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Niab has a large collection of Plant Genetic Resources:
 
Å130 Triticum dicoccoides accessions (AABB)
Å257 Triticum dicoccum landraces (AABB)
Å20 Triticum durum varieties (AABB)
Å300+ Triticum durum landraces (AABB) 
Å200 Aegilops tauschii accessions (DD)
Å100 Synthetic Hexaploid Wheats

+ variety collections we use for cross-referencing 
e.g. WAGTAIL GWAS panel 



Tetraploid diversity captured via direct crossing

Backcross scheme to 
capture tetraploid 
diversity via direct 
crossing

Emmer wheat ear 
diversity 

Principal coordinate 
analysis (PCoA) for 
tetraploid wheat donors 
of bƛŀōΩǎ forward genetic 
populations



Å 200 Aegilops tauschii (DD) covering all lineages of the species
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Magical SHW machine
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Synthetic wheat
(AABBDD)

Å 64 NIAB Synthetic Hexaploid Wheat
Å 36 SHW sourced from NARDI Fundulea  and CIMMYT.

 

Process of forming new 
Synthetic Hexaploid 

Wheats at Niab



Diversity Donor Genotyping Sequencing

T. dicoccoides
T. dicoccum
T. durum 

Å 60+ accessions genotyped with the 
Breeders' 35K Axiom SNP array

Å T. dicoccoides = 2 with chromosome level 
assemblies pending via Tetraploid Pangenome + 1 
with NIAB DFW 15x Illumina coverage.

Å T. durum = 1 existing reference genome, 3 
chromosome level assemblies pending via 
TetPanG + 1 chromosome level pending via NIAB

Aegilops tauschii
Å 200+ accessions genotyped with 

KASP marker data (~300 markers)
Å 33 accessions with 10-30x Illumina sequencing 

(via: Gaurav et al. 2022).

Synthetic Hexaploid Wheat

Å 50+ accessions genotyped with the 
Breeders' 35K Axiom and Triticum 
aestivum ΨbŜȄǘ DŜƴŜǊŀǘƛƻƴΩ {bt 
array

Å 2 accessions sequenced to the chromosome-level 
via the Wellcome Sanger Institute.

Triticum aestivum
(MAGIC Founders)

Å 8 and 16 founder accessions 
genotyped with the 90K Infinium 
iSelect SNP array and Breeders' 35K 
Axiom array.

Å 8 accessions with chromosome-level genome 
sequence assemblies. 

Å 16 accessions with exome and promotor capture 
sequences

Parental genetic resources

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



Scott & Ladejobi et al. 2020 

Multi-founder populations are powerful 
forward genetic resources:

ÅHigh power and high resolution for 
mapping QTL 

ÅCaptures wide genetic diversity through 
multiple founders (especially in NAM 
panels) 

How to capture this diversity for forward genetics?



MAGIC

Multi-parent Advanced Generation Inter-Cross
Å Capture of diversity and phenotypic variation in one 

population 
Å High recombination ς greater mapping precision 

MAGIC Elite  (Mackay et al. 2014)  
Å Population genotyped with 90k SNP data
Å 8 varieties selected by breeders 
Å 81% UK SNP polymorphism

MAGIC Diverse (Scott et al. 2021)
Å Population has been skim-sequenced 
Å 16 varieties selected to maximize elite diversity capture 
Å 92% UK SNP polymorphism

Example studies from MAGIC Elite:  

Several BBSRC projects: incl. LINK, IPA
ÅYield and yield components
ÅPhotosynthesis
ÅLeaf morphology
ÅDisease traits (tan spot, STB, SNB)

PhD/postdoc projects:
ÅZymoseptoria tritici, Parastagnospora nodorum 
ÅFusarium
ÅYellow rust (Puccinia striiformis f.sp. tritici)
ÅGrain quality
ÅCircadian rhythm

Internal NIAB/collaborations:
ÅFlowering time, height
ÅTiller and ear counts
ÅVarious root projects
ÅGrowth and development in phenomics platforms
ÅMicronutrients
ÅAnd more....



Name NIAB Sel Code Recurrent Parent Wild Donor Species of Donor

1710 DFW SEL 035 Paragon NIAB SHW-008
Re-synthesised T. 
aestivum 

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 SHW-023
Re-synthesised T. 
aestivum 

MAGIC Wilder: 

Å Eight high performing BC1-derived RIL selections in a 
spring elite wheat background 

 
Å Founders were formed using: Synthetic Hexaploid 

Wheat, T. dicoccoides, T. dicoccum and T. durum. 

Å After 3 rounds of intercrossing, >1000 RILs currently 
at F5 generation

New MAGIC:



Nested Association Mapping

Nested Association Mapping panels (typically 50-60 wild donors) crossed into elite spring and winter wheat 
hexaploid backgrounds. 

ÅCombines high statistical power of QTL mapping with large diversity capture through multiple donors
 

UK Elite Wheat (Robigus and Paragon)
x

 

Synthetic diversity Tetraploid diversity

PCoA space of typical NIAB NAM population. 
Created using CurlyWhirly (JHI). 



NIAB_SW_SHW_NAM 
Å 64 bi-parental populations; 4,200 RILs; 64 

SHW donors; spring recurrent elite.

NIAB_SW_TET_NAM 
Å 58 bi-parental populations; 1,784 RILs; 58 

tetraploid donors; spring recurrent elite.

NIAB_WW_TET_NAM 
Å 21 bi-parental populations; 646 RILs; 21 

tetraploid donors; winter recurrent elite.

NIAB_WW_SHW_NAM
Å 54 bi-parental populations; 3,137 RILs; 

54 SHW donors; winter recurrent elite.

NIAB_WISH_SHW_NAM
Å 24 bi-parental populations; 282 RILs; 24 SHW 

donors; spring/winter recurrent elite.

MAGIC WILDER
Å 8 founders diversity enriched donors; 3 

intercross stages; 1,000 RILs.

Chromosome segment substitution lines 

(CSSLs)
Å 109 lines with introgressions from SHW and 

wild emmer spanning the Paragon genome.

Genotyped on SNP array 

Associated publication

NIAB diversity resources



Wright, Horsnell et al. 
Theor. Appl. Genet.
(2024). 
https://doi.org/10.1007/s00122-
024-04577-1

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 in 
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.

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


Å 54 bi-parental populations; 
3,137 RILs; 54 SHW donors; 
winter recurrent elite.

Å The SHW were formed using 47 
unique Ae. tauschii and 15 
different T. durum donors

NIAB_WW_SHW_NAM

a) PCoA of the population and founders 
b) PCoA of D genome genetic markers for primary SHW used as parents in the NIAB_WW_SHW_NAM
c) Geographical collection points of Ae. tauschii used to form the parental primary SHW



https://niab.github.io/niab-dfw-wp3/

Genetic analysis workflow

Genetic marker workflow for the 
NIAB_WW_SHW_NAM

https://niab.github.io/niab-dfw-wp3/


Aerial image from 
NIAB Data Science 

Department

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

м Ȅ ΨaŜƎŀΩ b!a bǳǊǎŜǊȅ ǿƛǘƘ ǘƘŜ ǿƘƻƭŜ 
population 

Primary SHW parents were earlier 
flowering, taller but showed better 
yellow rust resistance. 

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).



Wheat breeders visited the Core trials each 
year and made selections for future testing. 
The companies included: 

Å DSV 
Å Elsoms
Å KWS
Å Limagrain
Å RAGT
Å Syngenta
Å NIAB (pre-breeders)

SHW-derivatives from this population have been 
taken by breeders to commercial programmes. DSV 
UK took one SHW-ŘŜǊƛǾŜŘ ƭƛƴŜΣ ŎŀƭƭŜŘ ΨDŀƴŘŀƭŦΩΣ ǘƻ 
National Listing. 

Matt Kerton, DSV UK, personal communication.

Creative Commons Attribution 3.0 License
LOGANSCHILLMIX www.deviantart.com

http://creativecommons.org/licenses/by/3.0/


Certain tetraploid and diploid backgrounds 
appeared to be favoured by breeders in 
selection. 

Hoh-501 was the most frequent used 
durum parent but others had a higher 
selection proportion. 

Lineage 2 Ae. tauschii had a higher selected 
proportion than lineage 1. 

Breeders' selection of NIAB_WW_SHW_NAM material during the DFW 
project.



Genetic Mapping

For Ft, Ph and Yr across 6 different trials there were 26 QTL mapped, with consistent QTL 
across year for each trait. 

ÅPeak hits BLAST to 1.4 Mb on 4D.Yr28 first identified on 4DS (Singh et al. 2000) and is 
around 1.8 Mb in Chinese Spring (Zhang et al. 2019). 

ÅNot very common in many landraces or cultivars. No evidence of gene success in UK 
wheat background. 



Å The allele associated with 4DS Yr28 resistance was 
present in 37 out of 54 of the SHW. 

Å Breeder selected genotypes from the Core nurseries 
were enriched with the SHW Yr28 allele linked to 
improved resistance.

¸Ŝƭƭƻǿ Ǌǳǎǘ ƛƴŦŜŎǘƛƻƴ ƛƴ ŦǳƴƎƛŎƛŘŜ ǘǊŜŀǘŜŘ ΨaŜƎŀΩ b!a 
nursery for primary SHW (a) and NAM genotypes (b).



Horsnell, Leigh, Wright et al. (2023), The Plant Genome
https://doi.org/10.1002/tpg2.20288

AB-CSSL: 77 lines that contain 
introgressions from T. dicoccoides 
across the A and B genome of 
Paragon (spring wheat). 

D-CSSL: 32 lines that contain 
introgressions from Ae. tauschii 
across the D genome of Paragon 
(spring wheat).

Chromosome Segment Substitution Line (CSSL)

Flow chart 
showing NIAB 
CSSL creation

https://doi.org/10.1002/tpg2.20288


1. Trait assessment 2. QTL mapping

QTL Discovery with NAM and CSSL

Field assessment of targeted 
trait responses.

Using NAM genomic 
resources, complete QTL 
mapping to explore trait 
responses and identify 
beneficial alleles from 
wild backgrounds. 

3. Search 
introgression 

libraries: CSSLs

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

Horsnell et al. 2023, Plant Genome



SHW-derivatives combine competitive grain 
yields and high genetic diversity. 

Making them desirable candidates for use as 
PGRs in pre-breeding programs. D-genome introgressions in SHW-derivatives 



Å Selected genotypes grown at KWS over four 
consecutive years of yield trials. 

Å There were 406 lines with phenotype and 
genotype data. 

Å No standout QTL for grain yield.

GWAS for grain yield in selected SHW-derivatives

Dr. Carus John-Bejai



Genomic Selection

Genomic selection workflow. Ongoing collaboration between NIAB and KWS.



Å Observed grain yield for each nested population 
in the training population

Å Some nested populations are better 
represented than others 

Å Average prediction accuracy of 0.48 for grain 
yield

Å Prediction accuracy dependent on 
representation in training population?



L3 donor, very low 
selection from 
breeders. Hoh-501 
background.

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.

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

L2 donor, Hoh-501 
background

Predicted grain yield per 
nested-population.



Å Independent evaluation of predicted yield at two locations.
Å Testing the SHW-derivatives with the predicted highest, lowest and most similar grain yield to the 
ǊŜŎǳǊǊŜƴǘ ǇŀǊŜƴǘ ΨwƻōƛƎǳǎΩΦ 

Å 25 genotypes in each prediction group. 

Independent evaluations

Images from independent evaluation trials at KWS this summer.



Å Crosses with SHW-derivatives disrupt local adaptation in the recurrent elite wheat 
background     

Predicted grain yield, plant 
height and heading date 

per evaluation group


