

    
      
          
            
  
BioXTAS RAW


What is BioXTAS RAW?

BioXTAS RAW is a GUI based, free, open-source Python program for reduction and analysis
of small-angle X-ray solution scattering (SAXS) data. The software is designed for biological
SAXS data. It is available on windows, macOS (and OS X), and Linux. It provides an
alternative to closed source programs such as Primus and Scatter for primary data analysis.
Because it can calibrate, mask, and integrate images it also provides an alternative to
synchrotron beamline pipelines that scientists can install on their own computers and use
both at home and at the beamline.

Find out how to get it!



Features


	Analysis of radius of gyration (Rg) and I(0) via Guinier fit.


	Analysis of molecular weight via I(0) comparison to standards, absolute
calibration, correlation volume (Vc), corrected Porod volume
(Vp), the ATSAS Shape&Size and the ATSAS Bayesian methods.


	Calculation of inverse Fourier transforms (IFTs) via GNOM and a Bayesian
indirect Fourier transform (BIFT).


	Calculation of envelopes (dummy atom models) using DAMMIF, DAMMIN, DAMAVER, and DAMCLUST.


	Calculation of electron density using the DENSS algorithm


	Easy processing of in-line chromatography coupled SAXS data, including size-exclusions
coupled SAXS (SEC-SAXS) data.


	Deconvolution of SAXS data using singular value decomposition (SVD) and
evolving factor analysis (EFA), and regularized alternating least squares
(REGALS).


	Standard data operations such as averaging, subtraction, merging, and rebinning.


	Creation and plotting of 1D scattering profiles from 2D detector images, including
Pilatus, CBF, Eiger, and more than 20 other types of images.






What is the RAW API?

You can also install BioXTAS RAW as a python package without the
GUI. This lets you import RAW directly into your python scripts and use the
API to call any of the functions in RAW. This is great for creating custom
processing scripts, either for unusual datasets that aren’t handled in the
GUI, or to ensure reproducibility in your analysis. It can also be used
as the basis for an open-source automated SAXS data processing pipeline at
a beamline or homesource.



History and Usage

RAW was first developed in 2008 by Soren Skou as part of the biological x-ray total analysis
system (BioXTAS) project. Since then it has been extensively developed, with recent
work being done by Jesse Hopkins.

RAW is actively used as the primary analysis software at the
MacCHESS ID7A BioSAXS beamline [https://www.chess.cornell.edu/index.php/macchess/biosaxs]
at CHESS and the BioCAT [https://www.bio.aps.anl.gov/]  (18-ID) beamline at the APS. It is
also used at various other beamlines, including:


	BL19U2 (SSRF)


	LiX (NSLS II)




SAXSLAB [http://saxslab.com/] distributes RAW with some of its homesources,
and RAW is used at various other homesources around the world.

Do you use RAW? Let us know!



Licensing

RAW source code is released under a GPLv3 license. Both the source code and the
prebuilt versions of RAW are free for anyone to download and use.








          

      

      

    

  

    
      
          
            
  
Installation

RAW can be downloaded from sourceforge [https://sourceforge.net/projects/bioxtasraw/].
There are prebuilt installers for Windows (.msi), MacOs (.dmg), and Debian/Ubuntu (.deb).
Installation on other Linux distributions requires building from source.
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RAW Install Guide for Microsoft Windows

There are two ways to install RAW on Windows. The easiest, and recommended, way is to
use a prebuilt installer (.msi file). If you want to install a version for which
there is no prebuilt installer, you will need to install RAW from the source code.

Here you can find information on:



	Using a prebuilt installer (recommended)

	General instructions for installing from source (advanced users)

	Windows 7, 8.1, and 10 install from source instructions

	Common problems/troubleshooting
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Using a prebuilt installer

The recommend way to install RAW on Windows is using a prebuilt installer. To install
from a prebuilt installer, simply download the RAW-x.y.z-win64.msi (where
x.y.z is the version number) file from sourceforge (
https://sourceforge.net/projects/bioxtasraw),
and double click it to run the installer.
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General instructions for installing from source (advanced users)


	Install Microsoft Visual C++ 14.2 Standalone: Build Tools for Visual Studio 2019


	Install Python 3.X (if it isn’t already installed) and add it to your system
path (tested on 3.7 and 3.8).


	Install the following Python packages (version indicated if less than most recent):


	numpy


	scipy


	matplotlib


	pillow


	wxpython


	h5py


	cython


	fabio


	pyFAI


	hdf5plugin


	numba


	reportlab


	mmcif_pdbx






	Download the RAW source file (RAW-x.y.z-Source where x.y.z is the version number)
from sourceforge (
https://sourceforge.net/projects/bioxtasraw)


	Extract RAW to a directory of your choice.


	In the top level RAW directory run python setup.py build_ext --inplace
to build the extensions.


	In the bioxtasraw subdirectory run RAW.py using python.


	Enjoy!


	If you have problems, please consult the detailed installation guide and the solutions to common problems. If
that doesn’t help, please contact the developers.









Notes for python 2 installation

As of version 2.0.0, RAW is Python 3 compatible. The last guaranteed Python 2
compatible version of RAW is 2.0.0. However, it may still be possible to install
RAW for Python 2. A few additional notes for that:


	Install Microsoft Visual C++ 2008 Redistributable and Visual C++ Compiler for
Python.


	Install Python 2.7


	Additional dependencies:


	future






	Required version of pyFAI is 0.17
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Windows 7, 8.1, and 10 install from source instructions


	RAW on windows can be installed using 64 bit (x64) or 32 bit (x86) python. Unless you know
you need a 32 bit build, you should install the 64 bit version. Some libraries,
such as pyFAI, maybe hard to install on 32 bit windows.


	Download and install the Microsoft Visual C++ 14.2 Standalone: Build Tools for Visual Studio 2019.


	https://wiki.python.org/moin/WindowsCompilers#Microsoft_Visual_C.2B-.2B-_14.2_standalone:_Build_Tools_for_Visual_Studio_2019_.28x86.2C_x64.2C_ARM.2C_ARM64.29


	Download from here: https://visualstudio.microsoft.com/downloads/#build-tools-for-visual-studio-2019


	Run the installer and install the C++ build tools with the default options.






	Install Miniconda python distribution


	Download the free miniconda python 3.x, e.g. 3.8, installer from:
https://docs.conda.io/en/latest/miniconda.html


	Make sure you get the python 3.x version!


	Pick the appropriate 64 bit/32 bit version (64 bit recommended!).






	Run the installer with the default options.


	More detailed install instructions are available here:
https://conda.io/docs/user-guide/install/windows.html






	Install the necessary python packages


	Open an anaconda prompt by clicking on the start menu -> All Programs -> Anaconda3 -> Anaconda Prompt


	Run the following commands in the anaconda prompt:


	conda upgrade conda pip wheel setuptools


	conda install numpy scipy matplotlib pillow numba h5py cython numexpr reportlab


	conda install -c conda-forge wxpython hdf5plugin fabio pyfai mmcif_pdbx






	Download RAW from sourceforge (
https://sourceforge.net/projects/bioxtasraw)


	Go to the Files tab on the linked website and download the RAW-x.y.z-Source.zip
file, where x.y.z is the version number (for example, 1.0.0).






	Expand the downloaded zip file into the downloads folder


	Right click on the download and select Extract All


	Accept the default location for files to be extracted.




[image: 1000020100000274000001CAC03003E6F7E944B5_png]



	In Windows Explorer, confirm that the file named setup.py
is in your top level expanded raw directory. If it isn’t, it’s likely that
when you expanded the RAW download, you ended up with unnecessary layers of
directories. Find the directory with setup.py in it, and make that
the top level folder.


	Build the extensions


	Open an anaconda prompt as in Step 4 of these instructions.


	Type cd C:\raw


	Hit enter


	Type python setup.py build_ext --inplace


	Hit enter






	Run RAW.py from the command line


	Open an anaconda prompt as in Step 4 of these instructions.


	Type cd C:\raw\bioxtasraw


	Hit enter


	Type python RAW.py


	Hit enter






	Enjoy!


	If you have trouble with the installation, please see the
solutions to common problems section below.
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Common problems/troubleshooting

Prebuilt installer:


	Because the RAW team is an ‘unknown’ developer, you will probably see some
security warnings when you install RAW. When you do, just give the installer
and program permission to run on your computer.


	RAW is used by (relatively) few people, which means some antivirus programs
may not have seen the RAW software before. Occasionally virus scanners will mark
a file (typically RAW.exe) as a threat (it will usually be in the ‘general
malware’ category). If this happens, please do the following:


	Upload the file to
https://www.virustotal.com/
and see if any other antivirus programs identify it as a problem (it is
always possible someone hijacked the installer somehow!).


	If most or all of the antivirus programs on virustotal.com clear the file, make an
exception for it in your virus scanner.


	Contact the RAW developers, so we can report the false identification to the
virus scanner company and get the file whitelisted in future definitions files.








From source:


	If you are updating your RAW installation, you should completely delete the old RAW
source files, and then replace them with the new ones.
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RAW Install Guide for macOS and OS X

There are two ways to install RAW on Mac. The easiest, and recommended, way is to use a
prebuilt app package (.dmg file). If you want to install a version for which there
is no prebuilt installer, you will need to install RAW from the source code.

Here you can find information on:



	Using a prebuilt installer (recommended)

	General instructions for installing from source (advanced users)

	OS X and macOS install from source instructions

	Common problems/troubleshooting
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Using a prebuilt app package

The recommended way to install RAW on Mac is using a prebuilt app package. To install
from a prebuilt app package simply download the RAW-x.y.z-mac-platform.dmg
(where x.y.z is the version number and platform is x86_64 for
Intel macs and arm64 for Apple Silicon macs) file from sourceforge (
https://sourceforge.net/projects/bioxtasraw),
double click it to open the dmg, and drag the RAW.app file to your Applications folder
(or wherever you want to install RAW).

Direct links fo the downloads:


	Apple Silicon macs (M1 or newer chips) [https://sourceforge.net/projects/bioxtasraw/files/RAW-2.1.2-mac-arm64.dmg/download]


	Intel macs (pre-M1 chips) [https://sourceforge.net/projects/bioxtasraw/files/RAW-2.1.2-mac-x86_64.dmg/download]




Important Notes:


	Because the RAW team is an unidentified developer, you may get a warning message
the first time you run the program. If that happens, right click on RAW and
select Open from the right click menu, and then click the Open button in the
window that appears.


	Note: This requires administrator permissions.
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General instructions for installing from source (advanced users)


	Install a standalone version of python 3.X (recommended, not required),
RAW is tested on 3.7 and 3.8.


	Install the following python packages (most recent version of each recommended):


	numpy


	scipy


	matplotlib


	pillow


	wxpython


	h5py


	cython


	fabio


	pyFAI


	hdf5plugin


	numba


	reportlab


	mmcif_pdbx






	Download the latest RAW sourcecode from sourceforge (
https://sourceforge.net/projects/bioxtasraw)


	Extract RAW to a directory of your choice.


	In the top level RAW directory run python setup.py build_ext --inplace
to build the extensions.


	In the bioxtasraw subdirectory run RAW.py using python.


	Enjoy!


	If you have problems, please consult the detailed installation guide and the
solutions to common problems below. If that doesn’t help,
please contact the developers.









Notes for python 2 installation

As of version 2.0.0, RAW is Python 3 compatible. The last guaranteed Python 2
compatible version of RAW is 2.0.0. However, it may still be possible to install
RAW for Python 2. A few additional notes for that:


	Additional dependencies:


	future






	Required version of pyFAI is 0.17
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OS X and macOS install from source instructions


	Install Miniconda python distribution


	Download the free miniconda python 3.x, e.g. 3.8, installer from:
https://docs.conda.io/en/latest/miniconda.html


	Open a Terminal window.


	In the terminal window type cd ~\Downloads and hit enter.


	In the terminal window type bash Miniconda3-latest-MacOSX-x86_64.sh and hit enter.


	Agree to all of the prompts.


	More detailed install instructions are available here:
https://conda.io/docs/user-guide/install/macos.html


	Close the terminal window.






	Install the necessary python packages.


	Open a new terminal window as in the previous step


	Type conda upgrade conda pip wheel setuptools and hit enter. Agree to all the prompts.


	Type conda install numpy scipy matplotlib pillow numba h5py cython numexpr reportlab and hit enter.
Agree to all the prompts.


	Type conda install -c conda-forge wxpython hdf5plugin fabio pyfai mmcif_pdbx and hit enter. Agree
to all prompts.






	Download RAW from sourceforge


	https://sourceforge.net/projects/bioxtasraw


	Navigate to the Files tab and download the latest source code,
RAW-x.y.z-Source.zip. Or download the latest development version
from the git by navigating to the Code tab.






	Expand the downloaded zip file in the Downloads folder by double clicking on it.


	This step may not be necessary, some browsers may automatically expand zip files.






	In the terminal or in the graphical file manager, confirm that the file named setup.py
is in your expanded raw directory. If it isn’t, it’s likely that when you expanded the
RAW download, you ended up with unnecessary layers of directories. Find the
directory with setup.py in it, and make that the top level folder.


	Move the RAW files to Applications folder


	Move the folder that contains all of the RAW files to the Applications folder.
As above, this would be the folder with setup.py in it.


	Rename the folder that you just moved to raw.






	In a terminal, change directory into the top level RAW folder


	If you used the suggested path of Applications/raw
type: cd /Applications/raw






	Build the extensions.


	python setup.py build_ext --inplace






	Navigate to the bioxtasraw subfolder


	From the top level RAW folder it should be cd ./bioxtasraw






	Run RAW


	pythonw RAW.py






	Enjoy!


	In the future, you can start RAW as in the previous step.


	If RAW doesn’t work, check out the solutions to common problems
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Common problems/troubleshooting

Installing the prebuilt app package:


	Because the RAW team is an unidentified developer, you may get a warning message the
first time you run the program. If that happens, right click on RAW and select Open
from the right click menu, and then click the Open button in the window that appears.


	This requires administrator privileges






	If the above doesn’t work, you can run the RAW app from the command line. Navigate to
RAW.app/Contents/MacOS and run the RAW executable file (./RAW) in that directory.




Installing from source:


	If you fail to build the extensions before running RAW, RAW will crash at some point.
Be sure to run the python setup.py build_ext --inplace before starting RAW.


	Using the RAW autorg function requires a relatively recent version of numba.
If you get an error running this function update your numba version to the
most recent.


	If you are installing on an older Macbook (older than ~2012) you need to install all packages
through conda forge (conda install -c conda-forge <package_name>). The
new ones in the main conda channel cuase an illegal instruction error.
See this thread: https://github.com/conda/conda/issues/9678.
It’s possible this will be resolved at some point and the main channel
will be usable for older machines again.
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RAW Install Guide for Linux

There are two ways to install RAW on Linux. The easiest, and recommended, way is to use a
prebuilt debian/ubuntu package (.deb file). This will work on Debian 8 and newer,
Ubuntu 14.04 LTS and newer, and any similar Ubuntu-based OSes like Linux Mint.

If you are on a different OS, such as CentOS, or you want to install a version for which there
is no prebuilt installer, you will need to install RAW from the source code.

Here you can find information on:



	Using a prebuilt .deb installer (recommended)

	General instructions for installing from source (advanced users)

	Linux install from source instructions

	Instructions for setting up a RAW desktop shortcut from source

	Common problems/troubleshooting
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Using a prebuilt .deb package

The recommended way to install RAW on Linux is using a prebuilt .deb package. To install
from a prebuilt app package:


	Download the RAW-x.y.z-linux-amd64.deb
(where x.y.z is the version number) file from sourceforge:


	https://sourceforge.net/projects/bioxtasraw
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General instructions for installing from source (advanced users)


	Install python 3.X (if it isn’t already installed), RAW is tested on 3.7 and 3.8.


	Install python3 development tools and gcc (if they are not already installed).


	Install the following python packages (version indicated if less than most recent):


	numpy


	scipy


	matplotlib


	pillow


	wxpython


	h5py


	cython


	fabio


	pyFAI


	hdf5plugin


	numba


	dbus-python


	reportlab


	mmcif_pdbx






	Download RAW source code from sourceforge (
https://sourceforge.net/projects/bioxtasraw/files)


	Extract RAW to a directory of your choice.


	In the top level RAW directory run python setup.py build_ext --inplace
to build the extensions.


	In the bioxtasraw subdirectory run RAW.py using python.


	Enjoy!


	If you have problems, please consult the detailed installation guides and check
out the solutions to common problems.


	If you want, see the section on making a desktop shortcut for RAW.









Notes for python 2 installation

As of version 2.0.0, RAW is Python 3 compatible. The last guaranteed Python 2
compatible version of RAW is 2.0.0. However, it may still be possible to install
RAW for Python 2. A few additional notes for that:


	Additional dependencies:


	future






	Required version of pyFAI is 0.17
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Linux install from source instructions


	Open a new terminal window (in many distros you can right click on the desktop
and select New Terminal or Open in terminal).


	Download Miniconda Python (Python 3.x, e.g. 3.8) distribution and install.


	https://docs.conda.io/en/latest/miniconda.html


	Make sure you chose the python 3.x installer.


	Save to the downloads folder


	Open a terminal and run the following commands:


	cd ~/Downloads


	bash ./Miniconda3-version.sh (where -version
which will depend on the version you download)






	Accept the default installation location.


	At the end, say “yes” to have the conda python install put in your system path.


	Close the terminal window.






	Install python packages. Open a new terminal window and run the following commands
(in many distros you can right click on the desktop and select New Terminal
or Open in terminal).


	conda upgrade conda pip wheel setuptools


	conda install numpy scipy matplotlib pillow numba h5py cython numexpr reportlab


	conda install -c conda-forge wxpython dbus-python fabio pyfai hdf5plugin mmcif_pdbx






	Download RAW source code from sourceforge


	https://sourceforge.net/projects/bioxtasraw/files


	Go to the linked website and download the RAW-x.y.z-Source.zip
file, where x.y.z is the version number (for example, 1.0.0).






	Expand the RAW download to your location of choice.


	We suggest ~/raw


	Make sure there are no spaces in the file path (you can check by navigating
to the raw directory in a terminal window and using pwd).


	In the terminal or in the graphical file manager, confirm that the file named setup.py
is in your raw directory. If it isn’t, it’s likely that when you expanded the
RAW download, you ended up with unnecessary layers of directories. Find the
directory with setup.py in it, and make that the top level folder.






	In a terminal, change directory into the top level RAW folder


	If you used the suggested path of ~/raw type: cd ~/raw






	Build the extensions.


	python setup.py build_ext --inplace






	Navigate to the bioxtasraw subfolder


	From the top level RAW folder it should be cd ./bioxtasraw






	Run RAW


	python RAW.py






	RAW is now installed. Enjoy!


	If you want, see the section on making a desktop shortcut for RAW.


	If RAW doesn’t work, check out the solutions to common problems.
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Instructions for setting up a RAW desktop shortcut from source

All files referred to are initially located in the RAW LinuxLib folder.


	Add the start_raw file to your path:


	sudo cp ~/raw/LinuxLib/start_raw /usr/local/bin






	Make the start_raw file executable:


	sudo chmod +x /usr/local/bin/start_raw






	Copy the RAW.desktop file to the desktop:


	cp ~/raw/LinuxLib/RAW.desktop ~/Desktop/






	Right click on the RAW file on the desktop, and select Properties


	Click on the Permissions tab, and make sure Allow executing file as program is checked.


	Note: depending your distribution/shell, you have to edit the start_raw
file to use a different shell. By default it uses bash.
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Common problems/troubleshooting


	Sometimes, compilers can have trouble if there are spaces in the filepath. Try
installing RAW so that there are no spaces in the file path (navigate the folder
in the terminal, type pwd and see what the result is).


	If you have installed a standalone python distribution (such as Enthought Canopy or
miniconda/anaconda), it is possible that it isn’t set to default, so when you run
python RAW.py, you are using the wrong python.


	You can verify which python you are using the command which python in the terminal.


	You can set the correct python to default by modifying your appropriate profile
file (such as the .bash_profile), or setting the $PATH environmental variable.


	You can also specify the full path to the version of python you want to use in
the command, such as ~/miniconda2/bin/python






	Note that when you change environmental variables in one terminal window, you need to
restart other windows for this to take effect. If you aren’t using the right python
(or compiler, etc), trying closing all of your terminal windows and opening a new one.


	If you fail to build the extensions before running RAW, RAW will crash at some point.
Be sure to run the python setup.py build_ext --inplace before starting RAW.


	Using the RAW autorg function requires a relatively recent version of numba.
If you get an error running this function update your numba version to the
most recent.


	On Scientific Linux 6, and thus probably on Red Hat 6 (untested), RAW completely fails
to work with wxpython 3.0 and certain python distributions (namely the Enthought python).


	If RAW completely doesn’t start, check and make sure you have wxpython 2.8
installed. This requires that you have matplotlib<=1.4.


	In general, RAW should work with wxpython 3 and 4.






	As for the last time we tested it (2017) the Enthought Canopy python package
DOESN’T WORK on Ubuntu or Linux Mint with wxpython.
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Getting Help


General Questions/Comments

For questions on how to use the software, first check out the documentation on this site.

If that doesn’t answer your question, or for other comments, please contact the
RAW mailing list [https://groups.google.com/forum/#!forum/bioxtas_raw].



Reporting A Bug

We appreciate any and all bug reports, it helps us improve the software!
If you have a bug to report, the best way is to contact the
RAW mailing list [https://groups.google.com/forum/#!forum/bioxtas_raw].

If you have a bug report, please include: operating system, RAW version number, installation type
(package or from source), what you were doing when the bug occurred, the appropriate error
message(s) and sample data so we can recreate the bug. That will enable us to find and solve
the problem as quickly as possible.
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RAW Tutorial



	Introduction
	Overview

	Requirements

	Other useful materials

	Notes





	Basic processing
	Loading configuration files and images, creating subtracted scattering profiles, saving profiles

	Guinier analysis

	Molecular weight analysis

	Saving analysis information

	Kratky analysis

	Similarity Testing

	Basic SEC-SAXS processing

	WAXS processing and merging

	A few additional tricks





	Advanced processing
	Pair-distance distribution analysis – GNOM in RAW

	Pair-distance distribution analysis – BIFT in RAW

	Assessing ambiguity of 3D shape information - AMBIMETER in RAW

	3D reconstruction with bead models – DAMMIF/N and DAMAVER in RAW

	3D reconstruction with electron density – DENSS in RAW

	Aligning reconstructions with high resolution shapes

	Advanced SEC-SAXS processing – Singular value decomposition (SVD)

	Advanced SEC-SAXS processing – Evolving factor analysis (EFA)

	Advanced Series processing – Regularized Alternating Least Squares (REGALS)

	Advanced SEC-SAXS processing – Baseline correction





	Creating a configuration file
	Masking

	Centering and calibration

	Setting normalization and other options

	Setting absolute scale with water

	Setting absolute scale with glassy carbon

	Setting a molecular weight standard
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Introduction


Overview

This tutorial covers SAXS data processing with RAW. You will learn how to:


	Process images into scattering profiles


	Average, subtract and save scattering profiles


	Find Rg and I(0) by Guinier analysis


	Find molecular weight by six different methods


	Do Kratky analysis and dimensionless Kratky analysis


	Test the similarity of scattering profiles


	Load and process SEC-SAXS data


	Carry out singular value decomposition (SVD) and evolving factor analysis (EFA)
to evaluate and deconvolve SEC-SAXS data


	Carry out regularized alternating least squares (REGALS) analysis to
deconvolve SAXS data.


	Do baseline correction on SEC-SAXS data


	Merge SAXS/WAXS data from two detectors


	Carry out Pair-distance distribution analysis (BIFT and GNOM)


	Evaluate ambiguity of 3D shape reconstructions (AMBIMETER)


	3D reconstructions with bead models (DAMMIF/N and DAMAVER)


	3D reconstructions with electron density (DENSS)


	Save your analysis information


	Calibrate RAW for integrating images


	Mask images for integration


	Set up normalization and save processing settings


	Set absolute scaling in RAW using water and glassy carbon


	Set a molecular weight standard in RAW




Section 1 covers basic processing with RAW, and
Section 2 covers advanced processing with RAW.
Section 3 covers how to set up RAW for integrating images for
those who do not already have a configuration file.

This tutorial is focused on how to use RAW, it is not necessarily a tutorial
on best practices for SAXS data processing. The SAXS tutorial
covers some basic processing and analysis best practices.



Requirements


	BioXTAS RAW >= v2.1.0 (most recent is best).



	Install instructions












	Tutorial data.


	Available from:
https://sourceforge.net/projects/bioxtasraw/files/?source=navbar









	ATSAS programs, >= v2.8.0 (for parts of Section 2 of
the tutorial).


	Download and installation instructions are available from:
https://www.embl-hamburg.de/biosaxs/download.html


	Requires a free registration for academic users. Industrial users must pay to use.










Other useful materials


	Video lectures from BioCAT’s Everything BioSAXS workshops, [https://www.youtube.com/playlist?list=PLbPNI520xTsEYbJk8V0BNQ461xnG6tpRW]
which can help you learn more about best practices for SAXS data processing.


	Each tutorial section has a linked video tutorial. A full playlist of the
videos is available here:
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Basic processing

This section will guide you through basic processing of files in RAW. It includes:
integrating images into scattering profiles, averaging and subtracting scattering
profiles, doing Guinier fits, MW analysis, processing SEC-SAXS data, processing
data from 2 detectors (SAXS and WAXS data), saving analysis information, and a
few other things. It refers to the RAW tutorial data.

Select a section below to view the tutorial, or use the next and back buttons at
the bottom of the page to navigate through it in order.



	Loading configuration files and images, creating subtracted scattering profiles, saving profiles

	Guinier analysis

	Molecular weight analysis

	Saving analysis information
	Saving as a pdf

	Saving as a spreadsheet (.csv)





	Kratky analysis

	Similarity Testing

	Basic SEC-SAXS processing

	WAXS processing and merging

	A few additional tricks








          

      

      

    

  

  
    

    Loading configuration files and images, creating subtracted scattering profiles, saving profiles
    

    
 
  

    
      
          
            
  
Loading configuration files and images, creating subtracted scattering profiles, saving profiles

A video version of this tutorial is available:


  
    

    Guinier analysis
    

    
 
  

    
      
          
            
  
Guinier analysis

This tutorial covers how to use RAW for Guinier analysis. This is not a tutorial
on basic principles and best practices for doing a Guinier analysis. For that,
please see the SAXS tutorial.

A video version of this tutorial is available:


  
    

    Molecular weight analysis
    

    
 
  

    
      
          
            
  
Molecular weight analysis

This tutorial covers how to use RAW for molecular weight analysis. This is not a
tutorial on basic principles and best practices for molecular weight analysis.
For that, please see the SAXS tutorial.

RAW provides four methods of molecular weight analysis:


	Referencing I(0) to that of a known standard


	From the volume of correlation using the method of Rambo and Tainer


	From the adjusted Porod volume using the method of Fisher et al.


	From the value of I(0) on an absolute scale.




If ATSAS is installed, RAW also provides an additional two methods of MW
calculation using the ATSAS tools, for a total of six different methods:


	From classification by machine learning (ATSAS datclass/Shape&Size)


	From a Bayesian estimation based on concentration independent methods (ATSAS
datmw bayes)




If you use these MW methods in RAW, in addition to the RAW paper please cite
these papers:



	Volume of correlation: Rambo, R.P. & Tainer, J.A. Nature (2013). 496,
477-481. DOI: 10.1038/nature12070 [https://doi.org/10.1038/nature12070]


	Corrected Porod volume: V. Piiadov, E. Ares de Araujo, M. Oliveira Neto, A. F.
Craievich, and I. Polikarpov. Protein Science (2019). 28(2), 454-473.
DOI: 10.1002/pro.3528 [https://doi.org/10.1002/pro.3528]


	Bayesian inference (ATSAS): Hajizadeh, N. R., Franke, D., Jeffries, C.
M. & Svergun, D. I. (2018). Sci. Rep. 8, 7204.
DOI: 10.1038/s41598-018-25355-2 [https://doi.org/10.1038/s41598-018-25355-2]


	Shape&Size (ATSAS): Franke, D., Jeffries, C. M. & Svergun, D. I. (2018).
Biophys. J. 114, 2485–2492.
DOI: 10.1016/j.bpj.2018.04.018 [https://doi.org/10.1016/j.bpj.2018.04.018]







A video version of this tutorial is available:
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Saving analysis information

There are several ways to save results in RAW, besides saving the processed files
themselves. In this tutorial we go over how to create a summary PDF of your analysis,
and how to save your analysis data to a spreadsheet (.csv file).

A video version of this tutorial is available:
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Kratky analysis

A Kratky plot is a plot of \(q^2I(q)\) vs. q. Kratky plots can qualitatively assess
the flexibility and/or degree of unfolding in samples. Unfolded (highly flexible) proteins
should have a plateau in the Kratky plot at high q, while compact, globular proteins will
have a bell-shaped (Gaussian) peak. A partially unfolded (flexible) protein may have a
combination of the bell-shape and plateau, or a plateau that slowly decays to zero.

Normalized Kratky plots are plots of \(q^2I(q)/I(0)\) vs. q. This normalizes scattering profiles
by mass and concentration. Dimensionless Kratky plots are presented as either \((qR_g)^2I(q)/I(0)\)
vs. \(qR_g\)or \((q^2V_c)I(q)/I(0)\) vs. \(q(V_c)^{1/2}\). These dimensionless plots
can provide semi-quantitative analysis of flexibility and disorder. More information about can
be found here and references therein: https://www.bioisis.net/tutorials/21.

A video version of this tutorial is available:
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Similarity Testing

A video version of this tutorial is available:
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Basic SEC-SAXS processing

In a typical SEC-SAXS run, images are continuously collected while the eluate (outflow)
of a size exclusion column flows through the SAXS sample cell. As proteins scatter more
strongly than buffer, a plot of total scattered intensity vs. time, the so-called SAXS
chromatograph (or scattergram), will show a set of peaks similar to what is seen by
UV absorption measurement of the SEC system. RAW includes the capability to do routine
processing of SEC-SAXS data. This includes creating the SAXS chromatograph from the data,
plotting Rg, MW, and I(0) across the peaks, and extracting specific frames for further analysis.

Note: In RAW, this is called Series analysis, as the same tools can be used for other
sequentially sampled data sets.

A video version of this tutorial is available:


  
    

    WAXS processing and merging
    

    
 
  

    
      
          
            
  
WAXS processing and merging

Several SAXS beamlines use two (or more) detectors to collect different q regions. For example,
the MacCHESS G1 beamline used dual Pilatus detectors to measure SAXS and WAXS from q ~0.008 – 0.75
Å-1. The SAXS detector has q ~< 0.25 Å-1 and the wide-angle scattering
(WAXS) data has q >~ 0.25 Å-1. All of the data that you have been working with
so far has been SAXS data. Some experiments can make use of the WAXS data. In this part of the
tutorial you will learn the basics of processing it.

A video version of this tutorial is available:
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A few additional tricks

Here are some additional tricks that may make your life easier while using RAW:


	If you click on a scattering profile in the Profiles plot,