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View all the introductory slides before moving to the first question. They contain essential and useful
information, including instructions and useful scientific deﬁnitions
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Clicking =" opens the contents pane.
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For all questions, select one option per row. All your answers can be changed at any time during the exam, and
will be saved automatically.

HRATATE - B TEE(EEEE - A EUNHRE > (R LIRS A SR - EgH#iEGF -

English {ofcial)

Q 1: QUESTION

Choose one option from each row. Indicate whether each of the following statements is true or false.

TRUE FALSE
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The flag icon can be used to mark questions in the contents pane.
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INSTRUCTIONS FOR THE THEORY EXAMINATIONS
S

PAPER 1 (#z5 1): 8.30AM - 11.30AM

Instructions Z7HH
Each paper comprises 46 questions, which will be completed on a computer.
TE o H AR LA A6E M - AT EERE L 5e R -
You MUST answer ALL parts of ALL questions. For multiple-true/false tasks, you must answer
each statement with either 'true' or 'false'. Between none and all of the statements may be true. For
calculations, choose the number nearest to the correct answer. You should make your best guess if you are
unsure; you will not be penalised for incorrect guesses, but may gain marks.
TRAEIE A RERIFTA/NE » B2 EREIEE - AR B e 58 2 B B AR - /)N
REHRI ] RE 2" B B > HAE NEE FEVRIE1L - IR NE AT RE S E 25 - (PRt R
Ry - IR PR BT ERTRIEENE R - BAMEESE » IRAJDUE © B Elr - [BEEH
Each correct answer will score 1 mark. Each incorrect or missing answer will score 0 marks.
EH—/NEG— - BEEECREIEZA] 057 -
You SHOULD attempt the questions IN ORDER, and come back later to any that you cannot answer.
You can flag these by clicking the flag icon, and see your progress by opening the contents pane on the
left-hand side. You may find that ideas explored in earlier questions help you answer later questions.
FEE SR EIZ R - A ey H [EEEE - Ralf N SR E S AR R RS A BE YR
H » A& R AR TR SRS - (RE R AT aYRE H rTae A Bt BB R mHY R -
Some figures can be enlarged by clicking on them.
AL A DUREEECK -
You can change the language you view the papers in by choosing an option from the top right corner.
R RREEE A b AR DL A UERYEE S IRA -
You will need to use the information given to you in each question creatively, but you will never require
advanced technical or specialised knowledge.

VT ER LS EREPTRaH  Eafl - (A A LE T IERFH#E— 20 BT ki A5 ©

You MUST bring this equipment to the exam.
(R ZEdfiET NI EAS S -
e Approved calculator {5 FHATE T B
e Pen/pencil [FT-5/555
¢ You will be provided with scrap paper. You MUST NOT bring any paper into, or out of, the exam room.
A copy of this document will be available on the first page of each exam.

RE2RETHRE B T ERELSS - RS EESTHNE—HEY] -
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Regulations #7F
You MUST NOT communicate with ANY other candidate at ANY time, whilst you are in the
examination room.

ETAES I - (REEERREFIEA HAh 5 A= 585K -
You MUST NOT open ANY other windows on your computer.
RS AE B L TBAEAT A R

You MUST NOT access ANY information that could unfairly help you whilst the examination is in
progress.

NS BT R B E RUE RIS AR -
If you require the assistance of a guide you should raise your hand, and remain facing forward until given
further instructions.

WRFEGY) > 2B T > BEREE—FET -

You MUST NOT attempt to leave your computer station without the assistance of a guide.
REEFIE > A FHEFA RS -

If you experience technical problems, you MUST inform a guide IMMEDIATELY.
WIFEFF R - 55B L IL Rl RSB A&

Good luck!
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USEFUL SCIENTIFIC DEFINITIONS & V21§45 E

These terms have featured in IBO exams for many years, but you may not be familiar with their precise

definitions.

i Lo Bl e CAAEIBOF S AR 4 - (IR A e S B MRSt e % -
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WT

In all cases, WT refers to wild-type. Wild-type organisms have not been genetically manipulated,
or otherwise chosen for a specific genetic property.

FERTEIEI T » WIEfE £ 4 - BRI YIRS S A EIR(F - SR MO R e
EERE

Knockout

VlZS

Knockout refers to an organism which has had a specific gene, which is stated in the question,
mutated such that no functional product is produced from it.

FlrEts G & B AR ERRNNEYRG » HAEZ MR AN e 8 - (e EA R
HEY) -

Haplotypes
A

A haplotype is a combination of alleles that occur on the same DNA molecule. For example, if
genes A, B, C, D, and E are located on the same chromosome, and each gene has two alleles, this
genomic region can have many different haplotypes (AbCdE, abcDE, ABCde etc.). If these genes
are strongly genetically linked, some haplotypes will occur in the population more often than
expected by chance, i.e. specific alleles of one gene will usually co-occur with specific alleles of
the linked genes.

HE AR EAEE—DNASG T EAVEAL ARG - G0 > A1RAHA » B » C - DHIE(L
PRE—Hetgs b o S HAAEARNBA W EA AN > RZAERNA R LEATF A EN
{54 (AbCAE - abeDE » ABCde;) - 415015 SR N B 1RGSR B2 18 (RN - FNEEAE
JEREER - A RS A G LR AR A B I - Bl (BRI i T L DR i i B A
RV & F AL AR LA -

Mutations within such a linked region create new haplotypes, descended from the old. Meiotic
crossing over within the region breaks existing haplotypes and randomly recombines alleles thus
eliminating the association between alleles over time.

T L S I P Y ZE S (i BE Y A R AT B A - s Y 0 R A S R B A H BE
et AP E A SR RN > (e MRS R PR S A AN Z RV (4 -

mmHg

Millimeters of mercury. Biologists usually use mmHg as the unit for pressure. mmHg are directly
proportional to Pascals and cmH,O, but give rounder numbers in most biological situations.
SRR o AWIERS R (1 FdmmHg{F S BRI B - mmHg B4 Pascals Al emH,O FRIEEE
BRERSHAEYERIE PG I ESNES -

Partial
pressure

5T BE
(PGas)

Partial pressure measures the pressure that a gas would exert on its surroundings if only that gas
was present. Partial pressures are noted as Pgas (e.g. Po2 = partial pressure of oxygen).

3 BRI SR G AT L S [E A BE ) (& 3% RARAFAER) © 0B R FyPgas (B4 > Poy = &
HTTER )

For example, the total pressure of atmospheric air, at sea-level, is 760 mmHg, and oxygen makes
up 21 % of all the molecules in atmospheric air. Therefore the partial pressure of oxygen in
atmospheric air is Po, = 0.21 x 760 = 160 mmHg.

Bian > AP EASARHIREE 760 mmHg > SR SR T ATA 77 T HY21% » NIE > KSR
SRR F5Poy = 0.21x760 = 160 mmHg e

The partial pressure of a gas in solution, is the partial pressure that the gas would have in air
which is in equilibrium with the solution. For example, the partial pressure of oxygen in a glass of
water exposed to atmospheric air for a long time will also be 160 mmHg. Hence, partial pressures
are used by biologists to predict the rate and direction of gas transfer and equilibrium conditions.
IR RESHY ) B RS A B R Y 22 R TR EE AR T BE - B RIGHE SRR AR
S — MoK YR ST B R 5160 mmHg » [NEL - AR5 (5 H o BRAR FEUASR AG AL A1
ECSEaiNpEES DI

Partial pressures are NOT directly proportional to the concentration of the gas in a
solution. Concentration depends on partial pressure, solubility, temperature etc.

Sy BRBLE TR T R ASHYREIEIERIERE - JREHUAT TR ~ IBE ~ RS -

Expression

R

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6

Many DNA genes are transcribed to produce RNA, which is translated to produce a polypeptide.
This folds, and may be modified, to give a functional protein. Unless stated otherwise, the
expression level of a gene describes how much functional product it is generating through the
combined action of these processes.
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a2 DNAZ N Wk DIE A RNA > HAEER DU A= 2K - SR8l H o] DA s - DUEE
ADIREMEERE - BRIES AR > AR RIFRE iR e B e S F I v E A
%/ DIRe iV EY) -

Therefore, if expression is increased, more functional protein is being produced. This does not

necessarily mean there is increased amounts of protein (it may be degraded quickly). The

functional product may also need further steps to become activated.

PRIEL - AR IO - RIEAE ZRIREMEEDE - BN~ —EBWREEDENENIT
(ATRE AR ) - DheethE anig ] RE R A IR A sEdiod L -

Arrows In scientific diagrams, arrows are taken to mean leads to, activates, becomes, or simply a label.
i TERPERE T - Sl R ta Z)m ~ JF(h ~ s E S R -

Flat-

headed In scientific diagrams, flat-headed arrows are taken to mean inhibits, blocks, or reduces.
arrows  ((ERPERIE T SEHEFTEEER AV 0 fH 1RO

HARTIR
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BLUEPRINTS OF LIFE
IR E
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SEQUENCING EF

Frederick Sanger (1918-2013) invented protein, RNA and DNA sequencing, and Sir Shankar Balasubramanian
(1966-present) invented high-throughput DNA sequencing. The National Health Service is sequencing an
unprecedented 100 000 genomes from rare-disease patients, but different sequencing technologies have
different merits for this purpose, as described below.

Frederick Sanger##HHEE & ~ RNAFIDNARYEY » Sir Shankar BalasubramanianZ£HH 7 = & DNAE

7o I%?ﬁféE%fbﬁlOOOOO{lq:%F EEHERNHEETER - HITEHWINS - AEERFRITSA
HABEL » d TRl

tans LI L

)

. Total number of bases sequenced
Maximum length of sequence fragments|Error
Technology . per sample per day
Rt wlrlLlch F‘can be read raten RoE A
AEEERF R BRI ARE PERRAR ‘
: 1 in
Sanger sequencing 900 bp (1 fragment)
o 900 bp 1000 bp o
[llumina machines 200 b I 1111) 100 3x10'! bp (>1.5x10° fragments)
[luminaféss p | /11(’)0 (>1.5x10° | E%)
PacificBiosciences Lin 10
machines 5000 b b 4x10% bp (>80 000 fragments)
PacificBiosciences P P (>80 00015 E%)
s 1/10

Indicate whether each of the following statements is true or false of the 100 000 genomes project.

A B 100000F R AH 85 HURIUR: (s s R

A. Illumina technology is best for finding new Single Nucleotide Variations (mutations to a single base) in
the patient genomes.

USRI NE N EH TP ERr R S (B AR 28 5) » TluminafSZfi /2 e dr Y BT

B. PacificBiosciences technology is best for assessing transcriptional changes by RNA sequencing.
T MR 2 A2 AL - PacificBiosciencesfiflT /2 RNAE 7 i i 012815

C. PacificBiosciences technology is best for finding rearrangements of chunks of DNA in the patient
genomes.

FREIK ) ELVDNAEE4H > PacificBiosciencest fiif /& fe i IF Y25
D. Sanger sequencing is best for validating sequencing results before using patients’ genetic information to
guide clinical interventions

S0 NINB HERAOREERIZ B T2 > SangeriE 7 A B Bekf iy B
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ANCIENT DNA T {t DNA

Mark Thomas (1964-present) read the first DNA sequences from woolly mammoths (Mammuthus
primigenius). However, ancient DNA analysis remains difficult, due to degradation, contamination, and
polymerase inhibitors found in the samples. Scientists attempted to extract DNA from a dinosaur fossil and
analyse the sequence of one specific gene. The following phylogeny was produced after comparing

the sequence against other species.

Mark Thomas (1964 FE 245 ) e EEBIFHIER (Mammuthus primigenius ) i85 —FEEDNAFYI] o R[]
FHIAE PSS ER AR ~ 5 R A RHIAIE > T AADNARY 2 B R ERRY - RREE el EEEme b
G EEEDNA » AT —(EFFEEREY TS o DU 2485 4B GHRGRIARE]) B2 F It
T TELE T 45 R

Humans A\ H
Dinosaurs ZL§

Bats iR
Dogs ¥3
Rodents ggstE
Whales fii
Cows 4~

Cuckoos iz &

Frogs FHi:

Indicate whether each of the following statements is true or false.
N EIFCIL AT A B AR -

A. When working with ancient samples, it is easier to recover DNA sequences from a mitochondrial gene
than a nuclear gene of the same length.

FERT AR AR AL IRT - (KSR ASAEIN T [BUS DN A P A1 EE e HAt AR [F] R FE R A2 A R AR TS
% °

B. It is better to sequence very long DNA fragments from ancient samples, than very short fragments.
MBI IRE R A B > (e U aa o B IR RAYDNA / BOE LRl Hy -

C. Adding a DNA fragment of a known sequence could show whether or not samples contain polymerase
inhibitors.

INIEHIFPFIHIDNA F B Al IR i & 2 A R S BeIHIE -
D. This dinosaur fossil extract is likely to contain contaminating DNA.
BB AR EWIR T sE & A 5 A HIDNA -

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 11/63



2017/7/27 IBO 2016 Apollo

CANCER MICROARRAY & iEfFE S|

Sir Edwin Southern (1938-present) invented microarrays to analyse the expression of hundreds of genes
simultaneously. A microarray has probes printed onto it which detect a specific complementary mRNA. These
probe for mRNAs expressed from across the genome . Diffuse Large B Cell lymphomas (DLBCL) from tens of
patients were analysed by microarray (1). Additionally, patient survival rates for two clinical subtypes of
DLBCLs were measured (2).

IRERE L (1938F25 ) S T - F DA o M8 (EEERIRT 2R 2 - fidis| EETA BRI 2
TG AHmRNARYERET - 3] I DAPRAITE A RIZH R 22 A mRNA - I bS] 7 M- 44 A e M R BAHRE
MR (DLBCL) B AmRNARIRE ([E1) AN IMIEX Y M fEDLBCLEE RG4S (subtype)
e ERER ([E2) -

1 Tumour samples FEERE

Amount of MRNA mRNAZE

lower B -

highe %=

2

Fraction of patients alive 7% AL

es B

[ Subtype X GifIX

Subtype Y gAY

v

0 Years 4 10

Indicate whether each of the following statements is true or false.
AR AR EE R -
A. The data rule out patient survival rate being determined by differences in gene expression between
DLBCL subtypes

LB RHIERRIA TR FHDLBCL g Y R A FL PRI FR B0 72 B E
B. Gene expression data suggest there are two major subtypes of DLBCL distinguishable at the molecular
level

FENFIREAREU R 1 LIE T T &R i fEDLBCL Y -

C. Measuring the expression of a single gene is sufficient to distinguish subtypes of DLBCLs.
M2 BB —ENAYRIRIFIE e P& 5y DLBCLEE Y -

D. Each subtype of DLBCL has an equal number of relatively up-regulated versus down-regulated genes
compared to other subtypes.

fEDLBCLE AL H = DLBCLE A HA i 8 Ay EaHE MR AL
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GENE EXPRESSION NOISE ERHFIHFEN

A plasmid was inserted into bacteria (1). Red fluorescent protein (RFP) or green fluorescent protein (GFP) are
produced from the genes in this plasmid whenever transcription factors bind to their promoters. The red and
green gene promoter sequences are identical. Plasmid DNA replication starts at the origin of replication, and
replication forks move outwards in both directions at the same speed. Replication occurs whenever replication
factors bind to the origin of replication. The red and green fluorescence intensity of individual bacteria was
measured (2).

H—EREAMERT (1) - WESFEAEN TS HEE 7 - Bie EAVEIEtEH (RFP) B2
kot (GFP) ARGRIEAWIEED - AU skt E 0 ARBE Py EHEER - EiS
DNAEBIEFEEREBHR - B S DAFI(E DT [0 [m o ME B - SEEAH[E o 8 1E A T EHE R in R &
I - BREBHIAEE - ARG PR ERBIAVAL skt (2) -

1 N o 2 Region B [@iHB
origin of replication #&LtE4GH8E Region A [Bi5iA
RFP gene GFPAA RFP gene RFPAA o
Red intensity 41274/ R
’_) Promoter EiEh+
?  Terminator 4T Green intensit k2 Y708

Indicate whether each of the following statements is true or false.
NHRCAU ] RS -
A. Replicating plasmids have unequal numbers of red fluorescent protein and green fluorescent protein
genes.

HHERAA AN FHRENI R tEO NG ER tEE AR -
B. On average, cells in Region A contain more replication factors than those in Region B.
S o @A T AYARECE & IEB T AV AAE B A T i B - -
C. On average, cells in Region A contain more transcription factors than those in Region B.
S o @A T AR EE R IEB T AR B A T YR g A - -
D. Increasing the activity of transcription factors is expected to increase the number of cells containing equal
amounts of green fluorescent protein and red fluorescent protein.

MRS RN T RSN - THIRE e FERG O R tER L CE tER A BE -

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 13/63
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EPIGENETICS OF FLOWERING BH{ERYFRE B HE

Dame Jean Thomas (1942-present) discovered that eukaryotic DNA 1is tightly wrapped around histone proteins.
Sir Adrian Bird (1947-present) helped explain the epigenetic marks of DNA. For example, the classical histone

H2A, can be replaced by a variant, H2A.Z.
H2A.Z occupancy on a pro-flowering gene (1) in Arabidopsis plants (2) of the same age, at different
temperatures, was measured

Dame Jean Thomas#$ IR EAZ 4= /DN A 4E4% 241 25 [ (Histone proteins) » Sir Adrian Bird L ILfi#FEDNARY
BUEEE 7|<T B0« —REAYAHE T H2 A ] DA —FfESEE BAYH2 A ZHUAY -
ELE[ElS - HAREARDRE NAYMRALES - H"FIFEEAE A" (pro-flowering gene)fz H2A ZHV & & -

Amount of H2A.Z bound 45 &H2A.ZH &=

Position along gene XA FHYREIE

Indicate whether each of the following statements is true or false.
[Ei= IR e oI T HE R
A. Increasmg temperature 1ncreases pro-flowering gene expression.
B. H2A.Z enhances gene expression.
H2A.Z35aEL R IR
C. Temperature moves the locations to which H2A.Z binds in the genome.
o &S UEH2A ZEBL RN SE S B
D. Plants that flower early may have increased H2A.Z occupancy in this gene before flowering 8 .55 {EHY
TP AT REAE BRTC AT IR IR A E S HYH2AZ
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GENE SILENCING E[HE#ER

Sir David Baulcombe (1952-present) discovered RNA-directed gene silencing.

The gene for green fluorescent protein (GFP) was inserted into plants. The plants were treated with RNAs,
which silence GFP, and were then allowed to set seed (the treatment RNAs are not present in the next
generation). The treatment RNA sequence was complementary to either the promoter or the protein coding
sequences of GFP, or random (non-complementary). The parent plants, their progeny, and controls were imaged
under a UV light.

David Baulcombegg—+: (19525E £ %) 2R T RNATSEELR)I(E -

kR EEH (GFP) BV ATEYIT - FIRNAsEHETEY) - (EHGFPAAIUE - A& EYISE
T (RERNASAEFER F—AEPAHE T ) - I UBRNARY BIGFPHY B E) 2k 5 E GRS 71
A, eErE GELaE) 4.6l - DAUVOBIRSA R FRE YR A (treated plant) » HAZ{{(progeny) I} HAH
(control)fE )AL HEF TG B R

Gene for GFP inserted

Unmodified

Treated plant

Promoter Protein

coding

Random

Treatment RNA complement 7 {fiRNAJZ

Progeny

Indicate whether each of the following statements is true or false.

NI A A B R -
A. Leaves expressing GFP appear darker under UV light.
FEUVIEHR T » B RIEHIGFP 23R
B. RNA-directed gene silencing is possible without using treatment RNAs designed to target mRNA.
RNA-5 BB AT REA R (I $1f H AEmRNARYRNAs
C. Changes in the expression level of genes can be inherited from one generation to the next without
mutating the DNA sequence.

HNZRI 8 AR A > (R B DNAZE S

D. Silencing against the protein coding sequence is heritable.

F1ATEE A Rt s YRR B T DUE G 1R
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GENE ENGINEERING EHFT#E

Michael Smith (1932-2000) invented site-directed mutagenesis. Recently scientists invented CRISPR-

Cas9 technology to carry out mutagenesis more easily.

Cas9 protein from Streptococcus pyogenes is guided by a 20bp guideRNA which base-pairs with target DNA.
This Cas9 enzyme can only make double strand cuts in DNA three bases upstream from a 5’-NGG-3” site (1).
Double strand cuts are attacked by DNA degrading enzymes, and then re-joined. Gene X, which you want to
stop from functioning with this enzyme, is shown (2).

An alternative way to knockout genes is to use a pair of modified Cas9’s which can only make single strand
cuts, and guideRNA’s which target adjacent sites.

Michael Smith (1932-2000)Z%HH 7 Bh 288 T FE A RHEE 57 B S8 HHCRISPR-Cas9 it {H FL R ZE 8 H 25 5 o
1T °

Streptococcus pyogenes Y Cas9 B H—1[ 20 bp 5 [ZZERNAMYZES | BELFZAYDNAfig AL 5 1, Cas9 2
HEg st 5'-NGG-3"2 85 FFf 3 bpfr3 HEfTEEREDNADIE] ([81), UJEIHY EE R DNA S #7DNA FF R HF L
S E TS B2 AR BB G R RN X IRE S BRET » DNAFYEET R EE -

S — RN IIEE ZIFR Y 5 =B BT Cas9's Bl TEAYDNADIE] I F]H 5 [ZERNA Z B B DI EE
AT DNAFE 5]

5'-AAAGAGAGCGCAAAAAGGGC-3'"
>< 3'-TTTTCTCTCGCGTTTTTCCCGGCCATTTTT-5"
5'-AAAAGAGAGCGCAAAAAGGGCCGETAAAAA-3"
2 Cut site §ifir
Transcription Start Site ###%l4A%s T First amino acid &5—fzELE
5'{GCAATTTTTCGACGTTTAGGCCARGGTTTTTGGGGGCCCAGGATCTATGAT TCGACTATATGCAAAAG

II
AAGTTGCGAGCCTTGAAATTTCGGCACGTAAGCGGTCGGCTATTAGCGCGCGCGAATATATAGGTAGT

111 v
CEGGACCGCTTATATATACGCGCGAAAAATTTGGCGCTTAGATTAATTTTGAGGTCGCGCGCGCTTTT

v
ATATATACGATCGATCGATGGA AGTATTTAAATATTTAGCGCGCGCGCTAGTCACT-3"'
Stop codon %% | 75HE

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 17/63
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Select the guideRNA sequence that will direct Cas9 to site 1.
BT 5 [Cas9F 5 —{ILBEHY S [ERNAFEA
A. You have five guideRNA sequences to choose from:
A 5TEG [ ERNAFHIHE R R
1 =5-ATTTTTCGACGTTTAGGCCA-3'-3'
2 =5"-AUUUUUCGACGUUUAGGCCA-3'
3 =5"-AUAAAACGUGCAAAUCCGGU-3'
4 =5"-UUUGCACGUUUAGGCCAAGG-3'
5 =5"-UUUUUGGGGGCCCAGGAUCU-3'

Select the best available NGG site to target gene X to stop it functioning.
o 5 ] (EARAY AL A X R AT RERY B FENGG i Rh
A. NGG site

Indicate whether each of the following statements is true or false.
NI AT A B o
A. Using the pair of modified Cas9s and guideRNAs increases off-target damage to other genes.
HIFH Eafiry Cas9s &2 5 [ ZHRNAsHE I MEN 2 B (5 =
B. The Streptococcus pyogenes genome has more NGG sites than expected by chance.
Streptococcus pyogenesF:REH tH B A 5 %A THEHINGGr B
C. If the gene has no GG sequences, Cas9s from other species should be investigated for alternatives.

REN A B GG A1 A AT 2 FH ELA )8 2 Cas9s
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REPLICATION FORK &##{ X

X-ray crystallography, invented at the Royal Institution, was used by Sir Francis Crick (1916-2004) and
Rosalind Franklin (1920-1958) to discover the structure of DNA, and predict the mechanism of its
replication. Building on their work, this is the current predicted structure of an E. coli DNA replication fork,
which moves along DNA at 1000 bp/s.

1= Tube shaped clamp, which pulls on one DNA strand.

i1 = Topoisomerase, which makes temporary cuts in one phosphodiester backbone.

iii = Single-stranded DNA binding protein.

iv = Different polymerases.

e (1916-2004) FIZEIIHRE R 7abk (1920-1958)FH 25 22w S IR X ST 4R e AESE 8 - S8 HHDNA
HUSEHS - R TEHIDNARYME SUEEH] o IBM AT TAE » DUN BE R FEY KSR 5 DNAKR 2 X 45RS -
DNA HEIY = 2 1000bp / s#fEAE DNAE] -

i = BRI T HEITEDNARY—{FRE L -

11—?6?%5‘\:%@! I & S 4L == 2 S I S A A

i —Eﬁ_DNAZéﬁéE M o

iv =R [EIVE G

Indicate whether each of the following statements is true or false.

AR A TR g 3 o

A. Antibiotics which poison topoisomerase cause DNA ahead of the fork to become over twisted.
FHL BRI ERT E R G SRR B X ATHAYDNA S R -

B. An activity of polymerase complex X is to replace ribonucleotide uracil, with deoxyribonucleotide
thymidine.
ROEEXAEMEZ —2 MRS B Rl e AU H e PRIENE -

C. Enzyme i is preferentially loaded at G/C rich (A/T poor) sequences.liff i Z{ESLHIHEIEG/ C (A/T/D)
HFF3IE -

D. Protein iii assists complementary base pairing.

il B A iR ACE -
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SPLICING 59##

Sir Richard Roberts (1943-present) discovered the fundamental structure of genes using adenovirus genomes.
Under an electron microscope, Roberts identified Adenoviral DNA and RNA strands. Eukaryotic mRNA was
later found to be missing parts (introns) of the genes, because the RNA sequence was rearranged by splicing.
HEEMRE T (1943-25) SHH RN EARENEAREARGRE - f£EFBEE [~ S EZ0
(IDNARIRNAGH - 12248 A E B AIRERTAR N - HmRNAG R EE T HIFY] (W&ET) » RNAFRAIAN
BRI EEAH

Indicate whether each of the following statements is true or false.
NEURC ] A R sE R -
A. Each adenovirus RNA is transcribed from the same DNA strand for the whole RNA.
F—(ER R ERNARDZ L [F —HDNAREE: T 5 #ERNA -
B. Adenovirus mRNA remains bound in a DNA-RNA hybrid duplex for a period of time.
B B ImRNAE DDNA-RNAVE & SRS (191 27T — B -
C. Transcription requires helicase activity (separates the two DNA strands).
R TR AR IEREHEYE (LT HERIFRDNASE ) -
D. mRNA splicing in these Adenovirus genes uses a similar mechanism to typical Eukaryotic splicing.

HR9p 2 T Y mRIN A BT 132 (50 FH AR 1| L B R0 ELAZ AR B B AR -
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DYSTROPHIN il AZEYEEH

Muscular Dystrophy is caused by alterations to DYSTROPHIN (1). This is a very large gene, and its length
affects the biology and diagnosis of Muscular Dystrophy.

RNA polymerase moves along DNA at 30 bp per second.

DNA polymerase has an error rate of 10 mistakes per base.

Repair systems later correct 99% of mistakes.

Sir Alec Jeffreys (1950-present) invented DNA fingerprinting (RFLPs) whereby DYSTROPHIN exons may be
amplified by PCR, treated with DNA-cutting enzymes (endonucleases), and separated on an agarose gel,
according to length in bp (2).

AlAEEAN BIERVIIINZGEERENRN (1) BBELE - B2 —[EIEE RIVEN - AREZEINE
B BRIAEDERE2HT -

RNAZEGHGLASFP30bpH 2R DNARSES -

DNAZ S EHER R S5 RR4E Ry 107 (ESHRR -
& HEE RSB EH 999 HIFE: -

HeranEs L (1950-2£% ) %UIDNATFAERE (RFLP) - HMEPCREEE HIHLNZ N E R ARNINET > BL
DNAVJEIRE (ZBEAYIES) B - fRIBHbpIRIE (2) fEEfaseE ok -

Calculate how long DYSTROPHIN transcription takes.
ST RN Z 468 0 AN SR P R Y] -

A. Select the nearest time to the correct answer.
R B AT IR ZE RS -

Calculate how many cell divisions you expect to occur before a new DYSTROPHIN allele (sequence variant) is
created.

sTRAEE A DN ANZSEE S HIDYSTROPHIN FELFA (FPAIAIR) ZAT > (riRrErsd L2/ DR oy
2

A. Choose the nearest number to the correct answer.

BT RS RS -

Calculate how far away, in base pairs (bp), the following features are from the start of the primer 1a binding
site. Select the correct answer for each.

DA DR (bp) A FEALE T el & R B ATESE] T 51178 H AURENE - A HEmE BB EE % -
A. Primer 1b binding site.
5| FIb&EENLE -
B. Endonuclease cut site
FZEE A VB V(i Bl
C. Primer 2 binding site.
Sl F24EENE -
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Indicate whether each of the following statements is true or false.
NHRCAU R AR EE R -
A. DYSTROPHIN is on the X chromosome.
iR ZE S E R AEX A EEE L o
B. Muscular Dystrophy is dominant.
ALEEA BRI
C. DYSTROPHIN protein could be made in bacteria with a 20 kb plasmid.
Ul AZE4EE AT LU 20kbE AS FR AH R RAT -

D. Many muscular dystrophy patients have new (de novo) causal mutations.

AL EER RIEEEER AR (denovo) FARZEEE
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FLY EYES RiEIRES

William Bateson (1861-1926) founded the discipline of modern genetics. Reginald Punnett (1875-1967) created
a technique to predict the frequency of phenotypes with Mendelian inheritance, but Edith Saunders (1865-
1945) noticed some combinations of traits were not inherited in a Mendelian fashion. To investigate this
phenomenon, the genetics of fly (Drosophila) traits can be analysed. A fictional Drosophila species was
crossed according to the following sceme:

William Bateson (1861-1926) 17 T 3 (& FEEAYEERIGHI > Reginald Punnett (1875-1967)8% & HH & (2
BRI RIE T T - {5 Edith Saunders (1865-1945);F = 51145 — LR AV 15 (000 A (R £ AR S
2 e éﬁ%ﬂ‘lﬁtﬁ% > A] ABFESRAE (Drosophila) VEHiRAVIEE o (i — TR RERIREEYITE - AHRE AN R F
ZHFAT

WT flies have red-eyes (1) produced by mixing brown and cinnabar pigments.

A mutation in the white gene gives white eyes (2).

A mutation in the cinnabar gene gives cinnabar eyes (3).

A mutation in the brown gene gives brown eyes (4).

WT flies have functional wings (5),

whilst mutations in the vestigial gene lead to vestigial wings (6).

White is carried on the X-chromosome. The genes brown-cinnabar-vestigial are carried on the same
chromosome, in that order.

Males with white-eyes are crossed to females with white-eyes and vestigial wings. All offspring (F1) are red-
eyed females, or white-eyed males . No F1 flies had vestigial wings.

The F1 females are mated to a male that has white-eyes and vestigial wings. The female F2 flies from this cross
are counted.

B4 AATHR B iR RN E a2 E A (E T 1)

white FERIZ€ 88 50 R (B H2)

cinnabarF: 78 HE R AR (E H3)

brown BRI ZEEEEFERR (B H14)

By A4 AU LA 1E (B TR S)

vestigialF: R ZE 88 75 A i 3 (8 1 6)

white RN XALEHE b > [T brown-cinnabar-vestigial F:RIUK FENE AL A [F—FrFy 88
R e SR B R S e SR XS I > BT A F 1 UED S AL AR M SR s S HR ISR - )2 a5
F 1 tfe SRR B (o R Gl e SR A i > F2 (o e SRR = R AR B B T

F2 (female) phenotype Number of F2 females
F2( i) A F2UHfE M AS B
White eyed, normal wings 500
R - TEH
Red eyed, vestigial wings

4THR - Y 500

Red eyed, normal wings

AT+ FR >
White eyed, vestigial wings 50
HHR - 53l

Brown eyed, vestigial wings 5
FRIR - 583l

Cinnabar eyed, normal wings 5

JREDIR > TEH
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Indicate whether each of the following statements is true or false.
NIRRT R EEE AR -
A. The gene vestigial is on the X chromosome.
vestigial ZERINI A X Fetifs -
B. The gene brown is essential for making the brown pigment.
brown F-NHI & R (L 1 22 HAY
C. Mutations to white disrupt the products of both cinnabar and brown.
white SR ZR 805 cinnabar FERF brownEE R =Y

Calculate the genetic distance, in ¢cM, between the brown, cinnabar and vestigial genes. Choose the nearest
distance to the correct answer for each.

#1#brown, cinnabar, vestigial fE]HZE EHEEREE - LIeMREEAL > STERFTS - B NYIBUEELET - B
A. Brown to cinnabar.
B. Brown to vestigial.
C. Cinnabar to vestigial.
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BUILDING AND GROWING

PROTEIN EVOLUTIONZE HE1L

Experiments found that CwiM is a regulator of Mycobacteria tuberculosis cell wall formation. The length (1)
and number (2) of WT and CwiM knockout cells were assessed. Amino-acid sequence similarity analysis
suggests that CwiM is homologous to zinc-dependant enzymes (3).

HEEURCWIMZ 4 AT BE TP B B SR B A 1, B A2 A R CwiM AR BRI P S R (1) S B
NI LAREAL AT 751 53 M R CwiMEBRSEFE ML RE 2 AU P 7 ITRAR A(3)

Indicate whether each of the following statements is true or false:
AR A IR g 5 o
A. CwiM is likely to be zinc-dependent.
CwiM ] gE B A FHIGATE
B. CwiM increases cell survival rate.
CwiMIH fI4HAE 755
C. CwiM very likely plays a role in cell elongation in M. smegmatis.
CwiMAE M. smegmatisfR 7] 5 B4 (HANIREERAYDIAE
D. Cell elongation is required for survival.

AMHEAE 3 A Ry R
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ACETYLATION Z g kL

Sir Edwin Southern (1938-present) invented a method to visualise specific biomolecules, by separating them
according to size, transferring them to a membrane and using specific probes for them. Protein modifications,
including acetylation can be visualised in a similar way (Western blotting). WT Sa/monella had their proteins
extracted, and acetylation of a metabolic enzyme was investigated after treatment with

purified enzymes pat or cob (1). The role of pat and cob in Salmonella growth was assessed in knockout

cells (2).

mEREL (1938F 25 ) @0 7 — M n R E Y 0 FARIEE R/ N i - R R SR B0 A%y
TEHERETII LAY 572 - EE R LA RV SR B2t o] RO D720 (PR D7 880 %) AAgfl o
By A= B O TR 1 22H% > P4 EHYEgpatelicob ([E1) mmEl(, n]H DABHZE IS ZRR(E - ARSI
Fraipf - S patilcob¥f P TR A R AVTE (E2) -

Indicate whether each of the following statements is true or false.Z5+5 H 2Rl Fy ¥ ol g
A. Cob adds acetyl groups to proteins.
cobi LA NEIEHE L
B. More pat treated protein than cob treated protein was used in this analysis.
FELE 3T 0 A pati B8 H #icobin Bl iR 1 %
C. Peak growth rate is equal whether Salmonella are feeding on glucose or citrate.
gy DF T A e A R B T He i S A R A [
D. Growth on citrate is initially slow because it takes time for cells to reduce pat activity.

RAEEGN T i 0] A RS N HL AR ke el 2R R {Epatidi 1
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CORK K&

Cork oak (Quercus suber) produces suberin, a highly resistant material, from fatty acids, and uses it to reinforce
the cell walls of cork. The expression of genes specific to cork tissue was measured across the year, and the
genes were grouped into biosynthetic enzymes, or chaperone proteins. Sir Hugh Pellham (1954-present)
discovered chaperones, which assist other proteins to fold properly.

A (Quercus suber ) HERERIEEFE L S DUMERIAIR] - ARIEHE - AR IIGEA R EHYLHAEEE - Hugh
Pellham E3-+: (1954245 ) & HHIE AR 2 FrE BRIV ERE —FNIE(L - WREERE Y B
Eé!&?ﬂ%?iﬂ [38 =5 25 H (chaperone proteins)fHEH - &5 1 Al E B HAth & B R T B €

Indicate whether each of the following statements is true or false.
N EIFCIL AT A B R o
A. Cork tissue grows fastest in late spring.
ANEHBAEFRE TR -
B. The enzymes produce hydrophilic molecules.
B R A E AR T
C. Increased expression of chaperones may allow cork to continue growing, despite higher temperatures.

EEE TGRS T HEEE QMR TR AR B £ -

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 29/63



2017/7/27 IBO 2016 Apollo

QUININE BIOSYNTHESIS ZZ=/4E &K

The UK has undertaken to cure 1 billion cases of neglected tropical diseases, and develop new treatments, from
2017-2022. Quinine-like drugs are useful treatments for several diseases, but their synthesis by Cinchona trees
requires many steps. Enzymes I and II were seen to catalyse a range of substrates into a range of stereoisomers,
reversibly
PR AT T E R R B BN 2 ZE 1 OfR E ZE B » K201 74E E 20224 BT Y a7 - 425200
’Jﬂé?@%&ﬁf WHLEREA ML - (HEE SN Cinchona)i & R FRZET VB - B2 11
[ AR L — RPN 2 E R — Lo 3G A8 AG - HIL S Ryl iy -

Indicate whether each of the following statements is true or false.

NARCU ] R EEE R -
A. Overexpressing enzyme | may increase quinine synthesis.
W2 BRI S ISR SR -
B. Modifying enzyme I may change the ratio of quinine:quinidine in plants.
{Eafig 1 2o FE Y| quinine:quinidine FY{E -
C. Nitrogen uptake in the roots may increase if enzyme I is overexpressed.
YERIER T AR - AR TRy SR AT g i -

D. Trees containing the largest amount of quinine, also contain the largest amount of quinidinone.

GHERNEESENEH S EH 5 A ER quinidinone °
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DAY-NIGHT CYCLES E£7% 85

Cytokinin is a plant hormone involved in stress signalling, which may affect responses to day-night cycles.
iRy 2R T U S IRIVIE YR » E g BN E RN E -

Arabidopsis plants were grown under 8 hours light / 16 hours dark for 12 days, then four different light / dark
regimes for one cycle. Patches of cell death were measured in leaves after this.

PeTRLETHEPME 8/NRFEHR / 16/ NEFRRIRE R AR 12K > ZMRAE VIR [RIRY SLHa/ SR (R M AE&—
(EERAER - LRAEEE R T EMAEIL CHYBEE -

Indicate whether each of the following statements is true or false.
N EIFCIL AT A B AR -
A. Increased light exposure is the major cause of cell death in cytokinin receptor knockouts in this
experiment.

BN E IS 1 A B B T 4l 0 R R 2 S RIS L Ry R FA -
B. A condition of 12 h light and 12 h dark will lead to a high percentage of cells dying in cytokinin receptor
knockout plants.

12/NEFE RN 2/ N BRI Y (R (R R S E AR 7 R 2 RS R AE Y Th A & B 7 EERYSE AR -
C. Cytokinin increases leaf stress.

HHE Iy RN R By
D. Cytokinin helps adjust expression of circadian clock related genes.

Ay HE AR R ETE R AT AR A A 2SR -
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OAK GALLS 15t &8

Dame Ottoline Leyser (1965-present) showed that auxin is a plant hormone with roles in environment-
development interactions. For example, English oak (Quercus robur) is attacked by gall wasp

larvae (Cynipidae), which cause tumorous galls to grow.

Dame Ottoline Leyser (196524 ) f5EYERFE EERIEHE H G fER T RS A THE
PIiER o I > Quercus robur 2 £JI44)153 (Cynipidae ) W% > 5[ TR IREREHT A K -

Auxin can cause tumour growth, but auxin is degraded by oxidation (1). Plants use the enzyme PPO to control
oxidation of phenolic chemicals (2), but auxin is not a phenolic compound.

EVERRTS [EERER - BEVERRNNAmEE (1) - EYIERAEZR PPO ZZHIEHAL
SyramEit (2) - BEVERRFAE BELEY) -

Different chemical fractions (based on mass) were taken from galls and mixed with auxin and an oxidising
agent. Auxin oxidation rate was then measured. Only fractions 6 and 17 contained mostly phenolic compounds
3).

(e TP AEHU A F oy T EBAVEEREy » EHEY/ E R B —EE(LERS - AN EEY/ERRDN
SRR - HAZ#EY) 6 1117 2XESAMBLEY= (3) -

Indicate whether each of the following statements is true or false.
R MY ] R -
A. Auxin activity is high in galls.
e P HTEYI A R RS S -
B. Compounds in fractions 6 and 17 are oxidised more easily than auxin.
TrEEY) 6 F1 17 UL EVItEEY AR EZEE S WAL -
C. Phenolic compounds are responsible for oxidising auxin in galls.
mEteyaEf b EYERR -
D. Secretion of auxin-like compounds by these gall wasp larvae is necessary to drive gall formation.
i HH A e s o VR IE ) B R BRIV L SV ERa e BT BT 7R HY -
E. An upregulation of PPO in galls, compared to healthy tissue, could explain these results.

I (AR AR - 2 AYPPORI R B E Ay HIRER v] AR IS LhA5 R -
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GROWTH PLATES 4 £

Growth hormone (GH) is secreted by the brain, and can stimulate the liver to secrete insulin-like growth factor
1 (IGF1).

Bones, formed from chondrocytes, elongate from terminal growth plates as animals grow.

ARME (GH) BRI W - ol DURLE R &R A &AF1 (IGF1) -

B G F AN - BEE IR A B A RO A
(1) A healthy, active growth plate. All the growth plates injected with GH activated.

(1) EFEERVAERM © ERRNEHGHIEL -

(2) GH was injected into rat growth plates in combination with IGF1 inhibitors.

(2) RFGHEZIGF LRIt [FE ST HE A KB RAR

(3) All GH was inhibited in a rat.
(3) A GHAE A EAG ] -

(4) GH injected into a rat growth plate with a liver specific IGF1 knockout.
(4) RFGHESTIGF LE N5 B 2 A= Rethe o -

(5) GH was added onto stem cells in a dish
(5) RGHAIA & A 4R g

Indicate whether each of the following statements is true or false

AR ] AR EE R -
A. Mutatlons in GH can lead to dwarfism.
Ze s ] HHRRIE
B. IGF1 is necessary for chondrocytes to enlarge.
IGF L2505 dHE A= R (enlarge) AT 7R HY
C. Injecting IGF1 would lead to bone elongation, even if GH is absent.
BIEGHATFAE » 7 ESIGF I & E 5 s &

D. IGF1 is produced by chondrocytes, as well as the liver.
IGF 1 e ARt DA s P ebE A=
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SHOOT BRANCHING #4537

The RMS1 gene encodes a signalling protein which is altered in modern crops. Its activity can be studied by
grafting together seedlings from different plants, and monitoring their growth.

FEIARAEY T > RMSIER RS G S IRE S - B 2SS Rk B A EE YRI5
P WENHEA RACHTFE -

Indicate whether each of the following statements is true or false.
fath TR A [EHESEE 35 -
A. RMSI activity increases shoot branching.
RMS USSR INEERT 7357 -
B. The signal produced by RMS1 travels towards the shoot tip rather than towards the roots.
FHRMSTZE RS S8 KRS - A2 R -
C. RMSI1 activity in the root is sufficient to give WT plant architecture.
FRAETRMS 15 e DU T W THEY) A 45

D. RMST1 activity in the root is necessary to give WT plant architecture.

fRAP RMST BV WTHHYI RSS20 2HY
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SLIT COMM ROBO

In Drosophila embryos, developing neurons (red) grow along two columns parallel to the midline.

Some traverse the midline and some do not, creating a ladder. Midline cells secrete a protein, called Slit, which
is detected by the receptor, Robo. Comm, a transcription factor, controls Robo expression. To investigate how
this guides neurons, WT (1), Robo knockout (2), Comm knockout (3), and Comm overexpression (4) flies were
dissected.

NEFEURE R T - SFETHIEETT (ALE) TR RV EERET AR - AL TE Ea T
& 0 AHIAIES > SMIFUDIFEREIR - chapaiift i —Efs RSty EHH » HAZfGRRobo » [fjCommfy—
TEEHIRoboF2E 7 BEERIN T o /5 T HfFERobo Kz C omm{a] 5 g yT - RIEEZ A TV VURESRAE « B
ATIWT(L) > RoboFENFIFRARME2) > Comm FNGFRARME3) A1 CommiB[EFRIR(4) AT FE CommiyZ
W GERATE -

Indicate whether each of the following statements is true or false.
IR AR R o
A. Neurons cross the midline more often in Comm knockout flies, than WT flies.
MRS AR > Comm BLNGFR AR ME  HoAafil T 5 o R th g -
B. Neurons are repelled when they detect Slit.
BT RISHHFAER - & AR
C. Comm acts to increase Robo expression
Comm& (£ #Robo 7 Z=IH
D. Neurons increase Comm expression once they cross the midline.

T — B4R > G IComm7H -
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TURING PATTERNS [E &=

Alan Turing (1912-1954) famously invented the fields of computer science and artificial intelligence. Turing
also published equations explaining spontaneous pattern formation in biology.

Dark zebrafish (Danio rerio) stripes are formed by collections of dark cells (melanophores), whilst

brown stripes are produced by collections of lighter cells (xanthophores). To investigate whether zebrafish
stripes are a Turing pattern, pigmented cells were surgically removed (dashed regions), and the appearance of
melanophores from precursor cells was measured a fortnight later. The scale bar in the bottom right corner is 1
mm,

N fmiEEE (1912-1954) fEEt AR T RERIS2 R 1 o 2RI B B (LAY 2 AH BE SRt 38 G
TR FHEAE A
FRIEFE 8 (Danio rerio ) FREUEZ M RIFAMAE (BOZRAME) FVREDR - MR OIROUERN EEE HEL
A2t Z 4ifE (xanthophores ) SEEEIMAESL o fy T iHEILE AIRSUZ & 2 M BB > EHJef M-l
U Z2RAMAE (RESRIERIS) - RIBRNE B AISediE ik 2 ERAMAERTRIR - A T ARZIE R Al

mm e

Indicate whether each of the following statements is true or false

NARCU ] AR EE R -
A. Melanophore formation is stimulated by other melanophores immediately next to the precursor cells.
B0 ZR AN A i T R 2 B RUBEAHAE o B Ak BB (o R ATH R -
B. Precursor cells from different stripes are predetermined to become either melanophores or xanthophores.
AR B A RGeS R s FR R A B2 e
C. Melanophore formation is stimulated by other melanophores >0.5 mm from the precursor cells.
SO A A2 i F A2 A E RiTEAAE H> 0.5mmAy 2 (2R AR TR -

D. Melanophore formation is stimulated by xanthophores >0.5 mm from the precursor cells.

PR A 2 A A 22 H A H > 0.5Smme R iR ATREE -
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RESPONDING TO THE WORLD [o|fEtH 5

CELL PROTEIN ATLAS 4% o EsL

The location of proteins in a cell affects their function by determining which molecules they interact with. A
collaboration of scientists in Sweden and Cambridge used microscopy to map the location of >12 000 human
proteins in numerous cell types. In the diagram below, solid bars around the circumference represent all the
different types of protein within each organelle, and lines are drawn between the same type of protein in
different organelles.

EHBE RN T E AR E B E R T B IIRE - BN IRBHIRIESER & 1F - (EH#
A 4g B> 1200011 A J5E S EEA FEA Ry r g - NET - S EEEEE RS RS
es THTA R FEEAINEE'E - TEAE s TRV EEE OB Z AR AE SRR i -

Indicate whether each of the following statements is true or false.
TR N AIREIUR [ErEssE R
A. Most proteins are found only in a single organelle.
REBEH G A -
B. Most mitochondrial proteins are found only in the mitochondria.
KRG B E BRI &REG T3 -
C. Most proteins that are found in multiple organelles are spread homogeneously through the cell.

REHEAEREA S (EREES TE3R - AR A 571 -
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CALCIUM SIGNALLING §5RVEREFHIE

Jean Hanson (1919-1973) discovered how muscles contract. Contraction is triggered by a build up of calcium
in the cytoplasm, which is actively removed during relaxation. Calcium diffuses through plasma membrane
channels (1), or endoplasmic reticulum membrane channels (2).

(1, purple) Plasma membrane channels, opened by depolarisation, pore width = 1 atom

(2, orange) ER channels, open by binding calcium on cytoplasmic face, pore width = 100s of atoms

The concentrations of the major biological ions in different compartments are shown.

Jean Hanson (1919-1973) S£3RHLALNMIUE < HLAAR £ 202 RAIRE 58 T-Fridmk - mALNEr R
e HH e B ER SR TR PR o $5EE T 1 A B AIHERE_E Nk TR () RN E S SR T E e e

HU(2)E RS -

(1, &) YRR S b EEHARE L sba bRy - FLE A IME SR E 5

(2, fE) B L F5aE Tl T BA A F5 T B A B (2 S5 S 2R BARL - FLIEA/NATHE100 JH 74
i

NHEHR TR [F s S5 TR

Indicate whether each of the following statements is true or false.
NIRRT EREEGEE AR -
A. Peak calcium flow into the cytoplasm is greater from the intracellular than extracellular stores.
ML T {EAHRE N s A AGHREE o 2 $58E ~ JQUEEE  EE AR Nt AR EE 2 -
B. Cytosolic calcium has to be moved against an electrical and chemical gradient to be returned to the
endoplasmic reticulum.

AR 5k TR [FI IR DU B R AR S R EELRE RIS » LUR B[ 4

C. Muscle performance is improved by artificially expressing channel (2) on the plasma membrane.
WMRAEAA EFMAHAT AR ERHEHE LS8 EE (2) GUEEHLARYIERE -

D. Peak calcium flow is greater in high frequency muscle than to low frequency muscle.

ZEFREIALA > HESEE TR Eh Z s E > RS2 RSHREEIRILIA
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ACTION POTENTIAL PROPAGATION #h{EE N {H#%

Sir Alan Hodgkin (1914-1998) and Sir Andrew Huxley (1917-2012) explained how action potentials occur and
spread.

(1) Resting neurons have a negative voltage (membrane potential) across their membrane (more negative inside
than outside).

(11) If the potential becomes less negative, ion channels open, making the voltage become positive.

(ii1) Channels shut in a time dependent fashion.

(iv) Channels cannot re-open until the membrane returns to the resting negative voltage.

(v) As one section of membrane becomes positive, electrical currents make adjacent sections less negative.
Artificial action potentials can be triggered and measured in a giant neuron which runs the length of worms. A
stimulating pair of electrodes are placed close to each other, against the worm, and a voltmeter placed further
along is used to record the passing action potential. The trace from setup (1) is shown. Other setups (2, 3 & 4)
were also tested.

:%%§53%1<wm4%w%n ERRTEITRIE L (1917201248 ) AYRFSERIAL T B IFEE AL~ 2%
Al -

(i) BT et T QR > T i 35 2 (A g B -

(ii) HISERABEA £ TS [\ less negative) » @ F T T BB 2 B EAA -

(iif) BT imE > AR

(iv) EEIBEIEFRE FE BT RE T A SR -

(v) B — (B B RS S AR AL (I less negative) -

AR ER A B AT T S R SN F AL - K — 3 EAHSEAT YRS ER B B A i A ARSI
EFERALT A AR EEAN - 26E () Z BEEREURI ME > R EAAE (2,3714)
FrEf Z Bmirsit -

Indicate whether each of the following statements is true or false.
NHIFCIL AT AR AR -
A. If the voltmeter electrodes are swapped in setup (1), action potentials can still be measured.
WRAEHEE (1) PR s EMBAALE - 2R UGB E AL -
B. Action potentials can still be measured in setup (2).
ALFESEE (2) JOlEFIEH{EEAL -
C. Action potentials can still be measured in setup (3).
AILESEE (3) JUAIEFBH{RELL -
D. Measured action potentials will have a larger magnitude (reach a higher voltage) in setup (4) than setup
(D).
FEE (4) J - MENIEEARKILEE (1) 69K CERESHVER )
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SYNAPTIC INFORMATION PROCESSING z&fig {5 BB

Sir John Eccles (1903-1997) and Sir Charles Sherrington (1857-1952) discovered the different roles of
synapses, which dictate how neurons respond to stimulation from each other.
Neurons 1, 2 and 3 were artificially fired, and their ability to initiate an action potential at point 4 was assessed.

Qg R TR (1903-1997) MIE M SMIHE £ (1857-1952) 438 1 o8y R EIMERA - 1 fA#{H
Tl RERIBE AL R FE -
HEEITTL23E AR T 2UEE » M ¥ pointd A B FERALAVBE I 40 T

Indicate whether each of the following statements is true or false.
NIRRT EREEEE R -
A. Simultaneous stimulation from neurons (1) and (3) can fire (4).
[EIRFRIEAETT() R AL TT(3) nT 3% 4R (4)EE A= d i b
B. Neuron (2) stimulates neuron (1).
FHEETT(2) TR LS TT(L) -
C. The potential of (4) becomes more negative when (2) alone fires.
& HAERIHETT) - KR4 2 B G A -
D. If (3) was fired twice in quick succession, (4) would fire.

EHEOTOERRI KB E(E - &FHUEHR4)
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RECEPTOR INFORMATION PROCESSING Z (5 E R HE

Whilst Lewis Wolpert (1929-present) hypothesised graded responses to signals control animal development, Sir
John Gurdon (1933-present) was the first scientist to relate the number of activated receptors to different cell
responses.

Whilst Lewis Wolpert (1929-present)fig tH{EEN)3% & a2 2 HYRHST A M E i & {F FHEY, I Sir John
Gurdon (1933-present) J& 55— RFRERFEE BREZ BG B H B [EI4HAE S HERTH IR (%

The neurotransmitter acetylcholine can produce a graded response, but if the inhibitor BCM is above the

critical concentration (>X mM), a cell's response to acetylcholine is significantly below maximal at all

acetycholine concentrations.

Each acetylcholine receptor has one binding site for the neurotransmitter acetylcholine.

FHEEEYE 2 EHE daae e A= e ST (B BE HANHIRIBC M S 18 H BRI (> mM), ALY 2
EHE%EE/}%@ R RN i = 8 e A o SERIERRO R R o, S ZEiEm sz fs A — il EY)/E 2
AR A L

Indicate whether each of the following statements is true or false.

Gt MRS S G W A 6

A. BCM is a competitive inhibitor of the acetylcholine receptor (binds in the same way as acetylcholine).
BCMJE T ZBihE i 2 A i F AN (L2 AG4S & 5 2N ZERHE i tH[=])

B. Increasing the number of acetylcholine receptors increases cells’ sensitivity to acetylcholine.
Z TR lnz B H 1 2 S i 4R ¥ Z R iR SRR

C. Individual receptors produce 50 % of their maximal signal when treated with 1 mM acetylcholine.’& A 1
mM 2 i H R, 8 2 HS & AR Hom KRR S0%

Calculate the minimum proportion of receptors which, when fully active, are sufficient to generate the maximal
response.

ral AR T I E b A E A s KSR 2 Ba o7 B

A. Choose the nearest proportion to the correct answer.

AR EHEE 7L L
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DRUNK FLIES i

he most important signalling pathways of development and cancer were discovered by epistasis analyses in
fruit-flies (Drosophila melanogaster). Such screens also showed the protein encoded by the Arouser gene
mediates signals along the Epidermal growth factor receptor (Egfr) pathway in neurons. Arouser knockout flies
are unusually sensitive to ethanol (get drunk easily).

FEEEIRE ( Drosophila melanogaster ) AL ELNHI AT » SEH2F BNIEEIE S EE EAYEIRERE - IS AR
HE BN AR R A NGRSV O 8 n eSO TR A RIA 2 8s (Bgfr) RISHIESE - BRRA
RAFRAY SRS LRI R B (S ) -

Indicate whether each of the following statements is true or false.
fE M YIRICR R
A. Wild type Arouser facilitates alcohol tolerance.
B A4 R B AR A B RS AN 32 1 -
B. Blocking Egfr activity increases alcohol sensitivity.
BELiF-Egfr HE M i s ey SRk -
C. Over-expression of Akt in arouser knockout flies increases alcohol sensitivity.
W P AR N R A SR A et 8 2 PS8 SR ER T B AN R Y R M
D. Socially isolating arouser knockouts makes them more like WT flies.

FErE B PR AR P A A 1 Py SR o (o P B (5 2R R -
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OPTOGENETICS JiE{HE

Tim Bliss (1940-present) discovered that stimulating a neuron sensitises it to future stimulation, and that this is
a basis of long term memory. This can occur because stimulation leads to transcription of ion channel genes.
One of these channels was fused to a light sensitive protein, which allows it to be activated by fiber-optic
implants, and cloned into mice.

kAR (Tim Bliss © 194052225 ) 2830 > RS TE (E HECRAAY R 18U - E2-RIIEC
TREVARRE - EEUR N SRR S 2 TR E AN - SUBE R v RSt - rIREBES
HEELEETimESS S o WHEAZVNEAEA

The mice were treated as follows:
(1) Transcription of this channel was blocked in every cell, until adult mice were first shown a particular, non-
threatening stimulus.
(2) Transcription of this channel was re-blocked in every cell.
(3) Mice were given an electric shock, causing them to freeze. In a subset of mice, electrocution was
accompanied by a flash of fiber optic light to the brain.
(4) Mice were shown the non-threatening stimulus again.
EACEE RS Nl 512D B B (AT ) -

(1) ¥y E 2 Sk HETI R 2 Bsa T— R e (B B M 2 R -

(2) ST E ek e PHET -

é 3) /J;E%ﬁ (8 - HE RN T Fy(freezing) » ZAMIAE—/NER/INERHT » FEREZE AR ER 2 I3
HE i

(4) /N FEF R A B M R -

Indicate whether each of the following statements is true or false.
fa Y IRCILE: R B ER
A. The freezing behaviour in (4) is explained by mice forming an association between flashing lights and
electrocution.

H1(4) 23R 2 SRR T Ry P AR Ry N B R AT o il B e 2 T
B. The same neurons are activated by electric shock and fiber optic lights.
B4 & EAR [E F T -
C. Flashed mice have a false memory of the non-threatening stimulus.
PEZCRIEETHY/ N R MR I T $ARRAYECTR -
D. Control mice are likely to freeze if they are shown the electric shock apparatus after the experiment.

FHIRSHAVE BATRAE E IR 46 TEREBRF - AlthA Al RE L RIS
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BURROWING MICE JH/TEE,

Sir Francis Galton (1822-1911) invented the field of behavioural genetics.

Burrowing mouse (Juscelinomys) burrows have quantifiable features, including presence or absence of an
escape tunnel (1) and length of the entrance tunnel (2).

Species A and Species B were crossed. The first generation of the cross (F1), were back-crossed (BC) with
Species A.

In BC mice, there is no correlation between entrance tunnel length and the presence or absence of an escape
tunnel.

FHEAPEHT - IIFEE £ (1822-1911) S48 17 il (HE2<HY, -

PETAE (Juscelinomys ) J N EA I EALAVRHE > BFEAARE (1) FFEEBG DR ACRRE (2) /Y
RE -

VIREAFIPEBRESS > Ho—1U (F1) BWREAMETT T (BC)

EBC/INGH » AT B Rl R A AR 5 R R

Indicate whether each of the following statements is true or false.

feH N YRR IERESGE R -
A. Entrance tunnel length is determined by a single locus (gene).
AOpFEREEHEEARE (R RE -
B. Alleles for the presence of an escape tunnel are dominant to those for absence of an escape tunnel.
BA A BRSO AR A A Er AN T = 28y -
C. Fl hybrlds can be distinguished from Species A and Species B by looking at their burrows.
FERCHE AT LAKE R 22 T PR ORIE > PIiE AR HEB.

D. Genes determining entrance tunnel length and the presence or absence of escape tunnels are close to each
other in the genome.

RTE AL B & FERYEL R A B {7 A B B RS A > AEFENH TP R R SR HTHY -
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TRAVELLING SALES-BEES
FRAT P RYHESS & -EiE

Radar, invented in the UK, was used to track the flight of English bees (4pis mellifera). To investigate how
bees forage, the following experiment was performed:

S RAESBEIIN  FINNEER AR (Apis mellifera) HURTT - v T HFCEERROTHL » HE(TLAT
s

(1) Fake flowers were filled with syrup, and the bees were released from a nest-box.

(1) REESEE ABACT > B SAE PR LK -

(2) Bees were given time to build experience of the setup.

(2) iR HRtiA — ARy -

(3) Syrup was removed from one flower, leaving it empty, and placed in another..Syrup was removed from one
flower, leaving it empty, and placed in another.

(3) FREAE e — 2 E P U BAE S — oA JFAEAA B AESE -

(4) Bees were allowed to build experience of the new set up. Representative flights are shown (a & b).

(4) PRSI WrEs QLR N AR &SR - [B (a&b) BURMEEEEAYRITINN

Indicate whether each of the following statements is true or false
fEH T HRCIUE [EAEBE S -
A. Bees continually attempt to optimise the shortest route to harvest syrup from the flowers.
FEIEAETE S RIE & 2 R SRR B C P Y FESE -
B. Experienced bees do not search for new flowers unless the environment changes.
FEEREERRIFERIR I » BRI RS OGS -
C. Bees exhibit signs of confusion if they encounter unexpected features on their route.
EEEHUNH RIS - R DEFEEAERYEY) -
D. Bees visit all the nutritious flowers within range of their nest.

A Ry L PO I A BT FE S -
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MEMES

Rchard Dawkins (1941-present) invented the idea of memes, and Sir Frederic Bartlett (1886-1969) showed
previous knowledge alters the processing of new stimuli. Bartlett asked British people to reproduce a drawing
of Native American masks from memory. This was passed to a new person to memorise and reproduce, and the
reproduction passed on, several times in succession (1). This study has been repeated recently (2).
Representative reproductions are shown.

Richard Dawkins $&{imemesHyAE;2% » [fijSir Frederic Bartlett £ - 50 (5 B 1 35k s X S8 S5 5 R S A R B
BartlettZ 52 H3& AMKIBEBZVGES HEBFEFERNVEE 485 — A G » AkHEL > QhESREE
TR TEAIE T 1 - ST (E e E R i — A& 2 - AR MEAVEE SR 23

Indicate whether each of the following statements is more true of Bartlett's experiment (1) or the repeat
experiment (2).
[ YR E Bartletfy B a(DETEY) - S EENERQE &
A. Memories tended to simplify the original object.
sCiR M B
B. Objects tended to be remembered as more similar to familiar objects than is actually the case.
HEC RIS SRR EAE IS - MIEREER G
C. The participants of the study were instructed to focus on making accurate reproductions.
S BB A AR BB Y IEHEE R
D. Memories included features not present on the actual object.

SRS NMEER B EYI PRI
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THE PITUITARY GLAND f§ T =88

The hypothalamus is the central regulator of homeostasis, whilst diverse hormones from the posterior and
anterior pituitary glands orchestrate most bodily functions. To investigate how these three structures coordinate
their actions in rats (Rattus norvegicus), each was electrically stimulated, and the effect on hormone secretion
from both pituitary glands was observed (1). Secondly, whole rat pituitary glands were transplanted to locations
with different blood supplies, to reveal why they usually receive blood from hypothalamic veins (2).

N RS AERY AT TP o TR B RS B S AT Y SRR R SO S #GR B T IIRE o B T B
FERER ( Rattus norvegicus ) T35 —TEEHEM(MFEAER - ERIEUS =fE45H - 7 HRRISE R A
R (1) o H O iSRS E E A E MR GLER - DR B Ry EEE e TR ARk
I (2) -

Indicate whether each of the following statements is true or false.
Ta N YIRCIUE TERESGER R -
A. The hypothalamus controls secretion of hormones from both pituitary glands.
R Fr PR EE AR AR B R -
B. Hypothalamic blood specifically has factors necessary for the survival of the anterior pituitary.
R R T B A RS AR AT AR P YA T
C. Hypothalamic neurons innervate the posterior pituitary.
R AT SRS EE AR IR T -
D. Hypothalamic hormones cause the posterior pituitary to secrete hormones.

R Z I ER RERETERR I TR -
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OBESE MICE HEA¥/NER,

Sir Frederick Banting (1891-1941) and John Macleod (1876-1935) discovered insulin and invented modern
diabetes treatment. This inspired similar investigations into body weight homeostasis and obesity: two

mouse (Mus musculus) lines (obese; Ob, & diabetic; Db) have identical over-eating phenotypes. Each is
deficient for a single, but different, gene. Damaging the arcuate nucleus in the brain, which is the structure
soley responsible for regulating the sensation hunger, produces a similar phenotype. Mice were joined
surgically, allowing a small amount of blood to flow between them, and then observed.

HEEEY AL (1891-1941) FIXVE-Z 505518 (John Macleod ) (1876-1935) SEFREE S 2134
BT B AORE PRI B U502 - B RS TG B IRUERIACRERAHRBRR ST © IR [Elam R B (Mus
musculus ) Zx (HERFER - AREOb - MELRIR B A% Db) & 23R BT ENEAVRA - BEZNE A 2 0 AR AR
B HRIERBHTE A FERVEN © SR EEERERE A ELERRYEGE - BB T By Skt g A
RIS o B E/ NI iR - st D EMREEMZFERE) - AMREEANE - 155
KIREBREEIR - B THIMRE -

Indicate whether each of the following statements is true or false
TR NV IRICR ERESSERR -
A. Surgical connection allows mice to freely share nutrients.
Tl H#EE e A it EEEY) -
B. Db mutants overproduce an appetite suppressing substance.
DbZes2 B e KB E L e fiIHYE -
C. The products of genes Ob and Db act in the same pathway.
ELINObMNIDbHYEEPIF FHAERHEIHREAE -
D. The WT product of gene Ob promotes a pathway which activates the arcuate nucleus.
BTN (FZERISH) BGAVESN ObHYEY) ATEE SR -

E. Some cases of human obesity can be treated by administering a hormone.

AT DURE S TR et — s R AE R B -

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 48/63



2017/7/27 IBO 2016 Apollo

SHARING THE WORLD 43 E{#t5#

EUTROPHICATION KEEZE(L

The use offertiliser s, and release of sewage, have altered the balance of nitrogen and phosphorus based
nutrients in the environment. Additionally, nitrogen oxides from pollution dissolve in rain to form acids.
Growing algae incorporates an average of 16 nitrogen atoms per phosphorus atom, and eutrophication occurs
when algal decomposition depletes oxygen. In 1957, the River Thames was declared 'biologically dead',
without oxygen, but is now among the world's healthiest major rivers. Phosphorus availability (1), and
nitrogen:phosphorus molar ratio (2) was measured across Northern Europe.

{58 FHHEARRIFERC 57K - D08 T BRI th Ml B s B Py © RS > AREB VS IRY B R LYIER s i
T2 Rk EFE’JE‘% i S B TP 6[E ER 745G - EREBLU RS RE SR Pk
REIREE - RIGEA BRI - 19574 » FELREREWEM B AR HEEZHF L
Erwfmz%mz o FEBOMICEL S E R AT H R (1) MK © BRAVEERILL (2)

Indicate whether each of the following statements is true or false
TR N YIRGIUE IEREBGE 5 -
A. The risk of eutrophication would be much lower if European farmers reduce phosphate, but not nitrogen,
fertiliser use.
WSREOM = BB BB EE AT - A 2R D S HE B ACRIYE A - (B bR b g fE (R 22 -
B. Nltrogen oxide pollution increases the risk of eutrophication around Great Britain.
ALY S A G B IR A (B bRV e -
C. Based on nutrient levels, British waters contain most of Europe's large, energetic fish species.
CEERMS » REVFHRE S8R ENEBONARE - {7y Sl -
D. European rivers are more polluted with phosphate than nitrogen.
OBV N E Rz sweal =4
E. Nutrient levels allow algae to grow quicker along the East coast of Denmark, than the West.

ERENREESESEI AR BRI R E Rt A &
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ELISA B2 SE45 B A

John Marrack (1886-1976) discovered the biochemistry of antibody-antigen interactions. These can be
harnessed to detect pesticides contaminating sample water:

Ky B¢ (John Marrack > 1886-1976 ) S83A51AG - HURSEHIEALIER - H AT AR KR Mo T

Fet R R -

1) Wells are coated in the pesticide.

1) iR me 2R SIBE i o

2) A very small amount of antibody against the pesticide is mixed with sample water, and then the mix is
transferred to the wells.

2) KIRE D ERRSRITISEE /RS » ARRPESYIEERE LT -

3) The wells are washed with clean water several times.

3) FHEZFHKE SRR R -

4) An enzyme that produces a blue pigment, which is attached to a secondary antibody that binds the first
antibody, is added.

4) IMAZSRPISHE—EHssEE - _Rbls MBS gEAEORNER

Different antibodies (X, Y & Z) can be used for this process.
AEHHEE (X YHIZ) 5] R EE -

Indicate whether each of the following statements is true, or false.
faH NYIRGIUZE IERESGE 5 -
A. To test for atrazine specifically, antibody Y should be used.
FOHE atrazine YRR ST FHDUAGY
B. All these pesticides probably have the same mechanism of action.
Pt 15 o e A 1 I HEHEE ]
C. All these antibodies could come from the same mouse injected with atrazine.
5 SEPHG A AR H B — & E H iatrazine /[ &,
D. Darker blue wells contained water which was more contaminated with pesticide.

KR T AL R R S HLAE A A B (L 2R R
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MADAGASCAR EzZhnfrin

The Royal Botanic Gardens, Kew, is responsible for the millennium seed bank, including archiving the 70% of
Madagascan plant species that are threatened with extinction. The shape of a plant phylogeny can be used to
prioritise species for conservation.

EXxEYIEKewE T TH T - HrhEFE709% 02 2R R 8 B Z NI IEEYIEE - YA
ALY ERE AT R AR B S fR S TR AR B AT -

The tree fern (Cyatheales) phylogeny is typical of plants (1).

fifik ( Cyatheales ) ZHUHEALZEYIHIIAL (1) -

The chance of plants being at risk of extinction is related to the age of the species (the length of its branch on a
phylogerLy\) (). o

YRR CR YRRl (Ko Rgus b eIRE) AR (2) -

Indicate whether each of the following statements is true or false
TR MY IRGIUE IEREBEH S -
A. The vast majority of Madagascan species are likely found nowhere else.
SRR 2 R B EE AT DA m] e A Bt bt T 1 E] -
B. The age of Madagascan species accounts for their unusually high extinction risk categorisations.
RNV R BN T 22 B i = W S A ReE B bR A -
C. Globally, Kew should focus on collecting seeds from old species.
MLEEKERT S - S E R Kewtd V) EEZ S T AR TS tH AV T -
D. Failure to bank any Madagascan seeds will result in a greater loss of evolutionary history and genetic
diversity than failure to bank African species.

AU AR RS N A A A PR P e e L AR 2 (2 A M T AR AR R AT AR U SR T BN e e

-
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WINDFARMS [ ZE15

The UK is extending the world’s largest offshore windfarm in the North Sea. However, disruption to wind
patterns, and other effects, causes difficulties for birds. Several windfarms were previously built in the
habitats of red grouse (Lagopus lagopus scotica), snipe (Gallinago gallinago), skylark (4lauda arvensis),
curlew (Numenius sp.), and meadow pipit (Anthus pratensis). The population density of these species was
compared to undisturbed habitats before, during and after windfarm construction.

SLE AR EEE R EaRayE R EELS - 280 o JERI YR DL A Y 52 B S B UE RAHE - 2
B 2492 B\ EE 35 i TTATFALAAEE ( Lagopus lagopus scotica ) » HfEE ( Gallinago gallinago ) > FE4 (
Alauda arvensis ) » KF#E ( Numenius sp ) 1528 ( Anthus pratensis ) FHIEHE | - 3550 B fEEEEAY 2L
FEAE 78 LR\ EE 5 TR ~ Tt T Kt T-5e % > BoR2 T8 2 e T TERET

Indicate whether each of the following statements is true or false
TR MY IR g 35 -
A. The process of windfarm construction reduces the red grouse population.
JE\FE S A e AR TP E AR RERTIRRE IR D
B. Of the species studied, finished windmills are only dangerous to curlews.
FERFERY YIRS T - B SE Rl (Y B BE i R ARG A -
C. The study windfarm is located in better red grouse habitat than the control site.
AEHFEAT R R RIS L BRI ES AR = - B IRAH P B AH EL R i e, -
D. An environmental change, other than windfarm construction, is harming the snipe population.

PR T RS e - BRI LA G E HERAVRET -
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POPULATIONS J&Ef

The world's longest conservation efforts have restored the populations of many native British species, but
several aliens are also thriving.

5 B AHIORE LIFCAEWAR T FF 25 SLel A L REAYAERE - (R S MR A KR B -
(1) Rabbits (Oryctolagus cuniculus) were introduced to Great Britain ~ 2000 years ago by the Romans.

(1) BT (Oryctolagus cuniculus ) FHEEE N5 | HEF]FLE] ~ 2000EH7] -
(2) A pair of Parakeets (Psittacula krameri) was released into London by Jimi Hendrix.

(2) Eok-=EEHr (Jimi Hendrix) [’K—¥H&RE/NEHG (Psittacula krameri ) BYTUEIfREL -
(3) Native Peregrine Falcons (Falco peregrinus) nest in London, which as Europe's largest city, provides ample
nest sites and prey, including parakeets.

(3) MBCEEONE AR - Efit 7 AHAY S (Falco peregrinus ) 5125 MU FORY) > BiG &K
Fe/NEGHE -

Indicate whether each of the following statements is true or false
faH MY IRCIUE ERESGE R -
A. Myxomatosis resistance in British rabbits arose around 1950.
S R T BRI B R UEATAE 1950 AUREER -
B. Peregrine falcons are effective biocontrols for the parakeet population.
R/ NERSEE A S AT E -
C. Removing rabbits from the UK would help conservation of native species such as Peregrines.

R T IETL IR PR B PREE A RS - A EE
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SEA URCHINS A&

Sea urchins (Echinoidea) are a major food source of otters(Enhydra lutris). Sea urchin populations tend to
explode where sea beds have been damaged by human activities. Sea urchins, limpets (Patella vulgata) and
seaweeds can live together. Seaweed coverage was measured in an experimental area where the populations of
urchins and limpets was artificially controlled.

JHE (Echinoidea ) &7KW# (Enhydra lutris) i EZE BV - 5Eﬁlk*ﬁ)ﬁiﬂﬁ§ﬁﬁﬁﬁ @Eiﬂ)ﬁﬁﬁﬁ
ﬂ%t o JEHHE ~ sBTLIENDE R P SE[E AT o (EEREEDSIES LR T N T It eE S
HATHIE -

Indicate whether each of the following statements is true or false.

fatH NYIReICR TEMESFE 2

A. Limpets affect seaweed growth when sea urchins are present.
EBIEFER - g8t R -

B. Sea urchins have a bigger effect on seaweed than limpets have on seaweed.
Ut EapER ANz dawi R A s NiN] 7 N

C. Sea urchins help damaged seabeds recover.
TSHEE B ZIRAVEIRIAE -

D. Increasing the number of otters increases ocean primary productivity.

SEMK BB I TR A E T T -
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CUCKOOS H:38

The Island of Great Britain is a critical hub for migrating birds, from as far away as Canada and South Africa,
due to its mild climate and well preserved habitats.

EgﬁA AR - (RE BFAVREMN S S B IE SR EE R - BAEE B IS AR R I EARAY (5

Cuckoos (Cuculus canorus) are one migratory species which has seen its population decline in recent years.
Therefore, many cuckoos had trackers attached to them, and were monitored over several years. Their Autumn
migration routes are shown (1). A roughly equal number of birds took the Eastern and Western routes through
Africa. Points at which tracked birds died are shown.

FAE (Cuculus canorus ) J&—TEATFARIERER VA SPIRE < KL #%ﬁﬁ%ﬁiﬁ‘iﬁ%_ﬁﬁ% AETTHF 28
FERVEDH o M FIHVRKCEREIERS AR (1) Fr o SEFEMERITRMNAVRELR - SR FENIPRB IR IVEE XN
EAHE - IREMERNS » SCBREIOE TS -

The change in cuckoo populations in different regions of Great Britain, and the migration route which these
populations take are shown (2).

FESEE A [ AL SRR AR A B DU s SRR B R B RS &R i El (2) BEUR -

Indicate whether each of the following statements is true or false.

fath MG R IR

A. Condltlons for birds migrating along the western route have changed in recent years.
AT - T PREREBHENY SRS S 4 T ML

B. Crossing the Sahara desert is the biggest challenge for migrating cuckoos.
T L VISR B RS AR B R PRE, -

C. Mortality rates during migration have an important impact on the population sizes of cuckoos in different
parts of Britain.

BBHARINTSE R B S R FEHE A SRR B A s -

D. These data would be consistent with Summer conditions within Britain, before migration begins,
determining mortality rates during migration.

T L B B R B AART BB TR — B » FUE T MBS TRIAPET R -
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WILDCATS L[5

Lynx (Lynx Iynx) may be reintroduced to Great Britain in 2017, after being hunted to extinction 1300 years ago.
Scottish wildcats (Felis silvestris grampia) are Britain’s only remaining endogenous cat species, and are
distinguished from wildcats (remaing endogenous cat species, and are distinguished from wildcats (Felis
silvestris silvestris) by their larger size, thicker fur, and unique hunting technique. Feral domestic cats (Felis
silvestris catus) are also present in Scotland.

Lynx L5 (Lynx ynx ) AJEEFR201 7B RS | ASLEY - £E 1300 RiHFIRUBAR - eRt&HEET S ( Felis
silvestris grampia ) JESLBME—FAERVAMSERIENY) - BAEPS ( Felis silvestris silvestris ) W& RITERE
FIHIRSHYEE R » T R SRS R IFIREDS  BFAE5R30 ( Felis silvestris catus ) 1 HFRAFGRIEH ©

Motion-sensitive cameras in 347 Scottish locations captured 200 000 images, and volunteers used these to
identify wildcats, feral cats, and hybrid cats by their markings.cats by their markings.

FI TR ARSI 347 (5 B 2 By S B S R AR TR 20 B3R % » A PR 4 e
A EIEVRFEAC T PR 5~ B AESUSN R AR -

In one year they found 10 different Scottish wildcats. In the next year, they found 9 different Scottish wildcats,
one of which had the same markings as a cat photographed in the preceding year.

FE—EP > M58 T 10 A FERVEMERIEr 3 - SH 5 - MiMISBROEARAVERE T > Hoh 2 —
Al—EaiRAY S E -

Additionally, they estimated that there were about 500 feral cats, and 300 hybrid cats in the area.
BN » AP e 4T SO0 BT AR 503 » DI 300 B2 FE A -

Estimate how many Scottish wildcats there are in Scotland.
T ERAE A 2 D et BT 5 7
A. Choose the nearest number to the correct estimate.

BRI PR A IERERSETHE -

Indicate whether each of the following statements is true or false.

fath MR R e s gh 35

A. Neuterlng feral cats would help prevent the Scottish wildcat population becoming less fit over time.
SHERIP AR ZRMIE A BTG LB SRAS B s B M I PR B b - PR -
B. Vaccmatlng feral cats would be an effective way to prevent transmissible disease in Scottish wildcats.

HIEFAE ST A - R D L R SR A B B SRR o (BB Y A OB L -

C. Two species which have coexisted in the same region for thousands of years, are more likely to interbreed
than two species which have recently come into contact but are equally genetically divergent.

A [F)— e S [F A B TR Y RS AR L B A 1 i (L Rk B 8 (A S Y 5 7 T e g A
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SOIL BACTERIA tiE4E

Sequencing of ribosomal RNA genes (rDNA), which have very low diversity within families, reveals the
identity and relative abundance of bacterial families in different soils.

TZAEASRNAFLA ({DNA)FEAE [EIRATAER TP 2B MR - e DNARIFFAE R 7 EA [E I P R &
(PSR S -

Bacteriovoracaceae and Bdellovibrionaceae are predatory bacteria. Each has a different maximum growth rate
in optimal conditions.

Bacteriovoracaceae and Bdellovibrionaceae TiF 2 B MHAE - X EAG RN EREGREE R AKEERE

R o
=2

Haliangiaceae F1 Koribacteraceae Wi A& IEHEZMAYANE -

Fa MY IRCIUE IEMEEEEER -
A. Bdellovibrionaceae and Bacteriovoracaceae occupy different niches.
Bdellovibrionaceaef1Bacteroeoracaceael{ 515K EIHY & T °

B. Bacteriovoracaceae is an important predator of Haliangiaceae.
Bacteriovoracaceaef}ig:HaliangiaceaeFI A EFE Y EH BB -

C. Bacteriovoracaceae and Koribacteraceae might occupy different habitats.
Bacteriovoracaceae 1 Koribacteraceae FI4HE 0] BEH R [BIHVEEHY

D. rDNA sequencing could be used to assess the abundance of individual Bacteriovoracaceae species.

rDNA JE - o] AV fili Bacteriovoracaceae( 8 I TEH S -
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HAPLOTYPE NETWORK EEfZAI4F4%

A haplotype network shows the evolutionary relatedness of haplotypes, and the proportion of individuals from
a specific population with each haplotype. The 1000 genomes project, coordinated by the European
Bioinformatics Institute in England, allows a global human haplotype network to be produced.

B AYAESE n] AU BB R AL ARRAM: - UK E B (S B Ry e R HI(ERG Z EE ] - B3
EEION £ P& RN 72 AR B BT Trh Y 1000{E 5 R 4H AT - B/ — (M Bk AR AYAEEE - 40T

o

The circles represent one haplotype, each from the same locus.

B R —EEER - 2 EAHE HEREREE -

The colours represent different populations by geographic location.

R EIBE R R R B B 4 R B -

The lines represent an evolutionary link between two haplotypes.

i EeGR AU {16 BE (R A el e (LS -

Denisovans are a non-human subspecies of the genus Homo. Tibetans are an Asian population, closely related
to their neighbours across most of their genome.

FHEZ FL A (Denisovans) &8 A J& (Homo) HYFE NFHEEFE

Tibetans are an Asian population, closely related to their neighbours across most of their genome.

P A\ RN IREE - HEASAT R B AR oy RN AH A E VAR -

Indicate whether each of the following statements is true or false.
fatH N YIREICE TEMESEE 2
A. The British are more related to the Finnish than the British are to Yorubians at this locus.
DABEESREETT S » S N B3 A AR G LERE T B A\ BUEE P AMIRRA(REE AT -
B. Tibetans have a higher genetic diversity than Han Chinese at this locus.
DIBEEEAREN S - Pa A\ LR EA s a5 -
C. The Yorubian people are found in Africa.
EEVLAAEIEM PR -
D. Tibetan ancestors interbred with Denisovans after leaving Africa.

PaiR ANFVIH AR BRI RN Z 1% - B e R FLARER -
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EVOLUTIONARY GENETICS /L& e

Charles Darwin’s (1809-1882) discovery was united with Mendelian genetics by Sir Ronald Fisher (1890-1962)
and John Haldane (1892-1964). Equations then allowed biologists to predict evolution, including the evolution

of complex traits like behaviour, and quantitative traits like height.

Sir Ronald Fisher {1 John Haldane /72 fi SCHY S5 BRAI R AR R AVEHEAE & - 212 VSR AHEERE
AT ATROANEAL - ERE— S8R IR - 21T R IREEMER - 1155

Sy
mbol Definition 3%

5%

. The relatedness of two individuals
—{EFR R

0 The number of alleles the two related individuals share

b [RGB A Y E F AN
N The number of alleles shared on average between two members of the population

P[RR ERS A B A Y [F A AR P
The total number of alleles in the genome
e eI R e PN NEIE
w Inclusive fitness 4 74 JfE f&°
Direct fitness: the number of offspring an individual has, multiplied by the relatedness (r) of each of
D those offspring to the individual.
HREREE (SRS B E s B ORI EASHIAH R 1
Indirect fitness: the number of offspring an individual's relative has, multiplied by the relatedness (r) of
I each of those offspring to the individual.
EREEER - AR AR TREH > K LR TR (ERS AR 1

The cost an individual's behaviour has to the number of offspring that it can produce.

C e . .
— (&S AT REP T LAY UE
B The benefit an individual's behaviour has to the number of offspring that a relative can produce.

—(ERG R AT E A T RE E e 2 A&

Genetic value of an individual: the value a quantitative trait would have, if no environmental influences
g acted on it.

—(EE 2 B EEE - EYERERE T  —HEMERE

The change, between generations, due to natural selection.

FRACHI TR > RIS R D

B The correlation between fitness (w) and genetic value (g).
8 |7 EE (w2 (S T Y AR R 14

The variance in genetic value (g) in a population

Y ey

Rule for adaptive behaviours/traits Equation
BT R/FREHIFER] T2z
Relatedness fH[EE4: r=(n;-ny) /N
Inclusive fitness 475 [ [& w=D+1
Hamilton's rule K FTEARH] C<rB
Price equation 3R As g =By g var(g)

https://pdfgen.iboexams.org/html|?examld=6f074dc5e05d10461e245548&languageld=rgpiubTFitP4EQvs6 60/63



2017/7/27 IBO 2016 Apollo

Indicate whether each of the following statements is true or false.
fath NEIRGIUE sk sh R
A. Spiteful behaviours (cost to the actor and recipient) exist when actors are more related to recipients than
expected by chance.
& EFEABE 2 R RMERRES » SRR SAO(T R (BRI B 7 L B Fr L
B
B. These equations predict alleles exist which produce a recognisable trait (e.g. appearance or pheromones)
and also cause altruism towards unrelated individuals with that trait.
8 LL AR A TR 2 IR YR (I MRS SR F AL BN R AERY - [ERf - B RIS SR EY
SEAHRA(E G AR
C. These equations predict stress responses in some organisms include purposeful increases in mutation rate.
B LT RE T — Lo R I R S - B H AV nse s
D. Naked mole rat (Heterocephalus glaber) colonies of many adults, with a single breeding pair, can be
explained by inclusive fitness.

REEEAVER P ARSI RE - HERA—HAEFR - B DUHE S R

E. Natural selection acts more quickly when aphids are in their sexual lifecycle, than asexual lifecycle.

H AR &2 A T A S B A (F A PR e AR T A A e bR
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BUTTERFLY EYESPOTS #ittHE BE

To investigate the evolution of butterfly eyespots, their mean size and colour was measured in each generation.
Butterflies were split into 4 groups based on the colour (width of the golden ring) ratio (1), or size ratio (2), of
their top and bottom eyespots. The most extreme butterflies in each group were bred together, and this was
repeated with each successive generation.

RS IEIR DR s AL - B —ARIRBERY A/ VRIBRE - (K58 b N EAVIRBEBA L (ER TR ER(T)
BB AUNEL(R) » ATy Fod Bt o R — BT i im A s - Ut

Indicate whether each of the following statements is true or false
TR N YIRGIUZ TEESF 35t
A. Top:bottom eyespot colour ratio has greater genetic variation than top:bottom eyespot size ratio.

1M TR (L ER Y S LR IR © R HRBEAVNEEER

B. Simply selecting for top eyespots which are more golden will produce bottom eyespots which are more
golden.

HIEEIRSEEE a0 iR IR B 5 <5
C. Many relatives of this species have very different top:bottom eyespot size ratios.
e fEE AT B I A E Y IE /R L
D. Eyespot size would remain constant if random butterflies of this experimental population were mated.

QISR IGRE T B MMGERE A AT - AR EIRBE A N 4Efr ]
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INDUSTRIAL MELANISM T 3£{L72 1 2 8565

The light-coloured form of the English peppered moth (Biston betularia) was replaced by a melanic (dark)
form, as camouflaging lichens disappeared due to pollution during the industrial revolution. Clean air, lichens
and light moths have now returned.

To discover the genetic basis of this, hundreds of moths were genotyped and haplotypes were
determined. Melanism was due to a dominant mutation in the cortex gene. Cortex mRNA 1is cut (spliced) into
two forms, Cortex-1A and Cortex-1B. Cortex mRNA abundance was measured.

FETSE R - N TS - BERURBERARATHR - B (1502 (Y I B PR e 2% (O iy B R Y
o BAEFZFHIZE R, - AR O PR B2 T - Rydd B S bV EAE - K iy B RaEk i
RN E o B R B (haplotypes) - BRSEE & IR AE cortex RN 3 A= Y BAME 28 IS IR -
Cortex mRNAZE FHRNAFT % » B DIE 5| —fERY » Cortex-1A F1 Cortex-1B. ¥fCortex mRNARY & #E1T =
M e

Indicate whether each of the following statements is true or false.
TatH MY IRGIUZ TE S 5.
A. There is a greater diversity of haplotypes in the population close to the melanic cortex allele, than further
away.

FERRRE > SEAT 2R Brcortex T AR Y B 5 AU S AR M ok > i AR

B. Cortex-1A4 is more likely to be driving melanism than Cortex-1B.
Cortex-14[{Cortex-1B ¥ ] ge /2 2 T ERY 5

C. The expression data are consistent with the melanic phenotype being dominant.
IR BN E R ORI R R RV IR (2 — 2y

D. The light form has reappeared because of Cortex-1A and Cortex-1B. Cortex mRNA (reversion).
REORHE TR - R REE S
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