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1. Overview
This document describes the system impact for caArray application to support NGS data and MAGE-TAB Version 1.1.  

1.1. References

                        MAGE-TAB Specification Version1.1 May 31, 2011

                        Feature Requests for caArray to support NGS Data 

2. System impact For NGS Extension 
2.1. How file packaging should work for sequence data
SDRF/IDF and NGS sequence data files should be together in same directory if they are put in archive.  The IDF file should contain a reference to the SDRFs which comprise the investigation description. The data files (e.g. FASTQ, BAM, and VCF Formats) are referenced from SDRF table directly. It is recommended that data files be given file name extension of “.fastq”, “.fastq.gz”, “.bam”, “.bam.gz”, “.vcf”, and “.vcf.gz”. This is used to help caArray to identify file Type as a start point.

Database change:  
add FASTQ, BAM, and VCF file type to table “array_data_type”.
Code Change:
1)  CaArray currently only handle “.zip” archive. The NGS data could be arranged as “.tar” archive. FileUploadUtils need be modified to handle unpacking “.tar” archive.  
2) Also, FASTQ, BAM, and VCF file type need to be added to UnparsedDataHandler class.
Estimate effort: 10 days 
2.2. MAGE-TAB Version field to IDF
“MAGE-TAB Version” is required to MAGE-TAB v1.1 in IDF file. If the MAGE-TAB Version does not exist, it is assumed that it is a MAGE-TAB version 1.0 IDF file.
Database change: add column "version_id" to table experiment
Code change: 
1) Add “version_id” column types to IdfRowType class and add method handleVersionId() for parsing in IdfDocument class.

2) Add field "versionId" to MageTabDocumentSet class.

3) IdfTranslator class need to handle translate version id.

4) An database mapping field "version_id" need to be added to Experiment class.

Estimate effort: 5 days
2.3. Use “Assay Name” and “Technology Type” column
MAGE-TAB v1.1 adds support for technology types other than gene expression, e.g., high throughput sequencing. For experiments using such technology types, the SDRF should have an “Assay Name” column instead of a “Hybridization Name” column. The “Assay Name” column can be followed by a “Technology Type” column that describes the specific technology used.
Database change: create the following new tables 
1) assay with columns: id, lsid_authority, lsid_namespace,                             lsid_object_id, name, experiment_id, array_id, technology_type_id                   where the "technology_type_id" is foreign column referenced to                   "term" table.

2) assay_arraydata with columns: assay_id, arraydata_id
3) assay_data_set with columns: assay_id, data_set_id
4) assay_protocol_application with columns: assay_id, protocol_application_id
5) assay_labeledextract with columns: assay_id, labeledextract_arraydata_id  
Code change: 
1) Add "Assay Name" and “Technology Type” to  SdrfColumnType class

2) Create new class “Assay” and “Technology" to store related information.

3) In sdrfDocument class, add method handleAssay() to parse and build relational nodes . 
4) In sdrfDocument class, add method handleTechnology() for parsing and add it to OntologyTerm if it is 

5) SdrfTranslator class needs to validate/translate assay object. 

6) SdrfTranslator class needs to validate/translate Technology object.
7) Database mapping class needs to be created for “Assay” and “Technology”.
Estimate effort: 20 days
2.4. Support large files (100GB)
We assume caArray2.5 can support large files more than 2GB now.
Estimate effort:  3 days (testing)
2.5. Platform and sequencing platform  
The caArray NGS extension needs to track capture platform and sequencing platform for exome sequencing.  The input should be provided from web page when usercreate experiment or the input should be captured from IDF or SDRF files? 
Please see detail at issue 2 in section 5. 
Estimate effort: ??
2.6. Protocols and other related meta data
The caArray NGS extension needs to capture the following data:

1) protocols for RNA-seq
2) number of reads and the depth of coverage for FASTQ and/or BAM file
3) reference sequence version 
The protocol shall be provided in protocol related columns in idf and srdf files by NGS user. For number of reads, the depth of coverage, and reference sequence version, not sure where user should put the information.  It could be “Parameter Value [ ]”, “Factor Value [ ]” or “Comment[]” in SDRF file.
Estimate effort:  ??
2.7. Many-to-one mapping between sequence files and assay
The current caArray can supports many-to-one mapping between array data files/ derived array data files and hybridizations, i.e., one hybridization can have multiple array data files or derived array data files. The new implementation of “Assay Name” should also satisfy the following NGS requirement:

1) Support both single-end sequencing and paired-end sequencing.

2) Support many-to-one mapping between FASTQ files and samples.
 Estimate effort: 3 days (testing)
2.8. Web pages change

The following web pages may need to be changed for the NGS extension:

1) tabOverview.jsp: this page could be modified to allow user enter NGS platform, sequencing platform, provider, and reference sequence version.
Please see details of issue 2 in section 5.

2) In “Labled Extracts” tab, the “Hybridizations” header name will be replaced by “Assay” if user uses “Assay Name” in SDRF file.
3) In “Hybridizations” tab, the “Hybridizations” will be replaced by “Assay” if user uses “Assay Name” in SDRF file. Also, the technology type and other related meta data need to be displayed on the web page.

To support the change of web pages, the related data search on server side also need to be addressed. 
Estimate effort: ??  days
2.9. NGS Nice To Have

1) Connect to Galaxy or other data analysis tools.
2) Ability to search with an aggregate of attributes.

3) Ability to download through aspera or something more efficient than ftp for large archives and perform MD5 checksum
The above three “Nice to have” items have not been identified yet.
3. System Impact for Additional Mage-Tab V1.1 Change

3.1. Double quotes as escaping characters
The Mage-tab Version 1.1 clarify that double quotes as escaping characters must be used to enclose entire cells. This should be implemented already in DelimitedFileReader class.  
Estimate effort:    0 day
3.2. Clarification on MAGE-TAB file character encodings

The Comment[Character Encoding] field maybe added to idf document. Currently  caarray does not parse"comment" for idf file. 
Database Change: create new tables 
1) "comment" with columns: id,  type, value

2)  "experiment_comment" with columns: experiment_id and comment_id
Code Change:
1) In IdfDocument class, add handleComment() for parsing character Encoding information.

2) Add field "type" to Comment" class. Move Comment class to package gov.nih.nci.caarray.magetab.

3) IdfTranslator class needs to validate/translate comment data.

4) Add database mapping class "Comment". 

Estimate effort:  5 days
3.3.  Relax restrictions on object identifier format
             The identifier parsing is coded in EntryHeading class. But not sure what is the detailed rule for relaxing restrictions on object identifier format.
3.4. Clarify potential uses of Comment[] for extensibility in all MAGE-TAB files
For both mage tab 1.0 and 1.1 version, in SDRF Specification, in SDRF Specification, most of nodes/attributes can be followed by comment[].Currently, caArray just save a comment value to SdrfDocument object, but not save it to database. If we need to save the comments to database, the following change should be made:   

Database Change:

create columns "comment_id" and add to the following tables: 
        biomaterial, arraydata, protocol, assay, array, parameter
where columns "comment_id" is foreign key referenced to "comment" table.
Code Change:

1) In SdrfDocument class, modify handleComment() for parsing comment[] information.
2) SdrfTranslator class needs to validate/translate comment data.

3) Database mapping for comment data need to be created. 
If each node or attribute have more than one comment, then we cannot design database like above.  
Estimate effort:  10 days
3.5. Added 'Investigation Accession' and 'Investigation Accession Term Source REF' to the IDF.
Actually there are more than two fields are added to IDF in version1.1.   

     Investigation Accession 
     Investigation Accession Term Source REF

     Experimental Design Term Accession Number

     Experimental Factor Term Accession Number

     Person Roles Term Accession Number

     Normalization Term Accession Number

     Publication Status Term Accession Number

     Protocol Term Accession Number  
Database change:  
1) Create new  table “experiment_accession” with columns: experiment_id, term_id,  where term_id is foreign column referenced to "term" table.
2) The current caArray database already have “accession” field  in table Term to store  “Accession Number” value.

Code change: 

1) Add the above column types to IdfRowType class.
2) Add methods to handle parsing for the above fields in IdfDocument class.

3) Add “Investigation Accession” and “Investigation Accession Term Source REF” to Investigation class.
4) Add Accession Number field to OntologyTerm class.

5) IdfTranslator class needs to validate/translate the above fields.
6) The related database mapping object need to be added.
Estimate effort: 10 days
3.6. Specify ordering and cardinality of headers in SDRF and IDF files
Code Change will be added in SdrfNodeColumnValidator class and create new class for IDF columns validation.
Please note: for both mage tab 1.0 and 1.1 version, SDRF Specification can allow multiple “Sample Name” and “Extract Name” per row.  But the current caArray only allow one instance per row. Discussed with Zhong, this rule will still apply to caArray NGS extension.
Estimate effort: 10 days
3.7. Change other SDRF column types to support multi-technology investigations.
To support multi-technology investigations, the "Technology Type" column would typically have the values 'microarray' or 'sequencing'.

Does it mean that one investigation could have both of “microarray” data and “sequencing” data?  Not sure what should be changed for web pages when create experiment for the investigation.

Estimate effort: ??
3.8. Allow multiple Characteristics of the same category in the SDRF
The current caArray database implementation does not allow  the following categorys appear multiple times for  each biomatterials(e.g. Source Name, Sample Name, Extract Name, Labeled Extract Name) in the SDRF: (e.g. Source Name, Sample Name, Extract Name, Labeled Extract Name) in the SDRF:                

         Organism

         OrganismPart

         DiseaseState

         CellType

For other categories, the database design can allow them to be presented for multiple times, but the caArray code doesn’t take the values. It just pick up the last instance to save the value to database.
In order to allow multiple Characteristics of the same category in the SDRF, the database table"biomaterial" need to be redesign. Also, the parsing functionality for handling "Characteristics" in SdrfDocument class need to be modified.
Estimate effort: 15 days
3.9. Clarify that factor values cannot be explicitly linked to corresponding characteristics or protocol parameters
No change needed.

3.10. Clarify that differentially dimensioned arrays are allowed in the same investigation.
Not sure what does it mean.
3.11. Explicitly blank lines 
Code change for handling blank lines will be added to Parse() method in SdrfDocument class.
Estimate effort: 1 day
3.12. Disallow '->' to stand for an empty field.
Code for handling "->" will be modified in SdrfDocument class. The related exporting code also needs to be changed
Estimate effort: 5 days
4. Installation Impact

???

Estimate effort: 
5. Issues  
Issue 1:  
If user imports mage-tab V1.0 files (e.g. IDF document does not have version field), then the "Hybridization Name” will be allowed. If user import mage-tab V1.1 file set(e.g. idf document contains version Id 1.1), but user still use "Hybridization Name” instead of "assay name" for microarray data, is this allowed or not?
Issue2: 
how web page tabOverview.jsp should be modified to allow user enter NGS related data, e.g. platform, sequencing platform, and reference sequence version (??). Currently when user try to create an experiment for “microarray” data, “Assay type”(e.g. aCGh, Exon, Gene Expression, microRNA, … ) and  “Provider”(e.g.   Affymetrix, GenePix, Illumina, Agilent, UCSF Spot, Nimblegen, ScanArray) need to be selected.
For NGS  data,  the major types are: Whole genome sequencing, Exome sequencing, RNA sequencing, ChIP-seq, CLIP-seq
Can we put the list of NGS types with “Assay type” of microarray ? 
For available sequencing platforms:      Illumina HiSeq, MiSeq, Genome Analyzer II, Ion Torrent, SOLiD.   For exome sequencing only: capture platform: Agilent, Nimblegen, Illumina and there are multiple versions for each platform. For RNA-seq only: different protocols yield different results. Two main protocols: (1) polyA pulldown (2) ribosomeRNA reduction without polyA pulldown
Can we put the list of sequencing platforms with “Provider” of microarray ?

For reference sequence version, it's required if BAM files are provided.  The version should be consistent with what was used for making the BAM files.  Multiple versions should be avoided but not prohibited.
Add “Reference sequence version” field to web page or let user enter information on SDRF file? 

Issue 3: 

To support multi-technology investigations, the "Technology Type" column would typically have the values 'microarray' or 'sequencing'.

Does it mean that one investigation could have both of “microarray” data and “sequencing” data?  Not sure what should be changed for web pages when create experiment for the investigation.
Issue 4:

The protocol shall be provided in protocol related columns in idf and srdf files by NGS user. For number of reads, the depth of coverage, and reference sequence version, not sure where user should put the information.  It could be “Parameter Value [ ]”, “Factor Value [ ]” or “Comment[]” in SDRF file.
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