CS174 Bioinformatics

Instructor: Xiaohui Xie
University of California, Irvine



Today’s Goals

Course information
Challenges in bioinformatics/computational biology
Brief intro to molecular biology

Python tutorial



Course Information

Lecture: TT 3:30-4:50pm in DBH 1423

TA: Lars Otten <lotten@ics.uci.edu>
Grading
— 40% Homework (4-5 problem sets)
—  25% Mid-term quiz (in class)
—  35% Final exam
Office hours: TT after class
Course Prerequisites:
— Basic programming skills, we will teach Python
— Statistics, Calculus, basic knowledge of biology



Course Goals

 Introduction to the growing field of
bioinformatics/computational biology

— Fundamental problems in computational biology
— Statistical, algorithmic and machine learning technigues
— Overall survey of the field



References

e Recommended Textbooks:

— N.C. Jones and P.A. Pevzner. An Introduction to Bioinformatics
Algorithms

— R. Durbin, S. Eddy, A. Krogh and G. Mitchison. Biological
Seqguence Analysis

o Course Website:
http://www.ics.ucl.edu/~xhx/courses/CS174/

where lectures, references and problem sets can be found.




Why bioinformatics?

Bioinformatics = Biology + Information



AGATTTCGATTATCCTTATAGTTCATACATGCATGCTTCAACTACTAARGATTGTATCTAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGT
ACATGCATGCTTCAATTGTATGATAATGTTTTCAATGTAAGAGATTIIATRXKITTATAGTTCATACATGCATGCTTCAACTACTTAATAAATGATEATAA
TGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCATACATGCRISACTACTTAATAAATGATTGTATGATAATGTTTTCTCCTTATCAITRHICA
TACATGCTTCAACTACTTAATAAATGATTGTATGATAATTAATAAAGIATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCEAGEA
TGCTTCAACTGAGATTTCGATTATCCTTATAGTTCATACATGCATGUITAIN TAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTABAC
TTATAGTTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGSATTATCCTTATAGTTCATACATGCATGCTTCAACTACTTAATARAGGA
TGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCAGRBAGCTTCAACTACTTAATAAATGATTGTATGATAATGTTTTCTCCTTAAT
AGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGAATGTAAGAGATTTCGATTATCCTTATAGTTCATACATGCTTCAACAATANAA
TGATTGTATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTACAGACATGCATAGTTCATACATGCTTCAACTACTTAATAAATGATGATAAT
GTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCATACATGOTITEBATAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTEGATT
AGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGAATGBTAAGAGATTTCGATTATCCTTATAGTTCATACATGCTTTCAAGGGAAT
TCGATTATCCTTATAGTTCATATGCTTCAACTACTTAATAAATGATBAATAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTCEBATTAA
TAGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGAATTTBBGBTTTATAGTTCATACATGCTTCAACTACTTAATAAATGATTGTARGATAT
TCAATGTAAGAGATTTCGATTATCTTATAGTTCATACACATGCTTCBRTCARTAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTCGBTTAAT
AGTTCATACATGCATAGTTCATACATGCTTCAACTACTTAATAAATONIGSTAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTGAGAT T
CAACTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGBATTBTCCAATGTAAGAGATTTCGATTATCCTTATAGTTCATACATGCAIAA
CTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTBGACTTATAGTTCATACATGTATTGAATTTTCAAAAATTCTTACTTITIIIGGA
TGGACGCAAAGAAGTTTAATAATCATATTACATGGCATTACCACCATATECATATCTAATCTTACTATATGTTGTGGAAATGTAAAGAGCQOTATA
GCCTAAAAAAACCTTCTCTTTGGAACTTTCAGTAATACGCTTAACTTGGOIATATTGAAGTACGGATTAGAAGCCGCCGAGCGGGCGACARAIIIEEIAC
AGACTCTCCTCCGTGCGTCCTCGTCTTCACCGGTCGCGTTCCTGBARGBEGBCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACABTATTAG
TGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCCCACAAACTTARBABAATCAAATTAACAACCATAGGATGATAATGCGATTAGTTCOTRA
TTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTATTAACAGAAATGGAAAAGCTGCATAACCACTTTAACTAATACTTTCAACARGTTTG
TATTACTTCTTATTCAAATGTCATAAAAGTATCAACAAAAAATTGTTAEIN CTATACTTTAACGTCAAGGAGAAAAAACTATAATGACTAAATCRGHA
AGAAGTGATTGTACCTGAGTTCAATTCTAGCGCAAAGGAATTACONAGEIIC GAAAAGTGCCCGAGCATAATTAAGAAATTTATAAGCGATGATAN
ACCGGATTTTGTTGCTAGATCGCCTGGTAGAGTCAATCTAATTGAPRIASBATATTGTGACTTCTCGGTTTTACCTTTAGCTATTGATTTTGETATG
CGCCGTCAAAGTTTTGAACGATGAGATTTCAAGTCTTAAAGCTATABCGAIAAGCATGTGTATTCTGAATCTTTAAGAGTCTTGAAGGCTGERARALKT
CTACAGCGAGCTTTACTGCCGACGAAGACTTTTTCAAGCAATTTGIEIATBARCGAGTCTCATTCAGGTTGGTACGATAAACTTTACGAATGTTCAG
AGATTGACAAAATTTGTTCCATTGCTTTGTCAAATGGATCATATGEITTIBACCGGAGCTGGCTGGGGTGGTTGTACTGTTCACTTGGTTGCBGASG
ATGGCAACATAGAAAAGGTAAAAGAAGCCCTTGCCAATGAGTTCTRAAGIBCCCTAAGATCACTGATGCTGAGCTAGAAAATGCTAT CATTCANALY
CAGCATTGGGCAGCTGTCTATATGAATTAGTCAAGTATACTTCTTACITMIGTTCAGAACAACTTCTCATTTTTTTCTACTCATAACTTTAGTCARGAT
ACGCAATAATAACGAGTAGTAACACTTTTATAGTTCATACATGCTRCNABRATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTCGBTARA
AACTTTAAAACACAGGGACAAAATTCTTGATATGCTTTCAACCGCTBGGGATACCTATTCTTGACATGTATGATAATGATATGACTACCATTATGITA
CGTGGGGCAGTTGACGTCTTATCATATGTCAAAGAAAATTTGCGAMGIUAAGTTGCCAACTGACGAGATGCAGTAACACTTTTATAGTTCATATAA
ACTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGATTTABACACAAACTTTAAAACACAGGGACAAAATTCTTGATATGCTTU®ARGEC
GTTTTGGATACCTATTCTTGACATGATATGACTACCATTTTGTTATEGEEEGGCAGTTGACGTCTTATCATATGTCAAAGTCATTTGCGAAGUAAGG
TGCCAACTGACGAGATGCAGTTTCCTACGCATAATAAGAATAGGAGGGAGGAGAACGCCAGACAATCTATCATTACATTTAAGCGGCT GREMAA
GAACTCTCGCCAACTTATGGAATCTTCCAATGAGACCTTTGCGCUANAIBATTTGGAAAAAGAGTATAAGTCATCTCAGAGTAATATAACASCTTGA
TGAGGCATCGAGCTTTGAAGAAAAAGTAAGCTCAGTAATACGCTGARAAMBCAGCTCATTCTGGAAGAAATAGTGTTTCTTGTACAACCAGSAGT
CCGTCGAAAAAGAAAGGCGGGTTTGGGATTGGGTACGGTTTCGTMEGTEGTTTTGGCCTCTAGAGTTGGATCTGCTTATCATTTGTCATATRICTRA
TCTAGAGCATCATTCG GTATTTTCTTCTCTTTATGGCCCGTTATTA@IEG'PCATGGCCATCGTTTGGTATAGTGTCCAAGCTTATATTGCGEEKZ\'[N’
TCATTAATGCTGAAATCTATCTTTGGAAAAGATTTACAATG :

CAACTGACGAGATGCAGTAACACTTTTATAGTTCATACAT

S e s edvey The human genome Is 400,000 longer
TGCTTCAACTACTTAATAAATGATTGTATGATAATGTTTTC

ATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAAAR A1 IS sequence shown here.
TTATAGTTCATACATGCTTCAACTACTTAATAAATGATTGT
ATGTTTTCAATGTAAGATTACTTAATAAATGATTGTATGATAATGTRTEIMAGAGATTTCGATTATCCTTATAGTTCATACATGCTTCAAC TADNAAT
GATTCATACATGCTTCAACTACTGTAAATAATTAATAAATGATTGTARGETTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCATACARGTATA
TACATGCTTCAACTACTT




AGAITTICGOGAITTAICCITATAGITCATACATGCATGLUIT ICAACTACIAARNBAT TGTATCIAATIGIT T TICAATGIAAGAGATTICGATTAICCITTATAGI

CATGCATGCTTCAATTGTAT TAAGAGATTTEGAITATAGTTATACATGCATGCTTCAACTACTTAATAAATGATTGTATGA
TTTTCAATGAAGAGATTTGA T ATGATAATGTTTTCTCCTTATCCTTATAGRUBA GCTTCAAACT TAATAAATGATTGTATGA"
TTAATAAATGATTGTATGATAFE S RS~ GATTTCGATTARTAGTTCATBATGCATGCTTCAACTGAGATTTCGATTATCCTTATAGTT
ATGCATGCTTCAACTACTTARSNREE i "N gy R TAATGTTTTCAABBGATTTCGARTCCTTATAGTTACTTAATAAATGATTGTATGATAATGTT
ATGTAAGAGATTTCGATTATENS Y i}&,ﬁ»‘,», B4 [ GCATGCTTCRRGPA AAATGATG TATGAT * TR T 2 A7 m n a2 2~ s T TCGATTATCC
GTTCAACATGCATGCTUAACHEEREEE S Lo I GTATGATAATGTTTTCTCCTTATCCTTATH TCA ATGATTGTAT!
AATGTTTTCAATGTAAGAGA Al JAGTTCATACATBSTTACTTAATAATGATTC T SAGATTTCGA
CTTATAGTTCATACATGCAT/ ol AACTACTTAAGARRG TATGATARGTTTTCA C=G TTATAGTTCA
GCTTCAACTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGRGRATTATCCAGTTCAT/ Anl TGATTGTATG,
GTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTCATACATGEAT G TAGAGATTTCGATTAT 1GmG CTACTTAATAZ
CAACTACTTAATAAATGATTGTATGATAATGTTTTCAATGTAAGAGBATTBTCCTTATBTTCATAC T G aACC. CATTGTATGA
GATTATCCTTATAGTTCATACATGCTTCAACTACTTAATAAATGATEBBIARTGTTTTCATGTAAG/ AGATGCTG  JYa’a T ATACACATGC
CTACTTAATAAATGAGATGCTGTTGGACTTCATGTCCCCAACCTAGCTTGGTGCACATFTATATCC F AR AAE  GGTTogA AGTTCATACA
AGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGARTGCAAGAGATICGATTAT AmT AACTACTTAA
GATTGTATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCAATEGARGI CGATTATCTTATAC C=G ACTTAATAAA
GTATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTCBAGAATTGAATITCAAAAA T=A \CGCAAAGAA
ATAATCATATTACATGGCATTACCACCATATACATATCCATATCTAATCTTATGTTGTGGAAATG e “TAAAAAAACT
TTGGAACTTTCAGTAATACGCTTAACTGCTCATTGCTATATTGAAGIABGBAGCCGGBGCGGE el \CTCTCCTCC(
TCGTCTTCACCGGTCGCGTTCCTGAAACGCAGATGTGCCTCGCGRUTIADNACAARAGATTCI GmC TGAAGAGGA/
GGCAGTAACCTGGCCCCACAAACCTTCAAATTAACGAATCAAAT TRRYBEATGATASCGATT/ 5 3 GTAATTAATC

AGCGATGATTTTTGATCTATTAACAGATATATAAATGGAAAAGCTEUORIIN TAACTARPACTTTCAACATTTTCAGTTTGTATTACTTCTTATTCAAAT
TAAAAGTATCAACAAAAAATTGTTAATATACCTCTATACTTTAACGTBAENAAAAACTAPAGACTAAATCTCATTCAGAAGAAGTGATTGTACCTGAC
TTCTAGCGCAAAGGAATTACCAAGACCATTGGCCGAAAAGTGCCASARFAEIAAATTATAAGCGCTTATGATGCTAAACCGGATTTTGTTGCTAGA”
GGTAGAGTCAATCTAATTGGTGAACATATTGATTATTGTGACTTCTTCAGTTTTAGCTRATGATTTTGATATGCTTTGCGCCGTCAAAGTTTTGAACG/
TTTCAAGTCTTAAAGCTATATCAGAGGGCTAAGCATGTGTATTCTEAAAGAGTCTTGYGGCTGTGAAATTAATGACTACAGCGAGCTTTACTGCCCG
ACTTTTTCAAGCAATTTGGTGCCTTGATGAACGAGTCTCAGTTGGTACGATAAACTTTACGAATGTTCTTGTCCAGAGATTGACAGAATTATTGCT
GTCAAATGGATCATATGGTTCCCGTTTGACCGGAGCTGGCTGGGRAMLOGIMGACTTGTTCCAGGGGGCCCAAATGGCAACATAGAAAAGGTAAA,
CTTGCCAATGAGTTCTACAAGGTCAAGTACCCTAAGATCACTGATGIRIGHMAATGCTICATCGTCTCTAAACCAGCATTGGGCAGCTGTCTATATG
TCAAGTATACTTCTTTTTTTTACTTTGTTCAGAACAACTTCTCATTIOTATTCATAACTTAGCATCACAAAATACGCAATAATAACGAGTAGTAACAC
AGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGAATGTAAGAGATCGATTATCCACAAACTTTAAAACACAGGGACAAAATTCI
TGCTTTCAACCGCTGCGTTTTGGATACCTATTCTTGACATGATATGATCTADGTTATTGEGACGTGGGGCAGTTGACGTCTTATCATATGTCAAAGAAA
GAAGTTCTTGGCAAGTTGCCAACTGACGAGATGCAGTAACACTTTONTNGERATGCTTRACTACTTAATAAATGATTGTATGATAATGTTTTCAATGT.
ATTTCGATTATCCACAAACTTTAAAACACAGGGACAAAATTCTTGATATABCCGCTEI TTTGGATACCTATTCTTGACATGATATGACTACCATTT
TTGTACGTGGGGCAGTTGACGTCTTATCATATGTCAAAGTCATTTGRIIAMGCAAGTICCAACTGACGAGATGCAGTTTCCTACGCATAATAAGAA
GGAATATGCABAGAACGCCAGACAATCTATCATTACATTTAAGCGGCTCTTCAAMBASBTTTCGCCEAATATGGAATCTTCCAATGAGACCTTTGCC
ATAATGTGGATTTGGAAAAAGAGTATAAGTCATCTCAGAGTAATATEEBARGTTTAT(GGCATCGAGCTTTGAAGAAAAAGTAAGCTCAGAAAAACC
CAGCTCATTCTGGAAGAAATAGTGTTTCTTGTACAACCAGGACTTCGBRACGGRAAAAGASGCGGGTTTGGGATTGGGTACGGTTTCGTTGGTGCTT
TTTGGCCTCTAGAGTTGGATCTGCTTATCATTTGTCATTCCCTATARGMGCATCATTEGTATTTTCTTCTCTTTATGGCCCGTTATTAACAGAGTCC
GCCATCGTTTGGTATAGTGTCCAAGCTTATATTGCGGCAACTCCUGAATGETGAAATCTATCTTTGGAAAAGATTTACAATGARACGTGGGGCAGT
CGTCTTATCATATGTCAAAGTCATTTGCGAAGTTCTTGGCAAGTTEGEBBEBGATGCAGBACACTTTTAT " T ATARLTAATTAMAATAATTAATAL
TTGTATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCACAAAGBATASAGGGACAATTCTTGATAT C1
TGACATGATATACTACCATTTGTTATTGTTTATAGTTCATACATGCTTCAACTACTTAATAAATAAITGA Translationally repressed mRNATA
TTATAGTTCATACATGCTTCAACTACTTAATBEACTGTRAGATAATGTTTTCAATGTAAGAGATTTCGAT W’
GATTGTATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGATATGCTTOXCTACTTAATAA Y AAAAAAAAAAAAAR T
GTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGTATETAAGATTACITAATAAATGATT \T
TTATCCTTATAGTTCATACATGCTTCAACTACTTAATAAATGATTCAGETIACAACTAGSTAAATAATAAT G
AGATTTCGATTATCCTTATAGTTCATACATGCATAGTTCATACATGRITABTTAATAARGATTGTATGAT T
AGTTCATACATGCTTCAACTACTTAATAAATGATTGTATGATAATGAAATEAAAGTAAGAGATTTCGAT TC
ACATGATATGACTACCATTTTGTTATTGTTTATAGTTCATACATGCTTBAATAATAAAGATTGTATGATAAIGI T T ILAATGIAAGAGAIL T TCGAL TTI
TATGATAATGTTTTCAATGTAAGAGATTTCGATTATCCTTATAGTTEAGAT TCAACTATTAATAAATGATTGTATGATAATGTTTTGTATGATTTAT!




Why bioinformatics?

Lots of data
Pattern finding, rule discovery

Allowing analytic and predictive methodologies that
support and enhance lab work

nformatics infrastructure (data storage, retrieval)
Data visualization
_Ife itself iIs a computer!




Genome as a computer program

Computer Program Genome
Data Gene
Method Regulatory code
Class Modularity
Encapsiluation Histone code
Virus Virus
Deterministic Stochastic
Precise Redundant
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Four Aspects

Biology
— What'’s the underlying problem?

Algorithm
— How to solve the problem efficiently?

Learning

— How to model biology systems and learn from observed
data?

Statistics
— How to differentiate true phenomena from artifacts?



Topics to be covered

DNA/RNA/Protein sequence analysis

— Gene discovery

— Pattern finding (motif discovery, EM-algorithm)

— Sequence alignment (Smith-Waterman, BLAST)

— Models of sequences (HMM)

— RNA folding (Stochastic context-free grammar SCFG)

Algorithms for large-scale data analysis
— Clustering algorithms (Hierarchical clustering, K-means)
— Inferring gene networks (Regression, Bayesian networks)

Evolutionary models
— Phylogenetic trees
— Comparative Genomics

Protein world (if time allows)
— Secondary & tertiary structure prediction



Introduction to Molecular Biology and
Genomics






Different Life Forms Share a Common Genetic Framework






Deoxyribonucleic acid (DNA)

can be thought of as the “blueprint” for an organism

composed of small molecules called nucleotides
— four different nucleotides distinguished by the four bases:
adenine (A), cytosine (C), guanine (G) and thymine (T)

IS a polymer: large molecule consisting of similar units (nucleotides in this case)
DNA is digital information

a single strand of DNA can be thought of as a string composed of the four
letters: A, C, G, T

AGCGGTTAAGGCTGATATGCGCTTTAA
TCGCCAATTCCGACTATACGCGAAATT



The Double Helix

DNA molecules usually consist of two strands arranged in the famous
double helix



Genomes

« The term genome refers to the complete complement of
DNA for a given species

« The human genome consists of 46 chromosomes
— Male: 22 pairs of autosomes + XY
— Female: 22 pairs of autosomes + XX

 Every cell (except sex cells and mature red blood cells)
contains the complete genome of an organism



Human Genome (Male)

22 pairs of autosomes + sex chromosomes (XY)



Human Genome (Female)

22 pairs of autosomes + sex chromosomes (XX)



Human Chromosomes

Karyogram



The Central Dogma



RNA

« RNA is like DNA except:
— backbone is a little different
— usually single stranded
— the base uracil (U) is used in place of thymine (T)

e A strand of RNA can be thought of as a string
composed of the four letters: A, C, G, U



The Genetic Code

64 combinations: 20 amino acids + stop codon



Proteins

Proteins are molecules composed of one or more
polypeptides

A polypeptide Is a polymer composed of amino
acids

Cells build their proteins from 20 different amino
acids

A polypeptide can be thought of as a string
composed from a 20-character alphabet



Readout from the genome




