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1. PRESENTACION DEL BIOINFORMATICS TOOLBOX

Componentes Electrénicas Ltda Distribuidor Autorizado en Colombia
de The MathWorks Inc. anunci6 el 6 de Noviembre la disponibilidad
de su nuevo Bioinformatics Toolbox para MATLAB ®. El producto
facilita el analisis de datos complejos de bioinformatica, de las
sucesiones de analisis genomatico de datos en micro-arreglos, y
velocidades de desarrollo y despliegue de algoritmos. Como el
Toolbox se construye en MATLAB ®, los especialistas en
bioinformatica pueden confiar en un analisis de datos probado y un
ambiente de desarrollo de algoritmos que les permiten responder

eficiente y rapidamente, con menos tareas de codificacion.

"MATLAB ® proporciona una abundancia de herramientas que son
criticas al planear el desarrollo de un algoritmo. El Bioinformatics
Toolbox se suma naturalmente a MATLAB ® manteniendo una
interface sin limitaciones y accediendo con él a los almacenes de
datos del genoma esenciales y de dominio publico, y
proporcionando los constructores de bloques necesarios para
procesar los datos “genomaticos" dijo Bahram Ghaffarzadeh
Kermani, Ph. D., del personal cientifico de lllumina, Inc. en San

Diego.

El Bioinformatics Toolbox se disefia para ayudar a los usuarios a
entender y visualiza cantidades grandes de datos de la investigacion
asociada con las aplicaciones de la tecnologia biolégica o bio-
tecnologia tradicionales, en un fragmento del tiempo. Con este
ultimo Toolbox The MathWorks esta entregando el poder y
versatilidad de su ambiente informatico técnico integrado
directamente a la bio-tecnologia y las industrias farmacéuticas.
Aprovechando la funcionalidad y riqueza de la programacion en
MATLAB ®, el Bioinformatics Toolbox proporciona un ambiente
abierto, extensible a cientificos y a bioinformaticos para el desarrollo
de algoritmos, manipulacién de este tipo de datos y habilita la
comunicacion facil de aplicaciones por las diferentes secciones de la
investigacion. Como resultado, los bioinformaticos pueden usar el
toolbox para enfocar los esfuerzos en el centro de su trabajo - la
investigacion y andlisis - sin los riesgos asociados con usar

programas o software dispares.

Entre sus numerosos rasgos y capacidades, el Bioinformatics
Toolbox proporciona el acceso a archivos del genoma en formatos
normales, los bancos de datos basados en la web como GenBank y
PIR, y las fuentes de los datos en linea. El toolbox también ofrece
las rutinas especializadas para visualizar los datos de microarray
(micro-arreglos), incluso las cajas de grafico, los graficos I-R y los

mapas espaciales de calor.

Los rasgos importantes adicionales del Bioinformatics Toolbox
incluyen:

« Archivos y expresiones en formato comprensibles en genética,
genomatica y proteomatica.

« Conversion, adaptacion y estadisticas de secuencias del genoma
y proteinas.

« Funciones de analisis proteinico.

« Graficas de puntos, graficas de grupos, graficas de sectores y
otras representaciones graficas de datos genomaticos y

protedmicos.

" Los bioinformaticos han tenido que invertir mucho tiempo en
matematica de programacion y algoritmos de estadistica en un
horario corto, tradicionalmente,” dijo Kristen Amuzzini, gerente del
area de biotecnologia, farmacéutica e industria médica de, The
MathWorks. Y continua : "La combinacion de los productos de
MATLAB ® de hoy y el nuevo Bioinformatics Toolbox entrega las
herramientas que ellos necesitan para analizar los datos grandes y
como resultado da elementos que identifican los puntos donde
potencialmente se necesita desarrollar un remedio rapida y

eficazmente.”

No dude en preguntarnos por el nuevo Toolbox de Bioinformatica,
es parte de una solucion agil y efectiva que puede representarle
mucho ahorro de tiempo y dinero, en biotecnologia, farmacéutica y

medicina.

Si lo desea Usted puede abrir en www.mathworks.com el seminario
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2. EJEMPLO DE ANALISIS DE SECUENCIAS DEL GENOMA HUM ANO:

SEQSTATSDEMO Example of sequence statistics with MA  TLAB

This demonstration looks at some statistics ablDINA content of the human mitochondrial genome.

Contents

« Introduction

« Composition of the mitochondrial genome.

+ Exploring the Open Reading Frames (ORFs)
+ Extracting and analyzing the ND2 protein

Introduction

Mitochondria are generally the major energy promunctenter in eukaryotes. The Genome repositotiyeat
NCBI contains more interesting information abow luman mitochondrial genome.

web( http://www.ncbi.nlm.nih.gov/ )

The consensus sequence of the human mitochondraargehas accession number NC_001807. The whole
GenBank entry is quite large and this example osBs the nucleotide sequence, so you can use the
getgenbank function with the 'SequenceOnly’ flag to read jhst sequence information into the MATLAB
workspace.

mitochondria = getgenbank( 'NC_001807" , 'SequenceOnly' ,true);

If you don't have a live web connection, you caadlthe data from a MAT-file using the command
% load mitochondria % <== Uncomment this if no internet connection

The MATLAB whos command gives information about the size of tlgpieace.

whos mitochondria
Name Size Bytes Class

mitochondria 1x16571 33142 char array

Grand total is 16571 elements using 33142 bytes

You will use some of the sequence statistics fona the Bioinformatics Toolbox to look at various
properties of this sequence. You can look at tmepmsition of the nucleotides with tiédensity function.

ntdensity(mitochondria)
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Composition of the mitochondrial genome.

This shows that the genome is A-T rich. You canngete specific information with theasecount
function.

basecount(mitochondria)
ans =

A: 5113
C: 5192
G: 2180
T: 4086

These are on the 5'-3' strand. You can look ateherse complement using thegr complement function.

basecount(segrcomplement(mitochondria))
ans =

A: 4086
C: 2180
G: 5192
T:5113

As expected, the base counts on the reverse coraptestrtand are complementary to the counts on'tBe 5
strand.

You can use the chart optiontiasecount to display a pie chart of the distribution of theses.

figure
basecount(mitochondria, ‘chart’ , 'pie'" );

Now look at the dimers in the sequence and disiplaynformation in a bar chart usidgmer count.
figure
dimercount(mitochondria, ‘chart |, 'bar" )

ans =

AA: 1594
AC: 1495
AG: 801
AT: 1223
CA: 1536
CC: 1779
CG: 439
CT: 1438
GA: 615
GC: 716
GG: 427
GT: 421
TA: 1368
TC: 1202
TG: 512
TT: 1004
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You can look at codons usimgdoncount. The functiondimer count simply counts all adjacent
nucleotides; howevearodoncount counts the codons on a particular reading framéh W options, the
function shows the codon counts on the first regfliame.

codoncount(mitochondria)

AAA -172 AAC-157 AAG- 67 AAT-123
ACA-153 ACC-163 ACG- 42 ACT-130
AGA- 58 AGC- 90 AGG-50 AGT- 43
ATA-132 ATC-103 ATG- 57 ATT- 96
CAA-166 CAC-167 CAG- 68 CAT-135
CCA-146 CCC-215 CCG-50 CCT-182
CGA- 33 CGC-60 CGG-18 CGT- 20
CTA-187 CTC-126 CTG-52 CTT- 98
GAA- 68 GAC- 62 GAG- 47 GAT- 39
GCA- 67 GCC-87 GCG-23 GCT- 61
GGA- 53 GGC-61 GGG- 23 GGT- 25
GTA- 61 GTC-49 GTG-26 GTT- 36
TAA-136 TAC-127 TAG- 82 TAT -107
TCA-143 TCC-126 TCG- 37 TCT-103
TGA-64 TGC-35 TGG- 27 TGT- 25
TTA-115 TTC-113 TTG- 37 TTT- 99

Using a loop you can also look at all the othedieg frames:

for frame =1:3

figure
subplot(2,1,1); codoncount(mitochondria, 'frame' frame, ‘figure' true);
title(sprintf( '‘Codons for frame %d' [frame));
subplot(2,1,2);

codoncount(mitochondria, 'reverse' true, ‘'frame' frame, ‘figure' true);
title(sprintf( '‘Codons for reverse frame %d' [frame));

end

Exploring the Open Reading Frames (ORFS)

In a nucleotide sequence an obvious thing to looksfif there are any open reading frames. Thetfan
segshoworfs can be used to visualize ORFs in a sequence. Notiee HTML tutorial only the first 7500
bases of the first reading frame are shown, howeten running the demo you will be able to inspket
complete mitochondrial genome with the aid of thebp Browser .

segshoworfs(mitochondria);

Frame 1

tccatgcatttggtattttcgte
ggagcaccctatgtcgcagtatc
cgttcaatattacaggcgaacat

000001 gatcacaggtctatcaccctattaaccactcacgggagctc

000065 tggggggtgtgcacgcgatagcattgcgagacgctggagcec

000129 tgtctttgattcctgectcattctattatttatcgcaccta
http://matlab.udes.edu.co
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000193
000257
000321
000385
000449
000513
000577
000641
000705
000769
000833
000897
000961
001025
001089
001153
001217
001281
001345
001409
001473
001537
001601
001665
001729
001793
001857
001921
001985
002049
002113
002177
002241
002305
002369
002433
002497
002561
002625
002689
002753
002817
002881
002945
003009
003073
003137
003201
003265
003329
003393
003457
003521
003585
003649
003713
003777
003841

acctactaaagtgtgttaattaattaatgcttgtaggacat
acagccgctttccacacagacatcataacaaaaaatttcca
tctggccacagcacttaaacacatctctgccaaaccccaaa
taaccagatttcaaattttatctttaggcggtatgcacttt
cattattttcccctcccactcceatactactaatctcatca
cagcacacacacaccgctgctaaccccataccccgaaccaa
cagtttatgtagcttacctcctcaaagcaatacactgaaaa
ccataaacaaataggtttggtcctagectttctattagetc
atccccgttccagtgagttcaccctctaaatcaccacgatce
cagcaatgcagctcaaaacgcttagcctagccacaccccca
ttagcaataaacgaaagtttaactaagctatactaacccca
caccgcggtcacacgattaacccaagtcaatagaagccgge
cctccccaataaagctaaaactcacctgagttgtaaaaaac
cgaaagtggctttaacatatctgaacacacaatagctaaga
actatgcttagccctaaacctcaacagttaaatcaacaaaa
cacagcttaaaactcaaaggacctggcggtgcttcatatcc
tcgataaaccccgatcaacctcaccacctcttgctcagect
cctgatgaaggctacaaagtaagcgcaagtacccacgtaaa
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aataataacaattgaatgtctgc
ccaaaccccccccteececcgct
aacaaagaaccctaacaccagcc
taacagtcaccccccaactaaca
atacaacccccgcccatcctace
ccaaaccccaaagacacccccca
tgtttagacgggctcacatcacc
ttagtaagattacacatgcaagc
aaaagggacaagcatcaagcacg
cgggaaacagcagtgattaacct
gggttggtcaatttcgtgccage
gtaaagagtgttttagatcaccc
tccagttgacacaaaatagacta
cccaaactgggattagatacccc
ctgctcgccagaacactacgage
ctctagaggagcctgttctgtaa
atataccgccatcttcagcaaac
gacgttaggtcaaggtgtagccc

at gaggt ggcaagaaat gggct acat t t t ct accccagaaaact acgatagcccttatgaaact

taagggtcgaaggtggatitagcagtaaactgagagtagag
agcgcgtacacaccgcccgtcaccctcctcaagtatactte
tacgcatttatatagaggagacaagtcgtaacatggtaagt
aaccagagtgtagcttaacacaaagcacccaacttacactt
cgctctgagctaaacctagccccaaacccactccaccttac
atttacccaaataaagtataggcgatagaaattgaaacctg
gggaaagatgaaaaattataaccaagcataatatagcaagg
aatgaattaactagaaataactttgcaaggagagccaaagc
ctacctaagaacagctaaaagagcacacccgtctatgtage
tagaggcgacaaacctaccgagcctggtgatagcetggttgt
tttaaatttgcccacagaaccctctaaatccccttgtaaat
cagctctttggacactaggaaaaaaccttgtagagagagta
cctaaaagcagccaccaattaagaaagcgttcaagctcaac
acatataactgaactcctcacacccaattggaccaatctat
agtataagtaacatgaaaacattctcctccgcataagectg
acaattaacagcccaatatctacaatcaaccaacaagtcat
cacaggcatgctcataaggaaaggttaaaaaaagtaaaagg
tgtttaccaaaaacatcacctctagcatcaccagtattaga

tgcttagttgaacagggccctga
aaaggacatttaactaaaacccc
gtactggaaagtgcacttggacg
aggagatttcaacttaacttgac
taccagacaaccttagccaaacc
gcgcaatagatatagtaccgcaa
actaacccctataccttctgcat
taagacccccgaaaccagacgag
aaaatagtgggaagatttatagg
ccaagatagaatcttagttcaac
ttaactgttagtccaaagaggaa
aaaaatttaacacccatagtagg
acccactacctaaaaaatcccaa
caccctatagaagaactaatgtt
cgtcagatcaaaacactgaactg
tattaccctcactgtcaacccaa
aactcggcaaaccttacccegec
ggcaccgcctgcccagtgacac a

t gttt aacggccgceggt accct aaccgt gcaaaggtagcataatcacttgttccttaaataggg

acctgtatga

at ggct ccacgagggtt cagct gt ctcttacttttaaccagt gaaattgacctg

cccgt gaagaggcgggcatgacacagcaagacgagaagaccctatggagctttaatttattaat

gcaaacagtacctaacaaacccacaggtcctaaactaccaa
gggcgacctcggagcagaacccaacctccgagceagtacatg
aactactatactcaattgatccaataacttgaccaacggaa
gcaatcctattctagagtccatatcaacaatagggtttacg

acctgcattaaaaatttcggttg
ctaagacttcaccagtcaaagcg
caagttaccctagggataacagc
acctcg at gt t ggat caggacat

cccgat ggt gcagccgct at t aaaggt t cgt t t gt t caacgat taaagtcctacgtgatctgag

ttcagaccggagtaatccaggtcggtttctatctacttcaa
agagaaataaggcctacttcacaaagcgccttcccccgtaa

attcctccctgtacgaaaggaca
at gat at cat ct caact t agt at

tat acccacacccacccaagaacagggtttgttaagat ggcagagcccggt aat cgcataaaac

ttaaaactttacagtcagaggttcaattcctcttcttaaca
ctcctcattgtacccattctaatcgcaatggcattcctaat
gctatatacaactacgcaaaggccccaacgttgtaggecce
tgacgccataaaactcttcaccaaagagcccctaaaacceg
atcaccgccccgaccttagcetctcaccatcgetcettctact

acatacccatggccaacctccta
gcttaccgaacgaaaaattctag
tacgggctactacaacccttcge
ccacatctaccatcaccctctac

at gaacccccct ccccat accca

accccct ggt caacct caacct aggcctcctatttatt ct agccacct ctagectagecgttta

ctcaatcctctgatcagggtgagcatcaaactcaaactacg
gtagcccaaacaatctcatatgaagtcaccctagccatcat
gtggctcctttaacctctccacccttatcacaacacaagaa

ccctgatcggegceactgcgagea
tctactatcaacattactaataa
cacctctgattactcctgccatc

at gaccctt ggccat aat at gattt at ct ccacact agcagagaccaaccgaacccccttcgac
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003905
003969
004033
004097
004161
004225
004289
004353
004417
004481
004545
004609
004673
004737
004801
004865
004929
004993
005057
005121
005185
005249
005313
005377
005441
005505
005569
005633
005697
005761
005825
005889
005953
006017
006081
006145
006209
006273
006337
006401
006465
006529
006593
006657
006721
006785
006849
006913
006977
007041
007105
007169
007233
007297
007361
007425
007489

ctt gccgaaggggagt ccgaact agt ct caggct t caacat cgaat acgccgcaggecccttcg
ccctattcttcat agccgaat acacaaacatt att at aat aaacaccct caccact acaat ctt
cct aggaacaacat atgacgcactctcccctgaactctacacaacatattttgtcaccaagacc
ctacttctaacctccctgttctt at gaat t cgaacagcat acccccgat t ccgct acgaccaac
t cat acacct cct at gaaaaaact t cct accact caccct agcattacttatatgatatgtctc
cat acccattacaat ct ccagcat t ccccct caaacct aagaaat at gt ct gat aaaagagtta

ct t t gat agagtaaataataggagcttaaacccccttatttctaggactatgagaatcgaac cc
atccctgagaatccaaaattctccgtgecacctatcacacc ccatcctaaagtaaggtcagcta
aataagctatcgggcccataccccgaaaatgttggttatac ccttccegtactaattaatcece
tggcccaacccgtcatctactctaccatctttgcaggcaca ctcatcacagcgctaagctcgea
ctgattttttacctgagtaggcctagaaataaac atgctagcttttattccagttctaaccaaa

aaaat aaaccct cgtt ccacagaagct gccat caagt attt cct cacgcaagcaaccgcat cca
taat ccttctaatagct at cctcttcaacaat at act ct ccggacaatgaaccataaccaatac

taccaatcaatactcatcattaataatcata at ggct at agcaat aaaact aggaat agccccc

ttt cact t ctgagtcccagaggttacccaaggcacccctctgacatccggectgettett ctca
catgacaaaaactagcccccatctcaatcatataccaaatc tctcectcactaaacgtaagect
tctcctcactctctcaatcttatccatcatagcaggceagtt gaggtggattaaaccaaacccag
ctacgcaaaatcttagcatactcctcaattacccacatagg atgaataatagcagttctaccgt
acaaccctaacataaccattcttaatttaactatttatatt atcctaactactaccgcattcct
actactcaacttaaactccagcaccacgaccctactactat ctcgcacctgaaacaagctaaca
tgactaacacccttaattccatccaccctectctecctagg aggcctgcecccgctaaccggcet
ttttgcccaaatgggccattatcgaagaattcacaaaaaac aatagcctcatcatccccaccat
catagccaccatcaccctccttaacctctacttctacctac gcctaatctactccacctcaatc
acactactccccatatctaacaacgtaaaaataaaatgaca gtttgaacatacaaaacccaccc
cattcctccecacactcatcgeccttaccacgctactecta cctatctccccttttatactaat
aatcttatagaaatttaggttaaatacagaccaagagcctt caaagccctcagtaagttgcaat
acttaatttctgcaacagctaaggactgcaaaaccccactc tgcatcaactgaacgcaaatcag
ccactttaattaagctaagcccttactagaccaatgggact taaacccacaaacacttagttaa
cagctaagcaccctaatcaactggcttcaatctacttctcc cgccgecgggaaaaaaggeggga
gaagccccggcaggtttgaagetgcttcttcgaatttgcaa ttcaatatgaaaatcacctcgga
gctggtaaaaagaggcctaacccctgtctttagatttacag tccaatgcttcactcagccattt
tacctcacccccactgatgttcgccgaccgttgactattct ctacaaaccacaaagacattgga
acactatacctattattcggcgcatgagctggagtcctagg cacagctctaagcctccttattc
gagccgagctgggecagecaggcaacctictaggtaacgac cacatctacaacgttatcgtcac
agcccatgcatttgtaataatcttcttcatagtaataccca tcataatcggaggctttggcaac
tgactagttcccctaataatcggtgcccecgat at ggcgt tt ccccgcat aaacaacat aagct

t ctgactcttacctecctetctectactectgctegceatetgctatagtggag gccggageagg
aacaggttgaacagtctaccctcccttagcagggaactact cccaccctggagcectcegtagac
ctaaccatcttctccttacacctagcaggtgtctcctctat cttaggggccatcaatttcatca
caacaattatcaatataaaaccccctgccataacccaatac caaacgcccctcttcgtctgatce
cgtcctaatcacagcagtcctacttctcctatctctcceag tcctagctgcetggceatcactata
ctactaacagaccgcaacctcaacaccaccttcttcgacce cgccggaggaggagaccccatte
tataccaacacctattctgatttttcggtcaccctgaagtt tatattcttatcctaccaggctt
cggaataatctcccatattgtaacttactactccggaaaaa aagaaccatttggatacataggt
atggtctgagct at gat at caat t ggctt cct agggt t t at cgt gtgagcacaccatatattta
cagtaggaatagacgtagacacacgagcatatttcacctcc gctaccataatcatcgctatcec
caccggcgtcaaagtatttagctgactcgccacactccacg gaagcaatatgaaatgatctgct
gcagtgctctgagccctaggattcatcetttcttttcaccgt aggtggcctgactggcattgtat
tagcaaactcatcactagacatcgtactacacgacacgtac tacgttgtagctcacttccacta
tgtcctatcaataggagctgtatttgccatcataggaggct tcattcactgatttcccctattc
tcaggctacaccctagaccaaacctacgccaaaatccattt cactatcatattcatcggcgtaa
atctaactttcttcccacaacactttctcggectatccgga at gccccgacgt t act cggact a

ccccgat gcat acaccacatgaaacatcctatcatctgtaggctcattcatttctctaacagca
gtaatattaataattttcatgatttgagaagccttcgettc gaagcgaaaagtcctaatagtag
aagaaccctccataaacctggagtgactatatggatgeccc ccaccctaccacacattcgaaga
acccgtatacataaaatctagacaaaaaaggaaggaatcga accccccaaagctggtttcaage
caaccccatggc
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If you compare this output to the genes shown erN@BI page there seem to be slightly fewer ORRd, a
hence fewer genes, than expected. Vertebrate nomaicta do not use the Standard genetic code so some
codons have different meaning in mitochondrial gees. For more information about using different
genetic codes in MATLAB see the help for the fuoctjeneticcode.

help geneticcode

GENETICCODE returns a structure containing mapping s for the genetic code.
MAP = GENETICCODE returns a structure containin g mapping for the Standard
genetic code.
GENETICCODE(ID) returns a structure of the mapp ing for alternate genetic
codes, where ID is either the transl|_table ID f rom the NCBI Genetics web
page (http://www.ncbi.nlm.nih.gov/Taxonomy/Util s/wprintgc.cgi?mode=c)
or one of the following supported names. NAME ¢ an be truncated to the

first two characters of the name.

ID Name
1 Standard
2 Vertebrate Mitochondrial
3 Yeast Mitochondrial
4 Mold, Protozoan, and Coelenterate Mitochondria | and
Mycoplasma/Spiroplasma
5 Invertebrate Mitochondrial
6 Ciliate, Dasycladacean and Hexamita Nuclear
9 Echinoderm Mitochondrial
10 Euplotid Nuclear
11 Bacterial and Plant Plastid
12 Alternative Yeast Nuclear
13 Ascidian Mitochondrial
14 Flatworm Mitochondrial
15 Blepharisma Nuclear
16 Chlorophycean Mitochondrial
21 Trematode Mitochondrial
22 Scenedesmus Obliquus Mitochondrial
23 Thraustochytrium Mitochondrial
Examples:

moldcode = geneticcode(4);
wormcode = geneticcode('Flatworm Mitochondr ial');

See also NT2AA, REVGENETICCODE.

The 'GeneticCode' option to tbegshoworfs function allows you to look at the ORFs again thig time
with the vertebrate mitochondrial genetic code.itdothat there are now two much larger ORFs oriitsie
reading frame: One starting at position 4471 aedotiher starting at 5905. These correspond to 2 N
(NADH dehydrogenase subunit 2) and COX1 (cytochrerogidase subunit 1) genes.

orfs = seqshoworfs(mitochondria, 'GeneticCode' , 'Vertebrate Mitochondrial' )
‘alternativestart' true)
orfs =
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Start: [1x26 double]
Stop: [1x26 double]

Frame 1

000001 gatcacaggtct at caccct att aaccact cacgggagctctccatgcatttggtattttcgtc
000065 t ggggggt gt gcacgcgat agcat t gcgagacgct ggagccggagcaccct at gt cgcagt at ¢
000129 tgtctttgattcctgecctcattctattatttatcgcacctacgttcaat attacaggcgaacat
000193 acct actaaagtgtgttaattaattaatgcttgtaggac at aat aat aacaattgaat gtctgc
000257 acagccgct t t ccacacagacatcataacaaaaaatttccaccaaacccccccctccceccgct

000321 tctggccacagcacttaaacacatctctgccaaaccccaaa aacaaagaaccctaacaccagcc
000385 taaccagatttcaaattttatctttaggcggtatgcacttt taacagtcaccccccaactaaca
000449 cattattttcccctcccactcce at act act aat ct cat caat acaacccccgcccat cctacc
000513 cagcacacacacaccgct gct aaccccat accccgaaccaaccaaaccccaaagacacccccca
000577 cagtttatgtagcttacctcctcaaagcaatacactgaaaa tgtttagacgggctcacatcacc
000641 ccataaacaaataggtttggtcctagcctttctattagctc ttagtaagattacac at gcaagc
000705 at ccccgttccagt gagttcaccct ct aaat caccacgat caaaagggacaagcat caagcacg
000769 cagcaat gcagct caaaacgct t agcctagccacacccccacgggaaacagcagtgattaacct

000833 ttagcaataaacgaaagtttaactaagct at act aaccccagggtt ggt caatttcgt gccagc
000897 caccgcggt cacacgat t aacccaagt caat agaagccggcgt aaagagt gttt tagat caccc
000961 cct ccccaataaagctaaaactcacctgagttgtaaaaaactccagttgacacaaaatag acta
001025 cgaaagtggctttaacatatctgaacacacaatagctaaga cccaaactgggattagatacccc
001089 actatgcttagccctaaacctcaacagttaa at caacaaaact gct cgccagaacact acgagc
001153 cacagctt aaaact caaaggacct ggcggt gcttcat at ccct ct agaggagcctgttctgtaa
001217 t cgat aaaccccgat caacct caccacct ctt gct cagcct at at accgccat ctt cagcaaac
001281 cct gat gaaggct acaaagtaagcgcaagtacccacgtaaagacgttaggtcaaggtgtagccc

001345 atgaggtggcaagaaatgggctacattttctaccccagaaa actacgatagcccttatgaaact
001409 taagggtcgaaggtggatttagcagtaaactgagagtagag tgcttagttgaacagggccctga
001473 agcgcgtacacaccgcccgtcaccctcctcaagtatacttc aaaggacatttaactaaaacccc
001537 tacgcatttatatagaggagacaagtcgtaacatggtaa gt gt act ggaaagt gcact t ggacg
001601 aaccagagt gt agct t aacacaaagcacccaact t acact t aggagatttcaacttaacttgac
001665 cgctctgagctaaacctagccccaaacccactccaccttac taccagacaaccttagccaaacc
001729 atttacccaaataaagtataggcg at agaaat t gaaacct ggcgcaat agat at agt accgcaa
001793 gggaaagatgaaaaattataaccaagcataatatagcaagg actaacccctataccttctgcat
001857 aatgaattaactagaa at aact tt gcaaggagagccaaagct aagacccccgaaaccagacgag
001921 ct acct aagaacagctaaaagagcacacccgtctatgtagcaaaatagtgggaagatttatagg

001985 tagaggcgacaaacctaccgagcctggtgatagctggttgt ccaagatagaatcttagttcaac
002049 tttaaatttgcccacagaaccctctaaatccccttgtaaat ttaactgttagtccaaagaggaa
002113 cagctctttggacactaggaaaaaaccttgtagagagagta aaaaatttaacacccatagtagg
002177 cctaaaagcagccacca at t aagaaagcgt t caagct caacacccact acct aaaaaat cccaa
002241 acat at aact gaact cct cacacccaat t ggaccaat ct at caccct at agaagaactaatgtt
002305 agt at aagt aacat gaaaacatt ct cct ccgcataagcctgcgtcagatcaaaacactgaactg
002369 acaattaacagcccaatatctacaatcaaccaacaagtcat tattaccctcactgtcaacccaa
002433 cacaggcatgctcataaggaaaggttaaaaaaagtaaaagg aactcggcaaaccttaccccgcc
002497 tgtttaccaaaaacatcacctctagcatcaccagtattaga ggcaccgcctgcccagtgacac a
002561 tgtttaacggccgcggt accct aaccgt gcaaaggtagcataatcacttgttccttaaataggg

002625 acctgtatga at ggct ccacgagggttcagctgtctcttacttttaaccagt gaaattgacctg
002689 cccgt gaagaggcgggcat gacacagcaagacgagaagaccctatggagctttaatttattaat

002753 gcaaacagtacctaacaaacccacaggtcctaaactaccaa acctgc attaaaaatttcggttg
002817 gggcgacct cggagcagaacccaacct ccgagcagt acat gct aagact t caccagt caaagcg
002881 aact act at act caat t gat ccaataacttgaccaacggaacaagttaccctagggataacagc

002945 (gcaatcct att ct agagt ccat at caacaat agggtttacgacct cgat gt t ggat caggacat
003009 cccgat ggt gcagccgcet at t aaaggtt cgt tt gt t caacgat taaagtcctacgtgatctgag
003073 ttcagaccggagtaatccaggtcggtttct atctacttcaaattcctccctgtacgaaaggaca
003137 agagaaat aaggcct act t cacaaagcgcctt cccccgtaa at gat at cat ct caact t agt at
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003201 t at acccacacccacccaagaacagggtttgttaagat ggcagagcccggt aat cgcataaaac
003265 ttaaaactttacagtcagaggttcaattcctcttcttaaca acatacccatggccaacctccta
003329 ctcctcattgtacccattctaatcgcaatggce attcctaatgcttaccgaacgaaaaattctag
003393 gct at at acaact acgcaaaggccccaacgttgtaggcccctacgggctactacaacccttcge

003457 tgacgccataaaactcttcaccaaagagcccctaaaacccy ccac at ct accat caccct ct ac
003521 at caccgccccgaccttagctct caccatcgctcttctact at gaacccccctccccat accca
003585 accccct ggt caacct caacct aggcctcctatttatt ctagccacct ctagcctagccgttta
003649 ctcaatcctctgatcagg gt gagcat caaact caaact acgccct gat cggcgcact gcgagca
003713 gt agcccaaacaat ct cat at gaagt caccct agccat cattct act at caacatt act aat aa
003777 gt ggct cct t taacctctccacccttatcacaacacaagaacacctctg attactcctgccatc
003841 at gacccttggccat aat at gat tt at ct ccacact agcagagaccaaccgaacccccttcgac
003905 cttgccgaaggggagtccgaactagtctcaggcttcaacat cgaatacgccgcaggccccttcg
003969 ccct attcttcatagccgaat acacaaacattatt at aat aaacaccct caccact acaatctt
004033 cct aggaacaacat at gacgcact ct cccct gaact ct acacaacat atttt gt caccaagacc
004097 ctacttctaacctccctgttcttatgaattcgaacagcatacccccgattccgctacgaccaac
004161 t cat acacct cct at gaaaaaactt cctaccact caccctagcattacttatatgatatgtctc
004225 catacccattacaat ctccagcattccccct caaacct aagaaat at gt ct gat aaaagagtta
004289 ctttgatagagtaaataataggagcttaaacccccttattt ctaggactatgagaatcgaaccc
004353 atccctgaga at ccaaaattctccgtgccacct at cacaccccat cct aaagtaaggtcagcta
004417 aataagctatcgggcccataccccgaaaatgttggttatac ccttcecgtacta attaatcccc
004481 t ggcccaacccgt cat ct act ct accat cttt gcaggcacact cat cacagcgct aagct cgca
004545 ctgattttttacct gagtaggcct agaaat aaacatgctagcttttattccagttctaaccaaa
004609 aaaat aaaccct cgttccacagaagct gccat caagtatttcct cacgcaagcaaccgcatcca
004673 taatccttctaatagctatcctcttcaacaat at act ct ccggacaat gaaccat aaccaat ac
004737 t accaat caat act cat cat t aat aat cat aat ggct at agcaat aaaact aggaat agccccc
004801 tttcacttctgagtcccagaggttacccaaggcacccctct gacatccggectgettcttctca
004865 cat gacaaaaact agcccccat ct caat cat at accaaat ct ct ccct cact aaacgt aagcct
004929 tctcctcactctctcaatcttatccat cat agcaggcagtt gaggt ggatt aaaccaaacccag
004993 ctacgcaaaat cttagcat act cct caatt acccacat aggat gaat aat agcagtt ct accgt
005057 acaaccctaacataaccattcttaatttaactatttatattatcctaactactaccgcattcct
005121 act act caact t aaact ccagcaccacgaccct act act at ct cgcacct gaaacaagct aaca
005185 t gact aacacccttaattccat ccaccctcctctccct aggaggcct gccceccget aaccggcet
005249 ttttgcccaaat gggccatt at cgaagaatt cacaaaaaacaat agcct cat cat ccccaccat
005313 cat agccaccat caccctccttaacctctacttctacctacgcct aatctactccacctcaatc
005377 acact act ccccat at ct aacaacgt aaaaat aaaat gacagt t t gaacat acaaaacccaccc
005441 cattcctccccacact cat cgcccttaccacgctactcctacctatctcccecttttatact aat
005505 aat ct t atagaaatttaggttaaatacagaccaagagccttcaaagccctcagtaagt tgcaat
005569 acttaatttctgcaacagctaaggactgcaaaaccccactc tgcatcaactgaacgcaaatcag
005633 ccactttaattaagctaagcccttactagaccaatgggact taaacccacaaacacttagttaa
005697 cagctaagcaccctaatcaactggcttcaatctacttctcc cgccgceccgggaaaaaaggcggga
005761 gaagccccggcaggttigaagctgcttcttcga atttgcaatt caat at gaaaat cacct cgga
005825 gct ggtaaaaagaggcctaacccctgtctttagatttacagtccaatgcttcactc agccattt
005889 tacctcacccccactg atgttcgccgaccgttgactattctct acaaaccacaaagacattgga
005953 acactatacctattattcggcgcat gagct ggagt cct aggcacagct ct aagcctccttattc
006017 gagccgagct gggccagccaggcaacctt ct aggt aacgaccacat ct acaacgtt at cgt cac
006081 agcccatgcatttgtaataatcttcttcat agtaatacccat cat aat cggaggctttggcaac
006145 tgact agttcccct aat aat cggt gcccccgat at ggcgtttccccgcat aaacaacat aagct
006209 tctgactcttacctccctctctcctactcctgcetcgceat ct get at agt ggaggccggagcagg
006273 aacaggtt gaacagt ct accct ccctt agcagggaact act cccaccct ggagcct ccgt agac
006337 ctaaccatcttctccttacacctagcaggtgtctcctctatcttaggggccatcaatttcatca
006401 caacaatt at caat at aaaaccccct gccat aacccaat accaaacgcccctcttcgtctgatc
006465 cgtcct aat cacagcagt cctacttctcctatctctcccagtcctagct gct ggcatcactata
006529 ct act aacagaccgcaacct caacaccaccttcttcgaccccgccggaggaggagaccccattc
006593 tataccaacacctattctgatttttcggtcaccctgaagtttatattcttatcctaccaggcett
006657 cggaat aat ct cccat att gt aactt act act ccggaaaaaaagaaccattt ggat acat aggt
006721 at ggt ct gagct at gat at caatt ggcttcctagggtttatcgt gt gagcacaccatatattta
006785 cagt aggaat agacgt agacacacgagcat attt cacct ccgct accat aat cat cgct at ccc
006849 caccggcgt caaagt attt agct gact cgccacact ccacggaagcaat at gaaat gat ct gct
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006913 gcagt gct ct gagccctaggattcatctttctttt caccgt aggt ggcct gact ggcatt gt at

006977 t agcaaact cat cact agacat cgt act acacgacacgt act acgt t gt agct cacttccacta
007041 tgtcctat caat aggagct gtatttgccat cat aggaggcttcattcactgatttcccctattc
007105 t caggct acaccct agaccaaacct acgccaaaat ccatttcact at cat att cat cggcgt aa
007169 atctaactttcttcccacaacactttctcggcctatccggaat gccccgacgttact cggacta
007233 ccccgat gcat acaccacat gaaacat cct at cat ct gt aggctcattcatttctctaacagca
007297 gtaatattaataattttcatgatttgagaagccttcgcttcgaagcgaaaagt cct aat agtag
007361 aagaaccct ccat aaacct ggagt gact at at ggat gccccccaccct accacacat t cgaaga
007425 acccgt at acat aaaat ct agacaaaaaaggaaggaatcgaaccccccaaagctggtttcaagc

007489 caaccccatggc

Extracting and analyzing the ND2 protein

The ORF of interest starts at position 4471, thieiong commands can be used to find the corresioond
stop codon:

ND2Start = 4471,

startindex = find(orfs(1).Start == ND2Start)

ND2Stop = orfs(1).Stop(startindex)
startindex =

24

ND2Stop =

5512

Once the positions are known, MATLAB indexing canused to extract the region of interest.
ND2Seq = mitochondria(ND2Start:ND2Stop);
If you look at thecodoncount for this gene we see a lot of CTA and ATC codons.

codoncount(ND2Seq)

AAA-10 AAC-14 AAG-2 AAT-6
ACA-11 ACC-24 ACG-3 ACT-5
AGA-0 AGC-4 AGG-0 AGT-1
ATA-22 ATC-24 ATG-2 ATT- 8
CAA-8 CAC-3 CAG-2 CAT-1
CCA-4 CCC-12 CCG-2 CCT-5
CGA-0 CGC-3 CGG-0 CGT-1
CTA-26 CTC-18 CTG-4 CTT-7
GAA-5 GAC-0 GAG-1 GAT-0
GCA-8 GCC-7 GCG-1 GCT-4
GGA-5 GGC-7 GGG-0 GGT-1
GTA-3 GTC-2 GTG-0 GTT-3
TAA- 0 TAC-8 TAG-0 TAT-2
TCA-7 TCC-11 TCG-1 TCT- 4
TGA-10 TGC-0 TGG-1 TGT-0
TTA-8 TTC-7 TIG-1 TITT- 8

http://matlab.udes.edu.co
http://es.geocities.com/matlab_colombia/diamatlabnov3.html|
http://www.compelect.com.co/FormularioDiaMATLAB.html




, ® Noviembre 03 2005 11
Dia MATLAB® C
Seminario Gratis | PONENCIA # 4

For those of you who have not memorized the gewretie you can easily check what amino acids these
codons get translated into using tti@aa andaminolookup functions.

aminolookup( 'letter' ,nt2aa( 'CTA'))
aminolookup( 'letter' ,nt2aa( 'ATC'))
ans =
Leu leucine
ans =
lle isoleucine

Thent2aa function converts the nucleotide sequence to eineesponding amino acid sequence. Again the
'‘GeneticCode' option must be used to specify thebeate mitochondrial genetic code.

ND2 = nt2aa(ND2Seq, 'GeneticCode' , 'Vertebrate Mitochondria' );
You can get a more complete picture of the amingd eentent withaacount.

figure
aacount(ND2, ‘chart’ ,‘'bar' )
ans =

>
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w

w
AN [ N
DowuoyoR"

<xX=
=

o

Notice the high leucine, threonine and isoleucimetent and also the lack of cysteine or aspariit. ac

You can use thatomiccomp andmolweight functions to find out more about the ND2 protein.
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atomiccomp(ND2)
molweight(ND2)
ans =

C: 1818
H: 2882
N: 420

0:471

S: 25

ans =

3.8960e+004

For further investigation of the properties of tB2 protein, try usingroteinplot. This is a graphical user
interface (GUI) that allows you to easily createtplof various properties, such as hydrophobioityy
protein sequence. Click on the "Help" menu in thdl €&r more information on how to use the tool.

proteinplot(ND2)
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3. ANALISIS FILOGENETICO

 Proceso que usamos para determinar la relacion evolutiva entre
organismos.

» Estos resultados pueden dibujarse en un diagrama jerarquico
llamado filograma (arbol filogenético)

EJEMPLO: CONSTRUCCION DE UN ARBOL FILOGENETICO

 Usamos datos de secuencias mitocondriales (D-loop), creamos un
arbol filogenético para una familia de primates.

» A partir de secuencias mitocondriales DNA (mtDNA) para la familia
HOMINIDAE.

3.1. BUSQUEDA DE DATOS FILOGENETICOS EN NCBI
PROCEDIMIENTO

* Use the MATLAB Help browser to search for data on the Web. In
the MATLAB Command Window, type
web(‘http://www.ncbi.nlm.nih.goVv')

» Buscar el sitio web NCBI para informacion

» Seleccionar el link taxonomy para la familia HOMINIDAE

3.2. CREACION DE UN ARBOL FILOGENETICO PARA CINCO
ESPECIES

e Crear una estructura MATLAB con informacion acerca de las
secuencias.

e Se emplean cbdigos de acceso para las secuencias
mitocondriales D-loop aisladas de especies hominidas diferentes.

data = {'German_Neanderthal' 'AF011222';
'Russian_Neanderthal' 'AF254446';
‘European_Human'’ 'X90314" ;
http://matlab.udes.edu.co
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‘Mountain_Gorilla_Rwanda' 'AF089820';
'Chimp_Troglodytes' 'AF176766"; };

* Obtener secuencias de datos de la base de datos GenBank y
copiarlas en MATLAB

forind = 1:5
segs(ind).Header = data{ind,1};
segs(ind).Sequence = getgenbank(data{ind,2},
'sequenceonly’, true);
end

« Se calculan las distancias de parejas discretas y se crea un
objeto phytree

distances = segpdist(seqs,' Method','"Jukes-Cantor','Alphabet’','DNA";
tree = seqlinkage(distances,' UPGMA',seqs)

 MATLAB dibuja un arbol filogenético

h = plot(tree,'orient’,'bottom");
ylabel('Evolutionary distance’)
set(h.terminalNodeLabels,'Rotation’,-45)

3.3. CREACION DE UN ARBOL FILOGENETICO PARA DOCE
ESPECIES

e Se adicionan mas secuencias a la estructura MATLAB

data2 = {'Puti_Orangutan' '‘AF451972';
‘Jari_Orangutan’ 'AF451964";
'‘Western_Lowland_Gorilla' 'AY079510';
‘Eastern_Lowland_Gorilla' ‘AF050738';
'‘Chimp_Schweinfurthii' 'AF176722';
'‘Chimp_Vellerosus' 'AF315498';
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'‘Chimp_Verus' '‘AF176731";
I3

 Obtener las secuencias adicionales de datos adicionales de la
base de datos GenBank.

forind = 1:7
seqgs(ind+5).Header = data2{ind,1};
seqs(ind+5).Sequence = getgenbank(data2{ind,2},

'sequenceonly’, true);
end

» Se calculan las distancias pares iguales y el apareamiento
jerarquico

distances = seqgpdist(seqs, Method','"Jukes-Cantor','Alpha’,'DNA");
tree = seglinkage(distances,'UPGMA',seqs);

« MATLAB dibuja un arbol filogenético

h = plot(tree,'orient’,'bottom");
ylabel('Evolutionary distance’)
set(h.terminalNodeLabels,'Rotation’,-45)
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