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ABreeding for timber and commercial
nut production type:
I Blight tolerant (reduce effect of infection),
I Commercial nut properties,
I Winter hardy.



A Chestnut conservation biology: tree
survey and population genetic
analysis:

- PhD candidate - Sophia Stoltz,
- to quantify deference in gene

expression between non-inoculated
and inoculated trees in terms of
phytohormones biosynthesis and
infection healing.



AMaintain, conserve, enhance genetic
diversity: breaking isolation and seed
orchards

| Grafted native trees,
I Hand-crossed or op native.
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Figure 2. Punnett square showing all the combinations of alleles for blight resistance and susceptibility that could be
inherited from two B, parents heteroyzgous at each of three loci for resistance. As can be seen in the upper left-hand corner,
only one combmatlon is fixed for resistance alleles (R) at three loci. It should be noted that we currently select our trees

by examining canker expansion, which is the phenotype. Using only phenotypic data, it probably will not be possible to
distinguish the one genotype with six alleles for blight resistance (in red) from those with five (orange) or four (yellow). We'll
discuss this problem in a future issue of The Journal.



Breeding priorities:

1. Source of blight resistant materials
- Connecticut (Dr. Sandra Anagnostakis)
- 3" and 49 backcross (TACF method)

2. Breeding for blight resistance has highest
priority



A First generation hybrid crosses were
between:

- Canadian native chestnut trees and
moderately blight resistant trees from

Connecticut source
- Crosses between native chestnut
trees



A Second and third generation trees
come from intercrossing selected 15t
and 29 generation of trees.

A Parents in each cross derived from
different Canadian trees.



DISEASE TESTING

Mechanisms of Disease Resistance

1. Prevent fungus entering through bark

2. Produce chemicals to kill/slow down
fungus

phytoalexins

3. Surround fungus with a barrier

- callus




DISEASE TESTING

Methods to estimate disease resistance

1. Longevity

2. Reproductive capacity
3. Spore inoculations

4, Mycelial inoculations

- Branches
- trunks
using TACF methods



Branch inoculations

Low levels of resistance in Canadian trees
Prevent trees dying
- breeding genepool
2 Isolates
2 years
Measure lesions at least twice

Rate of expansion measured

- No correlation of resistance with initial lesion
growth (Fred Hebard, TACF)

- Signal travel: 14 mm/sec
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Table 2. Mecan daily rate of Cryphoneciric parasitica lesion expansion for two
populations ol Castanea dentala at iwo sites in Ontario, Canada (rom 2007 to 201 1.

Year of Number of o . _Populations _ Significance
: : trees Plinting site Backeross Canadhan P=
inoculation , = .
inoculated Lesion fength (mm/day) between siles
46 Onondaga FFarms 087 108
2007 1 Riverbend Farms 0,93 .13 0.46
Significance between populations 0.0017 -
172 Onondaga Farms 0.48 (.46
2008 93 Riverbend Farms 0.51 ().42 0.28
Significance between populations 0.043 o
Lesion area (mm/day) B
126 Onondaga Farms 136 134
2009 125 Riverbend Farms 105 106 0.0001
B Signilicance between populations 0970 L
| 173 Onondaga Farms |04 101
2010 86 Riverbend Farms 133 g 0.0001
) ~ Significance between populations 0.070
183 Onondaga Farms 139 130
2011 [2] Riverbend Farms 129 129 0.970
‘Significance between populations (.320 )

Dale and Galic 2014: Breeding Blight Resistant American chestnut for CAotaddort. 4953.



A Chestnut blight resistance/tolerance is
polygenic trait not 3 major genes, partially
co-dominant alleles,

A Native chestnut got what we measured in the
first generation.

A QUESTION: What did we measure in the first
generation?



Alnduced systemic resistance (ISR),
A Systemic acquired resistance (SAR),
AHypersensitivity resistance (HR)



Barakat et al. BMC Plant Biology 2612, 12:38
httpr//www.biomedcentral.com/1471-2229/12/38
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Table 3 List of some defense related GDTA in canker versus healthy stem in American chestnut.

Contig name

Ath. BH'

# ACC Reads® # ACHS Reads® log2norm

Function

AC454_contig77_v3

AT1G15950

58

34

319

cinnamoyl CoA reductase.

AC454_contig559_v3

AT1G65060.1

17

0

750

isoform of d-coumarateCoA ligase (4 cl}

AC454_contig968_v3

AT2G30490.1

"

5

355

cinnamate-4-hydroxylase

AC454_contig15349_v3

AT3G12500.1

2

g

503

basic chitinase invohed

AC454_contig1339_v3

ATIG74100.

[3

1

500

desulfoglucosinolate sulfotransferase

AC454_contig17741_v3

AT3G10920.1

15

25

168

mahganese superoxide dismutase (M3D1)

AC454_contig14459_v3

AT2G35690.1

59

72

213

acyl-CoA oxidase, invalved in jasmonate biosynthesis

AC454_contig2314_v3

AT1G15520.1

10

1

574

abc transporter family

ACAS4_contig15056_v3

AT2G41430.1

25

69

095

hydrophilic protein lacking Cys residues

AC454_contig8521_v3

AT3GE0160.1

)

342

member of MRP subfamily

AC4A54_contig38515_v3

ATIGB0600.1

6

600

HopW1-1-Interacting protein 1 (WIN1).

AC454_contig1398_v3

AT2G23620.1

9

wlo|w

400

carboxylesterase/methyl jasmonate estesase

AC454_contig27747_v3

AT5G60600.1

o
&n

130

hydrowy-2-methyl-2-F)- burenyl 4-diphosphate synthase

ACA54_contig1243_v3

AT4G11260.1

I
[

069

SCF(TIR1Y mediated degradation of Aux/IAA proteins

ACA54_contigli7_v3

AT4G37980.1

939

oxidoreductase activity

ACA54_contig12110_v3

AT3G60190.1

309

Arabidopsis dynamin-related protein 1€, DRPME

AC454_contig1301_v3

AT2G26560.1

242

lipid acyl hydrolase with wide substrate specificity

AC454_contig2362_v3

AT3G04720.1

600

similar to the antifungal chitin-binding protein hevein

AC454_contig575_v3

ATIG7326011

600

trypsin inhibitor

AC454 contig33210_v3

AT3G20600.1

300

non-race specific resistance to bacterial and fungal pathogens

AC454_contig22127_v3

ATAG37870.

olelclo|lo|v| o

104

putative phosphoenolpyruvate carboxykinase

AC454_contig9688_v3

AT45231301

Nt
G

223

receptor-like protein kinasc.

AC454_contig18720_v3

AT4G093201

w
by

270

nucleoside diphosphate kinase type 1 (NDPK1) gene

A(454_contig7385_v3

ATAG29040.1

]
oa

219

265 protcasome AAA- ATPase subunit RPT2a (RPT2a)

AC454_contig5037_v3

AT2G18960.1

o

309

plasrna membrane proton ATPase

AC454_contig38744_v3

ATCGOO1200

]

374

ATPase alpha subunit

AC434_contig16366_v3

AT1G339702

4

300

avinulonce-responsive protein

AC454_contig14337_v3

ATIG357201

3

78

1.08

a member of the annexin gene family

ACA54_contig28989_v3

A14G11600.1

2

23

332

glutathione peroxidase.

AC454_contigib77_v3

AT1GA52491

5

t

4.74

Leucine zipper tianscription factor

AC454_contigl 141_v3

AT3G114101

4

442

protein phosphatase 2 €

AC454_contigb419_v3

AT1G69530.1

56

35

300

tember of Alpha-expansin Geng Family

ACAS4_contigl070_v3

AT4G37990.1

5

1

474

alcoholNADP + oxidoreduct ase

AC454_contig12900_v3

ATIG04410.

48

59

212

malate dehydrogenase, cytosolic, putative.

AC454_contig2256 v3

AT4G16260.1

6

4

300

catalytic/cation binding /hydrolase

AC454_contig1025_v3

AT3G57240.1

24

0

800

glycosyt hydrolase family 17

ACASA_contigd43l v3

AT3G25070.1

4

2

342

R protein complex

AC454_contig2340_v3

AT5G48485.1

20

31

1.78

putative apoplastic lipid transfer protein

ACA54_contigh410_v3

AT1G20030.1

27

10

385

pathagenesis-related thaumatin family protein

AC454_contig18835_v3

AT4G38660.2

5

3

315

thaumatin, putative

AC454_contig3796_v3

AT5GA73901

19

48

108

myb family transcription factar

AC454_contig23403_v3

AT5G35620.1

14

15

222

Cap-binding protein

', Ath. BH: Arabidopsis best hit; 2, # ACC Reads: number of reads in American chestnut canker libraries; 3, # ACHS Reads: number of reads in American chestnut

healthy stem libraries
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2nd Generation

Year

Trees
Planted Collected Location

Nuts

2010
2011
2012
2013
2014

2015
2016
2017
2018

334
1576
195
2036

2824
3517
900
2333

474
2461
257
2106
3159

3809
919
2448
2947

RBF/Onondaga
Casier/Onondaga
Casler
Casier/Onondaga
Casier/Onondaga

Onondaga
Onondaga
Onondaga
Onondaga




2nd Generation

Trees Nuts
Year Planted Collected Location

2019 3536 2817 Onondaga
2020 2946 2234 Onondaga
2021 2099 1636 Onondaga

2022 1525 2257 Onondaga
2023 1745  FINISHED Onondaga




2"d generation trunk inoculation

A Started 2016:1950 trees inoculated
- 2022 and 20231 inoculum issues: 25-
30 % take,
A Trunk diameter > 5 cm
A Started 2 isolates: since 2022 only 1
A Measure lesions once a season
A Surviving after 3 years,
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R2/37
R2/37
R2/37
R1/27
R1/27

Selected F3 Parents:

2L
2L
5L
5L
(L

R1/2°

" B(Q(L

. Cemetery x Canadian)x(Marshall xR2T8)]
. Cemetery x R2T8)x(Marshall x R2T8)]
. Cemetery x R2T8)x(L. Cemetery x R2T8)]

. Cemetery x Canac

. Cemetery x Canac

. Cemetery x Canac

lan)x(Mars
lan)x(Mars

lan)x(Mars

na

na

na

XR2T8)]
XR2T8)
XR2T8)

A ON1/2T91[(L. Cemetery x Canadian)x(Marshall xR2T8)]



A ON
A ON
A ON

To To I

RCR1T
RCR2]

R1/2TORL. Cemetery x Canadian)x(Marshall xR2T8)]
R1/2T158L. Cemetery x Canadian)x(Marshall xR2T8
R5/6T154Marshall xR2T8)x(GundryxR2T8)]

/@Bradshaw op) x (Bradshaw op)]
"BdMarshall x Dundas) x (Marshall x Dundas)]

RCR3

ZHMarshall x Sandy) B@rfordx R2T10)]
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SOURCE: 2019: Genomic selection analyses reéxaeoff between chestnut
blight tolerance and genome inheritance from American chestnGe&tanea
dentata) in (C.dentata x C.mollissimg x C.dentata backcross populations
Jared W. Westbrook, Qian Zhahhir K. Mandal, Eric V. Jenkins, Laura E.
Barth, Jerry W. Jenkins, J&@amwood Jeremy Schmutz, Jason A. Holliday
(2019 In review)



RATING:
A 1 = minimal expansion beyond

Initial lesion,
A 2 = some expansion, but canker
partially contained by callus

formation,
A 3 = canker large, sunken, and

sporulating
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