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Bean breeding

The question: can we shorten the process?

The purpose:  to combine into a productive variety the traits that meet 

the needs of the farmer and the consumer, and reduce 

production costs and environmental footprint at the 

original location.
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7 cases of domestication in bean

5 in Mesoamérica

2 in the Andes

common bean

Lima bean

botíl

tepary

scarlet runner
Tropic of Cancer

Tropic of Capricorn 3/22

•independent; 2 in 2 species

•Mesoam. (arch.): 2,000 years b.p.

•Andes (gen.): 8,500 years b.p.

•Mesoam. (gen.): 8,200 years b.p.

•Andes (arch.): 5,000 years b.p.

coccineus

dumosus

vulgaris

vulgaris

lunatus

lunatus

acutifolius

common bean

Lima bean

sources: Chacón-Sánchez et al. 2005, 2012; Kaplan & Lynch 1999; Kwak et al. 2009; Mamidi et al. 2011

Garvin & Weeden 1994; Schmit & Debouck 1991



The bean genus: what do we have?  81 species to date in two clades

clade A

clade B

sect. Phaseoli

common bean

year bean

scarlet runner
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has all cultivated species; 6 sections, 39 species; Paniculati being the largest

has no cultivated species; 8 sections, 42 species; Minkelersia being the largest
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sources: Debouck 2021, Delgado-Salinas et al. 2006, Freytag & Debouck 2002, Porch et al. 2013

se
ct

. 
B
re
vi
le
g
u
m
en

i
6 sp.

se
ct

. 
X
a
n
th
o
tr
ic
h
a

6 sp.

se
ct

. 
P
ed
ic
el
la
ti

9 sp.

se
ct

. D
ig
it
a
ti

5 sp.

se
ct

. 
B
ra
ct
ea
ti

2 sp.

4/22



Gene pools of common bean

adapted from: Debouck 1999, Harlan & de Wet 1971

Biological species: GP 1

wild cult.

Compatible species: GP 2

Distant species: GP 3

Cross very difficult; F1 sterile; in vitro

Cross possible; some fertility in F1

Cross very easy; F1 fully fertile

P. albescens, coccineus, costaricensis, debouckii, dumosus, persistentus

P. acutifolius , montanus

Gene Pool 2:

Gene Pool 3
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Bean species are ‘good’ species and natural hybrids are rare!  but . . .

wild types:

weedy types:

cultivated types:

acutifolius dumosuscoccineus lunatus vulgaris

source: CIAT genebank 2022

20.1

4.0

8.6
42.0

12.0

66.1

5.1
6.7

72.1

19.0

77.0

117.0

31.2

56.0
17.3



Distribution of w-w-c complexes of

Phaseolus vulgaris L. in the Americas

range of landraces

wild populations

Oaxaca: Acosta et al. 1994

Quezaltenango: Debouck 1995

San José: Debouck et al. 1989a

Azuay: Debouck et al. 1989b

Junín: Debouck et al. 1989c

Tarija: Freyre et al. 1996

Cundinamarca: Beebe et al. 1997

Direct human selection pressures on:

• seed and/ or pod size

• seed dispersal mechanisms and dormancy

• seed antinutritional factors

• growth habit

• photoperiod insensitiveness (indirect)

but not on the breeding system

sources: Escalante et al. 1994, Gepts & Debouck 1991
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Donor species trait source

P. coccineus anthracnose Mahuku et al. 2002

ascochyta blight Schmit & Baudoin 1992

Fusarium root rot Wallace & Wilkinson 1965

virus BGYMV Osorno et al. 2007

white mold Abawi et al. 1978

aluminum toxicity Butare et al. 2011

low temperatures seedling Rodiño et al. 2007

P. dumosus angular leaf spot Mahuku et al. 2003

anthracnose
Hubbeling 1957

Mahuku et al. 2002

ascochyta blight
Schmit & Baudoin 1992

Hanson et al. 1993

bean fly Schmit & Baudoin 1987

white mold Hunter et al. 1982

high iron in seeds Beebe 2012

Traits of interest for common bean breeding
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What are these bees doing? Well, feeding themselves from the nectar of bean flowers.

1 2 3

1. Probably getting nectar, although carpenter bee is oversized in relation to the flower 

2. Having trouble to obtain nectar, because the bee is too light; sure will not get pollen 

3. Probably will get nectar and collect pollen too on its forefront

P. vulgaris in Popayán P. dumosus in Tenerife P. tuerckheimii in Tenerife

sources: Chacón-Sánchez et al. 2021, Kendall & Smith 1976, Koltowski 2004

photo: Gereda 2020 photo: Sabogal 2020photo: Debouck 1988
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Scarlet runner

• flower of P. dumosus already visited at dawn

• last coil of keel and upper margin of standard

Tepary

Year-bean

Common bean

sources and additional reading: Chacón-Sánchez et al. 2021, Darwin 1858, Lavin & Delgado-Salinas 1990 , Sousa-Peña et al. 1996

standard

keel

left wing

• the bee gets the nectar through its tongue

introduced between calyx and base of keel

• pollen from the brush on the forefront of bee 

variable load depending on the bean species

stigma

spur

calyx

nectary

basal disk

pollen brush

with different reflectance of UV light [o]

photo: Debouck 2017

upper margin

distal coil

distal coil

stigma

stigma

pollen brush

knob of 
vexillary stamen
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The dumosus case (1)

G36299

60.0 gG35311

144.5 g

P. coccineus, ‘Patol Blanco’, Zacatecas, 1978 P. dumosus, ‘Cacha Blanco’, Putumayo, 1985

• often planted together

• in the range 1,800-2,600 masl

• under more than 2,000 mm/ year

• in Veracruz, Puebla, Oaxaca,

Chiapas in Mexico

• in San Marcos, Quezaltenango

Alta Verapaz in Guatemala

sources: CIAT genebank 2022, Debouck 1992, Hernández-Xolocotzi et al. 1959, Schmit & Debouck 1991

photo: Debouck 2017photo: Debouck 2018

photo: CIAT genebank 2022 photo: CIAT genebank 2022
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The dumosus case (2)
P. coccineus L. P. dumosus Macfadyen

• epigeal germination

• apical stigma

• thickened fibrous roots

• orbicular hilum

• hypogeal germination

• extrorse stigma

• tuberous roots

• hilum oval

sources: Freytag 1965, Delgado-Salinas 1988, Freytag & Debouck 2002

What the traditional (Amerindian) farmers considered:

Human group location P. coccineus P. dumosus

Totonaco NW Puebla, Mexico shaushana xuyumel

Nahuatl N Puebla, Mex. ayocote acaletl

Zapotec S Oaxaca, Mex. tashena tabay

Tzotzil C Chiapas, Mex. botíl ibes

Mam Sn Marcos, Guatemala chomborote dzich

Kaqchikel Chimaltenango, Guat. piloy piloya

Quichíl Alta Verapaz, Guat. piloy piligüe

sources: CIAT genebank 2022, Coe et al. 1986, Debouck 1992, Delgado-Salinas 1988
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The dumosus case (3)

What is the origin of that bean crop?

1959: Hernández-X. et al.: a natural hybrid of cultivated P. coccineus (cytoplasm donor) with

cultivated P. vulgaris (pollen donor) because of interbreeding of both crops

1967: Miranda-Colín: the natural hybrid was backcrossed with P. coccineus (pollen donor)

1978: Freytag and Vakili found in Sololá a wild bean close to the subsp. darwinianus of Hdz-X.

1985-90: Debouck and co-workers found more populations of that wild bean in SW Guatemala

1982: Shii et al.: the artificial hybrid cocc x vulg was obtained by embryo culture 

1991: the differences between wild and cultivated dumosus are related to domestication

1993: Schmit et al. showed that dumosus belongs to the vulgaris phylum on cpDNA evidence

2000: Gepts et al. estimated the divergence of vulgaris from coccineus and dumosus at 2 x 106 years

1994: Llaca et al. also noted the many coccineus sequences in the nuclear genome of dumosus

2016: Mina-Vargas et al. showed a reticulate origin of dumosus from hybridization of vulg x cocc,

followed by at least two hybridizations with cocc of Guatemala; low diversity in it
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source: Mina-Vargas et al. 2016

Neighbor-joining dendrogram of polymorphisms in 4,208 DArT markers of genomic DNA

• P. vulgaris Guatemala (G1) distinct from Mexico (G2)

• P. dumosus (G4) close to cocc (G5) (pollen donor)

shared sequences because of  backcrosses

• P. coccineus Guatemala (G5) distinct from Mexico (G6)

• P. debouckii (G3) at the root of  P. vulgaris

• P. albescens: another story of  reticulate origin?
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Phaseolus x costaricensis dumosus, det. D.G. Debouck, 28/XI/2016. COSTA RICA, 

San José, León Cortés, distrito de San Andrés, 4 km W de intersección de ruta 226 

hacia San Francisco. GPS: Lat. 09º 42’ 16.3”N. Long. 84º 04’ 57.5”W. Alt. 2,121 

msnm. Fecha de recolección: 28/XI/2016. 

DGD-3314
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photos: Debouck 1985
G36351A
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debouckii
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photos: Debouck, various dates

Final remarks

• Phaseolus has a breeding system of autogamy and auto-compatibility

• to survive in the wild an association with insects Hymenoptera was selected

• at this time of evolution, the association seems very active in the Phaseoli

• the stability of dumosus is puzzling, while other hybrids are generated

• once stabilized dumosus has colonized new humid forest habitats

• P. dumosus was domesticated for that ecological capacity, little found elsewhere

• for that same capacity humans distributed it in the Caribbean and the Andes

sources and additional reading: Chacón-Sánchez et al. 2021, Ellstrand & Schierenbeck 2000, Weinstein 1926
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