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Abstract Local germplasm of onion (Alliumcepa L.) in
West Africais threatened by extinction. Sixteen popula-
tions of onion collected in five countries in West Africa
were investigated for isozyme polymorphism using four
polymorphic enzyme systems (ADH, MDH, 6-PGDH
and PGI) among nine enzyme systems assayed. This is
the first report on the genetic diversity of local landraces
of onion. The inheritance of two dimeric enzyme sys-
tems PGl and MDH was demonstrated using F, progeny
arrays. The PGl system revealed a single locus with
three aleles, and the MDH system revealed three loci
with four alleles. Four polymorphic systems revealed
nine aleles (adh-al and a2, mdh-c1 and c2, 6-pgdh-al
and a2, and pgi-al, a2 and a3) in the 16 local popula-
tions observed. The mean number of aleles per poly-
morphic locus was 2.25, and 67% of the alleles were
present in al populations. Allele 6-pgdh-a2 was present
in only two landraces (from Niger and Nigeria); it is
considered to be a rare alele (frequency approximately
2%). Among the 16 populations, within-population
diversity was greater (90%) than between-population
diversity (10%). Genetic distance analyses showed an
aggregate of all populations except for two, which origi-
nated from Nigeria, an English-speaking country.
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Introduction

Onion (Allium cepa L.) is among the most important
crops in West Africa. It ranks after tomato both for pro-
duction volume and trade. Nevertheless, production of
this staple food does not cover West Africa's needs
except in Niger where onion is the mgjor vegetable crop.
A better understanding of the available genetic variation
in onions would lead to qualitative and quantitative im-
provements in seed quality and production.

Landraces may be valuable sources of genetic varia-
tion for the production of modern varieties combining
high yield (under minimum agronomic culture), earli-
ness, good storability and quality, including tolerance
to several pests and diseases. Farmers grow local land-
races adapted to their agricultural practices, environ-
ment and consumption criteria. However, local land-
races are threatened by increased use of a highly inbred
local variety (‘Violet de Galmi’), which is widely culti-
vated in the soudano-sahelian zone, and by other genet-
ically uniform varieties, which have a satisfactory yield
but with a low bulb-storage ability (Rouamba et al.
1995).

Samples of onions from 16 populations representing
local landraces were collected from five West African
countries (Benin, Burkina-Faso, Mali, Niger and
Nigeria), to examine the genetic variation within and
among the populations (Rouamba et al. 1993). This is
the first report on the genetic diversity of local popula-
tions of onion using isozymes. Although isozymes have
been used for breeding-system analyses or genetic-diver-
sity measurements for many plant species (Brown 1978),
there is a paucity of isozyme polymorphism in A. cepa
(Peffley et al. 1985; Peffley and Orozco-Castillo 1987;
Loaiza-Figueroa and Weeden 1990; Cryder et al. 1991;
Van der Valk et a. 1991; Shigio et al. 1996). In this
study, we report the genetic diversity of nine isozyme
systems and present the results of the genetic inheritance
analyses of both phosphoglucoisomerase (PGI, EC
5.3.1.9) and malate dehydrogenase (MDH, EC 1.1.1.37)
enzyme systems.
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Materials and methods

Plant material

Sixteen loca cultivated populations of the biennial onion were
sampled from Benin, Burkina-Faso, Mali, Niger and Nigeria,
and subjected to isozyme analysis (Table 1). The method of col-
lecting onion germplasm in West Africa was described previously
(Rouamba et al. 1993). Additionally, five parental lines (P, P,, P,
P, and Ps), and four of their F; hybrids (P;xP,, P;xP;, P,xP;, and
P,xPs) were obtained from private seed companies. F; hybrids
were identified using the MDH system. In each instance a single
F, plant was selected from Burkina-Faso (6BF6) with the geno-
type designated C1C2C'1C'2 for the MDH locus. The F; plant was
self-fertilized to produce F, progeny, which were used to assess
the inheritance of observed isozyme patterns of two systems:
malate dehydrogenase (MDH, EC1.1.1.37) and phosphogluco-
isomerase (PGI, EC5.3.1.9).

Seeds with no insecticide or fungicide treatments were sown
directly into soil in greenhouses. Leaves of 6-week-old plants
(130-150 mg per plant) were used for electrophoresis for al en-
zyme systems except alcohol dehydrogenase (ADH, EC1.1.1.1).
ADH was assayed using root extracts of the same individuals.
Twenty three to forty eight individuals of each local population
were studied for each system. The inheritance of PGl and MDH
isozyme patterns were analyzed using parents, F; hybrids, and F,
progeny. Twenty three to 48 individuals of the parental lines and
F, hybrids arrays were analyzed. For the F, progeny 32 and 65
individuals were studied for inheritance of the PGI and MDH
enzyme systems, respectively.

Electrophoresis

A total of nine enzyme systems were assayed for the study: alco-
hol dehydrogenase (ADH, EC1.1.1.1), catalase (CAT, EC1.11.1.6),
malate dehydrogenase (MDH, EC1.1.1.37), 6-phosphoglucode-
hydrogenase (6-PGDH, EC1.1.1.43), glutamic-oxal o-acetic-trans-
aminase (AAT-GOT, EC2.6.1.1), phosphoglucomutase (PGM,
EC2.7.5.1), phosphoglucoisomerase (PGI, EC5.3.1.9), acid phos-
phatase (ACP, EC3.1.3.2) and leucine-aminopeptidase (LAP,
EC3.4.11.1).

Enzyme extraction and starch-gel electrophoresis techniques
were those of Vallgjos and Tanksley (1983) and Schields et al.
(1983). Fresh leaf samples were macerated in 150-200 pl of ex-
traction buffer at 5°C. The macerated material was centrifuged at
10000 tr/min for 10 min. Staining conditions were conducted
according to Peffley et al. (1985) and Ricroch (1990).

A modification of the extraction and separation conditions
described by Schields et al (1983) was used to characterize the
PGI system. The extraction buffer consisted of TRIS-HCI (0.1 M),
KCI (10 mM), MgCl, (1 mM), mercapto-ethanol (14 mM), EDTA
(1 mM), ascorbic acid (0.1 M) and PVP soluble 40 T (0.2 g/ml).
Fresh samples were dipped into liquid nitrogen for 1 min. Two ex-
traction buffers were used to compare isozyme expression for the
MDH enzyme system. The best results were obtained when the
extraction buffer consisted of TRIS-HCI (0.1 M) and glutathion
(10 g/l) at pH 8.5. The gel and electrode buffers were histidine/
citrate at pH 5.7 and pH 6.5 respectively for the PGI and MDH
systems (Trigui et al. 1996).

Statistical procedure

Hardy-Weinberg analyses of 32 F, individuals were used to deter-
mine the inheritance of PGl and MDH polymorphism (Emigh
1980). The dimeric PGI system appears to be encoded by a single
dimeric locus (Pgi-A) with three alleles designated pgi-al, pgi-a2
and pgi-a3. The letter A designates the cathodal migration of
bands (Schields et al. 1983). The dimeric MDH enzyme appears to
be encoded by three independent loci (Mdh-A, Mdh-B and Mdh-C)
with no interaction with four alleles (al, bl, c1 and c2). Mdh-A

Table 1 Collection sites of 16 local populations of onion in Africa

Population Collection site Country (and latitude)
1B Malenville (granary) Benin (11°5N)

6BF Zoula (granary) Burkina-Faso (12°2N)
18BF Koudougou (market) Burkina-Faso (12°2N)
24BF Ouanrégou (granary) Burkina-Faso (11°7N)
26BF Tougan (granary) Burkina-Faso (13°4N)
31BF Kongounsi (granary) Burkina-Faso (13°3N)
8M Ningeri (market) Mali (14°5N)

2NI Soumarana (granary) Niger (13°3N)

6NI Sabanguida (granary) Niger (13°6N)

7NI Eroufa (granary) Niger (13°6N)

8NI Gami (granary) Niger (13°6N)

ONI Tonfafi (granary) Niger (14°2N)

11NI Dabaga (field) Niger (17°2N)

14Nl Ayorou (granary) Niger (14°5)

INA Yibiya (field) Nigeria (12°4N)

2NA Yibiya (field) Nigeria (12°4N)

and Mdh-B are monomorphic loci. The third locus Mdh-C is poly-
morphic (alleles cl and c2).

The panmictic balance per population for all polymorphic loci
was tested using the sign test (Sokal and Rohlf 1969). The sign
test counts the number of positive and negative signs among the
differences between expected and observed values of mean hetero-
zygosity. We tested the hypothesis that the n plus and minus signs
are sampled in equal proportions, as might be expected if there
were no true differences between the two paired samples. We cal-
culate the expected probability of sampling one minus sign in a
sample of the 16 populations assuming p=0.5.

Allele frequencies for polymorphic loci were estimated in each
of the 16 populations. The mean allelic frequency was calculated
by pooling all populations. Allele-frequency estimates were ob-
tained using BIOSY S software (Swofford and Selander 1981) for
the assessment of genetic diversity or population structure. With-
in-population diversity was assessed by determining the average
allele frequency per locus, the proportion of polymorphic loci, the
mean heterozygosity, and Nei’s diversity index (Nei 1967). Diver-
sity between populations was determined using Wright's index
(Wright 1967). Nei's index and Wright's F statistics index were
used as a measure of genetic differentiation of populations for
the polymorphic loci. The fixation index given by the G4 value
(H-HJH)), defined as the between-population variability relative
to the total variability, measures the amount of genetic variation in
all populations combined that is attributable to genetic differentia-
tion among local populations. The relationship among populations
was determined using Nei’s genetic distances (Nei 1978).

Results
Inheritance of PGI and MDH isozymes

Six phenotypic patterns of the PGl enzyme system are
presented in Fig. 1. Three single-band isozyme patterns
were observed in zones 1, 3 and 6, and represented the
homozygous parents, P;, P, and P5, respectively. Three
bands characterized the heterozygous hybrids HF;
(PyxPy), (PyxP3) and (P,%P5). The intense staining of the
intermediate band (zones 2, 4 and 5) corresponds to the
interaction of two alleles. The PGl enzyme system is
hypothesized to be encoded by a single locus with three
aleles. We expected 25% of individuals with a one-band
genotype (A2A2), 25% of individuals with a one-band
genotype (A3A3), 50% of individuals with a three band



Fig. 1 Electrophoretic gel of A
the PGI enzyme system (A).
Ten individuals of parent P, are
showninlanes 1to 4, 13to 15,
and 18 to 20; two individuals
of parent P, corresponded to
lanes 10 and 12, and four indi-
viduals of the parent P; are
shown in lane 9 and 21 to 23.
Fiveindividuas of hybrid F;
(P,xP,) are shown in lanes 5 to
8 and 16; two individuals of
hybrid F; (P,xPs) are shown in
lanes 17 and 24, and asingle
individual of the hybrid F;
(P,%P3) corresponded to lane 11.
Schematic representation of the
six PGI phenotypes observed in
three parental lines and their F;
hybrids (B)
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genotype (A2A3) in the F, segregation of locus A. We
observed nine individuals (A2A2), ten individuals
(A3A3), and 13 individuals (A2A3) among 32 individu-
als, respectively. Differences between expected and ob-
served frequencies were not significant at the level of
5% (x2=1.19; df 2).

Three MDH phenotypes are presented in Fig. 2. Par-
ents showed three or four bands while F,; hybrids showed
five bands. Parent P, showed four bands (zones 1, 2, 4
and 5), and parent P showed three bands (zones 1, 2 and
3). Hybrid F, (P4xP5) showed five bands corresponding
to zones 1, 2, 3, 4 and 5, respectively. To explain the
zymogram patterns observed we offer the following hy-
pothesis: bands are encoded by three different loci (A, B
and C), one of them being duplicated (C'). Concerning
the cross presented in Fig. 2, we may infer that the loci
A and B are monomorphic, loci C and C' presenting two
alleles each. Thus, the five zones can be interpreted in
the following way. Zone 1 revealed a single band desig-
nated Al. Zone 2 corresponded to the juxtaposition of
two aleles, a single allele bl of the monomorphic locus
Mdh-B and the alele 1 of the locus Mdh-C. Zone 3 cor-
responded to the superposition of the allele 1 of the locus
Mdh-C' (a presumed duplicated locus) and the interac-
tion of the aleles 1 and 2 of the locus Mdh-C. Zone 4
corresponded to the allele 2 of the locus Mdh-C and
the interaction of the aleles 1 and 2 of the duplicated

AZ/A2
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P2 P3 P1xP2  P1xP3  P2xP3
AZ/A3 ATAZ  AVA3 AZ/IA3

locus Mdh-C'. Zone 5 corresponded to allele 2 of the du-
plicated locus Mdh-C'. We expected 25% of individuals
with three bands (C1C1C'1C'1), 25% of individuals with
four bands (C2C2C'2C'2), and 50% of individuals with
five bands (C1C2C'1C'2) in the F, progeny. We ob-
served 15 individuals (C1C1C'1C'1), 16 individuas
(C2C2C'2C'2), and 34 individuals (C1C2C'1C'2) among
the 65 between expected, respectively, individuals exam-
ined. Differences and observed frequencies were not
significant at the 5% level (x2=0.11; df 2). Therefore
the MDH enzyme system appears to be encoded by three
loci with four alleles.

| sozyme banding patterns of other enzyme systems

Three isozyme phenotypes were observed for each of the
enzyme systems ADH and 6-PGDH, respectively. The
ADH isozyme patterns suggested a single polymorphic
locus with two alleles adh-al and adh-a2. The isozyme
band patterns of 6-PGDH suggested a single polymor-
phic locus with two alleles 6-pgdh-al and 6-pgdh-a2.
A single band was observed for each of the enzyme
systems PGM, CAT, ACP, LAP and AAT-GOT. These
single-band enzyme systems were assumed to each
represent a monomorphic locus with a single dominant
alele.
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Fig. 2 Electrophoretic gel of
the MDH enzyme system (A).
Inlanes 1 to 6 and 19 to 20,
parent P, showed four bands
(zones 1, 2,4and 5). Inlanes 7
to 12 and 21 to 22, parent P
showed three bands (zones 1, 2
and 3). Inlanes 13 to 18 and 23
to 24, hybrids F; (P,xPs)
showed five bands correspond-
ingtozones1, 2, 3,4, and 5
respectively. Schematic repre-
sentation of the three MDH
phenotypes observed in two
parental lines and the F;

hybrid (B)
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Genotype P4 P5 P4xP5

LocusC' C2/C'2 C'WC1  CH/C2

locusC  C2/C2 C1/C1 ci/cz

Locus B B1/B1 B1/B1 B1/B1

Locus A A1/A1 A1/A1 A1/A1
Table 2 Allélic variation within 16 local landraces of onion in Africa
Allo- Population code
zyme

1B 6BF 18BF 24BF 26BF 31BF 2NI 6Nl 7Nl 8Nl 9Nl 1INl 14Nl 1INA 2NA 8M Mean

adh-al  0.848 1.000 1.000 1.000 1.000 1.000 0.826 1.000 1.000 0.913 0.837 1.000 0.856 0.478 0.870 0.957 0.925
adh-a2  0.152 0.000 0.000 0.000 0.000 0.000 0.174 0.000 0.000 0.087 0.163 0.000 0.144 0.522 0.130 0.043 0.075
mdh-c1 0.375 0.281 0.427 0.531 0.354 0.281 0.208 0.125 0.302 0.354 0.198 0.333 0.396 0.167 0.542 0.281 0.327
mdh-c2 0.625 0.719 0.573 0.469 0.646 0.719 0.792 0.875 0.698 0.646 0.802 0.667 0.604 0.833 0.458 0.719 0.673
6pgdh-al 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.822 1.000 1.000 1.000 1.000 1.000 1.000 0.917 1.000 0.984
6pgdh-a2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.178 0.000 0.000 0.000 0.000 0.000 0.000 0.083 0.000 0.016
pgi-al 0.188 0.250 0.250 0.115 0.344 0.585 0.287 0.266 0.255 0.219 0.240 0.656 0.191 0.000 0.188 0.042 0.255
pgi-a2 0.510 0.406 0.583 0.698 0.396 0.383 0.436 0.383 0.340 0.573 0.354 0.198 0.511 0.844 0.167 0.833 0.476
pgi-a3 0.302 0.344 0.167 0.188 0.260 0.032 0.277 0.351 0.404 0.208 0.406 0.146 0.298 0.156 0.646 0.125 0.269
(M.H.) 0.105 0.069 0.085 0.068 0.098 0.074 0.099 0.080 0.067 0.077 0.096 0.071 0.120 0.094 0.115 0.075
obs?
(M.H) 0.113 0.089 0.089 0.081 0.110 0.077 0.107 0.099 0.091 0.101 0.105 0.080 0.113 0.088 0.118 0.065

expb

a(M.H.) obs, mean heterozygosity observed by direct count (al loci considered)
b (M.H.) exp, mean heterozygosity expected in Hardy-Weinberg proportion (all loci considered)
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Table 3 Measures of heterozy-

gosity for the four polymorphic Enzyme Allele Measures of heterozygosity
loci assayed locus N
Ha H, H_/H, G
Mdh-C cl 0.009 0.011 0.805 0.19
c2 0.009 0.011 0.805 0.19
Total 0.017 0.022 0.805 0.19
Adh-A al 0.014 0.015 0.930 0.07
a2 0.014 0.015 0.930 0.07
Total 0.029 0.031 0.930 0.07
6-pgdh-A al 0.002 0.002 0.924 0.07
a2 0.002 0.002 0.924 0.07
Total 0.003 0.004 0.924 0.07
2H,, within-population hetero-  pgi_A al 0.023 0.025 0.931 0.06
zygosity a2 0.031 0.033 0.933 0.06
bH,, total heterozygosity a3 0.016 0.018 0.898 0.10
c Gstv relative differentiation Total 0.070 0.076 0.924 0.07

between populations

18BF
24BF
B
26BF
BNI
14N|
1B
BBF
THI
2NI
=]
BMI
31BF
11N
ZNA
1NA

e

85 86 97 98 99 1.00

Fig. 3 Dendrogram based on the Nei's genetic distance of 16 local
populations of onion in West Africa

Table 4 Mean heterozygosity values for four enzyme loci among
al onion populations studied

Enzyme Allele F2 F.2 Fy©
locus
Mdh-C cl -0.005 0.055 0.060
c2 -0.005 0.055 0.060
Mean —0.005 0.055 0.060
Adh-A al —-0.037 0.163 0.193
a2 -0.037 0.163 0.193
Mean -0.037 0.163 0.193
6-pgdh-A al 0.226 0.329 0.133
a2 0.226 0.329 0.133
Mean 0.226 0.329 0.133
Pgi-A al 0.124 0.246 0.140
a2 0.137 0.261 0.143
a3 0.188 0.271 0.101
Mean 0.150 0.260 0.129
Over al loci 2.250 0.072 0.178 0.114

af,, within-popul ation fixation index
b, within-population deficiency of heterozygotes
¢ Fy, fixation index

Within-population and between-popul ation diversity

Nine aleles were observed for the four polymorphic
loci: two aleles each for Adh-A, Mdh-C, and 6-pgdh-A
and three aleles for Pgi-A (Table 2). Among the popula-
tions studied, the mean number of aleles per locus was
2.25 for the four polymorphic loci. In addition, 66.6% of
alleles were present in all populations. Allele adh-a2 was
absent in all populations that originated from Burkina-
Faso. Allele 6-pgdh-a2 was a rare alele with an average
frequency of 0.016. This allele was present in only two
populations (6NI and 2NA) that originated from South of
Niger and North of Nigeria, respectively (Table 1). The
dendrogram based on Nei’s distance showed that popula-
tion 6NI was closer to population 2NA than to the other
popul ations from Niger (Fig. 3).

Population heterozygosity (Hy), defined as the expect-
ed average heterozygosity among populations, varied
from 0.004 (6-pgdh-A) to 0.071 (Pgi-A) with an average
over the four loci of 0.030 (Table 3). Total heterozygosi-
ty (H, ranged between 0.004 to 0.076, from 6-pgdhA
and Pgi-A, respectively, with an average over the four
loci of 0.033. The within-population variability relative
to the total variability given by the H/H, value varied
from 0.805 (Mdh-C) to 0.930 (Adh-A) with an average
over the four loci of 0.906. Gy varied from 0.070
(Adh-A) to 0.195 (Mdh-C) with an average over the four
loci of 0.094.

The within-population fixation index (F,9), which is
equivalent to population heterozygosity (Hg), varied
across loci from positive to negative values (Table 4).
Allele frequencies varied between populations as indicat-
ed by the greater value of the fixation index (Fg), de-
fined as the lack of heterozygotes between populations,
compared to the value of the fixation index within-popu-
lation (F;¢) for each polymorphic locus. The average
values of Fg and F;; were low (0.114 and 0.178 respec-
tively). The lack of heterozygotes within-populations
(Fp) was greater for Pgi-A and 6-pgdh-A (0.260 and
0.329, respectively) than for Mdh-C and Adh-A (0.055
and 0.163, respectively). The sign test counts 13 nega-
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tive signs among the differences between expected and
observed values of mean heterozygosity per population
(Table 2). These differences were significant at the 5%
level.

Discussion
Inheritance of PGl and MDH isozymes

Inheritance analyses using F, progeny suggest that
the dimeric PGl enzyme is encoded by a single locus
(Pgi-A) with three aleles designated pgi-al, pgi-a2, and
pgi-a3.

The dimeric MDH enzyme appears to be encoded
by three independent loci (Mdh-A, Mdh-B and Mdh-C)
with no interaction with four aleles (al, bl, c1 and c2)
(Fig. 2). Our results did not agree with those described
earlier (Peffley et al. 1985; Peffley and Orozco-Castillo
1987). Mdh-A and Mdh-B are monomorphic, the third
locus Mdh-C is polymorphic (alleles C1, and C2). Also
there appears to be a duplicated MDH locus designated
Mdh-C' (allelesc'l, and c’ 2).

Allozyme variation

Four of the nine enzyme systems ADH, MDH, 6-PGDH
and PGI, were polymorphic in our study. Peffley and
Orozco-Castillo (1987) have assayed allozyme variation
within and among 188 cultivars of onion using four sys-
tems; only one system was found to be polymorphic
(adh-al and adh-a2) due to the narrow genetic diversity
of the inbred varieties studied. These two alleles were
also present in the populations we examined. Shigio
et a. (1996) examined a small sampling within Allium
species (including seven A. cepa varieties of onion) us-
ing the PGl enzyme system. Among the three aleles
found in populations of our study two corresponded to
those observed in A. cepa (onion). The third alele was
present only in Allium oschaninii (a putative common
ancestor of onion) and could be considered as a progeni-
tor allele. These results suggest that the evolutionary
history of onion in West Africa is probably based on a
single-genotype introduction of onion coming from
Central Asia where A. cepa (onion) was cultivated from
A. oschaninii.

Geographical differentiation

The low average value of Fg (0.114) indicates that no
strong divergence has occurred between populations.
The dendrogram based on Nei’s genetic identity shows
no relationship between allele frequency and the geo-
graphical origin of collected populations, except for the
two populations from Nigeria (Fig. 3). These two popu-
lations from an English-speaking country (INA and

2NA) remained distinct although they have been col-
lected in an area close to Niger (French-speaking coun-
try). No commercia exchange of seeds and bulbs oc-
curred between French-speaking and English-speaking
farmers, while within and between French-speaking
countries transfers of seeds and bulbs occurred allowing
mixing of isolated onion populations (Rouamba et al.
1993). Before colonization local tribes exchanged plant
material.

Allozyme frequencies did not differ among popula-
tions of the cultivated species. We had assumed that
population differentiation would be evident on a conti-
nental scale (Africa). Indeed in pearl millet, allele fre-
guencies change predictably from East to West Africa
(Leblanc 1983; Tostain, Riandey and Marchais 1987,
Sandmeier et a. 1989; Tostain and Marchais 1989).
Geographical patterns of genetic diversity among local
populations of rice are associated with historical ex-
changes between ethnic groups speaking the same
language and sharing the same (agri)cultural practices
(Pernes 1983).

Genetic variability

Thirteen populations among the 16 examined revealed a
paucity of heterozygotes (F;;=0.178), as the test of sign
confirmed (Table 3). Wright's F values suggested subdi-
vision of local populations. There are several possible
causes. First, although onion is predominantly allogam-
ous, autogamy even at a low rate occurs in the popula-
tions sampled. Unpublished data confirmed results ob-
tained by Schweisguth (1976). Second, since farmers
produced seeds from a very small quantity of bulbs
as progenitors, genetic drift may have been a factor
(Rouamba et a 1993). Within-population diversity
(90.6%) was greater than between-population diversity
(9.4%). In pearl millet, Pilate-André (1992) found a
similar pattern (75% and 25% for the within-population
and between-population diversity, respectively). The
mean diversity among the 16 populations studied
(G4=0.09) was similar to the genetic diversity found in
predominantly outcrossing species (0.07) such as onion
(Loveless and Hamrick 1984).

In summary, this study provides useful information
on allozyme variability which leads to a better under-
standing of the genetics of the widely cultivated onion.
The results suggest that in order to increase the genetic
diversity of onion landraces, it will be necessary to
initiate similar studies on a continental scale over
Africa
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