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Abstract
Small-angle scattering (SAS) of X-rays and neutrons is a fundamental tool to study

the nanostructural properties, and in particular, biological macromolecules in solu-

tion. In structural biology, SAS recently transformed from a specialization into a

general technique leading to a dramatic increase in the number of publications

reporting structural models. The growing amount of data recorded and published

has led to an urgent need for a global SAS repository that includes both primary

data and models. In response to this, a small-angle scattering biological data bank

(SASBDB) was designed in 2014 and is available for public access at www.

sasbdb.org. SASBDB is a comprehensive, free and searchable repository of SAS

experimental data and models deposited together with the relevant experimental

conditions, sample details and instrument characteristics. SASBDB is rapidly

growing, and presently has over 1,000 entries containing more than 1,600 models.

We describe here the overall organization and procedures of SASBDB paying most

attention to user-relevant information during submission. Perspectives of further

developments, in particular, with OneDep system of the Protein Data Bank, and

also widening of SASBDB including new types of data/models are discussed.

1 | INTRODUCTION

The Small Angle Biological Data Bank (SASBDB, www.
sasbdb.org) is a curated repository for bio-macromolecular
small-angle scattering of X-rays and neutrons (SAXS and
SANS) data and models, which was released to the general
public in August 2014.1 Since its inception, the number of
entries in the SASBDB has steadily increased, influenced by
both the open-access movement and community-lead standard-
ization efforts for structural biology.2,3 By April 2019, the
number of SASBDB entries reached 1,000, with several hun-
dred on-hold or under review. Based on the 2018–2019 growth
statistics, 32 entries are deposited into SASBDB, on average,
per month from all over the world (Figure 1). Approximately,
84% of SASBDB depositions describe protein scattering
experiments (purified monodisperse proteins, oligomers and

mixtures, intrinsically disordered proteins [IDPs], etc.), 6% are
polynucleotide (DNA/RNA) studies, 9% are heterocomplexes
(protein-polynucleotide, nanolipoprotein particles, etc.) while
the remaining 1% include “non-standard” bioSAXS investiga-
tions, for example, squid eye lenses.4 Of the deposited SAS
entries, 93% were measured on synchrotron radiation facilities,
5% using in-house X-ray laboratory instruments, and less than
2% using neutrons. Aside from the deposition of scattering data
and the extracted structural parameters (e.g., the radius of gyra-
tion Rg, volume, molecular weight MW, and maximum particle
dimension Dmax estimates) 71% of SASBDB entries also
include additional modeling. Approximately 24% of entries
have only ab initio bead models; 41% of data sets are fitted
using hybrid atomistic/rigid-body models, often in combination
with ab initio modeling, while 8% are fitted using ensemble-
model approaches (Figure 2). Most of the released SASBDB
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entries (96%) are linked to published manuscripts via a DOI or
a PubMed identifier.

The data and models deposited in SASBDB as well as
metadata accompanying each entry (e.g., sample conditions,
instrument parameters, protein sequence(s), links to UniProt
and the Protein Data Bank [PDB], etc.) are fully and freely
available. Users of SASBDB should attribute the original
authors in any subsequent work. SASBDB is a curated data
bank whereby the data, models and the additional metadata

for each entry are manually reviewed for quality assurance.
Their release is dictated by the depositor whose work has
typically undergone, or is undergoing, peer-review from
journal referees who can request access to the pre-released
SASBDB depositions. If a manuscript is accepted or publi-
shed, the accompanying SASBDB entries are released and
linked to that manuscript. SASBDB, while adhering to the
recommended SAS publication guidelines in structural biol-
ogy,3 does not make decisions on data interpretation or data

FIGURE 1 Large scale synchrotron radiation and neutron facilities contributing to SASBDB

FIGURE 2 SASBDB contents by
model type
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quality, but now reports a set of validation metrics to help
assessing each entry.

2 | SASBDB DATA PRESENTATION

A SASBDB entry page is divided into two main sections.
The upper section displays the project, or manuscript title
and authors (with DOI and PubMed links to the manuscript),
the title of the individual entry as well as the primary scatter-
ing data, associated plots, and structural parameters. The
lower half shows model-fits and models that the depositor
may have provided, in combination with a text description
of the entry (including relevant observations reported by the
depositor during deposition) plus the sample and macromol-
ecule definitions, for example, the FASTA sequence for pro-
teins and links to UniProt or the PDB.

The experimental scattering data are presented for each
entry page using three plots:

• The primary scattering data is shown as a log-linear plot
(log I(s) vs s, where I is the scattering intensity and
s = 4πsinθ/λ, 2θ is the scattering angle, λ is the wave-
length), a commonly accepted way to represent 1D biolog-
ical SAS data (Figure 3e). The log-linear representation
helps one to visualize both very-low, mid-range, and
higher-angle data simultaneously.

• A Guinier plot, ln I(s) versus s2 (Figure 3p) at low values
of s. Guinier 5 showed that the scattering intensity at very
low angles is dependent on the Rg and forward scattering
at zero angle I(0). For monodisperse systems of non-
interacting particles, the Guiner plot in the range
sminRg < 1.0 � 1.3 should be linear, the slope relating to
the Rg and the extrapolated to s = 0 intercept, to the I(0).
Upward deviations from linearity in the Guinier plot sug-
gest that attractive interactions, or aggregates, are present
within the sample; negative deviations suggest repulsive
(charged) interactions between particles. A vertical blue
line at sRg = 1 acts as a reference, to evaluate whether the
data have been measured to sufficiently low-angle to cap-
ture the Guinier region. The parameters from the Guinier
approximation (reported on the plot) may be cross-
checked against those obtained from p(r) vs r (see below)
and the I(0) in combination with the sample concentration
provides the experimental MW estimate.

• A dimensionless Kratky plot of (sRg)
2I(s)/I(0) versus sRg

(Figure 3q) to qualitatively estimate of compactness of a
macromolecule. A bell-shaped peak in the plot, with a
maximum of 1.104 centered at sRg = √3 indicates that
the particle is likely globular or compact, while the devel-
opment of a plateau, followed by an increasing linear
trend in the plot for sRg > √3 indicates that less compact

state(s) are present in solution (e.g., flexible linkers,
unfolded proteins or highly anisometric particles).6

In addition, the distance distribution function p(r) vs r pro-
file is also displayed and the Rg and Dmax calculated from p(r)
are reported (Figure 3r). The expected MW, calculated from
the deposited sequence and ligand information is also dis-
played along with the SAS-determined MW,7,8 or, alterna-
tively, those from other biophysical techniques, for example,
multi-angle laser light scattering (MALLS), analytical ultra-
centrifugation (AUC) or mass spectrometry (MS). SASBDB
does not generally accept MW estimates derived from “stan-
dardized SEC columns” without justification (e.g., described
below in the “Description box” of STEP 2 of the deposition
process) as these estimates are often inaccurate.

The lower half of the entry page presents the models and
fits uploaded by the depositor, that include ab initio bead
models for example,9–11 as well as atomistic models, for
example, derived from hybrid rigid-body modelling.12–14

Single-model representations may be used to describe the
scattering data measured from monodisperse, ideal samples,
while the information from polydisperse solutions can be rep-
resented by a volume-fraction weighted cohort of multiple
models. The number of models can be small (2, 3) e.g., for
oligomeric equilibrium mixtures, or significantly large of for
example, in for IDPs. In the latter case, distributions of con-
formational states selected from the initial (semi-randomized)
generated pool is usually the main outcome of the analysis.
The Rg distribution of the refined pool, for example, using
ensemble optimization method (EOM)15 or minimal ensemble
search (MES)16 is compared to the Rg histogram of the initial
structural states. This comparison provides insights into the
flexibility of the system in solution. The SASBDB accepts
the Rg distributions file in a plain text format (Figure 3t) and
the depositors have the option of uploading “ensemble model
representatives” and relevant log files (Figure 3u). Large (several
hundred, or thousand models, for example, from molecular
dynamic [MD] simulations) may be included as an additional
zip-file upon agreement with the SASBDB curators.

3 | DATA DEPOSITION INTO
SASBDB THROUGH WWW.
SASBDB.ORG

The SASBDB accepts SAS data measured from biological
materials, primarily 1D radially averaged isotropic scattering
data from dilute macromolecular solutions after subtraction of
solvent or buffer scattering. At present, the deposition inter-
face is set up for the upload of these types of data, although it
is also possible to cater for “non-standard” scattering projects,
for example, bio-nanoconjugates, nanoparticles, biological
gels, etc. The experimental data, metadata, and models are

68 KIKHNEY ET AL.



FIGURE 3 Representation of a
SASBDB entry (based on https://www.sasbdb.
org/data/SASDDF6/). (a) Title of the
publication (or project in case of unpublished
data). (b) List of authors (the main contributor
is highlighted in bold), journal reference and a
link to Europe PubMed Central. (c) SASBDB
code and the title of the entry. (d) Names of
the macromolecules that were measured.
(e) Experimental scattering data (logarithmic
plot). (f, g) Experimental data range percentile
ranks. (h) Experimental noise percentile rank.
(i) Fit to the experimental data. (j) Error-
weighted residual difference plot.
(k) Goodness-of-fit percentile rank.
(l) Experimental details. (m) Entry tag.
(n) Drop-down list of files available for
download. (o) Comparison between
experimental and expected molecular weights.
(p) Guinier plot with the linear fit and the
estimated values of the forward and scattering
I(0) and the radius of gyration Rg.
(q) Dimensionless Kratky plot. (r) Pair
distance distribution function p(r) and the
maximum intraparticle distance Dmax. (s) p(r)
goodness-of-fit to data percentile rank.
(t) Histogram of the Rg distribution of the
generated pool (grey bars) compared to the
final ensemble (blue bars), if present.
(u) Associated models, for example, the most
representative models from EOM ensemble.
(v) Biological details of each measured
macromolecule, FASTA sequence and link to
UniProt
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deposited via the Web user-interface after a simple registra-
tion process. The interface helps to ensure that the data sub-
mitted are consistent with the requirements outlined by the
wwPDB small angle scattering task force (SAStf)17 and the
publication guidelines.3

After an entry is submitted to SASBDB it is reviewed
manually by the curators. If revisions are necessary, the
depositor will receive a request to revise-and-resubmit their
data incorporating the requested changes. If an entry is con-
sidered complete and accepted, a SASBDB accession code
is assigned and no further changes to that entry are allowed
via the deposition interface to ensure that a 1:1 correspon-
dence is maintained between a SASBDB deposition and its
corresponding accession code. Revisions to code-assigned
SASBDB entries, for example, that may be requested by an
external peer-reviewer, are dealt with manually via corre-
spondence between the depositor and one of the SASBDB
curators, thereby maintaining the integrity of the data bank.

Any SASBDB entry assigned an accession code remains
by default “on-hold,” i.e., protected via a key-string encoded
link and will not appear in the publicly accessible SASBDB
interface. It is over to the depositor to privately disseminate
this on-hold link with colleagues, journal reviewers/editors,
etc. who can then view the on-hold entry without signing in to
SASBDB. Data associated with work that has not been publi-
shed will not be released until approved by the principal con-
tributor, or nominally after 6 months on hold at which point a
request to release the entry is made or an extension granted.
The depositor may release unpublished data at any time; pub-
lication is not mandatory for making data publicly available.

3.1 | The deposition procedure

A step-by-step guide is available on the SASBDB website to
aid users through the deposition process (see https://www.
sasbdb.org/media/SASBDB_deposition_guide.pdf). The depo-
sition process begins with setting up a project followed by four
deposition steps. Listed below are the sections that we have
found to be the most troublesome for SASBDB depositors,
with points of clarification.

3.2 | SASBDB project

A project is a single-set, or combined group, of scattering data
and models related under a commonly shared or single title,
for example, a set of results obtained for a specific publication,
manuscript in preparation, etc. The advantage of the project
system is that multiple SASBDB entries can be pooled under
one title and, when released, further linked automatically, for
example, to a published manuscript. A project can be accessed
by its own URL (either confidentially as an on-hold link, or as
a public link after release) and will list all relevant SASBDB

codes. Clicking on the project title will list all SASBDB entries
relating to that project or manuscript. The project URL helps,
for example, to communicate multiple SASBDB accession
codes to journal referees, or to report several individual
SASBDB accession codes (often requested by journals), or
when searching for all entries relating to a specific investiga-
tion on the SASBDB website. When setting up a project it is
not advised to pool the results from a single macromolecule
spanning multiple investigations under one common macro-
molecule project title. For example, 28 alcohol dehydrogenase
SAXS data sets have been collected spanning seven separate
investigations; this scenario would be categorized as seven
projects, not one ‘alcohol dehydrogenase’ project.

Another way of grouping SASBDB entries is the tagging
system. A tag is a keyword or term assigned to a SASBDB
entry representing a certain feature, for example, “intrinsically
disordered protein,” “DNA,” “SANS,” etc. This kind of meta-
data helps describe an entry and allows it to be found again
by browsing or searching. Tags are generally chosen by the
annotators from a controlled vocabulary, however, the deposi-
tors may suggest new tags.

3.3 | STEP 1: Sample title, sample
macromolecules, ligands and buffer (solvent)
information

The upload of correct metadata linked to a set of experimental
results is the major cause of delay in processing SASBDB
entries, including the information requested in STEP 1 (addi-
tional metadata is also requested in STEP 3, see below).

3.3.1 | Define the sample title of an entry,
name and category of the macromolecule

For proteins, SASBDB adheres as much as reasonably possi-
ble to include the recognized UniProt protein name in the title
of a SASBDB entry (in those instances where a protein
sequence, and associated source organism, has been deposited
into UniProt, www.uniprot.org).18 For purely synthetic pro-
teins, or those without UniProt codes depositors may use title
descriptors at their discretion. Incorrectly annotated UniProt
entries should be dealt with between the depositor and Uni-
Prot (SASBDB does not contribute to annotating/correcting
UniProt entries).

3.3.2 | Correct protein or DNA/RNA
sequences

Delays may also be caused by uploading the incorrect protein
or DNA sequences. First, the actual sequence of the macro-
molecule should always be uploaded, for example, a protein
sequence that includes all N-terminal or C-terminal affinity
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tags and the associated oligomeric state. Second, for proteins,
the amino acid sequence should undergo an alignment against
those sequences in UniProt to obtain the amino-acid range of
the protein construct used for the scattering experiment rela-
tive to the native sequence in UniProt. If the UniProt code is
already known, the UniProt link and the FASTA sequence of
the protein can be automatically fetched from the SASBDB
deposition interface utilizing UniProt application program-
ming interface (API) service. The expected MW is automati-
cally calculated from the amino acid or DNA/RNA sequence
taking into account the oligomeric state of the macromolecule.
It is up to the user to explain any significant difference
between this expected/calculated and the experimentally
determined MW from the scattering data. Significant/
unexplainable MW discrepancies may result in a revision
request prior to ascribing a SASBDB accession code.

There is now an option to define ligands, lipids or other
bound molecules using the “add molecule” interface at
STEP 1. The chemical formula of the bound small-molecule
or ligand and the stoichiometry are required to include these
molecules in the “expected MW” calculation.

3.3.3 | Buffer information

The chemical formulae of the buffer components of the sol-
vent used for background scattering correction/subtraction
should be uploaded.

3.4 | STEP 2: Upload of scattering data and
structural parameters

The reduced and background subtracted scattering data are
typically provided in three-column format as follows:
momentum transfer (s), the intensities (I(s)) and the error
(standard deviation) on the intensities, σ(I(s)), where s is in
nm−1 or Å−1 and I(s) is in arbitrary units (a.u.) or on an
absolute scale (cm−1) (these units can be selected). However,
and importantly, the structural parameters typed into the
boxes in STEP 2 must be in nm units (e.g., the estimated
Guinier Rg), and the MW estimated in kDa. The Porod vol-
ume is recorded in nm3.

The uploaded data are automatically checked for “over-
subtraction,” i.e., systematically negative portions which
may have been a result of a mismatch between buffer com-
position of solution and solvent. If a statistically significant
negative data range is detected by an embedded algorithm, a
warning message on a possible over-subtraction is shown.

There following “types of curve” can be selected and
deposited:

• “single concentration” (batch measurement);
• “merged” data (batch measurement, combined concentra-

tion series);

• “extrapolated to infinite dilution” (concentration series
extrapolation);

• “SEC-SAS” (size-exclusion chromatography coupled to
SAXS or SANS measurements);

• ‘co-flow batch measurement;
• “co-flow SEC-SAS” (size-exclusion chromatography

coupled to SAXS measurements).

The pair distance distribution function p(r) may also be
uploaded at STEP 2. Several file formats are available for the p
(r) file(s), including ATSAS GNOM,19 BayesApp,20 BioXTAS
RAW,21 GIFT22 and ScÅtter. Files in GNOM format are auto-
matically parsed for the structural parameters; for p(r) files of
other formats, the parameters are calculated on the fly.

Finally, a description box is provided at STEP 2 to add rele-
vant text information (e.g., entry SASDCA323 provided a
detailed account to clarify experiment details). This box, still
underutilized by SASBDB depositors, is an important resource
in the manual curation to avoid extra questioning, revisions and
delays. Examples include cases where a depositor deliberately
wants to show a model that does not fit the data, or where the
quoted “experimental MW” is derived from another biophysi-
cal technique, for example, MALLS or AUC.

3.5 | STEP 3: Defining the instrument
parameters used for the SAS experiment

This step causes the most problems for SASBDB depositors
in terms of finding and locating the information required for
the deposition such that most revision requests to depositors
come from having ignored STEP 3. The basic instrument
parameters asked are as recommended:3

• the date the experiment was performed;
• the instrument and detector used (now available as a drop-

down list of over 85 instrument/detector combinations);
• the radiation wavelength (in nm);
• the sample to detector distance;
• the cell temperature (or sample exposure temperature);
• the storage temperature of the sample (prior to exposure);
• the exposure time and number of data frames used to gen-

erate the final scattering profile;
• the sample concentration (or concentration range in the

case of merged or extrapolated to infinite dilution options).

Additional options for SEC-SAS are:

• the type of SEC column used (from a dropdown list of
19 options; more can be added);

• the sample injection concentration;
• sample injection volume;
• SEC flow rate.
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At present, it is very difficult to parse this information
directly from the data files uploaded to SASBDB. Some facil-
ities or instrument outputs simply do not record this informa-
tion in the data files; other facilities use non-human readable
or “instrument jargon” to embed the parameters in long lists
of other information in the data file header or footers. In coop-
eration with several large-scale facilities, SASBDB works on
including these parameters in a standard “parsable” format to
easily find this information during deposition.

3.6 | STEP 4: Upload associated model and
model-fit files

SASBDB attempts to accept fit files and model files generated
using different software packages that can be selected during
the upload process. At present, there are approximately
20 model-fit program options and over 35 modeling programs
that depositors can choose using a dropdown list. These include
the programs of the ATSAS suite,24 FoXS,25 MultiFoXS26 and
WillItFit27 as well as modeling programs such as 3D-DART,28

AllosMod,29 Cluspro,30 elNémo,31 GROMACS,32 iTASSER,33

Phyre2,34 and others. On upload to SASBDB, the model fit
files (.dat, .fit, and .fir, that are typically in the column format
of s, I(s), σ(I(s)), and model(I(s))) are parsed and the goodness
of fit is estimated (see “Validation of experimental data and
models” below). At present, SASBDB accepts atomic or
dummy-atom coordinate files and electron density-volume
models; there are plans to accept models of other types. Direct
links to the PDB entries can be established by the depositors
during the upload of models to SASBDB.

3.7 | Preview page, just before submission

After the models and fits have been uploaded, the depositor
has a chance to review their entry prior to submission via a
preview page. It is crucial to check that:

• the scattering data, Guinier and dimensionless Kratky
plots (automatically generated in STEP 2), as well as the
p(r) profile, are displayed correctly;

• the experimental data has no over-subtraction warning. If
so, it might be a cause for the SASBDB curators to ask for
revisions;

• the expected MW is close the experimentally determined
one and the Porod volume makes sense with respect to
this MW;

• the model-fit files uploaded to SASBDB relate to the fit
of the model to the primary SAXS data of the entry. It is
common practice that depositors upload their primary
data and then use different variants (or different data) for
calculating p(r) vs r and the model fits;

• the molecule name, UniProt ID (for proteins), FASTA
sequence and links to the PDB, if relevant, are present and

• any description text is included to clarify points about the
content of deposition.

If a mistake is detected, or self-revision is required before
submission, depositors can return to previous steps without
risking the loss of already-uploaded information and make
the appropriate changes. The deposition may remain for as
long as the depositor wants in “draft” status and the links to
the draft project can be shared privately with others.

3.8 | Data deposition into SASBDB via the
world-wide PDB OneDep system

If a structural biologist has obtained high-resolution X-ray
or neutron diffraction data, NMR spectroscopy or electron
microscopy data, then it is possible while depositing these
data and associated models through the wwPDB OneDep
System (https://deposit-2.wwpdb.org/)35 to upload a SAS
project directly into SASBDB. The reverse procedure, that
is, depositing high-resolution data and models into the PDB
from SASBDB is not possible, and also stand-alone scatter-
ing projects cannot be uploaded via OneDep. When both the
high-resolution and SAS projects are deposited in parallel,
SASBDB accession codes will be issued immediately, that
is, the SASBDB “biocuration and wait” procedure is by-
passed. However, OneDep SASBDB depositions are checked
and any revision requests are dealt with via correspondence
between SASBDB and the OneDep depositor. Importantly, it
is not possible for the SASBDB to release an OneDep
scattering project to the public interface until the PDB has
released the associated high-resolution deposition.

3.9 | Adding files or revising entries after
SASBDB codes have been assigned

Sometimes, depositors require revisions to an entry after a
SASBDB code has been assigned, or the addition of infor-
mation or files for an entry, for example, the results obtained
from SEC-MALLS, MD simulations, advanced SANS with
contrast variation analyses (e.g., Stuhrmann plots), etc.
These revisions or additional files can be made and included
for download in the full entry zip-archive for a particular
entry via correspondence with a SASBDB curator.

4 | VALIDATION OF
EXPERIMENTAL DATA AND
MODELS

An advantage of a curated data bank over a passive data-
base, which simply stores data, is that it is possible to pro-
vide/analyze feedback characterizing an individual entry
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relative to other entries and also to highlight potential chal-
lenges going forward by means of global statistical analysis.
For example, assessment and reporting of the quality of the
deposited scattering data, its information content and the
reliability of model-fitting and other types of data-fitting are
useful for SASBDB depositors and external reviewers. To
facilitate interpretation of the data and to compare the quality
of individual SASBDB entries we follow the principles
described in36 and calculate percentile ranks for a number of
key metrics. Presenting these quality scores using “worse-
better” sliders was adopted by the PDB and permits the
users/reviewers to readily assess the data quality. The data
validation metrics currently available in SASBDB include
the measured angular data range, the level of experimental
noise and, where relevant, the quality of the goodness of fit
computed from the p(r) and from the models to the
experimental data.

The number of useful Shannon channels in a dataset10 is
automatically estimated and shown in SASBDB for all data
where Dmax has been reported (Figure 3g). The procedure
yields the highest value smax of the dataset which still con-
tains useful information and characterizes the information
content of the SAS data. It is further important that the mini-
mum value smin provides information about sufficiently long
distances to reliably determine the Rg, Dmax and volume.
The position of the first Shannon channel is s1 = π/Dmax and
the value smin Dmax /π is used as a metric to evaluate whether
sufficient low-angle data is available (shown as a SASBDB
slider, see Figure 3f).

The experimental noise is another crucial parameter but,
unfortunately, it is not uncommon that the experimental
errors are wrongly estimated or absent in the user data. We
had to introduce a noise estimation metric based on a single
experimental curve without relying on the provided experi-
mental errors. For this, the data are normalized and extrapo-
lated to I(0) = 1 using the Guinier approximation, rebinned
onto a common regular grid with a sampling period Δs and

cropped to a common s-range. Further, the data are Fourier-
transformed to real space up to rmax = π/Δs. The distances
less than Dmax are removed and inverse Fourier transform is
applied to the truncated data to estimate the pure noise with-
out the I(s) signal. The standard deviation of the noise is
used as a lower bound estimate of the experimental noise
and is reported in the respective slider (Figure 3h).

Two approaches are applied to estimate the quality of the
fits calculated from the p(r) functions and from the deposited
models. The classical reduced χ2 goodness-of-fit test is
applied when experimental errors are available; if they are
not present, SASBDB attempts to parse the fit file header for
the χ2 value. To overcome the problem of missing or
wrongly estimated errors an alternative approach suggested
by Franke et al.37 is applied to rank the entries by the Corre-
lation Map p-value (Figure 3m,s). A graphical representation
of deviations between the fit and the experimental data is
presented in the form of error-weighted residual difference
plot (Figure 3l), as recommended by Trewhella et al.3

4.1 | The challenge of experimental errors

With over 1,000 scattering profiles deposited, it is possible to
obtain an overview and highlight trends based on the above
validation metrics. One trend stands out above all others: the
correct specification of experimental errors and the impact
this has on data fitting. A quick analysis across SASBDB
suggests that experimental errors are often poorly defined,
both for the data from large scale facilities and lab sources.

From a total of 1,059 SASBDB entries (released and
unreleased) where χ2 and CorMap P-values are available or
relevant, 35% of entries have a χ2 between 0.8 and 1.2
(expected range of good fit). For the rest 65% entries, the
reported χ2 is outside this range (either above or below),
reaching the values as low as χ2 = 0.0036 and as high
as χ2 = 122.

FIGURE 4 Histogram of χ2

distribution of p(r) fits with CorMap test
p-values >.01 (64% of all data sets). The
green bars represent 42% of entries with
expected 0.8 < χ2 < 1.2. Inset: the ratio of
acceptable p(r) fits (p-values >.01, blue)
and fits with systematic deviations
(p-values <.01, red) according to the
CorMap test
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The situation is better for the CorMap test, where 64% of
entries have a p-value between .01–1.0 (a good fit); for 36%
of entries the p-value is below .01 (pointing to systematic
deviations, see Figure 4, inset). Out of the 64% good fits
only 42% of entries have the expected χ2 between 0.8 and
1.2 (Figure 4, green bars); 28% of entries have overestimated
errors (χ2 < 0.8), 30% have underestimated errors
(χ2 > 1.2). What this demonstrates is that experimental
errors are likely not specified correctly on a very regular
basis. How error misspecification affects data interpretation
is open for discussion; here, we simply report the observable
trends in SASBDB.

5 | SASBDB APPLICATION
PROGRAMMING INTERFACE

The RESTful API (https://www.sasbdb.org/rest-api/docs/)
was implemented in 2016 to provide programmatic access to
all information stored in SASBDB in JSON, XML and
sasCIF formats. The API makes it possible to retrieve a list
of all publicly available SASBDB entry codes, entries fil-
tered by a molecular type (protein, DNA, RNA, etc), or a set
of entries marked by a specific SASBDB tag. The whole set
of data stored in SASBDB is easily available by entry code.
This includes all the URLs to data files and plots as well as
specific entry metadata.

A specific private API was designed to enable submis-
sion of SASBDB entries as part of a PDB OneDep deposi-
tion session38 for X-ray, NMR or cryo-EM structures where
SAS was used as a supporting technique.

6 | IMPLEMENTATION

SASBDB is implemented in Python 2.7 (www.python.org)
using Django 1.11 as a web framework (www.djangoproject.
com) and the relational database MariaDB 10.1 (mariadb.
com). The SAS data analysis suite ATSAS 2.824 is used for
data validation. The combination of Celery 4.3.0 (www.
celeryproject.org) and RabbitMQ 3.6.6 (www.celeryproject.
org) serves as a task queuing system in order to run asynchro-
nous tasks outside of the HTTP request-response cycle. For the
search engine we use Django Haystack 2.8.1 (haystacksearch.
org) together with Elasticsearch 2.4.5 (www.elastic.co). For
data plotting we use gnuplot 5 (www.gnuplot.info), for model
visualization we use PyMOL 2.2 (www.pymol.org) and the
interactive viewer JSmol 14.15.2 (www.jmol.org).

7 | OUTLOOK

After 5 years of operation, SASBDB became an important
resource for disseminating experimental information and

models in biological SAS. The submission rate and also the
utilization of the database are constantly growing, and the rec-
ognition of SASBDB as the official deposition site by the IUCr
Commission3 played a very important role. For the future
developments, further modernization of the user interface is
planned and better linkage to the PDB submission resources is
underway to improve and encourage the OneDep line of sub-
mission. Work has also started to widen the data bank and
allow for not only biological but also soft matter data/models
from SAXS/SANS to be deposited (collaboration with the
Technical University of Applied Sciences Lübeck, Germany).
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