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Abstract 

   
Asparagus officinalis L has been cultivated and harvested from the wild for thousands of years for medicinal 

purposes. The family of DOF gene (DNA binding with One Finger) is highly conserved and member of this gene 

family plays an important role in many regulatory mechanisms in plants including plant growth and 

development. We identified 7 putative DOF genes through the genome mining of asparagus (A. officinalis L.) 

and distributed unevenly among 5 chromosomes. The DOF gene family in asparagus was phylogenetically 

analyzed with Arabidopsis thaliana DOF genes and classified into 5 subfamilies. The exon-intron organization of 

DOF gene in asparagus showed the presence of intron and AoDOF5 (2intron) contain a maximum no of introns. 

The DOF gene on chromosome in A.officinalis is observed in 4 chromosomes. Maximum 3 DOF genes were 

observed on chromosome 8 and a single DOF gene was found on other chromosomes. The segmental gene 

duplication was predominant over tandem duplication which might be the cause of DOF gene family expansion 

in A.officinalis. The cis-regulatory element analysis revealed the presence of light-responsive, abscisic acid 

responsiveness, endosperm-specific, anaerobic induction, root-specific expression, gibberellin-responsive, 

meristem-specific and stress-responsive elements. Comprehensive phylogenetic analysis of DOF genes of 

A.officinalis with Arabidopsis revealed several orthologs and paralogs assisting in understanding the putative 

functions of AoDOF genes. The bioinformatics-based genome-wide assessment of DOF gene family of 

A.officinalis   attempted in the present study could be a significant step for deciphering novel DOF genes based 

on genome-wide expression profiling. 
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Introduction 

The DOF (DNA binding with One Finger) is a plant-

specific transcription factor (PSTFs) family and plays 

a vital role in the regulation of plant growth and 

development (Liu et al., 2017). PSTFs DOF has been 

recently reviewed in eggplant, (Wei et al., 2018) 

chickpea, (Nasim et al., 2016) tomato, (Cai et al., 

2013; Corrales et al., 2014) and wheat (Chen et al., 

2005; Dong et al., 2007) using structural, functional 

and bioinformatics tool (Gupta et al., 2015). Proteins 

in the DOF PSTFs gene family possess a highly 

conserved 50–52 amino acids (AA) domain referred 

to as DOF domain. At the amino-terminal of the DOF 

domain, four cysteine residue (C2C2-type) with zinc 

finger (ZF) motif is present for sequence-specific 

DNA binding (DB) (Yanagisawa, 1995;Yanagisawa 

and Schmidt, 1999;Negi et al., 2013). Conserved DB 

domain at N-terminal and a transcriptional 

regulation (TR) domain at C-terminal are the two 

main domain which showed the varied functions of 

DOF proteins (Yanagisawa, 1995; Yanagisawa and 

Schmidt, 1999, Negi et al., 2013). 

 

PSTFs DOF  show multiple functions that are specific 

to plants like nitrogen assimilation (Yanagisawa et al., 

2004), controlling glucosinolate biosynthesis in 

Arabidopsis (Skirycz et al., 2006) development of 

functional stomata, (Negi et al., 2013) 

endosperm‐specific and  seed development in barley 

(Diaz et al., 2005) carbon metabolism and C4PEPC 

(C4 photosynthetic phosphoenolpyruvate 

carboxylase) gene expression in maiz, (Yanagisawa, 

2000), development of  spikes in Eleusine coracana L 

(Qu et al., 2016), plant defense against pest (Arnaiz et 

al., 2019) regulation of nitrogen metabolism in millet 

(Gupta et al., 2014), flowering and photoperiod 

response  (Imaizumi, 2005;Fornara, 2009; Fornara et 

al., 2009), shoot and branch regulation and 

development  (Papi et al., 2002; Zou et al., 2013; 

Bueso et al., 2016), regulation of stomata physiology 

(Negi et al., 2013), abiotic stress response (Corrales et 

al., 2014), protein movement inside the cell (Chen et 

al., 2013) and circadian cycle regulation (Yang et al., 

2011;Corrales et al., 2014). DOF gene family members 

are diverse in different plant species which indicate 

their specific and diverse function in different crops 

.An effort has been made to predict and analyze the 

function of different DOF gene members in different 

plant species using modern molecular biology and 

bioinformatics tool. ( Lijavetzky et al., 2003; Moreno-

Risueno et al., 2007; Hernando-Amado et al., 

2012;Cai et al., 2013; Ma et al., 2015a; Ma et al., 

2015b; Malviya et al., 2015). Rice, Arabidopsis and 

popular has 30,  36 and 41 DOF gene family member 

that is predicted by genome-wide comparative 

phylogenetic analysis (Lijavetzky et al., 2003; Yang et 

al., 2006).  

 

Asparagus is a perennial and dioecious plant 

(Harkess et al., 2017)  belong to the family 

Asparagaceae. And grow up to 100–150 cm (40–60 

in) height, with feathery foliage, branched and stout 

stems,. Asparagus has both male and female flowers 

on separate plants, but some type is hermaphrodite 

(Zhang et al., 2019) and is used as a vegetable owing 

to its definite flavor. Asparagus has medicinal 

properties and has a purported function as an 

aphrodisiac (Hartung et al., 1990). This plant has 

been depicted in ancient Egyptian literature dating to 

3000 BC.  Stem thickness indicates the age of the 

plant (Zohary and Spiegel-Roy, 1975). 

 

This study is the first report on the identification and 

characterization of DOF gene family of asparagus 

using genome-wide and phylogenetic comparative 

analysis with Arabidopsis.  

 

Material and methods 

Database search and retrieval of sequence 

A probe of 58 amino acids sequence related to the 

DOF domain of A. thaliana (Arabidopsis) (Accession 

no 175581) was separated using  Pfam version 27.0 

(PF02701) (http://pfam.xfam.org/) (Finn et al., 

2014) and it was used to search DOF domains in the 

whole genome and proteome sequence of A. 

officinalis L . by using Blast (BLASTP) at Phytozome 

https://phytozome.jgi.doe.gov/pz/portal.html(Goods

tein et al., 2014). DOF domain from thr retrieved 

amino acid sequences was subjected to searches at the 

protoparam (http://web.expasy.org/protoparam/) 

http://pfam.xfam.org/
https://phytozome.jgi.doe.gov/pz/portal.html
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(Schultz et al., 1998; Schultz et al., 2000; Letunic et 

al., 2004;Letunic et al., 2006;), and NCBI CCD 

(Conserved Domain Database) 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.

cgi) (Marchler-Bauer et al., 2007) to identify DOF 

domain. The proteins sequence were excluded that 

lack conserved DOF domain in their sequence 

(PF02701) (https://pfam.xfam.org/family/PF02701). 

By using Gene Structure Display Server (GSDS), gene 

structure (Extron intron) was visualized by  

(http://gsds.cbi.pku.edu.cn/)http://gsds.cbi.pku.edu.

cn/) (Hu et al., 2015)  adding both coding sequences 

and genomic sequences of AoDOF. The protein length 

(amino acid residues), molecular weight(Mw), and 

theoretical pI (Isoelectric point)  of AoDOF proteins 

were predicted using ProtParam tool 

(http://web.expasy.org/protparam/) (Gasteiger et al., 

2005).  

 

The information for gene IDs, chromosomal position, 

the sequence of gene and protein, were retrieved from 

Phytozomehttps://phytozome.jgi.doe.gov/pz/portal.h

tml (Goodstein et al., 2014). These AoDOF genes were 

renamed according to the order of their physical 

position.  

 

Comparative Phylogenetic analysis of AoDOF 

protein and Multiple sequence alignment  

The amino acid sequences of DOF proteins were 

aligned using Clustal W version 2.1 (Thompson et al., 

2003; Thompson et al., 1994) and the phylogenetic 

tree was constructed using   MEGA v x.0 

(http://www.megasoftware.net) program (Kumar et 

al., 1994; Mello, 2018; S. et al., 2018) with the 

maximum likelihood (Miyashima et al., 2019) and 

bootstrapping at 1000 replications. There were 7 

AoDOF and 35 atDOF protein (Yang and Tuskan, 

2006) sequences were used for phylogenetic analysis. 

These Arabidopsis DOF sequences belong to 10 

different subgroups (Lijavetzky et al., 2003; Nasim et 

al., 2016).  

  

Subcellular localization analysis, promoter 

prediction and conserved motifs recognition  

Subcellular localization of AoDOF was predicted by  

the online tool WoLF PSORT 

(https://wolfpsort.hgc.jp/) (Horton et al., 2006). The 

nuclear localization signals (NLS) in olive DOF 

proteins were also predicted through an online server 

NLSdb (https://rostlab.org/services/nlsdb/) (Cokol 

et al., 2000).  For the analysis of the promoter region, 

a sequence of 1500-bp upstream was retrieved from 

the initiation codon of the putative AoDOF genes. 

Plant Care database 

(http://bioinformatics.psb.ugent.be/webtools/plantc

are/html/) (Rombauts et al., 1999) was then used to 

predict cis-regulatory elements in these sequences 

and validated in the PLACE databases 

(http://www.dna.affrc.go.jp/PLACE/) (Higo et al., 

1998; Higo et al., 1999).  

 

Meme analysis 

 MEME (Multiple EM for Motif Elicitation) programs 

(http://meme.nbcr.net/meme/) (Bailey et al., 2015) 

were used to predict and analyze with the concluded 

protein sequences of the AoDOFs with a maximum 

number of motif set as 20. The minimum width of 06 

and a maximum width of 50 amino acids were set 

along with other factors as default values. 

 

Distribution of chromosomes and gene duplication 

The genome sequences files and annotation files of A. 

officinalis were downloaded from phytozome website 

(https://phytozome.jgi.doe.gov/pz/portal.html).  

 

All AoDOF genes were mapped to A. officinalis 

chromosomes based on physical location information 

from the database of A. officinalis genome using Gene 

location visualize tool in tbtool software 

(https://github.com/CJ-Chen/TBtools).  (Chen et al., 

2020) Non-synonymous (ka) and synonymous (ks) 

substitution of each duplicated DOF genes were 

calculated using Ka/Ks_Calculator   in tbtools.  The 

time of divergence of A. officinalis DOF gene family 

was estimated using Ks and Ka values. Protein 

sequences were aligned using Clustal W and the 

number of Ka and Ks substitution rates was 

conducted using the Nei-Gojobori model. The rate 

variation among sites was modeled with a gamma 

distribution (shape parameter = 1). The Ka/Ks ratios 

http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://pfam.xfam.org/family/PF02701
http://gsds.cbi.pku.edu.cn/
http://web.expasy.org/protparam/
https://phytozome.jgi.doe.gov/pz/portal.html
https://phytozome.jgi.doe.gov/pz/portal.html
http://www.megasoftware.net/
https://wolfpsort.hgc.jp/
https://rostlab.org/services/nlsdb/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://bioinformatics.psb.ugent.be/webtools/plantcare/html/
http://www.dna.affrc.go.jp/PLACE/
http://meme.nbcr.net/meme/
https://phytozome.jgi.doe.gov/pz/portal.html
https://github.com/CJ-Chen/TBtools
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were calculated. The Ka/Ks ratio was estimated to 

predict the rates of molecular evolution of each gene 

pair. Generally, Ka/Ks < 1 suggests purifying 

selection; Ka/Ks = 1 indicates neutral selection, and 

Ka/Ks > 1 predicts positive selection. The time of 

divergence was roughly estimated by computing Ks 

value in T = K s /2λ equation where λ represents the 

value of 6.05 × 10-9. 

 

Putative microRNA target sites analysis 

The miRNA dataset of A. officinalis was obtained by 

Gene Expression Omnibus (GEO) NCBI (Konishi, 

2007;Gardiner, 2010; Iwamoto, 2016; Miyashima, 

2019) in an experiment related to the identification of 

miRNAs and its targets in male and female A. 

officinalis. The miRNA data were also downloaded 

fromhttp://www.mirbase.org/cgibin/mirna_summar

y.pl?org=aof. There, to find out the miRNAs which 

target the AoDOF  genes, CDS sequences of all 

AoDOF genes were searched for the complementary 

sequences of miRNAs with the help of 

psRNATarget(https://plantgrn.noble.org/psRNATarg

et/analysis?function=3) (Samad, 2017) with default 

parameters.  

 

Results 

Identification of the DOF genes in A. officinalis 

The sequence of the DOF domain was a blast to 

recognize the whole genome sequences of A. 

officinalis and non-redundant DOF genes were 

collected. Out of 8 identified 5 DOF protein sequences 

were non-redundant. The translated DOF proteins in 

A. officinalis possessed amino acid 85–461, molecular 

weight from 9.0-49.8 kD and pI ranges from 6.24-

11.37 which is revealed by ExPASy server ProtParam 

(Table 1). Within the highly conserved sequences of A. 

officinalis DOF domain, 25 out of 54 amino acids 

were found to be 100 % conserved in all the DOF 

domain sequences. These sequences also included the 

highly conserved four cysteine residues that 

coordinate with zinc ion and are known to be a typical 

feature of DOF proteins (Fig. 1). Other conserved 

residues observed were Cys1, Pro2, Arg3, Cys4,  Ser6, 

Asn8,Thr9, Lys10, Phe11, Cys12, Tyr13, Tyr14 , Asn15 , 

Asn16, Tyr17 , Gln21 , Pro22, Trp33, Arg40, Asn41, Val42, 

Pro43, Val44, Gly45, Gly47 (Fig. 1) while the other 27 or 

29  amino acids were discovered to be inconsistent in 

all the AoDOF proteins. While all others no one 

showed nuclear localization signal (NLS) as predicted 

using NLSdb (https://rostlab.org/services/nlsdb/) 

(Cokol et al., 2000).  

 

The subcellular localization of AoDOF protein showed 

nucleus, cytoplasm, chloroplast, mitochondrion, 

vacuole, cytoskeleton and extracellular spaces 

localization as predicted using the online tool WoLF 

PSORT (https://wolfpsort.hgc.jp/) (Horton et al., 

2006) (Table 3). 

 

Table 1. Information about 7 DOF genes discovered from the genome of A. officinalis amino acid sequence 

length; MW, molecular weight; Pi value. 

DOF gene Source accession no Chromosome no Chromosome location No of introns mRNA length (bp) Amino acid ength sequence pI value Mw(kd) 

AoDOF1 AsparagusV1_08.412 08 7290278..7291576 1 702 261 1299 cannot be 

computed 

undefined 

AoDOF2 AsparagusV1_08.3278 08 124421297..124433633 0 1386 461 3278 6.24 49892.69 

AoDOF3 AsparagusV1_05.2213 05 94112838..94115343 0 1221 309 2506 8.89 32903.18 

AoDOF4 AsparagusV1_03.1160 03 25249244..25250099 1 780 241 856 8.77 26016.75 

AoDOF5 AsparagusV1_08.3510 08 129286205..129305819 2 570 189 720 11.37 20361.89 

AoDOF6 AsparagusV1_07.3114 07 130311228..130333076 1 258 85 258 11.19 9027.19 

AoDOF8 AsparagusV1_04.3405 04 140213750..140216572 1 657 218 657 11.24 24046.44 

 

Comparative phylogenetic relatedness of 

AoDOF gene family with Arabidopsis 

To investigate the evolutionary relationships between 

AoDOF TFs and Arabidopsis thaliana a neighbor-

joining (NJ) phylogenetic tree was constructed by 

aligning their full-length protein sequences.  The 

results depicted that 7 AoDOF proteins were 

distributed among 4 subgroups named as D1, C2.1, B2 

and A (Table 2 and Fig. 1).  Subgroup D1 consisted of 

a total of 1 DOF-like Protein in which 7 are 

http://www.mirbase.org/cgibin/mirna_summary.pl?org=aof
http://www.mirbase.org/cgibin/mirna_summary.pl?org=aof
https://plantgrn.noble.org/psRNATarget/analysis?function=3
https://plantgrn.noble.org/psRNATarget/analysis?function=3
https://rostlab.org/services/nlsdb/
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arabidopsis DOF-like proteins, AT2G34140, 

AT1G29160, AT1G69570, AT3G47500, AT5G39660, 

AT1G26790, AT5G62430, while the remaining 

belongs to asparagus AoDOF2. C3 group consisted of 

4 DOF-like proteins that are all of Arabidopsis 

AT4G21030, AT4G21080, AT4G21050, AT4G21040. 

None of the DOF-like proteins in this clade belongs to 

A officinalis. B2 Group contained 1 DOF-like protein 

in which only 3 are of Arabidopsis, AT4G38000, 

AT5G65590, AT1G28310, while 1 belongs to A 

officinalis AoDOF5. C1 contained 4 are of Arabidopsis 

AT5G62940, AT2G28510, AT3G45610 and 

AT5G60200 and no one is of A officinalis. Group C2.1 

had 5 of of Arabidopsis AT4G00940, AT3G61850, 

AT1G64620, AT2G46590 and AT4G24060, and only 

one belongs to AoDOF 1. B1 consisted of 5 

Arabidopsis, AT1G07640, AT2G28810, AT5G02460, 

AT3G55370, AT2G37590 and no one from A 

officinalis. Group A consisted of 3 from Arabidopsis 

AT5G60850, AT3G21270, AT1G51700 and no one 

from A officinalis. D2 consisted of 5 DOF-like 

Proteins, 2 of Arabidopsis, AT3G50410, AT5G66940, 

and 3 from A officinalis AoDOF 3, AoDOF 6 and 

AoDOF 8. Proteins of common clades usually seem to 

show similarity in structure and functioning (Fig. 5).  

 

So, all the DOF-like proteins of similar Clades may 

have a similar structure as well as functions. Among 

the DOF domain sequence of olive and Arabidopsis, 3 

amino acids were found to exist on the same location.

 

Table 2. A. officinal is DOF gene family distribution among groups based on phylogenetic analysis with 

Arabidopsis DOF member.  

Group Number of DOF gene Gene id 

D2 3 AoDOF3, AoDOF6, AoDOF8 

D1 1 AoDOF2 

E 1 AoDOF4 

B2 1 AoDOF5 

C2.1 1 AoDOF1 

 

Table 3. Prediction of the subcellular localization of DOF proteins. 

DOF gene Source accession no Nucleus Cytoplasm Mitochondria Extra Cytsk Vacoule Chloroplast 

AoDOF1 AsparagusV1_08.412 8 1 3 1 1 0 0 

AoDOF2 AsparagusV1_08.3278 13 0 0 0 0 1 0 

AoDOF3 AsparagusV1_05.2213 14 0 0 0 0 0 0 

AoDOF4 AsparagusV1_03.1160 2 0 1 0 0 0 11 

AoDOF5 AsparagusV1_08.3510 8 0 2 0 0 0 4 

AoDOF6 AsparagusV1_07.3114 5 0 2 2 0 0 5 

AoDOF8 AsparagusV1_04.3405 11 0 1 0 0 0 2 

 

Gene structures and recognition of conserved motifs 

and domain  

The organization of exon and intron provide are the 

backbones of genes and help in assisting verification 

for the study of the evolutionary relationship between 

genes or organisms (Koralewski and Krutovsky, 

2011). Their numbers and distribution patterns are an 

evolutionary mark for a gene family. A comprehensive 

demonstration of the exon-intron structures of 

asparagus DOF genes along with phylogenetic 

revealed that the gene structure pattern was 

consistent with the phylogenetic analysis. The 

number of introns varied from zero to two in A 

officinalis (Fig.4, Table 6). There are two 

AoDOF genes without intron (28.5%), 

four AoDOF genes with one intron (57.1), one 

 AoDOF genes with two introns (14.2%) (Table 6, and 

Fig. 4.  

 

All of the AoDOF genes in subfamily D2 varied from 

zero to one intron, while the number of introns of 

the AoDOF gene in subfamily C2.1 contained one 

intron (Table 6). Similar to the DOF genes studied in 

various species, some DOF genes in olive possess no 

intron while other DOF genes possess multiple 

introns, up to two (Table 6 and Fiq. 4).  
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Table 4. Identif ication of AoDOF  miRNAs in male and female A. officinalis.  

miRNA_Acc. Target_Acc. miRNA_start miRNA_end Target_start Target_end miRNA_aligned_fragment 

aof-miR168c AoDOF8 1 20 557 576 CCGCCUUGCACCAACUGAAU 

aof-miR477i AoDOF8 1 21 421 441 ACUCUCCCUCAAGGGCUUCCG 

aof-miR166i-5 AoDOF5 1 21 80 100 UCGGACCCGGCUUCAUUCCCC 

aof-miRn34 AoDOF2 1 21 150 170 UGGUCGAUUGUUUUUGGGAUG 

aof-miRn34 AoDOF3 1 21 560 580 UGGUCGAUUGUUUUUGGGAUG 

aof-miRn35 AoDOF2 1 22 149 170 UGGUCGAUUGUUUUUGGGAUGC 

aof-miRn35 AoDOF3 1 22 559 580 UGGUCGAUUGUUUUUGGGAUGC 

 

Table 5. miRNA targets prediction of AoDOF. The miRNA data was downloaded from plant micro RNA 

http://plantgrn.noble.org/psRNATarget/analysis. 

Target_Acc. miRNA length Target miRNA_aligned_fragment 

AoDOF8 22 423-444 AUCUCUCUCCCUCAAAGGCUCU 

AoDOF8 21 421-441 ACUCUCCCUCAAGGGCUUCCG 

AoDOF8 21 75-95 CGAGUUUUCACGUUUGGGCGA 

AoDOF2 22 1279-1300 UUUGAUUAUUGGAUUGUUGCCU 

 

The identification and distributions of 20 motifs 

within all the A. officinalis DOF proteins were studied 

using the MEME program (Fig. 3a, Fig. 9). The 

presence of DOF domain was consistent among 7 out 

of 8 AoDOF proteins (Fig. 3b). It was witnessed that 

the DOF genes present in the same group contain 

motifs that are alike which propose that these 

conserved motifs take an essential part in activities 

that are specific in a group or subgroup. The 

distribution of similar motifs among various DOF 

genes suggests that such genes might come into 

existence as a result of gene expansion.  

 

Table 6. In A.officinalis predicted no of intron and exon in AoDOF genes.  

Group DOF gene Source   accession Intron Exon 

Name Name No. No. No. 

D2 AoDOF3 AsparagusV1_05.2213 0 2 

 AoDOF6 AsparagusV1_07.3114 1 1 

 AoDOF8 AsparagusV1_04.3405 1 1 

D1 AoDOF2 AsparagusV1_08.3278 0 2 

B2 AoDOF5 AsparagusV1_08.3510 2 3 

C2.1 AoDOF1 AsparagusV1_08.412 1 2 

E AoDOF4 AsparagusV1_03.1160 1 2 

 

Table 7. The detailed information of the motifs in A. officinalis DOF proteins. 

ID Motif Length (AA) 

1 TKFCYYNNYSLSQPRHFC 18 

2 TCPRYWT 7 

3 NHNHDL 6 

4 FMPMAPEPGPEYGSGFGLNEF 21 

5 LRNVPVGAGSRKNK 14 

6 LPCPRCNSTN 10 

7 QVDHAVSIQT 10 

8 MAADMGEPHDEI 12 

9 LEPHKDQ 7 

10 WDDGRRWRWR 10 

11 VKDRKADVNERLGQDFEC 18 

12 YWSGANWG 8 

13 QHCFLN 6 

14 MIGAKRGR 8 

15 RJPQPQQL 8 

16 FPFEDL 6 

17 FWPCTN 6 

18 AMELLR 6 

19 NCPPLC 6 

20 ZWNNGAGMAAVNCSF 15 

http://plantgrn.noble.org/psRNATarget/analysis
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Location of chromosomes and assessment of gene 

duplication of A.officinalis   DOF genes 

Distribution of chromosomes of the analyzed A 

officinal is DOF genes demonstrated 

that AoDOF genes were present on five out of ten 

chromosomes. The maximum number, as three, of  

AoDOF genes were located on chromosomes eight. 

Likewise, chromosomes three, four, five and seven 

contain one DOF genes. (Fig. 5). AoDOF 1, AoDOF5 

and AoDOF 2 are present on chromosome eight (Fig. 

5).  The date of duplication of the gene was also 

roughly estimated through MEGA-X using pairwise 

alignment that provided Ks and Ka values and then 

Ka/Ks was calculated manually (Fig. 4). Ks depicts 

the number of synonymous substitutions per 

synonymous site whereas Ka shows the number of 

nonsynonymous substitutions per nonsynonymous 

site and the ratio of nonsynonymous (Ka) versus 

synonymous (Ks) mutation was represented by 

Ka/Ks. 

 

Table 8. The Arabidopsis DOF genes GO annotations and its involvement in biological function.   

Group Ca Gene IZ Ortholgue GO Annotations : involved in Biological Process Refere 

Accession Gene IDS 

  

D2 CaDOF1 AT5G66940  auxin and salt signals to regulate Arabidopsis thaliana seed 

germination. 

 

 AT5G62940.1  phloem or xylem histogenesis,  

 AT3G50410.1  cell wall modification, positive regulation of cell cycle, 

positive regulation of transcription, response to auxin, 

response to salicylic acid 

 

B2 

 

 AT5G65590.1  guard cell differentiation,  

 AT1G28310.2  regulation of transcription,  

 AT4G38000  floral organ abscission,  

B1 

 

 AT2G28810.1  regulation of transcription, transcription,   

DNA-templated 

 

 AT2G37590.1  regulation of transcription, transcription,  

DNA-templated 

 

 AT3G55370.3  photomorphogenesis, positive regulation of transcription,  

DNA-templated 

 

 AT5G02460  regulation of transcription,  

A 

 

 AT1G51700  regulation of transcription,  

 AT3G21270.1  regulation of transcription, transcription,   

DNA-templated 

 

 AT5G60850.1  regulation of transcription,  

C1 

 

 AT1G47655.1 regulation of transcription, transcription,  

DNA-templated 

 

 AT1G07640.3 regulation of glucosinolate biosynthetic process, transcription, 

response to insect, response to jasmonic acid, response to 

wounding, 

 

 AT2G28510.1 regulation of transcription, transcription, 

DNA-templated 

 

 AT5G60200 regulation of transcription,  

DNA-templated, root development, Transcription 

 

 AT3G45610 regulation of transcription,  

C2  AT1G21340.1 regulation of transcription,  

C2.2  AT3G52440.1 regulation of transcription, transcription, 

DNA-templated 

 

C2.1 

 

 AT3G61850.4 negative regulation of transcription, regulation of transcription, 

DNA-templated, response to red or far red light, seed germination 

 

 AT4G24060.1 regulation of transcription, transcription,  

DNA-templated 

 

 AT1G64620 regulation of transcription, transcription,   

DNA-templated 

 

 AT2G46590 cellular response to red light, cellular response to water stimulus, 

positive regulation of gibberellin biosynthetic process, positive 

regulation of seed germination, red light signaling pathway, 

regulation of transcription, response to cold, response to light 

stimulus, seed germination, 

transcription,  

 

https://link.springer.com/article/10.1007/s00606-016-1314-6#Fig5
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/arabidopsis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/germination
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/germination
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DNA-templated 

 AT4G00940 regulation of transcription, transcription, 

DNA-templated 

 

C3 

 

 AT4G21030 cotyledon development, mucilage metabolic process involved in 

seed coat development, positive regulation of transcription, 

regulation of secondary shoot formation, 

regulation of transcription, seed coat development, transcription, 

DNA-templated 

 

 AT4G21040 regulation of transcription, 

transcription, 

DNA-templated 

 

 AT4G21050 fruit development, positive regulation of transcription, regulation of 

secondary shoot formation, regulation of transcription, 

transcription, 

DNA-templated 

 

 AT4G21080 regulation of transcription, 

transcription, 

DNA-templated 

 

D1 

 

 AT1G69570 flower development, negative regulation of long-day 

photoperiodism, 

negative regulation of short-day photoperiodism, 

regulation of transcription, 

DNA-templated, 

Transcription 

 

 AT2G34140 flower development, negative regulation of stem cell population 

maintenance, 

negative regulation of transcription, Transcription 

DNA-templated 

 

 AT1G26790 regulation of transcription, transcription, 

DNA-templated 

 

 AT5G62430.1 flower development, regulation of timing of transition from 

vegetative to reproductive phase, 

vegetative to reproductive phase transition of meristem 

 

 AT3G47500.1 flower development, regulation of transcription, 

DNA-templated,  transcription, 

 

 AT5G39660.1 flower development, regulation of transcription, transcription, 

DNA-templated 

 

 AT1G29160.1 regulation of transcription, seed coat development, transcription, 

DNA-templated 

 

 

Table 9. Putative functions of Cis-regulatory elements identified in A.officinalis DOF promoter region. 

Cis-element Function 

3-AF1 binding site light responsive element 

A-BOX cis-acting regulatory element 

ABRE cis-acting element involved in the abscisic acid responsiveness 

ABRE3a cis-acting element involved in the abscisic acid responsiveness 

ABRE4 cis-acting element involved in the abscisic acid responsiveness 

AE-BOX part of a module for light response 

ARE cis-acting regulatory element essential for the anaerobic induction 

as-1 cis-acting regulatory element involved in the root-specific expression 

AUXRR-CORE cis-acting regulatory element involved in auxin responsiveness 

Box 4 part of a conserved DNA module involved in light responsiveness 

Box II part of a light responsive element 

CAAT -BOX Common cis-acting element in promoter and enhancer regions 

CAT-BOX cis-acting regulatory element related to meristem expression 

CCAAT-BOX MYBHv1 binding site 

CCGTCC-BOX cis-acting regulatory element related to meristem specific activation 

chs-CMA2A part of a light responsive element 

circadian cis-acting regulatory element involved in circadian control 

ERE ethylene responsive element 

GA-motif part of a light responsive element 

GARE-motif gibberellin-responsive element 

GATA-motif part of a light responsive element 

G-Box Cis-acting regulatory element involved in light responsiveness 
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G-box cis-acting regulatory element involved in light responsiveness 

GC-motif enhancer-like element involved in anoxic specific inducibility 

GCN4-motif cis-regulatory element involved in endosperm expression 

GT 1-motif light responsive element 

HD-zip 1 element involved in differentiation of the palisade mesophyll cells 

I-BOX part of a light responsive element 

LAMP-element part of a light responsive element 

LTR cis-acting element involved in low-temperature responsiveness 

MBS MYB binding site involved in drought-inducibility 

MRE MYB binding site involved in light responsiveness 

MSA-like cis-acting element involved in cell cycle regulation 

MYB responses to biotic and abiotic stresses, development, differentiation, 

metabolism, defense 

Myb Myb Transcription factor binding site 

MYB recognition site  

Myb-binding site  

MYB-like sequence  

MYC  

Myc  

O2-SITE cis-acting regulatory element involved in zein metabolism regulation 

p-BOX gibberellin-responsive element 

RY-element cis-acting regulatory element involved in seed-specific regulation 

Sp1 light responsive element 

TATA-BOX Core promoter element around -30 of transcription start 

TATC-box GA-responsive element 

TCA-elements cis-acting element involved in salicylic acid responsiveness 

TCCC-motif part of a light responsive element 

TC-rich repeats cis-acting element involved in defense and stress responsiveness 

TCT-motif part of a light responsive element 

TGACG-motif cis-acting regulatory element involved in the MeJA-responsiveness 

TGA-element auxin-responsive element 

W box WRKY DNA binding proteins 

WUN-motif wound-responsive element 

 

The speculative date for tandem gene duplication of 

the paralogous group AoDOF 08/AoDOF 01 was 

calculated to be 2.76 Mya while for the remaining 3 

paralogous pairs the segmental duplication date was 

estimated in the range from 1.98 Mya for paralogous 

pair 2 to 2.48 Mya for paralogous pair 1. All 4 

paralogous group pairs in A. officinalis had Ka/Ks 

ratio greater than 0.3 which suggests probability of 

considerable functional divergence after the 

occurrence of the duplication process.  

 

Table 10. Duplicated DOF-like Genes and their dates of duplication in A.officinali.s. 

Gene 1 Gene 2 Ks Ka Ka/Ks Date (Mya) 

AoDOF3 AoDOF1 0.745 0.742 0.996 2.48 

AoDOF6 AoDOF4 0.596 0.434 0.729 1.98 

AoDOF8 AoDOF1 0.828 0.489 0.590 2.76 

AoDOF6 AoDOF5 0.72 0.468 0.650 2.4 

 

Regulation of AoDOF by miRNAs 

To investigate how miRNAs interact with AoDOF 

gene, we predicted the target sites for the A. 

officinalis miRNAs using all DOF full-length 

isoforms. In A. officinalis, 4 AoDOF (AoDOF 2, 

AoDOF3, AoDOF 5 and AoDOF 8) from all  7 AoDOF 

genes were identified to be putative targets of 11 Aof-

miRNAs, and 3 DOF mRNA transcribed from AoDOF 

1, AoDOF 4 and AoDOF 6 was not targeted by the 

miRNAs (Table 4 and Table 5). AoDOF8 gene mRNA  

 was predicted to be targeted by aof-miR168c, aof-

miR477i, aof-miR477a, aof-miR477b and aof-

miR12161 respectively (Table 4 and Table 5) while 

AoDOF 5 mRNA was predicted to be targeted by aof-

miR166i-5. AoDOF 2 and AoDOF 3 both were 

targeted by aof-miRn34 and aof-miRn35.  
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Fig. 1. Phylogenetic Relationship between AoDOF and AtDOF Proteins where AoDOF proteins are marked with 

red circle. The evolutionary history was inferred by using the Maximum Likelihood method and JTT matrix-

based model. The tree with the highest log likelihood (-26991.60) is shown. The percentage of trees in which the 

associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were 

obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances 

estimated using the JTT model, and then selecting the topology with superior log likelihood value. The proportion 

of sites where at least 1 unambiguous base is present in at least 1 sequence for each descendent clade is shown 

next to each internal node in the tree. This analysis involved 42 amino acid sequences. There were a total of 546 

positions in the final dataset. Evolutionary analyses were conducted in MEGA X (P.H.A. and R.R., 1973); (J., 

1985); (E. and L., 1965); (S. et al., 2018). 

The data about the expression of miRNA34, 

miRNA35, aof-miR477i and aof-miR166i-5 were also 

downloaded (NCBI GEO Accession GSE72594) and 

analysed. The data shows that there is no significant 

difference for expression of miRNA34, miRNA35, and 

aof-miR166i-5 while the expression of aof-miR477i is 

higher in male than female’s A. officinalis which 

shows their involvement in the development of male 

A. officinalis.   
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Fig. 2. Phylogenetic relationships and gene structures of the DOF genes from A. officinalis.  The phylogenetic 

tree was constructed based on the full-length sequences of A. officinalis DOF proteins. b Exon-intron structures 

of the A. officinalis  DOF genes. Yellow boxes indicate exons; and black lines indicate introns.  

 

Fig. 3. The AoDOF protein domain and motif analysis. (A) The distribution of 20 motifs present in 7 DOF 

proteins of A. officinalis by using MEME version 4.9.0 and interlinking it phylogenetic tree to develop a good 

understanding of their association. (B) The Domain structure and distribution from the protein sequences of 

AoDOF gene. The full-length amino acid sequences of AoDOF was uploaded in 

https://www.genome.jp/tools/motif/pfam-hmmer.htm#Score  and structure were retrieved.  

Analysis of Cis-regulatory elements 

The time and space-related transcriptomic expression 

of genes is affected by the presence and organization 

of various cis-regulatory elements (CREs) at the 

binding site of transcription factors on the promoter 

region (Jones and Vandepoele, 2020). Analysis of 

various cis-regulatory elements perhaps can be 

employed to evaluate the putative functions of genes 

based on bioinformatics (Bulow and Hehl, 2016; 

Jones and Vandepoele, 2020).  

https://www.genome.jp/tools/motif/pfam-hmmer.htm#Score
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Fig. 4. Time of gene duplication estimated for different paralogous pairs of AoDOF genes on the basis of Ks and 

Ka values. Analyses were conducted using the Nei-Gojobori model. 

 

Fig. 5. Distribution of AoDOF genes on A. officinalis chromosomes. The scale represents a bp (base pair) 

chromosomal distance. Chromosome map was generated using tbtool. The black lines link the segmented 

duplicate gene.  Genome-wide chromosomal analysis of A. officinalis DOF genes showing the dominance of 

segmental duplication. 

The CREs evaluation of recognized A. officinalis  

DOF genes was performed by recovering 1500 base 

pairs sequence upstream from the starting site of A. 

officinalis  genomic sequences using Phytozome 

database. An ample number of cis-regulatory 

elements were analyzed in all the 7 A. officinalis 

DOF genes by employing PlantCare database. CREs 

related to principle physiological processes such as 

response to light, circadian, wound, seed regulation 

and endosperm specific, hormone specific (Auxin 

MeJA SA and ABA), meristem specific and stress 

were observed (Fig. 6 and Table 9). 
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Fig. 6. Different cis-acting elements in putative AoDOF promoters which are associated with abiotic stresses, 

hormone responses, growth and development. 

 

Fig. 7. Subcellular localization in putative AoDOF gene and showed the presence of more nuclear localization in 

all genes except in AoDOF 4 which shows more chloroplast localization. 

Mainly, AoDOF3 genes contain elements essential for 

stress response (MYb and ABA response). All AoDOF 

genes possess element involved in light 

responsiveness, 04 AoDOF  genes possess fragment of 

a conserved DNA module that takes part in light 

responsiveness and also element involved in the 

abscisic acid response, 05 AoDOF  genes possess 

elements responsive to methyl Jasmonic acid, 04 

AoDOF  genes possess elements involved in salicylic 

acid responsiveness, 02 AoDOF  genes showed 

wound-responsive elements while 06  AoDOF  genes 

showed elements that show response in defense and 

stress and are related to meristem expression and 02 

AoDOF  genes are related to drought-inducibility, 03 



 

116 Amin et al. 

 

Int. J. Biosci. 2020 

AoDOF  genes possess elements involved in low-

temperature responsiveness, 02 AoDOF  genes 

possess Auxin-responsive element, 01 AoDOF  genes 

showed element specific to anoxic inducibility, 01 

AoDOF  genes possess elements specific to seed 

regulation, 01 AoDOF  genes possess elements 

involved in endosperm expression, all AoDOF  genes 

possess elements involved in element involved in 

circadian control and gibberellin response and 01 

AoDOF  genes showed element involved in cell cycle 

regulation. The cis-regulatory elements identified 

among 07 DOF genes of asparagus along with their 

functional annotation are shown in (Fig. 6 and Fig. 

S8). 

Fig. 8. The sequence logos of 20 conserved motif 

present in all AoDOF proteins. 

 

Discussion 

Transcription factors (TFs) are important regulatory 

molecules and has a main role in the regulation of 

gene transcription and networking. Characterization 

and identification of TFs provide a better 

understanding of plant growth and development 

under environmental stimuli ( Yanagisawa and 

Schmidt, 1999; Wen et al., 2016; Jones and 

Vandepoele, 2020). 

 

According to the phylogenetic and domain analysis of 

A. thaliana  citrus (Wu et al., 2016) and eggplant 

(Wei et al., 2018), DOF  transcription factors (TFs) 

were classified into nine subfamilies (Group A, B1, 

B2, C1, C2.1, C2.2, C3, D1 and D2). In this study, we 

used recently released A.officinalis genome database 

(https://phytozome.jgi.doe.gov/pz/portal.html#!info

?alias=Org_Aofficinalis_er) to identify 07 DOF gene 

(Table 1) at the genome wide level. Seven A.officinalis 

DOF gene were classified into five subfamilies (Group 

B2, E, C2.1, D1 and D2) using the phylogenetic 

analysis (Fig. 1, Table 2) while A,B1,C2.2,B2,C3 and 

C1 subfamily (Zou et al., 2013) AtDOF5 (AT5G21970), 

AtDOF6 (AT1G06870), ( AT2G30440) and AtDOF8 

are missing in  A.officinalis genome. AtDOF1 

(AT4G24060) helps in the regulation of transcription, 

transcription, DNA-templated.  

 

The member DOF  gene family A.officinalis was 

lower as compared to other plant species i.e. banana 

(74 MaDOF) (Dong et al., 2016), Chinese cabbage (76 

BrATDOF) (Ma et al., 2015b) rice (30 OsDOF) (Yang 

and Tuskan, 2006), Arabidopsis (36 AtDOF) (Yang 

and Tuskan, 2006) and tomato (34 SiDOF) (Cai et al., 

2013). For understanding the evolutionary 

relationships, the exon-intron structure used in 

different genes or organisms  (Koralewski and 

Krutovsky, 2011;Bondarenko and Gelfand, 2016).  

 

In general, the A.officinalis (AoDOF) genes in the 

same subfamily share two similar exon-intron 

structures but one is different (Fig. 2), further 

differences are present in different subfamilies. The 

distribution of motifs among DOF proteins (Fig. 3) is 

indicative of the evolutionary relationship as deduced 

by a phylogenetic tree (Gupta et al., 2015; Malviya et 

al., 2015). The motif data analysis by MEME (Fig. 3a), 

and domain analysis using NCBI CDD (Fig.3b). 



 

117 Amin et al. 

 

Int. J. Biosci. 2020 

Fig. 9. Schematic distributions of the conserved motifs among defined AoDOF gene groups. Motifs were 

identified by means of MEME software using the deduced amino-acid sequences of the 7 AoDOFs. The relative 

position of each identified motif in all DOF proteins is shown. Multilevel consensus sequences for the MEME 

defined motifs are listed in Fig. 2 and Table 7. 

The transcription factors of DOF gene family have 

been evolutionarily conserved in plants. Apart from 

the DOF domain, twenty distinct motifs were 

identified that were differentially distributed among 

AoDOF s (Fig. 3).  Meanwhile, at least one 

conservative motif types and spatial distribution in 

AoDOF s are present in each subfamily while some 

differences were present between the member of 

different, implying certain functional similarities of 

AoDOF members within the same subfamily.   

 

Besides, AoDOF genes showed structural 

conservation in subfamilies and was consistent with 

other plants such as arabidopsis banana rice and 

chickpea (Lijavetzky et al., 2003; Yang and Tuskan, 

2006; Nasim et al., 2016; Dong et al., 2016).  

 

Also, as predicted by in silico analyses, no AoDOF 

deduced harbored NLSs to help localize them to the 

nucleus but subcellular localization analysis using 

online tool WoLF PSORT (https://wolfpsort.hgc.jp/), 

deduced nucleus localization in all AoDOF  protein. 

MicroRNAs are very important regulators of plants 

that regulate almost every biological process ranging 

from growth and development to combating 

pathogens and maintaining proper internal 

conditions  (Terzi, 2008;Spanudakis, 2014;Samad, 

2017; Carbone et al., 2019). miRNAs are highly 

conserved among different species, meaning that each 

microRNA performs a specific function, regardless of 

the type of species in which they were observed. 

Cyclic DOF (CDF2) in arabidopsis binds directly to 

the promoters of some miRNAs and works as a 

transcription activator or repressor for miRNA genes 

(Sun et al., 2015).  Growing evidence reveals that 

miRNA-guided regulation of DOF genes at the post-

transcriptional level is essential for normal growth 

and development (Sun et al., 2015; Song et al., 2016; 

Wen et al., 2016) and help in the regulation of 

flowering timing and radial and growth of pear (Liu et 

al., 2017; Miyashima et al., 2019). Many miRNAs 

target Tfs (transcription factors) play a key role in 

regulatory pathways (Jones‐Rhoades et al., 2006). 

We predicted that 7 AoDOFs could be targeted by 

11miRNA families, respectively (Table 4 and Table 5). 

Aof-miR168c, aof-miR477i, aof-miR477a, aof-

miR477b and aof-miR12161 was predicted to be 

targeted of AoDOF 8 (Table 4 and Table 5). 

miR168‐3p along with miR159a.1, miR164a is the 

putative ER protein processing and exposed lower 

expression levels in flowering samples as compared to 

non-flowering leaves  (Qu et al., 2016) showed that 

miR168 expression has differed between monocots 

and dicots. Heatmap of microRNA expression profiles 

in the male and female A. officinalis plant targeting 

DOF genes (Fig.3b) revealed that expression of aof-

https://wolfpsort.hgc.jp/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5253477/#pbi12593-bib-0021
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miR477i is higher in male than female A. officinalis 

which shows their involvement in the development of 

male A. officinalis.  Aof-miR477i were also Identified 

as miRNA-mediated browning regulatory networks in 

Luffa cylindrica (Xu et al., 2018). 

 

Conclusion 

In this study, AoDOF transcription factors were 

analyzed and supported by genes in the asparagus 

genome and were classified into five subgroups that 

characterize the structural and functional properties 

of each AoDOF member. Many of the AoDOF genes 

were involved in flower and stem development. 

miRNA data targeting AoDOF gene revealed that 

AoDOF 8 was targeted during drupe development in 

olive suggests their role in fruit growth and 

development. The detailed computational inspection 

of olive DOF proteins revealed in the current study 

might be selected for cloning purposes at the 

molecular level, portraying gene expression and study 

their interaction with different transcription factors. 

The presence of an almost similar number 

of DOF genes in some plants such as 33 in tomato, 34 

in pepper and 35 in potato genome and the relatively 

higher number of DOF genes in other plants like 78 in 

soybean and 51 in olive suggests that these genes 

might be the result of duplications which leads to the 

expansion of DOF gene family. 
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