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Next Generation Sequencing (NGS)
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FLX

Ion torrentIllumina ABI�s 
Solid

Halicoscope PacBio Nanopore

Low cost & 
Less time







Sequence Read Archive (SRA) of USA 



Genome assembly of 
short reads ??

Removal of artifacts in short 
reads ??

Which assembler is 
best ??

Annotation and 
validation of 

assembled genome 
??

Variation 
detection, in 
human ??

Effect of detected 
variation ??

Drug-target 
relationship ??

Development of new 
algorithms ??

Challenges



Microbial Genome assembly and annotation

Reads

Contigs

Genome assemblers i.e.
Velvet, SOPdenovo etc.

Microbe

Annotated 
genome

Annotation servers and 
manual annotation.

RAST, PGAAP, KAAS 
etc..

Illumina/454

NNNScaffolds NNN



Microbial Genome assembly and annotation



Raw data (fastq format)



Filtering of Raw Reads

• Fastp
• NGSQC-Toolkit
• Fastx
• FastQC
• Cutadapt
• PRINSEQ
• Tagcleaner
• …… Many more

• Paired-end information
• Filter and Trim
• Automated for latest 

primer/adaptors
• Automated for different 

data type
• Keep unpaired (filtered) 

reads also
• Fast



Raw data filtering



Raw data filtering



Fastq reads for genome assembly



S. No. Genome 
assemblers

URL

1. Velvet http://www.ebi.ac.uk/~zerbino/velvet/
2. SOAPdenovo http://soap.genomics.org.cn/

3. Euler-sr http://euler-assembler.ucsd.edu/portal/
4. ABySS http://www.bcgsc.ca/platform/bioinfo/software/abyss
5. Edena http://www.genomic.ch/edena.php
6. SSAKE http://www.bcgsc.ca/platform/bioinfo/software/ssake
7. ALLPATHS LG http://software.broadinstitute.org/allpaths-lg/blog/
8. FALCON https://github.com/PacificBiosciences/FALCON
9. SPAdes http://cab.spbu.ru/software/spades/
10. Hinge https://github.com/HingeAssembler/HINGE
11. CANU https://canu.readthedocs.io/en/latest/quick-start.html

Genome Assemblers

……………… and Many More



Assembled Contig



How to measure Genome assembly, N 50 ??





Which assembler is best ?



Which assembler is best ?



Which assembler is best ?



Which assembler is 
best ?



Genome annotation 
pipelines/servers 

for 
Prokaryotes







PGAP pipeline of NCBI, available as tool



JGI-IMG



Genome annotation 
pipelines/servers 

for 
Eukaryotes



MAKER-2



MAKER-P



BRAKER1



BLAST2GO

• For all type of genomes.
• InterPro, KEGG pathways and GO etc. integrated.



KASS server for Pathways



Tools





Burkholderia sp. SJ98

(Bhushan, et al., 2000, Samanta, et al., 2000; Pandey et al., 2012)



Microbial Genome assembly and annotation

Reads

Contigs (79)

Genome assembler 
(e.g. Newbler)  

Burkholderia sp. 
SJ98 Genome

Annotated 
genome

Annotation servers and 
manual annotation.

RAST, PGAAP, KAAS 
etc..

Roche’s 454 

NNNScaffolds (17) NNN



Scaffolds (17 with 58,174 Ns) Illumina Sequencing 

Gap filling by Gap 
Closer tool  

Assembly of reads 
by SOAPdenovo

Contigs

Scaffolds (17 with 811 Ns)

BLAST

Scaffolds (14 with 0 Ns) Annotation



Ø Sequenced by Illumina and Roche’s 454 technologies.

Ø Assembly by Hybrid approach with SOAPdenovo, Gapcloser and Newbler

software packages.

Ø Some gaps were filled by Sanger’s sequencing.

Ø Genome annotation by PGAAP pipeline and RAST.

Ø Phylogenomics on the basis of rpoB gene.

Ø Identification of chemotaxis genes.

Ø Comparison of chemotaxis gene clusters with related strains.

Ø (

Burkholderia sp. SJ98

(Kumar et al., J. Bacteriol. June 2012; Kumar et al., PLoS ONE 2013)

Whole genome annotation of nitroaromatic compounds degrading bacteria



Phylogenomics of Burkholderia sp. SJ98

16s  rRNA  
gene tree

RpoB protein 
tree



Characteristics Burkholderia
sp. SJ98

Burkholderia
sp. YI23

Burkholderia
sp. CCGE 

1001

Burkholderia
sp. CCGE 

1002

Burkholderia
sp. CCGE 

1003
Length (bp) 7,878,727 8,896,411 6,833,751 7,884,858 7,043,595

GC content 62.68% 63.26% 63.63% 63.27% 63.25%

No. of protein 
coding genes

7,268 7,804 5,965 6,889 5,998

No. of tRNA
genes

52 64 62 73 63

Genome characterization of Burkholderia sp. SJ98 and 
compared strains.

(Kumar, et al., PLoS ONE 2013)

Whole genome annotation of nitroaromatic compounds degrading bacteria





Gene Species
E.coli Burkholderia

sp. SJ98
Burkholderia
sp. YI23

Burkholderia
sp. CCGE 
1001

Burkholderia
sp. CCGE 1002

Burkholderia
sp. CCGE 
1003

CheA 1 2 2 2 2 3

CheB 1 4 2 4 3 3

CheC 0 1 0 2 1 2

CheR 1 3 3 2 2 3

CheW 1 5 4 2 2 3

CheY 1 2 1 0 0 0

CheZ 1 1 1 1 2 1

MCPs 4 19 12 22 21 32
Total 10 37 25 35 33 47

Number of chemotaxis genes in different species 

(Kumar, et al., PLoS ONE 2013)

Whole genome annotation of nitroaromatic compounds degrading bacteria



Comparison of chemotaxis gene clusters in 
Burkholderia strains 

(Kumar, et al., PLoS ONE 2013)

Whole genome annotation of nitroaromatic compounds degrading bacteria



12 other bacterial genome drafts (Published)…..



Debaryomyces hansenii MTCC 234

Short Reads

Annotated genome

Contigs

Filtered Short Reads

Illumina GAIIX 

Velvet v1.1.06  

MAKER pipeline

FASTx toolkit 

Genome size 11.46-Mb

Contigs 
produced

542

Protein coding 
genes

5,294

rRNAs 3

tRNAs 69

Ø Of these, 5,069 proteins could be

mapped to the UniProt database.

Ø Genes for riboflavin metabolism and,

pentose and glucuronate inter

conversion pathway have been found.

Debaryomyces hansenii MTCC234 

Kumar et al., Eukaryot Cell. 2012 



Short ReadsShort Reads

Filtered Short ReadsFiltered Short Reads

ContigsTranscripts

Annotated genome

Transcriptome Genome

Illumina GAIIX 

FASTx and SeqQC toolkit 

SOAPdenovo1.04  TopHat & Cufflinks  

Rhodosporidium toruloides MTCC 457

Maker pipeline
•RepeatMasker
•Exornate
•Augustus
•Genemark
•Fgenesh
•SNAP

Kumar et al., Eukaryot Cell. 2012 





http://crdd.osdd.net/raghava/genomesrs/burkholderia/



http://crdd.osdd.net/raghava/genomesrs



q All in one pipeline for :-
Ø Filtering of short reads
Ø Genome assembly from 

filtered reads
Ø Genome annotation from 

contigs.
q Software packages:-

Ø NGSQC toolkit (Patel & 
Jain, 2012) to filter NGS 
raw data.

Ø Velvet (Zerbino & Birney, 
2008) for assembly.

Ø PROKKA (Prokka: 
Prokaryotic Genome 
Annotation System -
http://vicbioinformatics.co
m/) for annotation. 

http://crdd.osdd.net/raghava/genomesrs/genotrick/

Genotrick- A Pipeline for whole genome 
assembly and annotation 



Genomics data for Human 



1. Whole genome sequencing
2. RNA-seq
3. Exome capture
4. Small RNA sequencing for Non coding RNA study
5. Degradome sequencing
6. CHIPseq-for specific protein binding site;

genomewide.
7. Hi-C data analysis for 3D architecture of genome
8. Many more …….

Applications of NGS for human



Exome seq. data 
(Short reads)

Alignment files

Filtered reads

Detection of SNPs and 
Somatic variationsMutation effect on 

proteins

Processed 
alignment files

Human ref. genome

Drug-Target 
relationship

Disease prediction
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Fastq format

.VCF format

Fastq format

.bam format

.sam format

5

4

3

2

1

BWA, Bowtie and Maq

NGS-QC toolkit, FastXQC and FASTQC

SAMtools

Varascan, SNPmix, SOAP, vcftools

VAAST and Annovar

Exome sequencing



1000 Genome Project
Total Samples – 1,182
Processed samples – 1,092 
Coding genes having 

variations – 13,144 

Annotation of variations 
(Genes and proteins)

Conversion of 
variant file into 

annovar input file

Chromosome wise VCF 
files of human 
chromosomes 

Individual wise 
Extraction of variants  

Vcftool and 
tabix

1

2

Annovar command 
(annotate_variation.pl) 3

Annovar command 
(convert2annovar.pl)

Whole genome sequencing data





Identifying fusion transcripts using 
Next Generation Sequencing



What are Fusion transcripts ?

a) Fusion of two transcripts, may be coding of non coding.

a) Traditionally, detected in various tumors and stabilized as
biomarkers
• BCR-ABL: Chronic myelogenous leukemia
• TMPRSS2-ERG : Prostate cancer
• EML4-ALK : Lung cancer

b) Fusion transcripts have also been found in non-neoplastic 
tissues too (Qin, F. et al. 2015).

a) In other organisms also i.e. Mouse and Fruit fly (Frenkel-
Morgenstern M et al. 2013).



Fusion transcripts formation at DNA level

Wiley Interdisciplinary Reviews: RNA 7 (6), 811-823



RNA level: Trans-Splicing vs. Cis-Splicing

Pre-mRNA

mRNA

A B

A-B

Pre-mRNA

mRNA

A B

A-B

a) Trans-Splicing of different transcripts

b) Cis-Splicing of neighboring genes

Modification of Genome Research 22 (7): 1231–1242.



Fusion transcripts detection tools

a) Several tools available for
RNA-Seq reads

b) Some tools requires both
RNA-Seq and Whole Genome
Sequencing reads

c) Some consider single-end
reads and other require
paired-end reads

d) Latest tools are also accepting
reads produced by Third
generation sequencers i.e.
PacBio.



Our questions …

a) Which tool produce maximum true fusion ?
b) Overlap between the results of different tools ?
c) Which is taking less

1. Computational time ?
2. Memory (RAM) ?

d) Is there any detection in the data that does not have
fusion ?

1. If yes, then which tool produce minimum false fusions ?
2. Factors alter the false fusion detection ?

Any previous attempt for this ? 

a) In 2013, Carrara et. al. compared only six tools with positive
and negative datasets.

b) No time and RAM comparison
c) Latest tools had not compared



a) Positive dataset (by Fusionmap developers)
1. Simulated paired-end RNA-Seq reads (~60,000 pairs of reads,

75nt length
2. Representing 50 fusions

b) Negative dataset (by Carrara et. al. 2013)
1. Simulated reads of length 100nt, 75nt and 50nt prepared
2. For each length, we have two sets of different quality scores

c) Mix dataset (Positive + Negative)
1. Positive dataset mixed with 75nt negative data (70,000,000

paired-end reads)
2. Represents 50 fusions, embedded in reads, does not have fusion

d) Test data (Our real data)
1. Data from our previous study (Qin, F. et al. 2015)
2. 6 RNA-Seq runs of prostate cancer cell line
3. Two large and four small RNA-Seq data

Datasets for comparison study



Publication 



Another research 



ü Fusion genes 
• Identification
• Importance

ü Fusion finders
• Mechanism
• Comparison
• Future

Our Review 
ü Benchmarking  studies

• Pros and cons
• Importance

ü Future directions
• Tool Development
• Data types
• Further comparisons

Kumar, S., Razzaq, S. K., Vo, A. D., Gautam, M. and Li, H. (2016), Identifying fusion 
transcripts using next generation sequencing. WIREs RNA. doi:10.1002/wrna.1382. 
PMID: 27485475



Cover Image…



Fusion transcript in normal tissue samples

Analysis of the Human Tissue-specific Expression by Genome-wide Integration of
Transcriptomics and Antibody-based Proteomics.
Mol Cell Proteomics 2014 13: 397-406.

• The human tissues and organs 
analyzed by the transcriptomics 
analysis. 

ü 27 Human Tissues RNA-Seq 
samples.

ü 201 RNA-Seq Runs.
ü 22,107 unique fusions identified 

by Ericscript.



Distribution of fusion RNAs

Recurrent (in >1 samples) gene fusions



Expression based clustering

Fusion based clustering



Normal tissues



http://gtexportal.org/home/

A total of ~10,000 RNA-Seq samples analyzed



Publication 



Fusions in Cancer tissues



Thank You !!

shailesh@nipgr.ac.inshailesh@nipgr.ac.in


