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A B S T R A C T   

Human genome information in databases is growing exponentially, and in future, the collection of these data will 
exceed 5v’s (variety, volume, veracity, value, and velocity). Much of genetic variation exist among genomes of 
human individuals is mostly in the form of SNPs. Therefore, studying SNPs among individuals is important to 
analyze genetic risk and diversity. In this regard, the present preliminary study has developed an application on 
human reference genome before and after SNPs injection using R and hosted in https://snip-hsg.shinyapps.io/h 
ome/. In it, initially the comparison of nucleotide frequency between two copies of genomes are made and 
showed the nucleotide bias due to the SNPs sites. Secondly, genes of two copies of genomes are grouped into five 
different isochore families, L1 (<37% GC), L2 (37–42%), H1 (42–47%), H2 (47–52%), H3 (>52%) based on GC 
%. The results through histograms showed that there are differences in the GC% distribution among chromo-
somes and this study may help the biologist to examine the nucleotide frequency including GC% and isochore 
family differences comparatively between genomes. Thirdly, in the statistical analysis, the Shapiro–Wilk test 
provided the evidence that the data have non-normal distributions. Therefore, the values are considered for non- 
parametric test to validate the significance relationship between these two variables. From the Wilcoxon rank 
sum test and Chi-square test, the significance difference between gene sets of two copies of genome are projected 
that the two samples of measurements come from different distributions. The present descriptive and inferential 
analysis on SNPs in human genome may be useful for the biologists to access SNPs comfortably. One can use this 
application for comparison, easy access, downloading and visualizing.   

1. Introduction 

After completion of human genome project (International Human 
Genome Sequencing Consortium, 2001; International Human Genome 
Sequencing Consortium, 2004), it is understood that the prediction of 
possible genetic risk factors for inherited diseases is one of the major 
challenges in human medical genetics and the study on diversity of in-
dividuals (human genetic variants) is another major task in population 
genetics (Makalowski, 2001; Gonzaga-Jauregui et al., 2012). In these 
fields of research, single-nucleotide polymorphisms (SNPs) play a major 
role and analysis of SNPs through genome-wide association studies 
(GWAS) reveals the evolutionary history and heritable risk for common 
diseases (Fareed and Afzal, 2013). Similarly, the studies (Tuzun et al., 
2005; The 1000 Genomes Project Consortium, 2015) revealed that the 

epigenomic approaches that encompass functional annotation of regu-
latory elements to focus on the disease risk-associated SNPs also occur in 
non-coding regions of the genome. Therefore, SNPs occur throughout 
the DNA sequence, particularly once in every 300 nucleotides on 
average, which means there are roughly 10 million SNPs in the human 
genome. Consequently, an individual genome differs from the reference 
genome at ~4.1 million to 5.0 million sites (Madsen et al., 2007). Da-
tabases like dbSNP, 1000 genome project, HapMap Project provide 
human genetic variants data which help us to predict disease risk and 
population spread (The 1000 Genomes Project Consortium, 2015; 
Sherry et al., 2001). In this regard, the present study focuses on injection 
of SNPs from the build dbSNP151 in human reference genome se-
quences. Both the reference and SNPs injected genomes are used for 
descriptive and inferential analysis comparatively on their nucleotide 
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frequency. 
Guanine and Cytosine (GC) content in human genome is one of the 

important genomic features that is possibly related from a functional 
point of view, like gene density, methylation rate etc. (Romiguier et al., 
2010; Piovesan et al., 2019). The long genomic segments that are ho-
mogeneous in their GC composition are called isochores. The human 
genome was described as a mosaic of isochores of alternating low and 
high GC contents. Human isochores have been classified into five fam-
ilies, L1 (<37% GC), L2 (37–42%), H1 (42–47%), H2 (47–52%), H3 
(>52%) (Bernardi, 2000). The isochore family classification shows that 
normally in a human genome, the GC content is in the range of 35% to 
60% (Romiguier et al., 2010). This GC content in a coding gene of 
human genome, if found less than 35% or more than 60%, can be 
indication of some genetic defects. This also signifies that important 
coding regions (gene-rich) are elevated in GC-content, which are more 
stable and resistant to mutation compared to gene-poor regions 
(Vinogradov, 2003). Nevertheless, it is still unsure whether this came 
about through random mutation or through a pattern of selection. There 
is also discussion on methods used to find out whether the relationship 
between GC-content and coding region are accurate and unbiased 
(Sémon et al., 2005). 

Generally, the segmentation algorithms are used for identifying 
isochore families in a genomic sequence (Zhang et al., 2005; Elhaik 
et al., 2010a; Elhaik et al., 2010b; Arhondakis et al., 2020). There are 
many web-based tools available to identify isochore families like, 
Emboss isochore (Madeira et al., 2019), IsoFinder (Oliver et al., 2004) 
and IsoXpressor (Ayad et al., 2020). However, only the person who has 
knowledge on biology and computer science can access those resources. 
In this context, to our best knowledge, there has been no web application 
available for the classification of genes based on GC% into isochore 
families for the chromosomes of human reference and SNPs injected 
genome. With this lacuna in mind, we have developed a web application 
snips-HsG with the descriptive and inferential statistical analysis of GC% 
and isochore families of all the genes of two copies of genomes through a 
shiny dashboard to provide results to the end users. 

The development of application is done with shiny server. Shiny is an 
open-source R package of RStudio that is used to build interactive ap-
plications with R programming language (Sivaprakasam and Sadago-
pan, 2019). The pursued SNPs injection in human reference genome and 
analysis of two copies of genome are done in the application. It may help 
the biologists with a little computer knowledge to visualize and explore 
the presence of SNPs in human genome comfortably. 

2. Materials and methods 

2.1. Retrieval of human reference genome, genes from GTF file and SNP 
data 

The latest reference genome sequence (GRCh38) and annotation file 
(GTF) of Homo sapiens are available in NCBI database (Team T.B.D, 
2014). Using the Biostrings-based genome data packages provided by 
Bioconductor project, those sequences are accessed and are stored in the 
basic containers like DNAString and DNAStringSet (Huber et al., 2015; 
Pagès et al., 2017). These are memory efficient string containers, and its 
string-matching algorithms are used for fast manipulation of large sets of 
biological sequences. These require the BSgenome package to provide 
the infrastructure needed to support them and work properly. In the 
present study, reference genome (1–22, X and Y chromosome) sequences 
of Homo sapiens is obtained from BSgenome.Hsapiens.NCBI.GRCh38 and 
are stored in Biostrings objects. The genome annotation file in GTF 
format is retrieved from NCBI using rtracklayer package of Bio-
conductor. The rtracklayer package is an interface between R and 
genome browsers and is used to create, manipulate genomic views, and 
import/export sequences to and from a browser like NCBI. In the present 
study, only the required genome features like seq_name, seq_range_start, 
seq_range_end (calculated by start position + width - 1), type and 

geneID, are retrieved. Based on the start and end positions of each genes, 
which are provided in GTF file, the gene sequences of all 24 chromo-
somes of reference genome are retrieved using “Granges” package of 
Bioconductor. The predefined algorithms in R and Bioconductor are 
used for analysis of the real time world data like genome sequences of 
human (Alekseyenko and Lee, 2007). In this regard, the present study 
used NCList construction algorithm, which is in Granges package do fast 
performance for genomic intervals retrieval. 

SNP locations (SNPlocs) and alleles data for Homo sapiens are 
retrieved from NCBI dbSNP Build 151 (created by NCBI, 2018) through 
another bioconductor package “SNPlocs.Hsapiens.dbSNP151.GRCh38” 
(Pagès, 2018). The SNPlocs class is a container for storing known SNP 
locations for Homo sapiens. SNPlocs objects are generally made in 
advance by a volunteer and made available to the Bioconductor com-
munity as “SNPlocs data packages”. In dbSNP, every submitted variation 
has stable and unique SNP ID number (“ss#”). More than one record of a 
variation will likely be submitted to dbSNP and are grouped into a single 
reference SNP (“rs#”), which is also a distinct and stable identifier. Both 
data are stored as vector variable, which are used for the retrieval and 
manipulation to infer the results. 

2.2. SNPs injection in human reference genome and generation of “SNPs 
injected genome” 

The stored SNP data for 1–22, X and Y chromosomes from NCBI 
dbSNP Build 151 (SNPlocs.Hsapiens.dbSNP151.GRCh38) are injected in 
the reference genome sequences (BSgenome.Hsapiens.NCBI.GRCh38) 
using the Bioconductor function injectSNPs(). Those SNPs are perhaps 
landed at their corresponding correct position in reference genome se-
quences and the changes of base pairs are made. The SNPs in the altered 
genome are represented by an IUPAC ambiguity code at each SNP 
location (Johnson, 2010). Ultimately, the altered genome with mapped 
SNPs is considered as “SNPs injected genome”. In the present study, 
these original reference genome and SNPs injected genome are consid-
ered for nucleotide frequency including GC% for descriptive and infer-
ential analysis. As like in reference genome, the gene sequences of all 24 
chromosomes of SNPs injected genome are also retrieved using 
“Granges” package with NCList construction algorithm of Bioconductor 
(Alekseyenko and Lee, 2007) and both sets of genes are considered for 
nucleotide frequency analysis. 

2.3. Data storage 

The obtained data are assigned in tables and are saved as dataframe 
in RSQLite database for further analysis. RSQLite embeds the SQLite 
database engine in R, providing a DBI-compliant interface. SQLite is a 
public-domain, single-user, very light-weight database engine that im-
plements a decent subset of the SQL 92 standard, including the core 
table creation, updating, insertion, and selection operations, plus 
transaction management. dplyr is a new package which provides a set of 
tools for efficiently manipulating datasets in R. dplyr is the next iteration 
of plyr, focusing on only data frames. sqldf() transparently sets up a 
database, imports the data frames into that database, performs the SQL 
select or other statement and returns the result using a heuristic to 
determine which class to assign to each column of the returned data 
frame. 

2.4. Nucleotide frequency analysis and GC% in two copies of genome 

The DNA data of 1–22, X and Y chromosome sequences of human 
reference and SNPs injected genomes are considered for nucleotide 
frequency analysis. In this regard, the alphabetFrequency() and 
vcountpattern() present in Biostring of Bioconductor computes the fre-
quency of each A, T, G, C base pair in both the genomes. The predefined 
naïve exact algorithm applied in the packages vcountpattern and 
alphabetfrequency, which do fast performance for nucleotide frequency 

B. Sivaprakasam and P. Sadagopan                                                                                                                                                                                                        



Gene Reports 23 (2021) 101033

3

calculation are used. Similarly, GC% for sequences of two copies of 
genome are calculated by using the formula “G+C/width of the 
sequence *100” (Gao and Zhang, 2006; Cohen et al., 2005). To do the 
descriptive analysis on nucleotide changes, plots are created using 
ggplot2 and the analysis can be made for each chromosome of two 
copies of genome in the same window. 

2.5. Descriptive and inferential statistics on frequency of GC% and 
isochore families between genomes 

To check the normality of the variables, the study used shapiro.test 
for the data of two variables such as GC % of reference genome and SNPs 
injected genome. The Shapiro-Wilk test is based on the degree of line-
arity in a Q-Q plot (Mishra et al., 2019). This is for the reason that, which 
inferential statistics is suitable to test the significance based on whether 
the variables are parametric or non-parametric. For the above paired - 
two independent samples, to test the significance, the study used Wil-
coxon rank sum test and finally the Chi-square test is used to check the 
two samples of measurements come from different distributions 
(Fagerland and Sandvik, 2009; Al-jouie et al., 2015). 

2.6. snips-HsG shinydashboard application development 

With all the above-mentioned data and methodology as shown in 
Fig. 1, the study developed an application snips-HsG using R program-
ming and Shiny with RStudio as an interface (https://www.r-project.or 
g). Bioconductor packages along with shiny framework are also utilized 
for the same (Sivaprakasam and Sadagopan, 2019). Shiny is an R 
package that makes it easy to build interactive web apps straight from R 
(https://CRAN.R-project.org/package=shiny). Every shiny application 
has two main components: a user-interface script and a server script. The 
ui.R script controls the layout and appearance of an application. Server. 
R script contains the instructions that the computer needs to build an 
application and codes for back-end like data retrieval, manipulation, 
and wrangling. 

3. Results and discussion 

SNPs are of unique importance for studying human genomic varia-
tions (Madsen et al., 2007; Sherry et al., 2001) and in this regard, the 
present study developed a convenient data interface and shinydash-
board application on descriptive and inferential analysis of SNPs in 
human reference genome and SNPs injected genome for easy access, 
comparison, download and visualization for the biologists. The appli-
cation is available in https://snip-hsg.shinyapps.io/home/. For the 
visualization, the screenshot of homepage of the application is shown in 
Fig. 2. The rest of results in the form of plots and statistical images of 
nucleotide frequency, GC% and isochore family analysis are described 
and shown as follows. 

3.1. Comparison in nucleotide frequency data between reference and 
SNPs injected genomes 

In the present study on web application development for genomic 
variation statistics and visualization, the chromosome wise (1–22, X and 
Y) comparison on nucleotide frequencies is made between the reference 
genome and SNPs injected reference genome and the results are dis-
played in the web application based upon user’s selection. Initially, the 
nucleotide count is generated for each 24 chromosomes of reference 
genome and SNPs injected genome, which are stored separately as tables 
in RSQLite database and therefore the users can download the resultant 
data in csv, tsv and doc formats. The same data are displayed in plots for 
user’s easy visualization. To show the results, the screenshot of nucle-
otide frequency of chromosome 6 of the two copies of genome in dot 
plots are shown in Fig. 3. 

The study showed the comparison between nucleotide frequency of 

two copies of genome and observed certain nucleotide bias due to the 
SNPs sites (Fig. 3). The above aspects of comparison are scattered as 
previously suggested (Tian et al., 2011; Koonin and Galperin, 2003; 
Asthana et al., 2007). As per user’s selection, the nucleotide frequency is 
displayed, and it helps biologist to visualize the chromosomes compar-
atively. This is the preliminary study and this kind of comparison on 
SNPs are generally used for mapping of the probes and used for any 
downstream analysis (Ciobanu et al., 2010; Manconi et al., 2014). In 
future, if any genome of an individual genome sequences is available, 
this application may extend to compare anyone with the reference 
genome sequence to analyze genetic variation based on nucleotide 
frequency. 

3.2. Grouping and comparison on isochore family data of the two copies 
of genome 

The GC% in human genome is one of the important genomic features 
that are possibly related from a functional point of view (Gao and Zhang, 
2006; Cohen et al., 2005). In this regard, GC% for all the chromosomes 
between two copies of genome are compared and the results show that 
there is not much deviation in GC% (see the results in the application). 
Therefore, the study is extended to group and compare isochore families 
based on GC% on each gene sequences of both reference and SNPs 
injected genomes. To the best of our knowledge, no work was done on 
isochore families in the reference genome before and after injected SNPs 
comparatively. Regarding GC% study at genomic level, the present re-
sults are in agreement with a recent work (Piovesan et al., 2019) and 
revealed that both isochore size and average GC% of isochore families 
are conserved in between genomes, supporting the concept that iso-
chores represent a fundamental level of genome organization (Cozzi 
et al., 2015). As previously described (Cohen et al., 2005; Rouchka and 
States, 2002; Costantini et al., 2006), GC% for each gene of two copies of 
genome are generated and based on it, each gene is grouped in to five 
different isochore families, L1 (<37% GC), L2 (37–42%), H1 (42–47%), 
H2 (47–52%), H3 (>52%). From the results, the present study verified, 
and the distribution confirms that they belong in the five families 
(Fig. 4). 

As explained earlier (Rouchka and States, 2002), the distribution of 
GC% are compared by constructing histograms and are visualized in the 
application. As the histograms show, there are differences in the GC% 
distribution among chromosomes. Chromosomes, such as 6, 8, 9, 19 and 
Y appear with bimodal distribution and rest of the other chromosomes 
appear with unimodal distributions in the GC%. It is also observed that 
in none of the cases were there more than two peaks in the distribution 
of GC fragments. Our results show the difficulty of defining isochore 
boundaries based on GC fragments alone. But this comparison may help 
the biologist to examine the GC% and isochore family’s differences 
comparatively between genomes. Generally, in a genome the functional 
region’s GC content is 35% to 60% and if found lesser or more, then it 
may be the indication for some genetic defect (Vinogradov, 2003; 
Sémon et al., 2005). So, based on the report of GC%, the present study 
may help biologists to study on disease risk. 

3.3. Statistical analysis of GC% based isochore families between sets of 
genes of two copies of genome 

As described in Section 2.5, GC% and the grouped isochore families 
(L1, L2, H1, H2 and H3) of reference and SNPs injected genomes are 
considered as paired, independent, categorical, and ordinal variables 
(Vetter and Mascha, 2018). To relate the two copies of genome, present 
study has done the preliminary statistical analysis on isochore families 
of genes of each chromosome comparatively as follows. 

The study obtained the summary of histogram with mean, median, 
upper, and lower quartiles for each chromosome of genomes (see the 
results from application). These results indicated that values of SNPs 
injected genome were lower than those of reference genome, which 
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Fig. 1. Flowchart illustrating the different strategies used in this study.  
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shows that the gene sets of reference genome are more conserved than 
SNPs injected genome. As SNPs in the dbSNP database were mapped 
(Neininger et al., 2019) and the SNP density was visualized through 
histograms to compare the differences (Fig. 4), which may help the bi-
ologists in genome wide SNPs study. 

The Shapiro–Wilk test has more statistical power to detect a non- 
normal (asymmetric) distribution (Yap and Sim, 2011; Barton and 
Peat, 2014) and R used the AS R94 algorithm for the test (Royston, 
1992). The Shapiro–Wilk test is based on the correlation between the 
data and the corresponding normal scores (Ghasemi and Zahediasl, 
2012; Hanusz et al., 2016). In the present study, the obtained Shapiro- 
Wilk test results for the reference and SNPs injected genomes are W 
= 0.88386 & p-value = 0.008309 and W = 0.88322 & p-value =
0.008058, respectively. In these results, the P value less than 0.05 pro-
vides evidence that the distribution is significantly different from 
normal and they have potentially non-normal distributions, which 
supports the findings by Oztuna et al. (Oztuna et al., 2006). Therefore, 

the values are considered for non-parametric test to validate the sig-
nificance relationship between these two variables. 

In this regard, the present study used Wilcoxon rank sum test to test 
the significance difference between two gene sets of human reference 
and SNPs injected genomes. The Wilcoxon rank-sum test is a nonpara-
metric test for assessing whether two samples of measurements come 
from the same distribution (Fang et al., 2012). In this test, the study 
considered two sets of random variables (GC%), which are independent 
with each other (Pozzoli et al., 2008). The null hypothesis is two samples 
of measurements come from the same distribution (μ1 = μ2), and the 
alternative hypothesis is two samples of measurements come from 
different distribution (μ1 ∕= μ2) (Li and Johnson, 2014). The obtained 
result is W = 519 and p-value is 6.413e-05 (see in the web application). 
As the p-value turns out to be 6.413e-05, and is less than the 0.05 sig-
nificance level, we reject the null hypothesis. It is predicted that the two 
samples of measurements come from the different distribution. This was 
done with reference to the results of Wenhua LV, 2015 (Wenhua, 2015), 

Fig. 2. For the visualization, the screenshot of homepage of the developed application is shown.  

Fig. 3. The screenshot of nucleotide frequency of chromosome 6 of reference genome and its corresponding SNPs injected genome in dot plots are shown.  
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which compared the evolutionary features of human essential gene sets 
with human housekeeping genes. For visualization, the comparison of 
GC% based isochore families between chromosome wise genes of two 
copies of genome and their statistical results of chromosome 6 are shown 
in the Fig. 5. As the results from Wenhua LV, 2015 (Wenhua, 2015) and 
Liao BY et al. 2006 (Liao and Zhang, 2006), the present study compared 
only the gene sets of two copies of genome. The study can further be 
extended to all the non-coding and transcripts which are excluded in this 
study and can trace evolutionary rates comparatively in the reference 
and SNPs injected genomes. 

The present study next wished to verify whether the SNPs in genes 
between two copies of genomes were differently distributed or same 
depending on isochore type. After grouped isochore families (L1, L2, H1, 
H2 and H3) in two copies of genome, the Chi-square test is applied to 
validate the same (Al-jouie et al., 2015). Null hypothesis: frequencies of 
isochore families in reference genome and SNP injected reference 

genome, the observations are distributed similarly; Alternative hy-
pothesis: Frequencies of isochore families in reference genome and SNP 
injected reference genome, the observations are differently distributed. 
Since the p-value here is less than 0.05 (Fig. 5), the null hypothesis 
(distribution of any two given chromosomes is similar) is rejected and 
the result again shows that observations are differently distributed. 

The present preliminary study is a holistic approach on all chromo-
somes and the study will narrow down into a particular chromosome 
and particular genes like HLA. Since the HLA genes are residing in 6th 
chromosome, all the represented pictures are highlighted from 6th 
chromosome. 

4. Conclusions 

The present preliminary study developed a shinydashboard appli-
cation to do descriptive and inferential analysis on SNPs in human 

Fig. 4. To relate reference genome and SNPs injected genome, the isochore families of genes of chromosome 6 are comparatively shown in histogram and 
mosaic plots. 

Fig. 5. For visualization, the statistical results of chromosome 6 is shown.  
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reference genome before and after SNPs injection using R programming 
with Bioconductor packages, which is hosted in https://snip-hsg.sh 
inyapps.io/home/. Generally, SNPs are used to track the inheritance 
of diseases and genetic diversity, which can be done commonly through 
nucleotide frequency analysis (Sherry et al., 2001). In this regard, the 
comparison of nucleotide frequency between reference and SNPs 
injected genomes showed that the nucleotide bias due to the SNPs sites. 

When SNPs occur within a gene or in a regulatory region near a gene, 
they may play a role in tracking diseases and diversity (Madsen et al., 
2007; Sherry et al., 2001). Hence, all the genes of two copies of genomes 
are categorized in to five separate isochore families, L1 (<37% GC), L2 
(37–42%), H1 (42–47%), H2 (47–52%), H3 (>52%) based on GC%. The 
comparative results through histograms showed that there are discrep-
ancies in the GC% distribution among chromosomes and this assessment 
may help the biologist to examine the nucleotide frequency including 
GC% and isochore family differences comparatively between genomes. 

Statistical analysis is used for genome data distribution compara-
tively (Yap and Sim, 2011; Hanusz et al., 2016; Li and Johnson, 2014). In 
this regard, the Shapiro–Wilk test results provided the evidence that the 
data of two copies of genomes have non-normal distributions. Hence, 
the values are tested with non-parametric Wilcoxon rank sum test and 
Chi-square test to validate the significance relationship between these 
two variables. Finally using these tests, the significance difference be-
tween gene sets of two copies of genome are projected that the two 
samples of measurements come from different distributions. 

The application may help biologists with little computer knowledge 
to visualize, download and descriptively analyze the reference and SNPs 
injected genome comfortably. There are other parameters apart from GC 
% responsible for disease risk and diversity studies (Vinogradov, 2003; 
Sémon et al., 2005; Arhondakis et al., 2020). Using only GC% as a 
parameter in this work is a major limitation and the study will be 
extended with other parameters and the work will be published 
elsewhere. 
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