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SAMPLE PREPARATION 

To obtain high quality SAXS data, it is essential to avoid aggregation and misfolding 

during sample preparation.  This section will cover some standard methods for preparing SAXS 

samples, achieving adequate buffer matching and final preparation steps before data collection. 

For more detail regarding preparation of proteins nucleic acids for SAXS, please see the 

following references included in the papers directory: 

J.E. Burke and S.E. Butcher. Nucleic acid structure characterization by small angle X-ray 

scattering (SAXS). Curr Protoc Nucleic Acid Chem. 2012 Dec; Chapter 7: Unit 7.18. 

NIH SAXS Workshop 2014 

Alex Grishev review 

R.P. Rambo and J.A. Tainer. Improving small-angle X-ray scattering data for structural analyses 

of the RNA world. RNA. 2010 Mar; 16(3):638-46. 

GEL FILTRATION 

Size exclusion chromatography is often a necessary step in sample preparation for both 

proteins and nucleic acids.  This step helps remove unwanted aggregation and/or separate 

multimers in protein samples.  Frequently, proteins and nucleic acids form unintended 

biomolecular or trimolecular complexes.  These complexes can be detected by non-denaturing 

PAGE and must be removed using the appropriate size exclusion column before further sample 

preparation. 

BUFFER MATCHING 

Because SAXS is the measure of the contrast between the scattering of the macromolecule and 

the background (including buffer, capillary etc.), buffer matching is one of the most essential 

processes in sample preparation. If gel filtration is employed as a purification step, then buffer 

can be collected from the column after equilibration, before loading the sample and used as a 

background sample. 

Otherwise, buffer matching is achieved through dialysis by the use of centrifugal devices. If 

using dialysis, it is recommend to dialyze against a large volume of buffer for 12-24 hours with 
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2-3 buffer swaps. This can easily be done with a small sample volume ( < 500 microliters). We 

have found from experience the best small volume dialysis product to be “D-Tube” dialyzers 

produced by Millipore. They result in the lowest probability of sample loss and are easy to use 

(essentially an eppendorf tube). Retain and filter the dialysate through a 0.2 µm filter and use 

this for cleaning and as the background sample. For small volumes of buffer or sample you can 

use Millipore Ultrafree filter units that are available for purchase in the NMRFAM supplies 

cabinet. 

If using a centrifugal device, such as an Amicon spin concentrator, first clean the device with 0.1 

M NaOH and your buffer (as per manufacturer’s instructions).  

Furthermore, it is essential to wash the capillary used for data collection with matched buffer to 

avoid diluting the sample with unmatched buffer or water retained on the quartz surface. You 

can easily use a 1 mL syringe to push a large volume of buffer through the Bruker Nanostar 

cells. 

CONCENTRATION DETERMINATION 

Concentration should be determined by A260 or A280 measurements of a denatured or 

(preferably) degraded aliquot of the actual sample to be used for SAXS. For proteins determine 

the absorbance at 280 nm if the protein has a large extinction coefficient (if it has a tryptophan). 

Extinction coefficients can be determined by sequence at http://web.expasy.org/protparam/ . 

Caution: if your sample requires DTT be very careful to measure a background with buffer that 

has undergone a similar history of DTT oxidation. DTT oxidizes readily and will absorb at 280 

nm after it has oxidized. For RNA, incubate the aliquot in basic solution (such as 0.1 N KOH) at 

25°C overnight to completely degrade the RNA and minimize hypochromic effects.  

FINAL STEPS IN SAMPLE PREPARATION 

Immediately before data collection (especially if the sample has been stored for an extended 

period of time) it is useful to run both sample and buffer through a 0.2 µm filter. This helps 

remove larger aggregates of molecules, dust and agglomerates of buffering agents or salts.  

  



Data Processing   

5 
 

DATA PROCESSING 

 Initial data processing will occur either at the beamline or on the computer associated 

with the Nanostar.  This includes calibration, reduction of the 2D scattering pattern to a 1D 

scattering curve and averaging multiple 1D curves (particularly when using the beamline).  

Instructions for this process on the NMRFAM Bruker Nanostar are included in the manual for 

that instrument. Calibration and data reduction are typically automated at the beamline. 

 Buffer subtraction may also be performed while at the synchrotron but it may be 

desirable to optimize subtraction later. This can be achieved using Primus as described below. 

It is also possible to perform calibration and data reduction on 2D images using the Nika 

package developed at APS for Igor Pro.1 However, this requires knowledge of the pixel size of 

the detector and access to masks and flood field and spatial corrections. It is much easier to 

perform these processing steps on a computer with these parameters already set up. 

Further processing will require the ATSAS package of software available from EMBL-

Hamburg.2  The data processing package Primus is available for Windows and OS X. The 

Windows version is recommended as it is more user friendly and further along in development.  

All of the data processing covered in this section uses Primus.  Once you have installed the 

ATSAS package, open Primus and click on the tools “menu” to open up the tools dialogue.  

Primus uses a .dat format that has three columns: column 1 is the q value, column 2 is the 

intensity and column 3 is the error in the intensity.  Note that Primus renames “q” as “s”.  q and s 

vary in their mathematical transformation from the scattering angle (2θ) as follows: 

𝑞 = 4𝜋 sin 𝜃 /𝜆  

and  

𝑠 = 2 sin 𝜃 /𝜆 

Fortunately, as long as all the units within your data are consistently in “q”, this difference does 

not affect data processing. 

  

                                                
1 http://usaxs.xray.aps.anl.gov/staff/ilavsky/ExtendingTheCode.html 
2 http://www.embl-hamburg.de/biosaxs/software.html 
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BUFFER SUBTRACTION 

IGOR PRO ****USUALLY FOR BEAMLINE DATA 

Buffer subtraction using Igor Pro can be performed using procedures written at Sector 12 by 

Xiaobing Zuo and the Wang research group.  These macros can be found under the “SAXS 

Proc” menu if they are installed on the computer.  If not, obtain the most recent macros from 

Xiaobing3 and copy them to the Igor Pro protocols folder (likely C:\Program 

Files\WaveMetrics\Igor Pro Folder\Igor Procedures) and Igor will read them as it starts up. 

1. Choose NCILoadESYFiles.  In the popup window, change “numesy” to the number of 

scans (e.g. 10 or 20).  In the next window, choose your first buffer scan.  The macro will 

load the rest automatically. 

2. Choose NCILogLogPlot and change the number of data sets to plot to the number of 

scans.  Then choose the first scan under “Select the Q data”.  Lines or Markers should 

be set to lines. 

3. If all the curves overlay nicely, draw a box around them and choose “Average Data Sets 

from Plot”.  In the dialogue box that asks whether or not to weight data based on error, 

be sure to choose no. 

4. Repeat steps 1-3 for the sample scattering. 

5. Choose NCI SubtractBackgroundWave.  In the dialogue choose your averaged buffer 

scattering as the background data wave and the averaged sample scattering (Note: the 

averaged wave will be found just after the list of all the individual waves in the dropdown 

menu). 

6. The scale factor (α) must be calculated based on the excluded volume of RNA.  The 

formula is: 

𝛼 = 1 −
𝐶 ∗ 0.54
1000

 

Where C is the concentration of your sample.  This should be very close to 1. (Hint: it’s 

helpful to make an excel spreadsheet of all your samples and concentrations before you 

go and include this as a column) 

7. Choose NCILogLog plot again and change the number of data sets to 1.  Choose your 

background subtracted file (should be just beneath your averaged sample scattering in 

the list and ends with “bsub”). 
                                                
3 xiaobing.zuo@gmail.com 
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8. Examine the region of the scattering > 1.5 Å-1.  If you see a sharp increase in intensity 

around 1.8-2  Å (see below – blue curve) then the α value is too low.  If you see a sharp 

decrease in the curve in this region, α is too high (pink curve).  If α is correct then you 

should see a relatively flat curve (red curve).  You can tweak α as necessary. 

 

PRIMUS – NMRFAM NANOSTAR DATA 

Typically, Primus will be used with data collected on a benchtop instrument.  In this case, WAXS 

data will not be available due to the lower intensity of X-rays and poorer signal/noise. The data 

must be in the three-column tab-delimited “.dat” format: 

 q I error(I) 

For 32-bit versions of Primus: 

1. Open Primus and click on the tools menu to open the data processing menu. 

2. Click select next to the #1 position and select the file that contains your sample 

scattering. 

3. Click select next to the #2 position and select the file that contains your buffer scattering. 

4. Click Plot to view the two curves.  They should overlay fairly well at values of q > 0.25 Å-

1.  If they do not, then (a) you may not have collected data for the same amount of time 

for the buffer and the sample, or (b) the buffer matching may be off.  
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5. Click scale, or adjust the multiplier value manually until this region overlays with the 

buffer intensity slightly less than the sample intensity. If this doesn’t work, see the 

section on dialysis and pre-sample preparation for pointers. 

6. In the multiplier field next to the buffer scattering enter the adjusted scattering value (α): 

𝛼 = 1 −
𝐶 ∗ 𝜌
1000

 

Where C is the concentration of the sample in mg/ml and ρ is the density of the molecule 

(0.76 for proteins and 0.54 for RNA). Alternatively, just enter the concentration for 

proteins and scale the concentrate of nucleic acid by 0.54/0.76. 

7. Click the Subtract button and inspect the results.  The resulting file will be in the OUT 

field at the bottom of the data processing window and will be called something like 

sub001.dat.   

8. Alternatively you can use the q*I transformation described below (p. 18)  for 

determination of Molecular Mass to guide buffer subtraction.  

9. This is a good time to move ahead to the Guinier transform to check for aggregation or 

interparticle interactions and to ensure that the radius of gyration looks correct. 

 

GUINIER TRANSFORM 

The Guinier transform will predict the radius of gyration (Rg) and scattering intensity at q 

= 0 Å-1 based on the linear relationship between q2 and ln(I) at sufficiently low values of q 

according to the following equation: 

ln 𝐼(𝑞) = ln 𝐼 0 −
𝑅!!

3
∗ 𝑞! 

The valid range for this relationship is qmax*Rg < 0.8 for extended molecules (like many RNAs) or 

qmax*Rg < 1.2 for globular molecules (many proteins).  Please visit the Biosis tutorial for more 

information about radius of gyration and the Guinier derivation.4 

 The Guinier transform is also the best way to judge sample quality.  A non-linear plot at 

low q with an upward curve is indicative of aggregation while a non-linear plot with a downward 

curve is indicative of repulsion.  These types of structure factor contributions can be removed by 
                                                
4 http://bioisis.net/tutorial/7 
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merging data sets from different concentrations or using zero concentration extrapolation 

(pages 10-11). 

IGOR PRO 

1. In the same experiment file where you performed the averaging and buffer subtraction (if 

you did not use Igor Pro for these previous steps, I recommend using Primus instead 

here) choose Make Guinier Plot in the SAXS Proc menu. 

2. Under number of data sets to plot, choose 1, and under lines or markers, choose 

markers.  Also, choose the averaged, buffer subtracted data.  Then hit continue. 

3. Zoom in on the lowest q region of the plot (q2 <  1X10-2) by drawing a box, right clicking 

and selecting zoom in.  

4. Select the region you would like to fit by dragging the markers found in the lower left-

hand corner of the plot window onto the markers at either end of the Guinier region of 

your plot. 

5. Choose Perform Guinier Fit from the SAXS Proc menu. 

6. Reposition the markers as necessary such that qmax*Rg < 1.3 (~1 for nucleic acids). 

7. Record the Rg value and error as well as the I(0) value.  I(0) is dependent on molecular 

weight and should not change with concentration.  Changes in I(0) are indicative of 

structure factor or aggregation as mentioned above. 

PRIMUS 

1. Open the buffer subtracted scattering curve of interest (it’s best to do this individually for 

each dilution).   

2. Begin by choosing an nEnd such that the largest q value plotted is around 0.05-0.07 Å-1. 

3. Click the Guinier button at the bottom of the tools window. 

4. Adjust nBeg and nEnd until the sRg limit is less than 0.8 for very extended molecules 

and 1.3 for approximately globular molecules. 

5. Record the Rg value and error as well as the I(0) value.  I(0) is dependent on molecular 

weight and should not change with concentration. Changes in I(0) are indicative of 

structure factor or aggregation as mentioned above. 

KRATKY PLOT 
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The Kratky plot is useful for initially characterizing the conformation of your molecule.  

Unfolded molecules have very distinct Kratky profiles from globular molecules.  Extended rigid 

molecules (common with RNA) also have a distinct profile as shown below: 

 

In Primus, you can plot your data as a Kratky plot using the following steps: 

32-bit version 

1. Decrease nEnd until the you have plotted the region q < 0.3 Å-1 

2. Click the Sasplot button. 

3. In the new window choose ViewàY*X^2: X to generate the Krakty plot 

4. Unfortunately, there does not appear to be a good way to save either the plot or the 

transform of the data in this version of SasPlot.  You can always use Print Screen to 

capture an image of the plot.  If you require the data in this format, it is easiest to 

accomplish in Excel. 

64-bit version 

1. Decrease nEnd until the you have plotted the region q < 0.3 Å-1 

2. Choose Plot à I vs. s*I^2 (Kratky Plot) 

3. Print or save the plot using the Print and Export tools in the Plot menu 

MERGING DATA SETS 

In many situations, it may be desirable to merge the wider angle region of a higher 

concentration data set (which have better signal:noise) with the lower angle region of a low 

concentration data set (which is less influenced by interparticle interactions). To ensure that this 
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is appropriate, first examine the wide angle region of both data sets and verify that they overlay 

well. If this is the case, then interparticle interactions have little to no effect on the general shape 

of the molecule and it is valid to merge the data sets. 

1. In Primus, plot a low concentration and high concentration data set of the same 

molecule under the same conditions. 

2. Plot q < ~0.12 Å-1 of the low concentration data (light blue curve, below) and q > ~0.08 Å-

1 of the high concentration data (dark blue curve below). Click scale, then merge. 

3. The merged data set will be plotted (green, below) – verify that it closely resembles the 

original curves. This “merged” curve can then be used for further data processing steps. 

              

 

 

 

ZERO CONCENTRATION EXTRAPOLATION 

An alternative to merging data sets, this function linearly extrapolates to the scattering curve to 

a theoretical curve at zero concentration of the macromolecule to remove all structure factor 

contributions.  Structure factor manifests as a sharp downward slope in the curve at low q 

values in the case of repulsion, which is most common for RNA, particularly at concentrations > 

1 mg/ml.  Attraction or aggregation causes an upward slope at low q values that is frequently 

seen with protein. 
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*Note: only scattering curves with correct buffer subtraction should be used (see pages 6-8). 

**Note: this capability is unfortunately only available in versions of Primus other than the 64-bit 

2.4.2 that has the improved user-interface. 

1. Open your buffer subtracted sample scattering for each concentration in the dilution series 

by clicking select (should be in a .dat format).  

2. Enter the exact concentration (see page 3) for each dilution. 

3. Select the portion of the curve for which all concentrations have identical scattering.  Note: 

DO NOT click “scale” at any time during this process (it will confuse the program and you 

will have to clear everything and start over). 

a. First reduce the curve to the usable portion: q < 0.32 Å-1.  This can be achieved by 

clicking “Range” and entering a value for nEnd that achieves the number of points 

necessary.  nEnd can also be changed individually for each curve. 

b. Then remove all points at small values of q where the curves do not overlay exactly 

by increasing nBeg 

c. nEnd and nBeg should be the same numbers for each dilution (e.g. nBeg=10 for all 

dilutions) 

4. Click ZerConc 

5. Compare the newly generated curve to your original curves by plotting all the data (reset 

nBeg and nEnd)  

a. At low q values the curve should overlay most closely with your lowest concentration 

sample 

b. At higher values, you should see decreased noise compared to the lower 

concentration samples 

c. Look carefully for any distortions near the nBeg and nEnd points that you used when 

choosing the range for the ZerConc calculation 

 

PAIR DISTANCE DISTRIBUTION FUNCTION 

GNOM is by far the most convenient software for calculating a PDDF or p(r) plot from the 

scattering curve.  GNOM can be accessed from Primus by selecting Tools à Distance 

distribution (or the “Gnom” button at the top of the screen in other versions). 
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1. Prepare your data in primus: load your background subtracted and zero concentration 

extrapolated (optional) curve into the first position.   

2. Increase nBeg to remove any sharp downward slope at the beginning of the curve due 

to the beam-stop (usually just use the lowest q used in Guiner plot): 

 

Like this:     Not this: 

      
 

3. Decrease nEnd until the qmax value is ~0.32 Å-1.  This can be adjusted to as low as 0.25 

Å-1 depending on the noise level in your data. 

4. Start Gnom (see intro paragraph above) 

5. In the dialogue box: 

a. Change the Output name to a name that you will recognize. 

b. Make sure nBeg and nEnd match the values you chose in primus 

c. Choose an Rmax (also called Dmax) – This is the maximum dimension of your 

molecule.  You will use GNOM to optimize this value.  A good place to start is 

3*Rg 

d. For now, uncheck P(Rmax)=0.  This will not restrain the probability at Rmax to 

zero.  It’s a useful tool when you do not yet know your Rmax value. 

6. Examine the fit of the red line (Gnom’s predicted scattering curve) to your data in blue.  

This is especially important at small values of q.  A poor fit in this region indicates a poor 

estimation of Dmax. 

7. Examine the preliminary PDDF or p(r) plot 

a. The plot should be smooth with no strange oscillations. 
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b. Look for the point at which the probability (p) drops most closely to zero at high 

values of R – this will be close to Rmax 

c. If the p(r) does not drop near zero, Rmax may be too small 

8. Adjust Rmax as needed and check the P(Rmax)=0 box to force the probability at Rmax 

to zero.  

9. Click options (in other versions you will need to select the Display alpha option in the 

original dialogue window). Check that the value of alpha is between 1 and 10 (ideally 

less than 5). Alpha is a stability factor – it is not indicative of the quality of the PDDF and 

is often mis-estimated. Adjust alpha manually if this is the case until the fit to the data 

(step 6) and the oscillations in the PDDF (step 7a) look reasonable. 

10. Repeat steps 6-9.  When inspecting the PDDF in step 7, the function should drop of 

gently, not abruptly, to zero at Rmax.  If it drops off abruptly or samples negative values, 

Rmax needs further adjustment.  Typically I try a 10 Å range of Rmax in 2 Å increments 

to find the best value. 

11. Also check that the estimated Rg from the PDDF is within a few angstroms of the Rg 

determined by the Guinier equation (page 8-10). 

12. If you cannot obtain a good PDDF you may have problems with buffer subtraction and/or 

structure factor contributions.  In this case you will need to revisit earlier sections of data 

processing. 

13. If your PDDF is satisfactory, click cancel when you get back to the GNOM dialogue box. 

Your PDDF will be saved in the same folder as your data.  You are now ready to try ab 

initio modeling. 

 

 

 

 

AB INITIO MODELING 

DAMMIF (Dummy Atom Modeling MInimization Fast) uses simulated annealing to create a 

shape filled with dummy atoms (labeled Cα atoms in the .pdb file).  The scattering curve is then 

predicted from the shape and matched to the idealized experimental scattering obtained from 

GNOM.  To ensure that a unique ab initio structure is obtained, simulated annealing with 

DAMMIF must be repeated 10-20 times.   
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The resulting models can then be averaged using a suite of programs called under the name 

DAMAVER that align, compare and average all the models.  The agreement between the 

models is measured as the mean normalized spatial discrepancy (NSD) and is the best 

indication of whether the ab initio model is a unique solution to the scattering curve. 

DAMMIF 

DAMMIF can be used from the command prompt in windows (CMD); however, it is most easily 

used by running it on multiple processors on one of the linux servers.  All the ATSAS programs 

are installed in the NMRFAM server “luing”. You can manually calculate structures as below or 

use the “dammifscript.sh” script in the “scripts” directory. 

1. Using an FTP client like SecureFX,5 transfer your final output file from GNOM onto the 

NMRFAM servers. 

2. Log into the NMRFAM network using PUTTY or XQuartz for OS X.6 

3. SSH into luing, navigate to the folder containing the GNOM file (it’s best to create a new 

folder for each project). 

4. Type: dammif –m slow –s <symmetry> –p <prefix> <gnomefilename>  > 

<outputfilename> & 

For example: 

dammif –m slow –s P2 –p RNA1 RNA_gno.out > RNA1dammif.out  & 

Where RNA1_gno.out is the GNOM output, RNA1dammif.out will be the log file for the 

run.   

Symmetry can be omitted, but is good to include if you anticipate symmetry (e.g. a 

homodimer). It is often advantageous to try these calculations with and without the 

symmetry restraint. 

5. Dammif will generate a number of files with the prefix RNA1: 

RNA1.in – the input file containing all the parameters for the run 

RNA1.log – the full log for the simulated annealing procedure 

                                                
5 Available from DoIT for free – see biochem IT website 
6 http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html 
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RNA1.fit – The fit of the simulated curve from the model to a smoothed version of the 

experimental data.  Columns: q, Iexp, Isim 

RNA1.fir - The fit of the simulated curve from the model to the actual experimental data.  

Columns: q, Iexp, Errorexp, Isim 

RNA1-0.pdb – this structure file represents the solvent shell in which the structure could 

exist – usually a sphere with a diameter of Dmax 

RNA1-1.pdb – Final ab initio structure after simulated annealing and fitting to 

experimental data. 

6. Run 10 jobs simultaneously by incrementing both the number in the prefix and output 

filename manually (a script could also be written to perform this task): 

Dammif –m slow –s P2 –p RNA2 RNA_gno.out > RNA2dammif.out  & 

Etc. 

DAMAVER 

DAMAVER can be used to call a group of programs: DAMSTART, DAMSEL, DAMSUP, 

DAMAVER, DAMFILT and Supcomb.  

DAMSTART initiates the alignment and averaging process; DAMSEL selects the .pdb files to be 

averaged; DAMSUP superimposes the models (using the Supcomb algorithm) and computes 

the pairwise and mean NSD values; DAMAVER averages all the models; and DAMFILT 

removes any outlying dummy atoms. 

1. Navigate to the folder containing the DAMMIF output on luing. 

2. Make a new folder and copy all the *-1.pdb files to that folder 

3. Navigate to the new folder 

4. Type “damaver /a” – this will call all the programs listed above to average and filter all 

the .pdb files in the folder (including an “&” will cause it to run in the background). 

5. When it finishes, check the file damsel.log for the NSD values. A unique model should 

have a mean NSD of less than 0.9. 

6. I typically compare the damaver.pdb file and damfilt.pdb file, then use damfilt.pdb to 

compare to any available crystal structures or all-atom models. These can be 

superimposed using supcomb20. For newer versions of ATSAS, the program is just 
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supcomb The aligned output file will be appended with an “r” (e.g. rna1.pdb à 

rna1r.pdb). 
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Molecular Mass Calculations 

 

 A new method for determining the molecular mass of proteins and RNA by SAXS was 

recently proposed by Rambo and Tainer in 2013 (see papers directory). This method has 

several advantages. 

-‐ It has been shown to work for globular/rigid and flexible molecules. 
-‐ You don’t have to accurately know the concentration of your sample.  
-‐ You can calculate the MM using information you would automatically determine from 

your SAXS data. 
-‐ The molecular mass using this approach is supposed to be accurate within ~15%. 
-‐ You don’t have to record data for molecular mass standards. 

**Note you can also use the below template to assist in buffer subtraction. When your 

data set is “ideal” for MM calculation, the buffer will have been properly subtracted. 

Calculating Molecular Mass 

You can use the “Trapezoid Integration-SAXS” Excel file to calculate the molecular mass. This 

spreadsheet uses the trapezoid integration method to integrate a q*I vs. q curve (described in 

Tainer Paper). This tutorial uses SAXS data that was recorded for Lysozyme. The raw data for 

Lysozyme can be found in the “RAW DATA” folder. 

1. Open the Trapezoid Integration Excel spreadsheet 
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2. There are several important features: 

- Cells that are highlighted in yellow are columns that you have to input data into. 

- The cyan cells are important for extrapolating SAXS data to a q of zero. This uses the Guinier 

equation to back-calculate SAXS data. 

- In the top right are the molecular masses calculated for proteins and RNA. 

3. First, paste your SAXS data into columns B (q values) and C (intensity values). Here you 

want to paste in data with the lowest q being the lowest q you used for determining Rg and I(0) 

from the Guiner fit. Leave some of the cyan cells untouched so that you can use them for the 

next step. 

4. Next, extrapolate your data to a q of zero. In the B column you can enter the q values from 

your experimental data set that were not included in your Guinier fit. Here you want to be sure to 

use the cyan highlighted cells for these q values. The spreadsheet will automatically calculate 

the theoretical SAXS data values in these cells (when you’ve put in the appropriate I(0) and Rg 

values). 

5. Input the Rg and I(0) values under the yellow highlighted cells. Now your zero extrapolated 

data should be correct. 

6. Scroll to the bottom of the data set in column B and C and delete anything below your data 

for all columns (A-L). Also, in column G you’ll see that the last data point (corresponding to your 

high q value) is negative. Delete this point, as it is not part of the integration. 

7. Review your q*I vs. q plot. This will allow you to assess your data and also check if you might 

be over or under buffer subtracted. As described in the Rambo and Tainer paper, they found for 

rigid and flexible systems that the q*I vs. q transformation generally always decays to zero. If 

you have noisy data, you might have data points that are a little negative. If this is the case, the 

negative and positive points should be evenly distributed about the Intensity = 0 line. When 

doing your initial buffer subtraction in ATSAS you can very easily view the q*I vs. q 
transformation using the “SASPLOT” feature. 
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Below are examples of “ideal”, over subtracted, and under subtracted: 

Ideal (with a nice decay to zero) 

 

Over-Subtracted (I*q at high q values is < 0 ) 

 

Under-Subtracted (I*q at high q values is > 0 ) 
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8. If the buffer subtraction is good, then the molecular mass is reported in cells L7 and M7 for 

either proteins or RNA. 

Chi-Square Free Calculations 

 

 The most commonly used statistical quality metric for structure agreement to SAXS data 

is the Chi-statistic. Generally SAXS data is oversampled when collected either at the NMRFAM 

or a beam line such as APS. This can lead to issues for calculation of the Chi value, particularly 

when including noisy data (high q values). Noisy data can artificially reduce the Chi value to 

appear acceptable (~ 1.0 ) when the overall fit is poor. Whenever calculating a Chi value using 

crysol or FoxS, it’s a good idea to also calculate and report the Chi Free value. This will likely 

soon become a standard requirement in the literature. 

For more details about the chi free statistic see the 2013 nature paper by Rambo and Tainer (in 

papers directory). 

Calculating Chi Free 

 The easiest way to calculate ChiFree is by using the Scatter program available at 

http://www.bioisis.net/tutorial .  

1. Launch Scatter and go to the Chi Free tab. 
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2. Go to the “rounds” pull down and select 5,000. This will be the number of random selection 

fits that will be carried out. The calculation is fast, so it’s no problem to max out the number of 

rounds. See the Rambo and Tainer Nature paper supporting info for what these rounds mean. 

3. Input the Dmax determined from your SAXS data (determined from GNOM). 

4. Select your experimental data file (.dat extension). 

5. Drag and drop in the Crysol fit or FoxS fit that matches your experimental data file. 

 

 

 

6. Click calculate and you’ll have your chi free value. 

-In this example there are some deviations at high q ( q > 0.25) that cause the chi free to 

be larger than the chi value. This could suggest that the sample is slightly over 

subtracted where the experimental deviations are below the line for the theoretical curve. 

This example nicely shows that the chi free does a much better job of reflecting 

deviations of experimental data to theoretical fits. 

7. Extra Info: If you can’t do a direct crysol/FoxS fit to your experimental data because you don’t 

have a single structure such as for an ensemble, you can manually input your theoretical curve 
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for an ensemble fit (from MES). Here you would replace the third column in the crysol .fit file 

with your theoretical curve. 

Ensemble Fitting of SAXS Data 

 

 For flexible systems or multi-component heterogeneous systems it might be more 

appropriate to compare experimental SAXS data to several structural models with varying 

weights. Usually one would go about ensemble fitting of experimental SAXS data if they had 

knowledge from another method that the system existed as several components or if the 

experimental SAXS data did not fit well to a single model. Generally the goal of ensemble fitting 

is to improve the fit of the model to the SAXS data. In the below example, adding additional 

structures minimizes the chi fitting statistic. In this case, you would select the smallest ensemble 

for which you stopped obtaining significant improvements in the fit to the experimental data. 

Caution must be carried out in ensemble fitting as to not  “over-fit” the SAXS data. You should 

be thorough in accounting/exploring for degenerate solutions because of the low resolution of 

SAXS data. 

 

 

 Ensemble fitting of SAXS data is most easily carried out using the “Minimal Ensemble 

Search” (MES) program (http://bl1231.als.lbl.gov/saxs_protocols/mes.php). The advantage of 

using MES is that it is very easy to work with large ensembles of structures that you may have 

generated from something such as MD simulations. The MES program works by using a genetic 
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algorithm to select structures from an input pool to obtain the best fit to the experimental data (A 

general depiction is shown below). See the MES manuscript in the “papers” folder for more 

details of how this works. MES is very picky about the format of input files! Be patient! 

 

1. First, you need to calculate SAXS data for your input pool of structures using FoxS. One way 

you can do this is by uploading your experimental SAXS data with a zip file of structures to the 

FoxS webserver (http://modbase.compbio.ucsf.edu/foxs/). The limitation for this method is that 

you can only upload 100 structures at a time. The FoxS server will automatically carry out an 

MES search for your ensemble. An alternative method is to install FoxS locally (linux or Mac 

OS) and run it on your computer. Here you can calculate SAXS data for an infinite number of 

structures. A script to carry out FoxS calculations is provided in the scripts folder (see 
description in script guide). 

2. Next, the FoxS fit files need to be prepared to work with MES. For additional examples see 

(http://bl1231.als.lbl.gov/saxs_protocols/mes.php) 

 -The FoxS fit files will have the name “InputPDB-Exp file name”.dat 

 -The first line in the FoxS .dat file needs to be empty or identical to the example files 

provided in the “ensemble” folder. If you use the script, the files will automatically be 

formatted correctly. 

 - The experimental data should have a blank line as the first line in the file. See the 

experimental example (IscU_3p0mgmlcoyApr_25C2.dat) in the “ensemble” folder. 

3. Generate a file named “list” that has a list of all of the FoxS fit files. The top file name in the 

list should be your experimental data file. If you use the script, the list file will automatically be 

generated except you need to put your experimental data file name at the top. 
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4. Next, run MES with all of the FoxS fit files and experimental data in the same directory. You 

can run MES using the following command (see http://bl1231.als.lbl.gov/pickup/README_MES 

for description of different parameters you can use): 

mes list --subset-size 1 --population-size 5000 --max-iterations 1000 --num-runs 10 

** The key parameter for specifying the size of the chosen ensemble “subset size”.  

*The MES-analysis.sh script in the “scripts” folder will automatically run MES for 
ensembles of size 1-4. See directions in the “HOWTO-scripts” file for use. 

5. After running MES, it will output the structure names it selected for your ensemble and their 

relative weights. See example output files in the “results-MESOutput” folder within the 

“ensemble” folder. 

6. Also a file “avg_optimal” will be output. This is the theoretical SAXS curve for the best fit 

ensemble. You can use this for calculation of the chi-free parameter and visually comparing to 

your experimental data. See example output files in the “results-MESOutput” folder within the 

“ensemble” folder. 

 


