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As breeding programmes mature the diversity of pedigrees is reduced

Fradgley, Nick, et al. "A large-scale pedigree resource of wheat i
reveals evidence for adaptation and selection by breeders." PLoS ——'r
Biology 17.2 (2019): e3000071. ’j.



How and Why the Watkins landrace collection
was assembled

An attempt to produce a global wheat survey.
Taking into account that landrace cultivars are mixtures.

Market collection.
—— Multiple collection points in each country taking into
T S B A S account regional adaptation.

Capturing true landraces before they are displaced by
improved landraces and varieties.
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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

The BBSRC Wheat Improvement Strategic Programme (WISP)
The A. E. Watkins Landrace Collection Platform ‘Recovering Lost Genes’

Utilising the Global Landraces in WISP
1. Arthur E. Watkins had the foresight to collect landraces from around the world in the 1930s
using his connections with the London Board of Trade. The collection totals over 800 lines
and is stored at the John Innes Centre Norwich UK. Sources are represented on this map.

2. WISP has used SSR molecular markers and geographical origins to create a core subset
of landraces from this collection that represents maxi i a iversity possibie in a more man-
‘ageable 85 lines.

3. The landraces in this core set have been crossed into the UK spring bread wheat Paragon
and mapping populations developed through inbreeding the offspring.

4. These Populations are men genellcally mapped using high throughput KASPar molecular
marker technology platform to assign traits to regions of chromosomes
5. Genes for important for wheat ind global food security are
then bred back info non host parental material In a precise manner called Near Isogenic Line
(NIL) production to prove concept of theory and allow a resource tool to be made available to
the wheat industry.
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Over 827 accessions collected in the 1930s using London Board of Trade from 32 countries.



Whole genome sequencing of AE Watkins Collection
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e >5years (2018-):

* 1047 wheat genotypes (827
landraces + 220 elites)

e 220Tb raw data, >1Pb data for
analysis

D
Cheng, S., Feng, C., Wingen, L. U., Cheng, H., Riche, A.
B., Jiang, M., ... & Griffiths, S. (2024). Harnessing landrace
diversity empowers wheat breeding. Nature, 632(8026), i
823-831. L
Shifeng Cheng AGIS



Watkins landraces form phylogenetic clades which are
Isolated from modern wheat

* Phylogenetic tree produced
. using 250 million single
= ot nucleotide polymorphisms
[] AG4, the Balkan and the greater Iran
[] AGs, Europe-Asia 1 (S N PS)

. AG6, Meditterean

[[] AG7, South Europe/Asiat ® 8 2 7 Wat ki n S la n d ra C e S

[l Modern Eiite

b Founding accessions highlighted L 2 O 8 2 Oth C e nt u ry W h e at
Y Chinese Spring

* 10+ Pangenomes (15 assemblies) Va ri eti e S

* Parent accessions for the 73 RIL populations

* 73 populations derived from
@ 7o toyee Watkins for gene discovery

a Accession relationship and Ancestral
Groups (AG1-7) in phylogeny tree

d Traits surveyed for Watkins collection diversity panel
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Modern wheat only captures a fraction of the genetic diversity

available
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Seven ancestral groups (AGs) emerge
from analysis of the Watkins SNP data

Modern wheat varieties overlap with AG 2
and AG5

The genotypically defined AGs correspond
with geographic clusters of Watkins
collection sites

60% of the SNPs identified are completely
absent from modern wheat



The footprint of AG2-AG5 founders are still very clear
In modern wheat

|
Work of Xiaoming
Wang and Cristobal
1DI 2AI ZB. 2q SAI 3B ‘3D‘4A I4B.40‘ SA.SE.SD.M. GB‘BD‘ 7A.7B.7D‘ U a uy

Wi T e e e 10 * More than 50% of modern varieties

5 v 8 macifgiaiar woZf TnlelaZisiiies LI genomes can be reconstructed using 26
= ame o8 ) “HaiieE T A et B Watkins genomes

b I T - e On average landrace chromosomal

SRR mumLovE D LysenE RS bmtds o S segments remained intact along a length

26 RNt IS il s SEesn s et B AllB27 of 159,78 Mbp in modern wheat
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Is the “left behind” landrace variation useful? \D

ROTHAMSTED
* Keytraits « 1000s of QTL RESEARCH
b Traits surveyed c Germplasm d Total  Watkins beneficial ~ Adaptive  Watkins beneficial & unique
' Biomass partitioning (5) Yo r (’
‘ @ O Biotic stress (10) ‘/Kﬁ' ' }H GWAS MTA - 1428 256 245 235
& Ny / ®
Mineral content (6) Q % QJL\ uy, n | 1 OOS a re

70 trants 17 years, China & UK

useful and

/ ‘ Morphological (21) I,
< _ NI ALY | QT at
Nitrogen use effiency A \\/\ AN ‘ (Watkins x | 3280 885 876 17
\ ey Ccomponents (13) [ Landrace | ®] Modern | mapping Paragon) n Ove l
) ! ® e _ N
Q\";} A - Nutrition/quality (30) 73 RIL 54 traits, 10 years,
“ %BS" y o
RN
\ '\ i/~ Phenological (14) NAM \
R . MTA 3545 555 803 261
Physiological (19) GWAS ‘
\! 3 3
Y w Yield component (19) 73 RIL, 6762 recombinants, 88 traits

* Tenyears of field
experimentation

Malcolm Andrew
Hawkesford Riche




Hundreds of new Watkins genes and alleles contributing towards the

sustainable yield challenge

* The new and potentially useful Watkins
alleles are backcrossed into elite UK
varieties

Commercial Sites & RRes
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* They are tested on commercial sites and
then introduced into company pedigrees

Field experiments  feiected,
[SEARCH
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* There now an influx of non AG2-5 diversity

“ e ——= * BUT- backcrossing only scratched the
s = — surface
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RS || « How to mobilise the 60% untapped
| variation???
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What Watkins tells us about wheat breeding history

AG1

Empirical selection for:
Adaptation

Height

Yield

Bread making quality
Disease resistance
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AG3

AG4

AG5

AG7

Technological step changes
for breeding:

Line selection

Mendelian genetics
Haber-Bosch Process

Statistical genetics
Mechanisation

Green Revolution
Semi Dwarf varieties

Marker assisted selection
Genomic Selection
Wheat genome/s

Gene editing




2024

A proposition for precision bred wheat pedigree
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Technological step changes

for breeding:

Marker assisted selection
Genomic Selection
Wheat genome/s

Gene editing




Semi dwarfing alleles are absent from the Watkins collection

* In modern agriculture the semi dwarf
trait is essential.

 Almost all Watkins accessions are
very tall.

» To begin new landrace pedigrees we
need to introduce semi dwarfing
alleles

« (Gene editing has the potential to
achieve this efficiently




Transformations of Watkins Landraces

8 Watkins landraces
now transformable
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Wheat transformation and
editing team: Sadiya Hayta,
Mark Smedley, Rajani Awal

Starting landraces




Construct for the removal of DELLA domain
from RHT1

e Aim is to delete RHT1 DELLA domain.

* pGoldenGreenGate (S1) containing two guide
RNAs targeting RHT1 both driven by the TaU6
promoter.

* Cre-LoxP heat-shock excisable GRF4-GIF1,

* Intron enhanced Cas9 driven by the rice
ubiquitin promoter.




Successful development of semi dwarf Watkins landraces

DELLA domain
deleted

r DELLA domain intact

New results

TO plants are successfully
converted to semi dwarves

Now transforming as many
accessions as possible

Transgene free semi dwarves will
be crossed and subjected to
pedigree selection



Rothamsted Research
Malcolm Hawkesford
Andrew Riche

AGIS

Shifeng Cheng
FengCong

Wei Fen

JIC Field Trial Team
Darryl Playford

GRU

Simon Orford

Noam Chayut

JIC Bioinformatics
Burkhard Steuernagel
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Keith Edwards
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Griffiths’ Group
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Richard Goram

JIC Transformation Team
Sadiye Hayta
Mark Smedley

Wheat Breeders Toolkit
Companies

RAGT

Elsoms

DSV

Limagrain

Syngenta

KWS

NPZ
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