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Most (if not all) the innovation in molecular biology is 
happening for crops where huge amount of phenotypic 
and traditional genetic information was already available 

The situation of cassava is unique: we probably have more 
molecular information than for adequate  
understanding of the phenotype 

We need to urgently address few issues: 
è Screen cassava un uncover unknown traits 
è Develop better parents to produce better populations 
è Develop tools that will be useful for everyone  

Is it fair to say that more than 50 articles on molecular 
markers have been published but only one is used? 



Traditional cassava 
Weeds 

Degraded 
soils 

Associated crops 

Low soil fertility 

Orinoco delta - Venezuela 

Slopped land in Vietnam 



Commercial planting  
 sub-humid environment 

Commercial planting  
in acid-soil environment 

 
 Introduction:  

commercial cassava 

Commercial planting  
 in Asia. 



Varieties with high and stable yields and high dry 
matter content made cassava a competitive crop. 

SM 1433-4: 
84 t/ha of fresh roots in  
a 9.5 ha commercial field 

South China 5 



Huaybong 80 

The “venerable” KU 50 

Rayong 90 



Main uses of cassava Industrial applications 

Dried chips 

Roots in a starch factory 

Bio-ethanol 

Boiled  
roots 

Many ethnic 
uses: 
 

 AFRICA: 
Gari, Fufu 
 

ASIA: 
Sago, Gathot  
Thiwul, Krupuk 
 

LAC: 
Farinha 
Cassabe 



Many questions can be asked about general breeding of 
cassava. To me the most interesting ones are 
(considering we are in Colombia): 

Genetic control of dry matter content 
* High dry matter content 
* Stable dry matter content (after rains come back) 

Genetic control of adaptability of KU 50 (G*E interaction) 

Inheritance of resistance to white flies and HCN 

Early bulking: reality or fantasy? Devise to measure? 

What is drought tolerance in cassava? 

What is leaf retention in cassava? Is it useful? 

How to identify/create heterotic groups. How to exploit it? 
Is the male sterility cytoplasmic+genetic? ! true seed 
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Yields can increase  
controlling pests and  

diseases wisely:  
genetic resistance 

Resistant 

Susceptible 

White flies 

Healthy Infected 

Cassava mosaic disease 

Cassava brown streak 



Progress in total carotenoids content in cassava roots 
during the last six years of breeding  
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Variation in color intensity in “mature” stems of cassava 



A nice “accident”: roots from GM 905-66 two months after harvest 
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MTAI 8 (= Rayong 60) 

Ten days after harvest 

CW 429-1 CW 429-1 
(M. esculenta x M. walkerae) 

Other relevant information 
Waxy cassava and post-harvest physiological deterioration (PPD) 



Waxy cassava and post-harvest physiological deterioration (PPD) 

Results of PPD after ONE week of storage 

MCOL1505 

HMC-1 

MPER 183 

Waxy mutant 
PPD  DMC 
8.6       35.8% 

7.4       37.5% 

23.7       40.0% 

49.1       44.2% 

(±2.0)      (±2.9) 

(±1.9)      (±4.3) 

(±6.7)      (±4.6) 

(±15.8)       (±2.9) 

Other relevant information 
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Variation in crude protein content in the root from 133 cassava 
clones evaluated more than once in a period of about 10 years. 

Averages typically range around 2-3% 

Source: Teresa Sánchez 
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Studies conducted in 2009 demonstrate that high N (standard 
approach to measure protein) does not translate into high-protein. 
The standard N-to-protein conversion factor (6.25) is lower in the 
case of cassava roots.  
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Starch industry 
 
Amylose-free starch 
 
High amylose /small granule 
 
Sugary cassava 



Discovery of a natural waxy starch 
mutation (March 2006) 



AM 206-5 
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Rayong 60 
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500 F2 families 

≈ 12.000 F2 seedling plants +  
   41 crosses among waxy genotypes 

24.6% of progeny with waxy starch  
è diploid behavior, “normal” genetics 

≈  500 waxy genotypes selected and planted in 
clonal evaluation trial (to be harvested March 2011) 

Ideal population to analyze for tolerance to PPD 
thought to be co-segregating along with waxy starch 



Starch industry 
 
Amylose-free starch 
 
High amylose /small granule 
 
Sugary cassava 



Scanning electron microscope 
photographs 

Normal 

Small-granules 

8.77 µm 

5.73 µm 

7.95 µm 

9.69 µm 

13.3 µm 

10.9 µm 

11.1 µm 



Small granule mutation: RVA amylogram 

Waxy 

Small granules 

Starch Viscosity (5%)  
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Starch industry 
 
Amylose-free starch 
 
High amylose /small granule 
 
Sugary cassava 



Sugary cassava 
 

Source: 
L.Carvalho 
EMBRAPA 
Brazil 

Reported in 2004. We still don’t know what kind of  
mutation(s) induce this phenotype  

We still don’t know what kind of mutation(s) induces 
the small granule mutation 

We still cannot make TILLING & other reverse genetics 
approaches work for us. Can the sequence of genome  
change this? 



Other traits 
 
No branch/no petiole 
 
Tolerance to herbicides 



We have identified a family (in self-pollinations of a clon from the germplasm  
collection) with a very interesting phenotype:  

Can this mutation for plant architecture 
lead to a “green revolution“ in cassava? 

Could this plant type withstand 30,000 or 40,000 pl/ha ?  

New plant type 

Harvested foliage: reduction in costs and fiber content (      better quality)  



Other traits 
 
No branch/no petiole 
 
Tolerance to herbicides 



Tolerance to ammonium glufosinate  
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Perspectives 
 
Double mutants 
 
Double haploids protocol 
 
Genetic stocks 
 



wx wx 
SG SG 

Waxy starch  
mutation 

WX WX 
sg sg 

Small 
granule 

wx 
SG  

Wx 
sg 

The F1 hybrid has 
“normal” starch 

x 

wx wx 
sg sg 

WX WX 
SG SG 

WX wx 
sg sg 

wx wx 
SG SG 

WX wx 
SG sg 

WX wx 
SG SG 

wx wx 
SG sg 

Self-pollinate 

Double mutant 
may have a new starch  

type 

Other relevant activities 
Crosses among starch mutant genotypes 



Perspectives 
 
Double mutants 
 
Double haploids protocol 
 
Herbicide tolerance 
 



Pollen at 
right 
stage  

Tissue culture 
Doubled-haploid  

callus 

Chromosome  
doubling 

Regenerated 
inbred plant 

Haploid callus 



Cassava microspore division  
and microcallus formation 



Current project supported by Bill & Melinda 
Gates Foundation 

PARTNERS: CIAT, IITA, NARs (one in Colombia, 
one in Uganda and two in China)  

APPROACHES: 
Microspore culture 
Anther culture 
Ovule culture 
Wide Crosses 

OTHER APPROACH: Centromere mutation 
(lead by U.C. Davis) 



Perspectives 
 
Double mutants 
 
Double haploids protocol 
 
Genetic stocks 
 
 



Partially inbred genetic stocks in cassava 

Sources of special traits self-pollinated to  
! “concentrate” adequate alleles (polygenic) 
! Reach homozygosity (one-two genes) 

Molecular markers used for identifying homozygous 
genotypes when genetic control is dominant 

S1 clones became genetic stocks. IITA/CIAT/NARS  
jointly publish and share these sources 

S1 genotypes are self pollinated to produce S2 seed 
which is stored and distributed easily 



Partially inbred genetic stocks in cassava 
Better sharing of germplasm and possibility of joint  
work to develop new stocks ! combine resistance 
to white flies with resistance to CMD or CBSD 

Availability of  homozygous genotypes (for specific  
traits) should facilitate molecular markers  

SHAME ON US (BREEDERS) THAT WE DID NOT  
START DOING THIS EARLIER !!!! 

We can start accumulating desirable traits (one  
after the other) in these source materials. Molecular 
markers may be very helpful in this process also 



Wishes list 

Induction of flowering to accelerate production of 
segregating and mapping populations  

A devise that could help us monitor root growth  
without harvesting the plant 

The system has a painful weakness in the area of 
plant physiology. We all need that capacity restored 

Herbicide tolerance. A key strategy to cope with 
increased rainfall ! direct planting / TILLING 

Identification of heterotic groups within cassava 



My own vision 

Let’s  put together the idea of genetic stocks  
For breeders 

Work on traits where molecular markers make a difference 
Use partially inbred progenitors 
The key issue remains phenotyping (costs, quality of data) 
We need more aggressive exploration of cassava genetics: 
             we don’t know what we have. No right to complain... 

For molecular biologists 

In general, CIAT is willing to help in the field evaluation 
of transgenic cassava  

For genetic transformation 



My vision of cassava breeding in 2020 

Heterotic group(s) 
clearly defined 

Inbred 
 line A 

Inbred 
 line B 

X 

Male sterility could help 
to produce hybrid seed 

Foundation seed used to produce  
disease-free seedling plants 

Stakes from seedling plants 
distributed to farmers communities 

Disease-free planting material 
(no tissue culture / no indexing) 

Better mapping 
populations 

Better and more efficient 
MAS 

Better and faster 
breeding 

Screening of germplasm 
collections complete 

Useful traits identified 

Backcross scheme 
possible 

Germplasm exchanged 
as botanical seed 

Faster/cheaper exchange 
Joint development of germplasm 

Better inbreds 
Rapid cycling 

Flowering  
Induced  

Molecular data for pest/disease resistance, 
monitoring and diagnostic purposes 

Capacity in plant physiology integrated 

Transgenics 



We have a great opportunity to make a 
difference in cassava’s future 



Asenti sana !                           
                Thank you ! 
           Danke ! 
    Obrigado !  
                        
Gracias !           Merci !  

どうもありがとう	
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