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Abstract

To establish the genetic relationship among Sahelian sorghum [Sorghum bicolor (L.) Moench S.L.] landraces
from Burkina Faso were submitted to electrophoretic analysis for 10 enzymatic systems and 18 loci.
Four enzymatic systems (ADH, LAP, MDH, PGD) and five loci revealed polymorphism both within and
among landraces. Thirty-eight per cent of the landraces were monomorphic in all the 18 loci. The genotypic
frequencies in most of the landraces deviated markedly from Hardy–Weinberg proportions due to a major
heterozygote deficit, the landrace being homozygous or a mixture of homozygotes. Multivariate analysis
yielded three main groups, containing native landraces and five minors, containing introduced cultivars,
randomly distributed over the territory. The pattern of allelic occurrence was random and unrelated to
external selection pressures. The major diversity among landraces appears to be from genetic shift caused by
farmers’ selection of their seeds. It could also be due to the low rates of outcrossing (19%) and migration
(0.06) prevailing in the set.

Introduction

Many human factors contribute to the genetic
erosion of local crop species. The extensive culti-
vation of improved varieties usually leads to the
decline and loss of traditional ones. In addition,
adverse weather conditions such as the successive
drought that occurred in the Sahelian region
from the end of the 1960s until now, has led to
the disappearance of many traditional landraces
in the Sahelian region of West Africa (Burkina
Faso, Mali, Niger). However, landraces contain a
potential that the breeders have hardly exploited.
It is therefore imperative that they are collected,
characterized, and preserved for future use.
Many national and international institutes such
as the International Plant Genetic Resources

Institute (IPGRI) collect and preserve this germ-
plasm.

The biochemical approach, through analysis of
isozymes (molecular markers), is an effective way
of characterizing the genetic constitution of popu-
lations. This technique has been used since 1966 in
population genetics by breeders as well as plant
genetic resource managers. The information gener-
ated gives evidence on the structure of populations,
on the gene flow among them, and on their evolu-
tion through time. But it is being progressively
replaced by DNA techniques.

Collection of sorghum germplasm from various
parts of Burkina Faso was carried out between
1985 and 1987. Agronomic evaluation of the germ-
plasm collected was carried out from 1986 to 1989.
In this study, our objective was to have information



on the genetic diversity level, its organization, and
spatial distribution.

Materials and methods

Sorghum landraces used in this study were col-
lected from fields distributed over a wide range
of habitat throughout Burkina Faso, yielding
887 samples of 500 g each. Fifty landraces were
randomly chosen from the 887 using the computer
program STATITCF (ITCF 1988) and studied in
1991. The geographical distribution of these land-
races is shown in Figure 1. Twenty seeds from each
sample were assayed for 10 electrophoretically
discernible enzyme systems following the method
described by Morden et al. (1987).

The following 10 enzymatic systems were exam-
ined: aspartate amino transferase or glutamate oxa-
loacetate transaminase (AAT, GOT, E.C.2.6.1.1),
alcohol dehydrogenase (ADH, E.C.1.1.1.1), adenylate
kinase (ADK, E.C.2.7.4.3), leucine aminopeptidase

(LAP, E.C.3.4.11.1), isocitrate dehydrogenase (IDH,
E.C.1.1.1.42), malate dehydrogenase (MDH,
E.C.1.1.1.37), glucose-6-phosphate dehydrogenase
(G6PDH, E.C.1.1.1.49), phosphoglucoisomerase
(PGI, E.C.5.3.1.9), phosphoglucomutase (PGM,
E.C.2.7.5.1), and shikimate dehydrogenase (SAD,
E.C.1.1.1.25). All extraction was done on seed soaked
in darkness at 37 �C for 24 h using the extraction
buffer used by Morden et al. (1987). Electrophoresis
was performed on starch gel. The staining solution
for various enzymatic systems was similar to that of
Morden et al. (1987).

As the samples were small, any locus that
revealed more than one allele over the entire popu-
lation was considered polymorphic. Several statis-
tics are used to measure genetic diversity, and the
biosis computer program (Swafford and Selander
1989) was used to analyse the data. The average
number of alleles in each locus was computed as the
total number of alleles divided by the total number
of loci. The identity coefficients and the genetic
distances defined by Nei were used as well as the

Figure 1. Geographical distribution of the 50 ecotypes of Sorghum bicolor (*) analysed.
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diversity index defined by Nei and Roychoudhury
(1973). The fixation indexes were those of Wright
(1951). The migration rate was determined using
the formula FST ¼1/4Nm + 1 where N is the
population size and m is the migration rate. The

allogamy rate, t was estimated from the formula
t ¼ (1 � FIS)(1 + FIS), assuming an equilibrium of
mixed selfing and outcrossing in the breeding
system. Clustering was obtained using the identity
coefficient of Nei. Groups were discriminated

Figure 2. Zymograms obtained for the 10 enzymatic systems.
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and characterized by ANOVA and discriminant
factorial analysis.

Results

Various enzymatic systems obtained are shown
in Figure 2. The AAT–GOT zymogram showed
two zones of activity. The faster one exhibited two
irregular bands. The slowest one regularly showed
one band (Figure 2). The ADH zymogram exhib-
ited a slow zone (zone I) with triple bands and a fast
one (zone II) with two or more bands (Figure 2).
There were two zones of activity for G6PDH
(Figure 2): the first with one phenotype and the
second with three phenotypes. For LAP, there is
one zone of activity, whereas for MDH the zymo-
grams showed either five or six bands. (Figure 2).
There were two-activity zones for PGI (Figure 2),
but for ADK, SADand PGM, all samples exhibited
a single monomorphic band in each of the three
systems (Figure 2). The zymogram of AAT–GOT
showed a variable doublet of fast bands and a slow
one (Figure 2). For IDH, three bands appeared
(Figure 2). Table 1 shows information on the
genetic diversity of sorghum.

Out of the 18 loci that were examined, five
(27.8%) were polymorphic. The average percen-
tage of polymorphic loci of accessions was 5.9.
Thirty-eight per cent of the entries are mono-
morphic for the 18 loci. The distribution of the

Table 1. Comparison of the 10 enzyme systems studied in

sorghum by three authors; number of locus and number of

alleles in parentheses. (B) concerns Burkina Faso sorghums.

Enzymatic

systems

Number of locus (number of alleles)

Ollitrault(11) (B) Morden (9) Zongo (14) (B)

AAT-GOT 1(3) 1(1) 3(1,3,1) 3(1,–,–)

ADH 3(1,1,2) 3(1,2,3) 3(12,1,2)

ADK 1(1) 1(1)

AMP (LAP) 2(2,4) 2(1,1) 1(1) 1(3)

IDH 2(1,1) 2(1,1)

G6PGD 2(2,2) 2(1,2)

PGI 2(2,2) 2(2,1) 2(2,2) 3(1,1,1)

PGM 1(1) 1(1)

MDH 2(4,1) 1(2) 3(2,1,1) 4(–,5,1,1)

SAD 1(1) 1(1)

Table 2. Ecotypes and different parameters obtained (Ho,

direct count; He, Hardy–Weinberg expected).

Ecotypes

identification

number

Mean

number

of

alleles/locus

Percentage

of

polymorphic

locus

Mean

heterozygoty

Ho He

1 1.00 0.0 0.000 0.000

6 1.06 5.9 0.010 0.010

31 1.10 5.9 0.000 0.028

51 1.10 5.9 0.006 0.010

63 1.10 11.8 0.005 0.034

74 1.10 11.8 0.009 0.048

87 1.10 11.8 0.012 0.048

112 1.10 5.9 0.005 0.016

132 1.10 5.9 0.002 0.005

147 1.00 0.0 0.000 0.000

168 1.00 0.0 0.000 0.000

184 1.10 5.9 0.011 0.018

201 1.20 23.5 0.013 0.059

237 1.10 5.9 0.000 0.013

245 1.00 0.0 0.000 0.000

254 1.00 0.0 0.000 0.000

258 1.10 5.9 0.012 0.022

287 1.10 5.9 0.000 0.005

322 1.10 11.8 0.000 0.035

332 1.00 0.0 0.000 0.000

349 1.20 17.6 0.009 0.004

385 1.10 11.8 0.004 0.038

399 1.00 0.0 0.000 0.000

431 1.10 11.8 0.003 0.037

446 1.10 5.9 0.005 0.019

456 1.00 0.0 0.000 0.000

495 1.10 11.8 0.014 0.044

504 1.10 5.9 0.000 0.009

507 1.00 0.0 0.000 0.000

528 1.10 11.8 0.012 0.019

536 1.00 0.0 0.000 0.000

540 1.10 5.9 0.003 0.021

543 1.00 0.0 0.000 0.000

545 1.20 17.6 0.007 0.039

549 1.00 0.0 0.000 0.000

595 1.00 5.9 0.000 0.011

611 1.10 11.8 0.007 0.036

649 1.10 11.8 0.000 0.022

653 1.10 11.8 0.000 0.033

665 1.10 11.6 0.010 0.053

682 1.10 5.9 0.002 0.023

691 1.00 0.0 0.000 0.000

713 1.10 5.9 0.004 0.004

746 1.00 0.0 0.000 0.000

759 1.00 0.0 0.000 0.000

785 1.00 0.0 0.000 0.000

803 1.00 0.0 0.000 0.000

832 1.00 0.0 0.000 0.000

839 1.10 5.9 0.000 0.010
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landraces according to the number of poly-
morphic loci was asymmetrical and always
decreasing.

The average number of alleles per landrace was
28, with an average number of 1.6 alleles per locus,
an average of three alleles per polymorphic locus.
As shown in Table 2, the observed average hetero-
zygoty (Ho) ranged from 0 to 0.014, with a mean of
0.004. The expected panmictic heterozygoty, Nei’s
gene diversity (He), ranged from 0 to 0.059, (Table
2) with a mean of 0.02. For all entries considered,
FIS was estimated at 0.773 (Table 3). Figure 3
represents the dendrogram constructed with the
Nei identity coefficient. The truncation made at
the distance level 0.035 of the dendrogram gives
three groups of 18, 12 and 9 landraces and a
few isolated landraces. Factorial discriminant
analysis gives three major groups and five minors
as shown by Figure 4.

The ANOVA showed that differences among
these groups were mainly due to ADH3, LAP1,
MDH2 and G6PDH2 loci because of the distri-
bution of nine alleles. The most discriminant
variable was LAP1a, followed by MDH2b and
G6PDH2b. The groups were characterized as
follows:

– Group I by alleles a, b, c, and a;
– Group II by alleles b, b, c, and a;
– Group III by alleles a, b, b, and a;
– Group IV by alleles b, b, b, and a;
– Group V by alleles b, a, b, and b;
– Group VI by a, a, d, and a;
– Group VII by alleles a, a, c, and a;
– Group VIII by alleles b, a, c, and a,

belonging respectively to loci ADH3, LAP1,
MDH2, and G6PDH2 (Table 4).

For the three main groups, the main genotypes
are, respectively,
– ADH1b/ADH3a/LAP1b/MDH2c/G6PDH2a

for the group I,
– ADH1b/ADH3b/LAP1b/MDH2c/G6PDH2a

for group II,
– ADH1b/ADH3a/LAP1b/MDH2b/G6PDH2a

for group III.

The geographical distribution of groups is shown in
Figure 5. Groups I and II spread all through
the territory, while group III is predominant in
the west.

WRIGHT’s F indices (Wright 1951) were used to
evaluate intra-and inter-landrace variabilities. For
all loci, FIT was 0.956 and FST was 0.807 (Table 3).
When individual loci were considered, they showed
very high FST values. However, FST values were
low for a and e alleles of MDH2.

Assuming that the population was homogeneous
and that it had a mixed mating system of

Table 3. F statistics at each locus and at all loci.

Locus Alleles FIS FIT FST

ADH1 a 0.720 0.923 0.726

b 0.720 0.923 0.726

Mean 0.720 0.923 0.726

ADH2 a 0.774 0.960 0.824

b 0.774 0.960 0.824

Mean 0.774 0.960 0.824

AMP a 0.830 0.982 0.898

b 0.843 0.946 0.658

c 0.847 0.916 0.450

Mean 0.844 0.849 0.675

MDH2 a 1.000 1.000 0.045

b 0.823 0.985 0.913

c 0.618 0.959 0.891

d 0.764 0.973 0.886

e 0.031 0.216 0.191

Mean 0.658 0.962 0.888

G6PDH2 a 0.753 0.944 0.773

b 0.701 0.891 0.636

c 1.000 1.000 0.923

Mean 0.753 0.945 0.776

At all loci 0.773 0.956 0.807

Table 4. Alleles frequencies at different loco for the three major

groups evidenced by cluster analysis of Nei genetical distances.

Locus Alleles Group I Group II Group III

ADH1 a 0.011 0.068 0.000

b 0.989 0.932 1.000

ADH3 a 0.976 0.235 0.992

b 0.074 0.765 0.008

AMP a 0.000 0.021 0.000

b 0.856 0.842 0.936

c 0.140 0.065 0.063

MDH2 a 0.002 0.000 0.000

b 0.008 0.006 0.923

c 0.866 0.916 0.050

d 0.112 0.074 0.027

e 0.012 0.000 0.000

G6PDH2 a 0.995 0.979 0.900

b 0.000 0.021 0.000

c 0.005 0.000 0.100
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self-fertilization and random outcrossing, the rate
of outcrossing was estimated from FIS to be 12.8%.

Assuming that the population was at equil-
ibrium, and based on the value of FST, the migra-
tion rate or inter-landrace exchange rate amounted
to 0.06 genes.

In order to detect the possible structure of vari-
ability distribution, samples were grouped accord-
ing to the various natural or administrative
divisions of Burkina Faso: rainfall and phyto-
geographical areas, longitudes, latitudes, and
homogeneous regions. Calculation of F statistics
enabled evolution of the differences between these
areas and within them. The FXY values were always
high inside all sets and sub-sets (Table 5), and
the intra-sub-set component of the variance
was always close to the total variance. However,
variation among areas was very low.

Discussion

Allozyme polymorphism

The aspartate amino transferase–glutamate
oxaloacetate transaminase system, as found by
Azeqour et al. (2002) on date palm, had two migra-
tion zones, and we can assume that, as inferrable
from Kephart (1990) and Gottlieb (1982), we have

two loci. The first locus was monomorphic, and the
second one did not always resolve. Nevertheless,
when detected, they showed polymorphism.

In the ADH system, locus 1, which generated the
first band of zone I, was polymorphic and had two
alleles. Its interaction with locus 2, which was
monomorphous, generated an intermediate equi-
distant band. The second set of bands (zone II)
was inter-loci dimmers produced by the interaction
between the two loci (ADH1 and ADH2) and
locus 3. The conditions of experiments made it
impossible to resolve the third locus. However it
was identified by its interaction with loci 1 and 2:
it is polymorphic and has two alleles.

It is worth noting that compared with Ollitrault
(1987) andMorden et al. (1989), polymorphismwas
found in the loci of ADH. In our study and those of
Morden et al. (1989), only one locus was detected in
the LAP system that carried some polymorphism.
This is contrary to Ollitrault (1987), who found two
loci without polymorphism in the sorghums of
Burkina Faso. For PGI, at least three loci were
resolved, but none showed polymorphism. Four
MDH system bands represented the activity of
four loci. The lowest migration zone showed
obvious polymorphism, but it did not resolve
clearly and was not included in the analysis. While
it was not possible to quantify this zone, poly-
morphism was detected in this first locus. Five

Figure 3. Association among the 50 ecotypes revealed by cluster analysis of Nei genetical distances (obtained by isozyme analysis).
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alleles were observed in locus 2. We hypothesized
that two different loci (The third and fourth) are the
origin of the last zone that Ollitrault (1987) consid-
ered to be due to a single locus.

There were two loci for G6PDH, the first with
one allele and the second with three alleles.

According to Wendel and Weeden (1989) and
Kephart (1990), PGM is typically controlled by two
loci. Mignouna et al. (2002), on polyacrylamide gel,
also obtained two zones of activity for PGM. On
starch gel only one locus exhibited and was mono-
morphic in our results.

For PGI, the two bands of activity resulted from
the action and interaction of three monomorphic
loci.

For IDH, the three bands were interpreted as evi-
dence of twomonomorphic loci and their interaction.

Loci that expressed in ADK and SAD systems
were monomorphic.

Among loci that yielded consistent results, ADH1,
ADH3, LAP, MDH2, and G6PDH2 showed poly-
morphism. Two of the three alleles obtained for
G6PDH2 were extremely rare. Allele a of LAP is
quite rare in the three major groups.

Genetic diversity

The study shows that most landraces are homozy-
gotes (FIT ¼ 0.956). Two facts can account for this:
first, the low rate of outcrossing (FIS ¼ 0.773), and
second, the high level of diversification between
landraces (FST ¼ 0.807).

These facts derive from the combined effect of
the mating system and genetic drift. Considered

Figure 4. Representation of the factorial discriminant analysis (plan 1/2) of groups’ centres of gravity (^) and isolated individuals (*)

revealed by the cluster analysis.
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together, the high value of the within-zones F and
the low value of the between-zones F are largely
due to predominant self-fertilization. A farmer gets

seeds through mass selection in a field. Every year,
the best panicles in a field are selected and used the
following planting season.

Table 5. Variance component and F statistics combined across loci.

Comparison

Variance component FXYX Y

Populations Total 1.103 0.801

Populations Rainfall 1.152 0.808

Rainfall Total �0.049 �0.036
Populations Humid months 1.162 0.809

Humid months Total �0.059 �0.043
Populations Phyto-geographic zones 1.110 0.802

Phyto-geographic zones Total 0.007 �0.005
Populations Climatic zones 1.157 0.808

Climatic zones Total �0.054 �0.039
Populations Longitudes 1.298 0.825

Longitudes Total �0.195 �0.141
Populations Latitudes 1.081 0.798

Latitudes Total 0.015 0.011

Longitudes Latitudes �0.213 �0.154
Populations Botanic races 1.125 0.804

Botanic races Total �0.022 �0.016
Populations Homogeneous regions 1.127 0.804

Homogeneous regions Total �0.023 �0.017

Figure 5. Geographical distribution of enzymatic groups.
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This farming practice, as Harlan (1975) stated,
produces a particular balance of selection pressure
and does not prevent the local population from
containing some internal variability because the
best panicles are selected without considering the
genetic purity of the seeds. These panicles are
bulked to give the seed for the next season.

Clustering

These samples of sorghums from Burkina Faso fell
into three main groups and five marginal groups.
The fact that the groups are organized around
homozygotes genotype, and the high rate of
inbreeding lead us to surmise that these groups
are relatively stable entities.

In clustering, landrace aggregation begins with
those of group II, followed by those of group I and
then by those of group III. These groups aggregate
later with marginal ones. We hypothesize that the
three major groups are those of native landraces
and the marginal groups are those of introduced
cultivars. Some marginal groups are close to major
groups and far from others. It means that their
introduction occurred a long time before the
others. So they integrate more native genes than
the others, which were introduced later.

Diversity distribution

The relationship between allozyme polymorphism
and diversity is not very obvious. Thus Rick et al.
(1977) found a curvilinear association between
diversity and rainfall level inHordeum spontaneum.
Leblanc (1983) found a high correlation between
longitude and ADH and PGM allozyme frequen-
cies in the pearl millet (Pennisetum americanum) of
Ivory Coast. However, Manos and Fairbrothers
(1987) reported that evolution at the species level
in Quercus subg. Erythrobalanus was characterized
by morphological divergence with very little iso-
zymic divergence. Farmer et al. (1988) also
observed few isozymic differences in Balsam
popular populations that exhibited differences in
the photoperiodic response and covered an area
ranging from 45 �N to 56 �N in northwestern
Ontario, Canada.

The high FST value in our results shows that
there is variability among landraces and for individ-

ual loci. The low FST value for alleles a and e of
MDH2 is the result of their rarity.

A study of various FXY measuring inter-zone
variability found no significant difference among
the various zones in all alleles, which means that
their distribution is random. Bands between two
isohyetes, defined by a difference of 200 mm rain-
fall, show a major part of the variability present
in the population. This is also true for bands
between two latitudes and longitudes. Each of
the phyto-geographical and climatic zones
induced a great part of the enzymatic variability
of the whole population. This is due to the fact
that in the same village there are many varieties
and often the same farmer may plant several vari-
eties, depending on sowing date, soil type, and
needs.

Each sub-set can be a representative sample of
the whole population. Besides, variability does not
depend on the natural or man-made divisions of
space. It appears randomly all over the country, so
that even a small area contains a great part of the
variability prevailing in the landraces of the whole
country.

The national extension of the enzymatic
groups must be due to the great level of seed
exchange occurring between farmers for a long
time. However, the rarity of group III in the
east might indicate that more seeds from the
east went to the west than the contrary due to
farmer migration.

The variance and F values revealed a very impor-
tant intra-isohyet variation and a very low inter-
isohyets variation. Therefore, there was no
relationship between the diversity examined on
the isozyme loci and environmental factors, the
level of rainfall and climate.

One might think that Burkina Faso is too
small to allow drawing of clines. However,
Burkina Faso extends over 9� in longitude and
6� in latitude, with a great climatic gradation
ranging from the Sahelian climate in the north,
with 400 mm rainfall over 51 days, to a sub-
Soudanian climate in the south, with 1200 mm
rainfall in 134 days.

One hypothesis is that the random distribution
of isozyme alleles results from the fact that all the
material used is the same and has not yet been
diversified. However, it should be noted that
thematerial has diversified morphologically and
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physiologically to adapt to the various climatic
zones (Zongo 1991).

Besides, since the successive droughts of the
1960s, Burkina Faso has been experiencing move-
ment of farmers from the north to the more humid
zone in the south. It is well known that farmers
move with their seeds. It is likely to assume that the
migration has led to some inter-mixing of germ-
plasm. But the migration movement runs only
from the arid zone to more humid ones. Alleles
from the north have probably been carried to the
south. In this case, alleles which do not exist in the
north but do exist in the south should remain, and
the inter-mixing should be less important than the
study revealed.

There is also a possibility of material that diver-
sified at random at the enzyme level or that was
spread without any change in the original variabil-
ity. This would mean that the material underwent
the influence of the selective factors that are
responsible for the big agromorphological diversi-
fication observed during the agromorphological
evaluation (Zongo 1991).

Conclusion

This study showed that in this Sahelian region there
is a high level of diversity between sorghum land-
races and a low rate of outcrossing between them.
It showed that for the enzymatic systems studied,
alleles spread randomly throughout the territory.
It found that landraces gathered in high clusters.
Three main clusters are formed by native cultivars,
landraces, growing there for a long time. The five
others are marginal and made of more recent intro-
duced varieties.

Even if this study gives important conclusions on
sorghum diversity in the Sahelian region, a more
performant method of diversity study, using
DNA investigators, must be used for further
investigation to support its results.
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