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Pacific Northwest Tree Improvement Research 
Cooperative 
 
Annual Repor t 2014-2015 
 

 

 

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 Forest Management 

 Olympic Resource Management 

 Oregon Department of Forestry 

 Oregon State University 

 Plum Creek Timber Company 

 Port Blakely Tree Farms 

Rayonier Forest Products 

Roseburg Forest Products 

 Stimson Lumber Company 

 Washington State Department of Natural Resources 

 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 2014-2015 
 

 We obtained our first data from the 50K SNP chip (Affymetrix Axiom genotyping array).  
Analyses of our first set of 1,536 trees indicates that we will be able to reliably assay about 
20K SNPs.  During 2015-2016, we will analyze the rest of the 1,920 trees in the study, and 
begin analyses of genomic selection.  This is a collaboration with Keith Jayawickrama and the 
Northwest Advanced Renewables Alliance. 

 Oguz Urhan continued his work on developing classical and molecular breeding strategies for 
western white pine.  This project is being funded by the Center for Advanced Forestry 
Systems (CAFS) in collaboration with the Inland Empire Tree Improvement Cooperative, US 
Forest Service, and British Columbia Ministry of Forests.  Oguz Urhan is being supported by a 
scholarship from the Turkish government. 

 We began work on the drought hardiness study, a collaboration with the Bureau of Land 
Management, Northwest Tree Improvement Cooperative, Plum Creek Timber Company, and 
Silver Butte Timber Company.  Erda Çeler is undertaking this study as part of her Master’s 
thesis project.  She and others began taking measurements on three genetic test plantations in 
southern Oregon in September 2015.  Erda is being supported by a scholarship from the 
Turkish government. 

 We have begun a re-design of the Seedlot Selection Tool (SST).  This is a collaborative 
project between the PNWTIRC, USFS Pacific Northwest Research Station, and the 
Conservation Biology Institute. 

 We began working on analyses of data from the Douglas-fir Heredity Study, a provenance 
test established in 1915.  This is a collaborative project between the PNWTIRC (Glenn Howe) 
and USFS Pacific Northwest Research Station (Brad St.Clair) 

 We launched the PNWTIRC newsletter, which will be used to keep members informed about 
key events and accomplishments during the year. 
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MESSAGE FROM THE DIRECTOR 
 

We lost a good friend and colleague this year.  Randall Greggs passed away on May 11, 2015, 
after battling cancer for a year and a half.  Throughout much of that time, he remained as active as 
ever with the PNWTIRC and other forestry activities.  Randall obtained a master’s degree in 
silviculture and forestry from the University of Washington, 1981.  He worked for Plum Creek for 
nine years, but was working for Simpson Timber Company when I first met him in 2001.  Simpson was 
reorganized in 2006, so Randall eventually became a forestry operations manager with the Green 
Diamond Resource Company, which was created to manage Simpson's forest lands. 

Randall was passionate about his work, and known for freely sharing his ideas.  He was a great 
supporter of the PNWTIRC, both intellectually, and by serving numerous stints as the Policy/Technical 
Committee Chair and industry representative to the NSF Center for Advanced Forestry Systems.  I 
met him at the Portland airport at the start one of our trips to the annual CAFS meeting.  We sat 
down for an early morning coffee while waiting for the plane to board, and became so engrossed in 
our conversation that we barely noticed as our plane lifted-off to the east coast.  Randall had lots to 
say, much to contribute, and will be greatly missed. 

 

Glenn Howe, PNWTIRC Director 
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AGENDA – THURSDAY OCTOBER 22, 2015 
– ANNUAL MEETING – 

PACIFIC NORTHWEST TREE IMPROVEMENT RESEARCH 
COOPERATIVE (PNWTIRC) 

START TIME: 8:30 AM for coffee; 9:00 AM for presentations 

LOCATION: David Douglas Room; World Forestry Center, Portland, OR 

LUNCH: Lunch provided 

Time Topic Responsibility 

8:30-9:00 Coffee  

9:00-9:15 Welcome and Introductions Sara Lipow 

9:15-9:30 Overview 

 PNWTIRC accomplishments for 2014-15 

  PNWTIRC plans for 2015-16 

Glenn Howe 

9:30-10:00 Phenotypic and molecular breeding in western white pine 

 Update on CAFS/STDP projects 

Oguz Urhan 

Scott Kolpak 

10:00-10:15 Effects of genetics and site on Douglas-fir drought hardiness Erda Celer 

10:15-10:45 Break  

10:45-11:15 Next-generation SNP chip and genomic selection in Douglas-fir Glenn Howe 

11:15-12:00 Five-year plan  Progress report Glenn Howe 

12:00-1:00 Lunch  

1:00-1:20 Budget and other business 

 Budget presentation and vote 

 Elect new Policy/Technical Committee Chair 

Glenn Howe 

Sara Lipow 

1:20-1:40 Conservation Biology Institute  Data Basin 

 A science-based mapping and analysis platform 

Dominique Bachelet 

1:40-2:00 Break  

2:00-2:20 Decision support tools for forest management 

 Reinvention of the Seedlot Selection Tool 

 Visions of other tools for forest managers 

Glenn Howe 

2:20-2:50 100-year results from the Douglas-fir heredity study 

 Results from the latest analyses and historical perspective 

Brad St.Clair 

2:50-3:00  Wrap-up and adjourn Glenn Howe 

 

PNWTIRC Annual Report 2014 - 2015

5

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



ABSTRACT: Overview of  PNWTIRC Activities for 2015 

Glenn Howe 
 

PNWTIRC Director, Glenn Howe, presented an overview of activities for 2015.  Glenn described the 
current PNWTIRC staff, which consists of Scott Kolpak, Kori Ault, Lauren Magalska, Oguz Urhan, and 
Erda Çeler.  Sara Lipow of Roseburg Forest Products is currently serving as the Policy/Technical 
Committee Chair.  Key activities over the past year included the development and testing of the 50K 
SNP chip (Affymetrix Axiom genotyping array), the continued development of classical and 
molecular breeding strategies for western white pine (a CAFS project), and the initiation of a project 
on the genetics of drought hardiness in Douglas-fir.  Glenn also described two collaborative projects 
between the PNWTIRC and the USFS Pacific Northwest Research Station (Brad St.Clair).  The first is a 
reanalysis of 100 years of data from the USFS Douglas-fir Heredity Study, and the second is a 
redesign of the Seedlot Selection Tool, a web application that can be used to match seedlots and 
planting sites based on climate.  Glenn also described the initiation of the PNWTIRC Newsletter, 
recent presentations by PNWTIRC personnel, and current collaborations and grants. 
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Pacific Northwest Tree Improvement Research Cooperative
Department of Forest Ecosystems and Society
Oregon State University

PNWTIRC Annual Meeting 2015
October 22, 2015

Glenn Howe

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

PNWTIRC personnel

2014-2015
 Director – Glenn Howe

 Research Coordinator – Scott Kolpak

 Program Manager – Kori Ault

 Graduate students – Oguz Urhan, Erda Çeler

 Faculty Research Assistant – Lauren Magalska

 Policy/Technical Committee Chair – Sara Lipow
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PNWTIRC highlights for 2014-2015

 Promising results from the 50K SNP chip (Affymetrix Axiom)
– Collaboration with Keith Jayawickrama and the Northwest Advanced 

Renewables Alliance (NARA)

 Continued to develop breeding strategies for WWP
– Collaboration with Marc Rust, Richard Sniezko, and others
– Oguz Urhan is being supported by a scholarship from the Turkish government

 We began work on the drought hardiness study
– Collaboration with Keith Jayawickrama, BLM, Plum Creek, Silver Butte
– Erda Çeler is being supported by a scholarship from the Turkish government
– Scott Kolpak and Kori Ault have been instrumental in providing guidance

 Began working with Brad St.Clair on the DF Heredity Study

 Launched the PNWTIRC newsletter

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Breeding western white pine
Oguz Urhan and Scott Kolpak

Douglas-fir drought hardiness
Erda Çeler

New collaborative project

Next-generation SNP chip
Glenn Howe
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Site characteristics
Lauren Magalska

CBI – Data Basin
Dominique Bachelet

Decision support tools – SST
Glenn Howe

Brad St.Clair

New directions in western white pine research

Regional analyses of WWP tests (IETIC, USFS, BCMoF)

Toward genomic selection in western white pine
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Effects of genetics and site on Douglas-fir 

drought hardiness 

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Axiom 50K Douglas-fir SNP chip
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Rebirth of the Seedlot Selection Tool

100 Years of Douglas-fir genetics

PNWTIRC Annual Report 2014 - 2015

11

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Highlights of 2014-2015

Oguz represented OSU at the CAFS annual meeting

 Rust, M.L., Davis, A., Howe, G.T., Hipkins, V. 2015. Development of genetic 

markers for western white pine and Douglas-fir. Presentation in: Center for 

Advanced Forestry Systems Annual Meeting, May 19-21, Asheville, North 

Carolina.

 Klocko, A., Ma, C., Robertson, S., and Strauss, S.H. 2015. FT genes for 

accelerating flowering in Eucalyptus. Presentation in: Center for Advanced 

Forestry Systems Annual Meeting, May 19-21, Asheville, North Carolina. 

 Klocko, A., and Strauss, S.H. 2015. Production and analysis of flowering-

modified eucalypts. Presentation in: Center for Advanced Forestry Systems 

Annual Meeting, May 19-21, Asheville, North Carolina.

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Current collaborations and grants

 CAFS. Center for Advanced Forestry Systems – Phase II. Howe, G.T., 

Maguire, D.A. and  Strauss, S.H. National Science Foundation Industry/University 

Cooperative Research Center Program, 2012-2017, $300,000 (OSU).

 USFS Forest Health Protection, Special Technology Development Program. 
Genetic markers for western white pine (WWP): Enabling molecular 
breeding for resistance to white pine blister rust. Howe, G.T., Davis, A., 

Hipkins, V., Liu, J.-J., Mahalovich, M.F., Rust, M., and Sniezko, R., 2014-2016, 

$99,685. Funding for 2014 ($16,000) was received.

 University of Idaho and the Inland Empire Tree Improvement Cooperative. 
Genetic markers for western white pine (WWP): Enabling molecular 
breeding for resistance to white pine blister rust. Howe, G.T., 2013-2015, 

$30,000.
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Current collaborations and grants

 USFS Rocky Mountain Research Station. Developing a SNP panel for 
interior Douglas fir. Howe, G.T. and Cushman, S. USDA-Forest Service Joint 

Venture Agreement, 2011-2015, $28,755.

 U.S. Endowment for Forestry and Communities. Forest health 
biotechnologies: What are the drivers of public acceptance? Needham, M.D. 

and Howe, G.T. 2013-2015, $100,000.

 USFS Pacific Northwest Research Station. Meta-analysis of Douglas-fir 
provenance tests to estimate responses to seed transfer and climate 
change. Howe, G.T. and St.Clair, J.B. USDA-Forest Service Joint Venture 

Agreement, 2013-2018, $100,000.

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Current 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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ABSTRACT: Phenotypic and Molecular Breeding in Western 
White Pine 

Oguz Urhan, Glenn Howe, Marc Rust, Richard Sniezko, Scott Kolpak 
 

Oguz Urhan, a PhD candidate, is working on quantitative genetic and genomic approaches to 
enhance resistance to the non-native fungal pathogen, Cronartium ribicola, in western white pine 
(WWP).  Recent advances in genomics may provide important technologies that could be used 
alongside the classical approaches to either enhance disease resistance in selected populations, or 
shorten the time for developing improved varieties.  We are collaborating with Marc Rust of the 
Inland Empire Tree Improvement Cooperative (IETIC, ID), Mary Mahalovich (USFS Region 1, ID), 
Richard Sniezko (USFS Dorena Genetic Resource Center, OR), Jun-Jun Liu of the Canadian Forest 
Service (BC), and Nicholas Ukrainetz and John King of the BC Ministry of Forests.  The objectives of 
this project are to (1) review and synthesize breeding program strategies for improving genetic 
resistance in the three main programs (BC, OR, ID); (2) conduct quantitative genetic analyses of 
blister rust resistance; (3) evaluate advanced genomic techniques to improve resistance breeding 
including ‘breeding-without-breeding’ (BWB) and ‘genomic selection’ (GS); and (4) position ourselves 
to implement GS in WWP by developing single nucleotide polymorphic (SNP) genetic markers and 
conducting simulation studies of GS. 

We conducted simulation analyses to test how many SNP markers are needed to accurately assign 
seed orchard progeny to parents in the Bingham Seed Orchard, which is the key step in 
implementing BWB.  We wrote software that uses the genetic composition of the seed orchard (e.g., 
breeding program pedigree) to simulate SNP genotypes for the trees in the seed orchard and their 
open-pollinated progeny.  Second, we used the SOLOMON program (Christie et al., 2013) to test 
whether we could use the SNP genotypes of the progeny to infer their parents.  We did this using 
various number of SNPs (100, 200, 300, and 400).  Overall, the results indicate that as many as 
200 SNPs will be needed to practice BWB in the Bingham orchard, and this number may be higher 
for orchards where pollen contamination is an issue.  At least for seed orchards with similarly 
complex pedigrees, these results indicate that it may be challenging to practice BWB in a cost-
effective manner.  
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Phenotypic and 
Molecular Breeding in 

Western White Pine 

Oguz Urhan

Glenn Howe

Marc Rust

Richard Sniezko

Scott Kolpak

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Western white pine (WWP) breeding programs

 WWP is an economically and ecologically 

important conifer

 White pine blister rust (WPBR) causes heavy 

mortality

 Three main resistance breeding programs in 

North America

– USFS Dorena Genetic Resource Center (DGRC)
– USFS and Inland Empire Tree Improvement 

Cooperative (IETIC) 
– BC Ministry of Forests
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Resistance breeding programs

 Focus on improving resistance using 

recurrent selection

 The main goal is to incorporate disease 

resistance into improved genotypes and 

seed orchards

– Nursery inoculation trials
– Field performance tests
– Field progeny tests

 Measurements focus on survival, 

infection rates, resistance mechanisms, 

and growth

Seed orchard

Susceptible family

Plantation

Resistant family

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Thesis goals and chapters

 Review existing knowledge about the genetics of resistance to 

white pine blister rust

 Evaluate breeding strategies for improving resistance to white pine 

blister rust

 Thesis chapters are:

– A review of breeding programs and strategies designed to enhance 
resistance to white pine blister rust

– Quantitative genetics of resistance to white pine blister rust
– Molecular breeding strategies for western white pine 
– Options for breeding western white pine for resistance to white pine 

blister rust

PNWTIRC Annual Report 2014 - 2015
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Research questions

 What have we learned about the genetics of 

resistance to white pine blister rust?

 What resources are available for future breeding?

 How might recent developments in quantitative 

genetics and genomics affect future breeding 

strategies?

Objectives

 Review breeding programs and strategies for 

improving genetic resistance to white pine blister rust

 Summarize available breeding materials, genetic 

tests, seed orchards, and genomic resources 

A review of breeding programs and strategies designed 

to enhance resistance to white pine blister rust

https://uscmatadvising.files.wordpress.com

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Quantitative genetics of resistance to WPBR

 Which levels of disease incidence are 

best for identifying disease resistant 

genotypes?

 How strong are genotype by 

environment interactions for disease 

resistance?

 Is recurrent selection for additive 

genetic value optimal?

 How well do inoculation trials predict 

field performance?

http://www.business2community.com/

Research questions
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Quantitative genetics of resistance to WPBR

http://www.business2community.com/

 What are the time-trends in heritability? 

 What are the genetic correlations 

between disease resistance and growth 

traits?

 Do spatial analyses improve the 

identification of disease resistance 

genotypes?

 Results from quantitative genetics 
chapter will be used in later simulation 
studies

Research questions

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Quantitative genetics of resistance to WPBR

Objectives

 Select genetic tests from three breeding programs to estimate genetic 

parameters for resistance to white pine blister rust

 Understand how quantitative resistance can be studied in the 

presence of major gene resistance (MGR) 

 Select genetic tests that have different levels of infection to investigate 

the relationship between heritability and disease incidence

 Select diallel tests to estimate additive and non-additive genetic 

variation for resistance to white pine blister rust

 Investigate genetic correlations among traits (e.g., DBH and height)

PNWTIRC Annual Report 2014 - 2015
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

WWP breeding programs and tests

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Molecular breeding strategies for WWP 

 The costs of genotyping are declining 

– New genetic markers
– New genotyping platforms

 Advanced genomic technologies may 

revolutionize tree breeding 

– Genomic Selection (GS)
– Breeding-Without-Breeding (BWB)

 New developments may accelerate 

resistance breeding in WWP

www.goldiesroom.org

www.umich.edu
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Molecular breeding strategies for WWP

Genomic selection (Meuwissen et al 2001)

Genomic selection is a form of marker-

assisted selection that uses markers to 

cover the whole genome

Hayes et al 2013 - The future of livestock 
breeding: genomic selection for 
efficiency, reduced emissions intensity, 
and adaptation. 

Success of GS 
depends on: 

– Size and structure of the 
training population

– Heritability
– Marker density
– Effective population size 

(Ne) of the breeding 
population

– Relatedness between the 
training population and the 
breeding population

– Statistical methods

Hayes et al 2013

Training population Breeding population

Prediction equation

Selected individuals

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Molecular breeding strategies for WWP

Genomic selection research question

 How do training population size, 

heritability, choice of breeding 

population, and marker density affect 

the success of genomic selection?

Objective

 Use existing WWP pedigrees, 

quantitative genetic information, 

and a simulation approach to evaluate 

the potential success of genomic 

selection in WWP

blog.samanage.com
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Breeding-Without-Breeding

How to implement BWB

 Wind-pollinated seeds can be collected 

from ‘resistant’ trees from seed orchards

 Seeds planted in many operational 

plantations, nursery screening trials, and 

field evaluation tests

 SNP/SSR markers can be used to 

determine the parents of the resistant (R) 

and susceptible (S) trees

 Field “tested” resistant trees can be used 

in the next cycle of breeding

Molecular breeding strategies for WWP

Potential benefits

 May be valuable for identifying 

parents of blister rust resistant trees 

in operational plantations, nursery 

tests, or field genetic tests

 May save time and the cost of 

controlled crossing

 May increase genetic gain

‘Breeding-Without-Breeding’ (El-Kassaby et al 2007)

Success of BWB 
depends on: 
– Number of SNP markers
– Seed orchard mating 

dynamics (e.g., pollen 
contamination)

– Seed orchard composition
– Relatedness
– Number of clones, 

ramets, or trees
– Genetic variation in disease 

resistance
– Trait heritability (h2)
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Molecular breeding strategies for WWP

Breeding-without-breeding research questions

 Is Breeding-Without-Breeding 

feasible for white pine breeding 

programs?

 How do seed orchard dynamics, 

composition and heritability affect 

the genetic gain?

 How many SNP markers are 

required to have substantial genetic 

gain using BWB?

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Molecular breeding strategies for WWP

Objectives

 Implement a parentage assignment 

technique

– Complex mating system

 Determine to accuracy of assigning 

progeny to parents 

 Conduct simulation studies to see 

the factors that affect the success

– Heritability

– Genetic markers

– Seed orchard composition

– Seed orchard mating dynamics 

PNWTIRC Annual Report 2014 - 2015
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Options for breeding western white pine for resistance 

to white pine blister rust

Research questions

 How might white pine breeding programs 

be structured in the future?

 How might new genotyping technologies 

affect white pine breeding activities? 

Objectives

 Evaluate approaches to enhance 

resistance to white pine blister rust and 

describe options for future breeding 

activities

http://blogs.cisco.com

Recent progress 

on BWB simulations
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PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Simulating BWB in western white pine

How many SNPs are needed?

 How many SNPs are needed to assign progeny to parents?

 Examined the WWP Bingham seed orchard – a clonal/seedling 

orchard with many related genotypes in Idaho

 Simulate the SNP genotypes of seed orchard parents

 Simulate the SNP genotypes of wind-pollinated offspring

 Use a parentage reconstruction program (SOLOMON) to determine 

how many SNP markers are needed 

Data analysis pipeline

* Program code developed by Hao Truong

Figure 1. Seed Orchard Simulator*. A. Module 1: The program 

uses a breeding program pedigree and simulated SNP genotypes 

of the base population to simulate the SNP genotypes for all seed 

orchard trees. B. Module 2: Using the simulated genotypes of the 

seed orchard trees, the relative fertilities of the seed orchard trees 

and level of pollen contamination as inputs, the program simulates 

an open-pollinated orchard seedlots (i.e., simulated SNP 

genotypes for the desired number of seed or seedlings). 
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Data analysis pipeline

SOLOMON results - Bingham Seed Orchard

200 SNPs needed to assign offspring to parents
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SOLOMON conclusions

Bingham orchard

 The highest percentage of correct parent assignments (both 

parents) occurred with 200 SNP loci (97%)

 This is a higher number of loci than expected because: 

– A high number of half-sibs were grafted into the orchard (often three 
seedlings per family)

– There is a high degree of relatedness among seed orchard trees 
(e.g., full-sibs, half-sibs, parent/progeny, parent/grand kids)

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Future directions

 Continue with seed orchard simulations and parentage analysis

– Examine random mating vs variable fertility

– Incorporate pollen contamination

– Include a range of orchards differing in complexity 
– BLM’s Horning Seed Orchard (clonal, fewer genotypes, low 

relatedness)
– Bingham Seed Orchard (clonal/seedling, more genotypes, higher 

relatedness)

 Examine heritability effects on genetic gain
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ABSTRACT: Effects of  Genetics and Site on Douglas-fir Drought 
Hardiness 

Erda Çeler and Glenn Howe 
 

Breeding programs for Douglas-fir aim to increase growth and wood quality, while maintaining 
adaptability for frost and drought hardiness.  However, populations that grow faster are also 
typically less tolerant of drought and other stresses.  To better understand the genetics of drought 
hardiness in Douglas-fir, a study was initiated by Jeannette Griese of the BLM in 2008-2009, and 
later implemented cooperatively by the Northwest Tree Improvement Cooperative, Bureau of Land 
management, Plum Creek Timber Company, and Silver Butte Timber Company. 

In 2015, Erda Çeler, began using this experiment for her M.S. thesis research.  The objectives of her 
research are to (1) identify the impacts of drought on seedling growth and survival; (2) develop 
recommendations for practicing assisted migration; (3) characterize genetic variation in drought 
hardiness; (4) study the adaptability of families to climate conditions in southern Oregon using 
ClimateNA models; and (5) obtain baseline measurements to help in the analysis and interpretation 
of future measurements in the drought hardiness study. 

The complete experiment contains more than 18,000 Douglas-fir seedlings from more than 400 
parents from western Oregon and Washington that were planted at three sites in southern Oregon.  
Measurements that are being recorded in 2015 and 2016 include 2014 height, 2015 height, second 
flushing, spring bud flush, sunscald stem damage, foliage damage, leader damage, and mortality.  
This study will provide useful information to enhance drought hardiness by breeding and 
appropriately deploying genotypes from Douglas-fir breeding programs. 
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Effects of Genetics and Site on 
Douglas-fir Drought Hardiness

Erda Çeler and Glenn T. Howe
Department of Forest Ecosystems and Society
Oregon State University

In collaboration with the Bureau of Land Management, 

Plum Creek Timber Company, and Silver Butte Timber 

Company 

PNWTIRC Annual Meeting
October 22, 2015
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Introduction
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 Drought adversely affects natural and artificial regeneration of 

Douglas-fir (Spittlehouse 1985)

 Drought diminishes the ability of seedlings to resist damage from 

herbicides, pathogens, and frost (Hobbs et al 1980)

 Climate change is expected to exacerbate drought stress in the 

PNW 

It is important to incorporate drought hardiness into Douglas-fir 
breeding programs 

Overview

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

 39 full-sib families from British Columbia measured in raised nursery beds 

 Foliage damage and xylem cavitation increased, and xylem hydraulic 

conductivity decreased, under drought stress 

 Lots of environmental variability - heritabilities averaged only 0.19

 Growth in moist conditions nearly uncorrelated with drought hardiness

 Did not study the effects of seedling origin on drought hardiness

Previous drought hardiness research by the 

PNWTIRC
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 Can growth ring components be used to evaluate the genetics of drought 

hardiness?

 10 growth ring variables measured in 6 progeny tests (X-ray densitometry)

 Drought response coefficient (DRC) may be useful for identifying drought 

hardy genotypes

 Growth ring approach is challenging – substantial drought is needed – new 

studies should be designed to impose substantial drought stress

Previous drought hardiness research by the 

PNWTIRC (Cont’d)

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

About this experiment

 The project was initiated by Jeannette Griese at the BLM in 2008-

2009

 Currently managed as a collaboration among…

– Northwest Tree Improvement Cooperative (Keith Jayawickrama)
– Bureau of Land Management (Mike Crawford, Jeannette Griese, and 

George McFadden)
– Plum Creek Timber Company (Jim Smith)
– Silver Butte Timber Company (Darin McMichael)
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About this experiment (Cont’d)

 Seedlots

– Most are OP seed from first-generation parents in orchards
– Some are second-generation full-sib crosses
– Two are woods-run seedlots from southern OR

 Seedlings were grown in the BLM Sprague greenhouse

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Goals and Objectives
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Main goals

 Understand the impacts of drought on growth and survival of 

Douglas-fir seedlings

 Enhance approaches for genetically improving drought hardiness 

and deploying genotypes from breeding programs

 Understand the potential effects of climate change and provide 

information for practicing effective assisted migration

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Specific objectives

 Determine drought impacts on seedling growth and survival

 Develop recommendations for practicing assisted migration 

 Characterize genetic variation in drought hardiness

 Use ClimateNA models to determine adaptability of families to 

climate conditions in southern Oregon

 Obtain baseline measurements to help in the analysis and 

interpretation of future observations
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Research Questions

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

 Is there genetic variation in first-year survival and growth among the 

Douglas-fir families? 

 Is variation in drought hardiness associated with the climatic origin 

of the parents?

 Is there an association between drought hardiness and seedling 

characteristics at the time of planting?

 Is early bud flush associated with drought hardiness?

Research questions
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Experimental Plan

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Description of the study

 Focus on the morphological, physiological, and genetics aspects of 

drought hardiness

 Collect data on growth traits and damage from drought and 

herbicides

 > 18,000 seedlings from the PNW

 > 400 families

– Most parents from western Oregon
– Some parents from western Washington
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Sites

Seedlings planted in 2015 on 3 sites in southern Oregon 

 Lost Creek (Plum Creek)

 Mill Pond (Silver Butte)

 Sprague (BLM)

A weather station at each site is recording detailed weather data

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Locations

Grants 
Pass

Lost Creek

Mill Pond

Sprague
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Sprague site

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Lost Creek site
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Mill Pond site

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Methodology
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Height measurements

Trait measurements

 Height
– In two different seasons (2014 and 2015)

 Second flushing
– Presence/absence

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Trait measurements (Cont’d)

 Herbicide damage (Mill Pond)
– Four categories to classify 

severity of the damage
– Chlorosis
– Needle curl
– Shoot curl
– Dead leader

 Bud flush  
– Yes/No?
– Bud stage?

Seedling with herbicide damage
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Trait measurements (Cont’d)

 Sunscald
– Percentage of stem damage by 

sunscald 

 Mortality
– Dead/alive 

Stem with sun-scald

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Timeline
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Timeline

 Fall 2015 

– Height, second flushing, mortality, drought-induced foliage damage, 
sunscald, and herbicide damage

 Spring 2016

– Bud flush 

 Spring-Fall 2016

– Data analysis and results

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE
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Thank you!!

Erda.Celer@oregonstate.edu
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ABSTRACT: Next-generation SNP Chip and Genomic Selection 
in Douglas-fir 

Glenn Howe, Keith Jayawickrama, Scott Kolpak, Stephanie Guida, Sanjuro Jogdeo, 
Rich Cronn, and Callum Bell  
 

Genomic selection (GS) may transform tree breeding by allowing breeders to shorten the breeding 
cycle, reduce the costs of progeny testing, increase heritabilities, and select for mature traits, such as 
wood properties at the seedling stage.  The objective of GS is to predict breeding values using a 
genome-wide set of markers, typically tens of thousands of single nucleotide polymorphic markers 
(SNPs).  Unlike candidate gene approaches (e.g., association genetics), genomic selection will work 
for any measured trait (e.g., growth, stem form, physiology).  GS has been highly effective in 
livestock breeding, and is beginning to be used operationally on Eucalyptus in Brazil. 

To practice GS, we need to be able to assay thousands of SNPs on many trees.  The ‘first-generation’ 
Illumina Infinium SNP array for Douglas-fir allows us to assay 7,256 SNPs.  However, we used the 
more affordable Affymetrix Axiom SNP array for our operational test of GS.  This high-density 
array was used to test 55,776 potential SNPs in Douglas-fir.  Because the SNPs were derived from 
transcriptome sequencing, the array targets SNPs in the expressed genes in the Douglas-fir genome. 

We are in the process of testing the array on 1,920 Douglas-fir trees, and data from our first set of 
1,420 genotyped trees are very promising.  We found that ~20K SNPs could be reliably 
genotyped.  For 19,822 SNPs that had a call frequency greater than 85%, the median call rate was 
99.3% and the median minor allele frequency was 0.215.  This array will serve as an excellent 
foundation for testing genomic selection in Douglas-fir breeding programs.  Future work will focus on 
developing analytical approaches for ‘rescuing’ SNPS that do not meet Affymetrix default quality 
control thresholds.  This should allow us to increase the number of available SNPs.  We will then 
evaluate GS using our sampled breeding materials, including evaluation of alternative breeding 
strategies. 

 

This abstract contains text from the manuscript entitled “A SNP resource for Douglas-fir: de novo transcriptome assembly and 
SNP detection and validation” by Howe, G.T., Yu, J., Knaus, B., Cronn, R., Kolpak, S., Dolan, P., Lorenz.  W.W., Dean, J.F.D. 
BMC Genomics 14:137 (2013). 
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Next-generation SNP 
chip for Douglas-fir

Glenn Howe

Keith Jayawickrama

Scott Kolpak

Stephanie Guida

Sanjuro Jogdeo

Rich Cronn

Callum Bell

What are SNPs?

What are they good for?
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Single nucleotide polymorphism (SNP)

Tree 1 is heterozygous Trees 2 and 3 are homozygous

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
Usually 2 alleles

Many many loci

SNPs may be in genes (transcriptome)
or 

not in genes (rest of genome)
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Genomic selection

Genomic selection

Unlike candidate gene approaches, genomic selection 
markers will work for any measured trait

Wood chemistry (including the traits 
important to NARA)

Growth
– Height 
– Diameter
– Volume

Stem form
– Ramicorn branches and forks
– Sinuosity

Physiology
– Cold hardiness
– Spring bud flush

PNWTIRC Annual Report 2014 - 2015

46

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



BC Forest Service

PNWTIRC Annual Meeting | October 22, 2015

Genomic selection

Field tests 
are costly

Testing/selection 
takes a long time
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PNWTIRC Annual Meeting | October 22, 2015

Genomic selection

Skip 
field testing

Make
Selections early

PNWTIRC Annual Meeting | October 22, 2015

Genomic selection

 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
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The promise of genomic selection

Phenotypic selection

(select on BLUP BV)

Phenotype

progeny

(field tests)

Genotype 

progeny

(SNP markers)

Genomic selection

(select on GEBV)

Make 

crosses

Genomic 
Selection 

Cycle

Phenotypic 
Selection 

Cycle

Genotype, then use existing phenotypes

to train GEBV model

Model training step

Phenotypic selection

(select on BLUP BV)

Phenotype

progeny

(field tests)

Genotype 

progeny

(SNP markers)

Genomic selection

(select on GEBV)

Make 

crosses

Genomic 
Selection 

Cycle

Phenotypic 
Selection 

Cycle

Genotype, then use existing phenotypes

to train GEBV model

Model training step

GEBV = genomic estimated breeding value

Population design

Population size (Ne)

Number of generations

Quality of field tests

Measurement traits and ages
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Northwest Advanced Renewables Alliance

1141
3rd-cycle progeny

46
1st-cycle selections

28
1st-cycle selections

26 2nd-cycle selections
264 of their full-sibs

291
2nd-cycle progeny

Intermate selections

Intermate selections

CL98SCC

Northwest Advanced Renewables Alliance

Genomic selection seedlings
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Northwest Advanced Renewables Alliance

Genomic selection study site

www.pinegenome.org/ctgn

A Douglas-fir SNP chip
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Douglas-fir SNP chip (Illumina Infinium)

Douglas-fir SNP chip is available

 7256 SNPs can be assessed

 Many more potential SNPs are 

available 

Numbers and percentages of putative Douglas‐fir SNPs 
attempted and assayed with an Illumina Infinium SNP array 
(n = 260 trees).

SNPs attempted 8769

SNPs assayed by Illumina 8067

Percent of SNPs (assayed/attempted) 92.0

SNPs assayed by Illumina 8067

SNPs called (call frequency ≥ 0.85) 7256

Percent of SNPs (called/assayed) 82.7

SNPs called (call frequency ≥ 0.85) 7256

SNPs called that are polymorphic (MAF ≥ 0) 5847

Percent SNPs (called MAF > 0/called) 80.6

SNPs attempted 8769

SNPs called that are polymorphic (MAF ≥ 0) 5847

Percent SNPs (called MAF > 0/attempted) 66.7

MAF = minor allele frequency.  MAF > 0 means there’s more than 1 allele

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Affymetrix Axiom array is cheaper

Large-scale genotyping service from GeneSeek
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Axiom genotyping array

Northwest Advanced Renewables Alliance

Genomic selection in Douglas-fir

NARA update

Keith Jayawickrama

Matt Trappe

Glenn Howe
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Northwest Advanced Renewables Alliance

NARA Douglas-fir marker plan

 We genotyped ~1,900 trees

 We attempted to genotype > 50,000 SNPs

 Affymetrix Axiom platform

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

Resources for genomic selection

“A total number of 187,653 single 

nucleotide polymorphisms (SNPs) 

were detected by three SNP 

detection tools”

“Our SNP database may contain as 

many as ~200,000 true SNPs, and 

as many as ~69,000 SNPs that could 

be genotyped at ~20,000 gene loci”
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Analytical procedures 

needed for conifers
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Results from first set of trees

No. of SNPs with call rate (CR) of:

Classification 97% 85%

Polymorphic high resolution 14,959 19,822

No minor homozygote 6,140 6,140

Monomorphic high resolution 12,807 12,814

Converted 33,906 38,776

Off-target variant 423 423

Other 16,493 16,493

Call rate below threshold 4,944 74

Not converted 21,860 16,990

Total 55,766 55,776

About 20K SNPs available
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Next steps

Priorities and implementation addressed by subcommittee

 Test genomic selection using current data

 Evaluate alternative breeding strategies using simulations 

– Combine with early testing?
– Reduce sizes of progeny tests?
– Skip a cycle of progeny testing?
– Incorporate financial analyses?

 Quantitative genetics expertise needed

 How to cover the costs of new SNP genotyping?

– Grant support?
– Collaborations?
– Operating funds from PNWTIRC?
– Special projects (e.g., leveraged support from metacooperatives)?

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

Potential collaborations

Multi-species genotyping arrays
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Third-generation SNP chip?

Other SNP resources are becoming available

 Transcriptome and genomic sequencing projects in Europe

 Douglas-fir genome sequence

Any new genotyping should include new SNP candidates
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ABSTRACT: Five-year Plan Discussion 

Glenn Howe  
 

Glenn Howe led a discussion on developing plans for the next five years.  Key topics that were 
addressed were the goals of the planning process and the best way to involve PNWTIRC members.  
Glenn emphasized the potentially transformative nature of research on genomics in general, and 
research on genomic selection, in particular.  Although we have been focusing on these topics 
recently, important questions remain.  Should we continue to plan for heavy attention on genomic 
selection over the next 5 years, or so?  If so, how fast do we want to move on this?  Do we want to 
devote more resources to speed progress, or are we happy with the current pace? 

Before we commit to taking the next steps in genomic research, we need to test that our SNP 
genotyping array is suitable for future genomic selection in Douglas-fir—and completing this step 
could take a good portion of 2015-2016.  New genomic selection research and implementation will 
require funds for research personnel and SNP genotyping, so we will need to integrate research 
needs with future funding.  Changes in funding through the Center for Advanced Forestry Systems 
(CAFS) will affect future available funding. 

We also discussed the other things we should be doing.  What are the other research topics we just 
cannot ignore?  Should we return to an emphasis on workshops and training?  Finally, Glenn 
presented an overview of PNWTIRC dues and funding history, emphasizing that dues have been kept 
low for many years because of external grant funding.  However, particularly with CAFS funding, 
that situation will not continue indefinitely.  A planning subcommittee was formed, consisting of Sara 
Lipow, Jeff DeBell, Josh Sherrill, Margaret Banks, Dan Cress, and Michael Crawford. 
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Pacific Northwest Tree Improvement Research Cooperative
Department of Forest Ecosystems and Society
Oregon State University

Five-year Plan Discussion

Glenn Howe

PACIFIC NORTHWEST TREE IMPROVEMENT
RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

Planning process

Planning subcommittee
Sara Lipow Jeff DeBell

Josh Sherrill Margaret Banks

Dan Cress Michael Crawford

Subcommittee meeting scheduled for November 16

What should be the goals of the planning process?

What’s the best way to survey member’s views?
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PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

Background and discussion

Genomics research on Douglas-fir is increasing 
dramatically worldwide – this is a great foundation for 
molecular breeding

Should we continue to plan for heavy attention on 
genomic selection over the next 5 years, or so?

If so, how fast do we want to move on this ? Do we 
want to devote more resources to speed progress, or 
are we happy with the current pace?

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

Discussion

Before we commit, we need to make sure that the SNP 
chip is suitable for genomic selection in Douglas-fir

Genomic selection research and implementation will 
require funds for (1) research personnel and (2) 
genotyping

Research personnel fits nicely with normal PNWTIRC 
model—but genotyping benefits some members more 
than others…different funding model?
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PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

PACIFIC NORTHWEST TREE IMPROVEMENT 

RESEARCH COOPERATIVE

What else should we be doing?

Other research topics we just can’t ignore?

Workshops or other training?

PNWTIRC dues history

 Regular dues = dues for a single 

‘regular’ member

 Total funds available = total of all 

dues minus indirect costs

 Indirect costs (10%) started in 

FY04-05, increased to 13% in 

FY09-10 

 Remaining funds = total funds 

available minus personnel costs for  

1 staff position and 1 graduate 

student

 First 15 years = 4 dues increases

 Last 16 years = no dues increases
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ABSTRACT: Conservation Biology Institute and Data Basin: 
A science-based mapping and analysis platform 

Dominique Bachelet  
 

The Conservation Biology Institute (CBI) is a non-profit center that provides scientific expertise to 
support the conservation and recovery of biological diversity through applied research, education, 
planning, and community service.  CBI develops innovative conservation tools, techniques, and 
analyses to help organizations, agencies, and companies utilize the best available conservation 
evidence.  Major accomplishments include publishing the first national protected areas database for 
the United States (PAD-US CBI Edition), and CBI partnered to produce the first national conservation 
easement database (NCED), spearheading climate change adaptation through practical applications 
of forecasting models, and the development of a successful web-based conservation data sharing 
system called Data Basin (https://databasin.org).  We have developed 21 customized public 
Gateways that are powered by Data Basin that highlight curated spatial information for a particular 
geography, topic, project, or organization.  Dominique Bachelet (CBI), Brad St.Clair (USFS), and 
Glenn Howe (OSU, PNWTIRC) are collaborating to develop a new version of the Seedlot Selection 
Tool that will be delivered through Data Basin.  
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http://consbio.org/products/projects/3
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Conservation Biology 
Institute and Data Basin

A science-based mapping 
and analysis platform

Dr. Dominique Bachelet
senior climate change scientist, 

CBI
& assoc. prof.

Biol. & Ecol. Eng.
Oregon State University

by  LUCKY SCIENTISTS

COMMUNICATING 
SCIENCE 

EFFECTIVELY

Dr. Barry Baker

Dr. Alex Syphard

Ken Ferschweiler

Tim Sheehan
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MC1/2 : Dynamic Global Vegetation Model

Dynamic
Wildfire

Carbon, H2O &
Nutrient Cycling

Vegetation 
Distribution

Monthly
CLIMATE

Communicating Results – Custom Web Pages

http://consbio.webfactional.com/integratedscenarios/rcp85.html

http://consbio.webfactional.com/pnw/projections.html

Mike Gough
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but we have a tough audience

Hot Shot Team to Communicate  the Science

Nik Molnar

Dan Harvey

Mike Lundin

Brendan Ward
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Split screen
Time series
Animations

Visualizing and Sharing Spatial Data  - databasin.org   

Comparing/Testing/Sharing Model results
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Grouping Model Results - Galleries

Gateways or CPAs – Working with LCCs

21 Public Gateways so far …
6 in the works
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Gateways – Focused, Customized

11

http://drecp.databasin.org/

Example of Custom Tool
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Model 
continues 
(Not shown)

Model 
continues 
(Not shown)

Model 
Continues

(Not shown)

< 5%

>55%

CBI Decision Support Model EEMS

Climate Information – Simple, Focused, Customized

http://drecp.consbio.webfactional.com/climate

http://eemaps.consbio.webfactional.com/blm
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Feedback to Deliver More Usable Climate Tools

90 day forecastSnowcover Regional Climate Extremes Climate at a glance

USGS National 
Climate Change Viewer

Drought Tracker AdaptWest Integrated Scenarios

. Testing existing tools (NOAA, USGS, CBI)

. Working with developer to design new tool

. Provide feedback for improvement
& GB-LCC

Funding sources:

Getting Feedback on Climate Console – California

UNCERTAINTY
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Request for short term forecast but …

Interpretation: weather vs climate

Scale Issue (climate divisions, downscaling)

working with John 
Abatzoglou, Univ. Idaho 
and NKN
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Working on a carbon tool …

Creating new blueprints, testing feasibility …
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Other tools in the works …

for example …

Thank you for your attention

Feedback or interest in collaboration
Email: dominique@consbio.org
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ABSTRACT: Decision Suppor t Tools for Forest Management 

Glenn Howe, Brad St.Clair, Dominique Bachelet 
 

The original version of the Seedlot Selection Tool (SST) was developed through a collaboration 
between Glenn Howe (OSU, PNWTIRC) and Brad St.Clair (US Forest Service, Pacific Northwest 
Research Station).  The SST is a GIS mapping tool designed to help forest managers match seedlots 
with planting sites based on climatic information.  The climates of the planting sites can be chosen to 
represent current climates, or future climates based on selected climate change scenarios.  To provide 
better long-term maintenance and integration of the latest climate information, the SST will soon be 
made available to the public through the Conservation Biology Institute’s Data Basin 
(https://databasin.org).  The Data Basin provides free access to spatial data and non-technical tools 
that allow users to explore data sets and create maps on topics related to climate change and 
conservation. 
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Decision Support Tools for 
Forest Management

Glenn Howe, Brad St.Clair, Dominique Bachelet 

Seedlot Selection Tool (SST)
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Mitigation
human intervention to reduce 
anthropogenic forcing of the 

climate system, including 
strategies to reduce greenhouse 

gas emissions and enhance 
greenhouse gas sinks

Adaptation
adjustment in natural or 

human systems in response 
to actual or expected climate 

change effects which 
moderates harm or exploits 

beneficial opportunities

Rationale 
Site specific information needed

Objectives are to project changes in climate and forest responses at a scale 

that is valuable to forest managers
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History of the idea…

Forestry Research Cooperatives

Taskforce on Adapting Forests to Climate Change

USDA NIFA Planning Grant

Regional Stakeholder Meetings (WA, ID, AZ*)

Project Proposal Evaluation Meeting (Portland)

Western Conifer Climate Change Consortium (WC4)

USDA NIFA Grant Proposal 

Reverse Site Visit

*After the Portland meeting

How can forest managers respond?

1. Climate

2. Vulnerability

3. Species selection

4. Genetics - seedlot selection

5. Stand management

Details
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Concept - Putting it all together

Hydrology

Insects

Disease

Fire

Species

Climate

Data Basin

Genetics

US Forest Service

1. Climate
What climate changes are projected for my lands?

Can choose time frame

Continuously updated as new information becomes available
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ClimateNA

Tomislav.seser.gmail.com

2. Vulnerability
Which sites are most vulnerable to climate change?

Where should I prioritize my adaptation and mitigation strategies?

Integrate all threats
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Key components of vulnerability

Wildfire change per 1°C global warming Probability of mountain pine beetle 
cold tolerance

Normals, CRCM v. 4.2.0, IPPC A2 scenario. 
Régnière and St-Amant. 2007, Bentz et al. 2010Littell

Bentz

2001-2030

Objectives

3. Species
Which species should I favor in the future?

Which species are not good choices for the future?

Deliver scientific results using a multi-model approach
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British Columbia

Species distributions and forest composition

Wang et al. 2012

2011-2040 2041-2070 2071-2100

Species and vegetation distributions

Potential habitats

N. Crookston

H. Lintz

A. Gray

R. Waring

T. Wang

Multi-model approaches 
Robust answers
Identify areas of uncertainty
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Objectives

4. Genetics
Which seedlots should I plant on my site?

Where will I get my seed in the future?

Where can trees from my seed orchard be planted?

Seed zones and 
breeding zones are 
largely delineated 
based on climate

Plant trees genetically adapted to the future climate
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Seedlot Selection Tool (SST)

5. Stand management
How should I manage my stands in the future?

What are my expectations for ecosystem services?

Use growth models that in common use (FVS, ORGANON)
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Silvicultural adaptation and mitigation options

 Rotation
– Shorten to reduce risk

– Lengthen to increase C storage

 Regeneration
– Increase control of competing 

vegetation

– Use more stress-resistant stock types

– Anticipate seed zone, species shifts

 Thinning
– Lower tree density and leaf area

– Change species composition 

– Biomass for energy or biochar

 Directly control site resources
– Spray for insects and disease

– Manage for ‘fire-resistant’ landscapes

– Increase fertilization and irrigation

D
e
c
re

a
s
in

g
 m

a
n
a
g
e
m

e
n
t in

te
n
s
ity

FVS Outputs

Concept - Putting it all together

Hydrology

Insects

Disease

Fire

Species

Climate

Data Basin

Genetics
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My Forest Today and tomorrow …

otherDrought
sensitivity

Pest
pathogen

risk

1. Douglas fir
2. Lodgepole pine
3. ..
4. …

1. Douglas fir
2. Lodgepole pine
3. ..
4. … Fire risk

Seed source

Current conditions
Future scenarios

22

Seedlot Selection Tool (SST)
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Find seedlots for my planting site

2010-2039

2070-20992040-2069

1961-1990

Seedlot selection tool

SST worked great…

But not forever…

Must be maintained by skilled programmers
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Pacific Northwest Climate Hub

Data Basin distributes spatial data

 Spatial data delivery

 Interpretation tools

 Project description

 Networking tools

www.databasin.org

Conservation Biology Institute
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ABSTRACT: 1915 Douglas-Fir Heredity Study 

Brad St.Clair and Glenn Howe 
 

The Douglas-fir Heredity Study was planted beginning in 1915, over 100-years ago.  The objective 
was to determine the best type of ‘seed tree’ to use for collecting seed for artificial reforestation in 
the Pacific Northwest.  Brad St.Clair (US Forest Service, Pacific Northwest Research Station) and 
Glenn Howe (OSU, PNWTIRC) are collaborating to analyze this historic study on the genetics of 
Douglas-fir.   

Six test sites were planted with 120 families from 13 provenances.  Because this study was initiated 
before modern concepts of experimental design were developed, it was planted without the normal 
randomization or blocking that would typically be used today.  Instead, family row plots were 
planted together by provenance, with each site having the same layout. 

The sites were measured for height and/or diameter every 10 years.  Current analyses are focusing 
on characterizing variation among provenances at each site for survival, height, and diameter at 
10-year increments.  Models relating the performance of the provenances to their climate of origin 
(e.g., mean annual temperature) will be developed to understand the effects of seed transfer and 
climate change.  Early results suggest that provenance variation within sites is low for height and 
diameter.  Survival is variable at most sites, and generally unrelated to the seed source climate or 
climatic transfer distance.  Observing mortality over time made a significant impression on Pacific 
Northwest land managers—resulting in a conservative approach to seed transfer and small zones in 
the Pacific Northwest.  The study suggests that natural selection has occurred within provenances, 
potentially leading to the formation of land races. 
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1915 Douglas‐Fir Heredity Study
Brad St.Clair

USFS Pacific Northwest Research Station, Corvallis, OR

Glenn Howe
Oregon State University, Corvallis, OR

Pacific Northwest Tree Improvement Research Cooperative Annual Meeting, October 22, 2015, Portland, OR

Background
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Douglas‐Fir Heredity Study
Original objective: determine the best type of tree for seed 
collections for artificial reforestation and for seed trees

Study Design
• 120 families from 13 provenances

• Planted at 6 test sites (5 left) in 1915 and 1916

• Family row plots of variable length with families blocked together by provenances

• Same layout at every site; no randomization; no blocks
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Measured heights and/or diameters approx. 
every 10 years to age 80, then again at age 100

Analysis

• Variation among provenances at each site for 
survival, height, and diameter at different ages
– Progeny from different parent trees (families) serve as 
replicates for provenances

• Response functions at each site
– Performance relative to climate of seed sources 

– Expressed as transfer distances (MAT)

• Transfer function over all sites 
– Performance as a function of climatic transfer distance 
(MAT)
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Test Site Means
• Four mild test sites with temperate climates and plenty rain

• One higher elevation test site with slow growth

• Overall low survival

Table 1. Location, elevation, climate, and overall means for survival, height and DBH 
after 100 years (2013) for five test sites of DFHS

Plantation Latitude Longitude

Elevation

(ft)

Mean 

annual 

temp

(◦C)

Coldest

Month

temp

(◦C)

Mean 

annual 

precip

(in)

Survival

(%)

Height

(ft)

DBH

(in)

Hebo 45.148 123.756 2,100 8.3 2.5 2,670 14 109 18.7

Wind River 45.792 121.927 1,160 9.0 0.3 2,630 19 129 16.7

Stillaguamish 48.064 121.548 1,880 7.4 ‐1.0 3,460 11 123 21.5

Lower Mt Hood 45.268 121.821 2,800 6.9 ‐0.8 2,010 31 84 11.5

Upper Mt Hood 45.263 121.774 4,500 5.4 ‐2.0 1,910 25 63 13.2

Table 2. Location, elevation, climate, and overall means after 100 years (2013)

• Overall provenance means: range of about 4⁰C
– Most from sources warmer than the test sites (typical of population movements 

in the early 20th century)

– Some movements to higher elevation test site as much as 5‐6⁰C 

• Overall, not large differences in growth or survival among 
provenances 

Provenance Latitude Longitude

Elevation

(ft)

Mean 

annual 

temp

(◦C)

Coldest

Month

temp

(◦C)

Mean 

annual 

precip

(mm)

Survival

(%)

R
an

k

Height

(m)

R
an

k

DBH

(cm)

R
an

k

Lakeview 47.176 122.592 100 10.7 3.8 1,060 16 13 105 5 17.3 4

Benton 44.642 123.580 700 10.5 3.8 1,720 16 12 100 12 15.5 12

Portland 45.489 122.730 300 11.0 3.5 1,150 19 5 100 13 15.2 13

Gates 44.750 122.417 950 9.9 2.8 1,750 18 9 107 2 17.3 5

Granite Falls 48.104 121.916 400 9.6 2.3 1,940 18 10 107 1 17.6 1

Carson 45.718 121.825 400 10.4 1.7 1,720 17 11 102 11 16.9 11

Hazel 48.263 121.844 900 8.9 1.6 2,340 18 8 104 8 17.0 9

Fortson 48.267 121.725 500 8.5 0.9 2,690 20 4 104 9 17.0 10

Darrington 48.254 121.592 500 8.9 0.8 2,420 20 1 107 3 17.5 2

Wind River 45.823 121.958 1,350 8.9 0.2 2,440 20 2 104 10 17.1 8

Santiam 44.661 121.907 3,200 7.1 ‐0.6 2,040 19 6 105 7 17.1 7

Race Track 45.897 121.850 2,600 7.2 ‐0.7 2,630 19 7 105 6 17.2 6

Palmer 45.559 122.001 2,500 6.8 ‐0.7 3,370 20 3 106 4 17.4 3

Provenance Means
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Provenance Variation Within Sites

• Little provenance variation in heights and 
diameters
– Possible that smaller trees died, reducing variation 

(land race formation?)

• Survival variable at most sites
– Generally unrelated to climate of seed source or 

transfer distance 

Except:

– Related to transfer distance at colder, high elevation 
site with lower survival from low elevation sources 
(15%) compared to higher elevation sources (36%)

• Considerable variation within provenances

Height Age 100 at Wind River 
vs Mean Annual Temperature
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Survival at Wind River 
vs Mean Annual Temperature

Survival at Upper Mt Hood 
vs Mean Annual Temperature
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Survival At All Sites vs Transfer Distance 
in Mean Annual Temperature

Height at All Sites vs Transfer Distance 
in Mean Annual Temperature
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Figure 9: Survival over time.  Blue triangle indicates 1955, the year of the 
November “Deep Freeze.”  Old arboretum reports indicate that there was 
also a severe winter in 1949‐1950 and a severe drought in 1951. 

Some evidence for pulses of mortality associated with extreme 
climate events such as 1955 November ‘Deep Freeze’, particularly 
at warmer sites.

Lessons Learned
• Observing mortality over time made a significant impression on Roy 

Silen, resulting in a conservative approach to seed zones and tree 
improvement in the Pacific Northwest (including observations at 
Wind River Arboretum).

• Considerable variation within provenances; can be exploited for 
tree improvement.

• Population movement guidelines restricting movements between 
1,000 ft elevation bands probably resulted in improved survival and 
productivity of plantations.

• Study indicates a possibility for natural selection within 
provenances, potentially leading to the formation of land races.

• Implications for assisted migration strategies in response to climate 
change:
– Okay to begin moving populations to warmer climates up to at least 

2⁰C, but may not want to make overly large movements, particularly if 
climate variability increases (e.g., observations at milder sites of frost 
damage due to 1955 freeze).

– Recommend mixtures of provenances to allow for some natural 
selection and human selection by thinning.

PNWTIRC Annual Report 2014 - 2015

98

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



APPENDIX  I 

 

Presentations 
by PNWTIRC personnel 2014-2015 

 

 

Rust, M.L., Davis, A., Howe, G.T., Hipkins, V. 2015. Development of genetic markers for western white 
pine and Douglas-fir. Presentation in: Center for Advanced Forestry Systems Annual Meeting, 
May 19-21, Asheville, North Carolina. 

Klocko, A., Ma, C., Robertson, S., and Strauss, S.H. 2015. FT genes for accelerating flowering in 
Eucalyptus. Presentation in: Center for Advanced Forestry Systems Annual Meeting, May 
19-21, Asheville, North Carolina (Presented by Oguz Urhan). 

Klocko, A., and Strauss, S.H. 2015. Production and analysis of flowering-modified eucalypts. 
Presentation in: Center for Advanced Forestry Systems Annual Meeting, May 19-21, 
Asheville, North Carolina (Presented by Oguz Urhan). 
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APPENDIX  II 

 

Collaborations and Grants 
2014-2015 

 

 

CAFS Center for Advanced Forestry Systems – Phase II. Howe, G.T., Maguire, D.A., and  Strauss, S.H. 
National Science Foundation Industry/University Cooperative Research Center Program, 
2012-2017, $300,000 (OSU). 

USFS Forest Health Protection, Special Technology Development Program. Genetic markers for 
western white pine (WWP): Enabling molecular breeding for resistance to white pine blister 
rust. Howe, G.T., Davis, A., Hipkins, V., Liu, J.-J., Mahalovich, M.F., Rust, M., and Sniezko, R., 
2014-2016, $99,685. Funding for 2014 ($16,000) was received. 

University of Idaho and the Inland Empire Tree Improvement Cooperative. Genetic markers for 
western white pine (WWP): Enabling molecular breeding for resistance to white pine blister 
rust. Howe, G.T., 2013-2015, $30,000. 

USFS Rocky Mountain Research Station. Developing a SNP panel for interior Douglas fir. Howe, G.T. 
and Cushman, S. USDA-Forest Service Joint Venture Agreement, 2011-2015, $28,755. 

U.S. Endowment for Forestry and Communities. Forest health biotechnologies: What are the drivers of 
public acceptance? Needham, M.D. and Howe, G.T. 2013-2015, $100,000. 

USFS Pacific Northwest Research Station. Meta-analysis of Douglas-fir provenance tests to estimate 
responses to seed transfer and climate change. Howe, G.T. and St.Clair, J.B. USDA-Forest 
Service Joint Venture Agreement, 2013-2018, $100,000. 

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. 

 

  

PNWTIRC Annual Report 2014 - 2015

100

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



APPENDIX  III 

 

Annual Meeting Minutes 
October 22, 2015, Portland, OR  

 

I.  ATTENDEES 

Kori Ault, PNWTIRC, OSU Sara Lipow, Roseburg Forest Products 
Dominique Bachelet, CBI Lauren Magalska, PNWTIRC, OSU 
Margaret Banks, Stimson Lumber Co. Josh Misenar, Sierra Pacific Industries 
Candace Cahill, Rayonier Fred Pfund, Starker 
Erda Celer, PNWTIRC, OSU Bruce Ripley, Hancock 
Mike Crawford, BLM Jim Smith, Plum Creek Timberlands 
Dan Cress, Olympic Resource Management  Brad St.Clair, Forest Service, PNWRS 
Glenn Howe, PNWTIRC, OSU Hao Truong, PNWTIRC, OSU 
Keith Jayawickrama, NWTIC, OSU Oguz Urhan, PNWTIRC, OSU 
Don Kaczmarek, ODF Mike Warjone, Port Blakely Tree Farms 
Andrea Kelsey, USFS Andrew Wodnik, ORM 
Scott Kolpak, PNWTIRC, OSU Terrance Ye, NWTIC, OSU 

 
II. WELCOME 
Sara Lipow, PNWTIRC Policy/Technical Chair, called the meeting to order at 9:00 am. 

III. PNWTIRC HIGHLIGHTS FOR 2014-15 
Glenn Howe presented an overview of major accomplishments for 2014-15. 

1. PNWTIRC administration 
Director – Glenn Howe 
Research Coordinator – Scott Kolpak 
Program Managers – Kori Ault 
Graduate students – Oguz Urhan, Erda Çeler 
Faculty Research Assistant – Lauren Magalska 
Policy/Technical Committee Chair – Sara Lipow 

2. Research 
3. Presentations by PNWTIRC personnel during 2014-15 
4. Collaborations and grants during 2014-15 
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IV. PNWTIRC RESEARCH PRESENTATIONS 

V. FIVE-YEAR PLAN DISCUSSION 
Members offered suggestions for topics to be included in the five-year plan, including (1) developing 
new collaborations (particularly in the area of genomics), (2) consideration of new workshops and 
training, (3) appropriate balance of applied versus more basic research, and (4) planning and 
communication.  Members also suggested important research topics that should be considered 
including genomic selection, breeding-without-breeding, disease resistance, abiotic stress resistance, 
Seedlot Selection Tool, relative economic value (economic weights) of traits, gene conservation, and 
climate change. 

VI. BUDGET AND OTHER BUSINESS 
Glenn Howe presented the budget for FY 2014-2015, and the proposed budget for FY 2015-16.  
Income was $102K for 2014-15, and the 2015-16 income is expected to be the same.  CAFS funds 
were used to pay some salaries.  A motion to approve the budget for 2014-15 and the proposed 
budget for 2015-16 was offered, seconded, and approved by unanimous voice vote. 

VII. POLICY/TECHNICAL COMMITTEE CHAIR 
Sara Lipow was nominated as the new Policy/Technical Committee Chair and elected by unanimous 
voice vote.  Mike Warjone was nominated PNWTIRC representative to CAFS and elected by 
unanimous voice vote. 

VIII. MEETING ADJOURNED 
The meeting adjourned about 3 pm. 
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APPENDIX  IV 

 

Financial Statement 
2014-2015 

 

 

PNWTIRC Financial Support 
for Fiscal Year 2014-2015 

 Regular members1 $96,000 

 Associate members1 4,000 

 Contracts 2,000 

 Forest Research Laboratory, 

 Oregon State University2 

 

124,118 

  

 Total 226,118 

1 Each Regular Member contributed $8,000 and each Associate Member 
contributed $4,000 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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