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Abstract: [Objective] Auxin response factor (ARF) is an essential plant-specific transcription factor
(TF) which can identify and combine the auxin response elements. It participates in auxin signal trans-
duction and regulates the auxin responses. Generally, the majority of ARF proteins consist of three typi-
cal conserved domains: a DNA binding domain (DBD) in the N terminal region, a middle region (MD)
and a C-terminal dimerization domain (CTD). Pomegranate (Punica granatum) is widely cultivated as a
functional and emerging fruit tree. Although there is an increasing trend for pomegranate market and
cultivated area, there is still a gap in the understanding of its growth and development regulation. ARF
transcription factor genes are the central element mediating plant development. Hence, we performed
the genome-wide analysis of ARF transcription factor gene family in pomegranate to provide sequence
resource for further functional verifications. [Methods] In order to identify ARF gene family genome-
wide, the pomegranate genomic and transcriptomic data were downloaded from NCBI. HMMER v3.1
software was used to blast the putative ARF candidate genes in pomegranate genome with the HMM
profile of the Auxin_resp domain (PF06507) as a query. After identification of the conserved domains,
the invalid and redundant sequences were deleted. The ARF protein sequences of Arabidopsis thaliana

and Eucalyptus grandis were obtained from TAIR database and Plant Transcription Factor Database
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(PlantTFDB), respectively. This estimation of the pomegranate ARF protein sequence was analyzed us-
ing the Protparam software. The molecular weight, theoretical pl, instability index and grand average of
hydropathicity were estimated. The positions and numbers of introns and exons of the PgARF genes
were detected using the Gene Structure Display Server (GSDS v2.0). Phylogenetic analysis was per-
formed by MEGA v7.0 program with the neighbor-joining (NJ) method and 1 000 bootstrap replicates.
The conserved motifs and domains of the PgARF protein sequences were predicted by the Multiple Em
for Motif Elicitation (MEME) and Prosite software, respectively. DNAMAN v8.0 was used for multiple
sequence alignments in pomegranate ARF proteins. The protein secondary structure and tertiary struc-
ture of the pomegranate ARF proteins were analyzed by SSPro v4.0 and SWISS-MODEL. To elucidate
the tissue-specific expression pattern of PgARF genes, the Kallisto tool was employed to quantify the
ARF gene expression levels with the pomegranate RNA-Seq data.[Results] A total of 19 putative ARF
candidate genes were identified in pomegranate genome. This estimation of the pomegranate ARF pro-
teins indicated that their molecular weight ranged from 61.59 to 124.23 ku with a pls ranging from 5.35
to 8.86, and all of them were labile and hydrophobic proteins. A NJ phylogenetic tree was constructed
using the ARF proteins of pomegranate, A. thaliana and E. grandis, and clustered ARFs into four class-
es (Class I, II, III and IV). The structure analysis of the pomegranate ARF genes indicated that the in-
tron number varied from 1 to 13 and the exon number varied from 2 to 14. Integrated phylogenetic and
gene structure analyses deciphered that the exons have been split due to the recent intron insertion. Phy-
logenetic analyses showed an ARF gene number ratio (1:1:1) for A. thaliana versus E. grandis versus
pomegranate except for the A. thaliana-lineage-specific clade in Class III. It was inferred to be related
with the paleohexaploidy event. Similarly, a ratio (1:2:2) for A. thaliana versus E. grandis versus pome-
granate was found in several groups of Clades III and IV. It was inferred to be related with the paleotet-
raploidy event. Hence, the paleohexaploidy and paleotetraploidy events in pomegranate genome contrib-
uted to the expansion of the PgARF gene. The phylogenetic and genomic location analyses indicated a
tandem duplication of PgARFI6a and PgARFI16b. Motif and sequence alignment analyses suggested
that the B3, Auxin_resp and Aux/IAA domain of the PgARF proteins were highly conserved. The motif
4 and motif 5 belonged to the B3 domain; motif 7 and motif 8 belonged to the Auxin_resp domain; mo-
tif 11 and motif 12 belonged to Aux/IAA domain. The secondary and tertiary structure analysis showed
that the helixes were the major part of the ARF protein. The roles of PgARF in the development of
pomegranate leaves and flower tissues were inferred from the homologous genes AtARF in A. thaliana.
The RNA-Seq expression profile suggested that most of the PgARF genes were highly expressed in
root, leaf, flower, floral bud, fruit, inner seed coat, outer seed coat and peel. PgARF4b was lowly ex-
pressed in the inner seed coat, and PgARF5 highly expressed in the outer seed coat. These results sug-
gested tissue-specific expression patterns of ARF family genes. Compared with the other ARF genes,
PgARF3a had a very weak expression. This might be related to the pseudogenization of PgARF3a re-
sulting in the gene inactivation. Conversely, distinct results were found in PgARF24 which were highly
expressed in all tissues. It inferred to be related with the neofunctionalization.[Conclusion] The integra-
tion of the gene structure, phylogentic, evolutionary and expression analyses provided a genome-wide
trait and expression pattern of ARF in pomegranate. The results provide a reference for further function
verifications and auxin signal transduction pathway regulation of PgARF genes.
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Table 1 RNA-Seq data of pomegranate
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Accession No Pomegranate Sample type Library Data Platform Reference Note
" cultivars size/Gb
SRR5279396 K%+ i Root KA i 6.5 Illumina HiSeq 4000  [30] -
Babenzi Paired end
SRR5279397 KT " Leaf KA ity 6.8 Illumina HiSeq 4000  [30] -
Babenzi Paired end
SRR5279395 K%+ 1t Flower UK i 6.8 Illumina HiSeq 4000  [30] MESETT H 1
Babenzi Paired end Female-fertile flowers
SRR5446599 REHTHFF 162 R ity 6.4 Illumina HiSeq 2500  [46] HESS I H 1
Tunisia Flower bud (13.1~25.0 mm)  Paired end Female sterility flowers
SRR6024695 Wonderful AR 7 A St 6.4 Ilumina HiSeq 2000  [32] -
Mature pericarp Paired end
SRR5678820 RJEHiHFF  #Hr 50 d )5 mI 4 Bz KUK i 7.3 Illumina HiSeq 4000  [30] -
Tunisia Outer seed coat (50 days Paired end
after pollination)
SRR5279388 K4+ BKY 50 dJa i P KU i 9.3 Illumina HiSeq 2000  [30] -
Dabenzi Inner seed coat (50 days Paired end
after pollination)
SRR1054190 Black127 MR AL SRR A FAL K Ui 1.2 454 GS FLX Titanium [33] -
Mixed samples of root, Single end
leaf, flower and fruit
SRR5279394 KT B 50 dJE RIS K UK i 8.2 Illumina HiSeq 2000  [30] -
Dabenzi Pericarp (50 days after Paired end
pollination)
SRR5279393 KT B 95 dJE I3 KA ity 7.5 Illumina HiSeq 2000  [30] -
Dabenzi Pericarp (95 days after Paired end
pollination)
SRR5279392 K41 B 140 dJR R KA ity 7.3 Illumina HiSeq 2000  [30] -
Dabenzi Pericarp (140 days after Paired end
pollination)

ZHEEE PN GE S S R S
2 iR

2.1 AWBARFERZRIEMZWEERFINDH
M Pfam £ 45 22 A R 2 ARF 3 K 5K 10 41 B
Xt SCAE (PF06507) , 8 bb ok S 44 3% 4 i XS, i Se-

lectHMM (https://github.com/Redpome/SelectHMM)
it 1260 K B A R S A IR A MR R 8 T E-
value< 107 — 3L LR 20 v %558 AT RE ) 21 A
i ARF J X 5Kk ok & & B3, (2 3L g 2 A4
(CDL15 _Pgr010921 A1 CDL15_Pgr016635) KA A
ARF 1R 57 55 K 3 B 45 1)y 1) A e B B 25, DR G A



F1

B, 55 FOR ARF 3 DR 50 4 8 SRk oy #

47

22 5558 19 AN AT RE IO A M ARF 2 R SR R 02 .
A M ARF 2 [N 53 1 il 53 5 158 AR P S0 e 77 14T )
PREEXS 3 H e » TR T P LR R PR T, 4% 1

e DT TE ) 45 SR X A 1 ARF 2[R 52 ik g 3 i3k AT HE
Jrdnd, I WK 2.
It BExPASy 7E 28 T H , X 5 1 ARF 2 [R5 %

T2 A ARF EREAZFREWEKRER

Table 2 The basic information of ARF gene family in pomegranate
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name No. length/aa weight/ku pl index Accesion No. Gene Name
PgARF1 ~ CDLI15_Pgr003477 14 673 74.96 6.44 5578 -0.497 B3,ARF,Aux/IAA At1G59750.1 AtARFI 0
PgARF2  CDLI5_Pgr024559 13 814 90.83 6.07 63.24 -0.533  B3,ARF,Aux/IAA  At5G62000.1 AtARF2 0
PgARF3a CDLI15 Pgr002591 9 556 61.84 84 4344 -0.380  B3,ARF At2G33860.1 AtARF3 5.75e-153
PgARF3b CDLI15_Pgr016800 10 690 75.61 6.77 50.29 -0.457 B3,ARF At2G33860.1 AtARF3 2e-101
PgARF4a CDLI15_Pgr025066 12 756 83.93 6.23  56.67 -0.435 B3,ARF,Aux/IAA At5G60450.1 AtARF4 0
PgARF4b CDLI15_Pgr028163 12 756 82.74 5.59 64.66 -0.394  B3,ARF At5G60450.1 AtARF4 0
PgARF5  CDLI15_Pgr006935 14 906 99.69 5.35 5737 -0.381 B3,ARF,Aux/IAA Atl1G19850.1 AtARFS5 0
PgARF6a CDLI15_Pgr006106 14 882 97.09 6.03 66.79 -0.386  B3,ARF,Aux/IAA  At1G30330.1 AtARF6 0
PgARF6b CDLI15_Pgr001366 14 966 107.09 6.35 74.57 -0.526  B3,ARF,Aux/IAA At1G30330.1 AtARF6 0
PgARF6c CDLI15_Pgr002968 14 868 96.37 6.18 61.72 -0.452  B3,ARF,Aux/IAA  At1G30330.1 AtARF6 0
PgARF9a CDLI15_Pgr018027 14 678 76.00 5.85 56.03 -0.524  B3,ARF,Aux/IAA At4G23980.1 AtARF9 0
PgARF9h CDLI15_Pgr027988 13 677 75.87 6.24 5884 -0.540  B3,ARF,Aux/IAA  At4G23980.1 AtARF9 0
PgARF10 CDLI15_Pgr025089 4 682 74.71 8.86 52.71 -0.288  B3,ARF At2G28350.1 AtARFI10 0
PgARFI16a CDL15_Pgr025561 3 690 75.78 8.45 45.11 -0.441 B3,ARF At4G30080.1 AtARFI6 0
PgARF16b CDL15_Pgr026045 3 676 74.46 6.77 52.99 -0.439 B3,ARF At4G30080.1 AtARFI6 0
PgARFI17 CDLI15_Pgr006519 2 568 61.59 571 56.20 -0.235  B3,ARF At1G77850.1 AtARFI17  8.48e-171
PgARF19a CDL15_Pgr009308 13 1111 124.23 6.42 76.32 -0.668 B3,ARF,Aux/IAA At1G19220.1 AtARFI9 0
PgARFI19p CDL15_Pgr015937 14 1126 124.12 6.22 59.75 -0.550  B3,ARF,Aux/IAA  At1G19220.1 AtARFI9 0
PgARF24 CDLI15_Pgr010226 14 630 70.89 8.37 56.32 -0.364 B3,ARF,Aux/IAA - -
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Fig. 1 Phylogenetic tree (A) and gene structures (B) of pomegranate ARF gene family
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Fig. 2 The phylogenetic tree of ARF gene family in pomegranate, Arabidopis and E. grandis
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