
Abstract— Amplicon Exome Sequencing allows focusing on 

exonic regions of a small group of genes. The overall aim is to 

inquire sequenced regions about the occurrence of mutations, 

single nucleotide polymorphisms, insertions and deletions, 

trough Variant Calling analysis. The first steps include se-

quencing, followed by alignment. Prior to further analysis, it is 

crucial to evaluate how well the sequencing run was achieved, 

as well as the quality of the carried experiment. At present, 

there are several open access tools to perform these tasks.  But, 

most of them were designed for whole genome data. Hence, 

they are computationally expensive to just analyze a small 

group of genes. In addition they only offer limited visualization 

capabilities. Here, we proposed a light-weight amplicon se-

quencing exploration tool for fast visualization and experiment 

quality control. The tool was developed under R language and 

can be executed in parallel in order to provide fast and accu-

rate quality control results within a few minutes. The article 

presents the tool implementations and capabilities. Finally, we 

show its application on real amplicon sequencing data.  

Keywords— Amplicon Sequencing, Quality control, Visuali-

zation tool 

I. INTRODUCTION  

High throughput sequencing (HTS) technologies are 

commonly used in biology. They are usually applied to 

explore genomes, transcriptomes and epigenomes. Among 

the different HTS applications, Targeted Sequencing (TS) 

allows the exploration of specific genomic regions. In par-

ticular, Amplicon Exome Sequencing (AES) allows focus-

ing on exonic regions of a small group of genes [1]. The 

main goal of AES is to inquire sequenced regions, trough 

Variant Calling analysis, about the occurrence of known 

and/or novel mutations, single nucleotide polymorphisms 

(SNPs), insertions and deletions (indels).  

In AES experiments, exonic regions of a DNA sample 

are copied and amplified by PCR. If an exon of the target 

region is too large for the specific technology, several pri-

mers should be used to read it. Thus, different PCR pools 

are required to achieve good amplification [2]. Then, all 
those fragments are sequenced of an HTS machine. As 

results, millions of short sequence reads are obtained and 

then aligned against a reference genome. After that, Variant 

Calling analysis must be done. However, prior to further 

analysis, it is crucial to evaluate how well the run was 

achieved, as well as the quality of the carried experiment. In 

this sense, it is important to know how well the amplicons 

were sequenced, which amplicon and gene coverages were 

achieved or if some problems arise in the global setting or 

by specific pools, among others. All the points should be 

evaluated in advance prior to perform any biological inter-

pretation.  

At present, some of these exploration tasks are performed 

using open access tools [3]. Those allow visualization and 

some level of read profiles quantification. Despite the fact 

that they are very powerful tools, most of them are compu-

tational intensive. Hence a supercomputer is needed to per-

form the analysis. In addition the process is time consum-

ing, whereas only a small fraction of the genome is handled. 

In this context, AES tools should be light-weight and avoid 

the need of strong computational hardware. 

On the other hand, in AES it is required to evaluate sta-

tistics such as the achieved average coverage and its distri-

bution over sequenced amplicons. If PCR pools were used, 

is also necessary an evaluation and comparison of pool 

results.  

For these reasons, statistical information, as well as visu-

alization capabilities should be available and easily ac-

cessed in a compact form. Current genome browsers lack of 

this feature and do not provide a detailed friendly user ex-

ploration capability for this kind of experiments. 

Here we present an exploration tool for fast visualization 

and quality control of AES experiments. This tool is imple-

mented in R language [4] using basic data structures. In 

addition, our development can be also used to analyze data 

from others HTS applications like TS, RNA-seq, and DNA-

seq. The tool is freely available on request.  
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The tool is feed with the aligned reads stored in a bam 

file [5] and the information regarding the designed amplicon 

regions (ID, start, end, gene, etc.) in a bed file. From those 

files, the pipeline builds the pileup and coverage files. This 

task is carried out by means of Samtools [5] executed from 

R. Thus, all the required information for each genomic 

position is ready and available for further analysis. 

The Pileup file contains all the sequenced base pairs (bp) 

from the genomic regions with additional information, such 

as chromosome, location, reference bp, amount and type 

(consensus, variant, or indels) of basis read at this position 

and their quality. Consequently, the file has a complex 

structure with a very large size (  Giga Bytes). Therefore, 

parallelization is required for the analysis. The proposed 

tool can run on a multicore computer, setting the number of 

available cores. On the contrary, the Coverage file is small-

er and only contains the total read counts for each position 

of all amplicons. Hence it can be handled by a single core. 

B. Implemented methods 

Starting from the pileup, coverage files and the regions 

of interest stored in the bed file, the proposed pipeline im-

plements the following stages: 

a) Counting feature reads 

In the context of HTS experiments, there are several fea-

tures of interest. They depend on the particular application 

and process stage that you are working in. Scientists work-

ing in AES, are interested in analyzing variations in each bp 

position of the sequenced regions. However, in early quality 

control process, the main features could be genes or ampli-

cons as a whole, since they provide a global view of the 

experiment performance. In this context, we provide: 
> trb<-loadCoverageBedFile(cov_file) 

> feature_total_reads<-featureTotalReads(trb,  

+ feature="amplicon", mc.cores=18) 

These functions allow reading the coverage file and ob-

taining total read counts by feature. If PCR pools were used, 

this information is also contained into the data structure. 

b) Computing feature coverage 

A good performance sequencing run indicator is the fea-

ture coverage, defined as: 

 Cov = (N*L)/G (1) 

where N is the number of aligned reads, L the aligned read 

length and G the reference specific feature length. In order 

to obtain the metric the user can call:  

c) Exploring feature coverage.  

In AES is expected that all the genomic regions of inter-

est will be sequenced with a similar coverage. This is key 

information to evaluate technical defects that could arise 

from PCR amplification, kit deficiency as well as amplicon 

efficiency. In this pipeline, 
> featureCovExploration(cov_by_feature, feature,  

+ join, pool) 

allows exploring feature coverage distribution by boxplot 

and density plot. In addition, the analysis can also be per-

formed for each PCR pool, in order to detect unexpected 

coverage effects.  

d) Computing summary statistics. 

At this point, hundreds of genes and thousands of ampli-

cons have been characterized by their coverage and read 

counts profiles. Summary statistics are very powerful met-

rics for quality evaluation. The tool provides, for count 

reads and coverage at gene/amplicon or pool level, statistics 

such as maximum, minimum, median, quantiles, etc. 

e) Generating read profiles of a particular region. 

A global view of the results can be achieved with the 

above functions. However, the user could be interested in 

the exploration of a specific genomic region: a gene, an 

amplicon or a bp position. Thus, the pileup file can be 

summarized in order to obtain read counts at a bp level 

calling: 
> getReadProfiles (pileup_file, gene_info ) 

The result is a profile matrix containing the reference se-

quence, matched read counts, nucleotide variant counts 

(identified by nucleotide), insertions and deletions counts 

for each position of the genomic region of interest. 

f) Exploring read profiles of a genomic region. 

Visual inspection of any genomic region profiles of in-

terest, obtained in the previous section, can be explored 

using:  
> plotRegions(counts, start_reg, end_reg) 

The user can evaluate, for instance, if a particular am-

plicon was amplified or visualize the sequencing depth 

achieved. 

g) Exploring bp read counts. 

Detection of SNP and mutation events requires consider-

able amount of read counts over each genomic position. In 

order to explore the distributional characteristics of read 

counts on a genomic region, here is provided: 
> plotReadDens(counts, start_reg, end_reg)  

By mean of this function, the user could have a quick ac-
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> featureCoverage(reads.by.bp,feature="amplicon”) 
This function can be also run on a multicore machine.  

II. MATERIALS AND METHODS 

A. Generalities 

Visualization must be properly combined with statistical 

results. Keeping this in mind, our tool was designed and 

implemented based on statistical R platform [4].  





 

Fig. 2 Read counts profile of TP53 gene 

 

Fig. 3 Bar-plot of coverage achieved for each TP53 amplicon. 

Next, we chose previous amplicon showing variants to 

explore. This corresponds to id 261728092, indicated in Fig. 

3 by an arrow. As is observed, the chosen amplicon have a 

good coverage around 360X. In Fig. 4 read counts profiles 

over it and percentage of reads in each bp position are 

shown. Left panel shows similar information than Fig. 2. 

 

Fig. 4  exploration of amplicon 26178092 of TP53 gene. 

Read counts percentages are shown on the right panel of 

Fig.4. In this case, bar height represents percentage of read 

counts against total read counts of this bp position. Then, it 

is possible to note that variants C and A were supported by 

a 95 percent of reads. 

IV. DISCUSSION 

In an AES experiment performance evaluation is crucial. 

This implies to evaluate how well the amplicon regions 

were sequenced, the level of read counts achieved to per-

form the downstream analysis, among others. To do this, a 

versatile, simple, yet powerful tool was presented.  

Here we demonstrate that our tool allows checking that 

most of the genes were sequenced and also good gene and 

amplicon coverage were achieved in SKOV3 experiment. 

By means of the proposed tool, we were able to easily and 

visually evaluate that amplicon coverage distributions in all 

PCR pools were consistent as expected.  

In addition, our tool allows exploration of a particular 

gene. TP53 was characterized by their read counts profiles, 

as shown in Fig. 2. In broad terms we observed that all 

amplicons (light-blue segments in Fig.2) were sequenced. 

Amplicon coverage was encountered at least around 100X 

almost all amplicons (see Fig.3). Finally, by amplicon re-

gion exploration, two nearby regions exhibiting variants at 

95% of reads were identified. 

V. CONCLUSION  

Tool based on an exploration pipeline for fast visualiza-

tion and quality control in AES experiments was designed 

and tested here. We demonstrate it utility in a real scenario 

of an AES experiment, where run sequence evaluation, and 

quality control was performed. 
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