CENTRO DE CIENCIAS
DE BENASQUE
)EDRO PASCUAL

RNA secondary structures prediction in viruses

- a full-genome multiple sequence alignment approach -
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Working with viral genomes...
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The rough workflow
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representative full-genome

multiple sequence alignment (MSA)
with RNA secondary structures & much more
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-Step 1 -
Representative Genomes
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Representative genomes

Kevin Lamkiewicz

k-mer profiles

GCACGUC: 14 Dimension Reduction Clustering with
S coace: 4 with PCA or UMAP HDBSCAN
GCAUCGA: 42
UUCGACU: 18
GGGCUAC: 7
GUAGCCA: 22
original '
d g 47 = 16,384 representative
ata set dimensions genomes
i)
k=7 E‘.!;P‘ &)
s 0
. . . e
Check out our ViralClust pipeline! *@,
“:"“i“!..a.
FRIEDRICH-SCHILLER- Lamkiewicz, Triebel, and Marz, ViralClust - Find representative viruses for your dataset, 202x (in preparation). https://github.com/rnajena/viralclust
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Trinbago virus @®_ Bemisia tabaci
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Representative genomes
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Pesti-like viruses Pestivirus N (N)

Pestivirus
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Zikole
Sequences for discovery
—~
- = Pestivirus R (R)— -
#>BVBRC  remencr 5= -
Pestivirus ratti (J) Jingmen =
RPeV

Pestivirus Q (Q)

1,684 genomes

Pestivirus P (P)
DYPV :
Pestivirus M (M)——"_
PhoPeV // | Pestivirus tauri (B)
Pestivirus L (L)~ Wenzhou /- Pestivirus antilocaprae (E) BVDV2
LindaV PAPeY

Pestivirus australiaense (F)
PPeV
Pestivirus bovis (A)

99 representative genomes

Splits graph of the pestivirus data set calculated by Neighbor-net algorithm.

Bryant et al. (2004), Neighbor-Net: An Agglomerative Method for the Construction of Phylogenetic Networks, Mol. Biol. Evol.
Houston and Bryant (2006), Application of Phylogenetic Networks in Evolutionary Studies, Mol. Biol. Evol.
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- Step 2 -
Multiple Sequence Alignment

&
RNA Secondary Structures
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Start with the UTRs

5'UTR [3' uTR

Non-Structural (NS) I-3'OH
l

5

| EEE [ [ ) [ [ [ /B (N [

NP C E™ E1 E2p7 NS2 NS3 NS4ANS4B NS5A NS5B

Schematic overview of the genome organization of pestiviruses (adapted from ICTV).
UTR = untranslated region.

genome length ~12,000 nt

L1
ﬁ%ﬁ[i%l/%lﬁg;*fgr R = Simmonds et al. (2017), ICTV Virus Taxonomy Profile: Flaviviridae, J. Gen. Virol.
https:/ictv.global/report/chapter/flaviviridaeport/flaviviridaeport/flaviviridae/pestivirus
JENA BIOINFORMATICS
& HIGH-THROUGHPUT ANALYSIS



LocARNA - local alignment of RNAs

all possible structures for each sequence \ guide tree
McCaskill's algorithm WPGMA
bunch of
RNA sequences
seql
seq2 )
seq3
seq4
seq5

progressive alignment &

consensus secondary structure

all pairwise ahgnments minimum free energy (MFE)

dynamic programming - Sankoff-style algorithm ©
o 123 456 7 8- ugzresgLy (e Pl e p——————|
B R PN T 20 5 o et o
I - [ | | |
1T|-6]5 p-1 7
2T|-12|-1 |3 p3|2p-8
HEaTE I N
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P54 s b T T aalafsfsf2fefol1ps]4 ¢ IS N .
st G i el Al e B Struct e (e ) )
6 A|-36|-25|-21(-10] 1 52]0 1 rUC ure o °
6 A|-36[-25|-21[-10] 1 5 2|0 1 _
FRIEDRICH-SCHILLER- ™ Will et al. (2007), Inferring non-coding RNA families and classes by means of genome-scale structure-based clustering, PLoS Comput Biol.
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FRIEDRICH-SCHILLER- ™ Will et al. (2007), Inferring non-coding RNA families and classes by means of genome-scale structure-based clustering. PLoS Comput Biol
UN|VERS|TAT R Sweeney et al. (2021), R2DT is a framework for predicting and visualising RNA secondary structure using templates. Nat Commun
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Out-of-the-box prediction of the
Internal Ribosomal Entry Site ..

Hepatitis C virus (species)

Article | Open access | Published: 02 July 2024
Comprehensive survey of conserved RNA secondary
structures in full-genome alignment of Hepatitis C virus

Sandra Triebel, Kevin | Nancy Ontiveros, Blake Sweeney, Peter F. Stadler, Anton L. Petroy,

Michael Niepmann & Manja Marz @

Scientific Reports 14, Article number: 15145 (2024) | Cite this article
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Will et al. (2007), Inferring non-coding RNA families and classes by means of genome-scale structure-based clustering. PLoS Comput Biol.
Sweeney et al. (2021), R2DT is a framework for predicting and visualising RNA secondary structure using templates. Nat Commun.
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3" UTR stem-loop SLI conserved across all pestiviruses

& conserved miRNA binding site

Consensus structure
A_BVDV1_1-SD1
A_BVDV1_NADL
A_BVDV1_SLO/2407/2006
A_BVDV1_SuwaNcp
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Will et al. (2007), Inferring non-coding RNA families and classes by means of genome-scale structure-based clustering. PLoS Comput Biol.
Sweeney et al. (2021), R2DT is a framework for predicting and visualising RNA secondary structure using templates. Nat Commun.



Continue with the (protein-)coding region

5' UTR 13' UTR
5' Non-Structural (NS) j—-3'OH
]
.~ polyprotein |
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NP C E™ E1 E2p7 NS2 NS3 NS4ANS4B NS5A NS5B

Schematic overview of the genome organization of pestiviruses (adapted from ICTV).
UTR = untranslated region.

L1
FRIEDRICH-SCHILLER- m l Simmonds et al. (2017), ICTV Virus Taxonomy Profile: Flaviviridae, J. Gen. Virol.
UN|VERS|TAT https://ictv.global/report/chapter/flaviviridaeport/flaviviridaeport/flaviviridae/pestivirus
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Why searching for RNA secondary structures
in the coding region?
Hepatitis C virus

" NS4B
Q 3-stem H-type pseudoknot (3_6 motif) S16038 8
77-nt e L8880
SL9074
\ j
SL427  sL588
SLe69
J750 SL833
v SL1412  SL2549
SL2531
sLe700 3S13
[ 3'sL2
start codon - UGA ¥ h
¢ SL8490 X
SL1032 stop codon
stigia SN 2
C 3-way junction - : SL7587
(3_5 motif) f> 5'UTR 21P7 NS5A NS5B FUTR
77-nt o~ y =
L] —
FRIEDRICH-SCHILLER- ™ Romero-Lopez and Berzal-Herranz (2020), The Role of the RNA-RNA Interactome in the Hepatitis C Virus Life Cycle, International Journal of Molecular Sciences.
UNIVERSITAT Yan et al. (2022,. Length-dependent motions of SARS-CoV-2 frameshifting RNA pseudoknot and alternative conformations suggest avenues for frameshifting suppression.
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Article | Open access | Published: 02 July 2024

: Comprehensive survey of conserved RNA secondary
FlI’St example structures in full-genome alignment of Hepatitis C virus

L
Out 1' I tl le World! Sandra Triebel, Kevin Lamkiewicz, Nancy Ontiveros, Blake Sweeney, Peter F. Stadler, Anton |. Petroy,

Michael Niepmann & Manja Marz &

Scientific Reports 14, Article number: 15145 (2024) | Cite this article
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NS4B NS5A NS5B 3'UTR
— I
{}I'EIEEF\(I/CEH-ngTLIL_iBr ﬁ ™ Sweeney et al. (2021), R2DT is a framework for predicting and visualising RNA secondary structure using templates. Nat Commun.
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Multiple sequence alignment of the coding region
from amino acids to nucleotides & RNA secondary structures

calculate “anchors” on amino acid level

with anchoRNA

Genomel AYEKAVAF SFEEMYSWNPLIRRICLLTLSSEPVTSPSRLTTYYYEGDPISAYKEWPN Genomel
Genome2 DSSGSFLELMYSWNPLIRRICLYVLSTVNISSPSRYSTIYTESGDPTIAAYREA Genome2

Genome3 AYEKAVAFSELEELYFWNPIIRRICLRVLGETENKYSKVTTFYCKGDPIGASTGISDPT Genome3
Genome4 SCFEEMYAWNPLIRRICLYIISTTTCTDPNPLAPILLQYRGDPIGAFKD Genome4

Genome5 RGTAYLLMYPWNPLVRRVALLYLSTTENHYNTLQLVSDEGISYQGDPIAAYRSRD

Genome5

Genome6 AYEEMYPWNPLIRRIGLLLLSTTDPMGKEETPCSDEGVKYVGDPTIAAYRDDEVK Genome6

word length > 5

Tom Eulenfeld

cut into subsequences

—fo —]
AYEKAVAF LLMYSWNPLIRRICLLTLSSEPVTSPSRLTTYYYEGDPISA\ZEWPN
DSSGSEEEMYSWNPLIRRICLYVLSTVNISSPSRYSTIYTFESGDPIAAYREA
AYEKAVAFSELLLYFWNPIIRRICLRVLGETENKYSKVTTFYCKGDPIGAS{ GISDPT
SGFLLEMYAWNPLIRRICLYIISTTTCTDPNPLAPILLQYRGDPIGARKD
RGTAYLELMYPWNPLVRRVALLVLSTTENHYNTLQLVSDEGISYQGDPIAAYRSRD
AYELMYPWNPL IRRIGLLLLSTTDPMGKEETPCSDEGVKYVGDPIAAYRDDEVK

extract nucleotide sequence and align with LocARNA

Genomel UACGAAGGCGAUCCAAUAUCUGCCUAU
Genome2 UUUUCAGGGGAUCCAAUUGCAGCUUAU
Genome3 UUCCU \ UG A G C UGCAAAGGAGAUCCAAUCGGUGCAUCU
Genome4 UUUCUCUUGAUGUA CAUUAAUAAGAAGAAUAUGCCUAUACAUAAUCAGUACUACUACAUGUACAG- - -ACCCAAACCCUCUAGCUCCAAUCCUAC- - - UUCAAUACAGAGGGGAUCCAAUAGGGGCAUUU
Genome5 UAUCUACUGAUGUA UUGGAAC CACUGGUCAGGAGAAUCAGCCUCCUAUUGCUAUCGACCACUGACCCAAUGGGGAAAGAGGAAACCCCAUGCUCCGAUGAGGGGGUAAAGUAUGUCGGGGACCCCAUAGCCGCAUAC
Genome6 UACCUUCUAAUGU AU GGAACCCCUUAGUAAGGAGGGUGGCAUUGCUAGUCUUGUCUACCACAGAAAACCACUACAACACCUUACAAUUAGUUUCAGACGAGGGUAUUAGUUACCAGGGAGACCCAAUAGCAGCCUAC
SS_cons N O N G (O I I T T I T 10 U 1
I D—
FRIEDRICH-SCHILLER- Eulenfeld and Marz, anchoRNA - Find anchors in short sequences of RNA/DNA, 202x (in preparation). https://github.com/majena/anchorna  ZZd¥ sy 3
UNIVERSITAT ﬁ Will et al. (2007), Inferring non-coding RNA families and classes by means of genome-scale structure-based clustering, PLoS Comput Biol. s 1] -'£'I
JENA BIOINFORMATICS =



New structure candidates

conservation of
sequence structure
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*stem-loop names according to position in 1-SD1 (NC_076029)

FRIEDRICH-SCHILLER-
UNIVERSITAT
JENA

Number of
Gene potential

structures
Npro 9
C 4
Erns 14
E1 8
E2 13
p7 4
NS2 13
NS3 30
NS4A 3
NS4B 16
NS5A 10
NS5B 28
total 152

Sweeney et al. (2021), R2DT is a framework for predicting and visualising RNA secondary structure using templates. Nat Commun.
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New structure candidates
in the coding region

SL6545

A_BVDV1_NADL
A_BVDV1_Osloss
A_BVDV1_L0/151/09
B_BVDV2_296¢
B_BVDV2_PI99
chPerGirafferles
H_HoBiPeV_Th/04-KhonKaen

GAGGAUC] AGUUCC JACC, IGUACCAACGAGA
GAAGACCUUGGAAGCCAGUUCCUUGACAUAGEGGGGCUAAAAAUCCCGGUUGAGGAGAUGAAGGGUAACAUGCUGGUCUUCGUACCCACAAGA
GAAGACC CAAUUCCUC Jcccc AUGCUGGUUUUUGUGCCGACAAGG
GAAGAUCU! U Us AGGGCUGAAGAUACCAACUGAAGAGAUGAAAGGCAACAUGCUCGUUUUUGUGECAACCAGA
GAGGAUC| UACUUAGACAUUGC JACCAAC! AACAUGC JGCCAACCAGA
GAAGAACUAGGUUCUGAAUUCAUAGAUAUAGCUGGACUCAAGAUCCCAACAGAGGAGAUGAAAGGCAACAUGCUAGUCUUCGUCCCCACUAGA
GAAGACCUGGGAUCAAACUUCCUGGAUAUAGCUGGACUUAAGAUACCAAC .GUACCCACUAGG

GAAGACUUGGGCUCAGAGUACUUGGACAUUGCUGGGCUAAAGAUACCAGCAGAGGAGAUGAAGAGUAACAUGCUGGUUUUCGUGCCUACUAGG
GAAGACUUAGGUUCGGAGUACUUAGACAUAGCCGGGCUAAAGAUACCAGUAGAAGAGAUGAAGAACAAUAUGCUAGUUUUUGUACCAACUAGG
GAAGAUCUUGGCUCUGAGUUCCUGGAGAUUGCAGGCCUGAAAAUACCCACU! iC .GUGCCCACCAGG

GAGGACUUGGGUUCCGACUUUCUAGAAAUAGCAGGACUGAAAAUACCAACH AACAUGC JACCCACCAGA
GAAGACCUGGGCUCAGAGUUCUUAGACAUAGC UACCAAC, AACAUGC JGECCACCAGG
GAGGACUUGGGAUCUGAGUACUUAGACAUAGC! JACC, JACCCACGAGG
GAAGACUUGGGCUCAGAAUUUCUAGACAUAGCC! JACC AAUAUGCI GUGCCCACGAGG
GAGGACCL uuC UGGUCUAAAAGUGCCI AACGUGCUCGUAUUCGUGCCGACCAGG
GAGGACCUUGCUGAUGAUUACAUCGAAAU JGCC GUACUGACUUUUGUGCCUACAAGG
GAAGACCUAGGCGAGGAUUAUUUGGACAUAGCCGGACUAAAAAUACCAAAAUCCGAACUACAAGGGAAUGUCUUAACGUUUGUUCCGACAAAA
GAAGACCUUACUGAGCAACAC UACCAAA

GAAGAUCUUGGAGACGAAUUCGUGGACAUAGCAGGCCUAAAGAUUCCUAGAGCUGAACUAAAGGCGAACAUACUAGCUUUCGUCCCCACAAAG
GAAAAUUUGGGAGAAGAAUACAUAAACAUAGCAGACUUAAAAGUCCCUACAAUGGAGUUAAAAAACAACUGCUUGGUUUUCGUGCCAACAAGA
GAAGACUUGGGAGAAGAAUAUAUAAACAUAGCAGACCUAAAAGUCCCAACAAUGGAGCUAAAAAACAACUGCCUGGUCUUUGUACCCACAAGA

P_DYPV_BIME9 GAAAAUC] UGACCUAAAAGUCCCUAUUUCAGAACU uecel CUACUAGG
Q_RtNn-Pev GAAAAUCUGGGGGAUUCCUAUCAUAAUGUUGCAGGCCUAAAGGUAGGCAAGAAC Al CC UACUAGG
R_RtAp-PeV GAAAAUCU! JCCCUACAAGA
J_RPeV GAGAAUC| UUAGUCUUUEUCCCMCUAGA
Jingmen GAGAACC] uucl AACAGAACACGEUC CAACAAGG
#=GC SS_cons  ....... L e e ININNN DN eeenn

SL3432 - SL3537

A_BVDV1_NADL
A_BVDV1_Osloss
A_BVDV1_L0O/151/09
B_BVDV2_296¢
B_BVDV2_PI99
G_GPeV_Giraffe-H138
H_HoBiPeV_Th/04-KhonKaen
C_CSFV_Peru-L-8
C_CSFV_BJ2-2017
D_BDV_X818
D_BDV_R9336/11
I_AydinPeV

N_TSV

0_ovIT-PeV

E_PAPeV

F_PPeV

L_LindaVv

M_PhoPeV

Wenzhou
P_DYPV_DYAJ1
P_DYPV_BIME1
P_DYPV_BIME9

GGAGAGUAUCAAUACUGGUUUGACCUGGAGGUGACUGACCAUCACCGGGAUUACUUCGCUGAGUCCAUAUUAGUGGUGGUAGUAGCCCUCUUGGGUGGCAGAUAUGUACUUUGGUUACUGGUUACAUACAUG
GGGGAGUACCAAUAUUGGUUUGACCUAGAGAUCACUGACCACCACCGGGAUUACUUCGCUGAGUCCCUACUGGUGAUAGUGGUUGCACUCCUGGGCGGUAGGUACGUGCUCUGGUUACUGGUUACAUAUAUG
GGAGAGUACCAAUACUGGUUCGACCUAGAAGUUACAGACCACCACAAAGACUACUUCGCCGAGUUUAUCCUCGUGAUAGUGGUGGCCCUCCUGGGUGGAAGGUACGUGCUCUGGCUGCUAGUCACUUAUAUG
GGGAAGUGGCAAUAUUGGUUUGACCUGGAUUCUAUAGACCACCACAAAGACUACUUUUCAGAGUUCAUAGUCAUAGCAGUGGUAGCCUUGCUAGGUGGUAAGUAUGUACUGUGGCUCUUAGUAACAUAUAUG
GGGGAGUGGCAAUAUUGGUUUGACCUGGAUUCUGUGGACCAUCACAAAGAUUACUUUUCAGAGUUCAUAGUCAUAGCAGUGGUAGCUUUGUUGGGUGGUAAGUAUGUAUUGUGGCUCUUAGUAACAUACAUG
GGAAAAUACCAAUACUGGUUUGACCUCAAAGCUACUGACAACAGGAAGGACUACUUUGCCGAGUUCCUAGUGAUAGCAGUGGUCGCCUUAUUAGGGGGGAGGUACGUACUGUGGUUGUUGGUGACCUAUUUC
GGGAAGUACCAGUACUGGUUUGACCUUGAAGCAACAGACCACCAUCAAGACUACUUCGCUGAGUUCAUUGUGAUUAUCGUGGUGGCCCUCUUGGGUGGGAGGUAUGUGCUCUGGCUGCUAAUAGUUUACUAC
GGCGAGUACCAGUACUGGUUUGACCUGGACGUGACCGACCACCACUCUGAUUACUUCGCAGAGUUUGUUGUCUUAGUGGUGGUAGCACUGUUAGGAGGGAGAUACGUCCUGUGGUUAAUAGUGACCUACAUA
GGCGAGUACCAAUACUGGUUUGACCUGGACGCGACUGACCACCACACAGACUACUUCGCCGAAUUUGUUGUCUUGGUGGUAGUGGCACUAUUGGGUGGGAGGUACGUCCUGUGGCUAAUAGUGACCUAUAUA
GGACAAUACCAAUACUGGUUCGAUCUUGAAGCAACAGAUCACCACUCAGAUUACUUUGCAGAGUUCAUCAUGUUGGCAGUGGUAGCCCUGCUAGGGGGGAGGUAUGUCUUAUGGUUAAUGGUUGUCUACAUG
GGAGAGUAUCAAUACUGGUUUGACCUUGAUAUAACAGACCAUCGUACUGAUUACUUUGCUGAAUUCAUAGUGUUGGCAGUAGUAGCCCUGUUGGGCGGUAGAUAUGUACUAUGGCUGAUGGUAGUCUAUAUA
GGUGAAUACCAGUAUUGGUUCGACCUGGAUGUGACUGACCACCACACAGACUAUUUUGCAGAGUUCAUAGUGGUGGUGGUAGUGGCCUUACUGGGUGGGAGGUAUGUCUUGUGGCUGAUGGUGGUUUACAUC
GGAGAGUACCAAUACUGGUUUGACCUAGACGUGACUGACCACCACACAGAUUACUUCGCAGAGUUUGUGGUCUUAGUGGUGGUAGCACUGUUGGGAGGGAGGUACGUGCUCUGGCUAAUGGUCACUUACAUA
GGUGAGUACCAAUACUGGUUCGACCUGGAUGUGACAGACCACCACACAGAUUAUUUUUCGGAGUUCAUAGUGUUGGUGGUGGUGGCAUUACUAGGGGGGAGGUACGUAUUAUGGCUGAUAGUGACCUAUAUA
GACGGCUACCAGUAUUGGUUUGAUCUAGAAGCAGAUGACCAUCAUAAGAACUGGUUCAAUGAAUUCUUAGUUGUGGUGGUGGUCGCUUUGUUGGGUGGCAGAUACAUACUUUGGUUAAUCAUUAUUUAUAUG
UCAGGGUAUCAAUAUUGGUUUGAUCUCACAGCAAAGGAUCAUGUGGCAGACUGGAUCACAAAAUACUUUCCAAUAAUAAUAGUGGCCUUGUUAGGGGGCAGAGGCACCUUGUGGGUGUUGAUAGEUUAUGAG
GGUGGCUAUCAGUAUUGGUUUGACCUGACAGCAAAAGAUCACGUGAUGGAUUGGGUAACACGAUACUUCCCCAUUAUAGUUGUAGCAUUACUGGGGGGUAGAGCAGUGCUGUGGAUCCUAAUUGEGUACGAG
GAUGAAUACCAAUAUUGGUUUGACUUAAAAGCAGGGGACCAUGCAGUUGAUUUAGUGUCUAAAUACUUACCUAUAUUGAUAGUAGCUUUAUUGGGGGGAAAAGCUGUGUUGUGGAUUUUAGUAGEAUAUACU
AAUGGUUAUCAAUAUUGGUUUGAUUUAACAGCAAAAGACCAUGUUAUGGACUGGGUCUCUCAGUACUUCCCCAUCAUCGUGGUAGCUCUGCUGGGAGGUAGGGCCACGCUAUGGCUGUUGAUUGCAUACCAG
GAUGGCUACCAAUACUGGUUUGACCUGGAAGCUGGUGACCAUAGGAGGAGUAUUUUAUCAGAAUGUAUAGUAAUUGUCGUGGUAGCUUUACUAGGUGGCAAAAUUUCUUUAUGGAUUCUAAUAGEUUUCCAU
GAUGGGUACCAAUAUUGGUUUGACCUAGAAGCUGGUGACCAUAGAAGAAGCAUCUUAGCAGAAUAUAUAGUAAUUGUGAUUGUAGCACUAUUAGGUGGUAAGGUCACACUGUGGAUCCUAGUAGEUUACCAU
GAUGGAUACCAGUACUGGUUUGAUUUAUCAGCCAUGGACCAUCGAAGGAGUGUGGUUGCAGAAUUUAUAGUAAUCAUUGUUGUUGCACUCUUAGGAGGGAGGGUGACACUCUGGCUGUUAGUAGCUUACCAU

Q_RtNn-PeV GAUGGCUACCAAUACUGGUUUGAUCUAGAACAGAGUGACCACUUUUCAGGUGGACUACUCAAAUACCUACCACUGCUGAUGGUGUUGCUACUUGGUGGUAAACUAGUGGCGUGGUUGCUGACUGECUACUAU
R_RtAp-PeV GAUGAAUACCAGUACUGGUUCGACCUGAAAAGCAGUGACCACUAUAUAGGGGGUGUCGUAAAAUACCUCCCCUUGGUGAUGGUCGUCCUUCUUGGUGGCAAACUUGCAGCAUGGUUGUUGACUGECUAUUAC
J_RPeV GGUGAAUACCAAUAUUGGUUUGACUUGGAACAGGACGACCAUGUUACAGGGGGCUUGCUUAAAUACUUGCCAUUGAUAAUGGUCCUAUUGUUGGGUGGAAAAAUGGUGGCUUGGUUGUUGACAGECUACUAC
Jingmen AACGGUUGGCAGUACUGGUUUGACCUGGAGGCUUCUGACCAUAUGGGGGCACAAAUCAGUAAAUAUCUCCCAAUAGUGGUCGUGGCUUUAUUGGGGGGUAGGUAUGUACUGUGGGCCUUAGUCACAUAUUUA
#=GC SS_cons  ....... CREC )Y scatserstunmiavaiommarasarsat R (e 3099 ieruias DY DNIIY S CEC o NNY CCCConariinie 309 cQEEC ) YD) Y sraras
FRIEDRICH-SCHILLER- ™ Sam Griffiths-Jones. (2005), RALEE—RNA ALignment Editor in Emacs, Bioinformatics.
JENA BIOINFORMATICS
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Cool things for virologists — Insertion of Ubiquitin

A_BVDVI_NADL
A_BVDV1 Osloss
A_BVDV1_LO/151/09
B_BVDV2_296¢
B_BVDV2_PI99
G_GPeV _Giraffe-H138
H_HoBiPeV_Th/04-KhonKaen
C_CSFV_Peru-L-8
C_CSFV_BJ2-2017
D_BDV X818
D_BDV_R9336/11
1_AydinPeV

N_TSV

O_ovIT-PeV

E_PAPeV

F_PPev

L_tindaV

M_PhoPeV

Wenzhou
P_DYPV_DYAJ1
P_DYPV_BIME1
P_DYPV_BIME9
K_APPeV_Bavaria-S5/9
K_APPeV_AH-GL-2017.04
S_BtSk-PeV

Zikole

Q_RtNn-PeV
R_RtAp-PeV

J_RPeV/

Jingmen

S
S
Q
Q
S
R|
ADL
T
u

MQIFVKTLTGRTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRSLSDYNIQKESTLHLVLRLRGS

Max Total Query E Per. Acc.

Desciption Scientifiﬁ pame Score Score Cover value Ident Len
v v v v v v
J ‘ ‘ hypothetical protein LDENG_00141360 [Lucifuga dentata] Lucifuga dentata 153 153 98% 7e-46 98.67% 128
| ubiquitin-40S ribosomal protein S27a [Microtus ochrogaster] Microtus ochrogaster 152 152 98% 9e-46 97.33% 110
/ Chain A, UBIQUITIN [Homo sapiens] Homo sapiens 151 151 100% 9e-46 97.37% 76
ubiquitin-40S ribosomal protein S27a [Clarias magur] Clarias magur 152 152 98% le-45 97.33% 107
ubiquitin [Galleria mellonella] Galleria mellonella 152 152 98% le-45 97.33% 108
L1
ﬁﬁ?%%ﬁé?%i% R = Altschul et al. (1990), Basic local alignment search tool., J. Mol. Biol.
JENA PIINESRMATIR
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Integration into databases

Domain IT

Il
336

Domain I

Stem 1a

e
miR-17 binding site & ¢
o
s
H . 3

SL5492

SL1407 %
o

SL3432

NCBI

g ViralZone

Swiss Institute of
Bioinformatics

Jingmen
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