
Harnessing genetic innovations to promote 
resilient African food systems

Casper Nyaradzai Kamutando 

Department of Plant Production Sciences and Technologies, University of Zimbabwe

Phone: +263 71 323 2033; Email: kamutandocn@gmail.com/or ckamutando@agric.uz.ac.zw 

X: @CNKamutando

mailto:kamutandocn@gmail.com/
mailto:ckamutando@agric.uz.ac.zw


#Crop production form the backborne of most economies 

in Africa, but productivity is constrained by several biotic 

and abiotic factors (plants not fit under these stress conditions):

INTRODUCTION



#How can farmers respond to this challenge?

▪ In developing countries, crop production is mostly done by subsistent  farmers, who are predominantly 

resource-poor.

▪ Cannot make use of these technologies, a phenomenon that coz most of the families to be food insecure, and 

subsequently leading them into poverty.

▪ Besides, use of inorganic fertilizers and pesticides is known to negatively impact on ecosystem functions and 

biodiversity, hence sustainable methods that are accessible to farmers need to be developed.



#How to move towards sustainability in crop production



#Plant breeding is a time-consuming and resource-demanding process



#Any success stories to date?

▪ Significant progress has been made to date, resulting in 
commercialization of several crop genotypes adapted to 
biotic and abiotic stress conditions, as well as harbouring 
several food and feed quality traits.

▪ However, under extreme stress conditions, especially in 
small-holder farming systems, crop productivity has 
remained averagely low, thereby challenging crop breeders 
to re-think on their breeding strategies, so that they can 
enhance crop productivity under the current and the 
predicted climate change scenarios.

▪ Microorganisms are postulated to play key roles in stress 
adaptation (i.e., plant fitness), but their potential 
contributions, as well as the mechanisms underlying plant-
microbe interactions under biotic & abiotic stress 
conditions are still poorly understood.



#Which questions can be answered using metagenomics approaches??

1. Who is there (taxonomical identity)?

2. What is she/he doing (functional roles, e.g., plant growth 

promotion, pathogenicity or nutrient cycling)?

#What then can we do to get the answers???



Sampling (soil, roots, leaf surfaces, 
etc), depends on objective

DNA extraction (extraction kit depends on 
sample type, e.g., for soil sample, can use 

Powersoil DNA extraction kit)

-16S rRNA genes (bacteria + archaea species) & 
ITS regions (fungi + protozoa species) PCR 

amplified & the amplicons sequenced. 
-Illumina Miseq platform now popular.

-Most hypervariable regions of the marker genes 
targeted (e.g., V1-V4 region for bacteria & ITS1-

ITS4 for fungi)

Sequence quality processing and analysis (includes, removal 
of chimaric sequences, alignment of sequences on 

reference databases, and grouping of similar sequences to 
form OTUs).

-Common bioinformatics platform is QIMME and some 
people use MOTHER

Soil chemistry (e.g., pH, NO3- 
levels, etc) and bio-geography 
(e.g., altitude, vegetation, etc)

Statistical analysis 
(Mostly R, e.g., vegan 
and ggplot2 packages)

1. Who is there (taxonomical identity): The strategy?



#A case study





Metagenomic DNA samples (usually from at least two 
different habitants)

Short-gun DNA sequencing

A: ORF prediction/contigs
✓ Quality filtering (prinseq)
✓ De novo assembly 

(metaSPADES)
✓ ORF prediction, contigs > 

500 bp (prodigal)
✓ ORF alignment, protein 

database (diamond blastp)
✓ Functional/taxonomic 

annotations (MEGAN 
community edition)

✓ Statistical analysis (STAMP 
& R)

B: Population genomes
✓ Binning, contigs > 1,500 bp 

(CONCOCT)
✓ Bin quality checking 

(checkM)
✓ Bin refinement (Anvio)
✓ Bins ≥ 70 % completeness 

annotations (RAST &KAAS)

2. What is she/he doing (functional roles, e.g., plant growth promotion, 

pathogenecity or nutrient cycling)?: The strategy?



#A case study



Composite genomes (≥70% completeness) characteristics

Genome reconstruction

Parameters Bin12.2 Bin15.1 B17.1 Bin20.1 Bin21

Closest taxonomic neighbour Koribacter Bradyrhizobium Geodermatophilus Kribbela Sphaerobacter 

Sequence size (bp) 4,912,472 7,476,157 3,911,194 6,607,702 2,363,288

Shortest contig size 1501 1530 2523 2203 1662

Median sequence size 4644 7822 14308 19673 4680

Mean sequence size 5918.6 9785.5 17778.2 26751.8 5908.2

Longest contig size 30361 49996 84287 122199 26027

No. of contigs with protein-encoding genes (PEGs) 830 764 220 247 400

No. of subsystems 299 476 345 390 229

No. of coding sequences 4417 7052 3796 6324 2442

No. of RNAs 57 47 49 33 32

GC content (%) 53.7 63.9 68.5 69.5 66.3

N50 value 5926 8817 21074 40710 4887

L50 value 274 266 62 51 154

Genome completeness (%) 80.17 89.56 83.64 85.11 73.49

34R (Rhizosphere) 4 346699 48 906 0

43R (Rhizosphere) 10 3342 114 117 94458

21R (Rhizosphere) 15 21915 334833 1043984 8

51R (Rhizosphere) 17 12035 57 1569 107

Rhizosphere total 46 383991 335052 1046576 94573

1C4 (Bulk soil) 51 2989 82 638 6

2C3 (Bulk soil) 214753 1013 166 582 21

8C4 (Bulk soil) 43 3006 146 1081 49

4C3 (Bulk soil) 27 4256 5517 1334 82

Bulk soil total 214874 11264 5911 3635 158

Sequence coverage values (no. of reads mapped back to the composite genomes)



Putative PGP roles of bacteria residing in the rhizosphere of Acacia dealbata plants in South Africa.



▪ Although a lot of progress has been made in development of crop genotypes adapted to some 

biotic and abiotic yield constraining factors, farmers, especially those in developing countries are 

still experiencing yield loses.

▪ Frequency of occurrence and intensity of climate change-induced abiotic stresses, especially 

drought and heat stress, is expected to increase, thereby warranting plant breeders to modify their 

breeding objectives and strategies so that crops that can cope with the present and future climate 

scenarios are developed.

▪ Selecting for crops with enhanced ability to recruit beneficial soil microbiota in their rhizosphere 

can be a possibility and maybe key in enhancing crop adaption and productivity under severe 

stress conditions.

CONCLUSIONS



End-Thank you for listening!
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