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Abstract:

The study of metagenomics from high throughput sequencing data processed through Waikato Environment for Knowledge Analysis
(WEKA) is gaining momentum in recent years. Therefore, we report an analysis of metagenome data generated using T-RFLP followed by
using the SMO (Sequential minimal optimization) algorithm in WEKA to identify the total amount of cultured and uncultured
microorganism present in the sample collected from multiple sources.
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Background:

Multiple methods have been developed to culture different kinds of
microorganisms. However, the availability of complex growth
medium has helped in isolating only 1% of microorganisms from
distinct habitats. Thus, 99% of microorganisms are still not cultured
[1]. Metagenomics helps to uncover these unknown species [2]
Sequencing is important for metagenomics analysis especially
where species are not indetified. Sequencing technologies has
revolutionized Biology [3]. Low cost of sequencing, advances in the
field of Bioinformatics, development of data library, tools and
databases for metagenome has impact on metagenomics study [1].
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A wealth of information has been obtained using metagenomics
such as microbial diversity, uncharacterized metabolisms and
increased complexity of biogeochemical pathways [2].

Cultured and uncultured organisms:

The number of cells that were observed microscopically far
outweighed the number of colonies that grow on a petri plate [4].
The uncultured microorganisms are the rich source of secondary
metabolites; they can also be involved in commercial production of
enzyme. The uncultured microorganisms also have many industry
applications, which includes identification of novel biocatalysts,
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development of new antibodies, bioremediation etc. [2, 5]. Hence it
is important to study uncultured microorganisms to understand
their biology in detail. Therefore, it is of interest to isolate the DNA
from water samples. Samples were collected from multiple fresh
water reservoirs in Pune, India. The amount of the DNA extracted
was further analyzed by T-RFLP method, which falls between
conventional DNA sequencing and next generation sequencing. It
amplify 165 rRNA by digesting it through specific restriction
enzymes. After digestion, it generates number of peaks, which is
equivalent to number of strains present in given sample with the
help of capillary electrophoresis. T-RFLP will generate ample
amount of data for further processing through bioinformatics
techniques'. It is of interest to identify the uncultivable bacterial
species.

WEKA Analysis:

The Waikato Environment for Knowledge Analysis commonly
known as WEKA provides a comprehensive collection of Machine
Learning algorithms and data preprocessing tools for research
community. It is a freely available software package funded by
New Zealand government in 1993. It allows user to compare
different machine learning algorithms on data set. Data mining is
the extraction of hidden predictive information from large
databases and it is a powerful new technology with great potential
to help user focus on the most important information in the data
warehouses. Data mining tools predict future trends and behaviors,
allowing businesses to make proactive and knowledge-driven
decisions. Many new data mining algorithms have been added
since WEKA has been developed [6, 7].

WEKA utility:

[1] Free availability under the GNU General Public License.

[2] Portability. It is fully implemented in the Java
programming language and thus runs on almost any
modern computing platform

[3] A comprehensive collection of data preprocessing and
modeling techniques

[4] Ease of use due to its graphical user interface

WEKA supports several standard data mining tasks, more
specifically, ~data  preprocessing, clustering, classification,
regression, visualization, and feature selection [6, 7].

SMO Algorithm:

Support Vector Machine (SVM) is the most commonly used
machine-learning algorithm for classification because of its high
precision. But there are very few researchers who actually work on
SVM. These is mainly because of the complexity of the algorithm or
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the slow training set algorithm of SVM. To overcome this
drawback, a new algorithm has been developed which is known as
Sequential Minimal Optimization (SMO) algorithm. Fast SVM
training speed with SMO algorithm is an important goal for
practitioners. SVM learning algorithm has used Numerical
Quadratic Programming while SMP has used an analytical
Quadratic Programming [8,9].

Material and Methods:

Sample Collection:

Fresh water samples were collected from multiple fresh water
reservoirs from Pune city, India. A list of all water reservoirs is
mentioned in Table 1.

Table 1: List of water Reservoirs

Rivers (108 Samples from
12 different Locations)

Lakes (36 Samples, 9 each)  Dams (65 Samples)

Mula Venna Lake Khadakwasla Dam
Mutha Pashan Lake Panshet Dam
Katraj Lake Warasgaon Dam
Vishrantwadi Lake Temghar Dam
Mulshi Dam
Bhatghar Dam

Varasgaon Dam

[ Total Sequences - 3213 ]

[ Sequences considered for prediction - ]
1000

Calculate relative frequency of codon pair for all 1000
sequencees

[ Calculate total relative frequency of each codon pair ]

Create threshold (0.7) for every codon pair based on total of relative
frequency

[ Observed 382 codon pairs >= 0.7 threshold ]

Figure 1: Flowchart of the steps used in WEKA input file
generation

DNA Isolation:

The next step after sample collection is isolation of genomic DNA
from sample. Physical separation and isolation of cells from the
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samples might also be important to maximize DNA yield or avoid
co-extraction of enzymatic inhibitors that might interfere with
subsequent processing. Certain types of samples (such as biopsies
or groundwater) often yield only very small amounts of DNA.
Library production for most sequencing technologies require high
nanograms or micrograms amounts of DNA and hence
amplification of starting material might be required [10]. After
isolation of genomic DNA, Quantitative and Qualitative analysis
was carried out with the help of agarose gel electrophoresis and
spectrophotometer respectively.

PCR Amplification and Purification:

Now before sequencing the DNA, it was important to amplify the
DNA sample since the amount of DNA yield after isolation was
very low. Amplification was carried out using PCR technique. PCR
products were purified using Purelink PCR purification kit
(Invitrogen, USA). PCR product purification is essential to be as it
removes unused PCR components, dNTPs and excess primers from
the amplicons. The purification is essential to be done since the
impurities might hinder the sequencing reaction. After purification
the samples are again checked on 1% agarose gel to see whether the
eluted product contains the necessary amplicons in sufficient
concentration. After this the products are taken for DNA
sequencing using the BigDye Terminator V 3.1 Cycle sequencing kit
(Applied Biosystems, USA).

[ Test set ]
(282 codon pairs observed after prediction)

1000 sequence data divided as 60% for test set and 40% for
training set

For classification in WEKA, take ‘.arff file as input and
classification is carried out using Sequential Minimal Optimization
(SMO) algorithm.

Figure 2: Flowchart of steps used in classification of data

DNA Sequencing;:
DNA Sequencing is carried out using BigDye Terminator Cycle
Sequencing Kit developed by applied Biosystems. The BigDye®
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Terminator v3.1 Cycle Sequencing Kit's robust, highly flexible
chemistry is ideal for de novo sequencing, resequencing, and
finishing with PCR product, Plasmid, Fosmid, and BAC templates.
The main aim of the project is to identify total amount of culturable
and unculturable microorganisms using bioinformatics tools -
BLAST and WEKA. The sequencing of genomic DNA has
generated total 3370 sequencing reads, out of which 1001 sequences
were selected for further analysis using BLAST and WEKA.

BLAST search:

Basic Local Alignment Search Tool (BLAST) most commonly used
sequence analysis tool available on Nation Center for
Biotechnology Information. BLAST is sequence similarity search
program. BLAT was used to identify culturable microorganisms
from the sample using sequence similarity method [11]. The BLAST
output was then further verified using WEKA software.

(> Weka Explorer

Preprocess | Classify | Cluster | Associate | Select attributes | Visualize
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| I |
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Figure 3: Input file in WEKA

Input data for WEKA:

As shown in Figure 1, for WEKA analysis, Codon-pair feature is
used as a factor for prediction and classification of sequences.
Relative frequency of each codon-pair for all the sequences is
calculated. For prediction through codon-pair factor as the number
of codon-pairs increases the prediction or classification precision
decreases. Hence, a threshold of 0.7 is set that is only the codon-
pairs having total relative frequency above 0.7 are further
considered as classification features. According to the set threshold
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out of 4096 codon-pairs, 382 codon-pairs are considered for precise
classification of sequences. Then based on this observation,
Attribute Relation File Format (ARFF) file is prepared as an input
file for WEKA analysis.

SMO algorithm:

In WEKA the algorithm used for classification is Sequential
Minimal Optimization (SMO) algorithm. As shown in Figure 2, the
data is now classified as test set and training set for applying the
algorithm. SMO Algorithm is used to predict the correctness of
classification of culture and uncultured microorganisms.

=== Summary ===

80.6194 %
19.3806 $

Correctly Classified Instances 807
Incorrectly Classified Instances 194
0.6122
0.1938

Kappa statistic
Mean absolute error
Root mean squared error 0.4402
Relative absolute error 38.7749 %
Root relative squared error 87.9666 %
Total Number of Instances 1001
Ignored Class Unknown Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class

0.841 0.229 0.788 0.841 0.814 0.614 0.807 0.741 Uncultured

0.771 0.159 0.827 0.771 0.798 0.614 0.800 0.741 Cultured
Weighted Avg. 0.806 0.194 0.808 0.806 0.806 0.614 0.804 0.741

=== Confusion Matrix ===

a b <-- classified as

424 80 | a = Uncultured

114 383 | b = Cultured

Figure 4: Output summary of SMO analysis

Results & Discussion:

A dataset having 1001 genomic DNA sequences were filtered from
a dataset of 3779 genomic DNA by applying a threshold of 0.7
relative frequencies for every codon pair in the dataset. This dataset
was further analyzed for classification using Sequential Minimal
Optimization (SMO) in WEKA. The dataset was divided into two
groups namely cultured and uncultured microorganisms. As result

OPEN ACCESS GOLD

a709 $S300V N3adO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

shown in Figure 3, 807 instances was shown to be correctly
classified with a significant 80.62% accuracy using SMO algorithm.
The SMO constructed the below result for given input file. Figure 4
shows that 80.6194% of instances were correctly classified. It simply
means that out of 1001 sequences 807 sequences were correctly
classified.

Conclusion:

We report the grouping of cultured and uncultured microorganism
in metagenomics by analyzing their T-RFLP data using the SMO
algorithm in WEKA. It indicated the groups very clearly. The same
program could be utilized for the identification of physical
metagenomics sequences via kit with the help of biomarkers
identified from uncultivable microorganisms.

References:

[1]  Bashir Y et al. Chinese Journal of Biology 2014; 2014:146030
[https:/ /doi.org/10.1155/2014/146030].

[2] Kumar S et al. Biotechnol Res Int. 2015; 2015:121735 [PMID: 26664751].

[3] Reuter JA et al. Molecular cell 2015 58.4: 586-597
[https:/ /doi.org/10.1016/j.molcel.2015.05.004].

[4] Kim L et al. ] Antibiot (Tokyo). 2010 63(8):468-76 [PMID: 20648021].

[5] Thomas T et al. Microb Inform Exp. 2012 2(1):3 [PMID: 22587947]

[6] Jagtap SB & Kodge BG International conference in “Emerging Trends in
Science, Technology and Management 2013 35-40
[https:/ /arxiv.org/ftp/arxiv/papers/1310/1310.4647.pdf].

[71 FrankE et al. ACM SIGKDD Explorations Newsletter 2009 11:1
[https:/ /doi.org/10.1145/1656274.1656278].

[8] Platt ] MSR-TR-98-14 1998 [https:/ /www.microsoft.com/en-
us/research/ publication/sequential-minimal-optimization-a-fast-
algorithm-for-training-support-vector-machines/].

[9] Shao Xet al. Comput Intell Neurosci. 2013; 2013:968438.

[PMID: 23509447].

[10] Stewart EJ ] Bacteriol. 2012 194(16):4151-4160 [PMID: 22661685]

[11] McGinnis S & Madden TL Nucleic Acids Res. 2004 32(Web Server
issue): W20-W25 [PMID: 15215342].

Edited by P Kangueane
Citation: Patil et al. Bioinformation 16(8): 620-624 (2020)

License statement: This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly credited. This is distributed under the terms of the Creative Commons Attribution License

Articles published in BIOINFORMATION are open for relevant post

publication comments and criticisms, which will be published immediately
linking to the original article for FREE of cost without open access charges.
Comments should be concise, coherent and critical in less than 1000 words.

ISSN 0973-2063 (online) 0973-8894 (print) 623

Bioinformation 16(8): 620-624 (2020)

©Biomedical Informatics (2020)



OPEN ACCESS GOLD

a709 $S300V N3adO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

Agro Informatics Society

BIOMEDICAL

INFORMATICS

8 Biomedical Informatics Society

since 2005

indexed in

\WOEXED

EMERGING
SOURCES

‘ Crossref
ResearchGate

blons

ISSN 0973-2063 (online) 0973-8894 (print) 624

Bioinformation 16(8): 620-624 (2020) ©Biomedical Informatics (2020)



