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What is statistics?

Oxford English Dictionary:
A branch of science dealing with the collection, classification, and discussion of
facts.

Webster Dictionary:
A branch of applied mathematics concerned with the collection and interpretation
of quantitative data and the use of probability theory to estimate population pa-
rameters.

Wikipedia:
A mathematical science pertaining to the collection, analysis, interpretation or
explanation, and presentation of data.



What can we do with statistics?

1. Description: Describe and summarize simplified features from the data.



Example: Google Trends Search: Mayan calendar.



Example: Google Trends Search: gun control.



What can we do with statistics?

2. Inference: Reject or accept a testable hypothesis from the data.



Example: Clinical Trials.

Goal: Test the efficacy and safety of new drugs.

Some design principles:

• Placebo-controlled: Compare the outcomes with and without the treatment.

• Randomized: Each subject is randomly assigned to receive the treatment or
a placebo.

• Double-blind: Neither researchers nor patients know the assignments.



Example: Clinical Trials.

Phases:

• Pre-clinical: In-vitro and animal studies.

• Phase 0:

– R&D stage.

– Gather information about drug kinetics and dynamics.

– A small number of subjects (10-15) are involved.

– Microdosing.

• Phase 1:

– Assess the safety of the drug.

– A small number of subjects (20-80) are involved.

– Subjects are often healthy volunteers.

– Variation of dosage.

• Phase 2:

– Assess both efficacy and safety of the drug.

– A larger patient group (20-300) are involved.



Example: Clinical Trials.

• Phase 3:

– Affirm the effectiveness of the drug.

– Compare the new drug with current “gold standard” treatment.

– A large patient group (300-3000) are involved.

– Can submit to the regulatory agency (e.g., US FDA) for approval after
phase 2 trials are passed.

• Phase 4:

– Post marketing surveillance trial.



What can we do with statistics?

3. Prediction: Extrapolate the unobserved behavior based on evidence from the

data.



Example: Motion compensation in MPEG.

http://www.tml.tkk.fi/Opinnot/Tik-110.551/1997/motionvec.gif

• Compare the pixels in a block with adjacent blocks.

• Find the best matched motion vector.

• Estimate the matched area according to the motion vector.

• Calculate the difference of the estimated and real images (prediction error).

• Send the motion vector and the error for compression.



Example: Bayesian decision in human cognition.

A tennis player integrates prior knowledge and observed trajectory to catch the

ball.

K. Körding, Science 318(5850):606-610.



Elements of descriptive statistics

• Sample: A group of objects selected from a larger population for study.

– Sometimes a sample denotes a single object in biology (e.g., one microar-
ray).

• Deduction: Inference drawing logical conclusions from the premises.

– p→ q ⇒∼ q →∼ p.

– mẍ = F ⇒ trajectory of Halley’s commet.

– Does the sun rise tomorrow?

• Induction: Generalization of limited observations to unknown phenomenon.

– All(most) swans are white.

– Different mockingbirds in the Galapagos Islands are alike⇒ different species
are evolved from the same ancestor.

– P (sun does not rise tomorrow) = 0.

• Summary statistics: Simplified and summary numbers drawn from the sample.



Useful summary statistics

1. Histogram and probability density/mass functions

Histogram:

H([a, b]) = #(a ≤ x ≤ b).

Probability density function:

p(a) = Pr(a ≤ x ≤ a+ δa).



Useful summary statistics

2. Cumulative distribution function

C(a) = Pr(x ≤ a) =
∫ a
−∞ p(x)dx.



Useful summary statistics

3. Central tendency of the distribution

Mean:

E(x) =
∫
xp(x)dx.

Sample mean:

x̄ = 1
n

∑n
i=1 xi.

Median:

m(x) = {y|C(y) = 0.5}.
Sample median:

m̄(x) = {y|#(xi ≤ y) = #(xi > y)}.



Useful summary statistics

4. Dispersion from the central tendency

Variance:

V ar(x) =
∫

(x− E(x))2p(x)dx.

Sample variance:

V̂ (x) = 1
n−1

∑n
i=1(x− x̄)2.

Standard deviation:

σ(x) =
√
V ar(x).

Sample standard deviation:

σ̂(x) =
√
V̂ (x).



Useful summary statistics

5. Correlation of two variables

Covariance:

Cov(x, y) = E((x− E(x))(y − E(y))).

Pearson correlation coefficient:

corr(x, y) = Cov(x,y)√
V ar(x)V ar(y)

.



Exercise: choose a summary statistic

A (made-up) score distribution of an evaluation test for 100000 Taiwanese high
school students.

Histogram: Distribution:
range counts range counts
0-5 0 51-55 15340
6-10 3 56-60 11921
10-15 23 61-65 7480
16-20 111 66-70 4042
21-25 386 71-75 4051
26-30 1359 76-80 7199
31-35 3496 81-85 6963
36-40 7213 86-90 2671
41-45 12092 91-95 462
46-50 15154 96-100 34

Question: What’s the best summary statistic to capture the polarized
performance of students?



Exercise: choose a summary statistic

Idea 1. Number of components.

Mixture of two normal distributions:

m1 = 80, σ1 = 5, ρ1 = 0.2.
m2 = 50, σ2 = 10, ρ2 = 0.8.



Exercise: choose a summary statistic

Idea 2. The signal-to-noise ratio of the two subpopulations.

SNR = 2|m1−m2|
(σ1+σ2)

= 4.



Exercise: choose a summary statistic

Idea 3. The difference between the empirical and null distributions.

Kolmogorov-Smirnov test:

D = supx(|C(x)− C0(x)|).

p-value: Pr(D ≥ Demp|null model).

In this case, p < 5.17× 10−287.



Fundamentals of molecular biology: theoretical basis

Erwin Schrödinger.

https://reich-chemistry.wikispaces.com/file/view/schrodinger.jpeg

What is life?

• Erwin Schrödinger attempted to explain physical basis of life.

• The genetic materials are aperiodic crystals that are both irregular and stable.

• To explain life new physics is required.

Reading: What is life? E. Schrödinger, 1944.



Fundamentals of molecular biology: theoretical basis

John von Neumann.

http://upload.wikimedia.org/wikipedia/commons/5/5e/JohnvonNeumann-LosAlamos.gif

A self-replicating automata contains:

• A program about how to build the machine.

• Subunits for reading and processing information of the program.

• Subunits for executing the instructions of the program.

Reading: Theory of self-reproducing automata. J. von Neumann, 1966.



Fundamentals of molecular biology: DNA

James Watson and Francis Crick.

http://www.madisonpublicschools.org/

Roseland Franklin.

http://en.wikipedia.org/wiki/Rosalind Franklin

DNA is a double helix.

Reading: DNA: the secret of life. J. Watson, 2003.



Fundamentals of molecular biology: DNA

http://en.wikipedia.org/wiki/James watson

DNA is a double helix:

• Two phosphate-deoxyribose polymers form backbones.

• Purines and and pyrimidines bridge backbones by hydrogen bonds.

• A = T , C ≡ G.

• The base pairs constitute the genetic information of life.



Fundamentals of molecular biology: central dogma

Central dogma: DNA
transcription−→ RNA

translation−→ Protein.

Molecular biology of the cell, 2002.

Reading: Molecular biology of the cell, Chapter 6. Alberts et al., 2002.



Fundamentals of molecular biology: transcription

Double-stranded DNA is transcribed into single-stranded messenger RNA (mRNA).

Molecular biology of the cell, 2002.

• A → U.

• C → G.

• G → C.

• T → A.



Fundamentals of molecular biology: transcription

DNA is transcribed by the enzyme RNA polymerase.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: transcription

RNA polymerase partners with general and specific transcription factors to initialize

transcription.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: translation

The introns of the transcribed (pre)mRNA are spliced.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: translation

mRNA is translated by ribosomes and tRNAs into a polypeptide chain.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: translation

Each tri-nucleotides (codon) on mRNA are mapped to a unique amino acid.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: signal transduction

External and internal signals are transduced into nucleus and regulate gene expres-

sions.

Molecular biology of the cell, 2002.



Fundamentals of molecular biology: refinements

Central dogma is not always correct.

• DNA ←− RNA by reverse transcriptase.

• Reverse transcription occurs in RNA viruses (flu, HIV, ...) and retrotrans-
posons.

• Retrotranspons are a major source of junk DNAs.

David Baltimore.

http://www.aaas.org

Barbara McClintock.

http://profiles.nlm.nih.gov/LL/B/B/P/W/



Fundamentals of molecular biology: refinements

Operons: In bacteria genes fulfilling similar functions tend to be clustered and
regulated together.

Molecular biology of the cell, 2002.

Jacques Monod.

http://www.nndb.com

Francois Jacob.

http://www.nndb.com



Fundamentals of molecular biology: refinements

However, the regulatory programs remain largely unknown.

• Transcription factor binding specificity is noisy.

• Depends on DNA conformation, protein modification, and other mechanisms.

• Highly variable across cell types.

• Combinatorial complexity.



Genomic data analysis

• Sequencing technologies.

• Sequence analysis.

• Structural genomics.

• Functional genomics.

• Comparative genomics.

• Functional RNAs.

• Epigenomics.

• Network analysis.

• Other hot topics.



Sequencing technologies

1. Chain-termination method (Sanger method)

• Addition of dideoxynucleotides terminates DNA extension at a specific base.

• Prepare four reactions by adding ddATP, ddCTP, ddGTP and ddTTP to the
DNA sample separately.

• Resulting in DNA fragments ending at A, C, G and T.

• Sort the DNA fragments by electrophoresis in 4 channels.

• Read the sequence from the gel.

http://en.wikipedia.org/wiki/DNA sequencing

Reading: DNA sequencing with chain-terminating inhibitors, F. Sanger, S. Nicklen

and A.R. Coulson, PNAS 74(12):5463-5467, 1977.



Sequencing technologies

2. Next-generation sequencing

• Sequencing by synthesis.

• Fix the single-stranded template DNA.

• Add one species of dNTP (dATP, dCTP, dGTP, dTTP) each time.

• A pyrophosphate (PPi) is released when the dNTP is incorporated.

• The PPi is converted into ATP and stimulates luciferase to emit light.

• Light is detected by sensors.

http://www.s3.kth.se

Reading: Sequencing technologies – the next generation, M.L. Metzker, Nature

Genetics 11:31-46, 2010.



Next-generation sequencing technologies

Existing platforms

• Roche/454

• Illumina/Solexa

• SOLiD

• Pacific Biosciences



Next-generation sequencing technologies – Roche/454

• Template DNAs are attached to small beads floating in soultion.

• Template DNAs are amplified by PCR.

• Light is emitted when one species of dNTP is incorporated.



Next-generation sequencing technologies – llumina/Solexa

• Template DNAs are fixed on a solid surface.

• Bridge amplification of the immobilized templates to form clusters.

• Incorporate all four nucleotides labeled with different colors.



Next-generation sequencing technologies – SOLiD

• Sequence by ligation.

• Label 16 dinucleotides with 4 colors.

• Each template base is interrogated twice.



Next-generation sequencing technologies – Pacific Bioscience

• DNA polymerases are immobilized on a solid surface.

• A light pulse is detected when a nucleotide is incorporated.

• Can perform real-time sequencing.



Sequencing technologies

3. Sequencing by hybridization

• Hybridize sample DNA with probe DNAs on a microarray.

• Identify the matched probe DNAs from the microarray.

• Re-sequencing, SNP chips.

• Same technique as mRNA expression measurements.



Sequencing technologies

Moore’s law applies to DNA sequences.

http://homes.esat.kuleuven.be/ bioiuser/bioscenter/contextandmotivation.php

• It took Sanger 2 years to sequence a bacteriophage (about 5K bps).

• Genotyping the SNPs of one human (about 30M bps) takes about 1 week.

• NGS of one human genome (about 3G bps) takes about 2 weeks.

• It may take 15 minutes to sequence one human genome with newer technolo-
gies (nanopores?).

• What can we do with the massive sequence data?



Sequence analysis

1. Alignment of homologous sequences.

• Dynamic programming.

– Guarantee an optimal alignment for two sequences.

– S(i, j) = max(S(i − 1, j − 1) + w(ai, bj), S(i − 1, j) + w(ai,−), S(i, j − 1) +
w(−, bj), v).

– Needleman-Wunsch and Smith-Waterman algorithms.

– Time complexity is exponential to # sequences.

• BLAST (Basic Local Alignment Search).

– Find local matches of sub-sequences.

– Extend the matched sub-sequences.

– Evaluate the significance of the penalty score.

• BLAT (the BLAST-Like Alignment Tool).

– Alignment between DNA, RNA and protein sequences.

Reading: J. Mol. Biol. 48(3):443-453, 1970. J. Mol. Biol. 147:195-197, 1981.
J. Mol. Biol. 215(3):403-410, 1990. Genome Res. 12(4):656-664, 2002.



Sequence analysis

2. Recognition of sequence patterns.

• Motif detection. Gene prediction.

• String match.

– Find perfect macthes of given strings in sequences.

– Quantify the significance of matches by comparing with background.

• Position Weight Matrix.

– Pr(A/C/G/T ) at each position is given.

– The likelihood of sequence match is calculated.

– Positions are independent.

• Hidden Markov Model.

– Hidden states (exons-introns-gaps, motif alphabets) follow a Markov pro-
cess.

– Observed states depend only on the hidden states of the same positions.

– Consider the dependencies of adjacent states.

– Can efficiently estimate parameters, marginal likelihood, maximum likeli-
hood sequences.

Reading: M. Das and H.K. Dai, 2007, BMC Bioinformatics 8 (suppl 7) S21.



Sequence analysis

3. Genetic associations.

Goal: Find the genetic markers segregating case (disease) and control (normal)
samples.

• Genotype – The genetic consitution of an individual.

• Phenotype – An observable characteristic of an individual.

• Locus – A position on a chromosome.

• Allele – One particular state of the sequences on a locus.

• Single Nucleotide Polymorphism (SNP) – Single nucleotide alleles of a popu-
lation of individuals.

• Haplotype – Combination of alleles on multiple loci that are transmitted to-
gether.



Sequence analysis

Cross-over breaks linkage on the same chromosome.

Perfect linkage: Recombination:

• SNPs: A, a, B, b, C, c.

• Haplotypes: ABC, Abc, abc, ...

• Linkage disequilibrium: LD = Pr(AB)− Pr(A) · Pr(B).



Sequence analysis

3. Genetic associations.

• Inferring haplotypes from SNPs.

• Case-control study.

• Linkage analysis.

• Quantitative trait locus (QTL) analysis.

Reading: H.J. Cordell and D.G. Clayton, 2005, Lancet 366:1121-1131.



Structural genomics

Goal: Determine the 3-Dimensional structures of biomolecules.

http://academic.brooklyn.cuny.edu/biology/bio4fv/page/3d prot.htm

• Primary structure: sequence.

• Secondary structure: local segments.

• Tertiary structure: distant interactions.

• Quaternary structure: subunits.



Structural genomics

Determination of the 3-D structures of biomolecules.

• X-ray crystallography.

• NMR.

• Computational methods.

– Free energy function minimization.

– Homology modeling.



Structural genomics

Computational prediction of the 3-D structures of proteins.

• Anfinsen’s dogma: protein fold is determined by amino acid sequence.

• Protein folding problem is hard:

– Exponential number of possible states.

– Complex free energy functions.

– Complex tertiary interactions.

– Interactions with small molecules.

• CAFASP: protein folding prediction competition.

• Docking: modeling interacting proteins (e.g., ligand-receptor bindings).

• Threading: align the target sequence to known fold structures.

Reading: Lodish et al., Molecular cell biololgy, Chap 3, 2003.



Structural genomics

Computational prediction of the 3-D structures of RNAs.

E. coli 16S rRNA.

• Free energy function minimization.

• Base pairing.

• Co-evolution of sequences.

Reading: G. Stormo 2006. An overview of RNA structure prediction and appli-

cations to RNA gene prediction and RNAi design. Curr. Protoc. Bioinformatics.

Chap 12:Unit 12.1.



Functional genomics

Goal: Determine the functions of genes in the genome.

Measurements reflecting gene functions:

• mRNA and protein expressions.

• Protein-DNA interactions.

• Protein-protein interactions.

• Metabolic fluxes.

• Macroscopic phenotypes.



Functional genomics

1. mRNA expressions: DNA microarrays.

http://people.uwec.edu/piercech/TOX/Techniques.htm

• Convert mRNAs to complementary DNAs.

• Install oligonucleotides or the entire protein-coding DNAs on chips.

• Hybridize cDNAs with probes.

• Scan the chip.

Reading: F. Katagiri and J. Glazebrook. Overview of mRNA expression profiling

using DNA microarrays, 2009. Curr. Protoc. Mol. Biol. Chap 22:Unit 22.4.



Functional genomics

1. mRNA expressions: RNA-Seq.

http://cmb.molgen.mpg.de/2ndGenerationSequencing/Solas/RNA-seq.html

• Convert mRNAs to complementary DNAs.

• Apply NGS to cDNAs.

• Can quantitiate cDNA amounts.

Reading: J.A. Martin and Z. Wang. Next-generation transcriptome assembly,

2011. Nat. Rev. Genet. 12(10):671-682.



Functional genomics

1. mRNA expressions: Data analysis.

• Clustering.

– K-means.

– Hierarchical clustering.

– Graph partition.

– Spin systems.

– Belief propagation.

• Classification.

– Linear discriminant.

– Parametric hypothesis testing.

– Support vector machine.

– Multi-class classification.

• Feature selection.

– t-test.

– Dimensional reduction.

– Information theoretical criteria.

– Gene or pathway set enrichment analysis.



Functional genomics

Clustering.

Spellman et al., Mol. Biol. Cell 9(12):3273-3297, 1998.



Functional genomics

Classification.

Golub et al., Science 286(5439):531-537, 1999.



Functional genomics

Feature selection.

Chen et al., NEJM 356:11-20, 2007.

Reading: C. Bishop, 2006. Pattern recognition and machine learning.



Functional genomics

2. Protein expressions: Mass spectrometry, Protein chips.

Mass spectrometry.

http://www.nature.com/

Protein chips.

http://www.advalytix.com/



Functional genomics

3. Protein-DNA interactions: ChIP-CHIP.

http://en.wikipedia.org/wiki/ChIP-chip

• Chop protein-DNA into fragments.

• Chromatin immunoprecipitation.

• Purify DNAs.

• PCR.

• Hybridize with DNA microarrays.

Reading: T. Lee et al., 2002. Science 298:799-804.



Functional genomics

3. Protein-DNA interactions: ChIP-Seq.

http://en.wikipedia.org/wiki/Chip-Seq

• Chop DNA into fragments.

• Chromatin immunoprecipitation.

• Purify DNAs.

• PCR.

• Sequence the DNAs.

Reading: D.S. Johnson et al., 2007. Science 316:1497-1502.



Functional genomics

3. Protein-DNA interactions: Data analysis.

• Identify and classify regulatory circuitry.

• Detect transcription factor binding motifs.

• Infer the gene regulatory networks.

• Integrate with expression and other data.



Functional genomics

4. Protein-Protein interactions: Yeast two-hybrid assay.

http://en.wikipedia.org/wiki/Two-hybrid screening

• Yeast Gal4 → report gene (LacZ).

• Ligate gene A with the DNA-binding domain of GAL4.

• Ligate gene B with the activating domain of GAL4.

• LacZ is on when A binds to B.

Reading: T. Ito et al., 2001. PNAS 98(8):4569-4574.



Functional genomics

4. Protein-Protein interactions: Data analysis.

• Predict protein-protein interactions.

• Perform network analysis.

• Relate pathways to phenotypes.



Functional genomics

5. Perturbation experiments.

Perturbations:

• Gene knock-outs (DNA recombination).

• Gene knock-downs (RNA interference).

• Gene over-expressions (DNA recombination).

• Environmental stress.

• Drugs.

Observations:

• Gene expressions.

• Vitality.

• Growth rates.

• Cellular properties (cell shape, mobility, etc.).

• Development.

Reading: T. Ideker et al., 2001. Science 292:929-934.



Comparative genomics, population genetics, and evolution

Comparative genomics: Compare the genomic structures across different organ-
isms.

Population genetics: Study the genetic composition of individuals in a population.

• Human genomes are 98.5% identical to chimpanzees.

• Each two humans are > 99% identical.

• All species are derived from a common ancestor.

• What is conserved across species?

• What makes us different from others?



Comparative genomics, population genetics, and evolution

1. Negative selection: Sequence undergo strong pressure against change.

Ultra-conserved region in verte-
brates.

G. Bejerano et al. 2003, Science

304(5675):1321-1325.

Conserved promoters in yeasts.

M. Kellis et al. 2003, Nature 423:241-245.

Readings: G. Bejerano et al. 2003, Science 304(5675):1321-1325. M. Kellis et

al. 2003, Nature 423:241-245.



Comparative genomics, population genetics, and evolution

2. Positive selection: Sequence substitution is accelerated across species and fixed
within a species.

Human accelerated RNA.

K. Pollard et al. 2006, Nature 7108:167-172.

MDM2 SNP.

A. Gurinder et al. 2007, PNAS

104(11):4524-4529.

Readings: K. Pollard et al. 2006. Nature 7108:167-172. A. Gurinder et al. 2007.

PNAS 104(11):4524-4529.



Comparative genomics, population genetics, and evolution

3. Evo-Devo: Evolution of cis-regulatory elements expands the complexity of
regulatory programs but preserves gene functions.

Readings: S. Carroll 2005. PLoS Biology 3(7):e245.



Functional RNAs

RNAs rekindle research interests because of the following recent discoveries:

• Catalytic functions of RNAs support the RNA world hypothesis.

• RNA interference becomes a standard lab tool (Fire and Mello shared Nobel
Prize in 2006).

• MicroRNAs play important roles in gene regulation.

• More RNAs are discovered in various processes (transcription, translation,
splicing, etc.).

• Many “junk DNAs” are transcribed into RNAs. Are they really junks?



Epigenetics and epigenomics

• Proteins and DNAs undergo a variety of chemical modifications.

• Methylation. Acetylation. Phosphorylation. Ubiquitination. Sumoylation.
Glycolization.

• Protein phosphorylation: modulation of protein activities.

• Protein ubiquitination and sumoylation: protein degradation.

• Protein glycolization: cellular tags.

• Methylation and acetylation: gene regulation.

• Histone methylation and acetylation and cytosine methylation are epigenetic.

• The epigenetic modification states are inherited from parents without altering
DNA sequences.



Epigenetics and epigenomics

Bernstein et al. 2007. Cell 128:669-681.

• DNA methylation → histone methylation and acetylation → chromatin struc-
ture alteration → gene silencing.

• DNA methylation is less frequent in CG-rich regions (CpG islands).

• There exists a “histone code” for gene regulation.

• H3K4 methylation activates gene expression. H3K27 represses gene expres-
sion.

• Epigenetics plays an important role in development.



• Epigenetic patterns depend on age, sex, tissue types.

• There is a substantial change of methylation/acetylation patterns in cancer.

Reading: B. Bernstein et al., 2007. Cell 128:669-681.



Network analysis

Why networks?

• Genes rarely operate alone.

• Functional and mechanistic relations of genes manifest a network.

• Networks are prone to various analysis in graph theory, circuit theory, machine
learning, and other tools.



Network analysis

1. Reconstruction of the gene regulatory networks.

• Inputs: Measurements of variables (gene expressions, molecular bindings, se-
quence motifs, etc.).

• Outputs: Quantitative relations of the variables.

• Examples: Differential equations, Boolean networks, Bayesian networks, Fac-
tor graphs.

Readings: H. De Jong, 2002. J. Comp. Biol. 9(1):67-103.



Network analysis

Examples of network models.

Boolean network.

x3 = x1 ∨ x2.

Bayesian network.

P (x1, x2, x3) = P (x1)P (x2|x1)P (x3|x1).
x2 ⊥ x3|x1.



Network analysis

Examples of network models.

Module network.

Segal et al. 2003. Nat. Gen.34(2):166-176.

Physical network model.

Yeang et al. 2005. Genome Biol. 6(7):R62.



Network analysis

2. Topology of biological networks.

• Examine the global properties of networks.

• Edge degree distribution, cluster coefficients, hierarchies, diameters.

• Demonstrate the similarities of various disparate networks.

Reading: Linked: how everything is connected to everything else and what it

means for business, science, and everyday life, L. Barabasi, 2003.



Network analysis

Biological networks exhibit a power law edge degree distribution.

Jeong et al. 2000. Nature 407:651-654. Jeong et al. 2001. Nature 411:41-42.



Network analysis

3. Network motifs.

• Subnetwork structures enriched in biological networks.

• Implications to biological functions.

• Been applied successfully to bacterial networks.

Reading: An introduction to systems biology. U. Alon, 2007.



Network analysis

Example: Feed-forward loop (FFL).

S. Mangan and U. Alon 2003. PNAS 100(21):11980-11985.

• Coherent FFL: X · Y = X.

• Persistent detector: Z is turned on when the signal lasts long enough to turn
on X and Y .

• Incoherent FFL: X · Y =∼ X.

• Speed up off-on response time: X → Y a Z,X → Z. Initially X is on and Y is
off ⇒ Z is on.



Other hot topics

• Synthetic biology.

• Cancer genomics.

• Systems biology of stem cells.

• Mechanisms of aging.

• Personalized medicine.

• Molecular biology of pathogens.

• Metagenomics.

• Environmental applications of microbes (energy, pollution, etc.).

• Biology of immune systems.

• Brain and mind.



Homework/Midterm paper

Pick up one book or paper mentioned in lecture 1 and write a brief report. Please
comply with the following specifications.

• Structure:

– Your name and contact info.

– Title, authors’s names, publication information.

– The key question or thesis of the paper/book.

– Experimental or theoretical methods to tackle the question.

– Justifications. Why did the authors think these methods solved the ques-
tion?

– Discussions. Do you agree or disagree with their arguments? Why?

• Format:

– In English.

– No more than 1000 words.

– Times New Roman font, 12pts.

– Double space.

– Printed on double pages.

• Deadline: April 19th.

• Hand in the paper together with your midterm exam.

• This report serves as the midterm exam question of lecture 1.


