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LOCUS LamdC18@ 49168 bp DNA linear  PHG
DEFINITION Escherichia virus LambdadCle, complete genome
ACCESSION LamdC1@

Once all ORF are called
and functions are Sl e e
p re d i Cte d .o FEATURES Location/Qualifiers

source 1..49168
/mol_type="genomic DNA"
Jdb_xref="taxon:b666666"
J/genome_md5=""
/project="mapetit_6666666"
/genome_id="6666666.317988"
CDs 35..451
/db_xref="SEED: fig|6666666.317980.peg.1"
Jtranslation="MAIQWYAQRETDIENEKLRKELDDLRAAAESDLQPGTIDYERYR

h bank fil L TKAQADAQELKNAREDGVVLETELFTFILQRVAQEISGILVRVPLTLQRKYPDISPS
We have a Genbank file HLDVVKTETAKASNVAAKAGENVGGWIDDFRRAEGS ™
/product="Terminase small subunit"
* We would like to view el e
globally the genetic map of cos 423..2351
- /db_xref="SEED: fig|6666666.317980.peg.2"
this phage /translation="MISDAQKAANAAGAIATGLLSLIIPVPLTTVQWANKHYYLPKES

SYTPGRWETLPFQVGIMNCMGNDLIRTVNLIKSARVGYTKMLLGVEAYFIEHKSRNSL

- L FQPTDSAAEDFMKSHVEPTIRDVPAL LELAPHFGRKHRDNTLTLKRFSSGVGFHCLG
 And to compare it to other, GAAAKNYREKSVDVVCYDEL SSFEPDVEKEGSPTLLGDKRIEGSVWPKSIRGSTPKIK
I : : GSCQIEKAANESAHFMRFYVPCPHCGEEQYLKF GDDASPFGLKWEKNKPESVFYLCEH
similar phagesr to try assign it HGCVIHQSELDQSNGRWICENTGMWTRDGLMFFSARGDEIPPPRSITFHINTAYSPFT

i TWVQTVYDHLDALKDPNGLKTFUNTTLGE TWEEAVGEKLDHQVLMDKVVRY TAAVPAR

to a species and a genus VVYLTAGIDSQRNRF EMYVHGHAPGEEAF LVDKI T TMGRPDEEETLLRVDAATNKKYR

HADGTEMTISRVCWDIGGIDGEIVYQRSKKHGYFRVLPVKGASVYGKPVITMPKTRNG




The main functions encoded by a phage genome

Tailed
Myoviridae (T4) and Herelleviridae Podoviridae (T7)

dsDNA
genome T=7

Connector

Baseplate

a

3 categories of structural components

for tailed phages: Head-to-tail-
; joining protein
Head (or capsid)
Connector
Tail = ¢

A 4 . -

Dion et al., Nature Reviews Micfabiol. 2020

Of note: Particle shape no longer used for taxonomy, we now say myovirus/siphovirus/podovirus



Conserved functions inside each category

Siphoviridae
Myoviridae
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The replication module
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Once all ORF are called
and functions are
oredicted..

* We have a Genbank file

* Global genetic map

—> Use Easyfig

Takes Genbank files as entry

Other softwares: GenoplotR,
clinker

Easyfig

Easy genome comparison figures.

Example files

Example 1

Comparison of two ~50 Kb prophage regions from different Salmonella genomes. - Easyfig_examplel files.zip

Example 2

Creating a comparison figure of three Escherichia coli genomes. - Easyfig example2 files zip

Windows
Easyfig - Easyfig 2.2.5 win.zip

0sX
Easyfig - Easyfig 2.2.2 OSX.Zip

Linux
Easyfig - Easyfig 2.2 2 linux targz




Preparing the Genbank file

* Create a copy of the gbk file

* Next to each gene with a function
predicted, insert a field colour

PHROG functional category

Head

Connector

Tail

Lysis (holin, endolysin,...)

10 Integration/excision

Transcriptional regulator

4

7 DNA, RNA and nt metabolism
10
6

12 Morons, AMG, host take-over

Unknown function (default colour)

LOCUS LamdC18 49168 bp DA linear  PHG
DEFINITION Escherichia wvirus Lambdad(Cl8, complete genome
ACCESSION Lamd (18
KEYWORDS
SOURCE Escherichia virus LamdC1@

ORGANISM Escherichia wirus LamdC18
FEATURES Location/Qualifiers

source 1..49168
/mol type="genomic DNA™
/db_xref="taxon:6666666"

/genome_md5=""
fproject="mapetit 6bbbbobHH"
/eenome_id="6bb6HHHH.317988"

CDs 35..451
/db_xref="SEED:fig|6666666.317988.peg.1"
Jtranslation="MAIQWYAQRETDIENEKLRKELDDLRAAAESDLQPGTIDYERYR
LTKAQADAQELKNAREDGVVLETELFTFILQRVAQEISGILVRVPLTLORKYPDISPS
HLOVVKTEIAKASNVAAKAGENVGGWIDDFRRAEGS™
/product="Terminase small subunit”

_ Jcolour=3
/transl _table=11
CDs 423,.2351

/db_xref="SEED: fig|6666666.317980.peg.2"

/translation="MISDAQKAANAAGAIATGLLSLIIPVPLTTVQWANKHYYLPKES
SYTPGRWETLPFQVGIMNCMGNDLIRTVNLIKSARVGYTKMLLGVEAYFIEHKSRNSL
LFQPTDSAAEDFMKSHVEPTIRDVPALLELAPWFGRKHRDNTLTLKRFSSGVGFWCLG
GAAAKNYREKSVDVVCYDELSSFEPDVEKEGSPTLLGDKRIEGSVWPKSIRGSTPKIK
GSCQIEKAANESAHFMRFYVPCPHCGEEQYLKFGDDASPFGLKWEKNKPESVFYLCEH
HGCVIHQSELDQSNGRWICENTGMWTRDGLMFFSARGDEIPPPRSITFHIWTAYSPFT
TWVQIVYDWLDALKDPNGLKTFVNTTLGE TWEEAVGEKLDHQVLMDKVVRYTAAVPAR
VVYLTAGIDSQRNRFEMYVWGWAPGEEAFLVDKI I IMGRPDEEETLLRVDAAINKKYR
HADGTEMTISRVCWDIGGIDGEIVYQRSKKHGVFRVLPVKGASVYGKPVITMPKTRNQ



Easyfig result
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Once all ORF are called
and functions are
predicted..

* And to compare it to other,
similar phages, to try assign it
to a species and a genus

LOCUS LamdC18 49168 bp DA linear  PHG
DEFINITION Escherichia wvirus Lambdad(Cl8, complete genome
ACCESSION Lamd (18
KEYWORDS
SOURCE Escherichia virus LamdC1@

ORGANISM Escherichia wirus LamdC18

TAXONOMY?

FEATURES Location/Qualifiers

source 1..49168
/mol type="genomic DNA™
/db_xref="taxon:6666666"

/genome_md5=""
fproject="mapetit 6bbbbobHH"
/eenome_id="6bb6HHHH.317988"

CDs 35..451
/db_xref="SEED:fig|6666666.317988.peg.1"
Jtranslation="MAIQWYAQRETDIENEKLRKELDDLRAAAESDLQPGTIDYERYR
LTKAQADAQELKNAREDGVVLETELFTFILQRVAQEISGILVRVPLTLORKYPDISPS
HLOVVKTEIAKASNVAAKAGENVGGWIDDFRRAEGS™
/product="Terminase small subunit”
Jcolour=3
/transl table=11

CDs 423,.2351

/db_xref="SEED: fig|6666666.317980.peg.2"

/translation="MISDAQKAANAAGAIATGLLSLIIPVPLTTVQWANKHYYLPKES
SYTPGRWETLPFQVGIMNCMGNDLIRTVNLIKSARVGYTKMLLGVEAYFIEHKSRNSL
LFQPTDSAAEDFMKSHVEPTIRDVPALLELAPWFGRKHRDNTLTLKRFSSGVGFWCLG
GAAAKNYREKSVDVVCYDELSSFEPDVEKEGSPTLLGDKRIEGSVWPKSIRGSTPKIK
GSCQIEKAANESAHFMRFYVPCPHCGEEQYLKFGDDASPFGLKWEKNKPESVFYLCEH
HGCVIHQSELDQSNGRWICENTGMWTRDGLMFFSARGDEIPPPRSITFHIWTAYSPFT
TWVQIVYDWLDALKDPNGLKTFVNTTLGETWEEAVGEKLDHQVLMDKVVRY TAAVPAR
VVYLTAGIDSQRNRFEMYVWGWAPGEEAFLVDKI I IMGRPDEEETLLRVDAAINKKYR
HADGTEMTISRVCWDIGGIDGEIVYQRSKKHGVFRVLPVKGASVYGKPVITMPKTRNQ



A simple and efficient first trial:
whole genome alignment to the NCBI viral database

Basic Local Alignment Search Tool
Mon, 21 Jul 2025

BLAST finds regions of similarity between biological sequences. The Here are a few highlights in our latest BLAST+ release:
program compares nucleotide or protein sequences to sequence

databases and calculates the statistical significance. Learn more Download BLAST+ 2.17.0 now! More BLAST news
Web BLAST

BLAST Genomes

C, . P . el - o v i
CNter organism common name, sclentine name, or tax id m

Human Mouse Rat Microbes




How to run a nucleotide BLAST

blastp blastx tblastn

tblastx

Enter Query Sequence

BLASTHN programs search nucleotide databa

Enter accession number(s), gi(s), or FASTA sequence(s) © ciear Query subrange (7]
From | |
4  To| |
Or, upload file | Parcour.. | Aucun fichier sélectionné. &

Job Title |

Enter a descriptive title for your BLAST search (2]

|__| Align two or more sequences @

Choose Search Set

@ standard databases (nr etc ) () rRNAATS databases () Genomic + transcript databases () Betacorona

|| exclude (“Add Organism

| Youll[I Create custom database

Database

| Core nucleotide database (core nt) v @
Organism : —
Optional | Viruses (taxid:10239)

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9
Exclude (] models ptmixP) (] Unculturedfenvironmental sample sequences
Optional
Limit to |_| sequences from type material
Optional
Entrez Query |
e Enter an Entrez query to limit search @

Program Selection

Optimize for @ Highly similar sequences (megablast)

v

1. Upload a fasta file of

your genome:

>Lam4C10

TAGTAAGGGCATTGRATCTGTATTTGATACTGCCATGGCARATTCAGTGGT
ATGCGCAGAGGGALACTGATATCGARARCGARARGCTCCGCARRGRRACTG
GARCGATTTGCGTGCGECAGCGEAGTCAGATTTACAACCCGEGCACCATTGA
CTATGARCGCTACCGECTCACARRAGCGCAGGCAGATGOGCAGGARCTGA
AR A TGCCCGTGARGACGEAGTAGTGCTGGARAACTGARACTGTTTACCTTC
ATTCTGCARCGTGTGECACAGGAGATTTCGEEGATACTTGTGCGTGTGCC
GITGACATTACAGCGTARRATATCCGGACATTTCACCATCACACCTTGATG
TGETGARLACTGARATCGOGAARAGCCTCCARTGTTGCAGCTRAAGGCCGGT
GRAALCGTGEECGEETGEATCGATGATTTCAGACGCGCAGARGGCAGCTA



blastp blastx tblastn tblastx

Enter Query Sequence

BLASTHN programs search nucleotide databa

Enter accession number(s), gi(s), or FASTA sequence(s) © ciear Query subrange (7]
From | |
4  To| |
Or, upload file | Parcour.. | Aucun fichier sélectionné. & >

Job Title | |

Enter a descriptive title for your BLAST search (2]
(] Align two or more sequences @

Choose Search Set

1. Upload a fasta file of
your genome:

>Lam4C10

TAGTAAGGGCATTGRATCTGTATTTGATACTGCCATGGCARATTCAGTGGT
ATGCGCAGAGGGALACTGATATCGARARCGARARGCTCCGCARRGRRACTG
GARCGATTTGCGTGCGECAGCGEAGTCAGATTTACAACCCGEGCACCATTGA
CTATGARCGCTACCGECTCACARRAGCGCAGGCAGATGOGCAGGARCTGA
AR A TGCCCGTGARGACGEAGTAGTGCTGGARAACTGARACTGTTTACCTTC
ATTCTGCARCGTGTGECACAGGAGATTTCGEEGATACTTGTGCGTGTGCC
GITGACATTACAGCGTARRATATCCGGACATTTCACCATCACACCTTGATG
TGETGARLACTGARATCGOGAARAGCCTCCARTGTTGCAGCTRAAGGCCGGT
GRAALCGTGEECGEETGEATCGATGATTTCAGACGCGCAGARGGCAGCTA

Database @ standard databases (nr etc.): () rRNAATS databases () Genomic + transcript databases () Betacorona
| Core nucleotide database (core nt) v |@ 2 Ali it inst all
. I8N IT agalnst a
Organism . — — * .
optional [ Viruses (taxid10239) =~ |l lewlude [ haaomaniem) ——————————————» sequenced viral
E_nter organism commT name, binomial, or tax id. Only 20 top taxa will be shown 9 genomes
Exclude || Models (xMP) | Uncultured/environmental sample sequences
Optional
Limit to || sequences from type material
Optional
Entrez Query | | Youl i} Create custom database
e Enter an Entrez query to limit search @

Program Selection

Optimize for @ Highly similar sequences (megablast)



blastp blastx tblastn tblastx

Enter Query Sequence

BLASTHN programs search nucleotide databa

Enter accession number(s), gi(s), or FASTA sequence(s) © ciear Query subrange (7]
From | |
4 To | |
Or, upload file | Parcour.. | Aucun fichier sélectionné. & >

Job Title | |

Enter a descriptive title for your BLAST search (2]

|__| Align two or more sequences @

Choose Search Set

1. Upload a fasta file of
your genome:

>Lam4C10

TAGTAAGGGCATTGRATCTGTATTTGATACTGCCATGGCARATTCAGTGGT
ATGCGCAGAGGGALACTGATATCGARARCGARARGCTCCGCARRGRRACTG
GARCGATTTGCGTGCGECAGCGEAGTCAGATTTACAACCCGEGCACCATTGA
CTATGARCGCTACCGECTCACARRAGCGCAGGCAGATGOGCAGGARCTGA
AR A TGCCCGTGARGACGEAGTAGTGCTGGARAACTGARACTGTTTACCTTC
ATTCTGCARCGTGTGECACAGGAGATTTCGEEGATACTTGTGCGTGTGCC
GITGACATTACAGCGTARRATATCCGGACATTTCACCATCACACCTTGATG
TGETGARLACTGARATCGOGAARAGCCTCCARTGTTGCAGCTRAAGGCCGGT
GRAALCGTGEECGEETGEATCGATGATTTCAGACGCGCAGARGGCAGCTA

Database @ standard databases (nr etc.): () rRNAATS databases () Genomic + transcript databases () Betacorona
| Core nucleotide database (core nt) v |@ 2 Ali it inst all
. I8N IT agalnst a
Organism . — — * .
optional [ Viruses (taxid10239) =~ |l lewlude [ haaomaniem) ——————————————» sequenced viral
ITter organism commT name, binomial, or tax id. Only 20 top taxa will be shown 9 genomes
Exclude || models (xmixP) || Uncultured/environmental sample sequences
Optional
Limit to |_| sequences from type material
Optional
Entrez Query | | 1I’uu Create custom database
e Enter an Entrez query to limit search @

Program Selection

3. Megablast is the
default, rapid version

Optimize for @ Highly similar sequences (megablast)

v

of Blast
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Result

Escherichia phage PhiRE3_2, complete genome

Escherichia phage 21,_complete genome

Escherichia phage Lambda ev017 genome assembly, chromosome: 1
Escherichia phage PhiRS?_1, complete genome

HAG TP~ _asm: Bacteriophage sp. isclate cixlvZ _partial gencme

Escherichia phage Perceval gencme azsembly,_complete genome: menopartite
MAG TPA asm: Caudoviricetes sp. isclate ctm141,_partial geneme
Escherichia virus Lambda_2G7b genome assembly, chromosome: 1

Escherichia phage PhiR30_1, complete genome

Escherichia phage PhiR11_1, complete gencme
Escherichia phage PhiR11_1_star,_complete genome

Escherichia phage Lambda_ev207 genome assembly, chromosome: 1

Escherichia phage 434, complete genome

Mutant Escherichia phage 434 isclate 4348, _complete genome

Escherichia phage Turner,_complete genome

Escherichia virus Lambda_2H10 genome assembly, chromesome: 1

Escherichia phage Lambda hd434 imm21, complete genome

Lambdavirus lameda Lambda_AGU DNA _complete genome

Escherichia phage Lambda imm21, complete genome

Escherichia phage E26-Berryhill_partial ggnome

Escherichia phage Lambda imm434, complete genome

Enterobacteria phage HKE2S, complete genome

Escherichia phage TPL-02, complete genome

Enterobacteria phage 0278, complete genome

Escherichia phage 4W,_partial genome

MAG: Caudoviricetes sp. isclate 61, complete genome

Escherichia phage Lambda, complete gencme

Escherichia phage PhiRBE3_2
Escherichia phage 21
Escherichia phage ev017
Escherichia phage PhiBSY_1
Bacteriophage sp.
Escherichia phage Perceval
Caudoviricetes sp.
Escherichia phage 2G7b

Escherichia phage PhiR30 1

Escherichia phage PhiB11_1
Escherichia phage PhiB11_1_star

Escherichia phage ev207

Escherichia phage 434
Escherichia phage 434

Escherichia phage Turner

Escherichia phage 2H10

Escherichia phage Lambda h434 imm21

Lambdavirus lambda

Escherichia phage Lambda immz21

Escherichia phage E26-Berryhil

Escherichia phage Lambda imm434

Escherichia phage HKE29

Escherichia phage TPL-02

Enterobacteria phage 0278

Escherichia phage 4W
Caudoviricetes sp.

Escherichia phage Lambda

30548
30531
30348
30326
22432
21272

17571
17547
17455
17455
17350
17341
17335
17309
17237
17152
17108
17108
17102
17102
17102
17102
17102
17102
17102
17102

61144
55753
60812
60208
2281

60675
30111

33944
36913
32509
32509
43613
26291
25453
39939
18020
24345
24378
24400
24605
24387
17485
17102
2441

24504
17102
24488

T3%
67%
T3%
T2%
2%
%
36%
43%
48%
41%
41%
6%
34%
39%
53%
24%
32%
31%
3%
3%
31%
23%
22%
31%
31%
22%
31%

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

97 .47%
97 .45%
97 .26%
97.24%
B7.38%
99.84%
88.17%
96.35%
95.17%
96.32%
96.32%
96.14%
96.13%
96.12%
94.79%
94.69%
95.81%
95.80%
95.80%
95.79%
B95.79%
95.79%
95.79%
B95.79%
B95.79%
95.79%
B5.759%

43138
42931

50125
49482
37725
50143
32059
47142
47390
43016
50509
45635
47993
47075
43223
45288
43452

43503
45143
43350
47328
47238
170231
41958
43634
23300
43507

PV340574.1
DLB57228.1
NC._049948.1
P\V340572.1
BK024793.1
OWE36612.1
BK032296.1
NC._048954.1
PV340558.1
PV340547.1
P\/340548.1
NC_049949.1
DLB57226.1
OLB57227.1
PP925337.1
NC_049950.1
Ol418627 1
LCT30321.1
OM418625.1
DM475435 .1
OM418626 1
NC_018711.
PQ338057.1
NC_048951.1
OM475432 1

MHNB55675.1

* Hit to a well
known temperate
phage: the phage
lambda

* Let us compare
lam4C10 to
lambda with
Easyfig

pussoses | | <



. _ Comparing the two genomes with
Easyfig

Easyfig 2.2.5

Annotation Files Blast Files 1. Download locally the Blast package
~|5/Lam4C10_teaching.gbk
S lambda.gb last_output/12 easyfig.out
=l
Add feature file Add blast file
Add folder Remove blast file

Remaove feature file

Generate blastn Files

Drawing figure...

complete. Generate tblastx Files
Save As IPHAGES/lam4C10_lam|
File type: Bitmap (bmp) — |

Create Figure




. _ Comparing the two genomes with

File Image Blast Help Easyfig
Easyfig 2.2.5

Annotation Files Blast Files 1. Download locally the Blast package
~J5/Lam4C10_teaching gbky. 0 o 715 casyfig out .
S/lambda.gb s opTeeasyias 2. Indicate where to store the blastn result,

and generate blastn files

=l
Add feature file Add blast file
Add folder Remove blast file
Remaove feature file
__Generate blastn Files D
Drawing figure... _
complete. Generate tblastx Files
Save As IPHAGES/lam4C10_lam|
File type: Bitmap (bmp) — |

Create Figure




7é Easyfig.py
File Irmage Blast Help

Easyfig 2.2.5

Annotation Files

~|5/Lam4C10_teaching.gbk

sflambda.gb

=~
Add feature file

Blast Files

Add blast file

last_output/12 easyfig.out

Add folder

Remaove blast file

Remaove feature file

Drawing figure...
complete.

@erate blastn Files

D

Generate tblastx Files

Save As IPHAGES/lam4C10_lam|

File type: Bitmap (bmp) — |

Create Figure

Comparing the two genomes with
Easyfig

Download locally the Blast package

2. Indicate where to store the blastn result,
and generate blastn files

3. Push the Create figure button
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Conclusions:
Few regions shared: our genome is not the same species/genus as lambda

Definitions:
— 2 genomes belong to the same species if, over more than 80% of their genomes, they share >95% identity
- o genus co >70%

lam4C10 defines a new genus, named Bievrevirus, and gave its name to the species: bv4C10
All new genomes sharing >95% identity with lam4C10 will be of the species « Bievrevirus bv4C10 »
This is the classical bi-nominal way to name species, we say Escherichia coli or Ratus norvegicus



To conclude

e Starting from a phage genome in a fasta file format, it is nowadays
easy to define

1. Its open reading frames and protein function predictions. This will
be practised this afternoon, using the genome of the phage Ecoha
you tested this week, and Pharokka

2. Its functional modules, and its overall genomic similarity to other
phage genomes, to propose a taxonomic classification at the genus
and species level. If we have time, this will also be done this
afternoon for Ecoha.



