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Faculté Universitaire des Sciences Agronomiques, Unité de
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Abstract Genetic diversity and structure within a Lima
bean (Phaseolus lunatus L.) base collection have been
evaluated using allozyme markers. The results obtained
from the analysis of wild and cultivated accessions
confirm the existence of Andean and Mesoamerican
gene pools characterised by specific alleles. Wild and
cultivated accessions of the same gene pool are
grouped. The Andean natural populations have a very
limited geographic distribution between Ecuador and
northern Peru. The Mesoamerican wild form extends
from Mexico up to Argentina through the eastern side
of the Andes. Andean and Mesoamerican cultivated
accessions of pantropical distribution contribute sub-
stantially to the genetic diversity of the Lima bean base
collection. Population genetic parameters, estimated
from allozymes, confirmed the predominant selfing
mating system of the Lima bean. The selfing mating
system, the occurrence of small populations, and low
gene flow lead to an interpopulation gene diversity
(D

ST
"0.235) higher than the intrapopulation gene

diversity (H
S
"0.032). On the basis of the results,

guidelines are given to preserve and exploit the genetic
diversity of this threatened species. The results also
confirm the independent domestication of the Lima
bean in at least two centres, one of which is located at
medium elevation in the western valleys of Ecuador
and northern Peru.

Key words Phaseolus lunatus L. · Genetic diversity ·
Plant conservation · Domestication · Gene pool

Introduction

The Lima bean (Phaseolus lunatus L.) is the second
most important food legume in the genus Phaseolus
after the common bean (P. vulgaris L.) but before the
runner bean (P. coccineus L.), the tepary bean (P.
acutifolius Gray) and P. polyanthus Greenm. (National
Research Council 1989). The Lima bean is grown in
most of the low-elevation tropical areas of the world
where its landraces are progressively being abandoned
by farmers and replaced by »igna unguiculata (L.)
Walp., ¸ablab purpureus (L.) Sweet and Cajanus cajan
Millsp. (Maquet and Baudoin 1997). Improved var-
ieties of these species are either more resistant to dry
conditions or to bruchids, or else are earlier with more
stable yields. At the same time, wild populations of P.
lunatus, often found on borders of deciduous forests,
are disappearing throughout Latin America due to
de-forestation or urbanisation (Maquet and Baudoin
1997).

To preserve the genetic diversity of the Lima bean,
recent collecting missions were conducted in Latin
America by the International Plant Genetic Resources
Institute (IPGRI, Rome, Italy), the ‘‘Centro Inter-
nacional de Agricultura Tropical’’ (CIAT, Cali, Colom-
bia), and national institutes (Debouck 1987 a, b, 1988 b,
1989, 1990 a, b, 1995). In 1991, the Lima bean world
collection held at CIAT contained 1496 accessions
comprising 90% cultivars, 9% wild accessions and
1% weedy accessions (Maquet 1991). Evaluation of
the genetic diversity of a base collection is helpful for
an effective management, the establishment of a core
collection, the guidance of further prospections, as well
as the preservation of genetic integrity during seed
rejuvenation. Using seed-protein markers, Maquet



et al. (1990), Gutiérrez et al. (1995), and Maquet (1995)
suggested the existence of two gene pools. A Meso-
american gene pool distributed from Mexico up to
Argentina, including Brazil, showed a basic seed-
protein electrophoretic banding pattern (‘‘M’’) with
several variants. In South America, the Mesoamerican
wild form is found along the eastern side of the Andes.
An Andean gene pool circumscribed in South America,
was characterised by a different basic seed-protein pat-
tern (‘‘A’’) with other variants. A hybrid pattern (‘‘H’’)
was also observed in cultivated accessions from Peru
and Colombia. The small-seeded Mesoamerican land-
races (‘‘Sieva’’ and ‘‘Potato’’ cultigroups) showed re-
duced genetic diversity; for example, one of the pattern
variants (M1) was present at a high frequency along the
whole geographic area of distribution from Mexico to
Argentina. Such a founder effect was not observed
among large-seeded Andean landraces (Big-Lima
cultigroup), a possible consequence of insufficient
sampling (Gutiérrez et al. 1995).

Isozymes are useful markers to study plant system-
atics (Crawford 1990; Murphy et al. 1990), crop evolu-
tion (Doebley 1990), the genetics of populations (May
1992), and plant conservation (Schaal et al. 1991; Gepts
1995). Studies on the genetic diversity of the Lima bean
remain limited. Allozyme or DNA markers were used
for taxonomic studies in the genus Phaseolus (West and
Garber 1967; Hamann et al. 1995; Jaaska 1996) but
only a few Lima bean accessions were sampled. Other
studies were carried out to assess the relationships
among Lima bean landraces (Nienhuis et al. 1995; Lioi
and Lotti 1996). In order to help guiding ex situ and in
situ conservation, a base collection involving several
widely distributed wild accessions and landraces was
studied using allozymes.

Materials and methods

Plant materials

From the CIAT base collection, we selected 235 Lima bean
accessions originating from all over Latin America and the Carib
zone (Maquet 1991). The material included 49 wild accessions (14
from South America, and 35 from Mesoamerica), seven weedy acces-
sions or hybrids between wild and cultivated forms (three from
southern Andes and four from Mesoamerica), and 179 landraces
with a wide range of seed sizes, shapes, and colours and belonging to
the three cultigroups or to intermediate cultivated forms as de-
scribed by Debouck (1990 b). For the selected accessions, either
original or rejuvenated seeds were sampled.

Electrophoretic analysis

For each accession, 1—5 seeds were analysed. To evaluate the
genetic diversity in the wild Lima bean accessions, we selected ten
enzymes obtained from the cotyledon tissues: alcohol dehydrogen-
ase (ADH, E.C. 1.1.1.1), cytosol amino-peptidase (CAP, E.C.
3.4.11.1), dihydrolipoamide dehydrogenase (DDH, E.C. 1.8.1.4), en-

dopeptidase (END, E.C. 3.4.23.6), general protein (GP, non-specific),
glucose-6-phosphate isomerase (GPI, E.C. 5.3.1.9), isocitrate dehy-
drogenase (IDH, E.C. 1.1.1.42), malate dehydrogenase (MDH, E.C.
1.1.1.37), phosphogluconate dehydrogenase (PGDH, E.C. 1.1.1.44),
and phosphoglucomutase (PGM, E.C. 5.4.2.2). Electrophoretic ana-
lyses were conducted for ADH, CAP, END, GPI, IDH, MDH,
PGDH and PGM on horizontal 10% starch (Sigma d S-4501) gels
containing 3% sucrose (Sigma d S-8501) and according to the
method of Maquet et al. (1994). DDH and GP enzymes were
separated on PAGE according to the method used by Delvaux
(1994). Five-day old imbibed cotyledons were ground in a potassium
phosphate 0.1 M pH 7.0 buffer as described by Hussain et al. (1988).
The crude homogenate absorbed onto paper-wicks was used for
starch-gel electrophoresis following the method described by
Murphy et al. (1990) and using the histidine-citrate pH 5.7 buffer
system. Polyacrylamide gels were prepared according to Laemmli
(1970). The loading gel had 3.1% T and 2.6% C in a 0.5 M Tris-HCl
pH 6.8 buffer. The separator gel was prepared to obtain 8.2% T and
2.6% C in a Tris-HCl 1.5 M pH 8.8 buffer. The electrode buffer was
a 0.025 M Tris, 0.019 M glycine buffer at pH 8.3. Homogenates (6 ll)
were electrophoresed for 5 h (DDH) or 7 h (GP) at 80 mA and 500 V
in a Biorad Protean II apparatus. The histochemical staining pro-
cedures used were those of Hussain et al. (1988) for CAP, DDH,
END, GP, GPI and MDH, and those of Murphy et al. (1990) for
ADH, IDH, PGDH and PGM.

Loci were labelled sequentially with those migrating closest to the
anodal end designated as number 1 (Koenig and Gepts 1989). The
first and the last stacks correspond to accession G25221, a Mexican
wild form, considered as a standard for our analysis. The allele from
this genotype is designated as 100 and all other allozymes are
assessed according to their relative distance from the standard. The
genetic control and the quaternary structure of the analysed enzyme
systems were discussed previously by Maquet et al. (1994) and Zoro
Bi et al. (1997 b).

Genetic-variation analysis

Allozyme diversity was estimated within all sampled accessions
and within groups of accessions using the programme Gen-Survey
(Vekemans and Lefebvre 1997). Genotype and allele frequencies, the
percentage of polymorphic loci (P), the mean number (n

!
) and the

effective number (n
%
) of alleles per locus, and gene diversity were

calculated both at the species level (H
%4
) and the within-accession

level (H
%
). These parameters were compared with those obtained by

Hamrick et al. (1991) who classified 473 taxa using eight species
traits: major phyletic group, life form, geographic range, regional
distribution, breeding system, seed dispersal mechanism, mode of
reproduction, and successional status. The parameters were also
estimated after grouping Lima bean accessions according to their
geographic origin and their electrophoretic seed-protein patterns
obtained from previous studies (Maquet 1991, 1995; Gutiérrez et al.
1995). As suggested by Weir (1990) in the case of non-panmictic
populations, we used genotypic frequencies rather than allelic fre-
quencies to test for differentiation among groups of accessions with
contingency tables. After the alleles codification, the genotypes were
tentatively grouped into different classes to obtain an expected
frequency at least equal to five. In this case, a significance test was
performed to evaluate if the genotype frequencies in the Andean and
Mesoamerican groups were equal. For an expected frequency lower
than five, an angular transformation was employed (Dagnelie 1978).

Out of the 235 accessions, 72 were selected and used to calculate
Nei’s gene-diversity statistics (Nei 1973). Three to five seeds were
analysed for each accession. Total gene diversity (H

T
) and mean

diversity within accessions (H
S
) were calculated for each polymor-

phic locus. Gene diversity due to variation among accessions (D
ST

)
was related to the total diversity to determine the proportion
residing among accessions (G

ST
). When the comparison involved

two closely related groups, we used the Student t-test for paired
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observations, locus by locus, to determine their difference in gene
diversity (Nei 1987). This test was also performed to evaluate the
difference between the fixation index (f ) in original and rejuvenated
seeds of P. lunatus. Nei’s corrected genetic distances (Nei 1987) were
calculated using the Phylip software (Felsenstein 1993), and the
distance matrix was used to elaborate a cluster based on the
‘‘weighted pair group arithmetic averaging’’ link (WPGMA) with
the Systat software (Wilkinson 1989).

Results and discussion

The ten enzyme systems show 13 loci expressing 32
alleles. As shown in Table 1, the number of alleles per
locus varies between one (e.g. Pgdh-1 locus) and four
(Cap, End, and Pgdh-2). The Pgm-2 locus expresses
a null allele and only the homozygous genotype Pgm-
2n@n specific for the Andean region is noted. The inde-
pendence tests for the genotype frequencies between the
two seed-protein families are significant for all loci
(Table 1). Allelic frequencies at the species level or
according to the geographic region and to the seed-
protein family are given in Table 2. Lima bean acces-
sions classified according to geographic regions do not
show a clear picture of the specific alleles. Indeed, some
accessions originating in the Andes or in Brazil have
a Mesoamerican seed-protein pattern and alleles (e.g.
allele Adh-261). In South America, Mesoamerican and
Andean Lima bean accessions can be in contact. In
Brazil, small-seeded accessions are mainly distributed
in the Northeast and along the Atlantic coast, while
large-seeded landraces are localised in the southern and
central parts (Maquet 1991). On account of the pres-
ence of small-seeded accessions in South America, we
have grouped Lima bean accessions according to the
seed-protein families. Alleles Adh-261, Cap94, End88,
End139, Ddh-287, and Gp111 are found only among acces-
sions showing a Mesoamerican seed-protein pattern.
These alleles are observed in both wild and cultivated
accessions except for allele End139, identifying a wild
and a weedy accession, and for allele Gp111, specific to
the cultivated accessions. Three alleles (Cap118, Idh120,
and Pgdh-2135) are endemic in the Andean gene pool.
The former is found only among cultivated accessions
while the two others are observed among wild acces-
sions. The remaining alleles are distributed in both gene
pools. Such shared alleles limit the risk of loss in a gene
pool especially in the narrowly distributed Andean one.

Among the weedy form, only the alleles Adh-2100,
Gp100, Idh100, Mdh-3100, Pgdh-1100, Pgdh-2100 and
Pgm-1100 are noted for these loci. The other loci are
polymorphic: Cap100 (allelic frequency"0.2), Cap108

(0.8), End100 (0.8), End139 (0.2), Gpi-196 (0.5), Gpi-1100 (0.5),
Mdh-2100 (0.2), Mdh-2140 (0.8), Ddh-287 (0.4) and Ddh-2100

(0.6). These results are explained by the genetic nature
of these materials arising from hybridisations between
a wild form and a sympatric landrace.

The dendrogram in Fig. 1 depicting the genetic rela-
tionship among the Lima bean accessions clearly shows

two main clusters. The first includes mainly accessions
originating from the Andes and having an Andean
seed-protein pattern. The second cluster contains
Mesoamerican and Andean accessions but are charac-
terised by a Mesoamerican seed-protein pattern. Both
Andean and Mesoamerican landraces are grouped with
their respective wild relatives. Such a cluster can be
interpreted as the result of two independent domestica-
tions, as found in P. vulgaris by Singh et al. (1991).
Considering only the landraces, the dendrogram
(Fig. 2) does not show a separation between the two
Mesoamerican cultigroups (‘‘Sieva’’ and ‘‘Potato’’).
Gutiérrez et al. (1995) and Maquet (1995) showed that
a Mesoamerican seed-protein variant (M1) is found in
approximately 95% of the small-seeded landraces.
Such a genetic uniformity based on seed protein is not
reflected by the study on allozymes: landraces are clus-
tered in different groups suggesting various allelic com-
binations (Fig. 2).

Some accessions exhibit characteristics from both
gene pools: for example G25844 and G25290 with
a Mesoamerican seed-protein pattern and Andean alle-
les, and G25417 with an Andean seed-protein pattern
and Mesoamerican alleles (Fig. 1 and 2). These acces-
sions and the two Peruvian entries showing a hybrid
seed-protein pattern (G25941 and G25577) can be
considered as products of hybridisation between
genotypes from both gene pools. Indeed, accessions
with a hybrid seed-protein pattern are characterised by
alleles belonging to both gene pools (Table 2).

Table 3 indicates the genetic diversity of P. lunatus in
relation to different categories. At the level of the base
collection, 75% of the loci are polymorphic with an
average of 2.6 alleles per locus. However, the alleles are
not evenly distributed for each locus (n

%
"1.35). The

mean genetic diversity for the 473 taxa reviewed by
Hamrick et al. (1991) was 0.149. In comparison, the
genetic diversity of P. lunatus at the species level
(H

%4
"0.26) is relatively important and higher than

species with mixed-mating (H
%4
"0.12) or short-lived

perennial species (H
%4
"0.12) but closer to those of

widely distributed species (H
%4
"0.20). This similarity

is in relation to the wide distribution of the Lima bean
in Latin America. According to Hamrick et al. (1991),
geographic range accounts for the largest proportion
of the explained variation in genetic diversity at the
species level.

Within accessions, individuals are polymorphic, on
average, at only 4% of their loci (Table 3). This very
low value is probably due to our small sample size (1—5
seeds analysed per accession) but also to the mating
system of P. lunatus. Indeed, the mating system ac-
counts for the largest proportion of the variation in
plant genetic diversity at the population level (Hamrick
et al. 1991): for selfing species, 20% of the loci were
polymorphic per population, whereas for outcrossed
wind-pollinated species, nearly 50% of the loci were
polymorphic. According to our results, the genetic
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S M1 COL G25819
L M2 COL S32455
L M1 BRA G25008
L M11 COL G26321
L M1 GTM G25254
L MEX G25739
L M1 SLV G25275
L PAN G26451
L M1 HND G26308
S CRI G25965
L M1 COL G26315
L M1 COL G26311
L M1 PER G25960
L M1 MEX G25614
L M1 COL G25508
L M1 COL G25400
L M1 COL G25401
L M1 COL G25518
L MEX G25755
L M1 GTM G26297
L ECU S32419
S M9 MEX G25738
L M1 CRI G26438
L CRI G25385
S M1 CRI S29705
L M4 MEX G25607
L M1 MEX G25551
S M2 MEX G25230
L M1 MEX G25289
L M1 GTM G25604
S M1 CRI S29696
S M8 MEX G25221
L H PER G25577
L M4 MEX G25553
L M1 BRA G26016
L M4 MEX G25570
L M4 MEX G25609
L M1 ARG G26289
S CRI G25967
S M1 MEX G25759
L CRI G25539
S CRI G25584
S M1 CRI S29700
S CRI G25968
L M1 BOL S27619
S M1 CRI G26294
S M1 MEX G25234
S M6 MEX G25713
L JAM G25315
S M5 GTM G25844
W GTM G25290
L A3 ECU G25417
S A11 ECU S32401
L A3 ARG G25540
L A3 ECU S32409
L A3 COL S32452
L H PER G25941
L A1 PER G25574
L A4 COL G25522
L A4 COL G25904
L A3 BOL G25985
S A6 PER G25915
S A1 ECU S32400
S ECU S32398
S A1 ECU S32389
L A3 BRA G26102
L A3 ECU G25691
W A1 PER S31806
S A10 ECU S32399
L A1 ECU S32382
S A8 ECU S32394
S A12 ECU S32402

0.00 0.60

Fig. 1 Dendrogram depicting the genetic relationship of P. lunatus
L. according to biological status. Biological status (S: wild form; ¼:
weedy form; ¸: landraces), seed-protein pattern (A: Andean; M :
Mesoamerican; H: Hybrid), country of origin, and accession number
in the CIAT collection are presented on the left side. ARG: Argen-
tina; BO¸: Bolivia; BRA: Brazil; CO¸: Colombia; CRI: Costa Rica;
ECº: Ecuador; G¹M: Guatemala; HND: Honduras; JAM:
Jamaica; MEX: Mexico; PAN: Panama; PER: Peru; S¸»: Salvador

diversity of P. lunatus within accessions (H
%
"0.03) is

half the average genetic diversity of selfing species
(H

%
" 0.074). Andean and Brazilian accessions seem to

have a higher genetic diversity than Mesoamerican
accessions. But this trend is reversed when Lima bean
accessions are grouped according to their seed-protein
pattern (Table 3). In fact, the genetic diversity between
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B M1 BOL S27619

S M1 GTM G25254

IP MEX G25739

IS M1 SLV G25275

IP PAN G26451

IS M1 COL G26311

IS M1 GTM G26297

P MEX G25755

P JAM G25315

IS M1 COL G26315

IS M1 HND G26308

P M1 PER G25960

S M1 MEX G25614

IP M1 COL G25508

S M1 COL G25400

IS M1 COL G25401

IP M1 COL G25518

S M11 COL G26321

S M1 ARG G26289

S M4 MEX G25609

IS M4 MEX G25570

IS M1 BRA G26016

S M4 MEX G25553

IS H PER G25577

CRI G25385

S M1 CRI G26438

ECU S32419

S M1 GTM G25604

S M1 MEX G25289

S M1 MEX G25551

S M4 MEX G25607

S CRI G25539

IP M1 BRA G25008

M2 COL S32455

IB A3 ECU G25417

B A1 ECU S32382

IB A3 ECU G25691

B A3 BRA G26102

B A3 BOL G25985

B A4 COL G25904

B A4 COL G25522

B A1 PER G25574

B H PER G25941

A3 COL S32452

A3 ECU S32409

B A3 ARG G25540

0.00 0.60

Fig. 2 Dendrogram depicting the genetic relationship among the
landraces of P. lunatus L. Cultigroup (S: Sieva, P: Potato, B: Big
Lima, IS: intermediate Sieva, IP: intermediate Potato, IB: intermedi-
ate Big Lima), seed protein pattern (A: Andean; M: Mesoamerican;
H: Hybrid), country of origin, and accession number in the CIAT

collection are presented on the left side. ARG: Argentina; BO¸:
Bolivia; BRA: Brazil; CO¸: Colombia; CRI: Costa Rica; ECº:
Ecuador; G¹M: Guatemala; HND: Honduras; JAM: Jamaica;
MEX: Mexico; PAN: Panama; PER: Peru; S¸»: Salvador

wild and cultivated accessions, as well as between the
accessions originating from the two geographic regions
or between both gene pools, is not significantly differ-
ent (Table 4).

On average, Lima bean shows 76% and 24% of the
total diversity, respectively, among and within acces-
sions (Table 5). The mating system and life form of the
species are both usually highly associated with differ-
ences in G

ST
values (Hamrick et al. 1991). This behav-

iour is even more important with Lima bean than with
other selfing species (G

ST
"0.51) or outcrossed species

(G
ST
"0.10).

These results indicate that species with a limited
potential for gene flow show more differentiation
among populations than do species with a greater
potential for gene flow. Gene-flow potential is corre-
lated with pollination and seed-dispersal mechanisms,
as well as with longevity and plant size. In a study of
flower and pollen dispersal in wild populations of
P. lunatus from the Central Valley of Costa Rica, Hardy
et al. (1997) showed that the gene dispersal is suffi-
ciently restricted to expect the occurrence of local gen-
etic differentiation among populations.

A hierarchical analysis of gene diversity (Nei 1987)
was performed to estimate the differentiation among
groups of accessions based on biological status, geo-
graphic origin and seed-protein pattern (Table 6). The
total genetic diversity (H

T
) is divided into diversity

within accessions (H
C
), among accessions within groups

(D
CS

), and among groups (D
ST

). A substantial differenti-
ation among groups of accessions is only observed for
groups based on seed-protein pattern: specific alleles
are identified in each gene pool.

The low proportion of variation within accessions
can be explained by various factors, such as: the seed-
rejuvenation phase, the few seeds tested per accession,
the sample size of the original collected population, the
mating system, and the original variation within the
populations at their natural sites. In our study, 76% of
Lima bean accessions were rejuvenated. This phase
would probably decrease the genetic diversity within
accessions as, generally, only a few seeds were used to
multiply each accession. Nonetheless, the fixation index
(f) is not significantly different between the rejuvenated
and original seeds (Table 7). In fact, Maquet et al.
(1996) showed that the wild Lima bean in Costa Rica
maintained, on average, 80% and 20% of its total
diversity respectively among and within populations.
In addition, all the wild populations analysed were
significantly inbred as shown by Weir and Cocker-
ham’s fixation indices estimated by the jackknife
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Table 3 Genetic diversities of
P. lunatus L. according to
different categories

Categories n! P (%)" n
!
# n

%
$ He%

Species 75 2.58 1.35 0.26
accessions 235 4 & 1.02 0.03
Regions — Meso 107 50 2.30 1.20 0.16

Andes 110 58 2.50 1.32 0.24
Brazil 18 67 1.90 1.30 0.24

Seed protein — ‘‘M’’ 139 50 2.15 1.21 0.18
‘‘A’’ 69 25 2.00 1.13 0.11
‘‘H’’ 3 40 1.23 1.24 0.19

! Total number of accessions analysed
"Percentage of polymorphic locus at 5% level
# Average number of alleles per locus
$Effective number of alleles
% Nei’s gene diversity
&Not calculated for accessions with one seed

Table 4 Student t-test of
differences for gene diversity on
P. lunatus L. according to
biological status, geographic
origin, and seed protein family

Category Group n! H
T
" t# df $ P%

Biological status Wild 24 0.353
Cultivated 46 0.331 0.682 7 0.517

Region Mesoamerica 35 0.230
South America 37 0.330 1.876 8 0.098

Seed protein ‘‘M’’ 38 0.240
‘‘A’’ 19 0.159 !0.206 6 0.843

! Total number of accessions analysed
"Total gene diversity averaged over all loci
# Student t-test for paired observations
$Degrees of freedom
% Probability value

Table 5 Analysis of genetic diversity within and among accessions of
P. lunatus L

Locus H
T
! H

S
" D

ST
# G

ST
$

Adh-2 0.181 0.029 0.152 0.842
Cap 0.512 0.029 0.483 0.944
Ddh-2 0.527 0.024 0.502 0.954
End 0.507 0.097 0.410 0.809
Gp — — — —
Gpi-1 0.415 0.026 0.389 0.937
Idh 0.008 0.008 0.001 0.078
Mdh-2 0.472 0.045 0.427 0.905
Mdh-3 0.031 0.015 0.016 0.524
Pgdh-1 — — — —
Pgdh-2 0.052 0.019 0.033 0.628
Pgm-1 0.467 0.030 0.437 0.936

Mean 0.317 0.032 0.285 0.755
SE% 0.070 0.008 0.066 0.088

!Gene diversity in the base collection
"Gene diversity within accessions
#Gene diversity between accessions
$Coefficient of gene differentiation
%Standard error

Table 6 Hierarchical gene diversity of P. lunatus L. according to
biological status, geographic origin, and seed protein family

Group H
T
! H

C
" D

CS
# D

ST
$

Biological status 0.320 0.027 0.277 0.016
Region 0.314 0.026 0.242 0.046
Seed protein 0.321 0.023 0.147 0.151

!Gene diversity in the base collection
"Gene diversity within accessions
#Gene diversity among accessions within groups
$Gene diversity among groups

method (Maquet 1995). The high level of inbreeding
was caused in part by local inbreeding within popula-
tions (f"0.891) and substantial differentiation among
populations (h"0.814). On the basis of the relation

between the fixation index (f ) and the outcrossing rate
(t) (Nei 1987), Maquet et al. (1996) estimated an out-
crossing rate of 5.8% confirming the facultative auto-
gamy system of the Lima bean. According to Hartl and
Clark (1989), the drift resulting from a selfing breeding
system is also more pronounced in small populations,
a situation commonly found in the Lima bean: landra-
ces are cultivated in small backyards as part of a subsis-
tence agriculture (Debouck 1987 c; 1988 a, b) and
natural populations are small sparse demes belonging
to a meta-population (Rocha 1997).
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Table 7 Fixation indices (f ) estimated in original and rejuvenated
seeds of P. lunatus L

Locus Original seeds Regenerated seeds
f ! f

Adh-2 1.000 1.000
Cap 1.000 0.768
Ddh-2 0.000 0.286
End 0.610 0.955
Gpi-1 1.000 0.657
Idh 0.614 0.000
Mdh-2 1.000 0.821
Mdh-3 1.000 1.000
Pgdh-2 0.293 0.063
Pgm-1 0.000 0.841

Mean 0.724 0.710
t" P#

0.096 0.925

!Fixation index
"Student t-test for paired observations (df"9)
#Probability value

Conclusions

The use of allozymes complements the data obtained
from seed-protein electrophoresis (Maquet et al. 1990;
Gutiérrez et al. 1995; Maquet 1995) and preliminary
allozyme analysis (Maquet et al. 1993), providing
a clearer picture of the organisation of genetic diversity
in P. lunatus.

The total genetic variation maintained within P.
lunatus can be partitioned in a hierarchical manner on
the basis of its distribution among regions, botanical
forms, accessions, and individuals within accessions.
The total gene diversity of the Lima bean at the species
level (H

%4
"0.26) is similar to that of P. acutifolius

(Schinkel and Gepts 1989) or P. coccineus (Escalante
et al. 1994) but higher than that of P. vulgaris wild
forms (H

%4
"0.13) as indicated by Koenig and Gepts

(1989). According to our results, the genetic diversity of
the Lima bean is evenly distributed among the
Mesoamerican and the Andean gene pools. This con-
firms the results obtained by Nienhuis et al. (1995)
using RAPD markers. Our study also shows that wild
and cultivated forms of the Lima bean are character-
ised by similar levels of gene diversity and are not
differentiated within each gene pool. In contrast, using
seed storage-protein markers, Gutiérrez et al. (1995)
and Maquet (1995) found a less variable genetic diver-
sity in the Mesoamerican landraces compared to their
wild ancestors. They attributed this difference to
a founder effect. By using RAPD markers, Fofana et al.
(1997) showed that the wild form and landraces of each
gene pool were genetically differentiated. A higher gen-
etic diversity was observed among Lima bean landraces
than among the wild accessions. Such discrepancies

between studies could result either from the different
nature of the markers or from the samples used.

Within the base collection of P. lunatus, gene diver-
sity is mainly distributed among accessions (G

ST
"

0.755). Gene flow, through pollen and seed dispersal,
should however favour the homogenisation of popula-
tion structure, acting against the effect of drift and
diversifying selection. Maquet et al. (1996) reported
a high differentiation (G

ST
"0.803) among wild Lima

bean populations. With such a value, the average num-
ber of successful immigrants per generation, Nm (Slat-
kin and Barton 1989), is estimated to be 0.056, which
corresponds to one migrant per 18 generations. This
low rate of gene flow is not sufficient to introduce
genetic variation and to counterbalance genetic drift.
Most populations are genetically depauperate. In addi-
tion, in a population dynamic study conducted in the
Central Valley of Costa Rica, Degreef et al. (1997)
pointed to a common demographic instability of the
wild populations of Lima bean at least in human dis-
turbed habitats. This instability, expressed by periodic
high reductions in population size (population bottle-
necks) or by the establishment of new populations from
one or a few individuals (founding events), increases the
effects of genetic drift and inbreeding.

Lima bean germplasm is characterised by a high
inbreeding coefficient (f"0.891) which influences fit-
ness through inbreeding depression. However, popula-
tions with a long history of inbreeding should be less
vulnerable to inbreeding depression than typically out-
breeding populations (Charlesworth and Charlesworth
1979). This is the case with the Lima bean, considered
as a predominantly selfing species (Allard and
Workman 1963; Free 1993; Maquet et al. 1996). In spite
of inbreeding and a low gene flow rate, the intrapopula-
tion gene diversity estimated either from the base col-
lection (H

S
"0.032) or from the wild populations of

Costa Rica (H
S
"0.058) in the study of Maquet et al.

(1996) is significantly different from zero. The in-
trapopulation gene diversity of the Lima bean is higher
than those of other selfing species such as P. acutifolius
(H

S
"0.0004) (Schinkel and Gepts 1989) and P. vul-

garis (H
S
"0.006) (Koenig and Gepts 1989).

Estimating levels of genetic variation at the species
and accession levels is helpful for managers. A conser-
vation programme of P. lunatus must include wild and
cultivated forms from both gene pools. As the genetic
diversity is distributed mainly among accessions, more
populations or accessions should be preserved to
ensure the retention of allelic and genotypic diversity
for both gene pools and botanical forms. In addition,
the low gene-flow rate and the predominantly selfing
mating system result in populations being spatially
structured, as shown by Zoro Bi et al. (1997 a). Such a
structural organisation implies that a population must
be sampled all over its area during the collecting process.

Where habitats are in immediate danger of destruc-
tion (Maquet and Baudoin 1997), the collection of
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germplasm and its maintenance ex situ become neces-
sary in addition to in situ conservation. Developing
procedures for reducing the size of a collection to
a manageable and accessible level (a core collection) is
becoming one of the more important issues in the
management and utilisation of plant germplasm collec-
tions (Brown 1989). A fraction ranging from 20 to 30%
of the total plant collection was estimated to be the best
or nearly the best (Yonezawa et al. 1995). A strategy for
maintaining more entries, with fewer individuals per
entry, would be efficient for species with higher selfing
rates. When the collection is subdivided into a number
of groups of accessions, like those obtained in our
study, Yonezawa et al. (1995) suggest that one should
sample each group in proportion to the range of its
genetic diversity.

Lima bean landraces could also be maintained in situ
as part of a farmer conservation system (Altieri and
Merrick 1987; Brush 1991). In fact, P. lunatus is pro-
gressively being replaced in some regions by other food
legumes. As it is a long process to re-introduce a crop
plant, in a study conducted in Cuba, Esquivel and
Hammer (1988) proposed to maintain Lima bean land-
races as part of the traditional horticultural system.

Genetic diversity and its organisation are not only
the result of natural evolution and plant breeding but
also of domestication. The results from allozymes con-
firm that the Lima bean was domesticated at least
twice. A first domestication centre may be localised
somewhere in Ecuador and the northern region of Peru
where the Andean landraces originate. It is more diffi-
cult to define the second centre of domestication since
landraces expressing a Mesoamerican type are distrib-
uted from Mexico to Argentina. Geographic isolation
and the predominant selfing mating system are prob-
ably two major causes of the genetic differentiation
between the two gene pools. No founder effect was
observed with allozyme data as the genetic diversities
between wild and cultivated forms are not significantly
different.

No specific alleles distinguishing the Sieva and Po-
tato cultivars within the Mesoamerican gene pool were
identified using our enzyme systems. This result is in
accordance with those found by Gutiérrez et al. (1995)
and Maquet (1995) based on seed-storage proteins, and
with those observed by Lioi and Lotti (1996) using
allozymes. Fofana et al. (1997), using RAPD markers
on 17 Mesoamerican landraces, noted a low but signifi-
cant differentiation between the Sieva and Potato cul-
tigroups. No clear divergence occurred between the
two Mesoamerican cultigroups. Selection in these land-
races, in particular for their seed type, may have taken
place in genetically related ancestral materials which
have diverged more recently.

Maximising the numbers of distinct alleles (allelic
richness) is the most appropriate theoretical objective
in constructing core collections (Brown and Schoen
1994). From our analysis, it appears that Lima bean

has a low average number of alleles per locus both at
the species level (n

!
"2.58) and the within-population

level (n
!
"1.14, Maquet et al. 1996). Other types of

genetic markers like microsatellites (Schaal et al. 1991)
could be helpful to better evaluate the allelic richness
and the genetic structure of Lima bean.
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U.E.R. Phytotechnie des Régions Intertropicales, Gembloux,
Belgique

Maquet A, Baudoin J-P (1997) Aperiu de la distribution néo-
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