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Wheat yield increase — progress over 60 years
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Wheat yields in Germany over 50 years
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Towards smarter breeding

Wheat Yield Germany
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To increase yields in the future WQ have to be smarter
"

So far the recent —omics revolutions have not delivered to plant breeders!!!
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What do plant breeders select for?

1l « Grain yield
 Traits that underpin yield

 Performance under drought acidity, salinity (abiotic

stresses)

e Disease resistance

e Quality components (dé'Ugh rheology, oil composition)
]
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Breeders may have about 20 traits they select for /|
I;'}'!J!
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Breeding for improved yield

direct selection for yield
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|| Selection for a desirable phenotype in a breeding program

| Parent A Parent B

| | Lowyeld Good yield

111 Disease susceptible X Disease resistant
Poor bread making Good bread making
Desirable trait ]| Undesirable trait
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And eventually ..... a new variety with the desirable tralt



A typical breeding program (eg wheat)

Selectlon

occurs in every g
generation !
1,000,000 F, Space planted
50000 Fs TCLTTTI LI Plant rows
ALY NN )
10,000 F, |||||||||||||||||||||||| Families of plant
JIN AL IN 2N o o
1,000 Fs |||||||||||||||||||||||| amies 0 plant
s/ N /N -
200 kg |||||||||||||||||||||||| Preliminary
yield trial
50 F, N
I ves e

25 Fg

l II : II' II-I II' III.
0 I I I Yield trials |
1 Fio Commercial release

CSIRO



yleld’?

.'J JJJJJ



Some of the advantages of designing crops for

higher yields?

Increase genetic variability for important traits

faster gains in yield if the physiological trait has a higher

more amenable to marker-assisted selection
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Selection for a desirable phenotype in a breeding program




Selection for a desirable phenotype in a breeding program

Select for P E, ;;;5;5;5;5;5;5;;;5;5;5;5;5;;;5;5 Space planted
Select for P F, IIIIIIIIIIIIIIIIIIIIIIII Plant rows
A/ AT TN NN 3
F, |||||||||||||||||||||||| Families of plant
JIN AL N ZIN s
Selectfor P F LTI fom"'e“fp'a”t
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Some examples of trait selection

What are the most Important
traits to |mmove water
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Traits for greater water — productivity
(drought)

' New dwarfing genes EMN vigour
S N 2 -




Genome of a bread wheat

1A 2A 3A AN 5A 6A 7A
1B 2B 3B 4B 5B 6B 7B
¥ X N W . A ¥ K ¥ X ¥ W 2 K
1D 2D 3D AD 5D 6D 7D
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Genome of a bread wheat showing a genomic

region (molecular marker) for a new dwarfing gene

1A 2A 3A | 4A 5A 6A 7A
1B 2B 3B | 4B 5B 6B 7B
w A T x K w A X W X K
1D 2D 3D 4D 5D 6D 7D
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Genome of a bread wheat showing QTLs for a
complex trait (eg transpiration efficiency)

1D 2D 3D 4D 5D 6D
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iuil Iiii ifi IiiI i.iI ilil ilii Trait

Markers or

Selection environment —
genomic regions

favourable or droughted

Most efficient
selection method

| identified
iéé'éaling establishment
Shoot vigour T
Root vigour Il'l ;'I I:'I ;'I ll'l ;'l Ifl
II| III II| Ill II| Ill' II|
Root length ]
Transpiration efficiency ;' ||" ;' l." ;'I l." ;'I
(Cl D) |I |'| |II |'| |II I'I |II
Stem carbohydrates ;'l ll" ;'l ,'l ;'l | ;'l
Tillering -HI 1T
Glaucousness ;'! .!'! ;'! | |
Floret fertility ;!I .!!! ;!I :'
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C 9 OIroved peric C < el droud
CIC U C OU

'_l' | Trait Selection environment — Markers or Most efficient
favourable or droughted | genomic regions selection method
|.|i|||i|.i'| Identlfled
'S;eeit;:lllng establishment Favourable

Shoot vigour Favourable [//[[]]

Root vigour Favourable;'"l' |'| |

II| ||I II| Illl II| ||I II|

Root length

Favourablel ]

Transpiration efficiency Favourablel'| '| '|

(CID)

Stem carbohydrates Favourabllé;' |"| |

Tilltering -Hi Favourable TTTTTT]
Glaucousness Favourable | ;' !f I;' |
Floret sterility Non-droughted | | !‘; |




O 0 O1rovedad peric C < U C
CICE 0 =1§410]10
[[1]]] Trait Selection environment — Markers or Most efficient
favourable or droughted | genomic regions selection method
Uﬁn{ identified
‘Seedling establishment Favourable Yes
Shoot vigour Favourable [//// Yes
Root vigour Favourable ."l m |"| Il Yes
II| I|I II| I|| II| Illl II|
Root length Favourable| |||/ No (?)
Transpiration efficiency Favourable I;' ll' I:' ll' I;' I.' Yes
(CID) i
Stem carbohydrates Favourab'?ll" ;' ,'l | Yes
Tillering -HI Favourable Yes 77T
Glaucousness Favourable Yes ! .!'! | fl! | :'!
Floret sterility Non-droughted No | ;!I |
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O U rovedad perid O - el UroOud
'_l'l | Trait Selection environment — Markers or Most efficient
favourable or droughted | genomic regions selection method
|I.|i|||i|.iI |I Identlfled
'S;eéilzlllng establishment Favourable Yes
Phenotype and marker
Shoot vigour Favourable 77/17] Yes Phenotype
Root vigour Favourable II'I Ifl II'I Il'l II'I ||" II'I Yes Phenotype
I| ||I I|I ||' Illl ||| I|I
Root length Favourable |"| |' ."l ;' |"| ||| .'l No Phenotype
Transpiration efficiency Favourable| I" | I" Ifl | Yes Phenotype
(CI D) |II |'I |II I'I |II l'll |II
Stem carbohydrates Favourabl?ll." Il'l ; ||" Yes Phenotype
Tillering -Hi Favourable Yes Phenotype;p;r; ;marker
Glaucousness Favourable Yes Phen't)llt[;y'!/ll '!Ié
No Phenp;t_y'!'e

Floret sterility

Non droughted
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Use of trait in the development of new varieties for dry
environments

-Screenlngltechnlque developed

-Genetlc varlablllty identified
-Valldatlon of trait in different

fleld envwonments continues

Ready for use in breeding p




Use of trait in the development of new varieties for dry
environments

Be 828
2000 3000
000 °°°° I|| IIII II| IIII I|| III II| Stem CHO
C13 /C12 ) |II |'| |II |'| |II I'll |I
*Screening technique deyeloped but costly
Genetic variability identified
[T
Validation of trait in different field environments continues ,"! m
1]]]]
. . . L
sFaster, cost effective screening techniques re ul ed
Il
m
i
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Use of trait in the development of new varieties for dry
environments

Control Droughted

«Screening techniques under development
*Genetic variability identified

Validation of trait in different field environments required

sFaster, cost effective screening techniques required'
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Some interim comments

| Everything hinges on accurate phenotyping

Important traits for crop |mp'rovement are complex and in
many cases molecular markers or QTLs may not be

very effective. : i

Validation in the field is q:rltlcal It is difficult, chancy and
we underestimate the |mportance of it.

/ |
/////



Issues in applying phenomics to breeding

 for a measurement to be used by breeders it must be:

« An improvement on what currently is being
Used [T

* Repeatable
e Fast

 Inexpensive

 Applicable to their target region and crop
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Issues in applying phenomics to breeding

Plant breeders are very inventive (i)

4| Selection methodology for
' long coleoptile

Selection methodology for
enhanced vigour
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Issues in applying phenomics to breeding

Plant breeders are very inventive (ii)

Root systems in the lab

Root systems in the field

In the field we can
measure roots to
over 1.5m deep in
3 minutes!




Issues in applying phenomics to breeding

Do measurements on single plants in a glasshouse/phytotron
correspond to plants in a community?
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Some final comments

Do not expect uptake by breeders
 Engage with breeders in the early stages
» Effective breeding

 Trait discovery

Don’t let the technology dominate
1]l
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A final comment

Let us all ensure that the next
generation phenomics IS as
successful as phenomlcs has

been in the p'aét

NEEE
...........
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