Users Manual for HI (Haplotype Improver) v.0.1
HI (Haplotype Improver) is a tool written in Java to improve the haplotype reconstructions of existing phasing tools. 
1. General algorithms  
Firstly, we look for the pair-end reads carrying two heterozygote SNPs for every individual. To promptly facilitate the calculation, we designed two levels of hash tables. The first level is a hash table to store all the locations of heterozygote SNPs of a given individual so that we can scan all the reads from the alignment file to pick up informative reads. Let us say m is the number of the heterozygotes. The second level of hash tables, initially, is m hash tables where each table stands for a heterozygote. If the pair-end reads tell us that two alleles belong to SNP i and SNP j are in the same gamete, we collapse the two hash tables that i and j stay and record the corresponding haplotype of this combined region (please notice that it is not necessary to be a continues region because we may have another heterozygote k locating in between i and j).  Finally, after all the mapped reads have been scanned, there should be m’ (m’ ≤ m) hash tables remained in which each table stands for a block of haplotype (again, the “block” is not necessary to be a piece of continues region at physical genome).  
Next, we check the inconsistency between those block information and the results provided by anther phasing tools. By inconsistency, we mean that the alleles supposed to share the same haplotype are mistaken distributed to two gametes by the phasing tool. Precisely speaking, we have alleles {a1, a2, … , as} in a block, but the phasing results mistaken them into two gametes: let us say {a1, … , at} in one gamete and {at+1, … , as} in the other. Most phasing tools will provide the confidence score of the heterozygotes they phased. Using those scores, when the inconsistency is reported, we calculate the ratio defined as below:
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 where pi is the score of ai   
HI moves {a1, … , at} to the chromosome of {at+1, … , as} when r>1, and move {at+1, … , as}  to the chromosome of {a1, … , at} when r<1. In case r=1, HI will do nothing and report that there is an inconsistency. The intuition behind the ratio is that the gamete carrying the partition with less number of SNPs will be treated as less likely to be the right one. In case the numbers of both partitions are the same, the one with higher confidence will be the right destination. In PHASE, we have the scores of each heterozygotes, therefore can assign the pi accordingly. On the other hand, we don’t have such scores in fastPHASE. So HI will assign all pi as 1.0. In case the data quality is low, there may be inconsistencies between multiple paired-end reads. In this situation, HI will not take any action.    
The adjusted haplotypes of the sample will be reported in another file.
The time complexity of this algorithm is linear to the number of reads and the space complexity is linear to the sum of heterozygotes of all individuals. Comparing with the time consuming sampling process of phasing tools, the time overhead added by HI is a small proportion affordable for the phasing tool users. At the same time, if the user can run phasing tools, her/his RAM can afford HI.
2. Run the program
HI will support the two major haplotype reconstruction tools: PHASE and fastPHASE. As for the mapping tool, for the time being HI only support SSAHA Cigar files. But soon will be transferred to support SAM format which is mapping tool independent. If you are not an existing SSAHA user, but would like to try HI now, please refer http://sanger.ac.uk/software/analysis/SSAHA2. For the time being, the users of HI need to prepare the following files: 
(1) SNP files of all individuals in SSAHA_pileup SNP calling format. 
(2) Cigar files of all individuals in SSAHA CIGAR alignment format. 

(3) Reads files of all individuals in fastq format.
(4) PHASE (or fastPHASE) output file. 
Please notice the following comments:

Files (1)-(3) can all be generated when running the SSAHA and SSAHA_pileup. However, because of the potential false positives of default SSAHA SNP calling, the users may want to do some filtering according the SNP scores, coverage, etc. In the Cigar result of SSAHA2 program, one read may show up multiple times if it can be mapped to multiple places with equal mapping qualities. However, SSAHA_pileup program will handle this and make the final decision and generate an updated Cigar file in which every reads show up at most once. HI will make use of this file. The fastq file is NOT the raw reads file. Instead, it is the fastq file generated during SSAHA_pileup running in which the reads are listed in the same order of the corresponding Cigar file.
The naming of files (1)-(3) must be n.snp, n.cigar, and mappedn.fastq, where n is the individual number starting from 0 and ending to sample size minus one. PHASE (and fastPHASE) will provide a few output files. Here HI will process the main one with best haplotype guesses. 
When all the above files are ready, please put them in the same directory, say my_dir, and type:

java –Xmx1000m –jar HI.jar –d <my_dir/> -n <sample_size> –t <type_of_phasing_tool> -p <phasing_output> 

Where the options are explained below:
(1) –Xmx1000m specifies the memory to be used is 1000m. Please modify it according to the magnitude of your application and your resource. 
(2) –d specifies the directory of the files prepared. Please notice that if one is using Windows operating system, the directory name should be <my_dir\\>, whereas for Linux, the option should be <my_dir/> 

(3) –t can be specified as “PHASE” or “fastPHASE”. The result will be available in the new file phasing_output.hi.
(4) –p specifies the output file name of phasing tool.  
3. Understanding outputs 

3.1 Output to screen during run

The output to screen during the program running could be explained as below:

(1) When HI is scanning the fastq and cigar files, the detailed information of pair-end read enabling us to identify the relationship of heterozygotes will be printed to the screen.
(2) When HI is improving the phasing results, the changed places and the supporting probabilities will be printed out. In case there are inconsistency, but HI can not decide how to change it, a line of “Inconsistent, but can't decide” will be printed out. 

3.2 Output files
The most important output file is the phasing_output.hi where “phasing_output” is the name of original phasing output file. Besides this file, HI also generates the following files:

(1) snp_file.txt: a standard PHASE (also applies for fastPHASE) input file according to HI’s understanding of input SNP files. Users can compare this with their own PHASE input file when there is some problem.

(2) block_file.txt: a file containing all the haplotype blocks based on pair-end information.

(3) Other files for single individuals. They will be useful for debugging only in the case there is some problem when running the program.   

Please find the HiExample.tar.gz as the sample files described above at the same ftp where the users can download this users manual. 
4. Contacts
Quan Long ql2@sanger.ac.uk.  
Date : 24, April, 2009. 
_1301225329.unknown

