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Ouputs
Plant material and marker analyses

A total of nine populations (~32 samples per population) that covered the distribution range of the
species (Table 1, Kubisiak and Roberds, 2005) have been characterized at genetically mapped EST-
SSRs (Kubiasik et al., 2013). We have tested a total of 25 EST-SSRs that have been developed in
Castanea mollissima, 17 of them with clear and polymorphic amplifications products were selected for
the population analysis. Until now 10 markers have been characterized in all samples and a first data
analysis has been performed. We have developed a multiplex PCR touchdown protocol that allowed
us to analyze up to four markers in one PCR reaction. The touchdown program in the Biometra
Thermocycler Tprofessional (Jena, Germany) was as follows: initial denaturation at 95 °C for 15 min,
10 touchdown cycles of 1min at 94 °C, 1 min at 60 °C (- 1 °C per cycle) and 1 min at 72 °C, followed
by 25 cycles at 94 °C for 1 min, 50 °C for 1 min and 72 °C for 1 min and a final extension at 72 °C for
20 min. The PCR mix consisted of 0.2 pl (5 U/ pl) Hotstar Taq polymerase from Solis Biodyne
(Estonia),1.5 pl 10 X reaction buffer B, 1.5 ul MgCl, (25 mM), 0.2 ul (5 pikomol/pl) tailed forward
primer, 0.5 pl (5 pikomol/ul) pig-tailed reverse primer (Kubisiak et al. 2013), 1.5 ul M13 primer (5
pikomol/ pl), 1 ul dNTPs (2.5 mM each dNTP), 2ul DNA (ca. 0.6 ng/ pl) and 5 ul H>O. PCR products
were separated on an ABI 3130x1 Genetic analyzer (Applied Biosytems) and alleles were called using

Genemapper v. 4.0 (Applied Biosytems).




Plans for year 2

Additional 10 to 25 markers will be tested for amplification and polymorphism to obtain a total of ~
30 markers for the outlier screens. Outlier screens will be performed at all markers in population pairs
from contrasting environments. We will search for associations between geographic (longitude,
latitude) and environmental variables (e.g. minimum and maximum temperature, precipitation) on the
one hand and allele frequencies and genetic variation parameters on the other hand using stepwise

regression analysis (Kubisiak and Roberds, 2005) and association mapping approaches.

Budget

A total of $2,000 is requested for the second year of the program. We will do additional marker tests,
outlier screens and the final data analyses. The original proposal including all references is attached.
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Figure 1. Sample locations
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Figure 3. Association between longitude and PCAL1.
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Figure 4. STRUCTURE plots for K = 2.




g. Narrative
Background

Considerable progress has been made to develop blight resistant chestnuts for restoration purposes
using mainly genetic marker-assisted back-cross breeding to incorporate blight resistance from C.
mollissima into a C. dentata genetic background. Restoration programs are more likely to be
successful if hybrid American chestnut populations are genetically diverse (James et al., TACF project
2010 - 2013) and locally adapted. For this purpose genetic variation of the American chestnut parents
should be captured from many individuals originating from different geographic regions and climatic
zones. The conservation of genetic variation in fitness-related traits (adaptive genetic variation) is
crucial for the successful restoration of American chestnut since the species’ reintroduction is
threatened by other biotic (e.g. Phytophtora cinnamomi) and abiotic stressors. While growing genomic
resources and gene-based markers are becoming available for American chestnut and related species
(Barakat et al., 2012; Bodénes et al., 2012; Kubisiak et al., 2013; Nishio et al., 2011), genetic variation
at these markers with annotated function (e.g. gene-based microsatellites) has not yet been analyzed in
natural populations of American chestnut. In a preliminary study we have already identified and

characterized a set of gene-based markers in American chestnut {Table 1).

We hypothesize (1) significant differences in the level of genetic variation for populations from
different geographic regions and (2) significant differentiation among regions at some gene-based
markers that reflect different local adaptations of the populations (ecotypes) across their distribution

range.

These markers that are identified as under divergent selection between populations (outlier loci) from
contrasting environments and/or associated with environmental variables across populations will be
mapped back to the Castanea mollissima linkage map (Kubisiak et al. 2013) to test for a possible co-
location with QTL regions. The expected results will be important to identify centers of genetic
diversity and to select appropriate breeding material to produce locally adapted material for the

reintroduction of American chestnut.

In the future, a combined outlier screening and QTL mapping approach based on nextgen sequencing
markers will allow us to test for a co-location of genome-wide outliers with genomic regions that
underlie QTL for traits related to biotic and abiotic stress resistance.

Work plan

We propose to characterize genetic variation within and among C. dentata populations covering the
distribution range of the species using 16 gene-based microsatellite markers with annotated function
(Expressed Sequence Tag- Simple Sequence Repeats, EST-SSRs). In this preliminary study we will
focus on 10 populations that represent the five US climatic zones within the species’ native range.
Leaf material has been sampled from about 30 trees per population recording the GPS position of each

tree (Kubisiak and Roberds, 2005). In order to select the 16 gene-based microsatellite markers for the
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adapted from Kubisiak et al. (2013). Even though species identity was tested with a chloroplast marker
that differentiates between American chestnut and the native cogener species chinkapin (Castanea
pumila) (Kubisiak and Roberds, 2005), the occurrence of interspecific hybrids cannot be excluded. We
therefore use the generated marker information to assign individual samples to species and
interspecific hybrids in the program STRUCTURE 2.3.4 (Pritchard et al., 2000). For this purpose we
will include 20 C. pumila reference samples that were identified based on morphology and chloroplast

marker information.
Qutlier screens

A total of 30 EST-SSRs will be selected for the outlier screen and amplified in two populations from
different adjacent climate zones to identify gene loci (outlier loci) that show a higher or lower
differentiation between populations than expected under selective neutrality. We will use the program
LOSITAN that implements the Fsr-based algorithms of FDIST to identify outliers that deviate
significantly from a simulated neutral confidence envelope (Antao et al., 2008; Beaumont and Nichols,
1996). Loci with higher differentiation between populations than expected under neutrality are
identified as potential outliers under divergent selection. Those falling below the lower bound of the
neutral envelope might be under balancing selection. Since the confidence interval converges at
extreme values for expected heterozygosity (H.), candidate genes under balancing selection were not
consistently identified in different simulations (Sullivan et al., 2013) while loci under divergent
selection were highly reproducible (Sullivan et al., 2013). We will therefore run the simulations at
least three times for each pairwise comparison. To identify signatures of selective sweeps we will also
run the LnRH test statistic that estimates variability between populations at individual loci instead of

population divergence to identify selection (Schlétterer, 2002).

Identification of genetic diversity centers

Genetic variation within and among populations and climatic regions will be calculated for all markers
and separately for potentially adaptive (outlier markers) and neutral markers. Specifically the
following genetic variation parameters will be calculated: number of alleles per locus (N,), observed
heterozygosity (Ho,) and Nei’s unbiased gene diversity (H.) (Nei, 1973). Pairwise genetic
differentiation between populations and corresponding significances will be calculated in GenePop4.1
(Raymond and Rousset, 1995). To visualize genetic distances among populations an unweighted pair-
group method with arithmetic means (UPGMA) dendrogram (Sneath and Sokal, 1973) will be
calculated in Populations 2.0 (Langella, 1999) using 1,000 bootstrap replicates. An Analysis of
Molecular Variance (AMOVA, (Excoffier et al., 1992) will be performed in Arlequin 3.5 (Excoffier
and Lischer, 2010} in order to assess genetic variation within and among populations and climatic
regions. To test for associations between geographic and genetic distances we will perform a Mantel

test as implemented in GeneAlEx v.6.41 (Peakall and Smouse, 2006).

Association of allele frequencies with environmental variables
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h. Timeline:

Year 1 Year 2
Activity 1-314-6 |79 |10-12 | 1-3 4-6 7-9 10-12
Outlier screening | x X
Range-wide X X x X
marker analyses
Data analysis and X b4 X X X X X
publication

j. Budget: Total costs are estimated as $9,500. A total of $ 6,000 is requested from the American
Chestnut Foundation. Based on our experience with these analyses we estimate $ 2,000 for the marker
development and § 7,500 for the population genetic analyses ($25 per sample x 300 samples,

including DNA isolation, PCR, labeled primers and genotyping services). These estimates do not

include labor costs. Requested funds: Year 1: § 4,000. Year 2: §2,000.
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