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ABSTRACT: The genomes of higher eukaryotes are replete with intron-containing genes. Transcription of these 

genes produces precursor mRNAs containing intervening sequences, which are subsequently removed and the exons 

spliced together to form the mature mRNA. However, a small proportion of eukaryotic protein-coding genes are 

intronless and therefore bypass post-transcriptional splicing events. Although a large proportion of intronless genes 
are known to code for certain types of proteins, their specific role in the genome of higher organism is perplexing. 

This research set out to elucidate the functions of intronless genes in humans by studying their involvement in the 

expression pattern of oscillatory gene that occurs in the pre-somitic mesoderm of developing embryo.  Twenty-seven 
(27) human homologs of mouse oscillatory genes were analysed to determine the number of exons present in them 

using various bioinformatics databases. The result obtained identified two intronless genes –NRARP and ID1 – which 

are associated with the Notch signalling pathway of the segmentation clock. This represented 7.4% of the total 
oscillatory genes analysed. No intronless gene was found in the Wnt and FGF signalling pathways – two other 

pathways famous for oscillatory gene expression. The proteins encoded by the intronless genes are involved in several 

important biological processes including angiogenesis, cell cycle control and in the regulation of cellular senescence.  
Although oscillatory genes had fewer numbers of introns compared to the non-oscillatory genes, the intronless genes 

were not implicated in the regulation of the precise timing events of the segmentation clock. This result may also 
point to the fact that the rapid expression rate of the oscillatory genes in the PSM may favour the reduced intron length 

of the oscillatory genes. 
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The genomes of higher eukaryotes are replete with 

intron-containing genes.  Introns comprise most of the 

genes in the human genome with an average of 8 – 9 

introns, representing the highest proportion in 

eukaryotes (Roy and Gilbert, 2006).  Transcription of 

these genes produces precursor mRNAs containing 

intervening sequences (introns), which are 

subsequently removed and the flanking regions 

(exons) spliced together to form the mature mRNA.  It 

is interesting to note that only about twenty (20) 

nucleotides are transcribed per seconds, at the rate of 

two ATP molecules per nucleotide.  This implies that 

transcription is a slow and expensive process.  

Therefore, the presence of introns in highly expressed 

genes with long introns is kinetically costly (Castillo-

Davis et. al., 2002).  It has been observed that the 

presence of introns in highly expressed genes tend to 

constitute some drawbacks including slowing the 

efficiency with which a gene is produced, loss of 

energy due to the transcription, translation of the gene 

and subsequent splicing out of the introns as well as 

compromising the transcriptional fidelity due to 

differential/alternative and aberrant splicing of introns.  

However, intronless genes do not go through the 

expensive process of posttranscriptional splicing as 

this may explain why they have survived throughout 

evolution.  Furthermore, the absence of introns may 

also enable these genes to be transcribed efficiently 

and with a potentially higher rate of protein expression 

(Gentles and Karlin, 1999).  The proportion of 

intronless genes in the eukaryotic genome is generally 

thought to be less than 3% (Grzybowska, 2012), with 

some gene functional classes such as G Protein-

Coupled Receptors (GPCRs), histones and interferon 

type 1 having the highest proportion of intronless 

genes (Doenecke and Albig, 2005; Gentle and Karlin, 

1999). The developing embryo undergoes a plethora of 

differentiation processes.  During embryonic 

development, segmentation of the vertebrate body is 

achieved during somitogenesis and involves the 

periodic separation of small balls of epithelialized 

cells, known as somites, from the paraxial mesoderm 

strips. Somites, generated sequentially along the 

antero-posterior (AP) axis, derive from a growing 
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mesenchymal tissue called the pre-somitic mesoderm 

(PSM). Somitogenesis is a rhythmic process that relies 

on the activity of a molecular oscillator known as the 

segmentation clock, which is used by the developing 

embryo to control body segment length and number 

(Schroter and Oates, 2010).  This clock also drives the 

expression of some genes whose mRNA levels execute 

a dynamic expression sequence that is repeated in the 

PSM each time a new pair of somites forms.  

Somitogenesis involves the interplay of the Notch, Wnt 

and FGF signalling pathways and it is characterized by 

the rapid expression of cyclic genes (Aulehla and 

Herrmann, 2004; Pourquie, 2003; William et. al., 

2007). It is interesting to note that genes with rapidly 

changing expression levels as well as constitutively 

expressed genes are poor in their intron content 

(Eisenberg and Lenano, 2003; Doenecke and Albig, 

2005; Jeffares et. al., 2008). The expression of cyclic 

genes in the PSM is known to occur every 30 minutes 

in zebrafish, 90 minutes in chick and 2 hours in mice 

(Kageyama et. al., 2012).  The precise timing of the 

process is highly essential for the maintenance of the 

oscillatory expression that drives the formation of 

somites and other structures. Investigations of this 

intronless gene class are crucial in understanding the 

advantages it confers on a gene.  A comprehensive 

understanding of their roles is important to compare 

and contrast the functional features of both intronless 

and intron-containing human genes.  The present study 

was therefore carried out to identify the intronless gene 

(and their targets) present in the human genome that 

exhibit cyclic mRNA expression pattern during the 

development of the embryo, with a view to 

determining their functions in the context of 

development.  

 

MATERIALS AND METHODS 
Materials: Datasets of mouse oscillatory genes used in 

this research were obtained from the literature 

(Aulehla and Herrmann, 2004; Chamorro et. al., 2005; 

Dequeant et. al., 2006; Ishikawa et. al., 2004; 

Pourquie, 2003; Weidinger, et. al., 2005). 

 

Databases and software used: ENSEMBL database 

(release 72) was used to identify human homologs of 

mouse oscillatory genes and to determine which of the 

genes are intronless. OMIM (Online Mendelian 

Inheritance in Man), UniProtKB (Universal Protein 

Resource Knowledgebase) and BioGPS were used to 

determine the function(s) of the intronless genes 

identified. Internet Explorer 8 was used to access the 

internet while Microsoft Excel was used to collate, 

process and interpret the data generated. Microsoft 

Word was used to compile the results and also as a 

word processor. 

 

Research design flowchart: In the first step, human 

homologs of established mouse oscillatory genes were 

identified. On the ENSEMBL homepage, the ‘human’ 

genome category was selected. The gene symbol for 

each oscillatory genes involved in the segmentation of 

the mouse PSM (e.g. Hes7) were individually used to 

query the entire human genome in order to obtain a 

match.  The ‘Gene ID’ link for the match was used to 

obtain important details such as the Gene description, 

Gene location, Number of transcripts, transcript ID as 

well as the number of exons (coding regions) for each 

of the transcripts. An example using the mouse 

oscillatory gene, Hes7, is presented below in Fig 1: 

 
Fig 1: Research design flowchart outlining the various steps 

involved in this research. 

 

Identification of human intronless oscillatory genes: 

Genes that possess a single exon are classified as 

intronless (Doenecke and Albig, 2005; Grzybowska, 

2012).  On the ENSEMBL page, ‘transcript ID’ link 

was used to search each of the human homolog of the 

mouse oscillatory genes to determine the number of 

exons that are contained in their transcripts/splice 

variants.  The two identified intronless genes were 

subjected to further analyse using OMIM, UniprotKB 

and BioGPS, in order to determine their functions in 

development and differentiation. The gene names were 
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used to perform a search on the different databases 

using the default graphical user interface (GUI) 

settings. A list of genes containing the keyword/ gene 

symbol was displayed. The list contained a link to the 

entry with information on the gene of interest as well 

as further information on the chromosome location.  

 

Determination and calculation of the length of intron: 

The total intron content in base pairs (bp) was 

determined for each of the oscillatory genes by 

summing up all the introns contained in the coding 

regions. The ‘exon’ link on the ENSEMBL webpage 

is used to determine the length of introns and exons in 

a particular transcript. 

RESULTS AND DISCUSSION 
This study examined the presence and function of 

intronless genes in the segmentation oscillatory 

pathway. Twenty-seven (27) genes were analysed 

using various bioinformatics tools and the results were 

then grouped into cluster of genes depending on which 

pathway the gene is found. 

 

Oscillatory genes associated with the notch signalling 

pathway: The result of the analysis of the human 

oscillatory genes associated with the Notch signalling 

pathway is presented in Table 1. 

 
Table 1 – Results of Oscillatory genes involved in Notch Signalling 

S/N Gene 

Name 

Gene ID Gene Description Transcript 

Name 

Transcript ID No of  

Exons 

1 BCL9L ENSG00000186174 B-cell CLL/lymphoma 9-like BCL9L-001 

BCL9L-002* 

BCL9L-006 

BCL9L-007* 

BCL9L-008* 
BCL9L-010* 

ENST00000334801 

ENST00000526143 

ENST00000532899 

ENST00000527266 

ENST00000526514 
ENST00000530293 

8 

8 

3 

4 

4 
3 

2 HES1 ENSG00000114315 Hairy and Enhancer of Split 

1 

HES1-001 

HES1-002* 

ENST00000232424 

ENST00000476918 

4 

2 

3 HES7 ENSG00000179111 Hairy and Enhancer of Split 

7 

HEY7-001 

HEY7-002 

HEY7-003 

ENST00000541682 

ENST00000317814 

ENST00000577735 

4 

4 

5 

4 HEY1 ENSG00000164683 Hairy/enhancer-of-split 

related with YRPW motif 1 

HEY1-001 

HEY1-003* 
HEY1-004 

HEY1-005* 

HEY1-006 

HEY1-007* 

HEY1-008 

HEY1-009 

ENST00000354724 

ENST00000435063 
ENST00000523976 

ENST00000519075 

ENST00000518733 

ENST00000523531 

ENST00000521111 

ENST00000337919 

5 

2 
2 

2 

4 

2 

3 

2 

5 HEY2 ENSG00000135547 Hairy/enhancer-of-split 

related with YRPW motif 2 

HEY2-001 

HEY2-002 

ENST00000368364 

ENST00000368365  

5 

5 
6 ID1 ENSG00000125968 Inhibitor of DNA binding 1 ID1-001 

ID1-002 

ENST00000376112 

ENST00000376105  

2 

1 

7 ID2 ENSG00000115738 Inhibitor of DNA binding 2, 

dominant negative helix-

loop-helix protein 

ID2-001 

ID2-002 

ID2-003* 

ID2-201 

ENST00000234091 

ENST00000331129 

ENST00000472142 

ENST00000396290  

5 

2 

2 

3 

8 LFNG ENSG00000106003 LFNG O-fucosylpeptide 3-
beta-N-

acetylglucosaminyltranserase 

LFNG-001 
LFNG-002 

LFNG-003 

LFNG-004 

LFNG-005* 

LFNG-201 

ENST00000222725 
ENST00000359574 

ENST00000402506 

ENST00000402045 

ENST00000493850 

ENST00000338732 

8 
8 

9 

9 

6 

8 

9 MAML3 ENSG00000196782 Mastermind-like 3 

(Drosophilia) 

MAML3-001 

MAML3-002 

MAML3-201 
MAML3-202 

ENST00000509479 

ENST00000502696 

ENST00000327122 
ENST00000398940  

5 

4 

2 
5 

10 NKD1 ENSG00000140807 Naked cuticle homolog 1 NKD1-001 

NKD1-002* 

NKD1-003* 

ENST00000268459 

ENST00000564336 

ENST00000566396 

10 

5 

5 

11 NRARP ENSG00000198435 NOTCH-related ankyrin 

repeat protein 

NRARP-001 ENST00000356628  1 

*Genes without protein product 

 

The table shows the number of exons for each 

alternatively spliced variant/transcript of the 

oscillatory genes. Genes with a single exon (NRARP 

and ID1) are intronless. The ID prefixes, ENSG- and 

ENST- represent ENSEMBL gene and ENSEMBL 

transcript respectively. The transcript names represent 

the number of alternatively spliced transcript of each 

gene. The result shows that the transcripts of HES1, 

HEY2, MAML3 and NRARP genes are all protein 

coding transcripts. Four (4) of the six BCL9L 



Analysis of Intronless Genes Involved in Oscillation and Differentiation…..                                                  1554 

OSEMWENKHAE, PO; AGUEBOR-OGIE, NB 

transcripts, one HES1 transcript, four HEY1 

transcripts, one each of ID2 and LFNG and two NKD1 

transcripts are non-coding genes. Of the eleven genes 

investigated in this pathway, only two genes – NRARP 

and one transcript of ID1 (ID1-002) – were found to 

be intronless. The result also shows that some of the 

transcripts of the oscillatory genes have no protein 

products.  

 

Oscillatory genes associated with the wnt signalling 

pathway: This result shows that no intronless gene is 

present in the Wnt pathway. The ID prefixes, ENSG- 

and ENST- represent ENSEMBL gene and 

ENSEMBL transcript respectively. The transcript 

names represent the number of alternatively spliced 

transcript variants of the gene. Table 2 displays the 

result of ENSEMBL analysis of the oscillatory genes 

associated with the Wnt signalling pathway.  All nine 

oscillatory genes in this pathway are intron-containing 

genes of which only two genes – MYC and PHLDA1 – 

have alternatively spliced transcripts that are all 

protein coding.  One transcript from AXIN2, CYR1, 

SP5 and TNFRSF19 genes, as well as two transcripts 

from DKK1 gene, were found to be non-coding 

transcripts. 

 
Table 2 – Results of Oscillatory genes involved in Wnt Signalling 

S/N Gene 

Name 

Gene ID Gene  

Description 

Transcript 

 Name 

Transcript ID No of 

Exons 

1 AXIN2 ENSG00000168646  

 

Axin2 AXIN2-001 

AXIN2-004 

AXIN2-005 

AXIN2-006 

AXIN2-007 

AXIN2-008 

AXIN2-009* 

ENST00000307078 

ENST00000375702 

ENST00000580513 

ENST00000577278 

ENST00000585045 

ENST00000544103 

ENST00000578251 

11 

9 

2 

2 

2 

2 

3 

2 CYR61 ENSG00000142871 
 

Cysteine-
rich, 

angiogenic 

inducer, 61 

CYR61-001 
CUR61-002* 

ENST00000451137 
ENST00000480413  

5 
2 

3 DACT1 ENSG00000165617  

 

Dapper, 

antagonist 

of beta-

catenin, 

homolog 1  
 

DACT1-001 

DACT1-002 

DACT1-003 

DACT1-004 

DACT1-005 
DACT1-006* 

DACT1-007 

ENST00000395151 

ENST00000395153 

ENST00000421793 

ENST00000335867 

ENST00000541264 
ENST00000555845 

ENST00000556859  

4 

4 

4 

4 

4 
4 

4 

4 DKK1 ENSG00000107984  

 

Dickkopf 1 

homolog 

 

DKK1-001* 

DKK1-002* 

DKK1-003 

DKK1-004* 

ENST00000476752 

ENST00000494277 

ENST00000373970 

ENST00000467359  

3 

4 

4 

2 

5 HAS2 ENSG00000170961  Hyaluronan 
synthase 2 

HAS2-001 ENST00000303924 4 

6 MYC ENSG00000136997 

 

v-myc 

myelocytom

atosis viral 

oncogene 

homolog 

(avian) 

 

MYC-001 

MYC-002 

MYC-003 

MYC-004 

MYC-005 

ENST00000377970 

ENST00000259523 

ENST00000524013 

ENST00000524013 

ENST00000520751  

3 

3 

3 

3 

2 

7 PHLDA1 ENSG00000139289  

 

Pleckstrin 

homology-

like domain, 

family A, 

member 1 

PHLDA1-001 

PHLDA1-003 

ENST00000266671 

ENST00000602540  

2 

2 

 

8 SP5 ENSG00000204335  Sp5 

transcription 

factor 

SP5-001 

SP5-002* 

ENST00000375281 

ENST00000487037  

2 

2 

9 TNFRSF19 ENSG00000127863  

 

Tumor 

necrosis 

factor 

receptor 

superfamily, 

member 19 

 

TNFRSF19-

001 

TNFRSF19-

002 

TNFRSF19-

003* 

TNFRSF19-
004 

TNFRSF19-

201 

ENST00000382258 

ENST00000382263 

ENST00000464735 

ENST00000248484 

ENST00000403372  

9 

10 

5 

9 

8 

 

Oscillatory genes associated with the fgf signalling 

pathway: Intronless gene is absent in the FGF 

signalling pathway. The ID prefixes, ENSG- and 

ENST- represent ENSEMBL gene and ENSEMBL 
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transcript respectively. The transcript names represent 

the number of alternatively spliced transcript variants 

of the gene. Oscillatory genes present in the FGF 

signalling pathway were analysed using the 

ENSEMBL genome browser and the result presented 

in Table 3. All seven oscillatory genes identified in this 

pathway were found to be intron-containing genes. 

The result shows that one of the transcripts of DUSP6 

and SHP2 genes do not code for proteins. 

 
Table 3 – Results of Oscillatory genes involved in FGF Signalling 

S/N Gene 

Name 

Gene ID Gene Description Transcript 

Name 

Transcript ID No of 

Exons 

1 BCL2L11 ENSG00000153094 

 

BCL2-like 11 (apoptosis facilitator) 

 

BCL2L11-001 

BCL2L11-002** 

BCL2L11-003** 
BCL2L11-004 

BCL2L11-005** 

BCL2L11-006** 

BCL2L11-007** 

BCL2L11-008** 

BCL2L11-009** 

BCL2L11-010 

BCL2L11-011 
BCL2L11-012 

BCL2L11-013 

BCL2L11-014** 

BCL2L11-201 

BCL2L11-202 

BCL2L11-203 

ENST00000393256 

ENST00000433098 

ENST00000431217 
ENST00000438054 

ENST00000439718 

ENST00000415458 

ENST00000436733 

ENST00000437029 

ENST00000452231 

ENST00000405953 

ENST00000308659 
ENST00000432179 

ENST00000393252 

ENST00000361493 

ENST00000337565 

ENST00000357757 

ENST00000393253  

4 

6 

5 
5 

5 

4 

3 

4 

4 

3 

5 
2 

2 

4 

4 

4 

4 

2 DUSP6 ENSG00000139318 Dual specificity phosphatase 6 DUSP6-001 

DUSP6-002 
DUSP6-003 

DUSP6-004* 

DUSP6-005 

ENST00000279488 

ENST00000308385 
ENST00000548755 

ENST00000547140 

ENST00000547291  

3 

2 
2 

3 

2 

3 EGR1 ENSG00000120738  Early growth response 1 EFR1-001 ENST00000239938  2 

4 EPHRINA1 

(EFNA1) 

ENSG00000169242 

 

Ephrin-A1 EFNA1-001 

EFNA1-002 

EFNA1-003* 

EFNA1-004* 

EFNA1-005* 

ENST00000368407 

ENST00000368406 

ENST00000469878 

ENST00000474413 

ENST00000497282  

5 

4 

4 

5 

4 

5 HSPG2 ENSG00000142798  Heparan sulfate proteoglycan 2 
 

HAPG2-001 
HAPG2-002* 

HAPG2-003 

HAPG2-004 

HAPG2-005 

HAPG2-006* 

HAPG2-007* 

HAPG2-008 

HAPG2-009* 
HAPG2-010 

HAPG2-011* 

HAPG2-012* 

HAPG2-013 

HAPG2-014* 

HAPG2-015 

HAPG2-201 

ENST00000374695 
ENST00000486901 

ENST00000412328 

ENST00000374673 

ENST00000439717 

ENST00000480900 

ENST00000498495 

ENST00000427897 

ENST00000493940 
ENST00000374676 

ENST00000469378 

ENST00000481644 

ENST00000426143 

ENST00000471322 

ENST00000453796 

ENST00000430507  

97 
11 

6 

4 

5 

4 

3 

5 

4 
2 

2 

2 

3 

2 

4 

19 

6 SHP2 ENSG00000179295  Protein tyrosine phosphatase, non-receptor 
type 11 

PTPN11-001 
PTPN11-002 

PTPN11-003* 

PTPN11-004  

ENST00000351677 
ENST00000392597 

ENST00000531326 

ENST00000530818  

16 
11 

2 

4 

7 SPRY2 ENSG00000136158  

 

Sprouty homolog 2 (Drosophila) SPRY-001 

SPRY-001 

SPRY-201 

ENST00000377104 

ENST00000377102 

ENST00000540649  

2 

2 

2 

*Genes without protein product; **Nonsense-mediated decay 

 

The HSPG2 and BCL2L11 genes were found to have 

16 and 17 transcripts respectively, representing the 

highest number of transcripts among all the genes 

investigated. Transcript HSPG2-001 has 97 exons, 

representing the highest number of exons among the 

genes investigated. Transcripts HSPG2-201 and 

PTPN11-001 were also found to contain 19 and 16 

exons respectively. EGR1 was found to have one 

transcript while SPRY2 has three transcripts which are 

all protein coding.  

 

Functions of the identified intronless genes: The 

functions of the two identified intronless oscillatory 

genes are presented Table 4 below.  
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Table 4 – Showing the functions of the identified intronless oscillatory genes 

Gene 

Name 

OMIM UniProtKB BioGPS 

ID1  Regulate tissue-specific 
transcription. 

 Binds basic helix-loop-helix 

(bHLH) transcription factors.  

 Contribute to cell growth, 

senescence, differentiation and 

angiogenesis. 

 Form heterodimers 
with other HLH 

proteins to inhibit DNA 

binding.  

 

 Negative regulation of 
transcription from RNA 

polymerase II promoter  

 Negative regulation of 
osteoblast differentiation.  

NRARP   Developmental protein 

involved in the negative 

regulation of Notch 

signalling pathway.  

 Negative regulation of 

T-cell differentiation.  

 Patterning of blood 
vessels.  

 Regulation of cell-cell 
adhesion.  

 

 Negative regulation of T-cell 

differentiation.  

 Negative regulation of Notch 
signalling pathway.  

 Negative regulation of 
transcription from RNA 

polymerase II promoter.  

 Regulation of cell-cell 
adhesion.  

 Positive regulation of canonical 

Wnt receptor signalling 
pathway.  

 

Results from three different databases (OMIM, 

UniProtKB and BioGPS) are shown in Table 4. 

Investigation of the function of the intronless genes 

from the UniProtKB database reveals that ID1 gene 

encodes the ID1 protein, which regulate tissue-specific 

transcription within several cell-lineages. Two 

isoforms of the protein, ID1-A and ID1-B, with 

molecular weight of 16,133 Da and 15,589 Da, are 

known to exist. This helix-loop-helix (HLH) motif 

containing protein lacks a DNA binding domain and is 

not able to bind to DNA directly.  However, they are 

able to bind to basic helix-loop-helix (bHLH) 

transcription factors through their HLH motif which is 

located at positions 53-105 of the protein. Further 

investigation on the various databases (OMIM, 

UniProtKB and BioGPS) revealed that ID1 protein in 

conjunction with ID2 protein also contribute to cell 

growth, senescence, differentiation as well as 

angiogenesis.  

 

The report of Zebede and Hara (2001) confirms the 

function of the ID1 protein in the process of cell cycle 

control and cellular senescence. The second intronless 

gene identified codes for a 12,492-Da (114 amino acid 

residues) protein known as Notch-regulated ankyrin 

repeat-containing protein (NRARP). Analysis using 

the UniProtKB database revealed that the protein 

possesses two ankyrin (ANK) repeats (positions 50-79 

and 83-112) and is involved in the formation of 

somites. Furthermore, NRARP is involved in blood 

vessel endothelial cell proliferation during sprouting 

angiogenesis, negative regulation of Notch signalling 

pathway, negative regulation of T cell differentiation, 

patterning of blood vessels as well as regulation of 

cell-cell adhesion.  These results are in line with the 

reports of Phng et. al. (2009) and Yun and Bevan 

(2003) implicating NRARP as the molecular link 

between Notch- and Wnt signalling in endothelial 

cells, to control stability of new vessel connection and 

also a major player in T cell development.  

 

Correlation of the length of intron with gene function: 

The intron length of the oscillatory and non-oscillatory 

genes involved in the three crucial pathways of 

somitogenesis were determined and compared (Fig 2, 

3 and 4 respectively). For the genes associated with the 

Notch signalling pathway (Figure 1), the result 

revealed that all the oscillatory genes (with the 

exception of MAML3 & NKD1) contained fewer 

numbers of introns when compared to the non-

oscillatory gene, RBPJ.  In addition, the result obtained 

for the Wnt signalling pathway genes also show that 

the same trend. Furthermore, the same comparison was 

done for the genes associated with the FGF signalling 

pathway (Figure 3). 
 

 
Fig 2: Column chart showing a comparison between the average 
intron length (bp) of oscillatory genes (blue) and non-oscillatory 

genes involved in the FGF signalling pathway. 
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Fig 3: Column chart showing a comparison between the average 

intron length (bp) of oscillatory genes (blue) and non-oscillatory 
genes involved in the Wnt signalling pathway. 

 

 
Fig 4: Column chart showing a comparison between the average 

intron length (bp) of oscillatory genes (blue) and non-oscillatory 
genes involved in the FGF signalling pathway. 

 

The result also show that the non-oscillatory genes 

found in this pathway contained more introns as 

opposed to the oscillatory genes.  Taken together, it is 

clear from the charts that the oscillatory genes 

possessed fewer introns compared to the non-

oscillatory genes. It is interesting to note that genes 

with rapidly changing expression levels as well as 

constitutively expressed genes are poor in their intron 

content (Eisenberg and Lenano, 2003; Doenecke and 

Albig, 2005; Jeffares et. al., 2008). The expression of 

cyclic genes in the PSM is known to occur every 30 

minutes in zebrafish, 90 minutes in chick and 2 hours 

in mice (Kageyama et. al., 2012).  In order to 

determine if the rapid expression levels of the 

oscillatory genes show any correlation with the intron 

length, this research also compared the intron length of 

the cyclic and non-cyclic genes involved in each of the 

three pathways. The results obtained suggest that 

oscillatory genes contained fewer introns compared to 

non-oscillatory genes. This is in agreement with earlier 

observations on the presence of short introns in rapidly 

expressed genes (Castillo-Davis et. al., 2002). This can 

be due to the fact that the presence of long introns in 

these rapidly expressed genes would slow the 

efficiency with which the genes are produced and also 

lead to loss of energy due to transcription, alternative 

splicing of the introns and the subsequent translation 

of the gene product. 

 

Conclusion: Most eukaryotic genes are characterized 

multiple exons separated by introns of varying length.  

Investigations of this intronless gene class are crucial 

in understanding the advantage it may confers on a 

gene.  In this research, we identified two intronless 

genes (NRARP and ID1) – which are associated with 

the Notch signalling pathway of the segmentation 

clock – representing 7.4% of the total oscillatory genes 

investigated. The proteins encoded by the intronless 

genes are involved in several important biological 

processes including angiogenesis, cell cycle control 

and in the regulation of cellular senescence. However, 

both NRARP and ID1 are not involved in the 

maintenance of the precise timing events that occur 

during somitogenesis. Microarray studies covering a 

larger fraction of mouse genes combined with 

improved amplification techniques will enhance the 

identification of more oscillatory genes and their 

targets, thereby increasing the possibility of 

identifying more intronless genes in this important 

pathway. 
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