Question 1

Cockatoos in Sydney have begun to open suburban rubbish bins.
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Sulphur-crested cockatoo opening a houschol.d bin (Barbara Klump/Max Planck Institute of Animal Behavior)

B A S RS ETE 4T TF 4 B 312 4

Problem 1. What type of behaviour causes cockatoos to search for food?

BH 1: {F a7 SRR BT R a2

1 mark

Choose ONE #1i%

a)  Reasoning IR
b)  Instinct Afig

c)  Social Learning $E£:%%7]
d)  Habituation  ZJ{0t{k
e)  Reflex R4t

f)  Imprinting 2]

Humans have started protecting their bins from the cockatoos.

ATVt RIS B By L 12 3 46 ot Rk S 88 4T JF

Running shoes wedged into the hinge of the bin lid (Barbara Klump/Current Biology)
FRERAE R YR 0 o F



Problem 2. What type of leamning is this?
BH 2: X AXRM%)?

1 mark
Choose ONE #1i%
a)  Reasoning ery

b) Instinct Afig

c)  Social Leaming $l:437% 2]
d)  Habituation 1L
¢)  Reflex B4

f)  Imprinting fhid

Problem 3. Some cockatoos figured out how to overcome the bin protections. They then shared this
knowledge with other cockatoos in their neighbourhood. What type of learning is this?

BEE 3: —26JR 5 WA 40 o] SR SR AOY (R I, AU BT R TS HEE 1 LA R
KA. K RAF AR M

1 mark
Choose ONE #ii#t
a)  Reasoning R

b)  Instinct Afig

¢)  Social Learning $££5%4>]

d)  Habituation 1k

e)  Reflex =4t

f)  Imprinting #id

Question 2

Are these true or false? ¥ IEi%

3 marks

Mark the following as TRUE or FALSE ##7 iF i

Problem 4. Phototropism in plants involves the bending of plant organs towards, or away from, sources of

light
BIH a: HYH N ERE Y 8 TR R EGE PO R AT .

a) TRUE IEHi b) FALSE §#i%

Problem 5. Plants require symbiotic bacteria to fix inorganic nitrogen from the atmosphere

BH Ss: Him A mEREE XA PRI,
a) TRUE iE# b) FALSE $ffif



Problem 6. CAM photosynthesis involves the opening of stomata at night
BB 6: CAM o {F: I 045 P2l AL 1Y TP ik

a) TRUE IE#j b) FALSE flfi%

Problem 7. Apomixis (the generation of seeds without fertilisation) results in offspring that are genetically
identical to the parent plant

BB 7: KRAER LR T 24 Gy A M R 0 AR
a) TRUE il:#j b) FALSE {}i%

Are these true or false? J4 7 115 1%

3 marks
Mark the following as TRUE or FALSE FJlf il i%!

Problem 8. The process of digestion in animals involves the breakdown of food into smaller molecules
that can be absorbed and used by the body

B H 8: A0 (bt FRAT IR o 50 B0 A a7 LARE SHATRY I 1) 1) 0 0 /N 43 F
a) TRUE 1E b) FALSE §##

Problem 9. All animals have a closed circulatory system for transporting blood

BH 9: Fitishila — AT iEsh i i 3 A6 £ 4
a) TRUE JE#i b) FALSE %

Problem 10. Animals always reproduce sexually

BH 10: LA TR
a) TRUE IE# b) FALSE it

Problem 11. Thermoregulation involves a negative feedback loop to maintain body temperature

BA 11: AREE PRS- TR IS R AR AR
a) TRUE E#j b) FALSE ##i%

Problem 12. Animal behaviours are always leamt

BH 12: ZiTRERIE/N
a) TRUE IE# b) FALSE #i%
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Question 3

Problem 13. Which of the following polymerisation reactions release H0?
BA 13: CURW RS R 1.0?

2 marks ;

Choose as many as appropriate S AT 170727

a)  Nucleotides to DNA 1%/ 1% DNA

b)  Glucosc to starch i &j ¥ §% {6 Ay i By

¢)  Amino acids to proteins Z ALAL AL A HT A

d)  Triglycerides to fatty acids i = fli4% (b Ju G UiiR2

Problem 14. Which of the following bonds break when heated to 100°C?
KEH 18: X0AF) 100°C B, LUFORfi i £ 075 ?

2 marks

Choose as many as appropriate 35 H} i 17 1F 9987 T
a)  Ionic BT

b)  Covalent i

¢)  Hydrogen A

d)  Disulphide bridges st 77314

¢)  Hydrophobic interactions E/KAf H.{F

Single-stranded mRNA can form secondary structures. One example of this is the 4U sequence in bacteria.
The 4 uracils bind the Shine-Dalgamo sequence (AGGAGG) of mRNA. Usually, bacterial ribosomes bind
to the Shine-Dalgamo sequence. This mRNA secondary structure is stable at 20°C but not at 40°C.

IGE AT R TT LU R RS JCrh — NG F AR 1 Y 4U 9. 3K 4 FRRmEnE 45 4 (G 1K
KHEZR SD /%) (AGGAGG) .« i, RIS SD fF5) 25 ¢ . XM (GE R IE R — 2
E5HTE 20°C B fRIFRRSE, {BTE 40°C M ARE.
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4U RNA secondary structure
4U RNA M 4451



Are these true or false? J1 W7 115 5
4 marks

Mark the following as TRUE or FALSE YW il i
Problem 15. RNA with a secondary structure is less likely to be damaged and broken down

JEH 15: JUIT 2085 0 RNA SRR 407 1) o ik I/
a) TRUE IE#f b) FALSE #iii%

Problem 16. The 4U secondary structure acts as an RNA thermometer which prevents translation at low
temperatures

BH 16: 4U —Z5H175 % RNA B, Phb{RE F @ikl
a) TRUE 1E#i b) FALSE §}i%

Problem 17. It is likely this mRNA codes for a heat shock protein
BH 17: iX% mRNA RA] g e —Mivk R dn

a) TRUE IE#i b) FALSE 1%

Problem 18. Position I is 3' and position Il is §'

BHi18: (rMI1Rm3, LHnAs
a) TRUE 1L} b) FALSE i3

Problem 19. Mutating the fourth U to a G would make the secondary structure more stable
EH 19: #4304 U RKEN GH W Sasniase

a) TRUE 1L b) FALSE ifi%

Problem 20. Mutating the Shine-Delgamo sequence would strongly reduce translation

JEH 20: SD i3 RAHG KD BRIL
a) TRUE IE# b) FALSE #fii#

Problem 21. Other RNA switches could form secondary structures which bind to particular metabolites

CEH 21 LA BRI X AT LY RS R ARl 4 & 1 — S 1Y

a) TRUE IEHi b) FALSE §i%



Question 4

i ; s eat only poor-quality grass,
An animal's anatomy is closely linked with its lifestyle. For example, cows cat only poor-q
Therefore, it has a large stomach to house bacteria to break down the grass. 3 AN

R RS K 5 U R DI . o, 8 LV Repg e, Hik, B
BRI AT

Schematics of the digestive tract of two animal species

R s kit R & 1
Which of the following lifestyles are associated with A and B?
AFEfAEE TS A M BATX?

2 marks
Groups Y& T P BALFRETFHITHH, 2715 AR T, oA

Problem 22. A
BH22: 5A1%
A. Foregut-fermenter R R B¥ #

B. Hindgut-fermenter & & B¥ ¥
C. Carnivore A

Problem 23. B
BH 23: 5BfiX

A. Foregut-fermenter IR B %
B. Hindgut-fermenter  JG &M
C. Camivore Az
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Problem 24. Animal A, B, and a cow, cach eat a sugar cube. Which animals would be able to absorb all
the sugar into their blood? *Check all that apply*

BH 28: 1Y A P B AWy, Ry, O RE AR Y% A 4 TR B i e ?
AP IR E”
T T

-t

N :

4 - ;o TN

By Michael Giibler, CC BY 3.0, https: /commons.wikimedia.org/w/index.php?curid 9875161

P{KIE: By Michael Gabler, CC BY 3.0, https://commons.wikimedia,org ' w/index.php?cund=9875161

1 mark

Choose as many as appropriate 2% H] By 11 1 #5875 77
a) A

b) B

c) Cow 4

Are these true or false? ¥ I it

2 marks

Mark the following as TRUE or FALSE #Jif iE if

Problem 25. Animal A would extract more nutrition from cooked food over uncooked food

B 25: AhY) A A2 e Preh BEIAYEE 7R LA BT 2809 e IR E 2
a) TRUE IE#j b) FALSE i

Problem 26. Animal A may eat its facces to gain extra nutrients

B H 26: 311 A WTHERMZNERFHERIFEH I
a) TRUE IEH b) FALSE %

Problem 27. Animal B may eat its faeces to gain extra nutrients

BH 27: 1) B e 2WEHE RIS {ERAFEE
a) TRUE E# b) FALSE #Hi

Problem 28. Animal B prefers new plant shoots and buds to tough old leaves

EH 28 L EEME, 311 B I MPINEE
a) TRUE IE#i b) FALSE §#i%



Question 5

Glass frogs are famous for their ability to appear almost transparent, cspeci'ally when sleeping. The
recordings show a glass frog from underneath when it's awake (left) and asleep (right). &
BEIREE DY 154 e LT 58 WY i I, eGSR D (e 4. P TR, M — MR gk
JCRB 1) AR Py . 72 FIL A DIy . A5 R PEEIESE (I o
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The Atlantic: Jesse Delia / American Museum of Natural History
NiEiY: Jesse Delia/JE [0 [ #4175 & 1 4940t

As frogs fall asleep, they condense almost all of their red blood cells into their liver, and coat their liver
with a layer of shiny reflective crystals.

LB SENBER BN LT B A 200 B A BN, EENFIE b % — 2 I S R O
#.

Are these likely true or false? 3l iF i%t

3 marks
Mark the following as TRUE or FALSE FJRfiF iR

Problem 29. Glass frogs probably sleep during the daytime.
BH 29: BIAERETE B RBEGR .

a) TRUE 1E# b) FALSE %

Problem 30. Glass frog organs can probably survive prolonged periods without oxygen.

BEH 30: BIASEN) R8T 7ERA UL T AT AR nT ) 4735 .
a) TRUE IE#) b) FALSE fi}i%

Problem 31. Glass frogs are probably warm blooded.
BH 31: BEEyERATAEREE Y.

a) TRUE IE# b) FALSE ##§i%

Problem 32. Glass frog blood is probably less able to clot than human blood.
BH 32: BOmakmakssne/ivT et AR T2,

a) TRUE 1Lify b) FALSE i

Problem 33. The main reason glass frogs go transparent is probably to hide from predators.

B H 33: EMEEVI0 B ERRTREIE N T SO .
a) TRUE IEH b) FALSE #ffist



Question 6

Problem 34. The proportion of each base in 5 different genome sequences (i-v) arc given in the table.

R 34: XN PGHT SAAREERAUES] Gov) h AR I .

: Proportion of sequence |yt
m—mm | s A |

?aselA lTI1ICcl G|l UM

1 1.2 | 0.28 | 0.18 | 0.32 | 0 |
11 1 Opl | 0.29 | 0.21 | 0.21 | O |
A AN | 01 0.26 | 0.12 | 0.3 |

iv A\L\eVIS | 0.31 | 0.12 | 0.35 | 0.07 |
v 1o ] 0] 0.46 | 0.54 | 0 |

Which sequences are certainly from a virus (as opposed to another type of organism or a mistake)?

MRS —SERA TR GAAL S — R R & Mok & th TRk 2

2 marks

:;hoos::' as many as appropriate 3 ] Jir 47 iF BT .
b) i

c) il

d) iv

e) v

Question 7

Equal lengths of three different blood vessels were threaded onto the horizontal arm of a retort stand.
Weights were then hooked on the vessels until they broke.

A A A 09 ZARAS ) AT SR L AR R AR A0 KE b, A e AT b, BLFRE A
.

Predict the results of the experiment. *Match the vessel to the maximum weight it bore before snapping*

Biscae s . *Wi AT, 5 mAT 5E MR 2 00 RO SEA U AC

2 marks
Groups 18 & i #9A BB TR ITHM, FZHHTRLETT, TTIER.

Problem 35. 800 g

B H 35: 800g
a) Aorta FEHhhk
b)  VenaCava fi5 e BK

c) Pulmonary Artery hiih Bk
Problem 36. 3500 g

BH 36: 3500g
a) Aorta E BBk
b) Vena Cava i K

¢)  Pulmonary Artery BBk



Problem 37. 5000 ¢
I&H 37: 5000g
a)  Aorta Lk

b)  Vena Cava JPE i Bk

¢)  Pulmonary Artery filizlik

Question 8

The following logic puzzles are based on *defining characteristics* and *shared traits* of branches of the
tree of life. ~ For example, vertebrate animals share many characteristics (pairs of appendages, spinal cords,
digestive tract below backbone), some of which may be unique to them, but they are *defined* by having a
backbone divided into jointed vertebrae.

CLT B HERS () S T2 T2 B 53 300 s SCRFAE ™ A “ LIS AE” o ldm, YR HERY AT 5 2 3K
FFOE CROMIPHRE, PR, TREEF 7096 | JUep— Bl Gl AT 00, (S8 SCOIAT
AR HETT LR FEE .

Problem 38. *Mitochondria are to Eukaryotes as X are to plants.*  What is X?

BH 38: LR T IR ERBME X X TFH—FE, X242

1 mark

Choose ONE 41

a)  Cell walls “ i s

b)  Leaves m-F

c)  Plastids (e.g. chloroplasts) ffi{& (fmm-4¢{k)
d)  Vacuoles it

e)  Nuclei Eiii]i0k 2

Problem 39. *Milk glands are to mammals as X are to birds.* What is X?

JEH 39: *SLERING AL (ERRIE X X SRR —HE” , X A2

1 mark

Choose ONE #1i%

a)  Eggs 58
b)  Beaks 3
¢)  Feathers FE
d)  Wings b2l

¢)  Warm bloodedness 411



Problem 40. *Mushrooms are to fungi as X are to plants.*  What is X?

JEH 40: S €ER T VUM IR X %44 b, XALTFA?

1 mark
Choose ONE 1%
a)  Roots iR

b) Seed pods Fip 3z
¢)  Flowers 1€
d)  Leaves -

¢)  Chloroplasts MH4¢{k

Complete these analogies. i 5¢ UL T % LE.

Problem 41, *Whales are to fish as X are to birds.*  What is X?
BH a1: *hgfaxffads, gl XFLE - X4

1 mark

Choose ONE 1%

a) Parrots TG

b)  Reptiles {7511
¢) Eggs 5B
d) Bats EEH

¢)  Snakes (7

Problem 42. *Light is to plants as X are to chemolithotrophs*  What is X?

EE 42: AN ERRE X FRRENE R EMOER —H" X242

1 mark

Choose ONE #1i&
a) Prey HP
b) Water K
¢) Heat #AM
d) Plants H#

¢) Rocks % A
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Question 9

PCR is a staple laboratory technique for the amplification of DNA. Recently, a new method for the
amplification of DNA was invented which can be done at constant temperature in a single test tube.
*Heclicase is an enzyme, and SSB is 'single strand binding protein'.*

ROBGURMN (PCR) JLHOAY 1 DNA (1 S350 544 R . L, A UIth —F# 37 ) DNA 474

Jyidi WTCATENTIL F OO NMAS AT ol i7 . *SRHERS S —Fbfg, SSB L BELS & dEI”
a  Thermocycler-based PCR b Isothermal SHARP

(SSB-Helicase Assisted Rapid PCR)

(Polymerase Chain Reaction)
[ % sare (ssRemNEms bt e B R 1)

| sramasn ecr oMt |

@ Initiation @ Denaturation /', @ Initiation (2Helicase unwing
It (98°C) bt ATP_SREEBM 7 s
JFt DNA 1 sl 4 ¥ 45 ONA S14 PcrA Ms—? s
Starting DNA template ..._..,...--/ Starting DNA template A oed
T T TR TSI, ; e
(End DNA product) Q‘Q (End DNA product) “g‘
£59 DNA 7219 \ EHHLONA 1)
Constant temperature \
s ' o bk Jsse 42 6851
@ Extension «———  (3)Primer annealing ;= @ Extension  «—— (3) SSB binding &
% £ Polymerase (72°C) Zigax  (60°C) Polymerase “ primer annealing
_ oma ). . 9B
e @ L] T T i) UMY SRPE BT
A , ~ + .PCR Primers . PCR Primers
dNTPs &’ ( PeRAI dNTPs 4 ¢ PRI~

Wiy T e gL
g Vo B et
CC BY 4.0 Gavriloy et al 2022 hutps://doi.org/10.1038/541467-022-34076-0 Created with BioRender.com.

Part 2 of 2

3 marks
Groups ¥R TP HIA BALAE TR, & ZMB AN LEIT, A

Problem 43. Traditional PCR

BH a3: RA%RaMERRMA & ORE

a) Temperature is lowered to allow primer binding
FAARIELIE LASCIF S 045 &

b) Requires ATP
% ATP

c) Amplification is semi-exponential
T AR SO ) —F

d) Requires reverse- transcriptase
PR AOR BN

e) Heat is used to separate double- stranded DNA
it fn % 4+ 77 X DNA

f) SSB is used to keep DNA strands separated
SSB Ji F-{#:#¥ DNA &k FF (R E



b ol

Problem 44. SHARP PCR SHARP

JEH a4: JUAT SHARP MO a1z i A FL & 14 fi

a) Temperature is lowered to allow primer binding
PRI S LA SSVE S 085 6

b) Requires ATP
B ATP

) Amplification is semi-exponential
O O R —f

d) Requires reverse- transcriptase
i BB fa) - Ak

¢) Heat is used to separate double- stranded DNA
L AR 53 FF XUEE DNA

f SSB is used to keep DNA strands separated
SSB JII T {i+F DNA 8§ 4r IF AR 45

Problem 45. Both

B as: BEFFOESURGER R ML IT & SHARP SR #E bR

a) Temperature is lowered to allow primer binding
PRGETE LSS VF S 45 &

b) Requires ATP
i ATP

c) Amplification is semi-exponential
JBORAS ok fa ¥y —2F

d) Requires reverse- transcriptase
i 32 2 ] - 5% e

e) Heat is used to separate double- stranded DNA
ik 4y 7 XU6E DNA

) SSB is used to keep DNA strands separated
SSB Il F{##¥ DNA 8k M IF AR A

Problem 46. Neither
BH a6: EAFAIGRATHHARMEARTS SHARP R ARGt AR
‘a) Temperature is lowered to allow primer binding

PR LIS &

b) Requires ATP
3 ATP

c) Amplification is semi-exponential
KA MR R B —

d) Requires reverse- transcriptase
B R ) -H R

e) Heat is used to separate double- stranded DNA
it fm#k 43 FF A6k DNA

f)  SSBis used to keep DNA strands separated
SSB fil F{7:4F DNA B4 TFHRE



Question 10

Ecologists used laser scanning and 3D reconstruction (LIDAR) to non-destructively measure the size of
every tree inan Wytham Woods, Oxford. Overall, they found 815 trees within the 1.4 ha smdy‘arca.
A MHOES 0 3D AL (LIDAR) A0 I 1 3 T2 00 10 PR e 6 B
Ao HEAITE 1.4 2UBEIICHN R IRT 815 P44

The Trees of Wytham Woods %t etk RAF
® Acer pseudoplatanus - xinus us
»  Corylus avellana «

HY T NI | S
TVEPIH YT Pt S T
PP ITY I RANTOPI IR | s i
 SURANRAER TR S LAl Pams S
TVPHIIPIAL P RPALDET | st

B daiinalsanki
adbiai (A ARG ATANRANR & s
Ridhsraradiitans 181 B0 R winity!
NNt AR TANR iR ATtk (aERIORE SEFD
T AT PIRPNPTHRAUAP T
D anCANAANERTi AV ALY AR 'k & dakitfa
PYTF ATV ATY T T
AN AR A A RO
ST TSI S
FATATTOR OO RS A PRIy
AN FART A AREN i AR AF{SaVaadbiasdibttt Shamathls
A SRl B b, 5

e lAR T I T T W T H T I T R SO S PIBAL Ty T

r:{ ARG IAC NS AN PRSP T IR ETRS T A A e ey s

CC BY 4.0 Calders et al 2022 https://doi.org/10.1002/2688-8319.12197



Problem 47. Which species has the tallest tree?
BH 47: R R ?

1 mark
Choose ONE #13%
a)  Acer pscudoplatanus (Sycamore) [F &% (#5Hd)

b)  Fraxinus excelsior (Ash) SENE: D)
¢)  Corylus avellana (Hazel) [KHE (HERD
d)  Quercus robur (Oak) YR (RED

¢)  Cratacgus monogyna (Hawthom) Hi-f- 1tk Cilliks)

f)  Acer campestre (Field maple) te R R (BUAD
Problem 48. Which spccies is most likely to be shade tolerant?
B H a8: MR L] R E]?

1 mark

Choose ONE 1'%

a)  Acer pseudoplatanus (Sycamore) [ FBE (Hife)

b)  Fraxinus excelsior (Ash) SENTUME D)

¢)  Quercus robur (Oak) SUHR (R

d)  Cratacgus monogyna (Hawthorn) Wi-s=th bt Cilikt)

Problem 49. Which species is most likely to be a main source of food for deer?

B H 49: XTI A E N T AYRI?

1 mark

Choose ONE #Li%

a)  Acerpseudoplatanus (Sycamore)  BKIEE (Hifid)
b)  Fraxinus excelsior (Ash) A (%)

¢)  Quercus robur (Oak) DB %R

d)  Crataegus monogyna (Hawthom) ~#-Flif (LD



Problem 50. Which species is likely to be the main food source for caterpillars?

BER 50: WA Y of fil AL G L) 1 0 fr ki 2

1 mark
Choose ONE it
a)  Acer pseudoplatanus (Sycamore) R IEHE CHiD

b)  Fraxinus cxcelsior (Ash) Het (8
¢)  Corylus avellana (Hazel) ke CHERD)
d)  Quercus robur (Oak) EHRE (KRR

e)  Crataegus monogyna (Hawthorn) Wi-f(lif (i)

f)  Acer campestre (Ficld maple) BEE (BUA)

Problem 51. Does *Fraxinus excelsior* or *Quercus robur* have a greater *range* in height?

HBH 51: WRMOMAEXER TR, BT R ER?

1 mark
Choose ONE #.i%
a)  *Fraxinus excelsior* [1%H#

b)  *Quercus robur* 2R 73

The data in the graphic can also be displayed as a table.
PR T e fr HE040E th T LA A% SR 2R

**Species** | **Count** e fpes | oMt
$mmmert |t PR [ SRS
Acer pseudoplatanus |532 BXIEHE | 532
Fraxinus excelsior |84 FI8fiht | 84
Corylus avellana |67 Eki% | 67
Quercus robur |35 X#% |35
Crataegus monogyna |24 T | 24
Acer campestre |2 KRR |2
Unlcaown) 7% Rk 171

This data can be used to calculate the Simpson's Diversity Index. Simpson's Diversity is a measure of
diversity within an ecosystem which takes into account both richness and evenness. Simpson's Diversity is
calculated as

K HAR TR T ST R 2 PRI M. PR B IR MR R e R E v Ry 21,
F it A RGN B HAENIR . FERD PRI AR.

Simpson's Diversity Index = x (n/ N)2
FHHB TR

where # is the number of individuals in a species, and A is the total number of individuals
as a single species for this particular example* ’

Jih AR AMERORR, NRMEGE SERMEEIT S, AR

*Treat unknown



What is the Simpson's Diversity Index of Wytham Woods to *three significant figures*?
R AR R S IR SR 207 (R =4 AT 2

3 marks
Problem 52. Write something below

BB s2: i FLIHAEEK
0-U

Problem 53. Would the Simpson's Diversity Index increase or decrease, if unknown was composed of two
species not one?

M H 53: AR G DT AR —DORAR, FHEL RS NINEL

1 mark
Choose ONE it
a)  Increase i/

b2

b)  Decrease 3/

¢)  Depends on the ratio of individuals in the two species H ik T- 7§ 4~ 4 ek 4~ (A (1 LE 1]

Problem 54. What would Simpson's Diversity Index tend to when the number of different species
becomes extremely large? *Type a number*

BH 54: MAEYRONIEGBIUERR, FHRBHEERSE T L G ES)

1 mark
Write something below 1 £ F I HIAZH

V¥

s

Question 11

Baker's yeast (*Saccharomyces cerevisiac*) sporulates in response to nutrient deprivation. The fraction of
cells that sporulate in a culture, called the sporulation efficiency, varies heritably among yeast strains. For
example, the best-studied laboratory strain, S288c, is a notoriously poor sporulator, so most studies of
sporulation employ the efficient sporulator, SK1.

MRS (CEEMRE) dTRIWHRMBRAT. BEOYIERQTFHMRELE, KT
AR, CEARMBREED, RAERRMBEE. Blim, B2 0F 50 9:5 % % ik S288¢
MHFIERAE B2, K2 ¥ wh A £ (M AT M= i bk SK1.

EN o !

-¢

Saccharomyces cerevisiac

Scientists found three mutations which affected sporulation efficiency. One mutant (A) stopped the
production of the protein RMEI, and two mutations (B & C) affected IME]1. A - RME] Knockout B -
IME1 Knockout C - IMEI Protein structural change

s T s FRERAEN=FHRE. JUHRE (A) FUEHREMR RMEL 09758, 5 4% 4
R# (B&C) LM% IMEl. A-RME1 28255 B-IMEL JHEER  C-IMEI dir1 44 1y ik
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Sporulation Efficiency
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TREXR

[

A B G A/B
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RNR

Sporulation efficiency for mutant yeast and some combinations

RAERE EHRORELEIR & (M0 T 4 20K

A/C

For each mutation, decide whether the mutation increased, decreased or had no effect on sporulation

X T GHRAE, FIUREMMAT O, Wb Ha T 00 RS A L2 AT o

1 mark

Groups +53& TTH B B 1 RT - FRIT A, 25X BEETT, oA

Problem 55. C
BHss: C
a)  Increased i

b) Decreased W
c¢)  Hadnoeffect RFHM

Problem 56. A

BHSs6: A
a)  Increased H#im

b)  Decreased b
¢)  Hadnoeffect #4718

Problem 57. B
MHs57: B
a)  Increased #m

b)  Decreased b
¢) Hadnoeffect &AM



Whi_ch unmfn:{t?d proteins increase, decrease or have no effect on sporulation?

LA AER AR AN 200N T W TR 32D 105 (0T 0 I A 01T TE et A K00 2
1 mark a

Groups JSETU BTN BEALIG FIH 7, 275 AR BA T, o A ff 7
Problem 58. RMEI

J@H 58: RMEI

a) Increase Kt

b)  Decrease e
c) No effect & A7

Problem 59. IME]
@ H 59: IMEl
a)  Increase i

b)  Decrease b
¢)  No effect AT

Problem 60. Does RMEI work upstream, downstream or in a different pathway to IME1?
B H 60: RMEI Xf IMEI ({EATRTENIN. & WHE L ILithig 122

1 mark

Choose ONE #ii%

a)  Upstream I
b) Downstream J&

¢) Inadifferent pathway FLfhid2

Problem 61. What do you expect the sporulation efficiency of a combined B/C mutant plant to be? *Give
an answer in numerals. The unit is % (it doesn't matter whether you type the unit)*

EH 61: i Hiit BIC REMWAEEMRTRRULLETD? *WAECFRT, NN % CERN
Hap "

1 mark

Write something below i 7 F I AALHE
20

Problem 62. What do you expect the sporulation efficiency of a combined A/B/C mutant to be? *Give an
answer in numerals. The unit is % (it doesn't matter whether you type the unit)*

BE 62 Bt ABIC R A WMFIAKR DT Sl RFIIE, MAhy o6 CERHT I
) "

2 marks
Write som

ething below It FIr A Bx

2.5
Y A




1 92
Problem 63. Which of the following genetic diagrams show the pathway of sporulation’

HEH 63: LLFMBA ML PR T I RER?
——] Negative i)
v I — T
BT B T

v
-
o T
o e —

1 mark

Choose ONE 4%

a) I b) 1l c) 1 d IV
e) V f) VI g VI h) VI

Problem 64. Which of the following is the most likely genotype of S288¢?
BH 64: LAFHBANA AT g S288c (AL K2

1 mark
Choose ONE #ii%
a)  Wildtype BfA#

b) AB
c) C



Question 12

The Royal Rescarch Ship (submarine) *Boaty McBoatface* is exploring the underside of Thwaites glacier
in Amundsen Sca in West Antarctica. This 'doomsday glacier' has become highly unstable, and the focus
of global concern. The collapse of Thwaites glacier would raise sea-levels 0.9 m within decades,
devastating costal ecosystems. However, it also braces the cntire West Antarctic ice sheet against flowing
into the sea. Following the loss of Thwaites glacier, it would take centuries for the West Antarctic ice sheet
itself to collapse into the sea, but the process would be irreversible and raise sea levels by >3 m. Scientists
are debating whether the West Antarctic ice sheet collapsed 125000 years ago when temperatures were last
as hot as they are today. The enormous weight of ice in Antarctica pushes the ground below sea level, so if
the ice melts, channels of water can link distant parts of the continent. Turquet's Octopus (*Pareledone
turqueti*) has populations scattered around the coastline of Antarctica. Scientists collected genome
sequences of octopi from each population and produced a statistical model of the size of each population
through time, and the rate of interbreeding between each population.

FEH N GEBE) “Boaty McBoatface” 1F 7E4R4% i M 7 AT 5% oty ) S8 5 0K N (I RGE . 3K
et AR F U EAEMAER A e, T SIRKTEM AL B 5ok S 7E LA 4E A
AEET T 0.9 K, HRORHMEAA RS, AT, WS RA MG K, B LA K
A, MAEHEKNKE, HRIGHK LGS E LA L AT, BX R A A e,
A0t T T 3 K EA Lo FEE R IELE G0 i0 i Ve SRIK L 75 06 12.5 73 4 015, PP ETiE g1 A
mmﬁmmmwmmmm.mm%gxmwmmwmmﬁmwmu?,w&mmmww.mwm
LA (W e [X . Turquet § 0 (Pareledone turqueti) i) fh f 43 A4 £ ¥ B (19t 4k E.o Flef%
JAAEASFORE Pl T T g0 Y 2L (R AL B, Al ST T S (R e f] 55 AN B £ /0 BA B B A R 2 () 2

R MG

Dots show Octopi populations = SWS = South Weddel Sea AS = Amundsen Sea RS = Ross Sea
BY AR Tt R B SWS = MMRIE/RiEE  AS = FIRARAG RS = PWiilF

= S$SOs6

$0o
e e’

—~s oPB
) \ E’&sm«
Amtic”, IUREBKA
gOice Sheet " _
AS FibLTERBOK of

R8°°," AL

A o Mo

The output of the model is shown below. Arrows show the direction of allele flow. Arrow thickness shows
fallele flow. . g s
e e o R S LA 1, RO T (ML
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Population size 1l )]s

T
(thouunJ'c:ars ago)

L) 20
(T2

East Antarctica
R

Present day
Ok H

Amundsen sea
P % iy

2 marks
Mark the following as TRUE or FALSE Y5 iFi%

Problem 65. The West Antarctic ice sheet was likely melted ~100,000 years ago.
BH e5: #HH MK PTREE XY 10 i ERIL.

a) TRUE iE#f) b) FALSE {fii}

Problem 66. Currents currently circulate mostly anticlockwise around the Antarctic coast.

BEH 66: ¥t F iy Ty Btg ik nd 6 7 el .
a) TRUE IEify b) FALSE f#i%

Problem 67. The octopi prefer to travel through very deep oceanic water than shallow costal water.
BH 67: Wiin WRKEIFRNOBAKPHAT, AR RIRKDH T,

a) TRUE IE#i b) FALSE #ii5

Problem 68. The octopi are better adapted to the warmer oceans of the past.
BH 68: i fn W Ini& Rl 2 MR 0 E .

a) TRUE IE# b) FALSE %
Problem 69. Octopi in the Weddel Sea and Ross Sea are likely to look more similar today than they did in
:"é"s’;‘. L TE B 73 0 D W57 i o ) 0 00 T L ik 22 406 WML

a) TRUE E# b) FALSE #ifi%

Scientists discovered bacteria and animals living on rocks under 1 km ice floating on 500 m ocean, and
~150 miles from the edge of the ice shelf.

BN TEEECTHTFEEUF S00 K. ¥ 1 FRITOMKL R % 300 250k 50 il 55 # 150 0
% 7 L s i fzh .



abcol,

G NN

b o &

Problem 7.0. What are the organisms in this food chain likely to be? *Check all that apply*
BH 70: ET SR OEBA AT GRINFATIE# T %)

el many as appropriate i% ) 1y iEMAYE T
a)  Primary producers Y

b)  Detritivores 15 4 4D

¢)  Herbivores fr izt

d)  Camivores frizty

¢)  Warm blooded (endotherms) #fzh#h (Hiiglzh4)

What adaptations do animals adapted to extreme-cold tend to have, compared to animals in tropical
climates? *Sort them into those associated with warm-blooded or cold-blooded animals, or neither*
MU T O PIHILE, i B2 U R A0 0 2 0l 45 £2 47 B 4 S PSS A ? LR M 2hdy . Wil
BN ER A BEAC AL 8 M By th AS R v s 2 P 005 R M 4 GE A 77 R %) .

3 marks

Groups ¥§ X BTN BAEETE TR T 508, i ER AT, wAfE#%
Problem 71. Warm-blooded

BH 71 Bdshh)iEREAF G

a)  Travelling long distances for food KEEREfr
b)  Lower oxygen carmrying capacity of blood L i#% ¥U{i /1421

¢)  Huddling W

d)  Lower metabolic rate il 424

¢)  Hibernation 0K

f) Thick fur / blubber PMEE BB RE

g)  Faster generation times AR (o] U R
Problem 72. Cold-blooded

BA 72: ¥ mshe)iE IR E

a)  Travelling long distances for food HCFE R B fr

b) Lower oxygen carrying capacity of blood i iR ¥ fE /742 1
¢)  Huddling o84

d)  Lower metabolic rate (Rt 42
¢)  Hibemation IR

) Thick fur/ blubber PLE B B

g)  Faster generation times AR ) e e



Problem 73. Neither
BEH 73: REARLE AN, WA A Pk s 4y
a)  Travelling long distances for food PRl S IR fr

b)  Lower oxygen carrying capacity of blood il {45 ¥UAE /7 4% 1€

<) Huddling e

d)  Lower metabolic rate i 424K
€)  Hibemation A0

N Thick fur / blubber VRS
g)  Faster generation times AU AR

Question 13

Bacteria (*Bacillus subtilis*) were treated with a chemical which changes their membrane properties when
stimulated with laser light.  When pulsed with light, the membrane rapidly depolarises (as seen with blue
colouring in the video). The membrane then rapidly repolarises. *B. subtilis* normally lives in the soil
and guts of mammals,

Al —RL MM B aE S EREE Mmmum, {8 3L 7E 2 F) O Rt o e, A2 E
FERkep(EAR, BBl LEPEGERS) , MGRES . TR G anE
WEE LIRS T Y it b .

x
’%{x "\\_
.,‘;‘“
"y}
3

0 \! 1 ¥

CC BY 4.0 de Souza Guerreiro et al 2023 hitps://doi.org/10.1002/advs 202205007

Problem 74. How frequently was the light pulsed?
A 7a: XKHPNMRESD?

1 mark
Choose ONE 1%
a) | minute 1 44

b) Sminutes 54

¢)  10minutes 10 H4F
d) 20 minutes 20 7+
¢)  30minutes 3048
f) 60 minutes 60 4§



The scientists wanted to see which channels were important for response to light stimulation. They looked
n! l}\:(.)_mmnn'l bacteria which had Gene A (An) or Giene B (Ab) deleted.

# . ,1’: g‘”‘“ﬂ"*’&’fh\m AR B2 RS, A 10052 7 8 SR A (Aa) 2 IE TR B (Ab)IFI P B
RAAMG .

WT
g--
E
3
o 1 T 3 \NA\\A
Aa
3
012_345
Ab
TN
s

Time (min)  pj{A] C £144)
CC BY 4.0 de Souza Guerreiro et al 2023 https://doi.org/10.1002/advs. 202205007

Problem 75. Which genes were required for response to light?
BE 75: X 6H080Y 5 R B AL ?

1 mark
Choose ONE 1%
a) a

b) b
Problem 76. Roughly how long does it take for *Bacillus subtilis* to divide?
BH76: “RHNFRIFE" SRAXOTET K E?

3 marks
Choose ONE #ii%
a) 15 minutes 155§

b) 30 minutes 30 4§F
¢)  45minutes 45 5Hi
d) 60 minutes 60 ikl
e)  75minutes 75 e
f) 90 minutes 904 FF



Problem 77. This experiment was carried out at room temperature (22°C). What effect would repeating it
at 37°C have?
BH 77: EALRERE (22°0) Filkir, e 37°C MR T AL A 99 2kt A w2

1 mark

Choose ONE it

a)  Faster cell division L VR I3 L E7 S
b)  Slower cell division AN 73 4 00 i

¢)  Nochange on cell division #1140 27 A7 20k 4L
d)  No cell division p i L g

Problem 78. This experiment was carried out at room temperature (22°C). What effect would repeating it
at 70°C have?
A 78: XPMLRESE (22°C) Filtr, WMPTE 70°C M T HILX A 9058 2 kAt 4tk ?

1 mark

Choose ONE ik

a)  Faster cell division S 7 28R R T R

b)  Slower cell division S 43 S

¢)  Nochange on cell division = fHEZMRRAT R AT
d)  No cell division T 53 %2

Problem 79. This experiment was carried out at room temperature (22°C). What effect would repeating it
at 37°C have? s
BH 79: XALRERE (22°C) T#AT, WRTE 37°C (YLK PR S/ 9050 20 ki h 40?2

1 mark

Choose ONE #i%

a)  Faster repolarisation ST HR Ak o) SO T 4R
b)  Slower repolarisation A2 0 4k 0 e 1E 18

¢)  No change on polarisation SRS R AT



Problem 80. Assume membrane polarisation in *B. subtilis* is controlled similarly to human neurons.

JEH 80: {2l “HATUFATAFE " AmA IR M AL i) X 5 A et oAl

1 mark
Choose ONE Lt
a) - The light pulses cause sodium ion channels to briefly open quickly

Fe ik i S EO0A 1S 7 3t b 4G ¥ 4T IF

b)  The light pulses cause sodium ion channels to briefly open slowly
Tk i 3 B 125 0 A 16 K ¥ M T

¢)  The light pulses cause sodium ion channels to briefly shut
K Rk e T 20 1S 308 0 L K]

d)  The light pulses cause sodium/potassium ATPase to turn on

Helk b G FO/AF ATP BGILTIF

Problem 81. Assume membrane polarisation in *B. subtilis* is controlled similarly to human neurons.

BWH 81 il “HTS R MARB L Fe iy S A MR T L.

1 mark

Choose ONE i
a)  The light pulses cause potassium ion channels to briefly open quickly

Sl 3249 S 733 A K T L TF I

b)  The light pulses cause potassium ion channels to briefly open slowly
S fik b 6 S04 95 7500 492 4 561 97 M T

¢)  The light pulses cause potassium ion channcls to briefly shut
Sk 5 B4 25 T 5 KA

d)  The light pulses cause sodium/potassium ATPase to turn
Bk § Fhy/AT ATP Bt XH]

*off*



Question 14

Pandemic flus are frequently ¢aused by the recombination of human and avian strains of flu. Flu can be
classified by the hemagglutinin (1) and neuraminidase (N) proteins. For example, two human flus are:
HINI and H3N1, * Hemagglutinin binds to receptors on host cells. It is the spikes on the image below.
* Neuraminidase is an enzyme which helps viral entry and allows daughter virus to be released by cutting
the receptors hemagglutinin binds to.  Generally, bird flus cannot infect humans and vice versa, This is
fortunate, as a pandemic bird flu is currently devastating many species of birds. Up to 2/3 of British
seabirds have died over the past year, and poultry has been in a strict lockdown for months. Flu virions
contain 8 genetic strands, cach encoding different proteins. When a cell is infected with two strains, these
are combined into daughter virions randomly. Below is an clectron micrograph of influenza viron (scale
bar: 100 nm).

AT P VTR A AL ARl VRO S AR T PR ALY k2. WU RIS S A (HD e
UMM (N) HA. P, PRATRGHRE: HINL M H3NL. * 0B 5 16 a0 1) 2 4
&, WFEBMARY. P QNN L — B 1 Wy N (NG, S0l )N sE 22 G Z KR
WOFA . —MOKE, BABTEBRA, AMBUALRRES. BN, RIS
JiRH M IEEMFD SRR, L —FR, ik 23 MMM G, FHRBE™RHOT I
A. FCRAMRTAE 8 RICKIGE, BF AR AL A 646 A% 16 0 R 0000 o 25— 1 200 D 0 P o 041 PR A 55
i, BRSPS RT MR T CUF ISt b 7 R 008 )T CHEPR: 100 854

, P AT T ST SN S R T AT
%y‘ ,',.)-. ‘:’\:“- . '%.-(ge ‘\:).'r._ AR A ,)‘

<)
(7Y S AR PR VAR Ay SR
Q IS R g -';.\J\,‘.l.{,..._

o) -:‘g{-v e
vy

.‘?: o

-

Scale bar: 100 nm. Influenza virons from Harris ct al 2006
LR 100 #4%K.

Problem 82. What is the diameter of the flu viron labelled A?
BiH 82: HicH AMNRKBRERTFHIHZRLEL?

1 mark
Choose ONE 1%
a) 10nm 10 459K

b) 50nm 50 K

¢) 100nm 100 #4K
d) 150nm 150 #52%
¢) 200nm 200 MK
f) 100 pum 100 WK



Problem 83. There arc 18 types of Hemagglutinin and 111 ini i

;/.\EI c::bit;l:ll;:;‘s ;an lhg} be? *Type mﬁns\\:::'r"i:':‘\mhicyl?::n‘c,:arl:?lmm'mdasc' B
: | AT IS BN, P NN AT 1L B ISR, ol LA 2 b A [l Y “aree? il

Pl {1 RS 4i £ oM AT HN B2« A

2 marks
Write something below ¥ F A 5 8

1 90

1o
Problem 84. Two flu virions which share none of the same genetic strands invade the same cel

. I. How
many d!chrcnl-gcnotypcs can the daughter virions have? Assume there is no 'crossing ovcr":. c‘Type 0;:1
answer in Arabic numerals*
B 84: MRl AT A 18] 2% DN BE 0% A g RN B) — IR . Tl TR LAY 5

S s : : > TS . 2L EN DR
A7 RRAT AL WA R

2 marks
Write something below i {E F A E

L
756
Flu receptor ptot_cins are glycosylated (have sugars attached). * Human viruses bind to SAa2,6-Gal linked
receptors. * Avian viruses tend to bind to SAa2,3-Gal linked receptors. * Mink, ferrets and pigs ¢€an be

infected by both human and avian viruses
AR A (1 S AL CHEILERE) . SAZERI M 5 SA2, 6-Gal i1 (K4 (o S B T 15

'—_; - AR
e B
e Pe Py 3 S Al

bt F 3
St S A e ot
[.;'-" srmp G £
Tt O s
- ‘:" - ot > o
e RS
e e

A National Trust nhga in the UK clears dead puffins
SR — A B D ERFRE L0 AR

Sort the animals into the receptor groups
&Z‘ﬁ%ﬁ%ﬁi&m‘f‘fﬂﬁl%i&ﬁﬁ%

:?::;:’#ﬁ T g B RS T i, FEMR R ET, B IFE
Problem 85. Only SAa2,6-Gal

B H 85: {LSAa2,6-Gal

a) Pig g

b) Femret %

¢) Humans A%

d) Mink P& i

e) Birds &%



abood

Problem 86. Only SA«a2,3-Gal
HH 86: {{SAa2,3-Gal

a) Pig %

b)  Ferret ¥

¢)  Humans A%

d) Mink K$

¢) Birds H%

Problem 87. Both SAa2,6-Gal and SAa2,3-Gal

B H 87: SAa2,6-Gal fil SAa2,3-Gal ¥4 #
a) Pig i

b) Ferret %3

¢) Humans A%

d) Mink K53

e) Birds 3%

Problem 88, Neither

BiH 88: SAa2,6-Gal fll SAa2,3-Gal M % &4
a) Pig %

b) Ferret T3

¢) Humans A

d) Mink K%

¢) Birds 5%



Are these true or false? JiWi iF i

b o =
JB Tarynitlu 7S vy ~—— '&“& p
- T y a8 oo ;
':‘;:'-?\\ ::\‘: \‘\q“ l ” ]
TS vy ' ,
FALLAM LLELEL S Basnan -~ ’, ,
b . 2 ’ ,
NS ] a ;
-""‘_‘_.. N r—
" — L A : M
3 marks

Mark the following as TRUE or FALSE JYi7 il iR

Problem 89. Bird flu pandemics are more likely to spread directly into humans than via intermediate
animals (such as mink)

BEH 89: Wi EOTHEFIIRALIRG AL, ARG mayt Cnksa) HitiE.
a) TRUE IE#i b) FALSE i}

Problem 90. Bird flu adaptation to humans requires adaptation of hemagglutinin

BEE 90: £ LAR BEE E\ 1: 75 BEE N i R A
a) TRUE E#H) b) FALSE it i}t

Problem 91. Bird flu adaptation to humans requires adaptation of neuraminidase

REE 91: FLAR SIS RN U 75 SE5E R M2 WALV .
a) TRUE iE# b) FALSE i}

Problem 92. Hemagglutinin is the best target for antibodies which 'neutralise’ flu particles
BB 92: MRk x T HI LR BRI DU SE (¥R AT .

a) TRUE IE#i b) FALSE §fi i}

Problem 93. Neuraminidase is a good target for drugs against flu
BH 93: HEWMMRENIREGME RIFRA.

a) TRUE 1E# b) FALSE #1i%
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Question 15

In a healthy person, when glucose levels are high, what are the levels of cach of these factors?
R T REMEA N, itk ACAL RGN, BATE RE TR KT fof (b ?

2 marks

Groups 3538 10914 F1EHUE TR T P, 27 it B HRPEE T T 25

Problem 94, High

EH9: iy
b . & a)  Glycogen synthase activity B A M iETE

b)  Lipase activity it R O i
c) Glucagon levels Jile i 1 B 25 KT
d) Insulin S &
¢)  Glycogen phosphorylase activity 5185 A% (L FEGTE
Problem 95. Low
BH 95: Rtk

& \ C Q a)  Glycogen synthase activity B AR
b)  Lipase activity FrRBi Ry ia e
¢)  Glucagon levels e s . B A< K
d) Insulin s &

¢)  Glycogen phosphorylase activity FEEBIRR LM ISTE

Some people have tumours made of pancreatic beta cells. In these patients, what are the levels of cach of
these factors?

3 marks
Groups 148 T A BLHAUE TRITHH, TZABIERBET, ()
Problem 96. High
BH 96: 7t
A- ‘7 C. & a)  Glucose levels 1 5% 7K
b)  Lipase activity i 0y O ) 7 4
¢)  Glucagon levels Jose % i K K

d)  Glycogen synthase activity HEEH07E 1



¢) Insulin e 83 %

f)  Glycogen phosphorylase activity W /51 5% A% {LAG 51

Problem 97. Low
BH 97: FfK

a)  Glucose levels B K

b)  Lipase activity R A 5 b
¢)  Glucagon levels e o K ¥

d)  Glycogen synthase activity W5 & HEHETE
¢) Insulin e 8% %%
f)  Glycogen phosphorylase activity FESUB%AZ (LN T 1E

Question 16

The anatomy of bird lungs is very different to that of mammals. Birds have unidirectional flow of air
through the bronchi. Similar to humans, birds have a two-step breathing (in through the beak and then out

through the beak).
KM RS S LA DT IR A A ). S0 AT AT UL A, G PP %
M GEEREREN, 2RJGHEPRIF ) .

Bronchi airflow direction
S N
FAT \ e it /i0!

AW

Gary Ritchison, Eastern Kentucky University



a d .

For each position in the diagram, sort them into the appropriate group.
VIEHE T8 e (85 A (o7 I AR M2 (RALS0A 15 DU
3 marks

Groups FSi Iy 3 f UG Tl 7 A, 2% ALY RREEIT, A A7
Problem 98. Only fresh air

REH 98: FA7 kY2
a) D

b) B
¢)  Human alveoli Af{4fiiif
d) A

Problem 99. Only ‘spent' air
BH99: RA“ZHEH2R

a) D
b) B
¢)  Human alveoli Aflfia
d) A

Problem 100. A mix of air

BH 100: BEAMHEN, XATHIGH S
a) D

b) B

¢)  Human alveoli A&ty

d A

Are these true or false? | iff IE 1%

2 marks
Mark the following as TRUE or FALSE FJif iF 12

Problem 101. Birds can extract more oxygen for each ml of air inhaled than mammals
A 101: BRA—EFZS, GRENTILE LRI £ 09504
a) TRUE IE#i b) FALSE #{i%

Problem 102. Birds require valves to control the direction of airflow within their lungs

BH 102: 88T T TRAE B0 A0 AT AT 1)
a) TRUE IE#i b) FALSE {ffi%

Problem 103. The direction of blood flow alongside the bronchi will be in the same direction as the air

EE 103: #YEAUTMABAEN I ) 5250 A
a) TRUE iE#i b) FALSE {i{i%



Question 17

The cleaner fish, *Labroides dimidiatus*, uses visual cues to identify between different individual
mcmb'ers Wllhl_n. socxa_l groups. Kohda and colleagues looked at aggressive fish behaviours (rushing,
bumping and biting) with other fish and images of themselves with and without mirrors.

“RURE " R MLAELR AR BUNRE L2 B e 9 AR 444 . Kohda A1) JFAL% 1 245 0.5 3L Al 2501
SCAT N G BORINE) |\ RLACE AT TR T8 F ke

CC BY 4.0 Kohda et al 2023 https://doi.org/10.1073/pnas.2208420120

First, the scientists carried out a "dear enemy experiment” to see whether a cleaner fish habituated to a

neighbour.
¥idk, FHEAITT TR RS DIRIRE— B 0 L 75 23T R “AAE ™

30

&

3

TGl (/1 /hRE)
Attack frequency (/1 hr)
&

10+

5

0 n=8 8 8 8 8 6 6 6 6 6
Day 1 2 3 4 5 6 7 8 9 10
ES Toward the first opponent Toward the second opponent

A BN X$ A BN
Cleaner fish aggression to a neighbour over time (CC BY 4.0 Kohda et al 2023 https://doi.org/10.1073/pnas. 2208420120)

BB} AHEES, RFHORXE “ANE " MR

3 marks .
Mark the following as TRUE or FALSE YJRTIE i}

Problem 104. Cleaner fish can recognise their neighbour

BH 104: ZBMOAEARENIN “HE"
a) TRUE IE# b) FALSE ifi%



Problem 105, Cleancr fish become less aggressive to their neighbour when they get used to their company

BB 105: JKS GG “4B0 " BERG . RS2t 22 A
a) TRUE i b) FALSE {}i i

Problem 106. Cleancr fish become less aggressive to all other fish when they get used to company

BH 106: R @I TEER, SN b 0 G 2R K
a) TRUE IEifi b) FALSE i

Problem 107. Cleaner fish get less aggressive as they get older
BH 107: R GOMERER, BEHER /)

a) TRUE IE#i b) FALSE #ffift

Problem 108. Cleaner fish adapt to having a new neighbour more quickly after having had one before

BEH 108: RFMAECLATANTH “A0RE " J5, it W HRME R H AT IS

a) TRUE IE# b) FALSE i

Next, the scientists wanted to know if the cleaner fish could recognise themselves. They showed the fish
pictures of themselves and counted the aggressive behaviours shown (if any). The pictures were made up
of two halves (head and body) and each half could either be of themselves or an unknown fish:

ETR, HEFERAZENBRORTMHIAMNLACT, RERARE O LT, #intf
TEMNZRHBEATAMKRE GORAGHE  BAGWHBY G 4, b7
WfigTaC, AR F—&Ame .

| Key | Head | Body | :mll P :Q{U/Ml
e R | —-mmmm- | = | |—gir
| 88 | Self | self I |sS |HE |BE
| SU | Self | Unknown | | SU AT | A%fn)
| US | Unknown | Self | | US| RKfa ) (12 |
| UU | Unknown | Unknown | | UU | &St | A5 fn)

Finally, they looked at two sets of fish, those who had a mirror in their tank and those who did not.
)G, ARG FAS, —HEEKMEAET, 5 —a i K A BT



S T e

H
o
J

w
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1

T

YRR S SrE)
Aggression frequency (/5 min)
g

104
0 sbm | R | 0000
SS uu SS uu SuU us
No mirror in the tank Mirror in the tank
KRR TF KERATHT
Cleaner fish aggression to a photo (CC BY 4.0 Kohda et al 2023 https:/doiorg/10.1073/pnas.2208420120)

¥ 1% o d P B (1 2k
What can we ascertain for certain from the data above only?
UAARYE i EdE, RNGEEH4?

4 marks
Mark the following as TRUE or FALSE FJl7iFi%.
Problem 109. Cleaner fish attack unknown fish

BH 109: ZF a2 D R A
a) TRUE 1E#i b) FALSE i}

Problem 110. Cleaner fish know what they look like without a mirror

A 110 ELARTHHRT, REOMIEACHET
a) TRUE IE#i b) FALSE i3

Problem 111. With a mirror, cleaner fish recognise themselves as familiar

BH 111: EARTONRT, REALHE IR NENN
a) TRUE IE#i b) FALSE #fi}

Problem 112. With a mirror, cleaner fish recognise themselves as themselves

BH 112: E4HTHWRET, REGTLLAZHEC
a) TRUE IE#f b) FALSE #{i%

Problem 113. Cleaner fish can recognise their own body

BIA 113: 0T LA A 2K
a) TRUE iE# b) FALSE i}

Problem 114. Cleaner fish use facial features for recognition

BE 114: 2855 o {8 I SR AF GELEAT U3
a) TRUE IE#i b) FALSE fiiiX



Finally, the scientists wanted to know whether the cleaner fish could tell themselves in the mirror apart
from familiar neighbours, They presented fish with mirrors in their tanks three photos: one of themselves,

one of a neighbour and onc of an unknown fish (stranger). _
BUG, B & VR 0GRt 0 (R0 7 LD L ALY <G . {41 170 4 B8 F 7K
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Cleaner fish aggression to photos (CC BY 4.0 Kohda et al 2023 https://doi.org/10.1073/pnas. 2208420120)
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Problem 115. Do cleaner fish have self-recognition or do they think the fish in the mirror is just a
neighbour?

BH 115: REAKRANHETFRAMEAS, RSN TIM AL “45" ?

1 mark
Choose ONE #ii%
a)  Self-recognition RFIHEHC

b)  Neighbour AR “dkE”

Question 18

Root anatomy changes as plants mature. As roots grow, lateral roots grow from the primary (roots).
Many lateral roots can grow from one primary root, and each lateral root grows from a single primordium.
A primordium can be thought of as a lateral root bud. To study plant root growth, scientists grew
*Arabidopsis thaliana* plants for 10 days. Each day they marked how far the root grew, and how many
root primordia there were within each days' growth. Every day they checked whether or not the primordia
had developed into lateral roots.

R M L BAT HOPR O RIS ZEAL . PEATARAYAER, OIS MM CHD Bk, v ui
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Problem 116. At the end of the experiment, how old were the cells found in segment 7 of the root?  (Give
your answer in Arabic numerals)

BH 116: LI0LEURT, 1650 7 g R M OAIR MR 202 GBI A 57 17
1 mark

Write something below i§ 7" F 7/ A 2 %
/|

Are these true or false? YW iE iR

4 marks
Mark the following as TRUE or FALSE FJRFIL X

Problem 117. The root grew quicker on day 9 than it did on day 2
BH 17: WRER 9 KM 2 RE KM

a) TRUE E#i b) FALSE %

Problem 118. Root primordia can only be created and not destroyed

BH 118 MREYEIE R e R TIAGE BRER
a) TRUE IE#j b) FALSE #fi%

Problem 119. Root primordia are guaranteed to eventually become lateral roots

BEH 119: HU AR — 5 £ AR
a) TRUE IE# b) FALSE it

Problem 120. Lateral roots require at least 24h to emerge from primordia

BH 120 MIREDTE 24 DRAREM I K
a) TRUE IE# b) FALSE i}

Problem 121. At the end of the experiment, there were more lateral roots in segment 6 than segment 4

B 121: REGHEN, 56 BN 4 Bhpuy
a) TRUE IEH b) FALSE §lfi%

To study how a gene *miR156A* affects plant development, scientists then created an *Arabidopsis* plant
which did not contain the *miR156A* gene. In a technique called grafting. plants are cut in half and
different genotypes are re-attached between roots (stock) and shoots (scion). In the figure below, the first
name describes the scion and the second name describes the stock. WT are wild-type plants, and miR156A
are *miR156A* mutant plants.

Y97 AL E o miR 1SGA M FTRHIMMNGI (T, FH%F QI 7 — FA S *miR 1S6A* 38y ok 9 7L
. —FRIE A, MM YIRIT L AR 1] 0D DR 0 b O X 1 MR 2 2 ) g R, B
A LR, WA BIAEN. WTEBPERH), miR1S6A A miR156A %52 K4,
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Are these true or false? J W 1l %
3 marks

Mark the following as TRUE or FALSE JYIbr il 4.
Problem 122. The miR156A gene increases root growth

BH 122: miR156A JEFR{ZRAEK
a) TRUE 1E#i b) FALSE %

Problem 123. miR156A must be expressed in the roots to change root development

B H 123: miR156A YAEAR h 2k A et R 1T
a) TRUE IE# b) FALSE 4%

Problem 124. The severity of the effect of *miR156A* mutations varies with the amount of miR156A
made

B H 124: *miR156A* 228 200 () ML AEBI AT miR156A (17 A ¥t 28 {6
a) TRUE IEHi b) FALSE §ifi%

Problem 125. miR156A is also involved in leaf development

BiH 125: miR156A thZ 5 TRH
a) TRUE IEHf b) FALSE #i%

Problem 126. Plants with no miR156A could have more lateral root primordia

BiH 126: 47 miR156A MHIPIWT gLy 02 0 QU HRETAE

a) TRUE 1E#i b) FALSE §ifi%



Question 19

Rabbits were originally only wild in Spain and France. The Romans domesticated French rabbits, and
introduced them to Britain (and the rest of Europe). Dunng, the Imperial era, rabbits were introduced to
Australia. Rabbits spread across Australia explosively, causing catastrophic damage to Australian habitats,
Scientists in Cambridge investigated where feral Australian rabbits came from.

RVISLAE PO FEF AL AT A S B TY AR TIEE MG T, I ICaIAPEE (LRI RS
K)o EREIH, ST HAIARARERE, ERRFE &R VAR HRUKFINERHS 2
B AEVERIBOR . SIWFFLE 01 A T MR 755 4 S 7 (R U
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e s PR =i -
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Rabbits around a watcrhole'dunng myxomalosu lnals Wa'rd:mb Island, South Australia, 1938
1938 4, TERGMAFIIE RS, Rl vk 5 Wi a) %7 [F7E K BT

Historical records show: * A ship carried 5 domestic rabbits from Britain and relcased them in Sydney in
1788. * Between 1788 and 1850, at least 90 different ships carried domestic rabbits into Australia from
Europe. * Tasmania (an island just off the Australian coast) was full of feral rabbits from 1810 onwards.
* New Zealand was full of feral rabbits from 1820 onwards. * In 1859, an Englishman transported 24 wild
rabbits, collected across England, to Melbourne for sport hunting. * By 1870, South Western Australia
(including Melbourne and Sydney) were full of feral rabbits. * By 1880, feral rabbits had reached Eastern
Australia.

PigiegLoR: *1788 4, —MMMREEIZR S AF %R, HEBRKHENE. *1788 4£F 1850 4F
@], ZEAA7 90 AN FMIARMERHIHE K RIZEFMAFIE. *M 1810468, LRSS (GRAF
TR MEN—A 85 BIEMET %. *M 1820 4EFF4:, oG X F 402 PF %, *1859 4F, —{
FEEAK 24 REEFH 2 F B BT RIZ B BURA AT RIS 2. *— ¥ F) 1870 4, ) T
Wil (RIEBRAMEBR) FIRFET %. *% 1880 4E, TFA: % T C4% 0 128 R W 4354,

To work out where Australian feral rabbits came from, a genetic tree of the different rabbit populations
was constructed. The length of each branch is proportional to the number of genetic changes.
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Problem 127. Where did Australian feral rabbits come from?

BB 127: SUCHFIE A4 PF 2 %1 S W LK ?

2 marks
Choose ONE %1%
a)  French wild rabbits 2[5 () %F %

b)  British wild rabbits  Z[H 1 Ef

c) Domestic rabbits E'S ]

d)  New Zealand g

e)  Tasmania WD JETE &

f)  Inconclusive / other = AHfisE/ILithit )y

Problem 128. Does this tree prove feral rabbits in Australia came from multiple different shippings?
BB E 128: X HRIE R 4 i UE B IR A FI T 09 BF A R TR B 2 AR AT IE NS ?
1 mark

Choose ONE #i%
a) Yes &

b) No &

Problem 129. List the following populations in terms of how genetically diverse you expect them to be.
*Put the most diverse population at the top, and the least diverse at the bottom.*

BE 129: HAENTEREEBHE, HFILLTREE. BRI, Mas 545

2 marks
Put into the correct order %P8 IEFGRING/F-H#F)

a) - Feral rabbits in South Western Australia i A3 75 i #6125 4

b)  British wild rabbits REABF 4

c)  Feral rabbits in Eastern Australia WKHIT R 2 087
d) Domestic rabbits £33

e)  French wild rabbits ERNS 4

@bﬁ,GOL'



Pro‘blem-130. In the case of rabbits invading Australia, which factor was most important for the success of
the invading population?

BEE 130: WA G 7 NROCRIIE, TR B F2 IR ) I TR0 ST TR 72

2 marks
Choose ONE #iit
a)  The number of animals in the initial population

ELSECEH SRV Ok /6t

b)  Whether the initial population was released in a hospitable location
Vs TR T AL — A &FE (3 Ty

¢)  The genetic fitness of the initial population
VIt FRRE 328 1% 58 BRI

d)  Whether the initial population was the first to arrive in Australia
VIR RIS 75 1 S 3% ORI IE

e) Repeated re-invasion to top-up the initial population

JRALTFRN G2 VA $ FER AT BF

Australian governments have tried many ways to control the rabbit population. In 1950, they released an
extremely lethal strain of myxomatosis virus, which killed >99.8% of infected rabbits within a few days.
However, over many years, the lethality of this strain on Australian rabbits was found to decrease, and
Australian strains of myxomatosis were also found to be less lethal than the original strain. In the 1990s,
the Australian government was testing the safety of *rabbit haemorrhagic disease virus*. In 1995, the virus
escaped quarantine and killed >10 million rabbits within 8 weeks. Now, the Australian government
periodically re-introduces rabbit haemorrhagic disease viruses.

MR BT 2R T % Ry el e F 3. 1950 4, T332 F) — b B 3L B0 A 01 LR A 1
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FWAIET 1000 75 R%TF. RE ) STEEORF 2 VT 0 SN G e L s 75 38«
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Problem 131. Which of these factors help prevent the eradication of rabbits via viruses?
BEE 131: DUROBREIR 247 0T Bl it 5 45 i K S 122

2 marks
Choose as many as appropriate 2 M) (1 1= # 074 10

a)

b)

c)

d)

c)

High genetic diversity of Australian rabbits
ORI R T JUATARE 8 A 2 04k

New mutations arising in a very large population of Australian rabbits
A RUBURRIE S~ o 8 T g e

Natural (/ artificial) selection by the viruses acting on rabbits
MM TRTOAR CAL) @t

Viruses which are **more** lethal tend to be fitter than viruses which are less lethal
By P T SR F A e R T 0 g 0 4

Viruses usually go extinct within a few decades
W S TEJ LT E N K4

Viruses do badly in the Australian climate
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Question 20

*Toxoplasma gondii* is a single-celled organism which lives within mammals.  *T. gondii* is spread by
cating infected meat. It can spread asexually within infected mammals, but tends to form permanent semi-
dormant cysts, except in the severcly immunocompromised. *T. gondii* can **only** reproduce
sexually in cats (domestic cats, lions, cougars etc). Therefore, semi-dormant *T. gondii* manipulates the
behaviour of infected cat prey-animals (c.g. mice, rats) to make them unafraid of cats; infected mice will
run repeatedly toward cats.  In humans, and other non-prey mammals, *T. gondii* has less obvious and
more controversial effects, but is widely reported to increase recklessness, road-rage etc. Up to 1/3 of
humans are infected with *T. gondii*, especially where rare meat is caten.

3 91 s S — b 2 SR LEMG LB U P9 00 Al A A . 5 00 il £ T A R Y iy P AT AR 4, OF
AT BATE 52 1R 3 (il FLEN A 48 B AT ALK, MAEIE 2T BUK A P ARIR 00, PRI fE™
TR RS *S I RE7E— R (. T, Eamsss) Wonkirfrte%m. W
S, CEAKIR () 3 B0 AT LR A R R (LR (AR, WENIAR: ZEik
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Problem 132. Which terms describe the relationship between *T. gondii* and mammals?

FIE 132: WA LAk S s ing FLE) 2 6 (1 X AR 2

2 marks o
Choose as many as appropriate 3% /T # IE: 7 Jidu Rl
3tk

a)  Symbiosis

b)  Mutualism H M3
¢)  Altruism Fft AT R
d)  Parasitism HEXR
¢) Commensalism fRFIIEE
f)  Endosymbiosis PI3E4E
g)  Mimicry AR



Yellowstone National Park contains very well studied wolf packs. Some wolves live near cougars 'and steal
their prey, or even cat cougars.  The wolves in Yellowstone are monitored throughout their lives, and
their location and status within pack hicrarchics is recorded. 228 random wolves also had blood taken to
test whether they were infected with *T. gondii*.  * 8 male wolves were infected with *T. gondii*. * 92
male wolves were not infected with *T. gondii*.  * 7 wolf-pack leaders were infected with *T. gondii*,
* 8 wolf-pack leaders were not infected with *T. gondii*.

O 42 RSO LT WETEA R 58 W0 IR o — LSS G E JE WRHIE B AL BB 0 R4, 3t
TR, AT AR, — 24 05 22 W TR S PSR F e BB, RAVA Bl
AT 228 SUIRAY M, KWL AR YT S, o8 SRS R T ST 292 MR ATIE B 7
S *7 AMBETHUR YT ST 8 SRR ST AT R e B AL

Problem 133. How many fold does *T. gondii* increase the probability of becoming a pack leader?
*Give your answer (in Arabic numerals) to the nearest whole number*

BH 133: 58350 — SURBEHOVIBE S SRS T B0 052 GRRBIRA e (6%,
A AR DU Ay FLA R 1 5650

2 marks
Write something below 1§ £ F Iy A 255

&S

Problem 134. Calculate the Chi-square statistic to test whether pack-leader status is independent of *T.
gondii* infection. *Type a number (in Arabic numerals) to the nearest whole number*

BH 134: WA 4R, URBY S EES SRR  GERIBTRa s ey, JF
HERNE LN RHEE N ERO

3 marks
Write something below 1§ £ F T A BF

Wolves infected with *T. gondii* were found to be 3-fold (on average) more likely to leave their pack and
disperse across Yellowstone, than uninfected wolves.

BRI, 160D R B A SRR R TFRBE R A E SR A R T e TR et 3
fl5.

Problem 135. In this study, the Chi-square statistic was calculated to be 6.467. The critical value for |
degree of freedom and 95% confidence is 3.841.  Are wolves infected with *T. gondii* significantly more
likely to disperse?

A 135: {EXmai, HARNRTG R 6.467. FIMIEYy | fu R (51 K 95% il LA
J93.841. RGeS JE MU BURE TG AT RESH MAE % ANk 0y ? " Z

1 mark

Choose ONE #.i%

a) Yes =
b) No %

¢)  Undetermined FiA#i5E



Al

Problem 136. Statistics *can* tell you whether an observation is due to random chance, but they *cannot*
tell you what causes that observation.  *Only* a well-designed scientific study can tell you what causes
an effect.  What fact.ors should the ecologists control for when determining whether *T. gondii* infection
makes wolves more likely to be **pack leaders**?

HEA 136: ‘fﬁil;ﬂ[ﬁ'ﬁﬂU.ﬂ}HH‘JL'E%?S%IE?H&G&HL(]’-J. A4 th FRON GG It R . AT
P (b W A 1 3 3 B S BN . 16 4R 0 3 T U S 75 B PR R 9 LR L0 O EE
Pk, ERFRMZEW AR

2 marks

Choose as many as appropriate U 1 JiF 5 IE G 87 T

a)  Differences in infection rates in wolves of different ages
AN [5) 4 W JR A R e R 0 5

b)  Differences in infection rates in wolves of different sexes
AN [ S AR ) o e 0 e

¢)  Differences in infection rates between packs in different locations
AN ) 0 50 6 BB F 2 10) ) AR e 2 2 5

d)  Whether wolves with bolder behaviour are more likely to become infected
17 9 U5 VT B SRR 75 U5 % 5 IR e

c) Whether cougars are more likely to hunt pack leaders

e oI 35 R JRDE 0 B AT REMER TR

Recently, ecologists have realised that apex predators are overwhelmingly important for the proper
functioning of ecosystems. For example, the loss of whales severely reduces nutrient circulation in the
oceans, leading to large declines in plankton and fish. The loss of wolves from Scotland has contributed to
the highlands becoming a barren wilderness. In 1970, 40 wolves were re-introduced to Yellowstone, after
being hunted to near-extinction across the USA.
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Problem 137. Put the following *trophic cascade* in order, from re-introduction of wolves at the top, to
the present day at the bottom.

BH 137: &M RS ARIFLEFIDUE QB WG, 4 LU F 3 -9 1T HES .

2 marks

Put into the correct order #4554 il #INT/FFHESY

a) River beds stabilise, deepen and pools form
WIRRRSE IR oK it

b)  Ungulates primarily graze inaccessible slopes rather than open planes and valleys
KB XY B NBFEMLE b, TAEIFRE i AL Lt

c) Population of ungulates (elk, deer etc) shrinks and becomes fitter
FEFRENY) RERE. FESE) W%, 2878 T ik

d) Diversity of plants increases and trees grow along river banks
W Z AR, REAH A j3ih A &

e) Ecosystem becomes more robust to perturbations (e.g. extreme weather or invasive species)
EBRGEXN TR Gutlom KA ) (350 T 5%

f) Diversity of fish, insects, birds and mammals increases

R Bl S AL e 2R

c Ld & f,é,



PRI KL vs SHA K tE
Relative horn length vs body length

Question 21

Scientists collected illustrations and photographs of rhinoceros species from museums. In side-on images,
they measured the length of the rhino's horn compared to its body length.  The relative length of the rhino
horn has been plotted against the date when the image was produced.  **Note: rhinos reach adulthood at
around 4 years old, and live for approximately 50 years. Poachers receive much more money for larger
rhino homs than smaller horns. **
FESE S0 I A 0T T I A= R e 4 P BRE Sy o 7 2 e eh, AR ATDEN G T RLVE SRBOHCIE S I G
Ry Rt L. AR A ARG I R R IR P Lt th oK. Tk AUEAE 4 B ICAT AR, Ji ¥ )3 50
. A KR M be s A g cp R 2
A
Species 49§
. ) . — White rhino  Fili'
= Black rhino M4
Javan rhino  Jfn} fitf
= Indian rhino ez
Sumatran rhino | 208 -

1880 1950 2020

Year 4{

Think about the patterns in this data, how the data was produced, and how it could be interpreted. Are
these statements more likely to be true, or false?

BAX MR RS, B R e e A LA B e R A . LUR PROE A IEBIE AL 1R A ?

7 marks
Mark the following as TRUE or FALSE FJBfIEiX .
Problem 138. Rhino horns have tended to increase in size, relative to body length, over the past 100 years

BH 138: 7eit3: 1004EM, R4 M 0 REARS T S A REAT 1 I i a3

a) TRUE IE#fi b) FALSE fiii%

Problem 139. White rhinos have larger horns, relative to body length, than other rhino species

BIE 139: XA, AR HOIER R A= 9 I
a) TRUE IE# b) FALSE flfi

Problem 140. The trend in horn length is more certain for Indian rhinos compared to white rhinos

BE 140: SEamAALL, EER A AR (LY W Dy ik
a) TRUE IE# b) FALSE fiti%

Problem 141. The trend in horn length is more certain for Javan rhinos compared to white rhinos

B 141: 5P, JOER MK R LB Y U

a) TRUE 1E# b) FALSE ffi}



Problem 142. Artificial selection could explain the trends

REB 142 A TREH6T LLATRE X I 3
a) TRUE 1l i b) FALSE /i

Problem 143. Habitat degradation, leading to malnutrition, could explain the trends
REE 143 B R ERRE (b G300 15 AR RO LARRRR IR £ 24

a) TRUE 1E#j b) FALSE i} i%
Problem 144. If rhino body mass has stayed constant over the past 100 years, this supports the hypothesis
that the trend in horn length is genetic, rather than environmental
BEE 144 SR 0 R E L 25 100 4 T — PLRFIISE, SRARSCHS T IR A I A 28 %8 i
(i, TIAS I 5250 50 o0 1 17 34

a) TRUE IE#f b) FALSE #ii%
Problem 145. If rhinos only reached adulthood at 30 years old, and lived for 100 years, this would
support the hypothesis that the trend in horn length is genetic, rather than environmental
BB 145: WALRATE 30 YR A AR, AN 1005, XHHE TR MACTE A fu s L ik ik
[, ThIAS & SEERHE R 08 ) 172 1%

a) TRUE IEHj b) FALSE #ii%
Problem 146. If all of the pre-1950 images are illustrations, and all of the post-1950 images are
photographs, this increases our confidence that the trend is real
BB 146: W 1950 457 0BT A PR ARG, 1950 4F G 09 A7 47 PR 40 L B8 0%, kbR
HEIX — By R IO

a) TRUE IEHi b) FALSE #{i%
Problem 147. If a mix of captive and wild rhinos were measured, this increases our confidence that the
trend is real

BEE 147: BB RORIBTEASE A B A R A B, AR AER T ik — R % L S

a) TRUE IE#j b) FALSE §fii%




Question 22

PDLPI is a protein found in the plasmodesmata (membrane lined inter-cellular channels) in plants.
O.VCT'-CXPI'CSSlOI'l of 'PD_LPI causes dwarfism. In addition, it also causes an overaccumulation of callose
(similar to starch) within the plasmodesmata, blocking the channel.

PDLPI ﬁ';--jft'_ﬂ%*n‘imnfli{ﬂl"-liﬁi'i CFLE AL (R ) b 22 B 2R F1 . PDLP (Al 1 22 ik
£ G FURIGAE . sEAh, KL FUNEME T CRULT B Hr) 16 M) 3% 22 py ik AT 28, BELWT K42 P9 5t
ito
"7Pf7iq ' e

SRS

'}"iﬁai
; | =i

Wild type PDLP1
PFA AR Over-expression
PDLP1 itf fif &3k

Scale = 0.5 cm. The Proteins Found at Plasmodesmata and the Interactions Between Them (M Johnston,
2021)
e = 0.5 cm. TERIEIELZ A EI AR AR e Zm @ LER (M Johnston, 2021)

Problem 148. Which of the following are reasonable *hypotheses* from the data?

JEE 148: LUF IR W EEE 1 ) S E R ?

2 marks
Choose as many as appropriate 244 i 77 IE W #7327

a) The overaccumulation of callose causes dwarfism
ok B O 1ot 1 AR R 2 S BRI

b)  PDLPI is a negative regulator of plant growth
PDLP1 2 Hip4 K il &S

¢)  PDLPI is a positive regulator of plant growth
PDLP1 M4 KM ERTEA

d) PDLP1 is required for normal plant development
PDLP1 3 FHIEH A KR LT

Problem 149. Which of the following are reasonable *conclusions* from the data?

B 149: LUFOBGURE AEHE D0 oY LR ?

2 marks
Choose ONE #1i%
a) The overaccumulation of callose causes dwarfism

St R 5 vy it FE B 2 S BURMAE

b)  PDLPI is a negative regulator of plant growth
PDLPI A HIAE KM AW EE

c)  PDLPI is a positive regulator of plant growth
PDLP1 A MU IEW T TR A



d)  PDLPI is required for normal plant development
PDLP TR F KU 80 24 1AL 2 5 1)

To find out how PDLP1 over-expression leads to callose deposition, Scientist searched for prolcins whic_h
interact with PDLP1. They found NIHL3 interacts with PDLP1.  NHL3 is a short protein with no catalytic
domains. NHL3 was run on a Western blot gel against a ladder, shown below.

J9T £29% PDLP1 b %k o R ECURR S B, #1272 HR T 45 PDLPYAIILIFATI R AT, Ik
S NHL3 5 PDLP1 A TLAR T, NHL3 f&— Rt A AL A IR0 3B ET . NHL3 (€ Western FUERZ |
550 T e bRE S — R BN, W FEAUR.

Problem 150. How large is NHL3 to the nearest 10 kDa? *Type an answer in numerals*

B H 150: NHL3fi®& K, Hi#hF| 10kDa? G ECAEE)

140kDa .«
100
80

60

40

s «=NHL3

20

10

NHL3 run on a Western blot against a ladder
NHL3 7€ Western ETZERZ | 55 93F Rk brdk dh—ile et sy

1 mark
Write something below 1 #F F 1 A 2%

o

A

Plants with no functioning NHL3 (*nhl3*) are normal size with normal callose levels.  Plants both over-
expressing PDLPI, and with no functioning NHL3 (*nhl3*), are also normal size with normal callose
levels.

@ AT E#IE(E NHL3 (oh13) (MR SWERBUK P IE 5 . 31 %3k PDLPY fuig ¢ i3 i {F 0
NHL3 (*nhi3*) MK, KNS BEHIEHUKTEH .
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T », ;":»’J ‘,-},:"L." | :‘k‘l » 4
,"J t" /) , "1:,)\ v}‘ : A4 B |
L‘! \ —i R - T N
" hi3
Widtype  PDLP1 : nhi3 AN
PF A 2 Over-expreSSIOn expression
PDLPY il )% 425k nhl3

PDLP1 ifJif 221k

Scale = 0.5 cm. The Proteins Found at Plasmodesmata and the Interactions Between Them (M Johnston, 2021)

bR = 0.5 cm. (EE L A0 RO H A M 2212 [ AN TLA: /] (M Johnston, 2021)

Problem 151. Which of the following are reasonable **hypotheses** from the data?

BA 151: LLTFHIHEMN SR P H NS IERE?

3 marks
Choose as many as appropriate 3% 11 iy 17 1F #5074 77
a) The overaccumulation of callose causes dwarfism

I JER I 60 3k E AR R 22 S LA AR

b)  NHL3 is required for callose deposition
AFRE BT TR 5 3 NHL3

¢)  NHL3 is required for PDLP-mediated callose deposition
PDLP 5| & Y B IR 4 5T 5 % NHL3

d)  Overexpression of NHL3 would lead to the overaccumulation of callose
NHL3 (3t BE 23k £ G OB AR A3 2 3

¢)  PDLPI acts upstrecam of NHL3
PDLP1 {£H]F NHL3 ) L

f) PDLP1 acts downstream of NHL3
PDLP1 {£f]F NHL3 #) T i

g) NHL3 produces callose
NHL3 274 I K44

Problem 152. Which of the following are reasonable **conclusions** from the data?
BH 152: LTFBBLR MR H 3 S EEw?

2 marks .

Choose as many as appropriate 1% 41 /i H IEWBHIE T

a) The overaccumulation of callose causes dwarfism
Jif G £ 3o BE PR R £ F BUOR AR AE
b)  NHL3 is required for callose deposition

R R UUAR % 32 NHL3
¢)  NHL3 is required for PDLP-mediated callose deposition

PDLP 1+ 5 i BE ¢4 81 % 2 NHL3



Overexpression of NHL3 would Iead to the overaccumulation of callose
NHL3 13 1A 23 4 F0H RO 3L 1 4 50

PDLP1 acts upstream of NHL3
PDLP1 {}:)1] 7° NHL3 1) 1.3
PDLP1 acts downstream of NHL3
PDLP1 {: 1] NHL3 [ F il

d)

c)

)

g)  NHL3 produces callose
NHL3 27 L g 14

Question 23

Problem 153. Order the steps of protein synthesis from DNA (at the top) to protein (at the bottom).
BRH 153: 148\ DNA FI 8 H 02 8 0% 4 ot 1 17 HE5.

1 mark
Put into the correct order F%F% - #1905
Protein folding and modification 47 (3 Wi 47 7 Fl{21f

a)
b)
<)
d)

Transcription

mRNA processing

Translation

ek

mRNA #1 T, _}9 C. 0( o,

v

Problem 154. Order the levels of organisation in living systems from smallest (at the top) to largest (at the
bottom).

BH 154: HEMRGOABZRENDNFRRTHE].

Put into the correct order 1% /5 IE#GHINIFHIESY

1 mark

a)  Organisms
b)  Organs

¢)  Populations
d)  Organelles
e) Habitats

f)  Cells

g)  Ecosystems
h)  Tissues

Lk
o aE
Foy
A1 2%
Wit it
Al
LT
HIE

Lfh b oae &



Problem 155. Order the types of immune responses from earlicst (top) to most prolonged (bottom)

BB E 155: K5 T 55 KR 12 IR I 0 590 i itk 47410 40

3 marks
Put into the correct order %1 il WM 14l 41

a)  Production of potent cell-killing adaptive immune cells
P 2 SR RAOT SEAN M M 3G AR a2 4n iy
b)  Production of memory T and B cells OK. ,]F C a . Q i b
PeAEACAZ T AR B 4Hff N ‘
c) Activation of naive (never used before) adaptive immune cells
ERPERAEAMITR (AARMEIE) #GE
d)  Activation of complement system of innate immunity
S R G AN TR G () R
e) Production of low-affinity antibodies
FEAEARSE R ik
D) Killing and internalisation by innate immune cells

e R e AR TER A L

Problem 156. Order the steps of blood clotting from injury (top) to healing (bottom).
BB 156: EWNZHGE QAN RE, R E T .

3 marks
Put into the correct order 1% IE#BING/F7# 5

a) Platelet aggregation and formation of fibrin network
i AR B 44 5 47 4 3 I A T2 R
b)  Recruitment of immune cells and chondrocytes (collagen producing cells)
G mp AT AR GRERB&AENMK 1%L
¢) Platelet activation and activation of clotting factors
1t 7J~ A5z Fon G . B F B RS
d)  Activation of stem cells and remodelling (cell growth, movement, death and phagocytosis)
FHRRMOBEMEDR GBREK. Za). FECMFRERD

e) Exposure of components of tissue and blood vessel walls

4L 4500 ofn P RE 1) 405 H B R

. b Cc. (. aﬂ



Question 24

*E. coli* can normally grow on minimal media.  You expose some *E. coli* to UV light which creates a
single point mutation in cach bacterium. You dilute the *E. coli* and grow it on full media so all colonies
can grow, You 'stamp' replica plates onto plates containing minimal media, or minimal media containing
supplements *i-iv*. Only some colonies can grow on each plate.

CRBAT " R O] CATE S A RN A s d s “ KIAFFI " SEIRTESRIMETE, M 7E B
I R FRE RIREIY , JRES AR A A, S RO A T LU K
AT LUKE S 00K B S AL A AL B e, SR A AR TSR *iive RUIEAHE R AE b AR L S
AR —eivg,

Minimal media Minimal media + i Minimal media + ii
ARSI A+ i
P T e R N
/ ~-\\ \.
A [' ‘|'
~ - //’ X //
\\\~4_- - - '/1 N o
\\\\A,_ -t ) -
— g ‘\
N
\
Minimal media + iii Minimal media + iv Minimal media + ii + iii
FEAIE TR + i FEARIG A +iv EAK FENE + i + i

Full media

SERIEIRIE

This type of genetic analysis can be used to dissect the steps in a biosynthesis pathway. For example, here
it can be seen that the gene product (enzyme) lost in colony A is involved in the synthesis of compound *i*,
and all compounds *ii-iv* are made from *i*.

ARG ST LUR FRRREM A BB 0S|, B, AT LA % A oh BRI
P (M) BE5THAY “ 0" BER HAFHLAEN “iiv" Hh “i" Sk,

Sketch a pathway for the synthesis of compounds *i-iv*. Label the steps with enzymes *A-D*. *Note, the
pathway may have branches.* Are the following true or false?

Lrlia “iiv” MAERER. MM “AD” FREEM BT, &, ARSI AT L.
U7 T 3 P R TE 60 1Y) SRR )2



S Y

>

2

5 marks
Mark the following as TRUE or FALSE Yl il 1%
Problem 157. *B* synthesises *ii* from *i*.

BHE 157: “B” ¥ “i" OWRN “i” .

a) TRUE IE#f b) FALSE #}i5
Problem 158.  *B* synthesises *iv*.
BH158: “B” & “iv” .

a) TRUE IE#i b) FALSE §#i%

Problem 159. *D* synthesises *iv* from *i*,
BH159: “D” ¥ “i" &R “iv” .

a) TRUE IE# b) FALSE §ifi%
Problem 160. *D* synthesises *iv* from *ii*.
fH 160: “D” 4 “ii” AA “iv" .

a) TRUE IE#j b) FALSE #iii%
Problem 161. *D* synthesises *iv* from *iii*.
BH 161: “D” # “iii” ARN “iv" .

a) TRUE IE#i b) FALSE #iii#
Problem 162.  *C* synthesises *iii*.
BH162: “C” AR “iii” .

a) TRUE IE#i b) FALSE i}
Problem 163. *C* synthesises *ii*.
BH163: “C” &/ “ii” -

a) TRUE IE# b) FALSE #ii%
Problem 164.  *i* is the substrate for *C*.
BHi164: “i” £ “C” R .

a) TRUE IE#i b) FALSE ifix



A similar experiment identified that *E. coli* mutants *X*, *Y* and *Z* have onc mutation in lhg “orf
subunits of tryptophan synthase. You carry out a western blot to visualise tryptophan synthase in these
mutants, and wildtype (WT: not mutated) *E. coli*.

TR A < KB HF " TR X" L V" A 2T A R U o B P My —
AR TRENR R, A& T AT (WT: RRED “KIHFE" B

QAR A ARAT T PAMET W
= 2'((\“ Soee
s VA
— - W,
@Visualizauon @ Proteins detection f~ '\,}
THAL SR sxl] ‘ ‘

L

* -8 ik

ti P @ Blottir;'g
(B, =k

§ » IL“““"I “ E_ -- .
v -

@ Total proteins exctraction @Gel electrophoresis @ Separated proteins

1R AR £ ek SY (AR
AR a \ R AR B
Tryptophan synthase a Tryptophan synthase B
kDa wr x \pM2 KDa W x Y 2
120— 130 =—
90 —
85 =
60 — 72
40 —
L ==
20— B== =
34 | E—
=
14— 26 i
1 mark

Mark the following as TRUE or FALSE FJIfil {7
Problem 165. Unmutated tryptophan synthase a is a longer gene than unmutated t

B H 165: ARECEARE R am;,grmtzex&m&mgmm P Ui,
a) TRUE IEHi b) FALSE #fi%t

ryptophan synthase [5.



A b

Problem 166. Ch.cck all the types of mutation which *X* could likely have according to these data.
JEH 166: HURXMYAE, St “X ™ ayfit SLA7 (57 45 5% XA

2 marks

Choose as many as appropriate LI AT 1 2 30
a) Frameshift (deletion or insertion of one base)

AR (LPREUGAN —A 8L
b)  Nonsense (creation of Stop codon)
X RAE (P20 E%T)
) Missense (swapping one amino acid for another)
HISURAE CR— IR 5 — AN EOIERD
d) Mutation in regulatory region (e.g. promoter)
A X R (WEF)
c) No mutation

Problem 167. Check all the types of mutation which *Y* could likely have according to these data.
BH 167: HYGKEAE, R “Y 7 ATHEILATRIFTAT REEREL
2 marks

Choose as many as appropriate ¥t fir 17 IE #4 HIZE T
a) Frameshift (deletion or insertion of one base)

MR (EPRaEA—EEE)
b) Nonsense (creation of Stop codon)
TN R (FELIEFTNT)
c) Missense (swapping one amino acid for another)
§ SURAE (G —ANEEM B BT — A EUERD
d)  Mutation in regulatory region (e.g. promoter)
WY XRE (WEHTF)
e) No mutation
TR

Problem 168. Check all the types of mutation which *7* could likely have according to these data.

B 168: RIBIXLEHAR, Rik “27 A fil SUAT AT R AR

2 marks

Choose as many as appropriate 3% B IL: w LT | 4

a)  Frameshift (deletion or insertion of one base) FEESRAE (LPRERIGA—DEIE)
b)  Nonsense (creation of Stop codon) T RE GRAEZIEET)

¢)  No mutation



