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BioEd Summit: Introduction to NCBI
Resources — the what and why of NCBI

E. Sally Chang, PhD
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Subtitle B—Biotechnology Information

NCBI created in 1988 7 The birth ofthe NCBI -
Public Law 100-607 | Nov. :.ﬁz\t)cx;;“

by an Act of Congress. S —

 Create public databases and accept e —

it

Reborts and Bducarion Extension Ac of 1983

submissions of primary data

» Develop tools to analyze these data(curate
data to create a quality controlled, value-
added reference datasets)

» Conduct research in computational biology

» Disseminate biomedical information

 Archive, Access and Analyze! Fabuleus
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Archive (and curate!)

» 35+ public databases

» Three main sources of data:
* Direct submissions
* Collaborations/agreements
* Internal curation (Refseq)

» Ever-increasing data is
exciting but poses challenges
for storage, access and
interpretation!

Bases
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— WGS
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1990 2000 2010 2020

Growth of Genbank: The
number of bases has
doubles every 18 months!

How much data?

We have

40+ petabytes of data

Literature

for people to access.

Largely connected by
Entrez search system!

Genomes
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ACCGSS BLAST searches of sequence databases by sequence similiarity
Making sure users can find and
obtain the data they actually need
out of all those databases...

Web BLAST

Searching of citations on PubMed

m) National Library of Medicine
Datasets command
line tool for bulk

Pubmed.gm' download of sequence AR
data and metadata T

n) datasets download genome accession GCF_008061405.48
datasets summary genome taxon ailuridae

datasets download gene accession NP_086483.3
datasets download gene symbol brcal --ortholog primates
datasets summary gene gene-id 49658

datasets

I datasets download virus gencme taxon monkeypox
| datasets summary wvirus genome accession NC_845521.2

datasets download virus protein ORF18

PubMed® comprises more than 30 million citations for
biomedical literature from MEDLINE, life science journals, and
online books. Citations may include links to full-text content

from PubMed Central and publisher web sites.
datasets rehydrate --directory my._genomes

* virus protein: restricted to download of SARS-Cov-2 proteins

How many people visit our website to access
data?

analytics.usa.gov ’ All Participating Websites

Top Domains

Now 7Days 30 Days
Visits over the fost month to domains, including troffic ta ol poges
within that domain. We only count pages with ot least 1,000 visits
in the last month. Download the full dataset.
————————————"

people on government websites now

ncbi.nim.nih.gov

pubmed.ncbi.nlm.nih.gov
—

7.2 million visitors/d y |
Illlll 28 million web page views/day
munnenos | 7,000 web page hits/second

There were 4.81 billion visits over the past 90 days. I
nasa.gov

Visits Today

m National Library of Medicine

National Center for Biotechnology Information
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An a Iyze Comparative Genome Viewer
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Conducting our own research
using the wealth of data and
empowering users to do the
same.

NLM
Scientific
Director

Biology Health
Research Research

NLM INTRAMURAL
RESEARCH PROGRAM
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Some of our 35+ interconnected databases!
NCBI Virus
é&'no‘cd VNucteotide Seguence

athogens
dbGaP ep Genome g
) Assembly U=

ClinicalTrials.gov

Genetic Testmg Clinvar

Reqistr C .
GeneReviews &; R)S NC BI d%%l\\l/gr NCB[ Nucleotide SRA
MedlchuGen%UI%sS MedGen .
renatune BioProject Gene-based
< B|oSamije

Books

>
PubMed (i%?\}lra)l ) PubMed Taxonomy
"oimay NCBI

Biochemical Protein
A - Protein
(ﬁ Somereetspyeine
PubChem
NCB'I BioAssay \N[@ o]

PubChem ¥
Compound :

Structure
m) National Library of Medicine
National Center for Biotechnology Information
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NCBI’s Information Hubs
Yucleotide Sequence NCBI Virus

C Genome

athogens
f.
NCBI
BioProject

Litenatune BioSample

(
(3 [PubMed [Taxonomy

Gene - based

NCBI _

cocthemical

G

PubCheml .
Compound

National Library of Medicine
National Center for Biotechnology Information

Hubs of Data
Great places to start!

If it gets overwhelming...we have resources!

NCBI Data Access o icapsaeorvon

4 WAYS TO ACCESS NCBI DATA |

NCBI Databases

National Library of Medicine
National Center for Biotechnology Information
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Introducing a few hubs:

Gene
Bioproject
Taxonomy
PubChem
MedGen

m National Library of Medicine

National Center for Biotechnology Information

NCBI Gene Record as a hub for exploring a gene in the news: GLP1R

Examine Sequences in an Interactive Browser Explore and Visualize Protein Structures

The Human GLP1R Gene page ;
GLP‘YH u\uﬂfun Illu:?enlldu 1 receptor [ Home sapiens (human) m

- Summany

Struc{u re—database
and iCn3D viewer

Download Sequence Data and
Pre-computed Orthologs

o Access Experimental Data

View genomic regions, S = : ; E

transcripts, products and L - .

variants, and go directly to = o

their records - T L. B B

Gene Expression
IR Hxtional Fermy of Medicis Omnibus (GEO) PABGHeen BioAssay
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Find an example Gene Record using Entrez

Search the Gene database for a gene record that:

Is related to diabetes, has associated gene expression profiles and clinical variation data from ClinVar and a MedGen record

Advanced
Specify that “diabetes” should be Filter for records with GEO gene
treated as a disease/phenotype field expression data
A |
[ i i \

diabetes [Disease/Phenotype]) AND "gene geoprofiles"[Filter])

) X .Search results
AND "gene clinvar™|[Filter]) AND "gene medgen diseases" [Filter
L

J L iltems: 1 to 20 of 189
T
I x
. ’ " . ) @ showing Current items.
Filter for genes with a ClinVar record Filter for genes with a MedGen record
Name/Gene ID  Description Location
O VEGFA vascular Chromosome 6,

ID: 7422 endothelial growth  NC_000006.12
factor A [Homo (43770211..43786487)
sapiens (human)]

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

interleukin 6 Chromosome 7,
[Homo sapiens NC_000007.14
m National Library of Medicine (human}] (22727200..22731998)
National Center for Biotschnology Information

NCBI BioProject as Hub =m0

Has an overall goal

* Collection of data PRSI o
related to a single

Sample — BioSample about the
research effort =

Multiple experiments
l’ can be run on a sampl

» A BioProject record permen: R
provides users a e
single place to find

. . Acression: SRR, ERR,DRR |
links to the diverse

-!-

sequenced

spot on an Instrument run

tbarculosis x
data types T —————

w Filters # & Downioad

© Choose Columns Page1  of242 B MW 20 v View 1 - 200f 4,835

+ Can search
B i O P roj e Cts O r, B rOWS e Accession = Project Title Organism Organism Groups Strain Data Type HasData HasPub Registration daty

=0

1 PRINAttageep (GhO)ieol ;;’EMS i Muiple T yagumcce Yos. Ne 20240725
by Attributes
u rs SP110 and
2 BRIDBIZ03 Moty RESPONES. piomo sapions. Lokarvord: Animals Tt | e No 2034.07-22
BIRD !iational Library of Medicine https://www.ncbi.nlm.nih.gov/bioproject/browse
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NCBI BioProject as a data hub

Mycobacterium tuberculosis Accession: PRJDB15809  ID: 1019517

; in ics among lineage 2 Mycobacterium tuberculosis strains in Kobe, Japan revealed by
ion-based whole-gi ing analysis

Descrl pt|0 n Tuberculosis (TB), caused by the bacterium Mycobacterium tuberculosis (Mtb), continues to remain a major health See Genome:

concem worldwide. More... Information for .
wemsen | iNKS 10
Accession PRJDB15809
related data

Data Type  Gename sequencing

3156 additional
Scope Monoisolate projects are related

1 by organism
FIDUTES  owansm  mycobacterium tuserculosis [Taxonomy 10 1772]

Bactaria;
tuberculosis complexx. Mycobacterium tuberculosis

Grants = 21K10433, Japan Society of Promotion of Science
« 22fk0108607s0302, Japan Agency for Medical Research and Development

date: 20-Sep-2023
Infectious Diseases, Kobe Institute of Health

Project Data:

sz e Nanior Links to
underlying data
oo “  and samples

BioSample 550

¥ SRA Data Details

Parameter Value
Data volume, Gbases 283
Data volume, Thytes 0.16

R eonel e e, https://ncbi.nlm.nih.gov/bioproject/1019517

NCBI Taxonomy: Home for Organism-Based data

From the organism page: Taxonomy

Browser
Learn more about the
taxonomy & link directly

v | B jock | Go |[ Clear |

Entrez records
Mycobacterium tuberculosis Database name Subtree links|| Direct links

axonomy ID: 1773 (for references in articles please use NCBItxid1773)

to organism-relevant data Nucleotide 1,462,342 1&4_04_1
Wbt Protein 12,910, 3993

ATcCa%0 c s i S431, CRCTC0L NG| Structure 3.295 1246

Zopf 1883, effective name ! Genome 6| L‘

ulosis (Zopf 1383) Lehmann and Neumann 1896 (approved Lists 19|Popset 458 43_1‘

e Conserved Domains 5 3

. R GEQO Datasets 4 ;
Search term: mycobacterium_tuberculosis[ogalz.i i conmai SLex
Search term: txid1773[orgn] Gene i
; SRA E.\:Qemnems 170 w}
‘ "M_\ru‘b-neﬁumrmberculosh var. hominis" Bergey et al. 1934, effective name & GEO Profiles 16 ﬁ}
Lineage/ full ) Pr in Clu 2.880 __‘

D o P A iy Sl Mvsshacisl dentical Protein Groups| 796,017

Notes: e

BioSamy
1) This taxonomic name has been effectively published but not validly published under the
2) emend. (emendavit): Used when the alteration of the diagnostic characters or of the circumscll| 4 ssemblv

Comments and References: Pubchem Blo_‘\ssa}'

Taxonomy

m National Library of Medicine

National Contor for Biotechnology information
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Selected taxa

Haemaphysalis longicornis (longhorned tick) & ter
Taxonomic name

v Eukaryota (eukaryotes)
v Metazoa (animals)
v Arthropoda (arthropods)
v Arachnida (arachnids)
v Ixodida (ticks)
v Ixodidae (hardbacked ticks)

v Haemaphysalis /

Haemaphysalis longicornis (Lcnghomed/ck)

New Taxonomy-Based Genome Browsing

Taxonomy landing page

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

Genomes

34,077
12,395
4,797

150

Genome table

m National Library of Medicine
National Center for Biolechnology Information

NCBI Virus

5 Quick Access to SARS-CoV-2 Data!
* Novel Severe acute respiratory syndrome coronavirus 2 RefSeq genomes, nucleotide, and protein sequences.

* View our new SARS- nteractive
* How to submit SARS-CoV-2 sequences.
= Visit our new SARS-CoV-2 Variants Overview .

NCB' Vl I'US is a community portal for viral sequence data from RefSeq, GenBank and other NCBI repositories. Ta find,
retrieve and analyze data, please select an option below.

Search by sequence
Use the NCBI BLAST™ tool to find similar
Vi,

viral nucleotide and protein sequences.

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

NlH National Library of Medicine
National Centor for Blotechnalogy information

NCBI Microbiology Data

NCBI Pathogen Detection Project

Species New Isolates  Total Isolates
Salmonella enterica 337 647,477
E.coli and Shigella 34 400,070
Campylobacter jejuni 151 124,460
Listeria monocytogenes 6 68,173

See more organisms...

https://www.ncbi.nlm.nih.gov/pathogens/
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PubChem as a Hub

* Small molecules

 Larger molecules
* Nucleotides
» Carbohydrates
* Lipids
* Peptides
Chemically-modified macromolecules

» World's largest collection of freely
accessible chemical information

Pub@hem

National Library of Medicine

National Center for Biotechnology Information

NI

Pub@hem

Explore Chemistry

Quickly find chemical information from authoritative
sources

Try covid-19 aspirin EGFR C9H8O4
D Use Entrez

) -

-

5 = £s

Draw Structure Upload ID List Browse Data Periodic Table

112[\/' Compounds 871 Data Sources

Compund Page Result — links to lots of data!

CONTENTS
Title and Summary
1 Structures

2 Names and Identifiers

Aspirin

3 Chemical and Physical Properties -

4 Spectral Information

PubChem CID 2244

Structure % %
Lol D

Crystal

Find Similar Structures

Chemical Safety :

Irritant

Molecular Formula CgHgO4 or CH3COOCgHACOOH

Laboratory Chemical Safety Summary (LCSS) Datasheet

5 Related Records v
6 Chemical Vendors

7 Drug and Medication Information

8 Pharmacology and Biochemistry v
9 Use and Manufacturing

10 Identification v
11 Safety and Hazards

12 Toxicity

13 Associated Disorders and
Diseases

14 Literature

15 Patents

https://pubchem.ncbi.nlm.nih.gov/compound/Aspirin

National Library of Medicine
National Center for Biotechnology Information
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MedGen: Hub for Clinical Info

Achondroplasia (AcH)

MedGen UID: 1282 - Concept ID: C0001080 + Congenital Abnormality
Synonyms:
SNOMED CT:

ACH; Achondroplastic dwarfism

congenita (86268005); Congenital osteosclerosis (86268005); Achondroplastic dwarfism (86268005)
Modes of inheritance: Aulosomal dominant inheritance (Orphanet)

Gene (location): @ rcrr3 (4p16.3)

Monarch Initiative: MONDO:0007037
oMIM®: 100800
Orphanet: ORPHA15

GTR MeSH Orphanet

Clinical test, () Research test, [l OMIM, [ GeneReviews, [ ClinVar

o]V

* Achondroplasia

Table of contents

Disease characteristics

Additional descriptions

Achondroplasia (86268005); Chondrodystrophia fetalis (86268005); Achondroplastic dwarf (86268005); Osteosclerosis

Clinical features
Term Hierarchy
Professional guidelines
Recent clinical studies

Recent systematic reviews

(m] g& 000142 5(FGFR3).c.89G>

A (p.Arg30His)

Human tests Laboratories
(114) )

m National Library of Medicine

National Center for Biotechnology Information

(J NM 000142 5(FGFR3):c.797T>
C (p.Val266Ala)

FGFR3 Single nucleotide variant
(R30H) (missense variant +1 mare)
FGFR3 Single nucleotide variant
(V266A) (missense variant +1 more)

https://www.ncbi.nlm.nih.gov/medgen/1289

NCB[

BioProject
BioSample

Taxonomy

PubChem
30mpound|

m National Library of Medicine

National Center for Biotechnology Information

Those are just a few examples!
g&mmz %WSW

NCBI Virus

athogens
a*&‘

Gene - based

Hubs of Data
Great places to start!

11
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Our role! Workshops & Codeathons

RECRUITMENT, SELECTION & PARTICIPATION
18,233 people applied from 138 countries

7,369 applicants were accepted from 120 countries
3,989 people participated from 99 countries

O O
P

SELECTED EDUCATIONAL EVENTS

WORKSHOPS: Clinical Genetics ¢ Pathogen Genome Analysis * Primer Design
Human Genetic Variation Analysis * Data Management ¢« Metagenomic Analysis Model
Organism Genomics ¢ Chemical & Drug Discovery ¢ Literature Mining

Sequence & Structure Visualization « Bioinformatics/Data Science * Federal Granting
and more...

Countries of our event participants * #

CODEATHONS: Petabyte-Scale Sequence Search ¢ Population Genomics VCF Analysis
Genomic Variant Analysis & Visualization * PubMed Search Results
Representation to name just a few...

https://ncbiinsights.nchi.nlm.nih.gov/ncbi-outreach-events/

* What knowledge/skill do they have?

e * What do they need to be able to do?

audience

A teaser on our
curriculum
development process
— learn a lot more
tomorrow!

« Explore a few real-world case studies!
« Identify tasks and common workflows

- Find sources of data and useful tools
for analysis
« Identify a "hub” to explore for linked

Map tasks to data

NCBI resources

+ Based on a case study'sa workflow
story, identify a starting point & map to
gather relevant data

+ Validate the case study

Design the
exercise

m National Library of Medicine

National Center for Biotechnology Information

August 5, 2024
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To find out more:

» Check out our Outreach page for
upcoming events: Our past events
provide a link to all workshop materials
including video recordings!

* Check out the fliers we shared

* Resource specialist meeting this
afternoon!

Accessing NCBI Biology Resources ™™
Using EDirect for Command Line
Novices

ional Library of Medicine
Nation: fon

nter for Biotechnology Informati
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