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Freyre, Rosanna, Paul Gepts (Department o f  Agronomy and Range Science, University o f  
California, Davis CA 95616-8515), Rafil Rios, Lorena Guzmfin (Centro de lnvestigaciones 
Fitogen(ticas de PairumanL Cochabamba, Bolivia), and Daniel G. Debouck (CIAT, Apartado 
Adreo 6713, Cali, Colombia). ECOGEOGRAPHIC DISTRIBUTION OF PI~ASEOLUS SPP. (FABACEAE) IN 

BOLrVtA. Economic Botany, 50(2):195-215, 1996. Wild Phaseolus vulgaris is distributed be- 
tween northern Mexico and northern Argentina. Analysis o f  phaseolin and molecular markers 
(isozymes, Restriction Fragment Length Polymorphisms or RFLPs) indicate that this gene pool 
consists o f  two major groups, Mesoamerican and Andean, and a third intermediate group found 
in northwestern South America. Previous to this study, only four  accessions o f  wild P. vulgaris 
beans from Bolivia had been collected and their genetic relationship with other wild beans 
from Latin America was not known. Due to the problem of  intense erosion in some areas o f  
Bolivia, it was our objective to survey and document Phaseolus spp. in this area before their 
extinction. We conducted a collection expedition in May 1994 in the departments o f  Cocha- 
bamba, Chuquisaca and Tarija. This resulted in collections o f  four  populations o f  P. augusti, 
two o f  cultivated P. lunatus and two mixtures o f  cultivated P. vulgaris. The first mixture was 
made o f  "k'opurus" or beans consumed after toasting, and represented an addition o f  17 
accessions to the Bolivian collection. The second mixture was made o f  " porotos" and resulted 
in the addition o f  10 new accessions. Seven germplasm collections o f  wild P. vulgaris were 
found, which allowed us to increase the number o f  known populations o f  wild common bean 
for  Bolivia. Another accession was found as a wild-weed-crop complex. Seven o f  these wild P. 
vulgaris accessions along with another accession from Bolivia collected previously, and a 
number o f  P. vulgaris accessions from Mexico (17), Guatemala (3), Colombia (10), Ecuador 
(6), Peru (17) and Argentina (16) were analyzed with RAPDs. The use o f  14 random primers 
and one SCAR (Sequence Characterized Amplified Region) resulted in 90 bands, o f  which 83 
were polymorphic. This data was used to construct a dendrogram which shows clear separation 
into three clusters, corresponding to each o f  the gene pools and an intermediate group. The 
Bolivian wild P. vulgaris beans grouped with the accessions o f  southern Peru and Argentina 
into the Andean gene pool. RAPD analysis o f  genetic diversity correlated well with genetic 
diversity obtained with other markers. Moreover, the ease o f  analysis allowed us to obtain a 
large number o f  bands which was conducive to greater sensitivity and identification o f  geo- 
graphic subgroups and accessions o f  hybrid origin. 

Distribuci6n Ecogeogr~fica de Phaseolus Sp. (Fabaceae) en Bolivia. Phaseolus vulgaris silvestre 
se encuentra distribuldo entre el norte de M~xico y el norte de Argentina. Mediante andlisis 
de faseolina y marcadores moleculares (isoenzimas, RFLPs o polimorfismo de largo de frag- 
mentos de restricci6n), ha sido determinado que este acervo gen~tico consiste de dos grupos 
principales, Mesoamericano y Andino, y un tercer grupo intermedio hallado en el noroeste de 
Sudam(rica. Previo a este estudio, s61o habian sido colectadas cuatro accesiones de P. vulgaris 
silvestre en Bolivia, y se desconocia su relaci6n gen~tica con otros frejoles silvestres de Lati- 
noam(rica. Debido al problema de erosi6n intensa en ciertas zonas de Bolivia, nuestro objetivo 
rue estudiar y documentar Phaseolus spp. en esta drea antes de su extinci6n. Realizamos una 
expedici6n de colecci6n en Mayo de 1994 en los departamentos de Cochabamba, Chuquisaca 
y Tarija. Como resultado de ~sta, coleccionamos cuatro poblaciones de P. augusti dos pobla- 
ciones de E lunatus cultivado y dos mezclas de E vulgaris cultivado. La primera mezcla con- 
sisti6 de "'k'opurus, "' o frejoles que son consumidos despu(s de tostar, y representaron la 
adici6n de 17 accesiones para la colecci6n boliviana. La segunda fue  una mezcla de "'porotos'" 
que resultaron en la adici6n de 10 nuevas accesiones. Se encontraron siete colecciones de 
germoplasma de P. vulgaris silvestre, lo cual nos permiti6 triplicar el mlmero de poblaciones 
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de frejol comtin silvestre conocidas en Bolivia. Otra entrada fue encontrada como parte de un 
complejo de silvestre-maleza-cultivo. Siete de estas entradas de P. vulgaris silvestre as{ como 
otra entrada de Bolivia colectada previamente, y varias entradas de P. vulgaris silvestre de 
M~xico (17), Guatemala (3), Colombia (10), Ecuador (6), Per~ (17)y  Argentina (16) fueron 
analizadas con el uso de RAPDs (polimorfismo de DNA por amplificaci6n al azar). El uso de 
14 cebadores y un SCAR (regi6n amplificada de secuencia caracterizada) dieron como resul- 
tado 90 bandas, de las cuales 83 fueron polim6rficas. Estos datos fueron utilizados para la 
construcci6n de un dendrograma, que muestra clara separacidn en tres grupos, que corres- 
ponden a cada uno de los acervos gendticos y un grupo intermedio. Los frejoles silvestres de 
Bolivia agruparon con las entradas del sur del Pert[ y Argentina, dentro del grupo Andino. El 
an61isis de diversidad gen~tica con RAPDs tuvo buena correlaci6n con la diversidad gendtica 
obtenida con otros marcadores. Aderruis, la facilidad del antilisis permitid obtener un gran 
mimero de bandas resultando en mayor sensitividad e identificaci6n de subgrupos geogrGficos 
y entradas de origen hlTJrido. 

Key Words: common bean; Phaseolus vulgaris; germplasm exploration; RAPDs. 

The cultivated gene pool of common bean 
(Phaseo lus  vulgaris  L.) consists of two major 
geographic entities, the Mesoamerican and An- 
dean gene pools. Evidence supporting the exis- 
tence of these two gene pools has been reviewed 
by Gepts (1993) and includes reproductive iso- 
lation between the two groups, differences in 
morphological and agronomic traits, biochemi- 
cal markers (phaseolin seed protein, isozymes), 
and molecular markers (nuclear and mitochon- 
drial DNA). Additional evidence suggests that 
the divergence between the two groups occurred 
prior to domestication, which took place in the 
Americas from a wild ancestral form distributed 
between northern Mexico and northern Argen- 
tina and found as a vine in (semi) dry montane 
tropical forest (Briicher 1988; Delgado Salinas, 
Bonet, and Gepts 1988). Analysis of phaseolin 
(Gepts and Bliss 1986; Gepts et al. 1986; Ko- 
enig, Singh, and Gepts 1990), isozymes (Koenig 
and Gepts 1989), F~ hybrid weakness (Koinange 
and Gepts 1992) and RFLP markers (Becerra 
Velfisquez and Gepts 1994) in wild common 
beans show divergence into two major groups. 
A third distinct group of wild beans, found in 
northwestern South America (Ecuador and 
northern Peru), appears to be intermediate, both 
at the geographical and molecular levels, be- 
tween the Mesoamerican and Andean gene 
pools. This group shows a combination of iso- 
zymes from both groups, and a distinct phas- 
eolin type (I) not found in other wild or culti- 
vated bean materials (Debouck et al. 1993; Ko- 
enig and Gepts 1989; Koenig, Singh, and Gepts 
1990). Sequence analyses of phaseolin, the most 
abundant storage protein in the seed, suggest 
that this third group represents the presumed an- 
cestor of P. vulgaris  (Kami et al. 1995). 

Molecular markers have been an important 
tool to study the pattern of domestication of 
common bean. However, studies so far have 
been limited by the nature of the markers uti- 
lized. Isozymes are limited in number and poly- 
morphism. Restriction fragment length polymor- 
phism (RFLP) markers have the advantages of 
potentially unlimited numbers and therefore bet- 
ter genome coverage, and high polymorphism. 
However, this technology is time-consuming and 
labor-intensive. Moreover, the study of wild 
beans is somewhat hindered by the difficulty of 
obtaining large quantities of good quality DNA 
(digestible with restriction enzymes) because of 
their high content of polyphenolics. Random 
amplified polymorphic DNA (RAPD) markers 
are based on the amplification of random DNA 
sequences using arbitrary primers by the poly- 
merase chain reaction (PCR) (Welsh and Mc- 
Clelland 1990; Williams et al. 1990). The ad- 
vantages of this technique are its simplicity, 
speed, and requirement for only small amounts 
of relatively crude genomic DNA (Rafalski, Tin- 
gey, and Williams 1991; Waugh and Powell 
1992). RAPD markers have been used to study 
diversity in plant species at different taxonomic 
levels. Studies include comparisons of genomes 
within genomes of Brass ica  and M u s a  (Quiros 
et al. 1991; Howell et al. 1994); of genotypes 
within amaranth, aspen, Avena  sterilis, coffee, 
cruciferous plants, peanut, and wheat (dos San- 
tos et al. 1994; Halward et al. 1991; Hallden et 
al. 1994; Heun, Murphy, and Phillips 1994; Jain 
et al. 1994; Liu and Furnier 1993; Orozco-Cas- 
tiUo et al. 1994; Thormann et al. 1994; Transue 
et al. 1994; Vierling and Nguyen 1992); and of 
cultivars of celery, rice and rapeseed (Mailer, 
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Scarth, and Fristensky 1994; Yang and Quiros 
1993; Yu and Nguyen 1994). In cultivated com- 
mon bean, RAPD markers have shown variabil- 
ity between and within the two principal gene 
pools (Haley et al. 1994; Nienhuis, Tivang, and 
Skroch 1994). 

The presence of wild P. vulgaris in Bolivia 
was first reported by Berglund-Briicher (1967) 
and Berglund-Brticher and Brficher (1976). 
These findings were extended by the exploration 
of Debouck and Rios in 1988 who described 
four additional populations (Debouck 1988a; 
Toro, Tohme, and Debouck 1990). Because of 
the potential value of wild forms for use in trac- 
ing evolutionary pathways and contributing ge- 
netic diversity to the cultivated gene pool (Gepts 
1993), our objective was to extend these collec- 
tions to additional locations in Bolivia during a 
germplasm collection expedition undertaken in 
May 1994. Moreover, we sought to determine, 
using RAPD markers, the genetic relationships 
of the recently collected wild P. vulgaris beans 
from Bolivia with their counterparts from else- 
where in the distribution range. Additional ob- 
jectives were to correlate the RAPD information 
with geographic origin and previously known 
biochemical or molecular data, specifically, to 
document the utility of RAPD markers to distin- 
guish variability between gene pools in wild 
bean and establish if possible further geograph- 
ical differentiation below the major gene pool 
level. 

MATERIALS AND METHODS 

GERMPLASM EXPLORATION 

Results of the exploration carded out in 1988 
(Debouck 1988a) and the four herbarium vouch- 
er specimens deposited in the Herbario Nacional 
de Bolivia (LPB), Instituto de Botzinica Darwin- 
ion (SI) and Universidad Nacional Mayor de 
San Marcos de Lima (USM) served as starting 
points for this exploration. These records were 
reported on topographical maps at 1:250,000 
purchased from the Instituto Geogr~ifico Militar 
of Bolivia. Road maps and a physical geography 
map at 1:1,000,000 published by the Instituto 
Geogr~ifico Militar in 1993 helped to establish 
the itinerary. Information gathered included data 
for 47 descriptors, and the field equipment was 
as detailed elsewhere (Debouck 1988b). 

MOLECULAR STUDIES 

Plant Materials 

Six of the seven accessions of wild P. vul- 
garis collected by the authors in 1994 in Bolivia 
were used in the molecular study. These acces- 
sions had been collected in the departments of 
Cochabamba, Chuquisaca and Tarija (southern 
Bolivia) (Fig. 1). One of these accessions had 
seeds of two different colors which were ana- 
lyzed separately. Additionally, one accession 
collected in a previous expedition to Bolivia 
(Toro, Tohme, and Debouck 1990) was also in- 
cluded. Accessions from other countries were 
obtained from the Phaseolus World Collection 
at the Centro Internacional de Agricultura Trop- 
ical (Cali, Colombia) or were collected by the 
authors in previous expeditions. The identifica- 
tion and collection site of these accessions is 
shown in Table 1. For identification in this study, 
accessions were ordered by country and latitude 
going from north to south, and then labelled 
with the country name followed by a number in 
ascending order. The total number of accessions 
utilized was seventy-eight. Seventeen accessions 
were from Mexico (six states), three from Gua- 
temala (one department), ten from Colombia 
(one department), six from Ecuador (three prov- 
inces), seventeen from Peru (six departments), 
nine from Bolivia (two departments) and sixteen 
from Argentina (three provinces). Based on the 
high levels of uniformity observed within ac- 
cessions in previous analyses, only one seed per 
accession was used for the analyses. Two acces- 
sions had seeds of different color, which were 
analyzed separately: CLB2 and CLB3 corre- 
sponded to brown and black seed of accession 
Leroi Col-47, and BOL8 and BOL9 correspond- 
ed to cream and brown seed of accession 
DGD3024. 

Seed Protein Gel Electrophoresis 

Phaseolin seed protein type for all accessions 
except the ones from Bolivia, have previously 
been described (Debouck et al. 1993; Koenig, 
Singh, and Gepts 1990; Tort), Tohme, and De- 
bouck 1990). This analysis was confirmed on all 
accessions by one-dimensional SDS/PAGE us- 
ing a flour sample from one seed from each ac- 
cession following the method described by Ko- 
enig, Singh, and Gepts (1990). The flour sample 
was obtained from the raphe end of the seed 
without destroying the embryo. 
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Fig. 1. Geographic distribution of Phaseolus spp. accessions collected in Bolivia. Open circles with dots 
refer to department capitals. Shaded areas correspond to vegetation types (adapted from Beck, Killeen, and 
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DNA Extraction 

The seed used for seed protein analysis for 
each accession was germinated. A newly ex- 
panded young leaf was used for DNA extraction 
following a "mini-prep" extraction method as 
described by Afanador, Haley, and Kelly (1993). 
The concentration of DNA was quantified using 
a fluorometer (TK100, Hoefer Scientific, San 
Francisco) and then diluted to a concentration of 
4 ng/Ixl. 

Random Amplified Polymorphic DNA 
(RAPD) Markers 

For this part of the study, accessions were 
studied in the order specified by their UC Davis 
identification, which is a consecutive introduc- 
tion number and is independent of geographic 
and latitudinal origin. Hence, accessions of 
widely different origins were analyzed in the 
same batch thus avoiding potential confounding 
effects arising from uncontrollable variation in 
experimental conditions. A set of 14 random 
primers (Operon Technologies, Alameda, CA), 
which had produced RAPD bands recently 
mapped on the P. vulgaris genetic map (Nodari 
et al. 1993; R. Freyre and P. Gepts, unpubl, re- 
sults) were selected. These primers were: AD19, 
D12, D20, E4, E9, El0, F1, F7, F10, G5, G19, 
119, J17 and S13. PCR reactions used were: 1X 
buffer (50 mM KC1, 10 mM Tris-HCl, 0.1% Tri- 
ton X-100, pH 9.0), 2 mM MgCI2, 100 IxM 
dNTPs, 0.4 IxM primer, 20 ng DNA and 1 U 
Taq polymerase in a 25 I~1 volume. The ther- 
mocycler (96-well Twinblock, Ericomp) was 
programmed for 1 cycle of 2 min at 94~ 3 
cycles of 1 rain at 94~ 1 rain at 35~ and 2 
rain at 72~ 32 cycles of 10 sec at 94~ 30 sec 
at 35~ and 1 rain at 72~ followed by 5 rain 
extension at 72~ Additionally, a SCAR con- 
structed for a band produced by primer J1 (Jld) 
and located on the P. vulgaris genetic map 
(Adam-Blondon et al. 1994), was also used. Se- 
quences for this SCAR are 5'CCCGGCATAAT- 

TATTCTTCTTTTCT3' and 5'CCCGGCA- 
TAAAGAACCAAAGATGA3'. In this case, cy- 
cling conditions used were 1 cycle of 2 rain at 
94~ 40 cycles of 1 rain at 94~ 1 min at 60~ 
and 2 rain at 72~ followed by 5 rain at 72~ 

Amplification products were separated on 
1.5% agarose gels in IX TAE buffer (0.04 M 
Tris-acetate, 1 mM EDTA). Lambda DNA di- 
gested with HindlIl and EcoRI was used as size 
marker. Gels were stained with ethidium bro- 
mide and photographed under UV light. All 
clearly distinct bands per primer were labelled 
using the primer number and a letter (a, b, c 
. . .  n) according to decreasing molecular 
weights. Each accession was scored for the 
presence or absence of a band coded as 1 and 
0, respectively. 

CLUSTER ANALYSIS AND ESTIMATION OF 
GENETIC DIVERSITY 

RAPD data was analyzed with the program 
NTSYS-pc version 1.8 (Exeter Software, Setau- 
ket, NY). The original data was converted into 
a similarity matrix using Jaccard's similarity co- 
efficient (Jaccard 1908). Cluster analysis was then 
performed based on the unweighted pair-group 
method using arithmetic averages (UPGMA, 
Sneath and Sokal 1973) and the resulting clus- 
tering was expressed as a dendrogram. Genetic 
diversity (RAPD marker variance) was estimat- 
ed following Nienhuis and co-workers (1994). 
Within each major cluster, the sum over all 90 
RAPD bands was scored for the variance of a 
binomial, (u*p*q)/(n - 1), where n = the num- 
ber of genotypes in each group, and p and q 
refer to the frequency of the presence (1) or ab- 
sence (0) of a band, respectively. 

RESULTS 

DESCRIPTION OF THE 
STUDY AREA IN BOLIVIA 

The area of study could be defined as a rect- 
angle covering the interandean valleys and 

Garcfa E. 1993): lightly shaded area: 'Bosque Tucumano-Boliviano'; medium shaded area: 'Valles Secos Inter- 
andinos'; and heavily shaded area: 'Bosque Serrano Chaquefio.' Symbols refer to Phaseolus collections as 
follows: 1) wild P. vulgaris: closed circles: herbarium voucher specimens prior to 1988; open rhombuses: 
germplasm collections of 1988; closed squares: germplasm collections of 1994; 2) wild P. augusti: solid cross: 
herbarium voucher specimen prior to 1988; open stars: germplasm collections of 1988; open triangles: germplasm 
collections of 1994. One voucher specimen (S. G. Beck 8659, at LPB) of P. augusti from Sorata, Dept. of La 
Paz, is not represented. 
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TABLE 1. IDENTIFICATION, LOCATION OF ORIGIN, AND PHASEOLIN TYPE OF WILD PHASEOLUS VULGARIS 
ACCESSIONS. 

Country 
Collector Other and 
number number number ~ Province County Latitude Longitude Alt. 2 Phas 3 

GN84154 L625 MEXI Chihuahua Yepachic 28.20N 108.30W 1530 S 
Gentry 22043 MEX2 Durango Durango 24.10N 104.41W 1829 Sd 
Leroi Mex-2 X663 MEX3 Durango E1 Saltito 23.40N 105.00W S 
M7278-D MEX4 Jalisco Arandas 20.42N 102.21W 1829 S 
M7408-P MEX5 Jalisco Arandas 20.40N 102.23W 1829 M 
DGD489 MEX6 Jalisco Mascota 20.34N 104.46W 1390 M 
M7016 MEX7 Jalisco Mascota 20.32N 104.49W 1524 S,M 
Gentry 22202 MEX8 Jalisco Cd. Guzmdn 19 .41N 103.29W 1524 S 
Gentry 22199 L13 MEX9 Jalisco Tecalitl,-in 19.20N 103.15W 1219 M 
M7240-B-1 MEX10 Guanajuato P~njamo 20.37N 101.43W 1829 M 
DGD439 MEXll Michoac~n Morelia 19.41N 101.16W 2040 M 
Gentry 22492 MEX12 Morelos Huitzilac 19.00N 99.15W 1981 M 
Gentry 22404 MEX13 Morelos Tepoztl~n 18.58N 99.06W 1828 M 
Gentry 22530 MEX14 Morelos Tepoztl~n 18.57N 99.13W 1920 M 
Morelos 635 MEX15 Morelos Jiutepec 18.53N 99.09W 1430 M 
Morelos 654 MEXI6 Morelos Jiutepec 18.53N 99.09W 1430 M 
DGD1619 GTA1 Sacatep6quez San Miguel 1 4 . 3 3 N  90.50W 1820 S 

Duefias 
DGD1610 GTA2 Sacatep6quez Santa Mar/a de 14.27N 90.42W 1550 S 

Jestis 
DGD1611 GTA3 Sacatep6quez Alotenango 1 4 . 2 7 N  90.49W 1280 M 

X636 CLB1 Cundinamarca Macheta 5.05N 73.32W 1900 B 
Leroi Col-47 X654 CLB2 Cundinamarca Manta 5.01N 73.33W 1900 CH 
Leroi Col-47 X654 CLB3 Cundinamarca Manta 5.01N 73.33W 1900  CH 
Leroi Col-24 NI928 CLB4 Cundinamarca Manta 5.01N 73.33W 1600 CH 
Leroi Coi-28 NI937 CLB5 Cundinamarca Tena 4.40N 74.24W 1560  CH 
Leroi Col-22 X643 CLB6 Cundinamarca Choachi 4.32N 73.55W 1800 CH 
Leroi Col-23 NI926 CLB7 Cundinamarca Choachi 4.32N 73.55W 1800 S 

CH 
Leroi Co1-13 X634 CLB8 Cundinamarca Ubaque 4.29N 73.56W 1750 CH 

S 
Leroi Co1-14 NI922 CLB9 Cundinamarca Ubaque 4.29N 73.56W 1900 CH 
DGD2889 ECD1 Chimborazo Pallatanga 1.58S 78.57W 1610 I 
DGD2769 ECD2 Chimborazo Huigra 2.16S 78.58W 1710 I 
DGD2762 ECD3 Azuay Gir6n 3.11S 79.10W 1990 I 
DGD2763 ECD4 Azuay Gir6n 3.12S 79.11W 1930 I, T 

I 
DGD2765 ECD5 Azuay Gir6n 3.12S 79.11W 1600 I 
DGD2881 ECD6 Loja Macar~i 4.19S 79.56W 960 I 
DGD2788 PER1 Piura Huancabamba 5.24S 79.37W 920 I 
DGD2854 PER2 Piura Huancabamba 5.56S 79.33W 1100 I 
DGD2855 PER3 Cajamarca Chota 6.21S 79.24W 930 I 
DGD2858 PER4 Cajamarca Chota 6.21S 79.24W 1250 I 
DGD1962 PER5 Cajamarca San Miguel 7.07S 78.47W 1790 I 
DGD1956 PER6 Cajamarca San Pablo 7.11S 78.50W 2020 I 
PV- 1 PER7 Hu,~nuco San Rafael 10.20S 76.11W T,S 

T 
DGD2147 PER8 Junfn Tarma 11.12S 75.29W 1770 T 
DGD2152 PER9 Junin Huancayo 12.01S 74.53W 2650 C 
DGD2581 PER10 Cuzco Anta 13.30S 72.29W 2080 C,H 

H 
DGD2594 PERIl Cuzco Paruro 13.49S 71.51W 2780 H 
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Country 
Collector Other and 
number number number I Province County Latitude Longitude Alt. 2 Phas 3 

DGD2600 PER12 Cuzco Anta 13.30S 72.39W 2370 T 
DGD2586 PER13 Cuzco Anta 13.32S 72.31W 2300 T 
DGD2295 PER14 Apurlmac Andahuaylas 13.37S 73.12W 2440 C 
Apurimac 76 PER15 Apurlmac Abancay 13.40S 72.53W 2300 T 

T,S 
DGD2157 PER16 Apurlmac Abancay 13.51S 72.58W 2050 H,C 

C 
DGD2156 PER17 Apurimac Aymaraes 14.00S 73.10W 2560 C 
DGD3007 BOLl Chuquisaca Tomina 19.17S 64.21W 2080 T 
DGD3012 BOL2 Chuquisaca Tomina 19.32S 64.27W 1960 T* 
DGD3025 BOL3 Tarija Mendez 21.18S 64.51W 2180 T 
DGD3021 BOL4 Tarija O'Connor 21.25S 64.16W 1670 T 
DGD3020 BOL5 Tarija O'Connor. 21.30S 64.09W 1270 C 
DGD3023 BOL6 Tarija Cercado 21.32S 64.45W 1890 C 
DGD2501 BOL7 Tarija M6ndez 21.32S 64.52W 2100 T 
DGD3024A BOL8 Tarija Arce 22.14S 64.36W 1130 ? 
DGD3024B BOL9 Tarija Arce 22.14S 64.36W 1130 ? 
DGD1716 ARG1 Salta Santa Victoria 22.15S 65.00W 2600 T 
DGD1713 ARG2 Jujuy Tumbaya 23.55S 65.21W 1880 T 
DGD1711 ARG3 Jujuy Tumbaya 24.03S 65.27W 1850 J 
DGD1712 ARG4 Jujuy Capital 24.04S 65.22W 1670 T 
DGD621 ARG5 Jujuy Capital 24.07S 65.25W 1480 T,C 

C 
DGD623 ARG6 Jujuy Capital 24.10S 65.36W 1850 T 
DGD624 ARG7 Jujuy Capital 24.15S 65.17W 1200 T 
DGD630 ARG8 Salta Caldera 24.38S 65.29W 1640 H 
DGD628 ARG9 Salta Chicoana 25.07S 65.37W 1340 T 
DGD639 ARG10 Tucum~in Trancas 26.13S 65.35W 1520 C,T 

C 
DGD637 ARGI 1 Tucum~in Trancas 26.26S 65.31W 1350 J 
DGD649 ARG12 Tucum~in Taft 26.56S 65.42W 1900 T 
DGD643 ARG13 T u c u m ~ i n  Chicligasta 27.19S 65.55W 1400 J 
DGD644 ARG14 T u c u m ~ i n  Chicligasta 27.20S 65.57W 1650 C 
L326 NI029 ARG15 T 

NIl90 ARG16 T 

MEX: Mexico; GTM: Guatemala; COL: Colombia; ECD: Ecuador; PER: Peru; BOL: Bolivia; ARG: Argentina. 
2 Att. corresponds to altitude in meters above sea level. 

Phas. corresponds to phaseolin seed protein type. Phaseo]in type for accessions determined for the first time in this study, or for those different 
from specified in Toro et al. (1990) are denoted in bold type. 

foothi l ls  of  south-central  Bol iv ia  (Fig. 1), 
17~ (latitude of  Cochabamba) to 22~ 
(latitude of  the site in the valley of  Rio Ber- 
mejo), 66~ (longitude of  the site close to 
Quillacollo,  in the Cochabamba valley) to 
63~ (longitude of  the site east of  Montea- 
gudo, entering the Bolivian Chaco). Westward 
lies the Altiplano, a flat highland topping at 
3800 masl with salty lands (e.g., Salar de Uyu- 
ni) and lakes (e.g., Lake Poopo). Eastward lies 
the Chaco at 400 masl with dense dry thickets. 
The study area includes the drainages of  the 

Rio Grande, Rio Pilcomayo,  and Rio Bermejo. 
It is a topographically accidented country with 
mountainous ranges oriented N - S  from the bor- 
der with Argentina to Sucre, and N W - S E  from 
Sucre to Cochabamba, and thus with very few 
roads crossing the mountain ranges in W - E  di- 
rection. Vegetation types are of  three sorts: 
"Valles Secos Interandinos" or dry forests and 
shrubs in the range of  500-3000 masl, "Bosque 
Tucumano-Boliviano" or subhumid montane 
forests from 800-3000 masl (extending from 
Valle Grande, Santa Cruz, down to Tucum~n, 
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Fig. 2. Magnitude of erosion encountered in Bolivia near the town of Padilla, Dept. of Chuquisaca (2060 m). 

Argentina), and "Bosque Serrano Chaquefio" 
or subtropical dry forest typically colonizing 
the Andean foothills from 500-1500 masl from 
the Argentinean border up to Santa Cruz (Beck, 
Killeen, and Garcia E. 1993). These three zones 
would correspond to climates BSwh, Cwa and 
BSwh' according to Montes de Oca (1989), fol- 
lowing the K6ppen classification, or approxi- 
mately steppe with dry warm winter, meso- 
thermic with dry cool winter, and steppe with 
dry very warm winter, respectively. Rainfall 
varies from 250 to 1100 mm/year with dry 
months from May to September (driest months: 
June, July) (Johnson 1976; Montes de Oca 
1989). In the study area, climate could be clas- 
sified as temperate, with isotherms between 12- 
18~ and a few days of frost in the period 
June-July (increasing with altitude and as one 
goes westward to the Altiplano). The geology 
is the most complex in this region with many 
folds of Ordovician, Devonian, Carboniferous 
and Triassic age in the interandean valleys, and 
Tertiary and Quaternary sediments towards the 
Chaco (Montes de Oca 1989). Erosion is in- 
tense, and accelerated by overgrazing and de- 
forestation, which makes it important to survey 
and document all attributes of this rich flora 
before its extinction (Fig. 2). 

GEOGRAPHICAL AND ECOLOGICAL 
DISTRIBUTION OF PBASeOLUS SPP. 

WiM P. augusti Harms 

Berglund-Briicher (1967) and Berglund- 
Brucher and Briicher (1976) mentioned the ex- 
istence of populations of P. vulgaris in three 
sites---Quillacollo, Liriuni and Taquifia--at the 
edges of the valley in which the city of Cocha- 
bamba is located. The expansion of the city, 
which already occupies most of the valley (and 
is now expanding east towards Sacaba), made a 
visit to these places even more urgent. All three 
places are located in the foothills of the Cordil- 
lera de Cochabamba (just north of the city) and 
the Cordillera del Tunari (west of Cochabamba). 
We also sought to locate the actual site of the 
type of P. bolivianus Piper [ " . . .  collected at 
Cochabamba, Bolivia, March 14, 1920, by 
E.W.D. and Mary M. Holway (no. 411)" ac- 
cording to Piper (1926)] for further taxonomical 
studies. 

These visits lead to the discovery of two pop- 
ulations of wild P. augusti in the valley of Co- 
chabamba (marked as open triangles on Fig. 1): 
DGD3000 (north of Pairumani experimental sta- 
tion, north-west of Quillacollo) and DGD3001 
(next to the Taquifia brewery). In a germplasm 
exploration in 1988, we had already identified 
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another population of wild P. augusti (DGD2506) 
on the road to Liriuni (marked as a star on Fig. 
1). A search for additional populations on the 
road to Sacaba, Villa Copacabana, Santibafiez, 
Parotani, Sipe Sipe and Chacapaya, was unsuc- 
cessful, The three populations can be considered 
as endangered and potentially extinct within the 
next 20-25 years if no protective, measures are 
taken, because of overgrazing and expanding ur- 
banization. Population DGD3001 is benefiting 
indirectly from restricted access imposed by the 
brewery to protect its water sources. Unfortu- 
nately, geographical data about P. bolivianus 
(presumably either DGD3000 or DGD3001) are 
not accurate enough to permit monitoring of its 
geographic distribution over a longer period of 
time. 

In addition, two other P. augusti populations 
(DGD3006, DGD3010) were discovered in Chu- 
quisaca, resulting in eleven populations sampled 
throughout the country, when adding the seven 
populations sampled in 1988 (Debouck 1988a) 
(Fig. 1). Their distribution corresponds to the 
montane moist and subhumid forests in the sub- 
tropical and temperate zones [included into the 
"Valles Secos Interandinos" according to Beck, 
Killeen, and Garcia E. (1993)], between 1900 
and 2900 masl [Debouck (1988), and present re- 
suits], For all of them, enough seed germplasm 
was collected, since it can b e  considered as 
threatened because of overgrazing. While 
DGD3006 might be seen as an extension of pop- 
ulation DGD2496 but further SE in the Sillani 
canyon, population DGD3010 was found in the 
upper valley of Rio Milanis, which had not been 
explored so far. Both were found in heavily dis- 
turbed forests of Podocarpus with Schinus and 
Caesalpinia. Population DGD2496 was re-vis- 
ited, and as a possible result of severe drought 
this year, only two vegetative stems were found. 
Plants were damaged by lace-bug (Gargaphia 
sp,, Hemiptera) in DGD3000 and 3006. Collec- 
tion DGD3000 was known as "algo chui" or 
dog bean, and was used as a toy by children. 

Cultivated P. lunatus L. 

Two collections of this taxon were made 
(DGD3017, 3046). Both belong to the large- 
seeded type of lima bean or Big Lima (Baudet 
1977). Seeds of the material DGD3017 had a 
white background and a large dark yellow tan 
spot from the micropyle side of the seed; they 
were found in a dooryard garden in eastern 

Tomina, Dept. of Chuquisaca, at an unexpect- 
edly tow altitude for such a cultigroup (1200 m). 
Its name "poroto" may well indicate an origin 
outside this area; this might be reinforced by the 
fact that farmers there were recently arrived set- 
tlers coming from the highlands. It was new to 
the Bolivian collection, however (seed pattern 
different from DGD2499 of 1988), and was 
therefore collected. Seeds of the other material, 
DGD3046, had a white background and large 
black spots irradiating from the hilum. This col- 
or pattern was quite similar to that of DGD2500 
of 1988, but the color was black instead of wine 
red. It was found in Santa Elena, east of Ca- 
margo, Chuquisaca, at 2160 m and called "chor- 
ca" or "pallar" as other types discovered in the 
Valle Cintefio in 1988 (DGD2488, 2494, 2499, 
2505) (Debouck 1988a). Seeds were used in the 
immature, green stage in soups, but much less 
as dry bean because of reportedly heavy damage 
by weevils. They were also used as toys by chil- 
dren. As mentioned by Debouck (1988a), we be- 
lieve that this crop had been introduced in Bo- 
livia in pre-Columbian times from Ecuador and 
northern Peru where it was domesticated (Gu- 
ti6rrez Salgado, Gepts, and Debouck 1995). As 
for many traditional landraces of Andean crops, 
this kind of germplasm is suffering from neglect 
and will sooner or later disappear. Ex situ con- 
servation appears to be a safe back-up measure 
for the time being. 

Cultivated P. vulgaris L. 

Two mixtures were collected: one in Sillani, 
Tomina, Dept. of Chuquisaca, at 2140 m and 
another one in Santa Elena, Nor Cinti, Dept. of 
Chuquisaca, at 2160 m. The first mixture was 
made of "k'opurus" or beans consumed after 
toasting (Tohme et al. 1995). It included the 27 
following morphotypes: CF-36, CF-41, CF-54, 
CF-97, CF-I.10 (of the collection at Pairumani), 
DGD2517, 2520, 2523, 2535, 2567 (of the 1988 
exploration), DGD3029 to 3045 (new and not 
present in the Pairumani collection nor collected 
in 1988). This represented an addition of 17 ac- 
cessions to the Bolivian collection of k'opurus. 
These morphotypes were obtained from a farmer 
who used to plant them together with "j'anka 
sara," a tall maize variety (2.5 m high) also for 
local consumption as toasted grain (note: sara is 
the Quechuan name for maize, andj'anka would 
refer to the toasting). It might correspond to the 
"Checchi" race of maize, used almost exclu- 
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Fig. 3. Comparison of seed types in pop (Checchi) corn and popping beans (K'opuru); scale in cm. 

sively for parched corn, although plant height 
does not correspond to the original description 
(Ram/rez E. et al. 1960). This farmer also had 
Ma/z Blanco, all planted in November and in- 
termixed with Cucurbita ficifolia Bouch6 ("la- 
cayote"), Cucurbita maxima Duch. ex Lam. 
("angula"), Lagenaria siceraria (Mol.) Standl. 
("calabaza") ,  and Amaranthus caudatus L. 
("coimi" or "millmi," also consumed after 
toasting). This collection might be the extreme 
south of the range of toasted beans also called 
nu~as or reventones in other parts. According to 
G. Avila (pers. comm., 1994), Quechuan Indians 
look for similarities in speckled patterns be- 
tween both crops, using the Checchi with its dot- 
ted aleurone as standard for comparison and as 
criterion for good toasting potential (Fig. 3). Ac- 
cording to Rarrffrez E. and co-workers (1960), 
checchi name refers to a grey colour on a white 
background. 

The second mixture was made of "porotos," 
dry beans planted in association with maize. It 
included 18 morphotypes: CF-16, CF-33, CF-49, 
CF-57, FI-83, FI-109, FI-121 (of the Pairumani 
collection), and DGD3047 to 3056 (apparently 
new and not present in the Pairumani collection 
nor collected in 1988, resulting in 10 new ac- 
cessions for the Bolivian national collection). 
Collections DGD3050 and 3055, because of 

their almost spherical shape, could well be 
"chui," generally used as toys (C~denas 1989). 
Given social changes affecting rural populations 
(younger generations leaving the countryside), 
cultivation of this type is likely to be discontin- 
ued. If some beans might indeed have been do- 
mesticated for play (Debouck 1989), they might 
provide for an interesting study of genetic vari- 
ability based on phenotypic traits and biochem- 
ical/molecular markers. 

Wild P. vulgaris L. 

This trip allowed us to increase the number 
of known populations of wild common bean for 
Bolivia by seven germplasm collections (DGD- 
3007, 3011, 3012, 3020, 3021, 3024, 3025) 
(marked as solid squares on Fig. 1). Collection 
DGD3023 will be discussed below under weedy 
forms. Although the material was already at ma- 
ture, dry stage in some places, we were still able 
to make herbarium specimens for most of them 
(DGD3007, 3011, 3012, 3020, 3024 and 3025). 
Amounts of seeds were normal to abundant 
(more than 1000 original seeds). 

The twelve populations originating in Bolivia 
(Fig. 1) provide a better picture of the distribu- 
tion of wild P. vulgaris in that country. First, the 
range of distribution of wild P. vulgaris in Bo- 
livia is restricted to interandean valleys south of 
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parallel 17~ between 65~ and 
64~ and limited southward to the Rio Ber- 
mejo valley. That rectangle encompasses the 
valleys of Rio Mizque, Rio Grande, Rio Pilco- 
mayo, Rio Bermejo and tributaries (northern- 
most accession: DGD2484, 17~ southern- 
most accession: DGD3024, 22~ eastern- 
most accession: DGD3020, 64~ western- 
most accession: DGD2484, 65~ Valleys 
are generally oriented from north to south, cen- 
trally located along an east-west gradient, and 
organized in a succession of increasing altitude 
towards the Altiplano to the west. Along that 
succession, if humidity is too high, wild bean 
populations will be found on the western slope 
of one cordillera (as in DGD3020, just north of 
the village of Entre Rios); if humidity is too low, 
they will be found on the eastern slope facing 
humid winds blowing westward from the East 
(as in DGD2501, west of the city of Tarija). 

Second, populations of wild P. vulgaris dis- 
play morphological variation along a north to 
south gradient. The northernmost population, 
DGD2484 (found in 1988 south of the place 
called Totora, in the Department of Cochabarn- 
ba; collections of 1988 are marked as open 
rhombuses on Fig. 1), resembles the Peruvian 
morphotypes of Cuzco and Apurimac with larg- 
er racemes with 2-4 primary bracts, while the 
southernmost population DGD3024 (discovered 
this year south of the site called La Mamora, in 
the Rio Bermejo valley, Department of Tarija) is 
close to the Argentinean morphotypes of Jujuy, 
Salta and Tucum~in with rhombohedric leaflets 
and short racemes with 1-2 primary bracts, as 
described by Brticher (1988). 

Third, from the present distribution, wild 
common bean appears to be a floristic element 
of both the Tucumano-Bolivian forest and the 
humid variants of the dry forest of "Valles Se- 
cos Interandinos" described by Beck, Killeen, 
and Garcia E. (1993). Population DGD3024 was 
found in a humid temperate forest in the upper 
Bermejo valley, rich in Bambusoideae, Bigno- 
niaceae (Tecoma), Convolvulaceae (Ipomoea), 
Juglandaceae (Juglans boliviana), Lauraceae 
( Ocotea), Melastomataceae, Meliaceae ( Cedre- 
la) and Myrtaceae. There were no indications of 
any disturbance suggesting that common bean is 
wild in Bolivia, and not weedy (i.e., escape from 
cultivation or a result from a wild • cultivated 
hybridization) as once claimed (Gentry 1969). It 
also enters into the Podocarpus forest, now dis- 

turbed in most places (populations DGD3011, 
3021 of 1994, DGD2501 of 1988 re-visited this 
year). This forest is a moist temperate forest 
with a winter dry period of approximately four 
months (Unzueta, 1975). It is possible that in 
places where forests have been cleared to give 
place to secondary thickets with Acacia, Phys- 
alis, Schinus, Solanum, Verbesina, the range of 
wild common bean has been extended, provided 
that cattle have not been allowed to graze (as for 
population DGD3025; Fig. 4). In this case, graz- 
ing is delayed until corn is harvested, allowing 
a growing period of 6-8 months, a duration long 
enough for the wild bean to set seeds and escape 
destruction. Giving the presence of goats rang- 
ing freely in most southern Chuquisaca and 
northern Tarija, we considered that many wild 
bean populations are not presently secure in situ, 
and we therefore collected germplasm. 

During this trip, we could not enter the upper 
Pilcomayo region (e.g., we could not reach 
Azurduy from Sopachuy), because of a lack of 
roads and bridges. This region would constitute 
the only noteworthy missing spot for a general 
survey of the distribution of Phaseolus spp. in 
Bolivia. Another place of potential interest 
might be the valley of Rio Pilaya (in the sur- 
roundings of Pampa Grande, on the border of 
the Departments of Chuquisaca and Tarija), 
which is not accessible by road yet. 

Symptoms similar to those of anthracnose 
(caused by Colletotrichum lindemuthianum) 
were observed in several populations (DGD3007, 
3011, 3012, 3020, 3024, 3025), with the highest 
severity observed in DGD3024. Pod damage 
caused by birds was observed in populations 
DGD3011, 3012, 3024 and 3025, as already 
seen in other parts of the range (Debouck et al., 
1993). Wild beans were known as "monte chui" 
(DGD3007), "poroti to" (DGD3011, 3025), 
"campo purutu" (DGD3012), and "poroto de! 
zorro" (DGD3021, 3024). They were locally 
eaten by'rural inhabitants in southern Chuquis- 
aca (DGD3011). 

THE WILD-WEED-CROP COMPLEXES 

Observations made in 1988 on naturally oc- 
curring hybridizations between wild and culti- 
vated beans (Debouck 1988a), were confirmed 
and extended during this trip. In close proximity 
(within a 100 m radius) of a wild P. vulgaris 
accession (DGD2501, Fig. 5a), a weedy acces- 
sion, DGD2502 (Rinc6n de la Victoria, north- 
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Fig. 4, Habitat of wild P. vulgaris accession DGD3025, close to Capilla de Trancas, Dept. of Tarija (2180 
m). Secondary vegetation is left only around maize fields where wild common beans (arrow) still survive. 

west of the city of  Tarija), with a viny growth 
habit and seeds of  Cultivated size but of  agouti 
color (Fig. 5b), was found again in the same 
thickets intermixed with remaining spots of  Po- 
docarpus, as an indication that weedy regressive 
forms can maintain themselves in some environ- 
ments for a period of  at least a few years. To the 
authors' knowledge, this is relatively rare in P. 
vulgaris, but appears to be possible in appropri- 
ate ecological conditions. An additional case of 
introgression was observed in the suburbs south- 
west of  the city of  Tarija, in a refuse heap at 
Tabladita on the road to San Jacinto. A wild 
bean (DGD3023) growing on Opuntia and 
Schinus, was observed mixed with a Bayo (light 
cream colored seed) cultivated type with at least 
four intermediate, black-stripped seed types with 
grey-cream background (Fig. 5c). Introgression 
was also observed in DGD3025, found on bor- 
ders of  maize fields near Trancas, approximately 
23 km NNW of the city of  Tarija, with bayo and 
brownish black-spotted seed types larger than 
the sympatric wild seed type. 

MOLECULAR ANALYSES OF 
WILD P. VULGARIS 

The relationships of  the Bolivian wild P. vul- 
garis accessions with other wild P. vulgaris ac- 
cessions were investigated with biochemical 

(phaseolin seed protein) and molecular markers 
(RAPDs). 

Phaseolin Seed Protein 

The phaseolin type for each accession in the 
study is shown in Table 1. In previous studies 
of  phaseolin type, four or more seeds per acces- 
sion were utilized. If  the accession consisted of  
heterogenous seed, it resulted in the identifica- 
tion of more than one phaseolin type. For those 
cases, the phaseolin type identified in this study 
is indicated. In only two cases was there dis- 
crepancy between these results and previous 
publications: CLB7 (Leroi Col-23) and CLB10 
(Leroi Co1-13) were found to have CH and S 
types, respectively, in this study but had previ- 
ously been identified as S andCH types. PER15 
(Apurimac 76) had been previously described as 
a T type, but when more than one seed was used 
in this study, it was found to be heterogeneous 
and consisting of  both S and T types. 

Most accessions from Bolivia were identified 
as T or C types. However, there were three in- 
stances where the phaseolin type could not be 
identified clearly. BOL2 (DGD3012) had a phas- 
eolin pattern that resembled a T type but seemed 
to have an additional band smaller than the usual 
lowest molecular weight band of  45kD. BOL8 
and BOL9 (which are different colored seeds 
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Fig. 5. Seeds from wild • cultivated Phaseolus 
vulgaris hybrids, a: DGD2501: wild (solid bar: 5 mm); 
b: DGD2502: feral (solid bar: 5 mm); c: DGD3023 
(scale in cm). 

from accession DGD3024) both showed the 45 
kD and 48-49 kD bands, thus resembling ac- 
cessions with I type phaseolin, but seemed to 
have an additional band of approximately 50-  
51kD. 

RAPD Analysis and Construction of  
the Dendrogram 

A total of 90 distinct bands were scored, of 
which 83 were polymorphic (92%). An example 
of bands scored for Operon primer El0 is shown 
in Fig. 6. The number of polymorphic bands 

scored per primer ranged from one to fifteen, 
with an average of 5.4. The size of  the bands 
scored ranged from 180 to 2100 bp, with an av- 
erage size of 980 bp. 

A UPGMA cluster analysis based on Jac- 
card's similarity coefficient clearly separated the 
wild P. vulgaris accessions into two clusters, 
which correspond to the Mesoamerican (Mexi- 
co, Guatemala, Colombia)and Andean (south- 
ern Peru, Bolivia, Argentina) gene pools. The 
similarity coefficient between these two groups 
was 0.34. A third distinct cluster, termed Inter- 
mediate, corresponded to accessions from Ec- 
uador and northern Peru. This cluster was slight- 
ly more closely related to the Andean group, 
with a similarity coefficient of 0.35. There were 
three outliers to this clustering: PER15 (Apuri- 
mac 76) which grouped with the Mesoamerican 
gene pool, ECD4 (DGD2763) grouping with the 
Andean gene pool, and PER7 (PV-1), within the 
Andean gene pool but clearly separated from all 
other accessions and more similar to ECD4 and 
the Intermediate cluster (Fig. 7). 

The three outliers to this clustering are inter- 
esting cases. PER15 showed two bands which 
are unique and monomorphic (i.e., present in all 
accessions) in the Mesoamerican group, one 
band which is unique and monomorphic in the 
Andean group, and another band which is only 
present in some of the Andean accessions. Fur- 
thermore, as already mentioned, in this study 
PER15 was found to be a heterogeneous acces- 
sion consisting of seeds with both S and T type 
phaseolin. ECD4 was distinct from the Inter- 
mediate cluster by the presence of six bands and 
the absence of two bands which are monomor- 
phic in all other accessions in this group. It was 
also distinct from the Andean cluster by show- 
ing 2 bands absent in all other Andean acces- 
sions and lacking four bands monomorphic to 
this group. PER7 was distinct from the Andean 
group in showing one band which is monomor- 
phic and unique to the Mesoamerican group, one 
band which is present only in some Mesoamer- 
ican and some Intermediate accessions, and 
lacking one band which is unique and mono- 
morphic in the Andean group. This accession 
also showed one unique band, absent in all other 
accessions. These three accessions were exclud- 
ed from further genetic diversity analyses. 

Without taking into consideration the three 
outliers, each cluster or gene pool can be char- 
acterized by specific RAPD bands. The Meso- 
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Fig, 6. Analysis of genetic diversity among a sample of wild Phaseolus vulgaris lines using RAPD primer 
Operon E04. Lanes are from left to right: Molecular size markers (lambda DNA digested with HindlII and 
EcoRI), DGD2594, DGD2600, DGD2584, DGD2858, DGD2501, P. lunatus, DGD251M, DGD3007, DGD3012, 
DGD3021, DGD3023, and DGD3024B. BOL: Bolivia, PER: Peru. Asterisks indicate bands scored for poly- 
morphisms. 

american group had 20 unique bands (i.e., found 
only in the Mesoamerican group), none of 
which, however, was monomorphic across all 
accessions. The Intermediate group had six 
unique bands, two of which were monomorphic. 
This group was also distinct by the absence of 
two bands present and monomorphic in both 
other groups. The Andean group had five unique 
bands, one of which was monomorphic. The use 

TABLE 2. NUMBER OF MONOMORPHIC AND POLY- 

MORPHIC RAPD BANDS SCORED FOR EACH CLUSTER 

OF WILD BEANS. 

Mesoamerican Intermediate Andean 

No. of monomorphic bands 
present 12 (13.3)* 
absent 19 (21.1) 

No. of poly- 
morphic 
bands 59 (65.6) 

21 (23.3) 16 (17.8) 
47 (52.2) 37 (41.1) 

22 (24.4) 37 (41.!) 

* Numbers in parentheses indicate percentage. 

of the SCAR (Jld) resulted in the amplification 
of only two bands, each of which was unique to 
the two major gene pools: JldA (1590 bp) was 
monomorphic in the Andean and Intermediate 
groups, and JldC (1200 bp) was monomorphic 
in the Mesoamerican group. The only exception 
was accession PER17 (DGD2156) with band 
J ldB (1500 bp). The Intermediate group showed 
14 monomorphic bands: two of these were 
unique, eight were present in both other groups, 
three were present in some Mesoamerican ac- 
cessions, and one was monomorphic in the An- 
dean group. 

The number of monomorphic bands (either 
present or absent) and polymorphic bands for 
each gene pool is shown in Table 2. The Me- 
soamerican gene pool showed the most poly- 
morphic bands (65.6%) compared to 41.1% for 
the Andean group and 24.4% for the Interme- 
diate group. This diversity was also evident in 
the dendrogram, where the similarity coefficient 
for all the accessions in the Mesoamerican group 
was 0.47 compared with similarity coefficients 
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TABLE 3. LIST OF PLACES WITHOUT WILD PHASEOLUS SPP. 

Department Coordinates and altitude Possible reason(s) 

Cochabamba 66~ 17~ 2400 Naturally too dry 
Cochabamba 66~ 17~ 2600 Overgrazed 
Cochabamba 65~ 17~ 2000 Overgrazed, crops 
Cochabamba 65 ~ 14'W 18006 ' S 2150 Overgrazed 
Cochabamba 64~ 18~ 2140 Overgrazed (goats) 
Cochabamba 65~ 18~ 2280 Vigna sp. 
Chuquisaca 64~ 18~ 2400 Too dry this year? 
Chuquisaca 64~ 19~ 2060 Overgrazed 
Chuquisaca 64~ 19~ 2250 Completely eroded 
Chuquisaca 64~ l'W 1W27'S 1900 Vigna lasiocarpa (?) 
Chuquisaca 64~ 20~ 2160 Too far east? 
Tarija 64~ 21~ 2250 Overgrazed, fire 
Tarija 64~ 21~ 2250 Overgrazed 

of 0.73 for both other groups (without consid- 
ering the outlier genotypes). The Mesoamerican 
cluster was further subdivided into two subclus- 
ters: one consisting of Mexican and Guatemalan 
accessions, with similarity coefficient 0.55, and 
the other with Colombian accessions and simi- 
larity coefficient 0.82. Mexican accessions could 
be further subdivided in a cluster of accessions 
from the northern and western part of the coun- 
try (MEX1 to MEX11: states of Chihuahua, Du- 
rango, Guanajuato, Jalisco, and Michoacfin) and 
a cluster of accessions from the state of Morelos 
(MEX12 to MEX16). No geographic subdivi- 
sions were readily apparent in the Andean or 
Intermediate groups. Another estimate of genetic 
diversity for each group is provided by the 
RAPD marker variance (Nienhuis, Tivang, and 
Skroch 1994). This value was estimated as 9.86 
for the Mesoamerican group, 4.11 for the Inter- 
mediate, and 3.62 for the Andean group. 

DISCUSSION 

No signs of the presence of wild P. vulgaris 
were observed around Cochabamba. Thus, it is 
doubtful that wild P. vulgaris was present in the 
places reported by the Briichers, who did not 
leave any seed samples nor herbarium speci- 
mens. In the authors' view, wild P. vulgaris may 
have been confused with wild P. augusti. The 
altitude of the Cochabamba valley (2500 m) is 
slightly too high for wild P. vulgaris at this lat- 
itude. If wild P. vulgaris had ever been present 
in the valley, it could have been distributed in 
more humid places (river beds of Rfo Rocha, 
Estancia Alba, Rancho Champa), all of which 

are presently occupied by the city and its sub- 
urbs. 

Several locations were searched in vain for 
the presence of wild Phaseolus spp. (Table 3). 
The absence of wild populations might be due 
to a lack of suitable habitat, inappropriate grow- 
ing conditions (drought!), overgrazing, and vi- 
cariance with other wild legumes such as Vigna. 
An abnormally dry year led to lack of germi- 
nation of entire populations as suggested by the 
absence in 1994 of accession DGD2497 discov- 
ered in the 1988 exploration. The seed dormancy 
mechanism, conditioned by impermeability of 
the seedcoat to water, may have played an im- 
portant role in this adaptation to insufficient 
rainfall. This observation also suggests that sur- 
veys of biological diversity need to be conduct- 
ed over several years to obtain a more accurate 
image of species distribution. 

Pending confirmation with additional morpho- 
logical and molecular studies, it seems that 
crosses occur where cultivated and wild com- 
mon bean populations are in close contact (a ra- 
dius of 100 m or less) in Bolivia, as has been 
observed in some other parts of the range of 
wild P. vulgaris in Latin America (Acosta Ga- 
llegos, Gepts, and Debouck 1994; Debouck et 
al. 1989) but not in others (Debouck et al. 1993). 
The case of Tabladita (DGD3023) is most inter- 
esting. We looked for typical, pure wild bean 
stands but could not find any, which in retro- 
spect was to be expected given the high level of 
habitat disturbance. The original wild bean at 
this site may have been genetically absorbed 
into the weedy complex through repeated hy- 
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bridizations and may have therefore disappeared 
as a purely wild material. The survival of the 
weedy accession DGD2502 for at least five 
years is unusual but raises the issue as to which 
genetic or environmental factors are most im- 
portant in this survival. Further research in this 
respect may be important in the light of future 
releases of transgenic beans in their centers of 
domestication. 

The interesting scenario whereby beans and 
maize were selected jointly for popping ability 
and concomitantly for speckled and spotted 
seeds faces some difficulties. Corn was domes- 
ticated in Mesoamerica and was introduced into 
the Andes only at a later stage, at a time when 
common bean had already been domesticated 
there (Pearsall 1992). The four primitive varie- 
ties of pop corn from Mexico do not present the 
dotted aleurone (Wellhausen, Roberts, and Her- 
n~ndez X. 1952). Several varieties of common 
bean with good potential for toasting have uni- 
form color patterns or very large color dots not 
present in any traditional maize landrace (Tohme 
et al. 1995). One could, however, propose the 
converse hypothesis, that is, some maize types 
have been selected specifically for toasting on 
the basis of characteristics already present in the 
common bean types. Tohme and co-workers 
(1995) suggested that common bean may have 
been selected first for toasting in the Andean re- 
gion. The habit of toasting grains, by then al- 
ready applied to k'opurus and coimi, could have 
been extended to the other grain crop---maize-- 
once introduced from Mesoamerica in preceram- 
ic times. 

Previous studies of wild common bean at the 
molecular level identified divergence into the 
two major gene pools, and an intermediate, pre- 
sumed ancestral group. However, these studies 
were limited by the type of markers used. Stud- 
ies of diversity in wild bean were based on iso- 
zyme systems, of which eight were polymor- 
phic, resulting in nine loci (Debouck et al. 1993; 
Koenig and Gepts 1989). Mitochondrial RFLP 
studies were performed in six wild bean acces- 
sions using nine restriction enzymes and five 
probes, resulting in 20 polymorphisms scored 
(Khairallah, Sears, and Adams 1992). Nuclear 
RFLP studies were performed in 22 wild bean 
accessions, using 12 probes (Becerra Vel~isquez 
and Gepts 1994). A hindrance to the RFLP tech- 
nique is in obtaining high quantities of quality 
DNA of wild beans suitable for digestion with 

restriction enzymes. This problem is not en- 
countered with cultivated beans, which is prob- 
ably due to the presence of a lesser amount of 
polyphenolics or other secondary metabolites. 
Higher quality DNA can be obtained using ce- 
sium chloride purifications, or following a meth- 
od for isolation of large amounts of mostly nu- 
clear and very pure DNA as described by Llaca 
(1994). Both of these alternatives have the dis- 
advantage of increased cost and time involved. 
For RAPD amplification, the miniprep DNA ex- 
traction proved adequate, and the simplicity and 
ease of the method allowed us to obtain DNA 
for up to 40 accessions in a day. 

In this study, 76 wild bean accessions were 
surveyed with 15 primers, resulting in 90 RAPD 
markers. The level of polymorphism (92%) was 
very high and similar to the value of RAPD 
polymorphism found between gene pools in cul- 
tivated beans (83%) (Haley et al. 1994). Both 
values are consistent with estimates of nuclear 
RFLP-based variation of 80% to 90% polymor- 
phism between gene pools (Chase, Ortega, and 
Vallejos 1991; Nodari et al. 1992). There are 
certain problems associated with RAPD markers 
which may result in errors in scoring data. The 
complete sequence of the amplification products 
is not known. A primer might produce identi- 
cally sized products in two genotypes, but pos- 
sible divergence within the internal loci cannot 
be detected. A second limitation is that very 
small differences in product size may be impos- 
sible to detect. The magnitude of both problems 
can be reduced by using a larger number of 
primers and, hence, scoring more bands. For 
data in cultivated bean, Nienhuis and co-workers 
(1994) indicated that sampling 80 bands resulted 
in coefficients of variation as low as 20% for 
estimating the genetic relationship between the 
average individual genotypes. 

RAPD data was effective in clustering the 
wild accessions into the two major gene pools 
and the intermediate group, which is consistent 
with their geographical origin. The "Bolivian 
wild P. vulgaris grouped with the accessions of 
southern Peru and Argentina in the Andean gene 
pool. Moreover, the RAPD technique was sen- 
sitive enough to detect three outliers to this 
grouping (ECD4, PER7 and PER15), which are 
explained probably by their hybrid origin. Ac- 
cession PER15 (Apurimac 76), grouping within 
the Mesoamerican cluster, showed bands that 
were unique and monomorphic to each of the 
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two major gene pools. It also proved to be a 
heterogeneous accession consisting of seeds 
with both S (Mesoamerican) and T (Andean) 
type phaseolin. This accession was collected in 
Apurimac (southern Peru), and might have been 
subjected to introgression from cultivated beans 
of Mesoamerican origin (e.g., "panamito," Voy- 
sest 1983), introduced and grown in the country. 
Visiting that department in 1987, one of us 
(DGD) found "panamito" growing close to wild 
common beans in the Abancay valley. Accession 
PER7 (PV-1) is distinct from all other accessions 
in the Andean group by showing one band 
which is present only in some Mesoamerican 
and some Intermediate accessions, and lacking 
one band which is unique and monomorphic in 
the Andean group. This is the only accession 
collected in Hu(muco (central Peru) included in 
the study, and its geographic origin is also con- 
sistent with a clustering position between the 
Andean and Intermediate groups. However, the 
presence of SCAR band JldC, of Mesoamerican 
origin, and a unique band, absent in all other 
accessions, could suggest introgression from 
cultivated Mesoamerican material as in the pre- 
vious case. Interestingly, a study of Mesoamer- 
ican and Andean beans based on isozyme loci, 
also grouped both PER7 and PER15 within the 
Mesoamerican gene pool (Koenig and Gepts 
1989). Finally, ECD4 (DGD2763) is distinct 
from the intermediate cluster and more similar 
to the Andean cluster. This is consistent with the 
fact that this accession was previously reported 
as heterogeneous with both I and T type phas- 
eolins, and was the only accession in this group 
showing an Andean allele at the malic enzyme 
locus (Debouck et al. 1993). Accession ARG5 
(DGD621) which was the only Andean acces- 
sion included in the Mesoamerican group based 
on isozyme data (Koenig and Gepts 1989) is 
grouped in this study within the Andean cluster. 

RAPD data variability was greater within the 
Mesoamerican cluster, as evidenced by the num- 
ber of polymorphic loci (65.6%), total marker 
variance (9.86), and number of unique bands 
(21). This result is similar to that found with 
phaseolin (Gepts and Bliss 1986) and isozymes 
(Koenig and Gepts 1989). Even though ecolog- 
ical conditions where wild beans are found are 
similar throughout America (Debouck et al. 
1993), the greater area of the Mesoamerican re- 
gion particularly its spread in longitude could 
partly account for this higher variability. The 

range between collection sites for accessions in 
this region was 23.91 ~ in latitude and 34.74 ~ in 
longitude, respectively. The Mesoamerican clus- 
ter can be subdivided into two subclusters with 
similarity coefficient of 0.47, which correspond 
to Central American (Mexico and Guatemala) 
and South American (Colombia) geographical 
regions. Accessions from Colombia had the 
highest similarity coefficient (0.82), consistent 
with the fact that they were all collected in the 
same department (Cundinamarca). Accessions 
from Mexico and Central America have the 
highest diversity, with a similarity coefficient of 
0.55. These accessions have been further sub- 
clustered into three groups which correspond to 
northern and southern Mexico, and Guatemala. 
Interestingly, wild bean populations from Mex- 
ico and Guatemala were different for traits such 
as photosynthetic rates and instantaneous pho- 
tosynthetic nitrogen-use efficiency (Lynch et al. 
1992). The northern Mexican group includes ac- 
cessions of the states of Chihuahua, Durango, 
Jalisco, Guanajuato, and Michoac~m, whereas 
the southern group includes accessions from the 
state of Morelos. Additional regions of Mexico 
need to be sampled including the states of Oa- 
xaca and Chiapas. Furthermore, additional ac- 
cessions from Central America (e.g., Honduras, 
Costa Rica, and possibly Panama) also need to 
be analyzed to obtain a more complete picture 
of genetic variation in the Mesoamerican gene 
pool of wild P. vulgaris. 

Within the Intermediate group, the similarity 
coefficient was 0.73. This group had the least 
number of polymorphic loci (24.4%), and the 
total marker variance was 4.11. The ecological 
niche for wild beans in Ecuador and northern 
Peru is fairly narrow compared to its niche in 
other regions (Debouck et al. 1993). The distri- 
bution of wild beans in this region is within a 
range of latitude of 5.53 ~ and longitude of 1.06 ~ 
Within the Andean group, the similarity coeffi- 
cient was also 0.73. Even though this group had 
a higher number of polymorphic bands (41.1%), 
marker variance is the lowest of all three groups 
(3.62). The range of distribution for accessions 
collected in this area is 16.08 ~ in latitude and 
11.2 ~ in longitude. The accessions in this group 
do not appear to cluster by region (country), and 
there is no apparent grouping due to similar lat- 
itude, longitude, or altitude of collection. It is 
interesting to note that BOL8 and BOL9 (both 
corresponding to DGD3024), which appeared to 
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show a phaseolin variant, are the most dissimilar 
to the rest of  the group. 

This study confirmed a separate cluster for the 
Intermediate group of Ecuador and northern 
Peru. From phaseolin and isozyme studies in this 
group, two explanations were put forward to ac- 
count for the biochemically and geographically 
intermediate nature of  this group (Debouck et al. 
1993). First, they might constitute hybrids be- 
tween the Mesoamerican and Andean gene 
pools. An initial cross may have led to recom- 
binant material adapted to the particular condi- 
tions prevailing on the western slope of  the An- 
des in this region. Second, these populations 
represent relics of  an ancestral P. vulgaris type 
from which the two major branches gradually 
diverged and were dispersed. Molecular marker 
data obtained so far appears to support the sec- 
ond hypothesis. Studies of the primary structure 
of phaseolin genes indicate that the I type phas- 
colin genes lack three tandem repeats present in 
other phaseolin types (e.g., S or T), suggesting 
that they represent an ancestral phaseolin type 
in P. vulgaris (Kami 1993; Kami et al., 1995; 
Llaca 1994). 

In conclusion, our explorations have allowed 
us to expand our knowledge about the broad 
geographic and ecological distribution of  Pha- 
seolus spp. in Bolivia. RAPD analysis of genetic 
diversity correlated well with genetic diversity 
obtained with other markers such as isozymes 
and seed proteins and was instrumental in iden- 
tifying geographic subgroups within the Meso- 
american gene pool. The recently collected wild 
P. vulgaris from Bolivia were closely related 
with their southern Peruvian and Argentinian 
counterparts. Additional explorations are neces- 
sary in Central America and southern Mexico, 
and perhaps also in the Alto Pilcomayo region 
of  Bolivia (Fig. 1). 
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