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ABSTRACT 

 

As sequencing technologies progress, focus shifts towards solving bioinformatic challenges, of which 

sequence read assembly is the first task. In the present study, we have carried out a comparison of two 

assemblers (SeqMan and CLC) for transcriptome assembly, using a new dataset from Cucumis melo. 

Between two assemblers SeqMan generated an excess of small, redundant contigs where as CLC generated 

the least redundant assembly. Since different assemblers use different algorithms to build contigs, we 

followed the merging of assemblies by CAP3 and found that the merged assembly is better than individual 

assemblies and more consistent in the number and size of contigs. Combining the assemblies from different 

programs gave a more credible final product, and therefore this approach is recommended for quantitative 

output. 
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1. INTRODUCTION 

 
Cucurbitaceae is an important family in the plant kingdom, whose importance is just after 

Graminae, Leguminosae and Solanaceae. Over the past several years, the genome sequencing of 

many crops in Cucurbitaceae has been completed, such as cucumber [1], muskmelon [2] and 

watermelon [3]. 

 

Abiotic stress factors negatively impact the agricultural production systems world over. Genetic 

enhancement of agricultural species for abiotic stress tolerance has not met with much success. 

This information is lacking for most of the economically important traits such as moisture stress 

in melons. In the present study we used transcriptome data of musk melon for assembly and these 

set of assembled transcripts allows for initial gene expression studies. 
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RNA-seq is cost-economic and time-saving, particularly compared to traditional expressed 

sequence tag (EST) sequencing and it can generate transcriptome data for non-model species by 

means of incomplete genome information [4]. In addition to profiling gene expression, RNA-seq 

has shown powerful applications in areas, such as cataloguing of non-coding RNAs, investigation 

of the transcriptional structure of genes and splicing patterns and the study of posttranscriptional 

modification and mutations [5]. Conventionally, transcriptome projects have been continued to 

run on Sanger dideoxy-sequenced expressed sequence tags. However, the second-generation 

sequencing technologies provide much higher throughput than Sanger sequencing at a lower cost 

per base, these new technologies are progressively more used. Massively parallel sequencing 

platforms, such as the Illumina, Inc. Genome Analyzer, Applied Biosystems SOLiD System, and 

454 Life Sciences (Roche) GS FLX, have provided an unprecedented increase in DNA 

sequencing throughput. At present, these technologies generate high-quality short reads from 25 

to 500 bp in length, which is considerably shorter than the capillary-based sequencing 

technology.  

 

The three platforms offer a variety of experimental approaches for characterizing a transcriptome, 

including single-end and paired-end cDNA sequencing, tag profiling, methylation assays, small 

RNA sequencing, sample tagging  to permit small sub sample identification, and splice variant 

analyses [6]. RNA-seq has high dynamic range of detection i.e. very low and very high 

abundance transcripts can be detected with RNA-seq while microarrays lack sensitivity to detect 

genes expressed at either high or low levels. Using this technique several genes were detected that 

are expressed during berry development in Vitis vinifera [7].  

 
In parallel with the technological improvements that have increased the throughput of the next 

generation short read sequencers, many algorithmic advances have been made in de novo 

assemblers for short read data.  Prior to the development of transcriptome assembly computer 

programs, transcriptome data were analyzed primarily by mapping on to a reference genome. 

Though genome alignment is a robust way of characterizing transcript sequences, this method is 

disadvantaged by its inability to account for incidents of structural alterations of mRNA 

transcripts, such as alternative splicing [8].  A number of assembly programs are available today. 

Although these programs have been commonly successful in assembling genomes, transcriptome 

assembly presents some distinctive challenges. High sequence coverage for a genome may 

possibly indicate the occurrence of repetitive sequences, for a transcriptome, they may indicate 

abundance. In addition, unlike genome sequencing, transcriptome sequencing can be strand-

specific, due to the possibility of both sense and antisense transcripts. Finally, it can be difficult to 

reconstruct and tease apart all splicing isoforms [9]. 

 

2. MATERIALS AND METHODS 

 
2.1. Materials 

 
In the present study we used transcriptome data of Cucumis melo var.agrestris. The accession of 

the material used was selected after an initial screening of several accessions for moisture stress 

tolerance. Plants were grown under a rain-out shelter, with normal irrigation conditions and 

moisture stress conditions where plants were subjected to moisture stress at 30 days after sowing 

without giving irrigation in case of stress condition. Fresh leaves were collected from plants 60 
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days after treatment and immediately submerged in RNAlater for storage without jeopardizing 

the quality or quantity of RNA. RNAlater eliminates the need to immediately process tissue 

specimens or to freeze samples in liquid nitrogen for later processing. Total RNA was extracted 

from leaves using TRIZOL RNA isolation protocol followed by cDNA preparation using Life 

Technologies cDNA synthesis kit. ABI SOLiD sequencing platform was used to sequence cDNA 

samples. A total of 47,035,393 and 45,152,235 high quality unique reads of transcriptomic data 

for control sample and stress sample were used in this study (Table 1).  

 
Table 1. Read Statistics 

 

 Description Control Stress 

    

 Raw reads control.csfasta stress.csfasta 

 Raw reads control_QV.qual stress_QV.qual 

 No of reads 47,035,393 45,152,235 

 

2.2. Assembly 

 
De novo or reference-independent strategy is used to directly assemble transcripts by finding 

overlaps between the reads. This strategy is applied when a reference genome is not available or 

is poorly annotated. A number of transcriptome assembly programs have been developed like 

Trans-ABySS [10], Multiple-k [11], Rnnotator [12], Oases [13], Trinity [14], SOAPdenovo2 [15] 

and SSP [16].  

 

There are two fundamental approaches in algorithms for short-read assemblers: overlap graphs 

and de Brujin graphs. Most established assemblers that were developed for sanger reads follow 

the overlap-layout-consensus paradigm. They compute all pair-wise overlaps between these reads 

and capture this information in a graph. Each node in the graph corresponds to a read, and an 

edge denotes an overlap between two reads. The overlap graph is used to compute a layout of 

reads and a consensus sequence of contigs. De Brujin graphs reduce the computational effort by 

breaking reads into smaller sequences called k-mers, where parameter k denotes the length in 

bases of these sequences. The de Brujin graph captures overlaps of length k-1 between these k-

mers and not between the actual reads. By reducing the entire data set down to k-mer overlaps the 

de Brujin graph reduces the high redundancy in short-read data sets. In this study, we used three 

assemblers: CLC Genomics work bench, DNA STAR’s SeqMan NGen and CAP3 for hybrid 

assembly. For each assembler, we used the default parameters suggested for transcriptome 

assembly. These assemblers differ in the algorithms used and how they treat individual reads. 

SeqMan and CAP3 use variations of the Overlap- Layout-Consensus (OLC) strategy where as 

CLC uses de Bruijn graph path finding. Table 2 shows the Features of assembly programmes 

compared in this study. 
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                              Table 2. Features of assembly programmes compared in this study 

 

Assembler Type 
Splits 

reads 
Author URL 

CLC 
de Bruijn 

graph 
Yes CLC 

 http://www.clcbio.com/ 

 

SeqMan 

NGen 
OLC No DNA STAR 

http://www.dnastar.com/t-products-

seqman- ngen.aspx 

 

 

2.3. Comparison of assemblers 

 
In the present study first we used CLC Genomics Workbench. Its de novo assembly algorithm 

offers extensive support for a variety of data formats, including both short and long reads and 

mixing of paired reads. Parallelly, de novo assembly was also run on DNA STAR’s SeqMan 

NGen. SeqMan NGen is groundbreaking sequence assembly software that has the ability to 

assemble any size transcriptome quickly and accurately. It assembles data from all next- 

generation sequencing platforms.  

 

2.4. Merging assemblies to improve credibility 

 
Once the tens to hundreds of thousands of short reads have been produced, it is important to 

correctly assemble these to estimate the sequence of all the transcripts. Most transcriptome 

assembly projects use only one program for assembling sequencing reads, but there is no 

evidence that the programs used to date are optimal. Different algorithms are used in different 

assembly programs to derive final contigs. These algorithms may model different portions of the 

transcriptome with different accuracies [17]. We combined two assemblies at a time by treating 

their contigs as pseudo-reads and assembled using CAP3. 

 
CAP3 assembly algorithm consists of three major phases. In the first phase, 5’and 3’ poor regions 

of each read are identified and removed. Overlaps between reads are computed. False overlaps 

are identified and removed. In the second phase, reads are joined to form contigs in decreasing 

order of overlap scores. Then, forward–reverse constraints are used to make corrections to 

contigs. In the third phase, a multiple sequence alignment of reads is constructed and a consensus 

sequence along with a quality value for each base is computed for each contig. Base quality 

values are used in computation of overlaps and construction of multiple sequence 

alignments [18].  
 

3. RESULTS AND DISCUSSION 

 
CLC was the fastest assembler when compared to DNA STAR and used the least amount of 

memory. The CLC assembly cell user manual [19] states that it achieves this remarkable speedup 

over other assemblers by utilizing de Bruijn graphs rather than the traditional OLC paradigm, by 

efficiently using multiple cores, and by optimising low level machine code. De Bruijn graph 

assemblers split reads into overlapping k-mers and utilize short reads with high coverage 
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efficiently to make large contigs possible, but for transcriptome datasets where different contigs 

may have varying and often low coverage, they are unlikely to be optimal. DNA STAR generated 

more no. of contigs and shorter contigs over all (Table 3).  
 

Table 3. Results of CLC and SeqMan NGen 

 

Statistics 
CLC SeqMan NGen 

Control Stress Control Stress 

No. of contigs  

produced 
564 586 32,546 36,628 

N50 283 284 740 748 

Maximum 

transcript length 
1116 1198 1051 1136 

 

Minimum 

transcript length 

 

             200 

 

     200 

 

              60 

 

     98 

 
CLC generated the least redundant assembly, a direct consequence of using a de Bruijn graph 

algorithm. The CLC assembly was poorer, signifying that this assembly is more fragmented than 

others. We improved the assembly by merging two assemblies at a time using a traditional OLC 

assembler (CAP3). Merging of assemblies performed with different programs is a frequently used 

approach in genome assembly projects, especially those that employ multiple sequencing 

technologies. Application of this strategy to the problem of de novo transcriptome assembly 

appears particularly useful. After merging the initial assemblies from CLC and DNASTAR, 

CAP3 generated larger transcripts (Table 4). Figure 1 shows CAP3 assembly statistics. 

 
Table 4: CAP3 assembly statistics 

 

Statistics Control Stress 

No. of transcripts produced 12859 13448 

N50 904 900 

Maximum transcript length 2665 3039 

Transcripts > 2000bp 35 34 

1000<transcripts<2000bp 1973 1995 

500<transcripts<1000 3859 3868 

Transcripts<500 6992 7551 
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Figure 1. CAP3 Assembly Statistics 

4. CONCLUSION 

 
We compared two assembly programs in this study in which DNA STAR uses OLC assembly 

strategy where as CLC uses de Bruijn graphs. The CLC de novo assembler is clearly a step in the 

right direction because its de Bruijn graph algorithm achieves reasonable results in very little time 

on large datasets. Perhaps the way ahead is to use the de Bruijn graph approach for transcripts 

with high coverage and the OLC approach for transcripts with low coverage. Hybrid assembly 

strategy delivers robust contigs from intermediate assemblies produced by current programs, and 

this strategy is likely to be of utility in deriving the best assemblies from future programs as well. 

These set of assembled transcripts for both the samples will be functionally annotated in order to 

find out the differentially expressed genes which will greatly aid in development of melon 

cultivars with tolerance to moisture stress. 
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