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Abstract Dioscorea alata is a polyploid species with
several ploidy levels and its basic chromosome number has
been considered by most authors to be x = 10. Standard
chromosome counting and flow cytometry analysis were
used to determine the chromosome number of 110 D. alata
accessions of the CIRAD germplasm collection. The
results revealed that 76% of accessions have 2n = 40
chromosomes, 7% have 2n = 60 chromosomes and 17%
have 2n = 80 chromosomes. Progenies were produced
from 2n = 40 types of D. alata and the segregation pat-
terns of six microsatellite markers in four different
progenies were analysed. The Bayesian method was used
to test for diploid versus tetraploid (allo- and autotetra-
ploid) modes of inheritance. The results provided the
genetic evidence to establish the diploidy of plants with
2n = 40 chromosomes and to support the hypothesis that
plants with 2n = 40, 60 and 80 chromosomes are diploids,
triploids and tetraploids, respectively, and that the basic
chromosome number of D. alata is x = 20. The findings
obtained in the present study are significant for effective
breeding programs, genetic diversity analysis and eluci-
dation of the phylogeny and the species origin of D. alata.
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Introduction

Yams belonging to the genus Dioscorea, family Dio-
scoreaceae, constitute an important staple food in tropical
and subtropical regions (Ayensu and Coursey 1972).
D. alata and D. rotundata are the two major cultivated
species with the greatest economic importance and are
widely distributed throughout the world. D. alata is native
to the Asia-Pacific and D. rotundata to Africa, and both
belong to the same botanical section, Enantiophyllum.
The importance of yams in terms of food security has
given impetus to the establishment of several genetic
improvement programmes of D. alata throughout the
tropical regions, in order to develop high-yielding varie-
ties with resistance to diseases and tuber characteristics
adapted to farmers’ requirements. However, little is
known about the origin, diversity and genetics of this
species, limiting the effectiveness of genetic improvement
programs.

The genus Dioscorea includes over 600 species. From
the published cytological studies on 72 Dioscorea species,
it was concluded that the basic chromosome number of
Dioscorea species is x = 10 or 9 (Essad 1984). The basic
chromosome number of x = 10 is reported in all the Asian
species. The African and American species are considered
to have a chromosome number of x = 10 or 9. However,
recent segregation studies of microsatellite markers have
revealed that the so called tetraploid species D. rotundata
(2n = 40) is a diploid with the basic chromosome number
of x = 20 (Scarcelli et al. 2005). Another recent report,
also based on SSR marker segregation studies, has revealed
that the American yam D. trifida (2n = 80), belonging to
the section Macrogynodium, which was considered to be
octoploid, is actually a tetraploid with the basic chromo-
some number of x = 20 (Bousalem et al. 2006).

@ Springer



1240

Theor Appl Genet (2009) 118:1239-1249

The species D. alata, in contrast to the two mentioned
above, consists of accessions with different chromosome
numbers. Several studies have been conducted to determine
the chromosome number of D. alata accessions using
chromosome counts and flow cytometry analysis. Sharma
and De (1956) and Sharma and Sharma (1957) indicated
the existence of clones with 2n = 20, 30, 40, 50 and 70
chromosomes. Three levels of ploidy (2n = 40, 60 and 80)
were described by Sundara Raghavan (1958) and
Ramachandran (1968). The extensive cytological screening
of Indian accessions by Abraham and Nair (1991), Carib-
bean accessions by Gamiette et al. (1999) and Pacific
accessions by Malapa et al. (2005) also revealed only three
ploidy levels of 2n = 40, 60, and 80 chromosomes. These
authors concluded that plants with 2n = 40, 60 and 80
chromosomes are tetraploids, hexaploids and octoploids
(2n = 4x, 6x, 8x), respectively, on the basis of a basic
number x = 10.

Meiotic studies of D. alata were carried out by Abraham
and Nair (1991) and Abraham (1998) on 2n = 40 and 60
varieties. The authors observed bivalent formation in
2n = 40 types and trivalent formation in 2n = 60 types
and concluded that they were allotetraploids and auto-al-
lohexaploids, respectively.

A genetic linkage map was constructed on 2n = 40
D. alata genotypes based on AFLP markers (Mignouna
et al. 2002). The authors observed that markers segregated
like a diploid and suggested that 2n = 40 types are
allotetraploids.

The aim of the present study was to re-examine the
ploidy status of D. alata, and to arrive at a reliable con-
clusion on its basic chromosome number, which is
fundamental information required for effective breeding
programs and genetic diversity studies. We studied the
segregation patterns of six microsatellite markers in four
different progenies derived from crosses between geno-
types with the chromosome number of 2n = 40, and we
used the Bayesian method to test different modes of
inheritance (diploidy, allotetraploidy and autotetraploidy)
and to determine the most probable segregation hypothesis.
We also determined the number of chromosomes in our
genetic resource collections using standard chromosome
counting and flow cytometry analysis.

Materials and methods

Plant materials for segregation analysis

Four progenies derived from crossing four male clones
(24M, 17M, 31M and Pyramide) with two distinct female

parents (27F and St. Vincent) were analyzed. St. Vincent
and Pyramide are varieties cultivated in the West Indies.
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The other four genotypes are breeding lines originating
from the D. alata selection program at CIRAD, Guade-
loupe. All the clones have 2n = 40 chromosomes. Female
plants were grown in isolated plots and surrounded by the
male clones. Seed production varied from one population/
plot to the next. Seeds were germinated in a greenhouse
and transplanted to the field. The number of plants for the
four populations were 65 (24M x 27F), 25 (17M x St.
Vincent), 20 (31IM x 27F) and 15 (Pyramide x 27F)
individuals, respectively.

Cytometry screening and chromosome counting

One hundred and ten accessions of the CIRAD D. alata
germplasm collection were analyzed using flow cytometry
(Table 1).

Mitotic chromosome counts were carried out on root tips
of four representative accessions (639a, 613a, 760a and
754a) known to have a different chromosome number
according to previous flux cytometry analysis (Malapa
et al. 2005).

Methods
DNA extraction

DNA was extracted from 100 mg of leaves using the
DNeasy Plant Mini Kit (Qiagen).

Screening of SSR markers

Six SSR markers were used in the study. Three were
developed from D. alata species (Da2F10, DalFS8,
Da3G04) and three from the wild yam D. abyssinica
(Dab2E07, Dab2D11, Dab2D08) (Tostain et al. 2006).
These markers were selected from a set of 40 SSR markers
developed from five different yam species, viz., D. alata,
D. abyssinica, D praehensilis (Tostain et al. 2006), D.
Japonica (Misuki et al. 2005) and D. trifida (Hochu et al.
2006), for their capacity to reveal a high polymorphism on
a maximum 133 D. alata accessions of the CIRAD germ-
plasm collection.

Microsatellite amplification

Amplification reactions were performed in a final volume of
20 pL in the presence of 5 ng of template DNA, 4 pmol of
the reverse primer, 1 pmol of the forward primer, 0.2 mM
of each deoxynucleotide, 2 mM MgCl, and 1 U Taq poly-
merase. The forward primer was 5'-labelled with one of the
three fluorophores (FAM, TET or HEX). PCR was carried
out using a PTC100 thermocycler (MJ Research). After
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Table 1 Geographic origin, chromosome number and 2C DNA Table 1 continued
content of the 110 Dioscorea alata cultivars used in this study - —
Accessions/ Origin Chromosome Sample DNA
Accessions/ Origin Chromosome Sample DNA source number 2C ploidy (pg)
source number 2C ploidy (pg)
6F Cirad 1

Ploidy = 2x 70F Cirad 0.86
19a Vanuatu 0.86 74F Cirad 1
24a Vanuatu 0.86 14M Cirad 0.86
26a Vanuatu 1.07 24M Cirad 0.90
47a Vanuatu 0.86 25M Cirad 0.90
373a Vanuatu 0.86 17M Cirad 0.86
402a Vanuatu 0.95 31M Cirad 0.90
423a Vanuatu 0.95 M Cirad 0.95
434a Vanuatu 1.07 48M Cirad 0.95
443a Vanuatu 0.86 57M Cirad 1.04
454a Vanuatu 0.86 51Mono Cirad 0.86
474a Vanuatu 0.89 27178-1 Cirad 0.86
487a Vanuatu 1.07 27178-2 Cirad 0.86
491a Vanuatu 0.95 27178-3 Cirad 0.86
495a Vanuatu 0.86 27178-8 Cirad 1.04
520a Vanuatu 0.86 27178-9 Cirad 0.86
>28a Vanuatu 0.86 27178-11 Cirad 0.86
>40a Vanuatu 0.90 27178-12 Cirad 0.95
554a Vanuatu 0.90 27178-13 Cirad 1
613a Vanuatu 40 0.95 27178-14 Cirad 0.95
S64a Vanuatu 0.95 27178-17 Cirad 1.07
390a Vanuatu 0.95 27178-15 Cirad 0.95
603a Vanuatu 0.95 27178-16 Cirad 0.86
639a Vanuatu 40 0.95 2717820 Cirad 0.95
678a Vanuatu 0.98 27PK-1 Cirad 1.04
677a Vanuatu 0.99 27PK-8 Cirad 1.04
689 Vanuatu 0.86 27PK-9 Cirad 1.04
705a Vanuatu 0.86 27PK-11 Cirad 1.04
730a Vanuatu 0.86 27PK-21 Cirad 1.04
Florido West Indies 0.86 27PK-34 Cirad 1.04
Plimbite West Indies 0.86 27PK-47 Cirad 1.04
St. Vincent West Indies 0.86 27PK-48 Cirad 1.04
Pacala West Indies 1.04 27PK-91 Cirad 1
Kinabayo West Indies 1.04 27PK-115 Cirad 1
Kabusa West Indies 0.86 VK-7 Cirad 0.86
Pyramide West Indies 0.95 VK-18 Cirad 1
4F Cirad 0.86 VK-21 Cirad 0.86
SF Cirad 0.86 V148-1 Cirad 1.04
7F Cirad 0.90 Ploidy = 3x

9F Cirad 0.86 605a Vanuatu 1.43
27F Cirad 0.86 684a Vanuatu 1.43
28F Cirad 0.86 760a Vanuatu 60 143
30F Cirad 0.86 Tahiti West Indies 143
42K Cirad 0.95 Belep West Indies 143
33F Cirad 0.86 Madg-1 Cirad 143
SF Cirad 1.04 Madg-2 Cirad 1.43
61F Cirad 0.86 Madg-3 Cirad 1.43
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Table 1 continued

Accessions/ Origin Chromosome Sample DNA
source number 2C ploidy (pg)
Ploidy = 4x

28a Vanuatu

213 Vanuatu

231a Vanuatu 1.86
408a Vanuatu 2
472a Vanuatu 2
497a Vanuatu 1.89
540a Vanuatu 2
534a Vanuatu 1.95
556a Vanuatu 2
679a Vanuatu 2
750a Vanuatu 1.86
751a Vanuatu 2
753a Vanuatu 2
754a Vanuatu 80 2
755a Vanuatu 2
27PK-58 Cirad 2
27PK-68 Cirad 2
27PK-118 Cirad 2

5 min at 94°C, 30 cycles were performed as follows: 30 s at
94°C, 30 s at annealing temperature and 30 s at 72°C, fol-
lowed by a final extension step of 5 min at 72°C. Amplified
products were detected on an ABI PRISM™ 3100 auto-
matic sequencer (Applied Biosystems), and microsatellite
alleles were scored using GENESCAN 3.1 software
(Applied Biosystems).

Microsatellite segregation analysis

The Bayesian method was adopted to discriminate between
the different inheritance hypotheses (diploidy, autotetra-
ploidy or allotetraploidy). This approach is relevant to
compare many assumptions and can be used even when
observed genotypes are unexpected under a scenario, or
sample sizes are small, compared to y* statistics (Olson
1997; Posada and Buckley 2004; Beaumont and Rannala
2004; Bousalem et al. 2006; Catalan et al. 2006).

Assignment of parental genotypes

Under the diploid model, the parental genotypes could be
directly assigned from the scored SSR profiles, since a
maximum of two alleles were observed for each parent
genotype for all loci analyzed. In this case, individuals with
a single amplified product are expected to be homozygous
(aa) if null alleles are absent, and individuals with two
amplified products be heterozygous (ab).
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Under the autotetraploid model, individuals with a single
amplified product are expected to be homozygous (having
four copies or the same allele), if null allele are absent, and
individuals with two amplified products represent more
complex cases since different genotype configurations are
possible, depending on whether the alleles are in equal
dosages (aabb) or in triple dosages (aaab/abbb). All possible
genotypic configurations were tested.

Under the allotetraploid model, the observed amplifi-
cation products of an individual may correspond to two
different genomic complements. Two different hypotheses
were tested: first, we considered that two independently
segregating loci may present alleles of the same sizes
(homoplasy, hypothesis A) and, second, we considered that
alleles of the same size may not be shared between the two
loci (hypothesis B). Under the homoplasy hypothesis,
individuals with two amplified products (ab) can corre-
spond at seven different genotypic configuration levels: aa/
bb, bb/aa, ab/ab, aa/ab, ab/aa, ab/bb, and bb/ab, and all
were included in the analysis.

Computation of Bayesian probabilities

The probabilities of observing the progeny genotypes under
each hypothesis or likelihoods were computed using the
multinomial distribution described by Olson (1997):

n!

P, (data|H;) = (Po(H;)™ (Pi(H;))™.(Pi(H;))™

nylng!..ng!

where n is the total number of progeny, #n; is the observed
number of progeny of genotype i, and P; (H;) is the
expected proportion of genotype i under hypothesis j. To
take the observed, but unexpected genotypes under a given
scenario into account, a P, value of 1073 was assigned
to this genotypic class (Bousalem et al. 2006). For the
tetraploid inheritance hypotheses, the expected proportions
of each genotype in progeny and likelihoods were
computed using a PERL program designed by J. David
(Bousalem et al. 2006).

Computation of Bayes factors

A Bayes factor in favor of diploidy over tetraploidy was
computed for each microsatellite marker in each population
as follows:

BF — P, (data|diploidy)

~ P,(data|tetraploidy)
_ P.(data|Hd;) + P,(data|Hd,) + - - - + P,(data|Hd;)

~ P.(data[Ht;) + P,(data|Ht,) + - - - + P,(data|Ht;)

where Hd; is the ith diploidy hypothesis (there is only one
in this case), and Ht; is the ith tetraploidy hypothesis.
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A Bayes factor <1 indicates that the 4x hypothesis is
more likely than the 2x hypothesis, whereas a Bayes factor
value >1 indicates that the 2x hypothesis is more likely
than the 4x hypothesis. A Bayes factor value of 20 indi-
cates that diploidy is 20 times more likely than tetraploidy,
and provides positive evidence to support the diploid
hypothesis. A Bayes factor >200 indicates that the 2x
hypothesis is 200 times more likely than the 4x hypothesis,
and provides very strong evidence to support the diploid
hypothesis (Kass and Raftery 1995; Bousalem et al. 2006).

Testing independence of SSR loci

The independence of microsatellite loci was tested with the
independence LOD Score test of JoinMap 4 software (Van
Ooijen 2006). Since low LOD scores may reveal light links
(Scarcelli et al. 2005), three different LOD score values
were tested (4, 3 and 2).

Chromosome counting

Only mitotic chromosome counts were made. Roots were
harvested from plants grown in pots. They were treated with
0.04% 8-hydroxyquinoline for 4 h, fixed for 48 h in 3:1
ethanol:acetic acid and stored in 70% ethanol at 4°C. The
fixed roots were rinsed twice in H,O for 10 min each, treated
in 0.25 N HCI for 10 min, rinsed for 10 min in H,O and
placed in a digestion buffer (0.01 M citrate buffer, pH 4.5,
0.075 M KCl) for 10 min. The root tips were cut and placed
in an enzyme solution (5% Onozuka R-10 cellulase, 1%
Y-23 pectolyase in a digestion buffer) in a microtube at 37°C
for 60-90 min (the time varying with the size of the roots).
Root tips were then rinsed in H,O and spread on a slide with a
drop of 3:1 ethanol:acetic acid. Slides were stored at —70°C.
The chromosomes were counterstained with DAPI (4,
6-diamidino-2-phenylindole). The slides were mounted in
vectashield antifade solution (Vector Lab), observed under
an OLYMPUS DP50 microscope and photographed with
analySIS (R) Soft-Imaging-System software. A minimum of
three different metaphases were inspected per genotype.

Ploidy screening by flow cytometry
Isolation and staining of nuclei

To isolate and stain nuclei, 0.5 cm? of leaves were chopped
up with the same amount of leaves of an internal standard
with a double-edged razor blade in 500 pl of extraction
buffer (0.14 M NaCl, 0.003 M KCI, 0.012 M NaH,PO,,
0.002 M KH,POy4, 0.25% triton X-100 and 100 pl of
f-mercaptoethanol, pH 7.4). The suspension was filtered
through a 15-um pore filter and mixed with 150 pl of
extraction buffer supplemented with propidium iodide

(200 pg/ml). The suspensions were then incubated for
approximately 5 min at room temperature. After incuba-
tion, each sample was run on a flow cytometer.

Flow cytometric analysis

Measurements were performed on a FACScalibur Laser
flow cytometer (Beckton Dickinson, USA). Intensity his-
tograms were evaluated with WinMDI software Ver. 2.8.

Data analysis and estimation of nuclear genome size

The nuclear DNA contents of the different accessions were
calculated by comparison of the relative positions of the
Go_1 peaks of the clone ‘760a’ used as an internal refer-
ence, which has 2n = 60 chromosomes.

Measurements of the genome size of D. alata yam were
made by comparison with a control “Lisbon” lemon,
whose absolute genome size had been previously measured
at 0.786 pg/2C (Ollitrault and Jacquemond 1994). Calcu-
lations were made according to the formula:

Q =R x (E/S)

where Q = yam clone ‘7602’ DNA content (pg/20),
R = control 2C DNA content (0.786 pg), E = yam Gy_;
peak mean, S = control Gy_; peak mean.

Results
Flow cytometry and chromosome counts

Mitotic chromosome counts indicated that clones 639a and
613a had 40 chromosomes (39 = 1 and 38 & 1.5), the
clone 760a had 60 chromosomes (59 =+ 1.5) and the clone
754a had 80 chromosomes (79 £ 1.5). Figure 1 presents a
cell at metaphasic stage of the clone “760a’ used as an
internal reference. Chromosome counting in yam is diffi-
cult because of the small size of chromosomes, their
tendency to stick together and their satellites that are
sometimes as large as the chromosomes themselves (Essad
1984; Gamiette et al. 1999; Bousalem et al. 2006).

The use of flow cytometry made it possible to classify
D. alata accessions into three clusters that correspond to
the following 2C DNA amounts: 0.93 £ 0.08 pg, 1.43 pg,
1.98 £ 0.05 pg. Results revealed that 84 genotypes had
2n = 40 chromosomes (cluster I), eight clones had the
same chromosome number as the internal reference
(2n = 60, cluster II) and 18 clones had 2n = 80 chromo-
somes (cluster III). Figure 2 shows the histograms obtained
for one clone having 2n = 40 chromosomes and one clone
having 2n = 80 chromosomes, using the clone 760a
(2n = 60) as an internal reference.
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Fig. 1 Mitotic chromosome counts from root tip preparations of the
760a D. alata accession (2n = 60). The chromosome have been
coloured with DAPI (Color figure online)

S40

580

Fig. 2 Flow cytometry histograms of a clone with 40 chromosomes
(S40) and a clone with 80 chromosomes (S80). S40 and S80 indicate
the Gy_; peak corresponding to the samples and /760, the G,_; peak
corresponding to internal reference having 60 chromosomes

Microsatellite marker inheritance
Population screening for contaminated genotypes
We first checked if some individuals could have a different

male parent that expected or could result from partheno-
carpy. Five contamined genotypes that did not have the
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alleles of the expected male parent were identified in the
24M x 27F cross, two in the 17M x St. Vincent cross,
three in the 31M x 27F cross and five in the Pyramide X
27F cross. Finally, the four segregating populations totaled
60, 23, 17 and 10 individuals, respectively. To exemplify
the computation of the Bayes factor, we first illustrated
(Table 2), the results for the Da2F10 loci on the
24M x 27F population. The male has two alleles, 114 and
116 bp (phenotype ab), and the female 27F has two alleles,
116 and 132 bp (phenotype bc).

Tetraploid inheritance likelihoods

Since the two parents have only two alleles, it would mean
that one of the alleles is in triple dosage or that the two
alleles are in equal dosages. Under polysomic inheritance
4x, three allelic configurations are possible for each
parental genotype (abbb, aaab, aabb and bccc, bbbc, bbec),
yielding nine segregation hypotheses. Under disomic
inheritance 2x, seven allelic configurations are possible for
the male parent (aa/bb, bb/aa, ab/ab, aa/ab, ab/aa, ab/bb and
bb/ab) and seven for the female parent (bb/cc, cc/bb, be/be,
bb/bc, be/bb, bc/ce and cc/be), yielding 48 different
scenarios.

Likelihoods of the tetraploid hypotheses varied from
107> to 10™"*° (Table 2).

Diploidy versus tetraploidy

Comparing the likelihoods of the tetraploid segregations
(1072% to 107"?°) and the diploid pattern (10~°), diploidy
appeared to be the most likely hypothesis for Da2F10
locus. The Bayes factors testing diploidy versus tetraploidy
clearly indicate that diploid segregation is much more
likely than tetraploid segregation. Under the homoplasy
hypothesis (two independently segregating loci may pres-
ent alleles of the same sizes), diploidy is 6 x 10'® times
more likely than tetraploidy. Under the most restrictive
conditions (non-shared allelic size), the Bayes factor value
was higher (BF = 5 x 10'®). This locus showed a signif-
icant deviation from the expected Mendelian segregation
ratio, which is common in plants and can arise either from
differences in gametophytic or sporophytic viability or
from differences in seed viability (Zamir and Tadmor
1986; Lyttle 1991; Taylor and Ingvarsson 2003).

The Bayes factors under the other loci and the four
segregating populations are given in Table 3. The six
microsatellites do not reveal polymorphism for all of the
progeny studied, and the microsatellites shown are those
that are polymorphous for each of the progenies. Results
showed that the diploid inheritance appeared much more
likely (FB > 2 x 10?) than the tetraploid inheritance for
three loci in the population 17M x St. Vincent (Da2F10,
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Table 2 Distribution of expected and observed genotypes in the progeny 24M x 27F at the Da2F10 locus under disomic and tetrasomic
inheritance

Parental genotype Progeny genotype Likelihood (log)
P =0.01

a b bc ac ab abc

Observed genotypes

6 17 13 24
Distribution of expected progeny under disomic inheritance (2x, 1/4)
ab x bc 1 1 1 1 -6
Distribution of expected progeny under tetrasomic inheritance (4x, 1/36)
abbb x bcce 18 18 =77
aabb x bccc 6 3 27 —24
aaab x bccc 9 27 —-90
abbb x bbcc 3 15 3 15 —-34
aabb x bbcc 1 5 1 5 24 —34
aaab x bbcc 3 6 27 -53
abbb x bbbc 9 9 9 9 —24
aabb x bbbc 3 3 15 15 -39
aaab x bbbc 18 18 —63
Distribution of expected progeny under disomic inheritance (4x, 1/16)
aa/bb x cc/bb* 16 —120
bb/aa x bb/cc* 16 —120
aa/bb x bb/cc 16 —120
aa/bb x bc/bc 4 12 -70
bb/aa x bc/be 4 12 -70
bb/aa x cc/bb 16 —120
ab/ab x bb/cc 4 12 —82
ab/ab x bc/be 1 3 1 3 8 22
ab/ab x cc/bb 4 12 —82
ab/bb x bc/cc 8 8 —77
ab/bb x cc/bc 8 8 =77
bb/ab x bc/cc 8 8 =77
bb/ab x cc/bc 8 8 =77
ab/bb x bb/cc 8 8 =77
ab/bb x cc/bb 8 8 =77
ab/bb x bc/be 2 6 2 6 -30
bb/ab x bb/cc 8 8 =77
bb/ab x cc/bb 8 8 =77
bb/ab x bc/be 2 6 2 6 -30
ab/bb x bb/bc 4 4 4 4 —24
ab/bb x bc/bb 4 4 4 4 —24
bb/ab x bb/bc 4 4 4 4 —24
bb/ab x bc/bb 4 4 4 4 —24
aa/bb x bc/cc 16 —120
aa/bb x cc/bc 16 —120
bb/aa x bc/ce 16 —120
bb/aa x cc/be 16 —120
ab/ab x bc/cc 4 10 —-57
ab/ab x cc/bc 4 10 —-57
aa/bb x bb/bc 8 8 —63
aa/bb x bc/bb 8 8 —63

@ Springer



1246

Theor Appl Genet (2009) 118:1239-1249

Table 2 continued

Parental genotype

Progeny genotype

Likelihood (log)

a b bc ac ab abc P=001
bb/aa x bb/bc 8 8 —63
bb/aa x bc/bb 8 8 —63
ab/ab x bb/bc 2 2 6 6 —38
ab/ab x bc/bb 2 2 6 6 —38
aa/ab x bc/cc 4 12 -90
aa/ab x cc/be 4 12 -90
ab/aa x bc/ce 4 12 -90
ab/aa x cc/be 4 12 -90
aa/ab x bb/cc 16 —120
aa/ab x cc/bb 16 —120
aa/ab x bc/be 2 4 10 —47
ab/aa x bb/cc 16 —120
ab/aa x cc/bb 16 —120
ab/aa x bc/be 2 4 10 —47
aa/ab x bb/bc 8 8 —63
aa/ab x bc/bb 8 8 —63
ab/aa x bb/bc 8 8 —63
ab/aa x bc/bb 8 8 —63
Bayes factor hypothesis A: analysis integrating all the possibilities 6e + 16
Bayes factor hypothesis B: analysis excluding the possibilities to have the same allele in two different locus (the considered 5e + 18

alleles are marked by an asterisk)

Logarithms of likelihood for all the possible segregation patterns are given and the Bayes factor is computed as indicated in the text. For
convenience, log likelihood are given

Table 3 Bayes factors testing
the likelihood of a 2x versus a
4x inheritance pattern in four
segregating populations of
Dioscorea alata on six
microsatellites locus (see text)

Bold values indicate that 2x is
more likely than 4x, in light
otherwise

A analysis integrating all the
possibilities, B analysis
excluding the possibilities to
have the same allele in two
different locus
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Population Locus Parental Total number of  Bayes factors
phenotypes  different allele B
Hypothesis
A B

24M x 27F (N = 60) Da2F10 ab x bc 3 6 x 10" 5 x 10'®
Dab2EO7  ab x b 2 1 1
DalF08 a x ab 2 1 1

17M x St. Vincent (N = 23)  Da2F10 bd x ac 4 7 x10% 3 x 10*
Da3G04  ab x bc 3 4x10° 4 x10"°
Dab2D11  ab x b 2 3x 102 3 x10*
Dab2D08  a x ab 2 1 1
DalF08 a x ab 2 0.1 1

31IM x 27F (N = 17) Da2F10 bc x ab 3 4 x10> 2 x10*
Dab2EO7  ab x b 2 1 1
DalF08 a x ab 2 4 4

Pyramide x 27F (N = 10) Da2F10 bc x ab 3 6 x 10> 6 x 10*
Dab2D11  ab x ac 3 1x10° 2 x10°
Dab2E07  ab x b 2 4 20
DalF08 a x ab 2 1 1
Da3G04 ab x b 2 0.4 2
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FB =7 x 10"; Da3GO4, FB =4 x 10”; Dab2DI1,
FB = 3 x 10%), two loci in the population Pyramide x
27F (Da2F10, FB = 6 x 10% Dab2Dl11, FB = 1 x 10%)
and one locus (Da2F10) in the populations 24M x 27F
(BF = 6 x 10'®) and 31M x 27F (FB = 4 x 10%). Under
the most restrictive conditions (non-shared allelic size), the
Bayes factors were significantly higher for all the loci
except for one (population Pyramide x 27F, locus
Da2F10). For the other loci, no statistical difference clearly
appeared between the likelihood of different scenarios.

Significant effects of population size and the number of
segregating alleles were observed. The Bayes factor values
for the loci Da2F10 were significantly lower in the small
populations, Pyramide x 27F (N = 10, FB = 6 x 10%)
and 31M x 27F (N = 17, FB = 4 x 10%), than for the
large population, 24M x 27F (N = 60, FB = 6 x 1016),
but they could differentiate between the diploid and tetra-
ploid distributions. The most discriminating loci are these
with more than two segregating alleles (three and four
alleles). This suggests that diploid inheritance could be
confused with tetraploid inheritance when the number of
segregating alleles in the population is too low.

We carried out analyses to see if the three microsatellite
loci (Da2F10, Da3G04 and Dab2D11) that gave the most
robust results (FB > 2 x 10%) were independent. These
microsatellites were found to be independent for all LOD
scores tested (4, 3 and 2).

Discussion

The results in the present study provide genetic evidence
supporting a diploid segregation of D. alata accessions
with 2n = 40 chromosomes, based on segregation patterns
of microsatellite markers in four different crosses. The
Bayesian approach made it possible for us to compare a
high number of segregation hypotheses corresponding to
the three possible segregation models (diploidy, autotetra-
ploidy or allotetraploidy). The possibility of differentiating
between the diploid and tetraploid segregations clearly
depended on the number of alleles segregating in the
populations. Under the tetraploid model, the number of
genotypic classes is higher than under diploidy, and the
observed genotypes have more of a chance to fit into one of
the expected classes when the number of segregating
alleles is low. For loci with two segregating alleles (ab), the
diploid inheritance appeared slightly more likely than the
tetraploid scenarios, or no statistical differences were
observed. On the other hand, the segregation pattern of loci
with three (abc) and four (abcd) alleles clearly indicated
that diploid segregation is much more likely than tetraploid
segregation. In such cases, we should observe some indi-
viduals with all the observed alleles (abc/abcd) in the

progenies. However, this pattern has never been observed
in any of the segregating populations for any locus under
study, making tetrasomy very unlikely. These results sup-
port the hypothesis that D. alata accessions with 2n = 40
chromosomes would be diploid and not tetraploid as usu-
ally assumed.

Only one other complex hypothesis could explain why
the observed segregations could reflect tetraploidy. This is
the allotetraploid model with two null alleles in one
genome. However, this sounds very unlikely with the
results obtained for the loci Da2F10, as it would mean that
all six parental varieties have two null alleles. Another
explanation would be that the diploid pattern is associated
with the non-detection of microsatellite polymorphism in
one of the two genomes. This also seems unlikely in view
of the results obtained in our microsatellite marker
screening. Forty different SSRs were tested that have been
developed from five different yam species: D. alata, D.
abyssinica, D. praehensilis, D. japonica and D. trifida. We
observed that plants with 2n = 40, 60 and 80 chromo-
somes had no more than two, three and four alleles per
locus, respectively, for all 40 loci analyzed (data not
shown), corresponding to patterns of diploid, triploid and
tetraploid plants, respectively. Moreover, we tested two
SSR primers derived from D. trifida species belonging to
the botanical section Macrogynodium from which D. alata
(Enantiophyllum section) is very distant. Their capacity to
amplify on this distant species makes it unlikely that they
were not able to amplify D. alata’s putative homologous
genomes.

There have been conflicting results on the ploidy levels
of D. alata reported in both older and more recent studies.
Five levels of ploidy (2n = 20, 30, 40, 50 and 70) were
described by Sharma and De (1956) and Sharma
and Sharma (1957). Sundara Raghavan (1958) and
Ramachandran (1968) indicated the existence of clones
with 2n = 40, 60 and 80 chromosomes. Hamon et al.
(1992) indicated the existence of six ploidy levels, 3x, 3.5x,
4.5x, 6x, 7x and 8.5x, by flow cytometry analysis. The most
reliable studies are those of Abraham and Nair (1991),
Gamiette et al. (1999) and Malapa et al. (2005) who
observed clones with 2n = 40, 60 and 80 chromosomes
and concluded that three ploidy levels, 2n = 4x, 6x and 8x,
existed on the basis of a basic number x = 10. Our results
are in agreement with those of the latter three authors, but
since the tetraploidy of clones with 2n = 40 chromosomes
is very unlikely and diploidy suggested, we propose that
the ploidy levels are actually 2x, 3x and 4x, and that the
basic number is x = 20. Our finding on the basic chro-
mosome number of x = 20 for D. alata is in agreement
with the recent results obtained for D. rotundata, which is
in the same botanical section Enantiophyllum as D. alata
(Scarcelli et al. 2005) and also for D. trifida that belongs to
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the more distant Macrogynodium section (Bousalem et al.
2006). More research is needed to re-examine the basic
chromosome numbers of other species of Dioscoreaceae.

The 2n = 60 plants are now considered as triploids
(previously considered as hexaploids). The males are found
to be sterile with irregular meiosis (Abraham 1998) and the
females on pollination with fertile pollen do not set viable
seeds (Abraham and Nair 1991).

Our results show that diploid D. alata clones exist,
whereas this had not been previously proven (Essad 1984;
Gamiette et al. 1999; Mignouna et al. 2002). The origin of
D. alata is subject to debate. One of the hypotheses is that
D. alata is an interspecific hybrid between the wild species
D. persimilis and D. hamiltonii (Prain and Burkill 1939;
Degras 1993; Mignouna et al. 2002). The fact that the
clones with 2n = 40 chromosomes are diploids and not
allotetraploids as previously supposed (Abraham and Nair
1991; Gamiette et al. 1999; Mignouna et al. 2002), inval-
idates this assumption.

Conclusion and future prospects

In conclusion, our results in the present study indicate that
D. alata accessions with 2n = 40, 60 and 80 chromosomes
are diploid, triploid and tetraploid (2n = 2x, 3x, 4x),
respectively and not tetraploid, hexaploid and octoploid
(2n = 4x, 6x, 8x) as usually assumed. This knowledge is
essential for improvement programs and will make it
possible to optimise breeding methods to obtain improved
varieties. We now need to determine the type of segrega-
tion of 2n = 80 tetraploid clones. Studies based on the
observation of meioses and the characterisation of allele
segregation is in progress and will allow us to determine
whether they are auto or allotetraploids.
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