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The Human Heredity and Health in 
Africa (H3Africa) initiative

Taken from:: https://www.genome.gov/pages/about/nachgr/february2016agendadocuments/h3a_nhgri_council.pdf

● Disease studies
● Genetics of Rheumatic Heart Disease
● Susceptibility to Trypanosomiasis
● Burden, Spectrum and Aetiology of Type 2 Diabetes
● Kidney Disease
● Stroke Investigative Research
● Risk Factors for Cardiometabolic Disease
● Molecular Analysis of Tuberculosis
● Genetic Determinants of Febrile Illness
● Hereditary Neurological Disorders
● Nasopharyngeal Microbiome and Respiratory Disease
● Genomics of Schizophrenia



H3ABioNet
● Pan African bioinformatics 

network
● 30 nodes
● 15 African countries
● 2 partner institutions in the 

USA and UK. HPCBio from 
University of Illinois is one.

● Aim: To support H3A projects 
and  researchers while building 
bionformatics capacity in 
Africa.

● Responsibilities: to store H3A 
data and facilitate submission 
to EGA, training, skills transfer 
and build computing 
infrastructure. 



H3Africa data

● 70,000 DNA samples to be collected with:

● A subset of harmonized phenotypes.

● Broad representation of different ethno-linguistic, environmental, cultural and genetic 
backgrounds and different disease states.

● Genomic data (genotyping, whole genome, exome, microbiome)

● ~55,000 samples are planned to be genotyped on the H3Africa chip.



What is a genotype array?
● An array containing probes that detect specific markers in a genome.

● Probes are mainly selected based on common and disease causing variants in a 
population.

● Ideal for processing thousands of samples quickly and cost-effectively to identify 
mutations and structural variants.

● Used in GWA studies to determine if  a SNP is associated with a specific trait or disease.

● In combination with whole genome sequencing panels missing genotypes in array can be 
imputed.

● Omni 2.5 array < $100 vs  >$1000 Illumina X ten whole genome sequencing.



Why a customised African 
genotype chip?

● African genome more diverse and have smaller haplotype blocks.

● A common variant in an European population might have a lesser frequency in an African 
population.

● Studies
● AGVP

● African Genome Variation Project (AGVP) -1481 individuals (Omni 2.5, 320 
sequenced) from 18 ethno-linguistic groups in SSA.

● 29.8mill SNPs from WGS data (Ethiopia, Zulu, Baganda), 16-24% novel SNPs.

Overlap of SNPs Overlap of novel SNPs



Why a customised African 
genotype chip?

● Studies
● 1000 Genomes phase 3

● African populations, have higher number of average variant SNP sites (3.3 million 
SNPs per individual), compared to European individuals (2.9 million) and 
Japanese/Chinese (2.8 million).

Variants rare overall but 
common in population

Number of variant sites per genome



Chip design team

● The H3Africa  consortium agreed that there is a need for an H3Africa genotype chip 
designed for African population studies.

● H3Africa chip design working group was formed and analysis and design was driven by 
the H3ABioNet with collaboration with the genetic epidemiology group at the Welcome 
Trust Sanger institute.

● Both groups share parts of analysis.



Sample size and distribution

Source Number of 
samples

GDAP 204

UG2G 2000

AGVP 320

1000G 507

TrypanoGEN 212

Baylor 348

SAHGP 16

Total 3607



Chip design workflow



Chip design variant calling workflow

Intermediate file size 
disk requirements = 
~10 x input size



H3Africa sequenced datasets

● Sequenced for the purpose of representing African populations not found in other 
datasets used in the chip design process. 

● Sequenced at Baylor College of Medicine. HiSeq X Ten,  33X coverage, 150bp paired 
end reads.

● Sequencing was done in batches. So transfers and processing was done in the same 
manner.

Country Ethnolinguistic group Count Depth Source

Ghana Kassena 26 30x H3Africa

Mali Bambara, Fulani, 
Diawando, Soninke, Dogon, 
Songhai

50 30x H3Africa

Burkina Faso Mossi 34 30x H3Africa

Zambia Soli/Chikunda, Tumbuka, 
Bemba

41 30x H3Africa

Benin Fon 50 30x H3Africa

Cameroon Bamiléké, Ngoumba, 
Mundani

50 30x H3Africa

Botstwana Unknown 48 30x H3Africa

Nigeria Birom-Berom 49 30x H3Africa

Total 348



Node type Nr Cores/threads Mem Shared /lustre storage

Dell 17 12 36GB

Mic 5 24 64GB

Total 233 200TB

● Processing the Baylor set through the human variant calling pipeline on the local setup 
would've taken months.

● Not enough storage to run all samples through.

● Transfer of datasets from BCM to CHPC would've been an issue because good transfer 
speeds were not established at that point.

● Reached out to HPCBio for advice and they suggested we put in an application for 
resources at Blue Waters for processing the variant calling of the H3Africa Baylor set.

Why processing at Blue Waters was required

Resources available at 
local compute facility 
(Center for High 
performance Computing) 
in 2015.



Blue Waters resource allocation

● The application was successful and a strategic allocation was awarded for the project.

● Allocation period: from May, 2015 to Dec, 2015 (272 days).

● Originally 50,000 but upgraded to 250,000 node-hours.

● 500TB of storage on BW’s scratch file system, but later increased to 650TB.

● 1 PB of storage on Nearline.



GATK tools ran as single 
jobs per chromosome.

How jobs were packaged on Blue Waters
bwa mem ran as a single job per 
sample spawning 32 threads.

● Pipeline was stitched together using shell 
scripts and jobs was controlled by automated 
scheduling.

● Jobs were package with the Anisimov 
launcher on sample or chromosome level. 

● An existing HPCBio variant calling pipeline 
were adapted, by 

● adding parser to properly match sequence 
and BCM metadata.
  

● adding extra QC checks and

● replacing the alignment duplication 
flagging and variant calling steps with 
different tools. 

VerifyBamID ran as a single job 
per sample.

MarkDuplicates ran as a single 
per sample.

Samtools tools ran as 
single jobs per sample.



How data was transferred to Blue Waters

● Jim Glasgow and Paul Wefel together with Luda Mainzer worked with the Baylor network 
team to get GO transfers between Baylor and Blue Waters up to an acceptable speed.

● Data transfers had to be tracked and coordinated.

● Baylor generated alignments (.bams) and per sample called files (.vcfs) were also 
transferred at Blue Waters since we did not have the storage and bandwidth at that time 
to transfer it in a timely manner to South Africa.



Batch run statistics and project 
completion

Batch Nr Samples Processing started Processing 
completed

Days to 
complete

Disk usage 
(TB)

1 8 7/10/2015 20/10/2015 13 14

2 48 27/10/2015 4/11/2015 7 67

3 87 17/11/2015 25/11/2015 8 122

4 75 30/11/2015 5/12/2015 5 103

5 53 9/12/2015 18/12/2015 9 76

6 77 10/12/2015 20/12/2015 10 134

Total 348 52 516

● Overall 212,000 node hours were used (we would have been charged 616,950 hours 
without discounts).

● All batch .gvcfs were transferred at the end of 2015 to CBIO and joint calling on the 
Baylor set was done early this year.



H3Africa dataset SNP statistics

● * no rsID annotated and 
Allele Count >= 2

● ** has an rsID

Chr Novel, Doubleton * Known ** Total

1 261,662 2,056,662 2,782,453

2 200,115 2,131,097 2,795,070

3 162,525 1,752,926 2,271,328

4 176,030 1,833,522 2,398,404

5 144,058 1,601,570 2,075,225

6 158,403 1,619,957 2,110,740

7 167,528 1,529,211 2,029,692

8 133,489 1,436,013 1,873,483

9 140,678 1,149,679 1,551,018

10 118,142 1,244,241 1,616,087

11 110,492 1,235,297 1,599,998

12 123,379 1,202,258 1,588,633

13 83,884 900,710 1,174,703

14 83,470 819,463 1,071,714

15 119,537 799,789 1,104,940

16 104,086 853,201 1,153,529

17 91,288 726,091 977,227

18 67,120 719,299 938,159

19 83,188 603,623 818,347

20 54,100 572,042 744,338

21 64,759 386,961 534,981

22 62,263 368,928 511,598

2,710,196 25,542,540 33,721,667



Current chip design status

● Joint calling of all source sets have 
been performed.

● Currently busy with phasing of the 
sets.



Data transfer challenges
● Getting data from Baylor College of Medicine to Blue Waters.

● Getting data from Blue Waters to South Africa.

● Blue Waters data management plan was approved beginning of April 2016. Expires end 
of August 2016.

● 668TB currently on Nearline.

● Currently busy with last transfer of 1.5TB to South Africa.



H3Africa sequence data transfer logistics

GO source and 
destination

Files to transfer and size per 
sample

Total size of transfer for 348 
samples

Baylor to Blue Waters Baylor FASTQ.gzs / 100GB 90TB

Baylor BAMs / 150GB

Balor VCFs / 10GB

Blue Waters to Wits Baylor FASTQ.gzs / 100GB 140TB

Baylor BAMs / 150GB

Baylor VCFs / 10GB

BW BAMs / 150GB

BW gVCFs / 10GB



Baylor College of Medicine to Blue Waters vs Blue 
Waters to Wits data transfer comparison



Baylor College of Medicine to Blue Waters vs Blue 
Waters to Wits data transfer effective speed  

comparison



Acknowledgements

● Scott Hazelhurst
● Zané Lombard
● Hement Gopa

● Nicky Mulder
● Ayton Meintjes
● Sumir Panji

● Victor Jongeneel
● Luda Mainzer
● Gloria Rendon

● Lynette Pretorius
● Len Lotz
● Paul Sullivan

● Werner Janse Van Rensburg
● Dorah Thobye
● Dane Kennedy
● Inus Scheepers

● Manj Sandhu
● Tommy Carstensen
● Martin Pollard

● Ginger Metcalf
● Jennifer Watt
● Piyush Panchal

● Galen Arnold
● Gregory Bauer
● Victor Anisimov
● Tom Cortese
● Jing Li
● Mark Strata
● Craig Steffen
● JaeHyuk Kwack
● Andriy Kot
● Sharif Islam
● Jim Glasgow
● Paul Wefel



Thank you


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

