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KwaZulu-Natal Research Innovation and Sequencing Platform

Introduction:

Highlights:

The concept behind this newsletter is that
anyone with 15 minutes to spare can learn about
the work of the KwaZulu-Natal Research
Innovation and Sequencing Platform (KRISP),
which is hosted at University of KwaZulu-Natal
(UKZN), Durban, South Africa

Reversing Brain drain and achieving scientific
excellence in Africa: This vision is starting to pay
off with ten manuscripts in Nature, Science and
Lancet journals!

KRISP wants to want to challenge the status quo
and create a scientific environment in South
Africa that drives innovations in global health
and reverses the brain drain. A critical function of
KRISP will be to make genomics, epigenetics and
bioinformatics accessible to academic, industrial
and commercial users.
In our fourth issue of 2018, we would like to
bring attention to a partnership FioCruz and
Oxford on real-time outbreaks analysis, reversing
brain drain and achieving scientific excellence,
talks and innovation events arising…

Publication: Renewing Felsenstein's
phylogenetic bootstrap in the era of big data.
Nature (2018)
Partnership: KRISP team goes to Brazil to work
with FioCruz & Oxford on Yellow Fever
Outbreak
News: An era of both peril and promise: The
impact of the Fourth Industrial Revolution,
Sunday Tribune coverage of SPARK Innovation
Breakfast
Innovation: Durban SPARK Innovation Breakfast
- Intellectual Property (IP) & Patents, 2 May
2018
KRISP Talks: Integrating Computer-Aided Drug
Design into Infectious Disease Drug Discovery, 9
May 2018

Website: www.krisp.org.za
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Events arising: KRISP Talks & Innovation Breakfast
KRISP Talks: Integrating Computer-Aided Drug Design into Infectious
Disease Drug Discovery
Speaker: Prof. Joe Eyermann, Head of Computer-Aided Drug Design at
Drug Discovery and Development Centre (H3D) - UCT
Date: Wednesday, 9 May 2018
Time: 11.00 - 12.00
Venue: K2 Seminar room, K-RITH tower building, Durban, South Africa

Durban SPARK Innovation Breakfast: Intellectual Property (IP) & Patents
Speaker: Tyron Grant, MSc (Genetics) &
Patent Attorney, Partner: Spoor & Fisher
Date: Wednesday, 2 May 2018
Time: 7:30 – 8:30
Venue: K-RITH tower building, Durban, South Africa

KRISP team goes to Brazil to work with FioCruz & Oxford on Yellow
Fever Outbreak
A firm called Oxford Nanopore has developed a
hand-held reader that can sequence genetic
material in minutes. The applications won't just
be for healthcare, but for establishing the
provenance of food in restaurants, or the
presence of dangerous microbes in food
factories or water supplies. It could also be used
for analysing DNA evidence at crime scenes.
"It's like the ultimate barcode,”…
KRISP team spent 10 days in Brazil working with
Prof. Luiz Alcantara group to use Oxford
Nanopore sequencing device to analyse the
current Yellow fever outbreak in Brazil.
This is part of a long-term collaboration with
Oxford University and FioCruz Foundation to
describe viral and bacterial outbreaks in realtime.
BBC covered the new technology of business and
Brazilian collaborators work on 27 April:
http://www.bbc.com/news/business-43897018

KRISP Newsletter, vol 2, num 4, April 2018

KRISP at UKZN challenges the status quo to create a scientific environment in (South) Africa that
delivers high level science, creates innovations and reverses the brain drain. This vision is starting to
pay off, and we are happy to say that in just two years, we published ten manuscripts in Nature,
Science and Lancet journals!
Nature journals:
Renewing Felsenstein's phylogenetic bootstrap
in the era of big data. Nature (2018),
doi:10.1038/s41586-018-0043-0
Microbial genome-wide association studies:
lessons from human GWAS. Nature Reviews
Genetics (2017), nrg.2016.132:doi:10.1038,
nrg.2016.132
Science journals:
Elevated HLA-A expression impairs HIV control
through inhibition of NKG2A-expressing cells.
Science (2018), 359:86-90
Effect of population viral load on prospective
HIV incidence in a hyperendemic rural African
community. Science Translational Medicine
(2017), 9:eaam8012
Lancet journals:
HIV-1 drug resistance before initiation or reinitiation of first-line antiretroviral therapy in
low-income and middle-income countries: a
systematic review and meta-regression analysis.
Lancet ID (2018)

Occult HIV-1 drug resistance to thymidine
analogues following failure of 1st line tenofovir
combined with a cytosine analogue and nevirapine
or efavirenz in sub Saharan Africa: a retrospective
multi-centre cohort study. Lancet ID (2017)
Spread of yellow fever virus outbreak in Angola
and the Democratic Republic of the Congo 201516: a modelling study. Lancet ID (2017)
Transmission networks and risk of HIV infection in
KwaZulu-Natal, South Africa: a community-wide
phylogenetic study. Lancet HIV (2017),
Universal test and treat and the HIV epidemic in
rural South Africa: a phase 4, open-label,
community cluster randomised trial. Lancet HIV
(2017)
Green environment and incident depression in
South Africa: a geospatial analysis and mental
health implications in a resource-limited setting.
Lancet Planetary Health (2017), 1:152-62
We are very proud of our scientists, many of which
left top international organisations to join us in
Durban! In addition to brain gain, they also bring a
wealth of collaborators…
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ARTICLE

https://doi.org/10.1038/s41586-018-0043-0

Renewing Felsenstein’s phylogenetic
bootstrap in the era of big data

F. Lemoine1,2, J.-B. Domelevo E ntfellner3,4, E . Wilkinson5, D. Correia1, M. Dávila Felipe1, T. De Oliveira5,6 & O. Gascuel1,7*

Felsenstein’s application of the bootstrap method to evolutionary trees is one of the most cited scientific papers of all
time. The bootstrap method, which is based on resampling and replications, is used extensively to assess the robustness
of phylogenetic inferences. However, increasing numbers of sequences are now available for a wide variety of species,
and phylogenies based on hundreds or thousands of taxa are becoming routine. With phylogenies of this size Felsenstein’s
bootstrap tends to yield very low supports, especially on deep branches. Here we propose a new version of the phylogenetic
bootstrap in which the presence of inferred branches in replications is measured using a gradual ‘transfer’ distance rather
than the binary presence or absence index used in Felsenstein’s original version. The resulting supports are higher and
do not induce falsely supported branches. The application of our method to large mammal, HIV and simulated datasets
reveals their phylogenetic signals, whereas Felsenstein’s bootstrap fails to do so.

The bootstrap method is a widely used statistical approach to study the
robustness, bias and variability of numerical estimates1,2. It involves
resampling with replacement from the original dataset to obtain replications of the original estimate and then, typically, computing the
variance and distribution of this estimate. In 1985, Joseph Felsenstein
proposed the use of the bootstrap to assess the robustness, or repeatability, of phylogenetic trees3. Given a sequence alignment and a reference
tree inferred from it, the procedure is: (i) resample, with replacement,
the sites of the alignment to obtain pseudo-alignments of the same
length, (ii) infer pseudo-trees using the same inference method and
(iii) measure the support of every branch in the reference tree as the
proportion of pseudo-trees containing that branch. The usefulness,
simplicity and interpretability of this method has made it extremely
popular in evolutionary studies, to the point that it is generally required
for publication of tree estimates in a wide variety of domains (molecular
biology, genomics, systematics, ecology, epidemiology and so on). As a
result, Felsenstein’s article has been cited more than 35,000 times and
is ranked in the top 100 of the most cited scientific papers of all time4.
However, the use of Felsenstein’s bootstrap has been questioned on
biological grounds, notably regarding assumptions of site independence
and homogeneity5. Furthermore, the statistical meaning of Felsenstein’s
bootstrap proportions (FBPs) has been the subject of intense debate6,
the main questions being whether FBPs can be seen as the confidence
levels of some test and whether or not they are biased7–10. Several methods9,11,12 have been proposed to correct FBP to better agree with standard ideas of confidence levels and hypothesis testing. These works have
greatly contributed to the understanding of what Felsenstein’s bootstrap
is and what it is not. However, FBP correction methods are limited to
relatively small datasets for mathematical and computational reasons
(for example, double bootstrapping), and the original method is still
often used; a Google Scholar search reveals about 2,000 citations of
Felsenstein’s paper in 2017. As has previously been stated13, “consensus
has been reached among practitioners, if not among statisticians and
theoreticians” and “many systematists have adopted Hillis and Bull’s
“70%” value as an indication of support”. The alternatives to FBPs are

the Bayesian posterior probabilities of the tree branches14—which are
difficult to obtain with large datasets for computational reasons—and
the approximate branch supports15,16, which are computed quickly but
provide only a local view. The bootstrap is also computationally heavy,
but is easily parallelized and fast algorithms have been designed17,18.
It is commonly acknowledged13 that Felsenstein’s bootstrap is
not appropriate for large datasets that contain hundreds or thousands of taxonomic units (taxa), which are now common as a result
of high-throughput sequencing technologies. Though such datasets
generally contain a lot of phylogenetic information, the bootstrap proportions tend to be low, especially when the tree is inferred from a
single gene, or only a few genes, as illustrated in Fig. 1a with a dataset
of approximately 9,000 HIV-1 group M (HIV-1M) DNA polymerase
(pol) sequences. The strongest signal in such a phylogeny generally
corresponds to the deep branching of the subtypes. This signal is immediately visible here and is consistent with the common belief regarding
subtype branching19 but some of the HIV-1M subtypes (A, B, D and
G) are not supported, and neither is their branching (for example, the
grouping of C and H). When using a medium-sized dataset of about
550 randomly selected sequences the FBPs are higher, with most subtypes supported at 70% or more. However, their deep branching is still
unresolved (Extended Data Fig. 5).
The reason for such degradation is explained by the core methodology
of Felsenstein’s bootstrap. A replicated branch must match a reference
branch exactly to be accounted for in the FBP value. A difference of
just one taxon—which is highly likely to be the case in large datasets—
is sufficient for the replicated branch to be counted as absent, even
though it is nearly identical to the reference branch13,20. There are many
biological and computational reasons for the existence of ‘rogue’ taxa
with unstable phylogenetic positions: convergence, recombination,
sequence and tree errors, and so on. The standard approach20–24 is to
remove these taxa and relaunch the analysis, but this is statistically
questionable and computationally expensive. Furthermore, with a large
number of taxa and a low number of sites the phylogenetic signal is
weak. The inferred branches are then likely to have errors and a large
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KRISP News: An era of both peril and promise
Sunday Tribune, 1st April 2018 - The impact of
the Fourth Industrial Revolution, an age of
unprecedented advances, is under the spotlight
at UKZN this week, writes A dire need to
cultivate entrepreneurship and innovation in SA
IN GREEK mythology, a Cypriot sculptor,
Pygmalion, carved a woman out of ivory. The
statue was so beautiful and realistic that he fell
in love with it, and prayed at the altar of
Aphrodite for a bride who would be “the living
likeness of my ivory girl”.
When he re turned home, he kissed his ivory
statue, and found that its lips felt warm. He
kissed it again. The statue of Galatea came to
life. Then there was the Greek god Hephaestus
who, as a black smith for all gods, built
automatons of metal to work for him. He also
created – out of gold – mechanical hand maidens that could talk.
An other Greek hero and slayer of monsters,
Cadmus is said to have sown dragon teeth that
turned into soldiers. Now, 2 500 years later, the
concept of artificial servants, companions,
workers, near indestructible soldiers and war
machines is fast turning into a reality.
How this will be managed is among questions
likely to arise at a Spark Innovation workshop
being hosted at the University of Kwazulu-Natal
(UKZN).
Imagine what rogue inventors could conjure
using robotics and artificial intelligence, said
deputy vice-chancellor of research, Professor
Deresh Ramjugernath, who will be the keynote
speaker.
Ramjugernath said exponential advances in
innovative technology to day were as
astounding as they were scary.

He shares the views of late British physicist
Stephen Hawking who, in the years before his
death, of ten warned of the possible
consequences
of
artificial
intelligence.
“Artificial intelligence will be the best or worst
thing to happen to humanity. We don’t yet
know which,” said Hawking in a 2016
interview.
In Ramjugernath’s view, the concept behind the
original movie, The Terminator, is not that farfetched. SOUTH Africa needs to up its game in
the world of innovation and entrepreneurship,
says UKZN deputy vice chancellor: research,
Professor Deresh Ramjugernath.
In South Africa, he says, when people talk of
entrepreneurs, they are often thinking too
small-scale – survival entrepreneurial activity.
“If we really want to see the significant
economic growth and job creation that we are
seeing in developing countries, we must have
real innovation in medium and hi-tech
entrepreneurship,” he said.
“In the US, they have done it extremely well,
leading to a number of tech start-ups.“ We are
trying to develop the same kind of mind set
and culture here,” said Ramjugernath. “That is
what our Spark events are all about.”
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KRISP Tools & Toys: collaboration, training & services

KRISP can provide computational services to both academic and to industrial partners (within the
context of collaboration, grants contracts or consultancy services). We have access a wide range
(> 300) of standard life science software applications and databases. Additional applications or
databases can be hosted on request. Arrangements can also be made to secure proprietary data.
We have access to four high processing computer clusters (HPCs) to perform high-throughput
analysis of BIG DATA. Please contact us for further information…
List of tools available at http://www.krisp.org.za/tools.php

KRISP has access to cutting-edge servers, including High Processing Clusters (HPCs) computers at CHPC
and SAMRC and has dedicated Linux servers and multiple top of the range MacPro Desktops. KRISP has
also installed > 300 bioinformatics software applications and pipelines with allows us to provide world
class bioinformatics support and services to the academic and commercial community...
List of toys available at http://www.krisp.org.za/toys.php

Website: www.krisp.org.za

KRISP Papers
Renewing Felsenstein's phylogenetic bootstrap in the era of big data.
Lemoine F, Entfellner JBD, Wilkinson E, Correia D, Davila Felipe M, de Oliveira T, Gascuel O
Nature (2018), doi:10.1038/s41586-018-0043-0
Microwave Assisted Green Solid-Phase Peptide Synthesis using #-Valerolactone (GVL) as Solvent
Kumar A, Jad YE, Collins JM, Albericio F, de la Torre B. ACS Sustainable Chem. Eng. (2018) doi:
10.1021/acssuschemeng.8b01531
Longitudinal Trends in the Prevalence of Detectable HIV Viremia: Population-Based Evidence
From Rural KwaZulu-Natal, South Africa.
Vandormael A, Bärnighausen T, Herbeck J, Tomita A, Phillips A, Pillay D, de Oliveira T, Tanser F. Clin
Infect Dis. (2018) 66(8):1254-1260. doi: 10.1093/cid/cix976.

KRISP Training
BIO: Biotechnology Innovation Organization, International Convention 2018, Boston,
MA, USA, 04 - 07 Jun, 2018
23rd International Bioinformatics Workshop on Virus Evolution and Molecular
Epidemiology (VEME), Berlin, Germany, 26-31 August, 2018
For more information please contact:
Prof Tulio de Oliveira, KRISP, Nelson R Mandela School of Medicine, University of KwaZulu-Natal, Durban, South
Africa. Tel : +27 31 260 4898, e-mail : & tuliodna@gmail.com & deoliveira@ukzn.ac.za. Web: www.krisp.org.za

Funded by:

Disclaimer: KRISP at UKZN wishes to express its gratitude to the following funders for their generous support for
the production of this report: Technology Innovation Agency (TIA), South African Medical Research Council
(SAMRC) University Flagship Program, European Commission (EC), Centers for Disease Control and Prevention,
Swiss / South Africa Joint Research Initiative and the U.K. Royal Society. The newsletter is published as open
access under a Creative Commons ShareAlike 30 Unported (CC BY-SA 30) license
(http://creativecommonsorg/licenses/by-sa/30/) and is available in printed format as well as electronically as
PDF, Web-format, etc The contents of this report and the opinions expressed herein are solely the responsibility
of the authors and do not necessarily represent the official views or policies of any of the funders.
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