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About dSNAP

dSNAP is a program for comparing the geometries of groups of atoms extracted
from crystal structures in the Cambridge Structural Database. Because the
database contains so many structures, if can be difficult and time-consuming to
extract meaningful structural information, particularly for large datasets; dSNAP
can facilitate this process.

dSNAP can be used to investigate intramolecular geometry, or to analyse
intermolecular interactions when more than one chemical residue is defined in a
single database search. The method is suitable for both organic and
organometallic systems. The aim is to distinguish different geometries through
the use of cluster analysis.

Analysis can be performed on groups of 3-20 atoms, for datasets of up to 4000
instances of the search fragment. The user can also choose to include their own
structures from cifs in the analysis to see how they compare to structures
already in the database.

As dSNAP knows no chemistry, it minimises the risk of introducing bias into the
analysis of results.

Introduction to the Tutorial

This tutorial consists of three worked examples which aim to introduce some of
the main features of dSNAP.

Examples 1 and 2 involve an organic and organometallic example respectively.
Both examples demonstrate how you can include further structures from your
own cifs. It is recommended that you work through only one of these systems,
so pick the one that you feel is the more relevant to your own research. The
discussion will focus on setting up the database search, input of the data into
dSNAP and explanation of some of the tools available for analysing the results.

Example 3 demonstrates a system involving intermolecular interactions.
Although this system involves only organic materials, the principles are also
applicable to organometallic systems. The discussion material will focus on
setting up the ConQuest search and analysis of the clustering results.

Each example has detailed instructions, along with some tips and notes.

All of the examples for this tutorial consist of quite small data sets, so that
results can be generated quickly.



Example 1:
A simple organic fragment

Step 1: Set up the CSD search using ConQuest

Open ConQuest and click on the Draw button in the Build

Queries tab.
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Before starting the search, define at least one interatomic
distance, angle or torsion angle by clicking on the ADD 3D
button on the left side of the screen and then selecting the
atoms involved (e.g. C1-C8 as DIST1). Click Define, then
Done.

This must be done so that that the required files can be
generated from the search results. However, it does not
matter which parameter is chosen or which atoms it
involves.

Tips:

The order in which the
atoms are drawn
corresponds to how they
are numbered, and this
numbering scheme is later
used in dSNAP. For ease
in following this tutorial,
it is recommended that
you draw the fragment to
get the same numbering
scheme.

The circled ‘a’ label
attached to the double
bonds indicates that they
have been defined to be
acyclic. This can be done
by right-clicking on a bond
and selecting Cyclicity >
Acyclic from the drop-
down menu.
Alternatively, from the
toolbar menu choose
Bonds > Cyclicity >
Acyclic and click on each
of the bonds that is
required to be acyclic in
turn. These are listed in
the window. Then click
OK.

The hydrogen atoms have
been defined implicitly,
that is no bonds are drawn
in connecting them to the
carbon atoms. To do this,
right-click on the atom to
which hydrogens are to be
added, selected
Hydrogens > Generate.
This will generate the
number of hydrogens
permitted by the valence
of the atom. The number
of hydrogens can also be
specified. Alternatively
from the toolbar menu
choose Atoms >
Hydrogens > Generate
and click on each of the
atoms that that you wish
to have hydrogens on in
turn. These are listed in
the window. Then click
OK.
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Tip:

If there is a parameter
that you are particularly
interested in, if you
define that you will then
have the information
readily available for
exporting to other
programs, e.g. Vista or
Excel.

Click the Search button. Change the name of the search to
workshop1. Always make sure the 3D coordinates
determined box is checked in the search dialog box. For this
example, also check all the other boxes, with the R-factor less
than or equal to 5% and only organics.
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Start the search.
Step 2: Save the required files

Two files are needed for input into dSNAP: a .cor file, which
contains a list of the coordinates of the atoms in the fragment,
and a .fgd file, which contains the information about atom
types, how the atoms are connected to each other, and other

Note:

The maximum number of
fragments that can be
analysed by dSNAP is 4000.
Note that the number of
hit structures is generally
smaller than the number
of hit fragments; some
structures contain multiple
instances of the hit
fragment. It may be
necessary to introduce
further restrictions on the
database search if the
data set is large. This can
be done in a number of
ways, e.g. adding more
atoms to the search
fragment, including
hydrogen atoms, placing
stricter limits on the value
of the R-factor, on
experimental data
collection temperature, or
when the crystal structure
was published.




atom and bond definition information (e.g. whether a bond has
been defined as cyclic or acyclic, or if the connectivity of an
atom has been constrained). This file also contains the atom
numbering scheme for the fragment.

First, create the .cor file. Go to File > Export Entries as... A
dialog box will appear.
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Select file type:

COORD: CSD Coordinate file — I

Select what to export:

" Current entry only * All selected entries

Select options:

* Fractional " Orthogonal

" All Coordinates ¢ Hit Fragment Only

Either: Edit Filename and Save Or:  Save via

Idsnap\workshom ‘workshopl.cor Save File Popup

I 0% Cancel

™ Keep window open when finished

Select file type COORD: CSD Coordinate file.

Make sure that you check the box for Hit fragment only in the
Select options section, as dSNAP will not run if the
coordinates of all the atoms in the asymmetric unit are
exported (an error message to this effect will be displayed in
dSNAP if this is done by accident).

Save this into the workshop1 folder.

Now create the fgd file. Go to File > Export Parameters and
Data. Use the default options.

The fgd file is created along with 2 other files, .fgn and .tab,
but these are not required and can be ignored or deleted.

Notes:

This folder already
contains a cif, which in
this example will also be
imported for inclusion in
the cluster analysis.

If you are not planning on
comparing your own
structures to database
structures, you do not
need a cif.




Make sure that all the files are saved with the same root
filename (in this case, workshop1).

Keep ConQuest open until the dSNAP cluster analysis has run
successfully.

Step 3: Open dSNAP and identify the input files

Double-click on the dSNAP icon to launch the program.

Tip:

It is strongly
recommended that you
save the search (as a .cqs
file) for future reference.

When the dialog window appears, click on the Run new analysis
button. A new window will open. Click the File... button to browse
for the correct folder containing the .cor and .fgd files and select
one of them (it does not matter which).

Create the output folder. Note that the output cannot be saved in
the same folder as where the input files are saved. It is
recommended that you create a subfolder in the input directory
for the output. Click the Folder... button and browse for the input

folder. To select a folder, double-click on it. For the current
working directory, the icon will appear as an open folder.

Check the box at the bottom left to include a cif.
. Run On Structural Data... b x|

— Select input files containing structural data (*.fad, *.cor):
C:\dsnap\workshop1iworkshopl.cor

— Select folder to save output files:

c:\dsnapiworkshopThouth ey |
[v iSelect CIFs to include in calculatiors Cancel | oK |

Verify that the path for the output files is correct, then click
OK. A new dialog box will appear asking for the name of the
cif. Select bcai.cif from the workshop1 folder and click OK.

Another window will appear. This is used to tell the program
which atoms in the cif correspond to which atoms from the
original search fragment.

Note:

If you wanted to include
more than one cif, this
can be done using
standard multiple
selection options in the
Open CIF dialog box.

The name of the cif will
be truncated to the last 7
characters of the root
filename to create its
identifier in dSNAP. It is
recommended that when
you use your own cifs, you
save a copy of each in the
same folder as your fgd
and cor input files, giving
it a meaningful 7-
character filename. This
is particularly useful if
you wish to import more
than one cif, as all cifs
must be located in the
same folder.




To associate an atom in the cif with the corresponding atom in
the search fragment, right-click on the appropriate atom in
the cif atom list and select the search fragment atom from the
drop-down list that appears. As each atom is assigned, the
name of the cif atom is written (in italics) below the atom
name in the diagram.

To work out which atoms are which, open the cif in Mercury
and view the atom labels. In this case there is only one
instance of the search fragment in the asymmetric unit.

For this cif, the atom assignments are given in the table #ﬁ;ec'if used in this
below: example is taken directly
CIF atom Search fragment atom from the CSD. Here, this
C2 1 helps to provide a check
C3 C2 that all the atoms have
C4 C3 been correctly assigned.
C5 C4
Cé C5
c7 Cé
C8 Cc7
9 C8

As each atom is assigned, the table on the right of the screen is
also updated with which search fragment atom corresponds to
which cif atom. When all the atoms have been assigned, check
that the table is correct, then click OK. You will be asked if you
want to include another fragment from this cif. Click No.

This fragment has topological symmetry, i.e. there are some
atoms that are equivalent to each other on the basis of the
chemical connectivity of the fragment. In this case it affects all
the atoms in the fragment, but for other choices of search
fragments, only some of the atoms in the fragment may be related
by local symmetry. The presence of topological symmetry in a
fragment causes an ambiguity in the way in which the atoms in the
fragment which is extracted from the CSD are numbered. If this
ambiguity is not dealt with, it can result in the presence of false
clusters in the cluster analysis and so any local symmetry in the
fragment must be accounted for. This is done automatically by

dSNAP for all fragments, including fragments taken from cifs. Note:
There is a maximum limit
of 4000 symmetry

The output for this topological symmetry correction is possibilities. In practical

contained in the pre _prqces;ing_log.txt file, whi_ch is writtgn terms, this means that 7-
to the output folder. This gives a list of the possible ways in fold or higher order
which the atom numbering can be permuted, which are known symmetry cannot be run
as symmetry possibilities. with an automatic

symmetry correction.




For example, this fragment has two symmetry possibilities,
given by:

Symm Poss |1 2 3 4 5 6 7 8
1 1 23 4 5 6 1 8
2 8 7 6 5 4 3 2 1

The output also lists which symmetry possibility has been
assigned to each fragment. Looking at the first ten hit
fragments:

Refcode
BASBIH
BASCAA
CROCAL 01
CROCAL 02
CROCAL 03
DIXJIE
DIYWUD
DPHOCEOQ3
FITFIY 01
FITFIY 02

Symm Poss output

PR R RNNRRPND R

Here, those fragments with the symmetry possibility output of
2 have been renumbered, so in those fragments C1 has become
C8, C2is C7, C3is C6, etc., while fragments with a symmetry
possibility of 1 have not had their atom numbering altered.

A dialog box will appear asking if you wish to correct for

topological symmetry. Click OK. The cluster analysis will
start.

Step 4: Viewing and analysing the results

Progress bars appear as dSNAP carries out different stages of
the clustering process.

The results are displayed in a selection of analysis tools, which can

be accessed by a series of tabs at the top of the screen. Results
can be displayed in Data space, which relates to the correlations
between fragments, or Variables space, which relates to the

correlations between parameters. The vertical tabs on the left of

the screen are used to switch between them.

Tip:

This example should run
quite quickly, but some
analyses, particularly
those involving a large
number of hits from the
CSD, a large number of
atoms in the search
fragment, or high orders
of topological symmetry,
can take several hours to
run, and may be best run
overnight.




The first screen to appear will be the Cell Display in Data space,
which will look something like this:

Each circle represents a hit fragment. Those which are the
same colour are currently assigned to the same cluster. The
key down the left side of the screen associates each cluster
colour with a letter (for up to 30 clusters; beyond this point it
can be hard to distinguish the different colours).

Each fragment has a label. By default these are not shown for
datasets of more than 15 fragments. However, by right-clicking
anywhere in the display, the labels can be shown for all
fragments (Show All Labels) or for selected fragments (Show
Selected Labels). Alternatively, when the mouse is hovering
over a fragment, you will see a tooltip box with the fragment
name.

The fragments are displayed in the Cell Display in the order in
which they are output from the CSD. This is generally
alphabetically, but structures which have been included from
updates to the database are found at the end. Fragments
from included cif files appear last. These are also easy to spot
as their identifying code will begin with a ‘+’.

The number of hit fragments is bigger than the number of hit
refcodes from the CSD search. This is because the search
fragment occurs more than once in some of the structures, due
to multiple instances of the same fragment in a single
molecule, or because of multiple molecules, Z'>1, in the
asymmetric unit of the structure. When this occurs, the
refcode has nn appended to it, where nn is the number of the

Note:

These options for viewing
labels are also available in
the other graphics tabs.




fragment in that structure. If you refer back to the original
CSD search in ConQuest you can highlight these hits
individually, e.g. refcode KIXMOU, which has 4 sub-structure
matches for the search fragment, labelled KIXMOU_01,
KIXMOU_02, KIXMOU_03 and KIXMOU_04.

=10l x|
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Fragments in the Cell Display in dSNAP can be selected by
clicking on them. Multiple fragments can also be selected. If
the fragments are in sequence, click on the first, hold down
the Shift key and click on the last. If the fragments to be
selected are not in sequence, hold down the Ctrl key and click
on each of the fragments of interest. An entire cluster can be
selected by clicking on the coloured box corresponding to the
cluster in the key on the left of the screen. Multiple clusters
can be selected by clicking on the each cluster while holding
down either the Shift or the Ctrl key. Note each cluster must
be selected individually.

The selected hits can be viewed in Mercury, either by pressing
F3, or through the menu. Go to Tools > Show Selected Hits
in Database Viewer... F3.

In dSNAP, how the clusters are assigned can be seen and
adjusted by viewing the dendrogram.

Click on the Dendrogram tab. The dendrogram being
displayed should look something like this:
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Each box at the bottom of the screen represents a single hit
fragment. The boxes are joined by horizontal lines called tie-
bars, which link together fragments according to the
calculated similarity between each connected branch. The
vertical axis is a similarity scale, with zero similarity at the
top, and a similarity of 1.0 at the bottom ie if two fragments
are joined by a tie-bar near the bottom of the dendrogram
then they can be considered very similar, justifying their being
grouped together. If two branches do not meet until near the
top of the dendrogram, the associated fragments are only
loosely related to each other.

The horizontal line that spans the width of the dendrogram
marks the cut level. Any fragments that are linked at higher
level of similarity than the cut level (i.e. lower down the
dendrogram) are put into the same cluster), while those which
are less similar (i.e. their tie-bars lie above the cut level on
the dendrogram) belong to separate clusters. The initial cut
level is determined using Principal Components Analysis, but
can be adjusted by left-clicking anywhere in the dendrogram
display and scrolling using the scroll wheel on the mouse.

Moving the line up (raising the cut level) will decrease the
number of clusters, and overall the fragments within each
cluster will be less similar to each other, while lowering it will
increase the number of clusters, and the fragments in each
cluster will be more similar to one other.

See the effect of raising and lowering the cut level on the
numbers of clusters. Then click on the 3D Plot (MMDS) tab.

11

Notes:

For datasets with a very
large number of hit
fragments the individual
boxes may not be
distinguishable and you
may need to zoom in to
see the finer details.

Because the imported cif
was taken from a CSD
structure which is also
included in this analysis,
it can be identified as it is
linked to another
fragment with a similarity
of 1.

In cases where the cif
atoms have been assigned
incorrectly, the fragment
will frequently appear in a
cluster by itself.

Note:

Alternatively, if you do
not have a scroll wheel on
the mouse (e.g. using a
laptop) the cut level can
be adjusted by holding
down the Alt key, left
click on the cut level and
drag the cut level up or
down). It can also be
adjusted via the menu:
Tools > Set Cut-Level
To... and then enter the
required value. This also
allows the cut-level to be
set to a specific value.




At this stage, do not save the changes to the dendrogram when
prompted.

The plot s

hould look something like this:

w  Help

B

Fle
£ HEca Pict (MMDS] | [ Valcation | [ Numerical Resuls | Y View Logfle
£ J

[Veriables

Each sphere represents a hit fragment. Fragments that are
located close together in space can be expected to have
similar geometries. The colours are taken from the
dendrogram. lIdeally, spheres of the same colour will be close
together and well separated in space from spheres of different
colours. This indicates good agreement between the MMDS
plot and the dendrogram. The plot can be rotated in space by
dragging while holding down the left mouse button.

Some of the spheres have white spikes coming from them. Note:

These indicate the most representative fragment in each The most representative

cluster; this can be useful for selecting examples to illustrate sample highlighting can be

the geometries of each cluster. They are only shown for thk‘i_:zdag;m\érr;gwi'thm

clusters containing three or more fragments. the 3D Plot display and
clicking on Show MRP

Under the Validation tab are several tools for analysing Marks.

results. These are not so relevant to this tutorial, but are

explained in the dSNAP manual.

In order to assess whether the default cut level is the most
appropriate, first compare the geometries of the fragments
within each cluster to see whether they are similar enough* to
be included in the same cluster. Then compare the clusters to
one another.

12



* ‘Similar enough’ is subjective, and very much
dependent on the level of detail that is relevant and
appropriate to the investigation. At the two
extremes, all fragments could be considered in a
single cluster as they all have the same connectivity,
or all fragments whose similarity is less than 1 are
different as they do have different geometries, no
matter how small the differences are. For most
datasets, a situation somewhere between these is
probably the most appropriate or meaningful, and it
is the justification of cut level that is important. The
initial cut level provides a good starting point for the
number of clusters in the data set, but it may need
to be adjusted depending on the level of detail that
is required from the analysis.

One of the things to note is that in the MMDS plot all of the
groups of the same coloured spheres are very tightly packed
except the cyan cluster. Switch to the Dendrogram tab.
Highlight all the fragments in the cyan cluster and press F1.
Dismiss the window that appears displaying the 2D chemical
diagram of the fragment by clicking OK. This brings up the
Multiple Fragments Viewer, which displays the optimum
overlay of all the selected fragments.

The fragment viewer is a very useful tool in establishing the
suitability of a chosen cut level as it provides an excellent
check of how similar the fragments are when viewed en
masse. Small differences that may be lost when comparing the
structures individually can become much more apparent. This
allows outliers for a given cluster, or the dataset as a whole,
to be identified much more rapidly.

Although the fragments appear to be overlaying well, there is
one fragment that has a slightly different geometry.

Close the fragment viewer. Looking at the dendrogram, there
is quite a big step between the topmost tie-bar in the cyan
cluster and the next highest tie-bars. This is a good indication
that it may be appropriate to lower the cut level and split the
cluster further into two groups.
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Tips:

An easy way to do this is
to switch to the Cell
Display, left-click on D in
the key. This selects the
whole cluster. Then
switch to the dendrogram
display. They do not
appear selected, but
pressing F1 will bring up
the fragment viewer for
the whole cluster.

The Multiple Fragment
Viewer can also be
accessed through the
menu. Go to Tools >
Show Selected
Fragments in 3D
Viewer... F1.
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Now, change the cut level in the dendrogram from 0.704 to
around 0.764, the cyan cluster becomes separated into two
groups, coloured cyan and blue. Notice that the cluster that
was previously blue is now coloured pink, and the cluster that
was pink is now brown striped.

View all the fragments in the current cyan and blue clusters at
the same time with the Multiple Fragments Viewer.

The fragment in the blue cluster has a geometry that is
distinct from the fragments in the cyan cluster.

Close the fragment viewer and click on the 3D Plot tab, saving
the changes to the dendrogram. It should now look like this:

Note:

This image shows a
zoomed-in and rotated
view of the MMDS plot,
with the sphere size
decreased.

Sphere size can be
adjusted by holding down
the left mouse button and
dragging up or down on
the screen while pressing
Alt.

To zoom in on a display,
drag a box round the area
to be enlarged while
holding down the left
mouse button and the

Go back to the Dendrogram tab and view each cluster in turn Shi
ift key.

using the Multiple Fragments Viewer to verify that the
groupings make sense.

14



Cluster No. of fragments | Description of

fragment geometry
A (red) 38 trans - trans -trans
(inc. bcal.cif)

B (yellow) 16 cis - trans - trans

C (green) 8 Cis - trans - cis

D (cyan) 4 trans -cis -trans

g

E (blue 1 trans - cis - trans
F (pink) 1 Cis - cis - trans

G (brown stripe) | 1

It is now necessary to verify that the clusters make chemical
sense. This can be done by viewing not just the fragment but
the whole molecule, or if necessary, the entire unit cell. This
can easily be done using Mercury.

In this data set, we may be particularly interested in the
differences between the cyan and blue clusters. In the
Dendrogram tab, highlight the structures in the cyan cluster
and press F3. By default this opens Mercury.
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Note:

The numbers of fragments
in a cluster at a given
saved cut level are given
in the logfile,
SNAPlog.txt. This can
also accessed via the View
Logfile tab.
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Press the left mouse button and move the mouse to rotate the structure

All the refcodes for the structures in the cluster are listed.
Look at each in turn. Then look at the fragment in the blue
cluster.

What we notice is that in the blue cluster the centre of the
C4-C5 bond lies on a 2-fold rotation axis of the space group
and the molecule possesses C; point symmetry, whereas the
fragments in the cyan cluster are found in molecules that do
not possess internal symmetry overall.

Go to the Numerical Results tab and then click on the
Variables tab on the left of the screen.

This brings up a matrix giving the correlations between all
possible pairs of parameters (the distances and angles),
ranging between -1 to +1. The diagonal is always +1. The
matrix can be colour-coded for different values of the
correlation, using up to 5 colours.
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Note:

The option to view the
complete structure is also
available through the
menu. Go to Tools >
Show Selected Hits in
Database Viewer... F3.
This option can be also be
accessed from the Cell
Display and 3D plot in Data
space, and when a
fragment is selected in a
scatterplot generated in
the Numerical Results tab
in Variables space.

Note:

Viewing the Numerical
Results in Data space
displays the correlation
matrix between each
fragment.
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0028 0.083 0107 015 030 0312 0374 0002 0171 015 1000 0974 0631 0064 0651 0985 0968
0088 0043 0205 0244 0213 0218 0258 0102 0241 0008 0974 1.000 052 0105 05% 0353 0382
0238 023 0345 0318 0611 053 0710 0167 0183 0378 083 052 1000 0030 0479 0847 0555
0035 0112 0043 0028 0023 0015 0002 0589 0140 0451 0084 0108 0090 1000 0178 0007 0021
0061 0153 0037 0162 0187 0145 0237 0063 0282 0170 0651 055 0473 0178 1.000 0591 0501
0004 0085 0043 0080 03% 0382 043 0123 0028 0276 0985 0953 0647 0007 0591 1.000 0380
0046 0054 0127 0160 0235 0302 0338 0050 0082 0161 0368 0982 055 0021 0501 0380 1.000
g 0240 0250 037 0332 0622 0613 0718 0208 0228 040 0816 0518 0994 0051 0432 0887 0562
5 0284 0210 0239 0279 0.360 0329 0361 0562 0184 0603 0164 0027 0241 058 0149 0222 0114
3 0173 0079 0270 0286 0010 0020 0003 0076 0060 0118 043 0542 0085 0138 0z 0519 0604
7 0253 0082 0416 0417 0.464 0434 0505 0606 0522 07% 0203 0030 0440 0297 0278 0290 0141
8 0384 0260 058 0592 0432 0475 0564 0232 0394 0372 0053 0183 0877 0073 0060 0034 0147
3 0005 008 0080 0056 0000 0015 003 013 0ng 0107 0073 0117 012 035 003 0069 0034
7 0282 0043 0438 0515 0430 03% 0485 0427 0561 0647 0014 0207 043 00%  02% 0027 0146
8 0341 02% 058 0525 0461 0448 0534 0188 0318 0315 0012 0112 074 0045 0064 002 0077
7 0216 0151 0303 0300 0289 0257 02% 0359 0161 037 0082 0054 0212 000 0182 009 0001
0177 02 0239 0290 0184 0184 0189 0295 0444 0349 0132 0210 0159 0086 0095 0082 0159
0114 0120 0073 0061 0135 0124 013 oo7 0005 0057 0168 0127 0431 0051 0164 0153 0107
a 0082 0785 013 0043 0144 0114 0104 0245 0453 0320 0112 013 0030 0105 023 0047 0087
2 0673 0493 0995 09% 0653 0848 0806 043 0602 053 0122 0224 0343 0056 012 0048 0134
2 0683 0435 0982 09% 083 083 0733 0480 0643 0565 0137 0241 0333 0070 015 0057 0145
a 0642 0481 0845 0939 0937 0837 0904 0410 0547 0524 002 0131 0416 0053 005 005 00%
o 0644 0443 0337 0937 0929 0931 0301 0421 0570 053 0038 0145 0415 0058 0071 0045 0047
2 0604 0448 0870 0361 0334 0339 088 0405 0501 0510 0.090 0002 0310 0.068 0014 0172 0038
2 0672 0623 0992 0973 0880 0843 0805 032 0.468 0437 0082 0175 0353 0012 0053 0o 0107
a 0684 0552 09% 0991 0860 0853 0812 0419 0564 0516 0103 0204 035 0045 00% 003 0121
o 0630 0531 0350 0928 0302 08% 0858 0324 0426 0412 0087 0183 0365 0013 0028 002 0117
2 0640 0523 0946 0334 0334 0932 0302 0384 0511 0495 0032 013% 0419 0040 003 0041 0050
2 0590 0539 0870 0845 0921 0918 0866 0341 0.400 0435 0084 0001 0279 003 0051 0145 0071
a 0649 0644 0983 0958 0862 0843 0807 035 0453 0435 0082 0175 0353 0023 0034 0028 0108
Py 0324 0282 0424 03%5 0820 082 0853 0270 023 0447 0687 0607 0701 0018 0414 0747 0680
5 0126 0169 028 0257 0223 0241 0308 o002 00% 0153 0773 0761 043 0003 0483 0739 0784
2 0115 0033 0102 0078 0509 052 049 01% 0038 0229 0634 0620 0235 0035 03% 0675 0686
a 0514 0538 0747 0705 0973 094 0970 0313 0304 0470 0.463 0360 0668 0005 0334 0513 0424
s 0454 0429 0648 0616 0333 0840 087 0321 0340 0508 05% 040 0705 0011 0345 0600 0517
025 0259 0350 0316 0653 0658 0618 0211 0110 0305 0518 0463 0209 003 038 0555 0513
2 0554 05% 087 0784 0950 0928 093 0345 0343 0517 037 0207 0643 0048 039 039 0272
a 0383 0397 0550 0521 0738 0800 0872 0238 0293 043 0.481 0381 0872 0020 0337 0526 0438
a7 0508 0432 0744 0717 0935 0918 0870 0ant 0410 0563 0410 0265 078 0008 0345 0463 0335
sl 0126 on7 0052 0046 0071 0040 0038 0196 0445 0288 0120 0148 0063 003 0245 0,060 0082
2 0685 0502 033 09% 0853 0848 0806 043 059 0535 0122 023 0343 005 0129 0048 0134
2l 0691 043 0381 0933 0835 0833 0732 0459 0642 0562 013 0202 033 0.068 0160 0059 0146
2l 0645 0482 0942 0935 0345 0945 0814 0414 0547 0531 o001 0105 0433 0053 0041 0082 0003
2l 0648 0450 093 0835 0934 0937 0807 0423 0571 0543 0021 0128 0425 0058 0064 0063 030
o 0609 0.451 0872 0863 0342 0947 0900 0407 0504 0517 0105 0015 033 006 0004 0188 0111 ) |
< »

Clicking on the correlation for a pair of parameters brings up a
scatter plot. In the plot, each dot represents a fragment.
They are colour-coded according to cluster, as determined by
the choice of cut level in the last saved dendrogram. Hovering
over the fragment brings up a tool-tip box with the name of
the fragment and the value of each of the two parameters for
that fragment. Clicking on a dot selects it and opens Mercury
to display it.

We will use the Numerical Results to compare the bonded

distances and the bond angles. Clicking on a cell brings up a
scatterplot relating the two parameters.
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Notes:

The choice of colours and
the range for each colour
can be changed in the Edit
> Options menu. Click on
the Select Correlation
Matrix Colours box at the
bottom left of the window.
This brings up a new
window headed Numerical
Results Formatting. Left-
clicking on the colour
boxes brings up a colour
selection box. The use of
dark colours is not
recommended as the
values of the correlations
will become difficult to
read. The colours will be
up-dated the next time
that the Numerical Results
are viewed in Variables
space after switching from
Data space.

Including the colours
means this tab takes
longer to load, and so it is
switched off by default if
there are more than 500
parameters (this
corresponds to a 10 atom
fragment). You can
increase this value if you
wish to colour-code the
correlation matrix for
larger fragments. This
table gives the number of
parameters for different
numbers of atoms in the
fragment, up to the
program’s maximum limit
of 20 atoms.
Number Number of
of atoms | parameters
11 550
12 726
13 936
14 1183
15 1470
16 1800
17 2176
18 2601
19 3078
20 3610




So if we wish to view the relationship between the C1-C8
distance and the C1-C2 distance, we could click in either of

B182 d.1.3 [d.1_4 |d_1.5 |

d2_

the cells highlighted below:
d1

[d1.7  |d1s8

-0.582

1.000 0550 0665
0550 1.000

5 0.540
0.456
0503
0473
-0.454

n 2732
0.273

0837
1.000 0996
0.996 1.000 0.360
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0.380 0370 1.000
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By selecting pairs of parameters to view, we can rapidly
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-0.58
-0.43
-045
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0.677
1.00¢
0.791
01N
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isolate those parameters that separate out the cyan and blue

clusters. The fragment overlay of the two clusters shows quite

clearly that the C1-C8 non-bonded distance is shorter in the
blue cluster than in the cyan cluster. Viewing the structure
Mercury does not suggest any significant problems with the
structure.

Going through pairs of parameters like this allows us to see

in

that the blue fragment has a shorter C1-C2 distance than the

fragments in the cyan cluster, and a smaller C1-C2-C3 bond

angle. However, the values of these bonded parameters are

not markedly different from those in the dataset as a whole
suggesting that there is not a serious problem with the
structure in the blue cluster.

a_1_2_3=144.58-14.26*d_1_2; se: a=20.23, b=13.744; correlation=-0.127

1.4250 1.4375 1.4500 1.4625 1.4750 1.4875 1.5000 1.5125 1.5250 1.5375
d1.2

)

In this example, the cut level at a similarity level of 0.764 has

been chosen as a reasonable way to partition the data set.
Additionally, the clustering at this cut-level highlights

structural differences between fragments with the same basic

geometry.

This completes Example 1.
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Tip:

If you want a reminder of
the search fragment, this
can be viewed by pressing
F2. This brings up a 2D
chemical diagram,
complete with the
numbering scheme from
the ConQuest search. It
also has a list of the
parameters and clicking on
one of the parameters
highlights it in green. This
option is available in all
tabs, both in Data space
and in Variables space.




Example 2:

A simple organometallic fragment

Step 1: Set up the CSD search using ConQuest

Open ConQuest and click on the Draw button in the Build

Queries tab.

23 ccoc ConQuest (1)

File Edit Options View Databases Results Help

=10l x|

Build Queries ' Combine Queries | Manage Hitlists . View Resuits

Draw
Peptide
Author/Journal
Name/Class
Elements
Formula
Space Group
Unit Cell
Z/Density
Experimental
All Text
Refcode (entry ID)

searen | _Reset |

Draw the fragment shown below:

1

2

meeme= O

TR

Define an interatomic distance, angle or torsion angle by
clicking on the ADD 3D button and then selecting the atoms of
interest. This needs to be done so that that the required files
can be generated from the search results. It does not matter
which parameter is chosen or which atoms it involves.
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Tips:

The order in which the
atoms are drawn
corresponds to how they
are numbered, and this
numbering scheme is later
used in dSNAP. For ease in
following this tutorial, it is
recommended that you
draw the fragment to get
the same numbering
scheme.

TR indicates that the
element has been specified
as Any Transition Metal.
The dotted line between
the transition metals and
oxygen atoms indicates
that the bond type is Any.

The hydrogen atoms have
been defined implicitly,
that is no bonds are drawn
in connecting them to the
carbon atoms. To do this,
right-click on the atom to
which hydrogens are to be
added, selected Hydrogens
> Generate. This will
generate the number of
hydrogens permitted by the
valence of the atom. The
number of hydrogens can
also be specified.
Alternatively from the
toolbar menu choose Atoms
> Hydrogens > Generate
and click on each of the
atoms that that you wish to
have hydrogens on in turn.
These are listed in the
window. Then click OK.




.':Draw {1) - Query 1 )

File Edit Atoms Bonds 3D Options Help

Select atoms to define 3D Parameters or Objects.

DRAW

EDIT

ER:

ASE

AD

D 3D

|e|o

:'@Q

<

CONTAC e —
P4 ’ X
2o 0
. .
g i

v

8 [=p|

3D Parameters:

Pl —

-

Optior

Delete

Contacts:

L«

)ptior

Search

Tip:

If there is a parameter that
you are particularly
interested in, if you define
that you will then have the
information readily
available for exporting to
other programs, e.g. Vista
or Excel.

Store

Cancel

Click the Search button. Change the name of the search to
workshop2. Always make sure the 3D coordinates
determined box is checked in the search dialog box. For this

example, also check all the other boxes, with the R-factor less
than or equal to 5% and Only Organometallic.

.’ !Search Setup |

Available Databases:

Search Name: |workshop2

[~ Show Updates separately

v

CSD version 5.30 (November 2008) + 2 updates

‘You can search complete database(s) or a subset
[e.q.. hits found in a previous search)

Select Subset |

Clear Subset

Single query being used. Search will find structures:

where this query is true:

Query 2

Filters  Advanced Options ',
V' 3D coordinates determined

WV Rfactor & <=0.05
 <=0075
C <=01

<l

Not disordered

<l

No errors

<l

Not polymeric

<l

No ions

<l

No powder structures

<l

Only ¢ Organics

' Drganometallic

=10l x|

Start Search

Cancel Reset

Start the search.

Step 2: Save the required files

Two files are needed for input into dSNAP: a .cor file, which
contains a list of the coordinates of the atoms in the fragment
and a .fgd file, which contains the information about atom
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Tip:

The maximum number of
fragments that can be
analysed by dSNAP is 4000.
Note that the number of hit
structures is generally
smaller than the number of
hit fragments, if some
structures contain multiple
instances of the hit
fragment. It may be
necessary to introduce
further restrictions on the
database search if the data
set is large. This can be
done in a number of ways,
e.g. adding more atoms to
the search fragment,
including hydrogen atoms,
placing stricter limits on
the value of the R-factor,
on experimental data
collection temperature, or
when the crystal structure
was published.




types, how the atoms are connected to each other and other
atom and bond definition information (e.g. whether a bond has
been defined as cyclic or acyclic, or if the connectivity of an
atom has been limited). This file also contains the atom
numbering scheme for the fragment.

First, create the .cor file. Go to File > Export Entries as... A
dialog box will appear.

¢ J Export Entries: workshop2 =10 x|
Select file type:
CODRD: CSD Coordinate file —

Select what to export:

" Current entry only &+ Al selected entries

Select options:

* Fractional " Orthogonal

" All Coordinates

¢ Hit Fragment Only

Either: Edit Filename and Save Or:  Savevia
|dsnap\workshopZ\workshopZ.col Save File Popup
I 0% Cancel

™ Keep window open when finished

Select file type COORD: CSD Coordinate file.

Make sure that you check the box for Hit fragment only in the
Select options section, as dSNAP will not run if the
coordinates of all the atoms in the asymmetric unit are
exported (an error message to this effect will be generated in
dSNAP if this is done by accident).

Save this into the workshop2 folder.
Now create the fgd file.

Go to File > Export Parameters and Data. Use the default
options.
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Note:

This folder already contains
a cif, which will also be
imported for inclusion in
the cluster analysis.

If you are not planning on
comparing your own
structures to database
structures, you do not
need a cif.




The fgd file is created along with 2 other files, .fgn and .tab,
but these are not required and can be ignored or deleted.

Make sure that all the files are saved with the same root
filename (in this case, example2).

Keep ConQuest open until the dSNAP cluster analysis has run
successfully.

Step 3: Open dSNAP and identify the input files

Double-click on the dSNAP icon to launch dSNAP.

When the dialog window appears, select the Run new analysis
button. A new dialog window will open. Browse for the
correct folder containing the .cor and .fgd files and select one
of them (it does not matter which).

Create the output folder. Note that the output cannot be
saved in the same folder as where the input files are saved. It
is recommended to create a subfolder in this directory for the
output.

Check the box at the bottom left to include a cif.

w. Run On Structural Data...

— Select input files containing structural data (*.fgd, *.cor):

X
C:\dsnaphworkshop2iworkshop2. cor el |

— Select folder to save output files:

c:\dshap'workshop2iouth Folder... |

V Eeiect TiEs o neiude in caicuiation e | 0K |

Click OK. A new dialogue box will appear asking for the name
of the cif. Select bcaZ2.cif and click OK.

Another dialog box will appear. This is used to tell the

program which atoms in the cif correspond to which atoms
from the original search fragment.
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Tip:

It is also strongly
recommended that you
save the search (as a .cqs
file) for future reference.

Notes:

If you wanted to include
more than one cif, this can
be done using standard
multiple selection options.




To associate an atom in the cif with the corresponding atom in
the fgd file, right-click on the appropriate atom in the cif
atom list and select the fgd atom from the drop-down list that
appears. As each atom is assigned, the name of the cif atom is
written (in italics) below the atom name in the diagram.

To work out which atoms are which, open the cif in Mercury
and view the atom labels. There is only one instance of the
search fragment in the asymmetric unit.

For this cif, the atom assignments are given in the table
below:

CIF atom Search fragment atom
Cu1 TR1

05 02

c7 C3

C7A C4

05A 05

Cu1A TR6

When all the atoms have been assigned, check the table on
the right of the window to make sure the assignments match
the list above, and then click OK. You will be asked if you
want to include another fragment from this cif. Click No.

The cluster analysis will start. When prompted, choose Yes to
perform the symmetry correction.

This fragment has topological symmetry. In this case it affects
the whole fragment, but it can also affect some atoms in a
fragment. In order not to produce false clusters, this
symmetry must be accounted for by the program. This is done
automatically by dSNAP for all fragments, including fragments
taken from cifs.

The output for this topological symmetry correction is
contained in the pre_processing_log.txt file, which is written
to the output folder. This gives a list of the possible ways in
which the atom numbering can be permuted, which are known
as symmetry possibilities. For example, this fragment has two
symmetry possibilities, given by:

Symm Poss | 1 2 3 4 5 6
1] 1 2 3 4 5 6
2| 6 5 4 3 2 1

The output also lists which symmetry possibility has been
assigned to each fragment. Looking at the first ten hit
fragments:
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Note:

This cif is taken directly
from the CSD. In this case,
it helps to provide a check
that all the atoms have
been correctly assigned.

Tip:

This example should run
quite quickly, but some
analyses, particularly those
involving a large number of
hits from the CSD, a large
number of atoms in the
search fragment, or high




Refcode Symm Poss output
ALOKIV
GIJKIT
GIJKITO1
GIJKITO2
GIJKITO3
GIMKOD 01
GIMKOD 02
GIMKOD 03
GIMKOD 04
HEVSEH

PR RRRPRNDRENDNDN

Here, those fragments with the symmetry possibility output of
2 have been renumbered, so in those fragments TR1 has
become TR6, 02 is O5 and C3 is C4, while fragments with a
symmetry possibility of 1 have not had their atom numbering
altered.

Step 4: Viewing and analysing the results

Progress bars appear as dSNAP carries out different stages of
the clustering process.

When the analysis has been completed, the first screen to
appear will be the Cell Display in Data space, which will look
something like this:

Note:

There is a maximum limit
of 4000 symmetry
possibilities. In practical
terms, this means that
symmetry of order 7 or
higher cannot be run with a
symmetry correction.

(N N N N N N N N N N
L N N N N N N N N N N N J
00000 200000
0o000O0GOGITOOMOOGS
L N N N N N N N N N N N J

Each circle represents a hit fragment. Those which are the
same colour are currently in the same cluster. The key down
the left side of the screen associates each cluster colour with
a letter (for up to 30 clusters; beyond this point it can be hard
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to distinguish the different colours). There are currently
seven clusters.

The fragments are displayed in the cell display in the order in
which they are output from the CSD. This is generally
alphabetically, but structures which have been included from
updates to the database are found at the end. Fragments
from included cif files appear last. These are also easy to spot
as their identifying code will begin with a ‘+’.

The number of hit fragments is bigger than the number of hit
refcodes from the CSD search. This is because the search
fragment occurs more than once in some of the structures, due
to multiple instances of the same fragment in a single
molecule, or because of multiple molecules, Z'>1, in the
asymmetric unit of the structure. When this occurs, the
refcode has _nn appended to it, where nn is the number of the
fragment in that structure. If you refer back to the original
CSD search you can highlight these hits individually, e.qg.
refcode GIMKOD, which has 4 sub-structure matches for the
search fragment, labelled GIMKOD_01, GIMKOD_02,
GIMKOD_03 and GIMKOD_04.

" zIIDC ConQuest (1) : search1 [Search] - searchl.cqs
File Edit Options View Databases Results Help

~=1o(x]

Build Queries ' Combine Queries ' Manage Hitlists - View Results

GIMKOD

Analyse Hitlist

All Text
Author/Journal

Refcode: GIMKOD CSD version 5.30 (November 2008)

>

Chemical v’ ALOKIV
v GIJKIT

v GIJKITO1
v GIJKIT02
v GIJKITO3
 GIMKOD
 HEVSEH
v JOZCAC
v JUXNAR
v KIRRUZ
 MAWHUN
v MOBOEZ
v NINYUE
v QOTDIM
o SANJIA
o SAYFOO
v WEQGOP -
v WEZMAQ
v WIFTAG
¥ XILKOT
o XOVGUK

Crystal
Experitental
Diagram

3D Visualiser
CSD internals
Search Overview

<L >>

26 hits

beach

IV Show substructure matches

01 Param: ﬂ,ﬁﬂ

>1 Hit: Show «[[3 »[ of 4

Ho Objects

Fragments in the Cell Display in dSNAP can be selected by
clicking on them. Multiple fragments can also be selected. If
the fragments are in sequence, click on the first, hold down
the Shift key and click on the last. If the fragments to be
selected are not in sequence, hold down the Ctrl key and click
on each of the fragments of interest. An entire cluster can be
selected by clicking on the coloured box corresponding to the
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Tip:

Here, the third hit
fragment is being
highlighted as capped
sticks, while the rest of
the structure is shown as
wireframe in the ConQuest
3D Visualiser. In dSNAP,
this hit will correspond to
GIMKOD_03. This display
option is accessed by right-
clicking in the ConQuest
display window and picking
Highlight Hit > Hit as
Capped Stick.




cluster in the key on the left of the screen. Multiple clusters
can be selected by clicking on the each cluster and holding
down either the Shift or the Ctrl key. Note each cluster must
be selected individually.

The selected hits can be viewed in Mercury, either by pressing
F3, or through the menu. Go to Tools > Show Selected Hits
in Database Viewer... F3.

Each fragment has a label. By default these are not shown for
datasets of more than 15 fragments. However, by right-
clicking anywhere in the display, the labels can be shown for
all fragments (Show All Labels) or for selected fragments
(Show Selected Labels).

In dSNAP, how the clusters are assigned can be seen and
adjusted by viewing the dendrogram.

Click on the Dendrogram tab. The dendrogram being
ispaydshould look something like this:

[Rest

Each box at the bottom of the screen represents a single hit
fragment. The boxes are joined by horizontal lines called tie
bars, which link together fragments according to the
calculated similarity between each connected branch. The
vertical axis is a similarity scale, with zero similarity at the
top, and a similarity of 1.0 at the bottom i.e. if two fragments
are joined by a tie-bar near the bottom of the dendrogram
then they can be considered very similar, justifying their being
grouped together. If two branches do not meet until near the
top of the dendrogram, the associated fragments
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Note:

These options for viewing
labels are also available in
the other graphics tabs.

Notes:

For datasets with a very
large number of hit
fragments the individual
boxes may not be
distinguishable and you
may need to zoom in to
see the finer details.

Because the imported cif
was taken from a CSD
structure which is also
included in this analysis,
it can be identified as it is
linked to another
fragment with a similarity
of 1.




are only loosely related to each other.

The horizontal line that spans the width of the dendrogram
marks the cut level. Any fragments that are linked at higher
level of similarity than the cut level (i.e. lower down the
dendrogram) are put into the same cluster), while those which
are less similar (i.e. their tie bars lie above the cut level on
the dendrogram) belong to separate clusters. The current cut
level is 0.76. The initial cut level is determined using Principal
Components Analysis, but can be adjusted by left-clicking
anywhere in the dendrogram display and scrolling using the
scroll wheel on the mouse.

Moving the line up (raising the cut level) will decrease the
number of clusters, and overall the fragments within each
cluster will be less similar to each other, while lowering it will
increase the number of clusters, and the fragments in each
cluster will be more similar to one other.

See the effect of raising and lowering the cut level on the
numbers of clusters. Then click on the 3D Plot (MMDS) tab.
At this stage, do not save the changes to the dendrogram.

ng like this:

Each sphere represents a hit fragment. Fragments that are
located close together in space can be expected to have
similar geometries. The colours are taken from the
dendrogram. lIdeally, spheres of the same colour will be close
together and well separated in space from spheres of different
colours. This indicates good agreement between the MMDS
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Note:

Alternatively, if you do
not have a scroll wheel on
the mouse (e.g. using a
laptop) the cut level can
be adjusted by holding
down the Alt key, left
click on the cut level and
drag the cut level up or
down). It can also be
adjusted via the menu:
Tools > Set Cut-Level
To... and then enter the
required value. This also
allows the cut-level to be
set to a specific value.




plot and the dendrogram. The plot can be rotated in space by
dragging while holding down the left mouse button.

Some of the spheres have white spikes coming from them.
These indicate the most representative fragment in each
cluster; this can be useful for selecting examples to illustrate
the geometries of each cluster. They are only shown for
clusters containing three or more fragments.

Under the Validation tab are several tools for analysing results.

These are not so relevant to this tutorial, but are explained in
the dSNAP manual.

In order to assess whether the default cut level is the most
appropriate, first compare the geometries of the fragments
within each cluster to see whether they are similar enough* to
be included in the same cluster. Then compare the clusters to
one another.

Note:

The most representative
sample highlighting can be
switched off by right-
clicking anywhere within
the 3D Plot display and
clicking on Show MRM
Marks.

* ‘Similar enough’ is subjective, and very much
dependent on the level of detail that is relevant and
appropriate to the investigation. At the two
extremes, all fragments could be considered in a
single cluster as they all have the same connectivity,
or all fragments whose similarity is less than 1 are
different as they do have different geometries, no
matter how small the differences are. For most
datasets, a situation somewhere between these is
probably the most appropriate or meaningful, and it
is the justification of cut level that is important. The
initial cut level provides a good starting point for the
number of clusters in the data set, but it may need
to be adjusted depending on the level of detail that
is required from the analysis.

One of the things to note is that in the MMDS plot several of
the groups are quite diffuse. In particular the two largest
clusters (coloured cyan and pink) appear to be split.

Switch to the Dendrogram tab. Highlight all the fragments in
the cyan cluster and press F1. This brings up the Multiple
Fragments Viewer, which displays the best overlay of all the
selected fragments.
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Tips:

An easy way to do this is
to switch to the Cell
Display, left-click on D in
the key. This selects the
whole cluster. Then
switch to the dendrogram
display. They do not
appear selected, but
pressing F1 will bring up
the fragment viewer for
the whole cluster.

The Multiple Fragment
Viewer can also be
accessed through the
menu. Go to Tools >
Show Selected
Fragments in 3D
Viewer... F1.




The fragment viewer is a very useful tool in establishing the
suitability of a chosen cut level as it provides an excellent
check of how similar the fragments are when viewed en
masse. Small differences that may be lost when comparing the
structures individually can become much more apparent. This
allows outliers for a given cluster, or the dataset as a whole,
to be identified much more rapidly.

Although the majority of the fragments appear to be
overlaying well, there are a few which have a slightly different
geometry (these are marked with arrows in the above figure).

Close the fragment viewer. Looking at the dendrogram, there
is quite a big step between two groups of fragments in the
cyan cluster. This is a good indication that it may be
appropriate to lower the cut level and split the cluster further
into two groups. A similar situation is also observed in the
pink cluster.

=

i

Lower the cut level to around 0.83. The dendrogram will look
like this:
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Notice that changing the cut level affects all the clustering
colours. In this instance, several new clusters have been
created and there are now 15 clusters.

Click on the 3D Plot tab, saving the changes to the
dendrogram.

Note:

This image shows a
zoomed-in and rotated
view of the MMDS plot,
with the sphere size
decreased.

Sphere size can be
adjusted by holding down
the left mouse button and
dragging up or down on
the screen while pressing
Alt.

Notice that the groups of fragments that appeared to be
grouped separately at the old cut level are now in different
clusters.

Go back to the Dendrogram tab and view each cluster in the
Multiple Fragments Viewer to verify that the groupings make
sense.

Viewing the pink and brown striped clusters at the same time
with the Multiple Fragments Viewer, it appears that the two
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groups have almost identical geometries, but the MMDS plot
suggests that they are separate clusters. It is therefore
necessary to identify which parameters are important in
separating these fragments into two clusters.

Go to the Numerical Results tab and then click on the
Variables tab on the left of the screen.

This brings up a matrix giving the correlations between all
possible pairs of parameters (the distances and angles),
ranging between -1 to +1. The diagonal is always +1. The
matrix can be colour-coded for different values of the
correlation, using up to 5 colours.

[~ dSNAP 1.0.0 - [Results Display - Variables Analysis] =18 x|

File Edt Tools Display Window Help =18 x|
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We will use the Numerical Results to compare the bonded
distances and the bond angles. Clicking on a cell brings up a
scatterplot relating the two parameters.

In the plot, each dot represents a fragment. They are colour-
coded according to cluster, as determined by the choice of cut
level in the last saved dendrogram. Hovering over the
fragment brings up a tool-tip box with the name of the
fragment and the value of each of the two parameters for that
fragment. Clicking on a dot selects it and opens Mercury to
display it.
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Notes:

Viewing the Numerical
Results in Data space
displays the correlation
matrix between each
fragment.

The choice of colours and
the range for each colour
can be changed in the Edit
> Options menu. Click on
the Select Correlation
Matrix Colours box at the
bottom left of the window.
This brings up a new
window headed Numerical
Results Formatting. Left-
clicking on the colour
boxes brings up a colour
selection box. The use of
dark colours is not
recommended as the
values of the correlations
will become difficult to
read. The colours will be
up-dated the next time
that the Numerical Results
are viewed after switching
from Data space.

Including the colours
means this tab takes
longer to load, and so it is
switched off by default if
there are more than 500
parameters (this
corresponds to a 10 atom
fragment). You can
increase this value if you
wish to colour-code the
correlation matrix for
larger fragments. The
table gives the number of
parameters for different
numbers of atoms in the
fragment, up to the
program’s maximum limit
of 20 atoms.
Number Number of
of atoms | parameters
11 550
12 726
13 936
14 1183

15 1470

16 1800

17 2176

18 2601

19 3078

20 3610




So if we wish to view the relationship between the TM1-TM6
distance and the TM1-02 distance, we could click in either of
the cells highlighted below:

d1.2 [d 1.3 [d 1.4 [d 1.5 [d23 [d 2
d1.2 1.000 0.388 0.210 0170 10,333 0.50
d1.3 |0.988 1.000 0.564 0.543 0,381 0.42
d1.4 0.210 0.564 1.000 0.956 0.285 -0.03
d 1.5 0.170 0548 0.956 1.000 0216 0003
d 1.6 0618 0.934 0983 0.202 0.03
d23 0364 0381 -0.285 0216 1.000 0.569
d24 |-0.501 0.427 0.038 0.003 0.033 0.565 1.00(
d25 0.288 0.579 0.769 0.883 0.862 0187 0,07
d26 0.411 0538 0433 0529 0587 0,154 019
d 24 N B39 N A94 18T 089 N Nog n o269 0 A0

By selecting pairs of parameters to view, we can rapidly
isolate those parameters that separate out the pink and brown
striped clusters, and also the pink-striped and terracotta
coloured clusters. For example, a_2 3 _4and d_2_4:

a_2_3_4=5.40+43.29*d_2_4; se: a=8.48, b=3.551; correlation=0.819

We find that, in both cases, there is a difference in the values
of the 02-C4 distance, with a corresponding difference in the
02-C3-C4 angle.

Having established that the geometries of all the different
clusters are in some way distinct from one another, it is now
necessary to verify that the clusters make chemical sense.
This can be done by viewing not just the fragment but the
whole molecule, or if necessary, the entire unit cell. This can
easily be done using Mercury.

Highlight the fragments in the red and yellow clusters and

view the geometries in the Multiple Fragments Viewer. Keep
the group highlighted and press F3. This opens Mercury.

32

Tip:

If you want a reminder of
the search fragment, this
can be viewed by pressing
F2. This brings up a 2D
chemical diagram,
complete with the
numbering scheme from
the ConQuest search. It
also has a list of the
parameters and clicking on
one of the parameters
highlights it in green. This
option is available in all
tabs, both in Data space
and in Variables space.

Tip:

The size of the dots has
been increased for clarity.
To do this, hold down the
left mouse button and drag
up or down on the screen
while pressing Ctrl.

Note:

The option to view the
complete structure is also
available through the
menu. Go to Tools >
Show Selected Hits in
Database Viewer... F3.
This option can be also be
accessed from the Cell
Display and 3D plot in Data
space, and when a
fragment is selected in a
scatterplot generated in
the Numerical Results tab
in Variables space.




Hg ALOKIY (P21/n) =10/ x|
Fle Edt Selection Display View Calculate Search Modfy Datebases Help

Style: [wireframe v |Colour: [by Element ]| Manage Styles. Picking Mode: [Select Atoms: | Clear Measurements
a b ocoa b oo [x x+ yo yr z- z+ | x-90 x+90 y-90 y+490 2-90 2490 [& > | 1 zoom- zoom+
I~ Show Labels for [2l atoms " with [fstom Label | || Atom selections: ~

|Structure Navigator 8 x

ALOKIY Find |

Crystal Structures Spacegroup |
= Databases

@ CSD5.30
- Feb09.
- Nov0s

Display Options EE << | >>
Display Options

WV Tree View

| ik [ Short Contact < (sum of vaW radi) Co e i Ertezzns | MEaer
I~ autocentre | [ H-Bond Default definition e I showcsllaxes |~ z-Clipping I™ Multiple Structures
I™ Label atoms. I Stereo Structures.
Powder...
Reset.

Structure Navigator

Press the left mouse button and move the mouse to rotate the structure

All the refcodes for the structures in the cluster are listed.
Look at each in turn. In three of the four structures, the
oxygen and carbon atoms are found in a 1,4-dioxane ligand.
All structures have the two transition metals in a trans
arrangement.

Metal type is also found to be an important in affecting the
geometry. In the pink cluster, the metal is Mn, Ti or Cd, while
in the brown striped cluster it is Co, Ni or Fe. The same
pattern is observed between the pink-striped and terracotta
clusters. In fact, both sets of clusters correspond to the
corresponding hit fragments.

It is then interesting to ascertain why some hit fragments in a
single hit structure are in one cluster and others are in a
different cluster. In the case of the GIMKOD, for example, it
relates to a difference in the relative positions of C3 to TMé.

In this example, the cut level of 0.83 has been chosen as a
reasonable way to partition the data set as it separates the
fragments on their different geometries, and also shows
discrimination in the chemistry of the fragment, but
distinguishing some different types of transition metal atoms.

The classification of the clusters is summarised in the following
table.
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Cluster (colour)

No. of fragments

Geometry of fragment

o

A (red) 3
B (yellow) 1
C (green) 6
D (cyan) 1
E (blue 2
F (pink) 24
G (brown stripe) | 6
H (green stripe) |1

| (mint green 1
stripe)

J (blue stripe) 1
K (purple stripe) |1
L (pink stripe) 20
M (terracotta) 6
N (light yellow) 1
O (light green) 1

This concludes Example 2.
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Example 3:
Investigating intermolecular interactions

The search structure is inspired by the co-crystal in the 2007
CCDC blind test:

O\\\/OH

CH,

LA~

HsC~ N NH,

Draw the two fragments in ConQuest as shown below:

9. 14 N
\8 - -
13C .
| PN
- 2N// 5o
| |
I I
i |
3c 5c
\\ //
R

Click on the CONTACT button. This brings up the Non-Bonded
Contact Definition window.

3 =10lx|
Select atoms to define non-bonded contact or group 21 3D Parameters:
i doa S
s
DRAW
9 1
EDIT c\ 'lo
8" _
ERASE c 7N =
ADD 3D i
i
CONTACT 05 1
//C\\
| zN// 3 c Contact
CONTACT:  <rews ! ! b
1 I
Select atoms to construct contact 3{: 5(;‘
elect atoms to construct contact _
N z =
\\40 // ~
ATOM: ATOM
c ('
) : :
Groups.
QG| ——— |
o | e |
4 | - Search
Stor
[ foln]s|e]e]ecany|ur.| | [ c =
Cancel

In this case we want to define a contact between two groups
of atoms, the three atoms N2, C1 and N7, and the three atoms
C8, 010 and O11. First these groups of atoms need to be
defined. Click on the Groups... button in the window. Click on
the three atoms forming one group and click Define.
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Notes:

The bond type for the C8-
010 and C8-011 is Any, and
C8 has been defined to
have three bonded atoms
(T3).

The way the fragment is
defined means that the
carboxylate component of
the fragment possesses
local symmetry (atoms 010
and O11 are equivalent), so
a symmetry correction
should be applied prior to
cluster analysis.

Note:

As you click on each atom
it is listed in the Current
Selection box and is
highlighted (in pink when
there are 1-2 atoms
selected, then in blue, with
lines linking the group, for
3+ atoms). When a group
has been defined it appears
in the Defined Groups list,
in the form GRP1, GRP2,
etc.




When both groups have been defined, click on each group
name in the Defined Groups list in turn. They will appear on

the left side of the window. Check the Closest Atom box for
both groups. Then click the Define button.

Non-bonded Contact Definition
CONTACT:  <new>

Select atoms (main window) or groups (list below)
to construct a contact or a group.

GROUP: | GRP1 | ATOM:
" Centroid € Centroid

Defined Groups:

EWNon-bonded Contact Definition

¢ ClosestAtom ¢ Closest Aton

- | Define
GRP2 Delete
z Close

Current Selection:

|

Define

CONTACT:  CON1

Hit 'Edit' to change settings or select atoms to create additional contact.

GROUP: | GRP1 | GROUP: | GRP2

| Defined Contact: GRP1 GRP2
" Centroid

" Centroid * |nter-molecular
@ Closestatom (¢ Closest Atom Distance within sum of Vdw + 0.0 &

Edit...

Groups...

Reset | Done |

Reset | Done I

By default the distance between the closest atoms is the sum

of the van der Waals radii.

Click Done.

(ol x|

File Edt Atoms Bonds 3D Options Help

Ciick and chag to create a band. Defined Contact [CONT}: Inter Vw + 004 | | 3D Parameters:

%3 sa by | |Drag to an exsting atom to make a connection. Closest Atom of GRP1 to Closest Atom of GRP2 .
¥ i,t. 1=
DRA&W

[ o]
EDIT ~u
ERASE Gl N i
ADD 3D ‘ / ;‘" Options...
CONTACT o] O, D
7ZCx
’ / \\c Contacts:

’| CON1: GRP1GRI ~
1

C\\ // ¢ -
~o” Optons.. |
Delete
Q|0
QG
RingMaker
. | slo|  Seach
S 'T H I o| N | 5 | P | F | cl |Any| More..| Groups..| [[C7) ot sige  — e

| Cancel

Start the search, changing the search name to workshop3 and
selecting all the search filters as show

n:
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Note:

It is not necessary to define
a parameter to be able to
produce the required
output for dSNAP as setting
up the intermolecular
contact defines a distance;

a 3D Parameter is listed,
DIST1.




&3 search setup B =10( x|
Search Name: | workshopd Filters . Advanced Options

V' 3D coordinates determined

Available D atabases: [~ Show Updates separately

V Rfactar & <=005

" <=0.075
[V CSD version 5.30 (November 2008) + 2 updates

C <=01

V' Not disordered

V' Noerors

‘You can search complete database(s) or a subset ¥ Not palymeric
(e.g.. hits found in a previous search)
¥ Noions

Select Subset

Single query being used. Search will find structures:

<l

No powder structures

<l

Only & Organics
where this query is true: " Drganometallic

Start Search Cancel Reset

Note:

Because of the number of
atoms in the fragment, the
cluster analysis may take
longer than the other
workshop datasets even
though the data set is
small.

Save the cqs, cor and fgd files into the workshop3 folder with the root filename

workshop3.

Start the dSNAP analysis. When prompted, choose to perform the symmetry

correction.

The dendrogram will look something like this:

0.0 0.0
0.2 0.2
S04 0.4
m
i
i
a
r
i
t
Yos 0.6
0.8 | 0.8
1.0 1.0
BUPEEEEBEE
ARRRRN NI NNNAREAGAAARE

To change the colours, right-click in the display area, and select
Show Toolbar from the drop-down menu. When the Toolbar is
shown it appears at the top of the display like this:

B8 Cel Display ) Dencograms | M8 30 Piot (MMDS) | [ Vaidation | [E] Numerical Fiesuits | I View Logfie

Ra|e|=>|2|3]% B -z - -] & ]2 -8

Foreground

Axes

Look at the MMDS plot:
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Notes:

Here the background and
axes colours of the
dendrogram have been
changed to produce a
picture that has been
optimised for use in
publications. The white
background reduces the ink
requirements. Axes (which
includes the cut level) have
been coloured black, and
the foreground colours
(which include the tie bars
and any fragment labels)
have been coloured dark
grey for contrast with the
cut level.

Note:

In the toolbar, click on the
arrow by the Change color
button. This brings up the
list of items whose colours
can be changed. Selecting
an item brings up a colour
picker box. Select the
colour required and click
OK.




Note:

MMDS plots are sharper
when produced on a black
background, both on screen
and in print. The picture
quality can be improved by
increasing the rendering
quality. Click anywhere in
the plot area and press F12
to bring up a dialog box.
The rendering quality is
normally set low, to speed
up rotation when dealing
with large datasets, but
increasing the quality will
give smoother lines and
Now view each cluster in turn at the default dendrogram cut better results when

level using the Multiple Fragments Viewer. printed.

Try altering the cut level. Ideally, you would like to find a cut
level where the geometries of all the fragments are similar
within the cluster, but distinct from the geometries in other
clusters. Remember that you make your own judgement on
how similar fragments within a given cluster should be to one
another, as long as you are prepared to justify your choice.
You may decide that the default cut level is best, but in any
analysis you should always investigate the effects of raising
and lowering it.

We will take the default cut level of 0.728 as the starting
point.

Viewing the red and yellow clusters together in the multiple
fragments viewer, it appears that they have very similar
geometries; both involve a dimeric relationship between the
two groups, with interactions between N7 and 010, and N2 and
0O11. However, the two groups are distinct in the MMDS plot.
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Use the scatterplot facility in the Numerical Results in
Variables space to investigate the differences in the bonding
distances and angles between these two clusters.

We find that these two clusters differ in the geometries of the
6-membered ring. Now view the structures in the yellow

Note:

By default, no colours are
shown in the Numerical
Results matrix display
because of the number of
atoms in the search
fragment.

cluster in Mercury. In the yellow cluster, N7 is part of a 5-
membered ring fused to the 6-membered ring of the search

fragment. Look at the N2-C1-N7 angle in the Numerical
Results (compare it to any other parameter); this angle is
larger for the yellow cluster than for any of the other clusters.

d_2_7=1.54+0.01*a_2_1_7; se: a=0.16, b=0.001; correlation=0.625

2.3750
d 2.3500
_ ®
2
_ 2.3250
®
2.3000 & é
e 9o Q
'~ [on]
22750 e
q
115.00 117.50 120.00 122.50 125.00

a217

Because of this, we might want to choose a cut level which
maintains these two sets of fragments as separate clusters.

Compare the two green striped groups with the multiple fragmen

Note:
A search for this fragment
in the CSD, defining the N2-
C1-N7 angle, shows that
the size of the angle is
within the normal range for
this type of structure:

A, T3

c// \\\;‘«‘763?“""’ N{‘

T
|
|

C\\ //C ..\HHCJ,"

\\C//

This information is rapidly
obtained using Vista:

requer

Close the viewer window, then, without deselecting the fragments,
press F1 to bring up the viewer again. This time when the window with

the chemical diagram appears, deselect all the atoms in the
carboxylate group by clicking on them (they will no longer be
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highlighted in green, and the tick mark next to them in the list on the

right of the window will disappear).

Select atoms to include in calculation:

X

o
C I

N2, €6
010 el
- N7
cs
c9 on

This produces a figure where the overlay of the fragments is

optimised for the aromatic group only.

This makes the differences between the two groups clearer.
The olive-striped group is positioned further towards Cé than
the mint-striped group. This is reflected in the scatterplot

relating C1 and 010, and C6 and O11:

v C1
/N2
s C3
v/ Cd
v/ Ch
v/ CE
N7

010
on

Select Al | DeseleclAIIl

Cancel I 0K I
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Note:

The display of gridlines and
axes in the Multiple
Fragments Viewer and the
3D Plot can be switched off
by right-clicking in the
display and deselecting the




d_1_10=2.69+0.20*d_6_11; se: a=0.23, b=0.043; correlation=0.604
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4.000
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_ 3.750
1
0

3.500

.
3.250 -
4.00 450 5.00 5.50 6.00 6.50

d 6_11
The cyan, blue, pink and brown-striped clusters each contain
only 1 or 2 fragments. Viewing them together shows that they
all have different geometries, but are similar to one another
as they all involve inter-planar contacts.

Examining the green cluster shows that it also involves an
interaction between N7 and 010, but there is no interaction
involving N2 and O11, and so it differs from the red and yellow
clusters.

In this data set, the red cluster is very compact in the MMDS
plot and has the lowest tie-bars in the dendrogram, which
reflects that the nature of the dimeric interaction limits the
variation in the intermolecular distances and angles to a
greater extent than the other interactions, but other clusters
are quite diffuse.

Another interpretation therefore might be to raise the cut
level to 0.688. There are now five clusters. The MMDS plot
shows that the clusters are still distinct from each, although
they are less well-defined than at the higher similarity value of
the default cut level.
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Note:

By the nature of inter-
molecular interactions,
there tends to be greater
variation in the overall
geometries of the groups
and clusters are often more
diffuse than is the case
with intramolecular
geometries.

Note:

The following diagram
shows the relationship of
the clusters at the two cut
levels:

cut level
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By examining the interatomic distances and angles, at this
choice of cut level we can see that there is good
discrimination between the clusters on the basis of just two
parameters, the N2-010 distance and the N7-011 distance:

d_2_10=-0.45+1.08*d_7_11; se: a=0.29, b=0.077; correlation=0.920
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Examining the clusters in the Multiple Fragments Viewer shows
that these clusters reflect the main dispositions of the
carboxylate group around the aromatic group, and therefore
this cut level is a suitable choice to describe the data set.
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Note:

These geometries are
described in the table on
the next page.




Cluster | Frequency Description of geometry

A 19 Dimer interaction
(red) involving both
nitrogens and
both oxygen

atoms
B 5 Interaction
(yellow) involving only one

N and one O - rest
of carboxylate
group is close to
N2 but with no
interaction

C 4 Interaction occurs
(green) between two
planes separated
by ~3.2A

D 1 Interaction
(cyan) between N7 and
010, with the
planes of the two
groups
approximately
90° to one
another

E 9 Interaction
(blue) between N7 and
010 - rest of
carboxy group is
to the side of Cé
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However, we know that there is more fine detail. One way we
can “drill down” to this detail is to re-run the cluster analysis
on selected samples from the data set. In this case we may
wish to do this for clusters A (red) and E (blue).

Go to the Cell Display and select cluster E by clicking on its
colour in the key on the left. Now go to Tools > Re-Run
Analysis on Selected Samples... The following dialog box will
appear:

Are you sure?

The entire analysis will be re-run using only samples currently selected in the display.
By default, the output files from this will be stored in a subdirectory of the current output
folder.

Cancel |

Change Folder

Note:

The Use Default option
saves the clustering output
files in a sub-folder called
Rerun_SelectedSamples in
the output directory for the
original analysis.

Click on the Change Folder button and create a new sub-
folder in the output directory. The cluster analysis will be
performed as normal and will open on the Cell Display.

Look at the dendrogram and 3D plots. The cut level is 0.629,
giving rise to 5 clusters which are distinct in space. However,
the dendrogram has two main branches. Raising the cut level

to a similarity of 0.479 partitions the data into those two
groups.
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Tip:

To avoid confusion,
particularly when this
process is carried out for
several clusters, call the
sub-folder for the output by
a name which reflects the
current cut level of the
original dataset, and the
cluster being re-clustered,
e.g. 0688_E.




Viewing the groups with the Mulitple Fragments Viewer shows
that these groups correspond to the two green striped groups
of the original data set at the default cut-level.

To return to the original data set, close the current dSNAP
window. The dSNAP background screen will appear. Clicking
on it brings up the Welcome window. Click on the View Saved
Results... button and navigate to the output folder of the
original cluster analysis. Click on the correlations.txt file.
This will allow you to view the results of the original analysis.

This concludes Example 3.
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