

  horticulturae-08-00041




horticulturae-08-00041







Horticulturae 2022, 8(1), 41; doi:10.3390/horticulturae8010041




Article



GDS: A Genomic Database for Strawberries (Fragaria spp.)



Yuhan Zhou 1, Yushan Qiao 1[image: Orcid], Zhiyou Ni 1, Jianke Du 1, Jinsong Xiong 1[image: Orcid], Zongming Cheng 1,* and Fei Chen 2,*





1



College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China






2



College of Tropical Crops, Hainan University, Haikou 570228, China









*



Correspondence: zmc@njau.edu.cn (Z.C.); feichen@hainanu.edu.cn (F.C.)







Academic Editor: Young-Doo Park



Received: 28 November 2021 / Accepted: 28 December 2021 / Published: 31 December 2021



Abstract

:

Strawberry species (Fragaria spp.) are known as the “queen of fruits” and are cultivated around the world. Over the past few years, eight strawberry genome sequences have been released. The reuse of these large amount of genomic data, and the more large-scale comparative analyses are very challenging to both plant biologists and strawberry breeders. To promote the reuse and exploration of strawberry genomic data and enable extensive analyses using various bioinformatics tools, we have developed the Genome Database for Strawberry (GDS). This platform integrates the genome collection, storage, integration, analysis, and dissemination of large amounts of data for researchers engaged in the study of strawberry. We collected and formatted the eight published strawberry genomes. We constructed the GDS based on Linux, Apache, PHP and MySQL. Different bioinformatic software were integrated. The GDS contains data from eight strawberry species, as well as multiple tools such as BLAST, JBrowse, synteny analysis, and gene search. It has a designed interface and user-friendly tools that perform a variety of query tasks with a few simple operations. In the future, we hope that the GDS will serve as a community resource for the study of strawberries.
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1. Introduction


Strawberries (Fragaria spp.), comprising of approximately 25 species [1], are plants from the Rosaceae. Their ploidy types range from diploid to decaploid [2,3], while wild members of the genus distributed throughout the northern hemisphere and parts of western South America [4]. The main cultivated and commercial strawberry species is the octoploid Fragaria ×ananassa (2n = 8x = 56) [5,6,7,8]. The first strawberry genome sequence from woodland strawberry (Fragaria vesca) was released in 2010 [9]. Since then, more and more strawberry species have been sequenced and annotated. In 2013, the cultivated strawberry (Fragaria ×ananassa) genome was sequenced using the Illumina and Roche 454 sequencing platforms [10], and was re-sequenced using a combination of short- and long-read approaches, producing a higher-quality assembly [11]. Strawberry genomics research not only promotes our understanding of the origin and evolution of strawberries but also has benefits for strawberry breeding [12].



Given these recent advances in strawberry genomics, it is necessary to establish a free online resource center for the integration of strawberry genome data. Therefore, we integrated the genomes and other related data of eight strawberry species (Fragaria ×ananassa, Fragaria iinumae, Fragaria nilgerrensis, Fragaria nipponica, Fragaria nubicola, Fragaria orientalis, Fragaria vesca, and Fragaria viridis) referring to the databases of other species, such as Arabidopsis, kiwifruit, and walnut [13,14,15,16,17,18,19]. We excavated, analyzed, and appropriately clustered these data into the online platform Genome Database for Strawberry (GDS). The GDS provides a user-friendly web interface; it also integrates a series of practical bioinformatics tools that enable researchers to search, browse, or retrieve specific information.



Genomics, transcriptomics and proteomic technology has developed rapidly. The GDS developed here will greatly benefit future application of high-throughput and -omics technologies. In addition, our achievement provides a directly resource for strawberry breeders and research communities, which will further facilitate the development of new strawberry cultivars with improved flavor. Nowadays, the phylogenomic relationships among the strawberry genomes is unclear. The current debate on the evolutionary of strawberries is one of the most important issues in the world. Our database could promote research on strawberry evolution.




2. Materials and Methods


2.1. Web Server and Code


The GDS is based on the web server software Apache (v2.4.41) on Linux operating system. PHP (v7.4) and MySQL (v8.0) were used for back-end code and HTML5, CSS3, and JavaScript for front-end codes. All codes have been submitted to Github (https://github.com/, accessed on 25 December 2021) and can be accessed for free by entering “Han-Oscar/GDS-code”. Data were deposited into the mysql database in batches and displayed on the website upon searching using Navicat (version 15) software.




2.2. Formatting the Genomic Data of Strawberries


The GDS cover the genomic sequences from eight strawberry species from GDR (Genome Database for Rosaceae) and Kazusa (Strawberry GARDEN). Fragaria nipponica, Fragaria viridis, and Fragaria orientalis each has one version of the genome data, Fragaria ×ananassa, Fragaria nilgerrensis, Fragaria nubicola, and Fragaria iinumae has two, and Fragaria vesca has three. Only the latest version of genome data was used for downstream analysis. One can then download the genome sequence and protein sequence and gene annotations of the eight strawberry species which were analyzed and classified well. Specifically, the gene and protein IDs of Fragaria xananassa and Fragaria vesca remain the same, and those of Fragaria iinumae, Fragaria nilgerrensis, Fragaria nipponica, Fragaria nubicola, and Fragaria orientalis should start with “FII_”, “FNil_”, “FNI_”, “FNub_”, and “FOR_” before the data can be analyzed by different bioinformatics software.





3. Results


3.1. Overview of the GDS


We created a user-friendly website for the GDS to make it easier for the scientific community to use. The domain name of the GDS is http://eplant.njau.edu.cn/strawberry (accessed on 25 December 2021), and it currently has two terabytes of server space. We implemented the GDS in Apache httpd, HTML5, PHP, and MySQL. The GDS web pages were created using HTML and Bootstrap, and were connected to the database through Apache, PHP, and MySQL to allow for the query of gene-related information by users.




3.2. The Homepage of GDS


The interface of the GDS included five parts (Figure 1): the “navigation bar”, the “species gallery”, the “tool sets”, the “brief introduction”, and the “live visitor statistics”. At the top of the homepage, the navigation bar (Figure 1a) consists of six labels: Logo, Species, Tools, Download, Community, and Help. Below the navigation bar are quick links to the eight strawberry species. A suite of bioinformatics tools is on the right (Figure 1b,c). Below the species gallery and tool set is a brief introduction to the GDS (Figure 1d). Finally, live statistics (Figure 1e) tools were implemented to collect the number and location of visits.




3.3. Introduction to the Strawberry Species and Genomes


In the individual species module, we provide visitors with the eight species of strawberry. The first part of the module includes the Latin, English, and Chinese names of the species. The second part provides taxonomic information. In the third part, we summarize detailed and accurate information for the species. The fourth part lists genome assembly details such as genome size, contig N50, and sequencing technology, and the final part provides references to the relevant genome report.




3.4. Data Sets


The reference genome sequence and general feature format (GFF), coding sequence (CDS), protein sequence (PEP) files, and expression data are included in the GDS [20]. A summary of the genomic data currently available in the GDS is presented in Table 1. The versions of the genomes from top to bottom in the table are v1.0a2, r1.1, v1.0, r1.1, r1.1, r1.1, v4.0a2, and v1.0 [21,22,23,24,25].




3.5. Completeness of the Genomes


BUSCO provides measures for the quantitative assessment of genome assembly, gene set, and transcriptome completeness based on evolutionarily informed expectations of gene content from near-universal single-copy orthologs selected from OrthoDB [26]. On the species introduction page, we have integrated BUSCO5 results of the eight species, including complete and single-copy, complete and duplicated, fragmented, and missing orthologs. The results are presented as a bar graph (Figure 2), showing that F. ananassa currently has the most complete gene assembly of the eight strawberry species.




3.6. Phylogenomic Relationships among the Strawberry Genomes


OrthoFinder [27,28] is a fast, accurate, and comprehensive platform for comparative genomics. It identifies orthogroups and orthologs, infers rooted gene trees for all orthogroups, and identifies all of the gene duplication events in the gene trees. To analyze the relationships among eight strawberry genomes, we constructed a phylogenetic tree using OrthoFinder (V2.5.2) software and included two additional species, Rosa chinensis, and Arabidopsis thaliana (Figure 3a).



Fragaria virginiana and Fragaria chiloensis are the genomes of the progenitor species of Fragaria ×ananassa. However, the dispute over its diploid ancestor has lasted for more than half a century and is still unresolved. In 2019, Edger et al. speculated that it has four different diploid ancestors, F. vesca, F. iinumae, F. viridis and F. nipponica [11]. Unexpectedly, just a few months later, Liston and others completed a reanalysis of the same set of data, but they came to a completely different conclusion. They believed that the octoploid strawberry has only two existing ancestors, F. vesca and F. iinumae [29]. Edger et al. insisted on the previous conclusion [30]. The structure of our phylogenetic tree [31] clearly indicates that Fragaria vesca is closest to Fragaria ×ananassa. However, because of the low sequencing and assembled technology or gene introgression, there is no direct evidence indicating the origin of the cultivated strawberry.



The pictures below the tree (Figure 3b–i) shows F. ×ananassa, F. iinumae, F. nilgerrensis, F. nipponica, F. nubicola, F. orientalis, F. vesca, and F. viridis. Photographs b, d, e, g and h were provided by our colleague, Dr. Qiao and the others were obtained from Wikipedia or Baidu.




3.7. Genomic Comparison of Gene Orthogroups


To provide an overview of the comparison among these strawberry genomes, we compared the number of gene orthogroups identified by Orthofinder in the strawberry genomes. We uploaded the orthogroup data to an online Venn diagram tool (https://www.vandepeerlab.org/?q=tools/venn-diagrams, accessed on 10 November 2021) to generate a Venn diagram showing the shared and unique gene orthogroups in F. iinumae, F. nilgerrensis, F. nipponica, F. vesca, and F. viridis. The gene orthogroup numbers are shown in each segment of the diagram (Figure 4); 13,766 gene orthogroups were shared among the five species, and 13,380 gene families appeared to be unique to F. nipponica.



The number of predicted genes was quite higher in F. nipponica, compared with the other four species, and the number of specific genes for F. nipponica was also extremely high (13,380). The reason why so many genes were predicted in F. nipponica is because there were more than 80,000 proteins annotated, only using Illumina sequencing technology, in 2014. In the future, with the improvement of the technology of sequencing, this problem will disappear.




3.8. Gene Annotations


There are tens of thousands of genes and proteins in the eight strawberry species, and these sequences contain large amounts of valuable species information for which researchers are searching. Consequently, we have integrated millions of data into the GDS Gene Search tool for obtaining detailed information on target genes. The following are the types of detailed gene information that our tool integrates.



1. Gene family annotation. The ancestral genes of strawberries have undergone genomic duplication and mutation during their long evolutionary history [32], resulting in a series of related genes with similar conserved sequence motifs. The Pfam [33] (http://pfam.xfam.org/, accessed on 10 November 2021) database is a large collection of protein families. Each family is represented by multiple sequence alignments and a hidden Markov model (HMMs) [34]. We have analyzed the proteins of the eight strawberry species using the Pfam 34.0 database and hmmscan (version 3.3) software.



2. KEGG (Kyoto Encyclopedia of Genes and Genomes) annotation. KEGG is a resource for understanding the functions and utilities of biological systems, such as the cell, organism, and ecosystem. It contains molecular-level information, especially large-scale datasets generated by genome sequencing and other high-throughput technologies [35]. KofamKOALA is a web server that assigns KEGG Orthologs (KOs) to protein sequences by homology search against a database of profile hidden Markov models (KOfam) with precomputed adaptive thresholds. KofamKOALA was installed using Ruby (v2.4 and above, v2.7 was used in this study), HMMER (v3.1 and above, v3.3 was used here), and Parallel (the latest version). The GDS uses KofamKOALA [36] software to make KEGG predictions that contain the KO IDs and more exhaustive information from the official website (https://www.kegg.jp/, accessed on 10 November 2021). We use KofamKOALA (v1.2), which relies on a file named exec_annotation, to analyze the protein files of eight kinds of strawberries.



3. GO annotation. GO [37] is a database established by the Gene Ontology Consortium. It aims to establish a database that is applicable to various species and that limits and describes the functions of genes and proteins. The updated semantic vocabulary standard is applicable to all species. By establishing a set of controlled vocabulary terms with a dynamic form, GO annotations can describe the roles of genes and proteins in cells and organisms. InterPro [38,39] was developed based on Java and aggregates data resources from multiple functional annotation databases such as Pfam, Panther, SMART, SUPERFAMILY, and tmhmm. It predicts the biological functions of proteins by classifying their sequences into protein families and predicting protein domains. InterProscan (v5.5) was used to annotate proteins from the eight strawberry species. A comparison library is available upon downloading the latest version of InterProscan. Instructions on InterProscan can be obtained by entering “./interproscan.sh” in the terminal. The final data can be obtained from the MySQL database.



4. Signal peptide prediction [40]. Signal peptides are short (5–30 amino acid) peptide chains that guide the transfer of newly synthesized proteins to the secretory pathway. The SignalP [41] software tool predicts whether there is a potential signal peptide cleavage site and identifies its location in a given amino acid sequence. Users may enter the “singalP” folder of the download interface to download data. SignalP (5.0 version) is used here with command “signalp -batch 30,000 -org euk -fasta proteins” for the analysis of proteins from the eight strawberry species.



To date, eight nuclear genomes, 436,160 protein sequences, 3,107,804 GO annotations, 27,481 signal peptides, and 1918 transcription factors [42] (Table 2) have been downloaded, analyzed, and organized in the GDS MySQL database.




3.9. Sequence Searches Using Basic Local Alignment Search Tool (BLAST)


Sequence similarity comparison is a widely used basic bioinformatics tool for the identification of possible homology between sequences and potential similarities in gene function [43]. Hence, it is necessary for most users to find regions of similarity between biological sequences in gene information databases. GDS employs the free, open-source, and powerful Sequenceserver software for BLAST searches [44]. This interface of Sequenceserver is simple, user-friendly, and powerful (Figure 5). SequenceServer has a simple interface, it performs BLAST and visually inspect BLAST results for biological interpretation. It uses simple algorithms to prevent potential errors during analysis and provides flexible text-based, visual outputs to support researchers’ work efficiency. SequenceServer is a BLAST+ server for personal use with a clear and thoughtful design. It contains genomic sequences, CDS, and protein sequences of strawberries, and uses jstree to optimize BLAST to offer clear visualization of complicated results.




3.10. Genomic Visualization Using JBrowse


A genome browser is a software tool that can be deployed on the server side so that users can access online platforms. JBrowse is a fully featured genome browser that can visualize various types of genome-located data, located in a variety of different data stores, and interfacing to other client and server applications. We used JBrowse [45] built using HTML5 and JavaScript. It integrates and visualizes various existing genome data, including eight nuclear genomes and seven chloroplast genomes [46] so that users can visually browse and analyze the genome and various types of annotation data with strong scalability (Figure 6). In addition, the genome browser can support other types of data, such as repetitive sequences.




3.11. Tracing Whole-Genome Duplication Using Synteny Browse Search


Given the close phylogenetic relationships among strawberry species, there are likely to be many homologous gene blocks in their genomes. The Python version of MCScan [47] was used to identify homologous gene blocks in the genomes of the strawberry species. We selected four species (Figure 7), including cultivated strawberry, to use in searches of homologous genes, as well as upstream and downstream genes. Scientists can look for syntenic genes of F. vesca by entering a gene identifier, finding the homologous gene(s), and using them as input for a subsequent gene search.




3.12. microRNA Search


microRNAs (miRNAs) are a class of non-coding single-stranded RNA molecules with a length of approximately 22 nucleotides that are encoded by endogenous genes. The Rfam database [48,49] is a collection of RNA families, each represented by multiple sequence alignments, consensus secondary structures, and covariance models. The GDS use cmscan [50] from the Infernal (V1.1.4) software package to predict the miRNAs in the six species of strawberry with high-quality assemblies.




3.13. Transcription Factor Search


Transcription factors play an important role in all biological processes, from seed germination to senescence. Therefore, it is critical for researchers to gain a good understanding of the relationship between the structures and functions of various transcription-factor families. iTAK [51] is a program that can identify plant transcription factors (TFs), transcriptional regulators (TRs), and protein kinases (PKs) based on protein or nucleotide sequences. It then classifies individual TFs, TRs, and PKs into different gene families. iTAK (v1.7) is used here to identify and analyze transcription factors from the six highly assembled strawberry species.




3.14. Gene Search


From the search results of BLAST and JBrowse, scientists can enter a gene identifier to search for information about the gene version (Figure 8a), protein and CDS sequence (Figure 8b), KEGG annotation, gene family, signal peptides (Figure 8c), and GO annotation (Figure 8d). The results include links to the corresponding annotation databases for more information, as well as gene expression data (Figure 8e) from mature pollen.




3.15. Download


The Download module provides access to the genome assembly, CDS and PEP sequences, annotation data, and miRNA downloads in FASTA and GFF3 formats. Chloroplast genomes of seven strawberry species and related publications are also available. We implemented an FTP site to store and share the data, which users can download at a rapid speed.




3.16. Community of Strawberry Researchers


In the Community module, we provided links to 39 horticultural conferences and 11 relevant publications on strawberry genome research. We also included an FAQ section to explain how to use the database and a contact list for the researchers who established it.





4. Discussion


The rapid development of genome sequencing technology has enabled the sequencing, assembly, and annotation of many plant genomes, providing genetic information on plant growth, development, and evolution. Genome sequencing and analysis technologies have not only deepened our understanding of plant species but also accelerated gene functional studies and molecular breeding. There are many strawberry species and varieties with complicated genomes, and their genome data are refined and updated very often. For example, the Fragaria vesca genome (214.4 Mb) was the first sequenced strawberry genome [10]. However, its quality was not ideal. Later on, Edger and associates from the University of California sequenced the genome of woodland strawberry Hawaii-4 using single-molecule real-time (SMRT) sequencing [22] and constructed a more complete genome map (V4.0). The SMRT sequencing can produce much longer contigs, greatly facilitating genome assembly and annotation. Specifically, the length of contig N50 of V4.0 reached 7.9 Mb, 300 times longer than those of V1.0, and >99.8% of the contigs were successfully mapped to the seven chromosomes. This new strawberry genome map offers more accurate sequences and detailed location information. The polyploidization of strawberries, which contain diploid, tetraploid (Fragaria orientalis) [5], and octoploid (Fragaria ×ananassa) varieties, has made the sharing, analysis, and integration of their genomic data a difficult task. A more convenient online database with multiple integrated and classified strawberry genomes is urgently needed. It will facilitate the gene-functional studies, thereby promoting the improvement of the yield and quality of strawberries [52]. To our knowledge, GDS is currently the only up-to-date database for strawberries that integrates multiple bioinformatics tools.



The storage and analysis of strawberry genome data are also hot research topics, and databases such as GDR (Genome Database for Rosaceae) and Kazusa (Strawberry garden) were created for these purposes. Although GDR and Kazusa have developed databases for strawberries, these databases have a number of problems that require urgent solutions. First, most of the genomic data are unprocessed and scattered. The data lack functional annotations, are not clustered in gene families, and are not preformatted for searching. After downloading data from these public databases, one must process the data oneself, which is a challenge for those with less expertise in bioinformatics. More importantly, some websites are difficult to access in China, and data downloads are also greatly restricted sometimes. To date, there is no specific, widely available database for strawberry research. Here, we use the latest version of the software for the analysis of strawberry proteins that are not all available on other websites. In addition, our laboratory specializes in strawberry research and has extensive collaboration with other strawberry research groups. In the future, newly released strawberry sequencing data will be updated in the database and made available to all researchers in a timely manner.



GDS stores the genome sequences of eight strawberry species and related gene annotations. The advanced and popular BLAST and JBrowse tools have been implemented, as well as a syntenic block search tool and an miRNA finder. This database serves as a central portal for the strawberry research community, enabling researchers to download genomes, protein sets, transcription data, and recently published articles on the strawberry genome. The GDS will be constantly updated when new genomes, transcriptomes, and other types of genetic datasets are published. In the future, we will develop and establish more gene online analysis tools to facilitate strawberry researchers in conducting online analysis. We will do our best to develop and deploy new omics tools in the GDS to provide a better user experience. Furthermore, GDS will contain studies and statistics on strawberries’ breeding. In summary, this new database incorporates published strawberry plant genomes, multiple analysis tools, new features for strawberry plant genomic data analysis, gene function characterization, synteny and miRNA search, and publication, which is easily accessed and can potentially benefit the strawberry plant research community.
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Figure 1. The GDS homepage. (a) Navigation bar; (b) species gallery; (c) tool set; (d) brief introduction, and (e) live visitor statistics. 
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Figure 2. Genomic completeness of eight strawberry species evaluated using BUSCO V5 software. Fana, Fragaria ×ananassa; Fiin, Fragaria iinumae; Fnil, Fragaria nilgerrensis; Fnip, Fragaria nipponica; Fnub, Fragaria nubicola; Fori, Fragaria orientalis; Fves, Fragaria vesca; and Fvir, Fragaria viridis. 
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Figure 3. Phylogenomic analysis of eight strawberry species. (a) A phylogenomic species tree of eight strawberry species; (b) F. ×ananassa; (c) F. iinumae; (d) F. nilgerrensis; (e) F. nipponica; (f) F. nubicola; (g) F. orientalis; (h) F. vesca, and (i) F. viridis. The picture (c) is from https://en.wikipedia.org/wiki/File:Fragaria_iinumae_(fruits).jpg (accessed on 10 November 2021); picture (i) is from https://en.wikipedia.org/wiki/File:Клубника_(Fragaria_viridis).jpeg (accessed on 10 November 2021); picture (f) is from http://www.fpcn.net/uploads/allimg/131107/2-13110G30231V8.JPG (accessed on 10 November 2021). 
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Figure 4. Venn diagram of gene orthogroups in five diploid and wild Fragaria species. Comparison of the number of shared gene families among five diploid strawberries, F. iinumae, F. nilgerrensis, F. nipponica, F. vesca, and F. viridis. 
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Figure 5. The BLAST tool integrated into GDS. (a) A user can enter genomic, PEP, or CDS sequences into the text box, then select the species name below; (b) the resulting alignment scores are ranked from high to low, and the details of each sequence alignment are given below the list of scores. 
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Figure 6. The JBrowse tool integrated into GDS for visualization of strawberry genomic details. (a) Gene visualization interface; (b) detailed data on individual genes. 
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Figure 7. The synteny search tool in GDS is designed for whole-genome duplication analyses. Researchers can use Synteny Browse Search to look for syntenic genes by entering a gene identifier and selecting a number of flanking genes to be presented. 






Figure 7. The synteny search tool in GDS is designed for whole-genome duplication analyses. Researchers can use Synteny Browse Search to look for syntenic genes by entering a gene identifier and selecting a number of flanking genes to be presented.



[image: Horticulturae 08 00041 g007]







[image: Horticulturae 08 00041 g008 550] 





Figure 8. Gene search tool in GDS. (a) Related information; (b) protein and CDS sequence; (c) KEGG annotation, gene family, and signal peptides; (d) GO annotation, and (e) expression. 
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Table 1. Statistics of the genome features for eight strawberry species.
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	Species
	Assembly Size (Mb)
	Ploidy
	Scaffold N50 (kb)
	Contig N50 (kb)
	BUSCO V5 (%)





	Fragaria × ananassa
	805.5
	8x = 56
	5980.469
	79.973
	99.6



	Fragaria iinumae
	199. 6
	2x = 14
	4.112
	0.824
	98.4



	Fragaria nipponica
	206.4
	2x = 14
	1.952
	0.617
	46.7



	Fragaria nubicola
	203.7
	2x = 14
	1.982
	0.618
	92.0



	Fragaria orientalis
	214.2
	4x = 28
	1.913
	0.480
	23.9



	Fragaria vesca
	220.8
	2x = 14
	36,100
	7900
	98.2



	Fragaria viridis
	214.9
	2x = 14
	29,200
	3500
	94.2



	Fragaria nilgerrensis
	270.3
	2x = 14
	38,300
	8510
	93.8
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Table 2. Statistics of whole datasets in GDS.
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	Data Type
	Count





	Nuclear genome
	8



	Choroplast genome
	7



	Coding sequence
	455,467



	Protein
	436,160



	GO term
	3,107,804



	KEGG
	309,589



	Gene family
	243,687



	Signal peptide
	27,481



	TF
	1918
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'y Data
Name Fvk4_1209350
Type gene
Position Fvb1:5040134..5042106 (+ strand)
Length 1,973 bp
Attributes
id Mvil4_1g0939C
seq_id kb1
source VM

uniquelD oftset 82320160

=1

PEvEl Fvl:504C134..504210¢8 (+ stranc) class=gsne lengTh=1373
ATGTACGTALGSTCAGCTATASACCTCAL {
ICTCTCTATCSCTGT CICAGASTGTCTCTACGT
TTTCCTTCRCAACTITTTASCCTTTCARALCCCCALRATCCCACACTRAACCTICCCCOTCCCCR
CAGCAGCARGTGICGTTCACGGTGSAGCAATIGETCGCCGTCAATCTATACARCCCCGATATCT
TCCCCCATCTCCARACCTACCTCARCCACCACCTCTCTCTTCTCTTCCATTCCATTCCATITCCR
TTCCATTCGATTZGITGATTAATTTIGCTTTGATGTATTGAART( TGATTGAATT
ACRACTCCATTITTTACCTTICCTCACACACTTACACTCITCATCCCAATCTCTSCCTCCTTICCTS
TGTATCAGCIGATITAGGSTTTAGSAGTATTCCTTTIGCGTITTIGGCTAGCTTCIGTGLTITGTT
CIrCALCIITLICLICCICLIAR L "I MCCALATCCACT'ILCACUUCCCASUUTAL CAC AL TCAGAL
TGITGCT o CTATITIGGTTARGGT CIGCATTITGAT CTITGTARAGCTGTCGCATTCGATATCGA

Subfeatures

Primary Data

Name FvH4_1g09390.t1
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Synteny Search

Enter the gene id and choose the number of flanking genes. It wll returns you a table of synteny genes blocks and you
can lin< to the detail irformation cf the specific gcens

Currently, we selected 4 species: Fragaria vesca, Fragaria viridis, Fragaria xananassa, Fragaria nubicola. You could put ir
ID of Fragaria vesce to search its homologous, upstream and downstrezm genes.

The source of these data:

rragaria Xananassa: Tlan'iz Liu.et al. 2021
rragaria nuticoia: Chao Feng.et al. 2021
Fragaria vesca: Yongping Li.et al. 2019
Fragaria viridis; Chao Feng.et 2l, 2021
Gene Input Number of flanking genes
FvH4_1g01880 5 v

.
Synteny Browse

Fragara vesca Fragaria virichs Fragaoria nvbicols  Fragara vananasia Fragaria <ananasss  Fragana vananasia Fragaria ~ananasss

Fvk4 1501870 FVir 104180  FNuh_ 16369 FxaC_4gIR1E0 Fyal” 2600040 Fxal_2902210 Fxal_100491(
FvH4 1301860  FVir_104.179 N FxaC_4g381<0 . ‘. FxaC_1g0492(C
FYH4 1301850  FVir 104,178 FNUD 152.66 FxaC _4g38200 Fyal_2¢09980 . FraC_100493C
Frh4 1901840 FVir 104177 FNub 163.65 FxaC 4938210 FraC_2¢ 10000 . FraC_100494C
FvH4 1301830 . FNub 162.64 fxoC 4938220 Fal 2¢10010 FxaC 3902200 FxaC_190495C
Fvkd 1301880 FVir_104.181 FNub 16371 FxaC 49138150 FxaC_2¢04e921 FxaC 3902220 Fxal 1004803
FvH4_ 1301890  FVir_104.182 FNub_163.72 FxaC_4g381€0 FraC_2¢0993( FxaC_3g02221 FxaC_1¢04891
F/H4 1501891 FVIir 104,183 FNub 16473 Ixal 4g38140 bal _2¢c09930 kxa 3902230 kxal_1gU48y9C
FyH4_1301900  FVir_104.184  FNub_163.74 FxaC_4g38120 FyaC_2¢09920 : FxaC_1g0488¢
rdi4 1301910 Vir_104.105 FNub_161.75 MxaC_4g30110 FraC_209931 IxaC_Jg02200 MxaC_1g0407C
Fvh4 1301920  FVir_104.186 FNub_163.77 FxaC_4g38250 : FxaC_3502290 FxaC_1g0486C
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