I

il REIFH (FEMIFHR)

EWAERN, MBRORNEIINERN, AFMMNTEMB LR, IEMMRSHITAIER

REBRLZ RN,
=ZOBMER | @ = WEAERAME | L = ¥ IHEH

Sl

me AE
AR 25 EIRFER (MC, BfER 5 @l x 2 79) + 5 BOIEE (BAEIR 1 @ x 10 19) + 1
EBIFNER (5 9)
By 50 (MC) + 50 (Q&A) + 5 (Bonus) = 100 + 5

ZE  BIR4-8: REEME. REF. WRE BEYE. EMEEF
3

ZE ERXUEE

anfal{E 25t
AFMABEMEHIT, SMMRRR=BLENETT:

1. B1EE — BAEBEREXZT4, MHAEE
2. BIZE — 1FANLE) . XD F. SLRIIHE
3. iR — FBELM 4. BHIEHTA;M

BEINAMRAEN, % « TEMEE, EEEREHER,

AT RRIE S
RIR #ilv[a)8 —a)iE
BE — T RBIVELAZEM200  MFRICEIERIE, BEIAT®Y (E/PSC)
ks SRR MBEREE (B%)
RERF B EAXS"BCE EA+ERRS: 1IR3 W&, iclg, BEENE
NH"NEE"? =fhECS
At =2 =FENREEATER MHET-HBES-RM-TEE, ARERERNSEM

#? —1J]
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RIR #ilv[a)8 —a)iE
B TEEINENELEFN HARBE+RNERHTEE KRR ER A

H?
£WE BABBEMTENIZE MF-BE-EX-EE-Al, MDNARSIEIA
B a7 TR NS

EBEYE (Developmental Biology) 1&IRE

| #3 #BKREEE (Repeated Across Lectures)

FEIM SN (Zero-Baseline Primer)

3 #US < E5EE (Repeated Across Lectures) — "Over 200 cell types from a single
cel' EE 3+ R, BREMERVIZ O]

ABHE1E (Developmental Biology, DB) fARAEIZE: EINIEBTA, MEM—THRKAKN
SHEOR, KE— 1 AE2002 AL, AEAISTENTEALR, BN IESEEFH
FH=E . SR, BBRAE. £k, BE. BEMELT,

FA— @RI IGRIEAR . {RIFH—3F iPhone, BEERA—MERZA/NMIS S MRIFF
— A", RFENESEMBAERE— T RMEE—E00 (fertilized egg / zygote) , KB
AMFEREFNZ OB E: X— T HRER T A" RBE", ILEE—FTTELORE. X
B, PORE, MBI MERLE?

#ME)g (Core Question):

— 2500 - 200+MPLAREZEEY - STEAR

How do we start as a single cell and later possess organs/tissues
with over 200 cell types?

@ ZiAME (Professor's Exam Hint) — SR EAIA ML OE)RE: Why only one
head? Core question of animal cloning? Why different regeneration capacity? How to
regain damaged organ?

RXNRD BN RARIR -

1. EFE 21 (Mystery of Reproduction) —— A 278 720002 F 71 R 1&E "1 2 B A K"
2. BHIRE (Early Development) PRRRME MR E " THER"
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#4157
3. a5 iES F4mAa ( A t— PR IR E R E"
4. B4 (Regeneration) —— At AR BIRA27MRIAEEREIR, TMABRGBEIA T #MIAT

—. EJEZik: AERUOisE"ERE A"
1.1 BiEE

AANT"AREAELHRN"ZTEE, RIRSZXKIE TETZEINNBRMHER=MA;
PEEN (FFRZ) R'IAREEG, WEEF" BEAEZFNIRIERZ " FTENBEMR", XX
ERRMHHRAER,

BIEERBEREXHSE, BT AXRTRZE, HPRKEIMNZ: 1660s-1670s A "#3F 1
F" (The Amazing 10 Years) 2, AZXE LM TN FHEF, EMLTREEEBEZE,
3 TEE200ZF (F1870s7A HRINEF+IIFREE) .

1.2 B2
"I +E" (1660s-1670s): EIMIPFS5IFF

B8] A¥D GAL

1651 William Harvey (e~ R{E"5R"ZFEwpENM, BARMALINFEEEFE
“#)

1660s  De Graaf (f21&HI B IESHEEE, ERMREIIVEIFE (ovarian
x) follicles), HWEINFSFEGIIXFR ({BtREFREZRIGP

FAX5)

1677  Leeuwenhoek (7l AEMBNEEE ST (SNMARFER! )

XE5)

. {+4 2P (ovarian follicle)? SPEARBEINFAVNELN, De GraafiZEEIRISLFR
FRIFE, MARNFAS—HNRRZE BBIFHNEME

HEIEI% (Ovism) vs $5iEi% (Spermism): —13$542200Fa9F 18

o Ovism (BR3Ei%): Wiliam Harvey #1 De Graaf —ik, iANIRFEEdrIE—R
o Spermism ({&ifii): Leeuwenhoek —Jk, IANNIEF A MAIE—FR
o WAEHEMZOEIRER: —TERRBFE—TFHEZ (only one parent responsible)

N LEIRFE T 2002 F?

1. BRBAE R (Microscopes were not popular)
2. MpREAIH SR ERIL (The Cell Theory was still young)
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s3]
3. MBI 2 $8iR (Fatal conceptual errors):
o EEMTFERTsIIFER (plant seeds = animal semen)
o EIPEETFAERE (egg = embryo)
4. FREGIEIR R (Preformation prejudice): IANFTIERREE—NERS
5. FEIZ RSN TEER", "IRRAZL"TRT"HEEITLMEENTA" (what you see
is what you want to see)

M Spermism Z| Fertilization FJ 200+ A [8)Z%

Fia A =L
1660s- De Graaf, Leeuwenhoek  &AINMHZLEINRFFIEF (#3F+5)
1670s
1694 Hartsoeker (Ig45%E %) LHIZE RS F/VAE (homunculus in
sperm), ZIFFEIRIT
1775 Spallanzani (HrtA=3, SERANA LRGSR HNZ, BIMANET
E) =E4EER!
1827 Von Baer (8- J1/R) BEREEAREANEIL AN T RS
T A
1870s Hertwig & Fol (Hf1544&  BH/RMZRZGRFFFEFHIRES (fusion of egg
F18/R) and sperm confirmed)

b EARERR: 1Y) T 2RERG (embryo), RNEETELAE (germ cell)! H AIEEYIMF=504)

/R, XRTEWIR.

. HHARTRIE (Preformation)? INANZFEINEEZRE —MAZERRAY/ A
(homunculus), EBRZ2"BA"SERE. 5S2BNINZER/KIE (Epigenesis), IANRNBK
D RELABIRERZRLHME,

1.3 Wit B

R Q1: Preformation states minuscule humans already existed in seed — True (FRALICHH

STNDHEABBHETF FF'H)

HRE Q7: Why did it take over 200 years after discovering sperm and egg to solve
reproduction? — A. The scientists believed that only one parent was responsible for
the child birth (Z/0RE: FIEHRE—ANRB—HEERTES

@ EiB%: Ovism vs Spermism HIAREPEFIE, HIANRE—HEAEER,

—. TARRIE vs [GRKIE: RBEMFIZOAHE
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BE

@ @ PPT Summary (iEE%) — Lecture 1 "Summary one": To understand
reproduction and life was the initial drive to study DB. The debate of Preformation and
Epigenesis set the basic tune of DB progress.

X 8RS58 (Repeated Across Lectures) — Preformation vs Epigenesis £ &R 5
BMERIZOBEL

=

21 \AiERE

BRIEHRS. ML BRASEELBE —T=BNIMIE, RHNIERRE
E'R". EHILR: BRASRREN, HLKNBEREHEIEFT—SIEMN,

XZEBTENSIL, REUEMICIRBER, BfpgenBB—E&TEMtL, BRI
WP RA—RIERALIICEHE,

2.2 Bl E

Preformation (Fiif%i€) vs Epigenesis ([Git)

ity
pUF=1
KT
A9

hse
thfis

Preformation Fip%it Epigenesis [GHit
TR/ SRR AR B B AL E SIS BTSN, ARBEE
%, EE 2RI (unfolding) ABPRZEEFZH (gradual formation)
BHER (RINREIEIR) Aristotle, Galen, Harvey, Wolff
RITE19tHLE BRI, 2MADBAEM

faRieRIPUASEINIEHE (DB SERY" T SlLE")

F—alE: LIRRFRRE (Experimental Embryology, 1880s)——Wolff &I IE

« Wolff (X/R¥), 18tELC/ElT, BEMARFER:

LI MR PRINGE — HAZ"GEZZARTAK/MVIS" (No miniature pre-formed
chicks found)

SLI82: YR EFZEHIEKEFNTEESE (Chicken blood vessels and intestines are
not pre-existing organs)

SLE03: EMR. . MYBE4A KSR (plant growth buds) £ BTMAL

2518 FISCIOMER) 7 IR IE

F_SlE: HLRF LI (The Organizer, 1924)—Spemann & Mangold

(IF L T3P SMO)

E=FlE: KB FIAIE (Molecular Control, 1970s-2000s)
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R
e 1995%F Nobel: Lewis, Nusslein-Volhard, Wieschaus —— B HRIFRA & B RIG(Eix

e 2002%F Nobel: Brenner, Horvitz, Sulston —— 28 E & B fT2F 4 A T HIREIEIE
o BX: ¥EITRILHN D FEM (Molecular basis of the Epigenesis)

FNSlE: FRIEHEEE (Reversal of the Epigenesis, 2000s-2010s)

e 20124 Nobel: Gurdon & Yamanaka —— B ZEAHARE T AR ERFE N ZEET AR
« EX: IR BEREREER!

DB UEI£ESS (Four Peaks Framework):
10&: Experimental Embryology (1880s)
52l&: The Organizer/SMO (1924)

231l%: Molecular Control (1970s-2000s)
241%: Animal Cloning & Stem Cells (2000s-)

!

MPreformation¥%[@Epigenesis
ERIERIZEE: THER
ERIEH D FEM

EReHIER

!

!

!

X BIRKRERA (Repeated Across Lectures) — IS IRIEZRZ BT R BEMFERR
e, BPRASERSZXIMERERF

t4 E22F4MBFET (Programmed Cell Death, PCD/JET: apoptosis)? A+
s"BR"NE,, ABEPRZEMNTCREERLMEET, LNFENERMERIEE
MARAYRIT, 20024ENobelZ2RE, T X AL HIRIFAZE.,

2.3 it B

¥R Q10: To change the path(s) of embryonic development by __, one may figure out how
the embryos normally develop. — D. All of above (damaging embryo + removing
tissue/cells + tissue/cells transplant — SCIGARRR SR = T2 ELF ER)

@ THiBE: ERICHIBEHES "creating something from nothing” (EHF4EEH). EENAR
EERRMRERIETI X & (regulative relationship),

=. BBl vs ATERATS

@ ® PPT Summary (E#&E4%5) — Lecture 2 "Summary two": Roux, Driesch created
the first peak of DB; The Epigenesis was affirmed.

3.1 BiEE

WRMIE—TRIZBINSERTIAME, BFHETM—TTBIVNEIE? FREBURTIRYIA
2t o). T ARERY,

BRELTF AN STHEBEMN-—FRMK" DR S TRREMT4, SEE, EATS. B
TEEATIAN: #RZESEE'SE", HEMRTABRTIEZRE.
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3.2 R FE
Weismann f9#% 2 E it (Nuclear Determinants, 1880s)
August Weismann 121 ## ik X B EY (Mosaic Development):

o ZIFINHFEISEHBI. EAIRRERF (discrete localized determinants)

o MDY BAT, D TIESER (unequal distribution of nuclear components)
o« BT FHBALREARNBIEES

o ARMARTARICEL: ZHEINRFIRIEEIAR

Roux BY#ESCEE (Hot Needle Experiment, 1888) —— i ar Bl
Wilhelm Roux RV RIZE B IEZARINAI— 1 IRSIK (blastomere):

o &R FRMBKBA T HHE (half-embryo)
o it XIFERE—STHARRAELERSHNEESD
o A BIERMmE: SEMRABYFIRETIM T ERERE

.t ARIPRIK (blastomere)? ZASIRRHAD T ERVAME, 24MMEEARF T ARSI
— T EREIK,

Driesch BJ;8RB5LEE (Sea Urchin Experiment, 1891) — AT Y
Hans Driesch 95 T 8RB (sea urchin) 240 HAROFR IR ZLEK :

o R BITIPRIKEAER B TR ERNIILE
o Hi0 IFETEAE—HRER RN
« BEX: B (BRE) MsHNMAZHRNERLEIE

Spemann BJ22 )13k & 453358 (Baby Hair Ligation, 1901)
Hans Spemann At & JLEYE & EFLERF (salamander) BARG

o MRLILFEMIIINIKTEDE — ZFBKEHTEMAR

« MRRFHHE (8HAEHA) — MEFERUNME", KEFEHMREEEIER

o VAN : MRiREBHEIANETEES, BS4HR-MARtEEEA (cell-cell interactions)
S|

. HARATIXFR (Regulative Relationship)? FNRA—E—H . EBEHELENT
EMMARAR, SEERNIRATENAERD . ENZEAZ"SESN", ME—
MDE"R R

AR B RIRIIILE
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af://h4-26
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Mosaic Development $##% Regulative Development 5!

it}
M= WG CHATRERFM  AedizEMEEEEERRE
"
KERA Roux, Weismann Driesch, Spemann
)
KEHE FRie ERie
)
SCISHIE Rouxivit—F 8 DrieschiBRB—E 41 H; Spemannssi,—TE
1= AR R&
[ e it HIERR 2 45" HIEER A1
fiL
3.3 MidE
@ HiEA:

o XBNAR = MIAMARENIEAT XA (regulative relationship)
o RRIAKBEZEMEAEEEM (lose totipotency) T2
o 14HREHR (ZHE0D) = ZEEM &S — BE SR, B THENEZEEMERHIEE

L HRRZPERK: SpemannfIMorgan (EE/RIR, #hERIEIREFHTMorgan) S4)IREIER
RouxZXJ#Y, 1BSLERM T —Ath{1¥& Mz 5 Driesch,

. Spemann-Mangold Organizer (SMO) — 3k EBZH4H
]

@ @ PPT Summary (RHEL) — Lecture 2 "Summary three": SMO changes
neighboring cell fate; inducing 2nd head; induction requires necessary AND sufficient
conditions.

3% HIBRE581A (Repeated Across Lectures) — SMO / Induction / Necessary +
Sufficient conditions 2% &k & 58 FHRIZ/ O

4.1 BiEE
BRABHSMSNEE: IHAARK—TL? ESHARE T LEMELK"

BERE—TIALRE (Organizern)BIZRFG, BRIER LI, B—TAEEEFIH"RXILZ
I "—XTAMRARE ., REXTMAREBEEIFL, RFBROREZREFE =T
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4.2 BZ =
SMO BJ&H: Spemann & Hilde Mangold (1924)

« Spemann ZMEREFARIAA (constriction expert / master of tissue transplantation)
o Hilde Mangold ;& Spemann B4 (1920FNZ, 1924FAREEH)
o VLD : FBHEBE (dorsal lip of blastopore)

. 4 REE (Dorsal Lip of Blastopore)? [FREZIAAZAET, AREMEASB AN ORI SRH%
Xig, XTXENMEET "HRE"TIE, EieSEEMEEMLINEHEE,

EZIEE i

1. BUX B A RIERRNE R

2. BIEEIR BB T HRIFAEARVRESE (RUBIE)

3. 5R: AEFBESHTE-TKMHMEZE (neural tube) !

4. RERI: MHLENARNFEEREEEAR (MIEHEAR) - EREEATES
Kk, MEIES (induce)EERITE FHMIAZ L

SMO B9fERE1L#I: BMP Inhibitors

« SMO (Signaling tissue) 2% BMP inhibitors (B4 & £EBHHIIHIF)

o XLEHNHIE F1EREF4BEAY ectoderm (Signal receiving tissue)

o {# ectoderm 1t 7 42 E (Neural Tube, NT) (Induced tissue)

o IR Induction (IFF) — —PMARESBES—TMHARNEEAE

. HARIES (Induction)? —PHZ (signaling tissue) ESHDF, 1BESABEHRA
(receiving tissue) MTEHEABWENIIR, EXFSEEHELEHERD N
(necessary AND sufficient conditions),

SMO H)IESEF 2R/ (Inducer is soluble):

o FA7L120.05mmAY#%FLERE (anucleopore filter) thIoiARR L BIERtHLRALR (BIERES) AV
ES

o {B"41LBERRE (Biochemical Embryology)" £ 770%E (%11990s) ¥ EH Bk F —
ERNBRERAFEARE

A E4DFEY SMO 33EE
¥ SMO KIETR g
Frog (B1F) Dorsal Lip of Blastopore Spemann & Mangold R &I
(R EE)
Chick (18) Hensen's Node (F7x45) Waddington (1933) #4t&f%Hensen's

node®IS8iE, FSLEHZE
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YL SMO KI&FR &

Zebrafish (BT Embryonic Shield (AER4 23100 4ARE, Shinya et al. (1999)
of) [&)

Mouse (/'\éf)  Node (%) THFLE4
Human (A2)  SMO-like cells from Martyn et al. (2018), hESCs#Z1& |38 A%
hESCs SRES

AZESMO: 20184, MartynZE N@EILIEABE TR (hESCs) E@ DL ISMOEMM, H
EHERGHIAR, BRINESTHE_THEE,

Tail Organizer (B5P4H4RE) —— Thisse & Thisse (2015)

o {K%f (head-to-tail body axis) 194 B AJ BEFH A RIAIALRA F T HI
o EBH SMO, EEEH Tail Organizer
o BAREFRERHAFEIAAILRES (ventral margin of early gastrula) B97418

4.3 N B

&% Q3: Which organ can be induced by transplanting SMO to the belly? — A. The neural
tube (SMORMEZIEEESHNEMEE, T2L0/S/HFF)

HRE Q9: SMO transforms neighboring cells to form neural tube by — A. producing
special molecules to change (SMOJ&T 73457k 7 F——BMP inhibitors——R IR <B4
fariT)

R Q11: The eye organizer of a frog refersto __ — A. the optical vesicle (! BREERIZH
& Roptical vesicle, ~2SMO! SMOZ:LEFALRE, optical vesicleZIRIPARE)

Q&A 1ZiMa)Z&: Why do we have only one head? — Because of SMO (Spemann-Mangold
Organizer), the head organizer. Two-head frogs and conjoined animals result from
duplicated or split organizers.

@ HiEk:

e SMO = Spemann-Mangold Organizer = & & (dorsal lip of blastopore)
o SMO TE#EKMX, MEBSETHRENHEE

« SMO KI{ES%F = BMP inhibitors

e SMO # eye organizer! EREERVZHZRE Z optical vesicle (fi1:8)

A. &IRFIES (Lens Induction)

51 BiEE
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#4157
AREEEMIEIRIR (lens) BEAKLERN? BB NTREMAREIE"TREIRAKR"HIEEE?
Spemannigit T —E "=&EMiR" REIZFXE)H,

5.2 Bl2E
EMBFEN=1"%4 (WEARXD)
EIEE A BZES T B HZR, wIETHE:

1. hEZM (Necessary): FBIRA — BATETE (Loss-of-tissue)
2. B &M (Sufficient): ER B EMAA - BRIIEF{IE (Gain-of-tissue)
3. 455714 (Specific): EfthHATEEELA (Heterologous tissue test / Incompetent tissue)

Spemann BIERFIEF3ELR (1918)

Sy RI1E SR it

(D Loss-of-tissue BRI (optic ZMA TEERERN
vesicle) aa AR

@ Gain-of-tissue  JEUBRIEZILEIEE  FELEE UEBRRIE (BEREXLS
BAIE (BIERIMNER) AR HIERXI5)

@ Heterologous REMMALRZIE NESEE TEREREN

tissue AR

@ Incompetence  EULERERIET/HES NESFE  RELIRIEIMNMEIEEREN

test SMNE R ARIK (competent) iz

%ILESiL: Optical vesicle (#13f2) = Eye Organizer (ER4B42%)

o R = IREBAVARE (F2SMO! SMOZEKEIHLAE)
o RBKEPRIEIMEE Zcompetent (BEENNWRL) A9

. {42 Competence (REEEN)? RZ(ESHARUNIEHENAY 1ZULEF"7T BENDRL IS
SES, WEBERIRTAESTSENE, ENERFIMEER incompetent (REERN

BEN).
2 F L

« Signaling tissue: Retina (i MAZ) / Optic vesicle

o Signal molecules: FGFs (R4F 4 AEA KK F)

o Signal receiving tissue: Head epidermal (3LEREIMNEE)
o Induced tissue: Lens (FJA{F)

5.3 Wi 2

11/150


af://h3-39
af://h4-40
af://h4-41
af://h4-42
af://h3-43

#4157
8 Q11: The eye organizer of a frog refers to ___ — A. the optical vesicle (E)XH&IA! )

® Hiag:
- EXBSBE BB + 5 + HRME =R

o {8 (optical vesicle) = BRZHZR
« BIEFIRFTTIES — incompetence (FEAEIZEES, FIRFIZEENMN)

7N ZBES YR
6.1 HiERE
—ERBCRIIAI— 1 RSN, SITMDNA—HIZ? IR, At AR AR B

LMK

#7348 (Nuclear Transplant) SR EEEIE: SERDHE, ERREYMRESERIE
D72 WRE—TEDHARNARZNEI SN FE, EXRaE"EMATR"1S?

6.2 1ZE
E—MER: ZEMYIERA (Spemann, 1928)
Hans Spemann H42 #15L30FRR 7 #F 4 (nuclear equivalence):

1. ARG IR0, (EMMAZIREITE—F
2. B—MoRFISMARE, Tx—MARoH

3. B16AMERRY, t—MxEE W HNTTE— N
4. WELGH, TEDEMF

5.14KJ5: MINEAEMIEEER!

BX: 20316, 8T HRRINEEREBATEN ., Spemannft1938F#H—FRH:
A E 2 max?

E"FER: Briggs & King (1952) — E— {2 tE501)

{598 (Rana pipiens)

MEERZE (blastula) AR EE#Z
%182 E (enucleated) BYEESRHR
FXIN3R 1S B —BIIZ S =B

. {t4aRE#% (Enucleation)? &I BHUIRIFBIRIVARAVAMREEZR, EEMN—TE
RS, FEEREMRNZ.

E=MEx: Gurdon KIIHEIA7 E RZi%F24E (1962)
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BE

John Gurdon FYE21#L30——R E 2 AR ZE L KRR -

HIELEMERS RINENXFR (FiBR! ):

iR R SR Ex HixIEE  BEZ  ESHE 2 EREED
- £ Et
F/BEEERL (Mid/Late Blastula) Ectoderm 565 17 12%
/iR EEAL Endoderm 159 12 16%
BRpRE (Early Gastrula) Ectoderm 94 7 40%
B[R BZAL (Late Gastrula) Endoderm 185 1 16.5%
#4248 (Neural Folds) Ectoderm 9 0 0%
PEC BTN} (Pre-hatching Tadpole) ~ Endoderm 357 0 0%
%8 L K (Intestinal Epithelium, — — — RIR(EdE
VR =3
BID A :

o RBMERHIE, ZBERNEBE (REBNEHEKX)
o ESHARNZDBATMFGFZEMILRE (REBERRR)
o IER: DUERFRERHAERATEMER, MER"KXE"T

SBIUREx -

Dolly =¥ (1996) — IEZLENYA AR 52 2

o 27T7THERR RB1BIRKIN (1/277! )
o HIFZRBE LR (mammary gland)ZAfE
o WRARRINERIRER 7 (R 4HRE 7e FE A B K E

SOk &b (2018, PE) — BHIRKESCNT
g 15

BX Liu, Cai, Wang et al. (Qiang Sun lab), Cell 2018

i $R%& (Macaque Monkey)

ESZN SCNT ({R¢RAE%7518, Somatic Cell Nuclear Transfer)

REEHE AFRIERE + RVEEZE T (epigenetics) + MG (ZIERR

BX BEHHAAREIZIZE R X1 (first cloned primate via SCNT)
6.3 Ntz
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B2

R Q4: What was NOT the original purpose of nuclear transplant? — C. To make more
animals with good traits (ZBENVIBEENAR " REFEZMEMR", mMEMXEEYR
EOHNHREDHED! =ENEMEERNNA)

@ HiEk:

o BISERMZOAEYZ () : Is genetic material in a cell lost during development? (&
BHHERASEEIRESER? )

o Spemann (1928) IERAZEME (1640AEHE Z Bl)

« Gurdon (1962) IEBAE o LR RIZIEEE JRizE

o RBEM R — pBINRBR

+. FHRS5EHRE (Stem Cells & Reprogramming)

@ ® PPT Summary (§#E45) — Lecture 3 "Summary four": A sperm + an egg = a
totipotent cell; animal cloning changed DB; the reverse pathway of iPSC is incomplete.

7.1 BiEE

F4HRE (stem cells) @B AR " HEEERAZMH", EI1EMITEE: BHEF (self-renew,
EE4IE2) Mot (differentiation, AR FHINEELERT),

BRHITNE: 2012FEN/RESEYamanaka K, H— " ELHAAIE BRI IR" IS
B, EMEZERTHARE—ERRANCELZRENE—HFEX!

7.2 B2 E
TR E A5 1

Self-renew (BFE#) - Specification (4%ft) - Differentiation (%1t)

t |

iPSC (iE5Z8ET4HAA, Induced Pluripotent Stem Cells)

Yamanaka PU&E -+ (OMKS):

Ef =& THEE |a] 2
o Octd  HFHFZEEMEMNRBERRETF SEELENDFER!
S Sox2  5Oct4thE4IFZEEM —

K KlIf4 (e AR ILENEE —
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BEf =& TheE LIE]
M c-Myc {RHAREIETE EEE (oncogene)! FERAPIE X K

. Ht4A=EERA (Oncogene)? EEMRASESREKNER, BEIEETRESERE
fE. c-Mycii2XHFE—NEE—FINE, IPSCESHERME; MLE, BRENK., 3
EiIPSClmRN FANEKIERS.

Ix¢

iPSC RYERS :

1. BERIE (Really low success rate)

2. BIEMFE (Tumor/cancer risk from c-Myc)

3. (EAWEHAL (viral vector), BERESX K
4. ¥4 (Time consuming)

ZHElE (Totipotency) vs ZHEEM (Pluripotency)

i BED LRt 4 B EX
Totipotent (2£E FRE LR + BAIMNALR Zygote (324590), 2-cell stage
(FRR%H)
Pluripotent (288) FTE=AEMAELE, (B Blastocyst ICM (EEAHAEHE), ES
NEERZ R BR & cells, iPSCs
Multipotent (288  FEIERNZHMAAR FRART AR (20:E I TF4HAR)
EHE)
Unipotent (B2 £E) N—F A RETHRE

L XX %: iPSC £ pluripotent (ZE), =& totipotent (£HE) !

CiPSC ({t iS5 Z8E+4HAE, Chemically Induced Pluripotent Stem
Cells)

IR (Deng Hongkui) EIRARILZERTE (2022):

o IV FHFEEEY (chemical cocktail) B OMKSIU M EFEF

o Octd ERMIHEBNNEF (ZAIBE ARNOC4REMEERAR)

o CiPSC MUfi3a: A=, TRME. BB (No cancer, no tumor, more natural)
o EPJEEZINEHEMIAT (totipotent state)

2024 F GRS

R EF! CiPSC JAR1EFEFRTE (Type 1 Diabetes)
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B (8] 2024F9H25H

B[N SFERE, IERAFIRRRBEIN . R E—F /O BRI B/ ERFREIRA
HAT Cell

AES HFERIEZ e T ARSI ERIR SR (islet cells) #218, Ja77 1ELHERTR
TS BEEALEIEE T (Under abdominal anterior rectus sheath)

BEX B/RIUERR CiPSC BRE MY ZR 2B, LI BERFEIGARIAR

Gurdon #%#248 vs Yamanaka iPSC: HEJE—[OEN5?

#* 3 HIBRERA (Repeated Across Lectures) — "Were they talking about the same
thing?" ¥ 2 XL Gurdon vs Yamanaka, [a)%4MEZSEHE—4S

EEE = Gurdon (%#218) Yamanaka (iPSC)
MILRE (Artifacts) HEZAENR - YES #HEAEWMR — YES
MIRBEESE (Cell Biology)  #ZiEZISN4AAR R+ RERXEFEHE — NO
MEREZE (Genes) KEOPARRRPHEF KB4 TEEREF — NO

MENEEARSR (& Q12):

o HFS DN MINELRTE (reprogram)
o #EHRED K (dedifferentiate) ZIZEEIRT (pluripotent state)
o A FARFFEENUTMETF! (X2XRBEXH)

7.3 MK E

R Q6: Best way to repair damaged organs nowadays? — C. Creating your own CiPSCs
(SHRIREARENFESZaTHRE, RATEENK)

HRE Q12: Similarity between Yamanaka iPSC and Gurdon nuclear transplant? — A & B
(reprogram differentiated cells + dedifferentiate to pluripotent state; NOT C — & BUEHIEA
FAE! )

Q&A (DB class work): LI =83 EBERIEMT A — iPSC vs CiPSCRIEEER
@ #HiEE:

« OMKS = Oct4, c-Myc, Kif4, Sox2 (iZ{X"OMKS"XMEE)
 c-Myc = oncogene = FfE X &
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o Oct4 FERMHLFEEN
« CiPSC>iPSC (IaREX L, EALZE)
o iPSC 2 pluripotent, A2 totipotent

J\. B4 (Regeneration)

@ @ PPT Summary (iEE%) — Lecture 4 "Summary five": Regeneration is largely
mediated by stem cells; regeneration is a re-developing process.

8.1 HigE

MBHRANOEIE—FFE, EERKLRIG? WEYEREE, AT XHRERIG, TIK279t%
HEEBRRKMTER S MAKR.. AT,

BENARZ" ERIENEEEE"—ABIEAZ—REN, BENIAINERAET " —
Ro AEMAE, TR2ERNBNRDEFHRER", MEBAIRIBEREDHIESH (repressed)
I

8.2 Bl 2
BEENX

EEYZF, BX (Regeneration) 1855 &K B IRMIKREY) (fully developed organism) i&@id{K
HRARNBERIBENN, BASMAR. REXWEY, MERBINEE.

BARIPYFheRY
X BIEREEE (Repeated Across Lectures) — TUMEB A LR EHAERRNZOD
£
i FLXL 1% =E% B RY 2= 5]
EErE
#TEHE  Epimorphosis AP (dedifferentiation) £ RYFR R A
4 — RS E (blastema) — 18 (Newt limb)
H - Boit
TH:E  Morphallaxis TIE5E, (NECEHEBEH & JK$8 (Hydra)
3 #£931 (direct conversion)
#MEE  Compensatory  BEARE D BLrMERSk = (1B  BTHE (Liver)
4 TED
1t)
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w513
KE £33 AL =E% S RY 2

F4HE  Stem cell- AT RREIEIE 1t = AER

= based (Planarian)

&

. AR5 E (Blastema)? E{f&EfE, HOLERN—EIRD AR, FEFOMAR
REMHEARNED M (dedifferentiation) —— B FAYRRR E " T E"IBTEIRTS,

Epimorphosis B8 :
Amputation — Wound Healing — Dedifferentiation — Bud (Blastema) formation —
Proliferation — Redifferentiation — Complete regeneration

8.3 Nk B

. ¥¥R8 Q8: Planarian, hydra, sea slug, newt, frog tadpole and zebrafish share a similar
regeneration mechanism — FALSE! BEfIB4EHIEA1EE (BN THRE . BHNEHE
BAE. ANEIRISIHE]) .

. ABET4HAE: Neoblast

9.1 HiEE

im®B (Planarian) BERRBRRE, EETIN279R, BREERMTENDRF. ESK
HZE, UX—TTHRREMEER-BFER,

9.2 B R
Neoblast (A3 T4HAE) F9<BIFE
4FIE E3

EE Al iR B2 5 MR 20-30%
PHRE B HH (mitosis)

E2

i  RBAAE—SD R (ONLY dividing cells)
fii

21t  Multipotent (ZEE/E8E), NOT pluripotent!
AN

Be

T31T Z{hla, BiiEneoblast®iREREZE A4 (migrate to injury site)
A
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FHIE E31

BStE  BRED IS (absence of differentiation in cytoplasm), & REA
s (decondensed chromatin)

L EiERPBER: Neoblast & multipotent stem cell, A~2 pluripotent! 8 Q2 £[ERIX
XA,

. Multipotent vs Pluripotent: Pluripotent AT IA 9 X EFiE = E AR ZEEY;
Multipotent RBED AT EIE RN Z TR, &R neoblast BT LAZERY R B AYE(I4H
8, BENERATMHE, 2T HEEASIEY pluripotency,

mBEBAAIEALE
o 1/279 M BRHE BN B A ST MA

o B/ neoblast FIAEEELK/RH (single neoblast can rebuild whole worm)

. SRBREL SR FERINEENAREE S 2 IR R
9.3 NitE

=R Q2: How to best describe neoblast? — C. Neoblast is multipotent stem cell (! R
£ unipotent, A2 pluripotent! multipotent 2 1IFIAZE)

® HiEg:

» Neoblast = jR T4
20-30% S{R4mAE

TR — D RAVZHRR
Multipotent, NOT pluripotent
1/279 fragment — FEERH

+. DEBE: FES5HE
10.1 HiEE

At 2MSERNOEATERE, ART? ERUFRER: NSEOAMEIERE TIBEE
7, ARE. BEBERERTS—XI LR IRFFROFARHE.

10.2 I 2
Ho&a0REEE
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e

. MES&FAEREREILE O (pre-existing proliferative cardiomyocytes) B4 =i
ICNBE

e %% Ras/IMAPK {5 BIR 80T

o AIUXMILEREE

/DR OEBERD

B8] B4EEN
Day 1 ((H4EE1R) TMUB%E, FER (No scarl)
Day 2 HAERES
Day 7 ~ Day 21 EMAEBEREN
R THEBE

KRBT BIWORBARENHIEREREK, MEELEEHEXAT ., "MWKEEKE
KREBEEEN? —XAIRER— T #LEIRR" (Losing regenerative capacity after landing
from water? An evolution issue.)

Piero Anversa H[f] — ZAFHNER

E S0 #iE
A Dr. Piero Anversa, IR{#EARKZFOEHRRRA
Fik R OMERRTEE c-kit+ (OETF4AAR (cardiac stem cells) B T84T Si5u0\BE
H1H MBI E B NS ELRENIE (fabricated or falsified data)
%R B ARFERBEIXLEILIC (20184)
El$$ FEF B OREP A FERFEEE T (No endogenous regenerative

3£ stem cell in adult mammalian heart)

&Ik Molkentin lab 1EBR & §&i& M FMEA S0 1O

- AR c-kit? —MARKREMEMER, BRINIZORTHERNIRC, Anversai=
FRe-kit+ AR AT A L0 O VARRE, (B —IRAHMOERRR hERT.

OSKM BHAFRIA: ODIREBAENFAHE

Chen et al. (2021) &3, TERAOALAEHFEHEE (short-term) RIX OSKM (Oct4, Sox2,
Kif4, c-Myc) AJLA:

1. Ai¥E 51t (Reversible dedifferentiation) — O\ AR ERIRL . 187E. B — O
B4
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)

2. ERKOSKMERIX — AR[FE XD (Irreversible dedifferentiation) — 2 E IR — 40
AKX

3. FFEELOSKMZEKIX — iIPSCIRTS — MYEAZEX (neoplasia)

KBTI OSKMETFIE/MTE "G EIIFA"FTAURMERAR, BERMOE. BRXMEL

METFHENSS XtEATAMREZREIEZANIN ESCs, iPSCs g CiPSCs,
10.3 MNiX B
@ TIFEL:

o MBBELEREBYE (pre-existing proliferative cardiomyocytes)
o ¥4/ Day 1 8B4, Day 7-21 Fifigkk

o RXEFIBZLENYDISHE IR % OB 48R

e Piero Anversa B c-kit+ [O\BE TR 2 ERR (31/IEXHE)

o OSKM FEHAFRIAT{E# O\EE4E (Chen et al,, 2021)

+—. BiElS (Sea Slug): WiskEBE4
1.1 BiEE

B—igiE (Elysia cf. marginata), AJLUEBCRIKITTRIE, AEXTAEHRKLE—
ETER! MENSAEAZERRELA—CERZIEEEA. E55. TiE.

1.2 BZE2
SRR L B A AL

o BYJX (break-here zone): kS AEZABF—ELE, BEFEMRKX
o Wik XEMFEAEMKLETESE
o WEFNGK: JUBITBMHHAREZNA, EFRFEMKLEX, KEFET

BAENEENRIR: FRAIH LR

o SBIEMMIZAELE RZFENHZ{K (steal chloroplasts), RFEE A
XL 4R R S ER N BRI IR HEEE

MEBIEEIR B ITRIE (1Z2RE7IRE)

BREMIIH R A UAIFHEAZRENEE, HAEFTEE

Bk /5 1IE R EBHX L H SR ENEEER TR B E

R S LR

MBS HR L MO B (SBERETBERR)
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1. BEEBER P 2S5 EENIE?

2. M ABA B XMEES?

3. AT 2ABBAEENNEAKZZ2EER? (Why most animals with strong regenerative
capacity are lower animals?)

4. RS LIRS R B INE AR H?
11.3 NI B
@ TimE:

o BUEM (Elysia marginata) A] AR LB A TR SR
o BEENR = MRMNMHRIAETHETER
o BAENM #RE, /KIB, BIE (BEBARE! )

+=. IEZJL (IVF-ET)

@ ©® PPT Summary (RHEL) — HISEBELINES: IVF is the biggest
contribution to humans from DB research

12.1 BiEE

REEMENARLZRER. RANTMETA? ERZWEZR/L (Test Tube Baby)#x
R, EREBBI600HIXERIL, HAHEFAORO0.1%.

122 BIZRE
HRAEGAEZIL
1= #15
B8] 1978F7H25H
s HE—ZKMEPRR (In a city hospital of England)
B N1 E (blocked fallopian tubes) F" 2" 14
2L Louise Joy Brown (254777 foBfl), BEXE

FARKBA  Robert Edwards (3%201053% 1 /REK)
RARBR IVF-ET (in vitro fertilization / embryo transplant)

IVF-ET ;2 B9 = KRB
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R RX il

1. ESHEHP Induced ovulation ELMF=E Z PR ERF

2. K9MNZHE In vitro fertilization (IVF) BREFFON RIS (BFRIA)
Z=a

3. BHARERBAIRSME  In vitro culture of early R TEARIMEFREIE S IERM ER

Fr embryos

BMIDERH: IVFEARGT TiIPE B BAZENITRE (Bypassing all steps before embryo
implantation)

&K (Implantation) 2% :

o BRAZEZH, RBEH3I0% HZIEINEERINER
o XECDC 2018F £ : 306,197 EBRH — 89,688R Tk — 81,478/E7" (<30%
FRINZER)

FERAE N BIE (52480 (PGT, Pre-implantation Genetic Test):

o TERRRFEAERIMIERERT
o THIAARSRIMAAERRHTISE
o SIBABMRIEFSEIN (eugenics / AEZ)

12.3 it 2

R Q5: Which techniques were used in IVF/ET? — D. all of them (Induced ovulation + IVF
+ in vitro culture)

Q&A Q1: What knowledge and techniques contributed to the first test tube baby in 19787

o BFRMEL: D IVFEIR; @ tHXE0IR (ovulation, fertilization, implantation); @ EEERE—
&, @ EEAY) (R. Edwards, 2010 Nobel)

o E—HIXEER)L: 1978578250, %[E, Louise Joy Brown
o IVF = {85285, ET = RiatsiE

« R. Edwards 3X2010F1% 1 /RE

o DBIARX AKERATZM = IVF-ET

T=. \IRRTEZ
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REEMFHERENRE

=30)
1935

1995

2002

2007

2010

2012

(2012)

L2

N4

Fach ]
IR

Hans Spemann

Lewis, Nusslein-Volhard,
Wieschaus

Brenner, Horvitz, Sulston
Capecchi, Evans, Smithies

Robert Edwards

John Gurdon & Shinya
Yamanaka

(Jennifer Doudna & Emmanuelle

Charpentier, 2020 Chemistry)

1)

RIUBARR & B RIVALREN
R (organizer effect)

B HAM R R B ROEEZH]

2N

2B R BNEFIEERIET
KR LR

M L Re TR T/ VR &
EStfh

IVF-ET ({852 45-RERa 218/
SHBhAETE)

B A B BT # BB Y AE 0 ZBE
{MARE (pluripotent)

CRISPRE R HRLE

Eiib)

SMO

SFIBIE

TR

T4RAR/E

EFTEE

&8 PRIz R

i

E X Yw4E

tARCRISPR? CRISPR 2—MERRETE, BTHENGRERSA. BH—IE"D
FEI7]", RIS EBILIAIEEN DNA RS EME, AT EENFERSMRERIN

ab
BEo

[URENZ
© HiFR (CHEXREG-AY-RM=):

e 1935 Spemann — Organizer

T, HFEAEEH

EEFHEREE
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1995 Lewis/Nusslein-Volhard/Wieschaus — Genetic control of early development
2002 Brenner/Horvitz/Sulston — PCD
2010 Edwards — IVF-ET

2012 Gurdon & Yamanaka — Reprogramming to pluripotency
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& BX KR
=
Q1 True FEL1E = minuscule humans already in seed
Q2 C Neoblast = multipotent stem cell (NOT pluripotent!)
Q3 A SMO1EZIREER — 15 neural tube
Q4 (0 IS TEH)E A Emake more animals with good traits
Q5 D (all of IVF/ETA TiESHIR+HAINZ B HAIME ST
them)
Q6 c B & {E 5 E=create your own CiPSCs
Q7 A 200+ FEIR)E Fbelieved only one parent responsible
Qs False NEIEDBENHAE!
Q9 A SMOj#&iZ producing special moleculest{ZE SR A AR
Q10 D (all of K ZZRARA & B 7] FHdamaging/removing/transplant
above)
Q11 A tEARZA 43 & =optical vesicle (NOT SMO!)
Q12 A&B H[3] g2 =reprogram differentiated cells + dedifferentiate to
pluripotent state (NOT same four factors!)
Q&A ZERRER

Q&A Q1: What knowledge/techniques contributed to the first test tube baby (1978)?
ERRELR:

1. IVF (IF5b288): 2OllE — ERIMNSR AN F4EE
2. KERANIA:
o HEBR (ovulation) RO IRl
o Z4E (fertilization) FURMHEEK
o BRBAER (implantation) AIRTALFNSR
o EHIRARR R BRIRT/L T ER
3. AR R
o ESHESP (induced ovulation) — FREXAZAEE+F
o KIMNZHE — FBINEIEFIPES
o KIMEF - BEAMRRRERINEE
o FARRTSHE (ET) — WSHERRIEANTE
4. BEAY:
o Robert Edwards — 2010515 M /R2E
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185251

o HthTi@AE : De Graaf (HFSRHLH!), Spemann, MR EF
Q&A Q2: Describe research progress of regenerative medicine.
EOHESR (RERMRREHE])

1. 3E—DAKRRERE: MEFERRE. DR, SBRhSE
2. Fik%:
- TR E: IPSC/CIPSCHIFYTEMMR (RS, (OANERR)
o FRAIBARE: WOSKMERIKXEH OIERE
3. [RHE:
o TS H/ERE > BRZIRMAE
o HIENRUYBLERESN - NIKRETEE
4. EEHE:
» 20244 CiPSC BB 4HRETT 12UNEFR R (Cell paper)
o BB ORBENGIRR
. WZEREEARRET (ERE)
5. Bkék :
o PPTEXEE (iPSC)
o FLURTHEZELENOE TC AR I T 4R AR
o WAFEERTIBEISTE

TH, $ZER: 2EGEABENAETNA

RRERMH—T SRR SIERANIER LB ENF:

> ¥ X HERERA (Repeated Across Lectures) — "A sperm + an egg = a
totipotent cell" XMOFHIMEESTIENRE!

EEZ5E (Normal breeding):
A sperm + an egg = a totipotent cell (£HELHRE)
L
Embryogenesis (RERR&R4)
L
Adult body (i)

'4 N
Selective breeding Reprogramming (nuclear transplant)
(fLiEE*) (EmIE-14T315)

L
Pluripotent stem cell (Z&ETF4ARE)

l
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XA
Therapy & repair (G&IT518E)

'4 N
Yamanaka (4 factors) Deng (chemical cocktail)
iPSC CiPSC
N '4

Regeneration (stem cells)
BE (FHEBENS)

BIMVERR: B4 = 2R S (Re-development via stem cells), BAKENBES ATFM
HRE, ETHARXTMELER.

ABEMFERF
1B (Memory Level)

() ABEMZERIZOEIRE: 17028500 — 200+4AREE — TR

() #3145 (1660s-1670s): De Graaf KI5+, Leeuwenhoek KI5+

() MEINAEORZIIRRRSZAER 7200+ (1660s—1870s)

() 200+FFEIRMRER: FRISIRA — believed only one parent responsible
() Ovism (BMiRi5t) vs Spermism (¥&R15%)

() Hertwig & Fol (1870s) B/RMEFFE5RRES

() Von Baer (1827) {RIEZLsII RN F LB

() 1E™T = IRfR, ~2ETEHME!

() Preformation (FiiF%i€) vs Epigenesis ([E%it)

() Wolff (9=~ CI0EEFAMIC (EME . BHE. EMERR)

() DBIUElE: Experimental Embryology — Organizer — Molecular Control — Reversal
() IERIEHIBEE = "creating something from nothing" (XH4H)

() RBERAR = MRAMARE)AIETI X R (regulative relationship)

() Roux ¥§+5L36 — mosaic development (%)

() Driesch {8RB3L38 — regulative development (S2E419H)

() Spemann )Lk &% - A BEFEMREIEEER

() Spemann (1928) #ZZE M MIIERR — R4 1640 A HA

() SMO = Spemann-Mangold Organizer = && (dorsal lip of blastopore)

() SMO #1EEIRESS — IESHE_HEZE (neural tube)

() SMO #9iESEF = BMP inhibitors (RI3A14)

() SMO AE#EKAX, MEASEEHER

() SMO #1335 : 38=Hensen's node, B 5 &=embryonic shield, /)\f&=node
() Tail Organizer: Thisse & Thisse (2015)

() Human SMO-like cells: Martyn et al. (2018)
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s

() EXIESEE: PE (loss-of-tissue) + 793 (gain-of-tissue) + F5F14% (heterologous
tissue)

() Optical vesicle = BRZAZ3ZE (Eye organizer), NOT SMO!

() EBERISRTFAES = incompetence

() Briggs & King (1952) $5—{fliZFE5047)

() Gurdon (1962) 158 L %818 — & B M EXHERG AR T 2R #EE

() &= tEtzi\agi: Is genetic material in a cell lost during development?

() Dolly 2 (1996) FIHZR 1/277

() #5epz (2018, E) EHIRIKESCNT

() OMKS = Oct4, c-Myc, Kif4, Sox2

() c-Myc = oncogene — FJEX

() Octd REHEHLEENR

() iPSC = pluripotent, NOT totipotent

(J CiPSC 1/i%5: TiE. Zhtyg. EBA

() 2024% CiPSC f& S4mpia 1 BUNE R (Cell, MR ELHIRA)

() BAMPFZEE: Epimorphosis, Morphallaxis, Compensatory, Stem cell-based

() Epimorphosis = £t + FERH + 1858 + BoH

() Morphallaxis = F~1858, {NAAEEHE

() Compensatory = FFBE (BUEARAR D S44ME)

() Neoblast = jm®R T4 = 20-30% S {A4HAE = multipotent (NOT pluripotent!)

() Neoblast = i@ BIRAME—2 R

(J 17279 AR BAMSTEIRSE, #Pneoblastr] EEELH

() B5&0ER B4 (pre-existing proliferative cardiomyocytes)

() ¥4/ Day 1 — BlI0MEER4, Day 7-21 — Fifi&k

) BEMBIELE TR IO T 4R A

() Piero Anversa A [H): c-kit+ O\BETRAEIEFR, 3118 SHRIA

() OSKMIEHARIX — m¥EED L — OBEBAE (Chen et al., 2021)

() B4&% (Elysia marginata) Wik BIAYIRR, MR HEERE

() 1978%F7H25H &fIiXE 2 )L Louise Joy Brown

() IVF =in vitro fertilization, ET = embryo transplant

() R. Edwards $X2010ENobel Prize

() IVF-ETS R=AKEAR: FSHOD + FIM285 + (RIMEFT

() DB A& AT = IVF-ET

IRfELN (Understanding Level)

() BERREFIRICTERICHIX S, FiaH STIiHE
() BEfEIR SMO RINAYSLINIB BN TEE LI

) EX o EBRBEMETRELE

() BERRBEN M ARTEEMTI R R B ERFEE
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BE3
() BELEER iPSC # CiPSC B9k =
) XD MM BERNNFHZER
() eEIRfRE4A = BRI EERELE
BERRRENTAANEBERE NS (THBKEES, MK

M R4 (Application Level)

() BEER"BWE+R D HEF " =R EIEE D ITHINESIUR
) BT LRI E ML R S 2 HRE"

() BEEEEE Gurdon #%#%18#] Yamanaka iPSC &

() BERABARIERN—MAEMNBENSHFATOE

) 8B FHRT EMA ZERENIRREIRS XK

%7&F (Immunology) -- Hi7R & S &1k

FESM: RERAETA?
BRINOS AR —ERE 37 HIUERONT, RENTSENETEST (BE. 55, 5
d) HEGN, FEE:

o —XFEPA (Immune System / BEZRE) : KiE. IRFIBA. HRAEE
o —RERIIA (B—1TRS): BEAIDRE (BER). #56%, BERMMHEFERE

XMERBRZNZIMES: Xo"EB2" (Self) F1"IJEE" (Non-self), IT#£THZA —» B
B%J&w (Autoimmune Disease) ; FTAIIMAE — & (Infection)

E—E9: REZRLLEN (Immune System Overview)

1.1 =j&RhHL (Three Lines of Defense) -« &i@HK

E—ERh%k (First Line): IR/ ZRE
— BBk (Skin)

|— % (Mucous membrane)

I— S5& (Stomach acid)

|— SERTHIAERS (Lysozyme in tears)
L— [F¥E2 (Normal flora)

55 _JBFh% (Second Line): KRA%ZE (Innate Immunity)
— &IEME (Phagocytes): shitidfE. MM
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XA
— BAFRMGHEE (NK cells)
— #*MEZRZT (Complement system)
— XRERM (Inflammatory response)
L— #iEBk (Antimicrobial peptides)

$E=38F5% (Third Line): FE5M4%E (Adaptive/Acquired Immunity)
I— B @B - #ifk (Antibodies) — {A#R%SE (Humoral immunity)

I— T 4 - %S (Cellular immunity)

L— %y&i21Z (Immunological memory)

$FIE KA %IZE (Innate) X5 %RIE (Adaptive)
MORGRE 9%~ \Ed R (WIR)
Sz & (iR%0 PAMPs) BERS (RBFERNA)
217 I B (iti B/T AREKEATEE)
2K TLR,NLR, CLR % (MZA4E)  BCR, TCR ((AMRREAM 4 ZH)

X ISR E®IA (Repeated Across Lectures) — Innate vs Adaptive Immunity 7£
Lectures 1, 3,4 R E LI

+4EPAMPs? Pathogen-Associated Molecular Patterns (fRREX D FiEx) ——
HEASS LIFENEX, MLPS, HEEH. HE RNA, RARZET TLR H32{K
RBEE].

—8hy: AR — FEARNFTRM
2.1 FrE /MR ERsk B B E M T4 - FiRk

| |
| Hematopoietic |
| Stem Cell (HSC) | &EmF4mAE
| 788 (Bone Marrow) |
| : |
|
| l |
| |
Myeloid Progenitor Lymphoid Progenitor
(BEZtHAHAR) (M R tE 4R )
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Neutro Eosino Baso Mono/ NK T cell B cell
—phil -phil -phil Macro cell
|  (®&DC)
Dendritic
Cell (DC)

- HAREMmMT4AR (HSC)? FaET BT FEMmMMAR 8", EEHEHN (Self-
) XEED

renewa >{t. (Differentiation) FXARE XM, AFSRT4L] 2000 {210

il e
2.2 FRABMWIFE « BiER

B
il =]n4 K A ARA% IheE iclzOiR
(WBC)

FR i 4R 50-70%  10- Ztiz BERMARE/EH, "N E"

(Neutrophil) 15um (3MH) R IREA %1%

EER 1431 4 AR 1-3% 10- Xtz mFLER (Anti- "FTBABA"

(Eosinophil) 15um parasite)

T Bl 14 3 40 <1% 10- Witz RN "I TTX"

(Basophil) 15um (Allergy), FERA

Bz

BEARZHAR (Mast R — — IR, K ALR PR

cell) 2HA% Basophn
FEICIZ: P = MR > BRI PERMERN (RLD) — 406 FER =
IR (LHRE) - BHeE,
BiZ/ElEHAE (Monocytes/Macrophages)

454 Monocyte (B21%ZHAR) Macrophage (E &)

A/ 15-30pm 15-30um (EX)

i MK {2

I KYHRER K52 (Pseudopodia), ZIE{K (Phagosome)

{A4ABTER B IEYARE (Resident Macrophages) B & 1&R:
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§%3& — Intestinal macrophages

fiti — Alveolar macrophages

BT — Kupffer cells (FEEZ #h40AR)
fi5i — Microglia (/)\BRE4HAE)

& — Osteoclasts (F '3 4HAE)

WZIR AR (Dendritic Cells, DC) EEE

3 B E581E (Repeated Across Lectures) — Dendritic cells as key APC %1%
RAGREBIRSERBENXBERR, 2ARERE

- MTARMRRER? RERGNERE —FERRAEAEENRAFRERSE T H
fE, BERRARENRAFTEREORENTR,

o IhEE: #/FE 2B (Antigen Presentation)
Cell)

e 2011 3£ D1/RZE: Ralph M. Steinman —— "for his discovery of the dendritic cell and its
role in adaptive immunity"

« DC MERFFFNMEE — TREMELS - FBNEKED MHC 21348 T 48 — BUEIK
FHRE

SEZEMEE APC (Antigen-Presenting

. fF4ARAPC? Antigen-Presenting Cell (/R 2i&4AA) BEIRRRAEEREFI AR
R, REMHC pFLRTA THARE, IREREZEEELRAFLET.

MELRE R

B ARG (Natural Killer Cells, NK)

JAR: RARE (Innate), {EREMEBEA

IngE: RILASRPEAME + BFrEMmAR

MFl: BEFLR (Perforin) + FIHiES (Granzyme) — ESEEMAET
2 FIE (Interferon), BiEE NG

WMERE (Lymphocytes) — B 4AREF0 T AR

3K IR E581F (Repeated Across Lectures) — "1 x 1010 B and T cells, each with
unique receptors" I 5+ X!

4FIE B #fif (B Cell) T 4HEE (T Cell)
HE AEEE 1000 A AB4E 1000
SR BCR (B Cell Receptor) TCR (T Cell Receptor)
=1 K (Antibody), FIAMER  4REET (Cytokines), &%
RREE  FR%EIZE (Humoral) ‘AR SRz (Cellular)

EizFR 288 (Bone Marrow) F9BR (Thymus) — FRLAIY T 4AAE
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BE

4F1IE B £AifR (B Cell) T 4HHa (T Cell)
RAAER  BEERAIRARER FE APC 2% (MHC + HREK)

BIMEMARETHE—FKX_ANERERZME, AXERARE 6.4x10%9 bp, Bl VDJ EAHF]
P29 ~10"9 MAER B ARERASHE.

AEIERARRER (HiAR)

‘MRS HpEEmm® SBEYEE %
ZT“HfE (RBC) 5.0x10"6 —
Mm/)\#l (Platelets) 2.5x1075 —
H4ARE (Leukocytes) 7.3x1073 100%

it HIZAAR (Neutrophil) 3.7-5.1x10"3  50-70%
WMELRAE (Lymphocyte) 1.5-3.0x10"3  20-40%
EIZ4ARE (Monocyte) 0.1-0.44x10"3  1-6%
FEES M RHI4ARE (Eosinophil)  0.1-0.22x1043  1-3%
EE IR ZHAE (Basophil) <0.13x1073 <1%

2.3 IS F4RERI AR (HSC Discovery) -« ERfLR

BEER: 1945 FJ B/RIGFEFRBIF - REXSEXTEHSHNERRIE - BEXE
MNEFEHFE" ST,

55088 — Till & McCulloch PEEEZ L8 (1963)

SLIORAE :

1. O NERBIRAR - 1T

2. SZMAVNERHBIETIZRE (950 rads) -~ BBISMASHHESR
3. BHABHRAREHOERAZENE

4. 10-14XfE -~ NERIERELIN'EE" (Colonies)

KR :

- 81 EE% (Spleen Colony) RBE2MHME - IEFRFEIEMT4HA
- —PMEERTA SRR, NAR. ERARE S MM

- E—SENFAEHREHEBENREEMRNINC - IETRER—MHE
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$iFR#ZEIE (Lead Shield Experiment):

« NERESRE - T (TRP)
o Fik—REEEHE — ZBEH HSC F7iE — N\EFE
o AT BREPEFEAERRNIFENNTAR

ZEAM: Ernest A. McCulloch & James E. Till (Z1{£%ZK%), 2005 I Albert Lasker &t
ERMRE,

A& I 4R AR AHFAIE -

1. BEREF (Self-renewal): oREED—DFHERFRFT AR
2. 91t (Differentiation): BEF~4FiA M4ARMZERY

B=ff%7: %¥&EZRE (Immune Organs) < FifH
3.1 ¥)F/PIR R IEERE (Primary Lymphoid Organs)
TR MR A S R EAIHE S

RE THEE KRR
& (Bone FREREME BRTH - RABEEXRTE ~10M1 TR, S0
Marrow) fE) ROMEHS R BN + BB~ R
RIRR (Thymus) T 4HBRRLEMAER T OBEET, MRAIK; BBERIERT

i1t (Involution)

DiGeorge ZE1E » : 5 22 SREAPEIXERIRK — MARIRK —» T2 T AR - ER
TEHRRA

T HAREASHE: BERP™EAIRMARARE — 100% HAN — X ~20% LHAMIERE — X
~2% RAHE N T ML (98% TERIBRFIAT) .

3.2 RRISMNERIEERE (Secondary Lymphoid Organs)
TR ARBEIIREH LN FAIM S

RqE BEINE IhEE
B4 (Lymph ~600 1, DA THRT. BBRRA. I IIEME; B/T HMiEiEE
Nodes) 3. B9RE. RESR MR ER

B%RE (Spleen) REREAE LR W MR PEIRIR
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w513
A HENIE ThEE

MALT (RAAR1TE X MIRRE B ER Sz R
EB4AHR)

MBS (EREE):

o R (Cortex): SHIFHEEME (Primary Follicle) — B AfEX

o BIRJE (Paracortex): T ZHfEX

o 4&Al (Germinal Center): HiEM B fHIEILIE. AMESIMRT. FM AR
7, FERRBHETER (Secondary Follicle)

MALT BB {FHZZK

o BALT (Bronchus-associated lymphoid tissue) —— [EIRI&E &
SHILE

GALT (Gut-associated lymphoid tissue)
Tonsils (RHk{i)
Appendix ([@E)
Peyer's Patches (JX/RIT) — AfKZ] 30-40 1

L. MC R&BH: H’JH:?%TQIHH@E’JEJZ?M%FH AEFFERZMREEMER. B MRESEE
PR, PR RERMARNRERFHRESHESM TR (HSC),

BMUED: REFEE — KBAYSIEIN/RE
4.1 [HERTE) %

Fi5 A1 Bk B IIRE

1796 Edward Jenner (E12% 4EWBFRE —B8RX  —
EY) FX I & FH

1879- Louis Pasteur + Robert  IAEEFIEIL (Germ Koch 1905

1881 Koch Theory); Koch &N

1884 llya Metchnikoff (18328  &UIEIEMR (BEX 1908 (5 Ehrlich #
GBS 50) =)

1890 Emil von Behring + AIME/AAR — & Behring 1901 (/&
Shibasaburo Kitasato RREE ENREREE

1890s Paul Ehrlich (ERFI %) PUA- RS 1908 (5

Metchnikoff %)
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3]
1930

1960

1972

1987

2011

2011
2018

2023

4.2 Koch ;&N (Koch's Postulates)
Robert Koch IR EMHMAEE EMIRBIVRIREME, FIE T HRITE:

A1

Karl Landsteiner

Frank M. Burnet +
Peter Medawar

Gerald Edelman +
Rodney Porter

Susumu Tonegawa (/)

R)113)

Bruce Beutler + Jules
Hoffmann

Ralph Steinman

James P. Allison +
Tasuku Honjo (A<[E1£)

Katalin Kariko + Drew
Weissman

wk
ABO MELRLE; *HUR
(Hapten) #:&

RREIREIEE; RGMER
&=

MAEFEY (B
5%, 8EX/FIERX)

VDJ B4R — MRS
1ERYIEE/RIE

TLR BERARE

KIS (DC)

CTLA-4 #1 PD-1 yE
E RIENE = FHTE

mRNA ZE T EE 1
£ mRNA ZBE KR

AIEE

RN

1. 7l ZHEMLIEE—PIZRERERAEE
2. AIIEST ZMEDIREMNBERRAD BHERINEIE TR

3. AIRER: AR SFIMENIEMEIZRENEA, DAEERIXKRRE
4. \TBOE: MRRSAISCIOEIIA A A TRE

Bhabo:

[R (Hapten)

51 =ZEBEX
= 374
PR  Antigen

Immunogen

R Bz EY)

EX

B85S B/T AR AR E(EAND F
BERNR SR N ZEHIA D F B
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1987

2011

2011
2018

2023

n/&E (Antigen). ®JZEJF (Immunogen). F#

BERIRS[EERTE

B &?
R—TE

=
=
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BE

= X EX BERIRS[EERTE

ME?

/

##  Hapten RoFE, 84S BT ARRZIAEREERE &
IR S| RRENENND F

DRS4S AMERERBENR, EFZMENRBERER. FNEE"KNTEFEEE"DW
7108

5.2 FMmRZHGF

o i} (Phenol)
o _HEZRE} (Dinitrophenol, DNP)
« H{FER (Carrier Protein): %0 BSA (Bovine Serum Albumin / IM;EHER)

Landsteiner 3$1/H 358

o HMEE DNP — THA~=4

o BAYIFSY BSA — =4 H1 BSA Hiik

o F57 DNP-BSA {88 4 — =4 KE#H1 DNP HUif + D231 BSA Hiifk

o IERR: D FHEMFERZIKRD FHAE LRI UEAFEMRER RZREIRF

Landsteiner BfRiX 2Lttt 2 M MEE EEAITIEK.
5.3 ABO MERYD FEN -« FilH

i} IMBAREM I 3% PR RIS
12 IR
A AR 1 B iR L N-ZERFILERR (N-
acetylgalactosamine)
B B HiR 71 A LR f0_E D-#ZL%E (D-galactose)
AB  A+BHE 7 MmMEE
o) 7c A+ 1B FIhEE (Non-functional)
{7\

ABO EE/RIB—FhEEEET2E8 (Glycosyltransferase), FEISIERERE 707 BFhEE,

BIERT: MIrET
6.1 FiAEARLH

Edelman & Porter -« 12245
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BE

MIREENR

122%% (Light Chain, ~25kDa)

|

| alEX (V) |

| Variable |

| Region |

| |
S I

EEX (C) EEX (C)

Constant Constant

Region Region

| |

— [

E4% (Heavy Chain, ~50kDa)

&% (Heavy Chain, H) + 121% (Light Chain, L) &M% — Y FEIUR{K

AT X (Variable Region, V): N ifi, AEMAERIIAE - MEESUS

IBEX (Constant Region, C): C i, REIMKER—I — MLIINEE

Fab E&: FRES K E& (Fragment antigen-binding)

Fc E&: T4 S HER (Fragment crystallizable) — 5% G40 FM Fc SAES, RiEH
IB{EF (Opsonization)

1972 FEIEDI/RE: Gerald Edelman (& IEENAZF) + Rodney Porter (4i#K%) —— EEHR
PR RS TMIRE .,

#tabs: VDJ Ef — MASFMERN T L

33X BBk E58IE (Repeated Across Lectures) — VDJ recombination =4 iK%
BRI O, Tonegawa B IEEIR1E IR

. HARVDIEAR? NEEETGEMERRFZTEN — T B ARATIE
PR "I D BV E R R EREEYAS, HER—T AR, XRRERSTE
~1079 MHURAIRZ O

71 BRREBRHE (FER)

i3 VREE DREH JREH E4A/KK
12§% k (Kappa) Vk: ~85 7 JK: 5 V-J B
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BE

i VREEH DRE¥ JREH E4A/R

125% A (Lambda) VA 7T JA V-J E4H
&5 (Heavy) VH:~134 DH:~13  JH: 4 v-D-J B4
7.2 BRI

B EEMV HBES ) KB - Vv-J BA

B4 % D-JEA - B V-DJEA - BES C X (BEK) &g
7.3 FEEIN S ER =P F

(1) P-#%E BN (P-addition)

JUE

1. RAG EHYIFF DNA - &FE# (Hairpin) FZEX

2. RFWARIRYE > =4£EIXFS (Palindromic) HYEEEZRIH
3. BEMEREMZER - P &ZHE (P = Palindromic)

(2) N-#ZEE&%N (N-addition)

X8E5: TdT (Terminal Deoxynucleotidyl Transferase / RimBiEXEERIETLEE)

TMKHiENR (Non—-templated) HEBENLRINZEER
=RZAA 15 bp

RESERASE (TdT EEREHITRE)

N = Nontemplated

(3) EEAFBHRY (Junctional Flexibility)
ERUONRERZEFRETN:

DNA &5l [EEFT HR
GAG GAT GCG ACT AGG Glu-Asp-Ala-Thr-Arg F#
GAG GAT GGG ACT AGG Glu-Asp-Gly-Thr-Arg [ERTHEFE
GAG GAT TGG ACT AGG Glu-Asp-Trp-Thr-Arg El
GAG GAT GCG GAC TAG G Glu-Asp-Ala-Asp-Stop X HINLIEEBF — T
GAG GTG GAC TAG G Glu-Val-Asp-Stop X 85 - K
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BE

RELHIL:

FREEHH:
F— 49 1/3 BEF=4INREMHAIR - Productive rearrangement
L— 4 2/3 ALK IFRBF /858 - Nonproductive rearrangement - #AREZET

7.4 ZWEFEHER (Allelic Exclusion) - IR
B ARRAEMAREH (KR + &R, EE1 B @R RAKRE—MRIF.
AL

1. B2 —KEeH (NER) WESE VDI B

2. MRMIN - 4N p ERERESIHIS — SR EANEREH
3. MRKMW —» BB —FLRER

4. MEERW — HRBFET (Cell Death)

B, BEBESxkE A

o K HEARIA — HNHI A BEEHE
o K PRI — 2l A 5
o HIRW — MR

Pro-B - Pre-B (pE#+E{UEH) - KRB (IgM) - pi#B (IgM + IgD)

7.5 B {HFRZ B ER
BB Tk g
HSC 7t lg =i
Pro-B o lg, ERERF =g
Pre-B u Bt + B2 5% (Surrogate light chain) &88
Immature B % IgM (migM) = BE

hay
=
m

Mature B migM + migD

1987 FiEN/RE: Susumu Tonegawa (FIR/I1#) — EAIMIUR S ERIRERIET

by k4
RE,

£/\&b5: mEEFEEILS RENR
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e
3K 8RS58 (Repeated Across Lectures) — Clonal selection theory 2 & & 3
BERIER

8.1 Burnet FEf2iFIZICHI7 KRN (F1AR)

Frank M. Burnet —— "The Clonal Selection Theory of Acquired Immunity" (1959), 1960 &
wIURE,

1. EABENRIE I TR £ 7 KESHMHINME/IZE

2. REZARIAEINHEHRENRE

- BITMEARIARE-MITRIERA

4. RIRSHRMRES — MEMRBIRE

5. BN ARIET S HEHEMRARAZIR

6. IEHHEIRBI B 5D F MM EMRREMER — RiZO—5F!

w

Peter Medawar RSCIOTTER: K—M/\EmARAR IR LS —MRmARFENE - FEN
BRERANENHEARATERENR — IR T RFERENZ "EFE.

8.2 T R fEARRFRYIESR

T YHAERTIR M B BEE N RBR

FEM%EFE (Positive Selection) — EEEE (Cortex)
I— #ERZIEE MHC 0 -~ 5% ("HER")
L FEERBIEE MHC 89 - BT (ZM)

PE41%E$FE (Negative Selection) — 7EBEM (Medulla)

I S5BBHE + B MHC £4X% - AT ("fROF, Bk ")
I SEBRERTSES - 5 BTE T ARAE)

L— 5E5RFRNFRES - & (naive T 4HEE)

FEHER: 100% RIBRAREHN — ~20% ZAMIERR — X ~2% 1EORR T AfgkiL .
8.3 T AR A B/ EX

b1§3' KREHNRIC VA=
Pro-T c-kit*, CD44*, TCR FKE1#F, CD4CD8CD3 WAR R
Pre-T CD3", B f#EEHE, pre-TCR 4
DP fER4HH  CD4*CD8* CD3* TCR* (WXFH%) =4
Mature T CD4*CD3* TCR* f CD8'CD3* TCR* (E2FH1%) HE/&
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PvE)
L MC B&Rt: FRMHEEELRR"B TN, M "8 TEEIRFIBE S MHC 19" (MHC
restriction) , BRMIEIFE 2 BB B RMNIEH" (Self-tolerance),

BNERD: RARIE vs. SRFHERE

9.1 XEE&
fid KARRIE (Innate) FEHRIE (Adaptive)

M 7 338 DR~/ B B8R (¥R)

E

FH4 [TiZ PAMPs (40 LPS, $#EEH) SENR, HXMIFMERM

(Epitope)

SR TLR, NLR, CLR, RIG-I (4% %s... BCR, TCR (AZHAREH ™4 Z1¥14)
iclz p/v B — 1212 B/IT HKEBERE

E3 4RI . BIEAAE. NK. DC B/ARE. T 4AR8

9.2 TLR4 5 LPS iR%

« TLR4 (Toll-like Receptor 4): EIX4AAEZR EAIIEDIRBIZ K

LPS (Lipopolysaccharide / lEZ#E): E=F[H4EMIBER D

TLR4 133l LPS — BUEE MM — KAE RN

Bruce Beutler (1998): & C3H/HeJ /\EAI LPS #XN2HTF TLR4 ERRT
2011 SFIgII/RE: Beutler + Hoffmann (RAGZZHERILIN)

9.3 DC BEEMENTR

« DC BIEREAR — FEMESR T M2 IEHURK (@i MHC)
o DC ERTZHHERIE{ZS (Costimulatory Signals) (41 B7-CD28)
i /\ﬁbjzfﬂ’ DC 7.|- ﬁ)&/}%&/ﬁ naive T éEEﬂ@

B8 REERM (Inflammatory Response)
10.1 AARRAEAE
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BE

I £ 374 Ll
A Redness MEY 5K — MG
A Edema MEBEMILI — RIXBH
] Pain RAET BRI B AR EZ AR AH
e Fever/Heat  IMiAttEH0 + BHAR

MEE¥5K  Vasodilation  MMEFMHEFEN

10.2 RAESFE

A%
L
BROETEEF + BHATF
L
BERIRIGI + E4HMEBEMEIGM
L
B (Exudate): tMA. C-RNEEHFHANAR
L
wkFE TR (Chemotaxis)sk: HIKMMIAEMLEFRESERZEISITRE
L
*k5M5 (Extravasation)stx: FHIEHEE T EMMEEEHNEHR
L
HREHE KA
L
RAEHEIR (Resolution)

E+—84%: FIEERA (Phagocytosis)
11.1 FIEI1E

BLIMES BRI RIBEY (Ligand-induced uptake)
HRARREZRIRBEERAE - FZREEAE (Phagosome)

BN (Lysosome, pH~5) S5&IEARMS -~ FWAEA (Phagolysosome)
B EB{AEEE (L RIR R

— AEABEE (Lipase): JHfLASMR

— sexEs (Amylase): SHEMEH

|— Z@E (Proteases): HAEARK

~ W N
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W3
L— BB (Nucleases): H{Liziz
5. HEHF%E (Egestion)

11.2 FIEMRRE=E

- it IRBIFF R
iEEKXSZ{F (Scavenger Receptor) HAEXREMABEDF
#MEZZ4K (Complement Receptor)  #*MAEHAIHR
HEHES{ (Mannose Receptor) MEXREDOEHEEZE
LPS 3Z{f (TLR4) AEZHE
Fc Sk HUARY Fc B (RIE/ER)

11.3 FEIES (ROS) FIiEHESR (RNS)

ROS A RE&TE:
0. —NADPHE{tEE—- 02~ (BHEFBET/Superoxide)

L —Ba i (SOD)— H20: (GFES/Hydrogen peroxide)

L g5t 8 (MPO) + Cl-—— HC10-
(xS E2tE/Hypochlorite)

XEZERKNEERD!
RNS A piE&1E:
NO (—&ft&/Nitric oxide) — NO:2 (Z&HLtHE)

L— + 0.~ — ONOO- (& ILA4ELEL/Peroxynitrite)

11.4 1 E AL (Antimicrobial Peptides) &

EN3 SFeilR mEg
o-ffHl & (a-Defensins) A (RpEEKMAM + RIUEAMABETH)  ME
B-Bh1HIZ (B-Defensins) A (LERALRSE) m&
Cathelicidins A, & m=E
Magainins i nE + ERE
Cecropins 2=l (Silk moth) mnE
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w513
EXi IR mEG

Drosomycin 48 (Fruit fly) MEHR

BT+ _8p: IRRENE vs. BRARENZE
12.1 STREMLER (TiER)

e /R Z (Primary) H/RN#Z (Secondary)
Rl Naive B A Memory B ZH#f
JB{RHA (Lag period) 4-7 K 1-3 &
LB A ] 7-10 X 3-5 K
NARES EHRERm R EE¥DR 1% 100-1000 5
FEHREEY IgM % IgG N=E
HlREEY TR + TIRMRE T K®
HUARFEN A A (Lower) = (Higher) (EMDAE)

12.2 EM 1 BEL (Affinity Maturation)

YIORIMRRE - Naive B 4HBEEMN - £ &0 (Germinal Center)
RARSSHRET (Somatic Hypermutation)
RERIFTEERAN 103-10° F
Xx¥2Eg: AID (Activation-Induced Cytidine Deaminase)

| | |
REMNES THRIES BENNES
| | |
AT AT RS IR E
|
SR + TR

E+=88%7: THEIEE
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13.1 = KE5

# X HIRKRE5RA (Repeated Across Lectures) — CD4 (helper, MHC Il) vs CD8
(cytotoxic, MHC 1) HI} 4+ )&%

T /AL B CD #ric MHC [R IheE
il

SHEN T 4HA8 (Th/ CDh4 MHC Il FEE) B HRREM; oW HAR
Helper T) A-F

RS T 46 (Tc/ cDs8* MHC | BEIRRI RS AR
CTL) A2 £ A

T T 4888 (Treg) CD4* CD25* — HHIRENE, %585

FoxP3* =
. 4 EMHC? Major Histocompatibility Complex (FEHLEDTUHESH) — i

KEN"RRE", CHARARTENEERAR"BR"E THRE. MHC | £rEE%4A
BERX (BRRAERER), MHC IH{X7ELER APC LRIX (RRIZIEAIEIA) .

13.2 CD4* T {APRIEL

IL-2
Dendritic Cell - CD4+ T cell
(APC) MHC II |
+ HURBK |— D28 - B7 (HRIH(ES)

— IL-2R (B9RMEEES)
L semgy i - MR Th + 212 T

CD4' Th B9%/\IhEE: #EBh B “AREIETL (T-dependent B cell activation), B {HRBEiEIERL
Th — Th 73 4HMEEF (Cytokines) — B {HEILIE D LKA (Plasma Cells) + 1217 B 4
i (Memory B cells),

13.3 CD8* CTL FH{A#L#l

CTL SRS (Conjugate)
L

CTL BB (Granules) EFHFIZEIEAME (MTOC EEM)
L

kipEnt (Granule Exocytosis)

l

| | |
| Perforin (FIX) | Granzyme (BiuEs) |
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| 7ESEAmARAE E1TL

| EERREILE | @i ﬂﬁ
| |

#/MARAT (Apoptosis)

. MC BEBR: CTLRfAZRAT, T2 (Necrosis), ATREFIEMIET (4HREUL

REFERE. RAT/IVE), TaIEL45HE.
13.4 MHC B2 414

o BT AYLE 100-200 AR MHC EHA
o B MHC 9 FHE4S 2000-3000 FhAEHRAK
e MHC RARARRITENERE

BT D : &E

141 T A =EE?

(Vaccines)

RHE—MEESNRAREUY—F RS RENREREND, FEIEERBERERERR

FrEEICI YRR,

14.2 7 \MEERE

8 [RIE B RE fEE 5+
E i3
BEEEE (Live STEERSBNRE & h%E  F4X W2 (Measles), BCG
attenuated) 1K e (5%%)
RiEEH SEERRIENE = hE RERRRE
(Inactivated) [RIK =
KEREH KENSEMIFER F = 22 BWRMEAX/EBRZ
(Toxoid) BRI VN= = (DTP)
DI =Rivg2eyz] RRAEN—FHE A+ = &5 HBVEHA
(Subunit) =| =
mRNA E & mRNA + JEF4K & = H#{f CovID-19
TN — fRRIA e (Pfizer/Moderna)
MREH
mEHMEER TERSIET = = h%  COVID-19
(Viral vector) DNA #H N\ 4HAR (AstraZeneca), &8
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14.3 BEEFREANT 4 HE?

BB EEESRENAEYLLR (Endogenous Adjuvant): EAEEBTAEANEFH —
HESH TLR IRARRER > RAEBRBEEEEE —» REMREGERENE,

14.4 mRNA EEHLE

BERRANAKTINL (LNP) BIRZRIBHIEZEEM mRNA
LSS
mRNA N\ 78 E4AE
{
BEZEEREE - FEREEZER (W SARS-CoV-2 Spike &ERH)
{
MEZEB® APC BE/21E - BATMA + T ARRE
{

TR REIEIT

2023 FiEM/R3L: Katalin Kariko + Drew Weissman —— &I ERE(SH{E mRNA k6
TN (F{RFRE pseudouridine BCERE), 1€ mRNAEEBINEIEE,

14.5 IZEE D

Hy IheE 5+

BT (Active WEARNE, BEERIE  KERE. mRNA

Ingredient) RIBRRY

&5 (Adjuvants) 1R RN §81&51 (Alum). RERRANK Bkl

(LNPs)

f&aE (Stabilizers) RIFEEEMETRINERR  #8/BBR (Sugar/Gelatin)
4

BAfE5T (Preservatives) BIEMEMERSE (X GRHIZR (Thimerosal)
ZHIEHR)

4 E (Antibiotics) FrlE#IEIRPRMEES  FiZ X (Neomycin)
;'7%1:

JREMY (Trace RELGER. HREIEFEY)  BEE (Formaldehyde)

components)

14.6 B3{A%JE (Herd Immunity)

e BEBZMABREN — FRELEERERE — RIPLEEZFMMEIA
o FHERZERMSE: MZ ~95%, Kt ~85%
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BE

o RIFXR: B)L. REMRPEEESF

14.7 JEH& vs. BARR

FHIE =H B ARk
B FER & (AEKR)
®EICIC A B (BREXK)
(5 7 B

B1+hAFo: ®ERE (Immunodeficiency)
15.1 [RR1ESZEiRRE: SCID

SCID (Severe Combined Immunodeficiency / EERA S RIEHRFE):

mEA EH MLl
RAG1/RAG2 & RAG1, RAG2 FoiE#1T VDJ EH — FINEEM BCR/ITCR — I¢
T B T @A
X-ZE$Hi SCID IL2RG (X & vc HEEFZAGRIE — T 48A0 % SN
KE)

o« BE: HABHBARAKRETERYE, MNATAZHE 1 SRISET
o "JEE51%" (Boy in the Bubble): David Vetter [A X-SCID £ FHETLTEERIREEEH

15.2 4 &1 i ERPE: HIV/AIDS
HIV RS REATT RS AL RTE

SM4ER (2-6/F) - IMEH#: (Seroconversion)
d
FAEIRER (Asymptomatic phase)
— CD4+ T 4REIHERRH T6%
— 73 RNA ENMEEF—EKFE
L T35 ~10 F
d
REJRER (Symptomatic phase)
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BE
— cDp4+ T #4p < 200/uL - AIDS
L &S MESR (Opportunistic Infections)

HIV tNEif B R4

o HIV X CD4 D FAZIRHAN T 4HAR
o WEEFRES (Reverse Transcriptase) J59% 2 RNA —» DNA - BEANBETERA
o THFEKIA CD4* T 8 — RIZERFAE T

R SERR:

o M FHEIHR (Pneumocystis jirovecii pneumonia)

ZEZ D HFE (Mycobacterium tuberculosis)
E /A% E (Cytomegalovirus)

K FAPIYE (Kaposi sarcoma, HHV8)

EBV [RMEEEITHETR

B89 : BB %REM (Autoimmune Diseases)

16.1 t AR BB RER?
BRAAREESAR — BRRBSHR, TUAERT 3%-8% WADSHIN,

16.2 | BI}EFRT® (Type | Diabetes)

o HliE: BEXMNM CTL (CD8' T 4HfE) INHERARPI=4E R D EN B 4HAR
- BEIRMARENE + B Bt S5 IR
o ZMEEE: HR/INERIETISZEM (Failure of central/peripheral immune tolerance)

@ #£38 Q: Which disease is caused by failure of central or peripheral immune
tolerance? — Type | diabetes

16.3 REELI IR (SLE)

BRIGEIR: WAURDE (Butterfly rash) ZEETED
BVRE . PRI (ANA / Anti-nuclear Antibodies), X DNA It EH
KB N BHERNMAE (RRESYITR - RE - ARMM5), WFRHEMER
FRER{TRE (Li et al., Science Bulletin 2024):

o RIFE: 14.09/10 A AE

o BIRE: 47.6110 B A

o BALEH (F:M) ~ 5:1

. FEHTHEABENERESTRRA S HIBE
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e
o 12l HMIAZIUR
o JBIT: BFIERFREREEE (Corticosteroids) 5 ELfth G & HNHIF

16.4 BERERNERES
EX Bl

WA RIRER 28 (Hashimoto's) 50:1
SLE 9:1
T4 S 1E (Sjogren's) 9:1-20:1
Graves & (B 71) 7:1
EREXTX (RA) 3:1-4:1
FERZ % (Scleroderma) 3:1-4:1

SEATH (Myasthenia gravis)  2:1-3:1

Z R IHEREML (MS) 2:1
| BUHE PR TR 1:1-2:1

~75% MBS R ERESE LY.
16.5 X 2 1EE B REFHIER

o« X REBMAE >1000 TMEE (Y EEBMH{NL 100 1)

o FZRGHFXERNMT X #r&{K: CD40L, CXCR, OGT, FOXP3, TLR7, TLRS, IL2RG,
BTK

o {RH X RIKKTE (Skewed X-inactivation): ERLEBHERERP, ROKEE—FER
X RERIMREE L

o X-inactivation ZBEHLEY — ZMERBRA"BREM (Mosaic)" (BLMERIATIRE X, AL
TR X)

16.6 B B RERAATT

RER B+
Z5 R REEERR. AR, FER A ERER
PR RAET TR PRETAREYAE . A REMABEF
OESRNY T 4 CAR-T j&TT BB %R %% (2024 Cell)
M= 4 %% (Tolerogenic Immunization) ORIMBEZHERRZIBESRENS
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BE

Bt+tafo: ﬁﬁﬁi}iE\Z (Hypersensitivity)
17.1 p‘_[ﬁqpkﬁu \

E- i B Ml ]
18 IgENE IgE + BEA 2 A B Bk AR (JLoH)
N  HENTSHERSE  19gG/IgM S8MEBRRENER — (ME  ERE

3 7&/ADCC
mE ZEESYNS NE-MEESYINIRAR - RIE A
\Y IR& R (Delayed THRNS (RMREER) BRE (24-72
i) type) IINB)

17.2 | BYEBSU R PR

EREMISERE (Allergen)
.
B MRE™4 IgE #ifk (1966: Teruko & Kimishige Ishizaka &I IgE)
.
IgE BX Fc SZAESEBAMME (Mast Cell) KM
.
BREME—I SR
.
IEURMEX IgE - Fc ZMREx - ERMAEAIFNL (Degranulation)
.
£ E
|— m®EMAE (Vasoactive amines): #HB& (Histamine)
I— BERNER: B=/% (Leukotrienes). Ri%IBR= (Prostaglandins)
L mpmETF
.
ER: e, MEREHGN. MEEFK
.
2514 - I&IEIR%E (Anaphylactic Shock)

iafr: "B LBRE (Epinephrine) — FiBAMAM, MEWLE. BE/KE. FrellE.

=R SR
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BE

=3l fBIF
=1 HMRIMTE. R
BY) IR, BEE. BE. FI
) EEE KE (Ragweed), HEfid
754 BHEX (Penicillin), &R, B

BEMY) BS. SES. BUE. B, L%
KRB JE/EE

HAth B BEEF

L MC B&ff: SLE £EZ Il BBk (REESY), T2 8 (ERMPREMME

&),

$+/\&%: PD-1/PD-L1 REWESTE @

X IR E®IF (Repeated Across Lectures) — Immune checkpoint: CTLA-4 and
PD-1 7£ Lectures 1 1 4 R & HI

18.1 #ZICMIL I

EBER: T @ARBEEERE PD-1 1 CTLA-4 - BE"FME" - BLEZERE

FEREA e ki :

BMEERA PD-L1 (PD-1 HYE(R)
d

EHRRAY PD-L1 5 T AfEAS PD-1 &5
d

[ T @REE"IFEIES" - T @RKE
d

FELMAE LB IR R 5

18.2 #i PD-1 }ifhiT 3%

JE53#1 PD-1 #ifk (Anti-PD-1 mAb)
{

{ApERT PD-1/PD-L1 fHEEH
{

BERRXY T ZHARAY"RIZE"
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1

T WREFAE - RAFRIEAEHAE

18.3 xR EAME
RER Ak Mg
Tasuku Honjo = &I PD-1 (1992 EMBO J.); PD-1 b/ NEEIVIREHE  REAF
(AFEAR) BHE%ZER (1999 Immunity)
Lieping Chen &I} PD-L1/B7-H1 (1999 Nature Medicine); &INAH7E HEKXF/
(FRFF) ‘ARE@d B7-H1 {83 T 4ARE/AT (2002 Nature ¥ B2 FR
Medicine)
James P. &3 CTLA-4 B T ARRFMHRIAIEEREF; 1 CTLA4 fEreiEEn
Allison FUARINFI I 4E < (1995 JEM, 1996 Science) RE
2018 FEig /R : James P. Allison + Tasuku Honjo —— "for their discovery of cancer
therapy by inhibition of negative immune regulation”,
18.4 CTLA-4 vs. PD-1
GBS xik [T {EFAREX
CTLA- {NFERUER B7 (CD80/CD86) 7 DC. &ft  THREmME (MEA
4 T YRR E 3R Elx4BAE. &1t B ML A/, DC-T Z[d])
X
PD-1 HUERY T 4 PD-L1 (B7-H1) fE/=240R8. 28 T AREINME (APER
i) AR R, THE-EME 2

&])

18.5@ PD-1 QA 58 (ihE
#5 Q (Q&A):

Q: Describe the mechanism underlying the anti-PD-1 antibody treatment for
human cancer. What are the possible side effects caused by the anti-PD-1
antibody treatment and explain why?

IREER:

(1) #L#l (Mechanism):

Many human cancer cells express high levels of PD-L1 (also called B7-H1), a cell surface
protein that can bind to PD-1 protein on the surface of T cells. The PD-1/PD-L1 interaction
suppresses T cell activation, thereby preventing the clearance of tumor cells by T cells. The
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HE3]
anti-PD-1 antibody treatment removes this suppression and re-activates T cells, leading
to the clearance (killing) of tumor cells.

(2) BIlfEFE (Side Effects):
One of the most severe side effects is immune response caused by the PD-1 antibody
treatment. There are two possible reasons:

» (a) Because PD-1 antibody is a protein, high dosage and repetitive treatment with PD-1
antibody can induce immune response against the antibody itself.

e (b) PD-1 antibody treatment can lead to unusual/abnormal activation of immunity,
leading to the damage of patient's normal tissues (immune-related adverse events).

B+hHE5: CAR-T {HRTT X

3 ¥R EEIE (Repeated Across Lectures) — CAR-T therapy 7£ Lectures 1 1 4
s¥=kitl

19.1 [RIE

CAR-T = Chimeric Antigen Receptor T-Cell Inmunotherapy (BREHRZ T AR GIEST
i%)

1. NEEMRFDE T ML
'
2. BEATRENE: 4 T AR L"HREMERERZA (CAR)"
CAR Z5#4:
— #1/RIRBIE (Antigen-recognition domain): SREIAN scFv HER
— ##EESF (Costimulatory motif): CD28 & 4-1BB
L— TCR Z2 &K (CD3Q): #ERES
'

3. MSMTIBRUEERY CAR-T AR

l

4. EH4aEE - CAR-T RAIFARIERAENRRIZHAE

19.2 =X CAR NZER

(e =i 1R
F£—f X CD3¢ IEIEAS A E
B CD3(+—1HAMER (CD28 5 4-1BB) EWEKE. [THIRS
£=f{ CD3(+ M THRIMER (CD28 +4-1BB)  FERRUEBIEATAM
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19.3 JATT R

o« 0@ CD19 HY CAR-T j&77 B 4R E4AHE (ALL, CLL, DBCL)
o 70-90% T2 ZE/EE (Complete Response)

19.4 CAR-T BY[a) 3%
6] 2R R
MEFRIGEIE HERBHE > KEMPEFEY - &R, KIE, "2
(CRS) KA
R X R KL RIETIEE B 4 (thFiA CD19) — B fHRERZ
CD19 E& AhTEZHAR T8 CD19 — MZH/E .
TERRE RINEIMRENE, TR, RIS, RIS

19.5 CAR-T ;&7 B B RETHR

2024 Cell i£X (Wang et al.): CAR-T f7iERINAT &R N SHIARTEENE (Immune-
mediated Necrotizing Myopathy) #5724 & ik R A4 E (L IE (Diffuse Cutaneous Systemic
Sclerosis), &77/g 6 ™A, MRI {IREFERAENE

B TED: MilERWIE
20.1 HRLATFARENT (REZ RE5E Page 4)

& Q1: Which receptor on macrophages recognizes bacterial LPS?
— TLR4 ("2 TCR, BCR, PD-1)

¥/ Q2: Which disease is caused by failure of central or peripheral immune tolerance?
— Type | diabetes (1~ SCID, AIDS, Allergy)

. fEMr: SCID REREIRFESET B/T 4AfE; AIDS 2 HIV iR CD4 T 4hfS; Allergy &
MNIRMEIERN . RE | BERFEEMZHNHERSHNNEE S B HiE.

& Q3: Where do all blood cells, including all immune cells, ultimately originate?
— Bone marrow hematopoietic stem cells (HSC) (4~2 Thymus, Lymph nodes, Spleen)

¥R Q4: Which type of vaccine contains the strongest endogenous adjuvants?

— Live attenuated vaccine (R AERMNERE EFEREH — BUE TLR — s=BEFIZAN)

¥/ Q5: During negative selection, T cells binding too strongly to self-antigens will be
— Eliminated via apoptosis (=2 activated, N2 ICICHAM, TNE2BICN naive T )
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20.2 13 Q&A (WE

Q: Briefly explain the difference between innate immunity and adaptive (acquired)
immunity in terms of speed, specificity, and memory.

IEER:

o Speed (3 marks): Innate immunity responds within minutes to hours; adaptive
immunity takes days to develop.

o Specificity (3 marks): Innate immunity has broad, pattern-based recognition (e.g.,
PAMPs); adaptive immunity is highly specific to unique antigenic epitopes.

¢ Memory (4 marks): Innate immunity generally has no immunological memory;
adaptive immunity generates long-lived memory T and B cells for faster and stronger
response upon re-exposure.

20.3 FREICIELIE

=E#L Q1: In response to protein antigens, B cell activation usually requires the help of
— CDA4 T cells (T-dependent B cell activation)

&l Q2: Which statement is NOT correct about secondary immune response?
— C. Secondary immune response produces predominantly IgM antibodies.

(1IEFf: 1gG JE, IgM £ Primary B9EF=4)

1 Q3: Anaive T cell refers to a T cell that __
— C. has not yet encountered an antigen.

(naive T 4AAE = AZMERIZARINRRY T 40AR)

! i MC IZEIB#IEIU\

1. A REMEEEMAR? — X KB S8 HSC, T ABEMARMEL, B MRESBER.

2. FFEMRBERER? — X HHF (Hapten) ENREAERER.

3. BRMEEESE IgM? — X £EE IgG., IgM 2¥IRNENER.

4. CTL BiTIFE (Necrosis) HIGEEMAE? — X BT /AT (Apoptosis),

5. FAMEIR BB S REME T AR? — X [AIIEIF (Negative Selection) 7 5&f, PHILIE
ERWEEEIRFIB S MHC 89,

6. NK HREXB/MRE? — X NK BEFRARE, RAKEMEEMEE,

: AFBLRE®? — X DC E’\]@(lb\mﬁuﬁ'\fﬂmﬁﬁzLo
8. mRNA FEH#NAEZMRT TEREA? — X mRNA FEABRTELE, FdENMEZ,
AEE N DNA,

9. PD-1 2EGE T ARNES? — X PD-1 24t (Negative) (55, FEET PD-1 7 2RI

il
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e
10. SLE &:BLHl ~1:1?7 — X 495 9:1 (EPERTHEFPL 5:1),

HAIZRZ I ZRIEE (Checklist)
HiBR (LFEEEREZ)

() =& AERFIIHEE

) EXBHMEADLE (FIEKL 50-70%, FHHE 20-40%, FEEE 1-3%, FEMR <1%, 1% 1-6%)
() Koch PU3EN (FhZEXT)

() ABO MBS FEM (A=N-ZEi+ZFLHERR, B=D-FZ.1E, O=TcINEE:T2Es)

() JuhgEty: EpE/AREE, AT X/MEEX, Fabl/Fc

() VDJ ERERAFEEE (Vk~85, Jk 5, VH~134, DH~13, JH 4)

() ¥R vs. BRI EXEEER (Naive vs Memory B, 4-7d vs 1-3d, IgM vs 1gG, 100-1000x)
() AMREEE + EEARGF

() MUFhiBER N ZEEY + Al

() BIURRER (Ffn + A1) + T3mh)

BRL (FREMESER)

() HSC MM ASHIE: BEEH + D1t

() Till & McCulloch B#EE5&LI8i% 1T

() DiGeorge LR &1EAYTRE

() VDJ EARLITE (B4 V-J, B V-D-J) + HUERHERF
() P-addition, N-addition (TdT), Junctional Flexibility FJ& X
() Rft2 ~2/3 EHEFTR — HAEFET

(1) Burnet ZEIRFIBISAKEREN (LEHIEE 6 %)

() T 4HREBEMIESE + BRI IEFENERENEX

() RHARE ~2% BRI T 4058

(1) DC fE %<5 APC 94/

() TLR4 125 LPS B9 Hi3%E (Beutler SLI8)

() FEME — BIEABANRESITTE

() ROS A£pki&12: O2 — H202 — HCIO (MPO)

O) BEEEEANMTEREBNIRMEER

() mRNAYEHELFRE

) FE=MAEEONE (FARSIMRT + HURIEE)

() CTL @i Perforin + Granzyme XA

() RERAMAE + HL5H

() HIV &m#FES CD4 it 8t
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R (BEDT#Tin=

) wfaligit—"P R (3% Landsteiner)

() B2 PD-1 HUARERTTEE + BEARRERE

() CAR-TH=REMER + IRKREIA

O A2 ZMBERERAREES (X RBIMERILE)
O) BrRZEESRHEMERNXR

(J CAR-T jaf7 B B R miRIE

GENRREBER
Fin REE BEAXHRIE
1901  Behring METE/IMsx
1905 Koch Z51ZTE 1 Koch SEN
1908  Metchnikoff + Ehrlich ~ ZFIE4HAE / FLA-IEELS
1930  Landsteiner ABO ME! / iR
1960  Burnet + Medawar TEIRRIEIL | RENTS
1972  Edelman + Porter MR F 5
1987 Tonegawa VDJ B4 / A B MEERIE
2011 Beutler + Hoffmann TLR /| RARIEHE
2011 Steinman WSIR 4R (DC)
2018  Allison + Honjo CTLA-4 + PD-1/ REKE =i
2023  Kariko + Weissman mMRNA #ZE {21 / mRNA & E

End of Immunology Module Review

AEi%d= (Neuroscience) {&EIRE >

@ @ PPT Summary (RHEL) — Lecture 1 "E %5 Summary”: Einstein brain
uniqueness, brain structure/function/CNS, neuron & synapse structure, Doogie Mouse
experiment, enteric nervous system.

@ Zi /M (Professor's Exam Hint) — #IRHFBIR: KA AT, RINEHIH
AE/CNS. fZTTRASIAKELK. HRERS
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FEMSA: KEH4?

A HEREEEAR: WRESELEE-—TER, AHMEEEER—meRISERNE
B (BR), MERR (BR), ARRE&SS (&5, #E2RAAMEEZEEETNME
—MNEHEIZHARE (H2), DEFKRRLNIEEI (RfE), FEEMNBESHEASE
(127

F—TXR#ERLE: AE—aBRrEN, BLECTENHBER. EB860{CTLIERTT
(##27w), B8TERERTLIATEMSET, BEBI10052 1M ER (Rih), MEXE"T
ENl'eECHEECNLE (FT2Y), XZREMTAEHEEBTEHRIR.

P LZEREZE? AKREEMNBE. B2, 1210, HEZNRE. BERANMSER "2
H", XMERFN"REER" (the last frontier of science),

—. ZREMERAH

3% BB E581A (Repeated Across Lectures) — Einstein's Brain FIR4SS1E 2
Lecture 1 S| AR AITIN R

HigE
EFRETER20E EHRIBANAZ—, BIZEREHE: tMXARE, BEAEMBIARKS
MEBANR—1E?
HBMEE
ARKEEFSE (BFRR):
o /= (Volume): 1.3 # (1.3L)
o E& (Weight): 1.5 AT (1.5 kg)

o HRELLHI: 2% body weight
o FEFE' 25% of total oxygen (KINEARG2%AE, FEFEEE1/4ME! )

- MHARRSE? AWG—aXKEAENEESIE, FEAE"MHA" (ESNEEHE)
SRUEFFAN B BTRYFRIETD .

ZRHTEAMAIBF 2L (FIER)

1. T\ (Inferior parietal lobe) tEEBAK 15%, BIFE KX, XTXIEATHER
% BRAOFMARKZEIAZ,

2. KiNi% B0 S RN AME 834 (intergyral grooves), XSG ANER"EEFE", [
WM., ROXEERS, MESERRIRETE, BHEHEER,
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HRHE:

« Thomas Harvey (EMHEIERRIEFER): ERBEHEEEEREKRR, ARBERE
B, WEEEMY, PIRZ92401R (240 pieces)

o BERIMEAMS99ZEERL (99 elderly men and women) BIANER#H1TEEIR

o Dean Falk et al. 7£ Brain 3 (2013; 136:1304-1327) X EREHIEX, 1#HEARTE

X1 B 38 A Bl 1 S B 45ALE

R =
BLER:

o 1.3L, 1.5kg, 2%1KE, 25%8 — HICIEXPAMEFE
o TNTH/INH15%ER — FF/= (8 B 4RE

e Thomas Harvey — 2405

o Falk et al. Brain 2013

L DLBERA

o REEDMAMLEEAKI15%, MR FIHXE
o LERNRZIOREFA (FEEEREA)

Z. MRRAMNHEL @

HiZE

MEREIRNEIIRIAE, HEAJENBER, BR-T: NSKEFEN (BEN) Bt
B — R RERIN AN (FIRBERF+HINEIHEZ) .

MEE
HACFFS] (EIBR) -

8% (Sea anemone) - B2 (Sea star) - mHB (Flatworm) - B (Squid) - A&
(Human)
A MZMES (@ S5MQAZS):

. HAREHE (Centralization)? FHELTRNERIFREEXE (FIRHZRE), M
AEHENEGEES.

. {t4aZkAt (Cephalization)? ISR EMMINEEEPR SRR —in (KEF), FEM
AB, BTRERRBAADREEEZETREA,
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BE

848 (Sponge): ! ZEMLEZIT (NO neurons), (BERIBEMEQNVER!

Rzt =

@ #£5 Q II: What adaptive advantages might centralization and cephalization offer?
IESRIER (BRE+NAR):

. Centralization 2E 51T A& Z:4 (behavioral complexity) 1IE4H %

DB W (diffuse nerve nets) = [RIA/fE &

&R = EERNEEEES (BEBSMEHINEFE—MIE, EoEXomESR)
KA = REEERTEA + 2R REPIRBERGNERED

CEE gz (MEN, TEPH) vs AX (BESHM+AmL)

a h WO DN -

L. MCR&RH:

o BERAREZT! (BERERBELER, BLARLHZRS)
o SERHALACAZE—BRZ!

=. CNS 5 PNS

BiEE

HERRFDMITAEN ] PRESE (CNS) MEHEFHENME (PNS),
HER (HER)

w2 Z4 (Nervous System)

— miR#2 &% (NS (Central Nervous System)

| | B (Brain)

| L #8& (Spinal cord)

| L— sE#E5x (Interneurons) — R7FEFCNSH

L 4pMEZ RS PNS (Peripheral Nervous System)
— Rust3s25T (Sensory neurons) — fEANZEZFICNS
L iEsht425c (Motor neurons) — MCNSIERER

PNS BMIEZEIHEE: J§ CNS 5MUEFZS BEEHER.

Rzt =

o IZfR"CNS = fx + FH#E, PNS = &% + 1zsh"B1A]
o AT PEMEZITRE CNS H
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/9. AREIHEEBLRIAAREN @

3 BB E5EE (Repeated Across Lectures) — FIVE PRINCIPLES 287 7 /X!
XEETEIFMPIEHESIHRE

XEBRTRRFERGEENIER! N TE—HABEER:
[RN—: XKHIhgE= FE AT (Brain function is localized)
BiER: ARG —EHT, FRRENERENE

FXH/N
SENE

o IFEFRE: BRIMAR (stimulation studies). RXIR{AHAZR (lesion studies). HXFFZR
(stroke studies). IfBERL{% (functional imaging studies)

o XHF: BrocaX (IBEMIES). WernickeX (IESIEfR)

[R=: KENAHEE (Brains have maps)
HiEE: KiEE LB —ESHAN"E", MEMHKE L8 M aAMRHI—MIE,
HEE:

o {A{i[¥ (Somatotopic map): S{RREMNERZIAIRFEMRNER =, TSR it
=

o 1B/ VA (Motor homunculus) 1 &5E/)\A (Sensory homunculus): EEFFEAM
PERKLEFINAERREREK, EAXEBURER/RRE

o L AEAEMXAAUIEARLR!

o THY45G): EE2FER (star-nosed mole) HE KK BIAX L J4MNEE B RS

FEM=: KIVREE! (Size matters!)
BHigRE: AREA, MExilz, SEOENEESHMEBER,
MR

o BERIAM =FZMIT = BEEXNES
o ABIKRANZ9860121%ZTT, >10051258f4
o REH (cortical column) 2EARINEELN: 1-2BATKEERE, 81MYW10A M HEAZTT

FENM: FifgrxEY 5k (Repeated expansion of forebrain)

BiEE: BiEstENIES, BN K, MEMEkEE" (G T8, SEMRILY
AR,

MR

63 /150


af://h2-223
af://h3-224
af://h3-225
af://h3-226
af://h3-227

3]

o BENBZEMEN (hindbrain) 5IEILENE R X158

o (BEEMBILMHME T EEZAIBIMN (forebrain) £554

o MB — MM — 8173 — B35 — IHFLE, RIESREAA

[FNF: #2262 FTEEE (Neural circuits are plastic)
RiER: AR EEEEL, MEkEA"EE"E D%,
HEE:

o BEEL (Hard wired) vs ATEE1% (Plasticity)
o TJEEMY = RINIRIEZ I N T NIEN 15 2 AVEE
o SSRRPIEBMEF S FICICR AR B

[VREN
DT AR & A —EiERE.

f. RS KIEE

BiEE

AEEEDUAN, EEE"EK". MRBEXIEZHR, AZKERENESEN,
HER (R

it (Lobe) (VA= KXBINEER  HRBBRIKIEEE
Filt+ (Frontal) BUEB BrocalX BrocakiEfE: BEIRAZ(BIRAMA

Bilt (Temporal) ™7 WernickeX  WernickeXiEfE: RIMETLEXINES
T5ilt (Parietal) EEBER  ARREE UNRAELES
fiH (Occipital) 58 N4 = RS

I

EEEN:

1. WernickeXX (FBf2IE=) — 3JAH (Arcuate fasciculus) — BrocaX (F4iEEMIES)
2. SRR — ESIHKIERE (Conduction aphasia): &EIEfE. &EiHiE, [BEFEEEEFIA
RHITE
HIR45ML (Hemispheric specialization):

| ZZB% (Left Brain) | 5F% (Right Brain) |
|-
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| =R BN S AR | F=HIZ M S |

| AMARET | ZZMARET |

| %1% (Speaking) | = [B14ME (Spatial Processing) |
| 3iZ (Reading) | EI&FIRA! (Facial Recognition) |
| ZEEBE. o | EK. BRKIA. BOREE |

B#BE{K (Corpus callosum): ERZRAGFEKE"HFR", hE — A (Split brain
patients), {A#E—kEEEFMMIMILAM.

Rzt =
L MCRARH:

o BrocaZkiEfr: BEIBRE, ALK (RS EEIERE! )
o WernickeZiBfE: 81X, BiRMNEEX (AENWE! )
o ESMKIEE: T HEEE (SIKEHH)

A =z

75. =iH (Consciousness) @

I
I
M

RIREEENEZFNAZER: AtARNAZ " EREF", MR EMALNFE?

§::3 349

¥
HE
Ml

o EH¥Z Thomas Nagel (1974) IREZE B[O : "fER—RIRIERTARERE? " (What is it
like to be a bat?)
o ERIRIERANEAFNEANER, SE(1TEANE
o MRBAVTEBRIRIBEBNRASZ, BIREFIEMNRERIR (HEDBEANITIEE)

 Giulio Tononi B=iRIEP
XBEE:

o L AFR)VIE (cerebellum) (/NIXEERE—FZ7T), BMATEIR
o WHR: EIRAEEEM"HAETZHME"

R E&BEXEIRNFIL:

o WIFE{HERSZER (nociceptors), AR
o (BIfREREITEEIE"RSZ"?
o REERBEEMRINATEN"ERIAENLEM" (sentient beings)
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BE

Rzt =

o I2fZ Nagel tRIECID N HETEZE X
o NIREMERIR - BIRTEMATHEREN

. HETLSWSEERAL

X HIBREET (Repeated Across Lectures) — Neuron structure + Action potential
+ Synapse types 2 HEZ R FHER

25454 (Neuron structure)

BifE: HETG—RN—R (NR) ZRES, WTF GR) EBES, MR (5
) EESEET RN,

BMEE (184

R

i

TR TN

— #i%8 (Dendrites) — #HUCREHMBZTHIES, A
I— Bk (Soma/Cell body) — &4ERAZANMAIZS

|— %38 (Axon/Nerve fiber) — B—&K4F4%, EESZEIKMARR
— B8 (Myelin sheath) — BIEMR, MEES

L— ssfsR#Y (Synaptic terminals) — BREZER

KEEENF:

o RNEFSEMAM: 860{ZHL2JT (86 billion neurons)
o Ffili: BPMHEAITI-10KTRAL, >10071Z25K%AE (>100T synapses)
« REM: 1-2B8A1, BHFL105®8ET

s{EERAL (Action Potential)

BiEE: HETR"SFAET NEPERES, MEFE—=ATT, BEAZENA
59,

MR (HER)
%A

o 2T F (All-or-none): FICHIEGESS, sHfERMMNBEARRET
« E32 H(i (Resting potential, RMP): #4275 Il 8 A A& BE {22
o [H{E (Threshold): ft&SN{EEMFIENSR/INERYL
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diE (PRER) :

1. FISENA - FAEE, MANERIL

2. Na* i@i8#5E (activate) - Na* 37 — AR (depolarization)

3. Na* @8 iE (deactivate), K* Bi&EHE (activate) — K* IMNit — 4L (repolarization)
4. FREBEMERS

LA £ 5 (Saltatory conduction):

- BESHEIEWMR, ERBEE

o BRTX4E (Nodes of Ranvier): BEEH > (8RR 5E XI5
o SHEEBAITERR Y45 2 E]"BHER"E S

o [ERBEEMRESEEIRES

. FAR=EET (All-or-none)? FAEIR MK SIH—AEMBASANER, HHER
IKEHZ—1FN. SHFRUBEARTE, —BEF-EMARIEERE.

[VREN
L MCHaRH:

o SNFEBRURERTR, HEEEATINERE
o FEGRERINNZIRE (SHIFERANEBINER)

I\, RS HLFRA
HiZE

HETZBERMEREENAN: —MMEEREF (BRM), 5—MEEERE (KLFER
fa) o

HER (HiER)

e FEB3Efl (Electrical synapse) {t*#3fll (Chemical synapse)

et ) [E]B& %% (Gap junction) ZZfMEIfE (Synaptic cleft) + SSfANEE R
BEAN BREEREY MBI EEE

RE JEE IR (Very rapid) #1€ (Slower)

VoK FERTIEEY RS EEERDMAIR A

139RINEE IS E T EAIALPIURYE ERNESLIE
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RN TIENS (BIBR)

1. BIfE BB AL AR BRARAH

2. ERLFEE (Vesicles) SRERS

3. 428 (Neurotransmitter) FEHNZI5S fit 8] pa

4. R EBR S RMEIEZF (Receptor) 55

5. B @B A XH — &S HHIFTAI R EEB L
6. fEZIE M D RES EFT I

[VARN=

@ #£5% Q8: In an electrical synapse, the main structure responsible for the transmission of
an impulse from one neuron to another neuron/cell is — D. the gap junction

L. MCR&PRH:

o FHRMRXREWEEEER (TE2HEEMR. T2ACh)
o RESUBMEIMANLTRE (FEBRAD)

. FREATZEYE (Synaptic Plasticity)

3K B8R E587 (Repeated Across Lectures) — Synaptic plasticity + Doogie Mouse
EIERF ) 5ICIC KRB

BiEE
AIBEBIREAZ NN B OEE—XMEN T AGIRIEARS . "AEEEIT RIHERE
Ehdi,

HEE (HER)

EX: RG] EMERAMRERE S NEZMENREEN . TR REARM—RET 2 ERY
EZR.

ARG GRERR) -

. ZREEZML (Receptor number changes)

. RESAIBIZEFEBS (Synapse creation/destruction)

. SRR B AIRIEAY ML (PSP amplitude changes)
M A AR EIE (FEHRICIZ) FKAR (KEBICIZ)

A WO N =

42815090 — Doogie Mouse (B:RAE)
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%3
« Tang et al., Nature 401:63-69, 1999: &I KA NR2B E[H, &EIG&/ NEIFEIIH
C1C8EN
o Wei et al., Nature Neuroscience 4:164-169, 2001: BfX NR2B 13 A1 58 R E 14 EIE
« NR2B @ NMDA AR —NIIE, EZ IR ER

HEGIF:

o FNE - BHIKEREXXERAEZIEE
o FIMES — 1ESHEXWXARFIRMER

Rzt =

@ #3 Q14 (2K EIR): Briefly explain synaptic plasticity and provide one example.

o EX: KINRIEALR AT RAEZIEES
o HlHl: ZAHRETN. REMBIE/EIR. PSPIRERE
o f5lF: Doogie Mouse (NR2BIIKiX). FiNE. FiES

. ORBERIE

@ @ PPT Summary (RHEL) — Lecture 2 "SUMMARY": Stimulus — Receptor
potential — Action potential. Sensory receptors, Sensory transduction, Receptor
potential, Sensory adaptation.

3K 8RS58 (Repeated Across Lectures) — Four Sensory Processes 2 2F
Lecture 2 £72

HiZE
MM RApIRKIES, HERMBES, EAKIE—XMEIERSRAMPARREL,

HEE (Bi18dR)
M & B S S IR -

B5tS{R (Sensory receptors)

l

RfES (Sensory transduction)
-~ SR (Receptor potential)
- RGIER (Sensory adaptation)

1. 52K (Sensory receptors)

d glj@%”?l‘ Bﬁﬁ*ﬂlﬁl“ﬂ“ﬁ Il_:\
o KM, BE. R, M. MERIK
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BE

5eRk = BEAANFERMUMCNS KIAER

m
N

2. Biw{ES (Sensory transduction)

o RNARRE—MES (RIED) HRNEES
o BRBRRMAZAMIBIRBAAIZEN

3. Z{RE (i (Receptor potential) ! EEHf

ZRMRRAR LAY
L SopfFRAARE! sifFRAIZEHTHN, ZEBMEERE!
RBHESE — ZRFEALMS
RIEI AT XBEREGERE : O sIfFRANIR @ HRUENRR I THE

4. R&513EN (Sensory adaptation)

o NIFEE. EEMRIE, ZAREHIEREALAVSHERREATE) PR
o BPLESAXIERE SRR EER N
o flF: RE"TIC" EEFERIKRARAIADR

pid B
L SSAMCRER:

o SZ{REE{I (Receptor potential) FREHFH! BEAET! IEEMUA ZEEHITH!
o RTENIERZRML (FR21EN) XIEERHE /RN

+—. #FIEZ&EN (Labeled Lines Principle)

X HIERERIA (Repeated Across Lectures) — Labeled lines principle 2 /&5t 25
ARz VR R R N
HiE=E
AENBEREABN"ERL"SIAMABXE, MEBIESL
B, XEEWREEN,
BZ2E (FERELR)

EPNSH, TNERRZME (k. 6. F. fl. 1R) MREXRMNES (htEB) FICNS
CNSIRIEMIF"%" (HZR) ERIESHKABTXZMMREL

ECNSH, TR BERERGIEIAME ENFREXE
XTI R IRV AR B S E Al

NERRNZHEREENHE
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BE

BlF: REFEMRRE — B, EMERBERAEE

+=. AFER (Nine Senses)

BB
NSRS

1. 1% (Vision)
2. % (Hearing)
3. e (Touch)
4. [R5 (Taste)
5. 12% (Smell)
6. ;2E R (Temperature)
7. 7% (Pain)
8. 5 (Balance/Equilibrium)
9. &{FRESE (Proprioception) — 1B S A Z I D EZBIFHIUE

+=. sk vs 1BIEZF

KX B8R ERIA (Repeated Across Lectures) — Tonic vs Phasic receptors & X9 &
T SRS BV A oK

HMZEE (FER)

- i F= KR
Sk (Tonic) — 18 FERIBHIFELR Merkel disc (2X72/R£2), Ruffini ending
&N e (BIEEFRMH)

1B (Phasic) — 1R FERIBFFENE  Meissner corpuscle (JBHETZN/\VAK)
&R 1k

WiRHE RERBFIAR & Pacinian corpuscle (157 /E/J\{&)
i)

+Pg. 2021FiE MR
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e
3K B8R E587 (Repeated Across Lectures) — 2021 Nobel: Piezo1/Piezo2 — BE

MRS 2R
HMZE (FiEk)
§X%#&: David Julius ] Ardem Patapoutian
RREE: LUBEMAREAIZ/R (receptors for temperature and touch)
XD F:

« Piezo1/Piezo2: HlHIIENE FEE
« Patapoutian {ERIEFFANMEURMAMR, L3R E TIFLEE L Piezo1
o ET5 Piezo1 MEMI4#HEIT Piezo2
o Piezo1 Z&5#: =M FIRERA (three blade-like proteins) —#2fiZ Rl iEi&
o FR[MPEEE! (Membrane dome model): @i {ERR M FERZ B BEIR"
« NOMPC &iE: EHENMERE FEE
 Ankyrin repeats (#ERESRFT) [FEEEQEEIAREERE, FhREEITHE
&

BESHEFZRERMNIENRR (slidesBR)

o 1963: #HEZHRRARE FH1H

o 1981: KENFIKINEED L. Al ARSER2 NI

e 2000: HEZARGESES

e 2004: 25T ZIRFR TE RETHR

o 2014: KENEL R LR (place cells/grid cells)
e 2017: BET1E 2 FHl# (Hall, Rosbash, Young)
e 2021: imEEFIMTTZZ{F (Julius, Patapoutian)

+3A. 5 (Hearing)
Hig=E
FERSSTR, BABRRINAFESR, REEAMTEREITTE0EE,

HER (HAR)
EEEERE:

9 E (Outer ear) - HBE (Eardrum) - 8 (Malleus/Hammer) -
ft® (Incus/Anvil) - 88 (Stapes/Stirrup) - Ei® (Cochlea)
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HIRAER:

o {EFEKER (Organ of Corti): IF5sEE

o EYHME (Hair cells): {4, HEEERKERL

o EJKHE (Basilar membrane):
o EJKif (base): T£) 0.04 mm, [ S35 (20000 Hz)
o TH% (apex): #2£9 0.5 mm, MLz {35 (low frequency)

TFRE:

1. IRENMERRRE I NVBEEIE B

2. BEEENEEE, EEWRRAPTEENDHE

3. BIREIRG) > EMEMNAESH > BEFBEFR > SRBATE
4. FEIIERBEARMUENEMRE (FREA)

Uipakinb SSH=tid

o TRMHMERM (PERERE. BERER. WNBEL. BIERE)
« ALE#%A (Cochlear implant): SNBiRIKEE -5 NBES>ASBEANR D BZRETH

2, GERHRGH

Rzt =

L EEHF: EEIF 0.04mm — 20000 Hz; TRl 0.5mm — K57

T75. f%E (Vision)

X gk EEIE (Repeated Across Lectures) — Vision: rods vs cones, blind spot,
octopus vs human eye — M SR IRAIZO0NE =

HigE

REBG—aEtil—RAENEREEER., UNIRZERS (BEEEENEEE) .
BMZE (BB

ARIKZE14) -

o fAlE (Cornea): ERA, IEXHAHEBRE

o HTHR (Iris): EATEFLA/IVENSEEZTH

o BEFL (Pupil): Y& ANRIEFL

o BIRF (Lens): MR, TBHIEEEIGRERMNE
o tMAE (Retina): YRS EIFRTEHD
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]
MRS
| 451 | PIAT4ERE (Rods) | fREE4HRE (Cones) |
|:===[z==]:~|
| RBE | e (B8Y) | TEE |
I Fﬁ@ | REEE B (gray) | BEX D ERES |
| SE8Y | 1% | 37 (BE. 4. £1J%) |

B = (Blind spot): B IMNIELZB RS ZR,
E&IRES vs BWEHEE @ :

o BBR/G: NREAZRBEAG AR, TER

o BN MRBIRE@MAFHEAE, XOTEFIUMEALR, BER

« Francois Jacob (J&JU/RZHFE) M"E4N" (Tinkering) #17&: BRARIEGRENE, FMX
wit, MERIAMEEE M

o H# (Mechanism) FIiEN MR X (Adaptive significance) RIS, TEEERES

R =

L MCHaRH:

. MTMBTERE (RERH)

- EEREADBSRWEAN > TES BEHMIER

++t. HKB{ES (Taste Transduction)
BEE (FiER)

K& (Taste buds) I FFHLHIKBEZLER (taste papillae) L,

=Mk REY
MR KR o F i
i
Type | R (Salt) Na* BFEBEIAEFBEEREML
Type ll & (Sour) TRPP3/PKD1L3 B EEE &)
Type Il it (Sweet) T1R2+ T1R3 GPCR —_R{f - GEH — PLC — IP3 — Ca*
— TRP&E
Typell & #»— GPCR _Rf (FRaEBRFRERAE)
(Umami)

Type Il # (Bitter)  T2R GPCR &
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prigi A1 3

o Jti (Felines) k= T1R2 EE — THEZREIK (T1R2 EFERTKTE)
AZE: 25PERZE - 25T EER

KRE: 3TPEIRZA

8 16N HIRZR

ZEFMRBEREZE ML (duplication and divergence)

Rzt =

L. MCR&RH:

o IH/EE/EEE GPCR M5 — Type Il A
o B2 Na' B — Type | A8 (REE)
o WMABEEIIKX (TIR2 RERTL)

+/\. IR%E (Olfaction)
RlE
IR B AL -

o SkpFE T BB (metabotropic) HlEIER
o HEINPFAXEER(IZ®IE (Cyclic nucleotide-gated channels) FIFF BSHZR

E! £ 22 (Vomeronasal organ, VNO):

o " NEF" (You have two noses!)

o MiEIRTIZZE (Accessory olfactory organ)

o RZHELEBWNEE

o HM{EE X (Pheromones), 5tRF4ETEITHIERX

+h. BT (Circadian Rhythm) @

X3 BB E5EE (Repeated Across Lectures) — Circadian rhythm / per gene / SCN
— BRTEREZER

HiZE
BHEEE—TAEN"NH", Q24 0—1TEH, EMERAEIIANEEREBEST.
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HEE (HBR)
POV -

o BIRTi1#& (Circadian rhythm): 4—XBER ("circa" = about, "dian" = day)
o 4£4% (Biological clock): {FAAIRMEMIEITAIIH SRR R TR, ARMREINEE
AL

SCN (Suprachiasmatic nucleus, M3XX F1%):

o {IF FERi (Hypothalamus)
o« BEMEMNEFRLIESE (Master pacemaker)
o [ JHIF SCN — KETI1E (Loss of free-running rhythms)

2 FHLE:
o per (period) A : {iIT5R4& (Drosophila) X &Kk, 1971F LI

o RITIA:
o perts — TI{RYEHE (short)
e per — TRIEK (long)
 per"0 — FTi4# (no rhythm)
o IFfARIRA B EIREE R-EIFEE (autoregulatory feedback loops)

AR @ :

1. 5 R R (Transcriptional): per ZRTEhE R A F-E1E R IRIAER
2. JE¥EFAIE (Non-transcriptional):
« 5% (Cyanobacteria): JoitRthaELIF24/ )\ 1318
o Reddy3tIG=E (SIHFKF, 2011): LKIMALILAAE (Human red blood cells) FRTF /L
188 (peroxiredoxins) FEBR TE—LIMIETZ, TEHITERR!
o SMHAEIRS (Redox oscillations) TEEZAY) . HAEMN G EPIEE
o L0 AT = HRERK + FERM (EXRERSZ. ERRBERAEN) WEE
ER=19

2017FEN/RR:

» Jeffrey C. Hall, Michael Rosbash, Michael W. Young
o "ERIZHIBR TR FHLH"

Rzt =

@ #T Qo Rhythms that can be kept even in the absence of environmental timing cues are
called — circadian rhythms

L. MCR&RH:
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]

o SCN IEIF —» KETE (FE2FEE/EK)

o per EERRTEMNARREZTEX D

o IFRFNFREE: HERMAMEPHNTHEILRTZERLITESEDHN

—+. BEHEZZRS (ANS) @

3 I8k E58E (Repeated Across Lectures) — Parasympathetic vs Sympathetic
& ANS IR 732

BiEE
SEREEEHRS: —EILRMAZ RIS, S—E LRSS,
MZE (FiAR)

$id BIZZ Rk (Parasympathetic) Rk (Sympathetic)

BlIFR "Rest & Digest” (K2 5341t) "Fight or Flight™ (&3 358)
iZiBF  CELREER ACh =S LIF3= Norepinephrine
SRR BBEFEE (Cholinergic) 2 _EBRZAE (Adrenergic)

BEfL 48 ¥k

DR oA =] JIlIEPS

0% €A iy)i

H R lIE

ERE BEAEE &N

L ANS = 2 + BIRE (RERE! FESEHHERS Somatic! )
R =

@ 5 Q10: How many neuron types of the autonomic nervous system are there? — A.
Sympathetic and parasympathetic

@ FKEIL Q4 ZidEE (Exam anxiety) » REDZHE
L. MCR&PRH:

o ANSR AR+ AT
o EX{RTREZ R YT (Somatic) A2 ANS —3 5
o BIZZR = ACh/RETFEE; R = XFE LR=/B LlREE (FEE! )
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—+—. HPA#} (HPA Axis) @

| X BB E581E (Repeated Across Lectures) — HPA axis 21 R MAIZOE IS

HitE
X2 B R R RIS —— MATNEIA 2 AR = B A R EE.
HMEE (BigdR)

HPA = Hypothalamus (T &) — Pituitary (E{F) — Adrenal cortex (5 LR &)

STERIEI:

TER (Hypothalamus)
-~ T CRH (Corticotropin-Releasing Hormone, {88 FERRFUSERIISE)
-~ E|ARIH (Anterior pituitary)
- K ACTH (Adrenocorticotropic Hormone, {28 EREEHXE)
- 'BERRER (Adrenal cortex)
> BREEFRSZ (Glucocorticoids: cortisol, corticosterone)

REBAENER (FiRR):

1. #F4 (Gluconeogenesis) — FTHE™=#E

2. EAK{ D #E (Protein catabolism) — A& 88
3. EERb 0 fi# (Fat catabolism) — AgRh2HZR

4. f#{RX%IEINEE (Decreased immune function)

iR 1% (Negative feedback):
o PERZFUBERIFI CRH #] ACTH HUFRIL (BERAZEMNH)

- MraRfakiE? GEENERS—REBR T MESDKAEEN. BEEAEAS
REFRK"E T, X", F1LHMR CRH M ACTH,

RKBER

« /. Cytokines ({HREEF) #lif CRH B! (RIE — FEHRIEE)
o [ESEHN CRH 233k
o CRH BABKHH I

[VARN=

@ ##5 Q6: Which about mammalian stress response is TRUE? — B. Cytokines stimulate
the release of CRH

78 /150


af://h2-289
af://h3-290
af://h3-291
af://h3-292

IR AT

o AX : BEREHEME (R21E38) CRHEM (AKRME! )
- BT : MEFRIMCRHRE

o CX: ACTHE# (REINH) MEREESLE

o DX : ACTHEGE (R4 5Bz

L. MCR&PRH:

o AR MEEEZR — IIHICRHFMACTH (REE#! )
o ACTH — (BB EHZE (A 230H! )

—+_. #87% (Homeostasis)
HiE=E

5 s —MER R
BZEE (BFif%R)
ES

RNEHNEZRZH, ARFRIFRE,

. Claude Bernard (FH1E-AMNE): RHE"WIAE" (milieu intérieur) &
= BHMIMIIE SRR E"
o Walter Cannon (GK/RYF-tRR): Ali& T homeostasis X PMARIE

"WNEIFMERITE

lIFiM (Conformity) vs &% (Regulation):

k¥ Fr KM
FIA (Conformity) {ARNIMEEINBZ THEEEE
AT (Regulation) {ARIFIERIFIEE JHFEREE

=Xt (Salmon) HEIZ{F|

o iR — IBM (MBKENTK, REbEKERZEN)
o MSRE — W7 (REFJLFIEE, TIRRKEZENK)

AR IRIFEE (Negative feedback loop):

o {Kim > 37°C —» RRRIARHELAR — FRET PR - 25TRDW — 8RR
o MR — FRRREERE
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#4157
T &R (Hypothalamus): F&ZSiEIEAIF N

Rzt =

o IEFEEARM vs ATHIX S
o IBE=XEHF: ZERM, SIET
o FATHEREESBIRERSEN

—+=. Bi@F (Thermoregulation)

# X IR ERE (Repeated Across Lectures) — Body temperature regulation 272
SHYEZEA]F

MZE (FiAR)
RIE TR

» PO/AH (Preoptic-Anterior Hypothalamus, f#IX-T EiEFIER) 2748 1E T B9 BEERL
o HEIMLZTT (Warm-sensitive neurons) 1 ;4 8##042 T (Cold-sensitive neurons)

HEHERRL (Heat defense):

o RZRXIMEEF5K (Vasodilation)
o 4T (Sweating)

2 B5EI M (Cold defense):

o FZRRIMELULLE (Skin vasoconstriction)
o &SR (Shivering thermogenesis): BEAIFAEETEMWSE, HZRIEMN 4-5(5
o JEELEEF=# (Non-shivering thermogenesis): #E&AEAHZALR (BAT) &5 £970%

18 &hER5 (Brown fat) vs B &A5A5 (White fat):

o BB KELAIF, THREH
- A&AEAh: fifRE

Wi N3ZZHk (Countercurrent heat exchange):

o SARKMIFFRKEZAEE, RENRR

o AEMNPXIMEEFZRIFFIKI, M DRIFHRE R

* JIEE (Reindeer) f&EB: Tim—inimAsAhER MBI EEE, RIFME NS
I EERBAE AR ER 1

o im (KER): 1RHMAEAHERS
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BE

o Jmim (J\BR/EE) : ANMEFMBEMHESZ (RIFEE TRERENE)

—-+Pu. mm#EREE (Blood Sugar Regulation)
3 I8 E581A (Repeated Across Lectures) — Insulin 28I ME—RERF(R MAERTE

% (only hormone that lowers blood glucose)
HER (HiBR)
[EFSE:NEL RS 3 A VAR
« BRSE (Insulin) 2 AE—ERRMAEAHZK! (The ONLY hormone that can lower

blood glucose)
e BEEE — EMEML (Hypoglycemic effect)

BERHRTM:
i RS (Insulin) ESM#EZX (Glucagon)
=KkKER 1HS | BRI
=aEAER 1HAS 1 HE

' SEREEMESRAT! XEANRERINARSERN, BANRSOEZFENNRS
=B LR IAE,

VAN
L. MCP&RH:

- BRBEEEHE—FZMEHRER (REHM! )
o BHKE: RBERT, RSMER]
- BEAE: RER!, REMERMT (FFicH)

A, BZ% RS (Limbic System)

| 3K P8R E587 (Repeated Across Lectures) — Limbic system 2 15&RIHLE,
HigE

VERREAMA"BESSE", BERETHE, REEME, B 1CI2HI5R,
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HEE (HiER)

DGR GRIER :
107 IhiE
T Ehi IBERN., MR, BEER. ARAT
(Hypothalamus)
BEE IEICRFFMRE. =EIAK]
(Hippocampus)
#5{=# (Amygdala) 18 (Fear) F 15%% (Anger) L
W% B (Limbic 0% 5] (Cingulate gyrus) + 8535 [0] (Parahippocampal
cortex) gyrus), = lwiEaE. shAlF#RT

BIEIMH K E (Prefrontal cortex):

o R (Decision-making)
o [BEXETT (Anger regulation)
o ZXFHh — HEIEFIIELE, LEHBERMBEITH

T IRIEER -

o BEIFRERD — B ((XF0.258! ) — TEM - B LR - B LREMNKLHE —
A BV 1)

—1+75. ™= (Oxytocin)

3 3% I8 E587F (Repeated Across Lectures) — Oxytocin 2"2HIEE", I a £
HIAK

HEE (HER)
o FHHIE:

o 9T REBAIK (peptide)
o [%%: CYIQNCPLG-NH; (cys-tyr-ile-gin-asn-cys-pro-leu-gly-NH>)
o HFE: 1007 Da (&/Ri)

THHE:

o BXR/A% (Bonding)
o RIBMT (Romantic attachment)
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o [#EZL (Lactation)
o MMEE (Sexual arousal)
o FEIRA"ERIHZE" (Love hormone / Bonding hormone)

leG AR R F B3R -

o BME (Autism) $E 3 ERFEATT
o FEMHDBUE (Schizophrenia) #H3XTHAEE

—Tt. MEERSER
HEE (HiER)

4218 R E (1) TE (1)

Z BEhz (Dopamine) TREF*/® (Parkinson's TEfH D BAE
disease) (Schizophrenia)

ERELRE HIEBYE (Depression) —

(Norepinephrine)

[M;&Z (Serotonin) HDERAE (Depression) —

. SEERNREE: XD - BFERARE (REHF); XZ - BHEREILTELIR (1B
WORIE) . XMERNT A" NWRGF"THREE,

—1/\. IR ZRE (ENS)

3 IR E581A (Repeated Across Lectures) — ENS / Enteric Nervous System —
"E T AKBN", 200-600 B AHEEZTT

Shr=

BEEBCHN K" — T HATERFE, SEMIDEE, FMARERRZMN,
HE¥E (ER)

ENS (Enteric Nervous System, 32 R%):

e 200-600 BB AL 7T (200-600 million neurons)
« BEXEMERGPRANARERD
o "E”KHN" (Second Brain): BIRIIAIATEMIAL, BEAMKE CNS JRIZ1E B IBINEE

83 /150


af://h2-307
af://h3-308
af://h2-309
af://h3-310
af://h3-311

« ENS #] CNS HE=WFZMEZIER. ES BRI
f#-Boid (Gut-Brain Axis):

o JEITKEMLZ (Vagus nerve) EIE
o IERMEY) — BBHRAERAE — £IR (anxiety). 54F&EHS (mood disorders)
o {HMBEF (Cytokines) MiZE — SO ARMKIELE

—t+h. RS AT EEE (Essay Assignment)

@ &AM (Professor's Exam Hint) — Essay Assignment: "The Bridge between Brain
Science and Al — From Simulation to Beyond" & 5 1T™EK

R ER (ERRRLR)

#H: The Bridge between Brain Science and Artificial Intelligence — From Simulation to
Beyond

ATRBEK:

1. BIFARRAE, 1532 MBZSAINZN (MREZISHERFHNEKR)
2. FIAIS ARBRENZEIE: MREB4E. FRIER. BREIRFHENGER
3. ERMFAEAIRRINA : RAGRAR, BISERENS

4.1 TICHENESAINES: i, Big. RENATFNEGS

5. REARRE: "NZRRA". "NZB4E". "SRR RS

Ry V=

o AIEBHAXREREES LRI (WAphaGo, ChatGPT)
o {BAIIERD: MG B YE (Abstract thinking). 15EIEA# (Emotional understanding). B
#HEiR (Self-awareness)

o FREMIPANAIZ [BRIFR

=1, HESMIRRIG
MC 343 5l A% R SR Bt

@ #£3% Q6 (Page 5): Which about mammalian stress response is TRUE?
— B. Cytokines stimulate the release of CRH

o A% BERFPUMEIIFICRH (ARIR! AERT)
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o Cfa: ACTH{E#HHER FUAE
« D ACTHREGE'S LR

@ #Em Q7 (Page 5): Effector in cockroach startle response?
— D. The hind leg muscle

o [RXSZ2R (sensory) = ERRSZEE — EFEHETT (integration) — FRHET — SEEALA

(effector)

@ #T Qs (Page 5): In electrical synapse, main structure for impulse transmission?
— D. The gap junction

@ #£38 Q9 (Page 5): Rhythms kept without environmental timing cues?
— C. Circadian rhythms

@ #T Q10 (Page 5): How many neuron types of autonomic nervous system?
— A. Sympathetic and parasympathetic

« ANSREMM! A EZSomatic!
@ FKEIT Q4: ZiREEAEIR — Sympathetic division (3XR#4Z)
o LVBEINIR. HiF. HIRZ(E — #BZFight or Flight
@ ¥KEi8 Q5: SCN destroyed in small mammal — most circadian activity ceases

@ #{2iE Q6 (Sponge false statement): — (S4RAMETT!  ("They have neurons but
g BRIRAREMET)

no organized nervous systems"Z &=k A
Q&A [ E ARG

@ 1‘¥“ Q Il (Page 5): Centralization and cephalization adaptive advantages
REZEN IR EITESRIESR

=t—. EBESIFE (Checklist)
HiBE (HAICENBFIEL)

() AZEABE: 1.3L, 1.5kg, KE2%, E525%

() ZRHEME: TMNNMH15%FE K, AEEAD, Harveytpi240)f, Falk et al. Brain 2013
O #eFy: 8% > BE > RHE -3 > A

() B4R Tt (1975?&%%5%)

() CNS = i + BHE; PNS = B + ioof

O AXREN: BiE., #E. KNEE., BNk, I 24
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BRLYN P SN IVESER S

() 8601z##427T, >100/31Z5f4

() ohfEBAL: 2B T; Napig—KRiE, KEE

() BREATUIES:: BESH + BB ¥4

() BBl = EIPRIERE (LR, TEMEMY); HFRA = RENERR + HEERKR (18, B
1)

() Doogie Mouse: NR2B, Tang et al. Nature 1999

() ORISRz B R RS> RBAU-RREN

() SKREML # EM'FEET_L! xﬂ‘%fﬁ%)ﬁ—fﬁl

) Apkons: A1, O, fd. DR, DR, JR. B, Fl. R

() 3k (1€): Merkel, Ruffini; #8114 (1R): Meissner, Pacinian

() 20211 01/R: Julius & Patapoutian, Piezo1/Piezo2

() Irt: ELERE base 0.04mm/20000Hz, apex 0.5mm/{E4H

() #i%: Rods (REYKFRY) , Cones (RFFE3F)

() ZE&RLTER, BMHEIMBEER

() Bk3E: Type | (Bi/Nav), Type lll (B&/TRPP3), Type Il (/T1R2+T1R3, %/GPCR_B2{K,
=/T2R)

() JARTIR2 — THESFHIK

() MR2k: SR - TR 11ZEE; VNO = B &8

() SCN = iXRXX k1%, FiciEss; Bif-kTiE

() per BEA: XFBBK, per*s(i8), pertl(+<), per*0(F)

() 20173 D1/R: Hall, Rosbash, Young

() &4 = 8% F + 5 FE (Reddy 2011, AL 4ARREperoxiredoxin)

() BIZR = Rest & Digest, ACh, RBIFAE

() 3Rk = Fight or Flight, Norepinephrine, & _F IR 24t

() ANS = 3% + BIRRE (REZIRA! )

() HPAHH: TEMX(CRH) — E{R(ACTH) — & LRR(TEE UM ER)

) BEREEIER: BR4E. EEOE. BIEDE. IH%R

) tARMR: WERFUBFERINHICRHFMACTH

() AR EFRIBMCRHIFR

(L) Claude Bernard (Af15), Walter Cannon (i&homestasis/KiE)

() =x&: KEIRM, ST

() FE = RSEZEFRO

(J) PO/AH = {;BiFTI X< 58

() BRZEFH: ERIGA-51F; FEKETH: BATH70%

() BRB R = E—EmMEHR

() SvkE: REERT, ReDER]

() SEHE: RERT ReDExRT

U WERS: TEM. B3ARELIZEE). FZEIERR). BEEE

=
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() BUERAM:: R, BRIAT
() =% 95 EF, 1007Da, CYIQNCPLG-NH,
() ZEBR|-IAER, 2R —FEHDRE
() =REERE|-HE, MEZR | -HIE
() ENS: 200-600F 5 #E7T, "85 — ABN", BARNH (vialk EHE)

HiEg (FEERAECHERER)

() Centralization vs Cephalization FIE S F1iE N ML
() AKXENEBBRIEMERE

() SHEBRAIEFHLE (Na', KBSEGEKEIRF)
) L2 REEIBTES

() SREHAT B4R E SR

() tric&EN

() KA MvstBEZ R X 5]

() Piezo1 &40 (= fF, BEMPEREY)

() NOMPCi&j&: Ankyrin repeatsi&EiZ A& 22
) I EMEA SRR N BES

() E&RvsEMRIYIER: Tinkeringtli &

() Francois JacobBIML=: #HIAZER MR X

() EERBERTHENIEE (Reddy 2011)

() IRMvsTETIRE XFMN

O ARGEEE (R, MEE. HPAR="M5F)
) WRARRRIE

() I EERERE AR ER 1S S

() BREE-AIX R (FEALAESR)

Sl =]

ReafH IEfRIERE

"SZRBRALE R X SRBAEEETT! shEBAA B2
"BEEREITEITAEAR" X BRRAREHET

"ANS &l Z Rt R ST X ANS = R+, TR

"WE R U R LB CRHFR AL X R, ERFSEINHICRH
"ACTHIFIFERE S E" X ACTH{R#ER FUREF4E

"BrocaiBENAEIEARIES" X BEIEMR, (BHRAFRA
"WernickeLiBE N BEIRIE" X BERAR, BERESXEX
"B B X £B 7 H AL X FZEIL XA I E AR
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BE

BeaRA IETRIERR

"ER SR AR ARt 2 X s R ER I E B LR AR
"SERRASHERE X" X 2BR| &R, SERIBHORE

EHERRS MERRER" SERERRSNREREHAS

i}

RIGIREE: WRPERYH525100 (5EMC + 118QRA), B=TEI BREEY., &
REELARN, REAJEE, sHFBRMANG . HPAHRKRER. ANSHDZ, BRTEN
R +AREERINEN G, HZIIF] !

tE4)% (Plant Science) -- FEl S > 1&IR

FELSM: EMRERRMTA?

8% (Botany / Plant Science) tHRRIZIEMXREMMNGEH . INEE. JEE. DR, ETMU
REMNSAENXR, EMNARFIFERTA? ENMMIMR? ENAEETE? E1aE:eEE
#hEK? XRARIRE B ZRITN AR OB,

R TEEY? EWHE T HRIMFIRES (Oxygen), AT BEYHENER
(Food), AFTE IRt 7 #i 21 (Habitat), BTEEEKSE (Climate), B2 A&
BERRARKIR (Medicine), REEY), KA EEAERLETR,

EYMFHNEHNRRS R Lecture, ABEREMMMIKERERIIMAGMA R, BRU—F
PINREEERS. SEM/ESKARZNEIR,

E—ElD: TAZIE? (What is a Plant?)
BigE - Y EA4FIE

REE—RINERZEHUEY): ENRREHN. Fuii. BEMIRIZNEY. ENENEXFEE
™ig,

EYIRIPY R B ARYFE (FER)

3 HIBKRE581A (Repeated Across Lectures) — Four fundamental plant features:
47 (Alternation of generations) %% LIRE [ TR EIA"TRK"R!
@ @ PPT Summary (RHELE) — Lecture 1 Summary: Why plants matter (Air, Food,
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B
Medicine, Habitat, Climate); How to be a plant; Plants fundamentally different from
animals; Asexual + Sexual reproduction with alternation of generation.

454 (Feature) 2574 BiEERE
Sessile BEE4EK EMILR—4, REEGE)— B BB
Photosynthetic HEBFE BIEEERABCHEENY ("B2MIR...
autotroph 4
Cell wall YR EE EHERE MR, SRR E
Alternation of HARE A an B HBTE B B R (B 7)1 Z (R (2 F1K)
generations 2 BIRE

RI=MHHRESTMET. SAOMHE (HARE) BAZMENZORE, tLEEFEEY)
EIEA IR,

C T ARHERARE? EYN—EFREE " RER" R _FR P IE—-, MEERTMERZ
[EHEAIR—E— T ABR T AENSRIS, KBLI.

RiEE - @ EEGI5: TEAEZBNIIEN!

X I8/ EEE (Repeated Across Lectures) — "Not all photosynthetic organisms
are plants" — FiEA. ik, ZMBIRGERE 246

XEZNRERMEM, EfKRERIA: "Not all photosynthetic organisms are plants!”

A EEYRYY R PMTLES Sy s
BB
Coral (34) BE4E K. =¥ (RIBREDYDI)). MAHRAEREE
S k=X {3 (zooxanthellae)i#1TE1EA, HMMEREES
F ME
Lichen (#17X) e, E& BEE+HRERHA (symbiosis of
AR, BiE algae/cyanobacteria + fungus), F=E—Ft,
)
Elysia chlorotica . BEYS shi) (BiE/sea slug), ENIZEXEIEHZEES
(BRI BREF) B1ER! FECHEBE, A" KHEEIKEAESIRE".

. AT ARERZEW? REBIARXNDEFZEE—HEHES (common ancestry)
T RAREAWABIRAMKIE., HAFSIRFNBESLAEENEL., WRIBAREE MY
FEgE T, FIERENENYHE—THEEST: FEBESE (green algae),

=TRIEARR D &M, DARIARNHEMES, 7TERIVIED.,

89/150


af://h3-326

BE

HZERE - BN RS A EW (Plant Phylogeny)
EMRIAREUEML R (BETH" SR"):

Green Algae (45%)
.
Bryophytes (B&1EY)) — IFEEEY, THEHR
.
Tracheophytes (4&E1EY) — BHEEHL (xylem + phloem)
— Lycophytes (B#%, ~1,200%)
— Ferns (@&, ~13,000%)
— Gymnosperms (#&Fi&4, ~1,000%) ~ AfF
L Angiosperms (#FiE4), ~350,000%) - HEER, LHBEAZE

*EEEMNT = (evolutionary milestones):

1. Land colonization (Efk) — &% — &&

2. Vascular tissue (HEHL) — B&E > HEEY (xylemS7K, phloem#iFF)
3. Seeds (FhF) — &k — R FIEV/HEFEY

4. Flowers & Fruits (fE5 %) — & F1EY) — #HFEW

B2 E -- BE£1E1Y) (Bryophytes) i$##
Bryophytes = JE4EEREAEEY (non-vascular land plants), BfE=2:

o Mosses (&#25) ~10,000-17,000 4
o Liverworts (&2&) ~7,000
o Hornworts (FB&£) ~200 4

=NREIHE (HRR):

1. 8B HEHR (no vascular tissue) — EIBEKRE, THEKS

2. BT FEIE (reproduce via spores) — B HEMF. K. £. R

3. e F X E S (gametophyte-dominant life cycle) — 4 s EEA AR 5 b T B IEAEE F
3L

- EFHRESEHLAER? B8N—EF, REIN"FESEME"KRE DI EHTIE
FiE(n), BFEFEEN)RZBEFEFELE—TIVIMBLEN, K AEMIEFER: BIIERIR
AL EZBF(2n).,

Rt R -- 1EYIE X HXE A
@ Ibak:
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s
L. B&R#1: "All photosynthetic organisms are plants." — f§iR! A, k. RHBIRSET
BENSTEREBEHAZEM.

L PaRH2: WEYHINTERFED, RS 51ERKAYE alternation of generations ({32
).

. BEB#3: "Coral is a plant because it is sessile and photosynthetic." — fg5i=! HiH#AE 50

ZIR

HE Q7 (FKEIC, IEFE): Which one of the following statements related to plants is
incorrect?

e A. Plants are sessile organisms.

B. Plants are mostly photosynthetic autotrophs.

C. Plant cell has cell wall, while animal cell doesn't.

D. All photosynthetic organisms are plants.

ZE: D — Not all photosynthetic organisms are plants!

" ER: RS WNEE (Alternation of
Generations & Double Fertilization)
Bi%ZE -- 21" M EI "

NEERERE: BF + IF - B0 - s - X, EE—HE, MERENCSEH
ET

EYNEETERNE—ENERMEISE, 1RED:

BoF{Kk (Gametophyte) - F8F{K (Sporophyte)
BEE (n) ZfE& (2n)
FHEEF (gametes) FEHEF (spores)

HZE -- HARBNTER/N (FER)

#F{K Sporophyte (2n)
|
| REHE Meiosis
.

8+ Spores (n) — FHzHHE Mitosis — EF{K Gametophyte (n)

|
| B#45HE Mitosis

1
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Ed+ Gametes (n)
(/5 sperm + B egg)

| =4 Fertilization
v
&+ Zygote (2n)

'
#F{K Sporophyte (2n)
(ERER)
KBIERR (FRRRLR):

o BEDHE=EMF (Meiosis — spores), FEEHIEFTARF (XM AE! )
. MTBEBELYREENZMIBE FIK

o EFRBEELYRTERF

o SZREMEZER

184 vs S ETEIRTIVIILE (BiRR):

o ¥ BE DB — BIEF4EF (gametes)
o 1EY): RO HE - FEIBF (spores) — BEEFEK — BLF

. EYINEFEEMER? BT (sperm) WEEETEM (pollen) 71, B2 MHEF
{& (male gametophyte), UL T ER7EME (embryo sac) 1, FAE SUERFIF
(female gametophyte),

=22 -- =45 (Double Fertilization)

@ ZidAMmE (Professor's Exam Hint) + 3¢ 3¢ 8Kk E5381F (Repeated Across
Lectures) — WZEIRCH"BERERE"

XERFEYHEENEEIFE, tEENERONERZ—,
B R Ehs . B F{F (female gametophyte), EfE% (embryo sac) #,
EFis (FEE) RIZEH — 748BE8H% (7 cells, 8 nuclei):

1 PNIRYERE (Egg cell, n) — EA{E{K
o 2 PMBEYYHAE (Synergids)
3 N ELHRE (Antipodal cells)
o 1M HRRMM (Central cell) — B 27T BEARIX (polar nuclei), FTAR &K (2n)
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IRZHRRIITE:

1. #2%7 (Pollination): £ M7EZ5 (anther) fRZI#Ek (stigma)

2. EMEER: THEKBEME (pollen tube), [EAEEK (ovule) XM NMEF (sperm, n)

3. F—/RZ¥E: 1 sperm (n) + egg cell (n) — &F Zygote (2n) — J§K KB ILRE

4. BT RZ¥E: 1 sperm (n) + central cell (2n) — f£%, Endosperm (3n) — ={Z{&! JBRRE
REEFR

@ MAXRER (HiER):

1. MNMEFKERE—1 8% (SAME pollen grain) — A2 BEA N EHTH!
2. MEZHFREE MBS T (female gametophyte / embryo sac) F7 — RZ27E#7 !
3. AN =) ZIEREF (2n zygote) 1 ={ZKHEZL, (3n endosperm)

4. FIL2BIMMEEFAHESR (food-storing tissue), A FiH KIZHE

o AftA"REZR"? AN—TEmnERNRTEF oIS MITTRNIEEAERE
— —REMTERREHRNRE,

PR E - R ES NEZEE
@ a’AFmE:

B Q8 (FFEIC, 1FER): Which one of the following statements related to double
fertilization is correct?

* A. Double fertilization indicates plants produce a pair of sperms and a pair of egg cells,
and they pair-wise fertilize at the same time.

B. Double fertilization occurs in the plant male gametophyte, also known as the pollen.

C. Doubile fertilization involves two sperms to fertilize the egg and the central cell in the
female gametophyte, respectively.

D. In double fertilization, two sperms are originated from two separate pollens.

BR: C — TR FOIMENARMPRARERIS, KREEME AT,

L BERR T

o AtE: AR—XIINAME, ME—1IR+— TR
« B MEBREETMEFF (EE), TE2EEEHE (k)
e D MTRBFRER—NEWEL, RAEMTAREREN

FIBRICOR: "NZEHERE, WEERFLR, —BSI_FE, —BaP=E7. "
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E=H9: SEAR — EMATARE—EK?
(Meristems)
RiEE -- B E RIVIREAE

EREEI—TE&A: (REERNERRFMAM, BZHEEMIFRI. E—ARWAIA
MEMAKIRRL . BT, . A2

EREYNE D EHLE (meristems), MzEiNEE.

- MTARDEAR? SEARAREMERRN—BKERE"FE" (RO, BERBDR)
ROARRE ., ENMEGEYR"THERE", —EFEHEEMINREMALR.

MZE -- mENing £4AR (F1ER)

DHEHR X FENRE
SAM (Shoot Apical ZNixo4%E = (stem). M (leaves). £ (flowers), R
Meristem) £H4A (fruits). FF (seeds)
RAM (Root Apical WIS 4E 4R (primary root). AR (lateral roots)
Meristem) HR
KEIFIE (FRRRLR):

o DHEARERBRN LB RIFEIEMAD A (remain active and undifferentiated)

o FUIEY T ATERERG FRHFEERZ AL FR 23 E (post-embryonic organ formation)

o FHUCiEMMRETI AR EKE (immortal) B9, BB ZHEM (pluripotency)

o XtWENMTAEY AT UHITTIMEETE (asexual reproduction)——LEal + SHIRFREER L
$riERK. EIDALLRIESFE (tissue culture)

HMZE -- 15Y) vs IR BRIIILE (F1ER)

XEPPTERZEEAINLE, HEQIAKRIAIXL,

T L4 124 (Plants) &) (Animals)
E
kiE R G15454 < (continuous growth) BHRRIIEE BRI E (fixed
£ body plan early)

BREWF B4 ETRMF4E#22E (post-embryonic  REGMRREIELSIHE
B organ formation)

il PDHLAL (meristems) BERIERD M R EIS E 451 (specialized
early)
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XFEE 4 184 (Plants) &4 (Animals)
E

PEA VAL BEEE: FIREALR. KD HHHE BEIAEE: FERENS ARG
BX BERAM SES v

At L XTEFZER ERT?

o TEYIANEERSR), TERBAAMNE, HFEERKEFREENIA AR SR BN IMEEWL
— EAEY T RILIROK. RIEHE,
o IFERENSBRGHARSIFEE {RABIBEIBEIN R — SR FAHE.

tEYIIERS vs ShYIRERR: MEEHEN, MARENARALERRE Y. EY"E
£ (MFHth) MRDRZB[ENAR—TCE(NBEEERNEETFEIDEHR—<
RETEE,

MNMIKE -- o BALESEYMEAEERD
@ XEQRAKEE (QIIl) HIERS!

R Q15 (ZnZ % Page 6, i£#28): Because ___, plants keep forming new organs
throughout their life?

e A. all plant cells are genetically identical
e B. plants lack a fixed body plan
e C. plant cells divide more rapidly than animal cells

¢ D. meristematic tissues remain active and undifferentiated

o BR: D — DHARREERNARD MRS
HER Q Il (ZSZ5E Page 6, QQAKER, 109):

Plants and animals have evolved fundamentally different strategies of growth and
development that reflect their distinct lifestyles and evolutionary histories.

(1) How do plants and animals differ in their overall patterns of growth throughout the
life cycle?

K

o &' Plants grow continuously throughout life, whereas animals usually develop a fixed
body plan that is established early.

(2) What is the function of meristems in plant development, and why are they central
to continuous growth?
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58 B
o & Meristems contain undifferentiated cells that continuously divide and give rise to
new tissues and organs.

(3) Why do most animals establish their major organs early in development and show
limited organ formation later in life?

e

e & In animals, most cells become highly specialized early in development and lose
the ability to generate new organs.

(4) In what ways does continuous growth provide plants with adaptive advantages in
variable or changing environments?

o Z: Continuous growth allows plants to adjust their form and organ production in
response to environmental conditions such as light, water, and damage.

HigRiclzOR: "BYESK, sBRHE. D4EKAE, MREAM, BEZTEN, K2
KB, "

EPUERy: RHAMIKS A apidciE (Early Earth & Origin of
Life)
HiEE -- 4612 F IS

IR KRBT 45{C5ERI (4.5 billion years ago, Ga = giga-annum), R4 .':I:'.i)ﬂ:j(
2] 35-38125F R, FEERHERIAIS0-90%MT B E, Bk FigBEitE R T8
R,

HhIKE aph LES B (BiAR):

4.5 Ga — HBKAZRL (Formation of Earth)

4.2 Ga — TRE/KEMA (Stable hydrosphere)

4.2-4.0 Ga — BiEmft=¥ (Prebiotic chemistry)

~4.0 Ga — BIRNAtHSR (Pre-RNA world)

~3.8 Ga — RNA{HF (RNA world)

~3.6 Ga — EADNA/’%EIE @ (First DNA/protein life)
3.6 Ga-E%S — LUCA - FREMRAEmEREES

HZE -- BHIKS vs L KK

M AS (Current) BHIAS (Ancient)
0.8= 21% B SR (no free O,)
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M AS (Current) BHIAS (Ancient)

374 SES (highly oxidative) B4 (reducing)
FE/MD 02+ N, + = CO; CO2, CO, N2, CH4, NH3, H2O (7KZ%5)

XTEWIC: BPHIMIK EREEHTREREMFEN (anaerobic respiration), S SN RYINE G
FiGraEE B E!

. —1M3ig (Dilemma): SKRMASBENBEASMETR, EHRBVNASIRA
RERS. B4, ASHENREATERERSN? —SRETHAEMHRL.

% B -- RNATH 5 {ERi% (RNA World Hypothesis)
Bl E— A me I MTTE SR IRARY?
RNAtH R {ERi5AIZEE

o L EEMMEREES: FET1FME (information storage) + #E1LINEE (catalysis)

o DNARIAZHEER, BARBEEMNRN

 EHRAMENRN, BREEFMHEEER

+ RNARIRTE&ZMMEES! (RNAis both an informational molecule and a biocatalyst)

1989 iE N /RILFR (HiFLR):

 Sidney Altman #1 Thomas R. Cech
o JREZJFEA: "for their discovery of catalytic properties of RNA"
o {EMERNAFRS ribozyme (14E8)

RNAH R R < B ie s

1. RNABLBEFfEE E X BElE L R AL
2. RNABEIZ B F &l (capable of replicating itself), TIDNATAE
3. 1ZHEIK (ribosome) FEFR B IFE D PEARNAE SRR E L RE R X ISR

. "RNAHHFR"LAZ2iRIKEZELERNA, MEIREDNANIERRESA G ZH], RNAR]
e R ENENEIBE EEEIELINEEN D F. XRXTAGRESRAEZIMDNERIRZ

B2 E -- R355ciciRFRi% (Heterotroph-First Hypothesis)
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w5131
BREAS: F—7"EE 7T (heterotrophic), KEHEFEBINIEEMEND F

(abiotic organic molecules) &1z,
#iLi24E (B REwBARRIR):

o WREMEMIESEND FEARMHE
o BAB—TEGUDANREEBEBNSTHE
o - B TEBERITH

o - NEER (B5F) BEFENCLERN

22 -- EREY (Extremophiles)

BHRNIRFEMENS KRNI AER RiE"N—SE. TR, Blt, BE—XEYMER

XEERTE,
IERAELD EEFFMN BEX
Pyrolobus fumarii 113°C A1, {§F90°C BEHATEHE
TEK
Sulfolobus pH 3 (FAMRER), 80°C [FEES FE R
acidocaldarius
Tardigrades (KEER/EL  WMimiESITUML 2024F Science & RE &SI =
k) B9 F AL

. AR RiE"? NBIRIRERGNITE, NTFEEEN T ERERTIENEYISE

W, FIREFEIEERI. "Extreme is just historical normal."

B2 E -- XS 1ERAYEEIE (Origin of Photosynthesis)

EYE (Cyanobacteria) Eithik F RBTERASIINEEN (~3012FH0), ELLZEI, AJREF
EATRIEEEY,

A EERERNMMATEERZR (FBR):

1. B354 (heterotroph) — XA B34 (photoautotroph): Eid B2 R IRMA D
SCH

2. XBEB XY (chemoautotroph) — & B4 (photoautotroph): JEFEEERHIRKIR
MICZE R NEETZ R
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55
XIERR: AESEAREXEERPELLERN, MAEARR LE—MEENH (anaerobic
metabolism), S SRENXSIERANEIFY (byproduct)!

. REERA = Bk + BE? Tx2E. AEFERNROZEERCALEEE, BRL
FHEEIDR. |SRR BB R R RN,

B2 E -- KEMEY (The Great Oxidation Event, GOE)

X BISRE5E (Repeated Across Lectures) — GOE (Great Oxidation Event) +
Cyanobacteria ZithIk 4 &5 £ _FHEEHT =

BfEl: K% 201Z5EHT (2 billion years ago), ASESS=HBARIEF.
[RE: BE4E (Cyanobacteria) IFE R TR SEA.
KRR &% IREEE (Banded Iron Formations, BIFs)

Fez* CRBINTZET) + 02 - Fe>* (BABTE)
EFERABRIARKEFSHEMETENO RN, FHFe>*EMYIIIE. XERIEMEERL
BRI, TR TSKENTUERNEHIRENT A,

BIFSBIEX: EfIE2iIk I ESFIRAERENEIZFTIEE.
S5SETHESE:

o HIIKFZRK ~ 20125 RI: |2 SR
« ~201Z% R (GOE): &S 2RI LH
o IS EREEN 21%

ERL20ZFNNEE (MEGIEIREIGOE), MIKXKSF/LFKBERS. Eanmbhitft (18
MER) RRETEEBHLENRE10%.

MR - RHRS RS

@ IE: XMBHONRBERFDPHIED, BEEXLEE SN TOEENEXEEEX
BE,

LOfaBR: "RENENERASBEFEN - Hix. RESRFLAERRE, SRENENERS
B,

LOBERE: "SSM—FREMEETHIRKRSH" - #ix. FREXRSTHER, 21 51F
AFERTIREERN,
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BE

LOBERR: "XEFRREFERE" - WX, ASFERATRLELERE, SS287Y.

BhEly: EIRNELETZE (Plant Evolution

Milestones)

@ @ PPT Summary (ifE%) — Lecture 2 Summary: Four major impacts:
Photosynthesis (oxidizing atmosphere), Land Plants (transformed landscape), Wood
(CO2 sequestration + habitats), Flowering Plants (agriculture).

Hi&E -- MigiFZIpkith: EYRINAE

NRIEIKAGICFRID LRGN —KR, EVEMRAREER LIRS, (EAEEENNERN, 8
TR T TR e IR A S 4p -

1. XEERINER — EMIRKRIMERMEZR R E

2. BEMAEMANEN — BSOS TR, N EFhHE

3. AMRVEN — FHEFECOJMMAAMN, AR MEMS it
4. FFEEMINEN - REAEZMTEREL TR ZEEE

HZE - Sk S &R (Colonization of Land)
=AHk# (Challenges):

1. BAYE{HZE (UV radiation + heating) — S8 /KAIERY, LIMEEST
2. Ik ik (Water loss / desiccation) — B /KR, HiaT+2
3. &R 1E (Appropriate soil) — EE &t LR

X5EIENI (Adaptations):

IERAFE Inge
Waxy cuticle (I FARE) BEEMSERE, BAlEKkDRE
Stomata (57L) + Guard cells (& BT SAIRHKD ZBE ., R DARNIFERAER
TYRAE) R, BEFHASAL
Vascular tissue (4E4H4R) Xylem (/REER) §7K + Phloem (¥5ZER) 45+

. Cuticle + Stomata MNECS: ARG —B"REFR"BHLLKDEEK, EEMEZEITR
CO2, SALHMZE"REFIR" AU ARE O—FECOMTH, FERKITKHA,
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BE

BB -- KA#ME9EH (Evolution of Wood)

=i Hyperion (Z{AM#) — d£3E4142 (Redwood/Sequoia sempervirens), #&-F1E4)

« 5E: 115.85m (~38E#5)
o WHES: F[HA3000ELA L
o BYR: B8k

b/=

HEALANEN: BTHEAR (1532 AREER),
RO 7

RS

RAE IS HIRRIRZ M0 :

1. BkEI1F (Carbon sequestration): RIPIGAECOABGHMEXEE, FZRSKNEARE
#1 (fossil fuels)——& (coal)

2. B RRERSIRS BY): RFENERTS CoHAIIK, SERERESTE
3. HERARKL (Carboniferous): HEIEBMAAR 27/ M, FithEKFEERIREREH

B2E - MAEAREZINANFARNS (Fi8R)
(1) &S 1ERHEYEM (Evolution of Photosynthesis)

o BRREASEAHNEMLERS
o AFFTEMRHEY (K

(2) FEitbiEYDAYEL (Evolution of Land Plants)

o 4 (ameliorate) T [t =X
o Foh¥)iE Rkt TFEER (paved the way)
o BIET KD MFFD LIBEIF

(3) /K#1893E 1t (Evolution of Wood)

o $17F (sequester) CO, — A KR}
o NN FEREMIRHEBEILF R
o NAERMERFIAMALL

(4) FFiEtaYIRYE M (Evolution of Flowering Plants)

o NIEZLENIREMN St
o FREAAETUAEEFEMF — (BFEMIFHEREILS (hunting-gathering) @RS

(agrarian society) F3:%

101 /150


af://h3-352
af://h3-353

R R - fHE S
® Exrm:

BT Q12 (Z &5 Page 6, 1%E#RE): Which adapted feature below is critical to the landed
plants that successfully colonized the land, but it is absent or rarely seen in majority of
algae species?

¢ A. Photosynthetic pigments

B. Alternation of generations

C. Cuticle formation to reduce water loss
D. Chlorophyll a
EXR: C — ABFRE (cuticle) EfEHEMI X BENIHIE, BE—HEE.

L BERR AR

o AfE: EEBBNGER
« Bia: HRUAHARE
o D5 MERammEXMEWTEE

78R AR5 EAIEIE (Darwin & Evolution)
HiEE -- Bt = BN R
SRR B R e
| RLTERIE, FNMARS,. ERONIEERERE.

RAI AL FREREMCAYRD: FARNFEHRS (teosinte) SIMATRNFFREWR; &
MBI @M (MSEEIIAAR) BREB—THEHE—R. XMEALER (artificial

selection) =,
BZE -- RRXANEIRIE (FRR)
AN

o Hl#ll (Mechanism) = B A1 (Natural Selection)
» [55R (Consequence) = & (Adaptation) X 4 (Extinction)
o KRXHIRR = "Descent with Modification" ({513 / k&S B ZE)

BAEENAR: MNMINEZENSNAIZEF (unequal reproduction), HHE EENIFFEIA
MMEEES/LEBTER.

AR R BRI :
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v e
o ZEATIESE (artificial selection) B9/5 &—— AZK@I XYM B FHI TR HELIE,
A AEREN BN EERTN
o Z{E: (The Variation of Animals and Plants under Domestication) (1868)
o INRIMAXETEES (Galapagos Islands): & (finches) B2 EN AR R, BEMH
(marine iguana) B9fR F & Ei&E MK

EILATEI4R (Two Premises):

1. TF (Variation) — MR Z B FEES . THREEMAIEIR (Variation is the premise of
evolution)
2. A& (& (Heritability) — AT AMERE LG FR . LEEEER 7 IEAAGSEH

(Heritability explains how evolution is achieved)

HEE - A REATAAKES (Five Elements, H1ER)

3 IR E581A (Repeated Across Lectures) — Darwin's five elements + Natural
Selection RENIEICHLERNS

@ ©® PPT Summary (iB#E%) — Lecture 3 Summary: Logic of evolution:
Consequence = Adaptation, Mechanism = Natural Selection, Darwin's view = "Descent
with Modification", Molecular basis = DNA mutations.

R £ 374 X
1. %% Variation T™MrEERIZER
2. 3EZJE  Overproduction TEFEER
3. 47F%=%  Struggle for Existence FZRAR, TMANIES
4. FESETF  Survival of the Fittest BRIMERMAT BEZEN
5. fEX#Z  Descent with Modification — {<HIFR 2R

"EEEFTEEEERF"! "Fitest"FENE BN (fit) MR ME, F—ERRAK
SEALHY, A—TER/WRER, BENTEZE fittest",

B2 R - Bt FE4l (Molecular Basis)
EER (FiRk):

o B{E¥ (Genetics) AR KRINE! (phenotype) FEFEE! (genotype) Z [EIMI*F
« DNAF%! (DNA sequence) 2B {EAIER
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%)
o DNARFIIRT T {EifH (mutation or modifications in DNA sequences) ZE{LHD F
Ehlt

LITERIR: RS FEMEFERAFRLRF (protein disorder)" — X E& X Y2 HEBIRIE
In!

HZFE - RMIEES (Epigenetics)
EX: FIEEIRE T BHEDNAFIIN S —ERBRATIESMAE,
EEH:

1. DNAERE (L (DNA methylation) — EIZEIE (Cytosine) EiRINEAE
2. HEHE1H (Histone modifications) — S1FFREAL, (methylation), ZEL{L (acetylation)

~K

=
3. Hfthil#l: RNATFHZ

RER (RRER):

o RIEE(EEZMIMEDNARSIZ LA ERE"
o RRIBNEREEARARE — ERMBERHTHII: EERIEEIRCA ABRE

o

R R - RIS A
© Ssmkam:

BB Q9 (FKEIT, iE1F): Which one of the following statements related to evolution is
incorrect?

A. The consequence of evolution is adaptation or otherwise extinction.

B. "The origin of species' is a book written by Darwin.

C. The molecular basis of evolution is protein disorder.

D. In order to have effective evolution for a given species, both the variability among
individuals and the heritability are required.

o BE: C— BHMND FEMIONARIINREZNEM, FTREBRTF!

B Q11 (E A% 5 Page 6, 1%1F3): Why is the asexual reproduction considered
disadvantageous if environmental conditions are being rapidly changed?

o A. It requires more energy than sexual reproduction.
e B. It limits genetic variation, reducing adaptive potential.
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B2
o C. It produces offspring with reduced survival rates.

« D. It depends heavily on successful fertilization.
o BX:B— TMEEFENERER/ LT, RZEEER, EREZHMIMEFIEN
B35,

R Q13 (Z &% Page 6, i£3%/): What does the term "common ancestor" mean in
evolutionary biology?

¢ A. Amodern species that is unchanged over time
e B. The most complex organism in a lineage

o C. An ancestral population from which multiple lineages have evolved

D. A species that gave rise to only one descendant group

EBX: C — HEHELZEZS MERBENAIRIETRHE,

LoRaBR: "TARZHRMARFELRN" - fHix! ARMRNBRFHEZE—THEBTE, M
MEGEHAD BB L T ARIER.

FEEo: EYRERE™) (Plant Secondary
Metabolites)

HiZE - AT A BHE" tFREE"?

B ANMEYEEREE. FHETIE, EFANEIELY (sessile organisms), B 1REEFEHERA
HRFEIFE S, EMEATAEMER T LB AMRENRE ™1 (secondary metabolites)
—EEEYNtZREE,

PR - ECH vs RERH

YERBTH) (Primary REAEHTY) (Secondary
metabolites) metabolites)
EX  HREINELENENDF MpRIhEEdER, BEFTEERmAL
BlF FRER. XEERBEXDF priflft 5. BX. SRR
IheE tOEdmiEs) [A1E (defense). ERIIFLE

o AftAlTRE"? RAEMRK S ANRBTERBRNEEES R (divert) 15K, &=
BRXERSENNEY. REACEMAERS SE% OIS, (EFEENMEYIN Y
WRE .
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BE

BZE -- ZKRREREY (BER)

groups RERAXRAENRER

1. 52 (Terpenoids) — S AHIZE S

EAREH): BARKXTIHERITT (isoprene units, Cs) #E

@ @ PPT Summary (&%) — Lecture 4 Summary: Three groups: Phenolics,
Alkaloids, Terpenoids; Morphine and Endorphin; Bitter taste as protection.
X IR ERA (Repeated Across Lectures) — Three secondary metabolite

MR: BT 80,000 MARELEH, RIEMRATHHEARIZE,

EERR (FiER):

Tam FR
Artemisinin (&%) Bt S (Artemisia
annua)
Taxol / Paclitaxel (842  K¥F£42 (Taxus
i) brevifolia)
THC (IS ARFER) AJ# (Cannabis sativa)
Limonene (iT1x4%) iR

Ginsenosides (AS 2 A% (Panax ginseng)

)
Pinene (J&/#%) N
Farnesol (£ & WEE) ZihiEY

TERANS R (RFR IHERTE):

« BARE (Monoterpenes, C1o) — WIiT1EME. FiEhs
o {S3HE (Sesquiterpenes, C15) — IIBF 5 &

o ik (Diterpenes, Coo) — LA EE

o =i (Triterpenes, Cso) — WMASEH

b

2. =11 (Alkaloids) — &S

AL &% (nitrogen-containing), AZRESEE

& #85T 10,000 Fr
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IVETR (anti-malarial) — FEI44

HIURE
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EERR (FiER):

tam
Morphine (130HF)
Codeine (RJ1F(A)
Caffeine (IHEE)
Cocaine (AIk[&])
Strychnine (LTHT)

Senecionine

SR

£ 5E (Papaver somniferum)
[=:5)

b

23
NS
£
BEF

FEXRE

3. B2& (Phenolics) — ERRIRZRFH)

BEAEMW: FEBXEARKE (phenylpropanoid metabolism), BEH CsCs; 21

EEAR (FAR):

A=¢v
Flavonoids ()
Anthocyanins ({65 %)
Curcumin (Z&%)
Lignin (REX)
Tannins (27°)
Resveratrol (H#E 5 EE)
Genistein (IR EER)
Gingerol (E#HX)

IR
[Z
Z 7 (turmeric)
FREHEEY
R+, DB, BR
#E (Vitis vinifera)
AE

Z (Zingiber officinale)

HEZE - AIRS FHRIRFEX
N KB TR AR

o EH (Sweet) — #E (RE2)
o [ (Salt) — SHEF (BER)
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o & (Sour) — BT (IBW/ARMZH)
o ¥ (Umami) — . EB/EHRK (EFF)
o & (Bitter) — &Y (Something that is toxic!)

o R AENERMRERENTR? ERNERKE—MRIPHLEI—AZBHEMIRE
RHTNEESN, EEEEREXREFINERAGRFIEZAELHE, Bitter taste
functions as a protection mechanism against toxic plant natural products.

2R - EWWS EEENNE
XEPPTESHHRMES, KUl TRSEMSFERBINTERES.
R

1. JE¥% (Malaria) @ £REKRERE, S/LEFLTIN20%., HIXFEENERR
(Plasmodium) 3|#2,

2. B M Bt (Ge Hong) MY (BIE&ERTF) (FRE, 1500+FR1)FIRG R

3.7 "BEe—iE, BUKIHZR, REUT, RIRZ" — XBiEZ" 5" (cold extraction//Z12
BY), TeER#!

4. RIEBUVERB T HERENEM - SRMERZ

5 fE4 (Supply/Demand Crisis):

o RN BEERNTKREIIHN
o FRFHNXT SRS :
1. BfEEh (Genetic breeding) — K FIREEMNER, EEa-5anM
2. ¥8 8k (Semi-synthesis) — GBI EE S| AU LIZEUENEEE (metabolically
engineered yeast), L4 5 SRR

H—MMEL—ZET (Quinine):

o KBEZIBMH (Cinchona tree) HIHTE
o 17 MIEENRUM
o 1820FAMHHET

HBZERZ -- IBHRYEE (Morphine Story)
RfiE14% -

o LT FHERA (Sumerians) T TTHISA00FE M X FiRIR EIDR T2 RIEN"RFIE
) (Joy Plant)" =EREAILENERER
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3]

o 18055 : M3 (Morphine) E)RMIZF (opium) HRZE{Y,

o 18974 : FFH (Bayer) A E]HY Felix Hoffmann &% 7 Z ZERNIBHE (diacetylmorphine),
BNi8i&E (Heroin)

o SK: EEBFHT AT FHEZY) (opioid analgesics) 1T £

RAEHLE (FH2IR):

« AMHEBK (Endorphins) = "endogenous morphine" (AIEMEID )
o WHEKZR ARRABERYIR, FHERIRRk

o TEERBHZEZGIEIAERNS W — —EERBH, ZRREIZIRME - FEMRHE

(chemical dependency)

BBAHHRAR A (PPTIHEZIE):

» 1&E) (Exercise)

o %% (Acupuncture)
Meditation)

ex)

)
% (
A8 (
(S
EJ: (Playing music)

< (Laughter)

2490 % (Ultraviolet light)

P >H* mh =3 ‘Hﬂ]

BlZ 2 -- 1 (Litchi Disease)
WHE: RKEAZRAEMFRESKE MCPA (EREMSAEIE,

methylenecyclopropylacetic acid)

MIHES (2MRE):

MCPA + CoA + PUBH (carnitine) - AAIXEARVES
L

RERFEAR-E1t (fatty acid B-oxidation) #&HD%H
L

NADH 1 ZEt#ESA (acetyl-CoA) F=4E/)
L

#E4% (gluconeogenesis) =ZfH
L

{Mm#E (Hypoglycemia)
L

FEERHHE. Rk
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3451
KEEIL: KRAFAZR (immature lychee) MZZMFSHESREMCPA, XZEVIENHEK
HIBAEHALHI—BA LIz s ERFF,

El% 2 -- 258 (Papaver) HIiBE

. BERREAE 50+ ¥

o FREZEERTMIMEMIZHE, 1EFRISH2E5E (Papaver somniferum) 45, EA4F0AN5 HE
RERIE

o BREFREERET 4000+ FATiERE AZRAFIEH (cultigen)

o [EXA (Papaver rhoeas) E¥W &2 SERINBHERE R

MZE - AT AEME XA SRR ENH=1)?

BHIEE: BT 1007 Fx4ER =1
BHIIhEERY: 1R/ (majority are functionally unknown)
RE: RZEEEYHIRERIE (very low concentrations)

XEAEM—ERINEN? A—E. JREBEREZENHN'ET®", BRSMWTEEENE
MR (BpiEl. IR5IEMES) HEAEER.

R E -- RERHFE R
@ —AXRERBFEYRERRASMREAHITHE,

=FEFEicOR:
o M52 (Terpenoids): CsEt > 8Af, Bax. EFEE. THC. iT&EIE. ASEH

o L1 (Alkaloids): & > 1AM, IBHE, AJ5HE. MR, JFfE. T
o EiZE (Phenolics): FAKERR, £EHI. €FR. ZHER. AERZE. 27T, BHEFE

Bk xiiE: RE&E2A. B, RE. 212E (cold extraction), #HEE. EX. B85
R - BEE - F¥FE

MBIHEAYXBEIE: 1805 4ifr,. 1897 8K . WMHERK (endorphins). G — £¥HH
AR EIE: MCPA. IHIRERREZR-|1t. HIESA . KIIME

E/\Ep: BEHNEFE (Summary Checklist)
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A] BAEIZ RS E 8]

#

10

11

12

13
14

15

16

17

18

|e] &R

BN AESR
FHIE

IPLES S EMAR
=LYl

FREEL - W
MR R

AEEYR=1
I

HR ST SR
1BER

W2 REHIFERE T
2

AR RVZRRE LAY

SAMFIRAM 3
FEAA?

1EYvsEI R B
AP0 = X 5

B HAIR KR SR

7J

A ap e iRAVAT (8]
57

RNAH R {178
IE R

ST e iRIR
= FEREY)

FETEREIRRY
PARER1Z

REMNEH
(GOE)

HEERZRE
15

EYMERIN=X
ek

BERER

Sessile, photosynthetic autotroph, cell wall, alternation of
generations

Coral (zh#1), Lichen (F4:1{%K), Elysia chlorotica (B1#4)

Green algae — Bryophytes — Tracheophytes —
Gymnosperms — Angiosperms

THE. BFEE. BEFIERES

Sporophyte(2n) — meiosis — spores(n) — mitosis —
gametophyte(n) — gametes — fertilization — zygote(2n)

B —E M BT — 1+502nEF) + 1+ RAK(3nfk
3). RETEUERFX

7THRE8tZ: 150+2Bh4RR+3 /% B AR+ 1H RAAAR(21%)
SAM — ZHERIMF, RAM — ERMMR

FEARVSEIEER. D45 ARvsBHS Y. HEEHRE
vsIARRHEATRE . &N EEVSIEN IEH]

CO2, CO, N2, CH4, NH3, H,O — FTiiEE O,

4 5Gatthik—4.2Gak B —4.2-4.0BE &3 —~4.08]
RNA—~3.8RNAHH 5 —~3.6 5 "DNAL G —LUCA

RNAR BB E B EENELINEE (ribozyme), Altman &
Cech 198913

B NERERITN, RBFEEMEND T

Pyrolobus fumarii (113°C), Sulfolobus (pH3/80°C),
Tardigrades (5859#11%)

Heterotroph — photoautotroph, Chemoautotroph —
photoautotroph

~2012FRIO 2RI EF, HEMESIE, HE: FHIRERE
= (BIFs)

EXSHERFEN - ESRZETY

UVAAMAE . Koftk. BELE
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#
19

20
21

22

23
24

25
26

27

28

29

30

31

32

| R

EMEMI=X
&N

B = A

BRI
=

RIRSCEM I
1K)

el d: N TTE

ERSCECRY A
RER

B D F 2

KIMEEFEMA
AL

IRERBIF 4R
IHgE

=REBRERB
=1
SEEN[E
M30E S AIEERR
AR

HIRARIPEX

Sl B RERS]

Jin &

Q7

Q8
Q9

=S S

MC  1EMEX

MC WEEE
MC  SEft

BERER

Waxy cuticle + Stomata ({R Z4HAE) + Vascular tissue
(xylem/phloem)

Hyperion (Z 1B #), 1£L3£4142, 115.85m, 1&F1E1)

(NHE-FMNLARS (2)FHAEY) - USRI+ &L (3)K
M-EZFCO+ERME (4)FEEN-RIAAR

#.#=Natural Selection, [§5R=Adaptation/Extinction,
"Descent with Modification"

Variation (RI[$2) + Heritability (fZFFa0{a/SCIN)

Variation, Overproduction, Struggle for Existence, Survival
of the Fittest, Descent with Modification

DNARFIRIR L &1 (NOT protein disorder!)
DNARE . AEREM (FEMN/ZEM)

FTEZFAH (defense), RIFIIRIEES

BE2E (>80, Cs =X &) / EWR (>17, 8R) / Bk (KR
beiEi2)

B, (NEE275). BH. KRR, fUER. tERMEF
[

1805451t 18978 A . MMHFRR=PIRIEISHE, T EHDHIA
AR — BL TR

MCPA — HIIBSRSEEB-E 1t — B PNADH/acetyl-CoA — #
HESSE — (KINFE

ik = BBMRRNASR, ®RIFBINRZEVERHNE

BR e S E]

D "All photosynthetic organisms are plants" Z%8
i)
M IEFREE—El, EEFARR=E

C DFEMEDNART, A2 protein disorder
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;?E it 8 B eSO
=
Q11 MC  RKMZE B RZBRELTR — ENEFEFR
Q12 MC  [HHEYE C CuticleZ[fEHtEMIT B (££2H)
N
Q13 MC  HEHES% C HEMRFLZHTRHE, 2R
Q15 MC  ZHEHARA D Meristematic tissues remain active and

undifferentiated

Qlll Q&A  1&EYvsThY)) RE 40 FEE, BEETESR
RE X

H=/GNTIE (Final Checklist)

) ge—OSiR LEMRI4 N EARSFHE

() BEfEFZ 91t Coral/Lichen/ElysiaAs 21847

() geE B AR BT RIZE (2n—meiosis—n—mitosis—n
gametophyte—gametes—fertilization—2n)

() BES NSRRI = R EME M (2n zygote + 3n endosperm)

() BB N2 R EEMEFINIEE). BFREE—EH
BEXSEEABIVSENII R BAR TN (4T AR E)

() BEFI% R HAMIK RS AIAL D (FEO2)

() BERRTERNA FERIHFN19891EX

() 85 HGOERXBILIE (BIFs, Fe*+0,—Fe®)

() BB NEERAERRENE, a1

() BeE LIEYDEFLRISHEEL+3E ML

() gE5 HEMENRI4RF

() BEE HDarwinyZLHINLE], ER. 5E&. 2811

() BEiR%I"protein disorder" 2 iRIE I

() BERE3RERERBTMIEITARMNEY
BEHRERWW/ S SH/MNEERH/RIENNNE

() BEREFRNBHE— M HERL— BRI

() BERRTEMCPA—{IMAERY 3 R fm il

() BEEER AT AEIRZ RIS

£ {5 2% (Bioinformatics) - {EIRE S EiC
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FESM
MRIRRIFSEIEMERS, WREFHE,

BRI SHE—BEREBE, ROSMIBRENE—AS ({R80DNA), F—MRAm,
FRIEZBH: A, T. G, C, BAB—FFAERMA (genome)— AL 32 ZMFE
MK, ERSEART (WFEE) 8800 2,

£{E B % (Bioinformatics) iX| 1 RHA B MIO4S

1. ZBUXA$ (DNA M / DNA sequencing)

2. FREIEUEREE (Eb4l GenBank)

3. 7iE. BREMNSX (AITENALE)

4. FIRIXLEMAKRIBRRRA . Ht, EEMEATEMRS

iE DNA MR UB R —EGIERFIAS— "R DNA fUlEs. EEMEREFREERHMAR
HR—e iR FEFY, ARLERBFEXERIZFIR"SRE" T4,

WRBAULRE—TOF, ERSRREER S5 TFR, MEXTTIFEREAMEIE, &
IPEEA BRI ER BT ——REEIEEHRRBIEG? XL, SMEEMEREREBREE

AR,

IEZAFRNAT .

- HFAREMERE? ARTE. SIEENSEREZME. S NERENEE—L
HEMREWZ = ENFBEER DNA FIIEIE.

£—ab5: EmrIESESR

1.1 Fu\EN (Central Dogma)
DNA —#&% (Transcription)—> RNA —&iF¥ (Translation)—> Protein

HiZE: DNA BRERE (FHREAEARZE, ME—ETEIMENSES), RNARHEFE—
W (E—1ERA) NEHG, WEBEARTI £, EHRERAMENEE, BEEESHE
Ti&,

2 E: DNA, RNA, EARX =MD FHEL&4ERFF (linear sequence), BJAF—8HER
EA ST IRImIA:
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BE ]
o« DNA: A, T. G. C MMZEEHNFT
« RNA: A, U, G, C IMZEENFS (UBKT)
o EHMR: 20 MR EENFT

BB TABANMER O FI"—FIIEREMEER . BEREERR LER—MEREFHARS

(information storage system),

o FARPiEN? £MESNEETRR: DNAEZEEEEE, RNABHER, &8
FRRATINRE.,

Bl (FuclE):

e DNA — RNA = 3% (Transcription)

e RNA — EHJ& = #iF (Translation)

« DNA — DNA = £#ll (Replication) (F/NENHEERAR")
o —EHELMDF, HAIUURFEIIEREAR

1.2 DNA ZEHE

HiEE: DNA &—Z2 At F (SUENE / double helix) . #FHIMMARER, ##FH"H#
H'"B—X—NR0EE, TIHRERTE—I,

MEE (288FicHE):

FHIE DNA RNA
e Bt &% 4E (Deoxyribose) %4 (Ribose)

fE A T.G.C A. U (FRIEIE). G. C
¥ W% (Double-stranded) B 5% (Single-stranded)

FmE 53, RF1T (Anti-parallel) 5'—3'

POFhiEE (Four bases): BRIENS (Adenine, A). BIRREZIE (Thymine, T). BIEK
(Guanine, G). AEEZIE (Cytosine, C)

IREHRYT (Base pairing): A-T (2 MNEH), G-C (3 1ER)

R¥F175% (Anti-parallel strands): —&t2 5' >3 A, B—%FE 3'—>5 A
5'RFN3'R: HFIENEEN LREFHRS. DNA BERINE 5'—3 Ha#HT
RNA ARG : BIRRIEIE (T) #EFREENE (Uracil, U) B ; HEE&iEmMIEBRENE; BFe
B

. DNAFRMISREtA? WENZERBNLFEE, MK DNAFEEE—E—A-T
B217E#, GCHITEH., EEHRMER AU A",
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HIRR:

« AEET (2175%8); GE C (31aH)

RNAFRUEBRT

BE: 53", R¥T

LOEILRER: RNAS U, F2 T. RNABERY, TENXiE. RNAKNEREZE, T2
B EANE
HE Q14 (B6T1): M NEM4FIErT IAX % RNA 71 DNA? — B. RNA 8RR (U) M
JERIBRIEDE (T)

1.3 AZXERE4A (Human Genome) @
| 3 HUIBRERE— AXERAL 32 12 bp— X MNAFHEIRE R EHH

BiEE: fR5TE2H DNARBRBRAE 32 27M"F8" (BEXY), A4RM 24 & (RERX), E
BLREEARSH (BEA) £, 7ESHB/IVIMERZ.

MR

o KV £93.2%x 10" bp (32 {ZIHEST / base pairs)
o BN 24 ZRBMR (22 XEREE+X+Y)
- EF4H = BRI (Chromatin): #&1<h) DNA ELEHER (histone) k
o HUIEITEE:
o AXERA=~ (METE) #Y 4,000 135
o —THENETERANFIRIESE ~ (WFETRE) 7Y 112,500 15
« GenBank £F%iE = (TR #Y 20,000,000 13
o WIRIESE (MFMEIEY FTE 8 /\iY, 1E5 GenBank FEZY 18,000+ !

| HARAKEBEM? WR—DREAXFABODE ONAES, BitK 32 Z1HE
X, HAIE 24 RRGHL, WRERNOPXEHEASEAE L,
HiRR:

o« AEEFEEA=432%x10"0bp - @ (ZBXEE! )

o 24 FREIR, FE 233 (AR 2REBEIRE)

o HEFH = FBR =DNA+ HEH

o A HEIIPERM: 1E"32 {Z"MEMEF (1 75/100 /5 /FF) BE

—#B%: DNA MIFERA
| 3 BERERE—=f DNAMFRARTE Lecture 1, 2. 4 REHH
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2.1 DNA A9 E 7 Z4E

HiEE: EAFEESERMGA— I E? S22 SFERE N TEH D HIMEWMI
B, AEE3. 4. 60 THES1A; CEB2. 7T GES S5 i XMEERTE
5| TCAAGAC,

FEEE: 88— DNA NFESAEERRE—TE: #E DNA R ERPEMZERIUE
(position) + fHEXE (base identity), ZOMERE: "REARHRIER—MIERRNF
52

SEETINRAIRFTEMRFER: BTREENEEME., TRNFEZAZENXR], RETE
MR 2B FREXHIFHES .

. DNAMFEMNEFEZMT4? M= DNA pFFEMUBE LW NMEE (A/T/GIC), FiE
LRGSR (UE + HELR,

BiEh (E@ER):

« DNANFF = ffs7E DNA PRI EHEF IR
o HDEEE: (IE + AR
o XEBZE, FRUTE-

2.2 Sanger MFiE (BF—RF) @

BiEE: BRIREW LS, EERMSMIEAR"IE", ELEM T —REER, &
MERREE. WRIREAER LS (—MEBXN A, Z—MEN T, FF), mMEIRA
BIESEMNE—RFER), BABBRATENENREMSF T IREMEHETHE, BeSF
REMEE

BEE (EHT —XEZERENEH):
H#l: 5522 1E5% (Chain Termination Method)

1. dNTP vs ddNTP: 1[EEAIZEEL (ANTPs) EH53'-0H £H (3'-£&), A TFT—T&EE
ELEE, WBEZEE (dANTPs) /> 3-OH EF——EB#KiZ )\, DNA A HEBLE
7,

2. XEBAM: dANTP Z"85&R1EF", 7£ DNA SRTRRH, HTIIENIBAN, mMEiZ
NUBLIET EEE KA.

3. MBEFITRME: IRENERN, BEES:

o &R DNASE (RENFFI)
o DNA R&T# (DNA polymerase)
o 5|¥) (Primer) SEBEIER
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#4157
o ERMUFH ANTP (IEERIMEIR)
o DEXE—F dINTP (—EHN ddATP, B—ENN ddTTP, LALLEH)
4. SRR E K (Gel electrophoresis) 1£4<E & DNA K E&:
o R ERTERIRFBER
- MK EIEIE
o BRRIVEZEERAEEMER (&E) NS (FK) —X®ad 7RI
5. 4M7AI: ddNTP FTLARR AT AR ARiC:
o FETMEREIZE (Radioactive phosphorus) — HETB E5%
o ZHFH| (Fluorescent dyes) — FAEM (ML, FIiLNESE—EXER)

. +4R dINTP? —F"HERFE"RUZEER, R/ 3'-OH EHE—— BB EEE KR
DNA#5 £, MBBAREREUZRERT. B2 DNAGHRN"ELEES".

At EEFS IR (Five Performance Metrics)

=t £ 374 Sanger {§
EK Read length ~1,000 bp (—XH&HS, BEF=A)
1B Accuracy FIERARP RS
BE Throughput = (—RReEN—%F5)
HE Speed 2

At

A%  Cost-efficiency SBHEMNIRS

<

FAEXE (Radar chart) SERJHIML: Sanger E"HEE"LE—TRIE, BE"BE"N"EE"L]L
FEFH,

HIRR:

o RN §%4&1E3% (Chain termination method)

BF: £—RNF (First-generation sequencing)

RHEBIFT: dANTP fR2> 3'-OH — 28 | HEFE(H

EK: ~1,000 bp

wERS, BERA

o A RIXFFARE: Sanger BE—, FEE_R!
EERMER . Sanger KA RREKMN—=REK!

2.3 AEEFEET%I (Human Genome Project, HGP) @
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3451
BiEE: AXBEURERNENFIE, FHIS 13 F (1990-2003), £ 20 TEFRIES
5. FEBETEARER (BGI)/ RERZERME TRk, 2001 FNERRTTH T 90%
AERRARANE, TMEEN Sanger MEFANIEK (~1,000 bp) K, TEAEEERFTIXE,

MR

o BHEIZ: 1990 (B5h) — 2001 (E—HRE7FS, Nature + Science B &FK) — 2003 (5%
)

o REZE: ©AXER (BGI), REFEMRZMR, MNTH 1% WERSE (EEH=IVERIER
NER—BENREZ—/ e Ksek)

o XEEBFR: Sanger MIFE — iEK2H ~1,000 bp, EAEEFHEL 3.2 x 10"9 bp, EHAE
= Sanger &1X1Z{hY 3,200,000 &

cOf

. R4 2001 ERMAREREBERFATE? Sanger MIF—X A EEE ~1,000 bp, HE
RAPEFERKBREERIIN, BERTEE—HMEIEES DM EE—NEEM S5 IF
MRS P E KR EERE. BSOS,

At AERREE: "HaF"ELE

R HRRE BB —ERNEBERARRNEEE—EERTERREE FIEEZE
IOE R

BRERAXGIERZ: "There will definitely be sunshine in my life after the long long long
long long long long long long long long rainy days"

MERIR—RAEERE 5 NFR (FIEK), REFRE There", "e wil", "Il de", "inite" I XAFAIFF

a6
BE
k. fREEER L "Iong"BIRE ZD1IE? FEE! XEERABHRKE (Genome assembly
problem),

HER:

e HGP: 1990-2003, EPfr&1E, BFETH (BGI/CAS)

e 2001 FEFG: LMK 90%

o AHATRTR? EKKE, TEBTEERS) @

o A IEIZFTEM: ARENBEALRE, TREAAMKE, FREMKE—ARREERIEK
K&

2.4 T—MF (Next-Generation Sequencing, NGS / £ _{{ll[F)
-

AiEE: ~B—/XR1E—% DNA FE&, NGS ERNEEEBRERE (F1T4E), MiERIE—
MERMNEPEEA BN —ZIREEIEARE, BEETHEEEREERENHE (FBiEk/
short reads) ,
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SETE

il

o [A)tt: 2005 &, ETEBENF (Pyrosequencing), BI/XRNATAIER RN
(Mycoplasma genitalium) X4 (Margulies &, Nature 2005)
o [RI8: S@=H1TWF (High-throughput parallel sequencing)
- TERTE:
1. REXMt (Fragmentation): @I IRNEEY) A TVEE R DNA FTHIEFE FEX (~100-
300 bp)
2. PCR ¥1& (PCR amplification): A8 THEFIEAREEEEN, UF=EJlES

. {t4= PCR? PCR (Polymerase Chain Reaction, Rl xN) 2—MEIdEH
RIREFIFE DNA FERAUFE AR, FHIE—&"DNA SENH", £id 30-40 # 18, —1 DNA
DFAIUEREE A TERNIEN, FEENFNEBRNRIES.

3. PEHTNF: BTFEBREREEESENILRBMenEBES, [ENF
4. iTE B3 (Computational assembly): FAERGHEITKIH OB ER A

=2EE (=HRS)

o FIEK (FET—HRM=K)
o PERE (T Sanger)
o BEHENARmIF

. AR NGS? E_NNFF, BERNFATIREEELS DNA RE, RAMIRS TEE,
RMBIERERE, HBERRT Sanger,

HIRR:

 NGS=E_f = SBE + TiZK + H17T

2005 FiSH (454 EBERNF)

NREE PCRYIEXSE (FI=KFE! )

L OEIRERRARE: Oxford Nanopore =, F2F !

LORIERRRGERH . ETRABENEARERANEHEX (RE 12T/ =7 8! )

2.5 E={LMIF (Third-Generation Sequencing) -

HigE: ~HEE DNATRUMVERBY 18, —RNFEEEERRE, 8K DNA 5 F—iH
BT —BEMAZRIEAE., AFE PCR! EKAIAZIHE LT HE.

SETE
AATA:

120/ 150


af://h3-394
af://h4-395

PacBio (SMRT)

B S5 FSERHNIRE (Single Molecule
Real-Time Sequencing)

Oxford Nanopore

HRMAK LR (Oxford

Nanopore Technologies)

BAIERK  AA 25kb A3A Mb (B AEEZS)

[RI2 ATER SR DNA SR8 DNA X EHBRPKIL —» BRT
1k,

= ~ (BHF) T~ (BHF)

PCR?

MASLMFNG (FEIERE):

DNA 2 ZFE— MU/ EBRTL (9A2KFL / nanopore)

BN REBRTILERELRN, SM—FMIHEENS R FINE TR (current)
AE/IEE (A, T, G, C) &R EIRIEBRZAL

BT IC R BIRHER BT — HiEY DNA K3

L MKANMFEEATEN? 3% DNA D FEI—MUIWEBRIL: S M HENILE
MIEERRERE, MTRESET—aRERIETEY, MEREETE—,
FEERRTR: T2T e AXEREA

iRfUEiRHL (Telomere-to-Telomere, T2T) AKEREH: 2022 & 3 B &%
B SRR, FiElbs (gap-free) BIA R E A A

B=NFEZRNFIEE (PacBio SMRT Ti#AEX)

#h £ T RIERIARTERRIRI"TREHT 10%"

SREHINRI:
o E7RHEJH (Munchkin cat) F5EHBIEZI UGDH EEFH— MR FERSK (deletion of
exon)

o FHE=NIF&EI (PLOS Genetics, 2020)
HiRR:

e ZRN=BHFNFE, ~FEEPCR

o HIKiE: Oxford Nanopore A& Mb 2% 3

o T2T: 2022 & 3 A, BT LHEEAXERA

o A IRFRIPERH: =ZCRUBEHALE Sanger & (Sanger i7A=2

BERSR! )

o N RIFERGEM: =RAMEA PCR (EREDFNF)
o A IEIEEHRGERH: Oxford Nanopore 2=, F2F K
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2.6 =fUNIFXIEES4T @

=T E— (Sanger) HE_fX (NGS) ZE=f (PacBio/Nanopore)
A ~1,000 bp £5 (100-300 bp) &R (25 kb - Mb)
BE = {=) 3 {8 F Sanger
e A =1 hE
BRE 8 {PS 1R
|EPCR? E = IHE (B0¥)
[t D 1977 2005 ~2010s

o EMIEREARIERRK? 5= (Oxford Nanopore BJix Mb &5l) , IIFEERS?
Sanger (£—f). WM BEERE? NGS (E=4).,

RIREEE (CERR) -

o Sanger: fEEAME Lo, EtHEREF
« NGS: BEAM@LEME, HithRFH
o« =% ERARLOE, SHREAE

HiRR:

o @ BE=ZRZANSIEERR

o @ EESKREMMENR RIS

o A EIEEBEM: "=ABERS"—1IE, Sanger &S
® ARSI B ARERAMBHEN"

B, RE=M (T2T) 8t

B=885: MERAEIRE—A{+241EFER DNA AET
LB REEES

3.1 HEEIMHH9EEE: C.C. #1 Rainbow @

HiEE: 2001 &, RZHRM—RIU Rainbow AIHIESHFEE T — R0 C.C. (Copy Cat) AIIE.
EfIET2ERNERZA DNA, BEBREARRE! XEAAGE? BNBEAANZERENE

.
MR
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s
Rainbow: I{IEJ#/=1¢J& (Calico/tortoiseshell cat), EHEZH! Oo, EEBENETREEBTIE
BHHR
C.C. (EpEr): HHREMRE Oo, BEBREERE (REBEER)
A+ 4? Olo EEERENTX #&{K (X chromosome) t
M#l: BEH X kK iE (Random X-chromosome inactivation)
o EHEMIBILIF, BTHERERRATREMBIRE—F X REHR
e Rainbow: —LERZRRUHRARIE T "o" FAERE (FBEAN), Z—LKET "O" (B
AI) — MIBTELX
e C.C.: IR C.C. RUBB T ENMAAE, RAJEEH "O" FMERCDEWKE, HEELR
BEREPMRFEEFEE - FIEHERIKA 0" (BB)

. 7ft4 Rainbow #1 C.C. i) DNA T218E, ERMFRE? KEIEPHIMEN X RE
RKE, EMRES LR TARMERRAER, MERNERES LT ARKRE,

HiRR:

o HHEINERESA + FEINFKE - RMEFEH (Epigenome) 7EEIERA !
o X RBAKFR—TEHEIM
o . XEIEIA: DNA RIIAGHREERE—L]

3.2 RMEEH (Epigenome)

HiEE: "Epi-" ERRE.....Z2L£". "RAERAMENETE DNA XAH LRVEFMEFHE
—EAMIRRES ERNXF, BIRHIEMLETT 24T rIiERY,

SETE

. FUWEEA: X DNAFAZELFEM, FERKE ONAFIIASHIERT, HINER
e

SHEEMRRIEE:

1. DNA EHE{t (DNA methylation): EENZ| DNA & (BETE CpG uUR), BEFEERT
2K

2. AFE AP EL (Histone methylation): FENMBIAZEHEE L, rLEEHATINE

3. AE H JHEkft (Histone acetylation): ZEENFIEZEREE L, BEHEER (LRE
[FaAsth)

tagmRMERA?

- RBERE (FEA. JLEH)
o MBI
o YA m
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« RE
BalE?

o ChiP-seq (ffFE%IZEILNIEMEE / Chromatin Inmunoprecipitation Sequencing) :
R FHREmROERER, AEMNFEEX DNA
o DNANFRARBEMNZAITALE DNA FIIAS !

| HHAREMERA? ONATMAEA LNAFFE, BHMLERER, LAY, m
A DNA F3IAS . BIRET it A1BREH DNA TN~ EFEIER.
HIRR:

o RMERABRTEREFKIE, FKZ DNA FF
e FA ChiP-seq 2 (FJA DNARE! )

- TR, RE. BEXMN

o W BRRETRERINE

3.3 A #EHER (Omics Technologies)

BifE: "A%F (Omics)' NERR"IEE—XKRAEMNEL K", ERAFNEFME DNA, 5%
FBFNEFME RNA, EHRAFNEMEEAR—MGEL AEEEM—IRTERN
EFER,

MEE (CEZEIIR):

P ME3F R £ 374
BERAZF DNA (P £H) Genomics
HRAEF mRNA (FREZEAK) Transcriptomics
FUERAE FEREM Epigenomics
RUFEFRAZ  mRNA 81 Epitranscriptomics
EHRAZF A=) Proteomics
A F (eLiLY) Metabolomics

B RS (Single-cell omics):

o B (Ht2) APMEE: MGIEKRITHRET—ROTBEEMKREERM T T4
o BRIRAE: MR (Microfluidics) 9 B2 MAK — DRSS NMER
o ZElb: MEBHEY =F—MNET; BEARAS = ZEMEEESMKE
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BE
- HARBRARAE? Z—NE8THRNTES FRSHITON, MAZERELTH
REAE—ERTIYE, MEETREBMKR, MARE—MWESRT.

HIRR:

o NMAEZE: BRAR. BRAF. RIUBFAAY. KUERAZ . EARAR. NHEF
o BRMRARAERRBRIERAK
o "HZ" = RATAES L, EEMWNE

FBERD: EMERF—XTEMEIBHNEZF

4.1 EXEAXE

NHEFZEX: EMEEEREMENTENRZNRXFER, XIFEMEIEIIKE
(acquisition), fZfi# (storage). 1 (analysis) Fl{£Z#& (dissemination), &&E ILAJZE DNA
M ERF,

WEER: £MEEFE—IRXYEHR (interdisciplinary field), F& AT IERBAEYEIEN S E
MmETH, TEHRAMEERAKEE 20T,

SR FHIME:

o JRILIE (Wet lab): FSLIORENEUWE (ME. ChiP-seq %)
o F3CE6 (Dry lab): FitENBHTEIEFNE. DFIER

HIRR:

o PUNKEET: FREX. 776E. oM. &3% (Acquisition, Storage, Analysis, Dissemination)
o RXXEH = &AM + ITENRIZE + F

o JELLY + TN

4.2 EEEFE"EHmrEie"?

BiEE: AEPMRXEEF LRI TITEGHNIENE, BIETESENFEHEFNE
—MEMHTFEREMESNYFNE? IR2EMEEFRLEARNERZ—.

MR

ELb: AEENER (Kepler's Laws):

125/ 150


af://h2-404
af://h3-405
af://h3-406

B )
s AEMOIT T ES HAIMIITENNEE, KIMT=FE®E: HERIE. FEREE.
TA2 o< a3
o XLEEMEBVM A IR LRI A
o EMERFRETRENEGARJLIMELN "ER"?

ZEE[RN (Feynman's Principle): " IT/ACIERIZRA, FHHAIERE, "(What | cannot
create, | do not understand.)

- BB REAHRERRLEBTXOE
o ZEHIFER—TEWINGE, BN ZEBNERUNFREAERENEE

"(E{ATHEEER 2R ER" (Any function is a function):

36 3 B R E38IF—"Any function (IEE) is a function (ER%R)"——E ¥ THEER] AZRS
NEFRER

o AYINEER] AYRAS SRR 2K

o BN BRRERE (IRER. IFE. AHREM)

o MWl oHffF GRINBRNFIEEE))

o MRFAVERSH BNBRE WA, BAMeE (MEieL) EEAEMEFRE

==

E
BiAk (GERRR):

o FFEENERIEAMEBIERRIEICRIZELE
o "BIALISRIRA, BMAER —RE
o "{HAINAEERZ REN"—EVIINAE = FFREX

ShiEbs: EampIEFEHE

5.1 B3R(AER (Kleiber's Law) + @

# X IR EBE—Kleiber F1E B ~ MA(3/4) EMEMEIEH AN FZ A EN L HE
51

BiZE: AEEANYOEE. Fali, B—E0MSXBEMRBRILNMTILFHEE
—AKHY 10 2R, BARIGE, ERE—TESNHFENR,

MR

FRIATEE (Kleiber's Law):
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B « M~(3/4)

e B = f{{Z (Metabolic rate) = 8E&;E5E / Bja)
e M ={KE (Body mass)
o TEXRXEAAT ELRHIRY, MBI EZER—FELE L

o IR (H): Hoc B/M oc MA3/4) / M = MA(-1/4) (IR oc {KERY -1/4 /R T5)

o Fn (L) HRESRMAURERENSESREEEE ML, (BM)xL=E, FALeoc
MA(1/4)

o —HEILBEEIRE: H x Loc MA-1/4) x MA(1/4) = B8 =~ 1049 (10 1Z;R)

i) O (XIZ) Fw —ERBOB

A ~60 bpm ~80 F  ~2.5x 1079
& ~130 bpm ~15F  ~1x10"9
/NS ~600 bpm ~25%F ~8x10"8

#FIEIA 109!

. HARRFBEER? AHRSEEN 3/4 RAMEL., — I FIEHILM—4%
DR EIREIARLZ 1012k, SHBERNTX,

RLR 314 15E? WBE 1&E! (West-Brown-Enquist, Science 1997):

o 3/4 KETREUH RGP 41 (Fractal structure of the circulatory system)
o MEMM—TTRIFHZ BRI ST NLS
o DIMBNENFERATTA 3/4 X154

HiRR:

o Boc MA(3/4) (FREMAERE)

INER oc MA(-1/4)

ZFan oc MA(1/4)

—HOBEERE = 1079 (FRBIRILINI R EE)
WBE #22Y: 3/4 JRE DB A ST (Science 1997)

5.2 SBIL% R (Emergent Properties) @

| % 3% #EREEE—BIMR / "More Is Different'—MEEHNFBIE R1TH
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BE
BiEE: "BAEXKTHD M, "BR—MKDFEAESEE. RR—RIEBBSRAEE—TM
A, BHEBSNENRRBRERNOAMNASE L, & ZWARAMBIRLET.

REE:
EX: FETRGEH. EAFETETEAGEEMR.
P.W. Anderson (1972) "More Is Different" (Science 1972):

o 1977 Fig N /RINBFREF
e WIITHBSITEZRERR, #HisLUEHN. TEMBEE RN R
o "HRIRAUXIFRIMES R B R G AR R"

IR =ML -

1. BEEKSE X H T (Requires many basic units)
2. EMEX MBI GBI (Macroscopic patterns emerge from local rules)
3. BEIRFR MR (Needs critical threshold scale) —ORE vs —BRE

AN
=7

- HAREIER? TS ERESHRRREBEINNASEFENERITHIER
ARG RAE T O —MAME D B ARENER, "BIEKTES 2. "

B+ :

o E1E (Snowflakes): BB H20 9F — IREEZFNEAREE

« 53 (Bird flocks): Boids 28— =&KEEFN: 9 (Separation, ERAlE), X357
(Alignment, IRBESREATE]). %EER (Cohesion, FETARE) — MMARIEHATXIT

o JEJE (Cancer): FREZERE (Oncogenes, #l Kras) FNEEE (Tumor suppressors, il
p53) EEXMEHIZIE, Kras REHARAR"MN"—REEEMEMNMNEREIEBIRET
72", JERE X B M & RO SRR PRI L SR AY .

HIRR:

o "BIK> 7o 2"

=10FMG: RZH7T. BRI, IGFRE
P.W. Anderson 1972 "More Is Different"
Boids &RE!: D&, XITF. HR

RAEER: EMEPIElE, MIFMIL

53 +t4Z4%®? (NASAEN)

BiEE: NASARMTIEEX: £l — T8 (1) BRER. 2) BIEREFALNLER

4.
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RESHITIARX A LRI B BT R R . "—NASA RIAEE

K
B
F||I]]
-

B 445 = B¢ (Autocatalytic):

o — P BEEMNESR (Autocatalytic set) @—HpF, EFRES T FHNFEABESTIEMA
GAELL
o fBEAfll¥: A+B—>C; B+C—D; A+D—>B; C—>A+E

SR (Kauffman, 1986): ERBANRAT, BECEANERTER:

o RABSUZFY] (RNASZHK)

o BRIFYIHBIEFIINEE (Ligation) iZAL

o BTFIEX—TREBER p FER

o BERGMEREXR, ZEDHU—TBHEAESHER -1 (BIToR! )

. HARBEARS? —4Ho5F, BRUEMECNANTE——TBEIFNEEN
2%, Kauffman IEBR T EARRZRXMESLFAESR, ER 7 EmERN—FB AR
42

HiRR:

o NASAEX: B#HE + ARXA#L

- B4 = BN

« Kauffman 1986: BEMtESHEARRSF/LFEARIESR

« XRRE: SEEBZNDF, EHESRIT LR " RERSH"

5.4 EIRHIEIHEE! (Turing Pattern Model) @
XX BRREBE—ERNE/ RN-T8—ER 1952 FHHIEXEEMEEFNE
B

@@ PPT 24— Lecture 2 "SEIER B 45" BBiMBIRS = I ROEN; EREMS =
BIRME (RR-7 &)

BiEE: XE-BR (fE, MERLUE_KTIKE T Enigma &3, KA TERHNAXT)
FE 1952 FE T —RENZEE LREBATMANIE Z—, MBIHFUER, UXAmMEEmR
EEEFRNY EREES, MeELSEMKELNZFYN. HaMEMEZE.

SETE

BBREILX: "The Chemical Basis of Morphogenesis" (23S & EHIL S ERL), Alan Turing,
1952 %

R K- #HEE (Reaction-Diffusion Model):
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)
e WD F (F2BKEZE / Morphogens) @ EGERI A (Activator) F#I#I5 B (Inhibitor)
o EMIBINZERNEBEER, BRNEZEPRY &
o RGHRHD AT (Partial Differential Equations, PDEs) $#iA

0A/ot
oB/ot

F(A, B) + DA-V2A (RRII + ¥ 8#30)
G(A, B) + DB-V2B

ABAESES: DU E St ST

1. ABE AL
2. A #iE B BITE
3. B Il A K974
4. B ¥ EUEEE AR

BEE0E | BEL)
BUEFI = )

B HBCET)

DB > DA— X @i K< BIEH! )

A~ A~ A/~

. HARERPIEREE? Alan Turing 7£ 1952 FRHMNEFIEIE, KRARMBEERN
LB CRUERIFNIEIR) UAEERY &, JMUBRMTEIEERENZEESR, A
FOAM R,

EHERFRRAY:

o EBRPEE (Tabby cat stripes) £

o BITLELN (Zebra stripes)

e M, B FHNER D

. POSIZRYZE U84 (Nautiloids equiangular spiral) X — - @ X#i 2 Z X[k !

EEERERRRY:

o BHBIETAEAIZL (Equiangular spiral in Nautiloids shells): XAIEEE AN
(Exponential growth law) SfZFE:
o dx/dt=kx — r=a-eMNbB) (BHEEMDHFE / ODE)
o HARKIERES HHIA/NKIELE

FEEN AL
HES 1% 3 ek gid]
EREL (E5K512) BEAERKEN ODE (dN/dt = (b-d)N)

FoUmR (R¥E. 15) BERME (kRE-¥8)  PDE

AR (@ Bk
o 1 BERMETEEERBISBNSHRIES!
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s
o fIZHAY? Alan Turing (2 Frederick Sanger, A& Richard Feynman, A2 James
Watson)
o EIRIRE = RN-H &AL H
o X ABUE A+B, BINFI A, B ¥ BILL AR
FA PDE (D A1) R

5.5 fiR 1% 51%% (Negative Feedback and Oscillation) <@

BiEE: ARGIMEIERS—RBEXRIIESKIE, KRRHTF, XMr-E T /EHF, EF0
[RIERENEIRERVER-BEETDRNME D REE,

BEE:
42 AR %R (Negative feedback)?
| #* A PRRERB—ARE - IKZEEMTHEN BRI RIZ O

o —ToFINHEIE S =ENFEETTE
o EYPIEER: BIMARIEIAEPATS
o EEMZEH: FAEIERS (Temporal oscillations) FYE 7415

=P RENEMRHF

1. BRI (Circadian rhythm): Per 1 Cry EREIFI B 5EE — 24 )N\

2. {MAE/EHER (Cell cycle): Cdk1 #1 APC/CACdh1 2R ARk — IRE) G1-S—G2—M &M
ERIRSS

3. Repressilator (AT#RSEE): Elowitz & Leibler, Nature 2000—— =M E R FRZ
RIGERE - ERBITFEFTERS. XRERENFE—MLEE—TEMIRZES!

- MraZEDEPNaRE? — o FE (EH) BENTESENE, FE—TLR
M TRENEAMEN—SBHER TR, ARERINALRZEE0REER,

HIRR:

« ARG — &%

e Per/Cry —» BRTIE

o Cdk1/APC — MR8 EEA

 Repressilator: 3 NEH, ARG > KBHTEIRS

5.6 [4&1E{K (Network Motifs) +« @
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BE
BiEE: MEEFIREHRELIMNZH (BE. £E. RE) WEMAR—F, £HNED
HRELIAENETAL, A" WBERE", ARIREEREXF—TRIE—AREERT
2. AREERR. ATRERPHEKETE.

RE:

EX: FEE (Network motif) 27 /R S HHIEHIE T (structural unit),
E X BRI R R

| . EBEREFSTENENRES @

FRUTRLE:

o AIUERMD HERAR
- BEEFRANAH
o BEFTFENRS

meRE: EETREMRERPHNRE HIEER I —TRIE,
TR T AR MR

1. ARIRIFER (Negative feedback loop): F=4RTEIIRS (LE405h)

2. EIRME | REz-##840# (Reaction-diffusion mechanism): AT EEE (M. B
=)

HER (@ XR—EEH ):

o MEBERR = EAEEMMEHRE LML
o L OEEIEM: HAERRIREA—TRERE? - C. ERIEITFSTENENMS
B, FRANEERSZ, TERNEEHEEFERNANL!

5.7 EEiZ48(7] (Genetic Logic Gates)

HiEE: TMEEFEIA AND/OR BIENVMIBTHRFES—1F, BERMAURILITRIEHE
[T, —NEREZE"" (BER/RIAX) 500" (RERKITER) . BEISWAS BN FHERME, {RA]
MBS TTE"NER B,

B2E:
ERAEHZ#FIES (Binary signals):

o JEEX (1) BEGEERENE
o ANEEK (0): EREITE

E[E AND [7] (Genetic AND Gate):
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SR
- BE Q RERRET ANERET B #EHA R4
- Bt QWEHFEE AN B P

ERZH (Gene structure):

o J3hF (Promoter): ERE{K _LiiH DNA F3l; %% EAF (Transcription Factors, TFs) 9
FEEAIR

o ERA{K (Gene body): B/ EF (HBX) MAEST (FEEBEX)

o $FFAF (Transcription Factor, TF): £&5BmMFHNEAR — BUEINHIER

« RNA R&78 (RNA Polymerase, RNAP): &&EB&1F, MER{RSHE mRNA

KERITRN: SohFHNEREAUMERLES (arbitrarily combined)!

o EE ANENF + EE B WERF — ERF A-B, AN TF-1 (BRE AEREF), B
HEEBHNERR
o XMRIRMMERFERBIEIRITRIIFIEE

. HTARBREZET? FTGREFEE B FNEE—— T ERERIEMLL
*EF7F7Em ON B¢ OFF, {EE4ARRAEIT _#HizHE.,

Cello: Nielsen £, Science 2016——Bx&hi&it: M Verilog ##&1%H — DNA &3l, 1RE
Verilog X3 (FEHEHERIES), Cello #iHSLINIZZ 48R DNA F51!
BB

o B[R = T3Hl ((&ik=1, T&X=0)

o BihF + ERFFILMERAS

e Cello: Verilog — DNA (Science 2016)
« BERRATF (TF): SE8BEMF, WIEER

5.8 S REY)ZF (Synthetic Biology)

BiEE: SHENZFMUNEMRES—CEHBERRPAFENEHENIIE. RERE
HIMENTECEYS, SRENFREARPITEZNTEN",

MR

EX: BREMZELIEEARPAEENEFINGE (biological functions that do not exist
in nature),

RIg: BEIEZ—HAERZEIMENTENEY, BEESRSRESHNEMNE,
Bl F—RRE SRR E T EH" (Sarkar Z, ACS Synthetic Biology, 2021):

o DHNITE: BT ABTEARITEEDEN—B
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o IR ASLIKEE
o BRBIRT—1 2x2 I FE XS [0)RR

Repressilator (Elowitz & Leibler, Nature 2000):

o =T EREAHF IR - ARETERIMA LIRS
o EBRT SRR IEHRSLRETE IR AR Tl

ROMR: 540 F 2L B TR B — RIS
HiRR:

o BREME = CIEEFRRVENIINEE
o [FREREIZEITENWEEKEIR

o Repressilator: HMEMIRZ2:

o RKIMEXRTKESS: oHNITHE

B abo: (FEMMLEE

6.1 (tARIL1L? (Optimization)

H X BRREBEA—PEMNEE (B, B #ER) —BAEERRASR
Rtk

@O rPrPT 24
B OBE. OHHEE

Lecture 3 "245": ERMMAREM; EMAEANBREER; BE W

BiEE: "AA'ME RIRTFNE", BIELskttR, MEALPPHRIIESILE, FLU
R¥E®E (%), FELGOESZ FFEH).

MR

o {fift (Optimization): MFIE PIRERIER I EIRIFRIFBD

o TSP (hk{THEE5i10)R3 / Traveling Salesman Problem) : o] N BT, SREIGF—
R, BEETEERE. NP [ (NP-problem), TEF&KINE R (Heuristic algorithms)

o ELEfi1L (Continuous optimization): KXW ELEHR/IME/RAE

- Rastrigin K% (Rastrigin function): RISESARIRE, ARXERBHME — KE
ERRMIRERE

. f+4 R Rastrigin B? —MEREEEESNHZRY, BTURHEEEZ—ER

RZEHM&/IME, FEEE2R&/IVEIEEHLE,

HiRR:
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e TSP 2 NP [o)#
o« BARNEL: BIRMEAGBIEH
 Rastrigin K& : WBEEIX, BZEIRM

6.2 I &% (Ant Colony Optimization, ACO) @

HiEE: BNAEKEMRBN2EEZ/ERVELT, KA TIHERYNRERRIR. BAME
#9? Ef1E TEE & (pheromone) #ill, EAERZ LETHNBENES - FERES — K5
BZWEW - ERG - RERZERRI.

SETE
HSTENNTHRARMBR (FELBMR) -

1. 1B FENLREE BRI EI R

2. BRIWEHEKE LB TEEZE (Pheromone)

3. BMMNEREREEREREMRIE (ERERIZLENER)

4. £ B ZBERTEIRIF (Decays over time)

5. i3 RIFE R RE ZRIRE

6. lEENEIHR: BREREEZERER - ERE > REREZHN

XA REMRABBNEEEER, BHABEMNERNEEAN + FEEREEFRIL,
XA — M F !

IEE 1L (ACO) Eik:

o AiItENRZEREED" A TIB"

s BRAIBNME—THRHAE T EMEEER"

o FRETEERIMEMRZIERE

o B NRITHETBRASMH (Combinatorial optimization)a)g, 453 Z2TSP

o WERRERRTA? IRITHERE (TSP— AR ZEMTHRRERE. E
ERAENBNETENMERENERRINRMEZ,

HiER (@ ZRARE):

o ACO BFHRIR TSP (IEfTHHERIEE) @

o FNERTIGEMENE, FE2RTEMME, ~2E BT Rastrigin K% (RAEIL L
AT A E)

o Hl&l: EERNN + B + MRIEEF

o SBINMR: IREPRIZHINEHAEE
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BE

6.3 AT 1%2$5% (Bees Algorithm)

HiEE: ERAESMIREIEY), AR'SFEMEESRFNEENE. BERNX—R:
IRHAEEMREEIRR, EREMR/REEER, ARXARI,

HERE:
R T (ERAE:

1. ¥ (Random Initialization): IS ZEMEMIAIE

2. ERIEi¥(E (Fitness Evaluation): iHMLE MIBNRE

3. ¥ (Elite Patches): RI789 m MR, S n_ep REERER — BERMIER

4. R X1F (Best Patches): JX{LHY (m-e) MiIR, BTA n_sp REERER - FEFF[E
A

5. BEPIEE S5 ERN Ei¥{4 (Local Search & Fitness Evaluation): 7EXigiABERL

6. B

5 ACO FIxBX5: BEEHBIEERATELEMI (Continuous optimization)[g)@#, i ACO
ERAB/BEHL{ (Combinatorial/Discrete optimization),

- HARBEER? REBRIBRERAN—AAEZT—ENEBEERETBPER, R
ETRENREXE, ARRRIMKIIZEEMNE. ERTEEMMAEE,

HER:

o BREAENERER
o ATEZEMM
o BRI+ RMXE + BEER

6.4 #{LE X% (Evolutionary Algorithms)

BiEE: #AUMERERANNAEEZ—RRAESHYE, BRARRREBREN, BATIMUE
BN LRI NIRE, REBREENL )R,

MR
SRR

1. ¥4RME (Initialization): BEHA B#IETFHEE

. 1%E$% (Selection): W(HERNE, {REEFFAIEE

. XX (Crossover): JEFHIEHITHE, BIEHE

. ZH (Mutation): FEHIEELER 5 R LASGIN Z4E 14

481k (Termination): XEHERMBIIAZIFAERIREEI =1L

a A WODN
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SEMENREK: RETEER > BRAERRBEANRE

HIRR:

o BRAEAEDBRERE
o fB¥f: At - & - XX - TR - KUk
o BANZERMHEE

6.5 EiX

WREE A
BREE
BEEE

B2

8% REKR
(ACO) B R
(Bees) BIENE

i
(Evolutionary) ~ B#IEF

Btilo: ATEeE

71 7 Al ER @

BiEE: WE A NELEZEEZFMANEE TR ("NREEFZEIEM, MBH") . A
=21E Al NBBEB MBI FHES, MERILEINREFRZS—#,

HEE:

TR

BE

RIEAIR
TSP/ HEMK
jez=dynid
BRZEMRML

EXRZRY (Expert System)
ETFHFEDIR (Rule-based,

knowledge-based)

SRI% / Deep Blue (EPrSid, 1997)

ERELHAMBEAN

EBRTFE SCRIAL
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KA
SEREND
R + BEER

B+ XX +ZR

L2 (Neural Network)
BUEIREN, MBIFF] (Data-

driven)

AlphaGo. ChatGPT,
AlphaFold

Al NEIREHRZE SRV

BEIE RN AR
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BE
- ERRAGNHENBEMTARIN? TRAFE/EFEAN WRE TERRME); @2
RLE BB SR (20 AlphaFold M PDB $iBEZ S EHREM) .

HER (@ x@):

o /A AlphaFold @ REMEZNE, FTEERAL! XEZTIRIERH!
« Deep Blue (1997) = ERZA4 (BatMERFEEREENITEN)
o I{X Al (AlphaGo. ChatGPT. AlphaFold) = f#HZM%&

7.2 AT H#H4ZM4E (Artificial Neural Networks, ANN) ()

KA HRREFEE—ANN: TR=tH2T, B=RM—ATHZNEZ R AAMRIZ
FIEE

BiEE: RIKAELE 860 (2T HE2T, BURMER, ATHZNEEENHFERPE: "M
ZUMETR, "RE'MEFNENER. BAESERUEREERNS—HGEETHE
TTHEMBURE.

SETE

;PmI:

Xout = f(W1:-Xinl + W2:Xin2 + W3-:Xin3)

e Xin1, Xin2, Xin3: XBEEMHZTHNBMNES
o W1, W2, W3: & (FftzfE)
o f(): BUBREL (ELLIE)

o Xout: HBES

ANN = JEZL 1R ER (Nonlinear function): FHAMBE (BWAEHELTAVRT) REEHEL
[E (fLEHZLTHRT) .

ANN 5 KBEf9ELE

ANN 481 yN SR FLL
T = (Nodes) fRZ T Neurons
122 (Edges) R fih Synapses

WHIINE (Weights) RfhiaE Synapse strength

- AR ATHENSE? —MRIIAMIRERE, TR (H27x) BFNENDL (R
f) iz, cEBIZRITERBAGESRANBEES —RREZINE],
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3451
lZR (Training): ERLAINE, {E ANN ZEMES LRIMGE (WEFY), SMEES
FIEN (BREZS /%) .

EHER (- @):

o TM =MZT, U=, NE=RMFE
o ANN = FEZLMREL, MAOE — WtE=E
e N F: AlphaGo. ChatGPT. AlphaFold (£EBI{t Al)

Al RE 53 23R Fip KRR
AlphaGo TEI#E RN+ AEHIE 2016 FTHHASTESHA
IR (Lee Sedol)
AlphaCode S5 GitHub XT3 B FE 2022 ‘RIEZFELMWL 50% A
A
=<
ChatGPT FiE Al AZEXTE + RLHF 2022 A AZERIXTIERE
AlphaFold  FUMIZEHEM  PDB #UERE (EBmK/ 2021 [EFRIEE, CASP14 &
75 Z51) E3
. AlphaFold M+ A%EHRE>]? EHFREIERE (Protein Data Bank, PDB)———"5C

WNENEEREWHERE. AphaFold ERREMERAY I SERFIIS ZHENZ
BRI E.
HIRR:

 AlphaFold M PDB (Protein Data Bank) A¢>]

o AlphaFold = REHZME (FE2EREZA! ) @
o AlphaFold 7£ CASP14 (2021) 2RI G
 AlphaGo T T Ztt% (Lee Sedol) (2016)

7.4 Transformer 5= 111#l (Attention Mechanism) -

| 3 IBRE®B—EBEHNHI / Transformer 2IUL Al HIRDZH

BiEE: SREBREAX"XUIEN, BER'E", MUAREEXTH"T"AX", MAZ29
FHREMAIE, Transformer Z245MHF 7 Al BEIHFRYEE B MERNESH" KT A F R H
fibiE & X .
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BZ2E:
GPT = £ FlilllZR Transformer (Generative Pre-trained Transformer):

o AR (Generative): AN ANEA
o FillZk (Pre-trained): MWEBEXAHIEFZI TEAEEENX (BREAR)
o Transformer: {EAEE I HIAFRLE LKL L4

Transformer MiE: GPT-4 & 1.76 121 S#X (1.76 trillion parameters)
"Attention Is All You Need" (Vaswani &, 2017):

o 48 Transformer BIEEMIE
o WWSIFHIIT 20 AR (Al [ FE EHSIRZHIEZ—)

RN
Attention = softmax(Q:-K~T / vdk) - V

« Q(Query, Eifl): BrEKftA?
o K(Key, #): HthXLERFERMETHA?
* V(Value, {H): EfIXEREETAER?

BEE A (Self-Attention):

o 513 ("token") [a]: "MPLEAIAEEX ERFEEX? "

- BMAFEESN Q. K. V

o ERHINE = BMEINESTEMIEN" X ERRE"

o TS CEENRIELTXEMN) B ETIXHKEIR (Context-dependent)

- HARBEEESN? —ME, 9FFsMEI"ER MEEMEEIEX E5ECEX,
FRAENSR. B TRIER. ZMENTARNESEEEBERHNYPIES.

BEARAMF (FeRBZERKREE):

- BEAL, BRIFAN, RORBBANAL, HESTEAMIOIA, "
- B OFFHE XN

- BEED: EEESETIAL

- BEED: BT VERERE

- BILRUEERE R D HIE AR

S (Multi-Head Attention): SMEBNAFHTET, SMHRFTAALNXE.
AR RISE

o REEED, EAREFIREENER
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o TISH—EURTEEES
o AMERNEFESTERNX (ZXEEN)

1

EHER (- @):

e GPT = Generative Pre-trained Transformer

"Attention Is All You Need" (Vaswani 35, 2017 &, 20 &+ 5|F)

Q (Query). K (Key). V (Value) — Attention = softmax(QKAT/Ndk)-V
BEVEEN: oS, k¥ L TXRYER &R

GPT-4: 1.76 H{ZZ5%

7.5 Al B93)I| 255618

HiEE: BETENAR"H A, BEZIMEEEREE R
IZ R L RRE R —KBRAEZA B, [ZHE,

FIEERNT PRI,

MZE:
HIg—: BE%>] (Supervised Learning):

o BEWMN-BIHX (BIRZEUE)

o Al fREALLASR/IMETIINIRZE

o flF: AEMK (3, %) 33712k AlphaFold

- BIR: FEARERIRZHE, MXLEHEEERARF

T Fillss | BB ES] (Pre-training / Self-Supervised Learning):

o 2B BEARTNES

Al ZIIBREHIEARGHIER

%B2)L: &, If. MIRHR - BIDBAENR

43t Al (Generative Al): FEFEREIE (WRBZERER BIE)

FEEZE>] (Contrastive Learning): FRMLEHRIEX AT E—FY) (R R IMAMKER
F vs REIERIERR)

Hwg=: B4HERE T (Chain of Thought, CoT):

o iLAI—$ i
- BERFHHIEY

o MraEmilg? Al EREBRMESHER TMRIGEIEFZE I EREN—FGEIL
IR FRENER . XMW T 298N, Z/EPT A BIMES#HITHIA.

HiRR:
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BE
o WEFI = NEMMENFFEZS (BIMRXI/ES)
o TI% = BRE, MREBIERZIERN (RE)L—H)
o IV Al = ZRFTEREIE
o XEEFS) = FRMLEE X HRR—F1)

7.6 DeepSeek-R1

BiEE: E50 Al HIRNGZEEALXER T —STIEIETRAE], DeepSeek-R1 &I Al AJIX
HEeZSa#EE—aididE BrEY), F1HEEALZEREFEEDRE,

MZR:

DeepSeek-R1 (Nature, 2025 £ 9 B, 141 X5|F):

KigelFT: BTN ] (Reinforcement Learning, RL) i EEE N
REEAERFEAHIENT (human-annotated reasoning traces)

{£FH CoT (B4tH% / Chain of Thought) 12RiFRALNMIRITIE
Al @Y RL ik K IMEMAOIEIRRES, MAEBITEB AL

. DeepSeek-R1 Bt 2aMi524? ©BMNETLEAEIMETTHE, FTFEAZRRMH
TEREIELE, Al BdINtEE SR T —FSRE,

HiRR:

o DeepSeek-R1: EF RL VIR (FEEALEIENIT)
e Nature, 2025 £ 9 H

o CoT (B#) =’RT

e 141 %5/

7.7 X Al AfH2t0LEsE AR
AT

1. ZEMHZE44 (Brain-like architecture): 4/ + T2 NG, &EB T ARLIEEFRNA
=

2. SIS AR (Advanced teaching strategies): FlilllZh. AT Al. SNEEFIFIB4H
BHER, BOIT Al I EREIBMEE

3. &I (Emergence): Al REIMAENMREZLEBEKR (HIZRSE), KUEEREE M
BRI LK —mEENRAFERMTAIMNKER BRI GBI —H
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BE
o HUS AL AMEER? = ERE: KRN (AN + TR 0) . SRHIZS
& (FIIZR. CoT). URAHUEHRIGEN (BICRkSEEEXMUERENEEN) .

7.8 Al BEESRAZMIT? @
XE—EEZRPHIAREE (QRA) ! (109) @

HiEE: Al BEEREME EITIMAZ, MNERREN. #HITBERRANITE, EEREEIA
XKME? BRERZE: TEE. Al ZBANTE, MARAXREIRNENR.

HEE— T " Mt R

1. ALEERNZEEES, T2BREEE:
o AlphaGo: RETEMHE
o AlphaFold: REFUNE A REWN
o ChatGPT: R&iEE
o XLEZ 55 AT EEE (Narrow Al), ~Z2BFAAILEEE (AGI/ Artificial General
Intelligence)
2. Al FTERZRY:
o EIFIBfR (Genuine understanding): Al {MNEEREREIFIERE X
« BIiES (Creativity): Al BHEFEN; ALBIEHBHEHX—R
o BHIKEIR (Self-awareness): Al SBEIR, SBERNEAHRRK
« &Rk (Emotion): Al EIERRSZ
3. DR ENRLIEIL (Marx's Theory of Alienation -- Entfremdung):
« "AIETH, BAFRZE. "
o AENEEHE—LBHTAEMMNEARR
o IBABMLA Al BEMEISE, MEBRT AXEZKAARR
o "{RYEFN 996 STTA, HRERNIE? "— ARRZH HER EIRM TR
4. AI2IH, FREFE:
o Al IR T AZERIEES
o AZEIEIE Al Al FESIEEBR
o Z[OIMIEEARNIZE: "Al ZEIARSBAZEK? "MAR" Al BERAAZEIG? "

o ALBEEUARIG? AEE, AlERIXX. EXRREES (B, E8HRFE. X
%), (BERZEHIERER. BIEN. BREIRMIER. Al ZIRSAXBNNEATA, &

RAXTIRBE R m.
FREENSEZ/GH:

1. REALH: Al FEESSRERAL
2 iE: AR, ESEEN: RSER. olish. ARER. BE
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3451
3. X7 BHATLERE vs BAATLER—RITTREE AGI
4. BFRE: GRBNFHELE—ATUNZHEITRM4INEE
5. 4518 Al BB ARENNTER, RENAERER

B/\EhD: SREEER

BAHFERES
HE Q1: U TFTXTFERBIEES! (Turing pattern model) BIFRR, WI—IRZEAEA?

A) XA R 5 F2 (Partial differential equations) AR5

B) ;& KMo FRIR N (Reaction) #1381 (Diffusion)

C) A LAREFRESHEYR (Nautiloids) A E AYR4L (Equiangular spiral) EISRAYFZEK
D) AILARRREE DM (Tabby cat) fZFE £ 554X (Stripe) EISRAIFZEK

o~ o~ o~ o~

BR: C /! ERVMEATEEMRFLFAIEL! R2EMEKIZEN (ODE: dx/dt = kx — r = ae(b8))
MEREE ., BRERERINEEN (BHH) Mps.

R Q2: AR L) R R AR INE$ & A (Ant colony optimization) f#/R?

A
B
C
D

FRITHESH A )R (The travelling salesman problem)
3K Rastrigin RN E B &/IJVE
%M %IE) &R (Linear programming problems)

(
(
(
(D) YR AT HE ML (Training artificial neural networks)

BR: ANBERLRNRITRATASHZNLEE, TSP,

HERE Q3: AT X T Sanger illF% (Sanger sequencing) BIFRIAR, Hi—INE 1ER@ARY?

(A) EX—M1Z DNA R ERRIRE AR

(B) ER—MNIEERRIFERFIINTA

(C) ERTEZM DNAMFEA

(D) EMAE DNA REHRE A, T. G. CHUE

&E: DL [ERH: Sanger &M DNARY, A=MERBRA! Sanger 25—, F=2EZ
! Sanger EHEREME, =¥ 1 DNA!
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BE

i Q4: DUTFRT DNA U FHAREINE, H—DE IERRY?

A
B
C
D

Oxford Nanopore 25 — I
BE=RIBELLE—/—RES

BERANERIEE—/“REK
]

(
(
(
(D) E={EF PCR i i HF 5=

~— N =

EE: C /! [BBH#: Oxford Nanopore 25 =1; Sanger NEfEEREN; =KAHPCR
(BDF /J” ) |

HRE Q5: ERSTIRE T ERPERE (Turing pattern model)?

(A) Frederick Sanger

(B) Alan Turing

(C) Richard Feynman

(D) James Watson

& BAlan Turing, 1952 &, "The Chemical Basis of Morphogenesis"

HE Q6: U TRTF ATHEZEMLK (ANN) B335, B—IR2 EfRY?

(A
(B
(C
(D

AT AlphaGo ] ChatGPT
TREMA RS T
BRI B RYSS i
PA_E2ERIERR

N— N N

EE: D =TAEERER.

HE Q7: AT KT Sanger MFEMNIRE, W—IUEAFERRY?

A) thFRA 582 1EE (Chain termination method)
B) H 1*'I:tl:b}5ﬁﬁﬁ1’¢’. DNA @'JF‘EUK%BE'I:(

ER: B! F=HNIFFEBEREKMIZEK (Oxford Nanopore AJiA Mb K5l), A2 Sanger
(~1,000 bp)!

il Q8: N AE—RAXRERAERATE?
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EX: B! BANREREERKLTEZBRTEERIIXE ("E9F"0)&) !

HRE Q9: AR REf (Negative feedback loop) B9+ A MBEE B — 1M EZER (Network
motif)?

A
B
C
D

A AR D S RERIAR
BETHREFRNAN
ELIATFS A ENENMEH

(
(
(
(D) AU EISHITH

~ S~ ~~— ~—

F: C MBFEENEX IR EEAREYNEFHNRELIM, MAZENINEETEX
|

=5
PR

S KT i
Bl Q10 (FK)  AXERAREN SRR

A
B
C
D

10,000
1,000,000
2 x 1079

(
(
(
(D) 1002

)
)
)3
)
ER: C (3212=3.2x10"9)

HE Q11 (FK) : XF DNANFRA, M—INEAEMRRY?

A
B
C
D

Sanger M EBE &S
BE_RNFEES
2B BT DA B A R B F A Fh 2 2R B X

(
(
(
(D) FE=AMFEREK

~ S~ ~— ~—

£: C! B_RAFEENEEIHEEN (RE 12T/ =R ABEF-ETE. TEEHERE
) !

0§
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BE

B Q12 (F1K) : xTF AlphaFold, Bi—INEAEHAY?

A) EXAEZRZRS (Expert system) FHHE

B) EMEBREMHF I KEIE"FFES

C) EFRAREALREMLS

D) EfiRITATMNRERFIIFUNE B REM

o~ o~~~

ZHXR: AL AphaFold 2 REMZME, FTBRERAR! EXRAZETHNAE (40 Deep
Blue) ,

FFi%ialE (Q&A Question)

#H: Do you think Al can replace human beings? Briefly explain your answer. (10 marks)
RIAA Al BEBERAREID? REBRRMTNER. (10 9)
FERSNXBER:

1. AHERIRY . BIREIESS, BEAZERATIEERE (AGI)

2. Al IRZ HIEEE. 8. BREEIR. 1BR

3. Al BIERAXBENNIE, F2EAM

4. 5&E, SIASRENFAEL: "AIZTH, BEALZE. "
5. 4518 AIBIRSAR, FERAZRTR

ZFHRE T (Quick-Reference Checklist)

@O PrPT 24 Lecture 4 "£EPIRTENRZRELE": Lecture 1 = EFB/DNANIE,
Lecture 2 = B4 Bi/Kleiber E1R/BEIRMIE, Lecture 3= F&ANEE, Lecture 4 = ANN/
SEENNZRRES

ICIERIEE (Must-Know Numbers)

() AEERA: £93.2x 109 bp (3212)

() AEBRBME: 24 % (22 FEREBE+X+Y)
() Sanger iEt: ~1,000 bp

(1) Nanopore i#1<: B[3A Mb 25l

O) —4HDOBRRE: ~10%9 (10 1Z)R)

() Kleiber EfE: B oc MA(3/4)

() IR oc MA(-1/4)

() Fdn o< MA(1/4)

() GPT-4: 1.76 H{z5%
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() HGP: 1990-2003

() NGS [g)tt: 2005 &

() T2T ZBERFA: 2022 F 3 B
() AlphaFold: 2021 %, CASP14

hIHC{ERIAYD (Must-Know People)

(1) Frederick Sanger: §#2R1Ei%, FXIBEI/RE

() Alan Turing: ERBHIEEE (1952)

() P.W. Anderson: "More Is Different" (1972)

() Richard Feynman: "¥FciACIiEMNERTE, A EER"

() Kauffman: B{gEXES (1986)

() West-Brown-Enquist: WBE &84, 3/4 kB D ABIA R LT (Science 1997)
() Elowitz & Leibler: Repressilator (Nature 2000)

() Nielsen Z: Cello, Verilog — DNA (Science 2016)

(1) Vaswani %&: "Attention Is All You Need" (2017)

w WG (Must-Know Traps)

() Sanger @%—f, ~=2F_f

() Sanger EKARREN (ZREK)

) ZKigBERSHEE (Sanger 15E&S)

() =T EAH PCR (89 F)

() Oxford Nanopore @8 =1, F*25_1

O FRAFENLEEFHRET (T2T FE=A)

() AlphaFold 2 REMEZNE, T2ERAS

) BRETFEERRFLINIZIRL (FBEEKENTEE)

() HGP Efs A =EZRANIERKIE, FE2RBE/M A/ 8
() MERFNEX R EEFAEMEFNIRELM, FEIN6EE
O WEEARRRAIE TSP (2 Rastrigin 2, N24LMNK, FT2IIGFHIME)
() RNA EFREEIE (U), ~EHIARWELE (T)

() RNABHEEEE, T2

() RNA BIFEZ %8, T2 EXE

ML 2R E (Must-Know Concepts)

() FuEM: DNA — RNA — EBR

() DNA: AT 217E58), G-C B17M&a8); kRFT; 5-3'
() dANTP: fi#/)> 3-OH, #&1F DNA &R (584&1E)

() BERAAERER: SERLEZBTEERY (ETF")

() RMEFA: DNA BEA + AEHEM (B ChiP-seq MIIE)
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BE3
() BEH X 557F — F2f&JE C.C. vs Rainbow (1H[E DNA, REIXREY)
) BRI : B> #ozfl, =1T&MH
) ARk - &% (BRTE. AR, Repressilator)
() MRS EREEYINEPRE B INENETT
O EREZE]: BEREAZHE, BT + BRKUEEES
() BREME: AIEBARPAFENEFINGE
() ACO: BEFEERER, A TSP (BUINEAEE)
() ANN: =&, B=5f, WNE=-RHEE
O B3FEN: 8MIERMLLEEEX LEx
(J) Q. K. V: &if. 8. {8 — attention = softmax(QKAT/Ndk)-V
() Fillgk vs 1A B
() &Rt Al vs 3TEEEES]
() CoT (B4ps): ZFHHEE
() DeepSeek-R1: EF RL B9HIE, FNEEAXKHEIEND
() Kleiber E1#: B oc MA(3/4) — 3R oc MA(-1/4), F&y oc MA(1/4), Ful\Bk = 1019
() $E8AIEN: dx/dt = kx — r = aef(b) (ZBilgi2i24 AE2ERBIE)

AR (Omics Technologies)

() BERAER. B¥RAY. KRUERAY . RNEREAF. EAREAE. CHEF
) SMEAT: MRERARD BSE A

AN ENR | &iAE (Five Sequencing Metrics / Radar Chart)

() EK. BE. BE. FE. AN E=
() Sanger: #E 1, Hfth |

() NGS: B=£ 1, EK |

() = =K1, BFEPCR

End of Bioinformatics Module Review. Good luck!

fiR: BNRREERR

F1ih =R RRE R
1935 B H. Spemann AARRZEZRE RN (SMO)

2

1960 5 Burnet & Medawar RIS RERS
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Fip iR REE Baik
1972 HRE Edelman & Porter FURL 254
1987 GJE S. Tonegawa (FII4R)1]3#) VDJ B / TR BN
1989 1EY)/E  Altman & Cech RNA {1t IngE (*%%88) / RNA World
R {5t At
1995 KB Lewis, Nusslein-Volhard, BHARRRR R B IR BRI
Wieschaus
2002 KB Brenner, Horvitz, Sulston BREABSREFMLMEIET (PCD)
AOIE L RE
2010 KB R. Edwards IVF-ET it &2 LR
2011 ®¥E Hoffmann & Beutler TLR / RAGZRIHENH
2011 ®RJE R. Steinman RSIR4AR (DC) AT
2012 KB J. Gurdon & S. Yamanaka FX AR AR ] ERTE N Z RELHRE
2017 BERl%E  Hall, Rosbash, Young BIR TR D FALH
2018 ®I& J. Allison & T. Honjo CTLA-4 5 PD-1 REKRERITE
2021  FERl% Julius & Patapoutian mES RS2 {R (Piezo1/Piezo2)
2023 ®& Kariko & Weissman mRNA B E S ImFE AR

ZEREERIAN: BBk = EX/EBE/XLEROHICIC | BER = e H CHIERRR
2 | A% = g E R E >R
RFMET 2025 Fall if4 OCR ZEX + FRZEIC + EREH PPT REBIE
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