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The underutilised cereal species
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We aim to

- further improve the resource use efficiency of the
UK wheat crop

- enhance the crops intrinsic resistance to pests and
pathogens —thereby reduce overall reliance on
pesticide applications

- Improve the wheat crops adaptability to the
predicted impacts of climate change

- devise new ways to reduce the environmental
Impacts of the UK wheat crop



— WGIN 5 — The Methods

Improvement

Network New Germplasm Collections — Watkins durum,
self-fertile triticale
Established Germplasm collection - Watkins, NIFTYR

Department
for Environment
Food & Rural Affairs

Established mapping populations — Paragon x elites
Paragon x Gediflux

Genetics & Field trialling — GWAS, BP mapping pop"
Precision Breeding — CRISPR / Cas9

Virus and virus vector diagnostics

Climate change modelling to predicting future
UK abiotic / biotic threats + compound risks +
uncertainties
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WGIN 5 — The Targets s
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Wheat - Experimental Breeding by GE focused on Ancestral
groups 1,3,4,6 and 7 (not previously used in modern breeding)

GE for conversion to Green Revolution alleles - making semi-dwarfs,

heat tolerance and high protein grain

Triticale — Establish Precision Breeding by GE - reducing plant height
and grain contents of non-starch polysaccharides

Durum - Pre-breeding activities by developing Watkins
germplasm resources and UK climate adaptation trials

Wheat, durum and triticale - resource use efficiency —
Grain Protein Deviation (GPD) — current and older germplasm
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WGIN 5 — The Targets

Wheat - Biotic treats —= NEW cereal viruses + insect vectors,
stem rust UK arrival — by modelling

Septoria leaf blotch resistance - germplasm screening — two
new germplasm collections

Improving root system health Take-all root resistance — NIFTYR
collection (T. monococcum interogression)

Adaptation to climate change — which new biotic targets?

Department
for Environment

Food & Rural Affairs



o Wheat THE WGIN 5 TEAM — Organogram n = 24
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Kim Hammond-Kosack
Project Leader

Peter Shewry
Meetings Chair

— Sub-contractors*

Met Office - Thomas
Crocker (Lead), Pete Fallon, | | | |
:nddrer\‘lv Cottrell, Catherine Mike Gail Lawrence Mike Viadimir Malcolm
radshaw Hammond- || Canning Bramham Hammond- Nekrasov Hawkesford***
Kosack Take-all || Insect vectors Kosack Tfn /GE for Yield resilience,
_— NIAB- Project | viruses NIFTYR Triticale | NUE, GPD quality
Kostya Kanyuka - Lead co-ordinator Casual | adaptation |
Phil Howell - Zt field Tm NIFTYR Casual & resilience Mark
Hi I Wilkinson
John Innes Centre
: Casual Tfn/GE
Simon Griffiths
Group Leader | |
I
[ | | | | RRes*** David Andrew
Noam Rajani Sadiye Mark Darryl Analytical Steel . Riche )
Chayut Awal Hayte Smedley Playford Lab N.UE’ Optical senflng
Triticum GE for Wheat Construc || Precision Y'el.d NUE, GPI_) Yield
durum wheat Tfn/GE ts Breeding Quality Quality
Rebec.ca'l Lee Casual Casual
Precision

Breeding
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Experimental breeding by GE for Watkins wheat lines |3
in 5 ancestral groups opartnen.

Trait

Height

Flowering
time

Grain
colour

Grain
texture

Gene

RHT-1

PPD-1

PIN

for Environment
Food & Rural Affairs

Why? Required edit

Decoupling N terminal DELLA from C terminal GRAS (K/O)

Reduce . CtoT-=early stop codon (Base Editing)
lodging 3. Writing an early stop codon(Prime Editing)
Adapt to

UK P Reduce PPD-B1 copy number
season

Preven.t Restore reading frame
sprouting

Suitable for

leavened bread Remove whole gene/s



Transformation of Selected Watkins Lines Department
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(4-33%)

Transformation efficiencies

A |
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Simon Griffiths

Mar!( Smedley « RHT1 CRISPR mutant WATDEOS585
Sadiye Hayte

Rajani Awal
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Grain Protein Deviation (GPD)

WP3.1 Trait - Resource use efficiency

Grain N%

2.50

2.10

Grain yield v Grain N%, mean of 7 site x yrs data (RESx4 + SBx3) (N2 data)

)
Rabe
Schweigers Taca

Tschermaks Weisser Begrgqer asshfeider

Erla Kolben

y =-0.1377x+ 3.2542
R?=0.702 - virgo nos Obelisk

Charger

Riband

JossCambigr Trémie

Oakley
Savannah

8.75 9.75 10.75 1175 12.75 13.75 14.75

GrainYield t/ha @ 85% DM

Older lines, showing greater variation in GPD than modern lines

Department
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* Trait and gene discovery through selected biparental
and NAM populations

Elite Parents

* 4 populations, Hereward x Malacca, Paragon x
Courtot, Beaver x Soissons, Spark x Rialto

 Seed multiplied at JIC and Rothamsted over 2 years

 2vyrs(harvest 2027 & 28) yield plots

* Scoring of traits related to grain filling

 Genotype RILs (Bristol)

* GWAS analysis

Older, post green-revolution parents

* 2 populations, Flamingo x Paragon, Capo x Paragon
* Seed multiplied at JIC and Rothamsted over 3 years
 2yrs(harvest 2028 & 29) yield plots

* Genotype RILs (Bristol)

« GWAS analysis
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GPD Benchmarking field trials

* Todetermine GPD variationin a 3 year
benchmarking field experiment

* 16 elite wheat lines (six group 1, three gp 2, two
gp 3, two soft gp 4 and three hard gp 4) plus 1
triticale and 1 durum

* 2levelsof N-125 & 250 kg/N

» Utilise the trial to evaluate the potential of a high
throughput GPD screen, measuring grain N as an
indicator of GPD

Field Experiment, 20/01/25

\D Malcolm Hawkesford & Andrew Riche
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Wheat progenitors Population development Resources
Einkorn A"A™  ——— | |ntermediates RRes NIFTYR
Genotyped
X resources for
screening
Goatgrass DD Bread wheat Niab D-CSSLs Array analyses

All developed through previous long-term funding:
WISP / DFW (D-CSSLs) and WGIN3/WGIN4 (NIFTYR)
Genotyped using Axiom 35k (D-CSSLs) and TaNG 42k (NIFTYR) SNP-arrays

Donors MDR308 (A™A™), Ent-336 / Niab SHW-041 (DD), all in Paragon background



WP 3.2: Resilience to Septoria - detalils

partment
for Environment
Food & Rural Affairs

Niab (D-CSSLs) + RRes (NIFTYR): 2024-25 Controlled

environment
screening
against STB
ISolates

WAV
w8 ﬂ

M \

5 NG

Robust field
screening
against
natural
Infection

CSSL replicated trials planted autumn 2024 (M7: completed)
Trial ongoing to produce results > M26

' + ial i Kostya Kanyuka
Retest best lines + NIFTYR material in subsequent years (NIAB PhilI)-,Iowelly
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Triticum monococcum MDR308 (aka DV92) exhibits complete resistance to Zymo

most likely R gene based - Tmon MDR308 gene mapped to Chr7A™S (telomere end) (Hai-Chun Jing, WGIN1)
crossing MDR308 with hexaploid wheat: introgression could result in Zymo R in bread wheat

crosses successful only when using T. durum (Hoh501) as a bridging species:

A

T.durum T.monococcum

Kronos, Hoh501 MDRO031, MDR049, MDR308

n=28, AABB n=14, A"A™
(2n=28, AABB) (2n=14 )
E T.aestivum
1 x p
(2n=21, A™AB) (Paragon)
(2n=42, AABBDD)

F, complex T.aestivum

y Paragon)
2n=35, A"ABBD® (
(2035, ) (2n=42, AABBDD)

T.aestivum

BC,F:‘ (Paragon)
(2n=35-42, A"ABBDD) (2n=42, AABBDD)

T.aestivum
BC,F, (Paragon)
(2n=35-42, A"ABBDD) (2n=42, AABBDD)

2 fertile BC1F1 lines generated from MDR308 & Hoh501

50 NILs (nearisogenic lines) generated from these

all tested in multiple Zymo attached leaf assays with IPO323
(standard Zymo strain), but also Zt116, one of the most virulent
isolates to date:

of the 3 parent cultivars, Paragon is fully susceptible while both
Hoh501 and MDR308 are fully resistant

parents: Paragon Hoh501* MDR308
R R

| |}
dl |
il
1
il I“
]
i
I
e
b i1 A
1
it |
{
RN
I i
i B
i
i il
wll
]
L

*most likely non-
host resistance




\» WP 3.2: Resilience to Septoria in NIFTYR lines - details | cepartment

ROTHAMSTED . .
RESEARCH disease progression curves:

1004 hyper-susceptible

attached leaf assays:

30

Diseased Area

i
25

i

15 18 21 24
Day post-inoculation

black dots = asexual sporulation
structures (pycnidia)

= PA, introgressed NIFTYR lines #977 & 981.1 susceptible

= NIFTYR #980 fully resistant - no bleaching, no pycnidia

= NIFTYR #982 partially resistant (mR)/ slowed disease
progression

please contact Dr. Mike Hammond-Kosack for enquiries at wgin.defra@Rothamsted.ac.uk OR scan the QR code to become a NIFTYR member ©@

= susceptibility

resistance

area under disease progression curves:

F"ﬂrahl m ¥

H_T

for Environment

Outcome: Food & Rural Affairs

6 highly resistant NIFTYR
lines

4 with moderate resistance
7 with delayed susceptibility
3 hyper susceptible

T.mon MDR308
Introgression has been
successful to generate Zymo
resistant hexaploid wheat

Next:

evaluate all Rand some S
lines under field conditions
(NIAB, K.Kanyuka, WGINS)
use GFP-Zymo strain(s) to
evaluate R mechanisms
use TaNG genotyping to
evaluate lines for
introgressed segments
skim-sequence all R and
some S lines




Spraying of maturing plants (GS49-59) with Zymoseptoria Zt116 in controlled environment | 43

R L

* 11 NIFTYR lines (10R, 1S) selected from attached leaf assay results Pepartme”t
: or Environment
* upto 24 plants/line grown under CE Food & Rural Affairs

* all plants sprayed with Zt116 (10/spores/ml) 46d after sowing when flagleaves fully extended for all lines
* GSvaried between 49 to 59

W | %MCF %FL_Pycnidia [ %LF2_Pycnidia

outcome:

* hexaploid parent Paragon susceptible S

* tetraploid (Hoh501) & diploid parent (MDR308) fully
resistant R

* 4 NIFTYR lines fully R

* 6 NIFTYR lines partially resistant r

* NIFTYR#947 S -but Rin leaf assays

* NIFTYR#966 R but S in leaf assays

 Zymoseptoria resistance has been successfully
introgressed from I.monococcum MDR308 into

Paragon

D %)
& & %‘5&

NIFTYR and Parent lines



Whea WP3.2 — Resilience to Pests and Pathogens 2
T Wheat virus exploration, resistance o bt
Network identification and deployment Food & Rural Affairs

Adapted from Peters et al.?

Obj 1: literature review - identify current, emerging and (e

. . - (yellow dwarf viruses)
potential viral threats to UK wheat | ; eCO, x eTemperature x YDV
= 4 : show no change to aphid fitness
” ¥ e = i :
/,A"gd/é Y;j i g [ Elevated COZ] 1" Food consumption
?’.mif“ Zf’ﬂ‘f““} 05 3 1" Metabolic rate
5 W 7 10§ 1 Abundance

_ - T Alates
T Flight activity/movement
"""" 1 Interplant movement

by apterous aphids

' ) Dropping rate from plants
Elevated ¢ Generation time
temperature
. T Movement

T YDV transmission
1 Alates

Drought ] Drought x eTemperature
show increased aphid landing

"Mean temp anomaly (°C) vs 1991-2020 for: S
A. 2023 autumn; B. 2023 minimum
' — / Insect vectors and
Increased movement and overwintering associate viral strain
Lawrence 'Kendon et al., (2024) International Journal of Climatology, 43, 1-83 dyn amics Ilkely to shift

B ram h am ?Peters et al., (2022) Annual Review of Phytopathology, 60, 283-305



WP3.2 — Resilience to Cereal Viruses W
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Literature review (~150 articles) - identify current,
emerging and potential viral threats to UK wheat

Wheat hosts - ¢.55 viruses of concern identifie

=\
e.g. Javesella pe,l,lucida
a

Core vectors = hemipteran insects (aphids, leaf/plant hoppers) —”

16 viruses of interest (VOIs) identified with impact on wheat
yield, incidence in UK or near-Europe, and vector component
(hemipteran n=8):

Virus in Vector in
- . s ” . »
Virus Acronym Vector group  Primary vector Virus in UK? Vector in UK? Europe? Europe?
. . . Perhaps, unconfirmed
BarleyvirusG BVG Aphids R.padi Yes Yes Yes
. records
B Y DV re m al n S Barley/Cereal
. yellow dwarf ~ B/CYDV Aphids R.padi Yes Yes Yes Yes
most iImportant, virus
b Ut COCkaQOt Csv Aphids Myzus persicae Yes,. butimp a.ctful Yes Yes Yes
streak virus strain unconfirmed
B VG an d WDV European wheat
striate mosaic EWSMV Leafhoppers J.pellucida Yes Yes Yes Yes

highest on

Festuca leaf

“ WG I N 5 VO I streak virus FLSV Leafhoppers  J.pellucida Unknown Yes Yes Yes

Wheat dwarf Psammotettix Perhaps, unconfirmed

1 7 . WDV Leafhoppers ) Yes Yes Yes
Wa C |S virus alienus records
Barley yellow
striate mosaic BYSMV Planthoppers Lagdelphax Unknown Perhaps g Yes Yes
virus striatellus unconfirmed
Lawrence .
Maize rough Laodelphax Perhaps,
. MRDV Planthoppers . Unknown ) Yes Yes
Bram h am dwarf virus striatellus unconfirmed




<= WP3 Establishing relevant climate hazards Department
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Met Offce for WGIN activities

Desk-based study into relevant climate hazards for wheat and other WGIN crops

. Growth phase December January
\
Environmental AN
conditions required
~" Winter frosts kill pests and pathogens
Threats from pests Vernalisation requires 3-8 weeks of 0-12°C
. e

and pathogens November

Future climate
change impacts

N\ Warmer, drier summers

* Improved drilling and sowing conditions _-

* Reduced (increased) yields with early _- -
S (late) summer heat stress

* Reduced yields with multi-year

droughts

* Yield decreasesinEastern areas,

increasesinNorthand West  _ __ _ __ _F2 0 0 B

October

- Milder, wetter winters
¢ Increased pests and pathogens

during key flowering and

harvesting periods ‘o
- * Fewer late frosts beneficial for. o

pre-anthesis period

Drilling requires dry

\




WP3.2 Climate influences on biotic hazards to
WGIN crops - details

Milder, wetter winters Hotter, drier summers
Following diseases are exacerbated by Following diseases are hindered by
these conditions: these conditions:

¢ Maj O r | ty Of WO r k C O m p I ete an d * Black (Stem) Rust (Puccinia * Black point (Alternaria
draftlng Of Outputs N progress graminis) and Cladosporium )

* Brown (Leaf) Rust (Puccinia * Ergot (Claviceps
triticina ) purpurea)

 Work will inform further analysis to » o . Seedling Blight, Ear Blight,
. Bunt/Stinking Smut (Tilletia tritici)
support WGIN deliverables

Foot Rot (Fusarium)?
Barley Yellow Dwarf (transmitted e Sharp Eyespot
by aphids) (Cetrobasidium cereale)
* Eyespot (Oculimacula yallundae) ) Ye!lc?w (S_t,rlpe),RUSt
(Puccinia striiformis )
Biotic e ***Saptoria Leaf Blotch
factors’ (Mycosphaerella graminicola )***
o ***Take-all (Gaeumannomyces
graminis )***

Following diseases are exacerbated
by these conditions:
* Brown (Leaf) Rust
(Puccinia triticina)
* Foot Rot (Cochliobolus
sativus)

’:\
w Tom Crocker * Leafand Glume Blotch
(Y% Andrew Cottrell (Phaeosphaeria nodorum)
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10% 10%
B Durum wheat Triticale, \D
John Innes Centre AA B B AA B B R R R?{E};émscT}fD
UK crop 2024 ? > 0% UK crop 2024 <0.1%
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Locally adapted Assembled by A.E 350 LR are stabilised 35K Axiom® array genotyping data
Durum landraces  Watkins from 23 countries  through X3 SSD To select 50 lines as core collection

Marioer 1 Marker
Al

t 3
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0

1
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a
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glelelale

Thachuk, C.,.etal. 2009

8000 BCE -1920s AD 1920s-1930s 2020,2021,2023 2024 (WGIN-5, Milestone 12)
Beneficial alleles WP 4 - Durum wheat pre-breeding activities to develop
for wheat Watkins germplasm resources
breeding NAM Population Durum Cross Plan Phenotypic broad diversity is
' Development initiated in the GH confirmed (e.g., mineral screen)
Phenotyping, £ ¥ _
Gen Dtyping, 1 // \\\A X &\it:\ ;E i 7-‘ B Whole Collection
NAM GWAS SR 0 O A andraces «  Miradou 550 ® Cor Gabecon
! } Vool ]
. = Y -
| | } by Ea
Future work F3-6y ¥ ¥ ¥ m F‘] c w © W o w o ®

(after WGIN-5)

o] . Lor ] Lo ] ':I‘. = i
Zinc Concentration (ppm)

Future work (WGIN-5) 2025
2 Noam Chayut (WGIN-5, Ongoing) 2024 (WGIN-5, milestone 12)




Triticale — Establish Precision Breeding by GE (CRISPR/CAS)

A genome i

—n
S Gene of interest —
B genome -4
 —— Gene of interest —
Wheat | | Triticale —_— Gene of interest ——
cv. Cadenza cv. Lumaco R genome -
AABBDD AABBRR - Gene of interest —

Triticale, an important feed grain crop in the UK

Triticale combines the yield potential and grain quality of wheat with the disease

and environmental tolerance of rye ROTHAMSTED
\ RESEARCH



Tr|t| Cal a G E _ d etal IS Adapted from Ahmadpour et al. (2016) BABT

Regenerate Regenerate
shoot root

I
1

|Ullr V |

i
[
|

\I

Ten self-fertile winter triticale
cultivars were provided by Geert
Haesaert (University of Ghent, Initiation of embryogenic callus using

- ) GRF4-GIF1 chimeric morphogenic
Belgium) triticale immature embryos (cv. Lumaco)

regulator dramatically enhances
wheat transformation efficiency

1. We are in process of establishing triticale
transformation in tissue culture using
immature embryos from the ten cultivars.

2. We are desighing CRISPR/Cas constructs

_ fortargeting RHT-1, GT43_2 and GT47_2 genes.

D Vladimir Nekrasov
\ Mark Wilkinson
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Joint GINs webpage — ‘Defra Crop Genetic Improvement Platform’ -
https://defracropgenetics.org/

WGIN website - http://lwww.wqgin.org.uk/ - under review

WGIN stakeholder event — Wednesday 5™ Feb 2025, BASIS points registered —
https://www.eventbrite.co.uk/e/22nd-wgin-stakeholders-meeting-2025-on-line-registration-
tickets-1137836472519 - open till 5th Feb

Hybrid event at JIC 9.45 am —4.00 pm (with 3 breaks) ~50 in person /~ 110 online
2 external talks - AHDB, ADAS, 10 talks on WGINS project

Fireside Q & A on ‘Climate Change from the Farmers’ perspective’, involving
two farmers in conversation with the leader of the BOFIN group

Attendees ~25% farmers / farm managers and ~ 20% from commercial wheat breeding companies

Total attendees ~160


https://defracropgenetics.org/
https://www.eventbrite.co.uk/e/22nd-wgin-stakeholders-meeting-2025-on-line-registration-tickets-1137836472519
https://www.eventbrite.co.uk/e/22nd-wgin-stakeholders-meeting-2025-on-line-registration-tickets-1137836472519
http://www.wgin.org.uk/

WGIN 5 — The Social Values

Understanding of employment and skills issues and shortages in
the research sector - British Society for Plant Breeding

Delivery of training schemes and programmes to address any
iIdentified skills gaps and under-representation in the workforce

for the contract - Gatsby Foundation Plant Sciences Summer Schools
(GFSSS) programme, York + summer Rootstock event - 239 July, 3.5 hr,
Cambridge 45 UK based undergraduate students

Support the contract workforce by providing career advice and
opportunities for in-work progression and career development
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3 year PhD student Anisa Blower (based at NIAB, registered at University of Nottingham, funded through
BBSRC CTP-SAl scheme and The Morley Agricultural Foundation) has carried out much of the Septoria leaf
blotch preliminary screening and will help with data gathering from the WGIN 5 2024-25 field trial

Ayearinindustry placement undergraduate student working in the Genetic Resources Unit atJIC is
focussing on WGINS Durum objective
Funds: JIC Year in Industry

Title: “Nutritional quality of traditional and modern wheat varieties”

Potential WGINS alighed projectin FY 25/26
Investigating wheat seed longevity association with climate
Met Office collaboration with Noam Chayut (JIC)

Funding from Defra FFNE service. (Still to be confirmed)



WGIN 5 Mission statement

Improving the efficiency, resilience, adaptation
and sustainability of the wheat crop and
alternative cereals through genetics, precision
breeding and targeted trait analysis
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