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In what ways does your work relate to

CGR-related resources?

Where do you think CGR might have the

greatest impact for your clients?

What types of CGR-engagement

opportunities might be most valuable?
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Why We Are Here
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What Is comparative genomics?
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Who does comparative genomics?
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The Value of
Research

Organisms

Understand Basic Biological
Processes & Human Disease

Broad host range of SARS-CoV-2 predicted by
comparative and structural analysis of ACE2
in vertebrates

Joana Damas™'@®, Graham M. Hughes®'®, Kathleen C. Keough®®'@, Corrie A. Painter™'®, Nicole S. Persky™'®,
Marco Corbo®©, Michael Hiller®™®, Klaus-Peter Koepfli'®, Andreas R. Pfenning*®, Huabin Zhao"™®,

Diane P. Genereux"®, Ross Swofford"®, Katherine S. Pollard®®P®, Oliver A. Ryder* @, Martin T. Nweeia*>"" @,
Kerstin Lindblad-Toh™¥®, Emma C. Teeling®®, Elinor K. Karlsson™“*®, and Harris A. Lewin®¥??
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Problem

Comparative genomics
research faces several
limitations and challenges

« Exponential data growth; variable
data quality

« Multiple different user interfaces

 Limited number of organisms
supported

 Siloed data and applications

« Must download data to apply tools

 Limited scalability



Solution
NIH Comparative Genomics Resource (CGR)

What: CGR maximizes the impact of eukaryotic
research organisms and their genomic data to
biomedical research.

How: CGR facilitates reliable comparative genomics
analyses through community collaboration and an
NCBI genomics toolkit. The toolkit includes high-
guality data, tools, and interfaces for connecting
community-provided resources with NCBI.

Outcome: CGR provides you with information and
examples about free tools and data so you can
confidently help educators, trainees, researchers,
and bioinformaticians working in comparative
genomics.
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CGR Components

“ NCBI Toolkit
* |Interconnected databases

* Interoperable data and tools

Data Resources

*  NCBI Datasets

+ Genomes, Genes, Proteins, Expression

*  Gene orthology

*  Protein architecture

Analysis Tools

*  Basic Local Alignment Search Tool (BLAST)
*  ClusteredNR database

*  Visualization tools
+  Comparative Genome Viewer (CGV)
*  Multiple Sequence Alignment (MSA) Viewer
*+  Genome Data Viewer (GDV)

Data Quality Tools
*  Foreign Contamination Screening (FCS) Tool

* Assembled genome QC
+  Eukaryotic Annotation Tool (EGAP)

community Collaboration
« Connects genome-related data and metadata with the

NCBI toolkit
* Informs new developments and improvements

Standardized Interfaces
« Connects community content with NCBI content
via command line tools, APIs, or resource links
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CGR Impact
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Scientific Advancement
Maximize impact of eukaryotic research organisms and
their genomic data resources to biomedical research

New Discovery Amplification
Equal access to all eukaryotic organism data with better
connections to community resources

Scalable Analyses
Support data growth with emerging big data approaches

New and Improved Comparative

Genomics Tools
Promote high-quality data submission, exploration,
analysis, and retrieval with seamless user experiences

High Quality Genomic Data
Serve standardized, uncontaminated, and consistently
annotated eukaryotic genomic data from NCBI Archives



CGR Impact: Two Case Studies
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https://ncbiinsights.ncbi.nlm.nih.gov/2023/06/14/canine-human-oncology-cgr/

cgr@nlm.nih.gov

Finding genomic resources for organisms on NCBI

A public health biologist wants to find and contribute data for an invasive tick species

They need to:

 Identify available genomic data on
NCBI for tick species:
« Datasets Taxonomy
« Datasets Genome
« Datasets Command Line

* Improve the quality of their own data:

* Foreign Contamination Screen
« Genome Annotation
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Haemaphysalis longicornis
Asian longhorned tick
Recently found on the East Coast!

https://www.cdc.gov/ticks/longhorned-tick/index.html



Taxonomy
Browser

- Search by eremerane s
common name, v Eukaryota (eukaryotes) 34,077
SpeCIeS name’ v Metazoa (animals) 12,395
higher groups

v Arthropoda (arthropods) 4,797

Returns table of v Arachnida (arachnics)

matches with  hodida e 44
data availability |

v Ixodidae (hardbacked ticks) 30

Taxon names link \ eyl i

tO Taxonomy Haemaphysalis longicornis (longhorned tick) 4

pages — one stop
shop for links to
avallable

sequence NCBI , , . -
data! longicornis available on NCBI, and 44 for ticks in general.

There are four available genome sequences for H.

National Library of Medicine . .
NB) Nationa erter for Bitecunoogy formaon https://www.ncbi.nlm.nih.gov/datasets/taxonomy/tree/




Taxonomy

Nucleotide Protein
P ag e All nucleotide sequences 50,367 Protein sequences 27,921
Genomic sequences 2,577 Conserved domains 1
° TaXOHOmy-baSGd pOrta| mRNA sequences 47,787 3D structures 2
tO da‘ta’: gene expreSSIOn ] GEO Datasets Sequence Read Archive (SRA)
raW Seq ue nce’ . Datasets 0 All SRA experiments 268
overarching projects and s S o
more!
Samples 37 RNA 76
Direct link to designated Platiorms 3 — :
reference genome PopSet Projects and samples Browse all 4 genomes
. Phylogenetic studies 29 BioProject
Links to other CGR bosulat A . Reference genome
opulation studies 9 BioSample BIME_HaelL_1.3

resources — annotation
table, visualization,
BLAST

TIGMIC Group (2020). Isolate: Hael-2018.
GenBank GCA_013339765.2

—

Summary of data available on
NCBI for H. longicornis
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lllllllllllll
[J GenBank [J RefSeq
Scientific name 3 Modifier

Annotation [ Ssize (Mb)

NCBI Datasets Genome B Obeie
Table: H. longicornis A

O Skc;ffo\d NS0 BUSCO
(

(] Sequencint 9 [J Submitter

[ BioProject [ BioSample

sir y of O —
ava a eno N
sequences, Inc udes
mee 8'rdrla.e'taS II(ee aI t O (Co)mpl eeeeeee O (w)n tttttttttt
IZ U I Download v Select columns 4 genomes 1 selected Rows per page 20 ~
and annotation —
aval ab ity

C] Assembly RefSeq Scientific name Annotation Size (Mb) Level WGS...
AIIO S researCherS BIME_HaelL_1.3 a Haemaphysalis longicorni... Submitter 2,555 Chromosome JABSTR...
to seject most
U|ta e ass%mbly for O AsM2241470v1 Haemaphysalis longicorni. 3,156 Scaffold JADCTION
eII’ researc - ‘
D ASM2984928v1 Haemaphysalis longicorni... 2,477 Contig JANDBB...
Modlfy VISIbIe data [J HLAgriLifeRun1 Haemaphysalis longicorni... 7,362 Contig VFIBO1

sing~Select
olumns

None of the four H. longicornis genomes are curated
RefSeq genomes or have RefSeq annotation...What
about other species of tick?
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What genomic resources do we have for other ticks?

Selected taxa

Haemaphysalis longicornis (longhorned tick) €& Enter one or more taxonomic names

v

Taxonomic name

Eukaryota (eukaryotes)

v

Genomes
34,077
Metazoa (animals) 12,395
Arthropoda (arthropods) 4,797
v Arachnida (arachnids) 150
v Ixodida (ticks) 44
y  Ixodidae (hardbacked ticks) 30 /
v Haemaphysalis 4
Haemaphysalis longicornis (longhorned tick) 4
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NCBI Datasets Genome
Table: Filtering

Genome data from
related species can be
extremely useful to make
Inferences about our
target species

However, we likely can’t
analyze all 30 genomes
In this family of ticks

Apply filters for
annotation availability
and genome quality to
select most informative
assemblies to study
furthers

National Library of Medicine
National Center for Biotechnology Information

30 genomes assemblies for tick family Ixodidae

N

= Filters RefSeq annotation

Reference

STATUS
Reference genomes
B Annotated genomes
Annotated by NCBI RefSeq
[CJ] Annotated by GenBank submitter
[C] Exclude atypical genomes

[[] Metagenome-assembled genomes (MAGs)

contig scaffold chromosome

scaffold +

SEARCH WITHIN RESULTS

Q

ASSEMBLY LEVEL

complete

YEAR RELEASED
® D

1980 2023

N

Five assemblies that are Refseq
annotated and meet our assembly
level standards




Genome Data
package

« Once you have identified

GENOME DATA PACKAGE

D | O

Genomic FASTA

relevant genome Transcript FASTA*
) Protein FASTA* Data report
assemblies, download bulk DS PASTA' | Sequence report
ol enome Dataset catalo
data as efficient packages Genome GTF* ¥
Genome GBFF*
L J
Get either actual
sequencing and annotation R e coum Rowsperpage | 20 15
data or metadata for further S N
fl |te rl n g BIME_Rsan_1.4 & Rhipicephalus sanguineus (brown dog tick) Chromosome C:96.6%[S:89.4%,D:7.2%),F:0.8%,M:2.6%,n:2934 _—
ubmitter arachnida_odb10
. a BIME_Rmic_1.3 e Rhipicephalus microplus (southern cattle tick) Chromosome C:95.7%[S:91.5%,D:4.2%),F:0.5%,M:3.8%,n:2934 -
Variety of industry-standard

file formats for use in After filtering for genome quality and annotation availability, we select two
bioinformatics pipelines species of related ticks to study further by downloading sequence data and
associated metadata right from the Genome Table interface.
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Southern Cattle tick — a better-studied relative!

NCBI Datasets:
Genome Annotation
Table

Download gene, transcript
and protein sequences,
and metadata

Tables are available for
~7500 eukaryotic
annotated genomes

Available for both
RefSeq and GenBank
submitted annotations

Filter by gene type, gene
name, and chromosome
or location on the genome

m National Library of Medicine

National Center for Biotechnology Information

Genes

Genes annotated on Rhipicephalus microplus (southern cattle tick) BIME_Rmic_1.3 (GCF_013339725.1)
Annotation Name: NCBI Annotation Release 100 (November 4, 2020)

= Filters evasin

Select columns 1 Gene Rows perpage | 20 v | 1-Tof 1
O Genomic location Chromosome Orientation Name Symbol Action
[J NC_051165.1:111928293-112022529 1 minus evasin-1-like LOC11915996!

We get one result for searching the R. microplus annotation set for evasin, a
protein in tick saliva that helps evade the host immune system. From here,
download data or follow a link to the gene page to learn more!



NCBI Datasets
Command Line \

download
Interface
. ] | want to
« Same information download
available in the web —_m metadata + data
- download gene-id
Interfaces datasets Summary

Look at metadata

without downloading g summary

—| virus ]
—{protein* ]

large files

| want to look at

Available In metadata

bioinformatics rehydrat
ecosystems like
Galaxy

NCBI Datasets = Galaxy
content also available

via REST API

National Library of Medicine
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www.ncbi.nlm.nih.gov/datasets/docs/v2/download-and-install/



http://www.ncbi.nlm.nih.gov/datasets/docs/v2/download-and-install/

Using the Comparative Genomics Resource we quicKkly...

* Found genomic related data for a focal species

* Found genomic related data for related species

 Sorted and filtered those assemblies using metadata

 Sorted and filtered annotated features (genes) using metadata

But what if we want to improve or annotate our own genome
assemblies?

* Foreign Contamination Screen

« Eukaryotic Genome Annotation Pipeline

National Library of Medicine
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Input assembly

Foreign
Contaminant
Screening (FCS)

FCS-adaptor ComrT]on
* In 2022, 1 of every 3 [ contaminants

- JE

!

eukaryotic genomes

submitted to GenBank had
detectable contamination

Required User Inputs: « Contaminants from
* genome assembly sequencing adaptors

« Contaminants from
non-source organisms

« NCBI taxonomy identifier

Integrate
User gets:

contamination summary report

actions for cleaning genome
Clean

cleaned genome,
contaminants file

assembly

/
1N

National Library of Medicine ; .
m National Center for Biotechnology Information httpS ://q Ith u b ] CO m/n C b I/fCS



https://github.com/ncbi/fcs

EGAP: Eukaryotic —

Genome Annotation T Y e =

—T ik genomic Read
- - sequence Archive
Pipeline ] R [
Curated RefSeq genomic Transcript alignment Protein alignment RNA-Seq, long read,
sequence alignment CAGE alignment
v
. "_ "_ "_ | Ranking and filtering |
Used by NCBI to annotate >1000 species | Rankng e > Ranking | Ranking
. . . Collapsin
Evidence used for gene prediction: v ! !
v ESTs Filtering Filtering Filtering Filtering
|
v" cDNAs
v Same and cross-species proteins Known
RefSeq
\/ RNA—Seq transcripts
v PacBio IsoSeq, ONT transcriptomes
h 4
\/ CAGE Small non-coding RNAs

(RFAM, tRNAscan-SE)

GIVE FEEDBACK!
Cloud-compatible containerized EGAP for public use. . S —
Want to be an alpha tester? .

( Nucle otide O (Prc:-teino
m National Library of Medicine
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Case Study 1 Summary

Find and contribute genomic data for an invasive tick species

Find Data: Improve your data:
+ Taxonomy Browser * Foreign Contamination Screen

. Improved Taxonomy Pages  Eukaryotic Genome Annotation Pipeline

« Datasets Genome Table

« Datasets Command Line
Interface/API

 Datasets Annotation Table

National Library of Medicine
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Case Study 2

Making discoveries in cancers common to humans and dogs

w /TP53\”

Osteosarcoma

Li-Fraumeni syndrome . .
y Histiocytic sarcoma

The following are some resources that can help in this research:

NCBI Gene Multiple Sequence Alignment (MSA) Viewer

Comparative Genome Viewer (CGV) NCBI Orthologs ,

55) Genome Data Viewer (GDV) cn3p

National Library of Medicine
National Center for Biotechnology Information
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https://ncbiinsights.ncbi.nlm.nih.gov/2023/06/14/canine-human-oncology-cgr/

@ NCBI Gene www.ncbi.nlm.nih.gov/gene

National Library of Medicine

National Center for Biotechnology information

Summary records of an organism's
gene-specific information, including e — am
sequences, expression data, R

published literature, functional TPS3 o prtein 5 {Homosapers () D, !
. . updated on 10-Oct-2023 IGenorrlic context I
d O m al n S y Stru Ctu reS an d = Summary 2|7 ::enomn’: regions, transcripts, and products :
- Official Symbol TP53 provided by HGNC ] ‘xp_resmn 1
homologs with access to more... d o e e e !
- I
National Library of Medicine a [
. . . B National Center for Biotechnology Information HIV-1 I
» Displayed information is p— . :
aggregated from all relevant NCBI R o T
ewen = General protein information I
database records and tools e o rote o ot s s 1] e,
. Gene ID: 403869, updated on 7-Sep-2023 e conment I Related sequences I
Hyperlinks to related resources il e | [ !
ottt Symbol 1753 yorcate e :Bibhography I Do o o s e e e s e
such as PubMed, GDV, NCBI cnesrtt v P ] ==
! ! e raten 45024647 l‘“|E’ﬂ¢“°"‘5 ation : Genome Data Viewer
O rth O | O g S RefSe : Hot I Variation Viewer (GRCh37 p13)
Gener: ation
. " . - m heria; La Inca Reference Seuue;r;es (RefSeq) :
Data is accessible via the web, prrom s e P .
H T TrythenewGenetable e e - l
FTP, NCBI Datasets, Eutilities APIs, S :
and the Edirect command-line tool :

The human TP53 gene record contains has much more
information than displayed for the dog version. This data may
m National Library of Medicine help to fill in knowledge gaps for this lesser-studied gene.

National Center for Biotechnology Information




@ Comparative Genome
Viewer (CGV)

Compare two genomes and
their gene annotations based on
assembly-assembly alignments

Zoom to multiple levels
Search by gene symbol
or name

Compare gene
annotations

National Library of Medicine
National Center for Biotechnology Information

www.ncbi.nlm.nih.gov/genome/cgv

Canis lupus familiaris Dog10K_Boxer_Tasha (GCF_000002285.5)

5 R
oY
” - v\
7 N N
‘4 \ P
| 'v
| il
- . : : : . —K
327 32 702M I2T08M  I2TOEM 32 70EM 32 T1M 32712 I
Homo sapiens GRCh38.p14 (G,C_l - ﬁ
I I Jownload data Download mage
I 7.67M E75M &8 TEBSM I
I 1 1 i

The human and dog TP53 genomic regions appear largely
similar but exhibit gene structural differences. This tool can
be used as a gateway to do more detailed analysis by
facilitating access to other key visualization resources.



Genome Data Viewer : :
www.ncbi.nlm.nih.gov/genome/gdv
(GDV) govig g

Genome Data Viewer

- Canls IuPus famlllans Assembly: Dog10K Boxer Tasha (GCF 000002285.5) ¥ . Chr 5 (NC 006587 .4) v
aog
Explore and analyze genomic < mmcarecrE
reqions via annotations and Ao s
g ' |
1 v Assemblies = Gene Transcrip Exons: cick an 10 200m In, mouse over to see details
a Ignen S_ Regionv | ¢ | TPS3 v[ )| | NM00|3892181v\ booooooooooo
A scmbly Swyitct ganist = = =
GCF_000002285.5 (Dog10K_Boxer_Tasha) v | & <3 NC.0065874+ 3 ) @ aQ W F I R Toolsv | € Tracks + ¥, Download v
Locations Genes, NCBI Canis 1 familiaris Annotation Relea L00

No regions for assembly

* The interactive display enables you to " Ldeogram view s e

zoom in/out, search for annotations and | .
features, customize the display and ‘ ’ i I I L 1
download an image or the underlying I LALLLL ’;;;‘.‘.’“_’T..;.’,;;;;‘.,“”,’,;;,;“.”,.;,’;,;,.,._._,H..,.,_.,._. .....,.,..'l_

data.

Explore available NCBI data tracks or \ \ L
upload Track Hub Registry tracks or |
your own datal! | \HH 10000

This is a continually developing
resource with new data tracks added as
new data comes in.

* Tracks and User Data
* BLAST
* Tracks by Accession

» History

The human and dog genomic alignments in the TP53 gene region
enable direct comparison of differences in known transcript variants.
) _ i In addition, the GDV browser enables comparisons with other track
National Library of Medicine . . . . ipe -
m National Center for Biotechnology Information annotations, including RNA seq expression data for specific tissues.




Multiple Sequence
Alignment (MSA) Viewer

Compare and examine nucleotide e N . T
or protein sequence alignments. D ———

www.Nncbi.nlm.nih.gov/tools/msaviewer/

NP 0005373 1 ¥ :--ll I
ﬁg 223321;171 } f | | -=lll=__ _:gé fﬁﬂﬁm L:Jl.[q]il:h f:mi]jaris
NP 112251.2 1 ¥ | ] 391 |Rattus narvenicus
NP 9989803 1 B , N 26, Sus scrofa
. . . NP_(001009294.1 1 == ll: """ Felis ranfm
. The |n.teract|ve d|Sp|ay enables you to NP_776626.1 1 AnHl- I 255 |Ros fauns
zoom in/out, color residues based on : |
S_evera'l dlfferent SChemal _CUStomlze the 9| Find: & \4 : [CH A Tools ~ | [ columns | B Rows | ¥, Download ~ | f=! Coloring~ | @& 2 ~
display and download an image or the sewmces s | 3w Pho o  aw  m  we s ae[ew | ogmen
AR Gielel o U b R e
: : - ot — R HEI] IR LR R i L ORI (L LR T B v
This resource can be used to visualize m 298380 3 ; R IR PR B e S sco
your own sequence alignments or can e ro— 1 Hllllliml_:l_!f B T b Tt el catus
be accessed from a BLAST search
result or a Comparative Genome | e T T T T
. . I - " ; } } f l
Viewer (CGV) alionment. X [ e S ¢ AR A P B P ATAI P A P AMEGS oo snens
- y e EEESSTEEE o |
The MSA Viewer Is also available with T ——— ] PAmA A Am:aramy oo

NP 776626.1
l-------------------------------

an API call for embedding in your own
webpage.

In comparison with the human TP53 protein sequence, the
dog and other mammals have a region showing significant
sequence diversity. Using MSA Viewer it is easy to zoom in

m National Library of Medicine ] _
National Center for Biotechnology Information an d exam I n e th at reg IO n ]




Learn more: ncbiinsights.ncbi.nlm.nih.gov/2019/04/24/
searching-for-orthologous-genes-at-ncbi/

ot webste of the soverrment

L

. NCBI Orthologs

Find related genes in other — e
organisms and perform quick

This g a tumor suppressor protein activation. DNA binding. and oligomerization domains. The encoded protein

responds to diverse collular strosses to regulate expression of target genes, thereby inducing cell cycle arrest, apoptosis, senesconco, DNA repair, or
changes in metabolism. Mutations in this gene are associated with a of hus ncers, including hereditary cancers such as Li-Fraumeni syndrome.
[] Alternative splicing of this gene and the use of alternate promoters r Lt inscript variants and isoforms. Additional isoforms have also been

al
shown to result from the use of alternate transiation initiation codons from identical transcript variants (PMIDs: 12032546, 20937277). [provided by RefSeq.

National Library of Medicine

NCBI Orthologs How was this calculated?

Select transcript or protein mivipi i

sequences for download or e
alignment

6 selected
Enter taxonomic name Download data x

T [ren]

berds Species Gene
turties File types

» . . v Homo TPS3
I Efl ne yo ur resu ItS Wlth th e i han tmorproten || RefSeq transcripts (FASTA) 4
Kards & snakes o83

mammals

taxonomy tree e el . |
. . o Py— -

Drill down to species level = ——

information = T

Access relevant PubMed citations
for OrthOIOgS e D Tmme @

domestic cat tumor protein

NCBI's genome annotation pipeline has identified TP53

orthologous sequences for over 400 organisms. In this

m National Library of Medicine resource, sets of selected sequences can be quickly aligned or
National Center for Biotechnology Information d Own I O ad e d )




. www.ncbi.nlm.nih.gov/Structure/icn3d/icn3d.html
I C n 3 D Query: NP_001376147.1; target: 1TSR_A, P53 CORE DOMAIN

Visualize and map locations of a
protein’s key sequence residues to
Its 3D structure, along with NCBI
annotations such as the positions
of known clinical variants.

 Interactive display

» Customize and download image or
the underlying data

« Align multiple structures

i & 94 |H Cct C ' P

BLAST, E: 6.50-145 HYNYMCNSSC nrre bk : CACP
Query: NP_001376147.1 81 |HYNYMCNSSCMGGMNRRPILK | I TLEDSSGNVLGRNSFEVRVCACPGRDRRTE
180 ResHYNYMCNSSCMGGMNRRP JLF I I TLEDSSGNLLGRNSFEVRVCACPGRDRRTE
. . inVai - GULUU-BUULULUULULUQUBULLULLULUUULLU--LUBLULLLULULLLLLY I

) S d I bl G tH b [Ctinvar > | S.DL. AGLAALILLKLYP} VEAQGGYTC.DYPEQ.- -CKG DE.

ource coae avallapble on GlItHU 2] ore 8 i

: . B8R S C
site: - C

The core DNA binding domain for human TP53 has a

sequence very similar to that of the dog. In mapping known

ClinVar pathogenic variants to the structure, a similar genetic
[XED) \ational Library of Medicine variant impact may also be predicted for the dog TP53.




Case Study 2 Summary

Making discoveries in cancers common to humans and dogs

NCBI Gene: We learned what is known about the dog TP53 gene
and what information we might infer from what is known about the
well-studied human version.

explore the synteny for the dog and human TP53 genomic regions.

Genome Data Viewer (GDV): We examined the dog and human
TP53 gene annotations alongside other annotation tracks including
dog tissue-specific RNAseq expression data.

@ Comparative Genome Viewer (CGV): We were able to align and

Multiple Sequence Alignment (MSA) Viewer: We were able to
e explore and directly compare the human, dog and other mammalian
TP53 protein sequences.
NCBI Orthologs: We quickly found TP53 orthologous sequences for
. over 400 organisms and were able to quickly download datasets for
organisms we selected, such as human, dog, mouse, rat, and pig.

0

ICn3D: We were able to interactively visualize the human TP53

protein 3D structure and directly map aligned human and dog
sequences and annotations such as known ClinVar pathological
clinical variants.

National Library of Medicine
National Center for Biotechnology Information



https://ncbiinsights.ncbi.nlm.nih.gov/2023/06/14/canine-human-oncology-cgr/

What's next for CGR?

» Ongoing resource improvements based on community
feedback

* Making EGAPX publicly available and expanding its
taxonomic scope

* Alpha testers wanted!

* More data available in CGV

National Library of Medicine
National Center for Biotechnology Information



How Do | Learn More
and Get Involved?

Reach out to us at
cgr@nim.nih.gov

Sign up for our
mailing list -
bit.ly/Subscribe CGR

m National Library of Medicine

National Center for Biotechnology Information

Visit the CGR website
ncbi.nlm.nih.gov/cgr
and click the yellow
Feedback button on the
bottom right of the page

Look out for future
meetings, workshops,
webinars, surveys, small
group sessions, user
testing, and interviews to
inform the development
process

National Library of Medicine

National Center for Biotechnology Information

Q Search NCBI .

CGR home About CGR News and events Data resources Analysis tools Data quality tools

NIH Comparative' Genomics Resource (CGR)

Maximizing the impact of eukaryotic research organisms

Comparative genomic analyses are a powerful tool for scientific discovery. CGR
is an NIH-funded, multi-year NLM project to establish an ecosystem to facilitate NIH Comparative Genomics Resouree(CGR): © Ied
reliable comparative genomics analyses for all eukaryotic organisms in AL b March st Sgre

collaboration with the genomics community. The project’s vision is to maximize | Froma national resea > ;-.
the impact of yotic research and their genomic data T - | A v
resources to meet emerging research needs for human health. To achieve this,
NCBI will provide high-value data and assorted tools compatible with %
NIH Compé » ve (CGR)
Genomics Resvurce

Get CGR updates

»~
Join our mailing list to receive CGR updates and opportunities to provide B
feedback

& Youlube

Discover CGR

About CGR News and events Get involved

Learn how NIH is creating new opportunities for Read the latest CGR news and find Help shape the future of comparative genomics
comparative genomics research and amplifying opportunities to engage—community input is research. Email cgr@nim.nih.gov to share your
community resources. essential to CGR's success thoughts, participate in a user feedback

session, or contribute data or tools

Data resources Analysis tools Data quality tools
Browse and download sequence and metadata Explore and analyze biological sequences and Improve your assembled genomes prior to
for genomes, genes, proteins and transcripts data submission.

across eukaryotic organisms
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Intended Users: Information Professionals ‘ Researchers ‘

NIH Comparative Genomics Resource

NIH Comparative Genomic Description: The NIH Comparative Genomics Resource (CGR) is
a multiyear preject intended to maximize the impact of
research on eukaryotic (non-bacterial, non-viral organisms such as animals, plants, and fungi) lifeforms and their
genomic data. CGR facilitates reliable comparative genomics analyses, including the study of structure, function,
evolution, and mapping of eukhryotic genomes. Researchers can compare characteristics of sequenced genomes
across different species. Comparative genomics provides insight into evolution and how species change over
time, how genes control biclogical functions, and how gene variants in a single species may contribute to
disease. CGR facilitates this through community collaboration and an NCBI Toolkit of interconnected and
interoperable data and tools. Its development is led by the National Center for Biotechnology Information.

Popular uses of this product:

Information Professionals Researchers

 Include CGR in subject guides for biclogy, * Download compret genomic data i
chemistry, and genetic resources. gene, transcript, protein sequences, and metadata.

® Curate FAIR, detailed metadata for genomic * Visualize and compare eukaryotic genomes
research data. assemblies and annotations.

Use tools to improve the quality of your genome
assemblies prior to GenBank submission.
& Promote CGR as a multi-faceted resource for Request NCBI evaluation of your human, mouse, or
facilitating diverse types of comparative rat genome assemblies for accuracy,
genomics research. completeness, and correctness.
Share curated data with NCBI to expand and
enhance genomic related content.
Give feedback on the usability and usefulness of
CGR (yellow feedback button).

* Give feedback on the usability and usefulness of
CGR (yellow feedback button).

NIH Comparative Genomics Resource (CGR)
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WEB INTERFACE
@ Easily search, browse, select and download
gene, genome, and virus datasets

e NCBI Datasets
e BLAST

Advanced programmatic
access to gene, genome, and
virus datasets

e Comparative Genome Viewer (CGV)

COMMAND LINE TOOL

e Foreign Contamination Screen (FCS) Tool
e NCBI Gene

input
assembly

make gx_db

e Genome Quality Service

fasta_split
- ‘ fasta_mask
. S I l \I 2C LE BLAST ® » blastp suite
Choose Search Set

Tr rimental red nr _align (1% pass)
Databases () Standard databases (nr etc. fad © Experimental databases < Jy Sxperaietitalichisteron oy datsbavs Q g 9 B
For more info see What is clustered nr?
] select to compare standard and experimental database €

Experimental
DRt + [ Clustered nrinr_clustered) v 1@ gx_align (2™ pass)

full database

best-matching tax-ids
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action_report
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https://www.ncbi.nlm.nih.gov/datasets/
https://ncbi.nlm.nih.gov/genome/cgv/
https://ncbi.nlm.nih.gov/genome/cgv/
https://github.com/ncbi/fcs
https://www.ncbi.nlm.nih.gov/gene?utm_source=blog&utm_medium=referral&utm_campaign=gene&utm_term=AGR&utm_content=20220210link1
https://ncbiinsights.ncbi.nlm.nih.gov/2021/09/30/genome-quality-service/
https://ncbiinsights.ncbi.nlm.nih.gov/tag/sparcle/

How Do | Learn More: Impact Spotlight

e Intro to CGR

Research Summary

Publication: Bartoszewicz JM, Masri F, Nowicka M, Renard BY. Detecting DNA of
navel fungal pathogens using ResNets and a curated fungi-hosts data collection.
Bioinformatics. 2022 Sep 16;38(Suppl_2):ii168-iil74. doi: 10.1093/bioinformatics/
btac495. PMID: 36124807,

Bioinformatics

 Research Summary

Topic: Bioinfarmatics resource development

Researchers created a curated database of fungal host-range data linked to
publicly available genomes. Using neural netwarks trained on this data, they tested
whether this combination of genomic and host information can be used to predict
pathogenicity using both sequence homology and deep-learning approaches,

The researchers’ database contained over 1400 genomes linked to host and disease

» Potential Impact of
CGR to that the
research

phenotype metadata from multiple existing databases and found that their neural
networks could accurately detect fungal pathogens in Next Generation Sequencing
(NGS) datasets. The trained models predicted pathogenicity and whether a fungus
infects humans vs, other hosts. They also developed madels with separate classifiers
for fungal, viral, and bacterial pathogens.

Potential CGR Impact on Research

The following are examples of how CGR resaurces and capabilities could impact this study.

NCBI Datasets: Researchers could automatically produce genomes to better understand taxonomic bias or gaps in the
tabular-formatted metadata (and only for specified genomes available for taxonomic group.
relevant fields) for a large list of taxa using NCBI Datasets.

NCBI Datasets reports by taxon or genome would allow Researchers could programmatically pull target genomes

the researchers to easily add information about assembly and metadata using an API connection. Data pulls could
quality or status of included genomes, which could then be be easily performed at regular intervals and fit specified
used to assess the effects of genome quality on results. The characteristics, including newly added data,

researchers could then use NCBI Datasets reports/assembled

National Lib: nlM.ﬂlcma ¢ 0 Visitusat
N o e witter @ncbi cgr@nim.nih.gov nebi.nlm.nih.gov/

*htt

National Center for Biotechnology Information ° h tt

National Library of Medicine
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Research Summary

Publication: Redmond AK, Pettinello R, Bakke FK, Dooley H. Sharks
Provide Evidence for a Highly Complex TNFSF Repertoire in the Jawed
Vertebrate Ancestor. J Immunol. 2022 Nov 1;209(9):1713-1723. doi: 10,4049/
Jimmunel.2200300. Epub 2022 Sep 16. PMID; 36113883,

Topic: Protein family evolution and orthology inference for a particular gene family

d a variety of bioinformatic analyses to survey tumor necrosis
netic position

hat sharks harbor more

han 30 TNFSF gen:

more than all other vertebrates, due to retention of an ancestral repertoire and
ineage specific expansions. Cytokines of the TNF superfamily are important for

mplicated in many human diseases. Researchers discovered
ed when

compared with mammalian systems

Potential CGR Impact on Research

The following are examples of how CGR resources and capabilities could impact this study.

NCBI Datasets: Web interfaces and command line tools
would allow for rapid generation of a reference set of bony
fish TNFSF sequences, as well as their rapid update as new
TNFSF-family sequences are sequenced and uploaded. NCBI
Datasets could also be used to produce lists of known TNFSF
orthologs.

EGAPX: When released, the EGAPx pipeline will allow
researchers to create standardized and high-quality genome
annotations and gene predictions, reducing their need to
spend time integrating multiple external programs for gene
prediction. CGR's common set of tools also makes it easier to
reproduce published results

ISI) National Library of Medicine oy Folion
D) M o ety s

son
Twitter @ncbi

BLAST* with ClusteredNR Database: Researchers could
BLAST® the TNFSF query set against the new ClusteredNR
database. This would make it easier to examine other
cartilaginous fish sequences available at NCBI, create a

gene tree across a wide variety of species, and obtain more
sequences for annotating neighboring genes discovered in
thelr synteny analyses. Ultimately, researchers would be able
to efficiently focus on clusters containing relevant species and
sequences through an Intuitive display of taxonomic results.

Similar Genes: Researchers could more deeply explore the
evolution and representation of gene families across the tree
of life using Similar Genes, which are larger NCBI collection of
genesrelated by a combination of calculated orthology and
protein architectures.

@ Contactusat 0 Visitusat
cgr@nlm.nih.gov ncbi.nlm.



https://www.nlm.nih.gov/ncbi/cgr-impactspotlights/bioinformatics-PMID36124807.html
https://www.nlm.nih.gov/ncbi/cgr-impactspotlights/protein-family-PMID26113883.html
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