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HOUSEKEEPING

• We have muted everyone when entering. Please stay on mute unless you are 

asking a question. 

• There will be a Q&A session at the end of the presentation.  You can also ask 

questions using the Chat function, which we can address during the Q&A 

session. 

• This webinar is being recorded.  



SEQUENCING AND BIOINFORMATICS CONSORTIUM

WHO ARE WE?

• Part of Vice President of Research and Innovation (VPRI)

• Associate Director: Diane Miller

• Research Manager: Sunita Sinha

• Bioinformatics Specialist: Christine Yanta

• Bioinformatics Team: Lenneth Li

• Lab team: Shir Yi Toh and Alisha Goodbla

WHERE ARE WE?

• Pharmaceutical Sciences Building, UBC

• Corner of Wesbrook Mall and Agronomy Road

• Storefront on 3rd floor

• Labs and sequencers on 6th floor



SEQUENCING AND BIOINFORMATICS CONSORTIUM

WHAT WE DO:
• Sample QC

• Input material quality

• Quantification 

• Purification

• Sequencing

• Sanger

• Next generation (Illumina, Pacbio)

• Genotyping: microsatellite, AFLP, SNP

• Cell line authentication

• Data analysis / Bioinformatics

• Storefront: Qiagen Biobar

• Customisation

• Varied input materials

• Custom protocols

• Troubleshooting

• User training



SEQUENCING AND BIOINFORMATICS CONSORTIUM

REACH OUT TO US:

• Website: https://sequencing.ubc.ca/about-consortium/contact-us

• Email: sequencing.centre@ubc.ca

• Consultation booking: https://sequencing.ubc.ca/virtual-office-hours

https://sequencing.ubc.ca/about-consortium/contact-us
mailto:sequencing.centre@ubc.ca
https://sequencing.ubc.ca/virtual-office-hours


INTRODUCTION TO NCBI



NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION (NCBI)

• Developed by the US government at the National 

Institutes of Health (NIH)

• Established for better informational processing 

methods for the vast amount of data being 

generated

• Comprehensive website for biologists:

➢ Biology-related databases

➢ Tools to view and analyze data

https://www.ncbi.nlm.nih.gov/

https://www.ncbi.nlm.nih.gov/
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INTERNATIONAL NUCLEOTIDE SEQUENCE DATABASE 
COLLABORATION (INSDC)

GenBank

DDBJ
DNA Data 

Bank of Japan

ENA
European Nucleotide 

Archive

https://www.insdc.org/

https://www.insdc.org/


NCBI RESOURCES - DATABASES

NCBI maintains over 40 databases, divided into 6 main categories:

1. Literature

• PubMed, PubMed Central, NLM Catalog, Bookshelf, MeSH

2. Genes

• GEO Profiles, Gene, GEO DataSets, PopSet, HomoloGene

3. Proteins

• Protein, Identical Protein Groups, Protein Clusters, Structure, Protein Family Models, 

Conserved Domains

4. Genomes

• Nucleotide, BioSample, SRA, Taxonomy, Assembly, BioProject, Genome, BioCollections

5. Clinical

• dbSNP, dbVar, ClinVar, ClinicalTrials.gov, MedGen, GTR, dbGaP

6. Chemicals

• PubChem Substance, PubChem Compound, PubChem BioAssay, BioSystems



NCBI RESOURCES
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NCBI RESOURCES - TOOLS

NCBI hosts a variety of tools to analyze the datasets:

1. Literature
• LinkOut, PubMed Clinical Queries

2. Genes
• BLAST, Digital Differential Display, ORF Finder, Primer-Blast, Sequence Viewer, etc.

3. Proteins
• Amino Acid Explorer, BLAST, CDTree, Cn3D, COBALT, Related Structures, etc.

4. Genomes
• Genome Data Viewer, Assembly Archive, BLAST, e-PCR, Genome Workbench, ProSplign, 

VecScreen, Viral Genotyping Tool, etc.

5. Clinical
• PheGenI

6. Chemicals
• BioAssay Services, PubChem Standardization Service, PubChem Structure Search



• NCBI maintains ~40 databases, divided into 6 main categories

• NCBI hosts a variety of tools to analyze the datasets:

1. Literature

2. Genes

3. Proteins

4. Genomes

5. Clinical

6. Chemicals

NCBI RESOURCES



DATABASES



NCBI DATABASES

Database

• organized collection of structured information

Two types of databases on NCBI

1. Archival

➢ Redundant (may have many sequence records per gene/protein/genome)

➢ Submitter maintains record

➢ No controlled vocabulary, variation in annotation of biological features



NCBI’S ARCHIVAL DATABASE - GENBANK

GenBank

• Genetic sequence database, provide access to most-up-to-date and comprehensive annotated 

collection of all publicly available DNA sequences 

• No restrictions on the user

https://www.ncbi.nlm.nih.gov/genbank/

https://www.ncbi.nlm.nih.gov/genbank/


GENBANK FLAT FILE FORMAT

https://www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html#DefinitionB

.
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NCBI DATABASES

Database 

• organized collection of structured information

Two types of databases on NCBI

1. Archival

➢ Redundant (may have many sequence records per gene/protein/genome)

➢ Submitter maintains record

➢ No controlled vocabulary, variation in annotation of biological features

2. Curated

➢ Non-redundant (only one record for each gene/protein/genome)

➢ Encapsulates current understanding

➢ Maintained by expert(s)



REFSEQ

Uses of Refseq

➢Serves as the basis for medical, functional, and diversity studies

➢ It provides a stable reference for gene identification and characterization.

➢Mutation analysis, expression studies, polymorphism discovery, and comparative analyses.

➢ RefSeq Accession numbers:
• Genomic DNA

• NC_123456 - complete genome, complete chromosome, complete plasmid

• NG_123456 - genomic region

• NT_123456 - genomic contig

• mRNA - NM_123456

• Protein - NP_123456

• Gene and protein models from genome annotation projects:

• XM_123456 - mRNA

• XR_123456 - RNA (non-coding transcripts)

• XP_123456 - protein

https://www.ncbi.nlm.nih.gov/refseq/

https://www.ncbi.nlm.nih.gov/refseq/


NCBI DATABASES

1. Gene: 
• Gene sequences and annotations used as references for the study of orthologs 

structure, expression, and evolution

2. Protein:
• Protein sequences, 3-D structures, and tools for the study of functional protein domains 

and active sites

3. Genome:
• Genome sequence assemblies, large-scale functional genomics data, and source 

biological samples

4. Clinical:
• Heritable DNA variations, associations with human pathologies, and clinical diagnostics 

and treatments











GENBANK RECORD



FASTA FILE

• Used for storing 

sequence reads 

only

• Mostly used for 

reference data

• Different than FastQ files (detailed explanation in previous workshop)

• Contains read quality



SEQUENCE VIEWER





NCBI DATABASES

1. Gene: 
• Gene sequences and annotations used as references for the study of orthologs 

structure, expression, and evolution

2. Protein:
• Protein sequences, 3-D structures, and tools for the study of functional protein 

domains and active sites

3. Genome:
• Genome sequence assemblies, large-scale functional genomics data, and source 

biological samples

4. Clinical:
• Heritable DNA variations, associations with human pathologies, and clinical diagnostics 

and treatments











PROTEIN FASTA FILE





ICN3D

• Web-based protein structure viewer that is interactive 





NCBI DATABASES

1. Gene: 
• Gene sequences and annotations used as references for the study of orthologs 

structure, expression, and evolution

2. Protein:
• Protein sequences, 3-D structures, and tools for the study of functional protein domains 

and active sites

3. Genome:
• Genome sequence assemblies, large-scale functional genomics data, and source 

biological samples

4. Clinical:
• Heritable DNA variations, associations with human pathologies, and clinical diagnostics 

and treatments









SEQUENCE FEATURES AND ANNOTATION FILE

Fields Description

Sequence name The name of the sequence (Commonly chromosome ID or contig ID)

Source indicating where the annotations came from (commonly predicted program or public database)

Feature "CDS", "start_codon", "stop_codon"

Start Integer start coordinates of the feature

End Integer end coordinates of the feature

Score indicates a degree of confidence in the feature's existence and coordinates

Strand
Single character that indicates the strand of the feature; it can assume the values of "+" 

(positive, or 5'->3'), "-", (negative, or 3'->5'), "." (undetermined).

Frame it can be either one of 0, 1, 2 (for CDS features) or "." (for everything else).

Attribute All the other information pertaining to this feature.

GFF3 – General Feature Format or Gene Finding Format

GTF – Gene Transfer Format 

• Both are TAB-separated text files



GTF AND GFF3 GENERAL STRUCTURE

Sequence 
name

Source

Feature

Start

End

Score

Strand

Frame Attributes



BIOPROJECTS AND BIOSAMPLES

Bioprojects https://www.ncbi.nlm.nih.gov/bioproject/

• a collection of biological data related to a single initiative, originating from a single organization 

or from a consortium

• a single place to find all data generated for that specific project

• “the raw data”

Biosamples https://www.ncbi.nlm.nih.gov/biosample/

• contains descriptions of biological source materials used in experimental assays

• “the metadata”

https://www.ncbi.nlm.nih.gov/bioproject/
https://www.ncbi.nlm.nih.gov/biosample/


SEQUENCE READ ARCHIVE (SRA)

• the largest publicly available repository of high throughput sequencing data

• stores raw sequencing data and alignment information

• accepts data from all kinds of sequencing projects

https://www.ncbi.nlm.nih.gov/sra

https://www.ncbi.nlm.nih.gov/sra


NCBI DATABASES

1. Gene: 
• Gene sequences and annotations used as references for the study of orthologs 

structure, expression, and evolution

2. Protein:
• Protein sequences, 3-D structures, and tools for the study of functional protein domains 

and active sites

3. Genome:
• Genome sequence assemblies, large-scale functional genomics data, and source 

biological samples

4. Clinical:
• Heritable DNA variations, associations with human pathologies, and clinical 

diagnostics and treatments



CLINICAL



DBSNP

• human SNP (single nucleotide variations)

• microsatellites

• small-scale insertions and deletions along with publication

• population frequency

• genomic and RefSeq mapping information for both common variations and clinical mutations

https://www.ncbi.nlm.nih.gov/snp/

https://www.ncbi.nlm.nih.gov/snp/


NCBI TOOLS



Overview:

• One of the most widely used sequence similarity search tool

• It provides non-change similarities between biological sequences (DNA, RNA, 

protein…)

Purpose:

• The original purpose of BLAST is to study the homology sequences that are descended 

from a common ancestor

• Today people run BLAST to simply identify and annotate the sequences (e.g. possible 

contamination)

Different types of BLAST:

• BlastN – nucleotide to nucleotide

• BlastP– protein to protein

• BlastX – translated nucleotide to protein

BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

• TBlastN – protein to translated nucleotide

• TBlastX– translated nucleotide to translated 

nucleotide

https://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo_BLASTGuide.pdf

https://blast.ncbi.nlm.nih.gov/Blast.cgi

https://ftp.ncbi.nlm.nih.gov/pub/factsheets/HowTo_BLASTGuide.pdf
https://blast.ncbi.nlm.nih.gov/Blast.cgi




BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

Input:

• Sequence of interest (FASTA format, or accession #)

• Reference database



BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

Query Coverage:

• the % of the sequence length (query) that aligns with the NCBI hit (subject)

• less query coverage % = less alignment



BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

E value (expect value):  

• The number of alignment hits one would “expect” to see by chance against a particular database

• Ranges from zero to the size of the reference database

• Lower e-value = more signficant



BASIC LOCAL ALIGNMENT SEARCH TOOL (BLAST)

Percent Identity:

• the % of bases in the query that are identical to the subject

• However, low % identity still could be a real hit

• Need to take the E value and query coverage into account to draw conclusion



PRIMER-BLAST

• Allows users to design new target-specific PCR primers or check primer specificity

https://www.ncbi.nlm.nih.gov/tools/primer-blast/

https://www.ncbi.nlm.nih.gov/tools/primer-blast/


DATA SUBMISSION TO NCBI



WHERE TO ACCESS SUBMITTED DATA FROM PUBLICATIONS

• Publications should have a data availability section (or similar) to reference where the sequence 

information was deposited

• Search NCBI based on the unique identifiers given



WHERE TO ACCESS SUBMITTED DATA FROM PUBLICATIONS



WHERE TO SUBMIT DATA FOR YOUR PUBLICATION

Most journals require DNA and amino acid sequences to be submitted to a public sequence 

repository

When you submit a sequence to GenBank, you will be provided an accession number to be 

included in your manuscript

Several options for preparing and submitting data to GenBank:

1. Web-based submission tools:

• Submission Portal

• BankIT

2. Submission preparation tools:

• Table2asn

• Genome Workbench



WEB-BASED SUBMISSION TOOLS

Submission Portal (https://submit.ncbi.nlm.nih.gov/ )

• Has specialized wizards for specific data types to streamline the submission procession

• SARS CoV-2, Influenza, Norovirus, Dengue

• Prokaryotic rRNA

• Organellar rRNA

• Eukaryotic rRNA-ITS

• Metazoan COX1

• Has other wizards for submitting:

• Large genomes (Genomes-WGS)

• Transcriptomes (TSA)

• RNA-Seq, Chip-Seq, other gene expression and epigenomic datasets (GEO)

• Raw sequence reads (SRA)

https://submit.ncbi.nlm.nih.gov/


WEB-BASED SUBMISSION TOOLS

BankIT (https://www.ncbi.nlm.nih.gov/WebSub/ )

• Can be used to submit most types of data:

• mRNA or genomic DNA

• Nuclear or organellar sequences

• Single genes

• Complete plasmids/organelles

https://www.ncbi.nlm.nih.gov/WebSub/


WHERE TO SUBMIT DATA FOR YOUR PUBLICATION

• Most journals require DNA and amino acid sequences to be submitted to a public sequence 

repository

• When you submit a sequence to GenBank, you will be provided an accession number to be 

included in your manuscript

• Several options for preparing and submitting data to GenBank:

1. Web-based submission tools:

• BankIt

• Submission Portal

2. Submission preparation tools:

• Table2asn – command-line program to create sequence records

• Genome Workbench



GENOME WORKBENCH
• Genome Workbench offers a set of integrated tools for studying and analyzing genetic data

https://www.ncbi.nlm.nih.gov/tools/gbench/

https://www.ncbi.nlm.nih.gov/tools/gbench/


https://www.youtube.com/watch?v=fnpf9PVAS1w&ab_channel=NationalLibraryofMedicine



https://www.youtube.com/watch?v=fnpf9PVAS1w&ab_channel=NationalLibraryofMedicine



FINAL REMARKS

• NCBI is a powerful resource for biologists

• There are ~40 databases and many tools available to analyze the data

• This webinar barely scratched the surface!

• Ensure you know what data you are using for your research, keeping track of details for 

reproducibility (ie. accession numbers, versions)

• When submitting to NCBI, ensure your data is accurate!



QUESTIONS?




