
Statistic 1



-Distribution
Bernoulli Distribution
Binomial Distribution
Multinomial Distribution
Poisson Distribution
Normal Distribution
Gamma Distribution
Exponential Distribution
X^2 distribution

-Hypothesis testing
T-test
Wilcoxon
ANOVA, MANOVA
Kruskal-wallis
Fisher’s exact test
Post-hoc analysis



Distribution



Handling biological data



Handling biological data



Handling biological data

Is it high?

Statistics!
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Real data  Modeling



Bernoulli Distribution
-Probability of 1: p
-Probability of 0: 1-p
Only two cases (0, 1)

F(X=x|p) = 𝑝௫ 1 − 𝑝 ଵି௫

- x=0: 1-p
- x=1: p

Expected value: p
Variance: p(1-p)

F(X=x|p): Probability Mass Function



Binomial Distribution
- n * Bernoulli trial 

- Expected value: np
- Variance: npq
(q: 1-p)

Example
Dice: 1/6 for each number
10 times
How many times will “1” show



Binomial Distribution
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chance for x-hit

Higher p  higher expected value



Binomial Distribution

*risk SNP: n  significant overlap ?

… ATATTGCGGCATGCGCGAT …

Detectable genomic region: N bp
Annotated region: k bp
(ex: functional annotation, enhancer, methylation)

binomial distribution: B(n,p) vs my overlap
n: # risk SNP
p: k/N

Significant overlap



Multinomial Distribution
- Binomial:2
- Multinomial: m > 2

*Probability
A: 0.2, B: 0.3, C: 0.5

P for A=1, B=2, C=3 events during 6 votes

Events combination
A        T         G           C



Poisson Distribution
*Trying to describe a distribution for how many occurrence of a certain event 
per “unit time”

*Assumption
-Constant mean: same occurrence per time / space (or constant p for the event)
+ p is very small
-Independency: independent for each period / interval
-Only one occurrence: No multiple occurrence

Ex)
-the number of cars passed during 1 hr
-the number of errors in one page
-how many people visited the website in one day



Poisson Distribution

𝜆: 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑚𝑒𝑎𝑛
k: number of the event
f(k; 𝜆): 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑜𝑟 𝑘 𝑒𝑣𝑒𝑛𝑡𝑠

Expected mean: 𝜆
Variance: 𝜆
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Poisson Distribution
*MACS2 peak calling
- Number of read for a given (genomic) window

Effective genome: mappable genome size

Significant peak



Normal Distribution

Mean: μ
Standard deviation: σ

Symmetric by mean

 Nature might be under normal distribution 
(due to noise …)



Gamma Distribution
*Probability of the duration for k-times event

k: k-times event > 0  sharp shape
θ: > 0  spread shape
Mean: k θ
Variance: k θ^2

*explains when it is skewed



Scale-free network (~ gamma function)

Node degree in “gene-network"



Exponential Distribution

-just for half-life  constant
~ 𝜆



X^2 distribution



Hypothesis testing



Hypothesis testing

Is it high?

Is it significant ??



T test

T distribution
Z: follow Normal(0,1)
U: follow X^2 
V: degree of freedom



T test
-Is it different ??
-H0: null hypothesis  it is the same

T-test: follow normal distribution (parametric), independent
T-score ~ Δmean / s.d.
-one-sample test: is it different from the “distribution”?

-Sample mean
-estimated s.d. of the 
population



T test



T test
-two-sample test: Are two distributions different  
(unpaired, paired)



T test
*two-sample test: 
Same variance: student’s t test
Different variance: welch’s t test



T test
-two-sample test: Are two distributions different  
(unpaired, paired)

-d: difference
Mean of difference & s.d. of difference



Wilcoxon rank-sum test
When the data does not follow (or guarantee) the 
normal distribution (non-parametric)

-Two-sample test (paired, unpaired)
-one,two-tailed

Rank based
(>20  U distribution follows Norm)

n1: X1~Xn, n2: Y1~Yn (number of sample  highest rank)



ANOVA (Analysis of variance)
-F distribution



ANOVA

-More than 2 groups (follow normal distribution)
Compare by variance (rather than the mean value)
 ΣVariance within group vs ΣVariance across groups

*ΣVariance across groups
Diff btw total mean



ANOVA

-F distribution
 P value



ANOVA
-One-way ANOVA

-two-way ANOVA

+ Gender

MANOVA (multivariate anova) MANOVA (two-way)



MANOVA

Metagenome
Whether metagenomes from 3 groups 
are overlapping or not

Different group  different abundance 
of each taxa



Post-hoc T test
After ANOVA is significant  which groups are different?
Pairwised t-test (healthy vs A, healthy vs B, A vs B)
Multiple hypothesis correction



Kruskal-wallis test
-I want to use ANOVA
non-parametric (normal distribution X)
Rank-based

(Then, post-hoc should be Wilcoxon rank-sum test)



Fisher’s exact test

Whether two groups have a bias
Compare the expected ratio vs real ratio

*probability



Fisher’s exact test

-Men : Women  12 : 12
Studying: 0 : 10 or 12 : 2  deviated from 12 : 12

Two-tail: whether it is associated
One-tail: enriched or depleted
Ex) drug-treatment  effective or defective

 Contingency table



Fisher’s exact test
*My genelist
Which pathway (geneset) is enriched?







*Degree of freedom
Number of sample without decisive sample

평균알면 n-1 만샘플정보알아도나머지값은자동으로결정됨


