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Section A
Answer all questions. Answers must be written within the answer boxes provided.

1.  Organisms often release chemicals when attacked as part of their defence system.
Scientists studied lima bean plants (Phaseolus lunatus) infested with either an armyworm,
Spodoptera exigua, or a herbivorous mite, Tetranychus urticae. Both organisms feed on lima
bean leaves, causing the leaves to release chemicals.

Armyworm &2 Herbivorous mite

[Source: https://commons.wikimedia.org/wiki/File:Phaseolus_lunatus_Blanco2.369.png]

The study was conducted to see which defence chemicals were produced by lima bean
leaves when infested by armyworms or herbivorous mites. The scientists identified a mixture
of compounds (C) released by the plant when attacked. Two of the chemicals in this mixture
were identified (C1 and C2).

The scientists hypothesized that the defence chemicals in C act as signals to produce other
chemicals (X, Y and Z) that are also involved in the defence of the plant.

(This question continues on the following page)
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(Question 1 continued)

The graphs show the amounts of chemicals X, Y and Z produced when the plants were
infested by either one of the two herbivores or treated with the different chemicals C1 or C2.

Leaves infested Leaves infested with
with armyworm herbivorous mite
- 154 - 151
%o %o |
35 10- T 325 10-
e > o >
E @® E @®
0- | o NN .
X Y Z X Y 4
Chemicals produced Chemicals produced
by lima bean leaves by lima bean leaves
Leaves treated Leaves treated
15 with C1 only 15- with C2 only
e} e}
= 8 2
35 104 35 101
> >
o Q ©
e = =
=] 'e 5] H > -e 5 -
o o
£ £
0 T T [ 0_ T T
X Y 4 X Y V4
Chemicals produced Chemicals produced
by lima bean leaves by lima bean leaves

[Source: R Ozawa and G Arimura, Involvement of Jasmonate- and Salicylate-Related Signaling Pathways for the
Production of Specific Herbivore-Induced Volatiles in Plants, Plant and Cell Physiology, 2000, 41, 4, 391-398,
by permission of Oxford University Press]

(a) Distinguish between the data for the leaves infested with the armyworm and the leaves
infested with the herbivorous mite. [3]

(This question continues on the following page)
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(Question 1 continued)

(b) Compare and contrast the effects of treatment of the leaves using C1 and C2 with the
effects of infestation. [3]

RNA was collected from leaves of the plants after each treatment (armyworm, herbivorous
mite and the chemicals C1 and C2). DNA copies of the extracted RNA were made by a
process called reverse transcription. Targeted genes in the DNA were then amplified.

(c) Identify the process that was used to amplify the targeted genes. [1

(This question continues on the following page)
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(Question 1 continued)

The scientists then used the transcribed DNA of each treatment to study the activation of
three genes of the plants’ defence system. The DNA was separated by gel electrophoresis.
The activation was tested one hour after treatment and again after 24 hours.

Herbivorous Armyworm
C1 c2 mite \TMYWO
. . infestation
infestation
1 24 1 24 1 24 1 24 (hours)
Gene 1 642 bp
Gene 2 412 bp
Gene 3 302 bp

[Source: R Ozawa and G Arimura, Involvement of Jasmonate- and Salicylate-Related Signaling Pathways for the
Production of Specific Herbivore-Induced Volatiles in Plants, Plant and Cell Physiology, 2000, 41, 4, 391-398,
by permission of Oxford University Press]

(d) Deduce, with a reason, which gene is first transcribed when exposed to C2. 1

(This question continues on the following page)
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(Question 1 continued)

(e) Each gene is activated by one or more of the treatments. From the gel electrophoresis
data, discuss the impact of the herbivorous mite infestation on gene activation
compared to treatment with C1 and C2. [3]

(f)  Using the gene activation data, deduce, giving two reasons, whether the armyworm or
the herbivorous mite has infested lima bean plants over a longer period of time. [2]
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2. (a) (i)
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[Source: Copyright 2002, The Trustees of Indiana University]

Identify the stage of mitosis labelled X in the image, giving a reason.

(1]

(i)  Outline what is indicated by the mitotic index of tissue taken from a tumour [2]
(i)  DNA has regions that do not code for proteins. State two functions of
these regions. [2]
1.

(This question continues on the following page)
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(Question 2 continued)

(b) DNA methylation has a critical role in gene regulation by affecting transcription.
Samples were taken from two colon cancer tumours (T1 and T2) and two normal
colon samples (N1 and N2). A particular gene was implicated as a possible
cause of cancer. The promoter of this gene was cloned (A-J). The data show the
DNA methylation patterns from these samples. The numbers (32—-269) represent
different markers in the promoter.

< AN ©QOUOANS o 0 O
AN - O O AN OO — w0 ©
™ 0V O = v T N AN Key:
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B & 0-0—0—00-0-00 )
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D O O—0-0—0—00-0-00 O ()
E O C— O O—00-0-00 O oo
i F O oo 0o 0 00000 ° oo
G ® O—0-0—0—00-0-00 O O
H O oo 0o 0 00000 O O
| O O—0-0—0—00-0-00 ° o—e
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A ® o o0 o 00000 )
B O0—0-0—0—00-0-00 0—0
C ® 00— 0—C0-0-00 O
D ® O0—0-0—0—00-0-00 0—0
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G O—— 00— 00000 0—0
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D O0—0-0—0—00-0-00 O
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[Source: Philipp Schatz, Dimo Dietrich & Matthias Schuster. Rapid analysis of CpG methylation patterns using RNase T1
cleavage and MALDI-TOF. Nucleic Acids Research (2004) 32 (21): e167, doi:10.1093/nar/gnh165.
Reproduced by permission of Oxford University Press]
(This question continues on the following page)
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(Question 2 continued)

(i)  Outline the difference in methylation pattern between tumorous and normal
tissue samples. [2]

(i)  Suggest a way methylation may affect tumour cell genes. [1
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(@) The graph shows blood pressure changes on the left side of the heart during
one heartbeat. Identify the two parts of the circulatory system that produce
(2]

traces | and Il on the graph.

16
.,'I"/ \\\\» I ..................................
X v
N N p
A (el /
e
12 4o A
——-ad

Pressure 8

/ kPa
Time /s
[Source: © International Baccalaureate Organization 2019]
(b) Outline the actions taken by the body to avoid infection when the skin is cut. [3]
Hormones are distributed throughout the body by the blood. Outline the roles of
(2]

(c)
two reproductive hormones during the menstrual cycle in women.
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(@) The images show parts of plants belonging to two different phyla.

Plant X Plant Y

[Source: DanielCD / https://commons.wikimedia. [Source: tbenedict/Pixabay https://pixabay.com/photos/
org/wiki/File:SoriDicksonia.jpg] pine-cones-tree-evergreen-cone-581557/]
State the phylum of plant X and of plant Y. [2]
) GO - - o R T Y | . . o
Y:

(b) Some plant families, such as the figwort family, have been reclassified on the basis
of evidence from cladistics. Explain the methods that have been used recently to
reclassify groups of plants. [3]

(This question continues on the following page)
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(Question 4 continued)

(c) Successful sexual reproduction in flowering plants depends on several essential
processes. Outline the role of pollination and seed dispersal. [2]

Pollination:

5. (a) State two causes of the decrease of biomass along food chains in terrestrial ecosystems. [2]

(This question continues on the following page)
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(Question 5 continued)

(b) The table shows the global carbon budget over two decades; the years 1990 to 1999
and 2000 to 2009.

Carbon Global carbon budget / x10" kg
1990 to 1999 2000 to 2009

Atmospheric carbon 3.0 4.0
dioxide

Fossil fuel and 6.5 8.0
cement

Land use change 1.5 1.0
Carbon storage in 2.5 2.0
land

Carbon storage in 2.0 2.5
oceans

[Source: © International Baccalaureate Organization 2019]

Using the table, explain causes of the changes in carbon flux over the two decades. [3]
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Section B

Answer two questions. Up to one additional mark is available for the construction of your answers for
each question. Answers must be written within the answer boxes provided.

6. (a) Outline four types of membrane transport, including their use of energy. [4]
(b) Draw the structure of a dipeptide. [3]

(c) ADH (antidiuretic hormone) is a peptide hormone that is produced in the hypothalamus.
Explain its action in the human body. [8]
7. (a) Distinguish between the structures of DNA and RNA. [3]

(b) Mendel found the same pattern of inheritance in all the crosses that he performed.
Outline, with examples, different types of inheritance that produce non-Mendelian ratios. [4]

(c) Explain the cause of sickle cell anemia and how this disease affects humans. [8]

8. (a) Ouitline energy flow through a food chain. [4]
(b) Draw a fully labelled graph of the action spectrum for photosynthesis. [3]

(c) Explain Calvin’s experiment and what was discovered about photosynthesis through
his work. [8]
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