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Probability and Statistics
Random Variables and Expectations



Random Variable



Probability distribution



Independent variables



Continuous distribution: density function



Expectation



Mean, Variance and Covariance



Statistics



Mean



Standard deviation and Variance





Normalization



Correlation



Correlation coefficient

Also called Pearson Correlation Coefficient





Correlation coefficient vs Relationship



Ice Cream vs Drowning

Correlation and Causality

monthly data



Ice Cream vs Drowning



Ice Cream vs Drowning



credit: NEJM, 2012

Chocolate vs Nobel Prizes



Gene expression analysis

gene

sample



Correlation analysis



Biological sequences
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DNA



SOURCE:(http://www.microbe.org/espanol/news/human_genome.asp

DNA to chromosome



RNA = ribonucleic acid 
• “U” instead of “T” 
• Usually single stranded 
• Has base-pairing capability 

• Can form simple non-linear structures 
• Life may have started with RNA

What is RNA?



Protein sequence



• DNA = nucleotide sequence  
• Alphabet size = 4 (A,C,G,T) 

• DNA to mRNA (single stranded) 
• Alphabet size = 4 (A,C,G,U) 

• mRNA to amino acid sequence 
• Alphabet size = 20 

• Amino acid sequence “folds” into 3-dimensional protein

A short summary: string transformation



determined by DNA sequences



• All organisms share the genetic code 
• Similar genes across species  
• Probably had a common ancestor 
• Genomes are a wonderful resource to trace 

back the history of life

Evolution theory



• Substitutions 
• Insertions and Deletions 
• Representing an alignment; “gaps”

Evolutionary process of sequences

ATTTTCCC

ATTTTACC

AT  TTACC

AT  TTACGC

substitution: C->A

deletion: T

insertion: G

Evolution direction



Correspondence between bases of two DNA sequences, or between 
amino acids of two protein sequences 

Sequence alignment

V""="ACCTGGTAAA

W"="ACTGCGTATA

n"="10

m"="10

A C C T G G T A A A
A C T G C G T A T A

V
W"

8
1
1
1

matches
mismatches
deletions
insertions

Alignment":""2"x"k"matrix"("k"≥m,"n")


