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RNFtools manual

This is the manual of RNFtools, an associate software package for Read Naming Format (RNF).
RNF specification and other information can be found on http://karel-brinda.github.io/rnftools/.

Contact: karel.brinda@univ-mlv.fr


Publication


	K. Břinda, V. Boeva, G. Kucherov. RNF: a general framework to evaluate NGS read mappers. arXiv:1504.00556 [http://arxiv.org/pdf/1504.00556.pdf] [q-bio.GN], 2015.
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1. Introduction

RNFtools is an associate software package for RNF [http://github.com/karel-brinda/rnf-spec/], a generic format for assigning read names of simulated
Next-Generation Sequencing reads. The format aims to remove dependency of evaluation tools of read mappers
on the used read simulators. RNFtools consist of two principal parts:


	MIShmash - a tool for simulating NGS reads in RNF format using existing simulators.

	LAVEnder - a tool for evaluation of NGS read mappers using simulated reads in RNF format.



Technically, the entire RNFtools package is based on SnakeMake [http://bitbucket.org/johanneskoester/snakemake], a Make [http://www.gnu.org/software/make]-like Python [http://python.org]-based software
developed primarly for creating bioinformatics pipelines. Basic usage of RNFtools is easily
comprehensible from examples [http://github.com/karel-brinda/rnftools/tree/master/examples]. For advance pipelines (e.g., simulating NGS reads + mapping + NGS mapper
evaluation in a single pipeline), some basic knowledge of Python is recommended.

RNFtools have few unique features:


	All required software and data files are installed fully automatically (using the SMBL [http://github.com/karel-brinda/smbl/] library).

	Created pipelines are fully reproducible and they can be distributed as single SnakeMake files.




1.1. How to start with RNFtools

First we recommend to start with `tutorial`_ which demonstrates how to install RNFtools and how to use it. If anything is not clear, please look into `FAQ`_ if the answer already exists. If not, use the RNFtools mailing list.




1.2. Have you found a bug?

Please, report it as a GitHub ticket [http://github.com/karel-brinda/rnftools/issues]. We will try to correct it as soon as possible.
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2. Tutorial



	2.1. Installation

	2.2. Hello world!

	2.3. Read simulation

	2.4. Mapper evalution
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2.1. Installation


2.1.1. Requirements

Requirements for basic installation of RNFtools.


	Unix-like operating system (Linux, MacOS, etc.).



	Python [http://python.org] 3.2+.



	If not installed yet, it can be downloaded it from https://www.python.org/downloads/.











2.1.1.1. Additional requirements

RNFtools is installing all required programs on fly when requisted. Some needed libraries are required for successful compilation. If some of the libraries is missing, a problem will not occur during installation of RNFtools but during execution of RNFtools scripts.

On Linux


	GCC 4.7+

	zlib library.



On OSX


	XCode.



	pdflib library. It can be installed by brew install pdflib-lite.



	RNFtools use PNG and PDF GnuPlot terminals which cannot compiled without this library.















2.1.2. Installation using PIP

On most of machines, RNFtools can be installed using PIP [http://pip.pypa.io/en/latest/installing.html] by

pip install rnftools





If this command does not work, check if PIP3 is installed in your system (the command may have a slightly different name, e.g., pip3, pip-3, pip3.4, pip-3.4). If not, install PIP by instructions on https://pip.pypa.io/en/latest/installing.html and repeat the previous step.

Upgrade to the newest version can be done by PIP [http://pip.pypa.io/en/latest/installing.html], too.

pip install --upgrade rnftools








2.1.3. Installation using Easy Install

You can install RNFtools also using Easy Install [http://pypi.python.org/pypi/setuptools]:

easy_install rnftools








2.1.4. Installation from GIT

If you want to install RNFtools directly from GIT repository [http://github.com/karel-brinda/rnftools], enter these commands:

git clone git://github.com/karel-brinda/rnftools
cd rnftools
./install.sh
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2.2. Hello world!

In this chapter we show how to create and use RNFtools on a Hello world example. Little knowledge
of Python can be helpful but it is not required.

RNFtools is based on Snakemake, a Python-based Make-like build system. You create
simple configuration Python scripts and RNFtools subsequently creates a set of rules to be run by Snakemake.
The rules can be then executed in a single thread, in parallel (--cores Snakemake parameter), or on a
cluster. For more details about Snakemake, please see its documentation.

This approach enables creating big and reproducible pipelines, easy for sharing (you just publish
you configuration script).

Every RNFtools script consists of three parts:

	1
2
3
4
5
6
7
8
9

	# 1) importing rnftools Python package
import rnftools

# 2) your Python code will be located here
print("Hello world!")

# 3) including Snakemake rules created by RNFtools and defining the main Snakemake rule (declaring which files are requested)
include: rnftools.include()
rule: input: rnftools.input()







As it has been mentioned in comment, all your code must be inserted into part 2. Now save this file with name Snakefile and run

snakemake





in that directory. Nothing will happed, only your “Hello world” message and few informative messages will
be printed.
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2.3. Read simulation

In this chapter we show how to simulate reads in basic simulation. For this task, component called MIShmash is used.


2.3.1. Basic example

First let us show how to simulate reads from a single genome (saved in a FASTA file) using a single simulator. Then a
corresponding RNFtools configuration script can look as follows:

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14

	import rnftools
import smbl

rnftools.mishmash.sample("simple_example",reads_in_tuple=1)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
)

include: rnftools.include()
rule: input: rnftools.input()







Lines 1, 2, 13, 14 were already described in the previous chapter. Function rnf.mishmash.sample on line 4 initializes a new sample of simulated “single-end reads”. When a new instance of rnftools.mishmash.ArtIllumina is created on line 6, it is automatically registered to the last created sample. This class is used for simulating reads by Art Illumina read simulator. The parameters signalize parameters of the simulation: fasta is the reference file, number_of_read_tuples sets number of simulated read tuples, and  read_length_1 and read_length_2 indicate lengths of simulated reads.

Within RNF framework, a single simulated unit is a read tuple which consists of one or more reads. For more details, see the RNFtools paper. read_length_2=0 implies “single-end” simulation (in our notation: single read in every read tuple).

In our code, we use also SMBL library (import on line 2, usage on line 7) for automatic download of an example of a reference genome (SMBL library is also internally used by RNFtools for automatic installation of all employed programs). You can change the fasta parameter to some existing FASTA file, e.g., fasta="reference.fa".

Let us run snakemake. All employed programs are automatically downloaded and compiled (by the SMBL library).
An example of a reference is downloaded. Finally reads are simulated and you obtain final simple_example.fq file with simulated reads.

All programs were installed into ~/.smbl/bin/ and the example of a FASTA file to ~/.smbl/fa/. These are default output directories for the SMBL library.

RNFtools can work with more read simulators and usage of all of them is very similar. However there exist some differences between their interfaces. Full documentation of simulators with all parameters is available in Reference/MIShmash.




2.3.2. Simulation of ‘paired-end’ reads

To simulate “paired-end reads” (i.e., read tuples of two reads), two minor changes must be done in the original Snakefile. First, rnftools.mishmash.sample must be called with reads_in_tuple=2, then length of second read of a tuple must be set to a non-zero value.

Then the final Snakefile can be:

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14

	import rnftools
import smbl

rnftools.mishmash.sample("simple_example",reads_in_tuple=2)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=100,
)

include: rnftools.include()
rule: input: rnftools.input()










2.3.3. Different simulator

To change simulator in our example, just replace rnftools.mishmash.ArtIllumina by class of another simulator, e.g., rnftools.mishmash.ArtIllumina. Parameters as fasta, read_length_1, read_length_2, and number_of_read_tuples are shared by all of them.

When you are changing the used simulator, be aware of these limitations:


	CuReSim supports only “single-end reads”.

	ART Illumina in “paired-end” mode can simulate only reads of equal lengths.



	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14

	import rnftools
import smbl

rnftools.mishmash.sample("simple_example",reads_in_tuple=1)

rnftools.mishmash.DwgSim(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
)

include: rnftools.include()
rule: input: rnftools.input()










2.3.4. More genomes

To simulate reads from more genomes and mix them in one sample (in order to simulate, e.g., metagenome or contamination), create a new instance of class of a simulator. In this example, we are simulating reads from two examples of reference genomes
and from both of them, we simulate 10.000 read tuples.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21

	import rnftools
import smbl

rnftools.mishmash.sample("simple_example",reads_in_tuple=1)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_2,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
)

include: rnftools.include()
rule: input: rnftools.input()










2.3.5. More samples

To create more samples, one has just to call rnftools.mishmash.sample more times in the file. In the following example, we create two simulations, one with “single-end reads”, the other one with “paired-end reads”.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

	import rnftools
import smbl

rnftools.mishmash.sample("simple_end_simulation",reads_in_tuple=1)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
)

rnftools.mishmash.sample("paired_end_simulation",reads_in_tuple=2)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=100,
)

include: rnftools.include()
rule: input: rnftools.input()










2.3.6. Nonstandard parameters

Some specific parameter of a read simulator may not be supported by the corresponding class. Such parameters can be used anyway since there, for all simulators’ classes, exists a parameter other_params.

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15

	import rnftools
import smbl

rnftools.mishmash.sample("simple_example",reads_in_tuple=1)

rnftools.mishmash.ArtIllumina(
	fasta=smbl.fasta.EXAMPLE_1,
	number_of_read_tuples=10000,
	read_length_1=100,
	read_length_2=0,
	other_params="-qs 5",
)

include: rnftools.include()
rule: input: rnftools.input()
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2.4. Mapper evalution

In this chapter we show how to evaluate read mappers using read names in RNF format. For this task, component called LAVEnder is used.


2.4.1. Basic example

The basic approach of mapper evaluation consists of the following steps:


	Simulation of reads (see the previous chapter of this tutorial).

	Mapping reads to a reference genome.

	Creating the report.



First you need to simulate RNF reads and map them to a reference genome. If you don’t have any own BAM file, please use the following toy Snakefile which performs first two steps:

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

	import smbl
import rnftools

# CONFIGURATION

reference = smbl.fasta.EXAMPLE_1
reads = "reads.fq"

# READ SIMULATION

rnftools.mishmash.sample(reads[:-3],reads_in_tuple=1)

rnftools.mishmash.DwgSim(
	fasta=reference,
	read_length_1=100,
	read_length_2=0,
	number_of_read_tuples=10000
)

# ALIGNMENTS

alignments = [
		smbl.prog.BwaMem(
			fasta=reference,
			fastq_1=reads,
			bam="BWA-MEM.bam",
		),

		smbl.prog.Yara(
			fasta=reference,
			fastq_1=reads,
			bam="YARA.bam",
		),
	]


# SNAKEMAKE RULES

rule basic:	input: [aln.bam_fn() for aln in alignments]
include: rnftools.include()







In a directory for this experiment, create a directory bams and place there the previous code and run snakemake there. If you have your own BAM files, create the bams directory as well and place them there.

Now let us create a directory report with the following Snakefile:

	 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12

	import rnftools

rnftools.lavender.Report(
	bam_dirs=["../bams"],
	name="report_SE",
	keep_intermediate_files=True,
	allowed_delta=5,
)

rule all: input: rnftools.input()

include: rnftools.include()







Evaluation of all BAM files in a dir is requested by creating an instance of the rnftools.lavender.Report class (line 3). Parameter bam_dirs accepts a list of directories with BAM files. Every entry of the list corresponds to a single panel in the final HTML report. The name argument defines name of the report (the final HTML file will have name {name}.html). Parameter keep_intermediate_files indicates if intermediate MIS and MIR files created during evaluation should be kept. Argument allowed_delta is used for setting maximum allowed distance between reported position and original position for considering the segment still correctly mapped.

When you execute snakemake, the report is created.




2.4.2. Auxiliary files

For every BAM file, the following files are created.


	HTML – detailed report for the BAM file

	MIS (mapping information: segments) – file with information about mapping categories of each segment

	MIR (mapping information: read tuples) – file with information about category of entire read tuples

	ROC – source file for plotting graphs, it contains information about how many reads are in which category in dependence on threshold on mapping qualities

	GP – GnuPlot file used for plotting detailed graphs for this BAM  (SVG, PDF)






2.4.3. Adjusting plotted graphs

For details about adjusting graphs, please see Reference/LAVEnder.

First, you can change default values for the basic graphs:


	range of x and y axes (default_x_run, default_y_run),

	sizes of created PDF and SVG files (default_pdf_size_cm, default_svg_size_px)

	label of x-axis (default_x_label)

	values on x-axis (default_x_axis).



Then you can add your own graphs using rnftools.lavender.Report.add_graph method.
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3. Reference

After reading the Tutorial we recommend to read some of the following HowTos:



	3.1. MIShmash

	3.2. LAVEnder

	3.3. RNF format library

	3.4. Other tools
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3.1. MIShmash


Contents


	MIShmash
	Supported simulators
	ART Illumina

	CuReSim

	DwgSim

	WgSim














3.1.1. Supported simulators


3.1.1.1. ART Illumina


	
class rnftools.mishmash.ArtIllumina(fasta, coverage=0, number_of_read_tuples=0, read_length_1=100, read_length_2=0, other_params='', distance=500, distance_deviation=50.0, rng_seed=1)

	Bases: rnftools.mishmash._source.Source

Class for the ART Illumina.

Single-end reads and pair-end reads simulations are supported. For pair-end simulations,
lengths of both ends must be equal.





	Parameters:	
	fasta (str) – File name of the genome from which read tuples are created (FASTA file).

	coverage (float) – Average coverage of the genome.

	number_of_read_tuples (int) – Number of read tuples.

	read_length_1 (int) – Length of the first end of a read tuple.

	read_length_2 (int) – Length of the second end of a read tuple (if zero, then single-end reads are created).

	other_params (str) – Other parameters which are used on commandline.

	distance (int) – Mean inner distance between ends.

	distance_deviation (int) – Devation of inner distances between ends.

	rng_seed (int) – Seed for simulator’s random number generator.






	Raises:	ValueError –








	
clean()

	Clean working directory.






	
fa_fn()

	Get input FASTA file. It can be an empty list.





	Returns:	Input FASTA file.


	Return type:	str










	
fq_fn()

	Get file name of the output FASTQ file.





	Returns:	Output FASTQ file


	Return type:	str










	
get_dir()

	Get working directory.





	Returns:	Working directory.


	Return type:	str










	
get_genome_id()

	Get genome ID.





	Returns:	Genome ID.


	Return type:	int










	
get_number_of_required_cores()

	Get number of required cores.





	Returns:	Number of required cores.


	Return type:	int










	
get_reads_in_tuple()

	Get number of entries in a read tuple.





	Returns:	Number of reads in a read tuple.


	Return type:	int










	
recode_sam_reads(sam, number_of_read_tuples=1000000000, simulator_name='')

	Create FASTQ file from SAM file.





	Parameters:	
	sam (str) – Name of SAM file.

	number_of_read_tuples (int) – Number of read tuples. It is needed to set width of read tuple id.

	simulator_name (str) – Name of the simulator. Used for comment in read name.






	Raises:	NotImplementedError –


















3.1.1.2. CuReSim


	
class rnftools.mishmash.CuReSim(fasta, coverage=0, number_of_read_tuples=0, read_length_1=100, read_length_2=0, other_params='', rng_seed=1)

	Bases: rnftools.mishmash._source.Source

Class for CuReSim.

Only single-end reads simulations are supported.





	Parameters:	
	fasta (str) – File name of the genome from which reads are created (FASTA file).

	coverage (float) – Average coverage of the genome.

	read_length_1 (int) – Length of the first end of a read.

	read_length_2 (int) – Length of the second end of a read. It must be equal to zero.

	other_params (str) – Other parameters which are used on commandline.






	Raises:	ValueError –








	
clean()

	Clean working directory.






	
fa_fn()

	Get input FASTA file. It can be an empty list.





	Returns:	Input FASTA file.


	Return type:	str










	
fq_fn()

	Get file name of the output FASTQ file.





	Returns:	Output FASTQ file


	Return type:	str










	
get_dir()

	Get working directory.





	Returns:	Working directory.


	Return type:	str










	
get_genome_id()

	Get genome ID.





	Returns:	Genome ID.


	Return type:	int










	
get_number_of_required_cores()

	Get number of required cores.





	Returns:	Number of required cores.


	Return type:	int










	
get_reads_in_tuple()

	Get number of entries in a read tuple.





	Returns:	Number of reads in a read tuple.


	Return type:	int










	
recode_curesim_reads(old_fq, number_of_read_tuples=1000000000)

	Recode CuReSim output FASTQ file to the RNF-compatible output FASTQ file.





	Parameters:	
	old_fq (str) – Od FASTQ file name.

	number_of_read_tuples (int) – Expected number of read tuples (to estimate number of digits in RNF).






	Raises:	ValueError –












	
recode_sam_reads(sam, number_of_read_tuples=1000000000, simulator_name='')

	Create FASTQ file from SAM file.





	Parameters:	
	sam (str) – Name of SAM file.

	number_of_read_tuples (int) – Number of read tuples. It is needed to set width of read tuple id.

	simulator_name (str) – Name of the simulator. Used for comment in read name.






	Raises:	NotImplementedError –


















3.1.1.3. DwgSim


	
class rnftools.mishmash.DwgSim(fasta, coverage=0, number_of_read_tuples=0, read_length_1=100, read_length_2=0, other_params='', distance=500, distance_deviation=50.0, rng_seed=1, haploid_mode=False, error_rate_1=0.02, error_rate_2=0.02, mutation_rate=0.001, indels=0.15, prob_indel_ext=0.3)

	Bases: rnftools.mishmash._source.Source

Class for DwgSim.

Single-end reads and pair-end reads simulations are supported. For pair-end simulations,
ends can have different lengths.


	contig name (chromsome name)

	start end 1 (one-based)

	start end 2 (one-based)

	strand end 1 (0 - forward, 1 - reverse)

	strand end 2 (0 - forward, 1 - reverse)

	random read end 1 (0 - from the mutated reference, 1 - random)

	random read end 2 (0 - from the mutated reference, 1 - random)

	number of sequencing errors end 1 (color errors for colorspace)

	number of SNPs end 1

	number of indels end 1

	number of sequencing errors end 2 (color errors for colorspace)

	number of SNPs end 2

	number of indels end 2

	read number (unique within a given contig/chromsome)







	Parameters:	
	fa (str) – File name of the genome from which reads are created (FASTA file).

	coverage (float) – Average coverage of the genome (if number_of_reads specified, then it must be equal to zero).

	number_of_read_tuples (int) – Number of reads (if coverage specified, then it must be equal to zero).

	read_length_1 (int) – Length of the first read.

	read_length_2 (int) – Length of the second read (if zero, then single-end reads are created).

	other_params (str) – Other parameters which are used on commandline.

	distance (int) – Mean inner distance between ends.

	distance_deviation (int) – Deviation of inner distances between ends.

	rng_seed (int) – Seed for simulator’s random number generator.

	haploid_mode (bools) – Simulate reads in haploid mode.

	error_rate_1 (float) – Base error rate in the first read (sequencing errors).

	error_rate_2 (float) – Base error rate in the second read (sequencing errors).

	mutation_rate (float) – Mutation rate.

	indels (float) – Rate of indels in mutations.

	prob_indel_ext (float) – Probability that an indel is extended.






	Raises:	ValueError –








	
clean()

	Clean working directory.






	
fa_fn()

	Get input FASTA file. It can be an empty list.





	Returns:	Input FASTA file.


	Return type:	str










	
fq_fn()

	Get file name of the output FASTQ file.





	Returns:	Output FASTQ file


	Return type:	str










	
get_dir()

	Get working directory.





	Returns:	Working directory.


	Return type:	str










	
get_genome_id()

	Get genome ID.





	Returns:	Genome ID.


	Return type:	int










	
get_number_of_required_cores()

	Get number of required cores.





	Returns:	Number of required cores.


	Return type:	int










	
get_reads_in_tuple()

	Get number of entries in a read tuple.





	Returns:	Number of reads in a read tuple.


	Return type:	int










	
recode_sam_reads(sam, number_of_read_tuples=1000000000, simulator_name='')

	Create FASTQ file from SAM file.





	Parameters:	
	sam (str) – Name of SAM file.

	number_of_read_tuples (int) – Number of read tuples. It is needed to set width of read tuple id.

	simulator_name (str) – Name of the simulator. Used for comment in read name.






	Raises:	NotImplementedError –


















3.1.1.4. WgSim


	
class rnftools.mishmash.WgSim(fasta, coverage=0, number_of_read_tuples=0, read_length_1=100, read_length_2=0, other_params='', distance=500, distance_deviation=50.0, rng_seed=1, haploid_mode=False, error_rate=0.02, mutation_rate=0.001, indels=0.15, prob_indel_ext=0.3)

	Bases: rnftools.mishmash._source.Source

Class for the WgSim.

Single-end reads and pair-end reads simulations are supported. For pair-end simulations,
ends can have different lengths.





	Parameters:	
	fa (str) – File name of the genome from which reads are created (FASTA file).

	coverage (float) – Average coverage of the genome (if number_of_read_tuples specified, then it must be equal to zero).

	number_of_read_tuples (int) – Number of read tuples (if coverage specified, then it must be equal to zero).

	read_length_1 (int) – Length of the first read.

	read_length_2 (int) – Length of the second read (if zero, then single-end reads are created).

	other_params (str) – Other parameters on commandline.

	distance (int) – Mean inner distance between ends.

	distance_deviation (int) – Deviation of inner distances between ends.

	rng_seed (int) – Seed for simulator’s random number generator.

	haploid_mode (bools) – Simulate reads in haploid mode.

	error_rate (float) – Base error rate (sequencing errors).

	mutation_rate (float) – Mutation rate.

	indels (float) – Rate of indels in mutations.

	prob_indel_ext (float) – Probability that an indel is extended.






	Raises:	ValueError –








	
clean()

	Clean working directory.






	
fa_fn()

	Get input FASTA file. It can be an empty list.





	Returns:	Input FASTA file.


	Return type:	str










	
fq_fn()

	Get file name of the output FASTQ file.





	Returns:	Output FASTQ file


	Return type:	str










	
get_dir()

	Get working directory.





	Returns:	Working directory.


	Return type:	str










	
get_genome_id()

	Get genome ID.





	Returns:	Genome ID.


	Return type:	int










	
get_number_of_required_cores()

	Get number of required cores.





	Returns:	Number of required cores.


	Return type:	int










	
get_reads_in_tuple()

	Get number of entries in a read tuple.





	Returns:	Number of reads in a read tuple.


	Return type:	int










	
recode_sam_reads(sam, number_of_read_tuples=1000000000, simulator_name='')

	Create FASTQ file from SAM file.





	Parameters:	
	sam (str) – Name of SAM file.

	number_of_read_tuples (int) – Number of read tuples. It is needed to set width of read tuple id.

	simulator_name (str) – Name of the simulator. Used for comment in read name.






	Raises:	NotImplementedError –
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3.2. LAVEnder


Contents


	LAVEnder
	Report class

	Panel class

	BAM class










3.2.1. Report class


	
class rnftools.lavender.Report(name, bam_dirs=, []allowed_delta=5, default_x_run=(1e-05, 1.0), default_y_run=(60, 100), default_pdf_size_cm=(10, 10), default_svg_size_px=(640, 640), keep_intermediate_files=False, compress_intermediate_files=True, default_x_axis='({m}+{w})/({M}+{m}+{w})', default_x_label='FDR in mapping {{/:Italic(#wrongly mapped reads / #mapped reads)}}  ')

	Bases: builtins.object

Class for an entire report.





	Parameters:	
	name (str) – Name of the report.

	bam_dirs (str) – Directories with BAM files.

	allowed_delta (int) – Tolerance of difference between positions in assessing correct alignments (very important parameter!).

	default_x_run ((float,float)) – Range for x-axis in GnuPlot plots.

	default_y_run ((float,float)) – Range for y-axis in GnuPlot plots.

	default_pdf_size_cm ((float,float)) – Size of PDF page.

	default_svg_size_px ((int,int)) – Size of SVG picture.










	
add_graph(y, x_label=None, y_label='', title='', x_run=None, y_run=None, pdf_size_cm=None, svg_size_px=None, key_position='top left')

	Add a new graph to the overlap report.





	Parameters:	
	y (str) – Value plotted on y-axis.

	x_label (str) – Label on x-axis.

	y_label (str) – Label on y-axis.

	title (str) – Title of the plot.

	x_run ((float,float)) – x-range.

	y_run ((int,int)) – y-rang.

	pdf_size_cm ((float,float)) – Size of PDF image in cm.

	svg_size_px ((int,int) – Size of SVG image in pixels.

	key_position (str) – GnuPlot position of the legend.














	
clean()

	Remove all temporary files.






	
create_html()

	Create HTML report.






	
get_panels()

	Get all contained panels.






	
get_report_dir()

	Get directory report’s auxiliary files.






	
html_fn()

	Get name of the HTML file of the report.












3.2.2. Panel class


	
class rnftools.lavender.Panel(report, bam_dir, panel_dir, name, keep_intermediate_files, compress_intermediate_files, default_x_axis, default_x_label)

	Bases: builtins.object

Class for a single panel in a HTML report.


	
create_gp()

	Create GnuPlot file.






	
create_graphics()

	Create images related to this panel.






	
get_bams()

	Get BAMs for this panel.






	
get_html_column()

	Get a HTML column for this panel.






	
get_panel_dir()

	Get the directory with panel’s auxiliary files.






	
get_report()

	Get the report.






	
get_required_files()

	Get all required files.






	
gp_fn()

	Get the GnuPlot file name for the overall graphs.






	
pdf_fns()

	Get the PDF file names for the overall graphs.






	
svg_fns()

	Get the SVG file names for the overall graphs.












3.2.3. BAM class


	
class rnftools.lavender.Bam(panel, bam_fn, name, keep_intermediate_files, compress_intermediate_files, default_x_axis, default_x_label)

	Bases: builtins.object

Class for a single BAM file.


	
bam_fn()

	Get name of the BAM file.






	
create_gp()

	Create a GnuPlot file for this BAM file.






	
create_graphics()

	Create images related to this BAM file using GnuPlot.






	
create_html()

	Create a HTML page for this BAM file.






	
create_mir()

	Create a MIR file for this BAM file (mapping information about read tuples).





	Raises:	ValueError










	
create_mis()

	Create an MIS (intermediate) file for this BAM file.
This is the function which asses if an alignment is correct






	
create_roc()

	Create a ROC file for this BAM file.





	Raises:	ValueError










	
get_name()

	Get name associated with the BAM.






	
get_required_files()

	Get names of all files required to complete the report.






	
gp_fn()

	Get name of the GP file.






	
html_fn()

	Get name of the HTML report.






	
mir_fn()

	Get name of the MIR file.






	
mis_fn()

	Get name of the MIS file.






	
pdf_fn()

	Get name of the PDF file.






	
roc_fn()

	Get name of the ROC file.






	
svg_fn()

	Get name of the SVG file.
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3.3. RNF format library


3.3.1. Read tuple


	
class rnftools.rnfformat.ReadTuple(segments=, []read_tuple_id=0, prefix='', suffix='')

	Bases: builtins.object

Class for a RNF read tuple.





	Parameters:	
	segments (list of rnftools.rnfformat.Segment) – Segments of the read.

	read_tuple_id (int) – Read tuple ID.

	prefix (str) – Prefix for the read name.

	suffix (str) – Suffix for the read name.










	
destringize(string)

	Get RNF values for this read from its textual representation and save them
into this object.





	Parameters:	string (str) – Textual representation of a read.


	Raises:	ValueError –










	
stringize(read_tuple_id_width=1, genome_id_width=1, chr_id_width=1, coor_width=1)

	Create RNF representation of this read.





	Parameters:	
	read_tuple_id_width (int) – Maximal expected string length of read tuple ID.

	genome_id_width (int) – Maximal expected string length of genome ID.

	chr_id_width (int) – Maximal expected string length of chromosome ID.

	coor_width (int) – Maximal expected string length of a coordinate.




















3.3.2. Segment


	
class rnftools.rnfformat.Segment(genome_id=0, chr_id=0, direction='N', left=0, right=0)

	Bases: builtins.object

Class for a single segment in a RNF read name.


	
destringize(string)

	Get RNF values for this segment from its textual representation and
save them into this object.





	Parameters:	string (str) – Textual representation of a segment.










	
stringize(genome_id_width=1, chr_id_width=1, coor_width=1)

	Create RNF representation of this segment.





	Parameters:	
	genome_id_width (int) – Maximal expected string length of ID of genome.

	chr_id_width (int) – Maximal expected string length of ID of chromosome.

	coor_width (int) – Maximal expected string length of maximal coordinate.




















3.3.3. Read name formatter


	
class rnftools.rnfformat.RnFormatter(read_tuple_id_width=16, genome_id_width=2, chr_id_width=2, coor_width=8)

	Bases: builtins.object

Class for formatting RNF reads in the same format.





	Parameters:	
	read_tuple_id_width (int) – Maximal expected string length of read tuple ID.

	genome_id_width (int) – Maximal expected string length of genome ID.

	chr_id_width (int) – Maximal expected string length of chromosome ID.

	coor_width (int) – Maximal expected string length of a coordinate.










	
process_read_tuple(read_tuple)

	Get well-formatted RNF representation of a read.

read_tuple (rnftools.rnFormatter.ReadTuple): Read tuple.
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3.4. Other tools


3.4.1. rnf-join-fq.py

A program for joining FASTQ files with reads in RNF format.

$ rnf-join-fq.py  -h
usage: rnf-join-fq.py [-h] -i inp [inp ...] -m mode -o out

Join FASTQ files with reads in RNF format.

optional arguments:
  -h, --help        show this help message and exit
  -i inp [inp ...]  input FASTQ files
  -m mode           mode for joining files (single-end / paired-end-bwa /
                    paired-end-bfast)
  -o out            output prefix

Source FASTQ files should satisfy the following conditions: 1) Each file
contains only reads corresponding to one genome (with the same genome id). 2)
All files contain reads of the same type (single-end / paired-end). 3) Reads
with more reads per tuple (e.g., paired-end) have '/1', etc. in suffix (for
identification of nb of read).
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4. Additional resources

After reading the Tutorial we recommend to read some of the following HowTos:



	4.1. Information for developers

	4.2. FAQ

	4.3. List of read simulators
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4.1. Information for developers

Do you develop bioinformatics software? Here you will find how RNF and RNFtools
can be useful.


4.1.1. ... of mappers of NGS reads

RNFtools can help you to debug your tool. You can simulate reads using MIShmash,
map them using your mapper, and then evaluate it using LAVEnder.

Then you can modify parameters for the simulator and also for your mapper and
observe how these changes affect sensitivity and precision of mapping.

Then you can also easily swithc between the supported read simulators. It can be
contributive since different simulators can simulate different artefacts in data.

In similar way, RNFtools can be used for testing of pre-processing and
post-processing NGS tools (such as read clustering tools or re-alignment tools).




4.1.2. ... of simulators of NGS reads

Even though MIShmash currently supports several simulators, it is much better when
a tool supports the RNF naming convention implicitely. Usually, simulators do not
save as much information as it is saved by RNF, hence MIShmash must sometimes estimate
some of these values values. Therefore, direct support in a read simulator implies higher
precision in the forthcoming analysis. It also increases usability of your software.

Adding support for RNF into your simulator is a simple step since the format is easy
to adopt. For existing software, it is suggested to add an extra parameter which
switches from the default naming convention to RNF.

RNFtools can also help you to debug your simulator. You can easily switch from your
simulator to another and compare results. When the parameters are similar, also the
obtained results should be similar. You can also find many problems using
mappers – by comparing if the mappers really do map the reads to the expected
positions. E.g., many reads are shifted by two positions, there is probably a bug
inside.




4.1.3. ... of evaluators of read mappers

RNF enables you writing a universal evaluation tool, compatible with any RNF-compatible read
simulator and any simulator supported by MIShmash.
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4.2. FAQ


4.2.1. A script which used to work does not work any more

Try to upgrade RNFtools to the latest version


pip install --upgrade rnftools








Sometimes developers change the way how their software is compiled.
Such change must be reflected in the SMBL library which isemployed by
RNFtools for required software installation.
Upgrade of RNFtools causes upgrade of SMBL to the latest version as well.

If the problem still appears, please send us an e-mail to karel.brinda@gmail.com.
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4.3. List of read simulators

Here we provide list of existing read simulators with additional information. Only several of them are supported by RNFtools.


4.3.1. ART







	Author:
	Weichun Huang


	URL:
	http://www.niehs.nih.gov/research/resources/software/biostatistics/art/


	Publication:
	Huang, W. et al.
ART: a next-generation sequencing read simulator.
Bioinformatics 28(4), pp. 593–594, 2011.








4.3.2. CuReSim







	Author:
	Ségolène Caboche


	URL:
	http://www.pegase-biosciences.com/tools/curesim/


	Publication:
	Caboche, S. et al.
Comparison of mapping algorithms used in high-throughput sequencing:
application to Ion Torrent data.
BMC Genomics 15:264, 2014.








4.3.3. DwgSim







	Author:
	Niels Homer


	URL:
	http://github.com/nh13/dwgsim





Format of read names


	contig name (chromsome name)

	start end 1 (one-based)

	start end 2 (one-based)

	strand end 1 (0 - forward, 1 - reverse)

	strand end 2 (0 - forward, 1 - reverse)

	random read end 1 (0 - from the mutated reference, 1 - random)

	random read end 2 (0 - from the mutated reference, 1 - random)

	number of sequencing errors end 1 (color errors for colorspace)

	number of SNPs end 1

	number of indels end 1

	number of sequencing errors end 2 (color errors for colorspace)

	number of SNPs end 2

	number of indels end 2

	read number (unique within a given contig/chromosome)






4.3.4. FASTQSim







	Author:
	Anna Shcherbina


	URL:
	http://sourceforge.net/projects/fastqsim


	Publication:
	Shcherbina, A.
FASTQSim: platform-independent data characterization and in silico
read generation for NGS datasets.
BMC Research Notes 7:533, 2014.








4.3.5. FlowSIM







	Author:
	Susanne Balzer


	URL:
	http://biohaskell.org/Applications/FlowSim


	Publication:
	Balzer, S. et al.
Characteristics of 454 pyrosequencing data – enabling realistic
simulation with flowsim.
Bioinformatics 26(18):i420–i425, 2010.








4.3.6. GemSIM







	Author:
	Kerensa E. McElroy


	URL:
	http://sourceforge.net/projects/gemsim


	Publication:
	McElroy, K. E. et al.
GemSIM: general, error-model based simulator of next-generation
sequencing data.
BMC Genomics 13:74, 2012.








4.3.7. Mason







	Author:
	Manuel Holtgrewe


	URL:
	https://www.seqan.de/projects/mason/


	Publication:
	Holtgrewe, M.
Mason – a read simulator for second generation sequencing data.
Technical Report TR-B-10-06,
Institut für Mathematik und Informatik, Freie Universität Berlin, 2010.








4.3.8. PbSIM







	Authors:
	Michiaki Hamada, Yukiteru Ono


	URL:
	http://code.google.com/p/pbsim


	Publication:
	Ono, Y. et al.
PBSIM: PacBio reads simulator – toward accurate genome assembly.
Bioinformatics 29(1):119–121, 2013.








4.3.9. pIRS







	Authors:
	Jianying Yuan, Eric Biggers


	URL:
	http://code.google.com/p/pirs
http://github.com/galaxy001/pirs


	Publication:
	Hu, X., et al.
pIRS: Profile-based Illumina pair-end reads simulator.
Bioinformatics 28(11):1533–1535, 2012.








4.3.10. Sherman







	Author:
	Felix Krueger


	URL:
	http://www.bioinformatics.babraham.ac.uk/projects/sherman








4.3.11. SimNGS







	Author:
	Tim Massingham


	URL:
	http://www.ebi.ac.uk/goldman-srv/simNGS/








4.3.12. SimSEQ







	Authors:
	John St. John


	URL:
	http://github.com/jstjohn/SimSeq








4.3.13. SInC







	URL:
	http://sincsimulator.sourceforge.net


	Publication:
	Pattnaik, S. et al.
SInC: an accurate and fast error-model based simulator for SNPs, Indels
and CNVs coupled with a read generator for short-read sequence data.
BMC Bioinformatics 15:40, 2014.








4.3.14. Wessim







	Author:
	Sangwoo Kim


	URL:
	http://sak042.github.io/Wessim/








4.3.15. WgSim







	Author:
	Heng Li


	URL:
	http://github.com/lh3/wgsim








4.3.16. XS







	Authors:
	Diogo Pratas, Armando J. Pinho, João M. O. S. Rodrigues


	URL:
	http://bioinformatics.ua.pt/software/xs


	Publication:
	Pratas, D. et al.
XS: a FASTQ read simulator.
BMC Research Notes 7:40, 2014.
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# -*- coding: utf-8 -*-
"""
LAVEnder
~~~~~~~~

The LAVEnder Next-Generation Sequencing mappers evaluation tool.

:copyright: Copyright 2015 by Karel Brinda.
:license: MIT, see LICENSE for details.

.. module:: lavender
	:platform: Unix
	:synopsis: The LAVEnder Next-Generation Sequencing mappers evaluation tool.

.. moduleauthor:: Karel Brinda <karel.brinda@gmail.com>

"""

import os

__docformat__ = 'reStructuredText'
__all__=["Bam","Report","Panel"]

# todo:
#  - left-right: cigar correction
#  - threshold as a parameter

def include():
	return os.path.join( os.path.dirname(__file__), "lavender.snake")


__INPUT__ = []

def input():
	return __INPUT__

def add_input(input):
	__INPUT__.append(input)


__PANELS__ = []

def panels():
	return __PANELS__

def add_panel(panel):
	__PANELS__.append(panel)

__BAMS__ = []

def bams():
	return __BAMS__

def add_bam(bam):
	__BAMS__.append(bam)


__REPORTS__ = []

def reports():
	return __REPORTS__

def add_report(report):
	__REPORTS__.append(report)


from .report import *
from .panel import *
from .bam import *

##########################

def _format_xxx(xxx):
	return xxx.format(
			M="$2",
			m="$3",
			w="$4",
			P="$5",
			U="$6",
			u="$7",
			T="$8",
			t="$9",
			x="$10",
			all="$11",
		)

def _default_gp_style(i,count=0):
	colors=["#ff0000","#00ff00","#888888","#0000ff","#daa520","#000000"]
	color=colors[i % len(colors)]
	return 'set style line {i} lt 1 pt {i} lc rgb "{color}";'.format(color=color,i=i+1)
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#! /usr/bin/env python3

from .formatter import *
from .readTuple import *
from .segment import *

__all__=[
	"Segment",
	"ReadTuple",
	"formatter",
]


if __name__ == "__main__":
	print ("Test of the module")

	print ()
	print ("1) SEGMENT")
	print ()

	for segment_repr in ["(0,0,N,0,0)","(0,1,F,56,59)","(0,1,R,01,59)"]:
		print("Original segment string", segment_repr)
		segment=Segment()
		segment.destringize(segment_repr)
		print("Segment after destringization", segment.stringize())

	print ()
	print ("2) READ TUPLE")
	print ()


	read=ReadTuple()

	for read_tuple_name_test in [
				"__000324a__(2,3,R,34,3643),(4,3,F,1,56)__",
				"__00000000__(01,1,F,0390501,0000000)__"
			]:
		read_tuple.destringize(read_tuple_name_test)
		print()
		print("Original read string", read_tuple_name_test)
		print("Read after destringization", read_tuple.stringize ())
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import smbl

from .sample import *

from ._source import *

from .artIllumina import *
from .cuReSim import *
from .dwgSim import *
from .wgSim import *

import os

__all__=[
	"ArtIllumina",
	"CuReSim",
	"DwgSim",
	"WgSim",
]


__INCLUDE__=os.path.join( os.path.dirname(__file__), "mishmash.snake")

def include():
	return __INCLUDE__

__INPUT__=[]

def add_input(input):
	__INPUT__.append(input)

def input():
	return __INPUT__


__SAMPLES__ = []

def add_sample(sample):
	__SAMPLES__.append(sample)

def samples():
	return __SAMPLES__

def current_sample():
	return __SAMPLES__[-1]


__SOURCES__ = []

def add_source(sample):
	if len(samples()) == 0:
		smbl.messages.error("No sample defined",program="RNFtools",subprogram="MIShmash",exception=ValueError)
	__SOURCES__.append(sample)

def sources():
	return __SOURCES__


"""
	Create a new sample
"""
def sample(name,reads_in_tuple):
	if name in [sample.get_name() for sample in __SAMPLES__]:
		smbl.messages.error("More samples have the same name. Each sample must have a unique name.",program="RNFtools",subprogram="MIShmash",exception=ValueError)

	Sample(name=name,reads_in_tuple=reads_in_tuple)
	add_input(current_sample().fq_fns())
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