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Dioscorea alata

� important staple food in tropical and subtropical regions

� Polyploid species with three ploidy levels

� Basic chromosome number x = 20, accessions with 2n = 40, 60 and 80 
chromosomes are diploid, triploid and tetraploid and not tetraploid, hexaploid and 
octoploid, as usually assumed.(Arnau G. et al, Theoritical and Applied Genetics, 
2009)

� Polyploidy is correlated: with growth vigour, increased tolerance to abiotic and biotic 
stress,higher tuber yield; specially for tetraploid varieties (2n = 80) 
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� Genetic improvement research was based on the creation of diploid 

� 2006 discovering of fertile tetraploids (2n=80) and production of first triploid and 
tetraploid hybrids 

� Production of 3X in Dioscorea alata

- 2:1 maternal to paternal EBN ratio for normal endosperm development

- Endosperm unbalanced ratio : use of embryo rescue to obtain triploid seedlings

gametes 2X (2BN)gametes 1X (2BN)

Hybrids 3X with
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� 2X (2EBN) X � 4X (2EBN)

gametes 2X (4BN) gametes 1X (1BN)

No hybrids

Parthenocarpy fruits 
without seeds

� 4X (4 EBN) X � 2X (1 EBN)



Polyploidy

� Polyploidy is a crucial issue for yam improvement program

� Microsatellite markers make it possible to select genetically-distant parents to 
maximise heterozygosity and heterosis in the progeny

� Studies are in progress

1/ The knowledge of inheritance pattern of tetraploid varieties

2/  Understanding of the phenomenon of natural production of diploid gametes to 
explore its ability to transfer heterozygosity and agronomic values of diploids to 
tetraploid level



� Cross � (2n=4x) X � (2n=4x) 

� 200 offspring 

� 28 SSR

� Use of  Bayesian method

- Test of different modes of inheritance and determination of the most probable one

- For the two inheritance hypotheses autopolyploidy or allopolyploidy : computing of 
the expected proportions of each genotype and likelihoods

� Observation of meiosis for the male parent

Materiel and methods: autopolyploidy versus allopolyp loidy
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RESULTS

MEIOSIS STUDY

Figure1 and 2.
Metaphase I of  a 2n=80 male clone

showing six tetravalent pairings indicated by 
arrows.

� six tetravalents suggesting autotetraploidy



MICROSATELLITE MARKER INHERITANCE: autopolyploidy ve rsus allopolyploidy

� Preliminary results: 4 SSR

s10 710 -2110 -145ace X bcdeDpr3B12

ns10 -110 -610 -73ac X abDpr3E10

ns10110-3110-303ac X abcDad2D11

s10310-510-85bce X acdDa2F10
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2n gametes

� Example of polyploidization in autopolyploid crops: potato, alfafa or bluberry

� 2n gametes polyploidization = maximization of heterozygosity

� Two major restitution mechanisms : First Division Restitution (FDR) and 
Second Division Restitution (SDR)

� cytologically distinct and � genetic consequences



Second Division Restitution

• Incomplete 2st meiotic division

• Transfer 25% to 50% of parental 
heterozygosity

•Heterozygous parents produce
homozygote gametes which can
increase dosage of alleles for certain 
desirable dominant characters

•Gametes are heterogeneous and thus
progeny are heterogeneous that
increases  selection effort

First Division Restitution

• Incomplete 1st meiotic division

• Transfer average of 80% of parental 
heterozygosity to progeny

• Heterozygous parents produce
heterozygote gametes which lead to 
high vigor in autotetraploid progeny

• Gametes are largely genetically
identical to parent and thus progenies
are very uniform



� In yam phenomenom evidenced through flow cytometry

� � (2n=2x) x � (2n=4x)

- offspring n°1 = � 1 x � 1 = 100% triploid
- offspring n°2 = � 2 x � 1= 100% triploid
- offspring n°3 = � 3 x � 1= 70% 3x et 30% 4x 
- offspring n°4 = � 4 x � 1 = 70% 3x et 30% 4x

Conclusion: � 3 and � 4 are able to form 2n gametes

� Detection of triploid in offspring obtained by crosses beetween two diploid parents 
that suggested the phenomenom also in male clone



2n gametes
2X (4BN)

n gametes
2X (2BN)

4X viable seedlings

n gametes
2X (4BN)

2n gametes
2X (2BN)

4X viable seedlings

� 2X (2BN) X � 4X (2BN) � 4X (4BN) X � 2X (1BN)

Crosses schema to detect females and males wich form 2n gametes



Production of 2n gametes in female genotype 40F

� High level of 2n gamete production > 30%

� Using of microsatellite markers to determine the origin of 2n gametes (SDR 
or FDR):

Preliminary results on 3 SSR loci showed that 55 % of heterozygosity
is transmitted and suggested SDR restitution mecanism.  



Conclusion and future prospects

1/ Autopolyploidy versus allopolyploidy preliminary results suggest autotetraploidy.
These results will be confirm by an exhaustive analysis ( > 20 markers, 20 linkage 
groups )

2/ 2n gametes preliminary results suggest Second Division Restitution in female 40F
These results will be confirm by an exhaustive analysis on this female and others female 
and male genotypes 

The crop Dioscorea alata could be improved by method similar to potato, by exploitation 
of natural production of diploid gametes and maximization of heterozygosity in tetraploid
clones.  
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