
Considerations on breeding for local 
adaptation



Experimental agriculture is a 

process based on development

of products
Innovation is to be directed to improvement of farming

for the benefit of farmers, consumers, and environment

When thinking of a new variety or a new farming

practice, the target users are farmers

Product profiling 
( i.e. design) is a 
key issue to 
achieve impact

ÅIdentify a need

ÅConsider who will 
use the product and 
why

ÅIs it clear how to 
use it?

ÅIs it engaging?



Credit: CGIAR

ÅCrop breeding is tasked with developiong producs ïvarieties ïoriginating 

from new genetic combinations. A neverending quest for yield, resistance, 

qualityé

ÅModern crop breeding is largely a legacy of the Green Revolution

Friedli et al (2019)



Smallholder farming: heterogeneous, 
low-input, low-tech

«Conventional» farming: uniform 
environment, high-input, high-tech

Globally, about 570M smallholder farmers support the 
livelihoods of 2B people; small farms produce 1/3 of global 
food



ÅGood looking and 
high performing
ÅRequires lots of 

inputs
ÅOperable in narrow

specification, 
requires skilled
user

ÅAverage
performance
ÅSomewhat input 

efficient
ÅOperable in broad

specifications

A high-input modern
variety

A resilient local variety
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Identification and manipulation of genetic factors

to speed up the production of new varieties for:

1. High yield potential (+ yield stability ) under 

low inputs

2. Potential for adaptation to current and future 

climate

3. High nutritional value and cultural heritage

Molecular breeding for local 

adaptation

GeneticsGenomicsAgrobiodive

rsity



ÅAgrobiodiversity is nature + 

culture; biodiversity that

has been shaped by human 

ingenuity

ÅAgrobiodiversity is the raw 

material that breeders shape 

into new and improved 

varieties

ÅThe green revolution is

really the most recent step 

of a process started in the 

Vavilov centers

Norman Borlaugh

Nobel laureate

Cherinetôsmother , serving coffe

Bahir Dar Ethiopia

First pillar: agrobiodiversity

No diversity? No 

improvement!



Untapped genetic agrobiodiversity

can be sourced from seed banks and 

farmer fields

Current varieties are the result of 

thousands of years of selection, which 

limits the amount of diversity in current 

fields



Second pillar: genomics

Å Once you have diversity, you need the 

tools to characterize it

Å Genomic technology evolved rapidily in 

the last 20+ years ; DNA sequencing is

an everyday task



It is now easy and cheap to 
produce tons of genomic data, 
and the future is bright !



Third pillar: genetics
Once you can read DNA, the 

challenge is to understand

what it is doing



Reverse genetics

Forward genetics

Gene(s)

Trait(s)

Gene(s)

Trait(s)

Is variation of 

a trait 

associated with 

genotypic 

variation?

What trait 

arises from the 

perturbation of 

a DNA sequence?

Agamous



Å It isbecomingincreasinglyclear that
traits are controlledby manifold, 
small effect loci

Å Quantitative geneticmapping studies 
are tipicallyunderpoweredto 
capturesmall effects(few cases, 
manyvariables)

Å Large human studies (e.g. UK 
BioBank) are filling in the gap



Predictive genomics

ÅIt is possible to 
leverage big data to 
build simple models 
predicting outcomes
( phenotypes ) given a 
set of starting
conditions ( genotypes )

ÅGenomic selection / 
genomic prediction is
usually based on:

ÅTraining set: in which
individuals are 
genotyped AND 
phenotyped and a model 
is build to relate 
these quantities

ÅTest set: in which 
individuals are 

Training set: SNP data and trait data 

Test set: SNP data only, trait data masked

Estimate alelle
effectsin a rrBLUP

Estimate phenotypes

Predictiveability: correlationbetween
estimatedtrait valuesand true values



ÅIn whole - genome
predictions , each SNP 
value is associated with 
an estimated
( infinitesimal ) effect on 
the phenotype

ÅItôsa black box 
strategy: we donôtcare 
about where genes are, 
what they do, what is the 
molecular basis of traits 
- > we just care about the 
numerical association
between alleles and 
phenotypes

ÅThe effectiveness of 
predictions is tipically
assessed via cross 



From phenotypic selection to molecular selection to 

biotech

Selection based on 

traits

Selection based on 

markers

Genomic selection

Modifying genes



How to better align 

breeding innovation to 

end user needs?



Denakel depression ( - 115 m) Ras Dashen (4,533 m)Broken plateau, canyons

Å Many endemisms , wide topographic

variation

Å Main settlements b/w 2,000 and 

2,500 masl

Å 10 ecosystems , 49 agroecologies

Å 43% of GDP comes from farming

Å 90% of farmers are smallholders 

(80% of the total workforce)

Ethiopia , the land of origins



Durum wheat

Triticum turgidum , tetraploid wheat ( subgenomes

A, B)Å Independent 

domestication in 

Ethiopia ? ( debated )

Å Cultivated for 

traditional

preparations

Å Estimated 4.2 Million 

farmers (13% of 

cereal growers )

Å Low mean productivity

2.7 ton/ha 

( aggregated bread and 



Sampling Ethiopian durum

wheat diversity

ÅGenetic materials selected on the basis of 

passport data of ex situ collections at the 

Ethiopian Biodiversty Institute (EBI)

ÅPurification plot prior characterization

ÅDominant types selected : accessions split at

need

ÅA single spike sampled and subsequently

amplified



ÅGenotyping with the 

illumina 90K SNP 

array

ÅDiversity panel 

collection :

Å298 traditional durum

wheat landraces

Å25 improved durum

wheat lines release 

for cultivation

ÅMediterranean durum

wheats

Breeding materials

cultivated in Ethiopia

lack Ethiopian heritage

Mengistu et al 2016

Dejene Mengistu, PhD



Moving closer to breeding: 

the Ethiopian NAM ( EtNAM)

ÅThe Diversity of traditonal

Ethiopian wheat may be 

useful for local and 

international breeding

ÅA nested association

mapping (NAM) design may be 

used to recombine local

diversity with an improved

background, producing at

once:

1. Prebreeding

materials

2. A segregant

population for high 

Kidane et al 2019

Yosef Kidane, PhD



Å50 Ethiopian

durum wheat

landraces (+ 2 

italian lines) 

chosen as

female parents

ÅRecurrent male 

founder 

( Asassa ) with 

international 

background 

selected on 

the basis of 

farmers' 

preference

Kidane et al 2019



Kidane et al 2019

12 NAM families, 100 RIL each (1,200 RILs) selected for 

initial characterization (total 6,500)

ÅGenotyping with the Illumina 15k SNP



Genetic materials can be used in 

a genome wide association study 

(GWAS) to identify alleles of 

breeding relevance, e.g. 

resistance to Septoria 

Kidane et al 2017

Bogale Nigir, PhD

Accession #8208 and 

#208304 were released as 

varieties in 2017

Plant materials: 400 landraces; 

1,200 RILs



ÅEach family-village uses its own seeds, 
selected and maintained forward according 
to their preference

ÅSmallholder farmers must be efficient and 
knowledgeable: their environment is not very 
resilient. Their choice of genetic materials 
must be the right choice

ÅParticipatory varietal selection (PVS) can 
help accessing this knowledge

Bringing farmers into 

the picture

Are PVS 

traits a 

quantitative 

phenotype ?

Are PVS 

traits 

related with 

metric

traits?

Do PVS traits 

have a 

genetic basis

in wheat ?

see Ceccarelli et al for early works on PVS



In each, metric traits collected on 

hundreds of genotyped wheat accessions 

laid down in a replicated lattice design

Men farmers

Focus group discussions 

and survey to identify traits 

most relevant to farmers

Women farmers

Scores 1 to 5 given for overall appreciation (OA): how 

much do you like this wheat genotype?

Evaluation given to 

each unlabeled 

plot, groups 

entering from 

random entry 

points, scoring 

system devised to 

avoid bias

Different wheat agroecologies



Scoring system

ÅGenetic 
materials 
never seen 
before

ÅEvaluations 
given 
eyeballing 
the field

ÅIndividual 
scores 
recorded

Å400 landraces 
in 1200 plots 
( Geregera , 
Hagreselam )

Å1200 EtNAM
RILs in 7200 

Chiara Mancini, PhD



Farmer scores and 

metric traits are 

related

Farmer scores are 

repeatible across genders 

and across locations

Mancini et al 2017
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Farmer evaluations of wheat performance are heritable over year, location, 
gender: they have a genetic basis in wheat

Gesesse et al 2023
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PVS farmer 

scores can 

identify QTL 

that partially 

overlap with 

those deriving 

from metric 

traits ( e.g., 

kernel size, 

phenology)

Some PVS QTL are 

consistent 

across 

germplasm, 

location, and 

Gesesse et al 2023
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In a pre - breeding perspective :

ÅSeveral RILs were outperforming both EtNAM

parental lines and improved genotypes checks

ÅThe performance/ preference for specific allelic

combinations is location and gender - specific



Training set: SNP data and 

trait data

Validation set: SNP data only, 

trait data masked

Estimate alelle

effects

Accuracy: correlation between estimated 

trait values and true values

ÅLandraces, 1600 plots

ÅEtNAM RILs, 7200 plots 

ÅrrBLUP to perform genomic 
selection for yield (GY) and 
farmer appreciation(OA)

ÅSelection conducted on BLUPs 
measured across years and 
locations, accuracy monitored

Towards a quantitative 

integration of farmersô 

knowledge in genomic 

selection breeding
Cherinet 

Alem, PhD

Bogale Nigir, 

PhD


