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PREFACE

Preface

The HKL-2000 suite is a package of programs intended for fadexing, data
reduction, and scaling of X-ray diffraction datdlected from a single crystal.

HKL-2000contains extended versions of the programs induléhe HKL package:
Denzg XdisplayF, and Scalepack,as well as several additional ‘utility’ programsher
strategy and simulation features can help plareperiment in real-time. The experimenter
can adjust the data collection strategy to achikgalesired data completeness. A proper data
collection strategy can help avoid later problemdata reduction and structure solution. There
is also mosaicity refinement during processingjalde spot size, easy change of the space
group, 3-D processing, direct beam position seaeggrt generation, and other tools.

The graphical command center coordinates all thygssdf an experiment and enables
performing an interactive experiment with on-linatal analysis, where results are
automatically updated when new data are collected.

The graphical user interface (GUI) greatly simphfiinteraction with the underlying
suite of programs and improves the convenience akiwg with various data sets. The
interface was designed to be intuitive and allows tiser to easily adjust a variety of
parameters. It provides a guided path throughteissfrom data collection to scaling.

This manual aims to describe how to use the GUéffioiently and accurately process
your data. The original manuals for the underlysagge can be found on the HKL Research
website. The figures in this manual are for versiai of theHKL-2000 program. Since the
program continues to undergo constant revision deeklopment, the version of thKL-
2000package you are using may not be the same onglusbere.

To find more about the features of and algorithsduinDenzoandScalepackplease read
the article: Z. Otwinowski and. W. MindDenzo & Scalepack” International Tables for
Crystallography Volume F: Macromolecular Crystaltaghy, p. 226-235, 2001,
M. G. Rossmann, Kluwer Academic Publishers (DordBoston/London).

Question about the program described here shoutlirbeted to Zbyszek Otwinowski
or Wladek Minor at the addresses below, with CQ4kd. Research:
HKL WWW homepage http://hkl-xray.con
HKL suppor: support@hk-xray.con
HKL Research -mail hkl@hkl-xray.con
Zbyszek Otwinowsk zbyszek@work.swmed.ed
Wiladek Minor wladek@iwonka.med.virginia.e

To reference thelKL-2000package for publication, please use the follovaration:

Z. Otwinowski and W. Minor;Processing of X-ray Diffraction Data Collected in
Oscillation Mode," Methods in Enzymologyolume276 Macromolecular Crystallography,
part A, p.307-326, 1997, C. W. Carter, Jr. & R.Sidveet, Eds., Academic Press (New York).

Denzo®, HKL®, and HKL-2000® are registered trademaks of HKL Research, Inc.
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HKL-2000 OVERVIEW

HKL-2000 Overview

There is a logical path from raw X-ray diffractiomages to a crystal structure, and
HKL aims to guide you through these steps. Theudefattings have been selected to work
well for most cases, and the manual has been dmbigm emphasize the most critical
parameters that you should pay attention to. A R8tart document is available on the HKL
Research web site that can guide you through dataegsing with example data.

The general workflow of HKL

Select the detector used to collect the data.

Select the data and results directories.

Display and Peak Searcthe data to find reflections.

Auto-indexthe data in all crystal classes and select the basss.

Index the data in the selected crystal class (assighekihdices).

Integrate the data. This indexes each image, refines reteparameters, and

combines partial reflections for each set of comsge images. Integration

generates *.x files, which contain Miller Indicastensities, and errors for every
recorded reflection.

Scalethe data. In simplistic terms, this ensures tihat data is merged together
properly with respect to image to image variatioasd that symmetrically

equivalent reflections are merged properly.

Analyzethe data. HKL presents many informative grapla tet you instantly

know the quality of your data.




The HKL-2000 Tabs

THE HKL-2000 TABS

The next few pages show the layout of the diffetabs in HKL-2000, briefly describe
the tasks performed on each tab, and provide irdoaom about where in the manual to look

for more detailed information.

The Project Tab

File Options  Site Configuration Crystal Information Report. About Help
Project] Data | Auto | Summary | Index | Strategy | Integrate Scale Merge | Macros |
—Project
Name APCEYT1 Principal Camponent: Protein
Crystal crystall
q —Protein Data
Experimenter dcoop
Mame:
Date Jun 26, 2018
Mumber of Residues: 94
0] ism:
Load | Save | rganllsr‘n
Descriptian:
Edit Project | Edit Crystal | Molecular Weight: 10715.48
MNCB! accession code:
iz FEEE! | ey Clpyil | Swiss-Prot accession code:
Evaluate Model Mo. of Homologues:
Last check in POB:
Phasing Method: ~ SAD/AD
GHMPAYVFSKESFLKFLEGHLEDDVWWAYSSDVTDFCKKLSES [ N
MVGEKEYCFAEFAFPAD IFDADEDE IDEMMKYANPYEKEK LSE SN G AEED STERE: o4
AGRMAIR
Ala(a) 8 Gly (G 4 Met (M) 4 Ser(s) 7
Cys (C) 2 His (H): & Asn (M) 1 Thr(T): 1
Asp (D) 8 lle (1): 4 Pra (P} 2 Val (v 10
Glu(E): 13 Lys (K): 8 Gin(@y 0 Trp (W 0
Phe (F): 4 Leufl): 5 Arg (R 2 Tyr(¥): 3
|/ Anomalous Wizard |
—Scaled Data

W Structure  File Name: /homefdecoop/Data/APC5771_2fdofaproc_1/output.sca
Cell: 45439 48856 86.337  90.000  50.000
- Space Group: P212121  Wavelength: 087302 Resolution:

30.000

hode:  Mative Crder:

1

W addFie |
Remaove File |
Statistics |

Figure 1. The Project talzontains information about the macromolecule. Usimg tab, you
can load or save session information, includingchvldata sets to work with. Some of the
features in the Project tab are more useful inlzegea linked versions of HKL-2000 and in all
versions of HKL-3000, which requires a databaseuteticense. Se€reate, Save, and
Load Projectson page 36 andihe Project Tab After Scalingon page 120.



The Data Tab

THE HKL-2000 TABS

Eile Cptions  Site Configuration Crystal Information Report About Help
Project [ Data ] Auto | Summary | Index | Strategy | Integrate Scale iderge | Macros |
M Integrate  Data: home/deoop/Data/APCE771_2fdo Collected W
W Scale Qutput: /home/dcoop/Data/APC5771_Zfdofproc_home Iz
Integrated
Template: apc5771_sed.0##img Start: 1 End: 220 Exp End: 220 Set: 1
W Integrate Data: home/deoop/Data/APCE771_2fdo Collected
I Scele Qutput: /home/dcoop/Data/APC5771_Zfdofproc_home :n;ﬁexetti ¢
ntegrate
m Template: apc5771_sed infO###.img Start: 1 End: 220 Exp End: 220 Set 2
Display | Frame Mumber |1 j
Directary Tree ~Load{ Create Mew Sets —aet Controls
=2 ; 4'
= home Load Data Sets Remove Set
= dcoop ’ .
& Data I Show AllFiles I Scale Sets Qnly Split Set |
= APCS771_2fdo Mew Raw Data Directory
£ proc Select/ Unselect |
7= proc_home == | /homefdcoop/Data/APC5771_2fdo
Mew Cutput Data Directory
== | [homefdcoop/Data/APC5771_2fdo/proc_home
ARD Access Create Directony | < —-| Edit Sets |
Experiment Geometry Frame Geometry Exposure Time Options
Distance 300.00 Osclllation Range  220.0 Time / Frame 1.00 Sec ]
Cscillation Start -110.00 Mumber of Frames 220 0.017 fin Yavelength 097902 A
Omega -110.00 Frame ‘Width 1.00 Time / Degree 1.00 Sec 17664.1 ey
Kappa 0.00 Rotation Axis Omega 0.017 hlin
Phi 0,00 Time { et 00:03:40
Z Theta 0,00

Figure 2. The Data taldisplays information about input and output fildsplays

information about individual datasets, and hasrabiiuttons to work with the datasets. The
top of this tab shows the datasets that you ar&ngmwith and what you intend to do with
them. The middle of the page allows you to load edlitithe sets you want to use, and the

lower part of the display gives information abcwe turrently selected set. Seata,
Results, and Datasetstarting on page 25.




THE HKL-2000 TABS
The Auto Tab

File Options  Site Configuration Crystal Information Report About Help

Projectl Data | Auto |Summary| Index |Strategy| Integratel Scale | terge |Macros|

Processing Directory  /home/dcoop/Data/APCS771_2fdofaproc 1 Select ~| il
~Raw Data Sets

# |name | range | frames |
1  apco?d1_sed.D###.img 220.0 220 B
2 apcd?71_sed_inf.0##dimg 220.0 220
Display | Process |
—Integrated Data Sets
# |name | frames | sg | reso | chi | mos |
1 apcd?7 1 _sed.Dsdx 220 Pze2 2.02 1.39 040 [&
2 apch?i1_sed_infO###x 220 P22z 203 178 056
To Data | View |
Scaled Data Sets
# |name | sg | reso |
1 oupuisca P212121 2.38 =
To Project | View |

Figure 3. The Auto talprovides you with one-click processing and scajiogr data. See
Automatic Data Processingstarting on page 122.




The Summary Tab

THE HKL-2000 TABS

File Options  Site Configuration Crystal Information Report  About Help
Projectl Data | Auto [Summary] Index | Strategy | Integrate Scale Merge | Macros |
Raw Data Osc Osc Osc - = Res |Res |3D Profile Fitting | —
Set  |ramplate Start [End gt [width  [Range [T |Distance |yp’  Ihax  [Window  |Raius Razeentt
0.00 0.00 50.00 |edge |3 31.0
1 zzo -110.00 |1.00 2200 0.00 300.00 50.00 |edge |3 3.0 0.97302
1 zz0 -110.00 {1.00 zZz0.0 0.00 300.00 50,00 |edge |3 31.0 0.87918
| = Vi
YWiew Controls
W Set W End I Time{ Frame 1 2 Theta -1 Mosaicity
W Raw Data Template W Osc Start -1 Time/ Degree W Distance 30 Window
I Output Data Template W Osc Width -1 Kappa W Res Min W Profile Fitting Radius
W Start ' Osc Range | Phi W Res hax W Wavelength
-1 Spot Size h.axis -1 Spot Size m.axis | Box Size X | Box Size Y I Spot Angle

_1 Energy

_I Elongation Limit

Figure 4. The Summary talprovides detailed information about your datasets a
refinement parameters. Parameters that vary fréno set are highlighted in cyan. The
selector buttons can be used to change which irtomis displayed in the table. In this

case, these two sets have been collected usirgathe strategy, but at different wavelengths.

SeeChecking and Editing Setson page 32




The Index Tab

THE HKL-2000 TABS

Eile Options  Site Configuration Crystal Information Report About Help
Project | Data | Auto | Summary | Index | Strategy | Integrate Scale | Ierge | tMacros |
—Pending Set: —Refinement Information
1. apc5771_sed.O##dimg from 1 to 220 Space Group: P222
Z.apch771_sed_inf.0#d#.img from 1 to 220 Resolution: 50.00 - 2.01
Positional; 861 Hy2: 1.61 Y-x2. 097 (0)
Partiality,: 838 x2: 1.40 (0)
W Keep Current Values For All Sets RERAE G052 Ve (E0EEY
a 4538 b 4882 86.16
o 9000 90.00 90.00
Crystal Rotation X: -121.977 0.000 0.015
—Resolution Crysial Rotation ¥: -170.983 0.000 0.003
# FEdge - Half Comer - Comer Crystal Rotation Z: 4.347 0.000 0.004
. l— l— Detector Rotation X: -0.003 0.000 0.022
Min }50.00 | Max jedge Detector Rotation ¥: 0.092 0.000 0.018
_I Limit Resolution in Pre-refinement Detector Rotation Z:
Crossfire X: 0.051 0.000 0012
400 |20.0 |80 |40 |20 Drraw Circles Crossfire ¥: -0.044 0.000 0.013
Crossfire XY 0.023 0.000 0.017
Distance: J03.110 0.000 0.066
Mosaicity: 0.481 0.000 0.009
—Refinement Cption
Crystal Detector Crossfire Ready
W Fot ® W Fot s ~Controls
- l—a ' l—a =|
W Roty W RotY Y Index Peaks Limit |300  3; Sigma Cutoff Index |5.0 < Refinement |5.0 =
! A
M RotZ i Rot Z L Al el |
Cther parameters Peak Search | on Set 1 Frame [1 ;‘
1 8 e B AL A Display | Change Display | to Frame |1 g
m Cell W Distance Fix Al
Index | Frame 1
W hiosaicity Fit Basic |
Refine | for |5 j Cycles on Frame |1 ;l'
Bravais Lattice | Check Mosaicity |

—Integration Box
Profile Fitting Radius [31.0

Box Size 3|~

Spot Size 030 —~

Elongation _I LimitlD.?
kore Options |

Ahort Befinement

| Reference Zone |

Crystal Alignment

Integrate

| Integration Setup

| Cell Divider

Set Beam Position

| Find Beam Position |

Set Blind Region

Reject Criteria

| Update Site

| Check in PDB

Figure 5. The Index takallows you to index your data and refine variousapeeters. This

tab also includes buttons to mask the beamstoaecify the beam center. In this figure,
the refinement has been completed, and this da¢ady to be integrated. The left side of the
display contains control buttons and parameters.tdp right shows indexing statistics and
crystal characteristics. The bottom right contaiason control buttons and a few more
parameters. Se&uto-Indexing starting on page 52.
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The Strategy Tab

THE HKL-2000 TABS

Eile  Options

Site Configuration

Crystal Information

Feport

Ahout

Help |

Projectl Data | Auto |Summary| Index [Strategy] Integratel Scale | iMerge |Macros|

Space Group: P222 ”

—Strategy
Distance

Omega Start
Delta Omega

Exposure Time

Strategy |
1#Sigma |
Crystal Dose |

N
-
A
oo

—3Simulation
Distance

Omega Start
Omega End
Kappa

Phi

Frame Width

Z Theta
Wavelength (A)
Oscillation Start:
Full Qwerlaps:
Partial Cwerlaps
Edge Res:

Half Corner Res:
Corner Res:

B

e

Fiamn
[fion
—
-
oo
o

111.0
0

2,025
1746
1.557

Strategy (only for kappa 0 and phi 0)

: %YOU arm

N
1/

[elta Omega

B

Omega Start

Simulation

2l =

Percent of Overlaps

- 200
- 200
60.0
- 500
- 300
35.0
98.0
-390
- 9939
- 1000

=@ FPartial
& Full

o _FA_A_A_AL_L&A_&_A_&&_‘M_&L&_“‘LLMM
Simulate Run | o :

Simulate Frame |

Completeness (h 1): 88.7 (87.8 99.3)

Combine | J
/

Cmega ¥

W sim; dist 303.1 osc start-110.0 end 110.0 step 1.0 kappa 0.0 phi 0.0 2theta 0.0 - 99.7% |—

Clear |

Figure 6. The Strategy talban help you design your data collection experim&ntoptimal
initial orientation will give you a complete datasefore collecting redundant data, thereby
minimizing complications due to crystal decay. Siatng a run will let you know if you
should expect overlapping reflection, which caresely degrade the quality of your data. See
Strategy and Simulationon page 78.



THE HKL-2000 TABS
The Integrate Tab

Eile Options  Site Configuration Crystal Information Report About Help
Project | Data | Auto | Summary | Index | Strategy I Integrate ] Scale | Ierge | tMacros |
—Pending Set: —Refinement Information
1. apc5771_sed.O##dimg from 1to 220 Space Group: P222
2. apcs771_sed_infl###.img from 1to 220 Resolution: 50.00 - 2.02
Positional, 448 Hy2: 1.35 Y-y2: 1.38 (0)
Partialit: 8289 %2 1.8 (19)
W Keep Current Values For All Sets AECS RS2 VERAE E0ERE
a 1587 b 4887 86.92
peontrol & 1al Rotati 20.00 g 192(;(:;1 ! 0.002 3(:]210
. . 5 otation X: -122. . i
% MNormal - Special - Crystal Slippage - AuUto Refine Crystal Rotation ¥: P T .y
Integrate | Ahort | Crystal Rotation Z: 4.424 0.000 0.007
Detector Rotation X: -0.052 0.002 0.043
Fix I Crossfre .1 Distance _I Mosaicity Detector Rotation ¥: 0.025 _0.018 0.039
Resume | Continue | Finish | Detector Rotation 2:
Crossfire X: 0.019 -0.004 0.015
Update Site | Check Dutput | Crossfire Y: -0.031 0.003 0.019
Crossfire XY -0.029 0.006 0.025
Distance: 303.145 0.477 0.456

» - Mosaicity: 0.727 -0.115 0.016
Current Mosaicity: 0.727 Explanation |

05 Integration Complete

~Integration Information

4 Chi~z ws. Frame

— 5 ry”
0.6 b oV
1 0727 9
= g 4
£ — L
g 0% .
a U4 i: g :-:-
(&) 5| - Vo, e
i - - - ¢..‘\;.. -
- -
"-dl"v"..i' s e © o= el
- oe - -
14 -
0.2 o
- D -
7. T T T T T T T
50 100 150 Z00
o4 HCRERaRERaRERERs a Frame Mumber

T T T T T T N i .
a3 i 0% @ Chi~z ., Cell ~, Crystal -, Mosaicity -~ Distance

Mosaicity f 2

Figure 7. The Integrate tabupdates while processing the individual frames.iriRefent
information and mosaicity distribution for eachrfra are shown along with a graph of how
refinement parameters change over the course afafasetSeelntegrating on page 85.
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The Scale Tab

THE HKL-2000 TABS

File  Options Site Configuration Crystal Information Report About Help
Project | Data | Auto | Summary | Index | Strategy | Integrate Scale kerge | Macros |
Crystal - Global Refinement [
Space Group Pe1212
Resolution 40.00 2.00
a 6072 % 001 4 90 =
h 7544 001 B 90 =
® 3078 * 001 Y 90 =
Cell %olume 140330.3
hosaicity Fange 0.64-0.73
Glaobal Statistics
Error Scale Factor 1621 | Total Mumber of Reflections 68534
Error Systematic 0.036 | Mumber of Reflections Marked for Rejection 27
Radiation Damage 0.012 | Percentage of Reflections Marked for Rejection 004
Anomalous Signal 0038 | Percentage of Reflections Rejected 0
Internal Mor-isomorphicity 0.001 | Total Brerge / Bmeas / Bpim 0.033/0.03670014
Scale and B vs. Frame Completeness vs. Resolution
| - | /
—Pending Set: ~Scaling Options
1. hhrepk_###.img from 1 to 250 a3 W Scale Restrain - |0.01 Ll FixB Space Group: = P21212
M B Restrain 0.02 L )
~Global Refinement
r Absorption oI | liluels Okl Man-Slipping Crystal
Correction _1 Direction Cosines ™ Perfect Gonlostat

lUse rejections

- on next run

— W ‘Write rejection file

Cutput File

W Use Auto Corrections

|

Mo kerge

e Criginal Index

Mon-Slipping Crystal
 Imperfect Goniostat

Small Slippage
Imperfect Goniostat

~~ Custom Postrefinement
~ Mo Postrefinement

- .
output_manual.sca Number of Zones |20 7 | Resolion Number of Cycles |10 %]
Log File Error Scale Factor |13 2 Min 40.00
scale_manuallog Defautt Scale 10| Max [200
Done ‘ Scalepack Type Alto ‘
Control
Scale Sets | Adjust Error hMaodel | Edit Rejection File | Show Fedundancies | Display Frame | a8 Load Qutput File |
Aport. | Reindex |  Show LogFile |

Reciprocal Lattice |

Reprocess | Delete Reject File |

[iagnostics | Exclude Frames | Check Space Group | Space Group Diagraml

Check in POE

Figure 8. The Scale taks where you combine all the information from thdividual frames

into one Scalepack file (called output_manual.sdhis case), which contains a unique list of
all reflections. Symmetry related reflections héween merged. The top panel is a scrollable
selection of graphs that provide information akibvet data quality. The bottom pane lets you

control various parameters or let you inspect teghht are not initially displayed. S8ealing

on page 91.

13



THE HKL-2000 TABS
The Merge Tab

File Options  Site Configuration Crystal Information Report About Help

Projet:tl Data | Auto |Summﬂry| Index |Strategy| Integratel Scale [ hMerge ]Macrosl

Reference Set

num |name | a | b | ¢ | a | b | gm | sg | reso| wave | reindex | anom |

1 crystall.sca 6073 7544 3078 80 30 30 P21212 183 037313 0 i A
2 crystalz.sca 60.70 7542 3076 90 90 a0 P21212 193 057315 0 1

3 crystal3.sca BO.BS 7543 3077 90 90 90 P21212 193 087915 0 1

I Auto Corrections W Anomalous

Load | From Project | Set Reference | Merge trl Reindex |

Delete | To Project | Check |so I Analyse | Advanced |

Figure 9. The Merge taltan be used to scale and merge multiple indivighsaldled data
sets. This allows you to merge data from diffex@gstals or data that could not otherwise be
scaled together. Sé&#erging Multiple Scaled Fileson page 125.
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THE HKL-2000 TABS
The Macros Tab

Eile  Dptions Site Configuration Crystal Information Report About Help

Proiectl Data | Auto |Summary| Index |Strategy| Integratel Scale | Merge |Macros|

—Before Indexing

| Add Macro | Remove hacro |

< [l

During Refinement

Add Macro Femove hacro |

error positional 0.03

- [

~During Integration

Add hacro Remove hacro |

error positional 0.03

< [

During Scaling

Add Macro Femove hacro |

- [

_I Data Set Macro  Define |

~Immediate Execution

Fun Macro |

Figure 10. The Macros talallows you to give specific commands to HKL dunragious parts

of data processing. The “error positional” macrong of the more commonly used macros. It
can significantly lower your positional éhby allowing more “wiggle room” for your
reflections. This is often a detector dependenéessity. Seé&Jsing Macroson page 127.
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CONVENTIONS USED IN THIS MANUAL

Conventions Used in This Manual

The most critical steps and information that shouldhot be overlooked are bold, blue, and
underlined.

File names and paths are in a fixed-width font simi lar to
a Linux console.

TabsandOptionsare bold and italic.

Deeper Information

Some explanations and details are contained inbexe¢s like this one. Read the
heading to decide if you need to read the inforomain the box.

16



STARTING HKL-2000

Installing HKL-2000

Installation of HKL-2000 uses an installer progrdhat guides you through the
installation process. The HKL installer and exeblésa of all programs can be obtained from
the HKL Research websitat{ps://hkl-xray.com) . Details of the installation process
are contained icrror! Reference source not found.beginning on pagError! Bookmark
not defined.

To install and run HKL-2000, you will need to obitaa license key from HKL
Research. Details of the licenses are availabte@website. Academic users who collect data
at a synchrotron beamline where HKL-2000 is insthiinay obtain a 30-day license free of
charge to reprocess their data. The license caalbéased for one computer up to 3 times per
year.

To obtain the license key, you need to run the anmgaccess_prod)  program on
each machine that you plan to install thi€L-2000 programs. Details of this are also in the
Error! Reference source not found.

17



STARTING HKL-2000

Starting HKL-2000

The installer places an HKL-2000 icon(Figure 11) on the desktop that will launch
the program. The icon will set important environtarnvariables and launch a terminal
window that will display HKL-2000’s runtime infornian.

FIKIL=20X00

N2

Figure 11. The HKL-2000 Start Icon

You may start HKL-2000 from a terminal if you widhthe HKL-2000suite has been
installed in the default locatiorusr/local ) you can typically just type HKL2000.The
HKL-2000suite must be configured for your system, andenlse key must be installed before
it can be runlnstallation and configuration of the suite are desribed in the Appendix.
You must have permission to write files in the diogy you start HKL-2000 because the
program writes several files to the working diregto

The Installation Directory
HKL-2000 can be installed in any location, but vimisgly recommend the director
c:\HKL for Windows installations. The HKL Installer wiisk where you would likg
HKL installed and will create an icon that will lach HKL-2000.

<

If you are working with an older version of thetsuiyou can use a non-standard directpry
if you set the environmental variab8HKLPATH For instance, if all programs ate
installed in the directoryhome/janedoe/hki2000 the following commands can
simplify launching HKL. You may want to put theseyiour login scripts.

For Bourne-type shells (sh, bash, dash, etc.):

$ export HKLPATH=/home/janedoe/hkl2000

$ alias HKL2000="$HKLPATH/HKL2000"
For C-type shells (csh or tcsh):

$ setenv HKLPATH /home/user/prog2000

$ alias HKL2000 $HKLPATH/HKL2000
Then for both

$ HKL2000

18



STARTING HKL-2000

Site Definitions

To work with diffraction data, HKL needs to knowtdis about the experimental setup.
This information is stored as a data collectione’siTherefore, the first dialog to appear asks
you to choose a site definition (detector and ogiterinformation) from the menu (Figure 12).
You mustselect a site definition (or use the option) before continuing to the
program.

A site definition contains information about thgpermental setup, such as the X-ray
detector, goniostat, and X-ray source. The definitncludes the detector name and type, the
axes of rotation and misalignment parameters oftimeostat, the X-ray beam properties, and
properties of the diffraction image files collectedpecially the expected suffix for these files
(e.g.,*.img ,*.0sc , etc.).]t contains the X and Y coordinates of the direct bamposition
on the detector, which are crucial pieces of infation. The site files are traditionally stored
in /usr/local/hklint but can be placed in any directory if the envirental variable
$HKLDIR is set. If your installation of HKL-2000 was credigsing the installation program,
then the icon it creates will automatically setstliariable. This directory will contain one
subdirectory for each sitézach_site definition directory contains _a “site fie” called
def.site where most of the settings are storedlhese subdirectories may also contain
other files such as detector calibration data fiea form of files calleddef.cal and

Files created by HKL

Filename.sca contains the scaled and reduced dataThis is the end produg
of data reduction and the input for structure sotuprogramsilt is important for
structure deposition!

—

scale.log is_important for _structure deposition! It contains detailed
information about data scaling. The most importahtes are at the bottom of the
file.

peaks.file is the file that contains peaks selected by thdé Bearch routine
reject s the list of rejected reflections created inlisca

hklprediction is a binary file that contains a listing of prddut reflection
positions

den.in s a listing of the commands used to run the inagxi
den.out is a modified log file of the indexing

scl.in is theScalepacknput file

xdisp.in andxdisp.out  are input and output files for the display program
filename_###.x (dot X files) contain tabulated data describing reflections
for each individual frame. Some experimental dstare found at the bottom of
these files (i.e. x-beam, y-beam, cell parameteffpement parameters for this
frame.)
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denzo_nonunf ) which are necessary for processing uncalibratgd. &or_synchrotron
data processing, these files should be obtained frothe synchrotron beamline.

HKL-2000

Select the detector that describes
your experimental site

19BM_SBC_2018_1

19BM_SBC_2018_2 ]
19ID_SBC_2018_3
Z1F-L5-CAT_2018_1

/

21F-L5-CAT z018_2
21G-LS-CAT 2018_1
21G-LS-CAT 2018 2
Hhr_1wge
Home_Source-12_15_17
Home_Source-7_30_18

Filter |

ieleah | MNew Site |

Site Included | Scaling Only |

Exit
Package Licensed to

John Doe
at
HKL Research, Inc.

Figure 12. The HKL-2000 launch and site selectioarsen.

The Site Included option

The option tells HKL-2000 to use adef.site that is located in
the same directory as the dataThis option can be convenient when sharing data or
downloading data from ProteinDiffraction.org.

Creating a new site

To make a new site, click on the new site butto® new window with a field to give
the new site name will open. This will create a reusdirectory inusr/local/hklint
or SHKLINT with the name you give (note that the user runtiegorogram will have to have
permission to write to this directorylt's best to use a descriptive name that does not
contain _spaces. It can be helpful if the name indicates a time iquer like
home_Raxis_fall 2018 or 19-ID_2018 run3 (Figure 13). Now click on the

button, and select your detector. Some detectoufaaturers have different

models, and these are listed under each genemdtdeheading. If your detector is not listed
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at all (unlikely, but theoretically possible), yauill have to contact HKL Research (or your
beamline coordinator) for the appropriate site file

£ HEL-2000 vT12 Rigaku PAD -
+ Rigaku IP
Igaku N > RAXIS4
Rigaku CCD -
Detector Directory Name: EHurnu Source] ] D r RAXISHTC
under /home/dcoopfhklint directory | har IP = RAXISS
Mar CCD r RAXIS2
| Rayonix CCD P RAXIS2 crystal clear
Detector Type: BAXISA =-E
¥ ADSC CCD - RAXIS2 crystal clear small
Goniostat Type: goniostat single axis :-I ADSC PAD - RAPID
Bruker CCD/CKOS - RIGAKU 31
Monius CCO - RAXISHR
APS SBC OXFORDZ10 CCD - RAXIS4 asci header
STOE =
Done Cancel Ul =
DIP -
Cther -
b goniostat aps 13id
gonlostat aps 19bm
goniostat rigaku kappa
gonlostat nonius kappa
goniostat bruker fixed kappa
goniostat pabruk
goniostat vertical euler
gonlostat horizontal euler
goniostat single axisy

Figure 13. The "New Site" selection panes

The most important values in the site file are theX-beam and Y-beam positions
and goniostat type. Be sure to record them everyrtie you collect data because they can
fluctuate. The default values for newly creatddf.site files will almost always have
incorrect values! You can change these by clicking (see below) and
make changes using the dialog. While not recomn@ndeis also possible to edit the
appropriate line in thdef.site file in the newly created subdirectory and thestad the
program. Collecting and processing data with a-slediracterized crystal (such as lysozyme)
can ensure you are using a correct site definition.

Choose the appropriate _goniostat_typefrom the predefined list. Presently the
following types of goniostats are available:

single-axis — most common

vertical euler — goniostat used with Rigaku Rafidturn and Raxis HTC detector
horizontal euler -

nonius kappa — goniostat used by Nonius KappaCGLlKappa2000 systems
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rigaku kappa -
bruker fixed kappa — used with Smart 1000 and S6@00 Bruker systems
p4bruk — P4 goniostat used with Smart 6000

Once you've selected the correct detector and gtatjalick OK. The new site
definition directory will be created with the apprate files, including alef.site file.
You will now get the maitKL-2000 window.

Make sure the site file is correct!Click on on the top menu
bar, and this will bring up a window with the sgarameters (Figure 14 and Figure 15). You
can verify that the detector is the right one, gad canspecify important parameters like
the X Beam and Y Beam Positionand the Wavelength and so on.

Features of the site creation dialog

1. You can load in data from an existing site file digking on the
button. This brings up a file navigation window wd#e/ou can choose a site file
(def.site ). This is very useful for just changing the beawsipon.

2. The anode type (and thus the wavelength) for rgainode X-ray sources is specified
in this window, while the wavelength for synchrotié-rays is specified by data set in
the mainHKL-2000 window (and is hopefully, but not guaranteed, tocberectly
specified in the image file header — check to make!).

3. Clicking on means that you are permanently editing or upddtieg
file calleddef.site (in /usr/local/hklint/sitewhatever ). For this you
will need a password (which is provided to theohtact Person”your group has
specified with HKL Research). This is not a typiaaér option. Also, the user running
the program must have permission to write to thecatibry that contains the site file

(usually/usr/local/hklint/sitewhatever ).
4. You can use your updated site parameters withaungdhem to thelef.site file
by clicking the button. The altered site parameters will remaieffact until you

quit the program, after which time they will revestthe original values.
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General | Advanced | Description |

Detector: Beam Position #  |96.503
g:ﬁ:‘t t;nﬁfﬂrmed Beam Position % |93.645
r Directory:
HHE Crossfire # -0.018
Rotation % W Crossfire v 0.031
Rotation ¥ W Crossfre ®Y -0.06R
Rotation £ ||:|.|:||:| # Synchrotron .- Neutron Beam
_| Use Callbration File v CU Mo A Cr e Ag
_i Use Sensitivity File Polarization 088
wer  Arapnne wr IIITOFS
Goniostat Single Axis
Alignment |0 0 |
ZTheta Diraction 4 + - -
Predefined Flle Template |*.img
# Blind - Shadow Region
firat area [ aecond area
m[ozs o3 [9z6 [953 = [ [
{101.4 958 |1048 [0.5 | | |
@370 |370 |8 . | |
LoadSeInfo |  SaveSiteInfo | Close |

Site Saved by User deocp Time: 20.04.08 iay 38, 2012 K-y2: Y-42:

Figure 14. The main dialog for site creation.
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General | Advanced Descripl:lonl

Frame Header Reliability
M Distance M Frame YWidth M ‘Wavelength

Iisalignments
AEARIERTIEEaRlEn00  RRlees 120
vsDistance v scale foo  Offset [51.20

scale [10

STARTING HKL-2000

@ site Configuration

General | Advanced | Description

hMeasurement Device
heasurement Device Type
Radiation Source

Racliation hMonochromator

Synchrotron Name

_I Distance TR Applied Only At Data Set Load Beamline Name
offset [0.0

_1 Overload Yalue

Ful [oD

1 Error Density : > 5
Binned |0.0 Bibinned (0.0

Systematic Errors
Unlt Cell Sys Error Length (001 Angles |0.0s
Fixed Experimental Values

Distance | Frame Width |

21 Y Scale |1.0
W Automatic Web Browser _I Shutdown after Process
=

Load Site Info | Save Site Info | Close | Load Site Infa | Save Site Info | Close |
Site Saved by User: doacp Time: P8.04.08 May 38, 2672 -2 Y-p2

Sife Saved by User deoop Thme! 208408 May 38, 2872 H-y2: T-y2

Figure 15. The Advanced and Description tabs of thige configuration window.

What if | choose the wrong site because | wasn't ser?

If you select the wrong site file, the display mbis¢ly will be distorted, which is
what happens if you have selected the wrong detggie. If you select a site that specifies
the same detector type as your images, the displajook normal, but the indexing angd
integration will fail if other parameters (i.e. theam position) are incorrect. If you are lucky
and the detector is correct and the goniostat getgoT is compatible, you may be able o
process your data.

What is the meaning of the goniostat alignment winows?

The windows describe the six mis-setting anglesmdrticular goniostat. The choige
of the single axis goniostat allows only the fixgd mis-setting angles to be entered:
1) Angle around the beam
2) Angle describing the non-perpendicularity of theglan between beam and
omega/spindle axis
The other goniostat types require all six mis-sgtiingles to be defined. The four remaining
angles are:
3) Omega zero
4) Deviation between nominal and actual kappa (clujnega angle
5) Kappa zero
6) Deviation between nominal and actual kappa (clphiangle
A change of the spindle axis direction requiresoaasponding change of the first mis-
setting angle by 180 degrees. This is equivalettiedenzo commaniim rotation 180.
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Data, Results, and Datasets

Select your data files using the Directory Tree anthe New Raw Data Directory field.

The Directory Tree Window

Double clicking on a file folder displays the suleditory contents of that directoriy.
will not display the files in that directory, so don’t be puzzled when yoo'taee your data
files. To go up one or more directories, doublekclon a parent directory. To make a new
subdirectory, single click on the folder under whyou want to create a new directory, click
on and a dialog box will open with the path displaydgpend your
subdirectory name onto the end of this path antkcli . If your data is in a directory
configured to auto mount but is not currently meahtclick (auto mount
directory), type the name of the directory and click  to mount (Figure 16).

—Directory Tree

=/
& home
& hkluser
= Data
& Hhr_1wgb
= series
= proc

AMD Access | Create Directory | << _.|

Figure 16. The directory tree
Select the raw data directory

Single click the subdirectory that contains youtad@vhich will highlight it), therclick the
“»” button to the right under New Raw Data Directory. The full path will be written in the
field next to “ ” button (Figure 17).
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Mew Faw Data Directary
S [l ‘home/dcoop/Data/Hhr Twobfseries]

Figure 17. The Raw Data directory

Choose an output file directory

Select a directory for your output files using theDirectory Tree and
(Figure 18).The suggested convention is to have a subdirectoigr your
output (historically called proc) in the directory thailtis your frames. The nice thing about
having proc subdirectories is that if you reprocémssdata multiple times (say, in different
space groups) you can have a different proc dingedimr each attempt (e.g., proc_home,
proc_p222, proc_p21, proc_p6, etc.) and not wobgua overwriting your work or having to
make new file name patterns.

Mew Output Data Directory
:-:-[ | ‘home/dcoop/Data/Hhr Twobiseries1/proc_home

Figure 18. The Output Data directory

To make a new subdirectory single click on the folder under which you waat t
create a new directory, click on and a dialog box will open with the path
displayed (Figure 19). Append your subdirectory eamnto the end of this path and click

. This will create the directory and select it retdirectory tree. A shortcut button

will create a directory named “proc” (the traditadly named processing
directory) in the selected directory.

“ @ Create New Directory

Directory Name
pﬁumefdcnupa’Datathrjqufdata

Create |Createpmc| Cancel |

Figure 19. The Create New Directory dialog

The double arrow button () can be used to create a shortcut to a directdigcilitate
quickly selecting a directory. This may be usefuyldu have to select multiple data sets that
are in various places. To add a shortcut, click thebutton. To switch to one of the shortcuts,
select the shortcut from the list.
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AMD Access Create Directory | s _.|

Add
—Experiment Geometry Frame Geo
fhome/d
Distance 30000 | | Oscilationf oo oe00P |
‘fhome/decoop/Data’/Hhr 1wobfseries
Oscillation Start -110.00 Mumber of Framesees =

Figure 20. The  button can make directory shortcuts.

Do | need a "proc" directory or can | put the files anywhere?

As long as you have permission to write to a donGtHKL can write your output
there. However is a good practice to have the diffraction image separate from the
output files. Some labs keep their diffraction images on avagked drive, yet save th
processed files on individual workstations.

How much disk space am | going to need for this?

Each indexed raw data file yields a new file, chléan *.x file, with the extracted
reflection data from the frame in it. The sizelwd t.x files is therefore linearly proportiona
to the number of reflections on the image. As yagihtnmagine, the *.x files for a lysozym

resolution. You always should have at least a fjalytes of free disk space.

Selecting datasets

Select the frames you wish to work with using tlead data sets button (Figure 21) and
clicking on one or more sets of frames.

Load / Create Mew Sets

Load Data Sets |

I Show All Files  _I Scale Sets Only

Figure 21. The Load/Create New Sets window
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Avoid the naming pitfall

When collecting diffraction data, avoid creatingrfres with names ending in numbers,
because the set parser cannot distinguish a contgiata set among the frames. For example,
if the root of your data file names is nc401, amentyou collected frames 001 through 140,
you might expect files called nc401001.img thromg01140.img. Unfortunately, it is verny
difficult for a computer to parse this type of fiame and distinguish between: 1-140, 10D1-
1140, or 401,001-401,140 frames. You may keepaberrc401, butnake sure to have non-
numeric characters before the sequential part of td file name (for example:
nc401_0001.img or nc401_set 2_0001.img)

If you have not clicked on one of the checkboxdswehe button,
you should see what the program considers to beetiseof data frames in theew Raw Data
Directory, with # signs standing for digits of the frame numbergFe 22).Single click on
the set of frames you want to processit will turn blue - then hiDK. The “Select All” button
has been added for convenience.

™ Select Data Sets from the List

hhrzpk_###.img [1-250]
hhr2rm_###.img [1-250]

3e|ecmn| Ok \J Cancel

|
.

Figure 22. The Load Data Sets window

When the set has been added, a blue box will appean the main window
summarizing the properties of the set of frames yohave added (Figure 23)Once you
have loaded the different sets of data, the button at the bottom left of the set box
allows you to see more details about the set oipnéate the set.

W Integrate  Data fhome/dcoopiData/Hhr_1wgB/series Collected
- Sk Gutput: fhome/dcoop/Data/Hhr_1wgB/series1/proc izt
Integrated
Template: hhrzpk_###.img Start: 1 End: 250 Exp End: 250 Set 1

Figure 23. The Single Set window
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What if | don’t see any frames listed?

This means that either you have no data frameseihNléw Raw Data Directory, or
else they are not named and numbered in such ahaayhe program can identify them as
data frames. For example, your files may be offtie *.mccd, but theSite Configuration
may specify data files end with the suffix *.imghi$ is controlled by theFile Template.”
You can edit thé-ile Template, which describes the naming convention for ddés fin the
Site Configuration dialog. Alternatively, you can select files usitg show all setdialog.

What does Show All Sets do7

This option will open a file browser in tidew Raw Data Directory(see Figure 21)
If no sets appear in the defalttad Data Sets but you see your files when you selgiadbw
all sets then theFile Template is probably wrong. You can use this option to teraply
override the File Template’ set in theSite Configuration. When you click on a file, HKL-
2000 will deduce &ile Template and determine the range of files that exist. Wy edit
this range to only work with a portion of the files

@ Select Data Sets - Show All Files

Directory fhomefdcoop/Data/APCE771_2fdo

Bl apc5771_se3,0001.img
El apc5771_seddo0zimg
El apc5771_se3.0003.img
El apc5771_se3.0004img
El apc5771_se3.0005.img
El apc5771_se3.0006.img
El apc5771_se3.0007.img
El apc5771_se3.0008.img

Bl apc5771_se3.0009.mg
El apc5771_se3.0010.0mg
El apc5771_se3.0011.mg
El apc5771_se3.0012img
El apc5771_se3.0013.img
El apc5771_se3.0014img
El apc5771_se3.0015.img
El apc5771_se3.0016.img

B apc577
El apcs77
B apcs77
El apcs77
El apcE77
B apcs77
El apcE77
El apc577

(I~

|| Start 1 End

220

|| Template |apcE771_sel.d###img

-

Done

| Cancel |

Figure 24. The Show All Files dialog can be used fde selection.
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What if the File Template isn't right?

If you've already collected data with ambiguou® filames, you don’t
need to manually change all the file names! Comsikde files ranging from
nc401001.img to nc401140.img described above. iodtk data set as describg
above, even if the parser does not extract theerahidgrame numbers properly.
Go to the Edit Set(s) dialog, change the name iRile Template from
NCH####HE.IMg to nc401###.img. The program will parse range of frames and
a dialog box will ask for approval. After selectiok, the proper values d¢irst
Frame Number andNumber of Framesshould appear arfile Template will
be automatically adjusted according to the newrsehe

3%
o

What is the Scale Sets Only option?

This will display only the *.x files that are ing¢liNew Raw Dataor New
Output Data directory paths (Figure 25). You might want totdis to scale data
already indexed, instead of reindexing and reimatiagy the raw frames. You may
also want to do this to rescale the data in a mdiffespace group within the same
crystal class.

™ sSelect Data Sets from the List

apcb771_se3.0###.x [1-220]
apcb771_se3_inf.O###.x [1-220]

Select All | ok | cancel

Figure 25. Files listed after activating the Scafets Only button

Removing sets

If you would like to remove a set, click the button of the set you want to remove.
Then click in the Set Controlgpanel on the right side of the main window. The
program will ask if you really want to do this, amldo, the set will be removed.
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Integrate, Scale, and Collect checkboxes

The checkboxes on the left of the data set windaiattie program what you want to
do with the data in this set. Most installation$4fL-2000 will have checkboxes to index and
integrate the frames ( ) and scale the data (). Some installations will also have
a checkbox to collect the data ( ). The default is for all the available optionshie
selected when the set panel is displayed. Conttddta collection usingiKL-2000is currently
only supported at the Structural Biology Center CSBAT) beamlines at APS and for a few
selected detectorsf your configuration _of HKL-2000 does not support direct data
collection, the collect checkbox may be missintf.you want to scale frames that have already
been indexed and integrated, just unselect the checkbox, but leave the
checkbox selected, and the program will know that gre passing that data set directly to
ScalepackIf you are working with data from more than onawelength, you can select

for all the sets, but you have to scale the selspendently. Integrating all the sets
at once will ensure that they have the same crgsiahtation parameters.

Working with multiple data sets

You can load multiple sets of data within the data window.
Clicking once selects, clicking again deselectsu Yo not have to hold dowp
any additional keys to select more than one —glisk on each set you want.

Selecting multiple sets is extremely useful whem y@ave collected
multiple data sets from a single crystal and wanhtlex and process them a
together. Examples of this include:

1. multi-wavelength experiments,

2. inverse-beam experiments,

3. data sets which differ by theydffset of the detector, or

4. low-pass and high-pass data sets that differ inctlystal-to-detector
distance.

In all cases, if the goniostat is aligned (and #tignment is described in
the site configuration [def.site file]), the crylsteas not been moved relative o
the goniostat, and the header information of treg@files is reasonably accurdte
(so that detector distance and position informasgresent), then you should he
able to process all of the frames together fronmgles auto-indexing. This wil
ensure that the indexing from all sets is consisten

Splitting sets

Notice that under the panel call&&t Controlsthere is an option called
This splits your data set into two or more growgsich can then be integrated consecutively,
independently, or selectively. One reason to ds thiif you had a bad or blank frame

31



DATA, RESULTS, AND DATASETS

somewhere in the series of frames. Additionallyewiscreening crystals, you may have two
orthogonal images which results in non-consecuthages with consecutive file numbers. In
general, sets are split whenever there is an ugéan in a contiguous series of data collection.
To split a set, select the desired set and thek ol the button in theSet Controls
panel. A new box will appear that has two slidéfigiire 26). Move the top slider to define
the end of the first set, and then move the botbder to define the start of the second set. If
you want to skip one or more frames, just make ghatethey are in the “gap” between the two
sets. When done, click on the  button, and a new set will appear (Figure 27). &sildre
that theDistance andOscillation Start values are correct for each set (they should ad re
from the header of the data files, but you nevewkn

In principle, you can split a data set as many s$im& you need to; however, keep in
mind that 3D integration cannot work across thenolamies between split sets.

I [T
|
I Ju
Set 1 end:
Set2 start: 155
epply |
Split | Cancel | |
Figure 26. The Split Set window
I Collect Detector: RARIS4 Collected
M Integrate Data: ‘homefanna/Data/Raxis |V Ep Indexed
M Scale Qutput: Ihomefanna/DataRaxis |V ppiproc 1 Integrated
Template: Lyzozymel###.0sC Start: 1 End: 150 Exp.End: 150 Set 1
I Collect Detector, RAKISA Collected
M Integrate Data: ‘homefanna/Data/Raxis|Vpp Indexed
M Scale Cutput: thomefanna/Data/Raxis |V ppiproc T Integrated
Select | Template:  Lyzozymel###.0sc Start 155 End: 180  ExpEnd: 180  Set 2

Figure 27. Data set divided into two sets removingr images in the middle.

Checking and Editing Sets

When you select each data set, the program wifllalysthe set’'s parameters at the
bottom of the windownder Experiment Geometry, Frame Geometry, Exposurdime and
Options information panelsMake sure the parameters for each set are correcThese
values are taken from the image’s header, butehdér is not always correct. Changes can be
made in th&summary tab or theEdit Setsdialog, both described below. There are three ways
you can do thisThe gquickest method to see the parameters is to loat the experimental
details at the bottom of the Data tab (Figure 28)This information will correspond to the
“selected” set. The information in this frame ig editable.
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. ~Frame Geometry

~Experiment Geometry
Distance 127.38 Cscillation Range
Oscillation Start 0.00 MNumber of Frames
Omega n.oo Frame WWidth
Chi 20,00 Rotation Axis
Phi 0.00
Z Theta 0.00

- ~Exposure Time
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30.0 Time { Frame 181.0
a0 3.017
1.00 Time / Degree 181.0
Omega 3017
Time { Set 04:31:30

Sec
fdin
e
fdin

~Options
Wavelength 0.71074 A
17444.4 et

_| Marrow Frame

Figure 28. The experimental details panel

The second way that you can view set parameterstsswitch to the Summary tab

(Figure 29). The information in this tab is edi@blheView Controlspanel is beneath the
sets you have and allows you to select the infdonatou want to be displayed in the panel at

the top.
Eile Options  Site Configuration Crystal Information Repart About Help
Project | Data | Auto [Summary] Index | Strategy | Integrate | Scale | Merge | Macros |
Raw Data 0sc 0sc 0sc g = Res |Res [3D Profile Atling =
Set  Template Ism End IStart  [width  |Range |V Distance |ygn  |Max [Window |Radius Wavelengtl
| [0.00 | 000 | 50.00 ﬁadge 3 30,0
[ fezo w000 [1o0 [zzoo Joon [sooo0 [50.00 [edge [3 300 [oa7anz
| «[t [z 1000 [1oo Jzza0 [oo0  [s0oo0  [sn00fedge [3 [ano [na7ara
M1 I By
Yiew Controls
W Set W End 1 Timef Frame 1 2 Theta I Wosaicity
® Raw Data Template M Dsc Start I Timef Degree M Distance o 30 Window
I Qutput Data Template M DscWidth | Kappa M Res Min M Profile Fitting Radius
o Start W OscRange | Phi W Res Max o Wavelength
-1 Spot Size M.axis -1 Spot Size m.axis -1 Box Size X -1 Box Size ¥ -1 Spot Angle
-1 Energy I Elongation Limit

Figure 29. The Summary tab showing two datasets

The third way in see the experimental details of war sets is the Edit Sets dialog in

the Data tab.The
each set of data (Figure 31). If you edit inforrmatabout the sets, click

information. Use the button if you have made changes but do not wamirtformation

saved.

button (Figure 30) will bring up a dialog with dfdrent tab for
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split Set

Select / Linselect

Editéets
by

Figure 30. The Edit Sets button is in the Set Canis box

Set1|Set2|

g

Omega
Py
-110.00 3,

First Frame Mumber
[umber of Frames
Distance
M Bin
File Template
Faw Data Dir

Kappa Phi
| A
[T — T —
I] ﬂ Fotation Axis
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Start working before all frames are collected

You don't have to wait until you have all the fragie get started processing your data,
which can be useful if you are processing data essheing collected or transferred to your
computer. In thé&dit Set(s)window, enter the corre®tumber of Framesyou are planning
to process in this batch. You will notice that asi gnter this number, tidumber of Frames
value will increase in therame Geometrywindow, as well as thExp. End in panel
at the top of the page. Notice as well thatEne value in these two fields does not change --
this is the number of frames that the program knisws hand at the moment. For example,
suppose you are collecting 100 frames of data,yandhave 20 collected so far. You would
enter 100 in thé&umber of Framesbox before you started the integration of the 20nkes
collected so far. You could then start the intagrafob, and the first 20 frames will be
integrated. When the last frame on hand is prodegbe program will wait — giving the
message “Waiting for Frames” — and when the newdésare written to disk, the program
will continue to process them. This is especia#ypful at places like synchrotrons, where the
frame integration rate is a substantial fractiorthe# data collection rate, and you want to
maximize your efficiency.

Another way you can use thieamber of Framesvalue is to stop the integration before
all the frames are processed. This is helpful i frave a lot of frames that have lots of spots
and so take a long time to integrate. Perhaps ystuyant to process a wedge of this data and
get some idea of its quality. For example, say lyawe 300 frames but just want to look at the
first 30. Enter 30 in thBlumber of Framesbox and start processing. The first 30 frames will
be integrated, and then the program will stop. Thesasier than splitting the data set and more
civilized and nicer than hitting the button.
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Create, Save, and Load Projects

Create and edit projects and crystals

HKL-2000 provides a convenient way to keep track afhe proteins, data sets, and
results of your projects. Although some of the features in the Project tabmaore useful in
database linked versions of HKL-2000 and in allsiars of HKL-3000, which requires a
database module license and/or an HKL-3000 liceghsehasic functionality of the Project tab
can make working with your data easier.

When you first open the Project tab, most of thewdl be empty. The Project box
will contain the default project name (projectthe default crystal name (crystal 1), your user
name, and the date (Figure 32). To create a nejeqgtrelick either the or the

button. This will allow you to fill in informatiombout the name of the project,
a description of the project, what type of molecutes are working with (protein, small
molecule, or virus), the proteins sequence, andadliece of any anomalous signal (if present).
If you are using a data collection capable versibHKL-2000, your collected images will be
stored in a directory named for this project.

Project] Data | Auto |Summary

—Project
Name project1
Crystal crystall
Experimenter dcoop
[ate Aug 27, 2018
Load | Save |

EditProject |  EditCrystal |

Iew Project | Iew Crystal |

Evaluate Model |

Figure 32. Starting a project

The protein’s seqguence can be imported from severdhatabasesSelect the database
using the drop-down menu label@thtain Sequence fromand type the id associated with that
database in thel field (Figure 33). Click to fetch the sequence.
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@ setup Project

| Each project reprasaris a single macromolectle.

crystals with mutants, allerate tags, and lands.

Ezach should cortain only crystats of ihat macromolecule, but can include

|| Edit Project project1
-

|| Mame |HHR

Figure 33. Obtain a sequence from a database.

|| Description [The tetramer struciure of the nervy homolgy two (NHRZ) domain of !;
| L1ETD 7
i Tags Edit Tags
Component # Protein ~ Small Molecule o Mirus
Phasing Method 4 SADMAD - Molecular Replacement -~ Ligand Screen
Sequence Check PDB
| [7
Obtain Sequence from MNCBI —-I id [ I Download
MNCBI ; ;
Anomalous Source o Seivet 4 efine Wizard
Swiss-Prot —I
MCSE -1 Project Finished
C3GID
MNYSGRC Cancel
I = PDB
e RO
File

to paste using Shift-Insert key combination.

Pasting in HKL-2000

If you need to paste information into HKL-2000, ymay find that Ctrl-v doesn’{
work depending on your operating system. If youinia this, you will probably be ably

1%

The Project window also has to be used to speoghsburce of an expected anomalous
signal. There is an Anomalous Wizard button in tb#hEdit/Create Projetdialog and the
main Projecttab. If you select SeMet or Sulfur, the numbethafse residues present in the
sequence will be filled in. The Define button vdisplay a periodic table that will et you select

any element, but then you should enter the numbexpected ‘heavy’ atoms. The Wizard

button will display a periodic table with the atamabsorption edges of elements that are
accessible at synchrotrons (Figure 34). Selectmglement will display its X-ray anomalous

scattering plot (Figure 35). Move the mouse inwiredow to display the anomalous scattering
coefficients (f" and f”) for the energy (and wagsebth) at the position of the crosshair (Figure
35). This can help you determine the wavelengtotiect your data or the expected anomalous

signal for the data you have already collected.
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x X-ray Absorption Edges v122
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Figure 34. The anomalous element wizard.
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When you have finished entering the project infdram click . If you entered
this dialog using the create project button, yolllma taken directly to thEdit Crystaldialog
(Figure 36). If you entered this dialog using tlukt groject button, you will return to the
Project tab, which will now display the informatiabout your project (Figure 37).

Theedit crystaldialog allows you to enter information about tingstal, including the
crystal name, size, and description (Figure 36)olfi are using a data collection capable
version of HKL-2000, your collected images will bemed based on the crystal name.

Project HHR - Edit Crystal crystall

Mame frmy_best_crystal

Crystal Size Max  [50

Crystal Size Mid |100
Crystal Size Min [150 o
Crystal Shape gblock

Diffraction Temp |100.0

Description Grown in well A4 of plate HHR_screen

[

[ cancel
[?,\:ne | ance

Figure 36. The Create/Edit crystal dialog

When you have finished editing the project, you wéturn to the Project tab. The sequence
will be displayed, and you will see a tabulationtted number of each residue in your sequence.
In database connected versions of HKL-3000, infeienadrom the database will appear in the
Protein Data box.
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File Cptions  Site Configuration Crystal Information Report About Help |
Proiect] Data | Auto |Summary| Index |Strategy Integrate Scale | Merge |Macros|
~Project
Name HHR ‘Principal Component: Protein ‘
Crystal my_best_crystal
n ~Protein Data
Experimenter dcoop
Mame:
Date Aug 25, 2018 p
Mumber of Residues: 72
Qrganism:
Load | Save | . o
[escription:
Edit Project | Edit Crystal | Molecular Weight: 8950.37

MCE| accession code:

e el | W tipaE | Swiss-Prot accession code:

Evaluate Model Mo. of Homologues:

Last check in PDE:

Phasing Method:  SAD/MMAD

AATROEEMIDHRLTDREWAEEWKHLOHLLNCMOMVEKTRR ™ | g0 oo of anomalous Signal: S24

SLTVIRRCQEADREE LNYWIRRYSDAED LK

AlafAl 5 Gl (G): D Met (M) 4 Ser (3] 2
Cys(C) 2 His (H): 3 Asn (M) 2 Thr(T): 4
Asp (D) 7 lle (1 & Pro (P} O val (v 2
Glui(E) 10 Lys (Ky 3 Gln (@) 2 Tro (W) 3
Phe(F): D Leu(Ly 8 Arg (R 10 Tyr (¥ 2

Anomalous Yizard |

—Scaled Data

Wl Add File
Remove File
Statistics

Figure 37. The Project tab after creating a project

Saving and Loading Projects

The primary advantage of creating projects in HKIOQ is that you can save your
project, which can simplify the process of re-stayor continuing where you left off. To save
your project, selectthe  button in theProjectbox. You will be presented with a dialog to
specify where to save your project (Figure 38). Tileename will automatically be given a
“.sav” extension.
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Save As

Directory: ‘home/dcoopiData/Hhr_1wagb - | |

£7 series
El start hhr.sav

- |-
File name: |hest_crystal Eauehrl
Files of type: Sawve Files [*.sav) — Cancel |

Figure 38. The Save Project dialog

Loading a project is also straight forward. Use the to display the file
selection dialog (Figure 39). After loading a pagjenot only will it load the information about
the project, but will also populate the data tathwhe data sets you have. If you have already
scaled some data, you will see information aboeisttaling ( Figure 106 ).

Cirectory: ‘home/dcoop —-| |
1 hklint £1 Videos
£1 Music B starrt_APCS771.sav
op 3 Pictures E start APCS858.sav
nents 1 Public El start APC5B35.sav
loads £1 Temp E start_hhr.sav
000 £1 Templates
- |
File name:; I Cpen
Files of type: Save Files (*.sav) — Cancel

Figure 39. The Load Project dialog
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Display and Peak Search the Data

The HKL suite now includes two XDisp programs.The default program is the newer

version, XDispQt. You can select the older vers¥ispX, using the XDisp selector located
in the Options menu.

3 HKL-2000 v714 Package Licensed to John Doe at HKL Research, Inc.
Eile Qptions  Site Configuration Crystal Information Report  Help
To]e Text Viewer g }nary] Index | Strategy | Integrate | Scale Multi | Macros | Credlts| Copyrights
Text Editor -
] 20 Y~ XDis”3%‘9np:'Data.*’Hhr_1\_Juch.f’ae.'iE!s‘: Collected
® save Options > At sop/Data’Hhr_1wgB/series1/proc e

_—7—— Integrated
Termplate: hhrzpk_###.img Start: 1 End: 250 ExpEnd: 250 Set 1

Figure 40. The XDisp selector

There are three ways to display your images. The nsbconvenient method is the
display button (Figure 41) in the Data tab. Theres also a display button in the Index tab.
Both of the display buttons have an adjacent fragtector box next that allows you to select
a particular frame to view. The default frame is finst frame of the set.

Display | Frame Mumber 1 i”

Figure 41. The Display image button in the data tab

The layout of XDispQt opens with the image dispthye the center window (see
Figure 42. The XDispQt display). You can zoom acmbkin this window to see more details
of the image. Action buttons and display alterimgtdns are located on the left. A small view
of the image, information about the cursor positemd an intensity histogram are located on
the right.The XDispQt window can also be resized using standdwindow manipulation
methods.Many modern Linux systems allow you to “Alt-middiéek and drag” to resize a
window (some systems use “Ctrl-middle-click”). Rbrs, your mouse just needs to be inside
the window somewhere near a corner, which is ugunallch easier than either clicking and
dragging the exact edge or right-clicking in th@ew's top panel and selecting “resize.”
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Jhome/dcoop/DatarHhr 1wqe/series1/hhr2pk_001.img << 1/ 250 =

Intensities
current: 85 min: 10
max; 35078

Cursor position
detector: 18.32.0.04 mm
pixel: 0,224
d: 167 A
hkl:

2 A
ictios -
i F 3
- s pes Histogram 1)) logiog | 8]
fes. circles | ¥
I st -NM
Preferences |

Figure 42. The XDispQt display

To view different frames, use the frame“ap” and frame dowr<<” .

Zooming and selecting areas to view are _controlleldy the mouse. Zoom in using
the mouse wheel. Once zoomed in, you can click-addag within the main display to
move around. You may also click-and-drag the blackrame representing the current
view in_the whole-image display on the top rightZoom in far enough and the numeric
intensity value for each pixel will be displayedick and drag with the right mouse button to
show a cross-hair and intensity distribution fag trertical and horizontal lines displayed on
their respective axis.

amaicons/DatAH_Lugbiseres Lt pk 90Limg = 112

ik

P

Figure 43. Two zoom levels are shown
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The frame up and frame down arrows are on the topight of XDispQt (Figure
44).Change the intensity maximum and minimum usingrttensity histogranmon the bottom
right (Figure 45). Click and drag the shaded boghange the range of intensities or drag an
edge when it turns yellow to change just the maxmar minimum intensity. If your screen

update is too slow, turn off theutomatic refreshbutton (the cycle button next to the word
“Histogram”).

< 1/ 250 =

Figure 44. Frame up and down buttons

.....

Histogram O/ & loglog | | Histogram O/ @ loglog |/ Histogram G & log-log |8

Figure 45. The Histogram controls the display coast.
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Working with frames in XDispX

To see subsequent images within this dataset, priddlk the frame
button. By default, the button will increase the frame number, as noted
by the up arrow. Clicking the button with the left and right mouse buttons
will change this to a down arrow and back to araupw, respectively. The
middle mouse button will increase or decrease rids@é number based on the
direction of the arrow. The button will only increment one frame at|a
time. If you want to quickly go to a frame thatas away from the current ong,
enter the frame number in the boxErname Number in theMain page (
Figure 46).

Frame + Fr‘ame+

Figure 46. The Frame button from the Display window

XDispX - Adjusting the display contrast
The displayed image can be made darker or lighteslibking on the
or buttons in thémage Displaywindow. Small increments in eithe

=

are made by clicking with the left mouse buttonrdeat jumps are made by
clicking with the middle or right mouse buttons. €hange the displayed
dynamic range, use the or buttons. narrows the
dynamic range, while increases it. If you have fairly wegk
diffraction you can enhance the contrast (i.e. miakdeok “better” than it
actually is) by alternately clicking the and buttons (Figure
47).
Floor Up Floor Down dim bright

Figure 47. The buttons for adjusting the image

Automatic Peak Search

The default peak selection parameters of HKL are wug often sufficient for
indexing diffraction images, so if your image lookseasonable, you should give automatic
peak search a try.To use this feature, switch to thglex tab, and click . If you
haven't displayed the image yet, this feature wpkn the display for you and peaks will
automatically be selected. The selected peaksbwilhdicated by red circles. If at least 100
peaks are selected using the automatic peak sgancltan skip to the indexing step.
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Manual Peak Searches

In some cases (weak data, noisy data, multipldalsstc.), the automatic peak search
may not work as well as a manual search. In thases; display an image and click

. Peaks will be selected based on their intenaity, a dialog box will appear on the
right side of the image display. The goal of thakpsearch is to pick peaks for auto-indexing,
and around 100 peaks should be sufficient if tHegrty belong to the major lattice (i.e., not
from a second crystal or ice rings). Sometimestimaber of peaks will be low. In most cases,
you can increase the number of peaks using the button. If you click
too many times (especially with weak data), noieaks will be selected, and you should
decrease the number of peaks using . Sometimes the peaks will not be selected if
they are too large (or small) for the default psaérch size. In these cases, the
or ( or in XDispX) buttons will allow more
peaks to be selected.

Another way of adding more peaks to the peak $igbiinclude peaks from multiple

frames. To do this, middle-click on!th&# # button ( in XDisp QT$ button to
display the next frame, and the peak search witepeated on the next frame using the same
criteria (e.g., , etc.). These peaks will be added to the pealcear

from the first frame. ThIS is away to mdex podatiffracting crystals and may help with certain
crystal orientations.

When you are satisfied with the peak search restlitk on the bottom left (
in XDispQt) (Figure 48).
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XDisp: fhome/dcoop/Data/Hhr_1w eries1/hhrzpk_001.img

i [home/dcoop/Data/Hhr_1wg6/series1/hhr2pk_001.img |? 1/ 250 22|

| Actions
| setbeam pos. |

current: - min: 10
c max: 35078

. pisplay
P

[ int.boxes (1) [

Prof. fitR | | -

| Res, circles ‘

Advanced I | =

| Preferences

Histog ()1 e (2]

Figure 48. After peak search
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Figure 49. XDispX during the “Peak Search

Secondary Lattices

Denzq the HKL suite program that indexes the data,ss®sethe quality of each peak
before using it in auto-indexing, so most spuripaaks, such as those coming from ice rings,
can be ignored by the user. However, if you hageand distinct lattice contaminating the
diffraction pattern, you will have to make someoeffto assure that the selected peaks come
mainly from the primary lattice. The first way  $ee ifDenzocan automatically distinguish
between the primary lattice and any secondaryckstilf the secondary lattice is weak or at a
significantly different orientation from the primarlattice, this is not unreasonable.
Alternatively, you can try indexing on a differdreame, where the secondary lattice may not
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be so pronounced. However, if this does not wooki gan assist the program by editing the
peak search list in tHenage Displaywindow, as described below.

Ice Rings

Ice rings usually appear as complete rings at geolution listed below
However, if individual crystals of frost have forthen the outside of the crystal and
surrounding vitrified cryo-solution, you may getliimidual reflections that result from
these ice crystals. These reflections will compécthe indexing process more than
complete rings will. This type of frost can oftem tinsed off of the crystal by drizzling
a stream of liquid nitrogen on the crystal or bytfewiping it off with a paper wick
soaked in liquid nitrogen. Frost on the outsidéhef crystal can occur during shipping
if lid of the shipping dewar has a gap betweenrnbek of the dewar and the dewar’s
cap. Securing the cap well can help reduce theaghaf this type of frost.

Ice Ring Resolutions: Regardless of whether icgsrimccur from an insufficien
concentration of cryo-protectant or frost that ferom the outside of a properly “frozen
crystal, the diffraction resulting from the ice happear at the following resolutions:

3.90 A
3.67 A
3.44 A
2.67 A
2.25 A
2.07 A
1.92 A

You can display circles corresponding to theseluéi®ms using the Resolution
Circles option shown in Figure 53. Since ice rirmge centered at the direct beam
position, they can be used to verify the beam ce8&t the resolution circles to ice ring
distances to see they match up.

If your ice rings are picked up by automatic pealking, you may want to s¢g
the Max Resolution to 4 during the indexing stepisTresolution is usually sufficien
to index the data, but will avoid ice ring compticas. A convenienitimit Resolution
in Pre-refinementoption in the Resolution control window can do ttusyou, yet let
you process your data to a better resolution.

—F

— —

Adding and Removing Peaks

The presence of multiple crystals, cracked crgstaént crystals, and certain types of
twinned data can give rise to multiple diffractipatterns. These problems may only exist in
sections of your data, or it may be persistentuphout the data. If it is only part of the data,
see thePeak Search on Different Framegction. If the peak search process identifies
reflections from more than one crystal, you mayl findifficult or impossible to index and
process the data. If you clearly have one diffeactpattern that diffracts stronger than the
other, you may isolate the primary lattice by atipgsthe sigma level of the reflections used
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in indexing. If this doesn’t work, HKL provides yauth the ability to change the results of a
peak search manually. Add peaks that seem to befite primary lattice and remove peaks
that don't. (If the crystal survives, it may bedargsting to go back and use manual peak picking
to characterize and possibly collect the “sistgstal.”)

To perform a manual peak search, use the pealisieatton in the top left. The buttons

: : , and work as described above,

and have a pop-up description if you hover overlb#ons. Use the frame up button to
increase the number of frames that will be incluttetthe peak search.

Peak search

More peaiﬁ

Fewer peaks

Bigger peaks
Smaller peaks

Manual

-+

Remowve all

Remowve pred.

Peaks
Frame: 138
Total: 138
Change: -

Frames: 1

Color by Ifa(l)

Figure 50. Peak Search options.

If you want to change the peaks that are pickedualdn use thé%@and& buttons to
add or remove peaks. Once #utton has been selected, click on reflectioracdit them to
the peak list. With th& button, you can either remove reflections onetaha (Single will be
selected as default) or use the button to define a rectangle of reflections to be
removed from the peak list. To use this featuiekdelection then and click twice (not click-
and-drag) to define a region you wish to omit.

You also have the options of removing all the pesskyou can start over or coloring
the peaks by theéit ( levels. : , and buttons are located at the bottom
left. When performing a manual peak search, migartant to click the button to save
the peaks to a file so they can be used for indexin
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Manually picking peaks in XDispX

Peaks can be added or removed with )) $ or ) $.
) $ can be very helpful if you have weak data and whvious that peaks from the
main lattice were not selected, and )) $ is helpful if many peaks from
secondary lattice were selected. These buttonschélhge the cursor to a cross missjng
its center. In ) $ mode, clicking the mouse will add a green cirdetree
crosshair. You can add more than one peak at g boiteyou need to click on
) $or ) $ to complete the selection process. In ) $ mode,
peaks will be marked with a green ‘x’. As with ))  $, your peak selection wil
remain active until you click ) $ or ) $. The  button will also
accept your additions or deletions, but it willatnd the peak search process

D

Peak search on different frames.

Sometimes it is advantageous to index on a framehar than the first frame. This
can be helpful if a crystal axis is closely aligneith the X-ray beamChoosing a frame with
easily recognizable diffraction loons may help indeyour data. There are two ways to index
your data on a different frame. The first way i€hange the frame specified next to the

button in thendex tab. After setting the frame number, use the eakch button to
conduct an automatic peak search. Changing thegeaikh frame selection will automatically
change the frame used for indexing.

The second method of peak searching on a diffdrante is to divide the data into
multiple sets using the button, as described above. This method will aN@a to
perform a manual peak search if you would likeeSkthe set that starts with the desired frame
and conduct a peak search. If you do split the, $etssure the select the proper set in the
Pending Setdox of thelndex tab before indexing, or you will get an error naggsthat says,
“Error — Peaks none.”
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Auto-Indexing

Before you can index diffraction data properly, yimst have to characterize the
underlying symmetry of the crystélKL will attempt to index the data within each Bravais
Lattice type. For historical reasons, the process indexing tkeeidaall crystal classes is known
as auto-indexing. To auto-index your datalect the Index tab of the main HKL-2000
window. If you have more than one set of data, they ayipear in th&ending Setsvindow.
Select the one you used for indexing. You may aigot to change thiResolution Limits (the
default is to the edge; changing it later is al$0) @hen index the data by clicking ther
button. The program will try to fit the diffractigeattern in each of the 14 Bravais lattices and
generate an index describing the fit of each latticthe observed peaKsie Bravais Lattice
dialog will automatically open to allow you to selet a different lattice. If you are working
with_unfamiliar_crystals, it is a good idea to refne_some parameters in _the primitive
triclinic_lattice (space group P1) and revisit thisdialog later. Close theBravais Lattice
window using the button. Check to make sure the green circlesiiikthby
indexing line up with real spots by examining theage Displaywindow (click the
button if it's not already open). You can toggle firedicted spots on and off using the

button.

The Pending Sets window

All of the data sets that you are integrating &plpear in th&ending Setdox in the
upper left corner of théndex page. Which sets are present is controlled bycsete the
Integrate checkbox for each data set on beta tab. You can choose a particular set to index
and/or refine by selecting it, which will highlightwith a blue background (Figure 51). Once
you have selected a set, you can change the pa@oétthe integration for that set, while
leaving the parameters for the other set(s) unawngor example, set 1 may be set for
processing to 3 A resolution, while you may wanptocess set 2 to 1.5 A. Similarly, perhaps
the Spot Sizeis 0.3 for the first set, but 0.25 for the seceetl Perhaps thgD Window is
five frames for the first set but only 3 for thecged. ThePending Setbox allows you to
toggle between the pending data sets in preparegrantegrating them in the same run. You
can also accomplish the same thing by going toShmmary tab page and editing the
parameters for each set (Figure 52). It is wortimigahatif your datasets are from the same
crystal, with approximately the same orientation, yu can probably integrate all of the
data at the same timeYou only need to index one of the pending setergahtegrating them
all. It is wise to keep an eye on reflection magsmuring integrations. A sudden increase of
rejected and/or unpredicted reflections after thedition to another set, then you may have to
index, refine, and integrate the sets individually.
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—Pending Sets

1. met_hcl_0_O###.0sc from 1 to 30
Z. met_hcl_Z0_0###.0sc from 1o 90

Keep current values for all sets |

Figure 51. The Pending Sets box

Set m‘;:ﬁ: Start |End g:grt gfﬁth gxge Phi Distance [BE3 x: 13\;]]:':. dow ﬁ:ﬂﬁie Fitting |y elength
I_Defaultparameters ID.DD 1.00 | ID.DD |1DD.DD ISD.DD Iedge 1 ISD.D

|1—Iys###.osc 1 ?0  |188.00 |1.00 (200  |188.00 (7514  |50.00 |edge |1 30.0 15418
IZ—I\;S###.OSC 25 80 |zzz0 [1.00 |30 |188.00 (7514  |50.00 |edge |1 30.0 15418

Figure 52. The summary information about processsets

Initial Parameters for Indexing

Most of the default setting are sufficient for indging, and there are only a few
that you may want to consider before indexing youdata. If your data looks good close to
the edge of the plate, then leave the defaultggtias they are (Figure 53). However, there are
certain situations where it may be appropriatehtange thdkesolution. For example, if your
data does not extend to the edge of the deteataf,your data has a combination of weak
reflections and ice rings you may want to limit flaysing) the resolution. For example, if you
have an ice ring, try setting tiéax value to 4 A. If you have a secondary lattice \ahis
more pronounced at higher resolutions, try indexahtpw resolution. For your convenience,
aLimit Resolution in Pre-refinemenoption will limit the resolution to 4 A for the itial pass
at indexing before extending the resolution torgsolution limit you have set. This can help
with ice rings or weak resolution data. Do not trai@ your resolution pre-maturely, however.
HKL can detect reflections that your eyes may Additionally, you can truncate your data at
the scaling step.

—RFesolution

# Edge - Half Corner - Corner

fin IEIII.EIEI i Iedge

W Limit Resolution in Pre-refinement

|4D.D |2EI.III |Ei.III |4.D |2.D Draw Circlesl

Figure 53. The Resolution limits box

Other parameters you may want to change before indéng are at the top of the
Controlsbox (Figure 54). If you have a well-diffractingystal with a large unit cell, you may
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want to increase the number of reflections thatuaeal for indexing. Th8igma Cutoff Index
limits the signal to noise ratio that is used fodexing. If a secondary lattice is present, you
may want to increase this. On the other hand, ufrydata is very weak, you may need to
decrease the limit.

The *  button starts the auto-indexing process and w#apt to index the data in
every crystal system.

The *  button starts the auto-indexing process and witkmpt to
index the data in every crystal system.

Peak Search Done
—Controls

Index Peaks Limit |300 ill Sigma Cutoff Index (5.0 ;I' Refinement [5.0 ;I'
3D Window |3 %
Peak Search | on Set 1 Frame |1 ;'
Display | Change Display | to Frame |1 ﬁ
Index | Frame 1
Fefine | for |5—§ Cycles on Frame |1 ﬁ
Bravais Lattice | Check hvosaicity |

Figure 54. Other pre-indexing options.

Peaks used for autoindexing

The green circles that appear during indexing detteeé subset of the peak search peaks
that were used in the auto-indexing. The critena dsability include falling within the
resolution limits specified, high enough signahtase, sufficiently low background (which
helps to eliminate spots in ice rings and overlagsil identification of a lune. If there aren’t
any green circles after auto-indexing, one or nobtee following problems may be the cause:

1. ThePeak Searchwas done on a different frame from that being usexlito-index. In this
case, you should have already gotten the errorages&rror — Peaks none.” The remedy
is to make sure these are the same. The rightnobsia of the filepeaks.file ,

generated during peak searching, tells which frémeepeak search peaks were derived
from.
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2. None of the spots are strong enough to qualifyuk® in the auto-indexing routine. The
remedy is to take a longer exposure, pick more peakhe frame or on several frames, or
lower theRefinement Sigma Cutoffwhich is normally set at five. Lowering the sigma
cutoff is a dangerous option, however, and is aEobmmended because weak reflections
are not high-quality reflections, and therefore rbaynoise.

Denzoassesses the quality of the background of eachagonst criteria for slope and
uniformity, and if a certain fraction of the pixatsthe background fails the test, then the
whole spot is rejected. This is controlled by tlegwordreject fraction, which can be
entered in thdlacros Tab This default value for this rejection is 0.7%, jthe 75% of the
background pixels must be acceptable. If you havé&a ring, you can increaseject
fraction until most of the spots in the ice ring are noglenpicked up. Useful increments
are 1-2% at a time. Do this while you are lookihgh& display, just as you would do for
spot shape and mosaicity.

3. No lunes could be detected. This can result frotineeitoo many or too few spots. At
certain crystal orientations, especially with highsaicity crystals, the entire image can be
filled with reflections, which can make it impodgitio discern where one lune ends and
the next starts. In these cases, it may be negessardex the data on a different frame
where the lunes can be more easily identified. li@nother hand, if there weren’t enough
spots to describe a lune (sparse lattices, low mibgaand low resolution), the remedy is
to pick more peaks or include more frames in thakpsearch. Sometimes manually
selecting reflections that are not included in #wtomatic peak search process may be
necessary.

4. The spot size is too small. If you have large wditens, the reflections may extend beyond
the boundary defined for the reflection into thekzaound for the reflection, causing the
reflection to be rejected. The Integration Box digain the bottom left can be used to ensure
that the reflection boundaries are appropriate.

See the Trouble Shooting appendix has an in-deptbadk at the causes of indexing
failures.

Figure 55. The Zoom window with image after autodaxing
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Lattice Parameter Refinement

Click the refine button to refine the lattice parameters. The initial parameters are
those of and these are appropriate for auto-indexing aeditst refinement step.
When the Refine button is clicked, the parametersedected in the Refinement Options
box (Figure 56) will be refinedthe number of times selected in the selector et to the

button. The overall measurements of how well tHecsed crystal class fits the data
are thePositional and Partiality Chi-Squarevalues (Figure 57). These are also color-coded
from dark green to light green to red from goodb&ml. The other refinement parameters that
are refined are presented with their current vahosy much they have changed during the
refinement cycle, and the error associated withvilee (from left to right)Click Refine
several times, and the values should become stable.

—~Refinement Options

Crystal Detector Crossfire
W Rot X o Rot X ax

W RotY 1 Rot Y ay

W RotZ _ RotZ A RY

Other parameters
W X Beam W Y Beam Fit All

_l Yscale _I Skew Fix Al

e

el _| Distance Fit Basic

I Wosaicity

Figure 56. The Refinement Options box with the Bhasic parameters selected

—RBefinement Informaftion
Space Group: P1
Fesolution: 50,00 - 2.01
Pasitional: 1031 -2 135 Y—w2: 1.13 (0)
Partiality,. 662 ¥2: 2.05 (0)
s Beam: 96.498 Y Beam: 93.663
& 312 b 8201 «c 76.31
o 866 [ 89.90 v 89.79
Crystal Rotation X: -9.152 -0.001 0.003
Crystal Rotation ¥: -163.924 0.000 0.003
Crystal Rotation Z: -14.690 0.000 0.008

Figure 57. Refinement statistics generated using Basic parameters

At this point, the predicted reflections displayed the image are color-coded.
Reflections that are recorded completely on thiagenwill be green, whereas reflections that
are split between more than one image will be yelldhese “partial’ reflections will be
combined during the scaling process. After a fewnds of refinement using the default
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parameters, check the image to make sure the peddieflections sit on real spots. Make sure
the direct beam position is correct and looks reabte.

Click the button and again. Click the button
select the appropriate lattice for your crystal, aml then click the & _bar. HKL
uses eigenvalue filtering to ensure that any paterm¢hat are too highly correlated will be
restrained by the program. The days of selectivaualafitting and fixing are over. The
program almost always does a better job.

When refinement goes wrong

Occasionally the auto-indexing routine does no¢ giear-cut results. Symptoms range
from utter failure to difficulty scaling to sometig that is just odd. Please refer to the Trouble
Shooting appendix for detailed exploration of comneauses of indexing problems.

The Trouble Shooting section contains informatibaus :
When default settings aren’t good enough
Macros that can save the day
Most common sources of problems
Finding the beam position

Initial 3D window setting

A good rule of thumb is to set the number of oatitin degrees covered by tBB
Window (after the resolution limits and lattice have beetermined) to be at least twice the
refined mosaicity. For example, if the mosaicityalsout 1.0°, and the frame width is 0.5°, a
value of 5 is a good choice. The default value isffi@asonable for macromolecular data, with
a frame width of 1.0°. For small-molecule structde¢germinations, where the reciprocal lattice
is sparsely populated,3D Windowof 3-5 frames is a good choice (Figure 58).

Ready
Controls

imit | Al o - A
Index Peaks Limit |300 — Sigma Cutoff Index |5.0 -, Refinement /5.0 —

: A
3D Window |3 -

Peak Search on Set 1 Frame f

‘P

Display Change Display to Frame |1

Figure 58. The 3D window in Controls box
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Choosing the correct lattice

The lattice is best chosen after the first franfeb®3D Windowhave been refined in
space groupl, but before the whole set of frames is integre$@ace primitive triclinic is the
lowest possible symmetry for your crystal, if yaantt succeed in refining iR1, choosing a
higher symmetry lattice with less refinable paraanetvill be even worse.

Clicking on the button starts the refinement of the auto-indetickat After auto-
indexing, a small set of crystal parameters wilsbkected for refinement. Refine the indexing
a few times using , then select the regime — you do not want to be

fixing refinement parameters. During refinementy whould notice the number of spots used
in the refinement go way up, and tb&errors in X and Y positions approach 1.0. Before
proceeding further, go back to your diffractitmage Displaywindow and examine the
positions of the yellow or green circles with resp® the diffraction spots. If indexing and
refinement worked, the predicted reflections (eis¢Ishould still match up with the diffraction
pattern. If the predictions do not line up with tthéfraction spots, check out the Trouble
Shooting Appendix on page 137. Also consider thesimlity that you are looking at
reflections from more than one crystal. HKL-200@ oaly predict reflections from one lattice.

Assuming that the predicted reflections still matghwith the diffraction pattern and
the c? values are not red colored (i.e., above 5), nothéstime to select the proper Bravais
lattice. Click on the button and examine the taber(or! Reference source
not found.). The Bravais Lattice table shows two unit cell valug for each lattice type (or
three for primitive rhombohedral lattice). The top cell is a primitive cell that is close to
one suitable for that lattice, and the lower celllsows the changes that need to be made to
the primitive unit cell parameters (a, b, ¢, , and ) in order to force that unit cell into
each. For example, tetragonal unit cells will have atigkes set to 90 A color-coded
distortion index is shown to the left of the unit ell parameter and reflects how distorted
the resulting geometry is with respect to the piirai triclinic geometry. The lower the
distortion index, the more likely the given lattisecorrect; by definition, the distortion index
for the primitive triclinic lattice is 0%. If yourlow (really know, not “kind of” know) the space
group ahead of time, you can select the corretitéatmmediately. If not, select the lattice that
has the highest symmetry with a low distortion xd@nce you have selected the lattice, by
clicking on the little radio-button by the one ychose, click the button to input the new
lattice. Refine the selected cell using the button. If thePositional and Partiality
Chi-Squarevalues do not dramatically increase, then you assume that this is the right
lattice.
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Autolndexing preformed for unit celf between 1.6 fo 43 Angstroms
. primitive cubic 4426% 2426 529 7.04 8990 90.02 90.01
1219 1219 1219 90.00 90.00 90.00

-~ | centred cubic 62.60% 2526 B.B80 2483 9733 20.24 102.86
1963 19.63 1963 90.00 90.00 90.00

- F centred cubic 61.33% 880 4931 881 10027 106.17 87.16
2230 2230 2230 90.00 90.00 90.00

« primitive rhombohedral  15.95% 2526 2483 2426 1230 1618 20.20
2478 2478 2478 1623 1623 1623
792 792 7331 90.00 90.00 120.00

~ primitive hexagonal 1529% 704 529 2426 90.01 8998 90.10
6.16 616 2426 90.00 90.00 120.00

-~ primitive tetragonal 678% 704 529 2426 8999 B89.98 89.90
6.16 616 2426 90.00 90.00 90.00

. | centred tetragonal 8.00% 704 529 4931 96.16 98.20 89.90
6.16 6.16 4931 90.00 90.00 890.00

-~ primitive orthorhombic 004% 529 704 2426 8998 90.01 90.10
529 704 2426 90.00 90.00 90.00

~ Ccentred orthorhombic  23/% 529 4880 704 8999 89.80 9621
529 4880 704 90.00 90.00 50.00

~ lcentred orthorhombic  427% 529 704 4931 9820 8384 90.10
529 704 4931 90.00 90.00 890.00

~ Fcentred orthorhomble  8.06% 880 881 4931 9283 10027 7383
880 881 4931 90.00 90.00 90.00

. primitive monoclinic 001% 529 2426 704 9002 90.10 89.99
529 2426 704 90.00 90.10 890.00

-~ C centred monoclinic 256% 529 4880 704 9001 90.10 96.21
529 4880 704 90.00 90.10 50.00

¥ primitive triclinic 000% 529 704 2426 8998 B89.99 89.90

)i Waeild (ke 1o change Whe orysial (slice . seleat qesied bravais stiice,
press Apply bultonr and close Window, oltenwise st close Window.

Apply & Close

Figure 59. The Bravais Lattice table

If a lower symmetry lattice has a lower distortiadex (e.g., primitive monoclinic at
0.13%) than a higher symmetry lattice (e.g., piweitetragonal at 0.57%) then sometimes
this may be the better choice, even if the higlgemrsetry lattice (e.g., tetragonal) is colored
green. Why is this? Thanks to the use of 3k Window in the refinement process, the
indexing now uses many more reflections and encesgsaa thicker slice of diffraction space
than the previous incarnation of auto-indexing aefinement inDenzo As a result, the
distortion indices are much more accurate and refiégat real deviations from crystallographic
symmetry, rather than just an incomplete refineno¢ictystal parameters.

If the highest symmetry lattice with a low distortiindex does not refine well, a
systematic way to choose the correct lattice maoch your way up the list of candidate lattices
(candidate lattices being the green ones) and fook significant_change in the distortion
index. For example, let’s say you think you haveteagonal crystal, and the candidate lattices
are primitive triclinic, C-centered monoclinic, pritive monoclinic, C-centered orthorhombic,
primitive orthorhombic, and primitive tetragonalfté primitive triclinic, you would select
primitive monoclinic, refine, and examine tBgavais Lattice table again. The distortion
index for monoclinic (and all lattices of lower sgratry — take note!) should be zero. Are the
distortion indices for the higher symmetry lattistidl close? If there is a significant jump (say
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> 0.2%) to go to a higher symmetry lattice, then ppathose lattices are not correct, and you
should stick with the lower symmetry lattice.

Keep in mind that a crystal misindexed to a lowgmmetry lattice will be
characterized by a high degree of “non-crystallpgre’ symmetry and can reliably be solved
and refined as long as complete data was colleatbdreas a crystal misindexed to a higher
symmetry lattice will cause you no end of griefyas try to force idealized symmetry onto a
system that lacks it. That's why it is importanatcurately determine the lattice of your crystal
early on in a data collection session, so thatwibunot be surprised and shocked when your
best so-called “tetragonal” crystal turns out tavb@noclinic, and you've only collected half a
data set, and the crystal is lying in a puddlehenfloor of the synchrotron hutch. Considering
how fast modern synchrotrons are, you should alveajlect more than 180 degrees of any
uncharacterized crystal, even if the indicatiomsriithe first few frames make you think you
have a higher symmetry crystal. However, if youpges$ your symmetry is something higher
than monoclinic, it is worth using the strategy dicéion functionality of HKL-2000 (see
Strategy and Simulation starting on page 78).

Primitive triclinic crystals

If no crystal class besidéX is colored green, you may indeed have a triclatiice.
For these crystals, you will have to collect 36§6 (around the world”) to get a complete
anomalous data set. Alternatively, your data maymindexed (see the discussion about
misindexing above and the Troubleshooting Appendixjou are not able to see a particular
pathology that would contribute to misindexing (e.mpcorrect direct beam position or
incorrectly specified goniostat or detector pararst then the best thing to do is to continue
in P1 and integrate the frames. If the frames procedkiwP1 and theBravais Lattice table
continues to show high distortion indices for [z8 other than primitive triclinic, then that is
your lattice. If the frames do not process welPin then there is indeed something wrong with
your indexing or with your data. In other wordsPif indexes and integrates well, the lattice
could be triclinic. IfP1 does not index and integrate well, then the datheir processing is
bad, and you cannot rule out other lattices yetelWou scale the data, you can check the
space group. If you have chosen the wrong latyica,will need to return to this step and re-
index the data.

Positional and Partiality c¢? values

Thec? values represent the average ratio, squarededafrtor in the fitting divided by
the expected error. In other words, it represents tlose your observed errors are to those
you predicted you would observe? analysis is the foundation of Bayesian statistidse
numbers in parentheses are the number of overdagath class of reflections.
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—Refinement Information
Space Group: P4
Resolution: 50.00 - 1.46
Positional: 1098 Hy2: 0.78 Yyl 0.71 (0)

Partiality: 1270 x2: 1.10 (84)
X Beam: 150.055 ¥ Beam: 148.8644

a: 79.06 b 79.068 o 38.06
o 50.00 [ 50.00 50.00
Crystal Rotation X: 140.382 0.011 0.004
Crystal Rotation Y: 1.722 -0.002 0.003
Crystal Rotation Z: 2.408 0.002 0.008
Detector Rotation X: 0.010 -0.008 0.008
Detector Rotation Y: 0.013 -0.003 0.009
Detector Rotation 2Z:

Crossfire X: 0.223 0.022 0.034

Crossfire Y:
Crossfire XY:
Distance:
Mosaicity:

Y Scale:
Skew:

0.228
-0.009
75.138

0.99898
0.00033

-0.022
-0.001
0.026

0.00026
-0.00003

0.033
0.049
0.016

0.00024
0.00017

Figure 60. The refinement information using Fit All

A good refinement will have? values near 1.0. In the early stages of refinenteese
values can be high, but towards the end they shoeildelow 2 or so. All other things being
equal,c? values for x and y positions are sensitive toSpet Size -a largerSpot Sizewill
result in largerc? values. Choosing a very large spot allows you idemable latitude when
choosing the center of the reflection since sntahges in position won't appear to have much
effect on the integrated spot, and thus you witlmeve “pinned down” the center of the spot
very well. A very small spot size, on the other dhanill be quite sensitive to the center of the
reflection, since small changes here would haveigtagrating the sides of the reflection and
not the center, and so you will detect that onegla good to be and another is worse.

The magnitude of the? values is not a critical test for the succesB@fizosince they
represent only the comparison of the spatial difiees between the observed and predicted
reflections to an error model that is typically tgustrict in the prediction of small errors.
Assuming default values of the error estimatésalues of 2 or even 3 are acceptable, because
the position of the predicted reflection, and hetheeintensity, is still very accurate. Thus, the
c? values may not reflect errors in the integratibthe reflections.

Note that you can “improve” your values (get them closer to 1) by changing thererro
model. The most likely candidate for change is\thkie for “error positional.” This value
represents the error, in mm, in the positional mesment of the spot center. The default values
of Error Positional are set in the program for “typical” crystal foparticular detector. This
can be changed by going to thkacros tab and entering the keyword “

[value]” under the fieldBefore Indexing During Refinement and During Integration
where [value] is replaced by your new error, edg03 or 0.04 (Figure 61). Some detectors
(and therefore some beamlines) will almost alwagselfit from using this macro.
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—Before Indexing

Add Macro Remove Macro
error positional 0.03
—During Refinement
Add Macro Remove Macro
error positional 0.03
—During Integration
|| Add Macro Remove Macro

error positional 0.03

Figure 61. The Macros dialog

You should be cautious about increasing éhmr positional value, especially for a
well-tested and characterized detector, becauséitifec? values may reflect underlying
problems with your crystal, rather than an actusdrewith the detector. For example, your
crystal may be slightly cracked, with incompletetspplitting, and the spot shape will be
enlarged and distorted, reflecting the contribufimm the multiple lattices. This will lead to
ambiguities in determining the centers of the ditfron spots, which will be reflected in larger

c? values.

It is a good idea to keep your error model roughlyy same from crystal to crystal so
that you can use the#’s to pick up any other variations in your datal@ction. For example,
if you are getting?'s in the range of 2 to 5 consistently and youstalis good, you probably
have problems with detector calibration. Note timaist people think that their crystals, like
their children, are outstanding. At least for caystthis is not always the case.

If the c2 values are very high, (> 10 or so for default ealof the error parameters)
something is seriously wrong with the indexing,imefment, or the detector. This will be
apparent from visual inspection of the displayedgmin any case.
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Since the goal dDenzois to produce a list dikl's and unscaled intensities, it does not
matter that the errors in the positions differtafi@m the standard expected error. On the other
hand,c? values substantially different from 1 in scalirfgsld be investigated, because this
directly affects a critical result of the scalingppedure, namely the value assigned to each
scaled intensity.

Refinement Options

parameters
X beam and Y beam position of the direct beametttector (in mm)
Crystal unit cell length (in Angstroms) and angles
Crystal orientation rotations (in degrees)

parameters

All the parameters
Detector rotation X, Y, Z

Crossfire X, Y, XY

Detector to crystal distance (in mm)
Mosaicity (when3D Window is > 1)
Y scale

Skew
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Refinement parameters are often correlated

Someone told me to gradually increase the resoludiod alternate cycles of
fitting a few parameters and fixing things. I'm jeat, and | want to be carefulVhy
shouldn’t | do this?

This is the wrong way to go about indexing andgraéing your images. Back in
the old days, people would get an initial indexoat resolution, fixing all parameters
except for, say, the crystal rotations. Then thewl fix the rotations and refine t

this approach is that single parameter refinemeayt not allow correlated parameters|to
be sufficiently refined. In other words, you coglet trapped into overfitting one variabje
and underfitting another, resulting in both varesbbeing incorrectly determined.
unless you know with near-absolute certainty theamable is correct, cycles of fixin
and fitting is the wrong way to go.

People used to take these kinds of approaches $eoafinements were unstable
and simultaneous fitting of multiple correlated ightes led to instability in th
refinement. High correlation makes it possible tbe errors in one parameter fo
compensate partially for the errors in other patanse If the compensation is 100%, the
parameter would be undefined, but the error comgiens by other parameters wou|d
make the predicted pattern correct.

HKL-2000overcomes this problem in two main ways. Firgjeavalue filtering
(described inNumerical Recipess Singular Value Decomposition) is employed| to
remove the most correlated components from th@eefent and make it numerically
stable. Eigenvalue filtering works reliably where tstarting parameters are close to the
correct values but it may fail to correct largeoesrin the input parameters. Therefofe,
once the whole data set is integrated, the glokfihement (sometimes called
postrefinement) can refine crystal parameters meisely. The unit cell used in further
calculations should come from the global refinem@mtScalepack and not from th
Denzorefinement.

Second, refinements are generally carried outeatrtaximum resolution of th
diffraction data, and, with the 3D Window, over iiqple successive frames. More ddta
allows more parameters to be fit simultaneously iacreasing the dimensionality (Ry
adding a third dimension) further constrains vdaalihat might be poorly fit in only
dimensions (like the distance, or the third unit denension). These advances are made
possible by improvements in the program as welhggovements in computer speed,
data storage, and memory.

Starting refinement over

To start over completely, you can go to Ehke menu and quit the program. However,
if you just want to try auto-indexing again, yownadick on the button, go
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back to the image and re-do the peak search, ae@d as before. To re-set the space group
without aborting the refinement, you can re-operBitavais Lattice table and choose another
lattice, like primitive triclinic. Click +

Resolution Limits, Fitting Radius, and Spot Size

While referring to the indexed image, carefully sie¢ correctResolution limits,
Profile Fitting Radius, andSpot Size Click the button to update the display after
changing any of these parametelfsthe Crystal Rotation Y value displayed in_the
Refinement Information panel is colored red (i.e.for 450 < Crystal Rotation Y < 1350)
click on the reference zone button in the Controlpanel and choose a new zone with a
better value for roty.

The Profile Fitting Radius

TheProfile Fitting Radius is the radius of the area around each particplat; 1 mm,
containing neighboring spots, used to calculateatrerage spot profile (Figure 63). The spot
in question is fitted to the average profile ofth# spots within the specified radius. Generally,
the radius is set so those spots on roughly 3-5%eofrea of the detector are included in the
averaging. You can display the profile fitting ¢&rwising the button

—Integration Box

Profile Fiting Radius |18.0 5]

Box Size 36 -

Spot Size 030 —~

Elongation _{ Limit |0.7

More OEtiOnS

Figure 62 The Profile Fitting Radius is set in thietegration Box
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Figure 63. The profile fitting radius can be dispj@d and moved around.

The particular size of the area chosen dependsoanniuch the profiles vary across
the film and the density of the spots on the fiFor example, if the spot profiles vary a lot
across the film, then you would choose a smalldiug If you have a small lattice and the
spots are widely separated, you might want to ohadsrger radius.

The calculation of the average profile is a tim&sianing task, and it is proportional
to the number of spots in the profile fitting raslitircle, but too small a radius will not capture
enough spots and lead to a noisy average profile ldrge a radius will average out significant
profile variations.
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Profile Fitting Radius in XDispX

To see thérofile Fitting Radius in thelmage Displaywindow, click the
button (Figure 64). A thin circle correspondingthe profile fitting
radius will appear and will move around with thesar. The pred display changes
now too. Instead of seeing all of the predictetertions, you see only those preds
that correspond to the reflections that are strotigen the refinement sigma cutgff
(usually set at 5). Only this subset is shown because these antieeflections
used in the calculation of the average spot prafitein the radius. (Note: to retur
to the normal mode, click button again).

=]

Prof fit R

Figure 64. Profile fitting radius button

A good rule of thumb is thabe Profile Fitting Radius should enclose about 1
50 spots whose intensities are above the weak lewdseful increments of the profile fitting
radius are 2.5% of the detector size (e.g., 5 mma 200 mm wide IP).

The profile fitting radius can be set in threlex window under thdntegration Box
panel in the lower-left quadrant of the window (g 63). The value is given in millimeters,
and you can adjust it iteratively, hitting the button in between your guesses. In general,
it is preferable to enlarge the radius to make ghe¢ there are no orphan reflections
(reflections that, when placed in the center ofdinele, have no other non-weak reflections
within the circle). However, keep in mind that dware using 8D Window greater than 1,
that theProfile Fitting Radius is actually the “Profile Fitting Sausage,” sintemcompasses
the stack of frames in th&D Window, and more spots may be used than first seems from
examining a single frame.

Setting the Spot Size

The final parameter to set is tBpot Size This is generally a function of the size of
your crystal and the quality of the X-ray beam lfowhtion, crossfire, parallelism, etc.), but it
must be set for proper integration. Each reflecttan be thought of as a buffered region
(usually a circle) within a box. As seen in Figéie each reflection can be divided into three
different regions. Here, the light blue region e tbackground region, and the measured
reflection is in the unshaded region in the cenftbe dark blue region is a guard region, which
is not used to calculate either the reflection loe background. The yellow circle is the
predicted position of the reflection. Its size & nsed in calculations.
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Figure 65. A Single Reflection

If you choose too small &pot Size significant data is lost because the reflectioils w
be rejected because of the reflections extendiioglve background region. Choosing too large
aSpot Sizeruns the risk of 1) rejecting reflections due vewaps, 2) including portions of the
neighboring reflection in the measured intensityd 8) including too much of the background
in your intensity measurement.

Setting theSpot Sizeis somewhat of a tradeoff, since not all the spatan image are
of the same size, and one spot size and shapesaftise for the entire set of images (with the
exception of correcting for the elongation causgthle intersection of reflections at high angle
to the detector face, which is corrected by theupaterElongation Limit). However, it is
unlikely that your data will suffer too much becausofile fitting limits the damage caused
by including the background in the spot. As a geherle of thumb, it is best to try to adjust
the spot shape to fit some of the medium to stspugs on the image.

The spot can be either circular or elliptical. €iigy on the button gives
you more control of the spot and background lim#teu also have the option of defining
elliptical spots if your spot shapes are suffidgetongated (Figure 66).

After making the changes to your spot shape, aririgron theElongation Limit
option, you can verify that the spot shape has gbadrby examining the image and the
predicted spots in thBoom window of thelmage Displaywindow (you may have to click

to show the predictions).
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gration Bo: Integration Box gration B
Profile Fitting Radius [18.0 g Profile Fitting Radius (18.0 g Profile Fitting Radius [18.0 j

|
‘ T — %[ | <« mm + Radial x[® | « mm - Radial
|- v | & - Elliptical vy | | » + Elliptical
‘ A UEEI_—I Spot Radius W Spot M. axis;ﬁ%-u_ m. MSW Angleﬁmﬂ_
I Background Radius [ﬁ_ﬁ_ Background M. axisW m. axisw Anglew
Elongation _J Limit 07— Elongation _g Limit [0.7 Elongation M Limit[0.7

More Options Simpler Options Simpler Options

Figure 66. The Integration Box and Zoom windows as@own with simple options (left),
radial options (center), and elliptical options (int).

What is the Elongation Limit?

Note thatDenzonow has an option to take into account the ragl@ahgation of the
spots that arise from the intersection of the ddfed X-rays at a high angle with the detector.
This is activated by checking tii#ongation Limit button in thentegration Boxpanel. The
default value foElongation Limit (expressed as the fraction of the box size theisadiowed
to elongate) is 0.7. The range is from O to 1.

Setting the integration resolution limit

Examine the indexed diffraction pattern carefullile cursor can be used to determine
the resolution of a particular spot. In general) yaant to be on the generous side (say 0.2 A)
with setting the resolution limits, since they @ways be lowered iBcalingif you were too
optimistic. Conversely, if you are too stingy witte resolution limits ilbenzo,you will have
to go back and re-integrate all your frames agaicesScalepackannot increase the resolution
limits beyond what you have set Penzo You may have to darken the image using the
histogram slider to see the high-resolution reitec clearly. Using th&oom function also
helps. Once you have determined the proper resallitnits, go back to thendex window
and input the new resolution limits into the propek. Then hit the button again, and
the new predicted reflections will appear in thiérdction pattern window. You may have to
do this a couple of times until you get it rightdk in all quadrants of the diffraction image,
(and if possible, multiple frames) as crystals ftidfract anisotropically.

Another feature that you can use to estimate thbawgon of your data is the predicted
reflection circles. By default, reflections thaeabove the sigma cutoff for indexing will be
displayed. If you set this limit to 2 sigma, yownaget a good feel for the resolution you can
get by checking the resolution of the reflectioltsest to the edge (or corner). You can also
compare the predicted reflections above the sigmwatfowith all predictions to get a feel for
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the fraction of reflections above the cutoff limito toggle which reflections are shown, use
the selector found next to the prediction toggl#dsu As mentioned above, it is good practice
to process the diffraction images to a resolutivat is slightly better than you think your
ultimate resolution.

Figure 67. Predicted reflections at 2 sigma, 20rsig, and all reflections.

Display

Predictions (all)
Predictions
Predictions (all)

Peaks
Beam position

Figure 68 The Prediction selector

One more thing you can do to get a feel for thelm®n of your diffraction is to
display the resolution circles. Found in the reBofudialog box, you can set the resolution of
five circles to display (Figure 69). These can dggted on and off using the
button.
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—Resolution
4 Edge - Half Corner ~, Comer

Min |50.00 Max |edge

I Limit Resolution in Pre-refinement

[s00 60 [40 [30 [0 Draw Circles

Figure 69. Resolution circles dialog and the disgkd circles.

The Crystal Rotation X, Crystal Rotation Y, and Cry  stal Rotation Z
parameters

The crystalCrystal Rotation X Crystal Rotation Y andCrystal Rotation Zangles
define the orientation of the crystal lattice inasp for the calculation of the predicted
reflections. It is inconvenient and non-intuitivework with images in the data conventions
because we are used to thinking about diffractieongetry in terms of the X-ray beam, the
spindle axis, and the laboratory frame of referdhoeizontal, vertical). There are two possible
conventions within this "intuitive” set:

Gravity/beam system (used in XDisp, but not used in Denzo)

In this system, the X-ray beam is defined as bperpendicular to the direction of the
force vector due to gravity ("down"). The beamhs z axis, gravity is parallel to thgaxis,
and thex axis is perpendicular to both of these. In terfnargstal orientation rotations

Crystal Rotation Zwould denote rotations or the crystal aroundabam axis,
Crystal Rotation Ywould denote rotations of the crystal aboutubsical axis
Crystal Rotation Xwould denote rotations of the crystal aboutttbezontal axis.
This convention has the advantage that it doeshratge with different camera spindle
geometry. In addition, it corresponds directlylte tommon orthogonal detector directions, in
that the detector directionsandy on the film or IP are perpendicular to the X-raam. A
disadvantage of this system is that xh&xis may or may not correspond to the spindle, axis
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depending upon the (chi) andW (omega) setting angles of the 3-axis goniostat.tke
purposes of aligning your crystal, this makestifere complicated, as we are used to thinking
about aligning crystals by moving the arcs on agoeter head. Far equal 90 or 270 degrees
and W equal to zero. However, the spindle axis is parat thex axis, and thu<rystal
Rotation Xcorresponds to rotations about the spindle axis.

Although this system will not (formally) work in tar space (where the gravity vector
is essentially zero), nor in the event that thea)(doeam is vertical, the fact remains that (so
far) all macromolecular crystallography is donehaibrizontal X-ray beams on the surface of
good old planet Earth, and thus it is a viablemptWhileDenzodoes not use this convention,
XDispdoes.

Spindle/beam system (used in Denzo)

The spindle/beam system is thenzocrystal and cassette orientation convention. In
this system,

thez axis is again parallel to theam,
thex axis is parallel to thepindle axis and
the y axis, also termed thévertical" axis (for want of a better word), is
perpendicular to the spindle and beam axes.

In terms of crystal orientation rotations:
Crystal Rotation Zwould again denote rotations of the crystal arotivebeam
axis,
Crystal Rotation Xwould denote rotations of the crystal about shendle axis
and
Crystal Rotation Ywould denote rotations about the axis perpendiciaahe
beam and the spindle.

The advantage of this system is that it is vetyiiive to the crystallographer. In
addition, with Euleriart values of 0, 90, 180 or 270 degrees the spindlevartical axes are
parallel to thex ory axes of the detector. The main disadvantage sfsistem is that it is
dependent on knowing the geometry of the camera.

While thecrystal and cassetteorientations follow the spindle/beam convention fo
Denzq the beam, boxprintout, spot, margin, film widtiddength in thédenzolog file follow
the data convention.

The X-beam and Y-beam values are the distance from the edge of the tetdata
collection area to the beam spot, in mm. Thes@areaps the most important parameters.

Crossfire is a measure of the X-ray beam divergence andsioguas it leaves the
collimator and illuminates the crystal. Crossfibeing a symmetric tensor, hasy, andxy
components. It affects the prediction of partidllections and their positions, not their angular
width. It is expressed as angular divergence ob#em. The default value is zero crossfire,
i.e., a perfectly parallel beam or a beam focusethe detector.
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The Reference Zone

The Reference Zone shows the current zone and other zones which are
crystallographically equivalent to the current zddeep in mind that upon indexing the crystal
for the first time (which is just another way oéthg that the crystal orientation parameters
are being determined)enzomakes an arbitrary choice of reference zone (Eig@). Being
able to choose an equivalent zone is useful innalreu of ways.

1. If the crystalCrystal Rotation Yhappens to fall between 45 and 135 degrees, the
refinement of the crystal orientation is more dii for the underlying algorithm
(although it will still work). Choosing an equivaliezone from the list is an easy way to
overcome thisChange the reference zone if the Crystal Rotatiory parameter is
colored red.

2. If two or more data sets are collected from theesargstal, without removing the crystal
or changing its orientation relative to the gorabstand the data sets are indexed
independently of one another, then it is possibie Denzowill arbitrarily assign a
different reference zone to the two data sets. tmhately, this will result in a different
original index for reflections which otherwise skibibe equivalent, and so merging
reflections between data sets will not work. Howeflg choosing the same reference zone
for both data sets, scaling and merging reflect@arsbe done correctly and accurately.

Reference Zone

4 h0l  , hkD 10k~ khD <, hhi
v hhl  ~ 0K~ Ok~ Okl ~ O-KI

Equivalent Orientations

X i it
Current:  -9.205 -163.786  -14.628
v 170.795 -16.214 -14.628
v -3.205 -163.7G66 165.37¢2
v -9.205 16.214 14.628
v 170.795 163.766 -165.372
v -9.205 16.214 -165.372
v 170.7395 163.766 14,6286
L 2 -9205 -163.766 -14.628

W

170.795 -16.214 165.372

Close |

Figure 70. The Reference Zone window
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The 3D Window and Mosaicity

The 3D Window specifies the number of consecutive frames fronickvithe
reflections will be integrated simultaneousfet the 3D Window so that the oscillation
range_encompassed by this sector of reciprocal spads at least twice as large as the
refined mosaicity. Typically for CCD data, five frames are used, lbstmall oscillation angles
are used, then this value will need to be increa®eeé principal advantage of the 3D window
is that binning frames together can include moréectons in the refinement, thereby
increasing the accuracy of indexing on frames tiaate very few reflections (e.g., small
molecule data sets, low mosaicity / small unit cedicromolecular data sets, low-resolution
macromolecular data sets). The disadvantage ofpgrguframes together is that local
variations in frames are averaged out (e.g., "beathes, frames where the crystal slipped,
etc.)

The 3D Window and Image Plate Detectors

Unlike CCD detectors, which are solid state, imptgte detectors
move the IP relative to the scanning head in thessoof data acquisition, da
read-out, and plate erasure. While these devieegeay well made, there cg
be a small non-reproducibility in their operatibatresults in slight variation
in the actual position of the direct beam positma the distance. Until it hg
been established that this variation is small nedatio the pixel size, the 3[
Window should be kept at 1 to avoid inaccurate nrappf the pixels of
sequential frames onto each other. That's why #fault value for the 30
Window is 1 for these sites.

The limitation for 3D Window usage is primarily cpoter memory.
All the frames of the 3D Window must be held in nogynsimultaneously;
however, most modern computers have sufficient mmgmio handle
reasonable values of the 3D Window parameter.

For small molecule data collection, the reciprotztice is very
sparsely populated and it is reasonable to se8Eh&/indow to 30 or morg
frames.

MU S

Mosaicity is defined inDenzoas the rocking angle, in degrees, in both theoczrand
the horizontal directions, which would generate thkk spots seen on a still diffraction
photograph. It not only includes contributions du&-ray bandwidth, beam crossfire, etc. but
is also a characteristic of the crystal itself. Kiogy is refinable when integrating your frames
if the 3D Window is set to be at least twice as large as the efinesaicity. For example, if
your crystal has a mosaicity of about 1°, the&@DaWindow encompassing 2° or more of data
should allow for proper refinement.
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The best way to set the mosaicity is to use the 3®indow and let Denzo refine it
in_the course of integrating the reflectionsIf you are unable to use3 Window greater
than 1, and the mosaicity is greater than half ymaillation range (which is usually the case),
then you will have to set the mosaicity manuallyouYdo this by going to th€rystal
Information button and entering tidosaicity in the field provided. If you have to do this,
remember to unchedWosaicityin theRefinement Options

—Crystal Information
Unit Cell Crystal Rotation

a [3084 | «[s000 | x[s2271

b 161.02 B |90.00 Y |-68.295
c |75.59 v [30.00 Z |40.971

Mosaicity |1.040

M Update on Each Refinement

Close

Figure 71. The Crystal Information window

A correctly set mosaicity will not always result predictions covering all of the
reflections on an image. In particular, very strologv order reflections may require
unreasonably large values of the mosaicity for cage. These reflections may not represent
the intrinsic mosaic spread of the crystal, buheatmay result from particularly intense
diffraction from that lattice poinfA mosaicity that is set too high is usually bettethan one
that is set too low, but setting the mosaicity tobigh could result in an unnecessarily high
number of overlaps.

Masking the beamstop and other shadows

It is important to define the area of the beamsbadow. If the beamstop shadow
region is not defined explicittyDenzo may fail under certain circumstances of high
background to reject potential reflections, whick abscured by the beamstop. These few
inaccurately measured “reflections” will severelggdade the quality of your anomalous
signal. XDispQt allows you to set two distinct ldiregions and two shadow regions. Shadow
regions are regions where diffraction is not corghjeblocked, but the background and overall
intensity is lower than the rest of the image. Tdan result from X-rays being blocked by the
goniometer. The background will be treated diffélseim shadow regions.

To open the Masks dialog, click the button on the left of the display. The
dialog (Figure 72) allows you to set to polygon airdular region for each blind region or
shadow region. Polygons will be shown with redlescat the vertices, that can be grabbed
and moved with the mouse (or stylus). Circular rsaskve one red circle that is used to set
the radius of the mask. Both types of masks candsged with a click-and-drag motion of the
mouse. You can select with which mask to work veytheither clicking on the corresponding
button in the mask dialog or by clicking within theask you want to work with. A mask can
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be removed by selecting it, then clicking on in the dialog. If you have more than one
mask or shadow region, the polygon and circulaiorewill be color coordinated. When you
are finished working with the masks, click on the bottom left to remove the mask dialog
and return to the normal viewing mode. The masioregwill not be displayed in the normal
viewing mode, but the information about the maskswpdate the site configuration dialog.
The masks you set will be used during your curi¢it. session. If you want to save this
information to the site definition, click in the site configuration dialog.

Set masks
Blind region 1

[ Set circle ]

Blind region 2
. Setpolygon |

[ Set circle |

Shadow region 1
. Setpolygon |
. Setcircle |

Shadow region 2
. Setpolygon |

[ Set circle ]

I Remove ]

#9
bt

Figure 72. The Mask dialog (left) and setting th@lygon of Bling region 1 (right)
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Setting the Blind Region in XDispX
To define the beamstop shadow, keeplthage Displaywindow open and return t

D

thelndex page. Click orSet Blind Regionand then click the top large green box in the new

window that appears. Now go to thmage Displaywindow and click with the left mousg

174

button four times to define the four corners of thetangle that corresponds to the beamstop

arm. After the fourth click, the blocked out regwill appear red. If you don't like the resul
you can repeat the process, and after selectingfgou new vertices the original rectan

[S
le

will be replaced by your new choice. To definechreular area of the beamstop shadow, click
on the big green circle, then move to ybuage Displaywindowand click once on the center
of the circular area. After this you can move thause to enlarge or reduce the blind regipn.

You don't have to hold down a mouse button to d& ¥When you are satisfied, click a sec
time with the left mouse button and a filled reccla will appear. Going back to thdind
Regiondialog box, clickapply both. If you don’t like your selection, clicklear current. If
you want to begin integrating, clickoply current. If you want to store these blind regio
permanently, clickupdate site and later this information will be forwarded touycSite

nd

NS

Configuration, so you will be able to use that for all subsedquyeacessing. Please note that

this may or may not be appropriate given the gepmet your experimental setup—fqr

example, the size of the beamstop shadow may chemnthe detector distance changes. C
closewhen you are done.

=] Blind Region

~Blind Region Coordinates—————————————————————
Paolygon Coordinates for Region 1
157.z [148.C 2442 11514

To define blind
region, click 4 times
in the xdisp
program window

243.5 |154.2 157.F |150.E

Circle Coordinates for Region 1

To define blind
region, click 2 times
in the xdisp
program window

1524 |149.0 |51

Apply Current | Apply Both | Clear Currentl

Region 1 —4| Update Site | Close |

Figure 73. The Blind Region definition window ancesulting blind region

ick
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Strategy and Simulation

Strategy

Data collection is not an automatic process. larégat world, crystals would be perfect
and have negligible mosaicity, crystal lifetime Wwbbe unlimited, crystal exposures would be
short, data collection time would be unlimited, alik storage capacity would be infinite. In
this case, one would just choose a tiny oscillateomge and collect 360 degrees of data without
worrying about the consequences. However, as waalv, crystals are imperfect and decay
fast, data collection time is not unlimited, andrage space is not infinite. Thus, we have to
make strategic decisions about how we will go alwollecting a diffraction data set to avoid
having an incomplete data set or one that is rulnyedverlapped spots. This involves making
decisions about the oscillation range to colldw,width of each frame, and the exposure time
per frameThe strategy and simulation utilities in HKL-2000 @n help you determine an
optimal data collection strategy.

In order to calculate a strategy, you first needdbhect and index a few frameBhe
strategy module will work with just one frame but will work better if a few frames are
available due to the increased accuracy of the mosaicityutation. Index a frame or set of
frames as usual, making sure that the correct Byda#tice is selected, the resolution is
properly chosen, and refine with the regime (including mosaicity with the use3
window). Do not proceed to the integration step.

Once the first frames are indexed, click on 8textegy tab. This tab is divided into
three regions. Three control boxes are on the dpfice group, strategy, and simulation. On
the right, there are four initially empty chart ase The top two are th8trategy and
Simulation charts. A scroll bar on the right is necessarysée the remaining charts,
Completeness vs. ResolutiorgndAverage and Cumulative Redundancy vs. Resolution
The control box at the bottom of the screen is umedombine the results of different
simulations (Figure 74).
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Figure 74. The blank Strategy tab (chart areas camgsed to show them all).

By default, the space group of the Bravais lattidébe selected in the Space Group
control window, and the parameters of the strat®mgdow will correspond to the values of
the frames that have been indexed.

Start the strategy prediction with the button. In a few second®u will see a
series of colored lines in the Strategy plot, whickhows the number of degrees of data
you would have to collect to_achieve specific lewebf completenesdy chartingDelta
Omegavs. Omega Start—or depending on the goniostat, the rotation a(igépa, Chi, Phi)
used for the oscillation (Figure 75). The differknés indicate various levels of completeness,
with a color key indicated on the right. At a givemega(Kappa, Chi, Phiptart, the value
of Delta Omegafor each line is the number of degrees of Omegahave to collect starting
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atOmega Startto get the percent completeness represented binéhdn other words, each
line corresponds to the percentage of a compldie skt that can be collected for a chosen
starting oscillation angleQmega Star) and the total number of degrees collectbeélia
Omegq.

Thus, considering the example in Figure 75, if aml20% complete (dark blue line)
data set is desired (although why you’'d want teadamewhat mystifying), only a 6° wide
oscillation needs to be collected, regardlessartiag angle. On the other hand, most people
want 95+% complete data sets, so the lines towerdadp of the chart are more relevant. The
triangular gray region present in Figure 75 mahs tegion that is not available for data
collection. Usually, these regions are inaccesdiloie to limits set by beamline staff or by
hardware limitations. Sometimes at home sourcespibssible to rotate into these regions, but
doing so could cause damage to the detector anddshe avoided.

Without clicking the mouse, move it around in thedow, and a crosshair will appear.
Let say you want to collect a 100% complete datalsee the crosshairs up on the line
corresponding to 100% complete. As you move it adounotice that th©mega Startand
Delta Omegavalues in the control box are updatéd.use and collect a complete data set
with the smallest possible oscillation range, choes point on the 100% line at an Omega
Start value where the Delta Omega is at a minimum.

Note that for most high symmetry space groups bbies vill resemble a sawtooth with
a rapidly rising leading (left-hand side) edge.sTfaigged shape is a result of the symmetry.
As you rotate a crystal in a beam, it is possilblectllect some data, then collect some
symmetry-related data before collecting more undgie. It is better to err slightly on the side
of caution and select &®mega Startvalue a few degrees less than the point with timénmoum
Delta Omega to avoid the high side of the sawtooth. If yourds have a high symmetry
space group, the plot will look more like a horitarine or a gentle wave. In those cases,
there is not much strategy to ponder, since thied¢atloes not allow for much economy in data
collection. Just be sure to select a strategydbas not venture into the inaccessible region.
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Figure 75. The Delta Omega vs. Omega Start plot

Once you have settled obalta OmegaandOmega Startpoint on the plot, click the
mouse and the values will be entered into the gpf@@ boxes in th&imulation control
panel.

The I/Sigma and Crystal Dose buttons

You need to collect at least 3 frames to use'the  button, and the program will
estimate (after a quick integration and scalingul to the resolution value at the edge of the
detector for the specified detector distance. A memdow Current I/Sigmaopens with an
I/Sigma vs. Resolutiorplot (Figure 76). Two gray lines are drawn onpla, at I/ = 10 and
I/ =2 respectively.

Figure 76. The I/Sigma vs. Resolution plot

The button is to be used for X-ray sources with vaghtlux (typically
synchrotron beamlines). It opens a new windéstimated Crystal Dosewhere you insert a
correctBeam Flux value. The program runs a simulation estimating hadiation damage
will cause the I/ values to decrease at the end of data collectidrshows the result as on the
I/ vs. resolution for Current and Last Frame plot (Figure 77). Note that this analysis
requires the sequence of the protein in the crystaich can be added by clicking the

button on thd°rojecttab.
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Figure 77. The Estimated Crystal Dose window
Simulation

The simulation utility predicts the number of overlaps for a data collection
strategy as a function of frame width, distance, ah oscillation range.This is particularly
important if your crystal has high mosaicity or goanit cell axes. In those cases, the spots
from some frames may have adequate separatiothdmusubsequent frames may be rendered
useless by overlapping spots as (for example) @ éoxs that is perpendicular to the spindle
axis rotates into a position parallel to the be&he simulation utility allows you to simulate
an entire data collection run, to view the potdnbigerlaps, and then to adjust your data
collection parameters before the crystal is exp@settime and valuable crystals are wasted.
It is really quite useful.

Once theDmega StartandOmega Endare input, click on the button.

A mouse click on the Strategy plot will change thealues to those that correspond to the
cursor position in the plot. You will see two thing-irst, a plot will be drawn with red and
blue lines (which may overlap), corresponding ®plrcentage of fully and partially recorded
reflections that are predicted to be overlappedetwrh frame you plan on collecting (Figure
78). Remember, if a reflection is overlapped ontla@g it will not be useful for your data set
and be excluded during integration and scaling.oBe&c on yourimage Displayimage
window, a new series of predicted reflections Wwél displayed, corresponding to each frame
in your simulated data collection run. Obviousince you haven't yet collected the data, the
underlying diffraction image will not change or pespond to the predicted reflections, but
that is OK (this is just a simulation). This with@w you visually how your diffraction image
will index over the data set collection.
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Figure 78. The Simulation window with almost no avaps

The thing to pay attention to is the percentagaveflaps. Typically, you'd like to lose
no more than 5% of the reflections to overlap. Tikisvhere the simulation is useful. In the
control box, you can replace the original framettvidith a new value. Got a lot of overlaps?
Decreasing the frame width can reduce problems witbverlaps,so decrease this value and
simulate the run again by clicking on the button. Examine the results; the
overlaps should decrease. If you only have a fegrlaps and want to increase the percentage
of fully-recorded reflections, increase the framdtty, and simulate the run again. Typically
at some point, you will find a reasonable frametvi(0.2-1.0° for macromolecules and 1.0-
5.0° for small molecules) that yields an acceptaily number of overlapped reflections. This
is not guaranteed, of course, since large unitaceds and high mosaicity can conspire to ruin
a run despite your best intentions.

Another way to decrease the number _of overlaps itincrease the crystal-to-
detector distance As the detector is moved back, the spot separationld increase, and the
percentage of overlaps will decrease. Naturally, Wwill limit how high the resolution of the
data that can be collected, but it is worth traddffghigher resolution data to ensure you can
determine the structure. High-resolution data taat't be processed is useless. Perhaps you
are one of the unlucky people that have the tmgiammy of high resolution, large unit cell,
and high mosaicity. In that case, you will be péup#y frustrated, but at least you will be able
to develop the most rational data collection plafole exposing your crystals to an excessive
amount of radiation. At some point, an acceptablamromise should be reached. You can
also consider collecting multiple oscillations ata with varied data collection parameters and
then scaling the sets together.

Once you have settled on_ an Omega Start, Delta OneegDistance, and Frame
Width, you can input these values into the controkoftware for the data collection run
and begin your data collection Typically, the whole strategy and simulation eisshould
take only a couple of minutes or less. It's actuaHsier to do it than to read about it!

If you are working with a precious crystal, it mag a good idea to collect a few frames
using the strategy you have devised and checkttagegy again. If anything is wrong, you
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can stop the data collection before you've irraetlathe crystal too much. Errors or
inaccuracies in the strategy or simulation, wheyho occur, usually arise from an inaccurate

estimation of the mosaicity or the unit cell axespecially when these are derived from just a
few frames.

Combining simulation runs to generate a cohesive st rategy

The lower two plotsCompleteness vs. Resolutiorand Average and Cumulative
Redundancy vs. Resolutior{Figure 79), initially show statistics for a siegdimulation.

Figure 79. Completeness and Redundancy vs. Resmtupilots

Sometimes due to hardware limitations, it is natgplole to collect a complete data set
while using a simple strategy, and you will haveadmbine several “wedges” of data to get a
complete dataset. A short description of each strart run will appear in the panel next to
the button (Figure 80). The completeness in low (K &rgh (h) resolution shells is
shown above the button. You may select any combination of simwatens by
checking or unchecking the appropriate boxes reexatch simulation run (each run will be
selected by default). By clicking the button, you will obtain statistics and plots for a
combination of the selected runs. You may removsiadulated runs from the last panel by
clicking the button. If your version ofiKL-2000is configured with the data collection

module, the button exports a chosen strategy to @utlect tab of the mairHKL-
2000window.

Figure 80. The Combine panel
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Integrating All Frames

The Integrate button is red. Is this a problem?

The lettering in the button should be colored gréfahis orange, that means that either
the c? values are suspiciously high and should be cheakeelse you have failed to select a
lattice other than primitive triclinic. If the |etting is red, this warns you that tbevalues are
unacceptably high and should be investigated (Ei@i). You can continue, but there is
probably a problem you will have to address it ¢ualty.

Figure 81. The Integrate buttons colored green, oge, red

Integration

After indexing your data, you need to process &lthe images to get a complete
dataset, a process known as integration. Therénaravays to start integration: clicking on
the button in thdndex tab or the button in thdntegration tab. Monitor
the progress of the integration by examining ¢iigCell Constants Crystal Rotations,
Mosaicity, andDistance vs. Frameplots, as well as the agreement between the peetict
reflections and the spots on each image. Idedllyfahese plots will yield horizontal lines,
indicating little or no change of the refinementgraeters for different 3D Windows in the
data set.

The Crystal Slippage and Special integration button S.

The Special radio-button opens up the command file used initkegration of the
diffraction images. If you want to customize théegration settings passed Benzo (for
example, putting in many morgd” statements or some other modification to the diach
procedure), this is the place to make those cha(iggare 8. You can also make these
changes under thdacros tab in theHKL-2000interface.

The Crystal Slippage button is a shorthand way of performing the inéign in two
resolution stages. The first stage is done at kEsolution (4 A) and then is expanded to the
final resolution. Normally, integration is donetke highest resolution immediately. However,
if the crystal is slipping in position during datallection, the crystal orientation parameters
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may not be consistent enough from frame to franpedoess frames automatically. Using only
the low order reflections at first allows a largadius of convergence, which helps account for
slipping crystals. Although crystal slippage idditenally associated with capillary mounted
crystals, it can occur even with cryo-mounted @algstSometimes liquid nitrogen can cause
the glue or epoxy that keeps the pin in the basmioe loose. Additionally, long, thin cryo
loops have been known to bend from the pressutieeofryo-stream.

Figure 82. The special integration option and thefadult integration commands

Integration Information Plots

After starting integration, the display will changed present two graphs at the bottom
of the tab. On the left is a mosaicity histograrimement for the frame that is being refined;
on the right is a graphical plot of the integratfmogress. The graph on the right, contained
within the Integration Information plots, has radio button style selectors at théobothat
change the display between five different gram¥s Unit Cell Constants Crystal
Orientation, Distance andMosaicity, each shown as a graph of the parameter vs. frame
number. One of the most useful plots (diagnosticsieaking) i€? vs. Frame(Figure 83).
Ideally, both lines (the positionaf for X and Y)will be in the range of 1 to 2 over the set of
processed images. All of the plots should be exadjirwith particular attention paid to
detecting bad frames, which will show up as stroatliers in thelntegration Information
plots. All of the plots should be relatively flat a function of frame number. You'll also notice
that the points for each plot appear in bunchessdabi@espond to the number of frames in the
3D window. If some frames in the? vs. Frame plot have unreasonably higit valuesiit
makes sense to exclude those bad frames from gcilathods to do this are described below.
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Figure 83. The diagnostic plotsc? vs. Frame and Distance Change vs. Frame
What is an acceptable range for ¢2??

Ideally, thec? x andy values should be around 1 (i.e., colored gre¢hdrRefinement
Information panel; see Figure 60). Sometimes theg up into the 3 to 4 range. As the
integration proceeds, the Image Display window wdhtinually updatelf the predicted
reflections continue to superimpose on_the observedeflections as the integration
proceeds, then oscillatingc2 values are no immediate cause for alarmHowever, if the
mosaicity values start refining to high values &gee than 2° for frozen crystals), or the crystal
orientation, cell, or distance parameters are cingndramatically, you should consider re-
indexing or choosing another lattice. In some palérly problematic integrations, especially
when the calculated unit cell parameters are cimgngubstantially, you may try fixing the
mosaicity by clicking thé-ix Mosaicity button on theControls panel (Figure82). Fixing the
mosaicity is particularly relevant for cases wherghere are several lattices in the beam at
the same time.In the best-case scenario, only one of the lattweslld dominate the
diffraction pattern and be indexed, but sometingetha crystal rotates other lattices become
more prominent and the program may start to conthus. By restricting the mosaicity, you
may be able to effectively limit the number of rnBarspots that can be included in the
integration.

Drastically larger ¢? values

Ideally, thec? values will be close to 1, but values up to 3 anen 4 are sometimes
normal and may not indicate a serious problem. Hewe? values that are off the plot that is
displayed during integration (i.e.,>5) probably mélaat something is wrong. The most likely
culprit for otherwise “normal” data sets (i.e., whehe diffraction pattern on the poorly
indexed frames still looks normal, and there werany shutter or goniostat problems), is
misindexing due to an incorreétBeamorY Beamvalue. Experimenting with different beam
position values may solve the problem. This istheddy easy to do using the

button found in thdndex panel (described in the Troubleshooting Appendix).
Crystal idiosyncrasies (such as slight splittingjekn may not be apparent from an inspection
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of the diffraction images) or shutter, spindle ongstat problems can also lead to hagh
values. Problems with the experimental setup witro manifest themselves suddenly, and a
sharp change in the? values will pinpoint the frames that have beemuuted. It is always a
good idea to verify the experimental setup by abihg a data set from a known, high-quality
crystal in order to benchmark your setup.

The Mosaicity histogram

The mosaicity histogram reflects the reflectionghef frame or of the frames of t8B
Window. The reflections are sorted into 20 zones, whaectge from plus or minus half of the
input (or refined) mosaicity (Figure 84). Each zoepresents the shortest angular distance of
the center of the reflection from the surface @& BEwald sphere at the end of the oscillation
range and is formally defined as the average obsgpartiality of the reflections in each zone.
In other words, if, at the end of the oscillatiamge a particular reflection was -0.3° away from
(i.e., past) the surface of the Ewald sphere, themuld contribute to the “bar” in the -0.3°
zone.

Figure 84. The mosaicity histogram

Only reflections that are single partials are ideld in the analysis. The thickness of
the bars is proportional to the number of singldiglareflections being integrated in the 3D
Window. More reflections will lead to thicker baiks reflection in negative zones means that
the center of the reflection has already passealigir the Bragg condition. In all cases, no
matter what mosaicity you have inputenzq the histogram should pass through 50% in the
zero zone. If the mosaicity you guessed was todl sthan the histogram will not descend to
zero at +mos/2. If the mosaicity you guessed wasati@e, then you will see a histogram which
looks like a step function, falling to zero jusspéhe zero zone.
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If the mosaicity was chosen correctly or slighthecestimated (which is the preferred
side to err on) the histogram will descend smootblyero at +mos/2. Frequently this is not
the case and the histogram tails off due to thectsfof diffuse scattering. If there are only a
few reflections, the histogram may be quite chogjye number of reflections can be increased
by increasing the size of t® Window. If the histogram does not resemble any of thpaha
mentioned here, it may be indicative of motor, df@nor shutter problems.

How long should this take? How do | know if the pro gram is stuck?

When the integration is complete, the display whiow the message “Integration
Complete.” The speed of the integration dependbath hardware and data-specific factors.
Among the hardware ones are CPU speed, amounysigathmemory, and the speed at which
the computer can access the raw data from diskl(tbsks are faster than remote ones). Data-
specific factors include the number of observed amdlicted reflections on each image, the
size of each image file (larger frames take longeead from disk), and the number of frames
in the3D Window (integrating 5 frames at a time will take abotihges as long as integrating
a single frame). For most modern computers and¢&ypnacromolecular data sets, this process
usually takes 1-3 minutes at most. In my experieiiseveral minutes go by with no additions
to the plots, something is probably amiss. The riksly culprit is slowness in reading the
image files from disk, particularly if your framase on a remote file server.

Waiting for image frames.

A very nice feature oHKL-2000is the program’s ability to wait for image frames
during processing. This is indicated by the messdgaiting for Frames,” which appears
above thelntegration Information window during integrationHigure 85. The program
knows to wait for frames based on the value yoerentin theNumber of Framesentry of
the Edit Set(s)dialog on theData panel. For example, let’'s say you are collectiGgréages
for a data set, but only 10 have been collectefdis@and the others are on the way (e.g., are
still being collected, read from the detector, lpegopied from a file server or CD/DVD,
coming over FTP, etc.). When you first set up thediles, only 10 frames will be seen by the
program. However, if you enter 60 fdlumber of Frames the program will know that
eventually 60 frames will constitute the complege & diffraction images. You can start the
indexing and integration, and these will proceedugh the first 10 (or however many you
have) frames currently on the disk. When those lieen integrated, the message “Waiting
for Frames” will appear. At this point, you don&ve to do anything. As more frames appear,
they will be automatically read and integrated.sTdllows you to monitor the progress of your
data collection as it occurs. It also allows yows® your data collection time (e.g., at the
synchrotron) more efficiently, by working on anath&sk while you wait for integration to be
completed. You can even proceed to scale thethkgshave been processed and monitor data
collection as it happens, giving you the optiorcofting data collection short if your crystal
dies in the beam.
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Figure 85. The program is waiting for new frames vl processing the data
Updating the site configuration after processing da ta

Ordinarily, you would not update the site unless:
1) you have the password to do so,
2) the refined values of the site parametrsa(dY Beam Positions Crossfire,
Y Scalg are substantially different from the originaksitalues, and
3) the values you've refined are reliable.
Site parameters determined from weak, poorly ditfrey crystals may not be much of
an improvement (if at all') from the default valu€3enerally, you want to use a superior-
diffracting crystal to determine updated site pagtenvalues.

How do | stop and start over?

To stop the integration hit , and you will get a message box with the question:
“Which crystal orientation and cell parameters vdoybu like to keep?” You can choose
between three options: “original values” (valueseasl from the header of data files), “indexed
values” (values after the last auto-indexing rouady “current values.” Now you can reindex
if you'd like.
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Scaling

TheScaletab provides the interface to tBealepaclkprogram. This window is divided
into three sections. The top of the window is resdifor the results and analysis of the scaling
process and will be blank until after the first mduof scaling. The middle section contains a
control panel with options that can be changedreedo (and after) scaling the initial round of
scaling. The bottom of the display contains the button and a set of controls that
only make sense after at least one round of scélnay are actually not available at firdt).
is important to know that scaling is an iterative pocess.To get high-quality data, you will
have to scale the data multiple times, adjustimyesparameters based on the results of the last
round of scaling.

Under most circumstances, the default options wilbe sufficient to start the scaling
process, although you should make sure the Anomalswoption is_checked if you are
conducting a SAD or MAD_experiment. It will be set by default if you have selected
SAD/MAD as the Phasing Method for the project, Wilk not be selected if you have jumped
into data processing without defining the projelhe defaultGlobal Refinementchoice
(Small Slippage and Imperfect Goniostat) shouldunéable for most cases, but you do have
the option of selecting a different option (seeRlost Refinement box below for more details).

Scaling Options

These options affect how the scaling of the integradiffraction intensities is
performed. The default options afxale Restrain0.01 , B restrain 0.1 , Write Rejection
File, Ignore Overloads Number of Zones10, Error Scale Factor 1.3 , Default ScalelO,
andResolution Limits as determined from thex file headers (Figure 86). What follows is
a discussion of each of the options listed in plaisel.
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Figure 86. The Scaling Options panel

Scale restraincan be used to restrain scale factor differenaa@s tonsecutive films
or batches. The value entered in the box represiamtsmount you will allow the scale factors
to differ from consecutive frames or batches. Itisaé factor of (scalel - scalé®3cale
restrainf to the target function minimized in scaling. Tloisly applies to batches between
which you add partials. The value should roughjyresent the expected relative change in
scale factors between adjacent frames.

For very thin frames, or frames where most of @iftections are partially recorded
(yellow, as opposed to green, spots on the imageglintegration, seBigure 48, or in sectors
whose width is less than the mosaicity, or fronadstich consists of only a few frames,

is almost obligatory. In these cases, there mayaanough intersections between
frames to get accurate scale and B factors. Indeeat, you may see is both scale and B factors
ranging all over the place. If things get reallylpthhe program may crash due to floating-point
arithmetic exceptions when taking the exponentnoéasonable B factors. This does not mean
that the data is unusable; it simply means thastlaée and B factors must be restrained. Note
that the restraints only apply to the frames ovhbiciv you are adding up partially recorded
reflections.

It is not correct to try to “bin” the individual dmes into larger batches to try to
overcome the problem of few intersections betweamés. This is because you then lose the
ability to between the new “bins.” You can, however, overctimegoroblem in
another way, by adding the maecienber of iterations 0 to theDuring Scaling box on the
Macros panel. In this case, the data will not be scalatl 9amply merged. This has its
drawbacks.

B Restraincan be used to restrain B factor differences foamsecutive frames or

batches. The value which follows the flag represéiné amount in Ayou will allow the B
factors to differ from consecutive frames or bagche
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Absorption Correctionapplies additional parameters that correct foratams in the
degree of X-ray absorbance by the crystal in déffiiorientations. For example, more X-rays
are absorbed when the longer dimensions of theatrgse parallel to the incident beam. In
essence, this procedure adjusts for the fact thuet rrystals are not perfect spheres! The
absorption correction algorithm parameterizes #ffsct by an expansion of real spherical
harmonics terms (theow or High option controls how many terms are included in the
correction). This procedure, along with severakostaling corrections applied Bgalepack
is described in more detail in Otwinowski et alt&ACryst A59: 228-234 (2003).

In the majority of cases, there is likely to be throvement of the quality of the
scaling results (and no harm!) in including at telasw absorption corrections. The only
serious drawback is in the speed of the scalingga®y as Scalepack requires additional
processing time to calculate the spherical harmexrpansions.

Use Auto Correctionscan help determine difficult structures, e resulting
reduced data should not be used for refinement orebosition. This option automatically
adjusts the error model, which can be especialgfulsnith weak anomalous signals or
anisotropic diffraction. This option reliably modetorrelated errors and is generally better
than manually adjusting th&fror Scale Factot and * options. Itis a
good practice to add “auto” to the results filenameemind yourself not to refine against this
data.

Use Rejections On Next Rumeans that the reflections that were written t fite
reject are not used in subsequent scaling runs. Unlesssthxplicitly checked, reflections
will only be flagged for rejection, not actuallyjeéeted. Generally, one uses this on the second
and all subsequent runs of scaling. It does ndt tieuinave this option selected if there is no
reject file (i.e., your first run or after deleting thiée).

Write Rejection Filetells the program to create a list of reflectiost®red in the file
calledreject that meet the criteria for rejection. They areliggh i.e., rejected, when the

i button is checked. If you make changes to the enadel or
make a change the space group that would mergeditfreflections, you will need to remove
the reject file using the in the control box at the bottom of the page.

Fix B tells the program not to fit B factors at all. @#ly, it is combined with the input
of the B factors you want to apply but do not wighrefine anymore, or it is used for frozen
crystals where you do not expect significant de@éys is in contrast to the default procedure,
where the B factors are fit only after the convegeof the scaling. In the default procedure,
if scaling does not converge in 20 (default) cydésefinement, B factors will not be fitted.

Anomalous This flag keeps Bijovets €land }) separate in the output file. If the

Anomalousflag is on, anomalous pairs are considered equivaien calculating scale and
B factors and when computing statistics but aregediseparately and output asand + for
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each reflection. See the next section for a disenssf how to treat data that contains an
anomalous signal.

Scale AnomalousThis is the flag for keeping Bijvoets (I+ and &¢parate both in
scaling and in the output file. If thBcale Anomalousflag is on, anomalous pairs are
considered non-equivalent when calculating scadeBafactors and when computing statistics,
are merged separately, and output as I+ and kdoh reflection.

This is a dangerous option because scaling may$iabie due to the reduced number
of intersections between images. The danger is mguedter in low symmetry space groups.
Scale Anomalouswill always reduce Rierge €ven in the absence of an anomalous signal,
because of the reduced redundancy. Howafearalues will not be affected in the absence of
an anomalous signal.

Include Overloads “Overloads” are reflections that contain pixelsttlexceed the
maximum measurable intensity and will have an isitgnis set at the maximum intensity
possible for the detector. Since the intensityhee pixels cannot be determined accurately,
the default behavior is to ignore reflections tbantain overloads. In some cases, you may
want to retain the reflections that if only a fewegds exceed the maximum. If this option is
selected, fitted profiles with missing pixels (tygily due to overload) will be included in the
scaling.

Direction Cosinesproduce information that can be read by an outsiosorption
correction program, such 8éelx Generally, this option is not needed#€_-2000is capable
of applying absorption corrections intrinsicallgésabove).

Fit Goniostat gives the goniostat misalignment angles. It shauity be used by
beamline staff or the maintainers of X-ray diffl@uieters.

No Merge Original Indexwill disable the default behavior of merging refleas; thus,
reflections with the same unique hkl will not berdoned. Furthermore, the output will also
contain the original (not unique) hkl for each eetion. This option can be useful if you would
like to examine the indexed, but unmerged dataniexternal program. This may be useful
when determining the space group is difficult. Theput will consist of the original hkl,
unique hkl, batch number, a flag (0O = centric, =2 = I-), another flag (0O = hkl reflecting
above the spindle, 1 = hkl reflecting below thendpg), the asymmetric unit of the reflection,
| (scaled, Lorentz and Polarization corrected), tued of I.

Number of ZonesThis sets the number of resolution shells the idadiavided into for
the basis of calculating the statistics summaraethe plots on th8calepanel. This input is
required and will be equivalent to the number gberones in the dialog launched by the

button. If you use th&lacros panel to set the error model manually
using the keyword, you must specify an equivalent numbestddlls. The
default value is 20, but for higher resolution datdarger value allows to you detect small
crystals of ice or salt not always easily visibletbe diffraction image.
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Are fewer zones better?

No. Combining those resolution shells where Rmeésgapidly changing into a
single zone yields misleading statistics. In thase; the shell will be dominated by the
strong data at the low resolution end of the zame give the impression that the high
resolution limit of the zone has better statistizan it really does. For example, if yqu
combined all your data into a single zone, the Ry@én the final shell would be pretty
good (i.e. equal to the overall Rmerge), when at fiawas substantially worse. It is mofe
sensible to divide your zones into equal volumeaktaave enough of them so that you gan
accurately monitor the wholly expected decreasthénquality of the data as resolution
increases.

Error Scale Factor This is a single multiplicative factor which isgied to the input
si. This should be adjusted so the norefa{goodness of fit) value that is printed in theafin
table of the output comes close to 1. By defal#,ibhput errors are useBrfor Scale Factor
=1.3). Reasonable values of the error scale facwbetween 1 and 2. If you have to resort to
higher values (i.e., >2) to get your overadlvalues to 1, then you should be suspicious of
some problem with your crystal, indexing, spaceugfiattice assignment, or detector or
goniostat. That doesn’t mean that your data isegsebut it does mean that there are problems
with it.

Increasing the Error Scale Factor can also dectbaseumber of reflections that will
be rejected. Ideally, you would not reject anyeefilons; however, in practice even excellent
data sets have a few outliers that need to betegieGenerally, if fewer than 0.5% of the
reflections are rejected, this is considered norRajections significantly greater than 1%
usually indicates some problem with the indeximgggration, space group assignment, or the
data itself (e.g., spindle or shutter problems).

Default Scale This is the overall scale factor used in the absasf an initial scale
factor. This is useful if the data are too intenskjch is sometimes the case with small
molecules. It will reduce the output intensitiestbg factor entered.

Resolution This is the maximum and minimum resolution (bspacing of the
reflections used in this run. The defaults are filieresolution range found in the input
integration data. Note that if you integrated yoaw data correctly, the maximum resolution
should slightly exceed the resolution at which ysignal drops below 2. Therefore, in
subsequent rounds of scaling it is usually impdrtarenter a new value for the maximum
resolution over which scaling is performed. Herais example: You collected data and
integrated it over the resolution range of 50 ®A. The first round of scaling was performed
over this resolution range, and you noted thataherage I/ dropped below 2 at 2.3 A
resolution. Therefore, you should do all subseqgealing with a minimum resolution of 50
A and a maximum resolution of 2.3 A.

95



SCALING AND SCALING OPTIONS

Don’t change the resolution until after the first round of scaling with a properly
adjusted error_scale factor and rejected outliers.It is only at this point that you can
determine where the signal drops below. Zhis is your high-resolution limit. Once this has
been determined, you should deleterdject  file using the button in
the Controls panel at the bottom. Then start sgativer again, this time with the proper
resolution limits.

Global Refinement Options

The values of the unit cell parameters obtainedthfe single image may be quite
imprecise due to the correlations between crystal detector parameters. This lack of
precision is of little significance during integrat as long as the predicted positions are on
target. However, at the end of the data reductrongss, it is important to use all the available
information to get precise unit cell values. Thasdone in a procedure referred toGlsbal
Refinementor Postrefinement The implementation of this method $talepackallows for
separate refinement of the orientation of each anagt with the same unit cell value for the
whole data set. In each batch of data (a batclypally one image) different unit cell
parameters may be poorly determined. However, igp&cal data set, there are enough
orientations to determine precisely all unit celidgths and angles.

Global Refinements also more precise than the processing of desingage in the
determination of crystal mosaicity and the oriepntatof each image. This is particularly
important when deciding which reflections are fultgorded and which are partially recorded,
which is why you should routinely do tiidobal Refinement

Within the global refinement, the following paramst can be refined: the unit cell
lengths and angles, the crystalentation parametefSrystal Rotation X Crystal Rotation
Y, andCrystal Rotation Z, and the mosaicity. These can either be refined the “Crystal”
(generally this means over the whole data setyer the “Batch” (generally this means each
image). You can see these listed if you click aa4h choice under th&lobal Refinement
menu:Custom Postrefinement

The defaults are set so that the unit cell parameated the mosaicity are refined to be
the same over the entire data set. This makes $@ns®wst data collections these days when
the crystal is frozen and the entire data set ieaced from a single crystal. However, if
something happened to the crystal in the middléhefdata collection (e.g., a temperature
change that caused the unit cell constants to @éjaghe crystal began to decay severely),
then one would want to refine these for each badtiier than over the entire data set.

Similarly, the defaults for the crystal orientatiparameters, in this case, are refined
for each batch, or frame, rather than over theremtata set. This allows you to spot any
problems with the goniostat. If you do refine tfos each batch and it doesn’t change much,
then on subsequent rounds of refinement you camerdfe orientation once for the entire data
set (crystal).

In general, it is best to assume that the crystalipping and that the goniostat is
imperfect Emall Slippage Imperfect Goniostat when choosinglobal Refinemenbptions,
and only restrict the refinement with the otheraps if the data warrants it.
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Figure 87. The global refinement options

Number of cyclesThe default for théNumber of Global Refinement Cycles id0.
You can change this by changing the number in tixeulmderGlobal Refinemen{Figure 87).

Scalepack TypeFor very large or small data sets, you may neespaxifically set
which version of Scalepack should be used. For gl@nthe virus version of Scalepack has
memory allocations that are compatible with imagfest have a very high number of
reflections, as would be expected for viruses beptrystals that have extremely large unit
cells. In most cases, the default “Auto” optionlwig sufficient.

The three Scalepack output Files

The three files and their default names amgput.sca , scale.out , and
scale.log  (Figure 88).

output.sca s the file that contains your scaled reflectiofise header lists the unit
cell and space group, and the five columns cormegpah, k andl, I, and (I). You may rename
this file as you wish, although the conventionasrétain the *sca suffix to show that
Scalepack created it. Many other programs that eatkpacKiles expect this suffix. If you
are trying to choose between space groups, itds Wi include the space group in file names.

scale.log is a log of the scaling operations. It is oftenteglong once the list of
rejected reflections is included. You can view this within HKL-2000 using the

button.

scale.out  (not visible in arDutput File window) is a file that contains the data for
the plots seen in the user interface. As thisiflenly used internally byHKL-200Q you
shouldn’t rename it.

The files are all written to the output data dioggtyou specified in thdlain page.
However, if you fill in the path explicitly in thigox provided, you can write the files anywhere
you'd like.

Figure 88. The Scalepack output files
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Use the button in the Scaling Controls Box to scale thetdaExpect
to click this button numerous times, since scalirgjan iterative process.

Figure 89. The Scaling Control Box will have sometmns disabled before scaling

Output Statistics and Graphs

After each round of scaling, several statistics graphs will be displayed in the top
half of the window. This section contains 1) Pdstement statistics, 2) overall statistics, and
3) ten diagnostic graphs.

The top of the screen will have global refinementiss, including the results from
post-refinement, including the unit cell parametarsl information about the number of
reflections (Figure 90). If you have selected tle® Auto Correction®ption, more statistics
will be available on the left side of the displdyigure 91). If you have selected thim
Postrefinemenbption, only information about the reflections Maé available (Figure 92).

Figure 90. Global Refinement with post-refinememtformation

98



SCALING OUTPUT STATISTICS AND GRAPHS

Figure 91. Global Refinement with post-refinememiformation and auto-corrections

Figure 92. Global statistics with no post-refinemen
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Rejected vs. Marked for Rejection

The table that appears at the top of the page a#eh round of scaling has two
categoriesReflections Marked for Rejection andReflections RejectedTheReflections
Marked for Rejection are the percentage of all reflections that havenhberitten to the
reject file. TheReflections Rejectedepresent the percentage of reflections, whickehav
actually been omitted from the data in the lateshd of scaling. Rejection of reflections|is
an iterative process that should converge after @féw rounds of rejection and refinement.
For example, on the first round of scaling, 100actfons may be flagged for rejection and
written to thereject  file. If Use Rejections on Next Ruims checked, then the reflections
in thereject  file will be removed from the set of reflectiontdaon the next round of
scaling. Having done this, other reflections mawr® flagged as outliers, and written to
the end of theeject file. Perhaps there are 20 more this time. Repgahiis procedurg
should converge to a point when no more reflectamesbeing rejected (and thus the to
percentages are identical).

Ten diagnostic graphs will appear below globalmefnent statistics. A scroll bar on
the right allows you to view graphs that do nogorally fit in the window. These graphs are:
- Scale and B vs. Frame
Completeness vs. Resolution
Chi? and Rmerge vs. Frame
Chi? and Rmerge vs. Resolution
I/sigma and Cg.vs. Resolution
| vs. Resolution
Chi? and Rmerge vs. Average |
Average and Cumulative Redundancy vs. Resolution
Mosaicity vs. Frame
Low-Resolution Completeness vs. Resolution

Most of the graphs have an button that describes the graph. For example,
the explanation for the Completeness vs. Resolatestribes what the different colored lines
mean (different sigma levels). Graphs that areailhyt displayed as logarithmic graphs also
have dinear scalebutton that will change the scale of the Y-axistdNthat some plots have
two vertical columns; in most cases, the data disgl are color-coded to match its axis. For
example, blue data are plotted with respect tdthe axis and red data to the red axis. Some
plots also have a button to toggle between linedrlag representations.

When the initial round of scaling is finished, exaethe output plots and adjust the
Error Scale Factorto bring the overalt* down to around 1 (the overallis also explicitly
specified at the end of the log file). After makicttanges to thError Scale Factor, you must
delete theeject file by clicking on the button in the loweControls
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panel, and then click again. Repeat these steps until the ovérait acceptable
then proceed to subsequent rounds of scaling lyasiag *
and scale again. Repeat the cycle of scaling gedtireg until the number of new rejections
has declined to just a few. At this point, the sxpls completed.

The first two charts can help you determine if yaata collection strategy was
appropriate and if the overall data collection weetl. TheScale and B vs. Framé€Figure
93, right) to see if there are significant variagan intensity and B-factor of frames across the
data set, which could indicate the crystal rotatag of the beam. Variations can also result
from the crystal morphology. For example, platel mave more intense reflections when the
crystal’'s edge is along the beam than when thedatee plate is perpendicular to the beam.
A dramatic rise of the B-factor (to around 10) tdats not decrease is usually an indication
of radiation damage. Theéompleteness vs. Resolutioplot (Figure 93, left) describes the
completeness of the data for different resolutioglls. The blue line represents all reflections,
the purple reflections with I/greater than 3, the red reflections with greater then 5, the
orange reflections with I/greater then 10, and the yellow reflections withgreater than 20.
This chart can be very informative for decidingydu have collected sufficient data to solve
your structure. It is not necessary to achieve 1Gfif¥hipleteness, but datasets with low
completeness can severely hinder or thwart the ggsocLow-resolution reflections are
particularly important for molecular replacemeniusons.

Figure 93. The Scale and B vs. Frame and the Cont@iess vs. Resolution and 1/Sigma
and CG,2vs. Resolution graphs

Thel/Sigma and CCGy2vs. Resolutionshows the ratio of the intensity to the error of
the intensity (I/ — blue line) and the G, the correlation coefficient between intensity
estimates of half data sets (upper red line), dsnation of resolution (Figure 94). The
traditional approach of selecting the maximum resoh was to set it to the resolution where
your data falls 2, but recent analysis suggests that you can obssful information as long
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as the C@eis above 0.2. This graph will also include anplot for anomalous data if this data
IS present.

Figure 94. 1/Sigma and C@2vs. Resolution

Working with anomalous data

Detecting an anomalous signal is very easy. Irfitsestep, the data are scaled and
postrefined normally with the option selectednt the option!)
This tells the program to output ssta file where the+ and | reflections are separated. In
this caseScalepachvill treat the # data and the-1data as two separate measurements within
a data set and the statistics that result from megtde two will reflect the differences between
the K reflections and the Ireflections. Obviously, for a centric reflectidhere is no4, so
the merging statistics will only reflect the nomtrc reflections.

The presence of an anomalous signal is detectezkémining thec? values on the
Chi”*2 and R-Factor vs. Resolutionplot (Figure 95) The twoc? curves show the?values
for each resolution shell, calculated for merged ammerged Friedel pairs, in orange and blue
respectively. Assuming that the errors scale facteere reasonable, and there is no useful
anomalous signal in your data, both curves showheg? resolution dependence should be
flat and average around 1 when scaling with eitherged or unmerged Friedel pairs. On the
other hand, it?2> 1 and you see a clear resolution dependenéeof for scaling with merged
Friedel pairs (i.e., the?increasess the resolution decreases), there is a strorggiimh of
the presence of an anomalous signal. The resolutspendence allows you to determine
where to cut off your resolution to calculate amraalous difference Patterson map with an
optimal signal to noise. Please note, however,tthatanalysis assumes that the error model
is reasonable and gives yoe%close to 1 when the anomalous signal is not pte¥em can
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only use when you have enough redundancy to treat thead F
completely independently

Figure 95. Anomalous signal detection for a strorflgft) and moderate (right) anomalous
signal.

The Scaling Controls Box
The control box in the scaling panel (Figure 9@)tams the button, and

several other options that can only be performéel aft least one round of scaling has been
performed.

Figure 96. The Scaling Control panel

is the button that starts the scaling process usiagparameters selected
in theScaling OptionsandGlobal Refinemenboxes.

allow you to set the different error levels fockaesolution

shell, giving you more control over the error mottedn the overall effect of changing the
Error Scale Factor
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The error model is the estimate of the systematar éor each of the resolution shells.
There will be exactly the same number of erromestes here as there are

The error estimates do not all have to be the sdime.estimated error applies to the
data which are readfter this keyword, so you can apply different errorlecictors to
subsequent batches by repeating this input wiflergifit values. This is an important point if
you enter data from a previoGgalepacloutput that does not needstdo be increased.

The error estimates should be approximately equtid R-factors for the resolution
shellswhere statistical errors are small namely the lower resolution shells where the data
strong. This is a crude estimate of the systenmtiur (to be multiplied by) and is usually
invariant with resolution. The default is 0.03 (i386) for all zones. Examine the difference
between the total error and the statistical emmdhe final table of statistics (this can be viewed
by clicking the button and scrolling to the bottom). The differeretween
these numbers tells you what contribution staastegror makes to the total erra)( If the
difference is small, then reasonable changes irestienated error values following the will

not help yourC2 much. This is because the estimated errors ramrgseir guess and/or
knowledge of the contribution of the systematioeto the total error, and a small difference
indicates that systematic error is not contributmgch. If the difference between total and
statistical error is significant, and tks are far from 1, then consider adjusting the etioh
error values in the affected resolution shells.

Figure 97. Adjusting the error model

will open the rejects fine in an external ediedlpwing you to
remove particular reflections from the list of igd reflections. This is rarely necessary and
not advised.

will display a window that presents a histogranowimg the
percent of reflections with a specific number oflredancies. A redundancy value is the
number of times a unique reflection has been medsfter symmetry-related reflections have
been merged. Buttons for different resolution range below the histogram, allowing you to
view your redundancies in different bins of datey(ife 98).
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Figure 98. Redundancies Window

The button works in conjunction with the number inpok next to it.
It will open the frame specified in the XDisp preagr.

The will open a file selection dialog and allow youskee the output
from previous scaling rounds.

The button will stop the current round of scaling. §imay come in handy if
you realize you have set a parameter wrong.

* allows you to change the reference frame for thiéeMndices, effectively

changing the orientation of the lattice. For extmnjp the data has been indexed such that a
screw symmetry is on the wrong axis, you can apgrmutation to get the symmetry element
on the correct axis. THeeindexing dialogets you transpose one unit cell axis to another ax
by reassigning the Miller indices. For example,ati have indexed your data in the primitive
orthorhombic crystal class, the analysis of systemabscesses may indicate that you have
one screw axis. By convention, this screw axizighbe on the ¢ axis. The original indexing
might have this screw axis along a different attisrefore, you will need to reindex the data
to make it conform to space group conditions.

Reindexing may also be necessary when comparingotwoore data sets that were
collected and processed independerillgnzg when confronted with a choice of more than
one possible indexing convention, makes a randooiceh This is not a problem unless it
makes a different choice for a second data setulsecthe two will not be compatible for
scaling together without first reindexing. One caindistinguish non-equivalent alternatives
without scaling the data, which is why this is mmine inDenzo(i.e., at the indexing or
integration step). You can tell if you need to d&r one of two data set if tliévalues upon
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merging the two are very high (e.g., 50). This nsad@nse when you consider that scaling two
or more data sets together involves comparingaedies with the sambkl or index.

To reindex the data, use the * button. You will be presented with different
reindexing options and a manual assignment opEagufe 99). If you are working with more
than one data set, you can select which dataskiseneindexed, or you can reindex all of the
data sets. For example, if you have a screw axtb®b & c axes, but they should be on the a
& b axes, you should select the option “abcbca: h k, k Im k h". After choosing
reindexing options, click * . This example is consistent with the POINTLES $iltssn
Figure 104.

Figure 99. The Reindexing dialog

No reindexing, no new auto-indexing, and nothing eept changing the sign of y
scale in Denzo can change the sign of the anomalaignal.

There are two ways to manually check whether orypnathave systematic absences.
The first is to look at thintensities of systematic absences tahtehe bottom of the log file,
which can be shown using the button. If you have scaled your data in a space
group that is expected to have systematic absetiesthe reflections that should be missing
will be listed at the bottom of the log file. Thabte lists these reflections’ intensity, sigma,
and I/sigma. The other way to evaluate the sysiemasences is to view particular slices of
reciprocal space using the button.

will open the log file that resulted from the lastind of scaling. Much
of the data in this file is displayed in the grapissdescribed below. Most of the important
information is in the tables at the end of the [blge Scalepachog file can be very long since
it contains the list of all.x files read in and a record of every cycle of swaliThelog file is
divided into several sections. In order these are:
1. thelist of *x files read in, and the list of reflections frontkaf these files that
will be rejected,;
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the output file name;
the total number of raw reflections used before lmimimg partial reflections;
the initial scale and B factors for each frame,igsiat parameters, and the space
group;
the initial scaling procedure;
analysis and results tables;
systematic absences (if expected)
automatic corrections statistics (if used)
The log file should be examined after each iteratla particular, the errorg? and
bothR factors should be checked

Pwn

© N O

will open a display one of three reciprocal laticThere are two
good reasons you may want to view the reciprodtité 1) If you would like to verify the
space group, especially the presence of a screaswaxentering and 2) if you want to visualize
the completeness of the data. Clicking the on the button will reveal the
choice of three different slices of the reciprdediice to view: h,0,l; h,k,0; 0,k,l. Looking at
these slices can make it apparent if you have sydte absences or, conversely, if you are
missing the data necessary to determine if you bgstematic absences. The h,0,l slice of the
P2:2,2; data in Figure 100 clearly shows a screw axisgtoand | because the odd reflections
are systematically absent.

Figure 100. The reciprocal lattice viewer
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lets you take a step back and reindex all of thages using values
calculated during postrefinement. You can use &)uhit cell from prostrefinement, 2) the
crystal orientation from postrefinement, and/otl8 mosaicity from postrefinement (Figure
101). This dialog box allows you to select morantlone of these parameters. This could be
beneficial if there were large changes in thesaashs the data was initially processed. This
option will overwrite your original *.x files.

Figure 101. Reprocessing options

removes the file that contains the reflectiong #ra excluded
from scaling if you have the Ugejections on next runoption selected. It is important to
delete the reject file if you change any of themm that affect the error model.

will present you with a selector panel that wiloe you to run three
types of diagnostics: heck Integration 2) Check Spindle MovemenandCheck Shutter
Timing 3). TheCheck Integrationoption will display four of the graphs generatekile the
data was being integrated (Figure 102). If youehaore than one data set, each set will have
atab. The resulting graphs should be relativielly fif they are not, you may benefit from the
option described above.

The Check Spindle Movemertalculates the Rmerge of your data using a madab t
corrects for uneven rotations of the spindle aXisis is not a common problem but does
happen. If no problems are found, you should seenbssage “No problems with uneven
spindle movement were detected.” Otherwise, ydl get the message, “The decrease in
Rmerge indicates uneven spindle movement.” You Ishi@port this type of problem to the
site administrator where you collected your data.

The Check Shutter Timingcalculates the Rmerge of your data using a maab t
corrects for uneven shutter timings. This is naoanmon problem but does happen. If no
problems are detected, you should see the mes$dgeproblems with synchronization
between shutter and spindle axis rotation were dguotherwise you will get the message
“The decrease in Rmerge indicates poor synchraoizdetween the shutter and the spindle
axis.” You should report this type of problem te thite administrator where you collected
your data.
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Figure 102. The Integration Graphs from the Inspelitegration option

* provides you with the flexibility to omit partical images from the
scaling process. After integration, some frames myagear to have strong outliers in the
integration information plots, like unacceptablglné? values —i.e., far above the mean value.
You can exclude those frames from scaling by dhiglon the* button. A table
with the list of frames will appear (Figure 103gl&ct a single frame by clicking on its box or
on a point on the plot. Select a range of framesh@gkingMultiple Selectand clicking twice,
once on the first frame and once on the last. Yay have to move to a different page with
the or = * buttons to see all frames. You may exclude fraatewe a certain limit
by selecting theselect Greater Tharoption. This will turn on crosshairs controlled the
mouse. When you click, all frames withcahigher than the horizontal crosshair. Frames
marked in red will be excluded when you close ttaod and rescale. There is also an Auto
Select button that will automatically select imageth ac?higher than 10.

If you would like to see an individual frame, sglehelnspect Objecbutton, and then
click on an image tile.
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Figure 103. Frames selected to be excluded fromliscpare marked red

and are described in detail in the next
section.

will check the PDB to see if any deposited streesguhave a similar
unit cell. It is unlikely, although not impossibteat two different proteins will crystallize with
the same space group. This option was added toahezipyou to the possibility that you have
crystallized one of the proteins that have beeminto co-purify with recombinant proteins,
such as maltose-binding protein or trypsin.
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Space Group ldentification

If your installation of HKL has been linked to CGRHen the first approach to space
group determination is to use the button. This button runs the CCP4
program POINTLESS and will present the resultsnreasy to read table. To use this button,
first scale the data in the primary space groupHercrystal lattice (the default space group
selected after integration). The dialog will notyoprovide the probability for each possible
space group but will also indicate if re-indexihg tata is necessary to ensure compatibility
with space group conventions (Figure 104). Theiledgfom POINTLESS can be viewed. If
you select the button, the space group you select will be appdied put in the Space
Group selection box. This will not, however, reirgeur data, even if reindexing is suggested.
To do this, see the section on reindexing box @ed#®6.

Figure 104. The Space Group Probability results indPOINTLESS.

If your installation is not linked to CCP4, or iby would like to verify the suggested
space groucalepackan be used to determine the space group of ygsitat. What follows
is a description of how you would continue from laktice type given bypenzoto determine
your space group. This whole analysis only appitesnantiomorphic compounds such as
proteins. It does not apply to small molecules, essarily, which may crystallize in
centrosymmetric space groups. If you expect a eeypnmetric space group, you should use
any space group which is a subgroup of the Laws ¢awhich your crystal belongs. You also
need enough data for this analysis to work soytbatcan see systematic absences.

To determine your space group using just HKL, folkhese steps:
1. Determine the lattice type IDenzo

2. Scale by the primary space grougSicalepackThe primary space groups are the first
space groups in each Bravais lattice type in thke that follows this discussion. In the
absence of lattice pseudosymmetries (e.g., monodliith b » 9¢°) the primary space
group will not incorrectly relate symmetry relategflections. Note the? statistics.
Now try a higher symmetry space group (next dovenlist) and repeat the scaling,
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keeping everything else the same. If tid@s about the same, then you know that this
is OK, and you can continue. If tieé are much worse, then you know that this is the
wrong space group, and the previous choice was gpace group. The exception is
primitive hexagonal, where you should B, after if P3:21 andP3:12 fail.

3. Examine the bottom of the log file (the button) or the simulated
reciprocal lattice picture (the buttor) for systematic absences. If
this was the correct space group, all of the syistexbsence reflections should be
absent (or with very small values). Compare this With the listing of reflection
conditions by each of the candidate space groupessé&t of absences seen in your data
that corresponds to the absences characterigtie dited space groups identifies your
space group or pair of space groups. Note thattgonot do any better than this (i.e.,
get the handedness of screw axes) without phasemaftion.

4. If it turns out that your space group is orthorhasmdnd contains one or two screw
axes, you may need to reindex to align the screxg ath the standard definition. If
you have one screw axis, your space grol22;, with the screw axis along If you
have two screw axes, then your space groi2i2:2, with the screw axes aloagand
b. If the Denzoindexing is not the same as these, then you sheuidex using the

* button.

5. So far, this is the way to index according to thewentions of the International Tables.
If you prefer to use a private convention, you ntewe to work out your own
transformations. One such transformation has bemnded in the case of space groups
P2 andP2;.

To manually select a space group, use the drop-dmxnA selection list will appear
with the 14 Bravais lattices. When you click ona#tite type, it will expand to show the
available space groups within that lattice typeckCbn a space group to select it.

Figure 105. Manual space group selection
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. . Primary assigned , Re_f!ect|on
Bravais Lattice Candidates | Conditions along
Space Groups
SCrew axe
Primitive Cubi P2:3 195 P23
198 P2:3 (2n,0,0
P4,32 207 P43z
208 P4,32 (2n,0,0
212 P4332  (4n,0,0)’
213 P4:32  (4n,0,0)’
| Centered Cub 1213 197 123 *
199 1213 *
14132 211 1432
214 14132  (4n,0,0
F Centered Cub F23 196 F23
F4.32 209 F43:z
210 F4:32 (2n,0,0
Primitive Rhombohedr R3 146 R3
R32 155 R32
Primitive Hexagon: P31 143 P3
144 P3; (0,0,3n)’
145 P3; (0,0,3n)’
P3:112 149 P31z
151 P3:12 (0,0,3n)’
153 P3;12 (0,0,3n)’
P3:21 150 P321
152 P3;21 (0,C,3n)*
154 P3;21  (0,0,3n)’
P61 168 P6
169 P61 (0,0,6n)’
170 P65 (0,0,6n)’
171 Pe (0,0,3n)**
172 P4 (0,0,3n)**
173 P& (0,0,2n
P6122 177 P62
178 P22 (0,0,6n)’
179 P22  (0,0,6n)’
180 P622  (0,0,3n)**
181 P22  (0,0,3n)**
182 P22 (0,0,2n
Primitive Tetragon: P41 75 P4
76 P4, (0,0,4n)
77 P4 (0,0,2n
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78 P43 (0,0,4n)’
P412,2 89 P422
90 P4212 (0,2n,0
91 P4,22 (0,0,4n)’
95 P4322 (0,0,4n*
93 P4,22 (0,0,2n
94 P4y2:2 (0,0,2n),(0,2n,(
92 P4,2:2 (0,0,4n),(0,2n,0)*
96 P432:2 (0,0,4n),(0,2n,0)*

| Centered Tetragor 141 79 |4
80 14 (0,0,4n
14122 97 142:
98 1422 (0,0,4n
Primitive Orthorhombi P212121 16 P22Z

17 P22z (0,0,2n
18 P2:2;2  (2n,0,0),(0,2n,C
19 P2:2:21  (2n,0,0),(0,2n,0),

(0,0,2n

C Centered Orthorhomt C222 20 C22z (0,0,2n

21 C22z
| Centered Orthorhomk 1212121 23 1222 *

24 1212121 *
F Cenered Orthorhomb F222 22 F22:z
Primitive Monoclinic P21 3 P2

4 P2y (0,2n,0
C Centered Monoclin C2 5 C2
Primitive Triclinic P1 1 P1

Note that for the pairs of similar candidate spg@ips followed by the * (or **) symbol,
scaling and merging of diffraction intensities canresolve which member of the possible
pair of space groups to which your crystal fornobels. This is inherent to crystallography.

Scaling *.x files without reintegrating diffraction images

If you have already integrated your data, you mayiwo rescale the data without
starting from scratch, either during the same seser later on. If you have just finished
processing and scaling the data, changing the bfitpmame and changing the parameters is
all that is necessary to re-scale the data infardiiit space group. If you are doing this to try
to determine the space group, it's a good ideaitdh@ space group in the output file (the .sca
file) and the log file.

If you want to scale *.x files that you have praysty processed in a new session of
HKL, select when the initial site selection dialog opens, tkehtheOutput
Data Directory in theData panel to be the directory where ydux files are located using
the directory tree. It is not necessary to seRhe Data Directory. Next, click theScale Sets
Only button followed by . You will see a list of.x files in the dialog box.
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Select the set you want to scale, followedd¥y. If you want to scale additional sets*of

files, repeat this process and add them to theTlis individual sets do not have to be in the
same directory. Each set will have the file locagi@ssociated with it. Make sure the

button is selected for each set you want to saajether. For example, if you want to scale
two sets of.x files together (say, from two different crystdl®m high and low resolution
passes of data collection, or from a native anerevdtive, etc.) make sure that s clicked

for each one. If you don’t want them to be scategkther, then make sure that  is not
clicked. You don’t have to worry about theage Displayor theExperiment Geometrgince
this was done when you first generated*tke files.

Statistics and Scalepack .

The quality of X-ray data is initially assessed $tatistics. Insmall-molecule
crystallography, there is almost always a largeesgcof strong data, so this allows the
crystallographer to discard a substantial amoussuspect data and still accurately determine
a structure. Compared to small molecules, howepeotein crystals diffract poorly.
Moreover, important phase information comes fronakvdifferences, and we must be sure
these differences do not arise from the noise chbgdahe limitations of the X-ray exposure
and detection apparatus. As a result, we cannglgitihrow away or statistically downweight
marginal data without first making a sophisticapedgment about which data are good and
which are bad.

To accurately describe the structure of a proteblesule, we often need higher
resolution data than the crystal provides. Thatifes One of the main judgments the
crystallographer makes in assessing the qualitysfiata is thus theesolution to which his
crystal diffracts. In making this judgment, we wistuse the statistical criteria which are most
discriminatory and which are the least subjectingractice, there are three ways of assessing
the high-resolution limit of diffraction. The firss$ the ratio of the intensity to the error of
the intensity, i.e., 16. The second way, which is traditional, but inferis the agreement
between symmetry-related reflections, iR The most recently adopted convention of
selecting a data cutoff is to use data that ha€& € 0.2.

From a statistical point of view/s is a superior criterion for two reasons. First, it
defines a resolution “limit” since by definitidfs is thesignal to noisef your measurements.
In contrast, th&..q.iS an unweighted statistic that does not takeaeotmunt the measurement
error.

Second, thes assigned to each intensity derives its validitynfrthe c”’s, which
represent theveightedratio of the difference between the observadd the average value
squared, divided by the square of the error modelnaultiplied by a factor correcting for the
correlation betweehand | . Since it depends on an explicit declaration efekpected error
in the measurement, the user of the program isgbdhie Bayesian reasoning process behind
the error estimation.
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The essence of Bayesian reasoning@alepackis that you brings* (or technically
speaking, the goodness-of-fit, which is relatedht® totalc* by a constant) close to 1.0 by
manipulating the parameters of the error moBegl., on the other hand, is amweighted
statistic which is independent of the error modtlis sensitive to both intentional and
unintentional manipulation of the data used to wWake it, and may not correlate with the
guality of the data. An example of this is seen mvbellecting more and more data from the
same crystal. As the redundancy goes up, the divetlaged data quality definitely improves,
yet theR¢rg2IS0 goes up. As a resUiseqeis only really useful when comparing data which

has been accumulated and treated the same. Thisewdiscussed again later.

In short,l/s is the preferred wapf assessing the quality of diffraction data beeait
derives its validity from the* (likelihood) analysis. Unless all of the expliaihd implicit
assumptions which have been made in the calculafi@m R.... are known, this criterion is
less meaningful. This is particularly true whenrskang for a “number,” which can be used
by others to critically evaluate your work.

There are two modes of analysis of data usisigThe first mode keeps thiglor more
precisely, the goodness-of-fit) constant and coegpéne error models. This means that you
are adjusting your estimates of the errors asstiaith the measurement until the deviations
within observations agree with the expectation dasethe error model.

The second mode keeps the error model constantamgparese’s. This mode is
computationally much faster and is used in refineinpeocedures. Of the two modes, the first
is more informative, because it forces you to aderschanges in the error model. Which mode
you use generally depends on what you are compahihgn assessing the general quality of
your detector, the first mode is used. When comgaaderivativeto anative the second mode
is used due to an incomplete error model which am¢gake into account important factors
like non-isomorphismThus, thec® of scaling between a native and a derivative plesia
measure of non-isomorphism, assuming the detector & accurately modeled for both
samples.

Rreiie Was historically used as an estimate of the nomaphism of data collected on
film using several different crystals, and for thisgpose, it still has some validity because we
do not account for non-isomorphism in our error glodt is not so important now that
complete X-ray data sets are collected from sirfgbeen crystals.

One of the drawbacks of usif.c.2s a measure of the quality of a data set isithat
can be intentionally and unintentionally maniputhteJnintentional factors which can
artificially lower Rreqe generally have the effect of reducing the redungasf the data or
eliminating weaker observations. In crystallographg greater the redundancy of the data is,
the worse is th&..q, because of the correlation betwéemd | which reduces thBueg The
greater the redundancy, the lower is the correlati@r two measurements with the sasme
the correlation is 50%, $Rn.c.iS Underestimated Ky compared to the case of no correlation.
Known unintentional factors which lowB%.include the following:

1. Data collected so that lower resolution shells, whbe data is strong, have a
higher redundancy than the higher resolution sheftere the data is generally
weaker. This can be accomplished by collecting datdetectors whereg2 0,
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or including data from the corners of rectangulasquare image plates. There is
nothing wrong with using this data; it will justtificially lower the Ruerge

2. Inclusion of single measurements in the calculatibRueq. in 0ne widely used
program, which is why a table using this erronecakulation used to be
presented in theScalepackoutput. Although the bug in the program was
unintentional, it nonetheless reduced Be.. and this may have accounted for
the parameter’s longevity. A second, more subttgthat reduce&mes.prompted
the introduction of the keyword . Fortunately, both bugs
have now been fixed, but the point is that errdithis type can persist.

3.  The omission of negative or weak reflections frama talculation oRvegs This
is often undocumented behavior of crystallograpdeta scaling/merging
software. Examples include:

a) elimination from theR..ce Calculation the reflections that have negative
intensities.

b) conversion of < 0 tol = 0 before the calculation of.Re.and inclusion of
this reflection in the data set (the statisticswéh a type are included in the
Scalepacloutput for reasons of comparison. This is the Ris.table in the
log file, not the final one).

c) omitting reflections withl < 0 from the calculation of R4 but the inclusion
of these reflections in the output data set. Défaaltoffs set to unreasonable
values, like 1. This is, in fact, the default oé tboftware used commonly to
process image plate data.

4. Use of unreasonable default or recommended refectiteria in other programs.
These eliminate individudls which should contribute tBw.qe and yet are still
statistically sound measurements.

5. Use of the eigenvalue filter to determine the oN&&actor of a data set collected
on a non-frozen, decaying crystal. In this case gigenvalue filter will calculate
an overall B factor, which is appropriate for thldie of the data set, yet apply
this to all data. As a result, the high-resoluteta will be down-weighted
compared to data processed with the first, leashyb frame as the reference.
The high-resolution data is generally weaker thenlow-resolution data, and as
a result, is more likely to result in highBr.q. By down-weighting the high-
resolution data, th&m.. is artificially lowered. Any program which doestno
allow the option of setting the reference framd halve this problem. Of course,
there is no problem with non-decaying crystals.

There are also intentional ways of lowering y8us.. Like those ways listed above,
they generally result from the statistically ingadilimination of weak reflections, reduction of
the redundancy of the data, or de-emphasis of vdedl. The difference between these
methods and those listed above is that they arergiyunder the control of the user.
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1. Use of an unreasonable (e.g3® 0). The rejection of weak data will
always improveR..q. There is a further discussion of in the
Scalepack Keywords Descriptiogsaction.

2. Use of a resolution limit cutoff. Again, the omizsiof weak data will improve
Rrese A reasonable resolution cutoff is the zone whise< 2.

3.  Combining into a single zone for the purposes dfutations those resolution
shells wherdR...is rapidly changing. In this case, the shell Wwédldominated by
the strong data at the low-resolution end of theezand give the impression that
the high-resolution limit of the zone has bettatistics than it does. For example,
if you combined all your data into a single zome R..in thefinal shell would
be pretty good (R« overall), when in fact it was substantially worges
described above, it is more sensible to divide yoames into at least 10 (or
preferably more) equal volumes.

4. Omitting partially recorded reflections. This hde teffect of a) reducing the
redundancy, and b) eliminating poorer reflectidpattially recorded reflections
will always have a highey associated with them because they have a higtar to
background, due to the inclusion of background froare than one frame in the

reflection.

5. Scaling I+ and I- reflections separately in theesiae of a legitimate anomalous
signal ( ). This has the effect of reducing the redundancy.

6. Ignoring overloaded reflections using the in ScalepackThe

intensity of overloaded or saturated, reflectioasmrmot be directly measured
because some of the pixels are saturated. Prafiilegf only measures these
reflections indirectly, by fitting a calculated fiite to the spot using the
information contained in theingsor tail of the spot. Ignoring the inaccuracies
inherent in this method by ignoring overloads mayeha dramatic effect dRverge
Note that in case of molecular replacement theoapti should be
used.

is often a useful tool. For example, when caltagpnomalous

differences, you do not want to use overloadecdecttins because you are looking for very,
very small differences and want to use only thetragsurate data. Another time you might
ignore overloads is when you collect multipass ditdhis case, a crystal is exposed twice,
once for a short time, the other for a longer tiifige longer exposure is to sufficiently darken
the high resolution reflections but will resultgaturated low-resolution reflections. Since the
low-resolution reflections can be obtained from shert exposures, the overloaded ones can
be ignored in the long exposures.

The Resolution of Diffraction Data.

A statistically sensible cutoff for the resolutioh a diffraction data set is that shell
where the averageslfis 2 after correctly integrating and scaling tlagad The resolution of the
data is a distinct criterion from its completenefbe best data will be 100% complete.
Completeness may suffer due to anisotropic diffoactoverlapped reflections, or geometrical
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constraints (data from the corners of the detesi@s used, beam stop or cooling nozzle
shadows, etc.). In order to properly estimate #solution of the data, you have to take into
account thd/ , Rsymand the completeness of the data.
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The Project Tab After Scaling

After scaling your data, the Project Tab will conteformation about your scaled sets
(Figure 106). A new set will appear every time yename the output file. This can be useful
if you are scaling the data in different space geoar want to check scaling results using
different parameters.

If you have a different results file from a prevéosession (that was not saved to your
project, you can load it here using the button. Conversely, if you do not want to keep
a file in you set history, you can use the button. For example, if you have scaled
the data in two data sets, you may want to remiogdile corresponding to the incorrect space

group.

Figure 106. The Project Tab after scaling two datats
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You can use the button to display the results associated withslected
file. This display also includes a button that will display the log file associatedhw
the scaling.

Figure 107. Use the Statistics button to see sogliasults
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Automatic Data Processing

HKL-2000 now has the ability to integrate and scalenany data sets automatically.
Although this process is not always successflilag a high rate of success. This process has
been tested using over 6000 datasets from therhitely Resource for Reproducibility in
Macromolecular Crystallographitfp://proteindiffraction.orly Data indexing and integration
were successful for 83% of the data. The correatesmgroup was identified for 76% of the
datasets.

Automatic processing uses the CCP4 program POINTLES to identify the space
group and therefore requires that CCP4 is installecand HKL is aware of the location of
the CCP4 programs CCP4 requires its own license, and the installatf CCP4 is not
covered in this manual. For more information ab8@P4, please see the CCP4 website
(http://www.ccp4.ac.uk).

To begin the automatic processing, select the Autab after loading the datasets
using one of the methods outlined aboyaising either the button on the
Data tab or load a project that already has data smismould like to process. Thiuto tab
will open with the set of images in thaw Data Setdox (Figure 108). Use the
button see the first raw diffraction image. Yourdi need to peek search the data. To start the
automatic processing procedure, click the button.

Figure 108. The Raw Data Sets window

HKL-2000 will process every file in the data seturing the first set, the word
“Integrating” will flash, and the frame number bgiprocessed will update (Figure 109). This
does not update for every frame, but rather is aseath indication that the process is ongoing.
If the process seems to freeze, you can use the button to stop the process.
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Figure 109. During automatic data processing.

Once all of the individual diffraction images habveen processed, each set will be
listed with some basic information about the inédign process (Figure 110). The
button can be used to create a set within the @atarhis can be useful if you would like to
manually scale the data after the process hashédisThe view button will show you six
diagnostic graphs about the integration proces$yding graphs of the frame number versus
c?, Unit Cell Changes Normalized Number of Reflections, ChangeDistance Changes
Crystal Orientation Changes andMosaicity (Figure 111). These graphs should generally be
flat, but some variability is OK. If you have madiean one data set, the resulting graphs for
each data set will be in in a different tab.

Figure 110. Automatic integration results
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Figure 111. Automatic integration diagnostic graphs

After the integration process has finished, thieeogions from all the frames need to be
scaled together. During this process, the flasthiogl “Integrating” will change to “Scaling”.
Once scaling is complete, the name of the outputiill appear, along with the crystals space
group and the resolution chosen for scaling (Fidur2. Automatic scaling results). You can
transfer this output file to the Project tab usihg button (see The Project Tab
After Scaling on page 120). The button can be used to display the typical outponf
scaling (see Output Statistics and Graphs on paye 9

Figure 112. Automatic scaling results
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Merging Multiple Scaled Files

You may come across situations that necessitatéioomy data sets that have been
scaled separately. This most obvious applicatiathisfis when you are combining data from
multiple crystals to obtain a complete data set there are other situations that may require
this. Perhaps you have collected some data frongstiat, returned it to a storage dewar, and
subsequently realized you had to collect more datat. On many beamlines, the crystal
mounting robot will often return the crystal to @mentation that is close enough that you can
process and scale the data all at once, but sdalendifferent parts of the data separately will
be more appropriate in some situations.

TheMergetab provides a straightforward interface to corabiarious scaled files. To
start the process, you need to load the individoaled files into the interface. There are two
methods to do this. First, you may use the button to bring up a file selection dialog. If the
files are in the same directory, you may selecttiplel files at once (Figure 113). In most
cases, the files will be in separate directoried ail have to be loaded one at a time. The
other method of loading the files into the mergalaly is to copy them from the Project tab,
using the button. Each scaled file in the will be copiedhe list of scaled files.

If you have some files that were not already stonegour project, select them and click
, and those files will be added to your project.

Figure 113. Selecting several files to merge.

To merge files together, you must first selecteasst two files you want to combine.
Select a file by clicking within its row, and it Wiurn blue (Figure 114). The button
can be used to look at the scaling results fronmgles set that is selected. By default, HKL
will choose the unit cell from the first (highest the list) file that is selected. If you would
like to use the unit cell from another file, selduat file first and click the
button.

If any of the files you have loaded into the screawe anomalous data, by default the
Anomalousoption will be selected, preserving any anomakdais you have. You may also
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choose the Auto Corrections option, which will dkxcfor you if anomalous data is present.
To merge the files, click the button.

Figure 114. Files selected to merge.

You will immediately see the scaling results operm inew window, and the resulting
file name will now appear in the sets window. Yolll motice that the graphs that plot values
against the frame number will only have as mangrffes” as the number of files you were
merging. The other graphs will show the cumulatesults. If the scaling results are not good,
you may need to reindex one or more of the data $be  * button opens the reindex
dialog and allows you to reindex the sets indepstiygle

Figure 115. The merged file will appear in the list
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Using Macros

In HKL-2000, macros provide you with a mechanismnbdéracting with your data in a way
that is sometimes not possible using the interédoee. Before HKL-2000, the HKL package
consisted of individual programs (i.e., Denzo awdl&oack) that were run using command
scripts that were composed of keywords specificttose programs. These individual
commands are still at the heart of HKL-2000, bu¢ thterface removes the burden of
remembering and ordering the keywords. These keysvoan still be used to interact with
your data via thdacrostab (Figure 116). Keywords can have modifiersuargnts (usually
values), or both. A macro is a combination of avkeyd and necessary modifiers and/or
argument.

The Macrostab is divided into five section8efore Indexing, During Refinement
During Integration, During Scaling, andimmediate Execution Each section has a text box
at the top where the macros can be entered. After lyave typed a complete macro
(keyword/modifiers/values) click , and the macro will appear in the macro list for
that section. The name of the section indicateswthe macros in that section are executed.
Macros will be executed in the order they appedhénlist.

You can select a macro by clicking on it, whichlwgilve it a blue background. This
has the same effect as if you had selected theatekissued a “copy” command and allows
you to paste it into the text box of a macro sectising the middle mouse button. For example,
many macros that are usefdliring Refinementare also helpfuDuring Integration. If you
need to remove a macro, select it and click the button.

Figure 116. The Macros Tab

The During Scaling section has an additional option. If you selecttd&et Macro”
and click , you will a new dialog that allows you to spedifywhich data sets the macro
applies (Figure 117). Choose one or more databyetticking on the numbered buttons. The
macro will apply to the selected (blue) sets. Click when you have entered all the macros
you want.
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Figure 117. Data Set specific macros

The bottom section of thdacrostab,Immediate Executiononly has one button,
, Which does what it says.

The list of keywords that can control HKL-2000 as¢ed inAppendix — Indexing and
Integration KeywordsandAppendix - Scaling Keywordstarting on page 145. Many of these
keywords are more conveniently issued using the 2BQ0 interface but are presented for
completeness.

128



APPENDIX — INSTALLATION

Appendix — HKL-2000 Installation

The following section on installation is included
for completeness, but users are strongly encouraged
get up to date information about installation frorthe
HKL Research, Inc website - https://hkl-xray.coml'he
website also includes information about installing
HKL-2000 on Windows systems.

Obtaining HKL-2000 installation files

An HKL installer and executables of all programsn che obtained from
https://hkl2000.hkl-xray.con¥.o download the programs, use the login id: hkl200@. The
password can be obtained through the automatic pas®rd system (see the web page) or
by contacting HKL Research, Inc. via email.

Several versions of HKL-2000 are available. Thedaversion, which is described in
this manual, is version 717. If the program hasmhgelated since the initial version release,
then the version may have a version extension, 8si6f717.1. The directory corresponding to
this version has versions for several operatingesys, as well as copies of the HKL Installer
for each operating systerach file will be compressed using standard compre®n used
for that operating system.For example, if you are using Linux, use the cominan

> tar zxf HKL2000 v717.1 installer-Linux-x86_64.tar .z

This will create the directory named after the dmaded file. The files contained
within this directory will depend on the file dovaalded. For example, the HKL installer file
will contain a file access_prod , the HKL_installer , a README.txt file, and a
directory of setup_files . The compressed file containing the Linux exedetatwill
contain a README.txt file, setup files for Bash or CShelhK_setup.sh and
hkl_setup.csh |, respectively), antlin , data , andlib directories.

License key

In order to run HKL-2000 or use the HKL Installggu will need to obtain a license
from HKL Research Inc. The license key is contaiirea file cr_info. The traditional
location of this file is in théusr/local/lib directory. The HKL Installer will look for
the file in this location but allows you to specitfye location. To obtain the license key, you
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need to run thaccess_prod program on each machine that you plan to useaufaring the
HKL-2000programs. Thaccess_prod program is main directory if you downloaded the
installation file and in thdin directory if you downloaded the executablesecuting the
access_prod _results in_the following text-based dialog (exampl answers to the
prompts are shown in red):

enter the name of your institutioftate University

enter the name of PJohn Doe

enter the name of person responsible for HKL magntee:.Jane Doe

enter names of all frame formats (detectors) yonotw@ausemar raxis4

enter the number of detectors in your lab which @regently supported by HKL
package?2

enter the name of company from which you receivad yicenseHKL Research, Inc
enter HKL version number:17

if this is temporary license, enter the numberayfslyou request, for permanent license
enter 'noexpir'noexpir

do you want to send automatically e-mailhtikl@hkl-xray.comin order to activate
your license (y) P

If the answer is y (yes), the access_prod program m ay
automatically send an e-mail with a request for an access
file: cr_info. It does not always work, though (dep ending
upon how the email system is configured on your com puter.

If the answer is n (no) the program will produce th e
following info file. You may save the info file
and afterwards “manually” send it to hkl@hkl-xray.com

Please:
Do not edit or alter thanfo file - it is processed automatically after veriion.
Do not send amfo file as an attachment.
Note that theaccess_prod program does not work properly if the setup ofdbmputer
operating system is not consistent.

The example of amfo file created by thaccess _prod program is given below
(comments in italic):

HOST-NAME: p4.med.state.edu (extracted by the mogrdo not edit)
NOTE: the field is limited in length to 30 cracter:

HOST-ID: -203537961 (extracted by the progra- do not edi)
HOSTNAME: state.ec (extracted by the progra- do not edit)
HW_PROV: s¢ (extracted by the progra- do not edit)

CPL-SERIAL: Linux, ethl, 94DE. (extracted by the progra- donot edit)
INSTITUTION: State Universit Licensee"dnstitution nam

Pl: John Do Principal Investigator or Group Lea
CONTACT: Jane Dc Contact Persc
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DETECTORS: mar raxis
NO-OF-DET: 2

PROVIDER: HKL Research, Ir
VERSION: 717

EXPIR: noexpi

Using the HKL Installer

APPENDIX — INSTALLATION

List delectorsyou eypect to us, like Eigeror Rigakt
Number of Detectors at Home Labory
LicenseProvider: Rigaku/MSC, HKL Research, «
Requested Version of the Progi

The default location of the HKL-2000 installatios in /usr/local/HKL/ in a
directory named for the version number. This dogctalmost always requires elevated
privileges, so you will have to start the programhvsudo privileges (sudo ./HKL _installer).
The installer will first verify that your licenseel is valid. The traditional location of the
license key file (cr_info) is in /usr/local/lib. €htext area at the bottom will provide details

about your license (Figure 118).

The buttons at the bottom of the installer let gelect which HKL version you would
like to install. Select HKL-2000 to install the gmam described in this manual. Click
“Continue” to see version specific license. You mascept the license to proceed (Figure

119).

Figure 118. Select to install HKL-2000

131



APPENDIX — INSTALLATION

Figure 119. Read and Accept the HKL-2000 License

The following screen will let you select if you wao create a new HKL installation
or upgrade an existing installation (Figure 120).
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Figure 120. Create a new installation or upgrade amristing one

The next dialog allows you to specify the locatminthe program and the detector
definition directory (Figure 121). The default |ticas for these arkisr/local/HKL and
lusr/local/hklint , respectively. You may change these if you wantige another
directory or do not have write permission for thégectories. The default folder for HKL will
include the version number. This page will also #slou want to create a desktop icon to
launch HKL-2000. Once you have things set up how would like, click to finish
the setup. The installer will then check if you @germission to write to these directories and
install all the necessary files.

HKL-2000 can optionally use some CCP4 programs tla@diKL Installer will let you
select the location of CCP4 (Figure 122).

If the installation is successful, you will seeamfirmation screen (Figure 123).

Figure 121. Select the installation directory

Figure 122. External program selection
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Figure 123. Finish the installation

Installing HKL-2000 in Windows

HKL-2000 can be installed in Windows 10 (build 1#¥3yreater). This requires the
activation of Windows Subsystem for Linux (WSL), ian allows you to run a complete
Bash shell in a sandbox alongside your Windowsaipey system, and installation of an X-
windows implementation. Because this requires gharto your operating system, the
procedure is beyond the scope of this manual. Mewehe instructions can be found on
the HKL Research, Inc. websitenftps://hkl-xray.com/windows-installation Once WSL
and an X-windows client has been setup, installatibHKL-2000 essentially follows thg
instructions contained in this manual.

D

Installing HKL-2000 manually

If you would like to install HKL-2000 using the ttdional method used before the
HKL Installer was available, download and uncomsgré® executable directory in a suitable
location. Typically, the executables are placethendirectory /usr/local/HKL, which requires
system administrator privileges. You can also pkcecutables in an arbitrary directory, for
instanceéhome/joe/programs/hkl. In that case, you have to set the environmental
variable$SHKLPATHTto that directory. The exact command will dependtte shell you are
using to run programs (this can be determined pinty echo$SHELL). For C-type shells
(csh, tcsh  , etc.) and the example above, the command is:

setenv HKLPATH /homel/joe/programs/hki

For Bourne-type shells (e.@h, bash, dash , etc.), the command is:

134



APPENDIX — INSTALLATION

export HKLPATH=/home/joe/programs/hkl

HKL-2000 also requires a directory hklint for sies. Its default location is:
/usr/local/hklint

Typically, accessing this location requires adntraier privileges, but it can be
changed to an arbitrary location, by setting theirenmental variableSHKLDIR. For
example:

setenv HKLDIR /home/joe/programs/hki
(for C-type shells, andxport HKLDIR= <path> for Bourne-type shells as above).

Theanom.dat file should be placed in this directory togethethwsubdirectories
containing the site files. The site fildef.site ) of each detector (home or synchrotron)
should be stored in its own directory. Each suckatiory should be appropriately named to
identify the specific facility and the detector ibas

Example:

lusr/local/hklint/Raxis4

lusr/local/hklint/Spring8-BL23-Quantum4
/usr/local/hklint/BNLX25-Quantum4

You can check how the environmental variables getdy typing the command:

env | grep HKL

To keep the values of the HKL environmental vaeablor subsequent logins, you
should modify the configuration files for the shedlu are using~/.tcshrc, ~/.cshrc,
~./bashrc | etc.).

Starting HKL-2000

After you have installetHKL-2000and placed the license fige_info  either in the
lusr/local/lib directory or the directory you specified duringtedlation, there are two
ways to start the program. If you have used the Higtaller, the program can be started from
a terminal window by typing:

HKL2000
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If you receive an error message "no display nanterem$DISPLAY environment
variable", it means that the X windows system isworking or not configured properly. On
Mac OS X, you need to start the X11 applicatiororfrthe Finder'sGo menu, choose
Applications, then choos#ltilities and seleck11). You should see thél1licon in the dock,
double click on it to open atterm window and starHKL-2000from this window.

If you receive an error message "Command not fouhdieans that HKLPATH is not in the
executable command search path. Modify the envieotat variable PATH or type a full
path e.g/usr/local/bin/HKL2000

What files make up the HKL-2000 suite, and what do they do?
HKL2000 — The main program with the graphical user interface
access_prod—  The program that prepares file necessary for fiedwy generation.
It has to be executed on each computer that wilktineHKL-2000suite.
anomalous — Anomalous signal analysis

cdir_t—  Directory manipulation tools

denzo_3d — Auto-indexing, refinement, and integration; 3-@essing

hklfilename — Filename manipulation tools

hklsysinfo — Program that gathers information about computssuees

readheader —  File header reader

scalepack —  Scaling data comprising up to 2000 frames andl|Romireflections

scalepacklém —  Scaling data comprising up to 2000 frames and 1l6om
reflections

scalepack8m —  Scaling data comprising up ta2000 frames and 8 million
reflections

scalepacklvirus — Scaling data comprising up to 3000 frames and Bitom
reflections

scalepackmanyframes — Scaling data comprising up to 4000 frames and 2
million reflections

scalepackmf6500 — Scaling data comprising up to 6500 frames and IBomi
reflections

scalepackribo — Scaling data comprising up to 2000 frames and 8Rom
reflections

scalepackvirus — Scaling data comprising up to 2000 frames and 3#omi
reflections

strat—  Strategy and simulation

suser — Internal communication program

xdark — Dark current calculation

xdisp - Image display and measurement
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Appendix - Trouble Shooting

When refinement goes wrong

Occasionally the auto-indexing routine does noegilear-cut results. There are four
classes of data-reduction problems:

Sometimes it’s your crystal

Below are things that can cause problems processmy scaling your datg.

However, there is only so much that can be domenepensate for problems with crystal.

Disorder, split crystals, Cuk/CuK 2 splitting, multiple crystals, twinned crystals; ean
all make it difficult to get good data. Bad crystare still going to give bad de

1. Utter failure

2. Misprediction

3. Kind-of-failed

4. The predicted positions agree perfectly with thakse but the data scale poorly

1. Utter failure means that there is no reasonable predicteddattie crystal unit cell
parameters are unreasonable, and the predicteddtiiéin pattern does not correspond to the
observed image. In most cases, failure can beb&stto problems in three areas:

A. experimental conditions,
B. auto-indexing parameters, and/or
C. the peak search (rarely).

A. Experimental conditions that can cause indexing f&ire: Problems with
experimental site parameters account for the vagbnity of the problems with auto-
indexing single-crystal data. If any of the follagiparameters is widely off, your auto-
indexing will also be off (listed in order of imgance):

I. The= and positions. The error of the direct beam coordinatesuld
be less than half of the distance between the slaliraction spots; therefore, small
unit cells are more forgiving about beam positiomes.

There are several methods of settingtthe  and positions. The simplest
Is to measure the coordinates directly from lthage Display.The position of the
cursor is displayed in the little green box on tiglat. The best case for this is if the
beam stop permits a tiny amount of the direct beapass through and make a spot
on each frame (Figure 124), but this method cao &ks used if you have a
combination of a small beam stop and a relativelglsunit cell. After determining

137



APPENDIX — TROUBLE SHOOTING

the position of the direct beam with the cursocait either be entered using Biee
Configuration dialog (Figure 14) or using the window launchedtiy
button (Figure 125).

Figure 124. The beam stop thinned in the center slsothe direct beam position.

Figure 125. The button opens the beam position dialog.

The set beam position dialog (Figure 126) proviaesnteractive method of setting
the direct beam position. Clicking on the big bdggare will activate the cursor such
that the coordinates of wherever you click in th@mimage Displaywindow will
be entered into the fields for the n&wandY Beam Positions At this time, only the
main Image Displaywindow is active for this operation, not t@@®om window.
These new positions will take effect after you klan the button that says

. Clicking here does two things. First, it enterswnBeam Position
coordinates into the refinement, and second, egey command tdenzq which
starts the refinement (equivalent to clicking the button). This allows you to
see the effect of the néBeam Positionon the predicted reflections right away. (You
may have to click andtryto * again.) You can also enter
these new values into tiséte Configuration file by clicking the button.
However, just as with the Site Configuration diglggu can only update the site if
you have permission to write to the site definitiid@. Even if you do not update the
site file, the new beam coordinates will be in usgl you close the program. If you
think that the beam position has changed, it magrbdent to create a new site with
the updated beam position.
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Figure 126. The Beam Position Dialog in the normahd activated state.

Specification of theletector format (believe it, it's happened).

The crystal-to-detector . The distance should be known accurately (within
about 1%) and can be measured with a tape measartast resort.

The Detector Rotation Xand Detector Rotation Y values. MissetDetector
Rotation XandDetector Rotation YWalues may be due tgangles other than zero.

Oscillation range. Very rarely auto-indexing will fail because t@vde or too small
an oscillation range was collected. In the caskamfe oscillations, the lunes may
severely overlap, and the auto-indexing progranh lveiVe a problem with the non-
uniqueness of the mapping from the detector tgrecal space. In the casesohall
oscillations or stills collected on non-mosaic tays with a very parallel beam, too
few reflections may be present to describe a IAsea rule of thumb, the following
types of oscillation ranges should be used:

viruses: 0.25 oscillations,
proteins: 1.(° oscillations,
small molecules:2.5° - 5.7 oscillations

There is a fairly wide margin on either side, byledst a factor of 2. The main
determinant of the oscillation range is whethenat the diffraction spots are well
resolved.
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Knowing the detector parameters only makes sems@ul want to deduce some
unknowns (crystal lattice, cell and orientationgraeters), you need some ‘knowns’
too.

B. Auto-indexing parameter causes of indexing failureBefore auto-indexingdenzo

edits the peak list produced by the Peak Seardritign of theXdisplayFprogram.
Problems with the auto-indexing parameters accdonta few of the remaining
problems with auto-indexing. These may have todjested in the case of non-single
crystals, very large or small unit cells, lots ofse peaks, or ice rings. These parameters
(with the Denzo keywords in parentheses) are thgdst vector ( ),
resolution limits ( ), refinement sigma cutoff ( ),
integration box size £ ) and integration box spot size ( ). All of these parameters
except for the longest vector can be changed thrdahg HKL-2000 window (the
longest vector may be changed via a macro oMifgrostab).

The may need to be adjusted if the peaks are spars® dusmall
unit cell or low mosaicity. In this case, it shole set to equal the longest vector of
the reduced primitive real space unit cell. If ybd not understand that last sentence,
simply use the longest unit cell axis (which is Hane in primitive space groups,
anyway). Better to err on the side of larger rathan smaller values.

Resolution limits can be adjusted, if you have:

An ice ring, which interferes with the indexing. You can det tesolution limits
to, say, 100 - 4.0 A to eliminate these reflections

A small satellite crystal which contributes some reflections at low resolubut
not at high resolution. You can set the resolutiorits to, say, 8 - 2 A, thereby
excluding the strongest contributors from the comitating lattice.

A cracked crystal, where the two lattices are the same space grolp 233
degrees apart. You can often adjust the resollitioits, as in the case of an ice
ring, so that you index at low resolution, where two lattices are approximately
identical and then use manual refinement to zeaniboth lattices. The idea here
is to index each lattice separately and to comthiralata later iscalepack

A twinned crystal, where the two lattices have a non-random orientatlative

to one another. The program may fail spectaculaylyinding a ‘superlattice,”
which indexes both lattices simultaneously but cafre used to integrate the data
because the superlattice does not usually fit ladtites exactly. Then it's time to
call an expert or grow new crystals.

Resolution sigma cutoff. If you have a number of spurious peakbe image

distributed randomly over the image, you can adjustvalue of the resolution sigma
cutoff. This will affect the number of peaks ac@pby the auto-indexing routine.
By increasing the resolution sigma cutoff, you exclude weak, spurious peaks,
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then run auto-indexing, and examine the superiniposiof the auto-indexing
predictions (green circles) on the image. If mdsthem cover real reflections and
not noise, then you are succeeding.

iv. Boxandspotsizes may have to be adjusted if too many spotbeairg removed by
the overlap or background rejection criteria. Autdexing does not use spots which
Denzodetermines are overlapping.

C. Peak search causes of indexing failurd=inally, you can try changing the number of
peaks you select in the peak picking routine. HewesinceDenzoedits the list of
peaks anyway, this is unlikely to yield much impeowent if the suggestions above do
not work. In that caselo you have a better crystal?

2. Misprediction results in the location of reflection masks notresponding to the
positions of the Bragg peaks. It is visibly obvi@msl is disastrous. It may be due to:

Mis-indexing,
Forcing the wrong space group symmetry, or
Serious detector misconfiguration or malfunction.

Mis-indexing causes of mispredictionsAuto-indexing is based on the assumption that
the diffraction spots are correctly mapped fromedtir coordinates to diffraction
(reciprocal) space. The origin of the diffractiqmase is defined by the position of the
direct beam on the detector. A substantial errtinébeam position can shift the indexing
of the diffraction pattern by an integer vectorcBumisindexing can be totally self-
consistent until the stage when symmetry-relatdatons are compared. For any
assumed (starting) value of the beam positionptiggn of the diffraction space during
indexing will be shifted to the nearest grid pahtthe best primitive lattice. An initial
error in the direct beam position by 0.48 timesdistance between reflections will lead
to correct indexing, while an error of 0.52 timdg tsame distance will cause a
misindexing of the diffraction pattern by one indé&fisindexing by one is never
corrected by the subsequent refinemenbf the crystal and detector parameters.
Misindexing often produces a poor agreement betweerpredicted and the observed
positions of the reflections, but for some crysi@ntations, the agreement between the
predicted and the observed positions can be eqgatiyl for both correctly indexed and
misindexed cases. This property of the diffracti@ometry creates a potential trap for
the unwary crystallographer.

Sometimes thecrystal’'s asymmetric unit may have molecules related by an
approximate translation by a fraction (typicallyedmalf) of a unit cell edge or diagonal.
The resulting diffraction pattern will have odd exdreflections much weaker than even
index reflections. Auto-indexing may find one oétlwo possible solutions, the choice
depending on whether odd reflections are weak dmawegbe assumed (within

experimental error) systematically absent or nbis Depends on the fraction of odd
reflections in the peak search. If there are orfigvaodd reflections, then most of the
peak search result may be explained with a smedigrspace unit cell. To prevent
auto-indexing from finding such a smaller cell, yghould enhance the fraction of odd
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reflections used in auto-indexing by changing teakpsearch criteria or by using only
high-resolution reflections in auto-indexing. Ifwystill cannot index odd reflections,
then you should consider ignoring them altogethresuch a case, you can solve the
structure in a smaller unit cell, and the resultstguctural error will not be very
significant if odd reflections are much weaker tleaen ones.

3. Kind-of-failed means that a lattice other than primitive triclimeas predicted, but it
had a relatively high distortion index, say 1-1.%8e lattice distortion index is
described in more detail under “
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Choosing the correct lattice” on page 58). This may be a “failure” but simply an
indication that further refinement of parametersesded, because the initial detector
parameters in the Site Configuration were veryfarYou should just run a few cycles
of refinement i1 and changBravais Lattice. Unfortunately, misindexing may give
similar results. A quick check of the superpositairthe predicted spot positions on
the reflections should tell you if the refinemest likely to succeed. Note that
refinement may converge to low? values even with misindexed crystals, but
eventually the problem will surface and you wilivbao index correctly. This is now
less of a problem with theD Window option because the requirement to integrate
with consistent values over a range of frames ishhmmore stringent a test. You are
much less likely to refine misindexed data to loiwalues using a multiple-frangD
Window.

Incorrect parameters in the Site Configurationcaunse predictions to not line up with
the reflections. For example, the spindle rotatdmaction, or even orientation, may be
specified incorrectly — or the Frame Width. An easy to test for this is to reduce the
size of the 3D Window from 5 frames (the default @CD detectors) to 1 frame, hit
REFINE, and note the2 values again. If they improve (move closer toah@ change
to green in color) this tells you that there israljbem with specifying the relationship
between successive oscillation frames.

Two parameters affect the relationship betweenessice frames:

a. The most likely candidate is an incorrect Framidth (perhaps the
header was written incorrectly). This can be chdnigethe Frame Geometry
panel of the main page.

b. A second candidate, especially with data caleédrom customized

goniostats, is that the spindle rotation directisrincorrectly specified. To

change the goniostat misalignment parameters, thetSite Configuration box

and change the sign of the motor axis value. Famgte, if the axis is specified
as 010, you could try changing it to 0 —1 0. Gjiag the order of the numbers,
e.g., to 1 0 0 means that you are specifying @&idfft rotation axis orientation,
a severe error

4. Predicted positions agree perfectly with the péa and no detector or diffraction
artifacts are visiblebut data scale poorlyand produce many outliers. This problem
may be either a simple mistake in data processingh(as using the wrong file format
or wrong goniostat definitions) or a non-uniformpesure during crystal oscillation.

The non-uniform exposure may be caused by spindombacklash, shutter
malfunction (opening too early or too late), iortiaa chamber electronics failure (if
used), decay or variation of the X-ray beam intgn@i an ionization chamber is not
used), variable speed of the spindle motor, eta-tuform exposure is best diagnosed
by exclusion of other problems that may affect datelity. Graphical feedback
provides confidence that the problem cannot beeatrtdexing/integration stage.

Large variations in absorption of X-rays by thestay will make data scale poorly and
will produce a visible variation of the backgrouhowever, it will not affect positional
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agreement. The variation in the absorption carvbalad easily by properly mounting
the crystal. The correction for absorption is a letfeeld in itself.

Errors in detector orientation will produce a distd mapping from the detector to
reciprocal space. A wrong crystal-to-detector distawill increase (or decrease) the
apparent reciprocal space separation between Bvagls. This error will not be
uniform in three directions; in the first approxitioa, along the beam direction the
error will be proportional to the square root o #rror in the distance, and in the other
two directions the error will have linear dependenin most cases, a significantly
wrong crystal-to-detector distance (say an errol@¥) will not make the auto-
indexing step fail immediately; however, the caédad unit cell will be quite wrong.
The length of the unit cell along the beam directwill be 5% shorter, in the
perpendicular directions 10% shorter. If the crystaliagonally oriented (no principal
axis along the beam direction) than the apparegiearbetween axes will violate the
lattice symmetry. Incorrectly defined angles betvéiee detector and the beam will
result in incorrect angles between crystal axesrdfore, the interpretation of the
lattice symmetry is dependent, to some extent,am precisely the detector position
parameters are knovanpriori.
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Appendix — Indexing and Integration Keywords

This is a listing of all of the Denzo keywords ahdir modifiers, if any:

AIR ABSORPTION LENGTH
ANGULAR OFFSET
BACKGROUND
radius; elliptical
BAD VALUE
BOX
print
CALCULATE
CASSETTE
flat; radius;
rotx, roty, rotz
CELL
COUPLING
CROSSFIRE
X; Y; Xy
CRYSTAL
rotx, roty, rotz
DISTANCE
EIGENVALUE FILTER
END FIT
END OF JOB
END OF PACK
ERROR
density
overload
partiality
positional
systematic
y/x factor
FIDUCIALS
FILM
absorption
length
output file
rotation
width
FIT/FIX
all; a*; b*; c*;
alpha*; beta*; gamma;
crystal rotx roty rotz;
cassette rotx roty rotz;
distance; x beam; y beam;
y scale; skew ;
film rotation; radius
crossfire x y xy

FORMAT
dectector specific info
GO
IBOX
IGNORE
IMAGING PLATE
INPUT/ @
INTENSITY AVERAGING
WINDOW
LAMBDA
LATTICE
LEFT MARGIN
LIST
LONGEST VECTOR
MONOCHROMATOR
filter
graphite
MOSAICITY
NO BEAM
NUMBER OF RECORDS
OMIT
radius
elliptical
ORIENTATION AXIS 1
ORIENTATION AXIS 2
OSCILLATION
start
end
range
step
OVERLAP
spot
guard
none
OVERLOAD VALUE
PLATE ROTATION
PEAK SEARCH FILE
peaks.file
POLARIZATION
PRINT
chi square; no chi square
fitted
hkl
memory; no memory
profiles; no profiles
shifts; no shifts

145

PRINT (continued)
solver; no solver
statistics; no statistics
PROFILE FITTING RADIUS
QUIT
RADIAL OFFSET
RASTER
RAW DATA FILE
RECORD LENGTH
REFINE PARTIALITY
REFINE NO PARTIALITY
REJECT
fraction
cutoff
slope
systematic
RESOLUTION LIMITS
SECTOR
SKEW
SPACE GROUP
SPINDLE AXIS
SPOT
radius
elliptical
START REFINEMENT
STOP
TITLE
TOP MARGIN
UNIT CELL
USE PARTIALS POSITION
USE BEAM
USE FIDUCIALS
USE NO FIDUCIALS
USE PARTIALS POSITION
USE PARTIALS NO
POSITION
VERTICAL AXIS
WAVELENGTH
WEAK LEVEL
WRITE PREDICTIONS
WRITE NO PREDICTIONS
X BEAM
Y BEAM
Y SCALE
YORK OUTPUT FILE
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AIR ABSORPTION LENGTH
Length of air or helium, in mm, over which the $eetd X-rays are attenuated by a factor

of e (2.718)
format value_(mm)
default 860
example 200 [for 2.5 A X-rays]

ANGULAR OFFSET

This is one part of the alignment correction neefdedhe spiral MacScience and MAR
scanners. It is the distance, in mm, that the reptliead is offset in the non-radial
scanning direction from the center of the imagitageg See also RADIAL OFFSET.

format ANGULAR OFFSETvalue_(mm)
default ANGULAR OFFSET 0.GexampleANGULAR OFFSET 1.2
BACKGROUND

scan arm ]: radial offset

/o

L/
—>| T
angular offset

Figure 127. Parameters of a reflection

Defines the shape and size of the background aneaevthe background measurement
takes place. Usually defined to be outside of fue area. However, when no background
is specified, the default area is the area justidetof the spot border.

146



modifiers

formats

default
examples
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RADIUS Defines the background to be circular with a wadi
value, in mm. The center of the background areaddntie
box coincide.

ELLIPTICAL Defines the background to be ellipsoidal with
characteristic major and minor semi-axis lengthms rim),
along with the clockwise angle between a horizolmal and
the major semiaxis. Refer to the diagram undeik#yavord
SPOT

BACKGROUND radiusvalue_(mm)

BACKGROUND elliptical value-major(mm) value-minor_(mm)
value-angle_(degrees)

a ring just outside of the spot border

BACKGROUND radius 0.45

BACKGROUND elliptical 0.80 0.70 0.0

BAD VALUE

The value in the image file which does not represemeasurement. Typically 0. When
set to 40000 it disables 0. Used only on DIP sestasners to process small molecule

data.

BOX

Defines the size of the box where both the spotthadackground are measured, given
as two lengths, in mm. If the BOsize is larger than the average separation bete@ss
(i.e., the boxes overlap), then the program willdb®ved down by the spot overlap
calculation. The current limit on the box size Gs@xels in each direction, for a total of

8100 pixels.

The box size can alternatively be specified bylB@X, where the size is given in pixels

instead of mm.

modifier

formafts

default
example

PRINT tells the program to print the spot
definition at the beginning of every refinementley@.e. for
every GO statement)

BOXvaluel (mm) [slow scan direction] value2_(mm) [fasan
direction]

BOX print valuel value2

none

BOX2.424
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CALCULATE

This command tells the program that it is the @sile, when the spot intensities are
calculated and written to the film output file.idtfollowed by the command GO. After
the cycle both the RAW DATA FILE&Nd the FILM OUTPUT FILEare closed. Signals

the SECTORargument to be incremented by 1.

CASSETTE

CELL

Defines the orientation and the shape of the datelststorically, a film cassette.

modifier ROTZ, ROTY, ROTXhe three angular deviations from zero
RADIUS radius of the film in a curved cassette
The radius of curvature does not have to belaquae film-
to-crystal distance and may be different than #ukus of the
cassette due to the thickness of the film or imggiate.

FLAT turns off radius

formats CASSETTE rotx valuel roty value2 rotz value3_(deg)
CASSETTE radius valuel (mm)

default all angles = 0.0

example CASSETTE rotx 2.0 roty -1.0

You rarely have to enter these values since thgramo can refine them once the crystal
parameters are established. However, some comioercan be saved if previously

determined values are used. Usually, they chamggefisantly only after the camera is

realigned. There is no limit on values.

The cassette rotations are the primary means bghwdinon-zero 2angle is specified
(along with DISTANCE, X BEAM, and Y BEAM). For exapte, a 2 setting of, say, +20
degrees (R-Axis convention), would be describe@€BBSETTE rotx -20.0 (note change
in sign). The DISTANCE will have to be changed adlwince it is the distance from the
crystal to the point where it intersects the IRae. This can be calculated by the formula:
Distance Denzqg = distance (R-Axis) / cos(2. X BEAM and Y BEAM are the position
of the direct beam on the IP during exposure, h@t & 0. For large values of Zhe Y
BEAM may be off the detector. The correct value rbaynegative or more than 200 in
such cases.

CRYSTAL rotz andcasserte rotz are strongly correlated armmhnnot be refined
simultaneously.

Alias for the keyword UNIT CELL
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COUPLING

This value reflects how fast the detector movesdugxposure for Weissenberg images.
Given as mm per degree. This is tineerse of the Photon Factory parameter degree/mm,
and is only useful for Weissenberg images.

format COUPLINGvalue_(mm/degree)
default 0.0
example COUPLING 0.057

CROSSFIRE

Crossfire is a measure of the X-ray beam divergearm focusing as it leaves the
collimator and illuminates the crystal. Crossfibejng a symmetric tensor, has x, y, and
Xy components. It affects the prediction of pantédlections and their positions, not their
angular width. It is expressed as angular divergefithe beam. The default value is zero
crossfire, i.e., a perfectly parallel beam or anlbhéacused on the detector.

modifiers X angular spread of the beam in the x-direction
Y  angular spread of the beam in the y-direction
XY correlated xy component of the beam spread. fEhds to be
zero within error.
format CROSSFIRE waluel_(arbitrary_units)
CROSSFIRE walue2_(arbitrary_units)
CROSSFIRE xyalue3_(arbitrary_units)
defaults 000
example CROSSFIRE x 0.023 value taken from previous refinement
CROSSFIRE y 0.345
CROSSFIRE xy 0.0004
CROSSFIRE x 0.023 y 0.345 xy 0.0004

CRYSTAL
Defines the crystal orientation for the calculatadrpredicted spots.

modifiers ROTZ, ROTY, ROTXhe three angular deviations from the
reference orientation specified by SPINDLE AXIS and
VERTICAL AXIS. See the diagram and further descaptin
Denzo orientation conventions.

format CRYSTAL rotz valuel roty value2 rotx value3_(degg)

defaults 000

example CRYSTAL rotx 2.34 roty -4.566 rotz 34.560

149



APPENDIX — INDEXING AND INTEGRATION KEYWORDS

DISTANCE

The distance from the crystal to the beam spoherfilm, in mm, along the X-ray beam
path, regardless of the Zangle.

format DISTANCE value_(mm)
default DISTANCE 75.0
example DISTANCE 155.453

EIGENVALUE FILTER (USE WITH GREAT CAUTION)

When attempting to simultaneously refine two or enlmighly correlated parameters with
Denzgq an eigenvalue filter is triggered, and an erressage appears in the log file stating
that the parameters being fit were too highly datesl to be fit simultaneously. The
eigenvalue filter value provides a way of defeatihig check, by lowering the value.
Unfortunately, just because you change the valuesmlo mean that the correlated
parameters are going to become uncorrelated, swuitathe value is unlikely to help
you and may lead to some horrible result.

format EIGENVALUE FILTER value
default 0.001
example EIGENVALUE FILTER 0.0005

END OF JOB

Signals the end of thBenzojob. Placed at the end of the command file or useelxit
from Denzoduring_manual fitting and indexing.

ERROR

The keyword ERROR and its modifiers define the nhémfethe error in the measurement
of the spot positionsThe default values should be adequate in most casesd you
should not worry too much about them. The error ehaldes, however, directly affect
the 2 values printed out at the end of each cycle dfhesfient. Since this is usually the
only check you can reasonably make as to the ssicég®ur data reduction iDenzq it

is wise to know something about how these are kil The names of the modifiers
contributing to the error definition should not essarily be taken literally since they are
shorthand notation for complicated effects on theueacy of the measurement. The
model has been developed and black boxed (i.eenghe Z.0. Good Housekeeping seal
of approval) to give a realistic estimate of thaghé each spot should contribute to the
refinement of the crystal and camera coordinathis Model gives? values close to one
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for good (non-mosaic) crystals. For mosaic crysedtiser error positional needs to be
increased or higher values than 1 ®§hould be expected.

modifiers

format

defaults

POSITIONALThe minimum error, in mm, in the positional
measurement. It is usually a fraction of the psieé, typically
one half or one-quarter of a pixel. Its squaredi®as added
to the other components of the error estimate.rgimg this
value will lower your 2 values, but will not necessarily
improve your data.

DENSITY  Models the error measurement of the optical dgnsi
of the film. The error equals the square root ef tbrrected
reading times the density value. This is used tmlgstimate
the error in spot positions and in the definitiohstrong
reflections.

he error density is affected by the voltage on the
photomultiplier. The higher the voltage, the higtez error
density, with a very steep dependence.

OVERLOAD Refers to the increase in the modeled positierral
due to the existence of pixels with intensity oleevf For
every overflowed pixel the modeled error squareddeeased
by the overload value squared.

Y/X FACTORThis reflects the increase in the positional eofdhe
spot due to its being close to the oscillation aXise error
estimate is by 1 + the ratio of y/x factor to thesalute value
of the tangent of the angle between the oscilladdas and the
line connecting the spot with the beam spot. Thésgnts the
spot distortion that occurs close to the oscillataxis from
affecting the refinement very much.

PARTIALITY the expected error of the partiality determinafitre
value for the error is expressed as a decimal,€1§% would
be written 0.1.

SYSTEMATIGhe weight given the positional refinement compgare
to the partiality refinement when refining crystalentation
parameters. The higher the value, the more wesghitvien to
the positional refinement. Typical values rangerfrb to 20.
A value of 5 seems to work almost all the time.

ERROR modifierl value modifier2 value ...

overload 0.005

density detector and wavelength dependent
positional 0.030

y/x factor 0.1

partiality  0.10

systematic 5.0
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example ERROR systematic 5.00 partiality 0.100 positidh@b0

Avoid modifying the error parameters other than postional and density. Moreover,
error density should be constant for a detectte)(sind changed only with caution.

FIDUCIALS

Defines the position of the fiducial marks on tilefrelative to the beam spot, before
FILM rotation and Y SCALE are applied. Given as a sesfesy coordinates, in mm.
These days this is only used with Photon Factorysgéaberg images.

format FIDUCIALS xvalue_(mm) yvalue_(mm) xvalue_(mm)
yvalue_(mm) ...

default none

example FIDUCIALS -90.0 -90.0 90.0 -90.0

FILM

This keyword tells the program about the charastied of the data collection medium.
Identical to the keyword IMAGING PLATE.

modifiers ABSORPTION Total absorption of the film. Default is 100
for image plates

LENGTH Distance from the top of the detector to the
last useful pixel in theast direction. Depending on the
detector, on the computer display it could be thpaaent
width of the detector.

WIDTH Width of the detector in thglow direction.
Depending on the detector, on the computer displaguld
be the apparent height of the detector.

ROTATION Describes the orientation of tispindle relative to

the detector. The value of the FILM rotation isuadtion of
which file storage convention (see figure 5 Detector
Conventions analysjiss being used.
For the manual scanner, adding 180° to film rotatcan
compensate for putting plate upside-down into ttenser.
Small changes (refined bpenzg to film rotation can
compensate for small rotation slop that is inhenrehen
manually handling plates.

OUTPUTFILE This gives the name of the processed output
file
formats FILM modifierl value ...

152



APPENDIX — INDEXING AND INTEGRATION KEYWORDS

output file format is a string of characters

defaults absorption 100ength
detector dependenibtation detector dependent
output file (none)

examples FILM rotation 270.0
FILM absorption 2

FIT, FIX, END FIT, END FIX

These command words tell the program to FIT (reforeFIX (not refine) a parameter
specified by aDenzokeyword. The FIT command is followed by the comoh&O,
which calls one cycle of refinement. One GO commeats one cycle of refinement, 5
GO commands call for 5 cycles of refinement, dta.deyword parameter is fixed, it will
retain its current value through the refinemeéltie program assumes that albf the
keywordparameters are fixed at the beginning of every nefwame.

The effect of these commands is cumulative andesaaver through subsequent cycles
of refinement. For example, if the command FIT CRAE rotx roty rotz GO is given,
then on every subsequent refinement cycle (caNeithd GO statement), the CRYSTAL
rotx roty and rotz parameters will be refined. Toglly a refinement starts by fitting just
a few parameters, like CRYSTAL rotx roty rotz, allag the refinement to proceed
towards convergence for a few cycles, and theindittnore parameters a few at a time.
The keyworded parameters that can be FIT are dietow.

All of the keyworded parameters can be refineduttimeously, so care should be taken
not to fit parameters which are too strongly cated at low resolution. For example, the
crystal to film distance and the unit cell lengtlre highly correlated, so one should be
allowed to refine before refining the other (usydtie unit cell lengths are refined first).

The END FIT and END FIX command words mark the ehd list of fitted parameters.
This is especially useful for inputting more paréene after you have called a FIT
command.

Consider the following case: you want to refine thystal rotation values, so you type
CRYSTAL rotx roty rotz. Now let's say that you alsant to enter a new value for the
distance before giving @ command. You might think to tryr crysTaL rotx roty rotz
DISTANCE 200 GO, but this won't work! The programnilwot recognize the 200, and
it will give you an error message, plus it will tiy refine the distance value as well. The
solution is to use thenxp Fir command, as follows: FIT CRYSTAL rotx roty rotz EN
FIT DISTANCE 200 GO. The same goes for gRe rix command.

The optionFIT cell, when used in conjunction with the SPACR@UP or LATTICE
command, tells the program to fit the unit cellgédrs and angles. The program is smart
enough to know which lengths and angles are tatparfd which are to be fixed. For
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example, it knows enough to keep all angles at &fraks in an orthorhombic space
group. Likewise, it also knows enough to keepb in tetragonal space groups, etc. The
LATTICE or SPACE GROUP must be declared before EHLL can be used.

In practice, the most often option used is FIT &His will fit all parameters that can be
sensibly fit given the circumstances (space grdefector). Fitting all parameters is now
stable even at low resolution.

FIT- and FIX- able keywords
all, a*, b*, c*, alpha*, beta*, gamma*, cell, CRYBL rotx roty
rotz, CASSETTE rotx roty rotz, radius, DISTANCE, X
BEAM, Y BEAM, Y SCALE, SKEW, FILM rotation,
CROSSFIRE x, y, Xy

format FIT KEYWORD modifier
default all keyword parameters fixed (i.e., type GO amdhmg will be
refined)

examples FIT CRYSTAL rotx roty rotz
FIT XBEAMY BEAM Y SCALE SKEW DISTANCE GO GO GO

Do not run alternative cycles of fit and fix commauals! This is the old way and does not
take advantage of the fact that thenzorefinement is very stable and can refine many
parameters simultaneously. Simultaneous refinensahie best way to avoid getting into
a false minimum.

FORMAT

A critical keyword. The modifier following this keyord tells the program about a series
of defaults to using for the detector parametess Keyword can thus substitute for many
of the parameters called by, for example, the FloMIMAGING PLATE) keyword.

A detailed table of all the keywords specified bg format keyword can be found in the
Defaults ValuesindDetector Specific Informatioappendixes.

modifiers Detector Specific Information
format FORMAT modifier

default this is a required input!
example FORMAT dip2000

GO

This command tells the program to execute onetitgraycle of refinement. After the
cycle the fitted parameters will have new valuesutan specify more than one GO in
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one line. This will telDenzoto print results of the fit only for the last cgdrom the series
of GOs. See also FIT/FIX.

IBOX (REDUNDANT)

IBOX is exactly the same as the keyword BQekcept that instead of giving the
dimensions of the box in mm, the dimensions oflibg are given in pixels. The | in
IBOX stands forinteger The maximum dimensions of the box are 90 pixelgach

direction.
format IBOX integer integer_(pixels)
default none

example IBOX 25 25

IGNORE

Tells the program to ignore a specific region & Xrray image. For example, this is
useful for excluding the shadow due to the beam.$on't try to use this for masking
out ice rings. That is accomplished using the REJE@&ction keyword. It is useful to
think of IGNORE as describing a masked-out aretheffilm. The mask is provided by
a series of geometrical descriptions, followedHmsjirtcoordinates. For example, the beam
stop shadow could be masked out by a combinati@ncefadrilateral and a circle (i.e., a
lollipop shape).

modifiers QUADRILATERAL A quadrilateral as defined by fouxy
coordinates, in mm, picked in eounterclockwise (if Y
SCALE > 0) orclockwise (if Y SCALE < 0) direction. The
best way to do this is to use the cursor to piekpbints off of
the display window. The&, y coordinates in mm are listed in
the bottom row of the green box of the display.

CIRCLE
TRIANGLE
format IGNORE
default nothing ignored defined by they coordinates of the center,

and the radius of the circle, all in mm.
defined by threex,y coordinates. Use the display program to pick
these.
quadrilaterakl y1 x2 y2 x3 y3 x4 ¥dll values in mm)
circlex5_(mm) y5_(mm) r_(mm)
trianglex6 y6 x7 y7 x8 y@all values in mm)
example IGNORE quadrilateral 50 0 52 0 52 100 50 100
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INPUT / @

This keyword is the same as the @ keyword. Sigoalse program to change reading of
the control data to an auxiliary file. At the begimg of the program, the auxiliary file is

closed, so the keyword INPUT has to be followedHhwsy filename of the auxiliary file.

The auxiliary file is read until a semicolon iscbad (or an end of file mark is detected).
The control is then returned to the original ingtiteam. In the case of reaching a
semicolon, the auxiliary file remains open, andribet time the keyword INPUT appears
it must not be followed by a file name or else phegram will become confused since it
still wants to read from the open auxiliary filen @e other hand, if control is returned
due to an end of file mark, then the next time tniguencountered, it must have an
auxiliary file name next to it. If you give it tresame auxiliary file name as before, then it
will begin reading the auxiliary file from the beging. Nesting of auxiliary files is not

allowed. Auxiliary files are useful to keep the@labmmon to many films in a separate

file.
format INPUT filename
default none
examples INPUT subbatchl.dat
@ refine

INTENSITY AVERAGING WINDOW

Sets the number of reflections in a resolutionlslsdd to define that resolution shell for
the purpose of refining partiality. Default is 100.

LAMBDA (REDUNDANT)
X-ray wavelength. Same as keyword WAVELENGTH.

format wavelength in Angstroms
default 1.5418 [CuK
example lambda 1.5418

LATTICE (REDUNDANT)

Lattice type. Note that this command is superséyettie SPACE GROUP command for
most routine use.

format single letter or single letter with name. Can apecify lattice type.
Possible choices are: P, C, A, B, F, land R
default P triclinic
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example LATTICE P monoclinic

LEFT MARGIN

The left margin, in mm from the left edge, of udefata. It is defined in the raw data
convention, not in the display program convention.

format LEFT MARGIN value_(mm)
default 0.0
example LEFT MARGIN 2.0

LIST
This command is normally used in the manual madells the program to provide a list
of the current parameters. This is convenient ifi yorget where you were in the
refinement, or you want to copy down the latestpaaters. To use, just type LIST

LONGEST VECTOR
In the autoindexing subroutine benzqg LONGEST VECTOR denotes the longest real-
space vector, in A, the program expects to fintheareduced, primitive, unit cell. If the
autoindexing fails, and you are confident of youBEKAM , Y BEAM, and DISTANCE
values, then this is the next parameter to try ghnan Typically you would either input
a value close to or somewhat larger (s&p%) than what you really suspect is the longest
vector in the unit cell.

format LONGEST VECTORvalue ()
default LONGEST VECTOR distance / 2 spot radius
example LONGEST VECTOR 300

MONOCHROMATOR

Defines the polarization of the X-ray beam. Saminaseyword POLARIZATIONThis
correction is not a big deal except for synchrotradiation, where it is a minor deal
unless you are collecting high angle data. Tremzodefinition of polarization is as
follows:
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wherels is the intensity of the electric field squarediué X-ray beam along the spindle
axis, andp is the intensity perpendicular to the spindle axXaslues range from +1.0 to -
1.0.

Generally speaking, this is not a number you caasme very easily and is often
calculated theoretically. It is really the respdgy of beamline operators to know this
value for their beamlines. Note that the sign & torrection depends on whether the
spindle is horizontal or vertical. As a rule of thio, if the polarization correction is > 0,
then the intensity of the X-ray scattering is sg@nperpendicular to the axis of the
spindle than it is to the axis parallel to the slgn You can check the background of your
image to confirm this. Typical values range fromOA1 for graphite to + 0.9 for
synchrotron beams (the spindle axis is typicallgmed at synchrotrons to make the
polarization positive). For daboratory source use modifiers: graphite (if graphite
monochromator is installed) or filter (if Xray beasfiltered or mirrors are installed).

modifiers FILTER No polarization, value =0
GRAPHITE Reflecting plane perpendicular to thang
formed by the spindle and the beam, CuKa and MoKa
radiation. Value of £0.11 for CuKor £0.03 for MoK .
format MONOCHROMATOR modifier
default 0.0
example MONOCHROMATOR graphite
POLARIZATION -0.11

The old keyworded values for the synchrotrons apbably wrong now. Always ask the
synchrotron staff what the correct number is. Adygaess for a bending magnet source
is polarization 0.9. For a wiggler source, it camywa lot from station to station, in the
range of 0.0 to 0.9.

MOSAICITY

Defined inDenzoas the rocking angle, in degrees, in both thecarand the horizontal
directions which would generate all the spots saem still diffraction photograph. It
includes contributions due to X-ray bandwidth, beaossfire, etc.

format MOSAICITY value_(degrees)
default this is a required input!
example MOSAICITY 0.5
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NO BEAM

Tells the program not to use the beam spot ingfiseament. If the option USE BEAM
has been invoked earlier in the refinement, it &hbe revoked with the NO BEAM
keyword in the later stages.

format NO BEAM
default this is the default option. see USE BEAM

NUMBER OF RECORDS

Specifies the size of the data file. Equal to thmher of vertical (fast scanning direction)
lines. The default value is now 'hard-wired' irte FORMATmodifier. In other words,
once you specify the detector, the NUMBER OF REC@QRA2lue is input from a look-

up table.
format NUMBER OF RECORDSnteger
default comes along with whatever FORMAS specified

OMIT

Defines the areautside a specified circle or ellipse, buithin the box, to be omitted
from any use. By default, there is no omitted area.

modifiers RADIUSor RAD Defines the omit boundary to be circular with
a radius value, in mm. The center of the omit baupdnd
that of the box coincide

ELLIPTICALorELL Defines the omit boundary to be ellipsoidal

with characteristic major and minor semi-axis lérsg{(in
mm), along with the clockwise angle between a fuorial line
and the major semi-axis.
Refer to the diagram under the keyword SPOT.

formats OMIT radius value
OMIT elliptical valuemajor valueminor valueangle
default no area omitted

examples OMIT rad 0.35
OMIT cell 0.70 0.60 0.0
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OSCILLATION
This keyword tells the program that the oscillatathod is being used.

modifiers START Starting oscillation angle
END Ending oscillation angle
STEP Angle between 1st oscillation start and 2nd
oscillation start
RANGE The actual oscillation angle

formats OSCILLATION modifierl  valuel (degrees) modifier2
value2_(degrees)
default end = start + range step =range
examples OSCILLATION range 1.0 start 30.0
OSCILLATION start 30.0 end 31.0
OSCILLATION range 1.0 step 0.8 start 30.0

OVERLAP

Overlap defines which pixels of any spot are chddke overlap with the pixels of a
neighboring reflection box. The choices are thet gprels, the guard pixels (found
between the spot circle and the background ciaejone. For example, if you specify
OVERLAP spot and if the spot pixels overlap witle gpot pixels of another reflection,
then the two reflections are flagged as overlaps.

modifiers SPOT

GUARD

NONE
format OVERLAP modifier
default None

example OVERLAP spot

OVERLOAD VALUE

The lowest optical density reading considered gt due to saturation of the film or
image plate. The default value corresponds toulaynamic range being useful, with
only the highest value being considered overflowva#lue that is higher than the
maximum possible in the data tells the programgtwie the intensity overflow. The
range of the values themselves is determined bylaéog to digital converter used to
write the data. For 8-bit ADC's (found on film soans) the highest value i§-2 =255.
For the 16-bit ADC's found on most on-line detestdhe range is from 1 to'21 =
65535. The particular OVERLOAD VALUE that is considd unreliable has been
determined for several detectors and is input @sléfiault when you specify the detector
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using the FORMATkeyword.Denzoapplies the overload table in Mar scanners so that
the overload value should represent the highestbtelentry in the Mar overload table.

format OVERLOAD VALUE integer (units are function of éetor type)
default separate values for different IP formats, comdiin FORMAT
defaults

example OVERLOAD VALUE 255 (film)

One-of-a-kind detectors, as well as old Mar scasymaay have the wrong default value.
The overload value is a data representation vakfer®é applying the data format
dependent correction for strong intensities.

Default values assume the full dynamic range ofitseuments (Mac Science, Mar, R-
AXis).

PEAK SEARCH FILE PEAKS.FILE
Tells the program to perforautoindexing.

PLATE ROTATION (REDUNDANT)
This is exactly the same as the keyword FILM rotati

POLARIZATION (REDUNDANT)
Same as MONOCHROMATOR.

PRINT / END PRINT

The PRINTcommand tells the program to print the output dptiby subsequent
keywords to the log file. It does not affect theuks of the refinement. Default values of
the print sub-options can be of several types. Sgptiens are printed by default at every
cycle, some are printed on the last cycle of evigmy of the refinement, and some are
never used unless specified. See specifically #hieows print descriptions below.

modifiers CHI SQUAREprint the 2 statistics, including the number of spots
fitted, the 2 of x and y (a measure of how well the spots were
fitted based on what sort of error you expecteee also
erroR), and the predicted decrease in theafter the current
cycle of refinement.
For those of you who just want numbers should be close
to 1.0 (between 0.5 and 2.0), and the predicted decrease

161



format:

APPENDIX — INDEXING AND INTEGRATION KEYWORDS

should be near zero, showing that the refinemerg ha
converged.

FITTED Print to the log file the observed and fittedfjpes of
those spots having the speciftdd value. No density readings
in the background will be printed. By default, nibeld spots
printed.

HKL Print to the log file the density readings angeotstatistics of
those spots having the specifiekl value. By default, nbkls
printed.

MEMORY  Print statistics of the usage of variables.

PROFILES The profiles modifier tells the program to prthe
average spot profile in a specified number of regi the log
file.

It is best to refrain from printing profiles uinthe very last
cycle of refinement, or else your log file will e truly
gargantuan. You can also specify PRINT no profdeshe
beginning of your refinement, just to make surns dff until

you want to turn ion.

SHIFTS PRINT shifts tells the program to print the valtre
change from the previous value, and the estimated ef all
the keyworded parameters fitted on a current cyale
refinement. PRINT no shifts turns this off.

SOLVER This little-used command prints out correlation
matrices calculated in the refinement.

STATISTICS Print thehkl statistics, including the number of whole
and partially recorded reflections matched withdgre

ZONES Print out a list of equivalent zones, given as
alternative values for CRYSTAL rotx roty and rotz.

One advantage to invoking this option is to use, naty, and
rotz values that are more convenient to remembeypm.
For example, instead of using crystal rot valuessay, -
213.6, 137.4, -13.27, you could use the equivalahtes of,
say, (I'm just making these up) 18.2, -15.4, 6¥90u
wanted to orient your crystal for a particular deddlection
scheme, these alternative zones could make lifégereas
PRINT zones lists all of these equivalent values.

PRINT chi square / no chi square
PRINT fittedinteger integer integer
PRINT hklinteger integer integer

PRINT memory / no memory

PRINT profiles integer integer(the first integer specifies the
number of equal-sized horizontal regions to ditlteframe into,
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the second specifies the number of equal sizedcakregions.
The total number of regions is the product of ih& find second
integers). The more profiles you specify, the lartde log file
will be
PRINT no profiles
PRINT shifts / no shifts
PRINT solver / no solver
PRINT statistics / no statistics
defaults: chi squares printed after every cycle of refinement
no fitted spots printed
no hkls printed
print memory statistics on the last cycle
no profiles printed except on the last cycle, wheB x 3 grid is
printedall shifts printedno solver
statistics turned on on the last cycle only
examples PRINT fitted 12 8 0
PRINT profiles 3 3 (tells the program to divideetframe into 9

equal regions and print out 9 average spot profiles
PRINT hkl 1280

You can easily generate gigabytes of log files iby use some of the print options, so be
careful!

PROFILE FITTING RADIUS

The radius of the area around each particular gpotm, containing neighboring spots,
used to calculate the average spot profile. Theispguestion is fitted to the average
profile of all the spots within the specified rasliGGenerallythe radius is set so that
spots on roughly 35% of the area of the detector arincluded in the averaging

Only on the last cycle of the refinement is thefipgditting applied, via the keyword
CALCULATE.

The patrticular size of the area chosen depend®wminuch the profiles vary across the
film and the density of the spots on the film. le@ample, if the spot profiles vary a lot
across the film, then you would choose a smalléiug If you have a small lattice and
the spots are widely separated, you might wanhtmse a larger radius.

The calculation of the average profile is a tinoesuming task, proportional to the
number of spots in the profile fitting radius cecbut too small a radius will not capture
enough spots and lead to a noisy average profde. [&rge a radius will average out
significant profile variations.
To see the PROFILE FITTING RADIUS inmageWindow of XdisplayF, click

.» ,, .Athin white circle corresponding to the proffiging radius will appear
and will move around with the cursor; only thosetspvhose intensity is above the weak
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level will have predictions displayed in this maaled only these reflections are used in

the calculation of the average spot profile (toumetto the normal mode, click
., ., again).

A good rule of thumb is that the PROFILE FITTING RAJS should enclose about 10

to 50 spotsvhose intensities are above the weak ledskful increments of the profile

fitting radius are 2.5% of the detector size (éegnm for a 200 mm wide IP).

format PROFILE FITTING RADIUS value_(mm)
default 20.0
example PROFILE FITTING RADIUS 30.0

Exit from progranDenzo Same as STOP or a semicolon (;).

RADIAL OFFSET

This is one part of the alignment corrections ndddethe spiral MacScience and MAR
scanners. It is the radial departure, in mm, of Hwanning heads from perfect
concentricity with the imaging plate. A perfectlyjgaed scanner would have a RADIAL
OFFSET of 0.0. The radial offset is perpendicutathite angular offset. A diagram of
these offsets is shown under the ANGULAR OFFSEMWay.

format RADIAL OFFSETvalue_(mm)
default 0.0
example RADIAL OFFSET -0.43

RASTER

Pixel size in the horizontal (slow scanning) dimens

format real number in mm
default defined by the values in the FORMAT statement
example RASTER 0.1

RAW DATA FILE

This defines the detector data file name templétine file name contains a run of #
characters, then they will be substituted with themerical value of the SECTOR
argument. This allows for easy processing of ada&yies of sequential images.
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format RAW DATA FILE file_name
default none

examples RAW DATA FILE /vms/data/dir/xtal###.0sc

You must not repeat this command before the nexs@@ment.

RECORD LENGTH

Defines the number of pixels in the data records Equal to the number of horizontal
(slow scanning direction) pixels.

format RECORD LENGTHvalue_(pixels)
default FILM length / (RASTER/ Y SCALE) (this is defined by the
FORMAT statement)

example RECORD LENGTH 2000

REFINE PARTIALITY / REFINE NO PARTIALITY (DO NOT USE!)

Tells the program to determine the fraction pattiaf the reflections on the image. It
is critical that this be on during the refinemehttee crystal rotation parameters since
CRYSTAL rotx and roty cannot be determined with&nbwing the partiality of the
reflections on the image.

format REFINE PARTIALITY
defaults REFINE PARTIALITY

Do not use REFINE NO PARTIALITY !

REJECT

Describes a condition whereby a reflection is rigj@dyDenzo This is especially useful
for eliminating spurious measurements due to g

modifiers FRACTION The fraction oficceptablepixels in the background,

which are needed for the reflection to be acceddedault =
0.75 (i.e. 75%).Very sensitive to small changes so
increment by 1-2% if you are messing with this.gea rid of
spots in an ice ring, increase this value by 1-2f the preds
in the ice ring are colored red. After all, theidefg feature
of an ice ring is a horrible background. The acabiity of a
background pixel is determined by the next threalifiey
words.
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CUTOFF The deviation from the best fit to the background
plane at which a pixel has a 50% chance of beiogrrect
and thus rejected. Default is.3
The background of a spot can be described byamaepand
should be uniform and flat. Sometimes it is not;dgample,
it may have a slope to it, which can be calculaliea pixel is
still out of the best-fit background plane by (défa3 , then
it is flagged as a reject. It is best not to me#h whis unless
you really know what you are doing.

SLOPE The slope of the background plane above which the
entire background and spot are considered unadidepad
rejected. Default is 50 units. Flat = 0, verticahfinite. It is
sometimes useful to increase this to 100 for vesw |
background images.

SYSTEMATIC This is a way of changing the background
rejection criteria when you have a major problerthwliffuse
scattering. Default is 0.01. The range is from @ tavith O
meaning rely totally on the cutoff criteria, anthganing don't
reject anything. As you can see from the defaolt, yormally
use the 3 cutoff criterion.

defaults REJECT fraction 0.75

REJECT cutoff 3.0

REJECT slope 50

REJECT systematic 0.01

example REJECT fraction 0.80

RESOLUTION LIMITS / RES
Defines the resolution range used in the programnigstroms.

format RESOLUTION LIMITS valuelower valueupper_(A)
default none
example RESOLUTION LIMITS 20.0 2.5

SECTOR

This is thecounter and range delimiterfor a series of frames when processing in batch
mode. The number in the sector argument is substitior the ### (or #, or ##, ...)
variable in the RAW DATA FILE and FILM output fileommands. Make sure there are
enough # marks to accommodate all of the digithénsector argument, e.g., if you have
sector values in the 100's then there must beasat taree # marks in the file names
specified in RAW DATA FILE and FILM output file. Tehsector value can start at any
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non-negative integer, and is incremented by 1 etrery an END OF PACK statement is
reached. The first number in the sector argumeigidirst frame, and the last number is
the last frame. See also

START REFINEMENT.

format SECTOR integer to integer
default none
example SECTOR 1to 50

SKEW

SKEW refers to theon-orthogonality of the vertical and horizontal scanning directions
measured in radians. For a perfectly orthogonalesysSKEW is defined to be zero.
Generally, SKEW values will be very close to thisnber. It can be fitted in the later
rounds of parameter refinement.

format SKEW value_(dimensionless)
default 0.0000
example SKEW 0.00169 (value taken from the earlier refieat)

Spiral scanners and CCD detectors should use theltlealue of zero, which should not
be refined.

SPACE GROUP

The space group symbol or number as given in ttexriational Tables. Note that for
rhombohedral space groups, autoindexing only wimkthe primitive choice, i.e., H3 or
H32, not R3 or R32. The SPACE GROUP must be detlaeéore the FIT cell command
can work.

Denzodoes not actually care about the SPACE GROUPedt mdexes films by
Bravais lattice and does not take into accountesyatic absences arising from two-
folds, screws, etc. These are accounted for inepaak when the data are reduced. So
for the purposes ddenzq the resulting .x file will be the same whetheuyteclare the
space group to be P222 or P212121, or, P3 and P6122

format SPACE GROUP modifier
default P1
example SPACE GROUP P212121

SPINDLE AXIS / ORIENTATION AXIS 1

The reciprocal lattice vector parallel to the sjpenalkis. Same as keyword
ORIENTATION AXIS 1
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format 3 integers representing the reciprocal vector
default 001 (c*axis)
example SPINDLE AXIS 1 0 0 (a* axis)

SPINDLE AXIS 1 0 1 (a non-major axis)

SPOT

Defines the shape and area of the region in theAb@xe the spot is to be found.

format SPOT radius value_(mm)
SPOT elliptical value major value minor_(mm) value
angle_(degrees)
defaults none
examples  SPOT radius 0.35
modifiers radius Defines the spot to be circular with aiuadralue, in mm.
The center of the spot area and of the box coincide

START REFINEMENT

START REFINEMENT denotes the start of the seriesmhmands given to index the
diffraction image. The end of the START REFINEMENGdop is denoted by the
CALCULATE GO statement. The START REFINEMENT statarh must come after
the SECTOR toy statement, and the loop is run for every secthreva

STOP (REDUNDANT)
This command stops th#enzojob. Same as QUIT or a semicolon (;).

TITLE
Data set title

format: string. If it contains any spaces, commas, equaissior brackets
(Denzorecognized separators), it must be enclosed inesing
quotes.

default none

example: TITLE 'my crystal’

TOP MARGIN

The top margin, in mm from the top edge, of uselatia, i.e., the beginning of every
record. Do not set the top margin to be larger thenfilm length. Note that commands
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like top margin are working in the data coordingystem. It is very important to check
the results of these commands in the display window

format TOP MARGIN value_(mm) default 0.0
example TOP MARGIN 2.0

UNIT CELL
Unit cell parameters in either real or reciprogace.

format UNIT CELL a*b*c* * * *
UNIT CELLabc

Lengths in Angstroms or reciprocal A, angles égdes.
default none

example UNIT CELL 120.92 120.92 131.65 90 90 90

If the space group has been declared, the proggaamart enough to know which cell
lengths should be equivalent, and which anglesaiable, and it will hold those lengths
equal or fixed throughout the refinement.

USE BEAM

Tells the program to use the beam spot in theesfant. This keyword has the opposite
effect of the keyword NO BEAM. This is useful inetlnitial steps of the refinement,
when not too many spots are matched by preds.

modifier only Tells the program to use only the beam sptite refinement.
Has the effect of turning off the RESOLUTION LIMITS
keyword.
format USE BEAM
USE BEAM only
default This is not the default option. See NO BEAM.

USE FIDUCIALS / USE NO FIDUCIALS

Tells the program to use tHalucials in the refinement. Turned off with USE NO
FIDUCIALS. Fiducial positions are entered with #eyword FIDUCIALS.

modifier only Tells the program to use only the fiducialspions in the
refinement.
format USE FIDUCIALS

USE FIDUCIALS only
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default not the default. Default is USE NO FIDUCIALS.

USE PARTIALS POSITION / USE PARTIALS NO POSITION

Normally, data reduction programs use only fullgaled reflections in the refinement
of the crystal and detector positional parametdise keyword USE PARTIALS
POSITION tells the program to use a reflection tisapredicted to be only partially
recorded in the positional refinement. A spot iedicted to be partially recorded based
on the values entered for the oscillation rangeyelsas the crystal mosaicity and beam
crossfire. This is a very useful feature @é&nzobecause it allows one to refine the
orientation of the crystal even if none of theeeflons are fully recorded. This occurs if
one collects either very thin oscillation sectarsgnh attempt to minimize background),
has a crystal of relatively high mosaicity, or sarnenbination of both. USE PARTIALS
NO POSITION is mostly of historical interest.

default USE PARTIALS POSITION
examples  USE PARTIALS POSITION
USE PARTIALS NO POSITION

VERTICAL AXIS / ORIENTATION AXIS 2

The reciprocal lattice vector perpendicular to bibid spindle axis and the X-ray beam.
Equivalent to ORIENTATION AXIS 2.

format 3 integers representing the reciprocal vector
default 1 0 0 (a* axis)
example VERTICAL AXIS 0 1 0 (b* axis)

WAVELENGTH
X-ray wavelength. Same as LAMBDA.
format WAVELENGTH value_(Angstroms)
default 1.5418 (CuK) exampleNAVELENGTH 1.5418
WEAK LEVEL

This is the intensity rejection level, expressedmad/ ratio. Only strong spots with an
integrated intensity (i.e., 1) above the WEAK LEVHEIimes the intensity error
measurement (i.e.,) are used in the positional refinement and ageate profiles in
profile fitting.
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The intensities of all reflections determined toNmakare still measured and included in
the .x file.They're just not used in the profile fitting. You can use in the
XdisplayFwindow to see which reflections are above the wewadl.

format WEAK LEVEL value_(dimensionless)
default 5.0

example WEAK LEVEL 5.00

WRITE PREDICTIONS / WRITE NO PREDICTIONS

This tellsDenzoto write a file called hklpredictions. This fil@rtains the positions of
the predicted reflections and is readdalisplayFto update the predictions in the display.
Once the flag is turned on, the file is updatedrgvtiene a new cycle of refinement is

executed. This way you can follow the course ofré#fsnement in the display program.
Turned off with WRITE NO PREDICTIONS.

format WRITE PREDICTIONS
default WRITE NO PREDICTIONS
example WRITE PREDICTIONS

X BEAM

Defines the distance from the edge of the datddobeam spot, in mm. You can use

coordinates of the cursor in the green box of XldéesplayFwindow to find the beam
position.

format X BEAM lue_(mm) default FILM width/2
example X BEAM 98.961

Y BEAM

Defines the distance from the edge of the datahéobeam spot, in mm. Again, use
coordinates of the cursor in the green box of XlésplayFwindow to find the beam

position.
format Y BEAM value_(mm)
default FILM length/2

example Y BEAM 100.146
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Y SCALE

Y SCALE inDenzoserves two purposes. First, it is a dimensiontessection factor for
anisotropy in the pixel dimensions. It is appliedhe fast scanning, g dimension of
the pixel. If the pixel is larger ipmthan inx, then Y SCALE is smaller than 1.

It is possible to create a data file which hasitiverted direction of scanning along one
of the axis - similarly as in in the case of filkaaned from the backsideenzohandles
this aberration by changing the sign of the Y SCAldyword to negative. If this is not
done, then the assignment of the Friedel matesd@&ijdifferences) will be inverted, and
thus the hand of the structure will be similarlyented - se®etermining the values of
FILM ROTATION andY SCALE section inDenzo Orientation Conventionsthapter.
The sign of Y SCALE is a detector property, white ibsolute value of Y SCALE seems
stable for all detectors. Once the correct signldesen determined, the calibration of Y
SCALE is done by refining with a high symmetry d¢atgtrigonal, tetragonal, hexagonal,

or cubic).
For CCD and spiral scanners, the value of Y SCAbBufd be exactly £+ 1 and not
refined!

format Y SCALE value_(dimensionless)

default detector dependent, defined by the FORMAT statement

example Y SCALE 1.03152

YORK OUTPUT FILE

Substitutes for the OUTPUT FILE command, and tbksprogram to write thex' file in
the Eleanor DodsonYork file format. Note that Scalepack reads henzoYORK
OUTPUT FILE as format denzgorkl.
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Appendix - Scaling Keywords

This is a listing of all of the Denzo keywords ahdir modifiers, if any:

ADD
ADD PARTIALS
all
ANOMALOUS
B RESTRAIN
BACKGROUND CORRECTION
DEFAULT B FACTOR
DEFAULT SCALE
DO NOT REJECT OUTLIERS
ERROR SCALE FACTOR
ESTIMATED ERROR
EXTEND PARTIALS / DO NOT EXTEND
PARTIALS
FILE
FIT
crystal
batch
film
FITB
FIX B
FIXED WINDOW
FORMAT
denzo_ip
denzo_yorkl
scalepack
rigaku raxis
xds profit.hkl
madnes procor intout
madnes procor ascii
xengen urf
archive
FRAME WIDTH
HKL MATRIX
HKL SCALE
HKL SHIFT
IGNORE OVERLOADS
INCLUDE OVERLOADS
INITIAL B FACTOR
INITIAL SCALE
INPUT/ @
MERGE
MOSAICITY

NO ANOMALOUS
NO MERGE
include partials
include no partials
original index
NO PROFILE TEST
NUMBER OF ITERATIONS
NUMBER OF ZONES
ORIENTATION AXIS 1
ORIENTATION AXIS 2
ORIGINAL WINDOW
OUTPUT ANOMALOUS
POLARIZATION
POSTREFINE
PRINT
total chi2
single chi2
correlation / no correlation
solution / non solution
shifts / no shifts
profile test
PROFILES FITTED
PROFILES SUMMED
RECSQ
REFERENCE BATCH
REFERENCE BATCHES, FILM, FILMS
REJECT HKL
REJECT OUTLIERS
REJECTION PROBABILITY
RESOLUTION
RESOLUTION STEP
SCALE ANOMALOUS
SCALE RESTRAIN
SECTOR
SECTOR WIDTH
SIGMA CUTOFF
SPACE GROUP
SPINDLE AXIS
UNIT CELL
VERTICAL AXIS
WRITE BADDIES
WRITE REJECTION FILE
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ADD

Increments batch numbers by a constant to evechbedm this point on until another
add command is read. Useful to make unique batotbets from two or more files which
have the same batch numbers inside. For exaplezo yorkl format embeds the batch

number in the .x file.

format ADD value

default nothing added
example ADD 1000  This will add 1000 to each batch number.

ADD PARTIALS
Tells the program to add partially recorded reftatt among consecutive batches, even
if the batches do not have consecutive numbeEsgentially obligatory.

modifier all partials are added over all conseeubatches
format ADD PARTIALS startl to endl start?2 to end2 .c et
default do not ADD PARTIALS

example ADD PARTIALS 0 to 49 51 to 99 100 to 149

Be sure that the ranges of numbers do not overlap.

ANOMALOUS

Flag for keeping Bijovets (I and | ) separate in the output file. If the flag is
on, anomalous pairs are considered equivalent whlenllating scale and B factors and

when computing statistics, but are merged sepgrated output as | and | for each

reflection.
format ANOMALOUS
default not turned on (I+ and | are combined)

example ANOMALOUS

B RESTRAIN
Can be used to restrain B factor differences fromsecutive films or batches. The value
which follows the flag represents the amount fryBu will allow the B factors to differ
from consecutive frames or batches. See also thedde

format value_(A 2) defaultnot turned on
example 0.5
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BACKGROUND CORRECTION

The command specifies the amount per frame to increase
background. Corrects for errors in SDMS (Hamlinjadantegration in the software
distributed in the late 1980s and early 1990s.vidiee given after the keyword increases
the background by #counts/frame. Vdil archive file format only.

format BACKGROUND CORRECTION value_(#counts/frame)
default not turned on
example BACKGROUND CORRECTION 15

DEFAULT B FACTOR

Overall B used only in the absence of an . You can apply a higher value
to lower your Rherge DO€s not affect the quality of the data.

format DEFAULT B FACTOR value
default 0
example DEFAULT B FACTOR 5

DEFAULT SCALE

Overall scale factor used in the absence of amimitale factor. This is useful if the data
are too strong, which is sometimes the case witillsnolecules. It will reduce the output
intensities by the factor entered.

format DEFAULT SCALE value
default 1
example DEFAULT SCALE 10

Useful to reduce the overall scale of the datal&te numbers in the output file are too
large, 10 will reduce them 10-fold.

DO NOT REJECT OUTLIERS
Turns off the reject outliers flag.

format DO NOT REJECT OUTLIERS
default DO NOT REJECT OUTLIERS
outliers not rejected automatically, but see REDEQUTLIERS for
more discussion.
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ERROR SCALE FACTOR

This is a single multiplicative factor which is djgd to the input . This should be
adjusted, so the normaf (goodness of fit) value that is printed in theafitable of the
output comes close to 1. By default, the inputrsrese used ( =1). 1t
applies to the data which are read after this kegiwso you can apply a different error
scale factor to subsequent batches by repeatiagnghut with different values.

format ERROR SCALE FACTOR value
default ERROR SCALE FACTOR 1
example ERROR SCALE FACTOR 1.3
good starting value for format denzo_ip

ESTIMATED ERROR
The estimate of the systematic error for each efrésolution shellsThere must be

exactly the same number of error estimates here dbere are . So if
you have 10 zones, you need 10 numbers followiadk&lyword estimated error - one for
each zone.

The error estimates to do not all have to be theesd he estimated error applies to the
data which are reaafter this keyword, so you can apply a different errals factor to
subsequent batches by repeating this input witfergifit values. This is an important
point if you enter data from a previous Scalepaatpot that does not need itsto be
increased.

The error estimates should be approximately equtig R-factor in the table at the end
of the output for resolution shellghere statistical errors are small namely the earlier
resolution shells where the data is strong. Thésdeude estimate of the systematic error,
to be multiplied by I, and is usually invariant vitesolution. Default = 0.06 (i.e. 6%) for

all zones.
format ESTIMATED ERROR valuel value? value3 value4c..et
default each value set to 0.06

example ESTIMATED ERROR 0.02 0.03 0.03 0.03 0.04 0.04¢6es)

EXTEND PARTIALS / DO NOT EXTEND PARTIALS
Some partially recorded reflections may be predidig Denzoor Scalepacko start or end their Bragg
condition inbetween consecutive frames due to small variaiionsystal orientation from
frame to frame. For these reflections only, theeetevo choices of defining where the
reflection started (or ended): including the extaane, or not. EXTEND PARTIALS tells

176



FILE

FIT

APPENDIX — SCALING KEYWORDS

Scalepack to include this extra frame. It only etfea very small fraction of the
reflections. Opposite of DO NOT EXTEND PARTIALS.

format EXTEND PARTIALS
default this is the default

This specifies the files read I8calepackThe input has two components. The first is a
number. The second is a file name, which usualhtaios wildcard characters (###) that
are incremented by the command. The number which follows specifies the
starting batch number. A batch, previously calledfdm, can be as small as a single .x
file (or the equivalent). It can be a group of ied, even an entire data set. The most
frequent content of a batch is a single .x file.

This conversion of files into batches is particiylarseful if you want to scale more than
one data set together. For example, let's say yant vo scale 10 oscillation frames
(numbered 1 through 10) from first data set with &¢illation frames (humbered 1
through 37) from another one. The statement will take each of the individual .xdile
and assign them a batch number. Thus, you wouler esmimething like this: 1
'setone#ttt. X' and 101 'settwo#HHt.x' (see Scenario 5d)I hus, batch numbers 1 - 10 will
correspond to filesetone001.x, setone002.x , etc. (assuming you used the 1to

10 command above  so that the wildcards would be substituted witmbars). The
batch numbers 101 - 137 will correspond to fld&svo001.x, settwo002.x , etc. the
### is replaced by the sector argument, not byp#teh number.

format FILE value ‘filename’ (see also note below)
defaults None
example FILE 101 ‘/frames/scale/lysoz###.x'

The FILE must come after FORMAT because the syd&pends on which input format
is being read. The FILE must not be followed byumber in the case of the archive,
denzo_york, and denzo_yorkl formats, where the murafier the word FILE is not

given because the batch numbers are already stotkd file. If you want to change the
batch numbers in these file formats, see the ADibroand described above.

Tells the program what parameters to fipist-refinementand specifies the group of
files over which the fitting is to be performed.dBefinement fit can be applied to an
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entire set of batches (one batch being the entgirefsframes, for example) using the
modifiercrystal , or to each individual input file using the modifiim or batch .

modifiers CRYSTAL specifies that the fit operation is over the rengiet of
frames specified by a range and restrains theaféupeter to
have exactly the same value over this range.

BATCH specifies that the fit operation is performed
on each member of the set of frames specifiediayge.
FILM alias for batch
parameters a*, b*, c* unit cell lengths. Values returnect aeal space
alpha* unit cell angles. Values returned aed space.
beta*
gamma*
rotx crystal orientation parameters deducedenzo
roty
rotz

wavelength  incident wavelength..

mosaicity mosaicity as defined in Denzo, in @éegr
format fit modifier parameterl filmnumber to filmnumber
default the default is that nothing is fit unless spedfi
examples FIT crystal roty 1 to 137

FIT crystal mosaicity 1 to 5 7 to 10 102 to 164L87

FIT batch rotx 1 to 137

Most mistakes in Scalepack can be attributed torern FIT commands because the
program is very sensitive to mistakes in the batembers. If you input non-existent
batch numbers or define overlapping ranges (e.tp,1D 5 to 20), the program is likely
to fail in a strange way. If you specify a rangenambers, the program will only use the
batch numbers that exist within the range. For exttanif your batch numbers go from 1
to 40 and 70 to 90, you can get away with sayiag, §IT batch (parameter) 1 to 90,
which is the same as FIT batch (parameter) 1 ta®t 90. For FIT crystal, these two
inputs are not equivalent. In the case of FIT alygiarameter) 1 to 90, one value will be
fit for all batches. In the case of FIT crystalrgraeter) 1 to 40 70 to 90, two values will
be fit, one for each range. Note that differenapagters may be fit over different ranges
and either over batch or crystal. You can also tmatch and crystal for the same
parameters.

Do not fit unit cell parameters restrained by spg@aip symmetry. For example, if you
have space group P3, you must nobfit

Do not batch rotz because this parameter is very poorly definedbyiritensities of
observed patrtial reflections. This is another \@ynmon mistake.

Unless you know what you are doing, do notcrystal rotx roty rotz , because if the
spindle is even slightly misaligned, the assumptibat there is only one crystal
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orientation parameter for a large sweep of dateforite incorrect restraints on the crystal
orientation refinement.

About fitting rotations: Changes in rotationsglikrystal rotx roty and rotz, are expressed
as small rotations, call them, about the laboratory frame of reference. These x,

y, and z, are used because to a first approximation, te@ymute with one another
(commute means that the order in which they ardieps irrelevant). This, in turn, is
because these are small, typically less than one degree. Thstalpr cassette rotations,
Rx, Ry, and R, on the other hand, do not commute with one amdtéeause their values
tend to be large (much greater than one degree)wBen you askScalepack
postrefinement oDenzoto fit these rotations, what is actually happenmghat the

are being refined. After each refinement cycle, thare converted into changes i, R
Ry, and R by a (complicated) algebraic relation. Those af yoth sharp eyes will have
noticed inDenzothat the shifts reported by the program whemfittihe crystal rotations
do not correspond to the changes in the rot valli@s.is because the shifts reported are
the , not the changes in rotx, roty, and rotz. The otbason for fitting rotations the
way they are defined iDenzois to make them have a more intuitive correlatigtn the
other parameters. Otherwise, changes in crystalwould not correlate with cassette
rotz. This is of more importance 8calepackwhere only rotx and roty, and not rotz, are
refined.

About fitting unit cell parameters: In boenzoand Scalepack, the unit cell is fitted in
reciprocal space, not real space. This means trah fnon-orthogonal space group,
refining the value of a* may end up changing thies of b and c, even though b* and
c* remain the same. The same is true for the anfitéeg * may end up changing

and , even though* and * remain the same. So what you may notice someifiyeu

are not careful is that when you ask the prograffit tyystal a*, but not b*, c*, and the
angles, then a will not be a constant. a* will lbastant, but when converted back to a
when the other unit cell parameters have not beanges, a will not. The moral: when
fitting unit cells, fit all the relevant parameters

This flag tells the program to refine B factorsewery batch from the very first cycles of
refinement. This is in contrast to the default paware, where the B factors are fit only
after the convergence of the scaling. In the défarokcedure, if scaling does not converge
in 20 (default) cycles of refinement, B factorsivaé not be fitted. The command
can override this. Not to be confused with the pdste - command described
above.You cannot postrefine B (temperature) factors.

format FITB
default this flag is turned off
example FIT B
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FIX B
This flag tells the program not to fit B factorsadit Usually, it is combined with the input
of the B factors you want to apply but do not wishrefine anymore, or it is used for
frozen crystals where you do not expect significieday.

format FIX B
default turned off; B factors are fit after the scale témcrefinement
converges.

example FIX B

FIXED WINDOW

For Hamlin archive files a fixed window of 3, 5, 7, or 9 framor the original Hamlin
determined window of frames may be used for sumnaingflection Valid for archive
file format only.

format FIXED WINDOW value
default uses the Hamlin definition of the window
example FIXED WINDOW 7

FORMAT
This keyword specifies the format of the inplt and intensity data. Input data can come
from any of the nine types of files. This prograequires this keyword to properly read
the files.

modifiers DENZO_IP from frames processed with Denzo

DENZO_YORK1 output created with Denzo option
york

SCALEPACKTfrom Scalepack output file

RIGAKU RAXIS binary R-Axis software output

XDS PROFIT.HKL binary output from XDS output file

MADNES PROCOR INTOUT binary madness
output

MADNES PROCOR ASCII ascii madness output

XENGEN URF binary output from xengen. Also
have to supply the program with info about frame
width, in degrees, using frame width keyword.
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ARCHIVE  binary output from Hamlin software

format FORMAT modifier
default denzo_ip
example FORMAT denzo_ip if you use one of the binary formats

that the data must be scaled on the same type of
computer that created the binary files due to

incompatibilities in number representations between
computers.

FRAME WIDTH

Only for URF files created byXengen Other formats do not need this specification

becausé&calepaclcan read this information off the file header. Tiseillation range for
each frame.

format FRAME WIDTH value

default there is no default, this input is required tustformat
example FRAME WIDTH 0.2

HKL MATRIX

Matrix for re-indexing. This matrix is applied the hkl's as they are read in (applies to
data read in after this command):

h' = (1)*h + (2)*k + (3)*I

kK'=(4)*h + (5)*k + (6)*l

I'=(7)*h + (8)*k + (9)*I
Input is in the order (1....9). HKL MATRIX works i postrefinement. The program will
not accept a matrix which has a negative determinan

format HKL MATRIX valuell valuel? valuel3

value21 value22 value23

value31 value32 value33
default the default is the unit matrix

example HKL MATRIX01010000-1
transforms hkl into k h -,
has the effect of switching a and b.
-1 is to keep the determinant positive.

HKL SCALE

Divides eachh, k, andl by the input values. Useful for reducing the wmatl volume,
particularly after hkl matrix transformation. Rarely needed. Example,eindlata
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originally in C222 and want your data in, say, &y would apply of221,
and = of 1101-1000 -1 so that the new indices wdwve values off

+k/2 ,h-k/2 , andl.

format HKL SCALE valuel value2 value3
default 111
example HKL SCALE 221

HKL SHIFT

Used to make a quick test ofisindexing. Adds the specified integer vector to each
original h, k, andl. If you are successful in using this, congratoladi, you now have to
reprocess your data benzowith the correct indexing.

format HKL SHIFT integer integer integer
default 000
example HKLSHIFT010  we'll assume you weren't tood#

IGNORE OVERLOADS

Opposite of . This isnot the default Useful if you collect data at low
and high exposures and is useful to ignore theatai reflections at the high exposures.
This macro applies to data read in after this comuna

format IGNORE OVERLOADS
default This is NOT the default See Include Overloads

INCLUDE OVERLOADS

INCLUDE OVERLOADS is a flag for whether fitted pitefs with some pixels missing

(typically due to overload) should be includedhe scaling. Affects only Denzo image
plate output files (formats denzo_ip, denzo_yorRjte that for summed profiles this
does not apply because only profile fitting camnesate the value of the overloaded pixels.

format INCLUDE OVERLOADS
default This is the default
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INITIAL B FACTOR

Table of starting B factors, one per batch, begigron the record after the title. After
running the program once, the output table of Bdiegccan be cut out and pasted in here,
for example, when you have set the FIX B flag aredrent refining B values anymore.

format INITIAL B FACTOR batch no. b value batch no. Hua...
default value of the default B factor, which is defauti)
example INITIAL BFACTOR10.020.130.140.15-0.2tc

INITIAL SCALE

Table of starting scale factors, one per batchinm&gg on the record after the title. After
one run of the program, the output table of scabéoirs can be cut out and pasted in here.
This table is not required. If it is not includedthe control input, then the DEFAULT
SCALE is used (this is 1 unless otherwise spedified

If the initial scale factor is set to zero, thahe is ignored in the scaling and refinement.

format batch no. scale value batch no. scale value ...
default value of the default scale factor, which is dé&dito 1
example INITIAL SCALE FACTOR 11.020.930.040.85511..etc.
INPUT / @
Redirection. Tells the program to read the file athfollows the keyword. Same as in
Denzo
format @filename
default no redirection
example @reject
MERGE

Flag that tells the program to merge (combine, aye) reflections with the same unique
index. This is th&calepacldefault.

format MERGE
default This is the default and need not be specified
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MOSAICITY

Allows you to input the value of the mosaicity bétdata set. This is normally read from
the header of the file.

format MOSAICITY value
default read from the header of the .x file
example MOSAICITY 0.5

NO ANOMALOUS
Opposite of the keyword . Causes I+ and I- to be merged. This is the defaul
format NO ANOMALOUS
default This is the default
NO MERGE

Flag for the output ainmerged (reflections with the same unigb&l are not combined)
data. Opposite of . Thisis a very handy for specialized work. Thagfhas subsidiary
modifiersinclude partials, original index or as defaulinclude no partials

modifiers INCLUDE PARTIALS all observations, both fully and
partially recorded, are included in the output. Bléput will
consist of the unique hkl, batch number, asymmaetiit I, |,
and fractionality of the reflection. There is ndommation
about 1+ and |-, although it may be possible to tpet in
subsequent versions of the program.

INCLUDE NO PARTIALS only fully recorded reflections and
those fully recorded reflections created by the rmaton of
partials are included in the output. Partials whiamnot be
summed to a fully recorded reflection are lost. dhgout will
consist of the unique hkl, batch number, asymmetnic, |,
and . This is the default for NO MERGE. There is no
information about I+ and I-.

ORIGINAL INDEX the output will also contain the original (not
unique) hkl for each reflection. This is designedr f
MAD/local scaling work. The original index modifiemly
works with the default INCLUDE NO PARTIALS. The
output will consist of the original hkl, unique hKbatch
number, a flag (0 = centric, 1 = I+, 2 = |-), amatlilag (0 =
hkl reflecting above the spindle, 1 = hkl reflegtibelow the
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spindle), the asymmetric unit of the reflection(stcaled,
Lorentz and Polarization corrected), and thed I. The format
is (6i4, 16, 2i2, i3, 2f8.1).

format NO MERGE modifier

example NO MERGE original index

This command is also useful if you just want to bame all of the information contained
in multiple .x files into a single file. Simply rdan all of the .x files, don't do any scale
or B factor refinement, and output NO MERGE inclydetials.

NO PROFILE TEST

This is a flag which operates only &RCHIVE format files. TellsScalepackthat
reflections with weird profiles should not be regat: Opposite of

format NO PROFILE TEST
default This is not the default

NUMBER OF ITERATIONS

The number otycles for refinementof scale and B-factors. The default value is 20
cycles. If it is set to 0, the program computesisias, merges reflections with the same
uniquehkl, and writes the output file based on the init@dle and B factors. Normally
you do not have to specify this unless you wartvaid scaling.

format NUMBER OF ITERATIONS integer
default 20 iterations
example NUMBER OF ITERATIONS 0

NUMBER OF ZONES

The number ofresolution shellsthe data is divided into for the basis of calduaiat
statistics. This input is required and must makehrtumber of zones specified under the

keyword. Handy tip: it's nice to set up the to equal the
number of zones used Bplor for the output of refinement statistics by shielt, when
you get around to publishing your data and refingrnseatistics together in a paper.

format NUMBER OF ZONES integer
default This input is required
example NUMBER OF ZONES 10
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ORIENTATION AXIS 1

Three integer vector which describes the oriemadiothe vertical axis of the crystal.
Equivalent taDenzoandScalepackeywords  + . This information is usually
not inputted by the user, but subsequent versialhgsead it from the header of the .x
files. This command does not affect scaling or istement. However, it does affect
the values of the misorientation angles reporteti@Scalepackog file.

format ORIENTATION AXIS 1 integer integer integer
default 100
example ORIENTATION AXIS1010

ORIENTATION AXIS 2

Same as ORIENTATION AXIS 1 except describes thendipi axis of the crystal.
Equivalent to Denzo and Scalepack keywords SPINBXES. Otherwise the same as
above.

format ORIENTATION AXIS 2 integer integer integer
default 001
example ORIENTATION AXIS2100

ORIGINAL WINDOW
Refers to the window size of ARCHIVE format fil&3pposite of FIXED WINDOW.

OUTPUT ANOMALOUS
Alias for the keyword ANOMALOUS.

OUTPUT FILE

Name of file for output of scaled measurementsed file will be created if none exists,
but a pre-existing file will be overwritten. Maximuof 80 characters allowed in the file
name. Depending on whether the ANOMALOUS flag is geere are one or two sets of
I and (1) per reflection. The output is h, k, I, I{l) (NO ANOMALOUS flag) or h, k, |,
I+, (I+), I-, (I-) (ANOMALOUS flag) in format (314, 4F8.1). If ta NO MERGE flag
has been set, unmerged data are output as ladyrhmetric unit #, 1, (1) in format (414,
2F8.1) and the ANOMALOUS flag has no effect. For MERGE original index the
format is: original hkl, unique hkl, batch (filmumber, a flag (0 = centric, 1 = I+, 2 = |-
), another flag (O = hkl reflecting above the spénd = hkl reflecting below the spindle),
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the asymmetric unit of the reflection, | (scaledyéntz and Polarization corrected), and
the (I). The format is (6i4, i6, 2i2, i3, 2f8.1).

format OUTPUT FILE name use single quotes for safety
default you must specify the output file name
example OUTPUT FILE '/people/myname/LYSOZ.sca'

POLARIZATION

This command allows you to correct a mistaken déion/monochromator value
entered when you rabDenzo It saves you from the chore of reprocessing alaur
original images once you have learned of a mistékes is mainly for synchrotron users
who collect very high-resolution data.

format POLARIZATION Denzo value corrected value
default The polarization is read off the header of thilex
example POLARIZATION Denzo 0.0 corrected 0.9

POSTREFINE

The number of cycles of postrefinemento be done. Works in conjunction with the
commands described above. If you set the numbgosifefinement cycles to zero, then
postrefinement will be skipped even if you havecommands in your control file.

format POSTREFINE integer
default Postrefinement is not done unless you specify it
example POSTREFINE 10

PRINT

This flag tells the prograro print the results of the specified calculatioafter every
refinement cycle Useful in the case where one scales non-isomogptata and wants

to make the outlier list short by using the stateime  total chi2 200 single
chi2 100
modifiers TOTAL CHI2 cutoff for printing poor reflections. TotaR
for all measurements of a reflection. Default = 52
SINGLE CHI2 cutoff for printing poor reflections2 for any

single measurement of a reflection. Default = 3.52.
CORRELATION / NO CORRELATION prints correlation
matrix.
Default: no correlation
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SOLUTION / NON SOLUTION  prints new scale and B factors.
Default: no solution

SHIFTS / NO SHIFT$rints changes to scale and B factors.
format PRINT modifier
defaults PRINT total chi2

PRINT single chi2

PRINT no correlation

PRINT no solution

PRINT no shifts

New scale and B factors will always be printedthd humber of fitted parameters exceeds
300.

PROFILE TEST

PROFILE TEST is a flag that can be turned on ahd®tlesired. This is the default. Bad

profiles can be used to reject a DCREDUCE summéd/akid for ARCHIVE file format
only. Opposite of NO PROFILE TEST.

PROFILES FITTED

This flag tells Scalepack how the profiles weretee by the indexing program (e.g.,
Denzo). The two choices for profiles are fitted asuimmed. Valid for denzo_ip,

Denzo_yorkl, and xengen urf formats. Most of theeti people fit profiles, so this is the
default and need not be specified in the commadad fi

format PROFILES FITTED
default This is the default

PROFILES SUMMED
The opposite of PROFILES FITTED. This is not théadé and must be specified if true.

RECSQ

Metric tensor description of the reciprocal space unit cell. WAguld you ever use this
when you can specify the real space constants?

format RECSQ valuel value? .... value6
default same as UNIT CELL
example RECSQ 0.0001 0 0 0.0004 0 0.0009
[to describe unit cell 100 50 33 90 90 90.]
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REFERENCE BATCH

Specifies which batch or film or set of batcheglors will be the reference for the scaling
and B refinement. The scale and B factor for ttegeenot refined. More than one film or
batch may be used as the reference. This is imuartdy for crystals which decay during
data collection. If the crystal is frozen and doesdecay, then the default may be used,
which is to let the eigenvalue filter define theemdl scale and B factor. With a large
number of batches, reliance on the eigenvalue féta little bit dangerous, so you should
consider using a reference batch number in thosesca

This keyword is entirely equivalent to the keywor&EFERENCE BATCHES,
REFERENCE FILM, AND REFERENCE FILMS. The otherssecause some people
have a grammatical hangup about using the singul@escribe more than one object.

format REFERENCE BATCH integer integer integer ... etc.
default no reference batch. Eigenvalue filter definesaerall scale and B
example REFERENCE BATCH 1345

REFERENCE BATCHES, FILM, FILMS
Same as reference batch

REJECT HKL

This flag tells the program to reject the list ndlividual h, k, I's which follow. This is
useful for iterative rejection cycles since the fdontaining the rejected reflections can
be reread. Each record after the title containsrefiection with the variables h, k, |
(original index) and film number in free format. i$hnformation is most easily edited
from the printed output of a previous run, can aonthe whole line. One can read it from
a reject file with command @reject.

format REJECT HKL
default This is not the default

REJECT OUTLIERS

Automatic rejection of outliers. Not yet reliabiypplemented. This is supposed to replace
multiple rounds of running Scalepack. The ideahat twhen this keyword is set,
Scalepack runs once, makes a reject.dat file, ilnes again, reads the reject.dat file and
scales the data based on the reduced set of oheas/a
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REJECTION PROBABILITY

Applies Bayesian rejection of outliers. Rejectedearvations are written to the reject.dat
file (see WRITE REJECTION FILE). The whole hkl (altiginal hkls with the same
unique hkl) with at least one observation with abability of being an outlier greater
than or equal to the value specified after the WIRREJECTION FILE keyword (default
0.9) are written to the log file. This is an estiioa on your part of how frequently you
expect any observation to be an outlier. In prilithe rejection probability should be
about equal to the number of outliers divided by ttumber of observations. A good
value to use is 1/10,000, i.e. 0.0001, for norn@dydata. If you have a non-random
signal in your background (e.g., satellite crystadalfunctioning detector, ice rings), then
you will probably have to increase the rejectioolqability. If you do not want to generate
arejectlist in the log file, then omit the keywdoA comparison of R-linear and R-squared
is often helpful for deciding whether to increase trejection probability. See the
discussion following Scenario 1 for more on this.
The rejection algorithm used in Scalepack is thestnsensible and statistically sound
outlier rejection algorithm. Unlike some other prams, the Scalepack outlier rejection
is based on comparing differences tdSo it will typically reject, say 4 or 5 outliers.
Some reflections with a large discrepancy from #&lverage value of | may simply
represent a lack of adequate statistics in measueand not a "mistake” (non-random
error) in measurement. If a reflection has a laligerepancy from the average and a large
, its contribution to the average will be very shaalyway.
Here's an example of how the outlier rejection athm works:

Although you may think that {5} is the outlier, fact the consistent set of observations
will be {1, 2, 3, 5}, and {4} will be the outlieWhy is this? A consistent average will be
10.0 (or more exactly 10.000003), because observathas a 1/1000000 lower statistical
weight than the other observations, due to itselargObservation 4, on the other hand,
which was measured more accurately, will be 8deviations from the average of the
remaining observations because the expected ertbedalifference 4 - <{1,2,3,5}> is
0.115, and 8.7 = (11.0 - 10.000003) / 0.115. Smbwervation with the largest deviation
from the average is not necessarily a statistiatien.
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R merge (after outlier rejection) will be very bad, 25%ea if the average is measured
extremely well, with a sigma of 0.057%! This hasltowith Rmergebeing an unweighted
statistic, and I/ being a weighted statistic. If some other prograjacted observation 5
(for no good reason) and observation 4 (for goabsea), Rnergewould be 0.067%.
Practice shows that most programs would rejectrebtien 5 because many users want
a good Rerge And sometimes these programs would not even thiagtrue outlier -
observation 4!

format REJECTION PROBABILITY value
default 0.0001
example REJECTION PROBABILITY 0.0001

RESOLUTION

Minimum d-spacingfor this run. Default is the maximum resolution fiouin the input
data. One can supply two numbers in any orderttadwill be minimum and maximum

d-spacings.
format RESOLUTION value [value]
default highest resolution detected in .x file

examples RESOLUTION 10 2.2
RESOLUTION 2.2

RESOLUTION STEP

Changes the number of reflections per shell forphgoses of printing out statistics.
Formally, it represents the exponent of the zorlarae calculation. Normally, this is 3,

because the volume of a sphere goes as radius,cdoatl the statistics shells will have
the same number of reflections. Changing the résolstep could be useful to prepare
a table of statistics to compare with other programhich may print out the statistics

differently.
format RESOLUTION STEP value
default RESOLUTION STEP 3

example RESOLUTION STEP 2.5

SCALE ANOMALOUS

This is the flag for keeping Bijvoets (I+ and I9marate both in scaling and in the output
file. If the SCALE ANOMALOUS flag is on, anomaloysairs are considered non-
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equivalent when calculating scale and B factorswahdn computing statistics, and are
merged separately and output as I+ and |- for egfbdction.

This is a dangerous option because scaling may$tahbie due to the reduced number of
intersections between images. The danger is mughrlan low symmetry space groups.
SCALE ANOMALOUS will always reduce R-merge, even tne absence of an
anomalous signal, because of the reduced redundipeyever, 2's will not be affected

in the absence of an anomalous signal.

format SCALE ANOMALOQOUS
default This is not the default. Use with extreme caution.

SCALE RESTRAIN

Can be used to restrain scale factor differenaa® ftonsecutive films or batches. The
value which follows the flag represents the amouou will allow the scale factors to
differ from consecutive films or batches. It addsaator of (scalel - scalescale
restrainf to the target function minimized in scaling. Taigy applies to batches between
which you add partials. For very thin frames, ikialmost obligatory. The value should
roughly represent the expected relative changeategactors between adjacent frames.

format SCALE RESTRAIN value
default not turned on
example SCALE RESTRAIN 0.01
(expect 1% change between adjacent frames)

SECTOR
Substitutes for the ### wildcard to specify a grofifiles to be reacee  keyword.

format SECTOR integer to integer
default no default
example SECTOR 1t0 40

SECTOR WIDTH

Sector width can be specified in degrees. A psemildd a sector width's worth of data
from one detector. Valid for area detector daty otéfault value 5 degrees.

format SECTOR WIDTH value
default 5 degrees
example SECTOR WIDTH 3.0
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SIGMA CUTOFF

Cutoff for rejecting measurements on input. Defaul3.0. Be careful if you increase
this!

What is the rationale for usingcutoff -3.0 in Scalepack? Wouldn't you want tectjall
negative intensities? Why shouldn't you use eutoff 1.0 or zero? The answer is as
follows: The best estimate of | may be negativeg tlm background subtraction and
background fluctuation. Negative measurements &fgicepresent random fluctuations
in the detector's response to an X-ray signal.nife@asurement is highly negative-@ )
than it may be more likely the result of a mistaiegher than just random fluctuation. If
one eliminates negative fluctuations, but not thsifive ones before averaging, the result
will be highly biased. In Scalepack, SIGMA CUTOIrapplied before averaging. If one
rejects all negative intensities before averagingmber of things would happen:

1. The averaged intensity would always be positive;

2. For totally random data with redundancy 8, in dlshibere there was no
signal, there would be on average 4 positive measents, with average
intensity one . This is because the negative measurements had bee
thrown out. So the average of the four remainingsneements would be
about 2 ! This would look like a resolution shell with a amengful signal!

3. Rmergewould always be less than thenRgewith negative measurements
included

4. A of 1 would improve Rerge€ven more, by excluding even
more valid measurements!

Why should this worry you? Exclusion of valid measuents will deteriorate the final
data set. One may notice an inverse relationshipds®n R-merge and data quality as a
function of SIGMA CUTOFF So much for using R-meggeany criterion of success.
Even the best (averaged) estimate of intensity beapegative. How to use negative |
estimates in subsequent phasing and refinemerdste author of Scalepack suggests
the following:

1. You should never convert | into F

2. You should square cke and compare it to I. Most, but not all of the
crystallography programs do not do this. Thatfes lin the absence of the
proper treatment, one can make approximations. dmieem is provided
by French and also by French and Wilson and imphedakin the CCP4
program TRUNCATE. A very simplified and somewhat imprecise
implementation oftrRUNCATE is this: if 1 > (1), F=sqrt(l) if I < (1),

F=sqrt( (1))

format SIGMA CUTOFF value
default -3
example SIGMA CUTOFF -2.5
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Space group symbol from the list below. This inigutequired! The space group may be
entered as a name (e.g., P212121) or as a number®, for the same space group).
Most of the numbers correspond to those of thernatenal Tables. The numbers above
230 are nonstandard definitions of space groups.

1 P1 89 pP422 154 P3221 207 P432
3 P2 90 P4212 155 R32 208 P4233
4 P21 91 P4122 168 P6 209 F432
5 C2 92 P41212 169 P61 210 F4133
16 pP222 93 P4222 170 P65 21] 1432
17 P2221 94 P42212 171 P62 212 P433p
18 P21212 95 P4322 172 P64 213 P413p
19 P212121) 96 P43212 173 P63 214 14132
20 C2221 97 1422 177 P622 303 P2C
21 C222 98 14122 178 P6122 305 B2

22 F222 143 P3 179 P6522 31§ P21231
23 1222 144 P31 180 P6222 401 C1l

24 1212121 145 P32 181 P6422 403 P21G
75 P4 146 R3 182 P6322 446 H3

76 P41 149 P312 195 P23 455 H32
77 P42 150 P321 196 F23 507 11

78 P43 151 P3112 197 123 503 12

79 14 152 P3121 198 P213 509 C21
80 141 153 P3212 199 1213

Notes to particular space groups:

146 R3
446 H3
155 R32
455 H32
401C1
50111
303 P2C

" #
$! %
$! % &
(&) *
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403 P21C (&) *
305 B2 ')+ & x
503 12 $% & P ! !

SPINDLE AXIS
Alias for ORIENTATION AXIS 2.

UNIT CELL
Real cell specified as a, b, c, alpha, beta, gamma. is included in the header
of Denzo IP, Denzo yorkl, ARCHIVE, andScalepackfiles. Otherwise, it must be
included.
format UNIT CELL value value value angle angle angle
default the value from the first header encountered

example UNIT CELL 50 62 100.3 90 90 90

The postrefined value of the unit cell constantsisused, nor is it output in tisealepack
output file. You must get this information from tlog file if you are interested in it.

VERTICAL AXIS
Same as ORIENTATION AXIS 1

WRITE BADDIES

Writes *.xrej files so that reflections from thgeet file may be displayed by XdisplayF.
Not fully implemented. Will terminate the programnda prevent scaling and
postrefinement.

Note that the command @reject must precede the ofpbe .x files.

WRITE REJECTION FILE

Creates a file witlnkl's to be rejected. UNIX file nameject , VMS file name:
REJECT.DAT. Reject file is created if it does not exist.Hétfile exists, it is overwritten.

You can specify the threshold for what you constddre arejectable probability. The
default is 0.9, which is fairly safe, but you magmwto decrease this to, say, 0.5 on later
rounds of rejection.

195



APPENDIX — SCALING KEYWORDS

format WRITE REJECTION FILE value
default Does not write the rejection file, but if it dodke default value is
0.9

example WRITE REJECTION FILE 0.5
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