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The Characteristics of Cells
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The Molecular Composition of Cells

AR Sy T4HAK - BT B FEIRVEEREERFIE o ARy A TRPI4E AL -
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PV LG e e e A AR TR ER AR TR H SR TR

5 T RIS ER AR o1 4H

BEF thiE B¥F thiE
purine IS cellulose BRAEZ
pyrimidine WA lipid ==
molecule Pimn disaccharide R
protein EHE organic matter HHEY)
monosaccharide BT inorganic matter FHEFEY)
polypeptide ZhK vitamin B R
polysaccharide ik amino acid W EL
saccharide FiEkE glucose EIE
phospholipid == sucrose JEE
steroid A B starch Gl
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mineral s nucleotide Mo %
nitrogenous base (base) SRR (RES) | fatty acid HER
Nucleic acids VAL triglyceride =l H RS
hydrogen bond e cellulose B

[ o be composed of . }

4 - Neutral fat is mainly composed of one molecule of glycerol and three molecules of fatty

acid.

FMERER L EE R 1 oy H B 3 Sy HE AR FTAEAL o

[ (2) the most abundant in . ]

4 « Protein is the most abundant organic matter in cells.

EHHEEMEN G ERZHIEEY) -

[ (3) have/ has the function of . J

#4) - Minerals have the function of maintaining normal cell function.

BV A AR AR A FHY T RE -

[ 4] be the main component of . ]

#i4) : Cellulose is the main component of plant cell walls.

SR 2 TH YA Y E T -

3 BPpRFBEFRET RN 2FP FERRTE



y
¥

g

PR AR P 0g HIIFXEFREFLY <

\_J-‘i
L
@)
T\
=
'rm
-5

[ ®  bedividedinto __ basedon . J

%) - Phospholipids' structures are divided into hydrophilic head and hydrophobic head based
on their polarity.
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After completing this section, students should acquire the following concepts:

— ~ B TRRAEEREEY) - DURAYEG T RS YIRS BT BA B
HYEH B Ry f]

Students will understand what polymers are, what their molecules in organisms, and what

the constituent atoms of these monomers are.

o IEERE s
5l RE—

SRR ¢ BE TRRAEYIRG AR RAVZENE - SRS rh R B4R R -
Students will learn which monosaccharides the different polysaccharides and

disaccharides in organisms are composed of.

After the starch, sucrose and lactose have completely decomposed into monosaccharide
molecules, how many different molecular weights can be measured?

(A) One

(B) Two

(C) Three

(D) Four
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(C)3 &
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fiZAT Solution:
RIS AH Rl 2 AT i vy B R S S Ll oy T 8 -
The molecular weights are compared based on the types of monosaccharides that constitute

polysaccharides and disaccharides.

Teacher: What do we get when starch is decomposed into monosaccharides?

Student: Glucose.

Teacher: What about sucrose and lactose?

Student: Sucrose decomposes glucose and fructose and, lactose decomposes into glucose and
galactose.

Teacher: That's right! Do you still remember whether these three monosaccharides are
pentose or hexose?

Student: They are all hexose.

Teacher: What is the ratio of carbon, hydrogen, and oxygen in carbohydrates?

Student: 1:2:1.

Teacher: So, since glucose, fructose, and galactose are all hexose, what will their molecular
weights be?

Student: They will be the same!

ERT [FE > ek o AR G S RS E ?

B wENE

Ehl AL REREELLETE ?
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Understand that proteins are important element of organisms, and they are made up of
carbon, hydrogen, oxygen, nitrogen and sulfur, and the molecular weight of polymers is

very large.

Which of the following chemical formulas is protein?

(A) CsH100s (B) Ci0H16013NsP3 (C) Ci18H3202 (D) Cs00H14000120N75S:2

THUEE 5 B HEDE ?

(A) CsH100s (B) C10H16013NsP3 (C) CisH3202 (D) Cs00H14000120N75S2
(9145549 6)

fiZ24T Solution:

EHEHC H-0 N~ Sk -
Proteins are composed of C, H, O, N, S.

Teacher: Do you remember that protein is a polymer? And what kind of monomer is protein
polymerized from?

Student: Amino acid.

Teacher: That's right, and what kinds of atoms are amino acids made of?

Student: Carbon, hydrogen...

Teacher: Yes, they are composed of carbon, hydrogen, oxygen, nitrogen, sulfur. And option
D fits this.

Teacher: Besides the types of atoms combined, what other features can be discussed when
describing option D?

Student: Compared to other options, its weight is huge!
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Teacher: Yes, polymers are characterized as having very large molecular weights, usually in

the hundreds or even thousands. It may be easier to describe them this way?
However, if there are two kinds of polymers in question, you'll need to characterize

them by their constituent atoms!
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Structure and Function of Cells

Fr4BdIHE S IR E R B IR - (RAIAEIRA AL - R o s B A AR A A
MRt - XA B S 4R - SURRE AR - AR B A AR - AEERST B~
AHAERIREISELLIRE 58 = H0 00 AR S A4 B AR ARt P BE S BT e D sl g > A &)
MY E IR SRR T3 ARETEA ~ BEEXMEA - RO B R (e i R
AL V2 -

B¥ thE BEF thaE
passive transport i A Ay nuclear pore AL
exocytosis eIt nucleoplasm %E
endocytosis A {E A nucleolus A=
pinocytosis AEERTEH simple diffusion i B A AL
membrane protein WFHEH cell wall A EE
hypotonic solution RERA R cell membrane 4HAEI A
isotonic solution FRBR cytoskeleton A Ih= g
phagocytosis EWELE facilitated diffusion e HERL
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endomembrane system | PIRE Z47 lipid bilayer e 2
endoplasmic reticulum | PN'E4Y active transport - S
receptor-mediated B
vesicle £ 973 RIS TR
endocytosis
fluid mosaic model RS SRR A 0Smosis BIEEH
Golgi apparatus [EE-SN: lysosome ad
hypertonic solution SRR Plasmodesmata JRAE %
peroxisome e 1w vacuole A CRAE)
nuclear membrane i
[ o can be divided into and ]
%ila) : Common transport proteins can be divided into channel proteins and carrier proteins.
H RAVEEE S oy il EEA N EEeES
[ (2] be transported across }
4] : Some small molecules can be transported across cell membranes.
HE/ Ny THE R LUZE i AR e e
[ (3] bind to ]
#i4) : When receptor-mediated endocytosis occurs, specific molecules bind to receptors on the
cell membrane.
RS A R AN e oo T IR bRy aess &
9 FYRRRREFIRETREPY 2FP BFRHRTF
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4] © Eukaryote’ cells are composed of organelles and structures with different components and

functions.

HZAVIAIHEE B[R o B RERY R e AR A AITRHRK -

o BEEHE »

FEEEARR - BAEERLI TS
After completing this section, students should acquire the following concepts:

— T RAIAE T B B LS R S TR RR BT RE -

Understand the various organelles and their functions involved in protein production in cells.

= TR R IS B TR

Understand the structure and function of cell membrane.

» BIEERE o8

plE—

st ¢ BEAH TS R REOE - I T RIS E 0 ERE AP

Students will understand that insulin is a protein and understand what organelles are used

to make the protein.

When pancreatic cells are synthesizing insulin in large quantities, which intracellular
structures are significantly more developed?

(A) ribosome

(B) golgi apparatus

(C) mitochondria

(D) smooth endoplasmic reticulum

(E) rough endoplasmic reticulum

10
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(A) ZHER
(B) EE: KA
(C) Mréres
(D) “FENEH
(E) AHMENEHE
(92 554 48)

Teacher: Students, insulin is actually a protein! The question to ask is which organelles are
used to make proteins. The production of proteins first requires transcription and
translation to obtain polypeptide chain. Which organelles in the options above have
these functions?

Student: Ribosome.

Teacher: That's right. Next, it needs to be modified to become insulin, and the Golgi
apparatus and the rough endoplasmic reticulum are all involved in the modification
process.

Student: Why is the mitochondrion a correct option, too?

Teacher: These processes can only be completed by consuming ATP. Of course, the energy

that mitochondria provides is indispensable!

EhN FESET REREEE EELEY | SEENERGE S E G AL
s o BUEE O HE o B G P S - BH S T IS LR T RE
g ?

B xR

ERL %8R - P MRELGB I GIRARE R > TEERE - HENEEH A28
EEfiHYAEEE

E2AE 0 FhraREG R TR RS 2

Rl ELERAE EIRRE ATP A RESERY > B T IR RE E AR CRAGIE |

11 B RREBEFRETREIP (2P EFRERTE



KT FR T ENET P oo L EEHEFEL L

BlE_—

st B T AR RS B RE

Students will learn about the structure and function of cell membranes.

Which of the following statements about cell membranes is correct?

(A) Bilayer lipids are composed of triglycerides.

(B) Proteins within cell membranes move through lipid bilayers.

(C) Membrane bilayer lipids of different cells contain different amounts of cholesterol.

(D) A cell contains equal amounts of protein on both sides of the lipid bilayer of the cell
membrane.

(E) Bilayer lipids provide cells with a lipid-soluble barrier, so substances inside and

outside the membrane cannot move in and out at will.

NYIE B R ARCIE - AT A 2

(A) EEEERH =R HhAs4ER -

(B) HMAEARANRIERE G EEE T E -

(C) A FEHHAERIARE R A E 2 A [F AR RS -

(D) —(E«iEHAREA SRR E e A EENVELE

(BE) ®jgieE R —EiEEERYERE - ERASMIE N EERED -

(93 FEErE A Re R Z St = A mRes i 549 22)

Teacher: What is the cell membrane composed of?

Student: Bilayer phospholipids

Teacher: That's right. Let’s move on to option B. This is what the fluid mosaic model tells
us. That is, membrane proteins can move within the cell membrane.

Student: Why is C right?

Teacher: Different cell membranes have different structures, so it is very difficult to get the
same amount of cholesterol. Option D is the same, the protein inside and outside
the cell membrane will have different contents depending upon the function of the

cell. Finally, look at option E. What substances can pass through the phospholipid

membrane?

12 B RRAREFTRETRIP (PP FERN% S
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Water, gas, and fat-soluble substances.

Yes, other substances need to go through protein channels to get in and out.
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. Life Cycle of a Cell

SR NEF LA - & - ZEABECAERE 5 digtaE CArvAEaE] - AR

AEATTEEAINE b - 5 - RN SRR - RS T R TEm a1t - 3
JH ~ RENSLCHBRYSOGE RN AR B FEH AR AR A= 52 - AR T
% DUREAIRA A S e TR IR R - ANER A MY AN R - (L [E 5
B A b AR A R AR TR o

BF thiE BEF thaE
embryonic stem cell W RasE4HHE cell cycle AR AEHEA
pluripotent stem cell & VEREERAAE | mitotic phase AHIAf S S4HA
telomere it 1A apoptosis 4HREE T
interphase i HA somatic stem cell DAl
stem cells HrAHAE free radical H %
totipotent stem cell 2VBEERPAHAE | carcinogenesis g5
cell differentiation ok (e cell cycle &M HA
metastasize LEYE2
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divide to produce

o __
4]« Stem cells divide to produce daughter cells.

RRAAE o P A TR

|

#i4) - Multicellular organisms generate new cells by cell proliferation.

[ 2] generate new cells by
AR AR Y LSRRG G TE R U7 =2 A= HT AR -

be adjusted according to
#i14] : The way stem cells divide can be adjusted according to the actual needs of the organism.

o —
RRAIAEAY 2T A G B IR TR KR % -

metastasize to through .
fiila) « Cancer cells metastasize to other parts of the body through blood vessels or lymph.

o
FEAAELE I B BN R 2 SRS H M AL -

BPRRAEEFRET RS 2FP FFRRTF

15



fé(o?&b; ke 7 — /= > 4 )4 > 7 e
N g TR T R EERT P oo TFTHERRFFLY

o« BEEHE »

FEEEARR - BAEERLI TS
After completing this section, students should acquire the following concepts:
— ~ BE TRV INRE - DARCSTEAR EER AR VB RE TR S

Understand the function of stem cells, and differentiation potential of various stem cells.

w BIREERE s
BlE—

St B T SRR AR R BT RE M S R

Students learn to the differentiation potential of various stem cells.

A cell that has the potential to develop into a complete individual is called a totipotent stem cell.
Which of the following mammalian cells is most likely to be a totipotent stem cell?

(A) neural stem cell

(B) embryonic stem cell

(C) umbilical cord blood cell

(D) hematopoietic stem cells

— (B4 B S R e R E G VB RERE 2 Ry VB RE VARG - N 51— el AL AV 4R A
nlRE B VRREM: ?
(A) R
(B) RMEAERR4HAE
(C) FErTmer4AL
(D)  rmEKER4HAE
(108 f554EP) 3)
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fiZffr Solution:

(A) thekErdiRt AT b R rasoT ~ EiIRAHRE - EoeE 4 -

(B) MhAeHr4HAEEA 2VBAENE » AP YIRGHY S TEAEHS -

(C) WFIMANEA S ENVEMmEr4He - Eha RS Ry EEAR -
(D) MmskEr4At CGEmeErdiie) =T ArA R mERAHA -

(A) Neural stem cells can differentiate into neurons, astrocytes, oligodendrocytes.

(B) Embryonic stem cells are totipotent and can give rise to various structures of an organism.

(C) Umbilical cord blood is rich in hematopoietic stem cells, which are the main source of fetal
blood production.

(D) Hematopoietic stem cells can differentiate into all blood cells.

Teacher: Students, look at option A. Since it is called a neural stem cell, what do you think it
can differentiate into?

Student: Different nerves?

Teacher: That's right! So it only has the differentiation potential of neural. In the same way,
option D, hematopoietic stem cell, what cells do you think it can differentiate into?

Student: All kinds of blood cells!

Teacher: Yes, and option C cord blood stem cells are actually a type of hematopoietic stem
cell. Finally, let's look at embryonic stem cells, which can develop into different
cells in our body. So which one has the greatest potential?

Student: Embryonic stem cells.

Teacher: That’s right!

T FIEMIEE A BHE > BEANMGERARE - (RS T A DU B ?

B4 T SRR ?

LRl Jgsh | FILUERYERE A HNE - [FE > D BIHEMPKERAINE - O HOE mE
B - RFRBEEERES B RANLEAHAEIE ?

B4 0 ZAEMmEK |

AL EHY 1 C BT M ErAIAY - S My —Es - it aes bk
QLMER ~ HMERFEAEME - REACEERGRAE - EREEE M=
SIS TEAAERY - [FEPTRISHEHVERE MRS TE ?

B4 0 HEAeRrRAIAE -

EEl ZEETE !
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Students will learn about the functions and properties of stem cells.

Which of the following statements about stem cells are correct?

(A)
(B)
(©)
(D)
(E)

Stem cells can be used to treat Down syndrome.

Stem cells can differentiate into a variety of cells.

Stem cells are present in both embryos and adults.
Stem cells can continuously proliferate more stem cells.

Bone marrow stem cells can differentiate into individuals.

NHE BRI - WREE TR ?

(A)
(B)
(©)
(D)
(E)

18

R ] LU A G R EAE -
RRMIA T DA B TR -
FERERTERAR P E A B ARA A -
FRAHAE ] DN Bt 4 B SRR
B R AR AT AT LR E RS -
(100 55447 23)

Teacher: Does everyone still remember what cause Down’s syndrome?
Student: The 21st pair of chromosomes has an extra chromosome.

Teacher: That's right, so it cannot be treated with stem cells. The function of stem cells is

described in option B, and they can differentiate into many different types of cells.
On the other hand, cells that have the ability to differentiate can be called stem cells.
Option C is correct. Embryonic cells have the potential to differentiate into all the
cells of the human body, because of it has the differentiation potential that is why

we call them stem cells. Can anyone give me an example of stem cells in the adult
body?

Student: Bone marrow cells.

Teacher: Very good, the bone marrow cells of option E are indeed stem cells, but they only

have hematopoietic functions and cannot differentiate into individuals. Finally, look
at option D. As long as the stem cell is not differentiated, the cells it divides are

always stem cells, so it is correct.

B RRAREFTRETRIP (PP FERN% S
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Cellular Metabolism and Energy

BT ARSI RS AR & SRES
BAVEAIEI PN SN

AR FR LR A - (EAEYHSLIFSR SR - B 22N ARERTER - BHtRe
R EERAE > LB P AR e > At FR 2 eh (G E A RE A B i oy
FEERER - AER AL T AU E AV RE DR A0 AR B 2857 B AE B RS AR A
F o A S A i AR U B e S S e M A B B R B Bl A s B E
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The Metabolic Processes of Cells

R E B IR LE R R SEAE - 2 (CHTAEAE T & A e B AV U B SR AR
o MEEAIN IR EHE - AVNER M 4EREHY DI AE L2 B S MR N 2R 0 B 4R
(A GRS S5 e e R B (e B2 A 588 P DABR A ST R M e 1 P 2 Fi

B¥ hiE B¥ thiE
enzyme it activation energy JE1ERE
coenzyme LRSS activity Ve
cofactor A substrate =
metabolism (A% i) catabolism AR
anabolism [E{ LA

21 BOOpAMBEARETRLL (AFP FERRF
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synthesize into . J

EE

Anabolism is the process by which cells synthesize smaller molecules into larger

molecules under the catalysis of a series of enzymes.

[FEAEE TR N TAE RS BBV EAE T - SRER T THIEE

decompose into J

HGR

Catabolism is the process by which cells decompose (break down) larger molecules into

smaller ones, catalyzed by of a series of enzymes.

SULRHES TR RIR 7 TRV B EAE T - Ry N TR B -

be transferred to . J

B4y

Only through ATP molecules can the energy released by catabolism be smoothly

transferred to anabolism.

FALHATREHAVRE R HIE R ATP 314 REIEAEI TRE BEERE A EMEAUH A -

The higher the faster . ]

BIey -

22

When the enzyme concentration is fixed, the higher the substrate concentration, the faster

the reaction rate.

FERGHREREIERF - ZEREEE - SRR -

BPpRFBEFRET RN 2FP FERRTE
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After completing this section, students should acquire the following concepts:
— ~ B T RBRA R B B S RN R

Students will understand how enzymes work and what causes them to work.

w BIREERE s
BlE—

sti ¢ AR T IRERAYRE -

Students will learn about the properties of enzymes.

Which of the following statements about the properties of enzymes is false?
(A) Some RNA molecules have enzymatic activity.
(B) The substrate binds to the active site of the enzyme.
(C) The structure of the substrate changes during catalysis.
(D) The optimal conditions for protease activity are the same in the small intestine and
the stomach.
THIERRGRH AR - B TR ) IEHE?
(A) FLt RNA 7+ B AN M -
(B) E GBI E L4 G -
(C) bLAEfE 2 EnyaEt a4 s -
(D) /NGHE HVE AR R B R E -
(98 $554:97) 20)

Teacher: Students, look at option D, what is the biggest difference in of the small intestine
and the stomach?

Student: The stomach is acidic and the small intestine is alkaline.

23 BPpRFBEFRET RN 2FP FERRTE
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Teacher: Yes, acidity and alkalinity will affect enzymes work, so the enzymes in the stomach
work best in acidic, and those in the small intestine work best in alkaline. The other

options are correct.

Ehl R BEEREHD o NG E IR A R T R ?

B4 0 HORRRMEREE N TR -

EHN  O28E BRI o ERRNYENE - Fr DU S T HYBBAERE M R S M - NS
B L R TS R o HLaRBEIHAN R IR -

pIEE—

s | 2R TR AN R g LT

Students learn to identify factors that affect how enzymes work.

Enzymes work by lowering the activation energy of a reaction. Which of the following
statements are correct?

(A) Substrate concentration may affect enzyme activity.

(B) Heavy metal ions may affect enzyme activity.

(C) Coenzymes are small proteins that can affect enzyme activity.

(D) Changes in acid and base may affect the activity of enzymes.

(E) As the temperature increases, the enzyme functions at a higher rate.

BEH ST AT DU AR AR - A — A BREE P - YA R Bl S 2 R - WLt
TERE ?
(A) REREEGTZERSH -
(B) ELER TG EMSH -
(C) Hlpe i/ NELE - ATREREE -
(D) ExipE bEry ERryEY: -
(B) ‘mfEmsly s Arss -
(99 f554:9 29)
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Teacher:

Student:

Teacher:

R

B
1 -

Concentration, heavy metal ions, pH, temperature, etc. are all factors that can affect
enzyme activity, so options A, B, and D are all correct. Coenzymes are small organic
molecules, not proteins. Some enzymes need to be combined with coenzymes in
order to be active.

OK!

The high temperature will affect the structure of protein, that make the enzyme lost
its function, therefore, the statement “As the temperature increases, the enzyme

functions at a higher rate” is wrong.

T EREEET BT OREES > AR EMSEANER > ATELA
B~ D~ E BEIHALE LAY - ﬁﬁ%?ﬁ’imd\ﬁ?ﬁff&% A REEHEE - AL
TEESE S o A AVENE

TR

S EE N E A > GERRARIEN > AU RSB S AR i

BYOAAMBERRETRIN AFP F

0o I REHEFL Y <
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The Source of Energy for The Cells — The Respiratory Process

ARETrE ATP ORI SRR S ~ SRS R ST (R RV AE - AliHEAY

KEFWES  TARE S FTEEERY
HEARERIFT » BFIRAEA T R A S S B8R - RATES
WE(EH - 58 057 A5 B B fF AR R B e #ase] > 28 P ) AU B R, F P ET T

PASE=NR

REEL

SR

= o=

 NVRIB SR E IR > R 2 ATP > 4

EF thiE B¥F thiE

pyruvic acid PR alcoholic fermentation Jiih=Etdica
substrate-level

fermentation A A G R AL
phosphorylation

electron transport chain | 51 {H &5 lactic acid fermentation | FLE&ZEMEE
acetyl coenzyme A ‘

glycolysis T E ZIGHEE A
{=acetyl CoA}

TCA cycle it E g aerobic respiration HE

chemiosmosis {EEE2IEEA anaerobic respiration SN A1
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[ (1) be catalyzed by to produce . }
e« FEINEAC B — 2T IBBAIEE T - A NEERE -

Glucose is catalyzed by a series of enzymes to produce pyruvic acid.

[ (2] reacts with to form . ]

ey - ZHgiEle A FIEVE RO EVISE - TR RIS -
Acetyl-CoA reacts with four-carbon compounds in the substrate to form six-carbon citric

acid.

[ © be composed of . }

ey BT IR R ARAC I A B — 2B T EAC FT4E AL -
The electron transport chain is composed of a series of electron carriers on the inner

membrane of mitochondria.

[ (4] occur during . ]

e - ZE R A L3 A AE RV E ] AR RR G PR 1B A2 -

Substrate-level phosphorylation occurs during glycolysis and the TCA cycle.
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After completing this section, students should acquire the following concepts:
— T AR R AR SR

Understand how cellular respiration works.

w BIREERE s
BlE—

St ¢ SEAEPGEAIAER (R Ay S AR e R L ) -

Students will learn to understand the reactions and products of cellular respiration.

Which of the following reactions produces the high-energy electron carrier NADH in cellular
respiration?

(A) glycolysis

(B) fermentation

(C) Calvin cycle

(D) electron transport chain

(E) Krebs cycle

AR ER > EREE T & NADH S2AE NYIMREE R e A A= 7
(A) HEfEIEH
(B) Bt {EH
(C) FESCTEER
(D) &1k
(BE) FRfER
(98 {5544 34)
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Teacher: Students, where can NADH be produced?

Student: Glycolysis and the citric acid cycle.

Teacher: Yes, the electron transport chain produces ATP, not NADH! Next, look at option C.
Do you still remember what the Calvin cycle is? It's not respiration!

Student: Photosynthesis.

Teacher: You are all geniuses!

Student: Can’t fermentation make NADH?

Teacher: Fermentation is not a process of respiration.

ET: EIEMP > I PR M 57 2 2 NADH ?

BUE L ORERIERD - R IEIE -

EA a8 B TR ATP » FRAEE NADH IS | 3 FARE C I8 » A5
ST S R A R0 2

B OCATER -

EH T RFEANFAE |

B RATEAE AR S @ NADH I ?

BT R R R R AR -

BlE_

aBH ¢ R T RANAEITR R P AEAR ~ SRR - EY). FE
Students will learn how cellular respiration works, where it happens, what its products

are, etc.

Which of the following statements about cellular respiration is correct?
(A) All processes take place in the mitochondria.

(B) Aerobic respiration releases more energy than fermentation.
(C) Plant cells can ferment in the absence of oxygen.
(D) Animal cells normally produce carbon dioxide.

(E) Glycolysis does not take place in hypoxia.
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T BRI (F FR AR - Db TR 2
(A) P BT S TE R S T -
(B) HEITHHLSEEARN TSR -
(C) TEYAIHAER BT T TRREER -
(D) ByWRIHEAE— R T s -
() TEBRGIEN TR TARARIER -
(103 4455 44 32)

fiZ2 T Solution:

(A)FEREE AR T T -

(EMERRENE T - A PPRGER T TR -
(A) Glycolysis takes place in the cytoplasm.

(E) Glycolysis occurs during anaerobic respiration in the absence of oxygen.

Teacher: Let’s see, where does glycolysis take place at Figure 2-2.1 on page 67?

Student: It takes place in the cytoplasm, so we cannot choose option A.

Teacher: Very good. Now look at Figure 2-2.2, fermentation only produces energy in the first
half procedure of glycolysis! Aerobic respiration can provide more energy through
the electron transport chain.

Student: Teacher, can plants ferment if they are starved of oxygen?

Teacher: Yes, plants can also suffer from hypoxia, too. So option C is correct! In option D,
what type of respiration do animal cells generally carry out?

Student: Aerobic respiration and fermentation will take place unless there is a lack of oxygen.

Teacher: That's right. Final fermentation is also by glycolysis! If you look at 2-2.2, only

glycolysis can produce energy, so less energy is produced.

ERN  RZEARA p.67 (8 2-11 FEAEIE LTI 2

B2 JEAIME AT o FREEE A BEIE -

RN AREF - HORFKEE p.73 [H 2-16 0 HEEER A AR FEERFE I A LR
U | T R A B TR - DR E SRR -

B2 RN AV GRS ] DU TSR A 2

EEG AL EYIt R A BREATRTEE - ATl C BIEE RS | D BEIES - ShY4THE
— A HE TR 2

30 B RRAREFTRETRIP (PP FERN% S



/’;@‘?“_’-‘3?;\\‘ L P — i - A )4 > “ >
OV g ERT s EaRT 7 oo I EFEFIF L

B BRI BRIFBE A G TSR ER -
LHT A8 - BRIt S LOBIERIEFITE | BB p.73 B 2-16 A MERRIE AR AR
& AL LR DR R -

31 BYORRGBEFRETREIP (PP FEREF



fo}’eolf; e 2 e Jhe— ( A ) A - e .
OV g T 2 R P 0e HIFEEREFLY <

2-3 FREERRIE - MEHEER
Source, Circulation, and Use of Energy

N\
AREAIRE B (ATP) EE A E # & HE - 1 # & T AV AT RE AV BERRE IR AT 2 7 AR 4
EVRIERRE AT > DU ATP GERIER i DAE IR AP LE AL BN E - B3 ATP HYZK

R~ USSR F RSSO R sl ke R Y > B2 e SRR AR F AR B H ISR 3

HE

K

il

BF thiE B¥F thE
phosphorylation EH'EBE(L | active transport R piilin
Na™-K* pump SRR autotroph H=EY)
photoautotroph KHEEEY) heterotroph HEEY)
chemoautotroph {EEH=E4Y)
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[ o synthesize from . }

4+ Autotrophs are able to synthesize organic nutrients from inorganic environmental

substances on their own.

HE AV BT RERE PRV SRR e oy

[ (2] take from . }

4 : Heterotrophs have to take organic nutrients from the outside world.

REAYTREBINEIAERE D -

[ (3] converted into through . ]

4 = Light energy from the sun is converted into the chemical energy of organic nutrients

through photosynthesis.
KIGHPCRESO & TF A R A g I BERRE -

[ O® metastasize to through . }

4] : Potassium ions metastasize to the inside of the cell through the sodium-potassium pump.

PP TS R E B AL FIARE A -
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After completing this section, students should acquire the following concepts:
— B TREELYNERE -
Students will understand what is the autotrophs.
T B TRE ATP B R ADP HYESR 0 W TIPSR S R RERE SUE -
Students will understand the significance of the converting of ATP (ATP convert to ADP)

and which phenomena are energy-consuming reactions.

» BIEERE s
5l RE—

A B T RRE A REEETTE AR E SEY) -
Students will understand that autotrophs are organisms that are able to synthesize their

own organic nutrients.

Which of the following statements about autotrophs is correct?

(A) All autotrophs can carry out photosynthesis.

(B) The Venus flytrap, which catches insects, is a heterotroph.

(C) Autotrophs can convert inorganic substances into organic nutrients.

(D) Autotrophs are organisms that can feed themselves.

NEIRHEY B & VIR - o] I 2

(A) BELEVSEHITCEIEA -

(B) IS G  BRREELEY) -

(C) BHELVRERHERYEREEMED -
(D) EEAEVIEEEETERIEY) -
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Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

i
sk -

R

B4

EH

B
4 -
g

Eh

Students, what does the term "autotroph" mean?

It refers to organisms that can synthesize their own organic nutrients.

Correct! Let's look at the options together! Starting with option (A), can all
autotrophs perform photosynthesis?

Not necessarily!

That's right, some bacteria are chemosynthetic autotrophs, which use chemical
methods to produce organic nutrients.

Next, let's look at option (B). Venus flytraps capture catch insects to supplement
their nitrogen source, but they still perform photosynthesis and synthesize their own
organic nutrients, so they are still autotrophs!

I see!

Finally, let's look at option (D). Does the description "feed themselves" fit the
definition of an autotroph?

No, it doesn't. Autotrophs are organisms that can synthesize their own organic
nutrients.

Exactly!

[FEAF - SFHE 2V TEER ?

ETEREH BT S RCA R E T HI L) -

2t | M —EACEBIATE | HLERIEHA) B E 2 E i TLaE
FIUEG 2

A—%E !

B AEMEBIMEREEEEY) - gRUEEITANBAEKE 1E -

FE MACEEEIAB) > FHEEEIHIE AT R TR EUR > (H R E TG
B > BfTEEE Y - FTlEEZBN B ELEYE |

JRAALE !

&R MTEREHAD)  #FH " BiT#ER ) BN G B EEYERY ?
AiE > BE2EYIEREHBETaRARE THIEY) -
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atHH ¢ AR AR AR A M AR SR EUMFERE & - JNEI ATP Mo AR RE & - i
i b ADP Al Pi -
Students will learn to identify the biological processes that require energy consumption,
i.e. where ATP is broken down to release energy and converted to ADP and Pi.

Which of the following statements describes the process where ATP is converted to ADP + Pi?
(A) Oxygen diffuses into the cell.

(B) The light reactions of photosynthesis.

(C) Plant roots take up minerals from the soil.

(D) Plant roots take up water from the soil.

IHIRGIUT B E S ATP — ADP+Pi HYiEfE ?
(A) SECRIRRUE ALIRY -

(B) SeaEHAEEE -

(C) HEYRK U+ BRI -

(D) THPIRIL UL LB HIK ST -

Teacher: Students, what is the process of ATP — ADP + Pi represent?

Student: The hydrolysis of ATP into ADP + P1i releases energy.

Teacher: Under what conditions does this reaction take place?

Student: When an organism needs to use energy.

Teacher: Correct! Does option (A) require the consumption of ATP?

Student: No, diffusion doesn't require energy.

Teacher: Does option (B) require the consumption of ATP?

Student: No, the light reactions of photosynthesis use light energy to synthesize ATP.

Teacher: Correct! Plant roots absorb minerals from the soil by active transport. Does this
process require ATP?

Student: Yes.

Teacher: Correct, so that's the right answer. Finally, does option (D) — plant roots absorbing
water from the soil — require ATP?

Student: No, after absorbing minerals, there is a difference in osmotic pressure, and water is

absorbed by osmosis. This process doesn't require energy.
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il : [FIZHPIEERD ATP — ADP+Pi (YRR 2

B2/ 1 ATP 7KfiEEk ADP+Pi » S{HBESENES -

SRR T e E (E R e ?

B4 EAEVHGHR ISR B AR -

Ehl - ZEh | A (A)BETHFR SUHFE ATP I 2

BA L ARE RAEHR AR AR -

il EEB)EIHFR AR ATP I ?

B4 ARE > EETERANDLRIERRBOREIE REEE - KGR ATP -

2hl - U AEYIRFE R i o U TR ARV - S E (E SRR AR SR ATP
5 7

Hhl B FTRUS R IERESEH - R BADEYIRBM T B /Koy - FEZHFE ATP
u%rp

B4 ARE EVIREU PR ER - PR REE - PRSI AR
7J<ﬁ ia (AT T B R
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From Chromosomes to DNA

BT ARSI RS AR & SRES
BAVEAIEI PN SN

BENFIEEEFRANREG B EH G T AR - LIEREERpE et MR
PR (RT3 > MR H oy B R B Sy RO R B AR AER /4B 3 (R T HIE (Y
FEpGER SR 2 FHIREIE 2 s - 1B IEERRR AT e at - S04l T A R SRR AT BREs -
LIRS T ~ SHUEIEES T- DU DNA &SRRy BT A iR SO A 2 3 A -
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. Verification of the Chromosomal Theory of Inheritance

ZiN

B red B EH N T2 SRR R BACH RS - SRR > et 7oy
HERRELET RO SRR - iR TN TS - RIS TR > HER
firfEdetafa & o E5UH A CRa oA iRag o B R BLE L o FO e » i HE83R 1 PISMyZ= BN
PERRE (R - (FERRR I IN5E R - SES L ML AR a0 ~ PRI ] PRI O Ry S
ail LA RN S B HIAR R B BY (R ER A B 1 e (L BG BB A D SCHRIE

BEF thiE ¥ thiE

trait Fiz gene recombination A bRE AR AR
Y arent generation (P .
law of segregation PAR:iAE- P s ( L
generation)

law of independent -

P WL B | sex-linked inheritance | MEHIE
assortment
linkage A testcross AL
linkage group AT chromosome JLtEg
Crossing over i allele =X~ ON
dorminance gt recessive k&M
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{ o separate into . J

5] © During meiosis, homologous chromosomes separate into different gametes.

TREOY S - R R B E A FEC T -

{ (2] be located on J

4] : In Mendel's dihybrid cross experiment, the alleles that control the two traits are located

on non-homologous chromosomes.

FELFER R E B SRR IR AL RN B IR e | -

[ (3) be distributed to . }

4] : During meiosis, the alleles that are located on the same chromosome are distributed to

the same gamete.

IR R AAEE — R R B AR G e 2 [F —F 7 -

{ (4) to form . J

fil4) : In the prophase of meiosis, synapsis occurs to form tetrads of homologous chromosomes.

FERE 2R - Bt {F S A R ER A R P U oy g -
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After completing this section, students should acquire the following concepts:
— ~ BE T REM R M E SR -
Students will learn about the difference between dominance and recessive meanings.
T B T g B SRR B AL EE IRy TR
Students learn about linkage and crossing over and understand how to calculate the ratio of

offspring’s phenotype.

» BIEERE s
5l RE—
BRBH ¢ BB T RS B HAVETE T -

Students understand will learn how to calculate linkage and crossing over.

The genes that control wing length and body color in Drosophila are located on the same
chromosome, 20 units apart. If an isogenic long-winged black body (VVbb) female Drosophila
mates with a short-winged gray body (vvBB) male Drosophila, and the resulting offspring (VvBb)
female Drosophila mates again with a short-winged black body (vvbb) male Drosophila, what is
the correct ratio of offspring phenotypes?

(A) Long-winged gray body accounts for 10%

(B) Short-winged black body accounts for 20%

(C) Long-winged black body accounts for 10%

(D) Short-winged gray body accounts for 20%
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22 SR A £ P B e MR Y RS R A (Bl — iRy a8 | > AHER 20 (E G #ABE AT - 75 [H
RN RIS (VVbb) HEREELG RS (vBB) [fEFMEZEC - A5 Tt (VvBb)
i SR T B — 4 R S (vvbb) FREERIESSHC o TH R FIRBIAIELG] - (o738 EHE ?
(A) RHKFAE 10%
(B) FHEEAE 20%
(C) EHlEE(E 10%
(D) FHKEAE 20%
(99 FFEF5H4Y5)

fi#HT Solution:

V b \Y B
AfE 3-1.1
\Y b
[l 1
1 1
100%
1 I
1 1
v B
AE3-1.2
v b v b
I - oao% wjs  ——— B vbbaox
v b
I - % Wm S T wBbaox
B
-|—u : 1 °
—| 10% + ¥ mmm VvBb 10%
v b
I —=| 10% + _—_— = Vvbb 10%
W b

@7 crossed over

A& 3-1.3
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Teacher: Look at Figure 3-1.1. The horizontal lines represent the chromosomes. You can see
that v(V) and b(B) are drawn on the same chromosome. The figure is the parent
generation mentioned in the title: VVbb X vvBB, think about, how to draw the
chromosomes of the offspring?

Student: (Draw Figure 3-1.2, or it doesn't matter if they couldn’t draw it.)

Teacher: Yes, it should be drawn that V and b are on the same chromosome, and vB is on the
same chromosome, so, that Vb is linked and vB is linked, as shown in Figure 3-1.2.
Next, which two gametes should there be if there is no exchange of gametes
produced by this offspring?

Student: Vb, vB.

Teacher: Yes, the question mentioned that the cross over rate is 20%, so how many percent
will there be no cross over?

Student: 80%.

Teacher: What percentage of Vb and vB will be?

Student: 40%.

Teacher: So what will happen to the combination of genes after the cross over?

Student: VB. vb.

Teacher: Yes, just like the red boxed part in Figure 3-1.3, then they will each be 10%. We
can see that the gene ratio in the resulting gametes it produces is:
vb:VB:Vb:vB=1:1:4: 4. Next, try mating with vvbb. We can know the proportion
of phenotype in the offspring.

Student: Long gray: Long black: Short gray: Short black = 1:4:4:1.

EEN [FE 0 FEERE 3-1.1 0 BGURLEEE - fLIEE] v (VT D (B EFAHE
Fetufio b o BT SR HPTERAVEC - VVbb x vwBB - R0 RVEE
HeTEZ ETEEIE ?

B4 (FHE 3-1.2 8Os R - )

RN 9% 0 MEZED V- b EMEESYEHEE B vB IEMH[EZYEREE E o g Vb
5~ vB i o FLGE 3-1.2 - BN EETREENE T AR ETHR
HYEE > e AR fENE 2

BA . Vb-vB-o

AN B BEEHPER AR 20% > BRI EHRIIEHE /0% ?

BT 80% e
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R B Vb~ vB & H %% ?

B4 40% -

RN PR R A T B B ARV A S 2 e ?

BA: VB-vbo

EEh O BLEE 3-1.3 PALEHERRRAVER Y » AT E A 10% o FMT AT LAE F
EEA BT ¢ vb:VB:Vb:vB=1:1:4:4 o 3 FAE#EITEAE 0 B vwbb <%
i o Feffmt n] USRI AR EL Bl 1 -

B B REEK:EE=1441

BlE_

SR ¢ AR HIE T R AR NS A

Students will learn how to determine whether genes are linked to each other.

A group of high school students conducted a study on the genetic traits of two purebred plant

strains. The first strain produces purple flowers and leaves with smooth edges, while the second

strain produces white flowers and leaves with serrated edges. When the two strains were crossed,

the F1 generation plants all had smooth-edged leaves and purple flowers. The students then

crossed the F1 plants with the second strain and observed the following traits in the F2 generation:

100 plants with smooth-edged leaves and purple flowers, 92 plants with serrated-edged leaves

and white flowers, 24 plants with serrated-edged leaves and purple flowers, 20 plants with

smooth-edged leaves and white flowers.

Are the genetic factors for these two traits located on the same chromosome?

(A) Yes, because the F2 traits include plants with the same traits as the parent strains.

(B) No, because the F2 traits are observed in four different combinations.

(C) Yes, because the individual ratios of the four trait combinations in F2 do not match
1:1:1:1.

(D) No, because the individual ratios of the four trait combinations in F2 do not match 9:3:3:1.
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HEfm A BT (ES L AEREVEE TS - B EmRFERETE > BEEE F
T an ZFE B AT o BEGEREL o E AR R (] ARSI S M A W PR A T 5
T2 F1EMR - 2EROEGERBIET > FALROEAER - SAMEER F1 iR
FES RS - 48R F2 fERE AU RITEIRAE & © 100 FREEGSEEIRAT » 92 RS
TR ETE > 24 PREEGHREEERTE - 20 SREEG SR AT -
i Y E VAR A T2 A AL F —(E et 2
(A) ZHY - ARy F2 BV B & BT AU [E PR AR R
(B) & » Ny F2 HYMIR4H &7 VUFE -
(©) BHY > F2 (YUEMEIRE SHEAERILR AT S 11101 -
(D) A - F2 (VUM IR S HVIE R E A EER A& 9:3:3:1

(110 #5549 9)

Teacher: According to the phenotype of F1, which one is dominant, purple flower or white
flower? Leaf margin complete or deficient?

Student: Purple flowers and complete leaf margins are dominant.

Teacher: That's right, because all F1s are all purple flowers with complete leaf margins.
Now, let's assume that the gene controlling flower color is dominant A and recessive
a, and the gene controlling leaf margin is dominant B and recessive b. What should
the genotype of the F1 be?

Student: AaBb.

Teacher: That's right. The second line has white flowers and deficient leaf margins.

What should its genotype be?

Student: aabb .

Teacher: That's right. The question says to cross F1 with a second strain, if the two genes are
on different chromosomes, they are not linked, the genotype ratio of the second
offspring (F2) will be AaBb:Aabb:aaBb:aabb=1:1:1:1, what should the phenotype
ratio be?

Student: The ratio of the four characteristics is 1:1:1:1.

Teacher: That's right, but the ratio in the question seems to be very different from 1:1:1:1, so

we can be sure that there is a linkage.
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EEN : MRIE F1OAYRREAL  SATEL O E—(E 2 RMENE 7 TG se B Blahad - UKEE
PEHE ?

B ORAE - &2 -

RN OREETE AR F1 2EVEERAT - TG0 8 - BT PIEEeE ol e 5 R
PEFs A~ RSy a o PERIEGERENS B~ [BMHES b - FI WERAEZ & &
JERIE ?

E2/f © AaBb -

EHN 0 OREETE o 5 T {Emm ABH H BT ~ TEGERE o AR B R S EEE 7

B4 1 aabb -

CHT - JZEENE o
*H H SR F1 B 8 550 - AR E WA R A A ZyEEe b atEst
GHEE > B TU(F)IERTI LS /E& AaBb:Aabb:aaBbiaabb=1:1:1:1 » J[{F

BURIAILES % G BT ?

AB Ab aB ab

ab | AaBb | Aabb | aaBb | aabb

ab AaBb | Aabb | aaBb | aabb

ab | AaBb | Aabb | aaBb | aabb

ab AaBb | Aabb | aaBb | aabb

B4 o OREMREER & 101100 -
Rl REEY > ol R H IR BIE RN A RTE 11101 > Fr DA T DARERE - bt Ay
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3-2 BHFEENRNSF
Molecules Carrying Genetic Information

AREIT AR ER MU B ERRAIS KIS HYVE T DNA KRS - 75 b BEAR A SR 5 Bt
o | FEAEALR A EORS - 2RI AP RS S J TR EEE A T - HAEtEE
FLEHGHY EHp e DNA B (V8 RE R 4E R P S 8 B Salf e B a2
DNA - SRS ME T AN [ ) 1 S AU TR DR DU e B s D () Fs DNAHY
Gl i i

u

BF thiE BEF thaE
petri dish (plate) el transformation I
E.coli (Escherichia coli) KEGHRE hydrolase TK fi it
bacterial colony [EspE3 phage 15 BRI
capsule AR
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[ (1) consists of .

#1457 : DNA consists of 4 nucleotides.
DNA H1 4 iz H Bt R -

[ (2] be higher than

#i14] : The proportion of protein in chromosomes is higher than that of DNA.
Fetfia P EOBEATHEREH DNA -

[ (3] are pathogenic

4] : S-type bacteria are pathogenic, R-type bacteria are not pathogenic.
S MIEEAZR ] - REAEEHRTT

[ o high temperatures can kill

%4 - High temperatures can Kkill S-type bacteria, but not mixed S and R-type bacteria.
RS OT DARAE S U » ERAEARIE S BN R UEITSRE -

[ (5] be pelleted with

#l4] : E. coli was pelleted with a centrifuge.
FH B LR (s R REAR BRI (0 -

[ (6] be the genetic material of

#il47 : DNA is the genetic material of bacteriophages.
DNA ZHAHEEYE -
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FEEEARLR - BAEERLI TR

After completing this section, students should acquire the following concepts:

— ~ B4 TR R R IR Y E R Y T AR B E E B o
Students will learn about the methods biologists use to study genetic make-up and the
conclusions they draw from each experiment.

T BRARRE TR B SRR - AR R By R R Bl
Students will understand how other important discoveries and classic experiments work and

why.

o BIEER o8
BlRE—

S ¢ B4 TS E fy DNA - T I  BRER Y DIRE -
Students will understand the genetic material as DNA and the function of the degrading

enzyme.

The horizontal axis in the option diagram represents four different treatments with heat-killed S-
type pneumococcal extract through FH~T (A~D). The vertical axis represents the number of S-
type pneumococcus after mixing the treated extract with live R-type pneumococcus.

The four treatments are as follows: A is untreated, B is treated with an RNA degrading enzyme,
C with a protein degrading enzyme, and D with a DNA decomposing enzyme. Which of the

following options is closest to the results of Avery's transformation study in 1944?
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AEE I B AR R BRRSE S BUH s MEEK R AEHUR AL~ T VIR A [F] B » e 2o
R PR 7 FEHUREDGHYT R BIHH R EEREDR & 1% - FTAITGHY S UM R K EE - VUM
BTN > HEREHE - ZFI0A RNA 2R - WRINAEBE 788 - T RIIA DNA
TrFEEE o NYBEIEMERET 1944 S [EG (Avery) HUEPHIFEAER ?

HZR T

N
]
—

N ® TZHT o FZAT

(107 $55 497 14)

Teacher: Do you remember the transformation effect of bacteria? Bacteria incorporate
genetic material from the environment into their bodies to acquire new
characteristics. So the question is, what is the composition of the genetic material
of bacteria?

Student: DNA.

Teacher: Yes, I want to know which of the treatments in questions 1 to 4 will cause the DNA
to be decomposed?

Student: DNA degrading enzymes.

Teacher: That's right, so there will be very few S bacteria in IV, because the DNA is broken

down in the extract with S bacteria is decomposed. The answer is D.

. SArFEE - EESAERETZE R ? AE SRR AR Y E AR
DIEASETMEAR - FRERIREAR T » AR AV E Y E IR 2= ?

B4 1 DNA o

ZEh o B EETE 2 W ToRT 4 TEEE > W fEEE DNA 4555 f2IE 2

E24: 1 DNA 53fi#Rf -

TN 28RS - IRBZERURY S Y DNA #i0fE T > (H15 THY S WEhkihlD - BZ
BED -
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Students will understand the principles and conclusions of classical experiments.

According to the above question, which of the following classical experimental conclusions is

similar to the above experimental results?

(A) Meselson and Stahl used the isotope!°N to identify the semi-conservative replication of
genetic material.

(B) Hershey and Chase used 3*P and S to discover the characteristics of bacteriophage
genetic material.

(C) Fleming found penicillin produced by Penicillium during the cultivation of Staphylococcus.

(D) Morgan suggested genetic model of eye color from Drosophila hybridization experiments.

R AR S B B im B A R SAR L ?
(A) Z&44 (Meselson) EISHECET (Stahl) FIFEIIZ SN » $55E U ) E 1 L (75
HETTH -
(B) 7 (Hershey) EIZEHT (Chase) FF 2P & 35S » SRFHMEE BB MY BRI M: -
(C) #E%HH (Fleming) A E R BT » SHEMEFELNSHE -
(D) A (Morgan) {ESBBHERR BRI - $RAHHR Carryi (L5271 -
(107 FHE54) 15)

Teacher: In the experiment of the first question, the conclusion is that the genetic material
is DNA. So we're looking for options that have to do with genetic material.

Student: Both A and B are about genetic material.

Teacher: That's right, but A's experiment is about how the genetic material is replicated, so

option B can confirm that the genetic material of the phage is DNA.

EH K%EE%K p-67 [ 2-11 MERF(E FAEME AT TIE ?

B HEVERT o SmSRIEEYEE DNA - IR MEGE H heEEYE
75 B

Eff A~ BEEEEYERR -

B 28 B A NEREERSTEEYEERTTE > T B B ] LEEERE
AR EYIE Ry DNA -
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3-3 DNA 4518
The Structure of DNA

REI T HEEYENYE B LR - B DNA B RNA EARGEREHIICHFAIEA
DNA 4H R IHERR AR - FRER A S ERAR DNA SH By FARRIRYISCRTE

EF thiE B¥F thi
purine NZNS nitrogenous base =3l
pyrimidine WA IE double-stranded EERGHY
deoxyribonucleotide EEMIEZ L | double helix EEAGIZRE
nucleotide M E TS pentose BaRki

|

(1) exist within . 1

#1147 « Two different nucleic acids exist within cells.

AHRE AL AT [F %R . (AL AERE — R E WA [E 0 )
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(2) basic structural unit of are

4] The results of biochemical reactions, suggest that the basic structural units of DNA and
RNA are both nucleotide.
et AR (BT TEAS B HEsh DNA B RNA MELA RS & B T 8 B Hg -

(3) consist of

f7il4) « Nucleic acid consists of nitrogenous bases, pentose and phosphate group.

ZH Bt & ElEs ~ TUhREEELE I L P4 A -

(4] have a similar ratio .

4] = Of the nitrogenous bases that make up double-stranded DNA, A and T have a similar

ratio, while G and C have a similar ratio.

SRR DNA By & ke > A T FrfGEESRAEAT - 1 G Al C Fird5 EEARAT -

(5 and are paired .

4] © Of the nitrogenous bases that make up double-stranded DNA, A and T are paired, and

G and C are paired.
AHPEERE DNA Hy& sk > AT Bo¥ > iy G #0 C Bo¥S -

(6] be formed between .

4] : Two hydrogen bonds can be formed between the nitrogenous bases A and T, and three

hydrogen bonds can be formed between G and C.
SRS AT T ZE AR E &5 - G A1 C ZfE Rl =1 & -

(7 be determined by .

5] « The directionality of the polynucleotide chain is determined by the pentose.
AL H WS 7 [0 1 B TL BB E -
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[ (8] be parallel to each other . ]

5] © The two polynucleotides that make up DNA are parallel to each other and run in

opposite directions.

A DNA By AL H I o B A T H 5 RIAE B @

o BEHE »

EEEARERR - 2AEESLUMS
After completing this section, students should acquire the following concepts:
— ~ B2 203K DNA RS - I T ARG 2 FE R4Sy T = -
Students will understand the structure of DNA and how double strands bond together.
o~ B4R T % DNA NI RNA WYRCST Ko fis -
Students will learn about the composition and structure of DNA and RNA.

o IEERE s
5l RE—

sHH ¢ B2 POK DNA RS - I T R RgRASHY T = -
Students will understand the structure of DNA and how double strands bond together.

The number of hydrogen bonds determines the ease with which double-stranded DNA can be
denatured and separated into single-stranded DNA. Which of the following four double-stranded
DNA sequences is the easiest to denature and separate into single-stranded DNA?
DI T E S DNA S B RS IV EE A2 IS - 151 4 (B[R DNA 251 » o[ Eix
BT R ER R ?

(A) GGATTACCAATTCAT (B) GGCGTACCATTTAAT

CCTAATGGTTAAGTA CCGCATGGTAAATTA

(C) GGCGTACCAGCGCAT (D) ATAGTACCAGCGCAT

CCGCATGGTCGCGTA TATCATGGTCGCGTA
(96 Ff55 4 12)
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Teacher: The double strands of DNA are linked by hydrogen bonds. How do you connect A,
T, C, and G?

Student: A is paired with T, C with G.

Teacher: Yes, the number of hydrogen bonds between A and T is different from the number
of hydrogen bonds between C and G. How many are there?

Student: There are three between C and G, and two between A and T.

Teacher: That's right, then let's look at the question, we have to choose the option with the
most bonds between A and T. Which option A and T have the most connections?

Student: A.

1 DNA B8R DL GRS » SRIAF A~ T+ C - G RATFACEHIIE 2

B AR TECE  CHLG Y -

S RAI~A T ZRIEE - 5 C - G 2 RIEIE - B - S5
BIIIE %/ BINE 2

B AT ZREA 2(E > CG R4 3 (8 -

S a8k > TERMTEBEE - BPTEE A T SRS ATRIE - SRMEEE
AT SRS 2

B A
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SREH © B24E T % DNA Fil RNA YRS R
Students will learn about the composition and structure of DNA and RNA.

Which of the following statements are true when comparing of DNA and RNA?

(A) There are deoxyribose and phosphate in DNA and RNA.

(B) DNA is usually a double-stranded structure, whereas RNA is a single-stranded
structure.

(C) DNA contains pentose, RNA contains hexose.

(D) DNA is a polymer of nucleotides, RNA is a polymer of nucleic acids.

(E) DNA contains thymine, RNA contains uracil.

#3f5H DNA B RNA HYEER: > YRR 1A
(A) ZEHEEEZENREER -
(B) #E¥ DNA RMEHLGERE - RNA REACEERE -
(C) DNA ZFhRiE - RNA S/hRiE -
(D) DNA ZAZEREHIZE ) - RNA BZRHVE &) -
(E) DNA ZPRELE - RNA SHRIELE -
(96 FFA5H 49 27)

Teacher: This question mainly compares the similarities and differences in the composition
and structure of DNA and RNA. First, look at option A, DNA is the abbreviation
of deoxyribonucleic acid in English, “de” at the beginning means "removal", and
oxy stands for oxygen, so DNA is composed of deoxyribonucleic acid. And RNA
is the abbreviation for ribonucleic acid in English. It does not have a deoxy at the
beginning. So is RNA deoxyribonucleic acid?

Student: No.

Teacher: Correct. If you look at this picture in the textbook, you can see that DNA has
deoxyribose in the nucleotides, and RNA has ribose.

Teacher: Now, look at option B. It is correct, usually DNA is a double-stranded structure, and
RNA is a single-stranded structure.

Teacher: Now, look at option C. You will see the same picture in the textbook. Is RNA a
pentose or a hexose?

Student: Pentose.
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Teacher:

Teacher:
Student:
Teacher:
Student:

Teacher:

D KT RT 2 NRT P oo IF T RFREF

That's right, everyone should remember that. Now, look at option D. This is crucial.
Nucleotides are linked together to form a long chain, creating a nucleic acid. This
means that both DNA and RNA are both polymers of nucleotides.

Finally, look at option E. Do you remember what the code name for thymines is?
It’s T.

Right. The first letter of Thymine is T. Do you remember the code name for uracil?
It’s U.

That's right. The first letter of uracil. The textbook shows that the nitrogenous bases
of DNA are ATCG, while those of RNA are AUCG. This means that DNA contains

thymine and RNA contains uracil.

iE e L EELEEE DNA PR RNA HYpkrr BUREGHY R (A - E /et B EEH A > DNA
TEJ537 deoxyribonucleic acid FY4EES » FEFEAY de HtE "5 ) BYEE » oxy (XF
2. FTLL DNA 2L SRS R © 1 RNA 233 ribonucleic acid Y4
5 MAYBHEEIZ A deoxy » JINEE T RNA 2 XS ERIAEENS 2

il

KR -
£ RFEERAPIEFR o TTLUEE] DNA 195 Bt B =AM - RNA 1)
N -

£ MR B2 > 2 IEHERY - 8% DNA RyREAGLhRE - RNA Ry BERCShH -
PENZIE C BN Al IBFRA T DNA Bl RNA AYREEE RNA HZ 28 0E0E ©
5 BehE -

RSENE 0 REFEELRS - BENAREEED  EREEE - —(E - EAVRE N
PEECACE R R R AR Z 1% - S > FTEL DNA F1 RNA #UERZE R Efri‘é-\
-

RIREEEH E - RoUEaCiepang ey (OsE HHEns?

2T e

23 N RHapRiEE thymine BHERSE —(HFEHE T - PRIEEHIASTEHTERSK
RS 7

U -

/23 0 & uracil BHEAAVEE—{HFHE - (EBRARVEERERE AT LLEE] - DNA V&
FUREH ATCG » RNA HYRIE AUCG - ftlL DNA ZHgHRIELE - RNA SR
[ o

3R ATBEFRE TN LFP EE

2“2‘:6

Bk
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*x EREM DNA EEMRFE %

DNA and Biotechnology

BT EALRTE R AR £ SRE
BIvA AL TN SN N

/140 DNA I #Ef TR - BLNEAN MR HIIAEE A DNA S4B g 4 Y)
ARG R TR B T TR )OE M BE ALY - £ 78 DNA B YR AH B S
B BRI AR B I SRR S R T e P B st AR BgsE el > — 0 D At ]

%P
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4-1 DNA E#
DNA Replication

B ENFILAHIE DNA AR S > AT MRS o] F BRG] DNA HY--{RE
8 PEE EEZ YR DNA (B SUETRE - (i BB - e N aHERl - B8
4= THE DNA 85 1R > M/ a2 EUE SUB LRI R A - SREEF0 T # DNA
R - S AIE S T DNA ERUHE B A1 DNA (& B2 iy Ay R H]

EF thiE EF thiE
semiconservative replication | “FLREHHEEL centrifugation B
nutrient fluid HER leading strand N nird
template strand TELAR A Okazaki fragment e 15 1 5%
origin of replication 1R ELHE, lagging strand TR
replication fork R DNA polymerase DNA &1
replication bubbles HELE DNA ligase DNA H 35
extraction ZHY RNA primer RNA 5|+
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[ o be preserved by . J

47 = Genetic information can be preserved by DNA replication.
ST LA DNA HERTT -

[ (2] contained in ]

54 - The amount of N and **N contained in bacterial DNA is different, and the specific weight

of the molecule will be different.

ZHE DNA A& PN R YN &R E - 5 FithEs g A -

[ ©®  beseparated as . J

%4 - Under the action of DNA helicases and proteins, the double strands of DNA are separated

as template strands.

£ DNA fgigl e s B HI(EA T - DNA SERGE Iy BrE R R -

[ (4) extend from to . ]

14 « The polymerizing direction of the nucleotide chain can only extend from the 5' end to the
3'end.
ZHE BN & T MR REH ST E STUmAE( -

[ ©® _ beligated into . ]

4 - Catalyzed of DNA ligase, the Okazaki fragments are ligated into new polynucleotide

chains.

£ DNA EPFBSHIMEE T - e e A B R 0T e R H o -
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At the end of learning the chapter, students are able to acquire the following concept:
%/—‘—r

Bt
— ~ B2 T DNA EEIREIE K R > DU R PRGTE R E AR -
To understand the process and principles of DNA replication and the process by which

scientists study the principles of replication.

w BIEERE o8
BlE—

St L B T AR R E R E R

To understand the importance of semiconservative replication experiments.

When bacterial DNA molecules replicate, if the medium contains >N bases, °N is synthesized

into DNA. A scientist has grown bacteria in >N medium for many generations, and then

inoculated them into a new medium containing '*N. Which of the following statements is correct

about bacteria that divide in a new medium?
(A) After one division, 1/4 of the bacteria have ’N DNA.

(B) After one division, half of the bacteria have "N DNA.
(C) After secondary division, 1/4 of the bacteria have "N DNA.
(D) After secondary division, half of the bacteria have SN DNA,

BPRRAEEFRET RS 2FP FFRRTF
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M DNA 7y 280 - B Edraah PN AEEs - Al PN & A DNA
—RIEZGHET "N AEE R EHERS A% - BEERE N AU E A R
YA BEANE AR B AR T AR S AR - AT I 2
(A) LOE—5y2% - 14 BV EA PN #Y DNA -
(B) &LiB—Iy%U% - FEIVAHE R "N #Y DNA -
(C) LB —5y3% » 1/4 BV EA SN 1Y DNA -
(D) LWL - FEHIMEES "NHYDNA -
(98 A5 H4W) 2)

Teacher: | |

7N

N 2N

If you look at the picture, the way DNA replicates is called semiconservative
replication. After the original double-stranded DNA is split, each strand synthesizes
the other strand to make two double-stranded DNA. If the orange color represents
DNA with '°N, what percentage of the progeny will have '°N after the first division?

Student: 100%.

Teacher: Yes, it can be seen that after the first split, two offspring were produced, and they
both had one strand of orange DNA and one strand of newly synthesized blue DNA.
So options A and B are wrong.

Teacher: What about after the second division?

Student; 50%.

Teacher: That's right! So the correct answer is D.
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7z N\

N 2N

REE - DNA HEIEUEFIREER - [ AT DNA 817 5i1% - SHE
SR o SRk 2 {EEERY DNA - SERIAR » R EAETA "N DNA
F—ROYHZEFEZ V%N TRAEEE PNIE 2

B4z 1 100% o

EEN 2 AIEFIE R RE  EAWET o MR — it DNA - Bl
— T ERAYEE B DNA » FTLL A ~ B BETHER A IEAE -

N RETRAREERIAS » MR ZARIE 7

B4 50% -

EHN 0 JREEYE | FTPAEMERERZE D -

pIE—

sEHH ¢ B4R T RRIEEERT DNA (R BUFT R E DL EFE -

To understand the substances and processes required for transcription and DNA replication.

Which of the following statements are correct about transcription and DNA replication in human
cells?

(A) Both require DNA polymerase.

(B) Both require DNA ligase.

(C) The initial product of transcription is re-spliced.

(D) The resulting polynucleotide chain is synthesized from 5'—3".

(E) The resulting polynucleotide strand is complementary to the DNA template (strand).
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TS PR 5 DNA LY R0 - WETERE ?
(A) 57 DNA 557
(B) &7 DNA B457 -
(C) WY RS RBYHE:
(0) FEEEHISHERSE 53 B -
(E) FEELRYS L EMMER DNA BUR () Z2H -
(101 #5491 25 HULHFFE LA

Teacher: What is the function of DNA polymerase?

Student: Synthetic DNA.

Teacher: That's right. So what is transcription?

Student: RNA is synthesized using DNA as a template.

Teacher: Yes,is this DNA polymerase used to synthesize RNA?

Student: No.

Teacher: Is DNA ligase used to synthesize RNA?

Student: No.

Teacher: Correct. Because the transcription process is not used, you can’t choose options A
and B.

Teacher: Now, look at option C. The RNA produced after transcription will also be sheared
before translation begins!

Teacher: Next, is the newly synthesized DNA 3'—5' or 5'—3'?

Student: 5'—3'.

Teacher: That's right! Remember that for DNA template strands, the direction of synthesis is
3'—5"; for synthetic RNA strands or new DNA strands, the direction of production
is 5'—>3".

Teacher: Finally, option E, RNA and DNA are polynucleotide chains, because they are all
synthesized from nucleotides. Transcription and DNA replication both use DNA as
a template to synthesize new strands. Are the new strands complementary to the
template?

Student: Yes.

Teacher: Right.
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DNA B & INEE 15 2
# DNA -

2t - REARARIET o (HAER ISR ?

I DNA B8 RNA -

S > FSE5h RNA TS DNA B0 2

e -

PSS £ RNA 7P DNA 32515 2

T -

24T » R AMERTBIZR GRS - FTOLA « B RACHE -

B TACH C J0F » kI PEAEAT RNA BETABBYY) » A STBAEHEs |

Pk > HTATH DNA 2 3-S5 53T ?

53" ¢

S | RFTAD - BT DNA BUE » SHOTENE 305 5 BINEHI
RNA gH5i DNA $7H » B4 AR 53

Bel%e  EIE > RNA « DNA #BR5 ERABIE » B A TR 2 — (A B

B e A - B DNA 8 SUEZ DL DNA R sk & Bt » AlH i R
16 2

: o
L -
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N Gene Expression

AEIT T4 RNA {ER NI s A D A DU A0l 1778 DNA SR EHE - FOCRERE
2 7 RNA 55 0 B S B8 M AR A T A f T AR R A B B2 -

BEF thiE B¥F thaE
codon T translation L
anticodon F&Al stop codon RS
Poly-A Tail SRR E LR release factor AT
intron Na+ exon SN
polyribosome VAL five-prime cap 5’ UiE
start codon i E A initiation oy
precursor mRNA Hif5E mRNA elongation TLAER
modify &6 termination s
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_____contain(s) . }

HGR

RNA contains four nucleoside monophosphates, AMP, UMP, CMP and GMP.
RNA H1E 4 fEfZE EREEE » AMP ~ UMP ~ CMP 1 GMP -

be located in . }

: The DNA of eukaryotic cells is mainly located in the nucleus, while the ribosomes, which

synthesize proteins, are located in the cytoplasm.

HIZAMAEAT DNA £ SRR - & EE A B il -

carry . }

: RNA can carry DNA information.

RNA REf#T DNA F{UE

loosen . 1

: RNA polymerase loosens the double strands of DNA.

RNA E &5 DNA (ISR FRR

move along . }

: RNA polymerase moves along DNA molecule.

RNA & t#% DNA 7118 -

correspond to . }

Q)

67

: A set of codons can correspond to only one amino acid, but an amino acid can correspond

to several sets of codons.

—SHES T {ERE B TR AR - T — TR LR i DU S s T
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[ 7] pair with . }

4] - tRNA pairs with mRNA codons in anticodons.
tRNA DU ZEHET-EL mRNA 1285 THC# -

[ (8] be shifted from . }

5]« The tRNA is shifted from the P to the E position.
tRNA |1 P {ii#% % E fif

o BEEEHE »

FEHEEARR - BAEERLI TR
After completing this section, students should acquire the following concepts:
— ~ BAE TARAENNIEAN -
To understand Chargaff's rules.
T~ BT s R

To understand the principles of transcription.
w BIEERE o8
plE—

SHE ¢ AR T RREAISRIARA] - DNA B RNA & EREY 22 [E -
To understand Chargaff's rule and the similarities and differences between DNA and RNA

nitrogenous bases.

There is a virus whose nucleic acid nitrogen base content is A: 26%, G: 26%, C: 24%, U: 24%.
Which of the following is the most likely characteristic of this virus?

(A) Has double-stranded RNA, like tobacco mosaic virus (TMV).

(B) Has double-stranded DNA genetic material, like hepatitis B virus.

(C) Has single-stranded RNA genetic material, such as the novel coronavirus (2019-nCoV)

(D) Double-stranded RNA is embedded in the host chromosome, as in bacteriophages.

0 I EEKEFL Y
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(A) EEERY RNA > I E SRR -
(B) HEER: DNAEMEYIE - 41 B BIFFR05%5 -
(C) EER RNABEYE - OFAwER%E (SARS-CoV-2) -
(D) EER: RNA g AfE vt - MRS -
(109 F55R/EHEY) 1)

Teacher: Can anyone tell me what the four types of nitrogenous bases in DNA are?

Student: A~T-~C~G.

Teacher: That's right, but the description in the question is A, U, C, G, so, which is more
likely to be the nitrogenous base of DNA or RNA?

Student: RNA's.

Teacher: Yes, so we cannot choose option B. Do you still remember Chargaff’s rule? In
double-stranded DNA, because of the pairing relationship, the ratio of A and T will
be the same, and the ratio of C and G will be the same. Are the ratios similar in the
question?

Student: No.

Teacher: Yes, the ratios of A and U are not the same. So, is it double-stranded or single-

stranded RNA?

Student: Single-stranded.

Chh - SUEEESER DNA IE SlsEs A WirufE 2

Bag: A~T~C-~Go

EEN : %sh o BEEHEHPHREUE AU~ C - G iEEE A AE/E DNA 22 RNA VS
ERALIE 7

B/ 0 RNA MY -

EHN AV FrPA B EEEAN AR o BE MK RFIEECHIENISRIARG ? /74K DNA
o RUBHECERAG » BrLL A ~ T HIEEBIEEE » C ~ G BYELBIEAHIE - [FERAY -
W EHER: RNA > A ~ U fYEEBIEAHE - C ~ G BYERBIEH[E - AE H A
[E] g 2

B 9H -

EHEN: H o BHF A URILLENEGEAAEE - S R 2 B RNA UE ?

B Gy -
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To understand the details of the transcription process.

Which of the following statements is correct about gene transcription?

(A)

(B)

(©)

(D)
(E)

After the double-stranded DNA is separated, the two single-stranded DNAs are used as
templates to synthesize two identical single-stranded RNAs.

The bases A, T, G, C on DNA correspond to the free ribonucleotide bases U, A, C, G,
respectively.

Transcription of prokaryotes takes place in the cytoplasm and the transcription of
eukaryotes takes place in the nucleus.

Ribosomes bind to DNA and synthesize RNA.

It requires the activities of RNA polymerases.

Y R AR Ry R - TR IEHE 2

(A) [z DNA S3BHTR - {RELHE DNA 3 BI{E AR - SR FAERIRY B RNA -
(B) DNA EEYA T~ G~ C @ES A A EFRERVIER TR U~ A~ C G-
(C) R4V diE TET - B YHESsRiE A HET -

(D) HZAERSEIFI DNA 454 » £k RNA -

(E) ¥H RNA ZSE2H -

(110 5549 22)

Teacher: Are the codes of the two strands of double-stranded DNA complementary or the

same?

Student: They are complementary.

Teacher: That's right, so they’re different. Can different DNAs transcribe the same RNA?
Student: No.

Teacher: Correct. Then let’s look at option B, there is no T in RNA, so A will pair with U, so

70

option B is correct.
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Teacher: Next, option C, prokaryotes have no nucleus and no other membranous organelles
as well. All reactions take place in the cytoplasm, and transcription is no exception.
Then let’s look at option D, E, RNA is synthesized by RNA polymerase, and the

ribosome has other functions, does anyone know what that is?

Student: Translate to make protein.

Teacher: That’s right.

R BRI DNA BRI #0512 A fig 2 A (e 2

B4 O e

ERl 2T~ BT DAL FHEE > AN [EHY DNA SR A RNA & —5§ 2

B g

ERL B o AR B RNAJZA T Ll A g1 U BCH - Bl B 2 HHYIE -

ERN  CEIE - RIS SRR > A HARE IS - FrE R SER G
AMARE T - LI A BISNE - D ~ E B85 - RNA ff RNA BEHgERL
MG A HADIRES - SRRE /e ?

B EERNEQE -

D R8s
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4-3 EBERERIFAVRE

\ Operators of Gene Expression

[E &R T HY AT A AR A AR ] > AR A4 B PR A R &k > AARIRYRIR -
AE AR A AT SR DU A [F R AVEE R, - OB RS T AR NR IR R A A 4H L
RS BB S g R AR

BF thE BF thaE
Escherichia Coli | KEGIRE lactose FLbE
regulatory gene A lac operon / lactose operon FUBERAEAH
structural gene GERE RN operator RAF T
promoter R+ double-stranded IHEA
double helix 5
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includes . }

: The lac operon includes promoters, operators and structural genes.

ANERGEAH B ARE T ~ BFE T RIGEREEN -

be located between . ]

&) : The operator of the lac operon is located between the promoter and the structural gene.

FURE R H AR T B T PGSR AN 2 [ -

contain . }

G

Structural genes contain several genes that synthesize enzymes involved in lactose

metabolism.

Gt AN & A ZEAEN - E AN A SR E (A RE RN -

involved in . ]

)

: Structural genes contain several genes that synthesize enzymes which involved in lactose

metabolism.

AN A S EAEN - EE N &R B (CE A R VEE -

bind to . ]

BIey -

73

When a repressor protein binds to an operator, the expression of the structural gene is

suppressed.

EHIHIE D SR T4 S - SRR EHdH] -

FURBRHBREFRETRIY (AFP BFREKTF



f‘m—is‘ 7

A
g 2
&

&)
\"‘nn.\l“y

-
KTWFFT 2 A RT P we VFFXEFREFATY <

4

[ (6] be suppressed. }

ffl5] - When a repressor protein binds to an operator, the expression of the structural gene is

suppressed.

EIHIEQ SR E TG o SRERNRIRIR G R -

[ (7] be the way . }

4] - Operon is the way prokaryotes regulate gene expression.

HRAR B T A H R R T 2,

[ (8] enable to . }

5]« The expression of regulatory genes enables single-celled organisms to adapt to changes

in their environment.

5 TR N 2R IR (o SR AR AR Y RG RE B ME BRI Y 32 -

114

o BEEHE »

FEEEARR - BAEERLI TR
After completing this section, students should acquire the following concepts:
— ~ B T R R AR R AR R R A DT = o A T LR
Students understand how the manipulator regulates gene expression in prokaryotes and how

it works.
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Students will understand the process of transcription in prokaryotes, particularly the way

in which operators regulate genes.

Which of the following statements about gene regulation in prokaryotes is correct?

(A)

(B)
(©)

(D)

To improve the accuracy of the protein sequence, the mRNA is not translated until it is
completely transcribed.

A fragment of mRNA can express many different proteins through splicing.

Binding of regulatory proteins to operons can inhibit DNA polymerase replication of this
gene operator group.

The operator is located between the promoter and the construct genome.

YT R A VRN 22 2 B > (]34 1A 2

(A)
(B)
(©)
(D)
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RiEmEAE YRR - mRNA SERERSE & S T -
—EZ mRNA o] DURE BT (E M TR L B A FESE
i 612K BLR(F 765 5 1% 1 LA DNA SRS B E SRR -
BE T NBE T RIEERE M -
(96 5549 12)

Teacher: Please note the title, this is the prokaryote! So, prokaryotes can transcribe and

translate at the same time.

Student: So option A is wrong.
Teacher: Yes. Next, let’s look at option B. Be careful, everyone, although eukaryotic mRNA

becomes mature mRNA after splicing, the title is about prokaryotes! Do prokaryotes

splice mRNA?

Student: No!

Teacher: Yes. Next, let's look at option C. The operator affects the process of transcription.

We can look at the picture in the textbook. If the repressor protein binds to the

operon, it will block the path of RNA polymerase. Can it still be transcribed?

Student: No, it can’t.
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Teacher:

ERi

T

i -

B

R

B

R

Correct. Finally, we can see from the same figure that the operator is located

between the promoter and the construct genome, so option D is correct.

[FEEMEEE > EH TERAEFZEYIE | A Ao bk B v (S Ry 1T
iy -

FiTEA A BEIEAN IEAE -

W - BETRACE B B - EEE o #EAEZAEYIHY mRNA BUREEEETRE
R Fs RN mRNA - (B HERAEFRAYE | Y& T mRNA 5052
5 ?

ZN=a

W~ NACEE C B > E T By - o] UG SRRRYIE > 11
HIEE H BRI A4S o rYEs - MG TEE RNA BEEEH AR - EHiErBERs 2

ANBE °

B o R o MURE—RE T LUEE]  $RE T RE T AR S AR N 2 e
D BEIH IEHE -

BB AGREERE TR L F P FERR
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Students will understand the characteristics of Escherichia coli. As a prokaryotic organism,
Escherichia coli has a cell wall but no membranous organelles. It is also important to

understand how the lac operator regulates gene expression.

Which of the following statements are correct about Escherichia coli?
(A) It has a cell wall.

(B) It has a membranous structure in the cytoplasm.

(C) ATP is made in the mitochondria via the electron transport chain.
(D) The lactose operator is switched on when there is a lack in lactose.

(E) Lactose operator genes transcribe mRNA in the cytoplasm.

NHIE RIS R AR - REE [hE 2
(A) BA4HEE -
(B) AHREE AR -
(C) FEfr&rAeh&E i e T AR E L ATP -
(D) h= FUAER G BRI -
(BE) FLEESRMEAHENAE4IAE #83% mRNA -
(102 55449 29 HUH thELAR B TAHRAER ST )

Teacher: Is Escherichia coli a prokaryotic or a eukaryotic?

Student: It’s prokaryotic.

Teacher: Yes, so, do prokaryotes have a nucleus?

Student: No.

Teacher: Right. Actually, prokaryotes do not have membranous organelles, so they also do
not have a nucleus. Also, all the reactions in cells take place in the cytoplasm.

Student: So we cannot choose option B.

Teacher: Correct. It doesn't have membranous organelles, so does it have mitochondria?

Student: No.

Teacher: Great, and if there is no nucleus, where would the transcription take place?

Student: In the cytoplasm.
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Teacher:

Student:

Teacher:

A -
B
1 -
B

R

B
1
B
- -
B

I

B

R

0o T REHEEL Y <

That's right, all the reactions take place in the cytoplasm. Finally, the structural gene

of the lactose manipulation group is used to produce lactase, so should it be

expressed when lactose is lacking, or when lactose is present?

When lactose is present.

Yes, that’s right.

HALFE > SEEARIG R E S RS EZEY) ?

JFRZAED) -
B > R YA SRS 2
A e

Y FE L FRZAEYABAFRIREES - BRI - difFRrE R REE

SR 0 -
FrLLFAEREB -

£ o HBHNILE © @RS ?
e

o

AR AIZHYEE - MEZ G EWRE HE T T RE ?

AMAEE -

238 > A SERM RN E TP TS - SR o AU IEAH RS A R 2K
A FLNERGHY > AR R AE R = AR RIR - B AR R 7

A AR -

V23

BB AGREERE TR L F P FERR



R R 2 ANRT P 0o TEFAEFHREFT Y <

4-4 BEBR

N Genetic Variation

(&) — PR (A {7 A 7 AR SR Ry B S B AV NEI A S (S AN Al
RS SRS - BRI HREEE - WS HEREHINER « BErEmthieES > M
SR EHBE R AT - WERE AN B A R Ze B iR ek A

EF thiE EF thiE
genetic variation B trisomy =JvEg
gene recombination AR ELH deletion B
meiosis E A inversion (EfivA
mutation Zes translocation L
chromosome ZOea gene mutation FLIR|Ze g
haploid HfEEE frameshift mutation tEfSes
polyploid E4ET induced mutation i L7
homologues / homologous

[ERZL RS amniocentesis EX |
chromosome
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automutation EELES chorionic villus sampling / CVS | 4% FEREHUE

monosome E?l‘\‘ @ﬁﬁh

[ (1) cause . }

#1147 : Variations in the number of autosomes can cause disease.

A CORe S H S B E pRR -

[ (2] be replaced . }

ffil5) © A point mutation can be caused by one base pair being replaced by another base pair.

BLZE 8 H] fE T — TR A e o — TR AL LA -

[ ©®  take as a group. }

##4] © When genetic information is translated, it takes three consecutive nucleotides as a group.

RS RN > DL 3 (B H e R —4H -

[ o correspond to . }

#il47 : When genetic information is translated, specific groups of nucleotides corresponds to

specific amino acids.

B EENEEER - FRERV IR SRR E AR A -

[ (5) result in . ]

#if)  Chromosomal deletions result in deleterious traits.
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[ (7] cause . }
4] : There are many factors that cause mutations, which occur when the DNA structure changes
5| ZRENNZ AR - & DNA RG34 B I G R4 288 -
occur when . }
4] : Some diseases in individuals occur when there is an abnormality in the number of

o
K=

chromosomes

RN SRS

4] « If the mutation exists in germ cells, the offspring may have the same disease
BHRIA ©

[ ©® _  existin
| i i i
B ETELIAE > T RE HBRAR FEIA IR

« Z2HEERT »

EEEEARERR - 2EEESII TS

After completing this section, students should acquire the following concepts
AE S R R R SRR

The factors in daily life that cause genetic variation
The forms of genetic variation, such as chromosomal number abnormalities, etc

—_ N

CEESHENZIEYA 0 RORBHER.F -

FiRkT

EX T N

FERRABEFRFT RS
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Students understand the factors in daily life that may cause genetic mutations.

Which of the following statements is correct about genetic mutations?

(A) Ultraviolet rays can damage DNA and cause mutations that lead to skin cancer.
(B) Nitric acid added to food may cause genetic mutations.

(C) Sickle-cell anemia is caused by mutations in single amino acid insertions.

(D) Radiation induces mutations in the pentose of DNA, leading to gene mutations.

NHIE B N ZE AR - Al I 2
(A) SRINFETEIR DNA BHZEEE - 5 [RERFRE -
(B) EeancE AN EE AT RE S [REFRIN 285 -
(©) f%ﬁ/ﬁﬂﬂ?é‘ Jﬁlf“ R AR A AV ZE TR -
(D) BEISAREAE DNA WY TUhiE 5% A4 S S SN 288
(97 1555 E S)

Teacher: Ultraviolet light has a lot of energy. The reason why it can kill bacteria is because it
destroys the molecular structure of DNA or RNA in cells, so that the bacteria cannot
divide normally and die. So, option A is correct.

Teacher: Let's look at option B, nitric acid is not a food additive, everyone should think it is
strange to add strong acid to food, right? So what should be changed? There is a clue
for everyone: it is the salt that is going to be in a certain type of sausage.

Student: Nitrite.

Teacher: Yes, it's a chemical mutation. Sickle-cell disease, on the other hand, is caused by the
substitution of a single base, not by the insertion of amino acids. Also, radiation
causes genetic mutations, but not pentose. Nitrogenous bases are the key to
determining DNA coding, so what should be changed to the pentose in option D,

which is more appropriate?

Student: Nitrogenous base.
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Ao T4 - (BRI EOA IR 20T - ATEL A JEIERERTE -

Ll - B EEIFAVEN Y R A S R ALY 0 AR IEZ T &R R IRRL L B YR
BrEEE ? AR ERZ (ST AT ? B R —TE R P & AR -

B4 0 nifH g

Ehf R EEIMEENRG R -
MR M EREIE - 28— MR IRy - WA E R R B 1 AL -
Bi% > SRS ARAVIE G SR AN ZEE - (ENRN 2 TR - S5 ZIE DNA
SmABEIRHEE - FTLURERZIE D BEIH PRy TUBBE SR (18R > A 2 PEE &R IIE ?

BE T SgimEs -

pIEE—

st SRR A e I B E B M A R S R R R E -
Students will learn how to determine gender and whether a person has Down syndrome

based on the karyotype image.

Down syndrome is a genetic disorder associated with a chromosomal mutation. The picture
below shows someone's karyotype data. According to this information, which of the following
descriptions of this person is correct?

NABEBE Y BY 0.
1 2 3 6

4 5 7 8 9 10 11 12 13 14

M KB &E X% ZX 88 a8 4 A8
15 16 17 18 19 20 21 22 XY

(A) A woman with Down syndrome.
(B) A man with Down syndrome.
(C) A woman without Down syndrome.

(D) A man without Down syndrome.
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NABUBEBRE B R

1 2 3 4 5 6 7

8 9 10 11 12 13 14

M BB &N 3% Z3 &8 As 4 M
15 16 17 18 19 20 21 22 XY

(A) BRERERZE
(B) ERERERIHME
C) REFREATZLME
(D) REFREHEME
(97 FE45%5 49 20)

Teacher: Down syndrome is caused by an abnormal number of chromosomes. What will
happen to the patient's 21st pair of chromosomes?

Student: It will have one more chromosome than normal.

Teacher: That's right, so is there an extra chromosome in the 21st pair of chromosomes in
this picture?

Student: No.

Teacher: Correct, so this person does not have Down syndrome.

Teacher: If we want to judge whether a person is a male or a female, which pair of
chromosomes should we look at?

Student: The 23rd chromosome.

Teacher: Yes, so is this person a male or a female?

Student: A male.

RN AR EREEAEORIREHRE SN - SFREEE 21 HLORBEE
L] ?

BE &k

D R o AEHNETRE TS 21 B EEGHE 2 — RS ?

B4 %A -

ERl ¥ BTN EERIERENER -

Ehl B - SRR EHE R A - EER R — B e e ?

ERAE 5523 B OgE
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4-5 EYRIFR
Biotechnology

N

RIS > BEEYIRSAETCSCHIEMA -

» FRINEESE I
S AR NEIER i e A TS HIER - DA EE

B DNA ~ FLRETE AR g ke f)

86

B¥F thEE B¥F thiE
marker genes RERR AL A microinjection BTG
palindromic sequence SR restriction enzyme EEEI[iE:
transgenic FEREE carrier 3
PCR (polymerase chain

e S e recombinant DNA EE4H DNA
reaction)
GMO (genetically
Fog 48 DNA ligase DNA 7# 3
modified organism)
cloning LT
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[ (1) refer to . }

4] : Recombinant DNA technology refers to the use of artificial methods to recombine different
DNA molecules into a new DNA molecule.
4 DNA £ 245 F A RBETE > A [ DNA 7§ B ¥ & B —(E#THY DNA
PR

[ (2] recombine into . }

4] : Recombinant DNA technology refers to the use of artificial methods to recombine different

DNA molecules into a new DNA molecule.
B4 DNA FeifrZ 5 fH A BRI JT=0 » A [E DNA 73 EdH & i —(E#THY DNA
HF -

[ (3) connect into . ]

5] : DNA ligase connects two DNA molecules into a complete, continuous chain of

polynucleotides.
DNA ZHERF R B DNA 57T #AS R o7 BRI AL H I -

[ (4) be used in . }

4] © Genetically modified bacteria are widely used in the pharmaceutical, food and chemical

industries.

EO Al EZ I REE ~ Rhn TREE TR E -

[ (5] express the characteristic of . ]

%4 + Genetically modified plants are plants in which a target genes in introduced into the plant

cells so that the plants can express the characteristics of the gene.

FUUHEY) Ryt AT N s ATEVJANIRE - EEAEIRG o] DA e B IR 1
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[ (6] be embedded in . 1

5] : When Agrobacterium infects plant cells, the T-DNA in the Ti plasmid is embedded in the

chromosome of the host cell.

B AR ERGEYIEIHERT - Ti Bie Ay T-DNA & Af LA Eae T -

o BEEHE »

FEEE A ATELR - BAEEELITES
After completing this section, students should acquire the following concepts:
— ~ B TR AR N 5 A R
Students will understand the principles of commonly used gene transfer methods.
= TRESEAYR T PCR HYJFEE -
Students will understand the main principles of biotech PCR.

o IEERE s
{5l RE—

S ¢ B T ARE YRS EE B Y AR R EE
Students will understand the principles of Agrobacterium, which is commonly used in

plant gene transfer.

Which of the following statements is correct about Agrobacterium?

(A) T-DNA is located on the chromosome of Agrobacterium.

(B) It can insert foreign genes into T-DNA, and then use Agrobacterium for transfection.
(C) Ti plasmids are also commonly used for gene transfer in animals.

(D) T-DNA does not replicate during plant cell division after insertion into plant chromosomes.
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NHIE B AT B AR ] 3 TR 2
(A) T-DNA R RAFEHAERE | -
(B) HIRSNEEREEA T-DNA - FHAFREEETEE
(C) Ti'BREtE AR MEYIENE -
(D) T-DNA S AfHY) e R A G EE YA HimE R -
(110 F554£9) 13)

Teacher: The Ti plastid is separated from the circular DNA of Agrobacterium. So when the
circular DNA is condensed into a chromosome, will the T-DNA of the Ti plasmid be
on the chromosome?

Student: No.

Teacher: That's right. After Agrobacterium infects plants, it delivers Ti plasmids into plant cells
and inserts T-DNA into the host cell's DNA. If we insert a piece of target DNA into
the Ti plasmid, can it also be inserted into the plant along with the T-DNA?

Student: Yes.

Teacher: However, Agrobacterium is used to genetically transform plants, and it cannot infect
animals. A common method of gene transfer in animals is microinjection.

Once the target gene is inserted, it becomes part of the chromosome of the genetically

modified plant and is replicated when the genetically modified plant divides.

A S RrEET - TSR RS EAVERIY DNA 25BN - FESEIY DNA AR
EORBITFIE  Ti BT LAY T-DNA ErfEsf e 1% 2

B fg e

A a8 - ISEEREYI - @ TiEHE A AN - I TDNA B
£ DNA - [FE2(F] - A0SR PTG — B FIRE DNA A Ti 28 - B2
ATLABRE T-DNA — i APt T IR 2

c 2R
EH BRI - R R - 5 RABYIE R B
B -

i BRI A Z 1% - sl BRI ey —E 0y - S E A ia Y

APy HimER -
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To understand the principle of PCR and the factors that affect enzyme activity.

Which of the following factors directly affects the rate of action of the DNA polymerase
during polymerase chain reaction (PCR)?

(A) The ratio of the four types of deoxyadenosine triphosphate.

(B) The number of times the DNA segment is replicated.

(C) The DNA fragment used as the template.

(D) The reaction temperature.

FEHETTIR BB E (PCR) B - FAIE—{EN & B2 DNA alsFHAYZ
% 9
(A)  DURER ST =wBRHIELp -
(B) EEHEHET DNA K ERHREL -
(C) 1ERIERRET DNA F B -
(D) NIERRE -
(102 FF5H4EY 7)

Teacher: DNA polymerase is an enzyme. So, what are the factors that affect the activity of
enzymes?

Student: pH value, temperature....

Teacher: Yes, temperature affects the enzyme activity, and of course it directly affects the

reaction rate.

hh - DNA &g iR - S0 > BETREEREREEIRZ AL ?
B pH H 8.
EHEN . HY o ORE g CEREZIENE BN i BN s B R o
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Bl 45h£EEIR More to Explore

HHMI Biointeractive

FUSTZIRAEDS » TR ST B (R P ) e
BHESER(ETH) -

https://www.biointeractive.org/

Rediscovering Biology: Molecular to Global Perspectives

wh o SRS B LB E -

https://www.learner.org/classroom-resources/

[ |
I-.. -
(AR © SRS o R A T - S i'-%‘.n Fhe
El. d
[ |

Khan Academy

TR - BRI A R R R

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

ECEES bR T 4A&Y) > BERHMEAE -
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https://www.biointeractive.org/
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https://www.khanacademy.org/
https://phet.colorado.edu/
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A Reference Handbook for Senior High School Bilingual Teachers in
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the Domain of Natural Sciences (Biology): Instructional Language in

English

[ Elective Biology(l) ]
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