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COURSE SYLLABUS
. . YT EHMEGR RSN R AL E
iﬁgﬁgﬁﬁn tle Biological electron microscopy images: basic concepts and advanced
processing
WEEM R iy
Compulsory/Elective Elective
FHREAL A dr B B A S A R
Offering Dept. School of Life Sciences, Department of Chemical Biology
AR SR 2132
Course Credit/Hours
BEES e : .
Teaching Language HHELIC (Chinese and English)
gREm B E (Maofu LIAO)
Instructor(s)
FHRZEW e
Semester = (Fall)
R F AR TR
Open to undergraduates % (No)
or not
Camm AR A FF A, WBiEH X2 WA . If the course is open to
SEAEEE R undergraduates, please indicate the difference.)
Pre-requisites 7 (No)
HEHR

Course Objectives

Ctnma A ARETF R, EHEBHX D HNAE. If the course is open to undergraduates, please indicate the
difference. )

A R T S A AR R i B R R OR SRR G5 A 15 B RS XU, R [l R IR A, SRIE T i
B W EARD R AR IE R HES . ATRAER) B AR NS SRR L 922 A AR i T B AR R I R A S A AL T
o W ER A ARG IR, A e B T B B B S A B S NOCRRAE, A SRR S A R
KA BRI BRSO A M SR T A o (1 B A 1 it

Biological electron microscopy is an interdisciplinary field in which researchers obtain structural
information from electron microscopy images of biological samples. This research direction has
developed rapidly in recent vyears, driven by the joint efforts of disciplines such as biology
computation, physics, and material sciences. The goal of this course is to introduce the basic concepts
and processing methods of biological electron microscopy images to students in various related majors
Through theoretical introduction and software demonstration, students will comprehensively understand
the fundamental concepts and key operations of electron microscopy image processing, learn to optimize
the processing workflow according to different characteristics of the samples, and solve specific
problems in biological structure determination.

HEFT
Teaching Methods

COn T ) A BRAE R, S X N2 If the course is open to undergraduates, please indicate the
difference. )

BRI A AR FEIR .
Theoretical introduction and software demonstration in classroom.

HFEAR




Course Contents

CUnTAI AR FE I, VBV X 2 2 If the course is open to undergraduates, please indicate the

difference. )

Section 1 YT BMENSA
Introduction of electron microscopy in biology (2hrs)
1. HWRFCAEY) e e ) 3 R T U
Major electron microscopy methods to study biology (1hr)
2. WURFEMERA “ PR dr”
Overview of cryo-EM and “resolution revolution” (1hr)
Section 2 L% B B R AR A R A
Basic concepts and operations of EM images (2hrs)
1. ESHEEIUR T R
Image formation in transmission EM (1hr)
2. FETRMR A A TR AR
Key properties and operations of EM images (1hr)
Section 3 P PR AR Ak A £ B 2R
Fourier transform in EM image processing (2hrs)
1. (8 ARt AT R AL B A S A
Basic concepts of Fourier transform in image processing (1hr)
2. 8 HLH-ARHAE o T B A R R
Application of Fourier transform in electron microscopy (1hr)
Section 4 TR SRR SR Bk
2D alignment algorithms and particle picking (4hrs)
1. YRGS A S
Basic concepts of 2D image alignment (1hr)
2. fERASFE RIAR S 55 — 4E K5
Usage of different transforms to align 2D images (2 hrs)
3. WUk SR
Strategies of particle picking (1hr)
Section 5 Y REE
2D classification algorithms (2hrs)
1. BERIRH LR
Principle component analysis for EM images (1hr)
2. FET RN 7B = 485026
2D classification based on random seeds (1hr)
Section 6 =BT I =% R
3D reconstruction and generation of initial 3D map (4 hrs)
1. LR =4ERSU AN AR HIA A
Overview of iterative 3D projection and back-projection (1hr)
2. ZHEBUY AR E
Conventions of 3D projection angles (1hr)
3. ERAIAE =Y AN A g
Different strategies for generating initial 3D map (2hrs)
Section 7 =HERE B EAR L

Basic methods of 3D refinement (2hrs)
1. BRAHER S NS
The five parameters for particle alignment (1hr)




2. i F B DL FC SR HEAT = 4ERG 12
3D refinement using the best-match strategy (1hr)
Section 8 AP AER A IE
EM cameras and motion correction (2hrs)
1. AREFHEE 4
Introduction of different electron detectors (1 hr)
2. HEEHE TR, ZHAEBRIE
Direct electron detectors, movies, and motion correction (1 hr)
Section 9 REMITE
Defocus calculation (2 hrs)
1. S 4and BG4 3df bR BRI R £
Introduction of contrast transfer function and defocus (1 hr)
2. WEREMERAFREE
Different algorithms to calculate defocus (1hr)
Section 10 HE TR =4 RAF S
Probability-based 3D classification and refinement (4 hrs)
1. =43RN
Introduction of 3D classification (1hr)
2. HEMLIE =408
Supervised and unsupervised 3D classification (1 hr)
3. FETMERM =YL KAt
Probability-based 3D classification programs (2hr)
Section 11 RAMER =458
Mask and focused 3D refinement (4 hrs)
1. =4EEN4
Introduction of 3D mask (1 hr)
2. M =L T A i =4k 502K
Application of 3D mask in focused 3D classification (1 hr)
3. RS RIERET =402k
Focused 3D classification with signal subtraction (2 hrs)
Section 12 SRR AN G P Y R
Resolution and EM map quality (2 hrs)
1. AJRFIARH S Fe T
Calculation of global and local resolution (1 hr)
2. iRt P A R B B R I R ) PRAG TV
Evaluation of reported resolution and EM map quality (1 hr)
13. WEEH

Course Assessment

homework 40%,

(@ %% %R Form of examination; Q). 23¥f% grading policy; @ Wi ASFHETFH, 8 vE B X 4 N2

If the course is open to undergraduates, please indicate the difference. )

VRS 20%, SPEHENL 40%, HIRAE 40%
Attendance 20%,

final assignment 40%.

14. #M REESERER

Textbook and Supplementary Readings




— A5 LB R A FE ) (RO TS AR R AR ) B A

A series of research papers on electron microscopy image processing and the manuals of processing software.




