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Introduction
Wide application of NGS technology

DNA, RNA, Methylation, …etc

The cost of sequencing

Still 
Expensive!!

We need power calculation tool!!

Presenter
Presentation Notes
NGS technology has brought a wide variety of application in biological field. We can measure DNA, RNA, and methylation of the cohort subject. The signal is really nice compared to microarray platform. But the thing is, like other kinds of experiments, if we want to achieve a certain level of signal, we need relatively larger sample size to do so. If we look at the cost of sequencing, although the cost keeps dropping, here is where we are, it's still expensive. How to balance between cost and power becomes an important issue. We don't want to waste our money. That's why we need power calculation tool.



Introduction
RNA-seq

compare to microarray platform
○ not only sample size (N)
○ but also read depth (R)
Two-dimensional optimal design

Presenter
Presentation Notes
In this study, we focus on RNA-seq. The difference between RNA-seq and microarray platform is we not only consider sample size but we also consider read depth. It's a two dimensional design.

Here is a figure, I personally called it as a pudding plot. Look like a pudding, right? We have sample size in this direction and read depth in this direction, the third dimension is power. The pudding represents the power as a function of sample size and read depth. And we have a hyperplan that represents the given budget. The goal is to find a design that can achieve the highest power underthe same cost.



Introduction
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Type-I error Effect size Power

FDR Effect size as 
distribution

Genome-wide 
power

Presenter
Presentation Notes
The traditional power calculation focus on the relationship between type-I error, effect size and power.

But for genome-wide experiment data, like NGS, we need to consider multiple comparisons into the framework.

That is, consider FDR, consider effect size as a distribution, and genome-wide power

What is genome-wide power? 



Existing power calculation approach in 
RNA-seq

Features Poisson model* RNASeqPower** Scotty***

Pilot data Partial

Model count data adequately √

Sequencing depth √

Multiple comparison (FDR) √

Genome wide power calculation √

Cost function by N and R √

* Lee et al, 2013 ** Hart et al, 2013 *** Busby et al, 2013

None of them satisfies practical settings!

Presenter
Presentation Notes
Here is the summary of current available methods for power calculation in RNA-seq data. again, we can see non of them consider all the important features. Like considering pilot data, correct model fitting, considering total sequencing depth as a parameter. FDR, genome-wide power calculation, introduce cost function



Method comparisons

Features Poisson model* RNASeqPower** Scotty*** SeqDesign

Pilot data Partial √

Model count data adequately √ √

Sequencing depth √ √

Multiple comparison (FDR) √ √

Genome wide power calculation √ √

Cost function by N and R √ √

* Lee et al, 2013 ** Hart et al, 2013 *** Busby et al, 2013

Presenter
Presentation Notes
Our proposed method SeqDesign consider all the features.
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Biomarker detection

P-value transformation

EDR calculation

Two dimension EDR surface fitting Cost function

Experimental design guidance

Pilot/Preliminary data

Flow chart of SeqDesign

Presenter
Presentation Notes
This is the flow chart of SeqDesign. After we have pilot data as our input data, we first conduct biomarker detection, and then we transform the p-value, after that, we can calculate the EDR and fit the two dimentional EDR surface. Give the cost function, then we can give experimental design guidance

The key part is p-value transformation, I’ll talk about this more in next slide



Model and test statistics

0
only n changes, the rest are fixed

Presenter
Presentation Notes
For the biomarker detection, we are using negative binomial regression, it looks like this, I believe everyone is familiar with it. nothing special. Basically we are testing if Beta1 is significant. And if the total reads across the subjects are the same, we observe that the test statistic can be written as this form. We can pull sample size n out and keep other things fixed. That’s the key part for the transformation. 



P-value distribution
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Mixture model



Genome-wide power prediction 
(changing from N to N’)
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Presenter
Presentation Notes
Here we have more details about the transformation. After we fit the mixture model for the p-value, we can estimate the posterior probability of each p-value if it’s from beta or uniform. In other words, DE or null.

In each of the b times simulation, we can generate the DE status based on the posterior prob. And if it’s DE gene, then we do the transformation, if it’s not DE gene, then we just keep the statistics as it is. And then we calculate the EDR from b times simulation.




Genome-wide power prediction 
(changing from N to N’ and R to R’)
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The transformation step is achieved by

Presenter
Presentation Notes
If both sample size and read depth changes, we can still do the transformation. We just simply update N and R and keep other things the same.



Two-dimension EDR surface fitting
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1 a b c d

N=2 N=4 N=16

Presenter
Presentation Notes
After EDR calculation, we do a smooth curve fitting to the EDR curve. As you can see, it’s a two-dimensional fitting. Different column refer to different pilot sample size. In order to balance the cost and power, we need to introduce the cost function.



Cost function

A = 500, sample collection cost per sample
B = 25, sequencing cost per sample per 
million reads
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Presenter
Presentation Notes
In this study, we propose the cost function like this. A is the sample collection cost and B is sequencing cost per sample per million.

I will show how we did experimental design guidance in simulation 



Simulation setting

Parameters estimated from real dataset
Effect size distribution (in log2 scale):

N(0, 0.04) and truncate at 0.15
20.15 = 1.1

Dispersion parameter = 50
Number of gene = 25,000
Proportion of DE gene = 10%
1 lane 60M reads
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Presenter
Presentation Notes
Here is the settings. We estimate all the parameters from a real dataset. the effect size distribution fit log-normal pretty well and the dispersion parameter is set to 50. Total number of genes is 25K, There are 10% DE gene. Each subject has 1 lane reads. 



Methods comparison
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Poisson model

RNASeqPower

NB exact test

Scotty

SeqDesign

Presenter
Presentation Notes
This is the method comparisons. Different row is different methods. Different columns is different pilot sample size. we compare the true EDR and the predicted EDR from each methods. True EDR in blue and predicted EDR in red. Our method works the best.



Five tasks in NGS design
Have Want

Budget Optimal designT1.

Desired power MoneyT2.

Maximum sample size Best designT3.

Maximum sample size Recruit more samples?T4.

Maximum sample size Sequence deeper?T5.

Presenter
Presentation Notes
There are mostly five kinds of tasks that we often encounter in NGS design. The first one is when we only have limited budget, and we want to know what’s the optimal design.

Second, when we want to achieve a certain level of power, how much money we need to ask for in the grant writing?
Third, if the maximum sample size is fixed, then what is the maximum EDR and corresponding cost and R?

T4: For a fixed maximum sample size, is it worthwhile to recruit more samples? Will it significantly increase power and reduce cost?

T5: For an existing NGS experiment (N fixed), with additional tissues of N samples, is it worthwhile to perform sequencing to increase R to gain more power? 
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Design plotCost benefit plot

Budget Optimal designT1.
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Design plotCost benefit plot

Desired power MoneyT2.
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Design plotCost benefit plot

Maximum sample size Best designT3.
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Design plotCost benefit plot

Maximum sample size Recruit more samples?T4.
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Design plotCost benefit plot

Maximum sample size Sequence deeper?T5.



Conclusion
Better modeling

Count data
FDR
EDR

Reflecting real situation
Pilot data

Experimental design
Cost function
Consider both R and N
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