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Project Overview

En@er
needs

Trees,
pathogens
and
climates

Society
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Deliverables

Trees adapted to
new climates

Trees adapted to
increased disease pressure

Policies and practices
acceptable to public and
stakeholders
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Climate adaptation
of 4 tree species

Activity 1: \ /
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Activity 2:

Disease resistance
of 2 tree species
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Pathogenic races of
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Activity 5: Levels and logics of support for emerging adaptation

options across governments, stakeholders, and the public

Activity 4: \
A(ssisted migrationD

breeding strategies

1) Policy and reforestation recommendations
2) Genomic tools and strategies
3) Translational strategies tailored to specific forestry contexts
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Local adaptation of tree populations has
primarily been driven by cold temperatures 08
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Drought may be becoming one ofthe main
agents of selection (& mortality)
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With climate-based seed transfer,
need to consider risks of cold injury
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Outline

* Climate adaptation and drought response of seedlings
* Western larch
* Douglas-fir
* Using genomic data to project maladaptation with climate change

* Landscape Genetic Diversity Project
* Lodgepole pine
* Interior spruce
* Douglas-fir



Beth Roskilly, PhD candidate

* 52 natural populations in common gardens

* 4o natural populations from provenance
trial

* 32 populations overlap in common gardens
& provenance trial

« 28 families from breeding programs
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CoAdapTree

Research questions

1) How much do populations vary for climate-related
traits?

e growth

* bud phenology

* fall cold hardiness

* drought tolerance

2) How does selective breeding affect climate
adaptation?



CoAdapTree

Larch drought experiment 2021 ~ e

3 treatments:
control, drought, and recovery
* drought covers were up by May 18th, 2021

* control treatment was reqularly watered to
maintain high soil VWC

* drought treatment was not watered until
Oct 14 (5 months)

* recovery treatment was rewatered on Aug
13t (after 3 months)




Measurements

heights bud break bud set
6x 2880 7x 2880 15x 2880
171280 20,160 43,200
| water fluorescence cold injury
potentials 8x 1920 2X 1100
| 7x36 15,360 2,200
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Co Tree

Leaf senescence ~ o

Nov 2, 2020 Nov 11, 2020




Annual height growth significantly reduced by drought and recovery
treatment
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control drought recovery
treatment Preliminary results, Beth Roskilly
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Weak variation among larch provenances (Vpop 5-8%);
Less variation in drought and recovery treatments

control drought recovery
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Selected families have greater height growth compared to natural
populations but differences are reduced in drought and recovery treatments

control drought
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Selected families achieve greater height growth through later final budset
than natural populations in control treatment but not under drought

control drought
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cold injury (%)
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Little variation among provenances for fall cold injury in artificial tests

n = 51 provenances, 6-12 individuals
per provenance
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Cold injury is slightly greater in selected families compared to natural
populations from East Kootenay but not Nelson breeding zone.
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Climate adaptation in Douglas-fir

Rafael Ribeiro, PhD candidate

CoAdapTree - Coastal range (var. menziesii)
U - Interior range (var. glauca)

Healthy Trees for Future Climates



Substantial variation in cold hardiness both between varieties and
among populations within varieties in Douglas-fir
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Drought experiment testing for provenance differences

UBC] o faculty of PhD research of Co Tree
*reStrY Rafael C. Ribeiro TN DN
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Douglas-fir drought hardiness: 87 populations

1 Chlorophyll fluorescence
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Drought tolerance varies between Douglas-
fir varieties (V ,,=18%); among-provenance
variation only within interior Douglas-fir

Coastal

Source of Variance Drought hardiness

Provenance 1%

Block 0% /

Residual 99%

Vpop 1% Drought-
hardiness

Interior (slope)

Source of Variance Drought hardiness var. menziesii

Provenance 12% _

Block 1% / var. glauca 4

Residual 87% _

Vpor 13% R. Ribeiro, Unpublished results



Tested variation in drought tolerance among select interior

and coastal Douglas-fir families from breeding programs
Judith Nuhu, MSc student
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Using genomic data to predict maladaptation with climate

change in Douglas-fir and lodgepole pine
Example: Lodgepole pine (Yue Yu, MSc thesis with Tongli Wang)

Genetic offset
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0.007
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Candidate set

Yu et al. submitted



Using genomic data to validate predictions of maladaptation
with phenotypic data from Douglas-fir

Example: Douglas-fir (Brandon Lind, postdoctoral fellow)
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Genes for tolerance of Dothistroma needle blight (DNB) in lodgepole pine

Susceptibility t0 DNB ey,
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Genomic tool for Douglas-fir and lodgepole pine breeding:
CoAdapTree Douglas-fir/lodgepole pine Axiom ~5oK SNP array

* Markers split equally between lodgepole pine and Douglas-fir
* Includes SNPs distributed across genomes for genomic selection or other applications

* In use for validating genetic markers for drought, cold, Dothistroma and Swiss needle cast
tolerance

Selection criteria Number of genes

Douglas-fir Climate associated 3,956
Drought associated 1,167
Cold injury associated 781
Disease associated 1,026

Lodgepole pine Climate and climate- 5,766

related trait associated

Disease associated 1,260



Landscape Diversity Project (GeneSolve - GenomeBC)

Hayley Tumas, Postdoctoral Fellow

1.) Assess current genetic diversity.

Natural Stands Seedlots
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2.) Examine genetic diversity and
composition of mature stands.
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3.) Use a simulation model to predict future genetic diversity.

Several generations forward in time
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Genomic versus SPAR Effective Population Size
Estimates for Orchard Seedlots — lodgepole pine

@ LDNe ® Gamete Production @ SFNe
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Estimate of N

Genomic versus SPAR Effective Population Size
Estimates for Orchard Seedlots — interior spruce

@ LDNe @ Gamete Production @ SFNe
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Summary

* Modest provenance variation for drought tolerance in Fdi but not Fdc

* Larch shows weak provenance variation in seedling common gardens as
well as field trial

* Selectively bred larch families achieve greater growth through plasticity
and delayed final bud set when water is available

* CoAdapTree SNP array for Douglas-fir and pine has markers for genes
associated drought and cold tolerance, climate associations and disease
tolerance

* Preliminary results suggest SPAR estimates of effective population size are &
reasonable and conservative

* Aclose look at genetic diversity at the landscape level is underway
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