nhas

renusjed > @

Yave

eoding jmportant «

example

Awnnotation and

dJUd

Broinformatic
Auto-Annotate

Features Aﬁ&lﬁ/f ) Of

predicted .
_ Bacteriophage Genomzes
kg a*«ahanges
g makxe
L'unc';'l:: ;0
one: . 3
frames ¢ g':] E__' 51m1| ar Deborah Jacobs-Sera

g GF || RS [E’?//él// H POIDL"
Daniel A. Russell
Steven G. Cresawn

coordinaie aham ”
position Wlndow N Iid' }g{ t ham F. Hatfull

M anies era click






Table of Contents

How to use this guide........comiminnssssss s 4
1 Introduction t0 DNA MaSEer .......ccmmmmiemsmnsssssssnsssssssssssssssssssssssssssssssssssssssssssnsas 6
1.1 DINA MASTET OVETVIEW ..oruieierceressessessessessessssss s sssssssssessessssse bbb 6
1.2 INSTAIIATION ettt s e s s bbbt 6
1.3 QUICK StArt GUIAE oouceeeeeeceereeeeeseeseesesssesseessesssesse s s s s s bbb bbbt 6
1.4 DNA Master program STIUCTUTE. ... sssssssssssssses 6
1.5 Analysis programs running within DNA Master ........osssssssssssssssssssssssesas 7
ST A €440 =) o TP 7
ST €= s =3 =1 TP 8
ST TV o U0 o 1P 8

1.6 SELUNG PIrEfEIEIICES ...veuriuceureeeesseereereesreeseesse et s s s s s bbbt 9
1.6.1 Set Default Translation Table...... e ssessessessssssss s sssessssssssesssssssssssssssssssssesssssessssanes 9
1.6.2 St COLOT PIEIETEIICES ..coueereerreerermrearers st es s s s s R s 9
1.6.3  Set STArt COAON CROICES .ottt s s s s s s e ns 10
1.6.4 Set default values fOr BLAST SEATCRES ....coviiiereereeeereesserseeeessessssseessesssssesssesssssssssessssssssssssssssssssssessssssssesses 11
1.6.5 Choose a defaultlocation for SAVING fileS ... sessesssenens 11
1.6.6  Finishing up your Preference SEttNGS ... rneneeeneesesssseessessssssssessssssssesssssssssssssssssssssessssssssseses 12

1.7 GELUING NEIP oottt s s 12
1.8 ChecKing fOr UPAates ... ereeeeeseereeseeseeeessessesseessessesse s s s bbb 13

2 Provisional Cluster assignment of your phage.......c..coconminiminnsnnnssnssssnnnns 15
0 R 0 1) oV = TP 15
2.2 BLASTing your sequence against the mycobacteriophage database..........conerncerneennn. 15
P20 T 00 103 1= =TT 100013 =) 1 PP 18

3 Importing your phage genome sequence into DNA Master ..........coouemsunsanianas 21
S 700 B 0] o7 U OO 21
3.2 Where do I get my phage genome sequence from? ... 21
3.3 Importing your DNA sequence into DNA MaSter.....ssssssssssssees 22
3.4 Reverse-complementing YOUI SEQUENCE ........ccremeresismisssessssssssssssssssesssesssssssssssssssssssssssssssssssssss 24

4 Performing and viewing a rapid automated annotation of your genome .25

0 R 017 4 1= 25
4.2  Running AutO-ANNOTALE ..o 25
4.3 SQAVING YOUT flE ..euririrririsierscersirstrssss s s s bbb 27
4.4 Looking at the output of your automated annotation ... 27
4.4.1 Viewing the dOCUMENTAtION. ... s s e 28
4.4.2 Viewing features in the FEAture TabIe ... sessesssesssessssssessssssessssaes 29
4.4.3 Viewing the sequence in the SEQUENCE LA ... sseres 31
4.4.4 Viewing ORFs in the Frames WiNAOW......ceeeeesnersessesssssesssssssssesssesssesssssssessssssessssanes 32
4.5 Running the BLAST fUNCHON ... ssssssssssssssssssssasssans 35
4.6 Re-opening an archived (SAVed) file......oisrsssssss s 37



5 Gathering additional information for refining your annotation................c... 39

5.1 Generating a SiX-frame translation ... 39
5.2 Generating a provisional genome map in DNA MaSter ......cmmeessssssssssssssssseens 42
5.3 Generating a graphical output from GeneMarK.........eeeesssssssens 43
6 Using Phamerator to assist with annotation ..., 47
R0 R 01 =) o1 = TP 47
6.2 Why Phamerator is useful to you at this stage of your annotation...........n. 47
6.3 How did my genome get into Phamerator already? .........neesssesssesssssssesans 47
6.4 MaKing Phamerator MaAPS ... ssssssssssssssssssssssssssssssssssssssesssesssssssssssssssssssssssasssans 48
6.5 Understanding and using the genome maps made by Phamerator.........onenneneenneeneens 50
6.6 Viewing nucleotide sequence similarities in Phamerator ... 52
6.7  Other Phamerator fEATUTES ......oeeeereeneeseesesseessessssssssssssssssssssesssssssssssssessssssssssessss s ssssasessssssssanees 54
6.8  Saving Phamerator MAPS ... sssssssssssssssssssssssssssssssssssss s s ssssssssssssssssssssssasssans 55
7 Guiding Principles of Bacteriophage Genome Annotation..........ccuusrsmsnsessnns 57
% S 1) o7 U PO 57
7.2 The GUIAING PIiNCIPLES ..ot s s s e 57
8 Gene by gene: evaluating and improving your draft annotation.................. 61
S R0 R 0 1Y o T = TP 61
8.2 Button-pushing mechanics reserved for SECtioN 9 ... 61
8.3 Decision Tree for evaluating the draft annotation ... s 61
8.4 Evaluating protein-coding gene CallS ... s 63
8.4.1 Isthe designation of this ORF as a gene well-supported? ... 63
8.4.2 s the called start site for this gene the best possible ch0iCe? ... 66
8.4.3 Is this gene part of a programmed translational frameshift? ... 70
8.4.4 Does this gene contain an INEIONTY ... sesssssssessssases 72
8.4.5 Does this gene wrap around the ends of the ZeN0OmMe? ... 73
8.5 Checking gaps in the draft annotation for uncalled Genes.......conrenrenreeneenseeneeeseesreeseeseeneees 75
8.6 Finding and refining tRNA and tmMRNA ENES ..o sssssesssssssssssssssssssssssans 75
8.7 Completing your annotation refinement........os s 76
9 The mechanics of making changes to your annotation........c.ccuvnniesssssnsans 77
0NN R 0 1) oV = TP 77
9.2 Making common changes to your annOtation ... errseesssssssessessesssssssssssssssssssans 77
L0 S D=3 U b Yo ) LTS 77
Lo Vo (o 3 0= U = o TP 78
9.2.3 Changing the Start Site fOr @ GEMNE ... 78
9.3 Common steps to take after making Changes ... 79
9.3.1  POSHING CRANGES. ..ot s s s R 79
9.3.2  Validating your aNNOATION ... sessses s s s ssessssssesssesssssssesssssssesasssssessssanes 80
9.3.3 Renumbering annotated fEATUIES ... sess s ssssaes 81
9.3.4 RE-BLASTING @ ZENE ettt bbb bbb bbb b b s 82
9.4 Making less common changes to your annotation ... 85
9.4.1 Annotating programmed translational frameshifts ... 85
9.4.2  ANNOLATING INEIONS .ot bbb bbb bbb bbb 91
9.4.3 Annotating Wrap-aroUNd GEINES ... sesssesssssssesssssssesssssssessssases 91



9.5 Predicting tRNA and tmMRNA GENES......cuririririssssssssss s sssssssssssssssssssssssans 91

9.5.1 Running web-based Aragorn (Version 1.2.28) ......cornmresrsesessesssessssssessssssesssssssssssses 92
9.5.2 Running tRNASCAN-SE (VEIrSION 1.21) e ressesssessessssssesssssesssssssssesssssssesssssssesssssssessssanes 93
9.5.3 tRNA secondary structure and end determination ... reerereeeeeeeeeseessesssssesseses 95
9.5.4 Entering a tRNA iN DNA MaSTeT ...vurrirerrerereessseseesseesssssessesssssssesssssss s sssssesssesssssssessssssesssssssessssaes 96
9.5.5 Identifying and annotating tmMRNA ZENES.....cccourcmremererreeeree e sssssessseses 97

9.6 Documenting YoUr SENE CaAllS ... ssss s 98
10 Assigning gene funCHiONS ... —————————————— 101
L1101 OVEIVIEW..uiuieieeieessessessessessessessss s s s s R R R AR bbb 101
10.2 Using bioinformatic tools to assign gene function ... 102
L0.2.1 BLASTP ettt essessees s ses s s s s s8R R e 48 SRR s £ s A ne R AR bR nenenn s 102
10.2.2 Conserved Domain Database ......oooerrnenreenerneesesnesssesessessssssessesssssessessssssssesssssssssesssssssssesssssssssssssssssssssnees 103
0TS T 5 U 5 o) T O 105
10.3 Other ways t0o assign gene fUNCLION ... senas 108
B0 T0 T  74 4 13 )2 108
10.3.2 Prior functional aSSIGNIMENTS ... sess s ssssesse s ssessssssesaees 109
B0 TRC TS T o o U 4 L) = L o) TP 109

11 Merging and checking annotations.........ummmmm— 111
11.1 METGING OVEIVIEW ...iuireircrusirissssssissssssssssssssssss s s 111
11.2 Merging multiple annotations into a Single file ... 111
11.3 ChecKing an annOtatioN ... sess s s ssss s ssss s ssssssssesssssssssas 116
12 Submitting final files for review and GenBank submission.........c.cceossesurans 119
12.1 Details of your final DNA Master (.dnamb5) file......eesssssssssssessseessenns 119
12.2 Details of yoUT QULNOT LISt ..o senas 119



How to use this guide

Once you have a finished phage genome sequence, you are ready to make predictions as to the
locations and functions of the tRNA-coding and protein-coding genes. This guide will provide
step-by-step instructions as to how to do this.

There are several different ways you can use this guide.

* Begin at Section 1, and proceed section by section through the entire guide. This approach
will give you a complete understanding of the entire process of annotation and how each
of the programs involved works. It’s a lot of information, but hopefully you'll emerge
from the other side far more knowledgeable about genes and gene calling.

* If you've already used the DNA Master Quick Start Guide to create an automated
annotation, you can jump in at Section 5, and proceed from there. You'll be skipping
some basics, but you can always refer back to relevant sections if needed.

* If you're eager to get straight to gene calling, you can perform an automated annotation
using the DNA Master Quick Start Guide or Section 4 of this guide, then proceed to
Section 8 which covers how to refine your automated annotation. References back to
previous sections are provided so that you’'ll be able to locate all the information you need.

* If you're already an experienced annotator, and all you want to know is how to push the
correct buttons to modify gene calls in DNA Master, Section 9 is for you. It's an a-la-carte
section of “How-To” functions.

* Finally, even if you're accustomed to using a different program to annotate phage
genomes, you can use the Guiding Principles described in Section 7.2 to see how we think
about making the best possible gene calls in phage genomes.

4 )
A NOTE ON CLASSROOM PRAGMATICS

If you have a group of students annotating a single genome there are several different ways of
organizing this activity. Assuming you have a class of around 20 students, there are two main
considerations.

1. It works well for students to work in pairs, if possible using two computer stations. One of
these can be set up to run DNA Master, while the other is set up to run Phamerator, as well
as having other files (such as a six-phase translation) open.

2. You can organize students or groups of students such that:

* All students annotate all of the genome. Upon completion, student groups (e.g. 5
groups of 4 students each) can each lead a discussion on a segment of the genome
(i.e. 20%of it) aimed at resolving any differences found by different groups. The data
are then compiled into a single DNA Master file.

* Groups of students (e.g. 5 groups of 4 students) annotate a different segment of the
genome (e.g. ~20%), followed by merging of the five DNA Master files into a single
composite file. Instructions are provided in Stage 9 for doing this.

There are of course many other configurations and operational means of accomplishing your
annotation. But it is helpful to keep in mind that the goal should be that all participants understand
the full genomic context of the phage genome once the annotation is completed.

\\ v




AN IMPORTANT NOTE ABOUT THIS GUIDE’S SYNTAX
In this guide, we will refer to menus and submenus as follows. If the command is:
File & Open > Archived DNA Master file

this means that you should click on the File menu at the top, scroll down to the sub-menu
(Open), and select the sub-sub-menu (Archived DNA Master file) that appears.
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1 Introduction to DNA Master

1.1

1.2

1.3
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DNA Master overview

The key program you will use in your genome annotations is DNA Master. DNA Master is a
DNA sequence editor and analysis package that combines, analyzes, and displays data from a
variety of DNA analysis programs, including GeneMark, Glimmer, Aragorn, and BLAST. It
organizes and collates all of these data into various tables and forms and saves it a single file
with a .dnam5 extension.

Installation

This guide assumes that you have installed DNA Master and can open the program
successfully. If this is not the case, please install DNA Master before continuing with this guide.
System requirements and installation instructions are provided in Appendix I, and are also
available at http:/ /phagesdb.ore /DN AMaster/ .

Quick Start Guide

Appendix II is the DNA Master Quick Start Guide, which you may find useful if you are using
DNA Master for the very first time and just want a quick look at basic functions. However, all
parts of the Quick Start Guide are covered in more detail in this guide, so you may choose to
use the Quick Start Guide as a future reference or a teaching tool.

DNA Master program structure

The various files, tables, and databases that DNA Master uses are a little complex, but a general
understanding of the structure is important and will help prevent lost work.

The Feature Table

There are two important places DNA Master stores information about a genome
annotation. The first, called the Feature Table, contains information about each feature
(usually a gene) in a genome, including name, position, length, protein sequence, BLAST
results, function, notes, etc. Within DNA Master, the data in the Feature Table for a
particular genome can be viewed by going to the “Features” tab. When you Post*
changes to your annotation, like changing a start position or adding a gene, you're
altering the Feature Table.

* See Section 9.3.1 for more on the importance of Posting changes.

The Documentation

The second place DNA Master stores information is the Documentation, accessible via
the Documentation tab. This text contains much of the same information as is present in
the Feature Table, but in a less human-friendly and more computer-readable format.
Note that not all of the information from the Feature Table is contained in the
Documentation Tab (e.g., amino acid sequence and BLAST hits are not present).



Interaction between the two

The Feature Table interacts with the Documentation as shown in Figure 1.1.

DNA Sequence
Feature Table
S

Figure 1.1

—>DNA Master Outputs

>Recreate

FASTA >

There are two functions—accessible through the Documentation tab—that control the
interaction between the Feature Table and the Documentation:

Parse takes the contents of the Documentation and uses them to OVERWRITE the
Feature Table. Parsing is done automatically by DNA Master when a genome is auto-
annotated, but thereafter should be used rarely if ever. The danger is that you'll have
posted data to the Feature Table that are not included in the documentation, and then
when you Parse, those data will be lost.

Recreate takes the contents of the Feature Table, and uses them to OVERWRITE the
Documentation. This will update the Documentation with changes you've posted,
and thus serves as a helpful backup of some of your data.

IMPORTANT TO REMEMBER:

Using Parse may overwrite user-inputted data, and thus Parsing may be harmful.

Using Recreate will store some user-inputted data in a new location, and thus it’s helpful.

1.5 Analysis programs running within DNA Master

As noted above, DNA Master runs a collection of programs that can assist in annotation and
analysis of your phage genome. The following is a brief explanation of some of the key
programs that DNA Master will be running for you, and some of their stand-alone versions that
you will be using.

1.5.1 Glimmer

Glimmer (version 3.02) is a program that predicts the coding potential of open reading frames
(ORFs). DNA Master is set by default to use Glimmer in a heuristic way, meaning that it
searches for potential coding regions (such as in long open reading frames) and then applies
the nucleotide codon biases in those ORFs to search for other potential ORFs with similar
biases. As such, it is not dependent on the use of externally defined parameters to determine
coding potential. Glimmer also recognizes the use of TTG in addition to ATG and GTG as
translation initiation (i.e. start) codons. It has very good predictive power for genes.

You will typically use Glimmer as a program that will run when you request DNA Master to



1.5.2

1.5.3

perform an auto-annotation of your phage genome sequence and you will not be required to
run it directly.

If you'd like to run Glimmer directly, it is available as a stand-alone program and is web-
accessible at:

http:/ / www.ncbi.nlm.nih.gov/genomes/ MICROBES/ glimmer 3.cgi

GeneMark

GeneMark (version 2.5) provides a similar functionality to Glimmer and is used to predict
genes. Its algorithms are different, however, and the joint use of Glimmer and GeneMark is a
powerful combination for gene prediction. As with Glimmer, DNA Master runs GeneMark
automatically within the Auto-Annotation function. Within DNA Master, GeneMark is
heuristic, in that it learns from the genome what the codon usage preferences are in the
longest ORFs and then applies this model to predict the remainder of the genes. GeneMark
also takes into account potential ribosome binding sites when predicting gene start positions.

In addition, a second GeneMark prediction is helpful for accurately identifying the genes in
your phage genome. In this internet browser-accessible version, the gene predictions are
made using a codon usage model built from a previously annotated organism. GeneMark has
many bacterial models available, and so for bacteriophage we pick a model based on the host
organism. For the mycobacteriophage, we use Mycobacterium smegmatis.

GeneMark online is available at:

http:/ / opal.biology.gatech.edu/GeneMark / genemark_prok_ems_plus.cgi

The web version contains two key features that are useful for phage genome annotation:

* It allows you to specify the codon usage model from a bacterial host to use for gene
prediction, rather than generating a new model heuristically. A codon usage model
for Mycobacterium smegmatis is available and can be selected to generate gene
predictions in the phage genome based on the host’s codon preferences. This
sometimes allows you to find smaller genes that are not called during heuristic
scans, but are likely to be reliable gene calls because they share codon preferences
with the host. We refer to this output as the “GeneMark-Smeg” output.

* It provides a graphical output (as .pdf) of the gene predictions and coding potential.
This is especially useful when you are determining gene starts.

Aragorn

Aragorn is a program for finding tRNAs and tmRNAs. Aragorn (version 1.1) can be run
directly within DNA Master, although it is also accessible as a stand-alone program at:

http://130.235.46.10/ ARAGORN//

The version of Aragorn available online is newer than the version embedded within DNA
Master. It is important to run the updated web-based version of Aragorn (version 1.2.33.c.)
in addition to the DNA Master version because it is better at determining the correct ends of
tRNAs and because the version within DNA Master has a specific set of parameters that differ
from the default. In addition, another tRNA predictor, tRNAscan-SE, is utilized to fine-tune
the tRNA calls. Please refer to Section 9.5 when you evaluate your tRNAs in your genome.



1.6 Setting Preferences

1.6.1

1.6.2

In general, setting preferences in DNA Master is a matter of opening the Preferences Window,
making changes, and applying these changes. There are five important preferences that you

MUST set before continuing with this guide. They are described in the next five subsections.

To get to the Preferences Window, select:

File & Preferences

You will see a dialog box with a series of tabs (Internet, Local Settings, ...) each of which has
another set of sub-tabs associated with it.

Set Default Translation Table
Changing this setting ensures you are using the correct translation tables for phages. Select:

File = Preferences [Local Settings] [[New Features]]

* From the Default Translation Table dropdown menu, select ‘Bacteria and Plant
Plastid Code’.

e Make sure that the boxes marked ‘Add New Features to Documentation’, and ‘Add
New Features to Feature Table’ are both checked.

* Click “Apply’. Note that the dialog box remains open.

DHA’

Intemet  Local Settings ‘ Automation [ Phylogeny | Timed Events | Miscellaneous | oK
Directories | GCG Export  New Features ‘ Colars | Translation] Walidation | Ew—
Default Translation Table [Bactelia and Plant Plastid Code j

Iv Add New Features to Documentation
Iv Add New Features to Feature Table

Figure 1.2

Set color preferences

You can select display colors for genes and tRNAs in various visual representations of your
genome. The colors we recommend below are our preferences, and are used in most of the
screenshots in this guide. You can select any colors you like, but note that if you use different
colors, exported six-frame translations may not be properly viewable in Microsoft Word.

To set your colors to our recommended values, go to:

File = Preferences [Local Settings] [[Colors]]

Then set the values as shown below.

* Click on the colored box you want to change.



A dialog box pops up with the color options.

Click on the color of choice and then click OK.
e Continue to the next color.

* Don’t forget to click “Apply’ to save changes.

CDS Frame 1 Yellow CDS Frame 4 Gray
CDS Frame 2 Pink CDS Frame 5 Light Green
CDS Frame 3 Light Blue CDS Frame 6 Light Red
T DNA Master Preferences g

Intemat  Local Settngs | Automation | Prydogeny | Timed Events | Miscellaneous oK nght Green .

Ditectories | GCG Export | New Featuies  Colors | Translation | Vaiidation Beves Yellow Light Blue

Chk to specily Map oclors Click to epecify Six Frame colors st ol
Reverse [Fomad l ~ |CDS Frame 1 [ Cancel I = *jl )

1RNA CDS Frame 2 o | Light Red B o T Pink
ANA CDS Frame 3 = —E N \

tmANA CDS Frame 4 - I~ ..

WANA DS Frame 5 O . -

ORF CDS Frame 6 EMEEEEEN

PreudoORF Forward RNA ENEEEEEN

PsaudoRNA Reverze RNA EEEE.- Gray
10 Site Custom colors

355“— Click 1o specily Frame Plot colors EEEEEEEN

Shine Daigamo =] EEEEEEEN

I = Frame 2 Define Custom Colors >>

Repeat R 3 Colo

Bindng S1e o o | Comee

>
Figure 1.3

1.6.3 Set start codon choices

Because TTG is used as a translation initiation (start) codon in mycobacteriophage genomes —
albeit rarely — you must make sure DNA Master recognizes it. To do so, go to:

File - Preferences [Local Settings] [[Translation]]
* All boxes must be checked, as shown in Figure 1.4 below.

* Click “Apply’

10



% DNA Master Preferences Q@@

Intemet ~ Local Settings ]Automation] Phylogeny | Timed Events | Miscellaneous | 0K
Ditectories | GCG Export | New Features | Colors ~ Translation l\falidationl —
Default Start Codons -

v Use ATG start codons
IV Use GTG start codons
[V Use TTG start codons

[V Translate Cued Start Codons as Methionine
Default Stop Codons

IV Use TAA stop codons

IV Use TGA stop codons

IV Use TAG stop codons

Figure 1.4

1.6.4 Set default values for BLAST searches
DNA Master can run batch BLAST searches and store the results for subsequent viewing.
There are several settings relating to BLASTing inside DNA Master that may be helpful. Our
suggestions are shown in Figure 1.5. Get to the BLAST menu by going to:

File & Preferences [Internet] [[Blast]]

* Set your preferences.

* Click “Apply’ to save changes.

W

DNA Master Preferences E]

Ig@
X)

: LocaISeltingsl Automation] F'hylogeny] Timed Events' Miscellaneousl

Email | REBase | NCBI | Gene Prediction Blast

. . Revert
Communicating with Remote BLAST Server
v Include “ignore self" terms when initiating BLAST form Cancel
Number of hits to request from server 100 = Apply
Number of hits expected 10 =

Saving BLAST Results to Local Database
Save hits with E-Values smaller than 10E- m
Iv Save a minimum number of hits, regardless of E-Value
Minimum number of hits to save

[v Limit number of hits saved

1 2
Maximum number of hits to save 100 =

Figure 1.5

1.6.5 Choose a default location for saving files

DNA Master generates a number of files when it runs. It's good practice to create a dedicated
DNA Master archiving folder, then direct DNA Master to use it. To do so, go to:

File - Preferences [Local Settings] [[Directories]]

¢ Click the ‘Browse’ button next to the ‘Archive to...” field.

11



* Select your archiving folder, or create a new one.

* Click “Apply’ to save.

% DNA Master Preferences

Internet Automation ] Phylogenyl Timed Evenlsl Miscellaneous I oK
Directories I GCG Export | New Features | Colors | Translation | Validation | E—
Databases |C:\ngram Files\DNA Master\DMDB" Browse LCancel
Helper Programs IC:\Program Files\DNA Master\Helper\ Browse Apply
Archive to... IC:\Documents and SettingshDebbie\Desktop Browse

Download to... |C:\Program Files\DNA Master\Downloadsh Browse

Manuals IE:\Program Files\DNA Master\Doch Browse

BLAST Libraries I Browse

Figure 1.6

1.6.6 Finishing up your Preference settings

Once you have finished setting your DNA Master preferences:

e (Click the ‘OK’ button.

* Click “Yes’ in the dialog box that asks if you want to save changes.

The Preferences Window will close.

1.7 Getting help

Help files and tutorials are available within DNA Master for many of its functions. Help is
always available by clicking on the yellow ? button at the lower right corner of every window,
or through the ‘Help’ menu.

@Extracted from FastaA Library Timshel.fasta =10] x|

Overview Fleferencesl Sequencel Documenlalion[

Sort By |Index l] 4 [Name  [stat _ [Stop || Description | Sequencel Producll Hegionsl Blast ] leexll
Select Features | Direct SOL | Lol 408 704 Name |1 GenelD
. 2 743 177 I
Type is Al M e 1254 1577 Type cDS v| Gl
Name  like 4 1567 2319 Start 408 Locus Tag |DNAM1
GenelD = | NE 2345|3565 Stop | 704 Regions | 1
Locus like - 6 3592 4380 Length 297 Tag |
— 7 4377 5294
Start - — T37a |508 Direction Forward g
Length . BE 5547 5399 Translation Table IUndefined El
Regions - BE 6896 7309 EC Number
%60 </ |10 7306 8283 =
cal [ 11 8479 10005 Product
. | [12 10002 11459 ap1 =l
i I— 11456 12469 =

Product  like [ 14 12520 13020 Function
Function like 15 13085 14014 =l
FeaweD =|[ [ ]1® 14080 14268 =l
N we [ | 17 14276 14850 otes =l

29 ke | |Original Glimmer call @bp 408 has strength 2.35; GeneMark ;]
|~ Hide Ignored Features I L4 calls start at 237

Geloct 8l Fomhwas | Insert | Delete | Post| Validate
»

|1 - 50000 [Posilion : 48037 “7 Controls >> Map [ Map >> Controls

4«4
I

A=A
89 Features

Figure 1.7
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To get a sense of how the help files work, go to:

Help = Help

* Read the ‘Welcome to DNA Master’ and the ‘Getting Started Tutorial” sections.

1.8 Checking for updates

DNA Master is regularly updated, and with an internet connection it is easy to make sure your
copy is up-to-date. Go to:

Help - Update DNA Master

* If a new version is available, it will update the program, and a dialog box will
appear when completed. Please note that you must have an active internet
connection to do this!

* When the update is complete, close and restart the program.

* As of the time of writing (October 2011), the most up-to-date version of DNA
Master is Version 5.22.5 Build 2338, dated 17 Oct 2011. You can find your
current version by going to:

Help = About
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2 Provisional Cluster assignment of your phage

2.1

2.2

Overview

All sequenced mycobacteriophage genomes have been compared to one another, and based on
these comparisons they have been grouped into clusters of related phages. Some of these
clusters are small (Cluster M currently has only two members), whereas others are quite large
(Cluster A has over 90 members). Some clusters are further divided into subclusters; for
example, Cluster B’s genomes are currently divided into five subclusters: B1, B2, B3, B4, and B5.
There are also some phages (ten currently) who have no close relatives, and therefore are
classified as Singletons. Up-to-date cluster assignments are available at:

http:/ /phagesdb.org/ clusters/

Your phage’s final cluster designation depends on a variety of analyses, as described in:

Hatfull et al., (2010) Comparative genomic analysis of sixty mycobacteriophage
genomes: Genome clustering, gene acquisition and gene size. | Mol Biol. 397, 119-143.

In the meantime, however, it is helpful to make a provisional cluster assignment for your phage.
This can be done using just a completed genome sequence, before any annotation has taken
place because clustered phages usually share a span of 50% or more recognizable nucleotide
similarity across their genomes.

Performing a BLAST search of your phage sequence against a database of mycobacteriophage
genomes provides a simple and quick approach to making a provisional cluster assignment.

BLASTing your sequence against the mycobacteriophage database
To BLAST your genome on phagesdb.org:

e Go to http:/ /phagesdb.org/phages/

* Locate your phage in the phage list, then click to open its detail page.
* Click on the green “Locally BLAST this genome” button.
* It will open a page that looks like the one in Figure 2.1.
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Local Phage BLAST

This tool will run a local BLAST search against our phage database. This
will include some genomes that are not yet in GenBank and thus not
accessible via NCBI BLAST.

Choose program to use and database to search:

Program [ blastn | Database [ Mycophages as of 6.01.11

Enter sequence below in FASTA format
>Etude }

AGCGACACTTCTCTCTCTGGAAATTCAGGCAAGAACATGAGGGGGGTTAGCGCCCCTAAA

Or load it from disk

Set subsequence: From | ' To!

Clear sequence BLAST!

The query sequence is filtered for low complexity regions by default.
Filter © Low complexity © Mask for lookup table only

Expect [ 10 ¢ Matrix [ sLosume2 :| [ Perform ungapped alignment

Query Genetic Codes (blastx only) [ Bacterial (11)

Database Genetic Codes (tblast[nx] only) [ Bacterial (11) 3

Frame shift penalty for blastx [ Nooor +)

Figure 2.1

* The defaults are set so that the program will run blastn (i.e. a nucleotide search
against a nucleotide database) against a database of previously sequenced
mycobacteriophage genomes (e.g., Mycophages as of 6.01.11).

* Click on the “BLAST! button. It is just above the gray dividing bar at the center of
Figure 2.1 above.

A new page will open showing the results of the BLAST search, as shown in Figure 2.2 below.

Your query is represented by a black bar underneath “Color Key for Alignment Scores”. Subject
sequences from the database that align well to your query sequence are represented by colored
bars beneath the black bar. The length and location of the subject bars indicates the portion(s)
of the query sequence the subject sequences match. The quality of each alignment is shown by
color, with the best matches colored red.



Distribution of 488 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment. Scores

lelll.
0 2K 5K P 10K 12K

Figure 2.2

To see which subjects your query has aligned to, simply mouseover any of the colored bars, and
the subject’s name will appear in the box above the “Color Key for Alignment Scores”. Then,
either scroll down or click on one of the lines to get the names of subject sequences that have the
best alignments to your query sequence, listed in order from best match to worst match (see
below). After each subject sequence name is the raw score of the alignment to your query
sequence (higher is a better alignment), and the E value (lower is a better alignment).

Score E

Sequences producing significant alignments: (bits) Value
UPIE Complete Seqguence, 73784 bp including 10 bp 3' overhang (TC... 1.314e+04 0.0
LeBron .178e+04 0.0
JoeDirt Final Seguence, 74914 bp including 10 bp 3' overhang (TC... .16%e+04 0.0
Microwolf Final Seguence, 50864 bp including 10 bp 3' overhang, ... .
Vix Complete Seguence, 50963 bp including 10 bp 3' overhang (CGG... .
Methuselah Complete Seguence, 50891 bp including 10 bp 3' overha... .
JHC117 Final Seguence, 50877 bp including 10 bp 3' overhang, Clu... .
Bxz2 .
Faithl Complete Seguence, 75960 bp including 10 bp 3' overhang (... .
Rumpelstiltskin Complete Seguence, 69279 bp including 10 bp 3' o... 13 .
HelDan Complete Seguence, 50364 bp including 10 bp 3' overhang (... 353 le-95
Rockstar Complete Seguence, 47780 bp including 10 bp 3' overhang... 232 3e-59
Peaches 212 2e-53
TiroTheta9 Complete Seguence, 51367 bp including 10 bp 3' overha... 204 6e-51
MeeZ Complete Seg e, 51368 bp including 10 bp 3' overhang (... 204 6e-51
Eagle 204 6e-51
LHTSCC Complete Seguence (51813bp, including 10bp 3' overhang: C... 19¢ le-48
Shaka Complete Seguence, 51369 bp including 10 bp 3' overhang (C... 18¢ 4e-46
Twister Complete Seguence, 51094 bp including 10 bp 3' overhang ... 149 3e-34
George Final Seguence, 51578 bp including 10 bp 3' overhang, Clu... 137 le-30
Benedict Complete Seguence, 51083 bp including 10 bp 3' overhang... 137 le-30
Airmid Complete Seguence, 51241 bp including 10 bp 3' overhang (... 137 le-30
Theia Complete Seguence, 51543 bp including 10 bp 3' overhang (C... 129 3e-28
Cuco Complete Seguence, 50965 bp including 10 bp 3' overhang (CG... 129 3e-28
Bxbl 123 2e-26
Violet Complete Seguence, 52481 bp including 10 bp 3' overhang (... 121 Te-26
Switzer 121 TJe-26
Pari Complete Seguence, 50614 bp including 10 bp 3' overhang (CG... 121 Te-26
XBG 121 7e-26
Doom Final Seguence, 51421 bp including 10 bp 3' overhang (CGGAT... 121 Te-26
Dreamboat Complete Seguence, 51083 bp including 10 bp 3' overhan... 117 le-24
Jasper 115  4de-24
Wile Complete Seguence, 51308 bp including 10 bp 3' overhang (CG... 113 2e-23
u2 113 2e-23
Solon 113 2e-23
SkiPole 113 2e-23
RidgeCB Complete Seguence, 50844 bp including 10 bp 3' overhang ... 113 2e-23
Perseus Complete Seguence, 53142 bp including 10 bp 3' overhang ... 113 2e-23
MrGordo Complete Seguence, 50988 bp including 10 bp 3'overhang (... 113 2e-23
Lockley 113 2e-23
Lesedi 113 2e-23
KSSJEB 113 2e-23
T027 T 20221

Figure 2.3

Scroll down further (or click on the blue raw score number) to get the nucleotide alignment of
your query sequence (top) to each subject sequence (bottom). The numbers on the sides of the
sequences indicate the nucleotide coordinates within each sequence. Identical nucleotides are
connected with vertical lines and smaller gaps in the alignment are shown by horizontal dashes.
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Query: 12347 gcgtacaaccccactcagqgcgqgcacgggttgatgggtgtccttggcgcgcagggqgtg 12406

FECEEEE PEPEEEEEEEEr e e e e L FEerr e errr iyl

Sbjct: 11813 gcctataaccctactcagggecgggcacgggttgatgggtgtgeteggegegecagggtgtg 11872

Query: 12407 ttcgacccgcagtatcagaacaatcagtacg--cggggcgtggttcttaccecgteggeecg 12464

F LT PEere e e b Tt FEFTEEEEE T

Sbjct: 11873 ttcgggccgcagtaccagaacaaccagtatgaccgggge————- tecctacccgtecgeeg 11927

Query: 12465 gtgcgaccggtgtgtcgatgacgccgattggtgectatcctggegacgeggetectecteg 12524

FEPEEEEEEEETE e rererr e CECETEEETE T

Sbjct: 11928 gtgcgaccggtgtgtccatgacgeccgatcggtgectatcccggtgacgeggegetacteg 11987

Query: 12525 cgaacgttccggcgggeccggtatgcacaggtccaagecggecgacctcacgecagggtttgg 12584

FELPEEEEEETETEEEr T 1 FECPTETE Ty [T

Sbjct: 11988 ccaacgttccggcgggeccggtacgegcaagtccaagecagecgacctcacaaaaggattgg 12047

Query: 12585 gtgactgttccagcgctgtggaggatctggtcaacattctecgatggecaggtcgactgagg 12644

FCLEEEEEEE e e FE e e e e e e e e

Sbjct: 12048 gcgactgttccagegectgttgaggatctggtcaacattctcgatggcaggtccacegagg 12107

Query: 12645 gtaggtcgctgtccacgcataacgctgatcagtggttgcagtcccgagggtttgtgecgg 12704

FEVELTEEECEEE e e e e e e e ey

Sbjct: 12108 gtaggtcactttccacacataacgctgatcagtggttgcagtecccgagggtttgtgecgg 12167

Query: 12705 ggtcgggtgggcctggecgattteccgtgtggegticaatagtggtcatatgecaggegacge 12764

FEPCPEEECE P be prerr b e e e L L errrrry

Sbjct: 12168 ggtcgggtgggecctggagacttecgggtecgegttcaacagtggtecacatgecaggegacge 12227

Query: 12765 tgcctggtgggacgccgtttaactggggtagecgattctgecgcagetcagegggggeteg 12824

FOEETEECEEE R e e e e e e e e e e ey

Sbject: 12228 tgecctggcgggacgccgtttaactggggtagegattctgecgecagetcagegggggeteg 12287

Query: 12825 gagggtcgcagggtgctgacgatccatcgttgacgtcgecggtattaccgteccggtgacgt 12884
[T

FECPLETEEEEEE LT e e e e e e e ey

Sbjct: 12288 gagggtcgcagggtgctgacgatccatcgttgacgtecgeggtattaccgteccggtgacgt 12347

Figure 2.4

2.3 Cluster assignment

You should now be able to make a provisional Cluster assignment. If one of your subject
matches is a red line extending over at least 50% of the genome, then it is likely that your phage
belongs in the same Cluster as that subject. If the Cluster is divided into Subclusters, then a
long but interrupted red line likely indicates that it is similar to a particular Subcluster.

We'll use a case study—the phage Adephagia—to demonstrate how to assign a provisional

Cluster to your phage. Figure 2.5 shows the output of a BLAST search with the Adephagia
genome as the query.
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Distribution of 1211 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment Scores

<40 40-50 50-80  80-200  [E206N
1c1|1_m
0 10K 20K 30K 40K 50K
K1
|K2, K3, K4, K5
Score E
Sequences producing significant alignments: (bits) Value

Adephagia Final Sequence, 59646 bp including 11 bp 3' overhang, 4.766e+04
BEEST Complete Sequence, 59906 bp including 11 bp 3' overhang (C... 3.606e+04
JAWS Complete Sequence, 59749 bp including 11 bp 3' overhang (CT... 3.010e+04
BarrelRoll Complete Sequence, 59672 bp including 11 bp 3' overha... 3.008e+04
Angelica Final Sequence 2.906e+04
Anaya Complete Sequence, 60835 bp, including 11 bp 3' overhang (... 2.080e+04
CrimD Final Sequence, 59798 bp, 11 bp 3' overhang (CTCGTAGGCAT),... 1.826e+04
Pixie Final Sequence, 61147 bp including 11 bp 3' overhang (CTCG... 1193 0.0

OO0 O000O0
D
OO0 O000O0

Figure 2.5

Adephagia’s best hit is to itself. After that, there are six heavy red lines that indicate very
similar genomes to Adephagia’s. Scrolling down to the “Sequences producing significant
alignments” section, we can see that these red lines correspond to the genomes of BEEST,
JAWS, BarrelRoll, Angelica, Anaya, and CrimD. Using phagesdb.org, we can then look up the
Cluster assignments of these six phages. All six, it turns out, are members of Cluster K, and
Subcluster K1.

There are four more genomes that appear to have significant similarity to Adephagia, though
the matches are less solid and cover less of the query sequence. These more tattered-looking

red lines correspond to Pixie, TM4, Larva, and Fionnbharth. Using phagesdb.org, we can see
that these are all member of Cluster K, though they belong to Subclusters K2-K5, not K1.

Therefore, we can provisionally determine that Adephagia is a member of Cluster K and
Subcluster K1.

NOTE: Though the example above may seem clear-cut, Cluster assignment will not always be
so simple. If it’s not, don’t be concerned. You may have found a new Singleton phage, or a
phage that will lead to a new Subcluster being created. The main point of doing this now is so
that you have an idea of which phages are most closely related to the one you are annotating.
These closely related phages can be very useful guides as you go through the annotation
process.
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3 Importing your phage genome sequence into DNA Master

3.1

3.2

Overview

Now that you have a sense of your software and an overview of your phage genome, you are
ready to move onto the really exciting stuff! The first thing you need to do is to download your
phage’s genome sequence, then import it into DNA Master.

Where do I get my phage genome sequence from?

Sequencing a phage genome involves two parts: Shotgun Sequencing and Finishing (aka
Polishing). The second part, Finishing, involves generating targeted reads to fix weak areas,
determining the type and/or sequence of genome ends, and orienting a genome to match
convention. When performing annotations, you must always use a Finished sequence file, or
your annotation work may have to be redone.

Fortunately, phagesdb.org only posts Finished sequence files, so be sure to get your sequence
from phagesdb.org. Though you may have access to preliminary, un-Finished files from other
sources, the phagesdb.org site should be the only source for sequence when beginning
annotation.

-

.

DNA, RNA, and protein sequence files are often saved in fasta format. This is the standard
format required by many bioinformatics programs, including BLAST. Fasta files are simply
text files where:

For example, the first few lines of a phage genome sequence fasta file may look like:

A few things to keep in mind:

A NOTE ON FILE TYPES \

1. The first line begins with “>” and contains information about the sequence

2. Subsequent lines contain the sequence itself

> Giles Complete Genome Sequence, 53746 bp

GGCAGACTTTTTTTTGCGCGGCGGCCTGCGCGCGCGGCCCCGCCCGCCCC
GCCGGGTCGGAGGCGGCCGAATGACGCCACCTCGGGCCGCGGTGGCCGAC
ACGCCGGATACGCCCGCAGAGGGCAAATCAGGGGCCAAAACGCGGGCCAA

* Fasta files can be opened with any text editor.

* A file does not need to have the extension .fasta to be in fasta format. For example, if
you rename Giles.fasta to Giles.txt, the file will still be fasta-formatted.

* Sequence files from phagesdb.org are in fasta format and have a .fasta extension.

/

To download your genome sequence as a fasta file, go to:
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http://phagesdb.org/phages/

Scroll down to find your phage and click its name to open its detail page.

Scroll down to the section titled ‘Sequencing Information’.

Click on the ‘Download fasta file ’ link, and save the file to a known location

IMPORTANT NOTES:

* If you can’t find the downloaded file, simply search your computer for a file named
YourPhageName.fasta.

* If you are using a Windows emulator on a Mac (and use your internet browser on
the Mac side to get the fasta file), then you should either copy the fasta file from the
Mac side to the Windows side, or alternatively set up your emulator preferences so
that it can directly read files from the Mac side from a shared folder.

* If for some reason you're using a sequence file from a location other than
phagesdb.org, be mindful that there are two possible orientations for a genome, and
that yours needs to conform to the standard convention (the virion structural genes
on the left, transcribed rightwards). If you determine that a sequence needs to be
reverse-complemented, instructions are provided at the end of this section for doing
S0.

3.3 Importing your DNA sequence into DNA Master
You are now ready to import your fasta file into DNA Master. Open DNA Master, then go to:

File & Open = FastA Multiple Sequence File

@ DNA Master
5 -8 Tools Window Help
New CtrN i
BN Achived DNA Master file Ctrl+aIt+0
Import... »
_ GCG-Formatted File Ctrl+0
Closs Ctri+w
GenBank-Formatted File
Close all

Previously dovnloaded NCEI file

Save as DNAMS File  Ctr4S )
Entrez ASN.1 Sequence File

Export GCG file Ctr+E
Entrez XML Sequence File
Apallo XML Fil r+Alt+A
Export Spiit Fles $ollo XML Fie cr '
—
Fasta Multiple Sequence File Ctrl+alt+F >
v Autoparse =
Preferences Ctrl+P e -
Uktilities > Sequence from Accession Number
Quit Ctri+Q
!
Figure 3.1

* Browse to the correct folder and select your fasta file.

* A window like the one shown in Figure 3.2 appears.

22



EE FastA Sequences from PatienceContig63.fasta

I Pairwise Alignment ] Multiple Alignment ]

EEX

ILenglh

|dx | Description
Patience Complete Sequence 70707

Sequence Complement | Hide | Annotation

Insert Sequence
Delete Sequence
Update Sequence

[ Verify updates

Save Fasta File
Export Summary

ATTGTGGGACGGGGCGTTCATTCTTCAGGCCGAAGTCTGAAGCTCGGE A
CAAGTTCACTTGTCGGTCAGGCGCTTTCTGGCGTCATTATGGCTGAL
GCCGCCAAGATGAAAGAATCAACGTGGACTCAGCTCATTCGTCCCGE
TCTTTCAGATATGAAGGGCTGGGCACTTTTCACTACTACGCCAGAAG

2. Select " ¥
\,J CCreate Sequence from this entry only j

GTAAARATTGGTTTTACCAGTATTACTTAGACGCGATCAAGCAGAAT 1. Click Creste separate sequences for all enfries
AACCCGGGTTGEGCTGECTTTCGARTGOCETCOTGETACARCACTCG Catenate al entries into a single sequence
CGTTTTTACGGGTGARACCARAGACGCGCATGTGARACGTCTCATGE i >ingle sequ
ATTTGATGTCAGAGCACCCAGAGTTCACCGCGTTTGARATCATCARA Create Sequence with entries as replicons
TOACACAATTTACTTATTRATRAACAIATALCAICAICITACCIIAICTY ™ l ! )
1 Sequences 70,707 bp Create Sequence Forms... EEH ?

Figure 3.2

* Click on the Export button in the 1

¢ From the menu that opens, select

ower right hand corner (1).

Create Sequence from this entry only’ (2).

* A new window titled “Extracted from FastA library YourPhage.fasta’ will open

within DNA Master.

Let’s take a moment to look at some of the new views that are available.

e There are five tabs in the new window: [Overview], [Features], [References],
[Sequence], and [Documentation].

* Select the [Overview] tab if it’s not already selected. Your window should look

similar to the one in Figure 3.3.

lgix]
| Features | References I Sequence I Documentation |

[~ Genome [~ Taxonomy [~ Notes

Organism : Domain : Notes on the Genome:

GenomelD : 0 PrototypelD : 0 Division - Notes and Taxonomy are only available ;,
Length: 0 Date Created: 10/8/2011 | ¢y \hen sequences are loaded fiom the
Replicons : 1 Genome Date : 10/6/2011

Features: 0 GC Content : 0.00 ;I

CAl Table :

Directory : DMTemp 40822 858465654
[~ Replicon

Replicon | :]

NCBI Date : 10/6/2011 NCBI Genome :

T inear Accession =l

< Length : 80228 Version : otes on the Replicon
Eatures | Gl: :"

ORFs: 0 Status : Current

RN&s: 0 Deletion : Vulnerable

GC Content : 0.00 Origin: 0

ORFGC:00x00 Terminus : 0

GC3:0.0+0.0

Cal : 0.0000  0.0000

Translation Table : Unspecified: default to standard code ;I ;I

[« 4 [@]ef» [ »] 1-50000

Position : 25073

[v Controls >> Map [V Map >> Controls F

[ 0Features

Live

(e @

Figure 3.3

* Check the sequence length (shown

in the red circles in Figure 3.3) and verify

that it matches the published sequence length on your phage’s detail page on
phagesdb.org. If there is a discrepancy, restart the program and try importing
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3.4

24

again, or re-download your sequence file from phagesdb.org.

* Select the [Sequence] tab. This tab displays the DNA sequence of your phage.
You can click and drag to select part of the sequence, whereupon DNA Master
will display the coordinates and length of the selected portion near the top of
the window, as in Figure 3.4.

@Extracted from Fasta Library Bongo.fasta i =] |

Uverview] Featuresl References Sequence |Documentation|

Feature F | ¥ | 7| Position : 448 - 547 (100 bases Raw b | BLASTN | BLASTPIAddFeatulelzszs

ATCAGCCCCTCTCTCCCCGGCAAGTTTGAGTGCCAAGTATCCAATTCCAATTTGCTGGTATGATGGAGGGGGGTTTGGGEGGAGE

86 CCTTTTGAAACCCCAACTGCTGGTCGAAGC CTTGAGAAGCTTCCCATCTGCGGTTCGGCTCCTGGTTGAGGGGTTTGCTGTATGT
171 ALMAAMACCCCAGGTCGAGTGCGACAAMACTGCAGGTCGCACCTCCCTGGGGTTGGCCGGGACGAGGTCAGGCTGGCGTGAGCGT
256 CAGGTAGGTCGTCTTCACGTACTTGGTGTTGGGCGTGACGGTCATGTAGCCGGTGGCCCCTTCGCCCTCGATGATCTCGTGGTGA
341 ATTGGCATGCCGCAGTTGGCGTCTGCGCATAGCGCGTAGGCCCCTTC! EITCCCAGECGACCACTI‘TGTACATGTAGTCGCCGGGGG
426 CGATGTCGGTGCCGACGC GGTAMEN G,

511 CGCGGTGAGTGTGGTTCTCAT! GGAGAGGCEGTACATGGCCG’I'I'I‘GCMGGTI‘GAGGG’ITGCGGCCGTCG
596 TGTGACGGCGCGTGGCTGGTGTAGTACGCACTATCGGTGGTGGCGTCAGGGTAAGCCGATGGATCGGCCGGTGCGGACGTATCAG
681 CGATATGAAGAGGGGCCGGATGGCAGCTGTGTGATTGCCGCTATCCGACCCCGTCGAAGGCTCGGGCGGGAGCCGTTCGCTAAGG
766 AGCTGTCTCTCCTCCAGGAGCTTGGTCTCCGGAAGGGGGGATGATCCACTCCGAGCGGACTGCGTTCATCCGCTCGTAGAGATCG
851 AGGACGGCGTCGAGGACTGGGTACGAGTCGCCTGCTTCGTCGGCGGGCCCAGTGACGATGACGGTGCCGTGGAGTGAGTCTCGGE
936 CTTCCATCTCGGGCTGGAGTTTCCACCAGAGGTAGGTTGCCATGGGGTTCGTTGGCAAACCGAGGAGCTTGCCTTCTTCGTTGCA
1021 CCAGAGGGTGGCGTGCTCGGTGGTGACCGCCTCGATGTGACCACCGACGAGTTTGCGCATGGCGGGTAAGGCCTGGTCGATCACG
1106 CGCACTTCGCGCGTGCCTTCTGGCGTGATGATTAACGCGCGTATTGACGGTGCTGTCACGGTTGCACTGTAGCCTGTCGTGGTCA
1191 TGAMATCCTCCTTCGTCGTCGTGGGTTGCGCCCAGTCACTTCTATAAGCCTTAGTTCACTCCTCTCGGTTGGAGTTAAGGCCCCG
1276 CCACCTTTGAAAAGGTAGCCGTCAGCGTAGCTGTATCGACTGCCTTTTGTCTCCCCCGTGCGGGAGTGAATCCGCAGGAATCTCT
1361 CAGTTGAACACCTAATACAGATGAGGCCCTGGATGTAGGCCACGCCCTCCTTCTTAACTGTGGTGTAGTCCCAGGCGTGACCGAL
1446 AACACGGCACATCCGGTGTTGCGGCTTAACAACTCGGTCTTCTGTGTCGCTCATTTATGTGCGTTCTTCCAAGCTTCTATGACGG
1531 CCGGTTTGATGTACCCACGCTTGGAGACTGTGAACCCGTTTITTGCCCGCCCATTCGCGCACAGCGCGACGCTCTTCCTTTGTGAG
1616 GGCCGTGGTGGGATGGGCCGETGGCTGCTCGCTTACAGCCGGTGTAACGCTCACCTCTTTCTGCGTCCTCTTTGGCCACTTCTTC
1701 TTCTCGTGAGCAACGCTTAGCCACTTATCGAGTGTGCGCTCTAGCTCATCTGCGTGTTCTTGCGTTAGGTCGATCTCATACAAGA
1786 AGCCTCGGTACCCGATGACTTCGGTTACCGAGGCTTCTITGGATGGATCAAGATCATCTGTAGTTAGAACAATGACTTGCCGTGC
1871 CACTTCTTTCCCTTTCTCCCTGCGAGGAGAACACTATCGAAGTGGGGCTAATTTTCGATCACATCAGGTGGGCGAGTTGCCTAGT
1956 CGGCGTGGTCAATTATCGCCATGAACACGAAGGCGATGAGGGTGATGACCGCCCACATGCCCGCTCCTACTGCCAGATTGATGGE

TTCTGGTGAGACCGTAGAGGCGAGTATGGATCCGAGGAGGGCCGTAACCCAGTAGGTCGCGCTCAGCCAGCCTAGGACTTGGETG _I

M|« 4|@]e]» |»|M]1-50000 Position : 25073 [V Controls >> Map ¥ Map >> Controls

OFeatwes | Live [s0228 [ 2|

Figure 3.4

* Until you run an automated annotation in the next section, the tabs for
[Features], [References], and [Documentation] are largely empty. We'll revisit
these later.

Congratulations! You have now imported your phage sequence into DNA Master and are
ready to run an Auto-Annotation.

Reverse-complementing your sequence

To re-emphasize, if you download your genome sequence from phagesdb.org, it will NOT need
to be reverse-complemented. If you need to reverse-complement a sequence from a different
source to match conventions, you can do so easily within DNA Master.

To reverse-complement a sequence:

* Go to the [Sequence] tab.

* Make sure that no segment of the sequence is selected (otherwise you will only flip
that part—a big mess). If in doubt, just click somewhere within the sequence, but
without selecting anything.

* Select: DNA -> Convert 2 Complement

* A dialog box will open that asks if you want to convert XXXXX bp to 5" > 3’. Click
“Yes'.

* Select: File > Save as, then save your reverse-complemented file with a new name.



4 Performing and viewing a rapid automated annotation of your
genome

4.1 Overview
DNA Master has an Auto-Annotate function that provides quick and simple identification of
genes within your phage genome. It works by running Glimmer, GeneMark, and Aragorn, then
combining the outputs from these programs to arrive at consensus gene calls. The consensus
output is used to populate DNA Master’s Documentation and Feature Table sections.
Generally, this auto-annotation will identify 80% or more of the genes accurately, but the

careful refinement that you will perform in Section 8 will be essential for obtaining the best
possible annotation that will be ready for GenBank submission.

4.2 Running Auto-Annotate

* As shown in Figure 4.1, go to:

Genome = Annotation 2 Auto-Annotate

4kl DNA Master
File Edit BeEGIEN DNA  Tools Window Help

Add to Database ¢
Analyze all gene starts l : E&E Extracted from FastA Library Etude.fas
i Sl Fieferences] Sequence] Dot
- ias Table...
4
BLAST AllGenes ronc oy Al [Name [star
Coding Capacity | Select Features ] Direct SQL] »
Codon Spacing T is ’m
Features... 4 )
Gene Orientation Chri+alt+G jif| Neme ke
Karlin's Dinuclectides ) GenelD =
Learn Fealtures Chri+alt+L eans ke o
Mutational Bias 2
Mucleotide Phasing...  Ctrl+alt+H Start .
Origin prediction Length .
Predict stop Regions .
Profile...
rofile Crrl+ale+P / % GC 2 ﬁ
Rearrange !
RNASeq . B
Run Length ECH like
Six frame translation  Ctrl+alk+T ; Product like ﬁ
Skewed sequences Chrl+-Alt+K . )
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Tag ke |
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| 44| «|@)= » [2] »i] 114998
0 Features Live
Figure 4.1
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* An Auto-Annotate dialog box will open. We recommend that you use the settings
shown in Figure 4.2.

o xi}

— Gene Calling BLAST Searches
[V Dacument tRNAs found with Aragorn [~ Perform BLAST search on nr database
IV Document ORFs found with... Save hits with E-values less than 10E- |3 3.
€ Gimmer 3,02 analysis X |v Regardless of their E-values, save |1 3.
(" GeneMark HMM analysis
+ Both analyses, combining them as follows: [V Limit number of hits to be saved to I100 av
(& Favor Glimmer calls |~ Remember these settings

(" Favor GeneMark calls
|~ Exclude genes called by only one method
[~ Exclude genes called only by second method

M aximum wait time: |1 minute 'I

|V Examine and learn gene features No BLAST scheduled
- Autosave
v Autosave DNAMS file as |Extracted from Fasta Library Bongo.fasta_&nnotated.dnam5
|~ Export alternative start codons |~ Export a Profile of features
|~ Export a summary of BLAST hits |~ Export a list of Gray Holes and gene overlaps
|~ Export a GC-Content map |~ E=xport a Six-Frame map
|~ Export Frames map |~ Export an ORF map

Height [200 2] width [3209 3] Scale [172/kb x|

Tiers |4 ﬂv Sizeto |25 3| kb per tier I
Export Directory I Browse... |

— Analysis
& Current Replicon All Analyses - [~ Export log file
¢ AllReplicons TIEEE

Status : |dle [ _"?J

Figure 4.2

Click the “Annotate’ button to launch the automated annotation. (Click “Yes” when prompted to
“Erase features?”)
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SOME NOTES ON AUTO-ANNOTATE OPTIONS

* One key Auto-Annotate option is the ‘Perform BLAST searches on nr database’ checkbox.
When checked, this option will BLASTP the protein product of each gene Auto-Annotate finds,
then save the results for viewing later—a powerful tool, and recommended if you have the time.
However, performing that many BLAST searches often takes more than 45 minutes, during
which DNA Master will be inaccessible. If you’d like to move on to further steps quickly,
uncheck this box and Auto-Annotate will run in fewer than five minutes.

See Section 4.5 for how to BLAST genes at a later time.

¢ In the Gene Calling pane, we prefer to use the default option of using ‘Both analyses’ (Glimmer
and GeneMark), with ‘Favor Glimmer Calls’ selected. Often, the two programs’ gene calls differ
only in the location of the start codon, and since Glimmer recognizes TTG as a start codon, we
prefer to favor its calls. If desired, you can try modifying options to see their effects on the
resulting gene calls. Auto-Annotate runs quickly enough to experiment!

When there is a conflict between Glimmer and GeneMark calls, both calls will be reported in the
gene’s Notes. If the two programs agree, the Notes will contain only one program’s call.

* The checkbox to “Export a Six-Frame map’ produces a translation of the sequence in all six
frames, a useful asset for annotation. See Section 5 for generating maps and translations

4.3

4.4

Saving your file

As with any program, it is important to save your file often to protect changes you've made
from being lost. This can be done by going to:

File > Save as DNAMS file
Choose a new file name if you wish to keep both previous and current versions. This is a way

to keep backups of work you’ve done. To avoid confusion about which file is the current
version, it is helpful to establish systematic naming conventions when saving files.

Looking at the output of your automated annotation

Once the Auto-Annotate function has run, it will return you to your main phage window.
Under the [Overview] tab, however, you will see some immediate differences.
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i
Overview ] Features I References | Sequence | Documentation |
[~ Genome Taxonomy [~ Notes
Organism : Domain : Notes on the Genome
GenomelD : 0 PrototypelD : 0 B Notes and Taxonomy are only available ;I
when sequences are loaded from the
Length: 0 Date Created : 10/6/2011 Famiy: database
Replicons : 1 Genome Date : 10/6/2011
Features : 149 GC Content : 0.00 .ﬂ
CAl Table :
Directory : DMTemp 40822.858465654
[ Replicon
Replicon j
NCBI Date : 10/6/2011 NCBI Genome :
Topology : Linear Accession : LI
Length : 80228 Wersion : Notes on the Replicon
Features : 149 Gl: Zl
ORFs: 133 Status : Current
RN&s: 16 Deletion : Yulnerable
GC Content : 0.00 Origin: 0
ORFGC:55.4+19.4 Terminus : 0
GC3:71.7+258
CAl : 0.4954 + 0.2042
| Translation Table : Unspecified: default to standard code LI LI
| 4| «|@]e]» [w]m]1-50000

Figure 4.3

For example, note that there is a map showing the predicted genes at the bottom of the window.
Genes transcribed leftwards and rightwards are shown in different colors depending on how
you have set your DNA Master preferences (Section 1.6.2; green and red in Figure 4.3).

This map is dynamic and can be manipulated as follows:

* Roll your mouse over the map. You will see the number changing in the box above

it labeled ‘Position’. This reports the coordinate in the genome where your mouse is
pointing.

¢ Click on the es button to zoom in and the es button to zoom out.

* Click on the left and right arrows to move P .iittle each way, P . Lot cach way,
or M to the extreme left or right ends.

4.4.1 Viewing the documentation

28

Auto-Annotate writes its output to the Documentation. Though you will generally work in

the [Features] tab, it is useful to be familiar with this underlying Documentation. Click on the
[Documentation] tab to take a look.

You will see that DNA Master has populated the Documentation with the consensus outputs
from Glimmer, GeneMark, and Aragorn. In the example shown in Figure 4.4, the first line
says “CDS complement (238-450)”. This means the first feature is a protein-coding sequence
(CDS) transcribed right to left and located at coordinates 238 — 450.



4.4.2

gEutracted from FastA Library Bongo.fasta o ] 24

Dvewiewl Featuresl Heferencesl Sequence }

Search I ¥ |’| Recreate I Parse | PIedictGenesl
CDS complement (238 - 450) il
/gene="1"

/product="gp1"
flocus tag="DNaAM1"
/note="0riginal Glimmer call @bp 450 has strength 10.18"

CDS complement (760 - 1110)
/gene="2"
/product="gp2"
flocus tag="DNaM11"
/note="0riginal Glimmer call @bp 1110 has strength 2.58"

CDS complement (1496 - 1873)
/fgene="3"
/product="gp3"
flocus tag="DNaM21"
/note="0riginal GeneMark call @bp 1873"

CDS complement (1951 - 2136)
/gene="4""
/product="agp4"
Alocus tag="DNAM31"
/note="0riginal GeneMark call @bp 2136"

CDS complement (2133 - 2366)
/gene="5""
/product="gp5"
Jocus tag="DNaM41" LI

Figure 4.4

This “complement” orientation is worth thinking about for a moment. It means that the first
base of the first codon of this predicted gene is at position 450, while the last base of the
termination codon is at position 238.

Additional data for each feature are shown in the indented lines that follow. For example, the
first feature has a gene name of “1”, a protein product named “gp1”, a locus tag of “DNAM1”,
and a note about where Glimmer called the start position.

The data contained in the Documentation are also viewable in the Features Table (see below).

Viewing features in the Feature Table

The Documentation that you viewed above has been automatically Parsed by DNA Master
into the Feature Table. Click on the [Features] tab to view the Features Table (Figure 4.5).
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%Extracted from FastaA Library Bongo.fasta 10| x|

Overview Features |F!eferences| Sequencel Documenlationl

Sort By Ilndex vl 4 |Name IStart IStop = Descnpllonl Sequencel Pmduct] Hegionsl Blast | Context]
Select Features I Direct SQL | Ld 12 i;; :?:'D Name |1 GenelD
Type is |al vl : ] 4% 1873 Type |CDS | Gl
Name  like 4 1951 Start 238 Locus Tag |DNAM1
GenelD = | |5 2133 Stop 450 Regions | 1
Locus  like [® 2363 Length 213 Tag [
7 2572
Start . e 2626 Direction Reverse
Length . [ 9 31- 3{ Translation Table IUndefined j
Regions - 10 415 EC Number :I
%GC < 1 3645 -
ol i I 12 4298 Produet
i [ 13 4713 ap1 [
EcH ke | e 6260 =l
Product  like 15 7882 Function
Function like HiB 3093 =
FeaturelD ﬂ | 17 9854 LI
T ke ﬁ | | 18 11031 11513 Notes >l
2 e ~ | |Original GeneMark call @bp 450 :I
[~ Hide Ignored Features u_, L4
Golert &l Foshmae | Insert | Delete | Post Validalel LI

Figure 4.5

The central box shows each gene’s Name, Start and Stop coordinates, and—if you use the
scroll bar to move to the right—the gene Length. You can select any gene by clicking on it.
Gene “1” is selected in the example above, as indicated by the small black triangle next to it.

~

CRITICAL NOTE ABOUT A POTENTIALLY
CONFUSING PROGRAM FEATURE

DNA Master ALWAYS lists the leftmost genomic coordinate as the Start position and the
rightmost as the Stop position, regardless of a gene’s direction of transcription. This means
that genes that are transcribed from right to left, and thus have start codons at their
rightmost coordinate, will still have their rightmost coordinate in the “Stop” column.

Don’t let this confuse you!

It is helpful to think of those column headings as “Left” and “Right” rather than Start and
Stop.

If you look to the right, you will see six sub-tabs named [[Description]], [[Sequencel]],
[[Product]], [[Regions]], [[Blast]], and [[Context]].

The [[Description]] sub-tab is shown by default and contains basic information about the gene
that you'll recognize from the documentation, including gene name, coordinates, product
name, and notes.

The Notes for gene 1, shown above, indicate that Glimmer called the start at position 450.
There is no mention of GeneMark in these notes, which means that GeneMark’s gene call
agreed with Glimmer’s gene call. If the two programs do not agree, this will be mentioned in
the Notes as shown below.



4.4.3

@Ektracted from FastA Library Bongo.fasta - |I:I|5|

Dverviewl Features] Hefelencesl Sequence Documentation |

Search | ¥ | Vl Recreate | Parse | PredictGenesl
=
CDS 4042 - 4365
/gene="12"
/product="gp12" -

flocus tag="DNaMT11"
/note="0riginal Glimmer call @bp 4042 has strength 1.04 ** nat called by GeneMark"

CDS 4475 - 4693
/gene="13"
/product="gp13"
flocus tag="DNaM121"
/note="0riginal Glimmer call @bp 4475 has strenagth 8.33; GeneMark calls start at 4298"

CDS 4719- 6263
/gene="14"
/product="gp14"
flocus tag="DNAM131"
/note="0riginal Glimmer call @bp 4713 has strength 13.82"

CDS 6260 - 7882
/gene="15"
/product="gp15"
flocus tag="DNaMT41"
/note="0riginal Glimmer call @bp 6260 has strength 18.22"

CDS 7882 - 9042
/gene="16"
/product="gp16” _ =|

4| 4| «|@]e]» [w]m]1-50000 | Position : 24637
[ . . —

’l? Controls >> Map v Map >> Controls
21| i3

|

Figure 4.6

In the next example, gene 12 was predicted by Glimmer, but was “not called by GeneMark”.

For gene 13, the assigned start is 4475 as called by Glimmer, but there is a note that
“GeneMark calls start at 4298”.

Your refinement of your annotation in Section 8 will focus substantially on evaluating the
predictions made by Glimmer and GeneMark. You will be resolving any ambiguities that
have arisen and adding or deleting genes that were missed or errantly called by these
programs.

You don’t need them just yet, but you can see that there are also buttons (at the bottom of the

central box middle) that will let you either ‘Insert’ or ‘Delete’ features. And eventually the
‘Validate’ button will help you assess whether all your gene calls make sense.

Viewing the sequence in the Sequence tab

Click on the [Sequence] tab.

You will see the sequence appear as before, but now you can use the ‘Feature’ dropdown
menu at the top left. When you click on this menu, a list appears that shows each gene and
whether it is transcribed leftwards (R, for reverse) or rightwards (F for forward).

You can scroll down and select any of these and it will then select and highlight the

corresponding part of the DNA sequence. This can be a very useful feature for examining
specific parts of the genome.
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Dverviewl Fealures] References  Sequence | Documentationl

00.0

Feature ~| F|¥ | %] posiion: 1 Raw b [ BLASTN | BLASTP | Add Feature [1 500
BORE 23811 ;
Move HDHF?GD{Z} gil‘.t/lac';lgf; ¢ at3'End ¢ Overall OveralMatch Dligo...
4 | b R ORF 1436 (3) “latchstring
R ORF 1951 (4) ackwards
1 E SEE gégg {g{ CAAGTTTGAGTGCCAAGTATCCAATTCCAATTTGCTGGTATGATGGAGGGGEGTTTGGGGGGAGE o
88 R ORF 2572 (7) CTGGTCGAAGCCTTGAGAAGCTTCCCATCTGCGETTCGGCTCCTEGTTGAGGGGTTTGCTGTATGT
175  |R ORF 2826 (8) TGCGACARAACTGCAGGTCGCACCTCCCTGEGGTTGECCEGGACGAGETCAGGCTEGCETCAGCGT
262  |RORF3131(9) TACTTGGTGTTGGGCGTEACGGTCATGTAGCCGGETGECCCCTTCGCCCTCGATGATCTCGTGETGA
349  |RORF3415(10) CGTCTGCGCATAGCGCGTAGGCCCCTTCCTCCCAGCCGACCACTTTGTACATGTAGTCGCCGEGGG
436 ? S'E.f 43&;‘25[[1121]1 BTACATCGCGGACCTEECCTCCGCTECGGG6GCGAGTGCGATGGC66C6CAGATTGCTGCGATGAG
523 |t oRF 4475 (13) WTGAGCCTTCACAGTAGAGGAGAGGCCGTACATGGCCGTTTGCAAGGTTGAGGGTTGCGGCCETCE
610 |FORF4713(14) [GTAGTACGCACTATCGGTGGETGECGTCAGGETAAGC COATGGATCGECCGGTGCGGACGTATCAG
697  |FORF 6260(15) ATGGCAGCTGTGTGATTGCCGCTATCCGACCCCGTCOAAGGCTCOGGCGEGAGCCETTCGCTAAGE
784  |F ORF 7882(16) CTTGGTCTCCGGAAGGGGGEATGATCCACTCCGAGCGGACTGCETTCATCCGCTCGTAGAGATCE
871 |FORF3S093(17) BGTACGAGTCGCCTGCTTCGTCGGCGGGCCCAGTGACGATGACGETGCCGTGEAGTGAGTCTCGGC
9sg  |F ORF 9854 (18) [TTCCACCAGAGGTAGGTTGCCATGGGETTCGTTG6CAMACCGAGGAGCTTGCCTTCTTCGTTGCA
1045 F 82; Hg% {123% BTGGTGACCGCCTCGATGTGACCACCGACGAGTTTGCGCATGGCGGGTAAGGCCTGGTCGATCACG
1132 | oRF 11871 (21) CTGGCGTGATGATTAACGCGCGTATTGACGGTGCTGTCACGGTTGCACTGTAGCCTGTCGTGGTCA
1219 |F ORF 12285 (22) CGTGEGTTGCGCCCAGTCACTTCTATAAGCCTTAGTTCACTCCTCTCGGTTGGAGTTAAGGCCCCE
1306 |F ORF 12816 (23) CGTCAGCGTAGCTGTATCGACTGCCTTTTGTCTCCCCCOTGCGGEAGTGAATCCGCAGGAATCTCT
1393 |F ORF 13804 (24) EATGAGGCCCTGGATGTAGGCCACGCCCTCCTTCTTAACTGTGGTGTAGTCCCAGGCGTGACCGAA
14g0 [F ORF 14136 (25] T IrGCGGCTTAACAACTCGGTCTTCTGTGTCGCTCATTTATGTGCGTTCTTCCAAGCTTCTATGACGG
1567 CCGGTTTGATGTACCCACGCTTGGAGACTGTGAACCCGTTTTTGCCCGCCCATTCGCGCACAGCGCGACGCTCTTCCTTTGTGAG
1654 GGCCGTGETGEGGATGEGCCGETEECTGCTCGCTTACAGCCGGTGTAACGCTCACCTCTTTCTGCGTCCTCTTTGGCCACTTCTTC
TTCTCGTGAGCAACGCTTAGCCACTTATCGAGTGTGCGCTCTAGCTCATCTGCGTGTTCTTGCGTTAGGTCGATCTCATACAAGA ¥ |
1 - 50000 | Position : 20785 “7 Controls >> Map ¥ Map >> Controls

Figure 4.7

4.4.4 Viewing ORFs in the Frames window

The Frames window is an especially important one for determining and assessing start site
choices. To open the Frames window (we use Angelica in the example below) select:

DNA - Frames

A window will open that has a graphical representation of the six possible reading frames,
with each row representing one reading frame. Full-row-height vertical lines represent in-
frame stop codons, and half-row-height vertical lines are possible start codons. At the lower
left in the window is a box displaying the nucleotide coordinate corresponding to the position
of your pointer as you mouse over the display. There are also buttons that allow you to scroll
through your genome and zoom in and out.

At the lower right corner of the Frames window, there are six additional buttons. Click on the
button labeled ‘ORFs’ (red circle in Figure 4.8).

T

ORF Analysis for Mycobacterium phage Angelica

g2

S L e R

L oo L 1 i

] Ll o a0l | |l g il |

L RUER BUARY T TR 1 T Y (8

L AR R | il

g TR T XU AT 1 T B 1 T T TS0 BT 17 T
b 22 4|4 LTS WM 0 ] 116:c]5] widw B 21 b (Camaa:

e

Figure 4.8
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This will highlight all the features currently in your feature table as shown in the screenshot

above. Genes in forward reading frames are green, those in reverse reading frames are red,
and tRNAs are blue.

Next click on the frames window within the box that contains a highlighted gene.

| clicked precisely here!

S ORF Analysis for Mycobacterium phage Angelica

=<

[ | R (| Bl
ML alll 1111 L
“ 1111 N 111

it ] gty b

‘ H I LA ]
UL , (LU ACLE AN | AR LH

19599 20932 22265

24931 26264 27597 28930 302
bp: 26432 |44 4|2)E) D | NIUHF 20945 - 23278 2 1| G+c| 5| window: [EE %] bp
Figure 4.9

A thin, horizontal green line will appear that extends from the nearest upstream start codon to
the next downstream stop codon.

Now click on the ‘RBS’ (ribosomal binding site) button in the bottom right corner of the
Frames window.

= ORF Analysis for Mycobacterium phage Angelica

! 0 1 T AT [ A |
LA AT 1] | H‘ I L L1l i I I[N
B I L L g HIIIII [LE A L LI
' | H (11 1N MHIIIIIIIIIIIII L1l I}

B 01 I'AIIIIIIII LI (L LA

AL [l mINN ||||IMIIIJ (L LI

20001 21429 22857 24285 25713 27141 28569 29997 31425 32853 34281 35709 37137

bp: 20001 M| 4/2]E)» || M| ORF 20846 - 23278

2 x| G+C| 5| Window: [EE %] bp

Figure 4.10

Another window titled “Choose ORF start” will appear, shown in Figure 4.11.
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@@3 Choose ORF start

Figure 4.11

Starts : 38 ORF Start : 20846 Cdn1 Cdn2 Cdn3 Length
Selected: 1 ORFStop :23278 5'End|81.8 788 485 99
ORF Length : 2433 J'End |51.2 807 634 2332
I I [T 1 [T T O [ 1
Shine D |algarno |Secquence of the Region |[Start|Start ORF 2l
# Score Space Upstream of the Start Codon|Position |Length E )
1 1567 =3 CACGCAGGCGGGAGGTCGGTAR |GTG z0846 2433
z 294 7 TCTGCCCAAGCTCGACCCGGCG  ATG 20945 2334
3 135 9 TCAGATCCCGCTCGGCTCGATC | GTG 21206 2073
4 465 9 CGTGCAGGAGTCGCCAAACCTG TTG z1z27 zosz
13 378 ? TTTCGTCCGCTGGGCGGGCCTG  GTG 21434 1845
3 4z0 8 CGGGTCGATCGGTATCGGGCTG  ATG 21467 181z
? 441 2 CGGCGACGCTGGCGAGCAGCGT  GTG 21497 1782
g 462 ? GAAGGTCGGCGGCCAGTACGTC GTG 21569 1710
9 318 7 GCCCGACACCGGCGTCGACAGT GTG 21593 1686
10 z94 7 CCTGCAAAACCAATGGCAGGCG  ATG 21791 1488
1l 46z 2 CGTCGGCGGCGCAATCGAGGAC TTG z183¢6 1443
1lz 450 9 AATCGAGGACTTGTGGAATCGG TTG zl848 1431
12 441 7 ATTRTRGRAATARATTANATRCAR (TTR 21887 1472 ™
T B 2

This window lists all of the possible start codons in the ORF you clicked on in the Frames
window, the corresponding upstream nucleotide sequence, the gene length resulting from that
start, and a score for the Shine-Dalgarno sequence (higher is better). One line’s text may be
red, and this is because that row corresponds to the start site immediately upstream of where
you clicked in the Frames window.

When evaluating your gene calls and choosing between possible start sites, you may find it
helpful to have all three windows open at once, as shown in Figure 4.12 for the Etude genome.
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4.5 Running the BLAST function

When determining the settings for the automated annotation above, we cautioned about the
time it takes to run the BLAST function and you may have elected to skip BLASTing. Sooner or
later, however, you will need to do this. When you can allow an hour or so for DNA Master to
run uninterrupted, you should run the BLAST function. To do so (we use phage Bongo below),
go to:

Genome = BLAST All Genes

* In the dialog box, we recommend that you use the settings shown in Figure 4.13.

(=1
ommunicating with the Server Ignore Definitions including the following terms
Number of hits to request from server 100 = _I
Number of hits expected 10 =
[~ Saving Results Locally -
Save hits with E-Values smaller than 10E- |3 >
v Regardless of E-Value, save at least |1 :] Hits
[V Limit number of hits saved to 100 3] Hits
[~ Execute BLAST Query
(" BLAST all protein-coding genes [V Skip genes already analyzed
" BLAST all RNA-encoding genes [~ Clear previous BLAST results
" BLAST pre-selected set of genes
(¢ BLAST all genes
Blast All Cance _|
2

Figure 4.13

¢ Click on ‘Blast All'.

* DNA Master will send the predicted protein sequences in your file in batches to
the NCBI server, then retrieve the results and store them. Be patient during this
process! Windows may briefly indicate that DNA Master is “Not Responding”
during this period, but that’s because it’s processing!

Even though you still only have a draft annotation that was generated automatically, it is very
helpful to do the BLAST search before finalizing gene calls, because the data will be extremely
helpful during the process of annotation refinement.

When all BLAST searches are complete, DNA Master will report “Genome BLAST has been
completed” as shown in Figure 4.14.
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Eﬂgﬁenome BLAST of Extracted from FastA Library Bongo.fasta - 1O x|
Retrieve |
[ Communicating vith the Server |gnore Definitions including the following terms
Number of hits to request from server 100 = _I
Number of hits expected |1 0 3.
[~ Saving Results Locally
Save hits with E-Values smaller than 10E- |3 v]
|v Regardless of E-/alue, save at least |1 3. Hits
v Limit number of hits saved to 100 41 Hits
i Execute BLAST Query
(" BLAST all protein-coding genes ¥ Skip genes already analyzed
(" BLAST all RNA-encoding genes |~ Clear previous BLAST results
(" BLAST pre-selected set of genes
(¢ BLAST all genes
F— _I
Sent 30 requests (150 total) to the OBlast server ;I
Retrieving completed results...
Continuing to send..
Sent 2 requests (152 total) to the OBlast server
All requests have now been sent to the (OBlast server
Retrieving completed results...
Waiting for O results
Genome BLAST has been completed
v
3

Figure 4.14

* You may now close this BLAST window.

* You can now view BLAST results for any gene by returning to the [Feature] tab
and selecting a gene, then clicking on the [[Blast]] sub-tab to the right.
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In the example above we clicked on gene 2. Under the [[Blast]] sub-tab, you can see a window
with the BLAST hits listed, with a score and a description. Below that is a pictorial report on
the extent of the match (shown as a red bar depicting the part of the gene product —i.e. gp2 in
this case — that matches the selected subject). Below that are the data for the hit (HSP Data),
and if you click on the [[[Alignment]]] sub-sub-tab it will show the actual alignment.

In the example shown in Figure 4.16, we clicked on the second BLAST hit and then clicked on
the [[[Alignment]]] sub-sub-tab. Note that you can now see the amino-acid matches in the

bottom right pane.
WExtracted from Fasta Library Bongo.fasta =10 x
=<
Overview Features IHelerencesl Sequencel Documenlalionl
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Locus  like | | f 2363 12 164 gp128 [Mycobacterium phage Faithl]
Start - — :‘ fE LI
eon B ° L~ BLAST Hit
d | |9 28 Accession YP_003857243 Export
Regions - 10 3415 2 Gl 304361056 Export All
%GC ﬂ — 1 3645 I Length 126 Delete
I —— P Max Score 214 Date 10/7/2011 Delete All
cal - | 112 4042 43685 32 - : :
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Froduct’ ke | |15 6260 7882 1€ &  QALPAMPKLY GGHIEAV--- TTEHA----- TLUC 4]
Function like 16 7882 9042 i 1 LA S RN I++ 1 L+l
17 2 9 |7 29 RELAKLQGLV GGYIEAVYGY TSDRAEQPDV TLFC
FeawelD = [[ |17 %033 se03 7
T ke | |18 (%8s mim7 M 48  YLUWKLQPEM EGRDSLHGTV IVIGPADEAG DSYE
sy R A
™ Hide Ignored Features A > 79 TLUWSLNRYA TGVDHLHGVV VVTGGADRNG DTLE
Golort & Foatums | Insert | Delete | Post Validalel I |

by bl 0 B 32 E BB ][ & [
v YENAMEENA s VS LI AP AU TS )
152 Features J

Figure 4.16

* Save your file as described in Section 4.3 to ensure your BLAST data are stored.

4.6 Re-opening an archived (saved) file
When you save files, Opening archived (saved) files is straightforward. Go to:

File  Open - Archived DNA Master file

* Browse to your saved .dnamb file and select and open: it.
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5 Gathering additional information for refining your annotation

There are three additional pieces of data that we recommend gathering at this point. The firstis a
six-frame translation of your sequence labeled with your predicted genes. The second is a
provisional genome map. The third is a graphical output of the GeneMark-Smeg analysis.
Depending on your genome, you may also need the tRNA predictions from the web-based
Aragorn and tRNAscan-SE algorithms. The output of these programs will be used in Section 8.

5.1 Generating a six-frame translation
With your genome open in DNA Master (we used Etude below), go to:
Genome > Six-frame translation

HE DNA Master
File Edit Ne3GEN DNA  Tools Window Help

dd to Database
o] A
Analyze all gene starts @@@

Annotation... » iumentation I
Genom¢  Bias Table... Taxonomy Notes
Organism  BLAST All Genes Domain : Notes on the Genome
Genomel  Coding Capacity Eerfarns Notes and Taxonomy are only available
A i . when sequences are loaded from the
Eenoth’ Codon Spacing p1o Family : database
Replicon: ~ Features... ¥ 010
Features  Gene Orientation Ctrl+Al+G
cal Table  Karlin's Dinucleotides
! Learn Features Chri+-al+L
Directory
Replico Mutational Bias
P Mucleotide Phasing...  Ctrl+alt+H
Replicon Origin prediction s
NCBI Dal  Predict stop
Topology Profile... Ctrl+Al+P
Length:° Rearrange Notes on the Replicon
RNASeq »
ORFs: 1! six frame translation 3 Ctrl4+-Al+T
=Ehed_sleved TEE Ctrl+Al+K
GC Conte  tRNA Profile
ORFGC:565£13.2 Terminus : 7433
GC3:68.1+17.0
Cal: 06810 £ 0.1622

Translation Table : Unspecified: default to standard code

| | |®‘| | [ | - 1444- osition : 1 [V Controls >> Map ¥ Map >> Controls
D0 e e o aad (DR (4R Tl
20 Features Live  ‘Whole genorne analptical tools éJ
Figure 5.1

The six-frame translation window will open.
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@ Six Frame Translation of Etude_annotated

View Map I ExpovtMap]
s p T 3 L 58 GN 3 G KNMXKURGVYV 3 L P KTUPGRUBRILWNURERTGT®*RTwW* G P V K P
LA T L L 5 L E I Q@ A R T * 6 G L A P L KP LV GGG * I V G RGR G KDUP 3 3
R HF 8 L W EKFROQEUHEGGSG * R P * NP W * E AL K S3I WV ED V ¥V RTZ R Q A
1 AGCGACACTTCTCTCTCTGGAAATTCAGGCAAGAACATGAGGGGGGTTAGCGCCCCTAAAACCCCTGGTAGGAGGCTAAATCGTGGGTAGAGGACGTGGTAAGGACCCGTCAAGC
S [ e e [
14998 TCGCTGTGAAGAGAGAGACCTTTAAGTCCGTTCTTGTACTCCCCCCAATCGCGGGGATTTTGGGGACCATCCTCCGATTTAGCACCCATCTCCTGCACCATTCCTGGGCAGTTCG
L $ v EREU®PTFEPLF XL PTULULZLGLUVY GPLIULS$T FURZPTYULUV¥Y HTYUPGTL
L v S R ER S I * AL L V HP PN LG RYFGURT®PUP * I TZPULUPURUPIL S G D L
S R C K EROQF NLTCSCS3 PP * R G * F G QY 35 A LD HT S S TTUL V R * &

W w A V¥V S 6 QS S R HULZLL GL G G E G CROQTETET RWULGTIURTGU LALZTDGRIEKPR
P G GR S R D I RP G TR 3 A W E ALKV A o K P KN L QE Y A V QXM AL E 35 L G

LV G G6GL G TV VYV P ALRALUWLERPGIRERPERLUPPNZ RIERTIERIERDNTIERTCTRERTUTPIEK LS
116 CCTGGTGGGCGGTCTCGGGACAGTCGTCCCGGCACGCGCTCGGCCTGGGAGGCGAAGGTTGCCGCCAAACCGAAGAACGCGCAGGAATACGCGGTGCAGATGGCCGARAGCCTCG
S L S e [ T
14883 GGACCACCCGCCAGAGCCCTGTCAGCAGGGCCGTGCGCGAGCCGGACCCTCCGCTTCCALCGGCGGTTTGGCTTCTTGCGCGTCCTTATGCGCCACGTCTACCGGCTTTCGGAGC
G Q H A TEUP CDDURC & 3 P RPP S P QPRWV 35 5 R AP I RP LS P RTF G R
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W E VvV E K P NV WTWNQG M H L L G I ETTLTM®RIEKGUD A Y VY Y &L TTF T WP

5 j Position : 346 Font M [

1 2

Figure 5.2

* Adjust the size of the font by entering ‘8’ in red circle #1 in Figure 5.2.
* Click on the ORFs button in the red circle #2 in Figure 5.2.

Note that the ORFs predicted in your auto-annotation are now highlighted. Also note that this
window scrolls right and left rather than up and down. When you first click on the ORFs
button you may not see highlighted text if there is no gene predicted in the extreme left end of
your genome (which is what is shown by default). If you like, you can scroll to the right using
the scroll bar at the bottom to see more sequence.

But you can also be assured that your selection has been chosen because the ORFs button at
the bottom right is now shown in red (see Figure 5.3).

@ Six Frame Translation of Etude_annotated [z]@@

View Map I Export Map |
s p T §8 L &8 G N &8 G K N M RG VY S A P KTPGRU&ERILDNU ERSCG®*RTW* G P ¥ K P W W A V 8
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1 AGCGACACTTCTCTCTCTGGARAT TCAGGCAAGAACATGAGGGGGGTTAGCGCCCCTARAACCCCTGGTAGGAGGCTAAATCGTGGGTAGAGGACGTGGTAAGGACCCGTCAAGCCCTGGTGGGCGGTCTCG
1 L e L L e L L T
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T Tl T N e D N o N o e T B R [ R P T P L L L T e
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Figure 5.3

Now click on the [Export Map] tab at the top left of this window. We recommend using the
default settings as shown in Figure 5.4 below.
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Figure 5.4

* Click the “Export RTF File’ button.

* In the dialog box that opens, choose a name and location for your translation
file, then click ‘Save’.

To view your translation file, it’s best to open it with Microsoft Word. Please note that your
computer may not be set to open a file with an .rtf extension with Word. If not, open the file
using the ‘Open’ function from within Word.

s b T s L s G N S G KNMUBRGV S API KTU®PGI R RILNI RG* R T W *
A T L L $ L EI Q A RT* G G L APULIEKU®PULUV GG * I

R HF s LW KVF R Q E HEG G * R P * NP W * EA K S WV E D V V

1 AGCGACACTTCTCTCTCTGGARATTCAGGCAAGAACATGAGGGGGGTTAGCGCCCCTAARACCCCTGGTAGGAGGCTARATCGTGGGTAGAGGACGTGGT

R L e e e [ T
TCGCTGTGAAGAGAGAGACCTTTAAGTCCGTTCTTGTACTCCCCCCAATCGCGGGGATTTTGGGGACCATCCTCCGATTTAGCACCCATCTCCTGCACCA
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101 AAGGACCCGTCAAGCCCTGGTGGGCGGTCTCGGGACAGTCGTCCCGGCACGCGCTCGGCCTGGGAGGCGAAGGTTGCCGCCAAACCGAAGAACGCGCAGG

| |
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201 AATACGCGGTGCAGATGGCCGAAAGCCTCGGTTGGGAGGTTGAGAAGCCGAACGTTTGGACCAATCAGGGGATGCACGCCGCTGGTATCGAGACTTTGAC

| | | | | | | | |
TTATGCGCCACGTCTACCGGCTTTCGGAGCCAACCCTCCAACTCTTCGGCTTGCAAACCTGGTTAGTCCCCTACGTGCGGCGACCATAGCTCTGARACTG

Figure 5.5

The formatting in Word has been set so that you have 100 base pairs per line. Both strands are
shown with the coordinates of the bases on the left. There are vertical markers between the
strands positioned every ten bases. All six possible translations are shown, with the predicted
genes from your automated annotation highlighted.

Note: Because this document can be > 100 pages, we recommend you only print one or two

copies to share among a class, or a single copy for an individual. Hard copies are particularly
useful when annotating potential ribosomal frameshifts (Section 8.4.3).
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5.2
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Generating a provisional genome map in DNA Master

Another useful tool in DNA Master is the ability to make a genome map. This map is not
comparative (though you will make a comparative map using Phamerator in the next section),
but rather just a separate file of the map shown at the bottom of the sequence panel. Still, itis a
useful way to see your gene calls in the context of the entire genome.

To make a genome map (we use mycobacteriophage Timshel below), go to:

DNA - Export Map

I=TEY
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Scale I”‘?“/ kb :I' Center Label [WI (% Entire Sequence

i 3 = Size Adjust Ngne _ (" Region Selected in Sequence Form
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Estimated Top Label m From |1 =

Dimensions Size Adjust € None 1 53278

[v Stagger ORFs ((; ;Il':?nll?lf:ﬁt Length|53278 :I:

|v Divide By Direction s S Default vl v Draw DFFs I~ Draw Promoter
Central Marker {100 bp Ruler IV | Dras Flés I= | Draw Olige

v Draw in Color

Bottom Ruler ISDD bp Ruler v I I~ | Showlimage when complete

[~ Label Bottom Ruler ™% Draw Map |

Figure 5.6

* In the dialog box that appears, many options are available. We recommend you
use the settings shown in Figure 5.6, except that the ‘Tiers’ field may need to be
adjusted. Three or four tiers are acceptable for a genome of up to about 60 - 80
kb in length. If your genome is larger, increase the number of tiers accordingly.

* Click on ‘Draw Map'.

e Choose a filename and location to save to, then click “Save’.

The file will be saved as YourFileName.wmf (Windows metafile). This file can be opened by
Preview (on a Mac), Paint, Canvas, or similar drawing programs. Depending on the program,
you can manipulate this file in numerous ways. At the very least, you should see a graphical
illustration of your genome, similar to one shown in Figure 5.7.
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Figure 5.7

5.3 Generating a graphical output from GeneMark

As we noted above, GeneMark is a gene prediction program, and the version embedded in
DNA Master runs heuristically, using parts of the genome you enter to train the program to
identify coding potential. When using the stand-alone version on the web, you can:

1. Use an existing coding model to predict the genes.

2. Generate a graphical output.
The host profile we recommend using is that of Mycobacterium smegmatis, assuming that you

used this host to isolate your phage. If you used a different host, you will obviously need to
select a different bacterial profile for GeneMark.

To run web-based GeneMark (we use mycobacteriophage Bongo below), go to:

e http:/ /opal.biology.catech.edu/GeneMark /genemark_prok_ems plus.cgi Also
found on the Links page of http:/ / phagesdb.org

* Select ‘Browse’, then find and select your sequence file. This is the same
YourPhage. fasta file that you imported into DNA Master.

* Enter your phage’s name in the ‘Title’ box.

* From the ‘Species’ dropdown box, select ’"Mycobacterium_smegmatis’ (assuming you
are annotating a mycobacteriophage genome).

* Maintain the default option of E. coli as the RBS model (there is no other).
* Maintain the default options for Window size, Step size, and Threshold.

* In the ‘Graphical output options’ section, check each box in the first column except
‘Generate PostScript graphics (email)’ and ‘Mark putative exon splice sites’. You
do not need to enter an email address.

* Uncheck all boxes under the ‘Text output options” heading.
* Click on the ‘Start GeneMark’ button at the bottom left.
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Download PDF |

Prediction models ready for a total of 265 completely ed prokaryotic in NCBI RefSeq database. Pre-calculated prediction database for these genomes

Title (optional):e
=3

Sequence File upload: e

IUsers fwelkin/Documents Mycophages/SEA shages/2010-2011,

Species:e Mycobacterium tuberculosis_H37Rv Q Window size:e @6 Bbp
RBS model: @ coli E Step size:o 12 Bbp
Use alternate genetic code:e Threshold: e o5 B%

o) Eukaryote (e.g. Yeast, ATG = only start)
=1 Mycoplasma (TGA = Tryptophan)

Graphical output optionse Text output optionse

Generate PDF graphics (screen) = List open reading frames (ORFs) predicted as coding sequences (CDSs)
Generate PostScript graphics (email) List regions of interest

Mark orfs on graph List putative eukaryotic splice sites

Mark regions on graph Write protein translations of ORFs

Mark stop codons on graph Write nucleotide transcripts of ORFs

Mark start codons on graph Write protein translations of regions

Mark frameshifts on graph Write nucleotide transcripts of regions

= Mark putative exon splice sites Write protein translations of putative exons

# Print graph in landscape format Write nucleotide transcripts of putative exons

Email address (required for PostScript email output)

Please send any suggestions for improvements or problems to the web page maintainer.

R rRrRREO
0D00O0OC

000

Figure 5.8

Once GeneMark has run, a new window will appear and in the middle it will have a heading
“Result of last submittal”, as shown in Figure 5.9.

* Click on the link “View PDF Graphical Output’ just below.

Result of last submittal

GeneMark Results

View PDF Graphical Output

Sequence: Bongo

Sequence length: 80228

GC Content: 61.62%

Window length: 96

Window step: 12

Threshold value: 0.500

Matrix: Mycob. rium losis H37Rv, Thu Oct 27 16:10:50 2005
Matrix author: Dr. Borodovsky Laboratory, Schoocl of Biolegy, Georgia Tech
Matrix order: §

Figure 5.9

* Save and open the pdf.
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Figure 5.10

We recommend that you print this file because it is a good place to make notes as you refine
your annotation. Below, several features of this output are described.

@ All six frames are represented and are separated from one another by solid
horizontal lines.

@ The top three frames are in the forward orientation; the bottom three in the reverse
orientation.

@ In each frame, the start codons are shown as small upward facing ticks (#1 in
figure).

@ In each frame, the stop codons are shown as small downward facing ticks (#2).

@ The horizontal lines in the middle of each row represent open reading frames
(OREFs) (#3).

@ A graphical representation of coding potential is shown (#4).

@ The shaded areas (#5) signify regions that GeneMark predicts as likely coding
regions, based on coding potential and positioning of stop codons, but for the most
part is of limited utility in gene identification.
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6 Using Phamerator to assist with annotation

6.1

6.2

6.3

Overview

Phamerator is a Linux-based program that compares phage genomes, their genes, and their
gene products, and then displays the results of these comparisons in a variety of useful ways.
Phamerator is comprised of two basic parts: an underlying database that contains the results of
the comparisons, and a graphical interface to that database.

One of Phamerator’s key features is that it groups gene products into “Phamilies” (generally
referred to as “Phams”) when the pairwise alignment scores (using BLASTP and ClustalW) are
above a defined threshold.

Phams are thus groups of proteins with a high degree of similarity to one another, though there
is one caveat to be aware of. If protein A is similar to protein B and protein B is similar to
protein C, all three will be grouped into the same Pham, even if proteins A and C are not above
the threshold scores when compared directly. This can be very useful in identifying proteins
with multiple domains that may be fused in one phage genome and split in another.

Phamerator is especially useful for generating and comparing genome maps of multiple phages
through the visual interface that displays whole genome nucleotide and protein sequence
relationships, as well as the conserved domains within genes.

For more on Phamerator and its mechanics, see the following paper.

Cresawn SG, Bogel M, Day N, Jacobs-Sera D, Hendrix RW, Hatfull GF. “Phamerator:
a bioinformatic tool for comparative bacteriophage genomics.” BMC Bioinformatics.
2011 Oct 12; 12(1):395.

Why Phamerator is useful to you at this stage of your annotation

Phamerator maps provide an easy-to-understand representation of how your genome compares
to similar genomes. This is useful during annotation because it draws attention to places where
your automated annotation diverges from the finalized annotation of a closely related (and
often GenBank-published) genome. It also provides a genome-wide perspective and thus a
context for the annotation refinement, functional analysis, and other explorations to follow.

How did my genome get into Phamerator already?

In order expedite your annotation workflow, we have taken each newly sequenced genome,
generated an automated annotation (just as you did in Section 4), and entered all of these files
into a Phamerator database that contains all sequenced mycobacteriophages. The database
generated is called “Mycobacteriohage_Draft’ because it contains auto-annotated draft genomes
along with finalized and published annotations. The auto-annotated genome names are given
the suffix “_Draft,” so as to distinguish them from the GenBank-quality files. At a later time,
when you’ve refined your annotation and it is submitted to GenBank, your draft annotation
may be replaced in Phamerator with your final annotation.
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6.4 Making Phamerator maps
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* Open the Phamerator program. (Allow up to a minute for the main window to
appear, as Phamerator will check for new databases when it boots.)

* Click on ‘Phages’ in the left ‘Sources’ pane.

* The name of the current database will be displayed at the top of the window (red
oval in diagram below). Make sure the database is “Mycobacteriophage_Draft”. If
not, go to Edit > Preferences and select Mycobacteriophage_Draft from the

Database dropdown menu.

© ® @ _Phamerator :: Mycobacteriophage_Draft

File Edit Tools Help
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(
p— - .

Open Add Map
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You can now choose genomes you want to compare to one another. We recommend:

* Your phage

* Some closely related phages (in the same cluster or subcluster)

You should decide carefully which genomes you want to compare. For example you may not
want to compare all of the genomes from a particular cluster if there are a large number. If your
phage belongs in a cluster with several different subclusters, you may want to use a

representative of each subcluster.

A good rule of thumb is to shoot for no more than about six genomes to start with. You can
always return to this and generate more maps as you need them.

* Scroll through the list—or use the search bar—to find your phage.

* Click on it to select it. It will be highlighted.

* To add additional genomes to your selection, scroll through to find the genome you
want (if you used the search function, make sure you clear all search terms so that
you can see all of the genomes).



* Use Ctrl-click (or equivalent if using an emulator—on Macs it is often Ctrl-Shift-
click) to add another genome to your selection. You can also select consecutive
genomes in the list by using Shift-click.

* Repeat to select as many genomes as you want to include.

* The phages can also be sorted by simply clicking on the column headers—such as
Cluster, Length, GC%—to help find relevant genomes.

In Figure 6.2, four genomes are currently selected, indicated by the orange highlight.

ycobacteriophage_Draft

Open Add e Google Maps
Sources
Phages Name Length (bp) GC% Number of Genes Cluster :
Phan\& TNDJUIL-UKAF I oszy QU 793590 199 J
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JoeDirt 74914 58.780735 126 L1
Figure 6.2

* Once you've finished selecting genomes, click on the button that says ‘Map’ (red
circle in Figure 6.2). Be patient, as it can take a minute (or more for a large number
of genomes) to generate the map.

* When the map window appears, you will see something like this:
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Figure 6.3

Congratulations! You’'ve made a Phamerator map using your phage’s draft annotation.

6.5 Understanding and using the genome maps made by Phamerator

When the Genome Map window appears, you will probably only be able to see a small portion
of the genomes. You can resize the window to see more, but you probably won't be able to see
the entire picture unless you change the zoom factor. A sample is shown in Figure 6.4.

* To see a view of your entire genome, click the ‘Zoom Out’ icon at the top left
repeatedly until you can see the genome ends.

[ Genome Map
File View Color

oL Q QY = =
Ri

ZoomIn ZoomOut NormalSize  AlignLeft Align

clickona gene click ona gene|

Figure 6.4
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Each genome is represented as a hash-marked horizontal bar. Forward-transcribed genes are
shown as rectangles above the bar, and reverse-transcribed genes as rectangles below the bar.
Each gene is colored according to the Pham to which it belongs, making it easy to see relatives

in other genomes.

You may have noticed that some genes appear to have smaller yellow boxes within them.
These represent matches to the NCBI Conserved Domain Database. These will be particularly
useful later when attempting to determine gene functions, but they can be confusing at this
stage. Fortunately, Phamerator makes it easy to toggle the display of these domains. Just go to:

View 2 Show Domains, then click to unselect this option.
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Figure 6.5

Lots of information is displayed on Phamerator maps.

* Click the “Zoom In’ icon several times to get a closer look.
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Again, the white bar at the bottom represents the genome sequence itself, and is marked with
green numbers every 1,000 base pairs (bp). The small hash marks coming up from the bottom
show 100 bp intervals, while the ones coming down from the top show 500 bp intervals.

Each gene’s box has a number within it that represents that gene’s number in this genome.
There are also two numbers above each gene; the first is the number of the Pham this gene
belongs to, and the second—in parentheses—is the total number of members of that Pham.

Putting all this together, we can determine that Angelica’s gene 8 begins at ~1600 bp, ends at
~3000 bp, is a member of Pham 2369, and that there are 26 other members in that Pham:
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Figure 6.7

6.6 Viewing nucleotide sequence similarities in Phamerator
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A NOTE ON TWO DIFFERENT TYPES OF SIMILARITY

Nucleotide sequence similarity is a comparison of the DNA sequence (A, C, G, T) of
two genomes. It is often determined by running BLASTN. On Phamerator maps,
nucleotide similarity is shown by colored vertical boxes between genomes.

Protein similarity is a comparison of the amino acid sequence of two proteins. Itis
often determined by BLASTP or ClustalW. On Phamerator maps, protein similarity is
shown by similarly colored gene boxes.

Phamilies, or Phams, are determined based on protein similarity and NOT nucleotide
similarity.

Don’t confuse these two types of similarity, or you may misinterpret the data that
Phamerator is showing!
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While Phamerator was conceived to compare protein sequences to other protein sequences, it
can also show nucleotide sequence similarity between genomes. To enable this function:

View = Show nucleotide conservation should be checked (as in Figure 6.8).

oY

Genome Map

File View Color
Zoom In

Zoom Out

AlignLeft AlignRight
Normal Size

Show E values

! 6363 (19)

Show Descriptions 3189 19)
Show Domains

v Show Phamily Names

Hover Highlights Pham

Figure 6.8

Once you’'ve turned on ‘Show nucleotide conservation’, you may see colors between the
genomes on your map, as shown in Figure 6.9.
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Figure 6.9

Nucleotide sequence similarity is shown by the (often slanted) shaded regions (boxes) between
genomes. Each box represents one BLASTN alignment, and is colored based on its E value,
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with violet representing the best matches (lowest E values) and red the worst matches (highest
E values). White areas indicate that there is no nucleotide similarity in those regions.

Looking at the screenshot above, it is apparent that the top two phages (Adephagia and
Angelica) have widespread nucleotide similarity to one another, as indicated by the solid
purple between the two genome maps. The other two phages shown (TM4 and Larva) have
multiple regions of nucleotide similarity, though these areas are interrupted by dissimilar
(white) areas and have higher E values. This segmented similarity is a reflection of what you
saw in the BLAST searches performed earlier. The top two genomes are members of Subcluster
K1, while the bottom two are members of other subclusters within Cluster K.

Phamerator-generated maps can be extremely helpful when trying to evaluate a gene start
codon in your novel genome that (for example) produces a bigger gene than in the compared
genomes. A quick look at the Phamerator-generated map lets you know that the upstream
sequence does or does not have sequence similarity.

Other Phamerator features
There are many other functions in Phamerator. Several examples are below.

1. Click on the colored portion of any gene’s box to select it, and the nucleotide and
amino acid sequences of that gene are shown in the bottom panels.

2. You can move the order of genomes around in the display. This is important, because
the nucleotide similarities are only displayed by comparing two adjacent genomes in
the display. To do this, click and hold on the NAME of a phage you want to move (it
is on the extreme left, and you may need to scroll over to it), then drag the genome
either up or down to where you want it and release it.

3. You can move a genome to the left or right to better compare it to its neighbors. To do
this, Ctrl-Click-hold on the NAME of the phage (on a Mac, this might be Ctrl-Shift-
Click-hold), then drag to the left or right and release.

4. You can also align genes from multiple genomes, such as those within a particular
Pham. For example, you may have noticed that gene 13 in Adephagia is in the same
Pham as gene 9 in TM4. Select gene 13 from Adephagia, then Ctrl-click to select gene 9
from TM4, and verify that both genes are highlighted. Then press the “Align Left” or
“Align Right” button at the top of the genome map.

5. You may want to also explore the “Hover Highlights Pham’ function, available in the
View menu.
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Figure 6.10

This function’s use is that when your mouse hovers over any gene, only the gene
members of that particular Pham are shown in color, while all others go white. This is
a very useful function for easily seeing gene conservation or loss in different genomes.

6.8 Saving Phamerator maps
Finally, if you would like to save the map as a file, from the Genome Map window go to:

* File > Save As
* Enter a name and select your desired file type (pdf files are a good choice).

¢ Click ‘Save’'.
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7 Guiding Principles of Bacteriophage Genome Annotation

7.1

7.2

Overview

Though the automated annotation you have created using DNA Master will usually identify
more than 80% of genes correctly, some genes will need to be manually added, modified, or
deleted. Therefore, all gene calls must be reviewed to identify those that must be changed. In
this section, we provide a set of principles that should guide you as you evaluate and improve
upon your draft annotation.

It is helpful to think of the process of evaluating your draft annotation’s gene calls as an
application of these principles: together they will help you make the best possible gene
predictions. It is essential to understand that any annotation consists of making a prediction as
to how the genetic information is organized and used. In the absence of experimental evidence
to support a given gene call, there is no right or wrong answer; there are, however, well-
supported or ill-supported predictions.

As with any set of principles, the ones presented here will conflict with one another at times.
It's your job to weigh one against another and make the best gene calls possible.

Because of the importance of these principles, this section is dedicated wholly to presenting
them. Read them carefully before beginning an annotation, and keep them nearby as you work.

The Guiding Principles

The following two pages list the principles themselves. As mentioned above, we recommend
that you print those two pages, read them carefully, and keep them close at hand as your refine
your gene calls.

Because these are principles, and not unbreakable rules, you'll see words like “usually,”

“generally,” and “typically” used quite frequently. Remember that phages are famous for
finding exceptions to “rules”, so very little is truly set in stone.
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GUIDING PRINCIPLES
OF BACTERIOPHAGE GENOME ANNOTATION

. In any segment of DNA, typically only one frame in one strand is used for a protein-

coding gene. That is, each double-stranded segment of DNA is generally part of
only one gene.

. Genes do not often overlap by more than a few bp, although up to about 30 bp is

legitimate.

. The gene density in phage genomes is very high, so genes tend to be tightly packed.

Thus, there are typically not large non-coding gaps between genes.

. If there are two genes transcribed in opposite directions whose start sites are near

one another, there typically has to be space between them for transcription
promoters in both directions. This usually requires at least a 50 bp gap.

. Protein-coding genes are generally at least 120 bp (40 codons) long. There are a

small number of exceptions. Genes below about 200 bp require careful
examination.

. Protein-coding genes should have coding potential predicted by either Glimmer,

GeneMark, or GeneMark TB. Start sites are chosen to include areas of strong
coding potential.

. Switches in gene orientation (from forward to reverse, or vice versa) are relatively

rare. In other words, it is common to find groups of genes transcribed in the same
direction.

. Each protein-coding gene ends with a stop codon (TAG, TGA, or TAA).

. Each protein-coding gene starts with an initiation codon, ATG, GTG, or TTG. But

note that TTG is used rarely (about 7% of all genes). ATG and GTG are used at
almost equivalent frequencies.

CONTINUED...
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OF BACTERIOPHAGE GENOME ANNOTATION

...CONTINUED

10. An important task is choosing between different possible translation initiation
(i.e., start) codons. The correct start site can often be distinguished by association
with a credible ribosome-binding site (RBS; Shine-Dalgarno (SD) sequence).
Identifying the correct start site, however, is not always easy and is predicated on
the following sub-principles:

a. The preferred start site usually has one of the higher SD scores of all the
potential start codons, but not necessarily the highest.

b. Manual inspection can be helpful to distinguish between possible start sites.
The consensus is as follows: AAGGAGG — 3-12 bp — start codon.

c. The relationship to the closest upstream gene is important. Usually, there is
neither a large gap nor a large overlap (i.e., more than about 4 bp). A short
overlap of 1-4 bp—where the start codon overlaps the stop codon of the
upstream gene—is very common.

d. The position of the start site is often conserved among homologues of genes.
Therefore, the start site of a gene in your phage is likely to be in the same
position as those in related genes in other genomes. But be aware that one
or more previously annotated and published genes could be suboptimal, and
you may have the opportunity to help change it to a more optimal one.

e. Your final start-site selection will likely represent a compromise of these sub-
principles. For example:

i. A start codon that overlaps the stop codon of a previous gene trumps a
somewhat lower score.

ii. A higher SD score or canonical RBS trumps a more extended gene overlap.
iii. If choosing between several starts with similar SD scores, it is usually best

to choose the one that gives the longest open reading frame.

11. tRNA genes are not called precisely in the program embedded in DNA Master, and
require extra attention. (Please refer to Section 9.5.)
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8 Gene by gene: evaluating and improving your draft annotation

8.1

8.2

8.3

Overview

This section describes the heart of the matter: how to go through a draft annotation, one gene at
a time, and decide whether or not the automated annotation called the gene correctly. You will
spend most of your annotation time in this section, because you'll need to follow the steps here
between 50 and 250 times per genome, once per gene!

If you’ve been following this guide step-by-step, you probably have all the items listed below
ready to use. If you've jumped directly to this step, you may want to gather the items listed
below to assist you as you go.
1. Your draft annotation file (from Section 4) open in DNA Master. (It is helpful to
have DNA Master’s Frames window open as well, with the windows arranged as
shown as the last figure in Section 4.4.4.)

2. A printout of the Guiding Principles of Bacteriophage Annotation (Section 7.2).

3. Phamerator running, preferably with a map displaying your genome and related
genomes (Section 6).

4. A printout of your GeneMark-Smeg output (Section 5.3).
5. (Optional) A printout of your DNA Master-generated map (Section 5.2).
6. (Optional) A printed six-frame translation of your sequence (Section 5.1).

One useful configuration is to have a pair of annotators work together on a genome, using two
computers, one with DNA Master running, and the other with Phamerator.

Button-pushing mechanics reserved for Section 9

The goal of this section is to help you decide what modifications need to be made to your draft
annotation. In order to keep this section manageable and streamlined, we’ve moved the
detailed mechanics (button-pushing) of many of these operations to Section 9 of this guide.

Section 9 should be used more as an a-la-carte reference than as a step-by-step guide. For
example, you probably won’t need to read Section 9.4.1 about properly annotating a
programmed translational frameshift until you come across one during your annotation review.

Decision Tree for evaluating the draft annotation
To help clarify how to use Sections 8 through 12 of this guide, a decision tree is shown in Figure
8.1. There are three beginning tracks depending on what feature of your genome you’re

currently investigating: one for Protein-Coding Genes (Section 8.4), one for Gaps in the
Annotation (Section 8.5), and one for tRNA Genes (Section 8.6).
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Blue boxes are decision points, most of which are covered in the rest of Section 8. To answer
the question in each decision box you’'ll need to keep in mind the Guiding Principles described
in Section 7 of this guide as well as the rest of the information in this section.

Purple boxes are action points where you implement the changes you've decided on. These
actions are described in detail in parts of Section 9.
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Figure 8.1
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8.4 Evaluating protein-coding gene calls

The vast majority of features you will need to investigate are protein-coding genes, so you will
use this section extensively. The first few genes you review will probably take some time as
you become quite familiar with the process, but as you gain experience things will move faster.

It is best to start with your first open reading frame, which will typically be called gene ‘1’ in the
DNA Master feature table.

In evaluating the veracity of the prediction of this gene that was performed automatically by
Glimmer and GeneMark, there are several questions you should ask, described in the following
sub-sections. We'll use a sample gene, but you can proceed with your genome from here on.

It is also recommended that—in accordance with good lab practice—you keep notes of your
thoughts and decisions as you proceed. You’'ll use them to enter your final Notes (Section 9.6).

8.4.1 Is the designation of this ORF as a gene well-supported?

* If it's not already selected, click on the [Features] tab.

* In the central column, click on the gene in question to select it. A small black triangle
will appear to the left of that gene, indicating that it is active.

* Look at the “Notes” field under the [[Description]] sub-tab.
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Figure 8.2

The notes should report whether Glimmer and / or GeneMark made the prediction. In the
example above, both Glimmer and GeneMark did predict the gene, although the predicted
starts sites are different. (Remember that if both programs agree, only one program’s output
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is reported.) The gene was called by both programs, which supports its legitimacy. Good so
far.

* Find this gene in your GeneMark-Smeg output, and check if there is coding potential
that supports this gene call.

Figure 8.3

In Figure 8.3, the region of gene 1 is circled. You can find a gene by looking at its coordinates
in the Feature Table, then finding those coordinates on the GeneMark output. It appears that
this ORF has coding potential starting near position 400 and ending near 650. This is further
evidence that there is a real protein-coding gene here.

* Examine the BLAST data under the [[Blast]] sub-tab, and see if there are genes in the
databases that are high-quality matches to this one.
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In Figure 8.4 above, you can see that there are several good matches, which further supports
this gene call’s legitimacy.

* Review gene length to make sure it meets the expected parameters. You will recall
(see Section 7.2) that you should carefully examine genes less than 200 bp in length

with an eye towards gauging their legitimacy, and genes below 120 bp should be

viewed very skeptically.

* You can check gene length by using the scroll bar to move to the right in the central

column of the Feature table (see Figure 8.5), or you can select your gene and the
length will be listed under the [[Description]] sub-tab to the right (see Figure 8.5).
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In this case, the gene length (297 bp) is not a concern nor requires special attention.

* Verify that there is only one gene called in this region of DNA, as per Guiding
Principle #1. The easiest way to do this is by viewing either the Phamerator map or
DNA Master map you've generated to see if there are other genes called that
substantially overlap this one on either strand.

Timshel
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g S
- 2 ~N 4 4249 (380) I:
1 3 5
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Figure 8.6

In this example above, we can see from the Phamerator map that there are no other genes
occupying the same portion of DNA. Good.

DECISION TIME: Is the designation of this ORF as a gene well-supported?

GUIDANCE: Most gene calls will pass this stage. Exceptions are genes that are called by only one
program, have little or no coding potential, have very weak or no BLAST matches, are too short,

and/or substantially overlap other genes.

YES NO
ACTION: Continue to Section 8.4.2. ACTION: You need to delete this gene. Go to
Section 9.2.1 for instructions.

8.4.2 Is the called start site for this gene the best possible choice?

This can be a tricky, but the simplest way to answer is to address the following questions.

* Does the currently predicted start site include all of the coding potential in the
GeneMark output? The current start position for our example is in location A in
Figure 8.7 below, and captures all of the coding potential. A hypothetical start at
position B, however, would be a poor choice because it excludes about half of the

area with coding potential.
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Figure 8.7

* Did Glimmer and GeneMark agree on the start for this gene? Check the “Notes’
field under the [Feature] tab and the [[Description]] sub-tab to answer this question.
In our example, shown in Figure 8.8, the two programs disagree; Glimmer has called
the start at position 408, and GeneMark at 297.

Original Glimmer call @bp 408 has strength 2.35; GeneMark
calls start at 297

9927 |V Controls>

Figure 8.8

* Does the predicted start have an associated ribosome binding site [RBS; Shine-
Dalgarno (SD)] with a high score or recognizable sequence? You may recall that
you can use the Frames window (DNA - Frames) to review the SD scores for all
start options in a given ORF. (Check Section 4.4.4 for details on how to open the
“Choose ORF start” window and select a particular ORF.) Figure 8.9 shows that
there are four possible start codons for our example. Their SD scores are shown in
the red box. There is also a snippet of the upstream sequence so it can be inspected
manually.
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Figure 8.9

Is the predicted start codon the longest possible for the ORF without causing
excessive overlap? According to Guiding Principle #3, bacteriophage genomes tend
to have very small gaps between genes. Therefore, you may want to consider
changing to a further upstream start codon if it provides better gene packing. For
example, the start codon indicated by a red arrow in the figure above is worth
investigating, because it would provide a longer gene without any overlap.

Does the start site match other starts for similar genes in GenBank? To view the
relevant information, go to the [[Blast]] sub-tab, then the [[[Alignment]]] sub-sub-
tab. You can select different BLAST alignments in the top pane to see how your start
compares to those in a variety of other genomes.

In Figure 8.10, we're looking at our gene compared to two others. On the left is the
alignment to gp1 of Bxz2, and on the right is the alignment to HelDan gp1.
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Figure 8.10

The numbers highlighted with red circles are critical. The left pane shows a “1-to-1”
match, meaning both proteins start at the same position—supporting evidence for
this start. The right pane, however, shows a amino acid 1 of our protein matches
amino acid 42 of HelDan gp1, meaning that gene’s published start is further
upstream. Because these differ, it’s wise to check several BLAST alignments before
making any decision. In this case, HelDan is the exception and most of the BLAST
alignments are 1-to-1.

Remember to not be overly enthusiastic about alignment to other gene products,
because you don’t know a priori whether these were correctly identified. You just
know that someone made that choice during a previous annotation.

You now need to put this information together to make the best choice. Occasionally, the
answer to all five questions above will be “yes,” and the auto-annotated start will clearly be
the best choice. More commonly, the answers will conflict, and human judgment becomes
necessary. This is the meat of the annotation process.

For our example:

By looking at the “Choose ORF start” window (shown in Figure 8.9), we see that
there are 4 possible start sites for this gene. Numbers 3 and 4 can be easily dismissed
because they both cut off some coding potential (counter to Guiding Principle #6)
AND lead to very short genes (51 bp and 33 bp, respectively, counter to Guiding
Principle #5).
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That leaves us with two possible start sites to consider, one at 408 (called by
Glimmer) and one at 297 (called by GeneMark). The SD scores for these are similar,
though the one at 408 is a bit higher. Also, note that both utilize a TTG start codon.

In this instance, because the starts are rather similar in their features, it is also helpful
to take a manual inspection of the upstream sequences. In this case, the GGAGGA,
located about 4 bp upstream of the TTG start site at position 408 is a good match to
the consensus sequence (remember Guiding Principle #10b).

Though the start at 297 would give a longer gene and was called by GeneMark, the
best choice here is the start at 408. It was called by Glimmer, the RBS has a higher
score and a better consensus sequence, the GeneMark coding potential begins near
this start, and the majority of homologous genes have start sites at the same position.

DECISION TIME: Is the currently called start site for the gene the best choice?

GUIDANCE: Ten percent or more of your genome’s start sites will likely have to be changed, and in
some cases NEITHER Glimmer nor GeneMark will call the correct start. For each gene, gather the
information described in this sub-section, and try to weigh all possibilities to arrive at the best call.

YES NO

ACTION: Continue to Section 8.4.3. ACTION: You need to change this gene’s start.

Go to Section 9.2.3 for instructions.

8.4.3 Is this gene part of a programmed translational frameshift?

70

This is the first of three less common features you may come across during your annotation
(followed by Introns and Wrap-around Genes).

N

Many dsDNA tailed phages encode a pair of genes that are geneG |

expressed via a programmed translational frameshift,
meaning the ribosome changes reading frame the in middle geneT
of translation. The resulting gene products are usually
involved in assembly of phage tails, and the two genes are
often just upstream of the tape measure protein gene.

».Genome

Protein Products:

gpG ~96.5%
The prototypical example for this is in phage lambda where I
the two genes are called ‘G’ and ‘“T". The proteins expressed gpGT §~3.5%
are, however, gpG (the product of the first gene), and gpGT, Not
which starts at the beginning of ‘G’ (with the same start as MADE
gpG) but ends at the end of the second open reading frame.
It accomplishes this by shifting translational reading frames Figure 8.11

about 8-9 codons upstream of the stop codon of ‘G’, and into
the frame of ‘T’ (Figure 8.11).

There are a few quick ways to determine whether your gene might be part of a programmed
translational frameshift.




* Itis one of the two genes immediately upstream of the tape measure protein gene.
The tape measure protein gene is almost always the longest gene in
mycobacteriophage genomes, and is thus relatively easy to locate. Not all tape
measure protein genes are preceded by frameshifts, however.

* A Phamerator map shows that homologues in finalized annotations of similar
genomes are parts of a frameshift. In Figure 8.12, Angelica’s frameshift is shown in
the blue box, and appears as two genes that start at the same position but have
different stops. Fionnbharth’s annotation is just a draft, however, and so the
equivalent region (shown in the red box) does not yet have the frameshift called

properly.
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Figure 8.12

* The GeneMark-Smeg output shows strong coding potential, but no way to call the
second gene without significant overlap or excluding strong coding potential.

In Figure 8.13, we see that both genes have strong coding potential, but that to
include all the coding potential for the gene that’s the equivalent of lambda’s ‘T’, we
would have to choose a start site that would lead to a nearly 100 bp overlap between
these genes (overlapping region shaded blue). Guiding Principle #2 tells us that this
size overlap is very uncommon. The auto-annotated start, on the other hand, is too
far downstream and misses strong coding potential. Seeing a situation like this on
the GeneMark output should draw your attention and make you think of a possible
frameshift.

Nearest possible upstream
start site that captures
:all cpding poténtiat

Auto-annotated start site
: that misses much of
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Figure 8.13
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For more on frameshifts in phages see the following paper.

‘Conserved translational frameshift in dsSDNA bacteriophage tail assembly genes’ Xu J,
Hendrix RW, Duda RL Mol Cell. (2004)16:11-21

DECISION TIME: Is the gene part of a programmed translational frameshift?

GUIDANCE: Each mycobacteriophage genome usually has only one or zero frameshifts. The most
common location is just upstream of the tape measure protein gene, but this is not a guarantee. If
you suspect that you may have found a frameshift, investigate it carefully.

YES NO

ACTION: You need to properly annotate this ACTION: Continue to Section 8.4.4.
frameshift. Go to Section 9.4.1.

8.4.4 Does this gene contain an intron?

Even rarer than frameshifts in mycobacteriophage genomes are introns. We are only aware of
perhaps two instances. Identification of potential introns is easiest using Phamerator maps
that compare your genome to similar genomes. In Figure 8.14, the major capsid protein in
Omega is labeled. In LittleE’s genome, this protein appears to have been split into two pieces
with a reverse-transcribed gene between them.

LittleE-DRAFT ktron
=3 (O &= . \ .
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1 |
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"1 (3 | mew 5o 55—.00 . g
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Intact Major
Capsid Protein

Figure 8.14

Of course, any tailed phage needs a functioning major capsid protein to be viable, so this
situation in LittleE drew our attention. Subsequent experimental evidence has since verified
that this is, in fact, an intron spliced out at the RNA level.
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DECISION TIME: Does this gene contain an intron?

GUIDANCE: As mentioned above, introns are quite rare in mycobacteriophage genomes, so most of
the time the answer is an easy “No.” If you’re lucky enough to locate a potential intron, you should
use a variety of bioinformatic approaches to see if the putative intron shares any similarity to known
introns. Experimental evidence may ultimately be needed for verification.

YES NO

ACTION: You need to properly annotate this ACTION: Continue to Section 8.4.5.
intron. Go to Section 9.4.2.

8.4.5 Does this gene wrap around the ends of the genome?

In genomes that do not have defined ends, the left end of the genome is defined arbitrarily,
and occasionally a gene may extend from the right end of the genome into the left end. We
refer to these as “Wrap-around genes.”
To even possibly be a wrap-around gene, an ORF must meet the following two criteria:

1. It is positioned at the right end of the genome.

2.1t is transcribed in the forward direction.

If it does not meet these criteria, it is not a wrap-around gene, and you may proceed to the
next steps.

If it does meet these criteria, you should check the GeneMark-Smeg output (Section 5.3) for
strong coding potential near the right end of a genome with no stop codon present (see Figure
8.15 below). The presence of strong coding potential implies that a wrap-around gene may be
present.
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DECISION TIME: Does this gene wrap around the ends of the genome?

GUIDANCE: This question only applies at the extreme right end of circularly permuted genomes, so
most of the time it is not a concern. The GeneMark-Smeg output is critical for locating these genes
when they do exist.

YES NO
ACTION: You need to properly annotate this ACTION: You need to determine if your gene
wrap-around gene. Go to Section 9.4.3. has a known function. Go to Section 10.
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8.5 Checking gaps in the draft annotation for uncalled genes

According to Guiding Principle #3, the genes in phage genomes are generally tightly packed, so
any large gaps (>50 bp) in your annotation should be reviewed.

In circumstances where you have a series of genes in the same orientation that are likely to be
expressed as an operon, these genes are typically nestled closely end-to-end. However, non-

coding gaps are perfectly legitimate and to be expected, and filling gaps with poorly justified
gene calls is not appropriate.

There are two basic things you should look for in gaps.

* Can the start site of the downstream gene be extended so that the gene covers
more of the gap? Carefully consider all possible start sites for the downstream
gene. If a longer one is available, compare it to the current start site to see if it is a
similar or better choice. All other things being equal, a longer call is usually
preferable, but do not extend genes just to fill a gap.

If YES, go to Section 9.2.3 to change the start site.

* Is there a protein-coding gene in this gap? You have several resources to help
answer this question. First, you can use Phamerator maps to see if any similar
genomes have a gene called in this gap. Second, you can look at the GeneMark-
Smeg output to see if any of the reading frames in this gap show some coding
potential. Third, you can copy the DNA sequence from your gap and use it to run a
BLASTX search on NCBI. The combination of these techniques may yield
convincing evidence that the gap contains a protein-coding gene that was missed by
both Glimmer and GeneMark.

If YES, go to Section 9.2.2 to add a gene.

Remember too that you should expect non-coding gaps between divergently transcribed genes
as there is a strong prediction that promoters lie within these regions. For example, in Figure
8.16, we should expect some gap between gene 47 (transcribed leftwards) and gene 48
(transcribed rightwards).

4 E 53—]55
45 a8l 1s0]ld521—1 54 56

47

46

Figure 8.16

8.6 Finding and refining tRNA and tmRNA genes

DNA Master searches for tRNAs by default, but may miss some tRNAs that other approaches

can find, or may miscall the precise boundaries of these genes. See Section 9.5 for information
on how to search for and call tRNAs and tmRNAs.
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8.7 Completing your annotation refinement
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Much of the work of annotation is following the steps above—for each gene and gap in your
genome—until you've settled on the best calls for each with the information given.

As a double-check, you should scroll through the Feature table and the genome map (using
buttons at the bottom of the [Feature] tab) to make sure that all the changes you’ve made have
been committed to the file.

Several important steps remain, however.

1.

Documenting your gene calls. You can use the Notes field (under [Feature]
[[Description]]) to record notes about each gene as you go. Your final submitted
file, however, should have each gene’s Notes field filled in according to specific
instructions so as to facilitate checking the annotation. These documenting
instructions are described in Section 9.6.

Determining putative functions. You've figured out where the genes are (and
aren’t), so the next step is to see if you can make a well-supported guess as to what
they do. This process is covered in Section 10.

Merging several different portions of the annotation into a single file. In a
classroom setting, often you will choose to split the genome into sections and have
different groups or students work on different sections. If you've split the genome
up, now is the time to bring everyone’s work back together or “Merge” the different
annotations. This process is described in the first part of Section 11.

Checking the final annotation. Once you've produced a nearly final annotation, it
still needs a (relatively) expert eye to double-check it, as described in Section 11.

Submitting final files. When you're confident in your annotation, have
investigated every nook and cranny, and are ready to send it out the door, you'll
need to generate and submit a final DNA Master file, as well as a list of those who
have worked on the annotation and should be authors on the GenBank submission.
This is described in Section 12.



9 The mechanics of making changes to your annotation

9.1 Owverview

This section, unlike most sections of this guide, is not intended to be a sequential step-by-step
description of any part of the annotation process. Rather, it is intended to be used as a reference
section for how to make specific changes to your annotation. The actual decision-making steps
were described in Section 8, and a graphical summary can be seen in the Decision Tree in
Section 8.3.

The three most common operations you'll need are covered first. They are:
* Deleting a gene
* Adding a gene
* Changing the start site for a gene

The following sub-sections describe some common steps you should take after making any
changes to your annotation. They are:

* Posting changes
* Validating your calls
* Renumbering your genes

* Re-BLASTing a gene you’ve changed

There are also some less common operations that you may need. They are:
* Annotating a programmed translational frameshift
* Annotating introns

* Annotating wrap-around genes

Next is a sub-section on RNA genes. It is:

* Predicting tRNA and tmRNA genes

Finally, there is a sub-section of how to document the annotation work you’ve done:

* Documenting your gene calls

9.2 Making common changes to your annotation

9.2.1 Deleting a gene

* Select the [Feature] tab of your main genome file.

* In the center column, click on the feature you would like to delete to select it. (The
selection can be verified by the presence of a black arrow to the left of the gene
name.)
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Click the ‘Delete’ button, found at the bottom of the center column.

Click the ‘Post’ button to commit your changes to the database.

9.2.2 Adding a gene

If it’s not already open, open the Frames window by going to DNA - Frames

Locate the ORF that corresponds to the gene you would like to add.

Click within that ORF, and a green or red line will appear, depending on its
orientation.

Click on the ‘RBS’ button in the lower-right corner.

Confirm that you have selected the correct frame by verifying the coordinate of the
STOP codon. There can be many possible starts for each ORF, but there is only one
possible stop!

Choose the best start, as described in Section 8.4.2, then click anywhere in that start
site’s row in the “Choose ORF start” window to select it.

Return to the [Feature] tab and click on the ‘Insert’ button at the bottom of the center
column.

A new window will appear that allows you to add the feature. Verify that the
correct orientation (forward/reverse) is selected and that the coordinates are correct.
Do not worry about adding the correct gene number or gene product (gp) number,
as the genes will get renumbered using the Validation function when you are done.

Check the boxes ‘add to feature table’ and ‘add to documentation’.
Click “‘Add Feature’.

Click the ‘Post’ button to commit your changes to the database. This is also a good
time to save your file.

Your new gene will likely be placed at the end of your feature list, because the
default sorting is by index number, rather than genome position. To sort by
position, find the dropdown box at the top left of the [Feature] tab labeled ‘Sort by’,
and change it from “Index” to “Start.”

You may want to collect BLAST data for your new gene. See Section 9.3.4 for
instructions.

9.2.3 Changing the start site for a gene
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Select the [Feature] tab of your main genome file.
In the center column, click on the gene you want to change to select it.
Click on the [[Description]] sub-tab to the right.

In the box labeled “Start”, third from the top under “Description”, type in the new
start coordinate you’ve selected.

Click on the Calculator button (this is an icon of a calculator, found just to the right
of the “Length” display) to recalculate the ORF length. The new length (in bp) will
be shown and should reflect your change.



* Click the ‘Post’ button at the bottom of the central column to ensure your changes
are saved to the database. This is also a good time to save your file.

* Because you've changed the start site, you'll probably want to re-BLAST this gene so
that the BLAST results reflect your change. See Section 9.3.4 to do so.

9.3 Common steps to take after making changes

9.3.1 Posting changes

When making gene changes—including changing start codons, deleting genes, annotating

programmed frameshifts, adding notes to the Notes field, etc.—you need to both enter and
post the changes. Simply entering them is insufficient, and the changes may be lost. Once

you’ve learned how to post, it doesn’t hurt to post often!

Normally, a selected gene in the feature table will be indicated by a triangle, as shown below.
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Figure 9.1

When you make a change to a feature listed in the Feature table (e.g., begin typing in the
Notes field), the icon next to the feature changes to an Insert icon, as shown below.
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Figure 9.2

For the most part, this change to Insert Mode happens automatically when you start typing in
any of the fields under the Description tab. Your changes , however, won’t be posted to the
database until you exit Insert Mode.
The following are ways to make sure your edits get posted to the database.

@ Click on the “Post’ button at the bottom of the center column.

@ Click on the Calculator icon, after changing a start or stop.

©@ C(lick on a different feature in the center column.
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9.3.2
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You will be able to tell that your changes have posted to the database because the Insert icon
will change back to the right-pointing triangle.

Important Note: The follow are ways that your changes will not be posted to the database,
and WILL BE LOST.

© Saving your file while still in Insert Mode.
© Clicking on a different tab or sub-tab while still in Insert Mode.

Validating your annotation

As you work through your genome, DNA Master has a handy validate feature that helps
ensure your gene calls have valid start/stop codons and do not have any internal stop codons.

To perform a genome validation, follow the steps below.

* Click on the ‘Validate’ button, at the bottom of the central column in the [Features]
tab (located in the red circle in Figure 9.3 below).
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Figure 9.3

DNA Master will let you know when gene calls are not in frame or if they have incorrect start
or stop codons. A genome is not complete unless validation returns as “All ORFs are valid”.
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If the validation generates failures, you should check the coordinates in those features to see
what might have gone wrong and make necessary changes. You can then re-run the

Figure 9.4

validation to ensure all ORFs are valid.

Renumbering annotated features

When you add or delete a gene, you may want to renumber the genes to reflect the change.

Genes added manually after auto-annotation will appear at the bottom of the feature list when

sorted by Index. Sorting by Start will place the gene in its correct order by start coordinate.

To renumber your features:

* In the [Features] tab, click the ‘Validate’ button located at the bottom of the central
column. This will open the [[Validation]] sub-tab on the right side.

* Check the boxes as shown in Figure 9.5 below.
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Figure 9.5

* In the field marked “Locus Tag Prefix”, type your phage’s name. (GenBank assigns
a unique locus tag to every gene in GenBank, preferably constructed from the
phage’s name and gene number.)

* Click the ‘Reassign Gene Data’ button.

* Click “Yes’ to confirm in the window that pops up.

Note: If you're annotating a portion of a genome as one part of a larger group, you may not
want to renumber genes because this may cause confusion if some groups do so and others do
not. Make your own decisions, but bear this in mind. You can re-number as often or as little
as you like.

9.3.4 Re-BLASTing a gene

Once you have finished adding a gene, changing a gene’s start site, or entering multiple

regions for a gene, it can be useful to re-BLAST the gene. This is particularly helpful to check
whether or not a gene’s modified start site now matches those published in GenBank.

e From the [Features] tab, select the [[Blast]] sub-tab.
* Click the ‘Delete All’ button, identified in Figure 9.6.
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* A dialog box will pop up and ask if you really want to delete all the BLAST hits for
this gene. Click “Yes’. The BLAST tab will now be empty of hits, as shown below.
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* Click the ‘Blast this gene’ button.

* A new window will appear, labeled “BLAST search for [your gene coordinates]”.
The status of the BLAST attempt will continually be updated in this window until
the BLAST is done. When it is finished, the window will display the BLAST results
as shown in Figure 9.8.
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Figure 9.8

* To save your new BLAST hits to your genome file, select the [Save to Database] tab.
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Figure 9.9

* Click on the drop-down arrow next to the empty field under ‘Maximum E-Value of
HSPs to save’.

* Scroll through the listed E-values (these are from your new BLAST matches) and
pick an appropriate value (greater than 107) that also gives you a useful number of
matches (at least 10 or so). If you only have E-values higher than 107, just pick at
least one match so you will know that you have BLASTed this gene, and it doesn’t
have any good matches in GenBank.



* Click the ‘Save [n] Values’ button. The “n” will be automatically filled in for you
based on the number of matches you picked from the drop-down menu. It should
then say “[n] saved” in this window under the button. Close the BLAST window.

* Now your new BLAST hits should be listed in your genome file (you may not see
them until you select a different feature and then reselect the one you just BLASTed
to refresh the view).
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Figure 9.10

9.4 Making less common changes to your annotation

9.4.1 Annotating programmed translational frameshifts

Assuming you have identified the two genes involved in the frameshift (see Section 8.4.3), the
next critical piece of correctly annotating a frameshift is locating the precise position where the
shift occurs. A printed six-frame translation of the region in question is helpful during this
process (see Section 5.1).

Frameshifting occurs when the ribosome encounters a “slippery” sequence in the mRNA, such
as GGAAAA, and loses track of how to count to three. In the most common shift, the -1 shift,
the first “A” of the above sequence is “counted” twice; it is read as the third nucleotide in the
last codon of the upstream region, AND the first nucleotide in the first codon of the
downstream region. (There are also examples of +1 shifts, in which a nucleotide is skipped, or
-2 shifts, in which two nucleotides are counted twice.)

For those unfamiliar with finding the slippery sequences and determining where and how the
shift is occurring, it is probably easiest to examine a similar phage’s genome in Phamerator
that has a correctly annotated fusion gene, and compare it to the six-frame translation of your
own phage’s fusion gene. This will help to determine what the correct amino acid sequence
should be, and therefore which nucleotide the shift must occur at.
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To annotate a programmed translational frameshift within your phage, you should do the
following (we use Fionnbharth below).

Determine the precise location of the shift

* Using Phamerator or BLAST, find the most similar genome you can that has a
correctly annotated frameshift. For Fionnbharth, we’ve selected Angelica.

* Make a Phamerator map using your genome plus the similar genome you’'ve chosen
(see Section 6.4).

* Click on the first gene in the correctly called frameshift in Phamerator to select it. Its
border will change from black to orange to indicate that it’s selected, and its
nucleotide and amino acid sequences will be displayed in the panels at the bottom of
the window, as shown in Figure 9.11.

File View Color

ZoomIn Zoom Out NormalSize AlignLeft AlignRight
Angelica : . / Currently selected gene
TLITY T

("Nucleotide sequence of ) {"Amino acid sequence of ) v

\currently selected gene ) \currently selected gene )

>Angelica_19 >Angelica_19
ATGGCAAAAGAGACCAAGACCAACGAGACCGACGTCGACGACACCGCCGAGGCTGTCGTGGCTACCG MAKETKTNETDVDDTAEAVVATEDEQASIAEEWADDYDEGTELFVGKFDADDFDTDYGVADFPDGATIA
AGGATGAGCAGGCCAGCATCGCCGAGGAGTGGGCCGACGACTACGACGAGGGCACCGAGCTGTTCGT VKRCLRKPPPGWIRQHAHLSDLERTFALIEMHASDRALEILDSLQQKPWDDFVERWGRDGGLIEGKSRRS
CGGCAAGTTCGACGCTGACGACTTCGACACCGACTACGGGGTCGCCGACTTCCCCGACGGCGCAACGA ARRRAR
TCGCCGTCAAGCGCTGCCTGCGCAAGCCCCCGCCGGGATGGATTCGCCAGCACGCGCACCTGTCCGAC

CTTGAGCGCACGTTCGCTCTGATCGAAATGCACGCCAGCGACCGGGCTCTCGAAATCCTCGACAGCCTG

CAGCAGAAGCCGTGGGACGACTTCGTGGAGCGCTGGGGCCGCGACGGCGGGCTGATCGAGGGAAAAT

CGCGCAGGTCTGCGCGGCGGCGCGCCAGGTAG

Figure 9.11

* Copy the amino acid sequence from the bottom-right panel and paste it into a new
text file.

* Now select the second correctly called frameshift gene (just below the first), and
copy and paste its amino acid sequence into a new text file as well.

* Locate the precise position where these two amino acid sequences diverge. (This can
be done by manual inspection of the amino acid sequences, or by using BLASTP
with the “Align two or more sequences” option checked.) In our example, the two
Angelica sequences diverge after amino acid 135, as shown:

... GGLIEGKSRRSA.... in the first protein.
... GGLIEGKIAQVC... in the second (fusion) protein.

* Now back to your genome. An examination of your six-frame translation shows the
two genes as they were called by DNA Master’s Auto-Annotate function.
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Figure 9.12

* In Figure 9.12, the purple bar shows the end of the first protein, and the blue bar
shows the beginning of the auto-annotated version of the second protein. Note that
the purple highlight is in reading frame 2 while the blue is in reading frame 1. This
means that this phage likely has a -1 frameshift, and we need to identify a nucleotide
somewhere in this region that should be “counted” twice by the ribosome.

* Near position 12841 there is an obvious slippery sequence, “"GGGAAAA”
(underlined in red below). If we count the first A (at position 12844) of this sequence
twice, we shift frames as shown by the red box, and generate the amino acid
sequence ...GGLIEGKIHQIC... in the fusion protein. This sequence is not identical
to Angelica’s fusion sequence, but it is very close. Counting carefully from the left,
we can determine that the first “A” at position 12844 (underlined in green) is the
coordinate of our frameshift.

@ Six Frame Translation of Fionnbharth_Annotated

Wiew Map I Export Map]
G Q ¢ R W P H R G I H o I ¢ A A V¥V R Q ¥ E D & I B R D L I W
R T R F &4 & T 5 3
G &4 R T VvV A 353 5 R E N P P N L R ¢ G * & G R G R D 5 P R P H R
12815 TGGGGCAAGGACGGTGGCCTCATCGAGGGARRATCCACCALATCTGCGCGGCGGTTAGGCAGGTAGAGGACGCGATTCGCCGCGACCTCATCG

45262 ACCCCGTTCCTGCCACCGGAGTAGCTCCCTTTTAGGTGGTTTAGACGCGCCGCCAATCCGTCCATCTCCTGCGCTAAGCGGCGCTGGAGTAGC
T p C P R H G * R P F I w wW I QQ A o T L C T 5 3 4L I R R 5 R H

H P L 3 P P R M 3 P F D Vv L D o, R R N P L Y L VvV R N 4L 4L ¥V E D

P A L ¥ T o E D L 35 F G G F R R P P #* & P L P R 3 E G R G * R

G T L % w oD DL Y & F 1 F 2 2 p p v 7 i [iSEEEEEE

L4 R * A G T T F T H 3 3 3 L H R R I P L C 3 M P T K R 4L G 3 Q
R H & E L G R P L R I HL R CT & E Y R CV P CL R K G L D H
12930 CGGCACGCTGAGCTGGGACGACCTTTACGCATTCATCTTCGCTGCACCGCCGAATACCGCTGTGTTCCATGCCTACGALLAGGGCTGGATCAC

45147 GCCGTGCGACTCGACCCTGCTGGAAATGCGTAAGTAGAAGCGECGTGGCGGCTTATGGCGACACARGGTRCGGATGCTTTTCCCGACCTAGTG
P ¥ 35 L Q 3 3 R * A N M K AL A G G F ¥V A T N W & * 5 F P Q I W

v A R Q A P VV KV CE D E 3 CPRU&ER I G 3 HEMN GV F L 4 P D

R C 4 3 3 P R G K R B * R R Q ¥V o 353 Y R Q T G H R R F P 5 5 *

Figure 9.13
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An

notate the frameshift in DN A Master

* Go to the [Features] tab and click on the second of the two genes involved in the
frameshift. (We do not need to modify the first gene, only the second.)

* In the [[Description]] sub-tab in the right-hand section, locate the field labeled
“Regions” (far right column, shown below). Change the number from “1” to “2”,
then click the “Post’ button at the bottom of the central column to save this change.
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Figure 9.14

* Change from the [[Description]] sub-tab to the [[Regions]] sub-tab in the right-hand
section of the Features tab.

* You will now enter the two regions that constitute the fusion protein. These must
be entered in order, upstream first and downstream second.

* The Start coordinate for the first region is the start of the whole frameshift region
(same as the start for the previous gene). The Stop coordinate for the first region is
the position you've identified where the frameshift occurs; in our example it is 12844.
For the Length field, just enter the number 1, because DNA Master will calculate this
for us automatically in the following steps, but does require that some number be
entered as a placeholder until then.
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Figure 9.15

* With the “Length” field selected (as shown in Figure 9.15 by the blue highlight),
press Tab to move to the second line. For the second region of the fusion protein,
the Start coordinate is the position of our frameshift (again, in our example this is
12844). The Stop coordinate is the previously called stop for the second gene (the
end of the entire frameshift region, in our example 13311). Again, the Length should
be entered as “1” for now.

Click the ‘Assign Lengths’ button at the bottom of the [[Regions]] sub-tab (see
below). DNA Master will calculate the length of each region and display it in the
“Length” column.
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Figure 9.16

* Finally, change back to the [[Description]] sub-tab, and enter the correct start and
stop coordinates for the entire gene (both regions). In our example, these
coordinates are 12431 and 13311. Then click the Calculator icon to post changes and
calculate the length of the entire gene.
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Figure 9.17



9.4.2

9.4.3

9.5

Now if you change back to the [[Regions]] sub-tab, you will see a graphic representation of
your two frameshifted regions in black bars at the bottom of the tab, as shown in Figure 9.18.
(You may need to select a different feature, then come back to this one to refresh the view.)

% Fionnbharth_checked_WP. 3=
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Figure 9.18

Annotating introns

Genes with introns in them can be annotated as two regions by following the procedure above
under the heading “Annotate the Frameshift in DNA Master.” In this case, the two regions
you enter will correspond to the exon portions of the gene. However, determining the precise
boundaries of these regions is beyond the scope of this guide, and you need to refer to relevant
literature or previous examples to figure this out.

Annotating wrap-around genes

Wrap-around genes can be annotated by following the procedure above under the heading
“Annotate the Frameshift in DNA Master”, (Section 9.4.1). In this case, the first region will
the portion of the gene at the right end of the genome, starting at your chosen start site and
stopping at the end of the genome. The second region would be the portion of the gene at the
left end of the genome, starting at position 1 and ending at the stop codon for the frame. For
example, in a 60,000 bp genome, the two regions might be something like 58,734-60,0000; and
1-4.

Predicting tRNA and tmRNA genes

DNA Master’s Auto-Annotate feature runs the tRNA search tool Aragorn, which may identify
some tRNA genes in your genome. However, the version of Aragorn that is within DNA
Master does not call the tRNAs (and their ends) as well as it could. There is a newer, web-based
version of Aragorn is the best of the tRNA programs at determining the correct ends of tRNAs.
The other web-based program, tRNAscan-SE, is useful for finding non-canonical tRNAs as it is
possible to relax its search parameters.
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9.5.1 Running web-based Aragorn (version 1.2.28)

* Goto: http://130.235.46.10/ ARAGORN/

Online services AWk
ARAGORN ARAGORN, tRNA (and tmRNA) detection in nucleotide sequences
ARWEN
Dean Laslett, an Australian specialist in stable RNAs, is the developer of ARAGORN. There is a version for download which requires
BRUCE ilation with a C piler (for example with gce -O3 -ffast-math -finline-functions -o aragorn aragorn1.2.33.c; ignore any warnings
about trigraphs).
optalign
RANK Input sequence (both strands will be searched, max. 15 MB)
Extenallks Upload a fasta file with one or several sequences:
tRNAscan-SE (Browse....)
Sprinzl compilation N
or select a genome from the list: | Methanococcus jannaschii (NC_000909) ]

Select options (see here for all options in the standalone version)

Search for (default tRNA): tRNA

Search allowing introns, 0-3000 bases (default no): |_no e
Sequence topology (default linear): linear 4
Strand(s) (default both): both 7/
Output format (default standard): standard B

e
Submit Reset

Notes

ARAGORN detects tRNA and tmRNA in nucleotide sequences. The tmRNA detection algorithm is an development of the earlier published
BRUCE algorithm. If your primary interest is in tmRNA detection you should also try BRUCE (see left panel). BRUCE is slightly more
selective than ARAGORN, but on the other hand it may in rare cases miss a tmRNA. Note that with a short sequence and a selection of
circular topology two tmRNA hits may be reported. If you want to search online for tRNAs in metazoan mitochondrial sequences, please
use ARWEN. ARWEN is incorporated in the standalone version of ARAGORN. Please use linear topology when using short sequences (<
500 bp). These are not circular anyway.

Figure 9.19

* In the ‘Input Sequence’ section, click ‘Browse...” then select your phage’s DNA
sequence as a FASTA file.

* Choose the following settings:
Search For: tRNA & tmRNA
Search allowing introns: no

Sequence topology: circular (because phage genomes circularize upon
infection)

Strands: both
Output format: standard

¢ Click the ‘Submit’ button.

* Your results will load in a new page. The output includes the secondary structure of
the tRNAs found. An example is shown in Figure 9.20.
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Please reference the following paper if you use this
program as part of any published research.

Laslett, D. and Canback, B. (2004) ARAGORN, a
program for the detection of transfer RNA and
transfer-messenger RNA genes in nucleotide sequences.
Nucleic Acids Research, 32;11-16.

Searching for tRNA genes with no introns

Searching for tmRNA genes

Assuming circular topology, search wraps around ends
Searching both strands

Using standard genetic code

Bongo Complete Seguence, 80228 bp including 11 bp 3' overhang (ACCTCCTGCAA), Cluster M
80228 nucleotides in sequence
Mean G+C content = 61.6%

1.

g
c-g
t.t
c-g
c-g
a-t
c-g
g-c tc
t tgee a
gta g 13 ! g
g agcg tgeg ¢
c 1211 c tt
a tggc gg9g9-c
atg a g c-g
ga a g-c
9.9 g-c
g-¢ g+t
g-¢ g+t
g-c g-c
a-t a a
t t t g
t g c a
ccg tc

tRNA-Arg(ccqg)
96 bases, %¥GC = 65.6
Sequence [32355,32450)

Figure 9.20

The principles underlying Aragorn are described in:

Laslett, D. & Canback, B. (2004) ARAGORN, a program to detect tRNA genes and
tmRNA genes in nucleotide sequences. Nucleic Acids Res. 32;11-16. PMID: 14704338

9.5.2 Running tRNAscan-SE (version 1.21)

* Goto: http://lowelab.ucsc.edu/tRNAscan-SE/

* Next to the field labeled “or submit a file”, click the ‘Browse...” button and select
your phage’s DNA sequence as FASTA file.

* Choose the following settings:
Search mode: Default
Source: Bacterial
A note about settings: For most genomes, these default settings generate reliable results.
However, you can always relax the parameters if you come across a suspicious area.

It is recommended that you run tRNAscan-SE using most of the website’s default parameters,
with source set to “Bacterial” (as described above) UNLESS your phage is a member of
Cluster C. To date, only Cluster C mycobacteriophage genomes have been shown to include
these non-canonical (or pseudo-) tRNA sequences.
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The relaxed settings include changing the Search Mode to “Cove only”, and setting the “Cove

score cut-off to “2”, as shown in Figure 9.21.

Search Mode: [ Cove only (very slow) 3 |
Format:

® Raw Sequence
Sequence name (optional): (no spaces)
O Other (FASTA. GenBank, EMBL, GCG. 1G)

’ . ( Run tRNAscan-SE )
Paste your query sequence(s) here: Run tRNAscan-SE

(Queries are limited to a total of less than 5 million nucleotides at any one time)
Clear Sequence

or submit a file: Browse

® Show results in this browser.

O Receive results by e-mail instead:

Run tRNAscan-SE ) (_ Clear Form

Source: [ Bacterial 3)

Extended Options:

# Disable pseudo gene checking

) Display results in ACeDB format

) Show false positives from tRNAscan/EufindtRNA

# Show primary and secondary structure components to Cove scores
Genetic Code for tRNA Isotype Prediction: | Universal :
Default cut-off values should only be changed for execptional conditions

Cove score cutoff: 2
EufindtRNA search parameters:

Relaxed

Figure 9.21

) Show origin of first-pass hits
71 Show codons instead of tRNA anticodons

Intermediate score cutoff:

The output from this program looks like the sample in Figure 9.22, and when you click on the
‘View tRNA’ button, you will view tRNAscan-SE’s interpretation of the secondary structure

(Figure 9.23).

Results

Sequence tRNA Bounds tRNA
Name tRNA # Begin End Type
Bongo 1 54782 54852 Trp

~ View tRNA

Figure 9.22

Intron Bounds
Begin End

Anti
Codon



9.5.3
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Figure 9.23

The principles underlying the tRNAscan-SE program are described in:

Lowe, T.M. and Eddy, S.R. (1997) tRNAscan-SE: a program for improved detection of
transfer RNA genes in genomic sequence. Nucleic Acids Res, 25, 955-964.

It is recommended that both tRNAScan-SE and Aragorn be run on every sequence.

tRNA secondary structure and end determination
Some manual checking is required to determine the precise 3’ end of a tRNA gene.

In the tRNA schematic below, the 5" end of the tRNA is a 7 base-pair segment called the
Acceptor Stem. The remainder of the tRNA is depicted in the diagram; it winds all the way
through three additional stem-loops of variable lengths and then back to the matching base
pairs of the acceptor stem. Conserved bases are labeled in nucleotide single-letter shorthand at
the appropriate position. The tRNA algorithms score potential tRNAs based on their
adherence to the conserved bases and stem-loop lengths.
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9.5.4
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tRNA Schematic

Acceptor

Discriminator base
contributes to recognition

RNAaseP cuts here
>' by aminoacyl tRNA synthetase

Acceptor Stem

Anticodon Loop

Figure 9.24

After the Acceptor Stem, the 3" end has up to four unpaired bases. The first is called the
discriminator base, and it is part of the recognition system that the tRNA synthetase uses to
charge the tRNA with the correct amino acid. The discriminator base is followed by the
sequence CCA.

The ends of the tRNA must be carefully checked. The acceptor stem loop must be seven base
pairs. The CCA sequence at the 3’ end must be present on the final tRNA molecule for the
tRNA to be charged. Sometimes in the tRNA gene within the DNA of the genome the CCA
sequence is truncated, in which case the additional part of the CCA sequence is added after
transcription. Therefore if the 3’ end of the sequence is not CCA, it should be trimmed at
the first deviation from the CCA sequence, and the remainder should not be included in the
gene call.

The tRNA Schematic shown in Figure 9.24 is an adaptation of the schematic found on the
Lowe website http:/ /lowelab.ucsc.edu/tRNAscan-SE/ with review and guidance from Dr.
Craig L. Peebles.

Entering a tRNA in DNA Master

DNA Master may have already called some of your tRNA genes. If so, go to the [Feature] tab
and the [[Description]] sub-tab, and enter the following information. (See Figure 9.25 for an
example.)

* Type: tRNA (not CDS)

* Start & Stop: Exact coordinates as determined above



9.5.5

¢ Feature Product: “tRNA ” (In the blank, write the amino acid 3-letter
abbreviation, e.g. “Lys”.)

* Feature Notes and Function: “tRNA ” (In the blank, write the amino acid 3-
letter abbreviation followed by the anti-codon, e.g. “Lys (ttt)”.)
@Q Fionnbharth.fasta Q@@
Overview Features l F!eferencesl Sequence] Documenlation]
Sort By [Index LI Kl |Name [Slart IStop #  Description I Sequence] Pmducll Hegionsl Blast I Con4|*
Select Features I DireclSQL] | |32 27630 28421 Name ’337 GenelD
i 33 28459 | 28857 -
R MY ET 28854 29189 e |BNA = &
Name  like BES 29186 29445 Start 30843 Locus Tag |DNAMS_38
GenelD = | 136 29433 30623 Stop 30918  Regions 1
Locus like 137 30626 30907 Length 76 Tag
Start . u ,3.2 ;Dggi ?102182 Direction Reverse g
Length |31 40 3415 N714 | [~ |
Regions . 41 1711 32013 EC Number
%GC < | |42 32006 32395
— 3 32392 32823 Product
el . 44 32895 |33627 tANA Lys
ECHE 45 w32 23443
Product  like 48 33681 34346 Function
Function  like 47 35745 tRNA Lys (tt)
FeaturelD = | |48 6093 =4
; 43 36565 Notes v
Tag like — v [tRNA Lys (tt
[~ Hide lgnored Features < >
Gelert Al Fashias | Insert | Delete | Post Validale|
|4|«| 4 |e‘|e‘| > |»| H| 30078 - 31175 Position: 29540 | ¥ Controls >> Map W Map >> Controls
e ) RN =)
96 Features Live 58076 | & ?
Figure 9.25

If you are adding a brand new tRNA, click the ‘Insert’ button at the bottom of the central
column. Then enter in the above information in the window that opens and click ‘Add
Feature’. (You can leave the name blank, and it will be automatically assigned when you
renumber genes, as described in Section 9.3.3.)

Identifying and annotating tmRNA genes
Description from Wikipedia:

“Transfer-messenger RNA (tmRNA) is a bacterial RNA molecule with dual tRNA-like and
messenger RNA-like properties. In trans-translation, tmRNA and its associated proteins bind
to bacterial ribosomes which have stalled in the middle of protein biosynthesis, for example
when reaching the end of a messenger RNA which has lost its stop codon. tmRNA can recycle
the stalled ribosome, add a proteolysis-inducing tag to the unfinished polypeptide, and
facilitate the degradation of the aberrant messenger RNA.”

The coordinates for tmRNAs can be annotated as web-based Aragorn (or the algorithm
BRUCE on the Aragorn web page) calls them. Entering tmRNAs into your DNA Master
annotation can be done using the same procedure as for entering tRNAs (Section 9.5.4), only
the “Type” of feature in the should then be “tmRNA” (not CDS or tRNA).
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9.6 Documenting your gene calls

98

Just like in at the wet bench, it is important to takes notes and document your findings during
genome annotation. While you may want to keep an additional notebook or word document for
lengthier rationales or questions, there is a good place to put an abbreviated version of your
rationale for each gene in the DNA Master file. In the [Feature] tab and [[Description]] sub-tab,
there is a convenient box marked “Notes” that will allow you to do this.

Every gene call should be documented in its Notes as described below. These notes are
extremely important for the annotation review process. This is the place where you will want to
advocate for those difficult calls. Once checked, these notes will be removed from the GenBank
submission file.

@Extracted from Fasta Library Timshel.fasta =1a1x]

Overview Features ] Relerences' Sequencel Documentationl
Sort By IIndex 4| 4 [Name  [Stat  [Stop [a| Description ]Sequencel Product | Regions | Blast | Context |
Select Features I Direct SQLI |11 408 704 Name |2 GenelD

. b2 743 177
Type is Al = : 3 1254 1577 Type CDS ~| Gl
Name  like |4 1567 2319 Start 743 Locus Tag |DNAMTT
GenelD = | |15 2345 3565 Stop 1177 Regions 1
Locus like 16 3592 4380 Length 435 Tag

7 4377 5294

Start E — 5374 5449 Direction Forward g
Length BN : a 5547 6899 Translation Table [Undefined =l
Regions ﬂ ] 5996 7309 EC Number :’
%GC < | |10 7306 8283 =
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e | [13 11456 12469 =
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Figure 9.26

To edit the Notes field, simply click within the field and type. Make sure you Post changes
(Section 9.3.1) when done so that you don’t lose your work. The following information should
be recorded for every gene, in order if possible.

* Start/stop coordinates. (This may seem redundant because there are “Start” and
“Stop” fields that already contain this information, but it serves as a double-check that
all changes you made are actually contained in the final file.)

* Any significant gap or overlap with preceding gene (in basepairs).

* Whether or not the gene was called by Glimmer and GeneMark, and if the start was
called by same.

* Whether or not the coordinates you have chosen yield the longest possible gene for that
OREF.

* Whether or not your start includes all the coding potential identified by GeneMark.
* Whether or not the start has the best SD score of all this ORF’s possible starts.

* The best BLAST match, and the alignment of the gene start with that BLAST match.
(For example, “Matches KBG gp32, Query 1 to Subject 17, or “Aligns with Thibault
gp45 q3:545”.)



* If your gene start does not match the published starts of similar genes in GenBank, an
explanation of why not. (“Published Thibault gp45 start not present in my sequence”
or “Thibault start caused a 200 bp overlap with upstream gene”)

* Gene Function, and source for the function (see Section 10). If the function assignment
comes from a Hatfull-approved map in the Appendix, please also enter it into the field
labeled “Function” directly above the “Notes” field. Otherwise, only enter the putative
functional assignment in the Notes.

* Anything else you think is important. In particular if you made a different choice than
previous annotators have made in published genomes, and feel very strongly about
your choice, this is the place to let us know.

An example of good Notes:

Start: 2435 Stop: 2650 (FWD). ORF Length: 213 bp; longest possible ORF. SD Score: 310,
best score. Gap or Overlap with Previous Gene: 84 bp gap. Gene Predictions: Agrees
with both Glimmer and GeneMark predictions. Coding Potential Support: ORF includes
all coding potential shown on GeneMark-Smeg output. Best BLAST match: gp3 of Oline;
Oline aa 1 aligns with query aa 1. Predicted Function(s): NKF (No Known Function).
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10 Assigning gene functions

10.1 Overview

Before the age of bioinformatics, the only way to determine a gene function was to perform wet
bench experiments: cloning and expressing a gene, or knocking a gene out, and then
characterizing the resulting mutants. These kinds of studies are still the gold standard for
determining gene function.

Because of recent advances in sequencing technology, however, we are identifying potential
genes far more rapidly than we can perform the supporting wet bench experiments for
functional determination. Bioinformatic tools can make some strong predictions through
comparative approaches, especially by comparing the sequence of any particular gene to the
sequences of genes with known functions (i.e., those that have been characterized
experimentally).

Even with the new tools that are available, we are unable to assign functions to the majority of
the genes that we annotate in bacteriophage genomes.

There are several categories in which genes can be assigned functions with some confidence.

1. Virion structural and assembly genes, i.e. those encoding proteins that are either
components of virion particles or assist in their formation. These include genes
encoding the terminase, portal, capsid maturation protease, scaffolding proteins, major
capsid protein, major tail subunit, tail assembly chaperones, tape measure protein, and
minor tail proteins.

2. Genes involved in phage DNA replication. These include DNA polymerase, DNA
primase, DNA helicase, nucleotide metabolism genes, and ssDNA binding proteins.

3. Genes involved in life cycle regulation. These include various regulators such as
repressors and activators, integrases, recombination directionality factors, etc.

4. Genes involved in lysis, including endolysins (referred to as Lysin A in the
mycobacteriophages), Lysin B, and Holins.

5. Other well-characterized genes, including transcription factors, toxin/anti-toxin
systems, peptidases, phosphatases, host gene homologues, methylases, nucleases, and
DNA binding proteins, among others.

Not all phages contain all of the above genes—or at least genes that can be recognized as having
these functions (e.g., we still are not sure where the tail assembly chaperones are in the cluster B
phages). Even with a substantial body of knowledge about the mycobacteriophages, we can
still only assign functions to 10-20% of the genes in a given genome. Remember that it is okay
to write “No Known Function” or “NKF” for a gene.

For more information on the specific function of some of the above phage genes as they relate to
mycobacteriophages, see:

http:/ / phagesdb.org/ glossary /
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10.2 Using bioinformatic tools to assign gene function

There are three main tools that are useful for predicting potential gene functions. These are:

1. BLASTP
2. Conserved Domain Identification (either through NCBI or Phamerator)
3. HHpred

10.2.1 BLASTP

102

BLASTP [BLAST (Basic Local Alignment Search Tool) P (Protein)] is a program that searches
your query protein sequence against all known predicted protein sequences. You have
already come across this in the context of using BLAST to refine your annotations, but it is
very useful for predicting potential gene functions.

There are two basic ways of doing BLASTP searches. They can be done within the DNA
Master environment, or they can be done using the NCBI BLAST server. The web address for
this program is:

http:/ /blast.ncbi.nlm.nih.gov /Blast.cgi?PAGE=Proteins

When you BLASTP your protein sequence, you are comparing it to all the other protein
sequences in GenBank. One important thing to remember is that anyone can submit
information to GenBank—whether it is correct and high-quality or not—so any GenBank hits
that provide putative gene functions must be carefully considered.

When assigning functions using BLASTP you should consider the following points.

E value. E values are a measure of the likelihood that this alignment would appear at
random. Therefore, lower E values are better (less likely to be random) matches. For

any potential functional match, the E value should be 10* or less. This is the perhaps

the most important factor to consider, and if this condition is not met, you should not
assign a function regardless of what kinds of functions appear in the results list.

The length of the alignment. Does the alignment extend the entire length of your
protein? If it only matches a portion, you should interpret this cautiously. For
example, if you find a relatively small segment of a protein that matches others at a
statistically significant level, you may want to consider annotating this as a domain
rather than a full protein function. For example, if a small segment of your protein
matches other proteases, you might want to consider writing “peptidase domain”,
rather than “peptidase” in your Notes.

Likelihood of the proposed match. Even if you have an exact match to a piece of a
protein in Vinis vinifera, it is pretty unlikely that a protein from grapes has the same
sequence and function as a protein in a mycobacteriophage. Most of the time when
BLASTP aligns bacteriophage proteins with eukaryotic proteins, the alignment is
occurring between repetitive sequences, rather than the functional domains of the
protein.

Figure 10.1 is an example of a good BLASTP match, generated using NCBI's web-based
BLASTP, where a putative function can be assigned.
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NP_817679.1 gp2 [Mys ium phage Che9c] >gb|AAN12562.1| gp2 [Mycobacterium ph 175 175 88% 4e-46 E
Figure 10.1

In the graphical portion of the results, there are many matches in red (the color for the highest
match scores) that extend over the entire length of our query sequence. In the list of matches,
we can see that all of the E values are well below 10*. And many of the hits have a
Description that involves terminases. We can now say, with some confidence, that the protein
we BLASTed is a terminase.

10.2.2 Conserved Domain Database

When you run your protein sequence through BLASTP on the NCBI webpage, one of the
default settings is to examine your protein sequence for conserved domains. Conserved
domains are smaller shorter amino acid sequences that are usually affiliated with a specific
part (or domain) of a protein. These conserved domains also appear on Phamerator maps as
yellow boxes within a gene’s colored box.

If you have a conserved domain detected within your protein, the function assigned to the
domain will be frequently—but not always—be similar to ones found in BLASTP matches.
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Useful domains to indicate in your annotation are things like peptidases or phosphoesterases,
but there are a wide variety that may appear.

Not all conserved domains will be useful. Some contain little information, such as “Conserved
domain of unknown function, found in bacteriophages”. Others are false positives such as the
“Structural maintenance of chromosomes” domain that often appears in structural proteins.
Unfortunately, it is not clear a priori which are false fits and which are reliable. Consideration
of the genomic context as well as the HHpred search described below are perhaps the most
reliable indicators.

An example of a reliable Conserved Domain hit reported by BLASTP on the NCBI server
might look like: If you hover your cursor over these boxes with the mouse, a pop-up window
will appear that tells you about the conserved domain.

v Graphic Summary

'¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 75 150 225 300 375 450 s14
S T S W TN S A TN SO SO TN AT WY SN SN ) A S TN TN S AT ST SO W S A T SO ' |

Query seq.
Superfanilies ( Terminase_1 superfamily

Figure 10.2

The same gene in a Phamerator map might look like:

4195 (14) 3804 (3) 4406 (13)

2
9
y
. 3104 (14) 16 3106(4) I 18 I 3108 (13) -aos (
[ s =—= "] Phage terminase-like protein, large subunit [General function
: T : T == prediction only]. n
TITRITIT FSTTTRITITI AT 111

i 11l 1]

3803 (3)

Figure 10.3

In this case, we moused over gene 15 in Figure 10.3, and the green box describing the domain
appeared.

A less informative match on NCBI might look like:

¥ Graphic Summary

'¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.

1 7S 150 zs 300 375 450 540
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Query seq.
Hulti-donains

Figure 10.4

We already know that this is a phage protein, so this is not particularly useful information.

And the same gene in Phamerator:
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1215 (4)
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IEI  — | in length. Bacterial members of this family seem to be found

P "o B S B Sy e [ s g ijexclusively in Streptococeus species. The function of this TR
family is unknown.

3803 (3)

Figure 10.5

In this case, we moused over gene 16 in the above map, which is the well-characterized portal
protein (shown in BLASTP hits). Based on the notes in the green box, we see that the

Conserved Domain Database does not know that this is the portal protein. This is an example
of the dependence of GenBank on its authors, who may not be as informed as they should be.

10.2.3 HHpred
HHpred is essentially a more sensitive way of searching for functions than BLASTP. In detail:

HHpred performs an iterated multiple sequence alignment using your query amino
acid sequence and its best GenBank matches, using either PSI-BLAST or HHblits
(Homology detection by iterative HMM-HMM comparison). It then builds a Hidden
Markov Model (HMM) based on the alignment, and compares this model to HMMs
based on the Protein DataBank (PDB) (which contains crystal structure coordinates for
crystallized proteins). By comparing conserved residues to a 3-D coordinate map, we
can sometimes detect and assign gene functions to genes that have very few
informative matches using BLAST.

For more information about the design, abilities, and bioinformatics of HHpred, see:

http:/ /toolkit.tuebingen.mpg.de/hhpred /help ov

HHpred is accessible at:
http:/ /toolkit.tuebingen.mpg.de /hhpred

Like BLAST, some matches in HHpred are very useful while others are more likely to be false
positives.

An example of an informative HHpred match:
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Alignment above. To check the template alignments use the ; logos.
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Run PCOILS HHpred has detected hits to coiled coll-containing proteins. Press button to run PCOILS prediction on your guery
Query Sun_Sep_04_13:31:12_+0200_2011 (seg=MARQVIVLTT...VIEAWKNAHK Len=125 Neff=3.9 Nsegs=114)
Parameters score SS:yes search:local realign with MAP:no

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
[j 1 2kng_A Protein LSR2; DNA-bindi 99.8 2.1E-19 8.1E-24 117.3 5.4 47 78-124 1-47 (55)
g 2 2zqe_A MUTS2 protein; alpha/be B83.5 1.2 4.6E-05 29.3 3.9 55 33-104 6-60 (83)

Figure 10.6

Like BLAST, HHpred provides a graphical view where the best matches are shown in red and
lower-quality matches are dark blue or black. Also like BLAST, below the graphical
representation is a list with useful information, including the score each hit gets. In the above
screenshot, the best hit, “2kng_A” (this is the PDB designator, if you want to see the crystal
structure), matches your protein with 99.8 % probability and an E value of 2.1e™.

Good HHpred matches have high probabilities (80 or above), and low E values (the lower the
better). The scientists who wrote HHpred claim that matches with probabilities above 30%
might be real matches. However, if you are going to claim a function found in HHpred with
a probability between 30 and 80%, supporting data (such as a conservation of a domain, or a
function found in other mycobacteriophages) is necessary.

For more on determining if your HHpred hit is a real match, see:

http:/ / toolkit.tuebingen.mpg.de /hhpred /help_faq#correct%20match

When we scroll down to the look at the specifics of the alignments, we see:
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Probab=99.77 E-value=2.le-19 Score=117.31 Aligned cols=47 Identities=38% Similarity=0.639 Sum probs=0.0

ss_pred cccCCCCCCCCecchHHHEHHEHEhCCcCCCCCecCCHHHHEEEERhe

Sun_Sep 04_13: 78 QPPAHPTTALTKEERRAVREWAGKNGFTVSKRGY IKPAVIEAWKNAH 124 (125)

Consensus 78 ~~—~-~~———~~~~--aIR-WA--nG--VsdRGRIp--VveA¥-aAh 124 (125)
L e e A R N R R R R R R B

Consensus 1l sg-—~~~r~~-~r-~-~~IR-WAr-nG--Vs~RGRIp--V-eAY¥~aAn 47 (55)

2kng_A 1 SGSGRGRGAIDREQSAAIREWARRNGHNVSTRGRIPADVIDAYHAAT 47 (55)

ss_dssp CCSSGGGCCCSSTHHHHAHHHHEHHETTCCCCSSSCCCHHHHHHAHHHH

ss_pred CCCCCCCCCCChnhHHHAHHHEHHCCCcCCCCCCCCHHEHEEHEHEC

Bl -o= 8 rublmes

)] >2zqe_A MUTS2 protein; alpha/beta, ATP-binding, DNA-binding, nucleotide-binding, DNA binding protein; 1.70A
{Thermus thermophilus HBB}
Probab=83.45 E-value=1.2 Score=29.26 Aligned cols=55 Identities=22% Similarity=0.060 Sum probs=0.0

HHEEE 000

ss_pred EEECCHHHHHHHHHHHHHHHHEheecCCCCCCccecccecccccccccccCCCCCCCCecchHHHEHHEHERCC
Sun_Sep 04_13: 33 EIDLTQEHADELERTLDKWLSVAHEKKKWPXKRTQKEVSVTPAVSEQPPAHPTTALTKEERRAVREWAGKNGEF 104 (125)
Consensus 33 eIDLs~~nA~~lr~aL~~~i~~arr~~~~~~~~~~ccccsccccccccccccescceee~~aIR~WA~~nG~ 104 (125)

e s I I L B R At L et Ead had PR o
Consensus 6 elDLhG-~~~eA~-~~l~~~l~~a~~~@g~~———————————————— ~v~ITIHGkG~gvLk~~V~~~L~~~~~ 60 (83)
2zqge A 6 EVDLRGLTVAEALLEVDQALEEARALGLS—————————————— TLRLLHGKGTGALRQAIREALRRDKR 60 (83)
ss_dssp EEECTTCCHHHHHHHHHHHHHHHHHTTCS, EEEECCSTTSHHHHHHHHHHHHCTT
ss_pred eEEcCCCCHHHHHHHHHHHHHHHHHCCCC - = mmmmmm e e e e EEEEEeCCccHHHHHHHHHHEhcCCC

Figure 10.7

The first line of text describes what “2kng_A" is: the LSR2 protein from M. tuberculosis. This is
encouraging in two ways: first, it matches a mycobacterial protein; and second, similar
mycobacterial proteins have already been found in other mycobacteriophages.

Under the line of text is the alignment. The top line is the secondary structure prediction for
your query sequence, the second line is your query sequence, and the third line is the
consensus sequence that was built from the iterative search. The bottom part of the alignment
refers to the subject sequences (in this case the Crystal structure data), their consensus

sequence, and secondary structure prediction or determination from two algorithms: PSI-
PRED, and DSSP.

For more on interpreting HHpred results, see:

http:/ / toolkit.tuebingen.mpg.de /hhpred / help_results

Another example of an informative report from HHpred is below.
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Query Sun_Sep 04 _01:55:33_+0200_2011 (seg=MSEKDPREGN...SNYAEIYLSD Len=114 Neff=1.0 Nsegs=1)
Parameters score SS:yes search:local realign with MAP:no

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
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Figure 10.8

The top hit, to 2k5k_A, has a Probability score over 90, and it is an uncharacterized protein.
The rest of the matches have low probabilities (80 or below), and high E values. So even
though the other matches are to phosphatases, and one might be tempted to write
“phosphatase”, this would not be a supportable functional prediction for this protein.

10.3 Other ways to assign gene function

10.3.1 Synteny

Many of the genes in bacteriophage genomes—but especially in the virion structure and
assembly genes—appear in the same order (synteny). Therefore, sometimes functions can be
inferred from gene order. The typical order is:

Terminase - Portal > Capsid Maturation Protease = Scaffolding = Major Capsid Subunit >
Major Tail Subunit > Tail Assembly Chaperones - Tape measure - Minor Tail Proteins

Sometimes other smaller genes of unknown functions are interspersed within the structural
genes, but in general the overall order remains conserved. While we may see conservation of
gene order in some other areas of phage genomes, these other areas are far more mosaic than
the structural genes are, and so the use of a synteny argument applies primarily when
assigning gene function to the virion structure and assembly genes.
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10.3.2

10.3.3

The longest gene in the genome of a phage with a flexible tail is almost always the tape
measure protein gene. This gene is directly proportional to the length of the tail in the flexible-
tailed phages.

Prior functional assignments

Many of the genes within the previously sequenced mycobacteriophages have already been
assigned functions based on experiments, BLAST and/or HHpred matches, or synteny. Dr.
Hatfull periodically reviews the mycobacteriophage genomes and assigns gene functions to
the best of his knowledge. If you are trying to assign a function to a gene that has a BLAST
match to or is in the same pham as one of the genes with an assigned function on one of his
maps, you may assign your gene the same function. The most recent version of these maps,
one per cluster, are included in the Appendices of this guide.

Phamerator

Many of the genomes in Phamerator have already been published according to the most recent
functional assignments, but not all. We are constantly in the process of improving our gene
calls, and so Phamerator functional assignments reflect our best effort at assigning gene
functions at the time the genome was entered into Phamerator. This means that many of the
more recent genomes might have better functional assignments than some of the older ones. If
you're using comparisons in Phamerator to already-published genomes to determine function,
try to compare to recently-published genomes.

109






11 Merging and checking annotations

11.1 Merging overview

In a classroom setting, different portions of a genome are often assigned to different students or
groups of students to annotate. Once all portions have been annotated, they must be combined
into a single file, and the “Merge” function in DNA Master performs this action. It takes
multiple files from a single phage genome and creates a single master file that contains all of the
gene calls from each individual file.

Note: merging will only work on files that contain identical sequences. If you are going to
split a genome among different annotation groups, make sure that you keep the entire sequence
intact, and simply work on a region identified by gene coordinates (e.g. between 20,000 and
30,000).

Typically, you'll merge all of a given genome’s partial annotations together into a single file that
can then be proofed and edited to become the final complete annotation. However, it is also
possible to do several iterations of merging. For example, if two groups are working on the
region from 10,000 to 20,000, you may want to merge their files first, come to a consensus on
that region, then merge the newly checked version with the other final files from other sections
of the genome. Merging is flexible enough to meet your pedagogical goals.

11.2 Merging multiple annotations into a single file

* Collect the files you’d like to merge into a single directory. Remember that these
must all be from an identical DNA sequence (i.e., the same phage genome).

* Open DNA Master.
* Go to File = Merge

@ DNA Master
358 Comparisons Tools Window Help

Mew Chrl+M
Open... »
Import... »
Merge...

Close Chrl+w

Close all

Save as DNAMS File  Ctrl+5
Export GCG file Ctrl+E

Export Split Files

v Autoparse
Preferences Ctrl+P
Utilities »
Quit Ctrl+Q
Figure 11.1
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* A new window will open, as shown below.

T Merge DNAMS5 Files

Select Files |
| B2 2 \wmware-hostysharec_v || Airmid_final.dnam5 -~ 4dd Selected Files
Airmid_spotcheck_autadnnol
=z Arbiter_draft.dnam5 Remove Selected
(= Mycophages Avbiter_final. dnam5 Clear Al
(== SEA phages BarrelRoll_autad&nnotated.dn.
2010-2011 BalrelBoll_flnal.dnamS 3 Analyze Features
£ author lists Bened!ct_hnal.dnamS
. Benedict_spotcheck_autaén [V Catenate Notes
(2 Bongo.annatation Bongo_final.dnam5 ERICBQueensborough_final.dnam5
(£ final files BPBiebs31_final.dnam5 ~ |EricB_NCCU_final.dnam5
3 morgushi Charlie_final.dnam5
£ MiGordo Charlie_final2.dnamb
Cucao_autadnnotated.dnamb
3 murdoc Cuco_final.dnam5
(7 Plieone Doom_final. dnamb
3 Thibault Drago_final.dnam5
Dreamboat_final.dnam5
Elph10_final.dnam5
EricB_NCCU_final.dnam5
ERICBQueensborough _final.
ERICBQueensborough_final_
Euphoria_final.dnam5
GUmbie_final.dnam5
HelDan_final.dnamb
HelDan_finalblast.dnamb %
v List DNAMS files only
2 Files 2]

Figure 11.2

* In the left column, browse to the directory on your computer that contains the DNA

Master (.dnamb) files that you want to merge.

* In the center column, click on files that you want to add to your merged file.

* Click the “Add Selected Files’ button. The files will then appear in the empty white

box on the right. You can browse to additional directories (if necessary) to add
additional files.

* Once you all the files that you would like to merge are listed in the white, check the

box marked “Catenate Notes”.

* Click the ‘Analyze Features’ button.

* The window will open a new tab, [Merge Files].



T Merge DNAMS Files
Select Files Merge Files I

i| present in at least |1 & files Merge Files

Toggle Selected |  Clear Selections | Export Summary

~

n

Feature

1333 -1926
1090 - 1926
1926 - 2147
2483 - 2953
3038 - 4000
4000 - 4665
4662 - 5360
5403 - 5474
5480 - 5552
5595 - 5666
5697 - 5855
5855 - 7066
7066 - 7500
7524 - 9278

|====llllllll I{

2Files ?

Figure 11.3

In the picture above, Features (or gene calls) are listed according to genome coordinates. Each
file you selected is represented by a numbered column, displayed in the order that they were
selected in the previous tab.

In each row, a black box is present if that file contains that feature, and a white box is present
if the file does not contain that feature. The first feature, 488-1177, is present in both of the
files that were merged. The next feature, from 1333-1926, was present only in the first file.
The third feature, from 1090-1926, was present only in the second file. Because both of these
features have the same stop codon, what we are looking at is a disagreement in the two files
about where the start for this gene should be. File 1 calls it at 1333, while file 2 calls it at 1090.

* To export a spreadsheet that contains the above information (which can be useful to
identify areas of disagreement that require further attention), click the “Export
Summary’ button in the top right of this window.

To create a .dnamb file with all of the gene calls from the files to be merged:

e (Click the ‘Select Features’ button. (Selected features will turn red, as shown below.)
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Select Files Merge Files I

Select Features | present in at least |1 & files

Toggle Selected | Clear Selections | Export Summary
Feature 1|2 »~
1333-1926 | |

1090- 1926 | |

1926 - 2147 | ||

2483 - 2953 | 11

3038 - 4000 HE

4000 - 4665 HE

46625360 | [ |

5403 - 5474 | |

5480 - 5552 | |

5595 - 5666 | |

5697 - 5855 | | ]

5855 - 7066 | [ ]

7066 - 7500 | [ ]

7524 - 9278 [ | ] o |
2 Files 5]

Figure 11.4

* You can tailor your selection by modifying the number in the dropdown box next to
“present in at least ___files”. After changing the number, click the ‘Clear
Selections’ button to erase previously selected genes, then click the ‘Select Features’
button again to make your new selection. In the picture below, now only the
features present in at least two (both) files are selected and shown in red.

% Merge DNAMS Files (=13}
Select Files Merge Files I
present in at least m files Merge Files

Toggle Selected | Clear Selections | Export Summary
Feature 1|2 ~
1333-1926 ]

1090 - 1926 | ]

1926 - 2147 | | ]

2483 - 2953 | | ]

3038 - 4000 | | ]

4000 - 4665 | ]

4662 - 5360 | | ]

5403 - 5474 B

5480 - 5552 |

5595 - 5666 B

5697 - 5855 | ]

5855 - 7065 | | ]

7066 - 7500 | | ]

7524 - 9278 | [ ] 3
2Files l'

Figure 11.5

* Once you have selected the features you would like in your merged file (picking all
of them is a good choice, disagreeing features can always be deleted from the
merged file after review), click the “‘Merge Files’ button at the upper right corner.

* A new window titled ‘Merged Sequence’ will appear, as shown below.
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= Merged Sequence

Overview Features I Heferencesl Sequence] Documentalionl
| SortBy IIndex LI 4 [Name  [Stat  [Stop | A Description ISequence] Product | Regions | Blast | Context | |
Select Features I Direct SIJLI 11 48 e Name |1 GenelD
i m | 12 1333 1926
D B M NE 196 2147 Type  [CDS ~| &l [
Name  lke 14 2483 2953 Start 488 Locus Tag |ERICBE_1 |
GenelD = 15 3038 4000 Stop 1177 Redgions 1
Locus ke | |6 4000 4665 Length 630 Tag
7 4662 5360
| Start . — Direction Forward g
g 5403 5474 -
Length B s 5480 5552 Translation Table [Undefined =l
Regions . 10 5595 5666 EC Number
%GC < L 5697 5855
12 5855 | 7086 Product
cal -
- E 13 7066|7500 gpl
e | [14 7524|9278
| Product like 115 9275 10738 Function
Function like | |16 10813 11619
Feaweld = [ |L17 11668 12198
- ke[ 18 12231 13202 Notes =
9 e v | [Feature identiied in 2 of 2 files S
. < T
[ Hide Ignored Features Notes from EficE -
Golont &l Fasthras | Insert | Delete| Post Validalel h4
@‘ e‘ b [M»| M| 1-50000 Position : 17878 [V Controls >> Map [V Map >> Controls
= N TGS TR T BT TR
| 112 Features Live 51702 | @ 2§

Figure 11.6

* Save your file immediately by going to: File <> Save as DNAMS5 File

* Select a meaningful name for the merged file, such as
“YourPhageName_Merged.dnam5”.

In the above picture, we are looking at feature 1. In the “Notes” field on the lower right, the
top line indicates that this feature was called in 2 of 2 files. Further down in the Notes box,
both sets of notes have been concatenated.

How features and notes are reconciled when there is disagreement:

While all the genes from the unmerged files will be present within the features of the
merged file, DNA Master will not treat all these genes equally. Features that share the
same stop codon but have different start codons will be listed as separate features in
the merged feature list. Features that were selected by the majority of the files in the
merge will be given preference in the merged file, and will be listed first in the feature
table if it is sorted by Index.

The most popular features will have concatenated notes. That is, all the notes from the
unmerged files will be listed in the Notes field of the merged feature. Less popular
features will be in the merged file, but will be listed at the end of the feature list when
sorted by Index. Less popular features will have their original notes, not merged notes.

* To clearly see discrepant calls, go to the “Sort By” drop-down menu at the top left of
the [Feature] tab, and select “Start” rather than “Index”.
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Locus ke |5 3038|4000 Length 471 Tag
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Start . — — Direction Forward g
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11 5697 5955 Product
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= Ce | [13 7066|7500
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Feawel = [[ |12 296 10738
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| 2 s [l s e O DR 2
112 Features | Live 51702 [@ ?
Figure 11.7

You can see that there are two versions of gene 2, one from each file, that share the same stop
codon but differ in their choice of start codon. Now it’s up to you to determine which is
correct!

11.3 Checking an annotation
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Once you've merged all files, made final decisions on each gene, and believe you've finished
your annotation, there are a few final steps to take before submitting your genome for review
and then GenBank submission. This steps below reflect what we typically do at the University
of Pittsburgh to quality-control submitted annotations, so you can stay one step ahead and try
to identify any remaining issues first.

¢ Click the “Validate’ button bottom of the central column in the [Feature] tab. The
response should be “All ORFs appear valid.” If you get a different message here,
check the gene(s) identified for errors.

* Zoom in on the interactive map along the bottom of the sequence, and carefully
scroll along the whole length of the genome. Do all the genes seem to be tightly
packed? Look for large overlaps, gaps, or duplications.

* Open an interactive Phamerator map of your phage along with two or three closely
related cluster members that are already in GenBank. (Remember that it is still your
auto-annotated genome in Phamerator.) Are there any areas where your phage has
orphams (white boxes) or otherwise diverges from similar phages that you have not
addressed during your refinement?

* Create a “Genome profile”. This is a spreadsheet (.csv format) of all the information
in the Features table. While this won't give you any new information compared to
simply scrolling through your features, it may help you make sure you don’t miss
anything.

Go to: Genome = Profile



In the window that opens, there are a number of settings. The default settings
should be fine, but consider checking the “Export Notes” box if you'd like
Notes included in your spreadsheet, and consider unchecking the “Load into
Excel” box if you don’t have Excel or would like to open the file later.

@ Genome Profile : Airmid Q@@

Basics I Codon Bias | Dinucleotide | Profile Merge | Genes

& All genes
[ Start and stop coordinates " Selected genes
|~ Start and stop codons and their flanking bases " AllORFs
|~ GC contents " AllRNAs
[~ GC&AT skew {fiecpliconsR

+ Current Replicon
M OGS ¢ Al Replicons
|~ Locus Tag, GenelD and Gl tag
[~ Custom integer and string tags
™ Protein Features (pl, Hydrophobicity, etc)

-
[~ AA Corelation
[~ Esport Product |v Export Notes
|~ Export Function |~ Export Best BLAST hit
2]
Figure 11.8

* Now check each gene individually.

Read the comments, and consider: Do the start and stop coordinates listed
match the coordinates in the file? Does the gene have Glimmer/GeneMark
support? A good RBS/Shine-Dalgarno score? Include all the GeneMark-Smeg
coding potential? Is the gene as long as possible without overlapping the
previous gene too much? Match its best BLAST hit 1-to-1? If the phage has
close relatives in GenBank (you can tell pretty quickly by using Phamerator),
our frequent default position is to make a newly annotated gene match the
annotated genes already in GenBank. If it doesn’t, use your best judgment
based on the other metrics.

Check the gene functions, and consider: Do they make sense? Are reported E
values low (below 10%)? Do they match the Hatfull-approved maps (where
appropriate)? Is there a source listed for a function (HHpred, BLASTP, CDD,
GFHmap, other)? If there is no known function, is “NKF” written?

When checking tRNAs, consider: Is the tRNA amino acid and anti-codon
written in the notes and in the function boxes? Does the tRNA end with
“CCA”, and if not is it trimmed correctly?

For gaps in your gene calls, consider: Is there an ORF with coding potential
that was missed? Are there any BLASTX hits with good GenBank matches?

Keep track of any potential issues you encounter during checking, and revisit those areas of
the genome to ensure the best call has been made.
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12 Submitting final files for review and GenBank submission

You've made it. Plowed through gene after gene, pored over BLAST results and coding potential
diagrams, perhaps argued over some start sites, and have merged all calls and come up with a
final annotation. Congratulations!

The next step is to submit your files for expert QC and GenBank submission. Read below to
make sure that your files are ready for submission, then submit a final DNA Master (.dnamb5) file
and a final Author List via e-mail to:

phage.submission@gmail.com.

After expert review, your annotation will be either accepted or returned. If accepted we will
provide a GenBank flat file for your inspection. If not accepted, your file will be returned with an
explanation and request for revisions.

12.1 Details of your final DNA Master (.dnam5) file

A final .dnamb file is one that has the following properties.

1.

It must be named “YourPhageName_Final.dnam5”, which will help distinguish it
from other versions you may have been working on.

It must contain one entry and set of notes per feature. That means that if you have
merged multiple files, you need to have evaluated the data from each source, come
to a decision, and deleted erroneous versions of each feature. There should also be
only one set of notes for each feature, and it should contain everything listed in
Section 9.6 about proper documentation of your gene calls. You may have to delete
some notes, or even rewrite some notes from scratch to meet this criterion.

All features must be validated (Section 9.3.2).
All features must be re-numbered if necessary (Section 9.3.3).
All features must be re-BLASTed (Section 9.3.4).

Any functions are noted in the “Function” field as well as the “Notes” field.

12.2 Details of your author list

Please create a list (.csv formatted file) of the authors from your school who are to be included
in this GenBank submission. Your author list should meet the following criteria.

It contains ONLY authors from your school who deserve to be listed on the GenBank
file. Do not include names from Pitt, HHMI, sequencing centers, or any other
source.

Itis a.csv file. A .csv formatted file can be created in Excel, using the ‘Save as...’
function, and selecting .csv as the file type.

It contains exactly three columns, with NO HEADERS at the top of each column.
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* The first column contains the last name, the second column contains first name, and
the third column contains a middle initial. If no middle initial is needed, type a
period in that column instead. All three columns should contain some
information for each author. See below for an example.

Paste \/ Liear v D 1 A=A

C10 = fx
A B C
1 |Pope Welkin H
2 | Russell Daniel A
3 |Jacobs-Sera Deborah

NN WS

Figure 12.1
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DNA Master Installation Guide

1. Minimum System Requirements for Installation of DNA Master

PC Minimum Requirements Mac Minimum Requirements
0S: Windows XP/Vista/7 32-bit or 64-bit OS: Mac OS X 10.5 or Higher
CPU: Dual-core Processor 1.8GHz CPU: Dual-core Intel Processor 1.8GHz
. * Non-Intel Macs are NOT supported.
Memory (RAM): Memory (RAM):
« XP:1GB y
e 2GB

* Vista/7: 2GB
Video Memory: 128MB
Free Disk Space: 5GB
DVD Drive
INTERNET CONNECTION
FULL ADMINISTRATOR RIGHTS

Video Memory: 128MB

Free Disk Space: 25GB

DVD Drive

INTERNET CONNECTION

FULL ADMINISTRATOR RIGHTS

2. Installing DNAMaster on a Windows Computer

IMPORTANT: For Vista/Windows 7 users, this program must have full administrative rights. It is not
sufficient to install this program on a User account with administrative-level rights, you must specific that the
program has these rights too. During installation or when starting the program once installed, press “Yes” or
“OK” if you are prompted to allow the program to continue, failing to do so WILL NOT allow the program to
run properly and WILL cause errors. One easy way to make sure the program always has admin rights is to
create a short-cut for the program as outlined below. If the program is then ALWAYS run from this short-cut,
odd error messages should not occur. Otherwise, when starting the program, right-click on the program icon,
and select “Run as administrator” every time.

DNA Master Installation
-DNA Master can be downloaded at the following link:
http://cobamide?2.bio.pitt.edu/computer.htm
-Double click the installer, and follow the instructions to install the program.

Shortcut Creation
-Navigate to the DNA Master directory:
32-bit OS: My Computer = C:/Program Files/DNA Master
64-bit OS: My Computer = C:/Program Files(x86)/DNA Master
-Right-click on “DNAMas.exe” and select “Create Shortcut”
Windows XP: Drag the shortcut to the desktop.
Windows Vista/7: Click “Yes” on the dialogue box.
-Windows Vista/7 Users Only—MUST confer admin rights to the program:
Right Click on the newly created desktop shortcut:
-Click properties
-Click on the “Compatibility” tab
-Check the box next to “Run as Administrator” under “Privilege Level” at the
bottom
-Click “OK”



Updating — INTERNET CONNECTION REQUIRED
-Double click your DNA Master shortcut.
-Go to Help = Update DNA Master
-Allow the update to run and restart the program.
-DNA Master is now updated and ready to use.

DNA Master is now installed and up-to-date. You can run it through the desktop shortcut.

3. Installing DNA Master on a Mac

To install DNAMaster on your Mac, you will need to install Windows as a second operating system on an
emulator such as VirtualBox (http://www.virtualbox.org/wiki/Downloads). If you already have access to
Windows on your Mac, skip down to “DNA Master Installation”. Once you have downloaded and
installed VirtualBox, as per the VirtualBox website instructions, install Windows as below:

Windows Image Installation
-Obtain a copy of Windows XP, Vista, or 7 32-bit edition.
Windows XP is the cheapest option, and requires the least resources.
-Open VirtualBox.
-Click “New” to create a new virtual machine.
-Click “Continue”
-Name the machine “Windows”
-Under the “Operating System” menu choose “Microsoft Windows”
-Under the “Version” menu choose the version you are installing
-Click “Continue”
-For Windows XP, allocate at least 512MB memory, Vista/7 requires >1GB.
-Click “Continue”
-Check the box for “Boot Hard Disk”
-Click the “Create new hard disk” option.
-Click “Continue”
-Click “Continue”
-Click “Dynamically expanding storage”
-Click “Continue”
-Set the starting size of the virtual storage using the slider to a minimum of 20GB.
-Click “Continue”
-Click “Finish”
-Click “Finish”
-Now start the machine by selecting it from the list to the left and clicking “Start”
-Click “Continue” when the first run wizard starts
-Insert your Windows Installation Disk. Ignore any autorun prompts.
-The dialogue in the middle should read “Host Drive” followed by a letter.
-Click “Continue”
-Click “Finish”
-Follow the instructions on-screen to install your copy of Windows.
-After the installation completes, close the virtual machine.
Click “Machine”
Click “Shut Down”
-In the main window, click the settings button.



-Click on the display tab.

-Set the “Video Memory” to 64MB.

-Save the changes.

-Select the new machine in the main window and click “Start” to run it!

*Note: It is recommended that you update your copy of Windows before continuing

DNA Master Installation (Within your Windows Virtual Machine)
-DNA Master can be downloaded at the following link:
http://cobamide?2.bio.pitt.edu/computer.htm
-Double click the installer, and follow the instructions to install the program.

IMPORTANT: For Vista/Windows 7 users, this program must have full administrative
rights. It is not sufficient to install this program on a User account with administrative-level
rights, you must specific that the program has these rights too. During installation or when
starting the program once installed, press “Yes” or “OK” if you are prompted to allow the
program to continue, failing to do so WILL NOT allow the program to run properly and WILL
cause errors. One easy way to make sure the program always has admin rights is to create a
short-cut for the program as outlined below. If the program is then ALWAYS run from this
short-cut, odd error messages should not occur. Otherwise, when starting the program, right-
click on the program icon, and select “Run as administrator” every time.

Shortcut Creation
-Navigate to the DNA Master directory:
32-bit OS: My Computer -> C:/Program Files/DNA Master
64-bit OS: My Computer -> C:/Program Files(x86)/DNA Master
-Right click on “DNAMas.exe” and click “Create Shortcut”:
Windows XP: Drag the shortcut to the desktop.
Windows Vista/7: Click “Yes” on the dialogue box.
-Windows Vista/7 Users Only—MUST confer admin rights to the program:
Right Click on the newly created desktop shortcut:
-Click properties
-Click on the “Compatibility” tab
-Check the box next to “Run as Administrator” under “Privilege Level” at the
bottom
-Click “OK”

Updating — INTERNET CONNECTION REQUIRED
-Double click your DNA Master shortcut.
-Go to Help = Update DNA Master
-Allow the update to run and restart the program.
-DNA Master is now updated and ready to use.

DNA Master is now installed and up-to-date. You can run it through your desktop shortcut.
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DNA Master Quick Start Guide
Part 1: Creating a Draft Annotation

Setting Key Preferences

1. From the File menu, select Preferences to open the preference window.

2. Click on the Local Settings tab, then on the Colors sub-tab.

3. In the LEFT box, change the display colors for tRNAs, tmRNAs, and
OREFs by clicking on the appropriate boxes. The default is black, but we
strongly recommend the colors shown in Figure 1.

4. Still under the Local Settings tab, click on the Codons sub-tab.

. If the box labeled “Use TTG start codons” is not checked, then check it.
6. Click the Apply button on the right to save changes, then OK to exit.

(9,1

Importing a DNA Sequence

1. Verify that your DNA sequence, in fasta format, is saved in a known Figure 1: Setting Display Colors
location (or you may download a fasta file from phagesdb.org).
NOTE: If using Virtual Box or another emulator to run Windows, you should copy the fasta file to the virtual
machine desktop before proceeding.

2. From the File menu, select Open > FastA Multiple Sequence File as shown in Figure 2.

3. Browse to your genome’s fasta-formatted file, then click Open.

4. A window like the one shown in Figure 3 should appear. Click on the button in the lower right hand corner that looks
like a piece of paper with the upper right corner folded over, then select “Create Sequence from this entry only” and a
new window titled “Extracted from YourPhage.fasta” will open within DNA Master.

 ——

Figure 2: Opening a FastA File
Figure 3: Importing the Sequence into DNA Master

Auto-Annotating a Genome
1. Make sure the “Extracted from YourPhage.fasta” window is
open and selected, then go to the Genome menu at the top of = —
the program, and select Annotation > Auto-Annotate.
NOTE: Many options are available in the Auto-Annotate
window that opens. Our standard choices for each are
shown in Figure 4.
NOTE: Be prepared to wait 30-90 minutes if you choose
to “Perform BLAST search on nr database” because
BLAST searches take time. If you’d rather move on
quickly, then un-check that BLAST box. You will still be
able to BLAST all genes—and store the results in DNA
Master—Iater.
2. After selecting your desired options, click Annotate.
3. When DNA Master asks if you want to “Erase features and
annotate genome?”, click Yes.
4. Wait while DNA Master annotates your genome. This should
be a fairly quick process (<5 minutes without BLASTing), and O
you can check the status in the lower-left corner of the Auto-
Annotate window.
5. When Auto-Annotation is complete, the Auto-Annotate window will close, and you’ll be returned to the main window
for your genome. Congratulations, you’ve created a draft genome annotation!

Figure 4: Auto-Annotation Options; BLAST Search Unchecked



Part 2: Refining Your Positional Annotation

Features (Genes)

1. Click on the Features tab at the top of your genome’s window (the red box in Figure 5). Here you can see a list of all
features (genes) in your current annotation with their left and right coordinates. If you’ve set up your color
preferences properly, forward genes should be in green and reverse genes in red. At the bottom of this window a map
of your features is displayed, also color-coded, along with the number of features and total sequence length.

2. The currently selected feature will be
identified by a black triangle (the blue
box in Figure 5). Data for this selected
feature will be shown in the right pane. C }

The right pane has several tabs of its
own, the default being Description (see
the green box in Figure 5). By
changing tabs, you can see this gene’s
DNA sequence, amino acid product, any
saved BLAST information, and many
other statistics. Please explore!

Frames View

3. From the main DNA Master menu,
select DNA - Frames. A new window
titled “ORF Analysis...” will open
where the top three rows represent the
forwards reading frames, the bottom
three rows the reverse reading frames.
To see your current genes displayed in
this view, click the ORFs button in the
lower right corner of this Frames
window (enlarged portion of Figure 6). You should now see green and/or red regions highlighted that represent
currently called genes. (You may want to zoom in for better resolution by using the buttons near the bottom left of
this window.) All potential start codons are shown as vertical lines that are half the height of a given frame, while
stop codons are shown as vertical lines that are the full height of a given frame.

Figure 5: Looking at Auto-Annotated Features

Figure 6: The Frames Window

Comparing Potential Start Codons

4. From the Frames window, select an ORF by clicking within it (DNA Master will draw a line showing your selection).

5. Click the button labeled 5°-3” in the bottom right corner (enlarged portion of Figure 6), and a new window called
“Choose ORF Start” will open. In this window will be a list of each possible start codon for the selected ORF, along
with each Shine-Dalgarno score, upstream sequence, start position, and resulting ORF length.

Part 3: Functional Annotation

BLASTing Predicted Proteins

6. A powerful feature of DNA Master is the ability to BLAST all gene products from an annotation, then store the results
in the archived file so that they can later be accessed as needed, even without an internet connection. If a feature has
stored BLAST results, you can view them by going to the Blast tab for that feature (green box, Figure 5).

7. If you did not BLAST during auto-annotation, you can do so at any time by going to the Blast tab for any feature
(green box, Figure 5), selecting Blast ALL genes, modifying settings if desired, then clicking Blast All. BLASTing
a complete phage genome annotation takes 30+ minutes. Be patient.

8. Once finished, “Genome BLAST Complete” should display, and BLAST data for each feature are in the Blast tab.
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Part 4: Important Features

Suggested Annotation Layout

The figure below shows how you might arrange windows in DNA Master to work on an annotation. The
Frames Window (on top of the figure) has all 6 reading frames clearly delineated, and allows you to see currently
called genes, other choices for start codons, as well as all other potential ORFs in the genome. The Main Window
(bottom left in the figure) can be used to view precise coordinates, DNA or amino acid sequence, BLAST results
(shown in figure), and more. It is also where you will change start positions, add notes, or add/delete genes. The
Choose ORF Start Window (bottom right in the figure) allows you to see all potential start codons for a given
reading frame along with the associated Shine-Dalgarno scores, start positions, and resulting ORF lengths.

Using all of DNA Master’s capabilities in concert facilitates fast and accurate genome annotation.

Creating a Spreadsheet of Current Gene Calls

1. Make sure your main window is open and selected. From the top menu, select Genome - Profile.
2. Click OK, then save in the format you want.

3. Open the file you generated with Excel or a similar spreadsheet program.

Creating an ORF Map of Current Gene Calls

1. Make sure your main window is open and selected. From the top menu, select DNA - Export Map.
2. Modify any options you'd like to, then click Draw.

3. A Windows Meta File (.wmf) image is generated, and can be opened with most image-viewing programs.
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Appendix III: References for gene functions

TM4 structural genes

TUBERCLE AND LUNG DISEASE : THE OFFICIAL JOURNAL OF THE INTERNATIONAL
UNION AGAINST TUBERCULOSIS AND. Vol 79, Issue 2, Pages 63-73, 1998.

Mycobacteriophage TM4: genome structure and gene expression.
M E Ford, C Stenstrom, R W Hendrix, G F Hatfull
PubMed ID: 10645443

L5 integrase

JOURNAL OF BACTERIOLOGY. Vol 175, Issue 21, Pages 6836-41, 1993.
Mycobacteriophage L5 integrase-mediated site-specific integration in vitro.
M H Lee, G F Hatfull

PubMed ID: 8226625

L5 Xis (gp 36)

MOLECULAR MICROBIOLOGY. Vol 35, Issue 2, Pages 350-60, 2000.
Identification and characterization of mycobacteriophage L5 excisionase.
J A Lewis, G F Hatfull

PubMed ID: 10652095

Bxb1 serine integrase (gp 35)

MOLECULAR MICROBIOLOGY. Vol 50, Issue 2, Pages 463-73, 2003.
Mycobacteriophage Bxb1 integrates into the Mycobacterium smegmatis groEL1 gene.
Amy I Kim, Pallavi Ghosh, Michelle A Aaron, Lori A Bibb, Shruti Jain, Graham F Hatfull
PubMed ID: 14617171

Bxb1 RDF (gp 46)
PLOS BIOLOGY. Vol 4, Issue 6, Pages €186, 2006.

Control of phage Bxb1 excision by a novel recombination directionality factor.



Pallavi Ghosh, Laura R Wasil, Graham F Hatfull
PubMed ID: 16719562

D29 integrase
GENE. Vol 225, Issue 1-2, Pages 143-51, 1998.

Mycobacteriophage D29 integrase-mediated recombination: specificity of mycobacteriophage
integration.

C E Pena, ] Stoner, G F Hatfull
PubMed ID: 9931474

Bethlehem DnaB intein
HE JOURNAL OF BIOLOGICAL CHEMISTRY. Vol 285, Issue 4, Pages 2515-26, 2010.

Splicing of the mycobacteriophage Bethlehem DnaB intein: identification of a new mechanistic
class of inteins that contain an obligate block F nucleophile.

Kazuo Tori, Bareket Dassa, Margaret A Johnson, Maurice W Southworth, Lear E Brace,
Yoshizumi Ishino, Shmuel Pietrokovski, Francine B Perler

PubMed ID: 19940146

Che9c RecE and RecT (gp60 and 61)
MOLECULAR MICROBIOLOGY. Vol 67, Issue 5, Pages 1094-107, 2008.

Efficient point mutagenesis in mycobacteria using single-stranded DNA recombineering;:
characterization of antimycobacterial drug targets.

Julia C van Kessel, Graham F Hatfull
PubMed ID: 18221264

L5 structural proteins
MOLECULAR MICROBIOLOGY. Vol 7, Issue 3, Pages 395-405, 1993.

DNA sequence, structure and gene expression of mycobacteriophage L5: a phage system for
mycobacterial genetics.

G F Hatfull, G J Sarkis
PubMed ID: 8459766



L5 Repressor (gp 71)
MOLECULAR MICROBIOLOGY. Vol 7, Issue 3, Pages 407-17, 1993.

Superinfection immunity of mycobacteriophage L5: applications for genetic transformation of
mycobacteria.

M K Donnelly-Wu, W R Jacobs, G F Hatfull
PubMed ID: 8459767

Bxb1 Repressor (gp 69)

MOLECULAR MICROBIOLOGY. Vol 38, Issue 5, Pages 971-85, 2000.
Transcriptional regulation and immunity in mycobacteriophage Bxb1.
S Jain, G F Hatfull

PubMed ID: 11123672

L5 genes that are cytotoxic, (Set of genes that we know that the clones can not be transformed
into a non-lysogen)

MICROBIOLOGY (READING, ENGLAND). Vol 154, Issue Pt 8, Pages 2304-14, 2008.

Identification of three cytotoxic early proteins of mycobacteriophage L5 leading to growth
inhibition in Mycobacterium smegmatis.

Jan Rybniker, Georg Plum, Nirmal Robinson, Pamela L Small, Pia Hartmann

Cluster G repressors
MICROBIOLOGY (READING, ENGLAND). Vol 155, Issue Pt 9, Pages 2962-77, 2009.

Mycobacteriophages BPs, Angel and Halo: comparative genomics reveals a novel class of ultra-
small mobile genetic elements.

Timothy Sampson, Gregory W Broussard, Laura ] Marinelli, Deborah Jacobs-Sera, Mondira Ray,
Ching-Chung Ko, Daniel Russell, Roger W Hendrix, Graham F Hatfull

PubMed ID: 19556295

Lysins A and B
MOLECULAR MICROBIOLOGY. Vol 73, Issue 3, Pages 367-81, 2009.



Mycobacteriophage Lysin B is a novel mycolylarabinogalactan esterase.
Kimberly Payne, Qingan Sun, James Sacchettini, Graham F Hatfull
PubMed ID: 19555454

WhiB of tm4
MOLECULAR MICROBIOLOGY. Vol 77, Issue 3, Pages 642-57, 2010.

Insights into the function of the WhiB-like protein of mycobacteriophage TM4--a transcriptional
inhibitor of WhiB2.

Jan Rybniker, Angela Nowag, Edeltraud van Gumpel, Nicole Nissen, Nirmal Robinson, Georg
Plum, Pia Hartmann

PubMed ID: 20545868

Non-essential genes
PLOS ONE. Vol 3, Issue 12, Pages 3957, 2008.

BRED: a simple and powerful tool for constructing mutant and recombinant bacteriophage
genomes.

Marinelli L], Piuri M, Swigonova Z, Balachandran A, Oldfield LM, van Kessel JC, Hatfull GF
PubMed ID: 19088849

Tapemeasure of TM4, defect in infection of stationary phage cells
MOLECULAR MICROBIOLOGY. Vol 62, Issue 6, Pages 1569-85, 2006.

A peptidoglycan hydrolase motif within the mycobacteriophage TM4 tape measure protein
promotes efficient infection of stationary phase cells.

Mariana Piuri, Graham F Hatfull

Phage I3 (cluster C) promoters and some structural genes
GENE. Vol 143, Issue 1, Pages 95-100, 1994.

Structural proteins of mycobacteriophage I3: cloning, expression and sequence analysis of a
gene encoding a 70-kDa structural protein.

G R Ramesh, K P Gopinathan
PubMed ID: 8200544



INDIAN JOURNAL OF BIOCHEMISTRY & BIOPHYSICS. Vol 33, Issue 1, Pages 83, 1996.
Cloning and characterization of mycobacteriophage I3 promoters.

G R Ramesh, K P Gopinathan

PubMed ID: 8744840

TM4 non-essential genes, D29 non-essential genes

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES
OF AMERICA. Vol 94, Issue 20, Pages 10961-6, 1997.

Conditionally replicating mycobacteriophages: a system for transposon delivery to
Mycobacterium tuberculosis.

S Bardarov, | Kriakov, C Carriere, S Yu, C Vaamonde, R A McAdam, B R Bloom, G F Hatfull, W
R Jacobs

PubMed ID: 9380742

D29 and L5 non-essential genes
JOURNAL OF MOLECULAR BIOLOGY. Vol 279, Issue 1, Pages 143-64, 1998.
Genome structure of mycobacteriophage D29: implications for phage evolution.
M E Ford, G J Sarkis, A E Belanger, R W Hendrix, G F Hatfull
PubMed ID: 9636706
L5 Promoters
MOLECULAR MICROBIOLOGY. Vol 17, Issue 6, Pages 1045-56, 1995.
Transcriptional regulation of repressor synthesis in mycobacteriophage L5.
C E Nesbit, M E Levin, M K Donnelly-Wu, G F Hatfull
PubMed ID: 8594325
Unpublished:
Bps gene 22 :
Mutations in this gene have expanded host range
Rosebush genes 32 and 42

Mutations in these genes have expanded host range



Cluster N integrases and repressors, Brujita Integrase and repressor
Cluster J capsids:
Identified through N-terminal sequencing

Giles non-essential genes identified through BRED






Genome Maps:

L5

Cluster B map
Cluster C mal
Cluster D map
Cluster E map
Cluster F map
Cluster G map
Cluster I map
Cluster ] map
Cluster K map
Cluster L map
Cluster O map
Giles map

Wildcat map
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Appendix V: Etude Annotation
First, BLAST Etude against phagesdb.org.

Go to the phagesdb.org BLAST page. Paste in the Etude sequence or browse to
the FASTA file on your computer. Turn off the low complexity filter. Press BLAST.

Mycobacteriophage Database | BLAST

D @ ( & [ htp://phagesdb.org/blast/ 7 v ) (3~

Latest Headlines  Welcome to Gmail NCBI USAA / Welcome to ... ClustalW Mycobacteria Phage ... Protein BLAST: searc...

[x}

Myco — DataBase

P \

Recently Added Phages
Cherrybomb Local Phage BLAST
Sefto This tool will run a local BLAST search against our phage databa
IsabellPL will include some genomes that are not yet in GenBank and thus
BlackOps accessible via NCBI BLAST.
Gremlin
Choose program to use and database to search:
Recently Modified Phages
Lilbear Program [ blastn [+] Database [ Mycophages as of 10.29.10 %]
Philbert Enter sequence below in FASTA format
Ecce >etude
i AGCGACACTTCTCTCTCTGGAAATTCAGGCAAGAACATGAGGGGGGTTAGCGCCCCTAAA
‘ Squishy ACCCCTGGTAGGAGGCTAAATCGTGGGTAGAGGACGTGGTAAGGACCCGTCAAGCCCTGG
o Hort . TGGGCGGTCTCGGGACAGTCGTCCCGGCACGCGCTCGGCCTGGGAGGCGAAGGTTGCCGC
ortencia CAAACCGAAGAACGCGCAGGAATACGCGGTGCAGATGGCCGAAAGCCTCGGTTGGGAGGT
TGAGAAGCCGAACGTTTGGACCAATCAGGGGATGCACGCCGCTGGTATCGAGACTTTGAC 4
bt e e GATGCGCAAGGGCGATGCGTACGTGTATGCGACGTTCACCTGGCCTAATGGCCGCATTCG v
Blue?7 Or load it from disk (Browse...)
s Wee

When Etude is BLASTed against phagesdb.org, it appears that there is similarity to the
Cluster L1 phages, and to the Cluster A3 phages.



Query= etude
(14,998 letters)

Distribution of 392 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment Scores

<40 40-50 50-80  [780=200 " IINSE2000N
lelll.
0 2K 5K 7K 10K 12K

Score E
Sequences producing significant alignments: (bits) Value
UPIE Complete Sequence, 73784 bp including 10 bp 3' overhang (TC... 1l.314e+04 0.0
LeBron 1.178e+04 0.0
JoeDirt Final Sequence, 74914 bp including 10 bp 3' overhang (TC... 1.169e+04 0.0
Microwolf Final Sequence, 50864 bp including 10 bp 3' overhang, ... 4022 0.0
Vix Complete Sequence, 50963 bp including 10 bp 3' overhang (CGG... 3998 0.0
JHC117 Final Sequence, 50877 bp including 10 bp 3' overhang, Clu... 3998 0.0
Bxz2 3998 0.0
Faithl Complete Sequence, 75960 bp including 10 bp 3' overhang (... 1388 0.0
Rockstar Complete Sequence, 47780 bp including 10 bp 3' overhang... 232 2e-59
Peaches 212 2e-53
Eagle 204 4e-51
LHTSCC Complete Sequence (51813bp, including 10bp 3' overhang: C... 196 le-48
George Final Sequence, 51578 bp including 10 bp 3' overhang, Clu... 137 8e-31

Now we pull up Etude in phamerator, next to its closest matches. I will use LeBron and
Bxz3 for now, because these two phages have annotations in GenBank already—which
means that when I look for individual genes using BLAST on the NCBI website, I should
see these genes, and they will be genes that have already been curated and well-
examined by the annotators. I will also check Upie, JoeDirt, and Microwolf’s draft
annotations in phamerator.
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Notice how the purple between the two genomes indicates that the nucleotide sequence
similarity is very high between Etude and LeBron for the first seven genes in both
genomes. I will start with calling these seven genes.

Next, I open DNA master, and load the Etude sequence from its fasta file.

-> File ->Open -> FastA Multiple Sequence File

% FastA Sequences from etude.fasta E]@

{Sequences I Pairwise Alighment I Multiple Alignment I

Idz |Description ILength I Insert Sequence |
etude 14998
Delete Sequence |

Update Sequence

[~ Verify updates

Save Fasta File |
Export Summary |

Sequence Complement| Hide | Annotation

AGCGACACTTCTCTCTCTGCAAATTCAGGCAAGAACATCGAGGGGGET A
TAGCGCCCCTAAMACCCCTGOTAGGAGGCTALATCOTGGGTAGAGGA
CGTGOTAAGGACCCGTCAAGCCCTGGTGGGCGGTCTCGGGACAGTCG
TCCCGGCACGCGCTCOGCCTGORAGGCCAAGGTTGCCGCCALACCGA
AGAACGCGCAGGAATACGCGGTGCAGATGGCCCAAAGCCTCGGTTGG
GAGGTTGAGAAGCCGAACGTTTGCACCAATCAGGGGATGCACGCCGE
TGGTATCGAGACTTTGACGATGCGCAAGGGCGATGCGTACGTGTATG
CGACGTTCACCTGGCCTAATGGCCGCATTCGTACTGTTGACGTGCGE
GCTTAACGGCTTTCACGAGGACATGTTTGGGTCTCGAGCGTAAGGACAL
ACGCAAGGCCATGAAGGAMATTCTTGAGAAGTACGGCAAGTAGGGGE
ATTTATGOGGGATACGGTTAAAAACGCTGTTCCACCTGGCCTTATGE
CGGCTGOTAAGGAGCTTTGOGAGAGTGTCGCGTCCGAAAGGGAACTT
GACGCTCCGTCGAGGGTCCTTTTGTTGAACGCTTGCCGTATCGCTGA

1 Sequences 14,998 bp GCl Exportl ?

I then click “export” in the lower right corner, and “Create sequence from this entry
only” from the menu that appears.




A DNA Master sequence file will be

@ Extracted from FastA Library etude.fasta

created:

Features ] References I Sequence ] Documentation I

Genome Taxonomy Notes
Organism : Domain : Notes on the Genome
GenomelD : 0 PrototypelD : 0 Division - Notes and Taxonomy are only available
Length: 0 Date Cieated: 10/4/2011 | 0o hen sequences are loaded fiom the
Replicons : 1 Genome Date : 10/4/2011 i
Features : 0 GC Content: 0.00
Cal Table :
Directory : DMTemp 40826.58639174%

Replicon
Replicon LI
NCBI Date : 10/4/2011 NCE| Genome :
Topology : Linear Accession :
Length : 14998 Version : Notes on the Replicon
Features : 95 Gl
ORFs: 94 Status : Current
RN&s: 1 Deletion : Vulnerable
GC Content : 0.00 Origin: 1
ORFGC:53.8+6.8 Terminus : 29836
GC3:77.8+10.3
Cal: 05978 £ 0.1095
Translation Table : Unspecified: default to standard code
\ | | .}=11| 4 |®‘| | [» |[.>l;=| b | 1-14998 Position : 3881 [v Controls >> Map [V Map >> Controls
0 Features 14392 [Z

This file is empty other than the imp
“Sequence” tab above.

orted sequence (viewable if you click the

Now I auto-annotate this file to generate and import the information from Glimmer,
GeneMark, and Aragorn into the file.

Click Genome->Annotation-> Auto-Annotate



Gene Calling BLAST Searches
v Document tRNAs found with Aragom [~ Perform BLAST search on nr database
v Document ORFs found with... Save hits with E-values less than 10E- [10° 3]
" Glimmer 3.02 analysis .
|v Regardless of their E-values, save |1 :I
" GeneMark HMM analysis 2
{+ Both analyses, combining them as follows: Iv Limit number of hits to be saved to |25 ¢I
f¢" Favor Glimmer calls [~ Remember these settings
" Favor GeneMark calls
|~ Exclude genes called by only one method
[ Exclude genes called only by second method
M aximum wait time |1 minute Ll
[v Examine and learn gene features No BLAST scheduled
Autosave
v Autosave DNAMS file as |Exttacked from Fastd Library etude.fasta_snnotated.dnamb
[ Export alternative start codons |~ Export a Profile of features
| Export a summary of BLAST hits [~ Export a list of Gray Holes and gene overlaps
[~ Export a GC-Content map [~ Export a Six-Frame map
|~ Export Frames map |~ Export an ORF map

Height (200 3| Width 599 % Scale [1/2"/kb |
Tiers |2 = Size to |25 ¢| kb per tier
Export Directory |Z:"~.Mycophages'\ Browse... |

Analysis
¢ Current Replicon
~

Status : |dle _?J

h

[~ Export log file
Annotate

Uncheck all the analyses buttons and then click “annotate”. As Etude is a relatively short
piece of DNA, I will check the “BLAST” box at the upper right.

Once my genome is annotated and BLASTed, I will save it as Etude_annotated.dnamb5.

Now I will generate the data from the programs outside of DNA master that I will need
to review the auto-annotation.

GeneMark TB:

GeneMark is located at
http:/ /exon.gatech.edu/ genemark /genemark prok gms_plus.cgi

There is also a link from the phagesdb website. Upload the etude.fasta file and use the
Mycobacterium tuberculosis coding model (either strain is fine).




Sequence File upload:e
V aem——1

/Users/welkin/Documents/Mycophages/SEA phages/etude.fasta ( Browse... )

Running Options

Species: @/ Mycobacterium_tuberculosis_H37Rv

RBS model: e[ Ecoli [3)

Use alternate genetic code: e
O Eukaryote (e.g. Yeast, ATG = only start)
O Mycoplasma (TGA = Tryptophan)

Output Options

Graphical output optionse

™ Generate PDF graphics (screen)
) Generate PostScript graphics (email)
™ Mark orfs on graph

™ Mark regions on graph

# Mark stop codons on graph

# Mark start codons on graph

™ Mark frameshifts on graph

[ Mark putative exon splice sites
# Print graph in landscape format

Email address (required for PostScript email output)

Run
Start GeneMark )( Default

Window size:o{ 96 [¢)bp
Step size:o{ 12 [5)bp

Threshold:e{ 0.5 5)%

Text output optionse

[ List open reading frames (ORFs) predicted as coding sequences
(CDSs)

[ List regions of interest

O List putative eukaryotic splice sites

) Write protein translations of ORFs

[ Write nucleotide transcripts of ORFs

[ Write protein translations of regions

[ Write nucleotide transcripts of regions

[ Write protein translations of putative exons
[ Write nucleotide transcripts of putative exons

Opening the .pdf of the GeneMark output should show you a 5 page doument that

begins like this:

-l Probann

L IH] H
H HEE

| | | | | | | |

0200 1200 1500 1800 2100 2400 2700 3000

| | | | | | | |

i b oW i e e S B e R IR R B
T T T L R T T e = = S S o b
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AV N B P I N R N R N N I I N

Here are the first four and start of the fifth genes in Etude as called by GeneMark. Each
tier represents a different reading frame, with upticks from the center horizontal in each



tier representing start codons in that frame and downticks representing stop codons in
that frame. ORFs of significant length are shown as horizontal lines in each tier. Coding
potential is shown by the wiggly trace lines. Areas that GeneMark has designated
“regions of interest” are shown with gray bars through the coding potential. Sometimes
these regions are actually genes, sometimes not. I find it easier to just ignore the gray
bars completely.

Aragorn:
Aragorn is found at

http://130.235.46.10/ ARAGORN//

or linked to from phagesdb.org.
Upload your FastA file, and change the default to “tRNA and tmRNA”.

Bjorn Canbéack Bioinformatics ARAGORN | ARWEN | BRUCE | optalign | RA

Home | Projects ‘ Publications ‘ Online services

Online services QWK

ARAGORN ARAGORN, tRNA (and tmRNA) detection in nucleotide sequences

ARWEN
Dean Laslett, an Australian specialist in stable RNAs, is the developer of ARAGORN. There is a version for download which requires

BRUCE compilation with a C-compiler (for example with gcc -O3 -ffast-math -finline-functions -o aragorn aragorn1.2.33.c; ignore any warnings about
trigraphs).

optalign

RAMI

Input sequence (both strands will be searched, max. 15 MB)
External links
tRNAscan-SE
Sprinzl compilation

Upload a fasta file with one or several sequences:
/Users/welkin/Documents/Mycophages /SEA phages/SEA2010/etude.fasta

or select a genome from the list: | Methanococcus jannaschii (NC_000909) a

Select options (see here for all options in the standalone version)

Search for (default tRNA): [ tRNA & tmRNA B‘

Search allowing introns, 0-3000 bases (default no): [ no %

Sequence topology (default linear): [linear %)

Strand(s) (default both): [(botn 1)

Output format (default standard): [ standard s
Then click “Submit”



etude
14998 nucleotides in sequence
Mean G+C content = 60.2%

1.

2]

I+

+

\nrrn?rna.n
ouua PO

tg
t caccc a
taaa a 1 g
t cgg gtggg c
t tt

caaa t

tRNA-Leu(caa)
75 bases, %GC = 56.0
Sequence [6240,6314)

Primary sequence for tRNA-Leu(caa)

1 . 10 . 20 . 30 . 40 . 50
ggtcctgtaggcaaattggcaaageccgegtcactcaaaatgacgtgtetyg
tgggttcgagtcccaccggqgactac

The web-based Aragorn output shows a single tRNA that has a correctly-trimmed 3’
end. I will come back to this when I get to the tRNA in my draft annotation.

tRNA-Scan SE:
tRNA-Scan SE is available at:

http:/ /lowelab.ucsc.edu/tRNAscan-SE/ or linked to from phagesdb.org

I leave the default settings alone, and browse to my file:



Search Mode: | Default

“

Format:

@ Raw Sequence
Sequence name (optional):

O Other (FASTA, GenBank, EMBL, GCG, IG)

Paste your query sequence(s) here:

Source: | Mixed (general tRNA model) |+ ]

(no spaces)

Run tRNAscan-SE

(Queries are limited to a total of less than 5 million

nucleotides at any one time)

Clear Sequence

or submit a file: /Users/welkin/Documents/Mycophages,

® Show results in this browser.

O Receive results by e-mail instead:

( Run tRNAscan-SE) (Clear Form)

Now I click “Run tRNAscan-SE.

The results are similar to Aragorn, however tRNAscan SE has called the tRNA with one

extra base:

Results

tRNA
Type

Bounds
End

tRNA
tRNA # Begin

Sequence
Name

Your-seq 6242 6315 Leu

View tRNA

Cove
Score

Intron Bounds
Begin End

Anti
Codon

I will evaluate these when I reach the tRNA in the genome sequence.



At this point, I might also make a genome map, however, this genome is so small I can
visualize the entire thing at once in DNA Master, so I am going to skip the map.

Whole Genome overview:

ELE Etude_annotated Q@@

Overview Features IHeferencesI Sequencel Documentalion]
Sort By |Index Ll 4 |Name Stat_ [Stop | & Desctiplion] Sequence] Producll Regions Blast IConlext]
Select Features IDirect SQLI 41 83 486 Score | Target Desciiption | »~
Type i lal < - ; ;;g 18;23 L 578 gp1 [Mycobacterium phage LeBron)
. | 560 gpl1 [Mycobacterium phage JoeDirt)
Name like 4 1053 2636 H i i
- 167 gp1 [Mycobacterium phage Faith1]
GenelD = | 5 2626 4236 —
Locus ke | B 4318 5373
7 5427 6038 v
Start — —
o M s 6136 6243 LG O
Length |5 | B239 6317 | Accession YP_003857132 mum—— 00
Regions |3 9 B384  BGO7 Gl 304360950 Export All
5 W Length 127 Delete
% 10 6647 6736 L_—eends |
EE < (11 £a02 7360 Max Score 578 Date 10/10/2011 Delete Al
= . B - High-Scoring Pairs [HSP)
) | 12 8315 9187
ECH ke | 3 3411 10855 HSP Data Alignment
Product  lke | | |14 11265 11486 1 MCRGREKXK XCCOOOOOK KXTRSAVEAK VARKPKNAQE YAVQ A
Function like 15 11588 12100 1 FErrrrrrrr eeeeerrrrr reerrrrrrr rerrrrreer reel
BEG 12299 12637 1 MCRGRGKDPS SPCCRSEDSR PCTRSAWEAK VAAKPRNAQE YAVQ
FeaturelD = -
Tag ke | 117 13031 [13438 S1  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
A4 51 Frrrrrrrrr reeeerrrrr reerrrrrrr rerrrrrrer ree
™ Hide lgnored Features <3 ) > 51  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
Gelont &ll Fastiras | Insert | Deletel Post Validatel =
b Ip] M| 1-14998 Position : 4755 v Controls >> Map [v Map >> Controls
Dl (el el
21 Features

My auto-annotation has 21 called genes and 1 tRNA. If I click on the BLAST tab for gene
1, I can see the scores of the alignments from GenBank and the actual alignment.

I can tell from the interactive map at the bottom of my Etude sequence file that there are
some large gaps in my genome between genes 11 and 12 and 13 and 14. I will take a
closer look at these areas when I reach them in my annotation. There is also a gene
overlap with gene 8 and the tRNA. This will also need to be resolved.

Refining my annotation
I now open the Frames window:

Click >DNA->Frames

>Toggle on the features listed in my features table by clicking the “ORFs” button in the
lower right-hand corner.
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@ ORF Analysis for Etude_annotated
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FeaturelD =
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PEERRREEEE FRrrr b b e v e
MGRGRGKDPS SPGGRSRDSR PGTRSAWEAK VAARPRNAQE YAVQ

WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
PEERTREEEE FRrrr e b e e e
WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT

Insert | Delete |M Valldalel

[4[@f=[> [»]

[ 1-14338

Position

1 208

1 Fashwas liva

| 5

2725

v

s O[T HehI [

Controls >> Map [V Map >> Controls
{12 {13 175 18

14902

197|20;
o

As you mouse over the Frames window, the lower left box will display in real-time the
base pair coordinate of your cursor.

My screen isn’t quite big enough to comfortably display both the frame window and my
sequence window, so I will be flipping back and forth between the windows.

In the Frames window, I see my forwards transcribed ORFs in green, the reverse in red,
and my tRNA in blue. The horizontal tiers represent the six-translational frames, and the
full vertical lines within the tiers are stop codons while the half-vertical lines are start
codons.

Before I start going through the genes one by one, I am going to validate the gene calls
and renumber the genes. The auto-annotation function of DNA Master does not assign
gene numbers to tRNAs, however, we do count them in our genbank files. To keep

everything consistent, it is easiest to renumber genes initially and then again at the end
of the gene identification process. As you grow more confident in your annotation

ability, you may also want to renumber periodically as you add and delete genes from
the annotation.

To renumber (and assign locus tags):

Click = Validate (at the bottom of the central column)
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ﬂ Etude_annotated

]

Overview Features I Fleferences] Sequencel Dncumentalionl

CBX

Length .
Regions .
%GC <

o B
T ECH# like
| Product like

FeaturelD =

Tag like

|~ Hide Ignored Features

"
g Select &1l Faahiras I

Sort By |lndex LI d
Select Features I Direct SOL I
Type is |l =
Name like ﬁ
GenelD =
Locus ke
Start -

Function like 0

IName |Start |Stop
|1 g3 466
> 475|849
| |3 883 1053

4 1059|2636
s 2626|4296
0B 4318|5373
| |7 5427 6038
BE B136 6243
N 6233 6317
HE 6344 |6B07
| [0 6647 6796
[ [ 902 | 7360

12 8315 9187
BEE a1 |10655
14 11265 11436
| |15 11588 12100
| |16 12293 |12637
| |17 13031 |13438
22 i >

— — o -~
e | Dele!el Postl Vali datel Reassign Gene Data | Locate Gray Holes > | 300 v] bp

N Desctiptionl Sequencel F’loduct] Flegionsl Blast I Context  Validation I

All ORFs appear valid

Control | Nubering |

v Assign Names by order of appearance
|v Assign Products by order of appearance
v Ovenwite existing values
[~ Ovenwrite default Names & Products only

v Assign new Locus Tags by order of appearance
Locus Tag Prefix |ETUDE Search NCBI database ...

21 Features

Position : 5315

7 el

v Controls >> Map v Map >> Controls

(rz ] (e ]

Check the box marked Overwrite existing values

Write the phage’s name in the Locus Tag Prefix field. GenBank uses locus tags to assign
a unique id to every gene in the database. We prefer to create our GenBank submission
files with locus tags comprised of the phage’s name and gene number already assigned,
to prevent GenBank from assigning every gene a random number.

Click->Reassign Gene Data
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@ Etude_annotated Q@@

Overview Features I Hefetencesl Sequencel Documentalionl

SotBy [Index | 4] |Name  |Stat  [Stop || Desciiption| Sequence | Product | Regions | Blast | Contest Validation I

Select Features | Direct 5L | | 83 |486 Al OFFs appear valid
- m DE 475 849

Type s I NE 883 1053

Name like [ 4 1059 2636

GenelD = |5 2626 4296

Locus ke | |6 38 5373

N ———

Lengh [ BE 6239 6317

Regions B | 10 6344 |BEO7

%GC < | |11 B647 6796

o | _13 302 7360 Contral | Numbering |

) 13 8315 9187
ECH like (14 9411 10655 [v Assign Names by order of appearance
Product  like 115 11265 11496 [V Assign Products by order of appearance
Function like WG 11588 12100 v Ovenwrite existing values
FeaturelD = 17 12293 12637 [~ Overwite default Names & Products only
Tag like | 118 13031 |13438 v Assign new Locus Tags by order of appearance
 Hidel - < 5 Locus Tag Prefis |[ETUDE Search NCBI database ...
ide lgnored Features
o —
Gelont &l Fastires | Insert | Delete | Post | Validate | § ==y 300 :l' bp
| | | |®\| | | | | 1-14998 Position : 7248 v Controls >> Map ¥ Map >> Controls
VRl e s O e DTl Gl (e

21Features | Live |

The genes have been renumbered (notice the tRNA is now gene 9, whereas before it
didn’t have a number), and the locus tags have been adjusted.

I will now start with Gene 1.
Gene 1:

We need to decide: if this gene is a gene, if it is really gene 1, and where its start is. To do
this, I will examine five pieces of data: coding potential in GeneMark TB,
Glimmer/GeneMark calls, ribosome binding site (RBS) scores, gene gap/overlap with
preceding gene, and BLAST alignment with previously annotated genes.

Coding Potential: From looking at the GeneMark TB output, it appears that the coding
potential starts in this genome around 200 or so bp. There aren’t any ORFs upstream of
the called Gene 1 with coding potential, so I am confident that this gene is, in fact,
Genel.

Glimmer/GeneMark: From the Notes field in my auto-annotation, I can tell that
GeneMark and Glimmer have called this gene; Glimmer starting at bp 83, and
GeneMark starting at bp 215. This means that the GeneMark call does not encompass all
of the coding potential as shown by the GeneMark TB output. However, both programs
called the gene, and there is good coding potential in the GeneMark TB output. So I am
confident that this ORF is a gene, and now just need to resolve what the start coordinate
should be.
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Overview Features I Heferencesl Sequencel Documentation|
SortBy [Index | 4 [Name Stat__ [Stop || Description I Sequence | Product | Regions | Blast | Contest | Validation |
Select Features I Direct sQLI 4l 83 466 MNemg |1 GenelD
2 475 843
Type is Al v 3 383 1053 Type cDS v| Gl
Name  like |4 1059 2636 Start I 83 Locus Tag IETUDE_1
GenelD = | |5 2626 4296 Stop 466 Regions | 1
Locus ke | |B 4318|5373 Length 384 Tag |
7 5427 6038 —
Start . — Direction Forward g
8 6136 6243 -
Length - : q £239 17— Translation Table |Undef|ned LI
Regions |3l 10 £344 6607 EC Number
%GC < |11 6647 6796
e 6302 7360 Product
w o |13 8315 9187 gpl
ECH ke =
A 14 9411 10655
Product  like | |15 11265 11486 Function
Function  like |16 11588 12100
Feaweld = [ 117 12299 12637
T lik I— _18 13031 13438 Notes |
e 1se v | |Original Glimmer call @ bp83 has strength 7.02; GeneMark calls start at 215
[~ Hide Ignored Features <3| ) 2
Gelort &1l Foshras | Insert | Deletel Posll Validale'
4| < 1-14998 Position : 14920 v Controls >> Map ¥ Map >> Controls
B Gl el
21 Features

RBS scores: Click on the first highlighted green bar in the “Frames” window, and then
click the “RBS” button at the lower right of the Frames window. A new window will

pop-up.

@ Choose ORF start

Starts: 10 ORF Start : 83 Cdn1 Cdn2 Cdn3 Length o |
Selected : 1 ORF Stop : 466 5End BE.7 BE7 B0 126 -
ORF Length: 384 3'End |384 706 541 256
[ | | [ [ ] 275

Shine D |algarno |Secquence of the Region [Start|Start ORF g
# Score Space Upstream of the Start Codon|Position |Length —
]: vvvvvvvv 5z8 2 ACCCCTGGTAGGAGGCTAMATC GTG 83 384
z 345 9 GAAGAACGCGCAGGAATACGCG GTG z09 258
3 4z0 8 CGCGCAGGAATACGCGGTGCAG ATG  Z1S z5z
4 441 7 GAACGTTTGGACCAATCAGGGG ATG z7z 195 2
IT< /‘141 (-] COACOCCOCTOCTATOCASACT T 7ac ARe R —

>
biNEld |
The start at position 83, the one called by Glimmer, has a higher Shine-Dalgarno (RBS)

score (525) than the GeneMark start at position 215 (420). The start at position 83 is
yields the longest possible gene as well.

Gap/Overlap: Since it is gene 1, we can omit determining the gap or overlap with the
upstream gene (as there isn’t one!)

BLAST data: If I click on the BLAST tab (see below), I can see that the genes in GenBank
that align well with my gene. Our top hit is (as expected from our phamerator view) to
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LeBron gene 1. More importantly, when we look at the alignment, we see that “Query 1”
aligns with “Sbjct 1”. This means that we selected the same start codon that was chosen
in the LeBron annotation. While it is not necessary to pick the same start codon as
another closely related previously curated phage, it is necessary to examine all possible
start codons, weigh the data, and make the best choice. Knowing that we have selected
the same start codon as a similar phage makes it more likely that we have not
accidentally missed a more appropriate start codon and that our reasoning is supported
by previous examination of other annotators.

) Overview Features ] Hefetencesl Sequencel Documentationl
Sort By Ilndex LI 4 |Name Stat  [Stop | A Desciiption | Sequence | Product | Regions Blast ]Contextl Validation |
Select Features IDirectSQL] L4 83 466 Score |Target Description I
Tupe i lal - 2 475 843 » 578 gpl1 [Mycobacterium phage LeBron]
3 889 1053 T ’ .
W ke li _4 e B 560 gpl [Mycobacterfum phageJo_eDut]
| 167 gp1 [Mycobacterium phage Faith1]
GenelD = 15 2626 4296
Locus like B 4318 5373
7 5427 6038
Start —
[>! HE 136 [6243 BLAST Hit
Length |3 | |9 6239 (6317 | Accession YP_003857132 mum——__E00_|
Regions 31 10 6344 |GBO7 Gl 304360950 Export Al
s B = Length 127 Delete
% 1 6647 6796 bt
e < = Max Score 578 Date 10/10/2011 Delete Al
cal - 17 A 6302 7360 i : ! el
13 2315 9187 High-Scoring Pairs (HSP)
ECH ke 14 9411 10655 HSP Data Alignment |
Froduct  like | 115 11265 11486 1 MCRGRGKGXK XOOOCCCOXK KKTRSAVEAK VAAKPKNAQE YAVQ A
Function like 16 11588 12100 1 PEEEErrerr reereerrer rrerrerrer reeerrerer reel
17 12299 12637 1 MGRGRGKDPS SPGGRSRDSR PGTRSAWEAK VAAKPKNAQE YAVQ
FeaturelD = -
T o | |18 13031 13438 51 WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTUPNG RIRT
™ 51 PEEEErrerr reerrereer rrerrerrer reeerrerrr reel
I Hide Ignored Features <5l > $1  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
Gelort &1l Faahmee | Insert | Delete | Post \/alidatel -
) | III 1 |®~| | ! | | [ | 1-143998 Position : 8890 v Controls >> Map ¥ Map >> Controls
ofzpl s e DO el s
21 Features 1

At this point, I am ready to make my decision. The BLAST data, RBS score, GeneMark
TB coding potential, and Glimmer output all suggest that the best start for this gene is
bp83.

Now we need to decide if this gene has a function. Click the “product” tab
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% Etude_annotated

Overview Features | Hefelencesl Sequencel Documentationl

Sort By |Index L‘ d
Select Features I Direct SOL ]

Type is Al v

Name like [—
GenelD i [—
Locus  like [—
Start - [—
Length - I—
Regions - [—

ECH# like I
Product Iikel

Tag like I
|~ Hide |lgnored Features

Selact &ll Faahiras |

[Stop |~ Description] Sequence Product I Hegions] Blast I Contexll Validationl

x6c [ L
ca W

Function like I i
FeaturelD = J I -

Name Start
M1 83 466
|2 475 849
HE 889 1053
4 1059 2636
s 2626 4296
s 4318 5373
7 5427 6038
HE £136 6249
HE 6239 6317
|0 £344  BBO7
1 6647 6796
12 £302 7360
HiE 8315 9187
14 411 10855
WG 11265 11486
s 11588 12100
17 12293 12637
HAE 13031 13438
<1 (i) >

™

Insert | Delete | Post| validate| L 1 v P M CUGA STDEKRHOMNOG GWEFY

128 Residues MW =14.36 kd Kyte Hydro = -0.0983
pl =8.47 OMH Hydro = -0.0246

MGRGRCGEKDPSSPGGRSRDSRPGTRSAWEARKVAAKPKNAQEYAVQMAESLGWEVEK
PNV TNQGMHAAGIETLTHRRGDAYVYATFTUWPNGRIRTVDVRVNGFHEDMFGSE
RERDKREAMKEILEKYGKZ

Position : 14708

‘IV Controls >> Map ¥ Map >> Controls

21 Features

Copy this sequence and paste into NCBI's BLASTP page.

http:/ /blast.ncbi.nlm.nih.gov /Blast.cgi?PROGRAM=blastp&BLAST _PROGRAMS=blast

p&PAGE_TYPE=BlastSearch&SHOW _ DEFAULTS=on&LINK LOC=blasthome
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<, BLAST
>

Home RecentResults Saved Strategies  Help

» NCBI/ BLAST/ blastp suite
blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
gp:83-466 (amino acid sequence): 127 residues
{GRGRGKDPSSPGGRSRDSREGTRSAWEAKVARKPKNAQEYAVOMAESLG From
To
Or, upload file )
Job Title
Enter a descriptive title for your BLAST search &)
() Align two or more sequences &
Choose Search Set
Database [ Non-redundant protein es () 4] ©
Organism -
Optional Enter organism name or id--completions will be suggested (JExclude .+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude () Models (XM/XP) (] Uncultured/environmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &

Program Selection

Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)
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By pressing the “BLAST” button at the bottom of the page, we get the following result:
Color key for alignhment scores

<40 40-50 80-200 >=200

I I m———
1 20 40 60 80 100 120

¥ Descriptions
Legend for links to other resources: [U UniGene E GEO E Gene 8 Structure E’J Map Viewerﬂ PubChem BioAssay

p!

Max Total Query  E
Accession Description | SCOYe | Yo | coverage |d Valio | Links
YP_003857132.1 gp1 [Mycobacterium phage LeBron] >gb|ADL70968.1| gp1 [Mycobact: 2 100% 7e-69

w
5 5
o 1S
w
& 5
o8

77% 1.4
32% 7.5
63% 9.9

XP_001528612.1 suppressor of stem-loop protein 1 [Lodderomyces elongisporus NRRL '
ZP 03489925.1  hypothetical protein EUBIFOR_02530 [Eubacterium biforme DSM 398¢
NP_147595.2 putative ornithine cyclodeaminase [Aeropyrum pernix K1] >dbj|BAA7¢

jw
w |
o
w
@
©

w
&
N
w
@
-

¥ Alignments
() Select All Get selected sequences Distance tree of results Multiple alignment

>Jref|¥P 003857132.1 E gpl [Mycobacterium phage LeBron])

gb|ADL70968.1 gpl [Mycobacterium phage LeBron]
Length=127

GENE ID: 9711717 1 | gpl [Mycobacterium phage LeBron]

Score = 263 bits (671), Expect = 7e-69, Method: Compositional matrix adjust.
Identities = 127/127 (100%), Positives = 127/127 (100%), Gaps = 0/127 (0%)

Query 1 VAAKPKNAQEYAVQMAESLGWEVEKPNVWT 60
\VAAKPKNAQEYAVQMAESLGWEVEKPNVWT
Sbjct 1 ¢ VAAKPKNAQEYAVQMAESLGWEVEKPNVWT 60

Query 61 NQGMHAAGIETLTMRKGDAYVYATFTWPNGRIRTVDVRVNGFHEDMFGSERKDKRKAMKE 120
NQGMHAAGIETLTMRKGDAYVYATFTWPNGRIRTVDVRVNGFHEDMFGSERKDKRKAMKE

Our top hit is (as expected from our Phamerator view) to LeBron gene 1. LeBron is the
only hit listed above that has an acceptable E value, and therefore we discount the other
hits and their possible functional assignments.

HHPred.
http:/ / toolkit.tuebingen.mpg.de /hhpred

Copy the amino acid sequence into HHPred's sequence field. Make sure to remove the
“Z" at the end (DNA Master represents stop codons with a Z in the product field).
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HOME ‘

Bioinformatics Toolkit
Max-Planck Institute for Developmental Biology

Login PDBalert Personal Databases Contact Imprint | Disclaimer | Help

Quickfinder j

CS-BLAST HHblits HMMER3 PSI-BLAST PatternSearch

ProtBLAST SimShiftDB

HHpred | HHsenser

HHpred - Homology detection & structure prediction by HMM-HMM comparison
NEW: Official server results for CASP9 structure prediction benchmark
Input
8237908 Paste protein sequence or multiple = cN
3443134 HHPR alignment
2933052 HHPR
8633021 HHPR | .
8646597 HHPR ( e —— 1 T
el R or upload a local file Browse.
5901234 HHPR
9593792 HHPR Select input format Fasta |
2220754 HHPR
6939899 HHPR | Reset form Submit job
1341118 HHPR
5777435 HHPR Search Options
1616175 HHPR
1208530 HHPR Select HMM databases Standard Genomes
6741199 HHPR (hold Ctr to select several) pdb70_80ct11 m Arabidopsis_thallana m
8088012 HHPR pdb_on_hold_60ct11 Caenorhabditis_elegans
9578553 HHPR scop70_1.75 Drosophila_melanogaster
interpro_34.0 (2 Homo_saplens (2

212046 LR pfamA_v25.0 v Mus_musculus v
8324397 HHPR
8188366 HHPR MSA Generation Method @ HHoiits O psiblast

HHPR

L . 3

9166533 HHPR Max. HHblits iterations _]
8706971 |HHPR Score secondary structure @ yes O no O predicted vs predicted only
7668194 HHPR
9704715 |HHPR Alignment mode @ local O global

L] L] L] L] L] L] L] I
100
Resubmit
E______3n5t_A 4 e 3adg.A
S Ty ) N
g 3efam 4 k. 2cpnA 4
192y_A

2dnt_A

g Jedh.A 2

Query Tue Oct_11 17:53:21_+0200_2011 (seq=MGRGRGKDPS...MKEILEKYCK Len=127 Neff=1.0 Nsegs=1)

Parameters score SS:yes search:local realign with MAP:no

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
() 1 3adg_A F21M12.9 protein; HYL1, B4.0 3.4 0.00013 24.7 5.9 48  80-127 23-73 (73)
D 2 1r91_A CGlycine betaine-binding 79.9 0.69 2.7E-05 31.9 1.8 44 40-89 25-68 (309)
(] 3 2cpn_A TAR RNA-binding protein 72.0 4.2 0.00016 25.4 3.8 37 88-124 45-82 (89)
[ 4 luhz_A Staufen (RNA binding pr 66.8 7.3 0.00028 24.4 4.0 40  88-127 35-75  (89)
[ 5 31q0_A Proastacin; metallopept 65.8 2.7 0.00011 30.7 2.1 60 58-124 11-74 (235)
[ 6 2dix_A Interferon-inducible do 65.1 7.6 0.00029 23.8 3.8 37 88-124 36-73 (84)
D 7 2h0e_A Transthyretin-like prot 59.9 5.5 0.00021 27.1 2.7 33 60-92 18-50 (121)
[ 2 101 & DHAT_TAU]  mukakiwa hin &0 7 &9 A n0nA%24 219 28 21 77-111 238 100y
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Only one of these alignments has a Probability score of above 80, and it from a small
portion of our query to a protein in Arabidopsis thaliana. We will consider this not a
match. Finally, the Hatfull-labeled maps also suggest that there is no known function for
gene 1 in LeBron.

Gene 1 has no known function (NKF).

Our last task is to add our annotation rationale to the Notes field for this gene.
In the Click on the Description tab in the right-hand section of the Features tab.
In the Notes field, add your notes.

Things to include: The gene coordinates for your gene call. Is this the longest possible
gene for this gene call? Is this the Glimmer/GeneMark call? What is the gap or overlap
between this gene’s start and the previous gene’s stop? Does this start have the best RBS
score? Does this gene match anything in GenBank when you BLAST it? If so, what?
What is the alignment between the start that you chose and the closest GenBank match?
Is there a known function?

t@ Etude_annotated Q@@

Overview Features IRefereneesI Sequencel Documentationl

SortBy [Index | 4 [Name  [Stat  [Stop | A Description I Sequence | Product | Regions | Blast | Context | Validation |
Select Features I Direct SAL | 112 335 4‘8‘: Name |1 GenelD
7 g
Type is |l v 3 889 1053 Type CDS v| GI
Name ke 4 1059 2636 Start 83 Locus Tag |ETUDE_1
GenelD = | |5 2626 4296 Stop 466 Regions | 1
Locus ke _‘?5 ;ng gggg Length 384 Tag |
Start . — Direction Forward i’
8 E136 6249
Length [ s 6239 &317  Translation Table [Undefined ~l
Regions [Bll 10 6344 | BEO7 EC Nurnber
%GC < | nm B647 E796 I
— 12 £302 7360 Praduct

o [ [13 8315|9187 apl
ECH ke — - y

| 14 9411 10655
Product  like | |15 11265 11486 Function
Function like | 16 11588 12100
FeawelD = [ |17 12299 12637
T Ik Ii M 18 13031 13438 Notes >

a0 ke V| |83-466. Glimmer call. Longest possible ORF. Includes all coding potential. Best
™ Hide lgnored Features < > RES score [525). Aligns 1:1 with LeBron gene 1. NKF
Gelort &1l Fastiee | Insert | Delete | Post | Validate |
| | |®~| | | | | 1-14938 Position : 8890 v Controls >> Map [V Map >> Controls
ERE: I B RCRDIER Y 1| EEYRN G- KGR TRN
21 Features Live

It is important that you physically type in the gene coordinates into your comments, as
in some cases I have received files in which people believe they have changed their start
coordinates and were not actually able to. In case there are any discrepancies between
the gene coordinates that you think you are choosing and the gene coordinates that are
actually saved into the file, it is important that you write what your gene coordinate
choices are into the notes here.
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It is also important that you report the BLAST alignments here, for two reasons: It is
possible to generate spreadsheets of the gene data fields, including the notes, that can be
very useful for genome checking. These spreadsheets will not include data from the
BLAST tab. And if you ever accidentally lose your BLAST data (say, from parsing your
documentation, or from corrupting your file) you'll have a record of what the alignment
was without having to BLAST your entire genome again.

Post your changes to the notes field, either by clicking “Post”, or by moving to gene 2 by
clicking on the corresponding row in the central column.

Gene 2:
On the feature tab, click “2” in the central column.

In the Notes for gene 2, we can once again see that Glimmer and GeneMark have
disagreed on the start for the gene (475 for Glimmer and 514 for GeneMark). However,
as with gene 1, we can see that both programs have called the gene, and that there is
good coding potential for the gene in the GeneMark TB output. So we will agree that
this is a gene, and now just need to resolve its start.

Now we check our three criteria for start selection: coding potential, gene gap/overlap
and RBS scores.

Coding Potential: the trace for the GeneMark TB coding potential doesn’t start to rise
until about bp 600 or so, so both the Glimmer and GeneMark start codons encompass all
the coding potential.

Look at the Frames window for gene gap/overlap:

@ ORF Analysis for Etude_annotated

& Ll [ 1 [ S I

& LT | L LT |

L LT LI |

L Il [ 1]

B LU | I m

B ||l LA |
1 188 375 562 749 936 1123 1310 1497 1€
bp: 62 [44| <|@Je]» |»| M| ORF 83 - 466 2] x| G+C| 5| Window: |E

We can see here that the called start (the Glimmer start) represents the longest possible
start for this gene—any extension would run into the upstream stop codon. There is no
gene overlap, and there is a 9bp gap.

The RBS scores: Click in the box with the second green highlighted bar, and then click
the RBS button on the lower right side of the frames window.
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@ Choose ORF start

Starts : 9 ORF Start : 475 Cdn1 CdnZ Cdn3 Length |
Selected : 1 ORF Stop : 849 5'End (385 692 462 39 :
ORF Length: 375 3'End 411 685 622 334
I Il [ I [ | 795
Shine D |algarno |Sequence of the Region |Start|Start ORF ﬁ
# Score Space Upstream of the Start Codon|Position [Length
1 {378 3 AGTACGGCAAGTAGGGGGATTT |ATG 475 375
z 150 9 ABBCGCTGTTCCACCTGGCCTT ATG £l4 336
3 z10 ? TGACGCTCCGTCGAGGGTCCTT TTG 586 z264
4 504 ? CGCTCCGTCGAGGGTCCTTTTG TTG 589 zZ6l e
c hed Srd el COCTTOCCCTATOSOTOASACD e =R = 7224 —
<0 >
THA 2

Again, the Glimmer call at 475 has a higher score than the GeneMark call at 514.
Examine the BLAST tab:

@E Etude_annotated Q@@

Dverview Features I Heferences] Sequence] Documentation |
Sort By |1ndex ﬂ 4 IName lStart IStop e Description] Sequencel F‘toductl Regions Blast IContextI Validationl
Select Features I Direct SQLI 8?5 ;ig Score |Targel Description |
i I 4 572 gp2 [Mycobacterium phage JoeDirt]
L =1 NE 883 1053 | 580 ap2 [Mycobacterium phage LeB
Nems like Ii _4 \Eh S | gp2 [Mycobacterium phage LeBron]
. n 437 gp2 [Mycobacterium phage Faith1]
GenelD = I - 5 2626 4236 | 193 hypothetical protein SYEN_3985 [Streptomyces
Locus ke - ? ;3;:8? :3;2 191 gp10 [Mycobacterium phage Omega)
4 -
Start —
B HE 136 6249 BLAST Hit
Length . HE! 6233 B317 | Accession AEKD7049  mo— __Esport_|
Regions 31 10 6344 6607 Gl 339781215 Export Al
| = Length 124 Delete
% 11 B647 6736 e
ElE < 12 £an2 7360 Max Score 572 Date 10/10/2011 Delete Al
e . I B 13 3315 9187 High-Scoring Pairs (HSP)
ECH ke | 14 9411 10655 HSP Data Alignment
Product ke | | 115 11265 11486 1 MCDTVKNAVP PGLMAAGKEL WESVASEREL DAPSRVLLLN ACRL A
Function like 16 11588 12100 1 Lerrrrrrrr reeererrrr rerreerrrr rererrrrer vl
17 12299 12637 1 MGDTVENAVP PGLMAAGKEL WESVASEREL DAPSRVLLLN ACRL
FeaturelD = |
M e AL 13031 13438 51  LDQEIDGRLL SYNQRGDEVI NPLISEHRQQ YTTLANILGK MGLG
v 51 FEEEEErerr rereeeeerr rerrrrrrrr reereerrrr rend
[~ Hide |gnored Features L Jfim > 51  LDQEIDGRLL SYNQRGDEVI NPLISEHRQQ YTTLANILGK MGLG
Celont &ll Fastires | Insert | Delelel Post Validatel [ =
\ | > p || 1 - 14998 Position : 13780 [V Controls >> Map [v Map >> Controls
| BER Gl Gl
21 Features

Once again, the best match aligns 1:1 with JoeDirt and LeBron.

So we will pick the Glimmer call at 475 as our gene start, and enter the appropriate
description into the notes. Now that we have an upstream gene, we will also write the
gap/overlap in bp of this gene with the previous one.

Functional assignment: If we BLASTP this gene outside of DNA Master on the NCBI
website, or examine Phamerator, or the Hatfull-approved genome maps with functions,
we will see this gene is the small subunit of the terminase.
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Click on the product tab in DNA Master (or on the gene in Phamerator

i?i Etude_annotated Q@@

Overview Features ] Refelencesl Sequencel Documentationl
SotBy |index | 4 |Name  [Stat  [Stop  |a& Description | Sequence Product I Regions | Blast | Context| Validation |
Select Features | Direct 5L | | 83 466 125 Residues Mw/=1376kd  Kyte Hydro = -0.0567
12 475 849 | =7.75 OMH Hydro = -0.0230
Type s |Al =l = &
) | 13 883 1053 CD TVRNAVE PGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQET
Name like 4 1059|2636 DGRLLSYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPRAKQENSRUDELA
GenelD = RE 2626|4296 KKRARRRRKAAQASZ
Locus like | B 4318 5373
7 5427 B038
Start —
- _8 6136 6243
Length  [B BE 6233 6317
Regions Bl [ [10 6344 | GEO7
%GC < [ 6647 6796
i 12 6302 7360
cal -
ECH E li 13 8315 9187
e [ [14 9411 10655
Product like | |15 11265 [11486
Function like |16 11588 12100
Featweld = /[ |17 12293 12637
T ik 18 13031 13438
ag ike — v
[~ Hide lgnored Features <3 (| .2
wy— Insert | Delete | Post| Vaidate| L | v P M C UG A ST DEKRHONQGWEF Y
M|« @)z v ] ] 1-14938 Position: 14708 |W Controls >> Map ¥ Map >> Controls
Lol e E( s O e DMl el (il
21 Features

As in gene 1, copy and paste the amino acid sequence into the NCBI BLASTP page. The
BLAST result show more hits this time, not only LeBron, but multiple other phages. This
gene is the small subunit of the terminase, and so we must add the function into our
annotation. The LeBron alignment is still “query 1 to sbjct 1”7, indicating that gene 2 of
LeBron and our gene 2 of Etude use the same start codon.
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Distribution of 18 Blast Hits on the Query Sequence &/

[Mouse over o see the define. cick to show alignments |

Color key for alignment scores
<40 40-50 50-80 80-200 >=200

| | | | |
40 60 80 100 120

Query

-
N
(=)

Descriptions
Legend for links to other resources: [T UniGene [3 6E0 [8 Gene E structure [T Map Viewer B PubChem BioAssay

I | Maxscore Totalscore |  Querycoverage |_ Evalue Links
YP_003857133.1 gp2 [ ium phage LeBron] >gb|ADL70969.1| gp2 [Mycobacterium phage LeBrol 246 246 100% Se-64 [G}
NP_818311.1 gp10 [Mycobacterium phage Omega] >gb|AAN12654.1| gp10 [Mycobacterium phage Om 87.8 87.8 89% 4e-16 [G]
2ZP_06825994.1 hypothetical protein SSBG_02573 [Streptomyces sp. SPB74] >gb|EDY44611.1| hypothet 22.4 72.4 59% 2e-11
YP_002882537.1 hypothetical protein Bcav_2527 [Beutenbergia cavernae DSM 12333] >gb|ACQ80775.1] 52.0 57.0 55% 7e-07 6]
YP_002781224.1 hypothetical protein ROP_40320 [Rhodococcus opacus B4] >dbj|BAHS52279.1| hypothetic 56.2 56.2 75% le-06 G}
YP_003162104.1 hypothetical protein Jden_2164 [Jonesia denitrificans DSM 20603] >gb|ACV09801.1]| hyf 535 535 69% 8e-06 G|
YP_706493.1 hypothetical protein RHA1_ro06562 [ jostii RHA1] >gb]A 335.1/ hypoth 50.1 50.1 56% 9e-05 G]
2ZP_06501003.1 phage terminase, small subunit, P27 family [Micrococcus luteus SK58) >gb|EFD51948.1| 48.5 48.5 66% 2e-04
2P _07714862.1 conserved hypothetical protein [Corynebacterium pseudogenitalium ATCC 33035] >gb|EF 416 41.6 83% 0.029
YP_655890.1 gp25 [Mycobacterium phage Wildcat] >gb|ABE67630.1| gp25 [Mycobacterium phage Wil 40.4 40.4 82% 0.074 |G}
ZP_06832385.1 conserved hypothetical protein [Rhodococcus equi ATCC 33707] >gb|EFG59276.1] conse 327 37.7 65% 0.43
2ZP_03646336.1 hypothetical protein BbifN4_04215 [Bifidobacterium bifidum NCIMB 41171] >ref|YP_003¢ 37.7 37.7 3% 0.43
YP_885333.1 serine 3-dehydrogenase [Mycobacterium smegmatis str. MC2 155] >gb|ABK70390.1| ser 37.7 37.7 55% 0.44 G]
YP_003886949.1 sodium/ exchanger [C: e sp. PCC 7822] >gb|ADN13674.1| sodium/hydr 347 347 37% 4.4 G}
ZP_04402134.1 MSHA biogenesis protein MshM [Vibrio cholerae TMA 21] >gb|EE015293.1| MSHA biogen 34.3 34.3 56% 5.1
XP_864435.1 PREDICTED: similar to sterile alpha motif domain containing 4 isoform 4 [Canis familiaris 339 339 61% 5.9 U G M|
YP_002894263.1 t [ auensis DSM 9187] >gb|ACQ94677.1| transketolase [Tolumoni 335 335 71% 9.0 [G]
2ZP_06399327.1 acyl-CoA dehydrogenase domain protein [Micromonospora sp. L5] >ref|YP_003833223.1 335 33.5 41% 9.7

v Alignments
() Select All Get selected sequences Distance tree of results Multiple alignment

>ref |¥YP 003857133.1] IEi gp2 [Mycobacterium phage LeBron]

gb|ADL70969.1 IEi gp2 [Mycobacterium phage LeBron]
Length=124

GENE ID: $711608 2 gp2 [Mycobacterium phage LeBron]

Score = 246 bits (629), Expect = 5e-64, Method: Compositional matrix adjust.
Identities = 122/124 (99%), Positives = 122/124 (99%), Gaps = 0/124 (0%)

Query 1 MGDTVKNAVPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL 60
MGD VKN VPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL
Sbject 1 MGDGVKNTVPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL 60

Query 61 SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA 120
SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA
Sbjct 61 SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA 120

Query 121 AQAS 124
AQAS
Sbjet 121 AQAS 124

We are confident enough with the BLASTP and map assignments that it is not necessary
to run HHPred.

Add detailed annotation notes as in gene 1. Make sure that you include the gene
gap/overlap, the functional assignment, and the source of your functional assignment.
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Since this is a Hatfull Map approved function, we will add it to the Function field as
well:

@ Etude_annotated E]@

Overview Features ] Hefetencesl Sequencel Documentalionl

Sort By IIndex LI 4 |Name |Slalt IStop # | Description I Sequencel Producll F!egions] Blast I Contextl Validation]
Select Features I Directs0L| I 83 466 Name |2 GenelD
2 475 843
Type  is Al v : 3 262 1053 Type  |CDS ~| Gl
Name  lke 4 1059 2636 Start I 475  Locus Tag IETUDE_2
GenelD = | |5 2626 4296 Stap 849  Regions | 1
Locus  like | |B 4318 5373 Length 375 Tag l
7 5427 6038 =
Start — irection Fi
arl . 5 % 619 Direction Forward g

Length . BE 6239 6317 Translation Table |Undefined ~|
Regions Bl : 10 6344 BEO7 EC Number
%6C < [n B647 (6736 |
| e A BI02 7360 Product

cal -
- E | 113 8315 9187 ap2

e | [ |14 3411 10655
Product  like 15 11265 11486 Function
Function like 16 11588 12100 Terminase, small subunit
FeaturelD = || 17 12293 12637

. l— 18 13031 13438 Notes vl
Tag ike B ¥ | |475-849. Gene gap 3bp. Glimmer start. Longest possible ORF, all coding potential
[~ Hide Ignored Features <) > included. RBS score 375 (much higher than GeneMark start). BLAST alignment

— — 1:1 with JoeDirt. Terminase, small subunit{BLAST, GFH Map)
Gelort &l Foahmee | Insert | Delete | Post | Validate |

1-14998 Position : 9992 v Controls >> Map v Map >> Controls

[OREir Gl Chaall

21 Features

Gene 3: Look at the coding potential trace in the GeneMark TB output. The coding
potential after Gene 2 shows a smaller peak in the top tier following the gene 2 peak.

: '_|: HLi—‘—i—i "i_‘_l'i"lu_il"lh: |§|"‘—|§| 1 |§| ||E |‘—§1l‘-|| EII'III‘

Glimmer has decided to call this ORF a gene, GeneMark has decided to omit it.
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% Etude_annotated Q@@

Overview Features IFlefelences] Sequencel Documentalionl

SotBy |Index | 4 [Name  [stat  [Stop || Description I Sequence | Product | Regions | Blast | Contest | Validation |
Select Features I Direct SQLI 466 Name |3 GenelD

849

Type is Al vI 1053 Type DS ~| GI

Name like 2636 Start 889 LocusTag |ETUDE_3

GenelD = 4236 Stop 1053 Regions I 1
Locus  like 5373 Length 165 Tag [

6038

Start - 49 Direction Forward g

Length - EM7 Translation Table |Undefined L‘
Regions . gen7  —  EC Number

%GC < N 6796

I— 7360 Product

- - 9187 op3

ECH# like ] 10855

Product like 11488 Function

Function like 12100

FeaturelD = 12637

T lik ﬁ 13438 Notes |

e e ¥ | |Original Glimmer call @bp 889 has strength 6.25 ** not called by GeneMark

[~ Hide Ignored Features <3 i 2

Gelont &l Fashuee | Insert | Dele!el Post Validatel
)| | 1-14998 Position : 14708 [V Controls >> Map [V Map >> Controls
B el (e

Since we see some coding potential in this frame and not in any others, and this ORF
nicely fills a gap in the genome between gene 2 and gene 4, we are going to call this
gene.

Now we need to pick a start codon. Examine the frames window:

e |L| || || I | | |
+ | | I | | || | I I
+ I O N A A | I | | (I[N} I

5 I | L1 ]
K | | | |

2 95 188 281 374 467 S60 653 746 8§39 932 1025
bp: 46 M|« 4|2/ » |»| M| OFF 475 - 843 i 1| G+C| 5| window: [EB 3] bp
Hints shown here

There are at least four possible starts for gene 3 that will not overlap with gene 2 (we
can’t overlap gene 2 at all in this case, as genes 2 and 3 are in the same frame. Gene 2’s
stop codon would prevent translation of gene 3 from any earlier start.)
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Now we use our five pieces of data to determine which start of the four possible starts
we like the best.

Coding Potential: the earliest blip in the GeneMark TB coding potential trace is about
900 bp, so all four starts encompass all the coding potential.

Gene gap/overlap: The best start here is the longest start, which leaves no gap between
genes. However, the tandem starts (start 2 and start 3) leave a fairly small gap as well,
either 10 or 13 bp.

RBS scores:

Starts : 5 ORF Start : 850 Cdn1 Cdn2 Cdn3 Length
Selected : 1 ORFStop :1053  5'End|100.0 100.0 667 9
ORF Length : 204 3'End 492 578 625 193
[1 | I ] 898
Shine D |algarno |[Secquence of the Region |[Start|Start ORF
# Score Space Upstream of the Start Codon|Position |Length
I l _______ 247 & TAMAAGCCGCTCAGGCGTCCTAG |GTG 850 z04
z 247 & TCAGGCGTCCTAGGTGCCGGGG  ATG 859 135
3 31z & GGCGTCCTAGGTGCCGGGGATG | ATG 862 132
4 zsz ? GTCCATTCGTTCGGGCCGGGGT GTG 889 165
s 399 ? CTACTGGTATAGGCGCGCTCAT  ATG 1006 43
TE B2

According to DNA master, starts 1 and 2 have exactly the same score, which is only very
slightly lower that start 4 (the Glimmer start). Start 3 has the best score of 312.

At this point, we need to weigh whether we minimize the gap (start 1 at bp 850) or pick
the best SD score (start 3 at bp 862). An interesting biological discussion!

I will check the BLAST results, too:
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Overview Features IHeferences] Sequence| Documenlationl
Sort By |Index LI 4 |Name |Stalt |5lop N Desctiptionl Sequence] Ploduct] Regions Blast ll:ontext] Validalionl
Select Features I Direct SQLI | 11 83 466 Target Description |
Type s |al v T g ;g: 18323 gp3 [Mycobacterium phage UPIE]
. L4 275 gp3 [Mycobacterium phage JoeDirt]
Name like
|4 1053 2636 274 gp3 [Mycobacterium phage LeBron)
GenelD = _[5 2626 4296 175 gp3 [Mycobacterium phage Faith1]
Locus like o 3 4318 5373
7 5427 6038
Start —
- I8 6136 5249 BLAST Hit
Lengh B BE 6239 6317 Accession AEKDTST  n——__EfPO_|
Regions B 10 6344 ee07 |Gl 339781718 Export All
- B Length 63 Delete
% 1 B647 E796 J et
o < I~ Max Score 282 Date 10/10/2011 Delete Al
Cal - ﬁ |12 6302 7360 i : i J A T
High-Scoring Pairs [HSP)
) 13 8315 9187
ECE ke 14 9411 10855 HSP Data Alignment
FiEiE L | 115 11265 11486 1 MVCPCCDEWT GTRAKEKRQW RREAGAELAE YDYWYRRAHM RDYLD A
Function like 16 11588 12100 1 FELLEEEEEE FEEEEr e brrrre e cerereeer e
17 12299 12637 10 VVCPCCDEWT GTRAKEKRQW RREAGAELAE YDYWYRRAHM RDYLD
FeaturelD = -
’ 18 13031 13438 51 NGDD
Tag like — ¥ | [s1
— INRN
[~ Hide lgnored Features 3 L) > 60 NGDD
Gelont &l Fashmee | Insert | Deletel Post Validatel
| | 1-14998 Position : 4445 [V Controls >> Map v Map >> Controls
Fofell= Gl (]
21 Features

This indicates that we are 9 amino acids short of the called start in the best BLAST hit,
that of UPIE. 9 amino acids is 18 bp, or equivalent to the start at 862.

Without wet lab evidence, we can’t really say. So at this point, I will choose the best SD
score at (bp 862) and the BLAST alignment. I could just as easily choose to minimize the
gap, as the SD score is not too terrible for start 1 and we frequently see phage genes that
start and stop practically on top of each other in this manner. Both are valid choices.

Change the gene start in the description tab:

> Write the new coordinate in the start field, and then click the calculator icon to change
the gene length and post the change to the database.
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>

Etude_annotated

'} Overview Features IFIeferences] Sequencel Documentationl
Sort By |Index LI 4 |Name  [Stat  [Stop | A Description I Sequence] Productl Regions' Blast I Contexll Validationl
Select Features I Direct SQL' 1 83 466 Name |3 GenelD
2 475 843
Type is IAIl vl E 3 262 1053 Type CDS v| GI
Name ke I | |4 1059 2636 Start 862 Locus Tag |ETUDE_3
GenelD =‘ I R 2626 4296 Stop 1053 Regions | 1
| Locus ke I |6 4318 15373 Length 192 Tag [
i 7 5427 6038
Start - I — Direction Forward g
8 6136 6249 -
Length - I : q £239 6317 Translation Table |Undehned L‘
Regions - I 10 6344 ge07  — EC Number
%6C <] | [ 6647|6796
— 12 6302|7360 Product
« N [ 13 8315 9187 gp3
'} ECH# like I =
i o 14 9411 10655
Product  like | | |15 11265 [11436 Function
Function like I |16 11588 12100
Feaweld = [ |17 12293 12637
= e [ 13031 13438 Notes =~
2 e ¥ |Original Glimmer call @bp 883 has strength 6.25 ** not called by GeneMark
[~ Hide lgnored Features 2 Jfim ]
: Gelort &1l Fashues | Insert | Delete | Validatel
| | » [ o[ 1-14338 |Position: 4445 | Contrals >> Map ¢ Map >> Cantrols
21 Features

Now reBLAST the gene: click the BLAST tab.
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Click “Delete all”. Click yes in the box that pops up that asks you if you really want to
do this. Then click “BLAST this gene”

@ Etude_annotated

Overview Features ] Heferencesl Sequence] Documentationl

B

Sort By Ilndex ‘j d
Select Features | Direct SOL I

Type is m
Name like

GenelD = [—
Locus  like

Start -
Length -

Regions . |

z6C <[
N | —
EC# ke |
Product  like [—
Function like [—
FeaturelD = [—
Tag ke [

|~ Hide lgnored Features

Selart 4ll Feahires I

|Stop |~ Desctiplionl Sequencel Ploductl Regions Blast IContextl Validalionl

Name |Stan
HE B3 466
| |2 475|849
CE 862 1053
[ |4 1059|2636
| |5 %% |42%
| [s 4318|5373
[ |7 5427 6038
HE B136 6249
HE 6239 6317
10 B344 6607
[ |1 BE47 6736
| |12 B302  |7360
| 13 8315|9187
14 W11 10855
[ |15 11265 11486
|18 11588 12100
| |17 12299 12637
18 13031 13438

<m >
Insert | Delelel Postl Validatel

There are no BLAST results for this feature
Blast this gene | Blast ALL Genes | Clear &l |

v

21 Features

Position : 14920 [V Controls >> Map ¥ Map >> Controls

ORER Gl Gl

A new window will appear, showing your BLAST request status. When it finishes, it
will load your data and look like this:
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L BLAST search for 862 - 1053 (3)

Retrieve

I Text Hesultsl Save to Database

Score Description ~ BLAST Hit
ap3 [Mycobacterium phage UPIE] = Accession AEKO7547

324 ap3 [Mycobacterium phage JoeDirt] Gl 339781718

323 ap3 [Mycobacterium phage LeBron] Length 63

223 ap3 [Mycobacterium phage Faith1] Max Score 330

74 hypothetical protein [Plasmodium vivax Sal-1]

73 hypothetical protein SCHCODRAFT_237055 [Schizophyllum commune ———

72 hypothetical protein Mnod_2475 [Methylobacterium nodulans ORS 206( HSP Coverage Map

70 Iyase family protein [&chromobacter sylosoxidans 48]

70 hypothetical protein Osl_19228 [Oryza sativa Indica Group)

E-Value Starts  High-Scoring Pair [HSP)

] Bit Score  131.721 Query 1-63 Positives 63
Score 330 Target 1-63 Identity 63
EMalue  5.2E-40 Length 63 Similarity  100.0
Z% Aligned 100.0 Gaps 0

1  MQSIRSCRGY VCPCCDEWTG TRAKEKRQWE REAGAELAEY DYWYRRAHMR
1 Lerererrrr reereererr reerererer orererrrerr rrrrrrrend
1 MQSIRSGRGY VCPCCDEWTG TRAKEKRQWE REAGAELAEY DYWYRRAHMR
51 DYLDSLEIGN GDD
SL Lrrrereerr
51 DYLDSLEIGN GDD

Click the tab that says “Save to Database”

W BLAST search for 862 - 1053 (3)
I| Retrieve | XML Results | TextResuls Save to Database

Maximum E-Value of HSPs to save Ignore Definitions including the following terms
1.2E-23 v

Save 4 Values

”

Only the top four hits have reasonable E values, so we will only save those four to our
genome database. I will click “save 4 values”. Then I close the window.

o\)_
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Back in my main genome window, the BLAST data has been altered for gene 3 (I had to
click gene 2 and then back to gene 3 for it to load into the window):

EE Etude_annotated Q@@

Overview Features IHefelencesI Sequence] Dncumentalionl
Sort By |Index LI 4 |Name |Statt |Stop »~ Description] Sequence] Ploductl Regions Blast IConlextI Validalionl
Select Features IDirect SQLI || 83 468 Score |Targel Description | »~
Type i lal ,] 18;23 L 330 gp3 [Mycobacterium phage UPIE]
. 324 gp3 [Mycobacterium phage JoeDirt]
Name  lke 2636 .
323 gp3 [Mycobacterium phage LeBron] =
GenelD = 4236 223 gp3 [Mycobacterium phage Faith1]
Locus ke 5373
st B e \
I— BLAST Hit
Length . | 6317 Accession AEKI7ES7  ne—— E#pOT
Regions B g607 |Gl 339781718 Export Al
& - Length B3 Delete
% 6796 _ Delete |
EE < Max Score 330 Date 10/11/2011 Delete Al
cal . li | 7360 i : i J oot
o High-Scoring Pairs [HSP)
- 9187
EC# like 10655 HSP Data Alignment ]
Product fike | 11486 1  MQSIRSGRGYV VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYR A
Function like 12100 1 FEEErrrrrr reeeeeerer reerrrrrrr reererrrrr el
W 12637 1  MQSIRSGRGY VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYR
FeaturelD =
= Do) - FE g [ yrpser e
Al 11 —
[~ Hide Ignored Features <3 i Rd 51 DYLDSLEIGN GDD
Gelort &1l Fastires | Insert | Delete | Post | Validate | _
M| 4| a|@z » [pp] pi) 1-14938 Posion: 4813 |V Contiols >> Map [ Map >> Contrals
o« 0 s O s O[Ol Gl (el
21 Features

Now when we BLAST the amino acid sequence of gene 3, it matches the UPIE
annotation gene 3, with the “query 1”7 aligning with the “sbjct 1”. This makes me feel
better about the start that I chose, for even though both starts were good choices, it is
nice to be consistent with a similar genome. That way, in the future, any wet bench data
that we get about this gene from one phage will be easily applied to similar genomes.

Check for functions via BLAST, Phamerator, HHPred, and the Hatfull Maps. None of
these return a known or likely function (the best HHPred match is to a zinc-finger
protein in Homo sapiens).

Add detailed annotation info to the notes on the Description tab:

32



@ Etude_annotated E]@
Overview Features IFleferencesI Sequence] Documentationl

Sort By Ilndex L‘ 4 |Name  [stat  [Stop || Description I Sequencel Productl Flegionsl Blast ] Contextl Validalionl
Select Features ] Direct50L| [ 83 466 Name |3 GenelD

. 2 475 849
Type s |Al v T 3 62 1053 Type CDS v Gl
Name  lke I 4 1059 2636 Start 862 Locus Tag IETUDE_3
GenelD = | I BE 2626 4296 Stop 1053 Regions | 1
Locus  like I | 6 4318 5373 Length 192 - I

7 5427 6038
Start — irecti
&l - I 8 5136 5249 Direction Forward g

Length - I :9 6239 6317 Translation Table |Undefined ~|
Regions - I _ 10 5344 BE07 IEC Number

% GC < I m B647 E796
[12 6302 7360 Product
cal I -
- E —— | [13 8315|9197 a3
e | [14 9411 | 10655
Product ke | |15 11265 [11486 Function
Function like I |18 11588 12100
Featweld = [ |17 12283 12637
T e [ AL 13031 13438 Notes ~|
ad e ¥ | |862-1053. previous gene gap 13bp. Gene called by Glimmer not GeneMark,
. < | > neither program chose start. Includes all coding potential. Not longest possible
e = = |gene. Start has best RBS score. Aligns 1:1 with UPIE gene 3. NKF.
Gelont &l Fashmae | Insert | Delelel Postl Validatel
| )| | <1<1| 4 IQ | P |DD| 3 | 1-14998 Position : 4813 v Controls >> Map v Map >> Controls

D TR Gl G

21 Features

L

Gene 4:

Back to the coding potential trace in GeneMark TB. Gene four is in frame three. It looks
like the coding potential starts around bp ~980 or 990. According to the frames window,
there are two possible starts for this gene:

& Il T I R W | L

I
el e o g LT L1l
T
1L | | Ll
: 1l I

2 95 188 281 374 467 560 653 746 839 932 1025 1118 1211 1304
bp: 561 | 4 4|2)E > |»| M| ORF 850 - 1053

A

o] 1| G+c| 5| window: [EE 4] bp

—

~N

1053 and 1059 (the start called by both Glimmer and GeneMark).
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We already know that both starts encompass all the coding potential, and that both have

minimal gaps. The final piece of data is the RBS score:

et

Starts : 43
Selected : 1

M Choose ORF start

ORF Start :

ORF Stop :
ORF Length : 1578

1059
2636

6
1576

‘Cdn1 Cdn2 Cdn3 Lenath
5'End 50.0 100.0 50.0
J'End 466 EE63 589

Shine D

algarno

Secquence of the Region

Start

Start

ORF

Score

Space

Upstream of the Start

Codon

Position

Length

8

AGATTGGTAATGGTGATGATTA
CTAATGGTGATGATTAGTGGCA
TACATCCCTAGAAGACGACGGG
TCTGGGCCGCACTARAGAGGET

coecTTTOTOCTOCCNCCCOCCAMT

GTG
ATG
ATG
TTG

~Tr

1053
1059
1z30
1317

129920

1584
1572
1407
1320

Here we come to one of those gray areas in annotation. The RBS score of the first start is
lower, but not much lower. The gap between genes is smaller with the first start, but not
much smaller. And both algorithms selected the second start.

BLAST: The data from the BLAST tab indicates that the algorithms have selected the
same start as the genes already in GenBank.

So I am going to pick the Glimmer/GeneMark start.
Functional assignment:

Copy and paste the amino acid sequence into a BLASTP pane at NCBL

¥ Graphic Summary
'¥ Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.
1 7 150 225 an 75 450 525
- " "

[ U U R S M R AR

Query seq.
Superfanilies (

Terminase_1 superfamily

Distribution of 101 Blast Hits on the Query Sequence &

[Mouse-over to show defline and scores, click to show alignments |

Color key for alignment scores

<40 40-50 80-200 >=200

auery |
1 100 200 300 400 500
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¥ Descriptions
Legend for links to other resources: (] uniGene I3 6E0 [8 Gene B structure [T Map Viewer Bl PubChem BioAssay

A i | | Maxscore Total score Query coverage | _ E value Links

YP_003857135.1 gp4 [Mycobacterium phage LeBron] >gb|ADL70971.1| gp4 [Mycobacterium phage LeBroi 1083 1083 100% 0.0 G}
YP_655891.1 gp26 [Mycobacterium phage Wildcat] >gb|ABE67631.1| gp26 [Mycobacterium phage Wil 242 242 85% 8e-62 [G]
YP_002781225.1 hypothetical protein ROP_40330 [Rhodococcus opacus B4] >dbj|BAHS2280.1| hypothetic 221 221 82% 2e-55 G]
ZP_03927248.1 phage Terminase [Actinomyces urogenitalis DSM 15434] >gb|EEH65874.1| phage Termir 216 216 91% 8e-54
YP_001800806.1 hypothetical protein cur_1412 [Corynebacterium urealyticum DSM 7108] >emb|CAQ053} 211 211 88% 2e-52 G}
2ZP_06185208.1 putative phage terminase, large subunit [Mobiluncus mulieris 28-1] >gb|EEZ90351.1] pu 197 197 85% 3e-48
ZP_07452355.1 possible phage-related terminase [Mobiluncus mulieris ATCC 35239] >gb|EFM46107.1] p 195 195 84% 1047
YP_003490422.1 putative phage terminase [Streptomyces scabiei 87.22] >emb|CBG71879.1| putative phz 194 194 88% 2e-47 G

2P 07608233.1 Terminase [Streptomyces violaceusniger Tu 4113] >gb|EFN16280.1| Terminase [Streptor 191 191 91% 346

¥ Alignments
() Select All Get selected sequences Distance tree of results Multiple alignment

>Jref |¥YP 003857135.1 E gpé [Mycobacterium phage LeBron]

b|ADL70971.1 gpd4 [Mycobacterium phage LeBron]
Length=525

GENE ID: 9711610 4 gpé4 [Mycobacterium phage LeBron]

Score = 1083 bits (2801), Expect = 0.0, Method: Compositional matrix adjust.
Identities = 525/525 (100%), Positives = 525/525 (100%), Gaps = 0/525 (0%)

Query 1 MTVIPSIPTDRTVESESDLWTPIDEKAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF 60
MTIVIPSIPTDRIVESESDLWTPIDEKAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF
Sbjet 1 MTVIPSIPTDRTVESESDLWTPIDEKAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF 60

Query 61 IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLEAREFFGLFGLNE 120
IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLEAREFFGLFGLNE
Sbject 61 IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLEAREFFGLFGLRE 120

Query 121 RIFETSQQAKTNTQAWQSLTAKIDSFPDLEELMMPHKNGGEEVSIRLKKTGSNPEPGFVR 180

Gene 4 is the large subunit of the terminase, which is part of the DNA packaging
machinery (helps to stuff the DNA into the new phage head). We got a conserved
domain hit and numerous phage hits. Once again, our best match is to LeBron, and we
once again align perfectly, with the Query 1 matching the Sbjct 1. The assignment is
supported by the Hatfull Maps, and running HHPred is not necessary.

I will make the appropriate notes in the Notes field and Function field.
Gene 5:

Gene 5 is the easiest gene by far that we have looked at. Both Glimmer and GeneMark

call this gene, the GeneMark TB coding potential starts around ~2650, and there is only

one start codon (at 2626) that neither overlaps gene 4 too much and encompasses all th

e

coding potential. In fact, there is only one start codon in the correct frame for this gene.
Notice there is a small 10bp overlap between genes now. This is OK, overlaps need to be

much larger before we discount them.
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.@. ORF Analysis for Etude_annotated

] (11 1 10T O
1 ) N1 L T I 11
! | I |1 | || L

n

—

L L | I L1l

1574 1967 2060 2153 2246 2339 2432 2525 2618 2711 2804 2897 2990 308
bp: 2686 M|« 4/@)E)» 9| M| ORF 1053 - 2636 2] 1| G+C| 8| Window: [EB ] bp

BLAST tab results indicate that this gene is a perfect match 1:1 with LeBron gene 4.
Donel!
Paste the amino acid sequence into a BLAST p pane at NCBL

This protein is a phage portal protein and forms a dodecameric ring at the vertex of the
capsid that the DNA is threaded through and that the tail then joins to. We once again
match the LeBron gene call perfectly. The Hatfull Maps support this assignment.

I will write the appropriate notes in the Notes field and Function field.

Gene 6:

Again, both the Glimmer and GeneMark calls agree on a single start that does not have
any close starts near it in the same frame and is the longest possible start for this gene.

@ ORF Analysis for Etude_annotated

i [ | | | 1
* | | Ll I
L | | W1 11
pEEEL | | | |
B I | L | |
K I I I |

3746 3839 3932 4025 4115 4211 4304 4397 4490 4583 4676 4769
bp:3795 |44 4|@)E > [»»| M| ORF 1053 2636 2 x| G+C| 5| Window: [EB  #{ bp

The BLAST tab data shows a 1:1 alignment with LeBron’s gene 6. The Hatfull Map
shows that this gene is the capsid maturation protease (frequently found after the portal
gene in phage genomes). This protease cleaves the scaffolding protein in the immature
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capsid (also called the procapsid) and allows the phage capsid to expand to its mature
size during assembly and DNA packaging.

I will write the appropriate Notes in the Notes field, and Function field.

BLASTing the sequence at NCBI shows that we once again match LeBron gene 6's start
exactly.

Gene 7:

Coding potential: The coding potential for this gene begins around 5450.

|i|'1 : : |L‘;*| ||;_| ‘%—Nﬁil

—:‘u—"“ﬂ% :—| ;IIIII;I |;u|| It: I IIEII ||:I 1 ||§|

[ ]

5100 5400 5700

A T

T A o H e ek
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Gene 7 has two possible start choices:

@ oRF Analysis for Etude_annotated

i | || | | |-

+ I | I

+ | I L0 |

5 | I “1 [

] | |

§l/mE |_L| | [ T

4682 4775 4868 4961 5054 5147 5240 5333 5426 5519 5612
bp: 4234 | <4 4|@)E» [»| M ORF 1059 - 2636 2 x| G+c| 8| Window: |8 %] bp

Hints shown here

570¢

The start that Glimmer and GeneMark have selected at 5427 and the TTG start at 5400.

Both starts include all the coding potential. GeneMark never calls TTG starts and

Glimmer undercalls them, so we must take that into consideration when deciding which

start to pick (not a good time to say, “well, all things being equal, we will take the
algorithms’ call,” because TTG starts are NOT equal from the point of view of the
programs.)

When we look at the two starts in context of gap closing and SD scores,
%@ Choose ORF start
Starts: 7 ORF Start : 5352 Cdn1 Cdn2 Cdn3 Length
Selected: 1 ORFStop :6038  S'End 222 333 444 27 [P |
ORF Length: 687  3'End 397 631 665 610
[ T 1 [ 1 |

Shine D |algarno |Secquence of the Region [Start|Start ORF o
# Score Space Upstream of the Start Codon|Position |[Length —
1 378 ? CGGGACAGTCACGCGTTTTCAL TTG £400 639
z 462 7 TGGCTTAAGTGAAGGAAAATTA ATG 5427 61z
3 294 7 GAAGCTGTCTAAGGCTGAGCGC ATG 5742 297
4 435 9 GTCTAAGGCTGAGCGCATGGAG ATG 5748 291 a2
E< /‘1’)1'! a COTTOCCCACOTACOTOACTAMT aTe con2 2en )

Laslslkd

the TTG start at 5400 has a score of 378 and the ATG start has a SD score of 462.
However, the size of the gap left between the stop codon of gene 6 is either 24bp or
54bp.

BLAST data: The BLAST tab shows that the longer gene start has been called for the
genes already in GenBank (our alignment has a mismatch of 1:10).

Given that 24bp is already a sizable gap for a phage genome and the other GenBank
phages ue the longer start, we will pick the TTG start at 5400.
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Change the gene start on the Description tab, and click the calculator button to
recalculate gene length and to post the change to the database.

ReBLAST the gene through DNA Master to make sure that you see the correct
alignment.

Functional assignment: the NCBI results indicated that this is a likely scaffolding protein
in another phage. While this is not labeled as a scaffolding protein on the Hatfull Maps,
synteny certainly supports this assignment. We will assign this gene the function of
“Scaffolding”, but won’t enter it into the function field.

Gene 8:

Gene 8 is a very small gene (38 res) that exactly matches the beginning of LeBron gene 8
in the BLAST tab alignments. Normally, I would include this gene in an annotation,
even though it is very small because it shows that a gene has been truncated and
therefore is a good example of genome mosaicism and recombination. Unfortunately,
gene 8 also overlaps a tRNA. Generally we do not see CDS and tRNA overlaps, except
for possibly a few bases at the 3" end of both of them. The positioning of the tRNA, and
the truncation of gene 8 suggests that the tRNA interrupted the original gene 8. I will
therefore delete the called gene 8 from the auto-annotation. I am not going to renumber
the genes again until I am done with the annotation.

Now we know from our phamerator alignment that Etude no longer has a high degree
of similarity to LeBron after gene 8. But there are some lines in the phamerator map
indicating that gene 9 of Etude is similar to something farther to the right in the LeBron
genome. Slide the Etude map to the right in relation to LeBron and you will see:

Etude

LeBron is still the bottom genome, but you can’t see the title any more because it is all
the way over at the left end of the genome. From the map above, it looks like the next
8kbp are very similar to LeBron, with the final two kbp having no similarity.

Gene 9 the tRNA:

Click on the product tab:
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EE Etude_annotated E]

Overview Features ] Fleferencesl Sequencel Documentationl
SotBy [index | 4| [name  [Stat_ [Stop |4 | Description| Sequence Product I Regions | Blast | Context | Validation |
Select Features | Direct SQLI _1 83 466 Anticodon : Complement of TTG
. 2 475 849 v Show Aragom v1.1 Stucture  Aragom Web Site
Type is |al v| =
HE g2 |1083 p 2
Name ke [ 4 1053|2636 e 1
— a
GenelD = | | |5 2626 4296 .
Locus like - 6 4318 5373 g-c
7 5427 6038 t-a
Start —
- >3 6240 6314 e g
Length |5 |10 6344 BE07 e 4
Regions  [BlJ [ [11 B647 6796 g-c
%GC < | 12 63902 7360 tc ty
: a accc a
o B o s | oo, e
i — t cogy tggy <
e D |15 11265 11486 a g et
Product  like 16 11588 12100 g gce t
o . 1 caaa o c
Function like |17 12293 12637 c-gt &
e[ = | | 18 13031 13438 g-c g
Ta Iikev ﬁ | 113 13469 | 14065 t-a
“ 20 14179 14577 9
. = a-—
[~ Hide Ignored Features | |21 14628 14975 v e a
Select Al Features <) | > o=
Insert | {Deletel| Post Validatel cas
) | | <1<1| 4 |Q| \l [ 4 IDDI » | 1-14998 Position : 10975 v Controls >> Map v Map >> Controls
MR s e ™ Gl Gl
21 Features

If you check the box at the top marked “Show Aragorn v1.1 Structure” the folded view
of the tRNA will appear. Examine the top stem loop and 3’ end of the tRNA: does the

stem loop have seven base pairs? No, it has eight. Is the 3" end sequence after the
stemloop NCCA? No, It is ngct. This means that we will need to look at the tRNA
outputs from the other programs and trim the tRNA appropriately.

Web-Based Aragorn:
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etude
14998 nucleotides in sequence
Mean G+C content = 60.2%

1.

2]

I+

\nr‘:??r’\-ﬂtﬂ
ouua PO

tg

t caccc a
taaa a 1 g
t cgg gtggg c
g 11 t tt

caaa t

tRNA-Leu(caa)
75 bases, %GC = 56.0
Sequence [6240,6314)

Primary sequence for tRNA-Leu(caa)

1 . 10 . 20 . 30 . 40 . 50
ggtcctgtaggcaaattggcaaageccgegtcactcaaaatgacgtgtetyg
tgggttcgagtcccaccggqgactac

the output for Web-based Aragorn is much better: a seven base pair top stem loop, and
on the 3’ end there is a discriminator base (the A), followed by a single C from the CCA.
This follows our tRNA rule: the trimming the CCA part of the sequence once it deviates

from CCA.
The tRNAscan SE output is:

Results

Sequence tRNA Bounds
Name tRNA # Begin End
Your-seq 1 6242 6315
iew tRNA

[ View tRNA )

tRNA Anti Intron Bounds Cove
Type Codon Begin End Score
Leu CAA 0 0 62.03
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Here the tRNA sequence begins two bases after the web-based Aragorn output, and
ends one base after it does, generating a slightly different secondary structure.

Your-seq

Gey
GeC
Uuep
ceG
Ceg
ueg u A
GeC

In this case, I prefer the web-based Aragorn, that has the beginning of the CCA sequence
that is found at the end of canonical tRNAs. So I will adjust the tRNA coordinates to
those and click the calculator button to recalculate the gene length. I will also add the
tRNA amino acid and anti-codon to the function and notes fields:
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@ Etude_annotated Q@

Overview Features | Flefetencesl Sequencel Documenlation]
SotBy [Index v | 4l [Name  |Sta  [Stop || Description ISequenceI Product | Regions | Blast | Context | Validation |
Select Features I[)i;ect saL| L a3 466 Name |9 GenelD
2 475 843
Type is |al v 3 e 1053 Type tRNA vl Gl
Name  like 4 1059 2636 Start 6240 Locus Tag IETUDE_S
GenelD = s 626 4296 Stop 6314 Regions | 1
Locus  like B 4318 5373 Length 75 Tag I
7 427 =
Start - ™ 542 B8 Direction Forward g
»3 6240 6314 i ‘
Length Bl [ |10 6344 6607 ranslation Table: [Undefined |
Regions - 11 BE47 5796 EC Number
%GC < 12 £902 7360
y H Product
cal - I— 113 8315 9187 'OSUC
e e B 14 9411 10655 ap
e | [15 11265 11488
Product  like 16 11588 (12100 Function
Function like 17 12293 12637 tRNA Leu (caa)
Fere [ = 118 13031 13438
T ik i ﬁ 119 13469 | 14065 Notes ~|
a9 e 20 14179 14577 tRNA Leu [caa)-web-based Aragom call
[ Hide Ignored Features BE] 14628 14975 o
Select All Features <3 >
Insert Posll Validate

1-14938 Position : 14270 “7 Controls >> Map ¥ Map >> Controls

[ ez Gl Chall]

Gene 10: It seems pretty clear from GeneMark TB coding potential, from our phamerator
alignment, and that the next gene is a reverse gene, rather than a forward gene like all
the previous ones.

21 Features

.“%"T“:ﬁ'hzﬁllél IE l—lg |il‘—'12 lllglllllifllli li lf_:—:_ll :‘1| EI\HEI

Vi e R — :'fné P T élll_'él r'§|||§|

There are actually three separate ORFs in the fourth frame above, the first two
corresponding to two different auto-annotated genes, with the final ORF overlapping
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with the forward ORF in the second frame. Both algorithms decided to call the forward
OREF as a gene over the third reverse ORF (you can’t pick both; they overlap almost
completely). The coding potential of the forwards ORF is much better than the third
reverse ORF—as shown by the higher, more extensive peaks, so we will also pick that
gene when we get to gene 12.

Back to gene 10: when a forward gene and reverse gene meet stop codon to stop codon
(or end of tRNA to stop codon as genes 9 and 10 do), it is not necessary to leave much
space between the two ends of the genes. Several bases is sufficient. However in the
opposite case, when the forward and reverse genes meet start codon to start codon, it is
necessary to leave at least 50-60 bases between the two starts. This is because there will
be a promoter for the RNA polymerase preceding the start codon of each gene. Since
gene 10’s stop codon has plenty of room after the tRNA transcript ends, we don’t need
to worry about this here (See below). We will need to worry about it when we select the
starts for both gene 10 and gene 11.

LI L] 1 | 1 | |

S O R

B L1 [ II (| III I IIIIIIIII [ IIIIII IIII
| 8 AT I I Y N | I L
: I II IIII I | LI II IIIIII I II | IIIIIII III | III
35618 57ul 5Iaoql tWI |5990 — 6176| II6269 Imll 6I%I5 o |ss41 6734I |682|7I| 1 I7106 S 73IBSIIIII _
b 6152 4|44 4|@/€» |»| M| ORF 5352 - 6038 - X uﬁ+c f: window: [EE  #{ bp . o 3

in the frames window, the deleted gene is still highlighted. Click the green “refresh”
arrow at the lower right side (next to the ORFs button) to update the frames window.

. I IR [ | |

B | LIl L | || I I

B I S S N ™ LIl

§ Ll I I I L L I

* I L| L I 111
i [l | I |1l L1 I kel I

5618 5711 5804 5897 5990 6083 6176 6269 6362 6455 6543 6641 6734 6827 6920 7013 7106
bp:5743 4|44 4/@)© > || M| ORF 5352 - 6038 Zd x| G+c| 5| window:[EE %] bp

Gene 9 only has one real choice for a start codon, and it was selected by both the
GeneMark and Glimmer aligorthms.
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BLAST check:

No putative conserved domains have been detected

Distribution of 6 Blast Hits on the Query Sequence 4

[Mouse over to see the define, Gick to show alignments ]

Color key for alignment scores

<40 4050 80-200 >=200
|

Query
| I | [} [} | [} | [}
1 10 20 30 40 50 60 70 80

¥ Descriptions
Legend for links to other resources: (1] uniGene I3 6E0 [8 Gene B structure [T Map Viewer Bl PubChem BioAssay

| : | Maxscore Total score Query coverage | Evalue Links
[G]

YP_003857246.1 gp124 [Mycobacterium phage LeBron] >gb|ADL71077.1| gp124 [Mycobacterium phage L 180 180 100% 4e-44
ZP_01444717.1 hypothetical protein 1100011001288 _R2601_22966 [Pelagibaca bermudensis HTCC2601 7728 77.8 91% 4e-13
2P_07659993.1 conserved hypothetical protein [Roseibium sp. TrichSKD4] >gb|EFO31303.1| conserved t 67.4 67.4 91% 6e-10
zp_04102211.1 hypothetical protein bthur0008_22840 [Bacillus thuringiensis serovar berliner ATCC 1079 416 416 89% 0.029
YP_002267188.1 hypothetical protein BCH308197_B0021 [Bacillus cereus H3081.97] >gb|ACI30565.1| co 385 385 89% 0.27 G]
YP_001108216.1 pyruvate carboxylase [Saccharopolyspora erythraea NRRL 2338] >emb|CAM05291.1] pyi 335 335 57% 9.1 G|

¥ Alignments
(Select Al Get selected sequences Distance tree of results Multiple alignment

>Oret |ve_003857246.1] [ gp12¢ (uycobacterium phage Lesron)

gpl24 [Mycobacterium phage LeBron)

GENE ID: 9711726 124 | gpl24 [Mycobacterium phage LeBron]

Score = 180 bits (457), Expect = 4e-44, Method: Compositional matrix adjust.
Identities = 87/87 (100%), Positives = 87/87 (100%), Gaps = 0/87 (0%)

Query 1  MAAFAKWI DPSHTFTL KWGTHFIPLEVVVDL QLTIKNT 60
MAAFAKWI DPSHTFTI KWGTHF I PLEVVVDL QLTIRNT
Sbjct 1  MAAFAKWIDTFIEEKGLDPSHTFTIETPGGKWGTHFIPLEVVVDIAKGVSANEQLTIKNT 60

Query 61 LVRLDVCKQPVLPYFEHLAKALAEAVS 87
LVRLDVCNQPVLPYFEHLAKALAEAVS
Sbjet 61 LVRLDVCKQPVLPYFEHLAKALAEAVS 87

We still are similar to LeBron, only now we are similar to gene 124. We still align
perfectly with the same start codon as selected in the LeBron annotation.

In the annotation notes, when you are calculating the “gap/overlap” number, you
should still look at the start codon of gene 10, only now you should compare to the stop
codon of gene 11, because we are going in the reverse direction. The reason why we
include these gap or overlap numbers is to see how well the start we chose fills out the
genome from this gene to the neighboring one. Since we can’t change the stop codon, the
only way to fill the genome is by changing the start codon. This number provides an
extra reference as to how closely the genes are called in your annotation. LeBron gene
124 has no known function.

Genes 11 and 12: As mentioned above, gene 11 is a reverse gene while gene 12 is a
forward gene. As they will be “head to head” (so to speak), we need to take care in
choosing the starts for each of them that we leave at least 50-60 bases between the two
genes.
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@ ORF Analysis for Etude_annotated

L I I LA | I
B | LI | || I I
B L1 [ | 1 I 1 LIl
B A I I L L I
* I I L| L I 11
i L1l | I |1l L1 I bl I

5618 5711 5804 5897 5990 6083 6176 6269 6362 6455 6548 6641 6734 6827 6920 7013 7106
bp: 5743 M|« €@/ p M| M| ORF 5352 - 6038

% x| G+C| 5| Window: [EE %] bp

Currently, if we accept the two GeneMark calls for the genes, we will just barely squeak
by with our minimum of 60 bases (6841 to 6902). Notice, however, in the above figure,
that it is not possible to extend gene 12 to start any closer to gene 11 (there aren’t any
more start codons in the same frame any closer to gene 11 than the one already called).
On the other hand, Gene 11 has four possible start codons, including the one used in the
Glimmer call, which is way back at position 6796. From looking at the GeneMark TB
coding potential trace, it is pretty clear that the Glimmer start does not encompass all the
coding potential, so we will eliminate this choice as a possible start. We do still have
three more starts to check: the one selected by GeneMark and the two immediately after
it. If we check the RBS scores for all three starts; we find that the GeneMark start also has
the highest RBS score. So we will accept the GeneMark call for gene 11. Gene 12 really
only has one possiblility for a start, and it is the one called by both programs above.

BLAST check: gene 11 aligns with LeBron gene 125 query 1 to sbjct 1. Gene 12 aligns
with LeBron gene 126 query 22 to sbjct 22 (which still counts as picking the same start,
just the beginnings of the genes are not as similar as the later portions.)

Gene 13: While there are some blips in the GeneMark TB coding potential, none of them
align well within an open reading frame (if the peaks did fit better into an ORF I would
be likely to include them as genes). So we will leave a fairly large gap between gene 12
and gene 13. This is also what the algorithms suggest.

Both the Glimmer and GeneMark calls suggest that gene 13 begins at postion 9187, but
this start leaves a huge gap between gene 14 and 13 (gene 13 is reverse, so we compare
its start to the upstream gene). The BLAST data suggests that this gene is much shorter
than the other similar entries in GenBank (UPIE 1:59).
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There are five more possible starts for gene 13 between 9300 and 9400.

ﬂ ORF Analysis for Etude_annotated

L L1 || | I
i I || [ I [ 1
| N [ A {1 H| N | I 11 | |

L S 11| | L1 | | LI |
I I | 5 1L [T

8426 8550 8674 8798 §922 9046 9170 9294 9418 9542 9666
bp: 8438 |44/ 4|2/ » || M| ORF 6647 - 6235 % x| G+c| 8| Window: [EE #{ bp
Hints shown here

N -1

T
w

Starts : 33 ORF Start : 9400 Cdn1 Cdn2 Cdn3 Length
Selected : 1 ORFStop :8315  5End 500 750 500 12
ORFLength: 1086  3'End 667 800 1000 16
[1 [ [ 11 LI [0 T 1 1 0P TIIf [ ]93s8
| Shine D |algarno |Sequence of the Region |Start|Start ORF ’:
# Score Space Upstream of the Start Codon|Position [Length
l ........ 357 2 GCTAGGACCCCGTACCGAAGCG GTG 9373 1059
z £zs 8 TACCGAAGCGGTGCGGGGTCCT TTG 9361 1047
3 4z0 8 GGTGCGGGGTCCTTTGCTTTGC (GTG 9352 1038
4 143 [ GCGGGGTCCTTTGCTTTGCGTG (GTG 9349 1035
s Z10 7 AGGCCCCGCTAACCGCGTCGET TTG 9253 939
& 433 7 ACACCACACCAGGAGGAACACC ATG 9187 873
7 315 8 AACCGACACTGATATTCAGTAC GTG 9148 834
8 3587 8 GTTCGAAAGCTTCGCGGAATTC GTG 2124 810
9 273 7 GGCCAGCGTCAAGGCTAAGGGC ATG 8938 624
10 399 7 CAGCGTCAAGGCTAAGGGCATG GTG 8935 621

v
A NEN |

The best RBS score goes to the TTG at 9361. We will pick this start.

BLAST check: while we now match UPIE, we are substantially longer than
LeBron,(Query 59 aligns with Sbjct 1)—which is interesting. The two phages seem very
similar according to phamerator (all that purple between the genomes), so why
wouldn’t the LeBron annotators have chosen the longer start that we did? While it is not
necessary to match the starts for all genes 1 to 1 with a similar phage in genbank, I was
still puzzled. To solve this, I actually loaded the LeBron sequence into the web-based
GeneMark TB coding potential site, and examined the two outputs side by side. It turns
out that LeBron has a point mutation in this area which causes an extra stop codon in
this frame, and the start that we chose for Etude is not a possibility in LeBron. The point
mutation is not a large enough sequence difference to show up as another color in
phamerator. I am happy to proceed with our start selection.

Gene 14: Is another reverse gene, this time in the fifth tier in the GeneMark TB coding
potential view. We will ignore the peak in the forward third tier because we can’t call
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both of them and the reverse one is larger and lovelier. There is only one possible start
codon for gene 14.

BLAST Check: we match LeBron gene 128, with the start codons aligning perfectly.

Gene 15: while there is a teensy little peak in the forward direction in the second tier
GeneMark TB coding potential trace nicely centered in an ORF, I am more inclined to
omit it for simply being too small. It is also important to get a feel for you phage
genome—are all the genes very tightly packed? Do multiple genes have very small blips
of coding potential? You need to think about these things when you are making your
decision. There is also a trend in most phage genomes for clusters of genes to be
transcribed in the same direction, and Etude is no exception. And since we are going
from a reverse gene 14 to another reverse gene --supported by the algorithms calls-- we
will skip the teeny blip in the second tier.

However, the best way to really be sure would be to add this gene into your annotation,
and BLAST the protein sequence to see if there are any similar genes in GenBank.

Gene 16 is the larger peak in the fourth tier after the smaller peak in the fifth tier, then
gene 17 is forward again in the second tier(the peak in the top tier does not align well
with an ORF).

Back to Gene 15:

There are really only two choices for a start for gene 15; either the GeneMark call or the
Glimmer call. The GeneMark call has a higher RBS score so we will pick the GeneMark
call—both for SD score and for being a longer gene.

When we do the BLAST check, we match LeBron gene 130 perfectly at the start.

At this point, it is worth revisiting whether or not we want to include the little forward
ORF with the blip of coding potential to see if it aligns with LeBron gene 129. Our gene
15 matches LeBron 128, and our gene 16 matches LeBron 130. Our phamerator
alignment indicates that there is still the highest level of sequence similarity between
these genomes in this region, but again, a point mutation resulting in the loss of a start
or stop codon would not be enough to change the nucleotide identity color in
phamerator. And again, it is not necessary to make the genome annotations match, but it
is worth looking at the data. When in doubt, BLAST the potential gene to see if there are
any matches in GenBank. I will leave it as a exercise to see if LeBron gene 129 exists
intact in Etude, and if so, should it be included in the annotation.

Gene 16:

Gene 15 has a stop codon almost immediately to the right the start codon called by
Glimmer and Genemark ( remember, we are in the reverse direction, so the gene is
transcribed right to left). This means that the start codon selected by the two algorthms
is already the longest possible start that can be selected for this gene.

The SD score is nice and high, and the start encompasses all the GeneMark TB coding
potential. I am happy to accept the call as is.

BLAST check: we match gene 131 from LeBron with a perfect start codon alignment.
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Gene 17: Gene 17 is the peak shown in the fourth tier of the GeneMark TB coding
potential. Since we are once again switching from reverse to forward, we need to make
sure that we leave at least 60 bases between the two gene calls.

There are three possible starts for gene 17 before a stop codon appears in the frame,
including the Glimmer start:

All three start encompass all the coding potential shown in the GeneMark TB trace;
however, the SD score is best for the second of the three starts; plus this gene call fills
our genome gap a bit better without getting in the way of promoter sites. We will pick
the second start, at 12242.

BLAST check: this gene aligns with UPIE, but not with LeBron. Even though phamerator
shows that this sequence is still similar to LeBron, and the LeBron annotation does not
call this gene, we are going to rely on our own data and Glimmer calls. It is possible that
LeBron has another point mutation in this region, eliminating this ORF. We can check on
the LeBron genome’s coding potential in the GeneMark program again, if we want to.

Genes 18-21 The remainder of the genes are no longer similar to LeBron, but instead
appear to match the A3 cluster phages.

Gene 18: There is a fairly big (400bp) gap between the end of gene 17 and the beginning
of the Glimmer/GeneMark calls for gene 18. While unusual in phage genomes, this is
OK. There is no coding potential blips anywhere in the GeneMark TB coding potential
traces between the two genes, and while there is an earlier alternate start codon at 12827,
its RBS score is low, while the RBS score for the Glimmer/GeneMark call is very high! So
we will pick the Glimmer/GeneMark call.

BLAST check: when we BLAST the amino acid sequence using BLASTp, we find that we
align perfectly with Bxz2 gene 22, with the Query 1 aligning with Sbjct 1.

Gene 19: We know from the GeneMark TB coding trace that gene 18 and gene 19 are in
the same frame, so the stop codon of 18 precludes any start codon for gene 19 earlier in
the genome. The start codon selected by Glimmer and GeneMark is already the longest
possible gene call for the gene, encompasses all the coding potential, and has a RBS good
score. We will accept the algorithms’ calls.

BLAST check:
We match the Bxz2 gene 23 perfectly, with a Query 1 aligning to Sbjct 1.
Functional assignment: This is the major tail subunit of the phage.

Gene 20: There are two possible starts to Gene 20, the one called by Glimmer and
GeneMark, and the one upstream at 14116 (another TTG). If you check the coding
potential GeneMark TB output, you will see that the Glimmer and GeneMark calls do
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not encompass all the coding potential. When we check the SD scores, we get a higher
score for the TTG start than the Glimmer/GeneMark start. We will pick the 14116 start.

BLAST check: This gene matches Microwolf gene 25 perfectly (aligns Query 1 to Sbjct 1).

Functional assignment: this is the first of the two tail assembly chaperones (the
equivalent of G in phage lambda).

Gene 21: The GeneMark call for this gene overlaps with the end of gene 20, while the
Glimmer call leaves a large gap. The GeneMark call encompasses all the coding potential
while the Glimmer call does not. This is quite a large overlap.

BLAST check: This gene matches Bxz2 gene 24 perfectly, but begins in the middle of the
equivalent gene for Peaches and Eagle. This is because of its function: this is the second
of the two tail assembly chaperones, and actually begins at 14116 and then frameshifts
into the remainder of this gene, creating the G-T fusion.

Note about this function:

Bxz2 gene 23 is a tail assembly chaperone, (gene “G” in phage lambda), and with its
partner gene 24 (gene “T” in lambda) makes a fusion protein that helps assembly the tail
of the phage correctly. Both the first protein, the “G” like protein, and the fusion “G-T”
like protein are produced, however, the second gene product, the T-like protein is not
made on its own but only as part of the fusion. In the flexible tailed phages, the tail
assembly chaperones frequently precede the tapemeasure gene (generally the longest
gene in the genome), and are characterized by a “slippery sequence” that allows the
ribosome to shift translational frame during protein synthesis. The ribosome will “slip”
back a base, causing a -1 frameshift. Another way to think about it is that the ribosome
reads the same base twice. The slippery sequence is generally rich in As but can begin
with Gs as well. There are numerous examples of the G-T frameshift in phamerator (look
for any phage genome that has two genes that begin at the same start codon, with one of
them being longer than the other and followed by the longest gene in the genome).
Notice I put it in the Etude annotation in phamerator already. In the phages that we
have studied, the G-T slippery sequence almost always occurrs at the C-terminal end of
the G protein (in our case Etude gp 20).

To find the coordinate, the easiest way is to find a closely related phage that
already has the frameshift correctly annotated. If we look in our BLAST hits, you will see
that phage Peaches is similar to Etude, and has the frameshift already correctly
annotated in phamerator. While Peaches and Etude do not have a ton of nucleotide
sequence similarity between them, notice the tail assembly proteins are in the same
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ATGTCAAACGTATTCACCCTCGACAGCCTCCGAGAGGAAGCCGACAAGCAGTTCGCTCCGTTCAA MSNVFTLDSLREEADKQFAPFKVRLSDGTEVVLRNLLRLNKNDRKTVLASIEALKTEDESEEGRTLDD
GGTGCGGCTCAGCGACGGCACGGAGGTCGTGCTCCGCAACCTGCTGCGGCTTAACAAGAATGA IDRMVDTVSKILELAAGKDSRKLLKELDGDLGLLMGVLEGWLEATSPGEAQNSPA
CCGCAAGACGGTACTCGCGAGCATCGAGGCACTCAAGACCGAAGACGAATCGGAAGAGGGTCG

CACCCTCGATGACATCGACCGCATGGTCGACACCGTCTCGAAGATTCTGGAGCTGGCAGCGGGTA

AGGACTCCCGCAAGCTGCTCAAGGAGCTCGACGGCGACCTCGGTCTGCTGATGGGCGTGCTGG

AAGGTTGGCTGGAGGCCACCTCACCGGGGGAAGCGCAGAACTCGCCGGCCTGA

In the picture above, I have clicked on the first, shorter of the two purple Peaches genes
(the G equivalent), and then highlighted the C-terminal portion of the protein sequence
where frameshifting is likely to occurr.

In this next picture, I have clicked on the longer, correctly annotated frameshifted G-T
fusion protein, and highlighted the same amino acids as in the shorter previous gene.
We can see that the the sequence matches perfectly until the glycine following SPG.

ATGTCAAACGTATTCACCCTCGACAGCCTCCGAGAGGAAGCCGACAAGCAGTTCGCTCCGTTC  « MSNVFTLDSLREEADKQFAPFKVRLSDGTEVVLRNLLRLNKNDRKTVLASIEALKTEDESEEGRTLDD
AAGGTGCGGCTCAGCGACGGCACGGAGGTCGTGCTCCGCAACCTGCTGCGGCTTAACAAGAA, |IDRMVDTVSKILELAAGKDSRKLLKELDGDLGLLMGVLEGWLEATSPGGSAELAGLIDRYGEHLVPDL
TGACCGCAAGACGGTACTCGCGAGCATCGAGGCACTCAAGACCGAAGACGAATCGGAAGAGG = |[KHYYGIDLRELFSEVNPLSPQYVLIHIKHLPIESAFVAAIRGGQEFRGWNADRYALAAIINSIRAGNYMF
GTCGCACCCTCGATGACATCGACCGCATGGTCGACACCGTCTCGAAGATTCTGGAGCTGGCAG | [VMANSDPRKGKPPLPSPWPVPQENKAEKKYAPNSFAGIVAAQVIAARKRKQQKKEAEWQAQEASK
CGGGTAAGGACTCCCGCAAGCTGCTCAAGGAGCTCGACGGCGACCTCGGTCTGCTGATGGGC — SAGFLSGSSQTSTGSTES
GTGCTGGAAGGTTGGCTGGAGGCCACCTCACCGGGGGAAGCGCAGAACTCGCCGGCCTGAT

CGACAGGTACGGCGAGCATCTCGTCCCAGACCTCAAGCACTACTACGGGATTGACCTCCGGGA

GTTGTTCTCGGAGGTCAACCCGCTCAGCCCCCAGTACGTCCTGATCCACATCAAGCATCTCCCG ¥

Finally, Ilook for the equiavlent area in Etude:

Etude

TTGGCGGGCCTTCCCCTCCCCCCATCACACATCGGCCCGCCCAACTTTCACGAAAGGTCCGCTAT |MAGLPLPPSHIGPPNFHERSAMSNVFTLDSFREEADREFAPVKLELGGDDAVVLRNVLRIQKTRREE
GTCAAACGTATTCACTCTCGACTCGTTCCGCGAAGAGGCCGACCGCGAGTTCGCGCCTGTCAAGC VFQLLEKLDSIAKDDEGKQREEDDLDASEMEAMGDIALRMIELVADNDALGSRLVDELRDDLALTLK
TGGAGCTGGGAGGCGACGACGCCGTCGTGCTCCGCAACGTGCTCCGCATTCAGAAGACGCGCC VFEAWMNATQPGEAERSPA
GCGAAGAGGTGTTCCAGCTCTTGGAGAAGCTGGACTCCATCGCGAAGGACGACGAGGGCAAGC
AGCGCGAAGAGGACGACCTCGACGCCAGTGAGATGGAAGCGATGGGCGACATCGCGCTGCGGA
TGATCGAACTTGTCGCAGACAACGACGCTCTCGGGAGCCGGTTGGTCGATGAACTCCGCGACGA

CCTCGCGTTGACCCTCAAGGTCTTCGAGGCGTGGATGAACGCGACCCAGCCGGGGGAAGCCGA

GCGCTCGCCCGCCTGA

Again, above I have clicked on the first of two tail assembly genes, and then looked at
the C-terminal end where frameshifting is likely to occurr. Now, we go back into our six-
frame translation of the sequence.
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» K L L1 » » 1 4 » L » 4 K F L K N I 5 » 5 K » » K A N ¥ K L I K 2 A&
Q P HD F KD CVVV 3 EP A P QDI F E AV V EZRQGETLUDEL.I
4 353 5 RV QRL CRZREWZ RS GT?PRUHVYGR®RG®RTS G * P R R P

L ® ¥ T A4 T &4 * 3 L T 3 G R R T 4 W I 35 G T !
5 R G K P 35 L R P P D * * I R RL P 3 R * P L G D V R R G 3 Q G H
P LG G 5 R A L A RL I D E Y G D CUL ¥V 44 DL WETY G ¥ D L R D I
CCAGCCGGGGGAAGCCGAGCGCTCGCCCGCCTGATTGATGAATACGGCGACTGCCTAGTCGCTGACCTCTGGGAGACGTACGGCGTGGATCTCAGGGACA”

...... - L [ T T T T [ L o [ L [ T
GGTCGGCCCCCTTCGGCTCGCGAGCGGGCGGACTAACTACTTATGCCGCTGACGGATCAGCGACTGGAGACCCTCTGCATGCCGCACCTAGAGTCCCTGT.
w ¢ P 3 A 35 R E G A QN I F V A ¥V o * D 3 V E P L R VYV L H I E P V
G L R P F GL A R G G S Q H I RUR S G L RQGUR P 3 TR RUERUPD * P C
G . P P L R & 35 A R PRI S 5 Y P S QR T A S R QS V Y P T S R L 5 1

P L 535 P P 5 5 P W S5 5 5 R S Y R S A R G S T QR S5 A4 4L AL 3 5 5 G D G

The dark blue bar above above is from gene 20, the first tail assembly protein; while the
purple start codon is from the gene 21 call. You can also see here that gene 20 is in the
first translational frame while gene 21 is in the third translational frame. (a -1 shift). Now
we look for our Peaches-like sequence towards the C-terminal end of gene 20—and it is
seven bp from the right-hand end of the picutre. The nucleotide sequence for those
amino acids is GGGGGAA—a slippery sequence if ever there was one. Now to go from
the top frame, gene 20; into the bottom frame to gene 21; we pick a nucleotide that will
be included twice: once as the third base in a triplet codon for gene 19; and once as the
first base in a triplet codon for gene 20. If we use the Peaches annotation as a guide, the
amino acid sequence in the fusion protein should go from P-G-E-A to P-G-G-S. This
means that the nucleotide that gets counted twice is the third G in the glycine codon of
PGEA (and the first G of the second glycine codon in PGGS). This is nucleotide number
14553.

On the description tab for gene 21, change the number in the regions field from 1 to 2:

Overview Features I References] Sequencel Documenlationl

SotBy [Index | 4| [Name  [stat  [Stop | A Description ISequenceI Product | Regions | Blast | Context | Validation |
Select Features I Direct SQLI | |1 83 468 Name |21 GenelD

o [ 75 843 S
Type  is v g2 1053 Type  |CDS 2| Ml

2
Name like 4 1059 2636 Start 14628  Locus Tag |ETUDE_21
GenelD = | |5 2626|4296 Stop 14975 Regions |4
3
7

Locus ke |1 48 53? Length 348 Tag |
Start . ﬁ s E;i; gg;i Direction Forward g
Length . 110 6384 G607 Translation Table |Undefined ~|
Regions . 11 BE47 5795 EC Number
%GC < | [12 BI02 | 7360 L "
ﬁ 13 8315 9361 roduc
el 14 9411 10655 gp21

ECH ke | |15 11265 11486
Product  like 16 11588 12100 Function
Function like 17 12299 12637

FeaturelD = o 18 13031 13438
T lki ﬁ 113 13469 14065 Notes vl
< e 20 14179 14577 Original Glimmer call @bp 14628 has strength 2.90; GeneMark calls start at 14529
[~ Hide Ignored Features i 2 14628 14975 o
Select All Features | T >

Now click the Regions tab:

Enter in the coordinates for the upstream regions, followed by any number you like in
the lengths field. Click “Insert” at the bottom of the regions tab, and then enter the
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coordinates of the second region (it will first appear on top, but will later be correctly
reordered):

@ Etude_annotated Q@

| Overview Features I References] Sequence] Documentationl
SotBy [Index | 4| |Mame  [stat_ |Stop |4 Description | Sequence | Product Fegions I Blast | Contest | Validation |
Select Features | DirectsaL | |11 83 466 Start [stop [Length |
2 475 849
Type is (Al Ml E = 1053 | *| 14553 14975 1|
: - 14179 14553 1
Name ke | |4 1053 2636 —
GenelD = | | |5 %626 |42%
Locus ke I8 4318 5373
7 5427 6038
Start —
- e 6240 6314
Length |5 10 B344 6607
oo, W i pveyr P

click “assign lengths”

@ Etude_annotated E]@

Overview Features I Heferencesl Sequence| Documentalionl

Sort By Ilndex LI 4 |Name |Slall ISlop o Descriptionl 5equence| Product Fegions IBIast | Con!extl Validalionl
Select Features I Direct SL'JLI | |1 83 468 Start |Stop |Length | A
2 475 843 =
; - 14179 14553 375
Tyee i Al B e g2 1083 N
: — » 14553 14975 423
Name ke |4 1053 2636 B
GenelD = | | |5 2626|429
‘_ Locus ke | | E 4318 5373
4 7

5427 6038
Start —

at Bl 9 £240 6314
Length B 10 £344 6607
Regions Bl [ 1 B647 6796

zec I [ 6302 7360
- mr—— = 8315 9361

The correct numbers will be calculated.

Now return to the description tab, and adjust the start coordinate accordingly.
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% Etude_annotated

Overview Features |References] Sequence| Documentation]

-

SortBy [Index |
Select Features I Direct SQL I

Type is lm
Name like ﬁ
GenelD = ‘ I—
Locus ke lf
Start - If

Length -I
Regions - I

xec Q[
o W[
ECH like:
Product  like

1]

Function like

FeaturelD ﬂ I

Tag like

W

|~ Hide Ignored Features

Select &ll Features

Mame  [Stat  |Stop |4 Description ] Sequence | Product | Regions | Blast | Context | Validation |
11 i 486 Name |21f GenelD
2 475 843
3 82 1053 Type  |CDS | (Al
B 4 1059 2636 Start |141 79 Locus Tag |ETUDE_21
| [s 2626 4296 Stop | 14975 Regons | 2
|| B 4318 5373 Length 798 oy
L7 5427 5038 Direction Forward l
9 6240 6314
10 5344 6607 Translation Table IUndeﬁned LI
[ |1 BE47  |B796 EC Number
o 12 6902 7360
13 8315 9361 Product
| [14 9411 10855 gp21
| 15 11265 11486
| |16 11588 12100 Function
7 12293 12637
i 8 13031 13438
|| 19 13463 14065 Notes v|
20 14179 14577 Original Glimmer call @bp 14628 has strength 2.90; GeneMark calls start at 14529
CE 14173 14975
<@ 3
Insert | Delete |E| Yalidate |

| Position : 2241

“7 Controls >> Map ¥ Map >> Controls

[ helfll2>

20 Features

Enter your gene Notes.

Finally, validate and renumber all your genes.
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% Etude_annotated Q@

Overview Features IReferencesI Sequencel Documentation]

Sort By llndex LI 4 [Name |Stalt |Stop o Desctiplion' Sequence| Ploduct' Flegions] Blast I Context Validation I
Select Features | Direct 5L | | 83 466 41l ORFs appear valid
2 475 849
Tope s S| 862 1053
Name ke | |4 1059 2636
GenelD = | I | | 5 2626 4296
Locus like I | [ 4318 5373
7 5427 6038
Start I —
B BE 6240 6314
Length B | HE 6344 6607
Regions |3 | | [10 B647 6796
%6 <] | |11 6902|7360
1 12 8315 9361
Cal I -
! E —He 9411 |10655 _
: ke [ 11265 11288 Contol | Numbering
Product  like I | 115 11588 12100 [V Assign Names by order of appearance
Function  like I | |16 12293 12637 v Assign Products by order of appearance
FeaturelD = | I — 1; 1;32; Sggg [v Ovenwrite existing values
Ta like I — Ovenwiite default Names & Products onl
50 19 14179 14577 I |Dericidofy P
[~ Hide Ignored Features > 20 14173 14375 » v Assign new Locus Tags by order of appearance
' — — Locus Tag Prefix |[ETUDE Search NCBI database ...
5 Select &ll Features <) ()| 2 - L Gra Hol 0 =
| Insert | Delelel F’ostl Validate M“ :|' bp

1-143998 Position : 9533 [V Controls >> Map ¥ Map >> Controls

[ helill el

20 Features

If you have not been reBLASTing all your genes, now is a good time to delete all the
BLAST hits from your file and do a new complete genome BLAST. Then start your QC.

-Review your notes (correct format? All the information?)
-check those gene gaps and overlaps one last time. Did you miss any?

Finally save your final file (yourphagename_final.dnam5 is a good name), and send it
off to Pitt for review.
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