X-ray Diffraction experiment

Corso di Biocristallografia e Microscopia Elettronica rdezorzi@units.it



X-ray diffractometer

Essential components: Video monitor for

; sample alignment
X-ray source in the 5-25

keV ra nge X-ray source

Monochromator/filters
and focusing system

Goniometer

Detector
2D detector

Goniometer

Additional components:
 Cryocooler

e Optical microscope for centering
* Fluorescence detector

* Automated sample changer




X-ray sources

X-ray sealed tube

electrons
from
accelerator

to electron
] dump

Rotating anode tube

X-FEL
(X-ray Free Electron Laser)



X-ray tubes

BERYLLIUM '2‘;'qu§£$ GLASS
WINDOW ~_ iﬁi 7
. /2
COOLING : / ELECTRDI*V p
WATER / : [ >
—F—— = : || TO TRANSFORMER
D\ I — : 3
TARGET—1~ \ @
\ N
*i '|l { \\
X-RAYS —™ 3« FOCUSING CUP VACUUM
. Heated filament Electrons are accelerated
Material of the anode (target) emits electrons by by a high voltage.
characterizes the wavelength of the thermionic emission -

emitted radiation.
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Intensity of the radiation depends
on AV applied. Maximum intensity
depends on efficiency of cooling
system.

4

x-rays produced when

§ §% high speed electrons

hit the metal target.
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Bremsstrahlung radiation:

due to deceleration of incident ~._ Unfiltered 100 kV
. Y
electrons in the target metal (e.g. = € K-Characteristic Radiation
copper).
Characteristic radiation:

corresponding to electronic
transitions, with wavelength
characteristic of target metal.
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Rotating anode

Increased intensity due to target
rotation that allows more
efficient cooling.

Higher intensity of the
emitted radiation,

but...
1) more expensive

2) requires continuous
pumping of vacuum

F.otating anode

Electron beatn

Tungsten target

Xrays

Ball aces

+ 100 000°%

glass envelope

\

cathode

rotating anode

bearings




Elettra
synchrotron radiation source

Advantages: ¢ High brilliance White beam
* Tunable source * Polarization

e Small beam divergence



Electron gun
Linear accelerator (Linac)
Booster ring
Storage ring

Beamline

SR A S

Experimental station

Storage ring
Focusing -
magnets

Radiation obtained from:

 Bending magnets ~ |

* Insertion devices: undulators and
wigglers

Insertion devices
(undulators)

SECTION




Brilliance

photons/s

Brilliance =

mrad? - mm?2-0.1-64/2

Brilliance: number of photons per
second, per surface area, per
dihedral angle, per bandwidth

Small divergence
in the vertical
direction

WIGGLER
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OpthS _ e.g. Ni foil for
Monochromator / filters — a Cu anode Hi
* for traditional sources: metal foil of
element preceeding the anode metal ? 1
 for synchrotron sources: double g™ ]
crystal, e.g. Si(111) g e
Focusing mirrors / collimator
Be windows o
ShutterS '-I: _'..: '_.-: _. .: 'I:- :I: I-: :Il. ; :
N g A
Slits
Resolution:
1074 — 10_5A continuous 1= 2dsind
M d L

Be-Window

§ monochrmmator

Beam D rection
B 5 | inec] oo




Goniostat

Single axis (@): rotatation around a single axis,
perpendicular to the incident beam

A-circles goniometer: 3 axes of rotation of the
crystal and an additional rotational axis of the
detector




Detectors Photographic films

Image plate: Characteristics:
(1) X-ray captured by
phosphorescent material * Quantum efficiency
(2) Stimulated emission of
visible light

Unrecorded Imaging Plate

Dynamic range

Spatial resolution

—BaFBr ;Eu”
Support

X-ray Photons

B Charged Coupled Device (CCD):
(1) X-ray converted in visible light
(2) Excitation of CCD chip

Fiberoptic taper

He-Ne Laser Beam Scannin
. Phosphot (3:6:1 taper ratio)

Lo JL IR .h Fi ‘._'....\.:r?:' i .b‘ | = e ¥
i Y F e,

| Exposure

J l——Excitation light = i
ALY A (633m) é, : LUGHT cch
- Luminescance ? S
X-ra hoton A =
i (400nm) bk w SR 8 electrons
= in CCD pixel

Plate is
ready for
use again.

~ visible light
photons

b=
Yisible light

photons



Hybrid pixel array detector

PILATUS, from Paul Scherrer Institute & SLS
operating in single-photon counting mode
CMOS-based detector (complementary metal-

oxide semiconductor)




Hybrid pixel array detector

PILATUS, from Paul Scherrer Institute & SLS
operating in single-photon counting mode
CMOS-based detector (complementary metal-

oxide semiconductor)

Single Sensor Pixel

Pixelated

@Y @ +
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X-ray phutén\

Silicon Senso
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Signal Signal Signal
processor processor processor
Multichannel Readout Counts B 172um -
Single Readout Pixel Integated Circmt l

Data

e Maximum dynamic range
e Excellent Point Spread Function (PSF)

e High Detector Quantum Efficency (DQE)
e No dark-current and readout noise

e Readout time <6.7ms
e Allows to collect fine-@-sliced data

} Si wafer
} 18 um indium bumj

} CMOS circuit



Cryocrystallography

Crystal freezing:

- reduces radiation damage

- reduces thermal vibration

- reduces conformational disorder
- enhances signal-to-noise ratio

1. Crystal mounted on the goniometer with
a loop on a magnetic base and flash frozen
under a stream of nitrogen gas at =100K.

2. Crystal pre-frozen in liquid nitrogen
and kept in dewar. On the beamline,
mounting with the automated system




Crystal centering

Crystal should be in the beam path during all data collection (rotation). And
ideally beam size should not excede crystal size to reduce background.

1. Manual centering: center 2. Automatic centering (@beamlines):
crystal in 2 directions, 90° apart 2- or 3- click procedures

SIDE-to-SIDE

SIDE-to-SIDE

Ideal for centering of
small, hard to
distinguish crystals,
but requires very
small beam
compared to crystal
size.



Microfocus beamlines Beamlines.
Beamlines with beamsize of 1-20um: ID13 & ID23-2 @ESRF
* Ideal for small crystals D24 @Diamond
* Low background scattering from solvent/loop 23ID-B & D @APS
 High Signal-to-Noise Ratio (SNR) 241D-E @APS
* Possible selection of well diffracting region in larger BL32XU @SPring8

crystals & helical data collection strategy X06SA @SLS
* “Grid-scan” for crystals difficult to visualize PX2 @Soleil
* In-situ diffraction
Focus Undulator
Aperture  Micro-focus K-B Source
optics mirrors

S Aperture
L:Il \\;il p
(@) - Lk approach

—] Direct focus
\

J—— -

Requirements: Problems:

* High brilliance photon source (ondulator) < Higher radiation damage on crystals

* Highly stable beam (Top-up mode) (overcome by helical data collection

* Thermally stable optics & endstation strategy)

* No vibrations on optics e Usually requires screening for small crystals

High precision goniometer




_ Objectives:
Identification of unit et e et . - High resolution |
Imizati . . !
Ce” parameters and coﬁection parameters I ) H!gh completeness :
symmetry - H!gh rgdundancy
- High signal-to-
noise ratio

Parameters:
- Wavelength
- Exposure time
- Crystal-to-detector

Data

_ Indexing: assign Miller
collection

indeces to reflections

distance Integration: measure
- Scanrange intensity of all diffracted
- Rotation interval per S
pots
image INDEXING

Scaling: bring reflections on a
common scale

(1|/a(D) INTEGRATION Merging: averaging of
Completeness symmetry related and/or

a
'
-4 Redundancy Friedel reflections
L
a

merge

Evaluation SCALING and

of data PHASING

quality MERGING



X-ray diffraction experiment

Select wavelength (i.e. dimension of Ewald
sphere...).

Mount crystal on diffractometer. Center.

Check crystal quality by taking diffraction images
at @ = 0° and at @ = 90° (check anisotropy)

-> s it salt? Is it a single crystal?

-> from initial images evaluate resolution
limit and crystal-to-detector distance:
smaller distance for high resolution, but
check sovrapposition of spots in the
diffraction pattern. Larger unit cells have
small reciprocal space cells, and very
close diffraction spots.

-> evaluate exposure time: longer exposure
allows to collect stronger high resolution
reflections, but check overloads in the
low resolution spots; longer exposure
causes more radiation damage.

-> check presence of ice rings

Low
resolution
data are
important
for phasing!



3. Collect further images to determine unit cell parameters,
symmetry and crystal orientation (=10 images, Ap = 1°/image)

-> evaluate mosaicity of the crystal (software): larger
reciprocal lattice nodes in diffraction conditions for
more than one image

4. Indexing: analyze images to identify

(a) crystal orientation,

(b) unit cell parameters,

(c) symmetry (Laue group),

(d) and assign to each reflection the Miller indexed of
the family of planes

using knowledge of

(1) wavelength,

(2) crystal-to-detector
distance

(3) beam position

Choice of the unit cell:

(i) Highest symmetry

(ii) Smallest cell



Indexing

++
3= ¥ + . .
i + (Indexing with Mosflm)
+ S .
. + : . :
IR S 4 Mosflm finds the diffracted spots.
L +
e R o From the diffracted spots, a list of
+ - : +++ . . . .
R, Rapel - possible unit cells is obtained.
3 MRt et Mosaicity is estimated.
+ & -
" . + s The highest symmetry with low
B =t penalty is selected.

Laﬁice!]
Solution Lat. Pen. a b ' a B Y o(x.y) Nref & beam
n 1 (ref) aP ] 58.6 EB.86 62.1 90.0 1i8.1 120.0 0.10 250 0.49 ( 0.1)
n 2 (xef) aP g 58.7 58.6 62.1 61.8 61.8 59.9 0.10 246 0.49 ( 0.1)
n = (rer) mC 1 101.6 S8.6 2.1 80.0 123.9 90.0 .11 250 a7 B.Z)
En 4 (zrel) mC 1 101.6 58.6 62.1 50.0 123.0 50.0 0.11 250 0.47 { 0.2)
n 5 frerk) mC 2 101.49 58.6 62.1 90.0 123.0 0.0 0.09 295 .48 ( 0.2}
En & (ref) mC 2 101.4 58.6 62.1 50.0 123.0 90.0 0.09 245 0.48 ( 0.2)
ched 7 B .6 .6 .4 .0 .0 .0 0.48 ( O.
EHJI 8 (req) mC 59 101.4 58.6 ©2.0 90.0 122.9 50.0 = — =
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EJJ 10 (reg) hR - . s 90.0 90.0 120.0 - - -
MY 11 trem ™ Attentlon! Unlt Ce” Wlth an. 0 1353 an.o - - -
Lattices: Show o = B =y= 90° may Sti“ Start beam search | Show
Spacegroup: |3 > | Prio be monoclinic!
Mosaicity: | 0.20 Estimate




Indexing

R Ty ! (Indexing with Mosflm)
| Mosflm finds the diffracted spots.

From the diffracted spots, a list of
possible unit cells is obtained.

2 ; R Mosaicity is estimated.
+ + 1 ¥
- ; " R Sl The highest symmetry with low
; R s = penalty is selected.
g Expected diffraction spots are
W e e compared to experimental spots.

Full reflections (from nodes of the
| reciprocal lattice that have been
| completely crossed the Ewald sphere in

j this image)
Mae ' Partial reflections (nodes that partially
Seee = crossed the Ewald sphere)

-~

e — Reflections in the Lorentz exclusion

‘‘‘‘‘‘‘

E

eTeyeT:

HEE

8 (reqg) mC a9 101.4
f 9 (reg) mC

BEPE

& ) 62.0

et R @ Attention! Unit cell with 18§ ©8/07 (nogles in reflectlop COﬂd.ItI(.)nS for
T e o =B =y = 90° may stil very Iong. time .due to their proximity to
Spacegroup: [h3 ~] Prio be monoclinic! the rotation axis)

Mosaicity: 0.80 Estimate



5. Data collection strategy: data collection has to cover all
asymmetric unit in the reciprocal space (Q.+-®.,q depend
on symmetry...). If anomalous signal needs to be
collected, reciprocal asymmetric unit is NOT
centrosymmetric.

Use maximum precaution: if in doubt, consider
lowest symmetry and collect more images.

Software that optimize strategy for data collection
identify the best way to collect the highest amount
of unique data (not related by symmetry or Friedel)

in the first images and suggest an optimal ¢ interval Ideally,
to increase completeness. completeness
|dentify the best A to avoid overlap. higher than 90%

Small Ap (e.g. 0.1°) may be useful to integrate the
spots in 3D: evaluate the shape of nodes in the Fine slicin g
reciprocal space as they cross the Ewald sphere, by
analyzing together subsequent images. In this case,
all reflection appear as partials.

Strategy: wavelength, exposure time,

: : Collect
crystal-to-detector distance, A rotation datall
dlta::

angle per image, overall range of ¢




{a)

elaciron o .

o Tl Radiation damage
m.%\ i . 5 Caused by interaction of X-ray with protein present
= in the crystal: secondary electrons generated by X-
& el

ray radiation create radicals, break bonds, oxidize

._E'.-‘::?_. @L species, up to major rearrangements of proteins in

@ the crystal lattice.

radeeal
Results: loss of resolution, increase in B-factors,
increase in mosaicity, increase in unit cell volume.

Initial image Final image

Higher reactivity:

metal ions > disulfide
bonds > -COOH groups >
-OH groups > S-CH; groups




Vector (or helical)
data collection

Data collection strategy for
radiation sensitive crystals.

Only for microfocus

beamlines

JBlulce-EPICS: Beamline 1D-D Version 2013.1 Bujld 5301 x The user defi nes tWO pOintS
(start & end) and the data

File Network Tools Help

Hutch |_§ampl|?_l .SEreening‘_: Raster _|_3|:an | Collect | Analysis = Users  Log

e e e e ] e run1nactive) ||  collection is performed while
— Co) update | Delete | fecet | 1 . .
[ ] | mem o] e | 2 crystal is automatically
Current position |D Standard ® Vector O Ra_sber|
oo = woom ||| Collctrarom. | _sie et translated between them.
‘ Atten, = 49,876 Start position:
Beanstop = 30.8008 ition: saved
e | e (net] B At each frame, fresh sample
T \ Helical: { : he b llowi
R I moves into the beam, allowing

; # nf'sl‘teis:-f_gp : .

K/ | ) Io.nger exposu.re ju.mes per
Vectarsies image and significantly
'sele:t. Description - . . .

e e 1 % reducing radiation damage.
Vector site 2
\-iezttnrs'tDEJ
Naioe Ideal for rod shaped crystals.
Vector site &
Vector site 7

Vectorsite 8 Better B-factors profile and

\ector site 9

vectorsite 10 better statistics.

\ector site 11

-Run sequence >>

Fllanae Angle  Em

e ! Rotate +-n-
N
[1o00 |l = —

_I +30 | +n |
180 r—
I Start 1 cancel | _l_—B_CI___“ _-n_]
Step size = 2 pm Viaetar ciba 17 1=l
vector length = 172 pm = =

| Show vector site numbers [ 7] | Select All | | Select None

[09:17:33] NOTE: Gat click 105 330 s ' = GM/CA CAT @APS
aps current JIECEREM shutter Permit S A shutter [EERTLM Endstation shutter ([EFETRM Endstation secure TN

State; idle ETA: - |EMERGENCY 5T0F| Mono:|12.000 keV IZero:| 0.00V | Controk: | Active | Shutter: |Closed |

1IRRNANANARATE

3




Crystal lattice |
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Twinning

Growth defect on crystals: presence of multiple crystal lattices in
different domains within the same crystal.

Reciprocal lattice

T$

I
|

[ T I |

— i:

L

08+

08

04

0z =

cumulative distribution function for |L|

1L

T
08

In merohedral and pseudomerohedral twinning,
the twin law is a symmetry operation of the lattice
and reflections by different domains overlap
perfectly, often simulating higher symmetry.

Structures from twinned crystals can be solved if
twinning law is known.

Analysis of cumulative distribution of intensities
suggests presence of twinning.




3D integration eg XDS, d"tre

With newer software, 3D
integration of fine slicing
data collection: integration
over subsequent images.

Integration

To measure intensities of
each spot:

- Analysis of the spot profile,
adjusting for spot shape
and anisotropy

- From single pixel intensity,
fitting of a 2D curve

- Background subtraction

l

L J

Final goal of integration:
obtain a list of hkl/
reflections with
corresponding intensities,
I, and errors, ofl).

1 9
e B
1 -9
| 9
1 1o
-1 -10
1 -1@

-1 1@

-27

6

.50
13
32.

-10.

106.

1e7.

132.

139.

90
512
30
49
Q9
29
89

31,
24,
25.
22
21

38.
2%

60
10
70
60
512
.50
20
80




Serial Femtosecond Crystallography (SFX)

Fast acquisition of
diffraction patterns

Fast injection of micro-
and nano-crystals

Liquid Jet

(10 um? focus)

CSPAD detector
(z = 93 mm)

&)
Interaction Puint\ 1
Be Ienses\

Undulator
(420 m upstream)

Current Opinion in Structural Biclogy

X-ray Free
Electron Laser
(XFEL):
High intensity of
X-ray, more than
synchrotron
radiation, in
pulses

LCLS@Stanford
SACLA@SPring8
XFEL@Hamburg

High intensity of radiation causes significant radiation damage to (micro)crystals.

Short pulses (< 50 fs) are too fast to allow radiation damage to be visible.

Diffraction before destruction:
Collect one diffraction pattern before crystal is destroyed by X-ray beam.



X-ray Free — X1

Electron beam is Energy of electron beam is amplified E{;u;rglgglgtéﬁht with short ﬁf&électrt_}:;'r laser
Electron Laser o

generated is produced L raated

T—
New X-ray source:
extreme|y briIIiant, Electron gun Accelerator Undulator Beamline
128 accelerator tubes, each 2 m long, A maximum of 18 undulatars;
pUISEd X‘ray bea ms are lined up each is 5 m long and has 560 magnets

Injector Ay " European XFEL (Hamburg)

@DESY 10

R 2 o Accelerator tunnel 2 km

Experihentél hall

- -1!. -
Undulator tu_nnel

' L - --.I '. -‘.

", " Total length: 3.4 km — First users:2017 f‘ﬁs?

UNDULATOR_ | X-ray X-ray emitted by electrons
1 beam interact with the electrons and
modulate their velocity, creating
— \ periodically distributed electron
_fom - jLer;tpm” bunches and periodic bunches of

emitted radiation.

Period of bunches of radiation:
0.1 psec



X-ray Free — P xwy
ECron beam is Energy of electron beam is amplified Powertu EE T Wi SHOT: free-electron laser
Electron Laser '

generated wavelength is produced S reatecl
(XFEL)

New X-ray source:

extreme|y briIIiant, Electron gun Accelerator Undulator Beamline
128 accelerator tubes, each 2 m long, A maximum of 18 undulatars;
pu ISEd X‘ray bea ms are lined up each is 5 m long and has 560 magnets

% European XFEL (Hamburg) :

L = i Fil
- =Bk .Lal." e
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XFEL
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SFX: data collection

Diffraction before
destruction:

X-ray  1.0-6.0A
pulse = 50 fs
spot size = 1.5 um
3.5:10%ph/pulse

crystals 1-10 um
25 MGy/crystals

) B detector pixel array
res. 1.5-2 A

data collection
=8000 pattern/min

Up to 5 million patterns
recorded, of which
= 4% with diffraction
< 1% indexed



SFX: data analysis

In oscillation mode (traditional X-ray
crystallography), spots represent the
integrated diffraction intensity from a
node of the reciprocal lattice that enters
and exits the Ewald sphere.

Reciprocal-lattice
volume

_ Th

Ewald sphere Crystal

»Z 0,

incident beam

Lab coordinat i i i
ab coordinates In SFX, a single frame yields a partial

intensity. High values of multiplicity are
required to plot and integrate the full

Ej spot intensity.
x 10"

7 -

Orientation of the crystal, mosaicity, 6
unit cell parameters have to be calculated
for each frame/crystal.

&)

0=0.0016 1/A |

Frequencies
S

w

Fluctuations due to X-ray source (energy,
pulse, intensity) and crystals (size, quality). (

Monte Carlo methods.

“ e g B 0 2 4 6 8
Ewald sphere offset r, (1/A) x10°



Photosystem Il — Structure by SFX

CD loop
moving?
* |
: ~ |
C-terminal AB loop » L T ‘
a0 . moving? Tl . I ESRIE T R

SLAC@Stanford
Structures of the S, state (5A resolution) and
of the the S; state (5.5A resolution)




Systematic absences and space group

Space group determination based on systematic absences (i.e. reflections whose
intensity is zero due to translational symmetry elements present in the lattice). Owing
to experimental errors, intensity of these reflections is actually very low/close to zero.

E.g. Data collection with Laue group 4/mmm.

Expected reflection conditions from International Tables for Crystallography
TETRAGONAL. Laue classes 4/m and 4/ mmm

) . - ) )
Laue class o
of reflections 0kO | 1. 2,screw axis along b
Reflection conditi Point group
ikl hikD Okt ithi | OOF 0kl R0 | symbol 4 3 4/m 422 4mm A2m dm2 4/ mam
P——— |P4(75) PA(Bl) |P4/m (83) P422 (R9) Pidmm (99) Pa2m (111} | P4/mmm(123)
k P_2_ Pa2;2 {unl (%] 2 © 1241.84 30.44 1
! Pi_ — | P4: (7T) Pdz/m (84) | P4:22 (93 %) 3 © -0.0686 0.2267 1
! k Pda2— P2y 2 (% (%] 4 e 12.287 0.469 1
P4y (76)] ., P4,22 (4
[ —=4n Pdi_ _ {P4; U‘EJ}' {P43I22 o %] 5 @ ©.1813 ©.3251 1
Pay2,2 %] 6 B 238.64 3.51 1
b=t I8 A= {m;z.z | e 7 e ©.1717 0.4471 1
£ ¢ i @ 8 © 61.349 1.171 1
s PP OB el @ 9 @ -0.9486 ©.5171 1
& s ‘ o e 18 ® G556.26 8.4 1
i § P B 11 8 -8.7931 0.6374 1
! Py F—cr e 12 ® 184.42 3.75 -1
i*: ! : : :—"— @ 13 @ -2.855 1.056 1
-+ 5 —: R

— L — P/ (85) e 14 8 99.319 1.616 1
h+4k I k P"'tl.-'r“— e Fﬂl:,."'n ,:3,-_:,] 9 15 B & 3 * 781 9 * 923 1
h+k O P & Pr—c e 16 ® 788.01 7.14 1




Systematic absences and space group

Space group determination based on systematic absences (i.e. reflections whose
intensity is zero due to translational symmetry elements present in the lattice). Owing
to experimental errors, intensity of these reflections is actually very low/close to zero.

E.g. Data collection with Laue group 4/mmm.

Expected reflection conditions from International Tables for Crystallography
TETRAGONAL. Laue classes 4/m and 4/ mmm

ECK Presence g 1. 2,screw axis along b
ot retlections 00 afm ' . 4, 0or 4, screw axis along ¢
Reflection conditi Point group
on
e w0 okt |matfloor  Joko |#ao [symbol |4 3 4fm 422 @ ©e 6 -0.e783 0.3331 1
P——— |Ps(75) Pi(81) |Pa/m(83) |Paza(s| © 2 7 1.0234 ©.3993 1
@ e 8 1720.3@ 34.47 1
k P2, P22 @ ®© 9 1.7896 1.4854 1
! Pa—— | Pax (77) Pa/m(s4) P22 @ @ 10 -0.0409 ©.4136 1
: k Fdali~ P22l @ @ 11 ©.6631 0.4547 1
P4y (76, P22
i Py _ {Pﬂqﬂ“}r {szg @ e 12 1e76.91 21.66 1
@ © 13 1.2668 ©.6838 1
[ =4n & Pai2i— {P412|1
12; P21 © © 14 ©.3309 ©.5556 1
e P——c @ © 15 ©.1202 ©.5820 1
U L * P=2ic @ © 16 514.85 ©.6679 1
. F=b= @ © 17 ©.8707 ©.6673 1
k I ! k P_— b
: ; £ @ © 18 -0.7296 ©.6856 1
e 1s & ey @ © 19 -0.3101 ©.7151 1
ki ! & foropss @ © 20 190.92 ©.7951 1
k+1 |t |t k P_nc e @ 21 ©.6292 ©.7126 1
h+ k k Pn—— Pa/n (85) @ © 22 ©.0268 ©.7811 1
ht k l k Pdyfn— — Pay(n (86) @ © 23 ©.0680 ©.7936 1
et B £ L= @ © 24 26.634 1.132 1




TETRAGONAL. Laue classes 4/m and 4/ mmm

o 4 fmmm (4 m 2/m 2] m)
1. 2,screw axis along b
2. 4, o0r4;screw axis along ¢
4 4/m 422 4mm 42m Am2 4/ mmm
P___ |Pa(75) PA(81) |P4/m (83) |P422 (89) PaAmm (99) | Pa2m (111} | P4/ mmm (123)
Pdm?2 (115)
k P_2,— P42,2 (90) PA2;m (113)
! Pdr— — P (77) Pdsfm (84) | P4:22(93)
f k P42y — P4;2,2 (94)
Y Ny [ ez
I=4n |k P42 — {ﬁ;iﬁ Eﬁg}f
|t P__c Pdome (105) |PA2c(112) | P4z /mme (131)
ot k P_2ic P32ic (114)
& P . brr { 1000) PABR2(11T7) PA/mbm (127)
T R Ve Possible space groups: St Py mbe (139
I ! P cr (101) | P4c2(116) Pis fmem (132)
t Pt P gt P4 2 2 or P4 2 2 c (103) Pa/mee (124)
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h+k ! { k P —«c Pds fnme (137)

It is not possible, however, to distinguish between some space groups, such as
enantiomorphic space groups. In this case, both possible space groups should be

tested in the following phasing step...




Scaling and merging

Scaling: Diffraction data can be used only if intensities are on the same scale,
but multiple phenomena affect experimental intensities (intensity of incident

beam, crystal volume crossed by X-ray beam, radiation damage, scattering of
buffer/loop...)

This is a fundamental step of data processing!

Merging: Redundant observations of the same reflections are merged together.
In addition, according to space group, symmetry related reflections are
averaged together (often weigthing the average with experimental errors of
each reflection). Friedel pairs are also merged.

If anomalous signal is required for phasing, Bijvoet mates are
merged, but Friedel pairs are not.

b

Final goal: the list of hkl reflections is on the
same scale and not redundant.



Evaluation of data quality

Signal-to-noise ratio, in crystallography this indication
is given by the average of intensities over their
respective errors:

1 I
(1l/om) =5 ).

with N number of all reflections in the dataset, or in a
specific resolution shell.

Completeness: how many reflections within the unique wedge of the reciprocal space
have been collected? Completeness can be evaluated for each resolution shell (each
containing an equal number of reflections).

Random missing reflections cause noise, but are not problematic.
Systematically missing reflections can cause distorsions and hamper phasing.

Redundancy: average number of equivalent reflections for each unique (merged)
reflection.

A higher redundancy can improve data quality and reduce errors.



Evaluation of data quality

R-values, evaluate the agreement between multiple measurements of the same
intensity:
N T But...
_ ZnXilallni — Inl . . .
Rpmerge = > SN I increasing redundancy increases R, .
h &i=17ht due to random experimental errors...
with N number of equivalent reflections.

This parameter can be calculated for each resolution shell. For higher
resolution shells, R-values are usually higher.

Redundancy independent R-value: Precision indicating R-value:
Zhw/ 720 1| Ini = In] . Zh,/ 720 1| Ini = In]

R.. — .=

o Yh it In e Y2ttt In

Always larger than R Decreases increasing redundancy.

merge*

Correlation coefficients, between random half datasets

N b — v b — \7
=1l ~ D0 — V)] Ideally equal to 1, but data are
\/Z?/_ (= 0)2IN (v — ¥)? significant even if CC, ,, is lower.

CCl/Z =




Resolution

What is the resolution cutoff of the data? How far are data significant?

There is no general rule, but data are usually considered significant up to the
resolution shell with a value

L11/e) > 20 |

If the statistical distribution of intensitites is correct and the estimation of errors
(c(1)) is reliable, this value should correspond to Ry.rge = 40% in the same
resolution shell.

1,070 womts e s omsmstom s o, 153 A 10
However, new studies suggest that significant cc:"\ E
information is present in the diffraction 0.59 il "‘-.__ . TRl
intensities also beyond the resolution cutoff Vo
obtained using the previous threshold. It has 9 05 " ' E T8
been suggested to use the correlation 5 Rise(random) %
coefficient CCy /, instead. % 04 Reee(expected) e
The suggested threshold varies according to E ‘
authors, but a conservative criterion would S i A -
suggest that CC; /, > 0.15 in the last : (00 A ;

meaningful resolution shell. a6 D84 183  1%8 145
Resolution (A)



Table of data collection statistics

Table 1 Data collection and refinement statistics
KirBac3.1(S129R)

Data collection

Space group PA2,2
/ Cell dimensions
a=b, c(A) 106.24, 89.80

[ Resolution(®)  106.24-3.05(3.21-3.05)?
Reee | U0Z262(0.949)]

I/ ol 5.5 (2.0)

Completeness (%) 99.9 (99.8)

Redundancy 6.8 (6.9)

\\

v
Overall resolution
(and maximum
resolution shell)

Data quality statistics,
over the whole dataset
(and in the highest
resolution shell)

Lattice dimensions
and symmetry*

*For protein structures,
inaccuracies on
parameters limit precision

(Sometimes total number of reflections and

(Often also wavelength and _ _ ,
number of unique reflections are included)

source included)
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