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Trends on Genetic Diversity

Fortunately, existing varieties of most crops have quite a broad genetic base. Farmer-
accepted, adapted varieties will continue to provide most of the genes that breeders need.

Indications are that after the 1960s and 1970s breeders
have been able to again increase the diversity in released
varieties. Thus, a gradual narrowing of the genetic base of
the varieties released by breeders could not be observed.

van de Wouw et al. (2010) Theor Appl Genet, 120:1241–1252.



On the other hand…

There will be a growing set of challenges and opportunities for which the current,
adapted varieties are unable to provide the necessary traits.

✓ What are the prospects and the processes for making genetic improvement
when the genes for the desired traits are not readily available?

✓ What are the alternatives?

✓ Where will the genes come from to meet these needs?



In cases like this you may think about…

PRE-BREEDING

➢ It is conducted to serve particular purposes and depends on various
differing circumstances. It is not an academic exercise.

✓ in the context of the final purpose that may be served

✓ in the context of pre-conditions and circumstances

✓ in the context of alternative options

✓ in the context of practical implications



Thinking of our final objective…

➢ Broadening the genetic base of a crop to reduce vulnerability in biotic, abiotic factors
(e.g., leaf rust resistance from Ae. umbellulata to wheat, salinity tolerance from
Thinopyrum bessarabicum, etc.)

➢ Broadening the genetic base of a crop for novel traits (e.g., perennial wheat)

➢ Serve specific purposes (e.g. transfer of cytoplasmic male sterility for hybrid production)

Transfer of leaf rust resistance from Aegilops umbellulata to wheat (Sears, 1956)



Preconditions and Circumstances

➢ Successful pre-breeding depends on a range of pre-conditions and circumstances.

✓ There is a reasonable possibility that the target trait or traits can be incorporated into
farmer-accepted varieties and expressed at an appreciable level.

✓ A well-managed genebank exists, with broad diversity, evaluated for the traits of interest.

✓ Appropriate facilities exist (e.g., plastic houses, growth chambers, equipped laboratory
(for embryo-rescue, chromosome doubling, chromosome mapping, etc.))

✓ A comprehensive, capable and well-funded breeding program is operational.

✓ The program can count on a supportive system of funding with a long-term perspective.

Chromosome doubling with colchicine
Photo courtesy: Dr Masanori Inagaki

F1 interspecific wheat hybrids, after embryo-rescue
Photo: ICARDA



Pre-breeding Activities at ICARDA

Synthetic hexaploidy wheat (middle) between Jennah Khaifa (durum wheat, left) and 
Ae.tauschii (IG48677, right)

Photo courtesy: Dr Masanori Inagaki

➢ Pre-breeding using wild progenitors started in 1994-1995

✓ Durum wheat derivatives developed from crosses with:

❖ Aegilops speltoides

❖ Triticum urartu

❖ Triticum monococcum subsp. boeoticum

❖ Triticum dicoccoides

✓ Synthetic hexaploids developed from crosses with Aegilops tauschii
(AABB x DD) → AABBDD (Synthetic hexaploid wheat)



Raupp, 2004; Huang et al., 2002

Cereals: A diversity traced back to millenniums



The Evolutionary Pathway of Wheat



Pre-breeding Activities at ICARDA

Grain yield of durum wheat derivatives under heat stress in Sudan (2016-2017) (Aberkane H., 2021)
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Drought tolerance coefficient

Tessaout, Morocco 2016-2017 (Aberkane H., 2021)



Pre-breeding Activities at ICARDA

Evaluation of Hordeum spontaneum accessions to diseases

# of Resistant accessions
# of accessions *NB *SB ¶LR

H. spontaneum 114 55 17 9
FIGS- Spot Blotch 48 3 6 -
FIGS- Scald 40 3 - -
FIGS-Leaf Rust 75 - - 2

* Seedling
¶ Adult plant 

Screening of barley accessions with Spot blotch, Net blotch, LR

Novel disease 
resistance sources 

from H. spontaneum

222

10 3

3

NB

SC LR

17
Screening of 90 H. spontaneum accs. 

under field conditions, by artificial 
inoculation



Pre-breeding Activities at ICARDA

Sohail et al. (2011)

The traits of Ae. tauschii were not significantly
correlated with their corresponding SW lines,
indicating that the traits expressed in wild diploid
relatives of wheat may not predict the traits that will
be expressed in SW lines derived from them..

However…
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L. sativus 
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L. ochrus
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Resistance level (Parasitism index)

L. cicera

♀ L. sativus (GP90111)  

♂ L. ochrus (IG_65373) x

♂ L. gorgoni (IG_65330) x

♂ L. articulatus (IG_64786) x

♂ L. cicera (IG_64862) x

♂ L. sativus (IG_64782) x

♂ L. sativus (IG_117496) x

Crossing program 2018

13 Lathyrus species, 286 genotypes

➢ O. crenata resistance: Douiyet and Marchouch, Morocco

➢ O. foetida resistance: Beja, Tunisia 
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Screening for resistance to Orobanche spp. in grass pea



Pre-breeding for Specific Purposes

➢ Transfer of CMS in eggplant (Solanum melongena) for hybrid production

✓ Need for cost effective hybrid production in eggplant

✓ A number of wild species can serve as cytoplasm donors in the development of eggplant CMS
lines (S. gilo, S. violaceum, S. virginianum, S. kurzii, S. integrifolium, S. anguivi and S.
grandifolium)

✓ But… the development of reliable CMS systems accompanied by genes that restore fertility (Rf-
genes)

✓ In the NAGREF, Greece a CMS system accompanied by Rf-gene for fertility restoration has
been developed by using the cytoplasm of Solanum violaceum



➢ Flowchart for the development of SMC lines

Krommydas et al. (2016), J. Agric. Sci. 8(2): 10-26

Pre-breeding for specific purposes (Transfer of CMS in eggplant)



Pre-breeding for specific purposes (Transfer of CMS in eggplant)

➢ Anther dehisence (A), anther morphology (B) and pollen viability (C) in
MS and MF plants carrying the S. violaceum cytoplasm

Krommydas et al. (2016), J. Agric. Sci. 8(2): 10-26



Pre-breeding for specific purposes (Transfer of CMS in eggplant)

➢ Chloroplast DNA anasysis in three eggplant cultivars, the S. violaceum
accession and MS plants carrying the S. violaceum cytoplasm

Krommydas et al. (2016), J. Agric. Sci. 8(2): 10-26



Alternative Options 

➢ If a target trait is common in unadapted genebank accessions, it could probably be
found in some adapted varieties as well, and pre-breeding should not be necessary.

✓ Screen larger number of individuals within adapted germplasm

✓ Employ “novel” cultural techniques/practices (e.g. grafting)



Thinking of the Practical Implications

Pre-breeding is generally a strategy for practical, applied results.

➢ However…

✓ Sometimes the results may be more theoretical than applied…. Literature full
of references for potentially useful traits among cultivated and wild relatives.

✓ Little discussion about cost, time, or facilities required to move the genes of
interest into suitable varieties.

✓ Rare comparisons to other means of achieving the same level of expression of
a trait.

Photo courtesy: Dr Masanori Inagaki



Questions to be answered ahead of time…

Pre-breeding is generally a strategy for practical, applied results.
➢ Is the same trait available in better-adapted material?

➢ Are there lower-cost or more effective options than genetic manipulation?

➢ How long will it take and how much will it cost to move the genes in question into
commercial varieties?

The challenge is to find useful genes in material that is reasonably easy for the pre-
breeder to work with to develop new sources for the breeder.



Transfer resistance to Hessian Fly from Triticum araraticum

Exploit wild wheat germplasm 
through pre-breeding to 

solve Hessian fly problem of 
wheat in Morocco and beyond

Five Hessian fly resistant 
durum wheat and four bred 
wheat varieties are released 
in Morocco, all derived from 

interspecific crosses 

Hessian Fly Resistant



THANK YOU FOR YOUR KIND 
ATTENTION!

Dry environment Wet environment 



PRE-BREEDING

All the activities designed to identify desirable characteristics (and/or genes) from
unadapted germplasm, and to transfer these traits to an intermediate set of materials
that breeders can manipulate further in producing new varieties for farmers.

Genebank Pre-breeding Commercial

Genetic 
Resources

Farmer’s 
seeds

Collection Germplasm 
characterization

Cultivars 
production

Pre-breeding

Conservation Evaluation Parent development
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