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Abstract. Eleusine (Poaceae) includes six diploid
and three polyploid species and has three basic
chromosome numbers, x¼ 8, 9 and 10. The species
are annual as well as perennial and all are wild
except E. coracana, which is cultivated for grain
and fodder in Africa and the Indian subcontinent.
Eleusine coracana and E. africana have the same
genome and chromosome number (2n¼ 36). Eleu-
sine indica and E. floccifolia are identified as two
genome donors to these polyploid species. Eleusine
kigeziensis is the third polyploid species of the
genus with 2n¼ 38. Its genome may have come
from E. jaegeri and from one of the species with
x¼ 9, most probably from E. indica.
Eleusine indica, E. tristachya, E. floccifolia and

E. intermedia with x¼ 9 and two polyploid species,
E. coracana and E. africana, are closely related and
there is free genetic flow between them. Eleusine
multiflora with x¼ 8 is significantly different in
morphology and at genomic level from other
species. Eleusine jaegeri with x¼ 10 is morpholog-
ically similar to E. indica, however, more informa-
tion is needed to ascertain its position in the genus.
Eleusine coracana, which is commonly called

finger millet, is a potential and nutritious crop for
the increasing population of the world, particularly
in arid and semi-arid regions. It can also serve as a
gene pool for various important characters and
disease resistant genes.

Key words: Eleusine species, evolution, finger
millet, polyploid species, speciation.

Introduction

Eleusine is a member of tribe Eragrosteae,
family Poaceae. It is a small genus that
includes about 9 to 12 species (Phillips 1972,
Willis 1973, Hilu and deWet 1976a, Hilu 1981)
and is distributed in the tropical and subtrop-
ical parts of Africa, Asia and South America
(Phillips 1972). East Africa is considered the
center of diversity for the genus and eight
species, namely, E. africana, E. coracana,
E. kigeziensis, E. indica, E. floccifolia, E. inter-
media, E. multiflora and E. jaegeri, occur in
this region (Mehra 1963a, Phillips 1972). The
genus includes diploid as well as polyploid
species and has three basic chromosome num-
bers, x¼ 8, 9 and 10. On the basis of growth
habit of the species the genus is divided into
two separate groups, annual and perennial
(Table 1). Within each group the differences
between the species are often small and among
the annuals, in particular, introgression is a
frequent phenomenon with the occurrence of
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intermediates (Mehra 1962, Phillips 1972).
Two groups also differ in spikelet characters.
In annuals the lower glume is 1–3 nerved with
a winged keel, the upper glume is 3–7 nerved
with a thickened to narrowly winged keel, the
lemmas have 1–3 subsidiary nerves close to
each side of the central nerve forming a
conspicuous thickened keel and the paleas
are winged on the keels. In contrast, perennials
usually have simple spikelets with one nerved
unwinged glumes, 3 nerved lemmas without
subsidiary nerves and unwinged paleas (Phil-
lips 1972).

Despite numerous studies at cytogenetical,
cytochemical, biochemical and molecular lev-
els (Chennaveeraiah and Hiremath 1973,
1974a; Hiremath and Chennaveeraiah 1982;
Hilu and Johnson 1997; Hilu 1995; Hiremath
and Salimath 1992; Salimath et al. 1995a, b)
the infrageneric classification is quite confusing
and genome donors to polyploid species re-
main unidentified. Active speciation has made
the genus taxonomically difficult (Clayton and
Renvoze 1986, Clayton et al. 1974, Clayton
1981). Recently work has also been published
on molecular cytogenetics of the genus, giving
information about genome donors to poly-
ploid species (Bisht and Mukai 2000, 2001a,
b). This review is an attempt to gather all the

available information about the genus to
elucidate the phylogenetic relationships of
diploid species, polyploid species and between
diploid and polyploid species.

Number of species in the genus

The number of species recognized within
Eleusine has varied from 7 to 12 because of
very little morphological differences between
them (Phillips 1972, Chennaveeraiah and
Hiremath 1974b). Also the species of Eleusine
easily cross with each other in nature and
produce intermediates in large numbers (Meh-
ra 1962). Phillips (1972) recognized only nine
species, eight from Africa and one from South
America. In his classification, some species,
such as E. semisterilis described only from a
single specimen collected from the southern
parts of Kenya and Mombassa, have a very
limited distribution (Phillips 1972). Eleusine
semisterilis differs from other species of Eleu-
sine due to its abortive spikelets at each end of
the spikes and the laxly arranged spikelets, in
contrast to the highly overlapping arrange-
ment usual in the genus (Phillips 1972).
Eleusine semisterilis is closer to the perennial
species and could be distinguished from
E. jaegeri, E. floccifolia and E. kigeziensis by

Table 1. Chromosome numbers, growth habit and geographical distribution of Eleusine species

Species 2n chromosome
numbers & genome
formula

Growth
habit

Geographical
distribution

E. indica (L.) Gaertn. 18 AA Annual Japan, India, North
America, Tanzania,
Belgium, Hungary

E. tristachya (Lam.) Lam. 18 AA Annual South America
E. multiflora Hochst. ex A. Rich. 16 CC Annual Kenya, Tanzania
E. floccifolia (Forssk.) Spreng. 18 BB Perennial Ethiopia, Somalia,

Kenya, Yemen
E. intermedia (Chiov.) S. M. Phillips 18 AB Perennial Ethiopia
E. jaegeri Pilger 20 DD Perennial Tanzania
E. kigeziensis S. M. Phillips 38 AADD Perennial Burundi
E. africana Kennedy-O’Byrne 36 AABB Annual Malawi, Kenya,

Rhodesia, Tanzania
E. coracana (L.) Gaertn. 36 AABB Annual India, Nepal, Uganda,

Kenya, Ethiopia
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its obtuse lemmas and from E. intermedia by
its flatter, obvate conspicuously granular-stri-
ate grain (Phillips 1972). Eleusine intermedia is
another species confined to the uplands in
northern Kenya and adjacent parts of south-
ern Ethiopia and described by few workers
(Phillips 1972, Hiremath and Salimath 1991a).
Chennaveeraiah and Hiremath (1974a, b,
1991) also described only nine species in the
genus, but they excluded E. semisterilis and
E. intermedia and included two other species,
E. reniformis and E. compressa in their study.
However, after detailed morphological and
cytological investigations they considered
E. reniformis to be a variety of E. coracana.
Both species, E. reniformis and E. coracana are
tetraploid with chromosome number 2n¼ 36
and cultivated in India and Africa for grain
(Chennaveeraiah and Hiremath 1974a, b).
Divakaran (1959, 1962) separated E. renifor-
mis from E. coracana on the basis of certain
morphological differences and raised it to
species level. Different forms of E. coracana
were also reported from Africa, which are
designated as different varieties (Phillips 1972).
Eleusine compressa, which is also a tetraploid
species with chromosome number 2n¼ 40
(Krishnaswamy 1940, Hiremath and Chenn-
aveeraiah 1982) is a desert species and occurs
in the African Red Sea coast, Arabian region
and North-West India. It differs from all other
species of Eleusine by its stoloniferous habit,
deciduous spikes, which disarticulate from the
top of the culm, pilose lemma nerves and
smooth brown grains without any ornamenta-
tion (Hilu and deWet 1976a). The species is
now excluded from the genus Eleusine and
included in another genus, Octhochloa, as
O. compressa (Phillips 1972, Hilu 1981) One
species, E. verticillata is mentioned in few
reports with very little information (Hiremath
and Salimath 1991a). From the available
information it is clear that the genus Eleusine
as such includes only 7 to 9 species (Table 1).
Of these 7–9 species, five species, namely
E. indica, E. coracana, E. africana, E. tristac-
hya and E. multiflora are annual and four
species, E. kigeziensis, E. intermedia, E. jaegeri

and E. floccifolia are perennial (Phillips 1972,
Chennaveeraiah and Hiremath 1991).

Geographical distribution

Most of the species of Eleusine are distributed
in tropical and subtropical parts of Africa,
Asia and South America (Table 1). Eleusine
indica (goosegrass) (Fig. 1A) is a most suc-
cessful cosmopolitan grass. This species has
been found introduced as far north as the
British Isles and as far south as New Zealand
(Kennedy-O’Byrne 1957). This grass also
called wiregrass, can be seen growing as a
compressed plant on footpaths. Eleusine tri-
stachya (Fig. 1B) is native to South America
and reported from different parts of the
continent, namely Argentina, Uruguay, Brazil
etc. It has also been introduced to various
parts of the old world, Australia, Africa and
North America (Phillips 1972, Hilu 1980).
Other diploid species, E. floccifolia, E. jaegeri,
E. intermedia and E. multiflora, are confined to
Africa. Eleusine jaegeri is restricted to a small
area of East African highlands (Phillips 1972).
Eleusine floccifolia and E. multiflora are found
in Ethiopia and the Eritrea region.
Eleusine coracana (Fig. 1D), the only eco-

nomically important species of the genus, is
widely cultivated in parts of Africa and the
Indian subcontinent. In Africa it grows from
Nigeria eastward to Eritrea and southwards to
Southwest Africa and Natal. In India it is
cultivated from north to south. It is also
cultivated in Burma (Myanmar), Southern
parts of Tibet, Nepal, Malaysia (Burkill
1935), Sumatra, Sri Lanka, Phillipines, Japan
(Kimata et al. 1998) and China, Java, Iran and
Afghanistan and in the Arabian Peninsula
along Red Sea. Eleusine africana (Fig. 1C), a
close relative of E. coracana, is mainly found in
Africa (Phillips 1972). It has also been reported
from some parts of India (Subramanyam and
Kamble 1967, Hiremath 1973, Sinha 1983,
Dixit et al. 1987, Hiremath and Salimath
1991b). Eleusine kigeziensis is endemic to
Africa and localized in the mountainous
regions extending from Kigezi Province,
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Fig. 1A–D. Morphological features of some of the species of Eleusine. AWhole plant of E. indica with spikes
maintained in pot. BWhole plant of E. tristachya with spike. CWhole plant of E. africana with spikes. D Spike
of E. coracana with matured grains
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Uganda and adjacent parts of the Congo and
Rwanda southwards into Burundi (Phillips
1972).

Chromosome number and genome size

Avdulov (1928) for the first time reported the
chromosome number of Eleusine in E. tri-
stachya. Since then numerous reports have
confirmed the chromosome numbers of all the
species of Eleusine (Avdulov 1931, Krishnasw-
amy and Ayyangar 1935, Chennaveeraiah and
Hiremath 1973, Hiremath and Chennaveera-
iah 1982) (Table 1). Three basic chromosome
numbers x¼ 8, 9, 10 are reported in the genus.
Four diploid species, E. indica, E. tristachya,
E. floccifolia and E. intermedia, are based on
x¼ 9 and two other diploid species, E. multi-
flora and E. jaegeri, have basic chromosome
number x¼ 8 and x¼ 10, respectively (Hire-
math and Chennaveeraiah 1982, Hiremath and
Salimath 1991a). Three polyploid species of
the genus are reported as allotetraploid,
E. coracana and E. africana with chromosome
number 2n¼ 36 and E. kigeziensis with chro-
mosome number 2n¼ 38 (Chennaveeraiah and
Hiremath 1991, Hiremath and Salimath
1991a).

The genome size in the Eleusine species is
small. In diploid species the 2C DNA amount
ranged from 2.50 pg in E. verticillata to 3.35 pg
in E. intermedia (Hiremath and Salimath
1991a). In three polyploid species, E. coracana,
E. africana and E. kigeziensis the 2C DNA
amount ranged from 4.95 to 5.93 pg (Hiremath
and Salimath 1991a). The chromosomes in
Eleusine species are reported as median to
submedian and small in size (Hiremath and
Chennaveeraiah 1982, Bisht and Mukai 2000).

Economically important species

Eleusine coracana (finger millet or ragi) is the
only economically important species of the
genus cultivated in the arid and semi-arid
regions of Africa and India for its grain and
fodder (Fig. 1D). Finger millet usually ranks
third in cereal production in semi-arid regions

of the world after sorghum and pearl millet,
and is a staple crop for various tribes in parts
of Uganda and some other areas such as India
and Nepal (Barbeau and Hilu 1993). The grain
is mostly used for preparing bread, cakes,
soup, puddings, porridge and beer (Iyengar
et al. 1945–1946, Hilu and deWet 1976a). It is
also one of the ingredients in the distilled
liquor called Arake or Arak (Hilu and deWet
1976a). Finger millet is rich in essential amino
acids, and contains a higher level of calcium
and iron than other cereals (Pore and Magar
1979, Shukla et al. 1985, Babu et al. 1987,
Barbeau and Hilu 1993). Protein levels range
from 7.5 to 11.7 per cent, carbohydrate 71.5 to
75.3 per cent, fat 3.8 to 4.5 per cent in various
varieties or strains of E. coracana (Barbeau
and Hilu 1993). Calcium and iron content
varies from 376 mg to 515 mg and 3.68 mg
to 6.79 mg, respectively, per 100 grams seeds of
E. coracana (Barbeau and Hilu 1993). Eleusine
coracana contains higher concentrations of all
amino acids than the recommended standard
of FAO/WHO except lysine and it is particu-
larly rich in leucine, tyrosine and phenylala-
nine (Doraiswamy et al. 1969, Barbeau and
Hilu 1993). The crop also has various medi-
cinal properties. The flour of the malted grain
is used in India as food for infants and invalids
and is often fed to diabetic patients and it is
used as prophylaxis for dysentery (Bhatnagar
1952). The plant is also reported to be
diaphoretic, diuretic and vermifuge and the
leaf juice is given to women during pregnancy/
child birth (Watt and Breyer-Brandwijk 1962).
Ragi is a folk remedy for leprosy, liver diseases
(Watt and Breyer-Brandwijk 1962), measles,
pleurisy, pneumonia and small pox (Duke and
Wain 1981).

The crop has excellent storage qualities,
resistance to diseases and tolerance to soil
moisture stress (Hilu and deWet 1976a, Bhan-
dari 1974, Rao and Krishnamoorthy 1981).
The crop is reported to tolerate alkali, fungus,
high pH, insects, low pH, salt, slope and virus
(Duke 1978). Finger millet has a very short life
cycle of 90 days and it is day neutral. The crop
can be cultivated with minimum rain (Bhan-
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dari 1974, Iyengar et al. 1945–1946, Hilu and
deWet 1976a). In certain areas it is cultivated
more than once in a year (Iyengar et al. 1945–
1946). The crop is also cultivated on wide
range of soils ranging from rich loams to poor
shallow upland soils.

Straw serves as a good fodder, better than
that of pearl millet, wheat and sorghum. It is
rich in various nutrients and minerals, 61% of
which is totally digestible. The straw is report-
ed to contain 3.7 g protein, 0.9 g fat, 87.3 g
carbohydrate, 35.9 g fiber, 8.1 g ash, 1110 mg
calcium, 160 mg phosphorus, 260 mg sodium
and 1500 mg potassium per 100 g of straw
(Bhatnagar 1952).

Diploid species and genomic relationship

among them

Eleusine indica, E. tristachya, E. floccifolia,
E. intermedia, E. jaegeri and E. multiflora are
six diploid species with three basic chromo-
some numbers, x¼ 8, 9 and 10 (Hiremath and
Chennaveeraiah 1982). Eleusine multiflora with
chromosome number 2n¼ 16 is totally differ-
ent from the rest of the diploid species
of Eleusine. Its genome is represented as ‘C’
in the genus Eleusine (Hiremath and Salimath
1992). The species has larger chromosomes
than other species and a prominent secondary
constriction was observed on the longest pair
of chromosomes (Bisht and Muaki 2000). The
species also differed from other diploid species
in the number and location of rDNA on the
chromosomes (Bisht and Mukai 2000). In
E. multiflora a 5S rDNA site is located on
four chromosomes whereas, in other diploid
species the 5S rDNA site is located on only two
chromosomes (Bisht and Mukai 2000). Eleu-
sine multiflora is also unique in having 18S–
5.8S–26S rDNA and 5S rDNA at the same
location (Bisht and Mukai 2000). Taxonomi-
cally E. multiflora also differs considerably
from the rest of the species of Eleusine, and
shares some similarity with Acrachne (Phillips
1972). Eleusine multiflora is intermediate be-
tween the two genera in the form of disartic-
ulation and lemma tip. Generally E. multiflora

disarticulates in the manner typical of Eleusine
(the spikelets disarticulate beneath each floret)
but occasionally a lemma falls before its palea,
which remains on the rachilla as in Acrachne
(Phillips 1972, Hilu and Johnson 1997). In
E. multiflora the lemma keel is produced into a
mucro or cusp, whereas in Acrachne the lemma
keel is drawn out into a mucro or awn-point
and in other species of Eleusine the keel is not
extended at all, the tip being simply acute or
obtuse (Phillips 1972). In E. multiflora the
shedding of the grain is also similar to
Acrachne racemosa (Phillips 1972).
Eleusine jaegeri is another species with a

different basic chromosome number (x¼ 10).
There is very little information available
about this species. It is reported as the most
robust species of Eleusine forming dense
tussocks of pale green saw-edged leaves
(Phillips 1972). Although the chromosome
number of E. jaegeri is 2n¼ 20, the 2C DNA
amount (3.3 pg) of the species is nearly equal
to other perennial species, E. intermedia, and
E. floccifolia, which have chromosome num-
ber 2n¼ 18 (Hiremath and Chennaveeraiah
1982, Hiremath and Salimath 1991a). Eleu-
sine jaegeri has a single pair of satellite
median chromosomes and 8 pairs of median
chromosomes (Hiremath and Chennaveeraiah
1982). The genome of E. jaegeri may be
designated as the D genome of the genus
Eleusine.

Four diploid species, E. indica, E. floccifo-
lia, E. tristachya and E. intermedia have
chromosome number 2n¼ 18 (Hiremath and
Chennaveeraiah 1982, Hiremath and Salimath
1991a). The karyotypes in E. indica and
E. tristachya have one pair of satellite subme-
dian chromosomes, five pairs of median chro-
mosomes and 3–4 pairs of submedian
chromosomes, whereas in E. floccifolia two
pairs of satellite median chromosomes and
seven pairs of chromosomes with median
centromere have been reported (Hiremath
and Chennaveeraiah 1982). The average ge-
nome size in these four diploid species ranges
from 2.9 pg in E. indica and E. tristachya to
3.3 pg in E. floccifolia and E. intermedia
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(Hiremath and Salimath 1991a). These four
diploid species are reported to cross with each
other and produce viable hybrids (Salimath
et al. 1995b). The hybrids of E. tristachya and
E. floccifolia showed bivalent formation in
69% pollen mother cells (Chennaveeraiah and
Hiremath 1973), and the hybrids of E. indica
with E. floccifolia and E. tristachya showed
bivalent formation in 81 and 90% of pollen
mother cells, respectively (Salimath et al.
1995b) (Table 2). Based on association of the
chromosomes in the hybrids of these species at
metaphase I, Salimath et al. (1995b) suggested
a common genome ‘A’ or a differentiated form
of ‘A’ genome for these three species. The
phenotypes of rDNA fragments digested with
different enzymes, rDNA sites on the chromo-
somes, and isozyme analysis also suggested
that E. indica and E. tristachya are very closely
related to each other (Hilu and Johnson 1992,
Werth et al. 1994, Bisht and Mukai 2000). The
genomic DNA of E. indica and E. tristachya
showed cross hybridization signals on 18
chromosomes of E. coracana and E. africana,
which also supports the above view that both
the diploid species have the same genome
(Fig. 2C and D) (Bisht and Mukai 2001a, b).

Despite hybridproductionbetweenE. indica
and E. intermedia there are no reports describ-
ing chromosomal association of E. intermedia
with the chromosomes ofE. indica,E. floccifolia
or E. tristachya (Salimath et al. 1995b). How-
ever, it was observed indirectly that the genom-
ic DNA of E. intermedia has some similarity
with the genomes of these three diploid species
with the chromosome number 2n¼ 18 (Bisht
and Mukai 2001a, b). The genomic DNA of
E. intermedia along with the genomic DNA of
E. indica,E. tristachya andE. floccifolia showed
cross hybridization signals on nearly 18 chro-
mosomes of E. coracana and E. africana and
alone its genomic DNA labelled more than 26
chromosomes of both the tetraploids (Fig. 3A
and B) (Bisht and Mukai 2001a, b). The results
indicate that E. intermedia may be a hybrid of
E. indica and E. floccifolia, being maintained at
the diploid level producing fertile seeds.
Although seeds were not obtained from the

hybrid of E. indica and E. floccifolia, the hybrid
showed 81% bivalent formation in pollen
mother cells (Salimath et al. 1995b) (Table 2).
This could be the reason that the genomicDNA
of E. intermedia labels both the genomes of
E. coracana and E. africana of which E. indica
and E. floccifolia are reported the two genome
donors (Bisht and Mukai 2001a, b). The
perennial nature of E. intermedia and the same
amount of 2CDNA (3.3 pg) suggest it is related
to the perennial species E. floccifolia (Hiremath
and Salimath 1991a). Mehra (1962) also ob-
served various intermediates of the Eleusine
species in the field.

Polyploid species and their origin

Eleusine africana, E. coracana and E. kigezi-
ensis are three polyploid species. All three
species are reported to be allotetraploid,
E. coracana and E. africana with chromosome
number 2n = 36 and E. kigeziensis with
chromosome number 2n¼ 38 (Chennaveeraiah
and Hiremath 1974a, Salimath 1990, Hiremath
and Salimath 1991a, b). Eleusine africana and
E. coracana are annual species, whereas
E. kigeziensis is perennial (Table 1). Eleusine
coracana is cultivated for its grain in many
areas of Africa and India and the two poly-
ploid species are wild, mainly restricted to
Africa.

E. africana

Taxonomic position. E. africana was first re-
ported by Moffet and Hurcombe (1949) from
Africa as a tetraploid (2n¼ 4x¼ 36) form of
E. indica (diploid, 2n¼ 2x¼ 18). Morphologi-
cally it looks very similar to E. indica
(Fig. 1C). Based on different chromosome
number and various other morphological dif-
ferences, particularly the length of the lemma,
Kennedy-O’Byrne (1957) separated this tet-
raploid form from the diploid form and raised
it to species level. This separation of E. africana
as a separate species was also supported
by Chennaveeraiah and Hiremath (1974b).
However, the taxonomic position of
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E. africana has varied considerably and con-
sequently different names have been assigned
to it. Phillips (1972) considered E. africana
as a subspecies of E. indica and named it
as E. indica (L.) Gaertn. subsp. africana
(K.-O’Byrne) S. M. Phillips. Hilu and deWet
(1976b) considered it as a subspecies of the
cultivated species, E. coracana and named it
E. coracana (L.) Gaertn. subsp. africana
(K.-O’ Byrne) Hilu and deWet. Apart from
Africa, E. africana is reported only from India
(Subramanyam and Kamble 1967, Hiremath
1973, Sinha 1983, Dixit et al. 1987, Hiremath
and Salimath 1991b). However, its Indian
origin is considered as a contaminant intro-
duced with the imported seeds of finger millet
or it might have originated as a reversion from
an escaped finger millet (Hiremath and Sali-
math 1991b).

Genome donors. E. africana is considered a
close relative of cultivated species E. coracana
(Mehra 1962, Chennaveeraiah and Hiremath
1974a). In fact it is considered as progenitor of
the cultivated species E. coracana (Chennave-
eraiah and Hiremath 1974a). Morphological
studies, cytogenetical analysis and isozyme
analysis have indicated E. africana as an
allopolyploid species with chromosome num-
ber 2n¼ 4x¼ 36 (Mehra 1962, Chennaveeraiah
and Hiremath 1974a, Hiremath and Salimath
1992, Werth et al. 1994). Hiremath and Sali-
math (1992), with an aim to find the genome
donors of E. africana, crossed it with various
diploid species having chromosome number
2n¼ 16, and 2n¼ 18 and got hybrid seeds with
four species, E. indica, E. tristachya, E. inter-
media and E. floccifolia, all with chromosome
number 2n¼ 18. However, they could not
analyze chromosome association in the hybrid
plants as the plants did not reach maturity
(Hiremath and Salimath 1992). Hilu (1988),
after analyzing the chloroplast genome,
showed that E. indica is also the maternal
genome donor to E. africana. The comparison
of rDNA sites on the chromosomes of diploid
and polyploid species of Eleusine also suggest-
ed that E. indica and E. floccifolia may have
contributed two genomes to E. africana (Bisht

and Mukai 2000). The number of 18S-5.8S-26S
and 5S rDNA sites and location were similar
on two pairs of chromosomes of E. africana
and one pair of chromosomes of E. indica and
E. floccifolia (Bisht and Mukai 2000). The
conclusive evidence for genome donors to
E. africana came from the genomic in situ
hybridization of diploid species with the chro-
mosomes of E. africana. Genomic DNA of
four diploid species, E. indica, E. floccifolia,
E. tristachya and E. intermedia, showed
hybridization signals on the chromosomes of
E. africana (Figs. 2A, C, E and 3A) (Bisht and
Muaki 2001a, b). The in situ hybridization was
carried out in different combinations taking
two diploid species at a time and the results
have clearly shown that E. indica and
E. floccifolia are two genome donors, A and
B respectively to E. africana (Bisht and Mukai
2001b).

E. coracana

Genome donors. The genome donor to E. cora-
cana has been debatable. Chennaveeraiah and
Hiremath (1974a) suggested that E. coracana is
an allotetraploid and proposed the genomic
notation of AABB for this species as well as
for E. africana. They also crossed E. coracana
with E. indica, however, they observed univa-
lents in 99.7% of the pollen mother cells of the
triploid hybrid and suggested that E. indica
may be not the genome donor to E. coracana
(Chennaveeraiah and Hiremath 1974a). Their
analysis was based on a few cells from a single
hybrid plant so they expressed caution about
their conclusions. Based on basic chromo-
somes numbers, four species, E. indica, E. floc-
cifolia, E. tristachya and E. intermedia, could
be the most probable source of genome donor
to E. coracana, as they have the basic chro-
mosome number x¼ 9, which is also present in
E. coracana. Hiremath and Salimath (1992)
also crossed these four diploid species and
E. multiflora (x¼ 8) with the tetraploid species
E. coracana. In the triploid hybrid of
E. coracana and E. multiflora 91% pollen
mother cells were with 20–26 univalents but
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the triploid hybrids of E. coracana and E.
indica and E. coracana and E. floccifolia
showed a typical configuration, 9I + 9II, in
86.5% and 45% pollen mother cells, respec-
tively (Table 2). They suggested that E. indica
may be the ‘A’ genome donor to E. coracana
(Hiremath and Salimath 1992). However, they
did not consider E. floccifolia a genome donor
to E. coracana though the triploid hybrid also
showed very high frequency of bivalent for-
mation. Instead E. floccifolia was treated as a
primitive member of the ‘A’ genome (Hire-
math and Salimath 1992). The random survey
of chloroplast genomes and isozyme analysis
of Eleusine species also supported that E.
indica is one of the genome donor (maternal)
to E. coracana (Hilu 1988, Werth et al. 1994).

To identify the genome donors to E. cora-
cana Bisht and Mukai (2001a) carried out
various in situ hybridization experiments. Of
the six diploid species, genomic DNA of two
species, E. multiflora and E. jaegeri, did not
show any genomic in situ hybridization signals
with the chromosomes of E. coracana (Bisht
andMukai 2001a). However, genomic DNA of
four species, E. indica, E. tristachya, E. flocci-
folia and E. intermedia, showed strong hybrid-
ization signals with 18 or more chromosomes
of E. coracana (Figs. 2B, D, F and 3B) (Bisht
and Mukai 2001a). Bisht and Mukai (2001a),
using the single and two color in situ hybrid-
ization technique, observed that the genomic
DNA of three species, E. indica, E. tristachya
and E. floccifolia showed hybridization signals
on 18 chromosomes, whereas, genomic DNA
of E. intermedia showed hybridization signals
on more than 26 chromosomes (Figs. 2B, 2D,

2F and 3B). The genomic DNA of E. interme-
dia showed cross hybridization signals on 18
chromosomes of E. coracana with the genomic
DNA of all the three species, E. indica,
E. floccifolia and E. tristachya, whereas the
genomic DNA of E. tristachya showed cross
hybridization signals with the genomic DNA
E. indica and E. intermedia. These genomic in
situ hybridization results suggested that
E. indica and E. floccifolia are two genome (A
and B) donors to the polyploid species
E. coracana (Bisht andMukai 2001a).Mapping
of rDNA on the chromosomes also showed
that E. indica and E. floccifolia have contrib-
uted two genomes to E. coracana (Bisht and
Mukai 2000). The 5S rDNA was particularly
comparable on one pair of chromosomes in
E. indica and E. floccifolia and on two pairs of
chromosomes in E. coracana.

E. africana, progenitor of E. coracana

Mehra (1962, 1963a) observed natural hybrid-
ization for the first time in the field between
E. coracana and E. africana. The artificially
raised hybrids of E. coracana and E. africana
showed 18 bivalents in 87% of pollen mother
cells (Table 2) (Chennaveeraiah and Hiremath
1974a). They suggested that E. coracana and
E. africana are allotetraploid, with the genomic
notation of AABB, and that both have a
similar genome (Chennaveeraiah and Hire-
math 1974a). Hiremath (1973, 1974) also
reported similar genomes in these two species
after analyzing fertile hybrids. Three species,
E. indica, E. coracana and E. africana are also
reported to share a common chloroplast

Fig. 2A–F. Mitotic chromosomes of tetraploid species, E. africana and E. coracana, 2n¼ 36 simultaneously
hybridized with the genomic DNA of two diploid species. The genomic DNA of diploid species was labelled
with digoxigenin and biotin and detected with rhodamine and FITC (fluorescein isothiocyanate), respectively.
Bar: 10 lm.
A and B. Genomic DNA of E. indica (green) and E. floccifolia (red) labelling 18 chromosomes each of
E. africana (A) and E. coracana (B).
C and D. The genomic DNA of E. tristachya and E. indica shows cross hybridization (yellow) signals on 18
chromosomes of E. africana (C) and E. coracana (D).
E and F. The genomic DNA of E. tristachya (red) and E. floccifolia (green) showing hybridization signals on 18
chromosomes each of E. africana (E) and E. coracana (F)

b
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genome. Three species were identical in all the
restriction sites surveyed in the chloroplast
(Hilu 1988). The genomic DNA of four diploid
species, E. indica, E. tristachya, E. intermedia
and E. floccifolia showed similar hybridization
signals on the chromosomes of both the
tetraploid species (Bisht and Mukai 2001a, b)
(Fig. 2A–F and Fig. 3A–B).The genomic in
situ hybridization results and similar location
of rDNA sites on the chromosomes of these
four species clearly indicated that diploid
species E. indica and E. floccifolia have con-
tributed the genomes to E. coracana and
E. africana (Bisht and Mukai 2000, Bisht and
Mukai 2001a, b). The RAPD and isozyme
analyses also proved close affinity between
E. indica, E. africana and E. coracana (Hilu
1995, Werth et al. 1994).

The origin of finger millet is argued as
Indian (De Candolle 1886, Burkill 1935, Cob-
ley 1956, Dixit et al. 1987) or independently as
African and Indian (Vavilov 1951) or African
(Mehra 1963b, Chennaveeraiah and Hiremath
1974a). Kennedy-O’Byrne (1957) and Jameson

(1970) suggested that first E. africana was
derived from E. indica by chromosome dou-
bling (autotetraploid) and secondly the selec-
tion of large grain mutant from E. africana for
use as food, led to subsequent cultivation and
development of E. coracana. However, with
the evidence from in situ hybridization and
various hybrid production the above theory
does not hold true. From the in situ hybrid-
ization results now it is amply clear that both
polyploid species are allotetraploid in nature
and two diploid species, E. indica and
E. floocifolia have contributed the genomes to
these polyploid species (Bisht and Mukai
2001a, b). The question is, which species
originated first, the wild one or the cultivated.
Most of the reports favour that the wild
species E. africana originated first and then
E. coracana was selected as a large grain
mutant for cultivation from the wild species
(Mehra 1963a, Porteres 1970, Chennaveeraiah
and Hiremath 1991, Hilu and deWet 1976b).
This origin of E. coracana took place in East
Africa and around the third millennium it

Fig. 3A–B. The genomic DNA of E. intermedia showing hybridization signals on more than 26 chromosomes
of E. africana (A) and E. coracana (B). The genomic DNA of E. intermedia was labelled with digoxigenin and
detected with rhodamine. Bar: 10 lm
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reached to the west coast of India through a
sea route (Mehra 1963b; Chennaveeraiah. and
Hiremath 1991; Hilu and deWet 1976a, b; Hilu
et al. 1978, 1979).

E. kigeziensis

Eleusine kigeziensis is the third tetraploid
species of the genus. It has chromosome
number 2n¼ 4x¼ 38 (Hiremath and Salimath
1991a). This species occurs in only a small area
extending from Kigezi Province, Uganda and
adjacent parts of the Congo and Rwanda
southwards into Burundi (Phillips 1972). This
species combines the characters of annuals and
perennials. Morphologically it appears as a
hybrid of E. indica, with which it resembles
morphologically, and one of the perennial
species (Phillips 1972). Salimath (1990) also
proposed E. indica as one of the genome donor

to E. kigeziensis based on the amount of 2C
DNA and the basic chromosome number.
Eleusine kigeziensis has chromosome number
2n = 4x¼ 38, a combination of two basic
chromosome numbers x¼ 9 and x¼ 10. If,
E. indica with basic chromosome number x¼ 9
is one of the proposed genome donors to E.
kigeziensis, then another genome could come
only from E. jaegeri, which is the sole species
in the genus Eleusine with basic chromosome
number x¼ 10. The sum of the 2C DNA
contents of E. jaegeri (3.30 pg) and E. indica
(2.85 pg) is very close to the estimated 2C
DNA value of E. kigeziensis (5.93 pg) (Hire-
math and Salimath 1991a). Thus the genome
formula for E. kigeziensis would be AADD.
Another genome formula for this species could
be BBDD, if E. floccifolia contributed the
genome with basic chromosome number x¼ 9.
However, there is no evidence for E. floccifolia

Fig. 4. Proposed evolutionary
pathway of polyploid species
of Eleusine
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as a genome contributor to E. kigeziensis.
Mapping of rDNA and other repetitive se-
quences on the chromosomes of E. kigeziensis,
or genomic in situ hybridization of the genom-
ic DNA of E. jaegeri, E. indica and E.
floccifolia with chromosomes of E. kigeziensis,
may be helpful in identifying the genome
contributor of E. kigeziensis.

This review will help an understanding of
the genomes of Eleusine species and will also
be useful to those who are engaged in genetic
improvement programs of finger millet. In this
review we have tried to show the genomic
relationship between diploid and polyploid,
and between diploid and polyploid species of
the genus Eleusine (Fig. 4).

Finger millet has been neglected as a crop
for human consumption, although it is a rich
source of protein, minerals and various amino
acids. With time even the traditional eaters are
avoiding finger millet and switching over to
more popular and fashionable crops such as
wheat and rice. Nearly 20–30 years ago finger
millet was one of the main cereals in the diet of
Himalayan people and was recommended,
particularly for pregnant women and infants,
due to its easy digestion and rich source of
calcium and iron. To meet the demand of food
for the increasing world population, it is time
to seek other sources of plants. With the
change in climate worldwide, crops like finger
millet, which are suitable for arid and semi-
arid conditions and can be cultivated under
very low rainfall over a short period, may
become important. Finger millet is also suit-
able for diverse agro-climatic and soil condi-
tions and reported to be resistant to various
diseases. Finger millet and its other related
wild species are a rich genetic source for
various disease resistant and other important
genes. These genes can be easily transferred to
other crops particularly to cereals, which have
gene synteny with finger millet.
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