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4.1 Introduction
After the cereal grains, majority of the world's population depends on root and tuber crops, which include
stems, rhizomes, corms, bulbs, tubers, and other types
of organs as well as true roots. Among these, yams - a
multi species crop - are considered as one of the most

important staple food crops of sub-Saharan Africa that
provide valuable source of dietary carbohydrate and
income. They are mainly grown in tropical and subtropical Africa, Central and South America, parts of
Asia, and the Caribbean and South Pacific Islands
(Coursey 1967; Adelusi and Lawanson 1987). Yams
are monocotyledonous classified under the genus
Dioscorea, family Dioscoreaceae. and order Dioscoreales. More than 600 species have been reported in the
genus Dioscorea (Coursey 1969), which has been
reestimated to comprise about 250-400 species
distributed throughout the tropics and subtropics
wildly as climbing vines (Caddick et al.
o!!rOwino
0
2002). Less than 50 species have been domesticated
for food and industrial use (Hahn 1995), of which only
ten are important as staples in the tropics (Coursey
1969; Hahn 1995), while many of the wild species are
also a reliable source of food during food scarcity.
They have been the main food source for the Mbuti
pygmies of eastern Zaire (present Democratic Republic
of Congo) (Milton 1985; Hart and Hart 1986), the
Batek of Peninsular Malaysia (Endicott and Bellwood
1991), the Baka pygmies in the forests of southern
Cameroon (Dounias 2001; Sato 2001), and people at
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Kuk Swamp of Papua New Guinea (Fullagar et al.
2006). The economically important species worldwide
are Dioscorea rotundata (white guinea yam), D. cayenensis (yellow guinea yam), D. dumetorum (trifoliate
or bitter yam), D. alata (yellow yam), D. esculenta
(Chinese yam), D. trifida (cush-cush yam), and D.
bulbifera (water or greater yam). Several wild species
are also used as a source of food particularly during
famines due to failure of staple food crops (Hahn
1995). About 30 species are grown on a minor scale
for steroidal compounds such as sapogenin, dioscorin,

and diosgenin for the pharmaceutical industry (Martin
and Degras 1978; Orkwor 1998; Hahn 1995).

4.1.1 Origin and Distribution
The genus Dioscorea is considered to be among the

most primitive of the Angiosperms and differentiated
as Old and New world species (Coursey 1967; Hladik
and Dounias 1993). The occurrence of Dioscorea spp.
in southern Asia, Africa, and South America long pre-

dates human history, and domestication of the different species in these areas appears to have been by
aboriginal man. The formation of the Atlantic ocean
at the end of Cretaceous era seems to have separated

the Old and New world species of yams (Coursey
1967). The desiccation of the Middle East during the
Miocene period probably separated the African and
Asian species (Coursey 1967). Yams are also believed
to have originated in the tropical areas of three separate continents: Africa (mainly West Africa for
D. rotundata, D. cayenensis and D. dumetorum),
Southeast Asia (for D. alata and D. esc,denta), and
South America (for D. Irifida). The Asiatic yam,
D. alala, might have originated in tropical Burma

C. Kole-(ed.), Wild Crop Relatives: Genomic and Breeding Resou~ces.lndElstrial Crops,

DOl 10.1007/978·3·642-21102·73. © Springer-Verlag Berlin HeIdelberg 2011

71

R. Bhattacharjee et al.

72

and Thailand and D. Irijida, the South American yam, is
believed to date back to pre-Columbian Lim es (Ayensu
and Coursey 1972). Although D. a/ala reached the east

coast of Africa at about 1500 BC from Malaysia, there is
no evidence that it played any significant ro le in the
evolution of cultivated African yams.
In West Africa, domestication of yam started as

early as 50000

BC,

during the Paleolithic era (Davies

1967). However, archeologists believe that actual cultivation of yam started about 3000 Be, about the same

time when it started in Southeast Asia (Coursey 1967;
Davies 1967; Alexander and Coursey 1969). The earliest domesticated yams in West and Central Africa
are D . rotulldara, D . cayenensis, and D. dumetorum.
while in Southeast Asia, it was D. alala that was first
cultivated. D. a/ora moved to India and Pacific Ocean

more than 2,000 years ago (Coursey and Martin 1970).
It is believed that the re has been an east-to-west

movement of yam species, wherein D. alata and
D. esculenra moved westward to Africa and America,
and the African species, D. rotundata and D. cayenensis
moved westward to the Americas. The West African

yam belt (Fig. 4.1) comprising Nigeria, Republic of

their organoleptic properties of the tubers but D. alata
has the widest geographical distribution among the

food yams (Martin 1976).
Currently yams are cultivated in about 50 tropical
countries on 4.6 million ha wor ldwide with an annual

production of about 52 million tons (FAG 2007).
However, not aU the countries (such as China) are
reco rded under Food and Agriculture Organization

(FAG) statistics. More than 96% of world supply of
fresh yam tubers comes from Africa, while four
countries in West Africa namely Nigeria (72%), Cote

d ' Ivoire (9.5%), Ghana (6.6%), and the Republic of
Benin (4.3%) account for about 92% of this output
with 48.5 million tons of fre sh tuber production per
year (FAG 2007; Table 4.1). Most of the production in
these regions comes from D. rotlllldala with the exception of Cote d'Ivoire, where D. alata accounts for 70%
of yam production (Doumbia 1998), although 75% of
domestic yam trade involves D. rOllllldala (Toure et al.
2003). World production of yams is reported to have
tripled between the periods 1961- 1963 and
1994-1996 (Lev and Shriver 1998). This has been

the largest yam biodiversity. About 90% of world yam
is cultivated in this belt with D. rOlulldala and
D. cayenensis accounting for most of the production.

attributed principally to increases in area of cultivation
although yield increases were also recorded. In West
Africa in general, and in Nigeria in particular, the
increase in area planted with yams corresponds to an
expansion of yam cultivation from the humid forest
to more favorable conditions in the moist savanna

They are mostly preferred in West Africa owing to

(Manyong et al. 1996).

Benin, Togo, Ghana, Cameroon, and Cote d'Ivoire is
believed to have the oldest yam culture and constitute

Mauritania

Tchod

-2
Fig.4.1 The Wesl African
Yam belt. Source: http ://www.
cirad.org
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Table 4.1

Area , production , and productivity of yam
Area (m hal
Regions/Countries
World
Africa
East Africa
Nonh Africa
Midd le Africa
West Africa
Benin
Burkina Faso
Cote d'Jvoire
Ghana
Guinea
Liberia
Mali
Mauritania
Nigeria
Togo
Asia
East Asia
Southeast Asia
America
CentraJ America
Caribbean
South America

4.6
4.4
0.04
0.06
0. 1
4.2
0.2
0.003
0.5
0.3
0.004
0.002
0.003
0.0004
3. 1
0.06
0.02
0.01
0.01
0.2
0.06

om
om

Fresh tuber production (m ton s)
51.5
50.1
0.25
0.14
1. 1
48.5
2.2
0.02
4.9
3.4
0.04
0.02
0.07
0.003
37.2
0.6

Average yie ld (l/ha)
11.2

11.4
7.0
2.3

6.8
11.5
11.4
6.7
9.8
11.9
10.9

0.2

8.3
22.6
6.3
12. 1
10.0
15.0

0. 17

21.6

0.03

5. 1
8.0
6.0
6.3
10.2

1.2

om
0.5
0.6

Source: http://www. faostat.org

4.1 .2 Importance of Yams
Species in the genus Dioscorea is extremely widespread in most of the tropical and SUbtropical regions.
They are principally grown for food and have organoleptic qualities Ihat make them the preferred carbohydrate food where they are grown. However, their
storage organs (u nderground and/or aerial tubers) are
also sources of proteins, fats, and vi tamins for mi ll ions
of people in West Afri ca. ]n co untries where yams are
generally cullivated, wi ld yams are used as food in
times of shortage or famine (Co ursey 1967; Fig. 4.2).
The wild forms of D . dumerorum along with other
species such as, Dioscorea praehensilis, D. lati/o/ia ,
D. preltssii, and D. smi/acl/olia are used as food in
emergency throughout West Africa (Dalziel 1937;
Labouret 1937; Irvine 1952). Sim ilarly. in East and
Central Africa, a number of wild species including
D. sansibarensis, D. prellsii, D. cochlear;-apiculata,
D. schimperiona, and D. minwijlora are used as famine food (Burkill 1939; Walker 1952). In African
tropi cal rain forests. D. praeheIJsilis. D. mangel1olioJla,

Dioseorea bllrkilliona, and D. semperjlorens are used
as food (Saw 200 1). The Asiatic species, D. hispida,
wh ich is closely related to D. dumelOrum, is also used
as food when there is shortage in parts of india and
China (B urkill 1939). Certain wild species, such as, D.
sylvatiea Ecklon, are sold in the markets in Zim babwe
for treating skin di seases and ch itsinga (physical disorder characteri zed by pain and swelling of the joints)
(Gelfand et al. 1985). These wild species, although
consumed only under famine conditions, also makes
enonnous contributi on to hum an welfare. Apart from
food , Dioscorea species are also used in phannaceutical ind ustries as so urces of bio logically active compounds or their precursors. Important but neglected
species such as D. vil/osa , D. praehensilis, and D.
togoenensis are known to ha ve medicinal properties.
D. vil/osa, for instance, is believed to benefit the liver
and endocrine system. It regulates the female reproductive system. panicularly during menstrual distress
and menopause, and is also used in treating infertility.
It is an effecti ve treatment for morning sickness when
used with chaste berry and dandelion. It is also famed
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Fig. 4.2 Wild Diol'corea plants and tube rs, most ly used as food. Photos by BJ Purk and H Ki kuno

fo r its ste ro id -like sapo nin s, whi ch can be c hemica ll y

conve rted to progeste ron e contrace pti ves and conisane. Si milarl y. D. pra ehel1silis, variously referred to
as Bush Yam o r fo rest yam , has bille r lube r, whi ch can
onl y be eat en after careful preparation . Its young
shoots are eaten in Bas Co ngo (DR Congo). In
Ga bo n, the tu be r is o nly eaLen when young and afte r
long cooking. all a im ed at de toxi fy in g it. ]n northe rn
Nige ri a, it is eate n as fam ine food.
Mada gascar is very un ique in both numbers o f

species that ex ists and their uniqueness in form s.
They are unique in three ways ( I) in thei r degree of
endemism (most belong to an endemic clade, which
represe nt s o ne o f the main lin eages withi n Dioscorea);
(2) a lmost a ll spec ies ha ve edibl e tubers; and (3) they
are ex tracted from fo rest as wi ld plants. Stud ies have
shown thm th ere ex ists abo ut 40 spec ies o f Dioscorea
in th is reg io n, with 32 o f them endem ic to thi s
reg ion (Wilkin et a l. 2007 ). Some o f these spec ies
are D. a/aripes . D. arcllatil/ ervis. D. bemarivensis.
D. hexaRol1a, D. karoral/o, D. mociho. D. lIomorokellsis,
D. OV;110 /0. D. protei/ormis. and D. ambrel1sis (documented and conserved at Royal Botanic Garde ns, Kew,
UK). Th ese species are very imponant to Ma lagasy

peopl e, es pec ia ll y on a loca l sca le, as food provide rs
o r as m edi c ines d eri ved from the fo res ts or rrom sma ll sca le c ulti va ti o n. The tubers are used as a sta rc h source
and can be ea ten ra w (D. soso, D .fal1dra) , o the rs are
simp ly bo il ed or baked (D . Ilako), whil e so me need
ex te ns ive prepara tio n (D. allla/y). T raditi o na l med ic ina l uses are a reat ure of Dioscorea , s ince the ge nus
is rich in steroida l saponins. The most freque ntl y
e ncountered medi cina l use o f yam s in Madagasca r is
the treatme nt o r bums. ulcers, and o the r s kin comp lain ts wi th the bulb il s o f D . bulbi/era.
Despit e thei r econom ic and soc ia -c ultu ra l imparLan ce, th ere is limited know ledge about th e o ri g in,
ph y loge ny, di ve rs ity, and ge neti cs o f these w il d
ya ms due to research neg lec t and severa l bio log ica l
cons traint s (Mi g nouna et al. 2007). These wi ld spec ies
may se rve as an impo rta nt so urce o f ge neti c variati o n
in yam breedin g wo rk espec ia ll y for res istan ce to pests
and di seases. Further geneti c imp rove me nt to reduce
the bitter co nstitue nts in so me o f th e spec ies may
rende r the m more pa latable a nd pop ul ar. 11 is the re rore
impe rati ve to clarify the cytogenetic stat us, e.g., chromoso me numbe r of wild yam s to e nhan ce the ir usage
in fut ure breeding work .
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4.1.3 Domestication of Yams
in West Africa
The domestication of wild yams is a common practice
mainly in West Africa that offers an insight into how
farmers tap wild genetic resources to create products
suitable for agriculture. However. until recently. breeders or a!!ronomists
have not focused enough attention
o
to understand such an organized process of generating
on-farm biodiversity through introduction of relatively
new material that could be exploited through participatory plant breeding (involving farmers and breeders
together). It is believed that farmers collect the tubers
of wild yams (or natural interspecific hybrids) from
forest areas during hunting and brought under cultivation with intense vegetative multiplication and selection procedure (at different periods of time making it a
lengthy procedure) that induced changes in plant characteristics (both morphological and biochemical
changes). mainly in tuber characteristics, maldng it a
completely different variety (Mignouna and Dansi
2003). However. only limited research has been done
to understand this process of domestication followed
by these farmers to generate agricultural biodiversity.
In West Africa, yam is basically subjected to monocropping followed by societies that practice something
called "civilization of the yam" (Miege 1952). These
societies are highly organized and well structured with
their food needs mainly covered through production
from D. rotllndata. Burkill (1939) was convinced that
D. rotllndata resulted from the process of domestication that African farmers practiced to bring wild fonns
into agriculture. This hypothesis was not clear until
recently when numerous studies using powerful tools
(such as enzymatic and molecular markers; flow cytometry) were carried out to understand the relationship
between D. rotundata and wild yams. In addition,
social surveys carried out in Benin (Dumont and Vernier 1997) and Nigeria (Vernier et al. 2003) showed
similar practices of domestication by farmers in these
regions. Hildebrand (2003) also reported a similar
kind of domestication process in southwestern
Ethiopia where several wild yams have been brought
under cultivation. In addition, Baco et al. (2007)
hypothesized that high level of diversity of yarn varieties exist in West Africa and this is more related
to farmers' ethnic group. This practice differs from
one ethnic group to another within a given area, but
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remains constant for a given ethnic group independent
of its geographical location.
In the yam belt of West Africa, the situation is more
confusing with the occurrence of a species complex.
D. rotundata Poir. and D. cayenensis Lam., also
known as Guinea yams. These two species are phenotypically distinguishable with D. rotundata (white
yam) having white-fleshed tubers and 6-8 months
growth period, and D. cayenensis (yellow yarn) with
yellow-fleshed tubers and 8-12 months growth period.
However, the descriptions of both Lamarck (1792) and
Poiret (1813) seem inadequate to separate these two
species clearly (Miege and Lyonga 1982). In 1936,
Chevalier created a new subsection. Cayenenses,
under the section Enantiophyllum to include Guinea
yams and all their wild relatives. However, the studies
based on morphological characters are not conclusive
enough to distinguish these two species clearly and the
debate continues. Miege regarded D. rotundata as a
subspecies of D. cayenensis in his book Flora o/West
Tropical Africa (1968 edition). Hamon (1987) pooled
all West African cultivated yams that are not bulbiferous under this species complex. D. rotundata and
D. cayenensis were domesticated from plants belonging
to wild Dioscoraceae of the Enantiophyllum section
(Burkill 1939; Miege 1952; Hamon 1987; Terauchi
et aI. 1992).
D. cayenensis is found in West and Central Africa.
In West Africa, it coexists with D. rotundata but not
widely cultivated, while it is grown along with
D. a/ata in most of the forest areas in central Africa
where D. rotundata is rather limited. Based on morphoogica characteristics, Miege (1982) proposed
Dioscorea abyssinica Hochest ex. Knuth, D. lecardii
De Wild., D. liebrechtsiana De Wild., D. praehensilis
Benth. and D. sagittifo/ia Pax. as the possible wild
progenitors of Guinea yams. Other wild yams that are
morphologically related to Guinea yams are D. burkilliana J. Miege, D. mangenotiana J. Miege, D. minutiflora Engl., D. smilacifolia De Wild. and
D. togoensis Knuth (Chevalier 1936; Miege 1982).
Of all these species, D. bllrkilliana, D. liebrechtsiana,
D. minutijlora, D. mangenotiana, D. smilacifolia, and
D. praehensilis are found in rain forests, while the rest
are found in the Savannas. Within each ecological
zone, these wild species are distributed widely without
any geographical isolation. Studies were further conducted using molecular markers to find a solution to
this controversy. Dansi et al. (2000a) reported that
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isozymes (leaf proteins) could differentiate the accessions of the two species, supporting the idea that
D. rotundata and D. cayenensis are two distinct species. Studies conducted using chloroplast DNA
showed that D. rotundata and D. cayenensis bear the
same chloroplast genome, type A (which should make
them the same species), as three other wild species
D. praehensilis, D. liebrechtsiana, and D. abyssinica
(Terauchi et al. 1992; Ramser et al. 1997; ChaIr et al.
2005). Based on nuclear ribosomal DNA, Terauchi
et al. (1992) suggested that D. cayenensis is an interspecific hybrid with male parent being either D. burkilliana, D. minutijlora, or D. smilacifolia and the
female parent being either D. rotundata, D. abyssinica, D. liebrechtsiana, or D. praehensilis. Mignouna
et al. (2004) used the PCR-based marker, random
amplified length polymorphism (RAPD), to establish
the relationship between wild and cultivated yams, and
showed that the accessions of D. rotundata could be
clearly separated from the accessions of D. cayenensis.
The accessions of D. rotundata showed a higher degree
of polymorphism and were more closely related to
D. praehensilis and D. Iiebrechtsiana.
Several researchers have suggested the phylogenetic proximity of D. cayenensis to D. burkilliana
(Akoroda and Chbeda 1983; Onyilagha and Lowe
1985; Mignouna et al. 1998; Dansi et al. 2000b).
There are several morphological characteristics that
support this suggestion. Hamon (1987) reported that
the tubers of both the species appear very similar when
grown in Cote d'Ivoire. In Cameroon too, D. cayenensis
tubers have been reported to appear similar to those
of D. burkilliana (Dumont et al. 1994). However,
various arguments have been put forward regarding
the morphological variability in tuber characteristics
of D. cayenensis observed throughout West and Central Africa, suggesting that D. cayenensis probably has
multiple origins or may have originated from two
probable ancestors, D. burkilliana or D. minutijlora.
In other studies, D. minutijlora has been considered as
a form of D. burkilliana (Mignouna and Dansi 2003;
ChaIr et al. 2005), indicating that the species is highly
polymorphic. Hamon (1987) described the existence
of two genetic forms of D. minutiflora using isozymes.
The debate continues and the polyploid nature of
D. cayenensis makes it more difficult to make a
clear conclusion about the kinship of this species
with D. burkilliana and D. rotundata, indicating the
need for further investigation.
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4.1.4 Germplasm Collection and
Conservation
Yam bas great economic and social significance in
sub-Saharan Africa representing greatest genetic
diversity of this crop in this region. The diversity
under cultivation is further enhanced by the ongoing
domestication of wild yam in various countries
(Mignouna and Dansi 2003; Scarcelli et al. 2006).
Although many authors suggested that most of the
pre-domesticated yams are wild because they were
collected from non-cultivated areas (Hamon et al.
1992; Dumont and Vernier 2000; Mignouna and
Dansi 2003; Tostain et al. 2003), it has recently been
concluded that a constant gene flow occurs between
the cultivated species complex (D. cayenensisD. rotundata) and its wild related species making it
difficult to clearly identify the varieties as either wild
or cultivated.
Wild yams are sexually propagated while cultivated yams are vegetatively propagated; however,
farmers cany out intense vegetative propagation of
the plants collected from forest areas (which could
be wild or interspecific hybrids) for long periods of
time, contributing to the domestication of species.
Furthermore, yam domestication has been a factor
for the degradation of forests and fertile lands, and
also contributing to the loss of landraces. Therefore, it
is of paramount importance to invest in yam conservation for food security and preservation of genetic
diversity in the tropical and subtropical areas.
There are two approaches for plant genetic
resources conservation. namely, (1) in situ conservation that involves maintaining plants in the area where
they developed their distinctive properties, i.e., in the
wild or in farmer's field. This is certainly the optimal
option as it allows germplasm to evolve with its natural environment. (2) Ex situ conservation that involves
conservation of full plants or propagules out of their
natural environment and includes seedbank, field
bank, arboretum, botanical gardens, etc. The International Institute of Tropical Agriculture (IITA), lbadan,
Nigeria, maintains the largest world collection of
yams, accounting for over 3,087 accessions of West
African origin. Eight species are represented in the
collection comprising accessions of D. rotundata~
D. alata, D. dumetorum, D. cayenensis, D. bulbifera,
D. mangenotiana, D. esculenta. and D. preusii. Two
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species. D. rotundala and D. alala account for 67%
and 25% of the total collection, respectively. These
accessions are held in trust at Food and Agricultural
Organization (FAO) and are distributed without
restriction for use in research for food and agriculture.
Other collections have been reported in Africa (Burkina Faso, Cameroun, South Africa and Uganda);
West Indies (Barbados, Cuba, Guadeloupe, Jamaica,
Saint Dominique, Trinidad-Tobago); America (Brazil,
Colombia, Costa rica, Guatemala, Mexico, Panama,
USA); Pacific (Cook Islands, Fiji, Niue Island, New
Caledonia, Papua New Guinea, Solomon Islands,
Tonga, Vanuatu, western Samoa); and Asia (Bangladesh, India, Indonesia, Japan, Nepal, Malaysia, Philippines, Sri Lanka, Thailand, Vietnam) (Malaurie 1998;
Lebot 2009). In addition, the Global Crop Diversity
Trust (http://www.croptrust.org) is presently supporting
the regeneration of several national collections in West
Africa such as in Benin, Togo, Ghana, and Cote d'lvoire.
The easiest and cheapest ex situ conservation strategy involves collection of gennplasm accessions in
the form of seeds to produce orthodox seeds. Several
yam species have been reported to produce such seeds
(Daniel 1997). However, the varieties with the most
desirable traits quite often do not Hower (Lebot 2009)
and hence do not produce seeds. Because of this.
traditional yam conservation is achieved via the establishment of field banks. At lITA, a field gene bank has
been established wherein yam germplasm is vegetatively propagated by planting sells from underground
or aerial tubers. Plants are grown in the field for about
6-9 months. depending on the species or genotype.
Mature tubers are then dug up or aerial tubers are
plucked and stored in a traditional yam bam under
ambient temperature or at 15°C for 4--5 months. However, there is a high risk of genetic erosion in the field
and in storage due to occurrence of diseases and attack
of pests, adverse climatic conditions and also likeliness of theft. In addition, maintenance of field banks
are expensive and laborious. In vitro conservation
offers an alternate approach for ex situ conservation
of yarn. There are added advantages as it reduces the
risk of germplasm loss due to above listed factors and
allows maintenance of disease-free germplasm in a
limited space under pest and pathogen-free condition,
and facilitates safe exchange of germplasm at the
international level (Hanson 1986; Ng 1988). In vitro
conservation is followed in Dioscorea spp. through
nodal cutting or meristem culture. However, the com-
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bination of optimal mineral and growth regulators
varies depending on species and genotypes (Mantell
et al. 1978; Saleil et al. 1990; Malaurie et al. 1995a, b;
Sedigeh et al. 1998; Myouda et al. 2005). Malaurie
et al. (1993) established an in vitro germplasm collection for 16 Dioscorea species from Africa and Asia.
The collection consisted of ten wild species (D. abys-

sinica, D. bll/bifera, D. bllrkilliana, D. dumetorum,
D. hirtiflora, D. mangenotiana. D. minutiflora. D. praehensilis. D. schinzperana, and D. togoensis), five

edible species (D. a/ata, D. bulbifera, D. cayenensisD. rotundata complex. D. dumetorllm, and D. esculenta), and one interspecific hybrid (D. cayenensisD. rotundata complex, cv. Krengle x D. praehensilis).
Similarly, an in vitro genebank has been established
at lITA that conserves over 1,500 accessions of yarn
wherein 5-10 seedlings of each accession are stored
at 16 ± ZOC under a 12 h photoperiod (Dumet et al.
2007). Each seedling is either maintained in a test tube
or a polyethylene bag on solid Murashige and Skoogbased medium (Dumet et al. 2007). Under such storage conditions, accessions are subcultured every
10-24 months depending on species and genotype.
In order to further rationalize ex situ conservation
of plant tissues for long periods, several groups have
investigated cryopreservation. Cryopreservation is
conservation of plant tissues at very low temperature,
generally using liquid nitrogen (-196°C) so that tissues could be stored in perpetuity. Two approaches are
followed for cryopreservation of plant tissues. One is
based on evaporative desiccation of plant tissue
prior to freezing, which often involves encapsulation
of tissues before dehydration treatment. Tolerance
to natural or induced dehydration is the key factor
for success of this method. The other approach
involves the use of cryoprotectants such as DMSO
(dimethyl sulphoxide), ethylene glycol, or glycerol.
In addition to an osmo-dehydration effect, these compounds stabilize the plant tissues when submitted to
freeze/thaw cycles. Successful cryopreservation has
been reported for different species of yam such as
D. bU/bifera, D. oppositifolia, D. a/ata, D. cayenensis,
D. wallichii, and D. floribunda (MandaI et al. 1996;
Malaurie et al. 1998; MandaI 2000; Leunufna and
Keller 2003). To date, there is no universal cryopreservation process for plant tissues, and in many cases,
adjustments are made to suit a species or genotypes.
Although cryopreservation is a promising approach
for ex situ conservation, cryobank is yet to be
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established for yam. It is assumed that in vitro storage,
including cryopreservation, induced somaclonal variation, i.e., genotypic orland phenotypic variations
would be the best bet for long-term conservation in
yams. At fiTA, work is in progress to investigate
integrity of cryopreserved germplasm.
Any ex situ germplasm collection (national,
regional or international) is expected 10 capture maximum diversity and the knowledge on genetic diversity
is obtained through proper characterization of germplasm collection using morphological descriptors or
molecular markers for further utilization in crop
improvement programs. At fiTA, two types of databases are maintained for each accession. The passport
data consist of information on a unique identifier for
each genotype (accession number), its taxonomic data
(genus, species, pedigree), geographical information
(latitude, longitude, altitude), environmental data
(market, farmer field, topography, soil type etc.), and
collection data (collector's name, year of collection,
collection number, etc.) (IPGRI/IITA 1997). The
characterization data consist of information on agromorphological characters recorded following internationally standardized morphological descriptors for
yam (IPGRI/IITA 1997). The passport and characterization data are maintained as databases and can be
retrieved through online search using the URL http://
genebank.iita.org/search. A core collection of yam
(391 accessions) has also been established at fiTA
representing 75% of genetic diversity. Data on 99
morphological descriptors were used to stratify the
global collection based on species and country of
origin to define the core collection (Mahalakshmi
et al. 2006). However, the analysis did not take into
consideration the sex and ploidy status of the accessions, two attributes important to breeders who may
want to use the core accessions in yam improvement

programs. The passport or characterization data of
most of the accessions are also incomplete and duplicates are yet to be eliminated. Yam germplasm has
been characterized for morphological characters
(Dansi et al. 1998, 1999, 2000a, b), physico-chemical
characteristics (Lebot et al. 2006), organoleptic properties (Egesi et al. 2003), soluble tuber protein profiles
(Jkediobi and Igboanusi 1983), or isozyme pallerns
(Lebot et al. 1998; Dansi et al. 2000a; Mignouna
et al. 2002a). Similarly, use of molecular markers
such as amplified fragment length polymorphism
(AFLP), RAPD and simple sequence repeat (SSR)
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markers have also been reported (Mignouna et al.
2003; Malapa et al. 2005; Egesi et al. 2006; Scarcelli
et al. 2006; Tamiru et al. 2007; Tostain et al. 2007) in
diversity studies of yams. Efforts are underway at
fiTA to use mnlecular markers, such as SSRs, to
fingerprint the entire collection, mainly to identify
the duplicates in the collection and establish a core
collection using information on morphological and
molecular data.
Another important aspect of conservation strategy
is the distribution of gennplasm to various users. In
case of yam, the distribution is driven by the international Treaty on Plant Genetic Resources for Food and
Agriculture (ITPGRFA), an international agreement
with the overall goal of supporting food security via
germplasm exchange and benefit sharing. At fiT A,
germplasm exchange is carried out following the phytosanitary procedures during which germplasm is rendered free of regulated quarantine pests and
pathogens. Efforts are also being made to establish
virus-free germplasm through meriseming and selection of virus-free germplasm through virus indexing.

4.1.5 Botany
The word "Yam" is applied only to members of the
genus Dioscorea (Alexander and Coursey 1969) that
belong to family Dioscoreaceae in the order Dioscoreales classified under the monocotyledons. Most of the
wild species of African origin are included within this
section. The order Dioscoreales has been redefined
and now comprises three families: Burmanoiaceae,
Dioscoreaceae, and Nartheciaceae (Chase et al. 1995;
Caddick et al. 2000, 2002). The genus Dioscorea is the
largest genus within Dioscoraceae comprising about
600--850 species (Knuth 1930; Burkill 1960), although
Ayensu (1972) estimated that there are less than 200
species that are distributed across the tropics and subtropics. Currently, the world checklist in Royal Botanic Gardens, Kew includes 644 accepted species in
Dioscoreaceae in five genera, which are Dioscorea,
Rajania, Tacca, Stenomeris. and Trichopus (Govaerts

et al. 2007). In a taxonomic status based on gross
morphological characters, the genus Dioscorea is
divided into five sections: Enantiophyllum, Combilium, Opsophyton, Macrogynodium, and Lasiophyton
(Burkill 1960). The most important edible yam
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species - D. rotundanta, D. alala, and D. cayenensisand the minor economic species in temperate zone D. opposita and D. japonica - belong to the section
Enantiophyllum. D. dumetorum. D. hispida. and
D. pentaphylla belong to the section Lasiophyton;
D. bulbifera to the section Opsohyton; D. esculenta
to the section Combilium; and D. trifida to the section
Macrogynodium.
The yams are Angiosperms, or flowering plants,
and are twining climbers. and produce dry capsules.
All species of economic importance are tuberous,
sometimes producing aerial tubers called bulbils.
Majority of Dioscorea species are distributed throughout the tropics, while a few economically important
species are also found in the wanner regions of the
temperate zones (Bai and Ekanayake 1998). Wild
species are either annuals (with aerial and underground tubers growing annually) or semi-perennials
(aerial part growing in 12-24 months cycle, along with
perennial underground part) or perennials (aerial and
underground parts growing over several years).
Cultivated species are generally grown as annuals.
There are huge differences in size, shape, and number
of tubers per plant within and between species.
The tuber of yams is a storage organ, which forms a
new tuber and shrivels away simultaneously when the
regrowth is induced. As the organ lacks the typical
characteristics of a modified stem structure, the tuber
has no pre-fonned buds or eyes, no scale leaves, and
no terminal bud at the distal end of the tuber (Hahn
et aL 1987). Some perennial species produce tubers
that become larger and more lignified as the plant
ages. Some species, such as D. bulbifera, D. alata,
D. opposita, and D. japonica produce bulbils in leaf
axils on vine of matured plant in addition to underground tubers. The Enantiophyllum species usually
produce one to three large tubers, while D. esculenta
(Combilium) produce 5-20 tubers; D. dumetorum
(Lasiophyton) produces 3-12 tubers and D. trifida
(Macrogynodium) produces a larger number of tubers
that are small in size. The number and shape of yam
tubers vary depending on the species and genotype
(Martin and Sadik 1977; Okonkwo 1985).
The yam plant possesses shallow fibrous root system that is normally unbranched and concentrated
within the top 0.3 m of the soil and very few actually
penetrate up to I m depth (Onwueme 1978). Several
roots rapidly develop and reach 3-4 m in radius
around the plant after sprouting. According to
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Onwueme (1978), yam possesses three different
types of adventitious roots (1) adventitious roots arising from the corm-like structure at the base of the
stem, whose function is to absorb minerals, nutrients,
and water from the soil; (2) adventitious roots arising
from the body of the yam tubers; and, (3) adventitious
roots originating from the exposed lower nodes of the
growing yam plants. Fibrous roots are smooth in general but some species have stems and roots with
spines. The wild relatives of yams have more spiny
roots than the cultivated species (Onwueme 1978).
The stems of all Dioscorea species, except for few,
climb by twining, and the direction of twining of the
vine, i.e., anticlockwise or clockwise, is a characteristic peculiar to the particular section within the genus
Dioscorea. Species of the Enantiopyllum section
twine to the right (clockwise) and those of the Combilium, Opsophyton, Macrogynodium, and Lasiophyton
sections twine to the left (Onwueme 1978). In many
species, for instance, D. cayenensis, D. esculenta. and
D. nummularia, vines have spines which support the
twining habit while also deterring animal predators
(Okonkwo 1985). The wings present in some species,
such as D. alata and D. colocasiifolia. also support the
twining habit. The length of stems generally varies
depending on the species. D. esculenta rarely climbs
more than 2-3 m while some fonus of D. rotllndata
may climb to 10-12 m under favorable conditions
(Coursey 1967). Some wild species, such as, D. sansibarensis, D. preussii, and D. mangenotiana may even
be longer.
Most of Dioscorea species have simple, cordate, or
acuminate leaves borne on long petioles but in some
species, they could be lobed or palmate with pointed
tips. D. trifida has lobed leaves consisting of three
leaflets while D. dumetorum has compound leaves
(Okonkwo 1985). In general, the leaves vary in
shape, size, and color (pigmentation) from one species
to another or even between individuals of same species. Yam leaf lamina generally has three primary
nerves joining at the tip of the lamina. The area of
lamina in cultivated species is about 50-200 cm 2 ,
although in some wild species such as. D. sansibarensis, it may be much larger. The leaf arrangement on
the stems is usually described as opposite or alternate
depending on species or growth of the stem. i.e.,
alteroate on the lower part of the stem and opposite
on the upper (younger) part (Onwueme 1978). The leaf
petiole is long and depending on species could be
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winged or spined. Both stems and leaves of many 4.1.6 Constraints to Yams
Dioscorea species are covered with hair.
The flowers of yam are basically dioecious, with Low soil fertility, weed competition, pests, and dismale (staminate) and female (pistillate) flowers borne eases in the field (foliar and soil borne) and in storage,
separately or on separate plants. In some cases, mon- and attack by animals (pigs and rodents) limit the
oecious plants with staminate and pistillate flowers are production and productivity of yam cultivation wheroccasionally observed among the genotypes of ever they are grown (Kenyon et aL 2003; Baimey et al.
D. rotundata (Sadik and Okereke 1975a, b). Gener- 2006; Coyne et al. 2006; Tchabi et al. 2008; Lebot
ally, the female plants are less in number with fewer 2009). These factors, and intensive cultivation of
flowers than male plants. The male or female flowers improved cultivars, are the factors responsible for
are borne on axillary spikes in the leafaxils of yam genetic erosion of wild yams and landraces. Although
vines. Flowering in the major edible yams has been most of the documented information is related to the
reported to be sparse, irregular, or absent. The male cultivated species, in general, the information on the
flowers are sessile, glabrous, and spherical and are economic significance of pests and diseases under
borne axially or terminally. These flowers consist of farmers' conditions is often lacking or inadequate
a calyx of three sepals and a corolla of three petals, although yield losses of up to 100% have been attribarranged regularly and almost similar in size and uted to them in experimental trials (Lebot 2009). The
appearance, with three or six stamens (Onwueme economic importance of insect pests (e.g., leaf and
1978). The ovary of female flowers is trilocular with tuber beetles, mealy bugs and scales), fungal diseases
each locule having 2-3 ovules and is located below the (e.g., anthracnose, leaf spot, leaf blight and tuber rots),
corolla (Miege 1968; Sadik and Okereke 1975a, b). and viral diseases (caused by poty- and badnaviruses),
The flowers of all Dioscorea spp. are entomophillous as well as nematodes also vary depending on the agroand are pollinated mainly by insects (Coursey 1967; ecological zone, cropping system, and production
Fig. 4.3). It is assumed that the sweet scent of the practices. For instance, anthracnose disease caused
flowers mainly attract these insects, although the spe- by Colletotrichum gloeosporiodes, mosaic disease
cies involved have not yet been identified (Govaerts caused by yam infecting poty- and badnaviruses, root
et al. 2007).
rot nematodes (Meloidogyne spp.), tuber rot, and scale
The flowers are succeeded with the formation of insects are considered as most economically important
dry, dehiscent, trilocular capsules (1-3 cm long) with pests and diseases in West African yam belt (Kenyon
each fruit producing six seeds. The seed in each cap- et al. 2003; Coyne et al. 2006). Integrated pest mansule is small and has wings that vary in shape in agement and crop improvement are being pursued at
different species (Coursey 1967; Lawton 1967; IITA to manage these constraints in West Africa.
Onwueme 1978). The seeds are flat and light and the
Availability of "clean" planting material is the
wings help in wind dispersion. The seed germination greatest limitation in West Africa. Farmers in West
process is well explained by Lebot (2009).
Africa bulk planting material (tubers, veins and setls)
Some Dioscorea spp. such as D. alata, D. bulbifera, from both infected (symptomatic) and asymptomatic
D. pentaphylla, D. opposita, and D. japonica produce plants aod use them indiscriminately for planting. This
bulbils in the axils of leaves. They are specifically practice not only contributes to the spread of pests and
adapted for vegetative propagation and have the appear- pathogens along with the planting material but also
ance and morphology of condensed stems (Coursey affects the yields and gradual decline in source mate1967). They are smaller than the underground tubers, riaL Efforts are being made to harmonize clean seed
but inDo bulbifera, these are the main storage organ and yam systems in West Africa which would improve the
are larger in size. Bulbils can be toxic in some species, quality of farmer-preferred materials. A similar syswhile in others they are fine-textured and are appre- tem needs to be conceived to conserve the wild yams
ciated for taste (D. bulbifera). Short day length gener- and landraces and protect them from pests, diseases,
ally accelerates formation of bulbils.
and soil erosion.
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4.1 .7 Cytogenetics
Dioscorea is one of the most diffi cult genera for cyto-

taxonomic and cytogenetic studies (Essad 1984)
because of sma ll size of the chromosomes and flowering in some spec ies, hence chromosome counts of only

about 55 species have been reported so far (Essad
1984; Degras 1993). However, the genus offers an
attractive model for the investigation of ploidy events

and chromosome evo lution in wUd and cultivated spec ies in re lation to their dioecious nature. vegetati ve/
sexual propagation , and the process of domestication

(Bousalem et ai. 2006). The ex istence of vari ous
ploidy leve ls and the lack of a diploid re lative to the
culti vated polyploid yam leads to va rious complications in cylogeneti c studies in ya ms. Observati ons
have been restricted in most cases to the determination
of c hromosome numbers and chromosome pairing
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from mitotic (Shanna and De 1956; Raghavan 1958, yam species by flow cytometry and conventional chro1959; Ramachandran 1968; Essad 1984) and meiotic mosomes counting revealed variable ploidy levels of
cells (Abraham and Nair 1990; Abraham 1998). Many 4x, 6x, and 8x in tbe species (Gamiette et al. 1999)
authors have reported the difficulties encountered in with majority being tetraploid (Dansi et al. 2000a).
chromosome counting in cultivars of D. cayenensis/ Hamon et al. (1992) showed a continuous range of
D. rotundata complex (Miege 1954; Baquar 1980) and ploidy (3x, 3.5x, 4.5x, 6x, 7x, 8.5x) in D. alma by
other Dioscorea species (Ramachandran 1968; Baquar flow cytometry, with occurrence of high proportion
1980; Essad 1984; Gamiette et al. 1999).
of hexaploids (Egesi et al. 2002). Other studies have
The basic chromosome number of yam species is classified D. rotltndata as diploid with a basic chrocontroversial, although it has been acknowledged as mosome number of 20 (Damou et al. 2002; Scarcelli
being x = 10 or x = 9, with a high frequency of et al. 2005), but evidence of Scarcelli et al. (2005) is
polyploid species. Tetraploid species are the most based on progenies from a monoecios plant rather than
frequent, followed by diploids (2x), hexaploids (6x), dioecious plants.
and octaploids (8x) (Essad 1984). The base chromoThe inheritance of ploidy in yams, that is, allo- or,
some number x = 10 (found in all Asian species) is autoploid, is also not clear. More studies are necessary
present in only 52% of the African species and 13% of to identify the inheritance patterns of the polyploid
the American species examined so far (Bousalem et al. yams. Identification based on multivalent formation
2006). Recent data have revealed a basic chromosome will be misleading since autotetraploid species do not
number of x = 20 (Scarcelli et al. 2005), but this is always exhibit multivalent formation (Soltis and Riesbased on a small number of yam species. The highest berg 1986) and allotetraploid species have been shown
chromosome number and the smallest chromosome to form multivalents at times (Watson et al. 1991).
sizes are reported to occur more in tropical Dioscorea Therefore, analyses of segregating populations have
species, while the smallest number and largest sizes been extensively used to assess inheritance patterns
occur more in temperate species. This coupled with (Demarly 1958; Jackson and Casey 1982). Recently,
the fact that two new basic chromosome numbers segregation analysis using isozyme and SSR markers
x = 6 (Segarra-Moragues and CataIan 2003; Segarra- led to the conclusion that D. rotundata (2n = 4x
Moragues et al. 2004) and x = 20 (Scarcelli et al. = 40) is a diploid species (Scarcelli et al. 2005),
2005) have also been found in recent years, suggest while that based on AFLP markers reflected a disomic
that more work will be needed to understand the cyto- inheritance in D. alata and D. rotundata (Mignouna
genetics of both cultivated and wild yams. Further- et al. 2002b, c), revealing an allotetraploid structure
more, it is important for yam breeders to detennine the for the two species. Segarra-Moragnes et al. (2004)
ploidy status of clones, especially of new introductions also concluded on the basis of SSR patterns that the
before they can be utilized in a breeding program wild species, D. pyrenees and D. chouardii, are allote(Egesi et al. 2002). These fundamental data are, there- traploid. SSR segregation analysis and cytogenetic
fore, essential for sexual breeding of yams, which will evidence revealed a tetrasomic behavior and an autoenable ploidy manipulations in intraspecific crosses, tetraploid structure of the genome of the American
effective breeding and conservation of the species, and species, D. trifida (Bousalem et al. 2006). The situafor elucidating the phylogeny and the origins of the tion in other Dioscorea species could also have a base
yam and the evolution of the genus Dioscorea. For this chromosome number of x = 20 rather than x = 10
purpose, flow cytometry bas been recently used to and most of them could be di-, tri- or tetraploid in
determine ploidy levels in yams (Gamiette et al. nature. It is confirmed that polyploidy is common
1999). The method is non-destructive (one sample among Dioscorea species and accessions having
can be prepared from a few milligrams of leaf tissues), 40 chromosomes are most common, followed by
exceptionally rapid, sensitive and convenient, does not accessions with 20, 60, and 80 chromosomes (Lebot
require dividing cells, and can detect both mixoploidy 2009). There are reports of accessions baving 100
and aneuploidy (Galbraith et al. 1983; De Laat et al. chromosomes (D. bulbifera and D. esculenta),
1987; Arumuganathan and Earle 19913, b; McMurphy 120 chromosomes (D. hastata, D. minutifolia, and
and Rayburn 1991; Dolezel 1997). Ploidy determina- D. smilacifolia), and 140 chromosomes (D. opposita,
tion of D. alata, D. cayensis-rotundata and some wild D. pentaphylla and D. cayenensis).
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Further studies based on genomic in situ hybridization (GISH) and florescent in situ hybridization (FISH)
will probably provide better information on the inheritance of ploidy in yams. These techniques can be used
to localize the presence or absence of specific mRNA
or DNA sequences on chromosomes.

4.1.7.1 Relevance of Cytogenetics and Wild
Yams to Cultivated Species
The cultivated yam species D. rotundata (2n = 40)
has been considered as a tetraploid species with a basic
chromosome number of ten (Scarcelli et af. 2005),
suggesting that in diversity studies, one should antici-,
pate the detection in individual genotypes of up to four
alleles per DNA marker locus. Recent studies by various authors have challenged this assertion and the
most parsimonious hypothesis from their work is to
conclude that D. rotllndata is a diploid (Zoundjihekpon et af. 1994; Da'nou et af. 2002; Mignouna et al.
2002a, b, c, d) since only two alleles have been commonly found in this species. Similar contentions have
been observed in D. alata where Egesi et af. (2002)
noticed that majority of plants used in their study were
hexaploid (84.9%) with a smaller percentage of tetraploids (15.7%), contrary to the accepted theory that
D. alata is a tetraploid. A higher number of male plants
were also found to be hexaploid than tetraploids, again
at variance with earlier findings, which reported that
hexaploid male plants are rare. Higher ploidy levels
were not directly related to sparse or erratic flowering
as previously reported as profuse flowering occurred in
some male hexaploid accessions (Egesi et al. 2002).
Octoploidy, which is commonly noticed in both
D. rotundata and D. alata (Hamon et af. 1992), or mixoploidy (Dansi et af. 2001) was not observed in this
analysis. Similarly, there was no association of ploidy
level to geographic origin of materials as was asserted
by Miege (1954) and Essad ( 1984). Ploidy level in yam
was shown to be now easy and rapidly determined using
high-resolution flow cytometry (Egesi et af. 2002),
making a case for revisiting the cytogenic information
available especially in case of wild yams.
D. abyssinica and D. praehensilis are considered
by Hamon et al. (1997) and Terauchi et al. (1992) as
wild relatives of D. rotllndata. These two species have
been assumed to be tetraploid, with 2n = 40 chromosomes (Miege 1952). It has been suggested that

D. praehensilis is one of the parents of the cultivated
D. cayenensis Lam., together with other species of the
section Enantiophyllum such as D. abyssinica Hochst.
ex Kunth and D. burkilliana J. Miege. It produces
viable seeds even after long period of storage. The
major challenge, therefore, is to trace the ploidy level
of the cultivated species by looking at their ancestry,
especially when Scarcelli et af. (2005) found that the
cultivated species of D. ratundata and wild species,
D. abyssinica and D. praehensilis, did not differ in
number of alleles per locus.

4.2 Classical and Molecular Genetic
Studies
The genetics of yams is least understood among the
major staple food crops (Martin 1966; Zoundjihekpon
et af. 1994) due to several biological constraints
including, a long growth cycle (about 8 months or
more), dioecy, poor- to non-flowering plants, polyploidy, vegetative propagation. heterozygous genetic
background. and poor knowledge about the organization of the crop (Mignouna et af. 2007). In addition,
although yams are monocots, they are very distantly
related to grasses such as wheat, maize, rice, and
sorghum, whose genomes are well studied. For example, banana and wheat are more closely related to each
other than either is to yam. Hence there is no convenient model system for yam genomics and not much
research effort has been made to understand the same.
In recent years, some progress has been made in germplasm characterization and in the development of
molecular markers for genome analysis in wild or
cultivated yam species, and all the available information is presented in this section.
Yams have a relatively small genome size. estimated at 550 Mbp/l C for D. alata and 800 Mbp/l C
for D. rotundata (Mignouna et aI. 2002b, c). Molecular genetic analysis of the yam genome is gaining
momentum. The initial effort in yam genomics was
devoted to the development of polymorphic DNA
markers and assessment of their potential application
in yam. Framework genetic linkage maps based on
amplified fragment length polymorphism (AFLP)
markers have been constructed for Dioscarea takara.
a wild relative of yam (Terauchi and Kahl 1999), and
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for two cultivated species, D. rotundata (Mignouna
et al. 2002b) and D. alata (Mignouna et al. 2002c).
The saturation of these maps with polymorphic markers, such as simple sequence repeat (SSR) is necessary for full utilization of their potentials. The
identification of key traits that are related to yield
and quality of yams, and the gene action associated
with the traits are paramount for the understanding of
the genetics of this important crop. Previous studies
have focused mainly on the analysis of disease resistance, and the identification of genomic regions associated with resistance to yam mosaic virus and
anthracnose diseases in D. rotundata and D. alala,
respectively (Mignouna et al. 2002a, b, c, d). Results
of these analyses, however, are yet to be confirmed in
populations of different genetic background and also
in other environments. Presently, UTA is involved in
the identification of key traits that affect yield and
quality of yam, with the hope of identifying DNA
markers that are linked to these traits for their
subsequent use in yam breeding. Various mapping
populations are being developed for quantitative trait
loci (QTL) analysis of yield and quality-related traits
in D. rotundata and D. alata.

4.3 Crop Improvement Through
Traditional and Advanced Tools
There has been very limited use of wild Dioscorea
spp. in yam improvement program, although farmers,
mainly in West Africa, practice domestication of wild
species to develop cultivated forms (Dumont et al.
2006). In addition, wild-related species possess useful
traits. D. abyssinica and D. praehensilis, the wild
relative of guinea yams (D. rotundata-D. cayenens;s
species complex) are believed to be reservoir of resistance genes for virus diseases such as Yam mosaic
virus; however, their use in breeding programs has
been almost negligible. Similarly, the related species
of Asiatic yam (D. alata) such as D. nummularia and
D. transversa, may possess resistant genes for anthracnose disease, but has been seldom used in breeding
programs. It is believed that there may be introduction
of deleterious characteristics into the cultivated
species if crossing is made using wild species.
Additionally, there may be problems of interspecific
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hybridization owing to differences in ploidy level
between different species, and this may require
embryo rescue technique for the success of such
crosses. In general, few efforts have been made to
use wild species in breeding programs.
Traditional breeding efforts in yam have resulted in
substantial achievement leading to release of highyielding and diseases-resistant cultivars. For instance,
through classical hreeding, UTA has developed several clones and populations of D. rotundata and
D. alata, and disseminated these for further evaluation
and selection under local environmental conditions in
partnership with national programs in Africa. Through
collaborative evaluation of UTA-derived breeding
lines with National Research Institutes (National
Root Crop research Institute, Umudike, Nigeria, and
the Crops Research Institute of Ghana), eight varieties
of D. rotundata, seven during 200 I and 2003 and one
in 2007, have been released in Nigeria and Ghana,
respectively, while three varieties of D. alata were
released in Nigeria in 2009. More lines are in the
pipeline to be released by these institutions and other
root crop programs in other yarn-producing countries
including Benin, Burkina Faso, Ivory Coast, Sierra
Leone, Togo, and Liberia. These varieties have multiple pest and disease resistance, wide adaptability, and
good organoleptic attributes (Mignouna et al. 2007).
Yam-breeding programs have focused on clonal
selection from landraces and hybridization of elite
genotypes within and between species. UTA yam
research focuses maiuly on the most important species
cultivated in Africa, D. rotllndata and D. alata. There
are many wild yam species available, some of them
with edible tubers, which may be potential sources of
useful traits, which can be used in hreeding programs.

4.3.1 Interspecific Hybridization
Interspecific hybridization in yams is desirable for the
genetic improvement of the crop, but it is faced with. a
lot of challenges, including cross-compatibility and
synchronization of flowering, and very little work
has been done in these areas. Some species can hybridize easily, while others do not. For instance, D. rotundata can be crossed to D. cayenensis, but crossing
either of the two to D. alata has not been successful
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(lITA unpublished data). Research effort in interspecific hybridization at liTA is geared toward the genetic
improvement of yam. primarily on D. rotundata.
D. cayenensis, and D. alata by transferring complementary traits from one to the other, e.g., higher
carotenoid in D. cayenensis could be transferred to
D. rotundata by interspecific hybridization.

4.3.2 Advanced Biotechnological
Techniques for Yam Improvement
Research on biotechnology of yam has been limited to
tissue culture. but has focused on disciplines including
genetic transformation and molecular marker application. Xinhua et al. (1986) and Schafer et al. (1987)
attempted to transform D. opposita and D. bulbifera
using Agrobacterium followed by Tor et al. (1993,
1998) who transformed cultures of D. alala using
particle bombardment. However, genetically modified
yam is yet to be developed although this approach
could be successfully used in transferring virus resistance and anthracnose resistance genes into commercial varieties. Similarly. some progress has been made
using isozymes (Hamon and Toure 1990a. b; Dansi
et a1. 2000a, b) and DNA markers (Terauchi et a1.
1992; Ramser et al. 1996, 1997; Mignouna et al.
1998; Chair et al. 2005) for germplasm characterization and phylogenetic studies in yam. Mignouna et al.
(2007) demonstrated the relationship between
cultivated yarns (D. cayenensis - D. rotundata) and
wild species from West Africa using DNA markers.

4.3.2.1 Callus Culture and Plant Regeneration
Direct plant regeneration from explant materials.
somatic embryogenesis. and plant regeneration from
callus culture have been very useful for rapid clonal
propagation and obtaining somaclonal variants. In
yam. regeneration rate is very low in some cases, and
there are genotype-dependent differences between
species in their ability to generate plantlets in vitro
(Asiedu et al. 1998). These techniques have been conducted on several species: D. rotllndata (Ng 1984;
Osifo 1988), D. alata (Mantell et al. 1978; Fautret
et al. 1985; Twyford and Mantell 1990), D. composita

and D. cayenensis (Sinha and Chaturvedi 1979; Viana
and Mantell 1989), D. abyssinica (Ng et al. 1994) and
D. trifida (Fautret et al. 1985).

4.3.2.2 Embryo Culture
Embryo rescue. a technique to save immature embryos
from a hybrid and to enhance germination of seeds that
are donnant or cannot germinate easily under normal
situation. has been reported in Chinese yam (Yakuwa
et al. 1981) and D. rotllndata (Okezie et al. 1983).

4.3.2.3 Protoplast Culture
Protoplast isolation and culture technique is very useful in the production of yam varieties. especially those
that do not produce flowers. These techniques offer the
greatest promise for the production of somatic hybrids.
but very little work has been reported in this research
area. They have been successfully applied to D. rotundata (Onyia et al. 1984) and D. alata (Twyford and
Mantell 1990).

4.3.2.4 Development of Expressed
Sequence Tags
The lack of DNA or express sequence tag (EST)
sequences hampered fundamental studies such as
gene characterization and genetic linkage mapping in
yams. The dearth of genomic data in yam species
prompted lITA to take up initiative in generating fundamental molecular genomic data useful to enhance
the conventional yam improvement program. Most of
the currently available molecular markers for the yam
genomes are based on amplified fragment length polymorphism (AFLP) and random amplified polymorphic
DNA (RAPD). For marker-assisted breeding to be
feasible, it is important to develop user-friendly and
high-throughput markers such as EST-SSR and
single nucleotide polymorphism (SNP) markers. The
application of genomic tools in yam breeding and
gennplasm characterization will accelerate the development of improved yam germplasm in Africa and
elsewhere.
In an effort to develop the yam genomics resources,
an initial attempt was made to sequence ESTs from a
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cDNA library constructed from floral tissue
(Mignouna et al. 2003). However, the first several
hundred sequences were found to be predominantly
house-keeping genes suggesting a better approach in
construction of cDNA library. Another project has
been launched recently to generate several thousand
ESTs in a collaborative project between lITA and the
University of Virginia (based on USAID-Linkage
fund). The objective of the project was to generate
cDNA libraries from yam leaf tissues challenged
with Colletotrichum gloeosporioides, the fungal pathogen responsible for yam anthracnose disease, and
perfonn the sequencing of cDNA clones to subsequently identify ESTs with differential gene expression for marker development. In addition, SSR markers
were developed in D. alata using sequence resources
from heterologous crop species. Some of these markers
were polymorphic in the test panel and are presently
being tested in IITA's Central Biosciences Center.

4.4 Linkage Mapping and QiL Analysis
Two framework linkage maps were constructed for
wild yam species, D. tokoro, using 271 AFLPs, five

sequence-tagged microsatellite sites, one isozyme, and
one morphological marker. For the two parents D1I
and DT5 used in the cross, 13 and 12 linkage groups,
respectively, were identified. The total map lengths
were 669 and 613 cM, respectively, for DT7 and
DT5, which covered more than 75% of the D. tokoro
genome (Terauchi and Kahl 1999). Similarly, maps
were constructed in D. alata using AFLP markers that
included 338 markers on 20 linkage groups with a total
map length of 1,055 cM (Mignouna et al. 2002b) and
in D. rotundata in which 107 markers were mapped on
12 linkage groups (585 cM) for male and 13 linkage
groups (700 cM) for female (Mignouna et al. 2002c).
They identified three quantitative trait loci (QTLs) and
one Q1L for resistance to Yam mosaic virus on male and
female parent linkage groups, respectively. Similarly, one
AFLP marker was found to be associated with anthracnose resistance on linkage group 2 explaining about 10%
of total phenotypic variance (Mignouna et al. 2002a).
Another linkage map was generated for D. a/ata based
on 508 AFLP markers that covered a total length of
1,233 cM on 20 linkage groups accounting for about
65% of the entire genome of yam (Mignouna et al.
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2007). Similarly, Petro et al. (2009) developed a linkage
map of D. alata using 523 polymorphic markers from 26
AFLP primer combinations that covered a total length of
1,627 cM and included 20 linkage groups. They detected
10 QTLs for anthracnose resistance explaining 7-40% of
the phenotypic variance. One of the major objectives of
future research on linkage mapping should be integration
of all the available maps of D. alata and D. ro(undata with
that of wild diploid species, D. tokoro. Although AFLP
markers have been used for generating linkage maps so
far, efforts are underway to saturate the maps with SSRs
or EST-SSRs for use in yam breeding programs.
Bulked segregant analysis (BSA) has been successfully used in D. rotundata and D. a/ata to identify
Yam mosaic virus (YMV) and anthracnose resistance
genes, respectively (Mignouna et al. 2002a, b). Two
RAPD markers OPWI8850 and OPXI5850 closely
linked in coupling phase with the dominant YMVresistance locus Ymv-l were identified. Similarly,
two RAPD markers, OPIl7l700 and OPE6950,
closely linked in coupling phase with anthracnose
resistant gene, Dcg-l, were identified.

4.5 Application of Genomic Tools
and Gene Discovery
Few laboratories around the world work on the molec-

ular aspects of yam species in general and uncultivated
yams, in particular. With respect to genomic
resources, yarn is considered as one of the understudied crops. Yam scientists who intend to embark
on marker-aided breeding will begin the step with
searching for nucleotide sequence data on the web.
In this genomic era when genome sequences of many
plants are completed or being completed every now
and then and web-accessible databases are growing
exponentially, it is hard to find new entries of nucleotide or protein sequences of any of the yam species. A
number of peer-reviewed public web accessible databases offer the tool to seek infonnation on specific
genomic resources and tools (Galperin 2008). Entrez
(http://www.ncbi.nih.nil.gov) is one of the popular
web resources that comprise a wide array of primary
and secondary databases and tools for data mining.
According to the latest record of Entrez, draft genomes
have been completed or are near completion for a
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number of crop plants and model plants. Unfo nunate ly, yam is not one of the 137 spec ies listed in the
Entrez plant genome project database. However, the
Germplasm Resources Information Network (GRIN)
database (US DA-ARS 2009) comprises 126 species of
Dioscorea, the largest of the five genera in the family
Dioscoreaceae. A summary of the data records for the
fami ly Dioscoreaceae in the GRIN database is shown
in Fig. 4.4. These figures match the Genbank records
but sli ght variation exists in the number of nucleotides
and protein access ions in the ge nus Dioscorea, which
is 576 and 588, respec ti vely, in Genbank. Most of the
genomic data in th e family Dioscoreaceae come from
DioscOI'ea e/ep/wllfipes (a wild spec ies), whose enti re
plastid genome has been sequenced (Hansen e t al.
2007). Hence, most of these accessions represent
house-keeping ge nes or photosynthesis-related genes
of non-nuclear genome origin .
Nucleotid e sequence search in the most recent
release of ge nbank database (Ge nBank release 169.0)
showed a total of 771 nu cleotide sequences and 634
prote in sequences for the entire fa mily of Dioscoreaceae. Of these. while only 31 are rnRNA (EST)
sequences, the remaining genomic sequences are predominantly partial sequences of house-keeping genes
derived from organe lle genomes - chloroplast and
mitochondria (Table 4.2). All of the 3 1 EST sequences
(acc DN7925SO-DN792580) were obtained from subtracted cDNA library of D. lIippollica root. In the
absence of nuclear genome data, the plastid genome
sequences can be utilized for applications such as

700

600

o Nucleotide sequence

4' ..p

• Protein sequence

DNA bar codi ng for species iden tificati on (details
below).
To date , less than 20 microsate llite markers are
avai lable in yam species. Tostain et al. (2006) ha ve
isolated a total of 16 mi crosate ll ites containing
sequences from D. a/ara (S SSRs), D. abyssillica (6
SSRs), and D. praehellsi/is (5 SSRs). These SSR markers were tested and found to be transferable to other
Dioscorea species. The remaining culti vated spec ies
such as D, rOllllldata and D. cayeneJlsis have significantl y low number of seq uence data (3 and 6, respective ly). Furthermore, most of the Genbank accessions
in these two spec ies were non-nuc lear genomes. In
genera l, a large number of the ava ilable genomic
data in Dioscorea we re obtained from non-cultivated
species (Table 4.2). This information can still be utili zed in c ulti vated spec ies by applying homo logybased techniques such as cluster of ortho logous groups
(COG) for primer design and other ap plications (Tatusov et al. 1997, 2003).

4.5.1 Genome Size
Plant DNA C-values database (Be nnett and Leitch
2005; http: //data.kew.orglcvalues/) contains DNA Cvalues for II yam spec ies, all from th e genus Dioscorea. It is notab le that the Mbp va lues span a wide
range of va lues from as low as 466 ( IC = 0.48 pg) in
D. rogoellsis to 2,352 (lC = 2.4 pg) in D. "il/osa (a
wild Dioscorea species). The difference in genome
size is panly attributable to the ploidy level even
though values are not avai lable for some species to
conc lude with cenainty (Table 4.3). Despite the apparent variation in the estimated values, in general , the
genome size of yam spec ies is relatively low,
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Fig .4.4 Nucl eot ide and protein sequences in different genera
within the famil y Diosco mccae

The D. e/epJwllfipes annotated chloroplast complete
genome was reported by Hansen et al. (2007) (Ge nbank: EF380353; RefSeq: NC_OO9601). The entire
plastid size is 152,609 nucleotides consisting of 129
genes of which 83 are prote in -coding genes. These
entries represent the most annotated records of th e
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Table 4.2 The number of nucleotide and protein entries in Genbank for the genus Dioscorea as of August
2010
Dioscorea sps.
Species
No of
No of
protein entries
nucleotide
entries
Wild
D. tokom
D. e/ephantipes
D. polystachya
D. communis
D. nipponica
D. schimperiana
D. zingiberensis

D. lakora

87
12
73
22
18
21
13
10
9
8
8
8
8

D. chouardii
D. abyssinica
D. sansibarensis
D. praehensilis
D. sylvatica
D. pyrenaica

40
241

D. elephantipes

D. polystachya

7

D. communis
D. nipponica
D. scilimperiana

D. decipiens

10
8
12
4
5
4
4
6
4
4

D. bulbi/era
D.japonica

45
II

D. zingiberensis
D. caltcasica

D. graciUima
D. sansibarensis
D. tenuipes
D. sylvatica

Cultivated
50
34
87
II
3
351

D. bulbifera

D.japonica
D. alata
D. trifida
D. rariff/data

All other taxa (including
3) EST sequences)

Total

771

D. alata

7

D. sp. Qill 94044
D. rotundata

o

4

All other taxa

207

Total

634

Table 4.3 Estimated genome sizes of Dioscorea species listed in Plant DNA C-values Database release 4.0, October 2005 (Bennett
and Leitch 2005; http://www.kew.org/cvalues/homepage.html)
Species
Ploidy
Ie
lC(pg)
Original Reference
Genus
Chromosome
(Mbp)
No.
level
Wild
togoensis
abyssinica
mangenotiana
praehensilis
sylvatica
villosa
eiephantipes

40'
40'
40'
40'
NAb
NAb
NAb

4
4
4
4
NA
NA
NA

Dioscorea

alata

40

Dioscorea

cayenensisrotllndata
cayenensisrotllndata
cayenensisrotllndata

Dioscorea
Dioscorea
Dioscorea
Dioscorea
Dioscorea
Dioscorea
Dioscorea

466
613
613
613
833
2352
6615

0.48
0.63
0.63
0.63
0.85
2.4
6.75

Hamon et al. (1992)
Hamon et a1. (1992)
Hamon et al. (1992)
Hamon et al. (1992)
Bharathan et al. (1994)
Bharnthan et al. (1994)
Zonneveld et al. (2005)

4

564

0.58

40

4

613

0.63

Arumuganathan and
Earle (19910, b)
Hamon et al. (1992)

60

6

858

0.88

Hamon et al. (1992)

80

8

1274

1.3

Hamon et a1. (1992)

Cultivated

Dioscorea
Dioscorea

:lNumbers refer to references listed at http://data.kew.orglcvalues/updates.html#REFERENCES of the C-values database (Bennett
and Leitch 2005)
"Data not available
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genus Dioscorea in public database. Information from
the plastid genome has been successfully utilized for
phylogenetic studies such as estimation of relationships among the major angiosperms, and provided an
insight into the evolution of gene and inteon content
(Jansen et aL 2007; Hansen et aL 2007), Additional
sequences and annotation of the genus Dioscorea can
be found on the GOBASE database (http://gobase,
bcm.umontreal.ca/). A search for Dioscorea in this
database returns 615 chloroplast genes,

4.6 Future Perspective of Genomic
Research
The paucity of genomic resources in yarn species calls
for a concerted effort from the research community to
enrich genomic resources of yarn so as to accelerate
the germplasm enhancement endeavor. The rate of
bolstering yam genomic resources is steadily growing
at IITA, EST-derived SSR markers are already in use
to characterize germplasm, Furthermore, this EST
project is anticipated to result in the development of
microarrays for high-throughput expression analysis
and gene discovery. However, the outcome of this
project is still too little to impact the deployment of
molecular markers in advanced molecular-assisted
breeding, The importance of yarn in sub-Saharan
Africa warrants the application of relevant cuttingedge technologies for germplasm enhancement, The
steadily declining cost of the new generation sequencing technologies provides an impetus to embark on
yarn genome-sequencing initiative. Presently, a
staggering number of plants are undergoing genome
sequencing, As one of world's most important food
crop, it is imperative to consider genome sequencing
of yam. Successful completion of genome sequencing
and annotation will trigger other investigators
involved in evolution, taxonomy, physiology, systems
biology, and comparative genomics. In parallel with
development of genomic resources, thorough cytogenetic studies are of paramount importance to understand the genome structure and to pave the way for
successful and effective subsequent genomic studies
such as gene/QTL mapping and genome sequencing.
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Some of the ongoing initiatives in molecular technology are discussed below.

4.6.1 Microarray
Generation of sufficient nucleotide sequences paves
the way for global gene expression analysis via microarray. The current EST project in yarn is anticipated to
generate sufficient ESTs to build microarray chips for
transcript analysis. However, a concerted effort to
generate DNA, mRNA, and protein data is the best
way for accelerated development of genomic tools in
yarn species.

4.6.2 Identification of Candidate Genes
by Comparative Genomics
In order to overcome the paucity of gene level knowledge in yam, approaches such as resistance gene
analogs (RGAs) can be deployed to identify genes
involved in plant defense (Moroldo et al. 2008). The
rapid accumulation of genome sequence data sparked
an array of functional genomics tools that are being
employed to understand the complex pathways
involved in host plant-pathogen interaction. In the
absence of yam genome sequences, such homologybased identification of RGAs can be utilized as a
shortcut method for the identification of gene-targeted
markers of economically important diseases such as
yarn mosaic virus and yarn anthracnose.
Application of comparative genomics will further
allow the transfer of knowledge from thoroughly studied model plants to yam. Discovery of genes involved
in flowering in model plants such as Arabidopsis have
been successfully utilized to identify homologous
genes in garlic (Rotem et al. 2007) and in cauliflower
(Saddic et al. 2006). Such approaches can be adopted
for discovery of genes regulating the flowering signaling pathways in yarn. Dormancy, described as the
temporary suspension of growth in stored yam tubers,
is a persistent challenge that could be tackled by genomic intervention.
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4.6.3 Reverse Genetics: Tilling
Targeting induced local lesions in genomes (Tilling) is
increasingly becoming a popular technique of reverse
genetics for detection of mutation in a target gene
followed by assignment of the phenotypes to the
gene sequence (Gilchrist and Haughn 2005). Tilling
has been applied to crops with insufficient DNA
sequences infOimation by comparative genomics.
Application of Tilling seems very prudent for yam
researchers by capitalizing on advances in functional
genomics of model plants. Knowledge of gene function in highly investigated plants sheds light on the
genetic mechanism and pathways of key physiological
traits in under-researched crops such as yam. Some of
the traits that can be targeted by tilling could be
flowering, dormancy, and resistance to diseases
caused by fungi and viruses such as Yam mosaic virus.

4.6.4 DNA Barcoding
Species identification in the genus Dioscorea, the most
important and the largest in the family, has remained a
daunting task and the consequences of domestication
on species identification has been described above. In
UTA, there is a growing interest to apply DNA barcoding not only to address the issues with mislabeling
and understanding interspecific crosses, but also to get
an insight into the ongoing domestication process in
Dioscorea. A DNA barcode is an aid for taxonomic
identification that uses short, standardized DNA
sequences (mostly 40[)...800 bp) present universally

in target lineages and has sufficient sequence variation
to discriminate among species of a particular organism. This provides a rapid and accurate procedure
for unambiguous species identification by having suf-

ficient sequence variation among species and low
intraspecific variation. The universally accepted
genes for plant DNA barcoding are of plastid origin.
Polymorphism of chloroplast DNA especially trnK,
matK, and intergenic trnL-trnF regions have been
used to study the phylogeny of various plants (Wolfe
et al. 1987; Kress et al. 2005; Selvaraj et al. 2008).
Fortunately, yam has relatively well-developed
chloroplast genome information that can be tapped
(Hansen et al. 2007).
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4.7 Recommendations and Way
Forward
Advances in cytogenetics such as molecular cytogenetics including techniques such as comparative genomic
hybridization arrays (CGH), SNP-array based karyotyping, and automated systems for counting the results of
standard FISH preparations, promise easy, accurate, and
fast cytogenetics studies. These tools must be employed
as a matter of urgency to re-examine the cytogenetics
of yams. SSR markers, chromosome counts, and flow
cytometry have been llsed with success to detennine
the mode of inheritance and the level of ploidy and
provide new evidence for a base chromosome number
(Bousalem et al. 2006). This approach must be adopted
to analyze all yam species especially the wild types to
clarify once for all the cytogenetic status to pave way for
accelerated improvement of the yam crop.
Efforts for ex situ conservation of yam need to be
augmented to protect the diversity of landraces and
wild yams which are under threat of extinction due to
agriculture intensification, erosion of forests, and
increase in incidence of pests and diseases. There is a
need for understanding the diversity in pathogen population responsible for important diseases such as
"anthracnose" and "mosaic" in yam in order to establish an efficient hreeding tactics. This information will
also help in characterization of wild species for resistance to pests and diseases. Promising germplasm that
has broad-specific resistance identified during this process could augment pest- and disease-resistance breeding programs.
Numerous questions meanwhile remain to be answered as far as the cytogenetics of yams is concerned.
For instance, as Scarcelli et al. (2005) queried, "could
the coexistence within the genus Dioscorea of the diploid 2n = 40 D. rotundata, with diploid 2n = 20
D. tokoro and D. gracillima be due to diploidization
of genomes after their polyploidization for wild and
cultivated plant genomes as documented for soybean?"
What is the inheritance pattern for polyploidy in yams?
Could diploidy and monoecy of parental plants be
related? Whal is the chromosome number? A wide
range of biotechnological and bioinformatics tools
could be adopted to address these recalcitrant issues
that will unravel the genetic potential of this orphan
crop, which offers food and income security 10 millions
of subsistence farmers in tropical and subtropical world.

4

Dio5corea

References
Abraham K (1998) Occurrence of hexaploid males in Dioscorea
alata L. Euphytica 99:5-7
Abraham K, Nair SG (1990) Aoral biology and al1ificial pollination in Dioscorea alata. Euphytica 48:45-51
Adelusi AA, Lawanson AD (1987) Disease induced changes in
carotenoid content of edible yam (Dioscorea spp) infected
by Botryodiplodia tlJeobromae and Aspergillus niger. Mycopathologia 98:49-58
Akoroda MO, Chheda HR (1983) Agro-botanical and species
relationships of Guinea yams. Trop Agric 60(4):242-248
Alexander J, Coursey DG (1969) The origins of yam cultivation.
In: Peter UJ, Dimbleby GW (eds) The domestication and
exploitation of plants and animals. Cerald Duckworth. London, UK, pp 405-425
Arumuganathan K, Earle ED (l99Ia) Nuclear DNA content of
some important plant species. Plant Bioi Rep 9:208-218
Arumuganathan K, Earle ED (l991b) Estimation of nuclear
DNA content of plant by flow cytometry. Plant Bioi Rep
9:229-241
Asiedu R, Ng SYC, Bai KV, Ekanayake U. Wanyera NMW
(1998) Genetic improvement. In: Orkwor GC, Asiedu R.
Ekanayake U (eds) Food yams: advances in research. fITN
NRCRI, Nigeria, pp 63-104
Ayensu ES (1972) Dioscoreales. In: Metcalfe CR (ed) Anatomy
of the monocotyledons. VI. Dioscoreales. Clarendon.
Oxford, p 182
Ayensu ES, Coursey DG (1972) Guinea yams. The botany,
ethnobotany. use and possible future of yams in West Africa.
Econ Bot 26(4):301-318
Baco MN. Biaou G, Lescure JP (2007) Complementarity
between geographical and social patterns in the preservation
of yam (Dioscorea sp.): diversity in Northern Benin. Econ
Bot 61(4):385-393
Bai KV, Ekanayake U (1998) Taxonomy, morphology, and
floral biology. In: Orkwor GC, Asiedu R, Ekanayake U
(eds) Food yams: advances in research. lIT A/NRCRI,
Nigeria, pp 13-37
Baimey H, Coyne 0, Labuschagne N (2006) Effect of various
fertilizer treatments on Scutellonema bradys populations and
damage in yam (Dioscorea spp.) in the field and in storage.
Int J Pest Manag 52(1):63-70
Baquar SR (1980) Chromosome behaviour in Nigerian yams
(Dioscorea). Genetica 54: 1-9
Bennett MD, Leitch U (2005) Plant DNA C-values Database
(release 4.0, Oct 2005). http://www.kew.org!cval/homepage.
html
Bharathan G. Lambert G, Galbraith DW (1994) Nuclear DNA
content of monocotyledons and related taxa. Am J BOI 81
(3):381-386
Bousalem M, Amau G, Hoehu I, Amolin R, Viader V, Santoni
S, David J (2006) Microsatelite segregation analysis and
cytogenetic evidence for tetrasomic inherilance in the
American yam Discorea trifida and a new basic chromosome number in the Dioscoraceae. Theor Appl Genet
113:439-451
Burkill IH () 939) Notes on the genus Dioscorea in the Belgian
Congo. Bull Jard Bot Etat Bruxelles 15:345-392

91

Burkill IH (1960) The organography and evolution of Dioscoreaceae, the family of yams. J Linn Soc 56(367):319-412
Caddick LR. Rudall PJ. Wilkin P,Chase MW (2000) Yams and
their allies: systematics of Dioscoreales. In: Wilson KL,
Morrison 0 (eds) Syslematics and evolution of monocots.
CSIRO, Clayton South, VIC, Australia, pp 475-487
Caddick LR, Rudall PJ. Wilkin P, Hedderson TAl, Chase MW
(2002) Phylogenetics of Dioscoreales based on combined
analyses of morphological and molecular data. Bot J Linn
Soc 138:123-144
Chair H, Perrie X. Agbangla C. Marchand JL, Dainou 0, Noyer
JL (2005) Use of cpSSRs for the characterisation of yam
phylogeny in Benin. Genome 48:674-684
Chase MW, Stevenson OW, Wilken P, Rudall PJ (1995) Monocot systematics: a combined analysis. In: Rudall PJ, Cribb
PJ. Cutler OF, Humphries CJ (eds) Monocotyledons: systematics and evolution, vol 2. Royal Botanic Gardens, Kew,
UK, pp 685-730
Chevalier A (1936) Contribution a retude de quelques especes
africaines du genre Dioscorea. Bulletin du Museum National
d'Histoire Naturelle, 2eme Serie 8:520-551
Coursey DG (1967) YAMS: an account of the nature, origins,
cultivation and utilization of the useful members of the
Dioscoraceae. Longmans and Green, London. UK, p 222
Coursey DG (1969) The future of the yam in world agriCUlture:
an appraisal of some problems. Trop Root Tuber Crops
NewsI2:4-8
Coursey DG, Martin RW (1970) The past and future of yams as
crop plants. In: Proceedings of 2nd sympsoium on tropical
mot crops, Hawaii, USA, vol I, pp 87-90; 99-101
Coyne 0, Tchabi A, Baimey H, Labuschagne N, Rotifa I (2006)
Distribution and prevalence of nematodes (Sclltellonema
bradys and Meloidogyne spp.) on marketed yam (Dioscorea
spp.) in West Africa. Field Crops Res 96(1):142-150
Dai"nou OC, Agbangla C, Berthaud J, Tostain S (2002) Le
nombre chmmosomique de base des especes de Dioscorea
constituant la section Enantiophyllum pourrait etre egal
ax = 20. Quelques preuves. Ann Sci Agron Benin 3:21-43
Dalziel JM (1937) The useful plants of West Tropical Africa.
Crown Agents, London, UK
DaniellO (1997) Conservation of West African yam (Dioscorea
spp) gennplasm: physiology of seed and pollen storage. PhD
Thesis, University of Ibadan, Nigeria. pp 148
Dansi A, Mignouna HD. Zoundjihekpon J, Sangare A, Asiedu
R, Quin PM (1998) Varietal indentification key of the
cultivated yams (Discorea caynensis-D. rotundata complex)
of Benin Republic. Plant Genet ResoUf Newsl 116: 18-25
Dansi A, Mignouna HD, Zoundjihekpon J, Sangare A, Asiedu
R, Quin FM (1999) Morphological diversity, cultivar groups
and possible descent in the cultivated yams (Dioscorea
cayenensis-D. rotundata complex) of Benin RepUblic.
Genet Resour Crop EvoI46:371-388
Dansi A, Mignouna HD, Zoundjihekpon J, Sangare A, Asiedu
R, Ahoussou N (2000a) Using isozyme polymorphism to
assess genetic variation within cultivated yams (Discorea
caynensis-D. rotundata complex) of the Benin Republic.
Genet Resour Crop EvoI47:371-383
Dansi A, Mignouna HD, Zoundjihekpon J, Sangare A. Asiedu
R, Ahoussou N (2000b) Identification of some Benin
Republic's Guinea Yams (Dioscorea cayenensislDiscorea

92

R. Bhattacharjee et at
rotlfndata) cultivars using randomly amplified polymorphic

FAO (2007) FAOSTAT Agriculture data. Food and Agriculture

DNA. Genet Resour Crop EvoI47:619-625
Dansi A. PiIIay M, Mignouna HD, Mondeil F, Dainou 0 (2001)
Ploidy level of the cultivated yarns (Dioscorea cayenensis-

Organisation of the United. Nations, Rome, Italy. http://apps.
faa.org/collections
Fautret A. Dublin p, Chagvardieff P (1985) Callus formation
and neoformation with two edible Dioscorea species:
D. a/ara and D. trifida. Paper presented at the 7th symposium
of international society for tropical root crops, Institute
National pour la recherche Agrcole. Guadeloupe, 1-6 July

Dioscorea rotundata complex) from Benin Republic determined by chromosome counting and How cytometry. Afr
Crop Sci J 8:355-364
Davies 0 (1967) West Africa before the Europeans. Methuen.

London, UK

De Laat AMM, GIjhde W, Vogelzang MJDC (1987) Detennination of ploidy level of single plants and plant populations

by How cytometry. Plant Breed 99:303-307
Degras L (1993) The yam: a tropical root crop. The Technical
Centre for Agricultural and Rural Cooperation (CfA). Macmillian, London, UK, p 408
Dernarly Y (1958) Contribution a I'etude des tetraploides. Ann

Genet 34:25-39
Dolezel J (1997) Application of How cytometry for the study of

plant genomes. J Appl Genet 38:285-302
Dournbia S (1998) Quelques aspects actuels de la commercialisation de l'igname en Cote d'lvoire. In: Berthaud J, Bricas
N. Marchand JL (eds) L'igname. plante seculaire et culture
d'avenir. Acres du Semmaire International, Montpellier. 3-6
June 1997. Centre de Cooperation Internationale en
Recherche Agronomique pour Ie Developpement (CIRAD),
Montpellier, France, pp 285-290
Dounias E (2001) The management of wild yam tubers by the
Baka Pygmies in Southern Cameroon. Afr Study Monogr 26

(Suppl):135-156
Dumet D, Ojuderie 0, Adeyemi A (2007) Yam in vitro genebanking. IITA Genebank Manual Series. International Institute of Tropical Agriculture. Ibadan, Nigeria
Dumont R, Vernier P (1997) L'igname en Afrique: des solutions
transferables pour Ie developpement Les Cahiers de la
Recherche Developpement 44:115-120
Dumont R, Vernier P (2000) Domestication of yams (Dioscorea
cayenensis - rotllndata) within the Bariba ethnic group in

Benin. Outlook Agric 29(2):137-142
Dumont R, Hamon P. Seignobos C (1994) Les ignames au
Cameroun. Collection Reperes. CIRAD, Montpellier,
France, pSO
Dumont R, Dansi A, Vernier P, Zoundjibekpon J (2006) Biodiversity and domestication of yams in West Africa: traditional
practices leading to Dioscorea rotundata Poir. Editions Quae,
CIRAD-IPGRl, Nancy, France
Egesi CN, Pillay M, Asiedu R, Egnnjobi JK (2002) Ploidy
analysis in water yam, Dioscorea alata L. germplasrn.

Euphytica 128(2):225-230
Egesi CN, Asiedu R, Ude G, Ogunyemi S, Egnnjobi JK (2003)
Genetic diversity of organoleptic propenies in water yam
(Discorea alala L.). J Sci Food Agric 83:858-865
Egesi CN, Asiedu R, Ude G, Ogunyemi S, Egunjobi JK (2006)
AFLP marker diversity in water yam (Dioscorea alata L.).
Plant Genet Resour 4:181-187
Endicott K, Bellwood P (1991) The possibility on independent
foraging in the rain forest of Peninsular Malaysia. Hum Ecol

19:151-185
Essad S (1984) Geographic variation of basic chromosome
numbers and polyploidy in the Dioscorea genus with regard
to counting for transevrsa Brown, pilosillscula Ben. and
rrijida (L.). Agronomie 4:611-617

1985, pp 33-37
Fullagar R, Field J, Denbam T, Lentfer C (2006) Early and mid
Holocene tool-use and processing of taro (C%casia esc,,lenta), Yam (Dioscorea spp.) and other plants at Kuk Swamp
in the highlands of Papua New Guinea. J Archaeol Sci
33:595-614
Galbraith DW, Harkins KR, Maddox JM, Ayres NM,
Sharma DP. Firozabady E (1983) Rapid How cytometric
analysis of the cell cycle in intact plant tissues. Science

220:1049-1051
Galperin MY (2008) The molecular biology database collection:
2008 update. Nucleic Acids Res 36:D2-04
Gamiette F, Bakry F, Ano G (1999) Ploidy determination of
some yam species (Discorea spp.) by How cytometry and
conventional chromosomes counting. Genet Resour Crop
Evol 46: 19-27
Gelfand M, Mavi S, Drummond RE, Ndemera B (1985) The
traditional medical practitioner in Zimbabwe. Mambo,

Gweru
Gilchrist RI, Haughn GW (2005) TILLING without a plough: a
new method with applications for reverse genetics. Curr

Opin Plant Bioi 8:211-215
Govaerts R. Wilkin P, Saunders RMK (2007) World checklist of
Dioscoreales. yams and their allies. Kew. Royal Botanic
Gardens, Kew, UK
Hahn SK (1995) Yams: Dioscorea spp. (Dioscoreaceae). In:
Smartt J, Simmonds NW (eds) Evolution of crop plants.
Longman, Essex, London, UK, pp 112-120

Hahn SK, Osiru DSO, Akoroda MO, Otoo JA (1987) Yam
production and its future prospects. Outlook Agric
16:105-110
Hamon P (1987) Structure, origine genetique des ignames du
complexe Dioscorea cayenensis-rotundata et domestication
des ignames en Afrique de ),Ouest These, Univer Paris Xl.

Ot1;ay, France, pp 247
Hamon p, Toure B (1990a) Characterization of traditional yam
varieties belonging to the Dioscorea cayenensis-rotundata
complex by their isozymic patterns. Euphytica 46:101-107
Hamon P. TotJI"6 B (1990b) The classification of the cultivated
yarns Dioscorea cayertensis-rotllndata complex of West

Africa. Euphytica 47:179-187
Hamon P. Brizard JP, Zoundjihekpon J, Duperray C, Borgel A
(1992) Etude des index d'AND de huit especes d'ignames
(Dioscorea sp.) par cytometrie en flux. Can J Bot 70

(5):996-1000
Hamon P, Dumont E, Zoundjibekpon J. Ahoussou N, Toure B
(1997) Les ignames. In: Charrier A, Jacquot M, Hamon S.
Nicolas 0 (eds) l,.'amelioration des plantes tropicales.

C1RADORSTOM Reperes, Paris, France, pp 385-400
Hansen DR, Dastidar S, Zhengqiu CG. PenaOor C, Kuehl J,
Jeffrey V, Boore L, Jansen RK (2007) Phylogenetic and
evolutionary implications of complete chloroplast genome
sequences of four early-diverging angiospenns: BlIxus

4 D;oscorea

(Buxaceae). Chlorantlms (Chloranthaceae). Dioscorea
(Dioscoreaceae). and Illicium (Schisandraceae). Mol Phylogenet Evol 45:547-563
Hanson J (1986) Methods of storing tropical root crop gennplasm with special reference to yam. Plant Genet Resour
Newsl64:24-32
Hart TB. Hart JA (1986) The ecological basis of huntergatherer
subsistence in African rain forests: the Mbuti of Eastern
Zaire. Hum Ecol 14:29-55
Hildebrand EA (2003) Motives and opportunities for domestication and ethnoarchaelogicaJ study in South-West Ethiopia.
J Anthropol Archaeol 22:358-375
Hladik A. Dounias E (1993) Wild yams of the African forests as
potential food resources. In: Hladik CM, Hladik A. Linares
OF. Pagezy H, Semple A, Hadley M (eds) Tropical forests,
people and food: biocuitural interactions and applications to
development. Parthenon UNESCO, Paris, France. pp
163-176
lkediobi CO, Igboanusi LC (1983) Identification of yams, Discorea spp., cuItivars by use of electrophoretic patterns of
soluble tuber proteins. Biotropica 15:65-67
IPGRI/IITA (1997) Descriptors for yam (Dioscorea spp.). International lnstitute of Tropical Agriculture!lnternational Plant
Genetic Resources Institute. Ibadan, Nigeria. Rome, haly
Irvine FR (1952) Supplementary and emergency food plants of
West Africa. Econ Bot 6(1):23-40
Jackson RC, Casey J (1982) Cytogenetic analysis of autopolyploids: models and methods for triploids to octoploids. Am J
Bot 69:487-501
Jansen RK, Cai Z. Raubeson LA. Daniell H, dePamphilis CW.
Leebens-Mack J, Muller KF. Guisinger-Bellian M, HaberleRC HAK. Chumley TW. Lee SB, Peery R. McNeal JR.
Kuehl JV, Boore JL (2007) Analysis of 81 genes from 64
plastid genomes resolves relationships in angiospenns and
identifies genome-scale evolutionary patterns. Proc NatI
Acad Sci USA 104:19369-19374
Kenyon L, Shoyinka SA, Hughes J d'A, Odu BO (2003) An
overview of viruses infecting yams in sub-Saharan Africa
In: Hughes Jd' A. Odu BO (eds) Plant virology in subSaharan Africa. Proceedings of a conference organized by
IITA, UTA, Nigeria, pp 432-439
Knuth R (1930) Dioscoreaceae. In: Engler P (eds) Die Naturlichen PHanzen families, vol 15a, 2nd edn. Engelmann, leipzig, pp 438-462
Kress WJ, Kenneth JW. Zimmer EA, Weigt LA, Janzen DH
(2005) Use of DNA barcodes to identify flowering plants.
Proc Natl Acad Sci USA 102:8369-8374
Labouret H (1937) La geographie alimentaire en Afrique Occidentale, Ann Geogr 46(264):591-610
Lamarck J (1792). Dioscorea cayenensis. In: Encyclopediae
Methodique. Vol. 3 (2). p. 233. Paris
Lawton JRS (1967) A key to the Dioscorea species in Nigeria. J
West Afr Sci Assoc 12:3-9
Lebot V (2009) Yams, Section III: Tropical root and tuber crops:
cassava. sweet potato, yams and aroids. CABI. Reading. UK
Lebot V, Trilles B, Noyer JL, Modesto J (1998) Genetic relationships between Discorea a/ala L. cultivars. Genet Resour
Crop Evol 45:499-509
Lebot V. Malapa R, Molisale T, Marchand JL (2006) Physicochemical characterization of yam (Discorea alata L.) tubers
from Vanuatu. Genet Resour Crop Evol 35: 199-1208

93
Leunufna S, Keller ERJ (2003) Investigating a new cryopreservation protocol for yams (Dioscorea spp.). Plant Cell Rep
21:1159-1166
Lev LS. Shriver AL (1998) A trend analysis of yam production.
area, yield, and trade (1961-1996). In: L'igname, plante
seculaire, et culture d'avenir. Actes du seminaire international 3-5 Juin 1997, ClRAD, INRA, ORSTOM, CORAF,
Montpel1ier. France
Mahalakshmi V, Ng Q, Atalobhor J. Ogunsola D. Lawson M.
Ortiz R (2006) Development of a West African yam Dioscorea spp. core collection. Genet Resour Crop Evol 54
(8):1817-1825
Malapa R, Arnau G. Noyer JL, Lebot V (2005) Genetic
diversity of the greater yam (Discorea a/ata L.) and relatedness to D. nllmmularia Lam. and D. transversa Br. as
revealed with AFLP markers. Genet Resour Crop Evol
52:919-929
Malaurie B (1998) In vitro storage and safe international
exchange of yam (Dioscorea spp.) Gennplasm. Electron J
Biotechnol. http://ejb.ucv .cVcontent/voll /issue3/ful1/2
Malaurie B, Pungu 0, Dumont R. Trousiot MF (1993) The
creation of an in vitro gennplasm collection of yam (Dioscorea spp.) for genetic resources preservation. Euphytica
65:113-122
Malaurie B, Pungu O. Trouslot MF (1995a) InHuence of meristem-tip size and location on morphological development in
Dioscorea cayenensis - D. rotundata complex and D. praehensilis. Afr J BiotechnoI42:215-218
Malaurie B, Pungu O. Trouslot MF (l995b) Effects of growth
regulators concentrations on morphological development of
meristem~tips in Dioscorea cayenensis-D. rotllndata complex and D. praehensilis. Plant Cell Tiss Org Cult
42:215-221
Malaurie B. Trouslot MF, Berthaud J (1998) Conservation et
echange de gennoplasme chez les ignames (Dioscorea spp.).
In: Berthaud J, Bricas N, Marchand JL (eds) L'igname:
Plante Seculaire et Culture d'Avenir. Acte du seminaire
international. 3-6 Juin 1997, CIRAD-INRA-Orstom-Coraf,
Montpellier. France, pp 135-161
Mandai BB (2000) Cryopreservation of yams apices: a comparative study with three different techniques. In: Engelmann F,
Takagi H (eds) Cryopresevation oftropical plant gennplasm.
current progress and application. IPGRI, Rome, Italy,
pp 233-237
Mandai BB, Chandel KPS. Dwivedi S (1996) Cryopreservation
of yam (Dioscorea spp.) shoot apices by encapsulationdehydration. Cryoletters 17:165-174
Mantell SH. Haque SQ. Whitehall AP (1978) Clonal multiplication of Dioscorea alata L. and Dioscorea rotundata Poir.
yams by tissue culture. J Hortic Sci 53:95-98
Manyong VM. SmithJ, WeberG. Jagtap SS. Oyewole B (1996)
Macro-characterization of agricultural systems in West
Africa. An overview of resource and crop management,
Monograph No 21. IITA. Ibadan, Nigeria
Martin FE. Degras L (1978) Tropical Yams and their Potentials.
Part 6. Minor Cultivated Dioscorea sp. Agricultural Handbook. No. 538. USDA: Washington. DC
Martin FW (1966) Sex ratio and sex detennination in Dioscorea.
J Hered 57(3):95-99
Martin FW (1976) Tropical yams and their potential. Part. 3.
Dioscorea alata. Agricultural Handbook 495. Agricultural

94
Research Service. United States Department of Agriculture
(USDA). Washington. DC. USA. P 40
Martin FW, Sadik S (1977) Tropical yams and their potential.
Part. 4. Dioscorea rotrmdata and Dioscorea cayenensis.
Agriculture Handbook 502. Agricultural Research Service.
United States Department of Agriculture (USDA), Washington. DC. USA. p 36
McMurphy L.M, Rayburn AL (1991) Genome size variation in
maize populations selected for cold tolerance. Plant Breed
106:190-195
Miege J (1952) Contribution "etude systematique des Dioscorea Ouest africains. These, Paris, France, 266 p
Miege J (1954) Les cultures vivribres en Afrique Occidentale.
Etude de leur repartition geographique particulierement on
Cote d'ivoire, Cah d' Outre-mer 7:25-50
Miege j (1968) Dioscoraceae. In: Hutchinson J. Dalziel JM,

Hepper FN (eds) Flora of tropical West Africa, Part 3(1),
2nd edn. Crown Agents for Overseas Governments and
Administration, London, UK, pp 144-154
Miege J (1982) Preface. In: Miege J, Lyonga SN (eds) Yams
19names. Oxford University Press. Oxford, UK, pp ix-xi
Miege J, Lyonga SN (1982) Yamsllgnames. Compte rendu de la
Conference lnternationale sur l'igname, International Foundation for Science (lFS), Buea, Cameroun, 2-6 Oct 1978.
Clarendon. Oxfurd, UK, p 441
Mignouna 00, Dansi A (2003) Yam (Dioscorea spp.) domestication by the Nago and Fon ethnic groups in Benin. Genet
ResourCrop EvoI50:519-528
Mignouna HD. Ellis NTH. Asiedu R. Ng QN (1998) Analysis of
genetic diversity in Guinea yams (Dioscorea spp) using
AFLP fingerprinting. Trop Agric (frinidad) 75:224--229
Mignouna HD. Abang MM. Onasanya A. Asiedu R (2002a)
Identification and application of RAPD markeTS for anthracnose resistance in water yam (Dioscorea a/ata). Ann Appl
Bioi 141:61-66
Mignouna HD, Dansi A. Zok S (2002b) Morphological and
isozymic diversity of the cultivated yams (Discorea cayenensis IDiscorea rotllndata complex) of Cameroon. Genet
Resour Crop EvoI49:21-29
Mignouna HD, Mank RA, Ellis THN (2002c) A genetic linkage
map of Guinea yam (Dioscorea rotllndata Poir.) based on
AFLP markers. Theor Appl Genet 105:716-725
Mignouna HD. Mank RA, Ellis THN (2002d) A genetic linkage
map of water yam (Dioscorea a/ata L.) based on AFLP
markers and QTI.. analysis for anthracnose resistance.
Theor Appl Genet 105:726-735
Mignouna HD. Abang MM, Fagbemi SA (2003) A comparative
assessment of molecular marker assays (AFLP, RAPD and
SSR) for white yam (Dioscorea rorundara Poir.) germplasm
characterisation. Ann Appl Bioi 142:269-276
Mignouna HD. Abang MM, Dansi A. Asiedu R (2004) Morphological, biochemical and molecular approaches to yam
(Dioscorea spp.) genetic resource characterisation. In: Thangadurai D, Pullaiah T (eds) Genetic resources and biotechnology. Regency. New Delhi,lndia, pp 162-185
Mignouna HD. Abang MM, Asiedu R (2007) Yams. In: Kole C
(ed) Genome mapping and molecular breeding in plants, vol
3, Pulses, sugar and tuber crops. Springer, Heidelberg. pp
271-296
Milton K (1985) Ecological foundations for subsistence strategies among the Mbuti Pygmies. Hum EcoI13:71-78

R. Bhattacharjee et al.
Moroldo M. Paillard S, Marconi R, Fabrice L, Canaguier A.
Cruaud C, De Berardinis V, Guichard C. Brunaud V. Le
Clainche I, Scalabrin S, Testolin R, OJ Gaspero G. Morgante
M, Adam-Blondon AF (2008) A physical map of the heterozygous grapevine 'Cabemet Sauvignon' allows mapping
candidate genes for disease resistance. BMC Plant BioI 8:66
Myouda T, Sanada A, Fuji S, Natsuaki KT. Koshio K. Toyobara
H, Kikuchi F, Fujimaki H (2005) Propagation of greater yam
(Dioscorea a/ata L.) using shoot apex and nodal segment
cultures combined with virus detection by RT-PCR. SABRAO J Breed Genet 37(1):1-11
Ng SYC (1984) Meristem culture and multiplication. In: lITA
Annual Report, 1983. Ibadan. Nigeria. pp 133-134
Ng SYC (1988) In vitro conservation and distribution of root
and tuber crop gerrnplasm. In: Ng NQ. Perrino P. Attere F,
Zedan H (eds) Crop genetic resources of Africa, vol 11(2.3).
IlTA.lbadan. Nigeria. pp 95-106
Ng SYC. Ngu MA. Ladeinde TAO (1994) Embryo culture of
yams: gennination and callus induction. In: Akoroda MO
(ed) Root Crops for Food Security in Nigeria. Proceedings of
5th training symposium of the international society for tropical root crops - Africa Branch, Kampala. Ugangda, 22-28
Nov 1992. pp 141-144
Okezie CEA. Nwoke FlO. Okonkwo SNC (1983) In vitro cultw'e of Dioscorea rotundata embryo. In: Terry ER. Odum
KO, Caveness F (eds) Proceedings of 2nd triennial symposium on international society for tropical root crops - Africa
Branch. Douala, Cameroon. 14--19 Aug 1993. pp 121-124
Okonkwo SNC (1985) The botany of the yam plant and its
exploitation in enhanced productivity of the crop. In: Osuji
G (ed) Advances in yam research: the biochemistry and
technology of the yam tuber. Biochemical Society of
Nigeria and Anambra State University of Technology.
Nigeria, pp 3-29
Onwueme IC (1978) The tropical tuber crops: yams, cassava,
sweet potato, cocoyams. John Wiley, New York, USA, p 234
Onyia GOC. Gahan PB, Norman H (1984) The use of new
probes for protoplast integrity following isolation and purification of protoplasts from tubes of white yam (Dioscorea
rotundata Poir). Plant Sci Lett 33:231-238
Onyilagha JC, Lowe J (1985) Studies on the relationships of
Dioscorea cayenensis and Dioscorea rotundata cultivaTS.
Enphytica 35:733-739
Orkwor GC (1998) The Importance of yams. In: Food Yams.
Advances in Research, Okwor GC. Asiedu R, Ekanayake U
(Eds). UTA (lbadan) and NRCRI (Umudike). Nigeria, pp.
1-12
05ifo EO (1988) Somatic embryogenesis in Dioscorea. J Plant
Physiol 133:37&-380
Petro D, Onyeka TI. Etienne S, Rubens S (2009) Genetic
mapping and QTL analysis for yam anthracnose resistance
in Dioscorea a/ara L. In: Plant and Animal Genomes xvn
Conference, San Diego, CA, USA. 10-14 Jan 2009
Poiret IC (1813) Dioscorea rotundata.ln: Encyclopediae Methodique. Suppl. III. p. 130. Paris
Raghavan RS (1958) A chromosome survey of Indian Dioscorea spp. Proc Indian Acad Sci Sect B 48:59-63
Raghavan SR (1959) A note on some South Indian species of the
genus Dioscorea. CUIT Sci 28:337-338
Ramachandran K (1968) Cytological studies in Dioscorea.
Cytologia 33:401-410

4

Dioscorea

Ramser J. Lopez-Peralla C. Wetzel R. Weising K. Kahl G
(1996) Genomic variation and relationship in aerial yam
(Dioscorea bulbi/era L.) detected by random amplified polymorphic DNA. Genome 39: 17-25
Ramser J. Weising K. Lopez-Peralta C. Terhalle W, Terauchi R,
Kahl G (1997) Molecular marker based taxonomy and phylogeny of Guinea yam (Dioscorea rotundata - D. cayenensis). Genome 40:903-915
Rotem N. Shemesh E, Peretz Y. Akad F. Edelbaum O. Rabinowitch HD. Sela I. Kamenetsky R (2007) Reproductive development and phenotypic differences in garlic are associated
with expression and splicing of LEAFY homologue gaLFY.
J Exp Bo.58(5):1 133-1141
Saddic LA, Huvennann B, Bezhani S, Su Y. Winter CM, Kwon
CS. Collum RP, Wagner D (2006) The LEAFY target LMI I
is a meristem identity regulator and acts together with
LEAFY to regulate expression of CAULIFLOWER. Developmen.133:1673-1682
Sadik S. Okereke OU (1975a) Flowering. pollen grain gennination, fruiting, seed gennination and seedling development of
white yam, Dioscorea rotundata Poir. Ann Bot 39:597-604
Sadik S, Okereke OU (l975b) A new approach to the improvement of yam, Dioscorea rotundala. Nature 254: 134-135
SaleH V, Degras L. Jonard R (1990) Obtention de plantes
indemnes du virus de la mosaique de l'igname (YMV) par
culture in vitro des apex chez l'igname americaine Dioscorea trifida L. Agronomie 10:605-615
Sato H (200 I) The potential of edible wild yams and yam-like
plants as a staple food resource in the African tropical rain
forest. Afr Study Monogr 26: 123-134
Scarcelli N, Ogoubi D, Clement A, Tostain S. Pham JL (2005)
Segregation patterns of isozyme loci and microsatillite markers show the diplody of African yam Discorea rotundada
(2" = 40). Theor Appl Gene. 111:226-232
Scarcelli N. Tostain S, Vigouroux y, Agbangla C, Dainou 0,
Pham JL (2006) Fanners' use of wild relative and sexual
reproduction in a vegetatively propagated crop: the case of
yam in Benin. Mol EcoI15(9):2421-2431
Schafer W, Gorz A, Gahl G (1987) T-DNA integration and
expression in a monocot crop plant after induction of Agrobacterium. Nature 327:529-532
Sedigeh A, Mantell SH, MariaViana A (1998) In vitro shoot
ClIlture and microtllber induction in the steroid yam Dioscorea composita Hemsl. Plant cell Tiss Org Cult 53
(2):107-112
Segarra-Moragues JG, Catalan P (2003) Life history variation
between species of the relictuaJ genus Borderea (Dioscoreaceae): phylogeography, genetic diversity, and population
genetic structure assessed by RAPD markers. Bioi J Linn
Soc 80:483-498
Segarra-Moragues JG, Palop-Esteban M. Gonza'Lez-Candelas
F, Catala'n P (2004) Characterization of seven (CIT)n
mocrosatellite loci in the pyrenean Endemic Borderea pyrenaica (Dioscoreaceae): remarks on ploidy level and hybrid
origin assessed through allozymes and microsatellite analices. J Hered 95:177-183
Selvaraj D, Sanna RK, Ramalingam SK (2008) Phylogenetic
analysis of chloroplast matK gene from Zingiberaceae for
plant DNA barcoding. Bioinfonnation 3( 1):24-27
Shanna AK, De N (1956) Polyploidy in Dioscorea. Genetica
2B:112-120

95
Sinha M. Chaturvedi HC (1979) Notes on the cytology and
distribution of the Dioscoreae. Bull Torry Bot Club
64:189-197
Soltis DE, Riesberg LH (1986) Autopolyploid in To/miea mziesii (Saxifragaceae): genetic insights from enzyme electrophoresis. Am J Bot 73:310-318
Tamiru M, Becker HC, Maass BL (2007) Generic diversity in
yam gennplasm from Elhiopia and their relatedness to the
main cultivated Dioscorea species assessed by AFLP markers. Crop Sci 47:1744-1753
Tatusov RL, Koonin EV, Lipman DJ (1997) A genomic perspective on protein families. Science 278:631-637
Tatusov RL, Fedorova ND, Jackson JO, Jacobs AR, Kiryutin B,
Koonin EV, Krylov DM, Mazumder R, Mekhedov SL,
Nikolskaya AN, Rao BS, Smimov S, Sverdlov AV. Vasudevan S, Wolf YI. Yin 11, Natale DA (2003) The COG da.abase: an updated version includes eukaryotes. BMC
Bioinfonnat 4(1):41
Tchabi A, Coyne D, Hountondji F, Lawouin L, Wiemken A.
Oehl F (2008) Arbuscular mycorrhizal fungal communities
in sub-Saharan Savannahs of Benin, West Africa, as affected
by agricultural land use intensity and ecological zone.
Mycorrhiza 18(4): 181-195
Terauchi R, Kahl G (1999) Mapping of the Dioscorea lokoro
genome: AFLP markers linked to sex. Genome 42:752-762
Terauchi R, Chikaleke VA. Thottappilly G. Hahn SK (1992)
Origin and phylogeny of Guinea yams as revealed by RFLP
analysis of chloroplast DNA and nuclear ribosomal DNA.
Theor Appl Gene. 83:743-751
Tor M, Ainsworth CC, Mantell SH (1993) Stable transfonnation
of the food yam Dios('orea a/ata L. by particle gun bombardment Plant Cell Rep 12:468-473
Tor M, Twyford cr, Funes I, Boccon-Gibod J. Ainsworth CC,
Mantell SH (1998) Isolalion and culture of protoplasts from
immature leaves and embryogenic cell suspensions of Dioscorea yams: tools for transient gene expression studies. Plant
Cell Tiss Org Cult 53:113-126
Tostain S, Okry FK, Baco NM, Mongbo RL, Agbangla C,
Darnoll 0 (2003) La domestication des ignames Dioscorea
abyssinica dans les sous-prefectures de Sinende et de Bante
au Benin (Afrique de i'Ouest). Ann Sci Agron Benin
4:33-54
Tostain S, Scarcelli N, Brottier P, Marchand JL, Pham JL, Noyer
JL (2006) Development of DNA microsatellite markers in
tropical yam (Dioscorea sp.). Mol Ecol Notes 6:173-175
Tostain S. Clement A, Scarcelli N, Mariac C, Dainou 0,
Berthaud J. Pham JL (2007) Genetic diversity analysis of
yam cultivars (Discorea rotundata Poir) in Benin using
simple sequence repeat (SSR) markers. Plant Genet Resour
Character Util5:71-81
Toure M, Stessens J. Mayao AG, Zohouri GP (2003) Variation
saisonniere de l'offre et des prix de i'igname en Cote
d'Ivoire. Agron Afr (numero special Atelier national sur
I'igname d'ocI 2001) 4:69-82
Twyford cr, Mantell SH (1990) Regeneration studies on the
monocot Dioscorea a/ata cv Oriental food yam through
somatic embryogenesis via tissue and protoplast manipUlation. In: Abstracts of 7th international congress on plant tissue
and cell cuhore, Amsterdam, Netherlands, 24-29 June 1990
USDA-ARS National Genetic Resources Program (2009)
Gennplasm Resources Infonnafion Network - (GRIN)

R. Bhattacharjee et al.

96
[Online Database). National Gennplasrn Resources Laboratory. Beltsville, MA, USA. http://www.ars-grin.gov/cgi-bin/

npgs/html/splist.pl?16909. Accessed 17 Peb 2009
Vernier p, Orkwor GC, Dossou R (2003) Studies on yam domestication and fanners' practices in Benin and Nigeria. Out-

look Agric 32:35-41
Viana AM. Mantell SH (1989) Callus induction and plant regen-

eration from excised zygotic embryos of seed-propagated
yam Dioscorea composite Hernst. and D. caynensis Lam.
Plant Cen Tiss Org Cult 16:113-122
Walker A (1952) Les Dioscorea's du Gabon. Rev Int Bot Appl
Agric Trop 32(353-354):191-193
Watson L, Dallwitz MJ (1992) The families of flowering plants:
descriptions. illustrations, identification, and information
retrieval. http://delta-intkey.com

Watson LE, Elisens WJ, Estes JR (1991) Electrophoretic and
cytogenetic evidence for allopolyploid origin of ManhuUia
mohrii (Asteraceae). Am J Bot 78:408-416
Wilkin P. Hladik A, Labat IN. Barthelat P (2007) A new
edible yam (Dioscorea L.) species endemic to Mayotte,

new data on D. comorens;s R. Knuth and a key to the
yams of the Comoro Archipelago. Adansonia ser 3, 29(2):
215-228
Wolfe KH, Li WH, Sharp PM (1987) Rates of nucleotide substitution vary greatly among plant mitochondrial. chloroplast
and nuclear DNAs. Proc Natl Acad Sci USA 84:9054-9058
Xinhua F, Quiquan S, Xingcnn 1 (1986) Transformation of the
monocot D;oscorea opposita using Agrobacterillm tume/adens. Genet Manipul Crops Newsl 2:52-59
Yakuwa T, Harada T, Kasai N, Araki H (1981) Studies on the
botanical characteristics of genus Dioscorea II: on the formation and gennination of the seed in Chinese yam (cv.
Nagaimo).l Fac Agric Kyushu Univ 60:220-229
Zonneveld B1M, Leitch U, Bennett MD (2005) First nuclear
DNA amounts in more than 300 angiosperms. Ann Bot
96:229-244
Zoundjihekponl, Hamon S, Tio-Tome B, Hamon P (1994) First
controlled progenies checked by isozymic markers in
cultivated yams, Dioscorea cayenensis-rotundata. Theor
Appl Genet 88:1011-1016

