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Natural tricks to save time in bean breeding

D.G. Debouck

@ Palmira, 24 May 2022

CGIAR meta data: Saving agrobiodiversity, Reducing hunger and malnutrition; reach: global excluding (sub-gions
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Bean breeding

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.

The question: can we shorten the process?

¥ ¥ \ 4

meiosis = creation of variants = mitosis = development of individuals + testing

additional reading: Hickey et al. 2019; Miklas et al. 2006
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Rare event in the plant kingdom: ! crops for breeding in one genus

tepary: acutifolius scarlet runner: coccineus  year-bean: dumosus

Saas

Lima bean: lunatus common bean: vulgaris

sources: Bitocchi et al. 2017; Debouck & Smartt 1995; Delgado-Salinas et al. 1998 .



Natural trick no. 1:

pick up the right bean crop for your target

producer and consumer conditions (farm

and market)

(producing and breeding a crop against its

original ecology has a tremendous cost)

anticipate problems in 2022-30: heat, drought, low phosphorus, acid soils
yet at farm level diseases & pests remain highly relevant because of $$$ loss

additional reading: Assefa et al. 2019; Beebe 2012 4/25
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* transfer of resistances to diseases and pests

*| the former,
*| the former,

| the former,

and increase of yield per se: harvest index, combining ability
and nutritional quality: protein content, high iron, high zinc

hnd low P, and climate change: tolerance to heat, drought or flooding

adapted from Debouck et al. 2021

v' the breeding process is cumulative; could take ~ 10 years, although it can be shortened

v" if the focus has often been on methods (e.g. MAS), it should also be on parental materials



The current content and organization of the genus Phaseolus

Sections Species total
Clade A (8 sections) 42 species (4 widespread; 11 with intermediate range; 27 endemic)
Not assigned to any section, nor forming any section with each other: glabellus, microcarpus, oaxacanus 3
Bracteati Freytag macrolepis, talamancensis 2
Brevilegumeni Freytag albicarminus, angucianae, campanulatus, hygrophilus, oligospermus, tuerckheimii 6
Chiapasana Delgado chiapasanus 1
Digitati Freytag albiflorus, albiviolaceus, altimontanus, neglectus, trifidus 5
Minkelersia (Mart. & Gal.) amabilis, amblyosepalus, anisophyllus, nelsonii, parvulus, pauciflorus, perplexus, 10
Maréchal,Mascherpa,Stainier | plagiocylix, pluriflorus, tenellus
Pedicellati (Benth.) Freytag dasycarpus, esperanzae, grayanus, laxiflorus, pedicellatus, polymorphus, purpusii, texensis 8
Revoluti Freytag leptophyllus 1
Xanthotricha Delgado esquincensis, gladiolatus, hintonii, magnilobatus, xanthotrichus, zimapanensis 6
Clade B (6 sections) 39 species (12 widespread; 7 with intermediate range; 20 endemic)
Acutifolii Freytag ( acut/j%nontanus 2
Coriacei Freytag maculatus, novoleonensis, reticulatus, ritensis, venosus 5
Falcati Freytag leptostachyus, macvaughii, micranthus 3
albinervus, augusti, jaliscanus, juquilensis, Iignosaculat/folius, marechalii,
Paniculati Freytag mollis, nodosus,, polystachyus, rotundatus, salicifolius, scrobiculatifolius, sinuatus, 19
smilacifolius, sonorensis, viridis, xolocotzii
Phaseoli DC aIbescechcineu/s)ostaricensis, debouck@umos@ersistent@ulgaris) 7
Rugosi Freytag angustissimus, carterae, filiformis 3
Total (no. sections): 14. Total (no. species): 81

updated from Porch et al. 2013
additional reading: Debouck 2021; Debouck et al. 2020; Renddn-Anaya et al. 2017b 6/25
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DQ445/736 Vigna unguiculala
AY583516 Lablab purpureus
AY583515 Dipogon lignosus
AF115169 Phaseolus vulgaris
AF115168 Phaseolus vulgaris
AF115167 Phaseolus vulgaris
AF115166 Phaseolus vulgaris
AF115165 Phaseolus vulgaris
AF115164 Phaseolus vulgaris
AF115163 Phaseolus vulgaris
AF069128 Phaseolus vulgaris

Speciation: range expansion, genetic
differentiation, genetic
incompatibility, isolation

D Anhniiclsis |

AF115162 Phaseolus vu;gan’s
AF115161| Phaseolus vulg:

AF115160 Phaseolus cocc|
AF115151 Phaseolus dum
AF115149 Phaseolus dum
AF115147 Phaseolus costs
AF069130 Phaseolus cocc|
AF115152 Phaseolus albe;
AF115150 Phaseolus albe
AF115141 Phaseolus acut
AF115140 Phaseolus acut
AF069126 Phaseolus acuit|

AF115210 Fhaseolus micri
AF115209 Phaseolus micr
DQ44576( Phaseolus oaxa
AF115243 Phaseolus oaxa
AF115245 Phaseolus glab
AF115244 Phaseolus glab
AF115241 Phaseolus gray:
DQ445765 Phaseolus ped.
DQ445764 Phaseolus ped
AF115240 Phaseolus gray:
AF115236 Phaseolus negl.
AF115235 Phaseolus negl
DQ44575% Phaseolus mac
AF115232 Phaseolus oligo
AF115234 Phaseolus oligo
AF115248 Phaseolus tuerg
AF115230 Phaseolus zima
AF115226 Phaseolus hintd

v' separation of gene pools in vulgaris: 0.16 mya

v’ separation of vulgaris/ debouckii: 0.9 mya

v’ separation of vulgaris/ sister species: 2 mya

v’ separation of Paniculati/ Phaseoli: 6 mya

v’ separation of clades A-B: 6-8 mya

v' age of the genus: 6-15 mya

age seems related to crossability

AF115224 Phaseolus xan

10trichus

AF115223 Phaseolus chiapasanus
AY508797 Strophostyles umbellata
AY583502 Sphenostylis angustifolia

U60551 Glycine max

AF417018 Amphicarpaea bracteata

after Chacon-Sanchez et al. 2007

AF338215 Pueraria montana var lobata

ACRARNQND4 7 Diararin maoantana yvinr thramonnii




— g,

/ 5\
N

/ Mesoamerlcan g
N

N\
P(albescefs ( o> 4 races S
GP1 N

P. vulgaris

GP 2 \ Andean |
P dumosus 2 3 I‘aces

Mesoamerican Paniculati

P. lunatus

Andean

and 15+ species
Gene Pool 1

am

wild forms cultivated forms

Phaseoli

Acutifolii
P. acutifolius

' )GPS

adapted from Debouck 1999




around the Phaseoli (common bean)

vulg X angu
vulg X angu
vulg X filif
vulg X filif
vulg X acut
vulg X dumo

vulg X cocci

embryo did not grow

12,721+3,4511+0,45 11 + 0.18 IV

5691+ 8,08 II + 0,04 I1I
12,141+4,71 11+ 0,14 III
6,01+8,0I11

0,881+ 10,56 11
0,321+10,84 11

around the Paniculati (Lima bean)

vulg X luna
luna X jali
luna X polys
luna X macu
luna X rite

luna X sali

embryo did not grow
2,061+9,9711

10,0I+6,011

2,311+9,70 11+ 0,03 IIT + 0,06 IV
1,951+10,021I

3,611+9,1911

Results from interspecific hybridizations

Belivanis & Doré 1986
Balasubramanian et al. 2005
Maréchal & Baudoin 1978
Balasubramanian et al. 2005
Katanga & Baudoin 1990
Schmit et al. 1992

Maréchal 1971

Kuboyama et al. 1991
Katanga & Baudoin 1990
Dhaliwal et al. 1962

Le Marchand et al. 1976
Katanga & Baudoin 1990
Katanga & Baudoin 1990



Wide crossing going on in common bean with taxa of Acutifolii and Phaseoli

Target trait reference

Cross with acutifolius

resistance to common bacterial blight Singh et al. 2001

resistance to Acanthoscelides bruchid Kusolwa & Myers 2011

tolerance to drought Thomas & Waines 1982; Rao et al. 2013
tolerance to high temperatures Suarez et al. 2020

tolerance to sub-zero temperatures Souter et al. 2017

Cross with coccineus

resistance to common bacterial blight Park & Dhanvantari 1984
resistance to anthracnose Mahuku et al. 2002
resistance to root rot Fusarium solani Hucl & Scoles 1985
resistance to angular leaf spot Mahuku et al. 2003
resistance to white mold Singh et al. 2014
resistance to Bean Yellow Mosaic Virus Baggett 1956

tolerance to aluminium Butare et al. 2011, 2012

10/25



Wide crossing going on in common bean with taxa of Acutifolii and Phaseoli

Target trait reference

Cross with costaricensis

resistance to white mold Singh et al. 2013

Cross with dumosus

resistance to angular leaf spot Mahuku et al. 2003
resistance to anthracnose Mahuku et al. 2002
resistance to Ascochyta blight Garzon et al. 2011

high iron in seed Klaedtke et al. 2012

Successes but not up to the level of achievements in tomato or potato breeding
In spite of early attempts (Fermond 1855; Mendel 1865)

 if extreme temperatures: breed tepary per se, OR gene editing (CRISPR)
by use of filiformis or angustissimus as models; return on time invested!
* OR can we take benefit from natural hybrids (cross + natural selection)

11/25
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Neighbor-joining dendrogram of polymorphisms in 4,208 DArT markers of genomic DNA

KP. dumosus (G4) close to coce (G5) (pollen donor) \

shared sequences because of backcrosses

* P coccinens Guatemala (G5) distinct from Mexico (GO6)
* P vulgaris Guatemala (G1) distinct from Mexico (G2) ‘ G1
A —é’ P. vulgaris
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The year-bean: a less known bean crop
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Natural trick no. 2:

save years by using natural hybrids, most if

you breed common or year-bean for

fungi diseases, low phosphorus, mineral content

note: they have been/are being tested in the wild

they are cheap!

keep in mind that P. vulgaris is the most drought tolerant of the Phaseoli!
it means that at the lower cost you will find resistances to foliar/ root fungi diseases

additional reading: Assefa et al. 2019; Beebe 2012; Cortés et al. 2013 15/25



/ The early separations in the Phaseoli \ (" Anancient
hybrid taxon

ancestor of

vulgaris

\ "~ . 4| extinct? 'y
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costa x dumos UMos X COce

debouckii

vulg x cocc: occurs in El Progreso, GTM, 1987 dumo x cocc: occurs in Narifio, CLB, 1985
vulg x dumo: occurs in Tolima, CLB, 1990 costa x cocc: occurs in Alajuela, CRI, 2018

vulg x costa: occurs in Cartago, CRI, 2006 costa x dumo: occurs in Cartago, CRI, 2003
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Traits of interest for common bean breeding in GP 2

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

Rodifo 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

photos: Debouck, various dates
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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: Chacén-Sanchez et al. 2021, Ellstrand & Schierenbeck 2000, Weinstein 1926
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