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ABSTRACT
In this paper, we describe BiOpenBank, an open source information system devoted to the management of small biobanks. We describe its implementation, technologies that were used in the process of its development and its compatibility with recent standards, regulations and good practices, which present the state of the art in the field of biobanking as well as on the wider field of data management. We demonstrate the integration of BiOpenBank in the process of the analysis of genetic predispositions in psychiatric disorders. 
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1. INTRODUCTION

The term biobank refers to a collection of biological, namely human, animal or plant, samples. Biobanks must handle different processes, such as collection, processing, storage and distribution of biological samples. Each of these must be compliant with a vast amount of requirements [1,2]. For example, storage conditions of samples need to be appropriate to maintain their integrity, access permissions need to be established and controlled, and audit trails of all the changes in the biobank need to be recorded. These requirements are defined by different standards, regulations and good practices, such as ISO 20387:2018 Standard [3], General Data Protection Regulation (GDPR), Minimum Information About Biobank Data Sharing (MIABIS) [4,5] and others. Imposed requirements are however hard to fulfill when data management is performed manually, i.e. without a designated biobanking information management system (BIMS). Recently, several commercially available BIMS platforms have been introduced. These present customizable solutions which are tailored to each user's demands. Moreover, their out-of-the-box compliance with the recent regulations and standards addresses all or at least most of the data protection and integrity requirements dictated either by legislature, common sense and/or good practices. The main problem of these solutions, however, is their cost, which makes them inaccessible for small, non-commercial research laboratories. Different open source BIMS solutions have already been reported recently, such as Advanced Tissues Management Application (ATiM), Baobab [6] and OpenSpecimen [7]. Even though these solutions might seem promising, they are still not fully compliant with the most recent requirements that are constantly being updated [8]. 
Herein, we describe our initiative to develop a comprehensive open source biobanking solution, which would be accessible to all, would be compliant with the most recent standards and regulations, and would allow straightforward customization. The described solution is a direct result of several projects which financed the collaboration within a vast interdisciplinary group of students, mentors and researchers. The group has been working on the implementation of the system from the initial specifications to its programming and testing in a laboratory environment. We describe the integration of the proposed solution in the process of the analysis of genetic predispositions in psychiatric disorders.
2. BIOBANKING STANDARDS AND REGULATIONS

Standards and regulations define the requirements that make the BIMS compliant with legislature, increase the safety and efficacy of the biobank, ensure the biobank integrity, as well as allow easier exchange of the samples and their corresponding data between different laboratories and research groups. Here, we only briefly overview some of these standards and regulations, namely standard ISO 20387:2018 [3], GDPR, MIABIS 2.0 [4,5], FDA 21 CFR Part 11 and ISBE best practices.
The International Organisation for Standardization (ISO) introduced the standard General Requirements for Biobanking ISO 20387:2018 mainly to promote the confidence in biobanking [3]. The standard aims to facilitate cooperation, fosters exchange and assist the harmonization of data and good practices among biobanks, researchers and other parties.
Harmonization of biobanks and facilitation of data exchange is also addressed by MIABIS [4,5]. MIABIS promotes the harmonization of biobanks by following the same set of Standard Operating Procedures (SOPs) and the same medical ontologies. Moreover, it defines the main biobank components and their data models, such as Biobank, Sample collection and Study. 

GDPR is not specifically focused on the regulation of personal data within biobanks. However, biobanks operating within the European Union must comply with its requirements when handling personal data. These data can be collected only after the consent of the natural person has been acquired. Moreover, each individual has a right of the removal of consent, a right of erasure and a right to be forgotten. This means, that in the worst case, all the data belonging to this individual need to be removed from the biobank. 
Part 11 of the Title 21 of the Code of Federal Regulations (FDA 21 CFR Part 11) is focused on the regulation on electronic records and their integrity. One of its main requirements is that all the changes within the system should be automatically logged within the system’s audit trail, which cannot be modified by anyone. Moreover, the system should implement role-privileged limited access.

Last but not least, the BIMS should follow good practices, which are defined by ISBE (Infrastructure for Systems Biology Europe) best practices. These include topics, which are to some extent already addressed by other regulations and common sense.
3. IMPLEMENTATION
Biobank and BIMS requirements defined by recent standards, regulations and good practices served as a set of initial specifications of our system. These were updated with the functional requirements of the target users (collaborating laboratories). Functional requirements included the sample coding and decoding using QR codes, straightforward modularization of the user interface (principal investigator leading the study can choose among the modules, which will be present within the study), and use of the system on an arbitrary computational platform, such as personal computer, mobile phone or tablet, without any installation. 

BiOpenBank was implemented as a web application running on a designated served. The system was designed according to the Model-View-Controller software architecture pattern. Laravel PHP framework was used to enhance the development process, and Laradock was used to configure the system within the docker environment. Data model was implemented within the PostgreSQL database. The source code of the BiOpenBank implementation is available at https://gitlab.com/biopenbank/biopenbank. 
4. INTEGRATION OF BIOPENBANK AND ANALYIS OF GENETIC PREDISPOSITIONS IN PSYCHIATRIC DISORDERS 
In order to perform reliable and reproducible research we have to be able to produce good quality and accessibility of samples and data. The problem of irreproducibility is very persistent as more than half of the errors stem from inappropriate manipulation of the samples during collection, preparation and storage of specimen [9]. There is namely an estimation that out of all preclinical studies 53.3% have errors, which means they are not reproducible. Among the most frequent errors are the ones concerning biological reagents and reference materials (36.1%), study design (27.6%), data analysis and reporting (25.5%) and laboratory protocols (10.8%) [10]. These errors could be mitigated with appropriate standardization of methods and procedures. 
The search for reliable biomarkers in particularly intriguing in psychiatry, as there is currently no established laboratory testing that would aid physicians in their determination of the diagnosis, treatment protocol or monitoring of the patients. For several years genetic testing has been an important research topic that might bring some specific and sensitive biomarker which could be used in clinical setting. Our most important research areas are suicidal behavior and depression, where we are looking for genetic markers.

In order to be able to standardize our procedure of sampling, storing and manipulation of the samples and data acquired during different projects in the field of psychiatric genetics, we studied standards, protocols and other published literature on the topic.

Based on the obtained information we identified the data that has to be included in the BIMS. According to MIABIS we first defined the data regarding the study, which describes the purpose of the research and designates the data and samples we are storing. Further on we defined the data we are going to collect about the study subjects, the sample handling and storage, isolated specimen, and the analyses preformed. 
The second step in the development of BIMS was study and preparation of the SOPs, which were prepared correspondingly to legislation and describe relevant processes in detail. They were prepared in accordance to the National Cancer Institute’s Biorepositories and Biospecimen Research Branch, and are covering the following topics:

1. Informed consent.
2. Equipment monitoring, maintenance and repair.
3. Control of supplies used for biospecimen collection.
4. Biospecimen identification and labeling.
5. Methods for biospecimen collection and processing.
6. Sample storage and retrieval.
7. Shipping and receiving of samples.
8. Laboratory tests performed in-house including QC testing.
9. Biospecimen data collection and management.
10. Biosafety.
11. Training.
12. Security.
5. CONCLUSIONS

Safe and orderly storage of data and samples represents an important point in contemporary research. Particularly for smaller laboratories it represents an important challenge as they usually lack the resources to be able to use commercially available BIMS, while on the other hand open source BIMS are too general to enable efficient biobanking. In order to be able to participate in international projects, multicenter projects or just to be able to publish the results in established journals, the laboratories have to be able to collect, store, and manage numerous samples and their corresponding data. Development of an in-house BIMS encouraged our group to standardize the sample and data collection, storage, maintenance, and generation of SOPs which all importantly contributed to greater transparency of our work. Moreover, it improved our collaboration with clinical environment where regulations associated with biobanking are very demanding. It is expected that biobanking is going to undergo important changes in the upcoming years, which is in favor of their users, as in clinical setting only highly reproducible biomarkers can add value to the evolving fields of personalized and translational medicine.
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