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Genetic variation has been the basis for

applied tree improvement programs since
the early 1950's

EAB first identified in urban/suburban areas

* Horticultural cultivars;i
« Few genotypes plante

al (little genetic diversity)
ny fimes

Natural stands have LOTS of genetic diversity

« Combinations of rare allelic variants may confer
level of defense against EAB

* No selective advantage without EAB!

e Other known examples - beech bark disease, white pine

blister rust, etc.




inition of Resistance:
(Schneider & Ayres Nature Reviews, 2008, 889-89.

Resistance: the ability of a host to limit pathog
(or insect) growth

¥ to survive a
tive to a

Tolerance: the
given pathogen/i
susceptible tree

Resistant trees live longer than susceptible
rees!




tically Diverse Population: Range of Pheno

Types of Resistance
Susceptible Tolerant Resistant
(Common) (Infrequent) (Rare)

—eep
Highly Less
Susceptible  Suscepti

—
1. Complete Resistance

» Single gene
« Different alleles
 Not durable

e ————————————————————————
2. Quantitative Resistance:
* Polygenic

« Durable

« Tolerant to complete resis




Enrichment of Genetic Resistance
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Increasing population level resistance in each generation
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stance Can Provide A SOLUTI

1‘ Host-Resista
(selection & bree

B Population =

(biocontrol)
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election Criteria for “Lingering” As
. >95% ash mortality trees 2 years ago

2. Tree large enough to have been infested
@peak EAB infestation ( >10cm dbh)

3. Healthy canopy



Assessed after 8 weeks
or 1 year

Egg Bioassay

V.. i

Coffee.fil'fel” with eggs Three grafted replicates @
affixed to bark each genotype (2-3 year




ek Bioassay of Lingering

afted ramets 2-3 years after grafting * Metrics

estructive assessment - Egg hatched (

- 8 weeks after egg attachment - Larval outcome
-11,L2, L3, L
- host-killed
- dead-other

- Larval weight

- Pupal outcome

e

Host-killed larva




ample of the 2012 Results: Green

Frax-10 *#* Frax-7 Pe-38
. . . Larval outcome
Wild control Pe-40 ** Pe-42 *x*

e Similar ‘lingering ash’” — healthy canopy phenotypes
 Different larval outcomes (high host-killed, low larval weight)



Bioassay of Lingering
* Grafted ramets 2-3 years after grafting

Lingering Ash Susceptible Controls
Larval outcome: Larval outcome:

297 parasitized 29% parasitized
7 woodpecker predation 35% woodpecker predat
I7 exit hole (adult) 17% exit hole (adults)
T tree survival rate: 477%  Host tree survival rate: 2

2-fold higher
ate of survivall

ence that biocontrol + resistance needed!



Pyramiding allelic variants of genes that influence
different defense responses.............

Best larval growth inhibition Highest larval kill




..results in some progeny with more effective defenses!

Best growth Highest larval

inhibition kill
- 4 -
- -
+ ’l‘ -
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Gene A
Gene B
Gene C

Further improvement with each generation!




Ash Population Dyn

arden Study, Novi MI
% Ash Survival

80 - Rebek et a., 2008 Environ.
0 B Peak EAB Herms D. 2015. Chp. 3. FHTE
2003-2006
40 -
M EAB Pop
20 - Decline
o | |  _mm 2004-2014

Manchurian Northern Black
‘Mancana’ Treasure ‘Fall Gold’

Bioassay data corr
with field perfor

S$SdY: Mancana Northern Treasure
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Cross Between Two Lingering Ash Parents:

Category PE-L38 PE-L41
[l host-killed EAB

F1 Progeny | |

Worse than parents (N=5) Like parents (N=11)

Northern
Treasure

Better than parents (N=6)



Urgent Need to Identify and

Preserve Lingering Ash

mount a defense response that can extend life
for 4-7 years (and counting), but they

s/

b
. . Forest Health Call with K.Knight will
SR G provide guidelines fo NFs for monito

and identifying lingering ash. Marc
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Gene Expression i
nd Susceptible Green Ash
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- PC1: 63% variance * All trees Iocétéd in different stands
ested 8 weeks Uninfested

(1,640 DEGs)

University of TN, www.hardwoodge
et al., 2016. BMC Genomi



http://www.hardwoodgenomics.org/

Dynamic Conservation of Ash
(continuation of co-evolutionary process/natural selection)

ﬁHost-Resistance +@EAB Population = Steady
(selection & breeding) (biocontrol) State

>0 % Ash Survival

40
m Peak EAB Rebek et al., 2008
2003-2006 D. Herms, FHTET-2014-09
M EAB Pop
Decline
2004-2014

White Green
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Genetic substructure of green ash

Andrea Noakes, PhD

The University of Notre Dame
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F. nigra F. mandshurica
‘Fall Gold’ ‘Mancana’

Category
[] Dead EAB

‘Northern Gem’ ‘Northern Treasure’ 8922

F2 Hybrids

F1 Hybri
(Wilbert Ronal

Morden Resear
Centre, Canad

upporting dominant single gene resis



ingering Ash Selections to Dat

White 8 8
Green 40 38
White or 6 6
Green”

Black 4 3
Blue 1 1

“some trees intermediate for species phenotypes

Installation of two grafted replicate field trial in 2017

in collaboration with the Holden Arboretum, Kirtland,
'OH ‘
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g Lingering Ash
atural Forest Areas
g 4 VENf :’pﬁa-F:cntia; (= - :é SE MI: ~1500 ash tre
K7 it 2 X 14 lingering ash
« et K 0.8 %

=2 NW OH: ~900 ash trees

, st e 1 lingering ash
X 8 0.1 %

an Creek Cluster:
~11,000 ash trees
2010:111 lingering ash
1.0 %
2014:51 remain alive
P 2009 Tole Atlas v 0.4 O/O
B, 4t R I Helicopter survey:

een Knight, US Forest Service Jordan Marshall,
s, The Ohio State Univ. Andrew Storer




