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Table S1 
Enterobacteriaceae tailed phage MCP matches in bacterial genomes 

   Bacterial genera / authentic phage 
Prototype   Prototype       with >50% MCP matches 

Cluster phage      phage host   outside the Enterobacteriaceae1  
Lytic 1  T1 Escherichia None / none 
Lytic 2  T4 Escherichia None / Acinetobacter phage Acj9-75% 
Lytic 3  Vi01 Salmonella None / Delftia phage øW-14-54% 
Lytic 4  T5 Escherichia None / Vibrio phage pVp-1-60% 
Supercluster T7   
      Lytic 5  T7 Escherichia None / Stenotrophomonas phage IME15 82% 
      Lytic 6  SP6 Salmonella None / none 
      Lytic 7  KP34 Klebsiella None / Vibrio phage VP93-74% 
      Lytic 8  LIMEzero Pantoea None / Ralstonia phage RSB3-51% 
      Lytic 9 øKT Escherichia None / none 
      Lytic 10 GAP227 Cronobacter None / Aeromonas phage øAS7-82% 
Lytic 11 N4 Escherichia Mezorhizobium-75% / Delftia phage RG-2014-62% 
Lytic 12  9NA Salmonella None / none 
Lytic 13 Chi Salmonella None / none 
Lytic 14 øEco32 Escherichia None / none 
Lytic 15  Felix-O1 Salmonella None / none 
Supercluster SETP3   
      Lytic 16  SETP3 Salmonella Acinetobacter-64% / none 
 K1-dep(1) Escherichia Sinorhizobium-61% / Synechococcus phage S-CBS4-56% 
      Lytic 17 SO-1 Sodalis None / none 
Lytic 18 ECO1230-10 Escherichia Marinobacter-60% / Pseudomonas phage PPpW-3-68% 
Lytic 19 Gj1 Escherichia Aeromonas-60% / Shewanella phage Spp001-56% 
Lytic 20 PY100 Yersinia None / none 
Supercluster rV5   
     Lytic 21 Ø92 Escherichia None / none  
     Lytic 22 rV5 Escherichia None / none  
Lytic 23  SPN3US Salmonella None / none 
Lytic 24  RaK2 Klebsiella None / none 
Lytic 25  øR1-37 Yersinia None / none 
Lytic 26 E1 Salmonella None / Vibrio phage pYD38-A-79%  
Lytic 27 EMCL-117 Escherichia Burkholderia-52% / Pseudomonas phage DL60-67%2 
Lytic 28 KF-1 Edwardsiella None / Vibrio phage VPMS1-69% 
Lytic 29 MSW-3 Edwardsiella None / Iodobacter phage øPLPE-68% 
Lytic 30 Ea35-70 Erwinia None / none 
Lytic 31 φEaH1 Erwinia None / none 
Lytic 32 9g Escherichia None / none 
Lytic 33 IME-EC2 Escherichia None / none 
Lytic 34 Ss1 Cronobacter None / none 
Lytic 35  CVT22 Citrobacter None / i phage CW02-63% 
Supercluster Lambda   
     Temperate 1 Lambda Escherichia None / none  
 Temperate 2 & 3 ø80 & N15 Escherichia None / none 
 PY54 Yersinia Vibirio-76% / none 
     Temperate 4 HK97 Escherichia Pseudomonas 78% / none 
 mEp235 Escherichia Pseudomonas-80% / none 
     Temperate 5 ES18 Salmonella Pseudomonas-69% / Pseudomonas phage ø297-69% 
     Temperate 6 Gifsy-2 Salmonella Photobacterium-57% / Pseudomonas phage F10-55% 
     Temperate 7 BP-4795 Escherichia None, none 
     Temperate 8 SfV Shigella Aggregatibacter-64% / none 
 SfI Shigella Vibrio-84% / none 
     Temperate 9 P22 Salmonella None / none 
 Sf6 Shigella None / none 
     Temperate 10 APSE-1 Hamiltonella None / none  
     Temperate 11 933W Escherichia Photobacterium-63%, none 
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Table S1 cont. 
   Bacterial genera / phage 
Prototype   Prototype with >50% MCP matches1 

Cluster phage      phage host outside Enterobacteriaceae 
Temperate 12 HK639 Escherichia Castellaniella-55% / none 
     Temperate 13 øES15 Cronobacter None / none 
     Temperate 14 HS2* Sodalis Acinetobacter-77% / none 
     Temperate 15 ENT47670 Cronobacter Vibrio-77% / none 
     Temperate 16 ZF40 Pectobacterium None / none 
     Temperate 17 øEt88 Erwinia None / Xanthomonas phage DIBBI-53%  
Temperate 18 ε15 Salmonella Pseudomonas-65% / none 
Temperate 19  P1 Escherichia None / none 
Supercluster P2   
     Temperate 20 P2 Escherichia Burkholderia-55% / Burkholderia phage-55% 
     Temperate 21 ESSI-2 Cronobacter Vibrio-59% / Vibrio phage-53% 
Temperate 22 Mu Escherichia Marinomonas-62% / Pseudomonas phage DMS3-51% 
Temperate 23 SSU5 Salmonella Acinetobacter-60% / none 
Temperate 24 PEp14 Erwinia Rhizobium-66% / Sinorhizobium phage PBC5 phage-66% 
Temperate 25 GF-2 Edwardsiella None / none 
Temperate 26 SEN34 Salmonella Pseudomonas-59% / none 

 
1.  Percent MCP identity as reported by BLASTp 
     Red text highlights prophages in other bacterial families with MCPs >75% identical to MCPs 

of a temperate Enterobacteriaceae phage cluster. 
     Blue text highlights prophages in other bacterial families with MCPs between 50% and 70% 

identical to MCPs of a lytic Enterobacteriaceae phage cluster. 
 
2.  Several phages in the EMCL-117-like phage group, for example phage øVader, have 

recently been reported to grow lytically on both E. coli and Pseudomonas aeruginosa 
(Malki et al., 2015). 
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Table S3 footnotes 
 
 
The table was completed on July 31, 2015.  GenBank entries with only 

"WP_xxxxxx" accession numbers are not included since the strain names 
and nucleic acid context cannot be determined. 

 
† O antigen groups are from Grimont, P., Weill, F. 2007. Antigenic Formulae of 

the Salmonella Serovars, (9th ed.) Paris: WHO Collaborating Center for 
Reference and Research on Salmonella, Institut Pasteur. (Available at: 
http://www.pasteur.fr/sante/clre/cadrecnr/salmoms/ WKLM_En.pdf) 

 
††  Where several types of P22-like tailspikes are present in different prophages 

they are separated by slashes (/).  Red text highlights the anomalous 
tailspikes discussed in the text. 

 
*  O:6,7 antigen is expressed in Montevideo serotype cells when plasmid 

controlling O:54 antigen is not present. 
 
**  The total numbers of MCPs and tailspikes are not the same.  This is because 

MCP or tailspike genes are occasionally missing from the translated 
annotation due to their falling between contigs, having been deleted from 
the prophage or not being correctly annotated. In addition several Newport 
prophages have two tailspike genes. 

 
#  741 MCP genes and 3 tailspike genes whose associated MCP genes are 

missing or not annotated.	  
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Table S4
 P22-like phages and prophages used this study

1

A P22-like authentic phages
Phage Host Accession number genome orientation MCP type
22 Salmonella enterica (Typhimurium) KR296686 P22 P22
25 Salmonella enterica (Typhimurium) KR296687 P22 P22
34 Salmonella enterica (Typhimurium) KR296688 P22 P22
APSE-2 Hamiltonella defensa* EU794049 APSE-1 Sf6
ASPE-1 Hamiltonella defensa* AF157835 APSE-1 Sf6
CUS-3 Escherichia coli CP000711 Sf6 CUS-3
Emek Salmonella enterica (Haardt) JQ806763 P22 P22
epsilon34 Salmonella enterica (Anatum) EU570103 P22 P22
g341 Salmonella enterica (Anatum) NC_013059 P22 P22
HK620 Escherichia coli AF335538 Sf6 Sf6
IME10 Escherichia coli JN600960 P22 P22
L Salmonella enterica (Typhimurium) AY795968† P22 P22
ø20 Salmonella enterica (Typhimurium) GQ422450 P22 P22
ø75 Salmonella enterica (Typhimurium) GQ422451 P22 P22
P22 Salmonella enterica (Typhimurium) BK000583 P22 P22
SE1 Salmonella enterica (Typhimurium) NC_011802 P22 P22
SEN22 Salmonella enterica (Diarizonae) KT630648 P22 P22
SETP1 Salmonella enterica (Eneritidis) EF151184# – –
Sf101 Shigella flexneri KJ832078 Sf6 CUS-3
Sf6 Shigella flexneri AF547987 Sf6 Sf6
SPC-P1 Salmonella enterica (TyphiC) CP000857 Sf6 CUS-3
SPN9CC Salmonella enterica (Typhimurium) JF900176 P22 P22
ST104 Salmonella enterica (Typhimurium) AB102868 P22 P22
ST160 Salmonella enterica (Typhimurium) NC_014900 P22 P22
ST64T Salmonella enterica (Typhimurium) AY052766 P22 P22

* virion-like particles not yet shown to be infectious                             
† our unpublished sequence                                                              
#  partial sequence

Table S4
 P22-like phages and prophages used this study

2

B Enterobacteriaceae P22-like prophages 
Prophage Host MCP locus_tag genome orientation MCP type

Arsenophonus nasoniae* ARN_26010 – Sf6
Citrobacter sp. BIDMC108 SK40_00812 Sf6 P22
Cronobacter sakazakii 696 BN128_2797 P22 P22
Cronobacter malonaticus† WP_032971372* – –
Enterobacter sp.GN02548* ABR33_05860 – CUS-3
Enterobacter aerogenes UCI47 P850_03405 APSE-1 P22
Erwinia tracheiphila BufGfH SY86_19110 APSE-1 early right?? P22
Escherichia coli B7A EcB7A_4179 Sf6 Sf6
Escherichia coli CVM N38428PS PU66_07355 Sf6 CUS-3
Escherichia coli W EschWDRAFT_1163 Sf6 P22
Klebsiella pneumoniae SB3432 KPR_2793 Sf6 CUS-3
Kluyvera intermedia CAV1151 AB182_19130 P22 P22
Leclercia adecarboxylata† WP_039031990* – –
Morganella morganii KT MU9_2902 P22 P22
Pantoea sp. PSNIH2 PSNIH2_13380 P22 P22
Pectobacterium carotovorum BCS2 RC83_13195 P22 P22
Pectobacterium carotovorum LMG21371 KS44_06225 P22 CUS-3
Pluralibacter gergoviae DL84A27 ABW09_23385 – P22
Proteus mirabilis ATCC7002 DR94_520 Prot1 P22
Providencia rettgeri DSM 1131 PROVRETT_06010 P22 Sf6
Providencia rettgeri † WP_048606460* – –
Salmonella enterica CVM19536 SEEN536_00900 – Sf6
Serratia marcescens VGH107 F518_22685 P22 Sf6
Serratia plymuthica AS9 SerAS9_2688 APSE-1 (ø80 int org) P22
Shigella flexneri 2002017 SFxv_0342 P22 P22
Shimwella blattae DSM 4481 EBL_c21750 P22 Sf6
Tatumella morbirosei LMG23360 HA49_08570 P22 P22
Xenorhabdus bovienii  CS03 XBW1_3034 Prot1 P22
Yersinia aleksiciae 159 ACZ76_14855 P22 Sf6
Yersinia kristenseni* ATCC33639 DJ57_2548 P22 P22
* Rather short contig so not included in genome plot Figure 6 * Accession number 

(Locus_tag not available)
"–" inidicates contig too 

short to determine 
oreintation

† Strain names and whole prophage sequence not available
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Table S4
 P22-like phages and prophages used this study

3

C Salmonella P22-like prophages      
Prophage Host MCP locus_tag

Salmonella enterica serovar Paratyphi AY09620 YNSPA_2311
Salmonella enterica serovar Heidelberg SL476 SeHA_C0403
Salmonella enterica serovar Agona 3432613 SEEA2613_05333
Salmonella enterica serovar Typhimurium U288 STU288_12845
Salmonella enterica serovar Derby CVMN51289 AEX05_09315
Salmonella enterica serovar Albany ATCC51960 SEEA1960_00245
Salmonella enterica serovar Hadar 05P066 SeH_A0879
Salmonella enterica serovar Newport CVM19536 SEEN536_00900
Salmonella enterica serovar Choleraesuis SCB-67 SCH_0357
Salmonella enterica serovar Bareilly CFSAN00219 CFSAN00219_
Salmonella enterica serovar Montevideo 8387 SEEM8387_07975
Salmonella enterica serovar Anatum USMARC-1735 AW50_6230
Salmonella enterica serovar Cerro CFSAN001588 CFSAN001588_015920
Salmonella enterica serovar Dublin SL1438 SEEDSL_005061
Salmonella enterica subspecies Arizonae RSK2980 SARI_02647

D Paratyphi A P22-like                           
Prophage Host MCP locus_tag Isolation location

Salmonella enterica serovar Paratyphi A (no strain name reported) PA045_3010 –
Salmonella enterica serovar Paratyphi A  AYN09620 YNSPA_2311 Yunnan, China
Salmonella enterica serovar Paratyphi A AKU_12601 SSPA2232e Pakistan
Salmonella enterica serovar Paratyphi A CMCC50093 ACN89_12045 Beijing, China
Salmonella enterica serovar Paratyphi A GZ9A00052 GZSPA_2297 Guizhou, China
Salmonella enterica serovar Paratyphi A JX05-19 JXSPA_2296 Jiangxi, China
Salmonella enterica serovar Paratyphi A CMCC50503 LW89_14285 Jaingsu, China
Salmonella enterica serovar Paratyphi A (no strain reported) PA136_4071 –
Salmonella enterica serovar Paratyphi ACMCC50973 IT63_14940 Jaingsu, China
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Table S4
 P22-like phages and prophages used this study

4

E Heidelberg P22-like prophages           
Prophage Host MCP locus_tag Isolation location

Salmonella enterica serovar Heidelberg 82-2052 SEEH2052_04713 Maine, USA
Salmonella enterica serovar Heidelberg ABB07-SB3031 TJ50_03995 British Columbia, CA
Salmonella enterica serovar Heidelberg B182 SU5_01004 France
Salmonella enterica serovar Heidelberg CVM N45397 AEU76_20940 Minnesota, USA
Salmonella enterica serovar Heidelberg N26457 SEEH6457_20825 Colorado, USA
Salmonella enterica serovar Heidelberg SL476 SeHA_C0403 Minnesota, USA
Salmonella enterica serovar Heidelberg SL486 SeHB_A0358 Georgia, USA

F Newport P22-like prophages                
Prophage Host MCP locus_tag Isolation location

Salmonella enterica serovar Newport CVM 19470 SEEN470_21064 Vietnam
Salmonella enterica serovar Newport CVM 19536 SEEN536_00900 Vietnam
Salmonella enterica serovar Newport CVM 22425 SEEN425_002235 Arizona, USA
Salmonella enterica serovar Newport CVM 22462 SEEN462_0001185 Arizona, USA
Salmonella enterica serovar Newport CVM 4176 SEEN176_15035 California, USA
Salmonella enterica serovar Newport Henan_3 G208_21144 Henan, China
Salmonella enterica serovar Newport JS09102 G209_24390 Jiangsu, China
Salmonella enterica serovar Newport SH111077 G206_16997 Shanghai, China
Salmonella enterica serovar Newport Shandong_3 G207_20579 Shandong, China
Salmonella enterica serovar Newport USMARC-S3124.1 SN31241_18260 USA

G Typhimurium prophages                     
Prophage Host MCP locus_tag Isolation location

Salmonella enterica serovar Typhimujrium 34502 SEET4502_15275 –
Salmonella enterica serovar Typhimujrium ABB1162-2 TJ39_05580 British Columbia, CA
Salmonella enterica serovar Typhimujrium CFSAN001921 CFSAN001921_15475 New York, USA
Salmonella enterica serovar Typhimujrium CVM N51254 AEW79_08460 Connecticut, USA
Salmonella enterica serovar Typhimujrium D23580 STMMW_03811 Malawi
Salmonella enterica serovar Typhimujrium DT104 DT104_03541 –
Salmonella enterica serovar Typhimujrium DT104 EWH6 ERS198263_02378 United Kingdom
Salmonella enterica serovar Typhimujrium FORC_015 ZV79_2330 South Korea
Salmonella enterica serovar Typhimujrium L-3553 STL3553_c03780 –
Salmonella enterica serovar Typhimujrium TN061786 SEE_01911 –
Salmonella enterica serovar Typhimujrium U288 STU288_12845 –
Salmonella enterica serovar Typhimujrium var.5 CVM N43832 AEU38_10780 New York, USA
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Table S4
 P22-like phages and prophages used this study

5

H Prophage P22-like tailspikes
Salmonella enterica serovar and strain Tailspike locus_tag Tailspike type

9,12:l,v:- str. 94293 N925_10475 Ib
Abony 0014 SEEA0014_11145 Ia
Agona 648586-1 SEEA5861_16245 Ib
Albany_ATCC 51960(A) SEEA1960_00180 VIIa
Anatum  USDA-ARS-USMARC-1735 AW50_6260 Iib
AnatumCDC06-0532 AW57_13240 III
Aqua NVSL2001 I654_10070 Ia
Arizonae serovar 62:z4,z23:- str. RSK2980 SARI_02638 XIV
Bareilly CFSAN000183 SEEB0183_09067 Vb
Brandenburg CFSAN024765 QS22_03720 Ia
Cerro 87 NI35_4331 IV
Choleraesuis SC-B67 SCH_0367 Va
Dublin SL1438 SEEDSL_005126 Ia
Enteritidis 3402 SEEE3402_02210 III
Gaminara ATCC BAA-711 SEEGA711_14315 VI
Give var. 15 CFSAN004343 CFSAN004343_03735 Ia
Hadar ABB1048-1 TJ45_04405 VIIc
Heidelberg SL476 SeHA_C0413 Ia
Houtenae ATCC BAA-1581 SEHO0A_00503 XV
Houtenae serovar 16:z4,z32:--  str. RKS3027 D088_680001 VI
Infantis CFSAN024780 QS05_16285 Vb
Javiana PRS_2010_0720 SEEJ0720_04071 Ia
Johannesburg S5-703 LTSEJOH_2243 VIII
Livingstone CKY-S4 VN13_12135 Vc
Lubbock 10TTU468 TR76_09235 Va
Miami 1923 SEEM1923_08240 Ia
Minnesota ATCC 49284 SEEM9284_03916 IX
Mississippi A4-633 LTSEMIS_1115 X
Montevideo 4441 H SEEM41H_02992 Vb
Montevideo CFSAN004346 CFSAN004346_01470 Ia
Muenster 0315 SEEM0315_05630 III
Muenster CFSAN004344 CFSAN004344_03295 Vb
Nchanga CFSAN001091 CFSAN001091_05799 III
Newport CVM 4176 SEEN176_15095 VIIa
Newport CVM 4176 SEEN176_15100 VIId
Newport CVM2242 SEEN425_002285 VIIb
Ohio CFSAN001079 CFSAN001079_21649 Vc
Paratyphi A ATCC 9150 SPA2388 Ia
Paratyphi B ATCC 8759 SEEPB759_13629 Ia
Poona ATCC BAA-1673 SEEP1673_06839 X
Pullorum S06004 I137_12070 Ia
Rissen 150 SEER_02967 Vc
Rubislaw A4-653 LTSERUB_1231 XIII
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Table S4
 P22-like phages and prophages used this study

6

H cont. Tailspikes in tree
Salmonella enterica serovar and strain Tailspike locus_tag Tailspike type

Saint Paul SARA26 SES26_19449 Ia
Salamae serovar 58:l,z13,z28:z6 str. 00-0163 SES60163_06541 XVI
Schwarzengrund SL480 SeSB_A0555 XI
Soerenga 695 SEES0695_12821 XII
Tallahassee 0012 SEET0012_06891 VIIc
Tennessee TXSC_TXSC08-19 SEET0819_19095 Va
Typhimurium CFSAN001921 CFSAN001921_15420 Ic
Typhimurium D23580 STMMW_03901 Ib
Typhimurium FORC_015 ZV79_2330 Vc
Typhimurium U228 STU288_12795 Ia
Uganda R8-3404 LTSEUGA_0549 III
Wandsworth A4-580 LTSEWAN_1004 XII
Weltevreden 2007-60-3289-1 SENTW_2521 III
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Figure S1.   Phage IME-EC2 map and gene database matches. 
The phage IME-EC2 genome is shown with the six possible reading frames (indicated at 

left) with stop codons marked as vertical lines that span the frame rectangle, and AUG codons 
are indicated by short vertical lines.  Open reading frames called as genes are indicated by 
green and yellow rectangles (transcribed rightward and leftward, respectively).  Our gene calls 
between genes 1 and 5 and between 44 and 59 do not precisely match those of Hua et al. (2014); 
we favor our calls since they leave very little intergenic space as is typical of phage genomes.  
The opened circular map has been re-oriented from the annotation GenBank accession number 
KF591601, so that the putative virion assembly genes form the left half of the genome.  Above 
several functional clusters are indicated in blue, selected IME-EC2 locus_tag (gene) numbers of 
Hua et al. (2014) are shown in black, and transcriptional direction (with no operon connotation) 
is indicated by red and green arrows.  Below the ORF map red lines point to the most similar 
phage proteins found in our analysis.  In each graphic annotation the predicted function is 
given above and similarity to a protein encoded by the indicated phage is given below; no red 
line indicates there are no good matches in the current sequence database. 

 
In this annotation it is clear that the IME-EC2 virion assembly genes are homologous to and 

syntenic with those of the P22-like cluster of phages that includes phages Sf6 and CUS-3 
(Casjens et al., 2004; King et al., 2007), and “gp#” in the figure refers to the phage P22 gene 
product names.  We note the following additional facts about the IME-EC2 virion assembly 
genes:  (1) genes 43 and 42 overlap by 7 codons, which is typical of terS-terL overlaps in the 
P22-like phage cluster, suggesting that 43 may encode a TerS protein (TerS proteins are 
extremely variable, so its lack of homology to known TerS’s is not surprising).  (2) Genes 37-40 
have no homologues in the P22-like phages (or in other organisms), and we suggest that they 
are likely a late operon moron (Hendrix et al., 2000; Juhala et al., 2000; Cumby, Davidson, and 
Maxwell, 2012) that is not involved in virion assembly.  (3) Two non-essential genes in this 
region of the P22-like phages are Orf186 and gene 14.  There are syntenic but not recognizably 
homologous genes, 34 and 30 respectively, in IME-EC2 that could have analogous functions to 
those poorly understood P22-like phage genes; more experimental work will be required to 
determine if this is true. Curiously, IME-EC2 genes 21 and 8 are homologous to particular 
domains of phage Sf6 (a P22-like phage) tail needle shaft, a trimeric coiled-coil (Olia, Casjens, 
and Cingolani, 2007), and the C-terminal domain of the HK97 tail shaft protein (HK97 has a 
long non-contractile tail that is similar to the phage lambda tail).  The latter is thought not to be 
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necessary the formation of the actual tail structure in such lambda-like tails; both of these IME-
EC2 genes lie in what are likely regions that are expressed early and so may have functions 
other than virion assembly.  (4) The two adjacent IME-EC2 genes 27 and 28 have homology to 
the 3’- and 5’-sections of P22 gene 20, respectively.  This could be the result of an IME-EC2 
sequencing frameshift error, or it may indicate a separation of P22 gp20 into two parts so that 
its function(s) is carried out by two IME-EC2 proteins. 
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        Figure S2. Dot plot analysis of P2-like prophage MCPs from the Enterobacteriaceae. 
On the left phage and prophage names are shown (red text, E. coli host; blue, Salmonella 

host; black, other hosts) and asterisks (*) denote prophage sequences.  Blue lines separate the 
two phage clusters, and thick red lines separate subclusters that are defined in the Figure 2 
genome dot plot.  Phages and prophages in the plot are listed with host species, genome 
accession numbers, and MCP locus tags in Table S2A and S2B, respectively.  The dot plot was 
produced by Gepard (Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 9.   
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         Figure S3.  Genome dot plot of authentic P2 supercluster phages. 
Phage names are given on the left and top; only representative authentic Enterobacteriaceae 

phage genomes are included.  Thin red lines separate individual phage and prophage genomes 
and thick red line separate the bacterial host taxa shown at the right.  Phages in the plot are 
listed with host species and genome accession numbers in Table S2A and S2C.  The dot plot 
was produced using Gepard (Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 11.   
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Figure S4.  Dot plot analysis of MCPs of P2-like phages and prophages from the  
                       Proteobacteria. 
Thin red lines separate individual phage and prophage genomes whose names are shown at the 
top and left; short and longer horizontal red lines separate bacterial host families (black text) 
and orders (red text), respectively, on the right.  Thick blue lines separate Proteobacteria host 
classes (blue text on the right).  Asterisks (*) indicate prophages, and only representative 
authentic phage genomes are included.  Phages and prophages in the plot are listed with host 
species, genome accession numbers, and MCP locus tags in Table S2. The dot plot was 
produced using Gepard (Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 9. 
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         Figure S5.  Expanded genome dot plot of P2-like phages and prophages with distantly 
                              related hosts. 

Red lines separate phage and prophage genomes.  Phage and prophage names are given on 
the left and top; asterisks (*) indicate prophages, and only representative authentic phage 
genomes are included. Host families (black text) and Proteobacteria classes (red text) are shown 
at the right.  Phages and prophages in the plot are listed with host species, genome accession 
numbers and MCP locus tags in Table S2.  The dot plot was produced using Gepard (Krumsiek, 
Arnold, and Rattei, 2007) at a word size setting of 10.  
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Dot plots of authentic phages from different Gammaproteobacteria families

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S6.  Expanded genome dot plot analysis of authentic P2-like phage examples from 
                     different Gammaproteobacteria families. 

Phages indicated at the top and left of the plot are listed with host species and genome 
accession numbers in Table S2C. The dot plots were produced by DNA Strider (Douglas, 1994) 
with scan window 15 of 23 identities. 
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Figure S7.  Genome organizational types of the P22-like phages. 

Diagrammatic maps of the genomes of four different P22-like phages are shown.  Arrows 
indicate transcriptional direction and the functions of genes in the various regions are shown 

above each map. The Prot1 prophage is in Proteus	   mirabilis strain ATCC7002 whose MCP 
locus_tag is DR94_520. 
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         Figure S8. Dot plot analysis of a sample of diverse Enterobacteriaceae P22-like prophage  
                             genomes. 

P22-like prophages in ten different Enterobacteriaceae species are shown with three authentic 
P22-ike phages (bold red text) for comparison. The prophages are indicated by the host strain 
that they inhabit, and their MCP locus_tags are listed in Table S4. The dot plot was produced 
using Gepard (Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 10. 
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         Figure S9.  Dot plot analysis of P22-like phage and prophage MCPs. 
Red lines separate phage and prophage MCPs.  Authentic phage names are in bold red text, 

and prophage names are indicated by the host species and strain that carries them (listed in 
Table S4 with their MCP locus_tags).  The dot plot was produced by Gepard (Krumsiek, Arnold, 
and Rattei, 2007) at a word size setting of 7.   

 
  



Casjens and Grose  SUPPLEMENTARY MATERIAL  

	  

	   34	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         Figure S10.    Dot plot analysis of P22-like prophage genomes in Salmonella enterica.  
P22-like prophages from fifteen different Salmonella enterica serovars are shown with three 

authentic P22-like phages (red text) shown for comparison. The yellow highlight boxes enclose 
groups of prophages in serovars with the same or closely related O-antigen structures (see text 
of report).  The prophages are indicated by the host strain that they inhabit, and their MCP 
locus tags are listed in Table S4.  The dot plot was produced using Gepard (Krumsiek, Arnold, 
and Rattei, 2007) at a word size setting of 11.  
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          Figure S11.  Dot plot analysis of genomes of P22-like prophages in Salmonella enterica  
                                 serovar Paratyphi A isolates. 

P22-like prophages from nine randomly chosen Paratyphi A isolates are shown with two 
authentic P22-like phages (P22 and Sf6) for comparison.  The yellow highlight box encloses the 
nearly identical Paratyphi A prophages.  The prophages are indicated by their host strain 
names (except two whose MCP locus_tags are given since no strain name for the isolate is given 
in its GenBank entry), and phages and prophages in the plot are listed with host species and 
MCP locus tags in Table S4D.  The dot plot was produced using Gepard (Krumsiek, Arnold, 
and Rattei, 2007) at a word size setting of 10.    
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         Figure S12.  Dot plot analysis of genomes of P22-like prophages in Salmonella enterica  
                                serovar Heidelberg isolates. 

P22-like prophages from seven Heidelberg isolates are shown with two authentic P22-like 
phages (P22 and Sf6) for comparison. The yellow highlight boxes indicate three different 
prophage types. The Heidelberg prophages are indicated by their host strain names.  Prophages 
in the plot are listed with host species and MCP locus tags in Table S4E.  The dot plot was 
produced using Gepard (Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 10.    
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         Figure S13.  Dot plot analysis of genomes of P22-like prophages in Salmonella enterica  
   serovar Typhimurium isolates. 

P22-like prophages from twelve Typhimurium isolates are shown with two authentic P22-
like phages (P22 and Sf6) for comparison.  The Typhimurium sequences are indicated by their 
host strain names.  The yellow highlight boxes indicate significantly different prophage types. 
Note that the serovar of strain FORC_015 prophage was probably determined incorrectly; it is 
most likely an O:6,7 strain (see text of report).  Phages and prophages in the plot are listed with 
host species and MCP locus tags in Table S4G.  The dot plot was produced using Gepard 
(Krumsiek, Arnold, and Rattei, 2007) at a word size setting of 10.  



Casjens and Grose  SUPPLEMENTARY MATERIAL  

	  

	   38	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Figure S14.  Dot plot analysis of genomes of P22-like prophages in Salmonella enterica  
   serovar Newport isolates. 

P22-like prophages from ten Newport isolates are shown with two authentic P22-like 
phages (P22 and Sf6) for comparison.  The Newport sequences are indicated by their host strain 
names.  The yellow highlight boxes indicate significantly different prophage types.  Two of the 
ten Newport prophages, in strains Shandong_3 and JS9102, are on short contigs that were not 
included in the subsequent analysis (see text).  Prophages in the plot are listed with host species 
and MCP locus tags in Table S4F.  The dot plot was produced using Gepard (Krumsiek, Arnold, 
and Rattei, 2007) at a word size setting of 10.  
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Figure S15.  O-antigen synthesis (rfb gene) regions of the genomes of the Salmonella strains  
 that carry "anomalous" tailspike genes. 

Colored arrows represent genes in selected rfb regions from the genomes of the indicated 
S. enterica reference strains whose names are given above in large black text; gene names are 
shown above each map.  Colored boxes and similarly colored text indicate the strains and 
sequence contig accession numbers of the six genomes with “anomalous” tailspike gene 
discussed in the text of this report.  The gene order and content of each of these strains uniquely 
matches one of the reference regions.  The reference S. enterica rfb gene regions shown are from 
the following sources: O:9 serovar Dublin, bp 2019907–1996618 of accession No. LK931502; O:4 
serovar Typhimurium strain LT2, X56793 (Wyk and Reeves, 1989; Jiang et al., 1991; Liu et al., 
1993; Reeves, 1993); O:3,10 serovar Anatum strain M32, X60665 (Liu et al., 1993) and ATCC 
BAA-1592, CP007531 (Timme et al., 2013); O:6,7 serovar Montevideo, M84642 (Reeves, 1993); 
and O:30 serovar Urbana strain M284, AY730593  (Jensen and Reeves, 2001; Samuel et al., 2004). 
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         Figure S16.  New mosaic boundary in the P22-like tailspike gene. 
The newly discovered mosaic P22-like phage boundary in the tailspike gene is shown by 

comparing the amino acid sequences of type Va (S. enterica serovar Choleraesuis strain SC-B67) 
and type Vc (S. enterica serovar Ohio strain CFSAN001079) tailspikes as aligned by DNA Strider 
(Douglas, 1994).  The N-terminal head-binding domain is indicated by the yellow box, the 
green box marks the N-terminal common region of the type V tailspike polysaccharide-binding 
domain, and the green vertical arrow marks the position of the newly discovered mosaic 
boundary. 
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