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A number of GWAS for tropical medicine and

global health using SNP arrays were carried out
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A number of studies showed CN Vs are highly

relevant to tropical diseases and global health

Enrique Gonzalez et al. Science 2005
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gene was found to reduce the
risk of HI\/ progression

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

Piperaquine resistance is
associated with a CNV on chr 5

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

B50 kb 00k W50 kb
Base pair position along chromosome 5 (MALS)

Cheeseman et al., Mol. Biol. Evol., 2016
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Motivation 1
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*Array 6.0 vs. Axiom TWB

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

*’ New-Generation Population-Optimized Human Arrays:

Affymetrix Axiom genotyping solution



The study highlights the potential uses of Axiom genotyping

solution prevalent in tropical infectious diseases
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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

@4‘&3 an integrated genomic analysis software




@ ALIC E AF/LOH/LCSH/Al/CNV/CNA Enterprise) software

f ™y
= ALICE interface E@g

ALICE (AF/LOH/LCSHAI'CNV/CNA Enterprise) — supports Affymetrix 100K, S00K, Array 6.0, Axiom and llumina platferms

Main Functions |-Genome Browser | Aberration In’(egration|
1. Type of analysis: ¥ Unpaired analysis € Paired analysis
2. Input/output path:
Directory of data input:  |Example

Diractory of result output: |

3. Data format:
Genome-widz SNP array:  Affymetrixc Axiom -

Input data format: € CEL-based -—- Path of directory of "bin" of APT (Affymetrix power tools): |C: Program Files/Affvmetrix Power Tools/ APT-1.19.0/bin J

" GenotypeTntensity-based -— "SNP marlcer"  NA string: . Bkip Row #: . SNP col: . Chr col: . Posi col: . Call (A) col:
Call (B} col: . Intensity (A)Log2Ratio col: . Intensitsy (B)Strength col: . BAF col: .

" RData-bassd
Provids 2 list of SNPs to sxclude from the analysis of ALICE: { Yas - Path of the list: | J
4. Statistical analysis:
Intensity data prep g CNV/CNA segmentation: ALLOH/ALCSH/CNV/CNA detection:

Log2-scale transformation: € No * Yes Significance lavel: ooi[_L | Genotype-specific refarence:  {~ No * Yes
Chip affect rzmoval: & Mean € Mesdizn  Minimum num. of markers: 20101 Confidence leval: 095 -
Quantile normalization: © No & Yes Number of permutations: wooo[ 1] (Window size, N of consecntive sig. markers): (51, 3) =

Proportion of data to be trimmed: 0025 | | Upper bound of reference: 095 =

Import larza-size datainto: (¢ RAM ("  Harddrive Cut-off for HI valves of siz. sesments: 0 I
Sesmentation algorithm: § Raw(CB$ %  Quick CBS

5. Output:
Numerical output: Graphical output:
Save raw R data (¥ RData): & No {% Yes Indiv-sample fizwra: W AF figure Cross-zample fizure: [ Al fizurs
Save APT output: # No (& Yes ¥ Six-pansl fizur= ¥ LOHLCSH fisure Ll
Data daseription: & No (& TYes W CHNVICNA fizure
Individoal numerical output:  { No % Vas

6. Parallel processing:
Pleass specify the number of processorsicoras: 2 I (1: no parallel computing)

25




Component 2:

Three main components of ALICE

“Genome Browser.”

Component 1: “Main Functions.”

wh ALICE interince

= i |

© Fuined ssalyss

1. Type of analysis: & Unpaired seahysis
2. Input/output path:

Divetiny of data st [Enampie

Diwctony of rosdt ctpet. |
3. Data format:

Gansme wide NP sz Albmetiix Asicam -

lepwt das foemat:  © CEL-bamd
£ Gremtyp L sty -based.

© KDaadad

i of ALICE: (T

4. Statistical analysis:

ALICE (AFLORLCSHAVCNVIONA Enterprise) — supoerts Allymetis 100K, 500K, Arvay €5, Axion asd Buring platforra.
[T — T 1

Intemsity data podprocessing: CNVACNA segmentation:
Legacthinmformator. € Mo @ Yu  Sgbtesbed oo [T
Chip 4501 el & Muan © Mfias  Misise oem. of madken F |
Quantiy permaisation: CoN F Ye Wasbas +f purrmanations 10000 | |
Proporiion of ara o e immat: 0025 [_|_|
lepoct biegsie duruimse: 7 RAM ¢ Huekdive  Cot-sfffoe MI vabus of sig. sapmaers 0 |
Sipmeatation sgecithe © Baw(BS  &  Quick CBI
5. Dutpat:
Numsrizal sugpur Graphisal sugpur:
Srevow kit (UKDmay 0 Ha Ve Indevamgpl figme: 7 AF figrs
Save AFT suipet & Me C Ym P Simganad fgers
Dura dasenption: T M & Wm
Insivideal momarisal swipst 0 Na 5 Ym
6. Parallel processing:
T e | {1 e paratal eompetong)

Crowamgle b |7 AL fipere

ADLOHACSHACNV/ACNA detection:
Casotypa-apacific nficmce:  Me & Y
Coefibince lave 095 -

{Windew isa, ¥ of consscstive ig. mackani. (51, 3] =
Uppervsond of refersmes: 095 -

' LORLCH figers
P VA figers

T AEE
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Component 3: “ Aberration Integration.”
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The structure of ALICE software

Main Functions

Microarraym’ array platforms

Affymetr.

Input data format

R R

Beadstudio® -exported ALICE i R ALICE dR Console® Probe results files

text files images file (RData files) images file (RData files) -exported text files (CEL files)
1
Feature extraction P Bl oo :
. Power Tools :
: (APT) =
Raw intensity & Genotype
100K | |500K| |Array6 Axiom
MPAM algorithm Conversion eq. :

* No reference database;

* Intensity of either one or both alleles are unavailable;
* It is on chromosome Y of a female sample;

It’s a control marker; « unreliable reference database for the marker, i.e. call rate of genotypes or
It'son or sex 1 y of Hl values across reference samples < 95%;

AF = 1-BAF Allelic intensity values of both alleles
...... AFesﬂmat‘on Hl estimation
CPA referen Unadjusted AF Intensity data preprocessing GeneYI: ge'nder
Y —— *  Log2-scale ti { :

~~  —» CPA+LIMalgorithm

* Chip-effect removal
+ Quantile normalization (optional)

4
AF reference — CPA+LIM adjusted AF Pr d Hybridization intensi
....... Al & LOH detection . . CNV detection e
N —_— N ———

S Single-point Al/LOH analysis i CBS Single-point CNV analysis «
i tati
Single-point Al/LOH aberration index i w Single-point CNV aberration index QT reference
eSS
~ ~~* Multi-point Al/LOH analysis Multi-point CNV analysis <« — WAP reference
Window-based aberrant proportion Window-based aberrant proportion
LOESS smoothing LOESS smoothing
Multi-point Al/LOH aberration index CN segments Multi-point CNV aberration index

* Based on AI/LOH/CNV analyses
- Reports of whole-genome markers
———— - Summary files of aberrant segments

Cross-sample and cross-genome

~ Based on AI/LOH/CNV analyses
- Summary files of aberrant percentage across samples
——— - Summary files of aberrant percentage across genomes

Genome Browser
Single/Multiple-sample

Zoom-in visualization

Region-level

Aberration Integration]
Single/Multiple-sample

Zoom-in visualization

Analyses integration

Chromosome-level Individual-level



Methods for the integrated genomic analysis

o Extraction of HI

h, = 25*05L
= {hA —_ ps-0sL where S: Strength, L: Log, ratio

» Preprocessing of HI

_ o M seiag
b = Sm =50 g

» AF estimation with a CPA + LIM adjustment

— (1) CPA adjustment
him
* o= i
5 = o (AB) Mim , nm(aB) | SR ny 1 gnm(AB) _Mim_
where i = ¢ S nm(AE)—lL-z;z;'“B’n,,. o R

— (2) LIM adjustment
1 if Ay (AA) < Rym

1,1 Rym—hym(4B) T
o E Ry a8 < Fim < Bam(44)
* Jim=y . Tiym~Tiym(BB) o
2 Frm(AB) Ty m(BE)’ if Ay m(BB) < him < hym(AB)
0, i hym < Ry m(BB)

 Single-point index of Al detection
- fm@= 5 @zl_f‘”ﬁm

— Som@ = TP o~ e @]

CIE (44) = [Fom(Ad) = 2,_s -5, (AR, 1]
CIP (4B) = [fum(4B) =2, s - Son48) (A1) + 2,_a-Sum(aB)]

CI{sP(BB) = [0, fem(BB) + 7 u- sm(BB)]

JASP {1, if fim & CISAT(AA), CILP (AB), or CILST (BB)
Gl 0, otherwise

 Single-point index of LOH/LCSH detection
- CIfSP(AB) = [f,,,,,,(AB) = Z,_u - Sim(4B), frm(AB) +zl_%-s+,m(AB)]

- ISP aB) = {1, if fim & CIES (AB)
0, otherwise

. Single-point index of CNV/CNA detection

an(g) tim

- Em(9) = o (g)

- Gim(9) = [nm(:) 1 (tlm_t+m(g)) ]

- IESP(g)—[tm(g) 2o 0@ Eem(9) + Z1_g - Grm(9)]

=1, iftim < tam(9) —Z,_a U+m(9)
0 otherW|se
- pGSP = min {2 (1 D(28P ) M, 1} where ZEs? = (tym — E4m)/Grm 1S the test statistic.

Multipoint indices of Al, LOH/LCSH, and
CNV/CNA detection

£MP 1 £,SP
=W , "E)_z,,ﬂzxe(m —v,m-v+1,m,. m+v—1,m+u)1i,x where

1, ifty, > t+m(g)+Z @ U+m(g)
@)=

- (1) Confldence mterval method
» Smoothed the WAPs using the local regression LOESS function for every sample: Wii’,'l‘" (w,ne)
« Calculate the Q%-quantile of the smoothed WAPs from reference samples: Qf‘,f" (w,ne)
«  First multipoint detector: I5" (v, n,, 1) = I[WE"F (v,n0) > Q5 (v,n,)]
- (2) LIM adjustment
Calculate the mean and standard deviation of the WAP statistics for £ for all the normal reference
samples: 45" (v,n.) and S;” (v, )

1
Wi P wne) =i i)ty
SE'M Pone)

+ Calculate the adjusted p value after Bonferroni correction: pi* (v,n¢) = min{[1 — ®(Zi " (v,n,))] - M, 1}

+ Second multipoint detector:If " (v, n., 2) = I[pim” (v,n) < 0.05]

« Calculate the test statistic: Z; " (v,nc) =

In areal data analysis, we consider their combination I52'" (v,nc) = Lo (v,n, 1) X IE" (v,n,, 2)

Quick-CBS algorithm

5 Um=Clmin
- = WEMP (0,n0) = Q5N (v,ne) D dfyy = 2 2 lmin g
— The weight for the m' SNP of the i individual is calculated as follows: ;,,, = ):,,,w‘—"jv"
m=1Wim
—  where w;,, = 1071 + max{d,, df,} - [[max{di, df,,} > 0]
— A weighted t test statistic based on weight W; ,, is used to analyze the difference in the averages of two segments in a
region of Al or LOH/LCSH.

— A permutation test, which randomly shuffles the data in two segments, is used to calculate an empirical p value.



Visualization of the integrated analysis results

A normal sample

Allale fraquancy (AF)
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Visualization of the integrated analysis results ,

A tumor sample

Allele frequency (AF)
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Evaluation of the performance

Simulation study

Real data analysis

Validation using gPCR experiment
Quick-CBS algorithm



Evaluation of the performance: based on

CNV type | e
(copy number change) CN IGSS |
{2-copy = 1-copy)

Region selection

Data generation e
All Male ref.
ChrX

Reference samples [[100- q)%]

CN neutral |

(2-copy = 2-copy)

' Chr2 of a sample |

"Taﬁiﬁlatexegi;_cgfl Template region
AF I AF | majeammype
e e | aedee e |

| | 1 1
HI| 4 J ] —p——

All Female ref.
Chr X

All reference
Chr2

Reference samples [(100- q)3%] Reference samples [{100- g)2%]

HI = i, — =g,
r=025 058152 3.4
Moise samples (g%
fg—26, <HI < i, +26,

Data replacement

Analyze by ALICE

Repeat 10,000 times

HI 2 fig + 78, fig—3-d; SHI <, +3-4d,,

#=025,05,1,15,2,3,4
Noise samples (%)

Hg—2d; SHI < g+ 20,

Noise samples [g%)
HI g {,EIQ - Lﬁﬁg,ﬁg - 1.5&_9]

. -
AF| o AF | o m—
HI _—_ H| | e ———




Performance of the CN'V/CNA analysis using ALICE

Level of noise Sugggsted FPR and TPR N(SNPs) in the target region
. setting . . .
interference (Simulation scenario) 1 51 101 501
(w, n.)
Without noise (11,2)  Average FPR (neutral) 1.12 1.12 1.12 112
Interference Average TPR (loss) 9555 94.08 9539 95.43

(q% = 0%) .
Average TPR (gain) 99.39 96.69 9559 95.83

With noise (51,3)  Average FPR (neutral) 2.19 2.19 219 219
mt;rferzeél;e) (q Average TPR (loss) 42.09 85.45 94.03 93.54

0— 0
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.



Evaluation of the performance: based on FzEEIRefIGREEEl A

We analyzed 3,236 samples

genotyped using different platforms

Admixed
prop. p%

» 3, 235 unrelated noncancerous samples

e 11 admixed samples

based on 1 lung cancer patient

®: CN gain with Al and/or LOH

®: CN loss with Al and/or LOH

©: No CNV but with Al and/or LOH
o: Otherwise

Dynamic patterns of who
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Evaluation of the performance: based on Ko |={@{Z&=V ol g1 (1q]

GTC Yes Yes No No
ALICE (U) Yes Yes Yes Yes
ALICE (P) Yes Yes Yes Yes
CNV type Gain Loss Gain Loss

33.26
= 19.430-08)
2 (0.30) =2
£ ==
% 5.35
) (0.17) 2.22
= 2.01 5. 2.01 214 2.00 02 2.09 3
é - (0.15&5 32, (0.1710.041‘1"1911) - (0_101&.3;55_:%0_0650.10) (0.20)
> % %.03 0.99 ¢ g4
5 . (0.05) (0-0210.05)0_42
% i Il
s [
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The results successfully validated the CNVs/CNAs

identified in the Axiom data analyses using the proposed methods
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