,
157167 6.8146 extr: 1, ER.: 1
72395.5 8.6169 nucl: 12, cyto: 2

chlo; chloroplast, cysk; cytoskeleton, cyto; cytoplasm, extr; extracellular, E.R; endoplasmic reticulum, mito; mitochondria, nucl;
nucleus, pero; peroxide, plas; plasma membrane, vacu; vacuole.
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Figure 1. Chromosomal distribution map of ARF genes in Echium plantagineum.
The chromosome numbers are shown at the top of each bar while the size of a chromosome is indicated by its relative length. The
unit of the left scale is Mb, and the short line indicates the approximate position of the ARF gene on the corresponding chromosome.
Rectangles show susceptible regions prone to segmental duplication.
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Figure 2. Phylogenetic tree of ARF family proteins in Echium plantagineum.
Alignment of protein sequences was carried out using ClustalW and the phylogenetic tree was produced using the FastTree with
default parameters. Bootstrap values are shown on the internal node. Conserved motif distribution of the E. plantagineum ARF gene
family was investigated using the MEME web. Different motifs were shown in different colors.
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Figure 3. Phylogenetic tree of ARF family proteins in Echium plantagineum, Salvia and Arabidopsis.
Alignment of protein sequences was carried out using ClustalW and the phylogenetic tree was produced using the FastTree with
default parameters. Bootstrap values are shown on the internal nodes.
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Figure 4. LOGO of protein motif. LOGOS are a visualization tool for motifs.
The height of a letter indicates its relative frequency at the given position (x-axis) in the motif.
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Figure 5. The scatterplot of GO category enrichment analysis of genes related to Echium plantagineum ARF proteins. Circles
depicted by filled color show significantly enriched GO terms with 10g10 p-value <0.05. The color of the bubbles shows the P-value
and the size of the bubbles shows the frequency of the GO term in the underlying GOA database.
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Figure 6. Heat map of ARF gene expression within leaf, flower and root. The tissue samples from the right of the figure are named
flower tissue number 1, leaf tissue number 2 and root tissue number 3, and the names of the genes are shown in the bottom figure.
Gene expression values are color-coded, ranging from bright red (low expression levels) to bright green (high expression levels).
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Figure 7. The expression of EpDARF genes in response to treatment with 20 pM 1AA solution for 0.5, 1 and 3 h. Control, the untreated
leaves of E. plantagineum,
* and **= significant at 0.05 and 0.01 probability levels, respectively.
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