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Program Version Reference Short description

Align-m 2.1 [1] Uses a non-progressive local approach to guide a global alignment.

ClustalW 1.82 [2, 3] The classic progressive alignment program.

DIALIGN 2.2 [4–6] Aligns gap-free segments as a whole without introducing gaps.

Handel 0.1 (dart) [7, 8] Phylogenetic alignment using a evolutionary hidden Markov model based on
Thorne-Kishino-Felsenstein evolutionary model.

MAFFT 4.22 [9] Rapid group-to-group alignment by fast Fourier transformation.

MUSCLE 3.51 [10,11] Employs a draft progressive step followed by an improved progressive and
iterative refinement steps.

PCMA 2.0 [12] Progressive method which aligns highly similar sequences as ClustalW and
divergent groups by the T-Coffee strategy.

POA 2 [13] Represents alignments as graphs which are directly aligned without the need
for profiles.

ProAlign 0.5 [14] Probabilistic progressive alignment combining a pair hidden Markov model and
an evolutionary model.

Prrn 3.0 (scc) [15] Doubly nested randomised iterative alignment where group-to-group align-
ments are repeated to improve the overall score.

T-Coffee 1.37 [16] Uses an alignment library to seek for maximum consistency of each residue pair
with all other pairs of this library and guides the progressive step by means of
this library.

Dynalign second edition [17,18] Simultaneously aligns and predicts the lowest free energy RNA secondary struc-
ture common to two sequences.

Foldalign 2.0.0 [19] Structurally aligns two sequences using a light weight energy model in combi-
nation with RIBOSUM-like score matrices.

PMcomp N/A [20] Computes and aligns base-pair probability matrices (calculated using Mc-
Caskill’s algorithm [21]).

Stemloc 0.2 (dart) [22,23] Alignment of RNA sequences using pre-folding and pre-alignment envelope
heuristics.

Table 1
This table summarises the alignment methods used in this study.
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Label Command Reference

Sequence Alignment

Align-m (1) align_m -m RNA2 [1]

Align-m (2) align_m -m RNA2 -p2m_Fmin 0.7 -p2m_nseq_min 5

Align-m (3) align_m -m RNA2 -s2p_go 10 -s2p_ge 1

Align-m (4) align_m -m RNA2 -s2p_go 10 -s2p_ge 1 -p2m_Fmin 0.7 -p2m_nseq_min 5

Align-m (5) align_m -m RNA2 -s2p_w 3

ClustalW clustalw -type=dna -align [2, 3]

ClustalW (qt) clustalw -type=dna -align -quicktree

DIALIGN dialign2-2 -n [4–6]

DIALIGN (it) dialign2-2 -n -it

DIALIGN (o) dialign2-2 -n -o

DIALIGN (it,o) dialign2-2 -n -it -o

Handel handalign.pl [7, 8]

MAFFT (fftnsi) fftnsi [9]

MAFFT (fftns) fftns

MAFFT (nwnsi) nwnsi

MAFFT (nwns) nwns

MUSCLE muscle [10, 11]

MUSCLE (nj) muscle -cluster1 neighborjoining -cluster2 neighborjoining

MUSCLE (mi32) muscle -maxiters 32

MUSCLE (nj,mi32) muscle -maxiters 32 -cluster1 neighborjoining -cluster2 neighborjoining

MUSCLE (m6) muscle -maxtrees 6

MUSCLE (nj,mt6) muscle -maxtrees 6 -cluster1 neighborjoining -cluster2 neighborjoining

MUSCLE (mi32,mt6) muscle -maxiters 32 -maxtrees 6

MUSCLE (nj,mi32,mt6) muscle -maxiters 32 -maxtrees 6 -cluster1 neighborjoining -cluster2 neighborjoining

PCMA pcma [12]

PCMA (agi20) pcma -ave_grp_id=20

PCMA (agi60) pcma -ave_grp_id=60

POA poa -v blosum80.mat [13]

POA (g) poa -do_global -v blosum80.mat

POA (p) poa -do_progressive -v blosum80.mat

POA (g,p) poa -do_global -do_progressive -v blosum80.mat

ProAlign (bw400) java -Xmx256m -jar ProAlign_0.5a0.jar -bwidth=400 [14]

Prrn prrn [15]

Prrn (S10) prrn -S10

T-Coffee t_coffee [16]

T-Coffee (c) t_coffee -in=Mlalign_id_pair,Mclustalw_pair

T-Coffee (f) t_coffee -in=Mlalign_id_pair,Mfast_pair

T-Coffee (s) t_coffee -in=Mlalign_id_pair,Mslow_pair

Table 2
This table summarises parameters and references for applied sequence alignment methods corre-
sponding to abbreviations used in the body of the manuscript. Due to space constraints we only
display those parameters affecting algorithm methodology and not those for data input/output.
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Label Command Reference

Structural Alignment

Dynalign dynalign len2-len1+5 0.4 5 20 2 1 0∗ [17, 18]

Foldalign foldalign -global -max_diff 25 -score_matrix global.fmat [19]

PMcomp pmcomp.pl [20]

PMcomp (fast) pmcomp.pl --fast [20, 24]

Stemloc (slow) stemloc --global --multiple -verbose --nfold 1000 --norndfold [22, 23]

Stemloc (fast) stemloc --global --multiple -verbose --nfold 110 --norndfold

Statistics

SPS bali_score [25]

SCI RNAz [26]

Percent Sequence Identity alistat [27]

Table 3
This table summarises parameters and references for applied structural alignment methods corre-
sponding to abbreviations used in the body of the manuscript. Due to space constraints we only
display those parameters affecting algorithm methodology and not those for data input/output.
∗Note that len1 corresponds to the length of the shortest sequence and len2 corresponds to the
length of the longest sequence.
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