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MOSFLM and SCALA in CCP4
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Optimization of Data Collection

Ll
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Pre-process at least one image (preferably two at 90°
to each other) to obtain:

B Cell parameters, crystal orientation and putative Laue
group

Estimate of mosaicity
Effective resolution limit

B Crystal to detector distance
B Exposure time

Strategy for data collection
Remember!

B This is the last experimental stage - if you collect bad
data now you are stuck with it.

B No data processing program can rescue the
irredeemable!




What is needed prior to running
Mosflm?

X-ray images

Experimental details (e.g. detector
type, direct beam position,
wavelength, etc)

[he program itself and a computer to
run it on!




llocalhost: ~Aest/muldixl] harry $ jpmosflm

Seiokokiokikik Vergion 6.2.3 far Image plate and CCD data 10th July 2003 ekkkiokiokiok
A.G.W. Ledlie, MRC Laboratary Of Molecular Bidlogy, HILLS ROAD, CAMBRIDGE CB2 2QH, UK
E-mail andrew @ mrc-Imb.cam.ac.uk

New auto-ndexing using DPS due to Ingo Steller Robert Balctovsky and Michael Rossmann
(1998) J.Appl. Cryst. 30, 1036-1040

Original auto-indexing using REFIX due to W olfgang Kabsch (Kabsch, W. (1993),
J.Appl. Cryst. 24,795-800.)

X-windows irterface using xdl view due to John Campbell (Daresbury Laboratary, UK.)
(Campbell J. W. (1995) J. Appl. Cryst. 28, 236-242.

MOSFLM =>image muldlxl 301.mar2000
MOSFLM => go

(Q) QOPEN: file opened on unit 1 Scatus: READONLY

<B><FONT COLOR="#FF0000"><!--SUMMARY BEGIN-->
Logical Name: muldixl 301.mar2000

Filename: muldxl 301.mar2000
<!--SUMMARY END--></FONT></B>

Crystal todetectar distance of 250.00mm taken from image header

Wavelength of 1.54180A taken from image header




Crystal todetectar distance of 250.00mm taken from image header
Wavelength of 1.54180A taken from image header
Pixel size of 0.1500mm taken from image header.

Start and end phi values farimage 1 from image header are 279.00 and 280.00 degrees.
image FILENAME: muldlxl 301.mar2000

(Q) QOPEN: file opened on urit 1 Status: READONLY
<B><FONT COLOR="#FFOOOO"><!——SUMMARY_BEGIN——>

Logical Name: muldlxl 301.mar2000 Flename: muldxl 301.mar2000
<!--SUMMARY END--></FONT></B>

The red cirxcle denctes the region behind the backstop shadow
(Use BACKSTOP keyword to setthis.)
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MOSFLM Image Display

]

|[]Edits allowed

|[]Se1ect item

[@mildlzl_301.mar2000

Processing params

a
b
(c]
alpha
beta
cJanma
PsiX
Psi¥
Psik
Mosaic
Divh
Diwvwv
Lambda
Distance:
Beam H

¥ :
CCOMEGA
ROFF
TOFF
¥YECAL
Pick area: H:

g

Int threshold:
Vector scale
Two theta
Resolution
*3P0OT SEARCH*
Threshold
Emin
Emax
K offset
¥ offset
Min X size
Max H size
Min ¥ size
Max ¥ size
Min no of pix
® splitting
¥ splitting
AANTOINDEH ING*
Min I/sig(I):

Prompts

Timeout mode

Update display:
After refinement
After integraticn

135,

Lol

[On ]

Mo |
=N

off

Lot aw B - N o o o o o e }

[ ST ot N N N )

Main menu

Eead image

Find spots

Edit =pots

Clear spots

Select images

Zutoindex

Egstimate mogaicity

Fredict

Clear prediction

adjust

Eefine cell

Integrate

Strategy

Keyvword input

Find hkl

Fick

Measure cell

Circles

Beam / backstop

Hinl

Hax 2207

Cursor position

Owverlay [f]on
Colour [F]Black on whi Hag[F]zd

Contrast ﬁ]:.

|Zoom|

Waiting for input

| Save/Exit
(] |
output

Pixel H,¥ 2001 0
HC,¥C mm 300.0 0.0
Resolution 0.00
Indices ol 0 ol
F Fhi 0.00 width 0.00
Intensity 0
Figma 0
Spacing & 0,000
Avyeradge 0.0
Rms 0.0
Humber 0
Zoomfactor 0
Circle resclution &

0.0 0.0 0.0 0.0
Phi 279.00  Z280.00
Missets ThetaX,¥,Z

0.00 0.00 .00

Blue:
Green:

fulls,

Yellow:
too wide in phi

partials,

Red:

overlaps




MOSFLI Image Display

O | O
- PIOC?SSUIQ Paramso.oo Main menu Hin 1l Hax 2207 Cursor position
5 L6l Overlay [F]on Contrast el
- 0.00 Read image Colour [F]Elack on whi Hag [¥]xd m
alpha = N I ISE I [ I
bet 2y xdl_io_window -
o amm =
psix|[H[Input reply |
Psi¥
PsiZiliFind spots for autcindexing. Parameters determining .
Mosall|the spot finding are listed under *3POT SEARCH#
Divh||in the "processing params" menu. Pixels with walues
Diwwvl||greater than "Threshold" sds above background are
Lamb | |@onsidered to belong to spots. The program will set
Distl||® suitable threshold autcmatically, but for
Beam "difficult" images it can be set manually.
The spot search will ke between Rmin and Emaz mm of
the direct beam position.
CCOMY |IThe median spot size (in ¥ and ¥) will be determined
ROFF | |and HEmin,Hmax,¥min,¥max are the limits cocn the spot
TOFF ||sizes as a function of this median size. Reduce
yora ||the max values if spots are not well resolved.
pickl|| ' Min no of pix" is the minimum number of pizels in . o
in a spot. Use the "Min Ifsig(I)" paramster to test x g
the effect of changing the intensity threshold L *
Int applied in the actual autoindexing.
Vect g
Twro Do you wish to continue ? (¥):
Reso 2
xopo| /Do vou want to find spots manually ? (N)_ - :
Thre
Emin
Rmax
® of
¥ of
Min
Mazx
Min
Max
Min
i o=p
T sp
= AT
Min
Prom
Upda
2fte
afte
Time

Missets ThetaX,¥,Z
0.00 0.00 0.00




= MOSFLM Image Display

[O[Edits allowed |||[@[gelect item ||[E[muTdiz1_301 . marz000
Processing params . Hinl Hax 2207 Cursor position
- . 126.10 Main menu
b : 126 .19 Overlay [¥]on Contrast e
o 74 31 Eead image Colour [FEBlack on whi Mag [ =4 | Zooml
alpha : 90.00 Find spots n
beta : 90.00 - = S g a
gamma : 120.00 Edit spots = alic S = .y
PsiX : 0.00 Clear spots SiE) o Sma. 8L o =
Psi¥ g 0.00 - o - g o cdsgs oooao -
psi% : a.00 Select images ik 2 a B ek e
Mosaic 0.510 zutoindex 2 3 s o 5 o o o
Divh : 0.000 - — B, o o &5
Divy . 0,000 Egstimate mogaicity S o i - 2
Lanbda 1.542 Predict = g a5 i st Cac - : it
Distance: 250.00 - - o o e o i R R 5
Beam H - 149 .60 Clear prediction i _-._+ i B e K
CCOI“IEgA : 13903:5 AdeSt : ¢ ER 5 FEE oy 8 I 5 "
ROFF . 0.00 Refine cell BEARE T R
TOFF : 0.00 Integrate T i i
YSCAL 1.0000 =) ol -
Pick area: H: 11 Strategy i s I
HE 11 Keyword input O i
Int threshold: 20 - L i o e
Vector scale 1 Find hkl s 8 i - 5
Two theta 0.00 Pick £ i e + i
Resolution 2. 88 ! : Lo
*2pOT SEARCH* Measure cell o i + -1 i :
Threshaold 4.9z Circles B o
Rmin 15.00 et +
Pma 135.00 Beam / backstop Lo i
X offset 0.00 : e RS " i
¥ offset a.oal||] Save/Exit | = T . |
Min X size 0.50 a s FES :
Max X size 2.00 + LE e pigs B
Min ¥ size o.50(||[O | PR ] "oy
ﬂa}x ¥ si;e . 2.02 output Bt = ok '”: a ST
X splitting 0.30]|||ELxeL ®.¥ 2 ;"5 gk s : . F
poithing . HC,EC mm 00.0 0.0 R . 5 O nefSE ok
¥ splitting 0301 lResolut ion 0.00 = S = T et = 5 =
* AU TO INDEX ING* X : 5 o Sea 9.5 g
Min I/sig(I): 2q Indices 0 0 0 o = 2T N k2
gLt F Phi  0.00 width 0.00 = oo Epe -
Prompts e ; SR o “
Update display: g e coes sooan g .
After refinement : S e
A A Spacing & 0,000 i
After integraticn |[HNo | - .0
. Ems 0.0
Timeout mode off Number 0
Zoomfactor 0
Circle resclution &
oo 0.0 0.0 0.0
Phi 279.00 Z80.00
Missets ThetaX,¥,Z Blue: fulls, ¥Yellow: partials, ERed: owerlaps
0.00 .00 .00 Green: too wide in phi




O Mimeut reply

. (see terminal windeow for full cutput)

| Processing Autoindexing will use spots from image(s): 301 ke
a G I'
b : The new auto-indexing option works well with either single or multiple

(=] : images, and with 100 - 750 spots: it is particularly good if wour cell | Zoom|
alpha . iz very anisotropic or if vou have strong diffraction.
beta

) N.B. it tries to estimate the longest cell edge. but you can override this
gsiH if you wish.

PS%Y : Do vou want to try the new auto-indexing? (¥):

F=12

Mosaic : Do you want to fix the detector distance (YY) 7:

Divh : Filename for final orientation matrixz (muldlzl_ 301 .mat):

Diwvw :

TR Maximum expected cell edge (Angstroms) [ 162]:

gista;ce: Do you want to pre-refine the solutions? (N):

eam

¥ Do you want to proceed (Y):,
T TRITT R

|i|Input reply |||E _D’|
Only solutions with PENALTY less than 200 are listed, a complete list is given in the terminal window
HNo PENALTY LATT a b = alpha beta gamma Possible spacegroups
15 200 mP Td.34 126.23 125.97 119.9 90.2 90.0 Pz, P21
14 139 mc 262.84 74,34 126.23 90.0 118.8 73.8 cz
13 139 ol Td.34 125.97% 230.86 90.1 108.6 89.8 122z, 1212121,
12 138 mc 262.40 74,34 126.23 90.0 118.6 73.8 2
11 138 mI 74,34 230,86 125.97 90.1 90,2 71.4 2
10 3 hp 125.97 126.23 74,34 90.0 90.2 119.9 P3,P31,P32,P312,P321,P3112,P3121,P3212,P3221
Ph,P6l,Pa5,P62,Pad, PR3, P022,PR122,PRE2E,PR222,P0A2E, PR322
g 3 ol 126.22 218.35 Td. 34 89.9 G90.3 89.9 czez,c2zzl
i 3 mc 126.22 218.35 Td. 34 859.9 G0.3 89.9 cz
7 2 mc 21832 126.213 Td. 34 0.0 90.3 40.1 2
5 1 mc 125.97 218.77 Td. 34 89.8 Go0.2 90.0 2
5 1 mc 218.77 125.97 T34 G0.2 90.2 90.0 2
il 1 mpP 125.97 Td.34 126.23 90.0 119.9 90.2 p2,P21
3 1 ot 125.97 218.77 Td.34 9.8 90.2 90.0 czz2z,cazzl
2 0 aP Td.34 125.97 l2g.z2 60.1 89.7 89.8 Pl
1 0 aP Td.34 125.97 126.23 119.9 90.0 90.2 Pl

Zelect a solution AND a spacegroup from list above (eg 3 pdl2) or 0 to abandon or T to change min Ifsig(I):10 ped

The scolution and direct beam position will now be refined; reflections which deviate by more
than the sigma cutoff from their caleculated position will be excluded from the refinement.

Positicnal sigma cutoff [ 2.50]:
Refining soclution #10 with Ped {number 172) symmetry imposed

Using 146 indexed reflections (out of 155 spots found, {delta(HY) <= 2.5 sigmal),
final sd in spot positicons is 0.12mm and in phi 0.23 degrees
Refined cell parameters 126.19 126.19 T4.31 90.00 S0.00 120.00

Do you want to update cell parameters (T):

Beam coordinates of 149.60 149,80 have been refined to 149,69 149,71

This is a shift of 0.12mm or ©0.035 times the minimum spot separation of ca  3.53mm.
Do you want to accept the new direct beam position? (¥) :

Do you want to accept this solution (¥) @




] i O
Processi arams . i it i
- = ng p o5 Main menu Hinl Hax 2207 Cursor position
n 0 . 00 i Overlay [¥]on Contrast m)h
o 0:00 Read image Colour [F]Elack on whi Hag [v]=d |Zoom|
alpha 0.0o0 Find spots
beta 0.00 -
gamma 0,00 Edit szpots
Psill .00 Clear spots
Psi¥ 0.00
Dsi% 0.00 Select images
Mosaic 0.000 2Zutoindex
Divh 0.000 e S
Diwvy 0.000 Eztimate mogaicity 3
Lambda 1.542 Fredict g St
Distancs: 250.00 — ++ +I
Beam H 149,60 Clear prediction AT i Lt ++
I 14580 2djust S 5 & T

|.|Input reply

Cnly seclutions with PENALTY less than 200 are listed,

The solution and direct beam position will now be refined;

a complete list is given in the terminal window

Mo PENALTY LATT a b & alpha beta gamma Possible spacegroups
15 200 mP T4.34 126.23 125.87 115.5 90.2 50.0 Pz, P21
14 139 mc 262 .84 T4.34 126.23 50.0 118.8 73.8 ca
13 135 ol T4.34 125.97 230.86 50.1 108.6 89.8 122z, 1212121,
12 138 mc 262 .40 T4.34 126.23 50.0 118.6 73.8 c2
11 138 mI Td.34 230.86 125.97 S0.1 90.2 T1.4 c2
10 3 hP 125.97 12e.23 74,34 90.0 90.2 119.9 P3,P31,P32,P312,P321,P3112,P3121,P3212,P3221
P6,P61,P6E5, P62, P64, P63, PR22,PE122,PO5S2E,PE222,PR42E, PE3EE
9 3 ol l26.22 218.35 74,34 9.9 90.3 §9.9 cezz,cezzl
g 3 m l126.22 218.35 74,34 9.9 90.3 §9.9 c2
7 2 m 218§.32 126.23 74,34 90.0 90.3 90.1 c2
6 1 m 125.97 218.797 74,34 9.8 90.2 90.0 C2
] 1 m 218.77 125.97 74,34 90.2 90,2 90.0 C2
4 1 mP 125.97 T4.34 126.23 90.0 119.9 90.2 Pz, P21
£ 1 ol 125.97 218,797 74,34 89.8 90.2 90.0 czzz,cezzl
2 0 aP T4.34 125.97 126.22 60.1 89.7 89.8 F1l
1 0 aP T4.34 125.97 126.23 115.5% 90.0 90.2 Fl

Select a solution AND a spacegroup from list above (eg 3 pd2) or 0 to abandon or T to change min I/sig(I):10 ped

reflections which dewviate by more

than the sigma cutoff from their calculated position will be excluded from the refinement.

Positional sigma cutoff [ 2.50]:

Refining sclution #10 with Ped (number 172) symmetry imposed

Using 146 indexed reflections ({out of 155 spots found, {delta(HY) <= 2.5 sigma}l,
final sd in spot positicons is 0.12Zmm and in phi 0.23 degrees
Eefined cell paramsters 126.19 1Z26.19 74,31 90.00 90,00 120.00

Do you want to update cell parameters (Y):

Beam coordinates of 149.60 149.80 have kbeen refined to 149.69 149.71

This is a shift of 0.12mm or 3.53mm.

0.035 times the minimum spot separation of ca
Do you want to accept the new direct beam position? H

()

Do you want to accept this solution (¥) @,




|i|Edits allowed

||[Eselect item ||[E[muTdiz1_301 . marz000

aAms

Hinl Hax 2207

Processing par.

alpha
beta
cJanma
PsiX
Psi¥
Psik
Mosaic
Divh
Diwvwv
Lambda
Distance:
Beam H

¥ :
CCOMEGA
ROFF
TOFF
¥YECAL
Pick area: H:
g
Int threshold:
Vector scale
Two theta
Resolution
*3P0OT SEARCH*
Threshold
Emin
Emax
K offset
¥ offset
Min X size
Max H size
Min ¥ size
Max ¥ size
Min no of pix
® splitting
¥ splitting
AANTOINDEH ING*
Min I/sig(I):

Prompts

Update display:
After refinement
After integraticn

Timeout mode

Main menu

128.

126. :
74 Eead image

Owverlay [f]on
Colour [F]Black on whi Hag[F]zd

Cursor position

Contrast ﬁ]:.

|Zoom|

|.|Input reply

For this spacegroup one segment is usually sufficient
but two segments may give improved acouracy.

(1)

Image number for first image of segment 1
Image identifier (muldlxzl) :

Give number of segments
(3017
Use phi walues from image header 7 (¥):

HNumber of images in this segment (2] :
Use the current crystal crientation (¥)

Filename for final orientation matrix (muidlxl_BOl.mat):

Post refining cell using
Segqment 1 images 301 to
Image identifier muldlzl

(¥l

1 segments
3oz

Do you want to proceed

Humber 0
Zoomfactor 0
Circle resclution &

0.0 0.0 0.0 0.0

Phi 279.00  Z280.00
Missets ThetaX,¥,Z
0.00 0.00 .00

Blue:
Green:

fulls, Yellow: partials, BRed: owerlaps

too wide in phi




|.|Se1ect item

[Emuldlzl_301.mar2000

|i|Edits allowed
Processing params
a : 126.19
o] : 126.19
o : 74,31
alpha 90.00
beta 90.00
cJanma 120.00
PsiX : 0.00
Psi¥ H 0.00
Psik : 0.00
Mosaic 0.510
Divh 0.000
Diwvwv 0.000
Lanbda 1.542
Distance: 250,00
Beam H 149.69
¥ 149.71
CCOMEGA 0.000
ROFF i 0.00
TOFF H 0.00
YSCAL 1.0000
Pick area: H: 11
T 11
Int threshold: 20
Vector scale 1
Two theta 0.00
Resolution 2.88
*EZPOT SEARCH*
Threshold 4.92
Emin 15.00
Rmax 135.00
K offset 0.00
¥ offset 0.00
Min X size 0.50
Max H size 2.00
Min ¥ size 0.50
Max ¥ size 2.00
Min no of pix &
® splitting 0.30
¥ splitting 0.30
AANTOINDEH ING*
Min I/sig(I): 20
Prompts
Update display:
Efter refinement
After integraticn
Timeout mode off

Main menu Hinl Hax 2207 Cursor position
| Overlay [¥]cn Contrast e
FPredict Colour [F]Elack on whi Mag [F]=4d |Zoom|
Clear prediction
adjust
2Zuto-refine 5
Continue
Find hkl a
FRead spot list o
2
1-0 1
1-1 1
1-1 1
1-1 2
Ehort 1-1 1
12 2
2 2 £
2 4 5
4 8 7
° o 6 C ] B
@ o S e E 8
TR & u i) 8
i 6 B 6
Sie)s T R 36 1 B
Meazure cell 2 3 2
: 1z 1
Circles Waiting fo 1-1 1
Beam / backstop % % %
- 1-1 0
| Save/BExit | 1-1 1
0. 0amm r
(]
output =
Pizxel X,¥ 2001 0 N
HC,¥C mm 300.0 0.0 LR : sccoaao SRS
Resolution 0.00 = = mm e o o a o
Indices ] 0 ] 5 = b SR 5 B
F Phi  0.00 width 0.00 SR = o a - 2
Intensity 0 a : 5 i =
Sigma 0 . O T = °
Spacing & 0,000 i
Avyeradge 0.0
Rms 0.0
Humber 0
Zoomfactor 0
Circle rescluticn A
0.0 0.0 0.0 0.0
Fhi 279.00 Z280.00
Missets ThetaX,¥,Z Blue: fulls, ¥Yellow: partials, ERed: owerlaps
0.00 0.00 .00 Green: too wide in phi




|!|Edit5 allowed

ESelect item

[E[muldlz1_301.

mara 000

ProCcessing params

alpha
beta
gamma
PsiX
Psi¥
PsiZ
Mosaic
Divh
Divw
Lambda
Distance:
Beam X
¥

HMain menu

Read image

Find spots

Edit spots

Clear spots

Select images

Autoindex

Estimate mosaicity

Fredict

Hin 1 Hax 2207
Overlay [¥]on

Colour [F|Black on whiHag[F]zd

Cursor position

Contrast )

IZoomI

g a s
H a g
LI} B @
BEFm®EE

CCOMEGA
ROFF

|.|Input reply

TOFF
TECAL
Pick area: ¥:

Int threshold:
Vector scale
Two theta
Resolution

(¥):

7. Hame of save file (muldlzl 301.sawv)

—

WAENING, the image display will be closed.
Do yvou want to save the current parameters 7

()

irefined. sav

This file 2an ke used as input to a processing job.
Do yvou want to exit

*BPOT SEARCH*
Threshaold
Rmin

Emax

H offset

¥ offset

Min ¥ size
Max ¥ size
Min ¥ size
Max ¥ size
Min no of pix
¥ splitting

¥ splitting
#*AITOINDEX ING#*
Min I/sig(I):

Prompts
Update display:

after refinement
after integration |[No |

Timeout mode off

Circles

Beam / backstop

Save/Exit

]

output

Pizel H,¥ 2001 0
HC,¥C mm 300.0 0.0
Rescluticon 0.00
Indices 0 0 0
F Fhi 0.00 width 0.00
Intensity 0

Sigma 0

Spacing A&
Average
Rms
Humber
Zoomfactor
Circle resolution &

0.0 0.0 0.0 0.0
Fhi 279.00 280.00
Missets ThetaHd,¥,=

0.02 0.10 =-0.01

0O ooBgoang

Blue:
Green:

fulls,
too wide in phi

Yellow: partials, Red: overlaps




Running the STRATEGY option

In the GUI, click on the STRATEGY button
On the command-line, type STRATEGY.

In either case, determining a suitable
strategy for data collection once you have a
cell, orientation and crystal symmetry is
straightforward.

Then run TESTGEN to check for overlaps




#dl_io_window

[Al1nput reply | |] e [ ]|

T test the full rotaticon for this Laue group just type STRATEGY at the prompt.
To test a smaller rotation (eg 60 degreses) in & different =segments Ltvype:
STRATEGY SEGMENTS 2 ROTATE &0

& suitable speedup factor will be set by default but can be overridden

eg STRATEGY ROTATE 60 SEGMENTE 2 SPEEDUP 10

To try specific phi ranges type @ STRATEGY START -20 END 60

Do you want to proceed (¥):

MOSFLIM =>strategy

Running strategy in default mode. Type GO to continue or ABORT to stop.
MOSFLM =»go

SPEEDUP factor set to 15.0

2ngles between a axis and H,¥,Z axes 54.552 35.492 88.463

2ngles between b axis and X,¥,E axes 174.303 64.515 91.537

2ngles between ¢ axis and X,¥,Z axes 91.615 90.736 1.775

The < axis is <losest to the rotation azis (angle 1.77)

Rotation angle to get the a axis in ¥Z plane -54.54

Rotation angle to get the b axisz in ¥E plane 5.49

Unique axis is: c

Rotation angle to get the unique axis into the ¥Z plane: 245.5

whhxE WWARWTING *#x+x#%

whhEE TWARWNTING #*&+*x#&

AhAxE WARNING *&++x&

dhkxk TADNING *&++x%

With the crystal in the current orientation it is not possible to collect
100% of the data, some will be lost in the cusp.

To awvoid a cusp, the c-axis must be at an angle between 74.5 and 15.5 degrees
away from the rotation azis (Z2)

¥ou may want to adjust the orientation with the goniometer arcs.

Generating reflection list

Generated reflections for phi range -145.0 to -25.0
Sorting the generated list.

Generating the list of unigque reflecticons.

Merging the generated and unique reflecticon list.

Checking completeness of data

Optirum rotation gives 97.7% of unique data.

Thiz corresponds to the following rotation range(s):
From 255.0 to 315.0 degrees

Type "BTATE" at prompt for full statisties.

EESEES SRR RS E RS SRR RS E R EEE RS EESEE SRR EEEEEEERER SR ERE]

It may be possikle to get a higher completeness using two segments,

or a slightly greater rotation angle.
EE R Y I R RS S RS S R N ST T R S R I TR R N S

Use the TESTGEN option to determine appropriate oscillation angles to avoid
spatial overlaps.
STRATEGY =>_




Checking the output (1)

[here are two useful log files;

B SUMMARY - this is of most use when
viewed with the CCP4 graph viewer
LOGGRAPH, as it contains graphs of
parameters which have varied through
the data processing.

B mosflm.lp - this can be very large, and
contains a complete record of the
experiment.




Fle Appearance Edit  Utilities

Camera constants CC CCY CCOM v image

Fle Appearance Edit Utilities Help

Fesid and wresid v image

-@-RESID
-@- “RRsID

T
3o

IMAGE

File Appearance Edit Utilities

317.6,0.083

Tables in File ’ Missets phi< phiy phiz v image

Refined detector parameters
Fost refinement

Graphs in Selected Table

T
Camera constants CCX CCY CCOM v image 320
Distance v image IMAGE
Yscale v image 315.9,0.076 RESID 316.0 , 0.07
Tilt and twist v image Tables in File
ROFF and TOFF ¥ image

Refined detector parameters
Post refinement

Graphs in Selected Table . . . | . . . |
Tilt and twist v image 305 310 35 320
ROFF and TOFF v image Image
Resid and wresid v image 313.9,-0.00 PHIZ 314.0 , -0.01
Ifsig (1) overall and outer v image Tables in Fle
Rsym v image

Refined detector parameters
Post refinement

Graphs in Selected Table
Missets phix phiy phiz ¥ image

Cell parameters A,B,C v image

Cell angles alpha beta gamma v image

Mosaic spread v image
Beam divergences v image




Checking the output (2)

If everything has gone right so far;
B check the MTZ file - is it as you'd expect?




More on Processing with Mosflm

what do you do about the warnings?
what if are real problems?
the new ccp4i Mosflm task




HEADER INFORMATION FROM OUTPUT MTZ FILE
Logical Name: muldlixl 301.mtz Fiename: muldlxl 301.mtz

<srip>

* Number of Columns = 18

* Number of Refleddons = 43904

* Missing value set to NaN in input mtz file
* Number of Batches = 22

* Calunn Labels :

H K LM/ISYM BATCH I SIGI IPR SIGIPR FRACTIONCALC XDET YDET...
* Calumn Types :

HHHYBJQJQRRRRRRIIR



*** For infarmation only. ***

PARTIALS INCLUDED IN POSITIONAL REFINEMENT AND PROFILES

Because there were rather few fully recaorded reflections...
<snip>
ok Warng messages ***

TANGENTIAL OFFSET UNSTABLE

The tangential dfset parameter (TOFF) is varying more...
<snip>
SPOT OVERLAP

Adjacent spats overap. This will produce systematic erors...
<snip>
EXCESSIVE NUMBER OF BADSPOTS

It least some images have rather a 1 of badspdats...
<snip>
TOO MANY BACKGROUND PIXELS OVERLAPPED BY NEIGHBOURING SPOTS

For some cof the standard profiles, more than half the backgr...



*** Warrning messages ***

TANGENTIAL OFFSET UNSTABLE

The tangential dfset parameter (TOFF) is varying more than

i should. (Maximum varaton is 0.15mm)

IFthere are large changes in bath TOFF and ROFF or CCOMEGA,
this suggests that the refinement is unstable.

Inthis case, itis best to fixthe TOFF parameter:

REFINEMENT FIX TOFF

If known the correct value can be input:eg
DISTORTION TOFF 0.17 Ifnct known, the mean refined value

can be used. h such cases ROFF should also be FIXED.
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SPOT OVERLAP

<snip>
The minmimum allowed spct separation (SEPARATION keyword) was
1.6 1.emm. The actual spct size determined by the mask
opdnisatdonis 1.7 by 1.4mm inthe centoe of the image and
the largest spot size is 2.8 by 2.8mm.
The separatia given should be at least as large as the spat
size in the centre of the image (keyword SEPARATION).
Check standard profiles carefully to ensure that the
optimisation of the raster parameters has worked correctly.
The effective size of the spots can be contralled by PROFILE
TOLERANCE keywords. Ifthe peak regions look too large (e
they include too much cof the tails of the spot), try Increasing
TOLERANCE (current value 0.010) by eg 0.005 and see if pcfiles
look betrer. (hcreasing TOLERANCE willdecrease spct size).
As a last resort the profile optinisadon can be tumed off
using keywords PROFILE NOOPT.

In cases of serious overlap, (e ifthe pattern is very dense),

then the SEPARATION CLOSE opton should be used (eg
SEPARATION 1.01.0 CLOSE) and it may also help to suppress
rofile opdinisation in these cases (PROFILE NOOPT) keyword.
See help lilrvary far details.



ek WARNING **** Peaks of neighbouring reflections overlap, data
quality will be Impaired

<snip>

Profile for box 1
XHhmts Oto 92 mm, YIlmts Oto 92mm

Number o reflections in profile 299 RMSBG 9.5 Prdfile factar 0.50
_O_] _O_O* O*] *O*O*O* O*] *O*] *O* O* O* O*] *] *] *] *] *] *] _]
—0-0-0-0* 0* 0% O* Q* Q% O* Q% O* 1 * O*] * % Q%] ¥] ] %] %] %] *] -]
—0-]]-0*1*1*1*1*1* Q*x O* 0% 1 *1* O*x O* Q*Q* 0*] *] %] ¥] -] -]
-0-0-0-0-0*0*Q* Q*1*2*2* 1 ¥ * 2% 1 ¥ Q* Q* 1 * 0*] *] ¥ -]-]]
-1-0-0-0-0-0*1* 1 *1*2*2*x 1 * ] *2* ] * ] * ] *1*Q*x 1 *(0-]-]-]-]
-0-]-0-1-1-1-122 123 34 3 32 2%1*1-0-0-0-]-]
-0-0-0-1-2-1123 345676
-1-1-1-1-11234579BCHB 86 4 21-1-0-0-0-0
-2-1-1-1 122458 BF G C964 2 1-0-0-]-0
-1-1-1112347BHNYQ PMHB 853 20-0-0-0
-1-2-1222259GNUX WRLF95210-0-0-0
-0-1-122336CJQ ZXSLES95211-1-0-0
-1-2-232246CJPYW UQJD 854 11-0-0-0
-1-2-222246AGLRQ OKFA 75321-0-1-1
-1-1-1 323358 CFHINGDA75321-1-0-1-1
-1-1-1-2-22346 8ABA 98653 31-0-1-1-0-1
-0-0-0-1-1-2234 566765 33-2-1-1-2-]-0
-]-1-1-1-2*%2*2 3 34445 4 4 3 3 32-1-1-1-1-0-0
—]-]-1-2* 2% 2% 2*k QX3 X 4k 3K IR 3K XXX D] *D-D-1-1-1-1-0
-] -0*1*2* 2% 1 X2 * 2% D*k 3k ¥ DK DH DXk Dk 3 *I* ] *2-1-]-0-0-1
SR F LR 2K 2K H DX ¥ DX DRI K DX ] K DX DA DX X ] *0-1-0-0-1
_]*]*]*]*2*2*2*1*1*2*2*2*2*2*1*1*1*1*2*0*0_1_0_0_0
JH A K] K] *1* 1R 2* ] * T * 1 * Dk D*k D%k ] * ] *D*D* 1 *(0*0-1-0-]-0




EXCESSIVE NUMBER OF BADSPOTS

It least some images have rather a 1 of badspots (Maximum

number 42).They are rejected on the basis of:

1) Poor pxcfile fit (PKRATIO >3, contxalled by
REJECTION PKRATIO). 6

2) Too large a BGRATIO (tco much background variation,
controlled by REJECTION BGRATIO).

3) Too large a background gradient (contralled by
REJECTION GRADMAX) 578

4) Trtensity negative and more than 5 signa. 38

Look atthe list of badspcts to see what category they fall
under.

Pocr prcfile fit is often the result of changes in ROFF, TOFF

a CCOME GA between successive images when using the ADDPART
option.

Very intense Images can have unusually large gradiernts, GRADMAX
may have tobe changed from the default

A pixel dump of the BADSPOTS can be obtained using

REJECTION PLOT if the reason far their rejection is nct dear



2000

1500

1000




TOO MANY BACKGROUND PIXELS OVERLAPPED BY NEIGHBOURING SPOTS

Faor some cof the standard profiles, more than half the
background pixels are flagged as being overlapped by
neighbouring spots (n the worst case, 52.2% are overapped).
You should use the SEPARATION CLOSE keywords, eg
SEPARATION 1.0 1.0 CLOSE




More on Processing with Mosflm

what if there are real problems?







12 103 mc 43,759 219.23 43,93 90,0 90,2 V9.8 o
11 103 oC 43,759 219.23 d43.93 90,0 90,2 100.4 C22d,C222]
10 7 LP 43,79 43,93 107.84 90,0 91,1 90,2 pd,pdl,pPdZ,Pd3,Pd22,Pd2E1E
. & mc B1.93 B2 .13 107,584 B9.2 90,8 §9.8 o

g ] mZ B2 .13 Bl1.93 107.84 90,8 90.8 90.2 o

7 4] oPF 43,79 43,93 107,84 90,0 91,1 90.:2 P22, Pacdil ,P2li1e,PEl1E121
& & mp 43,759 107,84 43,93 90,0 90,2 9l.1 Pz, P2l

5 b oC Bl1.93 B2 .13 107.84 B9.2 90,8 §9.8 C22d,C222]

d 1 mpe 43,79 43,93 107.84 90,0 91,1 90.:2 Pz, P2l

3 i mp 43,759 43,93 107,584 90,0 91.1 90.:2 Pz, P2l

2 0 aP 43,759 d3.93 107.84 90,0 88.9% 89.8 Pl

1 0 aF 43,79 43,93 107.84 90,0 91.1 90.:2 Pl

Select a solution AND a spacegroup from list above (eg 3 pdéd) or 0 to abandon or T to cha

The scolution and direct beam position will now be refined; reflections which deviate by m
than the sigma cutoff from their calculated position will be excluded from the refinement

Positional sigma cutoff [ 2.50]:
Refining sclution #10 with P4 (nunmkber 75) symmetry imposed

Using JEi& indexed reflecticons (out of 306 spots found, {delta(HY¥) <= Z.5 sigmajp),
final =d in spot positicons is 0.38mm and in phi 0.78 degrees
Fefined cell parameters 44.03 44.03 107,87 90.00 S0.00 90,00

Do you want to update cell parameters (¥):

Beam coordinates of 150,30 150.00 have been refined to 150.82 149.63
dEAEE WARNING #&*x+% WARNING ***+&#% WARNING *#+&+% WARNING **+%x WARNING *#+*x% WARNING

This is a shift of 0.6dmm or 0.298 times the minimum spot separation of ca 2.1dmm.
Do you want to accept the new direct beam position? (answer ¥ or N} vy

Do you want to accept this sclution (YY) : .






Cell refinement is complete
Starting cell 44,033 44,033 107,873 90,000 90,000 90,000
Refined cell 43,953 43.953 107.685 90,000 90,000 90,000

Ems positional error (mm) as a function of cycle for each image.
Image 1 z 3 0o g9 80
Cycle 1 0,160 0,168 0.181 0.738 0.663 2.608

¥OCALE as a function of covycele for each image:
Image 1 z 3 58 89 S0
Cyole 1 1.000 1.002 1.000 0,966 0.964 0.970

Detector distance as a function of cyele for sach image:
Image 1 z 3 0o 84 910
Cyole 1 149.2 149.1 150.1 151.3 151.0 151.6

Fefined mosaic spread (exzcluding safety factor): 0.1&

Missets for first image | 17 -0,03 0,02 -0,02
Missets for last image ( 90) 0.06 -0.27 -0.03

The current missets are for the last image to be processed.
If vou want to integrate the data starting at the first image, vou should
reset the misseting angles.

Eeset missets to those of the first image 7 (¥) .




12 103 mc 43,79 219,23 43,93 90,0 90,2 TF9.6 Ce
11 103 oC 43,79 219.283 43.93 50,0 80,2 100.4 cZea,c2dal
10 7 LP 43,79 43,93 107.84 90,0 91.1 90.:2 rd,pdl,Pd2, P43, P422,P421%
E. & mc B1.93 B2 .13 107,84 §9.2 90,8 89.8 Ce

B 4] mZ B2 .13 B1.93 107.84 50,8 90.8 90.2 e

7 B oPF 43,79 43,93 107.84 90,0 91.1 90.:2 PREE,PEEE]l,PE1E12,PE1E1E]
& & mp 43,79 107,84 43,93 90,0 90,2 9l1.1 Pz, P21

5 b oC 6l.93 B2 .13 107.84 §9.2 90,8 8§9.8 cZea,c2dal

4 1 mpe 43,79 43,93 107.84 90,0 91.1 90.:2 Pz, P2l

3 0 mp 43,79 43,93 107,84 90,0 91.1 90.:2 Pz, P21

2 0 aP 43,79 43,93 107.84 90,0 88.9 89.8 Pl

1 0 aF 43,79 43,93 107.84 90,0 91.1 90.:2 Pl

Select a solution AND a spacegroup from list above (eg 3 pdi) or 0 to abandon or T to chs

The =soluticn and direct beam position will now be refined; reflections which deviate by n
than the sigma cutoff from their calculated position will be excluded from the refinement

Positional sigma cutoff [ 2.50]:
Fefining solution # 7 with PZ:ZZ (number 1b) symmetry imposed

Using JE& indexed reflections (out of 366 spots found, {delta(HY) <= Z.5 sigmaj}),
final =d in spot positions is 0.2dmm and in phi 0.64d degrees
Fefined cell parameters 45,77 43,87 107,79 90,00 S0.00 90,00

Do ywou want to update cell parameters (¥):

Beam coordinates of 150.30 1850.00 have bheen refined to 150.61 149,60

This is a shift of 0.5lmm or ©0.100 times the minimum spot separaticon of <a 5. 05mm.
Do ywou want to accept the new direct beam position? (¥)

Do you want to accept this solution (¥) @,




Cell refinement is complete
Starting cell 43, 86d 45,758 107.796 90,000 90,000 90,000
Eefined cell 43,962 45,897 10§.009 S0, 000 S0, 000 90,000

Ems positional error (mm) as a function of cyele for sach image.
Image 1 2 3 85 849 S0

Cyole 1 0.066 0.062 0.061 0.256 0.305 0.150

Cyole 2 0.112 0.148 0.110 0.231 0.274 0.220

¥TECALE as a funection of oyele for each image:
Image 1 2 3 85 849 S0

Cyole 1 1.000 1.000 1.000 1.000 0,996 0,997

Cycle 2 1.000 0,999 1,000 0,997 0,995 0,889

Detector distance as a function of ovele for each image:
Image 1 2 3 85 849 S0

Cyole 1 150.0 150.0 150.1 149.8 150.4 150.1

Cycle 2 150,5 150,68 150.,5 150.9 150.6 150.6

FEefined mosaic spread (excluding safety factor): 1.60

Missets for first image | 17 0,06 -0.01 0,15

Missets for last image ( S90) 0,17 -0.33 0.21

The current missets are for the last image to be processed.

If vou want to integrate the data starting at the first image, vou should
reset the misseting angles.

Eeset missets to those of the first image ?* (¥) .,



More on Processing with Mosflm

the new ccp4i Mosfim task




£ 800 | Run MOSFLM in batch mode
Enter job title (use only alphanumerc, spaces, brackets and underscores) Help
Aoy MOSFLM i Bafch) mode o iilegrale diffaction irages

Job title fac |

Take parameters from conmmand file |

Spocify where e imanes are beated

B Use current working directory fUsersfarryftestimuldizl
- Image file name template: imuldiz1 _#+## .mar2000

Matrix file Full path.. (fUserstharryftestimuldiz] fmuldiz1 301 .mat Eroewse | e |

First image |301 Last image |322

MTZout lys_fine muldix1_0.mtz Browse | view |

Dataser ad Harvesiing Paramelers |
Create harvest file in project harvesting directory

Harvest project name |[lys_fine and dataset name

Crystal name for this dataset

Crysiaf Paramelers ]

Space group (172

Cell a 125.7409 b 125.7409 c 74.0906 alpha 90.0000 beta 30.0000 gamma 120.0000

Mosaicity |0.79

Defecior Paramelers ]

H Setdetector type to  Mar Research IP and over-ride default determined by MOSFLM

Detector to crystal distance |249.487 mm  Detector swing angle (0.0 degrees

Minimum spot separation: ® |1.65 ¥ |[1.63 mim Close spots? W

Detector gain |1.00 Scanner ADC offset |8

Overload cutoff value 150000 Overoad flagging value

Measurement box: Width |23 Height |21 Comer cut-off |13 Honz. by |6 Vert. by |5

fistoriion Patanefors =
| Mair Bearr Posiiion ]

Beam position: ¥ |149.64 v 149.7F {mm) Beam swung out

Run ~ Save or Restore — Close |




£ 800 | Run MOSFLM in batch mode
Enter job title (use only alphanumerc, spaces, brackets and underscores) Help
Aoy MOSFLM i Bafch) mode o iilegrale diffaction irages

Job title fac |

Take parameters from conmmand file |

Spocify where e imanes are beated

B Use current working directory fUsersfarryftestimuldizl
- Image file name template: imuldiz1 _#+## .mar2000

Matrix file Full path.. (fUserstharryftestimuldiz] fmuldiz1 301 .mat Eroewse | e |

First image |301 Last image |322

MTZout lys_fine muldix1_0.mtz Browse | view |

Dataser ad Harvesiing Paramelers |
Create harvest file in project harvesting directory

Harvest project name |[lys_fine and dataset name

Crystal name for this dataset

Crysiaf Paramelers ]

Space group (172

Cell a 125.7409 b 125.7409 c 74.0906 alpha 90.0000 beta 30.0000 gamma 120.0000

Mosaicity |0.79

Defecior Paramelers ]

H Setdetector type to  Mar Research IP and over-ride default determined by MOSFLM

Detector to crystal distance |249.487 mm  Detector swing angle (0.0 degrees

Minimum spot separation: ® |1.65 ¥ |[1.63 mim Close spots? W

Detector gain |1.00 Scanner ADC offset |8

Overload cutoff value 150000 Overoad flagging value

Measurement box: Width |23 Height |21 Comer cut-off |13 Honz. by |6 Vert. by |5

fistoriion Patanefors =
| Mair Bearr Posiiion ]

Beam position: ¥ |149.64 v 149.7F {mm) Beam swung out

Run ~ Save or Restore — Close |




£ 800 | Run MOSFLM in batch mode
Enter job title (use only alphanumerc, spaces, brackets and underscores) Help
Aoy MOSFLM i Bafch) mode o iilegrale diffaction irages

Job title fac |

Take parameters from conmmand file |

Spocify where e imanes are beated

B Use current working directory fUsersfarryftestimuldizl
- Image file name template: imuldiz1 _#+## .mar2000

Matrix file Full path.. (fUserstharryftestimuldiz] fmuldiz1 301 .mat Eroewse | e |

First image |301 Last image |322

MTZout lys_fine muldix1_0.mtz Browse | view |

Dataser ad Harvesiing Paramelers |
Create harvest file in project harvesting directory

Harvest project name |[lys_fine and dataset name

Crystal name for this dataset

Crysiaf Paramelers ]

Space group (172

Cell a 125.7409 b 125.7409 c 74.0906 alpha 90.0000 beta 30.0000 gamma 120.0000

Mosaicity |0.79

Defecior Paramelers ]

H Setdetector type to  Mar Research IP and over-ride default determined by MOSFLM

Detector to crystal distance |249.487 mm  Detector swing angle (0.0 degrees

Minimum spot separation: ® |1.65 ¥ |[1.63 mim Close spots? W

Detector gain |1.00 Scanner ADC offset |8

Overload cutoff value 150000 Overoad flagging value

Measurement box: Width |23 Height |21 Comer cut-off |13 Honz. by |6 Vert. by |5

fistoriion Patanefors =
| Mair Bearr Posiiion ]

Beam position: ¥ |149.64 v 149.7F {mm) Beam swung out

Run ~ Save or Restore — Close |




Data Collection &
Data Analysis

Scaling and merging with Scala

Gwyndaf Evans
Diamond Light Source, UK.
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Introduction

scaling and merging is the most important
diagnostic step in terms of data quality.

it is important that it be performed as soon
as possible after data collection and
preferably during.

in many cases it is a straightforward
procedure but can become complicated. An
understanding of the underlying principles is
important.




Steps in scaling

Choose scaling model
B Should reflect the experiment
LIX-ray source intensity variation
[OChanges in diffracting volume
C0Sample or air absorption
[OJRadiation damage

Analyze results
B Should the sample be discarded?
® What is the useful resolution?
B Are there outliers or bad images?
B What is the spacegroup?




Factors affecting scale

Incident beam Detector
Hintensity M calibration
Hsize M time stability
B primary beam M bad pixels

absorption Miscellaneous

Sample mbeam stop and
B diffracting volume cryo-stream
m diffracted beam shadows

absorption




Incident beam related factors

Synchrotron

B smooth decay of beam intensity

B any discontinuities (e.g. beam injection)
should be noted and included in scaling
model

Hilluminated volume

B shutter synchronization/goniometer
rotation speed




Crystal related factors

Sample absorption

B diffracted beam absorption (shape
dependent)

B important for weak anomalous signal

Radiation damage

M can be significant on high brilliance
sources

H difficult to correct for
B modeled as change in relative B-factor
B extrapolation to zero dose




Detector related factors

calibration errors

B spatial distortion

B non-uniformity of response
B time stability

B bad pixels




Miscellaneous factors

unavoidable

HMzingers

avoidable

B beam stop shadow

B cryo-stream shadow

B should be dealt with at integration stage




Determination of scale factors

What information do we have?

Scales are determined by comparison of symmetry-related reflections,
i.e. by adjusting scale factors to get the best internal consistency of
intensities. Note that we do not know the true intensities and an
internally-consistent dataset is not necessarily correct. Systematic errors
will remain

Minimize A® = %, wy, (I, - 1/k,<I;,>)?
I,, I'th intensity observation of reflection h
ki, scale factor for I,, <I,> current estimate of I,
g = 1/k;; is a function of the parameters of the scaling model

gy = g(d rotation/image number) . g(time) . g(s)

...other factors
Primary beam s, B-factor Absorption




Parametrization

gy, = g(rotation/image number) . g(time) . g(s) ...other factors

Primary beam s, B-factor  Absorption eg “tails”

scale is smooth function of

spindle rotation or g(time) = exp[+2B(time) sin“6/A\*]
discontinuous function of image _ _
(batch) number (usually less essentially a time-dependent

appropriate) radiation damage correction




Absorption correction

[0 serious for longer
wavelengths and larger
irregular samples

[0 we typically do not have
enough data to find true
absorption corrections

[0 good corrections require data
recorded with sample in
multiple orientations

[0 some strategies can minimize
effect of absorption on quality
of observed anomalous

differences
[0 inverse beam

[0 simultaneous measurement of
I+ & I-




Spherical harmonics

Theta (polar)

144

126

108 ————

0 =90°

180 270 360
Phi (polar)

A, -
v .

A(S) = ZIm CImYIm(ep’(I)p)

L

O

linear coefficients cim
determined as
parameters.

Note the surface is not
centrosymmetric (see
e.g. equator 6 = 90°)
i.e. different corrections
are applied to I+ & I-

Graph along lines of
latitude

Dashed lines where
there is no data




Absorption: sample dataset

I HEAE o £ o

Rotating anode (RU200, Osmic mirrors, Mar345)
100 images, 1°, 5 min/°, resolution 1.8A

Scaled with and without secondary beam correction (sub-
keyword: absorption)
Secondary beam correction (absorption) improves the data

_ Rmerge

AbsCorr

Rmerge

No AbsCorr

No AbsCorr
AbsCorr

224 183 316 22
Resolution (A) Resolution {(A)




Absorption correction and
phasing

FOM Mazn figures of mert . RCU”IS
correcte correcte

08+

after flattening uncorrected uncorrected

06+

044 7
' Resolution e
before flattening "+l ., o .

Phasing power

T T T T T
318 224 183

Resolution  resohion 2

[0 Phasing (SHARP) is better
with absorption correction
even after solvent flattening " — resoiion

Resolution

corrected

uncorrected




SCALA 'scales’ options

[0 Typical scaling options are

scales rotation spacing 5 absorption 6 bfactor on brotation spacing 20
tie surface 0.005 restrain secondary beam surface

maybe relax (eg 0.05) for high absorption
same surface for all runs

stabilise B-factors

link surface all
tie bfactor 0.3

IR H

[0 When to use other options (more complicated
cases).-
B data collected from more than one crystal
[0 use different absorption surfaces
B very low resolution - don’t use B-factor




How well are the scales
determined?

[0 Note that determination of scaling parameters
depends on symmetry-related observations having
different scales. If all observations of a reflection
have the same value of the scale component, then
there is no information about that component and it
remain as a sKstematlc error in the merged data (this
may well be the case for absorption for instance)

[0 Thus to get intensities with the lowest absolute error,
the symmetry-related observations should be
measured in as different way as possible (eg rotation
about multiple axes). This will increase Rmerge, but
improve the estimate of <I>.

[0 Conversely, to measure the most accurate differences
for phasing (anomalous or dispersive), observations
should be measured in as similar way as possible




Scaling datasets together

B

L1 CER 1 N R

For multiple-wavelength datasets, it is best to scale all
wavelengths together simultaneously. This is then a
local scaling to minimize the difference between
datasets, reducing the systematic error in the
anomalous and dispersive differences which are used
for phasing

Other advantages of simultaneous scaling:-

rejection of outliers with much higher reliability
because of higher multiplicity

correlations between AFanom and AFdisp indicate the
reliability of the phasing signal

approximate determination of relative f" and relative f'
values

In Scala, this is now automatic if multiple datasets are
present in the input file




Results of scaling:
R-factors

O O

(a) Rmerge (Rsym) =2 | Ihl - <Ih> | / 2 | <Ih> |
This is the traditional measure of agreement, but it
increases with higher multiplicity even though the
merged data is better

(b) Rmeas = Rr.i.m.= 2 (n/n-1) | Ihl - <Ih> | / Z |
<Ih> |

The multiplicity-weight R-factor allows for the
improvement in data with higher multiplicity. This is
particularly useful when comparing different possible
point-groups

Diederichs & Karplus, NSB., 4, 269-275 (1997)




Results of scaling:
Intensities and standard deviations

[0 Scala compares the estimated o
standard deviation ¢(l) to the observed
scatter, and tries to correct ¢(l) by a
multiplication factor. This is done using
a normal probability plot. A correction

as a function of intensity is also done, T e T

but this is not yet automatic

O o(l) = Sdfac*Sqrt [ o2(1) +(Sdadd * 12 ]

[0 The corrected o(l) is compared with ( gt. ~ 2
the intensities: the most useful statistic
is <<I>/o(<I>) > (labelled Mn(l)/sd in
table)




Estimation of errors

keyword for estimation of standard errors
B sdcorrection sdfac 1.5 sdadd 0.015

-

Normal probability plots

d(observed)
bk bk L e 4N e s




Results of scaling:
Correlation coefficients

[0 CC's between different estimates of anomalous or
dispersive differences (DI) indicate reliability of the
phasing signal

L & & &

- HighE-Inflection

] -
< I > ] - HighE-Peak
0.5+

- Peak-Inflaction

1Al centric

0.2
i ./’\_\
I T T T
100.0 4.5

. ) 3.16
Resolution (&) Resalution (&)

Correlations between half-sets  Correlations between (I* - I)
(data randomly halved) for MAD data




Results of scaling:
Common sense checks

[0 Are some parts of the data bad?

[0 Analysis of Rmerge against batch number gives a very
clear indication of problems local to some regions of the
data. Perhaps something has gone wrong with the
integration step, or there are some bad images

- T O Here the beginning of the
_ dataset is wrong due to
- problems in integration
_ (e.g. poor orientation
. matrix in MOSFLM at
start of job.)

I T T T 1
0 100 200 300 400
_hatch




Results of scaling:
Physical sense checks

Mn(k) & Ok (at theta = 09 v range

.. O These scale factors
" follow a reasonable
absorption curve

P [0 These B-factors are
not sensible
(fluctuations may be
damped by “tie
bfactor”)




Spacegroup determination

0.5
Rmeas

0.45
Rmerge
04 40 4

0.35
0.3
0.25
0.2
0.15
0.1 — — —
0.05 | — S— —

30

20

) T T T T
0 : 0 20 |

P3 P321 P312 P6 P622 !

[0 Lattice type: hexagonal (from [ Systematic absences

indexing ® | =3n
[0 Merge in different Laue

groups - 0 Spacegroup = P3121
[0 Point-group P321 is highest B could be P3221

symmetry with good merging
(Rmeas)




Outliers

Some (a small proportion) of observations
may be rejected as being improbable

Unreasonably large
B default limit in Scala E >10
B removes some ice|salt spots & zingers

Unreasonable disagreement with other
observations
B easier with high multiplicity

B not clear what to do between e.g. I+ & I- where
there is real difference




Outliers: possible causes

[0 outside reliable area of detector (e.g. behind shadow)
B specify backstop shadow, calibrate detector

[J ice spots

B do not get ice on your crystal!

zingers

bad prediction (spot not there)

B improve prediction

[0 spot overlap
B |ower mosaicity, smaller slice, move detector back
B deconvolute overlaps

0 multiple lattices
B find single crystal

O O




Outliers: detection

O Detection of outliers is easiest if the multiplicity is high
O

Removal of spots behind the backstop shadow does not
work well at present: usually it rejects all the good ones, so
tell Mosflm where the backstop shadow is

[0 Inspect the ROGUES file to see what is being rejected (at
least occasionally)

The ROGUES file contains all rejected reflections (flag "*", "@" for I+- rejects, "#" for
Emax rejects)

TotFrc = total fraction, fulls (f) or partials (p)

Flag 1+ or 1- for Bijvoet classes
Dell/sd = (Ihl - Mn(1)others)/sqgrt[sd(lhl)**2 + sd(Mn(1))**2]
h k 1 h k I Batch I sigl E TotFrc Flag Scale LP  Dell/sd d(A)
Xdet Ydet Phi
(measured) (unique)
-2 -2 0 2 2 0 1220 24941 2756 1.03 0.95p 1- 2.434 0.031 -1.1 30.40
1263.7 1103.2 210.8
-4 2 0 2 2 0 1146 9400 2101 0.63 0.99p *1+ 3.017 0.032 -6.7 30.40

1266.4 1123.3 151.3

4—=2 0 2 2 0 1148 27521 2972 1.08 1.09p = 2.882 0.032 0.0 30-40
1058.8 1130.0 153.2

2 -4 O 2 2 0 1075 29967 2865 1.13 0.92p I+ 2.706 0.032 1.1 30.40
1060.9 1106.6 94 .4
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