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1. INTRODUCTION

Phaseolus beans, although often a key
source of proteins to poor people, are not
renowned for high yields as compared to
other tropical legumes such as soybean,
groundnut or pigeon pea. Understanding
limitations to yield and adaptation would be
the logical starting point, and it is highly
significant in author’s view that three recent
contributions about bean yield in different
commercial classes (Beaver 1999: Brick &
Grafton 1999; Singh 1999a) focus on analy-
ses of constraints and sources of genetic
diversity to solve these constraints. Many
sources of useful traits have been already
identified in beans (Singh 1992, 1999b).
However, insufficient resistance has been
reported in common bean for the following:
ascochyta blight, common bacterial blight,
bean fly, drought, leathopper, low tempera-
tures, root rot, web blight, and white mold.
P. acutifolius has been found tolerant to
drought (Markhart 1985), heat (Garver
1934), and resistant to common bacterial
blight (Zapata et al. 1985). Resistance to
root rots has been found mainly in P, cocci-
neus (Dickson & Boettger 1977). P. angus-
tissimus and P. filiformis have been found
tolerant to low temperatures (Balasubra-

manian et al. 2000). P. polyanthus has been
found resistant to ascochyta blight (Schmit
& Baudoin 1992), bean fly (Schmit &
Baudoin 1987) and white mold (Hunter et
al. 1982). Resistance to leafhopper has been
found in P. lunatus (Wolfenbarger &
Sleesman 1961). In reporting these sources
of useful traits in alien germplasm, and in
order to make full use of them, the breeder
currently faces three questions: 1) is the
searched trait totally lacking in any of the
bean cultigens?, 2) in which other species
has the trait its maximum expression?, and
3) can that (these) species be crossed with
the target species?

Answering these questions forces us to
examine the availability of Phaseolus gene-
tic resources, the extent to which these
genetic resources have been evaluated, and
the information about genetic compatibility
across different species. Debouck (1999)
reported the number of accessions currently
available from CIAT genebank: less than
2,000 accessions exist in the primary gene
pool of common bean as wild forms, and
less than 1,000 accessions exist in its secon-
dary gene pool (Tables 1 and 2). Clearly,
germplasm is still missing for many species,
starting with wild forms of the primary gene
pools. Several species are still to be evalua
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Table 1 —Gene pools of the different Phaseolus cultigens (after Debouck 1999)

Tertiary Gene Pool (GP3)

Primary Gene Secondary Gene Pool (GP2)

Pool (GP1)

intermediate distant

P. filiformis

Close Intermediate Distant close

P.vulgaris  P. costaricensis  P. polyanthus P. coccineus P. acutifolius

P. polyanthus  P. coccineus  P. costaricensis P.vulgaris
P. coccineus  P. polyanthus P. vulgaris

P. acutifolius
P. lunatus  P. pachyrrhizoides

P. vulgaris

P. parvifolius
P. jaliscanus P. salicifolius

P. maculatus

Table 2.~List of Phaseolus species organized by possible phylums (adapted from Debouck 1999)

and their geographic distribution

Taxa Geographic distribution (state or province)

Section Chiapasana
(sensu Delgado 1985)

chiapasanus Piper Oaxaca, Chiapas

Section Phaseolus

Macrophylum of common bean and scarlet runner
Sub-phylum of common bean

costaricensis Freytag & Debouck

polyanthus Greenman™®

vulgaris L*

Alajuela, Cartago, San José; Boguete, Chiriqui
Qztgo, Chimtgo, Solol4, Sacatepéquez, Guatemala
Chihuahua to San Luis through Central America and Andes .

Sub-phylum of scarlet runner

coccineus L* Chihuahua to Jalapa and El Paraiso

Phylum of tepary bean
acutifolius Asa Gray*
var. acutifolius

var. latifolius

var. tenuifolius
parvifolius Freytag

Arizona, New Mexico; Sonora, Sinaloa
Arizona, Sonora ‘
Arizona, New Mexico; Sonora, Sinaloa |
Durango, Nayarit; Jalapa

Phylum of Lima bean
Jjaliscanus Piper
lunaius L*
maculatus Scheele
marechalii Delgado
mollis Hook. & Arn.
pachyrrhizoides Harms
polystachyus Britt., Stern & Pogg
ritensis Jones
salicifolius Piper
xolocotzii Delgado

Phylum of wild beans with rugose testa

angustissimus Asa Gray
carteri Freytag & Debouck
filiformis Bentham

Jalisco
Sinaloa to Chaco; Imbabura to Cajamarca

Ariz, New Mex, Tex; Chih, Dur, Zac, Pue

México, Morelos, Puebla

Galapagos

Loja; Cajamarca, Junin, Cuzco; Cochabamba; Chuquisaca; Jujuy
Québec; N York, Minn, Penn, I1li, Missou, Okla, Carol, Flor
Ariz; Sonora, Chihuahua, Durango

Sinaloa
QOaxaca

Arizona, New Mexico, Texas; Sonora

Baja California
Calif, Ariz, New Mex, Tex; Baja California, Sonora




* Il Seminario de Judia de la Peninsula Ibérica. Actas de la Asociacién Espaiiola de Leguminosas, Vol. L. Villaviciosa (Asturias), 2000

Phylum of P. pedicellatus

esperanzae Seaton
grayanus Woot. & Standl.
laxiflorus Piper
oaxacanus Rose
pedicellatus Bentham
polymorphus S. Watson
purpusii Brandegee

México, Puebla

Arizona, New Mexico: Chihuahua, Durango

Hidalgo, Veracruz

Oaxaca

Hidalgo, México, Nuevo Ledn, Queretaro, San Luis Potosi
San Luis Potosi, Guanajuato

San Luis Potosi

Phylum of P.neglecius

altimontanus Freytag & Debouck
neglectus Hermann

Tamaulipas
Nuevo Ledn

Phylum of P. microcarpus
microcarpus Mart.
minimiflorus Norvell ex Freytag & Debouck

Durango, Guerrero, Puebla, Oaxaca
Sinaloa, Colima

Phylum with 2n=2x=20
leptostachyus Bentham

macvaughii Delgado
micranthus Hook. & Arn.

Nuevo Ledn, Chihuahua through Guatemala to San José
Jalisco
Jalisco

Isolated phylums
glabellus Piper

leptophyllus G. Don

macrolepis Piper

oligospermus Piper

sonorensis Standley
talamancensis Debouck & Torres

tuerckheimii Donnell-Smith

Tamaulipas, San Luis Potosi, Hidalgo, Oaxaca, Chiapas
Guerrero

Chimaltenango, Solold, Sacatepéquez

Chiapas; Guate, Sta Rosa; Fco Morazdn; Cartago, Sn José
Sonora

San José, Limdn

Chiapas; Progreso, Sacatepéquez, Solol4; Feo Morazin; San José

Section Minkelersia
(sensu Lackey 1983; including Alepidocalyx MM .S.)

amblyosepalus (Piper) Morton

nelsonii Maréchal, Mascherpa & Stainier
parvulus Greene

pauciflorus Sessé & Mocifio

perplexus Delgado

plagiocylix Harms

pluriflorus Maréchal, Mascherpa & Stainier

Durango

Jalisco, México, Michoacén, Oaxaca
Arizona, Chihuahua, Durango

Chihuahua, DF, Durango, México, Michoacdn
Meéxico, Jalisco

Nuevo Ledn

Jalisco, DF, México, Michoacdn

tenellus Piper Michoacén
Section Xanthotricha

(sensu Delgado 1985)

esquicensis Freytag Chiapas

gladiolatus Freytag & Debouck
hintonii Delgado

magnilobarus Freytag & Debouck
Xanthotrichus Piper

zimapanensis (Delgado) Jaaska

San Luis Potosi

Jalisco, Mexico

Durango, Jalisco

Chiapas; Chimtgo, Sac, Sta Rosa: Alajuela, Sn José
Hidalgo, Nvo Leén, Queretaro, San Luis Potosi

Note: * species with cultivated forms
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ted for gene pool relationships; in Table 1,
some squares might be left in blank or some
species might be added. Possibilities for
widecrossing in beans has been recently
reviewed (Debouck 1999), and secondary
gene pools of each cultivated species are
wider than initially thought. For instance, P.
costaricensis has been added to the gene
pools of P. vulgaris and that of P. polyant-
hus. P. parvifolius has been added to the
gene pool of P. acutifolius, and P. pachyrr-
hizoides has been added to the gene pool of
P. lunatus. On the other hand, agronomic
evaluation has not been systematic nor com-
plete, even though large sets of germplasm
have been evaluated for reaction to anthrac-
nose (Pastor-Corrales et al. 1995), angular
leaf spot (Guzmdn et al. 1995), and rust
(Stavely & Pastor-Corrales 1989). In this
context, it is useful to understand better
mechanisms by which gene pools have
come into being, and have been shaped by
biological and anthropological forces.

2. THE BROAD PICTURE: A NATU-
RAL GROUP OF NEW WORLD LEGU-
MES

The genus  Phaseolus  (subtribe
Phaseolinae, tribe Phaseoleae, family
Leguminosae) as currently accepted
(Delgado Salinas 1985; Lackey 1983;
Maréchal et al. 1978a,b) is of Neotropical
origin, and has approximately 50 species,
distributed into four sections (Table 2)
(Debouck 2000).

Over the past two centuries, over 400 spe-
cies have been named, often with poor des-
cription and/ or lacking good type speci-
mens. Reviews by Piper (1926) and Urban
(1928) have contributed to clarifications
about generic delimitations, infrageneric
grouping, and synonymy. The works by
Burkart (1952), Wilczek (1954), Verdcourt

(1970), and Lewis & Delgado Salinas
(1994) have helped to a progressively narro-
wing definition of Phaseolus, as separated
from related legume genera such as
Macroptilium, Misanthus, Ramirezella, and
Vigna. The culmination of these taxonomi-
cal delimitations of Phaseolus was presen-
ted at the Legume Conference of Kew in
1978 (Lackey 1981; Maréchal et al. 1981).
The infrageneric classification proposed by
Delgado Salinas (1985), that is, the splitting
of the genus into four sections, has been
adopted here. P. chiapasanus with its very
large flowers and all its parts turning black
on drying, probably deserves a section on its
own. Because of the additional coil of the
keel, the Xanthotricha might be grouped
together. With shorter pedicels as compared
to the calyx and very short or absent bracte-
oles, the Minkelersia form another group.
So, we are now able to indicate if a legu-
me is a Phaseolus; we are however much
less certain how many Phaseolus species
exist and which are they. Delgado Salinas
(1985) has made an exhaustive review of
Phaseolus, and has confirmed the existence
of 36 species. Germplasm explorations
carried out in Mexico, Central America and
the Andes over the last two decades have
brought new species to Science, such as P.
costaricensis (Freytag & Debouck 1996).
On the basis of hybridological evidence
(reviewed by Debouck 1999) and several
studies with help of molecular markers,
namely those of Delgado Salinas et al.
(1999), Fofana et al. (1999), Jaaska (1996),
and Jacob et al. (1995), an updated tentative
list of Phaseolus species can be proposed as
well as their possible phylums (Table 2).
That list is not a definitive one, and additio-
nal field work might likely reveal the pre-
sence of new taxa. The author considers sig-
nificant the recent discovery of two new
species of Phaseolus in Costa Rica, while
the inventory was relatively well advanced



and established as early as 1937 (Standley
1937)! We will now comment on the phyla
which we define here as infrageneric groups
that share a common genetic evolutionary
ancestry.

3. SPECIATION CAN'T STOP: THE
FORMATION OF BEAN PHYLA, PAT-
TERNS IN TIME

Molecular data, namely of cpDNA,
analysis (Delgado Salinas et al. 1993, 1999)
have shown that Phaseolus is monophyletic
and that it has not come into being by con-
vergence of separate legumes of the subtri-
be. The formation of the original branches
of American Phaseolinae is likely to have
occurred in northern "Central America" by
early or mid Tertiary (Eocene-Oligocene)
(Sousa Sdnchez & Delgado Salinas 1993).
By then, Central America did not exist as
known today; it could have been a series of
large volcanic islands still separated from
South America (Coates 1997; Rich & Rich
1983). Authors (Coates 1997; Graham 1993,
1999a; Rich & Rich 1983) generally agree
that the Isthmus of Panama was closed only
about 3.5-2.5 million years ago in the late
Pliocene. Macroptilium that can be conside-
red as a sister group of Phaseolus (Delgado
Salinas et al. 1999; Maréchal et al. 1978b),
probably separated lately from Phaseolus,
and migrated southwards into South
America. Macroptilium has most of its
diversity in the lowland savannas of South
America (Barbosa Fevereiro 1986-87), and
has likely entered back into Mexico in the
late Pliocene (Sousa Sanchez & Delgado
Salinas 1993), once the continental bridge
was closed. The original Phaseolus, once
differentiated from Macroptilium,
Misanthus, Strophostyles, and the American
Vigna subgenus Sigmoidotropis, itself split
into several subgroups or phyla. This evolu-
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tion likely occurred in southern North
America during the late Tertiary.

It is worth examining first whether recent
molecular data confirm the subgeneric clas-
sification of Phaseolus proposed elsewhere
(Delgado Salinas 1985; Lackey 1983;
Maréchal et al. 1978a). ITS DNA sequence
information (Delgado Salinas et al. 1999)
separated the Minkelersia as a group, alt-
hough within the large Phaseolus section. In
the same study, Chiapasana and
Xanthotricha were grouped together, also
with other Phaseolus species such as P.
tuerckheimii and P. oligospermus. The
morphologically distinctive traits of P. chia-
pasanus and of the Xanthotricha could have
been thus somewhat overemphasized. The
sections initially defined by Delgado
Salinas (1985), i.e. Chiapasana, Phaseolus,
Minkelersia, and Xanthotricha, however
make sense in author's view for the field
taxonomist. In spite of the fact that the study
by Delgado et al. (1999) revealed P. micro-
carpus as a completely isolated taxon (to
which in author's view should be added P.
minimiflorus), it would not make sense to
elevate P. microcarpus as another section in
the genus. This statement is also supported
by the works of Fofana et al. (1999) and
Jacob et al. (1995). These two taxa, in spite
of the diminutive size of their reproductive
parts, share the same taxonomical traits as
the other taxa of the Phaseolus section. We
shall now examine this section with greater
detail.

Another clade separated by ITS DNA
sequence information (Delgado Salinas et
al. 1999) includes species such as P. graya-
nus, P. pedicellatus, P. neglectus, and P. gla-
bellus. P. glabellus has been considered as a
taxon close to (Maréchal et al. 1978b) or as
a subspecies of P. coccineus (Delgado
Salinas 1988). Other evidences (biochemi-
cal: Schmit & Debouck 1990; ecological:
Schmit et al. 1996; molecular: Schmit et al.
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1993, Llaca et al. 1994) strongly suggest it
to be far away from the P. coccineus com-
plex. Debouck (2000) considered it as rela-
tively isolated in the section Phaseolus,
while Delgado Salinas and co-workers
(1999) see it as very close to P. grayanus. As
indicated elsewhere (Debouck 1991, 1999),
P. esperanzae, P. grayanus, P. laxiflorus, P.
pedicellatus, P. polymorphus, P. purpusii,
and P. oaxacanus should be considered as
separate species, not as varieties or
synonyms (Delgado Salinas 1985). This
clade apparently differentiated only in
Mexico, mostly around the Sierra Madre
Oriental, with migrations to the south
(Oaxaca: P. oaxacanus), the Eje Volcdnico
(P. esperanzae), and the dry Central Plateau
(P. purpusii).

The study of ITS DNA sequences
(Delgado Salinas et al. 1999) acknowledges
P. angustissimus and P. filiformis as belon-
ging to a separate group (to which P. carreri
likely should be added: Debouck 1999).
They share in common the rugose testa of
their seeds, and thrive in dry habitats. While
P. filiformis extends from around the Gulf of
California into the Sonoran Desert of the
USA, P. carteri is restricted to southern Baja
California and P. angustissimus to Arizona,
New Mexico, western Texas, and
Chihuahua. This group has been shown to
be quite distant from P. vulgaris and related
taxa (hybridological data reviewed by
Debouck 1999, 2000).

As expected, the study by Delgado
Salinas et al. (1999} identifies a small group
of wild beans with 2n= 2x= 20 (while all
other species have 2n= 2x= 22), that inclu-
des P. leptostachyus and P. micranthus. This
group would also include P. macvaughii
with that chromosome number (Mercado
Ruaro & Delgado Salinas 1998), a taxon
unknown to the author. It is interesting to
note in the former study that P. micranthus
is indeed included within the P. leptostach-
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vus, and this result would confirm its varie-
tal status (Delgado Salinas 1985).

Interestingly, the ITS DNA sequence
analysis (Delgado et al. 1999) separated the
group of Lima bean from that of P. macula-
tus, although they are closely related. After
an extensive review of the hybridological
information, Debouck (1999) has shown
that the group of P. maculatus with species
distributed today in the USA and Mexico
would be the tertiary gene pool of P. luna-
tus. This conclusion is also supported by
analysis of cpDNA polymorphisms (Fofana
et al. 1999). The work by Delgado Salinas et
al. (1999) supports the view presented
elsewhere (Debouck 1996; Maquet et al.
1999) that P. mollis and P. pachyrrhizoides
of western South America belong to the
secondary gene pool of P. [unatus. There
would thus be a strong justification to iden-
tify a clade with the Lima bean and nine
wild species in the section Phaseolus. Tts
history could have been two-fold: this clade
was formed in southern North America, and
later a smaller phylum including the future
Lima bean migrated into the Andean region.
Speciation there led to the formation of P.
lunatus, P. mollis and P. pachyrrhizoides,
and with the closing of the Isthmus of
Panama the wild form of Lima bean re-colo-
nized several parts of the Neotropics, parti-
cularly the lowlands.

The last clade identified by Delgado et al.
(1999) includes the subgroups of P. acutifo-
lius, P. polyanthus and P. coccineus, and P,
vulgaris. The hybridological evidence
(reviewed by Debouck 1999) has long
recognized the tepary bean as a remote gene
pool of common bean. The ITS study
(Delgado et al. 1999), using total genomic
DNA, confirms the analysis done by Hervieu
and co-workers (1994) on mtDNA that
shows P. coccineus, P. polyanthus and P. vul-
garis sharing a common ancestral stock. The
former study fails however to reveal the




close relationship between P. costaricensis,
P. polyanthus and P. vulgaris, as shown by
cpDNA polymorphisms (Schmit et al. 1993).
Interestingly, the former study shows a close
relationship between P. costaricensis and P.
polyanthus; field work (Debouck et al.
1989a) has indeed shown that these two spe-
cies can hybridize when in contact. Gepts
and co-workers (2000a) indicated that the
time at which P. coccineus and P. vulgaris
separated could be 2 millions years (transi-
tion from Pliocene to Pleistocene) and that
the two major gene pools of common bean
separated 500,000 years ago. On the other
hand, Kami et al. (1995) and Gepts et al.
(2000a) after sequencing genes coding for
different seed storage proteins - phaseolin
and d-amylase inhibitor, respectively - have
shown that wild P. vulgaris existing in sout-
hern Ecuador and northern Peru (Debouck et
al. 1993) could be close to the ancestral stock
of this species as compared to the other two
well known gene pools. Is it possible that the
western slopes of the Andes of southern
Ecuador and northern Peru is the cradle of
wild common bean? One should note that
the taxa of the P. vulgaris phylum on the
basis of cpDNA polymorphisms are all dis-
tributed in Mesoamerica, from western
Mexico (P. albescens: Ramirez Delgadillo &
Delgado Salinas 2000) to western Panama
(P. costaricensis: Freytag & Debouck 1996)
through western Guatemala (P. polyanthus:
Schmit & Debouck 1991). A conciliatory
hypothesis would be that the formation of
this phylum took place in ecastern
Mesoamerica, and that the third gene pool of
P. vulgaris is a remnant of that early evolu-
tionary process.

This last clade (Delgado et al. 1999) sepa-
rates clearly from the other clades of the sec-
tion Phaseolus, namely the one including the
Lima bean, confirming previous studies
(hybridological: Le Marchand & Maréchal
1977; molecular: Fofana et al. 1999, Jacob et
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al. 1995; palynological: Maréchal et al.
1978b). The distance between the clade in-
cluding the common bean and that of the
Lima bean can be explained by reproductive
isolation due to different evolutions in diffe-
rent land masses: the phylum of P. vulgaris
likely evolved in southeastern Mesoamerica,
while the phylum of P. lunatus evolved in the
northern Andes. At the closing of the
Isthmus of Panama, both species migrated in
opposite directions. Some patterns in time
have thus been established, that will reflect
millennia afterwards in combining ability
between gene pools and species. An unans-
wered question is the exact number of phyla
within the genus: two could be seen as a
minimum (Fofana et al. 1999), although this
study did not include all available taxa, but
likely could be 5-6. Is the number of taxa
within each phylum indicative of the dura-
tion of speciation, or is it indicative of a
more rapid and active speciation since the
original splitting? Is the largest number of
taxa within the P. lunatus phylum indicative
of a longer evolution? According to
Maréchal et al. (1978), pollen of P. lunatus
could be seen as primitive. Baudet (1978)
considered within the Phaseoleae species
thriving in savannas as derived and more
evolved as compared to species thriving in
forest habitats. Few species of the genus
(e.g. P. acutifolius, filiformis, P. lunatus, P.
microcarpus, P. vulgaris) are typical coloni-
zers of savannas, with a strong trend towards
annualism, epigeal germination, fibrous
roots, and a reproductive strategy oriented
towards the sole production of seeds.

4. DISTRIBUTION OF WILD BEANS
AS THE FIRST AMERINDIANS
FOUND THEM, PATTERNS IN SPACE

Some authors (Lynch 1999; Zeitlin &
Zeitlin 2000) mention the arrival of first
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Amerindians about 15,000 years ago, per-
haps even earlier (Schobinger 1994), at the
moment of the last and ending ice period
'Wisconsin', from northeastern Siberia
(Cavalli-Sforza et al. 1994; Crawford 1998).
Over such a short period of time, it is unli-
kely that the distribution of wild beans was
profoundly different from the one known
today. In the USA, because of the late
effects of the Laurentide Ice Sheet (Graham
1999b), the distribution of P. polystachyus
was probably restricted to the southern and
warmer parts of its range. The extension of
this species into Minnesota (MacMillan
1892) and Québec (Rydberg 1965) is pro-
bably recent together with the warming up
of this period of the Quaternary. For the
same reasons, several species now entering
the Southwest (i.e. P. angustissimus, P. gra-
vanus, P. ritensis), were likely confined into
northern Mexico. In Mesoamerica, species
now occupying upper volcanic ridges (e.g.
P. macrolepis, P. tuerckheimii) probably
extended into valleys. With the warming,
populations of P. coccineus were progressi-
vely confined to higher summits, and the
resulting geographic isolation increased
speciation processes and differences betwe-
en populations. Given the extension in lon-
gitude of Mesoamerica, in the alternations
of cooling-warming and dry-wet cycles, it
was possible for species to extend through
regions (i.e. Isthmus of Tehuantepec, central
Nicaragua, Isthmus of Panama) otherwise
not accessible. In the Andes, climatic chan-
ges drastically affected the altitudinal distri-
bution of plant species (Cardich 1985), and
the distribution of wild beans rather oscilla-
ted in altitude with little extension in longi-
tude. To the west, the extension of wild
beans topped against the Pacific, while to
the east the increasingly wet and hot clima-
te of the Amazon Basin prevented it.
Distribution of wild Phaseolus species has
been presented elsewhere (Debouck 1991,
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1999, 2000; Delgado Salinas 1985); we
shall hereafter concentrate on those giving
cultivated forms.

Wild P. vulgaris extends from southern
Chihuahua, Mexico to San Luis Argentina
in mountains of mid elevations (800-2,800
masl); this represents a range of approxima-
tely 8,000 km (Toro Ch. et al. 1990). In
Mexico, it is distributed along the Sierra
Madre Occidental, the Eje Volcanico, and
several mountainous ranges of Oaxaca and
Chiapas. It is widely distributed throughout
central Guatemala, and has been reported
from Honduras, El Salvador, Nicaragua, and
Costa Rica (Debouck et al. 1989a; Delgado
Salinas et al. 1988). In the Andes, its range
extends from western Venezuela through
Colombia, Ecuador, Pern (Debouck et al.
1989b, 1993), Bolivia (Freyre et al. 1996),
and northwestern Argentina (Burkart &
Briicher 1953). Along that huge arc of dis-
tribution, slight morphological differences
in seeds, racemes, and bracteoles have been
observed (Burkart & Briicher 1953; Gentry
1969; Gepts & Debouck 1991). There are
also physiological differences with respect
to photoperiod and temperature require-
ments, but definite evidence about the orga-
nization of genetic diversity of wild P. vul-
garis came from molecular markers, and
first from polymorphisms in seed storage
proteins (Gepts & Bliss 1986; Gepts et al.
1986; Koenig et al. 1990). Differences bet-
ween wild populations of different geograp-
hic origins were shown with the help of
isozymes (Debouck et al. 1993; Koenig &
Gepts 1989), RAPDs (Freyre et al. 1996),
RFLPs (Becerra Veldsquez & Gepts 1994,
Khairallah et al. 1992), and AFLPs (Tohme
et al. 1996) markers. Two major gene pools
- one located in Mesoamerica and another
one in the Central Andes - were indeed con-
firmed with these markers, up to suggest a
var. mexicanus and a var. aborigineus, res-
pectively (Delgado Salinas et al. 1988). In
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addition, unique genetic variability was also
disclosed for Colombia (Chacén S. et al.
1996; Tohme et al. 1996), and for the region
encompassing southern Ecuador and nort-
hern Peru (Chacén Sanchez et al. 1999;
Khairallah et al. 1992; Tohme et al. 1996).
Would have had wild common bean the
opportunity to evolve without humans in
both Mesoamerica and the Andes for anot-
her thousand of years, two more species
would exist in the P. vulgaris phylum!
Interestingly, the duration of evolution of
the gene pools in the wild has been long
enough (500,000 years according to Gepts
et al. 2000a) as to favour a specialized evo-
Iution of diseases associated to these beans.
A co-evolution has been indeed demonstra-
ted for angular leaf spot (Guzmdn et al.
1995), anthracnose (Geffroy et al. 1999),
and perhaps rust (Sandlin et al. 1996), a
wind borne highly versatile obligate patho-
gen.

The existence of two major gene pools
already in the wild long before domestica-
tion raises the question of their origin. The
two gene pools are distinct at morphologi-
cal, biochemical and molecular level.
However, the differences are small, and
indicate that wild common bean is not an
artificial assemblage of convergent legumes
but a single species with starting differentia-
tion along a huge distribution. An additional
evidence of this differentiation (or specia-
tion) is obtained when crossing wild forms
between themselves: there are fertility and
recombination problems (Koinange &
Gepts 1992). Two scenarios are possible:
either one gene pool is a direct derivative of
the other one, or the two gene pools come
both from an ancestral stock. Along the for-
mer scenario, the diversity found so far in
both gene pools would suggest that the
Andean gene pool is a derivative of the
Mesoamerican one rather than the opposite.
The former scenario is a plausible one,

given the fact that the highest diversity of
species is found in Mesoamerica not in the
Andes. In addition, the P. vulgaris phylum
has several species distributed in Mexico
and Central America (Debouck 1999, 2000).
However, a group of wild common beans
found in the western Andes of Ecuador and
northern Peru displays unique genetic diver-
sity. Its phaseolin 'I' is a simple one in com-
parison to other types (Koenig et al. 1990).
Allozyme diversity has also shown its uni-
queness (Koenig & Gepts 1989). Its mtDNA
has been shown to be more and uniquely
variable (Khairallah et al. 1992). There is
thus evidence to consider this form as close
to the ancestral branch of P. vulgaris (Gepts
et al. 2000a; Kami et al. 1995; Tohme et al.
1996). The work by Geffroy et al. (1999)
also identifies an ancestral resistance gene
cluster to anthracnose that existed prior to
the separation of the two major gene pools.

Wild P. lunatus - the wild form with small
seeds - extends from Sinaloa, Mexico to
Salta Argentina, through Central America,
northern Colombia, and eastern Peru; this
represents a range of approximately 7,000
Km (Gutiérrez Salgado et al. 1995; Maquet
& Baudoin 1997). The wild form with
slightly larger seeds seems restricted to the
western Andes of Ecuador and northern
Peru, from Imbabura to Cajamarca
(Gutiérrez Salgado et al. 1995; Maquet &
Baudoin 1997). Another wild form exists in
the Andes of Boyacd, Colombia (Toro et al.
1993). There is morphological variation,
namely in seed and flower, along the range
of distribution of wild Lima bean (Debouck
et al. 1987). Two major gene pools have
been demonstrated, exploiting polymorp-
hisms in lectins (Debouck et al. 1989c;
Gutiérrez Salgado et al. 1995), isozymes
(Lioi et al. 1998; Maquet et al. 1994),
RAPDs (Fofana et al. 1997; Nienhuis et al.
1995), PCR-RFLPs (Fofana et al. 1999),
and AFLPs (Caicedo et al. 1999). When
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asking about the origin of such gene pools,
a situation similar to the one of common
bean may exist in wild Lima bean: both
gene pools would not derive directly from
each other but from an ancestral branch.
Molecular evidence accumulated so far
(Caicedo et al. 1999; Fofana et al. 1999)
would favour the concept of a single species
rather than two evolutionary legumes con-
verging into a single morphotype. There
would be thus an ancestral branch of wild
Lima bean before the formation of two dif-
ferent gene pools (Debouck 1996), still to be
found in the northern Andes. By judging the
differences between wild forms of gene
pools of each species, it is tempting to assu-
me a longer separation of Lima bean gene
pools as compared to common bean.

Wild P. coccineus extends from
Chihuahua, Mexico to Jalapa, Guatemala,
and El Parafso, Honduras (Debouck 2000;
Debouck & Smartt 1995). Because it fre-
quently hybridizes with cultivated forms
(Delgado Salinas 1988), true wild P. cocci-
neus are uneasy to find. In addition, a lot of
morphological variation is found in wild
populations. Perhaps some variants deserve
some recognition at taxonomic level (such
as subsp. griseus: Delgado Salinas 1988),
while for others it might be simply too early
at this stage of their evolution to make such
recognition.

Wild P. acutifolius extends from Arizona
and New Mexico to Sinaloa, Mexico,
through the Sierra Madre Occidental and the
western part of the Central highlands
(Chihuahua, Durango) (Debouck & Smartt
1995; Nabhan & Felger 1978).

Wild P. polyanthus seems restricted to the
western volcanic range of Guatemala, from
Guatemala to Quezaltenango (Schmit &
Debouck 1991); its extension to the west
needs further exploration. Particularly rele-
vant here is the recently described species P.
albescens (Ramirez Delgadillo & Delgado

Salinas 2000): is it a form of wild P. pol-
yanthus distributed in western Mexico, or is
it something else?

Wild P. vulgaris and P. lunatus are pre-
sent in both Central and South America. P.
polyanthus also exists in the Andes, but as
an introduced - and successful - weed in
secondary humid forests, likely in historic
times (Schmit & Debouck 1991). Under rea-
sonable disturbance, it is possible that the
former two species - as wild forms - have
experienced an expansion because of
humans over the past 15,000 years. They are
both however floristic elements of climax
forests: subhumid montane forests in the
case of wild common bean, and subhumid
premontane and lower dry tropical forests in
the case of wild Lima bean. Contrary to
what has been claimed elsewhere (Delgado
Salinas 19853), domestication does not seem
responsible for the presence of these two
species in South America. Their unique
polymorphisms at DNA level between
regions and as compared to the cultivated
forms as we have seen above are an indica-
tion of their diversity and long presence
before humans entered South America.
Their ecological success and adaptation in
disturbed habitats have been a positivé fac-
tor towards domestication, but not the only
one. One should note that species with an
important range of distribution and broad
ecological adaptation such as P. leptostach-
yus and P. microcarpus have not been
domesticated, perhaps because of their very
small seeds. Species with comparable range
of distribution such as P. acutifolius and P.
coccineus have indeed been domesticated,
as was P. polyanthus with a smaller distribu-
tion. Obviously, wild endemic bean species
such as P. amblyosepalus, P. leptophyllus, P.
mollis or P. plagiocylix were not domestica-
ted. So, some patterns in space were esta-
blished at the moment the Amerindians pro-
gressively inhabited the Americas; an
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immediate consequence of such patterns is
the unequal domestication of Phaseolus
species.

5. FIVE SPECIES MODIFIED BY
DOMESTICATION, PATTERNS IN
SELECTION PRESSURES

New World agriculture was developed
independently in Mesoamerica and in South
America by hunter-gatherers becoming agri-
culturists (Lynch 1999; MacNeish 1992). If
all pre-Columbian peoples can be traced
back to three or four major immigration
movements (Cavalli-Sforza et al. 1994;
Crawford 1998), thousands of years howe-
ver separated the hunting phase from agri-
culture and settled life. At the beginning of
agriculture, plants becoming domesticated

were likely brought from the surroundings,

not great distances. Five species of
Phaseolus have been brought into the
human domain and modified by domestica-
tion and are cultivated today: P, acutifolius,
P. coccineus, P. lunatus, P. polyanthus, and
P.vulgaris. Biologically, they are all coming
from wild forms still present in different
parts of the Neotropics. The differences bet-
ween the cultivated forms and the wild ones
are spectacular indeed, but are all - perhaps
with the exception of the neutrality towards
photoperiod - directly or indirectly related to
the harvested part, and the genetical basis of
these changes is rather narrow (Gepts &
Debouck 1991; Koinange et al. 1996). This
means that within each species cultivated
and wild forms belong to the same gene pool
(Debouck & Smartt 1995; Smartt 1980), and
can continue to exchange genes. Complete
genetic compatibility between both forms of
each species has been shown through artifi-
cial crossing in common bean (Kornegay &
Cardona 1991; Weiseth 1954), in Lima bean
(Baudoin 1990), in tepary (O. Toro, personal
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communication), and in year-bean (Schmit
& Baudoin 1993). Useful traits present in
the wild gene pool, such as the tolerance to
bruchids (Osborn et al. 1988) or increased
photosynthesis (Lynch et al. 1992), can thus
be easily transferred to the cultivated forms.
The fact that gene flow can happen between
wild and cultivated forms (Beebe et al.
1997; Gepts et al. 2000b) will also contribu-
te to the formation of races (Singh et al.
1991). Without a certain level of gene flow
between these forms and within landraces,
the formation of races and the maintenance
of genetic diversity within landraces would
be difficult to explain (Martin & Adams
1987; Singh et al. 1991).

The five bean species were not domesti-
cated in the same place, although their wild
forms are sometimes found sympatrically
(Table 3), and probably were not domestica-
ted at the same time. In contrast to cereals of
the Fertile Crescent where barley, einkorn,
and emmer could have been domesticated
together (Zohary & Hopf 1993), antinutri-
tional factors play against the simultancous
domestication of Phaseolus species. If early
farmers find a mutant with less antinutritio-
nal factors, they are likely to keep it and
favour it during the next generations, and
the mutation is likely to occur once at a
place, much less simultaneously in two dif-
ferent species. The same would apply to
attractive mutations such as white seeded
testa, that the author has observed once and
in single individuals in wild P. vulgaris in
Apurimac, Peru, and in wild P. lunatus in
Campeche, Mexico. The "relay domestica-
tion" of tepary proposed by Pratt & Nabhan
(1988) after that of common bean is an
attractive hypothesis but still needs support.
Garvin and Weeden (1994) have convin-
cingly proposed Sinaloa as-a place for its
domestication, and evidence for the domes-
tication of common bean in this part of
Mexico is lacking. On the other hand, in
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contrast to the Old World where cereals and
pulses are sown and harvested in bulk,
maize and beans are planted and harvested
individually in the New World, with quick
progress in selection for traits controlled by
tew genes. In a study of the domestication
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syndrome in common bean, Koinange et al.
(1996) indicate that the genes responsible
for the syndrome could be located in three
genomic regions, and because of their large
phenotypic effect domestication could have
proceeded rapidly.

Table 3.—Places where wild relatives of cultivated Phaseolus species have been found together.

Country, province, place

Phaseolus species and author's collection numbers

Mexico, Durango, Durango, Carlos Real

Mexico, Durango. Durango, Castillo Najera

Mexico, Durango, Durango, Volc. La Brefia

Mexico, Durango, Fco. I. Madero, Cro. Ancho
Mexico, Durango, Fco. I. Madero, Jeronimo Herndndez
Mexico, Durango, Nombre de Dios, El Saltito
Mexico, Jalisco, Pihuamo, Valle del Rio del Naranjo
Mexico, Jalisco, Tepatitldn, Palmito, Rio Verde
Mexico, Jalisco, Zapotan, San Isidro

Guatemala, Jalapa, San Luis Jilotepeque

Guatemala, Quezaltenango, Zunil, Estancia de la Cruz
Guatemala, Sacatepéquez, Alotenango

Guatemala, Sacatepéquez, San Miguel Duefias
Guatemala, Santa Rosa, San Rafael de las Flores, Lag. Ayarza
Guatemala, Solold, Panajachel

Guatemala, Guatemala, Mixco, Ciudad San Cristobal
Costa Rica, San José, Aserri

Costa Rica, San José, Jérico

Ecuador, Chimborazo, Alausi, Sibambe

Peru, Cajamarca, San Pablo, Sangal

Peru, Cajamarca, Chota, Tocmoche

acutifolius (265), vulgaris (266)0

acutifolius (268), vulgaris (267)

acutifolius (273), vulgaris (274)

acutifolius (302), coccineus (303),vulgaris (304)
acutifolius (308), vulgaris (306)

coccineus (407), vulgaris (408)

acutifolius (428), lunatus (429)

acutifolius (447), coccineus (448), vulgaris (445)
acutifolius (455), lunatus (453), vulgaris (454)
lunatus (2429), vulgaris (2431)

coccineus (3084), vulgaris (3083)

lunatus (1612), vulgaris (1611)

lunatus (1618), vulgaris (1616)

lunatus (2441), vulgaris (2440)

lunatus (1632), polyanthus (1631)

lunatus (3058), vulgaris (3057)

lunatus (2113), vulgaris (2111)

lunatus (3130), vulgaris (3131)

lunatus (2863), vulgaris (2769)

lunatus (1957), vulgaris (1956)

lunatus (2857), vulgaris (2855)

In the case of common bean, morphologi-
cal (Evans 1976) and molecular (Becerra
Velasquez & Gepts 1994; Gepts et al. 1986)
evidences have shown that domestication
took place independently in Middle and
South America, leading to assume at least
two separate domestication processes, and
probably more (Bannerot & Debouck 1992).
The precise location of the domestication in
Mesoamerica is still unclear; it cannot be
discarded that there would be more than one
event, for instance in Jalisco and in Durango
for each of the respective races (Singh et al.
1991). The race 'Durango’ is typically adap-
ted to the dry highlands of Zacatecas,
Durango, and Chihuahua of northern

Mexico. The little and erratic rainfall pre-
vents the mixed cropping system of maize,
beans, and squashes. The sole growth habit
surviving in this dry environment is type 3
that allows the maturity of a few pods. In
contrast, this mixed cropping system is pos-
sible in the mountains of Jalisco, the Bajio,
Puebla, most sierras of Veracruz, Oaxaca
and Chiapas, and central America, mostly
on the Pacific slope. Depending on the rain-
fall pattern, farmers may plant maize and
beans together, or advance the planting of
maize that will serve as sticks for the clim-
bing beans. Given the variation in agrono-
mic conditions and length of the growing
season, farmers selected a very large num-




ber of landraces with growth habit 2, 3, and
4. Sometimes, bush determinate varieties
were selected, mainly for kitchen-gardens,
for earliness and convenience; even some
sort of smap beans were known in pre-
Columbian times (Estrada Lugo 1989). The
exact number of common bean varieties
selected in Mesoamerica will probably
never be known; an estimate could be of
6,000 genotypes on the basis of what is alre-
ady existing in gene banks (Acosta Gallegos
et al. 1991). Some of them extended to the
Caribbean and to the northern coast of
Colombia (Gepts & Bliss 1986). The study
of Gepts and Bliss (1986) has shown a lot of
bean introductions in Colombia. In the nort-
hern coast and in the interandean valleys
below 1,000 masl, small-seeded types from
Central America were most common, while
in the central and eastern cordilleras above
1,600 masl large-seeded types from the
Central Andes were dominant (Debouck et
al. 1993; Gepts & Bliss 1986). Nevertheless,
the possibility exists for an additional
domestication event in Colombia from wild
forms distributed in this country (Chacén S.
et al. 1996).

Molecular evidence points to the domes-
tication of corn, Zea mays L., in Mexico
from the annual teosinte of the Balsas region
(Doebley 1990). Common bean in
Mesoamerica is on the rise in archaeological
records only once maize has been fully
domesticated (Kaplan & Lynch 1999), and
ceramics widely adopted (Clark & Gosser
1995). Before that, only few - fully domes-
ticated - beans have been found (Kaplan &
Lynch 1999). Oldest archaeological records
for common bean are from Ancash, Peru
(4,300 years before present (BP); revised)
and 2,300 years BP (revised) for Puebla,
Mexico (Kaplan & Lynch 1999), although
much earlier dates have been repeatedly pre-
sented (Pearsall 1992). The transition from
the wild is not known in beans, in contrast
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with the sitnation of maize where progress
in domestication from a very small cob has
been documented (Mangelsdort et al. 1967).
Kaplan & Kaplan (1988) have indicated that
from archaeological records maize and
beans were not domesticated together but
associated once domestication processes
were well on their way. These facts for
Mesoamerica can be interpreted as if the
mixed cropping with maize has been the
major driving force behind the domestica-
tion of beans, perhaps all species with the
possible exception of P. acutifolius. The lit-
tle rainfall in the original habitat of tepary
(usually Iess than 400 mm/ year) would pre-
vent the association with maize. In addition,
although there are few reports of toasted
beans (Kaplan 1956), it seems that the
dominant use of beans in Mesoamerica was
soon as boiled beans, thus using ceramics.
Initially, the idea to associate maize and
beans could have come from simple obser-
vations, since wild teosinte and wild com-
mon beans frequently grow together in
Mexico (Delgado Salinas et al. 1988,
Miranda Colin 1967). The association
however brought such agronomical and
putritional advantages so that the mixed
cropping has been adopted by almost all
pre-Columbian peoples of Mesoamerica.
Conversely, the early association with maize
imposed certain constraints on the bean
crop, namely in terms of growth habit and
length of growing period, at the expenses of
a wider diversity. In contrast, in the Andes,
maize came late and as an introduced crop
(Lynch 1999), perhaps in the second half of
the history of beans as domesticated plants
(P. vulgaris and P. lunarus in this case).
However, pre-Columbian peoples associa-
ted maize with their local varieties of com-
mon bean in Nueva Granada, Ecuador, Peru,
Bolivia, and northwestern Argentina. They
planted maize and beans together or at dif-
ferent dates, depending on the amount and
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pattern of rainfall. In order to fit their diver-
sity of soils and climates, they selected
thousands of common bean varieties of
growth habit 3 and 4, perhaps another 5,000
genotypes for the whole region, included in
races Nueva Granada and Peru (Singh et al.
1991). In regions where rainfall did not
allow the association with maize (central
Chile and Pernambuco corner of northeas-
tern Brazil), farmers selected landraces of
growth habit 3. The importance of roots and
tubers in so many pre-Columbian agricultu-
res of South America as compared to
Mesoamerica did not boost the trilogy
maize-beans-squash to the same extent, also
because of animal proteins (e.g. guinea pig,
camelids, seafood) in the diet. But beans
were fully domesticated by the time maize
arrived, and it happened already in precera-
mic times. On the basis of currently availa-
ble archaeological evidence (Kaplan &
Lynch 1999), it seems that P. lunatus was
domesticated before P. vulgaris, and in a
preceramic context. This situation rightly
raises the question about uses of beans if
they cannot be regularly boiled. In folk tra-
ditions and folk names of beans, there is a
lot of references about birds eating young
pods, developing seeds, and germinating
seedlings (Debouck et al. 1993; Tohme et al.
1995). Toasting seems to have been a com-
mon practice in preceramic periods in the
Andes for any grain crop (caiihua: Gade
1970; common bean: Tohme et al. 1995;
kiwicha: Sauer 1967; maize: Grobman et al.
1961; quinua: Ledn 1964; tarwi: Ledn
1964). The author considers highly relevant
the fact that an introduced pulse from Spain,
Vicia faba L., is consumed toasted in the
highlands of Peru (Cabieses 1995). Another
dimension to (early) bean domestication is
the aesthetic selection, that is the selection
of particularly attractive colours and colour
patterns for non-food purposes (e.g. play,
rituals), and would explain in part the great
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diversity of grain colours and patterns of
common and Lima beans unmatched in any
other grain crop worldwide (Debouck 1989).

The small seeded wild Lima bean has
long been reported from several parts of
Central America (Standley & Steyermark
1946), and proposed as ancestor of the three
cultigroups Sieva, Potato, and Big Lima
(Mackie 1943). However, a couple of aut-
hors (Heiser 1965; Kaplan & Kaplan 1988;
Vavilov 1949) have hypothesized two sepa-
rate domestication histories, although on
scarce biological basis. The discovery of
another wild form with slightly larger seeds
in northwestern Peru (Debouck et al. 1987)
and southern Ecuador (Debouck et al.
1989b) has since changed the picture. Two
separate domestication events have been
demonstrated by biochemical (Debouck et
al. 1989c; Gutiérrez Salgado et al. 1995) and
molecular (Fofana et al. 1997; Nienhuis et
al. 1995) evidence. The range of the
'Andean’ wild form is restricted to southern
Ecuador and northwestern Peru (Debouck et
al. 1989b; Maquet & Baudoin 1997); this
would lead to assume a domestication event
within that range. In contrast, the range of
the small-seeded wild Lima bean is huge,
from Sinaloa in Mexico to Chaco in
Argentina (Gutiérrez Salgado et al. 1995;
Maquet & Baudoin 1997), and a precise
location for the domestication of the small-
seeded cultivated Lima beans is still to be
determined. Earliest archaeological records
(5,600 years BP; revised dates) are from the
Coast of Peru and preceramic, slightly
younger for the central Andes of Peru (3,500
years BP), and dates are much more recent
in Mesoamerica (500 years BP: all by
Kaplan & Lynch 1999).

The scarlet runner, P. coccineus, probably
the third - species in terms of economic
importance, has a particularly variable gene
pool of wild forms, distributed in Mexico,
Guatemala and Honduras (Delgado Salinas
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1988), and likely not all are ancestor of the
cultivated form. Hybrid swarms between
cultivated and wild forms have been mentio-
ned in several parts of the original range,
indicating interfertility between these forms.
Which wild form is the precise ancestor of
the scarlet runner is still unknown, as well as
the place(s) where the domestication took
place (Debouck & Smartt 1995). Revised
dates for archaeological records indicate
1,100 years BP in Oaxaca and Durango, and
500 years BP in Puebla (Kaplan & Lynch
1999). Its reporting in several codices of dif-
ferent native languages of Mexico would let
to assume an old domestication in pre-
Columbian times (Estrada Lugo 1989).
Worth mentioning is consumption of flowers
and tuberous roots (Delgado Salinas 1988).

About the tepary bean, known first by its
wild form (in contrast to the other cultivated
species)., the relationship with the cultivated
form was established only last century
(Freeman 1913; Pratt & Nabhan 1988). On
the basis of currently available material,
there is fair evidence to support a single
domestication in western® Mexico, around
Sinaloa (Garvin & Weeden 1994). It migra-
ted in prehistoric times to the southwestern
USA and Central America (Guatemala,
Nicaragua, and Costa Rica), where it has
suffered an historic regression (Debouck
1992). The earliest archaeological record is
2,300 years BP in Puebla, Mexico (Kaplan
& Lynch 1999). This site is outside the pre-
sent range of distribution of wild teparies, so
one may speculate about an introduction as
a fully developed cultigen into this dry
valley of central Mexico, and thus a wider
diffusion. A couple of records (Kaplan
1956) report parched grains, so it is possible
that its domestication is preceramic. In addi-
tion, the diversity of vernacular names in
northwestern Mexico and southwestern
USA (Nabhan & Felger 1978) strongly indi-
cate where this crop has evolved.

P. polyanthus in cultivation was thought
to be the result of a natural hybridization
between cultivated forms of P. coccineus
and P. vulgaris (Herndndez Xolocotzi et al.
1959). According to other authors (Delgado
Salinas 1988; Pifero & Eguiarte 1988), it
would be only a particular variant of P. coc-
cineus. A wild form has been discovered in

‘central-western Guatemala, and since

shown to be the ancestor of P. polyanthus
(Schmit & Debouck 1991). P. polyanthus is
not known in archaeology. It is not sure
however that archaeologists are aware of the
differences with P. coccineus, although
morphological differences in seed hilum are
clear-cut (Hernandez Xolocotzi et al. 1959).
Linguistic evidence indicates that 1) P. pol-
yanthus has long been grown by Amerinds
inhabiting in humid mountains of central
and southern Mexico, and western
Guatemala (Breedlove & Laughlin 1993;
Schmit & Debouck 1991), and 2) Amerinds
there separate P. polyanthus from P. cocci-
neus. One could thus assume that P. pol-
vanthus is pre-Columbian in Mexico and
Guatemala. Its migration into Central
America towards the northern Andes is pro-
bably historic, and its move in the Andes
southwards from Cauca, Colombia, would
have started last century (Schmit &
Debouck 1991). Early uses of P. polyanthus
include fresh seeds (shell beans), perhaps
because of increased digestibility at higher
altitudes.

Each cultivated species came from a cou-
ple of wild populations through the domes-
tication process. This process affected
mainly harvested parts (seeds, pods) and
their nutritional quality. The presence of
antinutritional factors played against 1)
multiple (space), and 2) repetitive (time)
domestications. So, just a few populations
have been involved in the domestication
process, with a marked founder effect, that
is, a few individual plants being domestica-
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ted contributed their genes to the next gene-
rations. Such a founder effect has been
shown in common bean (Bannerot &
Debouck 1992; Gepts et al. 1986; Sonnante
et al. 1994). The same reduction of total
genetic diversity has been shown - with the
help of evolutionary neutral molecular mar-
kers - in Lima bean (Gutiérrez Salgado et al.
1995), the year-bean (Schmit & Debouck
1991), and the tepary (Garvin & Weeden
1994; Schinkel & Gepts 1988). As a conse-
quence, much of the genetic diversity per se
has been left out of the domesticated stocks,
not because of highly negative traits in the
wild, but simply because people were not
there in time to domesticate all wild popula-
tions. Another explanation for the founder
effect might be in the genetics - of highly
heritable and searched for - traits such as
variation in seed testa. Attractive mutations
may occur at low frequency, but given its
inheritance may easily be fixed and passed
on to next generations. Farmers and rural
inhabitants - as they do it today - separated
these seeds from the bulk of the original
population, and planted them in distant plots
and/or at another time. A concrete case of
useful trait left out of the gene pool of the
cultivated common bean is provided by bru-
chid resistance, a trait that surely would
have been retained by early agriculturists.
Bruchid resistance is caused by antibiosis
due to the presence of a special storage pro-
tein called arcelin (Osborn et al, 1988). This
protein has not been found in any cultivated
common bean variety but only in wild forms
(Cardona et al. 1990), at low frequency in
original wild populations (Osborn et al.
1986), specially in Guerrero of western
Mexico (Acosta Gallegos et al. 1998),
where bean domestication apparently did
not take place. So, the true reserve of gene-
tic diversity per se lies in the wild forms,
less in the landraces, and much less in
modern artificially bred cultivars, which
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may show very little variation (Sonnante et
al. 1994). The reduction of genetic diversity
might be paralleled with the evolution of
breeding systems in beans: while most wild
species are outbreeders, there is a strong
tendency towards autogamy in the cultiva-
ted forms of P. acutifolius, P. lunatus, and P,
vulgaris. There might be variation among
regions and/ or gene pools or genotypes
(Ibarra Pérez et al. 2000), but a high out-
crossing rate between wild forms and lan-
draces if oriented towards to the crop is
likely to mitigate the founder effect. In
tepary, it is likely that all basic genetic varia-
tion for future crop improvement lies in fact
in its wild forms, given its historic regres-
sion as a crop (Debouck 1992).

The end products of domestication are
highly similar across the five cultivated spe-
cies, an observation already made by
Darwin (1868) and Vavilov (1922), as if the
same results would have been selected for in
different ecologies. There are thus similar
patterns, and yet possibilities to be explored,
in terms of unrealized potentials (Smartt
1990). A concrete example might be in the
diversity of growth habits, yet to be obtai-
ned in P. polyanthus. This should be kept in
mind when developing comparative gene
mapping across Phaseolus species.

7. CONCLUDING REMARKS

Beans have had a long evolution in the
Americas before domestication. Phaseolus
while being one group in comparison to
other New World legumes has progressively
differentiated into possibly 5-6 phylums,
surely two that include with a couple of wild
species the common bean and the Lima
bean, respectively. The closing of the
Isthmus of Panama marks a second major
exchange of Phaseolus materials between
Central America and the Andes. The early
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evolution in different areas separated by
geographic distance (i.e. Central America
and the northern Andes) explains the forma-
tion of gene pools and problems of compati-
bility in wide crossing as observed today. It
also explains some aspects of co-evolution
between wild forms and associated patho-
gens and symbionts. Would not have Man
enter the Americas, the gene pools of com-
mon and Lima beans could have evolved
mto different species. With peoples coming
in, domesticated species were however
quickly moved around, while they were still
open biological systems, exchanging genes
with wild relatives. Some isolation of gene
pools was frustrated, as observed today in
Colombian common bean germplasm, or
Central American Lima bean germplasm,
and molecular complexity of both groups
increased. Conversely, these germplasms
may help to bypass fertility barriers that
were building in. The early association of
beans with maize in Mesoamerica oriented
an evolution that would have been slightly
different without it, namely in terms of
selection pressures of* growth habits. The
association also helped towards the shaping
of races in common bean. With the excep-
tion of tepary, most genotypes of the other
cultigens were developed to be associated
with maize. In the Andes, the early part of
domestication was in a non-ceramic and
non-maize environment. Selection for pop-
ping and for non-food purpose was once
important, and some resulting diversity can
still be seen. The mixed cropping with
maize was exported or rebuilt in many parts
with four of the five cultigens, given excep-
tional agronomic and nutritional advanta-
ges. This happened in pre-Columbian
America, but also with common bean in
post-Columbian times in Africa, parts of
Spain, TItaly, and the Balkans. The almost
individual planting with maize has been
conducive to strong selective pressures,

with increased phenotypical variation and
frequent reduction of overall genetic diver-
sity. Gene flow among landraces and with
wild relatives has sometimes buffered that
reduction, but with variable effects because
of genotypes involved and environment
conditions. Patterns established in time,
space, and people, have shaped beans, and
oriented their potentials.
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