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Nucleotide Analysis

Introduction

Suppose you has discovered an unknown fragment of
DNA deduced from a gel, which you have had sequenced.
You will want to find out as much as you can about it.
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Nucleotide Analysis

Introduction

*|s it contaminated with vector sequences?

*Is it an already known gene”?

Is it related to any other genes either by having a
common ancestor?

Is it similar in function to other genes via convergent
evolution?

*What could the protein sequence be for this nucleotide
fragment if it is translated and what might this be like?
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Checking for vector contamination

« DNA/RNA from a biological source are usually inserted into a
cloning vector (e.g. Plasmid or phage) so that they can be cloned.

« Sequencing of such constructs frequently produces raw sequences
that include segments derived from vectors.

* Also transposable elements from the cloning host (generally bacteria
or yeast) can insert into the cloned DNA/RNA while the clone is being
propagated and will then be sequenced, as can DNA/RNA
contaminants.
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Nucleotide Analysis

Checking for vector contamination

 Vector sequences can be found in the sequence
databanks for various reasons.

 The most common cause is that the submitters forget to
remove them.

* Another is that they are submitted to the databanks
because they are, after all, vectors which others might find
useful.
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Checking for vector contamination

- The EBI provides a vector screening service called
BLAST2 EVEC.

« It is based on NCBI BLAST2 and uses the latest
implementation of the BLAST algorithm and a special sequence
databank known as EMVEC to check your sequences for
vector contamination.

« EMVEC is a sequence collection that contains complete and

fragmented sequences of vectors. The main use of this library
is to provide support to sequencing teams with the process of
removing vector sequences from their data prior to submission
to the EMBL, GenBank or DDBJ databanks.

EMVEC: http://www.ebi.ac.uk/Tools/blastall/vectors.html
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How to check for vector contamination

« Using BLAST2 EVEC you can check unknown sequences for
contamination.

« We are going to check two sequences that are in the link
below:

http://ubio.bioinfo.cnio.es/people/ograna/public _html/introductionToSequenceAnalysis/checkingForVectorContamination/

 Open the EMVEC database query web page to start the

check
http://www.ebi.ac.uk/Tools/blastall/vectors.html
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How to run a check for vector contamination
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Nucleotide Analysis

Running a job with BLAST2 EVEC

*The sequence is entered into the textbox in FASTA format, which consists of a
one-line header starting with a “>” symbol, followed by the sequence name

*“Interactive” is chosen so that | will have the results delivered to the browser as
soon as they are available. Alternatively you can chose “email” and fill in your email
and have the results delivered via email

*It is possible to change the default title

*The BLASTN program is used, which is designed to search a nucleotide query
sequence against a DNA databank, in this case the emvec database

*The number of scores (hits to the database) and the number of alignments of these
against the query sequence is returned
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Running a job with BLAST2 EVEC

« With the "alignments™ option we can select the number of
returned alignments

 Other options are just left on “default”

UBio

which sequence is contaminated?
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Interpreting the results of BLAST2 EVEC

 Click the button “BLAST result’ to see the results

* You should have noticed that sequence 1 and sequence 2 appear to be
contaminated with vectors

» A closer look is required to see if these are genuine hits, or a result of finding a
loose match to a similar functional domain to one found in the vectors database.
This is due to the contents of the database, and the e-values allowing these hits to
pass through

* In the case of sequence 1, you will see that the parameter “Value” for all these hits
is zero, so all these hits are exact matches and are definitly a result of vector
contamination (no gaps in the alignment)

* In the case of sequence 2, you will see that the parameter “Value” for all these hits

is always positive. As a rule of thumb, for a first look at these, if the value is not “to
the power of” (e.g. 1.2x10-7) it is not likely to be significant
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Interpreting the results of BLAST2 EVEC

» Here you will see that the alignments are very short, and also contain gaps in the
alignment (No “I” symbol joining the upper and lower sequence). This is obviously
not a good match and can be ignored which is probably a result of similar functional
domains being present in the query sequence and in the entry in the vector
database.

* You should now be convinced that sequence 1 is contaminated with vectors and
sequence 2 is clean of vectors.

« Sequence 1 will need to have the sequence code trimmed before it becomes
useful.

At the bottom of the page are statistical results as follows:
*The name of the database that was searched

*The last update date of the database used in the search
*The size of the database
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Interpreting the results of BLAST2 EVEC

‘Lambda and K are statistical parameters used in calculating the
significance of the gapped alignment score. They are determined on the
basis of the alignment scores of random sequences using a combination of
scoring matrix and gap penalties (Bioinformatics, D. W Mount, page 251).

*H is the relative entropy that shows the ability of the entire substitution
matrix to discriminate related from unrelated sequences.

*The scoring matrix that was used
*The gap creation/gap extension costs

*VValues for various steps in the search process leading to the identification
of HSPs (High-scoring element pair).

Calculated values for database size, query size, and so on used in the
search.
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Interpreting the results of BLAST2 EVEC

*Underneath the score list, you can view the pairwise alignments of sequences from the score
list against your query sequence. Note that matching sequences are connected with a "|"
symbol. As this is a perfect match, all of the nucleotides are connected with a "|" symbol,
mismatches would be connected with a blank space. A gap would be represented with a "-"
symbol. Thus a sequence alignment can be represented in the format:

Score= normalized bits (raw bits)

The score of the alignment, called score or
bit score, is the sum of log odds scores of
each matching amino acid pair in the
alignment less gap penalites; the raw
score in bits is also shown in parentheses.
The expect value E (E-value) of chance
matches of unrelated sequences from a
database of this size and the percent
identities in the alignment is shown.

UBio

=»EM VEC:CVPJBE X98612.1 Artificial cloning wector pjbé

Length = 5410

Score = 1707 bits (861l), Expect = 0.

Identities = B&l/861 (100%)

"

Ok vand Plus / Minus

______ = Plus / Minus
Query: 1 atgagtattcaacatttocegtgtegoccttattecettttttgeoggoatttigecticet B0
Sbjct: 5187 atgagtattcaacatttcegtgteogeoccttattecettttttgeggeatttbtgecttect 5138
Query: E1 gttttitgeotcaccocagaaacgetggtgaaagtaaaagatgetgaagatecagttgggtgea 120
Skjet: E137 gttttitgectcacccagaaacgctggtgaaagtaaaagatgeotgaagatcaghbtgggtgea 5078
Query: 121 cgagtgggttacatcgaactggatctcaacagocggtaagatccttgagagttttegeocee 180
Skject: B077 cgagtgggttacatecgaactggatctcaacageoggtaagatocttgagagttttegeces BE018
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Understanding an EMBL entry

EMBL entries (as below) in the database are structured to be usable by human readers as well as by
computer programs. Each entry in the database is composed of lines. Different types of lines, each with
its own format, are used to record the various types of data which make up the entry. Some entries will
not contain all of the line types, and some line types occur many times in a single entry. As noted, each
entry begins with an identification line (ID) and ends with a terminator line ().

ID
XX

I
=

XX
DT
OT
XX

XX
EW
XX
os

o
C

XK
RN

RT
RL
XX
BN
RP

RT
RL
RL
RL
XX
FH
FH
FT
FT
FT
FT
FT
FT
XX
50

X98612; 8V 1; c ular; other DNA; STD; SYN:; 5410 BE.

X98el2;

04-JUL-1996 (Rel. 4B, Created)
08-JUL-1%98 (Rel. 56, Last updated, Versicn 3)

Artifieial ecloning wecter pjb8
cloning wvector.

unidentified clening vector
octher seguences; artificial seguences; wectors.

[ 1)
Matthews A.P.;

Unpublished.

[ 2]
1-E5410
Matthews A.P.;

Submitted (21-JUN-1996) to tf “enBank/DDBJ databases.

A.P. Matthews, The Sanger Centre, Informatics, Wellcome Trust Genome
Campus, Hinxton, Cambs CB10 1Sa, UK
Koy Location/Qualifiers
source 1..5410

forganism="unidentified clening wector"

/mol_ type="other DNA"

fdb xref="taxo ggn
misc 1..5410

/note="cloning wector pjba"
Sequence 5410 BP; 1261 A; 1444 €; 1351 G; 1354 T; 0 other;
gatccggaat teotecatgtt catcgataag ctttaatgeg gtagtttate 0
acagttaaat tgctaacgca gtgtatgaaa tctaacaatg cgctcatocgt 120
catcctegge accgtecaccce tggatgetgt aggecatagge ttggttatge cggtactgec 180
gggcctettg cgggatatcg tcoccattccga cagcatcgec agtcactatg goghbgotget 240
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Understanding an EMBL entry

» The FH (Featura Header) lines are present anly to improve readability of an entry when it is
printed or displayed on a terminal screen. The lines contain no data and may be ignored by

- " L " _ computer programs.
The |0 {IDentification ling) line is always the first line of an antry. The genaral form of the ID ine

is: = The ET (Feature Table) Fnes provide a mechanism for the annotation of the sequence data.
Regions or sites in the sequence which are of interest are listed in the table. A complete and
definitive description of the feature table is given hare.
Class Taxonomic division = The S0 (SeQuence header) ling marks the baginning of the sequence data and gives a summary
of its content.
XO8512 circular other DMA | STD 5410 BP The sequence data lines has lines of code starting with two blanks. The sequence is writhen 60

basss par ling, in groups of 10 bases separated by a blank character, beginning in position & of
the lina. The direction listed is always §'to 3'

The XX lins contains no data or comments. It is used instead of blank lines 1o aveid confusicn The I {terminator) line also contains no data or comments. |t designates the end of an entry.

with the sequence data lines.

The AC [Accassion Mumbar) ling lists the accession numbers associated with this entry.

The DT (DaTa) line shows the daterelease number of creation, datefrelease number of the last ID  X9B612; SV 1; cireular; other DNA; STD; SYN; 5410 BP.
modification of the entry and the varsion number. 4.4

AT X9BE12;

KX

The DE {DEscription) lines contain ganeral descriptive information about the sequance storad.

The KW {KeyWaord] lines provide information which can be used o generate cross-referenca SO
indexes of tha sequence enfries basad on functional, strectural, or other categories deemed
important. Tha keywards chosen for each enfry serve as a subject reference for the sequence,
and will be expanded as wark with the database continues, Oftan several KW lines are necessany
for a single eniry.

The OS5 (Organism Species) Fne spacifies the preferred scientific name of the organism which
was the source of the stored sequance.

The OC {Organism Classification] lines contain the taxonomic classification of the source
organism.

The AM (Relerence Murnber] line gives a unigque number o each reference citation within an
antry.

The RC (Relersnce Commaent) line type is an oplional ling type which appears if the referance has
a cormrment.

The BP (Referance Pasitan) line tvpe is an optional line type which appears if one or more
configuous base spans of the presanted sequence can be attributed fo the reference in guestion.

The RAX {Referance Cross-reference] line typs is an optional line type which contains a cross-
reference o an external citation or abstract database.

The HA (Refersnce Author] linas list the authars af the paper [or other work) cited.

The BT {Raferance THle) linas give the title of the paper {or other work).

The BAL (Referance Location) line contains the conventional citation information for the reference.

The PR {PRoject) ling shaws the International Mucleotide Sequence Databasse Collaboration
({IMSDC) Project Identifier that has been assigned to the antry.

= bogoagaacy gg
jaa SAtgECAGEE AGC
tocacggaca asaacagaga aafgaasacga Ccagaqaccaa

The CC lines are free texd comments about the entry, and may be used to convey any sort of
information thought to be usetul.
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Detailed information about BLAST2 EVEC options

*To get a detailed explanation of the different options click directly over the
option name.

BI-BLAST2 - EMVEC Database Query

Want to check your sequences tor vector contamination? This tool is based on NCEI BLASTZ and uses the
latest implementation of the BLAST algorithm and a special sequence databank known as EMVEC. EMVEC is
an extraction of sequences from the S¥Nthetic division of EMEL containing more than 2000 sequences

ing and seguencing experiments.

Download Softwar

PROGRAM DATABASE RESULTS SEARCHTITLE YOUR EMAIL
BLASTN ﬂ Vectors ﬂ interactive ﬂ |Sequence |
emvec v
MATRIX OPENGAP EXTENDGAP EXP.THR FILTER DROPOFF
“none _:] default _¢] “default _:] default ﬂ true _:] default _¢]
SEQUENCE
SCORES ALIGNMENTS RANGE GAPALIGN ALIGN VIEWS FORMAT

“default 3] [default [§) START-eND  [true  [3) [paiwise [3) [Default )

Enter or Paste a . DNAIRNA?] Sequence in any format: . Help .

>sequence 1 m
atgagtattc aacatttccg tgtcgcecctt attccectttt
ttgcggcatt ttgccttecct
gtttttgectc acccagaaac gctggtgaaa gtaaaagatg
ctgaagatca gttgggtgca

UBio 17



Nucleotide Analysis

Conclusion

*\We now know that sequence 2 is clear of vector contamination.

*As NCBI-BLASTZ2 has basically the same options as BLAST2 EVEC we
can now perform a BLAST search with this tool, to look for regions of
sequence similarity in this query sequence with known sequences in the
EMBL Nucleotide Sequence Database.

UBio 18
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Running a NCBI-BLAST2 similarity search

*BLAST stands for Basic Local Alignment Search tool.

oIt is aimed to find regions of sequence similarity, which will yield functional and evolutionary
cluess about the structure and function of your query sequence.

*We will now be able to find out what sequence Sequence 2 is, as this sequence is a real entry in
the EMBL Nucleotide Sequence Database [EMBL release], and see what sequences it is in fact
similar to.

PROGRAM DATABASE RESULTS SEARCHTITLE YOUR EMAIL

We are going to use the form' BLASTN ﬂ Nucleic Acid ﬂ interactiveﬂ Sequence
’ EMBL Release B

http://www.ebi.ac.uk/Tools/blastall/nucleotide.html MATCHMISMATCH

SCORES GAP COSTS EXP.THR FILTER DROPOFF

2,-3 ﬂ Existence: 5 Extension: 2 ﬂ default ﬂ true ﬂ default ﬂ
SEQUENCE
SCORES ALIGNMENTS RANGE GAPALIGN ALIGN VIEWS FORMAT

default  [3)  [default [%) 'sTaRT-enD  [true 5] [pairwise [7] [Default [3)

Enter or Paste a, DNA/RNA ﬂ Sequence in any format: £ Help
Upload a file: (Browse..)

Sequence 2:
http://ubio.bioinfo.cnio.es/people/ograna/public _html/introductionToSequenceAnalysis/checkingForVectorContamination/
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Running a NCBI-BLAST2 similarity search

So... what entry in the EMBL Nucleotide Sequence Database is sequence 2?

UBio 20
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Results of the NCBI-BLAST2 similarity search

We can see several hits:
*Some of the high scores reflect associations of our query sequence to several uses in different
pattents
*The first one is supposed to be our hit

NCBI-BLAST2 Results

Title Sequence
Sequence length 4145

Program MNCBI-blastn
Matrix blastn matrix:2 -3
Open gap penalty 5

[ Show Annotation ) ( BLAST Result ] [ MView )

Database em_rel

Sequence type n

Version 2.2.19 [Nov-02-2008]
Gap extension penalty 2

[ XML )| [ SUBMIT ANOTHER JOB |

(Clear all ) ( Check all ) ("Invert selection ) Reset )( Show Allgnments.u.DcwnIDad ) fasta ﬂ
10 EM MUS:X14897 Mouse fosB mRNA 4145
20 EM PAT:115766 Sequence 1 from patent US 5470736. 4144
30 EM PAT:AR096729 |Sequence 1 from patent US 6008323. 4144
40 EM PAT:DL235420 |NOVEL COMPQSITIONS AND METHODS FOR CANCER. 4145
50 EM PAT:DL205759 |NOVEL COMPOSITIONS AND METHODS FOR CANCER. 4145
= EM PAT:DD014118 |METHOD FOR EXAMINING ISCHEMIC CONDITIONS. 4145
70 EM PAT:AX695339 |Sequence 966 from Patent WO03008583. 4145
= EM PAT:AX306253 | Sequence 1004 from Patent WO0188188. 4145
= EM MUS:AC148988 | Mus musculus BAC clone RP23-85B15 from chromosome 7, 154177
complete sequence.

102 EM MUS:AC118017 |Mus musculus chromosome 7, clone RP23-457C1, complete 196427
sequence.

10 EM HTG:ACO73784 | Mus musculus clone RP23-412G23, WORKING DRAFT 235302
SEQUENCE, 46 unordered pieces

12 0 EM PAT:DL235419 |NOVEL COMPQOSITIONS AND METHODS FOR CANCER. | 26993

130 EM PAT:DL205758 |NOVEL COMPOSITIONS AND METHODS FOR CANCER. | 26993

UBio
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7240
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98
98
98
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98
98
97

97

97

96

96

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0

0.0

Why don’t we get 100% of sequence
identity?

We find the answer looking at the
alignments
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BLAST algorithm

*BLAST stands for Basic Local Alignment Search Tool. It is used to compare a novel sequence with those contained in
nucleotide and protein databases. The emphasis of this tool is to find regions of sequence similarity. These can yield clues
about the structure and function of this novel sequence, and about its evolutionary history and homology with other sequences
in the database.

*The fundamental unit of the BLAST algorithm output is the High-scoring Segment Pair (HSP). An HSP consists of two
sequence fragments of arbitrary but equal length whose alignment is locally maximal and for which the alignment score meets or
exceeds a threshold or cutoff score. A set of HSPs is defined by two sequences, a scoring system, and a cutoff score; this set
may be empty if the cutoff score is sufficiently high. In the programmatic implementations of the BLAST algorithm described
here, each HSP consists of a segment from the query sequence and one from a database sequence.

*The approach to similarity searching taken by the BLAST programs is first to look for similar segments (HSPs) between the
query sequence and a database sequence, then to evaluate the statistical significance of any matches that were found, and
finally to report only those matches that satisfy a user-selectable threshold of significance.

*There are 2 main versions of BLAST available at the EBI, namely WU-BLAST2 and NCBI-BLAST2. These are distinctly

different software packages, although they have a common lineage for some portions of their code, so the two packages do their
work differently and obtain different results and offer different features.

UBio 22
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BLAST algorithm

(1) Forthe query, find the list of high scoring words of length w

Gudery Sequence of length L

hacdrmurn of L-w+ 1 words [bypically w = 3 for proteins]

For each word from the query sequence
find the list of wards that will score at least
T when scored using & pair-score makhix
[e.g. P&k 250).

23



Selected words for W=3:

GSV
SVE
VED
EDT

UBio
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BLAST algorithm

The BLAST Search Algorithm

query word (W= 3)

Query: GSVEDTTOSOSLAALLNKCKTPQGQRLVINCUW IKOPLMD ENRIEERLNLVE AFVEDAELROQTLQEDL

PQG 18
FPEG 15
FRZ 14

neighborhood PG 14

FiG 13

words PDE 13

Chaery:

Shjce:

PHG 13

PMG 13 neighborhood

i1, — score threshold

PON 12 (T=13)

&,

- = x4
325 SLAMLNECETPQGORLVNCQUWIKOPLMDENRIEERLNLVEL 365
+LA++L+ TF G B++ +U+ P+ D + ER + A

250 TLASVLDC TVTPMGS FMLERULHMPVRD TENLLERQOTIGA 330

High-scoring Segment Pair (HSP)

Source: NCBI

24
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BLAST algorithm

(2} Compare the word list to the database and identify exact matches

Catabase
Sequences

|

Waord
List

gllon N——
Exact raktches of words
framn ward list

25
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BLAST algorithm

Nucleotide Analysis

(3) Foreach word match, extend the alignment in both directions to find
alignrnents that score greater than a threshold of value S

FLpire Srony Barorn w8 EFRolent Segsies Admwnery s Dals base Sosmug

Maximal Segment Pairs (M5P3)

St & O Ladornlon: of WSy Sienisiest

Very Reliable

10-°

Homology

Reliable

10-2

Risky
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FASTA similarity search - Introduction

FASTA provides a rapid way to find short stretches of similar sequence and any sequence in
a database.

This program is much more sensitive than BLAST programs, which is reflected by the length
of time required to produce results. FASTA produces optimal local alignment scores for the
comparison of the query sequence to every sequence in the database.

http://www.ebi.ac.uk/Tools/fasta/

UBio 27
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Translating our sequence with EMBOSS Transeq

Transeq translates nucleic acid sequences to the corresponding peptide sequence. It can translate in any of the 3
forward or three reverse sense frames, or in all three forward or reverse frames, or in all six frames.

We will use as an example the previous sequence 2
(http://ubio.bioinfo.cnio.es/people/ograna/public_html/introductionToSequenceAnalysis/checkingForVectorContamina

tion/sequence?.ixt)

The Transeq form here:
http://www.ebi.ac.uk/Tools/emboss/transeq/ EMBOSS Transeq

Iranseq translates nucleic acid sequences to the corresponding peptide sequence. It can translate in any of
the 3 forward or three reverse sense frames, or in all three forward or reverse frames, orin all six frames.

Frame Table
6 |3 Standard Code e
Regions Trim Reverse Colour
[sSTART-END ‘No 4] ‘No [+) ‘No %]
Enter or Paste a nucleic acid Sequence in any format: (" Help "/.

LS

tcocctttttg tcaccttttt gttgttgtct cggctectct
ggctgttgga gacagtcccg
gecctectecect ttateccttte tcaagtctgt ctecgectcaga
ccacttccaa catgtctcecceca
ctctcaatga ctcoctgatctc cggtntgtct gttaattctg
gatttgtcgg ggacatgcaa
ttttacttect gtaagtaagt gtgactgggt ggtagatttt
ttacaatcta tatcgttgag
aattc G

Upload a file: (Browse... ) | Run | Reset

UBio 28
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EMBOSS Transeq results

Frame 6

Translation table Standard (0)

Regions START-END

Trim no

Reverse no

Color no

Transeq output transeq-20090403-1046312999.output

(' SUBMIT ANOTHER JOB )

. LOOKING at these results,
= are we able to say what are

A% ARSTACHATEL E"

RRVEVPVFGGLLE {RRRLPGVRRERGNARLLRANG ?N slute]
* PLY HARNQLLNFE E

e %flﬁ the coding frames?

:;_:C,C,C,. * GGEGREQSGGVCVDPLTLLED
EGPPLCFVLRLMNE. “E':i:( GDFGDRGHGE HETEGD
RWLAGWVGHNGATP TFGVLREAGGERVLEVGCRVGY GRAGMHLORD PVLLFFH
H ALFCELGP* LINLTFPRGYNLLLDELSPRL LTPLPAD
S.{[—l“'TE‘:“'LL ELAQVGEE "PENS ‘P ( REFWF
SELGLTGEG IC

SPFILEQVC LA.,.TTSN[—L'J PLEMTLIS

EPGLSGGTAAWVY ?u._-m

GGE‘STSTTTSGE“SAQE’A% 29
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EMBOSS Transeq results

Not yet..... we will be able to check this out latter!

UBio 30



Help - EMBOSS-Transeq

Transeq help: http://www.ebi.ac.uk/Tools/emboss/transeqg/transeq_frame.html

TABLE

Nucleotide Analysis

Which Genetic Code table to use. These are kept synchronised with those maintained at the NCBI's Taxonomy

Browser.

REGIONS

Which regions of the user's DNA molecule are to be translated.

TRIM

Remove "*" and "X" (stop and ambiguity) symbols from the end of the translation.
REVERSE

Choose this option if you wish to reverse and compliment your sequence.
COLOUR

Choose this option if you wish to colour your translation.

UBio
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Help - EMBOSS-Transeq

SEQUENCE INPUT WINDOW

You can cut and paste or type a nucleotide sequence into the large text window. A free text (raw) nucleotide
sequence is simply a block of characters representing a DNA/RNA sequence. You may also paste a sequence in
GCG, FASTA, EMBL, GenBank, PIR, NBRF or Phylip format. Partially formatted sequences will not be accepted.

Copying and Pasting directly from word processors may yield unpredictable results as hidden/control characters may
be present. Adding a return to the end of the sequence may help certain applications understand the input. Some
examples of common sequence formats may be seen here.

UPLOAD A FILE

You may upload a file from your computer which containing a valid nucleotide sequence in any format (GCG,
FASTA, EMBL, GenBank, PIR, NBRF or Phylip) using this option. Please note that this option only works with
Netscape Browsers or Internet Explorer version 5 or later. Some word processors may yield unpredictable results as
hidden/control characters may be present in the files. It is best to save files with the Unix format option to avoid
hidden windows characters.
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Thanks for your attention !

| would like to thank also the effort done by the 2Can initiative at the EBI. Some of the
slides shown in this tutorial were selected from the 2Can Support Portal.

UBio
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