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The Chinese chestnut (Castanea mollissima) stands out as a plant with significant ecological and
economic value, excellent nutritional quality and natural resistance to pests and diseases. Recent
strides in high-throughput techniques have enabled the continuous accumulation of genomic data on
chestnuts, presenting a promising future for genetic research and advancing traits in this species. To
facilitate the accessibility and utility of this data, we have curated and analyzed a collection of genomic
datasets for eight Castanea species, including functional annotations, 213 RNA-Seq samples, and 330
resequencing samples. These datasets are publicly available on Figshare and are also available through
other platforms such as GEO and EVA, providing a valuable resource for researchers studying Castanea
genetics, functional genomics, and evolutionary biology. Furthermore, the datasets are integrated
into the Castanea Genome Database (CGD, http://castaneadb.net), which serves as a complementary
platform, offering advanced data mining and analysis tools, including BLAST, Batch Query, GO/KEGG
Enrichment Analysis, and Synteny Viewer, to enhance the usability of the curated datasets.

Background & Summary

Castanea is a genus of plants in the family Fagaceae that has significant ecological and economic value', includ-
ing excellent nutritional quality®. The genus comprises seven species, including the Chinese chestnut (Castanea
mollissima), Seguin chestnut (Castanea seguinii), Henry chestnut (Castanea henryi), and Japanese chestnut
(Castanea crenata) in East Asia, the American chestnut (Castanea dentata) and Chinkapin (Castanea pumila)
are present in North America, while European chestnut (Castanea sativa) is grown in Europe. Chestnuts play an
important role in nut production and forest ecosystem services®. Chinese chestnuts are widely cultivated in 26
provinces of China?, with a nut yield of 1,562,685 tons, accounting for 74% of the global chestnut production,
ranking first in the world in 2022°.

Recent advancements in high-throughput sequencing technologies have enabled the continuous accumula-
tion of genomic data for Castanea species. However, existing resources are relatively scattered and lack integra-
tion, limiting researchers’ ability to conduct in-depth studies on Castanea genetics, functional genomics, and
evolutionary biology.

To address this gap, we have gathered and analyzed a comprehensive collection of genomic datasets for
Castanea. The datasets include genomic information from eight Castanea species, 213 RNA-Seq samples, and
330 resequencing samples and are publicly available on figshare. This curation and validation process ensures the
reliability and utility of the data for researchers.

Additionally, the CGD serves as a complementary platform to enhance the usability of these datasets. The CGD
provides a user-friendly interface and a suite of advanced data mining and analysis tools, including BLAST, Batch
Query, GO/KEGG Enrichment Analysis, and Synteny Viewer. These tools facilitate the exploration and analysis of
the curated datasets, enabling researchers to investigate deeper into Castanea genetics and functional genomics.
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Genome Total length (Mb) | N50length (Mb) | Data records
C. mollissima cv. HBY-2 (Xing et al.¢, Liu et al.”) 738.87 NA PRJNA527178
C. mollissima cv.Sun (Sun et al.®) 773.99 5.88 PRJNA540917
C. mollissima cv. ‘Vanuxem’ (Staton et al.') 725.20 0.14 PRJNA46687
C. mollissima cv.N11-1 (Wang et al.®) 688.93 2.83 PRJNA559042
C. crenata cv. Ginyose (Shirasawa et al.'?) 721.20 1.6 DRA012289
C. mollissima var. drought-resistant (H7) (Hu et al.'') | 678.90 3.39

C. mollissima var. early-maturing (ZS) (Hu et al.'") 790.99 2.17 PRJNA769510
C. mollissima var. easy-pruning (YH) (Hu et al.') 671.99 3.65

Table 1. List of collected Castanea genomes.

We envision the CGD as an essential resource for advancing functional genomic research and understanding
the evolutionary relationships within the Castanea genus. By making these datasets and tools readily accessible,
we aim to facilitate collaborative research and drive innovation in the field.

Methods

Data collection. The CGD contains eight chestnut genomes, including seven from C. mollissima (‘HBY-
2’67 N11-1’8, ‘Sun®, ‘Vanuxem’'?, ‘drought-resistant’(H7)!, ‘early-maturing’(ZS)"! and ‘easy-pruning’(YH)"!) and
one from C. crenata'? (Table 1). Genomic information for chestnut, including the genome sequences, mRNA,
gene structure annotations in general feature format (GFF), coding (CDS) and protein sequences of protein-cod-
ing genes, were obtained based on previously published articles. We collected the genome of “Vanuxem’ from
the Hardwood Genomics website (now relocated to the TreeGenes Database, https://treegenesdb.org/), which
includes several transcriptome libraries from trees affected by chestnut blight disease!®!*. The TreeGenes
Database also contains data for eight chestnut species. However, it is not specific to chestnut, it includes data for
multiple tree species. Noted that the C. mollissima cv. HBY-2 we previously generated using Pacific Biosciences
single-molecule sequencing technology®. We performed Hi-C analysis on the Chinese chestnut genome HBY-2
to enhance the genome sequence assembly and contiguity’. Therefore, this version exhibits superior genome
contiguity and sequence quality compared to the previous version. Besides, RNA-Seq data from various samples,
which are at different tissues, developmental stages, as well as cultivars (Supplementary Table 1) were downloaded
from the NCBI SRA databese. And resequencing datasets from 330 accessions were downloaded from the NCBI
database”’.

Data processing. Gene functional annotation. In our previous study, we developed a standard pipeline
for comprehensively annotating predicted protein-coding genes'®. In brief, the protein sequences of the pre-
dicted genes were analyzed against the UniPort (Swiss-Port and TrEMBL), and NCBI nonredundant (nr), and
Arabidopsis protein (TAIR) databases using DIAMOND with an E-value cutoff of 1e-4. Furthermore, all the
protein sequences were compared against the InterPro database to identify functional domains by InterProScan'®.
For the purpose of conducting functional enrichment analyses and generating GO and KEGG pathway annota-
tions, protein sequences were aligned with the EggNOG database using eggnog-mapper'”. The GO terms assigned
to genes/transcripts based on the eggnog-mapper results were transformed into the GO Annotation File (GAF)
format. Within the eggnog-mapper outcomes, certain KEGG pathways unrelated to plants were discarded. The
iTAK program was employed to identify transcription factors (TFs), transcriptional regulators (TRs), and protein
kinases(PKs) from the predicted protein-coding genes and to classify them into different families®.

After the above analysis, we obtained files containing homologous genes identified by BLAST, protein func-
tional domains, AHRD-based functional descriptions, and GO/KEGG annotations, which have been shared in
our database and on Figshare.

RNA-Seq analysis. A specific pipeline was utilized to procedure and analyze hundreds of RNA-Seq datasets,
which were downloaded from the NCBI SRA Database. Firstly, raw RNA-Seq reads were processed using the
FastQC software (v0.11.9)™ to evaluate the quality of reads, then treated to remove adaptor and low-quality
sequences using Trimmomatic?’, Trimmed reads shorter than 80% of their initial length were removed, and then
the remaining cleaned reads were aligned to the reference genome (HBY-2) using the STAR (version 2.7.10b)?'.
Finally, read counts for each gene were calculated based on the alignments and normalized to fragments per
kilobase of transcript per million mapped fragments (FPKM) values®.

Following the analysis, we generated the raw and normalized expression matrices and made them available
both in our database and on Figshare.

Variant identification. To identify variants, a pipeline developed by Sentieon Inc.?* was used with default
parameters. First, quality evaluation utilizing the FastQC software (v0.11.9)", and resequencing reads were pro-
cessed to remove adapter and low-quality sequences using Trimmomatic®. Then, the cleaned reads were aligned
to the reference genomes (HBY-2) utilizing the BWA-MEM algorithm with default parameters®. Following
alignment, duplicated reads were removed using the ‘LocusCollector’ and ‘Dedup’ algorithms of Sentieon.
Finally, variants were called using the ‘Haplotyper’ algorithms of Sentieon software (https://www.sentieon.com/).
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C(S,D) F M
C. crenata cv.Ginyose 98.0% (94.2%, 3.8%) 1.1% 0.9%
C. mollissima cv. HBY-2 97.6% (91.3%, 6.3%) 1.1% 1.3%
C. mollissima cv. N11-1 94.0% (89.6%, 4.4% 1.5% 4.5%
C. mollissima cv. Sun 98.5% (89.8%, 8.7% 0.9% 0.6%
C. mollissima cv. “Vanuxem’ 95.6% (90.5%, 5.1% 2.9% 1.5%

C. mollissima var. drought-resistant (H7) | 94.3% (91.4%, 2.9%
C. mollissima var. early-maturing (ZS) 98.5% (90.8%, 7.7%
C. mollissima var. easy-pruning (YH) 92.6% (89.6%, 3.0%

1.6% 4.1%
0.9% 0.6%
1.2% 6.2%

Table 2. BUSCO assessment of the completeness of genomes. (C: Complete BUSOs, S: Complete Single-Copy
BUSCOs, D: Complete Dupicated BUSCOs, F: Fragemented BUSCOs, M: Missing BUSCOs).

As a result of the analysis, we produced the vcf files and have shared them through our database and Figshare.

Data Records

All functional annotations, expression profiles, and called variant data have been uploaded to Figshare (https://
figshare.com/s/d8505ab07724a111b1£3)?*, where researchers can access the required files. Additionally,
the expression profiles are available on the Gene Expression Omnibus (GEO) under accession numbers
GSE284510%%, GSE284516%7, GSE284517%%, and GSE284518%. The variant data are accessible through the
European Variation Archive (EVA)*’. On Figshare, we have organized the data into three main categories:
genomic data, gene expression data, and variant data.

The genomic data category includes comprehensive functional annotations for all collected genes. These
annotations cover homologous genes identified by BLAST, protein functional domains, AHRD-based functional
descriptions, and GO/KEGG annotations. The files are stored in a compressed archive named “genome_anno.
tgz,” with subfolders named according to the respective genomes. Additionally, the genome files for HBY-2 have
also been uploaded in this section. The gene expression data category consists of both the raw and normalized
expression matrices. These files are stored in a compressed archive named “gene_expression.zip.” The variant
data category includes VCF files for variant data, all starting with “variants_data” It encompasses 330 samples
from the GBS (Genotyping-by-Sequencing) and resequencing projects.

Additionally, all genomic sequences, functional annotations, expression profiles, and called variant data can be
downloaded from the CGD under the “Tools - > Download” module. The sample information for the hierarchi-
cal clustering heatmap can be found in Supplementary Table 1. Notably, the updated data for HBY-2 has also been
shared on Figshare (https://figshare.com/articles/dataset/Wild_Chinese_chestnut_genome_V2_/28098758).

By organizing the data in this structured manner, we aim to facilitate easy access and usability for researchers
interested in chestnut genomics and related studies.

Technical Validation

The integrity of genomes.  We evaluated genome integrity using BUSCO (version 3)*!, the BUSCO analysis
is based on conserved orthologous genes among species. In this study, simultaneous analysis of the genomes of
eight varieties was conducted, and the proportions of identified complete genes in the BUSCO database (with a
total of 1,614 genes) were 98.0%, 97.6%, 94.0%, 98.5%, 95.6%, 94.3%, 98.5%, and 92.6%, respectively (Table 2), the
results indicate that the genomes integrity are satisfactory.

RNA-Seqdata. Among the 213 samples, 91.81% of the clean reads were mapped to the reference genome
(HBY-2). To ensure the accurate reflection of expression across diverse tissues and developmental stages, hierar-
chical clustering analysis (Fig. 1) based on FPKMs was conducted using R, derived from various RNA-seq items
of chestnut (Supplementary Table 1). The heatmap is divided into four color blocks from top to bottom: the first
block represents seed kernel and embryo at relatively early stages, the second block represents leaves, buds, galled
leaves, etc., at similar stages, the third block indicates seed kernel and embryo at relatively later stages, and the
fourth block includes somatic embryo, embryo, root, and callus at similar stages. Among the 213 samples shown
in the heatmap, nine are not clustered within the expected blocks (marked with red horizontal lines in the figure).
Overall, similarly developmental stages originating from the same tissue exhibited cohesive clustering patterns.
For example, the seed kernel is similar to the tissue of the embryo, and at similar developmental stages, they
exhibit cohesive clustering patterns. The same reasoning applies to galled leaves, leaf, insect galls, and some of the
tissue of the bud, which indicates the reliability of the data we collected.

Resequencing data. To verify the accuracy of Sentieon in detecting varinsts, several samples were randomly
selected from the resequencing data and GATK pipeline was used to identify SNPs on them. Briefly, the cleaned
reads were aligned to the reference genomes (HBY-2) using the BWA-MEM algorithm with default parameters?.
Next, the aligned reads were processed to remove duplicated reads using the MarkDuplicates algorithm from the
Picard. After mapping, 93.81% of clean reads were mapped to the reference genome (HBY-2). The variant were called
using the ‘HaplotypeCaller’ algorithms of GATK3.8, cross-validated with Sentieon, yielding results of 12,631,432
and 12,314,460 respectively (Table 3). The concordance rate of common SNPs identified by Sentieon and GATK3.8
software packages stands at 99.943% and 97.435%, respectively, indicate a high level of consistency in the results.
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Fig. 1 The heatmap of hierarchical clustering in diferent RNA-seq samples based on FPKM. The four color
blocks from top to bottom respectively represent: (1) seed kernel and embryo at relatively early stages, (2)
leaves at similar stages, buds, galled leaves, etc., (3) seed kernel and embryo at relatively later stages, (4) somatic
embryo at similar stages, embryo, root and callus, etc. Note: There is one cluster of leaf tissue in the third color
block, and four clusters of leaf tissue and four clusters of bud tissue in the fourth color block, all marked with
red lines on the blocks.

Usage Notes

The CGD serves as a complementary platform to primary datasets hosted on Figshare and other repositories,
enhancing data accessibility and utility. The following sections provide a concise overview of how the CGD ena-
bles efficient analysis and exploration of the aforementioned datasets.
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Sentieon GATK
Total 12,314,460 12,631,432
Common 12,307,411 (99.943%) 12,307,411 (97.435%)
Specific 234 317,206
Non-matching overlapping 6815 6815

Table 3. Statistics of SNPs identified by Sentieon and GATK.

(A) Gene: bi_000851 (B) Gene: bi_oooss1

il S BT Cen=d SeDuo, [ESTRRe i s Overview Sequence BLAST Domain Gene Ontoloty TFS/TRs/PKs. Homologs
Plantname  Castanea molissima cv. Sun(Chinese chesinut (Sun))
Genus Castanea Sequences related to gene bl_000851
Species mollssima
Gens 1D HLO0DES) Gene sequence (1586) >
Description WRKY domain-containing protein
Location  Contig1:19229923-19231508
mRNA sequence (1074) 5
Strar )
Transcripts(1) bl 00085
Coding sequence (CDS) (1074) >
Gene Structure
Protein sequence (357) v
Position : 314T  Zoom: x 1
MENGHSWEQKTVISEL TQGHELAKQL TOMLLQRILNSYEKALLIL KDGQELNDASKKRKILPRWTDQVR
. VNSGTGL TFRT FEITYRGRHTCSHATNL! DILSTIRNNLRVATEN
BooestTe LONREMAHPF SFPSTSF GCMKSENSHF SLSELONSTLLGGFPQPFL SQASPESNYF TTNSPILDIOF SLOPVE
2o L3 & E) ) = o o oo

(D)

(C) BLAST of bl_000851 vs. TAIR Database Overview  Sequence BLAST Domain Gene Ontoloty TFS/TRs/PKs  Syntelog
Gene Ontology Terms
Position: 388 Zoom : x1
Term:G0.0000302  Namespace: biological_process  Name: response to reactive oxygen species
Seaquence Term:G0 0001101  Namespace: biological_process  Name: response to acid chemical
N— e 500002376 Namespace: biological_process
e — s m—— Term:GO 0003674 Namespace: molecular_function
ATGT1070 [ ———— Namespace: molecular_function
ATSG24110 E-vlin 4 00-44 oy 52 Namespace: molecular_function
AT246400 Evaives 11635 entty 35 Namespace: molecular_function INA-binding transcription factor activity
% P r F EY % 7y Namespace: molecular_function  Name: binding
Namespace: cellular_component  Name: cellular_component
Term:GO 0005622 Namespace: cellular_component  Name: intracellular anatomical structure
Reession RESpron Term:GO 0005634 Namespace: cellular_component  Name: nucleus
Namespace: cellular_component  Name: cytoplasm
AT4G23810 ATWRKYS3, WRKYS3; WRKY family transcription factor Namespace: biological_process ~ Name: regulation of transcription, DNA-templated
Namespace: biological_process  Name: response to stress
AT4G11070 AWRKY41, WRKY41; WRKY family transcription factor Term:G0:0006952  Namespace: biological_process  Name: defense response
pres— SRR iy raracponcior Term:GO0005955 Namespace: biological_process  Name: immune response
i i Term:GO0006979  Namespace: biological_process Name: response to oxidative stress
AT5G24110 ATWRKY30, WRKY30; WRKY DNA-binding protein 30, ARABIDOPSIS THALIANA WRKY DNA-BINDING PROTEIN 30 Term:G0:0007275  Namespace: biological_process  Name: multiceiwfar oiganism development
Namespace: biological_process  Name: aging
AT2G46400 ATWRKY48, WRKY46; WRKY DNA-binding protein 46, WRKY DNA-BINDING PROTEIN 46 Namespace: biological_process ~ Name: biological_process
Namespace: cellular_component  Name: chioropiast
Namespace: cellular_component  Name: piastid
Namespace: biological_process fesponse to extemal stimulus
(E) Namespace: biological_process : response to biotic stimulus
Overview  Sequence  BLAST  Domain  GeneOntoloty ~ TFS/TRsPKs  Homologs Namespace: biological_process : response to bacterium
Namespace: biological_process : response to toxic substance
Term:GO 0009719 Namespace: biological_process : response to endogenous stimulus
Position: 377 Zoom : x 1 Term:G0 0009725 Namespace: biological_process : response to hormone
Term:G0 0009751  Namespace: biological_process : response to salicylic acid
— Term:GO 0009514 Namespace: biological_process : defense response to other organism
Namespace: biological_process : defense response to bacterium
Lol Namespace: biological_process : regulation of biosynthetic process
[ER3ES7E] Term:GO 000 Namespace: biological_process : positive regulation of biosynthetic process
IPRO03657 Term:Go 000! Namespace: biological_process : positive regulation of metabolic process
N Term:GO 001 Namespace: biological_process : response to organic substance
(BT EE Term:GO 00100 Namespace: biological_process : response to inorganic substance
IPRO44810 Term:GO 0010150 Namespace: biological_process : leaf senescence
PRO036ST s 230162 Term:GO 0010193 Namespace: biological_process : response to ozone
Lot Term:GO 0010200  Namespace: biological_process : response to chitin
% o B £ B o £ Term:G0.0010243  Namespace: biological_process : response to organonitrogen compound
Term:GO 0010465 Namespace: biological_process : regulation of gene expression
SHlue N Term:G0 001 Namespace: biological_process : regulation of macromolecule biosynthetic process
IPR Term IPR Description Source Source Term {Deseription) Location Term:GO001 Namespace: biological_process : positive regulation of macromolecule biosynthetic process
Term:GO 001 Namespace: biological_process : positive reguiation of macromolecule metabolic process
RO i o SiiiBi i s {obfoct Objec] Term:G0 00106528 Namespace: biological_process : positive regulation of gene expression
Term:G0:0014070  Namespace: biological_process : response to organic cyclic compound
WRICY conisipc Term:GO 0019219 Namespace: biological_process : regulation of nucleobase-containing compound metabolic process
IPRO36576 GENE3D 2202580 None [obiect Object] Term:G0 0019222 Namespace: biological_process : regulation of metabolic process
famy. Term:G0O0031323  Namespace: biological_process : regulation of cellular metabolic process
Term:GO0031325 Namespace: biological_process  Name: positive regulation of celular metabolic process
|PRO03657 WRKY domain PFAM PF03106 VIR DI onding object Object] Term:G0.0031326 Namespace: biological_process  Name: regulation of cellular biosynthetic process
domain Term:GO 0031328  Namespace: biological_process  Name: positive regulation of cellular biosynthetic process
. Term:G00031347  Namespace: biological_process  Name: regulation of efense response
None No IPR available MOBIDE LITE mobidbite comemusdede. L hledt Namespace: biological_process Name: multcellular organismal process
prediction Namespace: biological_process  Name: developmental process
Namespace: biological_process Name: response to chemical
None No PR available PANTHER PTHR32096:SF62 None [object Object] Namespace: biological_process  Name: response to xenobiotic stimulus
Namespace: biological_process  Name: response to hydrogen peroxide
PRO44810 WRKY transcription f PANTHER PTHR32008 Hions object Object] Term:GO 0042742 Namespace: biological_process ~ Name: defense response to bacterium
actor, plant Term:G0:0043207  Namespace: biological_process  Name: response to extemal biotic stimulus
Term:GO 0043226 Namespace: cellular_component  Name: organelle
i it e P WRKY domainprofl e Term:GO 0043227  Namespace: cellular_component  Name: membrane-bounded organelle
e Term:GO 0043229 Namespace: cellular_component  Name: intracellular organelle
Term:G0:0043231  Namespace: cellular_component Name: intracellular membrane-bounded organelle
WRKY domain super o Term, Namespace: biological_process  Name: innate immune response
IPRO36576 family SUPERFAMILY 18290 None [object Object] Term Namespace: biological_process  Name: positive regulation of transcription, DNA-templated

Fig. 2 Gene feature page in Castanea Genome Database. (A) Screenshot of the gene page including basic
information and gene structure. (B) Screenshot of the gene page containing gene, mRNA, CDS, and protein

sequences. (C) Screenshot of the homolog genes and sequence alignments from the BLAST results. (D)
Screenshot of the GO terms assigned to the gene. (E) Screenshot of the functional domains predicted from the
protein sequence of the gene.

Each gene feature page in the CGD offers basic gene details, an interactive genome browser, and access
to mRNA, protein, and genomic sequences, along with homologous genes, functional annotations, pro-
tein domains, and syntenic blocks (Fig. 2). To facilitate dataset storage, browsing, and querying, we have
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Fig. 3 Query interfaces of data mining tools in Castanea Genome Database. (A) Screenshot of the ‘Search’
interface and result page. (B) Screenshot of the ‘BLAST’ result page. (C) Screenshot of ‘Synteny Viewer’ result
page.

implemented a versatile gene search tool that supports flexible queries based on selected genomes from a
drop-down menu. Users can quickly locate specific genes of interest by entering keywords such as gene names,
functional descriptions, transcription factor or protein kinase family names, or GO/Pfam terms. The search
interface is user-friendly, featuring auto-suggestions to streamline the selection process (Fig. 3A).

The CGD also offers a suite of advanced data mining and analysis tools to maximize the utility of our data-
sets for comparative genomics, gene function discovery, and molecular breeding. For enrichment analysis,
BLAST-indexed databases are organized into nucleotide and protein categories. Nucleotide databases include
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indexes for genomic, mRNA, and CDS sequences, while protein databases cover all available protein sequence
indexes (Fig. 3B).

Furthermore, we have introduced the Synteny Viewer, a tool designed to simplify the identification and vis-
ualization of homologs within specific regions of the Castanea genome (Fig. 3C).

For more information, please visit the CGD at http://castaneadb.net. Detailed descriptions of the site’s fea-
tures and functionalities are available directly on the platform.

Code availability

The gene functional annotation pipeline is available on GitHub (https://github.com/fj123/CGD_annotation-
pipeline). All software and pipelines were executed according to the manual and protocols of the published
bioinformatics tools. The version and code/parameters of software have been detailed and described in Methods.
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