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What is bioinformatics?

THE STRUCTURE OF ONA

Bioinformatics: computational analysis of biological data
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Molecular Basis for Heredity: DNA

A always paired with T

C always paired with G
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Molecular Basis for Evolution: DNA Mutation
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Symbolic representation of DNA structure
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*DNA molecule is a linear polymer
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DNA *These “sequences” can be analyzed mathematically/
Nitrogenous linguistically
Deoxynbonucleic acid Bases
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HIV genome (approximately 10.000 nucleotides)

GCGAAAGCGAAAGTAGAGCCAGAGGAGATCTCTCGACGCAGGACTCGGCTTGCTGAAGTGCACTCGGCAAGAGGCGAGAGCGGCGACTGGTGAGTACGCCATTTATATTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAATATTA
AGAGGCGAAAAATTAGATAAATGGGAAAAAATTAGGTTAAGGCCAGGGGGAAAGAAACACTATATGCTAAAACACCTAGTATGGGCAAGCAGGGAGCTGGAAAGATTTGCACTTAACCCTGGCCTTTTAGAAACAGCAGATGGCTGTAAACAAATAATAA
AACAGCTACAACCAGCTCTTAAGACAGGAACAGAGGAACTTAGATCATTATTCAACACAGTAGCAACTCTCTATTGTGTACATAAAGGGATAGATGTACGAGACACCAAAGAAGTCTTAGACAAGATAGAGGAAGAACAAAACAAAGTTCAGCAAAAAAC
ACAGCAGGCAAAGGAGGCTGACGGGAAGGTCAGTCAAAATTTTCCTATAGTGCAGAATCTCCAAGGGCAAATGGTACACCAGGCCATATCACCTAGAACTTTAAATGCATGGGTAAAAGTGGTAGAAGAGAAGGCTTTTAGTCCAGAAGTAATACCCATG
TTTTCAGCATTATCAGAAGGAGCCACCCCACAAGATTTAAACACCATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATATTAAAAGATACCATCAATGAAGAGGCTGCAGAATGGGATAGATTACATCCAGTACATGCAGGGCCTAATCCAG
TAGGCCAAATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACCCTTCAGGAGCAAATAGCATGGATGACAAGTAACCCACCTGTTCCAGTAGGAGACATCTATAAAAGATGGATAATTCTGGGATTAAATAAAATAGTAAGAATGTATAG
CCCCACCAGCATTCTGGACATAAAACAAGGGCCAAAGGAACCCTTTAGAGACTATGTAGACCGGTTCTTTAAAACTTTAAGAGCGGAACAAGCTACACAAGATGTAAAAAATTGGATGACAGACACCTTGTTGGTCCAAAATGCGAACCCAGATTGTAAG
ACCATTCTAAGAGCATTAGGACCAGGGGCTTCAATAGAAGAAATGATGACAGCATGTCAGGGAGTGGGAGGACCTAGTCATAAAGCAAGAGTGTTGGCTGAGGCAATGAGCCAAACACAAAATACCATAATGATGCAGAGAAGCAATTTTAAAGGCCCTA
AAAGAATTGTTAAATGTTTCAACTGTGGCAAAGAAGGGCACATAGCCAGAAATTGCAGGGCCCCTAGGAAAAAGGGCTGTTGGAAATGTGGAAAAGAAGGACACCAACTGAAAGATTGTACTGAGAGACAGGCTAATTTTTTAGGGAAAATCTGGCCCTC
CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGAGGAGAGCTTCAGGCTTGGGGGAGAGACAACAACTCCAGCTCAGAAGCAGGAGTCAACAGACAAGGAACTATATCCTTTAACCTCCCTCAGATCACTCTTT
GGCAACGACCCCTCGTCACAATAAAGATAGGGGGGCAATTAAAGGAAGCTCTATTAGATACAGGAGCAGATGATACAGTATTAGAAGACATGAATTTGCCAGGGAAATGGAAACCAAAAATGATAGGGGGAATTGGAGGTTTTATCAAAGTAAGACAGTA
TGAACAAGTACCCATAGAAATCTGTGGACACAAAGCTATGGGTACAGTATTAGTGGGACCTACACCTGTCAACATAATTGGGAGAAATCTGTTGACTCAGCTTGGTTGCACTTTAAATTTTCCAATTAGTCCCATTGAAACTGTACCAGTAAAATTAAAG
()CCAGGAATGGATGGCCCAAAGGTTAAACAATGGCCATTGACAGAAGAGAAAATAAAAGCATTAACAGAAATTTGTAATGAAATGGAGAAGGAAGGAAAAATTACAAAAATTGGGCCTGAAAATCCATATAACACTCCAATATTTGCCATARAAAAGAAGG
asACAGTACTAAGTGGAGGAAATTAGTAGATTTCAGGGAACTCAATAAAAGAACTCAAGACTTTTGGGAAGTTCAATTAGGAATACCACACCCAGCAGGGTTAAAAAAGAAAAAATCAGTGACAGTACTAGATGTGGGGGATGCATATTTTTCAGTTCCTTT
>-ATATGAAGAATTCAGGAAATATACTGCATTCACCATACCTAGTATAAATAATGAAACACCAGGGATCAGGTATCAATACAATGTACTTCCACAGGGGTGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACAAAAATCTTAGAGCCTTTCAGAAAA

Z‘CA}-\A}\TCCAGACATAGTTATCTATCAATZ—\CATGGZ—\TZ—\ACTTGT AGLUCA v C GG GAF A AW TGGGGTGGGGATTTACCACACCAGACAAGAAACATCAGAAAGAACCTCCAT

TTCTTTGGATGGGGTATGAACTCCATCCTGACAAATGGACAGTA I\GTTAAACTGGGCAAGTCAGATTTATCCTGGAATTAAAGTAAGGCAACTTTG
<CTAAACTCCTTAGGGGGACCAAAGCACTAACAGACATAGTACCAIAGAGGAAGGAAAAAGCGGCTTCTTTCCCTAACTGAAJCTATACTATGACCCATCAARAGACTTGATAGCTGARATACAGRARCAGGGG

CAGGACCAATGGACATATCAAATTTACCAAGAACCATTCAAAAA AGGCTGTGCAGAAAATAGCCATGGAAAGCATAGTAATATGGGGTAAGACCC
(OCTARATTTAGATTACCCATTCAAAAAGAAACATGGGAAACATCIR ATCAGAGT TAGTTAACCAAATAATAGAACAA T AAAATTATGGTACCAGCTGGAAAAAGATCCCATAGTAGGAGCAGARACTTT
ZCTATGTAGATGGAGCAGCTAATAGGGAAACTAAAATAGGAAAA( ACAGAATTGCAAGCAATTTGTATAGCTTTGCAAGATTCAGGATCAGAAGTA
LLIAACATAGTAACAGACTCACAGTATGCATTAGGGATCATTCAAG GCTCAAGAAGAACATGAAAGATATCACAGCAA I\GAGTCTACCTGTCATGGGTACCAGCACATAAAGGAATTGGAGGAAATGAAC
AAGTAGATAAATTAGTAAGTAGTGGAATCAGAAAAGTGCTATT] TAGTGACTTTAATCTGCCACCCATAGTAGCAAAAGAAATAGTGGCTAGCTG
OTGATCAATGTCAGCTAAAAGGAGAAGCCATGCATGGACAAGTAN GGCAATTAGATTGTACCCATTTAGMGG A A A K GTCCATGTAGCCAGTGGCTACATGGAAGCAGAAGTTATCCCAGCAGAAACA
(U/J)GGACAAGAAACAGCATACTTTATACTAA}\ATTAGCAGGZ—\AGAT GTTGGTGGGCAGGTATTCAACAGGAATTTGGAATTCCCTACAATCCCCAAA
Cprensememenancenoncnric: ATACAGACAATGGTAGTAACTTCACCAGTGCT G covrrxinnicamcscasentroscassincnsocaseamcniy
()AACAGTGACATAAAGGTAGTACCAAGGAGGAAAGCAAAAATCATY CMGCTGAGCACCTTMGACAGCAGTACAMT DACATGGAATAGTTTAGTAAAACACCATATGTATATTTCAAAGAGAGCTAAT
(—DAAATGGGTTTATAGACATCATTATGAAAGCAGACATCCAAAAG ] AAACAGGAGAAAGAGATTGGCATTTGGGTCATGGAGTCTCCATAGAATGGA
OGAATGAGAAAATATACCACACAAATAGAACCTGGCCTGGCAGA ACMTTTCGGGTTTATTACAGAGACAGCAGA ACACATAGTTATTCCTAGGTGTGACTATCAAGCAGGACATAATAATAAGGT
|AGGATCTCTACAATACTTGGCACTGACAGCATTGATAAAACCAHA AAGATCAGGGGCCGCAGAGGGAACCATACAATGAATGGACACTAGAGCTTC
QTAGAAGAGCTCAAGCAAGAAGCTGTCAGACACTTTCCTAGACC ‘ GATGGCAGGTGCTGATTGTGTGGCAGGTAGA CATAATAAGAATTCTGCAACAACTGCTGTTTATTCATTTCAGAATTGGGTG
T TCAGCATAGCAGAATAGGCATTTTGAGACAGAGAAGAACAAGAA TAACAATTGCTATTGTAAAAAGTGCTGCTTTCATTGCCAAGTTTGTTTCAC
D:AAAAAAAGGCTTAGGCATCTTCTATGGCAGGAAGAAGCGAAGA CCCAGTAGGAGAGGCTAMTTAGTMTM PAATGTAATGCAATCTTTAATCATTCTAGCAATAGTAGCCTTAGTAGTAGCA
OGCAATAATAGCAATAATTGTGTGGACCATAGTATTCATAGAAT A ACAGTGGCAATGAGAGTGATGGGGATCAGGAAGAATTGGCGGCATTTATGG
|1 AGATGGGGCACGATGCTCCTTGGAATGTTGATGATCTGTAGGGH TATTTTGATTGTTTTGCAGACTCTGCCATM TATTTTGTGCATCAGATGCCAAAGCATATGAGACAGAGGTACATAATGTTT
D:GGGCTACACATGCCTGTGTACCTACAGACCCCAGCCCACAAGA A TGAAGATGTAATCAGTTTATGGGACCAAAGCCTAAAGCCATGTGTAAAGTT

GACCCCACTCTGTGTCACTTTAGAATGTACAGATGCTAAGAATAGTAGTACAAA AA R A AR AAAAAATTGCTCTTTTAATACAACCACAGTAATAAGAGATAGAAAGCAGACA

F_GGGTATGCACTTTTTTATAGACTTGATGTAGTACCACTTGGTGAGAGGAACTCTAGTGGGAACTCTAGTGGGTATTATACATTAATAAATTGTAATACCTCAGCCATAACACAAGCCTGTCCAAAGGTCTCTTTTGATCCAATTCCTATCCACTATTGCA

~Z CTCCAGCTGGTTATGCACTTCTAAAGTGTAATAATAAGACATTTAATGGGACAGGACCATGCAATAATGTTAGCACAGTACAATGTACACATGGGATTAAGCCAGTGGTATCAACTCAACTACTGTTAAATGGTAGCCTAGCAGAAGATAAAATAATAAT

LLITAGATCTGAAAATCTGACAAACAATGCCAAAACAATAATAGTACATCTTAACCAATCTGTAGAAATTGTATGCACAAGACCCAACAATAATACGAGAAAAAGTATAAGGATAGGACCAGGACAAACATTCTATGCAACAGGAGAAATAATAGGAGACATA

OAGACAAGCATATTGTATCATTAATGGAAGTCAATGGAATGATACTTTACAAAGAGTAAGTAAAAAATTAGCAGAACACTTCCCAAATAAAACAATAATATTTAATTCATCCTCAGGGGGGGACCTAGAAAT TACAACACATAGCTTTAATTGTAGAGGAG
AATTTTTCTATTGTAATACATCAAAATTGTTTAATAGTACATACATGTCTAATGGTACATTCATGTTTAATGGTACAGACAGTAATTCAACCTCAAACATCACAATCCCCTGCAGGATAAAGCAAATTATAAATATGTGGCAGGAGGTAGGACGAGCAAT
GTATGCCCCTCCCATTGCAGGAAACATAACATGTAAATCAAATATCACAGGATTACTATTGGTACGTGATGGAGGAGAAGGGAATGAGACACAAAATGATACAGAGACATTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGAAGTGAATTATAT
AAATATAAAGTGGTAGAAATTAAGCCATTAGGAGTAGCTCCCACTGGAGCAAAAAGGAGAGCGGTGGAGAGAGAAAAAAGAGCAGCGGGACTAGGAGCTTTGCTCTTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCGGCGTCAATAACGCTGA
CGGTACAGGCCAGACAATTGCTGTCCGGTATAGTGCAACAGCAAAGCAATTTGCTGAGAGCTATAGAGGCGCAACAGCATCTGTTGCAACTCACGGTCTGGGGCATTAAGCAGCTCCAGACACGAGTCCTGGCTATAGAAAGATACCTAAAAGAGCAACA
GCTCCTAGGGCTTTGGGGCTGCTCAGGAAAACTCATCTGCACCACTACTGTACCTTGGAACTCCAGTTGGAGTAACAAATCTCAAGAACAGATTTGGAATCACACGACTTGGATGCAATGGGATAAGGAAATTAGTAATTACACAGACTTAATATACAGT
TTGATTGAAGAATCGCAAAACCAGCAGGAAAGGAATGAAAAGGATCTATTAGAATTGGACAGTTGGAACAATCTATGGAATTGGTTTAACATATCAAATTGGCTGTGGTACATAAAAATATTCATAATAATAGTAGGAGGCTTGATAGGTTTAAGAATAA
TTTTTGCTGTGCTTTCTATAGTAAATAGAGTTAGGCAGGGATACTCACCTTTGTCGTTTCAGATCCCTACCCAGAACCCAGGGGGACTCGACAGGCTCGGAAGAATCGAAGAAGAAGGTGGAGAGCAAGACAAAGACAGATCCATTCGATTAGTGAACGG
ATTCTTAGCTCTTGCCTGGGACGATCTGCGGAACCTGTGCCTCTTCAGCTACCACCGCTTGAGAGACTTCATATTAGTGGTAGCGAGAGTGGTGGAACTTCTGGAACGCAACATTCTCAGGGGACTACAGAGGGGGTGGGAAGCCCTTAAATACCTGGGA
AGCCTTGTGCAGTACTGGGGTCAGGAGCTAAAAAAGAGTGCTATTAGTCTGCTTGATACCATAGCAATAGCAGTAGCTGAAGGAACAGATAGGATTATAGAATTAGTACAAAGGCTTTTTAGGGGCATCGGCAACGTACCTAGAAGAATAAGACAGGGCT
TTGAAGCAGCTTTGCAATAAAATGGGGGGCAAGTGGTCAAAACGTAGCATAGTTGGATGGCCTGCTATAAGGGAAAGAATGAGAAGAACTCAGCCAGCAGCAGATAGGGTGGAAGCAGAATCTCGAGCAGCAGATGGAGTGGGAGCAGTATCTCGAGACC
TGGAAAGACATGGAGCAATCACAAGTAGCAATACAGCAACTACTAATGAGGCTTGTGCCTGGCTAGAAGCACAGGAGGAGGAGGAGGTGGGTTTTCCAGTCAGACCTCAGGTACCTTTAAAACCAATGACTTACAAGGCAGCTGTAGATCTTAGCTTCTT
TTTAAAAGAAAAGGGGGGACTGGAAGGGTTAATTTACTCTAAGAAAAGACAAGAGATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGACTGGCAAAACTACACACCAGGACCAGGGATCAGATTCCCACTGACCTTTGGGTGGTGCTTC
AAGCTAGTACCAGTTGACCCAAGGGAAGTGGAAGAGACCAACGAAGGAGAAGACAACTGCCTGCTACACCCTGTGTGCCAGCATGGAATGGAGGATGAACACAGAGAAGTCTTAAAGTGGAAGTTTGACAGTCACCTAGCACGCAGACACATGGCCCGCG
AACTACATCCGGAGTTTTACAAAGACTGCTGACACAGAAGGGACTTTCCGCGGGGACTTTCCACTGGGGCGTTCTGGGAGGTGTGGTCTGGGCGGGACTGGGAGTGGTCAACCCTCAGATGCTGCATATAAGCAGCTGCTTTTTGCCTGTACTGGGTCTC
TCTAGTTGGACCAGATCTGAGCCTGGGAGCTCTCTGGCTATCTCGCGAACC




DNA --> RNA --> protein

TCGT Cys C
TGC Cys C

AC Amb - IR
CAT His H
CAC His H
CAA Cin Q
CAGC GIn Q
AAT Asn N
AAC Asn N

ACT Ser S
AGC Ser §

ATG Met M ACG
CCT GGT Cly

C GCC GGC Cly
GCA GCGA Gly

CCG GGG Cly

S
S
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Symbolic representation of protein structure

Primary prolein struchure
is sequence of a chain of amino acids

Primary protein structure
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* Proteins are linear polymers
* Built from 20 amino acids
* Can be represented as string of 20 symbols

ACDEFGHIKLMNPQRSTVWY & .- Quaternary protein structure

is & prod coneisting of mons than ona
Bmind acid chain
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NCBI databases

National Center for Bictechnology Information
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NCBI databases: Genbank feature table

Nedectide - Homo sapiens hemoglobin, gamma A (HBG 1), mRNA
| < | | + | = BRI [ Pwww, N sl Qov/nuccore/ 28302 1 307 reportw oenbank$log S »segviendirom = S4400-497
. Fluy CBS DOTUY Lteraturev NCB  Scemcey Wikipedia Macy Transhtony Plagiarismy Wil

cods additicoanal publicationa.

gr\r\

ganise~"Eono sapliens”
/mol_type="mREA"

/db_xrefl~"taxonm:

“HDCA; NDCR; NS
2in, gamma A

/db _xref

"HBCA; NDCR; NSCCLL; PRO29YYT

‘alignment:Splign

yn~"HBGA; HDGR; ESOGL1); PRO2979°
0globin gamma~-a chain; henoglobin
¢globin; gamma A hen

/gene sy

\

‘'note~ qarma,
regulator of; ganma .

don _start~l
A-gasma globin

VVYPNTQRFPD
IVOPE

FEEDEATITSLNCEVEVEDACCETLORL
PATEELOOLKCTPAQLSELRCDKLN

CHTT

exon
= "NDGA; NICR;
oronco~"alignment:Spiign
fvanbor-2
194..365
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NCBI databases: fasta format

aNe Nudeotide - Homo sapiens hemoglobin, gamma A (HBG1), mRNA

- | + =~ hetp ./ fwww. ncbialmonih, gov/nuccore /28302 1 307 report = lastadiog S = seqviewdirom=S4410=497 v Q-

O 88 |+ -] Fluv CBS DTUv Uteraturev NC3I Sciencev Wikipedia Macv Translatioav Plagiarismvy Wiy TV  Funv Blogsv Exercisev

<3 NCBI j"NucIotide

All Catabases Proten

Format « FASTA
Showing 444 bp region from base 54 to 407
erence Seauence: NM 550 2 Change Region Shown

Homo sapiens hemoglobin, gamma A (HBG1), mRNA > et

o S4 0 497
»gd 20302130:%54-497 liomo sapions hemoglobin, gamma A (KDGLl), mREA

3CTCATTTCACACACCGACCACAACCC TACTATCACAACCCTCTCCCCCAACCTGAATCTCCAACATC Update View

NG rACM\" CTCOGAAG .r--"r..\f'-m-fc.\ CCAGACCTTCTTTCACACGCTTTOS

- G CAN CACATC AACAAGCCTCCTCGACT

! AC. M,w ACCTOCATOATY "r-.\,\r”m". TCCCCACCTCGACTCAACTCCACT

GTGACAAGCT ’A::m,)..\c G CTTCAAGCTCCTOGOAMTGTOC TGO TGACCOTTTTOGCAAT

CCATTTCCCCAAMCAATTCACCCCTCACC TCCACCCTTCCTCCCACAACGATCCTCACTCCACTCOCCACT Analyze This Sequence
GCCCT CTCC'C‘N‘)\..\\ ACTGI

Customize View

» Run BLAST

» Pick Prmeors

Articles about the HBG1 gene

» Molecular analysis of gamma-globin
promoters, HS-111 anx
A QENOME-Wide ASS0CA00N Wi
common gonebic varar

Expression of mR-210 durn q erythroe
differentiation and induct [8)

RefSeq Protein Product
See the reference protein sequence for A
gamma globin (NP_000550.2)

More about the HBG1 gene

Tho. oo clobin oo IR0 4L and MRQDN
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FASTA file

~ sequences.fasta

Last Saved: 12/02/10 12.17.18
File Path v : ~/Downloads/sequences.fasta

_] sequences.fasta <

Pgi|28302130:54-497 Homo sapiens hemoglobin, gamma A (EBG1l), mRNA
ATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAATGTGGAAGATG
CTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGG
CAACCTGTCCTCTGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACT
TCCTTGGGAGATGCCACAAAGCACCTGGATGATCTCAAGGGCACCTTTGCCCAGCTGAGTGAACTGCACT
GTGACAAGCTGCATGTGGATCCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAAT
CCATTTCGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGT
GCCCTGTCCTCCAGATACCACTGA

(none) < Unicode (UTF-8, no BOM) s Unix (LF) = 518 /18/ 10
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