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Complete genome sequence of Azrael100, a V 
cluster mycobacteriophage
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ABSTRACT Azrael100, a cluster V siphoviral mycobacteriophage, was isolated from a 
garden in Johannesburg, South Africa. It can infect and lyse Mycobacterium smegmatis 
mc2155. The double-stranded DNA genome contains 78,063 base pairs with a GC content 
of 56.9%, with 141 predicted open reading frames, 23 tRNAs, and one tmRNA.
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M ycobacteriophage (MP) therapy has shown promise in augmenting current 
regimens against mycobacterial diseases (1–4). Bacteria can become resistant 

to bacteriophages, and thus a diverse pool of available phages is required to ensure 
flexibility to generate tailored cocktails (5).

We isolated Azrael100 from compost soil in Johannesburg, South Africa (June 2021; 
GPS coordinates—26.188773°, 28.005199°). Soil was resuspended in 10 mL of mycobac­
teriophage buffer and vortexed for 2 min. After settling, the liquid was filter-sterilized 
(0.22 µm) and used to infect Mycobacterium smegmatis mc2155 to obtain plaques. Briefly, 
450 µL of bacterial cells were washed twice in MP buffer, and 50 µL of filtered lysate was 
added for phage adsorption. The mixture was poured as an overlay and incubated for 
48 h at 37°C (6). A clear, small plaque (ca. 1–3 mm, Fig. 1A) was picked for purification 
and propagation. High titer phage lysate was used for negative staining transmission 
electron microscopy and genomic DNA extraction (Wizard Genomic DNA Purification Kit, 
Promega).

Library preparation was performed using the NEBNext Ultra II FS Kit (New England 
Biolabs). DNA was indexed and sequenced on the Illumina NextSeq500 platform, using a 
NextSeq (300 cycle) Kit as previously described (7). A total of 601,246 reads (2 × 150 bp 
paired-end reads) were generated and trimmed (Illumina Experiment Manager v1.9 with 
default settings) before genome assembly. A single mycobacteriophage contig was 
assembled and assessed for quality, completeness, accuracy, and genomic termini, using 
Newbler (V2.9) and Consed (V29.0) with default parameters. The approximate coverage 
level was 2,198-fold. Whole-genome nucleotide BLASTn alignments were performed at 
https://blast.ncbi.nlm.nih.gov/ and https://phagesdb.org/blast/. The genome was 
annotated using DNA Master (v5.23.6; http://phagesdb.org/DNAMaster/) and refined 
with the following databases and software with default parameters unless otherwise 
stated: GeneMark (v2.5p) (8), Glimmer (v3.07) (9), Phamerator (https://phamerator.org) 
(10), and Aragorn (11). The tRNAscan-SE (v2.0) (12, 13) software tool was modified as 
follows: Sequence source: Bacterial; Search mode: Infernal without HMM; Extended 
Options: Check “Disable pseudo gene checking”; Check “Show primary and secondary 
structure components to scores”; and Genetic Code for tRNA isotype Prediction: 
Universal and a Score cut-off of 17.

The morphotype of Azrael100 is siphoviral, with the icosahedral head diameter and 
tail fiber length measuring 75 nm and 294 nm, respectively (Fig. 1B). The double stranded 
DNA genome of 78,063 base pairs is circularly permuted, with a 3’ sticky overhang of 
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11 bp (ACCACTGCAAC) and a GC content of 56.9%. It has >98.96% similarity with the 
other four cluster V mycobacteriophages, i.e., Cosmo (GenBank accession number: 
KP027195), MaryV (MN585992), EniyanLRS (KY385381), and Wildcat (NC_008206). There 
are 141 predicted open reading frames (ORFs) of which 99 (61%) are hypothetical 
proteins. There are 23 operonic tRNAs and one tmRNA, a possible indication that 
Azrael100 might infect a broad range of host strains (14). ORFs with homology to other 
known genes encode, among others, structural elements (e.g., capsid proteins and 
assembly protease, head-to-tail adaptors, neck protein, tail terminator, major tail, and 
tape measure proteins) and DNA modifying elements (e.g., PolyA polymerase, terminase, 
DnaB-like helicase, WhiB family transcription factor, and DNA polymerase).
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FIG 1 Morphological characterization of mycobacteriophage Azrael100. (A) Plaques produced on a lawn 

of M. smegmatis mc2155 grown on 7H10 medium on a petri dish (90 mm diameter). They are clear, ca. 1 to 

3 mm in diameter with a cornet-shaped halo. (B) Transmission electron micrograph of virion morphology 

(stained with 1% uranyl acetate). Azrael100 contains a ~75-nm-wide head and a non-contractile tail with 

a length of ~294 nm.

Announcement Microbiology Resource Announcements

October 2023  Volume 12  Issue 10 10.1128/MRA.00684-23 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
11

 D
ec

em
be

r 
20

23
 b

y 
14

6.
14

1.
22

4.
28

.

https://www.ncbi.nlm.nih.gov/nuccore/kp027195
https://www.ncbi.nlm.nih.gov/nuccore/MN585992
https://www.ncbi.nlm.nih.gov/nuccore/KY385381
https://www.ncbi.nlm.nih.gov/nuccore/NC_008206
https://doi.org/10.1128/MRA.00684-23


Funder Grant(s) Author(s)

South African Medical Research Council (SAMRC) Bavesh Davandra Kana

AUTHOR CONTRIBUTIONS

Edith Erika Machowski, Data curation, Formal analysis, Investigation, Methodology, 
Software, Supervision, Visualization, Writing – original draft, Writing – review and 
editing | Christopher Shawn Ealand, Data curation, Formal analysis, Investigation, 
Methodology, Software, Supervision, Visualization, Writing – review and editing | Olivia 
Jacobs, Investigation, Methodology | Bavesh Davandra Kana, Conceptualization, Funding 
acquisition, Project administration, Resources, Supervision, Writing – review and editing

DATA AVAILABILITY

The Azrael100 genome sequence is available at GenBank under accession number 
OR199846 and the raw sequence reads under SRA accession number SRR24526040.

REFERENCES

1. Shield CG, Swift BMC, McHugh TD, Dedrick RM, Hatfull GF, Satta G. 2021. 
Application of bacteriophages for mycobacterial infections, from 
diagnosis to treatment. Microorganisms 9:11. https://doi.org/10.3390/
microorganisms9112366

2. Jacobs-Sera D, Marinelli LJ, Bowman C, Broussard GW, Guerrero 
Bustamante C, Boyle MM, Petrova ZO, Dedrick RM, Pope WH. 2012. On 
the nature of mycobacteriophage diversity and host preference. 
Virology 434:187–201. https://doi.org/10.1016/j.virol.2012.09.026

3. Hatfull GF. 2022. Mycobacteriophages: from petri dish to patient. PLoS 
Pathog 18:e1010602. https://doi.org/10.1371/journal.ppat.1010602

4. Dedrick RM, Smith BE, Cristinziano M, Freeman KG, Jacobs-Sera D, 
Belessis Y, Whitney Brown A, Cohen KA, Davidson RM, van Duin D, 
Gainey A, Garcia CB, Robert George CR, Haidar G, Ip W, Iredell J, Khatami 
A, Little JS, Malmivaara K, McMullan BJ, Michalik DE, Moscatelli A, Nick 
JA, Tupayachi Ortiz MG, Polenakovik HM, Robinson PD, Skurnik M, 
Solomon DA, Soothill J, Spencer H, Wark P, Worth A, Schooley RT, 
Benson CA, Hatfull GF. 2023. Phage therapy of mycobacterium infections: 
compassionate use of phages in 20 patients with drug-resistant 
mycobacterial disease. Clin Infect Dis 76:103–112. https://doi.org/10.
1093/cid/ciac453

5. Borin JM, Avrani S, Barrick JE, Petrie KL, Meyer JR. 2021. Coevolutionary 
phage training leads to greater bacterial suppression and delays the 
evolution of phage resistance. Proc Natl Acad Sci U S A 118:23. https://
doi.org/10.1073/pnas.2104592118

6. Bajpai U, Mehta AK, Eniyan K, Sinha A, Ray A, Virdi S, Ahmad S, Shah A, 
Arora D, Marwaha D, Chauhan G, Saraswat P, Bathla P, Singh R. 2018. 
Isolation and characterization of bacteriophages from India, with lytic 
activity against Mycobacterium tuberculosis. Can J Microbiol 64:483–491. 
https://doi.org/10.1139/cjm-2017-0387

7. Ealand C, Machowski EE, Jacobs O, Kana B. 2023. Complete genome 
sequence of lopsy, a B1 cluster mycobacteriophage. Microbiol Resour 
Announc 12:e0033323. https://doi.org/10.1128/mra.00333-23

8. Borodovsky M, Lomsadze A, Ivanov N, Mills R. 2003. Prokaryotic gene 
prediction using Genemark and Genemark.hmm. Curr Protoc Bioinfor­
matics Chapter 4:Unit4. https://doi.org/10.1002/0471250953.bi0406s01

9. Salzberg SL, Delcher AL, Kasif S, White O. 1998. Microbial gene 
identification using interpolated Markov models. Nucleic Acids Res 
26:544–548. https://doi.org/10.1093/nar/26.2.544

10. Cresawn SG, Bogel M, Day N, Jacobs-Sera D, Hendrix RW, Hatfull GF. 
2011. Phamerator: a bioinformatic tool for comparative bacteriophage 
genomics. BMC Bioinformatics 12:395. https://doi.org/10.1186/1471-
2105-12-395

11. Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes 
and tmRNA genes in nucleotide sequences. Nucleic Acids Res 32:11–16. 
https://doi.org/10.1093/nar/gkh152

12. Lowe TM, Chan PP. 2016. tRNAscan-SE On-line: integrating search and 
context for analysis of transfer RNA genes. Nucleic Acids Res 44:W54–
W57. https://doi.org/10.1093/nar/gkw413

13. Chan PP, Lin BY, Mak AJ, Lowe TM. 2021. tRNAscan-SE 2.0: improved 
detection and functional classification of transfer RNA genes. Nucleic 
Acids Res. 49:9077–9096. https://doi.org/10.1093/nar/gkab688

14. Bailly-Bechet M, Vergassola M, Rocha E. 2007. Causes for the intriguing 
presence of tRNAs in phages. Genome Res 17:1486–1495. https://doi.
org/10.1101/gr.6649807

Announcement Microbiology Resource Announcements

October 2023  Volume 12  Issue 10 10.1128/MRA.00684-23 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
11

 D
ec

em
be

r 
20

23
 b

y 
14

6.
14

1.
22

4.
28

.

https://www.ncbi.nlm.nih.gov/nuccore/OR199846
https://www.ncbi.nlm.nih.gov/sra/SRR24526040
https://doi.org/10.3390/microorganisms9112366
https://doi.org/10.1016/j.virol.2012.09.026
https://doi.org/10.1371/journal.ppat.1010602
https://doi.org/10.1093/cid/ciac453
https://doi.org/10.1073/pnas.2104592118
https://doi.org/10.1139/cjm-2017-0387
https://doi.org/10.1128/mra.00333-23
https://doi.org/10.1002/0471250953.bi0406s01
https://doi.org/10.1093/nar/26.2.544
https://doi.org/10.1186/1471-2105-12-395
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/gkw413
https://doi.org/10.1093/nar/gkab688
https://doi.org/10.1101/gr.6649807
https://doi.org/10.1128/MRA.00684-23

	Complete genome sequence of Azrael100, a V cluster mycobacteriophage

