@B

= EAEE

SERSERTM VN EEERAE

A Reference Handbook for Senior High School Bilingual Teachers in the

Domain of Natural Sciences (Biology): Instructional Language in English

(B —E# |

O BUZCHBABEERDBHETD BT o






L wT s E TR T 2 EERT P 0o THIFEEFHEFY S <

B Table of Contents

KERE— HBRYIBIEEITNAEK ..ot ssess s ss s sssess s sasenes 1

1-1  ABBEAUIBIE ..coooeeeeeecececcen s ssesss e sasssss e sas s sss s sas s enes 2

1-2 HABBERBESS ..ot 11
1-3 AABRIBHAEAAHBE DB ... 22
KEBZ ETHBIBIEK oot 32
2-1  HERRBYIEIE ...t ass et 33
2-2 FBIEWDE ..ot 42
2-3 BETRERERR .. cscsscessssssssssssssssssassssssssssssaes 51
KEBE= BB BERATETIK e 58

3-1  EEMDAVIEID s 59

3-2 BB REREMI T E oottt tassaee 64

BB AMBERRE TR LFP FFERF



@'ov e‘oé -

N fT I F R T A KT P wp I EFREFT Y

"

*EE— ARREEEIIEEX

Cell Structure and Function
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Cell Structure
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EF thiE EF thE
organelle AEES cell theory HHREIEEESR
semiautonomous organelle FHTREES | cytosol AHRE'E &
smooth endoplasmic reticulum | “E/EANE4E | plasma membrane | &fIAfIAE
protein EHE cytoplasm A=
endoplasmic reticulum N'E 4 cell nucleus it

eukaryotic cell/ EA% AR,
phospholipid BEREE
eukaryote HIZAY)
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centriole/
Golgi apparatus RSN ok, LR
centrosome
nuclear membrane i central vacuole L
ribosome e lysosome VAl
nucleoplasm A= chromatin JetE

rough endoplasmic
nucleoli A= FHHE N E 4
reticulum

prokaryotic cell/ JRAZ4HRE TR A% A4

nucleic acid AL
prokaryote )
stroma i—%’fﬁf

[ ® Some exist ; some exist . ]

5] : Some ribosomes exist in cytoplasm; some exist on the surface of endoplasmic reticulum.

HERZIERR A SIREE N > BRI R N E SR -

® The common basic organelles in includes , ,
and

##4] : The common basic organelles in eukaryote includes plasma membrane, cytoplasm, and

cell nucleus.

FRZ AR [F R R AR S R QTR - JHARE R AR -
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[ (3] is able to , in order to . ]

#fl4) © The plasma membrane is able to separate the cell from external environment, and
selectively letting materials passing in and out, in order to maintain the basic work of
physiological function.

ARG m] DA AR PO Y M ERE, - MRS MR S A ARG - DAAIAHAR P AR B
E A IR AT -

E ® There is/are outside of . }

fila) : There are cell walls outside the plasma membranes of algae, fungus and plants.

SR HENTEISIA AN - AYREe s -

L © According to , we can divide into and . }

5] : According to whether there are cell nucleus and the differences of the cytoplasm

structure in cells, we can divide cells into prokaryotic cells and eukaryotic cells.

{RIZAREAZ YA 8 R AR E NG AV 225w DURFIIAE o> o R ARG B B A% AR -

[ (6] are made up of . ]

4]« All organisms are made up of cells.

A= rhe E AR AT L -

« BEEHE »

— T fiR4IREA R S BT AL -
Understand the structure and function of cells.
~ LB EE A L AR B E A AR A B ES

Compare and contrast prokaryotic cells and eukaryotic cells.
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Students are able to compare and contrast between prokaryotic cell and eukaryotic cell.
They need to understand structures of both cells, and analyze the correct answer by telling
the difference and similarity in both cells.

( ¥ ) There are similarities and differences in bacteria and human cells. Which of the

following statements is correct between the comparison of bacteria and human cells?

(A) There are mitochondria in both of their cell nuclei.

(B) There are Golgi apparatus in both cells.

(C) There are ribosomes in both of their cytoplasm.

(D) There is no plasma membrane in a bacterium, but there is a cell wall to separate
the cell from exterior space.

(E) There is no cell walls in human cells, the interior second-class organelles are

surrounded by plasma membranes.

() M ARCHIREAYRE S - A Bt A RSN - T2 R &Y bR 2 1A 7
(A) FIEHIHIRERZ A ISR
(B) RIEHVAIREA A SRS -
(C) MEHHIIE PEE AR -
(D) MMEALAEE - (EAAEEE BN ES -
(B) \#edifte A dineE: - )EHY RS & R aLlE -
(108 FEE2HE 9 7))
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bbd "R AEYAINE ) B T BN 18 o B RAE R -
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To distinguish what to compare, we need to classify bacteria as “prokaryote”, while human cells
are classified as “eukaryote”. Prokaryotes lack of cell nucleus and organelles with membrane.
While eukaryotes are equipped with cell nuclei and organelles with membrane. After we find out
that the key point of solving the question lies in the comparison between “prokaryote cells” and

“eukaryote cells”, we can analyze each option in detail.

fi#FH Solution:

LR R EURERE 5 EE S (B 5 Al R A A AG AR 70 Bl i (eI A - B2 R
"R LA - A SHIR R E AR, DS E T

The teacher guide students to answer the question by asking them what do bacteria and human

cells each belong to. We can infer that bacteria are classified as “prokaryote”, while human

cells are classified as “eukaryote”, to grab the key point of the question.

Teacher: What do bacteria and human cells each belong to?

Student: Bacteria belong to prokaryote, and human cells belong to eukaryote.

Teacher: That’s right! Therefore, what do we need to compare indeed?

Student: We need to compare between prokaryote and eukaryote.

Teacher: Then what are some differences between “prokaryote” and “eukaryote?

Student: Prokaryotes lack of cell nucleus and organelles with membrane. While eukaryotes
have cell nucleus and organelles with membrane.

Teacher: Great! Let’s take a look at option (A), does mitochondria belong to organelle with
membrane?

Student: Yes, it belongs to organelle with membrane. It is an organelle with double
membranes.

Teacher: Good. So, which one is equipped with organelle with membrane, prokaryote or
eukaryote?

Student: Eukaryote is.

Teacher: Therefore, we can infer that option (A) is wrong. By analogy, are the Golgi apparatus
in option (B) and the ribosome in option (C) organelles with membrane? Do they
exist both in prokaryote and eukaryote?

Student: Golgi apparatus is organelle with single membrane which only exists in eukaryote.
Ribosome is not organelle with membrane so it exists in both prokaryote and
eukaryote.

Teacher: Then take a look at option (D), do bacteria have plasma membrane or cell wall?

Student: There are both plasma membrane and cell wall in bacteria.

BB AMBEFRETRER LFP THERF
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Teacher: Good! Then let’s go to option (E), are there cell walls in human cells? Are the interior
second-class organelles surrounded by cellular membranes?

Student: There are no cell walls in human cells, and the interior second-class organelles like
ribosome have no plasma membrane.

Teacher: Can anyone tell me another organelle without membrane in human cells?

Student; It’s centriole.

Ehh - M REANE A A GG AR ] U= ARG

B JEZEZANE 5 A\ RSHHAEE B AR -

ERN 988 | RBLE(EE H E IR 2 ZELEry 2 U Rt 2

B FAAR R B A -

EN O FRIEE T RAAE B T BRI 2 R SR TR E ©

B FRxaReh = AR B IRRE RS EAZ AN R B AR B R R A 2 -

N AR | IR R BT (A)  SERE AT Rrdiie SN B R EsuE ?

B B EREAEYEENE -

N R PR ERZAE R B A TS ) E(EREEE ?

B EAZARE -

T RILEEH(A)BERR o ARMRILEHE » SR EETE(B) B EEIH (C) Y e A (R A B AL e
BN ERIRAEES ? FAZ AR B AR B AT 2

24 SANREEHEERNLES - Rt A EZMIEAH iR~ 2B
PE IR AR A Bz AR B B A T -

EHT - FREEETE(D) Al A AR AEIE 7 )OS A dHIRfEENE ?

B EA MR A AR EE -

N REF | AR EEIE(E) A RS ATRE A2 A AR EE 2 N BRI i By 2 R L
Frngg 2

B NSRS A AR - i NSRS S GRS Ry I ERAAERS -

Ehh - ANVER G EERE N\ RS AR T E AV ERREAETENE ?
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Students are able to understand the structure and function of cells.

(FL3Z ) Which of the following statements about the structure and function of cells is correct?

(1) Lysosome originates from Golgi apparatus, which is able to decompose old
organelles.

(2) Ribosome does not have a membrane structure and is the place where proteins
are synthesized.

(3) Chloroplasts are single-layer membranous organelles composed of a single-
layered thylakoid and stroma.

(4) Mitochondria are membrane-containing organelles where cells undergo
anaerobic respiration to produce ATP.

(A) (1), 2) ®B) (1), 3) ©) (1), @)

D) (2), 3) (E) (2), (4) ) 3),

(th30) MR R AlHEE IS R DI REHIRGL -
W AR E SRR > MR e -
i~ e N B 1iE - R aEER BT -
A~ BECREG R BRI S o R B BN A S AR -
T Rrgpie e iEAES o SR T IREIFR DBIE ATP 2R -
NHIBEIE > WSS (Y 7
MHE~Z BF " OF T OZ-A BEZ-~T BR-~ T -
(97 FEHIE 60 )

fi#F8 Solution:

A — Eakae Ry R IR ES - EBIMEE ~ PR - TEEREFANAYE AL -

T R R R AR TE SR LAELE ATP 35T © SNP4I E e fT -

In option (3), chloroplast is a double-layered membranous organelle composed of outer
membrane, inner membrane, chloroplast, and stroma.

In option (4), mitochondria are where cells undergo aerobic respiration to produce ATP;

anaerobic respiration takes place in the cytoplasm.

BB AMBEFRETRER LFP THERF
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Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Please read the description of the question stem and decide which options are
correct. First of all, let’s look at option (1) that “Lysosome originates from Golgi
apparatus, which is able to decompose old cells”. Which organelle does the
lysosome originate from?

Golgi apparatus.

That’s right, and the lysosome contains various hydrolases. So what is its main
function?

To break down macromolecules in cells.

That’s right. Then what else does lysosome do?

It can decompose old organelles.

Therefore, the statement in option (1) is correct. Then let’s look at option (2),
“Ribosome does not have a membrane structure and is the place where proteins are
synthesized”. Does ribosome have a membrane structure?

No, it doesn’t.

That’s right, and what is the function of ribosome?

To synthesize protein.

Therefore, the statement in option (2) is also correct. Let’s look at option (3),
“Chloroplasts are single-layer membranous organelles composed of a single-layered
thylakoid and stroma”. How many layers does a chloroplast have?

It has double layers.

Chloroplasts are “double-layer” membranous organelles composed of a double
membrane and what?

Stroma and grana.

That’s correct. So how should we correct option (3)?

Chloroplast is an organelle composed of “double membrane, grana, and stroma”.
At last, let’s look at option (4), “Mitochondria are membrane-containing organelles
where cells undergo anaerobic respiration to produce ATP”. How many layers does
a mitochondrion have?

It has double layers.

That’s right. Then what is the main function of mitochondria?

It is where cells perform aerobic respiration and produce ATP.

Therefore, the correct ones are option (1) and (2). Hence, we choose option (A) as

the correct answer.

BOORAMBEARETREN A FP FEERY F
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THN B E AR BT B R IERERY - BB R HRRGL T AR A S
AZ > Al BRE A ) o S EIA IR B R —(ERE S

g EAERAE -

ERN 288 AN S E SEUKRE - NI EEADIRE2 (T ?

B4 RN R TE -

EHI 28 PRILZINERGEA TIELIRETE ?

B rREREEAANES -

ER PRI FREROIL R IERERY - FARIRTE B ZARGL T ofie ~ B2 8iE » 25
REHERSGHAT ) RS A AT ?

Bh4 AR -

Rl %8R o IXERRAILIRE AT 2

B4 GERE -

AN NIRRT R IERERYT - BRIPNEEE T e R BRI Es - thE e
BONIAE AR ) - ARG A 2SI AEs 7

B B

LR TECKEG R R AN (A S T A AEES 7

Bt BEENITEGRER -

Zhl 28 NIENEVRCLIEZ E1E Rl > 7 & IERERY?

Bf BEMER THE ) BEiNeEs o B T - BRAREHIEE ) PraEE -

ERN ERERMTERTEHE T g ek - 2ARTERIPE DS ATP 2
ST L0 BRIRLAREG A 2L

B4 g

Rl OREE > A SREEHY E R IR R AT 7

SR dIRETAEMRIER ~ BUS ATP 1A -

Ehl NIELA AR B IE ARG ~ £ - INIEEEERR(A) -
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1-2 HieEEES
Cells and Energy

AMAERLA A/ N B SR TR — i - BERFER R T & S BB e - RO RE
R TYERIEESL - U A RE R AV - AisE SRR R R E A ETENRE R
HE I TSR BT S AR B R A -

AVIRCFT R IR B BRI B OLRE - AR BRI L &R - B
SUEMAUKEEE IS By - (HEVAS LR > PIAGERERAEY) . ARVAEYIRTE
RESOMI B T (TIPS AR IR RE &8 - (AR ~ LB RATRE - BIE)
Yy -

HAAFUF ST AAVEEE - LR RIERE e (F BRI (F AR GE E (R EHA - (17

=
BRI > BIADEE (IR CRE A LERRE (R PR PP A P FRRHIE SR 0 % - TR
HEVEE BRI G AL ATP » FEARZERITIRE 1 AR A 28 H BV RE &2 S — B =Bk ik
(ATP) HUREES - DU E A SLampa B B R PR fR fVRE & I HAE— TR & TEH
BN A F R A TAY 2 SO AR T TRy 2

\

BF thiE EF thiE
pyruvic acid PN saccharomyces A SRES|
anaerobic respiration BEREITIR adenine FIR g
anabolism [E{E adenosine triphosphate | i £ =tk i& (ATP)
phosphate BEEEAR (P1) adenosine diphosphate | F#EF k& (ADP)

1 FUOhRAREFRE TR AP FEER B
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Thylakoid JHTERS lactate/ lactate fermentation | FLE&/FLIEZERE

carbon fixation reactions | [Ef%FZfE | catabolism FARACEH

light reactions Ve FE granum {pl. grana} BELKEI

photosynthesis HE1ER | chloroplast TELRAS

photosynthetic pigment | Y6& 2 | chlorophyll LR

respiration I /EF | aerobic respiration HEIFR
alcohol/alcohol fermentation | JEE/FH o I

[ (1) transforms

into

#4] : Anabolism transforms big molecules into small molecules.

FALAEER AR TR N -

{ ® The in cells can be divided into and

#14) : The metabolism in cells can be divided into catabolism and anabolism.

ARG T 73 R EAL A EA R LA -

[ ©® Thereis

, which is the place where

takes place.

|

4] - There is chlorophyll scattered on thylakoid that can absorb solar power, which is the

place where light reaction takes place.

SRR LR SRR TRUORAS © ATV -

B AREBEEHETREL AP EEERY
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® Many factors affect the process of , such as ,

, and

#l4) : Many environmental factors affect the process of photosynthesis, such as light,

temperature, carbon dioxide, and water.
ST RN R G B EF R > 140 - O ~ JRfE » ZSAERAUKS -

(5] usually comes along with

fil4] : Catabolism that releases energy usually comes along with anabolism that consumes energy.

FERERY B B AR I FH AU W R a8 4 -

® When is being absorbed by cells, it can be divided into .

#54] : When glucose is being absorbed by cells, it can be divided into carbon dioxide and water.

fo) B EASAIAR % > FTRE HE S AU i — S BB K -

® When , would the cell accelerate the synthesis or the

decomposition of ?

#4] : When there are more ATP and less ADP in a cell, would the cell accelerate the synthesis

or the decomposition of glycogen?

E4IREA ATP Zifii ADP /Diis > AR S HIZHES TR & R8I AR E 2

(8] is made up of the combination of and

5] : ATP is made up of the combination of adenosine diphosphate and phosphate.
ATP 2 R B B R4S S AT R -

13 BYORARGBREFIRETREIP (A F P EERRT S
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Understand what metabolism is and its operating mechanism.
T TiRA SR SR AL o I EEECE SR E -
Understand, compare and contrast the features of aerobic respiration and fermentation.
w BIEERE o8
BlE—

StAH ¢ ILRE H A 1-1 B 12 ANERRVEREINGS » (EE2 AR RSB VE b P E2 T P A i
i o B EREEAN LR B G (—) BEARAS LRI SRS HYTIRE - (Z)ENEIARRAY ] -
(e E R E Y B R SL58 A 2R -

Students need to connect the concept from the previous subsection of the important
organelles (chloroplast and mitochondrion) of eukaryotes and their functions, the
definition of semiautonomous organelles. First, students need to be able to compare and
integrate the function of mitochondrion and chloroplast. Second, they need to compare
the different and similar structures in plant and animal cells. Third, they need to
understand the process and places of respiration and photosynthesis.
(L) Mitochondrion and chloroplast are both organelles that deal with energy in cells, but
with different functions. Which of the following statements is true?
(A) Both are equipped with DNA in order to produce the protein they need.
(B) The decomposition of glucose happens in mitochondrion.
(C) Mitochondrion is able to produce ATP and chloroplast isn’t.
(D) Chloroplast exists only in plants and mitochondrion exists only in animals.
(E) The production of ATP happens all on the inner membrane.
(F130) Hr4RAGBLITELRAGH SRR B AE B AVAEES - (EWEHY D TRE » T & IERE ?
(AR BEH EFA DNA » DIBUER SFIREN -
(B) ey 2] 18 7 FERAF AL SR BG N HET T -
(C)Kr 4R BB ™ A4 ATP [ BE4RAE A4S -
(D) EAe HIEYER - S8 HEYER -
(B)ATP HyzE LR AR AE I L - (107 FFE2HIZE 9 /)
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fiZ8H Solution:

A TR AT i — N — ERX IR B BV S5 R AR AG B SR G R HLTRE ~ THEFE E
HlesHyESR ~ WAESLLEAE YA BB Y4l - ROtEAHig S EAYSRE - B T falh
TR A E B G S T RV BT LS AR Y5 -

Students need to connect the concept from the previous subsection of the important organelles
(chloroplast and mitochondrion) of eukaryotes and their functions, the definition of
semiautonomous organelles, and need to be able to compare the different and similar structures
in plant and animal cells. Also, they need to understand the process and places of respiration

and photosynthesis.

Teacher: Which two organelles are semiautonomous in eukaryotic cells in eukaryotic cells?

Student: Mitochondrion and chloroplast are.

Teacher: What is the definition of semiautonomous organelle?

Student: There are DNAs in the organelles, which can synthesize part of the protein they
need.

Teacher: That’s right. So, option (A) is explaining the definition of semiautonomous
organelle.

Teacher: Then let’s take a look at option (B). “Glycolysis is one of the processes in
respiration.” Where does it take place during the process of the decomposition of
glucoses?

Student: In the cytoplasm!

Teacher: So, the “mitochondrion” in option (B) should be changed into “cytoplasm”

Teacher: Next let’s look at option (C). Mitochondrion is able to produce ATP and chloroplast
isn’t. Do you remember what are the two stages of photosynthesis?

Student: They are light reactions and carbon fixation reactions.

Teacher: The purpose of the carbon fixation reaction is to fix carbon dioxide to synthesize
sugars. The assimilation and metabolism process requires energy, so which will
provide the energy required for the carbon fixation reaction?

Student: Light reactions.

Teacher: Then let’s go back to option (C), does chloroplast produce ATP or not?

Student: Yes, it does.

Teacher: So, option (C) should be change into “both mitochondrion and chloroplast are able
to produce ATP.”

Teacher: Then let’s look at option (D). “Chloroplast exists only in plants and mitochondrion

exists only in animals.” Does chloroplast exist only in plants? Why?

15 BUOARAEBESHKETREIP (AP FEENRTE
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Student: Yes, because photosynthesis happens only in plants, not in animals.

Teacher: Then does mitochondrion exist only in animals? Why?

Student: No, because respiration happens both in plants and animals. Therefore,
mitochondrion exists both in plants and animals.

Teacher: That’s right. Next, option (E), “the production of ATP happens on the inner
membrane.” The concept includes the content in selected biology, we would explain
it in the future. However, what is the first step in respiration?

Student: The glucoses in cytoplasm are decomposed into pyruvic acids.

Teacher: Would ATP also be produced during the process?

Student: Yes.

Teacher: Therefore option (E) should be changed into “the production of ATP happens on the

inner membrane and in cytoplasm.”

RN [FEMEC AR (ERE S B - B L AEESS ?

LRl FEHEAFE LSRR ?

B4 0 HudsNEH DNA > fe i H STV ELE -

RN I BN ILEEH(A) SUR LR I B LR R -

ERN  ASERMTERIEEIAB) - i AN R R R — 2R > BRI [ S IR (F 5%
A ATE R T ?

B JlE !

EH REEEETEB) Ay TRIAREG ) MERZ I T AR E

ERN  BE T ACGRFIBEIEEIA(C) T RIARAG R EEA: ATP ﬁﬁ%iﬁﬁﬁﬂﬁJ  FR MRS
TEFH 7T RS W (&P B2, 2

B 0 e EMEIREE -

N c [ERR S FERY H B2 SRR E LLE piES > B EM LR AR A AE
B > AR R FERT AR Y AE & s AR R ke ?

B e |

RN AERMIEREIAC) - g iEskie B ARt gL ATP I ?

B Ee

Ehh  NILEETH(CESL S T RIARAGAITEARAG & ] FE 42 ATP | -

EH  PEERITEREED) T B LEYER - RS REIYEE o sEHEZM
BAEGBIEYIERRE ? Bt ?

16 BB AGBEFRETRLY AFP EERRF
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s g REDVEENAGTSIER - TEWIRe -

A AR BRI ? Ry 11 2

Sk g RAER RSB B TTREA - RIS A R Bt
At -

A A8 B TACSIE(E) T ATP HUEELERER R L o BURISH S RO
IHIPIZ » RILTPIDL R rFARRE « (LR IRER Y - (20PN mIE b -
o (B S 2

Sk G PR S RR I -

A MR g ATP IR ?

=g

Epf . RIS (EEIE(E)EM R T ATP HyEEAE 28 A4 B EAQTRE Y |

BlE_

At : Héaﬁ ST AR T RE B YRR DURL T AR IR A P Y A AR B 2 AR S5 T
REFHLLRIA F IR SIS R BB AR ]
Students should know the transformation of energy in cells and how and where the
respiration process. Also, they should be able to compare the different and similar process

between aerobic respiration and fermentation.

(BL3Z ) Cells get energy through respiration. Which of the following statements about

respiration is correct?

(A) During aerobic respiration, Oz goes into mitochondria and is involved in the
process.

(B) During aerobic respiration, glucoses go into mitochondria and are decomposed
into pyruvic acids.

(C) When the ratio of ADP to ATP is too low, the cell accelerates its respiration.

(D) When the skeletal muscle cells are under hypoxia, pyruvic acids go into
mitochondria and then be decomposed into ATP.

(E) When yeast cells are under hypoxia, glucoses go into mitochondria and are

decomposed into ATP.
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() 4HAEA PR R DUERSRE R - TR RN AE BRI - {77 IEAE 7
AVFEIPREBRET - O T ARGRBSHIEA -
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(CYEHNAEA ADP,ATP HYEL{E AR > AR E IR TR ER -
(D)YE FESHIAAEER AR - PIFRBL i AKI&RAE - MR BRE S ATP -
(BE)E BRI EIREE > ®a e AR - A& Wi 4 ATP -
(102 FEELE 10 )

Teacher: Everyone, what is the formula of respiration?
Student: Glucose + O:>CO; + water + energy.

Teacher: Therefore, glucoses are decomposed into pyruvic acids first, and then enter the
mitochondria. What else enters the mitochondria into the process as well?

Student: Oxygen.
Teacher: Yes, so option (A) is correct.

Teacher: Next, let’s look at option (B). “During aerobic respiration, glucoses go into
mitochondria and are decomposed into pyruvic acids.” Where do glucoses be
decomposed into pyruvic acids?

Student: In cytoplasm.

Teacher: That’s right. So, option (B) should be changed into “During aerobic respiration,
glucoses are decomposed into pyruvic acids in cytoplasm.”

Teacher: Option (C), “When the ratio of ADP to ATP is too low, the cell accelerates its
respiration.” Let’s look at the picture below.

glucose starch, glycogen
\ ADP +Pi /
catabolism anabolism
é41,717<jn<-:'rgy energy
/ ATF LY
CO: + H-0 glucose

Teacher: The ratio of ADP to ATP affects how the cell metabolizes. When the ratio is high,
it means that the cell lack of ATP while ADP is sufficient, hence the cell would

accelerate dissimilatory metabolism, and generate the production of ATP. When

the ratio is low, it means that the ATP is sufficient, hence the cell would consume
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more ATP, and accelerate anabolic metabolism.

Teacher: In option (C), what does it mean when the ratio of ADP to ATP is too low?
Student: ATP is more sufficient in the cell than ADP is.

Teacher: Then, would the cell accelerate anabolic metabolism or dissimilatory metabolism?
Student: Anabolic metabolism.

Teacher: The respiration in option (C) is catabolic, which makes more ATP. Hence when
the ratio of ADP to ATP is too low, respiration won’t be accelerated.

Teacher: In option (D) “When the skeletal muscle cells are under hypoxia, pyruvic acids go
into mitochondria and then be decomposed into ATP”. Do pyruvic acids go into
mitochondria when the skeletal muscle cells are under hypoxia?

Student: No, they don’t.

Teacher: Then where do they go?

Student: They stay in the cytoplasm.

Teacher: Also, what do pyruvic acids turn into?

Student: They turn into lactate.

Teacher: What can we also call this respiration that could be done without oxygen?
Student: We can call it fermentation.

Teacher: In option (E), when yeast cells are in anaerobic conditions, glucose enters the
mitochondria and is subsequently broken down to produce ATP. What function
does the cell perform when yeast cells are anaerobic?

Student: Fermentation.

Teacher: And where does it happen?

Student: It happens in the cytoplasm.

Teacher: What is the process of fermentation?

Student: Glucose breaks down into pyruvic acids, then turn into alcohol and cardon dioxide.
Teacher: What else are produced glucose breaks down into pyruvic acids?

Student: A small amount of ATP.

EET SRR > AR R B el ?

A wEE+ SRS AR K+ RER
EhN IR EE o iR RN, - P ARG B TR 7 e i — &

(LBRBUK - AT ATP -
B HA

LRl UREE > BTLUBETE(A)RRGIUR (RHERY -
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e RN AR

RN BEE(C) T EANAEA ADP SATP HYELEA(RES - ARSI TR
BAMTER NSRRI N EE

BEE B ~ BT
\ ADP +Pi /
2 =)
ft o I
B R R E
/ ATP \
CO, + H,0 BERE

Efil © ADP/ATP HUEL{EE B EAH T H - HeEtbEEE © AR =
ATP - [fif ADP ¥ 7e /e - LI e iR S B - (e AR Az sk ATP - EEE{EK
I+ ARERANAE ATP JE e - LI (R ELTARIEAE ATP > fIEREN B -

T R RPIBEEEEC) TR E T E 4N ADP /ATP HYELE AR - i3

2
Fk  4HTPAY ATP L ADP 2 -
T AV ATP B - AR SIS T R LSRR R LR ©

B EMRAGEH -

i - ‘EEIE(C)EPEI’\J”?“[&VEH%%;E{ b GEEE S ATP  [NILEHINEAN ADP/ATP
FYEE (B AR G A TR AER -

il BEED) A“”E"“%HTLZHJH@%?WH# PIERIRG & 4 AMIEREG - AR Al 2R ATP
ap [ B AR AR B SE T - PORRIG 2 G e AR &R AR

B A e

Zhl - AT e R LA R 2

B HEAIREEN -

ERN 0 H R R R EY) ?

B4 AR -

RN IE R A TR ERS YR VR F RS Ry (T EF 2
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Cell Cycle and Cell Division

FRIZUIRE SRR A B MRS - AREENS IR B SIS R - thtesi A /A ik
FE T AIREY R ) AHS DUESE © E e R MR AR(TEE T A o AN TR AR R B
AR ZOP R - SRR R R R R ERr AR A B (AR - BG4 RIRAY " R
"4 2O o ERXARERVAIRE Y RERS T ARy R T AR E ) R R
TAMREAZ AT o3 By T A SR, T T3 ) WA - &R OB R SN RIE
REE TR AR - (EAGKHRIESE MRS S S AN BV T A > e
FEANRE (FoT) K -

SRR ZHET T > SeERerV B (LIE —RER > Jo 7R ORI b RERBIRER
s AR Y AT ERE o R —EE T > BPINMEE T &G RHELRE 2R T - 4R
NEEYE DNA #YS(L - BUIAR SR RARIRS - B9 IR R S B R
WIAFFAENE ~ 8RB By R BEE - DU RS A FE ST B A AT - T RE
T RRAIREE T S B BRI S AR A YRR R

B¥F thiE B¥ thE
embryo NS cell division AR 2R
gamete Bt cell division phase il aba et
cleavage furrow 5L cellular differentiation | 4HAt57{E
spindle fiber &7 B SR cell cycle AR AEHA
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haploid B AERE | kinetochore e
somatic cell Eexillild) centromere &
homologous chromosome | [E]J5 48 centriole SR
synapsis k=g primary oocyte EIES CMS=AE Bl
egg cell SRR i 8l primary spermatocyte #AROrE R4 AR
ovary D[RR oosperm 2 N
oogonium 0N R 4 gonotokont A A RFAAG
testis 2] germ cell A= FE AR
stem cell RSl chromosome Tt e
polar body TR EG daughter cell F4HiAE
sister chromatids ikt THE | secondary oocyte AR U REATRE
interphase e HA secondary spermatocyte | K&UIE AT
meiosis TELY 3 tetrad Uy
spermatid/sperm FEAHRE/AE T diploid R
spermatogonia {sing.

i R A At dyad i
spermatogonium }
cell plate AR mitosis HegrH
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consist of and

: Chromosomes consist of DNA and protein.

Zethfcrh DNA R H AT AL -

Half of the come from ; the other half come from

|

: Half of the chromosomes come from the mother; the other half come from the father.

—PHREREAKEETT - S FRE KT

, with the assistance of

: The sister chromatids separate to both ends, with the assistance of spindle fiber.

FESFRARHTR BT - ebtk e sy i 2 Ml -

Each has half as many as

: Each gamete has half as many chromosomes as the original cell.

B TR SR H S A Ry —F

can to make sure that maintain consistency.

T

Gonocytes can undergo meiosis that produce sperms or egg cells to make sure that

the chromosome number maintain consistency.

A BE BN P B A TR SR A T ORI - REORA e R H R — 2 -
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Understand the cell cycle in eukaryotic cells including interphase and cell division phase.
TR SR RAVERE - RABEX A E S E DNA HYSE(L -
Understand the process of mitosis, and the change of DNA in the cell nucleus.

= TERREO R A ATEAINE (BoT) BT R A RE R A G R B RE S
k-
Understand that meiosis happens when the cell is producing gamete, the process of

meiosis, and the dynamic changes of chromosomes.

w FIFEER s
BlE—
BRER ¢ ERAE RS T B YR S R AT -

Students can understand the process of plant’s meiosis.

(L) Which of the following phenomena can be observed during plant’s meiosis-I1?
(A) The duplication of centrosome.
(B) The synapsis of chromosome.
(C) Dyads array in the middle of the cell.
(D) The splitting of centromeres.
(E) The formation of cell plate.
(F32) THIRLLIR S I AEAE VR TR B R 2= 2 7 (JEEE 3 1)
(ARG E S -
(B)Atfalie -
(O) =3 REBEF I 4R R -
(D) &7H -
(E)HHREAIE AL - (104 FEELHISE 36 /)

CRTINEFE BT R ERT P e T EFREFELY
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fiZ8H Solution:

(A)EYIHIRE—REA B 0L -

(B Al & R AR R oy 24 T -

(O RS HRY AR o IR 3R 11 B T35 I SLHIPEES -

(D) FEITHEETNC) 1% » ER GO 8GO A DR IR B - 2H4E — 0 HeHy
EEpwar

(BEYAHAEMI B3 AR (D) 2 1% » & bk g By da Tt il g - R THIE 772
FEIAHIRE T S e T R AR - TR A S A R R AR B

PRIt - ATEZZE(CHD)E)HTELSR -

(A) Normally there is no centriole in plant cells.

A

(B) The synapsis of chromosome happens during meiosis-I.

(C) Dyads array in the middle of the cell in the second splitting of meiosis-IL.

(D) The splitting of centromeres happens after (C), when sister chromatids separate from each
other toward both ends, the centromere connecting the dyads would split.

(E) The formation of cell plate happens after (D), when sister chromatids separate to both ends,
the splitting of cytoplasm begins. Cell plate is formed in the middle of the plant cell, with new
cell membrane and cell wall.

Therefore, we can observe the phenomena of (C), (D), and (E).

Teacher: Can we observe the duplication of centrosome during plant’s meiosis-11?
Student: No, normally there is no centriole in plant cells.

Teacher: Then when does the synapsis of chromosome happen? (option (B))

Student: In meiosis-1.

Teacher: That’s right. And when do dyads array in the middle of the cell? (option (C))
Student: In meiosis-1I, when the cell is ready for the second splitting.

Teacher: Can we observe the splitting of centromeres during meiosis-I1? (option (D))
Student: Yes, we can.

Teacher: When does it happen?

Student: When sister chromatids separate from each other toward both ends, the centromere

connecting the dyads would split.

Teacher: What would happen in the plant cell after sister chromatids separate from each other
toward both ends? (option (E))

Student: The splitting of cytoplasm.

Teacher: When the plant cell is undergoing the splitting of cytoplasm, what is it that is newly

formed in the middle of the plant cell?
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Student: The cell plate.

Teacher: Therefore, we can observe the phenomena of (C), (D), and (E) during meiosis-II in

plant cells.

LRl S EFE SRRV EETTRE T 2 LR - o] DUBZ R U O HE RS 7 GEIH A)

B4 AT NAEPAE— A BA LR -

ERN A AR e e AR —(E P ELE ? (BETH B)

B BETHE TR

Ehl 28 o REHRY IR AR o O SUE SR AR R PR ELE 7 (BETH C)

At BB RE IE R AR TR R -

N AR E 2 R RESER 2R F B 520G 7 (B2 D)

A4 wLLe

RN SRR e 2

B4 0 BRI R DA EE - AEARRY R RIS BN o EAS o as R ETE R

ERN AR TR AR AR TR o BT AN S T Y (BIH E)

B4 JiE S -

R AR E IR AT T o R - AR e A h S BT A A e R AT
AMpEEE - SR Ry (fEE 2

B4 4Rtk -

LT NI o AP AT DAEE AR TR 2 1T IR R EI(C)(D)(E)HER 5L -
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Students can understand the process of cell cycle and mitosis in eukaryotic cells, and the

dynamic changes of chromosomes in nucleus and genetic materials.

(L3 ) We can understand the stage or the number of chromosomes in the tissue cells by
analyzing the amount of DNA. Researchers dye the diploid with fluorescent material.
Because the amount of DNA is proportional to the fluorescence intensity, they can count
the cell numbers in different fluorescence intensities.

According to the information mentioned above, which of the following statements about

mitosis is correct?

(A) During cell division, a haploid cell has the weakest fluorescence intensity.

(B) When cell division is completed, the fluorescence intensity in a diploid cell is
weaker than the intensity during interphase.

(C) When the duplication of DNA is completed, a triploid cell has the strongest
fluorescence intensity.

(D) DNA is being duplicated under cell division phase.

(E) The stage goes on to interphase after the duplication of DNA, and the fluorescence
intensity is the strongest.

(FR32) S ir4iifEeY DNA &8 Tl ARaH & T AR e E RN A e Z I « BT 5E
EHR—-BEELORE Y Y EH DNA DIEBLWEZE > FIF DNA 88
BRI RIELEHYFER - SREtaHaS PN [F R 5R A AAE S -

WA _ B3 IAIER A SR RAYRCIL - {77 IEHE ?
(AR R g - AN R e Ol - SRR TT ©
(Bl Re R - dIf BB ELER  RCREERIRIR -
(O)4liFE5ER DNA 188 - il E =E70Ee > EREasS -
(D)4HHE DNA &8R- JZhm frAllRE 2 -
(E)4AESEE DNA & 8&HE ARIHY - IR CoR i s -
(11T BRI 19 )
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fi#FH Solution:
i BRI T R R - EBIEEEE T Al 2EiE Tt T AR TR
BF  DUR T 4HRE5ER DNA #REIEE | = (BRI Ei8EH - DNA &80 FAaEiny

JEGRIE
AHAE S FEOHTERH DNA HJ& BOCHEE
[E15] (DNA #%5) 2= 4a G
illiiabaEayiaris 2= 4a g
illiaba LSRN 2= 2a 59
(JERE 2 {E5-4HA)

Teacher guides students to finish the following chart, to help them systemize the number of

chromosomes, the amount of DNA, and the fluorescence intensity in three stages.

cell cycle ploidy amount of DNA | fluorescence intensity
Interphase diploid 4a strong

(Duplication of DNA)

cell division diploid 4a strong

completion of cell division | diploid 2a weak

(two daughter cells)

Teacher: We’ve known that a cell is diploid before it undergoes mitosis, and we assume that
the DNA amount be 2a.

Teacher: Then what is the ploidy level during interphase?

Student: Diploid.

Teacher: How much amount of DNA is there?

Student: 4a.

Teacher: What is the ploidy level during cell division? And how much of DNA is there?

Student: Diploid and 4a.

Teacher: When cell division is completed and two daughter cells are formed, what is the
ploidy level during cell division? And how much of DNA is there?

Student: Diploid and 2a.
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Teacher: So the amount of DNA would be 4a in interphase, 4a during cell division, and 2a
when cell division is completed. Then what are the fluorescence intensities in these

three stages?

Student: The fluorescence intensity is the strongest in interphase and during cell division,

and it is the weakest when cell division is completed.

Teacher: Let’s get back to the options. Option (A) “during cell division, a haploid cell has
the weakest fluorescence intensity”, what is the ploidy level in this stage? Is the

fluorescence intensity the weakest?

Student: The cell is diploid in this stage, but the amount of DNA is 4a. Therefore, the

fluorescence intensity is the strongest.

Teacher: Is option (B) “when cell division is completed, the fluorescence intensity in a

diploid cell is weaker than the intensity during interphase” correct?

Student: The cell is diploid in this stage; the amount of DNA is 2a. The fluorescence intensity
when cell division is completed is weaker than the fluorescence intensity during

interphase. Therefore, option (B) is correct.

Teacher: Is option (C) “when the duplication of DNA is completed, a triploid cell has the

strongest fluorescence intensity” correct?

Student: The amount of DNA is 4a in this stage, so the fluorescence intensity is the strongest.

But the cell is still diploid in this stage.
Teacher: Is option (D) “DNA is being duplicated under cell division phase” correct?
Student: No, DNA is being duplicated under interphase.
Teacher: Is option (E) “the stage goes on to interphase after the duplication of DNA, and the

fluorescence intensity is the strongest” correct?

Student: The cell completes the duplication of DNA during interphase.

- WPIERMARETHG RV - ERCEEREE - WHEH DNA /Y
a8k 2a-

N SRR AEIRIRETE] DNA REAYFRE: - LA RE?

B e

Efili - DNAZER%a?

B4t da-

R Al HEiERE T > RERERRT ? DNAWE N Kika?

B4 BE da-

Al RSEEO LR 2 ET-AHRREYEHE > S EEEERN DNA HYE 57
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B e 2a
Efl 0 Rt DNA 5 8IFS AV EE ~ 4IRS 2OEE ~ AR 5 R = (EFS B - DNA 7Y
oA R 4a ~ 4a ~ 2a > JEEIERIRVE YRS 8RS S R {A] ?

B4 0 DNA #EI0E B A R A FIAHAE 7 AR AY 58 8 Ry i o » AR > 58 R 58 S Ky
B9 °

Ehh 0 R EEETE - BETH(A) TR REE T - IR A EELEES ) BOE
55 o 0 BEIBEAVATRLE B A B s e Ay i Ry i S5HYIE?

B FERRLO R e . (H DNA 85 da  HUB LIRS o

AN BEIE(B) T AR RSE A - AR R RS B SRS EIHARSY o B
A 2

g HEHAIAE AL G R EE - DNA IVE R 2a » (MM DNA HYE S 4a > FTLIAH
RO e5E Rl B e TR AN 59 - INIEIS(EBE S HIHY -

AN BEIE(C) T AfiRSE R DNA BN - 4IfEE =FqvEls SRR - | &Y

9 2
SR JUHS DNA R das BRIULECIRRERARIGHE - (LRI AT R R
s

ER : EEIA(D) T AN DNA fERIRE - RRRHUIRE R - B 0

B4 0 $EEA - 4HHE DNA fE8UE - 52 RHE -

R BEIHA(E) T AHRESTRE DNA UL HE AR - HEIF SRR - 5 B 7
B JHEEAERIRSE R DNA FyE SR -
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Reproduction and Genetics

BN EACATRE AR A 2 SRIESR
BT FALRRE AR TE & BRANE

INZIH AR - RIS B O T am i A B B AR ettt - PIIRIBE ARG E
&~ ST REGE - MBAGONES - EHKE FE—EZE R A I g RS
RAVEEIR S - BATA ABVERYH E A58 - B8 NSRS 5 AV — 5 2
A LUE EE T (R (AR ERE 2 G F MR - BB SR bk NS
WA HRE R - B AARFENTT - B DA REE - i DUEBBERAE T R
FEaHiE T EER ) — AEEAEERN BN ARG ER - ARG TE
BRiEER - FHILHEE N ERAVEEAR] - pORFRCGE BT FEHY ohE - BE SR
FHUWTFEEEEE > NEE RS R T AEVIEA T H H B T > EVER T ET
PRIESGROUSEPINELIN - (AT r] DU Ay iR -
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2-1 HARRViEE
Inheritance of Traits

N

INEFRIFBEXHEGEGHNE > BRBEEVE R ES 700 ErUEEH
RHVRHE . BRI RENE "B - SOBITERIEERATEST) - IR EEEELAHM
ERRRERVELE - Hoop > BRI 18 1 S R R R B RCE AR ST B -

SRR T SRR ERY TR (R REIENIHE  BREICE  TEREMALE - FErHYEH
CHEIIR - EARHBR IR R S B IR A A LB R T R
R THEEA "4kt DU TEE ) WEERE - MoREBEENTE " BERm L &
AEEATE AN T REREEEE ST DI B IR ERY T 4l % MEFERGTL
TR E R - BRIV E BRA g BT ST AR - DU R R ERTT
0 MPABER A HE L S SR AR -

AR DA AR EAR R AR - FREfEfT M (YT - 830 T3P 2 A 0N
TEH PR BIRVIE AR S - g MR aenyEst - £V Fain 1A LAY IR L
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BF thE EF thiE
Punnett square MRS JTHSE trait FH
sex-linkage MEHGRE ( phenotype FeIR A
Ao EAMEIEE
character (EZIN incomplete dominance
(FHEEME
Mendel's law of
sex chromosome [EREEY Ha R A AR
inheritance; Mendelism
dominant trait HMEFRE multiple alleles EEA REHNEE
TR TR —
law of dominance e law of segregation
BEEAD
law of independent G RV e
true-breeding line LI

assortment 5 EEEAD

normal distribution | FEEESTAR polygenic inheritance % RNEH
quantitative genetics | B = E (#H monohybrid cross BEMIREER
test cross W allele FAr AR
artificial cross-

NTEIEEH homozygote FER&ET
pollination
self-pollination EHAERM(EHAY) | codominant expression A E
cross FEAZ reciprocal cross R
recessive trait =R gene AR
heterozygote BRIEGF genotype FERAY
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[ ©® To understand , designed to observe . }

#4] : To understand the mode of inheritance of one certain trait, Mendel designed a cross-

breeding experiment to observe one single trait.

By 17 T B —MHREVEEIAR - SSRGS IR TR R A S E s -

i

pil

[ e If is , then would be . 1

4] - If one of the phenotypic traits is dominant and another is recessive, then the representation

of phenotypic traits would be dominant.

ESAE R R EHVE N TR R R - RIFSRBAERE -

[ ©® Would affect each other? ]

4] : Would the two genetic factors that control different hereditary traits affect each other?
Pt A BRI R B E AN TR T A2 ?

[ ® The various creatures on earth, including ,all . ]

ffl4) : The various creatures on earth, including plants, animals, and microorganisms, all show

hereditary phenomena.

HhER A ASEHAEY) - BFEEY) - BV - MAEYE > BREYEEAEEES -

[ © Except for , is also an example of . ]

4] : Except for human height, human skin color is also an example of polygenic inheritance.

B T NS &S NS IR Ry 2 AN E A BT -
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Understand the inheritance patterns of sex-linked inheritance
T TR TS R R A R B {e H A (AR

Understand Mendelian laws of inheritance and other extended patterns of inheritance.

w FIFEERE s
BlE—
SREH ¢ B4 pEARIBEI R EIRE H R VAR R E BN > B S BE R E R -

Students can explain, compare, or make inferences through context, data, or charts.

(JL37) Picture 11 shows the pedigree charts of two families. The circle represents females, the
square represents males. The one with color means that it has the characteristic of a
certain trait. Which of the following statements is true about the genetic type? (Choose
three answers.)

(A) Lis the dominant sex linkage of the X chromosome.

(B) I is maybe the recessive sex linkage of the X chromosome.

(C) 11 is the recessive sex linkage of the X chromosome.

(D) I is the dominant sex linkage of the X chromosome.

(E) Both I and II are both the dominant sex linkage of the X chromosome.

(FF320) & 11 fon BRI s &8 - BIPAFRZM: > TTIPRESN:  FROAFRER T
PEAREVRHE > AT ISR B A AR - UPEEIERE 7 (JEEE 3 I7)

(A) 12 X Z+E Bt g -

(B) | IR X epirpgy. OTW o1
O IR X AEMBEEHESE . LOO0Lee LOMMEO
(D) IE X FL SRR MR E E - ] [v ]

(B) Wi#E#HE X ZeEfe it ia e -

#l 11
(109 FHI-Ea B 26)
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fi#FH Solution:
BEVVAT R X Fe RSB KB E AR - AR ST IR -
Students must understand the rule of dominance-recessive inheritance of X chromosome, and

be able to analyze pedigree charts.

Teacher: First, let’s take a look at option (A) “I is the dominant sex-linkage of the X
chromosome.” If we use R to represent a certain trait that exists, and r represents
that the trait does not exist, then how is the genetic type of parental generation in I
being shown?

Student: X'X' x XRY,

Teacher: Then can the parental generation of X'X" X X®Y give birth to a daughter with the
trait and a son without the trait? If possible, what would their genetic type be?

Student: It is possible that the daughter has the trait in X®X', and the son does not have the
trait in X" X Y.

Teacher: Therefore option (A) is correct.

Teacher: Then in option (B), it is assumed that “I is the recessive sex-linkage of the X
chromosome.” In this way, what is the genetic type of parental generation in I?

Student: X'X" X X®Y or XRX" x XRY.

Teacher: Then can the parents give birth to a daughter with the trait and a son without the
trait?

Student: They can give birth to a daughter with the genetic type X*X"or X"X", and a son with
the genetic type X®Y or X"Y. Then they can give birth to a daughter with the trait
and a son without the trait.

Teacher: Therefore statement (B) is correct as well.

Teacher: Then look at option (C) “Il is the recessive sex-linkage of the X chromosome.” Then
what is the genetic type of parental generation in I be?

Student: XRX' x XRY.

Teacher: Then what kinds of genetic types can the parents give birth to? Do they have certain
traits?

Student: They may have daughters with X®X® or X®X", and sons with XY or X®Y. The
daughters would not have the traits, and the sons may neither have the traits.

Teacher: So is option (C) correct?

Student: Yes.

Teacher: Then let’s look at option (D), “II is the dominant sex-linkage of the X chromosome.”

What are the genetic types of the parents?
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Student: Because their son has the trait, his genetic type must be X?Y. Their allele X® must
come from the mother. However, the mother does not have the trait, the mother’s
genetic type must X'X"be. The statement is wrong.

Teacher: And the last option (E), “Both I and II are both the dominant sex-linkage of the X
chromosome.” Is it correct?

Student: No, family I may be the dominant or recessive sex linkage of the X chromosome.

And family II can only be the recessive sex linkage of the X chromosome.
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Students need to know and understand the definition of important scientific terms.

(LX) Pictures A and B are the figures of the relative frequency of the filial generation (F), after

the heterozygotes (H) of a certain trait are crossed. According to Mendelism, what are

the types of inheritance in Picture A and B belong to?

(A) A belongs to the monomeric inheritance; B belongs to the polygenic inheritance.

(B) A belongs to the monomeric inheritance; B belongs to the intermediate
inheritance.

(C) A belongs to the intermediate inheritance; B belongs to the polygenic inheritance.

(D) A belongs to the polygenic inheritance; B belongs to the intermediate inheritance.

(E) A belongs to the two-factor inheritance; B belongs to the three-factor inheritance.

Relative frequency Relative frequency
0.8
A B
0.6 0.6
0.4 0.4
0.2 0.2
0 0
| I | I m
phenotype phenotype
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fi#FH Solution:
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Students should understand that relative frequency refers to the probability of the appearance

of phenotype.

Teacher: Let’s look at the question stem. Mark down the key point. What is the key point?

Student: Pictures A and B are the figures of the relative frequency of the filial generation (F),
after the heterozygotes (H) of a certain trait being crossed.

Teacher: Then let’s analyze the information in the figure. What are written on the horizontal
and vertical axes?

Student: Phenotype and relative frequency.

Teacher: How many kinds of phenotypes are there in Picture A? And how many are there in
Picture B?

Student: Two kinds in Picture A and three kinds in Picture B.

Teacher: We can interpret the relative frequency as “the possible appearance of a certain trait”.
Then let’s focus on Picture A. What is the ratio between phenotype I and phenotype
Il’s relative frequency?

Student: 3 to 1.

Teacher: Let’s think about it. What would the inheritance type in which the ratio of the filial
generation of the heterozygotes being crossed is 3 to 1 be, monomerical, two-factor,
polygenic, or intermediate inheritance?

Student: Monomerical inheritance.

Teacher: Why?

Student: According to the Mendelism, there are two phenotypes in a monomerical inheritance
progeny of the heterozygotes being crossed, dominant and recessive, and the relative
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frequency would be 3 to 1. If it is two-factor or polygenic inheritance, there would
be more than two phenotypes; if it is intermediate inheritance, there would be three
phenotypes.

Teacher: In Picture B, what is the ratio of filial generation in I, II, and III?
Student: 1:2:1.

Teacher: What inheritance type would be a response to the result?
Student: Intermediate inheritance.

Teacher: Why?

Student: Because only the filial generation of intermediate inheritance has three phenotypes,

the ratio of filial generation would most likely be 1:2:1.
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Genetic Material
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semiconservative
e L Bl polynucleotide A% g
replication
purine IEES deoxyribose REME
pyrimidine EIE deoxyribonucleic acid | &ML H %
central dogma of YR F
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molecular biology AR
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uracil R WEIE transcription %
phosphate group Bl e s translation s
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ribosome I ERS
helix model structure | el SR
ribonucleotide MNERZ BT heritable variation B
chromosome theory of
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inheritance

[ o have done research to prove that is . ]

4] : Biologists have done research to prove that the material that brings genetic information

to chromosomes is DNA.

AR EGEb A e T A B R S HVYE T DNA -

[ (2) is a kind of that is a short form of . ]

#57 : DNA is a Kind of nucleic acid that is a short form of deoxyribonucleic acid.
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is a must during

The duplication of DNA is a must during the multiplication of cells.

ARG TE A AR T - DB SMETT DNA HyESL -

The reason for is not but

The reason for the variation in hydrangeas color is not heritable variation but is

affected by the environment.

FEEIE OB RNFRANLIPREEERER - e FFREA T2 -

The involvement of is needed in the completion of

The involvement of enzymes is needed in the completion of translation.

RN AR R RS R e

The happens in , while happens in

The transcription in eukaryotes happens in the nucleus, while the translation happens in

the cytoplasm.
HiZAIA A A Az TP AT - RS A diiE o -
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Understand Mendel's laws of inheritance and the central dogma of molecular biology.
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Understand the relationship between genes and trait performance.
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(FL3Z ) From Mendel’s inheritance experiment to genetics nowadays, which are correct among

the statements about concepts of genetics and material basis? (Choose two answers.)

(A) One pair of genetic factors in pea genetics equals two genotypes in modern genetics.

(B) The hypothesis of genetic factor is an abstract concept with symbols when
describing pea genetics by genetic factor.

(C) The central dogma of molecular biology describes the relationship between traits
and genetic factors in Mendel’s experiment.

(D) It is highly possible that the genes on the same chromosome would follow Mendel’s
law of independent assortment.

(E) Mendel’s First Law and Second Law can be applied to creatures with DNA and also

to viruses.
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Teacher: After reading the question stem, let’s look at option (A) “One pair of genetic factors
in pea genetic equals two genotypes in modern genetics.” What do we call the one
pair of genetic factors from Mendel nowadays?

Student: Gene.

Teacher: So what does the one pair of genetic factors mean in modern genetics?

Student: One genotype.

Teacher: Therefore, the answer should be changed to “one genotype”.

Teacher: Then let’s look at option (B) “The hypothesis of genotype is an abstract concept
with a symbol when describing pea genetics by the genetic factor”. Why do we say
that the hypothesis of the genetic factor is an abstract concept?

Student: Back then the scientists didn’t have the concept of chromosomes, DNA, and
genetics. They only have the theory deducted from Mendel’s experiment that “traits
are affected by genetic factors”. Furthermore, he assumed that dominant genetic
factors control dominant traits, and are shown in capital letters; recessive genetic
factors control recessive traits and are shown in lower cases.

Teacher: That’s right, so the option is correct! Then let’s look at option (C) “The central
dogma of molecular biology describes the relationship between traits and genetic
factors in Mendel’s experiment.” Is the statement correct?

Student: Yes, it is.

Teacher: Can anyone explain what the central dogma of molecular biology is?

Student: The dogma refers to DNA being transcripted into RNA, and RNA is translated into
protein. The proteins being translated have different functions, then develop into
different traits.

Teacher: That’s right! Then how can the dogma explain the relationship between the traits
and genetic factors in Mendel’s experiment?

Student: Because the genetic factors from Mendel are equal to genetics nowadays. Gene
expression can produce proteins by transcribing and translating, and then affect
certain traits of organisms. This is what the central dogma is talking about.

Teacher: Good! Then let’s look at option (D) “It is highly possible that the genes on the same
chromosome would follow Mendel’s law of independent assortment.” Is the
statement correct?

Student: Wrong.

Teacher: That’s right. In the nucleus, what kind of chromosomes would separate from each

other and be divided into each gamete when germ cells are producing gametes?
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Student: Homologous chromosome and sister chromatids.

Teacher: Therefore the genes on the same chromosome, most of them would go into the same
gamete. They do not follow the law of independent assortment from Mendel. What
kind of genes would follow the law of independent assortment from Mendel?

Student: The genes that are located on different pairs of chromosomes.

Teacher: Lastly, let’s look at option (E) “Mendel’s First Law and Second Law can be applied
to creatures with DNA and also to viruses.” Do viruses or bacteria undergo meiosis?

Student: No, they don’t.

Teacher: Mendelism describes what is relevant to meiosis, hence Mendel’s First Law and
Second Law cannot be applied to bacteria and viruses that are unable to undergo

meiosis.
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Students are able to understand the process and place of occurrence related to gene

performance.

(33 ) The options below are about the expression of hereditary substances from eukaryotic
cells. Which is correct? (Choose two answers.)
(A) Transcriptions are conducted on ribosomes.
(B) Translations are conducted in the cytoplasm.
(C) The process of copying genetic messages from DNA to RNA is called translation.
(D) Using DNA polymerase to copy genetic messages from DNA to RNA.
(E) When genes manifest, the two strands of DNA first separate, and the

nucleotide sequence of one of the strands would be a template to synthesize

one strand of RNA.
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Teacher: Which statements about the expression of hereditary substances from eukaryotic
cells are correct? First, option (A) “Transcriptions are conducted on ribosomes.”

Student: Incorrect. Transcriptions are the process of copying genetic messages of DNA to
RNA. Moreover, DNA is stored in the nucleus of a cell. Thus, transcriptions are
conducted in the nucleus of a cell.

Teacher: Then, let’s talk about option (B). After DNA is transcribed into RNA, where is RNA
being translated into protein?

Student: In cytoplasm.

Teacher: So, this option is correct. option (C) “The processes of copying genetic messages
on DNA to RNA are called translations.” As we just mentioned, what are the
processes of copying genetic messages from DNA to RNA called?

Student: Transcriptions.

Teacher: That’s right. Let’s correct this statement. Then, let’s take a look at option (D) “Using
DNA polymerase to copy genetic messages from DNA to RNA.” Is this correct? If
not, what is wrong?

Student: Eukaryotes use a RNA polymerase to transcribe DNA into RNA.

Teacher: Then, what process does DNA polymerase participate in?

Student: The replication of DNA.

Teacher: Great. Last, option (E) “When genes manifest, the two strands of DNA first separate,
and use the nucleotides sequence of one of the strands as templates to synthesize
one strand of RNA.” Is this correct?

Student: Yes.
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Genetic Engineering and Its Applications
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functions like , which can . }

The carrier functions like a transport vehicle, which can carry DNA fragments into the

cells.

HARHYTHRERL G R T H - sl DNA R B2 AR -

have been widely used in . }

: Genetically modified organisms have been widely used in agriculture, medical care,

energy, etc.

HNBGEEYIERZHER IR - B9F - sEliEFE -

From to , genetically modified organisms require . ]

From field trials to planting, genetically modified organisms require strict control and

safety assessment.

FERNBuE £V e HE SRR A - #FREEERVETE - T ess -

On issues, do humans have the right to ? ]

On social and ethical issues, do humans have the right to transform life?

et e b AR S A UE A 7

Genetically modified crops may , leading to . ]

BIey -

Genetically modified crops may pose a threat to non-target organisms, leading to the

growth of GM-resistant insects.
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Understand the technique of genetic engineering, including the production of recombinant

DNA and transgenic.
= TARENSUE AL YIR E e

Understand the application of genetically modified organisms.
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Students can understand the application of genetic engineering and other biological

techniques.

(LX) Scientists have obtained a new variety of silkworms with black markings after years
of crossbreeding. Which of the following options is similar to the technical principle
of black silkworm breeding?

(A) Insect-resistant corn produced by transgenic technology.
(B) Replicated animal, Dolly the Sheep.

(C) Propagating phalaenopsis in tissue culture.

(D) Mendelian pea trials.

(E) Salmon implanted with growth hormone gene.

(PO FERESFROETES 7 BB OO R BRI - N YIEEE (2 B 52
B Bt AL 2
(A) IR EE A A Biaa Tk -
(ByELENPIPRATF -
(O)DAH S B B TE MG T
D) LIEHRH AR EER
EVEANERBEARNAES -
(110 FEEHZE 47 7))

>3 BB AMEEERE TR AF P EER



OV TR T 2 KT P we IiFFCEBREFT Y

54

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

Student:

R

After browsing through the question stem and options, what is the breeding

technology principle of black silkworm?
Human breeding and selection.

Which of the following options also uses artificial breeding and selection of
species?

Option (D) “Mendelian pea trials”.
Then let’s look at other options. What is the technique used in option (A) “insect-

resistant corn produced by transgenic technology” and option (E) “salmon

implanted with growth hormone gene”?
Transgenic of genetic engineering.

That’s right. The two statements refer to transferring target genes into the specific

organism through genetic engineering.

Then how about the technique used in option (B) “Replicate animal, Dolly the
Sheep™?

Replicating sheep involves removing the nuclei of mammary gland cells and

transplanting them into egg cells from which the nucleus has been removed.
And what’s the technique used in option (C)?

Tissue culture is a technique that reproduces through agamogony.
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Students are able to understand the process and application of recombinant DNA.

(ZE3Z ) Transgenic is an important biotechnology. Which of the following statements about
transgenic is correct?
(A) It is unlikely to successfully synthesize food with transgenic.
(B) Transgenic bacteria refers to the delivery of recombinant DNA into the nucleus of
the host bacteria.
(C) At present, transgenic research has been able to successfully transfer foreign
genes into eukaryotic cells.
(D) At present, insulin-related exogenous genes can be transferred to diabetic patients
to help them produce insulin.
(E) Recombinant DNA technology needs to cut the carrier DNA with a specific
restriction enzyme, and then use other specific restriction enzymes to cut the gene that

is ready for transfer. Lastly, the gene would be recombined with DNA ligase.

(th=0) BNEFEE—THERRAAEYIRN > YA RHE N EERAMTA AL - {17 1k ?
(A) H A s A B D] PR IR A P s et
(B) AN FE AN /2 EE4H AT DNA 25 A 75 F 4B I4TRERZ -
(C) B IZREE T I ERE RIS MR N EE A A+ -
(D) H ATE FIReE & 2 AR BRI MR B RS AR s Be N - BB HEARE
Z= o
(E)EE4H DNA #ila s /e AR PR AIER V) BHEkAE DNA » S5 LIEA iR E FRHEE Y
AR LN - F5 0L DNA g (ZEng ) =40 -
(102 FEEZHIZE 12 /)

Teacher: Can we now make food transgenic?
Student: Yes, there is now genetically modified food.
Teacher: For example?

Student: Such as soymilk made from genetically modified soybeans or genetically modified

canned corn.

Teacher: Therefore option (A) is wrong. We can now make food with transgenic.
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Teacher: In option(B), “transgenic bacteria are the delivery of recombinant DNA into the

nucleus of the host bacteria”? What is wrong with this option?

Student: The recombinant DNA is delivered into the cytoplasm of bacteria. Bacteria are

prokaryotes and do not have a nucleus.
Teacher: That’s right. Therefore, this option is wrong. Please correct it.

Teacher: In option (C), “at present, transgenic research has been able to successfully transfer

foreign genes into eukaryotic cells”? Can anyone give a practical example?

Student: For example, the transfection of human coagulation factor genes into goats
mentioned in the textbook is an example of the transfection of foreign genes into

eukaryotic cells.

Teacher: That’s right. Another example of biologists transfecting growth hormone genes into
Atlantic salmon to make salmon grow rapidly is also an example of transgenic

foreign genes into eukaryotic cells.

Teacher: In option (D), can our current medical technology transfer insulin-related

exogenous genes into diabetic patients to help them produce insulin?

Student: No. At present, genetic engineering can only be used in the treatment of diabetes by
transfecting human insulin-related exogenous genes into bacteria. And by
multiplying bacteria in large numbers, they can produce large amounts of insulin

for medical use.

Teacher: So option (D) needs to be corrected. This kind of technique cannot be operated at

present.

Teacher: Lastly, let’s look at option (E) “Recombinant DNA technology needs to cut the
carrier DNA with a specific restriction enzyme, and then use other specific
restriction enzymes to cut the gene that is ready for transfer. Lastly, the gene would

be recombined with DNA ligase”. Is this statement wrong?

Student: It uses the same restriction enzyme to cut the vector DNA and cut the gene to be

transfected.
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Evolution and Biodiversity
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The Evolution of Life
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develop 2R creationism Bl
taxonomy SIIRER offspring TR
natural selection RIEESR evolution gl
fossil 1ba species Yrred
common ancestor H[EHSE use and disuse theory | FH#EESEER
artificial selection ANiE genotype FLRA

-

[ o change with time.

4] © Species change with time.
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ELe
[ 2] classify species by . }

4] - Biologists classify species by their characteristics.

AR R R B T30 -

[ (3) evolve from . }

4] : Birds evolved from a group of meat-eating dinosaurs called theropods.

BAE e — Bl R BN nE H B & R e A B 2R

[ (4] pass on . }

4]« The giraffes with the longest necks passed on their genes to their offspring through natural

selection.

T R AR SHRE A R IR IR AL NG 1R (X

[ (5] put forward the theory of . J

4] : Darwin put forward the theory of natural selection

ZERSCHE TR B o

[ (6] created by . }

5] © Greek philosophers believed that creatures were created by God.
FME R E S A2 P AlZERY -

« BEEHE »

— ~ TRER SRR - BEHAMEBHRRN s - L AR -
Understand Darwin's theory of evolution and other related theories, don't obfuscate the
theories.

T T RHYEERE S -

Learn about the history of evolution.
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Students understand the content of Darwin's theory of evolution and don’t be confused
with other theories.

(L3 ) Which of the following statements are true about Darwin's theory of evolution? (2

options should be selected)

(A) Parents’ more competitive traits appear more frequently in offspring
populations.

(B) When Darwin proposed the theory of natural selection, he did not refer to
Mendel's laws of inheritance.

(C) Organs that are used more often will be more developed, and this advantage will
be passed on to the next generation.

(D) When the environmental resources are limited, the advantage can be improved
and the number of individuals can be increased through mutation.

(E) Endemic species all evolved from different ancestors in different geographical

environments.

(F30) FRAZRSCAYE LR - NYIREERIERE ? (FEEE 2 15)
(ABGEF BRI ERTE R AR P HBRAER GRS -
(BYER SR KIFRN - RS ELIERNEEER -
O s E gfssiE - HItEFEEEHESE -
(D)EEREIFAIRE - A& eS8 S B S IS NEASEL -
(BYFA T &2 A [F R IR A e R EA R 2K -
(110 FELHIE 44 /)
fiZH Solution :
R e N A - 0 B RV R aatE ~ REER MW~ 20RF -
Solve the problem according to the content of evolution, and don't confuse the theory

development process and the scientists' theories.

Teacher: Both option A and B are correct, so let's check why option C is wrong. This is not
Darwin's theory. Do you remember it is whose theory?

Student: This is Lamarck's use and disuse theory!

Teacher: That's right! Then let's look at option D, can creatures control their own mutations?
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Student: No!

Teacher: Yes, mutation happens randomly and has nothing to do with environmental
resources limitation. As for option E, according to Darwin's theory, all living things
have a common ancestor.

Student: Understand!

I A~ B #UZIERER - EIRTREER C BIESE TR - 20N S 2l AR
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pIEE—
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Learn about evolution and natural selection.

(JL3Z ) Which of the following statements about evolution is correct?

(A) Mutations are often harmful to organisms, so they are not conducive to biological
evolution.

(B) Individuals with dominant traits have greater chance of survival,

(C) The large-scale use of antibiotics in humans has led to an increase in drug-resistant
bacteria, which is the result of anthropogenic effects.

(D) Lamarck's use and disuse theory is the basis of Darwin's theory of evolution.

(P30 AREACAYRGL - FA A2 I ?
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Teacher: Let’s look at option A first. The first sentence says that "mutations are often harmful
to organisms" is correct, but mutations are also the driving force of evolution.

Teacher: And option B is correct.

Teacher: As for option C, artificial selection means that humans select parents according to
their own preferences, and select strains that are beneficial to humans. Will people
like bacteria that are highly resistant to antibiotics?

Student: No!

Teacher: Should this be natural selection or artificial selection?

Student: Natural selection!

Teacher: Finally, move on to option D, Darwin did not refer to Lamarck's theory.

Student: Teacher, who influenced him?

Teacher: Lyell's principles of geology, Malthus's Principle of Population, etc. They have

influenced Darwin's theory.
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Evidence for Evolution and Taxonomy
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[ o be lacking in }

i) « Viruses are lacking in enzymes needed for metabolism, so they cannot synthesize proteins

by themselves.

TR Z ARG R AVES - SEABTERERE -

[ (2) use as a basis for classification. ]

%4 : Linnaeus used the morphological characteristics of organisms as a basis for classification.

MERF I AT RERF R AE Ry 7y SRR YR

{ © classify into . ]

747 : Biologists classified the three-domain system into bacterial, archaeal, and eukaryotic

domains.

AR S0 I A IR R R IR ~ SRS AR A

{ (4] rebuild the relationship between . }

4] = Scientists rebuild the relationship between birds, reptiles and mammals.

IR EIE B - e R B LA R (4 -
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Understand the basic principles of taxonomy.
+ BEHIGERR G R (A -
Able to read phylogenetic trees.
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Learn how taxonomy has evolved.

(F£ ) In the systematic classification of Linnaeus and its successors, any species can be
uniquely classified into one of the six levels of genus, family, order, class, phylum and
kingdom. However, after the 1990s, "domain" was added to "kingdom" and was
generally accepted by the biological community. Which of the following is the key to
enabling this action?

(A) Discovered DNA-virus.

(B) Discovered RNA-virus.

(C) Discovered viruses with lipid bilayer outer membranes.

(D) Discovered archaea are more similar to eukaryotes than to eubacteria.

(E) Stratums where eubacteria are found are older than archaea.

(0 Mo e AR AT 28 AT (e —(E RS m] v — M R e ~ - B
4~ FIRSRE NSz — 2RI 1990 A2 1% - Tk oM T 5y Z ko
s Ry VPRS2 » MY R (et —TTEhZ RS 7
(A)33 DNA 55
(B)5&3H RNA 555
(C)5&3 R BB S AR R 55 -

DyE&EHFBAEE (41) HBMEOREREY > Wk (H) 45 -
Ey#H (B) diEFEErtEitet () BEREE -
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Teacher: Is virus a living thing?

Student: No.

Teacher: That's right, viruses exist between living things and non-living things, so they are
not classified with living things! So option A, B and C are here to disturb you!
Option D is correct. At that time, this discovery surprised the scientific community!

Teacher: Let's take a look at option E. Do you still remember what fossils are?

Student: Organisms buried in the ground for years before being discovered (or other similar
answers).

Teacher: What kind of parts do you think is easier to keep for a long time? Is it soft meat, or
hard bones?

Student: Hard bones.

Teacher: That's right, so do bacteria have bones or other hard parts?

Student: No.

Teacher: Yes, so single-celled organisms such as bacteria or archaea are difficult to leave
fossils, and of course there is no way to judge the age by the location of the fossils

in the stratum.
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Understand the relationship between archaea, eubacteria, and eukaryotes, and be able to

read the phylogenetic tree.

(3£ ) Different living species have evolved through divergence, so the divergence sequence
between species or groups can be represented by the relationship between trees and
branches, which is called the phylogenetic tree. Which of the following phylogenetic
tree constitute the correct natural groupings of organisms and the relationships
between groups?

(30 BAERAEYREAE B IECEA L 2R - PRI SR Y o3 BIE A 7T DA
1 SR R (R KT - BB BB el - TYIRSRCAEYIRG 2 B 28 B K RF IR
TRHy A antsf > [ A ?

(A) B4t H@E Sl  (B) EBRAEY 4 HEE (O 4oF EdE EB4wy

NN '

(D)|H&#H HE Hedh (BE) ol EBsh HEs

fi#FE Solution :

TERRG RS T AT o 20 R Uit P ReE (2 T 8 PR 4 B AT

In a phylogenetic tree, species that are closer to the bifurcation are more closely related to each

(108 £EEZHIZE 60 &)

other.

Teacher: In the kinship tree, the closer the species to the bifurcation represent the farther or
closer the phylogeny between two organisms.

Student: Closer.

Teacher: So which has the closer relationship to eukaryotes? Eubacteria or Archaea?

Student: Archaea.

Teacher: That's right, so in the phylogeny tree, archaea and eukaryotes should branch near the

ends, which means that the relationship between archaea and eukaryotes is closer

than that of eukaryotes.
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Teacher: Therefore, which figure is correct?

Student: D.
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Understand how to judge phylogeny and how phylogenetic trees are generated.

(3237 ) Which of the following statements about the phylogenetic tree is correct?
(A) Homologous structures will develop into organs with different functions, so they
cannot be used as a basis for exploring the phylogenetic.
(B) Dolphins are more closely related to sharks than killer whales.
(C) The archaeal domain is closer to the eukaryotic domain than the bacterial
domain (eubacteria domain).
(D) Viruses should be at the base of the tree of life.
(30 NHIARALapiatyRL - A& g ?
(A EERE S S5 5 A FTIRERESE - LA REMUR PR L e H iz -
(BYTHELH pefin - MoK EL & A BT H R & B (% -
(O EIRBIE T BRI - TR (H4EE) -
(DY B REL I A= i HIELHED -
(110 5525 4 )

69 BYORARGBREFIRETREIP (A F P EERRT S



N BT ERT 2 ERKT P 0g TIFFCEFRFFAL S

Teacher: Do you remember what homologous structures are?
Student: Bones are similar in basic structure but develop into different forms and functions.

Teacher: Yes, for example, the forelimbs of bats are specialized for wings, and the forelimbs
of humans are specialized for grasping fingers. Having homologous organs means
that these species likely evolved from a common ancestor.

Student: In this way, you can know which species have closer relationships.

Teacher: Looking at option B, killer whales and dolphins are mammals, while sharks are fish.
Who are dolphins closer to?
Student: Killer whales.

Teacher: The statement of option C is correct. Look at option D. Is a virus a living thing?
Student: No!

Teacher: Yes! So the virus will not be drawn in the phylogenetic tree!
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BSNEEER More to Explore

HHMI Biointeractive

PUEEEIRGEE > T DR AEZS P EL (5 TP BORER) B LR e
AR ER(EYR) -

https://www.biointeractive.org/

i3

Rediscovering Biology: Molecular to Global Perspectives

wh o sMEEs] BT EEE -

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

[ |
I-.. -
(AR o SR o R A T, - 4 h%? T
ﬁ A
[ |

Khan Academy

RN - B RSB R R A

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

ECEEE > bR T 4A&Y) > BEAHMEAE -
https://phet.colorado.edu/
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