Welcome address
Prof. Sanushka Naidoo
I vividly recall the first SAGS congress that I attended as an MSc student. I was nervous but excited to present my
research on a pseudogene we had identified in sugarcane to this prestigious community. It was stimulating to speak
to other researchers working on different organisms, learn new techniques and make new friends. Throughout my
career, I remained a member of the society and benefitted greatly from this interaction. Now, I am honoured to serve
as the South African Genetics Society President in 2018.
We are living in an exciting time in the field of Genetics. It is hard to believe that this immense field developed
with the work of Austrian monk Gregor Mendel in the mid 1800’s based on experiments on the humble pea plant.
Researching his life, I was somewhat surprised to discover that Mendel experienced a fair number of challenges. His
family did not have the means to pay for his education; he suffered bouts of illness and depression but persevered to
complete high school and university to become a scientist that has presented us with his legacy: Genetics. Mendel’s
example of perseverance is a model for the challenges facing higher institutions in the South African context.
How far the field of Genetics has developed over the decades with the discovery of the DNA double helix, polymerase
chain reaction and more recently genomics and genome editing. It is applied to every organism or population to
study evolution, structure, function and therapeutic applications. Consequently, the science continues to advance
at a tremendous pace. It is hard to ignore that the lines between fields are blurring as genetics penetrates into
diverse areas. We have been collaborating with related fields and societies to become more relevant and innovative
in problem solving. Our close association with the South African Society of Bioinformatics (SASBi) is one such
example. We held an immensely successful joint congress with SASBi in 2016 at the University of KwaZulu Natal
Nelson Mandela School of Medicine, and we look forward to hosting the 2018 joint congress at the beautiful Golden
Gate Resort, Free State, from 16–18 October 2018.
I look forward to working with you to uplift SAGS and South African science further!
— Prof Sanushka Naidoo, SAGS President
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Plenary Session T1 · Tue 16 Oct
08:00 Free State Room
To the full: the case of a virus and its host plant genomes
VANDERSCHUREN , H.
Plant Genetics, TERRA Teaching and Research Center, University of Liège, Gembloux, Belgium
(herve.vanderschuren@uliege.be)

 Keynote · Tue 16 Oct 08:10 – 09:05 · Free State Room
NGS · virus · crop · CMD2 locus · cassava

Advances in sequencing technologies have produced extensive data about plant genomes and pathogens. When
applied to plant–virus pathosystems, current sequencing technologies can facilitate the characterization of both plant
and virus diversity as well as the identification of previously unknown viruses. However, the contribution of highthroughput sequencing technologies to virus detection and identification remains constrained by several technical
challenges including the risk of assembling artificially chimeric viral genomes due to short sequencing read lengths.
Similarly, assembly of sequences in the highly repetitive regions of plant genomes remains challenging. The study
of the genomic components from the cassava–geminivirus pathosystem illustrates the current limitations and opportunities of high-throughput sequencing technologies.
Cassava geminiviruses are the causal agents of cassava mosaic disease (CMD), the most widespread and devastating
disease of cassava, an important staple crop in Africa. Sequencing technologies can be instrumental to analyze the
diversity of geminiviruses in the field as well as to characterize natural resistance/tolerance in cassava. For example,
we have taken advantage of PacBio long read sequencing to develop a new methodology called CIDER-Seq (Circular DNA Enrichment Sequencing). The CIDER-Seq is particularly suitable to produce full-length virus genomes at
relatively low cost and can be used to analyze geminivirus populations in field trials of virus-resistant cassava.
Natural tolerance to cassava geminiviruses has been studied extensively in African cassava cropping systems to
limit the negative impact of CMD. The so-called CMD2 is a single dominant locus that confers tolerance to geminivirus infection. Despite extensive efforts to characterize the CMD2 locus, the gene(s) conferring natural tolerance
has remained elusive. Genome sequencing efforts pave the way to the identification of the CMD2 genes. However,
the highly repetitive nature of the CMD2 genomic region has made its assembly particularly challenging and new
sequencing and bioinformatics approaches need to be implemented in order to improve the assembly of repetitive
sequences and to fill the gaps between contigs.
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Oral Session T2 · Tue 16 Oct
10:30 Free State Room
Assessing next-generation sequence variant detection methods on African populations
VAN B ILJON , N. 1 , C HIMUSA , E. 2 , AND M ULDER , N. 3
1 University

2 Division

of Cape Town, South Africa
of Human Genetics, University of Cape Town, South Africa

3 Computational

Biology Division, University of Cape Town, South Africa

 Plenary · Tue 16 Oct 10:30 – 11:00 · Free State Room
variant calling · simulation · NGS · comparison · African genomic data · coverage

Variant calling is an important aspect of genomic studies as polymorphism information can be used to influence
important clinical decisions. The question we face is: what is the most appropriate variant calling method to use
when working with populations of longer histories, high genetic diversity and environmental heterogeneity such as
African populations? Most variant calling programs have been designed to leverage populations of long range haplotypes such as European populations. Given African data has divergent properties that may affect variant calling
tool efficiency, we expect that the tools that work well with European data may not be optimal for African data. We
simulated artificial African and European genetic data and used this to assess the performance of nine different variant calling tools. We found after comparing European and African low coverage genomic data, that BCF TOOLS was
the optimal tool of choice for African data. We have also drawn several recommendations and identified issues with
respect to simulating African whole genome sequence data. This is important as variation seen in African genomic
data is often representative of variation seen in populations across the globe, while variation found in populations
out of Africa only specifically represent variants seen in directly related population groups. Thus, by increasing the
accuracy of analysis on African genomic data we may solve problems that affect global populations.
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Computational strategies to identify potential
cross-staged drug targets in Plasmodium
falciparum: potential to repurpose approved
drugs for elimination of malaria

Pharmacoinformatics-based identification of
chemically active molecules against Ebola
virus disease
I SLAM , M.A. AND P ILLAY, T.S.

E GIEYEH , S. 1 , A ZZAOUI , K. 2 , AND G EDECK , P. 3
University of Pretoria, South Africa
1 School

of Pharmacy, University of the Western Cape, South
Africa
2 Novartis Institute for Biomedical Research, Switzerland
3 Novartis

 Tue 16 Oct 11:15 – 11:30 · Free State Room

Institute for Biomedical Research, USA

Ebola virus · pharmacophore · molecular docking · virtual
screening · molecular dynamics

The deadly Ebola virus (EBOV) that is transmitted by
animals and humans causes an acute, serious and often fatal haemorrhagic fever in humans and nonhuman
primates with high mortality rates. The World Health Organisation (WHO) reported a serious outbreak of Ebola
virus disease (EVD) in West Africa in 2014 that affected
a large area. The nature of the disease makes it imperative for international agencies to collaborate to control
the outbreak. At present, there is no curable chemical
agent for this deadly virus. In the current study, pharmacoinformatics approaches were adopted to find effective
novel chemical entities that are active against the virus
and that could stop the infection. Known Ebola virus inhibitors collected from literature were used to develop a
predictive and statistically robust pharmacophore model.
The best model explained the significance of each of hydrogen bond acceptor and donor, and two hydrophobic
regions for the infectivity. The National Cancer Institute
and A SINEX (Antiviral library) databases were screened
using the final validated pharmacophore model. Initial
hits were further screened with a set of criteria and finally eight molecules from both databases emerged as
promising anti-Ebola agents. Further molecular docking
and molecular dynamics studies were carried out and we
found that the proposed molecules possessed the capability to interact with amino acid residues of the Ebola
glycoprotein as well as retained equilibration of proteinligand systems. Finally, the binding energies were calculated using MM-GBSA approach and all proposed
molecules showed strong binding affinity towards Ebola
glycoprotein receptor. Therefore we conclude that proposed molecules may be considered as lead compounds
for the EVD and will be subjected to experimental validation, in vitro.

 Tue 16 Oct 11:00 – 11:15 · Free State Room
Plasmodium falciparum · cross-stage genes · life cycle · genes
· drug targets · hit · drug repurpose

Most of the current therapies for malaria target the erythrocytic stage; a few target the pre-erythrocytic stage
of the life cycle of Plasmodium falciparum (Pf). To
achieve elimination of malaria, there is a need to target every stage of the asexual life cycle of the parasite.
It was hypothesized that compounds that can inhibit a
protein expressed across all the stages of the life cycle
of Pf may be the “silver bullets” that will eliminate the
malaria parasite from the human host. Therefore, the objectives of this study were to identify cross-stage genes
and the expressed proteins in Pf as well as identify hit
compounds against one of such proteins. A customized
search protocol was implemented in P LASMO DB (The
Eukaryotic Pathogen Genomics Database Resource) to
find cross-stage genes in P. falciparum. A total of 15
genes expressed across all stages of P. falciparum life
cycle (with protein expression data, 3D crystal structures and low similarity to human proteins) were identified. One of the proteins expressed by one of the crossstaged genes is Pf Tyrosyl-tRNA synthetase. Pf TyrosyltRNA synthetase is a housekeeping protein translation
enzyme located in the cytoplasm. It is also involved in
ATP binding and host cell surface receptor binding. Pf
Tyrosyl-tRNA synthetase has been reported to induce
pro-inflammatory responses from host immune cells.
Previous studies showed localization of Pf Tyrosyl-tRNA
synthetase in all three stages of asexual parasite life cycle: rings, trophozoites, and schizonts. Hit compounds
against Pf Tyrosyl-tRNA synthetase were identified via
high throughput molecular docking of an approved drug
library from Drug Bank. Overall, this protein may be a
good drug target for possible elimination of all stages of
the P. falciparum asexual life cycle.
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Variance in common cancer genes from African
populations

Evaluation of three HLA genotyping
approaches: limitations and successes

M ILNER , G., J OUBERT, F., AND H OUREAU, T.

B IRD, J. AND G ENTLE , N.

Centre for Bioinformatics and Computational Biology,

University of the Witwatersrand, South Africa

University of Pretoria, South Africa
 Tue 16 Oct 11:45 – 12:00 · Free State Room
human leukocyte antigens · genotyping · next-generation se-

 Tue 16 Oct 11:30 – 11:45 · Free State Room

quencing

cancer · susceptibility · population · differentiation · selection

Human leukocyte antigen genes are highly polymorphic loci located on chromosome six. This region is
the most polymorphic region within the human genome,
and as such, genotyping alleles in this region is problematic. Furthermore, the required resolution of genotyping
is dependent on the application. For instance, organ
transplants require two-digit resolution for kidney and
a minimum of four-digit resolution for bone marrow,
while population disease related studies often require
six-digit resolution. As specialized HLA genotyping
tools have been developed which utilize NGS data, the
aim of this study was to compare three HLA genotyping
tools, namely Kourami, xHLA, and HISAT-Genotype.
The accuracy of the tools were compared to Sanger sequenced HLA data, where exons 2 and 3 were sequenced
for HLA class I. As exons 2 and 3 were available as a
reference from the Sanger sequencing, an accurate allele call was determined on its similarity to the reference
data. It was found that xHLA correctly genotyped all
the alleles to a two-digit resolution. HISAT-Genotype
and Kourami had a genotyping accuracy of 98.6% and
95.8%, respectively at a two-digit resolution. At the four
and six-digit resolution, a similar trend was observed,
where xHLA was the most accurate, at 98.6% and 94.4%,
respectively. HISAT-Genotype had an accuracy of 94.2%
and 91.3% at the four- and six-digit resolution. Kourami
had an accuracy of 90.3% and 88.9% at the four- and
six-digit resolution. To further identify possible error
trends, the allele sequences produced by the tools were
analysed. It was found that the majority of errors occurred at heterozygous positions, which were incorrectly
identified as homozygous. Analyses of the NGS data
at these positions identified two trends – reduced read
depth and strand sequencing bias. The reduced read
depth resulted in less information for the tools to determine the correct nucleotides at these positions. The
strand sequencing bias resulted in a higher proportion of
one nucleotide in a heterozygous pair, resulting in incorrect homozygous nucleotide calls. As xHLA utilizes a
protein-based alignment method, it allows for a degree of
incorrect nucleotide calls which could result in increased
accuracy. The graphical-based methods, Kourami and
HISAT-Genotype, were more susceptible to these errors,
which resulted in decreased accuracy. This suggests that

The effort to quantify the genomic contribution to the
clustering of cancer susceptibility within family groups
has resulted in the development of a number of multigene cancer panels, each consisting of variants known or
suspected to play a role in disease formation. However,
these panels have been constructed predominantly using
European GWAS data, and considering the high degree
of genetic diversity within and between African populations, there is potentially a large degree of uncertainty
as to the respective contributions of numerous variants
to disease aetiology in these groups. This project attempts to make a comparison of several African and
European populations, highlighting the potential susceptibility genes specified in a combination of cancer panels, in order to identify any population-based frequency
differences and selection pressure signals from which inferences may be made as to the roles that certain variants
may play in increasing disease risk in African populations. 1000 Genomes data for five African and five
European populations was downloaded in VCF format
and modified using P LINK for statistical analysis. Population structure was determined through a combined
use of principal component analysis, IBS clustering and
several population differentiation measurement statistics
(fixation indices). These include FST , the most widely
used measure for partitioning genetic variation in natural
populations, as well as several modern variants (GST , and
Josts’ D). Tajima’s D and Extended Haplotype Homozygosity were calculated in order to measure signatures of
positive and background selection. Differentiation between African and European populations across several
susceptibility gene regions has been established.
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dynamic simulation studies to validate these movement
effects on the NAT1 protein structure in comparison to
the WT structure. The result of this study will provide a
 T2
pipeline to assess the effects of variants (located outside
the catalytic pocket) on drug metabolising enzymes.

tools should utilize a protein-based alignment step. After which, tools should include a refinement step, which
analyses presumptive homozygous sites for evidence of
heterozygosity before producing an allele call.

In silico modeling of single nucleotide
polymorphisms in the NAT1 drug metabolising
enzyme

The use of recent advancements in variational
inference methodology in measuring
co-variation of HIV-1 Pol amino acid residues

W ERELY, C. 1 , C LOETE , R. 2 , A KURUGU, W. 2 , VAN
H ELDEN , P. 1 , AND C HRISTOFFELS , A. 2
1 Stellenbosch
2 University

S MIDT, W.

University, South Africa
University of KwaZulu-Natal, South Africa

of the Western Cape, South Africa

 Tue 16 Oct 12:00 – 12:15 · Free State Room

 Tue 16 Oct 12:15 – 12:30 · Free State Room

NAT1 · drug metabolism · single nucleotide polymorphisms · in

HIV · phylogenetics · variational inference · pymc3

silico modeling

Evolution of sites within protein sequences are often
not independent events. In viruses such as HIV-1, extreme selection by immune response from the infected
host require a rapid mutation rate to avoid this onslaught.
While a residue change may cause the virus to escape
the host response, the fitness impact of this mutation
can be unfavourable and compensatory mutations help to
partially or fully restore fitness. In the current art, various methods exist to impute the co-variation of residues.
These may be by empirically measure to coexistence
of residues at different sites, or more sophisticated in
the way of using phylogenetic methods to determine if
these sites are co-evolving by comparing dependent and
independent substitution models. While these methods
are sound, they do often give point estimates of the parameters and lack measurements of uncertainty. While
sampling-based Bayesian methods do exist to measure
the uncertainty, they suffer from exceedingly long running times. To mitigate this, variational methods have
been developed that aim to approximate the distribution
parameter values instead of sampling directly from the
posterior. This has the advantage of both being faster and
being able to handle large numbers of parameters. Here
it will be shown how a combination of ancestral state reconstruction and variational methods through the use of
the Python package P Y MC3 can be used to rapidly infer
correlated mutations within the Pol region of HIV-1.

The activity of drug metabolising enzymes (DME),
such as the arylamine N-acetyltransferases (NAT1 and
NAT2), effect the action of drugs by influencing the
metabolic balance between their activation and/or detoxification. Single nucleotide polymorphisms (SNPs) in
the NATs have previously been implicated in both the
inter-ethnic and inter-individual activity variation in
the treatment-response profiles of patients. We investigated the structure-function significance of 10 nonsynonymous SNPs in the NAT1 enzyme. These SNPs
were previously identified in a South African mixed ancestry population. Furthermore, using P YMOL mutagenesis wizard, none of these variants were found in, nor
associated with the catalytic pocket of the enzyme. The
in silico predictions utilised tools such as DUET web
server that includes, M CMS and SDM algorithms and
also SIFT and POLYPHEN-2 to investigate the effects
of the 10 novel SNPs on the human NAT1 enzyme. For
the purpose of the analysis we used the wild type NAT1
crystal structure (PDBID: 2IJA), and converted the Serine 125 mutation to the WT phenylalanine. Four of the
10 novel variants (R166T, F202V, V231G and V235A)
were predicted by the four algorithms to affect NAT1
protein structure, and have a destabilising effect on protein function. Three variants (R117T, E167Q and T193S)
were predicted to have no functional effects, whilst the
remaining variants (Q210P, D229H and T240S) showed
contradictory results. Future work includes molecular
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Co-segregating variants in a Parkinson’s disease family: characterization using structural
methods
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 Plenary · Tue 16 Oct 13:30 – 14:00 · Free State Room
co-segregating · Parkinsons disease · Neurexin 2 · molecular dynamic simulations

Parkinson’s disease (PD), is an incurable neurodegenerative disorder characterized by a loss of dopaminergic neurons
in the substantia nigra. PD affects multiple aspects of the patient’s life including motor and autonomic functions,
cognition, mood and behavior. PD has been shown to be due to a complex interplay of various environmental and
genetic factors. To date, several PD-causing genes have been studied in European and Asian populations such as;
LRRK2, DJ-1, Parkin and PINK1. However, African populations remain underrepresented in genetic studies. In the
present study we performed whole exome sequencing (WES) of three affected family members with Parkinson’s
disease of a South African family of Afrikaner descent. We identified a novel variant (p.G849D) in the Neurexin 2
gene (NRNX2) that co-segregated with the disease; is only present in affected family members and not present in four
unaffected family members and/or 192 healthy controls. This variant was also confirmed using Sanger sequencing
to validate the WES results. To further characterize the variant we used several Bioinformatic algorithms namely;
SIFT, P OLY P HEN -2, M UTATION TASTER and CADD that indicated the variant was pathogenic. Structural analysis
using the DUET web server suggested contradictory results using SDM, M CSM web servers with variant G849D
predicted to be highly stabilizing and slightly destabilizing. Additional molecular dynamic simulation (MD) studies
of 100ns timescale was performed using GROMACS. Here we prepared a wild type and mutant structure of NRNX2
in the absence and presence of substrate N-acetyl-D-glucosamine (NAG). MD analysis provided significant support
for variant G849D NRXN2 structure as being highly stabilizing based on lower (i) root mean square deviation of
backbone atoms, (ii) root mean fluctuation of C-alpha atoms, (iii) solvent accessible surface area, (iv) radius of gyration and (v) principal component analysis values compared to the WT structure without NAG. Notably, the most
common PD-causing mutation, p.G2019S in the LRRK2 protein has previously been shown to be highly stabilizing in comparison to WT protein. Importantly, the computational results of this study proposes variant G849D in
NRXN2 as a plausible candidate to be involved in PD development and these findings may provide novel insights
into inhibitor design to prevent neurodegeneration.
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Investigating the genetic aetiology of three
facial dysostoses disorders in South Africa

Insights into Foetal Alcohol Spectrum Disorder:
the role of the microbiome

N EVONDWE , P. 1,3 , K ERR , R. 1,3 , S PENCER , C. 2,3 ,
M UDAU, M. 1,3 , F EBEN , C. 1,3 , S EYMOUR , H. 1,3 ,
L OMBARD, Z. 1,3 , K RAUSE , A. 1,3 , AND C ARSTENS ,
N. 1,3

K ITCHIN , N. 1 , M ALAN -M ULLER , S. 1 , W OMERSLEY,
J.S. 1 , PARKER , M. 1 , M ARAIS , A.-S. 1 , D E V RIES ,
M.M. 1 , M AY, P.A. 2 , S EEDAT, S. 1 , AND H EMMINGS ,
S.M.J. 1
1 Stellenbosch

1 University

of the Witwatersrand, South Africa
2 University of Cape Town, South Africa
3 National

2 University

University, South Africa

of North Carolina and University of New Mexico,
USA

Health Laboratory Services

 Tue 16 Oct 14:15 – 14:30 · Free State Room
 Tue 16 Oct 14:00 – 14:15 · Free State Room

gut microbiome · foetal alcohol spectrum disorder · prenatal

facial dysostoses · next-generation sequencing · Treacher

alcohol exposure

Collins · Nager · Miller

Prenatal alcohol exposure can alter the development,
function and regulation of neural and physiological systems, manifesting its effects through cognitive and behavioural deficits, changes in stress and immune function, and increased vulnerability to mental health disorders. Foetal Alcohol Spectrum Disorder (FASD) is
an overarching term describing four diagnoses along
a severity spectrum, consequential to prenatal alcohol
exposure. Despite the fact that prenatal exposure to
alcohol is one of the most preventable causes of birth
defects, developmental disorders and mental retardation,
the prevalence of FASD in South Africa is 13.5 to 20.8%,
significantly higher than the global prevalence of 0.77%.
The gut microbiome, the catalogue of the microbes and
their genes in the human gut, plays a role in regulating
nutrient intake, intestinal motility, neuroimmunity, and
metabolic and immunological development. Excessive
alcohol intake affects the gut microbiome, causing both
the microbial composition and functions to change from
their normal beneficial state to one that is harmful to the
host’s health. Changes in the maternal gut microbiome
may influence foetal development via transfer of bacteria
through the placenta. The aim of this study is to assess
gut microbial composition in women with and without
alcohol use during pregnancy. A total of 78 pregnant
women were recruited from Robertson and Wellington
— 48 who consumed alcohol during pregnancy and 30
women who abstained from drinking throughout pregnancy. Microbial DNA extraction was performed on
stool samples, followed by 16S rDNA sequencing of the
V4 region. The DADA 2 pipeline will be used to preprocess the fastq sequencing files and to create an operational taxonomic unit table. P HYLO S EQ will be used to
assign taxonomy, create phylogenetic trees, and perform
analyses to determine whether there are compositional
differences between the two groups. R will be used to
compute the statistical analyses of microbial composition
and calculate α-diversity and β -diversity. If differences
in gut microbial composition between the two groups

Treacher Collins, Nager and Miller syndromes are genetic disorders that show overlapping clinical features.
No molecular testing for these facial dysostoses disorders is available in South Africa (SA) due to a number
of challenges, most notably the fact that we have no
published data on the genetic aetiology of these disorders in SA populations. Clinicians depend on family
history and clinical features to make a diagnosis, which
is problematic due to the variable clinical presentation
and -overlap of these disorders. Next generation sequencing (NGS)-based strategies have been shown to
be effective in diagnosing various monogenic disorders.
The present study sought to generate novel information
on the genetics of Treacher Collins, Nager and Miller
syndromes in SA. Sixteen South African patients were
recruited from the participating clinics of the Division of
Human Genetics, Wits and NHLS. Genomic DNA was
extracted from whole blood and targeted next-generation
sequencing-based mutation screening was performed on
twelve genes known to cause or interact with known
genes of the three disorders. Sequencing was done on
an Illumina MiSeq platform and data was analysed using
the AGILENT S URE C ALL software. Putative pathogenic
variants were identified through a tiered filtering approach. Variants with a minor allele frequency of more
than 5% were excluded and bioinformatics predictors
and inheritance pattern of the variant were then used to
identify likely pathogenic variants. We discuss the likely
disease-causing variants identified to date as well as early
thoughts on a molecular diagnostic strategy for these disorders in SA.
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are identified, it is possible that the gut microbiome may
Tools for analysis of Luminex immunoassay
serve as a mechanism whereby alcohol exposure affects data: development of a robust pipeline and best
foetal health.
practices recommendations
DA C AMARA , N.L. AND T ROMP, G.
Stellenbosch University, South Africa

Germ line sequence variants in cancer
susceptibility genes of South African women
with breast cancer

 Tue 16 Oct 14:45 – 15:00 · Free State Room
analytics · bioinformatics · immunology · Luminex · multiplex
immunoassays

E YGELAAR , D., J OUBERT, F., AND J ANSEN VAN
R ENSBURG , E.

Cytokines are fundamental to the immune response in
health and disease, e.g. infection. Currently available
analytical tools, e.g. multiplexed enzyme-linked immunosorbent assays (ELISA) such as the Luminex platform, enable the detection and quantification of multiple
cytokines simultaneously from small amounts of sample.
The utility of these assays for diagnostic and prognostic
use demands that analyses be reproducible and robust.
The aim of this study is to develop, evaluate, and implement a pipeline for the analysis of multiplex immunoassays data. Programming and statistical analysis will be
done to implement best practices for data generation,
management and quality control to provide high quality
data for analysis. A variety of analytical approaches will
be investigated and a set of robust analysis options will be
provided together with appropriate bioinformatics tools
in the newly developed pipeline. The methods will be
validated using existing de-identified data sets from the
Stellenbosch University Immunology Research Group
and their collaborators as well as data from public data
repositories. Subsequently, we will apply the pipeline to
newly generated data. The newly developed pipeline is
expected to speed up identification of diagnostic markers, prognostic markers, as well as prognostic treatment
response markers. We will implement this approach in
our department, and promote its use more generally. This
research is supported by the Strategic Health Innovation
Partnership Grant from the South African Medical Research Council (SAMRC) and Department of Science
and Technology/SA Tuberculosis Bioinformatics Initiative (SATBBI).

University of Pretoria

 Tue 16 Oct 14:30 – 14:45 · Free State Room
breast cancer · variant · effect prediction

Breast cancer has been shown to have a high prevalence
in South Africa, being the most common form of cancer
in women. Cancer has been identified in both germ line
as well as somatic cell lines of the human body. Much
emphasis is placed on somatic mutations (accumulated
throughout one’s life) with less on the inherited mutations. Most studies on breast cancer have been/are done
on Caucasians. Little to no information is available on
population-specific mutations in the South African community. This study sets out to investigate known and
novel germ line mutations in a South African female
population as well as the affected cellular pathways. We
used the G ENOME A NALYSIS T OOL K IT (GATK) best
practice workflow for germ line variant discovery where
after variant annotation was predicted using VARIANT
E FFECT P REDICTOR (VEP). Putatively disruptive variants were selected based on VEP functional predictions.
Pathway analyses was done using PATH S CORE. Results included the identification of a variety of known
mutations and a few novel mutations. With VEP, we
were able to identify that approximately half of the variants (50%) were synonymous variants while 48% were
made up of missense variants, interestingly we found a
few pathogenically important stop-gain variants. Some
subsets of South African polymorphisms that have not
previously been documented were also identified. Pathway analysis of the germ line mutations presented us
with specific pathways that are categorized under DNA
repair and cell cycle control which corresponds to cancer
development.
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Dissecting QC variability in mid-scale
“Shotgun” proteomic data

behind a change in quality.

PAUW, M. AND TABB , D.

Why we should focus on microalgal
biotechnology in South Africa

Stellenbosch University, South Africa

 Tue 16 Oct 15:00 – 15:15 · Free State Room

S TAPELBERG , J.

LC-MS/MS · SDS-PAGE · MudPIT · OFFGEL · RPLC · protein ·
QuaMeter · Mycobacterium tuberculosis · "shotgun" · fraction-

University of Pretoria, South Africa

ation · quality control
 Tue 16 Oct 15:15 – 15:30 · Free State Room

“Shotgun” protein mass spectrometry is widely acknowledged as a platform with low sensitivity and lingering
questions concerning reproducibility. The global tendency of moving towards a “quality by design” approach
to research has fueled the creation of quality control software in this field. Free software packages such as the
ID-free version of Q UA M ETER have allowed researchers
to inspect the quality of their research independent of the
instrument. This allows for the comparison of proteomic
techniques across laboratories. Here, a large-scale analysis is conducted to assess different aspects of proteomic
experiment design. When the cost of LC-MS instrument
time is considered, and the value of adding technical
repeats to the study must be assessed. We therefore compare the amount of distinct peptides gained by adding
technical replicates of a sample as opposed to analyzing
different fractions of the same sample. We show here
that in the datasets inspected, only 15% of the samples
would have at least doubled the amount of distinct peptides by the addition of a second technical replicate and
none of the peptides would have doubled the amount
of distinct peptides gained by the addition of a third
technical replicate. Different fractionation strategies,
SDS-PAGE fractionation, MudPIT, OFFGEL and RPLC,
are investigated in the realm of quality control metrics.
Within datasets, we illustrate the clear progression of
certain quality trends as a function of time. Our findings
therefore emphasize the importance of randomization of
datasets. We also demonstrate the use of quality metrics
to determine quality outliers and infer the reason for the
anomaly. The study shows that quality metrics are an
appropriate tool to compare techniques, assess the quality of a dataset, determine outliers and infer the reason

microalgal biotechnology · microalgae in South Africa · recombinant proteins · species identification · biofuels · high value
products

Microalgae are a diverse group of single-cell photosynthetic organisms that are already an important part of
the global green movement. The production of algae
has the potential to transform things that we currently
think of as liabilities into valuable assets. Algae can capture carbon from the atmosphere, wastewater can be bioremediated with the algal biomass generated having huge
commercial bonus. The algal biomass can contain highvalue compounds such as proteins, oils, colorants, and
polysaccharides used by the food, oil, paper, cosmetic,
pharmaceutical and biorenewable energy industries. Microalgae can even act as an expression vector for therapeutic recombinant proteins. In order for microalgae
to be the most optimal, genetic tools would be required
for metabolic engineering and species transformation for
the production of high-value chemicals or recombinant
proteins. South Africa boasts one of the most biodiverse
regions globally, with tremendous species richness in our
ecosystems. Many unidentified microalgae exist in our
freshwaters with potential for species identification using
genetic tools. The climatic condition within South Africa
is also the perfect microalgae growth environment that
many countries are trying to simulate. Scientific progress
in microalgal biotechnology would offer a range of benefits to the socio-economy and have a big impact on our
future South African society.
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New software tool for drug resistance
prediction in Mycobacterium tuberculosis
using NGS data
M UZONDIWA , D. AND R EVA , O.
Center for Bioinformatics and Computational Biology,
Department of Biochemistry, Genetics and Microbiology,
University of Pretoria, South Africa

Poster Board 01
Mycobacterium tuberculosis · drug resistance · whole genome
sequencing · drug susceptibility testing · Gmtv database

Currently a broad range of antibiotics are applicable
for the successful treatment of tuberculosis. However,
the rise in the incidence of drug resistant tuberculosis
(DR-TB) remains an obstacle in the total eradication
of TB. Therefore, drug resistance testing is highly important for the prescription of the most efficient drugs
to infected patients. The availability of current high
throughput sequencing technology has enabled for the
creation of computer models which have the potential to
highly improve drug resistance prediction and thus guide
the prescription of TB antibiotics. Several statistical
models have already been applied to predict drug resistance in several pathogens using genotypic data. Whole
genome sequencing (WGS) technology can be used to
predict resistance in TB before drug susceptibility testing (DST) results are available. Early detection of drug
resistant TB strains has the potential to limit transmission rates through rapid public health interventions. The
current study takes advantage of the feasibility of using
patterns of single nucleotide polymorphisms in genomes
of Mycobacterium tuberculosis to predict antibiotic drug
resistance. For this project we are using DST data from
the Genome–wide Mycobacterium tuberculosis Variation
(GMTV) database to compare the efficiency of different
settings of the R ESISTANCE S NIFFER tool in predicting drug resistance in real life TB cases. The GMTV
database contains extensive M. tuberculosis data derived
from different sources. This includes drug resistance,

spoligotyping, epidemiological and genomic data. Previous work on DR-TB has always approached phenotypic
data in a qualitative manner which means that results are
usually presented as either resistant or sensitive. In this
study we aimed to develop an accurate tool to enable
prediction of resistance in a quantitative format that is
by giving the probability of resistance to available TB
drugs. Other studies have also reported on the feasibility
of using phylogenetic signals to predict the direction of
transmission between DR-TB patients. Initial tests using
R ESISTANCE S NIFFER on genome variation data from
GMTV has yielded promising results in predicting M.
tuberculosis clades. Another aim of this study was to
modify the tool so that it could accurately predict both
resistance and sensitivity for a wide range of available
TB antibiotics while contrasting between newly evolved
and transmitted DR-TB strains. This will not only help
in developing faster diagnostic protocols but will also
help in monitoring infection in communities through
the tracking of transmission between patients. A betaversion of the program was made available at http:
//resistance-sniffer.bi.up.ac.za/.

NoSQL database of bacterial genome
polymorphisms for genotyping and drug
resistance prediction
P OTGIETER , L. AND R EVA , O.
Center for Bioinformatics and Computational Biology,
University of Pretoria, South Africa

Poster Board 02
bioinformatics · NoSQL database · bacterial genome · polymorphisms · drug resistance

Staphylococcus aureus and Mycobacterium tuberculosis
are well-known antibiotic-resistant organisms. Genetic
mutations contribute significantly to antibiotic resistance
directly or by compensatory effects which reduce the fit-
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ness cost of other drug resistance mutations. The role
of individual mutations and processes of the drug resistance evolution can be investigated using a comprehensive analysis of genetic variations in large bacterial
populations. The advance in next-generation sequencing
(NGS) associated with a decrease in sequencing cost has
led to an increase in sequence data generated. Relational
databases are used most frequently to store these data
but were not designed with high volume, varying data
in mind. When querying data from relational databases,
the latency is high which takes away from analysis time.
Due to the large amounts of varying data produced by
sequencing, we need real-time availability of data for
analysis. To determine whether non-relational (NoSQL)
databases deliver this real-time data availability, the
A PACHE C ASSANDRA and M ONGO DB databases are
tried in this project to store large-scale genetic polymorphism data generated from 5,078 M. tuberculosis and
7,452 S. aureus genome sequences available in GenBank
database. The research will illustrate the performance
and availability effects that the use of NoSQL databases
provides when storing mutational data for antibioticresistant organisms. We expect the NoSQL databases
to show improved performance and availability of data.
The schema-less design allows reduction of unnecessary memory usage with the distributed design enabling
data replication for redundancy and fault tolerance. The
constructed database will be linked to the C LADER genotyping program (http://clader.bi.up.ac.za/)
and the antibiotic resistance prediction program (http:
//resistance-sniffer.bi.up.ac.za/) developed previously in CBCB.

have not yet been analysed together to discover predictive TB biomarkers. The proposed analysis will investigate combining data derived from different platforms,
but the same cohort of people, in a combined analysis
in the context of biomarker discovery. RNA sequencing, metabolomics and Luminex cytokine data from a
longitudinal study of household contacts of TB patients,
with 18 months follow-up and progression to active TB
disease as outcome of interest, will be combined for
predictive biomarker discovery. A test set of 40% of
2 P1
each dataset will be set aside to test the final models
on. The unprocessed datasets will likely have different
distributions, scales and unique features like negative
value component, missingness and technology-specific
artefacts. These challenges to combined analysis will be
addressed during pre-processing, by data transformation,
scaling, imputation, dimension reduction and feature engineering. To establish a baseline accuracy to compare
subsequent combined analyses to, primary separate predictive modelling of each training dataset will first be
done. Then modelling of the same dataset with an alternative, candidate method for the ultimate combined
analysis, will be done. Finally combined analysis of the
three training datasets will be done, iterating over preprocessing and modelling until an acceptable area under
the curve is achieved. A final pre-processing approach
and model will be selected to apply to the combined
test sets. The AUCs of Receiver Operator Characteristic
curves will be compared to the baseline accuracies of the
datasets.

A broad survey of DNA sequence data
simulation tools

Combining datasets from different
biotechnological platforms for integrative
bioinformatic analysis in the context of TB
biomarker discovery

VAN B ILJON , N. 1 , C HIMUSA , E. 2 , AND M ULDER , N. 3
1 University

2 Division

M AASDORP, E. AND T ROMP, G.

of Cape Town, South Africa
of Human Genetics, University of Cape Town, South
Africa

3 Computational

Biology Division, University of Cape Town,
South Africa

Stellenbosch University, South Africa

Poster Board 03
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tuberculosis · biomarkers · predictive modeling

NGS · simulation · review · genomics

Predictive biomarkers are needed for diagnosis, predicting disease progression, treatment or vaccine response
and treatment outcomes, across the tuberculosis (TB)
spectrum, from latent infection to post-TB lung disease
or even death. They can be pathogen or host-based,
originate from a variety of tissues, and be measured
across different medium- to high-throughput biotechnological platforms. Data from two or more platforms

In silico DNA sequence simulation is a powerful device to evaluate and validate bioinformatics tools, and
accordingly upward of thirty-five DNA sequence simulation tools have been developed. With such a diverse array
of tools to choose from, an important question is: which
tool should one use for a desired outcome? This question is largely unanswered as documentation for many of
these DNA simulation tools is sparse, and to our knowl-
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edge this is only the second review on this subject to date.
To address this, we present an exhaustive review of DNA
sequence simulation tools developed to date, providing
a succinct description of each tool, and suggestions for
which tool is most appropriate given different scenarios.
This provides a resource as the documentation is scarce
and there are many similar yet non-identical tools. Researchers can use this review as a guide to inform their
choice of DNA sequence simulation tool.

Exploring the influence of organizational,
environmental and technological factors on
information securities policies and compliance
A BIODUN , O.P., C HRISTOFFELS , A., AND A NDERSON ,
D.
University of the Western Cape, South Africa

Poster Board 05
information security · management · policies · measures · compliance · biomedical data

As with other universities around the world, the Information Technology (IT) system adoption and reliance
rates at South African universities are rapidly accelerating. The institutions rely on IT systems to support
their core missions and operations which include, but
not restricted to, teaching, learning, administration, the
collection of data and the sharing of information and
research. As such, the application of data protection
policies and information security to protect the data and
information in the university IT systems is strategically
important to maintain the overall business continuity.
Both data and information are important to every aspect
of the university functions and have been recognized as
the most crucial, strategic assets of institutions of higher
learning. This being said, the confidentiality, availability and integrity of the associated data and information
must be protected. In order to achieve this, effective
information security management and practices must be
developed and implemented within the university setting.
The process of effectively implementing information security management in the university sector is, however,
a challenging task for security practitioners. University
settings consist of a cultural mix of academic freedoms,
student needs and compliance mandates and as such,
unique and divergent demands are placed on securing
and accessing university-based IT system. This research
study aims to conduct a qualitative exploratory analysis
of information security management across the four universities in Western Cape Province (The University of
the Western Cape, Cape Peninsula University of Tech-

nology, Stellenbosch University and University of Cape
Town) of South Africa. This study is proposed to make
a significant contribution to growing research on adoption, practice and management of information security
among the above-mentioned universities, by investigating the factors which may influence the effectiveness of
information security measures. Moreover, the study will
assess whether the participating universities have proper
and reliable information security practices, measures and
management in place and whether they are in line with
2 P1
international standards. The study will use a TOE (Technology, Organizational, and Environmental) model as a
theoretical model, to investigate the main research questions in this exploratory study. The research questions
of this study are; (i) What is the status of information
security management practices at the four universities?
(ii) What are the major factors that influence the effectiveness of information security management practices?
(Identified issues will be classified under Technology,
Organizational and Environmental issues or factors) (iii)
How could developments or improvements in information security management be attained at these universities? Findings obtained in this study will assist in elucidating the current status, issues and challenges that face
information security practitioners at universities, particularly in the South African context. Furthermore, results
are expected to assist with the development of a security
practitioner’s Management Model, with a view of developing a framework for biomedical data.

Transcriptome assembly and profiling of
mycelial mRNA of Phytophthora cinnamomi
using RNAseq
M WANGI , S., S EEDAT, M., AND VAN DEN B ERG , N.
University of Pretoria, South Africa

Poster Board 06
Phytophthora cinnamomi · plant pathogen · RNA-seq · transcriptome

Phytophthora cinnamomi is an invasive plant pathogen
with a broad host range and of global significance due
to its effects on wild and cultivated plants. In avocados,
P. cinnamomi invades the root system, rapidly colonising
and functionally destroying susceptible species. A comprehensive understanding of the cellular and molecular
basis of pathogen development and pathogenicity will facilitate development of sustainable measures for control
and management of P. cinnamomi. For example, elucidating P. cinnamomi molecular and/or cellular makeup during development or infection may identify novel
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targets for viable control measures. High throughput sequencing technologies developed in the recent years have
facilitated generation of genomic and transcriptomic data
which has in turn, opened new possibilities facilitating
a new era in pathogen genomics. High throughput sequencing technologies such as RNA-seq being used in
transcriptome reconstruction continue to provide a global
picture of the transcriptome, providing a basis for further
in-depth analysis. In this study, RNA-seq was used to
profile the mycelial transcriptome of P. cinnamomi. We
describe the transcriptome reconstruction method that
utilised both de novo and genome-guided approaches
to generate a set of high quality expressed transcripts
present during the mycelial stage of P. cinnamomi. The
predicted coding sequences were functionally annotated
to identify biochemical components and/or pathways active in mycelia. This study presents a comprehensive
transcriptome of P. cinnamomi mycelia and will provide
a useful resource for future studies.

volved in or responsible for these characteristics, such
as ferulate 5-hydroxylase (F5H), an enzyme which catalyses the rate limiting step in S-lignin biosynthesis, the
transcription factors VASCULAR-RELATED NAC DOMAIN (VND) 6 and 7, master regulators of secondary
cell wall deposition in xylem vessels, and secondary cell
wall xylan modification genes, including REDUCED
WALL ACETYLATION (RWA) 1, 2, 3 and 4, and TRICHOME BIREFRINGENCE-LIKE (TBL) 3, 29, 31. In
this study, we performed morphology and wood chem2 P1
istry analyses of the wood of representative species from
the Gnetales, ginkgo and cycad lineages. We also performed phylogenetic analyses of genes implicated in certain “angiosperm-specific” traits to investigate whether
they were independently acquired in the Gnetales lineage, or whether these traits are ancestral to the seed
plants and were lost or disused in the non-gnetalean gymnosperms.

Tissue-specific analysis of organellar genome
copy number and transcript abundance in
carbon source, transport and sink tissues in
Eucalyptus grandis

Mechanisms underlying angiosperm-like traits
in the gymnospermous Gnetales lineage
R OODT, D. 1 , S WANEPOEL , R. 1 , H USSEY, S. 1 , VAN DE
P EER , Y. 2 , AND M IZRACHI , E. 1
1 University
2 Ghent

G OSTMANN , P., P INARD, D., M YBURG , A.A., AND
M IZRACHI , E.

of Pretoria, South Africa
University, Belgium

Forest Molecular Genetics Program, Forestry and Agricultural
Biotechnology Institute, University of Pretoria, South Africa

Poster Board 07
wood properties · gymnosperms · genetic mechanisms · plant

Poster Board 08

evolution

organellar genome copy number · wood formation · immature
xylem · developing xylem · regulation of organellar gene ex-

Land plants arose during the early to mid Paleozoic
era, and led to the origin of vascular plants, and subsequently the seed plants, ~30 million years ago. The
seed plants diverged into five main lineages; four belonging to the monophyletic gymnosperms (conifers, cycads,
Gnetophytes and the single extant Ginkgophyta species,
Ginkgo biloba) and the flowering angiosperms, and are
the only vascular plants to develop wood in the form of
secondary xylem. Although all five lineages undergo
secondary growth through the differentiation of a bifacial vascular cambium layer, certain wood development
properties are considered unique to the angiosperms and
gymnosperms. A notable distinction is the presence of
vessels in the angiosperms, and their absence in the gymnosperms, except in the Gnetales lineage, a gymnosperm
lineage consisting of three extant genera. Species in
this lineage also display other cell wall chemistry characteristics considered typical to the angiosperms, such
as syringyl (S)-lignin formation and xylan acetylation.
In model species, genes have been identified to be in-

pression

Organellar genome copy number could be an important
contributor to organellar biology and metabolic pathway
regulation in plastids and mitochondria during wood formation, despite the fact that organellar gene regulation is
largely under the control of the nuclear genome. In this
work, we aimed to understand the variation of organellar
genome copy number and transcript abundance in mature
leaf, secondary phloem and developing secondary xylem
of Eucalyptus grandis to determine if organellar genome
copy number plays a role in organellar gene expression
in wood formation. We extracted total genomic DNA
and RNA from E. grandis immature xylem, mature leaf
and phloem, confirmed the presence of the organellar
genomes in all tissues using plastid and mitochondrial
specific primers and assessed the quality of cDNA synthesis using intron-spanning primers. Relative organellar
genome copy number between tissues was standardized
to nuclear gene copy number using quantitative PCR
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(qPCR) on the QuantStudio 12k Flex Platform. Transcript abundance was also assessed using the QuantStudio 12K flex platform RT-qPCR, which was compared
to previous gene expression estimates from total RNA
sequencing. We found that plastid genome copy number
in E. grandis does not vary significantly between mature
leaf and immature xylem and phloem, despite upregulation of photosystem genes in leaf. Further, mitochondrial
genome copy number is higher in immature xylem and
phloem compared to leaf, which correlates with read
abundance from total RNA-seq transcriptome data. Exploring organelle genome copy number and transcript
abundance will shed light on the differential regulation
of organellar gene expression levels in developing xylem
tissues of E.grandis.

genetic architecture across age, which will ultimately
establish whether systems genetics data from different
ages can be used to prioritize candidate genes for genetic
engineering.

The role of long non-coding RNAs in wood
development in Eucalyptus grandis
AUSTIN , M., S WANEPOEL , R., P INARD, D., M YBURG ,
A.A., AND M IZRACHI , E.
University of Pretoria, South Africa

Poster Board 10
wood formation in Eucalyptus grandis · long non-coding RNA ·
computational analysis

Age-to-age correlation and heritability of
transcriptome variation in Eucalyptus
L OUBSER , L., VAN DER M ERWE , K., C HRISTIE , N.,
M IZRACHI , E., AND M YBURG , A.A.
University of Pretoria, South Africa

Poster Board 09
systems genetics · genetic architecture · gene expression ·
heritability

Systems genetics approaches aim to understand the flow
of biological information underlying complex traits by
quantifying intermediate phenotypes, such as gene expression levels. To dissect the genetic architecture of
wood property traits and analyse age-to-age correlation of xylem gene expression, we performed wholetranscriptome sequencing of developing xylem tissue
from 283 individuals in an interspecific Eucalyptus hybrid population sampled at juvenile (3.5 years) and rotation age (8.5 years). A pairwise correlation analysis of
expression values in juvenile and rotation age trees enables us to determine the age-to-age correlation, while
studying the correlation of expression values across
clonal replicates of the same individuals at these two time
points enables us to determine the broad-sense heritability of their xylem transcriptome profiles. This knowledge
can be used to engineer or breed for these traits with the
aim of gaining specific biotechnology outcomes, while
avoiding any negative effects on plant growth. Heritability shows to what extent gene expression variation
is determined by genetic variation, rather than environmental variation, and age-to-age correlation of systems
genetics data in the same population allows us to identify
novel and conserved regulatory polymorphisms acting
at different ages. This also enables us to compare the

Eucalyptus is a fast-growing hardwood genus, grown
worldwide for its high-quality wood and its vast adaptive capabilities. This wood is traditionally used for
production of pulp, paper, hardwood products and other
biomaterials. This biomass may be further utilized for
the extraction of several biopolymers. To apply rational
wood biotechnology solutions, a deeper understanding of
wood formation is required, particularly at the transcriptional regulatory level. Although significant progress
has been made in terms of understanding expression of
protein-coding genes during wood development, there
are still gaps in our understanding of the regulatory roles
of long non-coding RNA. A computational analysis of
long non-coding RNA, using RNA-seq data, will aid in
the deeper understanding of this regulatory layer. This
project aims to use RNA-seq and polyA RNA-seq data
from developing xylem, secondary phloem and mature
leaf tissues of E. grandis for the identification, analysis
and annotation of known, and novel, long non-coding
RNA. It is anticipated to have differential expression
of these genes between each tissue as they are highly
tissue-specific. Relationships with small RNAs are also
investigated to infer new putative regulatory networks.
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Functional characterisation of novel
Arabidopsis genes of unknown function
involved in early secondary xylem development

Development of a custom-designed targeted
resequencing gene panel for Parkinson’s
disease

H ARTY, D., H USSEY, S., AND M IZRACHI , E.

M AHUNGU, A. 1 , VORSTER , A. 2 , C ARR , J. 3 , P EETERS ,
A. 4 , AND BARDIEN , S. 1
1 Division

of Molecular Biology and Human Genetics,
Stellenbosch University, South Africa
2 Central Analytical Facilities, Stellenbosch University, South
Africa
3 Division of Neurology, Stellenbosch University, South Africa

University of Pretoria, South Africa

Poster Board 11

4 Division

xylem · development · protein · prediction · biotechnology ·

of Chemical Pathology, Stellenbosch University,

plant · growth

South Africa

Wood in trees represents a major terrestrial carbon sink.
This abundant natural resource is utilised by many industries to produce timber, pulp, paper, and other cellulose derived products. In recent years, woody tissue has
shown great potential for use as feedstocks in the generation of biofuels. Though the process of secondary xylem
development is vital for the formation of woody tissue,
its early stages are poorly understood. Improved understanding could result in more rational biotechnological intervention for growth and biomass improvement.
Many genes involved in the process of early secondary
xylem development are still classified as Proteins of Unknown Function (PUFs). We identified and functionally
tested several PUFs from a xylem gene co-expression
network that are predicted to have a large impact on
the process of early secondary xylem development. To
further understand the potential biological functions of
these proteins we predicted their protein domains, features, secondary and tertiary structures and subcellular
localisation. We discuss in detail two PUFs, predicted
to be a mitochondrion-localized transmembrane protein, and a plasma-membrane-localized kinase, both of
which showed overall growth reduction when compared
to wild-type (WT) control plants. Further characterization of these adds to our understanding of growth and
development of secondary xylem.

Poster Board 12
Parkinson’s disease · next-generation sequencing · gene panel
· mutation screening

Parkinson’s disease (PD) is a progressive and debilitating neurodegenerative disorder, affecting 1% of the
population above the age of 60. Pathways underlying
disease pathology are still not fully understood. To date,
at least 23 genes associated with monogenic forms of
PD have been identified. However, studies investigating the contribution of these genetic factors were done
in Caucasian, Asian and North African Arabic populations. The genetic causes of PD in South African (SA)
populations remain elusive. We hypothesize that given
the unique ancestry of SA population, novel mutations
could be identified. Next-generation sequencing allows
multiplex screening and it is high throughput, enabling
us to look at other regions within target genes. Our study
aims to establish a method to rapidly screen known PD
genes in local populations. We set up a custom-designed
targeted resequencing gene panel using SureSelect Target Enrichment library from Agilent. Our panel includes
23 target genes associated with monogenic forms of PD.
For our test run, 16 PD patients (positive family & age
of onset <55 years) will be sequenced at the Central
Analytical Facility at Stellenbosch University on an IonTorrent platform. The selected 16 PD patients consisted
of 12 with unknown mutations and 4 with known CNVs
or point mutations. Samples were prepared for library
construction by assessing the available DNA by means
of fluorometry. The quality and stability of the DNA
were determined by NanoDrop and electrophoresis on
the PerkinElmer lab chip. To validate the designed gene
panel, bioinformatics analysis and Sanger sequencing
will be employed. Our designed gene panel consisted
of 1,518 probes, spanning the coding regions of the 23
genes, and the total size of the probes is 112,387 kbp.
All 16 DNA samples passed the initial quality control
analyses. The DNA was of high molecular weight, the
genome quality score ranged from 3–4.3. Overall the
samples were found to be of good quality and the DNA
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was sufficient for library construction. NGS sequencing
is currently underway. Once the panel is validated more
PD patients will be screened. If successfully set up, the
method will enable us to rapidly screen our patients for
both known and unknown disease-causing mutations in
established PD genes. We will also be able to report on
the frequency of these mutations in SA populations. Ultimately, the study may contribute to knowledge on the
pathobiological pathways involved in PD.

ber of criteria including molecular docking and pharmacokinetics will be used to identify the best promising
molecules for therapeutic application in RA. The final
selected molecules will be evaluated further in molecular
dynamics studies and binding energy calculations using
MM-GBSA.

RNA S EQ M ETAGEN :

a portable and reproducible
N EXTFLOW pipeline for metagenomic analysis
of high throughput RNA-seq data

Identification of potential Bruton’s tyrosine
kinase inhibitors for the treatment of
rheumatoid arthritis using computational drug
discovery methods

M PANGASE , P.T., H AZELHURST, S., AND R AMSAY, M.
University of the Witwatersrand, South Africa

G OROGODO, N.M. 1 , I SLAM , A.M. 1,2,3 , AND P ILLAY,
T.S. 1,2,4

Poster Board 14
metagenomics · pipeline · N EXTFLOW · singularity · cloud · containerization · reproducibility · RNA-seq
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Poster Board 13
rheumatoid arthritis · pharmacoinformatics · Bruton’s tyrosine
kinase

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease of the synovial membranes affecting multiple joints and often results in extra-articular
manifestations. It is characterised by joint deformation
and destruction of the cartilage, ligaments and tendons.
A cross-sectional meta-analysis study revealed that RA
was most prevalent in the South African urban population compared to other African countries. Resistance to
disease modifying antirheumatic drugs and biologics necessitates the need for new drugs to treat RA. Bruton’s
tyrosine kinase is involved in the signalling pathway
of osteoclasts, B cells and T cells which are involved
in the perturbation of rheumatoid arthritis and makes it
an ideal drug target. The study aims to identify potential Bruton’s tyrosine kinase inhibitors for the treatment
of RA using pharmacoinformatics approaches including
pharmacophore-based virtual screening, molecular docking and molecular dynamics. For this purpose, a set of
103 Bruton’s tyrosine kinase inhibitors were collected
from the Binding database and a number of pharmacophore models developed. The well-validated models
were used to screen the small molecule databases. Initially more than a thousand hits were retrieved. A num-

Metagenomics is a rapidly growing field that allows
for the study of microbial genomes within diverse environmental samples. The key research area in metagenomics is the identification of microbial/non-host sequences within a host genomic background, which may
represent potential pathogens associated with disease
pathogenesis. The aim of this study was to design and
develop an efficient portable and reproducible metagenomics N EXTFLOW pipeline for the analysis of high
throughput sequencing data in order to identify and
characterize pathogen reads from RNA-seq data. The
RNA S EQ M ETAGEN pipeline takes raw reads as input, filters out reads belonging to the organism being studied,
and characterises the remaining exogenous reads using
the K RAKEN database constructed from bacterial, archaeal, and viral genomes in R EF S EQ. The pipeline has
been tested on RNA-seq data from skin samples of patients with the systemic sclerosis (SSc) disease in order
to identifying possible pathogens involved, so as to better
understand the onset and progression of the disease. The
pipeline developed here has also been extended to work
with other metagenomics studies and adapted to work on
different computational platforms.
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Establishing RAD-seq to characterize the ARC
sunflower germplasm collection
P ILLAY, E. 1,2 AND S WANEVELDER , D. 1,2
1 Agricultural
2 College

Research Council – Biotechnology Platform,
South Africa

of Agriculture and Environmental Science, UNISA,
South Africa

Poster Board 15
sunflower · RAD-seq · GBS · genetic characterization · genetic
diversity

Sunflower is an economically important crop and the
ARC’s sunflower germplasm collection serves as an important source of genetic diversity for many local sunflower breeders. However, to date, this germplasm collection has not been fully genetically characterized. Re-

striction site Associated DNA sequencing (RAD-seq) is
a genotyping-by-sequencing approach that can be used
for germplasm characterization. It reduces the complexity of the target genome by focusing the sequencing
power of NGS technologies on the sequences of DNA
that flank restriction endonuclease sites. This enables the
sequencing of numerous, defined portions of large, complex genomes, thereby reducing the costs required for
genotyping different lines. Ninety-six different sunflower
genomes were prepared using an established RAD-seq
2 P1
protocol and sequenced using the Illumina Hiseq 2500,
the resultant data was analysed using the Tassel 5 GBS
pipeline. This work aims to highlight some of the challenges encountered when setting up a RAD-seq protocol
for a new species, as well as offer preliminary results
on its application for sunflower germplasm characterization.
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Joint Plenary Session T4
08:00 Wed 17 Oct · Free State Room
Species concepts and conservation
Z ACHOS , F.
Natural History Museum Vienna, Mammal Collection, Vienna, Austria and Department of Integrative Zoology, University of of
Vienna, Austria

 Plenary · Wed 17 Oct 09:05 – 10:00 · Free State Room
species concept · taxonomy · evolution · comparative biology · conservation

The species problem – the presence of more than 30 different species concepts combined with the vexing question which of these, if any, is the “correct” one – seems to trigger endless and mostly futile debates. In this lecture I
aim to shed some light on the fact that not all species concepts are equal and that the multitude of concepts can also
be an advantage. Most importantly, however, I want to raise awareness of the fact that completely objective, nonarbitrary species delimitation in practice may be impossible. This has serious ramifications beyond taxonomy and
systematics. Basically all areas of biology that use species and species numbers as a main currency will suffer from
an apples and oranges problem. This not only holds for ecology and evolutionary biology, but also very much for
conservation biology! After a theoretical overview of species concepts and the fundamental problem of taxonomy
as a discrete discipline being imposed on the continuous process of evolution I will highlight, by means of a number
of examples, the detrimental consequences that follow if comparative biology and conservation rely only on names
rather than including the data on which these names are based.
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Parallel Session T5 · Wed 17 Oct
10:30 Free State Room
Analysis of within-host evolution of Plasmodium falciparum during treatment
O KENDO, J. 1 , A NDAGALU, B. 2 , AND M ULDER , N. 1
1 Computational
2 Malaria

Biology Division, University of Cape Town, South Africa

Drug Resistance Lab, US Army Medical Research Directorate – Kenya/KEMRI

 Plenary · Wed 17 Oct 10:30 – 11:00 · Free State Room
selection · evolution · nonsynonymous · synonymous · mutation

Antimalarial drugs impose strong selective pressure on P. falciparum parasite genomes and leaves signatures of
selection. The evolutionary basis of drug resistant malaria in endemic and epidemic settings continues to remain an
ongoing scientific priority whose solution carries a significant effect on treatment outcomes. To understand these
evolutionary changes, we used various approaches to test the neutral models of evolution using P. falciparum genomic data which were collected from Kombewa and Maseno in Kisumu, Kenya between 2013 and 2015. The
Synonymous/Non-synonymous (dS/dN) ratio was used to predict the effect of selection on protein coding loci of
the Pfk13 gene. A logistic regression model was used to test the association between IC50s and the SNPs. mCSM
and SDM were used to detect the effects of mutations on the Pfk13 gene while the PRIMO web server was used to
locate the SNPs on the Kelch13 propeller domain. M ODELLER 9.1 was used to predict the structure of the Kelch 13
propeller domain and the P OSVIEW webserver used to predict ACT/kelch 13 interactions. Population differentiation
was done using M ICROSATELLITE A NALYZER to calculate FST and customized R scripts with the relevant population genetics packages were used in the analysis. In 2013, Tajima’s D genomic summary statistics was 4.53194,
Fu & Li D∗ 2.13380, and Fu & Li F ∗ 3.62142. However, in 2015 Tajima’s D was -2.42910, Fu & Li’s D∗ -5.2712,
and Fu & Li’s F ∗ -5.0045. The dS/dN in 2013 was 1.0299, while in 2015 dS/dN was 2.6884. Kenyan SNPs occur
on the intra or inter blade domains on the PfK13 propeller domain. The FST analysis showed minimal population
differentiation of the parasites during treatment. There was no significant association between SNPs and IC50 values
but SNPs at codon D547E showed association with Artesunate and D559E with AQ and MQ IC50 respectively. Even
though there is an exponential increase in the number of non-synonymous point mutations in the Pfk13 gene, the
Kenyan P. falciparum strains remain sensitive to ACT drugs. Further research needs to be done by deep sequencing
this location of chromosome 13 as it will provide more power for finding novel SNPs for further validation.
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Adaptive genetic variation at three loci in South
African vervet monkeys (Chlorocebus
pygerythrus) and the role of selection within
primates

Evidence for multiple paternity and low genetic
diversity in a commercially mass reared
population of Hermetia illucens
H OFFMANN , L., J ENKINS , S.F., B ESTER - VAN DER
M ERWE , A.E., AND R HODE , C.

C OETZER , W. 1 , T URNER , T.R. 2 , S CHMITT, C.A. 3 , AND
G ROBLER , J.P. 1

Stellenbosch University, South Africa

1 University

of the Free State, South Africa
2 University of Wisconsin–Milwaukee, USA
3 Boston

University, USA
 Wed 17 Oct 11:15 – 11:30 · Free State Room
black soldier fly · genetic diversity · mating systems

 Wed 17 Oct 11:00 – 11:15 · Free State Room
pathogen diversity · environmental factors · adaptive variation ·
vervet monkey

Vervet monkeys (Chlorocebus pygerythrus) are one of
the most widely distributed non-human primate species
in South Africa, occurring across all South African
provinces. These primates inhabit a large variety of
habitats. Various selective pressures present in different habitats could presumably influence populations in
different ways. In turn, these factors could lead to varied
levels of selection at specific fitness linked loci. In this
study, we assessed the level of genetic variation at partial sequences of two immune linked Toll-like receptor
loci (TLR4 and TLR7) and a reproductively linked gene,
acrosin (ACR), across the different habitat types within
the vervet monkey distribution range. Gene variation
and selection estimates were also made among 11–21
primate species. Low levels of genetic variation for all
three gene regions were observed within vervet monkeys.
The observed TLR7 variation was positively correlated
with mean annual rainfall, which was linked to increased
pathogen abundance. The observed genetic variation at
TLR4 might have been influenced by numerous factors
including pathogens and climatic conditions. The ACR
exonic regions showed no variation in vervet monkeys.
The TLR4 and TLR7 results for the among-primate analyses was mostly in line with previous studies. A higher
rate of evolution for TLR4 compared to TLR7 was observed. Within primates, signs of positive selection was
identified for the ACR coding regions, which was congruent with previous reports on mammals. This study
provides important additional information to the already
existing vervet monkey knowledge base, which can guide
future research projects on this highly researched taxon.
The information gained can also help conservation agencies with future management planning involving possible
translocations of this species.

The black soldier fly has applications as a source of
protein in animal feed and a candidate for bioremediation. Domestication of this species may lead to a loss of  T5
genetic diversity and subsequent inbreeding in commercial populations, due to small population size. Increased
homozygosity may also increase the expression of deleterious mutations, often observed as morphological deformities. As mating systems may also have an impact
on genetic diversity, knowledge of the mating system in
black soldier fly could benefit the mass rearing process.
This study aimed to determine the genetic diversity of
several cohorts within a commercial black soldier fly
population, followed by an evaluation of the degree of
genetic monogamy within the population. Samples from
a wild population, the 28th generation of a commercial
population, and the 48th generation of the same commercial population were collected for the genetic diversity
study. Five candidate parent pairs and their offspring
were also collected for parentage validation. Genetic
diversity estimates and the extent of population differentiation were calculated. Tests for multiple paternity
in offspring were then performed. F48 showed significantly low genetic diversity when compared to previous
generations. Multiple paternity was detected in two of
the five families, with two fathers contributing unequally
to the offspring. The clear decline in genetic diversity
over time highlights the need for a breeding programme
within the commercial population. However, before such
a programme can be successfully implemented, more research needs to be performed on the mating system of
the black soldier fly.
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Genetic characterization and population
dynamics of South African macadamia cultivars
using multiplex microsatellite PCR panels
R ANKETSE , M. 1,2 AND
1 Agricultural

Interspecific hybridisation between the Mallard
and Yellow-billed Duck in South Africa
D E S OUZA , S., M OLLETT, J., R EYNOLDS , C., AND
S YMES , C.

H EFER , C.A. 1,2

University of the Witwatersrand, South Africa
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 Wed 17 Oct 11:45 – 12:00 · Free State Room

University of Pretoria, South Africa

hybridisation · Mallard · Yellow-billed Duck · microsatellite DNA
markers · mitochondrial DNA markers
 Wed 17 Oct 11:30 – 11:45 · Free State Room
macadamia · hybrid · microsatellite · genetic characterization ·
genetic diversity

Most commercial macadamia cultivars are hybrids derived from two species, M. integrifolia and M. tetraphylla. One cultivar however is a tri-hybrid comprising of M. integrifolia, M. tetraphylla and M. ternifolia.
Macadamia cultivars grown in South Africa are derived
from Australia and Hawaii, but due to selections in South
Africa the then imported cultivars have further genetically evolved. Genetic characterization is necessary to
identify and differentiate between cultivars, to determine
genetic relationships and also determine species composition of the hybrids. Genetic information can indicate
the level of diversity present within the South African
macadamia industry, which is important for breeding
purposes and maintaining a healthy, robust population.
Microsatellite markers are extensively used in plant genomics as they have many favorable traits such as being
highly informative, polymorphic, highly reproducible
and are also efficient in characterizing and differentiating
between hybrids. Currently the South African industry
does not have an efficient method for genetic identification of the macadamia cultivars grown commercially in
the country. The objectives of this study were to genetically classify and determine the genetic relationships of
macadamia cultivars grown in South Africa using multiplex microsatellite panels. This study employed 12
microsatellite markers to characterize and determine the
genetic diversity of 22 macadamia cultivars grown in the
country. Each cultivar has a genetic fingerprint based
on the microsatellite marker profiles. The results of this
study can be utilized for genetic identification, breeding
purposes, genetic purity testing and germplasm protection.

Hybridisation can be defined as the interbreeding of genetically distinct groups, and can lead to introgression
— the exchange of genetic material between species.
Hybridisation becomes a conservation concern when invasive species are involved, as it can lead to a loss of  T5
local genetic adaptations and genetic diversity. Hybridisation is a significant threat for dabbling ducks of the
genus Anas, where hybridisation with the closely related
invasive Mallard (Anas platyrhynchos) is extremely common. Mallards have been introduced into South Africa,
and have subsequently been declared an alien invasive
species. Phenotypic evidence suggests that these Mallard populations are hybridising with the native Yellowbilled Duck (Anas undulata). However, the extent of this
hybridisation is unknown. The aim of this research is,
therefore, to determine the incidence of hybridisation occurring between the Yellow-billed Duck and the Mallard
in South Africa. Genetic variation between these study
species is being assessed using two mitochondrial DNA
markers and twelve microsatellite markers. Mitochondrial DNA results show that the inferred hybrids clade
together with the Yellow-billed Ducks. This suggests
that Mallard drakes are hybridising with Yellow-billed
Duck hens, as was hypothesised based on the unique appearance of Mallard drakes, as well as their aggressive
and sexual nature. Microsatellite markers are still being
tested and will be reported on at the conference.

Identification and characterization of genetic
variation within TLR7
G ROESBEEK , C. AND G ENTLE , N.
University of the Witwatersrand, South Africa

 Wed 17 Oct 12:00 – 12:15 · Free State Room
TLR7 · SNP · haplotype

Toll-like receptors (TLRs) are a well-characterised class
of pattern-recognition receptors that play a critical role
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in the innate immune response to pathogenic infection.
Given their role in pathogen recognition, changes in
the structure or expression of these proteins can have
a significant impact on disease susceptibility, outcome
and treatment response. This study aimed to identify
and characterise global patterns of genetic variability
within and around the TLR7 locus, by examining high
throughput sequencing data derived from the 2504 individuals included in the Phase 3 release of the 1000
Genomes Project. A total of 81 biallelic single nucleotide polymorphisms (SNPs) and insertion/deletion
(indel) polymorphisms were identified within TLR7,
with the majority of common variants (minor allele frequency > 0.01) found to be located within non-coding,
regulatory regions surrounding the gene. Functional annotated using data derived from ENCODE, as well as
the Blueprint Epigenome and Roadmap Epigenomics
projects; suggested that these variants occur within binding sites for IRF4 (rs60270168 and rs5935438) and
NFκB (rs36043399 and rs179004), as well as within
active enhancers (rs1634317 and rs1634316). Haplotype analysis of these regulatory variants identified a
population-specific haplotype block, spanning approximately 1 kb, downstream of the TLR7 gene. Haplotypes
observed in the East and South Asian populations were
distinct and complementary to those observed in African,
Ameridian, and European populations. Given the role
of NFκB and IRF4 in TLR signalling, the presence of
alternative haplotypes across different geographical populations suggests possible region-specific alternative regulation of TLR7 and its signaling pathway.

Evolution of incomplete dosage compensation
in birds
H ANSSON , B., S IGEMAN , H., AND P ONNIKAS , S.
Lund University, Sweden

 Wed 17 Oct 12:15 – 12:30 · Free State Room
sex chromosomes · dosage compensation · gene expression

Non-recombining sex chromosomes (Y and W) accumulate deleterious mutations and degenerate. This poses
a problem for the heterogametic sex (XY males; ZW
females) because a single functional gene copy often implies less gene expression and a potential imbalance of
crucial expression networks. Mammals counteract this
by dosage compensation, resulting in equal sex chro-  T5
mosome expression in males (XY) and females (XX),
whereas birds show incomplete dosage compensation
with significantly lower expression in females (ZW) than
in males (ZZ). We have studied the recent evolutionary
stages of Z and W sequence divergence and sex-specific
gene expression of a new sex chromosome – a neo-sex
chromosome – in warblers. In line with data from other
birds, females had lower expression than males at the majority of sex-linked genes. Furthermore, we found that
the W gametologs had diverged functionally to a higher
extent than their Z counterparts, and that the female-tomale expression ratio correlated negatively with the degree of functional divergence of these gametologs. Overall, our data of this unique avian neo-sex chromosome
system suggest that avian incomplete dosage compensation evolves through gradual suppression in females
as deleterious mutations accumulate on the W chromosome.
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Parallel Session T6 · Wed 17 Oct
10:30 Blesbok/Eland Room
A meta-analysis of global host-virus responses in Solanaceae, Euphorbiaceae and Brassicaceae
plant families during geminivirus and ipomovirus infection
N CUBE K ANYIKA , B., F REEBOROUGH , W., G ENTLE , N., AND R EY, C.
University of the Witwatersrand, South Africa

 Plenary Wed 17 Oct 10:30 – 11:00 · Blesbok/Eland Room
geminivirus · ipomovirus · plant-pathogen interaction · resistance · susceptibility

Solanaceae, Euphorbiaceae and Brassicaceae plant families are economically and nutritionally significant crops
that are plagued by susceptibility to viruses from the Geminiviridae and Potyviridae families. Transcriptome studies
have generated biologically significant datasets on host-virus responses in Manihot, Solanum lycopersicon, Solanum
tuberosum and Arabidopsis. An in-depth consolidation of datasets would provide a comprehensive platform for the
analysis of common or unique virus responses in the aforementioned plant species. Publicly available transcriptome
datasets (microarray and RNA-Seq) of responses to geminiviruses (SACMV, TYLCV, CaLCuV, TYLCSV and ToLCNDV) and ipomoviruses (CBSV and UCBSV) were accessed. Datasets were categorised as early (E) or late (L)
infection according to differential gene expression data being collected from asymptomatic (E) or symptomatic (L)
virus infected plants. All datasets were cross-mapped to Arabidopsis. RNA-seq and microarray datasets were normalised to the microarray libraries by including only the differentially expressed genes (DEGS) within the datasets
common to the microarray libraries for each study. Hierarchical clustering (heatmap) of Pfam identities demonstrated that there were no similarities >50% between host-virus combination datasets. Pfam pairwise similarity
(PPS) in all late responses was similar in resistant plants (~30-50%) with the highest being between S. tuberosum
and Manihot. Solanum lycopersicon had the lowest PSS (~20%) to all resistant datasets. In susceptible plant hosts,
geminivirus early infection of Arabidopsis showed ~20% PSS, to all other species except in early S. lycopersicon and
Manihot (~30-40%). Datasets were analysed by enrichGO function in CLUSTERPROFILER R package for Gene Ontology (GO) to identify enriched GOs, and data comparisons between late and early infections in susceptible (S) and
resistant (R) species, and will be clarified. Comparative analysis showed that there were no individual genes commonly expressed between individual datasets. Therefore, combined datasets (ES; ER; LS; LR) within each species,
Manihot (9), Solanum (5) and Arabidopsis (3) were compared and the identified up- and down-regulated DEGS
common to the combined datasets for the three species, were analysed via their protein-protein network interactions
(PPI) in STRING software. Gene Set Enrichment Analysis (GSEA) was carried out using the Plant GSEA toolkit
under the KEGG pathway gene set category. Amongst the interesting observations made, in early viral infection of
resistant plants there was repression of light dependent CYP82C4, a Cytochrome P450 (CYP450) pathway gene that
is positively associated with other CYP450 genes linked to defence via the phenylpropanoid, glucosinolate and lignin
biosynthesis pathways. In contrast, resistant plants in late infection exhibited an increase in the Cytochrome P450
pathways and jasmonate biosynthesis by common upregulation of genes such as NAC073, RPP13-like protein 1 and
1, 8-cineole synthase, suggesting a role in defence. The analysis also showed that, in the early resistant response,
mitogen-activated protein kinases (MAPK) and the circadian evening complex (LUX) genes were significantly upregulated and may be essential to prime the plants for resistance. In early and late viral infection of susceptible plants
(ES and LS), there was increased nucleotide biosynthesis, suggesting a role in supporting viral genome replication.
Myo-Inositol-1-Phosphate Synthase 3 (MIPS3), essential for the regulation and production of myo-inositol involved
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in plant defence, was repressed in early infection of susceptible plants. Notably, jasmonate biosynthesis was also
predominantly repressed in early response to virus infection by susceptible plants. Further analysis will serve to elucidate further some of the molecular processes associated with plant resistance or susceptibility to viral pathogens,
which could inform control strategies.

Maritime pine activates pathogenesis-related
gene defences against the causal agent of pitch
canker, Fusarium circinatum

Molecular mechanisms underlying resistance
and susceptibility against Fusarium circinatum
in pine

H ERNANDEZ -E SCRIBANO, L. 1 , V ISSER , E. 2 ,
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Pinus tecunumanii · Pinus patula · Fusarium circinatum · host-

genesis related genes · differential expression

pathogen interaction · dual RNA-seq

In Europe P. pinaster represents the dominant species
in the Mediterranean area and, although it has shown
moderate resistance to F. circinatum, the presence of
the fungus in the area represents a serious threat for the
species. Monitoring gene expression from both host
and pathogen during the infection process will provide
insight into the molecular network of the interaction.
Our aim is to elucidate, by a dual RNAseq approach,
the molecular mechanisms involved in the defence and
pathogenicity response in the P. pinaster – F. circinatum
pathosystem at 3, 5 and 10 days post inoculation. For P.
pinaster, a good quality de novo transcriptome assembly
was built by merging 18 different T RINITY and T RANS AB Y SS preliminary assemblies. The final annotated
transcriptome consisted of 24 375 sequences from which
17 592 were full-length. 4 375 differentially expressed
(DE) F. circinatum genes were represented in inoculated
samples. For the host, a total of 13 323 DE genes were
identified among inoculated P. pinaster samples compared to mock-inoculated ones. These genes included
up-regulation of a thaumatin-like protein, pathogenesis
related proteins with chitinase and peroxidase activity, as
well as molecules involved in the phenylalanine biosynthesis and jasmonate and abscisic acid activity. In other
model systems, the overexpression of such pathogenesis
related genes have resulted in enhanced plant tolerance
against pathogens and are thus of particular interest in
the strategy to improve pine resistance against F. circinatum.

Fusarium circinatum poses the greatest threat to both
natural and industrial pine forests, affecting up to 60 pine
species. Knowledge of the molecular mechanisms underlying host resistance and pathogen virulence could
assist in developing resistant genotypes and improve
the long-term efficacy of genetic resistance. A dual
RNA-seq approach was used to compare host-pathogen
interactions, at 3- and 7- days post inoculation (dpi),
between F. circinatum resistant and susceptible pines,
Pinus tecunumanii (low elevation) and P. patula respectively. For each species, multiple de novo and genomeguided transcriptome assemblies were combined. Unigenes were annotated using the eukaryotic non-model
transcriptome annotation pipeline and filtered to remove
non-pine sequences, resulting in 28,621 P. tecunumanii
unigenes and 52,735 P. patula unigenes. Read data was
mapped to a combined reference, consisting of the transcriptomes for F. circinatum and the respective host, to
identify differentially expressed genes (DEGs) in the host
(inoculated vs. mock-inoculated) and pathogen (inoculated P. tecunumanii vs. inoculated P. patula). DEGs
in P. tecunumanii indicated active auxin and ethylene
signalling at both time-points with the addition of jasmonate and salicylate signalling at 7-dpi, suggesting that
a complex interplay of these phytohormone signalling
pathways is required for resistance. In P. patula, DEGs
at 3-dpi indicated increased membrane permeability and
a lack of defence responses, while key phytohormone
signalling components were down-regulated at 7-dpi, indicating potential effector triggered susceptibility. The
F. circinatum DEGs showed lower expression of key ergosterol biosynthesis genes in P. tecunumanii at 7-dpi,
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suggesting active suppression of pathogen growth in the genes at 24 hours and 7 days post-infection suggests
that either B. dothidea secretes effectors to manipulate
resistant host.
plant host defences, subverting detection and destruction
or the fungus was recognised but tolerated by the host.
Transcriptomic analysis of this pathosystem suggests an
Hiding in plain sight or tolerated? Insights into interaction of tolerance despite evidence of a weak host
an endophytic fungal pathogen-tree interaction defence response at 48hpi. If it is indeed an interaction of tolerance, plants under additional stress should
B EZUIDENHOUDT, L., M ARSBERG , A., P OSTMA
express disease symptoms and this can therefore be inS MIDT, A., N AIDOO, S., L ANG , K., W INGFIELD, M.J., vestigated to confirm the hypotheses of tolerance. The B.
AND S LIPPERS , B.
dothidea–E. grandis pathosystem serves as an interesting
model system to test these hypotheses involved in fungal
endophyte-woody plant interactions.
Department of Biochemistry, Genetics & Microbiology,
University of Pretoria, South Africa

 Wed 17 Oct 11:30 – 11:45 · Blesbok/Eland Room

Identification and characterization of
polygalacturonases from Phytophthora
cinnamomi

Botryosphaeria dothidea–Eucalyptus grandis pathosystem ·
fungal endophytes · transcriptomics · differential expression
analysis · asymptomatic infection · tolerance

Fungal endophytes infecting healthy plant tissues are immensely diverse and ubiquitous. Yet, the physiological
and ecological roles of the fungal endophytes of woody
plants are poorly understood. Botryosphaeria dothidea
(Botryosphaeriales: Botryosphaeriaceae) is one of the
most commonly occurring fungi in woody plants. This
fungus is known both as an endophyte and a pathogen
on many woody plants including the economically important Eucalyptus grandis (Myrtales: Myrtaceae). This
raises the question of how B. dothidea can infect and
establish itself in its hosts for extended periods of time
without triggering a host defence. Using scanning electron microscopy, the infection biology of B. dothidea on
E. grandis leaves was studied. Additionally, qPCR analysis from asymptomatic, inoculated leaves indicated a
decrease in fungal load over a period of 30 days postinfection. The infection transcriptome of E. grandis
leaves inoculated with B. dothidea was subsequently investigated at 24 hours, 48 hours and 7 days post-infection
via dual RNA-sequencing and differential expression
(DE) analysis. The progression of this interaction is being investigated through RT-qPCR analysis using marker
genes identified from the transcriptome datasets. A weak
host response was observed at 48 hours post-infection
(hpi), characterised by the DE of 129 genes which included the up-regulation and down-regulation of key defence genes such as the jasmonate/ethylene transcription
factor, MYB15, and the salicylate receptor, NPR5, respectively. Data from DE analysis of the B. dothidea in
planta transcriptome between the infection time points
indicated that the fungus is metabolically active during this time as we observed the expression of genes
involved in nutrient acquisition, detoxification and cell
wall degradation. However, no fungal effector transcripts
were detected. The absence of differentially expressed

M IYAMBO, T., P RABHU, A., VAN DEN B ERG , N., VAN
DER M ERWE , N.A., J OUBERT, F., M WANGI , S.,
S EEDAT, M., AND E NGELBRECHT, J.
University of Pretoria, South Africa

 Wed 17 Oct 11:45 – 12:00 · Blesbok/Eland Room
Phytophthora cinnamomi · polygalacturonase · differential gene
expression

Phytophthora cinnamomi is a devastating pathogen of
many economically important crop plants and is one
of the main contributing factors to the losses in avocado production in South Africa. A pivotal role in plant
infection that is employed by most phytopathogens is
the penetration of the plant cell wall. This process is
driven by the secretion of a variety of cell-wall degrading enzymes (CWDEs) that act by breaking down the
plant cell wall and thus gaining entry to and colonizing the host plant. Polygalacturonases (PGs) are the
first CWDEs secreted by the pathogen during infection
and have been considered as pathogenicity factors. This
study focused on identifying and characterizing PGs
in P. cinnamomi. PGs were computationally identified
from the genome sequence of P. cinnamomi using three
different approaches: a keyword search, a hmmsearch
and a BLASTp search. Based on the full-length PG sequences obtained from P. cinnamomi, differential gene
expression analysis was performed utilizing RNA-seq
data generated from P. cinnamomi susceptible avocado
roots, inoculated with pathogen zoospores and harvested
at 12 hours post inoculation (hpi), 24 hpi and 5 days postinoculation. A total of 26 polygalacturonases were identified from the genome sequence of P. cinnamomi and 13
were full-length PG sequences. Based on the differential
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gene expression analysis of PGs, two were differentially
expressed, one was upregulated at the early time point,
three were upregulated at 24 hpi, six were upregulated at
the later stage of infection, and no expression was seen
for three PG genes. This suggests that the pathogen deploys different PGs at the different stages of its infection
life cycle. These results also highlight the importance
of certain PGs during infection in avocado. Future work
will be focused on understanding the evolutionary relationships of these full-length PGs in P. cinnamomi and
with other Phytophthora species. This study provides
the first report for the in silico identification of PGs in P.
cinnamomi. Furthermore, it has provided a framework
for a better understanding of the interaction between P.
cinnamomi and avocado during infection and will provide insight on the evolutionary relationships of PGs in
P. cinnamomi.

all the treatments. This study provides insight into the
molecular mechanisms of innate immune processes in S.
noctilio larvae and will serve as the foundation of future
studies on the interaction between this woodwasp and
pathogens or parasites.

Transcriptomics of wood forming plastids in
Eucalyptus grandis: evidence for a new plastid
type in vascular plants
P INARD, D., B EHRENS , D., M YBURG , A.A., AND
M IZRACHI , E.
University of Pretoria, South Africa
 Wed 17 Oct 12:15 – 12:30 · Blesbok/Eland Room
transcriptomics · organellar gene regulation · wood formation

Infection induced gene expression of the
invasive woodwasp, Sirex noctilio
M AKUA , S., S LIPPERS , B., P OSTMA S MIDT, A.,
C OETZEE , M.P.A., AND Y EK , S.
Department of Biochemistry, Genetics & Microbiology,
Forestry and Agricultural Biotechnology Institute, University of
Pretoria, South Africa
 Wed 17 Oct 12:00 – 12:15 · Blesbok/Eland Roome
Sirex noctilio · immunity · transcriptome · host-parasite interactions

The woodwasp, Sirex noctilio, is a destructive pest that
attacks pine trees in the Southern Hemisphere. This
pest is controlled with the parasitic nematode, Deladenus siricidicola. A deeper understanding of the immune
response of the wasp during this interaction has relevance to the evolution of immune response pathways
in Hymenoptera in general, and may also assist in the
selection of nematode strains in future. The molecular
mechanisms involved in the interaction between S. noctilio and D. siricidicola are, however, unknown. In this
study, we aimed to identify the immune-related genes
of this insect. We also characterized the transcriptome
of S. noctilio larvae that were subjected to infection by
D. siricidicola, Beauveria bassiana, as well as wounding. A total of 190 immune-related genes were identified through comparison of the S. noctilio genome with
the genes and genomes of other hymenopteran insects.
Complete and conserved Toll, IDM, JNK and JAK-STAT
signalling pathways were found in S. noctilio. Differential gene expression analyses performed on infected
S. noctilio larvae demonstrated that wounding response
mechanisms are activated by this insect in response to

In tree species, secondary growth xylem acts as a strong  T6
carbon sink, and the utilization of carbon sugars derived from photosynthesis must be coordinated to balance the processes of homeostasis, primary growth, and
secondary xylem development. Despite the fact that plastids are the sites of essential carbon metabolic processes
– such as fatty acid, hormone, and amino acid biosynthesis – the regulation of plastid encoded genes in carbon
source, transport and sink tissues is not well understood.
During secondary xylem development, plastid biology
must be specifically regulated to ensure the rapid production of aromatic amino acids for monolignol synthesis.
We aimed to explore the role of plastid gene expression
and post-transcriptional regulation in wood formation
using multiple transcriptomic datasets from Eucalyptus grandis mature leaf, immature xylem, and phloem
tissues. Using total RNA sequencing data, we show
that plastid gene expression is specifically regulated in
wood forming tissue, with (among others) the gene of unknown function ycf2 being differentially upregulated. By
comparing total RNA-seq and polyA selected RNA-seq
data, we conclude that polyadenylation is not a method
of post-transcriptional regulation in wood forming tissues. However, small RNA-seq and post-transcriptional
editing analysis implicates the role of nuclear encoded
RNA-binding proteins in the tissue-specific regulation of
plastid gene expression during wood formation, and in
conjunction with nuclear-encoded gene expression, we
identify novel putative nuclear regulators of organellar
encoded genes in xylem. Finally, we show that xylem
plastid gene expression and regulation is unique compared to other non-photosynthetic plastids, and may be
classified as a new type of leucoplast, which we term the
“xyloplast”.
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Silencing of an integrated domain nucleotide-binding leucine-rich repeat gene in wheat abolishes
Diuraphis noxia resistance
V ENTER , E. AND N ICOLIS , V.
University of Johannesburg, South Africa

 Plenary Wed 17 Oct 13:30 – 14:00 · Free State Room
plant-pest interaction · integrated decoy hypothesis · Russian wheat aphid resistance · effector

Diuraphis noxia (the Russian wheat aphid) is a specialised aphid pest feeding only on grasses. Control strate T7
gies relied heavily on plant resistance to arrest aphid infestation and several resistance genes (Dn1 – Dn9) were
identified for breeding programmes. However, continued exposure to resistance resulted in the development of
resistance-breaking aphid biotypes (RWASA1-4) that are successively overcoming deployed resistance cultivars.
This necessitates the need to understand the interaction between wheat and D. noxia. Plants need to recognise these
pests and pathogens upon ingress. To aid with this, plants employ an arsenal of effector and pattern-recognition
receptor proteins. Integrated-domain nucleotide-binding leucine-rich repeat genes (NLR-ID) include resistance proteins that specifically recognise pathogen effectors. A classic example is RRS1-R that contains an integrated WRKY
domain as bait for AvrRps4 and PopP2. We have identified a WRKY containing NLR-ID from the wheat–D. noxia
interaction. Virus-induced gene silencing of this NLR-ID showed that it is a key component of defence in wheat
carrying resistance genes against D. noxia. Silencing this NLR-ID resulted in the loss of D. noxia resistance irrespective of the background that the genes have been introduced into as seen from testing in Tugela DN (Dn1) and
Gamtoos R (Dn7). Both these cultivars are resistant to biotype RWASA1 and lose all resistance once the NLR-ID is
silenced. We hypothesise that this NLR-ID uses the WRKY-domain as bait against a unidentified RWASA1 biotype
effector to guard a WRKY-transcription factor.
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Unravelling wood formation in Eucalyptus:
epigenetics, transcription factors and synthetic
biology
H USSEY, S. 1 , M IZRACHI , E. 1 , B ROWN , K. 1 ,
TAKAWIRA , L. 1 , K ARANNAGODA , N. 2 , S POKEVICIUS ,
A. 2 , B OSSINGER , G. 2 , AND M YBURG , A.A. 1
1 University
2 The
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 Wed 17 Oct 14:00 – 14:15 · Free State Room
Eucalyptus · transcriptional regulation · xylogenesis · epigenetics · synthetic biology

Within a narrow sheet of tissue, cells comprising the
vascular cambium of hardwood trees undergo cell division, expansion, secondary cell wall deposition and
programmed cell death. This rapid developmental programme is tightly regulated by transcriptional networks
and is influenced by a dynamic chromatin architecture,
both of which are far from understood and will benefit
from the generation and integration of high-throughput
data from multiple –omics levels. We therefore mapped
the accessible chromatin landscape of developing xylem
and phloem vascular tissues in Eucalyptus, a widely
grown fibre and woody biomass feedstock, identifying
thousands of accessible regions in the noncoding genome
that were enriched for functional genomic and epigenomic elements such as modified histones, conserved
noncoding sequences and transcription factor binding
sites. Concurrently, we have implemented recently developed high-throughput protein-DNA interaction assays
such as DNA Affinity Purification Sequencing (DAPseq) to identify genome-wide in vitro binding sites of
multiple Eucalyptus transcription factors linked to wood
formation, focusing on the MYB and NAC protein families. Forest biotechnology currently lags behind the plant
synthetic biology field which aims to standardize DNA
sequences as basic building blocks suitable for idempotent construct assembly. To enable an effective DAP-seq
pipeline and the establishment of open-source standardized biological parts for forest biotechnology, we worked
with the US Department of Energy Joint Genome Institute to synthesize 221 E. grandis transcription factor and
65 promoter sequences. The synthetic constructs were
domesticated and standardized according to the Phytobrick convention to allow for one-pot Type IIS as well as
GATEWAY and Gibson assembly. Ten of these transcription factor candidates have been functionally investigated
through scanning electron microscopy analysis of transgenic somatic wood sectors of Eucalyptus and Populus,
demonstrating significant effects on fibre cell size and
cell wall deposition for INDOLE-3-ACETIC ACID INDUCIBLE homologs.

The importance of hub WRKY transcription
factors in the establishment of tolerance and
susceptibility towards plant viruses
F REEBOROUGH , W., N CUBE K ANYIKA , B., G ENTLE ,
N., AND R EY, M.
University of the Witwatersrand, South Africa

 Wed 17 Oct 14:15 – 14:30 · Free State Room
transcriptomics · WRKY tanscription factors · plant immunity ·
geminiviruses · ipomoviruses

Geminivirus species, such as South African cassava
mosaic virus (SACMV), cause cassava mosaic disease,
which poses a threat to both food security and a growing cassava starch-based industry. Not all cassava cultivars show susceptibility towards SACMV, however
the molecular mechanisms involved in these immunityrelated networks are not well characterized. RNA-seq of
the transcriptional response in tolerant TME3 and susceptible T200 cassava landraces was analysed. Focus
was placed on the WRKY transcription factors, which
form regulatory hubs with interacting signalling and
phytohormone response proteins during early (12 dpi)
and middle (32 dpi) infection stages. Differentially
expressed (DE) WRKYs were identified from global
TME3 and T200 gene expression profiling data on the
basis of their protein domain architecture, and their associated interacting partners were ascertained through
the STRING protein-protein interaction database. The
identified WRKYs and their interacting partners were
placed into networks using these protein interactions and
gene ontology term enrichment analysis. Furthermore,
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in a subsequent meta-analysis of plant-virus interactions
(cassava, tomato, potato and thale crest) in tolerant and
susceptible plant species, RNA-seq data were mined for
commonalities in WRKY expression. From as early as
12dpi, both T200 and TME3 are seen to each have distinct responses to SACMV infection. During SACMV
infection, a total of sixteen DE WRKYs were identified
in T200 compared with five in TME3. From these DE
WRKYs, it was revealed that a protein-protein regulatory network (made up of WRKYs 22, 33, 51, 53 and
70) exists around WRKY40. In T200, the downregulation of WRKYs 53, 70 (12dpi), 40 and 33 (32dpi)
with their interacting partners largely silence subsequent
phytohormone defense signalling; which strongly suggests a central role of WRKYs in T200s susceptibility to
SACMV. In contrast, in TME3, WRKY40 is upregulated
at all time points during SACMV infection, and together
with salt tolerant zinc finger (STZ) and WRKY6, appears
to set up the conditions for tolerance through the initial
induction of abscisic acid and ethylene signalling. Metaanalysis results further revealed greater representation of
WRKYs in susceptible plants relative to resistant plant
species. In susceptible data sets, the most highly represented WRKYs were WRKY70, 40 and 53. Interestingly
in the resistant datasets, WRKY40 is the only highly represented WRKY transcription factor observed. Results
suggest that the core WRKY network (WRKY22, 33, 40,
51, 53 and 70) contributes towards tolerance/resistance
or susceptibility in response to plant viruses.

via genetic engineering and breeding. We have used a
systems genetics approach (Mizrachi et al. 2014. PNAS
114: 1195–1200) to identify gene expression modules
involved in cell wall development and, more specifically xylan modification in field-grown Eucalyptus trees.
This includes known xylan biosynthetic genes, as well
as novel candidates involved in xylan backbone modification processes such as acetylation and substitution
with glucuronic acid and methyl-glucuronic acid. eQTL
and expression correlation network analysis implicated
genetic loci and genes encoding metabolic pathways that
are transcriptionally tightly coordinated with xylan modification and may provide building blocks for xylan decorations. We are taking advantage of CRISPR-Cas9/dCas9
technology to target candidate xylan modification genes
such as members of the trichome birefringence-like
(TBL) family in poplar trees. TBL proteins are believed
to alter the pattern of xylan-backbone acetylation and
thereby affect the interaction of xylan with other cell
wall biopolymers, mainly cellulose and lignin. These
interactions affect the chemical processing and ultimate
separation of these polymers during processing for biorefinery products. We report on CRISPR-dCas induced
changes in TBL gene expression as well as preliminary
 T7
cell wall phenotypes of repressed lines.

CRISPR and protoplasts: hand-in-hand towards
high-throughput gene editing in cassava
C HATUKUTA , P. AND R EY, C.

Engineering xylan acetylation in wood cell
walls using CRISPR technologies

University of the Witwatersrand, South Africa
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cassava mosaic virus · CRISPR · protoplast
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Woody biomass from fast-growing forest trees such as
Eucalyptus and Populus is an abundant sustainable resource for the bio-based economy including products
such as chemical cellulose, textiles, biofuels and other
wood derived products. The development of a viable
biorefinery industry based on woody biomass has been
hampered by the recalcitrance of highly lignified tissues
and the slow pace of genetic improvement of forest trees

Protein modification by ubiquitin is a post-translational
event that modulates protein function and regulates many
plant processes. This ubiquitylation is reprogrammed
by geminiviruses which alter the ubiquitin protein machineries to achieve full infection in the host. Recently, a
genome-wide study of the genetic architecture of Cassava
Mosaic Disease (CMD) resistance in cassava (Manihot
esculenta) revealed that a C3HC4 RING Finger gene
is located on a major CMD-associated quantitative trait
locus (QTL) on chromosome 12. We set out to examine the effect of CRISPR/Cas9-mediated silencing of
this gene, CRiFEUL, on gene expression in the susceptible (T200) and tolerant (TME3) cassava landraces during infection with South African cassava mosaic virus
(SACMV), since transcriptome data showed that CRiFEUL on Chr12 was up-regulated in SACMV-infected
TME3. A preliminary bioinformatic analysis of the
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structure and function of CRiFEUL was performed using
web-based programs. The preliminary bioinformatics
analysis revealed that the C3HC4 RING Finger protein
contains a E3 Ubiquitin Ligase domain and is encoded by
Manes.12G069400 (cassava4.1_026906m). CRiFEUL,
whose biological process is unknown, belongs to the
RING/U-box superfamily, and is co-expressed with a
ubiquitin-protein complex adapter and various binding
proteins. Two gRNAs targeting the CDS region of CRiFEUL were stacked in a pCAMBIA1380-Cas9 vector.
T200 and TME3 protoplasts were co-inoculated with the
pCAMBIA1380-Cas9-gRNA, pBIN-SACMV_DNA-A
and pBIN-SACMV_DNA-B constructs; and DNA and
RNA was extracted from the transformed protoplasts at
36h. Detection of targeted mutagenesis in genomic DNA
is currently being conducted using the T7E1 and the
restriction endonuclease assays, and targeted deep sequencing of the genomic target will be performed on the
Illumina platform. Transient gene expression assays,
viral titre measurements (real-time quantitative PCR
(RT-qPCR), and mutation efficiencies will be presented.
Findings will indicate if cassava’s resistance to SACMV
is associated with the activity of CRiFEUL and provide
a basis for further exploration of the molecular processes
involved in ubiquitylation responses to SACMV in cassava.

and 410 (absent in RS proteins). The putative SS of
Medicago trancatula (MtSS) contains this region. Despite Stachyose being the predominant RFO in seeds,
there are no reports on the molecular identity of an MtSS,
nor its role in RFO biosynthesis. MtSS has never been
functionally ycharacterized. The purpose of this study
is to functionally characterize MtSS. By heterologously
expressing Medtr7g106910 in Y. lipolytica, we demonstrate that crude extracts synthesise Stachyose in vitro,
contrary to empty vector controls and using two independent loss-of-function mutants for SS and RS (atrs4
and atrs4xatrs5, respectively), we confirm that this SS
is indeed responsible for Stachyose accumulation. The
ability to restore the missing metabolism of the atrs4
and atrs4xatrs5, complementing it with potential RFO
genes, makes it a suitable platform for the identification
of RFO genes. This non-functional SS plant background
(atrs4) has been transformed with the MtSS gene, so that
restoration of the RFO metabolic pathway can take place.
Transformed and untransformed atrs4 plants were generated and could be used to further study the effect of the
MtSS gene on RFO accumulation. The atrs4 plants transformed with the MtSS gene resulted in the accumulation
of Stachyose and subsequently the restoration of RFO
 T7
metabolism in atrs4. MtSS is thus a bona fide Stachyose
synthase.

Functional identification of a putative
stachyose synthase (SS, Medtr7g106910) from
Medicago truncatula, by overexpression in the
Arabidopsis stachyose deficient double mutant
rs4/rs5

Nuclear localization of African horse sickness
virus non-structural protein NS4 between
different strains
B OUGHAN , S. 1 , P OTGIETER , C. 2 , AND VAN S TADEN ,
V. 1

H UGO, M., P ETERS , S., AND L OEDOLFF , B.
1 University
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The Raffinose Family of Oligosaccharides (RFOs) are
a unique group of sugars found in higher plants. RFOs
fulfill critical metabolic functions in plants, often in the
form of target molecules, when environmental factors
such as osmotic stress and pathogenic infections occur.
It enables plants to respond to their environment and thus
protect themselves. The typical pathway responsible for
the synthesis of these RFO sugars involves two key enzymes namely Raffinose Synthase (RS), and Stachyose
Synthase (SS). The amino acid sequences of the RS and
SS proteins are largely identical except for the presence
of a conserved region between amino acid positions 330

African horse sickness virus (AHSV) causes the disease African horse sickness in susceptible equids with
mortality rates of up to 95% in infected horses. AHSV
has nine serotypes and a segmented dsRNA genome,
with each of the 10 segments encoding at least one virus
protein. NS4 which is encoded by segment 9 will form
the focus of this study. AHSV NS4 displays two types
of NS4 (NS4-I and NS4-II) which differ in sequence
and length. NS4-II also exists as a sub-type named
NLS-NS4-II which contains an N-terminal nuclear localisation signal. NS4 has been shown to localise to
both the nucleus and the cytoplasm of AHSV infected
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cells, even though all replication processes of AHSV occur exclusively in the cytoplasm. Little is known about
the functional importance of AHSV NS4 in the nucleus,
therefore the aim of this study was to investigate and
compare the serotype-specific differences in the nuclear
localisation of AHSV NS4. Genomic dsRNA was isolated from all strains and the segment 9 genes sequences
were determined to identify whether each serotype encoded NS4-I, NS4-II or NLS-NS4-II. The sizes of the
expressed NS4 proteins were compared by Western blot.
The intracellular distribution of NS4 was visualised using
confocal laser scanning microscopy (CLSM). In strains
expressing NS4-I the protein localised mainly to the nucleus, while NS4-II showed a homogenous distribution
of NS4 in both the cytoplasm and the nucleus. In strains
expressing NLS-NS4-II the protein had a homogenous
distribution in the cytoplasm and distinct punctate foci
in the nucleus. These results therefore identified distinct strain-specific differences with respect to AHSV
NS4’s intracellular trafficking and localisation. CLSM
was used to determine if NS4 co-localises with nuclear
compartments such as Promyelocytic leukemia bodies,
cajal bodies or nuclear speckles which are sometimes hijacked by viruses. We observed that AHSV infection of
certain serotypes resulted in relocation of a component of
nuclear speckles to virus-specific inclusions in the cytoplasm. This is the first study to show that a nuclear compartment relocates to the cytoplasm of AHSV-infected
cells. Because NS4 may localise to nuclear compartments involved in immunity, NS4 may act as a virulence
factor which is important in vaccine development.
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TB is a complex disease caused by infection with Mycobacterium tuberculosis (M. tb). While the majority of
infected, immunecompetent individuals remain asymptomatic, approximately 10% will develop active disease. Numerous studies have investigated the association of candidate genes with TB, and with different M. tb clades, with one
recent study investigating genome-wide associations in a Thai cohort. This study aimed to investigate genome-wide
association(s) between the host genotype and the genome of the infecting M. tb pathogen. Sputum and blood samples
were collected from TB patients residing in a suburb in Cape Town. Genotyping was performed using the Affymetrix
500k SNP array, and M. tb clades were identified using spoligotyping and IS6110 RFLP. Genotypes passing strict
quality control (QC) filters were phased followed by imputation. Multinomial logistic regression (MLR) was performed using SNPT EST and the standard genome-wide significance cut-off of α = 5 × 10−8 was used. The cohort
was dominated by LAM, followed by the Haarlem/LCC, Beijing/CAS1, Other, and Quebec superclades. MLR was
performed using ∼7 million SNPs for 445 samples, and the five M. tb superclades. The strongest association was
with SNP rs9389610 (g.139039029G>A) on chromosome 6, at a p-value of 1.6 × 10−7 . Individuals with the A allele
of this SNP were twice as likely to be infected with a member of the Beijing/CAS1 superclade, as compared to the
Haarlem/LCC (OR: 0.49) or LAM (OR: 0.46) superclades. The association did not reach genome-wide significance
in the South African cohort, but replication of the method in a larger Ghanaian cohort yielded significant associations
to M. tb superclades. This is the first study to analyse associations between gene variants and M. tb superclades at a
genome level, and provides a novel method for investigating TB pathobiology.
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Characterization of SNPs associated with
growth rate in dusky kob (Argyrosomus
japonicus) using exome sequencing

Novel variants in LDLRAP1 and APOB are
associated with lower LDL-C levels in African
populations

J ACKSON , T., M C G REGOR , N.W., AND R HODE , C.

H AYAT, M. 1,2 , R AMSAY, M. 1,2 , AND K ERR , R. 2

Stellenbosch University, South Africa

1 Sydney

Brenner Institute for Molecular Bioscience,
University of the Witwatersrand, South Africa

2 Division

of Human Genetics, National Health Laboratory

Service and School of Pathology, Faculty of Health Sciences,

 Wed 17 Oct 14:00 – 14:15 · Blesbok/Eland Room

University of the Witwatersrand, South Africa
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Marine resources such as dusky kob (Argyrosomus
japonicus) are particularly vulnerable to overfishing as
this species has been targeted for decades by commercial, recreational and subsistence fisheries, which has led
to the steady decline in the natural populations. A shift
towards aquaculture as a sustainable alternative supply
to the market has been initiated. It is important to understand the various genetic determinants influencing
complex traits, particularly growth rate, as this will facilitate in the effective utilisation of the species through
selective breeding. Discovery of appropriate SNP markers is important in the selection process of broodstock via
the application of marker assisted selection, and will enhance the commercial productivity as well as the value of
this species. Unfortunately, for eukaryotic species with
large genomes it is costly to obtain and develop genome
resources such as genome-wide SNPs. Unlike transcriptome sequencing, which could create ascertainment bias,
due to differential gene expression, in subsequent population genetic analyses, a flexible targeted sequencing
method needs to be applied. A method which allows
gene-targeted, next-generation sequencing of many individuals in a number of genes. This study thus aims
to demonstrate the effectiveness of cross-species exon
capture, for genome-wide, gene-targeted marker discovery in species where no genome references are available. This method successfully sequenced and mapped
exon sequences across the 25 chromosomes of A. japonicus, using the coding gene sequences from the zebrafish
genome (Danio rerio) to capture, and subsequently sequence, thousands of exons of dusky kob. By utilising
the zebrafish reference sequence, exon capture and high
throughput sequencing was able to identify thousands of
SNPs spread evenly across the chromosomes, including
hundreds of SNPs in the targeted growth genes. Due to
the high level of transferability displayed in this study
this method can be applied to aid in future genomics
research and the acceleration of molecular breeding programmes.

 Wed 17 Oct 14:15 – 14:30 · Blesbok/Eland Room
LDL-C · Africa · APOB · LDLRAP1

Non-communicable diseases, including cardiovascular
disease (CVD), are on the rise in African populations.
High serum LDL-cholesterol (LDL-C) levels are a risk
factor for CVD, but contribution of high LDL-C levels
to CVD in African populations remains poorly understood. Genetic variants in the LDLR, APOB, PCSK9
and LDLRAP1 genes are known to be associated with
LDL-C levels in European populations. This study examined whether selected variants in the four genes were
associated with LDL-C levels in African populations,
considering LDL-C as a polygenic trait. Publicly available African whole genome sequence data were inter-  T8
rogated, and variants were selected for genotyping using functional predictive bioinformatics tools. Nineteen
SNPs were selected and genotyped in 1000 participants
from the AWI-Gen study (500 with LDL-C>3.5 mmol/l
and 500 with LDL-C<1.1 mmol/l). Logistic regression
analysis revealed that, after adjusting for sex, fastingglucose levels and geographic region, the minor alleles
at two SNPs were significantly associated (p < 0.05)
with lower LDL-C levels: LDLRAP1 rs12071264, c.53322A→G (OR:0.5866) and APOB rs6752026, c.433C→T
(OR:0.6898). This suggests gain-of-function effects contributing to lower LDL-C levels. Both alleles are extremely rare in European populations (rs12071264G:
absent, rs6752026T: 0.001) and were not included in
genome-wide association studies for LDL-C. Since
African populations, in general, have reduced LDL-C
levels these variants could be African-specific LDLC associated variants and may suggest a unique geneenvironment interaction. In conclusion, using a limited
number of potentially functional variants in African populations, and after adjustment for covariates, significant
associations with altered LDL-C levels were detected
with variants in two of the four genes studied.
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An integrative, multi-omics approach to identify
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loci associated with PTSD in a South African
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South Africa has a high rate of traumatic events, which
leaves susceptible individuals vulnerable to developing
posttraumatic stress disorder (PTSD). Symptoms depend
on the severity of exposure and the type of traumatic
event as well as intrinsic factors such as genetic heritability and polygenicity. The genetic factors underlying the susceptibility (or resilience) towards developing PTSD are unknown and are further complicated by
gene-environment interactions. Genome-wide association studies (GWAS) have been used to investigate the
multiple genetic variants, each with modest effect sizes,
that contribute to psychiatric disorders such as PTSD.
The sum of the identified single nucleotide polymorphisms (SNPs) and environmental interactions can be
then used for polygenic risk score (PRS) analyses to
provide a measure of genetic liability towards developing a complex trait. In addition, genotype data can be
used to identify associated functional genetic variants
(expression quantitative trait loci, eQTLs) when integrated with gene expression data (RNAseq). This project
aims to establish an integrative, multi-omics approach
to identify genetic risk and functional genetic variants
associated with PTSD in a South African Mixed Ancestry population of PTSD patients and trauma-exposed
controls. PRS analyses will be conducted using PLINK
and PRS ICE software and the genotype (n = 300) and
RNAseq (n = 120) data will be integrated using a publicly available algorithm such as Matrix eQTL in R, a
statistical programming language, to identify eQTLs. We
will present the results from these analyses, which will
provide insight into the genetic underpinnings of PTSD.
Further, this project is expected to build and validate a
bioinformatics and statistical pipeline that can then be
employed to determine genetic risk and functional genetic variants associated with other complex psychiatric
disorders in the South African population.

systems genetics · gene expression · eQTL · eGWAS

The era of genomics has brought the challenge of exploring and integrating large genomics data sets resulting from massively parallel sequencing technologies.
The PlantGenIE.org web resource provides a range
of tools for searching, visualizing and analysing forest
tree genomics and transcriptomics data from the Populus
(PopGenIE), Picea abies (ConGenIE) and Eucalyptus
(EucGenIE) systems. To expand the current functionality to “omics” data from genome-wide association studies such as eQTL and eGWAS, we are developing a suite
of tools for querying and visualising large-scale systems  T8
genetics data. For example, starting with a query phenotypic QTL, it is possible to either browse overlapping
eQTLs using an interactive version of C IRCOS, or explore genes physically underlying the query QTL using
Jbrowse. Furthermore, integrating eQTL or eGWAS data
with gene-wise correlation data allows the analysis of
gene networks displaying the genetic architecture of a
query list of genes. To test this systems genetics browser,
expression (eQTL), metabolite (mQTL) and phenotypic
QTL data were analysed for two interspecific backcross
populations of E. grandis × E. urophylla. Genomic locations of shared trans-eQTLs were visualized and hypothesized to contain polymorphisms affecting the expression
of groups of co-regulated and functionally related genes.
eQTL networks were constructed for co-expression modules involved in various aspects of secondary cell wall
biosynthesis. QTL X PLORER provides a platform for
systems genetics modelling and high-resolution dissection of the molecular basis of complex trait variation
in plants. Together with the existing PlantGenIE tools,
QTL X PLORER provides a means to formulate and test
hypotheses from large-scale population genomics data.
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An interspecific cross pinpoints genomic
regions associated with host specificity and
growth rate in two Ceratocystis pathogens

Genome-wide association for adaptability and
conservation strategies in village chicken
genetic resources – a review
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Ceratocystis manginecans is an aggressive tree pathogen
that has resulted in severe losses to mango orchards in
the Middle East and Acacia plantations in South East
Asia. While it kills these and other trees, it does not infect sweet potato, that suffers from black rot caused by
the closely related species C. fimbriata. The factors influencing the pathogenicity and host specificity of these
two species is unknown. In this study we identified genomic regions associated with various phenotypic traits
by means of an inheritance study. An interspecific cross
was made between C. fimbriata and C. manginecans and
70 F1 progeny were obtained. The progeny were used
to identify genomic regions associated with growth rate,
conidial production and aggressiveness on sweet potato
and A. mangium. SNP markers were identified in the parents and progeny, using whole genome sequencing, and
used to construct a genetic linkage map. By correlating
phenotypes of the progeny with associated genotypes,
quantitative trait loci (QTLs) for some phenotypic traits
were identified on the linkage map. The linkage map was
1200 cM in length and consisted of 467 SNP markers allocated to nine linkage groups. One highly significant
QTL was identified for growth rate, one for aggressiveness on A. mangium and two for aggressiveness on sweet
potato. Candidate genes, differing in amino acid sequence, or unique to a species, could be identified in
each of the QTLs. These will greatly assist in informing
functional studies in future.

Despite the important roles of village chickens, rearing of the breeds is considered as a sideline in agriculture activity. The native breed has been neglected
by conservation and development programmes and their
production are mainly hampered by feed shortage, poor
health and housing management. The aim of the study
is to use genome-wide association studies, integrating
genome sequencing and SNP analysis to identify genes
linked to adaptation in order to develop conservation
strategies for sustainable utilization of village chicken
genetic resources. Genome wide association studies
(GWAS) have recently evolved into a reliable tool for
investigating the genetic association to diseases and production traits (e.g. growth, feed intake and milk yield)
in livestock. This was made possible due to introduction of high-density single nucleotide polymorphisms  T8
(SNPs) genotyping platforms. A genome-wide association study (GWAS) using 600K SNP panel for heritability traits under heat stress on broiler chicken measuring
body temperature and body weight was conducted using
Bayesian analyses. For each trait, positional candidate
genes were identified within a 200 kb region. Genomic
variations associated with egg weight in a population
of 1,078 hens utilizing of Affymetrix 600 K high density SNP array, revealed that a 90 Kb genomic region
(169.42 Mb ~169.51 Mb) in GGA1 significantly associated with EW36. Using genome-wide single-nucleotide
polymorphism (SNP) mapping Mendelian traits has provided information on genetic structure and diversity of
traditional village chicken populations. These molecular
tools can contribute to (i) dissecting the genetic mechanisms of complex agricultural traits and (ii) improving
selection methods for genetic improvement of animal
production. Therefore, it is necessary to design sustainable utilization and improvement schemes, especially in
hotspots of known high genetic diversity, with the active
participation of local communities who currently own
such chickens.
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Screening of haemophilia A patients and
carriers for the intron 22 inversion mutation in
central South Africa with a newly developed
method

Inv22. The PCR results were confirmed with Sanger
sequencing.We have successfully developed rapid PCR
methods to identify Inv22 in haemophilia A patients and
carriers. The methods are reliable cost-effective and can
be performed in under-resourced laboratories. Inv22 was
present in 29.41% of the severe haemophilia A population and in 22.2% of the potential haemophilia A carriers
in this study.
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An investigation into the genetic basis of
autosomal recessive Osteogenesis Imperfecta
(OI) III in a South African family of mixed
ancestry

Poster Board 01
haemophilia A · intron 22 inversion · real-time PCR

Haemophilia A is an inherited bleeding disorder characterized by the deficiency of coagulation factor VIII
(FVIII). In 45% of all severe haemophilia A cases, the
causative mutation is the intron 22 inversion (Inv22) of
the gene. The current Inv22 detection methods, namely,
the Southern Blot assay, Long range PCR and Inverse
PCR, all have eminent disadvantages. There is, thus, a
need for a more rapid test that can accurately identify
Inv22 in haemophilia A patients and carriers. The aim of
this study was to develop a PCR method that can rapidly
detect the Inv22 in haemophilia A patients and carriers
and to screen the central South African haemophilia A
patients and potential carriers for Inv22.We selected 63
volunteers as follow: two non-related severe haemophilia
A patients who have been confirmed Inv22 positive with
Southern blot and one healthy volunteer (inv22 negative control), 35 haemophilia A patients (Inv22 status
unknown), 18 female putative haemophilia A carriers
(Inv22 status unknown) and seven non-heamophilic volunteers (ECUFS: 166/2015). A conventional and realtime PCR assay were developed for Inv22 and the results
were confirmed with Sanger sequencing. The two Southern blot confirmed Inv22 positive samples also tested
Inv22 positive with our PCR methods. Four of the female volunteers tested positive for the Inv22 mutation
as well as the wild type, confirming their carrier status. Eight of the haemophilia A patients were positive
for Inv22. The remaining participants were negative for
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Osteogenesis Imperfecta (OI) is a rare genetic disorder
that is commonly known as ‘brittle bone disease’. This is
one of the most frequent skeletal dysplasias. Currently,
the Online Mendelian Inheritance in Man (OMIM) lists
17 forms of OI based on phenotype (Sillence classification types I-IV), genotype (types IX-XVII), or both
genotype and phenotypes (types V-VIIII). We have identified a case of autosomal recessive Osteogenesis Imperfecta type III (AR-OI III) in a South African individual
of mixed ancestry heritage. The parents and a sibling
of this individual are unaffected. Studies have indicated
that death prior to adulthood is frequent in patients with
this type of OI. However, the affected individual is 26
years of age, has had multiple fractures with consequent
severe physical deformity. It is estimated that 85% of
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the disease-causing mutations are located in coding and
functional regions of the genome. Therefore, sequencing of the exome has the potential to uncover the causes
of a large number of rare, mostly monogenic, genetic
disorders as well as predisposing variations in common
diseases. Because whole-exome sequencing is comprehensive and unbiased in its analysis of all known diseasecausing genes, it has the advantage of identifying more
than one genetic condition even when the clinical presentation does not make it this obvious. Furthermore,
whole-exome sequencing has been used as a method of
gene discovery in large series of patients and has effectively identified many novel disease genes and pathways.
Given the results obtained from the exome sequencing
analysis, this study aims to answer several questions, including but not limit to; any novel mutations present for
this particular individual with AR OI type III and if the
mutations present in this family are similar or different
to the ones already identified.

base-call quality. The focus of the research will be human and bacterial Illumina single-end and paired-end
RNA-seq data. We will model the effects of varying read
lengths, sequencing depths and error profiles on differential expression and alternative splicing events. Successful
models will inform researchers who are planning RNAseq experiments on optimal parameter values that will
allow the design of adequately powered experiments at
the lowest cost that will produce data enabling sound biological conclusions. These will also lay the foundation
for development of a bioinformatics tool for experimental design of RNA-seq experiments.

Evaluation of effects of read length and
sequencing depth on experimental design of
RNA-sequencing experiments

Forestry and Agricultural Biotechnology Institute, University of

Diversity and movement of Chrysoporthe
austroafricana in Southern Africa
VAN DER M ERWE , N.A., M WANGOLA , D.M., AND
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Department of Biochemistry, Genetics & Microbiology,
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RNA-sequencing (RNA-seq) has become a standard
method for quantifying gene expression due its ability
to detect rare events, copious amounts of data output and
dynamic range. Despite its strengths, this technology
can be expensive and requires good experimental design for optimal downstream analysis and results. Read
length and sequencing depth are two essential parameters to consider when designing RNA-seq experiments
and should a priori be determined as they play a critical
role in downstream analysis and can have a significant
impact on cost of experiments as well as the biological
conclusions drawn from the generated data. Determining the optimal parameter values can help in designing
adequately powered experiments and assist researchers
in avoiding unnecessary experimental costs, wasted resources and choosing the most suitable high-throughput
sequencing technology. The aims of the research project
are to investigate the effects of read length and sequencing depth on downstream analysis and designing RNAseq in their experiments, provide guidelines and standards for optimal read length, sequencing depth and

Chrysoporthe species infect both native and non-native
trees in the Myrtales in Southern Africa. Plantation eucalypts that have not been bred for resistance to Chryso- 2 P2
porthe austroafricana are especially at risk of canker
disease caused by this fungus, which can lead to economic losses for both commercial companies and private
tree farmers. In this study, we developed polymorphic
microsatellite markers from available genome sequence
data, and applied seven of these markers to study the
population genetics and movement of C. austroafricana
across Southern Africa on three hosts, namely Eucalyptus, Syzygium, and Tibouchina. Population structure
was associated with host rather than with country of
origin. Measures of genetic variation, recombination,
and gene flow inferred that Mozambique represents the
centre of origin of the fungus. Additionally, Syzygium
is most likely the host on which the fungus evolved in
Africa, based on the lack of diversity and recombination
on other hosts. The fungus also appeared to have moved
from Mozambique into the rest of Southern Africa, most
likely anthropogenically. This information can be used
to improve control of C. austroafricana through the deployment of resistant plantation trees in areas with high
fungal genetic diversity.
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Splice variant detection in a family with the rare of other HHT associated genes such as SMAD4, ALK1,
BMP9 and RASA1 genes in this family to decipher HHT
disease: Hereditary Haemorrhagic
pathogenesis in a family from African descent.
Telangiectasia (HHT)
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An assessment of fine-scale population
substructure of South African Caucasians
based on ’linguistic traditions’

the Free State, South Africa
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Hereditary haemorrhagic telangiectasia (HHT) is a rare
autosomal dominant bleeding disorder. It is characterised
by the presence of mucocutaneous telangiectases, visceral arteriovenous malformations and epistaxis. The
phenotype is diagnosed according to the Curaçao criteria. At a molecular level, HHT has been linked to the
Endoglin, Activin kinase 1 (ALK1) and SMAD4 genes in
numerous studies. The majority of studies are centred
on European and American population groups. There
are few publications of HHT on people of African descent, none of which are family based studies. To our
knowledge, this is the first study presenting mRNA expression sequence data of the Endoglin (ENG) gene in a
population of African descent. The aim of the study is
to detect splice site and exon region mutations present
in the ENG gene of the family members affected with
HHT. RNA was isolated from blood after stabilisation
in RNAlater, using the Ribopure blood kit and TRizol®
methods. The RNA was converted to cDNA that served
as a template molecule for sequence mutation detection. In total, 11 primer pairs were designed and used to
amplify 15 exon regions of the endoglin gene. Sanger
sequencing was employed to determine ENG mutations.
Four mutations were identified, two in exon 1, namely c.324A→G and c.-207G→A and two missense mutations
c.640G→A and c.1510G→A located in exon 5 and exon
11 were identified, respectively. The exon 1 mutation c.324A→G is a population variant. The c.-207G→A exon
1 mutation was concluded to have no effect on the resulting amino acid and only one HHT individual harboured
this mutation. The missense mutations c.640G→A and
c.1510G→A were previously described in participants
with and without HHT in literature, resulting in conflicting interpretations regarding HHT causality. Results
from this study indicate that the latter mutations occurred
in two different individuals that have been diagnosed
with HHT. The identified mutations were present in individuals who were formerly diagnosed with HHT but
none of them can be proven to be pathogenic, since it
was not present in all the HHT affected family members.
Future studies should focus on the mutation detection

Poster Board 06
population genetics · linguistic affinity · human population substructure · self-reported language · confounding bias · Powerplex 21 markers

Understanding and correctly identifying underlying population stratification is critical for the accuracy of conclusions in genetic association studies. Currently, association studies often use self-reported ancestral information
as a proxy to reflect potential underlying differences in
genetic architecture. In the context of the seemingly homogeneous Caucasian population of South Africa, 1st
language (or mother tongue) is used as such a proxy. In
order to investigate the genetic merit of self-reported language to control for confounding bias, and to investigate
the fine-scale population substructure of this population 2 P2
group, 81 Caucasian individuals from the Western Cape
province, South Africa, from different language groups
(English- or Afrikaans-speaking, or bilingual (Englishand Afrikaans-speaking), were used to ascertain genetic
substructure information. The genetic diversity and structure of the subpopulations were investigated through
the analysis of 20 widely used forensic microsatellite
markers. In order to quantify the relationship between
linguistic affinity and genetic composition, various diversity and structure statistics, and multivariate analyses
were implemented. The findings indicated that, based on
the markers used, these language groups showed no significant genetic differentiation between groups, thereby
calling into question the merit of this widely used proxy
in genetic association studies. Furthermore, two equally
contributing ancestral populations were identified, supporting the proposed Dutch-British contribution to the
genetic make-up of South African Caucasians. This
study contributes to existing knowledge about the utility
of language as a proxy of genetic architecture in association studies, and about the population substructure of the
SA Caucasian population in particular.
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In silico characterisation of the terpene
synthase gene families in Pinus patula and
Pinus tecunumanii

A 16S rRNA sequencing approach to gut
microbial profiling in South African populations
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In South Africa, Pinus patula has historically been the
most important commercial pine species. However, postplanting survival of seedlings of this species is dramatically decreased due to infection by Fusarium circinatum. F. circinatum is regarded as one of the most significant phytopathogenic diseases affecting commercial
Pinus plantations worldwide. Hybrids between P. patula
and other Fusarium-tolerant pine species, such as Pinus
tecunumanii, have been suggested as alternative planting
stock. RNA-seq reference transcriptomes for P. patula
and P. tecunumanii have provided the much-needed genomic resources necessary to interrogate the putative
defence related genes undergoing differential expression
due to F. circinatum infection. An interesting observation was that of the terpene synthases, which are either
significantly up or down regulated early in the defence
response to this pathogen. We aim to determine whether
observed differences in resistance between P. patula and
P. tecunumanii correlate with induced terpene synthase
gene expression profiles and to resolve these orthologs.
The differential expression patterns of genes identified as
putative terpene synthase orthologs will be assessed for
their potential to contribute to resistance. The divergence
of these genes throughout their evolutionary history will
be assessed in numerous conifer species, to reveal any
sequence variants between the two hosts. This should
help to elucidate the characteristics of a successful terpene defence response, as a potential focus for genetic
improvement through genetic engineering and breeding.

The human body comprises several habitats, many of
which are colonized by microbes. This colonization begins at birth with the extent of initial diversity dependent
on the mode of delivery. These microbes carry about 10–
100 times more genes than the human genome with the
majority of these found in the gastrointestinal tract (gut).
Alterations to the microbial ecosystem – dysbiosis – has
been implicated in a wide range of conditions including
cardiometabolic disorders, a growing health burden on
the African continent. The role of the microbiome however is not completely known. Research to this end has
been mainly carried out in non-African populations. This
pilot study aimed to shed some light on the potential role
of the microbiome in obesity in South African populations by characterizing the gut microbiome of individuals at a rural (Agincourt, Mpumalanga) and an urban
(Soweto, Johannesburg) location as diet, environment
and lifestyle tend to play a substantial role in individual 2 P2
microbial composition. To accomplish this, questionnaires were completed, and stool samples collected from
157 individuals meeting the set criteria following informed consent and ethics approval. Study participants
included individuals with BMI values ranging from 18
– 64. DNA was successfully extracted from the samples with sequencing done on the Illumina MiSeq with
coverage of over 200×. Preliminary results of sequence
data analyses from the V3–V4 hypervariable region of
the 16S rRNA gene indicate regional (site) differences in
microbial taxa abundance that will be explored further.
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The genetic position of ornamental zebrafish
(Danio rerio) sold in South African pet shops

Genetic variation within and between selected
South African greater kudu Tragelaphus
strepsiceros populations
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Zebrafish (Danio rerio) have been widely used as a
model organism for studies of developmental biology and
genetics. Due to the large amount of data on zebrafish
biology, this species could be used as a model for the development of aquaculture strategies that are aimed at preserving and conserving the genetic resources of commercial stocks and threatened natural populations of other
species. The zebrafish is a small freshwater fish species
that originates from India, Bangladesh, Nepal, Bhutan,
and northern Myanmar. For the current study, a portion
of the cytochrome b (cytb) mitochondrial gene region
was sequenced to determine the origin of South African
pet shop strains that are being used in some laboratories.
DNA was extracted from zebrafish housed at the UFS
Department of Genetics and cytb sequences were obtained. A further 178 sequences were downloaded from
GenBank, including sequences of an outgroup species
(Danio kyathit). Analyses utilized G ENEIOUS v4.7.4
and MEGA 7. A Maximum likelihood (ML) tree was
drawn to show the relationship between our sequences
and previously published data. Preliminary results of the
phylogenetic analysis divided the sequences into three
major genetic groups, which was congruent with a previous study on laboratory zebrafish provenance. The
first group originating from Northern India and eastern
and western Nepal; the second group from Bangladesh
and Southern India; and the third group from Central
Nepal. The UFS laboratory fish grouped with those from
Northern India and eastern and western Nepal. These
preliminary results correspond to phylogenetic classifications of zebrafish from previous studies. Further work
using longer gene sequences and additional gene regions
is necessary to confirm these results.

Greater kudu (Tragelaphus strepciseros) occurs in the
Limpopo, Northern Cape, Eastern Cape, Free State,
Western Cape and KwaZulu-Natal Provinces. It is believed that the Eastern Cape and Western Cape populations became isolated from the rest of the species’
distribution range north of the Orange- and Vaal rivers,
with some reports recommending the reclassification of
the Eastern Cape population as a sub-species. Various
unpublished reports have stated that the Eastern Cape
kudus are phenotypically distinct from the rest of the
South African population. We investigated variation
among populations located in the Eastern Cape, Northern
Cape and Limpopo Provinces by isolating and sequencing a fragment of the D-loop region of the mitochondrial
DNA. Results showed low haplotype diversity within
each population, but did indicate significant variation
between populations. Analyses of population differen- 2 P2
tiation indicated the greatest genetic distance between
Limpopo and Northern Cape, followed by the Limpopo
versus Eastern Cape and finally the Northern Cape and
Eastern Cape. Individuals from each region formed distinct clades during phylogenetic analyses. This preliminary D-loop data confirmed the hypothesis that individuals from each region are genetically distinct from one
another. Neutral markers such as the mtDNA D-loop
region are informative to gain an overview of neutral
(non-adaptive) population genetic structure. However, to
gain a more significant understanding we need to include
potentially adaptive genetic markers as well as increase
our sampling range. Non-genetic parameters like body
morphology and environmental data will also be used to
supplement further genetic analyses.
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Association of selected genetic polymorphisms
and bipolar disorder-susceptibility in South
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Conventional genome-wide association studies (GWAS)
often suffer from low power, in part due to the difficulty
to detect rare, large effect alleles. In contrast, biparental
quantitative trait locus (QTL) studies have higher statistical power, but suffer from low resolution due to the
large amount of linkage disequilibrium in such crosses.
Recently, multi-parent populations with biparental (fullsib) crosses nested within half-sib families (for nested
association mapping, NAM) have been proposed to attain higher statistical power and resolution to dissect
quantitative traits. We are testing a similar approach in
a Eucalyptus multi-parent mapping population created
by crossing nine E. grandis pollen parents with eight
E. urophylla seed parents, resulting in 72 interspecific
full-sib families and 17 paternal or maternal half-sib
families. This study aims to determine the feasibility
of using this highly outcrossed mapping population for
genetic dissection, by analysing one of the paternal E.
grandis half-sib families. We genotyped a total of 267
E. grandis × E. urophylla hybrid individuals using the
EuChip60K SNP chip and constructed a genetic linkage
map of the shared E. grandis pollen parent of the half-sib
family. We present the results of genetic linkage analysis
and transmission ratio distortion of the two pollen parent
alleles at each locus segregating in the Eucalyptus multiparent mapping population. Future research will focus on
nested QTL analysis and genome-wide association mapping of growth and wood development in the E. grandis
× E. urophylla F1 hybrid population. This will allow
for a more complete understanding of population-wide
effects of allelic diversity segregating in interspecific hybrids of Eucalyptus, an important insight for molecular
breeding of these trees.

Bipolar disorder (BD) is a complex disorder that affects
approximately 3–4% of the South African population.
The disorder is characterised by emotional instability
and fluctuations of mood. Twin studies have suggested
heritability estimates of ~80%, providing evidence of the
strong contribution genes have to the familial aggregation
of BD. The burden of BD is considerable, identifying the
genes responsible for BD and clarifying their roles is the
next step in finding improved methods of diagnosis and
treatment. This study aimed to determine the association
between BD and COMT (rs4680, rs165599, rs737865),
BDNF (rs6265) and TPH2 (rs1386494) gene variants
in South African population groups. A candidate gene
study approach was applied comprising of 50 unrelated
South African BD case patients and 50 healthy controls
matched on age, gender and ethnicity. Genotyping was
performed using pre-designed TaqMan® genotyping assays. All data, including the questionnaire, allelic and
genotype frequencies between the cases and controls, 2 P2
were analysed statistically using Statistical Analysis System Software. No significant differences were found between the cases and controls for all five variants studied.
Although the AG genotype for BDNF rs6265 were more
prevalent among cases than controls, it did not reach statistical significance (p = 0.1854). Interestingly, none of
the individuals (cases and controls) carried the rs6265
AA genotype. Significant correlations between the two
COMT variants (rs4680 and rs165599) were reported in
both the case and control group (p = 0.0001). The ongoing search for the genes involved in the development
of BD has yielded both encouraging and discouraging
results. The primary findings in this study suggest that
these variants do not play a major role in the genetic
susceptibility to BD in the South African population
groups. However, comparing these results to those of
previously conducted studies on different ethnic groups,
it is plausible that associations may be population dependent. Further studies with more stringent criteria and on
larger groups should be conducted to confirm findings.
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Bipolar disorder: genetic analysis of the
circadian rhythm associated gene and
metabolic syndrome

Genetic evaluation of founder populations for
emergent aquaculture species, Argyrosomus
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Bipolar disorder (BD) is a chronic, lifelong mood disorder and has been rated as the sixth most debilitating
disorder in the world. Metabolic syndrome (MetS) is
the most prevalent medical comorbidity. The pathophysiology of the association between BD and MetS has
been suggested to be the result of common underlying
genetic, environmental and lifestyle risk factor. Circadian rhythm and neurotrophins pathway disruptions
play a role in BD and MetS aetiology. The aim of the
study was to investigate genetic associations between selected gene variants in these pathways and metabolic risk
factors in patients with BD. A case-control design was
implemented with 53 BD cases and matched controls.
The questionnaire and genotype data were analysed using quantitative and molecular techniques to ensure a
thorough comparison of the genetic and environmental components between the two groups investigated.
Selected candidate gene variants are associated with
BD, MetS and the circadian rhythm clock. Genotyping of CLOCK (rs1801260), PERIOD 3 (rs57875989),
GSK3-β (rs3755557 and rs334558) and BDNF (rs6265)
was performed with restriction enzyme digestion and
bi-directional sequencing. Statistical analysis was done
with the Statistical Analysis System Software. The genotype association with BD and MetS did not deliver statistically significant results. There was however a significant correlation between CLOCK and GSK3-β rs334558
(p = 0.0120) and BDNF and PERIOD 3 (p = 0.0224).
Smoking cigarettes, exercise habits, following a balanced
diet, hypercholesterolemia, cardiovascular conditions
and diabetes indicated differences between the groups
but with no statistical significance. A significant difference was observed as the majority of controls were
drinking alcohol on a regular basis (p = 0.012). The
majority of the case group fell under the ’obese’ BMI
category (43.24% vs. 8.33%; p = 0.0047). The relationship between risk factors contributing to MetS in patients
with BD can possibly be explained by overlapping genetic and lifestyle factors. Increasing the sample size and
including more genetic variants can contribute significantly to this study.

Dusky kob (Argyrosomus japonicus), is a large Sciaenid
finfish species that is indigenous to the south and east
coast of South Africa, from Cape Point to Mozambique,
and is particularly abundant between Cape Agulhas and
KwaZulu-Natal. Due to its large size, palatability, and
food value, dusky kob is targeted by recreational and
commercial fisheries throughout its natural distribution
where such fishing practices have led to severe overfishing of the species. Therefore, due to declining commercial catches and high market demand, the dusky kob has
been identified as an emerging aquaculture species in
South Africa. In the present study, 17 previously characterised microsatellite markers were used to evaluate the
genetic constitution of two founding broodstock populations (M5 = four broodstock and M3 = three broodstock)
of dusky kob as well as their derived offspring cohorts
(M5 = 300 progeny and M3 = 111 progeny) in a commercial production environment. These cohorts were
also measured (weight, standard length and total length)
to determine the growth rate of the offspring individu- 2 P2
als. Parentage assignment was performed to determine
the parental contributions within the spawning cohorts.
Therefore, this study aimed to determine whether differences in the parental contributions result in different
growth rates in the progenies and whether genetic differences exist between the two progeny groups with fast
and slow growth rates.
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Comparison of genetic material from Bonsmara
bull in two different provinces

Chloroplast SNP identification and PCR-RFLP
assays in cactus pear (Opuntia ficus-indica)
cultivars
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The objective of the study was to compare the genetic
parameters of semen in Bonsmara bulls from two different environments (Limpopo and North-West). The study
was done on 25 bulls each from Limpopo and NorthWest. The data was collected three times in 30 days
interval during breeding season (December to February).
The collection of semen was done by the use of electro
ejaculator method. Semen samples were analysed for
semen motility, concentration and pH. The normal average weather in Limpopo province is 23°Cand in Northwest is 22°Cduring summer. The genetic material data
was analysed by the use one way ANOVA. The motility (%) of Bosmara semen compared from Limpopo and
North-West did not show any statistically significant difference between the two provinces, Limpopo (M = 91.2,
SD = 13.8) and North-West (M = 85.5, SD = 19,7) as
p ≥ 0.05. The concentration (X109ml) of Bosmara semen compared from Limpopo and North-West was statistically significant difference between the two provinces,
Limpopo (M = 0.4369, SD = 0.2) and North-West (M =
0.31, SD = 0.3) as p = 0.05. The pH semen of Limpopo
and North-West did not show any statistically significant difference as Limpopo (M = 0.4369, SD = 0.6) and
North-West (M = 0.31, SD = 0.5) as p ≥ 0.05. The environment did not have effect on the genetic material
(semen parameter) as motility, pH and morphology was
not affected.

Opuntia ficus-indica, which is commonly known as cactus pear, belongs to the family Cactaceae, a complex
taxonomic group that includes no less than 170 genera
and 2,000 species. Such diversity is perhaps conceivable considering that cactus pear can propagate sexually and/or asexually to produce interspecific hybrids.
As such, cactus pear tend to occur as polyploids, with
genomes ranging from diploids (2n = 2x = 22) to octoploids (2n = 8x = 88). In South Africa, there is a growing
interest in commercial cactus pear production and the
broad genotypic and phenotypic diversity in these plants
means that identification of breeding stocks has become
ever more important. The current study was devised to
address three main aims. Thus, first, to sequence the
chloroplast genomes of eight O. ficus-indica cultivars
and use the reference-genome mapped sequence reads to
identify single nucleotide polymorphisms (SNPs). Then,
assay a selected number of SNPs in another 34 cultivars
that constitute the 42 South African breeding stocks of
cactus pear (Waterkloof orchard, Bloemfontein, 29°1’S 2 P2
and 26°3’E). Cladode samples of eight cultivars (namely,
Algerian, Fusicaulis, Gymno Carpo, Meyers, Morado,
Robusta, Santa Rosa and Sicilian Indian fig) that served
as the SNP discovery panel, were harvested and used
for isolating genomic DNA. Following sequencing on
the Illumina HiSeq 2500 platform, we generated approximately 107.7 million quality trimmed reads, with sequencing depth in the cultivars ranging from 10.8 – 15.8
million reads. Read mapping against the Carnegiea gigantea chloroplast genome yielded mapping efficiencies
ranging from 0.44 – 4.19% and aligned sequence reads
were analyzed to identify 1,968 bi-allelic SNPs across
the eight samples of the discovery panel. Subsequently,
six SNPs spanning the entire chloroplast genome were
targeted for oligonucleotide primer design. The targeted
SNPs will be assayed through PCR-RFLPs in the 34 additional O. ficus-indica cultivars. We expect that this
approach should enable us to distinguish between the 42
cactus pear cultivars that are presently available in South
Africa for breeding purposes.
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South African beef cattle are genetically diverse and their
future utilization depends on their conservation and improvement. There is a need to characterize these breeds
using genomic information to enhance their productivity.
SNP technology now provides a suitable platform to examine the entire genome and identify production traits.
Quality of research relies on biosamples. Efficient collection, processing and storage of biomaterials guarantee
their application in genomics studies. The aim of this
study was scanning of new SNPs to identify important
production traits in South African beef cattle. Samples
from Afrikaner, Drakensberger and Nguni were identified, and subsampled from the ARC biobank. Whole
genome sequencing was performed using an Illumina
HiSeq 2000 using DNA pools. About 17.6 million variants were discovered across the breeds and used to identify genes of economic importance. Annotation of SNPs
identified several genes associated with production in
cattle. Genes such as MLANA and SYT10 that have been
associated with coat colour, and the ADAMS3 gene has
been associated with fertility in cattle. The study identified 688 candidate selective sweeps of which 14% were
putative. Further analysis identified a panel of breedspecific markers that discriminate between Afrikaner,
Drakensberger and Nguni. This study provides the first
analysis of sequence data to discover SNPs in South
African cattle breeds. Results of this study provide insight into their genetic composition and offer potential
for further applications in their genetic improvement.
This study provides a broad insight into the events that
happened during recent selection events and artificial selection processes that have shaped the livestock genome.
More work is needed to characterise genomic regions
and genes identified in this study.

Poster Board 18
microsatellite markers · genetic differentiation · communal cattle

The objective of the study was to genetically differentiate the cattle populations found in the districts of
the Limpopo province of South Africa. Microsatellite markers are one of the few tools that are used in
characterization studies to differentiate between populations. Knowledge of population differentiation is essential for conservation biology, to understand to which
extent are populations genetically isolated from each
other. Cattle populations from five districts of Limpopo
were genotyped using 25 microsatellite markers recommended by ISAG/FAO, the districts were: Capricorn (n = 30), Mopani (n = 30), Sekhukhune (n = 30),
Vhembe (n = 30) and Waterberg (n = 30). Six reference
populations were used to check the genetic diversity of
the unknown populations: Angus (n = 30), Afrikaner
(n = 30), Bonsmara (n = 30), Brahman (n = 30), Drak2 P2
ensberger (n = 30) and the Nguni (n = 30). G ENA L E X
was used to compute the distances between the populations. The highest levels of genetic differentiation
FST = 0.081 was observed between VD and SD and the
lowest FST = 0.029 observed between MD and WD.
STRUCTURE software was used to assign populations
to clusters at 2 ≤ K ≤ 20 with the most probable cluster
at K = 6 and revealed that MD and WD were the only
populations that shared similar genetic material. POPTREE2 software was used to construct the phylogeny
of the populations and divided the populations into 6
clusters, MD and WD were the only studied populations
that clustered together. AMOVA analysis indicated that
13% of variation was due to differences among populations and 19% of variation was due to differences among
individuals, while 68% was due to differences within individuals. The findings of this study have revealed that
these populations are not genetically isolated from each
other, however they are isolated from the populations
used as references for this study.
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Due to anthropogenic and natural impacts many formerly widespread bovid species now exist only as managed
populations on private land and in isolated formally protected areas. This affects natural ecological and evolutionary
processes. Managers need to mimic migration through translocations and the re-establishment of dispersal corridors
between isolated areas. Due to changes in the distribution patterns of populations, subspecies and species, local
adaptation is broken down due to outcrossing and outbreeding, or due to other changes in selection regimes. Varied
management strategies across different conservation areas and on private lands further exacerbate the situation. We
are using conservation genetics and genomics to infer the evolutionary and ecological processes that have operated
across populations of large and small antelope species. These insights can be used by managers to identify the most
feasible options for maintaining the short- and long-term benefits of these processes that ultimately contribute to
species persistence.

 T9
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Heleophrynidae is a relictual Gondwanan family of frogs endemic to South Africa, Lesotho and Swaziland. This
family forms the sister group to all modern frogs, Neobatrachia, which comprise over 6500 species and 90% of
global frog diversity. As presently understood Heleophrynidae comprises the Ghost frogs, Heleophryne, with six
species distributed across the fynbos biome of the Cape, and the Cascade frog, Hadromophryne natalensis, with a
broad distribution through mesic, montane grasslands of eastern South Africa. Here we review the species content,
phylogenetic relationships and history of this family using mitochondrial 16S RNA Sanger sequencing, mitogenome
mapping and genome-wide SNP diversity from ddRAD sequencing. We show that current species diversity arose
relatively recently in this ancient lineage. We validate the split into two genera and propose several revisions to the
species taxonomy. These changes are important as they impact on conservation assessments and recovery plans for
two Critically Endangered species of Heleophryne.

 T10
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Differential origins of sugarcane revealed by
whole chloroplast sequencing using twelve
primers universal to grasses

with cognates in their mitochondrial or nuclear genome.
Indeed, we were able to use SNP mapping to reveal a
previously unknown copy of the rbcL (RuBisCO large
subunit) gene in the sugarcane mitochondrial genome.
J OSHI , S.V. AND L LOYD E VANS , D.
We conclude that the majority of SNPs thus far identified in plastomes are due to genomic contamination
South African Sugarcane Research Institute
rather than the inherent variation within chloroplasts.
The technology developed in the study provides a more
accurate methodology of both assembling and character Thu 18 Oct 10:30 – 10:45 · Free State Room
ising chloroplast genomes compared with whole genome
Saccharum chloroplast · sugarcane origins · molecular markstrategies.
ers · chloroplast barcode · SNPs · genome assembly

Chloroplast genome based phylogenetic analyses are a
key component of the taxonomist’s tool kit. The grass
phylogeny group relies on chloroplast barcodes for phylogenetic assignments. One of the major challenges is
isolating intact chloroplasts from fibrous leaved species
such as sugarcane. The options to overcome the issue is
either chloroplast enrichment by resequencing or rolling
circle amplification or long range PCR primer amplification. The only viable option for a fibrous leaf crop is
to isolate total DNA followed by amplifying it with long
range PCR primers before sequencing. Although universal chloroplast primers have been reported, these were
designed for dicots but were not optimised for grasses.
Grasses have a complete chloroplast genome rearrangement compared with other plants, which makes publically available dicot derived primers unusable. Twelve
primer pairs covering the whole chloroplast genome of
grasses were developed based on conserved chloroplast
sequences. They were screened using ePCR against full
length grass chloroplast sequences to demonstrate universality. DNA from samples covering Bambusideae,
Panicoideae and Andropogoneae were isolated. PCR
was performed with the developed primers using high
fidelity long range Taq polymerase. PCR products were
eluted, pooled and sequenced using Illumina technology. Raw reads were barcode clipped and corrected with
T RIMMOMATIC and assembled with SPA DES. All assemblies showed 100% coverage of the genome with an
average read depth of 628×. SNPs were called with a
novel GATK based pipeline and phylogenies were performed with SAT E, IQ-T REE and M R BAYES. We found
that the sugarcane chloroplast is almost clonal at the base
sequence level, however, huge variations were discovered in the SNP data. Unique differences were found
between each cultivar using within-cultivar SNP analyses, indicating that these SNPs could be used as a barcode
for fingerprinting. Moreover, we found that the number
of SNPs depends on the length of time for which the
cultivar has been clonally propagated. Modern manmade
hybrid cultivars show less than 10 SNPs, whereas natural wild hybrids show 27–40 SNPs in their chloroplast
genome. Assembling from whole genome Illumina data
yields 150–200 SNPs, however, these are all in genes

Spatial and adaptive population structure of
native Eucalyptus grandis
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 Thu 18 Oct 10:45 – 11:00 · Free State Room
population genomics · outlier detection · population structure ·
genetic diversity

Extant genomes tell the tale of millennia of abiotic and
biotic pressures that have moulded populations through
natural selection. With the increase in availability and
accuracy of genomic resources and environmental data,
landscape genomics can be used to decipher these tales
and enable projections of species success in the face of
anthropogenic environmental changes. Landscape genomics relies on the principle that genes and other regions of the genome affecting adaptive traits would be
targets for selection and have different patterns of inher-  T10
itance compared to selectively neutral regions. These
patterns can be related to the environments in which the
selection pressure was applied. We use this premise to investigate the population structure and patterns of genetic
differentiation in terms of neutral and adaptive evolutionary forces in the natural species range of Eucalyptus
grandis. E. grandis and its interspecific hybrids are commercially grown on every continent except Antarctica. It
has been the most successful hardwood species for forest
tree breeding in South Africa for more than 80 years.
Despite its commercial importance, there is little known
about the genetic diversity in the natural range, the genetic variation maintained in breeding programmes, and
the traits and genes underlying genotype by environment interactions (GEI). Using the EUChip60K DNA
marker chip, we profiled ~64 000 single nucleotide polymorphisms (SNPs) of which ~27 000 were informative
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in 600 E. grandis individuals from the natural range in
Australia. Outlier detection was used to identify SNPs
with inheritance patterns that deviate from the genomic
surrounds to define the neutral and adaptively enriched
genetic spaces, which were interrogated using multivariate and Bayesian approaches to detect population differentiation. We report on the population structure and
patterns of genetic differentiation in the natural range of
E. grandis in terms of neutral and putatively adaptive
genetic variation; representing the first steps towards deciphering the environmental forces and genomic regions
underlying GEI in this species.

highly divergent sites can be further studied to dissect
the underlying genomic architectures driving divergence.
This study informs South African forestry companies
about the origin of genetic material used in breeding
programs. Additionally, we leverage divergence between
lineages to achieve admixture mapping as a potential tool
in hybrid breeding strategies of Eucalyptus.

Combining BAC and PacBio sequencing to
resolve cassava mosaic disease resistance
locus CMD2
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Forest tree populations are good models to understand
the underlying genomic architectures of adaptive evolution, population divergence and speciation. Furthermore,
forest tree species are ecologically important and provide
genotypes to support economically important forestry
plantation industries. Eucalyptus is an important southern hemisphere genus, with more than 900 species and
great diversity across its natural distribution. E. dunnii, E. grandis, E. nitens, E. urophylla, and interspecific
hybrids of these species are important in local (South
African) and international plantation forestry. Using
the EUChip60K single nucleotide polymorphism (SNP)
genotyping array we studied the natural variation across
200 E. dunnii, 200 E. grandis, 200 E. nitens, and 350
E. urophylla individuals broadly sampled from natural
populations (provenances) represented in conservation
parks hosted in South Africa. Using 25 981 informative markers, we determined the diversity within these
species and the distribution of genetic variation across
their sub-populations. Furthermore, we described the
genomic patterns of diversity within species, and divergence amongst species through pair-wise comparisons.
As expected, the genomic patterns of differentiation were
highly heterogenous, with few sites (less than 20%) exhibiting high divergence between taxa, however, these

 Thu 18 Oct 11:15 – 11:30 · Free State Room
cassava · disease resistance · marker-assisted breeding · BAC
sequencing

Cassava provides staple food to an estimated 800 million people worldwide and is the most important source
of food in developing countries after maize, rice, and
wheat. However, cassava production is severely affected by virus-borne cassava mosaic disease (CMD)
in Africa and the Indian subcontinent. Annual yield
losses due to CMD are estimated to be 55 million tones.
A milestone in molecular breeding to for CMD was the
identification of single dominant disease resistance locus CMD2. But recent studies have shown that CMD2
cultivars lost resistance during early stages of somatic
embryogenesis in tissue culture. It is therefore necessary to understand the mechanism of CMD2-mediated
resistance for its efficient utilization in cassava improvement. My research aims at combining BAC sequencing,  T10
whole genome PacBio sequencing and mapping population of CMD resistant (TME3) and susceptible (60444)
accessions to fully sequence, assemble and compare the
CMD2 locus. We have generated BAC libraries for both
cassava genotypes and screened these libraries to identify
CMD2-associatted BACs. We have used the information
available from classical marker-assisted breeding studies
to develop high quality probes for BAC hybridization.
Using this pipeline, we have selected and sequenced 33
BACs on the PacBio platform, that cover ~3MB of estimated 8MB CMD2 locus. Further, we have used the
latest whole genome assemblies of TME3 and 60444
(accessible from ETH Zurich), to perform comparative
analysis. In summary, our results have shown that BAC
sequencing is an efficient approach for resolving CMD2,
especially in the highly repetitive regions. These results
have important implications in understanding CMD and
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developing a long term strategy to control CMD in farmer yields significant cost and time benefits over other technologies, provides improved assembly due to long read
fields.
lengths and allows for orphan species to be sequenced
and assembled cost effectively without a reference. In
the very near future Oxford Nanopore may become the
predominant sequencing technology both in terms of
Application of Minion for phylogenetics:
price and speed of analyses for PCR and small genome
development and validation for ITS and
applications across all kingdoms of life.
chloroplast analyses
L LOYD E VANS , D. AND J OSHI , S.V.
South African Sugarcane Research Institute

Molecular insights into the mechanisms of
induced drug resistance reversion
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At US$1000 purchase price (including two flowcells and
consumables), Oxford Nanopore MinION is emerging
as a viable technology for routine sequencing of bacterial sized genomes. Indeed, the United Kingdom’s,
Department of Health has recently approved MinION
use in routine hospital screening for bacterial identification. Recently, MinION has been used to sequence
and assemble complete human and yeast genomes. Early
indications are that MinION technology is faster and
more accurate than Illumina or PacBio independently.
However, Oxford Nanopore technologies have not been
employed extensively for plant genome analyses as yet.
In plants both Internal Transcribed Sequence (ITS) regions and whole chloroplast genomes are used extensively for phylogenetic analyses. We have developed a
novel pipeline for the simultaneous sequencing of ITS
and chloroplasts based on long range Polymerase Chain
Reaction (PCR) with amplicon length ranging from 5
000 to 22 000 Kbp. Individual samples were barcoded
and multiplexed into a single run, where typically 286
samples are run with 44 individual barcodes. Analyses
of Oxford Nanopore base calling software reveals that
the majority of good reads are obtained in the first 16
hours (not 48 hours as recommended by the suppliers)
with a maximum of 75 fold coverage. Using CANU
as an assembler, chloroplast are finished to completion
in two hours and with optimized primers resulted in a
complete chloroplast sequence. In comparison, Illumina
data yielded 20 contigs, which could be tiled into 16
scaffolds, with an additional 6-8 hours for gap filling.
In our initial study we employed MinION technology
to examine 26 native British species of large trees and
shrubs, the majority of which had not previously been
sequenced. All species were placed for the first time
in their phylogenetic context. A novel Multiple/Single
Nucleotide Polymorphism (M/SNP) calling application
was designed, which reveals that M/SNP calling based
on Illumina genome data is erroneous. Overall, MinION

 Thu 18 Oct 11:45 – 12:00 · Free State Room
drug resistance · bioinformatics · genetics · epigenetics

Antibiotics has revolutionized the field of modern
medicine in many respects, making them one of the most
significant tools in this field. Unfortunately, the misuse
and overuse of antibiotics has lead to a strong selective
pressure, resulting in the survival and wide distribution of
drug resistant pathogens, threatening their efficacy. Although existing compounds are continuously being modified and new antibiotic classes are being discovered,
the rate of resistance continues to rise while antibiotic
discovery rates have started to substantially drop. Therefore, the development of new methods, which focus on
addressing the evolution of resistance mechanisms, need
to be prioritized along with the discovery of new antibiotics. It is of great importance to devise new strategies
that focus on limiting, redirecting and/or reversing the
development of bacterial resistance. This project is a
collaborative research study with a team from Kaza-  T10
khstan who developed a new antibacterial agent, FS-1,
that reverses the sensitivity of drug resistant pathogens.
FS-1 is a nano-complex, which contains iodine as the
active agent and was developed to treat infectious bacterial diseases, which include nosocomial infections as
well as multidrug resistant tuberculosis (MDR-TB). FS1 is of great interest for this study since it has been
reported to induce antibiotic resistance reversion. For
this project, Ion Torrent RNA sequencing as well as
long-read PacBio SMRT sequencing was performed on
chromosomal DNA of the methicillin-resistant Staphylococcus aureus (MRSA) collection strain, Staphylococcus
aureus ATCC BAA-39, under the effect of FS-1 as well
as the control. This allowed us to verify the complete
genome sequence and analyse alterations in gene expression profiles. Thereafter, the SMRT L INK v5.0.0
software, which provides a variety of tools and pipelines
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specifically for PacBio data, was used for processing of
the PacBio reads. The aim of this study is to investigate the therapeutic effect of FS-1 through identifying
DNA modifications, such as DNA methylation and halogenation, and investigating the association between DNA
modification and transcription regulation.

 T10
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Assembly of extended ITS regions improve the resolution of the Fabaceae phylogeny: novel
approaches for the future
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2 South
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 Plenary Thu 18 Oct 10:00 – 10:30 · Blesbok/Eland Room
Fabaceae · extended ITS · phylogeny · edible beans · MinION · mapping assembly

Fabaceae represent a classic example of an orphan family. At least 19000 species are recorded, including all edible beans. However, current phylogenetics has concentrated on deep branching within the family and relationships
between tip species are poorly resolved. This is typically a result of limited resources and sequencing of small barcode regions only. For example, the relationship between the economically important Phaseolus and Vigna genera
is currently unresolved. The situation is even more dire for orphan genera such as Lathyrus, where there is no assembled sequence. This necessitates rethinking our approach to the phylogenetics of orphan species. Though the
traditional ITS barcode (550-700bp) presents too little signal to resolve tip species, the entire ITS region is 7000bp in
length and could provide an untapped resource for phylogenetic studies. In the current study, one outgroup species
(Betula pendula) has its ITS region amplified by PCR and sequenced by MinION. For all remaining species ITS
regions were assembled from Illumina short read sequences deposited in NCBI’s SRA. Starting from ITS seeds
of 500bp, 5Kbp ITS regions could be assembled within ten iterations, on average. These were merged with eight
full length ITS region from GenBank and two additional outgroups. The final alignment contains all edible species
for which sequence data are available. Following alignment, phylogenies and branch support were generated with
RA X ML, IQ-T REE and M R BAYES. The consensus phylogram reveals three main clades, an ancestral African
grouping and two sister groups comprised of Eurasian species and mixed African and South American species. As
expected Quillaja saponaria emerged as ancestral to the Fabaceae as a whole. Comparing technologies, MinION
sequencing proved to be highly cost effective. Indeed, it would have been possible to sequence 180 full length
Fabaceae ITS regions for less than $1500 (USD) including the price of buying a MinION. Moreover, species at the  T11
tips of the phylogeny are well resolved with good branch support. Our approach is a significant improvement on
previous phylogenies and can be performed at a fraction of the cost. This proof of concept study has been highly
successful, however, additional taxon sampling is needed to fully resolve some of the unique branches within the
tree; which is currently underway. Accurate placement of species within the major bean genera will have significant
impact on the improvement of edible bean varieties particularly for emerging crops. Our approach represents a novel
cost effective way forward towards reliable phylogenetics within poorly sampled plant families.
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Characterization of the fungal phytobiome of
sorghum (Sorghum bicolor) using
environmental sequencing

Repeat induced point mutation in Fusarium
circinatum is a source of genomic variation
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phytobiome · plant microbiome · endophyte · sorghum · next-

Fusarium circinatum · transposable elements · Repeat Induced

generation sequencing · fungal communities

Point mutations (RIP) · genome evolution

Sorghum (Sorghum bicolor) is the 5th most cultivated cereal crop in the world. It’s widely grown in rural agriculture and is a staple food for millions of people in Africa.
However, very little is known about the phytobiome in
sorghum. The phytobiome consists of associated biological communities of the plant and the direct environment. Interactions between these organisms and with the
plant have profound benefits or may have detrimental
effects on soil, plant and agro-ecosystem health. Molecular technologies such as Next Generation Sequencing
(metagenomics) have enabled intensive characterization
of the phytobiome of plants directly from the environment. In this study we characterized the structure and assemblage of endophytic fungi, which are part of the plant
microbiome, from all plant tissues of three cultivars of
sorghum, as well as fungal communities from their rhizosphere and surrounding bulk soil. DNA was extracted
directly from plant tissues and soils, and the ribosomal
internal transcribed spacer regions (ITS) were sequenced
using an Illumina MiSeq. Analyses identified more than
200 molecular operational taxonomic units (MOTUs) (at
97% identity) inhabiting different plant parts of sorghum,
as well as in the rhizosphere and surrounding soil. The
family Nectriaceae and other MOTU’s were found in
the majority of the samples, but each plant cultivar and
niche also contained a significant portion of unique fungal communities. A number of plant pathogenic genera
were also detected. The description of fungal community
diversity using environmental sequencing is an important
tool, as these taxa can be monitored more easily over time
and their interactions with agricultural practices and environmental factors can be characterized.

The Repeat Induced Point (RIP) mutation pathway is
a homology dependent genome defense mechanism that
targets and permanently mutates duplicated and transposable element (TE) sequences. The aim of this study
was to determine how RIP affects the genome of the pitch
canker fungus, Fusarium circinatum, by making use of
the sequences for multiple and diverse isolates. For this
purpose, genome-wide and alignment based methods
were used to determine (i) the level at which RIP affects
individual genomes, (ii) the specific regions targeted by
RIP and (iii) the dominant RIP products formed. Our
results revealed that RIP affects individual isolates differently, but that isolates from the same population typically
have comparable RIP profiles. The dominant RIP mutations found in the fungus were CT→TT and AG→AA
transitions. The average size of the RIP targeted regions
and the number of genes within such regions, differed
considerably among isolates. Our data also showed that
RIP extensively targeted TEs, which significantly reduced their GC content and produced stretches of ATrich di- and tri-nucleotide sequences. We also found that
tri-nucleotide sequences, equivalent to those of amber
and ocher stop codons, were particularly prominent in
RIP targeted regions. These findings suggest that RIP
has contributed significantly to the intraspecific genomic
variation observed in F. circinatum.

53

 T11

Deletion of mating-type genes in the production
of asexual spores in the fungus Ceratocystis
albifundus

Genomics and in silico approaches to study
chemosensation in the invasive woodwasp,
Sirex noctilio

L ANE , F., W ILKEN , M., AND W INGFIELD, B.D.

P OSTMA S MIDT, A., J OUBERT, F., AND S LIPPERS , B.

Department of Biochemistry, Genetics & Microbiology, FABI,

University of Pretoria, South Africa

University of Pretoria, South Africa
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chemosensation · Hymenoptera · pest · evolution · genomics

Ceratocystis · unidirectional mating-type switching · self-fertility
· asexual spores

Numerous fungi within the phylum Ascomycota are selffertile as they can complete the sexual cycle in isolation.
One such species is the South African tree pathogen,
Ceratocystis albifundus that needs to undergo a process
called unidirectional mating-type switching to ensure
self-fertility. During meiosis, this switching mechanism
results in the production of sexual spores that carry one
of two possible progeny types. The first type will carry
a full set of mating-type genes that confers self-fertility
to the culture. The second type are self-sterile, as the
switching process results in the deletion of two of the
mating-type genes crucial for the sexual process. The
two types of progeny are called unswitched and switched
isolates, respectively. However, whether mating-type
switching occurs in conidia, the asexual spores produced
via mitosis, has not been investigated molecularly. In
this study, individual conidia were isolated from three
isolates of C. albifundus. DNA was isolated from the
fully-grown cultures and assigned to either the switched
or unswitched type by PCR using mating-type genespecific primers. Preliminary results indicated C. albifundus produced both switched and unswitched asexual spores. These results illustrate that the mating-type
switching event is not limited to meiosis, but also occurs
during mitosis. The findings of this study impact the
development of transformation systems in C. albifundus
and other mating-type switching species as the use of
conidia for transformation may result in transformants
that are genetically and behaviourally different.

The evolutionary and ecological success of insects may
partly be ascribed to their sophisticated and uniquely
adapted chemosensory systems. Insect chemosensation genes form some of the largest multigene families
known and are important in reverse genetics approaches
to study the relationship between ecology, evolution and
genomics of these organisms. The woodwasp, Sirex noctilio, poses a significant threat to pine tree plantations
in various parts of the world. Genomics and in silico
tools are used here to investigate the chemosensory gene
families of this economically important pest. Preliminary results indicate that the chemosensation genes of
S. noctilio exhibit basal phylogenetic clustering within
the order Hymenoptera. Similar numbers of chemosensation gene family members are observed in S. noctilio
compared to those previously described for other Symphyta species. The phylogenetically basal position of this
woodwasp within the Hymenoptera allows for a deeper
understanding of the evolution of the multigene families associated with chemosensation in this ecologically
and economically important order. These data form an
important resource to direct and accelerate research into
chemical ecology of this pest for pest management.
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Genomic basis of convergent evolution in
beetle-associated Sordariomycete fungi

era Hawksworthiomyces and Sporothrix share the most
similar biology to this distant ancestor.
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Extensive autosome-sex chromosome fusions
in larks
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evolution · phylogenomics · beetle fungiculture

sex chromosomes · comparative genomics · birds

The Sordariomycetes is one of the largest ascomycete
fungal classes which includes more than 100 fungal families in just over 30 orders. At least four of the families (viz. Ophiostomataceae, Ceratocystidaceae, Nectriaceae, and Bionectriaceae) residing in this Class include
species that have evolved close symbiotic relationships
with bark and ambrosia beetles. The large number of
available genomes for these and other sordariomycete
species enabled us to consider the evolutionary patterns
among the genomes of these beetle-associated fungi residing in different families. We sequenced, assembled,
and annotated a number of genomes of beetle-associated
sordariomycete species and, along with already available
genomes, identified and compared genome size, gene
number, and the presence or absence of important gene
families such as CAZymes and secondary metabolic gene
clusters. Preliminary results suggest a common trend of
gene loss among the various beetle associated lineages.
Their genomes were also appreciably smaller than those
of their non-beetle associated relatives. In-depth analyses focusing on the genomes of species belonging to
the Ophiostomataceae suggested that this family likely
evolved from a wood decaying ancestor and that the gen-

In some vertebrate groups such as reptiles and fish, the
sex chromosomes are unstable, undergoing turnovers and
autosome-sex chromosome fusions regularly. In contrast,
the sex chromosomes in birds are thought to be highly
stable. The discovery of an autosome-sex chromosome
fusion in birds, however, suggests that they may be more
variable than is currently assumed. We address this question using comparative genomics of three lark species
and their sister species, the bearded tit, which all share
this autosome-sex chromosome fusion. In addition to
this known fusion event, we found that a second autosome has fused with the sex chromosomes in all four
species and that a third autosome has fused to the sex
chromosomes in two of the lark species. The homologs
of two of these three fusing autosomes have independently formed sex chromosomes in mammals and some
turtles. Our results confirm that sex chromosomes in
birds are not as stable as previously thought and suggests
that the regions of the genome becoming sex chromosomes across vertebrates may be non-random.
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13:00 Free State Room
Novel DNA methylation markers for identification of human body fluids in forensics
J OSHI , M., N AIDOO, N., AND E VANS , D.L.
University of KwaZulu-Natal, South Africa

 Plenary Thu 18 Oct 13:00 – 13:30 · Free State Room
tDMRs · body fluids · forensics · bisulphite sequencing · MSP

Identification of body fluids is an essential step in forensic investigations to aid in crime reconstruction. Tissue
specific differentially methylated regions (tDMRs) of human genome can be targeted to be used as biomarkers to
differentiate between body fluids. The present study was undertaken to identify gene based tDMRs in blood, semen,
saliva and vaginal fluid. Genes specifically over expressed in four forensically relevant body fluids were identified
from genome wide expression datasets. We hypothesized that differential expression in surrogate tissues for body
fluids was correlated with the level of methylation. The methylation status of 3 selected CpG islands (CGIs) in
genes ZNF282, PTPRS and HPCAL1 were analysed in 10 samples of each body fluid using methylation specific
PCR (MSP) and bisulfite sequencing (BS). MSP analysis displayed semen-specific hypomethylation for the ZNF282
and PTPRS1 tDMR while HPCAL1 tDMR showed saliva-specific hypomethylation. The ZNF282 tDMR showed
significant difference in overall methylation between semen and all other body fluids as well as at individual CpG
sites (p < 0.05). To evaluate the effect of environmental conditions on the stability of methylation profiles of the
ZNF282 tDMR, five samples of each body fluid were subjected to five different forensic simulated conditions (dry at
room temperature, wet in an exsiccator, outside on the ground, sprayed with alcohol and sprayed with bleach) for 50
days. Vaginal fluid showed highest DNA recovery under all conditions while semen had least DNA quantity. Under
outside on the ground condition, all body fluids except semen showed decrease in methylation level, however, significant decrease in methylation level was observed for saliva. A significant difference in methylation was observed
for saliva and semen (p < 0.05) for outside on the ground condition. No differences in methylation were observed
for the ZNF282 tDMR under all conditions for vaginal fluid. Thus, in the present study, ZNF282 tDMR has been
identified as a novel and stable semen-specific hypomethylation marker.
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Vitamin D: a master regulator of DNA
methylation?

Exploring DNA methylation in the genome of
cactus pear (Opuntia ficus-indica) cultivars
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biomass · bisulfite · clones · crassulacean acid metabolism ·

epigenetics · DNA methylation · vitamin D

differentially methylated regions · de novo · Illumina

Mammalian gene expression is a highly regulated molecular event that depends on the interplay between DNA
sequence, transcription factor binding, and chromatin
folding. DNA methylation lies at the interface of these
three factors; occurring almost exclusively in the sequence context of a CpG dinucleotide in somatic cells,
regulating transcription factor binding and chromatin remodelling. Aberrant DNA methylation patterns have
been associated with a plethora of diseases, securing its
fate a candidate for drug-discovery. In addition to its
genomic effects, it has recently been suggested that vitamin D influence the epigenome with association studies
reporting both methylating and de-methylating effects.
However, the molecular mechanism through which vitamin D alters DNA methylation is unknown and in vitro
evidence is lacking. We hypothesised that vitamin D directly increases global DNA methylation by increasing
the expression of DNA methyltransferase coding genes
(DNMTs), while decreasing the expression of ten-eleven
translocation enzyme coding genes (TETs). Using a
hypomethylated cancer cell line (MCF-7), the expression of DNMT1, DNMT3A, DNMT3B, TET1, TET2 and
TET3 were quantified by qRT-PCR after 18 hr of culture with or without 10 nM 1,25-dihydroxyvitamin D3
(1,25(OH)2 D3 ). Global DNA methylation was quantified
with an enzyme-linked immunosorbent assay with monoclonal antibodies directed against 5-methylcytosine. Preliminary results show that vitamin D increases global
methylation independent of DNMT1 expression, suggesting that vitamin D may regulate the expression of the
de novo methyltransferase 3a (DNMT3A) or inhibit TET
expression. Vitamin D may therefore play an important
role in ensuring global hypermethylation and genome
stability.

Opuntia ficus-indica (cactus pear) is a popular plant in
arid and semi-arid regions of the world mainly due to
its ability to undergo photosynthesis via crassulacean
acid metabolism (CAM). In the context of agriculture,
cactus pear is useful since it is consumed as a fruit or
vegetable, if not used as animal fodder. Most farmers
propagate cactus asexually as the benefits of this form
of growth surpasses those of sexual reproduction. Asexual propagation, however, may result in yield variation
(e.g. plant height, fruit and cladode morphology as well
as size) between and within clones of a cultivar, a scenario that has been linked to DNA methylation. The
current study aimed to sequence the genomic methylome
of clonally propagated cactus pear cultivars producing
different biomass yields – thus, low vs. high – regarding
the aforementioned traits. Further, we sought to identify differentially methylated regions (DMRs) within and
between clones of selected cactus pear cultivars. To do
this, we harvested cladode samples from six cultivars
(Waterkloof orchard, Bloemfontein; 29°1’S and 26°3’E)
and they included Algerian, Berg × Mexican, Direkteur, Ficus-indica, Malta and R1251. Except for Berg
× Mexican (average biomass yield) and Direkteur (reference genome), each cultivar was sampled twice with
the samples representing high and low biomass yielding
plants. Sequencing of all samples on the Illumina HiSeq
2500 platform yielded nearly 223.5 million raw reads of
125 bp, including 23.3 million non-bisulfite reads from
Direkteur. After sequence filtering, bisulfite reads of
each sample were mapped against a de novo assembled
Direkteur reference genome and methylated loci identified. Preliminary analysis enabled the identification of
putative DMRs between high and low biomass-yielding  T12
plants, albeit the results were not statistically significant. Given that, the reference genome was re-assembled
using data obtained from the Illumina sequencing of another eight cactus pear cultivars. Currently, we are still
analyzing the data and expect that low biomass yielding plants will have more methylated regions than high
biomass yielding plants, a view that is based on the ability of DNA methylation to suppress gene activity, and by
implication, plant development.
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Genetic diversity of ADME genes in a
Bantu-speaking cohort and evaluation of
variants associated with Tenofovir induced
nephrotoxicity
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genetic diversity of a Bantu-speaking cohort · pharmacogenet-

similar ethnic origin not presenting with AKI. Genotyping was done using TaqMan® assays. A case-control
association study was performed with alleles, genotypes
and haplotypes using χ 2 tests. Suggestive associations
with TDF induced AKI were detected for the ABCC2
1249A allele (p = 0.02) and ABCC2 haplotypes AAC
and AAT (p = 0.02 and 0.03 respectively). The ABCC2
GTT haplotype (p = 0.02) appeared to be protective of
TDF induced AKI. However, the observed associations
were not significant following corrections for multiple
testing. A limitation of the study was its relatively low
power because of the small sample size. Despite this, we
observed evidence that suggests the potential influence of
a subset of ABCC2 variants on TDF-induced AKI. This
study is currently being replicated. Our study explored
the genetic diversity of African populations to better
understand the pharmacological implications and could
contribute to the development of predictive pharmacogenetic interventions in personalized patient treatment and
precision public healthcare.

ics · ADME genes · Tenofovir induced nephrotoxicity · precision
public healthcare

Recent South African studies report an increase in hospital admissions due to adverse drug reactions (ADRs),
including to tenofovir disoproxil fumarate (TDF). Consequently, there is a need to prescribe improved treatment regimens with minimal side effects; a further need
exists to develop interventions that predict ADRs. Pharmacogenetic studies conducted in African populations
have reported notable differences compared to other
populations in variants associated with ADRs, including TDF-induced nephrotoxicity, warranting their further
investigation in local populations. Data on the clinical
translation of pharmacogenetic data is limited, especially
among African populations who are under-represented
in preclinical research. Given the on-going challenges
of prescribing treatment with minimal side effects, coupled with the need to elucidate and better understand
the pharmacological implications of genetic diversity in
populations of Bantu ancestry, the aim of this study is
to identify and characterize known and novel variants in
ADME (absorption, disposition, metabolism and excretion) genes. Using targeted next generation sequencing
(NGS) to screen a Bantu-speaking cohort of 40 HIVinfected patients for sequence variation in 65 ADME
genes, 1687 variants were identified; 129 which are
novel, including 22 potential loss-of-function variants.
A genetic association study for TDF-associated nephrotoxicity (clinically manifesting as acute kidney injury
(AKI)) was performed. Based on allele frequency information (MAF>0.1) and prior association with ADRs,
nine polymorphisms within five genes were prioritised
for genotyping. The study included 53 cases presenting
with AKI following TDF treatment and 84 controls of

Longitudinal transcriptomic profiling of whole
blood during tuberculosis treatment
O DIA , T., M EIER , S., AND T ROMP, G
Stellenbosch University, South Africa

 Thu 18 Oct 14:15 – 14:30 · Free State Room
RNAseq · mixed multilevel modeling · tuberculosis · treatment
response · PET-CT · transcriptomics · whole blood transcriptomics

Previous studies showed that it is difficult to predict
which patients will respond well to tuberculosis (TB)
treatment, and relapse or be reinfected (recurrent TB).
Individual clinical variability and adherence to treatment
are therefore factors to be considered in TB treatment
outcome. The goal of this study is to identify underlying biological processes associated with treatment outcomes, among patients diagnosed with Pulmonary TB.
Whole-blood samples of 99 individuals (as well as 29
healthy controls) were collected at defined time points  T12
for transcriptomic analysis using RNA-seq, as part of a
longitudinal study to investigate patient responses to TB
treatment. PET-CT scans were used to monitor patients
at intervals during treatment. The expression data will
be analysed for correlation with disease severity as previously determined by lung PET-CT scans. First, we will
determine the proportion of cell types by deconvolution
of RNAseq data; next, we will perform statistical analyses using mixed and multilevel models, conditioned on
covariables, such as disease severity and other clinical
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and demographic observations, to determine differential or correlated expression between outcomes such as
successful treatment as well as degree of resolution of
lung disease. Gene set enrichment and metabolic pathway analyses will be performed to identify processes
involved in these outcomes. The genes and pathways
identified in this study will provide novel insights into
successful treatment of TB.

beef production. The aim of this study was to identify
SNPs in epigenetic related genes associated with carcass
quality traits in Nguni, Afrikaner and Bonsmara cattle.
Data from Nguni (N = 60), Afrikaner (N = 41) and Bonsmara (N = 46) were genotyped with the Illumina BovineSNP50 assay. The markers were subjected to standard
quality control (QC) procedures using PLINK. Breeds
were differentiated using principal component analysis
(PCA). Minor allele frequency (MAF) distribution was
determined for each breed. Genotypes were analyzed to
asses SNPs from epigenetic related genes. Data analysis presented significant association of 8 SNPs within 4
Single nucleotide polymorphism in epigenetic
genes related to carcass quality traits in the SA beef poprelated genes associated with carcass traits in
ulations. A total of 6 SNPs were identified in the epigeSA beef cattle
netic related genes (DNMT3b) and five out of six SNPs in
DNMT3b gene were significantly associated with quality
M AKUA , K.T.E. 1 , Z WANE , A. 1 , AND M TILENI , B.J. 2
traits. Animals that possessed wild-type genotype AA of
DNMT3a presented an increase in carcass weight, dress1 Agricultural Research Council, South Africa
ing percentage, carcass fat content, fat colour score, lean
2 Tshwane University of Technology, South Africa
meat colour score and marbling score in contrast to the
GG genotype. Markers (SNPs of CAPN1) with potential for improvement of carcass quality traits in Nguni,
 Thu 18 Oct 14:45 – 15:00 · Free State Room
Afrikaner and Bonsmara cattle were identified. This sugepigenetic related genes · carcass quality · marker
gest that SNPs in CAPN1 could be used as a powerful
South African indigenous beef cattle such as Nguni, genetic markers in selection programs for beef quality
Afrikaner and Bonsmara plays an important role in the improvement.
country’s beef sector. Carcass improvement in traits related to meat quality is the initial concern in livestock
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Poster Session P3 · Thu 18 Oct
15:00 – 16:30
Screening for the presence of single nucleotide (rs2943641), CDKAL1 (rs7754840), KCNJ11 (rs5219)
and RND3-RBM43 (rs7560163). Each qPCR run was
polymorphisms associated with Type 2
performed with a technical homozygous control for each
Diabetes in a black South African population
genotype as well as a non-template control. All the reD ISEKO L. AND M ARX G.
actions were set up in duplicate. Control samples were
sequenced using Sanger sequencing to confirm genoUniversity of the Free State, South Africa
type, and for the rare allele control, synthetic oligomers
(gBlocks® Gene Fragments; IDT) were purchased and
applied. Differences in allele and genotype frequencies
Poster Board 01
between patients and controls were calculated with ChiT2D · SNP · TCF7L2 · KCNJ11 · IRS1 · CDKAL1 · RND3– squared and 2×2 contingency tables (VASSAR S TATS).
RBM43 · GWAS
Odds ratios and 95% confidence intervals were determined. A p < 0.05 indicated statistical significance.
The number of people suffering from type 2 diabetes TCF7L2 rs12255372 showed a significantly higher al(T2D) is expected to rise to 642 million by 2040. It is lele frequency in the T2D patient group than in non-T2D
estimated that the highest proportion of undiagnosed in- control group with value of p = 0.0000708. Increased
dividuals are African. The increasing prevalence of T2D homozygosity for the mutant TT genotype at TCF7L2
has become a leading public health challenge throughout rs12255372 was observed in 23% of T2D patients vs 3%
the world and has led to an intense search for genetic risk in non-T2D controls (odds ratio 8.82, 95% confidence
factors to this disease. The large increase in the preva- interval: 2.54–30.63 p = 0.0000599). The same trend
lence of T2D coincides with a higher prevalence of obe- was observed for the rare C allele of IRS1 rs2943641,
sity and insulin resistance. The aetiology of T2D is not but without significance (p = 0.559). An increase in hetfully understood, as a result, impairing the development erozygosity was observed for the CDKAL1 rs7755840
of curative interventions to relieve the burden of T2D. in T2D patients, also without statistical significance
The present study was conducted to screen for the as- p = 1.89. No mutant homozygyotes for KCNJ11 rs5219
sociation of SNPs in candidate genes identified through were found in both cohorts. The rare/mutant allele of
genome wide association studies, with T2D in a black both IRS1 and RND3-RBM43 were higher in both paSouth African population. The identification of T2D risk tients and controls than the ancestral allele. The TCF7L2
associated alleles could aid in preventing the clinical on- rs12255372 is the only SNP that is significantly assoset of the diabetes by intervention of a modified lifestyle. ciated with T2D. Differences in ethnic background or
A descriptive case control study was performed on a co- environmental factors can possibly be attributable to difhort of 188 South African participants (T2D patients: ferences in the results found in this study of black South
n = 96 and non T2D controls: n = 92) of mostly Sotho African population compared to other ethnic groups. Redescent, living in the central Free State area of Man- sults from this study emphasizes the need to investigate
gaung. The two groups were individually matched ac- genetic variants associated with complex diseases such
cording to gender, age (20–60 years) and Body Mass In- as T2D in the black South African population.
2 P3
dex (BMI) conferring to WHO categories. HbA1c levels
were recorded for both groups. Non-T2D controls were
included only if their HbA1c<6.5%. Genotyping was determined using Real time PCR on a Quant Studio 5 qPCR
system (Applied Biosystems) using hydrolysis probe
technology. Genotype of the following six SNPs were
determined: TCF7L2 (rs7903146, rs12255372), IRS1
60

Investigating the role of akirin, a conserved
transcription factor of arthropods in the
pathogenesis caused by African horse
sickness virus
K ARATAS , F. AND F ICK , W.
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Poster Board 02
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African horse sickness virus (AHSV) is a dsRNA virus
that causes African horse sickness of equids and is transmitted by Culicoides biting midges. African horse sickness virus causes cytolytic infections in mammalian
cells. However, it induces noncytopathic, persistent infections in midges which is the major factor that allows
successful transmission of the virus to equids. The underlying mechanisms that concurrently allow but limit
virus replication and dissemination in Culicoides midges
and their derived cell lines is unknown. Therefore, understanding the role of midges in orbivirus transmission
at the virus-vector interphase is critical to the development of novel strategies to control the disease. Akirin is
a good candidate gene that is involved in innate immune
responses, blood meal digestion, reproduction, and development of some arthropod species. Extensive studies
on other arthropod species such as mosquitoes and ticks
revealed that akirin plays vital roles in response to viral
infections. However, its function has not been investigated on Culicoides species. Therefore, the current study
aims to investigate the role of akirin in controlling AHSV
replication in vitro by means of RNA interference. Culicoides sonorensis derived KC cells were shown to possess an antiviral RNAi response in inhibiting Bluetongue
virus (the prototype of orbiviruses) infection. However,
the RNAi response against AHSV has not been validated. Thus, dsRNA-triggered inhibition of the akirin
gene as well as expression levels of RNAi components
including Dicer and Argonaute will be assessed using
qRT-PCR. AHSV replication rate in KCs will be tested.
Additional components including Negative Elongation
factor (NELF) and Positive Elongation Factor (P-TEFb)
that are essential components of antiviral pathways including RNA silencing, autophagy, JAK/STAT, Toll and
Imd pathways in other arthropod species. These genes
were reported to restrict viral infection in other arthropod
species such as Drosophila. Confocal and fluorescence
microscopy will be used to confirm the delivery of the
dsRNA molecules as well as tracking them. Expression
levels of the viral and cellular genes as well as proteins
will be measured using qRT-PCR and western blotting,
respectively.

microRNA expression mapping of the
developmental life stages of Hermetia illucens
(the Black Soldier Fly) to breed for mass
protein production
D E R AEDT, S. 1 , R ICHARDS , C. 2 , AND C HRISTOFFELS ,
A. 1
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2 AgriProtein
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Food sustainability and security is a world-wide concern. The growing demands on protein producers and
the dwindling resources available have made it clear that
novel sources of protein need to be found, such as the
Black Soldier Fly (BSF). Thus far, the majority of BSF
research has been completed on the fly metabolism and
phenotypes, with very little investigation into the genetics of BSF, with only the draft genome available for
analysis. The use of microRNA as a method to understand how gene regulation allows insect species to
adapt to developmental and environmental changes has
been established in multiple species, such as mosquitoes
and locusts, and has the potential to improve a selective
breeding protocol on a large scale. The small RNAs were 2 P3
sequenced, and microRNA were identified (predicted)
computationally. microRNAs were compared against a
reference miRNA database to characterize miRNAs for
each life stage. Expression maps were compiled providing data on gene regulation and highlighting important
regulatory differences during each life stage. All novel
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miRNA sequences will undergo further analysis using investigate the functioning of the complete sex determiqPCR to better define expression and confirm sequences. nation pathways of these pest insects.
The database of miRNA sequences, comparative gene
regulation, and expression profiles will be used to locate
areas of interest in the BSF genome for further in-depth
sequencing and analysis in order to define mass rearing
A Genome-Wide Association Study for
protocols.
tolerance to the insect pest Leptocybe invasa in
Eucalyptus grandis reveals genomic regions
and positional candidate defence genes
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non-model pest insects
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An astounding variety of genetic sex determining mechanisms have evolved in insects to generate two sexes.
Despite this variety, the same basic hierarchical gene
cascade exists: a primary signal that differs between
the sexes, followed by a key gene that responds to
the primary signal, and a final gene that executes the
sex-specific characters. These mechanisms have been
well studied in model holometabolan insects. The postgenomic era, however, affords the opportunity to extend
investigations to non-model organisms. Accordingly,
the sex determination genes of two economically important pest insects, Culicoides imicola and Sirex noctilio,
were investigated. Both species are phylogenetically
basal in their orders of the Diptera and Hymenoptera, respectively, and provide an opportunity to investigate the
evolution of the sex determination in these orders. The
results demonstrated the plasticity of the insect sex determination pathway, showing evidence of gene gain (in
the divergent Hymenoptera) and gene loss (in the basal
Diptera). The study also showed that the main components of the sex determination pathway, such as Transformer2, Doublesex, and Fruitless, are well conserved
among insects, including S. noctilio and C. imicola.
However, the primary signalling genes of both investigated species could not be identified using homologybased approaches. This result is consistent with the
bottom-up model of pathway evolution, where unique
primary signalling genes have potentially been gained by
both C. imicola and S. noctilio, while the genes further
downstream are well conserved. In light of this bottomup model and in the absence of adequate taxon sampling,
more intensive searching methods may be required to

The galling insect, Leptocybe invasa, causes significant
losses in plantations of various Eucalyptus species and
hybrids, threatening its economic viability. We applied
a Genome-Wide Association Study (GWAS) to identify
single nucleotide polymorphism (SNP) markers associated with tolerance to L. invasa. A total of 563 insectchallenged Eucalyptus grandis trees, from 61 half-sib
families, were genotyped using the EUChip60K SNP
chip and we identified 15,445 informative SNP markers in the test population. Multi-Locus Mixed Model
(MLMM) analysis identified 31 SNP markers putatively
associated with tolerance to L. invasa based on four discreet classes of insect damage scores: (0) – not infested,
(1) – infested showing evidence of oviposition but no gall
development, (2) – infested with galls on leaves, mid-ribs
or petioles and (3) – stunting and lethal gall formation.
MLMM analysis identified three associated genomic regions on chromosomes 3, 7 and 8 jointly explaining
17.6% of the total phenotypic variation. SNP analysis of
a validation population of 494 E. grandis trees confirmed
seven SNP markers that were also detected in the initial association analysis. Based on transcriptome profiles
of resistant and susceptible genotypes from an independent experiment, we identified several putative candidate
genes in associated genomic loci including NB-ARC and
TIR-NBS-LRR. Our results suggest that Leptocybe tol- 2 P3
erance in E. grandis may be influenced by a few large
effect loci in combination with a few minor loci segregating in our test and validation populations.
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The identification, growth analysis and
biotechnological potential of South African
microalgae

Investigation of Agrobacterium-mediated
CRISPR/Cas9 genome editing in Nicotiana
benthamiana
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Therapeutic recombinant proteins, including complex
glycoproteins, antibodies and other small molecules, are
currently being produced by mammalian, plant, insect
and microbial culture systems. Microalgae, when used as
an expression vector, would offer many benefits over existing methods, including lower production costs, faster
growth rates, easier culturing, simpler transgenic manipulation, and modified abilities of transcription and translation. South Africa boasts one of the most biodiverse
regions globally, with tremendous species richness in
freshwater ecosystems. In this study over 500 microalgae
were isolated across South Africa and recorded as part
of the CSIR Microalgae Culture Collection Database.
After microscopic identification, 40 isolates were chosen
based on selected morphological features such as a thin
cell wall, a few large or many small chloroplasts and limited toxicity. These 40 isolates underwent a growth curve
analysis and optimal growth conditions were established.
Those isolates that grew the best were identified as green
microalgae based on Sanger sequencing of the 18S rRNA
region. The microalgae identified belonged to either the
Chlorellaceae or the Chlorophyceae families with predominate species including Tetradesmus sp., Chlorella
sp. or Scenedesmus species. The biochemical profiles
and low costs associated with these species allow them
to have huge potential within biotechnology industries.
Therefore, a nuclear transformation system was tested
on these isolates using electroporation. The pChlamy_4
vector containing a Chlamydomonas optimised green fluorescent gene (Crgfp) was placed under the control of an
endogenous algal promoter with Zeocin selection. The
transformation requirements differed for each microalgal
species due to differences in their cell wall compositions.
Therefore further research is required for a heterologous
expression platform in South African microalgae strains
to produce value added products.

bacco · Nicotiana benthamiana · recombinant proteins

Tobacco is often used for recombinant protein (RP)
production and has a long history as a successful expression system for plant biopharming. The unique
type II CRISPR/Cas9 system can be used to cleave
DNA with single-nucleotide accuracy using only the
Cas9 protein, a protospacer-associated motif (PAM)
recognition site and a 20-nucleotide single guide RNA
(sgRNA) as a template. In this study, we aim to establish Agrobacterium-mediated stable leaf disc transformation of Nicotiana benthamiana using a Cas9 expression vector for future knock-out studies. In addition, we aim to render a selected protease in N. benthamiana non-functional by performing CRISPR/Cas9induced targeted genome editing. Two targeting sgRNA
endonuclease cassettes were designed with CRISPRP and CRISPOR and synthesized by GenScript into
the pUC57 intermediate vector. Thereafter, they were
successfully cloned into the plant transformation vector
pCAMBIA2300. A plant transformation Cas9 plasmid,
pFGC-pco-CAS9, was obtained from Addgene (Plasmid #52256). Both the ligated pCAMBIA2300- -sgRNA
vector and pFGC-pco-CAS9 vector, containing Bar resistance, were successfully transformed into Agrobacterium
tumefaciens GV3101::pMP90, respectively. Agrobacterium-mediated stable leaf disc co-transformation of N.
benthamiana with the two respective vectors was successful. Upon regeneration of leaf discs, the glufosinate
resistant plantlets will be tested for Cas9 transcript expression as well as mutagenesis of the gene using PCR
and T7 endonuclease I digestion followed by sequencing. The N. benthamiana plant production platform, in
combination with CRISPR/Cas9-induced genome editing, makes it possible to customize the form of post- 2 P3
transcriptional modification, scale of production, and
compartmentalization of RP products, to produce a scalable and techno-economically viable production bioprocess. Elimination of protease activity should result in
greater yields of monomeric recombinant proteins compared to wild-type plants due to a reduction in RP degra-
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dation in planta, which is highly desirable for the plant were performed at 21 days post-inoculation. We predict
biopharming industry.
that the temperature increase would result in an increase
in salicylic acid accumulation, which would in turn make
E. grandis more susceptible to C. austroafricana infection.

De novo transcriptome assembly for Pinus
maximinoi to identify putative resistance genes
against Fusarium circinatum
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Forest responses in the heat of battle: gene
profiling of Eucalyptus grandis defence
responses against Chrysoporthe
austroafricana under heat stress
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University of Pretoria, South Africa
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Climate change is a considerable threat to natural and
plantation forests as there are many ways in which they
can be impacted. One of the factors driving forest mortality is the increase in heat stress, which could have severe
repercussions on pathogenicity and dissemination rate of
many pathogens and on the tree’s defences. The aim of
this study is to determine the effect of heat stress on Eucalyptus during pathogen challenge. Previous research
indicated that the Eucalyptus grandis defence profile
against a fungal pathogen included up-regulation of ethylene genes and down-regulation of salicylic acid genes.
It has also been shown that heat stress induces salicylic
acid genes. In this study we made use of E. grandis and
the fungal pathogen Chrysoporthe austroafricana as a
model system to investigate the differential expression of
phytohormone genes when the system is heat stressed. A
group of E. grandis was acclimatized for 2 weeks in 26°C
and another group at 35°C. The trees were then inoculated with C. austroafricana and RNA extracted 3 and 7
days post inoculation. The expression pattern of salicylic
acid, jasmonic acid, abscisic acid and gibberellic acid
markers were investigated. Lesion length measurements

Pine trees constitute the majority of forestry plantations globally and in South Africa. The fungal pathogen,
Fusarium circinatum, poses a huge threat to the forestry
industry as many commercial species are highly susceptible to disease in both seedling and mature stages. Longterm management strategies aim to incorporate host resistance, but knowledge of the genetic basis of resistance
is sparse. This is partly due to limited genomic resources
available for the genus Pinus. De novo transcriptome assemblies are available for Pinus patula, currently the
most widely planted species in South Africa, and P.
tecunumanii low elevation. These species exhibit high
susceptibility and high resistance, respectively. The focal
species for this study is P. maximinoi, which exhibits an
intermediate resistance and has shown good potential as
an alternative to P. patula and for use in hybrid breeding.
This study aimed to identify putative resistance (R) genes
that are expressed under infection. Existing data for P.
patula and P. tecunumanii enabled the comparison of R
gene expression across species with differing resistance
to F. circinatum. R genes are important components of
the plant defence response, recognising pathogen virulence factors and initiating defence signalling. An infection trial was carried out, followed by RNA sequencing and de novo transcriptome assembly. Annotation,
gene family analysis and identification of differentially
expressed genes between pathogen-challenged and un- 2 P3
challenged groups were then performed. Insights gained
in this study, further knowledge of the genetic basis of
the host-pathogen interaction, and the transcriptomic resources generated will aid in further exploration thereof.
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Lignocellulosic biomass from fast-growing trees such
as Eucalyptus and Populus constitute a renewable resource for numerous bio-based products, including timber, pulp, textiles, and biofuels. Despite its potential, a
key challenge for the use of woody biomass as a feedstock lies with the recalcitrance of plant secondary cell
walls (SCWs), which hinders efficient extraction and
bioconversion of the polysaccharide and phenolic building blocks of wood. Xylan, which is made up of a linear
chain of β -1,4-linked xylosyl residues, is one of the main
polysaccharides in plant SCWs. Xylosyl residues of xylan in Populus, a model woody angiosperm, are regularly
substituted with α-1,2-linked methyl-glucuronic acid
([Me]GlcA). However, the biological significance and
effects of [Me]GlcA substitution on extraction and bioconversion processes remain poorly understood in woody
plant species. Currently it is understood that the GLUCURONOXYLAN METHYLTRANSFERASE (GXM)
family of proteins facilitate the methylation of GlcA and
thereby affect xylan-cellulose and xylan-lignin interactions. These interactions determine physical properties
of secondary cell walls and hence have a large effect on
its deconstruction in biorefineries. We report here on the
co-phylogenetic analysis of the GXM family of proteins
in Eucalyptus, Populus and Arabidopsis, as well as on
their predicted protein structure and functional domains.
Using this information, single-guide RNAs (sgRNAs)
were designed and CRISPR/Cas9 constructs constructed
to specifically target the GXM1 and GXM3 genes in Populus alba × tremula hybrid trees. These constructs are
being used to investigate the role of these genes in xylan
biosynthesis during wood formation with the resulting
knock-out transgenic trees being analysed for cell wall
properties. Our research will provide further insights into
the potential use of genetic engineering of xylan biosynthetic genes to increase the extractability and economic
value of lignocellulosic biomass.

plant-pathogen interactions · systemic acquired resistance
(SAR) · induced systemic resistance (ISR) · phytohormones

In plants, systemic acquired resistance (SAR) and induced systemic resistance (ISR), elicited by non-lethal
infection, provides distal tissues with long-lasting, broad
spectrum resistance to biotic stress. The mechanisms of
these phenomena are particularly relevant for trees that
are exposed to multiple biotic stresses for an extended period. Based on RNA-sequencing, we observed dramatic
transcriptional responses in systemic tissue of a resistant
Eucalyptus grandis clone upon biotic challenge with a
fungal pathogen. In this study we aimed to (i) validate the
systemic responses at the molecular level, (ii) determine
how long lasting the systemic responses were sustained
and (iii) determine whether this induction is accompanied by phytohormone changes. We analyzed systemic
tissue (leaves) at 3, 7, 14, 21 and 28 days post inoculation (dpi) of E. grandis stems with C. austroafricana
using RT-qPCR and metabolite quantification. Both approaches were designed to target the different stages of
the phytohormone biosynthetic pathways leading to SAR
and ISR, including synthesis, signaling, and downstream
responses. In our preliminary analysis, we observed no
significant changes in salicylic acid (SA) or abscisic acid
(ABA) levels while the levels of jasmonic acid (JA),
its precursors and conjugates, significantly change over
time. The lack of SA accumulation over later time points
suggests that SAR has not established. We hypothesize
that further analysis of the molecular mechanisms will
show that the resistance in E. grandis is due to priming
for SAR rather than immediate induction. Our enquiry
will characterize and evaluate the relevance of the systemic defence responses to secondary biotic challenges 2 P3
in trees.
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Tissue specific DNA methylation indicators of
chronic inflammation in high-fat diet-fed
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Understanding the transcriptional mechanisms that regulate secondary cell wall (SCW) development during wood formation in plants may enable strategic reengineering of woody biomass traits. While extensive
research has been devoted to model species such as Arabidopsis, much is yet to be learned about the nature of
transcriptional networks underlying wood formation in
hardwood trees such as Eucalyptus. We are exploring
DNA Affinity Purification sequencing (DAP-seq) as a
cost-effective high-throughput technique to interrogate
protein-DNA interactions of Eucalyptus SCW-associated
transcription factors (TFs). DAP-seq assays were conducted on six E. grandis MYB family TFs implicated
in SCW regulation. This synthetic approach combines
cell-free TF protein expression using a SP6 Wheat Germ
Protein Expression System, immobilization of TF proteins on magnetic beads, incubation with fragmented genomic DNA and wash steps before eluting bound DNA,
in vitro. The eluted DNA was sequenced on an Illumina
MiSeq platform which generated an average of >900,000
reads per TF candidate, leading to read mapping and the
identification of >11,200 (per TF candidate) positional
weight matrices of TF binding sites using Genome Wide
Binding Event Finding and Motif Discovery (GEM).
The AC-rich Secondary wall MYB-responsive Element
(SMRE) pattern (AC-I: ACCTACC, AC-II: ACCAACC,
AC-III: ACCTAAC) found among the bound fragments
of MYB-family TFs was observed in some of the sequence logos generated from GEM, suggesting that we
have successfully identified their binding sequences. We
are currently using EMSA to validate these sequence logos and further characterize the cis-elements bound by
these TFs and their potential target genes.

Prevalence of type 2 Diabetes Mellitus (T2DM) is on
the rise globally. T2DM is characterized by a chronic inflammation that leads to metabolic complications. Obesity is one of the main risk factors of T2DM and also
exhibits chronic inflammation, implying that chronic inflammation may have environmental causes which may
be reflected as epigenetic changes. This study sought
to quantify the expression of inflammatory markers (IL6
and IL1RA) in liver and splenic tissue of low fat (LFD)
and high fat diet-fed (HFD) C57BL/6 mice at 2 and 6
week post diet introduction, as well as to elucidate the
DNA methylation profiles of these markers. The methodology implemented included RT-qPCR for determining
relative gene expression, and bisulfite sequencing PCR
followed by cloning to obtain DNA methylation profiles.
Current results show that the anti-inflammatory IL1RA
was slightly upregulated in liver tissue of LFD-fed mice
after 2 weeks, as compared to HFD mice. However, after
6 weeks, IL1RA expression was significantly downregulated in liver tissue of HFD-fed mice relative to the
LFD group. At 2 weeks, both LFD and HFD mice exhibited hypomethylation, and hypermethylation was observed after 6 weeks indicating regulation of expression
by DNA methylation. In splenic tissue, qPCR analyses after 2 weeks indicated low IL1RA expression under
both diet conditions. In contrast, after 6 weeks, expression was upregulated in HFD mice. Hypermethylation
was observed for the 6 week period in splenic tissue of
LFD-fed mice. Results suggest that inflammatory IL1RA
remains minimally expressed in liver tissue, whilst increases drastically in splenic tissue of high fat diet-fed
mice. DNA methylation is known to participate in the
regulation of gene expression by suppressing/promoting
transcription by means of hyper- and hypomethylation,
respectively. As the spleen is a key player in immune
response, it is likely an attempt to counteract the in- 2 P3
flammatory effect of the high fat diet. A more holistic
conclusion can be drawn upon completion of the analyses of the pro-inflammatory cytokine, interleukin 6.
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Obesity and type 2 diabetes mellitus (T2DM) are the
leading global health burdens of the 21st century. Obesity is characterized by chronic inflammation and has
been suggested as an underlying cause in the development of T2DM. Environmental cues such as diet, lack
of exercise and stress, can direct epigenetic modifications such as DNA methylation to modify gene expression affecting immunological responses. Therefore, the
aim of this study was to examined DNA methylation
and gene expression profiles of proinflammatory IL6
and anti-inflammatory IL10 cytokine in whole blood and
neutrophils from a diet-induced obesity C57BL/6 mice
model. Whole blood was collected from 12 low-fat diet
(LFD) and high-fat diet (HFD) fed C57BL/6 mice at 8
and 12 weeks of age (n = 3/group/age). Neutrophils were
isolated from whole blood using magnetic cell separation. Promoter DNA methylation and gene expression of
IL6 and IL10 were measured using bisulphite sequencing
and quantitative real-time PCR respectively. Preliminary
results for IL1RA in blood showed low expression in the
LFD group at 8 weeks and overexpression in the LFD
group at 12 weeks, whereas overexpression in the HFD
group at 8 weeks and low expression in the HFD group
at 12 weeks was observed. At 8 weeks, the LFD group
showed hypermethylation and the HFD group was hypomethylated. At 12 weeks, no differential methylation
was observed as both methylated and unmethylated sites
were seen. Hence, gene expression was inversely correlated with DNA methylation at early stage (8 weeks)
of HFD for IL1RA in blood. If DNA methylation is
found to alter inflammatory responses in obesity linked
T2DM, due to genetic and environmental signals, it provides insight for the development of early detection/risk
assessments and specific therapeutic targets for T2DM.

Infectious diseases are pressuring amphibian populations globally and threaten frog species occurring in
restricted areas especially. Chytridiomycosis, which is
caused by the pathogenic fungus Batrachochytrium dendrobatidis (Bd), is arguably the most devastating disease
confronting wildlife today and is the major driving force
of the current amphibian extinction crisis. A healthy amphibian host and its cutaneous microbial community can
have a symbiotic relationship to grant the host protective benefits. Previous studies on frog skin microbiomes
only looked at the bacterial component, or at most fungal yeasts, while other components of the microbiome
have been neglected such as filamentous fungi. In this
study Amietia hymenopus, a chytridiomycete diseasechallenged frog from southern Africa, was sampled from
remote locations of the frog’s distribution on the Drakensberg mountain range. Using next generation sequencing, the fungal skin microbiome was characterized by
Illumina sequencing. Results represent an important
component of the microbial biodiversity found on this
frog, and will aid to shed light on the complex interaction
between host and microbial communities in amphibian
populations. Knowledge on this intricate relationship between host and cutaneous symbionts could help inform
amphibian conservation efforts against this infectious
disease.
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African horse sickness virus non-structural
protein NS4 suppresses the host immune
response

stages of infection. This could give AHSV a replication
advantage in the host which could have an impact on
future vaccine development.
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African horse sickness virus (AHSV), an insect-vectored
pathogen belonging to the Orbivirus genus, causes a severe and often fatal disease in horses. As such AHSV
has a huge economic impact in sub-Saharan Africa. The
molecular determinants of AHSV virulence and attenuation, and the associated host cellular responses that result
in disease or resistance respectively, however, remain
largely unclear. The smallest, and recently discovered,
protein encoded by the AHSV genome is the 20 kDa
non-structural protein NS4. Recent evidence suggests
that NS4 may play a role in modulating the host antiviral response. To investigate the function of AHSV NS4
we used transcriptome sequencing to analyse differential
gene expression (DGE) at 1, 2 or 4 days post infection,
in horses infected with virulent AHSV-5 expressing NS4
(rFR) or attenuated AHSV-5 lacking NS4 (rFR∆NS4).
Genes involved in the innate immune response were upregulated on Day 1 in horses infected with rFR∆NS4.
This was confirmed by KEGG enrichment analyses. On
Day 2, however, fewer genes related to innate immunity
were differentially expressed and most KEGG pathways
related to immunity were no longer enriched, or were
enriched by fewer genes. In contrast, few genes related
to innate immunity were differentially expressed on Day
1 in the horse infected with rFR, and those that were
upregulated were upregulated to a lower extent in that
horse. Supporting this, little evidence of innate immunity was seen in KEGG enrichment analyses, and the
pathways that were enriched were enriched by down
regulated genes. For rFR a strong immune response
had been launched by Day 2; 24 hours later than for
rFR∆NS4 when the NS4 protein is absent, and continued
on to Day 4. As the two viruses differ only with respect
to the presence or absence of NS4 it appears that NS4
causes suppression of the immune response in the early

Lignocellulose biomass (wood) provides a renewable resource for the production of pulp, paper and various biomaterials. Eucalyptus is one of the most widely planted
trees because of its fast growth, adaptability to diverse
ecological systems and desirable woody traits. The structurally complex secondary cell walls (SCWs) that form
the bulk of wood are composed of cellulose, hemicellulose and lignin, the biosynthesis of which is subject to
strict regulation by a three-tiered transcriptional network
occupied by mainly NAC (NAM, ATAF1/2 and CUC2)
and MYB transcription factors. Recently basic leucine
zipper (bZIP) transcription factors, characterized by a
basic DNA binding and nuclear localization region as
well as a leucine zipper dimerization domain, have also
been implicated in SCW regulation. Plant bZIPs regulate
diverse functions, physiological and development processes, and abiotic and biotic stress responses, but their
involvement in SCW regulation remains tenuous. We
conducted a family-wide phylogenetic analysis of bZIP
transcription factors in Eucalyptus grandis, Populus trichocarpa and Arabidopsis thaliana. P. trichocarpa had
approximately twice the number of bZIP transcription
factors compared to A. thaliana and E. grandis, consistent with a recent whole-genome duplication event.
Surprisingly, the bZIP family of E. grandis was reduced
compared to Arabidopsis and Populus and was significantly under-enriched for tandem duplicates which comprise ~34% of the E. grandis genome. We are in the
process of functionally characterizing three E. grandis 2 P3
bZIP genes linked to wood formation (Eucgr.J00290,
Eucgr.F01867 and Eucgr.H02330) as well as their Arabidopsis orthologs.
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Searsia lancea (karee) is a common native tree in South
Africa. A new disease called Karee Malformation Disease (KMD) consists of malformations of mostly vegetative and floral tissues. The cause of these malformations
is still unknown. Fungi is understood to be ubiquitous in
nature and is one of the priority role players within an
ecosystem. Previous culture-based studies indicated that
the fungal communities occurring in healthy and affected
tissues differed in number and diversity of species. The
aim of this study was to use a metagenetic approach to
characterize and compare the mycobiomes found in the
floral and vegetative tissues of affected and healthy karee branches to characterize the community differences
between malformed and healthy tissues. Minibarcodes
using the ITS2 regions of the ribosomal operon region
were generated with Illumina environmental sequencing
and analyzed in a bioinformatics pipeline. Notable differences were found between healthy and malformed
tissues. Latent pathogenic taxa, such as Alternaria,
Botryosphaeriales and Diaporthales, were present in
all tissues but no fungal group that could be the cause
of the malformation disease was detected. It is clear
that the malformations changed the fungal communities
that would normally be present in an unaffected tree and
such disease symptoms thus present a niche of their own
within the tree.

Stellenbosch University, South Africa
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Russian wheat aphid (Diuraphis noxia Kurdjumov) is
a specialist pest of wheat that has been present in South
Africa since 1978. In South Africa, the species can be
subdivided into four distinct biotypes, each virulent to
a discrete range of host cultivars. The recent increase
in descriptions of epigenetic adaptations in insects, has
raised the question whether DNA methylation may influence the differential virulence of Russian wheat aphid
biotypes. In this study, we assessed the methylation
status of two genealogically linked biotypes through
whole genome bisulfite sequencing of the genomes of
the least and most virulent biotypes, after successive
feeding on near isogenic host lines containing different
resistance genes. The next generation sequencing data
delivered promising results when the ontologies of genes
that were differentially methylated between the biotypes
were considered. A clear distinction in cellular location
and molecular function can be drawn between the products of genes that are hypermethylated in one biotype
relative to the other. This preliminary data indicates that
DNA methylation might indeed contribute to the differences in virulence between D. noxia biotypes. While
it has been repeatedly reported that intergenic methylation occurs at insignificant levels in insects, this does not
seem to be the case in Russian wheat aphid, as methyla- 2 P3
tion was observed in the CpG, CHG and CHH contexts
in genic, as well as intergenic regions.
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The African continent is severely affected by disease
and with a high disease burden comes a large proportion
of the population receiving medication. However, it has
become increasingly apparent that the majority of pharmaceutical drugs and their recommended doses do not
have a uniform effect across all patients. An individual’s
genetic composition plays a major role in this variable
response to drugs, in particular, variation in genes that
encode proteins that are involved in the absorption, distribution, metabolism, and excretion (ADME) of drugs.
Currently, known SNPs only explain a portion of the variation in drug efficacy and toxicity that is observed, and
while SNPs have been extensively studied, a systematic

assessment of the copy number variation (CNV) landscape in ADME genes is lacking, especially in African
populations. A recent study performed by Santos et al.
(2017) looked directly at CNVs in ADME genes and
involved the analysis of whole genome sequences and
exome sequences from various population groups in order to identify CNVs in 208 pharmacogenes. 97% of the
ADME genes contained novel CNVs and in total, 2611
deletions and 2978 duplications were detected. In order
to assess the CNV landscape in ADME genes in subSaharan African populations, CNVs from 274 African,
high coverage whole genome sequences obtained from
the Heredity and Health in Africa (H3A) Consortium
will be identified using several CNV calling tools including G ENOME STR I P. Following the detection of known
and novel CNVs, various bioinformatics tools will be
utilized for CNV annotation. The frequencies of the
CNVs will be determined and compared between the different African populations as well as with populations
living outside of Africa. Lastly, a list of the CNVs most
relevant in an African context in terms of function and
frequency will be compiled. N EXTFLOW will be used in
order to develop a scalable and reproducible workflow
for CNV detection and annotation.
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