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Personnel
• Germplasm (material for clonal testing, transformation)

– Fred Hebard (The American Chestnut Foundation, TACF)
– Sandra Anagnostakis (Connecticut Agr Expt Station, CAES)
– Jerre Creighton (Virginia Dept of Forestry, VDF)
– Gary Griffin (Virginia Tech & Am Chestnut Cooperators’ Foundation, ACCF)

• Breeding (crosses for resistance gene mapping)
• Fred, Sandra

– Sara Fitzsimmons (TACF & Penn State Univ)

• Testing (phenotyping, mechanisms of resistance)
– Blight (Fred, Sara), Resistance mechanisms (new post-doc with Fred)
– Early screening (SUNY Team & Josh Bronson (USFS, Resistance Screening Center) 

• Phytophthora (Joe James, Steve Jeffers) with Clemson Univ
• Field (developing now and year 3)

• Mapping (genotyping, gene discovery, marker selection)
• Tom Kubisiak(left USFS in Feb), Dana, SIFG lab (Chuck, Casey, Thomas, Kristel)

– Clemson Team, Bert Abbott’s Lab and CUGI
• Bode Olukolu (leaving now for NC State)
• Meg Staton, Ali Barakat, Eric Feng
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Objectives/Deliverables

• Germplasm
– Provide clonal and transgenic teams with plant material

• Workhorse lines, experimental controls
• Diverse Hybrids & Large Surviving Americans (LSAs) for clonal testing
• Advanced backcross hybrids for clonal increase

• Breeding & Testing (phenotyping)
– Develop informative populations for trait/gene mapping
– Collaborate on early disease screening development
– Collaborate on field testing; clones and transgenics

• Mapping (genotyping)
– Fine map resistance genes and quantify their effects
– Collaborate on integrating maps for candidate gene (CG) selection
– Develop Marker-assisted Selection (MAS) for breeding
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Germplasm

• The American Chestnut Foundation (TACF)
– Germplasm Agreement negotiated & signed with 

Univ Georgia
• under MOU between FHI and TACF

• Connecticut Ag Exp Station (CAES)
– Crosses from CAES’s extensive, long-term program

• Virginia Department of Forestry (VDF)
– Crosses in VDF’s operational program

• Am Chestnut Cooperators’ Foundation (ACCF)
• Crosses from ACCF’s public domain trees
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Breeding & Phenotyping
• Blight resistance mapping resources

– TACF/NSF experimental ‘Mahogany’ F2 
population
• Blight resistance phenotyping summer 2011

– TACF/Meadowview advanced backcross lines
• Operational blight resistance phenotyping

– Pennsylvania TACF operational BC3 population
• Blight resistance phenotyping complete spring 2011

• Phytophthora (ink disease) resistance 
mapping
– TACF with Clemson
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Blight resistance QTLs

• Genetic map— ‘Mahogany’ F2 cross, 463 
markers, 686 cM (92% genome coverage)

– Two isolates, quantitative scoring

– Three blight resistance QTLs confirmed (LG-B, LG-
F, LG-G), with a fourth one likely (LG-E)
• Three account for 70% of the genetic variation

• FHI allows linkage to new, high density Chinese 
chestnut map, gene sequences and genome sequence

– 38 Candidate Genes identified for evaluation in 
transgenics

2 June 2011 6FHI, Annual Meeting 2



Ink Disease Resistance QTLs
(Phytophthora cinnamomi )

• Genetic map– ‘Nanking’ BC1 family, 203 SNPs, 
575 cM (about 80%  genome coverage)

• markers from Am chestnut, not as efficient for mapping

• scored for Ink Disease resistance

– Two major QTLs mapped on LG-E
– Maternal map: at 12-15 cM, LOD=4.42, R2=0.35

– Paternal map: at 46-62 cM, LOD=5.39, R2=0.40

– 4 Candidate Genes identified and are being tested 
in transgenics
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Chinese Chestnut Integrated Consensus Linkage Map
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CmSNP0148220.6
CmSNP0030221.0
CmSNP00313 CmSNP00900
CmSNP01040

21.2

CmSI076221.3
CmSI073521.5
CmSI051321.6
CmSNP00078 CmSNP0010322.1
CmSI036222.3
CmSNP0070622.4
CmSNP0107522.5
CmSNP0059322.6
CmSI056422.9
CmSNP0027023.1
CmSNP0115923.4
CmSNP0128423.8
CmSNP0078424.0
CmSNP0019624.1
CmSNP0051124.7
CmSI0069 CmSNP0014225.1
CmSNP0079625.2
CmSI074425.5
CmSNP0060525.7
CmSNP0015926.3
CmSNP0001426.7
CmSNP0067527.1
CmSI093327.8
CmSNP0080628.0
CmSI050630.7
CmSI084133.6
CmSNP0012633.7
CmSI072935.8
CmSI079736.5
CmSNP0070237.4
CmSNP0116737.5
CmSNP0136138.3
CmSNP0021338.9
CmSNP0061940.4
CmSNP0111640.7
CmSNP0007342.1
CmSNP0024744.9
CmSI075147.0
CmSNP0128248.8
CmSNP0144850.3
CmSNP0148052.1
CmSNP0104653.4
CmSNP0123053.7
CmSNP0141954.7

I

CmSNP005940.0

CmSNP003933.1
CmSNP005973.4
CmSNP005914.2

CmSNP0141712.5
CmSNP0014617.4
CmSNP0122319.8
CmSNP0123120.2
CmSNP0121421.4
CmSNP0150221.5
CmSI009424.6
CmSNP0047125.1
CmSNP0065327.4
CmSNP0147427.7
CmSI053828.1
CmSNP0032129.0
CmSNP0064430.3
CmSNP0115830.9
CmSI040131.4
CmSNP0037532.3
CmSNP0039832.4
CmSNP0040332.6
CmSNP0145933.1
CmSNP0098733.2
CmSNP0035933.7
CmSNP0048533.9
CmSI072634.7
CmSNP0070834.9
CmSNP00037 CmSNP0037935.0
CmSNP0063435.2
CmSNP0070536.3
CmSNP00261 CmSNP0129136.6
CmSNP0108436.7
CmSNP00828 CmSNP00033
CmSNP00120

36.8

CmSNP0066436.9
CmSNP01166 CmSNP0079737.1
CmSNP0048237.5
CmSNP01248 CmSNP00651
CmSNP00976 CmSNP00993

37.7

CmSNP0102438.0
CmSNP0066638.3
CmSNP0076038.7
CmSNP0148939.2
CmSI074039.5
CmSNP0022439.6
CmSNP0002339.7
CmSNP0051839.9
CmSNP0063340.1
CmSNP01194 CmSNP0130440.3
CmSNP00389 CmSNP0044540.8
CmSNP00443 CmSNP00474
CmSNP00846

41.0

CmSNP0121541.7
CmSI000941.9
CmSNP0023242.4
CmSNP0017942.8
CmSNP0025543.0
CmSNP00076 CmSNP0046743.2
CmSI093243.5
CmSNP0024543.6
CmSNP0017744.0
CmSNP0100644.6
CmSI052444.9
CmSNP0024145.9
CmSNP0107646.7
CmSNP0055347.4
CmSI073247.9
CmSI091948.1
CmSI091148.6
CmSNP0009349.6
CmSNP0143150.1
CmSNP0102250.5
CmSI015351.1
CmSNP0069153.3
CmSI052354.4
CmSNP0066955.0
CmSI0414 CmSI065455.3
CmSNP00827 CmSI060055.4
CmSNP0004356.1
CmSNP0074556.2
CmSI081156.7
CmSNP0152857.4
CmSI094657.8
CmSNP0070358.3

J

CmSI07590.0

CmSI06565.6
CmSNP008585.7
CmSI03275.8

CmSNP0135610.0

CmSI0819 CmSNP0090311.6

CmSNP0073116.0
CmSI081417.6
CmSNP0146418.0
CmSNP0065718.9
CmSI067819.3
CmSI049419.5
CmSI0611 CmSNP0104120.1
CmSNP0019720.3
CmSNP00112 CmSNP00364
CmSNP01147

20.9

CmSNP0131821.3
CmSNP0040821.6
CmSNP0075721.7
CmSNP0150122.1
CmSNP0049922.5
CmSI075222.7
CmSNP01139 CmSNP01157
CmSNP01384

23.8

CmSNP0021124.0
CmSNP00386 CmSNP0147824.1
CmSNP0038125.0
CmSI054227.7
CmSNP0021228.0
CmSNP0054528.1
CmSNP01262 CmSNP0045228.4
CmSNP0078128.5
CmSNP0086029.9
CmSNP0003530.0
CmSI079430.4
CmSI046030.8
CmSNP0149532.4
CmSNP0086832.6
CmSNP0113333.7
CmSI085334.8
CmSNP00470 CmSNP0106536.0
CmSI081336.6
CmSNP0042136.8
CmSNP00480 CmSNP0120237.5
CmSI0637 CmSI012338.4
CmSNP0007138.6
CmSNP0140939.8
CmSNP0098940.2
CmSNP0029240.4
CmSI092043.0
CmSI090143.1
CmSNP0059045.5
CmSNP0039145.6
CmSNP0052647.9
CmSNP0057248.0
CmSNP0139848.2
CmSNP0135248.4
CmSNP0063848.5
CmSNP0130848.6
CmSNP0083248.7
CmSNP0095149.0
CmSNP0075049.2
CmSI092149.5
CmSI0361 CmSI037350.1
CmSNP0082150.4
CmSI092250.6
CmSNP0000851.3
CmSI077151.4
CmSI043352.2
CmSI043252.7
CmSI073754.7
CmSNP0044755.9

CmSNP0153559.6
CmSNP0022260.1
CmSNP0067460.4
CmSNP0008560.6
CmSI076061.2

K

CmSI06680.0

CmSNP008031.5

CmSNP002342.7
CmSNP003523.6
CmSNP008124.1
CmSNP003964.5
CmSNP002824.9

CmSNP001086.3
CmSNP001306.8
CmSNP007118.0
CmSNP010898.3
CmSNP008619.6
CmSNP0020210.7
CmSNP00795 CmSNP0090412.2
CmSNP0137712.7
CmSNP0107912.9
CmSNP0037713.2
CmSNP0090115.0
CmSNP0133615.6
CmSNP00737 CmSI087516.0
CmSI078516.4
CmSNP0070417.7
CmSNP0115618.2
CmSNP0106118.3
CmSI057218.9
CmSNP0120519.5
CmSNP00102 CmSNP0048319.8
CmSNP0079020.0
CmSNP0054321.9
CmSNP0100422.3
CmSI050322.5
CmSI004522.7
CmSNP0093523.2
CmSNP01451 CmSNP0131923.3
CmSI084724.0
CmSNP0011524.8
CmSI024925.3
CmSNP00164 CmSNP00869
CmSNP00966

26.0

CmSNP0117226.7
CmSNP0118326.9
CmSNP0057927.0
CmSNP0140127.4
CmSNP0117027.8
CmSNP01236 CmSNP0091828.0
CmSNP0121128.3
CmSNP00376 CmSNP0104228.5
CmSNP0130028.7
CmSNP0130728.9
CmSNP0077029.2
CmSNP00288 CmSNP0082929.6
CmSI007129.7
CmSNP0001929.8
CmSNP0076729.9
CmSNP0124330.2
CmSNP0021530.9
CmSNP0129031.0
CmSNP0089431.1
CmSNP0024631.2
CmSNP01125 CmSNP0150631.4
CmSNP0113231.7
CmSNP0114031.9
CmSNP0093332.4
CmSNP0140532.6
CmSI060832.8
CmSNP0129434.2
CmSNP0135935.0
CmSNP0064635.6
CmSI070735.8
CmSNP0037437.7
CmSNP0032941.8
CmSNP0144942.7
CmSI0928 CmSNP0145444.8
CmSNP0038546.4
CmSNP0139146.9
CmSNP0031647.0
CmSNP0066550.4
CmSNP00284 CmSNP0085650.6

L
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Chinese chestnut Genetic Map
1126 markers covering 743 cM

with 3 blight QTLs from F2 map 
and 2 ink disease QTL from B1 map



Candidate Gene List (1/3)
order CCcontig Uniprot_BestHit

Linkage_

Group cDNA_status BinaryVector BV_status TransPipe

1 CCall-contig8901_v2 beta-1 3 glucanase ? Cloned&sent pFHI-B13Gluc received SUNY-ESF

2 CCall-contig2586_v2 CBS domain protein ? Cloned&sent pFHI-CBS1 received SUNY-ESF

3 CCall-contig11269_v2 UDP glucosyltransferase B, G Cloned&sent pFHI-UDP received UGA

4 CCall-contig8443_v2 Thaumatin-like protein G Cloned&sent pFHI-Thau received UGA

5 CCall-contig9278_v2 DAHP synthase (DHS1) G Cloned&sent pFHI-DAHP received SUNY-ESF

6 CCall-contig8996_v2 Acid phosphatase G Cloned&sent pFHI-AcPhos received UGA & SUNY-ESF

7 CC454-contig42836_v2 Laccase/diphenol oxidase B Cloned&sent pFHI-Lac1 received SUNY-ESF

8 CCall-contig18406_v2 Proline-rich protein G Cloned&sent pFHI-PRP1 received SUNY-ESF

9 CCall-contig19527_v2

Ethylene-response transcription 

factor F Cloned&sent working waiting for UGA

10 CC454_contig2466_v2 Unknown function E working working waiting TBD

11 CCall_contig39658_v2

Lipid transfer protein 

(LTP)/proteinase inhibitor G working working waiting TBD

12 CCall_contig_2055_v2 Lipid transfer protein SSH ? Cloned&sent working waiting TBD

13 CCall_contig4992_v2 Cysteine proteinase inhibitor E Cloned&sent working waiting TBD

14 CC454_contig41915_v2 Allene oxide cyclase (AOC) ? working working waiting TBD

• Genes selected on multiple sources of information
– trait mapping (QTL regions of genome)

• including comparative analysis with Peach

– gene expression analysis (genes on/off at site of blight 
infection)

– gene sequence matching with other resistance-like genes

• Genes are going to Transgenic pipeline for testing

• Markers for these genes will be used for Marker-aided 
breeding
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New Phenotyping Resources

• Expanded ‘Mahogany’ F2 population in VA

– >50% increase in progeny number

– Provides higher resolution mapping

• Large ‘Mahogany-Graves’ BC3 population in PA

– 6x larger than F2 population (even higher resolution)

– Evaluate in independent environment and genetics

• Operational B3F2 populations in VA

– Test markers in operational materials
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New Genotyping Resources

• 5000 SNP Chip
– Using  scalable, high-density, high-throughput tech

• Includes validated SNPs from previous chips
– Chinese (964 SNPs) and American (224 SNPs)

• Designed new SNPs from Chinese chestnut gene 
sequences (~3900 SNPs)

– Higher density markers necessary to take full 
advantage of larger, higher resolution mapping 
populations –> more precise gene mapping 

2 June 2011 11FHI, Annual Meeting 2



Summary

• Our goals and progress are aligned:

– High-quality candidate genes for transgene
(cisgene) testing

– High-quality DNA markers for marker assisted 
selection

– High-quality germplasm for clonal testing and 
experimental materials

– Emphasis on early, reliable screening for blight 
and Phytophthora resistance
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