Conserved Sequence Repeats In Upstream Sequences Of Enterobacteriophage

And Their Proposed Function. Kaleigh Hedges

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.! 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.
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16 93 2504 GGGATAGGAGCCCAAARTG + 57404. .57417
17 9 2914 GGGATAGGGAGCCCARAATG + 59207. .58220
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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 BioBIKE® 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.
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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
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from 5bp-1 7bp in Figure 3: General schematic of hairpin loop with terminating sequences. The T-tail
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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 translation3.
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, givin o
p g g g g AUAA AGGAGC UAAAUA —

evidence that these sequences could be "

associated with translation initiation as ~NUAAAGGARAUAMUA "
LB ]

mentioned by Pope et. al in Cluster K ~AUAACAGAGGUAAAUA >

mycobacteriophage. The repeatsin Wv8all ™ AUAACAGGAGUAAAUA
contain a perfect AGGA Shine Dalgarno Shine-Dalgarno

. .. Figure 4: Shine Dalgarno sequence is listed at
sequence without deviations. All of these top, with alternate possible sequences for

repeats also occur closely upstream of the ribosomalbinding sites.

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.

CGCAGTCGRR

CACATTCTGR
TCARCTGARC
TATTTACCAG
TTTCCTGATG
CAAT
ACTTAACAAR
GGTCTCCGCA
ATCTTCTTTG
CCGTTTACTA
TTTCCCTATG
TAACAGGCCT
AMNGRAACACCR
TTCATAMGGC
CGARACGGTG
CTTCACAARR
ATACCAATRAR
ARARTCATCR
TCCTAATCAG
AMCCA
TGTCAGGCAT

SITES
CCCGCCGATGCGC TITTTTTIGTACCC
CCCGGCCTCAGCGCC TTTTCTTTGCC
CCCTGCTCCGGCA TTITTTTGTTATCC
CCCGTCATCGTAC TTTTTTGTTTCC

CICGCTTTTGC CCTITTTTTATATCT
CCCGGCCATTGTGCC TTTTTTTAT
CCTCGCACTCGC ATTTCTTTTATCT
CCCAGCTTCGGCT ITTTTTATTIGCT
CCCGATAGCTTTGCGGCTITTTTATGCCT
CCCTCCAATGTGA CCATTTTTTATCT
CCCGCTGTGATGGC TITTTTTATTGCC
cc TTTTCGCCCGGCTITTTCAGGAGT

CIGGTAATCGCAGGCCTITTITTATTIT
AGCCGCCTGATGGCGGTITIITTTCTITACAC
TGCGCAACTGCGCGGCCTITITTTCGTATTT
CATARCCGCGCIGGCGGTIITTTTIATGCGC
ACCGGAGCCCGGCTCCGGITTTIGTIGTC
CGCTTCACTCGAGGCGTTITTCGTTATGT

AGCTACAGGCTCCITTTTTATTATTC
CCIGGCATTTCGC CCATATTTTCACA
ARGGAGCTTCGGCTCCTITTITTTCATGCCT
CCTCAACCCACCCCCGCTTITACCATACT

Min27
NAME START P-VALUE
Seqdl 48  6.4%-11
Seq2l 1 1.24e-10
Seq73 54 2.68e-10
Seqs8 22 1.45e-09
Seqd4 20 1.45e-09
Seq77 34 2.97e-09
Seq3 5 824e-09
Seq37 20 1.81e-08
Seq86 441  2.25e-08
Seql9 106 4.19e-08
Seq72 33 5.66e-08
Seq60 25 3.19e-07
Seq33 32 4.09e-07
Seq2 42 521e-07
Seqd6 363 5.64e-07
Seq36 269  6.60e-07
Seq66 18  1.04e-06
Seql8 26 1.29e-06
Seql0 22 2.10e-06
Seql6 26 3.77e-06
Seq85 6 5.44e-06
SeqB0 50 5.77e-06
YYZ 2008
NAME START P-VALUE
Seq69 32 2.34e-09
Seq2s 387 1.40e-08
Seqd3 386 2.37e-08
Seq65 20  6.04e-08
Seqs2 35 6.04e-08
Seq39 268 8.31e-08
Seq36 319 B8.31e-08
Seq70 42 1.29e-07
Seq35 279 1.29e-07
Seql0 32 2.73e-07
Seq62 18 1.26e-06
Seqd2 15 2.10e-06
Seql7 36 2.85e-06
Seq72 29  4.70e-06
Seq30 42 5.02e-06
SeqlB 54 5.02e-06
Seq7s 359 7.8le-06
Seq66 29 B8.78e-06
Seq23 78 8.78e-06
Seq74 313 1.10e-05
Seqd6 124 1.22e-05

SITES

CGCCRAGAAAT COCCTTTTTTATT GCAGRAMAAGC
TCGCAGAGGT CCOCCCTTITTTTATT GAGAGTGGAT
GGGTGACACT CGGCTTTITTTGTT TTCCTTTACT
CCCACCGTCA T TITTTTATT TAGTAGTTCT
GAACCGCTGC COCTTTTTTTATT TTCAGGAGGC
TCCCCCAGTG CCTCCGCTTTTTTATCE TCCGTAACAT
CCCAGCTTCG CCT TITTTTATT GGTGAATTTT
GCCGGTTCAG ©C CTTITTTTCTC GGGTGAAT

TAACCGCGCT CCCTTTTTTTATC CGCTRAGCAC
GGGAGCTACH CTCCTTTTTTATT GTTCGCATTC
GAACCGCTGA CCCTTTTTTTACC CCCOGAGARR
GCGCAACTGC CCOCGCCTTITTTCCTA TTTCGGGCTG
CGCTTCACTC CACCGCCTITTTCCTT ATGTATAAAT
CCGGAGTCCG CCTCCCOTTTTTCTT GTCATGTACG
GCTGGTAATC CCACCCCTTTTTATT TGGGGGAGAG
TCCAATGTGA CCATTTTTTATC TGTGAGGATA
CAGGTAGTTT TCCCCCTTTTTTCTCE CATTTATAGG
ACCCRGCTTC cT TTTTTATC AGGAGTTCTC
TTCTAMAMACE CCTTTTTTTACA ACGCTTTGTA
TCGTCCAGGR CCOCCCTTTTTCAAC GGTTGGATAG
GCACCGTAAT CATCCCTTTCTCATT TCTGCGCATC

CGAATCCTGT
TCACGTTCGC
AGGGGGCCAT
GGAGGTARAGC
GCGCCGGGETC
AGTCTGT
GAACTCGCTA
AATTTTCAAT
GCAATTTGGEC
GTCGAGGATAT
CGTATAGGGEC
CATTAATT
GGAGAGGGMLT

CGEGCTGTMAG
TAAGCACAGT

ATAAATARGG
GCATTCACCC
GCCATTTTCR
GARAGGARRGG
ARRATGCTGT



2851

NAME START P-VALUE

7.64e-12
1.14e-11
3.86e-09
6.50e-09
1.07e-08
1.37e-08
4.90e-08
6.09e-08
7.55e-08
1.72e-07
1.72e-07
2.32e-07
2.55e-07
2.81e-07
1.72e-07
8.43e-07
1.53e-06
1.66e-06
2.11e-06
2.48e-06
3.13e-06
3.38e-06
4.24e-06
4.92e-06
1.07e-05
1.6%e-05
2.46e-05

AMRCTTARACHR
CAARRCCCAT
CGCAGTGTCA
TGGATTAT
CCGCGACAGR
TATTTTCCCT
CGGTTACCGC
CAACTARCAR
CTARTCATCA
CTTCACAARR
AGTGACTCTT
TTATGACAGC
CAARATCATC
TTARCTGGCT
AGTTAGTGCT
CCARCGAART
CATARCCAATR
CCARTARAGG
GAGATGAANG
AATCTTCTTT
TARACCATCAT
CAGGGCCATC
ATARCAGGCC
TCGAAAGTTC
ATGAT

AARATAAAGGA ACCATACTTITCCTCCTCT

SITES

ACCCACGCTTCCGGCT
ACCCCGCCGCGTGC
CCCCTCTCCGGA
CCCACCCTCACGCT
TACACGCCGCGAGCGT
CTCGCTTTTGC
CCCCACACACATCC
TCCTCCGCACTCCC
ACCCOGGCCTCCATCECC
ACCGGAGTCCGGCTCC
AAGTTIGCAACGGTGGC
CCGCCGGTTCAGGC
A ACCTACAGGCTC
CCcc CATTTTTCC
CGAGCCTCGGT
ACCCAGCTTCGGCT
ACGCTTCACTCCACGGC
COCTCACCAATCACGC
TCGCAGAGGTGCGGC
CCCTCCAATCTCA
AARCCGCTGCGGCGGT
ACTARACACCTCCT
TGCTGGTAATCGCA
CCAGCCAGCCGTGGC
ACAACCCCTCACGC

TTTTTITATTGC
TTTTTTATTAT
CTTTTTATCT
TTTTTTATTTA
TTTTTITATIGT
CCTTTTTTATAT
TTTTTTTGTGT
ATTTCTTTTAT
TTTTCTTTT
TTITTTIGTTGT
TTTTTTTATTT
CTITTTITTGT
CTITTTTTATTIGT
TTTTTATCTT
TTTCCTGT
TTTTTATCA
TTTTTCGTTAT
CITTTTTATTIGC
CTITTTTTATTIGA
CCATTTTTTAT
TTTTTTATTTITC
CCTTTTTCATGT
CCTTTTTATTT
ACGTTCTTGCAT
TTTTITTACGC
TTTTTTAA

1l

ACTGGAACCA TCCATCCACAATCTCTATTTTTACTICT

START P-VALUE

Seq34 19
Seq62 27
Seq43 259
Seq68 9
Seq30 270
Seq41 18
Seq33 151
Seq2 119
Seq19 303
Seq76 18
Seq38 65
Seq74 30
Seq8 21
Seq54 117
Seq50 139
Seq70 18
Seq16 25
Seq73 24
Seq20 376
Seql17 137
Seq56 25
Seq47 19
Seq26 31
Seq78 774
Seq65 6
Seq45 68
Seq22 32
SSL-2009a
NAME
Seq2s
Seql4
Seq8
Seqgd3
Segdl
Seq35
Seql?
Seqd
Seq2?
Seq32
Seql3
Seq29
Seq26
Seqls
Segd2
Segsl
Seq37
Seq20
Seq3
Seq36

Seql8

24
150
31
34
136
19
26
26
11
18

4.05e-07
1.23e-06
4.05e-06
8.90e-06
8.90e-06
1.66e-05
2.52e05
3.25e¢05
3.79e-05
4.23e-05
8.62e-05
1.05e-04
1.13e-04
1.25e-04
2.23e04
3.10e-04
3.10e-04
3.10e-04
3.46e-04
3.88e-04
7.82e-04

ACATCCATCE
GCATTTTGCT
CCCCCGCTTAR
CTGCCEATTT
ATCTEEACCA
CCCGCERAAG
ETTGCCATTT
GTTAGCCCTA
TTEACECEEE
CCTGCATTAC
CCTRATCTGEC
T
ECCAGTGECTE
CAGTTEACAC
CCATGCGGAC
ETCCTCATTA
TEEARATTEET
CEECTTCGEEC
TTAATAC
AGCGEAATTTT
T

TGAATTTTCA
CAGGAGGCRG
AATGATTCTG
GTAGTTCTCT
CGTATGCACG
CTGCGCCGEG
CCAGTCTTCT
CTGAARCTCGC
CCTCTCGCCC
CATGTCCGET
GGTCAATCGT
GGTCAAT
TCGCATTCAC
TATTATTCAG
GCGECAMAGG
GAGTTCTC
GTATAAATAD
AGARRAGCGR
GAGTGGATCT
CTGTGAGGAT
AGGAGGCTGA
TGTEAGCTTC
GGGCAGAGGG
ACGACGTGCC
CCGCEAGAARG
ATGAMAACAG
ATTTGAGARG

SITES
T CTTTT CT

TCHGCECTTTIT TTTTTARATT
TGC CTTTT TACATAGGAC
T CTTTT TTGTGECCTGT
CCOCOOCTTITIT ATTGGECATGG
C COATTTIT GCGAGCGCGT
TETCETECTTITT AGCTGEETCGC

TCOAGGEATTTT AGAR
CCACOCCTTTIT ATEECCCGECC
TCOGCOCGCTATT TTAGCCGECAR
CCTCTTTT TAGAGGACGH
TTEHCCECTATT CTGOGECGETGC
CCGC TTTIT AGCCGATCGG
CCTCCOCOTTITIT AGGTGETAGTT
CETCECTATATT GTCCACGEGETC
TT CTTTC GCCCCGATTG
TCCCCTATATT GGTTGECACAC
CCCATTCTTTT GGAGGTATAG
C CTTCOT CCCGCCATTT
COATTATTITT TATCACTGAT
CCTCOTCCATT TGTGTAATAC



Figure 2: MEME outputs for enterobacteriophage phiEcoM-GJ1
and WV8, showing alternate Shine Dalgarno sequences “GGAG”

and “AGGAG” respectively.

phiEcoM-GJ1
NAME START P-VALUE

Seql8 47  5.10e-05
Seqls 9 5.10e-05
Seql2 55 5.10e-05
Seq30 371 8.27e05
Seq24 472  B.27e05
Seq22 11 8.27e-05
Seqgdl 21 1.73e-04
Seq3 81 2.36e-04
Seqlb 3 334e-04
Seqbhd 9 4.04e-04
Seq35 12 4.04e-04
Seq2 68  6.37e-04
Seql 643 637e-04
Seq32 59  9.07e-04
Seq8 47  9.07e-04
Seq34 18  1.02e-03
Seqd’ 46 1.32e-03
Seq? 6  1.48e-03
Seq25 171 1.64e-03
Seqgd2 3 2.28e-03
Seqfl 4 2.68e03
Seq37 2 2.68e-03
Seqf0 3 3.22e-03
Seq33 359 3.55e03
Seg3l 84  4.16e-03
Seq75 9 451e03
Seq35 9 5.10e-03
Seqi4 153 5.48e03
Seqd6 4  5.84e-03
Seq29 49 9.66e-03
Seqd8 7 1.07e02
Seqd0 21  1.38e-02
Seq53 1 1.6le02
wvs
NAME START P-VALUE
Seq26 531 2.42e-09
Seqls 206 2.42e-09
Seq20 86 2.42e-09
Seq23 75 3.6le09
Seql8 73 5.98e-09
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