
 
 
 
 

Handling and analysis of high throughput sequence datasets 
 

 
1. Introduction 
The recent publication of the first complete sequencing of one of the plant parasitic 
nematode species, Root-knot nematodes (Meloidogyne incognita), is a big step in the 
field of plant nematology.  Having M. hapla available side by side to M. incognita 
genome will create possibilities to study plant nematode interaction on the molecular 
level by means of comparative genomics. Furthermore, it will enrich the power of 
analyzing plant parasitic nematodes from an evolutionary perspective. On the other hand, 
the analysis of plant parasitic nematode transcriptome will shed the light on the 
parasitism dynamics and the bidirectional regulation between the plant parasitic 
nematodes and their host.  
We are interested in studying the dynamics of the molecular changes in the nematodes 
and their host through the course of the infection. We are specifically interested in 
studying H. Schachtii parasitism on Arabidopsis thaliana.  In this approach, we study the 
transcriptomic changes in the nematodes and their host at certain time points that 
resembles, developmentally, the same time points in H. schachtii and A. thaliana. This 
will make it possible to form a parallel transcriptome analysis before and during the 
nematode infection. Comparing these two datasets can help progressing our 
understanding of the plant-nematode bidirectional regulation. 
Performing this analysis will include high throughput data that will result in a big amount 
of molecular data these data needs to be handled bioinfomatically in specific manner that 
can facilitate using it in an efficient way.  
Many high throughput bioinformatics tools were created or changed to match the target 
of the handling, processing and the annotation of M. incognita genome sequences. The 
target of attending the COST course, which is to be reported here, was learning how to 
use these bioinformatics tools in order to progress our study in an efficient manner. 
 
 
2. Collecting and preparing the sequence databases 
Some sequence databases had to be prepared in order to be used through the course as 
examples to test and learn the bioinformatics tools. These databases were prepared 
primarily as fasta files out of the available M. incognita, C. elegans, H. schachtii and H. 
glycines ESTs, genomic, and protein sequences. The addition of C. elegans, with its 
advanced genomic and proteomic status, among the plant parasitic nematodes can be 
used to predict and/or to confirm bioinformatics results from further analysis.   
 
3. Minimizing redundancy in the ESTs datasets 
Most of the time, the available ESTs datasets contain a big number of redundant 
sequences. These sequences can sometimes conflict with further analyses, cause delay in 



processing a large scale BLAST analysis, and at last show redundant sequences as 
independent BLAST hits. In order to avoid these drawbacks, all ESTs datasets had to be 
analyzed by the CD-HIT tool. This tool is able to perform analysis on the ESTs based on 
certain criteria that were previously determined. One of these possibilities is forming a 
new dataset that consists of the longest ESTs and skipping all ESTs that are included as a 
part of any other longer EST and share 100% similarity in their overlapping sequence. 
Different cut off for the degree of similarity can be selected. However, the criteria that 
would be used for this analysis has to be selected carefully not to delete a useful piece of 
data and to reach at the same time the maximum efficiency of reducing the redundancy in 
the ESTs databases.  
As an example, CD-HIT was used to reduce the redundancy of the H. glycines ESTs 
dataset by detecting around 20% of the available ESTs to be assigned as redundant 
sequences. Furthermore, the CD-HIT program offers the possibility to analyze the 
number of the certain sequence lengths that are included in the resulted dataset. The 
resulted table from H. glycines EST-dataset is shown in (Fig. 1). 
 
 

Size No. seq No. clstr 1-50 51-100 101-200 201-500 500-10000 
1 34994 34994 5731 9387 11833 7223 832 
2 8608 4304 326 789 1683 1333 175 

3-5 5502 1624 100 194 593 632 105 
6-10 1243 171 29 34 44 44 20 
11-20 638 47 13 14 9 7 4 
21-50 467 16 9 2 4 0 1 
51-100 279 4 4 0 0 0 0 

100-10000 428 3 1 2 0 0 0 
Total 52159 41163 6213 10422 14166 9239 1137 

 
Figure 1. The table of the H. glycines ESTs analysis by CD-HIT program. The 

table shows the number of sequences, the number of clusters, number of sequences 
categorized based on size. 
 
 
4. OrthoMCL 
After the preparation of the sequence datasets, datasets from different sources and species 
were applied to be analyzed by OrthoMCL program. This program is able determine the 
orthologs of genes of the applied dataset to each other. The output shows the target gene 
and its orthologs in the different taxa that was applied. Furthermore, the OrthoMCL 
output is very useful to define genes that were lost in one or more of the target taxa. On 
the other hand, it can show as well whether a certain gene was duplicated in one or more 
of the target taxa. As an example, Figure 2 shows a small part of the OrthoMCL results. 
   
 

ORTHOMCL0(740 genes,2 taxa): HSC00514_1_1(HSC prot.fsa)US20070271630_119884(glycines)… 
ORTHOMCL1(578 genes,1 taxa):  US20070271630_124367(glycines-cdhit-100) … 
ORTHOMCL2(458 genes,1 taxa):  US20070271630_124536(glycines-cdhit-100) … 
ORTHOMCL3(310 genes,1 taxa):  US20070271630_124390(glycines-cdhit-100) … 
ORTHOMCL4(292 genes,2 taxa):  HSC00127_1_2(HSC-prot.fsa) HSC00664_1_2(HSC-prot.fsa) … 

 



Figure 2. A small part of the OrthoMCL analysis of Heterodera schachtii and  
Heterodera glycines ESTs sequence-datasets.  
 
 
It is to be observed that using more taxa in this analysis can help in getting more reliable 
results. This appeared by resulting in some clusters that have huge number of one taxa as 
orthologs in comparison to few or one gene from the other taxa. On the other hand, 
having such fragmented datasets like partial ESTs datasets as a source for the analysis is 
another reason for having so many genes from one species in comparison with the other 
species. 
 
 
4. Alignment, BLAST, and phylogeny 
One of the useful tools to analyze a set of given sequences that belong to different taxa is 
to align them. One of the programs that were used in this course for making global 
multiple alignments is Jalview, it has several options that can be very helpful to apply the 
alignment and to analyze the results visually. Furthermore, Blastall was downloaded and 
installed under Linux system to run an automated similarity analysis for the available 
sequences of H. schachtii database to the sequences of M. incognita database.  
Several programs are available to draw and visualize phylogenetic trees. We used 
primarily in this coarse phylogenetic trees that were drawn by using Jalview program. 
Nevertheless, further analyses were done to draw a more trustable tree were done by 
using bootstrapped trees. 
 
5. Apollo and structural annotation 
All previous steps were used to fulfill the need to analyze a large scale sequence data in 
an automated manner. Nevertheless, the accuracy of the results in many cases depends on 
the quality of the dataset and the number and sometimes the evolutionary distance of the 
used species to be analyzed. One of the important tools to analyze the automated 
annotations is to visualize the annotated sequences visually. Apollo is a program that can 
be used to visualize. It enables users to curate annotated sequences, however manually, 
based on comparing visually the used databases and value it based on certain biological 
aspects and knowledge.   
  
Finally, several steps of calculations and bioinformatical tools have to be used in order to 
analyze the large scale data and end up to reliable results. Nevertheless, automated 
annotation has to be considered as a primary step to arrange the data in a meaningful way 
and collect knowledge in an easy way but it has to be curate by further manual 
bioinformatical and biological analyses to assure the reliability of the automated 
annotation. 
 
 
 
 


