
PCdb tutorial 

1. Description of PCdb 

We present PCdb (Plant CRISPR Database; https://gmo.sjtu.edu.cn/pcdb), a comprehensive plant-focused 

database by integrating experimentally validated sgRNAs, their annotated genomic contexts, genome-wide off-

target predictions, and multi-layered epigenomic annotations. PCdb encompasses 6,172 manually curated editing 

records from 2,132 publications, covering 4,320 unique sgRNAs and 6,117,424 predicted off-target sites across 

nine major plant species. Uniquely, PCdb contextualizes potential editing outcomes-both on- target and off-target-

within the chromatin landscape by incorporating DNA methylation profiles, chromatin accessibility data, and 

histone modification patterns. The database features an intuitive web interface supporting flexible queries, 

interactive visualization tools, and comprehensive analytical modules for both sgRNA efficiency assessment and 

off-target analysis. A case study reanalysis of rice yield-related genes demonstrates PCdb's capability to provide 

a comprehensive performance profile, evaluating both on-target characteristics and off-target risks within their 

native epigenomic context. Through systematic analysis of the database, we reveal critical sequence and 

chromatin features influencing editing outcomes, providing novel insights for improved gene editing efficacy and 

specificity. 

 



1.1 Data acquisition 

Plant genome editing data were collected through systematic PubMed literature using keywords related to 

CRISPR/Cas and plants. After manual curation, 2,132 original English research articles with complete sgRNA 

sequences, clearly defined editing systems, target genes, species, and phenotypes were included. To expand 

coverage, data from 609 additional publications were integrated from curated databases such as GEM and 

EUSAGE, focusing on major plant species. For each record, essential metadata-including species, sgRNA and 

PAM sequences, Cas variants, target genes, and tissue or cell types were extracted and manually validated. 

Records with incomplete or ambiguous information were excluded to ensure data quality and consistency. 

 

1.2 Data processing 

PCdb employs a unified and standardized data processing pipeline to ensure high accuracy, consistency, and 

cross-study comparability of plant genome editing data. All sgRNA sequences are uniformly mapped to RefSeq 

reference genomes to precisely define on-target sites and to computationally predict potential off-target regions 

using Cas-OFFinder, which should be considered candidates for experimental validation. Each on-target and off-

target site is annotated with genomic coordinates, functional elements (e.g., coding regions, introns, and UTRs), 

epigenomic context including histone modifications, chromatin accessibility, and DNA methylation, as well as 

sgRNA efficiency and specificity scores derived from established algorithms. In addition, PCdb integrates curated 

functional annotations of target genes from the literature and links them to external resources, providing users with 

comprehensive biological and regulatory insights to support sgRNA evaluation and experimental design. 

 

2. Search by target 

2.1 Target information 

Provides gene symbol or ID, function, and a pie chart that visually represents the species distribution  

involved in gene editing studies related to this gene. 

 

 

2.2 Summary table of this gene-related sgRNAs 

Lists all sgRNAs associated with the gene in a tabular format, including sgRNA sequences, PAM sequences, the 

editing systems used, and references to related studies. And shows detailed off-target analysis for the sgRNAs, 

including off-target sequences, number of mismatches, species, and the total number of predicted off-target sites 



for each sgRNA.  

 

3. Search by genomic region 

This search approach enables a focused exploration of a particular genomic locus, helping users to evaluate 

sgRNA sequences within a defined region and assess the associated off-target risks. A table listing all sgRNAs 

located within the specified genomic region, along with their corresponding off-target sequences. Each sgRNA is 

annotated with multiple epigenetic features across different species, including ATAC-seq signal S, DNase 

sensitivity, histone modifications (H3K4me1, H3K4me3, H3K27ac), and DNA methylation levels. 

 

 

 



4 Search by species 

4.1 Target gene list for the species 

A table listing key target genes studied in the selected species, including gene names, functional annotations, and 

database entry IDs. 

 

 

4.2 Complete sgRNA information for the species 

For each sgRNA, the table provides its sequence, PAM type, genomic location, target gene information, and 

functional annotation (e.g., gene, exon, mRNA). It also reports the associated genome editing system, observed 

mutation frequency (if available), and integrated epigenomic features such as chromatin accessibility, DNA 

methylation, and histone modification signals. Together, these fields enable users to evaluate sgRNA genomic 

context, regulatory environment, and potential editing performance in a unified view. 

 



4.3 Statistics of gene editing systems and targets related to the species 

A bar chart showing the distribution of different genome editing systems used in research on this species. Word 

cloud chart of target genes in this species. The visualization helps users understand the current trends and 

technology preferences. 

 

5. Browse by source 

The ‘Browse’ page is organized as an interactive and alphanumerically sortable table that allows users to quickly 

browse samples and customize filters through ‘Species’, ‘Editing system’. Users can use the ‘Show entries’ drop-

down menu to get different numbers of records per page.  

 
To view a given sample, users only need to click on the ‘Sample ID’. The information on the sample details page 

includes the literature source and a summary of the literature. 



 

6. Analysis function 

Users can specify the number of mismatches to filter results and instantly retrieve detailed information about 

potential off-target sites, including chromosome location, mismatch count, and genomic start and end positions. 

The results are presented in a searchable, sortable table for easy interpretation. 

 
Each sgRNA using three distinct scoring systems: MIT Score, CFD Score, and CRISPRscan Score. This multi-

metric strategy provides a more robust and nuanced assessment of potential off-target effects. Unlike approaches 

that rely on a single metric, our integrated framework ensures a balanced consideration of both safety and efficacy, 

enhancing the reliability of sgRNA selection for genome editing.  



 
To further enhance the accuracy and rational design of sgRNAs, we performed a detailed nucleotide-level analysis, 

including a mutation frequency heatmap and a base frequency distribution across the first 20 bp of sgRNAs. This 

level of granularity in sequence analysis represents an innovative step beyond conventional sgRNA design 

pipelines, enabling more informed refinement of guide sequences based on both mutational trends and positional 

base preferences. 

 

7. Genome browser 

Users can view the regulatory information of off-target by using the 'Genome-Browser' page. Through useful tracks, 

users can get information including ChIP-seq, accessible chromatin regions and so on. 



 

8. Download data 

The Download section provides standardized PCdb datasets, including sgRNA collections, genome-wide off-target 

predictions, annotated genomic contexts, and summary reports. File sizes range from small single-species 

datasets to large genome-wide prediction files. All files include detailed metadata for reproducibility and proper 

attribution. Users can also export search results in multiple formats for further analysis. 

 

9. Statistics overview 

The statistical page provides a comprehensive overview of its breadth and diversity. The Species Distribution chart 

illustrates broad taxonomic coverage, with data spanning key model and crop species such as Arabidopsis thaliana, 

Oryza sativa, Zea mays, and Solanum lycopersicum. The System Distribution highlights the dominant use of Cas9, 

while also including emerging genome editing platforms such as CRISPR-Cas12, Base Editor, and Prime Editor.  



 

 
Clicking on a species image will display a summary of the data available for that species. 



 

10. Platform implementation 

The PCdb web application is deployed on a Linux-based Apache Web Server 2.4.62. The backend database 

utilizes MySQL 5.7.43 for efficient data storage and retrieval. Server-side scripting is implemented in PHP 8.3.12, 

while the frontend interface employs Bootstrap v3.3.7 and jQuery v2.1.1 for responsive design. Interactive 

visualizations are powered by ECharts framework. The database is fully compatible with major web browsers 

including Mozilla Firefox, Google Chrome, and Internet Explorer, and is freely accessible at 

https://gmo.sjtu.edu.cn/pcdb without registration requirements. 


