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A number of GWAS for tropical medicine and 
global health using SNP arrays were carried out

For AIDS For Malaria



A number of studies showed CNVs are highly 
relevant to tropical diseases and global health

Enrique Gonzalez et al. Science 2005

The amplification of the CCL3L1 
gene was found to reduce the 
risk of HIV progressionHIV

CNVs show diverse genetic distributions 
in geographically dispersed populations

CNVs were 
significantly 
more common in 
South America

Cheeseman et al., Mol. Biol. Evol., 2016

MalariaDeletions Amplifications

Eastman et al., Antimicrob. Agents Chemother., 2011

Piperaquine + dihydroartemisinin
has recently become the official 
first-line therapy in several 
Southeast Asian countries.

Piperaquine resistance is 
associated with a CNV on chr 5

Piperaquine resistance



Motivation 1

Genotyping 
solution 

New-Generation Population-Optimized Human Arrays: 

Affymetrix Axiom genotyping solution

*Array 6.0 vs. Axiom TWB  

(350,075/95 = 3685 TWD/sample)

population
-specific

cost-
effective

GWAS

CNVs



The study highlights the potential uses of Axiom genotyping 
solution prevalent in tropical infectious diseases

Axiom_aegypti1Axiom_aegypti1

Major vector of dengue and 
yellow fever viruses



Motivation 2

Axiom array was originally developed for genotyping

No public software is available
for the integrated genomic analysis of hybridization intensities and genotypes

for this new-generation population-optimized genotyping  platform

CNV

an integrated genomic analysis software



ALICE (AF/LOH/LCSH/AI/CNV/CNA Enterprise)  software    
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Three main components of ALICE

Component 1: “Main Functions.”

Component 2: “Genome Browser.” Component 3: “Aberration Integration.”



The structure of ALICE software



Methods for the integrated genomic analysis 

• Extraction of HI– ቊℎ஺ = 2ௌା଴.ହ௅ℎ஻ = 2ௌି଴.ହ௅ where ܵ: Strength, ܮ: Log2 ratio

• Preprocessing of HI– ௠ݐ = ௠ݏ  − ∑ ௦೔ಾ೔సభ ∙ூ[୼೔]∑ ூ[୼೔]ಾ೔సభ
• AF estimation with a CPA + LIM adjustment

– (1) CPA adjustment• ℎ෠௜,௠ = ௛೔,೘௛೔,೘ା఑೘∙ ଵି௛೔,೘
• where ߢ௠ = ଵ௡೘(஺஻) ∑ ௛೔,೘ଵି௛೔,೘௡೘(஺஻)௜ୀଵ + ௡೘(஺஻)௡೘(஺஻)ିଵ ∑ ௛೔,೘೙೘(ಲಳ)೔సభଵି∑ ௛೔,೘೙೘(ಲಳ)೔సభ − ଵ௡೘(஺஻) ∑ ௛೔,೘ଵି௛೔,೘௡೘(஺஻)௜ୀଵ

– (2) LIM adjustment

• መ݂௜,௠ =
1, if ℎതା,௠(ܣܣ) < ℎ෠௜,௠ଵଶ + ଵଶ ∙ ௛෡೔,೘ି௛ഥశ,೘(஺஻)௛ഥశ,೘(஺஺)ି௛ഥశ,೘(஺஻) , if ℎതା,௠(ܤܣ) < ℎ෠௜,௠ ≤ ℎതା,௠(ܣܣ)ଵଶ ∙ ௛෡೔,೘ି௛ഥశ,೘(஻஻)௛ഥశ,೘(஺஻)ି௛ഥశ,೘(஻஻) , if ℎതା,௠(ܤܤ) < ℎ෠௜,௠ ≤ ℎതା,௠(ܤܣ)0, if ℎ෠௜,௠ ≤ ℎതା,௠(ܤܤ)

• Single-point index of AI detection– ݂ା̅,௠(݃) = ଵ௡೘(௚) ∑ መ݂௜,௠௡೘(௚)௜ୀଵ– ܵା,௠(݃) = ଵ௡೘ ௚ ିଵ ∑ መ݂௜,௠ − ݂ା̅,௠(݃) ଶ௡೘(௚)௜ୀଵ ଵ/ଶ

– (ܣܣ)ା,௠ࣛ,ௌ௉ܫܥ = ݂ା̅,௠ ܣܣ − ܼଵିయഀಾ ∙ ܵା,௠ ܣܣ , (ܤܣ)ା,௠ࣛ,ௌ௉ܫܥ1 = ݂ା̅,௠(ܤܣ)  − ܼଵିలഀಾ ∙ ܵା,௠(ܤܣ), ݂ା̅,௠(ܤܣ)  + ܼଵିలഀಾ ∙ ܵା,௠(ܤܣ)ܫܥା,௠ࣛ,ௌ௉(ܤܤ) = 0, ݂ା̅,௠(ܤܤ) + ܼଵିయഀಾ ∙ ܵା,௠(ܤܤ)
– ௜,௠ࣛ,ௌ௉ܫ = ቊ1, if መ݂௜,௠ ∉ ,(ܣܣ)ା,௠ࣛ,ௌ௉ܫܥ  ,(ܤܣ)ା,௠ࣛ,ௌ௉ܫܥ or ܫܥା,௠ࣛ,ௌ௉(ܤܤ)0, otherwise

• Single-point index of LOH/LCSH detection– (ܤܣ)ା,௠ℒ,ௌ௉ܫܥ = ݂ା̅,௠(ܤܣ) − ܼଵିమഀಾ ∙ ܵା,௠(ܤܣ), ݂ା̅,௠(ܤܣ)  + ܼଵିమഀಾ ∙ ܵା,௠(ܤܣ)
– (ܤܣ)௜,௠ℒ,ௌ௉ܫ = ቊ1, if መ݂௜,௠ ∉ ,0(ܤܣ)ା,௠ℒ,ௌ௉ܫܥ  otherwise

• Single-point index of CNV/CNA detection– ା̅,௠(݃) = ଵ௡೘(௚)ݐ ∑ –௜,௠௡೘(௚)௜ୀଵݐ ොା,௠(݃) = ଵ௡೘ߪ ௚ ିଵ ∑ ௜,௠ݐ − (݃)ା̅,௠ݐ ଶ௡೘(௚)௜ୀଵ ଵ/ଶ
– (݃)ା,௠ࣝ,ௌ௉ܫܥ = (݃)ା̅,௠ݐ − ܼଵି ഀమಾ ∙ ,(݃)ොା,௠ߪ (݃)ା̅,௠ݐ + ܼଵିమഀಾ ∙ (݃)ොା,௠ߪ
– (݃)௜,௠ࣝ,ௌ௉ܫ = ൞ 1, if ݐ௜,௠ > (݃)ା̅,௠ݐ  + ܼଵିమഀಾ ∙ ,ොା,௠(݃)−1ߪ if ݐ௜,௠ < ା̅,௠ݐ  ݃ − ܼଵିమഀಾ ∙ ොା,௠(݃)0ߪ otherwise– ௜,௠ࣝ,ௌ௉݌ = min 2 1 − Φ ܼ௜,௠ࣝ,ௌ௉ ⋅ ,ܯ 1 where ܼ௜,௠ࣝ,ௌ௉ = ௜,௠ݐ) − (ା̅,௠ݐ ⁄ොା,௠ߪ is the test statistic.

• Multipoint indices of AI, LOH/LCSH, and 
CNV/CNA detection– ௜ܹ,௠ℰ,ெ௉ ,ݒ ݊௖ = ଵଶ௩ାଵ ∑ ∋௜,௫ℰ,ௌ௉௫ܬ ௠ି௩,௠ି௩ାଵ,⋯,௠,…,௠ା௩ିଵ,௠ା௩ where ܬ௜,௫ℰ,ௌ௉ = ∑]ܫ ∏ ௜,௭ℰ,ௌ௉௭ୀ௫ି௡೎ା௟,௫ି௡೎ା௟ାଵ,…,௫ା௟ିଵ௟ୀଵ,…,௡೎ܫ > 0]

– (1) Confidence interval method
• Smoothed the WAPs using the local regression LOESS function for every sample: ෩ܹ௜,௠ℰ,ெ௉(ݒ, ݊௖)
• Calculate the ܳ%-quantile of the smoothed WAPs from reference samples: ෨ܳ௜,௠ℰ,ெ௉ ,ݒ ݊௖
• First multipoint detector: ܫ௜,௠ℰ,ெ௉ ,ݒ ݊௖, 1 = ܫ ෩ܹ௜,௠ℰ,ெ௉ ,ݒ ݊௖ >  ෨ܳ௜,௠ℰ,ெ௉ ,ݒ ݊௖

– (2) LIM adjustment
• Calculate the mean and standard deviation of the WAP statistics for ℰ for all the normal reference 

samples: ௜,௠ℰ,ெ௉ߤ̂  ,ݒ ݊௖  and ௜ܵ,௠ℰ,ெ௉ ,ݒ ݊௖
• Calculate the test statistic: ܼ௜,௠ℰ,ெ௉ ,ݒ ݊௖ = ௐ೔,೘ℰ,ಾು ௩,௡೎ ିఓෝ೔,೘ℰ,ಾು ௩,௡೎ ା భಾ  ௌ೔,೘ℰ,ಾು ௩,௡೎
• Calculate the adjusted p value after Bonferroni correction: ݌௜,௠ℰ,ெ௉(ݒ, ݊௖) = ݉݅݊ 1 − ߔ ܼ௜,௠ℰ,ெ௉(ݒ, ݊௖) ⋅ ,ܯ 1
• Second multipoint detector:ܫ௜,௠ℰ,ெ௉ ,ݒ ݊௖, 2 = ܫ ௜,௠ℰ,ெ௉݌ ,ݒ ݊௖ <  0.05
In a real data analysis, we consider their combination ܫ௜,௠ℰ,ெ௉ ,ݒ ݊௖ = ௜,௠ℰ,ெ௉ܫ ,ݒ ݊௖, 1 × ௜,௠ℰ,ெ௉ܫ ,ݒ ݊௖, 2

• Quick-CBS algorithm– ݀௜,௠ℰ = ௜ܹ,௠ℰ,ெ௉ ,ݒ ݊௖ − ܳ௜,௠ℰ,ெ௉ ,ݒ ݊௖  ሚ݀௜,௠ℰ = 2 ∙ ௗ೔,೘ℰ ି௖೔,೘೔೙ℰ௖೔,೘ೌೣℰ ି௖೔,೘೔೙ℰ − 1
– The weight for the ݉th SNP of the ݅th individual is calculated as follows: ݓ෥௜,௠ = ௪೔,೘∑ ௪೔,೘ಾ೘సభ
– where ݓ௜,௠ = 10ିଵ଴ + ݔܽ݉ ሚ݀௜,௠ࣛ, ሚ݀௜,௠ℒ ∙ ܫ ݔܽ݉ ሚ݀௜,௠ࣛ, ሚ݀௜,௠ℒ > 0
– A weighted t test statistic based on weight ݓ෥௜,௠ is used to analyze the difference in the averages of two segments in a 

region of AI or LOH/LCSH. 
– A permutation test, which randomly shuffles the data in two segments, is used to calculate an empirical p value. 
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Visualization of the integrated analysis  results 1

AI

LOH/
LCSH
LOH/
LCSH

CNV/
CNA
CNV/
CNA

AF

A normal sample
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Visualization of the integrated analysis  results 2

AI

LOH/
LCSH
LOH/
LCSH

CNV/
CNA
CNV/
CNA

AF

A tumor sample



Evaluation of the performance
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• Simulation study

• Real data analysis

• Validation using qPCR experiment

• Quick-CBS algorithm



Evaluation of the performance: based on Simulation study



Performance of the CNV/CNA analysis using ALICE

Level of noise 
interference

Suggested  
setting
(ࢉ࢔ ,࢝)

FPR and TPR
(Simulation scenario) 

N(SNPs) in the target region

11 51 101 501

Without noise
interference
= %ݍ) 0%)

(11, 2) Average FPR (neutral) 1.12 1.12 1.12 1.12
Average TPR (loss) 95.55 94.08 95.39 95.43
Average TPR (gain) 99.39 96.69 95.59 95.83

With noise
interference ݍ)

% = 25%)

(51, 3) Average FPR (neutral) 2.19 2.19 2.19 2.19
Average TPR (loss) 42.09 85.45 94.03 93.54
Average TPR (gain) 50.67 89.37 92.81 93.55

The proposed CNV/CNA detection, 

which integrates AI and LOH/LCSH detection, 

had a promising TPR and well-controlled FPR in simulation studies. 

The proposed CNV/CNA detection, 

which integrates AI and LOH/LCSH detection, 

had a promising TPR and well-controlled FPR in simulation studies. 



Evaluation of the performance: based on

Physical position (Mb) on a chr

Admixed 
prop. ݌% 

Dynamic patterns of whole-genome AF plot

Real data analysis

We analyzed 3,236 samples 
genotyped using different platforms

• 3, 235 unrelated noncancerous samples

• 11 admixed samples 
based on 1 lung cancer patient 



Evaluation of the performance: based on qPCR experiment

The results successfully validated the CNVs/CNAs 

identified in the Axiom data analyses using the proposed methods 

The results successfully validated the CNVs/CNAs 

identified in the Axiom data analyses using the proposed methods 



ALICE website 

http://hcyang.stat.sinica.edu.tw/software/ALICE.html



ALICE paper: Huang et al., BMC Genomics, 2016

Dr. Li

Dr. Yang

Welcome for 
collaboration
Welcome for 
collaboration
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