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Qutline

* What is bioinformatics?

 Why do we need IT infrastructure?

* What e-infrastructure does it require?
 How we are developing this
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What is Bioinformatics?

« The analysis of biological information using computers
and statistical techniques; the science of developing and
utilizing computer databases and algorithms to
accelerate and enhance biological research.
www.niehs.nih.gov/nct/glossary.htm
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Why do we need IT Infrastructure?

 Collection and storage of biological
iInformation

* Manipulation of biological information
« Small- and large-scale biological analyses

* New laboratory technologies, move
towards big data generation

« Example Is genome sequencing
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Sequencing the human genome

5,000 -
M Finished :

4,500 - i First human genome

4,000 - Unfinished (draft and pre-draft) took ~5 years an d cost
~ 3,500 1 ~$3 billion
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1,000 - cost and time for data

500 - ‘ analysis!
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~250Gb of raw data, when

International Human Genome Sequencing processed =x10-15
Consortium 2001. Nature 409, 860 — 921.
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Technologies used based on publications
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Increase in biological data

EMBL-Bank Growth

07-0Oct-2013 Growth of dbSNP, 2002-2009
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— Sequences (339.7 millions) —Bases (697.9 billions)

http://www.ebi.ac.uk/ena/about/statistics -Last release of ENA >330 mill segs, 1.6TB

Biological data growth has exceeded Moore’s law
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http://www.ebi.ac.uk/ena/about/statistics

New types of data

Sequence Read Archive (SRA) Growth
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Data versus information
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What infrastructure Is required?

 Data

— Storage and management —flatfile archive versus
mineable database

— Processing —single nodes, HPC, Cloud
— Interpretation —analysis and visualization tools

* Learning how to work with it

— IT/technical skills —developing tools and data
management

— Bioinformatics skills —using tools and interpreting
results
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Data requirements for genomes

« Raw files for NG sequencing are large and
Increase 5-10 fold after analysis

« Data needs to be stored and processed

« Raw data:

— Storage requirements are large —some people are
working on compression formats for NGS data

— Data needs to be backed up
— Also need access to public data

 Data needs to be processed, and made available
In a user-friendly format

— Need compute hardware for QC, alignment,
Imputation, and tool/visualization development
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Workflow for genotyping by NGS

ref genome structure

i Variant Check f lati
[ Raw reads ] ‘[Al'g"me"tm] —> [ aling ] — [ eck for popula |on]

Removal of
adaptors, QC
filtering of poor or
v. short reads

4 )

é ) Disease Association
Post-GWAS analysis Testing:
and biological ——— LD
interpretation * Testing
\ y * Local ancestry
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Workflow for genotyping by NGS -IT

i Variant Check f lati
[ Raw reads ] ~[Allgnmentto] ‘ [ calling ] ‘ [ eck for popula |on]

ref genome structure

Removal of
adaptors, QC
filtering of poor or
v. short reads

Linux-based, scripts, HPC GATK, Galaxy

- N [ )
Disease Association
Post-GWAS analysis Testing:
and biological & « LD
interpretation * Testing
\ ] GATK, Galaxy, * Local ancestry
IPA
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Workflow for genotyping by NGS -HCD

i Variant Check f lati
[ Raw reads ] ‘[Al'g“me"tm] —> [ aling ] — [ eck for popula |on]

ref genome structure
Removal of Technical,
adaptors, QC Linux, NGS, Pop Gen,
filtering of poor or hardware, NGS Bioinformatician or
v. short reads Geneticist

é ) (Disease AssociatioD
Post-GWAS analysis Testing:
and biological _ LD
interpretation * Testing
Pop Gen,
\_ _J Bioinformatician L Local ancestry )
or Geneticist
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Human Capacity Development

Training of 2 groups of scientists:

« Bioinformaticians
— Programming, data management
— Data processing
— Biostatistics
— Specialised skills (NGS, GWAS, PopGen)

« Researchers —data analysers
— Basic file manipulation (Galaxy)
— Biostatistics
— Specialised skills (NGS, GWAS, PopGen)
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How we are developing
infrastructure

 Work on national & Africa-wide Initiatives

e Local:

— Support researchers at UCT with data
analysis and training for this

— Working with DST on a national
Bioinformatics support platform

o Africa-wide —H3ABIONet
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H3ABIoNet Project Goal

* To build H3ABIoNet, a sustainable African
Bioinformatics Network, to provide bioinformatics
Infrastructure and support for the H3Africa
consortium.

« H3Africa (Human Heredity and Health in Africa) is
an initiative to develop genomics research in
Africa on diseases of importance in Africa
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Partnher institutions

Administrative hub at UCT /mia

Morocco N1

34 partner institutions, 32
In 15 African countries, 2 Iin
USA

Solith Africa
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Network structure

H3AFRICA CONSORTIUM
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Infrastructure development & support

« Node server purchases
 |nvestigating access to HPC, Cloud
* |nternet connectivity measurement

« Communication structure established:
website, surveys and mailing list setup

« Set up help desk
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Hardware Infrastructure development

* Process followed:

— 34 nodes were surveyed via email to determine
existing infrastructure and expected needs

— 18 nodes requested funding to purchase
Infrastructure

— One on one skype follow-up calls with nodes who
reguested assistance

« 12 nodes requested assistance
— 10 bought the recommended hardware
— 1 bought HP based on recommended hardware
— 1 bought own configuration
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Hardware Infrastructure development

« 3 server builds developed based on survey feedback

* Option A — Recommended for nodes with an existing
infrastructure (single server with max cores and
high RAM)

« Option B — Recommended for nodes needing two physical
servers (smaller HPC server and one database
server)

« Option C — Recommended for nodes with no infrastructure
(Smaller server but included a rack, switch and
UPS)

 Hardware Vendor
« Approached Dell, IBM and HP

— Dell was the preferred provider as they have a presence across Africa
— Provided a 5 year next business day warranty / support to nodes

— Offered best value for money

— Negotiated a discount of up to 45% per hardware device
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Iperf tests
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H3ABIoNet help desk

Home About Consortium Members Training and Education User Support Members

Help desk - dashboard

Contacts

Events Helpdesk

Links

iAnn o Submit new issue

3 View submitted issues

= View Issue # I:I
* Second ) . . .
mesting o ] Edit-vour contact information http://www.h3abionet.org/helpdesk

the
H3Africa
Consorkium
Accra
Ghana

Latest News
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https://mail.uct.ac.za/owa/redir.aspx?C=bp6CjQLwoEioXkjKvQCIqAHTnz4XJtAIS3_OKaF4Dt-I3BAFMKbWKFQCSfdo8EFsX3rBvPJ27k0.&URL=http://www.h3abionet.org/helpdesk

Home

Contacts
Events
Links
iAnn

Latest News

* Second
Meeting of
the
H3Africa
Consorfium,
Accra
Ghana

H3ABIoNet help desk

H3A

Pan African Bioi

About Consortium Men

Help desk - dashboard
Helpdesk

i’ Submit new issue

- — . .
Y View submitted issues
== View Issue #

* Edit vour contact inform

Help desk - dashboard
Helpdesk

New Ticket
Contact Information

User Name:

E-Mail:

Department:

Location:

Phone:

TicketInformation

Title:

Description

B

L

nicky.mulder
nicola.mulder@uct.ac.za
Affolabi - RAFAgene

Classification
Category:
Status:
Priority:

Assigned To:

Time Spent:

=

Submit

-

Print

X

Close

Select Category

(minutes)

O

Refresh

P
S

Home

[=]

Notes

Enter Additional Notes
&=

B

1

L

e d

Solution

Submit

Print

X

Close

O

Refresh

Ea)
5"

Home

a
Helpdesk user guide

Events

Second Meeting of the H3Africa
Consortium, Accra Ghana

Helpdesk



Home

Contacts
Events
Links
iAnn

Latest News

* Second
Meeting of
the
H3Africa

Consortium,

Accra
Ghana

H3ABIoNet help desk

H3A

Pan African Bioi

About Consortium Men

Help desk - dashboard
Helpdesk

o | Submit new issue

- — . .
Y View submitted issues
== View Issue #

" Edit vour contact inform

Help desk - dashboard

Helpdesk
3 = o~ Helpdesk user guide
New Ticket SuFb!n P—r;\‘t Close R}rzsh H::‘e
Contact Information Classification Events
User Name: nicky.mulder = Category: Select Catsgory [+] Second Meeting of the H3Africa
E-Mail: nicola.mulder@uctac.za . Status: Consortium, Accra Ghana
Department: | Affolabi - RAFAgene E]" Priority:
TicketInformation
Title:
Description = .
e = Categories:
General Project Administration
Technical / System Administration
Website / Mailing List
Analysis - Genotyping arrays
Notes

Enter Additional Notes

B| 1]t

Solution

Data Management (storage, etc)
Software Development / Programming
Analysis - NGS data

Analysis - Other

Biostatistics

Other

NetCapDB

Software license request

X ¥ .
Submit  Print Close  Refresh Home




Event registration

: . : H3ABioNet
F I e | d Val I d atl O n Pan African Bioinformatics Network for H3Africa

Email notifications e

Admin backend e

Badge name: Email:

Institution abbrevic "V2tionalfty:
XC e e X O r Oinmmanher Application country:
Country you from which you are applying

Special requi ts: | 4
Do you have any special dietary or medical requirements?

10 events, 461 registrations

VISA required: =]

Do you require a VISA to visit Kenya?
Passport name:

Name as it appears in your passport

Dacannrt nismhar:

Welcome, ayton. Change password / Log out

Home > H3ajhb » Applicants

Select applicant to change [_Add appiicant |+
Action: [ ---meemme $) Go| 0of 100 selected

0| Created First name Last name Research group or funding agency to which you belong VISA required

[ Sept. 26,2013, 4:39 pm. ANANYO CHOUDHURY H3A project (Pis:Michele Ramsay, Osman Sankoh) NO

[ Sept. 26,2013, 10:24 am. Matti Kimberg other (see below) NO

[ Sept. 26,2013, 9:26 a.m. John Walters other (see below) NO

(O Sept. 25,2013, 8:28 am. 123k Storm other (see below) )

[ Sept. 23,2013, 2:18 pm. Anne Arens. other (see below) NO

[ Sept. 23,2013, 2:07 pm. Reinhard Eckloff other (see below) NO

() Sept. 23,2013, %16 am. Paul Mola other (see below) no

(O Sept. 19, 2013, 11:19 p.m. Dissou Affolabi H3A project (PLDissou Affolabi) No

[ Sept. 19,2013, 12:01 p.m. Ruth Chaduwick Funding agency: Wellcome Trust NO
| Sar 10 2017 A7 2m ahar p—

L3 ddd

. L CBIO&
o33282°s%¢ Pan African Bioinformatics Network for H3Africa

saes Computational Biology @ UCT




Website monitoring

Google analytics
* traffic flow
* traffic sources

Location
O Al Visits
100.00%

Map Overlay

Site Usaga

Uptime monitored with pingdom
Amazon failover server (manual switch)

Visitors Flow

All Visits
100.00%

Starting pages

South Africa !
24K 338K

Kenya

570
Mraining-a...-aducation .
788

Nigeria

4t
fraining-a...coi-Kenya
330

Tanzania

450 .
indajno
241

United Stales

458 ]
isecond-h3a.. um-meevng
177

267K {>100 more pages)
211K '

* H3ABioNet

1st Interaction

Maning-a. -educanan
469

flag-in
359

feonsorlium-members
206

141

faboul
14

(>100 more pages)
146K

© 2013 Google

Pan African Bioinformatics Network for H3Africa

Couriry { Territory

. South Atica
. Kenya

. Migeria

. Tanzaria

. United States
. (mot set)

. Chana

. Tunigia

Morocco

Eqypt

| 4

1 I 401

Visits Pages | Visit g Visit Duration
7,044 36 00:04:10
5 of Total 100.00% (7044] | Sie vy 367 [000%) | Site Avg: 0004110 0 00%)
2,401 6.08 00:07:08
572 213 00:02:16
477 23 00:03:26
463 1. 00:02:23
458 3.18 000221
428 amn 00:03:00
M 229 000308
259 a3 00:02:33
210 kR 00321
165 242 00:02:37

D 2013 Google

CBIO LS
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Sep 28, 2012 - Sep 29, 2013

% Maw Visits

34.64%

S Ao 20 A% (17.82%)
18.70%
48.50%
43.19%
16.20%
59.83%
254T%
2B.37%
AT BE%
524t

A9.T0%

Bource Rate

52.81%

St Ao 52.57% (0 00%)
3561%
E1.15%
S765%
TIATH
49.78%
T0.08%
E£7.85%
E1.76%
S.48%
50.91%

Farws 1 - 100 61 85




Research and tool development

« Data management and storage
— Data integration platforms, e.g. BioMart

« Data analysis tools
— Developing pipelines in Galaxy
— Further developing eBioKits
— Visualization tools
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BioMart database

« Converting relevant data from flatfiles into
mineable format

* Includes user-friendly

AfMap - dev version Mew [ Count [ Resuls [ [3eed [©
Showing 500 kbp from chr18, positions 411,072 to 911,070 Dataset Export allresufsto Fie + TSV~ [ Uniqueresuts only |
llefe_frequent
o nstroniens allele_frequencies Email nofification to
Searching: Search using  sequence g, geos e, Jocus, ot oiber Lndhoark. The widcard character *is alowed Filters
Navigation: Cick e of the lers o center oa a locaton orcick and drago seect  ragion. Use the Scrol/Zoom bustons o chargs magrficasion and pesiion. [None selected] View 10 ~ rowsas HTWL + I Unique results only
Examples. Cir£411072. 511070, SWPrs6870660, 1M 153254, BRCAZ, 531, BN, Attributes Chrm|_Pos | KHS | HER | STS | XHS | ZUL | ASW] CEU | CHB | CHD| GIH | JPT | LWK] MEX | MKK] TSI | YRI
Chm 184647761 [0.3750.540] 0.480[0.446 | 0471|0480 0549 0590 | 0641 0.500 [ 0.583 | 0.506  0.580 [ 0.600 [ 0.557 [ 0518
[Bookmark: this] [Upload your vn data] [Hide banner] [Share these tracks| [Link ta Image| |SNP senatype data] [Haphap LD Data] [High-res Image] [Help] Pos 5 [156323558] 1.000] 0.920[0840] 0,893 [0.912 [ 0:847 [ 1.000 [ 0.96% [ 0941 [ 1.000 | 1.000 [ 0:883 [ 0.980 [ 0.969 | 1.000 [ 0.827
“‘s‘—“‘lh KHS § | 198662525 0,468 0.160 0.240[ 0.268 | 0.176 | 0.250] 0.259 0247 0282 0.153] 0.130 | 0.228 0.300 [ 0.378 [ 0.364 [ 0.195
o fearch HER 9 2296659 [0.917]0.960]0.920[0.329 [0.941[ 0939 1.000]1.000 1000 1000 1.000  0.922  1.000 [ 0.362 1.000[0.303
Landumark or R Reports & Analysis
Lanimark orRegin: STS 11 [ 26257545 | 04790620 [ 05400589 0568 0.643[0.833 [0.886 | 0.882  0.920 [ 0.917 | 0528 0688 [ 0631 0.837 [ 0545
ChrlE411072. 911070 Search ot LD Plo w [ Confgure ][50 ) = =
clbnorzaion fserii] 9 XHS 13| 76334809 [0.1880.380] 0.340 0.446 [0.353 0,378 0281 0223 [ 0271 0432 061 0.366 0.350 [ 0.427 [ 0312 0.385
Data$ I
Daa e . SerllZomm: ¢ g ¥ 9% Onp 0L 2 |224934756] 0042 0,000 0,000 0.000 0000 [ 0.000 [ 0.000 [ 0247 [ 0:212[ 0.000 [ 0.286 | 0.000 0.110 [ 0.017 | 0000 0.009
op-devverson — ASW § | 113481632 ] 0.168 [ 0.060 0.080 [ 0.125 | 0,088 0.133 0.196 [ 0.000 [ 0.000 [ 0.051 [ 0.000 [ 0.133[ 0.120 [ 0101 [0.476 [ 0.076
1 Dverview = § | 169694703 1.000 | 7,000 1.000 [ 0.982 1,000 0.9¢9] 1.000] 1.000 | 1000 1.000 1.000 | 0.978  1.000 [ 0.389 | 1,000 0.365
L o 7| 1295385 | 0.0210120]0.080] 0.1¢3 [0.000 0,245 0558 [ 0476 | 0512 0453 0572 0.100 ] 0.490 [ 0112 0528 0.116
L} o n kL @ 5 6o ™ CHD
& Region GH
s JPT
OGN G SR 0.8 051 .61 0. OB O AN LN LN LN LM LSN LN LM L Lo B LWK
@ Details MEX
MKK
£ sk ok Bk ok, TSI
EEH Gensiyped SNPs YRI
g 1“"};‘" b ) M’m"m“:‘:‘!?i’g“ DR TR ¥ Tt 2t 11‘
f"‘i}% pang i S 3} %3
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Analysis workflows

Quality control Input

Raw reads

FastQC

Visually inspect read quality
and statistics

fasktg_illumina_filter

Trimming barcodes and primers

Preprocessing

Mapping

Mapping with bwa
I:é Get mapping statistics Quality control 165 rRNA

Full human genome dlver5|.ty
_Remove duplicates mapping L analysls

Alignment Progessing

and variant analysis I

Quality score
recalibration

Post-processing

Sorting and Indexing

Clustering

Create phylogenetic tree ¥ Further analysis
H with phyloseq

Variant calling

Produce raw SNPs ;

i Analysis
Variant quality score BAM and read density file ) > Classification
recalibration ; A 4 A
l i Determine alpha Determine beta
diversitersity diversitersity
Filter SNPs
H Create OTU heatmap
WCF file 3 L
A\ Community richness Beta diversity: Estimators, Graphics A
Downstream Analysis tools (rarefaction plots) OTU assignment: Tables, Graphics OTU heatmap
- annovar
- SvA
- UCSC genome browser
- Galaxy
- 1GV
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alaxy workflows

Call bases and get quality ®
values

fasta_outout (fasta)
quaty_scores_output [qualsoind

Trim fasta sequences #®

A sequences to be trimmed

QUAL scares for correspanding FA
sequences

Phined PHD fhe for the comesponding
= s

Inputdataset 3
ot

sTA

STA sequence:
‘Claning vector sequences

Inputgataset i

outmt

Inputdataset 3

oot

Select fasta sequences i

Concatenate two rasta ties i

TA sequences 1
TA sequences 2

Fa
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eBiokits

 Standalone hardware without the need for
Internet

* Includes databases, tools, tutorials
« Based on Mac hard drives
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Visualization tools

 DAS-based tools —avoid integrating data locally
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Visualization tools

* Interactive web-based network visualization tool

PN Protein Interaction Network Visualizer
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H3ABIoNet training plan

« Short specialised courses

« Research driven workshops

* Regional workshops

» Career development workshops

* Internships, KTP

* Train the trainer program

* Mentorship

« Postgrad degree curriculum development
 Facllity for live-streaming to other classrooms
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Training activities

« Qrganized training courses:
— Technical course (Linux, Cloud, data security, HPC)
— Train-the-trainer course (Biostats, GWAS, NGS)
— eBiokit course (NGS)

« Courses live streamed to 2 class rooms

« Set up online application system

« Set up online evaluation system

« Set up training course website

« Developed training course planning document
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Summary

Bioinformatics Is required to convert data
Into iInformation

AS biolo§¥ goes more high-throughput so
the need for mathematics, statistics and
computing increases

As well as ensuring adequate IT
iInfrastructure Is in place, we need to train

people at different levels on the use of it

If we can build these in Africa we will stop
the movement of data off the continent!
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