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NA Translation
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Residue: FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAARADDEEGGGG
Stark: oo e M-——— e ———

Base 1: TTTTTTTTTTTTTTTTCCCCCCCCCCCCCCCCAAAAARAAARAAAAAAAAGGGGEGEGGGGGGGGE
Base 2: TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTECYCAAAAGGGG
Base 3: TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGICAGTCAGTICAG

* = stop
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When we search a nucleic acid databases, there is no need for you to carry out your
own six frame translation. Mascot always performs a 6 frame translation on the fly.

That is, 3 reading frames from the forward strand and 3 reading frames from the
complementary strand.



NA Translation

» Mascot translates on the fly in all 6 reading frames

« Translation starts from the beginning of the
sequence, not from a start codon

When a stop codon is encountered, inserts a gap
and re-starts translation

«No attempt to resolve codon ambiguity

» Matches to all 6 frames treated as part of the same
entry

«Where taxonomy information is available,
translation uses the correct genetic code.
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The rules for NA translation in Mascot are
Translate the entire sequence, don't look for a start codon to begin
When a stop codon is encountered, leave a gap, and immediately re-start translation

There is no attempt to resolve ambiguous codons. For example, ACX can be
translated as Threonine, because the identity of the last base is a don't care.
However, this is not done in Mascot.

It is better to allow Mascot to search the nucleic acid database directly rather than
searching a pre-translated database because Mascot will treat matches from all 6
frames as part of the same entry, so matches will remain grouped together even if
there is a frame shift.

Finally, all translations use the correct genetic code, as long as the taxonomy is
known.
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NA Translation

1. The Standard Code (transl_table=1)

By default all trans|_table in GenBank flatfiles are equal to id 1, and this is mot shown. When transl_table

FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAARADDEEGGGG
M M M -

IITITTITITITITITCCCCCCCCCCCCCCCC)
ITTTCCCCARRAGGGEETTTTCCCCARRAGEGETTTITCCCCARAAGGGGTTITTCCCCARA GG
= TCAGTCAGTICAGTCAGTICAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTICAG

The Vertebrate Mitochondrial Code (transli_table=2)

= FFLLSSSSYY**CCWWLLLLPPPPHHQQRRRRIIMMITTTNNKKSS**VVVVAAAADDEEGGGG

TITTTTITTITITTITTCCCCCCCCCC C
TTTTCCCCARAAGGGGTITTTCCCCARAR GGGGTITTTCCCCARARA GGGGTTTTCCCCARAAGGGG
= TCAGTCAGTCAGTCAGICAGTCAGTICAGTCAGICAGTCAGICAGTCAGICAGTCAGICAGTCAG

The Yeast Mitochondrial Code (transi_table=3)

= FFLLSSSSYY**CCWWITITPPPPHHQQRRRRIIMMITTTINNKKSSRRVVVVAARADDEEGGGG
MM

= TTTITTTITITIITTIITICCCCCCCCCCCCCCCCARARARARARARARAR
= ITITCCCCARAAGGGGTTTITCCCCARARGGGGTTITCCCCARAAGGGGTTITCCCCARARGGGE
= TCAGTCAGICAGTCAGTICAGTCAGTCAGTCAGTICAGTCAGTCAGTCAGTCAGTCAGICAGTCAG
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For many species, the genetic code is different for the mitochondrial and nuclear genomes.
Whether to use the genomic or mitochondrial translation table for a database is set by a flag
in the Mascot.dat configuration file, and applies to all the entries in that sequence database.
For this reason, if you need to search both genomic and mitochondrial DNA sequences, you
should not include both genomic and mitochondrial sequences in the same database, but set
up a separate database for each. In Mascot 2.3 we introduced the ability to search more
than one sequence database at a time, so you can still easily search both sets of sequences at
the same time. Since the mitochondrial genomes are all relatively small, this will also

tighten up the statistics of your search.

Bacterial, Archaeal and Plant plastids also use a different genetic code. Sequences from
these are given a separate taxonomy id by the NCBI, so you do not need to use a separate

database for these.
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Custom definition

Databases (19)
Parse rules (17)

asks (0) name:

= .s EST_Example

Settings base type (2)
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Enable predefined

defnition @] Nucleic acid (DNA database

Craate new (Note that database type cannot be changed later.)
Synchronise custom | Sequence directory (?)

definitions
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Database files will be located in the directory EST_Example in the sequence directory. The new directory will be
created if it does not already exist.

© Download database files (?)
FASTA file URL

Version file URL (optional) (?)

Reference file URL (optional) (7)

Twill copy the files to the database directory (%)

If you have chosen to download files from a remote server, the downloads will be scheduled as a background task.
You can follow the progress in the task list. The once the files have been
downloaded.

Done € Local intranet | Protected Mode: Off A~ R1Nx% -
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Setting up a nucleic acid database in Mascot is no different from setting up a protein
database. The only thing to watch is that the database type is specified as NA. This is where

you do it in Mascot 2.4 in the new Database Manager when you are setting up a custom
definition.
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And this is where you do this in Mascot 2.3 and earlier on the database maintenance page.
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MASCOT

To illustrate the features of the different types of database, we searched the public
IPRG2008 dataset distributed by ABRF against a protein database, UniProt mouse.
We found significant matches to 438 mouse proteins.
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With EST_mouse, we obtained almost the same results, just a couple of additional
peptide matches. However, look at the hit-list on this report ... we have a very long
match list because there is a large amount of redundancy in the EST databases and
unlike the protein database search, most of the matched entries don’t immediately
communicate which proteins have been found. I'll return to these issues later.
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The master results report from the EST search looks pretty similar to the Uniprot
Mouse search, except that the EST sequences are mostly shorter than full length
proteins, so the peptide matches are more scattered. If we click on the protein
accession number link
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1 KAKGKKVAPA PAVVRKQEAK KVVN
51 KWPRYIRLGR
101 T
131 SWW_LPMI_T PIEL

1 EGQGEEGERE

Unformatted sequence string: 168 residues (for pasting into other applications). = Unformatted sequence string: 168 residues (for pasting into other applications). i

g ' ‘
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We get a protein view. This is similar to the protein view for a protein database entry, except
we have drop down list for the different translation frames. For this particular entry, most of
the matches have been found in reading frame 3.

But, as so often happens, there is a frame shift in this entry, and there is an additional match
in frame 2.
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Going back to the issue of the hit list and the descriptions not saying very much.
There are several problems here. One is that EST databases usually have a huge
amount of redundancy, which can make for very long reports. Another problem is
that the sequences tend to be short, so we don't get much grouping of peptide
matches into protein matches.

To address this problem, we can use the UniGene index from the National Center
for Biotechnology Information to simplify the search results.

11
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UniGene is not a sequence database, it is an index which is created by BLASTing
GenBank sequences against themselves to cluster them into gene families.
UniGene can be downloaded from the NCBI FTP site. In Mascot 2.4, the database
manager automatically downloads and configures unigene indexes for pre-defined
databases such as EST Human.

For Mascot 2.3 and earlier, downloading can be automated using the db_update.pl
script. Some manual configuration of Mascot.dat is then required in order to enable
the indexes.

12
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So, if Unigene is configured, we can select mouse from the drop-down list in the
format controls
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Now, using the UniGene index as a lookup table, we can transform the results of an
EST search.

This is now a much clearer picture, very similar to the protein database result.
Please remember that we are not clustering the database sequences into consensus
sequences prior to searching. This could lead to matches being missed. UniGene is
being used after the search, to map one set of accessions to a more useful set.

14
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When we look at individual hits in the report, we see the benefits of UniGene
mapping. Here we have two hits from the EST search — hits 13 and 120. They don’t
have any shared peptide matches, and the entry names also give no clue as to the
protein function. However, when we look at the UniGene report, we find that these
matches all belong to the same gene, for Prolyl 4-hydroxylase.

15
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When you click on the accession number link of a unigene filtered report, you get
full details for that particular gene family.



Genomic databases

« Assembled genomes

«Searching a database of one, (or a few), very long
sequences is possible, but:

*Mascot reports will be unwieldy
Memory inefficient

« Better to split the sequence into segments
«Small overlaps to ensure no peptide lost
*Maintain frame numbering

*www.matrixscience.com/downloads/splitter.pl.gz
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We can also perform MS/MS searches on the raw genomic sequence data.

Assembled genomes are not ideal for a Mascot search, because it would make the reports
too unwieldy.

For example, the longest human chromosome is chromosome 1 with 285 million base pairs
We don't know of any tools for reviewing the results which can handle 250 Mbp sequences.

Mascot requires a significant memory overhead to manipulate such long sequences, which
means that unless you have a very large amount of RAM, the search is going to be using
virtual memory ... i.e. swapping out to disk ... and run relatively slowly.

So, we recommend working with contigs or just chopping the chromosomes into more
manageable lengths.

For efficient searching and reporting, the genomic DNA needs to be chopped into shorter
sequences, with small overlaps to ensure no peptides are lost because they span a boundary.
This is not a completely trivial task if you want to maintain the original forward and reverse
frame numbering from chunk to chunk. A simple perl utility to split a long sequence can be
downloaded from the Matrix Science web site.

17
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SCIENCE.

You can download the mouse genome sequences from the NCBI.



Index of ftp://ftp.ncbinimnih _muscs _chr eq)

MASCOT : Nucleic Acid Databases ©:2092 Matvix Scionce £t

So for the mouse genome, we chose the assembled chromosomes - 21 files (using the
GRCm38 reference assembly). Although you could search this as a 21 entry database, as |
just mentioned this is not memory efficient, so we used the splitter script to split the
chromosome sequences into overlapping segments of 12 kb
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{sisce/ Mascot Search Results

User : paz

Email H

Search title : 1PRG2008 Mouse_genome

MS data file : D:\1PRG2008\ngE\nerged. ngt

Database : Mouse_genome genome 20120123 (1362828 sequences: 5505027542 residues)

Timestamp T :

Enzyme

FPixed modifications  : 1TRAQéplex (K),1TRAQéplex (N-term), Methylthio (C

Variable modifications : Acetyl (Protein N-term) ,Gin->pyro-Glu (N-term ) ,Oxid: )

Mass values : Menoisetopic

Protein Mass : Unrestricted

Peptide Mass Tolerance : + 0.9 Da
Fragment Mass Tolerance: + 0.6 Da

Max Missed Cleavages 1

Instrument type : ESI-TRAP

Humber of queries : 33191

Protein hits : gi]372089108 | ref |NC 000068.7] 2898 bases 3 GRCm3E C57] 3

67
GRCm38 CSTBL/ET
GRCm3E CS7BL/6J
GRCm3E CS7BL/6T
GRCm3E CS7BL/6J
C57BL/6J chromosome §, GROR3S C5STBL/6J

us strain C$7BL/6J chromosome 10, GRCm38 CS7BL
578L/6J chromosome 9, GRCm3E C57BL/6J

1
911372099104 | ref |NC 00007: 1 11513 bases
911372099092 | ref [NC 000084.6| 7073 bases
g1 1372099101 ref |NC_000075.6] 4807 bases 5
g11372095103 | ref |NC_0000 bases
gl | ref [NC 0000 pases
g11372099100 | ref |[NC_0000 bases 1
g1 | 372099101 | ref |NC_0000 pases

11372099099 | ref |NC_0000 bases 1 strain
11372095098 | ref [NC_ 0000 bases rain C!

g11372099105 | ref [RC_0000 bases

911372095102 ref |NC_0000 bases
91137209 | ref [NC 0000 pases

1137209 | ref |NC_D0OO' bases

91137205 | ref |NC_0000' bases
g1137209. | ref[NC 000073 bases musculus

g1137209 lref|NC 0000 bases musCU.

gi 37209 |ref |NC 000079.6] 1! bases musculus

gi137209 |ref |NC 00007 L7 bases musculus

gil |ref|NC 0000B1.6| 6868 bases musculus
CIWAE

MASCOT : Nucleic Acid Databases © 2012 Matrix Science £t

This is the result of searching our data against the mouse genome assembly. If you
thought that most of the EST_mouse entry titles were uninformative, how much
worse is this?
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Observed
488.3756
603.8705
635.4900
803.1397
855.9392
571.0578
859.6885
609.0556
983.6427

§93.4307

Mr(expt) Mr{cale) Delta Miss Score Expect Rank Unigue
974.7367  974.60 0.1363 © 54 0.36 1
5.7264 1205.6747 0.08517 0 61 0. o
1268.9654 1268.6856 0.2799 0 55 0.33 1 ]
1604.2648 1603.8337 0.4311 0 63 0.023 1 o
1709.8639 1709.8746 -0.0108 O 66 0.011 1 o
1710.1517 1709.8746 0.2770 0 (57) ©.088 1 u
1717.3625 1717.8879 -0.5253 0 77 0.00079 1 u
1824.1449 1823.9946 0.1503 0 856  0.088 1 L]
1965.2709 1965.0047 0.2662 O 96 7.9e-06 1 L]
2077.2703 2077.1078 0.1625 © 82 0.00019 1 o
2124.3757 2124.1306 0.2450 © 80 0.00027 1 o
2262.8160 2262.1048 0.7112 0 €9 0.0033 1 u

898 Mass: 473640 Score: 629  Matches: 26(1

36764001-34776120 Mus musculus strain CS7TBL/6J chromoscme 2, GROm38 CSTBL/6J

Datab...

Peptide
R. LIGDAAR.H

K.VLEDSDLK.K 3
K.ETABAYLGR.K

R.NELESYAYSLE.N 21353

R. TWNDPSVQODIK. F 23604
K. TFAPEETSAMVLTR.
K. NQLTSNPENTVEDAR. R 27165 27
R.DNHLLGTFDLTGIPPAPR.G 28351
K. SQIFSTASDNQPTVTIR.V 28786 28789
K. IEWLESHQDADIEDFK. A 25!

n
o

2. 93  Score: 530  Matches: 1E8(9) Sequences: 2(2) emPAI: 0.04 Frame: 3

138144001-138156120 Mus musculus strain C57BL/6J chromosome 6, GRCm38 CS7BL/6J
Query Observed Mr{expt) Mr(calc) Delta Miss Score Expect Rank Unique Peptide

776.4102 1550.8058 1550.7166 0.0893 0  (75) 0.00097 1 U R.MMPMSSATAPQR
784.4878 1566.9611 1566.7115 0.2497 0 (70) 0.0084 1 U R.MMPMSSATAPQR
764.5320 1567.0453 1566.7115 0.337% 0 (63) 0.024 1 U R.MMFMSSATAPQR
792.4776 1582.9406 1582.7064 0.2342 0 77 0.00064 1 U RrMSSATARGR
563.6700 1687.9882 1687.7942 0.1940 O (45)  0.45 1 U -.VFANPEDCAGFGR.G
845.1180 1668.2215 1687.7942 0.4273 0 92 2.8e-05 1 U - VFANPEDCAGFGK.G 2305S

: gi $.6] 7073  HMass: 462761 Score: 452  Matches: 10(10) Sequences: 1(1) emPAI: 0.02 Frame: 2

Observed
5. 6897
784.1341

4864001-24876120 Mus musculus strain CS7BL/6J

omosome 18, GRCm38 CS7
Mr(expt) Mr(calc) Delta Miss Score Expect Rank Unique
2349.3647 23450227 0.3420 O (100) 2.le-06 1 v
2349.3805 2345.0227 0.3378 O 104 7.3e-07 1 v

BL/6F
Peptide
R.EQAGGDATENFEDVGHSTDAR. E 30§27

R.EQAGGDATENFEDVGHSTDAR . E 3

MASCOT

: Nucleic Acid Databases

© 2012 Matrix Science

{ MATRIX
SCIENCE.

If you click on an accession number link, for a protein view report, you can get
either the standard protein view report or an alternative
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5 GenBank format feat

Report (./data/201...  GenBank format feature table
€ ISHIL." bogong s ok F 1 thit 1 e |28+ Goog £lo
() Most Visited @) Getting Started . Latest Headlines *§ Google [=] Ovenvew (Java 2 Platf.. =~ The World Clock-Ti.. [=] Overview (Java Platfor.. | : Matrix Science - Home »
BLASTCDS complem 11200..11223)
scot match, query=97, mass=1086.48, score=31, rank=4, sequence=NYYEQWGK" !
/blastp_file=",, K /data/20120501/F001462. - N
6.48
/rank=4
/translation="NYYEQWGK"
BLASTICDS ..11223)
/note="Mascot match, query » mass=1086.48, score=31, rank=4, sequence=NYYEQWGK"
/blastp_file="../data/20120501/F001462.dac"
o
ation="NYYEQWGK"
BLASTICDS complement (11200..11
/label=Q39
/colour=2
/note="Mascot match, query=99, mass=1086.48, score=31, rank=4, sequence=NYYEQWGK"
/blastp_file="../data/20120501/F001462.dac"
/mas 48
BLASTCDS
/note="Mascot match, query=127 187.64, score=63, rank=1, sequence=IDTIEIITDR"
/blastp file=", /data/20120501/F001462.dac”
7.64
/t ation="IDTIEIITDR"™
BLASTCDS 10565..10594)

MASCOT : Nucleic Acid Databases © 2012 Matrix Science éﬂg&-ajgg

This is the peptide match results formatted as an EMBL / GenBank format feature
table. This may not look very friendly, but the advantage of this report is that it can
be read into a standard genome browser



File Edit View Favorites Tooks Help
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Home Research (RTINSl Work & study  About us

Mouse Zebrafish  Data Databases Technologies  Talks & training

Artemis: Genome Browser and Annotation Tool

Artemis is a free genome browser and annotation tool that allows visualisation of sequence ]
features, next generation data and the results of analyses within the context of the sequence, 1
and also its six-frame translation.

Artemis is written in Java, and is available for UNIX, Macintosh and Windows systems. It can read EMBL
and GENBANK database entries or sequence in FASTA, indexed FASTA or raw format. Other sequence
features can be in EMBL, GENBANK or GFF format.

sanger - .

Links i
ACT - 3 DNA sequence Comparison viewer 300 l99300 (99600 4
DNAPlotter - makes circular and linear interactive plots E
BamView & - interactive display of read alignments in BAM data files [Genome Research Limited]

b
EZEEEE] vevelopment Download FAQs Chado Courses Contact

New to Artemis?

The Artemis manual /- explains how to install and run Artemis and what most parts of the program do. The wellcome trust

FAQs may help if you are experiencing problems with Artemis. Also an Artemis poster - gives an overview of San er

browsing genomes and visualisation of next generation data in Artemis. There are also use case examples of

browsing next generation sequence data. institute:

Full information about the latest release of Artemis can be found in the manual and the current release Example of an Artemis screenshot.

notes®. zoom

s brnern — =

Done @ Internet | Protected Mode: On vy H10% -

MASCOT : Nucleic Acid Databases

2012 Matrix Science

{SCincis

For example, one which we find works well is Artemis, a Java based genome

browser developed and distributed by the Sanger Centre.
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BLASTCDS 10565 10594 ¢
Il BLASTCDS 11200 11223 ¢
Ml 5LASTODS 11200 11223 ¢
Il 5LASTCDS 11200 11223 ¢
Ml BLASTCDS 11224 11271 ¢ M

"

TAAREREA
3432433439

=LFICCLSFETTEESLR

B

Ml 5LASTCDS 11224 11271 ¢ 350, =LFIGGLSFETTEESLR
-BLASTCDS 11224 11271 ¢ 351, =LFIGGLSFETTEESLR
Il BLASTCDS 11224 11274 ¢ 370, =KLFIGGLSFETTEESLR
[l BLASTCDS 11224 11274 ¢ 371, ma: sequence=KLFIGGLSFETTEESLR
Ml BLASTCDS 11224 11274 ¢ ry=372, wass=1926.01, sequence=KLFIGGLSFETTEESLR
cps 216 422 ¢ =
— — —
_ .o MATRIX
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Here’s the result of reading the feature table containing the Mascot peptide matches
into Artemis. In the upper third, we have a low resolution view. This can be zoomed
out to show an entire sequence as a single strip. We have the forward and
complementary DNA strands, and the 6 frame translation. The black vertical bars
are stop codons, the purple bars are start codons. The the blue blocks are open
reading frames. Individual Mascot peptide matches are shown in red. This particular
gene has 5 peptide matches.

The middle third is a similar arrangement, but at high enough resolution to see
individual bases and residues.

Finally, the lower third shows a tabular view of the feature table. When a match is
selected, it is highlighted in all three views, and we can see the spectrum number,
sequence, molecular weight, Mascot score, etc.

Not only does this allow us to zoom and pan around these extremely long
sequences, it also allows us to view the peptide matches found by Mascot in the
context of all the existing annotations. This gives us a powerful way to present the
results of MS based searching complete genomes.
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°
Protein vs. EST vs. Genome
‘¥Search parameters
Type of search : MS/MS Ion Search
Enzyme : Trypsin/P
Fixed modifications : JITRAQ4plex (K), #1TRAQ4plex (N-term), #Methylthio (C)
Variable modifications : FAcetyl (Protein N-term), £fGin->pyro-Glu (N-term Q), fOxidation (M)
Mass values : Monoisotopic
Protein mass : Unrestricted
Peptide mass tolerance :* 0.9 Da
Fragment mass tolerance : = 0.6 Da
Max missed cleavages 01
Instrument type : ESI-TRAP
Number of queries £33,191
Database Size Avg. 5% identity threshold #matches > threshold

UniProt_mouse_20120418 2.7x10%7 37 1910

EST_mouse_20120429 4.5 x 109 60 465

Mouse_genome 20120123 2.7 x 109 60 367

i : z MATRIX
MASCOT : Nucleic Acid Databases © 2012 Matrix Science {E AT

All well and good, but which database gives the most matches?

As you can see in the table, there is a big drop in the number of matches between
Uniprot_mouse and EST_mouse. The reason is mainly that EST_mouse is a much bigger
database, by more than a factor of 100. This means that the score thresholds are approx 23
higher, and we lose all the weaker matches, that had scores between 37 and 60. Yes, there
may be additional matches in EST, not found in Uniprot mouse, but the net change is highly
negative.

You can see at a glance that the mouse genome is even worse. This is not because of a still
higher threshold; the database is similar in size to EST_mouse. One reason is that a
proportion of potential matches are missed because they are split across exon-intron
boundaries. Based on average peptide length, approx 20% of matches would be lost for this
reason. In this particular example, the difference is approximately 21%. The other factor
than can affect this is that the mouse genome is only 1.5% coding sequence, and represents a
single consensus genome. EST is 100% coding sequence and represents a wide range of
SNPs and variants.
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Protein vs. EST vs. Genome

« Searching complete chromosomes is possible, but unwieldy.
« Scoring statistics for assembled genome very similar to EST_mouse,
but

« the genome is a single consensus sequence, EST_mouse represents many
variants

« EST_mouse is 100% coding, Genome assembly is ~1.5% coding

« lose approx 20% of matches because they straddle an exon - intron
boundary

« In general, EST_mouse is a better choice

« References (for human genome)

Choudhary, J. S., Blackstock, W. P., Creasy, D. M. and Cottrell, J. S.
(2001). Interrogating the human genome using uninterpreted mass
spectrometry data. Proteomics, 1, 651-667.

Choudhary, J. S., Blackstock, W. P., Creasy, D. M. and Cottrell, J. S.
(2001). Matching peptide mass spectra to EST and genomic DNA
databases. Trends in Biotechnology, 19, 517-522.

MASCOT : Nucleic Acid Databases © 2012 Matrix Science £t

So, these are our conclusions for the mouse genome, and the same considerations probably
hold for other large mammalian genomes (and certainly for the human genome).

Plant and bacterial genomes are a different matter. If the species is not well represented in
the protein databases, there is a much stronger need to search EST or genomic databases
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Here we’re looking at the overall numbers for all the species of the genus Citrus in Genbank
—and as you can see we have very few protein entries, but some genome data from a few
species and reasonably large number of ESTs. So if you were working on a Citrus species,
you would probably need to be searching a nucleic acid database.



Primary sequence variants

 Protein database
«Look for all single base substitutions

*No attempt to find single base insertions &
deletions because of frame shifts

e Nucleic acid database

«Look for all single base substitutions, insertions
& deletions

MASCOT : Nucleic Acid Databases © 2012 Matrix Science {SI?IAE{;}E%’

An important reason for why you may wish to search against a nucleic acid database is to
look for sequence variants, such as single nucleotide polymorphisms (SNPs) or sequencing
errors using the error tolerant search in Mascot.

For a protein database, we can’t look for the consequences of inserted or deleted bases,
because these give rise to frame shifts, and the entire sequence changes from that point on,

but if we’re searching a nucleic acid database, we can look for all single base substitutions,
insertions and deletions.
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{435 Mascot Search Results

Peptide View

MS/MS Fragmentation of GVDEATIIDILTK

Found in gi[372099091reNC_000085.6]_1699 in Mouse_genome, bases 20376001 20388122 Mus musculus strain C57BL/6]
chromosome 19, GRCm38 C57BL/6]

Translated in frame 6, insertion of G2 found by error tolerant search

GTGTGGATEA AGCRACCATC ATTGACATIC TTACCAAG - origimal

GGTGTGEATG AAGCAACCAT CATIGACATT CTTACCAAG - modified

Match to Query 205: 1386494048 from(694.254300,2+) intensity(46.8095) index(443)
Pkl

Data file 500,
Click mouse within plot area to zoom in by factor of two about that point
O, [ Plotfiom | 0 to 1800 Da [ Fullrange |
Label all possible matches ©  Label matches used for scoring
Show Y-axis i b 5 W [sea| ¥ o = | & o (8
1) 58.0287| 295180 [ 13
2| 157.0972| 79.0522| V' |1330.7464 (66587691313 7199|657 3636|1312 7359|656 8716|12|
3 2721241136 5657 254.1135[127.5604| D [1221.6780(616 3426(1214 6515[607.8294[1213 6674 [607 337411
s 4| 301.1667[201.0870] 383.1361(192.0817| E | 1116.6511[558 8292[1099 6245[550 31591098 6405 [549 8239 10]
2 5[ 472.2038[236.6035 454.1932(227.6003| A | 937.6085[494.3079[ 970.5819[485.7946| 969.5979[453.3026] 9|
g 6| 573.2515287.1294 $55.2409[278.1241| T | 926.5714]458 7893 599.5448[430.2760] 898 5608[449.7840] 8
7| 686.3355[343.6714 668.3250[334.6661( 1 .5237(408.2655| 798.4971[399.7522[ 797.5131399.2602] 7
- . g |8 - 8| 799.4196/400.2134] 781.4080[391.2082( 1 96[351.7234[ 685.4131[343.2102 6844201 [342.7182[ ¢
k] -1 -'-,‘ - E-' 9| 914.4466(457.7269| £96.4360/448.7216| D 56/295.1814| §723290(286.6681| 571.3450/286.1761| §
2 57 10(1027.5306514.2689[1009.5201505.2637 1 56(237.6679| 457.3021(229.1547 456.3180[228.6627( 4
‘ ‘ i 11[1140.6147[570.8110[ 1122.6041[561.8057| L | 362.2445[181.1259] 344.2150(172.6126| 343.2340[172.1206[ 3
T *" FEATHY w\L‘ PRI ¢ ;| > IR i 12(1241.6624/621 3348[1223.6518[612.3295| T | 248.1605[124.3839| 231.1339]116.0706| 230.1499115.5786[ 2
- — i Lol Ll e T AN TR R 13 K | 147.1128] 740600| 1300863| 655468 1

Monoisotopic mass of neutral peptide Mr(calc): 1326.7606
Variable modifications:
: NA_INSERTION
Tons Score: 73 Expect: 0.0013
Matches : 9/114 fragment ions using 14 most intense peaks  (help)

MASCOT : Nucleic Acid Databases

2012 Matrix Science
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We have a nice example of a possible base insertion.
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