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ÅThe Neolithic Revolution saw the first 
cites 10,000 years ago
ÅHunter gatherers became farmers
ÅThese new civilisations were 

dependent on bread and pasta wheat
ÅBread wheat does not exist as a wild 

species- it arose from polyploidisation 
events on farms in the fertile crescent 
ÅThese new systems caused a 10x 

increase global population to ~10 
million

The evolution of wheat enabled the establishment of the first cities
The Fertile Crescent

Grain storage at Çatalhöyük



The cities of the 21st century still rely on wheat!

ÅGlobal population almost 8 
billion
ÅMajor wheat cultivation on every 

inhabited continent
Å780 million tonnes produced 

each year
ÅMost traded crop
Å20% of our calorific intake
ÅIncreased production required 

for a population of 10 billion in 
2050



Agriculture feeds us while also driving climate change 
and mass extinction



The founders of European 
wheat breeding  
introduced a potential 
bottleneck

Nick Fradgely, et al. 
Sarah Bailey et al 2024

As breeding programmes 
mature the diversity of 
pedigrees is reduced

Where do modern wheat varieties come from?



Genetic gains achieved by conventional 
breeding have declined

Slater et al 2022 10.5194/esd -13-1377-2022

ÅIs it possible that increased 
genetic progress can be achieved 
by increasing genetic diversity in 
modern wheat?

ÅWhere would this diversity come 
from?



A. E. Watkins, 1920s- 1930s,

Cambridge

Genetics Society Magazine, August 2023, issue 89



How and why the Watkins landrace collection 
was assembled

Draft for letter (~1929) from AE Watkins to 
collectors in Italy, Sicily, Corsica, Romania, and 
Algeria.  Similar letters sent to India and Persia.



A. E. Watkins organised collection of wheat cultivars in 
1920s and 30s

Over 827 accessions collected in the 1930s using London Board of Trade from 32 countries. 



Å>5 years (2018-):

Å1047 wheat genotypes 
      (827 landraces x 220 elites)

Å220Tb raw data, >1Pb data for 
analysis

Whole genome sequencing of AE Watkins Collection and 
a modern wheat sample

Shifeng Cheng AGIS



AG5 AG2

Watkins genomics 

in a nutshell
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Zn example of Watkins whole genome  GWAS

ÅGWAS peaks: 1B, 3A, 
4B and 7A

ÅRare alleles increasing 
Zn found on 3A and 4B 

ÅNot associated with yield

Abdul Kader 
Alabdullah

Andrew 
Riche



Development of Nested Association Mapping Panel from the Watkins Collection

Over 12000 RILs in the DSW NAM population

Simon Orford

Rajani Awal
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in the field.

ÅTen years of field experimentation at JIC 
and Rothamsted 

Malcolm 
Hawkesford

Andrew 
Riche

JICs Field Experimentation Team
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Thousands of genetic effects identified using 
complementary gene discovery methods

GWAS (1428 MTAs)

NAM GWAS (3545 MTAs)

QTL Mapping (3280 QTLs)

ÅYellow 
Rust

ÅWinter kill

ÅFlowering time

Overall numbers::Trait examples:



Thousands of genetic effects identified using 
complementary gene discovery methods

ÅYellow Rust љìċƖƖŔŸƖњШƖċĦĲ

Trait examples:

Yellow rust resistance sources centred on Iran



Novel alleles for grain mineral content
QTL for increased calcium, copper, 
iron, potassium, magnesium and zinc 

Petros Sigalas



Watkins alleles for increased dietary fibre

James Brett

Allelic series with extra high Watkins allelesHigh resolution mapping of known QTL



New alleles for adaptation through changes 
in temperature sensitivity

Watkins 141_6B

Watkins 248_2A

Watkins 292_6A

Lukas Kronenberg



2015 choice assays & 2016 field trial

Jake 

Stone

Screening of Watkins Core 

Origins Collection

6 slugs, 3 varieties (1 control) per 

assay, 10 seeds each, 8 replicates

Slug feeding damage

3 lines experienced most damage: 704, 127, 004

3 lines experienced least damage: 788, 209, 325 21



Toolkit validation of novel Watkins alleles for yield

Hap3 Mean

Proposed Lines 
for BTK

Lines already 
sent for BOP

Plot_Yield % difference
W3 4.94 a 20.6%
H8 4.81 a 17.5%
W4_TK19 4.62 ab 12.8%
W4_TK23 4.35 bc 6.2%
H2 4.23 c 3.4%
H7 4.11 c 0.4%
H3 4.09 c -

Analysed as means of both lines

James 
Simmonds



Genebank

wheat programme

Sarah Collier

Michelle 
Leverington 
Waite

Noam Chayut

Charlie Philp

Rajani Awal

Simon Orford



Elsoms

NPZ

DSV

KWS

NIAB and Syngenta

RAGT

Limagrain

Breeders Toolkit winners move on to 
commercial trials network

ÅThis is the DSW Breeders Toolkit
Å±ŜǊȅ ǎǳŎŎŜǎǎŦǳƭ ōǳǘΧΦΦ 
ÅIt was designed for 10s-100s of 

genes alleles not 1000s
ÅExtreme under deployment of 

landrace diversity was a shock
ÅShould we restart pedigree 

breeding programmes?



A landrace centric view of wheat breeding history

AG3 AG4 AG5 AG6AG2AG1 AG7

Empirical selection for:
Adaptation
Height
Yield
Bread making quality
Disease resistance

1880

1900

1920

1940

1960

1980

2000

2020

Technological step changes 
for breeding:
Line selection
Mendelian genetics
Haber-Bosch Process

Statistical genetics

Mechanisation

Semi Dwarf varieties

Marker assisted selection
Genomic Selection
Wheat genomics
Gene editing



A proposition for systematically designed wheat pedigrees

AG3 AG4 AG5 AG6AG2AG1 AG7

2024

Technological step changes 
for breeding:

Marker assisted selection
Genomic Selection
Wheat genome/s
Gene editing

?



Semi dwarfing alleles are absent from the Watkins collection

Å In modern agriculture the semi dwarf 

trait is essential.

Å Almost all Watkins accessions are 

very tall.

Å To begin new landrace pedigrees we 

need to introduce semi dwarfing 

alleles

Å Gene editing has the potential to 

achieve this efficiently



Height

Flowering 
time

Grain 
colour

Grain 
texture

RHT-1

PPD-1

R

PIN

Reduce 
lodging

Adapt to 
UK 
season

Prevent 
sprouting

Suitable for 
leavened bread

Delete DELLA domain

Reduce PPD-B1 copy number

Restore reading frame

Remove whole gene/s

Trait Gene Why? Required edit

Examples of our chosen targets for fixation in our precision bred 
Watkins pedigree


