Supplementary File S1: Collection of scripts used in the bioinformatics pipeline.
[bookmark: _GoBack]From Klopfstein et al. - Hybrid capture data unravels a rapid radiation of pimpliform parasitoid wasps (Hymenoptera: Ichneumonidae: Pimpliformes).  Systematic Entomology.
This overview lists and comments the scripts used during the analysis of the transcriptome and hybrid-capture data from above-mentioned article (additional explanations can be found in the Materials and Methods section). Scripts are sorted chronologically according to section title. This is not a fully automated pipeline, but rather requires control steps after each major analysis. Parts can be completed in very little CPU time, while others take much longer and were parallelized by analysing samples and sometimes also genes separately (in which case it is indicated for the respective script).
Part A: Transcriptomics
Quality control and Read trimming (FastQC, Trimmomatic)
A1a_FastQC_batch.sh: quality control with the program FastQC.
A1b_Trimmomatic.sh: quality trimming removing leading and trailing bases below phred score 30, sliding window of 4 bp below 25, and reads of less than 40bp after trimming. Illumina adapters are removed as well.
Assembly, Orthology Prediction and Alignment
A2a_Trinity.sh: Assembly of RNA reads in the program Trinity.
A2b_Orthograph-batch.sh: Shell script first preparing the database, running the orthology prediction and finally reporting the results using the configuration file A2c.
A2c_Orthograph.conf: Configuration file for Orthograph.
Alignment Trimming
A3_AlignmentTrimming.r: R script relying on functions in the ‘phangorn’ package to trim alignments at the amino acid and nucleotide levels simultaneously.
Analyses Phylogenetic Informativeness
For predicting phylogenetic informativeness of the different genes, alignments of equal length (600bp) are created which are then subjected to a range of analyses: performance in ML (A4c, A4d), clocklikeness (A4e, A4f), site-specific evolutionary rates (A4g, A4h), likelihood quartet mapping (A4i, A4j), and homogeneity testing (A4k).
A4a_prepare-600bp-alignments.sh: Shell script that finds the 600bp stretch in a gene with the highest coverage and trims them, using the R script A4b.
A4b_extract_600bp.r: said R script.
A4c_RAxML: Starts RAxML on the individual gene alignments.
A4d_analyze-ML-trees.r: Calculates topological distance to a reference tree, taxonomic bootscore and checks whether the ichneumonid part of the tree is correctly rooted at Xorides.
A4e_submitMrBayes-summarizeClocklikeness.sh: starts MrBayes under a relaxed clock model for each gene individually (using the MrBayes block in the next file) and extracts clock variance estimates from the output files.
A4f_MrBayesBlock.nex: Instructions for MrBayes including clock model settings and topology constraints.
A4g_getSiteRates.sh: prepares input files for DNARates including an ML estimate of the Tr/Tv ratio as calculated with the R script A4h_get_tr-tv-ratio.r. Then runs DNARates.
A4h_get_tr-tv-ratio.r: see previous.
A4i_QuartetMapping.sh: prepares input files and submits A4j_QuartetMapping.r to calculate tree likeness scores under ML.
A4j_QuartetMapping.r: see previous.
A4k_Homogeneity-testing.sh: Script to prepare file as NEXUS for input into PAUP*, including command script for each gene. Also includes a script that summarizes the output from PAUP* in a single file.
Bait design for Hybrid Capture (Bait Fisher)
A5a_BaitFisher_CommandFile.txt: Input file for BaitFisher. In addition to these settings, we used fewer baits (3 and 1) for those genes where no exon was long enough to accommodate 5 baits with a 20 bp tiling.
A5b_BaitFilter.sh: The baits found by BaitFisher were then filtered in BaitFilter according to the criteria in this script.

Part B: Hybrid Capture
1. Quality control and trimming (FastQC, Trimmomatic)
Quality control with FastQC was conducted both on the de-multiplexed reads, after adaptor removal with CutAdapt, and after quality trimming with Trimmomatic to assure successful quality control.
B1a_FastQC_batch.sh: quality control with the program FastQC.
B1b_Summarize_fastQCs.sh: creates an overview of the most important FastQC results in table format.
B1c_Cutadapt_batch.sh: cuts adaptors as used in library prep (see manuscript).
B1d_Trimmomatic.sh: quality trimming removing leading and trailing bases below phred score 30, sliding window of 4 bp below 25, and reads of less than 40bp after trimming.
BlastX and Assembly
Following the pipeline suggested in Braggs et al. 2016, we used BlastX with amino-acid references from the transcriptome analysis to extract reads with a significant similarity. Contigs were formed out of these reads using the assembly program Velvet under different Kmer values, the results of which were combined with Cap3.
B2a_BlastX_batch.sh: Blasting the trimmed reads against amino acid reference alignments with an e-value threshold of 10-6. BlastX creates an output file in table format containing the indexes of the reads with significant matches in any of the 6 possible reading frames. This analysis is rather CPU-demanding and was run separately for each sample.
B2b_ExtractReads.sh: Shell script extracting the reads as listed in the BlastX output files for each gene separately. This analysis is rather CPU-demanding and was run separately for each sample.
B2c_Assembly.sh: Assemble the read per sample and gene using the Velvet and Cap3 assemblers.
Alignment with prediction of Intron-Exon boundaries
B3a_ReciprocalBestHits.sh: Use BlastX to compare all contigs for a particular gene resulting from the Velvet/cap3 assembly to the Nasonia transcriptome. Only keep those contigs which retrieve the respective gene as the best match, thus assuring reciprocal best hits (“triangulation”).
B3b_Exonerate.sh: With the ‘protein2genome’ method, Exonerate attempts to align protein sequences to genomes and at the same time identify intron-exon boundaries. We aligned to all transcriptome sequences and kept the comparison which resulted in the longest match (breaking ties with the alignment score). Output was tailored to our needs using the --ryo option in Exonerate.
Multiple Sequence Alignment
B4a_SequenceExtractor.r: R script which for each gene adds both the transcriptomes and those contigs found by Exonerate to match with an identity above 60% (value determined from comparing transcriptomes among each other) to a single nucleotide file while marking the intron position with a sequence motive (“NNNANANNN”). Also generates an amino acid fasta which is then aligned in the next step.
B4b_MAFFT.sh: Multiple sequence alignment at amino acid level using the E-INS-i algorithm (see software manual).
B4c_Retranslate.r: Retranslates the amino acid MSA from MAFFT into nucleotides using the unaligned nucleotide alignment from step B4a.

Coverage analysis and Contig Choice
Based on the Exonerate alignments, exons where identified and aligned via MAFFT at the amino acid level. As Exonerate only finds complete introns, and contigs often ended in intronic sections, we developed an R script (B4d) which identified introns based on a drop in the pairwise distance when intron-exon boundaries are crossed. This script identified many but not all remaining intronic sequences, and we had to correct some manually alignments (a log of these changes is given in Supplementary File S4).
B4a_SequenceExtractor.r: Extracts contig parts identified as sections matching the transcriptomes by exonerate, both as amino acid and matching nucleotide files.
B4b_MAFFT.sh: Aligns amino acid sequences in MAFFT 7.305.
B4c_Retranslate.r: Takes the amino-acid alignments by MAFFT and aligns the nucleotide files accordingly.
B4d_RemoveIntronOverhangs.r: As Exonerate only finds complete introns, leading or trailing introns have not been identified; they are removed in this script by comparing across each intron position in the alignment the pairwise distance before and after the intron, and excludes contig portions which show a >= 20% drop (also removes portions after an intron which are shorter than 30bp).
B4e_CondenseToSingleContig.r: removes contigs which are likely cross-contaminations (with >99.5% sequence identity with another, longer contig).
B4f_AlignmentFunctions.sh: Collection of R functions used in by the other R scripts in this section.
Scripts
A1a_FastQC_batch.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
#run with fastqc version 0.11.2, www.bioinformatics.babraham.ac.uk/projects/fastqc/
for FILE in *.fastq.gz
do
	fastqc $FILE
done
----------------------------------------------------------------------------------------------------------------------------------------
A1b_Trimmomatic.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
#using Trimmomatic 0.33, http://www.usadellab.org/cms/?page=trimmomatic
java -jar /software/UHTS/Analysis/trimmomatic/0.33/bin/trimmomatic-0.33.jar PE -threads 1 -phred33 R1.fastq.gz R2.fastq.gz paired_R1.fastq.gz unpaired_R1.fastq.gz paired_R2.fastq.gz unpaired_R2.fastq.gz LEADING:30 TRAILING:30 SLIDINGWINDOW:4:25 MINLEN:40 ILLUMINACLIP:TruSeq3-PE.fa:2:30:10
fastqc paired_R1.fastq.gz
fastqc paired_R2.fastq.gz
fastqc unpaired_R1.fastq.gz
fastqc unpaired_R2.fastq.gz
----------------------------------------------------------------------------------------------------------------------------------------
A2a_Trinity.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
# using Trinity version 2.1.1, https://github.com/trinityrnaseq/trinityrnaseq/wiki
Trinity --seqType fq --left R1.fastq.gz --right R2.fastq.gz --CPU 6 --max_memory 24G 
/software/UHTS/Assembler/trinityrnaseq/2.1.1/util/TrinityStats.pl trinity_out_dir/Trinity.fasta > TrinityStats.out
----------------------------------------------------------------------------------------------------------------------------------------
A2b_Orthograph-batch.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
cd PATH/Orthograph_runs
echo "##########################"
echo "## Preparing database..."
echo "##########################"
PATH/orthograph-analyzer -c PATH/A2c_Orthograph.conf -prepare
echo "##########################"
echo "## Starting analyzer..."
echo "##########################"
PATH/orthograph-analyzer -c PATH/A2c_Orthograph.conf
echo "##########################"
echo "## Starting reporter..."
echo "##########################"
PATH/orthograph-reporter -c PATH/A2c_Orthograph.conf
----------------------------------------------------------------------------------------------------------------------------------------
A2c_Orthograph.conf
----------------------------------------------------------------------------------------------------------------------------------------
input-file                        = PATH/ASSEMBLED_TRANSCRIPTS.FAS
species-name                      = GENUS_SPECIES
sqlite-database                   = PATH/DATABASENAME.sqlite
ortholog-set                      = ORTHOLOGSETNAME
output-directory                  = PATH/Orthograph_results/GENUS_SPECIES
sets-dir                          = PATH/Orthograph_ortholog_set
logfile                           = PATH/Orthograph_results/GENUS_SPECIES/GENUS_SPECIES.log
strict-search                     = 0
#reference-taxa                   = COMMA, SEPARATED, LIST, OF, TAXA, IN, YOUR, ORTHOLOG, SET
soft-threshold                    = 0
max-reciprocal-mismatches         = 0
orf-overlap-minimum               = 0.5
minimum-transcript-length         = 30
extend-orf                        = 1
no-frameshift-correction          = 0
hamstr-compatible-output          = 0
clear-results-from-database       = 0
clear-result-files                = 1
database-backend                  = sqlite
#mysql-server                     = 127.0.0.1
#mysql-username                   = USERNAME
#mysql-password                   = PASSWORD
#mysql-database                   = DATABASE
#db-prefix                        = orthograph
alignment-program                 = /share/scientific_bin/mafft_7.123we/bin/mafft --localpair --maxiterate 1000 --anysymbol
hmmbuild-program                  = /share/scientific_bin/hmmer-3.0/hmmbuild
makeblastdb-program               = /share/scientific_bin/blast-2.2.26+/makeblastdb
translate-program                 = /share/scientific_bin/exonerate/2.2/bin/fastatranslate
hmmsearch-program                 = /share/scientific_bin/hmmer-3.0/hmmsearch
blast-program                     = /share/scientific_bin/blast-2.2.26+/blastp
exonerate-program                 = /share/scientific_bin/exonerate/2.2/bin/exonerate
sqlite-program                    = /usr/bin/sqlite3
#hmmsearch-score-threshold        = 10
#blast-score-threshold            = 10
#hmmsearch-evalue-threshold       = 1e-05
#blast-evalue-threshold           = 1e-05
#max-blast-searches               = 50
#blast-max-hits                   = 50
#num-threads                      = 1
#cog-list-file                    = /PATH/TO/FILE
substitute-u-with                 = X
header-separator                  = |
verbose                           = 1
quiet                             = 0
----------------------------------------------------------------------------------------------------------------------------------------
A3_AlignmentTrimming.r
----------------------------------------------------------------------------------------------------------------------------------------
# this script allows trimming alignments of amino acids and corresponding nucleotides, either from
# start and end or by removing all aa positions with a coverage below a specifid value
library(phangorn)
# functions used below
# ------------------------------------------------------------------------------------------------------------------------------------
# trim the alignment using a gap score, either column by column (method "gappy") or from 
# the start and end ("leading.trailing")
trimm.aa.alignment <- function (aa.Al = aa.Al, nt.Al = nt.Al, method = "gappy", gap.max = 0.2) {
    if (!check.correspondence.aa.nt(aa.Al, nt.Al, check.nb.aa = 10, code = "standard", taxon = 1) ){
        warning("The amino acid and nucleotide alignments do not correspond to each other! Exiting...")
        return()
    }  
    nbTaxa <- dim(aa.Al)[1]
    nbAA <- dim(aa.Al)[2]
    nbBp <- dim(nt.Al)[2]
    if (nbBp != nbAA * 3 | nbTaxa != dim(nt.Al)[1]){
      warning(paste("The dimensions of the amino acid and nucleotide alignments dont match! nbAA: ", nbAA, ". nbBp: ", nbBp, "nbTaxa_aa: ", nbTaxa, ". nbTaxa_nt: ", dim(nt.Al)[2], ". Exiting...", sep = "") )
      return()
    }   
    include.AA <- rep(T, nbAA)
    include.NT <- rep(T, nbBp)
    if (method == "gappy") {
        for (i in 1:nbAA) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
                include.AA[i] <- F
                include.NT[i *3 -2] <- F
                include.NT[i *3 -1] <- F
                include.NT[i *3] <- F
            }
        }
        aa.Al.new <- aa.Al[, include.AA]
        nt.Al.new <- nt.Al[, include.NT]
    } else if (method == "leading.trailing") {
        #first remove leading positions which have too many gaps
        for (i in 1:nbAA) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
              include.AA[i] <- F
              include.NT[i *3 -2] <- F
              include.NT[i *3 -1] <- F
              include.NT[i *3] <- F
            } else {
                #stop loop here
                break
            }
        }
        #now the same from the end of the alignment
        for (i in nbAA:1) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
                include.AA[i] <- F
                include.NT[i *3 -2] <- F
                include.NT[i *3 -1] <- F
                include.NT[i *3] <- F
            } else {
                #stop loop here
                break
            }
        }
        #get new AA alignment according to 'include' vector
        aa.Al.new <- aa.Al[, include.AA]
        nt.Al.new <- nt.Al[, include.NT]      
    } else {
      warning(paste("Method '", method, "' does not match any of the options ('gappy', or 'leading.trailing')! Exiting...", sep = "") )
      return()
    }
    alignments <- list(aa.Al.new, nt.Al.new)
    names(alignments) <- c("aa", "nt")
    return(alignments)
}
# ------------------------------------------------------------------------------------------------------------------------------------
#check whether an nt and an aa alignment correspond to each other in the first 'nb.aa' 
# amino acids of a chosen taxon. Transforms vectors and lists into matrices first if possible.
check.correspondence.aa.nt <- function (aa.Al, nt.Al, check.nb.aa = 0, code = "standard", taxon = 1) {
    if(is.list(aa.Al)){
        aa.Al <- aa.Al[[taxon]]
    }
    if(is.list(nt.Al)){
        nt.Al <- nt.Al[[taxon]]
    }
    if (is.vector(aa.Al) ){
        if ( taxon == 1) {
            aa.Al <- t(as.matrix(aa.Al))
        } else {
            warning(paste("Error in 'check.correspondence.aa.nt': taxon '", taxon, "' chosen, but only one AA sequence passed.", sep = "") )
            return(NA)
        }
    }
    if (is.vector(nt.Al) ){
        if ( taxon == 1) {
            nt.Al <- t(as.matrix(nt.Al))
        } else {
            warning(paste("Error in 'check.correspondence.aa.nt': taxon '", taxon, "' chosen, but only one AA sequence passed.", sep = ""))
            return(NA)
        }
    }
    correct = T
    if (check.nb.aa == 0) check.nb.aa <- length(aa.Al[taxon,])
    for ( i in 1:check.nb.aa ) {
        aa <- tolower(aa.Al[taxon, i])
        triplet <- tolower(nt.Al[taxon, c(i * 3 - 2, i * 3 -1, i * 3)])
        if (any (triplet == "n")) triplet <- c("n", "n", "n")
        triplet <- paste(triplet, collapse = "")
        res.aa <- query.genetic.code(triplet = triplet, code = code)
        if (length(res.aa) == 0) {
            warning(paste("triplet '", tripet, "' not found in the genetic code table. Continuing to next triplet..."))
        } else {
            if (aa != res.aa) {
                if (aa == "x" && res.aa == "o"){ #stop codons get "o", but are moved to "x" later so programs can read them...
                    correct = T
                } else {
                    correct = F
                    return(correct)
                }
            }
        }
    }
    return(correct)
}
# ------------------------------------------------------------------------------------------------------------------------------------
#query the genetic code (currently: "standard" or "invertebrateMT") in either way
#the stop codons are marked as "o" (needs to be caught by subsequent steps)
query.genetic.code <- function(triplet = "aaa", aa = "", code = "standard") {
    triplet <- tolower(triplet)    
    standardCode <- matrix (nrow = 66, ncol = 2, data = c("aaa", "aac", "aag", "aat", "aca", "acc", "acg", "act", "aga", "agc", "agg", "agt", "ata", "atc", "atg", "att", "caa", "cac", "cag", "cat", "cca", "ccc", "ccg", "cct", "cga", "cgc", "cgg", "cgt", "cta", "ctc", "ctg", "ctt", "gaa", "gac", "gag", "gat", "gca", "gcc", "gcg", "gct", "gga", "ggc", "ggg", "ggt", "gta", "gtc", "gtg", "gtt", "taa", "tac", "tag", "tat", "tca", "tcc", "tcg", "tct", "tga", "tgc", "tgg", "tgt", "tta", "ttc", "ttg", "ttt", "nnn", "---", "k", "n", "k", "n", "t", "t", "t", "t", "r", "s", "r", "s", "i", "i", "m", "i", "q", "h", "q", "h", "p", "p", "p", "p", "r", "r", "r", "r", "l", "l", "l", "l", "e", "d", "e", "d", "a", "a", "a", "a", "g", "g", "g", "g", "v", "v", "v", "v", "o", "y", "o", "y", "s", "s", "s", "s", "o", "c", "w", "c", "l", "f", "l", "f", "x", "-") )
    invertMitCode <- matrix (nrow = 66, ncol = 2, data = c("aaa", "aac", "aag", "aat", "aca", "acc", "acg", "act", "aga", "agc", "agg", "agt", "ata", "atc", "atg", "att", "caa", "cac", "cag", "cat", "cca", "ccc", "ccg", "cct", "cga", "cgc", "cgg", "cgt", "cta", "ctc", "ctg", "ctt", "gaa", "gac", "gag", "gat", "gca", "gcc", "gcg", "gct", "gga", "ggc", "ggg", "ggt", "gta", "gtc", "gtg", "gtt", "taa", "tac", "tag", "tat", "tca", "tcc", "tcg", "tct", "tga", "tgc", "tgg", "tgt", "tta", "ttc", "ttg", "ttt", "nnn", "---", "k", "n", "k", "n", "t", "t", "t", "t", "s", "s", "s", "s", "m", "i", "m", "i", "q", "h", "q", "h", "p", "p", "p", "p", "r", "r", "r", "r", "l", "l", "l", "l", "e", "d", "e", "d", "a", "a", "a", "a", "g", "g", "g", "g", "v", "v", "v", "v", "o", "y", "o", "y", "s", "s", "s", "s", "w", "c", "w", "c", "l", "f", "l", "f", "x", "-") )
    codes <- list (standardCode, invertMitCode)  
    if (code == "invertebrateMT") {
        currCode <- codes[[2]]
    } else {
        currCode <- codes[[1]]
    }    
    if (aa != "") {
        result <- currCode[which(currCode[,2] == aa),1]
    } else {
        result <- currCode[which(currCode[,1] == triplet),2]
    }
    if (length(result) == 0) {
        result <- NA
    }
    return(result)
}
#---------------------------------------------------------------------------------------------------------------------------------------
# needed to write own function because phangorn only writes nt files in Fasta
write.FASTA <- function(alignment.matrix, file, taxon.names, append = F) {
    nbTaxa <- dim(alignment.matrix)[1]
    for (i in 1:nbTaxa) {
        if ( !append && i == 1){
            write(paste(">", taxon.names[i], sep = ""), file = file, append = F)
            write(toupper(paste(alignment.matrix[i, ], collapse = "")), file = file, append = T)
        } else {
            write(paste(">", taxon.names[i], sep = ""), file = file, append = T)
            write(toupper(paste(alignment.matrix[i, ], collapse = "")), file = file, append = T)
        }
    }
}
# ------------------------------------------------------------------------------------------------------------------------------------
# get statistics for an AA alignment and return them as a data frame
get.alignment.stats <- function(alignment, nt.alignment = NULL, code = "standard", with.stop.codons = F, with.x = T) {
    colNames <- c("nbTaxa", "nbSites", "nbGappyColumns", "proportionGaps", "lengthShortest")
    nbTaxa <- dim(alignment)[1]
    nbSites <- dim(alignment)[2]
    if (nbSites == 0) {
        nbGappyColumns <- 0
        propGaps <- 0
        shortestLength <- 0
    } else {
        GappyColumns <- rep(F, nbSites)
        for (i in 1 : nbSites) {
            if (any(alignment[,i] == "-") | any (alignment[,i] == "x") )
                GappyColumns[i] <- T
        }
        nbGappyColumns <- length(which(GappyColumns))
        nbGapsTot <- length(which(alignment == "-")) + length(which(alignment == "x"))
        propGaps <- nbGapsTot / length(alignment)
        shortestLength <- nbSites
        for (i in 1 : nbTaxa ) {
            thisLength <- nbSites - length(which(alignment[i,] == "-")) - length(which(alignment[i,] == "x"))
            if (thisLength < shortestLength) shortestLength <- thisLength
        }
    }
    resMat <- matrix(c(nbTaxa, nbSites, nbGappyColumns, propGaps, shortestLength), nrow = 1, ncol = 5)    
    if (with.stop.codons) {
      nb.stop.codons <- find.stop.codons(aa.Al = alignment, nt.Al = nt.alignment, code = code)
      resMat <- cbind(resMat, nb.stop.codons)
        colNames <- append(colNames, "nbStopCodons")
    }              
    if (with.x) {
      nb.unknown <- length(which(aa.Al == "x") )
      resMat <- cbind(resMat, nb.unknown)
      colNames <- append(colNames, "nbUnknown")
    }              
    colnames(resMat) <- colNames
    return(resMat)
}    
# ------------------------------------------------------------------------------------------------------------------------------------
# find stop codons in the nt alignment, print report to file and return the number of columns with a stop
find.stop.codons <- function (nt.Al, aa.Al = NULL, code = "standard", outfile = "StopCodon_details.out") {
    if (is.matrix(nt.Al) ){
        nt.Al <- tolower(nt.Al)
    } else if (is.list(nt.Al)){
        al <- matrix(nrow = length(nt.Al), ncol = length(nt.Al[[1]]), dimnames = list( names(nt.Al), NULL) )
        al[1, ] <- toupper(nt.Al[[1]])
        for ( i in 2:length(nt.Al) ){
            if ( length(nt.Al[[i]]) == length(nt.Al[[1]]) ){
                al[i, ] <- toupper(nt.Al[[i]])
            } else {
                warning("Error in 'find.stop.codons': alignment passed as list with unequal sequence lengths.")
                return(NA)
            }
        }
        nt.Al <- tolower(al)
        rm(al)
    } else {
        warning("Error in 'find.stop.codons': alignment passed not as matrix or list.")
        return(NA)
    }
    stop.codons.standard <- c("taa", "tag", "tga")
    stop.codons.invMit <- c("taa", "tag")
    code <- toupper(code)
    if (code == "STANDARD") {
        stop.codons <- stop.codons.standard
    } else if (code == "INVERTEBRATEMT") {
        stop.codons <- stop.codons.invMit
    } else {
        warning(paste("Invalid choice of genetic code: '", code, "'. Options are 'standard' or 'invertebrateMt'. Exiting stop-codon search...", sep = "") )
        return()
    }
    if (!is.null(aa.Al)) {
    	stop.codon.mat <- matrix(rep(F, length(aa.Al[1,])), ncol = length(aa.Al[1,]), nrow=1 )
        write("AA_position taxon stop.codon", file = outfile, append = F)
        for (i in 1:dim(aa.Al)[2]) {
            for (taxon in 1:dim(aa.Al)[1]){
                triplet <- paste(nt.Al[taxon, i*3-2], nt.Al[taxon, i*3-1], nt.Al[taxon, i*3], sep = "")
                if (is.element(triplet, stop.codons) ) {
                    stop.codon.mat[,i] <- T
                    write (paste( i, rownames(nt.Al)[taxon], triplet, sep = " "), file = outfile, append = T)
                }
            }
        }
    } else {
        stop.codon.mat <- matrix(rep(F, dim(nt.Al)[1]*dim(nt.Al)[2]), nrow = dim(nt.Al)[1], ncol = dim(nt.Al)[2] )
        first.pos <- seq(from = 1, to = dim(nt.Al)[2], by = 3)
        for (i in first.pos) {
            for (taxon in 1:dim(nt.Al)[1]){
                triplet <- paste(nt.Al[taxon, i], nt.Al[taxon, i+1], nt.Al[taxon, i+2], sep = "")
                if (is.element(triplet, stop.codons) ) {
                    stop.codon.mat[taxon, i] <- T
                }
            }
        }
        if (any(stop.codon.mat)) {
            write("taxon\tNT_positions", file = outfile, append = F)
            for (taxon in 1:dim(nt.Al)[1]){
                stop.pos <- which(stop.codon.mat[taxon, ])
                if (length(stop.pos) > 0 ){
                    write (paste( rownames(nt.Al)[taxon], paste(stop.pos, collapse = " / "), sep = "\t"), file = outfile, append = T)
                }
            }
        }
    }
    nb.stops <- length(which(stop.codon.mat))
    return(nb.stops)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# main
nt.Al <- read.dna("nt.fa", format = "fasta", as.character = T, as.matrix = T)
aa.Al <- read.aa("aa.fa", format = "fasta")
aa.Al <- as.character(aa.Al)
if (!check.correspondence.aa.nt(aa.Al = aa.Al, nt.Al = nt.Al, code = "standard", taxon = 1)) {
    warning(paste("Alignments not corresponding. First AAs: '", aa.Al[1,1:10], "'. Not realigning gene.", sep = "") )
} else {
    trimmed.Al <- trimm.aa.alignment(aa.Al = aa.Al, nt.Al = nt.Al, method = "leading.trailing", gap.max = 0.1)
    #trimmed.Al <- trimm.aa.alignment(aa.Al = trimmed.Al$aa, nt.Al = trimmed.Al$nt, method = "gappy", gap.max = 0.25)
    
    write.FASTA(trimmed.Al$aa, file = "trimmed_aa.fa", taxon.names = rownames(trimmed.Al$aa) )
    write.FASTA(trimmed.Al$nt, file = "trimmed_nt.fa", taxon.names = rownames(trimmed.Al$nt) )
    alignment.stats <- get.alignment.stats(alignment = trimmed.Al$aa, nt.alignment = trimmed.Al$nt, with.stop.codons = T)
    write.table(alignment.stats, file = "alignmentStats.txt", quote = F, row.names = F, col.names = T)
}   
----------------------------------------------------------------------------------------------------------------------------------------
A4a_prepare-600bp-alignments.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
nbTAXA=25
GENEFILE=GeneList.txt
TAXA=( Apechthis Coleocentrus Collyria Deuteroxorides Dolichomitus_imperator Dolichomitus_quercicolus Pimpla_flavicoxis Pimpla_rufipes Rhyssa Syrphophilus Apophua Buathra Colpotrochia Heteropelma Hyposoter Ichneumon Netelia Ophion Xorides Aleiodes Aphidius Cotesia Dacnusa Diaeretus Macrocentrus )
nbSITES=600
nbSITES12=400
echo Starting analysis > logfile
for ntFILE in ntAlignments/EOG*
do					  
	GENE=$(echo $ntFILE | sed 's:_trimmed_nt.fa::' | sed 's:ntAlignments/::')	
	PRESENT=$(grep $GENE $GENEFILE | wc -l)
	if [ $PRESENT == 1 ]
	then
		echo processing $GENE >> logfile
		rm nt.fa
		cp ${ntFILE} nt.fa
		R CMD BATCH --slave A4b_extract_600bp.r
		if [ -f cut_NT_all.fa ]
		then
			echo $nbTAXA $nbSITES > ${GENE}_all.phy
			echo $nbTAXA $nbSITES12 > ${GENE}_12.phy
			for TAXON in "${TAXA[@]}" 
			do
				LINE=$( grep -n $TAXON cut_NT_all.fa | sed 's/^\([0-9]*\):.*/\1/' )
				LINE=$(( $LINE + 1 ))
				SEQ=$( sed -n ${LINE}p cut_NT_all.fa )
				echo $TAXON $SEQ >> ${GENE}_all.phy
				LINE=$( grep -n $TAXON cut_NT_12.fa | sed 's/^\([0-9]*\):.*/\1/' )
				LINE=$(( $LINE + 1 ))
				SEQ=$( sed -n ${LINE}p cut_NT_12.fa )
				echo $TAXON $SEQ >> ${GENE}_12.phy
			done
			rm cut_NT_all.fa
			rm cut_NT_12.fa
			mv ${GENE}_all.phy alignments_allpos/
			mv ${GENE}_12.phy alignments_12pos/
		else
			echo not enough coverage in $GENE >> logfile
		fi
	else
			echo "not processing file" $GENE >> logfile
	fi
done
----------------------------------------------------------------------------------------------------------------------------------------
A4b_extract_600bp.r
----------------------------------------------------------------------------------------------------------------------------------------
library(phangorn)
write.FASTA <- function(alignment.matrix, file, taxon.names) {
  nbTaxa <- dim(alignment.matrix)[1]
  
  for (i in 1:nbTaxa) {
    write(paste(">", taxon.names[i], sep = ""), file = file, append = T)
    write(paste(alignment.matrix[i, ], collapse = ""), file = file, append = T)
  }
}
nt.Al <- read.dna("nt.fa", format = "fasta", as.character = T, as.matrix = T)
nt.Al[which(nt.Al=="n")] <- "-"
#cut every alignment to size 600bp- take the part with the best coverage
nbBp <- dim(nt.Al)[2]
nbTaxa <- dim(nt.Al)[1]
newNbBp <- 600
if (newNbBp >= nbBp) {
  q(save="no")
}
coverage <- rep(NA, nbBp)
for (i in 1:nbBp) {
    coverage[i] <- (nbTaxa - length(which(nt.Al[,i]=="-"))) / nbTaxa     
}
windowCoverage <- rep(NA, nbBp - newNbBp)
for (j in 1:(nbBp - newNbBp)) {
  windowCoverage[j] <- mean(coverage[j:(j + newNbBp - 1)])    
}
BpStart <- which(windowCoverage==max(windowCoverage))[1]
BpEnd <- BpStart + newNbBp - 1
new.nt.Al <- nt.Al[,BpStart:BpEnd]
#check if alignment still has all taxa with >=200bp
shortestTaxon <- newNbBp
for (t in 1:nbTaxa) {
    thisOne <- newNbBp - length(which(new.nt.Al[t,] == "-"))
    if(shortestTaxon > thisOne) shortestTaxon <- thisOne
}
write(shortestTaxon, file="TEST.txt", append=T)
if (shortestTaxon < 200) {
    q(save="no")
}
#if all taxa with min 200bp, go ahead
write.FASTA(new.nt.Al, file = "cut_NT_all.fa", taxon.names = rownames(nt.Al) )
#remove 3rd codon pos
third <- seq(from = 3, to = newNbBp, by = 3)
firstsecond <- setdiff(1:newNbBp, third)
new.nt.Al.1st2nd <- new.nt.Al[,firstsecond]
write.FASTA(new.nt.Al.1st2nd, file = "cut_NT_12.fa", taxon.names = rownames(new.nt.Al.1st2nd) )
----------------------------------------------------------------------------------------------------------------------------------------
A4c_RAxML
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
mkdir Results
for FILE in alignments_600bp/EOG*.phy
do
	GENE=$(echo $FILE | sed 's:.phy::' | sed 's:alignments_600bp/::')
	cp $FILE input.phy
	raxmlHPC-PTHREADS-AVX -T 4 -s input.phy -n raxml -m GTRGAMMAIX -N 50 -x 2387301 -p 7891221 -f a -u -q Partitions_Codons.txt	
	for OUTFILE in *.raxml
	do
		mv $OUTFILE Results/${GENE}_$OUTFILE
	done
done
----------------------------------------------------------------------------------------------------------------------------------------
A4d_analyze-ML-trees.r
----------------------------------------------------------------------------------------------------------------------------------------
library(phangorn)
#---------------------------------------------------------------------------------------------------------------------------------------
# function checking if a list of taxa form a (exclusive) monophyletic group.
# taxonList must be vector with names, not indices
is.monophyletic <- function (taxonList, tree) {
    if (length(taxonList) < 2 ) return (F)    
    ntaxa <- length(tree$tip.label)
    is.monophyl <- F
    taxList <- sort(taxonList)
    for (node in (ntaxa +1):(ntaxa +tree$Nnode) ) {
        desc <- list.descendents.of(tree, node)
        taxDesc <- tree$tip.label[desc]
        taxDesc <- sort(taxDesc)
        if (setequal(taxDesc, taxList)) {
            is.monophyl <- T
            node <- ntaxa +tree$Nnode
        }
    }
    return (is.monophyl)
}
#---------------------------------------------------------------------------------------------------------------------------------------
# main
treeFileExt <- "_RAxML_bestTree.raxml"
infilesBest <- list.files(path = ".", pattern = paste("*", treeFileExt, sep = ""))
#outfiles and headers
outAll <- "MLTrees_summary.out"
outBoots <- "MLTrees_bootsSummary.out"
write("Gene CorrectRoot TopoDist BootsSupportSum", file = outAll)
write("Gene Ichneumonids AllFormes Pimpliformes Ophioniformes Ichneumoniformes PimplinaeSL Pimplinae RhysPoem Pimplini Pimpla Dolichomitus", outBoots)
Braconids <- c("Macrocentrus", "Cotesia", "Dacnusa", "Aleiodes", "Aphidius", "Diaeretus")
Ichneumonids <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis", "Dolichomitus_quercicolus", "Dolichomitus_imperator", "Rhyssa", "Deuteroxorides", "Collyria", "Coleocentrus", "Syrphophilus", "Ophion", "Netelia", "Hyposoter", "Heteropelma", "Colpotrochia", "Apophua", "Ichneumon", "Buathra", "Xorides") 
AllFormes <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis", "Dolichomitus_quercicolus", "Dolichomitus_imperator", "Rhyssa", "Deuteroxorides", "Collyria", "Coleocentrus", "Syrphophilus", "Ophion", "Netelia", "Hyposoter", "Heteropelma", "Colpotrochia", "Apophua", "Ichneumon", "Buathra")
Pimpliformes <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis", "Dolichomitus_quercicolus", "Dolichomitus_imperator", "Rhyssa", "Deuteroxorides", "Collyria", "Coleocentrus", "Syrphophilus" )
Ophioniformes <- c("Ophion", "Netelia", "Hyposoter", "Heteropelma", "Colpotrochia", "Apophua")
Ichneumoniformes <- c("Ichneumon", "Buathra")
PimplinaeSL <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis", "Dolichomitus_quercicolus", "Dolichomitus_imperator", "Rhyssa", "Deuteroxorides")
Pimplinae <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis", "Dolichomitus_quercicolus", "Dolichomitus_imperator")
RhysPoem <- c("Rhyssa", "Deuteroxorides")
Pimplini <- c("Pimpla_rufipes", "Pimpla_flavicoxis", "Apechthis")
Pimpla <- c("Pimpla_rufipes", "Pimpla_flavicoxis")
Dolichomitus <- c("Dolichomitus_quercicolus", "Dolichomitus_imperator")
listOfGroups <- list(Ichneumonids, AllFormes, Pimpliformes, Ophioniformes, Ichneumoniformes, PimplinaeSL, Pimplinae, RhysPoem, Pimplini, Pimpla, Dolichomitus)
refTree <- read.tree("Reference.tre")
refTree <- root(refTree, Braconids)
refTreeIchn <-drop.tip(refTree, Braconids)
refTreeIchnMulti <- di2multi(refTreeIchn, tol=0.004)
for ( h in 1:length(infilesBest) ) {
    infile <- infilesBest[h]
    Gene <- gsub(treeFileExt, "", infile)
    bestTree <- read.tree(file = infile)
    bootTrees <- read.tree(file = gsub("_bestTree", "_bootstrap", infile))
    nbBootstraps <- length(bootTrees)    
    #first get the sum of the bootstrap support for some well-supported taxa
    bootsSupport <- matrix(rep(0, length(listOfGroups)), nrow = 1, ncol = length(listOfGroups))
    rownames(bootsSupport) <- Gene
    for ( i in 1:nbBootstraps ) {
        treeR <- root(bootTrees[[i]], "Diaeretus") #root with any braconid
        for ( j in 1:length(listOfGroups) ) {
            taxGr <- listOfGroups[[j]]
            bootsSupport[j] <- bootsSupport[j] + is.monophyletic(taxGr, treeR)
        }
    }    
    #is rooting of ichneumonids correct?
    rootCorrect <- (bootsSupport[1] + bootsSupport[2]) / (2* nbBootstraps)      
    #get topological (RF) distance between best tree and reference tree. root on Braconid branch, then remove Braconidae
    bestTreeR <- root(bestTree, "Diaeretus")
    bestTreeR <- drop.tip(bestTreeR, Braconids)
    TopoDist <- dist.topo(bestTreeR, refTreeIchnMulti, method = "PH85")      
    #output
    write(paste(Gene, rootCorrect, TopoDist, sum(bootsSupport), sep = " "), file = outAll, append = T )
    write.table(bootsSupport, file = outBoots, quote = F, col.names = F, append = T)    
}
----------------------------------------------------------------------------------------------------------------------------------------
A4e_submitMrBayes-summarizeClocklikeness.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
for FILE in EOG*.nex
do
	GENE=$( echo $FILE | sed 's:_all.nex::' )
	cp $FILE data.nex
	mb mrbayesblock.nex
	rm data.nex
	for OUTFILE in data.nex.*
	do
		OUT=$( echo $OUTFILE | sed 's:data.nex.::' )
		mv $OUTFILE ${GENE}.${OUT}
	done
done
OUT=Outfile_Clocklikeness.txt
echo 'Gene TH_mean TH_var TH_median TH_Psrf alpha1_mean alpha1_var alpha1_median alpha1_Psrf alpha2_mean alpha2_var alpha2_median alpha2_Psrf igrvar_mean igrvar_var igrvar_median igrvar_Psrf ASDSF' > $OUT
for FILE in *.pstat 
do
	GENE=$(echo $FILE | sed 's:.pstat::')
	THLine=$( grep '^TH' $FILE | cut -f 2,3,6,9 )
	alpha1LINE=$( grep '^alpha{1}' $FILE | cut -f 2,3,6,9 )
	alpha2LINE=$( grep '^alpha{2}' $FILE | cut -f 2,3,6,9 )
	igrvarLINE=$( grep '^igrvar' $FILE | cut -f 2,3,6,9 )
	ASDSF=$(awk '{print $NF}' ${GENE}.mcmc | tail -n 1 )
	echo $GENE $THLine $alpha1LINE $alpha2LINE $igrvarLINE $ASDSF >> $OUT
done
cd ..
----------------------------------------------------------------------------------------------------------------------------------------
A4f_MrBayesBlock.nex
----------------------------------------------------------------------------------------------------------------------------------------
#NEXUS
begin mrbayes;
	set autoclose=yes nowarn=yes;
	exe data.nex;
	[remove braconids]
	delete Aleiodes Aphidius Cotesia Dacnusa Diaeretus Macrocentrus;
	[model settings]
	charset firstsecond = 1-600\3 2-600\3;
	charset third = 3-600\3;
	partition myPartitions = 2: firstsecond, third;
	set partition = myPartitions;	
	lset applyto=(all) nucmodel=4by4 nst=6 rates=invgamma;
	unlink statefreq=(all) shape=(all) pinvar=(all);
	prset applyto=(all) ratepr=variable;
	[clockmodel]	
	prset brlenspr=clock:uniform;
	prset clockvarpr=igr;
	prset igrvarpr=exp(1);
	prset clockratepr = fixed(1.0); 
	[topology constraints]
	constraint Pimpla = Pimpla_rufipes Pimpla_flavicoxis;
	constraint Dolichomitus = Dolichomitus_imperator Dolichomitus_quercicolus;
	constraint Pimplini = Apechthis Pimpla_rufipes Pimpla_flavicoxis;
	constraint Pimplinae = Apechthis Pimpla_rufipes Pimpla_flavicoxis Dolichomitus_imperator Dolichomitus_quercicolus;
	constraint PimpSL = Apechthis Pimpla_rufipes Pimpla_flavicoxis Dolichomitus_imperator Dolichomitus_quercicolus Rhyssa Deuteroxorides;
	constraint RhyssPoem =  Rhyssa Deuteroxorides;
	constraint Pimpliformes = Apechthis Pimpla_rufipes Pimpla_flavicoxis Dolichomitus_imperator Dolichomitus_quercicolus Rhyssa Deuteroxorides Coleocentrus Collyria Syrphophilus;
	constraint Ichneumoniformes = Buathra Ichneumon;
	constraint PiformIchform = Apechthis Pimpla_rufipes Pimpla_flavicoxis Dolichomitus_imperator Dolichomitus_quercicolus Rhyssa Deuteroxorides Coleocentrus Collyria Syrphophilus Buathra Ichneumon;
	constraint Ophioniformes = Apophua Colpotrochia Heteropelma Hyposoter Ophion Netelia;
	constraint AnoCam = Heteropelma Hyposoter;
	constraint AnoCamMet = Heteropelma Hyposoter Colpotrochia;
	constraint AnoCamMetBan = Heteropelma Hyposoter Colpotrochia Apophua;
	constraint Netelia = Netelia Ophion;
	constraint allFormes = Apechthis Pimpla_rufipes Pimpla_flavicoxis Dolichomitus_imperator Dolichomitus_quercicolus Rhyssa Deuteroxorides Coleocentrus Collyria Syrphophilus Buathra Ichneumon Apophua Colpotrochia Heteropelma Hyposoter Ophion Netelia;
	prset topologypr=constraint(Pimpla, Dolichomitus, Pimplini, Pimplinae, PimpSL, RhyssPoem, Pimpliformes, Ichneumoniformes, PiformIchform, Ophioniformes, AnoCam, AnoCamMet, AnoCamMetBan, Netelia, allFormes);
	[mcmc]
	mcmcp temp=0.1 nchain=2 samplefreq=1000 printfr=1000 nruns=2;
	mcmc ngen=1000000;
	sump burninfr=0.5;
	sumt burninfr=0.5;
end;
----------------------------------------------------------------------------------------------------------------------------------------
A4g_getSiteRates.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
TAXA=( Apechthis Coleocentrus Collyria Deuteroxorides Dolichomitus_imperator Dolichomitus_quercicolus Pimpla_flavicoxis Pimpla_rufipes Rhyssa Syrphophilus Apophua Buathra Colpotrochia Heteropelma Hyposoter Ichneumon Netelia Ophion Xorides )
TAXB=( Apechthisx Coleocentr Collyriaxx Deuteroxor Dolichomii Dolichomiq PimplaFlav PimplaRufi Rhyssaxxxx Syrphophil Apophuaxxx Buathraxxx Colpotroch Heteropelm Hyposoterx Ichneumonx Neteliaxxx Ophionxxxx Xoridesxxx )
for FILE in EOG*
do					  
	#preparations of dataset
	cp $FILE Input.phy
	head -n 20 Input.phy > temp
	sed "s/25/19/" temp > Input.phy
	rm temp
	counter=0
	for TAXON in "${TAXA[@]}" 
	do
		sed "s/${TAXON}/${TAXB[$counter]}/" Input.phy > temp
		mv temp Input.phy
		counter=$(( counter + 1 ))
	done
	#get ts/tv ratio out of R
	R CMD BATCH --slave A4h_get_tr-tv-ratio.r
	TRATIO=$( cat R_out.txt | cut -d " " -f 1 )
	echo tratio= $TRATIO >> tratio.log
	#make input file for DNARates
	INFILE="input_DNARates.phy"
	echo $( head -n 1 Input.phy ) F T > $INFILE
	echo "T ${TRATIO}" >> $INFILE
	tail -n +2 Input.phy >> $INFILE
	echo "1" >> $INFILE
	cat chronogr_mod.nwk >> $INFILE
	#run DNARates	
	GENE=$(echo $FILE | sed 's:_all.phy::' | sed 's:../a_prepareGenes_all_600bp/alignments_allpos/::')
	RESFILE=Results_all/${GENE}_all.dnarates
	./DNArates < $INFILE > $RESFILE
done
----------------------------------------------------------------------------------------------------------------------------------------
A4h_get_tr-tv-ratio.r
----------------------------------------------------------------------------------------------------------------------------------------
library(phangorn)
alignm <- read.phyDat(file = "Input.phy")
tree <- read.nexus(file = "chronogr_mod.nex")
PML <- pml(tree, alignm, model = "HKY", k=4)
res <- optim.pml(PML, optEdge=F, optInf = T, optGamma = T, optRate=T, model = "HKY")
write(c(res$Q[2], res$bf), file = "R_out.txt")
----------------------------------------------------------------------------------------------------------------------------------------
A4i_QuartetMapping.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
TAXA=( Apechthis Coleocentrus Collyria Deuteroxorides Dolichomitus_imperator Dolichomitus_quercicolus Pimpla_flavicoxis Pimpla_rufipes Rhyssa Syrphophilus Apophua Buathra Colpotrochia Heteropelma Hyposoter Ichneumon Netelia Ophion Xorides )
TAXB=( Apechthisx Coleocentr Collyriaxx Deuteroxor Dolichomii Dolichomiq PimplaFlav PimplaRufi Rhyssaxxxx Syrphophil Apophuaxxx Buathraxxx Colpotroch Heteropelm Hyposoterx Ichneumonx Neteliaxxx Ophionxxxx Xoridesxxx )
RESFILE=Res_QuartetMapping.txt
echo 'Gene LikeMapping GeoMapping' > $RESFILE
for FILE in alignments/EOG*
do					  
	#preparations of dataset: include only Ichneumonidae
	cp $FILE Input.phy
	head -n 20 Input.phy > temp
	sed "s/25/19/" temp > Input.phy
	rm temp
	counter=0
	for TAXON in "${TAXA[@]}" 
	do
		sed "s/${TAXON}/${TAXB[$counter]}/" Input.phy > temp
		mv temp Input.phy
		counter=$(( counter + 1 ))	
	done
	#calculate TreeLikeness from Quartet mapping
	R CMD BATCH --slave A4j_QuartetMapping.r
	GENE=$(echo $FILE | sed 's:.phy::' | sed 's:alignments/::')
	TreeLikenesses=$( head -n 1 Out.txt )
	echo $GENE $TreeLikenesses >> $RESFILE
done
----------------------------------------------------------------------------------------------------------------------------------------
A4j_QuartetMapping.r
----------------------------------------------------------------------------------------------------------------------------------------
# likelihood quartet mapping
library(phangorn)
#---------------------------------------------------------------------------------------------------------------------------------------
# function returning the pp values calculated by ML of the 3 possible trees
get.PPVector.LM <- function (alignment, evolModel="JC") {
      pVector <- c(NA,NA,NA)
      taxonNames <- names(alignment)
      treeString <- paste("((", taxonNames[1], ",", taxonNames[2], "),(", taxonNames[3], ",", taxonNames[4], "));", sep="")
      write(treeString, file="tree1.txt")
      tree1 <- read.tree("tree1.txt")
      tree1 <- unroot(tree1)
      tree1$edge.length <- c(rep(1,5))
      mlTreeObj <- pml(tree1, alignment, model=evolModel)
      optStats <- optim.pml(mlTreeObj, optEdge=T, model=evolModel)
      pVector[1] <- optStats$logLik
      treeString <- paste("((", taxonNames[1], ",", taxonNames[3], "),(", taxonNames[2], ",", taxonNames[4], "));", sep="")
      write(treeString, file="tree2.txt")
      tree2 <- read.tree("tree2.txt")
      tree2 <- unroot(tree2)
      tree2$edge.length <- c(rep(1,5))
      mlTreeObj <- pml(tree2, alignment, model=evolModel)
      optStats <- optim.pml(mlTreeObj, optEdge=T, model=evolModel)
      pVector[2] <- optStats$logLik
      treeString <- paste("((", taxonNames[1], ",", taxonNames[4], "),(", taxonNames[3], ",", taxonNames[2], "));", sep="")
      write(treeString, file="tree3.txt")
      tree3 <- read.tree("tree3.txt")
      tree3 <- unroot(tree3)
      tree3$edge.length <- c(rep(1,5))
      mlTreeObj <- pml(tree3, alignment, model=evolModel)
      optStats <- optim.pml(mlTreeObj, optEdge=T, model=evolModel)
      pVector[3] <- optStats$logLik
      unlink(c("tree1.txt", "tree2.txt", "tree3.txt"))
      #likelihoods into posterior probabilities
      pVector <- pVector - max(pVector) #transform in order to get values that can be calculated
      pVector <- exp(pVector) #transform into likelihoods
      pVector <- pVector/sum(pVector)
      return(pVector)
}
#---------------------------------------------------------------------------------------------------------------------------------------
# main
evolModel <- "HKY"
nbTaxa <- 19
nbQuartets <- 200
inputfile <- "Input.phy"
outfile <- "Out.txt"
#choose random quartets
allCombs <- combn(1:nbTaxa, 4)
ind <- sample(1:dim(allCombs)[2], size=nbQuartets, replace=F) 
quartets <- t(allCombs[, ind]) #transpose to make rows = reps and cols=4 taxa
#calculations...
alignment <- read.dna(inputfile, format="seq")
treeLikeness_LM <- 0
for (i in 1: nbQuartets) { #for x randomly chosen quartets
    taxa <- quartets[i,]
    newAlign <- alignment[taxa,]
    newAlign <- as.phyDat(newAlign)
    #LikelihoodMapping: calculate the max likelihood of all three possible tree topologies                
    pVector <- get.PPVector.LM(newAlign, evolModel) 
    if (!any(is.na(pVector))) {
        if (min(pVector) < (1/6)) { #apply "MARE" rule: count as tree-like if not in central star-treeshape area
            treeLikeness_LM <- treeLikeness_LM +1
        }
    }            
}
totTreeLikeness_LM <- treeLikeness_LM / nbQuartets
write(totTreeLikeness_LM, file=outfile, append=F) 
----------------------------------------------------------------------------------------------------------------------------------------
A4k_Homogeneity-testing.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
COM=CommandFile.nex
GLIST=GeneList.txt
for FILE in alignments/EOG*
do					  
	GENE=$(echo $FILE | sed 's:.phy::' | sed 's:alignments/::')
	OUTFILE=${GENE}.nex
	echo '#NEXUS' > $OUTFILE
	echo 'begin data;' >> $OUTFILE
	echo '	dimensions  ntax=19 nchar=600;' >> $OUTFILE
	echo '	format datatype=dna interleave=yes gap = - missing = ?;' >> $OUTFILE
	echo 'matrix' >> $OUTFILE
	head -n 20 $FILE | tail -n +2 >> $OUTFILE
	echo ';' >> $OUTFILE
	echo 'end;' >> $OUTFILE
	echo "execute ${GENE}.nex;" >> $COM
	echo "basefreqs;" >> $COM
	echo "$GENE" >> $GLIST
done
#now run CommandFile.nex in PAUP* with following command block:
##nexus
#begin paup;
#	set autoclose=yes warntree=no warnreset=no;
#	log file=homogeneityTest.log;
#	execute data.nex;
#	basefreqs;
#	log stop;
#end;
#then to summarize the PAUP*-log:
grep "Chi-square =" homogeneityTest.log | sed 's/Chi-square = \([0-9][0-9]*.[0-9]*\) (df=54), P = \(.*\)$/\1 \2/g' | head -n 722 > Homogeneity_res.txt
grep "begins" homogeneityTest.log | sed 's/Processing of file "\(EOG[0-9a-zA-Z_ ]*\)/\1/' | sed 's/.nex" begins...//' > GeneListPAUP.txt
----------------------------------------------------------------------------------------------------------------------------------------
A5a_BaitFisher_CommandFile.txt
----------------------------------------------------------------------------------------------------------------------------------------
### This is the parameter file of the BaitFisher program.
#   In order to start BaitFisher with the set of parameters specified in this file
#   navigate on the command line into the folder in which you want to start BaitFischer.
#   Then type "BaitFischer parameterfile.txt" on the command line.
######################################################################################
# General parameters that are required:
######################################################################################
directory-transcript-files       	/Users/klopfstein/Desktop/Alignments
bait-length                      	120 
cluster-threshold                	0.12
bait-offset                      	20
bait-number			 	5
output-directory    		 	/Users/klopfstein/Desktop/Baits_tiling_5_offset_20 
######################################################################################
# General parameters that are optional:
######################################################################################
remove-reference-sequence		yes  # yes/no
alignment-cutting		        yes  # yes/no
# The required-taxonomic-groups-file parameter specifies the .....
required-taxonomic-groups-string (Pimpla_rufipes,Pimpla_flavicoxis,Apechthis_compunctor),(Dolichomitus_imperator,Dolichomitus_quercicolus),(Collyria_trichophthalma),(Deuteroxorides_elevator),(Rhyssa_amoena),(Coleocentrus_sp),(Macrocentrus_marginator),(Cotesia_vestalis),(Dacnusa_sibirica),(Aleiodes_testaceus),(Diaeretus_essigellae),(Aphidius_colemani),(Xorides_praecatorius),(Hyposoter_didymator),(Heteropelma_amictum),(Colpotrochia_cincta),(Apophua_sp),(Ophion_sp),(Netelia_testacea),(Ichneumon_albiger),(Buathra_laborator),(Syrphophilus_tricinctorius)
#Optional, since default values are assumed if not specified by user:
sequence-name-field-delimiter    	|    # Default: "|". Must be a single character
sequence-name-taxon-field_number	2    # Default: 2		
sequence-name-geneID-field_number	3    # Default: 3
######################################################################################
# If alignment-splitting is set to yes, the following program parameters have to be specified:
######################################################################################
gff-file-reference-genome		/Users/klopfstein/Desktop/Nasonia_vitripennis_genome/nvit2_evigenes_pub11u.good.gff
reference-genome-file           	/Users/klopfstein/Desktop/Nasonia_vitripennis_genome/nasvit1asm_header_modified.fa
reference-genome-name		 	Nasonia_vitripennis
#Optional, since default values are assumed if not specified by user:
gff-feature-name			CDS        # Default: CDS
gff-record-attribute-name-for-geneID    Parent
centroid-computation-mode             	heuristic  # Default: heuristic
verbosity				5          # Default: 5
######################################################################################
----------------------------------------------------------------------------------------------------------------------------------------
A5b_BaitFilter.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
BlastPROGRAM=blastn
GENOME=Microplitis_genome/69319_ref_Mdem2_chrUn_refseq_IDS.fa
FirstEVAL=0.00000001
SecondEVAL=0.00001
#first make sure there is exactly one high blast hit for each EXON with Microplitis genome. Exclude all other exons
../BaitFilter-v1.0.5 -i loci_baits.txt -o ${FOLDER}_filter1.res -m blast-f --blast-first-hit-evalue $FirstEVAL --blast-second-hit-evalue $SecondEVAL --blast-min-hit-coverage-of-baits-in-tiling-stack 0.95 --ref-blast-db ${GENOME} -B ${BlastPROGRAM} --verbosity 3 1> BFLog_${FOLDER}.out 2> BFLog_${FOLDER}.err
#and now try both of these two and see how many exons I get for the price of how many baits
../BaitFilter-v1.0.5 -i ${FOLDER}_filter1.res -o ${FOLDER}_filter2.res -m ab --verbosity 3 1> BFLog_${FOLDER}_filter2.out 2> BFLog_${FOLDER}_filter2.err
../BaitFilter-v1.0.5 -i ${FOLDER}_filter1.res -o ${FOLDER}_filter3.res -m fb --verbosity 3 1> BFLog_${FOLDER}_filter3.out 2> BFLog_${FOLDER}_filter3.err
----------------------------------------------------------------------------------------------------------------------------------------
B1a_FastQC_batch.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
#run with fastqc version 0.11.2, http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
SAMPLES=$(ls *.fastq.gz | cut -d '_' -f1 | awk '!arr[$1]++')
for SAMPLE in SAMPLES
do
	mkdir fastQC_${SAMPLE}	
	fastqc ${SAMPLE}_*_R1.fastq.gz
	fastqc ${SAMPLE}_*_R2.fastq.gz
	mv *.html fastQC_${SAMPLE}
	mv *.zip fastQC_${SAMPLE}
done
----------------------------------------------------------------------------------------------------------------------------------------
B1b_Summarize_fastQCs.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
OUTFILE=../summary_FastQC.csv
echo "File	TotSeqs	LengthSeqs	Qat150	OverrepSeqs	AdapterCont	AdaptLast	KMer" > $OUTFILE
for FILE in *.zip
do
	unzip $FILE
	F_Stem=$( echo $FILE | sed 's:.zip::' )
	F_min=$( echo $FILE | sed 's:_fastqc.zip::' | sed 's:_HL[A-Z]*::' | sed 's:_[ACGT-]*::' )
	D_FILE=${F_Stem}/fastqc_data.txt
	TSEQ=$( grep "Total Sequences" ${D_FILE} | sed 's:Total Sequences\t::' )
	LSEQ=$( grep "Sequence length" ${D_FILE} | sed 's:Sequence length\t::' )
	Q150=$( grep ^150 -m 1 ${D_FILE}  | cut -f 2 )
	OvSEQ=$( grep "Overrepresented sequences" ${D_FILE} | sed 's:>>Overrepresented sequences\t::' )
	ADAP=$( grep "Adapter Content" ${D_FILE} | sed 's:>>Adapter Content\t::' )
	al=$( grep ">>Kmer Content" -n ${D_FILE} | cut -d ':' -f 1 )
	AdLine=$( echo $al-2 | bc )
	ADLast=$( head -n $AdLine ${D_FILE} | tail -1 | cut -f 2 ) 
	KMER=$( grep "Kmer Content" ${D_FILE} | sed 's:>>Kmer Content\t::' )
	echo "$F_min	$TSEQ	$LSEQ	$Q150	$OvSEQ	$ADAP	$ADLast	$KMER" >> $OUTFILE
done
----------------------------------------------------------------------------------------------------------------------------------------
B1c_Cutadapt_batch.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
#run with cutadapt version 1.11, https://code.google.com/p/cutadapt, and fastqc version 0.11.2, http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
mkdir CutAdapt_Outfiles
mkdir fastQC_outfiles
mkdir Resulting_FastQ_GZ_Files
SAMPLES=($( ls *.fastq.gz | cut -d '/' -f3 | cut -d '_' -f1 | uniq ))
for S in  ${SAMPLES[@]}
do
	cat ${S}*_R1.fastq.gz > ${S}_R1.fastq.gz
	cat ${S}*_R2.fastq.gz > ${S}_R2.fastq.gz
	cutadapt -m 40 --too-short-output ShortReads_${S}_R1 --too-short-paired-output ShortReads_${S}_R2 -b AGATCGGAAGAGCACACGTCTGAACTCCAGTCACNNNNNNNNATCTCGTATGCCGTCTTCTGCTTG  -B AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTNNNNNNNNGTGTAGATCTCGGTGGTCGCCGTATCATT -o out1_${S}_R1.fastq.gz -p out1_${S}_R2.fastq.gz ${S}_R1.fastq.gz ${S}_R2.fastq.gz >Report_${S}.txt
	cutadapt -m 40 --too-short-output ShortReads_${S}_R1_2 --too-short-paired-output ShortReads_${S}_R2_2 -b AATGATACGGCGACCACCGAGATCTACACNNNNNNNNACACTCTTTCCCTACACGACGCTCTTCCGATCT -B CAAGCAGAAGACGGCATACGAGATNNNNNNNNGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT -o output_${S}_R1.fastq.gz -p output_${S}_R2.fastq.gz out1_${S}_R1.fastq.gz out1_${S}_R2.fastq.gz >Report_${S}_2.txt
	rm out1_${S}_R[1-2].fastq.gz
	fastqc output_${S}_R1.fastq.gz
	fastqc output_${S}_R2.fastq.gz
	mv *fastqc.zip fastQC_outfiles/
	mv *fastqc.html fastQC_outfiles/
	rm ${S}_R[1-2].fastq.gz
	mv ShortReads_* CutAdapt_Outfiles/
	mv Report_${S}* CutAdapt_Outfiles/
	mv output_${S}_R[1-2].fastq.gz Resulting_FastQ_GZ_Files
done
----------------------------------------------------------------------------------------------------------------------------------------
B1d_Trimmomatic.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
#using Trimmomatic 0.33, http://www.usadellab.org/cms/?page=trimmomatic
mkdir FastQC_results
mkdir FastQ_GZs_Paired
mkdir FastQ_GZs_Unpaired
OrFOLD="../Resulting_FastQ_GZ_Files"
SAMPLES=($( ls ${OrFOLD}/*.fastq.gz | cut -d '/' -f4 | cut -d '_' -f2 | uniq ))
for S in  ${SAMPLES[@]}
do
	INFILE1=${OrFOLD}/output_${S}_R1.fastq.gz
	INFILE2=${OrFOLD}/output_${S}_R2.fastq.gz
	java -jar /software/UHTS/Analysis/trimmomatic/0.33/bin/trimmomatic-0.33.jar PE -threads 1 -phred33 ${INFILE1} ${INFILE2} ${S}_paired_R1.fastq.gz ${S}_unpaired_R1.fastq.gz ${S}_paired_R2.fastq.gz ${S}_unpaired_R2.fastq.gz LEADING:30 TRAILING:30 SLIDINGWINDOW:4:25 MINLEN:40
	fastqc ${S}_paired_R1.fastq.gz
	fastqc ${S}_paired_R2.fastq.gz
	fastqc ${S}_unpaired_R1.fastq.gz
	fastqc ${S}_unpaired_R2.fastq.gz
	
	mv ${S}_*_fastqc.* FastQC_results
	mv ${S}_paired_R[1-2].fastq.gz FastQ_GZs_Paired
	mv ${S}_unpaired_R[1-2].fastq.gz FastQ_GZs_Unpaired
done
----------------------------------------------------------------------------------------------------------------------------------------
B2a_BlastX_batch.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
#run with legacy blast 2.2.22 (ftp://ftp.ncbi.nih.gov/blast/)
DBsFOLDER=BlastDBs_AA
GENERefsFOLDER=Trimmed_AA_Alignments
GENEFileExtension=_trimmed_aa.fa
FastqFOLDER=../FastQ_GZs_Paired
OUTFOLDER=BLAST_Results_DNA-Prot
mkdir ${DBsFOLDER}
GENES=($( ls ${GENERefsFOLDER}/*${GENEFileExtension} | sed "s:${GENERefsFOLDER}/::" | sed "s:${GENEFileExtension}::" ))
for G in "${GENES[@]}"
do
	makeblastdb -dbtype prot -in ${GENERefsFOLDER}/${G}${GENEFileExtension} -out ${DBsFOLDER}/${G}_BlastDB >> makeBlastDB.log
done
mkdir ${OUTFOLDER}/
#this part should be run separately for each set, as it takes rather long
DBFileExtension=_BlastDB.pin
DBFileExtTrunc=_BlastDB
READSFolder=Reads_FastaFormat
OUTFOLDER=BLAST_Results_DNA-Prot
EVAL=0.000001
GENES=($( ls ${DBsFOLDER}/*${DBFileExtension} | sed "s:${DBsFOLDER}/::" | sed "s:${DBFileExtension}::" ))
#preparations: 
gunzip -c ${FastqFOLDER}/${T}_paired_R1.fastq.gz | awk '{if(NR%4==1) {printf(">%s\n",substr($0,2));} else if(NR%4==2) print;}' > ${READFolder}/${T}_R1.fasta
gunzip -c ${FastqFOLDER}/${T}_paired_R2.fastq.gz | awk '{if(NR%4==1) {printf(">%s\n",substr($0,2));} else if(NR%4==2) print;}' > ${READFolder}/${T}_R2.fasta
for G in "${GENES[@]}"
do
	blastall -p blastx -i ${READFolder}/${T}_R1.fasta -d ${DBsFOLDER}/${G}${DBFileExtTrunc} -e $EVAL -m 8 -I T > ${OUTFOLDER}/${T}_${G}_R1.out
	blastall -p blastx -i ${READFolder}/${T}_R2.fasta -d ${DBsFOLDER}/${G}${DBFileExtTrunc} -e $EVAL -m 8 -I T > ${OUTFOLDER}/${T}_${G}_R2.out
done
----------------------------------------------------------------------------------------------------------------------------------------
B2b_ExtractReads.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
T=Taxon1
ReadsFOLDER="../Reads_FastaFormat"
BLASTFOLDER="../BLAST_Results_DNA-Prot"
OUTFOLDER="ReadsToAssemble"
R1FAS=${ReadsFOLDER}/${T}_R1.fasta
R2FAS=${ReadsFOLDER}/${T}_R2.fasta
R1BLAST=${BLASTFOLDER}/${T}_${G}_R1.out
R2BLAST=${BLASTFOLDER}/${T}_${G}_R2.out
OUTR1=${OUTFOLDER}/${T}_${G}_reads_R1.fasta
OUTR2=${OUTFOLDER}/${T}_${G}_reads_R2.fasta
#from both R1 and R2, get all reads according to BlastX results
while read LINE
do
	LOCUS=$( echo $LINE | awk '{print $1}' )
	echo $LOCUS >> temp_${T}_${G}			
done < $R1BLAST
while read LINE
do
	LOCUS=$( echo $LINE | awk '{print $1}' )
	echo $LOCUS >> temp_${T}_${G}			
done < $R2BLAST
READS=($( cat temp_${T}_${G} | sort | uniq ))
rm temp_${T}_${G}
# now get all the reads (R1 and R2 into separate files)
for R in "${READS[@]}"
do
	L=$( grep -n $R -m1 $R1FAS | sed 's/^\([0-9]*\):.*/\1/'  )
	sed -n ${L}p $R1FAS >> $OUTR1
	L=$(( $L + 1 ))
	sed -n ${L}p $R1FAS >> $OUTR1
	L=$( grep -n $R -m1 $R2FAS | sed 's/^\([0-9]*\):.*/\1/'  )
	sed -n ${L}p $R2FAS >> $OUTR2
	L=$(( $L + 1 ))
	sed -n ${L}p $R2FAS >> $OUTR2
done
----------------------------------------------------------------------------------------------------------------------------------------
B2c_Assembly.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
# using Velvet version 1.2.10, http://www.ebi.ac.uk/~zerbino/velvet
# using CAP3 Sequence Assembly Program
OrFOLD="../ReadsToAssemble"
contFOLD="Cap3ed_contigs"
mkdir Velvet_files
mkdir CAP3_files
TAXA=($( ls ${OrFOLD}/*.fasta | cut -d '/' -f4 | cut -d '_' -f1 | sort | uniq ))
for T in "${TAXA[@]}"
do
	GENES=($( ls ${OrFOLD}/${T}*.fasta | cut -d '/' -f4 | cut -d '_' -f2 | sort | uniq ))
	declare -a NBCONTIGS
	echo "Gene #contigsKMER-25 #contigsKMER-35 #contigsKMER-45 #contigsKMER-55 #contigsKMER-65 #contigsKMER-75 #contigsCAP3" > Summary_Contigs_${T}.txt
	for G in  "${GENES[@]}"
	do
		counter=0
		NBCONTIGS[$counter]=0
		READS_R1=$( ls ${OrFOLD}/${T}_${G}*reads_R1.fasta )
		READS_R2=$( ls ${OrFOLD}/${T}_${G}*reads_R2.fasta )
		#combine the two reads files into one file 
		shuffleSequences_fasta.pl ${READS_R1} ${READS_R2} Velvet_files/${T}_${G}_R1R2.fa
		cd Velvet_files/
		KmerVALUES=( 25 35 45 55 65 75 )
		for KMER in ${KmerVALUES[@]}
		do
			velveth velvet_${T}_${G}_${KMER} ${KMER} -fasta -shortPaired ${T}_${G}_R1R2.fa
			velvetg velvet_${T}_${G}_${KMER} -cov_cutoff auto -min_contig_lgth 40 -ins_length 200 -exp_cov auto -scaffolding no
			NBCONTIGS[$counter]=$( grep '>' velvet_${T}_${G}_${KMER}/contigs.fa | wc -l )
			counter=$(( $counter + 1 ))
			cat velvet_${T}_${G}_${KMER}/contigs.fa >> ${T}_${G}_concatVelvetOutput.fa
		done
		cap3 ${T}_${G}_concatVelvetOutput.fa -o 20 > ../CAP3_files/${T}_${G}.log
		NBCONTIGS[$counter]=$( grep '>' ${T}_${G}_concatVelvetOutput.fa.cap.contigs | wc -l )
		counter=$(( $counter + 1 ))
		mv ${T}_${G}_concatVelvetOutput.fa.cap.contigs $contFOLD
		mv ${T}_${G}_concatVelvetOutput.* ../CAP3_files/
		cd ..
		echo "${G} ${NBCONTIGS[@]}" >> Summary_Contigs_${T}.txt
	done
done
----------------------------------------------------------------------------------------------------------------------------------------
B3a_ReciprocalBestHits.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
#run with legacy blast 2.2.22 (ftp://ftp.ncbi.nih.gov/blast/)
#prepare candidate contigs by transforming them into one-liners
contFOLDER="../Cap3ed_contigs"
ContigsFOLDER="Contigs_Oneliners"
FILES=($( ls ${contFOLDER}/*.fa.cap.contigs ))
for FILE in ${FILES[@]}
do
	FILENAME=$( echo $FILE | cut -d '/' -f4 | sed 's:_concatVelvetOutput.fa.cap.contigs:_contigs:' )
	cat $FILE | tr "\n" "%" | sed 's:%::g' | sed 's:\(>Contig[0-9]*\):\n\1\n:g' | sed '/^$/d' > ${ContigsFOLDER}/${FILENAME}.oneLiner.fa
done
#prepare amino acid database of Nasonia transcriptome
AAFile="nvit2_transcriptome_Oneliners.fas"
AAFolder="NasiTranscriptome_BlastDB"
makeblastdb -dbtype prot -in ${AAFolder}/${AAFile} -out ${AAFolder}/${AAFile}_BlastDB >> ${AAFolder}/makeBlastDB.log
#now only keep contigs which represent best hits under BlastX when searching the Nasonia transcriptome (cf. triangulation)
OUTFOLDER="Contigs_ReciprocalBestHits"
EVAL=0.0000000001
FILES=($( ls ${ContigsFOLDER}/*_contigs.oneLiner.fa ))
for FILE in ${FILES[@]}
do
	TAXON=$( echo $FILE | cut -d '/' -f2 | cut -d '_' -f1 )
	GENE=$( echo $FILE | cut -d '/' -f2 | cut -d '_' -f2 )
	NasGENE=$( grep $GENE Nasonia_EOG_Translation.txt | cut -d " " -f2 | sed 's:t[0-9]*::') #need to translate EOG gene names to Nasonia ones
	split -l 2 -d $FILE temp_
	tempFILES=($( ls temp_* ))
	for F in "${tempFILES[@]}"
	do
		blastall -p blastx -i ${F} -d ${AAFolder}/${AAFile}_BlastDB -e $EVAL -m 8 -I T > blastres.temp
		thisGENE=$( sort -n -r -k 12 blastres.temp | head -n 1 | cut -f2 | cut -d '|' -f1 | sed 's:t[0-9]*::' )
		if [ "$thisGENE" == "$NasGENE" ]
		then
			cat ${F} >> ${OUTFOLDER}/${TAXON}_${GENE}_contigs.fa
		fi
		rm ${F}
		rm blastres.temp
	done
done
----------------------------------------------------------------------------------------------------------------------------------------
B3b_Exonerate.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/sh
#using Exonerate 2.2.0 (http://www.ebi.ac.uk/~guy/exonerate/)
#prepare protein references: remove gaps from alignments
origFOLDER="../Trimmed_AA_Alignments_Transcriptomes"
protRefFOLDER="ProteinRefs_noGaps"
FILES=($( ls ${origFOLDER}/*.fa ))
for FILE in ${FILES[@]}
do
	GENE=$( echo $FILE | cut -d '/' -f4 | cut -d '_' -f1 )
	sed 's:\-::g' $FILE > ${protRefFOLDER}/${GENE}_protRefs_unaligned.fa
done
#run exonerate using all protein references from transcriptomes
contFOLDER="Contigs_ReciprocalBestHits"
resFOLDER="Results_Exonerate"
for FILE in ${contFOLDER}/*_contigs.fa
do
	TAXON=$( echo $FILE | cut -d '/' -f2 | cut -d '_' -f1 )
	GENE=$( echo $FILE | cut -d '/' -f2 | cut -d '_' -f2 )
	OUTFILE=${resFOLDER}/${TAXON}_${GENE}_Exonerated.fas
	nbCONTIGS=$( grep ">" $FILE | wc -l )
	contigNBS=($( seq $nbCONTIGS ))
	#align each contig in the taxon/gene file against all the transcriptome protein references using exonerate with model protein2genome
	#then choose the one reference which matches best, process it and add it to the output file
	for i in ${contigNBS[@]}
	do
		L=$(( ($i -1) *2 +1 ))
		sed -n ${L}p $FILE > temp_contig
		L=$(( $L + 1 ))
		sed -n ${L}p $FILE >> temp_contig
		exonerate --model protein2genome --query ${protRefFOLDER}/${GENE}_protRefs_unaligned.fa --target temp_contig --showvulgar no --showalignment no --ryo ">target_%ti query_%qi beginQ_%qab endQ_%qae beginT_%tab endT_%tae strand_%tS percentID_%pi vulgar__%V__ length_%qal score_%s\\n%tas\\n" > temp_exonerate
		head -n -2 temp_exonerate | tail -n +3 > tempitempi
		mv tempitempi temp_exonerate
	
		LENGTHS=($( grep ">target_Contig" temp_exonerate | tr " " "\n" | grep "length_" | sed 's:length_::' ))
		if [ ${#LENGTHS[@]} -gt 0 ]
		then
			IFS=$'\n'
			maxLENGTH=$( echo "${LENGTHS[*]}" | sort -nr | head -n1 )
			SCORES=($( grep "length_${maxLENGTH}" temp_exonerate | tr " " "\n" | grep "score_" | sed 's:score_::' ))
			minSCORE=$( echo "${SCORES[*]}" | sort -n | head -n1 )
	
			#now make target sequences into oneLiners for easier handling
			cat temp_exonerate | tr "\n" "&" | sed 's:&::g' | sed 's:\(score_[0-9]*\):\1\n:g' | sed 's:>:\n>:g' | sed '/^$/d' > temp_exonerate_oneLiner
			
			L=$( grep -n "length_${maxLENGTH} score_${minSCORE}" -m1 temp_exonerate_oneLiner | sed 's/^\([0-9]*\):.*/\1/' )
			sed -n ${L}p temp_exonerate_oneLiner > temp_exonerate_oneComp
			L=$(( $L + 1 ))
			sed -n ${L}p temp_exonerate_oneLiner >> temp_exonerate_oneComp
			#to make sure that there is a line break after the sequence from exonerate - remove empty lines later
			echo '' >> temp_exonerate_oneComp
			rm temp_exonerate_oneLiner
			#remove empty lines & turn gaps in vulgar stretch into underlines
			A=$( cat temp_exonerate_oneComp | grep -oP 'vulgar__[MCGN53ISF].*__' | tr " " "_" )
			cat temp_exonerate_oneComp | sed '/^$/d' | sed "s:vulgar__[MCGNISF0-9 ]*__:$A:" >> $OUTFILE	
			rm temp_exonerate_oneComp
		fi
		rm temp_contig
		rm temp_exonerate
	done
done	
----------------------------------------------------------------------------------------------------------------------------------------
B4a_SequenceExtractor.r
----------------------------------------------------------------------------------------------------------------------------------------
# Exonerate generates fasta files with coordinate information in header - 
# use that information to extract the contig parts that match with the transcriptome sequences
# write a file containing all transcriptome seqs & the parts of the contigs that Exonerate found to match (Match, Gap, instead of Intron "NNNANANNN")
# NOT aligned! Then do MSA with full fasta file
# cut-off of 60%id chosen to exclude contigs - same value found when comparing the ichneumonid transcriptome sequences among each other
library(phangorn)
source("../B4f_AlignmentFunctions.r")
pathExonerate <- "../3_Results_Exonerate"
statsFile <- "Stats_nbContigs.txt"
TaxonList <- read.table(file = "TaxonList.txt", header = F)
TaxonList <- TaxonList$V1
GeneList <- read.table(file = "GeneList.txt")
GeneList <- GeneList$V1
write(paste(c("Gene", as.character(TaxonList)), collapse = "\t"), file = statsFile)
for (gene in GeneList){
    Outfile_NT <- paste("toAlign_NTs/", gene, "_toAlign_NTs.fas", sep = "")
    Outfile_AA <- paste("toAlign_AAs/", gene, "_toAlign_AAs.fas", sep = "")
    nbContigs <- rep(NA, length(TaxonList))
    # read in reference alignment (from transcriptomes) as matrix
    ntFile <- paste("4a_Trimmed_NT_Alignments_leadingTrailing-01/", gene, "_trimmed_nt.fa", sep = "")
    nt.Al <- read.dna(file = ntFile, format = "fasta", as.character = T)
    aaFile <- paste("4b_Trimmed_AA_Alignments_leadingTrailing-01/", gene, "_trimmed_aa.fa", sep = "")
    aa.Al <- as.character(read.aa(file = aaFile, format = "fasta"))
    if (!check.correspondence.aa.nt(aa.Al = aa.Al, nt.Al = nt.Al, check.nb.aa = 0, code = "standard", taxon = 1)) {
        warning(paste("Alignments RefAA and RefNT not corresponding. First AAs: '", aa.Al[1,1:10], ", first NTs: '", nt.Al[1,1:30], ". Aborting.", sep = "") )
        break
    }
    transcr.names <- rep("taxNA", dim(nt.Al)[1])
    transcr.names[length(transcr.names)] <- "transcriptome_Coleocentrus_excitator"
    for (i in 1:(length(transcr.names) -1) ){
        transtaxon.name <- unlist(strsplit(rownames(nt.Al)[i], split = "|", fixed = T))[2]
        transcr.names[i] <- paste("transcriptome_", transtaxon.name, sep = "")
    }
    # add transcriptome taxa to outfiles, one for NTs and one for AAs
    write.FASTA( nt.Al, file = Outfile_NT, taxon.names = transcr.names )
    write.FASTA( aa.Al, file = Outfile_AA, taxon.names = transcr.names )
    # go through all taxa, for each extract contig portion that aligns according to exonerate coordinates.
    # mark introns as NNNANANNN
    for (taxon in TaxonList) {
        exonerFile <- list.files(path = pathExonerate, pattern = paste(taxon, "_", gene, "_Exonerated.fas", sep = "") )
        if (length(exonerFile) < 1 ){
            warning( paste("No Exonerate output file found for '", taxon, "' and '", gene, "'. Skipping this combination.", sep = "") )
            next
        } else {
            #extract portion of contigs which aligns according to Exonerate output. Add intron symbol. Remove contigs with too low %id.
            targets.obj <- get.Exonerate.targets (exonerate.file = paste(pathExonerate, exonerFile, sep = "/"), remove = "60%id", annotate.introns = T)
            if ( length(targets.obj) > 0 ) {
                names(targets.obj) <- paste(taxon, names(targets.obj), sep = "_")
                #add to unaligned fasta file
                write.unalignedSeqs.FASTA(targets.obj, filename = Outfile_NT, append = T)
                aa.obj <- targets.obj
                for ( j in 1:length(targets.obj)) {
                    aa.obj[[j]] <- translate.nt.seq (targets.obj[[j]], code = "standard")
                    if (any(aa.obj[[j]] == "o")) {
                        write(paste(taxon, gene, sep = "_"), file = "Detected_StopCodons.txt", append = T)
                        aa.obj[[j]][which(aa.obj[[j]] == "o")] <- "x"
                    }
                }
                write.unalignedSeqs.FASTA(aa.obj, filename = Outfile_AA, append = T)
                #and write some stats    
                nbContigs[which(TaxonList == taxon)] <- length(targets.obj)
            }
        }
    } 
    write(paste(c(gene, nbContigs), collapse = "\t"), file = statsFile, append = T)
}
----------------------------------------------------------------------------------------------------------------------------------------
B4b_MAFFT.sh
----------------------------------------------------------------------------------------------------------------------------------------
#!/bin/bash
#using Mafft 7.305 (http://mafft.cbrc.jp/alignment/software/source.html)
inFOLDER="../toAlign_AAs"
fileExt="_toAlign_AAs.fas"
GENES=($( ls ${contFOLD}/*${fileExt} | cut -d '/' -f4 | cut -d '_' -f1 | sort | uniq ))
for G in  ${GENES[@]}
do
	echo "MSA of gene $G..."
	fasFILE=${inFOLDER}/${G}${fileExt}
	prepFasFILE=prepared_unaligned_AAs/${G}_toAlign_prepared_AAs.fas
	outFILE=Aligned_AAs/${G}_MafftAligned_AA.fa
	cat $fasFILE | sed 's:\(^.*query_EOG[A-Z0-9]*|[A-Za-Z_]*\).*\( beginQ.*$\):\1\2:' > $prepFasFILE
	mafft --maxiterate 1000 --genafpair  ${prepFasFILE} > ${outFILE}
	cat ${outFILE} | sed 's:\(^>.*$\):%\1%:' | tr "\n" "#" | sed 's:#::g' | sed 's:%:\n:g' | sed 's:^\([a-zA-Z-]*$\):\U\1:' > ${outFILE}_mod
done
----------------------------------------------------------------------------------------------------------------------------------------
B4c_Retranslate.r
----------------------------------------------------------------------------------------------------------------------------------------
# take MAFFT aligned amino acids and use them to align the NT files
library(phangorn)
source("../B4f_AlignmentFunctions.r")
Folder_aligAA <- "../Aligned_AAs/"
Folder_unalNT <- "../toAlign_NTs/"
outFolder <- "aligned_raw/"
GeneList <- read.table(file = "../GeneList.txt")
GeneList <- GeneList$V1
for (gene in GeneList){
    Outfile_NT <- paste(outFolder, gene, "_aligned_raw.fas", sep = "")
    # read in sequences in aligned AAs (matrix) and unaligned NTs (list)
    ntFile <- paste(Folder_unalNT, gene, "_toAlign_NTs.fas", sep = "")
    nt.Seqs <- read.unaligned.fasta(file = ntFile)
    nt.Seqs <- remove.gaps(nt.Seqs)
    aaFile <- paste(Folder_aligAA, gene, "_MafftAligned_AA.fa", sep = "")
    aa.Al <- as.character(read.aa(file = aaFile, format = "fasta"))
    #go through all sequences in NT    
    nt.Al <- matrix(nrow = length(nt.Seqs), ncol = 3*dim(aa.Al)[2], dimnames = list(rownames(aa.Al), NULL))
    for (i in 1:length(nt.Seqs)) {
        #check if nt and aa seqs correspond
        seq <- nt.Seqs[i][[1]]
        aa_woGaps <- unlist(remove.gaps(as.matrix(aa.Al[i,]) ))
        if( length(seq) > (3*length(aa_woGaps)) ) {
            seq <- seq[1:(3*length(aa_woGaps))] #cut off surplus nts which don't correspond to triplets
        } else if ( length(seq) < (3*length(aa_woGaps)) ){
            diff <- 3*length(aa_woGaps) - length(seq)
            seq <- c(seq, rep("n", diff))
        }
        if (!check.correspondence.aa.nt(aa.Al = aa_woGaps, nt.Al = seq, check.nb.aa = 0, code = "standard", taxon = 1)) {
            warning(paste("Alignments RefAA and RefNT not corresponding in gene ", gene, ". First AAs: '", aa.Al[1,1:10], ", first NTs: '", nt.Al[1,1:30], ". Aborting.", sep = "") )
            break
        }
        #add gaps
        if (aa.Al[i, 1] == "-") seq <- c(rep("-", 3), seq)
        for (aa.pos in 2:(dim(aa.Al)[2] -1) ){
            if ( aa.Al[i, aa.pos] == "-") {
                if (3*(aa.pos -1) < length(seq)){
                    seq <- c(seq[1:(3*(aa.pos -1))], rep("-", 3), seq[(3*(aa.pos -1) +1):(length(seq))] )
                } else {
                    seq <- c(seq[1:(3*(aa.pos -1))], rep("-", 3))
                }
            }
        }
        if (aa.Al[i, dim(aa.Al)[2]] == "-") seq <- c(seq, rep("-", 3))
        nt.Al[i, ] <- seq
    } 
    #sort according to starting nt (contigs) and taxonomy (transcriptomes)
    transcriptome.seq <- c("transcriptome_Nasonia_vitripennis", "transcriptome_Aleiodes_testaceus", "transcriptome_Aphidius_colemani", "transcriptome_Cotesia_vestalis", "transcriptome_Dacnusa_sibirica", "transcriptome_Diaeretus_essigellae", "transcriptome_Macrocentrus_marginator", "transcriptome_Xorides_praecatorius", "transcriptome_Ophion_sp", "transcriptome_Netelia_testacea", "transcriptome_Heteropelma_amictum", "transcriptome_Apophua_sp", "transcriptome_Colpotrochia_cincta", "transcriptome_Hyposoter_didymator", "transcriptome_Buathra_laborator", "transcriptome_Ichneumon_albiger", "transcriptome_Collyria_trichophthalma", "transcriptome_Syrphophilus_tricinctorius", "transcriptome_Coleocentrus_excitator", "transcriptome_Deuteroxorides_elevator", "transcriptome_Rhyssa_amoena", "transcriptome_Dolichomitus_imperator", "transcriptome_Dolichomitus_quercicolus", "transcriptome_Apechthis_compunctor", "transcriptome_Pimpla_rufipes", "transcriptome_Pimpla_flavicoxis")
    nbTranscr <- length(transcriptome.seq)
    nbContigs <- dim(aa.Al)[1] - nbTranscr
    start.aa <- rep(NA, nbContigs)
    for (k in 1:nbContigs){
        l <- 1
        while(aa.Al[nbTranscr + k, l] == "-"){
            l <- l +1
        }
        start.aa[k] <- l
    }
    transcr.nt.Al <- nt.Al[transcriptome.seq, ]
    contig.nt.Al <- nt.Al[(nbTranscr +1): dim(aa.Al)[1], ]
    contig.taxa <- rep(NA, nbContigs)
    for (m in 1:nbContigs) {
        contig.taxa[m] <- unlist(strsplit(rownames(contig.nt.Al)[m], split = "_"))[1]
    }
    unique.taxa <- unique(contig.taxa)
    sort.order <- NULL
    counter <- 1
    for (n in 1:length(unique.taxa)){
        contig.nbs <- which(contig.taxa == unique.taxa[n])
        if (length(contig.nbs) == 1){
            sort.order <- c(sort.order, counter)
            counter <- counter +1
        } else {
            ranks <- rank(start.aa[contig.nbs])
            sort.order <- c(sort.order, (counter -1) + ranks)
            counter <- counter + length(contig.nbs)
        }
    }
    contig.nt.Al <- contig.nt.Al[sort.order, ]
    out.Al <- rbind(transcr.nt.Al, contig.nt.Al)
    write.FASTA(out.Al, file = Outfile_NT, taxon.names = rownames(out.Al))
}
----------------------------------------------------------------------------------------------------------------------------------------
B4d_RemoveIntronOverhangs.r
----------------------------------------------------------------------------------------------------------------------------------------
#remove intron overhangs: Exonerate does not find introns if they are only present partially. So we need 
# to cut them ourselves. We do this in 2 steps:
# - if a portion of <30 bp is on the other side of an intron position, then delete it
# - if the portion is longer but with a shortest pairwise dist from any transcriptome that is more than 0.2 
#  larger than that of the largest exon overlap of the contig
# - finally, combine contigs of a single taxon if they don't overlap into one line
library(phangorn)
source("../B4f_AlignmentFunctions.r")
intron.dist.cutoff <- 0.2    #how much worse is the best pairwise match between (misaligned) introns and exons?
exon.min.length <- 30   #nb of basepairs of an exon which need to be present for the seq to be retained (below which pairwise dists might not mean much...)
intron.string <- "nnnanannn"
len.intr <- nchar(intron.string)
Folder_raw <- "1_aligned_raw/"
Folder_out <- "2_aligned_intronOverhangRM/"
Folder_out_nexStyle <- "3_aligned_intronOverhangRM_nexStyle_toEdit/"
#rawFILES <- list.files(path = Folder_raw, pattern = "*_aligned_raw.fas")
rawFILES <- paste(c("CAD", "EOG74V7Q3"), "_aligned_raw.fas", sep = "")
for ( rawFILE in rawFILES){
    nt.Al <- read.dna(paste(Folder_raw, rawFILE, sep = "/"), format = "fasta", as.character = T)
    Gene <- gsub(Folder_raw, "", gsub("_aligned_raw.fas", "", rawFILE))
    contigs <- grep("contig", rownames(nt.Al), ignore.case = T)
    transcr <- grep("^transcriptome", rownames(nt.Al), ignore.case = T)
    if (length(contigs) + length(transcr) != dim(nt.Al)[1] ){
        warning(paste("Error: in file '", rawFILE, "', number of recognized transcriptomes plus nb of contigs doesn't match matrix size: ", length(transcr), " + ", length(contigs), " != ", dim(nt.Al)[1], ". Exiting...", sep = "") )
        break()
    }
    #find intron positions in alignment
    intron.pos <- NULL
    for ( i in contigs ){ 
        contig.seq <- paste(nt.Al[i,], collapse = "")
        contig.exons <- strsplit(contig.seq, split = intron.string)[[1]]
        if (length(contig.exons) > 1) {  #if an intron marker was detected, record positions
            curr.pos <- 0
            for ( j in 1:(length(contig.exons) -1) ) {
                intron.pos <- c(intron.pos, curr.pos + length(unlist(strsplit(contig.exons[j], split = ""))) +1 )
                curr.pos <- curr.pos + len.intr + length(unlist(strsplit(contig.exons[j], split = "")))
            }
            rm(curr.pos)
        }
        rm(contig.seq)
        rm(contig.exons)
    }
    if (length(intron.pos) > 0){
        intron.pos <- sort(unique(intron.pos))
        #remove those introns from the list which are unique to a few taxa and have not triggered a corresponding 
        #gap area in the transcriptomes. realign the areas around the remaining ones
        keep.intron.pos <- rep(T, length(intron.pos))
        for (k in 1:length(intron.pos)) {
            content.at.intr.pos <- nt.Al[transcr ,(intron.pos[k]):(intron.pos[k] +len.intr -1)]
            expected.gaps <- length(transcr) * ( len.intr -2 ) *0.9
            obs.gaps <- length(which(content.at.intr.pos == "-") )
            if ( obs.gaps < expected.gaps ){
                keep.intron.pos[k] <- F
            }
        }
        intron.pos <- intron.pos[keep.intron.pos]
        if (length(intron.pos) > 0){
            #realign the columns around an intron position IF it is simply moved according to the reading frame (does  
            #nothing if no gap-string of the correct length is found close-by)
            nt.Al <- realign.intron.area(nt.Al, intron.pos, intron.string=intron.string, log.name = paste(Gene, "_realignIntrons.log", sep = "") )
            #go through contigs. If one overlaps an intron, 
            #   first remove one side (no matter where) if shorter than minlen. Then,  
            #   check ifcheck if shorter overlap has much higher pairwise diff score (remove) 
            for ( cont in contigs ){
                for ( intron in 1:length(intron.pos) ) {
                    #first remove shorter section if it is shorter than exon.min.length
                    all.prev.pos <- 1:(intron.pos[intron] -1)
                    all.next.pos <- (intron.pos[intron] + len.intr):length(nt.Al[cont,])
                    len.all.prev <- length( nt.Al[cont, all.prev.pos][which(nt.Al[cont, all.prev.pos] != "-") ] )
                    len.all.next <- length( nt.Al[cont, all.next.pos][which(nt.Al[cont, all.next.pos] != "-") ] )
                    if ( len.all.prev < exon.min.length ) {
                        nt.Al[cont, all.prev.pos] <- rep("-", length(all.prev.pos))
                    }
                    if ( len.all.next < exon.min.length ) {
                        nt.Al[cont, all.next.pos] <- rep("-", length(all.next.pos))
                    }
                    #now compare the pairwise distances if there are exons on both sides of intron
                    if (intron == 1 ){ #if first intron
                        prev.exon.pos <- 1:(intron.pos[intron] -1)
                    } else {
                        prev.exon.pos <- (intron.pos[intron -1] + len.intr):(intron.pos[intron] -1)
                    }
                    if (intron == length(intron.pos) ){ #if last intron
                        next.exon.pos <- (intron.pos[intron] + len.intr):length(nt.Al[cont,])
                    } else {
                        next.exon.pos <- (intron.pos[intron] + len.intr):(intron.pos[intron + 1] -1)
                    }
                    prev.exon.pres <- any(nt.Al[cont, prev.exon.pos] != "-")
                    next.exon.pres <- any(nt.Al[cont, next.exon.pos] != "-")
                    intron_pres <- intron.string == paste(nt.Al[cont, (intron.pos[intron]):(intron.pos[intron] + len.intr -1)], collapse = "")
                    if ( prev.exon.pres && next.exon.pres && !intron_pres ) {
                        len.prev.exon <- length( nt.Al[cont, prev.exon.pos][which(nt.Al[cont, prev.exon.pos] != "-") ] )
                        len.next.exon <- length( nt.Al[cont, next.exon.pos][which(nt.Al[cont, next.exon.pos] != "-") ] )
                        # remove exon overlaps with a much worse pw dist
                        if ( len.prev.exon >= exon.min.length && len.next.exon >= exon.min.length ){
                            pw.dists.prev <- NULL
                            pw.dists.next <- NULL
                            for (tr in transcr) {
                                mini.matrix.prev <- as.DNAbin( rbind(nt.Al[cont, prev.exon.pos], nt.Al[tr, prev.exon.pos]) )
                                pw.dists.prev <- c( pw.dists.prev, dist.dna(mini.matrix.prev, model = "raw") )
                                pw.dists.prev <- pw.dists.prev[!is.na(pw.dists.prev)]
                                mini.matrix.next <- as.DNAbin( rbind(nt.Al[cont, next.exon.pos], nt.Al[tr, next.exon.pos]) )
                                pw.dists.next <- c( pw.dists.next, dist.dna(mini.matrix.next, model = "raw") )
                                pw.dists.next <- pw.dists.next[!is.na(pw.dists.next)]
                            }
                            if ( abs(median(pw.dists.prev) - median(pw.dists.next)) > intron.dist.cutoff ){
                                if ( median(pw.dists.prev) > median(pw.dists.next) ) {
                                    nt.Al[cont, prev.exon.pos] <- rep("-", length(prev.exon.pos))
                                } else {
                                    nt.Al[cont, next.exon.pos] <- rep("-", length(next.exon.pos))
                                }
                            }
                        } else { #if one of the exons is shorter, remove anyway
                            if ( len.prev.exon < exon.min.length ) {
                                nt.Al[cont, prev.exon.pos] <- rep("-", length(prev.exon.pos))
                            }
                            if ( len.next.exon < exon.min.length ) {
                                nt.Al[cont, next.exon.pos] <- rep("-", length(next.exon.pos))
                            }
                        }
                    }
                    #finally, remove anything that is aligned to the intron positions but is not an intron
                    if (!intron_pres) {
                        nt.Al[cont, (intron.pos[intron]):(intron.pos[intron] + len.intr -1)] <- rep("-", len.intr)
                    }                
                }
            }
        }
    }
    nt.Al <- remove.gap.only.pos(nt.Al)
    #now combine contigs within a taxon if they don't overlap (only works if contigs sorted alphabetically and are after the transcriptomes)
    remaining.contigs <- contigs
    while ( length(remaining.contigs) > 1 ) {
        index.1 <- remaining.contigs[1]
        index.2 <- remaining.contigs[2]
        tax.name.1 <- strsplit( rownames(nt.Al)[index.1], split = "_" )[[1]][1]
        tax.name.2 <- strsplit( rownames(nt.Al)[index.2], split = "_" )[[1]][1]
        if ( tax.name.1 == tax.name.2 ) {
            no.gap.pos.1 <- which(nt.Al[index.1, ] != "-")
            no.gap.pos.2 <- which(nt.Al[index.2, ] != "-")
            if ( length(intersect(no.gap.pos.1, no.gap.pos.2)) == 0 ) {
                new.rownames <- rownames(nt.Al)[-index.2]
                new.rownames[index.1] <- paste(rownames(nt.Al)[index.1], rownames(nt.Al)[index.2], sep = "___")
                new.seq <- rep("-", dim(nt.Al)[2])
                new.seq[no.gap.pos.1] <- nt.Al[index.1, no.gap.pos.1]
                new.seq[no.gap.pos.2] <- nt.Al[index.2, no.gap.pos.2]
                if (index.2 == dim(nt.Al)[1] ) {
                    nt.Al <- rbind( nt.Al[1:(index.1 -1), ], new.seq )
                } else {
                    nt.Al <- rbind( nt.Al[1:(index.1 -1), ], new.seq, nt.Al[(index.2 +1):dim(nt.Al)[1], ] )
                }
                rownames(nt.Al) <- new.rownames
                remaining.contigs <- remaining.contigs -1   #indices have to be lowered by one as a row got removed
            }
        }
        remaining.contigs <- remaining.contigs[-1]
    }
    Outfile_IntrRM <- paste(Folder_out, Gene, "_intronOverhangsRM.fas", sep = "")
    write.FASTA(nt.Al, file = Outfile_IntrRM, taxon.names = rownames(nt.Al))
    #now also output in 'table' style so that it is easier to edit by hand
    Outfile_IntrRM_toEdit <- paste(Folder_out_nexStyle, Gene, "_toEdit.fas", sep = "")
    name.lengths <- unlist(lapply(strsplit(rownames(nt.Al), split=""), length))
    max.nlength <- max(name.lengths)
    tab.length <- 8 #length of tab is 8 spaces in Textpad...
    start.matrix <- ceiling(max.nlength / tab.length) +2
    for (taxon in 1:dim(nt.Al)[1]){
        nbTabs <- start.matrix - floor((name.lengths[taxon] +1) / tab.length)
        sequ <- toupper(paste(nt.Al[taxon, ], collapse = "") )
        spaces <- paste(rep('\t', nbTabs), collapse = "")
        outstring <- paste(">", rownames(nt.Al)[taxon], spaces, sequ, sep = "")
        write(outstring, file = Outfile_IntrRM_toEdit, append = T)
    }
}
----------------------------------------------------------------------------------------------------------------------------------------
B4e_CondenseToSingleContig.r
----------------------------------------------------------------------------------------------------------------------------------------
# Clean up alignments for contaminations and duplicates in the following steps:
#   1) Check for contigs which have >99.5% identity with another, longer contig in dataset. 
#       Remove if they do not form part of a group of very close taxa (no matter if there are other contigs in this taxon)
#   2) If there are still multiple contigs for a taxon, then try to combine them (only if no overlap). If there is
#       overlap, for each taxon only keep the longest contig
#
library(phangorn)
source("../B4f_AlignmentFunctions.r")
cutoff <- 0.005 #p-distance below which sequence should be seen as cross-contamination
origFolder <- "4_aligned_edited"
resFolder <- "5_SingleSeqPerTaxon"
inFiles <- list.files(path = origFolder, pattern = "*_edited.fas")
logFile <- "5_RemoveContamin.log"
close.taxa.groups <- list(c("CylloceriaB", "Cylloceria"), c("DiacritusB", "Diacritus"), c("Arotes", "Jezarotes", "Spilopteron"), c("Polysphincta", "Hymenoepimecis"), c("Parema", "Nomospecia"))
for (f in inFiles){
    gene <- gsub("_edited.fas", "", f)
    write(paste("working on gene ", gene, "...", sep = ""), logFile, append = T)
    f_content <- read.table(paste(origFolder, f, sep = "/"), header = F, colClasses = "character" )
    alignment <- strsplit(f_content$V2, split = "")
    shortNames <- lapply(gsub(">", "", f_content$V1), strsplit, split = '.', fixed = T)  
    names(alignment) <- unlist(lapply(lapply(shortNames, "[[", 1), "[", 1) )
    names(alignment)[pmatch("transcriptome_Ophion", names(alignment))] <- "transcriptome_NeteliaLK"
    #step 1: remove contigs always if they are less than "cutoff" distant from another, longer contig (no matter if multiple contigs per taxon)
    temp.al <- remove.intron.pos(alignment, intronString = "NNNANANNN")
    temp.al <- temp.al[-grep("transcriptome_", names(temp.al))]     #remove transcriptomes from temporary alignment
    dists <- dist.dna(as.DNAbin(temp.al), model = "raw", pairwise.deletion = T, as.matrix = T)
    for (contig in 1:length(temp.al)){
        close.seqs <- which(dists[contig, ] < cutoff)
        close.names <- names(which(dists[contig, ] < cutoff))
        taxon <- strsplit(names(temp.al)[contig], split = "_")[[1]][1]
        in.close.group <- grep(taxon, close.taxa.groups)
        close.dists <- dists[contig, which(dists[contig, ] < cutoff)]
        for (c in 1:length(close.seqs)) {
            if (close.names[c] != names(temp.al)[contig]) {
                if (length(which(temp.al[[contig]] != "-")) < length(which(temp.al[[close.seqs[c] ]] != "-")) ) {
                    if (length(in.close.group) > 0) {
                        close.taxon <- strsplit(close.names[c], split = "_")[[1]][1]
                        if (!is.element(close.taxon, close.taxa.groups[[in.close.group[1]]])){
                            alignment <- alignment[which(names(alignment) != names(temp.al)[contig])]
                            write(paste("    removed contamination contig: ", names(temp.al)[contig], ", overlap with: ", close.names[c], ", dist=", close.dists[c], sep = ""), file = logFile, append = T )
                            break
                        }
                    } else {
                        alignment <- alignment[which(names(alignment) != names(temp.al)[contig])]
                        write(paste("    removed contamination contig: ", names(temp.al)[contig], ", overlap with: ", close.names[c], ", dist=", close.dists[c], sep = ""), file = logFile, append = T )
                        break
                    }
                }
            }
        }
    }
    #step 2: for taxa which have multiple contigs, first try to combine them, if not possible, keep longest
    hyb.enr.names <- lapply(names(alignment)[-grep("transcriptome_", names(alignment))], strsplit, split = '_', fixed = T)
    hyb.enr.names <- unlist(lapply(lapply(hyb.enr.names, "[[", 1), "[", 1) )
    Duplicates <- unique(hyb.enr.names[duplicated(hyb.enr.names)])
    for (d in Duplicates){
        dupl.contigs <- grep(paste(d, "_", sep = ""), names(alignment) )
        nb.combined <- 0
        for (dd in 2:length(dupl.contigs)){
            seq1 <- alignment[[dupl.contigs[1]]]
            seq2 <- alignment[[dupl.contigs[dd]]]
            newSeq <- combine.seqs(seq1, seq2, mode = "overlap.equal")
            if (is.na(newSeq[1])){
                if (length(which(seq1 != "-")) < length(which(seq2 != "-")) ){
                    alignment[[dupl.contigs[1]]] <- alignment[[dupl.contigs[dd]]]
                }
            } else {
                alignment[[dupl.contigs[1]]] <- newSeq
                if (nb.combined == 0 ){
                    nb.combined <- 2
                } else {
                    nb.combined <- nb.combined +1
                }
            }
        }
        alignment <- alignment[-dupl.contigs[-1]] #remove all but last contig
        write(paste("    removed ", length(dupl.contigs[-1]), " duplicate contigs for taxon ", d, ", ", nb.combined, " contigs were combined.", sep = ""), logFile, append = T)
    }
    #write to file in fasta format (with introns)
    newNames <- unlist(lapply(lapply(lapply(names(alignment), strsplit, split = '_', fixed = T), "[[", 1), "[", 1) )
    transcr <- which(newNames == "transcriptome")
    newNames[transcr] <- unlist(lapply(lapply(lapply(names(alignment)[transcr], strsplit, split = '_', fixed = T), "[[", 1), "[", 2) )
    DolichoPimpla <- c(which(newNames == "Dolichomitus"), which(newNames == "Pimpla"))
    newNames[DolichoPimpla] <- unlist(lapply(lapply(lapply(names(alignment)[DolichoPimpla], strsplit, split = '_', fixed = T), "[[", 1), "[", 3) )
    newNames[which(newNames == "imperator")] <- "Dolichomitus_imperator"
    newNames[which(newNames == "quercicolus")] <- "Dolichomitus_quercicolus"
    newNames[which(newNames == "rufipes")] <- "Pimpla_rufipes"
    newNames[which(newNames == "flavicoxis")] <- "Pimpla_flavicoxis"
    names(alignment) <- newNames
    write.unalignedSeqs.FASTA(alignment, filename = paste(resFolder, "/", gene, "_cleanedUp.fas", sep = ""))
}
----------------------------------------------------------------------------------------------------------------------------------------
B4f_AlignmentFunctions.sh
----------------------------------------------------------------------------------------------------------------------------------------
# collection of functions used by variour R scripts in Klopfstein et al. Hybrid enrichment ms
#functions in this file:
#--------------------
#realign.intron.area (alignment, intron.pos, intron.string="nnnanannn", log.name = "RealignIntrons.log") 
#get.Exonerate.targets (exonerate.file, remove = "60%id", annotate.introns = T) {
#trimm.aa.alignment (aa.Al = aa.Al, nt.Al = nt.Al, method = "gappy", gap.max = 0.2, windowsize = 10)
#find.stop.codons (aa.Al = aa.Al, nt.Al = nt.Al, code = "standard")
#check.correspondence.aa.nt (aa.Al, nt.Al, check.nb.aa = 0, code = "standard", taxon = 1)
#query.genetic.code (triplet = "aaa", aa = "", code = "standard")
#get.alignment.stats (alignment, nt.alignment = NULL, with.stop.codons = F, with.x = T)
#translate.nt.seq (sequence, code = "standard")
#remove.gaps (alignment = nt.Al)
#remove.gap.only.pos (alignment)
#remove.intron.pos (alignment, intronString = "NNNANANNN")
#align.contig.ntRef (exonerate.file, aa.seqs, nt.seqs, mode = "exons.only")
#align.to.reference (seq.pair.list = aligned.contigs.list, ref.alignment = nt.Al, sort.by = "start")
#read.vulgar (vulgar.string = "vulgar__M_20_60_5_0_2_I_0_67_3_2_M_30_90__")
#reverse.complement (sequence)
#complement (nuc = "A") #used by previous
#dist.aa (aa.Al)
#pwdist.aa (seq1, seq2)
#combine.seqs (seq1, seq2, mode = "no.overlap")
#read.unaligned.fasta (filename = "aa_unal.fa")
#write.FASTA (alignment.matrix, file, taxon.names)
#write.unalignedSeqs.FASTA (seq.list, filename = "seqs.fasta")

library(phangorn)
# ------------------------------------------------------------------------------------------------------------------------------------
# Realigns intron regions (especially necessary if AAs were aligned, but introns are not in reading frame)
# Expects an alignment where introns are marked with a specific intron string. moves corresponding gaps in other seqs into
# same positions. Writes to log file in case of irregularities.
realign.intron.area <- function(alignment, intron.pos, intron.string="nnnanannn", log.name = "RealignIntrons.log") {
    #type checking and preps
    if (is.matrix(alignment) ){
        return.as.list <- FALSE
        res.Align <- alignment
    } else if (is.list(alignment)){
        return.as.list <- TRUE
        res.Align <- matrix(nrow = length(alignment), ncol = length(alignment[[1]]), dimnames = list( NULL, names(alignment)) )
        res.Align[1, ] <- alignment[[1]]
        for ( i in 2:length(alignment) ){
            if ( length(alignment)[[i]] == length(alignment[[1]]) ){
                res.Align[i, ] <- alignment[[i]]
            } else {
                warning("Error in 'realign.intron.area': alignment passed as list with unequal sequence lengths. not removing any gap positions.")
                return(alignment)
            }
        }
    } else {
        warning("Error in 'realign.intron.area': alignment passed not as matrix or list. not removing any gap positions.")
        return(alignment)
    }
    #now realign intron regions 
    nbSeqs <- dim(res.Align)[1]
    intr.len <- nchar(intron.string)
    gap.string <- paste(rep("-", intr.len), collapse = "")
    log.written <- F
    for ( i in intron.pos ){
        for ( seqNb in 1:nbSeqs ){
            this.motive <- paste(res.Align[seqNb, i:(i +intr.len -1)], collapse = "")
            if ( this.motive != intron.string && this.motive != gap.string ) {
                local.seq <- paste(res.Align[seqNb, (i-3):(i +intr.len +2)], collapse = "")  #area around intron pos +3 on each side
                split.str <- strsplit(local.seq, split = gap.string, fixed = T)[[1]]
                if ( length(split.str) == 2 ){ #if correct number of gaps was found in another position (once)
                    gaps.at.pos <- nchar(split.str[1]) +1
                    curr.content <- res.Align[seqNb, (i-3):(i +intr.len +2)]
                    if (gaps.at.pos > 1) {
                        curr.content <- c(curr.content[1:(gaps.at.pos -1)], curr.content[(gaps.at.pos + intr.len):length(curr.content)] )
                    } else {
                        curr.content <- curr.content[(gaps.at.pos + intr.len):length(curr.content)]
                    }
                    curr.content <- c(curr.content[1:3], rep("-", intr.len), curr.content[4:length(curr.content)] )
                    res.Align[seqNb, (i-3):(i +intr.len +2)] <- curr.content
                } else if (length(split.str) < 2) {   #then the gap string was not observed
                    write(paste("No gaps corresponding to intron position ", i, " found in sequence ", seqNb, ". Skipping this seq.", sep = ""), file = log.name, append = log.written )
                    log.written <- T
                } else {
                    write(paste("Several gaps pos found corresponding to intron position ", i, " in sequence ", seqNb, ". Skipping this seq.", sep = ""), file = log.name, append = log.written )
                    log.written <- T
                }
            }
        }
    }
    #return as list if it was passed here in that format
    if (return.as.list) {
        return.obj <- split(res.Align, 1:nrow(res.Align))
    } else {
        return.obj <- res.Align
    }
    return(return.obj)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# extract portion of the original contigs which Exonerate marked as alignable to target exons
# mark introns as 
get.Exonerate.targets <- function (exonerate.file, remove = "60%id", annotate.introns = T) {
    exonerate.obj <- read.unaligned.fasta(exonerate.file)
    exonerate.info <- strsplit(names(exonerate.obj), split = " " )
    return.obj <- NULL
    idVec <- NULL
    for (contigNb in 1:length(exonerate.obj) ){
        percentID.string <- exonerate.info[[contigNb]][pmatch("percentID_", exonerate.info[[contigNb]] )]
        percent.id <- as.numeric(unlist(strsplit(percentID.string, split = "_"))[2])
        if (remove == "60%id" && percent.id < 60.0 ){
            if (contigNb < length(exonerate.obj)) {
                next
            } else {
                break
            }
        }
        idVec <- c( idVec, percent.id )
        target.seq <- list(exonerate.obj[[contigNb]])
        names(target.seq)[1] <- names(exonerate.obj)[contigNb]
        beginT.string <- exonerate.info[[contigNb]][pmatch("beginT_", exonerate.info[[contigNb]] )]
        beginT <- as.numeric(unlist(strsplit(beginT.string, split = "_"))[2]) +1
        score.string <- exonerate.info[[contigNb]][pmatch("score_", exonerate.info[[contigNb]] )]
        score <- as.numeric(unlist(strsplit(score.string, split = "_"))[2])
        #read vulgar object into a matrix for later interpretation
        vulgar.string <- exonerate.info[[contigNb]][pmatch("vulgar__", exonerate.info[[contigNb]] )]
        vulgar.obj <- read.vulgar(vulgar.string)
        #position marker in target seq
        pos.target <- 0
        intronMarker <- c("N","N","N","A","N","A", "N", "N", "N")
        #first add an Intron marker in the start if so wished and if there is unalignable portion before target
        #if ( annotate.introns ){
        #    if ( beginT > 1 ) {
        #        target.seq[[1]] <- c(intronMarker, target.seq[[1]][1:length(target.seq[[1]])] )
        #        pos.target <- 9
        #    }
        #}
        #extract alignable portion of target according to Exonerate vulgar string
        for ( i in 1:dim(vulgar.obj)[1] ) {
            nb.nt <- as.numeric(vulgar.obj[i, 3] )
            if (vulgar.obj[i, 1] == "M" || vulgar.obj[i, 1] == "S" ) {    #if this is a Match section or a Split codon, just move position
                pos.target <- pos.target + nb.nt
            } else if (vulgar.obj[i, 1] == "G") {   #if this is a Gap section, move cursor if gap is in reference
                pos.target <- pos.target + nb.nt
            } else if (vulgar.obj[i, 1] == "I" || vulgar.obj[i, 1] == "5" || vulgar.obj[i, 1] == "3") { #if this is an intron section, act depending on mode
                if ( !annotate.introns ) { #simply remove the intron from the target sequence
                    target.seq[[1]] <- c(target.seq[[1]][1:(pos.target)], target.seq[[1]][(pos.target + nb.nt +1):length(target.seq[[1]])] )
                    #pos remains the same
                } else {
                    if (vulgar.obj[i, 1] == "I") { #add intron marker as well 
                        target.seq[[1]] <- c(target.seq[[1]][1:(pos.target)], intronMarker, target.seq[[1]][(pos.target + nb.nt +1):length(target.seq[[1]])] )
                        pos.target <- pos.target + 9
                    } else { #if start or end of intron, just remove
                        target.seq[[1]] <- c(target.seq[[1]][1:(pos.target)], target.seq[[1]][(pos.target + nb.nt +1):length(target.seq[[1]])] )
                        #pos remain the same
                    }
                }
            } else if (vulgar.obj[i, 1] == "F") { #Frameshifts mean that there is a 1bp or 2bp gap. It shows by Exonerate as frameshift (extra) bp in the contig, maybe followed by a 1aa=3bp gap in the reference transcriptome. Add "N" to contig!
                if ( nb.nt == 1 || nb.nt == 2 ) {
                    target.seq[[1]] <- c(target.seq[[1]][1:(pos.target +nb.nt)], rep("N", (3 -nb.nt)), target.seq[[1]][(pos.target + nb.nt +1):length(target.seq[[1]])] )
                    pos.target <- pos.target + 3
                }
            } else {
                warning(paste("unrecognized VULGAR feature symbol '", vulgar.obj[i, 1], "' found in ", exonerate.file, "'. skiping.", sep = "") )
                next()
            }
        }
        #add resulting sequences to return list
        return.obj <- c(return.obj, target.seq)
    }
    if(length(return.obj) > 0){
        return.obj <- return.obj[order(idVec)]
    }
    return(return.obj)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# trim the alignment using a gap score, either column by column or with a sliding window
# methods: gappy, leading.trailing, sliding.window (to do) 
trimm.aa.alignment <- function (aa.Al = aa.Al, nt.Al = nt.Al, method = "gappy", gap.max = 0.2, windowsize = 10) {
    #add some checks if alignments are proper, issue warnings
    # ...
    if (!check.correspondence.aa.nt(aa.Al, nt.Al, nb.aa = 10, code = "standard", taxon = 1) ){
        warning("The amino acid and nucleotide alignments do not correspond to each other! Exiting...")
        return()
    }
    nbTaxa <- dim(aa.Al)[1]
    nbAA <- dim(aa.Al)[2]
    nbBp <- dim(nt.Al)[2]
    if (nbBp != nbAA * 3 | nbTaxa != dim(nt.Al)[1]){
      warning(paste("The dimensions of the amino acid and nucleotide alignments dont match! nbAA: ", nbAA, ". nbBp: ", nbBp, "nbTaxa_aa: ", nbTaxa, ". nbTaxa_nt: ", dim(nt.Al)[2], ". Exiting...", sep = "") )
      return()
    }
    include.AA <- rep(T, nbAA)
    include.NT <- rep(T, nbBp)
    if (method == "gappy") {
        for (i in 1:nbAA) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
                include.AA[i] <- F
                include.NT[i *3 -2] <- F
                include.NT[i *3 -1] <- F
                include.NT[i *3] <- F
            }
         }
        #get new AA alignment according to 'include' vector
        aa.Al.new <- aa.Al[, include.AA]
        nt.Al.new <- nt.Al[, include.NT]
     } else if (method == "leading.trailing") {
        #first remove leading positions which have too many gaps
        for (i in 1:nbAA) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
              include.AA[i] <- F
              include.NT[i *3 -2] <- F
              include.NT[i *3 -1] <- F
              include.NT[i *3] <- F
            } else {
                #stop loop here
                break
            }
        }
        #now the same from the end of the alignment
        for (i in nbAA:1) {
            gapsNoData <- length(which(aa.Al[,i]=="-")) + length(which(aa.Al[,i]=="x")) 
            score <- gapsNoData / nbTaxa
            if(score > gap.max) {
                include.AA[i] <- F
                include.NT[i *3 -2] <- F
                include.NT[i *3 -1] <- F
                include.NT[i *3] <- F
            } else {
                #stop loop here
                break
            }
        }
        #get new AA alignment according to 'include' vector
        aa.Al.new <- aa.Al[, include.AA]
        nt.Al.new <- nt.Al[, include.NT]
     } else if (method == "sliding.window") {
        #to add later...
    } else {
      warning(paste("Method '", method, "' does not match any of the options ('gappy', leading.trailing', or 'sliding.window')! Exiting...", sep = "") )
      return()
    }
     alignments <- list(aa.Al.new, nt.Al.new)
    names(alignments) <- c("aa", "nt")
    return(alignments)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# find stop codons in the nt alignment, print report to file and 
# return the number of columns with a stop
find.stop.codons <- function (nt.Al, aa.Al = NULL, code = "standard", outfile = "StopCodon_details.out") {
    if (is.matrix(nt.Al) ){
        nt.Al <- tolower(nt.Al)
    } else if (is.list(nt.Al)){
        al <- matrix(nrow = length(nt.Al), ncol = length(nt.Al[[1]]), dimnames = list( names(nt.Al), NULL) )
        al[1, ] <- toupper(nt.Al[[1]])
        for ( i in 2:length(nt.Al) ){
            if ( length(nt.Al[[i]]) == length(nt.Al[[1]]) ){
                al[i, ] <- toupper(nt.Al[[i]])
            } else {
                warning("Error in 'find.stop.codons': alignment passed as list with unequal sequence lengths.")
                return(NA)
            }
        }
        nt.Al <- tolower(al)
        rm(al)
    } else {
        warning("Error in 'find.stop.codons': alignment passed not as matrix or list.")
        return(NA)
    }
    stop.codons.standard <- c("taa", "tag", "tga")
    stop.codons.invMit <- c("taa", "tag")
    code <- toupper(code)
    if (code == "STANDARD") {
        stop.codons <- stop.codons.standard
    } else if (code == "INVERTEBRATEMT") {
        stop.codons <- stop.codons.invMit
    } else {
        warning(paste("Invalid choice of genetic code: '", code, "'. Options are 'standard' or 'invertebrateMt'. Exiting stop-codon search...", sep = "") )
        return()
    }
    if (!is.null(aa.Al)) {
        col.with.stop <- rep(F, length(aa.Al[1,]) )
        write("AA_position taxon stop.codon", file = outfile, append = F)
        for (i in 1:dim(aa.Al)[2]) {
            for (taxon in 1:dim(aa.Al)[1]){
                triplet <- paste(nt.Al[taxon, i*3-2], nt.Al[taxon, i*3-1], nt.Al[taxon, i*3], sep = "")
                if (is.element(triplet, stop.codons) ) {
                    col.with.stop[i] <- T
                    write (paste( i, rownames(nt.Al)[taxon], triplet, sep = " "), file = outfile, append = T)
                }
            }
        }
    } else {
        stop.codon.mat <- matrix(rep(F, dim(nt.Al)[1]*dim(nt.Al)[2]), nrow = dim(nt.Al)[1], ncol = dim(nt.Al)[2] )
        first.pos <- seq(from = 1, to = dim(nt.Al)[2], by = 3)
        for (i in first.pos) {
            for (taxon in 1:dim(nt.Al)[1]){
                triplet <- paste(nt.Al[taxon, i], nt.Al[taxon, i+1], nt.Al[taxon, i+2], sep = "")
                if (is.element(triplet, stop.codons) ) {
                    stop.codon.mat[taxon, i] <- T
                }
            }
        }
        if (any(stop.codon.mat)) {
            write("taxon\tNT_positions", file = outfile, append = F)
            for (taxon in 1:dim(nt.Al)[1]){
                stop.pos <- which(stop.codon.mat[taxon, ])
                if (length(stop.pos) > 0 ){
                    write (paste( rownames(nt.Al)[taxon], paste(stop.pos, collapse = " / "), sep = "\t"), file = outfile, append = T)
                }
            }
        }
    }
    nb.stops <- length(which(stop.codon.mat))
    return(nb.stops)
}
# ------------------------------------------------------------------------------------------------------------------------------------
#check whether a nt and an aa alignment correspond to each other in the first 'nb.aa' 
# amino acids of a chosen taxon. Transforms vectors and lists into matrices first if possible.
check.correspondence.aa.nt <- function (aa.Al, nt.Al, check.nb.aa = 0, code = "standard", taxon = 1) {
    if(is.list(aa.Al)){
        aa.Al <- aa.Al[[taxon]]
    }
    if(is.list(nt.Al)){
        nt.Al <- nt.Al[[taxon]]
    }
    if (is.vector(aa.Al) ){
        if ( taxon == 1) {
            aa.Al <- t(as.matrix(aa.Al))
        } else {
            warning(paste("Error in 'check.correspondence.aa.nt': taxon '", taxon, "' chosen, but only one AA sequence passed.", sep = "") )
            return(NA)
        }
    }
    if (is.vector(nt.Al) ){
        if ( taxon == 1) {
            nt.Al <- t(as.matrix(nt.Al))
        } else {
            warning(paste("Error in 'check.correspondence.aa.nt': taxon '", taxon, "' chosen, but only one AA sequence passed.", sep = ""))
            return(NA)
        }
    }
    correct = T
    if (check.nb.aa == 0) check.nb.aa <- length(aa.Al[taxon,])
    for ( i in 1:check.nb.aa ) {
        aa <- tolower(aa.Al[taxon, i])
        triplet <- tolower(nt.Al[taxon, c(i * 3 - 2, i * 3 -1, i * 3)])
        if (any (triplet == "n")) triplet <- c("n", "n", "n")
        triplet <- paste(triplet, collapse = "")
        res.aa <- query.genetic.code(triplet = triplet, code = code)
        if (length(res.aa) == 0) {
            warning(paste("triplet '", tripet, "' not found in the genetic code table. Continuing to next triplet..."))
        } else {
            if (aa != res.aa) {
                if (aa == "x" && res.aa == "o"){ #stop codons get "o", but are moved to "x" later so programs can read them...
                    correct = T
                } else {
                    correct = F
                    return(correct)
                }
            }
        }
    }
    return(correct)
}
# ------------------------------------------------------------------------------------------------------------------------------------
#query the genetic code (currently: "standard" or "invertebrateMt") in either way
#the stop codons are marked as "o" (needs to be caught by subsequent steps)
query.genetic.code <- function(triplet = "aaa", aa = "", code = "standard") {
    triplet <- tolower(triplet)    
    standardCode <- matrix (nrow = 66, ncol = 2, data = c("aaa", "aac", "aag", "aat", "aca", "acc", "acg", "act", "aga", "agc", "agg", "agt", "ata", "atc", "atg", "att", "caa", "cac", "cag", "cat", "cca", "ccc", "ccg", "cct", "cga", "cgc", "cgg", "cgt", "cta", "ctc", "ctg", "ctt", "gaa", "gac", "gag", "gat", "gca", "gcc", "gcg", "gct", "gga", "ggc", "ggg", "ggt", "gta", "gtc", "gtg", "gtt", "taa", "tac", "tag", "tat", "tca", "tcc", "tcg", "tct", "tga", "tgc", "tgg", "tgt", "tta", "ttc", "ttg", "ttt", "nnn", "---", "k", "n", "k", "n", "t", "t", "t", "t", "r", "s", "r", "s", "i", "i", "m", "i", "q", "h", "q", "h", "p", "p", "p", "p", "r", "r", "r", "r", "l", "l", "l", "l", "e", "d", "e", "d", "a", "a", "a", "a", "g", "g", "g", "g", "v", "v", "v", "v", "o", "y", "o", "y", "s", "s", "s", "s", "o", "c", "w", "c", "l", "f", "l", "f", "x", "-") )
    invertMitCode <- matrix (nrow = 66, ncol = 2, data = c("aaa", "aac", "aag", "aat", "aca", "acc", "acg", "act", "aga", "agc", "agg", "agt", "ata", "atc", "atg", "att", "caa", "cac", "cag", "cat", "cca", "ccc", "ccg", "cct", "cga", "cgc", "cgg", "cgt", "cta", "ctc", "ctg", "ctt", "gaa", "gac", "gag", "gat", "gca", "gcc", "gcg", "gct", "gga", "ggc", "ggg", "ggt", "gta", "gtc", "gtg", "gtt", "taa", "tac", "tag", "tat", "tca", "tcc", "tcg", "tct", "tga", "tgc", "tgg", "tgt", "tta", "ttc", "ttg", "ttt", "nnn", "---", "k", "n", "k", "n", "t", "t", "t", "t", "s", "s", "s", "s", "m", "i", "m", "i", "q", "h", "q", "h", "p", "p", "p", "p", "r", "r", "r", "r", "l", "l", "l", "l", "e", "d", "e", "d", "a", "a", "a", "a", "g", "g", "g", "g", "v", "v", "v", "v", "o", "y", "o", "y", "s", "s", "s", "s", "w", "c", "w", "c", "l", "f", "l", "f", "x", "-") )
    codes <- list (standardCode, invertMitCode)  
    if (code == "invertebrateMT") {
        currCode <- codes[[2]]
    } else {
        currCode <- codes[[1]]
    }
    if (aa != "") {
        result <- currCode[which(currCode[,2] == aa),1]
    } else {
        result <- currCode[which(currCode[,1] == triplet),2]
    }
    if (length(result) == 0) {
        result <- NA
    }
    return(result)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# get certain statistics back for an AA alignment and return them as a data frame
get.alignment.stats <- function(alignment, nt.alignment = NULL, with.stop.codons = F, with.x = T) {
    colNames <- c("nbTaxa", "nbSites", "nbGappyColumns", "proportionGaps", "lengthShortest")
    nbTaxa <- dim(alignment)[1]
    nbSites <- dim(alignment)[2]
    if (nbSites == 0) {
        nbGappyColumns <- 0
        propGaps <- 0
        shortestLength <- 0
    } else {
        GappyColumns <- rep(F, nbSites)
        for (i in 1 : nbSites) {
            if (any(alignment[,i] == "-") | any (alignment[,i] == "x") )
                GappyColumns[i] <- T
        }
        nbGappyColumns <- length(which(GappyColumns))
        nbGapsTot <- length(which(alignment == "-")) + length(which(alignment == "x"))
        propGaps <- nbGapsTot / length(alignment)
        shortestLength <- nbSites
        for (i in 1 : nbTaxa ) {
            thisLength <- nbSites - length(which(alignment[i,] == "-")) - length(which(alignment[i,] == "x"))
            if (thisLength < shortestLength) shortestLength <- thisLength
        }
    }
    resMat <- matrix(c(nbTaxa, nbSites, nbGappyColumns, propGaps, shortestLength), nrow = 1, ncol = 5)
    
    if (with.stop.codons) {
      nb.stop.codons <- find.stop.codons(aa.Al = alignment, nt.Al = nt.alignment, code = "standard")
      resMat <- cbind(resMat, nb.stop.codons)
        colNames <- append(colNames, "nbStopCodons")
    }          
    if (with.x) {
      nb.unknown <- length(which(aa.Al == "x") )
      resMat <- cbind(resMat, nb.unknown)
      colNames <- append(colNames, "nbUnknown")
    }          
    colnames(resMat) <- colNames
    return(resMat)
}    
# ------------------------------------------------------------------------------------------------------------------------------------
translate.nt.seq <- function (sequence, code = "standard") {
  aa.l <- floor(length(sequence) / 3 )
  aa.seq <- rep("-", aa.l)
  for (i in 1:aa.l) {
      Triplet <- paste(sequence[ ((i-1)*3+1):(i*3) ], collapse = "")
      aa.seq[i] <- query.genetic.code(triplet = Triplet, aa = "", code = code) 
      if (is.na(aa.seq[i])) {
          warning(paste("No translation found for triplet '", Triplet, "' at position ", ((i-1)*3 -1), " of the alignment. Replaced with 'X'. Continuing"))
          aa.seq[i] <- "x"
      }
  }
  return(aa.seq)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# remove all the gaps from an alignment passed on in matrix format, return list of character vectors
remove.gaps <- function(alignment) {
    if (is.matrix(alignment) ){
        nbSeqs <- dim(alignment)[1]
        sequence.obj <- list(alignment[1, which(alignment[1,] != "-")] )
        if (nbSeqs > 1) {
            for (i in 2:nbSeqs ) {
                sequence.obj <- c(sequence.obj, list(alignment[i, which(alignment[i,] != "-")]) )
            }
        }
        names(sequence.obj) <- rownames(alignment)
    } else if (is.list(alignment)){
        nbSeqs <- length(alignment)
        sequence.obj <- alignment
        for (i in 1:nbSeqs ) {
            sequence.obj[[i]] <- sequence.obj[[i]][which(sequence.obj[[i]] != "-")]
        }
    }
    return(sequence.obj)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# remove gap-only positions from an alignment, return in same format as passed on
remove.gap.only.pos <- function(alignment) {
    # formating and preparations
    if (is.matrix(alignment) ){
        return.as.list <- FALSE
        al.gaps.removed <- alignment
    } else if (is.list(alignment)){
        return.as.list <- TRUE
        al.gaps.removed <- matrix(nrow = length(alignment), ncol = length(alignment[[1]]), dimnames = list( names(alignment),NULL) )
        al.gaps.removed[1, ] <- alignment[[1]]
        for ( i in 2:length(alignment) ){
            if ( length(alignment[[i]]) == length(alignment[[1]]) ){
                al.gaps.removed[i, ] <- alignment[[i]]
            } else {
                warning("Error in 'remove.gap.only.pos': alignment passed as list with unequal sequence lengths. not removing any gap positions.")
                return(alignment)
            }
        }
    } else {
        warning("Error in 'remove.gap.only.pos': alignment passed not as matrix or list. not removing any gap positions.")
        return(alignment)
    }
    #remove gap-only positions
    keep.column <- rep(F, dim(al.gaps.removed)[2] )
    for (j in 1:dim(al.gaps.removed)[2] ){
        if ( any(al.gaps.removed[ ,j] != "-") ){
            keep.column[j] <- T
        }
    }
    al.gaps.removed <- al.gaps.removed[ ,keep.column]
    #return as list if it was passed here in that format
    if (return.as.list) {
        al.gaps.removed <- split(al.gaps.removed, 1:nrow(al.gaps.removed))
        names(al.gaps.removed) <- names(alignment)
    } 
    return(al.gaps.removed)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# removes positions which only contain introns and gaps. Introns are marked with a specific string.
# alignment has to be transfered as a matrix
remove.intron.pos <- function (alignment, intronString = "NNNANANNN"){
    # formating and preparations
    if (is.matrix(alignment) ){
        return.as.list <- FALSE
        al <- toupper(alignment)
    } else if (is.list(alignment)){
        return.as.list <- TRUE
        al <- matrix(nrow = length(alignment), ncol = length(alignment[[1]]), dimnames = list( names(alignment), NULL) )
        al[1, ] <- toupper(alignment[[1]])
        for ( i in 2:length(alignment) ){
            if ( length(alignment[[i]]) == length(alignment[[1]]) ){
                al[i, ] <- toupper(alignment[[i]])
            } else {
                warning("Error in 'remove.intron.pos': alignment passed as list with unequal sequence lengths. not removing any introns positions.")
                return(alignment)
            }
        }
    } else {
        warning("Error in 'remove.intron.pos': alignment passed not as matrix or list. not removing any intron positions.")
        return(alignment)
    }
    #find unique intron positions in alignment
    intron.pos <- NULL
    len.intr <- length(strsplit(intronString, split = "")[[1]])
    for ( i in 1:dim(al)[1] ){ 
        seq <- toupper(paste(al[i,], collapse = ""))
        exons <- strsplit(seq, split = intronString)[[1]]
        if (length(exons) > 1) {  #if an intron marker was detected, record positions
            curr.pos <- 0
            for ( j in 1:(length(exons) -1) ) {
                intron.pos <- c(intron.pos, curr.pos + length(unlist(strsplit(exons[j], split = ""))) +1 )
                curr.pos <- curr.pos + len.intr + length(unlist(strsplit(exons[j], split = "")))
            }
            rm(curr.pos)
        }
        rm(seq)
        rm(exons)
    }
    #now remove introns if there are only gaps, n's and introns at these positions.
    #if non-gap positions are found, do not remove and issue a warning.
    if (length(intron.pos) > 0){
        intron.pos <- sort(unique(intron.pos))
        for (j in 1:length(intron.pos) ){
            intr <- intron.pos[j]
            subSeqs <- apply(al[,intr:(intr + len.intr -1)], 1, paste, collapse = "")
            subSeqs <- subSeqs[-grep(paste(rep("-", len.intr), collapse = ""), subSeqs)]
            subSeqs <- subSeqs[-grep(paste(rep("N", len.intr), collapse = ""), subSeqs)]
            subSeqs <- subSeqs[-grep(intronString, subSeqs)]
            subSeqs <- subSeqs[-grep(paste(c(rep("N", 3), rep("-", len.intr -3)), collapse = ""), subSeqs)]
            subSeqs <- subSeqs[-grep(paste(c(rep("-", len.intr -3), rep("N", 3)), collapse = ""), subSeqs)]
            nbBp <- dim(al)[2]
            if (length(subSeqs) == 0 ){
                if (intr < 2) {
                    al <- al[ ,(intr + len.intr):nbBp]    
                } else if ( intr + len.intr > nbBp ) {
                    al <- al[ ,1:(intr -1)]
                } else {
                    al <- cbind(al[ ,1:(intr -1)], al[,(intr + len.intr):nbBp] )
                }
                intron.pos <- intron.pos - len.intr
            } else {
                warning(paste("    Non-gap positions found in intron ", j, ": ", paste(subSeqs, collapse = " / "), ". not removing intron.", sep = ""))
            }
        }    
    }
    #return as list if it was passed here in that format, or as matrix if passed otherwise
    if (return.as.list) {
        al <- split(al, 1:nrow(al))
        names(al) <- names(alignment)
    } 
    return(al)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# using an exonerate output file, return an alignment of the target sequence (contig or partial contig)
# aligned to the nucleotide reference, using the AA reference as a guide. aa.seqs and nt.seqs need to be named lists of char vectors
# the return alignment contains 2 sequences, the reference nucleotide seq and the contig, both aligned to each other
align.contig.ntRef <- function (exonerate.file, aa.seqs, nt.seqs, remove = "none", mode = "exons.only") {
    exonerate.obj <- read.unaligned.fasta(exonerate.file)
    exonerate.info <- strsplit(names(exonerate.obj), split = " " )
    return.obj <- ""
    for (contigNb in 1:length(exonerate.obj) ){
        query.string <- exonerate.info[[contigNb]][pmatch("query_", exonerate.info[[contigNb]] )]
        query <- gsub("query_", "", query.string)
        if (length(which(names(aa.seqs) == query)) < 1) {
            warning(paste("Error in align.contig.ntRef: no matching reference AA found for '", query, ".", sep = ""))
            break
        }
        aa.refseq <- aa.seqs[which(names(aa.seqs) == query)]
        nt.refSeq <- nt.seqs[which(names(aa.seqs) == query)]
        if (!check.correspondence.aa.nt(aa.Al = t(as.matrix(aa.refseq[[1]])), nt.Al = t(as.matrix(nt.refSeq[[1]])), check.nb.aa = 0, code = "standard", taxon = 1)) {
            warning(paste("Error in get.exonerate.contig-aaRef: unaligned RefAA and RefNT not corresponding. First AAs: '", paste(aa.Al[1,1:10], collapse = ""), "', first NTs: '", paste(nt.Al[1,1:30], collapse = ""), "'. Aborting.", sep = "") )
            break
        } 
        percentID.string <- exonerate.info[[contigNb]][pmatch("percentID_", exonerate.info[[contigNb]] )]
        percent.id <- as.numeric(unlist(strsplit(percentID.string, split = "_"))[2])
        if (remove == "60%id") {
           if ( percent.id < 60.0 ){
              next
           } 
        }
        target.seq <- list(exonerate.obj[[contigNb]])
        names(target.seq)[1] <- names(exonerate.obj)[contigNb]
        #if ( strand == "-") {  #not necessary - target seq as output by exonerate is already RC'ed
        #    target.seq <- reverse.complement(target.seq[[1]])
        #}
        beginQ.string <- exonerate.info[[contigNb]][pmatch("beginQ_", exonerate.info[[contigNb]] )]
        beginQ <- as.numeric(unlist(strsplit(beginQ.string, split = "_"))[2]) +1
        score.string <- exonerate.info[[contigNb]][pmatch("score_", exonerate.info[[contigNb]] )]
        score <- as.numeric(unlist(strsplit(score.string, split = "_"))[2])
        #read vulgar object into a matrix for later interpretation
        vulgar.string <- exonerate.info[[contigNb]][pmatch("vulgar__", exonerate.info[[contigNb]] )]
        vulgar.obj <- read.vulgar(vulgar.string)
        #add leading gaps if needed to target seq
        pos.ref <- 1
        target.seq[[1]] <- c(rep("-", ((beginQ - 1) * 3)), target.seq[[1]])
        pos.target <- ((beginQ - 1) * 3) +1
        for ( i in 1:dim(vulgar.obj)[1] ) {
            nb.aa <- as.numeric(vulgar.obj[i, 2] )
            nb.nt <- as.numeric(vulgar.obj[i, 3] )
            if (vulgar.obj[i, 1] == "M") {    #if this is a Match section, check if aa and nt match, then just move position
                if ( (nb.aa * 3) == nb.nt ){
                    pos.ref <- pos.ref + nb.nt
                    pos.target <- pos.target + nb.nt
                } else {
                    warning("number of aa's in matching section not matching nb of nuc's!")
                }
            } else if (vulgar.obj[i, 1] == "G") {   #if this is a Gap section, add gaps and move cursor accurdingly (no matter if gap is in reference or contig)
                nt.refSeq[[1]] <- c(nt.refSeq[[1]][1:(pos.ref -1)], rep("-", nb.nt), nt.refSeq[[1]][pos.ref:length(nt.refSeq[[1]])] )
                pos.ref <- pos.ref + nb.nt
                target.seq[[1]] <- c(target.seq[[1]][1:(pos.target -1)], rep("-", (nb.aa * 3)), target.seq[[1]][pos.target:length(target.seq[[1]])] )
                pos.target <- pos.target + nb.nt
            } else if (vulgar.obj[i, 1] == "I" || vulgar.obj[i, 1] == "5" || vulgar.obj[i, 1] == "3") { #if this is an intron section, act depending on mode
                if ( mode == "exons.only" ) { #simply remove the intron from the target sequence
                    target.seq[[1]] <- c(target.seq[[1]][1:(pos.target -1)], target.seq[[1]][(pos.target + nb.nt):length(target.seq[[1]])] )
                    #pos remains the same
                } else if ( mode == "introns.marked") {
                    if (vulgar.obj[i, 1] == "I") { #add a 9Ns to mark the intron
                        target.seq[[1]] <- c(target.seq[[1]][1:(pos.target -1)], "NNNNNNNNN", target.seq[[1]][(pos.target + nb.nt):length(target.seq[[1]])] )
                        pos.target <- pos.target + 9
                        nt.refSeq[[1]] <- c(nt.refSeq[[1]][1:(pos.ref -1)], "---------", nt.refSeq[[1]][pos.ref:length(nt.refSeq[[1]])] )
                        pos.ref <- pos.ref + 9
                    } else { #if start or end of intron, don't add anything
                        target.seq[[1]] <- c(target.seq[[1]][1:(pos.target -1)], target.seq[[1]][(pos.target + nb.nt):length(target.seq[[1]])] )
                        #pos remain the same
                    }
                } #other options to add (e.g., if introns should be retained)
            } else {
                warning(paste("unrecognized feature symbol '", vulgar.obj[i, 1], "' found. alignment not successful.", sep = "") )
            }
        }
        #add gaps at the end if contig is shorter than reference
        target.seq[[1]] <- c(target.seq[[1]], rep("-", length(nt.refSeq[[1]]) - length(target.seq[[1]])) )
        #add resulting sequences to return list
        return.obj <- c(return.obj, nt.refSeq, target.seq)
    }
    if(return.obj[1] == "") {
        return.obj <- return.obj[2:length(return.obj)]
    }
    return(return.obj)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# take a list containing pairs of reference sequence + aligned contig, compare to reference alignment (from transcriptomes),
# and create a global alignment. Retain transcriptome reference sequences in the beginning of the return alignment
align.to.reference <- function (seq.pair.list = aligned.contigs.list, ref.alignment = nt.Al, sort.by = "start") {
    nbPairs <- length(seq.pair.list) / 2
    alignment <- ref.alignment
    for ( tax in 1: dim(ref.alignment)[1] ) {
        taxName <- rownames(ref.alignment)[tax]
        if (pmatch("Coleocentrus", taxName, nomatch = 0) >0 ){
            rownames(alignment)[tax] <- "transcriptome_Coleocentrus_excitator"
        } else {
          newTaxName <- strsplit(taxName, split = '|', fixed = T)[[1]][2]
          rownames(alignment)[tax] <- paste("transcriptome_", newTaxName, sep = "")
        }
    }
    for (i in 1:nbPairs ){
        refSeqName <- names(seq.pair.list[(i -1) *2 +1])
        NbInRefAl <- which(rownames(ref.alignment) == refSeqName)

        if (length(NbInRefAl) != 1 ) {
            warning("Reference taxon not found. ERROR")
            break
        } else {
            #get reference sequence from pair and reference from ref.alignment. Add gaps to contig and final alignment
            refSeq.inPair <- seq.pair.list[[(i -1) *2 +1]]
            contigSeq.inPair <- seq.pair.list[[i *2]]
            refSeq.inAl <- alignment[NbInRefAl,]
            gapPos.refInAl <- which(refSeq.inAl == "-")
            gapPos.refInPair <- which(refSeq.inPair == "-")
            gapPos.tot <- sort(c(gapPos.refInAl, gapPos.refInPair) )
            inPair <- is.element(gapPos.tot, gapPos.refInPair )
            inPair[duplicated(gapPos.tot)] <- FALSE  # if duplicates, then only count first as being from refInPair
            if ( length(gapPos.tot) > 0 ) {
                for ( gap in 1:length(gapPos.tot) ){
                    thisGap <- gapPos.tot[gap]
                    if (inPair[gap]) {
                        if ( thisGap == 1) {
                            alignment <- cbind(rep("-", dim(alignment)[1]), alignment[, 1:dim(alignment)[2]] )
                        } else {
                            alignment <- cbind(alignment[ ,1:(thisGap -1)], rep("-", dim(alignment)[1]), alignment[, thisGap:dim(alignment)[2]] )
                        }
                        #add +1 to gap positions in reference
                        gapPos.tot[!inPair] <- gapPos.tot[!inPair] +1
                        gapPos.refInAl <- gapPos.refInAl +1
                    } else { #if gap is in reference, add it to the contig and inPair ref
                        if ( thisGap == 1) {
                            contigSeq.inPair <- c("-", contigSeq.inPair[1:length(contigSeq.inPair)] )
                        } else {
                            contigSeq.inPair <- c(contigSeq.inPair[1:(thisGap -1)], "-", contigSeq.inPair[thisGap:length(contigSeq.inPair)] )
                        }
                        #add +1 to gap positions in pair
                        gapPos.tot[inPair] <- gapPos.tot[inPair] +1
                        gapPos.refInPair <- gapPos.refInPair +1                        
                    }
                }
            }  
            alignment <- rbind(alignment, contigSeq.inPair)
            rownames(alignment)[dim(alignment)[1]] <- names(seq.pair.list)[i *2]
        }
    }
    alignment <- remove.gapOnly(alignment)
    sortValues <- gsub("beginQ_", "", grep("beginQ_", unlist(strsplit(rownames(alignment)[(dim(ref.alignment)[1] +1):dim(alignment)[1]], split = " ")), value = T))
    sortValues <- as.numeric(c(rep(0, dim(ref.alignment)[1]), sortValues))
    alignment <- alignment[order(sortValues),]
    return(alignment)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# reads an underline-delimited 'vulgar' annotation sequence as output from exonerate
# returns a matrix with each feature as a row
read.vulgar <- function(vulgar.string = "vulgar__M_20_60_5_0_2_I_0_67_3_2_M_30_90__") {
    vulgar.string <- gsub("__", "", gsub("vulgar__", "", vulgar.string))
    vulgar <- unlist(strsplit(vulgar.string, split = "_"))
    if ( length(vulgar) < 3 ){
        warning(paste("Error when reading in 'vulgar' portion of exonerate output. read in '", vulgar.string, "'.", sep = ""))
        return(NA)
    }
    nbRows <- length(vulgar) / 3
    vulgar.matrix <- matrix(vulgar, nrow = nbRows, ncol = 3, byrow = T)
    return(vulgar.matrix)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# simple reverse-complement of an input sequence
reverse.complement <- function(sequence) {
    sequence <- sequence[length(sequence):1]
    rc.sequence <- sapply(sequence, complement)
    names(rc.sequence) <- NULL
    return(rc.sequence)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# return complement-base
complement <- function(nuc = "A"){
    if (nuc == "A" || nuc == "a" ) {
        return("T")
    } else if (nuc == "T" || nuc == "t" ) {
        return("A")
    } else if (nuc == "C" || nuc == "c" ) {
        return("G")
    } else if (nuc == "G" || nuc == "g" ) {
        return("C")
    } else if (nuc == "N" || nuc == "n" ) {
        return("N")
    } else if (nuc == "-" ) {
        return("-")
    } else if (nuc == "?" ) {
        return("?")
    } else {
        return("N")
    }
}
# ------------------------------------------------------------------------------------------------------------------------------------
# calculates the pairwise raw distance from amino acid sequences
# returns a matrix with the sequence names in the first two columns and their pairwise dist afterwards
dist.aa <- function (aa.Al) {
    if (!is.matrix(aa.Al)) {
        warning("Error in dist.aa: Alignment is not a matrix. Exiting...")
        return(NA)
    }
    nbs <- dim(aa.Al)[1]
    resMatrix <- matrix(ncol = 3, nrow = ((nbs -1) *nbs /2) , dimnames = list(NULL, c("taxon1", "taxon2", "pwDist")))
    counter <- 0
    for (i in 1:(nbs -1) ){
        for (j in (i+1):nbs){
            counter <- counter +1
            resMatrix[counter, 1] <- rownames(aa.Al)[i]
            resMatrix[counter, 2] <- rownames(aa.Al)[j]
            resMatrix[counter, 3] <- pwdist.aa(aa.Al[i,], aa.Al[j,])
        }    
    }
    return(resMatrix)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# calculates the raw distance between two amino acid sequences
pwdist.aa <- function (seq1, seq2) {
    if (length(seq1) != length(seq2)){
        warning(paste("Error in 'pwdist.aa': sequences not the same length - seq1: ", length(seq1), ", seq 2: ", length(seq2), ". Returning NA...") )
        return(NA)
    }
    seq1 <- tolower(seq1)
    seq2 <- tolower(seq2)
    counter <- 0
    diffs <- 0
    for (i in 1:length(seq1) ){
        if (seq1[i] == "-" || seq2[i] == "-"){
            next
        } else {
            counter <- counter +1
            if (seq1[i] != seq2[i]) {
                diffs <- diffs +1  
            }
        }
    }
    if (counter > 0){
        pw_dist <- diffs / counter
    } else {
        pw_dist <- NA
    }
    return(pw_dist)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# combine two aligned sequences - either if they do not overlap, or using ambiguity codes (todo)
# sequences need to be passed as vectors of characters of the same length
combine.seqs <- function (seq1, seq2, mode = "no.overlap"){
    available.modes <- c("no.overlap", "overlap.equal")
    MODE <- pmatch(mode, available.modes)
    if (is.na(MODE) ){
        warning("ERROR in 'combine.seqs': unknown mode specified, only available modes are 'no.overlap' or 'overlap.equal'!")
        return(NA)
    }
    if (length(seq1) != length(seq2)){
        warning(paste("ERROR in 'combine.seqs': Sequences passed to combine do not match in length: seq 1=", paste(seq1, collapse = ""), "seq 2=", paste(seq2, collapse = ""), sep = "") )
        return(NA)
    }
    if (!is.vector(seq1) || !is.vector(seq2) ){
        warning("ERROR in 'combine.seqs': Sequences not passed in vector format!")
        return(NA)
    }
    newSeq <- rep("-", length(seq1))
    for (i in 1:length(seq1) ){
        if ( seq1[i] == "-" || seq1[i] == "N" ){
            newSeq[i] <- seq2[i]
        } else if (seq2[i] == "-" || seq2[i] == "N"){
            newSeq[i] <- seq1[i]
        } else {
            if (MODE == 1) {
                return(NA)
            } else if (MODE == 2){
                if (seq1[i] == seq2[i] ){
                    newSeq[i] <- seq1[i]
                } else {
                    return(NA)   
                }
            }
        }
    }
    return(newSeq)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# read in a fasta file with AA sequences which are NOT aligned (w/o gaps)
# sequence identifiers are stored as list names, sequences as vectors of mode character 
# Phangorn's read.aa only works with alignments (creates matrix)
read.unaligned.fasta <- function(filename = "aa_unal.fa") {
  lines <- readLines(con = filename)
  nbSeqs <- length(lines) / 2
  sequence.obj <- strsplit(lines[2], split = "")
  names(sequence.obj)[1] <- gsub(">", "", lines[1])
  if ( nbSeqs > 1 ){
    for (i in 2:nbSeqs) {
      sequence.obj <- c(sequence.obj, strsplit(lines[i *2], split = "") )
      names(sequence.obj)[i] <- gsub(">", "", lines[i *2 -1])
    }
  }
  return(sequence.obj)
}
# ------------------------------------------------------------------------------------------------------------------------------------
# need to write own function because phangorn only writes nt files in Fasta
write.FASTA <- function(alignment.matrix, file, taxon.names, append = F) {
    nbTaxa <- dim(alignment.matrix)[1]
    for (i in 1:nbTaxa) {
        if ( !append && i == 1){
            write(paste(">", taxon.names[i], sep = ""), file = file, append = F)
            write(toupper(paste(alignment.matrix[i, ], collapse = "")), file = file, append = T)
        } else {
            write(paste(">", taxon.names[i], sep = ""), file = file, append = T)
            write(toupper(paste(alignment.matrix[i, ], collapse = "")), file = file, append = T)
        }
    }
}
# ------------------------------------------------------------------------------------------------------------------------------------
#writes unaligned sequences to fasta (need to be transfered to the function as a list)
write.unalignedSeqs.FASTA <- function(seq.list, filename = "seqs.fasta", append = F) {
    for ( i in 1:length(seq.list) ) {
        if ( !append && i == 1){
            write(paste(">", names(seq.list)[i], sep = ""), file = filename, append = F)
            write(toupper(paste(seq.list[[i]], collapse = "")), file = filename, append = T)
        } else {
            write(paste(">", names(seq.list)[i], sep = ""), file = filename, append = T)
            write(toupper(paste(seq.list[[i]], collapse = "")), file = filename, append = T)
        }
    }
}
----------------------------------------------------------------------------------------------------------------------------------------
