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- Nearly 9,700 mycobacteriophages have been isolated, of
which 1,577 have been sequenced and characterized
- Phages allow for study of mycobacteria through enhanced
genetics, understanding of how phage contribute to bacterial
biological processes
- Full genome sequences of phages reveal novel functions,
genes, and evolution of mycobacterial phage and hosts

Mycobacteriophage Biology and Genomics

II. Introduction

Twenty new mycobacteriophages were isolated from soil samples
collected around the state of Michigan and other parts of the United
States. All phages were capable of infecting Mycobacterium
smegmatis and were isolated through either enrichment or direct
plating at 32℃. A variety of plaque morphologies were produced
based on size, shape, and clarity; both lytic and temperate phages
are represented in this collection. The mycobacteriophage,
Bromden, was chosen as one of two phages for complete genome
sequencing and comparative genomic analyses. The predominant
plaque produced by Bromden after 48 hours at 32℃ is 0.5 mm in
diameter, circular, and clear. The genome of Bromden is 70.2 Kb,
58.2% GC, and contains 119 genes. Bromden’s complete genome
sequence indicates a relationship to mycobacteriophages of cluster
L, and strongest similarity to mycobacteriophage DyoEdafos of
subcluster L4, which is the only other member of the L4 subcluster of
mycobacteriophages. The two genomes align at only 85% identity
over 87% of the shorter Bromden, with the largest difference being
an 8.5 kb section found in DyoEdafos but missing in Bromden. This
accounts for the difference in their gene numbers, as DyoEdafos has
33 more genes than Bromden. Auto-annotation indicated there are
13 possible tRNA genes in Bromden. The GC content of Bromden
(58.2%) is low compared to most other clusters of
mycobacteriophages as well as their common host, M. smegmatis
(67.4%). The other clusters with relatively low GC content also have
few members, suggesting that these phages may more readily infect
other bacterial hosts with lower GC content. A detailed analysis of
the complete genome sequences and comparison with sequenced
mycobacteriophages is the subject of the second semester of the
yearlong course and is presented.

I. Abstract

Top: Phage GuuelaD from cluster L2
Middle: Bromden draft from cluster L4
Bottom: DyoEdafos draft from cluster L4
Bromden is closely aligned with both
phages. Purple color indicates close
alignment. Bromden has a shorter genome
than both GuuelaD and DyoEdafos (left).
Bromden has a shorter genome compared
to the average genome length of L phages.
Bromden’s complete genome is shown
below.

Figure 2 - Aligned Genome Maps of
Representative Phages Depicting Level
of Similarity between Genomes Using
Phamerator (Left and bottom)
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Bromden gp28 and gp29 (circled in blue) are
located downstream of Lysin A and Lysin B
(both circled in red). The holin gene is
commonly found downstream because all
three proteins are used in the lysis module.
The image on the right shows the lysis
process with the green figures acting as the
lysin proteins and the blue figures acting as
the holin proteins. The yellow and purple
figures represent membranes of the host cell.
The holin allows for the lysin to pass through
the cell membrane and degrade the outer
membrane in order to release phage progeny.

Figure 3 - Lysin and Holin Genes (Top and
right)
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Figure 1 - Transmission Electron Microscopy
Images (Discovered 2015-2016)

III. Phage Genomics Research 2017-2018

After continuing to pick
plaques from direct
plating techniques,
Bromden’s plaques
were consistently
circular, clear and
0.5mm in diameter.
Consistent morphology
proves it was a pure
stock.

Figure 4 - Plaque
Morphology

Protein that provides information and allows mycobacteriophages to transport
information into the host cell during an infection phase
The study of domains required for the protein’s function can lead to new
discoveries in the evolution of mycobacteriophages
Bromden’s TMP has two domains- see figure 7 to the right for an example
Analyzing the domains can lead to a better understanding of the tape
measure protein of Bromden
Is the longest gene recorded in Bromden at 1697 amino acids
Surrounded by tail assembly chaperones and minor tail proteins

Figure 7

Calculating the GC content for each
gene in Bromden revealed that there
are no influential outliers, but there are
six statistically significant genes.
Genes 61(50.12), 105(48.33), and
109(49.75) are below 2 standard
deviations for the GC content. Genes
22(64.73), 68(67.09), and 101(66.67)
are above two standard deviations from
the mean.
95% CI: [50.3, 64.785]. Mean: 57.5
Fandom Image

Figure 6 - Frequency of GC content
in Bromden genes (Left)
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Gp28:
● 151 amino acids
● Phamily 1930
● Appletree2_27, GuuelaD_29, Miley16_29, Nicholasp3_29, Winky_29 are in Phamilly 1930 and have a holin function
● 0 transmembrane domains (http://www.enzim.hu/hmmtop/server/hmmtop)
Gp29:
● 109 amino acids
● Phamily 37230
● Rumpelstiltskin_30, JoeDirt_28, Loadrie_30 are in Phamily 37230 and have a holin function
● 3 transmembrane domains (http://www.enzim.hu/hmmtop/server/hmmtop)

A holin is a protein that functions to create a “hole” in the membrane of the host cell. This allows the newly produced phage to
be released at the end of the lytic cycle. One component coded for by a holin gene is a transmembrane domain, which allows
the holin to attach to a specific area in the membrane and is needed for a holin to function. There are two genes in Bromden
that could have a potential holin function, gp28 and gp29, according to their location and comparison to other phage genes.
However, it is hard to determine which gene is a holin or if both genes work together, without specific lab data.

Holin Protein in Bromden
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Tape Measure Protein (TMP) in Bromden

VI. Specific Protein Functions

When comparing the codon usage
bias of M. smegmatis to the codon
usage bias of Bromden associated
with encoded tRNAs, we found that
many tRNA encoded codons were
more frequently used in Bromden,
perhaps explaining the reason for
encoded tRNAs.

Figure 5 - Codon Usage Bias
Comparison (Left)

Question: What Mycobacterium species does Bromden commonly infect?
Method: Look at the gene BLAST, unusual genes in phages, codon usage bias, and GC content to find genes that have been stolen from
hosts.
Results:

V. Potential primary hosts

58.2% GC,119 protein coding genes, 13 tRNA genes

70,183 base pairs, Linear Genome with 10 bp 3’ overhang,
TCGATCAGCC

Siphoviridae Structure

Circular clear plaques, 0.5mm diameter at 48 hours on M. smegmatis
host at 32°C

Isolated via direct plating procedure from moist soil sample, collected
by Hannah Cizauskas in Westland, Michigan from a pumpkin patch that
was composted with grass clippings

Bromden Characteristics

IV. Physical and Genomic Characteristics
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