

    
      
          
            
  
Run_sspace-longread: an optimized edition of SSPACE-LongRead

Run_sspace-longread is an optimized edition of SSPACE-LongRead.
We use the software mecat and minimap2 to align the raw Pacbio
reads to the assembled contigs or scaffold insteading of blasr.
Both of them have a higher efficiency than the software blasr,
which is nearly 10 times faster.

Run_sspace-longread is free for academic and non-profit use
(see License).

对于Run_sspace-longread, 采取mecat和Minimap2替换的版本, 可以下其中文文档 Chinese document [https://raw.githubusercontent.com/xuguoliang1/Run_sspace-longread/master/source/Run_sspace-longread_v1.4_document.pdf]
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Run_sspace-longread pipeline. The workflow using long read sequence information to construct longer scaffolds






















          

      

      

    

  

    
      
          
            
  
Installation


System requirements


	Linux platform







Installation from zip distribution

To install Run_sspace-longread just type the following commands:

tar zxvf Run_sspace-longread.tar.gz
#All dependency packages exist








Installation by yourself


	download and install latest distributaion of MECAT [https://github.com/xiaochuanle/MECAT]


	download and install latest distributaion of minimap2 [https://github.com/lh3/minimap2]


	download and install latest distributaion of SSPACE-LongRead [https://www.baseclear.com/services/bioinformatics/basetools/]










          

      

      

    

  

    
      
          
            
  
Quick start


Overview

Run_sspace-longread workflow consists of three main processing steps:


	Prepare: Merging pacbio raw reads in fasta format


	Filter or Split: Filterring the sequence longer than 100k, which will cause an error (Segmentation Fault), for mecat alignment, or splitting sequences for blasr alignment


	Align: Alignment using blasr, mecat or minimap2


	Scaffold: Linking the contigs using all the pacbio reads having more than 1 alignment


	Clean Deleting big intermediate files.




Run_sspace-longread supports the following formats of sequencing data: fasta, fastq, fastq.gz.




Basic parameters

There are many parameters that user can change to adapt Run_sspace-longread for particular needs. While all these parameters are optional there is a set of parameters that are worth considering before running the analysis:


	--list sets the fasta file list of pacbio reads in absolute path. Required.


	--ref sets the fasta file of pre-assembled contig or scaffold. Required.


	--out sets the output file. default current directory (./).


	--ali sets the way of alignment (mecat|blasr|minimap2, default:mecat):



	mecat (default) is generally suitable for majority of use cases. Applied on the alignment stage. Choice of the value for this parameter depends on the sequencing platform of library, and pacbio data is better than nanopore which generate partial reads longer than 100Kbp causing a running error (Segmentation fault).


	minimap2 is suitale for reads longer than 100k at comparable speed with mecat, Choice of the value for this parameter will be better for nanopore data.


	blasr is slower than the above two methods and consume more computing resources.









	
	--step set the running steps(01234), default 0123.

	
	step00: Merging pacbio raw reads in fasta format.


	step01: Filterring the sequence longer than 100k, which will cause an error (Segmentation Fault), for mecat alignment, or splitting sequences for blasr alignment.


	step02: Alignment using blasr, mecat or minimap2.


	step03: Linking the contigs using all the pacbio reads having more than 1 alignment. step04: Deleting big intermediate files.












The following sections describes common use cases




Default workflow


小技巧

Parameters used in this example are suitable for analysis of all alignment ways, (mecat, minimap and blasr).



Run_sspace-longread can be used with the default parameters in most cases by executing the following sequence of commands:

> perl Run_sspace-longread.pl \
      --list lib.list \
      --ref contig.fasta \
      --ali mecat \
      --step 0123

... Mecat alignments

> perl SSPACE-LongRead.review.pl \
      --list lib.list \
      --ref contig.fasta \
      --ali minimap2 \
      --step 023

... minimap2 alignments

> perl SSPACE-LongRead.review.pl \
      --list lib.list \
      --ref contig.fasta \
      --ali blasr \
      --step 0123

... blasr alignments











          

      

      

    

  

    
      
          
            
  
Examples


Run_sspace-longread using mecat alignment


	Prepare SSPACE-Long input file, merging all pacbio raw reads:





> cat *.subreads.fasta >pacbio.merge.subreads.bam.fasta









	Filter the sequence longer than 100Kbp:





> perl length_filter.pl \
    --infile *.subreads.fasta \
    --len 100000 \
    --out 01.filter_reads









	Align pacbio reads to reference genome parallelly using mecat and change the mecat output to blasr m1 format:





> mecat2ref \
            -d *.subreads.fasta.less100000.fa \
            -r ref.fa \
            -w 02.mecat_alignment/wrk_dir.1 \
            -o 02.mecat_alignment/mecat2ref.1.out \
            -t 16 -m 1 -x 0

 > perl change_alignment_mecat_to_blasr.ID.pl \
            --query query.fasta \
            --mecat_out mecat2ref.out \
            --out macat_to_blasr.out









	Scaffold the contigs using all the pacbio reads having more than 1 alignment:





> perl SSPACE-LongRead.pl \
            -c  ref.fa \
            -p  pacbio.merge.subreads.bam.fasta \
            -s  1 \
            -b PacBio_scaffolder_results











Run_sspace-longread using minimap2 alignment

Before the alignment of minimap2, the filer step is unnecessary. Run_sspace-longread pipeline using minimap2 alignment has the same way in Prepare and Scaffold with mecat, so we only display Align.


	Align pacbio reads to reference genome parallelly using minimap2 and change the minimap2 output to blasr m1 format:





> minimap2 -cx map-pb ref.fa \
            *.subreads.fasta \
            -t 8 >*.subreads.fasta.paf \
    & minimap2 -ax map-pb ref.fa \
            *.subreads.fasta \
            -t 8 >*.subreads.fasta.sam

 > perl change_alignment_minimap2_to_blasr.ID.pl \
            --sam *.subreads.fasta.sam \
            --paf *.subreads.fasta.paf \
            --out *.subreads.fasta.alignment.out











Run_sspace-longread using blasr alignment


	Prepare SSPACE-Long input file, merging all pacbio raw reads:





> cat *.subreads.fasta >pacbio.merge.subreads.bam.fasta









	Split the pacbio reads per 1G and construct a precomputed suffix array for faster startup:





> sawriter ref.sa ref.fa

> faSplit -verbose=2 about \
            pacbio.merge.subreads.bam.fasta 1000000000 \
            01.read_split/ 2>&1 | \
            awk '{print $2}' > readsCut.list









	Align pacbio reads to reference genome parallelly using blasr:





> blasr *.fa ref.fa \
            -sa ref.sa \
            -nproc 8 \
            -minMatch 5 \
            -bestn 10 \
            -noSplitSubreads \
            -advanceExactMatches 1 \
            -nCandidates 1 \
            -maxAnchorsPerPosition 1 \
            -sdpTupleSize 7 \
            -out *.fa.m4









	Scaffold the contigs using all the pacbio reads having more than 1 alignment:





> perl SSPACE-LongRead.pl \
            -c  ref.fa \
            -p  pacbio.merge.subreads.bam.fasta \
            -s  1 \
            -b PacBio_scaffolder_results














          

      

      

    

  

    
      
          
            
  
Results


Compared SSPCAE-Longread result

The SSPACE-Longread results for the 700M genome using 100X pacbio raw data.












	Title

	Total_length

	Total_number

	Average_length

	Max_length

	N50_length

	N50_number





	origin

	639825632

	999

	640466

	16181927

	2882448

	69



	blasr

	642116045

	587

	1093894

	33856258

	5548795

	32



	mecat

	642884676

	414

	1552861

	24217045

	7946167

	24



	minimap2

	641969645

	629

	1020619

	23023348

	5494316

	33



	mecat_v3

	642456360

	377

	1704128

	33365141

	9881326

	19



	minimap2_v3

	641923953

	627

	1023802

	21763267

	5470150

	34






v3: the result of v1.3, which is revised the alignment position in minus strand.




Compared speed

In order to compare running speed, we align 8G raw pacbio to refence genome using blasr, mecat and minimap2 with 8 CUP, respectively.








	Software

	Time





	blasr

	2h26min



	mecat

	34min



	minimap2

	33min












Working directory structure
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Pipeline directory structure
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Release Notes


version 1.4 March 21, 2018

integrate all the scripts in one main perl program and deliver our pipeline and document.




version 1.3 March 13, 2018

fixed a bug about the minus strand position change in mecat and minimap2 alignment.




version 1.2 March 2, 2018

test minimap2 alignment for Run_sspace-longread.




version 1.1 February 26, 2018

test mecat alignment for Run_sspace-longread.







          

      

      

    

  

    
      
          
            
  
License

Copyright (c) 2018-2019, Xu guoliang, Novogene, China
(here and after addressed as Inventors)
All Rights Reserved

Permission to use, copy, modify and distribute any part of this program for
educational, research and non-profit purposes, by non-profit institutions
only, without fee, and without a written agreement is hereby granted,
provided that the above copyright notice, this paragraph and the following
three paragraphs appear in all copies.

Those desiring to incorporate this work into commercial products or use for
commercial purposes should contact the Inventors using one of the following
email addresses: xuguoliang@novogene.com

IN NO EVENT SHALL THE INVENTORS BE LIABLE TO ANY PARTY FOR DIRECT, INDIRECT,
SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, INCLUDING LOST PROFITS,
ARISING OUT OF THE USE OF THIS SOFTWARE, EVEN IF THE INVENTORS HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

THE SOFTWARE PROVIDED HEREIN IS ON AN “AS IS” BASIS, AND THE INVENTORS HAS
NO OBLIGATION TO PROVIDE MAINTENANCE, SUPPORT, UPDATES, ENHANCEMENTS, OR
MODIFICATIONS. THE INVENTORS MAKES NO REPRESENTATIONS AND EXTENDS NO
WARRANTIES OF ANY KIND, EITHER IMPLIED OR EXPRESS, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, OR THAT THE USE OF THE SOFTWARE WILL NOT INFRINGE ANY
PATENT, TRADEMARK OR OTHER RIGHTS.
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