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Presentation Overview
• Introduction

• H3Africa and H3ABioNet

• Overview of H3ABioNet 

• Development of data standards

• Development of an H3Africa data archive and data catalogue

• Computational tool development

• Findable, Accessible, Interoperable and Resusable (FAIR) and 
H3Africa Data and meta-data

• Examples of SARS works and early release of data

• Data Science Initiative Africa (DS-A Africa)

• eLwazi Open Data Science Platform

• Conlcusions

www.h3abionet.org  #h3abionet 



The Genomics Revolution and Africa

www.h3abionet.org  #h3abionet 

Slide credits - Prof. Michèle Ramsay, SBIMB, Wits and Prof. Nicky Mulder UCT 

CBIO

Image credits and reference: Popejoy AB, Fullerton SM. Nature. 2016 

Oct 13;538(7624):161-164  https://doi.org/10.1038/538161a

Data summary from the PGS Catalogue accessed in August 2020: https://www.pgscatalog.org/

https://doi.org/10.1038/538161a
https://www.pgscatalog.org/


The H3Africa Consortium
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• 48 H3Africa projects funded

• 30 African countries involved in 
phase 2

• 500+ consortium members

• >160+ publications so far

• 170 million USD invested

http://h3africa.org/consortium/projects

The Human Heredity and Health in 

Africa (H3Africa) Initiative aims to 

facilitate a contemporary 

research approach to the study 

of genomics and environmental 

determinants of common 

diseases with the goal of 

improving the health of African 

populations.” 
(http://h3africa.org/)

http://h3africa.org/consortium/projects
http://h3africa.org/


Pan African Bioinformatics Network for H3Africa 
(H3ABioNet)

www.h3abionet.org  #h3abionet 

• Pan African Bioinformatics Network to develop bioinformatics capacity in 
Africa and support the H3Africa research projects

• 28 Institutions

• 16 African Countries



Overview of H3Africa Data

www.h3abionet.org  #h3abionet 

Phenotype data (associated with genotype data)

• Demographic information

• Anthropometric data

• Disease and health related phenotype data

Genetic Variation data human and pathogen

• Genomic Sequence data 

• Whole genome exome and targeted sequencing

Genotyping chip array data

• ~55,000 samples to be run on an H3Africa African custom chip

• Raw intensity files linked

Microbiome sequence data

• Patient/sample phenotypes

• Non-human 16S rRNA sequence data for microbiome

• Non-human full genome sequence data for microbiome

• Possible human sequence contamination

Image credits: National Human Genome Research Institute (https://www.genome.gov/imagegallery/)

https://www.genome.gov/imagegallery/


H3Africa Data Archive overview

www.h3abionet.org  #h3abionet 

Notify intent to submit data: 
archive@h3abionet.org

Register on Dashboard

Assist in preparing data for 
submission

Transfer encrypted data to 
the landing area

Move data to vault, decrypt 
and validate

✔

Passes validation, prepare EGA XML 

files, re-encrypt and move to cold 
storage

Transfer 

encrypted 

data to 

EGA

• 14 African 
Genomic 
Datasets in 
the archive

• 134.9 
Terabytes of 
African 
Genomics 
data

• 8 Datasets 
QC-ed, 
validated 
and 
submitted to 
EGA

• 77.3 
Terabytes 

transferred 
for storage 
at the EGA

mailto:archive@h3abionet.org
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Specific Data submission files and checks

✔ FastQ files linked with de-identified participant ID 
(minus adapters, linkers, barcodes)

✔ Binary Alignment files (BAMs, de-multiplexed) – linked 
with participant de-identified ID

✔ Variant calling files (VCFs) 

✔ Phenotypic data

✔ Study type e.g. case / control, trio, longitudinal

✔ Sequencing platform / technology 

✔ Mapping file indicating relationship between files

✔ Chip platform and model / name

✔ Raw intensity files linked with de-identified participant 
IDs (IDATs, CELs)

✔ Manifest file describing SNP or probe content on chip

✔ Software used for calling the genotypes

✔ Final reports and analyses files generated 

✔ Phenotypic data

✔ Study type e.g. case / control, trio, longitudinal

✔ Mapping file indicating relationship between files

✔ FastQ files linked with de-identified participant ID 
(minus adapters, linkers, barcodes)

✔ Sequencing platform 

✔ Final analyses BIOM files (at minimum contain OTUs)

✔ Phenotypic data

✔ Study type e.g. case / control, longitudinal

✔ Mapping file indicating relationship between files

Move data to the vault, decrypt and 
validate:
? Do the checksums match
? Are there mapping files present
? Do the number of samples match what is 

expected
? Are all the files present for each de-

identified participant ID
? Is there a mismatch between participant 

IDs and files
? Do all the files have phenotypic data 

present

? Is there a dataset summary description 
and study abstract present

Passes validation:
- Map data to EGA XML schemas
- Re-encrypt the data and move to cold 

storage
- Submit data to EGA at pre-determined 

date

Image credits: National Human Genome Research Institute (https://www.genome.gov/imagegallery/)

https://www.genome.gov/imagegallery/
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Mapping and submission of H3Africa data

Passes validation:

- Map data to EGA XML schemas

- Re-encrypt the data and move to cold storage

- Submit data to EGA at pre-determined date

https://ega-archive.org/search-results.php?query=H3Africa

https://ega-archive.org/search-results.php?query=H3Africa
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Phenotype harmonization

(1) Age & (2) Sex

(3) Country of birth

(4) Current residence

(5) Native language
(6) Ethno-linguistic/tribal affiliation

(7) Country of birth of father and mother

(8) Native language of father and mother
(9)Ethno-linguistic/tribal affiliation of 

mother    and father

(10) Height

(11) Weight

(12) Current medications

(13) Smoking history

(14) Alcohol history

Meta-data (phenotype) data is collected via case report 
forms (CRFs)

Project 1 CRF                      

Project 2 CRF                  

Project 3 CRF

Female                               

Woman                                      

1

Daily units                          

Weekly units               

User defined 
time period

Same question –

data coded in 
different ways

Same variable 

– collected in 
different ways



www.h3abionet.org  #h3abionet 

Phenotype harmonization

Table reference: Owolabi MO, Akpa OM, Made F, Adebamowo SN, Ojo A, Adu D, Motala AA, 

Mayosi BM, Ovbiagele B, Adebamowo C, Tayo B, Rotimi C, Akinyemi R, Gebregziabher M, Sarfo F, 

Wahab KW, Parekh RS, Engel ME, Chisala C, Peprah E, Mensah G, Wiley K, Troyer J, Ramsay M; as 

members of the CVD Working Group of the H3Africa Consortium. Data Resource Profile: 

Cardiovascular H3Africa Innovation Resource (CHAIR). Int J Epidemiol. 2019 Apr 1;48(2):366-367g. 
doi: 10.1093/ije/dyy261. PMID: 30535409; PMCID: PMC6469307. 



www.h3abionet.org  #h3abionet 

Phenotype harmonization
Data sources

EGA

Biobanks

CHILD

H3ABioNet
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Human Genomic Data Privacy
H3Africa rich source of meta-data (phenotypes)

(1) Age & (2) Sex

(3) Country of birth

(4) Current residence

(5) Native language

(6) Ethno-linguistic/tribal 

affiliation

(7) Country of birth of father and 

mother

(8) Native language of father and 

mother(9)Ethno-linguistic/tribal affiliation of 

mother and father

(10) Height

(11) Weight

(12) Current medications

(13) Smoking history

(14) Alcohol history

• Combination of phenotype and genetic data 

makes it possible to identify different populations 

and individuals – controlled access

Image credits: National Human Genome Research Institute (https://www.genome.gov/imagegallery/)

https://www.genome.gov/imagegallery/
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H3Africa data sharing and access policy

Balance between ensuring adequate safeguards to protect participants, while not being 
a barrier for scientists to advance research:

• Maximizing the availability of research data, in a timely and responsible manner.

• Protecting the rights and privacy of human subjects who participated in research studies.

• Recognizing the scientific contribution of researchers who generated the data.

• Considering the nature and ethics of the research proposed in establishing the timely release of 

data, and mechanisms of data sharing. 

• Promoting deposition of genomic data in existing community data repositories whenever possible

http://h3africa.org/images/DataSARWG_folders/FinalDocsDSAR/H3Africa%20Consortium%20Data%20Access%20%20Release%20P
olicy%20Aug%202014.pdf

http://h3africa.org/images/DataSARWG_folders/FinalDocsDSAR/H3Africa%20Consortium%20Data%20Access%20%20Release%20Policy%20Aug%202014.pdf


www.h3abionet.org  #h3abionet 

H3Africa Biospecimen and Data Catalogue

https://catalog.h3africa.org/

https://catalog.h3africa.org/


www.h3abionet.org  #h3abionet 

H3Africa Biospecimen and Data Catalogue

https://catalog.h3africa.org/

https://catalog.h3africa.org/
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Data Use Ontology

Image credits: GA4GH DUO Stream: https://github.com/EBISPOT/DUO

https://github.com/EBISPOT/DUO


FAIR?

www.h3abionet.org  #h3abionet 

https://ec.europa.eu/info/sites/info/files/turning_fair_into_reality_1.pdf

https://ec.europa.eu/info/sites/info/files/turning_fair_into_reality_1.pdf


Why is FAIR important?

www.h3abionet.org  #h3abionet 

https://op.europa.eu/s/sniv

https://op.europa.eu/s/sniv


Who does FAIR apply to?

www.h3abionet.org  #h3abionet 

https://grants.nih.gov/grants/guide/rfa-files/RFA-rm-16-011.html

https://ec.europa.eu/info/sites/info/files/turning_fair_into_reality_1.pdf

https://grants.nih.gov/grants/guide/rfa-files/RFA-rm-16-011.html
https://ec.europa.eu/info/sites/info/files/turning_fair_into_reality_1.pdf


FAIR – H3Africa Data 

www.h3abionet.org  #h3abionet 

• RDA FAIR Data Maturity Model (https://www.rd-
alliance.org/system/files/FAIR%20Data%20Maturity%20Model_%20specification%20and%20g
uidelines_v1.00.pdf )

• AKA FAIR Indicators

• Indicators of 3 levels

• Essential

• Important

• Useful

• 40 Indicators

• 7 Findability Indicators

• 12 Accessibility 
Indicators

• 12 Interoperability 
Indicators

• 9 Reusability Indicators

https://www.rd-alliance.org/system/files/FAIR%20Data%20Maturity%20Model_%20specification%20and%20guidelines_v1.00.pdf


FAIR – H3Africa Data 

www.h3abionet.org  #h3abionet 

• RDA FAIR indicators assessment 
(https://docs.google.com/spreadsheets/d/1vaRf4PXJ7FvxLZpIKXRIkiEYDSZP5ajsb3KnETz7Em0
/edit#gid=1375297260)

https://docs.google.com/spreadsheets/d/1vaRf4PXJ7FvxLZpIKXRIkiEYDSZP5ajsb3KnETz7Em0/edit#gid=1375297260


FAIR – H3Africa Data 

www.h3abionet.org  #h3abionet 

• Assessed the H3Africa Chip project data according to the indicators: - 100% 
on the Assessment for the level of Essential, 76.19% on Assessment Non-
Essential with an overall Assessment score of 87.8%



FAIR - H3Africa Phenotype Data

www.h3abionet.org  #h3abionet 

• Developed the H3Africa STD CRF
• Form is submitted when H3A projects are 

ready to submit to the H3Africa Data 
Archive

• Standardized response options were 
included for majority of the requested 
fields

• Metadata is mapped to Genomics Cohorts 
Knowledge Ontology (GECKO: 
http://www.obofoundry.org/ontology/gec
ko.html )

• Consent mapped to Data Use Ontology 
(DUO: 
https://github.com/EBISPOT/DUO/blob/ma
ster/README.md

http://www.obofoundry.org/ontology/gecko.html
https://github.com/EBISPOT/DUO/blob/master/README.md


www.h3abionet.org  #h3abionet 

NIH DS-I Africa Initiative
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eLwazi Open Data Science Platform
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eLwazi Open Data Science Platform



www.h3abionet.org  #h3abionet 



www.h3abionet.org  #h3abionet 

Data and Meta-data store



www.h3abionet.org  #h3abionet 

Data Analysis



www.h3abionet.org  #h3abionet 

Data Analysis

https://elwazi.terra.bio/

https://elwazi.terra.bio/


www.h3abionet.org  #h3abionet 

eLwazi ODSP hosting sites



Conclusions

www.h3abionet.org  #h3abionet 

Hidden Technical Debt in Machine Learning Systems:

https://proceedings.neurips.cc/paper/2015/file/86df7dcfd896fcaf2674f757a24

63eba-Paper.pdf

Image reference: https://data.bsa.org/wp-content/uploads/2015/12/bsadatastudy_en.pdf

https://proceedings.neurips.cc/paper/2015/file/86df7dcfd896fcaf2674f757a2463eba-Paper.pdf
https://data.bsa.org/wp-content/uploads/2015/12/bsadatastudy_en.pdf
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Assembly of SARS-CoV-2

www.h3abionet.org  #h3abionet 

Objective: To quickly and accurately generate high-quality whole genomes of SARS-CoV-2 that are

well annotated and available in public databases.

Slides courtesy of: Houriiyah Tegally, San Emmanuel James and Prof. Tulio De Olveira, KRISP, UKZN
https://www.genomedetective.com/app/typingtool/virus/

https://www.science.org/doi/10.1126/science.abj4336

https://www.genomedetective.com/app/typingtool/virus/
https://www.science.org/doi/10.1126/science.abj4336
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Data curation for SARS-CoV-2

Slides courtesy of: Houriiyah Tegally, San Emmanuel James and Prof. Tulio De Olveira, KRISP, UKZN
https://www.genomedetective.com/app/typingtool/virus/

https://www.genomedetective.com/app/typingtool/virus/


Reproducible Science - Pipelines

• Bioinformatics analyses 🡪
directing files through a series 
of transformations and 
programs to a final output i.e. a 
computational pipeline

• Transformations typically done 
by third-party executable 
command line software written 
for Unix-compatible operating 
systems

• Manually started when 
previous transformation step 
completed e.g. qsub 
command run



Reproducible Science - Workflows

• A workflow is a description of a 
process (pipeline) that consists of a 
series of tasks connected in the 
form a directed graph

• Tasks can be defined as single units 
of work e.g. split files

• A workflow comprises of an initial 
unique task and ends with a unique 
terminal task 

• Completion of a task can initiate 
one or more tasks

• Enables automation e.g. run a 
pipeline from start to finish without 
manual input (pipeline)

Image credit: Leipzig J. Brief Bioinform. 2016;18(3):530-536. https://doi.org/10.1093/bib/bbw020

https://doi.org/10.1093/bib/bbw020


H3ABioNet Workflows project

Image credits: Phelelani Mpangase, SBIMB, Wits

Availability: https://quay.io/search?q=h3abionet

https://github.com/h3abionet

https://quay.io/search?q=h3abionet
https://github.com/h3abionet
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