EGFHN

Background for Today’s
Meeting

v Species distribution models do not take into
account standing genetic diversity and adaptive

genetic potential
v Baseline databases are needed of the current

genetic diversity and adaptive potential for large

numbers of tree species
v’ The basic research is well underway and the

technology platforms exist to develop baseline
databases
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Conifer Translational
Genomics Network
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ICTGN
CTGN: Who’s Involved?
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e UC Davis e Texas A&M
— David Neale — Tom Byram
— Jennifer Lee * Univ Florida
— Jill Wegtzyn — Dudley Huber
" Oregon State * Univ Georgia
— Glenn Howe
— Dave Harry ~ Jeft Dean
 Nick Wheeler * US Forest Service
. NC State — Brad St. Clair
— Steve McKeand — Dana Nelson
— Ross Whetten
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EGFHN

EGFHN: Who Should Be
Involved?

*US Forest Service

*Other Federal Law Land Management
Agencies (BLM, NPS)

*State Forestry
*NGOs

eUniversities

f UCDAVIS @
PLANT SCIENCES



EGFHN

Ecosystem Genomics and
Forest Health Network

v Need for forest health diagnostic tools

v How such tools are being developed
v How to create the EGFHN
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Traits that are Controlled
by Single Genes

Mapping / Positional Cloning Disease Resistance Genes

Eye on DNA | How will it change your life?

What happens after a positive breast and ovarian cancer
(BRCA) genetic test?

by Dr. Hsien-Hsien Lei

Posted August 15, 2007 in DNA Testing, DNA and Disease
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ICTGN

Overall Goal: Implement marker-
assisted breeding for three conifer species:

\ g 7 B
—o I Gy IR N Bl . ARTENS)

Pinus elliottii

Pseudotsuga menziesii
(loblolly pine) (slash pine) (Douglas-fir)

Pinus taeda
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EGFHN

Overall Goal: Develop and Apply
Forest Health Diagnostic Tools:

Pinus albiaaz)lis Pinus ﬂe)(i[is Pinus Iamberliaha Pinus monfiéola
(Whitebark pine) (Limber pine) (Sugar Pine)  (Western White Pine)
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ICTGN

Tree Improvement Infrastructure

Tree Improvement Cooperatives: Long-term
collaborations with public, private, & academic partners

Distributed ownership & responsibilities

Goal: to support regeneration activities and decision

tools
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a1

3 Progeny Tests

il

g !

W

il

“’? 1st 2nd 3rd

{' Gen Gen | Gen | Special Total Parents Progeny’

.'V.‘ U Florida 628 39 24 156 847 4,030 1,694,000
NCSU 792 | 1,578 | 153 100 2,623 6,097 5,246,000
TAMU 1,062 78 213 1,353 4,524 2,706,000
OoSsu 895 78 973 27,000 1,946,000
Total 5,796 41,651 11,592,000

'Estimated_using an average of 2,000 trees per progeny test planting.
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EGFHN

PSW Heritage Plantations (1)

§ . Cannon (SP), 1984, El Dorado Co., CA
&% - Fitch-Rantz (SP), 1984, El Dorado Co., CA

@ % | |- Sundown (SP), 1988, Curry Co., CA
S W | . Burnt Timber (SP), 1988, Josephine Co., OR
“¢ " |« Harrel (SP), 1992, El Dorado Co., CA

i % . IFG1 (RF,WF), 1976, El Dorado Co., CA
& |« |ron Mtn. (RF,WF), 1976, El Dorado Co., CA
¥ 7 |+ Swain Mtn. (RF,WF), 1976, Lassen Co., CA
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EGFHN

Long Term Genetic Test
Resources
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ICTGN

In-Kind Support from Coop Members

* Selected populations
* Germplasm

* Breeding orchards

* Test sites

* Database

* Expertise
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EGFHN
In-Kind Support from EGFHN Members

e Land Management
Expertise

e Basic Forest
Biology, Genetics,
Ecology, Pathology,
Entomology,
Silvicultureg
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CTGN Marker Breeding

of Conifers
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Growth Adaptability Straightness
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Disease resistance Insect resistance Wood quality
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EGFHN Forest Health
Diagnostics

Growth Adaptability

Disease resistance Insect resistance Wood quality
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CTGN

/Stakeholders and Users Committee\ / Scientific Advisory Board \ / Extension Committee \ / Education Commitiee \
Barbara Crane, Dr. Valerie Hipkins Dr. Jorge Dubcovsky, Dr. Toby Bradshaw Dr. James Johnson Dr. Robert Ballard
Dr. Clem Lambeth, Dr. Maud Hinchee Dr. Ron Sederoff, Dr. Jean Bousquet Dr. JB. Jelt Lou McKeand
Or. Adam Coslanza Dr. Outi Savolainen, Dr, Hans vanBuijtenen Dr. Peggy Lemaux Or. Albert Abbott

/ Scientific Collaborators

ACADEMIC: Dr. John Caimey, Dr. Daniel
Peterson, Dr. Barry Goldfarb, Dr. Ron Sederoff,
Dr, Carol Loopstra, Dr. Koslya Krutovsky,

Dr. John Davis, Dr. Matias Kirst, Or. Gary Peter,
Dr, Sarah Covert, Dr. Ross Whetten,
Dr, Joe Naim, Dr. Ulrka Eggertsdoller,

- ‘)7"" o \*s.}h o B "“1:,, Dr. Edward Buckler, Dr. Terrance Ye,
W Pro;ect Dlreclor \‘% CTGN '%‘ T f Extension Evaluation v* ) Dr. Keith Jayawickrama, Dr, Fikret Isik
Dr David Neale 4 \9 {f/ ": A Manager Fg{,
. -~ k’& B - - GOVERNMENT: Dr. Randy Johnson,
; ~_ A — Or. Craig Echt
— ’ ~—— PRIVATE: Dr. Will Rottmann, Or. Maud Hinchee,
t‘if Project Coordmator \: > wr. Len van Zyl j

S st

Association Validation Matiody Develgpmgnl: Bicinformatcs Genetic Stock Center Education Extension
MASIMAB Applications & Database ) ’
Team Leader: Team Leader: Team Leaders: Team Leaders;
Neale Lo At v Neale Wheeler & Harr: Howe & McKeand
Byram & Huber Wegrzyn y

Co-Pis; Howe, McKeand, Co-PI's: McKeand, Howe, Co-Pl's: Neale, Co-Pl's: St. Clair, Co-PI's: Neale, Huber, Co-Pl's: Neale, Huber,
Huber, Byram \Wheeler, Harry Lee Nelson, Dean Byram, Howe, McKeand, Byram, Harry, Wheeler

Dean, Lee, Wegrzyn
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EGFHN

/ Scientific Advisory Committee ﬁxtensicn Committeﬂ f Education Committee\
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Potentilla glandulosa from three different elevations planted
at three different elevations

(Efrom Clausen, Keck and Hiesey 1940)
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Stanford Mather, Timberline
El. 35 m El. 1,400 m El. 3,030 m
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Douglas-fir common garden study

Grow families in a Measure many

common environment adaptive ftraits
Collect

seed
from
many
trees

1501-1650
16511800

Traits vs
< 21 source
T ] environment
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St. Clair, J.B., Mandel, N.L., and Vance-Borland, K.W. 2005. Genecology of Douglas-fir in western Oregon and
Washington. Anal. Bot. 96:1199-1214.




Fall cold damage

-124° -122°
1 = 1

;« Stem damage || -
"i‘ BNo-23

Related to winter temperature, frost dates, latitude,
and to a lesser extent elevation and summer aridity.




Linkage versus Association
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LG1
Cohort1 Cohort 2
-10.0 —— Alpha tubulin 0.0 ———Pm1504_b
4.2~ ~Pm1147_a 16.6 Pm1052_c
9.1 >Pm1011 b
26.7 Pm1611_b
33.3 Pm1301_a
29.4 Pm1052_j
45.1 Pt2356_d
60.0~] | {EF-1 | 66.4 Pm0343 a
62.0— [~ Pm1436_a 76.0 F3H
68.5———Pm1383 a 78.6 ———Pm0123_a
70.0~| [CABBP 1 80.0 MAD
77.0° [>Pm1174_a
94.1 Pm1052_a
iipe
10617/ —
110.0/ )|
117.0/ ﬁk 0
118.1 / Pt2006_b
121.57// \' Pm1496_a
131.07 /—\ - ACRE146 147.2 Pm1090_a
138.0/ | | \ TBE — -
146.3 1 Pt2291 g
EF-1 (translation elongation factor-1)

CABBP1 (chlorophyll a/b-binding protein type 1)

DERI1-like (degradation of misfolded proteins)

CABBP2 (chlorophyll a/b-binding protein type 2)

F3H (flavanone-3-hydroxylase)

LEA-II (late embryogenesis abundant type II) dehydrin-like protein

MT-like (metallothionein-like protein)
SAHH (S-adenosyl-L-homocysteinas hydrolase)

QTL mapping and positional candidate genes
LG2

LG4 Jermstad et al. 2001a,b, 2003

Wheeler et al. 2004

Cohort1 Cohort 2 Cohort1 Cohort 2
7.0 Pt2957 a I

38.0~ Pm1480_a_MMIP [=
43.2~] | Pt2553_a P
47.0~_- !
48.0-°1 NNMT-like
70.0——1— . -
75.0 SAHH o

I 79.6/‘\IFW 6_e 2
88.0 Formin-like [=

I Bud flush

; Fall cold hardiness (buds)
g::ﬁm;ﬁ Fall cold hardiness (stem)

| | Fall cold hardiness (needles)
_ Spring cold hardiness (buds)
_ Spring cold hardiness (stem)

| Spring cold hardiness (needles)

cold-induced |
downregulated under the water deficit

possibly cold-induced

downregulated under the water deficit

upregulated under the water deficit

cold-induced

stress-induced; downregulated under the water deficit
upregulated under the water deficit




GIS derived maps of parent trees in the common-garden population

125° 124° 123¢ 122° 121° 120° 125° 124° 123¢ 122° 121° 120°
: n X . 4
= |

o6t

o6t
9o

= i \'
-

49°

e
D) o

olt
|
|
olt

47¢
47¢

46°

-
| 1
|
T_,
St

45°
ot

|

« Locations
OR-WA

FD Seed Zones|
« Locations

Elevation (ft) £ o

3 0-500 i I
; 500—1000

1000-1500 |

1500-2000
2000-2500 |
| []2500-3000 |
) | 3000-3500

- | 13500-4000
4000-4500 |

43¢
oft

43¢
oft

4500-5000

i I:]5000-6000
o 6000-7000
7000-8000 |

8000-9000 |
Over 9000

=114 -122.2
| ‘ |

|
| 1
125° 124° 123° 122° 121° 120°

ott
ott

122°

Elevation and seed zones Julian day for family mean bud flush



t determination of haplotypes - AGP6
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Diversity at
Candidate Genes

104 candidate genes:
5.6 + 5.3 SNPs per gene (range: 0 - 34)

SNP Frequency (bp between SNPs)
100 200 300 400 500

0

SNP frequency:
1in 27 to 1in 578

Average: 1in 121

Nucleotide diversity R e
6, = 0.00426 + 0.00339
0, = 0.00362 £ 0.00319 "

T T T T
0.000 0.005 0.010 0.015 0.020 0.025
Watterson's Theta



Douglas-Fir Association Genetics

Association Population:

756 individuals
S -
5 E:‘:., wAE D Rangewide in OR and WA

Representative of several
¢ phenotypic and

e ~ environmental gradients
F | gradi

& - % - ¥ u - o ) -
E B B el oW o

Proportion of year 2 treeslikely to flus
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10
80
60

40
20
0

score

0051152253 354455556865 7758859 9510

Bud damage

Genotypes: 384 SNPs from 104
candidate genes

_Fir_Mop162
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Significant Associations

Geographic variation in bud
cold damage phenotype

Gene (No. SNPs) PVE Traits (No. Traits)
Cyclosporin (1) 0.20-5.48 Bud cold (13)
Helicase (1) 0.09-5.40 Bud cold (7)
Cysteine protease (1) 0.15-3.04 Bud cold (4)

4cl (1) 0.12-2.40 Shoot weight (3)
Ca-dependent protein kinase 1.54-1.65 Bud cold (1)

(2)

Heme-binding protein (1) 2.05 Bud cold (1)
Lumenal binding protein (1)  0.30 Bud set (1)
LRR receptor protein kinase  1.51 Bud cold (1)

1

f3h (1) 0.94 Total weight (1)




Genotype-Phenotype Associations along
Environmental Gradients
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Eckert et al. UCD Genome Center 11/28/07




FBRC association

Partial diallel, 15-24 offspring population in loblolly
from 61 families. Association pine

with CID (Carbon Isotope
Discrimination, related to
Water Use Efficiency, in two
sites: Cuthbert and Palatka).
Analyses using the
Quantitative Transmission

| Marion\County

 J
Disequilibrium Test (QTDT) ey ¢
Cuthbert Palatka
NP Gene MAF  Within - MAF  Within-
a1 Total 01 Total
family family
Q1 Dehydrin 1 026 0.003 0.04 0 0.27 ns ns
C13 Putative cell wall protein, 0.11 ns ns 0.11 0.015 0.018
similartolpbin  Pinus taeda
S9 Cu/Zn superoxide dismutase, 016 0.087 PS 0.16 0.049 0.086
nuclear gene for chloroplast
product
C22  wrky-like transcription factor 0.46 0.035 0055 047 ns ns

' P-values computed by permutation (1000 permutations)

Gonzalez-Martinez SC, Huber D, Ersoz E, Davis JM, Neale DB. Heredity (accepted)



Fusiform Rust Allelic Frequency Distributions between

N

Case(Gall+) and Control(Gall-) Groups

Bi0U-Case
Bsod-Cont

[r—| ]
| BEatazpl-case
Bera3.case | Dgar ang
_1 Bard3.cont f
|
| |
. | | =]
Locus Control P ODDS-RATIO STD.ERR. CI%95
AA AB BB|AA AB BB
COMTH4 33 93 15| 1.32x107° 1.050 0.943-12.043
erd3 271 198 14 | 3.72x10~10 0.591 2.243-3.426
gatabp2 274 179 32 | 1.17x10-3 0.375 1.373-2.123
SOD-CHL 300 158 15 | 6.40x10~° 0.513 1.124-2.151

Bonferroni significance level *=0.05, **=0.01, **=0,001



Re-sequencing 10K Genes

Information on
Individuals

Sequences -
2x Agencourt .

Bioscience Cor poration
A Beckman Coulter Company




ADEPTZ2 Resequencing Status

40,000

Filter outcontigssimilar by
blastanalysisto other
sequencesin thisdataset

20,500

Total number of EST Contigs
|| From UGA and UMN clustering

Total number of unique

High throughput
primer design pipeline

atAgenoourt

) Biosciences

EST contigs

14,000 |

7,850

Number of EST contigs for which J

1 Primers were successfully designed

In diversitypanel

Number of Candidate genes represented
In SNP discovery panel resequencing

Number of validated
primer pairs

Primer Validation
bytestsquencing
and BLAST to EST

contig database

7.5 SNPs/amplicon (based on ~2,200 amplicons) x 7,850 amplicons =

~ 40,000 SNPs



Comparative Re-Sequencing in the Pinaceae

http://dendrome.ucdavis.edu/crsp/ UC DAV'S

UNIVERSITY OF CALIFORNIA

e *
o°°° & 2
Abies & o‘,@ &
Keteleeria & & )
Nothotsuga v.@ ]
Pseudolarix

Cephalotaxaceae

Tsuga
Cedrus

Taxaceae

Cryptomeria japonica
Picea abies =

l“, \
Ll

Cathaya

| Pinus lambertiana

Ginkgophyta

Contortae

Quinquefoliae

Ponderosae
Pinus pinaster 3
Pinus elliottii |~

Pinus sylvestris

UCDAV'S College of Biological Sciences 2 / u
section of Eyolution & Ecology ' s Toi e

Leiophyllae

Oocarpae Pinus taeda

Pinus radiata
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EGFHN

SNP Discovery Projects
Currently Underway .
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Fluorescence Polarization with

Terminator-Dye Incorporation (FP-TDI)
- a method for SNP detection

Excitation
source

Polarization
filter

Polarized
excitation
light

Fluorophore Fluorophore
linked toa linked to a
large molecule small molecule
has slower has faster
motion motion nig
w\l L
Emission Emission <>
> (] I - maintains depolarized &7 .,\;“
<> polarized 4 /
\ \
Polarization
filters
Ard
- - | < »
<—f—1~ <—f—>
<> <——r
VYY
\/ \J

Polarized Emission Observed

Depolarized Emission Observed
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—& Cnome

— center
= Genome X s UC Davis Genome Center >
= centerr DNA Technologies Core Facility DNA
5 TECHNOLOGIES
= Core Home| The mission of the DNA Technologies Core at the UC Davis CORE

Genome Center is to provide DNA analytical services to campus
= and other researchers. We are currently focused on single
=  FindUs| pncleotide polymorphism (SNP) genotyping. Our goal is to enable
access to high throughput, genome-wide analyses at economical recharge rates, as a functional
Z contact Us extension of your laboratory. The services offered by the Genome Center complement other UC
= Davis facilities in order to provide access to numerous technologies for molecular marker analysis.
= Links
- Facility Services
= Log In
lllumina Golden Gate SNP Genotyping Luminex SNP Genotyping

= Prices DNA Quantification PCR
§ Blidamatics Coming Soon! BeadXpress Genotyping & Ultra High Throughput Sequencing
= Equipment & training
= Equipment

Analyst Plate Reader Robotic Liquid Handlers

Find out more about getting trained




lllumina- BeadStations006G-Beadlab Platform

~150,000 data points per week at UCD Genome Center



Infinium Assay from Illumina

How it Works: Specifics:
1. 7,600 to 60,000 bead
e types for 12 samples at
e &Y | a time
gDNA/\-/ A Allele A 5
2. Moderate to high
sead type o conversion from other
capturec B S—/
o I, } assays (e.g., Golden
N Allele A Gate)
3. Available to non-model
organisms (coming
Bead type Two bap:ns.u‘cc OrS. | Soon)
DNA/\/ I g |
O

From: http://www.illumina.com/home.ilmn



Infinium Pilot Study - Results

Out of the 7,600 SNPs queried:
m ol G q ~6500 SNPs produced data
§ 7 - ¢ conducive to calling genotypes
-l Of those ~6500 SNPs, ~750 were
o — s difficult to cluster or at odds with
T T eme heritability information
o R [ b Of the remaining 5750 SNPs,
B | ~4000 were monomorphic
GoldenGate

Frequency

This gives an overall conversion
rate of 75% of which 30% were
segregating within a single

s 05 os o7 s oo 10 pedigree.

GenTrain Score

\: BN P
T) @2\ UNIVERSITY OF ; w
........ . ﬁ&fﬁsﬂﬁﬁ O ORIDA [T e Griversy of Georgi @




~
.

| em e

PACIFIC e >
BIOSCIENCES™ > Register for More Information

ABOUT US TECHNOLOGY APPLICATIONS NEWS & EVENTS CAREERS CONTACT US

Ready to lear

A groundbreaking DNA sequencing technology is going
to redefine the field. Single molecule real time.

Pacific Biosciences is a bold company developing a transformative DNA
sequencing platform. Our breakthrough single molecule, real time (SMRT™)
technology delivers the ultimate combination of long reads, low costs, and fast
cycle times. A new paradigm for whole genome analysis is about to emerge.

NEWS EVENTS SMRT™ TECHNOLOGY

Paclfic Biosclences Preparing PacBlo presents SMRT™

the 15-Minute Genome by DNA Sequencing > X'g’g Oue i
2013 Technology at AGBT Tachiology
California Company Claims Conference Demo
Faster, Cheaper Gene Map

SITE MAP | PRIVACY POLICY | TERMS OF USE ©2008 Pacific Biosciences, Inc. All rights reserved.




X-tractor Gene”

automated nucleic acid extraction

simple  affordable @ complete

Crecorbett

www.corbettlifescience.com
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TOPC

Project
collaborators
from six
universities —
ucb
osu
NCSU

Forest Service

Education Logic Model

Grant funds
USDA/NRI
NSF
DOE

Research
facilities

Stakeholder/
user Committee
&
Education
Committee

Outputs (Activities) \
Conduct
educational gap
an:(lj);snf,nand ) Intensive
e e Intensive summer
workshops
workshops are
/ are prepared \ )
given to
undergraduate
and graduate
\ 4 students
Develop and
packagg draft Project
mstrthct_lo]na! > collaborators
materials
(instructor and pro?:;su(:?s to Curric_ulum
student binders: toach conjmlttees Graduate and
web-based and university review and undergraduate
hard copies) COUSEE approve courses level courses
\ Professors for inclusion in »| aregivenat
submit course °“"'°“'””?- the SIX _key_
approval Cogrse; are !lsted universities in
sy in university MAS and MAB
A 4 appllc_atlons course technologies
Pilot, modify and to currlculum catalogues.
finalize instructor committees at

and student
binders:
web-based and
hard copies)

L/

their home
universities.

>

f Outcomes \
\ Short term Medium term Long term /
Increased
student
knowledge and
skills in using Higher yields
MAS and MAB Students use

technology in
tree breeding.
Increased
number of
students who
plan to use the
new technology
in their
professional
practices.

MAS and MAB
technology for

A4

tree breeding
selection in their
professional
practices

and improved
quality of wood
fiber. Enhanced
rural economies
and human well-
being in forest
dependent
communities
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Extension Logic Model

ﬂ)utputs (Activitiesh /
» C rhd

Project
collaborators
from six
universities —
UCD
Oosu
NCSU
UGA
UF
TAMU
and USDA
Forest Service

“Participant-as-
trainer™ training
plan developed

A 4

Grant funds
USDA/NRI
NSF
DOE

Research
facilities

Training given
for/by Co-op
Directors (4) on
MAS and MAB
breeding
strategies using
‘participant-as-
trainer” method

Stakeholder/
user Committee
&
Extension
Committee

* “Participants-as-trainer” training refers to an
adult education model whereby participants are

involved in teaching

Outcomes \
Short term Medium term Long term /
543
'd RS
Increased Co-op
knowlgdge Qo—op members . .
and skills of Directors ——— Higher yields
Di Co-op A cquuct knowledge and Co-op members and' improved
irectors in training on skills i implement quality of wood
MAS anq MAS anq breeding MAS and MAB fiber. Enhanqed
MAB breeding—{MAB breeding > : ; rural economies
; g strategies and technology in
strategies and strategies for : f and human well-
changed tree ; change fheir breading being in forest
attitudes improvement gt dosal oy pregrams dependent
value of the i
about value of CO-0p i communities
new members (80) tocksoks
technology 9y



Ecosystem Genomics and
Forest Health Network

“UCDAVIS

PLANT SCIENCES




Ecosystem Genomics and
Forest Health Network:

A Case Study for an
Integrative Ecological
and Genomic Approach to
Address Forest
Ecosystem Health



Natural and Anthropogenic
Threats to High Elevation White
Pine Ecosystems in California

'E?c_%___*_,..__h____
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE



100 Miles

200 Km

Geographic distribution of
5-needle pines in California

« Bristlecone pine
@ Foxtail pine

O Limber pine

< Sugar pine

@ Western white pine
O Whitebark pine

Source:

U.S. Geological Survey.
1999. Digital representation of
"Atlas of United States Trees"

by Elbert L. Little. Jr.

Geographic distribution of
high elevation 5-needle pines
in California

« Bristlecone pine
@ Foxtail pine

O Limber pine

< Western white pine
O Whitebark pine

25 50 100 Mil SORITE:
- les 3

U.S. Geological Survey.

1999. Digital representation of

50 100 200 Km "Atlas of United States Trees"

by Elbert L. Little. Jr.




Hydrologic functions/ A,
Watershed protection Biological diversity

Photo by A. Wilson

Wildlife habitat Important food resource




50

50

100

100 Miles

200 Km

White pine blister rust
(Cronartinm ribicola)

occurrence in California

Occurrence
Bl Present
[ Absent
[ Unconfirmed

Species distributions

o

A
*
O
O

Bristlecone pine
Foxtail pine
Limber pine
Western white pine
Whitebark pine

Source:

U.S. Geological Survey.

1999, Digital representation of
"Atlas of United States Trees"
by Elbert L. Little. Jr.




Juvenile mortality

Reduced fecundity

LLower recruitment

Reducing dispersal and
establishment potential




Departures in temperature in °C (from the 1961-1990 average)

ect temperatures

Departures in temperature in °C (from the 1961-1990 average)

SYR - FIGURE 2-3

emperalures

Proxy data

Range shifts and forest tree responses.




Photo: Sheri Smith
«  MPB preferentially attacks drought-

stressed trees.

In high elevation forests we see
evidence of MPB and mortality but at
low levels and often associated with
protracted drought periods. Some
exceptions.

Photo: John Schwandt

.

Lack continuous and extensive '
LPP/WP forests for large outbreaks to el
OCCur. [
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- Active Resistance - Interaction between host and pathogen.

- Passive Resistance - Disease avoidance (e.g., precocious germination,
rapid hardening off, early or late flowering, etc.), tolerance, or escape.




- Major Gene for Resistance (MGR)

- Partial Resistance, Slow Rusting Resistance
(polygenic)




Phenological control: bud set and
early onset of winter dormancy
(A. Delfino-Mix, pers. obs.). Resulting
in stomatal closure that inhibits
pathogen entry.

Genetically controlled and
influenced by: temperature,
photoperiod, soil moisture, light

quality, nutrients (Jermstad et al.
2003, Howe et al. 2003).

CRONARTIUM RIBICOLA- LIFE CYCLE




- California Mediterranean
climatic regime and
drought adaptation.

- Are water-use
efficient/drought tolerant
genotypes less
susceptible to MPB?




- Identify standing variation of
complex adaptive traits across
high-elevation montane
landscapes in California.

How does the variation and
distribution of these traits
(resistance, phenology, WUE)
relate to patterns observed in
disease occurrence, MPB and
drought-mediated mortality.




Ecosystem genomics

and forest health

Detlev R. Vogler




How do we think
about forest health’

< Sov Ry
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» | believe it’'s not so important what we think
about forest health; what really matters is
how we think about it.

» Thought is an active process of engaging with
concepts and phenomena, and of recognizing
that thoughts and ideas have history and
context, and that they evolve in a social and
philosophical environment.

e 8 ZAR! Ve rte ity L eI, Rl



The challenge we face

Wil R \.(.i‘qfh;i-».u -, S

Hamlet, Act |, Scene V: Having seen the ghost.

Horatio: O day and night, but this is wondrous strange!

Hamlet: And therefore as a stranger give it welcome.
There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.




What is forest health?

S e PR S T TPPEYRI 0. T TN & L Ay P
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» A condition wherein a forest has the capacity
across the landscape for renewal, for recovery
from a wide range of disturbances, and for the
retention of its ecological resiliency, while
meeting current and future needs of people for
desired levels of values, uses, products, and services.

» Source: Forest Health Protection website, Oct 2003




Another definition (1)
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» The ability of the forest to sustain itself
ecologically and provide what society wants and
needs is what defines a healthy forest. Maintaining
the balance between forest sustainability and
production of goods and services is the challenge for
owners and managers....

» Ecological: A healthy forest maintains its unique
species and processes, while maintaining its basic
structure, composition, and function.




Another definition (2)
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» Social: A healthy forest has the ability to
accommodate current and future needs of people
for values, products, and service.

» [hese ecological and social components are
inextricably linked. Forests cannot meet social needs
without possessing the sustained capacity to grow,
reproduce, recycle nutrients, and carry out other
ecological functions.




Another definition (3)
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» [his definition of forest health is further expanded to
accommodate changing conditions (climate change),

exotic introductions, watershed health, wildland
interface development, forest growth and yield,
insects and disease, wildlife and fire management, and
biological diversity.

s Source: ldaho Forest Products Commission




The challenge
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» Managing ecosystems and landscapes so that they
achieve ecological and social goals is a daunting
challenge, and one we have barely begun to address.

» [he tools we have used to date have been
inadequate to the challenge, and our range of
expertise poorly integrated.

» Ve need a new way to think about forests, and
genomics may provide the impetus.
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