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Sequence data handling and 

manipulation

sequence format: text file (can be edited in e.g.

notepad or some specialized programs for sequence 

editing – BioEdit, Geneious, …)

FASTA (.fa, .fas, .fasta)

GenBank (.gb)



FASTA

>gi|148832288|gb|EF443167.1| Rhinopoma hardwickei haplotype 2949 

cytochrome b gene, partial cds; mitochondrial

ATGACCCACATCCGAAAATCCCACCCCTTATTCAAAATTATCAACGACTCATTCATCGACCTACC

AGCTCCATCAAACATTTCCTCCTGATGAAATTTTGGGTCCCTACTAGGTATTTGTTTAGCTGTAC

AAATCTTAACAGGACTGTTCCTAGCAATACATTATACATCAGATACCACAACCGCCTTCTACTCT

GTTACCCATATCTGCCGAGACGTAAATTACGGCTGAATCCTACGTTACCTCCATGCCAACGGAGC

ATCCATATTCTTCATCTGCCTATTTATACATGTAGGCCGAGGCATCTATTACGGCTCATACCTAT

TCACAGAAACATGAAACATTGGCATTATCCTTCTATTCGCCGTAATAGCAACAGCATTCATAGGC

TATGTCCTCCCA

>gi|...

ATGA...

⚫ only basic information about the sequence, input 

format for programs 



•LOCUS       EF443167                 402 bp    DNA     linear   MAM 15-OCT-2007

•DEFINITION  Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;

• mitochondrial.

•ACCESSION   EF443167

•VERSION     EF443167.1  GI:148832288

•KEYWORDS    .

•SOURCE      mitochondrion Rhinopoma hardwickii (Lesser mouse-tailed bat)

• ORGANISM  Rhinopoma hardwickii

• Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

• Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;

• Rhinopomatidae; Rhinopoma.

•REFERENCE   1  (bases 1 to 402)

• AUTHORS   Hulva,P., Horacek,I. and Benda,P.

• TITLE     Molecules, morphometrics and new fossils provide an integrated view

• of the evolutionary history of Rhinopomatidae (Mammalia:

• Chiroptera)

• JOURNAL   BMC Evol. Biol. 7, 165 (2007)

• PUBMED   17868440

• REMARK    Publication Status: Online-Only

•REFERENCE   2  (bases 1 to 402)

• AUTHORS   Hulva,P.

• TITLE     Direct Submission

• JOURNAL   Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,

• Prague, 2 12843, Czech Republic

•FEATURES             Location/Qualifiers

• source          1..402

• /organism="Rhinopoma hardwickii"

• /organelle="mitochondrion"

• /mol_type="genomic DNA"

• /db_xref="taxon:124756"

• /haplotype="2949"

• CDS             1..>402

• /codon_start=1

• /transl_table=2

• /product="cytochrome b"

• /protein_id="ABR14084.1"

• /db_xref="GI:148832289"

• /translation="MTHIRKSHPLFKIINDSFIDLPAPSNISSWWNFGSLLGICLAVQ

• ILTGLFLAMHYTSDTTTAFYSVTHICRDVNYGWILRYLHANGASMFFICLFMHVGRGI

• YYGSYLFTETWNIGIILLFAVMATAFMGYVLP"

•ORIGIN      

• 1 atgacccaca tccgaaaatc ccacccctta ttcaaaatta tcaacgactc attcatcgac

• 61 ctaccagctc catcaaacat ttcctcctga tgaaattttg ggtccctact aggtatttgt

• 121 ttagctgtac aaatcttaac aggactgttc ctagcaatac attatacatc agataccaca

• 181 accgccttct actctgttac ccatatctgc cgagacgtaa attacggctg aatcctacgt

• 241 tacctccatg ccaacggagc atccatattc ttcatctgcc tatttataca tgtaggccga

• 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta

• 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

•//

GenBank

⚫ Detailed 

information 

about the 

sequence
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List of genes in the 
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of all genes, position, 
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Position of the 

gene in the DNA 
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http://www.ncbi.nlm.nih.gov/



Exercise 1

⚫ GenBank on the webpage of the NCBI – search in “Nucleotide” -

GenBank + RefSeq

⚫ Search for “Mammuthus”

⚫ Too many sequences – restrict it to the non-redundant database

RefSeq

⚫ Whole mtgenome – GenBank format - SOURCE – CDS – list 

cytochrome b

⚫ Search for the cytochrome b sequence of 

all mammoths which were sequenced

⚫ Export the protein-coding part to FASTA 

and save

How-to:



BLAST
Basic Local Alignment Search Tool

•finds regions of local similarity between 

sequences

•The program compares nucleotide or protein 

sequences to sequence databases and 

calculates the statistical significance of matches.

•BLAST can be used to infer functional and 

evolutionary relationships between sequences as 

well as help identify members of gene families. 



BLAST

basic BLAST 

Search in reference 

genomes



BLAST

insert sequence

usually choose “Others”

choose the database for BLAST





Exercise 2
⚫ Blast this sequence:
TGACTACCAAAAGCTCATGTAGAAGCCCCAATTGCCGGCTCCATAGTACTAGCCGCCATCCTACTAAAAC 
TGGGAGGCTACGGAATCATCCGAATCACCCTAACATTAATGCCAATAACACAAAAACTATACTACTCCTT 
CATGATCTTAGCCCTATGAGGAATCGTAATGACCAGCTCAATCTGCATACGACAAACGGACCTAAAATCG 
CTCATCGCCTACTCCTCAGTCAGCCACATAGGACTAGTCATCGCTGCCTGCCTAATCCAAACACCATGAA 
GCATTACAGGAGCTATAACCCTAATAATTGCCCATGGTTTAACATCTTCCATAATATTCTGCCTAGCCAA 
CACCAACTACGAACGAACCCACACCCGAACCATAATCCTAACACGAGGCCTCCAAATCATCCTTCCCCTA 
ATAACCTCATGATGGCTACTAGCCATCCTCACAAACATAGCCCTGCCCCCGACTATTAACATAATAGGAG 
AAATTATGATCATCTCCGCCCTATTCAATTGATCCTCACCAACAATTATCTTAACAGGCCTAGGAACCCT 
AATCACAGCCGTGTACTCATTACACATATTCCTAACAACACAACGAAACATCATGCCACTTCACATCATC 
ACCACAGACCCAACACACACCCGAGAACATCTCATCATAGCCCTACACACTCTACCCCTCGTTCTACTAA 
TCCTTAAACCCGATCTAATCTCAAACTACTTCGCCTGTTAGCATAGTTTAATAAAAACATTAGGATGTGG 
CCCTAAAAAAAGAAGTGCAACCCTTCTTGCGAACCGGAGAGGTGTTTAGAACACTAAGAACTGCTAATTC 
TTATCCCTGAAGTTAAATTCCTCAGACCCCTCACTTTTAAAGGATAAAAGCAACCATTGGTTTTAGGCAC 
CAAAAATCTTGGTGCAAATCCAAGTAAAAGTAATG 

• create multiple FASTA file from selected sequences

⚫ BLAST at the NCBI – „nucleotide blast” option - “standard 

databases”

⚫ Select sequences and download FASTA (aligned sequences)

How-to:







Exercise 3:

• I was at the sushi restaurant yesterday

• some sushi tasted funny

• I thought of my lecture from the course Molecular 

Applications in Zoology and took samples

• I used DNA barcoding (COI from mtDNA)

I obtained 3 different sequences. What did I eat? 

Since I sequenced COI, we can use specialized barcoding 

database BOLD.

http://www.boldsystems.org/



>sample1
GCAGGAGCATCCGTCGACTTAACTATCTTCTCCCTTCATTTAGCTGGA
ATCTCATCAATTTTAGGGGCCATTAATTTTATTACGACCATTATCAACAT
AAAACCACCGGCAATCTCTCAGTACCAAACCCCACTTTTTGTTTGAG
CTGTGCTAATCACTGCTGTACTTCTACTACTATCCCTCCCCGTTCTGG
CAGCAGGTATCACTATGTTGCTCACGGACCGAAATTTAAACACTACT
TTCTTTGACCCAGCGGGGGGCGGAGATCCAATTTTATACCAACACC
TCTTTTGATTCTTCGGTCACCCAGAAGTGTATATTCTTATCCTTCCAGGC
TTTGGCATAATTTCACACATCGTTGCATACTACTCCGGTAAGAAAGAA
CCCTTCGGGTACATGGGAATAGTATGAGCTATAATGGCCATCGGCT
TGTTAGGATTTATCGTTTGAGCCCACCACATGTTCACTGTCGGGATGG

>sample2
GAACGGGATGAACCGTATACCCCCCACTGGCTGGCAATCTGGCC
CATGCAGGAGCATCCGTTGACCTTACAATTTTCTCCTTACACTTAGCC
GGAGTCTCTTCTATTTTAGGGGCAATTAATTTCATCACTACTATTATCAA
CATAAAACCCCCTGCAATATCCCAGTATCAAACTCCCCTGTTTGTAT
GATCAGTACTAATTACAGCAGTTCTACTCTTACTATCCCTGCCTGTACT
GGCTGCTGGAATTACAATACTTTTAACAGACCGGAATCTTAATACAA

CATTTTTTGATCCCGCTGGAGGAGGAGACCCTATCCTATATCAACAC
CTATTC

>sample3
GAACAGGATGAACAGTATATCCCCCCTTAGCCGGAAACCTAGCC
CATGCTGGGGCATCCGTAGATTTAACTATTTTTTCCCTCCACCTAGCC
GGGGTGTCTTCTATCTTAGGAGCTATCAACTTTATCACCACTATCATTA
ATATAAAACCCCCTGCTATAACCCAATATCAGACACCTCTCTTTGTAT
GATCCGTACTAATTACAGCCGTCCTACTACTTCTCTCACTGCCAGTAT
TAGCAGCAGGTATCACTATACTCCTTACAGACCGAAATCTAAATACT
ACTTTCTTCGACCCCGCTGGAGGTGGAGACCCAATTCTTTATCAACA
CCTATTC



How to make phylogenetic trees?

Workflow:

• obtain DNA sequence

• quality check

• sequence alignment

• calculating genetic distances

• phylogeny estimation – topology and branch length

• reliability test  (bootstrap)

• tree visualization



Sequence search in the GenBank

• I would like to study rock iguanas (genus Cyclura). Are 
there some sequences in the GenBank? 

NCBI



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

Cyclura





Choose 7 sequences of the Cyclura species + 1 Iguana iguana



Select sequences - choose destination Send to = File and FASTA

format



Open as FASTA program Notepad (possible directly in BioEdit)



Change sequence names – ideally 1-word name

>iguana

CTACCTAAATGGCTAGCC 

Save as iguanas.fas



+

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



Chromatogram files: 
Can be opened in different software- Chromas, BioEdit, DNASTAR ,  …



http://www.mbio.ncsu.edu/BioEdit/bioedit.html



Lasergene

Geneious

CodonCode Aligner

SeqScape

Sequencher 



Online work with sequence data
SMS- sequence manipulation suite

http://www.bioinformatics.org/sms2/

FaBox
http://www.birc.au.dk/~biopv/php/fabox/



• open cnF.ab1 in BioEdit

• open sample.fas in BioEdit



Where sequences differ and 

where are the  same?

Alignment
- a way of arranging the sequences of DNA, (RNA, protein) to 

identify regions of similarity 

- start of every phylogenetic analysis

- assessing of position homology of each base in the sequence 

- each position (column in the alignment) in the sequence 
represents character potentially useful for the phylogenetic 

analysis

- different programs for calculating and editing alignments

- manual: BioEdit, Macaw

- automatic – different algorithms

Clustal X, PileUp, Multalin, Mafft – often online



Alignment - pairwise alignment (two sequences)

- multiple alignment (more sequences)

gaps are inserted between the bases so that identical or 

similar characters are aligned in successive columns



http://www.mbio.ncsu.edu/BioEdit/bioedit.html

•Open your iguanas.fas file (in the current BioEdit window)

•Copy sample.fas to iguanas.fas

•Create multiple alignment 
(BioEdit – Accessory Applications – ClustalW Multiple Alignment)

•Cut both ends of all sequences to be of the same length

• Save alignment as dataset.fas



character based (maximum parsimony, 

maximum likelihood, Bayesian analysis) 

two types of methods 

distance based (Neighbour-joining, UPGMA)

Two different approaches: 

algorithm – number of specific steps resulting in one best tree
methods: UPGMA, Neighbour-joining 

optimality criterion – consider and compare all theoretically possible 

trees based on selected criteria- number of evolutionary steps,

likelihood value

Phylogeny estimation



distances
input is a matrix of distances between species

taxon

ta
x
o
n



Distance based methods (like NJ)



Jukes-Cantor model (distance)

all substitution types and base frequencies 

are presumed equal

Kimura 2-parameter model (K2P):

transitions are more likely than transversions,

equal base frequencies

transition

transition

transversion



Neighbour-joining (NJ) -
the fully resolved tree is 
“decomposed” from a 
fully unresolved “star” 
tree by successively 
inserting branches 
between a pair of closest 
neighbors and the
remaining terminals in 
the tree
- result is one tree



Maximum parsimony:
optimality criterion - parsimony score = minimum number of 

events (steps) required by a tree to explain the variation in the

data

search for topologies that minimize the total tree length assuming 

a minimum number of base changes

“Occam’s Razor” – “keep it simple“



Maximum parsimony:
optimality criterion - parsimony score = minimum number of 

events (steps) required by a tree to explain the variation in the

data

search for topologies that minimize the total tree length assuming 

a minimum number of base changes

“Occam’s Razor” – “keep it simple“

no. of trees 

exponentially 

increases

(2n – 3)! We know that there are a lot of possible trees- in most    

cases we can not compare all of them

2n-2(n-2)!     

no. of taxa no. of unrooted trees no. of rooted trees



Tree searching



Maximum parsimony

in most cases we can not compare all trees

 heuristic search

- create random tree

- calculate parsimony score 

- rearranging of the tree, 

- calculate parsimony score

- further the method works with the better (shorter) tree 
- repeated rearranging and calculating scores

- at the end shortest tree

Sometimes (quite often) we find more equal trees  



Consensus tree:

when multiple phylogenies are supported - a consensus 

tree shows only those relationships common to all trees 

(based on our settings)

• strict consensus (only relationships common to all trees)

• majority-rule consensus (relationships common to 50 or 70% of trees 

are shown)



reliability tests

-nonparametric resampling methods - bootstrapping, 

jackknifing  

new data sets are created from the original 

data set by sampling columns of characters by random 

with replacement

- each site can be sampled again with the same

probability as any of the other sites



Bootstrap values:
< 50% - no - just by chance

> 75% MP ok

95-100% great



Douglas and Gower BMC Genomics 2010, 
11:14

Bootstrap values:

< 50% - no - just by chance

> 75% ok

95-100% great



Bayesian inference/analysis

Based on theorem of Thomas Bayes (18. century) – Bayesian theorem

- describes the probability of an event, based on prior 

knowledge of conditions that might be related to the event

Bayesian inference of phylogeny uses a likelihood function to create a 

quantity called the posterior probability of trees using a model of 

evolution (substitution model), based on some prior probabilities (priors), 

producing the most likely phylogenetic tree for the given data

- uses Markov chain Monte Carlo (MCMC) algorithms



Bayesian inference of phylogeny uses a likelihood function to create 

a quantity called the posterior probability of trees using a model of 

evolution (substitution model), based on some prior probabilities 

(priors), producing the most likely phylogenetic tree for the given 

data

- the hypothesis H is a combination of 

topology of branches, branch length and 

parameter of the substitution model

- we may approximate the posterior 

distribution for H using Marcov Chain 

Monte Carlo (MCMC) methods



Bayesian analysis step-by-step:

- 4 chains

- 3D space (area) with all possible trees

- find (built) first tree, compute likelihood (L)

- second tree, compute L

- if L is better, jump to the second tree, if not, stay with the first one

Bayesian analysis

higher likelihood

global maximum

local maximum



Two types of chains:

Cold – conservative one, can jump only upwards, if finds better L value

Warm – three chains – can jump also downwards + jump accidentaly + call cold 

one if find better topology

higher likelihood

higher likelihood

global maximum

local maximum



higher likelihood

global maximum

local maximum



- If there are enough generations (i.e. search steps) cold chain finds the highes 

global L

higher likelihood

global maximum

local maximum
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Trees at the beginning of run are not OK – we have to cut them (burnin)

Programu AWTY http://king2.scs.fsu.edu/CEBProjects/awty/awty_start.php

MrBayes run

- Output of MrBayes is 

file with all trees found 

by cold chain during 

the procedure 

Usually every 100th 

tree from milions 

generation is saved

- Usually we have two 

runs



Posterior probabilty

BPP (PP) is parameter of Bayesian analysis – instead of bootstraps

• BPP: represent the probability that the corresponding clade is true 

conditional on the model, the priors, and the data

• below 0.95 – 0.9 topology is considered unreliable



How to make phylogenetic trees?

Workflow:

• obtain DNA sequence

• quality check

• sequence alignment

• calculating genetic distances

• phylogeny estimation – topology and branch length

• reliability test  (bootstrap)

• tree visualization



Program MEGA - http://www.megasoftware.net/

• open alignment

• calculate p-distances and e.g.K2P

• NJ

• MP

• do not forget about bootstrap

• What is our sample?



>gi|148832288|gb|EF443167.1| Rhinopoma hardwickei haplotype 2949 

cytochrome b gene, partial cds; mitochondrial

ATGACCCACATCCGAAAATCCCACCCCTTATTCAAAATTATCAACGACTCATTCATCGACCTACC

AGCTCCATCAAACATTTCCTCCTGATGAAATTTTGGGTCCCTACTAGGTATTTGTTTAGCTGTAC

AAATCTTAACAGGACTGTTCCTAGCAATACATTATACATCAGATACCACAACCGCCTTCTACTCT

GTTACCCATATCTGCCGAGACGTAAATTACGGCTGAATCCTACGTTACCTCCATGCCAACGGAGC

ATCCATATTCTTCATCTGCCTATTTATACATGTAGGCCGAGGCATCTATTACGGCTCATACCTAT

TCACAGAAACATGAAACATTGGCATTATCCTTCTATTCGCCGTAATAGCAACAGCATTCATAGGC

TATGTCCTCCCA

>gi|...

ATGA...

fasta

nexus



program MrBayes – uses commands

Important commands:

execute iguanna.nex  (upload of the file)

lset nst=6 rates=invgamma (simplified model of the sequence evolution –

from Modeltest) … setting GTR model of sequence evolution

mcmcp ngen=500000 samplefreq=100; (parameter settings, number of 

generations, frequency of sampling=saving trees)

mcmc (start)

After the run “average standard deviation of split frequencies“  - should be lower 

than 0.01

check files –lnL (Tracer, Excel)

If everything seems ok, then:

sump burnin=1250

sumt burnin=1250 (this will delete first 25% of saved trees and create file 

xxx.con)  add .tre and open it in TreeView

Bayesian inference/analysis




