
Mazhar et al.: Genome-wide identification and characterization  

of DLX genes in strongylocentrotus purpuratus. 

- 9 - 

QUANTUM JOURNAL OF MEDICAL AND HEALTH SCIENCES 1(3): 9-17. 

http://www.qjmhs.com  

© 2021 Quantum Academic Publisher 

GENOME-WIDE IDENTIFICATION AND CHARACTERIZATION 

OF DLX GENES IN STRONGYLOCENTROTUS PURPURATUS 

MAZHAR, M. W.1* – MAHMOOD, J.1 – SAIF, S.1 – WAQAS, N.1 – SIKANDAR, M.1 

 1 Department of Biotechnology and Bioinformatics, Government College University, 

Faisalabad, Pakistan. 

*Corresponding author 

e-mail: waqarmazhar63[at]gmail.com 

(Received 10th April 2021; accepted 17th June 2021) 

Abstract. DLX is a group of genes that is part of the homeobox-containing superfamily, which is 

involved in a variety of morphogenetic processes. Dlx genes occur as several paralogues in the 

invertebrate genome, resulting from tandem replication accompanied by whole-genome duplication. 

Despite the growing number of genome sequence tools in various vertebrates, embryological study, Dlx 

expression and function remains a challenge in terms of species diversity. Dlx gene family is in between 

the multigene families encoding for homeodomain-containing the transcription factors that are expressed 

earlier in the cells for the cranial neural crest and later in craniofacial mesenchyme and skeletal tissues. 

Gene structure analysis shows the number of exons and introns by a 3-dimensional structure of the Dlx 

gene. The Dlx gene family exons and introns are found to be very similar during this analysis. The 

distribution of genes across chromosomes was very varied. Collectively the newly discovered genes 

provide data for manipulating the Dlx genome to develop organs in vertebrates. 
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Introduction 

The Dlx gene family is the earliest known gene family, it comprises a highly 

conserved family of homeobox genes homologous to distal-less (D-II) gens of 

drosophila. It is important for developing insect limbs, its expression is maintained 

throughout the limb development. This family is said to have a role in developing 

features of jaws and limbs. Dlx is well preserved among species (Merlo et al., 2004). It 

is a member of the homeobox-containing superfamily which is involved in 

morphogenetic processes, multiple paralogues of the Dlx gene occur in the invertebrate 

genome as a result of tandem replication followed by whole-genome duplication. Both 

Dlx genes are expressed in spatially and temporally restricted patterns in craniofacial 

primordia basal telencephalon as well as in distal regions of growing appendages. The 

Dlx gene is used to test the hypothesis of  separate development programme for nerve 

and  visceral skull sheath cartilage and skin bones by comparing the expression pattern 

of six Dlx gene during skull formation in zebra fish ranging from 1 DPF TO 15 DPF. 

Dlx gene is included among the multigene households encoding for homeo domain 

containing transcription elements, While Dlx genes are linked to ectodermal and neural-

crest related tissues, they also show expression in the mesoderm (Kraus and Lufkin, 

2006). 

A homeobox present in each of the six DLX genes is similar to the one found in the 

insect Distal-less (Dll) gene. The six DLX genes are grouped into three tail-to-tail 

biogenic pairs and located on chromosomes with HOX clusters (DLX5/DLX6) syntenic 

to the HOXA cluster), (DLX1/DLX2), HOXD cluster syntenic (Stock, 2005), and 

(DLX3/DLX4), HOXD cluster syntenic (Azeem et al., 2020). During embryonic 



Mazhar et al.: Genome-wide identification and characterization  

of DLX genes in strongylocentrotus purpuratus. 

- 10 - 

QUANTUM JOURNAL OF MEDICAL AND HEALTH SCIENCES 1(3): 9-17. 

http://www.qjmhs.com  

© 2021 Quantum Academic Publisher 

development, DLX genes regulate appendage and craniofacial morphogenesis, as well 

as the differentiation of reproductive organs in adults, they regulate bone homeostasis 

and tissue integrity. The DLX5 protein is made up of 289 amino acids and has a 

molecular weight of 31.5 kDa. The homeobox protein, which has low similarity to the 

distal N-terminus, and the homeodomain, which has a high similarity to the distal N-

terminus, is the two motifs in the protein. Dlx5 and Dlx6 are expressed by differentiated 

osteoblasts. In the mouse germline, Dlx1, Dlx2, Dlx3, and Dlx5 are involved in 

craniofacial structure, sensory organ morphogenesis, osteogenesis, and placenta 

formation. In a study of gene inactivation, however, there was no effect on limb 

development. 

The initial tandem duplication resulted in a pair of Dlx genes being bound in pairs 

after a pair of chain links and arthropods diverged, but before the envelope and 

vertebrates diverged, according to a genetic study of the Dlx gene sequence in the form 

of its chromosomal arrangement. The number of chromosomal events then doubled, 

resulting in four distinct classes of bony fish and tetrapods with Hox gene signatures. In 

mammals, a pair of Dlx genes belonging to the Hox family may have been missing. We 

can't tell whether the replication is independent or not. And keep bone vertebrates in 

their ancestral state to understand why zebrafish have more Dlx genes than mammals. 

The discovery of a connection between these additional zebrafish Dlx genes and the 

Hox group should aid in the solution of this issue (Figure 1). 

 

 
Figure 1. Major activities referred to the DlX superfamily. 

Materials and Methods 

Retrieval of DNA and protein sequence of the gene DLX in Homo sapiens from all 

NCBI databases, FASTA format of the Dlx protein, and BLAST-P was run for Homo 

sapiens genome database to find similar sequences from protein databases. To perform 

this protein sequence of distal less gene Strongylocentrotus purpuratus (purple sea 

urchin) was given as a query sequence. Target sequences are then used in further 

databases like PFAM databases to find out the conserved domains and motifs. 

 

Identification of fomains and motifs 

The sequence of Dlx protein was given as a query sequence and downloaded all 

target sequences to analyze the conserved motifs and domains of the protein sequences 
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among are strongylocentrotus purpuratus, Anneissia japonica, parasteatoda tepidriorum, 

and Asterias Rubens at NCBI online database Pfam (EMBL Official Portal, 2021) and 

SMART (SMART Official Portal, 2021) (Table 1). This step was done to remove 

sequences in which there were no conserved domains and motifs that are essential for 

the Dlx protein to perform its functions normally. Only one conserved domain was 

identified Homeodomain (PF00046) is a member of the superfamily CL0123. All of the 

variants were carefully examined with an E-value less than 1e-10 and those with 

lengthy ORF were chosen for further data analysis using various databases (EMBL 

Official Portal, 2021; NCBI Official Portal, 2021; SMART Official Portal, 2021). 

Position of the chromosome, length of the protein, and cDNA and genomic sequences 

were observed by using the NCBI database. 

 
Table 1. Proposed nomenclature and important features of DlX gene. 

Proposed 

names 

Gene 

locus 

Protein 

accession 

no 

RNA 

accession 

no 

Exons 
Chromosome 

no. 

Orf 

length 

Amino 

acid 

length 

Start of 

genomic 

location 

Conserved 

domains in 

protein 

sequence 

Strongyloce

ntrotus 

purpuratus 

Unknown 

NP-

00112328

21 

XM-

00112981

0.1 

3 
Unplaced 

scaffold 
1326 441 55287731 Pfam0046 

Anneissia 

japonica 

LOC1171

04046 

XP-

03310059

2.1 

XM-

03324447

01.1 

3 
Unplaced 

scaffold 
852 283 1272681 

Pfam00046 

Pfam09770 

Asterias 

rubens 

LOC1172

88453 

XP-

03362521

2.1 

XM-

00376932

1.1 

3 
Unplaced 

scaffold 
1110 369 3640497 Pfam00046 

Parasteatod

a 

Tepidrioum 

LOC1047

50100 

NP-

00131074

81.1 

NM-

00132338

19.1 

4 
Unplaced 

scaffold 
1020 339 4639660 Pfam0046 

 

Gene structure and phylogenetic analysis of DLX gene family 

Dlx gene structure was observed by using an online tool named Gene structure 

display sever to determine the position of introns and exons and a three-dimensional 

structure of the protein was obtained (Ahmad et al., 2020; Azeem et al., 2020). By using 

the bioinformatics tool MEGA7 with default parameters all the sequences from different 

organism like strongylocentrotus purpuratus, paracentrotus lividus, peronella japonica, 

patiria Miniata, ptychodera Flava, Balanoglossus misakiensis, schizocardium 

californicum, Balanoglossus simodensis and Asterias rubens were aligned to perform 

multiple alignment and pairwise alignment in order to report the conserved domains in 

Dlx gene members. MEGA7 tool was used to coordinate sequences and a perfect 

unrooted evolutionary tree was built on the basis of alignments of sequences (Stock, 

2005). Tree topology and branch lengths are from a maximum likelihood analysis, with 

midpoint rooting. Nodes with single numbers indicate the results of a bootstrap 

maximum likelihood analysis with 100 replicates. Even after that, the Dlx gene family 

was classified based on their evolutionary similarity. A separate instrument was used to 

measure the molecular weight and isoelectric point toolbox (Expasy Official Portal, 

2021). Evolutionary analysis was used to name the subfamilies of the Dlx gene based on 

their homologs. The evolutionary relationship among the families was performed using 

the online Time Tree Server (Azeem et al., 2020). 
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Results and Discussion 

The Dlx family has six members, which are organised into three convergently 

transcribed (arrows) loci. Each pair is close a Hox cluster: DLX1 and DLX2 on human 

chromosome 2, DLX5 and DLX6 on human chromosome 7, and DLX3 and DLX4 on 

human chromosome 17 with the HoxB cluster. 

 

Pfam 

It is used for functional annotation of genomic data. It enables us to submit protein 

sequences to search for matches to families in the database. It gives greater weight to 

matches at conserved sites, allowing better homology detection as shown in Figure 2 to 

Figure 5. The Dlx gene has only one important domain and 16 insignificant domains, 

according to Pfam (a wide set of protein families each defined by multiple sequence 

alignments and hidden Markov models) (Figure 3). 

 

 
Figure 2. The platform of Pfam. 

 

 
Figure 3. Conserve domain of super family CL0123. 
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Figure 4. Insignificant matches of DlX gene family. 

 

 
Figure 5. Insignificant matches of DlX gene family. 

 

Genome structure display server 

The visualization of Dlx gene features such as the composition and location of exons, 

introns, and conserved domains were done using the Gene Structure Display Server 

(GSDS) as shown in Figure 6. 
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Figure 6. Exon introns analysis of DlX gene. 

 

Mega 7 

A phylogenetic tree, also called phylogeny, is a diagram that shows how various 

plants, organisms, or genes derived from a common ancestor. Phylogenies are useful for 

organising biological diversity records, structuring classifications, and gaining insight 

into evolutionary events (Baum, 2008). Phylogenetic analysis at the molecular level 

should be figured out. Gene distribution across chromosomes, on the other hand, was 

extremely diverse. The newly discovered genes can hold the key to manipulating the 

Dlx genome to grow limbs. The Dlx gene's evolutionary relationships with closely 

related species are depicted in the phylogenetic tree as shown in Figure 7. 

 

 
Figure 7. Phylogenetic tree of DlX gene family. 

 

Serial cloner 

This tool is used for sequence analysis of proteins and DNA. It has multiple 

applications including the translation of ORF .serial cloning of protein sequence and 

genome sequence of Dlx gene is performed and the graphic map of the plasmid is 

obtained. This tool could also perform virtual PCR. Results of the graphic map of 

protein and genome sequences are illustrated below as shown in Figure 8 and Figure 9. 
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Figure 8. Genomic map of MRNA sequence. 

 



Mazhar et al.: Genome-wide identification and characterization  

of DLX genes in strongylocentrotus purpuratus. 

- 16 - 

QUANTUM JOURNAL OF MEDICAL AND HEALTH SCIENCES 1(3): 9-17. 

http://www.qjmhs.com  

© 2021 Quantum Academic Publisher 

 
Figure 9. Genomic map of DlX gene. 

Conclusion 

The earliest known gene family expressed in developing limbs is distal less, and its 

expression is retained during the development of the limb. The Dlx genes, which are 

distal-less homologs, are expressed in developing appendages in at least six phyla, 

including chordates, indicating that Dlx function is needed for normal appendage 

development in the animal kingdom. Recent research has implicated the Dlx genes of 

vermin in several other developmental processes, ranging from neurogenesis to 

hematopoiesis. In this analysis, the exon-intron structure of the Dlx gene family was 

found to be very similar. The distribution of genes across chromosomes, on the other 

hand, was quite varied. The newly discovered genes could provide a wealth of 

information on how to manipulate the Dlx genome to grow limbs. The evolutionary 

relationships of the Dlx gene with closely related species are depicted in the 

phylogenetic study. 
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