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Background

The field  of  molecular  genetics  is  developing  rapidly.  Microsatellites  and  mitochondrial 
DNA markers have been widely used in genetic diversity studies (Rosenberg et al. (2001); 
Johnson  et  al.  (2003);  Granevitze  et  al.  (2007);  Tixier-Boichard  et  al.  (2009)).  In  labs 
conducting such studies, a part of data is stored in electronic form while another part is kept 
in lab books (papers).  Biologists often use spreadsheets (e.g.  Excel) to handle their data. 
Each scientist has a personal method to handle data. Consequently, it is difficult to search  
and share data among scientists and projects. Data loss can happen after visiting scientists  
leave the lab. Furthermore, creation of reports and conversion of data are time-consuming 
and  prone  to  errors  because  most  of  the  operations  are  carried  out  manually.  These 
challenges  have  raised  the  needs  of  developing  an  information  system (IS).  AGL-LIMS 
(Jayashree et al. (2006)) and GSC-LIMS (Wendl et al. (2007)) were developed to address  
this field. However, the former was developed only for genotyping workflows in plants but 
not for sequencing workflows. Moreover, management of individuals and storage locations 
of samples are not supported. In contrast, the latter addressed capturing data of sequencing 
workflows  but  not  for  genotyping  workflows.  Therefore,  our  objective  is  to  design  a 
formalized  data  model  and  implement  an  integrated  IS  for  both  DNA  sequencing  and 
microsatellite genotyping workflows. To achieve this objective, the following requirements 
must be met.

Data management and retrieval. The data model should be designed at a general level to 
meet common needs in different labs. The IS can follow tasks in workflows to capture and 
store  all  original  data in  a  central  database.  It  can provide basic functionality to search, 
update and delete stored data. Tracking of samples and recording of raw files can be carried 
out independence of sequencer architecture.  In  addition, the system can generate reports, 
extract raw data and convert final data to various formats. 

Technical requirements.  The IS must be an open source Web-based database application 
which is freely available to use, distribute, and modify without restrictions. It must provide a  
mechanism for user authentication and data security. The user interface should be easy to use 
under various standard Web browsers. The IS can be installed on various platforms such as 
Linux and Windows with a simple installation procedure.
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Design and Implementation

Design of Data Model.  On the basis of the formalized workflow for data integration from 
three labs (Cong et al. (2008)), a generic data model was created. It  consists of 23 tables, 
which can be divided into three major groups. The first group is used to store all common 
data in the system. It manages contacts, protocols, and references to foreign keys such as 
breeds,  species,  material  types,  vessel  types,  electrophoresis  methods,  primers,  etc..  The 
second group stores data of individuals, samples (e.g. blood, tissue) and DNA. The last group 
records the details of tasks in the workflow. For example, it collects the identification of  
samples used in DNA extraction, PCR amplification, and electrophoresis. This group also 
stores raw files (e.g. electrophoresis products) and final data (sequences and microsatellites).

Application  Implementation.  Component-based  software  engineering  and  Web 
technologies  are  applied  to  develop  our  IS.  It  is  implemented  on  the  basis  of  APIIS 
(Groeneveld (2004)), using Apache2 and PostgreSQL as Web server and database back-end, 
respectively.  The Perl source code implements six modules shown in Figure 1. These are 
divided  into  three  groups  including  access  right  management  (M1),  data  collection  and 
management (M2, M3 and M4) and data extraction (M5 and M6).

Access right management.  All users must be authenticated in order to use the system. Each 
user is granted a system role and a database role. The system roles (e.g. user administrators,  
lab managers, scientists and visitors) provide access rights to the modules. The database roles 
(e.g. read, write, delete) determine the rights of database manipulation. Therefore, different 
users have different rights to deal with system functionality and tables in the database. 

Figure  1: The  front-end  of  MolabIS  is 
specified  by  six  modules  divided  into  3 
groups  (3  different  colors).  Each module 
provides system functionality built from a 
set  of  sub-modules.  Each  sub-module 
(shown  as  an  item)  has  an  interface  to 
allow end-users  to communicate  with the 
database at the back-end.

Figure 2: The MolabIS Controller links 
back-end  components  to  implement  3 
functional  groups.  APIIS  ARM:  access 
right  management;  Form  Creator, 
Workflow  Manager  and  Load  Objects: 
data collection and management; Report 
Maker  and  Data  Converter:  data 
extraction.



Data collection  and management.  In  order  to  enter  data for  the workflow in M2,  some 
prerequisite  references to foreign keys (species,  contacts, protocols, markers, storage, etc.), 
which  are  often  picked  from  drop-down  lists  in  entry  forms,  must  be  recorded  in  the 
database.  This  work  is  supported  by  M3.  All  sub-modules  in  M2  are  mainly  used  for 
collecting  data  of  DNA sequencing  and  microsatellite  genotyping  workflows.  Each  sub-
module is used for one step in the workflow. The sub-modules in M4 allow users to retrieve  
and modify their data. These modules are implemented through many components. All user 
requests  are  processed  by  MolabIS  Controller at  the  back-end  (Figure  2).  When  a  user 
requires  a form for a  certain sub-module,  Form Creator  makes a new form from a pre-
defined HTML template. Since a sub-module in M2 can consist of a sequence of entry forms, 
Workflow Manager  monitors data changes from these forms to support  reloading data.  It 
combines data from the forms of a sub-module to make a final data set which is ready to be 
inserted into the database. Requests on data update are carried out by Load Objects  (LOs). 
Each LO is a sub-routine written in Perl to execute the data transaction of a sub-module in 
M2, M3 and M4. All data coming into MolabIS Database is checked via a set of business 
rules pre-defined in a data model file (a XML file). The model file is accessed by LOs for 
checking the validations and constraints of data before database manipulations are executed.  
Inside a LO, a data transaction, which often has many database manipulations (e.g. insert,  
update,  delete),  either  fails  (none  of  the  actions  are  performed)  or  succeeds  (all  are 
performed). 

Data extraction. M5 and M6 are used for generating reports and exporting data, respectively. 
The former functionality is implemented through Report Maker using JasperReport libraries 
(He elfinger  (2006))  which  ff generates reports  in  PDF  format.  A  report  can  be  lists  of 
projects, contacts and individuals; information about samples, DNA and storage places of a 
given project. The system can make statistics of sequences,  microsatellites by markers of 
either a specific project or all projects. Besides, it can provide a summary of data volume in 
the entire lab or make a chart of sample distribution over breeds. The functionality of data 
exporting is carried out by Data Converter using BioPerl (Stajich et al. (2002)) and other 
components. The system can extract stored consensus sequences from different projects to a 
single file in various formats (e.g. FASTA, NEXUS, PHILIP, MEGA, etc.). It also allows 
users to upload a FASTA file and convert it to other formats. For microsatellites, the system 
exports  microsatellites  of  a  project  to  3  data  formats  (one-column  diploid,  two-column 
diploid, and one-column haploid). The output file can be converted to either EXCEL or CSV 
format.

Results and Conclusion

The MolabIS application was written in approximately 40000 lines of code. MolabIS is a 
Web-based database application which allows end-users to enter, search, retrieve and share 
data via a Web browser (Firefox 3+, IE 7+, Safari 9+) in a secure manner. The workflow 
module allows scientists to upload a large number of samples, DNA and final data from data  
files. All raw files even from different sequencers are stored in the database in a uniform 
way. MolabIS supports managing individuals from any species and breed, samples from any 
genetic material type and protocols in any format.



MolabIS benefits both lab managers and scientists. For managers, it saves a lot of time for  
searching  data  relevant  to  a  certain  sample,  keeping  track  of  running  projects,  making 
statistical  reports.  MolabIS  ensures  full  documentation  of  genotyping  and  sequencing 
experiments even with short term lab users and a variety of sequencers. For scientists, the 
system helps  to  store their  data safely to  avoid data  loss.  Besides,  it  also supports  data 
conversion to allow direct use in other software packages.

All  modules  have  been  tested  by  third  parties.  Technical  bugs  have  been  reported  by 
computer  scientists  while  system  functionality  has  been  checked  by  biologists.  The 
functionality has been also evaluated by scientists on the occasion of two MolabIS training 
workshops. Data migration, rarely supported in information systems, is considered in our 
project. Thus, a Perl script for loading historical data in a batch loading mode is included. 
This  tool  can  automatically  transfer  a  large  number  of  data  records  on  individuals  and 
samples, raw files and file data. The data migration has been done for two labs in Germany 
and Vietnam. MolabIS is also being used in these labs to record data for new projects.

Released  under  the  GPL license,  the  source  code and  user  guide  of  MolabIS  are  freely 
available. The software package is distributed as an appliance in which all components and 
services including MolabIS are installed and configured. The appliance is ready to run on 
Linux and Windows platforms by using a free player such as VmWare Player or VirtualBox. 
We also provide a live demo allowing users to evaluate MolabIS without installation. All are 
available at the project homepage (http://www.molabis.org).

Acknowledgements

This study was funded by Bundesministerium für Bildung und Forschung (BMBF, project 
number: VNB 03/B14).

References

Cong, T.V.C., Duchev, Z. I., Groeneveld, E. (2008). RIVF Intern. Conf., 235–238.

Granevitze, Z., Hillel, J., Chen, G. H., et al. (2007). Anim. Genet., 36:576–583.

Groeneveld, E. (2004). Livest. Prod. Sci., 87:1–12.

He elfinger, D. R. (2006). ff Packt Publishing, ISBN:1-904811-90-6.

Jayashree, B., Reddy, P. T., Leeladevi, Y., et al. (2006). BMC Bioinformatics, 7:383+.

Johnson, J. A., Toepfer, J., Dunn, P. (2003). Molecular Ecology, 12:3335–3347.

Rosenberg, N. A., Burke, T., Elo, K., et al. (2001). Genetics, 159:699–713.

Stajich, J. E., Block, D., Boulez, K., et al. (2002). Genome Res.,12:1611–1618.

Tixier-Boichard, M., Bordas, A., Rognon, X. (2009). World's Poultry Sci., 65:272–285.

Wendl, M., Smith, S., Pohl, C., et al. (2007). BMC Bioinformatics, 8:362+.


	Background
	Design and Implementation
	Results and Conclusion
	Acknowledgements
	References

