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Abstract

Bacteriophages have been used in many important discoveries, such as DNA as the hereditary
material of cells, and tools, such as CRISPR/Cas systems. Actinobacteriophages are a diverse
group of phages clustered by gene content similarity, with phages that share at least 35% of gene
content similarity are clustered together. Cluster BI contains Streptomyces phages and is divided
into four subclusters. Subcluster BI1 contains 19 phages, including OlympicHelado, Rima,
DrGrey, Bing, and Spectropatronm, which are the focus of this study. Members of this subcluster
contain small intergenic recurring elements within a small region on the right half of their
genomes. These small repeats were visualized in a Phamerator map, then verified using a motif
finder and searching the genomes for the predicted motifs. Motifs were found using MEME
suite. DNA master was then used to search for these motifs within each phage genome. The
motifs were found almost exclusively within the intergenic regions on the right side of the phage
genome and each motif was in multiple intergenic regions within each phage genome. A
phagesdb blast shows that the motifs are found throughout other clusters of
Actinobacteriophages as well. We have identified and characterized these repeated regions
bioinformatically, which will inform future experimental studies toward understanding their
functional role in the phage genome.

Introduction

Bacteriophages have long been used in research because of their small size and relative
simplicity. One notable experiment involving bacteriophage was the Hershey and Chase
experiments in 1952. They used a T2 phage to determine that DNA, as opposed to protein, was
the hereditary material of the cell (1). CRISPR/cas systems are being used in genomic editing.
This system is naturally found within bacteria as an adaptive immunity to bacteriophages.
CRISPR/cas play an important role in the coevolution of bacteria and bacteriophage (2).
Actinobacteriophages are phages that infect Actinobacteria, a phylum of Gram-positive bacteria
that includes Streptomyces spp. The Actinobacteriophage database, available at phagesdb.org,
groups bacteriophages by gene content similarity. Those with at least 35 percent gene content
similarity are placed into a cluster (3). A cluster can then be broken down into subclusters. The
subcluster that is the focus of the research presented here is Subcluster BI1. The 19 members of
subcluster BI1 have a genome size ranging from 54664 bp to 56472 bp. The GC content ranges
from 59.1% to 59.6% (4). Typically, phage genomes are compact with few intergenic regions.
The left side of the genome contains the structural genes of the phage and the right side has the



functional genes of the phage. The Phamerator map of the BI1 bacteriophages show an
interesting pattern outlined in the results section (Figure 2).

Methods
Motif Hunting:

MEME suite was used on OlympicHelado, Bing, Spectropatronm, Rima, and DrGrey. The
parameters used were as follows:

Input job details
(Optional) Enter your email address.

(Optional) Enter a job description. 7

)|

d as the background model?

p——. o ]
s must each motf have?
» Maximum sies:
Can moti n both strands? (DNA/RNA only)
search only 2]

(DNA only)

4 form inpats excesd SOME the b will b rejeced
Start Search | | Clear Input

Locating Motifs in the Genome:

OlympicHealado was used as the test for the procedure and all the motifs were searched in DNA
Master. A 10 base pair segment was chosen to better identify psudeomatches as well. The
locations of the various motifs were mapped on the Phamerator map using arrows.

BLAST searches:
Each motif was searched using NCBI BLAST as well as a local PhagesDB BLAST.
Promoter Search:

A promoter search was conducted within DNA Master.



Results

Figure 1: Phamerator map showing a comparison of the genomes of OlympicHelado and
Spectropatronm. The purple shading shows the most nucleotide similarity and white is the least
similar. The genes and gene phamalies are represented by the number and color in the boxes,

respectively.
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Figure 2: A zoomed in area of a Phamerator map showing the area of interest in OlympicHelado,
Spectropatronm, DrGrey, Rima, and Bing. The red indicates regions where similar nucleotides

are found.
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Figure 3: MEME output of motif search for DrGrey. The ones with significant e-values are
highlighted. Letter size indicates conservation of bases at different occurrences within the
genome.
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Figure 4: MEME output of motif search for Rima. Letter size indicates conservation of bases at
different occurrences within the genome.
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Figure 5: MEME output of motif search for OlympicHelado. Letter size indicates conservation of
bases at different occurrences within the genome.
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Figure 6: MEME output of motif search for Bing. Letter size indicates conservation of bases at
different occurrences within the genome.
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Figure 7: MEME output of motif search for Spectropatronm. Letter size indicates conservation of
bases at different occurrences within the genome.
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Figure 8: Zoomed in Phamerator map with the region of interest with arrows indicating the
location of motifs found in OlympicHelado using MEME suite. Red arrows are motif 1 and 2,
Green arrows are motifs 3 and 5. All are intergenic with the exception of the motif on gene 40.



Streptomyces phage Spectropatronm complete sequence, 55787 bp in... _72  le-12
Streptomyces phage Soshi complete sequence, 56311 bp including 9. .. _72 le-12
Streptomyces phage Rima complete sequence, 56168 bp including 9-... _72  1e-12
Streptomyces phage Popy complete sequence, 56478 bp including 9-... _72 1le-12
Streptomyces phage OlympicHelado complete sequence, 56189 bp inc... 72  le-12
Streptomyces phage Namo complete sequence, 56168 bp including 9-... 72  1le-12
Streptomyces phage Meibysrarus complete sequence, 55897 bp inclu... _72  1le-12
Streptomyces phage Jaylociraptor complete sequence, 55699 bp inc... 72  le-12
Streptomyces phage IceWarrior complete sequence, 55532 bp includ. .. _72 1le-12
Streptomyces phage Hoshi complete sequence, 55728 bp including 9... _72  1le-12
Streptomyces phage FrodoSwaggins complete sequence, 56472 bp inc... _72  le-12
Streptomyces phage FidgetOrca complete sequence, 56115 bp includ. .. _72 le-12
Streptomyces phage Esketit complete sequence, 54664 bp including. .. _72  1e-12
Streptomyces phage DrGrey complete sequence, 56876 bp including ... _72 1le-12
Streptomyces phage CherryBlossom complete sequence, 55563 bp inc... 72  le-12
Streptomyces phage GirlPower complete sequence, 55521 bp includi... _78 4de-12
Streptomyces phage Madamato complete sequence, 55349 bp includin... _66 TFe-11
Gordonia phage Schwartz33 complete sequence, 59457 bp including ... _B64  3e-1@
Gordonia phage Untouchable complete sequence, 61623 bp including. .. _68 4de-09
Gordonia phage Kenosha complete sequence, 688%% bp including S-b... _58  2e-€8
Gordonia phage Crocheter complete sequence, 68531 bp including 9... _58 2e-08
Gordonia phage Tanis complete sequence, 59727 bp including 9-bas... _G56 6e-B8
Rhodococcus phage Pocob6 complete genome, 78864 bp including 9-ba... _56 6e-88
Gordonia phage Odesza complete sequence, 59746 bp including 9-ba... _56 6e-B8
Gordonia phage Kerry complete sequence, 59688 bp including 9-bas... _G56 6e-B8
Gordonia phage Gravy complete sequence, 59545 bp including 9-bas... _56  6e-88
Gordonia phage Duffington complete sequence, 61343 bp including _56 6e-@8
Gordonia phage Chikenjars complete sequence, 61544 bp including ... _56 6e-B8
Gordonia phage Avazak complete sequence, 68278 bp including 9-ba... _56 6e-88
Gordonia phage AlainaMarie complete sequence, 61315 bp including... _56 6e-88
Gordonia phage Rickmore complete sequence, 60218 bp including 9-... _54  3e-07
Gordonia phage OhMyWard complete sequence, 60978 bp including S-... _58 4de-B5
Streptomyces phage Bing complete sequence, 56341 bp including 9-... _48  2e-85
Arthrobacter phage Sporto complete sequence, 54780 bp including ... _46  6e-BS
Streptomyces phage SendIt(S complete sequence, 55993 bp includin... _46  6e-B5
Streptomyces phage Rainydai complete sequence, 57623 bp includin. .. _46  6e-85
Rhodococcus phage Pepyb complete genome, 76797 bp including 9-ba... _46  6e-B5
Arthrobacter phage Loretta complete sequence, 56953 bp including... _46  6e-B5
Arthrobacter phage Ingrid complete sequence, 56953 bp including _46  6e-85

Figure 9: A screenshot of the PhagesDb BLAST search of one of the motifs found in the
OlympicHelado genome. Some of the hits are with other BI1 phages not represented in this study
but other significant hits include phages infecting Gordonia spp, Rhodococcus spp, etc.
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Figure 10: Output of the promoter search of OlympicHelado on DNA Master. The location of
promoters are given and the scores are best when closest to 1.

Observations/Conclusions:

Motifs were found in all 5 of the bacteriophages that were searched. These motifs are very
similar in all of the phages Some of the motifs are very similar to other motifs found within the
same genome.

The motifs were found to be mainly in the region of interest. Multiple copies of the motifs were
found in the intergenic spaces between the genes of this region.

An NCBI BLAST shows no significant hits for any known function so a potential function could
not be determined.

The PhagesDb BLAST search shows that these motifs are found within phages belonging to
other clusters and within phages that infect other genera of bacteria.



The search for promoters shows multiple potential promoters in the region of interest leading to
the hypothesis that these motifs are involved in DNA binding.

Future Work:

The potential promoters will be mapped out to determine exactly where they may be within this
region of interest.

A gel shift mobility assay will be performed to check for binding properties.
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