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Aegilops speltoides X Triticum urartu

(BB) (AA)
Chance hybridisation
Wild Emmer Wild Goat Grass
Triticum dicoccoides Aegilops tauschii
(AABB) (DD)

1. Novel AABB diversity
T. dicoccoides

/ Chance hybridisation

T. dicoccum 2. Novel DD diversity

T. durum Ae. tauschii
T turgidum
Modern Wheat
Triticum aestivum
(AA, BB, DD)

NIAB world-class experience, skills and resources

Niabhas a large collection of Plant Genetic Resource

A 130Triticum dicoccoideaccessions (AABB)
A 257 Triticum dicoccunandraces (AABB)

A 20 Triticum durunvarieties (AABB)

A 300+Triticum durumandraces (AABB)

A 200 Aegilops tauschaccessions (DD)

A 100 Synthetic HexaploM/heats

+ variety collections we use for cras$erencing
e.g. WAGTAIL GWAS panel
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Modern Hexaploid Wheat
Triticum aestivum
AABBDD

Tetraploid donors
1. durum T. dicoccum T. dicoccoides
AABB

N

F1 Hybrid
AABBD

/

BC1 F1
AABBDD

\

Recombinant inbred lines

Backcross scheme to
capture tetraploid
diversity via direct
crossing

NIAB world-class experience, skills and resources
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Tetraploid diversity captured via direct crossing
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Emmer wheat ear
diversity

Principal coordinate
analysis PCoA for
tetraploid wheat donors
ofb A | for&sid genetic
populations

Tetraploid parent
durum landrace
® durum variety
A emmer

wild emmer
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A 200Aegilops tausch{iDD) covering all lineages of the species
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Ae tauschii
(DD)

T T,
_*Rnww

Chromosome
T doubling

Magical SHW machine

Synthetic wheat @Brandewuif

www.davidhurtado.com

(AABBDD)

Process of forming new
Synthetic Hexaploid

Wheats aiab A 64 NIAB Synthetic Hexaploid Wheat
A 36 SHW sourced from NARRInduleaand CIMMYT.

<N'AB world-class experience, skills and resources



Parental genetic resources

Diversity Donor Genotyping Sequencing

A T. dicoccoides 2 with chromosome level
assemblies pending via Tetraploid Pangenome

T. d!coccmdes A 60+ accessions genotyped with th with NIAB DFW 15x lllumina coverage.
U CIeeiEEInL Breeders' 35K Axiom SNP arra
T. durum Y A T durum= 1 existing reference genome, 3

chromosome level assemblies pending via
TetPanG+ 1 chromosome level pending via NIAB

A 200+ accessions genotyped with A 33 accessions with 380x lllumina sequencing
KASP marker data (~300 markers) (via: Gaurav et aR022).

A 50+ accessions genotyped with th
Breeders' 35KAA‘xiom aﬁ'a[iticu[n A 2 accessions sequenced to the chromosdmel
aestvumWb SEG DSy SNJI ( kityeWell§omeSanger Institute.

Aegilops tauschii

Synthetic Hexaploid Wheat

array
A 8 and 16 founder accessions A 8 accessions with chromosonrtevel genome
Triticum aestivum genotyped with the 90K Infinium sequence assemblies.
(MAGIC Founders) iSelect SNP array and Breeders' 3 A 16 accessions with exome and promotor capture
Axiom array. sequences

Parents of each population are either genotyped or sequenced with a range of technologies.

NIAB world-class experience, skills and resources . '_/‘ v
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How to capture this diversity for forward genetic

Nested Association Mapping (NAM) panel Multi-parent Advanced Generation Inter-Cross (MAGIC)

1 e
m m m W “ * N W w Multi-founder populations are powerful
p A A W T E}C—j 7 forward genetic resources:
w W “ - w Wi_j ; A High powerandhigh resolutionfor
i Wl \ U mapping QTL
ﬂ A‘ gﬁ A Captureswvide genetic diversitythrough

multiple founders(especially in NAM

oW w oW panei3
Scott &Ladejobiet al. 2020 - fi

NIAB world-class experience, skills and resources ! \ >
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MAGIC

Multi-parent AdvancedGenerationinter-Qross
A Capture of diversity and phenotypic variation in one

Example studies froiMAGIC Elite:

Several BBSRC projects: incl. LINK, IPA

p(_)pulatlon . _ . Avield and yield components
A High recombinatiort greater mapping precision fPhotosynthesis
A eaf morphology

Misease traits (tan spot, STB, SNB)

PhD/postdoc projects:
Azymoseptoriaritici, Parastagnosporaodorum

Ausarium
' - Avellow rust (Puccinia striiforrfisp. tritici)
MAGICElite (Mackay et al. 201¢ AGrain quality
A Population genotyped with 90k SNP data fCircadian rhythm

A 8 varieties selected by breeders

A 81% UK SNP polymorphism Internal NIAB/collaborations:

Alowering time, height
Ailler and ear counts

MAGI(Diverse(Scott et al. 2021 Avarious root projects
A Population has been skisequenced AGrowth and development in phenomics platforms
A 16 varieties selected tmaximizeelite diversity capture AVicronutrients
A 92% UK SNP polymorphism AAnd more....
NIAB world-class experience, skills and resources . v
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New MAGIC:

MAGICQWNilder:

A Eighthigh performingBQl-derivedRILselectionsin a
springelite wheatbackground

A Founderswere formed using Synthetic Hexaploid
Wheat, T. dicoccoidesT. dicoccumand T. durum

A After 3 roundsof intercrossing,;>1000 RILscurrently
at F5 generation

(N'AB world-class experience, skills and resources

Name NIAB Sel Code | Recurrent Parent, Wild Donor Species of Donor
1710 DFW SEL 035 | Paragon NIAB SHW08 :gsst?’\/r‘ljzfgsea'
1726 DFW SEL 036 | Paragon Tios T. dicoccum
1727 DFW SEL 037 | Paragon Tios T. dicoccum
1729 DFW SEL 038 | Paragon 27996 T. dicoccum
1736 DFW SEL 041 | Paragon dic050 T. dicoccoides
1747 DFW SEL 045 | Paragon Karim T. durum

1749 DFW SEL 046 | Paragon Karim T. durum

1762 DFW SEL 048 | Paragon NIAB SHW023 ggsi?lvnl}rf;esiseﬁ.




Nested Association Mapping

Nested AssociationMapping panelgtypically 5060 wild donors) crossed into elite spring and winter wheat
hexaploid backgrounds.

A Combineshigh statistical powerf QTL mapping witlarge diversity capturghrough multiple donors

UK Elite Wheat (Robigus and Paragon)

Synthetic diversity Tetraploid diversity

PCoAspace of typical NIAB NAM population.
Created usin@urlyWhirly(JHI).
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NIAB diversity resources

l ? ”
NIAB. WW_SHW NANY ¢

A 54 bi-parental populations 3,137 RILs
54 SHWdonors winter recurrentelite.

NIAB WISH SHW NAMY
A 24 bi-parentalpopulations 282 RILs24 SHW
donors spring/winterrecurrentelite.

NIAB  SW_SHW NAM MAGICWILDER

A 64 biparental populations; 4,200 RI163} A 8 founders diversity enriched donors 3
SHW donors; spring recurrent elite. intercrossstages 1,000RILs

NIAB_ SW_TET NA#¢ Chromosomesegment substitution lines

A 58 biparental populations; 1,784 RILs; 58 (CSSLs) ¥¢

tetraploid donors;spring recurrent elite. A 109 lines with introgressions from SHW and

wild emmer spanning the Paragon genome.
NIAB WW_TET NAM

A 21 bi-parental populations 646 RILs 21
tetraploid donors winter recurrentelite.

G = i i
NIAB world-class experience, skills and resources . v
T
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i% Genotyped on SNP array
i% Associated publication




Tetraploid donor ¢ Diploid donor &
a Triticum durum Aegilops tauschii
AABB DD
Unstable triploid
Treated with Colchicine
ABD C)
Robigus ¢ 54 |
Triticum aestivum Primary Synthetics &
AABBDD AABBDD
F1 hybrid &
AABBDD
\J l
BC1 F1
AABBDD

12 BC1 F1 streams taken forward

l

: Genotyping
o Breeders® 35K Axiom array
A?-\?B[l;g Phenotypic assessment: Breeder assessment:
Single Plant Ft, Ph and Yr scored. a proportion of lines selected for further testing.
|
! .
Remaining seed sown in large 2021 trial. BC1 F5
All the available genotypes were included in AABBDD
a single trial with over 3000 entries. Nursery Plot in Core Trial
\J
Selected subset grown in replicated trials.
Material screened for grain yield.
ST l l \ J
BesUpedonning lines selcetex] for Breeders request seed of their selections
s for integration into their own programs.
and the Academic/Breeder Toolkits. prog i

Completed in the greenhouse or laboratory

Completed using unselected material in the field

Completed using selected material in the field

a). The development pipeline and
workflow of how the NIAB Winter
Wheat SHW NAM population was
created.

b). Generation advancement of
NAM material at the BC1 F4 stage
the greenhouse.

c).A field sample of wheat ear
diversity showing from left to right:
a Robigus, SHW derivative and a
primary SHW ear.

d). The material in a field
assessment nursery from 2018.

Wright, Horsnell et al.
Theor Appl. Genet.
(2029).
https://doi.org/10.1007/s00122 _
024045771 |



https://doi.org/10.1007/s00122-024-04577-1
https://doi.org/10.1007/s00122-024-04577-1

NIAB_ WW_SHW_NAM
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All lines
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PCoA1 (5.12%)
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(N’AB world-class experience, skills and resources

b) PColof D genome genetic markers for primary SHW used as parents in the NIJAB_WW_SHW _ NA ]
c) Geographical collection points of Ae. tauschii used to form the parental primary SHW 3 -

A 54 biparental populations;

3,137 RILs; 54 SHW donors;
winter recurrent elite.

A The SHW were formed using -

uniqueAe. tauschiand 15
different T. durumdonors




Genetic analysis workflo

BC1F5 DNA extracted from leaf tissue [ ™| DNA sent to be genotyped on the
of the full NAM at NIAB 35K Breeders® SNP array at University of Bristol
SNP caIIing completed at NIAB using Axiom NIAB Designing Future Wheat WP3 Repository About  DFW homepage

Analysis Suite all SNPs were manually inspected Posts

/ \ NIAB_WW_SHW_NAM data repository

Marker quality control checks completed Individual quality control checks completed NIAB_SW._TET_NAM data repository

\ / Research paper published in The Plant Genome

Missing data imputed using Random Forrest

l

Markers anchored to physical IWGSC RefSeq v1.0
using cerealsDB and LD bins

l itHub
Markers pruned on LD to remove duplicates G It u

and produce marker sets for kinship estimation
! https://niab.github.io/niab-dfw-wp3/

Association mapping completed with datasets

Genetic marker workflow for the
NIAB_ WW_SHW_NAM

N_’AB world-class experience, skills and resources c ' r‘i" l/ t ‘
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https://niab.github.io/niab-dfw-wp3/

a) Flowering Time (Ft) b) Plant Height (Ph)
Trial 2 Trial r
600
D Core17 Corel7
Full21: Corel8 ==
Primary SHW = 211.5 - Wl Full21:
Robigus =215.9 Primary SHW =91.5 cm
] ] 300+ Core20 .
NAM genotypes = 214.6 Robigus =71.8 cm
H?=0.84 Core21 __ NAM genotypes = 79.3 cm
@ 400 b Full21 H?=0.87
5 ksl
@ o 200+
Qo o
E £
= =
z z
200
1001
04 04
200 210 230 240 50 75 100 125
Days from sowing to GS65 cm
c)  Yellow Rust Infection (Yr) d)
Ft (Core17)
0 Ft (Core18) 0.2 -0.11
= Ft (Core19) 0.11 -0.08
Corel7 Ft (Core20) -0.12
Core18 c
10007 s Ft (Core21) 0.14 o
P L Ph (Core17) -0.21 ! 0.5
£
5 = Ph (Core18) -0.21 o
é Primary SHW = 1.10% Ph (Core19) 0.18 I e
3 Robigus = 2.04% -1.0
500+ NAM genotypes = 1.99% Ph (Core20) -0.16! 0.09
H?=0.75
Ph (Core21) -0.11
Yr (Core17) 0.29
Yr (Core18) -0.13 0.1 0.31
J = N N N
' | | | | . RORIRY
0 10 20 30 40 50 \3 ‘\(‘ &@
% infection G A

<N’AB world-class experience, skills and resources

Flowering time (a), plant
height (b) and yellow rust
infection (c) across all the
NIAB_WW_SHW_NAM
trials. Correlations
between these traits are
shown in figure d).

5 x Core Nurseries across five years (wi
subsets of the NAM)

M E WaS3FrQ b!a bdzN

population

Primary SHW parents weearlier
flowering, taller but showedbetter
yellow rust resistance

(SN

Aerial image from
NIAB Data Science

Department _




‘
4 DSV

Wheat breedersisitedthe Core trials each SHWderivatives from this populatlon have been
taken by breeders taommercial programmesDSV

year and made selections for future testing. UK took one SHR S NA OSSR f Ay Ss OF ¢
The companies included: National Listing.

DSV Matt Kerton, DSV UK, personal communication

Elsoms

KWS

Limagrain

RAGT

Syngenta
NIAB(pre-breeders)

Too o o o o o o

Creative Commons Attribution 3.0 License
LOGANSCHILLMIX www.deviantart.com

,‘ '
NIAB world-class experience, skills and resources " r‘i' | l/ t« .
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http://creativecommons.org/licenses/by/3.0/

a)

Selection based on tetraploid background
Data from all Core trials included
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500

T. durum original AB donor

b)

Selection based on diploid background
Data from all Core tnals included

2000

1500

Count

1000

Ae. tauschii lineages of original D genome donors

Selected by any breeder . yes . no

Breeders' selection of NIAB_ WW_SHW_NAM material during the DFW

project.

<N’AB world-class experience, skills and resources

Certaintetraploid and diploid backgrounds
appeared to bdavoured by breeders in
selection

Hoh501 was the most frequent used
durum parentbut others had aigher
selection proportion

Lineage Ae. tauschihad a higher selected
proportion than lineage 1.




Genetic Mapping

For FfPhandYracross different trialsthere were26 QTL mappedwith consistent QTL
across year for each trait.

A YrCorel7
51 o
4.
23 %
a O
] g
l? 2 B o
l_
0 - g o E N = o 3 / L .o
1A1B1D 2A 2B 2D 3A 3B 3D 4A 4B4D5A 5B 5D6A 6B6D7A 7B 7D
Chromosome
B Cs
% &
; g° 2
=

Ob:

£ 404
3 g
o E 2
&
204
H !
| aalh - o

2

10 20 30 40

1 2
% of plot infected Expected -logyq(p)

-logo(p)

YrCorel8
c
104
5
0 - @ - » y 8
1A1B1D2A 2B 2D 3A 3B 3D 4A 4B4D5A 5B5D6A 6B6D7A 7B 7D
Chromosome
C
%‘ 104
g .
-
100 N N ﬁ 5 -
o /"_‘—_
. Lalln 2| o
; LR W S

10 20 30 40

1 2 3
% of plot infected Expected -logs,(p)

YrFull21
o
10+
a
=
o
o
T 5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1A1B1D2A 2B 2D 3A 3B 3D 4A 4B4D5A 5B5D6A 6B6D7A 7B 7D
Chromosome
B T Cc
750+
a0
E]
g
o =}
5 _é‘ .
8 : o
g 77 ’
o
250+ © /-_,
04 & = 0
- : . ,

0 20

5 10 15 1 2 3
% of plot infected Expected -logyo(p)

A Peak hits BLAST to 1.4 Mb on ¥E28first identified on 4DS (Singh et al. 2000) and is
around 1.8 Mb in Chinese Spring (Zhang et al. 2019).
A Not very common in many landraces or cultivéds.evidence of gensuccess ituK

‘ — g ‘Vj‘ \‘C / ‘ Y,
— MW .

wheat background.

(N’AB world-class experience, skills and resources




a) Primary SHW

Two sample t-test: t =-3.3, df = 48 and P = 0.002

Resistance allele mean = 0.8%; Susceptibility allele = 1.8%

.
g .
7 °
2 } .
N -
. .
.

0 ‘!r“

A The allele associated with 4Y&8resistance was
b) NAM genotypes (segregating for the marker) p rese nt I n 3 7 O ut Of 54 Of th e S H W.

25 Two sample t-test: t =-9.2, df = 1505 and P = <0.001

Resistance allele mean = 0.8%; Susceptibility allele = 2.4%

20 o~

s o A Breeder selected genotypes from the Core nurseries
) were enriched with the SHWr28allele linked to
1 Improved resistance.

%i
B
”t

i 38

Resistance

L Stt26 NUzald AYyFSOUGA2Yy Ay FdzyIAOARS (UNBFGSR WwWaS3lQ
nursery for primary SHW (a) and NAM genotypes (b).

allele Susceptibility allele

(N’AB world-class experience, skills and resources



Chromosome Segment Substitution Line (CSS

Hoh 501 Ent 336
Triticum durum Aegilops tauschif
AABB DD

AB-CSSL: 77 lines that contain

Y I

NIAB SHW 041 Paragon Tl introgressions fronT. dicoccoides
Primary Synthetic Triticum aestivum Triticum dicoccoides
AABEDD AABEDD ARE across the A and B genome of
Paragon (spring wheat). —,
F1 hybri
!’ut\BI;/gDCl AAEED
CSSL D genome CSSL A + B genomes
BC1F1 BC1 F1
AABBDD AABBDD
CSSL D genome CSSL A + B genomes
Y Y
FIOW Chart Multiple backcrosses to Paragon
showing NIAB | | |
CSSL creation — !
BC4 F1 BC4 F1 _— I
AABBDD AABBDD . . = =
CSSLD genome | | CSSL A + B genomes D-CSSL: 32 lines that contain - _ ===
: introgressions fronAe. tauschii === !
o sedeen across the D genome of Paragon = —
T o (spring wheat). I ——c= =—
/ AABBDD AABBDD & ] ] m o =
@ CSSL D genome CSSL A + B genomes Paragon M TTD-140 M ENT-336 M Off-target
e Horsnell Leigh, Wrighet al. (2023, ThePlant Genome
enotyping

DFW Breeders" 35K Axiom array https://doi.org/10.1002/tpg2.20288 4

o (7 TR : R
NIAB : : | g
world-class experience, skills and resources )
AR (N ¥
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https://doi.org/10.1002/tpg2.20288

QTL Discovery with NAM and CSS

M . Using NAM genomic
751 resources, complete QTL
%50 mapping to explore trait
8 responses and identify

beneficial alleles from
wild backgrounds.

Field assessment of targeted
trait responses.

2D. 01 AX-94815994 - 5.1 Mb

Search for wild
introgressions that
contain candidate QTL
and use CSSL as a fine
mapping resource.

111312

‘::.t :.'v "{; 0\-"& #; ; * x: C
dprasde!
3 . SearC h 2 2 no lacous
o . 2D.02 S E Pt 4 ’ "1} .
Introgression
" ;/

292

libraries: CSSLs

2D.03
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DFW

+ Elite wheat controls
+ High yielding SHW derivatives

+ Recurrent parent
& SHW derivatives
D
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D-genome introgressions in SH¥Erivatives
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Making them desirable candidates for use as
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PGRs in prereeding programs.
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KWS

A Grain yield (t/ha, two-stage BLUEs from KWS trials) N ’A B _I '
A ‘

GDY
5 Dr.Carus JohiBejai
g3 ° )
i A Selected genotypes grown at KWS over fol
01 st ot ot consecutive years of yield trials.
1A 1B1D 2A 2B 2D 3A 3B 3D 4A 4B 4D 5A 5B 5D 6A 6B 6D 7A 7B 7D
Chromosome
C Zems : .
i " A There were 406 lines with phenotype and
genotype data.
: 3 A No standout QTL for grain yield.
:
50 - é 1+
: éGDY o : 1Expected2-logm(|0) ’ '

GWAS for grain yield in selected SH¥Yivatives
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Genomic Selection

406 genotypes with
data available

=T

Training Population

Phenotype data

+
Genetic marker data

75%

0,
25% Cross validation set

Independant Evaluation Genomic Prediction
2 x replicated grain Genomic best linear
yield trials at KWS unbiased prediction

Test Populations

Genotypes available
= 2231

Seed available
=572

(N’AB world-class experience, skills and resources



0.1
Mean = 0.484

et gl

0.2 0.4 0.6 0.8
Correlation between observed and predicted

t/ha
co

~l
P

N T
. C ¥

A Observed grain yield for each nested population A Average prediction accuracy of 0.48 for grai

In the training population yield
A Some nested populations are better A Prediction accuracy dependent on
represented than others representation in training population?

(N’AB world-class experience, skills and resources



101

t/ha

F.4051)°
F.4017)
F212{
F.2331
F.592
F.144

3

L2 donor, Hotb01

L3 donor, very low background

selection from
breeders. Hotb01
background.

(N’AB world-class experience, skills and resources

F.480

F.2191

F.645
F.624 1
F.141
F.6311

L2 donor, most
selected
tetraploid
background
(69% selected)

Predicted grain yield per
nestedpopulation.

L2 donor, very high
selection from breeders,
68% of genotype with this
tetraploid background
were selected.

L1 donor, a few
lines selected by

every breeder.




Independent evaluations

Images from independent evaluation trials at KWS this summer.

A Independent evaluation of predicted yield at two locations.
A Testing the SHWerivatives with the predicted highest, lowest and most similar grain yield to the

NBEOdZNNBY G LI NByld WYWw20AIdza Qo
A 25 genotypes in each prediction group.

(N'AB world-class experience, skills and resources



Predicted grain yield, plant
height and heading date
per evaluation group

A Crosses with SH\¥erivatives disrupt local adaptation in the recurrent elite wheat
background

<N’AB world-class experience, skills and resources



