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Detection by next generation sequencing
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GenBank is a repository database

* Unexpected information you can find in
INSDC=Genbank/EMBL/DDBJ:

FT source 1..124

FT /db_xref="taxon:4097"

FT /organelle="plastid:chloroplast"

FT /organism="Nicotiana tabacum”

FT /isolate="Cuban cahibo cigar, gift from

FT President Fidel Castro”
FT CDS complement(45959..47332)
FT ldb_xref="SPTREMBL:Q9UZ71"
FT Inote="PAB2386"
FT ltransi_table=11
FT lproduct="4-AMINOBUTYRATE qui se dilate AMINOTRANSFERASE
FT (EC 2.6.1.19)"
FT Iprotein_id="CAB50188.1"
FT ltranslation="MDYPRIVVNPPGPKAKELIEREKRVLSTGIGVKLFPLVPKRGFGP
FT FIEDVDGNVFIDFLAGAAAASTGYSHPKLVKAVKEQVELIQHSMIGYTHSERAIRVAEK
FT LVKISPIKNSKVLFGLSGSDAVDMAIKVSKFSTRRPWILAFIGAYHGQTLGATSVASFQ
FT VSQKRGYSPLMPNVFWVPYPNPYRNPWGINGYEEPQELVNRVVEYLEDYVFSHVVPPDE
FT VAAFFAEPIQGDAGIVVPPENFFKELKKLLDEHGILLVMDEVQTGIGRTGKWFASEWFE
FT VKPDMIIFGKGVASGMGLSGVIGREDIMDITSGSALLTPAANPVISAAADATLEIIEEE
FT NLLKNAIEVGSFIMKRLNELKEQFDIIGDVRGKGLMIGVEIVKENGRPDPEMTGKICWR
FT AFELGLILPSYGMFGNVIRITPPLVLTKEVAEKGLEIEKAIKDAIAGKVERKVVTWH™




The importance of database
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Whatever the quality of the samples, sequencing and bioinformatics,
a flawed database can blur the results




There was no database for virus complete

genomes

Genomes Data types Data access

Ensembl Genomes: Extending Ensembl across the taxonomic space.

~ Inter-Homoeologous Variants

13.8 million Inter-Homoeologous Variants (IHVs) in wheat called by alignments of the A,.B and D
component genomes where added as SNP markers

> @ Community annotation of Botrytis cinerea

T

Ensembl Genomes is developed by EMBL-EBI and is powered by Ensembl software system for the analysis
and visualisation of genomic data. For details of our funding please click here.

lmpowered
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- q

Bacteria | Protists | Fungi | Plants | Metazoa | Vertebratel

What's New in Release 37 (September 2017)

Have a question?
Ensembl Bacteria

Frequently Asked Questions
(FAQs) are now available for all
domains of Ensembl Genomes
Have a question? Check if it's
been asked beforel If there is a
FAQ missing, contact us.

No significant updates have been made for this release.

Ensembl Fungi

Release 37 includes a complete re-load of fungal species from the
European Nucleotide Archive along with a few species updated
manually Non-coding RNA gene predictions are available for all
species, along with updated biomarts and peptide features.

Ensembl Metazoa

Cross references and protein domain annotations have been updated

Ensembl Plants

This release of Ensembl Plants adds one of the two recently sequenced Corchorus capsulans (jute) genomes

(Nature 2017) and whole genome alignments between the latest Hordeum vulgare (barley) assembly and
QOryza sativa (rice), summeriss nere, and Brachypodium distachyon, summarised ners.

Ensembl Protists

New genomes have been loaded from INSDC, and included in compara. New automatic ncRNA alignments have been
added across all protists, using a new algorithm that aims to minimise false positive results by applying taxonomic (and other) filters.
Cross references to other resources (such as UniProt and RefSeq) have been updated. Updated phenotypic information from PHI-base

4 3 have been added for phytopathogenic species

Virus??




Viral genomes
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Avoid RefSeq to assess full length criteria

LOCUS NC 028891 22947 bp DML linear VRL 05-JRN-2014

DEFINITICH Hawaiian green turtle herpesvirus thymidine kinase (ULZ3),
membrane—associated protein (UL24), minor capsid protein (UL25),
capsid maturation protease (ULZ6), virion scaffolding protein
(ULZ6.5), wvirion membrane glycoprotein B (gB), DHA
cleavage/packaging protein (ULZ8), =2ingle-stranded DMNA-binding
protein (ULZ29), DHNA polyvmerase catalvtic subunit (pol), nuclear
phosphoprotein (UL31), DHL cleavage/packaging (UL32), DNL
cleavage,/packaging protein (UL33), membrane-associated
phosphoprotein (UL34), and basic phosphorylated capsid protein
(UL35) genes,

RCCESSICH HNC 028891

VERSICH NC 02BE81.1
DELINK BioProject: PRJNAIOTTaS
KEYWORDS RefSeq.
SOURCE Hawaiian green turtle herpesvirus 7
CRGANISM Hawailian green turtle herpesvirus .
COMMENT PROVISICHAL REFSEQ: This record has not yet been subject to final

HCBI review. The reference seguence is identical to AF035003.

COMPLETENESS: full length.




Refseq provisional

Bl Mogiana tick virus

Mem Inst Oswaldo Cruz. 2014 Feb;109(1):38-50. doi: 10.1590/0074-0276130166. Epub 2013 Oct 10.

Characterisation of divergent flavivirus NS3 and NS5 proteir
NC_034222 proteins: 1 detected in Rhipicephalus microplus ticks from Brazil.

Mogiana tick virus (2963 nt)
MDQiEII'IEI tick virus [2]'28 ﬂt} NC_034224 prateins: 1 Maruyama SR1, Castro-Jorge LA1, Ribeiro JM1, Gardinassi LGZ, Garcia GR1, Brandé&o LG1, Rodrigu
) ) T grmcossss E1, Ferreira BRS, Fonseca BA1, Miranda-Santos IK'.
Mogiana tick virus (2629 nt) NC_034225 pr
Mogiana tick virus 2705 nt NC_ 034223 roteins: 1
(2705 nt) g VP2-3 gene, complete cds,
COMMENT PROVISTONAL REFSEQD: This record has not yet been subject tn final

full length.

NCEI zevicy, The referepce sequence is identical to AF035003.
COMPLETENESS :

Flavivirus polyprotein
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Refseq is f

or annotation

Si
99 'Yamagata89
Fijis8
'E Singapore86
Czechoslovakia88 c
100 [— Sichuan88 o
France88
_rvwloriasa E
Ohio83 o |
Ft Monmouthd7 I
Leningrad54
82 USSR77
— Kiev79
Brazil78
PR34 (Cam)
69 —
-SwCambridge39a
'SwCambridge39b
WSN33
WS33
SwNI38a
South Carolina18
100 4|-Brevig Mission18 &
New York18 —
Swiowa31 ]
SwAIma-Ata84
Swlowa30
SwSt Hyacinthe90
9/37
95 Swllinois63 [))
Swst Hyacinthe91 c
100 SwQuebec90 =
2 | 3
Swiowa88 N
Maryland91
SwEhime80
SwHong Kong74
New Jersey76a
New Jersey76b —
TyGermany90 T
TyGermany91
100 DkHong Kong77
DkHong Kong76 c
- ChHong Kolnhg76 i (!
DkWisconsing0b | =
100 T okalberta7s <
MallT
TyMinnesota81
DkWisconsin80a
JapanS57 (H2N2) —
T ——"—"

0.1

> Reference
Puerto rico 1934




Representing the diversity calls for many
references
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Toward detecting all viruses

* Virology have focused on pathogens

» Recent genomic explorations of human samples
have revealed dozens of previously unrecognized
viruses.




ViralZone complete genome dataset

Influenza HIV HPV Adenovirus HCV
databases database database database database
A\ HBV
# Virus Pathogen Resource database

GenBank

Extraction and
Curation by families

For Eukaryotic viruses: 70,352 complete genomes
317,979 sequences




Toward an automatic detection
of virus complete genomes

Indidual criteria
for each 121 virus families

Virus
GenBank

Complete
genomes

Testing negative selection by families;
-genome length

-CDS all complete

-Number of CDS




rimming the branches

223 complete sequences 54 clusters at 95% identity

12_IMEZ1828_species=Lassa_mammarenavirus_tanid=11620_genotype=unknown_seqment=5_isolate=lsolate IMB21823_product=N]
22_IME2ITTS_species=Lassa_mammarenavirs _taxid=11620_genotype=unknown_seqment=5_isolate=Isolate IME21T75_product=h/
5_ENA21794_ species=Lassa_mammarenavirus_fanid=11520_genatype=unknoma_seqment=5_jsalate=lsalate_{N321794_prodect=N/A

9 IMG2IS4_species=Lassa mammarenavirus_taxid=11§20_qenotype=mmknown _seqment=S _isolate=Isolzte NMBZIB14_praduci=h/A
16_KNB21845_species=Lassa_mammaresavirus_taxit=11620_genatype=unknown_seqment=S _jsalate=Isalate_KNIZ1845_product=/
10_KMB21818_species=Lassa_mammareaavirus_tanid=11620_genatype=unknown_seqment=S _jsalate=Isalzte RMIZLBLE_product=H/
— 15_INB21843_species=Lassa_mammaresavinus_favid=11620_genatype=unknomn_seqment=S_isalate=lsalate (NS21043_prodact=N/
— 18_{ME21854_species=1assa mammarenavirus_taxid=11520_genotype=unknown_seqment=5_isolate=Isulate_YNE21854_product=N]
— 21_XNB21902_species=Lassa_mammarensvirus_taxid=11620_genotype=unknwwn_seqment=S_isolate=Tsalate EN321902_product=n/
14 KMB21B37_species=Lassa_mammarensvirus_{zxid=11620_genatype=unknowm_seqment=5_isolate=Isalate_ENE21037 _product=y)
20_KME2I853 _species=Lassa_mammarenavirus _taxid=11620_genotype=unknown_seqment=5_isolate=Isolate IME21853_product=h/
41_AV179173_species=Lassa_mammaresavirus_taxid=11620_genatypezunknown_seqment=S _jsalate=Isalate_AV178173_praduct=N]
I—— 13 KMBZ1BS6_species-Lassa_mammareazvirus_ia) 20_genatype=unknown_seqment=5 _isolate=Isalate_ENE21055_product=y)
— 17_IMB2147_species=Lassa mammarenavirus _taxid=1120_qenotype=unknown_seqment=S_isolate=Tsolate_KME21847_praduct=N]
}_IMB21312_speties=Lassa mammarenavirus_taxid=1120_genotype=unknown_seqment=S_isolate=Tsolate_KMB21882_praduct=NjA
1_IME20800_species=Lassa_mammarenavirus_ta 20_genotype=unknown_segment=5_isolate=Tsolate_KMBZ18M_product=N/k
13_KNB21835_species=Lassa_mammarenavirus _taxid=11620_genatype=unknown_seqment=S _isalate=lsalate [N821835_product=y)
—— 11_KNB21822 _species=Lassa_mammarenasirus_tavid=11620_genatype=unkoewn_seqment=5_isalate=Tsalate_DM21822 _product=S/
L—— _{MEZ1798 _species=Lassa_mammarenavirus_taxid=11820_genotype=mknown_seqment=5_isolate=lsolate_KMBZ1T¥_product=N/k
3_AFMGL21_species-Lasss_mammarenavirus_taxid=11620_enotype=unknown_seqment=S_isolate=Tsolzte_AF245121 _product=4/A
4_XF4TBT66_species=Lassa_mammareaavirus_taid=11520_genatype=unknown_segment=S _salate=Isalate_(F4T8756_product=N/A
19_UFATA765_species=Lassa_mammarenavirus _texid=11620_genstype=unknown_seqment=S_isolate=Tsolate_YF{T8765_product=N/
3_GUA30B3Y_species=Lassa_mammareszvirus_tanid=11620_geaatype=unknowa_segmeni=S_isalate=Isalate_GU330839_product=5/A
|:Jj_ﬁulﬂ1ﬂin_ipems:L&!a_mammarmmms_lﬂ' 20_genatype=unknown_seqment=S _isalate=Isalate_GI4A1070_product=x]
46_GU4B1072_species=Lassa_mammarenavirus_taxid=11820_genotype=unknown_segment=5_isolate=Tsolate_EU481072_product=N]
[EB_NNl!2i_ipe(ir!tisi_limmarenirim_h:idillﬁ2HJemyne:unknnln_!egmErrH_\svhti]snlik_(‘ﬂ!lﬂ!_nrvdudﬁﬂ[
41_INE22006_species=Lassa_ mammarenavirus _tarid=11620_qenotype=unknown_seqment=S_isolate=Isolzte_KME22095_product=N|
tEII_[WL!N_!n=(\ritssi_lammmnam!_m\dilLi!ﬂ )_uenoiype=unknown _seqment=5_isolafe=Tsolzte_KMEZI353_product=N/
43 XMB220Y5 _species=Lassa_mammarengvirus_tanid=11620_genatype=unknewn_segment=5_isolzte=Tsolate_ENG22095_product=N/
Eﬂ!7i'IHI!53Jmlr!d.aisaﬁmmamnirlmijlld:lImJenvtyue=unknalnﬁ!eqment:sjn\m:]snlmﬁ[‘wilmedm—-M[
36_DME2027_species=Lassa_mammarenavires _taxid=11620_genstype=unknown_seqmeni=3_isolate=Tsolate_{MEZ0T_product=h/
{— 34_MI21392_species=Lassa_mammarenavires_taxid=11820_genotype=unknown_segment=5_isolate=Tsolaie_IME21382_product=N]
[IUMHEI!3Ls|m\eFus!aimammmmmsitallﬂ:llbHL’enurm:unlmLsmenl’-Sﬁ\iulak:[mateJNHZL!}?JMM:\/
28_EME1347 _species=Lassa_mammarenavires _taxid=11620_genotype=unknown_seqment=5_isolate=Isolate IME2IM4T_product=h/
I:3]_l‘mHEL_!pennii!sl_lammdrenawm_m\dilLi!ﬂ )_uenoiype=unknown _seqment=5_jsolafe=Tsolzte_tMEZI361_product=N/
77 AMB22031_species=Lassa_mammareaavirus_tavid=11620_genatype=unknown_seqment=S _isalate=lsolate ANIZ203]_product=H/
I 26_XNBZ1%43 _species=Lassa mammarenvirus_taid=11620_genotype=unkniwm_seqment=5_isolate=Isalate KNB21943_product=N]
1 39_KMB22047_species=Lassa_mammarensvirus_tanid=11620_genotype-unkuwwn_segment=5 _isalate=Isalate EN322047_product=H/
F— 40_IMERGY_species=Lassa mammarenavirus_taxid=11620_qgenetype=unknown _seqment=s_isolzte=lsolate_KMBZ2063_product=h/
— 38_IMEZNN)_species=Lassa mammarenavirus_taxid=11620_genotype=unknown_seqment=5_isolate=Tsolate KMEZ2033_product=N/
— 12_[ME2031 _species=Lassa_mammarenavirus_Lanid=11520_genctype=unknown_seqment=5_isolate=Islate_YMEZ231_product=H]
I— 25 [ME2IM41_species=Lassa mammarenavirus_taxid=1 1620_genotype=unknown_seqment=S_isolate=Isolate KMB21341_product=/
— 35 IMEEND5_species=Lassa mammarenavirus_texid=11620_qenutype=unknoun _seqment=S_isolate=Tsolate_KMBZ2025_praduct=h/
L 77_XNB21345_species=Lassa_mammareaavirus_taid=11520_genatype=unknown_seqment=5 _jsalate=Isalate_(NIZ1945_product=y]
32_TME21976_species=Lassa_mammarenavirus _texid=11620_genotype-unknown_seqment=S_isolate=Tsolatz_KMB21978_product=N/
33 IME2I97Y_species=Lassa mammarenavirus_texid=11620_qenotype=unknoun_seqment=s_isolate=lsolate_KMBZ1978_product=h/
1_XUS1971 _species=Lassa_ mammatenzvirus_tanid=11620_geaatype=unknown_segment=5_isalate=Isalate_CUS1STI_product=n/h
43 _KMB22128_species=Lassa_mammaresavirus_fanid=11620_genatype=unknown_segment=S _jsalate=Isalate RNIZ2126_prodect=H/

Hwn

8 COMDME ofs b 50 N[ 0M4294 1 _Lymphocytic_cheriomeningts wirus_seqmest §_romplete sequence
- - [ — 4 _AVEHNN _species-Lassa mammarenavires_tavid=11620_genutypezunknown_seqment=S _isolate=Tsolate_AY628201_praduci=)




Manual vs clustering regarding virus variability
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Adding annotation to reference sequences

Isolate

genotype

Virus sequence




Genotyping within a virus species

Global distribution of HCV genotypes

key

Genotype 1
Genotype 2
Genotype 3
Genotype 4
Genotype 5
Genotype 6

World Health Organisation 2009
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Genotype references data

We are gathering data from various sources: WHO, CDC, publications,
Book, virus databases...

Status: in construction

Already done: HAV, HBV, HCV, HSV-1, HEV, HRV, HPV, measles virus,
pegivirus, rotavirus, rubella virus, TTV, VZV, West Nile virus, Yellow fever
virus, Zika virus

Genotype — Last observed™ — Reference strain — Souche GenBank H sp Genbank N
Génotype Derniére observation* de référence
A 2008 MVi/Maryland.USA/0.54 U03669 uo1987
B1= 1983 MVi/Yaounde.CMR/12.83 AF079552 U01998
B2 20m MVi/Libreville.GAB/0.84 146753 U01994
B3 201 MVi/New York USA/0.94 L46752 146753
MVi/lbadan NGA/0.97/1 AJ239133 AJ232203
= 1992 MVi/Tokyo.JPN/0.84 AY047365 AY043459
@ 2007 MVi/Maryland. USA/0.77 M81898 89921
MVi/Erlangen.DEU/0.90 780808 X84872
D12 1986 MVi/Bristol.GBR/0.74 780805 DO1005
D2 2005 IMVi/Johannesburg.ZAF/0.88/1 AF085498 U64582
D3 2004 MVi/lllinois.USA/0.89/1 M81895 01977
D4 201 IMVi/Montreal.CAN/0.89 AF079554 u01976
D5 2010 MVi/Palaw/0.93 L46757 L46758
MVi/Bangkok. THA/0.93/1 AF009575 AF07955
D6 2007 MVi/New Jersey.USA/0.94/1 L46749 146750
D7 2007 MVi/Victoria.AUS/16.85 AF247202 AF243450
MVi/lllinois.USA/50.99 AY043461 AY037020
E Xam p I e: W H O meas I es D8 2011 MVi/Manchester.GBRI30.94 129285 AF280803
. DI 201 MVi/Victoria.AUS/12.99 AY127853 AF481485
D10 2005 MVi/Kampala.UGA/51.01/1 AY923213 AY923185
D11 201 IMVi/Menglian. Yunnan.CHN/47.09 GU440576 GU440571
= 1987 MVi/Goettingen.DEU/0.71 780797 X84879
P 1994 MVs/Madrid.ESP/0.94 (SSPE) 780830 X84865
G1: 1983 MVi/Berkeley. USA/0.83 AF079553 u01974
G2 2004 MVi/Amsterdam.NLD/49.97 AF171231 AF171232
G3 201 MVi/Gresik.IDN/17.02 AY184218 AY184217
H1 201 MVi/Hunan.CHN/0.93/7 AF045201 AF045212

H2 2003 MVi/Beijing.CHN/0.94/1 AF045203 AF045217




Adding annotation to reference sequences

Virus sequence

>L.C190490; species=Rotavirus A; taxid=28875; genotype=unknown; segment=1; isolate=Isolate LC190490;

AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACA
GGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTC
CGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAG
CCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTTTTTGAGATTCACGGC
AATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATA
AAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAG
GCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACG
TGGGAGTGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTG
GGGATGAATAAGTGTTATA




Reads can be assigned to a species level

Isolates Species
lsolate KM225765 L L 10
Isulate&ﬁ‘gf - = 4
lsolate AY121909 T - 3
lsolate JF4EEE- L 3
Isolate JF424873 3 Human Polyomavirus 2
Isolate EUE35194 _ _ 2 {pnl';nmavirus JC)
Isolate AFOD4350 2
Isolate AFOD4349 o 1
lsolate ABO3B254 0

lsolate AB103402 0




In search of the best database

Classical approach Research approach
a ) a )
Manual Db Complete ORF

(11,256) g:l?;gg zz database
(16,980) (102,280)

o ’ % o %

Source: ViralZone Source: GenBank
(247,326) (1,423,048)

Better representation of virus variability

Can be used in existing pipelines Haplotypes




Getting a «16S RNA» for viruses
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identified by their L
polymerase polymorphism




Conclusion

« Databases are a key element to identify/characterize
microbial organisms

 Clinical metagenomics needs dedicated databases

« Sequence curation with clinical focus facilitates the
Intrepretation of results




Thank you for your attention
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