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Narrative:

Prior support from the Forest Health Initiative, the National Science Foundation (NSF) and the American
Chestnut Foundation has led to extensive genomic resource development for Chinese and American chestnut
species. The DNA and transcriptome sequences have proven valuable for many tasks, however, further
bioinformatic analysis is needed to expand their utility and enable a publication on the Chinese chestnut
whole genome. Support from the TACF could help accomplish three primary bioinformatic tasks in the next
step to integrate genomics resources into TACF activities: identification of SNPs (single nucleotide
polymorphisms) between American and Chinese chestnut, structural and functional annotation of the current
version of the Chinese chestnut whole genome, and characterization of differences between American and
Chinese gene sequences in the blight QTL regions.

L Species-specific SNP identification

SNPs fixed between American and Chinese chestnut will have an immediate impact on the breeding programs
of the TACF by providing a method to differentiate American and Chinese inherited DNA segments in
backcross progeny. The RNA sequencing effort originally funded by the NSF led to very extensive set of
unigenes (unique expressed gene sequences) for American and Chinese chestnut. Single nucleotide
polymorphisms (SNPs) and simple sequence repeats (SSRs) were mined from the unigene sequences to
provide polymorphic markers within each species which have been posted online for public use
(http://www.fagaceae.org/markers). The identification of SNPs between species will require alterations to
the SNP identification pipeline originally created for the NSF project. Tissue from three American genotypes
(BA69, AC 4T7, AC 1T6) and two Chinese genotypes (Mahogany and Nanking ) were sampled for RNA
sequencing [1], increasing the likelihood that SNPs that are truly fixed in the species can be identified in silico.
By modifying the software code to examine both genotypes and species when calling SNPs, a set of candidate
species-specific SNPs can be identified that are more likely to be successful and thereby reduce downstream
laboratory costs. To expedite testing, primers will be designed around the SSRs using Primer3 [2].

IL. Structural and functional annotation of the draft Chinese chestnut genome

Dr. John Carlson has led two chestnut DNA sequencing efforts in the past 4 years; one to sequence the whole
genome of the Chinese chestnut and one to sequence pools of BACs spanning the 3 blight QTL regions [3].
The whole genome sequencing effort has recently achieved a new level of contiguity with 41,270 scaffold
sequences with an N50 of 39,580kb and a total length of 724Mb (~90% of estimated genome). This new
assembly has yet to be structurally or functionally annotated. A pipeline for this task was developed for
smaller QTL sequence assemblies. It relies primarily on the GMOD maker software [4], but also incorporates
the repeat finder LTR_Finder [5] and the RNAseq mapping software packages GMAP [6], PASA [7] and
GeneWise [8]. While relatively robust, this pipeline is currently too slow to effectively annotate the whole
genome while running on a single computer. Part of the hours set forth in this proposal will be used to



migrate the pipeline to Clemson’s palmetto cluster (http://citi.clemson.edu/palmetto/), a grid of thousands
of computers that can be used to quickly annotate current and future versions of the whole genome sequence.

The website hosting chestnut genomic resources, Fagaceae Genomics Web (FGW, www.fagaceae.org), is
hosted and maintained at Clemson by the project PI. It will be cross-linked and integrated with the
Hardwood Genomics Website (HGW, www.hardwoodgenomics.org), also hosted at Clemson by PI Staton. The
results of the genome annotation will be uploaded to a Gbrowse instance [9] and made public through FGW
and HGW when the genome publication is accepted. This will allow users to find genes, view evidence for
those genes, explore repeats, and BLAST sequences of interest to the whole genome.

I1I. Manual annotation of genes in QTL regions

In order to gain a more comprehensive look at the QTL regions and to identify candidate genes prior to
completion of the whole genome reference sequence, targeted sequencing of the blight resistance QTL
regions was carried out in 2012. Utilizing the genetic and physical maps, 198 BAC clones inside the QTL
regions were selected and sequenced by 454 and Illumina chemistries at Penn State under the direction of PI
Carlson. The sequences were assembled and annotated by PI Staton. The sequences and structural
annotation are available online for browsing (Figure 1, http://www.hardwoodgenomics.org/cgi-
bin/hwg_gh2/gbrowse/hwg gb2 chestnut_qtls/). As expected, the clone-based sequencing approach yielded
larger, more contiguous sequence assemblies than the whole genome “shotgun” approach (Table 1).

Figure 1. Online view of a gene in the QTL region cbr1 using the software Gbrowse. The green and red gene
tracks are alignments of the Chinese chestnut unigenes by the software PASA and maker, respectively. The
blue and peach-colored alignments are Arabidopsis and peach genes aligned by the software GeneWise,
respectively.
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Of particular interest in utilizing these results is how American chestnut differs from Chinese chestnut
sequence in these regions. Seven lanes of American chestnut paired end DNA sequence was produced by the
Carlson laboratory. These reads can be aligned to the Chinese sequence assembly with software such as
bowtie2 [10] to discover mutations between the species, particularly possible loss of function mutations in



genes related to biotic stress. While some of the sequence analysis can be automated, the final cataloguing
and prioritization of these mutations will have to be addressed manually. Support from this proposal will
fund the hours of work needed to accomplish this important task, providing gene targets for blight resistance.

Table 1. Assembly results from the sequencing of BACs spanning the three blight resistance QTL regions in
the Chinese chestnut genome

QTL cbrl cbr2 cbr3
Genetic Map Location LGB (40.9-50.4 cM) LGF (38.1-46.8 cM) LGG (35.7-39.5 cM)
# of BACs in Pool 99 51 40
Sequence scaffolds 214 128 53
Avg length 31,657 32,151 56,410
N50* 75,056 72,331 158,218
Total length 6,774,520 4,115,273 2,989,748
Conclusion

The extensive genomic resource development in chestnut, including RNA sequence data, gene sequences, a
dense genetic map, a physical map, a draft genome and a public website for access to these data sets, has
created a fertile environment for chestnut research. However, leveraging these resources for specific
research goals often requires bioinformatic expertise to integrate these diverse datasets and produce useful
results for further field/laboratory utilization. Here we propose to increase the value of the existing chestnut
genomic data in three key areas: identification of fixed SNPs to differentiate between Chinese and American
chestnut genomes, robust structural annotation of the Chinese chestnut draft genome, and manual annotation
and prioritization of candidate disease resistance genes across the blight resistance QTLs. These tasks are all
key next steps to furthering the American Chestnut Foundation goal of the restoration of healthy American
chestnut trees to North American forests.

Timeline: To be completed within calendar year 2014

Budget: Salary support for bioinformatic analysis: $8,580. This is 9.4% (app. 5 weeks) of PI Staton’s annual
salary including fringe. (File storage systems and computation equipment are already available to accomplish
the outlined tasks. This is not intended as a cost share, but rather to indicate the facilities and equipment are
in place.)
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Staton Budget Justification:

Senior Personnel Salary: $6,500 is requested for 1 the PI’s salary for the year of the project.
Fringe benefits of $2,080 have been calculated at 32.0% rate.



