Level 5 exemplar

2021-DSE
BIO

PAPER 1B

HONG KONG EXAMINATIONS AND ASSESSMENT AUTHORITY

HONG KONG DIPLOMA OF SECONDARY EDUCATION EXAMINATION 2021

BIOLOGY PAPER 1

i SECTION B: Question-Answer Book B

| This paper must be answered in English

INSTRUCTIONS FOR SECTION B

(1}  After the announcement of the start of the examination,
you should first write your Candidate Number in the space
provided on Page 1 and stick barcode labels in the spaces
provided on Pages 1, 3, 5, 7 and .

(2) Refer to the general instructions on the cover of the
Question Paper for Section A.

(3) Answer ALL questions.

(4) Write your answers in the spaces provided in this
Question-Answer Book. Do not write in the margins.
Answers written in the margins will not be marked.

(5) Supplementary answer sheets will be supplied on
request. Write your candidate number, mark the question
number box and stick a barcode label on each sheet, and
fasten them with string INSIDE this Question-Answer
Book.

(6) Present your answers in paragraphs wherever appropriate.

(7)  The diagrams in this section are NOT necessarily drawn to
scale.

— (8)  No extra time will be given to candidates for sticking on the
barcode labels or filling in the question number boxes after
the ‘Time is up’ announcement.

OF EZH KT E R B h A
! Hong Kong Examinations and Assessment Authority
¢ All Rights Reserved 2021

! 2021-DSE-BIO 1B-1 1

HORINHINANE




Answers written in the margins will not be marked.

SECTION B
Answer ALL questions. Write your answers in the spaces provided.

1. The diagram below shows the presence of gallstones in some parts of the human digestive system:

gall bladder
with gallstones

A: ?o\mwac\s .

duodenum

gallstone

(a)  Label structure A. . (1 mark)

(b)  With reference to #we components of the secretion released from duct B, explain how the condition
shown in the above diagram would lead to a decrease in the rate of fat digestion. (4 marks)
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2. The diagram below shows two adjacent neurones. When a nerve impulse arrives at structure Z, the amount
of neurotransmitter W at location 1 increases.

neurone

neurone

neurotransmitter W i
<
AN
NS
> pa :
terminal Y A ,v terminal X
location 1
structure Z
(a)  Name structure Z. (1 mark)
S\:V\ o e

(b) (i) Neurotransmitter W at location 1 is released from one of the terminals of structure Z. Which
terminal (X or Y) releases neurotransmitter W? (1 mark)

’C‘W mne 7(

(ii)  Describe how the neurotransmitter W at location 1 can bring about the transmission of nerve
impulses at structure Z. (2 marks)

e laerwe ’Lw\lahlw avlts ol X 0 X wemds newreliranowmtGr

W e »“{“""}?17" Wsdc[vs, e W Aln M’(’fwn hepsss  lefin

I 1 vy, 4l min Lv&v\{: d e el wewone, W hrads
o
W eaplrs o monbrang s X Al limnlly Y 1o snerned
e W“! wse 1o enimuk e Transmis . “
(c)  What is the significance of the process in (b) to the transmission of nerve impulses? (1 mark)
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3. (a)

The graph below shows the total cross-sectional area and the rate of blood flow of different types
of blood vessels:
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(i)  Describe the gverall relationship between the total cross-sectional area of blood vessels and

the rate of blood flow.
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(1 mark)
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(ii)  Explain how the relationship described in (i) can facilitate the material exchange that takes

—

(2 marks)

place in the capillaries.
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{(b)  The following schematic diagram illustrates a capillary network and the associated structures:

capillary -

venule
arteriole
body cell
lymph
vessel

With reference to two features of the capillary network illustrated in the above diagram, explain
the importance of these features to the material exchange in the capillary network. (4 marks)

Features illustrated in the diagram

Importance to the material exchange

Answers written in the margins will not be marked.
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4. Glycogen and a disaccharide named trehalose are two common types of energy reserve found in insect
species A. An experiment was conducted to study the energy reserve used for ﬂymg in this insect species.
Three groups of insect species A were respectively injected with equal volumes of physiological saline,
an inhibitor of trehalose-digesting enzyme and an inhibitor of glycogen digesting enzyme. The insects
were then stimulated to fly until they were exhausted. The flight time of each individual was recorded in
the following table:

Solution injected Samples of insect species A Flight time (s) Mean flight time (s)
1 150
. . 2 138
phys“;.log“’a] 3 168 165.6
saline 4 210
5 162
-6 42
inhibitor of trehalose- 7 78 §3 .1
digesting enzyme 8 14 .
9 90
10 102
11 132
12 192
inhibitor of glycogen-
digesting fn};yn;gle 13 174 ’ (, 5 L
; 14 162
15 156

(a)  Complete the above table by calculating the mean flight time (to the nearest 1 decimal place) for
the groups injected with the respective inhibitors. (1 mark)

(b)  Withreference to the aim of the experiment, what conclusions can you draw from the data? Explain
your answer. (4 marks)
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(¢)  Among individual insects, suggest one difference which led to different flight times within each

group. (1 mark)
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5. A student prepared cells of an onion root tip for observing cell division under a light microscope.

(a) © What type of cell division is likely to take place in the root tip of an onion? Explain your answer.
(2 marks)
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(b)  Suggest one necessary step to make the chromosomes observable under a light microscope.
' (1 mark)
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{

(¢) Some events of the cell division are randomly shown in the following photomicrographs:

(i)  Starting with photomicrograph W, arrange the photomicrographs in the correct order to
show the sequence of events in cell division. (1 mark)

w—>{ - X - Z — V

(ii) A normal onion root cell has 16 chromosomes. Complete the following table to show the

number of chromosomes and chromatids in photomicrographs Y and Z. (2 marks)
Photomicrograph Number of chromosomes Number of chromatids

Y \ 6 L
z Y Fo 1)

Answers written in the margins will not be marked.
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6. Pathogen X is a pathogen that infects humans. Research has discovered an antigen Y present on the surface
of pathogen X. Using recombinant DNA technology, antigen Y can be produced and serves as a vaccine
to induce immunity against pathogen X.

(a)  Explain how the injection of antigen Y can induce immunity against pathogen X. (4 marks)
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(b) Othér than the {se ofrecombinant DNA technology, suggest another ay to pro ce a vaccine.
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()  Refer to the codon table below, answer the questions that follow:

UuU UCU UAU | UG
UuC Phe UCC Sor UAC Tyr UGe Cys
UUA Leu UCA UAA | (b codon | -UGA_| STOP codon
UUG UCG UAG UGG Trp
CcuuU CCU CAU His CGU
cuc Leu ccc Pro CAC CGC Arg
CUA CCA CAA on CGA
CUG CCG CAG CGG
AUU ACU EAU Asn AGU Ser
ALIC Tle ACC AAC AGC
Kup ACA thr AAA AGA

Lys Arg
Aucd Met ACG AAG AGG
GUU GCU , GAU Asp GGU
GUC Val GCo Als GAC GGC Gly
GUA GCA GAA Gl GGA
GUG GCG GAG GGG

some  olliin (MT’B&« ) Yalm A 7t ”“A“Y G w«\’[,w, aad Aot
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(i)  The starting sequence of the coding strand of the gene which encodes antigen Y is shown
below:
U v VAVERNEVERN!
ATG GCC ATA AATTGC TGT ... ... ...

Referring to the codon table, write the corresponding amino acid sequence of the coding
strand shown above. (2 marks)

Med - dla— Tle — Asw — C\/s — Cys.
{

(ii)  Over the years, mutation has occurred in the gene encoding antigen Y in different strains of
pathogen X. The variations in the starting sequence of this gene are shown below:

original strain:. ATG GCC ATA AAT TGC TGT ... ... ...

strain P: ATG GCC ATA AATTGCTGC ... ... ... X
strain Q: ATG GCC ATA AATTGA TGT ... ... ... LRV
strain R: ATG GCT ATA AAC TGCTGT ... ... ...

K

One of these strains has the ability to infect people who have been injected with the vaccine
containing antigen Y. With reference to the codon table, which strain (P, Q or R) will that

o 4
be? Explain your answer. g dous (4 marks)
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In flowering plants, environmental stress (i.e. under adverse conditions) in general can induce
flowering. Explain why this flowering response can increase the chance of survival of flowering
plants. (3 marks)
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(b) Recently, scientists observed that bees cut tiny hoYej?n leaves V\;ﬂﬂ their mouthparts (as shown m/‘
Savvi .

the photographs below) but did not consume or transport the leaf fragments:

It has been hypothesised that bees induce flowering by imposing a mechanical stress on the
flowering plants. To test this hypothesis, three groups of tomato plants at the same developmental
stage (without floral buds) were subjected to the following treatments respectively:

1. Bees cut tiny holes in leaves (bee damage)
2. Similar holes in leaves were cut by using forceps (mechanical damage)
3. Intact leaves without treatment (no damage) L

S

The time taken for flowering of each group of these tomato plants after the respective ?é[reatment

was recorded.

()

‘gl”w/\s 1n

If the above hypothesis is correct, what would be the predicted results?
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(1 mark)
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\(4 5 1

(ii) The table below shows the time taken for flowering of these tomato plants after the

treatments:
Bee damage Mechanical damage No damage
Average time taken for flowering
after the treatment (days) 38 36 70

With reference to the data shown in the table, discuss if the data support the hypothesis that
bees induce flowering by imposing a mechanical stress on the flowering plants. (4 marks)
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(©) When bees establish a new colony, they will inflict more leaf damage to the surrounding flowering
plants if the colony is in an area with insufficient supply of pollen. What is the advantage of this
behaviour to the bees? : (1 mark)
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8. The table below shows the average blade area, blade thickness and thickness of the palisade mesophyll of
leaves collected from the upper and lQwer regions of a tree species:

. Average blade area | Average blade thickness Average thickness of
Location of leaves 2 )
{cm?) (um) palisade mesophyll (um)
Upper region 62 177 45
Lower region 72 152 33

(a)  Compare the average blade area of leaves from the upper region and that from the lower region.
With respect to the difference in surface area, suggest one adaptive advantage of the leaves from
the lower region. (2 marks)
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(b) (i) Compare the average thickness of the palisade mesophyll of leaves from the upper region
and that from the lower region. (1 mark)
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(ii) Between the two types of leaves, suggest one possible structural difference which would
lead to the difference stated in (b)(i). (1 mark)
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(iiiy How would you confirm your answer in (b)(i)? (2 marks)
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(¢)  Leaves at different regions of a tree are adapted to different light intensities. The graph below
shows the change in the net carbon dioxide uptake by leaves from the upper region of a tree at
different light intensities:

®

Net carbon dioxide uptake (umol CO, m?2 s!)

20
- == = leaves from the
PR upper region
10 |
0 Light intensity

7’50 IOIOO 12'50 (arbitrary unit)

-
o

Why are there negative values for net carbon dioxide uptake? (1 mark)
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On the above graph, sketch a line to show the change in net carbon dioxide up‘%&ke bmfé‘velgt

from the lower region of a tree at different light intensities. (2 marks)
(Note: Neglect the difference in the average blade area between the two types of leaves when
you sketch the line.)

Answers written in the margins will not be marked.
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9. The photographs below show the appearances of two species of free-floating, freshwater plants, Species
1 and Species 2: ' B T

Species 2

(0.58 X) o (1.5 X)

To study the(4 on between these two plant species, each species was grown either alone or together
with another Speei€s in a water tank for 50 days. Each species covered 10% of the area of water surface
at the beginning of the experiment. The experimental set-up and design are shown in the following
diagrams:

Experimental set-up:

water tank

Side view water

area covered by the
free-floating plant

Top view

Experimental design (top view):

= | So

Species 1 grown alone Species 2 grown alone Species 1 and 2 grown together

Answers written in the margins will not be marked.
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The percent coverage of each plant species was measured at the beginning and at the end of the
experiment. The increases in the percent coverage are shown below:

v w0 W"‘uiﬂﬁw ’
& 100 4 Key:
?n 1 I grown alone
g 80 [____] grown together
S
B A
Q L M.
St
8. 40 | W
g
Q
8 20 |
5
=
0
Species 1 Species 2

(a)  With reference to the aim of the experiment, what conclusions can be drawn about the interaction
between Species 1 and 2? Explain your answer. (4 marks)
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(b)  With reference to the photographs of Species 1 and 2, suggest an explanation for the difference in
the percent coverage of the two plant species when they were grown together. (2 marks)
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(c)  The table below shows two other methods of measuring plant growth and whether these methods
would be feasible in this experiment. Complete the table by giving justifications for the feasibility
of the methods. (2 marks)

Method Feasibility Justifications
A o wenonwt,  Rwdwd o evgentc
Fresh weight Feasible wrik VR VYN (s S N R TNY 1) P
willod kil dhe  ple
Number of , Ik el ol drl{eveut
leaves Not feasible At o unaftls o =y NTA X
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10. In humans, breast milk provides not only nutrients but also protective effects to infants. Recently,
scientists discovered a new constituent of breast milk: M\____fmw
Scientists have very diverse views about the roles of these short RNA fragments. The following are two
of the hypotheses:

Hypothesis 1: the short RNA fragments serve as food particles.
Hypothesis 2: the short RNA fragments regulate gene expression in infants

(a)  To test Hypothesis 1, scientists performed an experiment of in vitro digestion of breast milk. The
method is shown below:

Method of in vitro digestion with 20 mL of fresh breast milk

Step 1 Addition of hydrochloric acid solution

Step 2 Addition of enzyme mixture 1

Step 3 : Incubation at 37°C for 20 minutes

Step 4 Addition of sodium hydrogen carbonate solution

Step S Addition of enzyme mixture 2

Step 6 Incubation at 37°C for 30 minutes

Step 7 Incubation at 85°C for 3 minutes

Step 8 Measurement of the level of short RNA fragments and nucleotides

(i)  With reference to the digestion in the human body, what is the importance of Step 1 and
Step 4 to the experimental design of this in vifro experiment? (3 marks)
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(i)  What is the purpose of Step 7? ,&,{ Yotr (1 mark)
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(iii) After the in vitro digestion, the level of short RNA fragments in the reaction mixture was

similar to that of fresh breast milk and no nucleotides were detected. Explain why the results
disprove Hypothesis 1. (2 marks)
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(b)  Scientists will ask scientific questions when designing experiments to test Hypothesis 2. Suggest

one example of these scientific questions. (1 mark)
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You are required to present your answer to the following question in essay form. Criteria for marking will
include relevant content, logical presentation and clarity of expression.

11 Variations are important to the continuity of a population. Discuss how these variations are brought about
,’_-’- ——————
within a population and how variations can enable the population to cope with the diverse environmental
cope with e CIveIse £
conditions and environmental changes over time. (11 marks)
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END OF PAPER

Sources of materials used in this paper will be acknowledged in the HKDSE Question Papers booklet published by the
Hong Kong Examinations and Assessment Authority at a later stage.
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