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plenary and invited speakers. 

Welcome Message from 
General Chairs 

On behalf of the Organizing Comminee of this 
International Conference on Advanced Computer 
Science and Information Systems 2014 (I CA CS IS 
2014), we would like to extend our warm welcome to 
all of the presenter and participants, and in particular, 
we would like to express our sincere gratitude to our 

This international conference is organized by the Faculty of Computer Science, Universitas 
Indonesia, and is intended to be the first step towards a top class conference on Computer 
Science and Information Systems. We believe that this international conference will give 
opportunities for sharing and exchanging original research ideas and opinions, gaining 
inspiration for future research, and broadening knowledge about various fields in advanced 
computer science and information systems, amongst members of Indonesian research 
communities, together with researchers from Germany, Singapore, Thailand, France, Algeria, 
Japan, Malaysia, Philippines, United Kingdom, Sweden, United States and other countries. 

This conference focuses on the development of computer science and information systems. 
Along with 4 plenary and 2 invited speeches, the proceedings of this conference contains 71 
papers which have been selected from a total of 132 papers from twelve different countries. 
These selected papers will be presented during the conference. 

We also want to express our sincere appreciation to the members of the Program Committee for 
their critical review of the submitted papers, as well as the Organizing Committee for the time 
and energy they have devoted to editing the proceedings and arranging the logistics of holding 
this conference. We would also like to give appreciation to the authors who have submitted their 
excellent works to this conference. Last but not least, we would like to extend our gratitude to 
the Ministry of Education of the Republic of Indonesia, the Rector of Universitas Indonesia, 
Universitas Tarumanagara, Bogor Agricultural Institute, and the Dean of the Faculty of 
Computer Science for their continued support towards the ICACSIS 2014 conference. 

Sincerely yours, 
General Chairs 
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Welcome Message from 
The Dean of Faculty of Computer Science, Universitas 

Indonesia 

On behalf of all the academic staff and students of the Faculty of Computer 
Science, Universitas Indonesia, I would like to extend our warmest welcome to 
all the participants to the Ambhara Hotel, Jakarta on the occasion of the 20 I 4 
International Conference on Advanced Computer Science and Information 
Systems (ICACSlS). 

Just like the previous five events in this series (ICACSlS 2009, 2010, 2011, 2012, and 2013), I 
am confident that !CASIS 2014 will play an important role in encouraging activities in research 
and development of computer science and information technology in Indonesia, and give an 
excellent opportunity to forge collaborations between research institutions both within the 
country and with international partners. The broad scope of this event, which includes both 
theoretical aspects of computer science and practical, applied experience of developing 
information systems, provides a unique meeting ground for researchers spanning the whole 
spectrum of our discipline. I hope that over the next two days, some. fruitful collaborations can be 
established. 

I also hope that the special attention devoted this year to the field of pervasive computing, 
including the very exdting area of wireless sensor networks, will ignite the development of 
applications in this area to address the various needs of Indonesia's development. 

I would like to express my sincere gratitude to the distinguished invited speakers for their 
presence and contributions to the conference. I also thank all the program committee members 
for their efforts in ensuring a rigorous review process to select high quality papers. 

Finally, I sincerely hope that all the participants will benefit from the technical contents of this 
conference, and wish you a very successful conference and an enjoyable stay in Jakarta. 

Sincerely, 
Mirna Adriani, Ora, Ph.D. 
Dean of the Faculty of Computer Science 
Universitas Indonesia 
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Application of Decision Tree Classifier for Single 
Nucleotide Polymorphism Discovery from Next­

Generation Sequencing Data 
Muhammad Abrar lstiadi1

, Wisnu Anania Kusuma', I Made Tasma' 

'Department of Computer Science. Faculty of Mathematics and Natural Sciences, 
Bogar Agricultural University, Bogar, Indonesia 

'Indonesian Centerfor Agricultural Biotechnology and Genetic Resources Research and 
Development (ICABJOGRAD), Bogar, Indonesia 

E-mail: abrari@apps.ipb.ac.id, ananta@ipb.ac.id, imade.tasma@gmail.com 

Abstract-Single Nucleotide Polymorphism 
(SNP) is the most abundant form of genetic 
variation and proven to be advantageous in diverse 
genetic-related studies. However, accurate 
determination of true SNPs from next-generation 
sequencing (NGS) data is a challenging task due to 
high error rates of NGS. To overcome this 
problem, we applied a machine learning method 
using C4.5 decision tree algorithm to discover 
SNPs from whole-genome NGS data. In addition, 
we conducted random undersampling to deal with 
the imbalanced data. The result shows that the 
proposed method is able to identify most of the 
true SNPs with more than 90% recall, but still 
suffers from a high rate of false-positives. 

Key1vords- C4.5; decision tree; next-generation 
sequencing; single nucleotide polymorphism. 

I. INTRODUCTION 

Single Nucleotide Polymorphism (SNP) is the 
simplest form of genetic variation among individuals 
(I]. It is defined as the mutation of single nucleotide 
base at specific points of individual's DNA sequence 
(as illustrated in Fig. I). Despite its simplicity. SNP 
covers a large portion of variation and most of trait 

differences in a species, and is the most abundant 
form of genetic variation [2]. 

In the field of human genetic studies, analysis of 
SNPs and their effects are increasingly essential, for 

exan1ple in genetic analysis of disease, association 
genetics. pharn1acogenon1ics, personalized medicine. 
and haplotype mapping [2]-[4]. SNP also plays 
in1portant role in plant genetics. especially plant 
breeding. in \vhich SNPs are used as n1olecular 
111arkers to facilitate 1nore efficient_. and effective 
breeding schen1e kn0\\'11 as M1\S (111arker assistecl 

selection) [5]. 

The implementation of SNP for genetic studies 
requires a fair amount of DNA sequence data to ·be 
analyzed. Correspondingly, recent advancement. in 
sequencing technology has introduced methods to 

sequence individual's DNA in ·a high-throughput 
manner, known as next-generation sequencing (NGS) 
technology. NGS allows the DNA sequencing process 
to be faster, more cost-efficient, and produce 
significantly greater amount of data compared to 
conventional or traditional sequencing method [6]. In 
contrast, \Vith massive amount of data that it produces, 

NGS has disadvantages that the data produced have 
relatively low quality and suffer from high error rates. 
These errors arise from multiple factors, namely base­
calling errors introduced by the sequencing machine, 
and errors due to misalignment of sequence data [7], 
[8]. This limitation may impact subsequent 
downstream analysis, including SNP discovery, in 
which a false variant (a false SNP) may be called as 
true variant and vice versa. 

SNP 

Reference ACCGTACACTAC 

Sequence I CCTTAC 

Sequence 2 GTAGACT 

Sequence 3 GTACAC 

Sequence 4 TAGACTCA 

Sequence 5 TAGACTCAC 

Fig. I. Illustration of a mulliplc sequence aligmncnt result fJ ). The 
highlighted columns arc posi1ions where the nucleotide bases arc 

polymorphic or have varialions. 

To address this proble1n. several methods based on 

machine learning have been proposed to distinguish 

between true and false variants. In [2]. decision tree 

335 ISl3N: 978-979-1·121-225 



ICACSIS 2014 

was constructed using C4.5 algorithm to classify true 

and false variants from non-NGS soybean sequence­

tagged sites (STS) data. The decision tree method 

yielded improvement over SNP discovery without the 

incorporation of machine learning. Another approach 
using support vector machine (SVM) is described in 

[7] which employed human exome data sequenced on 

NGS platform. The SVM approach is shown to be 

effective combined with a number of features to 

determine true variants from an alignment data. In this 

\Vork, we use C4.5 decision tree algorithm similar to 

(2] to discover SNP. We extend the decision tree 

using more features and apply the method on NGS 

wholewgenome data, in which we differ from previous 

researches. We also try to deal with imbalanced 

dataset problem that arise from our findings. 

II. METHODS 

Preprocessing of the Sequence Data 

To discover SNP from NGS sequence data, a 

reference sequence is required as a basis for aligning 

the short DNA reads produced by the sequencing 

platform (9], (IO]. In this study, we use soybean 

(Glycine max) whole genome as the reference. The 

soybean genome consisting of 20 chromosomes 

(labeled GmOI to Gm20) was assembled from 

cultivated soybean cultivar Williams 82 [I I]. 

Raw sequence short reads were obtained from [ 12] 

which sequenced the whole genome from 14 

accessions of cultivated soybean. The reads were 
paired-end and have identical length (75 base pairs). 

We conducted a quality control procedure to clean the 

data from ambiguous and low-quality bases [I OJ using 
PRINSEQ progran1, and then aligned all of the reads 

to the reference sequence using SOAP2 program in 

ungapped paired-end alignment mode. We chose 

SOAP2 in order to get similar alignment result with 

[ 12]. The alignment results in BAM format were then 

analyzed to extract the SNP information. 

Feature £rtraction 

For each variant positions in the alignment result 

(the position where the base of reference is not equal 

with the bases of aligned reads), we extracted features 

combined from [2], [7], [9]. The complete list of 

features is listed in Table I and briefly described in the 

Appendix section. Note that some features have more 

than one value (for example major and minor allele), 

and one of the feature is nominal type (\~ariation type 

feature), \Vhereas the rest are numeric. 

33(i 

We assigned class label (true or /ii/se) to each 

Yariant by fol\o\,·ing strategy. A list of kno\vn 

soybean SNPs ,,·ith their position and chron1osome 

label from [12] was used as a ··gold standard··. If the 

current variant candidate (along \Vith its position and 

chron1oson1e label) is present in the list. then it is 

assigned to true class. Other,vise. it is considered as a 

false variant and assigned to .lalse class. In this study, 

\Ve did not cover Yariation in the type of small 

insertion and deletion (indels) as son1e of the features 

are not applicable for such Yariation type. 

('/assUication 

The generated training data fron1 feature extraction 

step \vas classified using C-l.5 algorithn1 [13]. We ran 

the experi1nents on Weka environn1ent \\'ith -M 

pararneter (n1inin1un1 nutnber of instances per leaf) set 

to 200 and tree pruning enabled to aYoid overly 

con1plex n1odel. The n1odel is tested using 5-fold 

cross-validation and a nun1ber of lest set taken from a 

subset of the total data. Perforn1ance of the model is 

n1easured using accuracy. true positives (TP) rate. and 

false positives (FP) rate [14]. 

for con1pu1ational efficiency reason. \\·e chose not 

10 use all of the total data for training. Instead. the 

training data \\·ere taken fron1 the longest chron1osome 

of soybean (chro111oson1c nun1bcr 18. labeled Gml 8), 

and the other soybean chron1oson1e (GnJO I. the 

second longest chron1oson1e) \Vere used to test the 

n1odel against nc\\' instances. We also co111parcd our 

1nodcl \vith prc\·ious 1ncthod that also dealt \\·ith the 

san1e problcn1. 

IABl FI 
( ·o\1 l'l I HJ Fr·\ I l. RI :-; f-c I!{ r: \Cll \' \HI ·\ ..... r SJ l'l 
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TABLE 11 
SL1M\IARY OF CL.-\SSIFJCATION RESULTS 

Dataset Test Data Accuracy (o/o) TP Rate(%) FP Rate (o/o) Precision (o/o) 
Gn1l8 imbalanced 5-fold CV 

GmOI 
93.3 56.7 3.1 

2.1 
13.8 
10.7 

64.4 

63.3 
87.1 
35.0 

Gm 18 random­
undersampled 

5-fold CV 
GmOI 

Ill. RESULTS 

Classification on Imbalanced Data 

95.5 
89.5 
89.5 

Across the whole genome, we found 39,454,648 

SNP candidates, in which 2,823,603 candidates were 
assigned to true and the rest \Vere assigned to false. 

This number led to the problem of class-imbalanced 
learning [14], since the positive or true class instances 
\Vere just about 8% of the total instances. The 

percentage of true class varied between chromosomes 

ranged from 5% to I 0%. In our training dat~ 
(chromosome Gm 18) the true class was about 9% of 
the total 2,610,445 candidates on Gm18. 

Using this imbalanced data, the classifier generated 
a rather complex tree with size of 405. The overall 
accuracy obtained by 5-fold cross-validation was 
about 93o/o. However, we observed that this accuracy 

was biased towards the false class (the majority class), 
since the TP rate of true class was low (56.7%) as 
well as the relatively low precision (64.4%). 
Additionally, we got a low number of false positives 
with FP rate of 3.1 %. The test result of this model 
against a new dataset (chromosome GmOI) gave 

similar results as presented in Table II. 

Ranc/0111 Undersan1pling to Rebalance the Dataset 

We conducted a simple random undersampling [14] 
to reduce false class instances with lhe purpose of 
gaining a I: I class balance, thus retained only about 
18°/o of Gn1 I 8 instances. With this reduced instances, 

the generated tree had less complexity with size of 
187. The overall accuracy (89.5%) was smaller than 

the model generated using imbalanced data, but we 

achieved a significanlly better TP rale (92.8%). The 
FP rate \\'as some\\'hat \Vorse compared to previous 

model (13.8%). 
For precision, we gained a relatively high value by 

cross-validation testing. In contrast, upon testing the 

model with 1he imbalanced GmO I dataset, we got 

poor precision (35%). al1hough the other meirics 
(accuracy, TP rate, FP rate) were similar with the 

result of cross-validat'io-n (Table II). 

56.9 
92.8 
92.2 

Con1parison l1·ith Previous Me/hod 

We tested our soybean data in the SNPSVM 

package [7] to compare our result with the result 
generated using SVM method. We used the same 
soybean chromosome for SVM training and testing 
(Gml8 and GmOI, respectively) without any 
modification or undersampling. The result from SVM 
\Vas presented and compared in Fig. 2. 

. From Fig. 2, we could observe that our model using 
imbalanced dataset gave similar or slightly better 
result than SVM. Panicularly for TP rate, our model 

performed significantly better (56.9% for C4.5 versus 
37.8% for SVM). 

We also compared the training time (not shown in 
the graph), and found that the C4.5 training took 
around 1.5 hours to complete, whereas the SVM 
needed considerably longer time to build the model 
(about 63.5 hours) on a standard workstation with S­
cores processor. 

100 -
90 -: -· 
80 -' -
70 -. -. 
60 -· -· 
50 _:_ 
40 , __ 
30 - ·~-· 

20 '-·-· '-----' 
10 -- ----·------
0 -~---··-·--------··=~- -·---~~-

Accuracy TP Rate FP Rate Precision 

: C4.5 (Imbalanced) : : SVM 

Fig. 2. Comparison of our results (using imbalanced data} and 
SVtvf result. All results were tested using GmOI dataset. 

IV. DISCUSSIONS 

The problem of imbalanced class learning often 
arises in lhe analysis of molecular biology data [ 15]. 

In our study, any variation found \vas treated as SNP 

candidate (a data instance), even if the variation \vas 

just a single base of the entire reads aligned at the 

variant site. This candidate '''as often the result of 

misalignment or false reading from the sequencing 
machine. suggesting a false variant [8]. Accordingly, 
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we predicted that this type of variant would naturally 

outnumber the true variants by some degrees, 

resulting in an imbalance between true and false 

variants. 

Our experiment results using imbalanced data 

showed that the classifier was biased and only good at 

classifying the negative majority class (false), while 

missing almost half of the minority class (true). This 

behavior was expected (as the consequence of class­

imbalanced learning [14]) but undesired, since the 

important true SNPs that might be useful for 

subsequent analysis would be unidentified. The low 

FP rate is the natural result of the biased classifier that 

is only good at negative class. Rebalancing the dataset 

gave a better classifier that significantly increased the 

rate of true positive calls, which would be able to 

identify most of the true SNPs. The performance 

comparison of the two approaches was further 

illustrated in Fig. 3, which clearly showed that 

classifier built on balanced data could outperform the 

biased classifier tested with cross-validation schema. 

~-----------------------
0.8 

§ 0.6 
-~ 

~ 0.4 L 

0.2 

0 
0 

--- Imbalanced data 

----·Random undersamplcd 

0.2 0.4 0.6 0.8 

Recall 

'• ' ' I 
I 
I 
I 
I 
I 

Fig. 3. Precision-recall curve ror classification on imbalanced and 
random undcrsampled dataset (using cross-validation testing). 

The comparison with S VM method showed that our 

C4.5 models could perform similar or better than 

SVM and with a significantly better training time. We 

also confirmed that SVM method suffered from 

imbalanced-class learning as well, denoted by the 

high accuracy but low TP rate (Fig. 2). The long 

training time of SVM showed one of the 

computational problem of NGS data analysis where 

large dataset have to be processed, hence a fast 

algorithm is essential. 

Overall, the performance metrics of the models 

\vhen tested against ne\v instances \Vere similar to the 

cross-validation testing, suggesting that the models 

\Vere not overfitted. HO\\'ever, the precision of 

·- -----·-·---------' 

random-undersampkd model was considerably low.'. 

This condition occurred because although the training 
data had been balanced. the class distribution of the'.· 
test set (GmOI) was still imbalanced (6°o positives). 

The in1balance introduced n1any false-positives:: 

(10.7'o) that affected the precision of the model.-. 

Unfortunately. this rather high false-positives rate ~: 
also undesirable for analysis of SNPs that 

high Je,·eJ of specificity [7]. 

V. Co'n t ·s 10' 

Fron1 the results. ,,.e can conclude that our model~ 

trained fron1 randon1-undersan1pled data performed 

arguably \\·ell on identitYing the true variants (high 

recall). but still suffered fro111 111any false variants 

(lo\\· precision). Thus. 111ore \\"orks are needed to deal 

\Vith the nature of i1nbalanced dataset of SNP 
discovery. ,,·ith the ai111 to achieve high recall as \\'ell 

as high precision ,,·ith ne\\" instances. 

Al'Pl:NDlX 

Brief description of con1puted features: 
• Variation t~pe: lransitinn (.-\ (i {lf T'CJ. {1\hcn\ise tr<lllS\ersion. 

• i\l:ijor anJ minor al Ide: majnr alkk is !he nH1st C(ltlHllon bases, 
anJ mim1r allele is 1hc second mos\ conHlloll I lcrc \\C calculate 
their maximum qualit~. 1111.:a11 tJt1ali1~. a11J hascs frequency 
! Ji\'idcd h~ alignnll..'111 dr.:p!h ! 

• Rr.:lati\c distance: rclali\e pns1tin11 of the \ariant site 1\1 both 

enJs 11f1he read and J1\·1ded h~ reaJ.lc11g1h 

• \kan base tiualit~ rncall qualit~ of all hases al the \'ar1ant 

positiPn 

• .-\lig.nme111 depth: numhcr ofrcaJs :iligneJ at \aria11t pos1til1t1 

• .-\l1gnmc111 quali1~ qu:11il~ gi,cn h~ lhc sequence ahgnmcnt 

pn1gram 

• D1s1a1Kc lo neare~t \ariarll d1st:mi.:r.: nf the \ariarll 10 its 

11t:1ghhPr111g \ar1a11t !ldi anJ ng!n llank s11cl 
f.'rn>r prnh;1hd1t~ prnhahil11~ t>I" rh..: nurnh..:r of lhl• read~ 

i.:11n1a111111g \anant ha~c \\a' 'ampkd ti-11111 h111nm1al d1,1nh111mn 

\\llh g.1\r.:n pararnch:r' 

[)muckol1tk rcpcat 1rnmhl·r 1>1' 1lmui.:ko11tk rq1i.:at annmd 1hc 

\ar1:111t pn-.111011 !lc1"1 and right d1rcc110111 

\lbmatch arl·a mean 111n11hcr nf \;u1ant h<hC pcr each rcaJ~ 

al1g11l·d al \:tflallt p11'1l11•11 

l 111:11 lllblll;IJCh Ciltllll lllllllhcr pf 1111\lllOtldl Pll fl"Old' \\Jth 

rcfcrl·ni.:c ha-...: and read-. \11th \ar1;111t ba-.c 

'.:ui.:lcn11dc dl\cr,11~ de\ 1at1"11 pf rckrl·ncc b;i .. c frcq11c11..:1c~ 

fr,1111 [!l\l"!l \1hnlc-ge11nmi: :t\l"fagc 

11"111"1'")~ llll"T kng1h kng1h Pl rc1•i:;1tl!l):! h;1,c-. :1ri>11nd the 

\:Lr1a111 l'"'-l!lPtl I kfl ;111d right dtTl"(llo>!l I 

\lkk b:ilan~c nurnhl·r ,,( tl·:id, ~·,,111;1111111;; 1;ir1:mt ha'l'' dl\ 1,k,I 

h~ al1g11111cn1 dq11h 

\k;i11 ••! nl·arb~ ba-.c q11al11~ 111..:.111 qu;1ll1\ ,,! :111 l':l,L"' .tr•'\JJi.i 

1ar1a1111''"1!1!111 
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