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                Getting Started
   Step 1. Read HAPMIX paper (Price et al. 2009 PLoS Genet).
   Step 2. Download HAPMIX software.
   Step 3. Run toy program: example.pl in main software directory.
   Step 4. Choose your own input files, output formats, model parameters
   (see below).
   New In This Version
     * 
       Filtering Markers: Added a functionality which will automatically
       look for flipped markers, and discard the outliers based on a
       t-test. The test compares the allele frequency of the African
       Americans; with one calculated based on a 20% European, 80%
       African combination. This test assumes that the parameters
       REFPOP1GENOFILE, and REFPOP2GENOFILE (see below) will be European
       and African genotype files respectively, in the format specified
       below. Added a new parameter ADMIXINDFILE for this test (see
       below). This script will overwrite the original admixed genotype
       and markers files (if removing any markers), creating a copy of
       those in the same folder, naming them as follows:
       ADMIXGENOFILE.ORIG and ADMIXSNPFILE.ORIG .
   Note: This test assumes that we are using the entire data set for a
   particular chromosome, i.e. all the samples, and will give spurious
   results if tested on partial data.
     * 
       Interpolating Local Ancestry Estimates: Added a script which will
       take as input: SNP and corresponding local ancestry file (in any
       HAPMIX output format); and a SNP file of a superset of markers;
       and will output a local ancestry file in the same HAPMIX output
       format at the superset of markers. The format of the SNP files
       should be as specified in the Input files Section below and the
       users should make sure that they are on the same genome build. The
       syntax for this script is as follows:
   “perl bin/interpolateSNPs.pl insnpfile outsnpfile inancfile
   outancfile”
     * 
       Based on our preliminary simulations, we recommend raising the
       mutation rate parameter by a factor of 10 when running HAPMIX on
       1000G or comparable resequencing data, as this seems to largely
       alleviate a degradation in HAPMIX performance at the default
       mutation rate parameter value that may be due in part to different
       properties of resequencing data.
   Running the HAPMIX software
   Syntax is “runHapmix.pl file.par”, where runHAPMIX.pl is a PERL
   driving script and file.par is a parameter file. The toy program
   example.pl employs this syntax.
   Input files (See examples/ directory and parameter file example.par)
   Phased data from reference populations (e.g. CEU and YRI):
   Genotype files for one chromosome in phased-EIGENSTRAT format (1 line
   per SNP):
   Specified using parameters REFPOP1GENOFILE, REFPOP2GENOFILE
   Examples are CEUgenofile.22 and YRIgenofile.22
   Each line contains 2 columns per individual (00 or 01 or 10 or 00)
   corresponding to the 1st and 2nd phased haplotype respectively.
   e.g. for 4 samples and 2 SNPs we could have:
   01110000
   01000100
   SNP files for one chromosome in EIGENSTRAT format (1 line per SNP):
   Specified using parameters REFPOP1SNPFILE, REFPOP2SNPFILE
   Examples are CEUsnpfile.22 and YRIsnpfile.22
   1st column is SNP name
   2nd column is chromosome. Use X for X chromosome.
   3rd column is genetic position (in Morgans)
   4th column is physical position (in bases)
   Optional 5th and 6th columns are reference and variant alleles
   Note: The SNP files for both the parental populations must be the same
   else the program will give an error message and not run.
   Unphased data from admixed population (e.g. AA):
   Genotype file for one chromosome in EIGENSTRAT format (1 line per
   SNP):
   Specified using parameter ADMIXGENOFILE
   Example is AAgenofile.22
   Each line contains 1 column per individual (0, 1, 2 or 9 where 9 is
   missing data)
   e.g. for 4 samples and 2 SNPs we could have
   0192
   1120
   SNP file for one chromosome in EIGENSTRAT format (1 line per SNP, see
   above)
   Specified using parameter ADMIXSNPFILE
   Example is AAsnpfile.22
   Note: The SNP file for the admixed population must be a subset of the
   parental SNP file else the program will give an error message and not
   run.
   Individual file for the admixed samples:
   Specified using parameter ADMIXINDFILE
   Example is AA.ind, note the 3rd column can be Case/ Control/
   population label.
   Recombination rate file for one chromosome:
   Specified using parameter RATESFILE
   Example is rates.22
   Line 1 is “:sites:nSNP” where nSNP is number of SNPs
   Line 2 is list of physical positions (space-delimited)
   Line 3 is list of genetic positions in centiMorgans (space-delimited).
   Note this should be specified to a high degree of accuracy upto 6-8
   decimal positions, to avoid getting spurious results.
   e.g. for 3 SNPs we could have
   :sites:3
   7888 9800 10000
   0.0004231 0.0005111 0.0009432
   Output formats
   Output formats are determined by the following parameters in the
   parameter file:
   SITE_POSITIONS: Specifies which positions to do inference for.
   The default value for this parameter is 1 1000000000.
   GENOTYPE: Specifies whether input is in diploid format.
   The default value for this parameter is 1.
   OUTPUT_SITES: Specifies whether to print physical positions with
   output.
   The default value for this parameter is 0.
   HAPMIX_MODE: Specifies mode in which to run HAPMIX.
   The default value for this parameter is LOCAL_ANC, see Table 1 for
   details.
   Other values are SAMPLE_RANDOM_PATHS, DIPLOID, HAPLOID.
   OUTPUT_DETAILS: Specifies output format.
   The default value for this parameter is PROB, see Table 1 for details.
   THRESHOLD: Specifies threshold used for rounding in some output
   formats.
   The default value for this parameter is 0.0.
   OUTDIR: The directory into which output files will be placed.
   CHR: Chromosome number. This is the chromosome on which Hapmix will be
   run.
   ADMIXPOP: Admixed population. Needed to construct output file names.
   KEEPINTFILES: Specifies whether to keep intermediate output files.
   The default value for this parameter is 0, so that intermediate files
   are not kept.
   Model parameters (see HAPMIX paper for details)
   THETA: average proportion of ancestry from population 1
   LAMBDA: average number of generations since admixture
   RECOMBINATION_VALS: recombination parameters for population 1 and
   population 2
   MUTATION_VALS: mutation parameters for population 1 and population 2
   and miscopied population
   MISCOPYING_VALS: miscopying parameters for population 1 and population
   2
   Running time and parallelization
   The user will likely want to call runHAPMIX.pl with a command such as
   bsub or qsub.
   Running time is on the order of a few minutes per sample per
   chromosome.
   The default is to run each chromosome separately but all samples
   together.
   For large data sets (e.g. 1000 samples), we recommend parallelizing
   across samples.
   The way to do this is to create subsets of the data with ~100 samples
   per subset.
   To avoid overwriting output files, a different value of ADMIXPOP
   should be used for each subset of the data, e.g. AA1 AA2 etc.
   Log likelihood
   The user may wish to know the log likelihood corresponding to the
   choice of model parameters (see HAPMIX paper). This information is
   stored in an output file. In the example, the name of this output file
   is loglhood.AA.LOCALANC.22.
   X chromosome
   For X chromosome data the female samples will be run in the diploid
   mode (GENOTYPE:1), and the male samples will be run in the haploid
   mode (GENOTYPE:0).
   The user will need to make 2 different sets of files for the admixed
   samples, and then run it in the appropriate mode.
   Table 1. Choice of HAPMIX_MODE and OUTPUT_DETAILS. Most users will
   want to use the default values (see above), but we list here the set
   of all possible choices.
   HAPMIX_MODE
   ===========
   OUTPUT_DETAILS
   ==============
   NOTES
   =====
   FILENAME
   ========
   LOCAL_ANC
   PROB
   3 column probability
   $admixpop.LOCALANC.$n.$chr
   (probability of 2 / 1 / 0 copies from POP1 for each sample $n, and
   chromosome $chr)
   LOCAL_ANC
   ANC_INT_THRESH
   local ancestry
   using threshold
   on probability
   $admixpop.LOCALANC.ANCINTTHRESH.$chr
   (2, 1 or 0 copies from POP1, or 9 for unknown for each chromosome
   $chr, and all samples in EIGENSTRAT format)
   LOCAL_ANC
   ANC_INT_SAMPLE
   Sampling local ancestry
   $admixpop.LOCALANC.ANCINTSAMPLE.$chr
   (2, 1 or 0 copies from POP1 for each chromosome $chr, and all samples
   in EIGENSTRAT format)
   LOCAL_ANC
   ANC_EXPECTED
   local ancestry calculated using the 3 probabilities
   $admixpop.LOCALANC.ANCEXP.$chr
   (continuous-valued expected # copies from POP1 for each chromosome
   $chr, and all samples in EIGENSTRAT format)
   SAMPLE_RANDOM_PATHS
   SAMPLE_RANDOM_PATHS
   sampled local ancestry
   $admixpop.SAMPRANPATH.ANCINTSAMP.$chr
   (2, 1 or 0 copies from POP1 for each chromosome $chr, and all samples
   in EIGENSTRAT format)
   SAMPLE_RANDOM_PATHS
   HAPLOID_FILES
   2 ancestry and
   2 genotype files in EIGENSTRAT format
   $admixpop.SAMPRANPATH.ANCHAP1.$chr
   $admixpop.SAMPRANPATH.ANCHAP2.$chr
   $admixpop.SAMPRANPATH.GENOHAP1.$chr
   $admixpop.SAMPRANPATH.GENOHAP2.$chr
   DIPLOID
   PROB
   16 column probabilities
   $admixpop.DIPLOID.$n.$chr
   (probabilities of all 2^4 values of anc & geno for each sample $n, and
   chromosome $chr)
   DIPLOID
   HAPLOID_FILES
   2 ancestry and
   2 genotype files
   using threshold
   on probability in EIGENSTRAT format
   $admixpop.DIPLOID.ANCHAP1.$chr
   $admixpop.DIPLOID.ANCHAP2.$chr
   $admixpop.DIPLOID.GENOHAP1.$chr
   $admixpop.DIPLOID.GENOHAP2.$chr
   HAPLOID
   PROB
   4 column probabilities
   $admixpop.HAPLOID.$N.$CHR
   (probabilities of all 2^2 values of anc & geno for each sample $n, and
   chromosome $chr)
   HAPLOID
   ANC_PROB
   1 column probability
   $admixpop.HAPLOID.ANCPROB.$CHR
   (probability of 1 copy from POP1 for each chromosome $chr, and all
   samples in EIGENSTRAT format)
   HAPLOID
   ANC_INT_THRESH
   local ancestry
   using threshold
   on probability
   $admixpop.HAPLOID.ANCINTTHRESH.$CHR
   (1 or 0 copies from POP1, or 9 for unknown for each chromosome $chr,
   and all samples in EIGENSTRAT format)
   HAPLOID
   ANC_INT_SAMPLE
   sampling local ancestry
   $admixpop.HAPLOID.ANCINTSAMPLE.$CHR
   (1 or 0 copies from POP1 for each chromosome $chr, and all samples in
   EIGENSTRAT format)
   HAPLOID
   HAPLOID_FILES
   1 ancestry and
   1 genotype file
   using threshold
   on probability in EIGENSTRAT format
   $admixpop.HAPLIOD.ANCHAP.$CHR
   $admixpop.HAPLIOD.GENOHAP.$CHR
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