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Do not open this booklet until you are told to do.
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2B

While students are expected to attempt all questions for a complete

examinationin 90 minutes.
90

For questions that has more than one answer, partial marks will be given for
extra, wrong and missing selection based on the number of options.

The Chinese translation is for reference only. In case of contradictions, please
follow the original English text.







Copyright 2022 UNITED KINGDOM BIOLOGY COMPETITIONS

British Biology Olympiad 2022 Paper 1

Question 1

Part 1 of 2

Chemical forces cause proteins to fold into their functional shapes via several stages.

EUAERNT, BEREEISNMTBIERETLMETIE NS,

Part 2 of 2
Problem 1. Which structural level of a protein is unaffected by hydrogen bonding?

BB 1: EERNBMHEMRIISRNTE?

1 mark
Choose ONE EAYE

A. Primary —ZR%ZEH

B. Secondary —ZRZE#

C. Tertiary =ZR%H

D. Quaternary PUZR %5+

E.  Alllevels are affected. Fr7g Z5H9&R % 2| &1

F. No levels are affected. FfH E&HERZ 0

Question 2

Part 1 of 2
Problem 2. Lysosomes are membrane bound organelles which contain digestive enzymes. Which cell type
would be best for studying lysosomes?

BH2: FBAEERHENBERFESMNMARES. MAHMARRES ARMREIEE’

& .. Bk Ty 4%
Human lysosome within cell

AEARER R A B
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Part 2 of 2

Select the most appropriate answer THIEFREL R
1 mark

Choose ONE Eif

A.  Fast-twitch muscle cell TR ZERIL A 4R AR
B.  Neuron AR

C.  Bacterial cell B ZmAe

D.  Phagocytic white blood cell B HFW{ERN B MM

Question 3

Part 1 of 1

Problem 3. Which of the following are passive / facilitated (energetically favourable) processes in cells?
RH 3: UTWMEREB PR/t (TEfEEE) 377
2 marks

Choose as many as appropriate Y% H 78 1E#A I %E I
A.  The establishment of a concentration gradient E~7 X E#EE

B.  Osmosis BiE
C. Diffusion 8

D. The hydrolysis of ATP  ATP /Kf#
E.  Synthesising a protein EREAR
F.  Nucleotide polymerisation #%E g
Question 4

Part 1 of 2

Mitochondria have very crenated (creased) inner membranes, and the thylakoid membranes of chloroplasts are
also highly folded and stacked.

SRANNESIFEER (FERR)  HERENEREERODEIBHERIFTE.

50 nm OBLungTEM 1/ 7/0 REMF
Transmission electron microscope image credit Louisa Howard

BHETEME THE®R (BKIE: Louisa Howard)
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Part 2 of 2

Problem 4. Why are the membranes of mitochondria and chloroplasts folded?

BE 4 LRENHRENEI T AZRTEN?

1 mark
Choose ONE H#Hi%
A. To maximise the amount of membrane for protons and electrons to diffuse through.

RABREIB IR HE 7 BB NRE.
B. To increase the concentration gradient of protons. &N FHIRERLE,

C. To maximise the amount membrane-bound of respiratory / photosynthetic proteins which can fit in the cell.

RABREIBINATAETR/CEEANEARNESESE.
D. To increase the amount of light absorbed by the membranes. & il FE IR U 9 2%

E. To maximise the amount of protons / electrons which can be stored by the membranes.

RARERZINBREFENRT/ETHE

Question 5

Part 1 of 2

The tallest trees, such as giant redwoods, are particularly sensitive to climate change, and many are already
dying.

SRR, BIMELY, SRTUFHIER, FEHMELHRTT.

Hyp i, national })ars‘ ser

Ziaktw, BERAEEER

ce
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Part 2 of 2
Problem 5. Why are very tall trees vulnerable?

BHES: AT ABISHINASZMHE?

1 mark
Choose ONE %
A. They already require more carbon dioxide to grow very tall

ENFEELZMN_SURUKIRSNEE

B. They are already more exposed to the heat of the sun E{1E R ZRBAEMRLT

C.  Their highest leaves are already normally water-stressed and they cannot withstand drought

EMN&ESLNMTRELTRICRT, TEREHTE

D. They are already more likely to be attacked by pests Ef|ERHEF|E R INH

E. Oxygen levels are insufficient for respiration at the tree top

WA R TIRERE UL E R

Question 6

Part 1 of 1

Problem 6. Ribosomes are responsible for deciphering the genetic code. How do ribosomes ensure the correct
amino acids are added to a growing polypeptide (protein)?

BH 6: ZREAENFTHRIFRREEN. ZECHNARIEDEESENEZR®K (BAR) ANERORER?

1 mark
Choose ONE 1%
A. Ribosomes only add amino acids which have similar chemical properties to the rest of the polypeptide

ZIREE RIS SRR RB BT RO EERNRER

B. Ribosomes select amino acids based on the secondary structure of the polypeptide

AR AARDE £ IR — REEMIEFERER

C. Ribosomes only add amino acids if there is proper base-pairing between RNA molecules

BHEAER S RNA 2 F 28 & SRR RN SR INa &R

D. Ribosomes only add amino acids which bind to the mRNA
A RIS mRNA 24 HEER

E. Ribosomes select amino acids based on the secondary structure of mRNA

ZAEAIRTE mRNA B —REMEFRER

Question 7

Part 1 of 1

Problem 7. Skeletal muscle can contract and relax much quicker than smooth muscle (which lines the gut etc).
Which of these could increase the speed of muscle contraction (i.e. are limiting factors on muscle contraction).

BE 7: BRI AERELLTEEN (BENTBIE) REZ.
AT BR—T o] IR & AL A U 4R B (Eﬂﬁﬁ%‘]ﬁﬂl’ﬁﬂiﬁﬁﬂ’]l%)
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4 marks
Choose as many as appropriate %1 Fr & IE BRI
A. Increasing the temperature of the muscle to 37 degrees Celsius

BURNERERSE 37HIKE

B. Increasing the number of sodium ion channels causing action potentials

#EmslEasERMNNME FRENE
C. Increasing the number of mitochondria BINZR R I E
D. Increasing the rate of anaerobic glycolysis RETEEEREX
E. Increasing the number of calcium ion channels 155 FRELE

F. Mutations causing myosin to form and break cross-bridges more quickly

SENKEQ MRS HREFNRE
Question 8

Part 1 of 2
Problem 8. If heart rate increases 4-fold, and stroke volume increases 1.5-fold, how many fold does cardiac
output increase?

FHE 8: MRORIENMAE, SEEEIEM 15 F BaLmBEEMNE D E?

1 mark
Choose one. %
A. 25 251z

B. 27 271%

C. 55 55%%

D. 6 61
E. 40 401z
Part 2 of 2

Problem 9. If cardiac output is 5 I/min, how much blood flows through the pulmonary artery?

BH9: MRCELERST/oeh, 1BEHEZ D MBRIMaEk?

1 mark
Choose one. Hi%
A. 12Umin 1.2 F/4>¢h

B. 2 1/min 2 FH/4rEH
C. 3 1/min 3 FH/4rEH
D. 51/min 5 FH/4rEH

E. 51lUmin 51 F/495h
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Question 9
Part 1 of 5

1 mark
Problem 10. Which blood vessel controls blood supply to tissues?

E 10: GRS MBI H MR AR
A. Arteries SNIJins

B. Venules INERBK

C. Pulmonary Veins fiig&fk

D. Arterioles IINEN Bk

Part2 of 5

1 mark
Problem 11. Which blood vessel carries oxygenated blood at low pressure?

BE 11: WEMEARE T HESEM?
A. Arteries Bk

B. Venules INERBK

C. Pulmonary Veins fifigafk

D. Arterioles INE K

Part 3 of 5

1 mark
Problem 12. Which blood vessel is very elastic?

BB 12: MEMENEMRK?
A. Arteries =hhk

B. Venules INERRK
C. Pulmonary Veins fh&éfk
D. Arterioles INBfIk
Part 4 of 5

1 mark
Problem 13. Which blood vessel is thin-walled?

MH13: MEMNESEREME"
A. Arteries mhk

B. Venules INER K

C. Pulmonary Veins fifigafk

D. Arterioles JINEN Bk
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Part 5 of 5

1 mark
Problem 14. Which blood vessel is very muscular?

E 14: BFAMEERAIL?
A. Arteries SNI)ins

B. Venules INERBK

C. Pulmonary Veins fiig&fk

D. Arterioles INE K

Question 10

Part 1 of 9

Endosymbiosis is the leading evolutionary theory for the origin of eukaryotic cells. Endosymbiosis states that
the ancestors of eukaryotic cells could engulf other cells to establish a symbiotic relationship, which eventually
became permanent.

WL RERAMERNTE#NIER ., AHEFHINAEZARNALTUEREMMAE, DI
EXR, REATEBKANFEXR,

Part 2 of 9

Problem 15. Which of the following statements about endosymbiosis are true?

BHE 15: WTXTRIEEMTES, WHLEIIEFHHN?
Fill in as many as appropriate. JEHEFFH FIFHEZE

2 marks
A. Chloroplasts have a double membrane due to endosymbiosis.

MTAFENGE, HRESFREE.

B. Bacteria are ancestors of chloroplasts and mitochondria.
it s p iy o S NS 2 VAL =R b

C. Bacteria lost their chlorophyll gene during endosymbiosis.

BEANLELSEPRETHERER.

D. The flagella of some eukaryotic cells are derived from Bacteria.

—EEZARNEERANE.

E. Plant cell ancestors acquired chloroplasts before mitochondria.

EMAENALEREHRERETRELNE.

Part 3 of 9

For each organelle, decide whether most scientists believe they arose from endosymbiosis or not.

RIERZEREREHRINARREA®E, EFENTHRBROFRE.
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Part 4 of 9

Two thirds of a mark
Problem 16. Cell nucleus

HH 16: A
A. Endosymbiosis PJ3t4
B. Otherorigin  HAth3kjR

Part 5 of 9

Two thirds of a mark
Problem 17. Plant plastids
BB 17: EYET

A. Endosymbiosis PJ3t4
B. Otherorigin  HAfth3kjR
Part 6 of 9

Two thirds of a mark

Problem 18. Lysosomes

78 18: BT

A. Endosymbiosis PJ3t4
B. Otherorigin  HAh3kE
Part 7 of 9

Two thirds of a mark
Problem 19. Vacuole

BB 19: %l

A. Endosymbiosis A3t
B. Otherorigin  HMSKE
Part 8 of 9

Two thirds of a mark
Problem 20. Mitochondria

BHE 20: ZHH

A. Endosymbiosis A3t
B. Otherorigin  HAthKR
Part 9 of 9

Two thirds of a mark

Problem 21. Ribosomes

BB 21: BES
A. Endosymbiosis PJ3t4

B. Otherorigin  HAfthk;E
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Question 11

Part 1 of 9

Some groups of life are defined by universal characteristics. For example, a// mammals can produce milk, but
only higher mammals give birth to live young.

—BAERHERRTBIILEX. B0, ArF WILsMEE Y, BRF sFWINMAEST

Part 2 of 9

Assign these groups, which start broad and become narrow, universal characteristics which all organisms within
that group and subsequent groups share.

RIBIZB AT E SR TFRBEEMEHBETN LB, NIATEMBEHITNE (BFEEMNT XEIHk
X)
Part 3 of 9

Four sevenths of a mark
Problem 22. Flowers

MH22: #Z
A. Alllife on Earth  #EK F A HI4E 7o

B. Eukaryotes HEZEY
C. Plants wY

D. Dicot plants KFIHEY
Part 4 of 9

Four sevenths of a mark
Problem 23. Triplet code

BiH 23: ZHEAKZHG
A. Alllife on Earth  #5¢ fAr & 594 77

B. Eukaryotes EBEY
C. Plants #wY

D. Dicot plants KFH1EY
Part 5 of 9

Four sevenths of a mark
Problem 24. Two seed leaves

BnH 24: XXFAI+
A. Alllife on Earth  #5€ fAr & 594 77

B. Eukaryotes HE4+Y
C. Plants e/
D. Dicot plants KFI1EY
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Part 6 of 9
Four sevenths of a mark
Problem 25. Mitochondria

BAE 25: ZEAviX

A. Alllife on Earth  #E FAFH AL 7
B. Eukaryotes EBZEY

C. Plants V-

D. Dicot plants XFh1EY

Part 7 of 9

Four sevenths of a mark
Problem 26. Cell membrane

BH 26: HppE

A. AlllifeonEarth 25 LB RIE 7
B. Eukaryotes EBLEY

C. Plants #wY

D. Dicot plants KFH1EY

Part 8 of 9

Four sevenths of a mark

Problem 27. Nucleus
BRH 27: %

A. Alllife on Barth  #E L B AL
B. Eukaryotes HE4+Y

C. Plants V-

D. Dicot plants KFH1EY

Part 9 of 9

Four sevenths of a mark
Problem 28. Plastids (e.g. Chloroplasts)

#E 28: T (BI0nSRE)

A. Alllife on Barth — #E LArH AL
B. Eukaryotes HE4+Y

C. Plants V-

D. Dicot plants XFH1EY

https://ukbiologycompetitions.org
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Question 12

Part 1 of 2

An action potential in nerve cells is triggered when the potential across its membrane reaches a threshold which
causes sodium ion channels to open rapidly.

LHAMEEMNBMNAZIEE, SBEHE FREREITAN, BeimLdmEmnsifEEaL.,
Part 2 of 2

Problem 29. Which of these may cause an action potential?

BH 29: TR s SEEB A7

3 marks

Choose as many as appropriate EH T EHNIERE R
A. Increased number of sodium/potassium ATPase pumps at the membrane &1 fE - $5/5F ATP BE§ R I9E =

B. Increased number of potassium ion channels at the membrane IEHIfE F{RE FIBIEEE
C. Increased number of leaky sodium ion channels at the membrane 0 fE _F /AN E FiBIEEE

D. Poison blocking channels allowing chloride ions into the membrane F|FAEZEHASE FH A ENEE

Question 13

Part 1 of 2

Problem 30. In most organisms, in some cells, mitosis occurs without cytokinesis. This may result in...

fHE 30 ERSBEMENRLEAEET FLIREOIEBEIPRAOBELTRE. ZUESSE

2 marks
Choose ONE EYE
A. cells with more than one nucleus. MBS M ARFZ AN 1E—

B. cells that are unusually small. HRRAEE /)N

C. cells lacking nuclei. YHRRIR A AR
D. cell cycles lacking an S phase. YRR E ERGR D S BB
Part 2 of 2

Problem 31. What may happen if cytokinesis occurs without mitosis?

AE 31 MREEANREIBEELIROEATRE, SREMFAY

2 marks

Choose ONE 3%

A.  Cells with more than one nucleus. ZAEEIEIZALE—
B. Cells lacking nuclei. AR R MHREX

C. Cells that are unusually large. MR AT R E K

Question 14

Part 1 of 8
The DNA content of a diploid (2n) cell in the G1 phase of the cell cycle is x.

— &tk (2n) HIREMIEEL GBI DNA 284 x.

https://ukbiologycompetitions.org
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Part 2 of 8
Problem 32. The DNA content of the same cell at the start of meiosis I will be

BH 32 BEOHIFRE, F—HEH DNA S2KE

1 mark

Choose ONE 3%
A, 0.25x

B. 0.5x

C. x

D. 2x

Part 3 of 8

Problem 33. The DNA content at the start of meiosis II will be
ME 33 BENHE N FiEE, DNASEXR A

1 mark

Choose ONE 3%
A. 0.25x

B. 0.5x

C. «x

D. 2x

Part 4 of 8

Problem 34. The DNA content at the end of meiosis II will be
BE 34 BENFEULERE, DNASER A

1 mark

Choose ONE 3%
A. 025

B. 0.5x

C. x

D. 2x

Part 5 of 8

In the oocyte of a young female, a crossover (chiasma) between homologous arms of chromosome 7 occurs 60
million base pairs from one tip. A second chiasma occurs 45 million base pairs from the tip.

EFERLTHENINEGERT, 7 SERERFEE 2B/ HIAEMNETIRTTIRE 6000 T MHEEN . F=
MRXHIAEMNE TR ITI6H9 4500 5 NEEST

Pair of chromosomes with chiasmata 3% X f§—3f L & 1

https://ukbiologycompetitions.org
UNITED KINGDOM BIOLOGY COMPETITIONS Registered Charity No. 1191037



Copyright 2022 UNITED KINGDOM BIOLOGY COMPETITIONS

Part 6 of 8

Problem 35. How many base pairs are exchanged between the chromosomes?

BE 35 REERZERIRT ZOEEX?

2 marks
Choose one. %

A5
B. 15
45

105

m 90

210

Part 7 of 8

In the same oocyte, a third crossover then forms 10 million bases from the tip.

HER—INEART, E=PTXMETREMA T 1000 77 MHEE.

Part 8 of 8

Problem 36. Now how many base pairs are exchanged between the chromosomes in total?

FE 36 DARBKRZEEBHTIRT ZOWEX?

2 marks
Choose one. H# %

25
45
55

115

m Y o0 W »

230
Question 15
Part 1 of 6

A population contains 50 rats. 29 are black rats and 21 are white. Coat colour is controlled by a single gene, and
the black allele is dominant.

—NHEEE SO RER. 29 RAZRER, 21 AZEER. EEHE—ERES, FEREFLEARE
MER,

2% M/

= o ? s b \ -

White Rat (Rattus norvegicus) - Flickr Tambako The Jaguar CC BY-ND 2.0
B (8% ) - Flickr Tambako The Jaguar CC BY-ND 2.0
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Part 2 of 6

Problem 37. Calculate the frequency of the recessive (white) allele.

B 37 HERY (Be) FAERHIME.

2 marks
Choose one. Hift
A. 0.25

0.33
0.42

0.65

m O 0O W

0.88

Part 3 of 6

Problem 38. Calculate the number of heterozygous rats.
&H 38 HHERFAATERNEE.

2 marks
Choose one. Hi%t
A. 15

23
25

29

m o 0w

38

Part 4 of 6

Problem 39. How do you expect this allele frequency to change in the next generation in the absence of
selection?

fE 39 AEEAREFENENE, T —ROFUERFRSREEFNTL?

1 mark

Choose ONE 3%

A. Higher Ba=2

B. Lower TR

C. No change HEZWL

D. Impossible to tell FiEHEMT

Part 5 of 6

In actual fact, when the researchers came back after twenty generations, they found that all of the rats were
black.

EXE, EREKI 200G, ARARKIFEERBEREN.
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Part 6 of 6

Problem 40. What should the researchers conclude?
H 40: ARARTUEETALER?

2 marks
Choose ONE H#Hi%

A. Natural selection most probably favours the black allele. HAEREN BREEMNERRAIET,

B. The alleles have equal fitness and genetic drift most probably fixed the black allele by chance.
XEEMERNEFHERMNER T, BEELRAURBARAEE T REEMER,

C. The environment most probably changed, which changed the activity of the alleles so both produce black
rats. IR BERET HU, HETFMNERNEE, SBEXAMHERIT<~EERR.

D. Further study is needed to tell which of these three explanations are most probable.

BEH—THOARRHIMTIN E =FERE R R—FhRA o) 8.

E. None of these explanations is likely.

I EfRREEBATTBE
Question 16

Part 1 of 9
This question explores primary production in an ecosystem. X/ o) BUSIRITE SR Z R VIR L=,

Part 2 of 9

Problem 41. Which organisms capture energy into an ecosystem (i.e. are the primary producers)?

BE 41 MEAYEGREBZRRIETRED (REEMERRRESE) 7

2 marks
Choose as many as appropriate %1 5 HYIE A5

A. Photoautotrophs JCREBEFREY

B. Chemoautotrophs ke EREYD

C. Heterotrophs BRHRLEY
D. Detritovores BB
E. Omnivores KRN

F.  Saprotrophs BEEY
Part 3 of 9

Plants are a primary producer and capture energy from the sun into the ecosystem. The photosynthetic equation
contains:

BYRRETE, WRAKAEFERIESRG . LEERNTEAFEE:

o CéHi0s
e CO;

e H.0

o O

https://ukbiologycompetitions.org
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Part 4 of 9

Problem 42. Which chemical is the electron donor (is oxidised)?

&HE 42 TEWMIMLEY FEE THIE (WEAHNLFYR) °

1 mark

Choose ONE H#Hi%
A. C6H1206

B. CO:

C. H0

D. O

Part 5 of 9

Problem 43. Which chemical stores the solar energy?

&E 43 THEWRFL Y FREN 77 AFRRE?

1 mark

Choose ONE 35
A. C6H1206

B. CO:

C. H0

D. O

Part 6 of 9

Sunlight does not reach deep into the ocean. There are bacteria which can harvest chemical energy from
volcanic vents. The chemicals involved in this reaction are:

FAXTERHFE/FRARL. FLEAET UMK ARBUFRE. X—REBENLFEYERE:

CsHi1206
CO:
H20
H-S

S

In this reaction, sulphur (S) is a product.

ERRET, HmO)RHET—M~.

Bacterial matts around hydrothermal vent, credit NOAA
RERRHEOBENAEZ (RARER XEEZFEFMRAIEER NOAA)
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Part 7 of 9
Problem 44. Which chemical is the electron donor (is oxidised)?

FH 44 MALEP TR B THIE EEANLFEYE) 7

1 mark

Choose ONE H#Hi%
A. C6H1206

B. CO:

C. H0

D. HaS

E. S

Part 8 of 9

Problem 45. How many elemental sulphur atoms (S) are generated per CsH1206?

BiH 45 5 CeHi06 I U= 5 B D ANERIEF?

2 marks
Choose one. Hi%t
A. 2
B. 3
C. 4
D. 6
E. 12
Part 9 of 9

Problem 46. For both photosynthesis and chemical driven energy capture, are these statements true?.
RH 46. FTAEERMUENRSENEMESRRITN, TIHIMLNEZIERN?

2 marks
Choose as many as appropriate. 3% 1 Fr & FIEHE 5

A. When energy is stored, oxygen is produced  YHEEEHWEF, BEFEER
B. When energy is stored, CO; is used up LR EWHETER, CORBEFER
C. The energy is stored in a reduced chemical REMETHTEENCEY RS

D. There is more energy in the products of the reaction than the reagents

REFHHEELRN YRGS
Question 17

Part 1 of 3
Scientists recently discovered seagrasses culture specific bacteria within their roots which are able to fix
nitrogen gas from the air into biomolecules which the grass can use.

RiE, MERANEEAHRBPBEFNFTAREBB=IPNEEEEEESF T UERONED
TH.
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D R & Nl e AL
Neptune's seagrass, credit Frédéric Ducarme

BETEEE, BRXE: Frédéric Ducarme

Part 2 of 3
Problem 47. Which types of biologically important chemical bonds does nitrogen form?

B 47 RUEAMEN TEMERNUFRE?

3 marks
Choose as many as appropriate %1 5 HIIE A5
A. Glycosidic bonds (sugars) EERE (B
B. Peptide bonds (proteins) K (EER)
C. Ester bonds (fats) Es# (BEARD)
D. Base-pairing (nucleic acids) WEEEX (%)

2
E. Phosphodiester bonds (nucleic acids) 588 —FggE (1%8&)

Part 3 of 3

Problem 48. What other nutrients will seagrass need to source from the external environment to grow?

fE 48 BELTEMNIMBIEPRRMBLEEFYRATEK?

3 marks
Choose as many as appropriate %1 5 HYIF A5
A. Fresh water (non-salty) KK (REE)

B. Organic carbon (such as sugar or fat) BMEx (0%E=AER)
C. Protein E{=lin
D. Soluble phosphate containing compounds o[ ;&AM &L &%)

E. Soluble magnesium containing compounds T3 M LS

Question 18

Part 1 of 7

Monophyletic groups can be defined using evolutionary trees, based on which characteristics they share.
Below, a simplified evolutionary tree of animals is shown with marked evolutionary events (A-E). The
evolutionary events are:

ETRERBHANFHLE TURAURKRNERBFHITEN . THE—MEEMNMHAE, FEHE A
FERNHLHE. ZEHLHRER:

https://ukbiologycompetitions.org
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e [ Formation of four legs 1 72 A U 2% iR
e I Formation of milk-producing mammary glands I 2 B e 9 L B
e 1l Giving birth to live young M AFHE
e IV Formation of eggs with amniotic sacks IV 2B = BRI
e V Formation of vertebrae VR
& HiE 5 SIS RER

Fish Frog Crocodile Platypus Elephant

Cladogram of animal evolution

st A

Part 2 of 7
Work out the order of events I-V. FAEH AR -V LR P N B IRE .

Four fifths of a mark
Problem 49. I

H 49 1
A A
B. B
C. C
D. D
E. E

Four fifths of a mark
Problem 50. II

HE50: 11
A A
B. B
C. C
D. D
E. E
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Four fifths of a mark
Problem 51. III

B 51 110
A A
B. B
C. C
D. D
E. E

Four fifths of a mark
Problem 52. 1V

E 52 IV
A A
B. B
C. C
D. D
E. E

Four fifths of a mark
Problem 53. V

MES3: VvV
A A
B. B
C. C
D. D
E. E
Part 3 of 7

The tree can be used to work out when the last common ancestor of pairs of animals lived. For example, the last
common ancestor of frogs and elephants lived at point B. For each pair of animals below, state which point
marks when the last common ancestor may have lived.

HAR T I FASRIEMT MM R E— P HEEEFERNER. G0 FEMARORE—DHEHE
FARE B, T TESASMNRE DR AR B R

Part 4 of 7

Problem 54. Frogs and crocodiles
B 54 FiEMsa

1 mark
Choose ONE HH
A. A

m O a w

m g O w
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Part 5 of 7
Problem 55. Birds and elephants

B 55 BHAR

1 mark

Choose ONE ¥-25/5
A A

B. B

C. C

D. D

E. E

Part 6 of 7

Problem 56. Whales and cows
HH 56: tta Y4

1 mark

Choose ONE HiE
A. A

B. B

C. C

D. D

E. E

Part 7 of 7

Problem 57. Insects and fish
ME 57 BEhfia

1 mark
Choose ONE ¥-2§/
A, A
B B
C. C
D. D
E E
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Question 19

Part 1 of 4

Many flowers which appear uniform in colour to humans, show dark and light patterns when viewed in the
ultra-violet spectrum. Usually the dark region is the centre of the flower. These dark areas tend to be larger in
flowers growing in regions closer to the equator.

REAXARBEXRFLARNE, EEIEAXETE2NHRSMEXENER. BEREXEHIE
HRFID. FEMEEKNERIEZ2RAEESHREX .

Dandelion in normal light (left) and ultraviolet (right) (Flickr tsaiproject CC BY 2.0)
EEARTHGEAR () MESPEHETHERRE () (BHkKIE: Flickr tsaiproject CC BY 2.0)

Part 2 of 4
2 marks
Problem 58. Which of the following are true?

B 58 THEWLIETE ERA?
Choose as many as appropriate 354 fr & IF IR 5

A. The darker regions of flowers absorb UV radiation and may act as sun protection.

HHREXERKEINEIRS, TREIHMIER.

B. Many insect pollinators have good vision in the UV region of light, thus the dark region helps attract the
pollinators by acting as nectar guide.

TE N ERNIRBYEIMESIRE, FILREXSNEE T IESIFFRS B RKEH.

C. The larger dark area of flowers growing near the equator compensates for the reduced number of
pollinating insects near the equator.

FEMIAKNERAERANARCXE, XEETFEMIEHERNEETHRELD.

D. Larger dark regions are less accurate as nectar guides.

BRARCXIEAELERSAKER,
Part 3 of 4

Many tropical flowers are pollinated by birds or bats rather than insects.

TERHEEFTRHA S KIIRBBRENTAZH ERRENH.
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Part 4 of 4

Match the feature of the flower to its most likely pollinator.

BRFFAISHRTRENENERLTER.

Half a mark
Problem 59. Large white / pale petals

BH S WEmANAACER

A. Insects EH
B. Birds 5%
C. Bats b iE

D. Birdsand Bats 2 KiRiE

Half a mark
Problem 60. Large strong flowers

&BH 60: ZARMAH L%

A. Insects EH
B. Birds 5%
C. Bats b iE

D. Birdsand Bats 2 KiRiE

Half a mark
Problem 61. Very large amounts of nectar

&H o6l HAERENEE

A. Insects EH
B. Birds 5%
C. Bats b iE

D. Birdsand Bats 2 KiRiE

Half a mark
Problem 62. Flowers turn to face the sun

/B 62 TEcTH =) AFH

A. Insects EH
B. Birds 5%
C. Bats b iE

D. Birdsand Bats 2 KiRig
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Half a mark
Problem 63. Nectar is found at the base of long tube

BH 63 ZETZHAIER

A. Insects Ed
B. Birds 5%
C. Bats b e

D. Birdsand Bats K FiRIE

Half a mark
Problem 64. Flowers generate warmth to attract pollinators

BHE 64 ZRITEREBRRS/IHER

A. Insects Ed
B. Birds 5%
C. Bats b iE

D. Birdsand Bats (iR IE
Question 20

Part 1 of 3
Problem 65. What makes plants green?

BH 65 At AEN=ENLER?

1 mark

Choose ONE 3%

A. Diffraction of light through thylakoid membranes YB3 K BIAE L & 7 £75f
B. Refraction of light in the epidermis KEEYREHTITE

C. Chemicals in the phloem fluid MR BT R P FE R

D. Chlorophyll M&z=

E. Melanin RBE

Part 2 of 3

Problem 66. Sunlight contains different colours. Which visible colour is least useful for photosynthesis?

FH 66 AXBEREHRERE. MHITREXNHXEERNE RN

D-Kuru/Wikimedia Commons F k& D-Kuru/Wikimedia Commons
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1 mark

Choose ONE %

A. Blue =eE
B. Green &xe
C. Yellow =
D. Red AR

E. Allvisible colours are equally useful  FrH o] L& A 1EAEREE
F. No visible colours are useful FrE o] e cEpzE 1ER

Part 3 of 3

Problem 67. Blue light travels further through water than other colours, but any colour light travels less well
through water than air. When deep aquatic plants are brought to the surface, what colour are they expected to
appear to us compared to mostly green land plants.

FH 67 HEerthtAMEentaKhERSEER, EMARertES R EKPERENIEZ,
SREBFEMEDALL, ReKEEMIH KENSERNHTARE?

1 mark

Choose ONE #i%

A. Darker blue RIEE
B. Darker red RAE
C. Lighter green REE
D. Lighter blue REE
E. Lighter red AR

Question 21

Part 1 of 3

No living insects are larger than about 70 g. However, the largest fossil insects are estimated to have weighed
450 g. Scientists have found it is impossible to breed insects larger than about 70 g, except when special
manipulations are made. Note: all insects live on land. The largest and smallest insects can fly

ARERNEEFAZBEAT0R. Afl, RANERUCANEEITHN 4505, BEREIM, RIFHT
FRTH, SUATREFEEL 10 RNBR. 2 FIFERBLIHEH L, FHARAFRGIE
REBFH CITEETT

Elephant beetle £ FH &
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Part 2 of 3

Problem 68. Using this information, select the most likely limiting factor for insect size.

&H 68 ZHAEHES, EHFRIUERFERX/NNEE

1 mark
Choose ONE %

A. Insect exoskeletons cannot support larger bodies & 5 EIMNEBEXE A ERE A S
B. There is insufficient food for larger insects AXE R R X E X EHNEY

C. There is currently insufficient genetic diversity to select on to make larger insects

BRI A R BHERSHETHERNEARANER

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far
from the surface

BRIERNFERRSG (S8 A)) TEETEHENAEREEEBNES

E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from their heart

BRMNBEXRGE (WRRHERENET) TEEZERROENAEREEEBHNEFRYR

Part 3 of 3

Match the potential limiting factor to the special manipulation which would overcome it.

KPR B R A/ NEY O] BE BRI R 5 Se AR X LR Y R R A9 RS IR T AR IR AL

Three fifths of a mark
Problem 69.Gene-editing

H 69: ERE%RE

A. Insect exoskeletons cannot support larger bodies B RAIINFERXE I ZIE T KN SE

B. There is insufficient food for larger insects AKBEEREZEZXENEY

C. There is currently insufficient genetic diversity to select on to make larger insects
BRDZE EBHER S M T HIERMERBRANESR

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far
from the surface

BRERMNFERRS (RE, =I)) LERZBHRENAREXEENES

E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from

BRNBEXRGE (WMRERHERENET) TEEZEEROENAEREEBHNEFYR
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Three fifths of a mark
Problem 70. Microgravity / space-station

BB 70 HE /S
A. Insect exoskeletons cannot support larger bodies B AN E I E R AN ZE
B. There is insufficient food for larger insects AXE R R X E X EHNEY

C. There is currently insufficient genetic diversity to select on to make larger insects B BI}%H EWHHE

ZHEMUTHERNERBRARHNER

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far

from the surface BRIERMNFRESZ (RE, |11) LERZSHEANAREXZENES

E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from

BRMNBEXRGE (WRRHERENET) TEEZERROENMERHEEBEHNEFRYR

Three fifths of a mark
Problem 71. High-oxygen chambers

BB 1. ZEaE8

A. Insect exoskeletons cannot support larger bodies &5 EIMNEBEXE A EFE XS K

B. There is insufficient food for larger insects WA E R X BT ENEY

C. There is currently insufficient genetic diversity to select on to make larger insects
BRI REMERZHMTHEFNERARANER

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far

from the surface BRIEHRHNFRESZ (RE,;, |11) LEREZBHENAREXZENES

E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from

BRNBEXRE (WRRFERENET) TEEZERROENAEREEEBNEFRYR

Three fifths of a mark
Problem 72. Remove wings, limit movement

BE 72 LHEELEE RREZ
A. Insect exoskeletons cannot support larger bodies B HRMINTERMEINZIERE KN SE
B. There is insufficient food for larger insects WA EREZERENEY

C. There is currently insufficient genetic diversity to select on to make larger insects

BRI A R BHERSHETHERNEARANER

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far
from the surface

BRI ERMNFERRS (RE, |)) TEERZBHENARRXEENES
E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from

ERNEXARE (WRRFERENRT) TEEZSEROENARREXEBHNE SRR
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Three fifths of a mark
Problem 73. Hand feed
WE 73 ALK

A. Insect exoskeletons cannot support larger bodies & RSN BBEXE A EFE A S
B. There is insufficient food for larger insects BRANERZERENEY

C. There is currently insufficient genetic diversity to select on to make larger insects B E[;XH EWHNER

ZRM T HEEMZARANER

D. Insect respiratory systems (trachea; air-filled tubes) cannot currently deliver sufficient oxygen to cells far

from the surface BRIERMFRRS (RE, |I1) LEARTEHENAREIEEBHNES

E. Insect circulatory systems (fluid filled sacks) cannot deliver sufficient nutrients to cells far from

BHRMNBEARFRSE (MR HERENET) TEEZE R R ORNARREEEBNEFYR
Question 22

Part 1 of 7

Tristerix (Tristerix aphyllus) is a plant of the mistletoe family. Tristerix seeds are eaten by Mockingbirds
(Mimidae), and are deposited on the hedgehog cactus (Echinopsis chiloensis) in their faeces. Tristerix seeds
germinate to produce a long mobile appendage. At night, the cactus opens its stomata to exchange gasses, and
Tristerix enters through them, then grows inside. A year later, tristerix punches through the cactus and produces
flowers and their nectar is drunk by the Glowing Puftfleg hummingbird (Eriocnemis vestitA.

NFER—MEFENEY . MESRIZHRINFENMT, #41$¢?Bﬁﬁis1§i’ﬁ$,\f$%ﬂgjzﬂhk
EE, INFENFHTFRERE—ANTBHOKI G, BT8®RE WAETHAIAZHRSE, WRFE
BESIHENMIAE, REEEAEK. —FF, UWNFEFLWAE, FHEE, LENEEREDR
EMRESHT.

Th flowers of Tristerix (Tristerix aphyllus) being pollinated by a hummingbird, Chile. © BBC Studios
WEFEMEREERES LY, EARERE: Chile. © BBC Studios

Part 2 of 7
Problem 74. Which symbiotic relationship do Tristerix (Tristerix aphyllus) and Mockingbirds (Mimidae) have?

HE 74 INBERNNES 2 AMEEXREHA?

1 mark
Choose ONE 3%
A. Parasitic 4

B. Commensalist (neutral) {RFit4 (FFH)

C. Mutualist GREE
D. Predatory REFLE
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Part 3 of 7

Problem 75. Which symbiotic relationship do Tristerix (Tristerix aphyllus) and Glowing Pufflegs (Eriocnemis
vestita) have?

HE 75 INFE SERERED 2 AHtEXREHA?

1 mark
Choose ONE 3%
A. Parasitic 4

B. Commensalist (neutral) {gF) 4 ()
C. Mutualist § F] 4

D. Predatory fRE4t4

Part 4 of 7
Problem 76. Which symbiotic relationship does Tristerix (7risterix aphyllus) and hedgehog cacti (Echinopsis
chiloensis) have?

HH 76 INFESHCRIIALE L BHELRRHAL?

1 mark
Choose ONE
A. Parasitic e

B. Commensalist (neutral)  {RF3t4 (i)

C. Mutualist HEFHE
D. Predatory REHE
Part 5 of 7

Scientists do not know how Tristerix finds open stomata.

R F AN FE LR & £ R AT $ 2 T =< FL A

Part 6 of 7

Problem 77. Hypothesise which types of tropism Tristerix seeds may use to enter cacti?
BB 77 S FENTFF IS AMARE N EMHENUAZE?

3 marks

Choose as many as appropriate 3t & FIIF FEE 5

A. Gravitropism EEAM
B. Chemotropism ERiA
C. Thigmotropism = il
D. Phototropism EIb Ak

E. Hydrotropism (hygrotropism) [m7K ¥ ([&13%14)
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Part 7 of 7

Problem 78. Most plant stomata are open during the day time. Why does Tristerix only enter stomata at night?

BH 78 REZEEVN[AEBRITM. AT AMNRTERER EH#ENTFLE?
1 mark

Choose ONE # %

A. The tristerix manipulates the cactus to open stomata during the night.

®ig), SRFEFEUWAZEITHASIL.

B. To reduce water loss, the cactus stomata only open at night.

ATBIPKDRER, WAZREREITITSIL.

C. The cactus keeps stomata open at night to keep cool.

A ZER BT L IURFF IR

D. Tristerix only grows at night.

ISR F 4+ RER B LK,
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British Biology Olympiad 2022 Paper 2

Question 1

Part 1 of 10

Flower colour is a common trait bred for by gardeners. A flower breeding company wanted a pure breeding
white flower. The breeders start with a collection of clematis plants. Most have purple flowers. For this
question, assume the purple/white colouring is controlled by a single gene.

HEERREREN—MELER. —REAFHRIEEEET-—TAFMBEE. BFEARBERET &
TR EER . REBMREELTRENER. AXNEAP, REEANEZE/ BEHE—RERFIEH,

\r

/‘,,. 1 . § < N » :

¥ ) \
Purple clematis flower 48 £k 2k 3%

Part 2 of 10
Problem 79. How could you find your first white clematis flower?

BET9: WEARBEREENTKREE?

3 marks
Choose as many as appropriate e H Fr B T HRE X

A. Cross the purple clematis with a white flowering pea (a distant species)

BEEGLESHERENHT (ZEYMH) KX
B. Mutagenise the seed of a purple clematis with x-rays i x 5{F A R BB EEMTFRERT
C. Search collections for clematis which already have white flowers 53k 2 2 FF 0 1L A8k 4 SE4E 1%
D. Grow the plants on very acidic soil J§HEMMEREE M T1EH
E. Grow purple clematis in high light to bleach away the colour F| s XBEH XERELENNEAHEE

F. Search the wild for a clematis which has white flowers Z|E5N I FE B LE

Part 3 of 10
The breeders succeeded in finding a white clematis!

BEARETHE T ORH%LE!
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White clematis [ & 2k %%

Part 4 of 10

However, when the clematis was selfed (bred with itself) some of its progeny had white flowers but others had
purple. Roughly, 3/4 of the progeny had white flowers and 1/4 were purple.

R, HEZEEX (B—MEHTES) i, —SBoERABENE, 7Z—BoERFLenN®E. R
FRAF A FEENE, 14AFLERNE,
Part 5 of 10

Problem 80. For the white flower allele, the parent clematis was...

FE80: WTAHEMNER, ¥FAKLER. ...

1 mark
Choose ONE B 1%

A. homozygous. #EF

B. heterozygous. Z&

Part 6 of 10
Problem 81. The white colour is...

HH 81: THBEHENZE......

1 mark

Choose ONE Ei%

A. recessive. fe it B &
B. dominant. ZEMHEE

Part 7 of 10

Problem 82. What proportion of the white flowering progeny are expected to be homozygous for the white
allele?

A 82: WTHEFULER, MitaEERNIESTILHRESD?

2 marks

Choose one. B %
A. 025

0.33

0.75

0.81

1

moaw
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Part 8 of 10
Problem 83. How could you identify homozygous white flowers?

&H 83: WEIHIEABEELE T’

2 marks

Choose as many as appropriate 3£ H FFE N IEFE =

A. Choosing the tallest plants TEERSNEK

B. Choosing the whitest flowers TEEFERENEK
C. Checking the flower colour of the progeny MEERETEE

D. Sequencing the genomes of the white flowers S AREENERAH#TNF

E. Crossing the white flowers with a purple flower and checking the flower colour of the progeny

BEHEBHRE—HRELEERITRER, FURERNEE
Part 9 of 10

The breeders found a plant which was true breeding (homozygous) for the white colour. However, when the
breeders sold the seed to farmers, there was a big problem. The seeds germinated, but most of the plants died
before they flowered!

BEARRRNTAEEENEMER (467F) . BREAREMTFERERRE, HIAT—MTEN
IR, BRI T RFERK, ERXSEERAETERIET 7!

Part 10 of 10
Problem 84. What are likely causes of this?
H 84: SEX—IURUTENERRHA?

2 marks
Choose one. B %

A. The purple pigment of the flower was also a plant defence compound
HHNEEEELE—MMEYHEE

B. The white flowers attracted herbivores
BERERSIRENY

C. The purple pigment of the flower is essential for plant growth

ENZEEERREMREKNERESR
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Question 2

Part 1 of 5
“Girdling” is the process of removing outer tissues around the branch or trunk of a woody plant.

“f/Ti' "2 %%ﬁﬁ#ﬁ%#ﬁ?‘ﬁi?ﬁl‘ﬁﬁﬁﬂmﬂ’] oz,

Girdled Birch Tree - Flickr Dave Bonta CC BY-NC-ND 2.0
TR EHIHEAY B/ SkJE: Flickr Dave Bonta CC BY-NC-ND 2.0

Part2 of 5
Girdling can be shallow or deep. * IRFRE X TIR,

e Shallow girdling removes tissues to the vascular cambium. ;%I RS HE M B A ES R EEL B E
e Deep girdling removes even more tissue. RAFREREZVEYAR
The top image below shows the cross section of a small plant stem, which you may be familiar with.
THEENERERT —NR/NEMOZIEEE, ROUTEXNXNERAE.
e The phloem carries sugars K &Rk tEE
e The xylem carries water  KRERNIEHI KD

The bottom image shows the cross section of a larger woody stem, which contains the same tissues. Work out
which tissues are the xylem and phloem.

THAETHEARTT —MRANARENESE, EPOESHERNEALR. HIKMEAREARGRIBM
WA

Xylem —_ =

Phloem —

IR

Bark — [

HETHE

Vascular
cambium

Berkshire Commuity Colleg Bloscieelmage Lra 7

&/ 3kj&: Berkshire Community College Bioscience Image Library
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Part 3 of 5
Problem 85. What will happen if a branch of a grape vine is girdled?
HH 85: MBWHHEO—FHTFHRH, BRREM LR

3 marks

Mark all of the correct statements. 1% i IE B9 %

A. If the girdling is shallow, it will not have any effect on the plant
MRRRER, WASNHEE~EEETH 0

B. If the girdling is shallow, the grapes on the branch will be sweeter
WRARBRR, HRERTLNEESEM

C. If'the girdling is deep, the leaves on the branch will wilt
WRIFBR, HRERT LN TFEthE

D. Ifthe girdling is deep, the branch will die INBIRFER, HFEHEFSET
E. Ifthe girdling is deep, the plant will die IR FER, BEEHRSIET

Part 4 of 5
Problem 86. What will happen if a trunk of a grape vine is girdled?
= H 86: MRFEHHENEFTHIAR, BREMFATE?

2 marks

Mark all of the correct statements. & 1 Fr 5 1E # AU S5

A. If the girdling is shallow, it will not have any effect on the plant
MRRRER, WASNHEE~EEETH 0

B. Ifthe girdling is deep, the leaves will wilt NRFFIEIR, FEENH FHSHE
C. Ifthe girdling is deep, the plant will die IRFFER, BEHEMRSIET

D. Ifthe girdling is shallow, the roots will not grow IMRIFIERZR, FERMNHNEEASEK

Part 5 of 5
Problem 87. The xylem vessels have thick, strong walls. Why?
&H 87: KEMEFTEMRENSERE., XEATATR?

1 mark

Choose ONE E 1%

A. The xylem is under high pressure. RKERIBLEFEEZT,

B. The xylem is under high tension. REEBAEF S h RS

C. The xylem must be protected from herbivores. IR AR RZEEDNYIEE,

D. To resist the movement of water into the xylem by osmosis. [FE1E7K43%3i% 3 N K RSB
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Question 3

Part 1 of 5

Trypanosomes are single-celled parasites found across Africa. Almost all people are naturally immune to
Trypanosoma brucei brucei due to a protein in our blood called APOL1 which lyses the cells. However, many
people are vulnerable to Trypanosoma brucei gambiense. In some African populations, about 60% of people are
found to be genetically resistant to 7. gambiense. To investigate why, scientists measured the likelihood of
people with different APOL1 alleles becoming sick with T. gambiense after they get infected.

HRERAFMNSHRAANBERSER., LFREABENTRERNEARE, K2R ABAMKR S
H—MIRA APOLl NEARYUDBAM. A, FEZARTHREBKNLTHER, EIFRMOIBIA
A, £960% MAWEAINN L THEREFHMEZ. ATHRENZAKNER, BNEXHETR
BARE APOLT FALE R AN REZ M LT # o /= 19 Bm X

BRRER
Probability of
becoming sick

1T A

0.5
0
WT Heterozygous Homozygous
(wild-type / *EF mutant
non-mutant) HGEFRET
AR FREE
APOLI1 allele
APOL1 EA1E A
Part 2 of 5

Problem 88. Which of these is correct?
E 88: DITHRILEIERAY?

1 mark

Choose ONE Ei%

A. The mutation increases the risk of disease ZRTIEIN T BRNAE
B. The mutation is recessive ZRTABRMRE

C. The mutation is dominant BZRTAEHRE

D. Risk of disease is determined by alleles of a different gene BRI NE EZHAREENENERREN
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Part 3 of 5
Problem 89. Calculate the frequency of the mutant APOLI1 alleles in the African population.
BiE 89: EITEIEMARED APOLI HIE R R & RETHIEK,

3 marks
Choose one. B
A. 0.15
B. 0.25
C. 037
D. 04
E. 0.6
Part 4 of 5

Problem 90. The same African populations are found to have high rates of severe kidney disease. Scientists
have discovered that homozygous carriers of APOL1 mutations have a high risk of kidney disease, whereas
heterozygotes do not.

BE90: F—HIEMAOEAMEERSNNLEXELFEER. BFERKI, APOLI RELE T HIH
waBERIONKERS, M APOLI RERESFHETENREIZNE.

Part 5 of 5

1 mark

Mark all of the true options. T BHEHE R

A. The frequency of the mutant allele is probably increasing in Africans over time.
BEE R E AR, FEMA O BT RERF AR R NIE T ESIEN,

B. Natural selection is acting to maintain an equilibrium of wild-type and mutant APOL1 alleles in Africa.
BAREFER N THREMNFERMRETI APOL] FEREZ BT,

C. [Ifadrugto treat T. gambiense is widely available, the frequency of mutant alleles will increase.

WMRTZEAAT R ERNAY), REBEFMERAMEEEMN.

D. Ifa drug to treat the kidney disease is widely available, the frequency of mutant alleles will increase.

WMRTZERAT B ERRNY), REBGAERERERBIEMN

E. The frequency of the mutant allele is likely to be higher in Europeans than Africans.
BN A RERFMNERME TS TIEMA

Question 4

Part 1 of 4

Ancient Mesopotamians used creatures called Kungas as the first beasts of burden. Kungas were said to be
docile and strong like donkeys, but tall and fast like horses. Only recently, scientists discovered what Kungas
were by genetic sequencing of equine remains found in tombs. Kungas are a hybrid of female donkeys (Equus
africanus) crossed with male Tibetan asses (Equus hemionus). They were bred specially by ancient people and
were very valuable.
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ERERPERKT NG -2 A4 BISHEMENE —MKE. BR, ENHERPT—AHRIRmRL,
RANGI—HeAgiE. B2Z&E, AERBINERTLANINNEZATERNF, TRAT
EMHAESSEE. ENS2BMHYE GENEFY) SHEERYP (REFP) AXNER. BhHRAZT]

BE, REDR,

Depiction of an equid, thought to be the kungas. Detail from the War panel of the 3rd millennium BC 'Standard of Ur'
mosaic, in the British Museum - Agricolae, Wikimedia, CC BY-SA 3.0

—FfhOREY, EREEMETNER.
Part 2 of 4

Problem 91. What are some possible reasons why Kungas have to be artificially bred?

RH 91: EhnErs i A TR E R0 s8R E B HRLE?

3 marks
Choose as many as appropriate YE BB EHRE R
A. The parent species have incompatible genetic codes FAYFREZILAEE

B. The parent species are not sexually attracted to one another EARYFZ (BB WS A

C. The parent species live far apart FAY A JE X IR & K
D. Kungas are badly adapted in the wild, so die EINErEEN FINME, TSR T
Part 3 of 4

Problem 92. Kungas were said to be sterile. Why might this be?
BB 92: ERRINTTEEE. XEATAR?

2 marks

Choose as many as appropriate EH T BN IERE SR
A. Kungas are all the same sex R INETERZ B — M 5|

B. Historians are mistaken and Kungas probably were not sterile

BRFEFRICHBIR BINERUEITUEEEK
C. The parent species may have different numbers of chromosomes EARYIFHH L BRI E T sEARE

D. There may be some genes in the parent species which are lethal to Kungas if homozygous

MRBHET, FAYMPIEFMOEREX T LS SE A
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Part 4 of 4
Problem 93. What are possible reasons that the sex of the Kunga's parent species matters?

BH 93: EMEEAYMH M EXERMNTEREAGHL?

4 marks
Choose as many as appropriate B BENTEHER

A. The Kunga requires one X chromosome from each species BB EGNEAN—K X LZEHE

B. The Kunga requires one Y chromosome from each species B MEEEG N EAN—F Y LEM4

C. The hormones of the developing Kunga and its mother must interact correctly
REFHEM S ESARNHRLNEFHAEEER

D. The autosomes (non-sex chromosomes) that the Kunga inherits depends on the sex of each parent
BIETEZENERER (FEUREHE) BURTENEZRNMER

E. Each sex of each parent species may leave different epigenetic imprints which alter gene expression in the
Kunga
BYNEAYMNEG—MH TR ERRNRINEZENC, XSBE BN AERERIL

F.  The Kunga may need mitochondrial genes found only in *Equus africanus*
RN o] sEBE R EIFMEF P AR R LR EEE

Question 5

Part 1 of 6

A researcher is working on a DNA plasmid. The plasmid contains 5000 nucleotides (5 kBp). The plasmid has
restriction (cut) sites for nuclease enzymes EcoRl and BamHI. The plasmid contains 2 EcoRI sites and x BamHI
sites. Both enzymes are used by the researcher to cut the plasmid. The researcher observed 3 bands when the
product was run on an agarose gel.

—RBRARIEARZ DNA BihL, AR EH 5000 MZEER (5kBp) o BRI AHZELES EcoRI Al
BamHI f9BR % (V1F]) LR ZBAEE 2 > EcoRI AR A x > BamHI i =, XA AESE KIS A R
RRVIFIBRL. HiZ~YaERERRR LN, RARNEE 3DEE.

Part 2 of 6
Problem 94. What is the value of x?
FHY: xWEEZZD?

1 marks
Choose one. B %

A0
B. 1
C. 2
D. 3
E. 4
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Part 3 of 6

The researcher compared the size of the bands to a ladder of nucleic acids of known length, as shown in the
image. However, there was a problem with the ladder, so the size of one band could not be measured directly.
MRARBXLELTHANSEMKENZRFTHTTILR, WERR. A, ZERETFERR,
R T EENE R —FZHRIRN,

FHOXN FHE RESY

Ladder Reaction
size Ladder products

1.5 kBp
1 kBp

500 Bp

Part 4 of 6
Problem 95. Determine the size of the unknown band (p) using the available information.

A 95: ZRHEMEERRBERMET (y) BIA/N.

2 marks

Choose one. B8k
A. 1kBp
B. 1.5kBp
C. 2kBp
D. 2.5kBp
E. 3kBp

Part 5 of 6

This researcher's experiment is similar to the process of 'DNA fingerprinting'.
RXBRARBISLEEUT DNA FELEE i TE,
Part 6 of 6

Problem 96. How does DNA fingerprinting distinguish between different people?
&H 96: DNA FEEMNEX HIARR A ATE?

3 marks
Choose as many as appropriate E HFr BN EFRE =
A. Mutations in some people may create or destroy cut sites

FEANNERRT TR~ ESBIA RIS

B. Mutations in some people may increase or decrease the distance between cut sites

BEANERRTTREIIEMNBUR D B2 Z B HIEER

C. Different people express different nuclease enzymes

TR A FATFI RS

D. Some people express more or less nuclease enzymes

FEANFENERBHERS L

E. Many sequences are tested to see differences between close relatives

WHARSERFY, TUEIEFEZ[EMNER
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Question 6

Part 1 of 12

The polymerase chain reaction (PCR) is a method invented to amplify nucleotide sequences.The technique
works by:

RemEliRky (PCR) B2—MATY BEERFIINITE. RMEANTERER:
e  Primers made of DNA bind (anneal) to the sequence to be amplified.
B DNA BRp95|M%ES (RA) BRI IBHFI.
e DNA polymerase extends the primers along the sequence.
DNA R & Bg/A 55149,
e The sequence is 'melted' so the new double strand sequence dissociates into single strands.
ZFIECRE, RN FT] 0 A Bk,

e The process repeats. EEIZIITE.

Part 2 of 12

The reaction is primarily controlled by changing the temperature of the reaction in a machine called a
thermocycler.This is because temperature controls the melting of the sequences.

IR E BB A B A EREE R AR ERIETN. XEEAEEESFIIRE.

G-STORM GS4 thermal cycler
G-STORM GS4 #AEERY

Part 3 of 12
Rank the following steps by the temperature at which they take place.
REFEBTHITBRENEE, W TILRHATHF.

Mark the highest temperature step as A, the mid temperature as B, and the lowest temperature as C.

BREERSHIEIFMCA A, BEETENISRIFCA B, BREKRENIRIFCA C.

Two thirds of a mark

Problem 97. Primer annealing to the sequences
BB 97: X/F2HTT5HBA
A. Highest temperature step EERSNTE

B. Mid-temperature step BERENTE

C. Lowest temperature step REHRENTE
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Two thirds of a mark

Problem 98. Melting the extended sequences

RiB 98: HEY REI/F

A. Highest temperature step EERSNTE
B. Mid-temperature step REDENSE
C. Lowest temperature step R ERENTE

Two thirds of a mark

Problem 99. Extending the primers
ERE 99: 34
A. Highest temperature step & E RS L E

B. Mid-temperature step BEFEASE
C. Lowest temperature step ;= ER{ENTE

Part 4 of 12

Different primers have different binding (annealing) temperatures depending on the energy it takes to overcome
the base-pairing.

AEMSIYMEBEARRNG S (BK) BE, XBURTHERBELNAFTNES.

Part 5 of 12
Rank the following primers by the temperature at which they anneal.

RIRICREX AT S #THEF

One half of a mark
Problem 100. Short primer with lots of A/T bases.
BB 100: EEAEAT WEAIF5Y

A. Highest temperature step RERSNIE

B. Mid-upper temperature step P EIRE AT E
C. Mid-lower temperature step ~ FEEEMNITE

D. Lowest temperature step BERRNIE

One half of a mark
Problem 101. Short primer with lots of G/C bases

BH 101: EFAEG/CHENEY

A. Highest temperature step RERSHIER
B. Mid-upper temperature step TEERENTE
C. Mid-lower temperature step FIOEERTE
D. Lowest temperature step BEREKNSE
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One half of a mark
Problem 102. Long primer with lots of G/C bases.
BB 102: RFAEG/ICHEHKSIY

A. Highest temperature step BERSNTE
B. Mid-upper temperature step HERENSE
C. Mid-lower temperature step R ENSE
D. Lowest temperature step BERENTE
One half of a mark

Problem 103. 4 short primer with a sequence which does not match the target sequence very closely

B 103: SECARFIIT L BCAIAZ5 Y

A. Highest temperature step REERSHNIER
B. Mid-upper temperature step TERENTE
C. Mid-lower temperature step FIREENIE
D. Lowest temperature step BERENTE

Part 6 of 12

PCR usually uses a Tag DNA polymerase. Taq polymerase was originally taken from a thermophilic (heat
loving) bacterium that lives in hot springs.

RABR RN BEEN Tag DNA BEH. Taq REMHKYIMA TAAEERR PHEHRH

Part 7 of 12
Problem 104. What are the reasons that Taq polymerase is suitable for PCR?
BB 104: TaqBEMESATREBERARKNERE T+ AR?

4 marks

Choose as many as appropriate 3% H FFH [EH %

A. Nucleotides are universal, so Taq can replicate sequences from any organism.

AEHEBREBAE, AT Taq o UESHERTEYEEFFT.
B.  High temperatures used for melting sequences denture Taq. 58 9] T 5 X 15 Taq B9FEF .

C. The amplification is quicker if it can take place at a higher temperature.
WRBEEESEE THTT, TIBRESER.
D. Bacterial polymerases are very error prone. AE B SHBIEERZLHE.

E. Taq polymerase can amplify mRNA. Taq B& O] Y 1S E2ELER
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Part 8 of 12

qPCR is used in diagnostic testing, and to detect the presence of sequences in the environment. In qPCR:

qPCR (XME A EERAMMENRY) ATISHANK, FRNFETEZEFEFS. 7 qPCR F:

e Primers which are specific to a sequence of interest are used to amplify the sequence.

R ET FPHI 895 1R Y iP5 .

e A dye is included in the reaction which is fluorescent when it binds double-stranded DNA.

R APHER S W DNA 508, F=E5%5.

e The amount of fluorescence is measured at the end of each thermocycle.

BMAERE RN ELNE.

Modern qPCR reactions can be extremely specific as they only detect the sequence the researcher chooses.They
can also be extremely sensitive as they can amplify the sequence a billion fold.

RA qPCR T UFEESHFRME, BAENRRNARAZERNFS. BTUEERY, BAE
M UK PR3 18 101215

Part 9 of 12

For each of these features, state whether they improve qPCR specificity or sensitivity, or do not directly impact
specificity and sensitivity. Think about gPCR, as described above, and not PCR in general

XTXERE, FMENEERS T PCRIVFFMHREE, HFOEZHHBFENMREE. RIE
WEPrAMIFEFRE| A PCR (REEERNREY) . X ¢PCR #ﬁu%

Four fifths of a mark

Problem 105. The products of primer extension become targets for primer binding

BB 105: S| ~Y A H 51 E & HEERR
A. Improve specificity 12245
B. Improve sensitivity 125 REUE
C. Not directly relevant NEJEHE%

Four fifths of a mark
Problem 106. 'Hot start’ Taq (only works on primers binding at high temperatures)

&HE 106: “FEz” Taq (REATEETSIVNER)
A. Improve specificity 1EE4FEMH

B. Improve sensitivity RS REE

C. Notdirectly relevant  REIEHHX

Four fifths of a mark
Problem 107. Taq engineered to have improved 'proofreading' Taq
FB 107: Z3d TaqiRiHBG# T Taq AY“KRAS”

A. Improve specificity BEeESH
B. Improve sensitivity REREE

C. Notdirectly relevant NEZEMH%
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Four fifths of a mark

Problem 108. Primers assessed against databases of all genomes to identify potential targets

RE 108: RIBEFMAERERBETESY, U EEEER
A. Improve specificity  IEE45HM
B. Improve sensitivity — 12EREE
C. Notdirectly relevant  REEHEE

Four fifths of a mark
Problem 109. The amount of target approximately double every thermocycle

BH 109: EirNHEEERBABERERASTRERNREE.
A. Improve specificity 1254551

B. Improve sensitivity 125 REE

C. Notdirectly relevant ~NH &AH%

Part 10 of 12

Problem 110. Which of these applications require very high specificity and sensitivity, as opposed to methods
with normal sensitivity and specificity?

FE 110: SEFEERGENFRUENITEREL, TIHMEY B RFEFESNERUEMREUE?

2 marks
Choose as many as appropriate %1 5 HYIE A5

A. Detecting the presence of very endangered species from water / air samples taken from a habitat.
MAE SR ER K/ E AT IN R EFERILAEHDF.
B. Diagnosing a common virus which has a high viral-load in infected people.
SN —MEZXBREAEFEERESRIHUENENRE.
C. Diagnosing mutant DNA coming from tumor cells in blood samples.

@ MR A AR T ATE R A9 R % DNA,

D. Determining which organisms are male from cell samples.

RIEMAEPE AT E WL 4 YRS
Part 11 of 12

A gPCR test was carried out for some genetic material in two people.

AN FELEREYFFHTT T qPCR AT

In Sample A, the measurements of fluorescence began increasing at the 18th cycle of heating and cooling.

R AR, SOUNEEES 18 RANAAS ATEIR I T AR N,

In Sample B, the measurements of fluorescence began increasing at the 16th cycle.

MM B, FTOCNEEAESE 16 RIEIRRFIEIEM.
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Part 12 of 12
Problem 111. Which of these are correct?
MHE111: TEWMLEILEHRN?

2 marks
Choose as many as appropriate 3t fr & HIIE FEE 5

A. There was twice as much of the target material in one sample vs the other.

—MEERPERI BN 2 EBEA — M RAME.

B. Sample B has more of the target material than sample A. ¥ B LbRE T A 2B B S HEEH R,

C. One person may have been heterozygous for the target allele, and the other homozygous.
—PATRREFFUNERNNRET, F—PATREREST.

D. The DNA extraction to prepare the samples may have been more efficient for person B than for person A.
A BIZEU DNA RAEFMHARTRELL D AEZTRESH.

Question 7

Part 1 of 13

When the human genome was first sequenced in 2003, scientists were very surprised to only identify about
20,000 genes. However, the human proteome contains 80,000 - 400,000 proteins.

ANKERFATE 2003 FENFR, BERMNEAMRAE AL 20000 MEE, XIERZRINBIRF. R,
AEEBARESE 80000 E 400000 F1E [ FE.

Logo of the human genome project
AKERAT R ARE
Part 2 of 13

Problem 112. Why were so many fewer genes found than expected?

BE 112: AT ARANERETHANERNBED TRE?

4 marks
Mark all of the true options. %1 FF & IE IS5

A. The sequencing methods in 2003 missed large coding sections of the genome.

2003 FRERNFITERR T ERAERENRBL A K.

B. Many genes undergo alternative splicing to generate a greater variety of proteins.

EERSTEFMIENTEESMENED R

C. The bioinformatic tools at the time failed to annotate most of the genes.

HNMAEMERFIARENKSHEERATIR.
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D. The human nucleus contains only 1/10th of DNA within the cell.
AEGREZPRAE T2 Z—H DNA,

E. Many proteins are chemically modified in various ways after translation.
HEEAREREENSMTRETUFER.

F. Most of the proteins in our cells are produced by microorganisms living in our guts.

BNABTPHRLSHEARRHEEERETHMED ~EMN.

Part 3 of 13

The human genome project revealed that the haploid human genome contains 3.3 billion (3 300 000 000)
nucleotides. The average length of a human protein is 480 amino acids.

AEERABITVER, BEAAXERASS 3312 (3300000000) MIEER. AXEARHFEHK
B2 480 MEER.

Part 4 of 13

Problem 113. Using the information given in this question, calculate the proportion of the human genome
which is protein coding (is transcribed to an exon).

A 13: ZARMHENER, HEEAREE (BXISET) HAXERAMNILH.

3 marks
Choose one. B %

A. 021%
B. 0.29%
C. 0.87%
D. 1.45%
E. 436%

Part 5 of 13
Problem 114. What is contained in the rest of the genome which is not protein coding?

BHE 114: ERAPERBL T, MERFREBRFDH?

3 marks
Choose as many as appropriate 3% 1 B & H IE 22

A. DNA which folds into specific shapes to catalyse reactions like an enzyme.

&R ER IR UREE— R L R 2 A9 DNA,
B. Sequences which form centromeres and telomeres. 5% £ Mk F5 .

C. Much unused DNA is deleted from cells as they specialise (differentiate).
@Rl (M) B, S RF AR DNA MR P KRR .

D. Much of the genome is remnants of viruses and parasitic sequences.

REMTEEFI ORI RO HRBIEREL.

E. Sequences which help control the rate of transcription.

B TIRBIEIRENFS.
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Part 6 of 13

The simplest organisms, such as some bacteria, tend to have very short genomes, whereas animals and plants
have very large genomes. Moreover, a much greater proportion of bacterial genomes tends to be protein coding.

REENAEVE, Hln—BorAE, BERABEEENERE maiNEYUREEFTRNEREA.,
Eoh, EXRLLGINAFREFAFTEELRHRD.

Part 7 of 13
Problem 115. What are sensible hypotheses to explain this observation?

MHE 115 BRLeEmEX—WE SEHEN?

3 marks
Choose as many as appropriate & FF B E RS E

A. Bacterial genomes need to be replicated quicker.

AEERATENETIEREER.

B. Animals and plants need more complicated promoters and enhancers.

HEYFEEEERNBHFIERT,

C. Animals and plants produce a wider variety of proteins.

HEDFENEERTEES,

D. Replicating the genome consumes a larger proportion of the energy of bacteria.

SEHERARERARESMES.

Part 8 of 13

The largest human gene by far is dystrophin, which is mutated in muscular dystrophy. Dystrophin is
approximately 2 200 000 bases long (including introns). Dystrophin is not the largest human protein, having
3684 amino acids. Titin contains 34350 amino acids.

FEFALE RAPAXERZINERTREA, ESENERTRETRERE. NEFATREBX
297 2200 000 MEEMAK (BERAET) . IEFFREBFRALRANEDR, 5F 36841 E
HEE. NEXERRH 34350 MRER.

Dystrophin structure

MEFTREBNEN
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Part 9 of 13
Problem 116. Which of these is correct?
A 116: TEWILEEFAN?

1 mark
Choose ONE By

A. Dpystrophin contains more exon sequence than 7itin.

NEFRFREALLIKEAEAESMNINETFI,

B. Titin contains more exon sequence than Dystrophin.

NRKEALINEARATREBEAESNINE T FF,

C. Itis not possible to say which gene has more exon sequence.

FEEHBMNEEINE TFINES,

D. Dystrophin is a heavier protein than titin.

MERAREARIEIBKEAREFENEL K.
Part 10 of 13

Human RNA polymerase II moves at an average speed of 3 200 bases per minute.

AZE RNA B &g [T UEF 50 3200 MR AT 9% EE

Human DNA polymerase delta moves at an average speed of 2 000 bases per minute.

Ak DNA B &R O AE5$0 2000 M AT 193 EE).

Part 11 of 13

Problem 117. Which of these is correct?

FE 117: TEWIZ LY

1 mark

Choose ONE %

A. Dystrophin is transcribed quicker than Titin.

NEFTREOMNEREZILNEKED R,

B. It is not possible to say which gene is transcribed quicker.
TR F MR B R KRG E R,

C. Titin is replicated quicker than Dystrophin.
MEEZEENEFEEILIERTREDR,

D. Itis not possible to say which gene is replicated quicker.

TEHMNBEREHSER.

E. Both genes are replicated quicker than they are transcribed.

XWAEENE R EEHRTEREE,
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Part 12 of 13

Human genome replication begins from 'initiation sites' which have special properties. Replication forks usually
move in both directions along DNA, outwards from an initiation site, and stop when they reach another fork
moving towards them.In human cell cycles, S-phase takes 9 hours on average.

ARERAEFETRERRMERNEHEMR". EFHXBERE DNA BB N IEEE, el
SN, BB F—IEENBEHNEFXNFLE. EAXABELSS, SH (DNAEHE) Fi9F
B9/,

DNA ein ephcated
DNA IE7EKE )

Part 13 of 13

Problem 118. Estimate the minimum number of replication initiation sites used in a human cell.

A 118: (AEALAPIFANEFIRALRNE) HE.

4 marks
Choose one. B %
A. 1197

2000
3056
20000

m o 0w

1080000

Question 8

Part 1 of 5

The beaches of Northern Cyprus are home to two species of marine turtle: the loggerhead turtle (Caretta caretta)
and the green turtle (Chelonian mydas). Both are endangered and protected species. Female loggerhead turtles
visit the beach to lay eggs from late May every year.

FEEBEATEEEMMERNRE: /8% (Carctta Caretta) FZX/EE (Chelonian mydas) . W&

Loggerhead sea turtle hatchlings make their way to the ocean 415 (LAY \ERIFEE KEEE

https://ukbiologycompetitions.org
UNITED KINGDOM BIOLOGY COMPETITIONS Registered Charity No. 1191037



Copyright 2022 UNITED KINGDOM BIOLOGY COMPETITIONS

Part 2 of 5

A group of researchers tried to estimate how many loggerhead turtles visit the beach (A), and so used the mark-
release-recapture method. In 2019, they marked and released 54 turtles. In 2020, they captured only 30 turtles
and 12 of them were previously marked.

—BAARARRKEMERTZ D RABESKEERE (A) , BRARCERERIT. 2019F, MR
ICFME 54 R, 2020 F, MIRHEHk T 30 g, Hb 12 ARZFHRCHER.

Part 3 of 5
Problem 119. How many turtles do the researchers estimate visit the beach (A) every year?

BE119: FRARGEBSERRESPORABEIKENR (A) 7

2 marks
Choose one. B8k
A, 12

B. 22
C. 42
D. 120
E

135

Part 4 of 5

Unfortunately, quite a few things went wrong with this experiment!

BENEX KRR EI T R (6!

e The researchers captured turtles for two weeks in 2019, but for 2 months in 2020.

IR AR 2019 FHFEE AT MERE, {87 2020 F£HikERM T w4 A /R E,

e Marked turtles were much more likely to be eaten by predators.

BFCHBRERHRHRECE.

e The team accidentally counted some green turtles in 2020, but did not in 2019.

TZHIBATE 2020 FABRGIT T —2B 2 ERBE, B 2019 FRBRITEER.

e A neighbouring beach (B) was created January 2020, so some turtles did not return to beach (A).

TRy ERE (B) T 2020 | AR, FE—8oEaXEREEHE (A) .

e The researchers found it easier to spot and count marked turtles than unmarked turtles.

MRARKI, BiRcHEEILEBIRCHEEE SR ITE.
Part 5 of 5

For each error, sort them into whether this will have no effect, cause an underestimate) or overestimate in
loggerhead turtle numbers who visit beach A.

XTPHIMEE, BENP AT, RESSHERER (A) NIEEHE.
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Four fifths of a mark
Problem 120. Counting green turtles

MHE 120: St TRER
A. No effect N=3-A
B. Underestimate 1

C. Overestimate =1k

Four fifths of a mark
Problem 121. Differing lengths of capture periods
HA 121: BISEHHERE

A. No effect N=3-A
B. Underestimate  {f&{
C. Overestimate B4

Four fifths of a mark

Problem 122. Increased predation of marked turtles

AA 122: BHRCHEREHERNEEEN
A.  No effect ES320

B. Underestimate  1{&

C. Overestimate =k

Four fifths of a mark
Problem 123. Marked turtles are easier to find

B 123: BircH BEASHEAN
A. No effect N3 A

B. Underestimate  {f{&

C. Overestimate B4

Four fifths of a mark
Problem 124. Creation of beach B

MH 124: 5% (B) BNER
A. No effect - Al
B. Underestimate  {E{&

C. Overestimate =&
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Question 9

Part 1 of 10

e DNA polymerases and RNA polymerases do not require a high-energy co-factor (such as ATP) to
function.

DNA REHEEF RNA REBARESRBREF (0 ATP (RIBIZHE =8R) ) KEER.

e Ribosomes require GTP to function.

BIEARE GTP (ZHREH) T HREEM.

e Glycogen synthase requires ATP to function.
BREMHREATP (RERZE =) FREEER.

e ATP, GTP and UTP are approximately equal as energy sources.
ATP (FRIEMRIZE=RR) . GTP (Z#REH) MUTP RE=#R) fFAEREFREKR
HABS MR,
Part 2 of 10

Problem 125. Why do DNA / RNA polymerases not require an additional source of energy?
#H 125: J1H4 DNA/RNA BATA R EFIMIGEERIF?

1 mark
Choose ONE 3%

A. Nucleotide polymerisation is an exothermic reaction. ¥R R & 2B N

B. Nucleotide polymers have a lower free energy than free nucleotides.

ERERREEYNEHERTESZERNBHEE.
C. Formation of phosphodiester bonds between free nucleotides is energetically favourable.
HEZER B RHR _ERRE N HEREER
D. DNA/RNA polymerases cleave high energy phosphate bonds in their substrates which releases energy.
DNA/RNA REBARERTUIZSHBRE BNEE.

E. Base-pairing between nucleotides provides energy for polymer synthesis.

ZHRZ BHNRELEY ARG ERIRHER.

Part 3 of 10

In anaerobic glycolysis, 1 ATP is consumed to turn glucose into glucose-6-P. A second ATP is then consumed
in the next step. In the final steps, 4 ATP are produced. Thus anaerobic glycolysis of glucose has a net yield of 2
(4 ATP produced - 2 ATP consumed).

EREBEERT, AERELAEERE-6-PSEFE 1 DATP RIERZE =#R) . REET—HHE
FEE AN ATP, ERFEMNPRFR, FE4DATP, Eilt, FEROREIBEBSTE4 2ATP (44
/N ATP, JHFE 2 ATP)
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Part 4 of 10

Addition of one glucose monomer to glycogen consumes 1 ATP molecule to phosphorylate glucose and then 1
UTP molecule to power glycogen synthase.Phosphorylated glucose (glucose-6-P) can be released from glycogen
in an energetically favourable reaction which does not produce or consume ATP. Glucose-6-P can be turned
back into glucose in a second energetically favourable reaction which does not produce or consume ATP.

EFERPRM—DFEEREFRER | D ATP DT UBRAAEE, RFHEE 1D UTP D TRHIE
REmEsRtEE. BRCBIERE (AEE-0-P) JNBINEREENREMERTREILX, ZKX
M= BORFE ATP. HEE-6-P JUAFE - N NEREENNRETEAABERE, ZREFFES
JHAE ATP,

e  Glucose-6-P can be released into the cytoplasm of muscle cells and used directly in glycolysis.
BEE-6-P U BRRZINAARNMRRT, FEERTEER.
e Only glucose can be released from liver cells into the blood, for use by muscle cells.

REHGETUMNFAEENE LR, HUAMBEFER.
Part 5 of 10

Problem 126. What is the net energy yield when glucose from food is first stored as glycogen in muscles, then
used in anaerobic respiration?

fE 126: RYTNEEREEARREGEEINAT, RAERTEEFRN, MEENFEERS DY

Give your answer as a number in terms of ATP molecules.
BRI ATP ¥ A B4,

2 marks
Choose one. B %
A 1

2
3

4

m o 0w

6

Part 6 of 10

Problem 127. What is the net ATP yield when glucose from food is first stored as glycogen in the liver, then
used in anaerobic respiration?

B 127: RYTHNEERELRIEARREGFEFES RERATEEWRE, ™ ERNE ATP 278

HERZLD?

Give your answer as a number in terms of ATP molecules.
ZERUATP - HBAL

1 mark
Choose one. # %
A. 0

B. 1
2

C
D. 3
E
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Part 7 of 10

Problem 128. What are the main purposes of glycogen stored in the liver?

B 128: BREGERENTIZEENZMTAY

2 marks

Choose as many as appropriate 3t fr & HIIE FEE 5

A. As an energy source for anaerobically respiring muscles. {E4 LT & FEK AIREE KR,

B. As an energy source for aerobic respiration. EABEFRNEERIE.

C. To supply glucose to the brain between meals. EREZ B HKHIREEERE.
D. To balance the osmolarity (water potential) of blood. FEmwisEE (KE) .
Part 8 of 10

Protein synthesis requires at least 2 ATP to charge tRNA, 1 GTP to bind ribosomes, and 1/3 GTP to move a
ribosome 1 base along an mRNA molecule.

BEEHREMFTEED 24 ATP 4 (RNA R 2, | /> GTP BTFE&a&EE, 1340 GTP ATEE
mRNA 7> FiERZE A E) 1 mE.

Part 9 of 10

Problem 129. What is the minimum energy cost of synthesising a peptide bond?
BH 129: AKENRRERS S DY

Give your answer as a number in terms of ATP molecules. £% )l ATP 7>F R AL,

2 marks
Choose one. H# %
A 2
B. 3
C. 4
D. 5
E. 6
Part 10 of 10

Problem 130. Why don't our bodies use proteins to store excess energy?

AE 130: AT ARMNHOSERNMEREBFCRET S RER?

2 marks
Choose as many as appropriate %M Fr & HIEHE 5
A. Synthesising proteins consumes lots of energy, making them inefficient.

EREARSERABEE EEIERMKT.

B. Proteins attract lots of water, increasing the weight of energy stores.

EBRREWEIREKD, ENEERETHNEER.

C. Respiration of peptides is energetically unfavourable.

X% X A R TP IR E 2 FERERY .
D. We do not have enzymes which can respire amino acids.

BAVRH B R ERATTIRIERNES.
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Question 10

Part 1 of 7

A woman is suspected of having an E. coli infection. The hospital needs to work out how severe the infection is
and which antibiotic to give the patient.

—RALTRUBRRERGITE . ERFTEHEBERENTERE UL S BEFEAMMITESR.
e 2 mL of blood from the patient was diluted 98 mL of buffer solution.
BREN 2 ZTTMRBHEE] 98 2FE AR T
e 1 mL of this solution was then diluted into 99 mL of buffer.
KRR | BB RBER 9 2HEARF .
e This was repeated twice more.
BN EEREERAK,
e For each dilution, 1 mL and 0.1 mL of solution was plated on an agar plate.
ERBE—R, #E 1 2T 0.1 EEFHE RS HRAEIRBE LR E .
After 24h, the number of bacterial colonies (colony forming units; CFU) were counted.
40\HfE, HEE BOEEALEAL CFU) .

CFU counts are only reliable between 5 and 250 CFU.
CFU TH % RIXE 5 3 250 CFU Z 8] 2 FJ &£ 1.

1mL 1mL 1mL

0imLimL O0.1mLimL

OOOOOO

Too many to

A dllutlon series of liquids, which are subsequently plated.

B RIS R RAEIR L — R B RIRR .

Part 2 of 7
Problem 131. Which CFU count should doctors use to calculate the severity of this infection?

BE 131: (4 %0 AT CFU MRS B 5 By = ETRE

1 mark

Choose ONE H.3%

A. Too many to count ANitHEEK
B. 612

C. 87

D. 6

E. 1
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Part 3 of 7
Problem 132. What is the number of CFU per mL of blood?
&H 132: §EFMRACFUKEZEZD?

3 marks
Choose one Bk
A. 612

870
6120000
435000000

m o aw

4350000000

Part 4 of 7

The doctors thought this infection was severe enough to need antibiotics. However, many E. coli strains have
antibiotic resistance. Therefore, some of the patients E. coli was streaked onto agar plates containing antibiotics,
as shown below.

EEINAABEREERETE, FEXANLER. AT, FERAPTEEREBRERWAM. Fit,
MABENKPHEREMNISBENERNEFR L, OTEMAR.

Ampicillin Spectinomycin  Penicillin ATAEKR AMNBRXR FEX

Comommicit  Fosfie Negative | o so= [ ad BAYTRASEAR BRI RESEAS TR

Control Control

Part 5 of 7
Problem 133. Which antibiotic should the doctor prescribe?
B 133: EENIZFAWIIAER?

1 mark
Choose ONE Eif%

A.  Ampicillin REAM

B. Spectinomycin KWEZX

C. Penicillin 5E5E
D. Gentamicin KRKEE

E. All of them =]
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Part 6 of 7

Problem 134. What causes this patient's bacteria to be resistant to the antibiotics?
BH 134: FARSEXUBENRPITENRAERSEWAE?
1 mark

Choose ONE #5

A. Inresponse to the antibiotic, her £. coli evolved a resistance gene

ANMIAER, BENKBHESET —IHAER

B. All E. coli are resistant to antibiotics by default
EEBLT, AR IEREMA M

C. Her E. coli already had antibiotic resistance genes in its genome

BENKPHEERATCEZERERNMHER

Part 7 of 7
Problem 135. What should the negative control plate contain?
H 135: BAMNBHNEETERNIZESHTA?

1 mark

Choose ONE B 1%

A. A mix of all the antibiotics FrEMERRIREED

B. E. coli which are resistant to all antibiotics S EME R WA RBITE
C. No antibiotic AEMER

D. Agar which does not have all the nutrients E. coli needs AR&H KB EELEE FTNIRE

E. None of the patient's E. coli AR BENKBTE
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