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Global Next-Generation Biomanufacturing Market  Global Biopharmaceuticals Market
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USD 21,333.7 Million

cast to grow at a CAGR of 14.85%

Market forecast to grow at a CAGR of 13.4%
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Translating big data into big discoveries
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EZEEREYRAEEH GenBank (1982), SRA, GEO, RefSeq,

ESES National Center for Biotechnology 1988 HomoloGene, dbSNP, dbVar, ClinVar, CDD,
NCBI Information Protein Clusters, PubMed/PMC, BLAST,
www.ncbi.nim.nih.gov Entrez, OMIM, Taxonomy
YW RN S BT ENA (1982), EVA, Ensembl, UniProt, InAct,
EMBL- European Bioinformatics Institute 1994 Expression Atlas, Rfam, Pfam, GWAS
EBI www.ebi.ac.uk Catalog, Europe PMC, EBI Search
A HZ<DNAZSHERE
DNA Data Bank of Japan 1986 DDBJ, DRA, GEA, JGA
DDBJ o .
www.ddbj.nig.ac.jp
R ExREVEEFL GSA, GenBase, GWH, GVM, GEN,
CNCB- China National Center for Bioinformation 2019 MethBank, GWAS Atlas, EWAS Atlas, TWAS
NGDC National Genomics Data Center Atlas, NONCODE, PGG, LncBook, IC4R,

ngdc.cncb.ac.cn iIDog, Database Commons, BIG Search
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The International Nucleotide Sequence Database Collaboration (INSDC) consists
of a joint effort to collect and disseminate databases containing DNA and RNA
seqguences. It involves the following computerized databases: DNA Data Bank of
Japan (Japan), GenBank (USA) and the European Nucleotide Archive (UK).

http://www.insdc.org
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Distribution of Materials and Data

One of the terms and conditions of publishing with Cell Press is that authors be willing to distribute any materials and
protocols used in the published experiments to qualified researchers for their own use. Materials include but are not limited
to cells, DNA, antibodies, reagents, organisms, and mouse strains or, if necessary, the relevant ES cells. These must be
made available with minimal restrictions and in a timely manner, but it is acceptable to request reasonable payment to cover
the cost of maintenance and transport of materials. If there are restrictions to the availability of any materials, data, or
information, these must be disclosed in the cover letter and in the STAR Methods section of the manuscript at the time of
submission.

Data sets must be made freely available to readers from the date of publication and must be provided to editors and peer
reviewers at submission for the purposes of evaluating the manuscript. In addition, we offer the opportunity for authors to
make underlying data not included in the paper itself or deposited in a database available to the scientific community by
posting them on Mendeley Data and then including a link in the published paper. For more detailed instructions, click here.

For the following types of data, submission of the full data set to a community-endorsed, public repository is mandatory.
Accession numbers must be provided in the paper (see "Database Linking" below for specific formatting instructions).
Examples of appropriate public repositories are listed below.

DMNA and Protein Seguences

Protein Sequences: Uniprot

DNA and RNA Sequences: Genbank/European Nucleotide Archive (ENAYDDBJ, Protein DataBank, UniProt

DNA Sequencing Data (traces and short reads). NCBI Trace and Short-Read Archive, ENA's Sequence Read Archive

Deep Sequencing Data: Deposit in GEO or ArrayExpress upon submission to the journal

The sequences of all RNAI, antisense, and morpholino probes must be included in the paper or deposited in a public
database with the accession number provided in the paper.
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Congressional Record

th
PROCEEDINGS AND DEBATES OF THE 113 CONGRESS, FIRST SESSION

WASHINGTON, MONDAY, OCTOBER 28, 2013 No. 151

Senate

NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION ANNIVERSARY

Mr. CARDIN. Mr. President, I rise to recog-

mm the 25th mmvmary of the National Center for

i NCBI—part of the
NnnonllebnryofMedu:melllhe" ional I

of medical progress. TbefomlghtofCongxmm
blishing the NCBI, d with
tive leadership of Director Dr. Duvulhpmmlnd!hg

ofHealth, A institu.

perti: ofthaagemysdedlcmdmﬂ'huledw

tion in Bethesda, MD.
The late Senator Claude Pepper, for whom amajor
bulldmgontheNIHcampuslsmmed.mthoredsm
laws i -ON'IH In
1987 whxleaMembewfmchmcm p

the ofan i for
molecular biology information. In June of this year,
Dr. Lipman was honored by the White House with
the “Open Science” Champions of Change Award
for his work at NCBI. By organizing and integrating

and chairman of the Select Committee on Aging’s
Subcommittee on Health and Long-Term Care, Pepper
introduced H.R. 393, the National Biotechnology
Infc ion Act, which established the NCBL. At a
March 1987 hearing on H.R. 393, Pepper explained
that “‘we are dealing with nothing less than the mystery
of human life and the unfolding scroll of knowledge,
seeking to penetrate that mystery, which is life itself.”
He noled that his bill was intended “w fncﬂllale the

ic data for developing diagnostic and clini-

cal applications, the Center serves as a bridge from

research to the medical community. Each day, more

than 3 nnlhonum:ncceuNCBls@mtu‘lmked
and t bases and d

mornhanmmby(esot'dnu.

d that Congress h:

ﬁmdmg for the NCBI overthe past 25 years. Recently,
by requiring that the results of NIH-funded research
be made public through the Center’s PubMed Central

ofad
tion systcms that will make it possnble for the vm

Database, Congress has opened to everyone the full
th of Pubhshed Jjournal lmcle: that are essential to

expanding knowledge of the gene to be
into a computer system and made available for dis-

g scientific h and public health.
Thebwmedxulmsemhﬁmdedbythemﬂ

tribution to researchers and to people Ily all
over the World.”

Soon thereafter, Congress embraced the impor-
tance of the biotechnology field, gnized the
pressing need to harness the large volume of data
emanating from the genetic revolution in science, and
endorsed the establishment of NCBI to manage this
valuable resource for the benefit of human health. With
strong bipartisan support in Congress, Pepper’s bill
was ennc(ed as part of Senator Ted Kennedy’s com-

the Health Omnit
Progrnms of 1988 on November 4 1988.

provid lmowledge ial to oomb-( debiliming
di and i this h is d

on the resources and tools that NCBI has dcveloped
so successfully for the benefit of the biomedical
community. As NIH Director Francis Colhns hls
noted, we are ing an era of p it

in which a patient’s genetic mukeup may determine
the exact treatment that is provided. Surely, the NCBI
databases and tools will be needed on the front lines
of this new effort,

fnn'nm- i Iukmy

1 tojoin lating Dr. Lip

Today, b
genomic and genetic knowledge is a mnjor driver

the i -«m-ofNCBI whnthmughthurskil!

and visionh this uniq

EEBAFE T NCBIKTISHF

NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION

National Library of Medicine
National Institutes of Health

August 1997

Vice President Launches PubMed, Lauds Free MEDLINE Access

L EDLINE...will henceforth

be available free to the
American people.” With those
words, Vice President Al Gore
inaugurated the PubMed search
system at a Capitol Hill press
conference on June 26. PubMed,
which provides Web access to the
National Library of Medicine's
(NLM) database of the biomedical
journal literature, MEDLINE, was
heralded by Senator Tom Harkin
(IA) as “...the model of a smart,
creative government initiative.”
The Vice President viewed free
access to MEDLINE as consistent
with the Clinton administration’s

2w i
irw, Uil oy

NCBI Director David Lipman (!
PubMed. NIH Director Harold
look on.

other “empowerment” initiatives
stating, “This development...may
do more to reform and improve the
quality of health care in the United
States than anything else we've
done in a long time.”

Searching PubMed

PubMed grew out of NCBI's Entrez
project which, since 1992, has
offered a subset of MEDLINE
records related to molecular
biology. In addition to encompas-
sing all of MEDLINE and
PreMEDLINE, PubMed retains
Entrez’s ability to use one article
as a “seed” to find other similar

he searches
far left) coaches Vice President Gore (seated) as
Varmus (center) and NLM Director Donald Lindberg (far right)

articles. By traversing the See
Related Articles’ links, a user can
find articles similar in concept with
speed and precision. PubMed
expands upon Entrez by linking
MEDLINE articles to full-text Web
sites maintained by publishers.
Currently, 95 journals are linked
to PubMed, including Cell, Journal
of Biological Chemistry, Journal
of Cell Biology, New England
Journal of Medicine, and Science.
Access to publishers” Web sites
may require subscriptions or
registration.

PubMed Options

PubMed offers the option to search
MEDLINE or any of NCBI's mo-
lecular biology databases. Users
can select from a variety of search
fields, including but not limited to:
text words, author names, and jour-
nal titles. A MEDLINE citation for
which there is a corresponding on-
line, full-text article will have a
button at the top of the abstract
page that links to the publisher's
Web site. Additional links point to

Continued on page 2

|
IN This Issue

PubMed Launched
Using Sequin ...
Structure Neighbors .
NCBI Data by FTP
OREF Finder ...
Electronic PCR
Recent Publications
| CGAP Revolutionizes R
Frequently Asked Questions .......

1988¢E, EEELEREINCEI

1997£F, EEREISHIREENPubMed
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GenBank
RefSeq
SRA

dbSNP
dbGap
dbVar
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Taxonomy
PubMed
BLAST
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1982
1986
2007

1999
2006
2009

1966
1991
1996
1990

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

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

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

https://www.ncbi.nIm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/gap/
https://www.ncbi.nlm.nih.gov/dbvar/

https://www.omim.org
https://www.ncbi.nlm.nih.gov/taxonomy

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

https://blast.ncbi.nim.nih.gov/

26 26


https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/refseq/
https://www.ncbi.nlm.nih.gov/Traces/sra/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/gap/
https://www.ncbi.nlm.nih.gov/dbvar/
https://www.omim.org/
https://www.ncbi.nlm.nih.gov/taxonomy
https://www.ncbi.nlm.nih.gov/pubmed/
https://blast.ncbi.nlm.nih.gov/

o BLEFFAIAIEREGenBank FALIEC

m National Library of Medicine

National Center for Biotechnology Information

GenBank : > E"""ﬂ" ANHBE
[Nucleotlde ] | ¢ ﬁ*gﬂé =
GenBank ¥ = Submit ¥ = Genomes ¥ = WGS ¥ Metagenomes ¥ =TPA ¥ TSA ¥ INSDC ¥ Documentation ¥ started in 1982 by

Walter Goad (nuclear

GenBank Overview physicist) at Los

What is GenBank? Alamos National
GenBank ® is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids Laborato I’y
Research, 2013 Jan;41(D1):D36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration, which comprises (established in 1943)

the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange
data on a daily basis.

- . _ alh £k Hty
A GenBank release occurs every two months and is available from the ftp site. The release notes for the current version of GenBank L4 % -g-_*

provide detailed information about the release and notifications of upcoming changes to GenBank. Release notes for previous GenBank |
releases are also available. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from Re ease 2611 ‘] une

each release. 2024

An annotated sample GenBank record for a Saccharomyces cerevisiae gene demonstrates many of the features of the GenBank flat file
format.

GenBankiZ & EF B AT ] A BRI E B FYIFIERRF o
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GenBank: ~3.381{Zbp GenBank: ~2.16{Z%
WGS: ~27F{gbp WGS: ~12.07{2%%
Bases Sequences
1E+14 1E+10
1.E+12 /
1E+08
1.E+10
1E+06
1E+08
E406 1E+04
1.E+04 1E+02
1982 1988 1994 2000 2006 2012 2018 2024 1982 1988 1994 2000 2006 2012 2018 2024
——GenBank —WGS —GenBank ——WGS

https://www.ncbi.nlm.nih.gov/genbank/statistics/ 28 28
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Nucleotide Nucleotide |4 HBB
Create alert Advanced Help
Specles Summary ~ 20 per page ~ Sort by Default order %%ﬁ?ﬁfﬁj nd to: =~  Filters: Manage Filters
Animals (7,179) —
Plam_ﬁ (90) Results by taxon =
Fungi (904)
Protists (427) Top Organisms [Tree] .
Bacteria (430) Homo sapiens (1750} <[ #ﬂ]*ﬁpﬂ;}}: }
Archaea (214) GENE Was this helpful? ol g Chlorocebus sabaeus (952)
Viruses (82) Peromyscus maniculatus (456}

synthetic construct (372)

Customize ... HBB — hemoglobin subunit beta E"Ejﬁi% Saimo salar (327)
[ %&T)Eg'éﬂ ]\ Molacul Homo sapiens (human) HIHZ5 Mus musculus (255)

t Pan troglodytes (147
ypas ) Processed peptides: LVV-hemorphin-7, Spinorphin Mycdesgglaﬁlus (1 ég}

genomic . .
DNA/RNA (5,539) Also known as: CD113t-C, ECYTE, beta-globin orreliella burgdorferi (7134)
MRNA (4,241) GenelD: 3043 *E?é%ﬁht ser cygnoides (127)

as georgica (174)

Customize ... . :

RefSeq transcripts (1)  RefSeq proteins (1)  RefSegGene (2) PubMed Papio anubis (104)
Source (756) uncultured bacterium (89)
databases Troglodytes asdon (85)
INSDC (GenBank) Orthologs Genome Browser BLAST Download Parus minor (85)

(7.984) anhnlr!etta slpeculan'cides {81}
Hepatitis B virus (80)

235;;-22;25] Anas flavirostris flavirostris (70)
8 Anas flavirostris oxyptera (70)

5 RefSeq Sequences + Bradypus variegatus (63)

T::: e a=eq All other taxa (5201)

Less...

A e
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National Center for Biotechnology Information

National Library of Medicine

RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,

transcript, and protein.

A She é_%% Using RefSeq RefSeq Access RefSeq projects
2
= About RefSeq NCBI Datasets Consensus CDS (CCDS) Q’H;B' ﬁE_’, ,%5 U
E QH Human Reference Genome RefSeq FTP RefSeq Functional Elements
—

Prokaryotic RefSeq Genomes RefSeq genomes FTP RefSeqGene

FAQ Searching_for RefSeq records (Queries) Targeted Loci
NCBI Handbook NCBI Virus IjJ 7-514:
Factsheet RefSeq Select

MANE

Announcements Related Links Feedback & Credits

\IIS é
?E ;E May 10, 2024 Gene Publications and Citing RefSeq

_|_1 RefSeq Release 224 is available for FTP Genome Data Viewer Contact RefSeq Help Desk
-L | mm PRI} This release includes:

Proteins: 324,246,652

Transcripts: 62,348,147

Organisms: 150,742

Available at:  ftp://ftp.ncbi.nlm.nih.gov/refseq/release/
Documentatioriielease Notes

Eukaryotic Genome Annotation Submit a GeneRIF

Prokaryotic Genome Annotation Collaborators

See previous announcements, follow NCBI on Twitter, or
subscribe to NCBI's refseg-announce mail list to receive
announcements.
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Advanced

GenBank -

Homo sapiens hemoglobin subunit beta (HBB), mRNA

NCBI Reference Sequence: NM_000518.5 Jﬁl =
FASTA  Graphics i Refseqéﬂﬂ =

LOCUs NM_ 000518 628 bp mRNA linear PRI 21-JAN-2020
DEFINITION Homo sapiens hemoglobin subunit beta (HBB), mRNA.
ACCESSION NM 000518

VERSION NM 000518.5
KEYWORDS RefSeq; MANE Select. H-\
SOURCE Homo sapiens (human) I’ l |7|<

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 1 to 628)

AUTHORS Qadah T and Jamal MS.

TITLE Computational Analysis of Protein Structure Changes as a Result of
Nondeletion Insertion Mutations in Human beta-Globin Gene Suggests
Possible Cause of beta-Thalassemia

JOURNAL Biomed Res Int 2019, 9210841 (2019)

PUBMED 31275994

REMARK GeneRIF: an attempt was made to investigate nondeletion mutations

in the HBB.

Publication Status: Online-Only
REFERENCE 2 (bases 1 to 628) Q I#I*1|:|Il_l\

AUTHORS Xiong H and Chen S.

TITLE First Description of Hb San Diego (HBB: ¢.328G>A) in a Chinese
Family with Congenital Erythrocytcsis

JOURNAL  Hemoglobin 43 (2), 126-128 (2019)

PUBMED 31304856

REMARK GeneRIF: identified a heterczygous beta-globin gene (Hb San Diego
or HBB: ¢.328G>A) in exon 3 as a causative germline mutation in a
Chinese family with congenital erythrocytosis.

exon

ORIGIN

1

61
121
181
241
301
361
421
481
541
601

acatttgett
tgactcoctga
ttggtggtga
agtecctttgg
atggcaagaa
gecacctttge
tcaggcteet
ccccaccagt
acaagtatca
ctaagtccaa
taataaaaaa

https://www.ncbi.nlm.nih.gov/nuccore/NM 000518.5

UniProtKB/Swiss-Prot (P68871.2); other site"”

483..488

/gene="HBB"

/gene_synonym="beta-globin; CD113t-C; ECYT6"
/experiment="experimental evidence, no additional details
recorded”

/note="(Microbial infection) Cleavage, by N.americanus
apr-2. {EC0:0000269|PubMed:12552433}; propagated from
UniProtKB/Swiss-Prot (P68871.2); other site"

483..485

/gene="HBB"

/gene_synonym="beta-globin; CD113t-C; ECYT6&"
/experiment="experimental evidence, no additional details
recorded”

/note="N-linked (Glc) (glycation) lysine, alternate.
{EC0O:0000269|PubMed:7358733}; propagated from
UniProtKB/Swiss-Prot (P68871.2); glycosylation site"
483..485

/gene="HBB"

/gene_synonym="beta-globin; CD113t-C; ECYT6"
/experiment="experimental evidence, no additional details
recorded”

/note="N6-acetyllysine, alternate.
{ECO:0000269|PubMed:4531009}; propagated from
UniProtKB/Swiss-Prot (P68871.2); acetylation site"
143..365

/gene="HBB"

/gene_synonym="beta-globin; CD113t-C; ECYT6"
/inference="alignment:Splign:2.1.0" —
366..628 | PIRFAN
/gene="HBB"

/gene_synonym="beta-globin; CD113t-C; ECYT6"
/inference="alignment:Splign:2.1.0"

—

ctgacacaac tgtgttcact agcaacctca aacagacacc atggtgcatce
ggagaagtct gccgttactg cocctgtgggg caaggtgaac gtggatgaag
ggccectggge aggectgeotgg tggtctacce ttggacccag aggttetttg
ggatctgtece actcetgatg ctgttatggg caaccctaag gtgaaggeote
agtgecteggt goectttagtg atggocctgge tcacctggac aacctcaagg
cacactgagt gagctgcact gtgacaagct gcacgtggat cctgagaact
gggcaacgtg ctggtctgtg tgotggocca tcactttgge aaagaattca
gcaggctgee tatcagaaag tggtggectgg tgtggeotaat gocctggecce
ctaagctege tttocttgetg tecaatttet attaaaggtt coctttgttec
ctactaaact gggggatatt atgaagggcc ttgagcatct ggattctgeco

catttatttt cattgecaa
J §U1|:|lu\
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Advanced Help

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research community
to enhance reproducibility and allow for new discoveries by comparing data sets. The SRA stores raw

sequencing data and alignment information from high-throughput sequencing platforms, including
Roche 454 GS System@®, lllumina Genome Analyzer®, Applied Biosystems SOLID System®, Helicos
Heliscope®, Complete Genomics®, and Pacific Biosciences SMRTE.

Getting Started Tools and Software Related Resources
How to Submit Download SRA Toolkit Submission Portal
How to search and download SRA Toolkit Documentation Trace Archive
How to use SRA in the cloud SEA-BLAST dbGaP Home
Submit to SBA SRA Bun Browser BioProject
SRBA Bun Selector BioSample

SRR S50 BUL2024% 17
S AR SR RS e

https://www.ncbi.nlm.nih.gov/sra/docs/sragrowth/ 32 32
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dbSNP SNP o
Help

Advanced

dbSNP

dbSNP contains human single nucleotide variations, microsatellites, and
small-scale insertions and deletions along with publication, population
frequency, molecular consequence, and genomic and RefSeq mapping
information for both common variations and clinical mutations.

dbVar dbVar <]
Advanced Help

dbVar

dbVar is NCBI's database of human genomic Structural Variation — large
variants >50 bp including insertions, deletions, duplications, inversions, mobile
elements, translocations, and complex variants

dbGaP dbGaP <]
Help

Limits Advanced

&
A
’9

w,
.u
73

The database of Genotypes and Phenotypes (dbGaP) was developed to
archive and distribute the data and results from studies that have investigated

the interaction of genotype and phenotype in Humans.

J

e
'

J77
' L2
7 "'-gl//%

IS IT L

dbSNP: BEiZERTRE.

fu

dbVar:

50bpﬁ%ﬁ,

dbGap:

B2, JMENEMIFFR

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

T RENEE, KT
SiEEA. iR, 5.
Bz, L

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

e NP SN

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

l
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semomates  ADSNP: HBBERE FRISNPZEE 4

Current Build 153
Released July 9, 2019

¢ T HU 4T AR
Organism Homao sapiens Clinical Significance Reported in ClinVar W (7] :I:gI —Hﬂ
AMMAE (Si
Position chrl1:5227002 (GRCh38.p12) @ Gene : Consequence HBB : Missense Variant VAl IE SICk'G

The anchor position for this RefSNP. Includes all

Publications 101 citations I >
nucleotides potentially affected by this change, C e I I An e m Ia

thus it can differ from HGVS, which is right-shifted. Genomic View See rs on genome
See here for details.

Gene: HBB, hemoglobin subunit beta (minus strand)

Alleles T=A/T>C/T>G
Variation Type SNV Single Nucleotide Variation Molecule type Change Amino acid[Codon] S0 Term
Frequency A=0.00348 (874/251180, GhnomAD_exome)
A=0.00438 (532/121340, EXAC) HBB transcript NM_000518.5:c.20A>T E[GAC]=V[GTE] Coding Sequence Variant
A=0.0115 (362/31400, GnomAD) (+ 1 more)
hemoglobin subunit beta NP_000509.1:p.GluTVal E (Glu) >V {Val) Missense Variant
ﬁ%*mmu ° HBEB transcript NM_000518.5:c.20A>G E [GAG] > G [GGG] Coding Sequence Variant
[ ]
S u b m Itted S N P (S S) hemoglobin subunit beta NP_000509.1:p.Glu7Gly E (Glu) > G (Gly) Missense Variant
Refere nce S N P (rs) HBB transcript NM_000518.5:c.20A>C E [GAG]> A [GCG] Coding Sequence Variant
https://www.ncbi.nlm.nih.gov/snp/rs334 hemoglobin subunit beta NP_000509.1:p.Glu7Ala E (Glu) > A (Ala) Missense Variant
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About Statistics ~ Downloads ~ Contact Us MIMmatch Donate ~ Help ~ Q

YEARS

MIM

Human Genetics Knowledge

for the World

OMIM®

An Online Catalog of Human Genes and Genetic Disorders
Updated April 8th, 2024

Q

Advanced Search : OMIM, Clinical Synopses, Gene Map
Need help? : Example Searches, OMIM Search Help, @) OMIM Video Tutorials

Mirror site : https://mirror.omim.org

ERIRESIEEOMIM

AEERIEGRREIERE,
BUERIERIZES,
(X)) 7, BREMEENINIE 1??'

EROMR R, RSl

12h. =52l 57T 'ﬁﬁBﬁﬁ

EEFRIEFK

WENEFZREFR
JJ?/?%

1966FZEE John Hopkins KE E= R Victor A

McKusiek#HZ EIEEMIM, 1985£E'5NLME%A3$7§
OMIM, 1987 %, 1995%FE4SHNCBIThE=IEZEE

273385RICRE]

MIM Number Prefix Autosomal X Linked Y Linked Mitochondrial

Gene description * 16,389 770 51 37

Gene and phenotype, combined + 21 0 0 0

Phenotype description, molecular basis known 6,405 387 5 34
#

Phenotype description or locus, molecular 1,388 109 4 0

basis unknown %

Other, mainly phenotypes with suspected 1,635 100 3 0
mendelian basis

Totals 25,838 1,366 63 71

Totals
17,247
21

6,831

1,501

1,738

27,338
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Statistics ~ Downloads ~ Contact Us MIiMmatch Donate ~ Help ~ (2] iaig)ﬁ%*m)n\u :
Q Options ~ 1%% I %@1ZIKEI|\$E1§
27k, REARMEE
oremens POWN SYNDROME Py 3k, Xi&Edd, 47k, YiEd
B | ERGATE STk, Gekifh; 6FFk, Rfk

Relationships TRISOMY 21

Clinical Synopsis

Text

% About  Statistics ~  Downloads ~  Contact Us MIiMmatch Donate ~ Help~ @

Other entities represented in this entry: .
Description
e DOWN SYNDROME CHROMOSOME REGIO! o o
Diagnosis INCLUDED,; DCR, INCLUDED R
Cytogenetics DOWN SYNDROME CRITICAL REGION, INCLUDED; DSCR,
Mapping TRANSIENT MYELOPROLIFERATIVE DISORDER OF DOWN ICD+
Molecular SYNDROME, INCLUDED #603903
Molecu: LEUKEMIA, MEGAKARYOBLASTIC, OF DOWN SYNDROM]  Table of Contents # 603903 ,{.}% RUST 4R
Genotype/Phenotype il . . i 2 Title Bi’I—EH
Correlations Cytogenetic location: 21q22.3 Genomic coordinates (GRCh38): Phenotype-Gene SICKLE CELL ANEMIA JAN -Ellny_
Population 21:41,200,000-46,709,983 Relationships Q
Clinical Synopsis
Text Phenotype-Gene Relationships
Description Phenotype Phenotype Gene/Locus
Clinical Features Location Phenotype MIM number Inheritance mapping key Gene/Locus MIM number
. D-' i = oe A
https://www.omim.org/entry/190685 C;.agmlm Upio4 | Sicde cell anemia | 603503 AR ? HEB H0
inica

https://www.omim.org/entry/603903 Management Clinical Synopsis PheneGene Graphics - £
Pathogenesis I
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m National Library of Medicine

National Center for Biotechnology Information

PublfQed®

Advanced

PubMed® comprises more than 36 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.

* PubMedHEEEREFEPRIE19965F##17, BRHEYIEACUUNBEE, R EtEII 36005
. 20008FEI7PubMed Central (PMC) , 12{{2874MNHAFIBIZ980 5 i e (#11E20244F)
 NIH Public Access Policy (2008&FE&H11T) . BIAFRBI2NBAVWREN FF




e R PubMed X% L0t

m National Library of Medicine

National Center for Biotechnology Information

® . .
Pu bmed precision medicine

Advanced Create alert Create RSS User Guide
Save Email Send to Sort by: = Best match ] Display options 3
Y NCB ae A
MY NCBI FILTERS LI 116,591 results T%%éﬂ: Page 1 of 11,660 > >>
ZIR-H
RESULTS BY YEAR ] .. . . .
Precision medicine and therapies of the future.
- 1 Sisodiya SM.
il e Cite  Epilepsia. 2021 Mar;62 Suppl 2(Suppl 2):590-5105. doi: 10.1111/epi.16539. Epub 2020 Jul 24. IEL:I \&HP M | D
™
E? PMID: 32776321 Free PMC article. Review. -~
% = Sh
— “"® " Precision medicine in the epilepsies has gathered much attention, especially with gene discovery
C ,,||||||| O pushing forward new understanding of disease biology. ...Failures of precision medicine may not find
1952 2094 their way to broader scrutiny. Precision med ...
TEAT AVAILABILITY [ ] Precision Medicine from a Public Health Perspective. é: 'j:ﬁg EI
2 Ramaswami R, Bayer R, Galea S.
[ ] Abstract v
Cite  Annu Rev Public Health. 2018 Apr 1;39:153-168. doi: 10.1146/annurev-publhealth-040617-014158. Epub
|_| Free full text 2017 Noav 20.
Sh . )
ibj '%l"i [] Full text o PMID: 29166244  Freearticle.  Review.
Over the past decade, precision medicine (PM) approaches have received significant investment to
ARTICLE ATTRIBUTE create new therapies, learn more about disease processes, and potentially prevent diseases before they

arise. ...

[ ] Associated data
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Sign in to NCBI

BxEE

. PMID

Put)l&ﬂd.gu v PubMed 3 |

U5 National Library of Medicing
National Institutes of Health Advanced

Click here to try the

New PubMed!

An updated version of PubMed is now available.
Come see the new improvements to the interface!

Format: Abstract -

Mature. 2015 Oct 15;,526(7573):336-42. doi: 10.1038/mawre15816.

Building the foundation for genomics in precision medicine.

Aronson SJ"2, Rehm HL'-345,

# Author information

Abstract

Precision medicine has the potential to profoundly improve the practice of medicine. However, the advances required will
take time to implement. Genetics is already being used to direct clinical decision-making and its contribution is likely to
increase. To accelerate these advances, fundamental changes are needed in the infrastructure and mechanisms for data
collection, storage and sharing. This will create a continuously leaming health-care system with seamless cycling
between clinical care and research. Patients must be educated about the benefits of sharing data. The building blocks for
such a system are already forming and they will accelerate the adoption of precision medicine.

PMID: 264585044 PMCID: PMCS5865787 DOIl: 10.1038/nature] 5816

[Indexed for MEDLINE] Free PMC Article

https://www.ncbi.nlm.nih.gov/pubmed/26469044

Send to ~

Help

Full text links

|__nature | PMC Full% iéj{% j%]

Save items =

7 Add to Favorites -

Similar articles

- A Y N
PSS d
Implementing Genomic Clinical E aé

Dec [CPT Pharmacometrics Syst Pharm...]

Health: Make precision medicine wark for
cancer care. [Mature. 2015]

The CLIPMERGE PGx Program: clinical
implementatio [Clin Pharmacol Ther. 2013]
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S TEAFFSILIISHTIEBLAST  onta

m National Library of Medicine

National Center for Biotechnology Information

Home Recent Results Saved Strategies Help

BLAST @

a o> _ B wm_ 1 |—

BasicLoc """ _
aLasTinde e DaSIC local alignment search tool

program comp SF Altschul, W Gish, W Miller, EW Myers... - Journal of molecular ..., 1990 - Elsevier
datab d
R ... A new approach to rapid sequence comparison, basic local alignment search tool (BLAST), .

directly approximates ali s that optimize a measure of local similarity, the maximal ...
Y% Save 99 Cit€ Cited by 112500 lated articles All 62 versions

Web BLAST

https://blast.ncbi.nlm.nih.gov
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somiomanee BLASTTEZCLLRS AL .

m U.S. National Library of Medicine > NCBI Mational Center for Biotechnology Information Signin to NCBI

®
BLAST » blastn suite Home  RecentResults  Saved Strategies  Help

Standard Nucleotide BLAST

_J_blastn_| blastp | blastx | tblastn | tblastx
Reset page Bookmark

BLASTN programs search nucleotide databases using a nucleotide query. more...
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &

BAFBURE o
FFiDeE | . CREFFIRE

Or, upload file Browse.. Mo file selected. L2

Job Title MC_045512:Wuhan seafood market pneumonia virus. .

Enter a descriptive title for your BLAST search & \/L 1£&% */J—, ]
paR=L )\

Align two or more sequences &

BLAST results will be displayed
in a new format by default _ m

You can always switch back to the
Traditional Results page.

| Choose Search Set
[ ttxq Jﬁ J"> Database O 5tandard databases (nretc.):  rRNA/ITS databases | Genomic + transcript databases | Betacoronavirus

Mucleotide collection {nrfnt} [~ K2
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Nucleotide Nucleotide |
Advanced Help
GenBark - Send to: -
Change region shown -

Wuhan seafood market pneumonia virus isolate Wuhan-Hu-1,

complete genome pabA= R s
[ Refsqu)ﬁ% E NCBI Reference Sequence: NC_045512.2 E;—\—.%%i;};_

FASTA Graphics Analyze this sequence

4N\
LOCUS NC_ 045512 29903 bp ss-RNA linear VRL ZB-JAN-2020 Run BLAST % BLAST )-:I-

Customize view -

DEFINITION Wuhan seafood market pneumonia wirus isolate Wuhan-Hu-1, complete Pick Primers
qenome .
ACCESSION  NC_045512 Highlight Sequence Features
VERSION NC 045512.2 B
DBLINK BioProject: PRINA4B5481 Find in this Sequence
EKEYWORDS RefSedq.
SOURCE Severe acute respiratory syndrome coronavirus 2 (SARS-CoWV-2)
ORGAMISM Severe acute respiratory syndrome coronavirus 2 SARS Coronavirus Resource -

Viruses; Riboviria; MNidovirales; Cornidovirineae; Coronaviridae;
Orthocoronavirinae; Betacoronavirus; Sarbecovirus.
REFERENCE 1 ({bases 1 to 29903)

Retrieve, view, and download SARS
coronavirus genomic and protein

sequences.

AUTHORS Wu,F., Zhao,5., Yu,B., Chen,¥.=-M., Wang,W., Hu,Y., Song,Z.-C.,

Tao,%.-W., Tian,J.-H., Pei,¥.-Y., Yuan,M.L., Zhang,¥.-L.,

Dai,r.=-H., Liu,Y., Wang,Q.=M., Bheng,J.=-J., ¥u,L., Holmes, E.C. and

EZhang,¥.-Z. Related information =
TITLE A novel coronavirus associated with a respiratory disease in Wuhan Assembly

of Hubeil province, China
JOURNAL Unpublished BioProject

https://www.ncbi.nim.nih.gov/nuccore/NC _045512.2/
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m U.S. National Library of Medicine

National Center for Biotechnology Information

BLAST ° » blastn suite » results for RID-5264APE101R Home RecentResults Saved Strategies Help

< Edit Search Save Search Search Summary ¥ © How to read this report? I BLAST Help Videos DBack to Traditional Results Page

I 0 Your results are filtered to match records that exclude: Severe acute respiratory syndrome coronavirus 2

Job Title NC_045512:Wuhan seafood market pneumonia virus... Filter Results \j_\
\ "'bi&
Q RID 5264APE101R  Search expires on 02-23 19:03pm  Download All v L_I ll)‘/j \1L-I:
1}73 I D Program BLASTN@®  Citation v Organism only top 20 will appear exclude
Database nt  See details ¥ Severe acute respiratory syndrome coronavirus 2
Query ID NC_045512.2 + Add organism
Description Wuhan seafood market pneumonia virus isolate Wuhan-Hu

Percent Identity E value Query Coverage

| ESid caci
%5” ;:F Molecule type nucleic acid o o ‘o

*D / }_'EI'_ Query Length 29903
b: >Z Other reports Distance tree of results MSAviewer @ m Reset |
Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download - Manage Columns '  Show e

selectall 60sequences selected GenBank Graphics Distance tree of results tbgﬂ'é’é & }

Max  Total| Query |E Per.

D ipti A i
tth-é:I: esenpiion Score Score Cover value Ident coession
-H

Bat coronavirus isclate RaTG13, complete genome 48724 48724 99% |0.0] 96.12% |MN996532.1
Bat SARS-like coronavirus isolate bat-SL-CoVZC45, complete genome 26943 3533¢ 95% |0.0| 89.12% MG772933.1
Bat SARS-like coronavirus isolate bat-SL-CoVZXC21, complete genome 22223 3527 94% |0.0| 8B.65% |MGT72934.1
SARS coronavirus Z5-C, complete genome 15213 22564 88% |0.0| 82.34% |AY395003.1
SARS coronavirus ZS-B, complete genome 15213 22600 88% |0.0| 82.34% |AY394896.1
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::_': N C BI All Databases E Search

National Center for
Biotechnology Information

NCBIl Home

Resource List (A-Z)

All Resources

Chemicals & Bioassays

Data & Software

DMA & RNA

Domains & Structures

Genes & Expression

Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Variation

All Resources

All Databases Downloads Submissions Tools How To

Databases

Assembly
A database providing information on the structure of assembled genomes, assembly names and other meta-
data, statistical reports, and links to genomic sequence data.

BioCollections

A curated set of metadata for culture collections, museums, herbaria and other natural history collections.
The records display collection codes, information about the collections' home institutions, and links to
relevant data at NCBL.

BioProject (formerly Genome Project)

A collection of genomics, functional genomics, and genetics studies and links to their resulting datasets. This
resource describes project scope, material, and objectives and provides a mechanism to refrieve datasets
that are often difficult to find due to inconsistent annotation, multiple independent submissions, and the
varied nature of diverse data types which are often stored in different databases.

BioSample
The BioSample database contains descriptions of biclogical source materials used in experimental assays.

BioSystems

https://www.ncbi.nlm.nih.gov/quide/all/
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European Nucleotide Archive 1982 http://www.ebi.ac.uk/ena
Ensembl HERBEIEZE 1999 http://www.ensembl.org
UniProt EREEUERE 2002 https://www.uniprot.org
GWAS Catalog H X - FREKBERNREE 2008 https://www.ebi.ac.uk/gwas
Pfam EAERIEEUERE 1995 http://pfam.xfam.org
Rfam RNASRIEEUGEZE 2003 http://rfam.xfam.org
TreeFam IER R T A BNEIERE 2006 http://www.treefam.org
IntAct DFHEBE{EREEERE 2004 https://www.ebi.ac.uk/intact
Reactome (ESBEIESUEE 2003 https://reactome.org
Expression Atlas HEFRAEHERE 2010 http://www.ebi.ac.uk/gxa
Europe PMC RIS AR E 2011 http://europepmc.org
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BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

AL T

@ = Search all species...

Tools

All tools

[ g . 1|:| IL-\j:iEH:RI-'E\‘

About Us
About us
Contact us
Citing Ensembl
Privacy policy

Disclaimer

BioMart > BLAST/BLAT > Variant Effect
Predictor >

Export custom datasets Search our genomes for

from Ensembl with this your DNA or protein Analyse your own

data-mining tool sequence variants and predict the

functional consequences
of known and unknown
variants

- T RER ST

All species a for

Get help

Using this website I ,$ —  Ensembl Bacteria

Adding custom tracks
Downloading data
Video tutorials

Variant Effect Predictor (VEPF)

Our sister sites

Ensembl Fung
Ensembl Plants

Ensembl Protists

Ensembl Metazoa

http://www.ensembl.org

Ensembl is a genome browser for vertebrate
genomes that supports research in comparative
genomics, evolution, sequence variation and
transcriptional regulation. Ensembl annotate genes,
computes multiple alignments, predicts regulatory
function and collects disease data. Ensembl tools
include BLAST, BLAT, BioMart and the Variant
Effect Predictor (VEP) for all supported species.

Ensembl Release 99 (January 2020)

Update to GENCODE 33 for human
Update to dbSNP153 for human

Import of updated VISTA enhancers for human
and mouse

e New genomes: 10 mammals (including 2 dog
breeds), 11 birds, 15 fish and 4 reptiles

Follow us
= Blog

Twitter

“ Facebook
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Show entries Show/hide columns

W  Species DNA  cDNA CDS ncRNA Protein Annotated Annotated Gene Other Whole Variation
(FASTA) (FASTA) (FASTA) (FASTA) sequence sequence sequence seis annotations databases (GVF)
(FASTA) (EMBL) (GenBank)

Y Human FASTAFE EASTAME EASTAM FASTAE FASTAEF EMBLE GenBanki? GTEE TSVE MySQL & GVF &
Homo GFF3 & RDF &
sapiens JSON &
Y Mouse FASTAE FASTAE FASTAE FASTAE FASTAE EMBLE GenBanki? GTFEF TSV MySQL & GVFE&H
Mus GFF3 & RDF &
musculus JSOMNE
Y Zebrafish FASTAR FASTAR FASTARE FASTAE FASTAF EMBLE GenBankd? GTEE TSV MySQL & GVF&H
Danio rerio GFF3 & RDF &
JSON
Abingdon FASTA FASTAE FASTA[ FASTAE FASTAE EMBLE GenBankd' GTEE TSVE MySQLe GVF =
island GFF3& RDF &
giant JSON
tortoise
Chelonoidis
abingdonii
African FASTAE EASTAM EASTAM FASTAE FASTAEF EMBLE GenBanki? GTEE TSVE MySQLE GVF &
ostrich GFF3& RDF &
Struthio JSON &
camelus
australis
Agassiz's FASTA® FASTAM FASTAR FASTA® FASTAE EMBLE GenBankd GTF@& TSVE MySQL & GVE#
desert GFF3 & RDF &
tortoise JSONE
Gopherus
8gassizii
Algerian FASTAE FASTAE FASTA® FASTAE FASTAE EMBLE GenBankig? GTF& TSVE MySQL & GVFE#H
mouse GFF3& RDF &
Mus JSON g
spretus
Alpaca FASTAE FASTAE FASTARE FASTAZ FASTAE EMBLE GenBankd? GTFE TSV MySCQL & GVF&
Vicugna GFF3&  HBDE#
pacos JSON &

http://www.ensembl.org/info/data/ftp/index.html 48 48
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The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional
information.

ZIIAT
B EZ

BatiE
BAREZ

UniProtkB UniRef UniParc
UniProt
Knowledgebase
. Sequence Sequence
Swiss-Prot i :
T clusters archive
(561,568) . —
] ([ e —
¥ Manually o ~—
annotated and
reviewed.
Records with
information
extracted from 7
literature and SUpportmg data
curator-evaluated
computational
analysis.
TrEMBL Literature citations Taxonomy
(179,250,561) =] g
Automatically Cross-ref. databases Diseases
annotated and not =
K XX

reviewed.

Records that
await full manual
annotation.

Proteomes

Proteome sets

AR

Subcellular locations

Keywords

News

Pre-release access to 2019 Wuhan
Coronavirus protein data

Forthcoming changes
Planned changes for UniProt

UniProt release 2019_11

Thicker than water | Functional annotation
of different gene products | Changes to FT
and CC text format | Cross-references to
RNAct | Pr...

News archive

- ZH[EEBI

° Eﬁﬁj:SE"Ll'%{I:IIU\EH ﬁﬁﬁ

SIB (19864F)

UniProtBXE8 (2002%F)

° 3!=_.EE'».EJ__L:IN_:\/"SI)?

FEPIR (1965%F)
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EMEL-EBI

GWAS Catalog

The NHGRI-EBI Catalog of published genome-wide association
studies

Search the

e catalog
Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

- B S'Zf'ik’rgﬂ“’ IAN LA RAYD R, RHERERE X
. 2008£ EZENIHFERNERAZERE

AEA33FT (National Human Genome
Research Institute) €2, 2010FE5EBISI{EF A
- BUESEIT: >5000/NEk, >17H&KEEE

NS eI D oS

TiIf
C

https://www.ebi.ac.uk/gwas
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# EMBL-EBI %, Services £3 Research & Training © About us Q EMBL-EBI igb»‘:{;fi

Services

Overview Data submission
Tools & Data Resources Q Browse by type
Tools Data resources i - &
DNA & RNA !
Gene Expressi Proteins
Annotation Platform ArrayExpress & ]
Consolidating texti-mined and curated annotations A database of functional genomics experiments, Systems Chemical biolo

including microarray and RNAseq expression data
typically related to publications. . &
Assembly converter e., Ontologies Literature Cross domain

Map your data to the current assembly. Based on BioModeIs m
the CrossMaptool . d

A repository of peer-reviewed, published,

computational models. P rOg ram m atIC aCCGSS

https://www.ebi.ac.uk/services/all
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CNCBF2019F-{tENNEEFERFE |3;1::||.’.51 ARAFFT, NGDCRETCNCB, ThEEY)

SRR L. EPFE. 28BS E, UK HRS¥EUNEF
_m HIRN R
Genome Sequence Archive 2015 https://ngdc.cncb.ac.cn/gsa
GWH Genome Warehouse 2016 https://ngdc.cncb.ac.cn/gwh
GVM Genome Variation Map 2016 https://ngdc.cncb.ac.cn/gvm
MethBank Methylation DataBank 2014 https://ngdc.cncb.ac.cn/methbank
GWAS Atlas eERAAXKDTRIRE 2019 https://ngdc.cncb.ac.cn/gwas
EWAS Atlas ERMHEKERDHTRIREE 2018 https://ngdc.cncb.ac.cn/ewas
LncBook ASEEKIERIERNARIRZE 2018 https://ngdc.cncb.ac.cn/incbook
IC4R IKTEZBZEUERE 2015 http://ngdc.cnch.ac.cnlic4r
iDog SIS EFEERE 2018 https://ngdc.cncb.ac.cn/idog
Database Commons SREYEZHIEER R 2015 https://ngdc.cncb.ac.cn/databasecommons
BIG Search BEERS|E 2017 https://ngdc.cncb.ac.cn/search
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Extremely high genetic diversity in a single tumor
points to prevalence of non-Darwinian cell evolution

Shaoping Ling™', Zheng Hu™', Zuyu Yang™', Fang Yang™’, Yawei Li*, Pei Lin®, Ke Chen®, Lili Dong?, Lihua Cao?,
Yong Tao®, Lingtong Hao?, Qingjian Chen®, Qiang Gong®, Dafei Wu?, Wenjie Li®, Wenming Zhao?, Xiuyun Tian‘,
Chunyi Hao", Eric A. Hungate®, Daniel V. T. Catenacci®, Richard R. Hudson', Wen-Hsiung Li®2, Xuemei Lu*2, and Chung-l Wu**/2

HEVIEHEGSA

¢§G|35A = L

enome Sequence Archive g., CRAD00112 9; human

Data deposition

Home Subm

Browse Search Statistics Support

“Key Laboratory of Genomics and Precision Medicine, China Gastrointestinal Cancer Research Center, Beijing Institute of Genomics, Chinese Academy of
Sciences, University of Chinese Academy of Sciences, Beijing 100101, People’s Republic of China; “State Key Laboratory of Biocontrol, College of Ecology
and Evolution, Sun Yat.Sen Universty, Guangzhou 510275, People's Repubic of China; ‘Key Laboratory of Carcinogeness and Translational Research,

PNAS |

Genome Sequence Archive

The Genome Sequence Archive (GSA) is a data repository for collecting, archiving, managing and sharing raw sequence
data, which is the first repository of the genome sequence data with international journal recognition in China.

Peking University Cancer Hospital, Beijing 100142, People’s Republic of China; “Department of Pediatrics, University of Chicago, Chicago, IL 60637
“Department of Medicine, Section of Hematology/Oncology, University of Chicago, Chicago, IL 60637; ‘Department of Ecology and Evolution, University of
Chicago, Chicago, IL 60637; and *Biodiversity Research Center, Academia Sinica, Taipei 11529, Taiwan

Contributed by Wen-Hsiung Li, October 10, 2015 (sent for review September 14, 2015; reviewed by Takashi Gojobori and Jianzhi Zhang)

The prevailing view that the evolution of cells in a tumor is driven

by Darwinian selection has never been rigorousy tested. ecause
ly affects the level of intratumor

i« mportant to assess whether inratumor svajution follows the

in which Magy is a function of N (population size), u (mutation
rate per generation), and growth parameters. In tumors, N is
large, generally > 10°, and u is the mutation rate of the entirc
functional portion of the genome (at the level of 10~ per cell

The sequence data
reported in this paper

Submit Download Browse Document Darwinian o the non-Darwinian mode of evolution. To provide  division) (18, 24). Hence, the expected genetic diversity of = -
the statistical power, many regions in a single tumor need to be  tumors by non-Darwinian evolution would be large, probably
—_— sampled and analyzed much more extensively than has been O the order of millions of mutations, most of which are present
r r attempted in previous intratumor studies. Here, from a hepatocel- 2t 10W frequencies (25).

o

Submit data to GSA

o =

Download data to your Browse publicly available Find help information and
computer records documents

ZEENCBIFJSRAEE
H[EEBIFJENA/SRAE

FREICNCBAIGSARE
EEERAFEIEIT

ZADDBJHYDRASE

lular carcinoma (HCC) tumor, we evaluated multiregional samples
from the tumor, using either whole-exome sequencing (WES) (n =
23 samples) or genotyping (n = 286) under both the infinite-site and
infinite-allele models of population genetics. In addition to the
many single-nucleotide variations (SNVs) present in all samples,
there were 35 “polymorphic” SNVs among samples. High genetic
diversity was evident as the 23 WES samples defined 20 unique cell
clones. With all 286 samples genotyped, clonal diversity agreed well
with the non-Darwinian model with no evidence of positive Dar-
winian selection. Under the non-Darwinian model, Mau (the num-
ber of coding region mutations in the entire tumor) was estimated
to be greater than 100 million in this tumor. DNA sequences reveal
local diversities in small patches of cells and validate the estimation.
In contrast, the genetic diversity under a Darwinian model would
generally be orders of magnitude smaller. Because the level of ge-

netic diversity will have implications on therapeutic resistance, non-
Darwinian evolution should be heeded in cancer treatments even
for microscopic tumors.

intratumor heterogeneity | genetic diversity | neutral evolution |
cancer evolution | natural selection

he level of genetic diversity in a natural population is de-

termined by several evolutionary forces, including mutation,
genetic drift, migration, and natural selection (1-3). Tumors can be
regarded as asexual populations of cells, so they are subjected to
similar forces to those of natural populations (4-7). Therefore, the
genetic diversity in tumors of the same patient is informative about
how various forces drive their evolution. The level of diversity may
also influence how tumors respond to

We ask whether the observed intratumor genetic diversity can
be largely explained by non-Darwinian forces and we invoke
positive selection only when the null model of non-Darwinian
evolution s rejected. There was a controversy in molecular
evolution generally known as the neutralism-selectionism debate
(1, 26, 27). In the postdebate modern view, genetic polymor-
phisms in natural populations are largely consistent with the non-
Darwinian model (1-3, 26-28). There are further reasons to
question the cfficacy of sclection within populations of cells that
make up tumors (Discussion). For instance, although selection
against nonsynonymous mutations is nearly universal in natural

Significance

A tumor comprising many cells can be compared to a natural
population with many individuals. The amount of genetic di-
versity reflects how it has evolved and can influence its fu-
ture evolution. We evaluated a single tumor by sequencing or
genotyping nearly 300 regions from the tumor. When the data
were analyzed by modem population genetic theory, we esti-
mated more than 100 million coding region mutations in this un-
exceptional tumor. The extreme genetic diversity implies evo-
lution under the non-Darwinian mode. In contrast, under the
prevailing view of Darwinian selection, the genetic diversity
would be orders of magnitude lower. Because genetic diversity
accrues rapidly, a high probability of drug resistance should be
heeded, even in the treatment of microscopic tumors.

Athor conributons: XL anl CW. g reser Y. Y, K. D Wi an

cither natural or medical (5-7). In the prevailing view, Darwinian
selection for and against new mutations is the main driving force of
intratumor diversity (4, 8-18). Because selection generally reduces
genetic_diversity within populations (19-21), studies assuming
Darwinian evolution usually described M, (the total number of
coding region mutations within the whole tumor) in the range of
tens to hundreds of coding mutations (22, 23).

Despite its wide acceptance, the Darwinian view has never been
subjected to hypothesis testing, by which the observed diversity
is compared with quantitative predictions. This study is to our
knowledge th first one that useshigh-density sampling ina single
tumor and compares t! with theoretical predicti

wz L PL,LD,LC,YT,LH,QC, and QG.
analyzed data; SL, ZH., i, DT, R, and CAW, comsined 1 e
oy Tk i1 ook it ate L L. s LC.comsited new oyt
tools;and 5L, ZH, W-HL, XL, and C-LW. wrote the paper.
Reviewers: .G, King Abdullah Universiy of Sciences and Technology; and .2, University
of Michigan.
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In this test, we consider a null model of non-Darwinian svol\llmn
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the Genome Sequence
Archive (GSA) of Beijjin
Institute of Genomics,
Chinese Academy of
Sciences,
http://gsa.big.ac.cn

(Accession no.
PRJCAO000091).
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G S A for Hu man GSA for Humar v | find a GSA-Human accession n

Genome Sequence Archive e.g., HRA000087; HRA000150
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HIEZIzNE & HIEEEERSE (DAC) e

) (7]
Effective Last 5 5 1 3 8 6
rs A A A A ry A A ry
Study % Title 4  Organization % DAC 4% Access$ Requests Requests ¥ Approved % Sh;;i::i ¥ Processed Request %
Individuals
Single-cell
immunological National Clinical
landscape of Research
HRA000150  peripheral blood Center for HDAC000089  Controlled 205 119 104 *kkkk  2024-06-16
mononuclear cells Infectious
of patients with Diseases
COVID-19 disease
Peking 791053
HRAQDT74g  SCRMATSedofiver o UNWeISY 0001033 Gontrolled 155 104 99 *hkkk  2024-07-03
-07- ues
cancer Health Science = Sam pl es
Center
Institute of
RNA- f Milita
HRA000051 sorifseq o Hary HDAC000025  Controlled 150 86 63 *Aktrts  2024-07-04
gastric cancer Cognition and

Brain Sciences

https://ngdc.cncb.ac.cn/gsa-human/browse/
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Bentham Science
Publishers

BMJ Publishing
Group
0.43%

Emerald Publishing

2.17% IOP Publishing

Oxford University Press
2.17%

Cambridge University Press
2.75%

Inderscience

Publishers Springer Nature
3.20% 21.70%
Walter De Gruyter Gmb

3.25% 2021£EIE7E

SAGE
7.23%

Elsevier
2019FF4R5E

Taylor & Francis
18.81%

201 7ERINIE
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SPRINGER NAT
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< Resea rch data

URE 20215E8H

e

~ Nucleic acid sequence & Omics
Nucleic acid sequence data and metadata should follow the Genome Standards Cansortium (GSC) guidance,
which can be browsed at FAIRsharing GSC collection.

Data types Repositories

DNA sequence data* Any INSDC member repository

RNA seqguence data* Genome Sequence Archive (GSA)

Genome assembly data*

Genetic variation data dbSNP (human variations less than 50bp)
dbVar (human variations greater than 50bp)

European Variation Archive (EVA) (all species)

Genome Sequence Archive for Human (human
variation)

* Novel DNA sequence, novel RNA sequence, and novel genome assembly data must be
deposited to repositories that are part of the International Nucleotide Sequence
Collaboration (INSDC), or those which are working towards INSDC inclusion (included in
the table), unless there are privacy or ethics restrictions that prevent open sharing of
such data. Novel DNA sequence, novel RNA sequence, and novel genome assembly data
may in addition be deposited to any other repository (including regional or national
repositories) as required.
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Genomics Proteomics & Bioinformatics (2017, 2021) https://ngdc.cncb.ac.cn/gsa/statistics
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EMERF FiE Y. oL
oitormatis 275 EEEEGenBase 2,018

@% GenBase #MHome Bsubmit~ #Search &Statistics @standards BDocumentation j&&/Language ~ - - -
B _ _ Direct submissions

‘_' Lo, | g ‘2.
» GenBase is a genetic sequence database that accepts user submissions

Nucleotide Type your keywords Search Advanced

(mRNA, genomic DNAs, ncRNA, or small genomes such as organelles, viruses, : #Nucleotide
lasmids, phages from any organism) and integrates data from INSDC. e H £ .- - -
P phag yorg ) 9 - : A@1108,1;MH011443 il ® 50’000
P o . o Sl
L O 3 . : % . i A
40,000+

Recent Updates % INSDC(GenBank)

Integration
3.6.95 The flatfile of GenBank Release 254.0 was
collected. Update Date: 2023-10-03
Nucleotides: 8,709 30.000 4

517 GenBase was updated with bug fixed and #Proteins: 35,724
global search added.
Technical testing on submission system ) New
R was performed 20,0001
. SARS-CoV-2 Fast Submission

Species Nucleotides Proteins _
502,276 266,979,827 274,787,433 I ——
10,000+
@ Problems or Questions? © How to cite £ Related Links
Guide for submission Recommended citation style: 0

If you have any question or would like to The data reported in this paper have been deposited in the GenBase in National Genomics Data Center [1], | ] 2022.06 2022.09

. . Beijing Institute of Genomics, Chinese Academy of Sciences/China National Center for Bioinformation, under
give us any suggestion/comment or report
a bug, please feel free o contact us accession number C_AA000000 that is publicly accessible at https://ngdc.cneb.ac.cn/genbase.

202212 202302 202304 202306  2023.08

Smail; genbase@big.ac.cn References: [1] Database Resources of the National Genomics Data Center, China National Center for
encb.ac.cn oo Bioinformation in 2023. Nucleic Acids Res 2023, 51(D1):D18-D28 [PMID=36420893]. h ’

« GenBank Release 254.0 has been integrated, with daily updates
* In total: 592,276 Species, ~267 mil. Nucleotides, ~274 mil. Proteins

 Direct submissions: 46 k Nucleotides, 484 k Proteins
http://ngdc.cncb.ac.cn/genbase
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oo wXIZAFSIEGenome Warehouse #2101t

Genome Warehouse @ statistics Total Assembly

The Genome Warehouse (GWH) is a public repository housing genome-scale data for a wide range of species and = Integrated Animals: 61 genomes, 62 assemblies

delivering a series of web services for genome data submission, storage, release and sharing. Integrated Plants: 77 genomes, 88 assemblies
[ ] : ,

Animals (9216)

Submit Download Browse Documentation = Release of Direct Submissions (Total: 13382): 2439 @ Plants (3272)
Animals; 1212 Plants; 24 Protists; 152 Fungi; 1130 Fungi (165)
Dt?posit meta-information Transfer GWH data to your View genome information Find help documents to Bacteria: 122 Archaea: 1543 Viruses: 6730 Protists (25)
into GWH databases computer about the released data learn more about GWH Metagenomes; 30 Others ® Bacteria (4983)
‘s ‘s . - 3 ® Archaea (130)
— E = Direct Submissions (Total: 28030): 8216 Animals; Viruses (2988)
e O = 3272 Plants; 25 Protists; 165 Fungi; 4983 Bacteria; ® Metagenomes (6748)
130 Archaea; 2988 Viruses; 6748 Metagenomes; 503 ® Others (503)
Others
Data Growth
Virus Resources
15k —
13 382 - e =
12.5k )
. | l / Total Organism
o 10 859 7 /f
=z v
9 856 -
2 0k - 0y , =
re) ] - Animals Lty
E 1 ] — @ Plan_ts | ’ \\
B sk Protists ! l\\ Animals (294)
@© Fungi
= @ Bacteria RCoV19 MPoxVR o Plant_r. (1265)
= Fungi (55)
2 5k o Archaea Protists (20)
8 3324 ° :‘lr::l:es @ Bacteria (539)
etagenomes .
55k —— ® Othei GWH-supported Deposition ® Archaea (14)
- Viruses (67)
446 @ Metagenomes (7)
25 132 Data submissions to GWH have been reported by ® Others (15)
0 —_—

01842 2019.08 202004 202042 202108 202204 202212 multiple journals, including:

Release date INSR:: Molecular Plant |3 New Phyologis

Geno Proto Bioinfo (2021)
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YIS e A2 21 10131451

Bioinformatics A

. Taxonomy . Genome
Species Assembly Version i
ID Size

2019-nCoV 2697049

ey, MN908947.3

29.90K 16,114 820

Home  Browse Search  Genome Browser  Submit Downloads  Statistics  Standards & Login I Register 0
Data Submission .

Cannabls 3483 GCF_900626175.1 876.15M | 19,855268 4,203,684

The Genome Variation Map (GVM) is a public data repository of genome variations, including single nucleotide polymorphisms and small Cannabis sativa

insertions and deletions, with particular focuses on human as well as cultivated plants and domesticated animals. . :
Deposit data into GVM

"

GVM v | find a GVM accesssion;a variant; n [ ™..]

Carrot 79200 Decarota_388 v2.0 42150M | 21,396,685 5,961,358

Daucus carota

passava 3983 Manihot esculenta v6.1 ~ 582.28M | 27,032,954 4,872,533

Cat 9685 Felis_catus_9.0 252G | 38,047,892 9,316,631

Data Statistics
Felis catus

Species-specific Variations

aca“‘“'a"‘““s'“se“s 4058 ASM94934v1 .1 52265M | 4342746 684,176

Species Projects Samples Catharanthus roseus
1 -_— * GWAS Atlas
B r e Cattle 9913 UMD_3.1 267G 53,609,957 6,724,343
& 41 = 202 64819 « SRAR e 3 . 600,957 6724,
e Sorghum Genome SNP Database Chick
Gallus gallus 9031 Gallus_gallus-5.0 123G | 36,174,851 4,619,064
. .. . e Dog Genome SNP Database
Variants Associations Submissions

e Virtual Chinese Genome Database Common bean ;
Phaseolus vulgaris 3885 Pvulgaris_442 v2.0 537.22M 13,876,210 3,707,970

m
i |I 960409451 260393 60

(111
@Y

Gossypium hirsutum

Cotton 3635 GhirBGI 215G 8,669,229 4,170,512

SARS-CoV Ry KEEIE. BfR IKFSG. AR Nucleic Acids Research (2018, 2021)
MERS-CoV FIE. BE K. ﬁéﬂ‘ﬁi https://ngdc.cncb.ac.cn/gvm

%
SARS-CoV-2 } A. &, 38, ¥ ExK, ML, %W
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SR e 1A JZEGene Expression 29 1013
Nebulas

Bioinformatics

Gene Expression Nebulas

=

i= Browse ~ Lul Statistics #£ Tools ©® Documentation & Download ¥ Contact

Gene Expression Nebulas (GEN) is a data portal of gene expression profiles under various conditions
derived entirely from bulk and single-cell RNA-Seq data analysis in multiple species.

Q 0 Featured Projects
The latest RNA-seq research data on COVID-19.

Homo sapiens Glycine max Glycine soja Oryza sativa Sorghum Triticum B PRJCA002326: Transcriptome of patients infected with SARS-
141 projects 16 projects 1 projects 25 projects bicolor aestivum CoV-2
25619 499 7 experiments 945 S projects 3 projects B PRJNA615032: Transcriptional response to SARS-CoV-2 infection
experiments experiments experiments 462 78 experiments B PRJINA631753: Spectrum of Viral Load and Host Response Seen
experiments in Autopsies of SARS-CoV-2 Infected Lungs

Briefings in Bioinformatics (2016) Nucleic Acids Research (2018, 2022) https://ngdc.cncb.ac.cn/gen 66
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e ARKIFRIBRNAKREELncBook 21013

I_ n CBOO k 2 . O Integrating human long non-coding RNAs with multi-omics annotations

\ A\ R

| | \\\} |
A Home EE Genes @ Multi-omicsVv % Tools™ | | @ Downloads @& Statistcs @ Help & Contact

LncBook accommodates a high-quality collection of 95,243 human IncRNA genes and 323,950 IncRNA transcripts, and
incorporates their abundant annotations at different omics levels, thereby enabling users to decipher functional signatures of
IncRNAs in human diseases and different biological contexts.

Q

e.g., MALAT1; ENSG00000228630.5; HSALNG0084892; hsa-miR-619-5p; SPROHSA127174; Body height; Mus musculus;

Multi-omics Annotations

Conservation \%\? Variation K;r Methylation

Conservation Features across 40 Vertebrates 959,138 Disease/trait-associated Variants DNA Methylation Profiles in 16 Diseases

Expression Small Protein Qe L0 Interaction

o 34,012 Small Proteins 3 146,092,274 LncRNA-miRNA Interactions;

Expression Capacities across 9 Biological
772,745 LncRNA-Protein Interactions

Contexts

— http://ngdc.cncb.ac.cn/Incbook
“RNA 2016E7HDDAB'T Bioinformatics (2019)
RNAcentralfx Nucleic Acids Res (2015, 2019, 2022)
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ey TR . = PN
Bioinformatics At|aS

GWAS Atlas

A curated resource. of genome-wide variant-trait associations

4 Home © Browse ~ 4 Ontology # Tools ~ X Submit

All Species v

e.g. flower; plant height; Zm00001d021954; chr1:14702150-37601000

31 302295 486
¥ Y
Species Associations Causal Variants
o223 3828 922
XX & E
Genes Studies Publications

http://ngdc.cnch.ac.cn/gwas

1724

il

Traits

5
E=

Ontologies

=7 101114

Publications of Top10 Traits

120+

100+

e}
o
1

Number of publications
[=2]
(=]

163979
Variants
19
|4\| Oryza. sativa Sorghum bicolor
Submissions Rice Sorghum
163479 Associations 8829 Associations
461 Traits 151 Traits

Nucleic Acids Res (2020, 2023)
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Bomformatics 2= ZONLAREXDITANREEWAS Atlas 2101344

EWAS Atlas Browse 2@ EWAS Toolkit & Downloads il Statistics B ApP| ™ Help ot EWAS Data Hub

@EWAS Open Platform

EWAS AtIaS@ EWAS Open Platform TOP 10 Traits

A knowledgebase of epigenome-wide

association studies 70+

o

Examples: smoking, AHRR, cg05575921 504

40

30
Associations Traits Cohorts

QO 705,769 A | 802 ,(8 3,618

Tissues/Cells Studies Publications

219 5_ 1,710 !J 1080

Last update: new EWAS on ischemic stroke has been added online on 19 June, 2024
New Database: EWAS Data Hub (A data hub of DNA methylation array data and Follow us: @EWAS_Open_Platform
metadata) Cite: EWAS Open Platform: integrated data, knowledge and toolkit for epigenome-wide
New Toolkit: EWAS Toolkit (A web toolkit for epigenome-wide association study) association study. Nucleic Acids Res. 2021 [PMID=34718752]
EWAS Atlas: a curated knowledgebase of epigenome-wide association studies.

Number of publications

Nucleic Acids Res (2019, 2021) http://ngdc.cncb.ac.cn/ewas 69 69
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Bointormatics  HITTCOIP0 25 |yl EE AL

20206F1A22H %, éﬂ&ﬁ‘?‘r RE

Resource for Coronavirus 2019 okl & A/ I:)Ls ﬁ& IS j: *ﬁ J

v
‘ Q, search
Advanced Data Data
. Raw Data
Search Submission Download
% World 0 New distribution map of virus sequences (China) The proportion of the top 3 lineages newly added weekly or
L4 monthly
17574825 5156 10¢
1. United States 5542328 °
=
2 United Kingdom 3361069 2
3 German y 967674 .
gv A> AP g '\*'\*.\ﬁ:\‘\:\‘\‘\“ -
. i e SO 1“\'?\\‘\@‘-\ > ~_““'1o“\\\11 SN ‘.“1\\\‘\ - - 4 _
5. Japan 683751 il S W A el ¥
6.  Denmark 678109 B ® 381 A other... 2 Hy
®813. ®BI1.1.. @B12 ® 841 ’:
7 ganada 633675 @811 @Al ® B.40 ®B.1.2.
8. India 303518 @®8B1.1.. @B1.4.. ®B13. @B.13. /\
gl - o Z=20245E7H6 E Bk1757 5%
9. Sweden 279599 ® Epsion @ lota ® Gam... @ Delta
— HU D pEnsHRARIEE, AL ER it
5 A Ky
S— . ; s W ® XAC XAG @ XAM @ XAZ * = %

' X455 R EREEIRERSS E%ifr*&?)%‘@iiﬁii
https://ngdc.cncb.ac.cn/ncov (as of July 6, 2024) 2021217_)-\//\ ’ .9|\1«7’]—E IJ_'_Il:lf: 00/0

Yi Chuan 2020; Zoological Research 2020; Genomics Proteomics Bioinformatics 2020; Nucleic Acids Research 2021 20 70
.
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Bointormatics 5| A B 4 ALl -

1. #of Ns 3. #of Gap (G) 5. Density of variants Nuc.Completeness  Sequence Length  Sequence Quality © Quality Assessment @
* N<15G * G<=2 PoEleszt Complete 29834 [ vion | (XYY YY)
* N>15->R e G>2  D>=0.25->R
Complete 29782 [ wign | 00000
. . . . . Complete 29782 [ X JeJoJe
Complete 29782 @000O0
2\ # of degenerate :
bases (X) 4, # of variants (S) Complete 29782 [ vign | 00000
. S<=Exp >G
« X<=50->G e S> Exp SR
« X>50->R

~48% complete & high quality

|

50004651 17472053 17574825 3340 13072 9613

CORONAVIRUS SEQUENCES ISOLATES SARS-COV-2 SEQUENCES SUBMITTING LABS ORIGINATING LABS LOCATIONS
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Commons

FcDatapase

7 101
Rz ——

i

6392

DATABASES

9875

PUBLICATIONS

13

CATEGORIES

2142

INSTITUTIONS

SPECIES

76

COUNTRIES / REGIONS

Top 20 databases by z-index (=citation/age)

DAVID

KEGG
cBioPortal
STRING
ENCODE
UniProt
AlphaFold DB
gnomAD
SILVA

IGSR

Pfam

GEO

GTEXx

UCSC Genome Browser
miRBase
TCGA
Ensembl
PRIDE

GTDB
UALCAN

250

500

750

1000

1500

1750

Top 20 institutions by database count

European Bioinformatics Institute

Beijing Institute of Genomics, Chinese Academ...
Harbin Medical University

National Center for Biotechnology Information
Institute of Microbial Technology

Zhejiang University

Peking University

Huazhong University of Science and Technology
Sun Yat-Sen University

RIKEN

University of Cambridge

Stanford University

Swiss Institute of Bioinformatics

China Agricultural University

University of Michigan

University of Oxford

University of Toronto

Harvard University

Huazhong Agricultural University

Sichuan University

United States =5
United Kingdom Ei3
Japan *®
Germany
France L 1 15
Canada i*l 10
italy B 0 | 8
Switzerland & 7
Belgium il 4
Russian Federation s 4
Australia 58 3
Denmark = 3
New Zealand il 2
Poland s 2
Sweden & 2
Afghanistan [l
Czech Republic s
Finland "=
India
Israel =]

- - -

2000

https://nadc.cncb.ac.cn/databasecommons
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20
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Number of databases [

40
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BIG Search
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http://planttfdb.cbi.pku.edu.cn/
http://www.rhesusbase.org/index.jsp
http://bioinfo.life.hust.edu.cn/SEGreg/

somenaR —ubSUPSPEISASIERIG Search 0N

Q BIG Search

BIG Search is a scalable text search engine built based on ElasticSearch (a highly scalable open-source full-text search and analytics engine based on Apache Lucene). It features cross-domain
search and facilitates users to gain access to a wide range of biomedical data, not only from NGDC databases but also partner databases throughout the world.

v All Databases tp53 m

e.g., PRJCA000126;SAMC000385;tp53;EGFR; human; KaKs_Calculator

4 N
A? —+
NGDC & Partners Databases [EBI Databases [ NCBI Databases]—> Iﬁﬂiﬁg N C B M:‘_‘L/ \gl:l
& J
2,685 records from 37 NGDC & Partner databases. p <
» A? =+
REEAEBIGERS
Show 10 ~ entries ~ g Filter:
)
AnimalTFDB 89 AnimalTFDB is a comprehensive database including classification and annotation of genome-wide transcription factors
BBCancer 52 BBCancer: an expression atlas of blood-based biomarkers in the early diagnosis of cancers
BioCode 5 Archive Bioinformatics Codes for Open Source Projects
BioProject 2 Biological Project Library . = .
. . | ZEUEELARIRIEUERB
BioSample 2 Biological Sample Library —

https://ngdc.cncb.ac.cn/search/ 75 75
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e

KD FEFEE (KEGG)

1. KEGGHUEREREARSE (Minoru Kanehisa, 1948—) sCI&
ET1995FZEY, HREIBAM AT AR S IE SR EF
RENEREIDEEEEE, MECIRE LR —RIRRTVFE.

2. KEGGHZNMEUREARM, &/IZOHIZKEGG PATHWAY,
R ARBIIREEAZERIRIZN N, FEHISHHEHhELS.
EESERENEMEDEENER. XEERESTER. EH

KEGG: Kyoto Encyclopedia of Genes and Genomes

KEGG is a database resource for understanding high-level functions and utilities of
the biological system, such as the cell, the organism and the ecosystem, from
molecular-level information, especially large-scale molecular datasets generated by
genome sequencing and other high-throughput experimental technologies.

See Release notes (July 1, 2024) for new and updated features.

& Main entry point to the KEGG web service

KEGG Home KEGG2 KEGG Table of Contents [Update notes | Release history]
Release notes

&' Data-oriented ent oints
Current statistics ' Ty pol

KEGG PATHWAY KEGG pathway maps

J'— 1_tl§j-¢% &= E EX iﬂ?’ETT QELT'@ \¥I Ej H’J*E E{fﬁﬁa*ulﬂ KEGG Database KEGG BRITE BRITE hierarchies and tables E?—ittzway
IS =L KEGG overview KEGG MODULE KEGG modules Brite table
ok 2{; KEGG mapping KEGG ORTHOLOGY KO functional orthologs "N"Ofu'ek
sJdNo Color codes KEGG GENES Genes and proteins [Annotation] Kg \Ev:Jnction)
KEGG GENOME Genomes [KEGG Virus | Syntax] Organism

KEGG Objects

3. KEGGHR#F FIKHIEERYSEH, =R TEWHITEAPI,

KEGG COMPOUND  Small molecules Virus

KEGG Weblinks KEGG GLYCAN Glycans Cpmpound
K 4 Entry format Disease (ICD)
751% E):l:j'[\_,A 1%% ut KEGG REACTION Biochemical reactions [RModule] Drug (ATC)

KEGG Software

KEGG ENZYME
KEGG NETWORK

Enzyme nomenclature
Disease-related network variations

Drug (Target)
Antimicrobials

Basic principles in natural sciences KEGG API
”D——" —— Practical applications for use in society T oe KGML KEGG DISEASE Human diseases
Isease genes — SR R A e Imaging probes KEGG DRUG Drugs [New drug approvals]
Drug targets, elc t 4 Drug leads, elc KEGG FTP
: : - \ - e KEGG MEDICUS Health information resource [Drug labels search]
. — — + Subscription
< Molecular systems ~7 Background info & Organism-specific entry points
DISEASE / DRUG KEGG Organisms Enter org code(s) :] hsa hsa eco
PATHWAY / BRITE Lo
s &' Analysis tools
ystoms Information )
; DBGET/LinkDB KEGG Mapper PATHWAY/BRITE/MODULE mapping tools
: 5 Feedback KEGG Web Apps Pathway viewer with coloring features, etc.
SCcreening Screaning
g e Copyright request KEGG Syntax Genome alignment to analyze conserved synteny
BlastKOALA BLAST-based KO annotation and KEGG mapping
R .LIC.SIA:JD = Kanehisa Labs GhostKOALA GHOSTX-based KO annotation and KEGG mapping
bl BLAST/FASTA Sequence similarity search
"\\ SIMCOMP Chemical structure similarity search
Molecular building blocks ™\ "

7/ N

Genomic space (;hemical space KEGG%&?E}_‘E_Eﬁ

(Genome, Transcriptome, Proteome, Metagenome) (Metabolome, Glycome, Chemical genome)

2024.7
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I([ec Escherichia coli K-12 MG1655 oy (ko) - escherichia coli k-12ma1655. K+|D, KEGG gene functional orthologs

- - . Bowmicad json | Copy URL | Help ] %—2& %MetabOI ISm
Genome info Pathway map Brite hierarchy Module Genome browser M %— ¥ Car'bOhydrate me'[ab0||5m
Search genes:| | FGo ) (Gear] S %_2& >2 Glycolysis / Gluconeogenesis

¥ 09101 Carbohydrate metabolisa

¥ 00010 Glycolysis / Gluconecogenesis [PATH:eco00010)
Bl 1) H 1o o4 5 glk; «7.1.2
Genome information KEGG Pathway maps :i::s :«:‘:; ::»:::?:wm-pmu isomerase 10 :r : 35““ P s o i - (2C:5.3.1.9)
b3I916 ptkA; G-phosphofructokinase 1 PLEA; 6-phosphofructokinase 1 [BC:2.7.1.11)
bol 51723 pfkB; 6-phosphofructokinase 2 PIXD; 6-phosphofructokinase 2 [EC:2.7.1.11)
Meta 0 ism 4232 fbp; fructose-l, 6 -bisphosphat 1 reP; fructose-1,6- bnpholph“ano I (BC:3.1.3.
T number T00007 3925 6 gipX;
52930 gipX; 1
Org_code  eco b prirb el Lo fony s hepiepies Shabes ol e S ] B
9 01100 Metabolic pathways 0 19 tpia; ::10:.:9.‘:.9::::’:!;"1"'. : = ::: ::xm:pno:;:f:- ?:o;rn-:o:'nn) ::c:s.:..fc). i ’
Name Escherichia coli K-12 MG1655 01110 Biosynthesis of secondary metabolites ? qlp:\: qucerlléehydu-!-.phonphlta dehydrogenase A GAPDH; glyceraldehyde 3-phosphate aorym-oqenu. (phosphorylating) [EC:l.2.
, % 2 : , 3 pok; phosphoglycerate kinase PoK; pho.peoqucu.u kinase [£C12.7.2.3)
Cat Ref 01120 Microbial metabolism in diverse environments gpmA; 2,3-bi lycerat lycerate mutase PGAM; 1ycer P sutase [EC15.4.2.
ategory ererence genome 01200 Carbon metabolism 5 ytjC; putative phosphatase gpeB; lycer. mutase [EC15.4.2.
12 gp=M; 2,3-bi lycerate-1i lycerate mutase gpal; -b. 'ycerale~' lycerate mutase [EC:5.4.
Annotation  yes 01210 2-Oxocarboxylic acid metabolism o X m01.2.3; :no:a:e 1213 (BC14.2.1.11)
01212 Fatty acid metabolism 1034 yky. pyruvace kisase I1 73 PRy pyravace kinsse (8C12.7.1.40
Taxonomy  TAX: 511145 01230 Biosynthesis of amino acids oLttt cirotsatb s Y e ;‘:";‘“”"‘“!:“ il LD
2 e aceE; ruvate del rogenase < nen! ace! ruvate del jonase © oen :1.2.4.
Lineage Bacteria: Pseudomonadota: Gammaproteobac 01232 Nucleotide metabolism acer; vau. unh;droqcauo, T2 oy DLAT; :;ruuu dcn;dr::-nuv £2 cxmnt (dihydrolipoyllysine-residue ace
9 ! ! P 01250 Biosynthesis of nucleotide sugars 7 Tany Pastive prEee e ir isin oxtascedeciase e e e ieeteits: exiaMiatas TN EATI A
Brite KEGG organisms [BR:br08601] 01240 Biosynthesis of cofactors
KEGG organisms in the NCBI taxonomy [BR:b 01220 Degradation of aromatic compounds
KEGG organisms in taxonomic ranks [BR:br08  Carbohydrate metabolism GLYCOLYSIS / GLUCONEOGENESIS
00010 Glycolysis / Gluconeogenesis
Data source RefSeq (Assembly: GCF_000005845.2 Comple 00020 Citrate cycle (TCA cycle) e
BioProject: 57779 00030 Pentose phosphate pathway i
Original DB Wisconsin, Pasteur, ECOCYC, ASAP 00040 Pentose and glucuronate interconversions — v )
' ! ! 00051 Fructose and mannose metabolism 13.1310] © a-D-Glucose-1P
Comment Colonizes the lower gut of animals, and, as a | 00052 Galactose metabolism
Maintained as a laboratory strain with minimal 00053 Ascorbate and aldarate metabolism 130} D-Glucose
) h 3139 o
bacteriophage lambda and F plasmid by ultrav 00500 Starch and sucrose metabolism YRR R (extracellular)
’ 00520 Amino sugar and nucleotide sugar metabolism a-D-Glucose - O— P
> ,’—“ .D.G So.
Chromosome Clrcular 00620 Pyruvate metabolism 2712271147
Sequence RS: NC_000913 (GB: U0D0096) 00630 Glyoxylate and dicar_boxylate metabolism 31
00640 Propanoate metabolism
Length 4641652 00650 Butanoate metabolism D Glucose O 270127163 ¥ gD Glucose-6P D-Fructose-6P
Statistics Number of nucleotides: 4641652 00660 C5-Branched dibasic acid metabolism A 2712271147 Pentose
Number of protein genes: 4278 00562 Inositol phosphate metabolism Abutin 6P s 2zi)270s] [27.090] Pathway
: i Arb ’ i
Number of RNA genes: 186 Energy meta.bOl!sm s (cxlracclrlulll:lr;
00190 Oxidative phosphorylation -
00710 Carbon fixation by Calvin cycle wmllularn'—m—“—@ D-Fructose-1.6F,
00720 Other carbon fixation pathways Salicin-6
QRcoNFnthemCamatnbnline (nlwgrald;h\dc 3p

Glycerone-P Bl esss L'_,-/ 8 1 8 1
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Objects Arrows
l:] gene product, mostly — molecular interaction or relation
protein but including RNA
S link to another map
o) other molecule, mostly
chemical compound — pointer used in legend

another map

Protein-protein interactions

phosphorylation

g

I dephosphorylation

3

Iy

] ubiquitination

| glycosylation

+m

I f—] | methylation
I }’—’{ I activation
| | | | inhibition

indirect effect

T Y
|
oy

state change

i

dissociation

complex

KEGGIE&

—E

missing interaction (eg., by mutation)

Gene expression relations

[ Jeos[ ] ewesson
[_F—e—>[ ] expression
[ F——» ] indiectefrect

Enzyme-enzyme relations

—{__o{ }»

two successive
reaction steps

binding / association
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| FROPANOATE METAROLISM |

3-0xp-
proponyl-Cod

3 Ch]uruaﬁ:ryhc acid
g:radatmn

Y

Wlethyl acetat(_ )

Glycerone-P Ilethoylglynzal

Betate )

Ilethanol

Data on KEGG graph
Rendered by Pathview

KEGG

ZEIREEREMR R

Moo

ORTHOLOGY: K00077

| Help
Entry K00077 KO
Symbol panE, apbA
Name 2-dehydropantoate 2-reductase [EC:1.1.1.169]
Pathway map00770 Pantothenate and CoA biosynthesis
map01100 Metabolic pathways
map01110 Biosynthesis of secondary metabolites
map01240 Biosynthesis of cofactors
Module M00119 Pantothenate biosynthesis, valine/L-aspartate =>
pantothenate
M00913 Pantothenate biosynthesis, 2-oxoisovalerate/spermine =>
pantothenate
1400914 Coenzyme A biosynthesis, archaea, 2-oxoisovalerate => 4-
phosphopantoate => CoA
Brite KEGG Orthology (KO) [BR:ko00001]
09100 Metabolism
09108 Metabolism of cofactors and vitamins
00770 Pantothenate and CoA biosynthesis
K00077 panE, apbA; 2-dehydropantoate 2-reductase
Enzymes [BR:ko01000]
1. Oxidoreductases
1.1 Acting on the CH-OH group of donors
1.1.1 With NAD+ or NADP+ as acceptor
1.1.1.169 2-dehydropantoate 2-reductase
K00077 panE, apbA; 2-dehydropantoate 2-reductase
[ BRITE hierarchy )
Other DBs |[RN: R02472
COG: Cc0G1893
GO: 0008677
Genes PXB: 103939761
OLU: OSTLU_13695
SCE: YHRO63C(PAN5)
SEUB: DI49 2466
SPAO: SPAR H01040
AGO: AGOS_AAL044C
KLA: KLLAO C14674g
KMX: KLMA_30545(PAN5)
LTH: KLTHOF07172g
VPO: Kpol 1005p8 Kpol 543p77
» show all
( Taxonomy | UniProt )
Reference |PMID:9488683
Authors (Frodyma ME, Downs D
Title ApbA, the ketopantoate reductase enzyme of Salmonella typhimurium
is required for the synthesis of thiamine via the alternative
pyrimidine biosynthetic pathway.
Journal |J Biol Chem 273:5572-6 (1998)
DOI:10.1074/3bc.273.10.5572
Reference |PMID:7519593
Authors (Downs DM, Petersen L
Title apbA, a new genetic locus involved in thiamine biosynthesis in
Salmonella typhimurium.
Journal |J Bacteriol 176:4858-64 (1994)
DOI:10.1128/JB.176.16.4858-4864.1994
Sequence|[stm:STM0434]
LinkDB (Al DBs |

wd
1 metabolism
metabolism :I

degradation

1z

P-Methyl-

‘rans- anumtate
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RNALocate FEZRIIRN A I 408 58 i

miRNA RNA

M iRBase/microRNA.org ZE¥EE

miRW alk miRN AR S #iEE

Polym iRTS miRN ARG R 251

IncRN A
N ONCODE/LN Cipedia t<IEZRIERN A
IncRN ASN P SN PXiIncRN A B8

LncRNADisease IncRN AEIREUIEE
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rRN A
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7 AR 15 = |5 0 0 - O D B D 1 3
intrz ‘RN Circinteractome
Total intracellular RNA LincSNP
D Nucleus only ctarBase
, CIRCpedia
_ C] Nucleus/cytoplasm pr—r—
TSCD A
TRCirc
NPInter(V4 FunBase
Coding RNA Non-coding RNA F‘ngAR
) b isoCirc
~2% ~98% IncTarD
Small noncoding RNA Long noncoding RNA PanCircBase
Y exoRBase
pigCircNet
VirusCircBase
CmRNA) C rRNA ) (rmRNA) CsnRNA) C]ncRNA) GircRNA) RNALOCATE
tRNA ( piRNA) (snoRNA)
C siRNA) CrasiRNA)
( tiRNA ) CseaRNA)
Associated with protein synthesis Regulation of gene expression
. . CircFunBase
Frontiers in Neurology (2021) Grc260
nceP @EsS | { | ] 1 .. 44! B
IRESbase
TransCirc 84 84
riboCIRC
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GEMHEE

|\

UniProt/InterPro B ERMIEE
ExPASy GZEMERATRE

L Protein

PDB L& &H8IERE

AlphaFoldDB/ESM Atlas Tl 4544

CATH /SCOP &5 3s¥iiRiE
PRIN TS EE RN EEHIEE
DisProt/M obiDB EFEROHIEE

HiE
IntAct/M IN T/Bio GRID &Z&M#iERE

STRING BEEMRAEEHIEE

s
Pfam BHRERKSEMESEHRTEE
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. e
UnIP(O.I:..' BLAST Align Peptide search 1D mapping SPARQL Release 2024 03 | Statistics & ﬁpﬂ Help

Catalytic activity’

Rhea 105963 | ATP + L-tyrosyl-[protein] = ADP + H* + O-phospho-L-tyrosyl-[protein] [N pROSITE-proAue Annctation M 8 Publications
EC:2.7.10.1 (UniProtKB | ENZYME 2 | Rhea[? )
Hide Rhea reaction A
ATP L-tyrosyl-[protein] ADP H* O-phospho-L-tyrosyl-
CHEBI:30616 RHEA-COMP:10136 CHEBI:456216 CHEBI15378 {protein]
RHEA-COMP:10137
o L3
Find your protein +
UniProtks ~ Advanced | List [ H .
= o _ N . M
Examples: Insulin, APP, Human, P05067, organism_id:9606 g ] | |
g §
K
L-tyrosine residue
a T L-tyrosine-phosphate
residue
zoom
CEh CHEBI:82620
o
5 1 5 3 2 7 : 5 1 £ . . 4 5 9 & zoom zoom zoom zoom
UniProt is the world’s leading high-quality, comprehensive and freely accessible resource of protein sequence and functional information. Cite UniProt
Features
U O P t K B Showing features for site’, binding site’, active site’.
NIFro 301,086 results
Q @ @& & Download by
&, Download View: Cards O Table ® £ Customize columns <« Share ~ 1 - o o - - " - - " o - - 0 ze
- - v 11 [ ] qal
W Entry a Entry Name 4o  Protein es A Gene Names a Organism a Length a
, . i TYPE ID POSITION(S) DESCRIPTION
O PO06213 % INSR_HUMAN Insulin receptor|...] INSR Homo sapiens (Human) 1,382 AA e
O P14735 %  IDE_HUMAN Insulin-degrading IDE Homo sapiens (Human) 1,019 AA > Site 66 Insulin-binding X cumsted
enzyme[-"] » Binding site 1033 ATP (UniProtKB | ChEBI 7 ) (W pROSITE—ProRuis Anotation | [ 1 Publization
> Binding site 1057 ATP (UniProtKB | ChEBI I3 ) | N prRGSITE-ProRule Annotation | | M 1 Publication
N . . P Binding site 1104-1110 ATP (UniProtkB | ChEBI L7 ) | W PROSITE-ProRule Annotation | [ ™ 1 Publication BLAST @ Add
[ PO1308 % INS_HUMAN Insulin[...] INS Homo sapiens (Human) 110 AA
P Active site 159 Proton donor/acceptor | X 1 Publication
. 0 . . . . . » Binding site 183-1164, ATP (UniProtkB | ChEBI[F ) | W PROSITE-ProRula Annotation | | ¥ 1 Publication
O 073727 & INS_DANRE Insulin...] ins Danio rerio (Zebrafish) (Brachydanio rerio) 108 AA D Ermels P APERREEE)
O PO1317 % INS_BOVIN Insulinl...] INS Bos taurus (Bovine) 105 AA GO annotations’
Access the complete set of GO annotations on QuickGO [f
) PO01329 % INS_CAVPO Insulin...] INS Cavia porcellus (Guinea pig) 10 AA Slimming set
generic v
0O P17715 % INS_OCTDE Insulin[...] INS Octodon degus (Degu) (Sciurus degus) 109 AA "
& ,@ﬁ s g
& F g & ©
[J PO1315 & INS_PIG Insulinl...] INS Sus scrofa (Pig) 108 AA S & 5 s &
- & @ e & & &6:_&6, (\T;f”ﬁ‘“ S & (fd{@" 6@‘@ 5",
P A@“& @ & dﬁ“ﬁﬁ%‘“ £ S :ﬁe‘i@“a;f@‘\ Y§@§§ﬂ° o, v“’f w“{g\sé‘ Sl o uﬁsj ﬁf@@f
. . . S IO o s el s S s & X ST TS
[0 P67970 & INS_CHICK Insulin...] INS Gallus gallus (Chicken) 107 AA i K:‘}“gf’éﬁ‘:@ . W;m;?}; & ﬁ;{?g v“%ﬁ@iﬂﬁf} i@bj‘;i; i@g%@fﬁ%@ RS @&‘;%:%% :;n?:% 0;'\%2:’?%:;\9 :
I S O e R A S R ARG G A FNL S LR E LS E S S S P C s o
& St e e e o A O R e S SIS Bl e e A P e R D e e e
é‘J a‘f@i‘v”ff@?&%g’ﬁfﬁl&:‘fi‘?‘?@‘f@i «é‘f:?ﬁé’ié‘“gﬁf%ﬁ@f@iﬁ-*g? 3 :ﬁf"@‘e 4“6‘9\6;‘{:‘{3 S s“ff ‘:*“ij“m@"?:‘?%&”&’-s“"’:;‘oo‘“"\d’?;”@’\g“@;‘&}‘:\a‘ ;*“';ﬁ“?ﬁ%?ﬁﬁ

UniProt#iEEER SRR

Cell color Indicative of number of GO terms
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Famil Proteins share a common evolutionary origin, as reflected in their
y related functions, sequences or structure
— . —

p‘“ m HOME | SEARCH | BROWSE | FTP | HELP | ABOUT EMBL-EBI

Pfam data and new releases are available through InterPro - ) . I
. ) ) . , . ) ) Domain Distinct functional, structural or sequence units that may exist in a
The Pfam website now serves as a static page with no data updates. All links below redirect to the closest alternative page in the InterPro website. variety of biological contexts

Pfam 37.0 (21,979 entries, 709 clans)

The Pfam database is a large collection of protein families, each represented by multiple sequence alignments and hidden Markov models RepeatS Short sequences typically repeated within a protein
(HMMs). More... —E @l il -l —aED—aEEsy—
Motifs Short motifs such as metal binding
QUICK LINKS YOU CAN FIND DATA IN PFAM IN VARIOUS WAYS... T
SEQUENCE SEARCH Analyze your protein sequence for Pfam matches
VIEW A PFAM ENTRY View Pfam annotation and alignments Big?ti:g

VIEW A CLAN See groups of related entries
VIEW A SEQUENCE Look at the domain organisation of a protein sequence Coiled-coil Denoting characteristic heptad repeat

VIEW A STRUCTURE Find the domains on a PDB structure PRI

KEYWORD SEARCH Query Pfam by keywords
JUMP TO | |[[c0 [ Example Disordered Conserved intrinsically disordered regions

Enter any type of accession or ID to jump to the page for a Pfam entry or clan, UniProt sequence, PDB structure, etc.

Or view the help pages for more information

Pfam (E#HZES&ZEInterProfiEEF) FUEEER (2024.7) PfamEHEE

ik
>
W
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b “}:?

==
PROTEIN DATA BANK E 1,068,577 Computed Structure

# Deposit
Q Search

Ldl Visualize

- E 221,716 Structures from the PDB

SPDB fonon ENAKB [§ioot P0B-Dev

~ 3D Structures @ | [Enter search term(s), Entry ID(s), or sequence Include CSM @ -

Advanced Search | Browse Annatations Help

Modsls (GSM)

RCSB Protein Data Bank (RCSB PDB) enables breakthroughs in
science and education by providing access and tools for exploration,
visualization, and analysis of:

E Experimentally-determined 3D structures from the Protein Data
Bank (PDB) archive

E Computed Structure Models (CSM) from AlphaFold DB and
ModelArchive

These data can be explored in context of external annotations
providing a structural view of biology.

& Download Explore PDB-101
NEW Training
W Leam Features Resources

Ribosome Diversity

PDBEUEEER

woo | [l Number of Structures Release Annually

(2024.7)

200000

160000 Bl Total number of Entries Available

140000
120000
100000
80000
60000
40000

20000

O AN D S DD oA DS D N A P - R N ] & & +3 ~ PRI £
FLELF S FFFEFFFELFT I F TS FE LTI T L F ST TS T TSP F

ERHEESIEEZNER

® Newborn ® Childhood @ Adulthood ® Wisdom
: C L : 29 :
" hils JI%e |
Equations i Equations sEquations " Statistical Estimation 1 Data Analysis Tools
+ Membrane Transport i Population Evolution : Population Evolution ' Data Analysis Tools | Statistical Estimation
i Protein Structure 4 Membrane Transport : Protein Sequence | Protein Sequence . Prediction
Metabolic Reactions  Species Population  : Species Population Algorlthms " Genomic Data
® : Statisti imati m i ; .
Tumor Cells 'Statlstn:al Estimation : Membrane ransport lGene Qpresslon ® Gene Exp.ressmn
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
@ - o - >
» Gquations \ Statistical Estimation . Statistical Estimation
«Membrane Transport " Protein Sequence : Data Analysis Tools
» Population Evolution ! Data Analysis Tools |} Genomic Data
i Species Population i Equations " Ontology
» Protein Structure I Genome Sequence ! Protem Interaction
,..o, W SJ "
iy " s.H " cygg
®Infancy ®Adolescence ®Mature

EMERF T RSB ERRY

PURITERL

Statistical Estimation7.59 Ontology

Equations 7.50 |Prediction

Data Analysis Tools 6.87 Protein Interaction

Algorithms 5.17 Genomic D
Protein Sequence

Gene Expression 4.70 Population

4.99 Protein Structure

4.56 Membrane Transport 4.04
3.93
3.73
ata 4.32 Signaling Regulatory 3.38
4.11 Tumor Cells 3.28
Evolution 4.07 Infectious Diseases  3.01

4.41 Genome Sequence
4.38 Species Population

10.1109/ACCESS.2022.3160795 (2022)
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A The Cancer Genome Atlas TCGA https://cancergenome.nih.gov

A Online Mendelian Inheritance in Man OMIM Updated August 17, 2023 https://omim.org/

A Human Protein Atlas HPA version 23.0 2023-06-19 http://www.proteinatlas.org/

A The Cancer Imaging Archive TCIA http://www.cancerimagingarchive.net
A The Human Gene Mutation Database HGMD December 2021 https://www.hgmd.cf.ac.uk/

A ClinVar ClinVar Aug 18, 2023 https://www.ncbi.nIm.nih.gov/clinvar/
A Database of Genotypes and Phenotypes dbGaP https://www.ncbi.nlm.nih.gov/gap/
#IEE7~ The Arabidopsis Information Resource TAIR Araportll genome release https://www.arabidopsis.org/

FxK Maize Genetics and Genomics Database MaizeGDB Last update: August 8, 2023 https://maizegdb.org/

=28l SoyBase SoyBase 26 Apr 2023 https://soybase.org/

=28l Legume information system LIS 9-Aug-23 https://legumeinfo.org/

By Planteome Planteome Version 5.0 July 2023 https://browser.planteome.org/amigo
g FlyBase FlyBase FB2023 04 August 8, 2023 flybase.org

ZHh WormBase WormBase WS289 https://wormbase.org/

IS The Zebrafish Information Network ZFIN 2023 http://zfin.org/

iR Xenopus biology and genomics resource Xenbase version 6.0.0 https://www.xenbase.org/xenbase/
55H Mouse Genome Informatics MGI MGI 6.22 https://www.informatics.jax.org/
&Yy Bacterial and Viral Bioinformatics Resource BV-BRC 3.30.19a https://www.bv-brc.org/

ot Virus pathogen database and analysis resource VIPR BV-BRC 3.30.19a www.ViPRbrc.org

MAEY)  Integrated Microbial Genomes & Microbiomes IMG/M https://img.jgi.doe.gov/

[EaSy Saccharomyces Genome Database SGD SGD2021-01 https://www.yeastgenome.org/

RIR Global initiative on sharing all influenza data GISAID gisaid.org

Rk Influenza Research Database IRD https://www.bv-brc.org/

WE{K PhagesDB PhagesDB http://phagesdb.org/

U The Bacterial Diversity Metadatabase BacDive 20.02.2023 https://bacdive.dsmz.de

U Genome Taxonomy Database GTDB GTDB Release 214.1 https://gtdb.ecogenomic.org/

U EzBioCloud Database EzTaxon-e 2023.06.29 http://www.eztaxon.org/

BE UNITE database UNITE version 9.0 2023-08-01 https://unite.ut.ee/

p.N:7i Encyclopedia of E. coli Genes and Metabolism EcoCyc version 27.0 April 12,2023 https://ecocyc.org/ 90 90
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