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Specific objectives of this session:

1. Understand the importance of real-time sharing of sequence data nationally, internationally and
across sectors

2. Know the principles of fair and sustainable data sharing (Nagoya protocol)

3. Understand the specificities of restricted-access (e.g. GISAID) and public access sequence
databases (e.g. ENA, SRA)

4. Learn about how data are structured at the INSDC (ENA) and learn about the different steps
involved in data preparation and submission to the ENA database

5. Learn how to explore and retrieve data from ENA and associated data portals



Global sharing of digital sequence information (DSI) ;@g{s
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What does the term Digital Sequence Information include?

« Sequences and chemical structures (DNA, RNA, protein, epigenetic modifications, metabolites and
other macromolecules)

« Associated information (annotation, traditional knowledge, place of origin, etc.)

Sharing of data implies guidelines and legal framework to protect the providers of these data and
their stakeholders.




The Nagoya protocol on access and benefit-sharing

INFORMATION ~ ABOUT THE SECRETARIAT ~ Signupforanaccount | Signln  English ~ ~ Search

Convention on BIODIVERSITY CONVENTION CARTAGENA PROTOCOL NAGOYA PROTOCOL COUNTRIES PROGRAMMES

Biological Diversity
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ACCESS AND BENEFIT-SHARING A ND BEN RIN L
NAGOYA PROTOCOL . .

s BSunder e 5 The Nagoya Protocol on Access and Benefit-sharing
> About the Nagoya Protocol
> Nagoya Protocol Text

> History

PARTIES

> Becoming a Party

> List of Parties

142 ratifiations

Nagoya Protocol on Access and Benefit-sharing

> National information - country profiles
> Key Steps towards implementation

KEY PROTOCOL ISSUES With the ratification of
> ABS Clearing-House cos'::;:;f;'l ‘hh:s"::goya
> Assessment and review ratifications/accessions.

Booklets available in:
Ar | En | Es | Fr|Ru| Zh | Courtesy Translations

> Awareness-raising
» Capacity-building and development

Compli ith the Protocol o : A 5 . A 4
Dbl The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their

Utilization to the Convention on Biological Diversity is an international agreement which aims at sharing the benefits arising COP-MOP-5
from the utilization of genetic resources in a fair and equitable way. It entered into force on 12 October 2014, 90 days after
the date of deposit of the fiftieth instrument of ratification. Learn more about the Nagoya Protocol.

> Cooperation

> Digital sequence information on genetic resources
> Finandial mechanism

> Global multilateral benefit-sharing mechanism

> Model contractual clauses, codes of conduct, guidelines and best practices and]or standards cuplB

> Monitoring and reporting COLOMBIA

Visit the ABS Clearing-House:

> Specialized international ABS instruments

(OP-MOP
> (OP-MOP Bureau ABSCH
> COP-MOP dedisions o Quick Links to
ACTIVITIES AND COMMUNICATIONS 5 4 . . 5 e 0
5 Moatogs i Docunents The Acces's and .Beneflt-sﬁanng Cleam.'lg-House (ABS Clearing-House) is a platf?rm for exchanging |nform.amon on a.ccess ABS Re sources
S Notiications and benefit-sharing established by Article 14 of the Protocol, as part of the Clearing-House of the Convention established
under Article 18, paragraph 3 of the Convention. The ABS Clearing-House is a key tool for facilitating the impl ion of - h
;:S:;T::m"d WL the Nagoya Protocol, by enhancing legal certainty and transparency on procedures for access and benefit-sharing, and for &
monitoring the utilization of genetic resources along the value chain, including through the internationally recognized

> 10-year anniversary of the Protocol
> ABS Clearing-House

» Awareness-raising

> Bonn Guidelines

certificate of compliance. By hosting relevant information regarding ABS, the ABS Clearing-House will offer opportunities
for connecting users and providers of genetic resources and associated traditional knowledge.
Learn more about the ABS Clearing-House. CEPA Toolkit

E-learning modules

https://www.cbd.int/




Recommendation issued after the Fourth meeting
Working Group on the Post-2020 Global Biodiversity
Framework (21-26 June 2022)

[Agrees as follows:]!

(a) [Take measures to] encourage more deposits of data;

SC O tags indicating the |coun Or regionjlor place] oi] origin ol |an
providing] the genetic resources from which digital sequence information was generated for new
submissions to [and existing digital sequence information in] [public][all] databases;

digital sequence information on genetic resources is [obtained][generated]] and [for] users of [that
ggital sequence information on genetic resources;

(d) Be efficient, feasible and practical [[, be][and] effective in [ensuring][enabling
appropriate access to and] fair and equitable sharing of benefits arising out of the use of digital
sequence information on genetic resources] and generate more benefits, including both monetary
and non-monetary, than costs;

(e) Be adaptable to future technology changes;

® [A solution on fair and equitable sharing of benefits from the [utilization][use] of
digital sequence information should] be mutually supportive of [and adaptable to] other [relevant]
access and benefit-sharing instruments;

(g) |Urge Parties to take actions to promote || Promotion of] research and innovation|
d technical and scientific cooperation, capacity-building and technology transfer [to developing

ountries [under fair and most favourable terms][as specified in Article[s] 16 [and 18] of the

Convention][upon mutually agreed terms]] [and increased mobilization of resources] for the
purpose of conservation and sustainable use of biodiversity;

(h) [Respect and protect] the rights of indigenous peoples and local communities over
their traditional knowledge associated with genetic resources [and take into account their role as
stewards of biocultural, biological and genetic diversity;]

@) [Recognizes that] the monetary and non-monetary benefits arising from the use of
digital sequence information on genetic resources should be used to support conservation and
sustainable use of biodiversity and [inter alia] benefit indigenous peoples and local communities;

@) [Recognizes that] the monetary [and][or] non-monetary benefits arising from the
use of digital sequence information on genetic resources [must be shared in a fair and equitable)
'way and][that are shared] should be used to support conservation and sustainable use of biodiversityj
[as well as sustainable development] and [inter alia] benefit indigenous peoples and loca
communities[, as applicable];

(k) [[Agrees that] “digital sequence information [on genetic resources]” [is constitute
of] [information on][sequences and chemical structures on][annotated sequences of] [DNA, RNA!

[proteins, epigenetic modifications,” metabolites,] [and other macromolecules, [derivatives]] and
recognizes the relevance of associated information [particularly traditional knowledge]];]

1)) [“Digital sequence information” is any information in [electronic][any] format that
results from “utilization of genetic resources”;]

(m) [Any solution on digital sequence information on genetic resources needs in
principle to lie within the legal framework of the Convention. Solutions which lie outside the scope
of the Convention on Biological Diversity would first require revision of the Convention;]

(n) [Access to [pooled][pools of diverse] digital sequence information on genetic
[resources][diversity] in public databases supports research and innovation and therefore remains
open [and unrestricted] [as per current [best [available] scientific] practices [and international
standards]], [subject to provisions to ensure][while addressing challenges related to] benefit-
sharing and the protection of traditional knowledge associated with genetic resources, as necessary
and appropriate [in order to not hinder [responsible] research and innovation [and fair and equitable
sharing of outcomes of such research and innovation] [, [inter alia for] public health and food
security] and be consistent with open [science principles][access to data]];]

(0) [Digital sequence information on genetic resources is made publicly available;]

®) [The pooling of data [from different databases] benefits research and innovation
and brings mutual benefits to the research and database communities [although open data in itself
is not a means to ensure benefit-sharing];]

(@ [Relevance of [tracking and] tracing may depend on the approach taken to address
Egital sequence information [, for example, for hybrid approaches];]

(r) [Users of digital sequence information must inform the country [of origin or
providing country] prior to accessing in case of both commercial and non-commercial use;]

(s) [Tracking and tracing could be [used][useful] for limited specialized subsets of
digital sequence information on genetic resources [but is currently not feasible technically or
financially at a large scale [and could also lead to a significant environmental footprint]];]

(t) [Be consistent with international human rights and obligations;

(u) [The Convention on Biological Diversity [could] provide a framework for a
solution on the fair and equitable sharing of benefits from the [utilization of genetic resources in
the form][use of] of digital sequence information;]

(3) A solution on digital sequence information on genetic resources 1§ likely to
include a multilateral mechanism (for example, a multilateral fund). There are various views
regarding the benefits of a solely multilateral system versus a hybrid system (i.e. multilateral with
limited bilateral exceptions) and regarding the need for mixed models of funding or governance for
such systems;]

Need for
ethical and
equitable
data sharing
to achieve
timeliness
and accuracy
in epidemic
surveillance
and research

https://www.cbd.int/doc/recommendations/wg2020-04/wg2020-04-rec-02-en.pdf




Geographic disparities of sequencing technologies @
availability during the COVID-19 pandemic SoocC

Illumina
Nanopore
® |on Torrent
® (lear Labs
e Sanger

e DNBSeq

Next Generation Sequencing Devices in Africa

https: i.org/10.1016/51473- 2 -7

Map of sequencing tools available across global regions

Source: worldbank.org publication
Ntps://documen nvoridbank.org/curated/en/099/716 40993/pdf/P1/7618002a6bfd00c09e3908 /a18be85684.pd

based on data submitted to GISAID



https://documents1.worldbank.org/curated/en/099716212222240993/pdf/P17618002a6bfd00c09e39087a18be85684.pdf
https://doi.org/10.1016/S1473-3099(20)30939-7

Geographic disparities and gaps in data eCoC
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sharing during the COVID-19 pandemic
Fig. 1: Global SARS-CoV-2 genomic surveillance and sequencing availability. Fig. 2: Sequencing technologies and distribution of global publicly deposited
2 genomic data.
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availability of SARS-CoV-2 sequencing. ‘Data unavailable’ include locations that do not belong to the
194 Member States or do not have applicable data. Data shown here are as of 31 October 2021. e
Administrative boundaries were adapted from the database of Global Administrative Areas (GADM). https://doi.org/10.1038/s41588-022-01033-y




Biological sequences databases, a brief
overview




Historical timeline
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First reported biological DNA Data Bank International Nucleotide Sequence
sequence database EMBL data library  of Japan (DDBJ) Database Collaboration (INSDC)
1965 1980 1987 2005
1982 1990s 2008
Genbank becomes EMBL Data Library renamed EMBL Nucleotide Launch of the GISAID platform
a public database Sequence Database and moved to the

hosted by NCBI

European Bioinformatics Institute (EBI)




The INSDC (International Nucleotide Sequence Database Rﬂ&s
Collaboration) €CoC
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-Free and unrestricted access with appropriate
citation following literature publishing standards

-No restriction or licencing fees attached to records
-All submitted records remain permanently DDBJ

accessible -
DDBJ Trace Archive
-Information disclosed to the web is fully public e

-Data integrity and accuracy are the responsibility
of the submitting author, not the database INSDC

Japan

IAC
USA

Manifest published in NCBI ENA/EBI

SCl ence 298 (5 5 97) . 1 3 3 3 1 5 N ov 2002 Sequen(g:rlllg;:ﬂlj&:chivc : I gequeil:’iﬂéézglgmhive

Trace Archive Trace Archive
BioProject BioProject

Europe




The NCBI portal &
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Submit Download Learn

Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a

into NCE| databases computer class or watch a tutorial

"t Az I

o _— - The NCBI web portal is a free-access
NGO dco oty an NGOty ExporeNGol s comprehensive resource for education and
N " " research and an entry point to all NCBI tools
= lo2® 4 and databases.

Digital Sequence Information is organized in
multiple databases by data types (e.g. SRA,
Genbank, BioSample)

National Library of Medicine

Thirty Years of Growth:
GenBank Sequences
& NCBI Web Users

S E Or by dedicated organism-specific databases
(e.g. SARS-CoV-2, Influenza Virus Resource)
Tl | J__.-‘

https://www.nIm.nih.gov/about/2021CJ_NLM.pdf




NCBI Genbank
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S e - genomic sequences.
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R ——— = Submissions to Genbank are pre-processed and checked for
# Luwm e quality and integrity and submitter can withdraw data upon

ORGANISH  Severs acute respiratacy synirs 3 genomic and protein seq

o s B ”
e request.
AUTHORS W, F., mao,s., Yo, A oo Mfor

Chen, YoM, WM., Song
L., Zhang, Assembly

JURAL  Rature 579 (7798), 265-26 (2020)

12015508
Erratun: [Nature. 2020 Apr;S80(7803):E7. PHID: 32296181

4"'”'* T i = As a part of the INSDC, Genbank exchanges data with the

JOURNAL  Virology 332 (2), 498-510 (2005

ol S other sequences databases at ENA and DDBJ daily.

oo PLos m\ 3., es (2005)

PUBNED PubMed (Weighted)
RercROWE 4 (hases 29609 1o 29657)

AUTWORS  Williams,G.0., Chang,R.Y. and Brian,D.A.

Tme” onserved 3 regton

seutoknot. functions in coronavirus MiA replication LinkOut to external resources =

JoumaL 3 Virol. 73 (10), 8345-8355 (1989 Veus Pathogen Resource

PUBNED 10482585 [Vius Pathogen Resource]
REFERENCE 5 (bases 1 to 29903)

CONSATH B Genone Project ‘Order orf1b cONA cone Proten/AnbodyRNA

TIE  Direct Subeiss (OGana]

JouRuAL 24117 3-2020) Mational Center for Siotechaology

Tatorastion, Wik, Bethesda, o 20894 Ordor § CONA clona/Protein/Anbody RNA

ReFeRENCE {OriGene]

AUTHORS

Yoo, Chen,v. ot M., WY, S e
4 Zain {GnGena]

Submitter deposits data

Zhang, ¥.-2.
TITLE  Direct Submis:

Submitted

JOUMAL  Subaitted (85-340-2028) Shanghat Public eslth Clinical Center & Recentactviy = For release upon processing completion, or
School of Public ealth, Fudan University, Sh 2 H N
COMMENT  REVIEWED REFSEQ: This record has been curated by NCBI staff. The Tunct G hold until provided date or publication
reference sequence is identical to MNI@S947. ]
Vour browaing vty i sty
n Jan 17, 2020 this sequence version replaced I 45512,
Awnotation was added using homology to SARST-CoV NC_OBATIB.3. #r¥
Formerly called “Wian seafood market pneumonia virus.® If you have =
questions or sugpestions, plesse emsil s ot in1o@eehi.nin. hih-pov Quality assurance checks
1 incluse” e Sccession rumber NC_045312. 408 Protein strvctures Accession number assigned
all other Severe acute respiratory syndrome coronavirus 2 e
(SARS—Col-2) sequences ot .
: ! QC errorresolution
ronssemy-ouca-sTaRTen
Assendly e  Megahit v. V113
Seameaciup Tecpasiogy 15 TTimins [ 7]
ta-i
: full iti i
— e ® Initial Processing Complete
Source 950 >
janism="Severe acute respiratory syndrome caronavirus '
7 pea"genomic RIA" (-9 =
7150 ate="wiman-Ha-1" Hold until publis Request to withdraw
Thoste"Homo sapiens hed
retarian unpublished data
Jesamryerchinat l P! 1 ..
Jeolection dstesroec-2019"
- Withdrawn Subm kfl
= me upbmission workriow
Jgene=moRriss™ Hold date reached Discontinued Data cannot be

. R, Publish  oris published  (datanever public) accessed by he publc at Genbank and the Sequence
. ] Read Archive SRA

Fonienc i infrequent

Jproduc ; !;;;:)r:;:;: Submitt ts  Sequence datais removedin Suppressed

7trans\at lon="MESLVPGFNEKTHVOLSLPVLVROVLVRGFGOSVEEVLSEARD D blished e one of Data sgarchable by
ata publishe: snmo,wmraw accession number

Public

‘ Data is immediately searchable by accession number.

After indexing, data can be searched using text terms: Submitter requests  Submitter "“i‘““ request https ://WWW. anI .nlm .nih .gOV/Sra/
re-release that the data be re-released .
docs/sequence-data-processing/

Example of a Genbank record

httES'//www.ncbi nim.nih ﬁov/nuccore/NC 045512




The DDBJ (DNA Data Bank of Japan)
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Provides freely available nucleotide sequence data and %, DDB]J
supercomputer resource to support life science — —

HOME > Search and Analysis > ARSA > ARSA (Search Result)

research.

I Search Condition

Provides all the sequence data information available in N—
other INSDC databases -

List of Entries
- - 1+ 120 entries / Number of founds: 26241 QFlatfile XML = Fasta Downlosd Al
rovides nucleotide sequence data to related to Rty Sl i oo
PA370101 ‘WO 2022014620-A/2: SARS-CoV-2 vaccine. 3819 W DNA 3. Severe acute respiratory syndrome coronavirus 2
PA370T03 Do WO 2022014620-A/4: SARS-CoV-2 vaceine. 5o i DNA O arisr Severe acuts respiratory syndrome coronavius 2
H H - PA370105 WO 2022014620-A/6: SARS-CoV-2 vaccine. ONA Severs acute respiratory syndrome coronavirus 2
PA370107 WO 2022014620-A/8: SARS-CoV-2 vaccine. 3! DNA ) Severe acute respiratory syndrome coronavirus 2
PA370109 157 WO 2022014620-A/10; SARS-CoV-2 vaccine. DNA Severe scute respiratory syndrome Coronavirus 2
V4 V4 PA370111 1o WO 2022014620-A/12: SARS-CoV-2 vaccine. DNA Severe acute respiratory syndrome coronavirus 2
PA370100 WO 2022014620-A/1: SARS-CoV-2 vaccin. ONA Severs acute respiratory syndrome coronavirus 2
- - PA370102 WO 2022014620-A/3: SARS-CoV-2 vaccine. 1 DNA T Severe acute respiratory syndrome coronavirus 2
PA370104 WO 2022014620-A/5: SARS-CoV-2 vaccine. ONA 000177 Severe acute respiratory syndrome coronavins 2
PA370106 WO 2022014620-A/7: SARS-CoV-2 vaccine. 521 DNA Severs acuts respiratory syndrome coronavirus 2
PA370108 o WO 2022014620-A/9 SARS-CoV-2 vaccine. Soa 9 ONA Savers acute respiratory syndrome coronavirus 2
B . . PA370110 WO 2022014620.A/11: SARS-Cov-2 vaccine. ¢ " DNA ‘Sevore acute respiratory syndrome coronavieus 2
PA370112 16 WO 2022014620-A/13: SARS-CoV-2 vaccine. 180 DNA O ganier unidentified
PD715743 WO 2022014620-A/14: SARS-CoV-2 vaccine. ih 1273 « PRT Severe acute respiratory synororru coronawms 2
L] 0F935880 finiton KR 1020220012826-A/2: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINmNG TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. M PRT synthetic construct
I OF935882 KR 1020220012826-A/4: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPKE PROTEIN. ~Sa ; 2 PRT synthatic construct
OF935884 KR 102022001 2826-A/6: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINOING TO EFTTOPES OF SARS-CoV-2 SPIKE PROTEIN, Jote 1 7o PRY Synthotic construct
OF935886 KR 1020220012826-A/8: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. 7 % PRT synthetic construct.
OF935888 KR 1020220012826-A/10: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN 5V PRT Synthatic construct
OF935890 KR 1020220012826-A/12: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN 19 Votcur Type PRT Organisr synthetic construct
OF935892 ton KR 1020220012826-A/14: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. 3! 7 A e PRT synthetic construct
OF935894 KR 1020220012826-A/16: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. 5 M PRT synthetic construct
0F935896 ton KR 1020220012826-A/18: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. 19 M ype PRT synthetic construct
OF935898 KR 102022001 2626-A/20; SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN 7 W PRT synthetic construct
OF935900 f KR 102022001 2826-A/22: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. S 5 W PRT 7 synthetic construct
0F935902 KR 1020220012826-A/24: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPI'(GPES 07 SARS-CoV-2 SPIKE PROTEIN. T th T8 WA PRT 3 synthetic construct
OF935904 KR 102022001 2826-A/26: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO E SARSCoV-2 SPIKE PROTEIN. ¢ 7 W PRT Organiam synthetc construct
OF935906 KR 1020220012826-A/28 SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO E"TOPES OF SARS-CoV-2 SPIKE PROTEIN. 5 PRT ! synthetic construct
OF935908 « oV-Z REUTRALIZNG BDING MOLECULE BNOING TO EPTOPES OF SARS Co 2 SPKE PROTEI. 5o LB PRT  Orgar o synthetic construct
OF935910 KR 1020220012826 /32 SARS CoV-2 NELTRALIZNG BNDING WOLECULE BNDING TO EPITOPES OF SARS CoV-2 SPIE PROTEN 7 W PRT synthetic construet
OF935912 KR 105035001 3656 A/34' SARS GaV.2 NELTRALIZNG BNDING MOL INDING TO EPTOPES OF SARS-CoV- PROTEIN. 2 e PRT synthati construct
OF935914 0230015866 A/36: SARS CoV:5 NEUTRALIZNG BNONG MOLECULE GINDING T0 EPTTOPES OF SARS.Co' SHIKE PROTEIN PRT  Orgar s synthetic construct
OF935916 KR 102022001 2826-A/38; SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN PRT synthetic construet
359 KR 1020220012826 V-2 NEUTRALIZING BINDING MOLECULE BINDING TO E SARSCoV-2 SPIKE PROTEIN. e PRT syntheti construct
OF935920 ‘o KR 102022001 2826-A/42: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV.-2 SPIKE PROTEIN PRT Synthetic construct
OF935922 KR 102022001 2826-A/44: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN po PRT synthotic construct
OF935924 D101 KR 102022001 2826-A/46: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. e PRT synthetic construet
OF935926 i KR 1020220012826-A/48: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT synthetic construct
0F935928 KR 1020220012826-A/50: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT 3 synthetic construct
OF935930 KR 1020220012826-A/52. SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN PRT Oy synthete construct
0F935932 f KR 102022001 2826-A/54: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT T synthetic construct
0F935934 KR 1020220012826-A/56: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT synthetic construct
0OF935936 i KR 1020220012826-A/58: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT synthetic construct
OF935938 KR 102022001 2826-A/60; SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN PRT synthatic construct
2022001 2826-A/62: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITON SARS.CoV-2 SPIKE PROTEIN. PRT Organiom synthetic construct
OF935942 T 12t \S-CoV-2 NEUT BINDING MOLECULE BINDING TO EWOPES OF SARS- Si WOTEIN. T PRT synthetic construct
OF935944 KR 1020220012826-A/66: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOS ARS a2 SOKE PROTEN PRT synthetic construct
OF935946 5022501 226 A/E8: SARS-Cov'2 NEUTRALIZING BINDING MOLEGULE BINDING 10 EPTTOPES OF SARS: PROTEIN PRT synthetic construct
OF935948 KR 102022001 2826-A/70: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITI RSCO -2 SPIKE OTE PRT 3 synthetic construct
OF935950 KR 102022001 2826-A/72 SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPE: 1S-CoV-2 SPIKE PROTEIN. PRT ™ Organiom synthetic construct
KR 102022001 2826-A/74: SARS-CoV-2 NEUT ING BINDING MOLECULE BINDING TO ES S i i PRT synthetic construct
OF935954 KR 1020220012826-A/76. SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EFITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT syntheti construct
OF935956 KR 102022001 2826-A/78: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINOING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN PRT Synthetic construct
0F935958 KR 1020220012826-A/80: SARS-CoV-2 NEUTRALIZING BINDING MOLECULE BINDING TO EPITOPES OF SARS-CoV-2 SPIKE PROTEIN. PRT synthetic construct
OF935960 K& 1020220012826 A/82. SARS CoV2 NEUTRALIZNG BNDING MOLECULE BNOING TO EPTOPES OF SARS CoV-2 SPKE PROTEN oo PRT synthetic construct
OF935962 PRT Organiom synthetc construct

https://www.ddbj.nig.ac.jp/index-e.html




The European Nucleotide Archive (ENA) &

Contains data relating to

Run Sequencing data files experimental workflows based
Experiment Sequencing methods around nucleotide sequencing
..“.'.."::1"..; g T4 WGES set Whole Genome Shotgun contig set .
A oot Tanscriptome assembly conta set Covers raw data, assemblies,
Assembly Scaffold Assembled scaffold sequences annotations and mf_ormatlon on
S Chromosome Fully assembled chromosomes (including machine configuration and outputs
A =l organelies, plasmids and viral segments)
G
Coding sequences Sequence regions reported as being protein-
- Ce
Non-coding sequences  Sequence regions reported as representing non-

protein-coding (RNA) genes

https://www.ebi.ac.uk/ena/browser/about




Data types shared by the INSDC (%

eCocC
Data type DDBJ Center EMBL-EBI NCBI
Next generation Sequence Read Archive Sequence Read Archive
reads
Sequence Read , ,
Archive Trace Archive European Nucleotide Trace Archive
Annotated sequence DDBJ Archive (ENA) GenBank
Samples BioSample BioSample

Studies BioProject BioProject

---------- ANALYSIS



https://www.ddbj.nig.ac.jp/dra/index.html
https://www.ebi.ac.uk/ena
https://www.ebi.ac.uk/ena
https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?
https://www.ddbj.nig.ac.jp/dta/index.html
https://www.ncbi.nlm.nih.gov/Traces/trace.cgi?
https://www.ddbj.nig.ac.jp/ddbj/index.html
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ddbj.nig.ac.jp/biosample/index.html
https://www.ncbi.nlm.nih.gov/biosample/
https://www.ddbj.nig.ac.jp/bioproject/index.html
https://www.ncbi.nlm.nih.gov/bioproject/

Th e Stu dy o bj ect Owerall ENA FEesearch Project @
/.[ M e ;m':'.tm:g

Project: PRJEB1234 >}

The sample here includes 816 world-wide foxtail millet strains. The germplasm collections were sequenced on the lllumina Genome Analyzer |1x
and HiSeq2000, with approximate 0.7x coverage for each accession.

Every submission requires Study

Study Title: A haplotype map of foxtail millet genome
Center Name: NCGR
. ENA-SUBMISSION-TOOL: SRA-Webin
Contains the study name, short TG asonas
’ ENA-LAST-UPDATE: 2016-05-20

description and release date

Read Files 0

Groups all other objects together .
(S a m p Ie , EX pe ri me nt’ A n a |y5i S’ Ru n S) Select Galaxy Server : Current selection is https://usegalaxy.org/tool_runner?tool_id=ebi_sra_main -

Download report:  JSON TSV Download Files as ZIP Download selected files

The study and its associated data will o B e B e Gew o, e
not become public until the release
date has eXpired . PRJEB1234 ERF002070 SAMEA1905789 ERS200899 4555 italica NCGR 2013-06-06 2018-11-16

PRJEB1234  ERF002070 SAMEA1905397  ERS200900 45585 :St;:::a NCGR 2013-06-06 2018-11-16

https://www.ebi.ac.uk/ena/browser/view/PRIEB1234



The Sample object e Aas:

Sequenced Biomaterial EEmmeTm

A sample object represents a unit of biomaterial associated to a single collection event
Required prior to submitting most types of data

Provides context to the data (location, collection date, milieu, etc.)

Different ENA checklists of which metadata to provide for different types of samples
https://www.ebi.ac.uk/ena/browser/checklists



https://www.ebi.ac.uk/ena/browser/checklists

Example of a ENA sample checklis
eCOoC

FARCPLRL { B I
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Enter text search terms Search Q

Examples: histone, BNOODOSS

ERC000016 View ©

Examples: Taxor PRJES

Structured data collection at
) ENA is implemented using
sample checklists.

Genomic Standards Consortium package extension for reporting of measurements and cbservations obtained from the environment where the
sample was obtained. By choosing the environmental package, a selection of fields can be made from a relevant subsets of the GSC terms.

S g Sample data must be collected
rerteds.. Q| pgame ROl FeaResmoton  Rearement < (Uni |n a CSV Or XML format.

Filter by type: restricted n
collection date @ - regular expression (@ mandatory
non-sample terms i -
geographic location (country and/or .
e { iy @  text choice options ¥ mandatory
Collection event 5es)
information i e .
geographic location (atitude) [CI—- regular expression @ mandatory DD
sample collection
: restricted ) "
hast disorder TEEERIDEEIIAEE @ o i) andeteny o re e n . m a n a O r I e
host description geographic lacation (region and - u
. @ freetext optional
locality)
Iocal environment
conditions broad-scale environmental context @ free text mandatory
concentration
local environmental context @  freetext mandatory
measurement eCO m m e n e O r ma n a O
host details environmental medium @ freetext mandatory
-
organism
source material identifiers @ ireetext optional
characteristics ']
local environment sample material processing @ freetext optienal
conditions imposed
isolation and growth condition @ ireetext optional
propagation @ ireetext optional
restricted -
amount or size of sample collected & regular expression @ optional options ¥

https://www.ebi.ac.uk/ena/browser/view/ERC000016




The Experiment Row Reac
and Runs objects EKF'ER"“"T RUN SooC

Raw reads are described on ENA by the ‘Experiment” and ‘Run’ objects

An ‘Experiment’ object contains the metadata describing the method used to sequence the sample
(platform, library selection strategy, etc)

A ‘Run’ object contains the information about the raw read files themselves (filename, md5
checksum)

Experiment and Runs objects are attached to the ‘Sample’ and ‘Study’ objects and therefore both
‘Sample’s and ‘Studie’s need to be created prior to submitting raw reads




The Analysis object ﬁ" iﬂé‘g
-3 emwc

Genome assemblies are described by the object ‘Analysis’ within ENA

Different level of assemblies can be submitted: contig, scaffold, chromosome, requiring different files
to include

SARS-CoV-2 assembly submissions are processed by a dedicated submission system.

To submit an assembly to ENA, a study and a sample need to be created prior to submission.




Data search services at ENA %
C

ks Fa st

« Records searchable by accession numbers

Examples: histone, BNOOD0SS

and free text search

Examples: Taxon:9506, BNOOOOSS, PRIEB402

Rulespace Support ~

‘We recommend that you subscribe 1o the ENA-announce mailing list for updates on ENA services.

Eﬁective Sememl_:er 1st, 2023, our data retrieval APIs will implement enhanced performance measures. Each IP Address will be subject to a rate limit of 50 requests per second, ensuring . Li n kS tO a Va i I a b I e fo rm a ts to d O W n I Oa d ,
° | crosslinks and related resources

European Nucleotide Archive

The European Nucleotide Archive (ENA) provides a comprehensive record of the world's nucleotide sequencing information, covering raw sequencing data, sequence assembly information and
functional annotation. More about ENA.

Access to ENA data is provided through the browser, through search tools, through large scale file download and through the API.

1 Q » =
Submit Search Rulespace Support

Latest ENA news

« Summary reports downloadable in tabular or
json formats.

Please take our brief (9 minutes) survey about how ENA
data is used : hitps:/forms.gle/nZRjcpEnjGhAaVKGA

 Advanced search available via the browser or

ENA: Improving spatio-temporal annotations Dec 1, 2021, 1:00:00 AM
The European Nucleotide Archive, along with its partners in the International Nucleotide Sequen

using the API. https://www.ebi.ac.uk/ena/portal/api/
Retirement of old ENA Browser on 5th August 2020 Jul 16, 2020, 2:00:00 AM

(nttps:/www.ebi.ac.uk/ena) since mid 2019,

Read more >

See all news

(ENA) is part of the ELIXIR infrastructure

The European Nucleoti ive (ENA) is a Global Core Biodata Resource

https://www.ebi.ac.uk/ena/browser/home

S


https://www.ebi.ac.uk/ena/portal/api/

Data retrieval services (1/2) &

o P T

 Single-file downloads can be done via the browser view page.

Generate a script to download the

4« selected files )
Download in browser
pownloadEpart SON - TeY Download selected files «— theselected files
X Download All
Study Sample Experiment Run Tax Id Scientific Generated FASTQ files: FTP
Accession Accession Accession Accession Name
Severe
acute ERR11806264_1.fastq.gz C
respiratory
PRJEB49401 SAMEA110325981 ERX11204624 ERR11806264 2697049
syndrome [0 ERR11806264_2.fastq.gz C
coronavirus
2
« Or by getting the ftp link by viewing the xml record
ftp link to submitted files available
Run: ERR11806264 9 mwew  wn © inthe XML record

NextSeq 550 paired end sequencing; SARS-CoV-2_experiment hCoV-19/Denmark/DCGC-534403/2022
A Download: XML

= Navigation: Show

Organism: Severe acute respiratory syndrome coronavirus 2 8 Read Files: Hide

Instrument Platform: ILLUMINA




Data retrieval services (2/2) &

The ENA file uploader is the recommended option to retrieve multiple accessions

https:/ /github.com/enasequence/ena-ftp-downloader/

PEEEEEERER PR QEOEREEEEEE  OOOSOIIS3 W pesves B R R A 3%
Reeeeee PREEELerRRRER o T Ee S < e S e %
PR % E I T e HEPPPPDRE PE HAPDIPDE prssesiand B
CEREEEPEREREEERRREEER QREEEEEP  rEPRERR PEEEERR PeeeeeRe PEEEERR s R R SDDDEDHEDE b SO SO
IOSORE MO R s S e Evied
pepeeee Pepeeee besed OO0 SPd HEO0S0PE % M Ec R
PEERERE LeRRERE B EPIPPIPIIPHIPOII0R; IDPRH L R e
EEEEER PREEEEERD CREERRRR PEEEEER S

Java-based tool that can run in interactive or command line mode.
Accepts single, list of accessions, advanced search queries, parallel downloads, retries
Supports FTP and Aspera transfer protocols



https://github.com/enasequence/ena-ftp-downloader/

Data Hubs and entry points to ENA resources

eo:Sc

Many data hubs and portals have been developed by ENA and their partners to
facilitate rapid and large volume data sharing.

477 C0VID-19 Data Portal

Viral sequences Host sequences Expression Proteins Networks Cohorts More v/

COVID-19 Data

Accelerating research through data sharing.

Aboutv  Todls v FAQ

I

Examplos: ACE2 , Sovere acuta respiratory syndrom

Viral sequences ©

Rawand

Host sequences @

Raw and nd

analysis of SARS-CoV-2 and other
coronaviruses.

19,555,331 records.

analysis of human and other hosts.

31,144 records

Expression ©

Gene and protein expression data of
human genes implicated in the virus
infection of the host cells.

Proteins @

Curated functional and classification data
on the SARS-CoV-2 protein entries and
associated

types and genes with highest expression
in SARS-CoV-2 infections.

312 records

6,435 records

Networks ©

COVID-19 pathways, interactions,

Cohorts ©

Resources to support cohort studies in

complexes,

15,463 records

ponsibly
principles.

Samples @

Imaging @

its research.

8,868,506 records

g g
other platforms.

56 records

Related Resources  Bulk Downloads  Submit Data

Share new data @

Contact teams, who wil assist
you with '8 your data to EMBL-E81
respositories >

Latest news ©

Extending the networkof ©
infectious disease data
portals: developments in
Sweden and The

Netherlands

28 Now 2023

2hov 2023
Dutch National COVID-19 Data Portal
added to network of National COVID-19
Data Portals

1532023

Suneert for the implementation of SARS-
CaV-2 data hubs at national and regional
levels

12022

New preprint: Mobilisation and analyses of
publicly available SARS-CoV-2 data for
eandemic resnonses

26mar2023
15th VEO report on SARS-Cov-2 mutations
and variations now published

https: //www.covid19dataportal.org

>9 million assembled sequences
11 national COVID-19 portals

) PATHOGENS

About v Tools v

Outbreak Pathogen sequences Samples Literature Cohorts Data Hubs

Pathogens Portal

Pandemic preparedness through open biodata

Outbreak ©

Raw read sequences and assembled
sequences of Priority Pathogens.

49,351,090 records

Sequences ©

Raw read sequences, assembled
sequences and analyses of Pathogens.

18,376,078 records

FAQ Submit data Related resources Login

Samples ©
Pathogen samples

3,801,846 records

Literature ©

Search for the latest literature about
Pathogens.

138,469 records

Cohorts @

The Pathogens Portal Cohort browser
presents infectious disease cohort
studies that have been shared at EMBL-
EBI, in collaboration with University
Hospital Heidelberg (UKHD).

13 records

Data hubs ©
Browse and search Data Hubs

43 records

Swiss and Norwegian ©
national pathogens portals
launched

9 Sep 2024

24 Jul 2024

Pathogens Portal: ORCID ID claiming now

possible

8 Apr 2024
Webinar recording;: The Pathogens Portal: A

gateway to vast biomolecular data for
pathogen research

27 Mar 2024

New paper presents Data Hubs

ENA Pathogens Platform

All pathogen, all disease approach
Hosts, vectors and pathogens

Antimicrobial resistance
Outbreaks

https://www.pathogensportal.org


https://www.covid19dataportal.org/

Third party access point to ENA submission systems 3
eCOoC

ARCPLEL ¢ R
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Data brokering services have been developed by ENA partners to facilitate sequence data uploads, in particular

during the COVID-19 pandemic.
For example Elixir Belgium provides data hub services and tools to submit data to ENA.

The better way to manage your data is coming

Data Management in Simple ®

Steps . . / \
o v Submission of SARS-Cov-2 raw “\lﬁ

DMP questions explained v

. @ o
Data Management for v rEadS to ENA In Galaxv $ 1D

QOmics Data

Covid-19 data submission I A guide to submit SARS-Cov-2 read data to ENA. Free and open platform for easier Research Data Management in Life Science

SARS-CoV-2 raw reads General - oo
submission in Galaxy This section explains how to set up the Galaxy Docker container and use it to remove human traces ,

SARS-CoV-2 assembly from raw data and to submit reads to ENA. If you want to make use of an existing Galaxy instance that

. . contains our tool, you can skip the first step. You can also find the content of this page on the Galaxy
submission in Galaxy o
Training Network. Organise & Collaborate & Standardise Publish &
Structure manage access research data share data

Frequently asked

questions Walkthrough of reads submission to ENA using the

Galaxy container

A screencast is available on our youtube channel that will guide you through all the steps discussed
below:

Future developments for DataHub include

eatt..
- - Plan: S l i with a variety of
Submission Of S -CoV-2 sequence Archieve: Export data and metadata as RO-Crates for standards, streamiining deposition of complex omics
general exchange, or long term storage at meemoo, datasets to deposition databases. Easier data
plan design and by

laxy

) o connecting with DMPonling, and the ELIXIR Belgium Data
Share; Find and share pipelines with WorkdlwHub. Management Plan Template and Converter.
Export interoperable metadata with ISA-JSON following
the |SA data framework and gain easier access to the ISA

software suite. Generate submission ready datasets for % sl

S ENA Sl B st A

European Nucleatide Archive

data to ENA usi

Store: Connect with an expanding poal of storage
solutions that use RODS, while recording meaningful and
rich metadata.

https://rdm.elixir-belgium.org/covid-19/sarscov2_submission.html pre e e o HEpS: //datahub. elixir-belgium.org

QEEEI “9!5'2! !E Egg ;E !EEQE!EEE ; EE ! ;EEE E !E!Egg E!! s high quality data analysis with useGalaxy.be



https://rdm.elixir-belgium.org/covid-19/sarscov2_submission.html
https://github.com/usegalaxy-eu/ena-upload-cli

GISAID (Global Initiative for Sharing Avian Influenza Aas:
Data) ecoc

Global Initiative promoting rapid sharing of ERAID A e e e o R S
data from influenza, SARS-CoV-2 and more ERREM > Unesecompuin >
recently mon keypox Viruses. CBD Study finds 'GISAID might provide useful lessons and % ‘

insight to ABS discussions' Convantion o

A peer-reviewed fact-finding and scoping study on digital sequence Biological Diversity

information on genetic resources in the context of the Convention on
Biological Diversity and the Nagoya Protocol, highlights key advantages of

Restricted access to registered GISAID users oA shaing mechaisn and i and sl b sharing resling

from access to data.

a ﬁ e r I O - I n With the core principals of timely international sharing of health data for
ions against lethal i i i and
A = led,

protecting p

hCoV-19 data sharing via GISAID

eto
has resulted in global trust and confidence in GISAID.
> download the fact-finding & scoping stud: 15’43 1’766

Open and free of charge access to all that |
agreed to identify themselves and agreed St
the GISAID sharing mechanism

GISAID Resources

Phylodynamics Tracking Variants Frequency Dashboards

hCoV-19 Global hCov-19 hCoV-19 Variants hCov-19

Data Acknowledgement Locator
hCoV-19 USA hMpxv hMpxV Variants hMpxv e

Acknowledgement to the GISAID initiative " i O Ry =
and to the originating and submitting

laborarories in case of use of the data in
published work.

with the Federal Republic of Germany, and governmental public-health and academic /
institutions in Argentina, Brazil, China, Republic of the Congo, Ethiopia, Indonesia,

Malaysia, Russia, Senegal, Singapore, South Africa, and the support by Friends of GISAID, .g
i % o Y e .

Register for Access Credentials

-e Obtain free access and collaborate with
tens-of-thousands of researchers

Frequently Asked Questions

9 Answers about the GISAID Initiative
‘public vs. anonymous data sharing’

» Publish with data in GISAID
L Citation and Acknowledgement Guide

and ive arm of the Initiati

https://gisaid.org/about-us/mission/ o vg/‘ Y




GISAID (Global Initiative for Sharing Avian Influenza

Data)

GISAID has several databases
- EpiFlu

EpiCoV

EpiRSV

EpiPox

Different levels of access

Different tools/features for each databases
Dependent on virus biology

eCOC

FARCPLRL { B I
o P T
s et

W About us Database Features Events Collaborations Resources Help Login Q

CBD Study finds 'GISAID might provide useful lessons and
insight to ABS discussions' Convantion o
A peer-reviewed fact-finding and scoping study on digital sequence Biological Diversity
information on genetic resources in the context of the Convention on

Biological Diversity and the Nagoya Protocol, highlights key advantages of

GISAID’s sharing mechanism and a fair and equitable benefit-sharing resulting

from access to data.

With the core principals of timely international sharing of health data for

p g ions against lethal infectious disease and hCoV-19 data sharing via GISAID
S e to scientifi o PR of th f data
has resulted in global trust and confidence in GISAID.
> download the fact-finding & scoping study 15’43 1’766
genome sequence submissions
EEEER
hCoV-19 Global hCov-19 hCoV-19 Variants hCov-19
Data Acknowledgement Locator

hCoV-19 USA hMpxv hMpxV Variants hMpxv
hMpxv RSV Influenza Subtypes Influenza Example ID
RSV RSV Subtypes RSV

Register for Access Credentials

Obtain free access and collaborate with
tens-of-thousands of researchers

Public-Private Partnerships of the GISAID Initiative

The GISAID Initiative involves public-private partnerships, among them the partnership
with the Federal Republic of Germany, and governmental public-health and academic
institutions in Argentina, Brazil, China, Republic of the Congo, Ethiopia, Indonesia,
Malaysia, Russia, Senegal, Singapore, South Africa, and the support by Friends of GISAID,
aregi fit iation and ini: ive arm of the i

Frequently Asked Questions

Answers about the GISAID Initiative
'public vs. anonymous data sharing’

Publish with data in GISAID
Citation and Acknowledgement Guide




Free-access features and tools available on GISAID

Submission tracker

Tracking of hCoV-19 Variants

2 )

Country Submission Count

Relative Variant Genome Frequency per Region (exponentaly
smoothed alpha=0.3)

Phylodynamics

@D -

& B Phylodynamics of pandemic coronavirus in Denmark
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Dashboard

CoV-19 Variants Dashboa

100%

Aug 2020

Dec2020  Apr2021  Aug2021  Dec202i

Date

Apr 2022

Data to produce the charts was updated on 20 April 2023 09:20UTC.

VOC/NOIWUM Relative Frequencies Over Time

All Counfries

Omicron GAA(B1.1.529 + BAx)
Dalta GK (B.1.617.2 4 Ax)
Alpha GRY [B.1.1.7 + Q.x)
Beta GHISO1Y.VE (B.1.351 + B.1.351 ) 900,000

1,200,000

Gamma GRS0Y.V3 (P14 F1x) é
Vanants of Intarast “ 600,000
Variants Undar Moritodng

Others 300,000

6188

Aug 2022 Dec2022  Apr2023 Apr 2020

e

Cosaporstions Aesowces neo o Q

1,356,403

Nov 2020

Jun2021  Jan 2022

Date

Aug2022  Mar 2023

e

Lineage comparison

Lineage Comparison
outb
The outbreakinfo API & R package is now livel

O Lineage Report

Selected lineages

none salectad

Add lineages

@ variants of Concern
2> Click to add specific
vocs o

Current Variants of Concern

XBB1.5* [Omicron (XBB15X)] | | XBBL16* [Omicron (XBB116X)] | | XBB19* [Omicron (XBBL9X)] | | XBB2.3* [Omicron (XBB2.3X)] | | CH11* [Omicron (CH1LX)] | | XBB* (XBBX) | | Omicron

Praviously Circulating Variants of Concern

Alpha | Beta |Gamma | Delta

@ WHO VOC/VOI sublineages © 5y PANGO lineage

> Add a specific lineage

@ containing a mutation(s)

O Frevalenti

»> Find lineages with > 3% total min. prevelencs
provaloncs i th last 60 days PR,

alocation

> Add all ineages,
‘associated with a WHO
voC { Vol

»> Find lineages with mutation(s) at = 50%
lence

SE4BAK, min prevalence

Add lineage e to w Select location T,
_—y
enabled by
/} data from

. . M . A
_ Real-time surveillance of influenza mutations

Important usage notes:

The main application scenario for FiuSurver is to highlight phenotypically or epidemiologically interesting candidate mutations for
further research and shouid ideally be combined with experimental testing and verification of any predicted phenotypes.
Importantly, any direct diagnostic use, assumed severity or recommendation on patient treatment should not be based solely on
these computational predictions. Our curated reference sequences used for annotation transfer of equivalent mutations are
mainly comprised of strains that recently infected humans. Therefore, the usage scenario that will give the most fruitful
and reliable results are current surveillance sequences with very close relation to used vaccine strains, including
some candidates for avian flu (including HSN1, HSNG, H5SN8 and H7N9) and novel reassortant swine flu H3N2v.

FluSurver

Please take a look at the Frequently Asked Questions and Tutorial f you are new to FluSurver. You could also look at this NA
drug susceplibility example analysis walkthrough starting from G and the GISAID access summary poster
Paste your protein or nucleotide FASTA

) into the text area below. (Sample 009 HIN1 NA and HA)

OR upload your protein or nucleotide sequences in a FASTA file
Choose File o fle selected

The sarver can automatically determine e type of input (either protein sequence
vaccine strains to compare. Also moxtures of genes/proteins (6.9 HA and NA or all genes of the same patient) can be provided as input.
itis| lect strain by

e y possble to

Compare with
Automatic detection of closest reference (larger selection of strains, not siways full genomes) -]

Additional setting:

ignore low aualty bases fo nucleotide input (indicated by lower casa, except for all kwer case soquences)

Submit  Reset (estimated tims needed: ~2 seconds per sequence in automatic mode)

Developed by A'STAR Bicinformatics sttt (B), Sgapor

Copyright © 2023 Bil. Al Rights Reserved.



EpiFlu and EpiCoV
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© 2006~ 3033 | Terme of Use | Privacy Notion | G | e S—— < Z R I'
‘Yau are logged (1 a5 Marta Maria Ciucani - fogout E - You are logged in a5 Man-Hung Eric Tang - looout : n In e r ES C u rce
N - e -k to search and
Basic filters
o —- == download
search in ©Released fles — Worksets EPLISLID [ | Virus name | EPLSETID [ | " Complete
‘Search patterns
Type H M Uneage Host Location Clades : Location Denmare v Mot v Mioh coveraged) 1
Y = o — =% i | ST s assemblies an
s 2 |z Human atnca i
c 3 Animal \Antarctica 11 Cade ([ ¥) Uneage Verignt: 4] With patient status 3
4l Adan A 111 y
s s Cricken urope 112 MSistitwons® [ o tatans ————— % Collection date complete(3)
6 e Curlew [North 211 Under Invesstigation
T Duck [ceania 212
s |8 Eagie [South America | (213
9 e Faican 2131
|| Goose 2132 m
additionai fitters
m%‘; From  [2019-1231 |To  [20z30101 ] VIS Naime: Passage O Accession ID Collection da_ Submission [ (1)  Lengih  Host Location onginating
‘Submission date From [ o [ ] NCOV-1#DENMAKDCGC-64579412023 | Onginal  EPLISL_17482031  2023-04-07 2023-04-16 <[> | 29648 Human  Europe/Denmai Molekylar s
(VYY-i-00) hCOV-19DenmarkDCGC- 6457932023 Orgimal  EPIISL 17482030 20230407 20230416 <) 29848 Human  Euwope/Denmar Molekylaer Virus name: hCov-19Denmar/DGGC-127299/2021
Originating Laboratory ([Afgharistan, Kabui] Nabional Public Health Laberatory Accassion 0: €PIIsL 2071682
Trana) st of P e hCoV-19/DenmarkiDCGC-B457922023 | Origimal  EPLISL_17452029 20230407  2023-04-16 (> 29640 Human  Europe/Denmar Molekylmr — beizconaarine
Fagasia) LB hCoV-19DenmarDCGC-6457912023. | Onginal  EPLISL 17462028 2023-04-03  2023-04-16 (> 20,646 Human  EuropeDenmar Molekyimr Clade: Gk
[Argening, Busnos (Pangav: 1)
—— NCOV-19DenmakDCGC-M5T902023 | Onigimal  EPLISL_17462027 20230328 2023-04-16 <) 28578 Human  Europe/Denmar Molekyiam: AA Substtutions: S 1A Gt Dt St GG Sk 1674, Sk LIS, Sole PETR, S il S TR
[Argentna, Busnos 0 GG Malbrin Soi TH. Spie TATBE M IEIT NOSIG, ‘G215C, N R203M, NS3 63T, NS3.
I8/Denmark/DCGC-645:
[Aagentng, Busnos Lo 7882023 | Onginel | EPLISL 17452026 | 2023040 | 20230416 | ([ | 20684 Human  Europe/Denma Deparimer VEZA. NSTo T40|, NSP3 A4BSS, NSP3 F1220L. NSF3 F1464S., «wmm.NstmL.»snnmusnmm
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Tools restricted to GISAID members

Analysis tools
developed

by GISAID
members/partners

EpiFlu™ | Search |

EpiFlu

My Profile

© 2008 - 2023 | Terms of Use | Privacy Notice | Contact

You are logged in as Marta Maria Ciucani -

| Worksets | Upload | Batch Upload | CLIUpload | Settings | Analysis

\’I

Emerging Variants

¥

HA Mutation
Surveillance

0l

EpiCharts

Subtype / Clade
Frequency

25
77

Sy
-~
PrimerChecker FluSurver

EpiPox™ My Profile

EpiCov™ | Search | Downloads | Upload

ing COVID-19

A previously unknown human coronavirus (hCoV-19) was first detected in late 2019 in patients in the
Clty of Wuhan, who suffered from respiratory ilinesses including atypical pneumonia, an ilness that

nown as coronavirus disease (COVID-19). The coronavirus originated from an animal
host anu ls closely related to the virus responsible for the Severe Acute Respiratory Syndrome
coronavirus (SARS).

On 10. January 2020, the first virus genomes and associated data were publicly shared via GISAID.
The World Health Organization announced on 11. March 2020 the first coronavirus pandemic. As the
pandemic progresses, scientists from around the globe are tracking the virus and its genome
sequences to ensure optimal virus diagnostic tests, to track and trace the ongoing outbreak and to
identify potential intervention options. Several analyses to assist with these efforts are offered here,
including sequence alignments, diagnostic primer and probe coordinates, 3D protein models, drug
targets, phylogenetic trees and many more.

]
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Official GISAID PrimerChecker Submission tracker Spike glycoprotein
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Analysis Update (2023-04-19)
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You are logged in as Man-Hung Eric Tang - log

Lineage Frequency

Wastewater

Emerging variants by
Spread (page 2)

Emerging variants by
Spread (page 14)

Timecourse of
variant sublineage

Change in proportions.
of Omicron sublineages.

EpiCoV

C

A B

s et




Submitting data to ENA




General workflow for submitting sequence data ;ﬂ&s
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Metadata Curation, formatting Curated

from linelist and compliance to metadata
data protection

- | Submission
to Database

Raw reads = Host reads removal)

Pre-processed
genome data

Assemblies = Validate sequence
annotation \_ )




GISAID submission metadata template

EpiCov Columns
submitter
fn

COVV_vVirus_name
cow_type
COVV_passage
cowv_collection_date

cowv_location
cow_add_location
cow_host
cow_add_host_info
cow_gender
cowv_patient_age
cow_patient_status
cow_specimen
cow_outbreak
cowv_last_vaccinated
cowv_treatment
cow_seq_technology

cowv_assembly_method
Cowv_coverage

cowv_orig_lab
cowv_orig_lab_addr

cowv_provider_sample_id

cow_subm_lab
cowv_subm_lab_addr
cowv_subm_sample_id

cowv_authors

EpiCov Example
pmat-ssi
sequences.fasta

hCoV-19/Denmark/DCGC-579315/2022
betacoronavirus

Original

2022-09-07

Europe/Denmark/Nordjylland

Human
n_infections=1
unknown
unknown
unknown
unknown
unknown
unknown
unknown
ILLUMINA

ARTIC-ncov2019 v1.1.0
5602.89170450142

Department of Bacteria, Parasites and Fungi,
Statens Serum Institut, Copenhagen, Denmark

Artillerivej 5, 2300 Copenhagen S, Denmark

Department of Bacteria, Parasites and Fungi,
Statens Serum Institut, Copenhagen, Denmark

Artillerivej 5, 2300 Copenhagen S, Denmark
hCoV-19/Denmark/DCGC-579315/2022

Danish Covid-19 Genome Consortium

Checklist-based metadata collection

ENA submission checklist for virus pathogens

Checklist tax_id

ERC000033 scientific_name

ENA virus pathogen

reporting standard

checklist sample_alias
sample_title

collection date
geographic location
(country and/or sea)
geographic location
(region and locality)
sample capture status

host common name
host subject id

host health state
host sex

host scientific name
collector name

collecting institution
isolate

#units 2697049

Severe acute respiratory syndrome
coronavirus 2

hCoV-19/Denmark/DCGC-587685/2022
hCoV-19/Denmark/DCGC-587685/2022

27/09/2022
Denmark

Sjaelland
Active surveillance in response to outbreak

Human
not provided

not provided

not provided

Homo sapiens

Danish Covid-19 Genome Consortium
Department of Bacteria, Parasites and
Fungi, Statens Serum Institut,
Copenhagen, Denmark

not provided

Submitted metadata must comply to the data protection requirements.
Host-associated information is often either not provided, restricted or anonymized.

Metadata are usually provided by linelists, databases, spreadsheets, etc.



Host (Human) reads removal (%

It is often required to remove any reads mapping to Human genome before submitting sequence read data.

Two main approaches:

- whitelist approach (keep what resembles the target genome)
For example:
ReadItAndKeep: rapid decontamination of SARS-CoV-2 sequencing reads

Martin Hunt, Jeremy Swann, Bede Constantinides, Philip W Fowler, Zamin Igbal

Bioinformatics, Volume 38, Issue 12, June 2022, Pages 3291-3293, https://doi.org/10.1093/biocinformatics/btac311

- blacklist approach (remove anything that resembles Human DNA)

For example:
SRA human scrubber https://github.com/ncbi/sra-human-scrubber

STAT: a fast, scalable, MinHash-based k-mer tool to
assess Sequence Read Archive next-generation
sequence submissions

Kenneth S. Katz &, Oleg Shutov, Richard Lapoint, Michael Kimelman, J. Rodney Brister & Christopher

O'Sullivan

Genome Biology 22, Article number: 270 (2021) | Cite this article

https://doi.org/10.1186/s13059-021-02490-0

These solutions are command-line based and many submission systems use an integrated human host removal tool



https://doi.org/10.1093/bioinformatics/btac311

Virus assemblies validation tool

eoéc
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Schiffer et al. BMC Bioinformatics (2020) 21:211

https://doi.org/10.1186/s12859-020-3537-3 BMC BIOInform atlcs
Supported genomes
SARS-CoV-2 and other Coronaviridae RefSeq models

. Influenza models

VADR: validation and annotation of ® L hbox virus (MPXV) RefSeq model
Virus Sequence Submissions to Gen Bank st . Norovirus and other Caliciviridae RefSeq models

. Dengue virus and other Flaviviridae RefSeq models
Alejandro A. Schiffer'2, Eneida L. Hatcher?, Linda Yankie?, Lara Shonkwiler?3, J. Rodney Brister?, . Metazoan Cytochrome c oxidase I (COX1) models models

llene Karsch-Mizrachi? and Eric P. Nawrocki?™ ®

Automated submission screening

*Correspondence:

i Abstract .
nawrocke@nchi nim.nih.gov
“Nfaticna! CELIE(for lliﬁechm}logy Background: GenBank contains over 3 million viral sequences. The National Center tOOI used In GenBa n k fOI‘
nformation, National Library of for Biotechnology Information (NCBI) previously made available a tool for validating . e
&;1:?“;:3;;323;,:3“5?;;33;\ and annotating influenza virus sequences that is used to check submissions to vira | gen ome seq uence s me ISSIONS
Full list of author information s GenBank. Before this project, there was no analogous tool in use for non-influenza viral

available at the end of the article sequence submissions.

https://qgithub.com/ncbi/vadr/

Validate and annotate input sequences

2 VADR https://doi.org/10.1186/s12859-020-3537-3
model
library output
input - feature tables
- sequence file - list of sequences that pass
- name for output - list of sequences that fail
directory - list of alerts
- tabular per-sequence,
per-feature, per-alert files

Fig. 1 VADR workflow schematic illustrating uses of the two main VADR scripts. v-build.pl can be used once
to build a single model or repeatedly to build a library of models. v-annotate.p/ can be used with a model or
model library to validate and annotate input sequences



https://github.com/ncbi/vadr/
https://doi.org/10.1186/s12859-020-3537-3

ENA submission workflow &
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Project title Sample metadata: Experiment metadata Read file info

Short description e.g. collection time/place e.g. Sequencing plateform e.g. name, checksum
medium
Create a project \ ( Add samples | ( Add Experiment \ ' Add Run
) | to project | - to project/sample | to experiment
\ / \ 7 N
Raw reads

(Auammn n?

'[ to project/samp
. —

consensus/assemblies




The ENA web-interactive submission platform (Webin) O
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Webin Submissions Portal (TEST) Support | Manage Account B | Logout (Webin-64782)

= Dashboard

User-interface designed
to handle small submissions
(<1000 samples)

Welcome to the Webin Submissions Portal
You can use this service for a range of submission activities as well as reports on your submissions. For help with submitting your data,
including the use of this interface, please refer to our Help Guides.iPlease familiarise yourself with the different submission interfaces

to understand the ENA Metadata Model. You may also like to review how the release of data is managed in our Data Release FAQ.

Raw Reads Data Analyses

EXPERIMENT  RUN ke ANALYSIS

A dedicated submission API for COVID-19 genomes is available here.

‘_ TEST (submission deleted after 24

- hours) and production servers
Submission account needed

Studies (Projects) Samples

Register Study m Studies Report Register Samples m Samples Report SpreadSheet'baSEd Or XML_based
submissions are supported

Submit XMLs (advanced) Register Novel Taxonomy

s ) Reports allow to check the status of

the submission of each object

Support tab: access point to contact
Raw Reads (Experiments and Runs) Data Analyses th e E NA tea m to report iss u es

Raw reads can also be submitted using Webin-CLL ies and must be with Webin-CL1. Other analyses can be submitted as XMLs.

‘Submit Reads m Runs Report Generate Annotated Sequence m Analyses Report
Spreadsheet
‘Submit XMLs (advanced) m Run Files Report Submit XMLs (advanced) m Analysis File Report
m Run Processing Report m Analysis Processing Report
m Unsubmitted Files Report

https://wwwdev.ebi.ac.uk/ena/submit/webin/




The NCBI SRA interactive submission portal

NIH National Library of Medicine @gmail.com
National Center for Biotechnology Information
A Submission Portal and Manage Data services will be i during i on January 28. We apologize for any il i Have ions? Contact our service desk at: info@ncbi.nim.nih.gov m
submission Portal Home Mysubmissions Manage data Templates My profile
—

Sequence Read Archive (SRA)

Short description and brief instructions + Filter / Search
R From date To date Status Sort by
Options to upload data: [ ‘ Nerdaisa: 30 o[ Jldese
Upload via Cloud: Amazon S3 or Google Cloud +
Data archives +

Upload via Aspera command line or FTP

+
Query @
UPDATED JANUARY 2025 i€ 3 l ‘ m

2 Next >

Upload via Web browser or Aspera browser plugin

https://account.ncbi.nlm.nih.gov/?back url=https%3A//submit.ncbi.nlm.nih.gov/subs/sra/

N[[T)) National Library of Medicine igmail.com
National Center for Biotechnology Information

A\ Submission Portaland Manage Data services willbe during scheduled mai January 28. We apelogize for any i Have guesti our desk at: info@ncbl.nlm.nih.gov [x]

Submission Portal

Home Mysubmissions Managedata Templates My profile

Sequence Read Archive (SRA) submission: SUB15024772
New
1 susmITTER
Submitter © Required fields are marked with % asterisk
* First (g *La y) name
\ |
 Email (primary) Email (secondary)

‘ manhung tang@gmail.com ‘ | © At least one email should be from the organization's domain

Group for this submission
@ (Na'groug)) (affiliation from my personal profile)
() 3 members Sofie Nielsen's shared submissions

© You can create a group for shared submissions in your profile

+ Submitting organization ‘Submitting organization URL  Department

Phone & Fax @

% Street % City State/Province % Postal code % Country

EO(SC

Spreadsheet-based submissions
Requires a google or an institutional account

Production server only (each submission is
permanent)

Similar structure as ENA interactive submissions
Requires two spreadsheets, one containing the

sample metadata, the other containing read file
information


https://account.ncbi.nlm.nih.gov/?back_url=https%3A//submit.ncbi.nlm.nih.gov/subs/sra/
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Practical exercises

Part 1: Make your own interactive submission to ENA
Part 2: Get familiar with the ENA data search and retrieval services
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