
Theresa Schwarz

Genome data analysis
Computer lab session 3

Theresa Schwarz MSc

theresa.schwarz@jku.at

Institute of Biophysics, JKU

Gruberstraße 40, 4020 Linz

SS 2018



Theresa Schwarz

 Genome browsers

 UCSC

 ENSEMBL

 BLAST 

 Pairwise alignments

 Database alignments

 Primer-BLAST

Overview



Theresa Schwarz

 Genome browsers

 UCSC

 ENSEMBL

 BLAST 

 Pairwise alignments

 Database alignments

 Primer-BLAST

Overview



Theresa Schwarz

Genome browsers

 UCSC Genome Browser (University of California Santa Cruz) 
https://genome.ucsc.edu/

 ENSEMBL (EMBO-Heidelberg/EBI-Cambridge) 
http://www.ensembl.org/

 NCBI (NIH, US) Genome Map Viewer
https://www.ncbi.nlm.nih.gov/mapview/
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Genome browsers

 Genomic DNA is organized in 
chromosomes.

 Genome browsers display ideograms  (pictures) of chromosomes. 
Users can select ‘annotation tracks’ that display many kinds of 
information.
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UCSC Genome Browser

https://genome.ucsc.edu/
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UCSC Genome Browser

Search for the human protein PRDM7 using the newest 
genome assembly.
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UCSC Genome Browser
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UCSC Genome Browser

You can hide all tracks

 Scroll down to select your settings

Chromosome
and coordinates

Browsing through this map
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You can choose all ‘tracks’ (settings) you want.

 Choose:

- NCBI RefSeq (full)

- CCDS (full)

 To update your settings select ‘refresh’

UCSC Genome Browser



Theresa Schwarz

UCSC Genome Browser

You can see your selected tracks

Boxes = Exons; Lines = Introns

Navigate through the map by moving and zooming.
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UCSC Genome Browser

If you would like to get the DNA sequence click on View  DNA
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 You can add bases up- and/or downstream of the DNA: e.g. 500bp

 You can highlight the ‘tracks’ you selected by ‘extended case/color options’

UCSC Genome Browser
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UCSC Genome Browser
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UCSC Genome Browser

CCDS is highlighted in red.
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ENSEMBL Genome Browser

 ENSEMBL is a project between EMBL-EBI (European Bioinformatics
Institute) and the Wellcome Trust Sanger Institute.

 This Genome Browser provides information about eukaryotic genomes.

 You can find an accurate description of protein coding genes,
promoters, exons, introns, transcripts, …
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ENSEMBL Genome Browser

http://www.ensembl.org/

Search again for human PRDM7
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ENSEMBL
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ENSEMBL

 Click on Show transcript table
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ENSEMBL

Here you can see all transcript versions and some links to other databases like
CCDS, UniProt.

For the first transcript you can also get the NCBI’s RefSeq sequences for
nucleotide and protein.

 Select the first entry and scroll down!
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ENSEMBL

 To get more information about exons and 

introns, click on a box and select ‘Exons’



Theresa Schwarz

ENSEMBL

Here you can obtain sequence information on exons and introns.
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ENSEMBL

 Go back and select Location.

You can view:

the chromosome

a specific region of 
interest

a detailed view 
with certain tracks
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 BLAST = Basic Local Alignment Search Tool

 BLAST is a nice tool to compare biological sequences and to find regions of
identity or similarity.

BLAST
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 Pairwise alignment: process of lining up two sequences to achieve

maximal levels of identity

 Database alignments: input sequence is aligned to similar sequences of
an entire database

BLAST
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 Where do you get the highest level of identity when
comparing two sequences?

glu glu ala gly glu asp asp glu

asp gly ala glu asp glu asn asn

Pairwise alignment

glu glu ala gly glu asp asp glu

asp gly ala glu asp glu asn asn

glu glu ala gly glu asp asp glu

asp gly ala glu asp glu asn asn

 1

 2

 3
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Pairwise alignment

 Aims (a few examples):

 assess the degree of similarity of 2 sequences

 search for conservation (e.g. protein domains or sequence

motifs)

 find functionally or structurally related proteins

 assess the possibility of homology
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Homolog-Paralog-Ortholog

When are two genes/proteins homologous, paralogous or orthologous?

 Homologs are related genes that descended from a common ancestral

gene. Two genes can be separated by the event of speciation (see
ortholog) or gene duplication (see paralog).

 Paralogs are related genes in the same species that have been separated

by a duplication event within a genome. Paralogs mostly evolve new
functions.

 Orthologs are related genes in different species that evolved from a

common ancestral gene by speciation. Normally, orthologs retain the same
function in the course of evolution.
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Homolog-Paralog-Ortholog
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Example for paralogs

 Hemoglobin tetramer oxygen transport in blood

 Myoglobin monomer oxygen transport in muscle

 Neuroglobin monomer oxygen transport in CNS

 Cytoglobin monomer oxygen transfer blood-brain
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Example for orthologs

 Neuroglobin [Homo sapiens]

 Neuroglobin [Mus musculus]

 Alignment of those two neuroglobins

 on level of amino acid sequence

 92% identities  difference in 13 amino acids

 on level of nucleotide sequence

 79% identities  difference in 193 bases

(divided by 3 = ~64 aa)
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Pairwise alignment – finding homologs

 When you want to find homologs or conserved domains the
amino acid sequence is much more informative than the
nucleotide sequence !

 Because: the genetic code is redundant

(codons are degenerate: changes in the

3rd position often do not change the aa)

3rd position = “wobble base”

 Because: more characters in proteins: 20 amino acids vs. 4 bases
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Pairwise alignment – finding homologs

 Protein alignments are used 

 to find common ancestors million or billion of years ago
(Amino acid sequences offer a longer “look-back” time)

 DNA sequences can be translated into protein and then 
used in pairwise alignments to find homologs



Theresa Schwarz

Pairwise alignment – nucleotide sequences

 DNA alignments are used

 to study DNA polymorphisms (SNPs, insertions, 
deletions, microsatellites,…)

 to study non-coding regions of DNA

 to confirm the identity of a cDNA

Query: 181 catcaactacaactccaaagacacccttacacccactaggatatcaacaaacctacccac 240

|||||||| |||| |||||| ||||| | |||||||||||||||||||||||||||||||  

Sbjct: 189 catcaactgcaaccccaaagccacccct-cacccactaggatatcaacaaacctacccac 247
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 You can do a pairwise alignment with nucleotide and protein
sequences using BLAST – a tool of NCBI.

 http://www.ncbi.nlm.nih.gov/

Pairwise alignment - BLAST
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Pairwise alignment - BLAST

 Let‘s compare Hemoglobin and Myoglobin by using Protein BLAST.
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 Select Align two or more sequences

Pairwise alignment - BLAST
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Enter Accession number or 
sequence in FASTA format of 
the two proteins you want to 
compare:

Hemoglobin: NP_000509.1

Myoglobin: NP_005359

Pairwise alignment - BLAST

Query: NP_000509.1

Subject: NP_005359
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Pairwise alignment - BLAST

Do they look similar ?

Human
Hemoglobin subunit beta

(NP_000509.1)

Human
Myoglobin

(NP_005359)
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 No significant similarity found!

 We can go back and change some parameters

Pairwise alignment - BLAST
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- Select Algorithm 
parameters (and scroll 
down)

- Change the Matrix (Scoring 
Parameters) from BLOSUM62 
to BLOSUM45

Repeat the BLAST search!

Pairwise alignment - BLAST
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There are two kinds of sequence alignments using
different matrices:

GLOBAL alignment algorithm

- Needleman and Wunsch (1970)

LOCAL alignment algorithm

- Smith and Waterman (1981)

Scoring Matrices
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GLOBAL alignment extends from one end of each sequence to
the other.

 PAM matrices

LOCAL alignment finds optimally matching regions within two
sequences (“subsequences”).

 BLOSUM matrices

Scoring Matrices
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 BLOSUM matrices are based on LOCAL alignments.

 BLOSUM stands for blocks substitution matrix.

 BLOSUM80 is a matrix to compare sequences with similarities of >80%.

 BLOSUM62 is a matrix to compare sequences with similarities of >62%.

 BLOSUM45 is a matrix to compare sequences with similarities of >45%.

The higher – the better !

BLOSUM Matrices
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 PAM matrices are based on GLOBAL alignments. 

 PAM stands for point accepted mutation.

 PAM matrices are used to assess the relatedness of two proteins

 PAM matrices work like this: 
How many differences are allowed per 100 amino acids?

- PAM1 1 difference per 100 amino acids
- PAM10.7 10 differences per 100 amino acids
- PAM80 50 differences per 100 amino acids 
- PAM250 80 differences per 100 amino acids

The lower – the better !

PAM Matrices
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rat vs. mouse
globin

rat vs. bacterial
globin

Closely related Distantly related

SUMMARY - Matrices

By choosing the matrix you can chose which part of the sequence should be 

used (global, local) and how stringent the alignment should be done.
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 When using a different Scoring Matrix an alignment is possible

 Scroll down to get more information about your results

Pairwise alignment - BLAST
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How does your BLAST result look like?

General information:

 Score

 Query coverage

 Expected (E) value

 Ident

 Accession

Pairwise alignment - BLAST
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How does your BLAST result look like?

 Score: 

 a measure for the quality of the alignment

 it is calculated by the scoring matrix and reflects the degree of 
similarity

 Max score: Score of single best aligned sequence

 Total score: Sum of scores of all aligned sequences

 The higher the better!

Pairwise alignment - BLAST
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How does your BLAST result look like?

 Query coverage: 

 Information on how much of a sequence is used for the alignment

 Always check the query coverage to see whether the alignment is 
meaningful

 The higher the better!

Pairwise alignment - BLAST
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How does your BLAST result look like?

 Expected ( E ) value: 

 Represents the significance of a result

 Probability of a random alignment

 The lower the E-value the more significant 

 The lower the better!

Pairwise alignment - BLAST



Theresa Schwarz

How does your BLAST result look like?

 Ident: 

 Shows how many amino acids of the two sequences match perfectly

Pairwise alignment - BLAST
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How does your BLAST result look like?

 Accession: 

 Protein accession number is directly linked to myoglobin entry in 
protein database  

Pairwise alignment - BLAST
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Scroll down to Alignments for details.

 Query = Hemoglobin

 Sbjct = Myoglobin 

 Sequence of alignment hemoglobin vs. myglobin

Pairwise alignment - BLAST



Theresa Schwarz

 You can see again the ‘Score’, ‘E-value’ and ‘Identities’

 Total number of aligned amino acids: 145

 Positives

 Gaps

Pairwise alignment - BLAST
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What is the difference between Identities & Positives?

Identities: amino acids that are identical at a specific position in the two
sequences

Similarity/Conservation: amino acids at a specific position in the two
sequences are not identical, however they share the same chemical
properties (see amino acid classification on the next slide) = they are similar

Positives: The sum of identical and similar amino acids.

Pairwise alignment - BLAST

Middle row displays identical
and conserved amino acids;
(+ sign for conserved amino acids)
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Classification of amino acids

G      A      V      L      I        M      W      F        P

S        T       C       Y N       Q

D        E K        R        H
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 You can see again the ‘Score’, ‘E-value’ and ‘Identities’

 The alignment ranges from aa 3-147 = 145 (relative to the Sbjct)

 Positives: aligned amino acids which are either ident or similar

 Gaps: NO alignment with any amino acid. Signed with a ‘ – ‘

Pairwise alignment - BLAST
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How is the score calculated?

The score is a sum of match, mismatch and gap.

Pairwise alignment - BLAST



Theresa Schwarz

Pairwise alignment – Summary

 Choose two sequences

 Select an algorithm that generates a score

 This algorithm can be used for global or local alignments

 Score reflects degree of similarity (quality control)

 E-value tells you the significance of the alignment

 Check whether your results are meaningful  Query coverage
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BLAST

 Despite pairwise alignment you can also align a sequence against an entire
database
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1. Choose the BLAST program

2. Choose sequence (query)

3. Choose the database to search

4. Choose optional parameters

Then click “BLAST”

BLAST
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 BLAST hemoglobin NP_000509.1 against a very general protein database

 Therefore, first select Protein BLAST again.

1. Choose the BLAST program
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2. Choose sequence (query)

Reset page

NP_000509.1

Sequence can be entered in FASTA format or as accession number
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3. Choose the database 

protein databases

nucleotide databases

nr = non-redundant (most general database)
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You can...

 choose the organism to search

 turn filtering on/off

 change the substitution matrix

 change the expect (e) value

 change the word size

 change the output format

4. Choose optional parameters
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4. Choose optional parameters

Algorithm

Organism
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4. Choose optional parameters

Filter, mask

Scoring matrix

Number of outputs

Expect threshold = set a max. E-value

Word size
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1. The query sequence is cut into pieces (“words”) 
e.g. one piece consists of 3 amino acids when the word size is 3

2. The BLAST algorithm uses those “words” to find similar regions in 
sequences which are present in the chosen database 

3. The default word size = 3 amino acids or 11 nucleic acids

Word size = 3

SWVSQA = Query

SWV

WVS

VSQ

SQA

BLAST – word size
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database

query

program

Click on “Search 
Summary”

You can find:

 general information about your search

 Graphic Summary with the Conserved Domains of your Query sequence

 click on search summary to see all the chosen parameters

BLAST Results
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BLAST Results
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BLAST Results

 Scroll down to Descriptions to get an overview of all the results

Select ‘All’ to see how many results you got = 270

Direct links 
to protein
database

Score
Query coverage

E value
% Ident
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BLAST Results

 Scroll down to Alignments to get details for single alignments
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 What other BLAST programs can we use?

 Nucleotide BLAST = blastn

 Protein BLAST = blastp

 blastx

 tblastn

BLAST programs
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Program Input Database

blastn nt nt

blastp protein protein

blastx nt protein

tblastn protein nt

BLAST programs
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 When using blastx the input is a nucleotide sequence

 Then the program translates this sequence into a protein sequence

 Since the program does not know where the translation starts there are 6
possibilities

5’ CATCAACTACAACTCCAAAGACACCCTTACACATCAACAAACCTACCCAC 3’

3’ GTAGTTGATGTTGAGGTTTCTGTGGGAATGTGTAGTTGTTTGGATGGGTG 5’

5’ CAT CAA 

5’ ATC AAC 

5’ TCA ACT 

5’ GTG GGT 

5’ TGG GTA

5’ GGG TAG

BLAST programs - blastx
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Program Input Database

blastn nt nt

blastp protein protein

blastx nt protein

tblastn protein nt

BLAST programs

Search protein 
database using a 
translated nt query

Search translated nt
database using a
protein query
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With Primer-BLAST you can
check your primers that you
designed to use them in a PCR

- do they amplify the desired
product

- do they also bind to other
regions in the given template

Go to BLAST (NCBI)

https://blast.ncbi.nlm.nih.gov/Blast.cgi

Under ‘Specialized searches’ 
you can find Primer-BLAST

Primer-BLAST at NCBI
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 Primers designed to amplify hemoglobin subunit beta of 401bp

 Enter the primer sequences (You can download the sequences from MOODLE)

 You can select a minimum and maximum product size …

Primer-BLAST at NCBI
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 As template I planned to use human gDNA

 Select the database and organism you want to check

 Get Primers

Primer-BLAST at NCBI
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Output

Primer-BLAST at NCBI

General information
about your primers

Product length of the amplicon = 401bp
The product is hemoglobin subunit beta
Is this the region we expected?  YES

Do we want to amplify this region?  NO

The primers can also anneal to a different
region in our genome. However, there are
some mismatches in the annealing
sequence.
Is this now a problem for our PCR?
Do we have to design new primers?
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Mismatches in primer sequence

 In most cases, a mismatch at the 3’-end of the primer (where the
polymerase attaches the next nucleotide) impairs the elongation. (Because
the primer-template complex is destabilized at a crucial position)

 In most cases, one or more mismatches in the middle or the 5’-end of the
primer do not affect the binding of the polymerase and the DNA can be
amplified.

|||||||||||

3’-TAGCCCCGGGTATATTTAAACGGGCCCAAATTTTCTAGGTACCTAGGGTAAATTCG-5’

5’-ATCGGGGCCCAC-3’

||| ||||||

3’-TAGCCCCGGGTATATTTAAACGGGCCCAAATTTTCTAGGTACCTAGGGTAAATTCG-5’

5’-CTCGAAGCCCAT-3’
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What kind of mismatches do we have in our second
BLAST-result?

 In most cases, a mismatch at the 3’-end of the primer impairs the elongation.

 In most cases, one or more mismatches in the middle or the 5’-end of the primer do
NOT affect PCR.

 It is unlikely that the primers will amplify the WRONG product, therefore we

don’t have to design new ones.

Primer-BLAST at NCBI
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 QUESTIONS?

 Please, download Exercises #3 from MOODLE and upload until
next Monday 8:00 a.m.

GOOD LUCK!


