
TABLE	
  1.	
  Cluster	
  A3	
  Mycobacteriophage	
  BLASTn	
  results	
  for	
  Texage	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Annota&ons	
  submi-ed	
  and	
  *completed	
  from	
  	
  
8	
  closely	
  related	
  genomes	
  are	
  highlighted	
  in	
  blue)	
  

Don’t Mess with the 

   T E X A G E   
ABSTRACT 

Texage is an A3 cluster phage isolated from the grounds surrounding Mendel 
pond on the campus of Merrimack College in North Andover, Massachusetts.  
Texage was isolated and characterized by freshmen Biology majors taking 
Principles of Biology I in Fall 2014 and was found to have a large and turbid 
plaque morphology, and siphoviridae phage particle morphology.  An intriguing 
image of another phage, Swarley, showed a capsid with no detectable tail.  We are 
following up on this initial result.  Students taking Genetics in Spring 2015 
carried out annotation of the Texage genome.  Texage displays over 99% identity 
to several other A3 cluster phages that represents a wide geographic area: Norbert, 
Pocahontas, Popsicle, Panamaxus, Lambert1, QuinnKiro, Veracruz, and Todacoro.  
Texage’s genome is 50081 bp and is organized into a typical left half/forward and 
right half/reverse orientation of the genes.  It possesses 88 putative protein 
encoding genes.  It also carries the same two tRNA genes found in Quinnkiro, Asn 
(gtt) and Trp (cca).   
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BLAST&Hits&&
NEWLY&ASSIGNED&FUNCTIONS

1 Terminase_4:&&Phage&terminase,&small&
subunit;&&Streptococcus*phage*7201 1&synonymous

2 tail&protein,*Mycobacterium*phage*
QuinnKiro

2&conservative:&DNN,&&INV;&2&
synonymous

3 tail&protein,&Mycobacterium*phage*
QuinnKiro 2&synonymous

4 structural&protein,*Mycobacterium*phage*
QuinnKiro

5

6 tRNANAsn&(gtt)

7 tRNANTrp&(caa)

8 Phage&holin&protein&,!Bacteriophage,LL.H

9 lysin&A,&Mycobacterium*phage*QuinnKiro 1&nonNconservative:&PNQ;&1&
synonymous

10 lysin&B,&Mycobacterium*phage*QuinnKiro 1&synonymous

11 terminase,&Mycobacterium*phage*
QuinnKiro

12 portal&protein,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&TNP

13 capsid&maturation&protease,&
Mycobacterium*phage*QuinnKiro

14 scaffolding&protein,&Mycobacterium*phage*
QuinnKiro

15 major&capsid&protein,&Mycobacterium*
phage*QuinnKiro

16 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

17 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

18 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

19 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

20 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

21 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

22 major&tail&subunit,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&GNS

23 tail&assembly&chaperone,&Mycobacterium*
phage*QuinnKiro

24 tail&assembly&chaperone,&Mycobacterium*
phage*QuinnKiro 1&synonymous

25 tape&measure,*Mycobacterium*phage*
QuinnKiro

1&conservative:&RNK.&&2&nonN
conservative:&TNN,&ANT.&&5&
synonymous

26 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

27 minor&tail&protein,*Mycobacterium*phage*
QuinnKiro 4&synonymous

28 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro 1&synonymous

29 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

30 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

31 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro 2&synonymous

32
periplasmic&binding&protein/LACI&
transcriptional;&ABC&transporter&solute&
binding&protein,&Mycobacterium,
smegmatis

2&conservative:&DNE,&ANS.&&2&nonN
conservative:&ANT,&ENF.&&6&
synonymous&&(Ten!substitutions!
in!this!short,!408!bp!gene.)

33 integrase,*Mycobacterium*phage*
QuinnKiro

1&nonNconservative:&RNP.&&3&
synonymous

34 dCMP&deaminase,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&SNF

35 1&synonymous

36 collagen??&syntheitc,peptide,and,others, 1&&nonNconservative:&ANT;&1&
synonymous

37 lipase,*Aeromonas,hydrophila

38
39

40 1&conservative:&MNI

41 Chromosome&partition&protein&SMC,&
Pyrococcus,furiosus

42

43 DNA&polymerase&I,*Mycobacterium*phage*
QuinnKiro 6&synonymous

44

45 HTH&DNA&binding&domain&protein,&
Mycobacterium*phage*QuinnKiro

46 Putative&lipoprotein&Salmonella,
typhimurium,LT2,

47 thymidylate&synthase,*Mycobacterium*
phage*QuinnKiro

48 singleNstranded&DNA&binding&protein,&
Pseudomonas,phage,PF3

49 ribonucleotide&reductase,*Mycobacterium*
phage*QuinnKiro 1&synonymous

50
51

52 putative&sigma&factor,*Mycobacterium*
phage*QuinnKiro

53 metallophosphoesterase,*Mycobacterium*
phage*QuinnKiro 1&synonymous

54
55

56 DNA&primase,*Mycobacterium*phage*
QuinnKiro

57 DNA&primase,*Mycobacterium*phage*
QuinnKiro

58

59 EndoVII,*Mycobacterium*phage*QuinnKiro

60 esterase/lipase,*Mycobacterium*phage*
QuinnKiro

1&conservative:&YNH;&4&
synonymous

61 phosphoribosyl&transferase,*
Mycobacterium*phage*QuinnKiro

62 1&nonNconservative:&RNH

63 DnaBNlike&helicase,*Mycobacterium*phage*
QuinnKiro 2&synonymous

64 1&conservative:&ANV

65 HTH_7:&&HelixNturnNhelix&domain&of&
resolvase&(prokaryotic*organisms)

1&nonNconservative:QNP;&1&
synonymous

66 1&nonNconservative:INL;&1&
synonymous

67 2&synonymous

68 Oxidoreductase&FADNbinding&domain&
(prokaryotic*and*eukaryotic*consensus)

1&nonNconservative:&PNT;&2&
synonymous

69 RecB,*Mycobacterium*phage*QuinnKiro 1&nonNconservative:&QNR;&2&
synonymous

70

71 immunity&repressor,*Mycobacterium*
phage*QuinnKiro 1&synonymous

72

73 &TFIIB&zincNbinding;&domain&&(consensus*
sequence)

74

75 1&synonymous

76

77 1&conservative:&INM

78 1&synonymous

79

80 1&nonNconservative:&DNG;&1&
synonymous

81 1&synonymous

82

83 1&nonNconservative:&TNA

84 1&synonymous

85 1&synonymous

86 Coenzyme&PQQ&synthesis&protein,&
Xanthomonas,campestris,

87

88 *Translation&initiation&factor&IFN1,&
Streptococcus,pneumoniae
56/88&functional&assignments 9&CONSERVATIVE&AMINO&ACID&

SUBSTITUTIONS
********43*previously*assigned*functions 17&NONNCONSERVATIVE&AMINO&

ACID&SUBSTITUTIONS
********12*newly*assigned*functions 60&SYNONYMOUS&

SUBSTITUTIONS

AMINO&ACID&
DIFFERENCES&&&VS&&&

QUINNKIRO

TEXAGE&
GENE&

NUMBER

BLAST&Hits&&
NEWLY&ASSIGNED&FUNCTIONS

1 Terminase_4:&&Phage&terminase,&small&
subunit;&&Streptococcus*phage*7201 1&synonymous

2 tail&protein,*Mycobacterium*phage*
QuinnKiro

2&conservative:&DNN,&&INV;&2&
synonymous

3 tail&protein,&Mycobacterium*phage*
QuinnKiro 2&synonymous

4 structural&protein,*Mycobacterium*phage*
QuinnKiro

5

6 tRNANAsn&(gtt)

7 tRNANTrp&(caa)

8 Phage&holin&protein&,!Bacteriophage,LL.H

9 lysin&A,&Mycobacterium*phage*QuinnKiro 1&nonNconservative:&PNQ;&1&
synonymous

10 lysin&B,&Mycobacterium*phage*QuinnKiro 1&synonymous

11 terminase,&Mycobacterium*phage*
QuinnKiro

12 portal&protein,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&TNP

13 capsid&maturation&protease,&
Mycobacterium*phage*QuinnKiro

14 scaffolding&protein,&Mycobacterium*phage*
QuinnKiro

15 major&capsid&protein,&Mycobacterium*
phage*QuinnKiro

16 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

17 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

18 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

19 headNtoNtail&connector&protein,&
Mycobacterium*phage*QuinnKiro

20 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

21 headNtoNtail&connector&protein,*
Mycobacterium*phage*QuinnKiro

22 major&tail&subunit,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&GNS

23 tail&assembly&chaperone,&Mycobacterium*
phage*QuinnKiro

24 tail&assembly&chaperone,&Mycobacterium*
phage*QuinnKiro 1&synonymous

25 tape&measure,*Mycobacterium*phage*
QuinnKiro

1&conservative:&RNK.&&2&nonN
conservative:&TNN,&ANT.&&5&
synonymous

26 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

27 minor&tail&protein,*Mycobacterium*phage*
QuinnKiro 4&synonymous

28 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro 1&synonymous

29 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

30 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro

31 minor&tail&protein,&Mycobacterium*phage*
QuinnKiro 2&synonymous

32
periplasmic&binding&protein/LACI&
transcriptional;&ABC&transporter&solute&
binding&protein,&Mycobacterium,
smegmatis

2&conservative:&DNE,&ANS.&&2&nonN
conservative:&ANT,&ENF.&&6&
synonymous&&(Ten!substitutions!
in!this!short,!408!bp!gene.)

33 integrase,*Mycobacterium*phage*
QuinnKiro

1&nonNconservative:&RNP.&&3&
synonymous

34 dCMP&deaminase,&Mycobacterium*phage*
QuinnKiro 1&nonNconservative:&SNF

35 1&synonymous

36 collagen??&syntheitc,peptide,and,others, 1&&nonNconservative:&ANT;&1&
synonymous

37 lipase,*Aeromonas,hydrophila

38
39

40 1&conservative:&MNI

41 Chromosome&partition&protein&SMC,&
Pyrococcus,furiosus

42

43 DNA&polymerase&I,*Mycobacterium*phage*
QuinnKiro 6&synonymous

44

45 HTH&DNA&binding&domain&protein,&
Mycobacterium*phage*QuinnKiro

46 Putative&lipoprotein&Salmonella,
typhimurium,LT2,

47 thymidylate&synthase,*Mycobacterium*
phage*QuinnKiro

48 singleNstranded&DNA&binding&protein,&
Pseudomonas,phage,PF3

49 ribonucleotide&reductase,*Mycobacterium*
phage*QuinnKiro 1&synonymous

50
51

52 putative&sigma&factor,*Mycobacterium*
phage*QuinnKiro

53 metallophosphoesterase,*Mycobacterium*
phage*QuinnKiro 1&synonymous

54
55

56 DNA&primase,*Mycobacterium*phage*
QuinnKiro

57 DNA&primase,*Mycobacterium*phage*
QuinnKiro

58

59 EndoVII,*Mycobacterium*phage*QuinnKiro

60 esterase/lipase,*Mycobacterium*phage*
QuinnKiro

1&conservative:&YNH;&4&
synonymous

61 phosphoribosyl&transferase,*
Mycobacterium*phage*QuinnKiro

62 1&nonNconservative:&RNH

63 DnaBNlike&helicase,*Mycobacterium*phage*
QuinnKiro 2&synonymous

64 1&conservative:&ANV

65 HTH_7:&&HelixNturnNhelix&domain&of&
resolvase&(prokaryotic*organisms)

1&nonNconservative:QNP;&1&
synonymous

66 1&nonNconservative:INL;&1&
synonymous

67 2&synonymous

68 Oxidoreductase&FADNbinding&domain&
(prokaryotic*and*eukaryotic*consensus)

1&nonNconservative:&PNT;&2&
synonymous

69 RecB,*Mycobacterium*phage*QuinnKiro 1&nonNconservative:&QNR;&2&
synonymous

70

71 immunity&repressor,*Mycobacterium*
phage*QuinnKiro 1&synonymous

72

73 &TFIIB&zincNbinding;&domain&&(consensus*
sequence)

74

75 1&synonymous

76

77 1&conservative:&INM

78 1&synonymous

79

80 1&nonNconservative:&DNG;&1&
synonymous

81 1&synonymous

82

83 1&nonNconservative:&TNA

84 1&synonymous

85 1&synonymous

86 Coenzyme&PQQ&synthesis&protein,&
Xanthomonas,campestris,

87

88 *Translation&initiation&factor&IFN1,&
Streptococcus,pneumoniae
56/88&functional&assignments 9&CONSERVATIVE&AMINO&ACID&

SUBSTITUTIONS
********43*previously*assigned*functions 17&NONNCONSERVATIVE&AMINO&

ACID&SUBSTITUTIONS
********12*newly*assigned*functions 60&SYNONYMOUS&

SUBSTITUTIONS

AMINO&ACID&
DIFFERENCES&&&VS&&&

QUINNKIRO

TEXAGE&
GENE&

NUMBER

a-P?	
  

tRNAs	
  

31	
  

SUMMARY:	
  SUBSTITUTIONS	
  IN	
  CODING	
  REGIONS 
26 Amino Acid Substitutions 

(9 Conservative, 
17 Non-Conservative) 

60 Synonymous Substitutions 
Total: 86 substitutions 
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  MOST	
  SUBSTITUTIONS	
  

gp	
  25	
  Tapemeasure,	
  3039	
  bp	
  
8	
  subsWtuWons	
  	
  

(1 conservative, 2 non-conservative,  
5 synonymous) 

 
gp	
  32	
  Periplasmic	
  binding	
  protein,	
  408	
  bp	
  

10	
  subsWtuWons	
  
 (2 conservative, 2 non-conservative,  

6 synonymous) 
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tRNA	
  
Trp(cca)	
  

tRNA	
  
Asn(gf)	
  	
  

100% IDENTICAL 
tRNAAsn and 

tRNATrp  
were found in the  

8 Closely related  
A3 phage: 

Texage, QuinnKiro, 
Lambert1, Norbert, 

Panamaxus, 
Pocahontas, 

Popcicle, Todacoro, 
Veracruz 

INTERESTING: 
Streptomyces phage phiBT1, 50/56 (89%)  

Gordonia phage Soups, 54/63 (85%)  
Gordonia phage RosalindL , 54/63 (85%)  

Gordonia phage KatherineG, 54/63 (85%)  
 

And in 18 Other 100% Identical  tRNA Asn 
(all from A3 cluster):Vix, Tiffany, Spike509, Sabia, Phoxy, 

Misomonster, Microwolf, Methuselah, MarQuardt, Malinsilva, 
Mainiac, Lilith, Grum1, Farber, Dieselweasel, DaHudson, Bxz2, Aglet 

	
  

No other 100% Identical 
tRNA Trp from any phage 
	
  

INTERESTING: 
Gordonia phage ClubL ,57/62 (91%) 
Gordonia phage Bachita, 57/62 (91%)  
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  Pham	
  3243	
  membrane	
  transporter	
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Figure	
   1	
   .	
   	
   The	
   EM	
  
image,	
  pictured	
  on	
  the	
  
leo,	
   shows	
   Texage’s	
  
large,	
   almost	
   round	
  
capsid	
   and	
   its	
   tail.	
   On	
  
the	
   right,	
   a	
   picture	
   of	
  
the	
   plate	
   from	
   which	
  
Texage	
  was	
   isolated	
   is	
  
shown.	
  The	
  por&on	
  of	
  
t h e	
   p l a t e	
   s hown	
  
appears	
   to	
   be	
   heavily	
  
afflicted	
  by	
  Texage.	
  

Table	
   1:	
   This	
   table	
   shows	
   the	
   gene&c	
   similari&es	
   Texage	
   and	
   other	
   sequenced	
   A3	
   cluster	
  
phages.	
  Out	
  of	
   the	
  8	
  most	
  closely	
  related	
  phages,	
  Panamaxus,	
  Lambert1	
  and	
  QuinnKiro	
  share	
  
the	
  most	
  genes	
  with	
  Texage	
  and	
  were	
  each	
  discovered	
  within	
  a	
  year’s	
  &me	
  frame.	
  All	
  of	
  the	
  8	
  
highly	
  similar	
  phage	
  were	
  discovered	
  within	
  a	
  four	
  year	
  period.	
  

F i g u r e 	
   2 .	
  
G e o g r a p h i c	
  
d i s t r i b u & o n	
   o f	
  
cluster	
   A3	
   phages.	
  
R e d 	
   b u b b l e s	
  
represent	
   discovery	
  
sites	
  of	
  phages	
  most	
  
closely	
   related	
   to	
  
Texage,	
   which	
   tend	
  
to	
   cluster	
   in	
   the	
  
northern	
   la&tudes.	
  
O t h e r	
   m a r k e r s	
  
represent	
   phages	
  
w i t h 	
   s i m i l a r	
  
genomes	
   but	
   not	
   as	
  
high	
  relatedness.	
  	
  

Table	
   2:	
   Texage	
   Annota&on:	
   Of	
   88	
   poten&al	
   genes,	
   we	
   have	
  
assigned	
  func&ons	
  to	
  56.	
  	
  Those	
  highlighted	
  in	
  yellow	
  are	
  func&ons	
  
we	
   have	
   newly	
   assigned	
   for	
   Texage,	
   mainly	
   based	
   on	
   HHPred	
  
analysis.	
   	
   In	
   the	
   top	
   blue	
   table,	
   we	
   have	
   listed	
   the	
   differences	
  
between	
   Texage	
   and	
   its	
   most	
   closely	
   related	
   phage	
   whose	
  
sequence	
   and	
   annota&on	
   have	
   been	
   fully	
   submi-ed,	
   QuinnKiro.	
  	
  
Two	
  genes	
  have	
  many	
  subs&tu&ons:	
  gp25	
  (Tapemeasure)	
  and	
  gp32	
  
(a	
   periplasmic	
   binding	
   protein).	
   It	
   is	
   interes&ng	
   to	
   note	
   that	
   the	
  
rela&vely	
  short	
  gp32	
  (408	
  bp)	
  has	
  10	
  nucleo&de	
  subs&tu&ons.	
  	
  

Figure	
   3.	
   Schema&c	
   diagram	
   of	
   the	
   Texage	
   genome.	
   Green	
   indicates	
  
gene&c	
  transcrip&on	
   in	
  a	
   forward	
  direc&on,	
  while	
  red	
  represents	
  genes	
  
transcribed	
  in	
  the	
  reverse	
  direc&on.	
  The	
  loca&on	
  of	
  the	
  two	
  tRNA	
  genes	
  
is	
  marked	
  on	
   the	
   forward	
  direc&on.	
  Addi&onally,	
   a	
   possible	
   a-P	
   site	
   is	
  
marked.	
  It	
  was	
  not	
  possible	
  to	
  completely	
  characterize	
  this	
  sec&on	
  of	
  the	
  
genome	
   at	
   the	
   site,	
   but	
   it	
   is	
   the	
   site	
   believed	
   to	
   host	
   phage	
   genome	
  
integra&on	
  based	
  on	
  its	
  loca&on	
  next	
  to	
  the	
  integrase	
  gene	
  (gp	
  33).	
  	
  

Table	
  3.	
   	
  This	
   table	
   shows	
  12	
  A3	
  cluster	
  phages	
   that	
  are	
   similar	
   to	
  
Texage	
  in	
  terms	
  of	
  their	
  sequence	
  of	
  3’	
  overhangs.	
  	
  Note	
  that	
  all	
  8	
  of	
  
the	
  highly	
  similar	
  phage	
  have	
  iden&cal	
  3’	
  overhang	
  sequences.	
  

Figure	
  4	
   .	
  Texage	
   is	
   interes&ng	
   in	
  that	
   it	
  has	
  two	
  dis&nct	
  tRNA	
  genes.	
  Phages	
  usually	
  use	
  the	
  tRNA	
  genes	
  of	
  their	
  hosts,	
  but	
  
Texage	
  and	
  the	
  eight	
  other	
  highly	
  similar	
  phage	
  genomes	
  have	
  a	
  tRNAAsp	
  that	
   is	
  also	
   iden&cal	
  to	
  one	
  found	
   in	
  other	
  phage	
  
genomes.	
  Texage	
  also	
  codes	
  for	
  a	
  	
  tRNATrp	
  gene,	
  which	
  is	
  highly	
  unusual	
  as	
  it	
  is	
  not	
  an	
  exact	
  match	
  to	
  	
  any	
  other	
  M.	
  smegma7s	
  
phage	
  genomes	
  beyond	
  the	
  eight	
  highly	
  similar	
  phage.	
  	
  Lastly,	
  it	
  is	
  interes&ng	
  to	
  note	
  that	
  Texage’s	
  tRNA	
  for	
  Tryptophan	
  has	
  a	
  
“CAA”	
  on	
  the	
  3’	
  tail	
  	
  of	
  the	
  acceptor	
  stem	
  rather	
  than	
  the	
  cannonical	
  “CCA”.	
  	
  

Figure	
   5.	
   	
   (A)	
  Mul&ple	
   alignment	
   of	
  ORF	
   #32	
   (periplasmic	
   binding	
  protein),	
   a	
   protein	
   specific	
   to	
   the	
   8	
   phage	
   genomes	
  
highly	
  similar	
  to	
  Texage.	
  Based	
  on	
  HHPred	
  data	
  it	
  is	
  similar	
  to	
  siderophore	
  proteins	
  located	
  in	
  the	
  periplasm	
  of	
  bacteria.	
  
Red:	
  invariant	
  amino	
  acids	
  at	
  that	
  posi&on;	
  Blue	
  and	
  black,	
  two	
  or	
  more	
  amino	
  acids	
  occupy	
  that	
  posi&on.	
  	
  The	
  bo-om	
  line	
  
shows	
   the	
  consensus.	
   	
   (B)	
  Solu&on	
  structure	
  of	
  MmpS1-­‐5,	
  a	
  Mycobacterium	
  tuberculosis	
   structural	
  homolog	
  of	
  Texage	
  
ORF	
   #32.	
   	
   MmpS1-­‐5	
   is	
   required	
   for	
   biosynthesis	
   and	
   secre&on	
   of	
   siderophores,	
   and	
   is	
   essen&al	
   for	
   virulence	
   of	
  
Mycobacterium	
  tuberculosis.	
  	
  (C)	
  	
  A	
  possible	
  phylogene&c	
  tree	
  was	
  also	
  generated	
  to	
  visualize	
  the	
  possible	
  lineage	
  of	
  this	
  
phage	
  protein.	
  	
  	
  
	
  
	
  
	
  

Swarley	
  –	
  a	
  tail-­‐less	
  mycobacteriophage?	
  

Figure	
  6.	
  	
  EM	
  images	
  of	
  Swarley,	
  also	
  isolated	
  from	
  the	
  campus	
  of	
  Merrimack	
  College	
  in	
  Fall	
  
2014.	
   	
   Preliminary	
   images	
   iden&fied	
   two	
   interes&ng	
  morphological	
   characteris&cs:	
   (1)	
   no	
  
obvious	
  signs	
  of	
  a	
  tail,	
  and	
  (2)	
  clustering	
  of	
  phage	
  par&cles	
  (right	
  panel).	
  	
  


