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Introduction
Cassava (Manihot esculenta) is one of the most important edible crops
across the tropics and is fundamental to food security in developing world.
However, the genetics of cassava is less studied than other major crops, such
as rice or maize in terms of disease resistance or yield or content
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For the purpose of illustration, Fig 3 shows the visualization of genetic (SNP)
networks and individual SNPs in CMD affected plants detected using
Synomics discover tools (e.g. using the data from Table 1.) where each
circle represents a CMD-associated SNP genotype, edges represent coassociation in cases with the colors representing distinct affected subpopulations

Cassava production is measured in tonnes.

Fig 3. Genetic (SNP) Networks for 1-month CMD (on left) and 3month CMD (on right) showing distinct clusters of SNPs within the
CMD affected cassava plants.

CMD 1month

CMD 3month

Both CMD

DMC

SNP Networks

103

171

nil

76

SNPs in networks

78

153

18

211

Genes matching SNPs

167

229

46

198

Table 1. Genetic (SNP) Networks for 1-month and 3--month CMD
and DMC as well as individual SNPs in networks with associated
genes

Our aim was to discover novel genetic targets and molecular pathways for
cassava mosaic disease (CMD) and dry matter content (DMC), using our
proprietary Synomics discovery platform. The Synomics discovery platform is
based on constructing pairwise to higher orders (6-way +) interactions of
SNPs and uses constraint-based models and machine learning methods.

Methods
We analyzed 101,521 SNPs generated from 3,465 healthy and diseased
Nigerian cassava plants sampled in 2014 after 1-month and 3-months. This
data was originally from Rabbi et al1.

Fig 4. P-value cutoff (FDR) = 0.05, only top 30 pathways for Biological Process GO terms. DMC using Arabidopsis orthologs

Individual SNPs taken from the significant combinations were mapped to
genes and promotor regions, 2kbp upstream and 500bp downstream.
Ortholog Arabidopsis thaliana genes were used for GO term enrichment as
there was a lack of GO term information for cassava genes.

Results

Fig 5. P-value cutoff (FDR) = 0.05, only top 30 pathways for Biological Process GO terms. DMC using cotton orthologs

From the GWAS we can see a strong main effect signal in chromosome 12.
The Discover technology finds 167 and 229 significant genes for 1-month and
3-month, respectively. We find 45 genes that are found in both 1-month and
3-month results, 34 of which not found in chromosome 12. There were 198
significant genes for DMC.

Fig 6. Highlighted SNPs are those associated with the significant genes we find using discover.
They are found in chr 12 and other genomic regions harboring novel SNPs.

Fig 1. P-value cutoff (FDR) = 0.05, only top 30 pathways for Biological Process GO terms. CMD overlapping genes between 1-month and
3-month, removed chr 12. Using Arabidopsis orthologs. Cotton orthologs don’t give as biologically relevant GO terms (initial scan) for
CMD but are better for DMC.

Fig. 2. P-value cutoff (FDR) = 0.05, only top 30 pathways for Biological Process GO terms. CMD overlapping genes between 1-month and
3-month, chr 12 retained. Using Arabidopsis orthologs

Conclusion
We show that the Synomics discovery platform finds new biologically
relevant targets for disease and yield traits, that cannot be found by current
best practices alone. These resulting significant SNPs and gene targets may
form the basis for further functional analyses. Our analyses have been able
to identify key biological mechanisms underlying CMD and DMC through
use of ortholog genes as replacements for poorly annotated species, such
as cassava, to find enriched pathways. Results show that some of the
significant GO terms are highly relevant for both CMD and DMC. Therefore,
this disruptive technology has potential in plant breeding programs and
pesticide target discovery.
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