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Sylabus

m Lecture 1: Applications of electron microscopy in life-
science research

m Lecture 2: Transmission electron microscope, cryo-electron
microscopy, principles of image formation

m Lecture 3: Fourier transform, techniques for 3D model
determination in cryo-EM
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Sylabus

m Lecture 3: Fourier transform, techniques for 3D model
determination in cryo-EM
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Content

m Fourier transform

m Contrast transfer function

m Single particle analysis

m Cryo-electron tomography
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Fourier transform

Fourier series is an expansion of a function f(x) in terms of an infinite sum of sines and cosines
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Fourier transform

F(k)= [ f(x)e™dx

f. function which we are transforming (1D)
X: axis coordinate

I V-1

k: spatial frequency

F(k). Fourier coefficient at frequency k

Euler's Formula: eiq’ =COS (l) +7 SiI‘l ¢

F(k)z]if(x)cos(—2ukx)dx+z‘];f(x)sin(—anx)dx
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Fourier transform
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Digitization
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Discrete Fourier transform

» 1D discrete Fourier transform of function f(x)
= (_ x )

D(w,) = Zf(X)e N

x=0

* 1D inverse discrete Fourier transform of function ®(w,)

f(X)— ZCD(CO )e e

cux—()

@xX)

Cosine base functions for N=16 Sine base functions for N=16
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Discrete Fourier transform - sampling

Sufficient sampling Insufficient sampling

image
- the period of the finest oscillation is 2 pixels
- the spatial frequency of this oscillation is 0.5px"!
intensity - the finest detectabble oscicillation is what is

known as “Nvyquist frequency”

- the edge of the Fourier transform corresponds
to Nyquist frequency

}‘ period = 2 px 4|
v=1/2px’ N
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FHE  EOIL ANAIYSIS

Nyquist frequency
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Image formation

MICROSCOPE
OBJECT ® || POINT SPREAD
FUNCTION

IMAGE IN THE
MICROSCOPE

FT IFT FT IFT FT IFT

ONTRAST

FT(object) ®
FURCTION

FT(image)
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Contrast transfer function

CTF (5) = =V 1 — A*-sin(y(5)) — A - cos(y(5)) v e S e

dafocus 82

1(8) = 7(5,0) = — D €5+ iz(0)s?

A — amplitude contrast 1D pl'Dﬁ'E

Conirast ranster luncien
(=]

s — spatial frequency

Cs — spherical abberation

4] o0 D 13 92 D=2 03 03% 04 043 035
Spatial fregliancy {1/pe)

A — electron wavelength

z — defocus

2D power spectrum
G(X)




Image formation

Low defocus High defocus

Carirast ransler unchon
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Parameters required for 3D reconstruction

Two translational:

v
o Vi

Three orientational
(Euler angles):

/ Gﬁ) about z axis)
“(theta)about y)

“(psi Jabout new 2)

These are determined in 2D.
These are determined in 3D.
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Single particle analysis

Determine CTF
Estimate informaticn limit
(bshow)

Pick particles
(bshow)
Extract particle images
(bpick)

Correct for CTF
(bctf)

Micrographs

Particles

Find orientations
(borient, brefing)

Select particles
(bpartsel)

Reference
map

Reconstruct
(breconstruct)

Determine resolution
(bresolve)
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Determine CTF
Micrographs Estimate information limit max,
bshow
{oshow) ccf,
. . Calculation of
Pick particles systematically ccf,
(bshow) : generated £
I e cct,
"- reprojections - Y
ccC E E
Extract particle images (4,0), > ‘ > g Orientation
i | ccf
(bpick) Calculation | €'+ | | Parameters
ﬁ of 2D ccfs t.':cf5
(w,s,8,)
3D template i cof
Particles Caorrect for CTF structure 9 3D reconstruction
(bctf) from projections
A °
Find orientations 2D templates Y
(borient, brefine)

Low pass filtration, masking...

Reference
map

A

7
&

Select particles
(bpartsel)

Reconstruct
(breconstruct)

Determine resolution
(bresolve)




Computer Tomography Electron Tomography

Electron tomography

Mormalize micrographs
(bnorm)

—_—

Seed fiducial markers
(bshow, btrack)

—_—

Track fiducial markers
{btrack)

—_—

Refine alignment
(bshow, btrack)

—_—

Reconstruct tomogram
(bmgft, btomrec, bzfft, bpatch)

—_—

Denoise tomogram
(bmedian, bbif, bnad)

A
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Direct Detector
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Electron tomography

0-1000 A \ "
| N 14
Normalize micrographs o -
(bnorm} - » /.
* ¢ K ,ﬁpﬂi
i Y el - ::
Seed fiducial markers ¢ v &
(bshow, btrack) . .!- - ) «
* ” 4‘*" ’. ¥
. ¥
& A% o 32
Track fiducial markers l ¥
(btrack)
Refine alignment
(bshow, btrack)

*

Reconstruct tomogram
(bmgft, btomrec, bzfft, bpatch)

*

Denoise tomogram
(bmedian, bbif, bnad)
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Electron tomography

Mormalize micrographs
(bnorm)

—_—

Seed fiducial markers
(bshow, btrack)

—_—

Track fiducial markers
{btrack)

—_—

Refine alignment
(bshow, btrack)

—_—

Reconstruct tomogram
(bmgft, btomrec, bzfft, bpatch)

—_—

Denoise tomogram
(bmedian, bbif, bnad)
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Thank you for attention

jiri.novacek@ceitec.muni.cz

XCIISB yinstrygt

Structural Bi




