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Broad-leaved trees are experimentally intractable but 
genomically tractable

Wheat Ash
Generation time < 1 year > 10 years
Time to harvest < 1 year > 30 years
Space to grow 0.1 x 0.1 x 1 m 5 x 5 x 30 m
Inbred lines Available Unavailable
Genome size 17 Gbp 0.9 Gbp



GB trees: woodland areas and genome sizes

Species Hectares Genome size (~)

Sitka spruce 692,000 20 Gbp

Scots pine 227,000 22 Gbp

Oak 223,000 0.9 Gbp

Birch 160,000 0.5 Gbp

Lodgepole pine 135,000 19 Gbp

Ash 129,000 0.9 Gbp

Japanese/hybrid larch 111,000 13 Gbp

Forestry Statistics 2011 – The Forestry Commission



The world needs trees



Increasing biotic threats to trees

www.shipmap.org/

http://www.shipmap.org/


Alien invasive threats to ash trees

Emerald Ash Borer (Agrilus planipennis)

Ash Dieback (Hymenoscyphus fraxineus)



Estimating mortality rates of European ash

A three-parameter 
logistic model for 
ash mortality due to 
ash dieback based 
on data sets from 
sites across Europe

Dr Tim Coker
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White ash (USA)



1. Queen Mary University of London. 2. QIAGEN Aarhus, Denmark. 3. The Earlham Institute, Norwich. 4. 
University of Oxford. 5. The Earth Trust, Abingdon. 6. Forest Research, Northern Research Station, Roslin. 7. 

University of York. 8. University of Exeter. 9. University of Copenhagen, Denmark. 10. Teagasc, Ireland. 11. John 
Innes Centre, Norwich 12. Royal Botanical Gardens, Kew

Nature 541: 212–216 (2017)

Ja
sm

in
Zo

hr
en

Li
zz

y
So

lla
rs

Dr
La

ur
a 

Ke
lly

Dr
En

dy
m

io
n

Co
op

er





W
ill

 P
lu

m
b

Ca
re

y 
M

et
he

rin
gh

am

Jo
na

th
an

 
St

oc
ks

Dr
La

ur
a 

Ke
lly



Forest Research 
mass screening 
trials

North Burlingham

Frant Place

• Set up in 2012/13
• 14 sites
• 15 provenances
• 153,408 trees



A Forest Research Mass Screening 
trial for ash dieback





Autumn 2016 results for North Burlingham, Norfolk
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GWAS on pool-seq data

203 SNPs with -log10(p)>13 



F-box/kelch-repeat protein 
SKIP6 - Plant F-box genes control 
many crucial processes including 
pathogen resistance

Functional Variants:
1 x missense, 
1 x 5’ UTR, 
2 x downstream



Protein CPR-5-like 
CPR5 modulates salicylic acid and 
the unfolded protein response to 
manage tradeoffs between plant 
growth and stress responses 
(including pathogen attack).

Functional Variants:
1 x missense, 
1 x intron
5 x upstream
1 x 5’ UTR, 
1 x 3’ UTR
1 x downstream





Performance of genomic prediction models for health under ash dieback pressure.



Genomic prediction
SNPs in 
training set:
50,000

25,000

10,000

1,000
5,000

Accuracy of 
assignment of top 
20% of trees by 
Genomic 
Estimated 
Breeding Value 
(GEBV) to correct 
health status



Marden 
Park
Wood



Hypotheses:
(1) Frequencies of alleles at some loci will consistently co-

vary with level of ash dieback damage, so we can predict 
the ash dieback damage of individual trees

(2) Many of these loci will be those that were found in our 
previous study 

(3) Smaller, younger trees will contain a biased subset of the 
variation present in the adult trees, due to more rapid 
selection among them by Hymenoscyphus fraxineus. 

Thus, we hope to detect the action of natural selection in 
real time in a natural multi-generational population.





Estimated Diameter at Breast Height (cm)
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Large trees Small trees





600 trees sequenced at approx. 10X 
coverage
Illumina by Novogene
4.5M to 213.8M per sample
Mean of 71.5M reads per sample
21,336,502 SNPs found

Carey 
Metheringham



PCA summary of SNP variation

Adult (n = 83)
Juvenile (n = 479)



Large trees Small trees



Large trees Small trees





PhD students

Postdocs
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