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. STRUCTURE DETERMINATION

*~
°*~

Integrated Intensities Electron density
(= protein structure)!!
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. THE ELECTRON DENSITY EQUATION

[ .
Pl = %‘ Zk‘ 1 exp(-27i(hx +ky + 12))

F, = ij exp—27i(hx, +ky, +1z,)

' N
Foy = Z| F | exp—27i(9) \
J

4
‘ ‘ 47" i C"kb(.

Amplitude  Phase

Kol

From an x-ray diffraction experiment we can ‘measure’ the amplitude ( | F | @y but get
no information about the phase. Deriving the phase is known as ‘the phase problem’

)
Favel
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'GOOD’ PHASES ARE MORE IMPORTANT THAN ‘GOOD’ AMPLITUDES

Amplitudes (colours) from
B & duck transform

e (3

J - Phases (brightness) from
cat transform

http://www.ysbl.york.ac.uk/~cowtan/fourier/magic.html
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. METHODS FOR RESOLVING THE PHASE PROBLEM IN MX

1. Direct Methods

requires high (near atomic; d... ~1.2 A) resolution data, still quite rare

2. Molecular Replacement
requires some prior knowledge of the structure
may introduce ‘model bias’ from ‘model’ phases

3. Experimental Phasing

1. Isomorphous Replacement
2. Anomalous Dispersion Methods

&t
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. INTRODUCING A NEW (HEAVY) ATOM INTO A CRYSTAL

|

Crystal

Crystal

+
(heavy) atom

Get a different structure factor, Fp th — Fp T Fh

)
Favel
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WHAT HAPPENS TO THE STRUCTURE FACTOR WHEN WE INTRODUCE A HEAVY ATOM INTO A

CRYSTAL?

P : ‘. o .

cAaBEE 5 BEme
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Taylor, 6. L. (2010). Introduction to phasing. Acta Cryst.
D66, 325-338.

Isomorphism + Heavy Atom =
Isomorphous Replacement
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Two protein diffraction patterns shifted
vertically relative to one another. One is from
native bovine b-lactoglobulin, the other from
a crystal soaked in a mercury-salt solution.
Note: 1) intensity changes for reflections in
the latter; 2) identical unit cells suggesting
isomorphism.

Addition of 1 Hg atom to a protein of 1000
atoms will produce an average fractional
change of intensity of ~25% so differences
should be easy to measure and data
doesn’t have to be that accurate

Al
<—>=

NH
I Ef[{/fp
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. HOW IS ISOMORPHOUS REPLACEMENT DONE?

1. Collect data set from native crystal (structure factors, F))

2. Introduce a small number of heavy atoms (Pt, Hg,) into
another crystal of the same protein

3. Collect data set from derivative crystal (structure factors, F ;)

4.Use differences (isomorphous differences) to find heavy
atom positions in unit cells

5. Use these positions to initiate phase calculations
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. SINGLE ISOMORPHOUS REPLACEMENT

F h = F L, T F,
Want to calculate ¢,;:

Imaginary

® =®,+cos (F,-F, —F /2F F),)

Phase Ambiguity

Real

[ 1R [ =1, ]

Measure |Fp|, |th|; Calculate |F,|, ¢}, from heavy atom positions
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. GRAPHICAL ILLUSTRATION OF PHASE AMBIGUITY

E, circle

centred on B

F, circle
centred on A

No errors shown here. What we
actually get are phase probability
distributions
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. LACK OF CLOSURE (£) AND PHASE PROBABILITIES

® =®, tcos (F, —F, —F,/2FF,)

Imaginary

&= th(obs) | — | th(calc) |
= Foponsy | — I F, | exp(i@, )+ | F), | exp(ig,) [1|

P(a,)a exp(—&° /2E?)

_ 2
& =<[F oiobs) — 1 ph(calc)] >

Real

Blow, D. M. & Crick, F. H. C. (1959). Acta Cryst. 12, 794-802.
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. SIR PHASE PROBABILITY DISTRIBUTION

E, circle
centred on B

F, circle
centred on A
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A SECOND DERIVATIVE RESOLVES THE SIR PHASE AMBIGUITY

i ™~ F.. circle
£, circle

/ g F. cirdl ‘\\ centred on B
p circle N

V4 centred on A

centred on €

JPDF | ﬂ | | | |

| | | | |
0° 368
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. PHASE PROBABILITY DISTRIBUTIONS

Measurement errors in |Fp|, |Fpyl

2. Model of heavy atom substructure
is incorrect (minor sites not
included)

3. Native and heavy atom derivative

crystal are not isomorphous

F,#F, +F,

m=0.24

—

The most probable phase is not be the best phase
to use in map calculations. The centroid phase

(best phase) gives the least error in the Fourier
map.

m=0.74

p(o)

p(®)

Centroid |0

CentroidaI
| N N N N N |

T A T T T T | A T NG TN  T B
100° o 200° 300° 100° o 200° 300°

1 :
Pxy.z) = 7 Zh: Zk: le m,,, | |exp[-2m(hx +ky +1z) - &, ]

C hkl
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. THE FIGURE OF MERIT

- Z P(Aa)cos(Aa)
- ZP(Aa)

m

m = probability that centroid phase is correct
Ao = phase angle measured from the centroid phase.
P(Aa) = probability that Aa is the true phase.

% o
m=0.866 => phase error =30
m=10 => phase error =0°

| m=0.0 => phase error = 90°
Centroid o o
I m=0.5 => phase error = 60
(N A N U N . - | I N N N S N
100° o 200° 300°

e
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THE RESULT OF IMPROVING EXPERIMENTAL PHASES

Mean phase error = 53°

Phase
Improvement

v

Mean phase error = 41°
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. WHAT CAN HAPPEN WHEN A HEAVY ATOM BINDS TO A PROTEIN IN A CRYSTAL?

Good Not Good Not Good

+ Heavy atom
>

or or

If heavy atoms don't bind to protein - or are not ordered in the crystal
- then there will be no intensity differences

Binding of heavy atom to protein in crystal can cause protein to rotate

and/or translate in unit cell and/or unit cell dimensions to change
Non-isomorphism: For a 100 & cubic unit cell a 0.5% change in
unit-cell dimensions or a 0.5° rotation of the molecule within
the unit cell would produce an average 15% change in intensity.
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NORMAL PROBABILITY PLOTS

N 1/d*Z Dmwinil) PFmrg Rfull Roum  Ranom Nanom Av I SIGMA I/sigma sd MniI/sd) Nmweas Nref HNeent FRCEIAS HNbias
§4
1 0.0250 /.32 0.023 0.012 0.023 0.085 1368 3534 165.0 21.0 159 51.9 10544 18698 334 -0.003 4164
Z 0.05%00 4.47 0.026 0.021 0.025 0,058 2693 3951 185.1 21.4 191 47.7 15082 3044 400 -0.004 e97e
| 3 0.0750 3.65 0.02% 0.023 0.027 0.051 3545 5140 Z269.1 19.1 263 46.0 24252 3980 422 -0.005 Q294
4 0.1000 3.16 0.028 0.023 0O.027 0.053 4320 3845 193.5 19.9 202 43.9 29460 4742 463 -0.001 11352
5 0.1250 2.83 0.029 0.024 0O.028 0.063 4930 2328 111.6 20.9 127 41.1 33308 5385 4588 0.002 12929
& 0.15%00 2.58% 0.034 0,028 0,029 0.072 5515 1654 89.3 18.5 a5 38.5 3TZ61 5971 454 0.005 14544
70,1750 2.39 0.037 0.031 0.022 0,072 e015 13584 TT.1 17,9 g4 35.4 40623 6472 498 0.002 15366
g 0.z2000 2.24 0.03% 0.033 0.030 0,072 £451 1241 T2.3  17.2 79 33.5 43624 6934 495 0o.008 17079
9 0.2250 2.11 0.044 0.038 0.031 0,075 6852 1098 71.5 15.3 73 31.9 46198 T304 4357 0.003 13020
10 o.2500 2.00 0O.05%4 0,046 0.033 0.0380 TZ85 855 6.1 12.9 61 29.2 49015 Tro9 454 0.008 19251
woze = L 2, | 1, (hkl )= < I(hkl') >[/ X X, 1 (hkl')
Normal probability plot 5 ( ] <] >) / 2 ( ] )
. hkl hkl hkl hkl
5K n
. / Slope = 1; Intercept =0
3
2 Normal probability analysis, by run & partiality
1 ====== Run number: 1, fulls ======
= Number Slope Intercept
E All data: 182820 1.013 0.048
'g 0 Data within expected delta 0.90: 115520 0.941 0.058
+ fulls
L% + summed partials
-1 ====== Run number: 1, summed partials ======
Number Slope Intercept
A A1l data: 150209 1.024 -0.024
- Data within expected delta 0.90: 94913 0.884 0.013
-3
," ====== Run number: 1, fulls against fulls only ======
/ Number Slope Intercept
-4 F All data: 158207 1.003 0.012
{ Data within expected delta 0.90: 99967 0.932 0.021
-5 |
4 3 2 -1 0 1 2 3 1

dlexpected)
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NORMAL PROBABILITY PLOTS AND ISOMORPHOUS REPLACEMENT

S=(F,, |- F,DIc*(|F, |+c"(| F,])
Slope >> 1; Intercept ~ 0

— Table 3. 4 comparison of three heavy-atom derivatives with

5 2al ; . N .
m {real) native data for macromomycin as a function of resolution
800 The residual is defined as ) |F, — ;-‘1|/): F,. The slope and intercept of the
200 least-squares straight line are defined ‘as dmireal) = slope x dmlexpected) +
intercept. Numbers in parentheses are the slope and intercept of
600 the least-squares straight line calculated from those data with
50.0 |dm{expected)| < 0.674 (50% of the data).
Resolution Number of
40.0 data Residual Slope Intercept
300 (1) K,PUNO,),
. 10-6 198 0325 2777 (21.06)  4.62 (5.06)
200 L 10-5 389 0317 2663 (2632)  3.70 (4.04)
10-5% 111 0265 2357 (21.67) 361 (4.18)
. 10-4 795 0267 2535 (25.04)  3.30 (3.54)
om [expected) 10-3 1927 0250  2256@214) 275 (290)
20 30 8-3 1870 0.246 2235 (21.86) 266 (2.78)
: 8-3* 488 0220 2071 (2021)  2.66 (2.84)
B 5-3 © 1538 0.231 2138 (2105) 246 (2.49)
" ’
o (2) HgCly
T 10-6 199 0.146 1143 (1092) 1.3 (1.41)
e 10-5 390 0.151 1147 (1096)  0.73 (0.72)
10-5% 12 0.146 1103 (10.64)  1.07 (0.99)
104 797 0.125 1032 (077) 062 (0.57)
10-3 1929 0.117 906 (8.58)  0.39 (0.36)
83 1872 0.116 892 (8.49) 032 (0.30)
§-3% 489 0.112 873 (8.29) 022(031)
53 1539 0.107 835 (8.04) 030 (027)
: (3) (NH,),IrCl,
[ 10-6 199 0.141 900 (3.81) 043 (0.52)
10-5 3% 0.127 814 (198) 009 (023)
L = — —— e e 10-5% 112 0.115 7.58 (6.90) 0.8 (0.39)
. ) 10-4 797 0097 663 (599) 0.0 (02
Fig. 4. Plot of dmireal) versus dmiexpected) for native macro- 10-3 1929 0.092 526 (472) 008 (0,13;
momycin data and three heavy-atom derivatives; x s 8-3 lﬂg 0.090 506 (4.61) 005 (U.H}
- & 8-3* 4 0.087 487 (436) 012(023
K;PUNO,),; W is HgCl,; @ is (NH.),IrCl,. 53 1530 0083 430 (415 007 (008)

Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86
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. NON ISOMORPHISM (AGAIN)

Adding heavy atoms to protein crystals can cause the protein molecules to rotate
and/or translate inside the unit cell. This induces non-isomorphism between
native and derivative crystals

Imaginary

To help get around this take advantage of anomalous scattering
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. NORMAL SCATTERING

X-ray photon interacts with the electrons in the atoms of the
sample. Atomic scattering factor f proportional to atomic
number, Z, of atoms

/=17

/V\JEFF @ 5 scattered photon Fhkl = Z fJ CXp— 27 (hxj + kyj + le)
incident photon J

Fou =D | Fy | exp—27i(9)
J

All atoms scatter X-rays in the same way. Friedel’s Law is obeyed.

|Fhkl |:|F |

&t

Page 23 | CCP4-DLS Workshop December 2015l Experimental Phasing | Gordon Leonard The European Synchrotron | S



. BUT, ELECTRON SHELLS IN ATOMS HAVE X-RAY ABSORPTION EDGES

10000 7\
'EI i I'-."I
< 1000) TSI
= y
T ™,
o 100 E 3
o bt
B 10 Mote:
= B oth axes are
5 1t inlogantlime scaling
E
o

|:|1 £ &5 FRaHM, BUGH WurrerTiL §F AR

100 1000 10000 100000
photon energy £ [a.u]

At incident X-ray energies close to absorption edges scattering
from atoms is no longer normal
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. NORMAL SCATTERING IS MODIFIED CLOSE TO ABSORPTION EDGE

Photons interact with the electrons in
the atoms of the sample.

Depending on the photon energy the
probability of absorption changes.

Iy ' scattered photon
2N N—

incident photon
re-emicred photon
(fluorescence)

At photon energies close to
absorption edges of a given atom,
some photons are absorbed by the
atom and electrons are ejected from _‘__E & naresc ence
its inner shell. 1‘

A

eneryy levels available Lo eleclrons
Electrons from higher energy shells involved in scattering the photon

decay to |Owel' energy She”S emlttlng http://www.bmsc.washington.edu/scatter/AS _tutorial.html
fluorescence as they do so
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SCATTERING FACTORS ARE MODIFIED WHEN INCIDENT X-RAY ENERGY IS
CLOSE TO THAT OF ABSORPTION EDGE

86000000 |

—-—p—.—.—-—.-f,

Driver
t F,coswt

Response 0

x-ray

Energy

Continuwm

Ka:L— K,

Ka: M — K.

Dispersion
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Qooouilof—phase

| >

¢

—

absorption

Treat electron shells as
harmonic oscillators with
resonance frequencies close to
energy of shell absorption
edge. Scattering factor modified
so that:

¥

Scattering factor modified in
such a way that it has
additional, wavelength(energy)-
dependent dispersive (f) (real)
and absorptive (f’) (imaginary)
terms

R
The European Synchrotron | ESRF



WHEN THERE IS SIGNIFICANT ANOMALOUS SCATTERING FRIEDEL’S LAW IS NO

LONGER OBEYED

Fa) /N

Fuh) f=r+ f D)+if (4)

Ful# F_ie| F(+) [ F ()|

B AF;no :H F("') | — | F(_) ||

‘FH(*)‘

IF® I+ FO)|
.

We can use the anomalous difference to (help) solve the phase problem.

The larger f°, the bigger anomalous difference and the easier (in principle) it
will be to solve the phase problem
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. DERIVING F’ AND F* FROM FLUORESCENCE SCANS

°
—
—
6 : : ; ; - . - - . . 5 : . ; . . — ’ y ,
'pBE_Se_K_09.06 53.efs’ using 12 —+ ;‘\ p88_Se_K_09.06:53 efs’ using 12 —
3 pBE Se 5 ef ising 1
7
ar / \'\W\
k. -
{

A |

1 /

1 2F /l‘

A ! \/\4\/\0,/\“\ i - .
1 — 2k

-

transmission  fluorescence |
Iy 3 ;
T
T 4t
f

)r\l,'\ lj(/’—) )/\“'.v\ T

i f
sk

f g

1 “‘J
10 L L . L L L ' L L L
12630 12640 12650 12660 12670 12680 12600 12700 12710 12720 12730 12740

0 | L L L L L L ' L L
12630 12640 12650 12660 12670 12680 12600 12700 12710 12720 12730 12740

Experimentally determined anomalous

Experimental fluorescence scan
scattering factors

f(w)=mw c/47rNe2 uo)

@)=/ o @) o o

The European Synchrotron | ESRF
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MAXIMUM SIGNAL: EXPERIMENT DIFFERS FROM THEORY. DON’T RELY ON

TABLES

Cu K-edge in blue copper protein

6 T T T T T T T

- h“\..___.-—'-— -
f ” y

continuum

unoccupied
slales

Cromer fLiberman theory —

B L experimental -

_10 1 |}
BEOD BR50 B0 Bo50 000 2050 2100 D150 D20

X-ray energy in eV

JM Guss, EA Merritt, RP Phizackerley, B Hedman, M
Murata, KO Hodgson, & HC Freeman (1989). "Phase
determination by multiple-wavelength X-ray diffraction: crystal

structure of a basic blue copper protein from cucumbers”.
Science 241, 806-811.

We’'re not dealing with free atoms. Interaction of anomalous scatterer with other atoms causes
deviation from ideality, as do changes in oxidation state. So, we MUST measure absorption edge
experimentally if we want to be sure to obtain maximum ‘signal’
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. ENERGY OF ABSORPTION EDGES COMMONLY USED IN PHASING PROCEDURES

4 4
ﬁ Absorption edges useful for anomalous scattering experiments

I ﬁ 1 | 1 I | I | I | I | I |

]

: i Eﬁmﬁgﬁﬁmmcdnwm Er Tm

MEUGATH Dy Ho Er Ty, _ 0 L0 HE Ta W Re Os Jp
YOLU BE 13w Re Os 1y

Pt AvHZ T Pb B o 41 pn g
CEPJNd*nSn'EuSdTbDﬂ-IﬂET‘Tm‘VbLu HETaw

PUACHE I Pb B po 4 oy
ReOsIr PtAUHZ TIPb Bl Po At Rn Fr Ra Ac Th Pa U

Ra &g
Fr Ra ac T

Cuby 1.0A

| L | | 1 (- 1 | l | l | l

7 8 9 10 11 12 13 14 15 16 17 18 19
X-ray energy in KeV

]
]
|
|
]
]s'l-edge.s CF Mn Fe Co Ni Co Zn Ga Ge As @ Br Kr Rb Sr Y Ir MNb Mo
|
[
]
|
|

~2.1A A~0.62A
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. USING ANOMALOUS SCATTERING - SIRAS PHASING

FPH(-)

f=h+f A+ (D)

FP

FPH(+) . .
If in an SIR experiment we

3 measure F, (native crystal) and
both F,,* and F - for the
5 derivative crystal we get three
phasing circles. Hence no phase
ambiguity

So, need only one derivative
thus less chance of non-
Isomorphism
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. PHASING USING SAD

Page 32 | CCP4-DLS Workshop December 2015l Experimental Phasing | Gordon Leonar d

f=h+f A+if (D)

SAD results (like SIR) in phase
ambiguity. But can use this
technique to solve the phase
problem.

Also allows the solution of the
phase problem by collecting
data from native crystals of
macromolecules (i.e. no
derivative). Exploits small f
available from S or P at the
wavelengths we can routinely
access.
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. WHY DO WE CARE ABOUT F’?

f=L+f (D+if (D)

/,f\\ PBE_Se_K_09:05 5:

ety B ™ il

/
/

G
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If we at collect data at
different wavelengths about
absorption edge then F,, at
different wavelengths
changes

MF ;é sz

DISPERSIVE difference:
AF, ="

| A2
disp

hkl |_ hkl |

By combining measurement
of anomalous and
dispersive differences we
can solve the phase
problem using HA
derivatives in MX without
measuring data from a
native crystal. How?

The European Synchrotron | ESRF




. MAD AS QUASI-(M)IR

f” moderate,
f’at minimum, £ moderate

moderate value

f” moderate,
of £

£’ large

& edgeplots ps - GSview

File Edt Opfions Yiew Orientation Media Help
328, 3260t _Page: 1" 1N \ i

_,.‘
&
=
a
=
o

ESESOID]én |&| ¢ |+ [l |2 | 6] B |

100l i

,L\_I; |
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. MAD - WHICH WAVELENGTHS? - |

Interaty (arbftrany unts)

10 | L . ; 3\\'\‘1—%&
B L
& L e \\‘vwwwwﬁm % . \
0T £1: 12.6691keV g Bl Avf, ]
i {2 12.6663 keV | 8

| = J 2 ey I |
*250 12,60 e 12 80 12,50 T
“From a practical point of view a larger “....while a larger difference in f " will
" will give more accurate values for the P’ ovide better discrimination in
possible solutions [of the phase]....” resolving the [phase] ambiguity”
Woolfson & Fan, “Solving Crystal Woolfson & Fan, “Solving Crystal
Structures” (1995) Cambridge Structures” (1995) Cambridge
University Press University Press

To maximise f’ need to collect two data sets: (1) at inflection point. (2) (preferably) high energy
remote. So, a typical MAD experiment uses three wavelengths (peak, inflection point, remotei):_‘;;:.if;%
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. MAXIMISING AF° AROUND L- ABSORPTION EDGES

Hg L-edges

X-ray wavelength in A

1.124 1.054 0.99A 0.93A 0.88A 0.84A4 0.798  0.76A
15.0e

Hg f'  ———
Hg f —_—
10.0e | [

3.0e &

0.0e
-5.0e

-10.0e r

1508 | AF ~ 10e°

Hg Ha Ly HgLg 4
-20.0e L —¥ L t t .
11000 12000 13000 14000 15000 16000 17000

X-ray energy in eV

1~ 18e-

Edgeplots web tool Htp://skuld.bmsc.washington.edu/scattery

NB: Efficiency of Pilatus detectors is not optimal at high energy
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. SAD PHASING

F(-)
10
L1
160 - -
La
[
3 a0
5 0
b F
a Lz N
5 | 2 \*LWMWWW ]
= I
]
= L _
£ 40 L1: 12.6691keV
| ) i3 12.6668 ke ]
_______ = £3: 14.0 keV
=0 L = 4 11.0 kel i SR e
B e (I P
iRy} ! : !
1250 1280 1270 12.80 12.80
Erergy (ke¥)

SAD results (like SIR) in phase ambiguity. But can use this technique to solve the
phase problem. Usually need redundant data.
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. PHASING EXPLOITING ANOMALOUS SCATTERING

1. Introduce a small number of anomalously scattering atoms
into crystals

2. Collect both F* and F- at one (or more) wavelength(s). If
more than one wavelength make sure these are chosen
using absorption edge scan.

3. Derive anomalous and (if more than one wavelength)
dispersive differences.

4.Use anomalous and/or dispersive differences to locate
anomalously scattering atoms

5. Use these positions to initiate phase calculations
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. COLLECTING BOTH F(+) AND F(-) (AFTER DAUTER, Z. METHODS IN ENZYMOLOGY, 276)

Crystal System  Laue Group Total Oscillation required for
Standard data Anomalous data
collection collection
Triclinic -1 180° 360°
Monoclinic 2/m 180° (b*), 90° (a*,c*) 180° (a*,b*,c*)
Orthorhombic mmm 90°(a*, b*,c*) 90°(a*,b*,c¥)
Tetragonal 4/m 90°(a*, b*,c*) 90°(c*), 180 °(a*, b*)
4/mmm 45°(c*), 90° (a*, b*) 45°(c*), 90°(a*,b*)
Trigonal 3/m 60°(c*), 90°(a*,b*) 120°(c*), 180°(a*, b*)
-3Im 30°(c*), 90°(a*,b*) 60°(c*), 180°(a*, b*)
-3ml 30°(c*), 90°(a*,b*) 30°(c*), 180°(a*, b¥)
Hexagonal 6/m 60°(c*), 90°(a*,b*) 60°(c*), 180°(a*, b*)
6/mmm 30°(c*), 90°(a*,b*) 60°(c*), 90°(a*, b*)
Cubic 23 ~60° ~70°
432 ~35° ~45°
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. (S)MAD: GOOD & BAD

1. No ‘native’ crystal — no problems with isomorphism when
using heavy atom derivatives

2. Selenomethionine can be introduced into many protein
sequences and can be used as a “magic bullet”

3. The ‘method of choice’ for de novo structure solution in
macromolecular crystallography

4. Signals are small in comparison to those from
Isomorphous replacement — data have to be good!

5.In MAD have to collect a lot of data from one crystal —
radiation damage is a problem
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. (S)MAD INTENSITY DIFFERENCES ARE MUCH SMALLER THAN FOR IR

co 1 AN, |f/1i — f/lj | K absorption edges: >~ 4e; can

' Dispersive rise to 6-7e” with ‘white line’. Af’
V2 < | F T |> usually has a maximum around 7e-;
can rise to ~10e- if far from edge.
IN , 2 f " L absorption edges: I usually has a
/ | 1 4 P . .
Anomalous ’ maximum around 12e-; can rise to

2 <|F, |> ~30e" with ‘white line’. Af* usually
has a maximum around 13e-; can rise

to > 20e- if far from edge

(J. Smith, Curr. Opin. Struct. Biol. 1, 1991)
For comparison, Hg has Z =78 e".

In comparison to signals available in IR, AD signals are small
This knowledge must inform all decisions when collecting data for AD experiments

Need to: MAXIMISE SIGNAL and/or REDUCE ERRORS

ek
it
i Yo
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EXPECTED ANOMALOUS SIGNAL

1 /N, 2f
<AL/ I > som ~ (J. Smith, Curr: Opin. Struct. Biol. 1, 1991)

V2 <|F, >

“JExpected anomalous dispersion ratios -
Edt Yiew Hgtoy Bookmarks Took  Help

File Edit ‘iew History Bookmarks Tools  Help @ N I N Pl [ p—re— SPpm—" ot 79 - iG] coode 7

=12l

¥ anomalous Scattering Differences - Mozilla Firefo

|81 Most Visited 4 Getting Started 5. | Latest Headines | | Customizs Links | | Fres Hotmal | | Windows Marketplace | | Windows Media || Windows

@ - c A Tl I@|http:,l',l'www.ruppweb.org,l'new_cnmp,l'annl ;

Anomalous Dispersion Ratios
5| Latest Headlines | | Customize Links | | F occony

L~ =~
Calculation of expected anomalous dispersion ratios N

| Pr—m—— l . My Book l I wOrkshups l | submitted on Wed Jan 20 2010 at 08:52:47 by 160.103.2.224

Running on www. ruppweb. org
A cgi-bin'xsect. dat
Home > Crystallographic Web Applets > AN s e se s=3
EK-edge 12657.80eV
Ll-edge 1653.50eW
. L2-edge 1476.20eV
L3-edge 1435.80eV

5] Most visited # Getting Started

1 anomalous scatterer (Se) per molscule
100 residues in molecule, estimated mumber of protein atoms is 810
Estimated Z(eff) of €.70, g-factor is 0.00371. Calculating,.

IS =1 Energy (eV), Wavelength (4) and scattering factors used for 3¢ K -edge

I.I Ensrgy Uavelength £ =

11657.80 1.0634630  -2.1392 0.5804
12655.80 0.9796014  -&.4126 0.4593
12658.80 0.9793692  -9.1608 3.8435
100 13357.80 0.9281198  -2.0453 3.4480
The diagonal elements of the following matrix contain the Bijvoet ratios (i.e. for Friedel opposites at the same length), and the off-di | elements the dispersive ratios between different wavelengths. To
I K = l obtain a usable dispersive signal, the data must be measured with a significantly better (lower) noige level, which can be determined by deriving the Bifvoet ratios from measured centric reflections. Click here for
4 mote explanation

11657.80 12655.80 12658.80 13357.80
1.06346 0.97960 0.97937 0.92812

|2 1.06346 0.004 0.023 0.026 0.000
0.97360 0.004 0.003 0.0z4

0.97937 0.0z9 0.0z6

0.9z812 0.0z6

Subirmit

http://www.ruppweb.org/new_comp/anomalous_scattering.htm
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. METHODS FOR S/MAD DATA COLLECTION - |

The Random Orientation ‘Technique’ — Here the crystal is
mounted in a random orientation with respect to the X-ray
beam and goniometer axes. Data are then collected in one
contiguous oscillation range such that complete and
redundant anomalous data are obtained.

The rotation range required can be obtained using various
data collection strategy programs (i.e. BEST).

Takes no real account of factors that can adversely affect
intensities (absorption, different detector position for
diffraction spots)
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. DATA COLLECTION STRATEGIES AND DATA QUALITY PREDICTIONS

Optimal Plan of data collection

Resolution is selected according to the user's choice

Attenuation = 1._0000

H| Phi_start| H.of . images| Rot_width| Exposure|Distance| Owerlap]|

1 0.00 267 1.35 0.19 232 .4 Ho
Resolution limit : 2.20 Angstrom
Anomalous data : Yes
Phi_start — Phi_finish : 0D.00 — 360._45
Total rotation range : 360_45 degree
Total H.of images : 267
Overal Completeness : 97 3%
Redundancy : 2.00
W R-factor {(outer shell) : 3 WK g 27 .1%)
I/5igma (outer shell) : 2h.B 2.8)
Total Exposure time : 50.4 sec (0.014 hour)
Total Data Collection time : 717.9 =ec (0.199 hour)
5 Data collection statistics according to the plan
Indexing
FEesolution Compl. Average I-Sigma ERE-fact Ranom Overload
Lower Upper 4 Intensity Sigma 4 4 4
12.00 &.08 i00.0 2EG3E5 .8 E05.1 E0.& 1.6 1.4 o.oo
g.08 6.50 i00.0 14347 .6 2949 48.7 1.6 1.5 o.oo
6.50 5.59 1o00.0 10253.5 221.1 46 .4 2 By 155 0.00
. DNNEDNA 5.59 4.938 95.2 12453 .9 264 .6 47 .1 L7 1.5 o.oo
|ntegratm" 4.98 4.53 98.5 15372.8 319.1 4582 L7 1.5 o.oo
4.53 4.18 7.0 15590.1 323.5 458.2 1.7 1.5 o.oo
4.18 3.91 i00.0 12589.8 271.5 46 .4 1.8 1.5 o.oo
3.91 3.68 io0.0 10&870.1 242.0 44 .9 1.9 1.6 o.oo
3.68 3.49 99.1 8174.5 203.5 40.2 2.1 1.8 o.oo
3.49% 3.32 98.8 6649 2 180.2 36.9 2.3 1.9 o.oo
3.32 3.18 96.2 5016.9 k614 1.1 2.8 2.3 o.oo
3.18 3.0% 97 .4 3693.7 144 .5 25.6 3.3 2.8 o.oo
3.05 2.94 97.1 2833.8 137.3 20.6 4.1 3.5 o.oo
2.94 2. 84 965 2323.8 132.&8 17.& 4.7 4.1 o.oo
Strategy K 2.84 275 98 .4 1769.9 131.9 13.4 6.2 .3 o.oo
2ETET mRERG 97 .5 14355 130.5 11.0 7.6 6.5 o.oo
2.67 2.59 957 1277 .4 131.4 Q7 8.5 o3 o.oo
2.59 2.52 96.8 1042 .8 139.0 Fooh 11.0 b 0.00
2.52 2.48 97.1 878.7 136.0 6.5 12.7 11.1 0.00
J 2,46 2.40 94.0 786.1 141.6 5.6 14.7 125, 0.00
2.40 2. 34 7.2 702.2 147 .1 4.8 17.0 15.0 o.oo
1 1 1 2.34 2.29 96.3 GBOG.1 145.0 4.1 1%.0 17.5 o.oo
OptImIZEd plan for data COIIECtlon 2.29 2.24 a5 .1 549.7 157 2 3.5 22.6 20.5 0.o0
1 1 1=Hi 2.24 2.20 95.7 470.3 159.3 3.0 26.4 24.3 o.oo
PrEdICtEd data quallty StatIStlcs 411 data 97.3 4532 .8 175.7 25.8 ik 2.8 o.0o0

I%Mz:ZELM|IMMF'<:IMM)>|/§hM<:IMH)>

Bourenkov, G.P. & Popov, A.N. (2010). Optimization of data collection R =S |< [ > =< I3 /Su(< L. >+ < I->)

taking radiation damage into account. Acta Cryst. D66, 409-419.
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. METHODS FOR S/MAD DATA COLLECTION -1I

The Inverse-beam Method — Crystal mounted in a random
orientation. Data are collected in one contiguous oscillation
range (from ¢ = X° to ¢ = Y°) such that data is as complete as
possible for a ‘standard’ data collection. The Freidel mates of
these reflections are then collected by inverting the
orientation of the crystal and collecting the equivalent data
(i.,e. by collecting from ¢$=180+X° to $=180+Y°?). Can also
collect in smaller wedges.

Freidel pairs are measured with the same path-length through
crystal (absorption).

Freidel pairs are collected close together in time (if we use small
wedges).

Freidel pairs measured with the same multiplicity

&
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. METHODS FOR S/MAD DATA COLLECTION -1l

The ‘Set-Crystal’ Method — Here the crystal is mounted such
that the principle rotation axis of the crystal point group is
parallel to the spindle axis of the goniometer. If this rotation
axis is even-fold (i.e. 2, 4, 6) then:

Bijvoet mates are collected on the same oscillation image.
Bijvoet mates are collected after same total exposure time.

Bijvoet mates suffer from ‘'same’ absorption and radiation damage.

(Mini-)Kappas make this straightforward
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USING KAPPA GONIOMETERS

¥¢ Adxv - imntdirect/_data_id23eh1_inhouse/sandor/test-09102004/thau_3_004... [= |[B]X]

¢ Adxv - fmntdirect!_data_id23eh1_inhouse/sandor/test-09102004/thau_1_001... [ ][8]X]

...........
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. A ‘PROBLEM’ WITH SET CRYSTAL METHOD

eGion ~_ L Ewald Sphere
\

e

- 6{4’&:&! AYis
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The ‘Blind’ Region:

Shaded region will never pass
through Ewald Sphere. Need
to collect data in a second
orientation to ensure data is

properly complete. ,

. . A
Size of blind region: 2d§1in

e TLoR



. HOW DO WE KNOW THAT OUR PHASING EXPERIMENT HAS WORKED?

Electron density map is the best metric
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BUT, ‘SUCCESS’ INDICATORS FOR EXPERIMENTAL PHASING PROTOCOLS ARE AVAILABLE

AT ALL STAGES OF THE EXPERIMENT

. Before arriving at beamline

If possible, check that heavy atom is bound
What is the expected anomalous signal?

« Before data collection

Experimentally measure absorption edge
What will the data quality be?

After data integration and scaling

What is the real data quality?

Is there any anomalous signal in the data?

How far (to what resolution) does the anomalous signal extend?
Are more data needed to try to improve things?

Substructure determination

e Correct/reasonable number of heavy atom sites
e Correlation coefficients

Phasing

e One hand significantly better than the other?
e What does ‘best’ electron density map look like?
e Does auto-building work?
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L SCREENING - CHOOSING THE BEST SAMPLE

Bl o

EEEEEEEREERER

Chart Rank Export

Ranking Chart

Radar Chart Lolumn Chart

Nurnber of images [x1)
20

Hurnber of spats (x1)

Ranking Resolution (k1

20

Masaicity [x1)

20

Exposute Time (x1]
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AFTER DATA PROCESSING - ARE THE DATA GOOD?

N 1/d"Z Dmwinii] Pmrg| Rfull Roum  Ranom Nanom Av I SIGMA I/sigma sd MniI/sd) Nmweas Nref HNeent FRCEIAS HNbias
§4
1 0.0250 6,32 |0.023) 0.012 0.023 0.085 1368 3534 165.0 21.0 159 51.9 10544 18698 334 -0.003 4164
Z 0.0500 4.47 |(0.026| O.021 0.025 0,058 2693 3951 185.1 21.4 191 47.7 15082 3044 400 -0.004 e97e
| 3 0.0750 3.65 |0.029) O0.023 0.027 0,051 3545 5140 Z269.1 19.1 263 46.0 24252 3980 422 -0.005 Q294
4 0.1000 3.16 |0.028( 0O.023 0O.027 0,053 4320 3845 193.5 19.9 202 43.9 29460 4742 463 -0.001 11352
5 0.1250 2.83 |0.029( O0.024 0O.028 0.063 4930 2328 111.6 20.9 127 41.1 33308 5385 4588 0.002 12929
& 0.1500 2.58 |0.034) 0,028 0.029 0.072 5515 1654 89.3 18.5 a5 38.5 3TZ61 5971 454 0.005 14544
70,1750 2.39 |0.037| 0.031 0.022 0,072 e015 13584 TT.1 17,9 g4 35.4 40623 6472 498 0.002 15366
g 0.2000 2.24 |0.039( 0.033 0.030 0,072 £451 1241 T2.3  17.2 79 33.5 43624 6934 495 0o.008 17079
9 0.2250 2.11 |(0.044| 0.038 0.031 0,075 6852 1098 71.5 15.3 73 31.9 46198 T304 4357 0.003 13020
10 o.2500 2.00 |0.05%4| 0,046 0.033 0.0380 TZ85 855 6.1 12.9 61 29.2 49015 Tro9 454 0.008 19251
e = 2 | 1,(hkl )= < I(hkl)>|/Z X, 1 (hkl)
Normal probability plot
. 2 . —1- —
1, >)o°,);Slope =1; Intercept =0
b - J}; - |
4 Normal probability analysis, by run & partiality
====== Run number: 1, fulls ======
3 Number Slope Intercept
All data: 182820 1.013 0.048
) Data within expected delta 0.90: 115520 0.941 0.058
- 1 ====== Run number: 1, summed partials ======
2 Number Slope Intercept
E A1l data: 150209 1.024 -0.024
2 0 o fulle Data within expected delta 0.90: 94913 0.884 0.013
=]
= 0 + summed partials
====== Run number: 1, fulls against fulls only ======
Number Slope Intercept
-2 All data: 158207 1.003 0.012
Data within expected delta 0.90: 99967 0.932 0.021
/4
. //
5E { a
4 3 2 -1 0 1 2 3 1
dlexpected)
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AFTER DATA PROCESSING - IS THERE ANY ‘SIGNAL’ IN THE DATA?

N 1/d"Z Dmwinii] Fmrg| Ffull Roum | Ranom| Nanom Av I 3IGHMA I/sigma 3d MniI/sd) Nmweas HNref HNeent FRCEIAS HNbias
B

1 0.0250 6.32 (0.023| 0.019 0.023 |0.065 1365 3534 168.0 21.0 159 51.9 10544 1696 334 -0.003 4164
Z 0O.0500 4.47 |0.026( 0.021 0O.025 (0.055 2693 3951 155.1 21.4 191 47.7 15062 3044 400 -0.004 6979

| 3 0.0750 3.65 |0.029( 0.023 0.027 (0.051 3545 5140 Z269.1 19.1 263 46.0 24252 3950 422 -0.005 9294

4 0.1000 3.16 |D.028( 0.023 0.027 (0.053 4320 3545 193.5 19.9 Z02 43.9 29480 4742 453 -0.001 11352
5 0.1Z50 2.83 |0.029( O0.024 0.028 |(0.063 4930 2325 111.86 20.9 127 41.1 33308 5365 455 0.00z2 12929
& 0.15%00 2.55 |(0.034| 0.028 0.029 |0.072 5515 1654 g§9.3 18.5 95 38.5 ive2el 5971 454 0.005 14544
7 0.1750 2.39 |0.037| 0.031 0.029 (0.072 G015 1354 77.1 17.9 54 35.4 40623 6472 495 0.002 15866
g 0.z000 Z.Z4 |0.039( 0.033 0.030 (0.072 6451 1241 72.3  17.2 79 33.5 43624 6934 495 0.008 17079
9 0.2zZ50 Z.11 |D0.044| 0.038 0.031 (0.075 G552 1095 71.5 15.3 73 31.9 46195 T304 457 0.003 18050
10 0O.2500 2.00 (0.054( O0.046 0.033 |0.080 T2R5 555 g6.1 1z2.9 61 29.2 49015 7rag 454 0.008 19251

R =% 3 |I(hkl)—<I(hkl)>|/X X, I (hkl)

merge

R =% |I"(hkl)—1 (hkl)|/Z,, | I"(hkl)+ I (hkl)|/2

anom

anom > Rmerge ?
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. AFTER DATA PROCESSING - IS THERE ANY ‘SIGNAL’ IN THE DATA?

The presence of anomalous signal can be deduced from a normal probability plot of the
normalized measured anomalous differences The slope of the central region of this plot will
be > 1 if the anomalous differences are larger than expected from their standard deviations
(i.e. if there is significant measured anomalous signal)

S, =(I"-1)/[c>I)+c*(I)]"

Anomalous differences

5k =

4 /

3

2 /

/ Normal probability analysis of anomalous differences

= 1
-“E ====== Anomalous differences ======
9 0 Number Slope Intercept
-§ All data: 48988 4,061 0.041
%1 1 Data within expected delta 0.90: 30954 3.724 0.043

2 /

-3 {/

4 i‘

5K ! a

-4 -3 -2 -1 0 1 2 3 4

Slexpected)

(Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86; Evans, P. (2006). Acta Cryst. D62, 72-82.)
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. MAD DATA SETS

"

O _________________._._.________r_______________._._.__________:._____________._.______________E____________...................g..............................E............................._ " "
5 fpeak > remote edge

-11?.30 11.82 11 B4 11 86 11.88 11.90 11.92

Energy (ke

il
"
£
i :J.‘
? 7

Corre lation coelTh
d=
-~ '_-" :

_______

Slope . > Slope

peak

> Slope

remote edge

| | | CCanom (PK/ip)
CCoanom (PK/rm)

Evans, P. (2006). Acta Cryst. D62, 72-82 CCanom (ip/rm)
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

What is the correlation coefficient between anomalous differences in two
half data sets chosen at random? What do scatter plots look like?

e
r
N 1/resol*2 dmax |CC_anom| N_anom CC_cen N_cen |RCR_anom| N_anom | RCE_cen| N_cen CC_Imean N_Imean &
B8
1 0.0250 6.32 0.930 1353 -0.108 187 5.245 1353 0.891 187 0.999 1558 7
2 0.0500 4.47 0.853 2528 0.024 215 3.597 2526 1.022 215 0.999 2869 A
3 0.0750 3.85 0.760 3355 -0.090 312 2.708 3355 0.915 312 0.998 3809
4 0.1000 3.18 0.821 4117 -0.129 336| 3.101 4117 0.880 336 0.999 4571
5 0.1250 2.83 0.868 4710 -0.145 364| 3.759 4710 0.866 364 0.999 5225 no
6 0.1500 2.58 0.877 5362 0.304 378 | 3.900 5362 1.362 378 0.999 5863
7 0.1750 2.39 0.865 5848 -0.058 384| 3.719 5848 0.940 384 0.998 6374 -anomalous
8 0.2000 2.24 0.855 6279 0.052 373| 3.580 6279 1.053 373 0.998 6823 )
9 0.2250 2.11| 0.828 6647 -0.011 379 | 3.259 6647 0.991 379 0.998 7186 S|gna|
10 0.2500 2.00 0.795 7042 -0.091 383 2.9586 7042 0.910 383 0.997 7608
DelAnom scatter plot !
10“ T T T T T T T T =1
8 i ) e -
- w | 1
6 * St =X
L e P - - 2 4‘0‘ - i
&-.f j‘lﬂ;l" A l-: -t
4 W (:n..-
L R e SR i
5 L .'... “ -.“_: [
2 e ::—. 1_"-.:. i
) ‘.::,‘ . ‘:9:.. ‘.
0 il e
L T A s g Strong
-2 ¥ L2 ]
2 ‘E._.ér. anomalous
4 e signal
L el el 4
o L] * "_. : - /_
-6 ¢ - Pl 0 . . #
[E— . P T . * . . r - I
_8 - - * - /
/ ) . - M y
N I ) bl o
_IOL 1 1 1 1 1 1 1 1 H .
-10 -8 -6 -4 -2 0 2 4 6 8 10
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. DATA PROCESSING - SUMMARY

Sunmary data for Project: Unspecified Crystal: Unspecified Dataset: Unspecified

Owverall InnerShell OuterShell

Low resolution limit 39.81 39.81 2.11
High resolution limit 2.00 6.32 2.00
Emerge 0.033 0.023 0.054
Bmerge in top intensity bin 0.025 - -
Rmeas (within I+/I-) 0.039 0.027 0.065
Rmeas (all I+ & I-) 0.075 0.073 0.103
Rpim (within I+/I-) 0.021 0.015 0.035
Bpim (all I+ & I-) 0.030 0.028 0.040
Fractional partial bias 0.000 -0.003 0.006
Total number of observations 335117 10854 40205
Total number unique 53920 1724 7768
Mean((I)/sd(I)) 35.6 54.3 2&.7
Completeness 95.1 93.4 97.6
Multiplicity 6.2 6.4 6.3
Anomalous completeness 898.0 7.5 7.5
Anomalous multiplicity 3.2 3.6 3.3
DelAnom correlation between half-sets 0.833 0.930 0.795
Mid-5lope of Anom Normal Probability 3.724 -

FAE; AF/F ~5.4%; ) = 0.97 A (S.G. = P2,2,2,; 160° data)
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AFTER DATA PROCESSING - SUBSTRUCTURE DETERMINATION, PHASE CALCULATIONS

AND ELECTRON DENSITY MAPS

# e ; hki2Zmap Version 0.2 - SHELXC statistics ; :
File Display Appearance
- Self-Anomaious CC vs. Reselution -

Self- Anomalous CC
100

SAD
o0
80

. CCall : 58.10
08 1
0.6 +
04 1
02 +
0.0 : : ' ' t t : + Peak Numb

| CCP4-DLS Workshop December 20151 Experimental Phasing | Gordon Leonard

- i g hkl2map Version 0.2 - SHELXC statistics
File Display Appearance

- <d*/sig> vs. Resolution -

Cycle

_[BaE

The European Synchrotron | ES




A slightly less clear-cut example....
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

W 1/d"2 Dmin{A] Rery |Bfull Rewn | Ranom | Wenow  Av I SIGHA I/sigma  sd Mu(l/sd) Mwess Nref Neenc FRCEILS Hbias
Y

10,0108 8,62 |0.046 |0.045 0,048 (0.048( 337 29765 2789 10,7 2329 30,0 2481 329 0 -0.035 905
20,0216 6,80 |0.044 (0,024 0.046 | 0.054 666 19835 1600 12.4 1639 27.1 4927 133 0 -0.023 1643
30,0324 5,55 |0.084 |0.047 0,051 (0.062| 881 10446 1275 8.2 1027 22.2 6226 854 0 -0.009 2163
40,0433 4,81 |0.0e0 |0.063 0,054 |0.060( 1013 14543 1550 9.4 1366 23.7 £922 1009 0 -0.023 2664
50,0541 4.30 |0.055 (0,071 0,054 (0.080| 1162 20681 1979 10.5 1838 25.6 G416 1182 0 -0.033 3335
6 0.0643 3,93 |0.066 |0.069 0,057 (0,052 1292 17160 1971 8.7 1612 24.4 9413 1289 0 -0.022 377
70,0757 3.63 |0.070 |0.062 0,059 (0.080| 1386 14246 1712 8.3 1427 22.6 10143 1386 0 -0.020 4040
B 0.0865 3.40 |0.0v2 |0.083 0,061 )0,050( 1468 12524 1491 8.4 1324 20.9 10968 1485 0 -0,0158 4412
90,0973 3.21 |0.082 |0.075 0,063 [0,057| 1600 G687 1206 7.2 1044 18.3 11887 1599 0 -0.005 4741
10 0.1082 3.04 |0.095 | 0,069 0,065 [0.066| 1654 5916 923 6.4 BG40 15,3 1a53l 1682 0 0.001 5102
11 0,1180 2,90 |0.112 | 0,165 0,067 [0.073 | 1772 4206 764 5.5 719 151 13286 1774 0 0.003 5518
12 0,1298 <.78 |0.129 | 0,133 0,070 | 0.075( 1834 1612 2roosa0 0 11,8 13764 1836 0 0,011 5547
13 0.1406 2,67 |0.161 | 0,169 0,073 (0,083 | 1880 2831 s 3.3 661 5.8 14054 1879 0 0.018 5829
14 0,1514 2,57 |0,170 |0.204 0,075 (0,103 | 1992 2337 6l4 3.8 610 0.9 11288 2002 0 0.01% 4265
15 0,1622 2.48 |0,130 |0.,515 0,075 |0.114| 1953 2189 413 5.3 e 6.4 7504 1976 0 -0.01% 2268
16 0,1731 2.40 |0,157 | 0,331 0.076 [0.131| 1984 1861 415 4,5 551 5.6 7662 2020 0 -0.022 2474
17 0,1839 2,33 |0.201 | 0,552 0,077 (0,157 2134 1489 427 3.5 559 4.7 G256 2138 0 -0.019 2367
18 0,1947 2,27 |0.223 |0.436 0,079 (0,170 2115 1391 482 3.1 585 4.3 5142 2138 0 -0.029 2361
19°0,2055 2,21 |0.278 |0.278 O0.080 (0,208 2203 1209 485 2.5 618 3.7 Gh26 2234 0 -0.024 2592
20 0,2163 2,15 [D.326 |0.567 0.082 | 0.247| 2191 s 508 2.1 642 32 7916 2108 0 -0.018 2487
Y

=2,,Z, | 1,(hkl)— < 1(hkl) >| /X, I (hk)

merge

R =% |I"(hkly—I (hkl)|/Z,, | I (hki)+ I (hkl)| /2

anom

Reinom > Rmerge? Hmmmm.........
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

N 1/d*2 Dmin(i] PRmrg | Rfull Roum | Ranom | Nanom Lv I SIGML I/sicma sd MniIfsd) MNweas Nref HNeent FRCBIAS Nhbias
§§
1 0.0108 9.62 |0.048 |0.045 0.048 | 0.048 337 29765 2789 10.7 2323 30.0 2451 329 0 -0.035 205
2 0.0216 6.60 |0.044 |0.02z4 0.046 | 0.054 666 19835 1600 12.4 1633 27.1 4927 666 0D -0.023 1643 R P I d t M
3 0.0824 5.55 |0.064 [0.047 0.051 | 0.062 831 10446 1275 8.2 1027 22.2 6226 584 0 -0.009 2163 p i.m ( reCISlon _n ICa Ing erglng
4 0.0433 4.81 |0.060 [0.085 0.054 [o.060( 1013 14543 1550 9.4 1366 23.7 6022 1009 0 -0.023 2664 .
5 0.0541 4.30 [0.085 |0.071 0.054 | 0.050( 1162 20691 1979 10.5 1838 25.6 8416 1182 0 -0.033 3335 R factor We|SS M S (2001) J
6 0.0649 3.93 |0.066 [0.069 0.057 | 0.052| 1292 17160 1971 8.7 1612 24.4 9413 1289 0 -0.022 3777 ) ’ - - - "
7 0.0757 3.63 |0.070 [0.082 0.059 [o.050( 1388 14246 1712 8.3 1427 22.6 10143 1386 0 -0.020 4040 .
5 0.0865 3.40 |0.072 [0.083 0.061 |o.050( 1488 12524 1491 8.4 1324 20.9 10968 1485 0 -0.018 4412 Appl. CrySt. 34, 1 30-1 35, a n |easure
9 0.0973 3.21 |0.082 [0.075 0.063 [0.057| 1s00 8687 1206 7.2 1044 18.3 11887 1599 0 -0.005 4741 -
.
10 0.1082 3.04 |0.085 [0.083 0.065 [o.066 (| 1684 5916 025 6.4 840 15.3 12531 1682 0 0.001 5102 fth q I tv f th d t ft
11 0.1190 2.90 |0.112 [0.185 0.067 [0.073 | 1772 4206 764 5.5 719 13.1 13286 1774 0 0.003 5518 O e ua I O e a a a er
12 0.1298 2.78 |0.129 [0.133 0.070 [o.07s5| 1834 3612 727 5.0 700 11.8 13764 1836 0 0.011 5547 . .
13 0.1406 2.67 |0.161 [0.162 0.073 | 0.083| 1880 2831 725 3.9 §61 9.8 14094 1879 0D 0.012 5829 averaQInq the ”|UIt|p|e
14 0.1514 2.57 |0.170 [0.204 0.075 [o.109 | 1992 2337 614 3.8 510 7.9 11298 2002 0 0.014 4265
15 0.1622 2.48 [0.130 [0.515 0.075 [o.114| 1953 2189 413 5.3 548 6.4 7504 1976 0 -0.014 2268
16 0.1731 2.40 [0.157 [0.331 0.076 [0.131| 1984 1861 415 4.5 551 5.6 7662 2020 0 -0.022 2474 n |easure| | Ients
17 0.1839 2.33 |0.201 [0.552 0.077 [0.157| 2134 1489 427 3.5 559 4.7 8256 2156 0 -0.019 2567
18 0.1947 2.27 |0.223 [0.436 0.079 [o.170| 2115 1391 442 3.1 585 4.3 8142 2138 0 -0.029 2561
19 0.2055 2.21 |0.278 [0.278 o0.080 [o.208| z203 1203 485 2.5 518 3.7 8526 2234 0 -0.024 2592
20 0.2163 2.15 [0.326 |0.567 0.082 | 0.247| 2191 1075 508 2.1 542 3.2 7916 2108 0 -0.018 2487
§4
M 1/resol*Z Dmin  [meas Nref MNoent %poss Ciposs Mlplot AnoCmp AnoFre AnoMlt Bmeas FmeasO  (Ravm)| Epim| Rpimo FCV PCVO
3§ 4%
10.011  9.62 2520 349 0 92.9 92.9 7.2 B9.7 391.6 3.9 0.056 0.075 0.048 |0.029| 0.026 0.065 0.064
z D.022  6.80 4944 671 0 97.1 095.6 7.4 96.4 99.0 3.9 D0.051 0.075 0.044 |0.026| 0.028 0.055 0.088
3 0.032  5.55 5252 803 0 97.4 086.4 7.0 96.1 98.2 3.5 0.075 0.098 0.064 |0.040( 0.037 0.086 0.115 Ranom  Rpim . . .
4 0.043  4.81 5961 1019 0 97.0 96.7 6.8 96.5 99.2 3.4 0.071 0.093 0.060|0.038( 0.035 0.081 0.112 A better |nd|Cator |S the
5 0.054  4.30 8471 1190 0 96.7 96.7 7.1 94.5 97.2 3.6 0.065 0.080 0.055|0.034| 0.030 0.077 0.098 0.048 0.029
6 0.065 3.93 9445 1301 0 96.9 96.7 7.3 96.2 399.1 3.6 0.077 0.091 0.066|0.040| 0.034 0.091 0.111 0.054 0.026 . .
7 0.076  3.63 10172 1397 0 96.1 96.6 7.3 95.4 98.8 3.6 0.062 0.093 0.070 | 0.042| 0.034 0.095 0.114 0.062  0.040 ratlo R /R . , R
8 0.087 3.40 10994 1493 0 96.1 96.5 7.4 ©95.8 99.3 3.9 0.084 0.095 0.072 |0.044| 0.035 0.099 0.117 0.060 0.038 anom p.r.m. anom
3 0.087 3.21 11917 1609 0 96.0 96.4 7.4 95.5 99.1 3.7 0.0896 0.108 0.082 | 0.048| 0.040 0.112 0.133 0.050 0.034 —_ SI nal R —_ nOlse
10 0.1086  3.04 12563 1693 0 95.6 96.3 7.4 95.1 99.2 3.9 0.111 0.126 0.095|0.058| 0.046 0.133 0.156 0.052  0.040 g y p i.m .
11 0.119  2.90 13318 1784 0 95.7 96.2 7.5 95.0 99.0 3.7 0.131 0.147 0.11Z | 0.068| 0.054 0.156 0.181 0.050 0.042 . .
1z 0.130  2.78 13795 1844 0 95.4 96.1 7.5 94,9 99.1 3.7 0.151 0.163 0.129 | 0.078| 0.058 0.181 0.204 0.050 0.044 (Welss M S Sleer T
13 0.141  2.67 14130 1891 0 94.8 96.0 7.5 94.2 99.0 3.9 0.188 0.200 0.161|0.096| 0.073 0.228 0.254 0.057  0.049 ’ ’ )
14 0.151  2.57 11414 2030 0 94.4 95.8 5.6 92.7 97.7 2.8 0.208 0.221 0.170|0.119| 0.090 0.227 0.262 0.066 D0.058 & HI f Id R 2001
15 0.162  2.48 7749 2044 0 94.1 095.6 3.8 B89.9 094.9 1.9 0.183 0.202 0.130 | 0.130| 0.102 0.191 0.234 0.073  0.068 | gen e , . .
16 0.173  2.40 7901 2086 0 93.4 095.4 3.8 B88.8 04.5 1.9 0.221 0.239 0.157 [ 0.157| 0.121 0.232 0.281 0.075  0.078
17 0.18%¢  2.33 3484 2222 0 93.5 95.3 3.8 90.0 95.6 2.0 0.285 0.301 0.201|0.201| 0.152 0,301 0.357 0088 0.096 Structure 9 771_777
18 0.195  2.27 8382 2196 0 93.5 95.2 3.8 90.1 96.0 1.9 0.316 0.328 0.223 |0.223| 0.167 0.336 0.395 0.101 0.119 y y )
19 0.206  2.21 8770 2304 0 9z.9 95.0 3.8 88.9 95.1 2.0 D0.392 0.406 0.278 | 0.278| 0.206 0.419 0.491 b 114 D'w('] .
22 0.z216  2.15 5447 2298 0 90.7  94.7 3.7 85.5  94.8 1.9 D.461 0.473 0.326 | 0.326| 0.243 0.501 0.573 D13t 0,157 Pan“kar’ S & TUCker, P
0.157 0.201
_ ook | (2002). J. Appl. Cryst
R =3 % |I(hkl)—< I(hkl)>| /=%, I (hkl) 0.170 ( . . Cryst.
merge hkl = i i i hkl ™ i 0.208 0. 278
1 35, 261-266.)
+ _ + _ | ——m———| -
=3, |I"(hkl)=1 (hkl)|/. 2, | I" (hkl)+1 (hkl)|/2 ; :

anom

R, =%, V(N 1) | I,(hkl)~ < I(hkl) >| /£ 2,1, (hkT) R /R .. >129
anom p.i.m. . .
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. AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

Normal probability plot - anomalous differences

Anomalous differences

5n / n
4

3
Norwel probability analysis of anomalous differences
2
====== lpomalous differences ====== | ,/
Nuther Slope \Intercept rn‘é
Ll data: 31567 -0.050 g0
Data within expected delta 0.90: 13947 -0.045 ;.% )

- |
-3 -2 -1 0 1 2 3 4
Slexpected)

(Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86; Evans, P. (2006). Acta Cryst. D62, 72-82.)
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

What is the correlation coefficient between anomalous differences in two
half data sets chosen at random? Where is the point that CC_,,, drops

below 30%7?

e
& "/

N 1/resal*? dwax CC_anom N_anom CC_cen N_cen RCR_anom N_anom RCR_cen
i |

1 00108 9.62) D.748| 316 - 0 .67 36 -

7 o0.0216 6.0 0.697) 881 - 0 2365 81 - no
30,0324 5.55) 0511 85 - 0 1758 855 - DelAnom scatter plot [anomalous
4 00433 4.81 057 o9 - 0 193 94 - o - signal
50,0541 4,30 0.484| 1089 - 0 L7 188 - ol

6 0.0649 3.93| D0.393| 1257 - 0 LET O uE - - |

7 00757 3.63| 061 1356 - 0 1464 1356 - I

B 0,085 3.0 0.404| 1484 - 0 1.5 1454 - A

9 0,097 321 0.439| 1563 - 0 L6000 1563 - 2

0 0,082 3.04] o.e8| 1643 - 0 L5914 - 0 ‘ : :

1 01190 2.9 0.8 1M - 0 L4 1ML - B R R

17 o029 278 07| 1w - 0138 1M - A

10,1406 2.67| 0.3 1835 - 0 1399 1815 - PN A BN

140,154 2,57 0,226 1881 - 01289 8L - R S S SV W

15 0.1622 2.48] 0,236 170 - 0 LM M - I el U I ol .

1§ 01731 2.40| 0.193] 1800 - 0 L7 woo - L 4

17 0.1839 2.93] 0,136 1955 - 0 1146 1955 -

18 0.1947 227 0,21 1915 - 0 L1995 - Strong
19 02085 2.21] 0.0m| am - 1108t 003 - anomalous
20 0206 2.15) 0.088| 1828 - 0oL e - signal

V
-
ra
F
&
&
L
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA (XDS)?

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE »= 0.0 AS FUNCTION OF RESOLUTION

RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/S5ICMA  R-meas Rmrgd-F |Anomal SigAno| Nano
LIMIT OBSERVED UNIQUE POSSIBLE OF DATA  observed expected Corr
9.77 2351 654 718 91.1% 3.8% 4.0% 2315 31.07 4. 4% 2.4% 88% 3.023 302
6.91 4854 1319 1352 97 . 6% 3.8% 4.1% 4849  30.13 4.4% 2.6% 89%  3.162 646
5.64 6028 1673 1750 95.6% 4.3% 4.3% 6017  27.51 5.0% 3.1% 87% 3.019 808
4.88 6024 1949 2038 95.6% 4.3% 4.3% 6900  27.19 5.1% 3.2% 84%  2.917 933
4,37 7948 2216 2314 95.8% 4.0% 4.2% 7921 27.92 4.7% 2.9% 8%  2.307 1062
3.99 8783 2457 2604 94 . 4% 4.2% 4.3% 8760  26.50 5.0% 3.1% 76%  2.200 1183
3.69 9501 2642 2774 95.2% 4. 4% 4. 6% 9480 24.86 5.2% 3.6% 72%  2.086 1274
3.45 10579 2899 3034 95.6% 4.7% 4.8% 10555  23.39 5.6% 3.9% 67%  1.935 1408
3.26 11467 3092 3250 95.1% 5.4% 5.4% 11447  21.10 6.3% 4. 6% 66%  1.868 1512
3.09 12284 3276 3426 95.6% 6. 6% 6.7% 12271  17.85 7.7% 6.3% 63% 1.771 1612
2.94 12761 3350 3538 94.7% 8.0% 8.3% 12750 15.51 9.3% 7.8% 58%  1.597 1661
2.82 9g. 5% 9.4% 10.1% 13399 13.58 IO 9% 82% 1.445 1745
2 93.3% 11.7% 12.8% 13944 11.32 13.6% 12.4% 49%  1.333
2. 88.8% 11.4% 11.4% 7389 7.84 15.7% 21.0% 34% 1.134 1669
2. 87.3% 11.6% 12.0% 6964 6.86 16.3% 23.7% 28%  1.023 1643
86.7% 12.8% 13.8% 7308 6.09 18.1% 25.9% 29% 1.003 172

2. 85.2% 15.9% 16.7% 7274 5.14 22.4%  33.3% | 23%—67933 | 1710
2.30 7359 3779 4526 83.5% 17.4% 18.6% 7160 4.61 24, 6% 36.9% 19% 0.921 1677
2.24 7779 4032 4876 B2.7% 21.2% 22.5% 7494 3.93 29.9% 44, 3% 12% 0.851 1725
2.18 5153 2822 4738 50. 6% 23.3% 24.9% 4662 3.47 32.9% 46.3% 12%  0.840 1057
total 170599 58120 65586 88. 6% 5.5% 5.7% 168859 14.16 6. 6% 10.3% 60%  1.569 | 27156
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Bovine Trypsin; S-SAD; S.G. = P2,2,2,; 360° data; . = 1.77A (7.0 keV)
(AF/F ~1.4%)

Page 65 | CCP4-DLS Workshop December 2015l Experimental Phasing | Gordon Leonar d The European Synchrotron | ESRF



AFTER DATA PROCESSING - ARE THE DATA GOOD?

$$N 1/d*2 DminfA] Bwrg| Rfull Reoum BRanow  Nanom Fwv I SIGMA Ifsigma sd Mo{I/sd) MNneas Nref Ncemt FRCBIAS Mbias
10.0250 ¢.32 |0.028| 0.028 0.028 0.020 446 1582 76 20.7 64 74.2 8681 e84 238 - 0
2 0.0501 4.47 |0.028| 0.028 0.028 0.015 923 1850 92 20.2 76 76.4 16192 1167 244 - 0
3 0.0751 3.65 |0.029( 0.029 0.029 0.014 1211 2288 116 19.7 9% 72.5 19596 1446 234 - 0
4 0.1002 2.16 |0.036| 0.036 0.031 O0.014 1442 1532 87 17.5 74 R2.4 23354 1675 229 - 0
50,1252 2.83 |0.048| 0.048 0.033 0.018 1675 852 60 14.3 GL 47.4 26943 1906 229 - 0
& 0.1503 2.58 |0.069( 0.069 0.037 0.023 1824 515 47 10.9 49 34.1 29266 2053 224 - 0
F0.1753 2.39 |0.090( 0.090 O0.041 O0.029 1989 424 50 8.6 3 26.9 31619 2211 220 - 0
g 0.2003 2.23 |0.127| 0.127 0.046 0.039 2131 329 5S4 6.1 58 19.9 33541 2352 220 - 0
9 0.2254 2.11 |0.200( O.200 O0.052 O0.057 2248 245 63 3.9 66 13.6 35181 2457 208 - 0
10 0.2504 2.00 |0.378| 0.378 0.062 O0.109 2337 156 75 2.1 A 7.5 36106 2541 211 - 0

R =3 % |I(hkl)—<I(hkl)>| /3, I (hkl)

merge

Normal probability plot
scala statistics for XDS processed data

Normal probability analysis. by rmn & partiality

Muniber Slope Intercept
0 |_ tuls A11 data: 260479 0.992 0.013
Data within expected delta 0.90: 164591 0.981 0.023

S(observed)

(5]
175
I

e 3 -2 -1 0 1
S(expected)
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AFTER DATA PROCESSING — ANY SIGNAL?

N 1/d*2 Dmin{A] Bwrg| RBfull Rounm |Ranow| Nanom Fwv I SIGMA Ifsigma sd Mo{I/sd) MNneas Nref Ncemt FRCBIAS Mbias

55
1 0.0250 .32 |0.028| 0.028 O0.028 |0.020 446 1582 76 20.7 64 7F4.2 8681 6Bd 238 - 0
2 0.0501 4.47 |0.028| 0.028 0.028 |0.015 923 1850 92 20.2 76 F6.4 16192 1167 244 - 0
3 0.0751 3.e5 |0.029| 0.029 O0.029 |(0.014 1211 22ga 116 19.7 9% 72.5 19596 1446 234 - 0
4 0.1002 3.16 |0.026| 0.036 O0.031 |(0.014| 1442 1532 87 17.5 71 62.4 23354 1675 229 - 0
50.1252 2.83 |0.048| 0.048 0.033 |0.018| 1675 852 60 14.3 L 47 .4 26943 1906 229 - 0
& 0.1503 2.58 |0.069| 0.069 O0.037 |0.023 1824 515 47 10.9 49 34.1 29266 2053 224 - 0
F0.1753 2.39 |0.090| 0.090 O0.041 |(0.029, 1989 424 50 48.s8 53 26.9 31619 2211 220 - 0
8 0.2003 2.23 |0.127| 0.127 O0.046 (0.039 2131 329 54 6.1 L8 19.9 33541 2352 220 - 0
9 0.2254 2.11 |0.200| 0.200 O0.053 |0.057 2248 245 63 3.9 66 13.6 35181 2457 208 - 0
10 0.2504 2.00 |0.378| 0.378 O0.062 |0.109| 2337 156 75 2.1 7 75 36106 2541 211 - 0

R, =%, |1(hkl)=< I(hkl)>| /2, T (hkl)

R, =2 |1 (hkly=1 (hkl)|/ Z,, |1 (hkl)+1 (hkl)|/2 Ranom < Rmerge

R, =%, [L(N =" | I,(hki)= < I(hkl)>| /5,1, (hk])

Ranom Rpawm g 1/resol~2 dmax GC_anom| N anom GG cen N cen RCR anom N anom RCR cenm N _cen CC_Imean N _Imean
0.020 0.011 1 0.0250 6.32| 0.653 442 -0.139 230 2.187 442 0.863 230 1.000 h83
0.015 0.011 2 0.0501 4.47| 0.566 912 0.014 232 1.898 912 1.009 232 1.000 1167
0.014 0.012 3 0.0751 3.65| 0.333 1199 0.009 224  1.413 1199 1.010 224 0.999 1442
0.014 0.014 4 0.1002 3.16| 0.1eB8 1420 -0.028 211 1.185 1420 0.972 211 0.999 1671
0.018 0.019 5 0.1252 2.83| 0.278 1653 0.065 217 1.331 1653 1.073 217 0.999 1903
0.023 0.027 & 0.1503 2.58| 0.213 1809 -0.005 216 1.242 1809 0.995 216 0.999 2047
0.029 0.035 F 0.1753 2.39| 0.172 1972 0.049 212 1.190 1972 1.044 212  0.998 2208
0.039 0.050 g 0.2003 2.23| 0.107 2121 -0.046 214 1.115 2121  0.951 214 0.996 2351
0.057 0.078 9 0.2254 2.11| 0.049 2932 -0.056 195 1.051 2932  0.952 195  0.992 2454
0.109 0.149 10 0.2504 2.00| 0.064 2311 -0.043 209 1.066 2311 0.960 209 0.975 2534

Roon! Ryin. <1.2
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

Anomalous differences
scala statistics for XDS processed data

5K n
4 /
/ DelAnom scatter plot

3 4 scala statistics for XDS processed data

/ 10— T T T T T T T a
/ 8 . * . .
/ I : P

E ) A

9 0 [ [ -
4

z I ]

2= -1 , 5

%)
]

[S]

-

3 2 1 o0 1 R
S(expected) 8 _ . . 1,
_m;./ L o . 1

ormal probability analysis of anomalous differences

2
%)

S
3
=}
B
[}
==}
5}
=
=}
o
=

====== Ainomalous differences ======
Munber S5lope Imtercept

All data: 16226 1.418 -0.039

Data within expected delta 0.90: 10252 1.238 -0.037
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AFTER DATA PROCESSING — SHELXC/SHELXD/SHELXE OUTPUT

. hk2map Version02-SHELXCswmtistcs _______ |SICIES
Hle Display Appearance

- Self-Anemalous CC vs, Revelution -

Self- Anomalous CC
%0 +
80 T

mn T

1] + } + t + CCweak
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File Display Appearance

'” i hklzmap Version 0.2 - SHELXC statistics i

- <d*/sig> vs. Resolution -

<d"fsig=
]
-I- SAD
—

J

03
i)
cc

0.0 + t t t t + Cyele

8 12 16 20
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