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Background \D
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* Arabinoxylan (AX) major polysaccharide in RESEARCH

wheat grain (70%)
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Background \D
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* Arabinoxylan (AX) major polysaccharide in
wheat grain (70%)

* Key determinant of end use quality

* Plays important role in human health, distillery
and animal feed

Decreased soluble AX Increased Role of AX fibre in the human Gl tract
l would be desirable for amounts of oy
alcohol production and soluble AX would
use as animal feed. be beneficial for
human
consumption.
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AX is a key determinant of end-use quality. \D

ROTHAMSTED
High extract viscosity is detrimental when used for RESEARCH
animal feed e.g. leading to sticky faeces in poultry.

More than 50 billion chickens are raised annually

world-wide as a source of food, for both their meat and Less pentosans lead to
their eqgs. )
99 better food conversion
Value of UK poultry rate.
production is greater than £2
billion.
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Pentosansin feed
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Breeding Target Low Viscosity \D
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* |tis cheap to add enzymes to chicken feed to
reduce viscosity.

e Scotch Whisky is a premium product.
* No additives are allowed.

* Breeding a low viscosity wheat variety.

25 BBSRC
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From Arabidopsis mutant to new wheat variety in 20 years? \D

% Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase RCI)RE;'EAR/IIRSCTI-IIED
'g to be deficient in xylan synthesis complex along with IRX14 and
= [Pena et al., 2007] IRX10 [Zeng et al., 2016]
| - R
2005 2006 2007 2008 2009 2010 20112012 20|13 20|14 2015 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24
] 1 : |
§ IRX9 orthologs identified as SNA' suppress.|on ﬁf GT4352 i
£ candidates for AX synthesis ecreases AX ml Wz(()af; endosperm E
2 | [Mitchell et al., 2007] [Lovegrove et al., 2013.] | |
= I : |
© RNA-seq shows GT43_2 most || RNAi suppression of GT43_2 i
g highly expressed IRX9 decreases viscosity by decreasing |
3 ortholog in wheat endo- amount and chain length of WE-AX |
sperm [Pellny et al., 2012] [Freeman et al., 2016] |
mutagenised ] l : | l, IF_L_,_____,____,_____I____'i
S 8_ Cadenza New high quality DNA preps Novel alleles intro- | Field testing triple mutant |
g = population were made by Archana Patil duced into Limagrain | | in Limagrain MABC i
. | .
50 g developed by (BBSRC-BBRF) (2010) breeding (20.15) Lgczrlv_e_rs_lgr_\s_[_zp_lg}___r““:
'g_ 8 Andy Phillips Triple mutant in Cadenza lower |
2 © in WE-AX and viscosity (2017) |
5 -qca HRM method by Antonio |
-5 = | Hernandez (BBSRC-TRDF) in Functional mutations identified in all Ir——————————————'——————————I
Phillips lab [Botticella et al., 2011] || homoeologs of TaGT43_2 in Cad (2014) :__N_G_V_V_\iV_h_G_Zit_Y?EI_e_t_y_Ez'_-)__J =9rgBBSR(:

bioscience for the future




From Arabidopsis mutant to new wheat variety in 20 years? \D
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Mutagenized Bread Wheat Population \D
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UK Spring bread wheat cultivar — Cadenza
Used maximum tolerable EMS conc: 0.9%
Single seed descent to avoid duplication

M, leaves harvested for DNA

M; seeds bulked to M4/I\/I5

Mutation rate = 35 mutations/Mb

Despite hexaploid genome, observe a
wide range of phenotypes

Andy Phillips
Mariann Rakszegi, Martonvasar ™) BBSRC
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From Arabidopsis mutant to new wheat variety in 20 years?

D

Arabi . h ROTHAMSTED
rabidopsis irx9 mutant shown RESEARCH

to be deficient in xylan synthesis
[Pena et al., 2007]

models

2005 2006 2007 2008 2009 2010 20112012 2013 20|14 20|15 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24

IRX9 orthologs identified as

candidates for AX synthesis
[Mitchell et al., 2007]

cereals / wheat

mutagenised
Cadenza
population
developed by
Andy Phillips

#3BBSRC
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IRX9 orthologs identified as candidates for AX synthesis

D

* Difference in expression in monocots vs eudicots

Mitchell et al. 2007, Plant Physiol

Arabidopsis

ESTs _

454,870 Rice
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Brassica 1128417
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< More dicot bias
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more cereal bias
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From Arabidopsis mutant to new wheat variety in 20 years? \D

Arabi . h ROTHAMSTED
rabidopsis irx9 mutant shown RESEARCH

to be deficient in xylan synthesis
[Pena et al., 2007]

models

2005 2006 2007 2008 2009 2010 2011 2012 20|13 20|14 20|15 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24

IRX9 orthologs identified as
candidates for AX synthesis
[Mitchell et al., 2007]

RNA-seq shows GT43_2 most
highly expressed IRX9

cereals / wheat

ortholog in wheat endo-
sperm [Pellny et al., 2012]

mutagenised
Cadenza
population
developed by
Andy Phillips

#3BBSRC
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GT43_2 most highly expressed IRX9
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* Next Gen transcript
sequencing

* Pure endosperm
dissection

Pellny et al. 2012,
Plant Physiol
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From Arabidopsis mutant to new wheat variety in 20 years? \D

% Arabidopsis irx9 mutant shown ROTHAMSTED

'g to be deficient in xylan synthesis RESEARCH

= [Pena et al., 2007]
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RNAIi suppression of GT43_2 decreases AX

D

Xylan Backbone
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* TaGT43_2 ortholog to AtIRX9
* TaGT47_2 ortholog to AtIRX10
* Involved in xylan backbone synthesis

= RNAIi TaGT43_2 and TaGT47_2
suppression give very similar phenotypes

= All AX oligosaccharide peaks are
decreased with a maximum decrease of
80%

Lovegrove et al. 2013,
Plant Physiol
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From Arabidopsis mutant to new wheat variety in 20 years? \D

% Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase ROTHAMSTED
'g to be deficient in xylan synthesis complex along with IRX14 and RESEARCH
= [Pena et al., 2007] IRX10 [Zeng et al., 2016]
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GT43_2 RNAI decreases viscosity by decreasing \D
amount and chain length of WE-AX
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From Arabidopsis mutant to new wheat variety in 20 years? \D
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Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase
P P yian sy RESEARCH

to be deficient in xylan synthesis complex along with IRX14 and
[Pena et al., 2007] IRX10 [Zeng et al., 2016]

models

2005 2006 2007 2008 2009 2010 2011 2012 20|13 20|14 20|15 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24

| |
RNAi suppression of GT43_2
decreases AX in wheat endosperm
[Lovegrove et al., 2013.]

RNA-seq shows GT43_2 most || RNAi suppression of GT43_2
highly expressed IRX9 decreases viscosity by decreasing
ortholog in wheat endo- amount and chain length of WE-AX
sperm [Pellny et al., 2012] [Freeman et al., 2016]

[
New high quality DNA preps
were made by Archana Patil
(BBSRC-BBRF) (2010)

IRX9 orthologs identified as
candidates for AX synthesis
[Mitchell et al., 2007]

cereals / wheat

mutagenised
Cadenza
population
developed by
Andy Phillips

HRM method by Antonio

developing new
wheat genotype

Hernandez (BBSRC-TRDF) in |

Phillips lab [Botticella et al., 2011] | =Q,JQBBSRC
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High-Resolution Melt Analysis \D

ROTHAMSTED
RESEARCH

High resolution melt curve analysis

GT43_2 Gene

|

1st round PCR: Homeologue specific amplicon

|

2nd round PCR: exon targeted amplicon

Fluorescence
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* HRM very successful but slow!!
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In silico Identification of Mutations

ROTHAMSTED
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cbbd-programme-overview.pd |

C 0 [G) www.wheat-tilling.com | i
[ - -
lﬂ; y Eartham r
’ A
3 John Innes Centre InStItUte d
: s ROTHAMSTED
Wheat TILLING Uﬂb‘—"—"& Natwe's Diversity Decoding Living Systems \\_ 2 RESEARCH
Welcome to the in silico wheat Target Induced Local Lesions In Genome (TILLING) website
This resource consists of TILLING populations developed in tetraploid durum wheat cv 'Kronos' and hexapleid bread wheat ov 'Cadenza’ as part of a joint project
between the University of California Davis, Rothamsted Research, The Earlham Institute, and John Innes Centre.
We have re-sequenced the exome of 1,535 Kronos and 1,200 Cadenza mutants using lllumina next-generation sequencing, aligned this raw data to the IWGSC Chinese
Spring chromosome arm survey sequence, identified mutations, and predicted their effects based on the protein annotation available at Ensembl Plants.
Search TILLING data BLAST Scaffold
Population © Cadenza O kronos @ Both Paste query sequence(s) or drag file containing query
Type in list of search terms (scaffeld, line or gens) sequence(s) in FASTA format here ...
Search the database by:
gene (eg. Traes_1AL_SECI1E6FBC; Traes_1AL_9ECI1E6F@C.1),
scaffold (eg. IWGSC_CSS_2AL_scaff_6343779; 2AL_6343779) or,
mutant line (eg. Cadenza@258)
y
Examples: Traes_1AL_9EC1EGFOC, Traes_1AL_9EC1EGFOC.1,
IWGSC_CS5_2AL_scaff_6343779, 2AL_6343779, Cadenza0250 P
Or choose an input file containing terms:
Choose file | No file chosen .
Nucleotide databases
Search
¥ IWGSC CadenzaU KronosU w1
Advanced Parameters: = eg: -evalue 1.0e-5 -num_alignments 1 ?
ional Resources
ional resources and documentation of the website and populations
5: To order seeds please visit the SeedStor site at www.seedstor.ac.uk You will need the mutant line identifier to request seed (e.g2. S e e S t' r
nza1111 or Kronos1111) For help, comments and bug reports, please contact Ricardo Ramirez-Gonzalez

http://www.wheat-tilling.com/
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From Arabidopsis mutant to new wheat variety in 20 years? \D

models

developing new

cereals / wheat

wheat genotype

Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase RCI)RE;'EAR/IIRSCTI-IIED
to be deficient in xylan synthesis complex along with IRX14 and
[Pena et al., 2007] IRX10 [Zeng et al., 2016]

2005 2006 2007 2008 2009 2010 20112012 2013 20|14 20|15 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24
[

RNAi suppression of GT43_2
decreases AX in wheat endosperm
[Lovegrove et al., 2013.]

IRX9 orthologs identified as
candidates for AX synthesis
[Mitchell et al., 2007]

RNA-seq shows GT43_2 most || RNAi suppression of GT43_2
highly expressed IRX9 decreases viscosity by decreasing
ortholog in wheat endo- amount and chain length of WE-AX
sperm [Pellny et al., 2012] [Freeman et al., 2016]
mutagenised : l .
Cadenza New high quality DNA prep;
population were made by Archana Patil
developed by (BBSRC-BBRF) (2010)
Andy Phillips

HRM method by Antonio
Hernandez (BBSRC-TRDF) in

Functional mutations identified in all |
Phillips lab [Botticella et al., 2011] homoeologs of TaGT43_2 in Cad (2014) | @gBBSRC
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Functional mutations identified in all homoeologs of TaGT43 2 \D

CODDLe (Choose codons to Optimize the Detection of B e

Deleterious Lesions) analysis
GT43 _2A Genome

. 5 E==:s 18 5,
L] L] g
= :;"“‘T“;“;‘L GT43 2B Genqﬂ“‘ - ”
— - -

GT43 2D Gen'()‘l‘;e‘
EHEE 1 B B s
E— - -
. M, plants .
Genome Size (bp) _2"°" " Mutation GT43_2
sereene A genome: 5 Stop codons
A 912 2150 77 B genome: 1 Stop codon
259 2150 31 D genome: 1 Stop codon
D 259 2150 34
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From Arabidopsis mutant to new wheat variety in 20 years? \D

models

developing new

cereals / wheat

wheat genotype

Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase RCI)RE;'EAR/IIRSCTI-IIED
to be deficient in xylan synthesis complex along with IRX14 and
[Pena et al., 2007] IRX10 [Zeng et al., 2016]

2005 2006 2007 2008 2009 2010 20112012 2013 20|14 2015 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24
[ [ ]

RNAi suppression of GT43_2
decreases AX in wheat endosperm
[Lovegrove et al., 2013.]

IRX9 orthologs identified as
candidates for AX synthesis
[Mitchell et al., 2007]

RNA-seq shows GT43_2 most || RNAi suppression of GT43_2

highly expressed IRX9 decreases viscosity by decreasing
ortholog in wheat endo- amount and chain length of WE-AX
sperm [Pellny et al., 2012] [Freeman et al., 2016]

| |
New high quality DNA preps
population were made by Archana Patil
developed by (BBSRC-BBRF) (2010)

mutagenised
Cadenza

Andy Phillips Triple mutant in Cadenza lower
in WE-AX and viscosity (2017)

HRM method by Antonio

Hernandez (BBSRC-TRDF) in Functional mutations identified in all ‘

\
olye . . ‘
Phillips lab [Botticella et al., 2011] homoeologs of TaGT43_2 in Cad (2014) | @gBBSR(:
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Triple mutant in Cadenza lower in WE-AX
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e 2016 Field trial
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Triple mutant in Cadenza Lower in Viscosity

e Reduction in WE-AX leads to reduction of Viscosity

Res viscin mpas and st dev

n
[
o
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i

2

5

I
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o

2

linel

Residue viscosity

1

line 2 line 5 line 9 cadenza
WT WT Hom CadO
Hom Hom Hom ‘ CadO
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Triple Mutant in Cadenza Have Normal Grains \D

Control Triple Mutant ROTHAMSTED
' e RESEARCH

Arabinoxylan specific antibody

BBSRC
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From Arabidopsis mutant to new wheat variety in 20 years? \D

% Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase RCI)RE;'EAR/IIRSCTI-IIED

'g to be deficient in xylan synthesis complex along with IRX14 and

= [Pena et al., 2007] IRX10 [Zeng et al., 2016]

| T R
2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24
| [

§ IRX9 orthologs identified as SNA' suppress.|on ﬁf GT4352

£ candidates for AX synthesis ecreases AX ml Wz(()af; endosperm

2 | [Mitchell et al., 2007] [Lovegrove et al,, 2013 ]

~ T ]

© RNA-seq shows GT43_2 most || RNAi suppression of GT43_2

g highly expressed IRX9 decreases viscosity by decreasing

3 ortholog in wheat endo- amount and chain length of WE-AX

sperm [Pellny et al., 2012] [Freeman et al., 2016]
mutagenised ; l . :
3 8_ Cadenza New high quality DNA preps Novel alleles intro-
g > population were made by Archana Patil duced into Limagrain
&o g developed by (BBSRC-BBRF) (2010) breeding (2015)
'g_ ﬁo Andy Phillips Triple mutant in Cadenza lower
2 © in WE-AX and viscosity (2017)
5 -qca HRM method by Antonio
-5 = | Hernandez (BBSRC-TRDF) in Functional mutations identified in all |
Phillips lab [Botticella et al., 2011] homoeologs of TaGT43_2 in Cad (2014) } @gBBSRC
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Marker Assisted Back Crossing

ROTHAMSTED
RESEARCH

Limagrain are introgressing the mutation
into two recent listed Group 3 varieties.

Problems to address during the backcrossing:

e Background mutation load
e Cadenza is a hard milling, bread variety
with no Rht dwarfing gene and a low

vernalisation requirement

0.13 OH 4.95

i

;080000000
8800080000
880000000
000000000
600000000

I-G ‘ R

CAD3-A258 [+]

..Q..QQ.?
LA A AL AL L

2 BBSRC

bioscience for the future



From Arabidopsis mutant to new wheat variety in 20 years? \D

% Arabidopsis irx9 mutant shown IRX9 is part of xylan synthase RCI)RE;'EAR/IIRSCTI-IIED
'g to be deficient in xylan synthesis complex along with IRX14 and
= [Pena et al., 2007] IRX10 [Zeng et al., 2016]
| - R
2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015 20|16 20|17 20|18 20|19 20|20 20|21 20|22 20|23 20|24
[ [ ! ;
§ IRX9 orthologs identified as SNA' suppress.lon ﬁf GT4352 i
£ candidates for AX synthesis ecreases AX mlw eat endosperm j
2 | [Mitchell et al., 2007] [Lovegrove et al,, 2013 ] | |
~ ] | : |
© RNA-seq shows GT43_2 most || RNAi suppression of GT43_2 |
Q highly expressed IRX9 decreases viscosity by decreasing i
3 ortholog in wheat endo- amount and chain length of WE-AX |
sperm [Pellny et al., 2012] [Freeman et al., 2016] |
mutagenised : — ' - — — ——
S 8_ Cadenza New high quality DNA preps Novel alleles intro- Field testing triple mutant
g = population were made by Archana Patil duced into Limagrain I in Limagrain MABC
%o 8 developed by (BBSRC-BBRF) (2010) breeding (20.15) conversions [2019} J
- QO - |
S W Andy Phillips Triple mutant in Cadenza lower |
2 © in WE-AX and viscosity (2017) |
5 -qca HRM method by Antonio |
-5 = | Hernandez (BBSRC-TRDF) in Functional mutations identified in all —— —— — —I
Phillips lab [Botticella et al., 2011] | | homoeologs of TaGT43_2 in Cad (2014) New wheat variety ??7? BBSRC
| | | | *‘
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The Future \D
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* Field Testing Near Isogenic Lines of Elite
Material with and without mutations

e Breading new varieties will only start from
there

* Pilot distilling study

* Marketing

* How to achieve a premium?

2 BBSRC
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