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SUMMARY

Setting the scene
Phenotyping root system architecture (RSA)
Choosing the right germplasm
Dissecting the cereal RSA QTLome
* Durum wheat
» Barley
 Maize

Take-home messages

Ober et al. (2021). TAG, 1-18



Circular (root) genomics comes of age

Mapping, map-based cloning,
mutagenesis, etc.
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Insertional mutagenesis,
TILLING, RNAI, etc.




Present & future




Phenotyping for root system architecture |QTL mapping & cloning:

Phenotyping is king and

heritability is queen
Tuberosa (2012). Frontiers

e Controlled conditions: heritability, relevance
* Field conditions: rain shelter, water gradient

* Field conditions: canopy temperature, robot
for brace root, soil cores, etc.)
e Large rhizotrons

Sloped field with moisture gradient

‘Deep Frontiers’ project

uliani et al. unpublished
. Jm

httIOSI//projects.au.dk/deepf'rontier/ L M

Ober et al. (2021). TAG, 1-18
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Phenotyping Platform for Plant and Plant Microorganisms Interactions 4PMI

Root imaging

cabin:

* 1600 Rhizotubes

- High resolution EE=_
3D RGB camera 1|

* Fast operating

« Ergonomic image
acquisition.

« Adapted to plant
micro organisms
interactions

PH EN@ ME

Rasminsussiid)F P P N
Contacts : chrlstophe.salon@mrae.fr
Web site : Site 4MPI
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Salvi and Tuberosa (2015). COPB, 32, 179-185



Leveraging the root system architecture QTLome

QTL discovery

 Mapping (RIL, GWAS)
 QTL effect
* Haplotype identity
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QTL cloning

Allelic variants
/ N

(native, mutants)

* Genetic

- Editing

engineering IEEEEEEEE—————)

QTL characterization

* High-throughput phenotyping
« QTL-based modelling
*« QTLXGXxEXxM

N/

Marker-assisted
breeding
 Backcross breeding
 Breeding by design
 Haplotype breeding

Tuberosa et al. (2021). Understanding and exploiting the genetics of plant root traits. In Peter J. Gregory (ed.),
Understanding and improving crop root function, Burleigh Dodds Science Publishing, Cambridge, UK




Global Durum

wheat Panel
1,018 elite entries

LD decay 4.2-7.2 Mbp
Mazzucottelli et al. (2020)

Tetraploid wheat native variation
mm) Co-ordinated phenotyping for: <

Functional genomics
Gene networks
Multi-omics
Cloning
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Tetraploid wheat

Global Collection
1,854 entries

LD decay 0.2-4.5 Mbp
Maccaferri et al. (2019)




GDP
Breeding

Mazzucottelli E. et al. (2020)
Frontiers in Plant Science, 11

Tetraploid wheat native variation

Translational
genomics
(MAS, NBT, GS)
for cultivar
release
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Gene discovery

Maccaferri M. et al. (2019)




Dissecting the durum wheat root QTLome

OROPS

DROught-tolerant yielding PlantS

ROOTy- IWYP
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Improving Durum wheat for Water Use Efficiency

—

189 elite accessions were
evaluated in 14 environments.

Yield varied from 0.9 to 6.8 t/ha.
Maccaferri M. et al. (2011, 2016). J. Exp. Bot.



Is RGA from seminal roots predictive of adult nodal root apparatus?

Seedling

K=
@
2
=
=
S
<<

Seedling

Adult-field

Maccaferrl etfal. (2016)J Exd Botany, 67 116 -78
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Allelic effects (%) on grain yield (GY) of the plus allele for two root growth angle
(Rga) QTLs identified in the UniBo panel tested in 14 Mediterranean environments.
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The effect of gRga-6A on root growth angle (RGA) and
other root traits was recently confirmed in Ethiopian
germplasm.

Alemu et al. (2021), BMC genomics, 22, 1-16.

- This study

Bl Golabadi et. al. 2011
B Roncallo et. al. 2012
B Maccaferri et. al. 2016
I Mengistu et. al. 2016

J

FIGURE 5 | Major QTL for seminal root angle (QSRA-6A) positioned on the Svevo durum physical map (Mbp), along with QTL reported in previous mapping studies
including root system architecture traits (TRL, total root length; RGA, root growth angle; ARL, average root length; TRL, total root length; PRL, primary root length;
PRS, primary root surface), yield component traits (Bm, biomass; TKW, thousand kernel weight; KWS, grain yield per spike; SW, spike dry matter) and a quality trait

(YPC, yellow pigment concentration).




Sequences of durum (tetraploid) and bread (hexaploid) wheat are
available and allow for bridging the two species.

Diversity Index

Maccaferri M. et al. (2019). Nature Genetics

The tragic ripples of Insect pest profits from Photoredox activation
an epic fraud p. 636 maize defenses pp. 642 & 694 of methane pp. 647 668

$15
17 AUGUST 2018
sciencemag.org

ROAD MAP FOR

WHEAT

Ordered sequence will
speed research pp. 635,661, & 662

Appels R. et al., (2018). Science
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& Cloning root mutants with the More (
i barley TILLING collection

Bennett?, Roberto Tuberosa?! and Silvio Salvi?
silvio.salvi@unibo.it




Collection of barley root mutants from TILLMore population

' TM5992

40 root mutant lines from TILLMORE
in cv. Morex background (by NaN,)
(Talameé et al. 2008, Plant Biotech J)
3,000 M6 lines screened

Four categories

*  Gravitropic roots (3 lines)
Waving roots (4 lines)

* Short/defective roots (29 lines)
 Defective root hair (4 lines)
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Morex wt TM2588 TM5545



ENHANCED GRAVITROPISM 2 encodes a STERILE ALPHA MOTIVE
containing protein that controls root growth angle in barley and wheat
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Kirschner et al. (2021). BioRxiv preprint doi: https://doi.org/10.1101/2021.01.23.427880




Dissecting the maize root QTLome

Courtesy of J. Lynch




Flowering time in B73 and Gaspé Flint
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Chromosomes

B73 x Gaspé Flint introgression library 11

BCsS, 5 lines

SooNDU LN =

S

13 M
Table 1 - Main features of the B73 x Gaspé Flint introgression library i 'Im.
% of maize " il
: o M i
IL lines characteristics genome * 2 I
2 I
IL lines (No.) 75 2 “"Eil
27 ]
Mean length of introgression in frame (cM) 38.5 2.1 . e
30 I
Range of introgression length ‘in frame’ (cM)® 45-104.0 0.3-5.8 2 'Hj‘
IL lines with completely homozygous introgression (No.) 68 :E '
IL lines with partially homozygous introgression (No.) 6 é '
IL lines with completely heterozygous introgression (No.) 1 g Iii
IL lines with verified additional introgressions (No.) 9 o
47| I
Mean length of verified additional introgressions (cM) 34.7 il ]
51 Il
Mean length of total introgression per line (cM) 43.1 2.4 .
2 i I
. |
® Based on the ‘Genetic 2008 maize reference map length of 1,805 cM H i
61 |
(www.maizegdb.org/map.php). 35 i
‘ 64 A
®’In frame’ introgressions include one introgression fragment per line only. Additionally, e IHI
redundant introgressions are excluded. '::
. i
Salvi S. et al. (2011) BMC Plant Biol 11:4 i i i s |
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QTLs for seminal roots in B73 x Gaspé Flint

Seminal roots Primary
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QTLs for seminal roots in B73 x Gaspé Flint
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QTLs for seminal roots in B73 x Gaspé Flint
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NIL (+/+) . NIL (-/-)
Family #4

Root-yield 1.06
(Landi et al., 2010, J. Exp. Bot. 61: 3553)



Tying it all together ‘x\f*'

* Advances in sequencing, bioinformatics and high-throughput
phenotyping will accelerate mapping and cloning of root QTLs.

» Optimizing genomics-assisted breeding and QTL-based modelling
will require a deeper understanding of the functional role of root
architecture yield and G x E x M.

» Delivering climate-resiliant cultivars to farmers using a functional
genomics-assisted breeding by disegn will require an
interdisciplinary approach and strong public-private partnerships.
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