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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. EF2 4R Course Title RY 4% Systems Biology

>H
2. BiREA 44 % Department of Biology
Originating Department

3. R B10304
Course Code

4. RFEE4) Credit Value 3

B OR CEMEE R
TR Major Core Courses (Bioinformatics Major)

% coures Tvoe AR CEPIRRSE . RO . IR TR
yp Major Elective Courses (Bioscience. Biotechnology. Biomedical Engineering Majors)
6. BRH #Z Spring / #Z Fall
Semester
BRES s _ . _ _
7. Y English / FHIEXE English & Chinese
Teaching Language
BRRBUT. FTR%ER. BRRT
X (WEBABER, EFIBE | 44 R Department of Biology
8 fiAZ IR ETD Dr. ##% (Huang Wei), huangw@sustc.edu.cn
| Instructor(s), Affiliation& | ZE¥I< % 1.2 % Department of Biomedical Engineering
Contact Dr. {2 )¢ (HE Junlong) hejl@sustc.edu.cn

(For team teaching, please list
all instructors)

eI RIBhE. FTB% A BER
9. T # /45 To be announced

Tutor/TA(s), Contact

He PR A B PRA (AT AN EK)
10. Maximum Enrolment
(Optional)
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g{v A3 WHLY
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BRATTR PR AR || LI1L] He(FAaAER) Jst=din)
Delivery Method Lectures || Tutorials Lab/Practical ||Other (Please specify) ||Total
ESE 48 48
Credit Hours

Pre-requisites (J:12) : BIO102A - id/E ¥4 General Biology , MA212 fif %t 5 % #

411 Probability and Statistics

FERE, AEFIER (%63%) « PUik— (BIO206-15 4HfI/EH)% Cell Biology (/E#) %%/, Dept.BIO) .

zgzxﬁximg;mmmrMM%#%E@MNMWMMMM%W(ﬁﬁ%?i,WMMMH)\MWN&ﬁﬁ
W 7773 Mathematical Methods in Physics (43 2245 Dept.PHY) . BMEB311 &

24 1% | Quantitative Physiology | (A¥P %% T2 & %4 ,Dept.BMEB) )

JEERE . B3I
Courses for which this
course is a pre-requisite

HEERBEARENER
Cross-listing Dept.

HERFKHFH I SYLLABUS
# % H#% Course Objectives

RGAEMAR— TR BER, BAEH B RN B AR LT SE P ) R G T B4 . BT FLURAE R OTVERI R A 5, 23]
BEAWFTCR™ 7%, B ERA w0 M B, IR IR AERE AR, REdS . BUAGKINEER, ek aRlamii
RIFRMITRH G AR E B IBIRE

Systems biology is a subject-foundation course. It is designed to help students understand systematic thinking of
biological researches, scientific backgrounds of research topics andmethodology. It is to train their vigorous research
methods, inspire their scientific curiosity and courage. It is also to help them establish general scientific characters, such
as loving nature, devoting to society, respective to life.

ik % R Learning Outcomes

FRFETE ST, K RENS
(1) Br IR EY I RGN A
(2) HiFRxt KRG AN — S MR IEL AT 50, AR BRI R 40 AR 1027 (¥ B A S8 T 00 T i
(3) BEAR—E M RGENFEH B MR
(4) FEFR L dn 2t B A ARG, R ARG e RN LR AR aE .
With the completion of this course, the students will
(1) develop systematic thinking of biological questions;

(2) develop the understanding of the theoretical and experimental approaches for classic systems biology topics,
including backgrounds and biological questions;

(3) obtain capability of basic systems biology mathematic and computational modelings;

(4) develop their interests in biological science and related interdisciplinary sciences, improve their capability of
collaboration with scientists of other disciplines.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

AR BN 8 ZEI

THEAR FEFERD -

1. RGUEDHRN: BV RFERLEWEE; KRS 7% Matlab {722 2
1.1 RGADFI AR, TR L2 MR, Sullivan 5
1.2 ZGAYFH MM ER B Lac Operon, RPEVEIR 5T)6E
1.3 RGN I EZHT ST 17

1.4 TRy, PR A 1 1 2 I

1.5 [ — [ RLA K KB 1% #ERa S

1.6 Matlab i ZE#f8

2. PHES G, BRI OSIAER R A

2.1 KRB )RR

2.2 VA S

2.3 AU AR EURYE, B, AT S ThEE

2.4 RPN TE 1R

Hols A FETREAE AP A, A — RN EN A TR
HEHEEINT: EWRENH, R SR K A2 K
By WIRRNGE, HAThRE: 12

THEAR (FEFERD -

3. IERBMZ AR, T, AU

3.1 phage f4: i E A Ptashne FHiERIE R (FLARD

3.2 MEEH AR AN S N Hasty IR, (FEA#D

3.3 MIMF AR HE S SR (A

3.4 Matlab #580l (HURHAERE ) , FfRfaE MRS IR AR (D

3.5 BRI IRIE (AR
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3.6 5IEXB. ZRSHRKEEEWAE (AF)

4. BIAEFRRIITR, BT ORI E 2R M 4%

4.1 ML IRFITR, SRAE AR A (B

4.2 FENRENTFRHZ AT B

4.3 M FE IR ENTT R MR S CERAEED

4.4 S AEIEEERET T

4.5 Nullcline FifgE M B EERIE (T

4.6 FIRE AR Matlab F2 7 BN R @ AR E A A . (THD

4.7 Matlab Bl A B T BARIR SN TT R G Al SRS SHEhl0ess (B

4.8 Rt REIE T (AR

5 MR &

5.1 LWk s EZNE (B

5.2 Wik asH0E ], SRR (TR

5.3 IRBNMIFEENE T (AZR)

5.4 ARG a B EAA (T )

5.5 ARG as AR ZR (T i)

5.6 BT IEIR FAELR ML YR  (FRAE)

5.7 IRG MBI CTHD

6.1 Folr ARG s 1 = 2 Hr

6.2 KT i 75 KR IE R G PR AR I H

By MERT: S TEINR I 10 J0k R A 42 s il 7 5 0 2% o BRI — AN R B JUSE, R AT B S R AR
TITERE N IR I AR A B A 1 R

HEHEEA: SaRIEIH, BEES - TRRE. SIS KIRSI R, 85& A EMEIT,  dS0 i B YR % )
IR Z A P AR B R

B NG, kR 8

FENE HEHER -

7B ERYE, AT R AR RE
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7.4 AR PR E SO CRRAED

72MEIEE) . eI S S T LE] CRRARD

7.3 XA REME: AE B PA RAE (R
7.4 TGN EESREAE (T #D

7.5 WA TRMEA AR IERE O (T

8. M. FEwEH, MESHEAE

8.1 ML, Ry WUEs (TH#D

8.2 MAKL: MBEHLTEZIT H (T

8.3 MREMAR D TR RS (7D

8.4 /MBI M2 TiT7 e BENUATEMER  CAZHR)

8.5 FHAM A AR v - A se 7 AR : T HoRMe 2ttt CREER)
Q.IRFEIT H 2R P, A7 kR AR

Hopd MR BRI R VETERE EOR MO, ARG (5051 T PR Rk R SR 40 R A T S B

EE%%%%:%uﬁﬁﬁﬁy%ﬁﬁ%ﬂﬁi%%%ﬁﬁﬁ%%*?ﬂ%,%2@%%&%%%%%%%&@&&%@
ZER IR ST, I BB ER B AN K 25— T2 50

VRS KINEE, YRN8 i)

FENE BEHER -

TF FE 3 PR R 2 X 2 g P A 5 3 AR AR AR 2 T S0 0 PR A AR T K i F) o 4 A Y
10.1 AR & Fidric B & A CT D

10.2 Eric Davidson [ Jife: i TR I A F T endo16 3K 2 G i i L (7 i)
10.3 Eric Davidson [ Ji#2: 390 TR F il - ST E AR RO LI 26 DAL R4 4 C 7 i)

10.4 Mz a2 RV 2RI IRIME R CTHD

10.5 ¥4 interactome, transcriptome, phenotypic profiling network 25 [5dE, @ KRR (T fR)
1. FE TR0 J7 R ) 2% AR N sz 36 B 1

111 SNEA R T g CT#D

11.2 T A i S SRR 73 B B SR 4 I A0 O PR C T D

11.3 FHEATSS I B S EEHE S B HE o T RRA R CRZRO)
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1.4 WL T BARMAIRE T3 2R CT D
11.5 MR BRI M TR CRER)
11.6 BT S I S28ei0iE (T )
12, EE R 5 S BT T RO 1 099 2 HE W
12.1 HEWTIERR A4S 25 ikt CERARD
12.2 A2 RAE R RO, SRECK R H 2 RS (T D)
12.3 X HARIGETH 7 iHE T AN P28 I RCR (T )
12.4 SO0 UEHE T 1 10 190 25 TS IRV BAE R CT /)
Hals A SIRTEMGEER T, LSRG, P T A
SISy A AR E AR AR A 8 2
FENE (BEAER -
13 B R B ATE R TSR
13.1 JFIRRIE R (T i)
13.2 B R AT CRERO
13.3 BIR M EAM B (T
13.4 EREGUHBILR : W SR AEEL HIRAESEHER) matlab #2/7) - (78
4 B I R R ) SEIG s
141 B REGURREIR R (B
14.2 H— M EZRRIEE R E AR E RN SLR: S aRRER, seimiabma i G
14.3 /NRIR KM 18 RSB SEIGUESR . B BRI (TP
15. Morphogen T FE AR ) B 1 5 SEIGIE SR
15.1 3= [E E A morphogen FAEERLAL  (FHAR)
15.2 Hif segamentation [ EIE (T
15.3 JTUERE- 1 R AE R E (T )
T A 2 v g P O s S )
16.1 @ TAR## SHH-PTCH M4 1 FOR'E (1)

16.2 @it 1F ) TAREWF 7R3 B O B s 7 i)
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B M FRARIE R BLEURT morphogen i AR T i) s BLAFAE
HANE KM, MESEEE: 4 %0

FENE (FEFER) .

17. AR 2R, ABAE

171 HEAEKI'FOR'RA: M ZRANLE] (T

17.2 B0 Hr: -2 FEARSMETE CDA+ T A EfEE (T #D)
18 “F A4y AR 5 AR AN Z il

B AR AR R S R R BORHE ) H TS Z I SC IR B . P T AL B A AR R AN R

H R E S % %R Textbook and Supplementary Readings

T#k, No textbook

SRR RKEBICRSCR, FRRNSHRRAA R, fiRIRE IR

There supplementary readings are large number of scientific publications in English. It is different for each lecture and
will be provided by the teacher.

P ASSESSMENT

THETER PRA B 1] HERERSASL B i
Type of Time % of final Penalty Notes
Assessment score

H &) Attendance | || “ ”

BRERI 20 H B RO R R B S
Class Attendancy and involvement in
Performance course discussion

NPy

Quiz

BT H Projects I |

RAE (4 40 SCHRIT R ANRAR /NI I E

Assignments Journal Club and course projects

B ER
Mid-Term Test

BRER

Final Exam

IR &
Final
Presentation

He (TIRE\EFE 40 WIRREZ IR L

5 A EHE S Final exam: write a review article of
W) the systems biology topic, student’s
Others (The choice.

above may be
modified as

7/20
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iE43 7 X GRADING SYSTEM

MA. +=2%2%# Letter Grading
OB. ZZidsrHl GRIZ/AEE) Pass/Fail Grading

R #HH# REVIEW AND APPROVAL
AFERECELIUTHRENZRSEVGET

This Course has been approved by the following person or committee of authority

KREAEY RAR AR IR A2 H GE
This Course has been approved by Undergraduate Teaching Steering Committee of Department of Biology.
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COURSE SPECIFICATION
UTNRIZEFIERBEXRRFBRAREON 2 G EEM. WWREBTORD, 15

BXARRH M.
The course information as follows may be subject to change, either during the session because of unforeseen

circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. EFE 4R Course Title ARG Systems Biology
2. BiRBA =4 % Department of Biology

Originating Department

3. R BIO304
Course Code

4. 24 Credit Value 3

B ZoR CEMEE R
TR Major Core Courses (Bioinformatics Major)

> Course Tvbe TAbIEBIR  CEYIRE . EMRR T, BB TR LD
yp Major Elective Courses (Bioscience. Biotechnology. Biomedical Engineering Majors)
BREH
6. %78 Spring
Semester
BRRES o _ _
7. H B XiE English & Chinese
Teaching Language
EEK7/ER
BRET @?E%% BRRTT | 2y, 338 #03%, yankg@sustech.edu.cn
Eéggﬁ)Mﬁﬁ’ WIUR | 4w, [z, yuhp@sustech.edu.cn
8. fURNE, BiFRHE, REEf i A, hesc@sustech.edu.cn

Instructor(s), Affiliation& | Department of Biology

Contact ) . | YAN Kaige, Assistant Professor
(I.=orteam teaching, pleaselist |y, Huapeng, Associate Professor
all instructors)

HE Sicong, Assistant Professor, Course Coordinator

I RIBIE. TBER. BKR
9. BN £5/3 41 To be announced

Tutor/TA(s), Contact

TR A BBRA (FT A 4H)
10.  Maximum Enrolment
(Optional)

9/20
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BRI 54 IR || L5/ HE(ERMEER) Jst=din)
Delivery Method Lectures || Tutorials Lab/Practical ||Other (Please specify) | Total
S 42 6 LIRS 48
Credit Hours Oral presentation

FBERE. HEXEIER Pre-requisites (4:18) : BIO103 4422 5 # Principles of Biology, MA212 it 5%

Pre-requisites or Other

JRu . -
Academic Requirements #4511 Probability and Statistics

JEEERE. HEEIMH
Courses for which this course
is a pre-requisite

HEERBERARENZR
Cross-listing Dept.

BEERH K H I SYLLABUS
#2 H#7 Course Objectives

RGEM R — T giR, BRI AERN IR AT i RGO OB BT SRS I E R RE T 5, 225
FREERT R TS, BRI ar OB, IR AEREHR . KEMt S BWEGKITE SR, RebtaRimmii
RFRMITRH G R E BB IRE

Systems biology is a subject-foundation course. It is designed to help students understand systematic thinking of
biological researches, scientific backgrounds of research topics andmethodology. It is to train their vigorous research
methods, inspire their scientific curiosity and courage. It is also to help them establish general scientific characters, such
as loving nature, devoting to society, respective to life.

L% I R Learning Outcomes

RRFETE G, AR RENS
(1) FEFR L IR B AR A AR AL A
(2) HiFRxt RG A — S R IR 5, A SR R 58 AR 1027 (K B RS2 88 7010 T i
(3) BER—E M RGENFEH B 6
(4) FEFR L dn Rl 2t B A AR, R ARG e RN LR AR aE .
With the completion of this course, the students will
(1) develop systematic thinking of biological questions;

(2) develop the understanding of the theoretical and experimental approaches for classic systems biology topics,
including backgrounds and biological questions;

(3) obtain capability of basic systems biology mathematic and computational modelings;

(4) develop their interests in biological science and related interdisciplinary sciences, improve their capability of
collaboration with scientists of other disciplines.

BRRENAEFEAN (WRRIESUAFCNE, WRENBEN AT mBEREEEBEREE, HEAHSEH
EX YN

Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Bfhar: BN 4 R

1. RGUEW R WP RAS R R KRS

1.1 RGAEY R . R EZMEMIUHER, Sullivan J5EN
1.2 RGAEY A HIRAME R HI: Lac Operon, YIRS TIRE
1.3 RGAED A EEHFRIT

1.4 Ry, J PRI 48 ) 7 22 B

1.5 RIS BRI OK R B 27 ARSI AU

2. P, PR RUSIRNGER R

2.1 KRN 1%

2.2 FHE A S

2.3 Vp RN AB R, BRS, EWEB TS5 ThER

Fly ARl T REFEMEEAF A, #ETR - RNNEET

By WML, HARThEE: 6 FH

3. IERBAERES, FaE M

3.1 phage £ Ay & 140 Ptashne FTiB 13 R 9%
3.2 NEEH IR A R M. Hasty I

3.3 MR AR HE S S T ik

3.4 RE MR AE

3.5 M ({1 S BRI AIE

3.6 HIEXB. ZRSMRIILE AR

4. B RERITTR, BT ARSI SE A kM 4%
A4 WEIEIRENIT R, & AN R 5

4.2 FERILBNIT R HE H T

4.3 F R R 4K 3 T R ) B S

4.4 HES R fa] A K Y
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4.5 Nullcline FIFa e 43 #T I TR AE

4.6 JNERE S T RS

4.7 gt R B

5 AR v

5.1 AW & (1 H 2

5.2 YRENMIFE T

5.3 LWk s N EEA T R

5.4 I [A] 1 3R AR L P 1) e

5.5 R &% 1M 2% 2 070 2K

6. B — [ I | 37 52 2% [N 2% Bl A ALY

6.1 WG as =1 7 B

6.2 B FRIREARS

i MERT: S I A 4% B0 L DR 4 o i e I 55 90 2% v AR L — SN B B — SOSE, T AR AR AR MBS S AR
prg v =R N S itlibun

BRI, EtkRE: 4 S

7. LB, AT AR M ATERE

7.4 ks E BT

7.2 (LR IR S 2 T L

7.3 MeATALE N AT A R P P A e B T

7.4 W& RVE Y B S S0 UE

7.5 [ 28 3 ST AR A R AL 2 1) 1 v 1 RE ) DR B

8. ¥ HL. FEEM, MASHEAR

8.1 BFARMLAL: JE Ty HuE it

8.2 MMM MEEHLATE I ik

8.3 AFREM KT HIY B AR

8.4 MR 2 JiT5 e BENLAT AEFNERFS
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8.5 R (4R - IS A% I BOUL A g

Hopd MR BRI R VETERE EOR MO, ARG (5051 T PR EL Ak R SR 40 B A T S B Y

WISy ZRE. ZEE. 22U IEDEFBUGHAR S5 071%: 6 A
9. ifg: iR

9.1 ZRIEMMB: IR RI APk

9.2 F/h, FEPR, HiR: BAREBIAR KR
9.3 WM ST : B3 WA EE B H SR R

9.4 FREZFRMAEMm: TR

9.5 FEHEAA B AR B FEIOG R IER

10. MEERHZ I R

10.1 AT HIEIR: 70 e 5 UG IR L B g
10.2 0% . W WERIERMEIL

10.3 BIRIIAFHIER) 2 4ERE Al RSB ER

Eols AR FRAFRRGEARREE, LSRR,

ALY 45

M. iEE R BRI

1.1 IR A B IR I 23 20 B T Nk L3/ B
1.2 il K M2 S 5 DhRER) mil Rl &

1.3 NLERE: THa AV REHE AR T R ?

Hopi MERL: TR R R AR S BT EORAE AR S0 T b S BLRCOR R KT 1]

ENERY: 4 SN
12. B A3 RS bt
121 BHEG A4 Imaged

12.2 il B R B 5 RHE SR
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12.3 4 M0)L: BT B9 H AR RS B Zhik B
12.4 AR RS 708 MATLAB R R 2861

Hly ARG S AT 87 BB AL B R AR A

HEH: 4 0t

1302 R SR EEMF

13.1 B R 5 [EIREAE AW A3

13.2Morphogen ¥R £ FE RS HLHI 5 ThEE: Wnt, Notch, Hedgehog 254 diL(5 5 4%
13.3 R IE AR BB S E: Toll Sk sz Ik iR B LY Thiak

13.4 PES S RIPE S Ot BERSUER I A

Foly e ERARLE AR B IR BRSNS TS SR MR AR BESUEIRE T AR 2 1 AR S

HINF: 4 2

1442k IR % 4 AL RS Th RE

141 AR as AL 5 R 2R

14.2 ARG SHFIT RN PTIERRIL S GTP-GDP i3
14.3 AI1EB S AR R IR S s LA . BV HIRG IR R
14.4 DRI LS : IR 5 BB

Foly Al BAFATSBERR L LUK GTPase A FAEWIRYG IR AR MU SZHU T (K70 1 2 A«

LY. 3 Y

15 4 A e (KRS 2 B AL A

151 AR — 6 BIREEIOHLAS: 8 R I e B S R 1 5 vk
15.2 F T A4 S B S5 AU A 21 B AL A

15.3 WA MBI AT IR E: %175 tRNA-ZIERR 17 756 A7)
15.4 SR an T DX B SRR 6T 00 2 1 e B LR

Holy Al EAREY SRR By H R LS AL AL 1 Y R 4
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16. 411 iz zh 5 4 T

16.1 A dnfEFias): w5

16.2 AN B ) RGeS S2 A A SR 1 R4
16.3 2 X 5175 S L] B 00 5 HE B 1 3 ) i

16.4 ZHNLITR VLT S0K: FAREERITRS S A ik

Holy AERl: BARANE S A ARIS S I A I S 1A DU T A

Part 1: Single reaction: 4 hours

1.Introduction to systems biology; Basic biology crash course ; Michaelis-Menten kinetics;

1.1 The fundamental thinking in systems biology: Aristotle’s “four causes”, Sullivan’s rule

1.2 Emerging and re-emerging of systems biology: Lac Operon, Phenotype vs function, reverse engineering
1.3 Major themes in systems biology

1.4 Brief review of central dogma, gene regulations

1.5 Review of Michaelis-Menten kinetics for single reactions: pseudo-steady state approximation

2. Equilibrium binding, cooperativity and ultrasensitivity:

2.1 Dynamic simulation of Michaelis-Menten kinetics

2.2 Derivation of equilibrium binding

2.3 Cooperativity and ultrasensitivity: theory, biological examples and functions

Key and difficulty: Derivation and simulation of dynamic equations for single biological reactions based on simple mass
action law and equilibrium binding.

Part 2: Simple network, complex function: 6 hours

3.Positive feedback and multistability, stability analysis:

3.1 Life cycle of phage and Ptashne’s “Genetic Switch”

3.2 From gene regulations to individual reactions, Hasty’s approximations
3.3 Derivation and simplification of the mathematic model

3.4 Stability analysis and hysteresis

15720
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3.5 Experimental verification of the model

3.6 Other biological questions related to positive feedback and multistability

4. Synthetic switches, more complex network with bistability

4.1 Construction of genetic toggle switch, the beginning of synthetic biology
4.2 Logic analysis of the genetic toggle switch

4.3 The individual reactions constituting genetic toggle switch

4.4 Derivation and simplification of the mathematic model

4.5 Graphic representations of nullcline and stability analysis

4.6 External signals control the bistability

4.7 Analytic stability analysis

5. Biological oscillators

5.1 Importance of biological oscillator

5.2 Stability analysis of oscillation

5.3 Essential requirements for biological oscillators
5.4 The origins of time-delay and nonlinearity

5.5 Classifications of network motifs for oscillations

6. From individual reactions to building complex network mathematical models
6.1 Case studies for most recent studies of biological oscillator
6.2 Induced gene expression systems

Key and difficulty: Able to deduce individual reactions from more complex network of gene regulations, enzymatic
reactions etc, familiar with how mathematic model of complex network can be established through mass action
equations of individual reactions.

Part 3: Small network, high performance: 4 hours

7 .Bacteria chemotaxis, behaviour, components, network and performance:

7.1 Definition and example of chemotaxis

7.2 Phenomena and molecular mechanisms of Bacteria motility and chemotaxis
7.3 Excitation and adaptation: two processes critical for bacteria chemotaxis

7.4 Direct experimental validation of adaptation

16/20
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7.5 Network motif, not parameters, critical for high performance of bacteria chemotaxis

8.Diffusion, Fick’s laws, and individual and population models

8.1 Population level: Fick’s laws for diffusion

8.2 Individual particles: from Random walk to diffusion

8.3 diffusion coefficients for biological molecules

8.4 Langevin equation representation for individual particle: random walk and drift
8.5 Fokker-Planck equation representation for population: diffusion and chemotaxis

Key and difficulty: Grasp the concept of perform requirement for chemotaxis, how it was realized in real life using
bacteria as example.

Part 4. Techniques for cross-scale, multi-modality, multi-parameter imaging and data analysis. 6 hours
9. Imaging: The Eye of Science

9.1 Multiscale Imaging: From Organelles to Organisms

9.2 Smaller, Faster, Stronger: The Evolution of Microscopy Techniques

9.3 Simple yet Practical: Brightfield Microscopy

9.4 Light up Life: Fluorescence Imaging

9.5 From microscopy to nanoscopy: Super-resolution Fluorescence Microscopy

10. From Bench to Bedside

10.1 Going Deeper: The Trade-off Between Resolution and Imaging Depth

10.2 Light, Sound, and Magnetism: Clinical Favorites

10.3 Multidimensional Analysis of Complex Disease Features: Multimodal Medical Imaging

Part 5. 4 hours

11. High-Throughput Imaging Techniques and Applications

11.1 High Spatiotemporal Resolution Analysis of Embryonic Development: From Worms to Mice
11.2 Decoding the Brain: High-Throughput Imaging of Neuronal Structure and Function

11.3 Artificial Intelligence: The Key to Unlocking the Potential of Big Data in Biomedical Research?

Part 6. 4 hours
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12. Image Processing and Model Analysis

12.1 Image Processing Software: ImageJ

12.2 High-Throughput Image Segmentation and Feature Extraction
12.3 Automated Cell Recognition and Tracking

12.4 Mathematical Simulation and Analysis of Biological Models: MATLAB Software Applications

Part 7: 4 hours

13. Alan Turing and Developmental Biology

13.1 Turing model in living organisms

13.2 Morphogen gradient sensing and function: classic signaling pathways Wnt, Notch and Hedgehog.
13.3 Striped pattern formation in Drosophila embryos: the developmental functions of Toll-like receptors.
13.4 The story between Zebra and Zebrafish: formation of striped pattern in skin

Keynotes: Understanding the relationship between morphogen gradient and downstream signal intensity; the molecular
basis of striped pattern formation.

Part 8: 4 hours

14. The assembly and function of biological oscillators

14.1 The model and mechanism of oscillation in biology

14.2 The most basic on-off signaling mechanism: reversible phosphorylation and activation cycles of GTP-GDP
14.3 The cyclic and ratchet behaviors of cytoskeleton: mechanobiology and oscillation.

14.4 Time machine in biology: oscillation and circadian rhythm

Keynotes: Understand the oscillation mechanism of reversible phosphorylation and small GTPases, the molecular basis
of mechanosensing and mechanotransduction.

Part 9: 3 hours

15. Proofreading mechanisms in biology

15.1 Biological systems are error-prone: the error-prone process of protein translation and immune activation.

15.2 Proofreading mechanisms based on biochemical and mechanical processes.

15.3 Achieving accuracy of protein translation: the molecular affinity between genetic codons and transfer RNAs.

15.4 How immune cells distinguish themselves from pathogens: a mechanical force-based theory of immune activation.

Keynotes: Understanding the fallibility of biological processes and the logic inherent in proofreading mechanisms.

18720




6

QI ML

w% SOUTHERN UNIVERSITY OF SCIENCE AND TECHNOLOGY
T3

18.

19.

Part 10: 3 hours

16. Cell movement and external sensing

16.1 Life in motion: bacterial chemotaxis and cell migration

16.2 Biological basis of monitoring and dynamical systems: chemotactic receptors and cytoskeleton synergy

16.3 Mechanisms of bacterial priming and chemotaxis: pros and cons monitoring and the dynamical basis of the
flagellum

16.4 Good and bad cell migration: collective migration and cancer cell spreading.

Keynotes: understanding the cellular and molecular basis of bacterial and cellular motility and migration modeling.

2t R H B2 E R Textbook and Supplementary Readings

T#4t, No textbook

S GBI KEIIRASCH, RGRKISH TORA —FE, iR Ime gt

There supplementary readings are large number of scientific publications in English. It is different for each lecture and
will be provided by the teacher.

PRI ASSESSMENT

PG A PPA I ] SERERSASLE BLLT &I
Type of Time % of final Penalty Notes
Assessment score

H &) Attendance | || || ||
RERI 20 H 8 SR R S

Class Attendancy and involvement in
Performance course discussion

/NI
Quiz
BT H Projects || || ||

SRR 40 SCHERPT S AN URAR /NG T T H
Assignments Journal Club and course projects

BER
Mid-Term Test

HIARE R

Final Exam

WA | | |
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Final
Presentation
HE (TREFRE 40 IR —FE,
5 A BV Final exam: write a review article of
) the systems biology topic, student’s
Others (The choice.
above may be
modified as
necessary)
20. it %4 7 GRADING SYSTEM

MA. +=2%2%# Letter Grading
OB. ZidsHl GRIZ/AEE) Pass/Fail Grading

R HH# REVIEW AND APPROVAL
21. AFERECELIUTHRENZRSEVGEDT

This Course has been approved by the following person or committee of authority

ARFEAE Rt e TR R s iGE
This course is approved by the Teaching Affairs Committee, School of Life Sciences.

20/20



