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Introduction 

In a recent article by Pope et. al, a conserved 13 bp sequence was found 

upstream of genes of mycobacteriophage cluster K, a taxonomic separation of 

mycobacteriophage dependent upon sequence similarity, genome length and 

structure.  The frequency of the repeats and the containment of the Shine Dalgarno 

sequence suggested the sequence played a role in translation initiation.  Since many 

untranslated regions contain important functional sequences such as promoters, 

terminators, and operons, Pope et. al are considering this sequence to be of 

importance for Cluster K mycobacteriophage.   The intergenic regions of genomes 

are now being studied vigorously, resulting in the discovery that these spaces 

between genes actually carry functions that are important in gene expression. 

Translating DNA requires ribosomes.  Ribosomes need a sequence to 

recognize and attach to upstream of genes to begin translation, called a ribosome 

binding site, it promotes efficient and accurate translation of mRNA and is simply 

called the Shine-Dalgarno sequence.1 The sequence is complementary to the 3' end 

of the rRNA and is a conserved sequence of “AGGA(G)” in most bacteria and their 

bacteriophages.  A recent study of Cluster K mycobacteriophages found a 13 base 

pair repeat that is present 11-19 times (see Figure 1) in each Cluster K genome.  The 

authors also noticed that the Shine Dalgarno sequence was inside of this repeat.  

Since the Shine Dalgarno sequence is important as a ribosomal binding site on 

mRNA, the authors suggest a role in translation initiation.  The associated start 

codon with the repeat upstream of the gene seemed to have a high consensus of 

being ATG (86%), a rarer start codon for mycobacteriophage in general(55%).2  

Further speculation led to other repeats in Cluster M mycobacteriophage, also 

directly upstream from genes, but however without as many instances of the Shine 

Dalgarno sequence.3  Conserved repeated sequences have also been spotted outside 

of mycobacteriophage, such as the haloarchaeal virus HF25 (also a bacteriophage, 

but family myoviridae meaning they have contractile tails; this is unlike 



mycobacteriophage, who are siphoviridae, or non-contractile tails), insisting that 

these conserved repeats seem to have a role in translation initiation, or in some way 

help the ribosome to recognize the site in which to bind on mRNA. 

Figure 1:  Image from Pope et. al depicting the conserved repeats in upstream sequences in cluster K 

mycobacteriophage.  The repeated sequence is highlighted in grey, containing the Shine Dalgarno sequence.  The 

resulting start codon is underlined. 



 

 

This project will search for conserved repeats in the sequences upstream of 

enterobacteriophage, specifically trying to locate those that include could include 

the Shine Dalgarno sequence, and analyze their possible function and purpose.   

 

Methods 

The web-based biological program BioBIKE6 was used sort out all sequence 

repeats upstream of gene starts, or motifs in enterobacteriophage.  This task was 

completed by creating a function within the program BioBIKE that uses a certain 

organism, or entity, and searches all upstream sequences of each gene for conserved 

repeats.  The returned data, called a MEME, gives each conserved sequence a p-

value, or how likely it is that the repeat occurs by chance, the actual repeated 

sequence and the overall consensus of the sequence, as well as the location of the 

repeat in terms of the area you are searching (for ours, simply upstream sequences).   

 BioBIKE’s motifs-in function was used for data collected in this report.  Inside 

the ‘entity’ input box was a function within a function, upstream sequences of [genes 

of] while selecting the options from the motifs-in box for ‘DNA’ and ‘Return’.  This 

function was used for each enterobacteriophage currently existing in BioBIKE, 7 in 

total.  Each of the 7 enterobacteriophage was ran through the function by placing it 

in the ‘entity’ (grey) box and executing the function (Figure 2).  The results were 

given in a separate window, or the MEME, and each MEME motif was considered.  

Figure 2:  BioBIKE function used to obtain upstream sequenes from enterobacteriophage. 

 

Results & Discussion 

Throughout the conserved sequence search in upstream sequences of 

enterobacteriophage in the program BioBIKE, it became apparent that a conserved 

repeats containing the Shine Dalgarno sequence were not occurring in such high 

quantities in enterobacteriophage as they did in Cluster K mycobacteriophage.  

However, a different and striking conserved repeat was noted, having similarities  in 



several entities of enterobacteriophage that were in BioBIKE (4 of the 7 phage – 

Min27, YYZ 2008, 2851, and SSL-2009a). The repeated sequences occur between 

21-27 times, is approximately 13-35 bp in length, contains a Guanine rich area 

followed by a 4-7bp long Thymine repeat (See Supplemental Document, Figure 1).  

These repeats, being inside of intergenic regions within this genome, suggest their 

possible role as terminating sequences for the gene preceding these repeats.  The T-

tail present in terminating sequences is an easily identified factor in terminator 

sequences (Figure 3).   

Terminating sequences consist of a general structure of a short stem-loop 

hairpin followed by a thymine rich region, or T-tail.  The stem and loop structure 

generally consist of a GC rich region, which allows the hairpin to form by dyad 

symmetry (inverted 

repeats) that can base 

pair to each other and 

form a stem structure.  

As seen in E. coli, most 

hairpin stems vary 

from 5bp-17bp in 

length, and are show 

strong bias between CG pairs.  The loop is non-base pairing, and thus needs no 

symmetry.  The loop varies in size from 3-10bp8.  The T-tail is transcribed to RNA to 

form the terminating hairpin and form the U-tail.  The termination mechanism 

causes the RNA polymerase to stall over the T-tail, becoming more unstable as it 

pauses, and leads to a more likely disassociation or termination of translation8.  

Termination sequences such as these are part of rho-independent termination, 

which contain a hairpin structure on the elongating transcript which disrupts the 

mRNA-DNA-RNA polymerase complex. 

The repeated sequences with T-tails found in the four enterobacteriophage 

show all the characteristics of a terminating sequence, including the GC rich area of 

the stem-loop structure, as well as the inverted repeats necessary for the sequence 

to form the stem structure by base pairing to itself.  The location of these sequences 



also suggests they are termination sequences, being in intergenic regions of the 

genomes.  Further data needs to be collected regarding the genes surrounding these 

repeats, and to determine if a correlation is found between the genes proceeding 

and preceeding the repeats. 

Two of the seven enterobacteriophage (WV8 and phiEcoM-GJ1) interestingly 

did not contain the terminating sequences mentioned previously, but instead 

contain repeated sequences that contained Shine Dalgarno alternate sequences 

(Figure 4).  Enterobacteriophage phiEcoM-GJ1 and WV8 showed alternate Shine 

Dalgarno sequences “GGAG” and “AGGAG” respectively (Supplemental, Figure 3) 

inside of repeats upstream of genes.  The first repeat noted was in phiEcoM-GJ1, 

which occurred a shocking 33 times within its genome.  Those repeats with the 

actual GGAG sequence (no deviations) all occur a few nucleotides before the start 

codons of the proceeding gene, giving 

evidence that these sequences could be 

associated with translation initiation as 

mentioned by Pope et. al in Cluster K 

mycobacteriophage.  The repeats in WV8 all 

contain a perfect AGGA Shine Dalgarno 

sequence without deviations.  All of these 

repeats also occur closely upstream of the 

genes, giving further evidence that these conserved sequences could assist in 

translation initiation.  More evidence is needed to prove that this is indeed a factor 

that affects translation initiation, perhaps through BLAST using all known 

enterobacteriophage, and finding the resulting consensus. 

It is being proven that intergenic regions of genomes are no longer being 

considered “junk DNA”.   With new discoveries using bioinformatics tools, we are 

discovering that this DNA plays roles in DNA replication.  Whether the DNA is an 

operon, a terminator, or even the novel idea of a start associated sequence helping 

in translation initiation, it is clear that no part of DNA is merely “junk” but rather 

each nucleotide plays a key role in the way genes are expressed.   
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Figure 1:  MEME outputs for Min27, YYZ 2008, 2851, and SSL-
2009a.  The outputs show the conserved T-tail, preceded by a 
guanine rich region. 
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Figure 2:  MEME outputs for enterobacteriophage phiEcoM-GJ1 
and WV8, showing alternate Shine Dalgarno sequences “GGAG” 
and “AGGAG” respectively. 
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