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Sequence data handling and
manipulation

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

notepad or some specialized programs for sequence
editing — BioEdit, Geneious, ...)

FASTA (.fa, .fas, .fasta)
GenBank (.gb)



FASTA

« Only basic information about the sequence, input
format for programs

>gi1|148832288|gb|EF443167.1| Rhinopoma hardwickei haplotype 2949
cytochrome b gene, partial cds; mitochondrial

ATGACCCACATCCGAAAATCCCACCCCTTATTCAAAATTATCAACGACTCATTCATCGACCTACC
AGCTCCATCAAACATTTCCTCCTGATGAAATTTTGGGTCCCTACTAGGTATTTGTTTAGCTGTAC
AAATCTTAACAGGACTGTTCCTAGCAATACATTATACATCAGATACCACAACCGCCTTCTACTCT
GTTACCCATATCTGCCGAGACGTAAATTACGGCTGAATCCTACGTTACCTCCATGCCAACGGAGC
ATCCATATTCTTCATCTGCCTATTTATACATGTAGGCCGAGGCATCTATTACGGCTCATACCTAT
TCACAGAAACATGAAACATTGGCATTATCCTTCTATTCGCCGTAATAGCAACAGCATTCATAGGC
TATGTCCTCCCA

>gi| ...
ATGA. ..



GenBank

. Detailed
iInformation
about the
sequence

*LOCUS EF443167 402 bp DNA linear MAM 15-0CT-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

*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 ccatatctge cgagacgtaa attacggctg aatcctacgt
. 241 tacctccatg ccaacggagc atccatattc ttcatctgcce tatttataca tgtaggccga
. 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcce ca

Rhinopoma hardwickii

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



DEFINITION

List of genes in the
DNA fragment

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*REFERENCE 1 (bases 1 to 402)

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

e TITLE Molecules, morphometrics and new fossils provide an integrated view
. of the evolutionary history of Rhinopomatidae (Mammalia:

. Chiroptera)

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

. PUBMED 17868440

¢ REMARK Publication Status: Online-Only

*REFERENCE 2 (bases 1 to 402)

¢ AUTHORS Hulva,P.

e TITLE Direct Submission

¢ JOURNAL Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
. Prague, 2 12843, Czech Republic

« FEATURES Location/Qualifiers

© source 1..402

c /organism="Rhinopoma hardwickii"

. /organelle="mitochondrion"

. /mol type="genomic DNA"

. /db_xref="taxon:124756"

c /haplotype="2949"

. CDS 1..>402

0 /codon_start=1

c /transl table=2

. /product="cytochrome b"

. /protein id="ABR14084.1"

. /db_xref="GI:148832289"

o /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 ttcatctgce tatttataca tgtaggccga
© 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

EF443167 402 bp DNA linear MAM 15-0CT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167
EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



ACCESSION

VERSION

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*REFERENCE 1 (bases 1 to 402)

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

e TITLE Molecules, morphometrics and new fossils provide an integrated view
. of the evolutionary history of Rhinopomatidae (Mammalia:

. Chiroptera)

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

. PUBMED 17868440

* REMARK Publication Status: Online-Only

*REFERENCE 2 (bases 1 to 402)

¢ AUTHORS Hulva,P.

e TITLE Direct Submission

¢ JOURNAL Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
. Prague, 2 12843, Czech Republic

* FEATURES Location/Qualifiers

c source 1..402

c /organism="Rhinopoma hardwickii"

. /organelle="mitochondrion"

. /mol type="genomic DNA"

. /db_xref="taxon:124756"

. /haplotype="2949"

. CDs 1..>402

0 /codon_start=1

c /transl table=2

. /product="cytochrome b"

. /protein id="ABR14084.1"

. /db_xref="GI:148832289"

o /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 ttcatctgce tatttataca tgtaggccga
© 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

EF443167 402 bp DNA linear MAM 15-0OCT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



KEYWORDS

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*REFERENCE 1 (bases 1 to 402)

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

e TITLE Molecules, morphometrics and new fossils provide an integrated view
. of the evolutionary history of Rhinopomatidae (Mammalia:

. Chiroptera)

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

. PUBMED 17868440

* REMARK Publication Status: Online-Only

*REFERENCE 2 (bases 1 to 402)

¢ AUTHORS Hulva,P.

e TITLE Direct Submission

¢ JOURNAL Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
. Prague, 2 12843, Czech Republic

* FEATURES Location/Qualifiers

c source 1..402

c /organism="Rhinopoma hardwickii"

. /organelle="mitochondrion"

. /mol type="genomic DNA"

. /db_xref="taxon:124756"

. /haplotype="2949"

. CDs 1..>402

0 /codon_start=1

c /transl table=2

. /product="cytochrome b"

. /protein id="ABR14084.1"

. /db_xref="GI:148832289"

o /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 ttcatctgce tatttataca tgtaggccga
© 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

EF443167 402 bp DNA linear MAM 15-0OCT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



SOURCE

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

* ORGANISM

*REFERENCE 1 (bases 1 to 402)

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

e TITLE Molecules, morphometrics and new fossils provide an integrated view
. of the evolutionary history of Rhinopomatidae (Mammalia:

. Chiroptera)

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

. PUBMED 17868440

¢ REMARK Publication Status: Online-Only

*REFERENCE 2 (bases 1 to 402)

¢ AUTHORS Hulva,P.

e TITLE Direct Submission

¢ JOURNAL Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
. Prague, 2 12843, Czech Republic

« FEATURES Location/Qualifiers

© source 1..402

c /organism="Rhinopoma hardwickii"

. /organelle="mitochondrion"

. /mol type="genomic DNA"

. /db_xref="taxon:124756"

c /haplotype="2949"

. CDS 1..>402

0 /codon_start=1

c /transl table=2

. /product="cytochrome b"

. /protein id="ABR14084.1"

. /db_xref="GI:148832289"

o /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 ttcatctgce tatttataca tgtaggccga
© 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

EF443167 402 bp DNA linear MAM 15-0CT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



REFERENCE

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*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

c /organism="Rhinopoma hardwickii"

. /organelle="mitochondrion"

. /mol type="genomic DNA"

. /db_xref="taxon:124756"

c /haplotype="2949"

. CDS 1..>402

0 /codon_start=1

c /transl table=2

. /product="cytochrome b"

. /protein id="ABR14084.1"

. /db_xref="GI:148832289"

o /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 ttcatctgce tatttataca tgtaggccga
© 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcc ca

EF443167 402 bp DNA linear MAM 15-0CT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.



Position of the
gene in the DNA
sequence

FEATURES

Detailed description
of all genes, position,
translation ...

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*REFERENCE
e AUTHORS
e TITLE
e JOURNAL
PUBMED
REMARK

. CDs
*ORIGIN

. 1
o 61
. 121
c 181
. 241
0 301
0 361

EF443167 402 bp DNA linear MAM 15-0CT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.

1 (bases 1 to 402)

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

Molecules, morphometrics and new fossils provide an integrated view
of the evolutionary history of Rhinopomatidae (Mammalia:
Chiroptera)

BMC Evol. Biol. 7,
17868440
Publication Status: Online-Only

2 (bases 1 to 402)

Hulva,P.

Direct Submission

Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
ague, 2 12843, Czech Republic

Location/Qualifiers

1..402

/organism="Rhinopoma hardwickii"
/organelle="mitochondrion"

/mol type="genomic DNA"

/db_xref="taxon:124756"

/haplotype="2949"

1..>402

/codon_start=1

/transl table=2

/product="cytochrome b"

/protein id="ABR14084.1"

/db_xref="GI:148832289"
/translation="MTHIRKSHPLFKIINDSFIDLPAPSNISSWWNFGSLLGICLAVQ
ILTGLFLAMHYTSDTTTAFYSVTHICRDVNYGWILRYLHANGASMFFICLFMHVGRGI
YYGSYLFTETWNIGIILLFAVMATAFMGYVLP"

165 (2007)

atgacccaca tccgaaaatc ccacccctta ttcaaaatta tcaacgactc attcatcgac

ctaccagctc catcaaacat ttcctcctga

ttagctgtac
accgccttct
tacctccatg
ggcatctatt
ttcgcegtaa

aaatcttaac
actctgttac
ccaacggagc
acggctcata
tagcaacagc

aggactgttc
ccatatctgce
atccatattc
cctattcaca
attcataggc

tgaaattttg
ctagcaatac
cgagacgtaa
ttcatctgce
gaaacatgaa
tatgtcctce

ggtccctact
attatacatc
attacggctg
tatttataca
acattggcat
ca

aggtatttgt
agataccaca
aatcctacgt
tgtaggccga
tatccttcta



ORIGIN

sequence

*LOCUS
*DEFINITION
*ACCESSION
*VERSION
*KEYWORDS

* SOURCE

e ORGANISM

*REFERENCE 1 (bases 1 to 402)
¢ AUTHORS Hulva,P., Horacek,I. and Benda,P.
e TITLE Molecules, morphometrics and new fossils provide an integrated view
. of the evolutionary history of Rhinopomatidae (Mammalia:
. Chiroptera)
e JOURNAL BMC Evol. Biol. 7, 165 (2007)
. PUBMED 17868440
e REMARK Publication Status: Online-Only
*REFERENCE 2 (bases 1 to 402)
¢ AUTHORS Hulva,P.
e TITLE Direct Submission
¢ JOURNAL Submitted (18-FEB-2007) Zoology, Charles University, Vinicna 7,
. Prague, 2 12843, Czech Republic
« FEATURES Location/Qualifiers
© source 1..402
c /organism="Rhinopoma hardwickii"
. /organelle="mitochondrion"
. /mol type="genomic DNA"
. /db_xref="taxon:124756"
c /haplotype="2949"
. CDS 1..>402
0 /codon_start=1
c /transl table=2
/product="cytochrome b"
. /protein id="ABR14084.1"
/db_xref="GI:148832289"
o /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 ccatatctge cgagacgtaa attacggctg aatcctacgt
. 241 tacctccatg ccaacggagc atccatattc ttcatctgcce tatttataca tgtaggccga
. 301 ggcatctatt acggctcata cctattcaca gaaacatgaa acattggcat tatccttcta
. 361 ttcgccgtaa tagcaacagc attcataggc tatgtcctcce ca

EF443167 402 bp DNA linear MAM 15-0CT-2007
Rhinopoma hardwickei haplotype 2949 cytochrome b gene, partial cds;
mitochondrial.

EF443167

EF443167.1 GI:148832288

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

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Laurasiatheria; Chiroptera; Microchiroptera;
Rhinopomatidae; Rhinopoma.
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Welcome to NCBI

The National Center for Biotechnology Information advances science and health by providing access to biomedical

and genomic information.

About the NCBI | Mission | Organization | Research | NCBI News

Get Started

® Tools: Analyze data using NCBI software
¢ Downloads: Get NCBI data or software

s How-To's: Learn how to accomplish specific tasks at NCBI
® Submissions: Submit data to GenBank or other NCBI databases

Genetic Testing Registry

A portal to clinical genetics resources
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tests and laboratories. m
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NCBI Announcements

NCBI Sequence Viewer version 3.2
available

May €, 2014

NCBI Sequence Viewer has recently

Coffee Break tutorial: The promise of
PCSK9
Apr 24, 2014

The latest Coffee Break tutorial explores

e




Exercise 1

« Search for the cytochrome b sequence of
allmammoths which were sequenced

« Export the protein-coding part to FASTA
and save

How-10:

. GenBank on the webpage of the NCBI - search in “Nucleotide” -
GenBank + RefSeg

. Search for “Mammuthus”

« TOO Many sequences — res’rrlc’r it fo the non-redundant database
RefSe / .; _‘;; = 2 d,' RefSeq: NCBI Reference Sequence Database

integrated, non-redundant, well-annotated set of reference sequences includin nomic

cript, a dptl

. Whole mtgenome — GenBank format - SOURCE — CDS — list
cytochrome b



-finds

BLAST

Basic Local Alignment Search Tool

regions of local similarity between

segquences

-The program compares nucleotide or protein
seguences to sequence databases anad

calcu

ates the stafistical significance of matches.

-BLAST can be used to infer functional and

evolus
well a

lonary relationships between sequences as
s help identity members of gene families.



BLAST

< BLAST® My NCBI
- Home Recent Results Saved Strategies Help [Sign In] [Register]
NCEV BLASTH
’ ome YourRecent Resuits New
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Search sequences that have gene expression profiles (SEO)
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RID 91ZKWAFRO016 (Expires on 05-05 15:57 pm)

Query ID Icl|Query 52313 Database Name nt
Description None Description Nucleotide collection (nt)
Molecule type dna Program BLASTN 2.11.0+ P Citation

Query Length 945

Other reports: P Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]

© Graphic Summary

Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores
W <40 W 40-50 ¥ 50-80 [l 80-200 W >=200
1 150 300 450 600 750 900
Sequences producing significant alignments:
Select: All None Selected:0
i1 Alignments O
Description Max | Total |Query| E Per. Accession

Score Score Cover value Ident

Cyclura nubila lewisi NADH dehydrogenase subunit 4 gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNA-Leu gene, partial s 1746 1746 100% 0.0 100.00% AF443275.1

Cyclura nubila lewisi haplotype 2 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNA 1583 1583 95% 0.0 98.34% AF217764.1

Cyclura nubila caymanensis haplotype 2 NADH dehydrogenase subunit 4 (ND4) gene,_partial cds; tRNA-His and tRNA-Ser genes, complete sequence; ar 1578 1578 95% 0.0 98.23% AF217762.1

Cyclura nubila lewisi haplotype 1 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNA 1572 1572 95% 0.0 98.12% AF217763.1

Cyclura nubila caymanensis haplotype 1 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; ar 1572 1572 95% 0.0 98.12% AF217761.1

Cyclura nubila nubila haplotype 8 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRN/ 1567 1567 94% 0.0 98.32% EU532026.1

Cyclura nubila nubila haplotype 9 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNZ 1561 1561 94% 0.0 98.21% EU532027.1

Cyclura nubila nubila haplotype 2 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNZ 1561 1561 95% 0.0 97.90% AF217766.1

Cyclura nubila nubila haplotype 7 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRN4 1555 1555 94% 0.0 98.10% EU532025.1

Cyclura nubila nubila haplotype 4 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNZ 1555 1555 94% 0.0 98.10% EU532022.1

Cyclura nubila nubila haplotype 1 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRN/ 1555 1555 95% 0.0 97.79% AF217765.1

Cyclura nubila nubila haplotype 5 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRN4 1550 1550 94% 0.0 97.99% EU532023.1

Cyclura nubila nubila haplotype 6 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRNZ 1544 1544 94% 0.0 97.88% EU532024.1

Oooooogoooooogogn

Cyclura nubila nubila haplotype 3 NADH dehydrogenase subunit 4 (ND4) gene, partial cds; tRNA-His and tRNA-Ser genes, complete sequence; and tRN/ 1544 1544  94% 0.0 il




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

How-to:
. BLAST at the NCBI - ,,nucleotide blast” option - “standard
databases”

. Selectsequences and download FASTA (aligned sequences)



Species identification

Mnochondno lsolated

DNA
« DNA barcoding Ceﬂ’ \I\I\JS/
— taxon identification

using a standardized DNA region 2@?&%8%

Kirk's Dikaik
100% Match

Genebank (NCBI)
http:/www.ncbi.nim.nih.gov/genbank/

BOLDSYSTEM
http://v3.boldsystems.org/

Plumec gz $223 1825

BLAST or special programs



DNA barcoding
Hebert et al. 2003

The use of limited (approximately 600 bp) mitochondrial DNA
sequence data as an inexpensive, easy way to “scan’ and identify all of life.

SEQUENCE: COLSP  [Funding Seurce: N/A)

Seauence D ABCMAS32-07 COLSP GCenBark Accesaigs  JF445265
Last Updadad 2013.0212 Gengme: Mitochondral
Lacus Cytochio ma Oxidase Subunit 15" Regon

Macisotigas: £57 bp

ACCCTCTATCT RATTATTIGGTCCCTGAGCAGGAATACTAGGARCAGCC TTCAGCATTCTAATTCGRAGCTCAACTA
GOACARCCAGORGCACTCCTAGOCGATGACCAART TT ATAATG TCATTGTTACAGCCCATGCATTCOTAATALTT
TTCTTTATAGT TATCCCTATCATARTCOGACGL TTCECARACTOGCTTCTACCACTAATGATTGGAGCCCCTGAT
ATAGCATTC CCACGRATAAACARATAT AAGC TTTIGAT TGC T I COCCATCATT T ITACTCCT T TTAGCATCRTCT
ATAGTRGAAGCCCGAGCCCOARCAGGATGRAACAGCTATACCCAC CCTTAGCCCETAACCTAGCCCATGCCGEAGCA
TCCGTTCAC CTRACCATTTTCTCCC TT CACCTAGC TGCTGCTAT CCTCTATC TTAGGAGC TATTAATTTITATCACC
ACTATCATC AACATAARACCCCC TECTATAACCCALT ATC AGACCCCTC TATTIGTO TCATCCOTATTAATTACA
GCTGTACTTCT ACT I T T T CAC TACCAGT TTTAGC AGC AGGC ATTACCATACTCCTC ACAGATC GARACC TARAT
ACTACTTTTTTTOATCC TOCTGGAGGCOGRGATCCAATTC TCTATCAACATCTATIT

Amano Arids

T LL Y GANAGNYGTAL S LL IRAELGOPGALLGDDOLYNY INT ANAFVNIF FEVHNP AN IGGY GNULVPLELIGAPD
BAF P RN SF WL L P FSFLLLLASSHVEAGAGCTOUTVYPP LAGNLAHAGASVDLTIFSLHELAGVSS ILGAINFIT
TIIRNEPFANTOYOTPLFVASYLITAVLLLLELPVLAAGITELLTDENLNTTFF DR AGCGLP LLYOHLF

llystratve Bsrcode
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Exercise 3:

e | was at the sushi restaurant yesterday

e some sushi tasted funny
e | tThought of my lecture from the course Molecular

Applications in Zoology and took samples
e | used DNA barcoding (COIl from mtDNA)

| obtained 3 different sequences. What did | eat?

Since | sequenced COI, we can use specialized barcoding
database BOLD.

http://www.boldsystems.org/




>samplel
GCAGGAGCATCCGICGACTTAACTATCTTICTCCCTICATITAGCTIGGA
ATCTCATCAATTITAGGGGCCATTAATTTTATTACGACCATTATCAACAT
AAAACCACCGGCAATCTCTCAGTACCAAACCCCACTITITGTTIGAG
CTGTGCTAATCACTGCTGTACTICTACTACTATCCCTICCCCGITCTGG
CAGCAGGTATCACTATGITGCTCACGGACCGAAATITAAACACTACT
TTCTITGACCCAGCGGGGGGCGGAGATCCAATTITATACCAACACC
TCTTTTGATICTITCGGTCACCCAGAAGTGTATATICTITATCCTITCCAGGC
TITGGCATAATITCACACATCGITGCATACTACTCCGGTAAGAAAGAA
CCCTTCGGGTACATGGGAATAGTATGAGCTATAATGGCCATCGGCT
TGITAGGATITATCGTIITGAGCCCACCACATGTITCACTGTICGGGATGG

>sample?2
GAACGGGATGAACCGTATACCCCCCACTIGGCTGGCAATCTGGCC
CATGCAGGAGCATCCGITGACCITACAATTITCTCCTITACACTTAGCC
GGAGTICTCTTCTATITTAGGGGCAATTAATITCATCACTACTATTATCAA
CATAAAACCCCCTGCAATATCCCAGTATCAAACTCCCCTGTTIGTAT
GATCAGTACTAATTACAGCAGITCTACTCTITACTATCCCTIGCCTGTACT
GGCTGCTGGAATTACAATACTITTAACAGACCGGAATCTTAATACAA
CATITITTGATCCCGCTIGGAGGAGGAGACCCTATCCTATATCAACAC
CTATIC

>sample3d
GAACAGGATGAACAGTATATCCCCCCITAGCCGGAAACCTAGCC
CATGCTGGGGCATCCGTAGATITAACTATTTITITCCCTCCACCTAGCC
GGGGTGTCTTCTATCTTAGGAGCTATCAACTITATCACCACTATCATTA
ATATAAAACCCCCTGCTATAACCCAATATCAGACACCTCTCTITGTAT
GATCCGTACTAATTACAGCCGICCTACTACTTICTCTCACTGCCAGTAT
TAGCAGCAGGTATCACTATACTCCITACAGACCGAAATCTAAATACT
ACTTTCTTCGACCCCGCTIGGAGGTGGAGACCCAATICTITATCAACA
CCTATIC



How to make phylogenetic trees?
Workflow:

obtain DNA sequence

guality check

sequence alignment

calculating genetic distances

phylogeny estimation — topology and branch length
reliability test (bootstrap)

tree visualization



Sequence search in the GenBank

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

mm) NCBI
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Soubor Upravy Format Zobrazeni Mapovéda

Fg1]172004391 |gb|EU423133.1| Marmorosphax tricolor isolate EUG2 NADH dehydrogenase subunit 2 (ND2) gene, partial cds; -
mitochondrialCCCTATTATTTTATCCCTAATAC TATC TAGCC TAGC TATCGGAACAATTATTGCCATGTCAAGCACCCAC
TGATTAATAGCTTGAGT TGGT T TAGAGT TAAACACCCTGTCCATCATTCCCATTATTACAAAACACCACT
ACCCACGCTCAACAGAGGUCACAACCAAATATTTTT TAACCCAAGCTGCAGCCTCCGCTATACTTTTATT
CGCAAGCACAATAAACGCATGACACACAGGAACGTGAGACATTTCCCAAC TGACAGACCAACCATCCTGC
ACCATACTTACAATAGCCCTATCCATAAAMACTCGGCCTCGCTCCTCTGCACTT T TGACTGCCTGAAGTCC
TTCAAGGTACCTCACTTAGCACAGCACTAATCATTACAACATGACAAAAACTAGCCCCAACAGCACTAAT
ATTCCTAACACACAGCTCACTAAACCCAACAATCCTCATAACTCTAGGC TTAATT TCAGCCCTTGTAGGT
GGATGGGGCGGECCTAAACCAAACACAAACACGTAAAATTATAGCATACTCATCAATCGCC>g1 |172004367 |gb|EU423131.1| Marmorosphax tricolor isolate EUG2
NADH dehydrogenase subunit 4 (ND4) gene, partial cds; TRNA-Hi5S gene, complete sequence; and TRNA-Ser gene, partial sequence;
mitochondrial AAAGC TAGGAGGGTATGGAATTATCCGCATTACCCCCATGTTAAATCCCCTTTCAACAAAAATATACTAC
CCATTTATTATACTAGCCATATGAGGCATCATCATAACAAGCACTATTTGCCTACGACAATC TGACCTAA
AGTCACTAATTGCCTACTCCTCAGTCAGTCACATAGGC TTAGT TATTGCATCAACACTAATTCAAACCCC
ATGGAGCCTAACCGLAGCAATTGTACTAATAGTCGCCCATGGLCTCACATCTTCCATACTATTCTGCTTA
GCAAATACCAAC TACGAACGCACCCACAGCCGAACAATACTCCTTGCACGAGGLCTACAATTAGTTTTAC
CATTAATAACAACATGATGACTTT TAACCAACCTAATAAATATAGCCCTTCCGLCAACAATCAACCTAAC
CGGAGAGCTACTAATCATCACCTCTTTATTCAACTGGTC TCCTATAACCATTATTATAACAGGAGCAGGG
ACCCTGTTAACAGCAGTCTACTCCTTATATATAT T TGTAACTACCCAACGAAACAAATTATCAACAAACA
CCACCAACACCCCCCCCACACATACACGAGAACACCTGC TAATAGTACTTCACACACTCCCTATAGTACT
ATTATTAATAAAACCAGGGLTAGTAATAGGCCCTTTCACATGT TACTATAGT T TAACAAAACCATTAGGA
TGTGAACCTAAAAATAGAAGT TCAACCCTTC TTAGC AACCGAAGGGGGAC TAATAACACAAAGAACTGCTAATTC>g1 | 172004365 |gb |EU423130. 1| Nannoscincus mariei
isolate EUGlL NADH dehydrogenase subunit 4 (ND4) gene, partial cds; TRNA-His gene, complete sequence; and TRNA-Ser gene,
partial sequence; mitochondrialGAAGCTCGGAGGATATGGAATCATCCGCATCACCCC TATACTAAACCCAATTTCAACAAAAATATACTAC
CCATTCATCATACTCGCCATTTGAGGTATTATTATAACAAGC TCCATCTGCCTCCGACAAACAGACCTAA
AATCACTAATCGCCTACTCATCAGTCAGCCACATAGGC TTAGTCATTGCGTCAGCCCTCATTCAAACCCC
CTGAAGCCTAACTGGGGCAATTACACTAATAATTGCCCACGGLCTTACGTCCTCTATACTATTCTGCCTA
GCAAACACCAACTATGAACGAACCCACAGCCGLACTATGCTCCTTGCACGAGGLCTCCAGCTTATTT TG
- CCCTAATAACAACATGATGACTAT TAGCCAACC TAATAAACATAGCCCTACCTCCAACAATTAACCTCAC
) AGGAGAGTTATTAATTATCTCCTCACTATTCAACTGATCCCCAATAACCATCATTATAACAGGAGTAGGG
ACCCTACTGACCGCAATCTACTCCCTATACATATT TATAACCACCCAACGAAGCAAACTAGCAACCAACA
CTACCAATACTTGCCCCTOCCACACAC GAGAACACCTACTTATAACACTTCACACCCTCCCCATGCTACT
TCTCTTGATAAAACCCGACCTAAT TATAGGCCCCCTCACATGTCACTATAGT T TAACAAAATATTAGAAT
GTGGACCTAAAGATAGAAGT T TAACCCTTCT TAATGACC GAAGGGGGTC TGAACACAAAGAACTGCTAATTC

D¢

&

Change sequence names — ideally 1-word name
>iguana

CTACCTAAATGGCTAGCC

Save as iguanas.fas
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Chromatogram files:
Can be opened in different software- Chromas, BioEdit, DNASTAR ,
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BioEdit Sequence Alignment Editor - [C:\Documents and Settings\ uzka\Plocha\praktikalntitled. phy]
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DNASTAR

SOFTWARE FOR LIFE SCIENTISTS

Products Solutions Support Mext Gen AboutUs

FREE TRIAI

a,

DNASTAR

Lasergene”Core Suite

Lasergene Core Suite is a comprehensive DMA and protein sequence analysis software suite comprised of nine
applications which include functions ranging from sequence assembly and SNP detection, to automated virtual
cloning and primer design, to creating publication-quality illustrations of your genome. Lasergena Core Suite is
available in four configurations, each designed with different researchers in mind. See the blue tabs below to find out

which option best meets your needs.
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Lasergene
Geneious
CodonCode Aligner
SeqgScape
Sequencher

CodonCode Corporation
Better Software for DNA Sequencing

| Produ

Home | | Support | | Contact

* Aligner Comp

CodonCode Aligner - DNA Sequence Assembly and Alignment on Windows and Mac 0S X

CodonCode Aligner is a program for sequence assembly, contig editing, and mutation detection, available for Windows and Mac OS5 X
Aligner is compatible with Phred-Phrap and fully supports sequence quality scores, while offering a familiar, easy-to-learn user
interface, as shown in the following screen shot:

®086 example_project
=] s & & >

Save Project  Add Samples Add Folder Add Assembly  Align to Reference Sequence Assemble Unassemble

-

Name Contents  Length Quality = Position Added Modified ..
L | Unassembled Samples 2 samples 1] - - 3/11...3/11/03,...
B ags54.s Trace 693 397 0 3/11..3/11/03,...
B aass.s Trace 750 343 0 3/11...3/11/03,...
I Contigl 3 samples 966 917 - 3/11..3/11/03,...
B azz6.r Trace 628 375 0 3/11...3/11/03,...
B a060.s Trace 645 389 221 3/11...3/11/03,... Downloacd
Bd az33.r Trace 646 370 320 3/11...3/11/03,...
» [ contig2 2 samples 755 720 2 Aol
> ﬁ}Trash 0 samples 4] - - 3/11...3/11/03,...
[@ Assembly completed in 1.62 seconds; 1 successful join, 1 island remaining. @ P

T

Forum

Contact Us

Biomatters Ceneious

IOUS

About Products Downloads Purchase Education

Support



Online work with sequence data

SMS- sequence manipulation suite
http://www.bioinformatics.org/sms2/

SMS Sequence Manipulation Suite:

\Version 2

“EMBL Feature Extraster * The Sequence Manipulation Suite is a collection of JavaScript programs for generating, formatting, and analyzing short DNA and protein sequences. It is
fmf'ﬂ:“ EEEE commonly used by molecular biologists, for teaching, and for program and algorithm testing
lter Frotein » See the about the Sequence Manipulation Suite page for more information about individual Sequence Manipulation Suite programs
~GenBlank to FASTA * You can easily mirror the Sequence Manipulation Suite on your own web site, or you can use it off-line
-GenBank Feature Extractor
_GenBank Trans Extrastar ® This version of the Sequence Manipulation Suite represents a complete re-write of the previous version. The new version is much faster and has many
“One to Three new features. The previous version of the Sequence Manipulation Suite can still be accessed
f o = Send questions and comments to stothard@ualberta.ca
“Reverss Complament
-Split Codons

-Split FASTA
122 to On new window | home | citation
24455t May 31 01:28:57 2008

~Codon Plot XHTML
~Codan Usage W3C 35 J W3C css,
~CpG Islands

“DNA Moleculr Wieight
-BNA Pattem Find

-DNA Stats

~Fuzzy Search DNA
~Fuzzy Search Protein
“ldent and Sim

“Multi Rev Trans

“Mutate for Digest

“ORF Finds!

~Paimise Align Codens
-Paimise Align DNA

P aimise Align Protein
-PCR Primer Stats

-PCR Products

-Frotein GRAMY

-Protein lsaelectric Point
“Protein Molscular Weight
-Frotein Fattem Find
-Protein Stats

“Restriction Digast

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

HTTP://www.birc.au.dk/fabox
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%4 BioEdit Sequence Alignment Editor
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File Edit Sequence Alignment View Accessory Application RNA  World Wide Web  Options  Window  Help
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« open cnF.ab1 in BioEdit
« open sample.fas in BioEdit
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Where sequences differ and
where are the same?

Alignment

- away 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

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

- different programs for calculating and editing alignments
- manual: Biokdit, Macaw
- automatic - different algorithms
Clustal X, PileUp, Multalin, Mafft — often online
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Alignment - pairwise alignment (two seguences)
- multiple alignment (more sequences)

AATGCCCTAAA AATGCC-CTAAA
AATGCGGCTAAA AATGCGGCTAAA
AACGCGCTAAA AACGCG-CTAAA
ATGCTAA -ATG---CTAA-

gaps are inserted between the bases so that identical or
similar characters are aligned in successive columns
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http://www.mbio.ncsu.edu/BioEdit/bioedit.html

 Open your iguanas.fas file (in the current BioEdit window)
e Copy sample.fas to iguanas.fas

e Create multiple alignment
(BioEdit — Accessory Applications — ClustalW Multiple Alignment)

e Cut both ends of all sequences to be of the same length
e Save alignment as dataset.tas




Phylogeny estimation

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



taxon

distances
INput Is a matrix of distances between species

taxon
I I I11 IV
I --- 0.1 0.4 0.6
I -~ 0.5 0.5
I11 --- 0.6

IV



Distance based methods (like NJ)

proportional (p) distance

number of substitutions between sequences

p= total number of base differences/total no. of available sites

p = ng/n GATCATTAATGCGATAT
d GACCGTTATTGCCATAT
p=4/17 = 0.23
Expected Difference ."’

"'
o C orrection
s
-~

Sequence Difference

Observed Difference

Iime

real number of substitutions in the
sequence over time is usually higher

than observed p distance

we can see just 3 differences (p), but in fact there was 12 substitutions

ACTGAACGTAACGC ~ P=3
true evolutionary
distance=12
ACTGAACGTAACGC ACTGAACGTAACGC
A C (T A C AAT T
g T | C
?.g, 39 coincidental ‘ 2
S 3 parallel 3
% f’; convergent e
e 5 %,
=- w0 -
® 7 AATGTAGGAATCGC
’% ACTGAAAGAATCGC
@,

Flegr, Evoluéni biologie, Academi:




; i = -~
Jukes .Ca.ntor model (distance) | (ﬂ‘,ﬂ —p Q—_D ransition
all substitution types and base frequencies
are presumed equal

transversion

JC distance

3 4
= =2In(1-2
d Jc 4 n( 3 P)

(‘_3) > :T) fransition

Kimura 2-parameter model (K2P):
transitions are more likely than transversions,
equal base frequencies

K2P distance 1 \ 1 \
P=n/n dprp = O.Sln( 7+ 0.25111(@}7
Q=npy/n




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” — Ykeep it simple*

Using Maximum Parsimony
to Choose Between Two Possible Trees

Sample: 1 2 3 4 5 1 2 3 4 5
Observation: G G T T G G G T
G=1
G=T
G=T
1 change required 2 changes required

—+ Detter tree —+ poorer 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” — Ykeep it simple*

(2n — 3)!  We know that there are a lot of possible trees- in most
cases we can not compare all of them

2"2(n-2)!
-—'" B no. of trees
no. of taxa no. of unrooted trees no. of rooted trees .

. . T T exponentially
3 10} 395 115 135 Increases

11} 2027125 34 459 425

22 3w 10

S0 3w 10

10K} 2w |(pE




Exhaustive Searching

Tree searchmg

T - e
S . .
————

A C ACDA

DcaAaEcaAaABcBAC
et ate e e

B ABDADBAEBACBCARB
PN R e e D
B ACB A AEBADBDA

D>_<C-> D>J_ﬂf D>J_ﬂf C E>J_<C

Branch and Bound Searching Heuristic Searching
C D E
A

A Cc AC A DcAaAE Starting tree \ | | | /

5 o S o6 o d h

B>_\

AB ABpDADBAEBACBCARB A TTT/F
e xatatalata P ET s P— <
B G

/ AN E F G
& MV T . e N LIS
Local branch swapping D B

Swofford et al. (1996) Global branch swapping



Maximum parsimony

INn most cases we can not compare all tfrees

— heuvuristic search

- create random free

- 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 tfree

Sometimes (quite often) we find more equal trees  ————p



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)

e majority-rule consensus (relationships common to 50 or 70% of trees
are shown) ABCDE ABCDE ABCDE

o) =Tk

Tree 1 Tree 2 Tree 3

A BCDE A BCDE

4

Strict Majority-rule
consensus tree consensus tree




reliability tests

-nonparametric resampling methods - bootstrapping,
jackknifing

——P  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



Box 3
Bootstrap Analysis (Felsenstein, 1983)

s100 ..1010220112..

s3 ..0120401200. .

52 ..1000222003. .
sl ..1310110012. . A 100 A
A . .AGGCUCCARA . . } Tree based
B ..AGGUUCGAAA.. 1 on original 1@4': B
c . .AGCCCCGRAA.. — % —] ¢ sequence 75 c
D . .AUUUCCGAAC. . —{ o alignment LB .
A
Bootstrap values
sample 1 (s1) A superimposed on
A . .AGGGGUCAARA . . ) original tree
B - - AGGGGUCRRA. . ] B Bootstrap (2)
C . .AGGGCCCRAAL.,, —» C  tree 1
D . .AUUUUCCACC . . _|
D
sample 2 (s2) A
A . JAUUCCCCAAA. .
B . .AUUCCGGAAA. . _|: B
c . .ACCCCGGAAA.. —W — Bootstrap
D . .ACCCCGGCCT. . _ C  tree2
D
sample 3 (s3) A
A . .GGGUUUUCAA. . —
B . .GGGUUUUGAA . . B
c . .GCCCCCCGAA.. —» o Bootstrap L]
) . .UUUCCCCGRA . . tree 3
> S
100] B
D
sample 100 (s100 Bootstrap .
a P . .m;{uucc]amn. . _|: A consensus tree BOOTSTI’CI p VO|U€S
B . -AGUUCCAARRA . . | B Bootstrap (1) .
c . .ACCCCCARAA. . > ¢ tree 100 < 50% - no - JUST by chance
D . .AUCCCCAACC. . —|: ; )
> 75% MP ok

sample n (100<n<2000)

95-100% great



e Buingaruss fasciatuis B O OTSTrG p VO | U es :

T < 50% - no - just by chance

Enhydris plumbea

:-OO — Dinodon semicarinatus > 75% O k
L ranterophis quttas 95-100% great

100
d Qvophis okinavensis
— 85
Agkistrodon piscivorus
— 97 100 g P
I K
Deinagkistrodon acutus
Achalinus meiguensi
100 H
Acrochordus granulatus
A Cylindrophis ruffus
100 100 F
Rhinophis philippinus
72D
Python regius

98 E

Xenopeltis unicolor

ALETHINOPHIDIA 65
100 C Eunectes notaeus HENOPHIDIA
— 100
Boa constrictor
100
G . L
Charina trivirgata
Anilius scytale
—1 92 B
Tropidophis haetianus
Ramphotyphlops australis
99
Ramphotyphlops braminus
100
100 Typhlops reticulatus
L1 SCOLECOPHIDIA Typhlops mirus
Leptotyphlops humilis

0.1 substitutions/site

Douglas and Gower BMC Genomics 2010,
11:14



Bayesian inference/analysis

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

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

Likelihood Prior
Pr (D | H) x Pr (H)
Pr(H|D) =
(H| D) Pr (D)
Posterior probability Probability of data

Pr (D) 1s not possible to calculate as this 1s the
2y Pr (D | H) x Pr (H). Too many different hypothesis.

- 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

Bayesian analysis step-by-step:

- 4 chains

- 3D space (area) with all possible trees

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

- second tree, compute L

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

global maximum

higher likelihood local maximum

R




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

global maximum
higher likelihood local maximum

{

higher likelihood




global maximum

higher likelihood local maximum

Y




global maximum

higher likelihood local maximum

4

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



MrBayes run

-5000

5500 w
-6000

J - Output of MrBayes is

file with all trees found
by cold chain during
7000 the procedure

E Usually every 100th
o | tree from milions
generation is saved

- Usually we have two
2500 runs

-Ln likelihood

-8000

-9000 T T T T T T T T
0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000 4500000 5000000

No. generations

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



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

100
1.00

B8

535

Cyclura pinguis

Cyclura collei

1.00

o.e1

53

== = Cyclura lewisi 1

U.!’JH"\

Cyelura lewisi 2

Prague 5
’{ Tonik

— Pepino

Cyelura rileyi

oo Cyclura cychiura cychiura

- Cyclura cychiura figginsi 1

- Cyclura cychlura figginsi 2

Cyclura cychiura inornata

Halguin GOH

7L{3yc-'ura nubifa caymanensis 1
Cyclura nubila nubila 3

- Cyclura nubila caymanensis 2

Prague 75
/{ Prague 78

Marea cwl

T[ Cyelura nubila nubita 1
| Cyclura nubila nubifa 2

1.00 100 E‘ Cyclura cannata carinafa 1
o100 Cunlurs frarinata cannata 2




How to make phylogenetic trees?
Workflow:

) obtain DNA sequence

) quality check

v sequence alignment

v calculating genetic distances

v phylogeny estimation — topology and branch length
* reliablility 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?




fasta

>gi|148832288|gb|EF443167.1| Rhinopoma hardwickei haplotype 2949
cytochrome b gene, partial cds; mitochondrial

ATGACCCACATCCGAAAATCCCACCCCTTATTCAAAATTATCAACGACTCATTCATCGACCTACC
AGCTCCATCAAACATTTCCTCCTGATGAAATTTTGGGTCCCTACTAGGTATTTGTTTAGCTGTAC
AAATCTTAACAGGACTGTTCCTAGCAATACATTATACATCAGATACCACAACCGCCTTCTACTCT
GTTACCCATATCTGCCGAGACGTAAATTACGGCTGAATCCTACGTTACCTCCATGCCAACGGAGC
ATCCATATTCTTCATCTGCCTATTTATACATGTAGGCCGAGGCATCTATTACGGCTCATACCTAT
TCACAGAAACATGAAACATTGGCATTATCCTTCTATTCGCCGTAATAGCAACAGCATTCATAGGC

TATGTCCTCCCA
nexus

>gi] ...
B ! leguali.nex — Pozndmkovy blok — O X
ATGA e o o Soubor Upravy Formét Zobrazeni Napovéda
HNEXUS
BEGIN DATA;
dimensions ntax=15 nchar=904;
format missing=?
interleave datatype=DNA gap= -;
matrix
Iguana GCCCATCGCAGGCTCAATAGTACTCAGCGCCGTTCTACTAAAACTAGGGG
ccychlura CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
carinata TCCAGTTGCCGGCTCCATAGTACTAGCCGCTATTCTACTAAAACTAGGAG
rileyi CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTAGGAG
figginsi CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
inornata CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
collei CCCAATTGCCGGTTCCATGGCACTAGCCGCCATCCTACTAAAACTAGGAG
pinguis CCCAATTGCCGGCTCCATAGTACTAGCCGCCATTCTACTAAAACTAGGTG
cornuta CCCAATTGCCGGCTCCATAGTACTAGCCGCCATCTTGCTAAAACTAGGAG
cstejnegeri CCCAATTGCCGGCTCCATAGTACTAGCCGCCATCTTGCTAAAACTAGGAG
ricordi TCCAATTGCCGGCTCCATAGTACTAGCCGCCATTCTACTAAAACTAGGGG
nubila CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
lewisi CCCAATTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGGG
caymanensis CCCAATTGCCGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
vzorek = ----- TTGCTGGCTCCATAGTACTAGCCGCCATCCTACTAAAACTGGGAG
Iguana GCTACGGCATTATCCGAATCACCCTCACACTCTCACCAATAACCCACAAA
ccychlura GCTACGGAATCATCCGAATCACCCTAACACTAATGCCAATAACACAAAAA
carinata GGTACGGAATCATCCGAATTACCCTAATACTGACACCCATAACACAAAAA
rileyi GCTACGGAATCATCCGAATCACCCTAACACTAACACCAATAACACAAAAA
figginsi GCTACGGAATCATCCGAATCACCCTAACACTAATGCCAATAACACAAAAA
inornata GCTACGGAATCATCCGAATCACCCTAACACTAATGCCAATAACACAAAAA
collei GATACGGAATTATCCGAATCACCCTAACACTAGCACCAATAACACAAAAA
] Radek 1, Sloupec 1 100 %  Windows (CRLF) UTF-8

—— Parnamkv =T e TERET

=)



Bayesian inference/analysis

program MrBayes — uses commands

Important commands:

execute iguanna.nex (upload of the file)

Iset 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 —InL (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



Molecular Phylogenetics and Evolution
Vol. 17, No. 2, November, pp. 269-279, 2000
doi:10.1006/mpev.2000.0836, available online at http:/www.ldealibrary.com on ||]["‘.ﬁ|_ae

Phylogeography of the Caribbean Rock Iguana (Cyclura):
Implications for Conservation and Insights on the
Biogeographic History of the West Indies’

Catherine L. Malone,” Tana Wheeler, Jeremy F. Taylor, and Scott K. Davis
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