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Pacific Northwest Tree Improvement Research 

Cooperative 

Annual Report 2018-2019 

The Pacific Northwest Tree Improvement Research Cooperative (PNWTIRC) was formed in 1983 to 

conduct research in support of operational tree improvement in the Pacific Northwest.  Emphasis is on 

region-wide topics dealing with major coniferous species.  Membership has included representatives 

from public agencies and private forestry companies in western Oregon, western Washington, and 

coastal British Columbia. 

OUR MISSION IS TO:

Create a knowledge base concerning genetic improvement and breeding of Pacific 

Northwest tree species 

Develop reliable, simple, and cost-effective genetic improvement methods and apply 

these methods to solve tree-breeding problems 

Promote effective collaboration and communication among public agencies and private 

industries engaged in tree improvement in the region 

All participants provide guidance and receive early access to research results.  Regular and 

Associate members provide financial and in-kind support and are represented on the 

Policy/Technical Committee.  This committee is responsible for making decisions on program strategy 

and support, identifying research problems, establishing priorities, and assisting in the planning, 

implementation, and evaluation of studies.  Because Contractual Participants provide less financial 

support, they have no voting rights on the Policy/Technical Committee.  Liaison Members provide no 

financial support and have no voting rights.  The PNWTIRC is housed in the Department of Forest 

Ecosystems and Society at Oregon State University. 
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PNWTIRC PARTICIPANTS 

Regular Members 

Bureau of Land Management  

Cascade Timber Consulting 

Green Diamond Resource Company 

Hancock Timber Resource Group 

Olympic Resource Management 

Oregon State University 

Port Blakely Tree Farms 

Rayonier Forest Resources 

Roseburg Forest Products 

Stimson Lumber Company 

Washington State Department of Natural Resources 

Weyerhaeuser 

Associate Members 

Starker Forests 

Contractual Par ticipants  

Lone Rock Timber Company 

Liaison Members 

Inland Empire Tree Improvement Cooperative 

Northwest Tree Improvement Cooperative 

USDA Forest Service, Pacific Northwest Research Station 
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HIGHLIGHTS OF 2018-2019 

We completed development of the Axiom genotyping array for Douglas-fir and 

submitted the manuscript to BMC Genomics for publication. “Howe, G.T., 

Jayawickrama, K.J., Kolpak, S.E., Kling, J.G., Trappe, M., Hipkins, V., Ye, T., Guida, S., 

Cronn, R., Cushman, S.A., McEvoy, S. 2019. A high-density Axiom genotyping array for 

Douglas-fir. BMC Genomics (submitted).” 

We published a study in collaboration with the US Forest Service that examines a 

century of lessons learned from the 1912 Douglas-fir heredity study. “St.Clair, J.B., 

Howe, G.T., and Kling, J.G. 2019. The 1912 Douglas-fir heredity study: Long-term 

effects of climatic transfer distance on growth and survival. Journal of Forestry 

(accepted).” 

Meridith McClure joined the PNWTIRC as a masters student and developed her 

research proposal, “Climate-based Seed Deployment Zones for the Pacific Northwest.” 

PNWTIRC Program Manager Anna Magnuson was hired into the Research Coordinator 

position to replace Scott Kolpak, who took a job with the USFS. 

We’re continuing to develop a reliable and cost-efficient low-density SNP genotyping 

system in Douglas-fir, building off of work that was done for the Axiom array. 

We’re continuing to develop the genomic selection workplan in collaboration with the 

NWTIC.  

Margaret Banks of Stimson Lumber Co. was elected as the new Policy/Technical 

Committee Chair for the upcoming year. 
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MESSAGE FROM THE DIRECTOR 

 

Last year was marked by new beginnings. Anna Magnuson, who had worked part-time as Program 

Manager for the PNWTIRC, replaced Scott Kolpak as our full-time Research Coordinator.  During 

her first few months, she acquired new lab skills by working on a genotyping project for PNWTIRC 

members at Weyerhaeuser, Washington Department of Natural Resources, and Pope Resources. 

She used SSR markers developed by the PNWTIRC to validate Douglas-fir genotypes.  This 

information was necessary to make decisions about the fate of high-value seed orchard and clone 

bank trees.  During the upcoming year, Anna will assist with other PNWTIRC projects, such as 

developing a low-density SNP assay and building a SNP genetic map for Douglas-fir. 

Meridith McClure settled into her Master’s program and helped develop a PNWTIRC research 

proposal entitled, Climate-based Seed Deployment Zones for the Pacific Northwest.  This proposal is 

aimed at developing a user-friendly system for climate-based seed transfer throughout the Pacific 

Northwest region.  The proposal was accepted by PNWTIRC members at the annual meeting, so 

expect a progress report from Meridith at next year’s annual meeting. 

Jennifer Kling continues to work part-time on the genomic selection project.  Last year, we completed 

a major milestone in the project—we took 5-year measurements on the genomic selection field test 

managed by Sara Lipow at Roseburg Resources.  Jennifer analyzed and presented preliminary 

results from these measurements at the annual meeting.  This project is a collaboration between the 

Northwest Tree Improvement Cooperative and the PNWTIRC with initial funding coming from the 

Northwest Advanced Renewables Alliance. 

We’ll have two important additions to the PNWTIRC next year.  First, we’ll hire a post-doc to help 

with the heavy lifting on the quantitative genetic analyses associated with our genomic selection and 

SNP genotyping projects.  Second, we have a new Turkish Master’s student, Zeynep Çiçekli, starting 

in January.  Zeynep will be supported by a scholarship from the Turkish government. 

Finally, we could not be successful without the active support of PNWTIRC members and 

collaborations with organizations such as the Northwest Tree Improvement Cooperative (Keith 

Jayawickrama, Director), Center for Intensive Planted-Forest Silviculture (Doug Maguire, Director), 

and Inland Empire Tree Improvement Cooperative (Marc Rust, Director).  PNWTIRC members 

continue to play an active role in our research—by providing data, seed, and  access to seed 

orchards, clone banks, and greenhouses.  We greatly appreciate everyone’s continued support and 

guidance. 

Glenn Howe, PNWTIRC Director 
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AGENDA – TUESDAY OCTOBER 29, 2019 

– ANNUAL MEETING –

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH 

COOPERATIVE (PNWTIRC) 

START TIME 9:00 AM for coffee; 9:30 AM for presentations 

LOCATION Clackamas Fire Station #3: Oak Grove 

2930 SE Oak Grove Blvd, Milwaukie, OR 

CONTACT TEL 541-730-3400 (Glenn); 503-475-7852 (Anna)

LOCATION TEL 503-742-2600

LUNCH Lunch provided

   Time Topic Responsibility 

9:00-9:30 Coffee 

9:30-9:45 Welcome and introductions Lauren Magalska 

9:45-10:00 Overview 

• PNWTIRC personnel

• PNWTIRC accomplishments for 2018-19

• PNWTIRC plans for 2019-20

Glenn Howe 

10:00-10:30 Why does Douglas-fir grow so much better in New Zealand? Liam Gilson 

Doug Maguire 

10:30-11:00 Routine marker genotyping in Douglas-fir: From SSRs to SNPs Anna Magnuson 

Glenn Howe 

11:00-11:15 Break 

11:15-11:30 Inland Empire Tree Improvement Cooperative Marc Rust 

11:30-12:00 PNWTIRC/NWTIC genomic selection research 

Preliminary results from the NARA plantation 

Jennifer Kling 

12:00-1:00 Lunch 

1:00-1:45 Climate-based seed deployment for the PNW 

PNWTIRC proposal 

Meridith McClure 

Glenn Howe 

1:45-2:00 Break 

2:00-2:15 Budget and other business 

• Budget presentation and vote

• Elect new Policy/Technical Committee Chair

Glenn Howe 

Lauren Magalska 

2:15-3:00 Climate-based seed deployment for the PNW: Member feedback Glenn Howe 

3:00 Wrap-up and adjourn Glenn Howe 
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PNWTIRC annual meeting 2019 

Glenn Howe 

In this year’s annual meeting, we highlighted work completed in 2018-19 and presented plans for 

continuing and future co-op research. We began by reviewing our mission, co-op structure, personnel 

changes, accomplishments, and collaborations. This introductory presentation concluded with an 

overview of the annual meeting, and how our research ties in with our long-term goals.  
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

PNWTIRC Annual Meeting 2019

October 29, 2019

Pacific Northwest Tree Improvement Research Cooperative

Department of Forest Ecosystems and Society

Oregon State University

Glenn Howe

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

PNWTIRC mission

Our Mission is to...

▪ Create a knowledge base concerning genetic improvement and

breeding of Pacific Northwest tree species

▪ Develop reliable, simple, and cost-effective genetic improvement

methods and apply these methods to solve tree-breeding problems

▪ Promote effective collaboration and communication among public

agencies and private industries engaged in tree improvement in the

region
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

PNWTIRC personnel – Start of FY19

2018-2019

▪ Director – Glenn Howe

▪ Research Coordinator – Scott Kolpak

▪ Research Scientist – Jennifer Kling

▪ Program Manager – Anna Magnuson

▪ Faculty Research Assistant – Susan McEvoy

▪ Graduate students – Oguz Urhan

▪ Policy/Technical Committee Chair – Lauren Magalska

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

PNWTIRC personnel – End of FY19

2018-2019

▪ Director – Glenn Howe

▪ Research Coordinator – Scott Kolpak, Anna Magnuson

▪ Research Scientist – Jennifer Kling

▪ Program Manager – Anna Magnuson

▪ Faculty Research Assistant – Susan McEvoy

▪ Graduate students – Oguz Urhan

▪ Policy/Technical Committee Chair – Lauren Magalska
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Personnel changes in 2018-19

Scott Kolpak took a job with the USFS

▪ Scott worked for the PNWTIRC for 9 years!

▪ Served as PNWTIRC Research Coordinator

and OSU Senior Faculty Research Assistant

▪ Among the many things he did, he played a

major role in…

– Genetics of wood stiffness

– Miniaturized Seed Orchard Study

– Drought Hardiness Study

– Douglas-fir transcriptome sequencing

– Douglas-fir genomic selection, etc, etc, etc

▪ Now an area geneticist with the USFS

(Umpqua NF)

Personnel changes in 2018-19

Susan McEvoy went to graduate school

▪ Worked for OSU for a little more than 1 year

▪ She was hired to work on the western white

pine project (USFS STDP project)

▪ She completed the bioinformatics for the

western white pine Axiom genotyping array

▪ She also worked on the Tree Genome

Simulator, which we’re using for the

PNWTIRC/NWTIC genomic selection project

▪ She loved the bioinformatics so much that she

decided to pursue an M.S. degree with Jill

Wegrzyn at the University of Connecticut

9
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Activities in 2018-2019

Collaborations and grants
▪ USFS Pacific Northwest Research Station. Evaluating assisted migration options for

adapting to climate change. Howe, G.T. and St.Clair, J.B. USDA-Forest Service Joint

Venture Agreement, 2013-2019, $40,000.

Publications and posters
▪ Howe, G.T., Jayawickrama, K.J., Kolpak, S.E., Kling, J.G., Trappe, M., Hipkins, V.,

Ye, T., Guida, S., Cronn, R., Cushman, S.A., McEvoy, S. 2019. A high-density Axiom

genotyping array for Douglas-fir. BMC Genomics (submitted).

▪ St.Clair, J.B., Howe, G.T., and Kling, J.G. 2019. The 1912 Douglas-fir heredity study:

Long-term effects of climatic transfer distance on growth and survival. Journal of

Forestry (accepted).

▪ McClure, M., DeBell, J., and Howe, G.T. 2019. Climate-based seed deployment

zones for the Pacific Northwest. Poster presented at: Northwest Climate Conference,

8 October, 2019, Portland, Oregon.

Submitted
A high-density Axiom genotyping array for Douglas-fir

Howe, G.T., Jayawickrama, K.J, Kolpak, S.E., Kling, J.G., Trappe, M., Hipkins, V., Ye, T., Guida, S., Cronn, R., Cushman, 

S.A., McEvoy, S. 2019. A high-density Axiom genotyping array for Douglas-fir. BMC Genomics (submitted).
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Accepted
The 1912 Douglas-fir heredity study

St.Clair, J.B., Howe, G.T., and Kling, J.G. 2019. The 1912 

Douglas-fir heredity study: Long-term effects of climatic transfer 

distance on growth and survival. Journal of Forestry (accepted).

Plans for 2019-2020

11



PNWTIRC Annual Report 2018 – 2019 

Update: Why does Douglas-fir grow much better in New Zealand? 

Liam Gilson and Doug Maguire 

Many timber species, including Douglas-fir, are known to exhibit higher productivity when planted in 

exotic settings. Volume yields in New Zealand, for example, have been recorded as up to 50% 

higher than those in Oregon at a given age. The causes of this improved growth are not fully 

understood, though studies have identified seasonal precipitation patterns, temperatures, and 

summer vapor pressure deficits as potential drivers. 

In this ongoing study, we identified Douglas-fir genetic material that was planted in both New 

Zealand and Oregon in 2004, and have taken on-site measurements of growth and various 

environmental factors. We hope to use our growth data and SNP genotyping of study trees to 

isolate meteorological and genetic effects on growth of Douglas-fir across this large environmental 

gradient.   
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Update: Why does 
Douglas-fir grow much 
better in New Zealand?

Liam Gilson

P.I.: Doug Maguire

PNWTIRC Annual Meeting,

October 29, 2019
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Data from:

Spurr, S. H. (1963). Growth of Douglas fir in New Zealand. Forest Research Institute, 
New Zealand Forest Service, Rotorua, NZ. Technical Paper No. 43

McArdle, R. E., Meyer, W. H., & Bruce, D. (1961). The Yield of Douglas Fir in the Pacific Northwest. 
US Department of Agriculture. Technical Bulletin No. 201., (201), 82.

???
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Fertility

???
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• VPD
• Temperature
• Rainfall
• Growing Season
• Nutrients/Soils
• Lack of Pests
• Solar Radiation
• Silviculture
• Soil Biota
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200620072018
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200620102018
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Instrumentation

• Six weather stations and soil probes installed at sites in NZ
and OR

• Intended to confirm or correct interpolated weather data,
and provide information about soil water levels during the
growing season
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Data Collection-Trees and Site

• ~1000 trees measured and tagged over three NZ and six OR
sites

• Basic measurements such as height, DBH and height to
crown base taken on every tree

• 300-400 trees cored and cores measured to determine
annual growth since planting

Genetics

• Trees come from two open-pollinated seed lots from the
Mason Seed Orchard, identified as “low” and “medium”
altitude

• In order to confirm provenance, and perhaps identify
subsets of samples that have shared parents, SNP
techniques will be utilized in cooperation with PNWTIRC

• Foliage samples taken from all tagged trees for this purpose
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• VPD
• Temperature
• Rainfall
• Growing Season
• Nutrients/Soils
• Solar Radiation
• Genetics

Questions?
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Routine marker genotyping in Douglas-fir: From SSRs to SNPs 

Anna Magnuson and Glenn Howe 

SSRs, which are also called simple sequence repeats or microsatellite markers, have been the go-to 

method for routine genotyping in Douglas-fir tree breeding programs.  Their genetic variability and 

modest cost make them particularly suitable for validating genotypes, inferring parents, and 

measuring pollen contamination in seed orchards.  However, the technology does not lend itself to 

high-throughput automation, and genotypes often need to be scored ‘by hand.’  Thus, it is difficult to 

process very large numbers of samples quickly.  Instead of relying on SSRs, we are developing 

routine methods for genotyping Douglas-fir using SNPs. SNPs, or single nucleotide polymorphisms, 

are the next generation of genotyping technology.  SNPs are single letter changes in the genetic 

code that can be measured efficiently on many samples and scored using automated computer 

programs. 

Early this year, we undertook a small-scale project to use SSRs to confirm identities of high-value 

Douglas-fir clones belonging to PNWTIRC members.  We obtained needle tissue from trees 

belonging to the Washington Department of Natural Resources, Weyerhaeuser, and Pope Resources. 

Twenty known ramets or ortets were compared to 29 unknown ramets or composite samples. Due to 

the small scale of the project and short timeline, we chose to use proven SSR markers developed by 

the PNWTIRC (Slavov et al. 2004).  Ultimately, we were able to confirm 6 genotype matches and 

19 suspected mismatches, but 4 comparisons remained ambiguous.  Although this project was mostly 

successful, it also highlighted the need for more robust and higher-throughput genotyping methods. 

The PNWTIRC recently developed a high-density Axiom array for Douglas-fir that can be used to 

genotype about 28,000 SNPs (Howe et al. 2020).  Although this is a great resource for many 

applications, the Axiom array is not cheap, and can be ‘overkill’ for applications such as genotype 

validation and parental assignment.  Thus, this year, we will develop and test a low-density 

genotyping array consisting of 5,000 or fewer SNPs.  Our aim is to develop a lower cost, outsourced 

approach suitable for routine genotyping by PNWTIRC members and for research.  For example, we 

will use this approach to develop a framework SNP genetic map, and for collaborative research 

with the Center for Intensive Planted-Forest Silviculture. 
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Routine Marker Genotyping in 

Douglas-fir: From SSRs to SNPs
October 29, 2019

Pacific Northwest Tree Improvement Research Cooperative

Department of Forest Ecosystems and Society

Oregon State University

Anna Magnuson & Glenn Howe

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Agenda

 Background on SSRs and SNPs

 PNWTIRC genotyping project
– Project overview

– Project structure

– Results

 From SSRs to SNPs

30
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Background

What are genetic markers?

Any visible or measurable trait that can be used to track the 

inheritance of a particular gene or chromosomal location

 Markers must vary among individuals (i.e., must be ‘polymorphic’)

 Many kind of markers with different pros and cons

– Morphological

– Monoterpenes

– Allozymes

– RFLP = restriction fragment length polymorphism

– RAPD = Randomly amplified polymorphic DNA

– SSR = Simple sequence repeat

– SNP = Single nucleotide polymorphism
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SSR markers

Simple Sequence Repeats (SSRs)

(TC)8

(TC)6

(TC)22

(TC)9

Moderate number of loci

Many alleles per locus

Single nucleotide polymorphism (SNP)

A C G T G T C G G T C T T A Maternal chrom.

A C G T G T C A G T C T T A  Paternal chrom.

A C G T G T C G G T C T T A Maternal chrom.

A C G T G T C G G T C T T A Paternal chrom.

A C G T G T C A G T C T T A Maternal chrom.

A C G T G T C A G T C T T A Paternal chrom.

Tree 1 

Tree 2 

Tree 3 

SNP

LARGE number of loci

Two alleles per locus (usually)
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Markers in tree improvement

 Check the identity of genotypes (fingerprinting) and validate

pedigrees

 Measure relatedness (paternity analysis and pedigree reconstruction)

– Polymix breeding with paternity analysis

– Improve estimates of breeding values via BLUP

 Seed orchard management (paternity or parental analysis)

– What is the level of pollen or seed contamination?

– Which parents are represented in orchard seedlots (mating systems)?

– What is the success of CMP or SMP?

 Management of genetic diversity including inbreeding

NFGEL has provided SSR genotyping
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

SSRs for Douglas-fir

 Gancho Slavov developed 22 SSRs working with the PNWTIRC

(PhD thesis)

 NFGEL, led by Valerie Hipkins, was the co-op’s ‘go-to’ for

genotyping using SSRs

 Valerie’s position changed, so NFGEL could not perform

genotyping

 Gancho is now at Scion in New Zealand and we are collaborating

with him on the SNP research

Project overview

34
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Project overview – SSR genotyping by PNWTIRC

 Dan Cress contacted PNWTIRC with a small scale

genotyping project

 Goal was to confirm identities of seed orchard and clone

bank trees by comparing suspect ramets to known

ramets

 Samples from WDNR, Weyerhaeuser, and Pope

Resources

 Dan sent needles from seed orchards and clone banks

– Needles were stored at 37°F in plastic bags containing 

damp blotter paper, and then shipped to OSU

 49 trees (samples)

 20 known ramets or ortets, 29 unknown ramets or

composites

Tree A Clonal copy A

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Strategy

 Small scale project on a tight timeline

 SSRs made sense due to the scope, and because we have proven

SSRs

 Chose PCR primers to target six loci – enough to confirm a

genotype match

 Train Anna Magnuson!

35
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Chosen SSRs

Project structure

36
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Process overview

Isolate DNA from 
each sample

Use three sets of 
primers per 

sample

Perform PCR

CGRB uses capillary 
electrophoresis to 
visualize bands

Run gel 
electrophoresis

Interpret results

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Sample processing

 Received samples 3/16/19

 Placed needles into replicate 50mL tubes

 Samples stored at -80°C

 Remaining stems and needles were stored as fresh tissue at 4°C
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Methods

 Used a modified CTAB protocol for DNA isolation (300mg tissue)

 Performed DNA isolation (3 days per batch of samples)

 Checked DNA concentration on qubit fluorimeter, and then diluted

samples 1:10 and 1:100 for PCR

 Tried two PCR protocols from Slavov et al. 2004

 Ran gel electrophoresis to confirm successful PCR

 Submitted PCR products to OSU CGRB (3730 capillary DNA

sequencer)

Results
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Results from CGRB looked like this…

Positive match

Locus 1

Locus 2

Locus 3

Tree A

Tree B

Tree A

Tree A

Tree B

Tree B

39
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Negative match

Locus 1

Locus 2

Locus 3

Tree C

Tree D

Tree C

Tree C

Tree D

Tree D

Results in summary

 6 potential matches were confirmed

 19 potential matches were disproven

 4 comparisons were ambiguous
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Challenges with SSRs

 No service provider (NFGEL future is uncertain)

 Difficult to interpret results, results can be

subjective

 No automated analytical pipeline

A final remark…

 Dan’s wish list = verify the identity of clones

used for graft-compatible rootstock

–Compare all ramets to Cope’s ortets at the USFS

Monmouth clone bank
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From SSRs to SNPs

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Advantages of ‘low-density’ SNP genotyping 

Advantages of SNPs

 Many more genetic markers are available

 Many options for out-sourcing (e.g., not just NFGEL)

 Software pipelines can be used for analysis (no ‘hands-on’

interpretation needed)

Advantages of ‘low-density’ SNP genotyping

 Axiom array is high-density genotyping = 28K SNPs

 Low-density genotyping = fewer SNPs

 We’re looking closely at AgriSeq genotyping of 5K SNPs
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What’s happening 

elsewhere?

Conifer SNP Consortium

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Genotyping costs have been an obstacle

NARA genotyping costs

$142,500 for 1,920 trees and 50K SNPs ($75 / tree)

Conifer SNP Consortium costs

No. of samples Cost/sample

< 5K $32.50

5K-10K $25.00

> 10K $20.00
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High density vs low density genotyping

New Axiom HD array 

(e.g., Conifer SNP Consortium)

Existing DF Axiom 

HD array

AgriSeq approach for HD/LD 

genomic selection

AgriSeq LD approach 

for ramet ID, etc

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

SNPs are good for pedigree validation

 Use for genotype validation

 Determine who’s related to whom in a population of

individuals

 Not many SNPs are needed  (e.g., < 1000?)
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Douglas-fir linkage map

Jermstad et al (1998) Theor Appl Genet 97:76

First-generation linkage map High-density linkage map

Progeny

MF

Center for Advanced Forestry Systems 2014 Meeting

AgriSeq
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AgriSeq characteristics

Axiom is array-based genotyping

AgriSeq involves 

genotyping-by-sequencing

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Proposed collaboration with CIPS

Use genetic markers to identify source of seed and families 

planted in New Zealand by Cascade Timber Consulting
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New Zealand Douglas-fir
Regime 1250-1650 stems/ha

Thin to waste @15m to 800 stems/ha

Production thin at later ages where appropriate

Rotation 40-60 years

MAI up to 40 m3/ha/year

NZ average 18.4 m3/ha/year

Best CAI over 50 m3/ha/year 

Douglas-fir breeding in NZ – Objectives

 Growth

 Form

 MoE/Stiffness

 Swiss Needle Cast

 Altitude/Exposure

 Strategy – super-lines

 Now using SNP genotyping

– 2019: 2200 trees

– 2020: 4200 trees?

– 2021: 10000 trees?
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Objectives

Our specific objectives are to…

 Develop a new, low-cost genotyping approach that can be used by

Douglas-fir breeders (PNWTIRC)

 Develop a framework genetic map to augment our existing mapping data

(PNWTIRC)

 Use SNP genotyping to help compare growth of Douglas-fir in Oregon and

New Zealand (CIPS)

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Thank you!

“I’ll stop here so you can let this information sink in”
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The Inland Empire Tree Improvement Cooperative 

Marc L. Rust 

The Inland Empire Tree Improvement Cooperative (IETIC) includes 21 member organizations 

representing private industry, federal and state agencies, tribal councils, universities, and other 

agencies in eastern Washington, northern Idaho, and western Montana. The IETIC applies classical 

breeding methods to develop genetically improved tree seed of important native conifer species for 

commercial reforestation and ecosystem restoration. 

Since its establishment in 1974, IETIC has focused on ponderosa pine, western larch, western white 

pine, Douglas-fir, and lodgepole pine. Earlier tree improvement initiatives in the region were 

developed for individual tree species. The introduction of white pine blister rust in 1910 provided 

the impetus for establishing the USFS white pine genetic improvement program in 1950. The 

Ponderosa Pine Tree Improvement Committee (PPTIC) began as a grass-roots initiative in 1968, and 

later expanded to become the IETIC. 

First-generation progeny tests were established from collections of open-pollinated seed from about 

200 plus tree selections in each zone. Zones were based on J. Rehfeldt’s genecology studies. 

Typically, progeny trials were planted at three test sites in each zone. For western white pine, the 

primary selection criterion was resistance to white pine blister rust. For all other species, selections 

were made for rapid growth based on volume measurements. The best families were used to 

establish seed and breeding orchards.  

Breeding for white pine blister rust by the USDA Forest Service in Coeur d’Alene, Idaho has been a 

major focus of the IETIC. Evaluation of inoculated seedlings of second-generation crosses from the 

program are currently underway. For Douglas-fir and western larch, full-sib crosses have been made 

to develop second-generation progeny for evaluation. The scheme is similar to that employed by the 

NWTIC, where each selection is mated three times. Although all IETIC members have access to 

improved genetic materials for grafting, seed orchards were initially developed only by larger 

members. Since 2007, a cost sharing strategy has been used to establish additional orchards and 

ensure that all members have access to improved seed.  

IETIC is technically an operational tree improvement cooperative, and does not have a designated 

budget for research. Studies have focused primariy on seed production and seed protection issues. In 

recent years, CAFS funding has created additional research opportunities. Topics include efficacy of 

systemic insecticides to control cone/seed insects, genomic studies in western white pine, a genetic 

study in western larch, and use of endophytes to enhance blister rust resistance in improved western 

white pine. 
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IETIC

The Inland Empire

Tree Improvement Cooperative

IETIC

• Who we are

• History & mission

• 50 years of tree improvement

• Studies

IETIC

PNWTIRC Annual Report 2018 – 2019
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IETIC

Cooperators

Private Industry (6)

Federal Government (3)

Tribal Councils (1)

State Agencies (3)

Universities (2)
Other (6)

IETIC

1910 1924 1950 1968

White pine blister rust introduced

Ribes eradication efforts begin

USFS begins white pine genetic improvement program

Ponderosa Pine Tree Improvement Committee formed

1974

Inland Empire Tree Improvement Cooperative formed

History of the IETIC

PNWTIRC Annual Report 2018 – 2019
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IETIC

History of the IETIC

• Established 1968 as the

Ponderosa Pine Tree

Improvement Committee

• Apply classical techniques

to improve native species

• Ensure healthy, productive

forests for the future

IETIC

• Ponderosa pine
• Western Larch
• Western White Pine
• Douglas-fir
• Lodgepole pine

In 1974, PPTIC became IETIC

PNWTIRC Annual Report 2018 – 2019
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IETIC

Tree Improvement Cycle

Figure courtesy of Forest Genetics Council of British Columbia and BC Ministry of Forests

IETIC

Selection

• Phenotypic plus tree selection

• ~200 selections/zone

• Zones developed from Jerry

Rehfeldt’s  genecology studies

PNWTIRC Annual Report 2018 – 2019
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IETIC

• Growth

• Disease resistance (wwp)

Selection

IETIC

Testing

• Open pollinated seedlings

• 3 sites/zone

• Randomized complete block

with non-contiguous plots

PNWTIRC Annual Report 2018 – 2019
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IETIC

Testing

IETIC

Testing

PNWTIRC Annual Report 2018 – 2019

55



PNWTIRC Annual Report 2018 – 2019

IETIC

Western White Pine Breeding

IETIC

Douglas-fir Breeding

PNWTIRC Annual Report 2018 – 2019
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IETIC

Production

• Few members established

their own seed orchards

• A few older orchards exist, RT

Bingham WP at Moscow

• Cost share orchards have been

established for western larch,

ponderosa pine, and Douglas-

fir

IETIC

E. Soldier Creek, IEP, planted 1986

PNWTIRC Annual Report 2018 – 2019
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IETIC

Production

IETIC

Studies

• Operational TI cooperative

• Studies aimed primarily at

seed production/protection

• CAFS funding has

provided additional

opportunities for IETIC

PNWTIRC Annual Report 2018 – 2019
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IETIC

CAFS Studies

• Systemic insecticides for cone/seed insects

• Western white pine genomics

• WL genetics – compare op seed from seven

orchard clones with orchard bulk

• Using endophytes to enhance blister rust

resistance in improved western white pine

IETIC

PNWTIRC Annual Report 2018 – 2019
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PNWTIRC/NWTIC genomic selection research: Preliminary results 

from the NARA plantation 

Jennifer Kling, Keith Jayawickrama, Sara Lipow, Anna Magnuson, Glenn Howe 

The development of a high-density Axiom array for genotyping in Douglas-fir has paved the way 

for applying genomic selection in breeding programs. Phenotypic data from a training population 

are used to develop an equation that predicts breeding values from molecular markers. Genomic 

selection can be applied to any trait. It is particularly beneficial for selection among progeny within 

families, because it can distinguish differences among genotypes that have the same pedigree. We 

conducted a pilot genomic selection study with funding from the PNWTIRC, Conifer Translational 

Genomics Network, and the Northwest Advanced Renewables Alliance (NARA). The pedigree for this 

project includes trees from three cycles of selection in populations from the South Central Coast and 

Coos Bay Low breeding populations that were genotyped using the Axiom array. Third cycle 

progeny from 25 full-sib families were planted on Roseburg Resources property near Elkton, Oregon 

in 2015. We collected data on 1,146 five-year-old trees at this site, including height in 2018 and 

2019, diameter at breast height, second flushing, ramicorn branching, and sinuosity. In this annual 

report, we present results from our preliminary analyses. Family heritabilities were moderate for 

growth traits, but individual tree heritabilities were low, indicating a potential benefit from genomic 

selection. Second flushing, sinuosity, and ramicorn branching were positively correlated with growth 

(stem volume). Second flushing was positively correlated with ramicorn branching, but was not 

related to sinuosity. For the most part, results were consistent with our knowledge of the biology of 

these traits and with results from earlier studies. The NARA plantation should provide valuable data 

to further assess the potential gains from genomic selection. 
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PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

PNWTIRC/NWTIC Genomic Selection Research: 

Preliminary Results from the NARA Plantation

Pacific Northwest Tree Improvement Research Cooperative

Department of Forest Ecosystems and Society

Oregon State University

Jennifer Kling, Keith Jayawickrama,

Sara Lipow, Anna Magnuson, Glenn Howe

PNWTIRC Annual Meeting 

October 29, 2019

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Collaborative project

Key funding

PNWTIRC

Conifer Translational Genomics Network (AFRI)

Northwest Advanced Renewables Alliance (AFRI)

Key roles

SNP discovery (PNWTIRC)

SNP chip design (PNWTIRC)

Population design (NARA)

Foliage collection and DNA isolation (NARA)

SNP chip manufacture and genotyping (NARA)

SNP data processing (PNWTIRC)

Genomic selection analyses (PNWTIRC/NWTIC/NARA)

Personnel

PNWTIRC

Glenn Howe

Jennifer Kling

Scott Kolpak

Anna Magnuson

Sara Lipow (RFP)

NARA

Keith Jayawickrama

Terrance Ye

Matt Trappe
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Axiom array publication

A high-density Axiom genotyping array for Douglas-fir

Glenn T. Howe, Keith Jayawickrama, Scott E. Kolpak, Jennifer Kling, 

Matt Trappe, Valerie Hipkins, Terrance Ye, Stephanie Guida, Richard 

Cronn, Samuel A. Cushman, Susan McEvoy

BMC Genomics (accepted)

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Outline of presentation

 What is genomic selection?

 Description of the experiment

 Description of traits

 Preliminary results from the NARA site

 Heritability of traits

 Correlations among traits

 Next steps
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Genomic selection

How does it work?

 Objective is to predict breeding

values using a genome-wide set of

markers (e.g., tens of thousands of

SNPs)

 With enough markers, at least one

marker will be linked to each

important gene

 No need to identify which specific

genes or markers are important

 Highly effective in livestock breeding

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Genomic selection

Genomic selection markers work for any measured trait

Growth
– Height, diameter, volume growth

Adaptability
– Cold hardiness

– Spring bud flush

Stem form
– Ramicorn branches and forks

– Sinuosity

Wood stiffness
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Genomic selection
Particularly valuable for within-family selection

 All offspring have the same expected phenotype (= parental

average)

 Field testing is used to find which offspring are superior

 Genomic selection could be used instead

offspring 1

offspring 2

offspring 3

etc.

Parent 1 Parent 2x

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

NARA pedigree and phenotypes

Mean number of 

relatives/tree = 18

Conclusions
 Relatedness is too low for GS across

the entire population

 Need data from 3rd-cycle progeny

 Or, we can use simulated data
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Seed orchards

Orchard Number of samples

CTC David T. Mason Seed Orchard 102

Roseburg Forest Products Seed Orchard - Lebanon 61

BLM Tyrrell Seed Orchard 6

Plum Creek Seed Orchard 33

Progeny test plantations

Plantation Samples

Moon Creek 293

Lyons Ridge 208

Big Creek 55

Lyons Ridge

Moon Creek

Big Creek
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Greenhouse

 Plum Creek greenhouse

 25 full-sib families

 1,146 trees

 Planted on Roseburg Resources Property near Elkton, Oregon in

March, 2015

internal_ID geno_ID plate_well_cel female male

41602 573370-1234 4_B01 41408 41424

41602 573370-1235 11_E04 41408 41424

41602 573370-1236 14_B12 41408 41424

41602 573370-1237 12_D05 41408 41424

41603 573370-1241 13_F04 41419 41417

41603 573370-1242 14_H02 41419 41417

41603 573370-1243 14_B11 41419 41417

41603 573370-1244 14_D09 41419 41417

41603 573370-1245 13_G02 41419 41417

41603 573370-1246 13_H07 41419 41417

41603 573370-1247 15_G09 41419 41417

41603 573370-1248 22_H2 41419 41417

41603 573370-1249 13_G04 41419 41417

41603 573370-1250 23_E10 41419 41417

41603 573370-1251 15_G06 41419 41417

41603 573370-1252 14_A08 41419 41417

41603 573370-1253 15_F07 41419 41417

41603 573370-1254 20_A12 41419 41417

41603 573370-1255 13_F11 41419 41417

41603 573370-1256 20_E05 41419 41417

41603 573370-1257 20_A09 41419 41417

41603 573370-1258 15_E11 41419 41417

41603 573370-1259 13_G01 41419 41417

41603 573370-1260 15_H12 41419 41417

41603 573370-1261 14_D07 41419 41417

41603 573370-1262 15_E09 41419 41417

41603 573370-1263 20_C09 41419 41417

41603 573370-1264 20_D05 41419 41417

41603 573370-1265 13_F06 41419 41417

41603 573370-1266 20_C11 41419 41417

41603 573370-1267 22_D1 41419 41417

41603 573370-1268 15_H04 41419 41417

41603 573370-1269 15_E06 41419 41417

41603 573370-1270 13_G03 41419 41417

41603 573370-1271 13_H03 41419 41417

41603 573370-1272 13_G10 41419 41417

41603 573370-1273 13_H04 41419 41417

41603 573370-1274 13_H02 41419 41417

41603 573370-1275 15_F01 41419 41417

41603 573370-1276 15_G03 41419 41417

41603 573370-1277 15_H10 41419 41417

41603 573370-1278 20_H09 41419 41417

41603 573370-1279 13_H08 41419 41417

41603 573370-1280 15_E05 41419 41417

41603 573370-1281 13_G07 41419 41417

41603 573370-1282 13_G06 41419 41417

41603 573370-1283 22_F1 41419 41417

41603 573370-1284 20_F07 41419 41417

41603 573370-1285 13_F03 41419 41417

41603 573370-1286 22_E1 41419 41417

41603 573370-1287 15_F03 41419 41417

41603 573370-1288 15_F04 41419 41417

41603 573370-1289 13_H05 41419 41417

41603 573370-1290 15_E04 41419 41417

41603 573370-1292 15_H02 41419 41417

41603 573370-1293 15_G07 41419 41417

41603 573370-1294 13_H09 41419 41417

41603 573370-1295 14_H07 41419 41417

41603 573370-1296 14_C05 41419 41417

41603 573370-1297 15_H08 41419 41417

41603 573370-1298 14_D06 41419 41417

41603 573370-1299 13_F07 41419 41417

41603 573370-1300 14_A06 41419 41417

41604 573370-1301 13_D06 41451 41456

41604 573370-1302 14_H01 41451 41456

41604 573370-1303 15_G01 41451 41456

NARA site with full-sib progeny

Large full-sib families in the third cycle

Rigorous test of genomic selection
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Traits measured

 Plant height (2018, 2019)

 Height growth (height in 2019 – height in 2018)

 Diameter at breast height (DBH)

 Volume (volume index)

 Forks (there weren’t many)

 Sinuosity (index = frequency x displacement)

 Ramicorn branching (present or absent)

 Second flushing (present or absent)

Ramicorn branching and forking

Biology

 Most frequent cause is aberrant second flushing

 More frequent at early ages – Early selection

should work well

 Low to moderate genetic control

 Large genetic gains possible

 Correlated with growth rate

 More frequent on productive sites
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Second flushing may lead to…

Forking
defect

Ramicorn
branch

No
defect

Sinuosity

Frequency = 2
Displacement = 

6 half-stem units

(Adams and Howe 1985)

Biology

 “Sinuosity is any stem crookedness or

displacement from the vertical that is

confined within an interwhorl stem segment”

(Campbell 1965)

 Cause is unknown

– Nutrition, excessive growth, other?

 Low to moderate genetic control

– h2
i = 0.13 and h2

f = 0.41 (Temel and

Adams 2000)

 Weak genetic correlation with growth

– rA = 0.01 (Temel and Adams 2000)
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Genetics of stem defects

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Stem defects and growth are genetically 

correlated

Table 4. The genetic (G) and environmental/error (E) correlations between growth and stem form 

traits in 9- to 18-year old coastal Douglas-fir.

SQFRK SQRAM

Type a Min Mean Max Min Mean Max

DBH G -0.477 0.242 1.000 -1.000 0.165 0.617

DBH E -0.076 0.012 0.091 -0.042 0.036 0.142

HT G -0.733 0.277 1.000 -0.033 0.219 0.488

HT E -0.130 -0.038 0.083 -0.073 0.003 0.099

VOL G -0.643 0.324 1.000 -0.685 0.190 0.518

VOL E -0.081 -0.001 0.092 -0.044 0.022 0.137

SQFRK G -0.136 0.627 1.000

SQFRK E -0.199 0.015 0.474
a G = genetic correlations; E = environmental correlations
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Both stem forks and ramicorns increase with 

increasing height growth

 R2 is greater than for other

traits, which is consistent with

biology

 For every additional cm/year

– Ramicorns/year increase 6%

In
c
id

e
n
ts

/y
e

a
r

cm/year

Ramicorns vs HT

R2 = 0.54

Genomic selection validation – NARA field test
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Data collection - growth traits

Nancy Heater
Roseburg Forest Products

Jennifer Kling
PNWTIRC/OSU

Anna Magnuson
PNWTIRC/OSU
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Data collection – Growth and stem defects

Second flushing Height

Ramicorn

branching

Sinuosity

DBH

Family BLUPs for growth traits

ht18

h2 tree = 0.10

h2 fam = 0.59

ht19

h2 tree = 0.08

h2 fam = 0.56

ht18-19

h2 tree = 0.05

h2 fam = 0.19

dbh

h2 tree = 0.13

h2 fam = 0.08

volume

h2 tree = 0.21

h2 fam = 0.35
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Family BLUPs for volume and form traits

volume

h2 tree = 0.21

h2 fam = 0.35

sinuosity

h2 tree = 0.13

h2 fam = 0.68

second flushing

h2 tree = 0.43

h2 fam = 0.89

ramicorns

h2 tree = 0.02

h2 fam = 0.26

Correlation of phenotypes for growth traits

Individual trees Crosses

ht18  ht19    ht18-19   dbh    volumeht18  ht19    ht18-19   dbh    volume
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Correlation of BLUP values for growth traits

Individual trees Crosses

ht18  ht19    ht18-19   dbh    volumeht18  ht19    ht18-19   dbh    volume

Correlation of phenotypes for stem form traits

Individual trees Crosses

volume  sin  ram  flushvolume  sin  ram  flush
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Correlation of BLUP values for stem form traits

Individual trees Crosses

volume  sin  ram  flushvolume  sin  ram  flush

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Conclusions from preliminary analyses

 Family heritabilities are moderate for growth traits, but individual

tree heritabilities are low (as usual)

– There is a potential benefit from using genomic selection

 Heritabilities and correlations for stem form traits are consistent with

results from previous studies and with the biology of the traits

– Sinuosity and ramicorn branching are positively correlated with growth

(volume)

– Second flushing is positively correlated with growth

– Second flushing is positively correlated with ramicorn branching, but is

not related to sinuosity
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Douglas-fir linkage map

Jermstad et al (1998) Theor Appl Genet 97:76

First-generation linkage map High-density linkage map

Progeny

MF

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH COOPERATIVE

Next steps

 Develop a framework genetic map to improve precision of genomic

selection

– Using the NARA plantation trees

– Adding new data from controlled-cross seed (AgriSeq)

 Develop an AgriSeq assay to provide low-cost SNP screening for

SNP linkage mapping and other uses

 Develop the tools (e.g., protocols, manuals, and software) needed

to practice genomic selection in a cost-effective way
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Climate-based seed deployment zones for the Pacific Northwest 

Meridith McClure and Glenn Howe 

Native populations of forest trees are specifically adapted to the climates they inhabit. The farther 

trees are moved from their local climates (i.e., as the climatic transfer distance increases), the more 

growth and survival decrease. The transfer limit is the climatic transfer distance beyond which 

plantation performance is considered unacceptable. Thus, to ensure healthy and productive forests, 

the climatic adaptation of seedlots (i.e., seed from native stands or seed orchards) must be matched 

to the climate of the planting site. These concepts are important for current seed transfer and for 

practicing assisted migration. Currently, a fixed zone seed deployment system is used to match 

seedlots to potential planting sites in the Pacific Northwest. However, this method limits the 

deployment of seed, and makes it difficult to share seed among organizations that use different 

zone systems. 

At the annual meeting, we presented a proposal to develop climate-based seed deployment zones 

for the Pacific Northwest. We propose to use a climate interpolation model called ClimateNA (Wang 

et al. 2016, PLoS One 11:e0156720) to match seed collection zones and seed deployment zones 

throughout the Pacific Northwest. This will expand seed deployment and pave the way to use 

assisted migration to help forests adapt to climate change. By determining climate matches between 

all seed deployment zones commonly-used in the Pacific Northwest, foresters will have a firmer basis 

for deploying alternative seedlots and for sharing seed among organizations and widely dispersed 

geographic areas. 
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Climate-based Seed Deployment 

Zones for the Pacific Northwest

Glenn Howe
Pacific Northwest Tree Improvement Research Cooperative

Department of Forest Ecosystems and Society

Oregon State University

Corvallis, OR USA

glenn.howe@oregonstate.edu

Meridith McClure
Department of Forest Ecosystems and Society

Oregon State University

Corvallis, OR USA

meridith.mcclure@oregonstate.edu

October 29, 2019

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 2

Proposal

We propose to develop a unified focal zone 

system for deploying seed from native 

stands and seed orchards in the PNW

PNWTIRC Annual Report 2018 – 2019 

79



PNWTIRC Annual Report 2018 – 2019 

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 3

Agenda

 Progress

 Background

 Goal and Objectives

 Deliverables

 Methods

– Phase 1: Meridith

– Phases 2 & 3: Glenn

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 4

Progress

PNWTIRC Annual Report 2018 – 2019 
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Stakeholder meeting (Olympia, WA)

 Met with Jeff DeBell, Lauren Magalska, Jeff deGraan, and

Florian Deisenhofer for initial project feedback in May

2019

 Discussed project logistics, feasibility, and scope

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 6

NW Climate Conference (Portland, OR)

McClure, M., DeBell, J., & 

Howe, G. (2019). Climate-

Based Seed Deployment Zones 

for the Pacific Northwest. Poster 

presented at: Northwest Climate 

Conference; 8 October, 2019; 

Portland, Oregon. 
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Background
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Local seed sources are safe

Adapted from Wang et al. 2006
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Douglas-fir heredity study 

Helps identify key climate 

variables and transfer limits

St.Clair, J., Howe, G., and Kling, J. 

(2019). The 1912 Douglas-fir Heredity 

Study: Long-Term Effects of Climatic 

Transfer Distance on Growth and 

Survival. Journal of Forestry (in press).
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Need for climate matching

 To ensure healthy and productive forests, the climatic

adaptation of seedlots must be matched to the climate of

the planting site

 Climate interpolation models such as ClimateNA (Wang

et al. 2016) can be used to infer climate characteristics of

planting sites

 Climate matching is important both for current seed

transfer and assisted migration
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Seed transfer terminology

 The seedlot climatic center is the inferred optimal

climate to which a seedlot can be deployed (orchard

seedlots or native stand collections)

 A seed collection zone is a geographic area from which

native seed can be collected and treated as a genetically

homogeneous seedlot for reforestation purposes

 A seed deployment zone is a geographic area where a

particular seedlot can be safely planted (i.e., without

risking maladaptation)
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Seed zones were delineated based on expert knowledge and 

climate surrogates such as geography and vegetation type
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Douglas-fir

Seed zone #4

0-1000 ft

Climate 

Seed zones can now be based on climate rather 
than latitude, longitude, and elevation

Douglas-fir

Seed zones 
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Deployment zone systems

Fixed zone 

Focal zone 

Focal point 
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Fixed zone systems are common

Seed zones and 

breeding zones are 

largely delineated 

based on inferred 

climate

Randall (1996) OR Dept of Forestry

Randall and Berrang 

(2002) WA Dept Nat 

Resources
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SST uses a focal point approach
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We propose a focal zone approach
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Assisted migration

 Assisted migration will be necessary to maintain the health and

productivity of forests

 Assisted migration: human facilitation of migration by

planting tree seed or seedlings in areas where they would be

unable to migrate naturally

 Species-level assisted migration: movement of a species

outside its current range

 Population-level assisted migration: movement of a

population within the species’ current range
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Goal and Objectives
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Goal

Provide the information needed to practice 

climate-based seed deployment in the PNW 

to enhance regeneration success, forest 

productivity, and adaptation to climate 

change
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Objectives

 Phase 1: Develop climate-based deployment zones for

the Pacific Northwest

 Phase 2: Develop methods for inferring where seedlots

from advanced-generation orchards can be deployed

 Phase 3: Evaluate whether to link deployment zones to

seed inventories

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 22

Deliverables

PNWTIRC Annual Report 2018 – 2019 

89



PNWTIRC Annual Report 2018 – 2019 

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 23

Deliverables

This project will:

 Provide a unified system for deploying seed from native stands and

seed orchards

 Expand the geographical areas where individual seedlots can be

deployed

 Facilitate seed transfer between states and organizations throughout

the PNW

 Facilitate climate-based seed deployment and assisted migration

 Allow for improved deployment of orchard seedlots

 Potentially link deployment zones to seed inventories

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 24

Methods
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Methods: Phase 1

Phase 1: Develop climate-based deployment zones for the 

Pacific Northwest

 Identify zone sets of interest to include

 Characterize climate variability within existing deployment zones

 Determine which deployment zones are climatically similar (based on

current and future climates)

 Deliver this information to forest managers to be used for current

seed transfer and assisted migration

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 26

Identify zone sets of interest to include
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Identify zone sets of interest to include

Characterize climate variability of zones

Zone Set

R
a
n
g
e
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Characterize climate variability of 

deployment zones

Further analyses of these data will yield:

 Inferred transfer limits for each zone (16 climate variables)

 Transfer limit summaries by organization (e.g., zone set),

region, species, and elevation

 Information useful for selecting focal climate variables

– Correlations among climate variables by zone

– Partitioning of climate variation – among vs within zones

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 30

Correlations among climate variables

Zone set: Oregon 1966

PNWTIRC Annual Report 2018 – 2019 

93



PNWTIRC Annual Report 2018 – 2019 

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 31

Correlations among climate variables

Zone set: Washington 1966
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Determine which zones are climatically similar
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Deliver information to forest managers for current 
seed transfer and assisted migration

Match seedlot focal zone (left axis) with planting site zone (top axis)
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Deliver information to forest managers for current 
seed transfer and assisted migration

Match seedlot focal zone (left axis) with planting site zone (top axis)

PNWTIRC Annual Report 2018 – 2019 

95



PNWTIRC Annual Report 2018 – 2019 

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 35

Methods: Phase 2

Phase 2: Develop methods for inferring where seedlots 

from advanced-generation orchards can be deployed

 Obtain first-generation parent-tree locations and climates

 Infer optimal climate-based deployment zones for advanced

generation parents

 Infer climate-based deployment zones for complex orchard seedlots

PNWTIRC Annual Meeting | October 29, 2019 Meridith McClure and Glenn Howe | Slide 36

Infer deployment zones for orchard seedlots
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Methods: Phase 2

 Infer optimal climate-based

deployment zones for

advanced generation

parents

 Infer climate-based

deployment zones for

complex orchard seedlots
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Test orchard seedlots empirically

 The extent and location of climate change is uncertain

 We need many, many more assisted migration experiments

 Researchers cannot keep pace

 Long distance transfers serve as ‘genetic outposts’

Increasing climatic distance

Current range, seed zone, or breeding zone

Size reflects proportion 

of seedlings planted
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Methods: Phase 3

Phase 3: Evaluate whether to link deployment zones to 

seed inventories

 Work with stakeholders to determine whether we should link

deployment zones to seed inventories

 If desired, determine how we would link deployment zones to seed

inventories
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Linking deployment zones to seed inventories
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APPENDIX  I

PNWTIRC Activities 2018-2019 

Publications and posters  

Howe, G.T., Jayawickrama, K.J., Kolpak, S.E., Kling, J.G., Trappe, M., Hipkins, V., Ye, T., Guida, S., 

Cronn, R., Cushman, S.A., McEvoy, S. 2019. An Axiom SNP genotyping array for Douglas-fir. 

BMC Genomics, 21:9.  

St.Clair, J.B., Howe, G.T., Kling, J.G. 2019. The 1912 Douglas-fir heredity study: Long-term effects 

of climatic transfer distance on growth and survival. Journal of Forestry, 118(1): 1-13. 

McClure, M., DeBell, J., and Howe, G.T. 2019. Climate-based seed deployment zones for the Pacific 

Northwest. Poster presented at: Northwest Climate Conference, 8 October, 2019, Portland, 

Oregon. 

Collaborations and grants  

USFS Pacific Northwest Research Station. Evaluating assisted migration options for adapting to 

climate change. Howe, G.T. and St.Clair, J.B. USDA-Forest Service joint venture agreement, 

2013-2019, $40,000. 
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APPENDIX  II

PNWTIRC Annual Meeting Minutes  

Oct 29, 2019 

Clackamas Fire Station #3, Oak Grove, OR 

PNWTIRC attendees 
Michael Crawford – Bureau of Land Management 
Darian Domes – Cascade Timber Consulting 
Florian Deisenhofer – Hancock Forest Management 
Keith Jayawickrama – NWTIC, OSU 
Dan Cress – Olympic Resource Management 
Glenn Howe – PNWTIRC, OSU 
Jennifer Kling – PNWTIRC, OSU 
Anna Magnuson – PNWTIRC, OSU 
Sara Lipow – Roseburg Forest Products 
Margaret Banks – Stimson Lumber Co. 
Jeff DeBell – Washington State DNR 
Brian Baltunis – Weyerhaeuser 
Amy Jamruszka – Weyerhaeuser 
David Barker – Rayonier Forest Resources 
David Stafford – Olympic Resource Management 
Doug Maguire – CIPS, OSU 
Lauren Magalska – Port Blakely Tree Farms 
Liam Gilson – CIPS, OSU 
Marc Rust – Inland Emptire Tree Improvement Cooperative 
Meridith McClure – PNWTIRC, OSU 
Stu Olshevski – Washington State DNR 
Brianna McTeague – Weyerhaeuser 

I. Welcome.  Lauren Magalska, PNWTIRC Policy/Technical Chair, called the meeting to order at

9:30 am.

II. PNWTIRC highlights for 2018-2019.  Glenn Howe presented an overview of major

accomplishments for 2018-2019

1. Administration and members

 Director - Glenn Howe
 Research Coordinator - Anna Magnuson
 Research Scientist - Jennifer Kling
 Graduate students - Oguz Urhan
 Policy/Technical Committee Chair - Lauren Magalska

2. Publications and posters by PNWTIRC personnel during 2018-2019

 Howe, G.T., Jayawickrama, K.J., Kolpak, S.E., Kling, J.G., Trappe, M., Hipkins, V., Ye, T.,
Guida, S., Cronn, R., Cushman, S.A., McEvoy, S. 2019. A high-density Axiom genotyping
array for Douglas-fir. BMC Genomics (submitted).
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 St.Clair, J.B., Howe, G.T., Kling, J.G. 2019. The 1912 Douglas-fir heredity study: Long-
term effects of climatic transfer distance on growth and survival. Journal of Forestry,
118(1): 1-13.

 McClure, M., DeBell, J., and Howe, G.T. 2019. Climate-based seed deployment zones for
the Pacific Northwest. Poster presented at: Northwest Climate Conference, 8 October,
2019, Portland, Oregon.

3. Collaborations and grants during 2018-2019

 USFS Pacific Northwest Research Station. Evaluating assisted migration options for adapting
to climate change. Howe, G.T. and St.Clair, J.B. USDA-Forest Service Joint Venture
Agreement, 2013-2019, $40,000.

III. PNWTIRC plans for 2018-2019.  Glenn Howe presented plans for 2018-2019.

 Genomic selection workplan: A joint project between the PNWTIRC and NWTIC. Glenn Howe,
Jennifer Kling, Keith Jayawickrama, Terrance Ye, and Scott Kolpak

 Low-density SNP genotyping in Douglas-fir: A joint project between the Pacific Northwest Tree
Improvement Research Cooperative (PNWTIRC) and the Center for Intensive Plantation
Silviculture (CIPS). Glenn Howe, Jennifer Kling, Doug Maguire.

 Climate-based seed deployment zones for the Pacific Northwest. Glenn Howe and Meridith
McClure, PNWTIRC.

IV. PNWTIRC research presentations

1. Update: Why does Douglas-fir grow much better in New Zealand?  Liam Gilson, Doug Maguire

2. Routine marker genotyping in Douglas-fir: From SSRs to SNPs.  Anna Magnuson, Glenn Howe

3. Inland Emptire Tree Improvement Cooperative.  Marc Rust

4. PNWTIRC/NWTIC genomic selection research, preliminary results from the NARA plantation.
Jennifer Kling

5. Climate-based seed deployment for the PNW.  Meridith McClure, Glenn Howe

V. Budget.  Glenn Howe presented the budget for FY 2018-2019.  The proposed budget for FY
2019-2020 was also presented.  A motion to approve the budgets was offered by Brian
Baltunis, seconded by Margaret Banks, and approved by unanimous voice vote.

VI. PNWTIRC Policy/Technical Committee Chair.  Margaret Banks was nominated as new
Policy/Technical Committee Chair by Lauren Magalska.  The nomination was seconded and
approved by unanimous voice vote.

VII. PNWTIRC annual meeting.  Next year’s meeting will be held Tuesday, October 13th, 2020.

VIII. Meeting adjourned.  The meeting adjourned about 3:30 pm.
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APPENDIX  III 

Financial Statement  

2018-2019  

PNWTIRC Financial Support for Fiscal Year 2018-2019 

Regular members1 110,000 

Associate members1 5,000 

Contracts 2,500 

Forest Research Laboratory, 

Oregon State University2 128,192 

Total 245,692 

1 Each Regular Member contributed $10,000 and each 

Associate Member contributed $5,000 excluding in-kind 

contributions of labor, supplies, etc. 
2 The contribution from Oregon State University includes 

salaries, facility costs, and administrative support. 
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