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CHAPTER |
INTRODUCTION

1.1 Background

India is a country with a predominantly agrarian economy. Nearly 70% of the population
of the country is being directly or indirectly engaged in agricultural practices for meeting
their daily livelihood. In India, agriculture contributes about seventeen percent (17%) of
total GDP and nearly ten percent (10%) of total export from the country. India is a
second largest country in terms of total arable land with 60% of the total land area. The
growth rate of population is continuously increasing but the area under agriculture is
decreasing due to urbanisation and also because of increase in barren due to excessive
use of fertilizers, salinity and other stress related factors. So, to feed this increasing
population of the country, the traditional method of farming is not sufficient. Modern
agriculture technique is the need of the hour to support the growing population. Newer
high yielding varieties are needed to be developed by using modern breeding techniques.
The advances in genome sequencing technologies are helpful in identification of
different types of markers which can help in development of high yielding varieties.
Single reference genome is not able to provide the representation of genetic diversity in
a given species. The diversity can be identified and discovered using the study of
structural variation in the form of copy number variants (CNVs). This will account for
complete value of genetic information that is present in individual species. Copy number
variation (CNV) plays an important role in identifying the genetic and phenotypic

variation in the breeding population.

Copy number variation (CNV) is a one of the important genetic variant that makes a
large genomic region with multiple number of copies. The number of repeats in the
genome varies between various individuals exists in the population (McCarroll and
Altshuler, 2007). Copy number variation is a type of intra-specific genetic and source of
phenotypic variation (Yu et al., 2013). Specifically, it is a type of duplication or deletion
in the sequence of genetic material event that affects a considerable number of base

pairs. Copy number variation occurs in human, plant, and variety of organisms including



E. coli. Approximately two-thirds of the entire human genome is composed of repeats
and 4.8-9.5% of the human genome can be classified as copy number variations. Copy
number variations play an important role in generating necessary variation in the

population.

Based on the size of repeats, copy number variation is generally categorized into two
groups namely short repeats and long repeats. This classification depends on the nature
of the loci of interest. Short repeats include mainly bi-nucleotide repeats (two repeating
nucleotides e.g. A-B-A-B-A-B...) and tri-nucleotide repeats (three repeating nucleotides
e.g. A-B-C-A-B-C...). Long repeats include repeats of even entire gene sequences. CNV
can be detected with the help of Next Generation Sequencing-based (NGS) method.

For detection of the copy number variation, the most common technique is cytoplasmic
technique. These techniques allow one to observe the physical structure of the
chromosome. One of the cytoplasmic technique is fluorescent in situ hybridization
(FISH) which involves inserting fluorescent probes that bind with a high degree of
complementary sequence in the genome. Comparative genomic hybridization is also
another method in which fluorescent probes used to detect copy number variations by
fluorophore visualization and then comparing the length of the chromosomes. This
method has one important drawback i.e. the genomic resolution is relatively very low
with compare to the new detection method and only large repeat sequences such as

whole gene repeats can be detected.

Recently, so many detection methods are developed in the Biotechnology and these
methods have advantages over the traditional methods. The CNV can be detected very
short copy number variation or short repeats. One of the advance methods is bacterial
artificial chromosome (BAC) array. NGS-based method is also being used to detect
CNVs.

The NGS-based CNV detection methods are categorized into five different strategies

namely

I.  Paired-end mapping (PEM),
ii.  Splitread (SR),



iii.  Read depth (RD),
iv.  De novo assembly of a genome (AS) and

v.  Combination of the above approaches (CB).

Researcher and scientists want to produce disease resistance and high yielding varieties.
This is possible by making the genetic improvement by studying copy number variation.
Thus, it is very important to study the variation produced by genomic sequence and
genetic improvement. CNVs are associated with important traits and it is beneficial for
genetic improvement of a crop. The use of CNVs has been documented in the literature

as follows

I.  In soybean (Glycine max), CNVs at the Rhgl locus can mediate resistance to
soybean cyst nematode (Cook et al., 2012).

ii.  In maize (Zea mays), CNV in a transporter gene (MATE1) was found to be the
genetic basis for aluminum tolerance (Maron et al., 2013).

iii. In barley (Hordeum vulgare), increased copy number of a Botl (boron
transporter) gene provides tolerance to boron-toxicity (Sutton et al., 2007)

iv. Inrice (Oryza sativa), a deletion in gPE9-1 gene is associated with the panicle
erectness (Zhou et al., 2009) and a deletion of the gSW5 gene caused the

increase in grain size (Wang et al., 2015).

Thus, there is a need to develop a solution that will help in retrieving the information
associated with the CNVs.

1.2 Need of Data Warehousing

Information and communication technology (ICT) has been used in agriculture and
allied fields for many years. The application of ICT usage start from conduct of
experiment, data collection, analysis of experiment and their result in the different field
of agriculture, the genome database development for different species, biological
processes, decision support system, monitoring, evaluation and control, information

management, knowledge dissemination to many others areas.



One of the most important and valuable assets of an organization is its information. This
asset is almost always present in the organization in two forms, one is the operational
system of record and the other is historical data storage. The current data is stored in

operational systems while data warehouse is needed to preserve the historical data.

A data warehouse is a subject-oriented, integrated, time-variant and non-volatile
collection of data in support of management decision-making process (Kimball and
Ross, 2011). It is developed as a central repository to provide the way of developing
decision support system (DSS) and consists of integrated historical data both in
summarized and detailed form. Data warehouse along with Online Analytical Processing
(OLAP) tools are being increasingly developed for easy organization, retrieval and

maintenance of large data in addition to provide the exploratory analysis data.

A data mart is a logical subset of the data warehouse of an organization. It deals with a
specific domain or single subject which has an architectural foundation of a data
warehouse. In a data mart, data is easily summarized, sorted or selected without any
global considerations due to which it is more preferred by users and analysts. There is a
limited number of sources and less processing overhead in data mart as compared to a
data warehouse. The foremost need to integrate scattered information on a specific

domain is to provide easy data availability and accessibility for researchers and agencies.

In agriculture sector, genomic phenomena generate complex data and need to be
analysed in many ways. The detected CNVs are available in various forms and formats
as per the detection mechanism and the size of data is becoming very big and available
in disintegrated manner. There is a need to make them available on a single platform by
collecting these different types of annotated and validated data by various researchers.
The extraction and integration of this valuable information related to CNVs are of great
challenge in current days due to the wide spread of these sources. In the present study,
the main focus is the development of a data mart for Copy number variation (CNV) that

will provide the available information in an analytical form.



1.3 Objectives

CNV information is available in different format which are difficult to be analysed or
used for further analysis. In this thesis, an attempt was made to develop a data mart for

copy number variation with the following objectives:

I.  Todesign and develop schema for CNV mart.
ii.  Toimplement ETL process for CNV mart.

iili.  To test the solution with sample data.
1.4 Plan of Thesis

The present thesis consists of six various chapters.

Chapter I provides the brief introduction of the problems and accordingly objectives of
the study has been set up.

Chapter Il deals with the detailed description related to earlier work in this area in the

form of review of literature.

Chapter 111 describes the materials and methods used in designing and developing the

data mart.

Chapter IV mentions the steps requires in development of data mart for copy number

variation and accordingly the results have been presented.

Chapter V discusses the working principle of data mart in the form of various types of

reports which are helpful for easy to use in various ways.

Chapter VI concludes the work and summarizes the study. This is followed by abstract

and references.



CHAPTER II
REVIEW OF LITERATURE

2.1 General Perspective

Variability is the most important factor for selection of plants for the breeding
improvement programs. Copy number variation (CNV) is an important structure variants
that helps in identifying the genetic and phenotypic variation in the breeding population.
CNV is annotated by various researchers and published the annotated information in
compiled formats and available in the literature as a part of their supplementary
materials. This information is not available in ready to use formats and lacking in
finding the association with many other parameters. The related work in this area has

been summarized in the following section.
2.2 Related Work

e From enterprise models to dimensional models: A methodology for data
warehouse and data mart design (Moody, 2000)
This study revealed about different methods for developing dimensional models
from traditional Entity Relationship (ER) models in the early days. These
methods can be used to design data marts or data warehouses. Various schemas

have been discussed to develop the data marts from enterprise data models.

e Designing data marts for data warehouses (Bonifati et al., 2001)
The data warehousing and OLAP technologies were discussed with an emphasis
on incorporating upcoming new requirements in existing applications without
affecting the running applications. Methods in data warehouse technology were
also discussed with emphasis to identify and extract data marts out of an
enterprise wide information system. Further, the specification of software and
tools for data handling, storing data into data warehouse, building
multidimensional data models for OLAP, front-end user interface for query and

data analysis were also discuused.



Design of data marts for plantation crops (Kumar et al., 2002)

The main objective of this study is to design and develop the data mart of
plantation crops. Three data marts viz. statistics, agro-techniques, and research
were identified and developed. The summary and detailed levels of data in this

data mart were also documented.

Online analytical processing in agriculture using multidimensional cubes
(Chaturvedi et al., 2008)

An overview of online analytical processing in agriculture using
multidimensional modeling have been discussed with emphasis on various types
of schema. Different processes and techniques involved in designing and
development of multidimensional cubes with reference to agricultural sector

were discussed.

Dimensional issues in agricultural data warehouse designs (Nilakanta et al.,
2008)

Issues related to dimensional modeling in agriculture has been discussed with
respect to data warehouse design. The study presented the challenges faced in
designing the data warehouse, mainly in dimensional modeling and deployment
of multidimensional cubes and also presented some early user judgment to the
success of the warehouse.

Design and development of data mart for animal resources (Rai et al. 2008)
A data mart was developed for easy and fast access of animal resources which
includes the complete process of building On-line Analytical Processing (OLAP)
system for research managers dealing within an animal science domain. The
capabilities of data quality and consistency checks were also implemented. The
data has been provided in the form of web based OLAP cubes that is helpful in
exploring the animal census data to develop the strategy towards animal resource

planning and management.



Design and development of data marts for household amenities from census
data of Maharashtra state (Suresh, 2008)

In this, a data mart was designed and developed for Household Amenities using
Census Data (Maharashtra). The source data was available in excel sheets and
MS-Access. It is very difficult to retrieve the desired data from multiple tables
due to having improper coding schemes. Multidimensional cubes were designed
and developed for census data of Maharashtra state and deployed over web based
OLAP cubes.

Design and development of data mart for consumption expenditure survey
data (Dutta, 2010)

The thesis described about design and development of data mart for consumption
expenditure survey data. The survey was conducted by National Sample Survey
Office (NSSO). Online Analytical Processing (OLAP) cubes based on
multidimensional data models were designed and developed. The

multidimensional cubes were deployed over web for easy and quick retrieval.

Development of an integrated Cropland and Soil Data Management system
for cropping system applications (Yang et al., 2011)

Cropland and Soil Data Management system is capable of automatic data
consolidation and integration. The Cropland Data Management component of the
system is based on the Cropland Data Layer (CDL) products from the USDA
National Agricultural Statistics Service. Management system implemented with
seven program modules Map Cache Generator, Data Requester, Data Fetcher,
Data Parser, Map Service Builder, Geo-database Builder, and Cropland Map
Viewer. The Soil Data Management component is based on the Soil Survey
Geographic (SSURGO) database from the USDA Natural Resources
Conservation Service and is implemented with six program modules: Data
Requester, Data Fetcher, Data Parser, Database Builder, Soil Map Generator, and
Soil Map Viewer. This is a traditional data management software having GIS

viewers capabilities.



10

Ensembl BioMarts: a hub for data retrieval across taxonomic space
(Kinsella et al., 2011)

BioMart for genomic data was designed and developed in this study. The
developed BioMart is useful for human, rat and chicken’s genomic data. The
BioMart is developed in Ensembl project. The Ensembl project was launched by
a joint effort by the European Bioinformatics Institute (EBI) and the Wellcome
Trust Sanger Institute (WTSI).

Genome-wide copy number variations in Oryza sativa L. (Yu et al., 2013)
The research determined the CNV content using high-density array comparative
genomic hybridization in a panel of 20 Asian cultivated rice comprising six
indica, three asu, two aromatic, three tropical japonica, and four temperate
japonica varieties. This study motivated to condct the current work and gave a
direction to develop the data mart for CNVs.

Computational tools for copy number variation (CNV) detection using next-
generation sequencing data: features and perspectives (Zhao et al., 2013)
The research explored different strategies for CNV detection and also discussed
about a CNV detection approach like Microarray-based comparative genome
hybridization (array CGH) or genotyping arrays which were used for detection of
large region repeats. The study also introduced newly and high resolution CNV

detection method based on next-generation sequencing (NGS).

The impact and origin of copy number variations in the Oryza species (Bai et
al., 2016)

Three out of five complementary approaches have been applied to identify CNVs
in the Oryza species and these approaches are paired-end (PE) mapping, split-
reed (SR) analysis, read-depth (RD) analysis. Full range of high-confidence
CNVs were documented by these complementary sequence approaches (PE, RD,
and SR) in the literature and the result was integrated with three CNV discovery
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tools: BreakDancer, CNVnator, and Pindel. CNVs for 50 rice accessions (taken
from rice3K repositories) covering various geographical areas of Asian region

have been published.



CHAPTER Il

MATERIAL AND METHODS

This chapter describes the requirements and design methodology for the development of
the Data mart. Various tools and technologies were utilized in different phases of the
Data mart development. The tools and technologies involved in development of this
system are discussed. The step by step process has also been given in this chapter to
develop the data mart and deploy using OLAP cubes, interactive reports and dashboards.
The tools and software used in this study are available in public domain and under open
source software license. This chapter will also discuss various phases of the data mart

design, dimensional modeling and overall system design.
3.1 Data

Data word is originated from Latin word datum. A “datum” is a singular from and
“data” is a plural form. Datum more commonly called data point means a single factual
or a single entity which is the smallest measurable unit. Data can be qualitative or
quantitative. The data need to be processed and acts as information that needed to be
delivered to the end user for its use.

Copy number variation exists in most of the species and takes various forms that differ
from one individual to another individual. Approximately 20% variations occur due to
presence of multiple copies of CNVs in the genomes. The length of the CNVs is varying
from few base pairs to mega base pairs. The variations in copy numbers helps in
identifying various traits and stresses affecting that individual. Thus, CNVs
identification and determination facilitates in development of diagnostic tools and

treatments.

Initially, genome wide copy number variations in Oryza sativa L. was documented for
20 Asian rice accessions by using high-density array comparative genomic hybridization
method (Yu et al., 2013).
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Another study reported the origin of copy number variations in Oryza species and
documented full range of high-confidence CNVs by complementary sequence features
like paired-end (PE) mapping, split-read (SR) analysis, and read-depth (RD) analysis
(Bai et al., 2016). They compiled the results for 50 rice accessions covering various
geographical areas of the Asian region by using three CNV discovery tools i.e.,
BreakDancer, CNVnator, and Pindel. The compiled data is available as supplementary

material that is used to develop the data mart.

In this supplementary material, the data is provided in the form of excel sheets. Table
3.1 describes the chromosome wise CNV presence in specific cultivars and sample data
is shown in Figure 3.1. It is very difficult to find the CNV presence and position in the
current format. Thus, this is needed to be transformed for easy to use and access the data
required for further analysis. Once this data will be further extended for other

cultivars/accessions, it will be very easy to incorporate into the existing schema.

Table 3.1: Description of Cultivar Sample Data

Attribute Name Description

Chr Chromosome number

CNV _start Starting position of CNV

CNV _end Ending position of CNV

Present in rice accession Cultivars name in which CNV is present

Figure 3.2 specifies the classification of various cultivars. This classification contains

groups and subgroups and their attirbutes description are given in Table 3.2.
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Chr CNV_start CNV_end present in rice accessions
chr01 53574 56837 25901_TRJ|30416_IND|38994_ARO[45975_AUS|51250_IND|6307_AUS|3231_IND|8555_AUS|9148_IND|nivara_106105
chr0l 80986 31220 25901_TRJ|38994_AROJ43397_TRJ[51250_IND|51300_IND|3145_IND
chr01 99071 102724 25901_TRIJ|328_TRJ43397_TRI[43675_TRJ|nivara_89215
chr01 179710 180096  ARO[43397_TRJ|51250_IND|51300_IND|6307_AUS|6513_IT[8231_IND|8555_AUS|9148_INDinivara_106105|nivara_106154/ufipogon_105958|rufipagon_P46|rufipogon YT
chr01 271701 271944 27762_IND|30416_IND|38698_TRJ|38994_ARO|6307_AUS|nivara_105327
chr01 274646 281397 27762_IND|6307_AUS|8555_AUShivara_105327jrufipogon_YT
chr01 300386 300652  18_TRJ[38994_ARO[43545_IND|51250_IND|51300_IND|60542_IV|6307_AUS|8555_AUS|9148_INDnivara_105327|nivara_106154nivara_89215|rufipogon_YT
chr0l 306979 307066 30416_IND|38994_ARO[8231_INDfnivara_80470jrufipogon_105958
chr01 312281 313581 27630_TEJ|38698_TRJ|51300_IND|$555_AUS|9148_INDjnivara_105327|nivara_106154}rufipogon_105960
chr01 395858 396094 18994 ARO|60542_TV]6307_AUS|8231_IND|$555_AUS|9148_INDinivara_106105kivara_80470jnivara_8921Sjrufipogon_105958
chr01 397133 398137  J[30416_IND|43397 TRI|43545_IND|51250_IND|51300_IND|6307_AUS|3231_IND|8555_AUSinivara_106105|nivara_106154/nivara_80470nivara_89215
chr01 399756 400010 Ul43545_IND|51250_IND|60542_IV]6307_AUS|8231_IND|8555_AUS/nivara_105327|nivara_89215imfipogen_105958}rufipogon_105960jrufipogon_P46|rufipogon_YT
chr01 406995 407242 25901_TRJ[30416_IND|38994_ARO|51250_IND|51300_INDjnivara_105327|nivara_80470]rufipogon_YJ
chr01 47184 447467 25901_TRIJ[27762_IND|38698_TRJ|43397 TRJ43545_IND|51250_INDI51300_IND|6307_AUS|8555_AUS|nivara_105327nivara_106154
chr01 464114 476981 27630_TEJ|30416_IND|43397_TRJ43545_INDJ51300_IND|$231_INDI8555_AUS|nivara_106154}nivara_80470jnivara_§9215
chr01 480889 480990 25901_TRI38698_TRI|43545_IND|6307_AUS|rufipogon_105960
chr01 506313 507690 25901_TRI|43545_IND|8231_INDfnivara_ 106154
chr01 580114 580461 _IND|51300_IND|60542_TV|6307_AUS|8231_IND|8555_AUS|9177_INDimivara_05327|nivara_106105/nivara_106154nivara_80470nivara_89215|rufipogon_103958jrufipogon N
chr0l 624513 624762 30416_IND|38994_ARO[$231_INDinivara_106105[nivara_30470
chr01 659795 670473 60542_TV|6513_TMnivara_105327rufipogon_103958[mufipogon_105960]rufipagon YT
chr01 677425 684193 'S7_TRIJ25901_TRJ|26872_INDJ43397_TRI51250_IND|51300_IND|8244_TRI8555_AUS|9177_INDlnivara_106105/nivara_106154[nivara_80470
chr01 714335 715796 30416_IND|8231_IND|§555_AUS|nivara_89215
chr01 725788 726481 IND|31856_V|38698 TRJ418_TEJM435975 AUS|55471_TEJ|60542_IV|6307 AUS|3555 AUS|9148 IND|9177 INDlnivara_$9215jrufipogon Nepalrufipogon Y7
chr01 748801 754800 27630_TEJ[328_TRJI|43325_TRJ|6307_AUS|8555_AUS
chr0l 749909 751046 27762_IND|328_TRI418_TEJ43397_TRI|9177_INDinivara_10610S[nivara_106154
chr01 774952 7717127 17757_TRI[25901_TRJ|26872_IND|43325_TRJ43675_TRJ|51300_IND[8244 TRJ
L overview of CNV in samples CNV detail information CNV in population . CHV gene annotation [l [ il ]

Figure 3.1: Presence of CNV in Specific Cultivar

Table 3.2: Description of Cultivar Classification Sample Data

Attribute Name Description
Group Name of group and cultivar which is present in group
Sample size Size of sample
S oupr Sample size
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Figure 3.2: Cultivar Classification

Figure 3.3 mentions the information related to structural variation, CNV Start position,
CNV end position, mechanism used, frequency, CDS-overlap gene and non-CDS
overlap gene with respect to chromosome number and the description of attributes is

given in Table 3.3.
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Table 3.3: Description of Structural Variation and Frequency Sample Data

Attribute Name Description

ChrNo Chromosome number

Start Starting position of CNV

End Ending position of CNV

Sv_size Size of structural variation

Sv_type Type of structural variation

Mechanism Name of Mechanism used in CNV detection
Frequency Frequency of CNV

Non_CDS overlap Non coding sequence overlap gene

CDS overlap Coding sequence overlap gene

Figure 3.4 mentioned the genes and their functions which can be integrated with the data
mentioned in Figure 3.3. The description of attributes of gene sample data is shown in
Table 3.4.

Table 3.4: Description of Gene Sample Data

Attribute Name Description
Gene ID Chromosome number
CNV region Starting position of CNV

Function Ending position of CNV
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chr™No Start End Sv_size Sv_type JdechanisrFreguency_ CD'S ove DS overlatiom —
chri1 53574 SO837 3263 Deletion IWNHF. oz LOoC_ Os01g01 L
chril BO936 21220 234 Insertion nET 012 R L
chril o907 1 102724 3653 Insertion MEI 0.1 R L
chril 1789710 130096 3806 Insertion INHF. 0.32 _ Os01z01: R L
chrl 271701 271944 243 Insertion MEI 012 _ Os01z01: R L
chril 274646 281397 G751 Insertion MMEI 0.1 R L
chril I03B6 30652 2606 Insertion DET 028 - L
chrl I0697S 307066 87 Insertion MEI 0.1 _Os01z01 R L
chril 312281 313581 1300 Deletion INHR 0o.1c R L
chril ISSBS8 IO094 236 Insertion DET 0.2 - L
chrl 397133 398137 1004 Insertion MEI 026 R L
chril 399756 400010 254 Insertion MMEI 0.28 R L
chril 4O995 AOT242 247 Insertion WNHEF 0.16 - L
chri1 447184 44T4ET 283 Dieletion NHF. 022 _Os01z01: R L
chri1 404114 476981 12867 Insertion MMEIL oz R L
chril 480889 A4B0S0 101 Dreletion NHF. 0.1 R L
chri1 S06313 S0T7690 1377 Insertion NHFE. 008 __Os0l1z01 R L
chri1 580114 580461 347 Insertion MMEIL 042 R L
chril 624515 624762 247 Deletion NHF. 0.1 R L
chril 659795 GTO473 10678 Insertion MMEI 0.12 R L
chril 677425 684193 6768 Insertion DET 024 - L
chrl 714335 T15796 1461 Insertion NHF. 008 R L
chril T25788 T2G6481 G693 Insertion MMEI o3 R L
chril T48801 T54800 5999 Insertion 0.1 LOoC Os0l g2 L
chrl T4Go0S 751046 1137 Insertion o144 R L
i Cai D\rer_'\.fie‘-.::rpo“f CN"';_i'I:I' ‘5;r_"nple5 | q(EHV dretail-i-nformgac;ﬁ CN;' }n‘ popugtigl:n = Cﬁ\-’ng‘enneaannotg

Figure 3.3: Data of Structural Variation and CNV Frequency

Gene ID
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fibronectin type and ankyrin repeat domains proteinputative expressed
expressed protein

NBS-LRR disease resistance proteinputative
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expressed protein

NB-ARC domain containing protein expressed

conserved hypothetical protein

|bypothetical protein
hypothetical protein

conserved hvpothetical protein
expressed protein

hypothetical protein
hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein
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hypothetical protein

wall-associated receptor kinase putative

OsFBX145 - F-box domain contaming protein

NB-ARC domain containing protein expressed
CHW detail information CMV in population CHNV gene annotation

=

Figure 3.4: Data of Gene and Their Function

In another data table related to chromosome, CNV start position, CNV end position,

repeat type, number of repeats and their base pairs are presented in Figure 3.5. The detail

of the attributes listed in Table 3.5.
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Figure 3.5 Sample Data of Repeat Type in CNV.

3.2 System Architecture

The Data Integration tool is used to create Data mart for CNV in the dimensional
models. The Extract, Transform and Load (ETL) process is need to be implemented for
CNV data. After designing the dimensional modeling, data are populated using ETL
process and MySQL is used as storing place for data. The Pentaho Schema Workbench
(PSW) is used for designing the schema of an OLAP cube. The output of the PSW s
input for the Pentaho Business Intelligence (BI) Server. This Bl server is used for OLAP

visualization. The architecture is shown in Figure 3.6.

OLAP
Visualization

Pentaho
ETL
(Data Integration) MySQL Schema
workbench

Pentaho BI Server

Figure 3.6: System Architecture



Table 3.5: Description of Base pair Sample Data

Attribute Name

Description

Chr Chromosome number
Start Starting position of CNV
End Ending position of CNV

Repeat length

Repeat length of CNV

Repeat %

Repeat percent

Simple_repeat#

Simple repeat number

LTR#

Long terminal repeat number

DNA#

DNA repeat number

Low_complexity

Low complexity repeat number

SINE# Short interspersed nuclear element number
LINE# Long interspersed nuclear element number
RC# Read count repeat number

Unknown# Unknown repeat number

Satellite# Satellite repeat number

Other# Other repeat number

BP Base pair size

19
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3.3 Tools and Technologies

Several tools and technologies have been applied in the development of the complete

Data mart. These are discussed as follows:
3.3.1 Pentaho Data Integration and Business Analytics Platform

This platform offers various set of open source products that are suitable to develop and
implement data mart. This mainly provide data integration, OLAP cube development,
OLAP exploration, interactive report generation, dashboards with advance capability of

ETL (extraction, transformation, loading) process.

3.3.1.1 Pentaho Data Integration (PDI)

Pentaho Data Integration (PDI) called kettle and now it is known as Spoon. PDI is
responsible for creation of ETL processes. PDI offers many functionalities of data

integration and cleansing. Some of these are listed below:

« Migrating data between different databases or applications

e Exporting data from various proprietary databases to and from flat files
e Loading data massively into databases

o Data cleansing

« Integrating applications

PDI is an easy to use and having a rich set of graphical tools. PDI is a meta data oriented
tool. It refers to development of workflow or pipelines by using different subset of
tools/components. This requires the select, drag, drop and connect through connecting
arrows. These workflows are reusable and can be further customized with support of

ever increasing user’s demand.

PDI can be utilized as a standalone application as well, or it can be applied as part of the
larger Pentaho Suite. PDI supports a big data array of input and output formats,
including CSV file, text files, data sheets, and commercial and non-commercial database
engines. The user can build different types of jobs and transformations processes. PDI

offers three methods to save these workflows as follows:

e Files: The Jobs and transformation are saved as .kjband .ktr extension

respectively.
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o Database repository: The execution of PDI workflows are required to be first

saved in repository.
« PDI Repository: This is available in enterprise edition.

3.3.1.2 Schema Workbench

The Schema Workbench is also recognized as a Mondrian Schema Workbench. It lets
user to graphically create and test OLAP cube schema. The schema is saved as xml files.
This xml will be send to the web server which further provide the generation of various

kinds of reports through web browser.
3.3.1.3 Business Intelligence (BI) Server

The BI Server is a set of programs that was invoked by Java servlets. This server will
function as a web server and provide the web browser based interface in browsing and
exploring various reports.

The BI server contains three layers:

e The platform: The assembling of components collectively known as the
platform

« Bl components: The platform forms the base for a number of ingredients that
provide typical business intelligence functionality.

e The presentation layer: The presentation is available as web based interface and
called the user console. This allows the users to interact with data resides in
server. This layer will supports interactive reports, dashboard, OLAP exploration
and many more reporting tools as Bl content. The user console supports multiple

dashboards, OLAP, and interactive reports simultaneously.

3.3.2 Apache Tomcat

Apache tomcat is an open source java servlet container that also called as tomcat web
server. This web server is developed and maintained by the Apache Software
Foundation (ASF) and it is available under open source license. Default port is used to

run the web requests through HTTP connector through 8080.
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3.3.3 MySQL and MySQL Workbench

MySQL is the most popular open source database software and now owned by Oracle.
MySQL works support most of the operating systems. MySQL strongly supports data
warehouse with major BI/ETL vendors. MySQL Workbench is a visual interface for
MySQL database that integrates database creation, development, administration, design

and maintenance.



CHAPTER IV
RESULTS

4.1 Introduction

Copy number variation is an important type of genetic variant. The information of
CNV is used to develop improved and stress resistant varieties. To provide this data
at the single platform, CNV mart has been developed. The ETL process of
development of data mart has been implemented in this section.

4.2 Dimensional Modelling

Dimensional modelling helps to identify the fact and dimensions. Three fact tables
have been identified based on the selected datasets. These fact tables are containing
the occurrence of CNVs in various cultivars, frequency and associating genes. The
dimensions are identified as classification hirerchy of cultivars consists of different
groups/sub groups and types, CNV regions, CNV types, CDS overlaps types etc.

These are further described in the subsequent sections of this chapter.
4.3 Cultivar Information

The cultivar information is shown in Figure 3.1 and 3.2 (chapter 3). The star schema
for cultivar is shown in Figure 4.1. The tabular structure of these dimensions viz.
chromosome, CNV and cultivar are described in Table 4.1, Table 4.2 and Table 4.3
respectively.

Table 4.1: Description of Chromosome Dimension

DIMENSION: CHROMOSOME

S.No. Dimension Attribute Description

1 Chromosome _id Chromosome id

2 ChroNo Chromosome number

3 Start_pos Starting position of Chromosome
4 End_pos Ending position of chromosome
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The source data related to cultivar contained in two tables. The first table represents
main group, group, cultivar type and cultivar as single column in the excel sheet. The
second table contains the cultivar name and CNV position. The ETL process is
implemented to combine these two tables and a hierarchy has also been created to
implement the cultivar types. The ETL process for development of Data mart for

cultivar information requires following steps:

Chromosome 1d

ChroNO :
Type 1d
Start_pos
Type name
End-pos
Chromosome 1d Group_id
. o
CNV id Type_id led | Main_group_id
CNV_start .
- Cultiver Count Main group name
CNV end

Figure 4.1: Dimensional Modelling for Cultivar Information

The fact cultivar count is presented in Table 4.4. The ETL process has been

developed to implement this schema using Pendaho data integration tool.
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Table 4.2: Description of CNV Dimension

DIMENSION: CNV

S.No. Dimension Attribute Description

1 CNV _id CNV id

2 CNV_start Starting position of CNV

3 CNV_end Ending position of CNV

Table 4.3: Description of Cultivar Dimension
DIMENSION: CULTIVAR

S.No. | Dimension Attribute Description

1 Type_id Cultivar type id

2 Type name Name of cultivar’s type

3 Group_id Group id

4 Group name Name of cultivar’s group

5 Main_group_id Main group id

6 Main group name Name of cultivar’s main group

Table 4.4: Description of Fact Cultivar Count
FACT: CULTIVAR_COUNT
S.No. | Dimension Attribute | Description
1 Chromosome_id Chromosome id ( Primary key of chromosome
dimension)

2 CNV_id CNV id ( Primary key of CNV dimension)
3 Type_id Type id ( Primary key of cultivar dimension)
4 Cultiver_Count

Count of cultivar (Fact)
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e Open MySQL and create schema for storage of mart as shown in Figure 4.2.

Figure 4.2: Schema Creation
e Open pentaho data integration tool by executing spoon.bat file.
e Open the new transformation to implement the ETL process.

e Create a connection with MySQL schema as shown in Figure 4.3.

Figure 4.3. Database Connection in Spoon

e Take Input step to retrieve the contents from MS-Excel worksheet.
e Add a Filter rows to filter the rows. Cultivar types are extracted from input
as presented in Figure 4.4.
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Step name  Filter rows
Send ‘true’ data to step: | TSR
Send ‘false' data to step

The candition:

[fndics]| [ERDS WITH | |

Figure 4.4: Filter Rows
The step “Select value” is used to select a distinct field. The selected field i.e,
indica is renamed to name_species as shown in Figure 4.5 as a part of

transformation process.

2 Select / Rename valu

Step name | [AETITITE

Select & Alter . Remove | Meta-data
Fields:

#  Fieldname Rename to Length Precision

1 Indica name_sp

Figure 4.5: Select/ Rename Values
The step “Add constant™ used to create a new field i.e., a field group_name.
This field contained the values viz. indica, japonica, Oryza sativa group IlI,
Oryza sativa group IV, Oryza sativa group V, O.rufipogon, and O.nivara for
indica to create the classification as hirerchy groups and main groups (Figure
4.6).

ii{ Add constant values

S LR i d constants]
Fields:
£ Name Type Format Length Precision Currency Decimal Group Value Set empty string?
1 group_name String indica M
=1

Figure 4.6: Add Constant Values
To merge different source primary condition, data should be sorted. For
sorting the data, sort row was used before merge join. Sorting of rows is

done according to group name as shown in Figure 4.7.
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Step name

Sort directory  9:%java.io.tmpdir¥%%

TMP-file prefix  put

Sort size (rows in memaory) 1000000

Free memory threshold (in %)

Compress TMP Files? €[]

Only pass unique rows? (verifies keys only) [

Fields :
£ Fieldname Ascending Case sensitive compare? Sort based on current locale? Collator Strength Presorted?
1 group_name ¥ N N 0 N

Figure 4.7: Sort Rows

e Add Merge join to join different extract field in single field i.e., extracted
group names are merged in single field with name group_name as presented

in Figure 4.8.

MM erge Joim

Step name
First Step: | Sort rowves 3 2
Second Step: | Sort rowes =2
Jein Type: | INMER

K = for 1st step: Keys for 2nd step:
ey P

&= Key Field = Key field
i gQroup_na... 1 gQroup_na...

[ Get key ficlds ][ Get key ficlds

| [ cancer |
Figure 4.8: Merge Join

e The Table output step used to store the output of process in a single table

which is shown in Figure 4.9.

T Table cutput

Figure 4.9: Table Output

e Above listed all step are shown in Figure 4.10 to understand the complete

workflow.

e y——
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Figure 4.10: Workflow for Creating The Hierarchy Of Cultivar

e Take table output of the above menstioned transformation steps as input for
further transformation.
e Add Split field to rows to split the field in more than one rows according to

delimeter position as shown in Figure 4.11.

20 Split field to rows

Step name
Field to split | present in rice accessions
Delimiter |
Delimiter is a Regular Expression []

New field name cyltiver

Additional fields

Include rownum in output? [ Rownum fieldname

Reset Rownum at each input row?

Figure 4.11: Split Field

e Add Calculator step to create a copy of field i.e., a new field caltivar copy

is created which is replica of cultivar field as shown in Figure 4.12.
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£ Calculator

_—

Step neme

Fields:
# New field Calculation Field & Field B Field C Value type Length Precisicn Remove
1 cultiver_copy Create a copy of field A cultiver String N

=

Figure 4.12: Calculator

e Add Split field step to split the cultivar copy field into cultivar type and
cultivar number.

e Combination lookup/update is used to create chromosome dimension table

as presented in Figure. Similarly, it also used for other dimension table like
CNV and cultivar tables.

L Combination Lockup / Update

= | [Edite. | [ Mew... | [ wvizard... |
dim_chromsome_table @ [Browse...
Cache size  goga

Pre-load the cache? [
Key fields (to look up row in table):

& Dimension field
a Chr

Technical key field chremosome id
Creation of technical key
) Use table masirmurm + 1

@ Use auto increment field

Remove lookup fields? [#]
Use hashcode? [

Date of last update field

[ re=e] [ oK ][ cancel ][ GetFietas ||

Figure 4.13: Combination Lookup/ Update
e Add Table output step for storing the output of fact table as in Figure 4.14.

Targ

Targettable group_cultiver_classificatin_table
1000
able
<
Specify database fields
Main options | Database fields

Fields to insert:

£ | Teblefild  Stream ficld Get fields
cultivar_na cultivar_name Enter field mapping
CNV_stort  CNV_start

CNV_end CNV_end

cultiver_no

Figure 4.14: Table Output
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e To load the Data into various dimension and fact tables, the workflow need to
be executed.

e The final steps of transformation is summarized in Figure 4.15.

[F =1
1 = =] = = ED—(”—? A |
B 1= =] ] 1E] SBj B,
Table input Sort rows MergE Join Sort rows 2 Split Fields Calculstor Split field to rows  cultivar information
G raf
Sort rbws 4 sble output
= o > { :—xf - 7? - [ 7 7
{ E‘L = =+ l/q I/r;\ I/r;\ I/Q
chromoseme in formation Merge Join 2 Select values  dim_chromsome_table dim_group_name_table  dim_cultiver_type_id  main_group
= = |

Figure 4.15: ETL Process for Cultivar Information

After executing this workflow, the fact table and dimension tables for cultivar
information have been created. In the fact table i.e., cultivar information are having
three dimensions viz. chromosome, CNV, and cultivar which are presented in Figure
4.16.

rrculh'var_name chromosome_id  group_id  cultivar_type_id main_group_id  CNV start ©CNV_end cultiver no  start_pos  End_pos T“
11010 TR] 1 1 1 1 725738 726431 11010 1 43270923
11010 TRI 1 1 1 1 870240 870851 11010 1 43270923 ‘
11010 TR 1 1 1 1 936289 936625 11010 1 43270923
11010 TR 1 1 1 1 1032134 1032405 11010 1 43270923 ‘
11010 TR 1 1 1 1 1523116 1530026 11010 1 43270923
11010 TR] 1 1 1 1 1573834 1574074 11010 1 43270923 ‘
11010 TRI 1 1 1 1 1573832 1593837 11010 1 43270923
11010 TR 1 1 1 1 1602060 1602212 11010 1 43270923 ‘
11010 TR 1 1 1 1 1607752 1616733 11010 1 43270923
11010 TR] 1 1 1 1 1645769 1646303 11010 1 43270923 ‘
11010 TRI 1 1 1 1 1707765 1708919 11010 1 43270923
11010 TRI 1 1 1 1 1793088 1793404 11010 1 43270923 ‘
11010 TR 1 1 1 1 1858583 1859764 11010 1 43270923
11010 TR 1 1 1 1 1871579 1871933 11010 1 43270923 ‘
11010 TR] 1 1 1 1 1950744 1950969 11010 1 43270923
11010 TRI i 1 1 1 1960318 1960530 11010 1 43270923 ‘
11010 TRI 1 1 1 1 1965186 1969300 11010 1 43270923
11010 TR 1 1 1 1 1972017 1972644 11010 1 43270923 ‘

ﬁ 10 TR1 1 1 1 1 }‘]EI‘H-CE 2 w|

Figure 4.16: Fcat Table of Cultivar Information

4.4 CNV Association with Genes

For gene information in Figure 3.3 and 3.4 (Chapter 3), the star schema for gene is
shown in Figure 4.17. The tabular structure of these dimensions viz. chromosome,
gene id, CNV, CDS type, mechanism, structural variation, function, CNV region are
described in Table 4.5, Table 4.6, Table 4.7, Table 4.8, Table 4.9, Table 4.10, Table
4.11 and Table 4.12 respectively. The facts count of gene and sum of frequency are

presented in Table 4.13.
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Figure 4.17: Dimensional Modeling of Gene Information

Table 4.5: Description of Chromosome Dimension

DIMENSION: CHROMOSOME

S.No. | Dimension Attribute Description
1 Chromosome _id Chromosome id
2 Chromosome number Chromosome number

Table 4.6: Description of CNV Dimension

DIMENSION: CNV

S.No. | Dimension Attribute Description

1 CNV _id CNV id

2 CNV _start Starting position of CNV
3 CNV_end Ending position of CNV




33

Table 4.7: Description of Structural Variation Type Dimension

DIMENSION: STRUCTURAL VARIATION TYPE

S.No. | Dimension Attribute Description

1 Sv_id Structural variation id

2 Sv_type Name of structural variation

3 Sv_size Size of sequence responsible for specific

Table 4.8: Description of Mechanism Dimension

DIMENSION: MECHANISM

S.No. | Dimension Attribute Description
1 Mech_id Mechanism id
2 Mechanism name CNV formation mechanisms

Table 4.9: Description of Gene Id Dimension

DIMENSION: GENE ID

S.No. Dimension Attribute Description
1 Gene_key Primary key of Gene
2 Gene_annotation Gene annotation

Table 4.10: Description of Cds-type Dimension

DIMENSION: CDS-TYPE

S.No. | Dimension Attribute Description

1 Cds_type_id Cds type id

2 Cds type name Specific cds category name
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Table 4.11: Description of CNV-region Dimension

DIMENSION: CNV-REGION

S.No. | Dimension Attribute Description
1 Cnv_region_id CNV region id
2 Cnv-region name Name of specific CNV region

Table 4.12: Description of Function Dimension

DIMENSION: FUNCTION

S.No. | Dimension Attribute Description
1 Function_id Function id
2 Function name Function of gene

The ETL process for development of Data mart for gene information have following

steps:

e Microsoft execl input step has taken as input for gene information which is
shown in Figure 3.3.

e Now take Split fields into rows to split the CDS-overlap according to
delimeter position into rows with new field name gene.

e Table output is used to store the output of process in MySQL.

e Above mentioned steps are shown in Figure 4.18. This flow helps the
modeler to set this output as input for the remaining step of transformation

process.

[B)———{ca—1{&)

CD5_information Split field to rows Table cutput

Figure 4.18:Spliting the fields




Table 4.13: Description of Fact Count of Gene and Sum of Frequency
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FACT: COUNT_GENE & FREQUENCY_SUM

S.No. | Dimension Attribute Description

1 Chromosome_id Chromosome id ( Primary key of chromosome
dimension)

2 CNV._id CNV id ( Primary key of CNV dimension)

3 Sv_id Sv id ( Primary key of structural variation
dimension)

4 Cds_type _id Cds type id CNV id ( Primary key of Cds type
dimension)

5 Mech _id Mechanism id ( Primary key of mechanism
dimension)

6 Cnv_region_id CNV region id ( Primary key of CNV region
dimension)

7 Function_id function id ( Primary key of function
dimension)

8 Gene_key Gene key ( Primary key of gene id dimension)

9 Count_gene Count of gene (Fact)

10 Frequency_sum Sum of frequency (Fact)

Add Input table step to access the output of previous step.

Now add Select values to select value according to CDS or non-CDS

overlap.

Add Add constant to add new field cds_type and their values viz. CDS-

overlap and CDS-non overlap.
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Add Select values to remove unwanted field of information and to rename
the field gene as Gene_id.

Now add Filter rows to remove the rows which have no gene information.
Add Sort rows to sort the rows according to Gene_id.

Microsoft execl input step has taken as input for gene information which is
shown in Figure 3.4.

Now, add Calculator to create a copy of Gene_ id field with name
gene_annotation.

Add Sort rows to sort rows according to Gene_id.

Add Merge join to merge the both tables based on Gene_id.

Now add Select value to remove unwanted information.

Add Combination lookup/update to create chromosome dimension Table
and similarly it also used for other dimension Table like CNV, gene,
cds_type, mechanism, sv_type, function, cnv_region Tables.

Now add Table output step used to store the output of process in the Data
mart.

To load the output of transformation into Data mart, there is need to execute
and run the developed workflow.

Final transformation is summarized in Figure 4.19.

E)

&l

=

Tbleinput  Select values

Tebleinput2  Selectvalues2  Add constants 2

BE—~(6 [E~—E 8~

Add constants Soi

B —E—{sle>{H

Select felues 3 Filter rows Sort rows

Calculator Select values 4 gene information

Merge Join

B (5] =

[]H‘

Select values 5

L e [ L 2 2 ]

chromosome table  gene teble  cds_type teble machanism_table s type_table function table  cnv_region_teble  Table output

=

Figure 4.19: ETL Process for Gene Information

After performing the above steps, the fact and dimension tables related to gene
information has been created and are available in MySQL for further use. The Data
mart of gene information consists of eight dimensions viz. chromosome, CNV, gene,
CDS type, mechanism, structural variation, function, CNV region and measures
count of gene and sum of frequency as shown in Figure 4.20.
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LOC Os01a01110.1 53574 56837 3263 0.2
LOC Os01a01110.1 53574 56837 3263 0.2
LOC Os01001360.1 179710 130096 386 0.32
LOC Os01a01360.1 179710 180096 386 0.32
LOC Os01a01520.1 271701 271344 243 0.12
LOC Os01a01520.1 271701 271944 243 0.12
LOC Os01001610.1 306979 307066 &7 0.1
LOC Os01a01610.1 306979 307066 &7 0.1
LOC Os01001830.1 447184 447467 233 0.22
LOC Os01a01830.1 447184 447467 283 0.22

LOC Os01001925.1 506313 507990 1377 0.08
LOC Os01a01925.1 506313 507990 1377 0.08
LOC Os01002370.1 748801 754800 5999 0.1
LOC Os01a02370.1 748801 754800 5999 0.1
LOC Os01a02410.1 774952 777127 2175 0.14
LOC Os01a02410.1 774852 777127 2175 0.14
LOC Os01002410.1 774952 777127 2175 0.14

S =Y
0000 00 s ) &% Ef tnoun b B L LI R R e
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ol e e e e e e R R R e e e e
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Figure 4.20: Data Mart of Gene Information

4.5 CNV Types with Repect to Bp Frequency

For base-pair (bp) information shown in Figure 3.5 (chapter 3). The star schema for

gene is shown in Figure 4.21. The tabular structure of these dimensions viz.
chromosome, CNV and repeat are described in Table 4.14, Table 4.15 and Table

4.16 respectively. The fact basepair sum is presented in Table 4.17.

Chromosome _1d

Chromosome number

Chromosome_1d

No_repeat_id

—> CNV id

CNV_id

Cnv_start
- Bp sum

Cnv_end

™1 No_repeat_id

Number of repeat
Type id

Repeat name
Repeat length

Repeat percent

Figure 4.21: Dimensional Modeling for Base-Pair Size
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Table 4.14: Description of Chromosome Dimension

DIMENSION: CHROMOSOME
S.No. | Dimension Attribute Description
1 Chromosome _id Chromosome id
2 Chromosome number Chromosome number
Table 4.15: Description of CNV Dimension
DIMENSION: CNV
S.No. | Dimension Attribute Description
1 CNV_id CNVid
2 CNV _start Starting position of CNV
3 CNV _end Ending position of CNV
Table 4.16: Description of Repeat Dimension
DIMENSION: REPEAT
S.No. | Dimension Attribute Description
1 No_repeat_id Repeat number id
2 Number of repeat Number of repeats in CNV
3 Type_id Type of repeats
4 Repeat name Name of repeat type
5 Repeat length Repeat length in basepair
6 Repeat percent Percentage of repeat in CNV
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Table 4.17: Description of Fact Sum Of Basepair

FACT: SUM OF BASEPAIR

S.No. | Dimension Attribute Description

1 Chromosome_id Chromosome id ( Primary key of

chromosome dimension)

2 CNV_id CNV id ( Primary key of CNV dimension)

3 No_repeat_id Number of repeats id ( Primary key of

repeat dimension)

4 Bp_sum Sum of basepair (Fact)

The base-pair sizes corresponding to individual repeat type like simple repeat, LTR
repeat, RC repeat etc and repeat number are present in sample data. The ETL process

for development of Data mart for base-pair information have following steps:

e Table input step is used for taking the input as base-pair information which
is presented in Figure 3.5.

e Add Select values to select individual repeat type like simple repeat and to
rename the field of repeat number of individual repeat type as no_repeat.

e Now add Replace in string to replace the no_repeat’s numeric value in string
values i.e., in simple repeat no_repeat’s value 2 is replaced with sr2.

e Add Filter rows to remove rows who have no information.

e All above mentioned steps are also performed for all other remaining repeat
types.

e Add Table output to store the outcome of every repeat types transformation
in single table of MySQL.

e Now add Combination lookup/update to creates chromosome, CNV and
repeat dimension tables.

e Add Table output has store the dimension and fact table in data mart.

e To populate the data mart execute the run.

e All the above mentioned step is shown in Figure 4.22.
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Figure 4.22: ETL Process for Base-pair Size

In the Data mart of base-pair dimensions viz. chromosome, CNV and repeat and fact
basepair sum are stored which is shown in Figure 4.23.

=1
Start_point End_paint E:r?;i;t Repeat_percent bp chro_id repeat_type_id no_repeat_id
G949510 FO09923 565 3.69595447595 35 1 1 1
803929 807339 29 0.850190559953 29 i 1 i
912203 29139499 135 F. 72753291357 135 1 1 2
20138380 2013128 a7 1. 105614262179 27 i 1 i
2433445 2437974 33 0.728476821192 33 1 1 1
2995577 2449554 284 9.536601749514 45 i 1 i
2450913 2457817 347 5.02534395365 35 1 1 1
29565163 2957172 81 4.029850749627F 32 1 1 1
2435001 24991148 581 11,.2859362359 35 1 1 1
2615154 2622200 1323 21.9877015124 a5 i i 3
2631678 2633847 139 5.40552995392 38 1 1 1
2815623 2819045 375 10.9553023653 21 i 1 i
349490915 3994493493 |99 14.5311589933 Tl 1 1 1
1032494397 10332011 (=1=lu ] 92.00195594716 28 i 1 i
12348082 12352750 630 13, 4541154734 133 1 1 3
13540503 13543140 o973 38.3372734437 101 i 1 3
13548918 13550651 53 3.05651572434 53 1 1 1
13567915 = 2.52005531901 = 1 e = )|

Figure 4.23: Data Mart of Base-pair Information

4.6 OLAP Cube Schema Development

After creating the Data mart, there is need to create schema for OLAP cube. This
schema can be created by using the design tool i.e., schema workbench. The steps of

OLAP cube schema development for listed below:

e Start the design tool schema workbench by executing workbench.bat file.
e Go to menu bar and click on option tab
e Select connection

o Fill the database details for establishing the connection with the database
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e Test the connectivity.

e Go to file click on new and select schema

e Fill the value of schema’s name attribute.

¢ Right click on schema and select Add cube.

e Fill the value of cube’s name attribute and provide the description of cube in
description attribute.

e Right click on cube and select Add Table. Here, add the table of data mart.
This table is work as fact table for cube development.

e Right click on cube and select Add Dimension.

e Fill the value of Dimension’s name attribute.

e Choose column for foreign key attribute. The foregin key link the dimension
table with fact table.

e Right click on dimension name and select add hierarchy and give a name to
it.

e Add the primary key in the hierarchy of dimension.

e Right click on dimension name and select add table and choose name
attribute’s value.

e Right click on hierarchy name and select add level and choose the value of
Name, Column, type and level type attributes.

e Right click on cube and select Add Measure.

e Fill the Name, Aggregator, and Column attribute’s values.

e Save cube.

e Publish cube on Bl server.

Based on above mentioned steps, the required OLAP cube schema have been

created. These are described in the next section.
4.6.1 OLAP Cube Schema for Cultivar Information

In OLAP cube for Cultivar information, three dimensions are presented namely
chromosome, CNV and cultivar. The measures of this cube is count of cultvar. The

cube is shown in Figure 4.24.
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Figure 4.24: OLAP Cube for Cultivar Information
4.6.2 OLAP Cube Schema for Gene Information

In OLAP cube for gene information eight dimension are present namely
chromosome,CNV, CDS type, sv type, mechanism, function, gene, and CNV _region.
The measures of this cube is sum of frequency and count of gene. This cube schema

is presented in Figure 4.25.
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Figure 4.25: OLAP Cube for Gene Information
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4.6.3 OLAP Cube Schema for Base-pair Information

In OLAP cube schema for base-pair information, three dimension namely
chromosome, CNV and repeat are identified. The measure of this cube is base-pair

sum. The schema for this cube is shown in Figure 4.26.
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Figure 4.26: OLAP Cube for Base-Pair Size



CHAPTER V

GENERAL DISCUSSION

The table and graph give eye bird view of information. Data mart provides information
in a tabular format and can be reused in desired format. Bl server supports the output in
tables as well as graphs. The information in the form of cube is summarized and easily
understandable. From these cubes and schema, researcher and scientist can easily access
and find the required CNVs in their desired format for required task. This will serve as
an exploratory analysis tool. The reports are prepared in tow ways i.e., OLAP reports

and interactive reports.
5.1 OLAP Cube Exploration

OLAP Cubes are useful in customizing the reports in various diensions as per the need
of users. The admininstrator will create the sample reports by mentioning various
dimensions and aggregation rules which will be useful in exploring the information
using slicing/dicing and drill dwon/ roll-up across various dimensions. The customized
information will be useful to other users by visualizing/exporting the information/data in

tabular and graphical format according to selected dimensions.
5.1.1 OLAP Report of Cultivar Information

The count of cultivar corresponding to the various dimensions viz chromosome number,
CNV and cultivar of cultivar information is shown in Figure 5.1 and the graphical

representation of count of cultivar is shown in Figure 5.2.
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Figure 5.2: Graphical view of cultivar count

Finally on can also see group wise count of cultivar is shown in Figure 5.3. This will

help in identifiy the contribution of CNVs presence in particular group.

]

Onivara O.rufipogon Oryza sativa group IV

Oryza sativa group V indica japonica

Figure 5.3: Graphical Representation of Cultivar Count in Different Group
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5.1.2 OLAP Report for Gene Information

The count of genes and sum of frequency corresponding to the various dimensions of
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gene information viz chromosome number, CDS type, structural variation type and

region of CNVis shown in Figure 5.4. The graphical represntation of count of gene

and sum of frequency are presented in Figure 5.5 and Figure 5.6 respectively.

Figure 5.5: Graphical Representation Of Count Of Gene
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Figure 5.6: Graphical Representation of Sum of Frequency
5.1.3 OLAP Report of Base-pair Information

The sum of base-pair corresponding to the various dimensions of basepair information
viz chromosome number, CNV, repeat is shown in Figure 5.7 and graphical

representation is presented in Figure 5.8.
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5.2 Interactive Report

The Interactive report provides an operational on-demand web based report format

which can be customised as per the requirements.
5.2.1 Interactive Report of Cultivar Classification

In the interactive report of cultivar classification, chromosome number, main group, and
group name and cultivar type are used as prompt for filtering the records. Interactive
report gives only those data which is selected in column and fulfils the condition of these
four prompts. The output with column CNV start, CNV end and cultivar name is shown
in Figure 5.9.

I;_ Chr Main group Group name Cultivar type _‘1
chro1 cultivated japonica TRJ
View Report | Auto-Submit
The row limit has been reached. however you can keep working with this subset of data.
4
Untitled
CNV start CNV end Cultivar name
725,788 726,481 11010_TRJ
870,240 870,851 11010_TRJ
936,289 936,625 11010_TRJ
1,032,184 1,032 405 11010_TRJ
1,523,118 1,530,026 11010_TRJ
1,573,884 1,574,074 11010_TRJ
1,573,832 1,693,637 11010_TRJ
1,602,060 1,602,212 11010_TRJ
1.607.752 1.616.733 11010_TRJ
1,645,769 1,646,803 11010_TRJ
1,707,765 1,708,919 11010_TRJ
1,793,088 11010_TRJ
1,858,583 11010_TRJ
1,871,579 1,871,933 11010_TRJ
1.950.744 1.950.969 11010_TRJ
1,960,318 1,960,580 11010_TRJ J
= =

Figure 5.9: CNV Position and Cultivar Name
5.2.2 Interactive Report of Gene Information

The output with column name start, end, gene id, frequency and function on the bases
of five prompts condition namely Chromosome number, CDS type, mechanism,

structural variation type, and CNV region is shown in Figure 5.10.
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ChrNo Cds type Mechanism Sv type CNV region

chro1 CDS_OVERLAP NHR Del(ref) cDs

View Report [JEAFNGESTLINTY

Untitled

Start End
1,968,186 1,969,800
2,548 553 2,650,839
14,942 245 14,942 810

Gene id Frequency
LOC_Os01g04430.1 0.14
LOC_OsD1g05400.1  0.14

LOC_0OsD1g26340.1 0.34

Function

conserved hypothetical
protein
conserved hypothetical
protein

dirigent putative

Figure 5.10: CNV Position, Gene Id, Frequency and Function

5.2.3 Interactive Report of Base-pair Information

The output with column name start point, end point repeat length and repeat percent is

generated by using chromosome number, type name, and repeat type prompt conditions.

The output is presented in Figure 5.11.

[F Chr

—
Type name Repeat type . |
chr1 LOW_COMPLEXITY lc2.0
’ Furersuomt

Untitled
Start point End point Repeat Length Repeat percent
2,616,184 2,622,200 1,323 21.9877015124
12,348,082 12,352,760 630 134644154734
13,540,603 13,543,140 973 38.3372734437
13,565,670 13,567,415 2.52004581901
15,099,315 15,103,110 229 6.03266596417
23,153,565 23,156,554 789 26.3879598662
41,511,709 41,515,082 619 18.3461766449
42,924,632 42,930,577 14 1.91725529768

= =

Figure 5.11: CNV Position, Repeat Length, and Repeat Percent



CHAPTER VI

SUMMARY AND CONCLUSIONS

Agriculture is backbone of India and plays significant role in Indian economy. Most of
Indian rural family depends on agriculture for meeting their daily livelihood. The growth
rate of Indian population is dramatically increasing and area under agriculture is
continuously decreasing. Further, various biotic and abiotic stresses also reduced the
production of crop. To feed the population of our country, traditional farming methods
are time consumable and not sufficient. There is a need to implement advance methods
of breeding involving latest molecular breeding, markers selection and development
techniques to help in developing improved high yielding and stress resistant varieties.
The study of variability is one of most important factor for selection of vigorous and
resistant plant in breeding population. Copy number variation is one type of variability.
CNV is a genomic variant in which a sequence of genome identifies the multiple copies
of markers and genes in the genome. Basically CNV are of two types i.e., short repeats
and long repeats. In short repeats, two or three nucleotide is repeated but in long repeats
entire gene sequence is repeated several times. The CNV helps in studying genomic and
structural variation in a crop which is helpful in identification of variability and
diversity. The information related to different aspects of CNV is not readily available
and is being reported by researchers in different ways available at varied places. Since,
these genomic resources are scattered and also providing a great insights to the
researchers but similarly they are finding it difficult to get the collective information of
CNVs at one place. Development of data mart will be helpful in integrating the CNV
related information at central place by providing the CNV data in various dimensions.
Data mart provides the related information at single platform by extending the summary,

sort or select in various dimension without making any change in the metadata structure.

In this study, the data Mart for CNV has been tested and implemented using data of 50
rice accessions covering various geographical areas of the Asian region. The data mart
can be further updated, once the information for other accessions will be available in

same format. This source data is provided as supplementary material for 50 rice
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accessions (Bai et al., 2016). Different open source set of tools i.e., Pentaho data
integration tool, schema workbench and Bl sever were used during the development
process of Data mart. MySQL was also used to create and store database. Pentaho data
integration tool spoon was use to implement the extraction, transformation, and loading
of data. Spoon was used to create different dimensions. Schema workbench was used to
define the dimension and measures to create OLAP cube schema. The schema
workbench produces output in the form of metadata as xml file. This xml file was used
in Bl sever as input to develop the schema for OLAP cube and other types of reports. Bl
server was use to visualize the OLAP cube and for generating other reports like
interactive reports using different dimensions and parameters. The graphical reports are
very useful to the researchers.
The developed mart will be useful to the researchers in providing collective information
of CNV. The mart will help in easy accessibility of the data through its user friendly web
interface. Information from CNV mart can be accessed across various dimensions such
as chromosome, gene, structural variation, CNV detection mechanism, cultivar, and
repeat types. The developed mart has the flexibility of providing reports such as:

i. Retrieval of CNV information for the study of varietal development and

improvement.
ii.  Querying of CNVs based on user requirement.
iii.  Visualization of data through various dimensions.

iv.  Exploring the CNV data for the purpose of diversity analysis.

Currently, the CNV mart provides the limited information of CNV contents along with
their exact location in genome including traits. Single nucleotide polymorphisms
(SNPs), SNP haplotypes, insertion and deletions (InDels) and simple sequence repeats
(SSRs) will be further integrated. CNV Data mart can also join other genomic marts to

form an integrated information Warehouse.



ABSTRACT

The biggest challenge facing Indian agriculture is to develop high yielding varieties
to feed the vast increasing population of the country. Seed is critical and basic input
for attaining high crop yields and sustainable growth in agricultural production. The
advances in genome sequencing technologies are helpful in identification of different
types of markers which can help in development of high yielding varieties. Single
reference genome is not able to provide the representation of genetic diversity in a
given species. The diversity can be identified and discovered using the study of
structural variation in the form of copy number variants (CNVs) by studying the
sequences of different accessions. The CNV will account for complete value of
genetic information that is present in individual species. Copy number variation
(CNV) plays an important role in identifying the genetic and phenotypic variation in
the breeding population. Data mart of CNV has been developed and enabled end
users in identifying the association between CNV and cultivar with respect to various
types of traits. Pentaho Business Analytics platform is an open source set of software
tools for data mart development and MySQL database has been used to store the
data. Different kind of reports such as interactive and OLAP reports has been
generated and can be viewed through the web interface using Bl server which was
hosted on Apache web server. The exploration of data from data mart and OLAP
cube visualizations will provide the CNV related information in various dimensions
viz. chromosome wise, gene wise, structural variation wise, CNV detection
mechanism wise, cultivar wise and repeat type wise through a single window access.
The CNV mart can further be used by researchers for retrieval of CNV information
to identify disorder and helpful in developing diagnostic kits and treatments, varietal

development and improvement by genome wide association of different cultivars.
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