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Motivation: Secondary structures from virus full genome alignment

Full genome alignment
with focus on secondary

structures :

Clustering
complete genomes representatives iE

Guide alignment by Triebel et al. 2024 &
identification of conserved Triebel et al. 2026
anchor regions in coding '
regions

AnchoRNA Tom Eulenfeld 2



Motivation: Secondary structures from virus full genome alignment

difficulty
=
Hepaciviruses Pestiviruses Filoviridae
(HCV) (BVDV) (Ebola virus)
conservation high medium low
difficulty easy medium hard

ssssssssssssss

Do VO

Triebel et al. 2024
AnchoRNA

%

Triebel et al. 2026

What virologists do:
translate

— align
— “backtranslate”
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Use translated CDS to find anchors

TTCCAA F Q
TGGCAG W Q

NUC score +5 equal nt, -4 unequal nt BLOSSUM®62 score
— +3 (score for identical: +30) — +6
Expect equal or better score each 35 nts (score for identical: +8, common aas)
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Algorithm - anchorna go

So IXTAGAGTTGAATCATTTTGAACTTT
S1 IXXAAAGAAGCAGATTACATATTACT
S2 IXTAGAGTTGAATAAGTTTGAACTT
Ss IXTAATTTTGAACTTTTCTTTAGGGT/
Sa INTAAGTGAACCTTCTTCTTGTAACA

TRANSLATE
CDS
ANCHOR WORD LENGTH
AR : — GUIDING SEQUENCE
S | I
0 mLCJ], = 5 - ______ ~
51— I R
S:—— o omm.
| I
S —— 1 -
| I - ;
Sa M| /I/—> B g ]
[, J IR Py PSRy E UL,
FLUKE A }

SEARCH RANGE
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Algorithm - anchorna go

AnchoRNA

So
S
S2
S3

S4

ANCHOR
—_— r———=—=-=—--= al
1 B
: I
| I
| I
| |
. |
I |
N

WORD LENGTH

GUIDING SEQUENCE
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Algorithm - anchorna go

Find — —m — =
— Cm
— —Im —
Merge T T
— —Im —
— I
Remove L e
— L
- e
— — =
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Workflow

seq file with CDS
Genbank or GFF

anchorna go anchors.gff --njobs 4
- 1 —
L T
- T
Find anchors with . C1im
anchorna go i T

configuration

anchorna view anchors.gff --align Al

Jtmp/anchorna®aju3im4/aa_or_seq_or_cds.fasta - O x
File Edit Select View Annotations Format Colour Calculate Web Service

anChOrS.gff ) 3 370 . 380 ) 390 ) 400 410 . 420 ) 430 ) 440 ) 450
DAT I -«VFVTH\WNI’PDESRH’LEV«LL-«\'ll-«l[lFDP.»\TEN VT NKNTTDIHSAMYRRGIK] SHLATDYE LRRIKG
RSKKT|AAARIHNKNK PP ESRKKLEKALLAWATLCCLL ADNIT NGT TDDIHLAMYNRGIN EYLAKDYELKLIKG
VRSKKTIAARIHNKNKPPESRKKLEKALLAWATLCCLLLY DNVT QT IDDIHLAMFNRGYN QY LAKDYELKLIEG
LLAWATICCYLLDLAQANNIT TYLSKDYELKTIEG
/RKMLUKNWHIALVMY LTV 11T P SFAK NETITDEELRSLGMI
VVKVKKMLKNWHI NETITDEELRSLGMI
Y PGAKEGDVVKVRKMLKNWHLALVMCLIY LINPSLAKY ENSTE[NU[L\FURR N NETITDEELHSLGMI
KYPGAKE KVKKMLKNWHIALVMCLTFFANPSLAK ENSTGINQY LWQR NETITDVELRSLGMI
) . K P GAKERDVVKVRKMLKNWHIALVMY LIYT ITPGFAK ENsTE[ND[L\‘RRD[N NETITDEE LHSLGMV
KYPGAKE KVRKMLKNWHIALVMY LMY T1TPSFAKY EMSTGISQILWQRRIN NETITDEELRSLGMI
Quallty control with RKMLEKWAIT NCCR¥VQSQR E ST[LYERL-’«?-L NETVTDQELRS IGMY
anchorna view RKMLEKWATT LIALSLITTAQAQR NENSTGLYKRLSDMGID| INETVTDQE LRGIGMY
P H(KTKFDDSRKKLEKALLM‘;AILJ«LLTELASSNIT TPMITDQQAKQIVGM
) ILAILTGLATSNNT anchor1_s22.0 297 302; QWFLR w6 poor:0 NPMITDQQAKQ IVGM
PD (TKPEDSKKRLEKALLAWAV LAVLLPYCACNIT QYSHNNTHRAMFERK N RPMITDAQAKQIVG
PPDAT IVVDGTKYQVRKKGKAKPT TJAMERHN KNK P DASRKK LEKA L LAWAYLMLLHITSAENYT EWADEGTIQKFLSRVNGS RPIATDMQLKQIK

[Eeauence 51 ID: OUS92965 Residue: ARGHATL)

anchorna cutout anchors.gff A0 A1+6

RN C AT AACARAAAT AAACCACAAGAAT COCGAAAGAAGTT GEAAAAAGCATTATTAGCTT GOGCEATAATAGCCATTTGCATATTCCAACCAGT GGECAACT GATAACGT GALT AATAAA

Cut out Subsequences . AT A CA A GAACAAATCACTAGAAT CTAGGAAGAAATT GGAAAAAGCATT ACT AGCTT GEGTAATACTAT GET GECTATT AGTAACAT CT GTT CAT GCCGATAACATCACT AATEGA
8 Export anchors Wlth AT A A AR A AACAAACCACCAGAAT COAGAAAGAAACT AGAAAAAGCGTT 6T GECTT GEGEAATATTGTGTTGETTACTATTAGT GECCGTCAAACT GACAAT GT CACA AATGGE
between anchors Wlth CATAACAAAMAT AAGLCT CCAGAGTCTAGAAAGAAGCT AGAAAAGGCATTATT AGCTT GGGCAATAAT AT GTTGTGTTCTTTTGGACTTAGCACAAGCTAATAAT AT AALA AACAAC
anchorna export
anchorna cutout AAGTACCCAGGAGET AAAGAAGGEGAT GTAGT AAAGGT GAGEAAGAT GTTAAAAAATT GECACCTAGCT CTTETAATGT GTCTGATATAT CTTAT AAAT COAAGLCTTGEAAAGETT GAAAAC
nt or aa )
] ; anchor file for
seq file with
subsequences LocARNA, etc
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Anchors in Pestivirus

!

L]

&

Search in 55 representative Pestivirus genomes

56 anchors

L
[ L ITERT e JLCELC
E

ﬁ’g ‘Npro C
5’ 3’-OH

E1|E2|p7 NS2-3 NS4A| NS4B | NS5A | RdRp
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Anchors in Pestivirus

High / Low Score

BLOSSUM®62
A

B EEEE

NUC

B AGAGACAG
AGAGACAG
AGGGACCG
AGGGACCG
AGGGACGA
AGGGATAA
AGGGACAG
AGAGACAG
AGGGACAG
AGAGATAG
AGGGACAG
AGGGATAA
AGGGACAG
AGGGATGA
AGGGATCA
AGAGACCA
ATAGATGA
AAAGATGG
AAGGACCA
AAAGATCA
AAAGATAA
AAAGACAG
AAGGATGA
AGAGACAG

AnchoRNA
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ACTTCCAGCAATA
ACTTTCAGCAATA
ACTTCCAACAATA
ACTTCCAACAATA
ACTTCCAGCAGTA
ACTTCCAACAGTA
ACTTCCAGCAATA
ATTTCCAGCAATA
ACTTTCAACAATA
ACTTCCAACAATA
ACTTCCAACAATA
TCTGGCAGCAATA
ACTACCAGCAATA
TCTTCCAACAGTA
ACTTTCTTCAATA
ACTACCAACAGTA
TTTGGCAACAATT
ACTGGCTGCAGTA
ACTGGCAGCAATA
ATTGGCAACAATA
ACTGGGGTCAGTA
ATTGGGGTCAGTA
TCTGGGGCCAGTA
TTTGGCAACAATA
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TGCTAAAGGGAGATTATCAATACTGGTTTGACCTGGAGGTCACTGACCATCATCGGGATTACTTTGCCGAGTCCATATTAGTGGTGGTGGTAGC
TGCTAAAAGGAGAGTATCAATACTGGTTTGACCTGGAGGTGACTGACCATCACCGGGATTACTTCGCTGAGTCCATATTAGTGGTGGTAGTAGC
TGCTAAAAGGGGAGTGGCAATATTGGTTTGACCTGGATTATGCAGACCACCACAAAGATTACTTTTCAAAGTTCATAATCATAGCAGTGGTCGC
TGTTAAAAGGGGAATGGCAATATTGGTTTGACCTGGATTCTGCAGACCACCACAAAGATTACTTTTCAGAGTTCATAATCATAGCGGTGGTCGC
TGTTGAAAGGAAAATACCAATACTGGTTTGACCTCAAAGCTACTGACAACAGGAAGGACTACTTTGCCGAGTTCCTAGTGATAGCAGTGGTCGC
TGTTGAAGGGGAAGTACCAGTACTGGTTTGACCTTGAAGCAACAGACCACCATCAAGACTACTTCGCTGAGTTCATTGTGATTATCGTGGTGGC
TGCTTAAGGGCGAGTATCAGTACTGGTTTGACCTGGACGTGACTGACCGCCACTCAGATTACTTCGCAGAATTTGTTGTCTTGGTGGTGGTAGC
TGCTCAAGGGACAATACCAATACTGGTTCGATCTTGAAGCAACAGAT CACCACTCAGATTACTTTGCAGAGTTCATCATGTTGGCAGTGGTAGC
TGCTTAAGGGTGAATACCAGTATTGGTTCGACCTGGATGTGACTGACCACCACACAGACTATTTTGCAGAGTTCATAGTGGTGGTGGTAGTGGC
TGCTCAAGGGAGAGTACCAATACTGGTTTGACCTAGACGTGACTGACCACCACACAGATTACTTCGCAGAGTTTGTGGTCTTAGTGGTGGTAGC
TGCTGAAGGGTGAGTACCAATACTGGTTCGACCTGGATGTGACAGACCACCACACAGATTATTTTTCGGAGTTCATAGTGTTGGTGGTGGTGGC
TGATAAAGGACGGCTACCAGTATTGGTTTGATCTAGAAGCAGATGACCATCATAAGAACTGGTTCAATGAATTCTTAGTTGTGGTGGTGGTCGC
TTATAAAGTCAGGGTATCAATATTGGTTTGATCTCACAGCAAAGGATCATGTGGCAGACTGGATCACAAAATACTTTCCAATAATAATAGTGGC
TAACCTCAGGTGGCTATCAGTATTGGTTTGACCTGACAGCAAAAGAT CACGTGATGGATTGGGTAACACGATACTTCCCCATTATAGTTGTAGC
TGGTTAAAGATGAATACCAATATTGGTTTGACTTAAAAGCAGGGGACCATGCAGTTGATTTAGTGTCTAAATACTTACCTATATTGATAGTAGC
TAGTTTCCAATGGTTATCAATATTGGTTTGATTTAACAGCAAAAGACCATGTTATGGACTGGGTCTCTCAGTACTTCCCCATCATCGTGGTAGC
TAACCAAAGATGGCTACCAATACTGGTTTGACCTGGAAGCTGGTGACCATAGGAGGAGTATTTTATCAGAATGTATAGTAATTGTCGTGGTAGC
TAAAGAAAGATGACTACCAGTACTGGACTAAAATGCCTACTGCCTCGTCTGCAGCAACAATGTACCGCCATCTGCTTCCTTTATTIGGTGGCCTG
TCAAAAAAGGCCAATACCAGTACTGGACAAAAATGCCCACAACTTCTAGTGCAACAAATACCTACAGACACCTCCTACCCTTACTTATAGCCGC
TAAAGAAGGGACAATACCAATACTGGACAAAAATGCCCAGTTCATCAGGCACCACCAATACCTACAGGCATTTACTACCATTACTAGTTGCAGC
TGATCAAGGATGGCTACCAATACTGGTTTGATCTAGAACAGAGTGACCACTTTTCAGGTGGACTACTCAAATACCTACCACTGCTGATGGTGTT
TGGTCAAGGGTGAATACCAATATTGGTTTGACTTGGAACAGGACGACCATGTTACAGGGGGCTTGCTTAAATACTTGCCATTGATAATGGTCCT
TGCTCAAGGATGAATACCAGTACTGGTTCGACCTGAAAAGCAGTGACCACTATATAGGGGGTGTCGTAAAATACCTCCCCTTGGTGATGGTCGT
TCATAAAAAACGGTTGGCAGTACTGGTTTGACCTGGAGGCTTCTGACCATATGGGGGCACAAATCAGTAAATATCTCCCAATAGTGGTCGTGGC
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TTCTAGGTGGTAG
TCTTGGGTGGCAG
TGTTGGGTGGTAA
TGTTAGGCGGCAA
TATTAGGGGGGAG
TCTTGGGTGGGAG
TGTTAGGAGGAAG
TGCTAGGGGGGAG
TACTGGGTGGGAG
TGTTGGGAGGGAG
TACTAGGGGGGAG
TGTTGGGTGGCAG
TGTTAGGGGGCAG
TACTGGGGGGTAG
TATTGGGGGGAAA
TGCTGGGAGGTAG
TACTAGGTGGCAA
TCATGGGCGGCAG
TACTTGGAGGAAG
TCTTGGGTGGGAG
TACTTGGTGGTAA
TGTTGGGTGGAAA
TTCTTGGTGGCAA
TATTGGGGGGTAG

< FEr<<HHPRP0<< < << << < << <<
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ATGTACTC
ATGTACTT
ACGTACTG
ATGTACTG
ACGTACTG
ATGTGCTC
ATATCCTG
ATGTCTTA
ATGTCTTG
ACGTGCTC
ACGTATTA
ACATACTT
GCACCTTG
CAGTGCTG
CTGTGTTG
CCACGCTA
TTTCTTTA
TATCGGTG
TGACAGTC
TAACTGTA
TAGTGGCG
TGGTGGCT
TTGCAGCA
ATGTACTG

NS5A | RdRp
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CGTCATGGGAAACCCAT
CGCCATGGGAAGCCGAT
GGACAGGGGAAACCTAT
AGACAGGGAAAACCTAT
GGAACAGGGCCACCAAT
CGTTCCGGCAGGCCCAT
CGTTTTGGGCCACCAAT
AGATTTGGGCCTTCACT
AGGTTTGGGCCACCAAT.
CGATTCGGGCCGCCAAT
CGCTTTGGGCCCCCGGT
GGCTTGGGCCCACCTGT
AGTAGAGGCACTCAAAT
AACAGAGGAACAGGAAT
AGCAAAGGAACACAAAT
AGCAGAGGAACCAAATT
AACAAAGGAACACCAAT
GAAGAATTACATAAAGG
TCTGACCTTAGGAAAGG
TCTGACCTCCAAAAAGG
GCTGAGAGCCCTAGGAT
GCCGAATCACCGAGAAT
GCTCAGGAACCAAGAAT
GTGGAGAGACAGAGGTT

36/9

e
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75/ -6

CGTGTGGGATGTC
CGTGTGGGATGTC
ATTGTGGAATGAC
CATGTGGTATGAC
GCTGCGGGATGAC
CATGCGGAATGAC
CCTGTGGCATGAC
CATGTGGGATGAC
CCTGTGGCATGAC
CCTGTGGCATGAC
CTTGTGGTATGAC
AGTGTGGCATGAG
AGTGTGGGCTGAC
AGTGCGGGATGAC
AATGTGGTATGAC
GATGTGGGATCAC
AATGCGGCATGAC
TGTGCGGCCTACC
TGTGTGGACTTCC
TGTGTGGCATGCC
GATGCGGGTGGAC
GGTGTGGGTGGAC
GATGTGGATGGAC
TATGTGGCACCCC

FFrFHAAACCCCECFCCFECEEEE
PARAX<D<LWEPEPEPEEE > 0>>>3>> >
mMooormH<mmmmmoooooooooooo
mFrroeoemmmm MMM M M m A m o
mrF<<rrcrmmmmmmmmmmmmMmmmmmm

TGGCAGATTTTGAAGAA
TAGCAGATTTTGAAGAA
TCGCTGACTTTGAGGAG
TCGCAGACTTTGAAGAG
TAGCGGACTTTGAAGAG
TGGCTGACTTTGAAGAA
TAGCCGACTTTGAAGAA
TGTCAGACTTTGAAGAG
TGGCAGATTTTGAAGAG
TGGCTGACTTCGAAGAG
TGGCTGACTTTGAAGAA
TGGCGGACTTTGAAGAG
TGGCCGAGTTTGAGGAA
TGGCTGAGTTTGAAGAA
TGGCTGAATTTGAAGAA
TGGCTGAGTTTGAAGAA
TATCAGAATTTGAAGAA
CTGTAGTACAAAATTTG
CCCCTATACAAAATCTG
CAGTGATCCAAAACTTG
TTAAAGACCTGGAATAC
TGAAAGATCTGGAATAC
TAAAAGACCTAGAATTA
TACGGGAGTTTGAAGAG
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Performance

* Full alignment of 50 Pestivirus genomes

* Mean alignment score based on NUC score, -11/-1 gap
penalty, perfect score is 5.0

« Alignment length

vanilla
MAFFT 0.41/16100  0.53/15500 anchorna cutout
Dialign -1.00/24900 -0.62/22300 anchorna export
LocARNA 0.67/14300 0.68/14300 anchorna export

0.66/14300 anchorna cutout

hand-curated  0.63/14800

runtime ~ 2 min ~7h ~12h ~6d

AnchoRNA Tom Eulenfeld 11



Pestivirus full genome alignment

ﬁ’zﬂ Npro

E1|E2 |p7 NS2-3

3'-OH

‘ [}
i
Il

[}I |

il Ik W

0 10000 12000 14000

5'UTR NP C E™MS E1 E2 p7 NS2 NS3 NS4A NS4B NSSB( 3'UTR
f\ NS5A
QbR g ged 9 chhﬁ Ei L
A Triebel et al. 2026
Ub
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Pestivirus full genome alignment

c‘% 1" AT R [N
Nproi C | E E1] E2 [p7 NS2-3 NS5A | RdR
5"UTR NP C EM™ E1 E2 p7 NS2 NS4A NS4B NS5B 3'UTR
/) NS5A )
| ./
] ¥ :
AN Triebel et al. 2026
‘ub’

» Secondary structure for full virus genome

» Secondary structure present in coding regions

AnchoRNA
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Summary . , . )
* Identify conserved anchor regions in coding sequences

» Ready usable tool AnchoRNA https://github.com/rnajena/anchorna

 Applied to representative set of genomes for Pestivirus

Thanks to great RNAJena lab! [=]
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Extended
workflow

seq file with CDS
Genbank or GFF

configuration

Find anchors with

anchorna go

\4

Not satisfied,
change
configuration

anchors.gff

Quality control with
anchorna view

Satisfie

satisfied

Fully but need to

Satisfied

Quality control of
region with
anchorna view

Remove or combine

anchors with Not

anchorna combine

satisfied,

Satisfied in

deal with
empty regions

Cut out subsequences

between anchors with
anchorna cutout

Export anchors with
anchorna export

v
nt or aa
seq file with
subsequences

AnchoRNA

anchor file for

LocARNA, etc

change
options

anchors_sub.gff

Find anchors in
region with
anchorna go

Cut out empty region

anchorna cutout

.
seq file of region /‘

R

with

anchorna

anchorna

$ anchorna
$ anchorna

$ anchorna

cutout anchors.gff --fmt sjson “Al@>" “All<" | /

go --fname - --thr-quuota-add-anchor 0.9 anchors2.gff
view anchors2.gff

combine anchors.gff anchors2.gff -o anchors_final.gff

print anchors_final.gff
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SUGAR

A Python framework for bioinformatics

() tests |passing codecov [N82% pypi ¥0:2.1 | python 3 | DOI 10.5281/zenodo.11388074

The sugar project aims to provide a lightweight framework to facilitate rapid application
development for bioinformatics.

[l =]
pip install rnajena-sugar

[=]
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