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Motivation: Secondary structures from virus full genome alignment

Triebel et al. 2024 &
     Triebel et al. 2026

Full genome alignment 
with focus on secondary 
structures

Guide alignment by 
identification of conserved 
anchor regions in coding 
regions

Clustering
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Motivation: Secondary structures from virus full genome alignment

Triebel et al. 2024

Hepaciviruses
(HCV)
high
easy

Pestiviruses
(BVDV)
medium
medium

Filoviridae
(Ebola virus)

low
hard

conservation
difficulty

Triebel et al. 2026

difficulty

What virologists do:

translate
 → align
 “→ backtranslate”
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Use translated CDS to find anchors

NUC score +5 equal nt, -4 unequal nt
 → +3 (score for identical: +30)

Expect equal or better score each 35 nts

BLOSSUM62 score
 → +6

(score for identical: +8, common aas)
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Algorithm - anchorna go
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Algorithm - anchorna go
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Algorithm - anchorna go

Find

Merge

Remove
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Workflow

anchorna view anchors.gff --align A1

anchorna cutout anchors.gff A0 A1+6
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Anchors in Pestivirus

56 anchors

Search in 55 representative Pestivirus genomes Viralzone

Viralzone
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Anchors in Pestivirus

55 anchors

A G A G A C A G T T A C T T C C A G C A A T A C A T G C T A A A G G G A G A T T A T C A A T A C T G G T T T G A C C T G G A G G T C A C T G A C C A T C A T C G G G A T T A C T T T G C C G A G T C C A T A T T A G T G G T G G T G G T A G C T C T T C T A G G T G G T A G A T A T G T A C T C          C G T C A T G G G A A A C C C A T A A C G T G T G G G A T G T C A C T G G C A G A T T T T G A A G A A

A G A G A C A G C T A C T T T C A G C A A T A C A T G C T A A A A G G A G A G T A T C A A T A C T G G T T T G A C C T G G A G G T G A C T G A C C A T C A C C G G G A T T A C T T C G C T G A G T C C A T A T T A G T G G T G G T A G T A G C C C T C T T G G G T G G C A G A T A T G T A C T T          C G C C A T G G G A A G C C G A T A A C G T G T G G G A T G T C G C T A G C A G A T T T T G A A G A A

A G G G A C C G G T A C T T C C A A C A A T A C A T G C T A A A A G G G G A G T G G C A A T A T T G G T T T G A C C T G G A T T A T G C A G A C C A C C A C A A A G A T T A C T T T T C A A A G T T C A T A A T C A T A G C A G T G G T C G C C T T G T T G G G T G G T A A G T A C G T A C T G          G G A C A G G G G A A A C C T A T C A A T T G T G G A A T G A C A C T C G C T G A C T T T G A G G A G

A G G G A C C G G T A C T T C C A A C A A T A C A T G T T A A A A G G G G A A T G G C A A T A T T G G T T T G A C C T G G A T T C T G C A G A C C A C C A C A A A G A T T A C T T T T C A G A G T T C A T A A T C A T A G C G G T G G T C G C C T T G T T A G G C G G C A A A T A T G T A C T G          A G A C A G G G A A A A C C T A T A A C A T G T G G T A T G A C A C T C G C A G A C T T T G A A G A G

A G G G A C G A G T A C T T C C A G C A G T A C A T G T T G A A A G G A A A A T A C C A A T A C T G G T T T G A C C T C A A A G C T A C T G A C A A C A G G A A G G A C T A C T T T G C C G A G T T C C T A G T G A T A G C A G T G G T C G C C T T A T T A G G G G G G A G G T A C G T A C T G          G G A A C A G G G C C A C C A A T C A G C T G C G G G A T G A C C C T A G C G G A C T T T G A A G A G

A G G G A T A A C T A C T T C C A A C A G T A T A T G T T G A A G G G G A A G T A C C A G T A C T G G T T T G A C C T T G A A G C A A C A G A C C A C C A T C A A G A C T A C T T C G C T G A G T T C A T T G T G A T T A T C G T G G T G G C C C T C T T G G G T G G G A G G T A T G T G C T C          C G T T C C G G C A G G C C C A T A T C A T G C G G A A T G A C T C T G G C T G A C T T T G A A G A A

A G G G A C A G C T A C T T C C A G C A A T A T A T G C T T A A G G G C G A G T A T C A G T A C T G G T T T G A C C T G G A C G T G A C T G A C C G C C A C T C A G A T T A C T T C G C A G A A T T T G T T G T C T T G G T G G T G G T A G C A C T G T T A G G A G G A A G A T A T A T C C T G          C G T T T T G G G C C A C C A A T G A C C T G T G G C A T G A C C C T A G C C G A C T T T G A A G A A

A G A G A C A G T T A T T T C C A G C A A T A C A T G C T C A A G G G A C A A T A C C A A T A C T G G T T C G A T C T T G A A G C A A C A G A T C A C C A C T C A G A T T A C T T T G C A G A G T T C A T C A T G T T G G C A G T G G T A G C C C T G C T A G G G G G G A G G T A T G T C T T A          A G A T T T G G G C C T T C A C T G T C A T G T G G G A T G A C A T T G T C A G A C T T T G A A G A G

A G G G A C A G C T A C T T T C A A C A A T A C A T G C T T A A G G G T G A A T A C C A G T A T T G G T T C G A C C T G G A T G T G A C T G A C C A C C A C A C A G A C T A T T T T G C A G A G T T C A T A G T G G T G G T G G T A G T G G C C T T A C T G G G T G G G A G G T A T G T C T T G          A G G T T T G G G C C A C C A A T A T C C T G T G G C A T G A C C C T G G C A G A T T T T G A A G A G

A G A G A T A G T T A C T T C C A A C A A T A C A T G C T C A A G G G A G A G T A C C A A T A C T G G T T T G A C C T A G A C G T G A C T G A C C A C C A C A C A G A T T A C T T C G C A G A G T T T G T G G T C T T A G T G G T G G T A G C A C T G T T G G G A G G G A G G T A C G T G C T C          C G A T T C G G G C C G C C A A T C A C C T G T G G C A T G A C A C T G G C T G A C T T C G A A G A G

A G G G A C A G T T A C T T C C A A C A A T A C A T G C T G A A G G G T G A G T A C C A A T A C T G G T T C G A C C T G G A T G T G A C A G A C C A C C A C A C A G A T T A T T T T T C G G A G T T C A T A G T G T T G G T G G T G G T G G C A T T A C T A G G G G G G A G G T A C G T A T T A          C G C T T T G G G C C C C C G G T A A C T T G T G G T A T G A C A C T G G C T G A C T T T G A A G A A

A G G G A T A A G T T C T G G C A G C A A T A C A T G A T A A A G G A C G G C T A C C A G T A T T G G T T T G A T C T A G A A G C A G A T G A C C A T C A T A A G A A C T G G T T C A A T G A A T T C T T A G T T G T G G T G G T G G T C G C T T T G T T G G G T G G C A G A T A C A T A C T T          G G C T T G G G C C C A C C T G T T A A G T G T G G C A T G A G T C T G G C G G A C T T T G A A G A G

A G G G A C A G C T A C T A C C A G C A A T A C A T T A T A A A G T C A G G G T A T C A A T A T T G G T T T G A T C T C A C A G C A A A G G A T C A T G T G G C A G A C T G G A T C A C A A A A T A C T T T C C A A T A A T A A T A G T G G C C T T G T T A G G G G G C A G A G G C A C C T T G          A G T A G A G G C A C T C A A A T A A A G T G T G G G C T G A C A C T G G C C G A G T T T G A G G A A

A G G G A T G A A T T C T T C C A A C A G T A C A T A A C C T C A G G T G G C T A T C A G T A T T G G T T T G A C C T G A C A G C A A A A G A T C A C G T G A T G G A T T G G G T A A C A C G A T A C T T C C C C A T T A T A G T T G T A G C A T T A C T G G G G G G T A G A G C A G T G C T G          A A C A G A G G A A C A G G A A T C A A G T G C G G G A T G A C C T T G G C T G A G T T T G A A G A A

A G G G A T C A A T A C T T T C T T C A A T A T A T G G T T A A A G A T G A A T A C C A A T A T T G G T T T G A C T T A A A A G C A G G G G A C C A T G C A G T T G A T T T A G T G T C T A A A T A C T T A C C T A T A T T G A T A G T A G C T T T A T T G G G G G G A A A A G C T G T G T T G          A G C A A A G G A A C A C A A A T T A A A T G T G G T A T G A C A T T G G C T G A A T T T G A A G A A

A G A G A C C A A T A C T A C C A A C A G T A C A T A G T T T C C A A T G G T T A T C A A T A T T G G T T T G A T T T A A C A G C A A A A G A C C A T G T T A T G G A C T G G G T C T C T C A G T A C T T C C C C A T C A T C G T G G T A G C T C T G C T G G G A G G T A G G G C C A C G C T A          A G C A G A G G A A C C A A A T T G A G A T G T G G G A T C A C C C T G G C T G A G T T T G A A G A A

A T A G A T G A A T T T T G G C A A C A A T T T A T A A C C A A A G A T G G C T A C C A A T A C T G G T T T G A C C T G G A A G C T G G T G A C C A T A G G A G G A G T A T T T T A T C A G A A T G T A T A G T A A T T G T C G T G G T A G C T T T A C T A G G T G G C A A A A T T T C T T T A          A A C A A A G G A A C A C C A A T C A A A T G C G G C A T G A C C T T A T C A G A A T T T G A A G A A

A A A G A T G G T T A C T G G C T G C A G T A T A T A A A G A A A G A T G A C T A C C A G T A C T G G A C T A A A A T G C C T A C T G C C T C G T C T G C A G C A A C A A T G T A C C G C C A T C T G C T T C C T T T A T T G G T G G C C T G C C T C A T G G G C G G C A G G A T A T C G G T G          G A A G A A T T A C A T A A A G G T A T G T G C G G C C T A C C A A C T G T A G T A C A A A A T T T G

A A G G A C C A T T A C T G G C A G C A A T A T G T C A A A A A A G G C C A A T A C C A G T A C T G G A C A A A A A T G C C C A C A A C T T C T A G T G C A A C A A A T A C C T A C A G A C A C C T C C T A C C C T T A C T T A T A G C C G C T C T A C T T G G A G G A A G A G T G A C A G T C          T C T G A C C T T A G G A A A G G T A T G T G T G G A C T T C C A A C C C C T A T A C A A A A T C T G

A A A G A T C A C T A T T G G C A A C A A T A T A T A A A G A A G G G A C A A T A C C A A T A C T G G A C A A A A A T G C C C A G T T C A T C A G G C A C C A C C A A T A C C T A C A G G C A T T T A C T A C C A T T A C T A G T T G C A G C T C T C T T G G G T G G G A G G G T A A C T G T A          T C T G A C C T C C A A A A A G G A A T G T G T G G C A T G C C A A C A G T G A T C C A A A A C T T G

A A A G A T A A A T A C T G G G G T C A G T A C A T G A T C A A G G A T G G C T A C C A A T A C T G G T T T G A T C T A G A A C A G A G T G A C C A C T T T T C A G G T G G A C T A C T C A A A T A C C T A C C A C T G C T G A T G G T G T T G C T A C T T G G T G G T A A A C T A G T G G C G          G C T G A G A G C C C T A G G A T A A G A T G C G G G T G G A C A C T T A A A G A C C T G G A A T A C

A A A G A C A G G T A T T G G G G T C A G T A C A T G G T C A A G G G T G A A T A C C A A T A T T G G T T T G A C T T G G A A C A G G A C G A C C A T G T T A C A G G G G G C T T G C T T A A A T A C T T G C C A T T G A T A A T G G T C C T A T T G T T G G G T G G A A A A A T G G T G G C T          G C C G A A T C A C C G A G A A T T C G G T G T G G G T G G A C A C T G A A A G A T C T G G A A T A C

A A G G A T G A G T T C T G G G G C C A G T A C A T G C T C A A G G A T G A A T A C C A G T A C T G G T T C G A C C T G A A A A G C A G T G A C C A C T A T A T A G G G G G T G T C G T A A A A T A C C T C C C C T T G G T G A T G G T C G T C C T T C T T G G T G G C A A A C T T G C A G C A          G C T C A G G A A C C A A G A A T C A G A T G T G G A T G G A C C T T A A A A G A C C T A G A A T T A

A G A G A C A G C T T T T G G C A A C A A T A C A T C A T A A A A A A C G G T T G G C A G T A C T G G T T T G A C C T G G A G G C T T C T G A C C A T A T G G G G G C A C A A A T C A G T A A A T A T C T C C C A A T A G T G G T C G T G G C T T T A T T G G G G G G T A G G T A T G T A C T G          G T G G A G A G A C A G A G G T T C A T A T G T G G C A C C C C A C T A C G G G A G T T T G A A G A G

R D S Y F Q Q Y M L K G D Y Q Y W F D L E V T D H H R D Y F A E S I L V V V V A L L G G R Y V L    R H G K P I T C G M S L A D F E E

R D S Y F Q Q Y M L K G E Y Q Y W F D L E V T D H H R D Y F A E S I L V V V V A L L G G R Y V L    R H G K P I T C G M S L A D F E E

R D R Y F Q Q Y M L K G E W Q Y W F D L D Y A D H H K D Y F S K F I I I A V V A L L G G K Y V L    G Q G K P I N C G M T L A D F E E

R D R Y F Q Q Y M L K G E W Q Y W F D L D S A D H H K D Y F S E F I I I A V V A L L G G K Y V L    R Q G K P I T C G M T L A D F E E

R D E Y F Q Q Y M L K G K Y Q Y W F D L K A T D N R K D Y F A E F L V I A V V A L L G G R Y V L    G T G P P I S C G M T L A D F E E

R D N Y F Q Q Y M L K G K Y Q Y W F D L E A T D H H Q D Y F A E F I V I I V V A L L G G R Y V L    R S G R P I S C G M T L A D F E E

R D S Y F Q Q Y M L K G E Y Q Y W F D L D V T D R H S D Y F A E F V V L V V V A L L G G R Y I L    R F G P P M T C G M T L A D F E E

R D S Y F Q Q Y M L K G Q Y Q Y W F D L E A T D H H S D Y F A E F I M L A V V A L L G G R Y V L    R F G P S L S C G M T L S D F E E

R D S Y F Q Q Y M L K G E Y Q Y W F D L D V T D H H T D Y F A E F I V V V V V A L L G G R Y V L    R F G P P I S C G M T L A D F E E

R D S Y F Q Q Y M L K G E Y Q Y W F D L D V T D H H T D Y F A E F V V L V V V A L L G G R Y V L    R F G P P I T C G M T L A D F E E

R D S Y F Q Q Y M L K G E Y Q Y W F D L D V T D H H T D Y F S E F I V L V V V A L L G G R Y V L    R F G P P V T C G M T L A D F E E

R D K F W Q Q Y M I K D G Y Q Y W F D L E A D D H H K N W F N E F L V V V V V A L L G G R Y I L    G L G P P V K C G M S L A D F E E

R D S Y Y Q Q Y I I K S G Y Q Y W F D L T A K D H V A D W I T K Y F P I I I V A L L G G R G T L    S R G T Q I K C G L T L A E F E E

R D E F F Q Q Y I T S G G Y Q Y W F D L T A K D H V M D W V T R Y F P I I V V A L L G G R A V L    N R G T G I K C G M T L A E F E E

R D Q Y F L Q Y M V K D E Y Q Y W F D L K A G D H A V D L V S K Y L P I L I V A L L G G K A V L    S K G T Q I K C G M T L A E F E E

R D Q Y Y Q Q Y I V S N G Y Q Y W F D L T A K D H V M D W V S Q Y F P I I V V A L L G G R A T L    S R G T K L R C G I T L A E F E E

I D E F W Q Q F I T K D G Y Q Y W F D L E A G D H R R S I L S E C I V I V V V A L L G G K I S L    N K G T P I K C G M T L S E F E E

K D G Y W L Q Y I K K D D Y Q Y W T K M P T A S S A A T M Y R H L L P L L V A C L M G G R I S V    E E L H K G M C G L P T V V Q N L

K D H Y W Q Q Y V K K G Q Y Q Y W T K M P T T S S A T N T Y R H L L P L L I A A L L G G R V T V    S D L R K G M C G L P T P I Q N L

K D H Y W Q Q Y I K K G Q Y Q Y W T K M P S S S G T T N T Y R H L L P L L V A A L L G G R V T V    S D L Q K G M C G M P T V I Q N L

K D K Y W G Q Y M I K D G Y Q Y W F D L E Q S D H F S G G L L K Y L P L L M V L L L G G K L V A    A E S P R I R C G W T L K D L E Y

K D R Y W G Q Y M V K G E Y Q Y W F D L E Q D D H V T G G L L K Y L P L I M V L L L G G K M V A    A E S P R I R C G W T L K D L E Y

K D E F W G Q Y M L K D E Y Q Y W F D L K S S D H Y I G G V V K Y L P L V M V V L L G G K L A A    A Q E P R I R C G W T L K D L E L

R D S F W Q Q Y I I K N G W Q Y W F D L E A S D H M G A Q I S K Y L P I V V V A L L G G R Y V L    V E R Q R F I C G T P L R E F E E

A

B

High / Low Score

36 / 10

75 / -6

51 / 21 26 / 20 36 / 9

105 / -3 75 / 3 75 / -6

BLOSSUM62

NUC
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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

anchorna cutout

anchorna export

anchorna export

anchorna cutout
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Pestivirus full genome alignment

Triebel et al. 2026
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Pestivirus full genome alignment

Triebel et al. 2026

● Secondary structure for full virus genome
● Secondary structure present in coding regions
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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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Performance

hand-curated 3000nt
nucleotides

(gray)
gaps

(white)
AnchoRNA anchors

(colored)

vanilla LocARNA 2700nt

AnchoRNA+LocARNA 2720nt

vanilla MAFFT 3510nt

AnchoRNA+MAFFT 3200nt
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Extended
workflow

$ anchorna cutout anchors.gff –-fmt sjson “A10>” “A11<” | /

  anchorna go –-fname - --thr-quuota-add-anchor 0.9 anchors2.gff

$ anchorna view anchors2.gff

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

$ anchorna print anchors_final.gff
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pip install rnajena-sugar


