Supplemental Materials and Methods
Benchmarking
Sequence Simulation
Simulated sequences and alignments were generated using EvolveAGene4 [1], INDELible v1.0.3 [2] and BadRead v0.1.5 [3]. For EvolveAGene, 100 simulations were performed based on the human GAPDH coding sequence (Genbank accession: NC_000012.12, CCDS8549.1) with eight taxa, using the default settings and an average branch length of 0.62 (as recommended in the manual). For each simulation, this tool generated eight simulated coding sequences with associated true nucleotide and amino acid alignments and phylogenetic trees. For INDELible 100 simulations were performed using the ‘GTRexample’ parameters from the manual and the ‘nucleotide 1’ algorithm to simulate nucleotide evolution under the GTR model. The guide tree used and control files are available on the CIAlign GitHub. BadRead sequences were generated for 100 simulations each for the settings proposed for “very nice”, “mediocre” and “very bad” Oxford Nanopore reads in the BadRead documentation. All BadRead simulations were performed on the full length deformed wing virus reference sequence, Genbank Accession NC_004830.2. Shell scripts used to run these simulations are available in the benchmarking directory for each tool on the CIAlign GitHub as run_simulations.sh. The output data from all simulations is available at github.com/KatyBrown/benchmarking_data_CIAlign.

BAliBase
Along with the simulated alignments, the BAliBase [4] benchmark alignment database was used. All data was downloaded from the BaliBase web server (http://www.lbgi.fr/balibase) on 03/03/2021. 20 alignments (or all alignments for sets of less than 20) were selected at random from reference sets one to 10, the selected alignments are listed in Online Table 1. All gaps were removed using the CIAlign --unalign function prior to realignment.

Alignment
The EvolveAGene, INDELible and BAliBase sequences were aligned using Clustal (Omega version 1.2.4, [5]), with the default parameters plus --auto, MUSCLE (version 3.8.31, [6]), with the default parameters plus 100 iterations and MAFFT (version 7.464, [7]) with the default parameters (global) and with default parameters plus –localpair (local), both with 1000 iterations. BadRead sequences are expected to be incomplete, so were aligned only with MAFFT with the default parameters plus --localpair. Shell scripts used to generate these alignments are available in the benchmarking directory for each tool on the CIAlign GitHub as run_alignment.sh). All alignments are available at github.com/KatyBrown/benchmarking_data_CIAlign.

HomFam Alignments
The HomFam [8] benchmark alignment database was downloaded from http://www.clustal.org/omega/homfam-20110613-25.tar.gz on 05/07/2021. Sequences in the files labelled “_ref.vie” were used as seed sequences and sequences in the files labelled “_test-only.vie” as the test sequences, these were combined into single FASTA files. Alignments were generated using MAFFT (version 7.464 [6]) with the default parameters). CIAlign parameters are shown in Table S1. Trees were generated using FastTree2 with a GTR model (v2.1.10, [7]).

CIAlign Cleaning
CIAlign was used to clean all alignments with relaxed, moderate and high stringency parameters, parameter values are listed in Table S1. Generally the default parameters were used as the moderate parameter settings, the exception to this is remove_divergent, which was used at lower stringency for INDELible, BaliBase, BadRead and HomFam because these sequences are very divergent. Shell scripts used to run CIAlign are available in the benchmarking directory for each tool on the CIAlign GitHub as run_cialign.sh. All cleaned alignments are available at github.com/KatyBrown/benchmarking_data_CIAlign.

Comparing Alignment Tools
For Fig. S3 and Table S3, which compare a large number of alignment tools, the EvolvAGene and INDELible simulated nucleotide alignments described above were used. Simulated amino acid sequences and alignments are generated by default on running EvolvAGene. To generate simulated amino acid sequences with INDELible,100 simulations were performed using the ‘WAGexample’ parameters from the manual and the ‘amino acid 1’ algorithm to simulate amino acid evolution under the WAG model. All tools were used with both nucleotide and amino acid alignments unless designed specifically for only one or the other.
The following alignment tools and parameters were compared: Partial Order Alignment (POA) v2.0 [9] (nucleotide and amino acid) with default settings plus the NUC 4.4 and BLOSUM80 substitution matrices used by BLAST [10] for nucleotide and amino acid alignments respectively; Clustal Omega v. 1.2.4 [5] (nucleotide and amino acid) with the default parameters plus –auto, Clustal W v2.1 [11] (nucleotide and amino acid) with the default settings plus TYPE=DNA for nucleotide and TYPE=PROTEIN for amino acids; MUSCLE v3.8.31 [6] (nucleotide and amino acid) with the default parameters plus 100 iterations; MAFFT v 7.464 [7] with the default parameters for global alignments and with the default parameters plus –localpair for local alignments; T-COFFEE v11.0.8 [12] (nucleotide and amino acid) with the default parameters, PRANK v170427 [13] (nucleotide and amino acid) with the default parameters plus -DNA for nucleotide and the default parameters plus -protein for amino acids and with the same parameters plus “+F” (trust insertions) (labelled as PRANK and PRANK +F respectively), hmmalign v 3.3.2 [14] with the default parameters plus a profile HMM created with hmmbuild v3.3.2 [14] for the EvolvAGene input sequence (nucleotide and amino acid, EvolvAGene only); Kalign v3.2.2 [15] (nucleotide only) with the default parameters; DECIPHER v2.16.1 [16] (nucleotide and amino acid) with the default parameters via the AlignSeq command; PSAlign via psalign_tcoffee v1.10 [17] (nucleotide only) with the default parameters; PROGRAPH v20130709 [18] (nucleotide only) with the default parameters; PROBCONS v1.12 [19] (amino acid only) with the default parameters. Where appropriate, all outputs were converted to FASTA using the EMBOSS v6.6.0.0 [20] seqret function.
CIAlign parameters for all nucleotide alignments for relaxed, moderate and stringent settings were as shown in Table S1, amino acid alignments were much more divergent so the remove_divergent_minperc threshold was changed to 0.15, 0.20 and 0.25 for relaxed, moderate and stringent settings respectively for both EvolvAGene and INDELible, all other parameters remained the same.

Comparisons
Correctly aligned sequence pairs were identified by comparison with the benchmark alignments generated by the software and calculated using the get_POARs function implemented in the AlignmentStats module in the CIAlign benchmarking functions directory. Consensus sequences in all cases were generated in CIAlign with consensus type majority_nongap and phylogenetic trees with FastTree2 with a GTR model (v2.1.10, [21]). Identity and Needleman-Wunsch scores between pairs of sequences were calculated using the Needle tool from the EMBOSS package (v6.5.7.0, [20]). Robinson-Foulds distances were calculated using the compare function of the Python package ete3 (v3.1.1, [22]). Quartet divergence was calculated using the tqdist algorithm [23] implemented in the R package Quartet [24] [25], with similarity=FALSE to calculate divergence rather than similarity. All consensus sequences and trees are available at github.com/KatyBrown/benchmarking_data_CIAlign. All scores are available in Online Table 1 (for EvolvAGene, INDELible and BAliBase) and Online Table 2 (for BadRead) on the CIAlign GitHub in the benchmarking/tables directory. Column confidence scores were calculated with ZORRO version Linux_x86_64, with the default settings and a quality cutoff of 0.4 as suggested by the authors [26]. Linear regression was performed using the numpy polyfit function [27] with degree 1. For BadRead alignments, correctly aligned residues were identified by aligning the original input sequence to BadRead with the consensus sequence for the alignment used as the input to CIAlign. At positions where the consensus matched the input sequence, positions in the alignment which matched the consensus were then classified as correct.

QuanTest2
The impact of CIAlign on secondary structure prediction was tested using a modified version of QuanTest2 [28]. Alignments were created from the QuanTest2 “Test” datasets using MUSCLE (version 3.8.31, [6]) with the default settings. CIAlign parameters are shown in Table S1. Minor modifications were made to the QuanTest2 source code to adjust the indexing for columns removed by CIAlign. QuanTest2 by default removes all columns containing gaps in the reference sequence, however as CIAlign primarily acts on these columns the code was modified to instead use the whole alignment as the input to JPred4. The modified QuanTest2 script is available in the benchmarking/QuanTest2 directory of the CIAlign GitHub.

Comparison with GBlocks, TrimAl and ZORRO
CIAlign was benchmarked against three tools used to identify poor quality columns in MSAs, GBlocks [29], TrimAL [30] and ZORRO [26]. GBlocks v0.19d was used with the default settings plus -t=d to specify nucleotide sequences. TrimAL v1.4rev15 was used with the -automated1 setting to automatically detect the optimum method based on similarity statistics. ZORRO version Linux_x86_64 was used with the default settings and a quality cutoff of 0.4 was used as suggested by the authors [26]. All log files were converted to the same format as the CIAlign “removed” output files using the functions in convertLog.py, available on the CIAlign GitHub in the benchmarking/functions directory. All scores were then calculated as described above.

Realignment
For realignment, gaps were removed from the CIAlign output at the three stringency settings then the resulting FASTA file was realigned using the original alignment tool and parameters. Sum-of-pairs scores between the realigned MSA and the CIAlign output were calculated using the method described by Thompson et al. [4], implemented in the AlignmentStats.py module file available on the CIAlign GitHub in the benchmarking/functions directory.

Biological Data
Cleaning Pfam Alignments
A random sample of 500 Pfam domains was selected (listed in full in Online Table 8 in the benchmarking/tables directory on the CIAlign GitHub) and seed and full alignments for each domain were downloaded from Pfam release 34.0 [31]. All alignments were cleaned with CIAlign remove_insertions (insertion_min_size 1 and insertion_max_size 500) and crop_ends (crop_ends_mingap_perc 0.01, crop_ends_redefine_perc 0.1). Consensus sequences were generated in CIAlign with consensus type majority_nongap. 250 sequences were selected at random from each full alignment and aligned to consensus sequences from the seed and full alignments before and after CIAlign cleaning using the Needle tool from the EMBOSS package (v6.5.7.0, [20]), this tool was also using to calculate identity scores and Needleman-Wunsch scores.

Removing Insertions and Deletions from Human Genes
Human protein coding gene positions were identified based on human genome build GRCh38.p13 from Ensembl release 103 [32]. Genes were selected at random and single gene VCF files downloaded from the human genome project release 20170504 [33] via Tabix (v 1.1.9, [34]). Genes with at least one indel variant were selected until 25 insertions and 25 deletions (relative to the reference) had been identified, covering 32 genes in total. Individual genomes were then selected at random until a non-reference call for each variant had been identified in at least one individual. This process gave a set of 162 individuals. Separate VCF files were generated for each individual for each of the 32 genes and converted to FASTA files using bcftools (v1.9 [35]) with the -H A option to prioritise alternate variants. These FASTA files were aligned with MAFFT (version 7.464, [7]) with the default settings. They were then cleaned with CIAlign remove_insertions with insertion_min_size 1 and insertion_max_size 50. Full results including all gene Ensembl IDs, variant IDs and sample IDs are available in Online Table 9 on the CIAlign GitHub in the benchmarking/tables directory.

Removing Outliers
Unaligned single gene FASTA files were downloaded for mammalian genes from the 10k trees project [36] (version 3 for primates, version 1 for Carnivora). These files were aligned MAFFT (version 7.464, [7]) with the default settings. The alignments were then cleaned with the CIAlign remove insertions, crop ends, remove short and remove divergent functions, with default settings except for remove_divergent_minperc, which was set to 0.7 (as these are quite conserved sequences). Alignments before and after cleaning were visualised as CIAlign mini alignments with the default settings. Phylogenetic trees were generated for alignments before and after cleaning using FastTree2 with a GTR model (v2.1.10, [21]). Trees were pruned and labelled using the ete3 Python package (v3.1.1 [22]).
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