Extensive exploration of wild relatives' diversity for
wheat breeding: a story from the gene bank to the field

The activities of the Molecular Breeding Laboratory, Arid
Land Research Center, Tottori University
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Wheat evolution and re-synthesis

Evolution of bread wheat Re-synthesis of bread wheat
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Triticum turgidum Aegilops tauschii Triticum turgidum Aegilops tauschii
ssp. durum ssp. strangulata ssp. durum (2n=2x=14, DD)
(2n=4x=28, AABB) (2n=2x=14, DD) (2n=4x=28, AABB)
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From H. Tsujimoto



The beginning: Geographical distribution of Ae. tauschii
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From H. fsuiimot

* Wide diversity

* Potential to widen the narrow genetic diversity of bread wheat




The beginning: Drought tolerance in Ae. tauschii

Breeding Science 61: 347-357 (201 1)
doi: 10.1270/)sbbs. 61347

Applicability of Aegilops tauschii drought tolerance traits to breeding of hexaploid
wheat

Quahir Sohail", Tomoe Inoue”, Hiroyuki Tanaka™, Amin Elsadig Eltayeb", Yoshihiro Matsuoka”
and Hisashi Tsujimoto*"

* 33 Ae. tauschii accessions and their corresponding synthetic wheat (SW) lines
* No correlation between the diploid traits and their corresponding SW
* Regardless of the Ae. tauschii adaptation, SW could possess desired traits

» SW is agronomically poor, therefore the SW traits should be evaluated in
the elite background (dilute the wild traits)



The beginning: Geographical distribution of Ae. tauschii
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* How to introduce this wide diversity into wheat?
* How to compare the impact of different Ae. tauschii accessions?




Hexaploid wheat: The Multiple Synthetic Derivatives Population (MSD)

Synthetic wheat derivatives
Elite variety (Current method) Multiple Synthetic
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From Hisashi Tsujimoto

* Not very difficult to produce
* Maintained as bulk, and very easy to handle
* Good for selection




The Multiple Synthetic Derivatives Population (MSD)

35

M Pedigree of the 400 MSD lines
For validation: | (e
e Selected 400 lines randomly
* Genotyped (DArT-seq) 1
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Syn26 progenies Syn32 progenies

Graphical genotyping of MSD individuals in

families Syn26 and Syn 32. The Ae. tauschii wild

genome was successfully transmitted to the

MSD individuals.
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The Multiple Synthetic Derivatives Population (MSD)
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The MSD: heat stress

* Phenotyped in 4 environments in Sudan
in 2015/2016
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The MSD: Combined heat salinity
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The MSD: Combined heat-drought

* Two seasons, 145 MSD lines and five checks
. * Alpha-lattice with 2 replications, post-flowering drought ‘“ —
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The MSD: Combined heat-drought
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The MSD: Combined heat-drought
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The MSD: Seed characteristics and end-use quality

From the same HD experiment

* Seed shape-related traits
(SmartGrain software)

« Seed hardness (SKCS) A

Norin61 Imam MSD187 MSD259

(IR

Variation in kernel weight and shape-related traits

Elhadi et al. 2022a



The MSD: Seed characteristics and end-use quality
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The MSD: Seed characteristics and end-use quality
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Elhadi et al. 2021b; Suliman et al. 2022



The MSD: Summery and ongoing research

The MSD population
Includes the diversity of 43 Ae. tauschii accessions in a uniform A and B genetic

background

Could be efficient in mobilizing the genetic diversity from gene-bank to the field
Was a good option to explore and utilize the genetic variation of Ae. tauschii in a

short time and more practical less expensive way

Is a good resource for wheat breeding, QTL analysis and gene identification

It was easy to see the impact of the Ae. tauschii

Increasing the outcrossing rate in the MSD is essential to maximize the diversity and

increase the recombination rate

Ongoing activities

Heat-phosphorous deficiency
Heat-nitrogen efficiency

Metabolome analysis in selected lines
RILs developed for validation

[ . 0
[ M=, Agricultural Research Corporatio
$< 8
} = Arid Land Resear hc nter, Tottori University

Joint Research Program

* Phenotyping of MSD Population for
Phosphorus Use Efficiency

2016/2017 ]
Wad Medani, Sudan .




Phylogenetic relationship between the MDL . .
yioe P . @ Pedigree of the 178 MDL lines based
parents and some Sudanese cultivars 35
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TOKYO

Grain yield at MED/SD2, kg ha™!

178 MDLs and checks

Four environments in Japan (1) and
Sudan (3)

Alpha-lattice design with 2
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Morphological, physiological, yield,
and yield components
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» Both were efficient in mobilizing the diversity
» Combining the diversity of MSD and MDL may provide interesting germplasm

» More precise phenotyping may provide better resolution and enable dissecting

the tolerance traits

> Speed breedmg and genomlc seIectlon -
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" Cold winter %
* Annual rainfall above 3000 mm =
* No stress B .
* Was possible because of a very strong collaboration with thi

Arid Land Research Center https://www.alrc.tottori-u.ac.jp/english/e index.ph
Laboratory of Molecular Breeding http://www.alrc.tottori-u.ac.jp/staff203/englishpage-index.html

' Laboratory of Arid Land Plant Resources http://www.alrc.tottori-u.ac.jp/plant/index.html

Wheat SATREPS project https:

Prof. Hisashi Tsujimoto tsujim@tottori-u.ac.jp
Yasir Gorafi yasirserag@tottori-u.ac.jp
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mailto:tsujim@tottori-u.ac.jp
mailto:yasirserag@tottori-u.ac.jp

