British Biology Olympiad 2026 Paper 1

SECTION A — Enzymes & Metabolism & 5%

Lactate dehydrogenase (LDH) is an enzyme that catalyses the conversion of pyruvate to
lactate. Different organisms express LDH variants adapted to their thermal environment.

FLERMLEES (LDH) & -FELNERE LI RNEE, FREDESREENH AT
IEH) LDH A8k,

Scientists compared LDH from an Antarctic fish and a temperate fish. They measured
relative enzyme activity across a range of temperatures.
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Problem 1. Antarctic LDH maintains relatively high activity at near-freezing temperatures,
EIRE 1. FARAMAE LDH BTk s R N A e s i
A. TRUE IFH B. FALSE ##i&

Problem 2. Temperate LDH typically shows its peak activity close to 0°C.
MEE 2. EATEANK LDH BEEHIE 0°C MR IEEEM.
A. TRUE IEF B. FALSE #4i&



Problem 3. Antarctic LDH shows higher activity than temperate LDH across the entire
temperature range.

M 3. B MEETEEA, ERafdkAr LDH MiEESE TRFESAR LDH.
A. TRUE IFH B. FALSE #£i%

A2
Thermal adaptation of enzymes B RSN P

Probiem 4. Cold-adapted enzymes often possess greater molecular flexibility than
warm-adapted forms.

PR 4. VA0S MNERHRE LEPGE MR A RS TR M.
A. TRUE 1E# B. FALSE #i%

Problem 5. Warm-adapted enzymes generally retain full activity at sub-zero temperatures.
RS 5. #HGESERE R R K LTI DR R 2 5E
A. TRUE E# B. FALSE #i#

Problem 6. Cold-adapted enzymes frequently lose stability when exposed to warmer
conditions.

B 6 MEREREEBEREAE PR IEY SREREE.
A. TRUE IE% B. FALSE $#i%

Problem 7. Warm-adapted enzymes commonly contain more stabilising interactions such as
ionic bonds.

M 7. PENREEE S A FERENMEER, g,
A. TRUE IEHH B. FALSE #&i%

A3
Adaptation in Antarctic fish 6 IBHEN

Problem 8. Antarctic LDH is adapted to catalyse reactions efficiently in water near 0°C.

I 8: FEMREMAAN LDH SEMERLR 0°C KPRz R,
A. TRUE 1E#f B. FALSE #£i%



Problem 9. The temperature optimum of an enzyme cannot evolve under natural selection.
&R 9. BERUECEIRE TR B A EE .
A. TRUE IE#f B.FALSE #1%

Problem 10. Temperate LDH would perform poorly if expressed in an Antarctic fish.
B 10: {EF#EAENK LDH RERRAIPRE, HEEgRg.
A. TRUE IE#f B. FALSE ##i#

Problem 11. All vertebrates share identical enzyme temperature optima regardless of habitat.
R 11. FrEEMEsi ISR ISR EIMFE, SEHEFETLX.
A. TRUE IE#f B. FALSE #i#

LDH has a three-dimensional structure including:
LDH RE =455, HPaim.
e an active site, where substrate binds
—MERA R, BTEERY
» a hydrophobic core, stabilising the folded enzyme
—AEARED, BTREREE
¢ surface regions that interact with solvent and other molecules
SVE ) B oAt 73 T R A LA R A R T X 4

Researchers modeled the structural effects of mutations in cold-adapted and warm-adapted
LDH.

WHRA R T ENAHGER LDH R =4 MR .

Examples include:
BT HF
¢ replacing a buried hydrophobic residue with a charged one
T R RT A G 7 B A s F D i e T
¢ adding flexible residues (e.g., glycine)
IR (SR
« altering packing around the active site

PRI M AL o ) ] TR R HE AR



A4
Amino-acid substitution and flexibility &M E# 5T M

Problem 12. A single aminc-acid substitution can be sufficient to aiter an enzyme’s thermal
properties.

R 12: HEAEEEERIE D SRR R R
A. TRUE IEW B.FALSE ##i%

Problem 13. All LDH isoforms must share the same amino-acid sequence.
FAE 13: 778 LDH R TEMNILAE 1 E R aEEREFH.
A. TRUE IE# B. FALSE #fix

Problem 14. Hydrophobic interactions commonly stabilise warm-adapted enzymes.
FIRE 14: EiACH AR FIEF A AE R E -
A. TRUE IE#i B.FALSE #ix

Problem 15. Additional glycine residues may increase enzyme flexibility in cold-adapted
LDH.

R 15: FAA0H B E AT RS InAERN LDH BIHEEE .
A. TRUE E# B. FALSE ##i%

AS
Hydrophobic — charged mutation FK — HHRF

Problem 16. Replacing a hydrophobic core residue with a charged one can destabilise protein
folding.

FRE 16: WA ORER AT BRESFEEOANHTEERTE.
A. TRUE IEH# B. FALSE #5417

Probiem 17. Such a substitution could decrease catalytic efficiency.
B 17: XFhE TSRS RE,
A. TRUE IE#f B.FALSE #5i%#



Problem 18. Charged residues are normally favoured in the hydrophobic protein interior.
EIRE 18: i sBFRIEEE F I T FELEE QBN .
A. TRUE IE#j B. FALSE #&i%

Scientists investigated two inhibitors of LDH:
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Vimax is the maximum rate of veaction an enzyme can achieve.
Km is the substrate concentration at which the rate is half Vmax.

Competitive inhibitors usually increase the apparent Km, while non-competitive inhibitors
usually reduce Vmax.

Some inhibitors bind at a site other than the active site. These are called allosteric inhibitors.
Allosteric inhibitors may change the enzyme s shape and reduce its activity.

Vimax EBEFEAEYHTRARINVEE.

Km ZRMEZELF] Vinax —FE0f BB

FEFEINGITNE B L IE WA K, [TTIF7E 5 MR 3 S B Vinax.
HLEPTHI YL B0 (LR LA T B e IR AB R R B P

FEFGMY AT GE £ 2 PR S5 1 TP I (T 1



A6
Interpreting inhibitor curves SEEHIHHIZ%

Problem 19, Inhibitor A causes the reaction curve to shift right, indicating a higher substrate
concentration is needed to reach the same rate.

A 19: EIF) A SEUR ML RS D), RUHEEERNIRYIREA X BH R
A. TRUE L4 B. FALSE ##i®

Problem 20. Inhibitor B causes the maximum reaction rate (Vmax) to fall,
BB 20 0% B SERARAERE (Vmax) T
A. TRUE IEFf B. FALSE %

Problem 21. At high substrate concentrations, the reaction rate with inhibitor A approaches
that of the control.

MR 21: TESEYEET, IADHIF A WS 28k I o B A i R R 2R .
A. TRUE IE# B. FALSE 45i%

Problem 22. Inhibitor B increases Km.
HE 22: #HIF B A Km 30,
A. TRUE IE#f B. FALSE 4%

A7
Identifying inhibition mechanisms HFFVFIPLH]

Problem 23. Competitive inhibition can usually be overcome by increasing substrate
concentration.

M 23: ESEHUEE T LUEE R SRR R TR .
A. TRUE E# ‘ B. FALSE &

Problem 24. A non-competitive inhibitor can be overcome by adding more substrate.
VIR 24. FAEFEE kR UG Y 0 B £ RIS SR
A. TRUE IEFS B. FALSE #&i#



Problem 25. A decrease in Vmax alone is sufficient evidence that an inhibitor binds at the
active site.

Bl 25: {¥ Vmax BIFREEEE LLERMGIR &S EFEECS L,
A. TRUE E#f B.FALSE #£i%

A8
Competitive vs non-competitive inhibition 7= 55 FEZHHEHGY

Problem 26. Inhibitor A, which binds at the active site, acts competitively.
AR 26: HIFIF A SEEBEMAA, RIESIEIMHIER,
A. TRUE 1EH B.FALSE ##iR%

Problem 27. Inhibitor B reduces Vmax because it is non-competitive.
I 27: BT B MIEFEMENH, B2 Vmax BE.
A. TRUE IE# B.FALSE %

Problem 28. Competitive inhibition reduces Vmax at all substrate concentrations.

A 28: FEMMSITERERYHEE TS Vmax .
A. TRUE IF#4 B. FALSE £51%

Problem 29. Non-competitive inhibitors must bind only after the substrate has attached.
FIRE 29: JEFEFMEINE FL AN AR IE 5 RESE .
A. TRUE IE#j B. FALSE ##i%

Different tissues express different LDH isoenzymes:
ANFRELAREARFR LDH [F T
e Muscle LDH (LDH-A) supports anaerobic ATP production.
JJLBY LDH (LDH-A) THEHE&LMH T &M ATP.
. Liver LDH (LDH-B) converts lactate back to pyruvate for further metabolism.
FFRE LDH (LDH-B) & ZLERF AL ol P ERE LU AT — 25 AU .
The bar chart shows relative expression of isoenzymes in muscle vs liver,

TUHERERERT VARSI R LERENRIEE,
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A9
Isoenzyme definition 5 T HEHIEN

Problem 30. Isoenzymes catalyse the same reaction but differ in molecular form.
@ 30: [FTEHMECHERRRE, HES>THEALEAR.
A. TRUE IEHf B.FALSE ##i%

Problem 31. Isoenzymes always share identical amino-acid sequences.
B 31: FTHpA4RA eeMEREERF .
A. TRUE IE7 B.FALSE 44

Problem 32. Isoenzymes can differ in their kinetic properties.
W 32: [ETEERENIEM T REA .
A. TRUE IEHi B. FALSE 4%

Problem 33. All tissues express the same LDH isoenzymes.
R 33: FTAARKRAMERN LDH FLE.
A. TRUE 1EHi B.FALSE ##i%




AlQ
Physiological importance 4 BEE EH

Problem 34. Muscle LDH helps maintain ATP production during anaerobic conditions.
WA 34: LA LDH HEFELRFMET 4R ATP HI&AR.
A. TRUE IE# B. FALSE #i%

Problem 35, Isoenzymes prevent tissues adapting to different metabolic demands.
IR 35: RGPS T HAUER R EKREER.
A. TRUE IE# B.FALSE %R

Problem 36. Isoenzyme diversity is unimportant for physiological function.
WA 36: FTEERZRMEEEMFREE.
A. TRUE IEH B.FALSE #%i%

Problem 37. Liver LDH can help remove lactate by converting it to pyruvate.
AR 37: FHHE LDH RRiBidHs 2L B (L TR BB kAT B IS AL
A. TRUE IEH B. FALSE %1%



SECTION B — Ecology, Sampling & Communities 2 %5 CREESEE

Ecologists often sample plant or animal communities using quadrats, transects, and
mark-release-recapture.

AR AR R . RER RS BRI R SR I AT SR R .

Environmental gradients (e.g., changes in light, moisture, salinity) can influence species
distribution.

HBEEE (FIUBHE. Ko, MR SRR EIA .
Some methods measure:
— Ll TR A

e species richness (number of species)

YHEEE (WRRIEE

e species evenness (relative abundances)

MR SE (X2 D

« diversity indices combining both richness and abundance
KBEBEESEE_EESNERLELR

Other sampling approaches estimate:

HoAth bl ¥ A TG B
« population size
TR/
« patterns of Zonation
SRR
o effects of environmental factors on communities
FE X BRI
ngh €——— Wind exposure & salinity ——=3 Low
RNREBSHE 1%
i QM* ;. |
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B1
Sampling along an environmental gradient 555355

Problem 38. The species present along a gradient are always evenly distributed.
FIRE 38: IRHELEESSARRIT B RS Al
A. TRUE IE# B.FALSE #£i%

Problem 39. Sampling at intervals along a transect helps detect changes in species
composition.

)RR 39: JEREHEIEEAT (8] bR S REAE BT A I 4H R AR Ak,
A. TRUE IE#f# B. FALSE 4i%2

Problem 40. Random quadrats always provide more information than transects for studying
gradients.

R 40: XTAIAME, BT SRR IRMMKERTEL,
A. TRUE IE#fi B. FALSE #i%

B2
Quadrats and percentage cover 7 SHEEH 5

Probiem 41. Percentage cover is always more accurate than counting individuals.
MR 41. 78 E D IR MR TSR R
A. TRUE iE# B.FALSE #i%

Problem 42. Percentage cover estimates can be subjective.
B 42: BHEEH S LLAGEETT AR EME.
A. TRUE IET B.FALSE %HiR

Problem 43. Quadrats cannot be used in communities with overlapping plant layers.
[RE 43: BT THEEEMEEBNEE.
A. TRUE IE# B.FALSE #Hi%

B3
Interpreting quadrat data SESERE 7 3045

Problem 44. Quadrat placement has no effect on the accuracy of results.
IR 44: FEOTHUIRE X G R AR IR A .
A. TRUE IE# B.FALSE 44i%



Problem 45. Quadrat size must be appropriate for the organisms being studied.

ERR 45: FEF RIS B R R A AR .
A. TRUE IE# B. FALSE 4%

Problem 46, Quadrat sampling allows estimation of species frequency.

M 46: REJTHEER T B .
A. TRUE IE#4 B. FALSE 4512

Problem 47. More quadrats generally increase reliability of abundance estimates.
W 47: NPT BEIBE R L A E R TR,
A. TRUE IE# B.FALSE #i%

B4
Simpson’s Diversity Index FEHEFIEEH

Problem 48. Simpson’s Index cannot be affected by changes in the abundance of a dominant
species.

[RE 48: FYHRBAZINBNH Z RENIILI.
A. TRUE IEHf B. FALSE 4

Problem 49. A higher Simpson's Index suggests greater diversity.
R 49: FYFRAEBESR, RBMESHEEER,
A. TRUE E# B.FALSE ##

Problem 50. Simpson’s Index incorporates both species richness and abundance.
FEE 50. ERHIEHFEN Ry EEESEE.
A. TRUE IETf B.FALSE #i%

BS5
Effects of Competition on Niches and Distribution TP BT TR

Problem 51. Competition between species can reduce the area in which a species is able to

survive and reproduce.
FIRE 51: WA A 5E S SR/ NI P i A A S5 DOt
A. TRUE IEFfi B. FALSE ##ig



Problem 52. Competition can prevent two species from maintaining identical niches.
[GIRE 52: 34 0] LARE ARPE M Fh4ERE 52 AR R A A A5 L.
A. TRUE IE#f B.FALSE #5i%

Problem 53. The competitive exclusion principle states that identical niches promote stable

coexistence.

M 53: TEHFEEEY, HERESTSEHRENILE.
A. TRUE IEHj B. FALSE &i%

Bé

Zonation and environmental gradients 5% S EHEE
Problem 54. Zonation can occur where environmental conditions change across space.
W 54: FHEFMAREDZERLMH T, RS ERSHNE.

A. TRUE EH B. FALSE ##i%

Problem 55. Transect data can reveal patterns of zonation.

M 55: R ER T LB R 0 R
A. TRUE IEFf B. FALSE 4#i%

Problem 36. Biological interactions can contribute to patterns of zonation.

R 56: S£YMHEIEHEBTHERSHER.
A. TRUE IE#fi B. FALSE #i%

Problem 57. Zonation patterns may differ between locations even when environmental
gradients are similar.

[AIRE 57 BIEIFEREEARML, ASEHL SR R AT R & o
A. TRUE IFi#fi B. FALSE $#i%



B7

Niche concepts LB

Problem 58. A species’ niche includes its role and requirements in the ecosystem.

B 58 — MRS AL AIEEAE ARG P HE AN BN FRK.
A. TRUE IEH# B.FALSE #&i%

Problem 59. Niches are defined only by abiotic variables.

R 59: AN HIFEMRERE L.
A. TRUE IE# B.FALSE #42

Problem 690. Niche breadth may change depending on resource availability.
B 60: AR50 T B4 FE VIR ] IR RU R TO AL
A. TRUE IE B.FALSE 4%

Problem 61. Two populations of the same species may occupy different niches.
R 61: [F—4HHFA PR 88 5 IR R A AL
A. TRUE IE# B.FALSE #Hi%

BS§
Primary vs secondary succession JRAE R E - SKERE

Problem 62. Primary succession proceeds more quickly than secondary succession.
M8 62: FAEEBMSRERILIERBER.
A. TRUE IE# B.FALSE 4512

Problem 63. Secondary succession occurs after disturbance where soil remains.

M 63: WAEBEREFETIMENA LEREH .
A. TRUE 1EH% B.FALSE %1%

Problem 64. Primary succession begins on surfaces lacking soil.
8 64: FRAERBHTHE LIEARIE,
A. TRUE IE¥H B.FALSE 4{Hi#



Problem 65. Secondary succession never results in a climax community.
BIRE 65: AEME KEALTERIIRRE.
A. TRUE IE# B. FALSE #5i%

B9
Human impacts on ecosystems A B0 =R BR80T

Problem 66. Habitat management cannot influence ecological succession.
EIRE 66: i BHME TR MAERNE,
A. TRUE IEiff B. FALSE #i#

Problem 67. Conservation efforts may increase habitat diversity.

FRR 67: {RiFTAEVT AN S Hh ket
A. TRUE IF¥f B. FALSE #&i%

Problem 68. Human activities can alter species diversity.
I 68: AKESNXBCRMFZ M.
A. TRUE IEHj B. FALSE ##i%

Problem 69. Human activity always reduces species richness.
FEE 69: AEKFINERBMMFETE.
A. TRUE IF7 B.FALSE #i%

Bl0
Mark - release —recapture IREE
Problem 70. Mark - release - recapture can estimate population size.
FIRE 70: FREEREW LR TFEEMEBERA.
A. TRUE IEW B. FALSE #4i%



Problem 71. The method assumes marked individuals mix randomly with unmarked ones.
MR 71: EHEEEWAREHA RS RS M EYIR S .
A. TRUE 1E# B. FALSE 45i%

Problem 72. Marking always increases mortality.
rﬂ@ 72: *ﬁiﬂaﬁ%’%i%jﬂﬁtﬁo
A. TRUE E7f B. FALSE 4%

Problem 73. All species are suitable for mark - release - recapture studies.
IR 73: WrEEREER TR A Y.
A. TRUE IE#f B. FALSE #Hi%

Bl
Interpretation of sampling data T HIEE

Problem 74. Diversity indices reveal the ecological mechanisms behind differences.
8 74 ZPEIREURT T ERERHAESIH.
A. TRUE IE#f B. FALSE 4%

Problem 75. Communities with similar diversity indices may differ in species composition.
B 75 HEMUSERRNEE, KR AN ReEFErER.
A. TRUE IE# B.FALSE #&i%

Problem 76. Diversity indices can help compare ecological communities.
IR 76: SREMARHEA] T A AL AT L 6 B B
A. TRUE IEW B.FALSE #ix

Problem 77. Higher species richness does not always indicate higher diversity.
B 77 YR EEEEEEALREREDR LA E R,
A. TRUE IEW B. FALSE iR



SECTION C — Oxygen Transport Proteins £/ EHIEH

Haemoglobin (Hb) and myoglobin (Mb) differ in structure and oxygen-binding behaviour.
MALEE (Hb) FFLLEE (Mb) EEMMELE ST R LEELER,
A graph is provided showing:
A ERER:
¢ Adult Hb: sigmoidal (cooperative) curve
ARA Hb: B S sk GRIMHRAZED .
o Fetal Hb: lefi-shifted, higher affinity at a given pQO-
fe)l Hb:  HRER, ELAEMESE (p0) TRABEEEMEM.
¢  Myoglobin: hyperbolic curve, high affinity even at low pO:
MeEE:. EXHER, NFEERESE (p0) FTHREFERMIA.

These curves illustrate how structure relates to oxygen binding and release.
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Ci
Interpreting oxygen dissociation curves BEIEEFRTHI 4%

Problem 78. The steep portion of the haemoglobin dissociation curve indicates cooperative
binding.

R 78 M40 AR MR BEE I A R RS A R
A. TRUE IF#f B. FALSE 4%i%

Problem 79, The plateau region of the haemoglobin curve reflects minimal change in
saturation with increasing pQOa.

HEE 79: MAOTEAMEBHTEXEMTHEE pO. i, FMEMETNRA.
A. TRUE 1E# B. FALSE #&i%

Problem 80. At very high pO2, haemoglobin typically unloads oxygen rapidly.
A 80: 7EMEN pO. F, MLHEEHSREFRES
A. TRUE IEH B.FALSE ##ix

C2

Physiological roles of the different oxygen-binding proteins T FJE 455 & H %
BIESR

Problem 81. Myoglobin is primarily responsible for transporting oxygen from the lungs to
tissues.

HE 81: AlUEAEEMAFTEBESMNINIFEHEER.
A. TRUE 1E#f B. FALSE ##1#

Problem 82, Fetal haemoglobin supports oxygen uptake from maternal blood in the placenta.
IR 82: BAJLULAT £ B SCRRAAAT A B By ML BRI e
A. TRUE E# B. FALSE #1%

Problem 83. Adult haemoglobin unloads oxygen more readily than myoglobin during normal
tissue respiration.

R 83: IEWMHMARE LIRS, RANAEALNALESESSBERES.
A. TRUE IE#j B. FALSE %52



Problem 84. Myoglobin helps maintain oxygen supply in muscle when pO: falls during
intense activity.

FIE 84: HREIZUERZNFENIATH pO. T, WA EOEE TR SR,
A, TRUE IE# B. FALSE ##i%

C3
Structural basis of binding behaviour £5 517 9945 127l

Problem 85, Cooperative binding causes haemoglobin to maintain high affinity even at low
p02.

R 85: PhRILES(E MRS IEER pO. T AR RN,
A. TRUE IE# B.FALSE #H2

Problem 86. Myoglobin changes its oxygen affinity in response to binding at adjacent
subunits.

I 86: WALE S @ETHAERME S RKBBHEER .
A. TRUE IE#f B. FALSE #i%

Problem 87. Haemoglobin’s quaternary structure allows subunits to influence one another’s
oxygen binding.

R 87: U4 FRYMUR &S & R A b A0 B Rz X S AU 5 &
A. TRUE IERf B. FALSE #%i%

C4
Bohr effect and physiological triggers JE /R3S B L PR

Problem 88. Rising CO: in active tissues generates carbonic acid, lowering pH.

AR 88: VEERMHAF CO. WMEASLEMRE, NS pH [HE{E.
A. TRUE IE®f B. FALSE %%

Problem 89. A reduced pH stabilises the low-affinity form of haemoglobin.

I 89: pH {HMRRIEE T ML E A RREM AR,
A. TRUE 1Ef#f B. FALSE %



Problem 90. Increased CO- causes haemoglobin to bind oxygen more tightly.
HEE 90: CO. MMEHMATASAANGSEEE.
A. TRUE IE#f B. FALSE #%

Problem 91. The Bohr effect promotes oxygen unloading where metabolic activity is high.
B 91: FEACBNEERXIR, /R BURL AT fEt S VR
" A. TRUE IETf B. FALSE #4i%

The three-dimensional haem pockets in haemoglobin and myoglobin include épeciﬁc amino
acids that:

A EAMNLEAF =L NLE VRO ENTER, SNNERRRE:
e hold the haem group in place
g 1 47 38 5 B 1 e B i
¢ influence oxygen affinity
ALE R
» stabilise the folded protein
T BENER R

The following structural diagram highlights amino-acid residues located close to the haem
group in a globin protein.

TR ER N BoR T 3R A R ALT M4 F 2 ML B R RRIR A .
ArgE3
% AT E3

CInE7 e £

TS TyB10

'
’

ﬁ. W - B B10
ArgF 7" '
MEEL F7

From Geuens, E., Hoogewijs, D., Nardini, M. et al. Globin-like proteins in Caenorhabditis elegans: in vivo
lacalization, ligand binding and structural properties. BMC Biochem 11, 17 (2010).
hitps://doi.org/10.1186/1471-2091-11-17



Cs5
Structural changes near the haem [ 2L F W VTHIEEHIZT 4

Problem 92. Any mutation near the haem will increase oxygen affinity.

R 92: MR MHEAMT R R E 21 NS SER 17,
A. TRUE IE# B. FALSE i

Problem 93. Changes to HisF8 can impair anchoring of the haem group.
IR 93: DURHEM (HisF8) AL Fe 4 RE FMHE .
A. TRUE IE#j B.FALSE #Hi%

Problem 94, A bulky substitution at TyrB10 could disturb the haem pocket and alter oxygen
binding,.

B 94: FERER (TyrB10) AETRARHNEAERBERTRLTROLEDR, I
WEEHLEE

A. TRUE 1E# B. FALSE 12

Cc6
Functional consequences of altered haem environment

M LT FH B D) B IR

Problem 95, Mutations that disrupt the haem pocket can alter how readily haemoglobin binds
or releases oxygen.

IR 95: BRI R DS REL 2SR M E [ &4 BB S M5 s,
A. TRUE IEH B. FALSE #%i%

Problem 96. Introducing a charged residue near the haem may reduce oxygen-binding

efficiency.
W 96: TEMIAFMHEGI AT HIRE T S S B RE S S E,
A. TRUE IEH# B. FALSE $5i%

Problem 97. All mutations near the haem decrease oxygen affinity.
IR 97. M4 T E A& BRERF AT,
A. TRUE IEHf B. FALSE #%i%



Cc7
Evolutionary consequences of haemoglobin mutation il 4125 F I jm R

Problem 98. Protein stability is unaffected by changes to amino-acid sequence.
W 98: HEOREE TR REER TN IRM,
A. TRUE IL# B.FALSE #Hi%

Problem 99, Harmful haemoglobin mutations may decrease survival and reproduction.
W 99: FEMMAEAREFRSERAERMERE.
A. TRUE IEH} B. FALSE #5i%

Problem 100, Mutations cannot influence an organism’s tolerance to environmental extremes.
R 100: SAFTRRERLMOAL MR AR ER BE AT 52 1
A. TRUE iEH B. FALSE 4%

Problem 101, Some haemoglobin mutations are advantageous only under particular

environmental conditions.
MR 101: J4b 47 5 AR AN RN, T RIS & T A RE R .
A. TRUE IEF B. FALSE ##i%

Ccs

Comparing functional characteristics of myoglobin and haemoglobin
HE L& AL 5 IR BEFFIE

Problem 102. Myoglobin facilitates intracellular oxygen storage within muscle fibres.
FRE 102: BLLCE A F T UL 4R prt AT 4 vy ST
A. TRUE IEH# B.FALSE 4%

Problem 103. Haemoglobin’s quaternary structure makes it well suited for oxygen transport
rather than intracellular storage.

B 103 MO KNG SHERTEESESEMH, mARMBAMEE.
A. TRUE B.FALSE 442

Problem 104. Myoglobin is effective at maintaining oxygen supply during periods of
short-term hypoxia.

FIRE 104: LA A7 RS R e A E S iR,
A. TRUE IE# B. FALSE 4%



Problem 105. Haemoglobin is better suited than myoglobin for storing oxygen inside muscle

cells.

& 105: MABEALTNOEAFTESENRAMBRAEBEES.
A. TRUE IEH B. FALSE ##i%

c9

Adaptations of diving mammals 757K 508HTZ N MEFFGF

Problem 106. Diving mammals have unusually high concentrations of myoglobin with
enhanced stability.

B 106: EKMFYPAFTEREREENNSERS, HENAEANBEEER.
A. TRUE IEH B. FALSE #8i%

Problem 107, Their myoglobin can remain soluble at very high intracellular concentrations.
R 107: EATHIELER B ol DLAE AR & 1 8 B P 1R B P AR mT v i
A. TRUE IFH B. FALSE %1%

Problem 108. Diving mammals rely primarily on haemoglobin for long-term oxygen stores

during dives.
R 108: 7&K L ah e K 40 E) F B AR R4 R S # Tk N E S M#7E.
A. TRUE 1EHi B. FALSE 4%

Problem 109, Myoglobin in diving mammals releases oxygen only when pO: is high.
BIRE 109: E/KEELSIRINA R AER p0: &M TRKES.
A. TRUE IE#% B. FALSE ##ix



SECTION D — Phylogenetics & Evolutionary Relationships
RGERKBFEESHUXR

The following cladogram shows the evolutionary relationships among six species (A-F). No
branch lengths are to scale.

THENSEFEER T AR (A-F) ZEFEERR. 53X KENEIFIZE],
: .(-:i;':u.:l.c.'gr.a-rﬁ for Spe;:iés A—F

YiFp A-F BB

/

Polytomy £
EHBR

Fig. D1 D1
DI
Inferring relationships from Fig.D1  fR#EHE DI FEEFHEXE

Problem 110. Species A and B share a more recent common ancestor with each other than
with species C.

IR 110: ¥0Fh A 1 B bz [F40AE 1AM, REMT SR ¢ MIEELEIR,
A. TRUE IEHi B. FALSE 4%

Problem 111. Species drawn nearer the left side of the tree are more primitive.

BEE 111: 2HIFER R R RPN RS .
A. TRUE IE#f B. FALSE #i5%

Problem 112. The horizontal spacing between the tips reflects evolutionary relatedness.
TARE 112: BRI (B KT RIBE R BR T IARG R R
A. TRUE IE# B.FALSE #%i&
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Problem 113. Species E and F form a clade that excludes species D.
WA 113: YFh E f F BER—IAEEWH D M.
A. TRUE iEHf B. FALSE ###

D2 .
Understanding branching order ZERE4E N

Problem 114. Two species drawn close together must be sister taxa.
R 114: R4 B IR AR SR R R EE
A. TRUE IEFf B. FALSE $5i%

Problem 115. Rotating branches around a shared node does not alter relationships.

I 115: BESEEH ARSI TASHTRE,
A. TRUE I&H B. FALSE #%i2

Problem 116. Species C diverged before the lineage that produced species D, E, and F.

FE 116: WFF C MAMLETREMF D, E 1 F i A,
A. TRUE IE#% B. FALSE #%i2

D3

Mapping a derived trait BRETRTE LR

A derived trait X is present in species D, E, and F but absent in A, B, and C.
—MRTAEMIR X FETWHM DL E M F d, EREETYR AL B 1 C &,

Problem 117. Species A and B most likely lost trait X independently.
FIRE 117: ¥)F A 0 B BATREMOIE R T AR X
A. TRUE IE# B. FALSE #i%

Problem 118. Multiple independent origins of trait X are less parsimonious than a single gain.
AR 118: S5H0R X SIS AgEMt, HRREBELGARYMEERN.
A. TRUE IEf B.FALSE #%



Problem 119. Trait X is ancestral to all six species.
R 119: MR X RATE A MRS RS EE.
A. TRUE IE# B.FALSE #4i%

Problem 120, The most parsimonious explanation is that trait X evolved once in the ancestor
of D-F.

W 120: BAESTHAEENNARE: R X A28 D-F WIERELFRENLT —
Ko

A. TRUE IE#i B. FALSE %1%

D4

Homoplasy refers to similarity not due to recent common ancestry.

JTIE AR 1B FE IR FATHIFE ST SC IR U P o

Trait Y is present in species B and F but absent from their close relatives on the tree.

MR Y FETHH B F R, EREET B EEERYH .

Problem 121. Convergent evolution could explain this pattern.
FEE 121 RS LR R B
A. TRUE IE B. FALSE 4&i%

Problem 122. The pattern demonstrates recent shared ancestry of B and F.
HEE 122 ZERIERET B M F FHEIEHILENE.
A. TRUE IEW B.FALSE %1%

Problem 123. A trait reversal in other lineages is another possible explanation.
B 123: HADE R PR HORI R R 55— P T BERUIERE .
A. TRUE EF B. FALSE iR

Problem 124. Homoplasy refers only to convergence, not reversals.
WA 124: EEMEEEE, FEELE.
A. TRUE IEHf B.FALSE #5i%



D5
Molecular vs morphological evidence 5 FiF 1557 A HIUFHE

Problem 125, If two trees disagree, one of them must be incorrect.
FIRR 125: IMEPIAREEMA L, WHAP—RDE 2R,
A. TRUE IEH% B.FALSE ##i%

Problem 126. A single shared mutation is enough to demonstrate close relatedness.
A 126: SAEHREELLEAFIMNEESR.
A. TRUE JE#f B. FALSE #%i%

Problem 127. Conflicting datasets may reflect variation in evolutionary rates.
R 127 MAEMARMBIREFT RN THELERNER.
A. TRUE IEHf B. FALSE ##i%

Problem 128. Morphological and molecular trees may differ due to convergent traits.
WA 128 EEEHUMESFFHEANHER, wiR haRMERE R .
A. TRUE IE#3 B. FALSE #Hi%

Dé

Interpreting branch lengths in the cladogram provided

REBET I A7 X B 2 K& X

Problem 129. Branch length does not represent time.
W 129: 2 3B ATRAT ] .
A. TRUE IE#f B.FALSE #Hi%

Problem 130. Branch spacing is determined by layout, not evolutionary distance.

&R 130: X ABERARRRE, TaRE{LIER.
A. TRUE IF#f B. FALSE %1%

Problem 131. Longer branches indicate faster evolutionary rates.
W 131 BRE SRR BRI LEE.
A. TRUE IE7 B.FALSE #5i%
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D7
Ancestry misconceptions R IFI RE

Problem 132. All extant species are equally distant from the root.
W 132: FrARAEYFh R AR R R AEE .
A. TRUE iE# B. FALSE #4i3

Problem 133. Species closer to the root are less evolved.
WA 133: HRFTARF AR LT AR .
A. TRUE IET# B. FALSE #&i%

Problem 134. No living species is the direct ancestor of another living species.
WA 134: R ATHFHRNE R A DR B B EE S,
A. TRUE 1L B.FALSE #H1%

Problem 135. A species can evolve directly into another extant species.
R 135 — MFh el DL E et AL B A — N L
A. TRUE IEHj B.FALSE 441

D8
Sister taxa HIFF

Problem 136. Sister taxa must share similar ecological niches.
MIEE 136: GRKEELIUILEARBARI A AL
A. TRUE IEH B.FALSE #Hi®

Problem 137. In Fig. D1, species E and F are sister taxa.
B8 137: & D1 ., ¥F E M F RUEALKE.
A. TRUE IE#4 B.FALSE ##i%

Problem 138. Sister taxa share an immediate cormumon ancestor.

R 138: HEEHLEZE— N EBEMILFEE L.
A. TRUE IE# B. FALSE #Hi%



Problem 139. Sister taxa always diverge at the earliest point in the tree.
I 139: SHOREEERIEHAN RS B A0 s b s k.
A. TRUE IE# B. FALSE ##i%

D9

Reconstructing ancestral traits HBHEEEL
Trait Z appears in A, B, C, and D, but not in E or F.

ek z HIFE Ay By Co D o, {HEHIIAF E B F .

Problem 140. The distribution proves that trait Z evolved twice.
[EAE 140: Z-FIERAMER Z ML T IR,
A. TRUE IE#f B. FALSE #4i%

Problem 141. Trait mapping cannot help infer where Z evolved.
FIRE 141: MRS TR BT Z MEL B,
A. TRUE IE# B. FALSE #£i%

Problem 142. Trait Z may be ancestral if it is present in early-diverging lineages.
AR 142 MRMR Z FETEYPMEKIERS, BTERMELMAE.
A. TRUE IE# B. FALSE ##i%

Problem 143, Loss of trait Z in E and F is consistent with the tree.
B 143: Rk Z £ E M F R ELFESiZHAE.
A. TRUE IE B. FALSE 4%

DI
Genetic distance 15285

Problem 144. Smaller genetic distances often indicate closer relationships.
R 144: BUMBIEERERERPERERRER.
A. TRUE IEHj B. FALSE 4%



Problem 145, Large distances may reflect long divergence or high mutation rates.
R 145: 2B EERTT BE R IR T B A4k B AT B R Y R AT R
A. TRUE IET B. FALSE ##1%

Problem 146. Equal genetic distances always imply the same branching pattern.

R 146: FELEARIEIEE S AR RE AR IR,
A. TRUE IE B. FALSE 4512

Problem 147. Genetic distance alone is sufficient to determine precise branching order.
FIE 147: {USEH4ERE R R LA 22 FERA R 2 SOBUF -
A. TRUE E# B. FALSE ##i%

D11
Polytomies (one is labelled on the cladogram) F5X (EHEEFH)

Problem 148. All descendant species in a polytomy necessarily diverged simultaneously.

R 148: %4 X hHETE BEARWF AR RN 20
A. TRUE IE## B.FALSE #&i%

Problem 149, Polytomies may reflect rapid radiations.
AR 149: 4 AR R Y PEESHE L .
A. TRUE IE# B.FALSE #£i%

Problem 150. A polytomy represents uncertainty about branching order.
WA 150: 24y ALK T 2 SOUF A2
A. TRUE iE# B.FALSE #i%

Problem 151. Polytomies occur only when morphological data are unavailable.
W 151: 50 XANERREEFLERR KA.
A. TRUE IE# B.FALSE #Hi%



SECTION E — Speciation & Reproductive Isolation
YIrh T S B RS S

STIMULUS 1 — Gene Flow Between Diverging Populations
MEE T — 2R A Y B
Two populations (X and Y) occupy partially different habitats.
PAFIEE (XA YD (4R AN B A
Gene flow measurements reveal:
RN EE R
o Strong gene flow from X — Y
M X—Y KRR
* Weak gene flow from Y — X
MY — X KSSER
Allele frequencies are beginning to diverge,

SRR TR H B L

‘Asymmetric Gene Flow Between Populations X and Y

FEE X A0 Y ZEASITRERTR

SERELE
Strong gene flow
Papulation X —] Population Y
Rz X FEFY
] = .

E1
Barriers to gene flow AR ISR

Problem 152. Habitat differences can reduce opportunities for individuals to meet and mate.

IR 152: ARBMEFRLFDNHARBMZEAHE.
A. TRUE iEf B.FALSE 4§12



Problem 153. Hybrid inviability is a prezygotic barrier.
W& 153: EMAFER—METHES.
A. TRUE IE# B.FALSE 4&1%
Problem 154. Mechanical isolation occurs when reproductive structures are incompatible.
W 154: BAEFHEMAILEN & RZEVIRIRE .
A. TRUE IE# B. FALSE #4518

E2
Modes of speciation FFTEEHTEREG

Problem 155. Sympatric speciation can occur even when populations live in the same area.
FIRE 155. BIURMEEAFEAE R — X, R SRR A TR R A .
A. TRUE 1E#f B.FALSE 4%

Problem 156. Reduced gene flow between neighbouring habitats is typical of parapatric
speciation.

IR 1565 AFARHE L Hh 27 18] 35 LR AT o 2 4TS S b % R 1) SR B AR
A. TRUE E# . B. FALSE 512

Problem 157. Allopatric speciation requires gene flow to be zero at all times.
A 157 B IR R B R IR R AT
A. TRUE IE#i B.FALSE 4%

E3
" Divergent selection and reinforcement AL FES HALIE/H

Problem 158. Reinforcement causes hybrid fitness to increase over time.

VIR 158: ARALAE P S EGRFRIE b E B TR 3G
A. TRUE I B. FALSE #i5

Problem 159. Divergent ecological selection can contribute to reinforcement.
R 159: /rBeiEAE AR MR IER .
A. TRUE IEW B.FALSE ##1i%



Problem 160. If hybrids are fitter than parents, reinforcement is unlikely to oceur.
B 160: HARFAERES TRE, BABMERERATREL.
A. TRUE IE#j B.FALSE %%
E4
Genetic divergence #fE5715

Problem 161. Natural selection cannot promote divergence if any gene flow occurs.

R 161: WMRFE(EER, BRERRTTIEREML.
A. TRUE IE7f B. FALSE ##i%

Problem 162. Divergence can occur at some genes even when others remain similar.
FIRE 162: BDEEAdFEFRIFAM, FRERER TRl AR A 5,
A. TRUE E#f B. FALSE #i%

Problem 163. Divergence requires large population sizes to accumulate differences.

MR 163: MMEEEBERKAFBERERHEER,
A. TRUE IE# B. FALSE iR

Problem 164. Reduced gene flow allows genetic drift to cause allele frequencies to diverge.
L 164: HRWEERBATLRSHSNERALEL: 54k,
A. TRUE iE#f B.FALSE 1%

E5
Predicting future speciation T FEHIBIFTE /%

Problem 165. High gene flow can slow or prevent divergence between populations.
WRR 165: ok A AL R LAYS % BR PR LL b Tad 11 4314
A. TRUE TEH B.FALSE %2

Problem 166. Divergence can proceed only if both populations evolve in identical habitats.
WAL 166: A UFAFRER SMRENES S, SMEaekE.
A. TRUE IE# B.FALSE #1%



Problem 167. Persistent asymmetric gene flow may slow, but not prevent, divergence.
FIEE 167: FFEERAMIRER R gam g, EASHEIEN .
A. TRUE IE# B. FALSE #i%

Problem 168. Increasing ecological differences may lead to stronger reproductive barriers.

R 168: BHTIEINEIEAZE R R S EE RN AERRS .
A. TRUE 1= B. FALSE iR

Researchers are investigating reproductive isolation between two closely related species,
Species M and Species N.

WA REARERAFEXRIBE Y —YFh M SR N 2 RMAEHERE.

Although the species overlap in part of their range, hybridisation is rare in natural populations.
To understand the barriers to gene flow, scientists carried out controlled crosses in the
laboratory.

REFWFELSAR OB, RREFEES, FEGAMBFRZTAFDRER. BT
[EEERMETRE, BEFELRIHT /I RERXER.

They measured two outcomes:

AT E T BLRPNEE:

1. Hiybrid viability RFFER

The percentage of offspring that survive to adulthood.
FETACRETPIE BRI -

2. Hybrid fertility #5485

Whether surviving hybrids are capable of producing viable gametes.

TR RIF Tl BB B o B HIBL T

The results are shown below:

ZRIMT:

Cross Type Offspring Survival (%) Fertile?
FARE JEAFER REWAE?
MxM 95% Yes &
NxN 92% Yes &

M x N - 60% No &
NxM 55% No 7



Eé6
Hybrid viability, fertility, and asymmetry F FiIEEH, £ B 5P

Problem 169. Hybrid sterility is a form of postzygotic reproductive isolation.

B 169: RFMAERETFEEEBEEN—MER.
A. TRUE IE#f B. FALSE 4%

Problem 170. Asymmetry in hybrid outcomes can reflect maternal or cytoplasmic effects.
IR 170: Z23C45 SRE AN XS PRI AT Al S B T B B30 MR JR R o

A. TRUE IEFf B. FALSE #£i%

Problem 171. Differences between M XN and N XM crosses must result from prezygotic

barriers.

FIRE 171: MXN Fl NXM 322 A 2 500 5 2 & FRI0E B S
A. TRUE IF# B. FALSE 4&1%

E7

Species concepts Y HES

Problem 172, Hybrid sterility proves that two species must share identical morphology.
FE 172: ERXABIERRMFLFER HRAENEE.
A. TRUE IET B. FALSE #i%

Problem 173. The phylogenetic species concept emphasises unique evolutionary history.
G[RE 173: REURE T REE TR S0 5
A. TRUE IE# B. FALSE %5k

Problem 174. Under the biological species concept, hybrid sterility supports species status.
IR 174: EEDEYPET, RIEAEZEH AL
A. TRUE IEFf B. FALSE ##i%

Problem 175. The morphological species concept depends only on hybrid fertility.
BIEE 175 HESFWIHHESURE T RFaeE 1.
A. TRUE IEff B. FALSE 4§



Two species (P and Q) inhabit different parts of a woodland:
BT (P A Q) HEEAERE — M AIAS X 5K
e Pinshaded forest edges
P 45T HER BRI 2
e Q in sunny open areas
Q TEFHSEE /2 BT R AT

Hybrids oceur mainly where these habitats meet. Their fitness is intermediate, highest in the
transitional ecotone.

AT L B M BIAEX LA SRy . EATRNE RN TRE LR, e
X HR T B 55 i o

The following graph shows the relative fitness of Species P, Species Q, and their hybrids
across an environmental gradient.

FTEER TIAESEYF P W Q RARTMENHAXEME.

1.2} — SpeciesP #3Fh P
— Species Q@ ¥ Q

— Hybrids . Zuzeadk
1.0¢

0.8}
0.6
0.4¢
0.2t

0.0f

1E9HERE Relative fitness

0.0 0.2 0.4 0.6 0.8 1.0
Habitat gradient SRS




E8
Hybrid zones F23E %

Problem 176. A hybrid zone may persist if hybrids survive best where the parent habitats
meet.

AR 176: ISR ARAN BIITICA LA SRR, M T RES T
A. TRUE IEHj B.FALSE #1i%&

Problem 177. A hybrid zone always means the populations have only just begun to diverge.
B 177: RTHEREWREMFEARINFFEM.
A. TRUE IE# B.FALSE #fi#

Problem 178. A hybrid zone can exist even if hybrids are not fitter than either parent species.
FIRE 178: BI(ERAMMERRER EA R TSR, F30H T UG,
A. TRUE IEHf B. FALSE ##i%

E9
Gene flow between species through hybridisation 3L & HITHIH IR

Problem 179. Genes can move from one species to another if hybrids mate back with a parent
species.

R 179: WRRBIA S H— KA YF EIA, FEET AN EBE S — M Fh.
A. TRUE IE#j B. FALSE ££i%

Problem 180. Gene transfer between species can sometimes transfer beneficial alleles.
IR 180 AFIR] A H A I v DT SRR,
A. TRUE IE# B. FALSE 4%

Problem 181. Gene transfer between species cannot occur when hybrids are completely
sterile.

R 181: AT MEREAEH, YhhERERER TSR L.
A. TRUE IE#ff B. FALSE 4%



SECTION F — Population Genetics & Natural Selection
i S s Pr Sk

The following graph shows changes in the frequency of allele A over four consecutive
generations in a population.

TERRT M FE SRR A KA EENA PR,

0.70 |- o
/
0.65 / |

i > 0.60
iz
&3
< &osst
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[}
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fﬁ- Z 050}
0.45]
o.40}
1.0 15 2.0 35 3.0 35 a0

Generation HH{{

F]
Interpreting allele frequency change SEIEE(; BFIATEDE
Problem 182. An increase in allele A from 0.40 to 0,70 indicates evolutionary change.
IR 182: SEAEER A MUZ 0.40 HEINE] 0.70, RURETHMHE.
A. TRUE IE7f B. FALSE #&i%

Problem 183. Allele A is likely being favoured by selection.
D 183 SrkE A RWTBEE TkFHERIFME.
A. TRUE IEH B. FALSE #5i%

Problem 184. The increase must be due to mutation alone.
PS)RE 184 IXFHEINLIRIY i 2455 2.
A. TRUE I1EW B. FALSE ##i®



F2
Hardy - Weinberg equilibrium assumptions 5 38-18 1775 -F R HI 1R 5%
Problem 185. Hardy - Weinberg equilibrivim assumes rapid environmental change.
FIRE 185: MAIH-IR(HHE FE R IAE R A tRIEAEL,

A. TRUE IE# B. FALSE #4i%

Problem 186. In Hardy - Weinberg equilibrium, ailele frequencies change each generation.
R 186: TERSHE-RAAMEEAT, SAEEMERS—RHTELZL.
A. TRUE IE B. FALSE &%

Problem 187. Hardy - Weinberg equilibrium assumes no natural selection.
B 187: nGidE-RAAAE- PR BB B RE .
A. TRUE IEW B. FALSE ##i%

F3
Selection vs drift A FESIED

Problem 188. Genetic drift produces predictable directional changes in large populations.
I 188: 4L EEARTE R EE 2 P A2 W TIO  SE A
A. TRUE IEff B.FALSE %#i%

Problem 189. Genetic drift is more likely in small populations.
FIRE 189: IBRALEEARAE NI R A T RE I BE K
A. TRUE IE#f B.FALSE 45i#

Problem 190. A steady directional increase in an allele over several generations often
suggests selection.

FE 190: —NENEREAEAABEVRENE RGN, EEERTEEREM.
A. TRUE I1F#% B. FALSE 441R




A population declined from 10,000 — 200 individuals after an extreme storm. Allele
frequencies changed substantially in the survivors.

— IR RERE, — DB 10,000 NMMEEDE] 200 MME. EAFE TRISME
R R AET RHERM.

A schematic shows:
AEERR:
o Population crash  FPERIZ
s Reduced variation  iE{EAE R
¢ Gradual recovery in numbers, not in diversity
TR EZEIRE, EREZRHERRE
The following graph shows a population before, during, and after the storm.

TEURARTXMER. . SR EEN.
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F4

Effects of Population Bottlenecks Ff 8T8V & 07

Problem 191. A severe reduction in population size can cause large random shifts in allele
frequencies.

MR 191: FREEMUSEC B SRS A E IR R A KR AL E S,
A. TRUE IE#f B. FALSE #fi%

Problem 192. Bottlenecks prevent natural selection from acting.
FIEE 192: MEBFERG Y BAREFEMER.
A. TRUE IE# B.FALSE 1%



Problem 193. Bottlenecks always increase genetic diversity.
AR 193: AN S EEIBE L FEtE.
A. TRUE IEFf B. FALSE #4i%

Problem 194, Rare alleles are more likely to be lost during a bottleneck.
AR 194: FERIAN, MESUEEERHER.
A. TRUE IE# B.FALSE &

F5
Drift and Genetic Variation After Bottlenecks HEH3 LG I IEE S 6B 7

Problem 195, Genetic diversity may remain low even after the population size recovers.
R 195 EMEFEEMAURE S, 865 SR AR BRAKF .
A. TRUE IET B. FALSE #i%

Problem 196, All allele frequency changes during a bottleneck must be caused by natural
selection.

MR 196: FRAFHAE BT By A 2 R BT RR B BARERE TR,
A. TRUE IE#j B.FALSE 412

Problem 197. Drift becomes weaker in very small populations.
IR 197: TEARE/DFES, BEEERWHR.
A. TRUE IE## B.FALSE ##

Problem 198. Loss of genetic variation can reduce the population’s future adaptive potential.
BIRE 198: B 1EAR R IR FHARTIIER A ERLIE S
A. TRUE IE## B. FALSE #fi®



A small group of 25 individuals colonises a new island.

— A 25 AMEREREDNEER T — MR,

Allele C is present at high frequency in the new population but was rare in the original one.
SR C EFMEPERAR, EERMHPREL,

For F6-F8,

%] F6-F8.

Fé6
Founder effect basics B2 3027

Problem 199. Founder effects require natural selection to occur.
R 199 BEEFEYUNFELRETETREEE.
A. TRUE IEF B. FALSE #iR

Problem 200. Founder effects can lead to rapid genetic drift.
TR 200: B E R A4 S EUE IS EE,
A. TRUE IFE# B. FALSE 4%iZ

Problem 201. Founder effects may increase the frequency of rare alleles.
FIRE 201 ZLEFE QN AT BRI AL A S AL B R TR .
A. TRUE 1E#f B. FALSE 1%

Problem 202. The allele frequencies in the founders may differ greatly from the source
population.

B 202 BEEHAEMERMEDRESFERETRAER.
A. TRUE 1E# B. FALSE #£i%



The diagram shows three distinct patterns of selection acting on a quantitative trait:

R R TEATHR RO =M AISERR,

10 -~ Directional TEERERE

— Swbilising FETEGIE

= Disruptive jg{jisetz

Fitness JSRTE
o o
o @

b
n

0.2}

0.0

Trait value tE{R{E

F7
Patterns of natural selection EFAEFEFTERER

Problem 203. Directional selection favours individuals at one extreme of the phenotype
" range.

FORR 203: 2 BRI ) TR B B — R MR
A. TRUE IEW B. FALSE #i#

Problem 204. Stabilising selection reduces phenctypic variation around the mean,
RIRR 204: Rk ESSERNERER,
A. TRUE IE B. FALSE 4%

Problem 205, Disruptive selection favours intermediate phenotypes over extremes.
I 205 BAGEESRAN AT AR BT AR R AR 2
A. TRUE IE#f B. FALSE i

Problem 206. Stabilising selection increases phenotypic variance around the mean.
WRE 206: F2EEEESINSEERRITTE.
A. TRUE IE# B.FALSE 4&iR



F§
Comparing modes of selection HEHEFERA

Problem 207. Directional, stabilising, and disruptive selection all alter the fitness of different
phenotypes.

& 207: EE. RREMBEEREHET T RRMIERN .
A. TRUE IEff B. FALSE #iR

Problem 208, Stabilising and disruptive selection have opposite effects on variation.
R 208: £25E IBFERBLAL 95 XA 57 4 SR R
A. TRUE IE# B. FALSE ##i%

Problem 209. Directional selection often reduces genetic variation when selection pressure is
consistent.

RE 209: HIEREFIFEEAN, ESREEREE SR BRETR,
A. TRUE IEff B. FALSE #i%

Problem 210. All three modes of selection shift the population mean.
IR 210: i =Fpit A ST R .
A. TRUE IEf B. FALSE ##i%®



British Biology Olympiad 2026 Paper 2

Q1 Animal learning S22 X

These are some types of learning in animals:

LA Zsh 4 JUAhs 51284

a. Observational learning - acquiring skills or behaviours by observing another individual
WEE S 3] — 3 W Ho At A R S R REBAT Y

b. Habituation — learning to ignore neutral stimuli that are presented repeatedly
IS B R E WL PR

¢. Classical conditioning — associating an existing response with a novel neutral stimulus
2 A R — 3% A5 R 5 8 Y AP R o B

d. Operant conditioning — associating an existing behaviour with a reward or punishment resulting
in the behaviour being performed more or less frequently

HRAETE St R AT ——3% O AT 0 5 2L R BUAE 10 SR BE TR AT 0 DA I el

e. Latent learning — learning information without immediate reinforcement or motivation, which
may affect later behaviour

AR I —— R B SRRSO R TR OME R, BB E SRR R AT

f. Imprinting — a rapid learning process that occurs during a specific developmental phase of life
leading to strong, often irreversible, behavioural adaptations (e.g. a gosling learning to recognise
and follow the first moving object it sees)

EMiE%: S — 7R i R BB B R AL i BOE A R, TR AR @ E A ST NE
Bi (fidn: 438% &R R HIRMEE BIKE— D Bsim)

g. Insight learning — finding a solution to a problem or novel situation through reasoning and
experience, without trial and error

S S —— i AN A R 3R B ] A BT R R A R R T 2, T AR A



Questions: i

What type of learning does the following demonstrate? (each learning type could be present multiple
times or not at all) (5 marks)

THIREISHIGIT WR2ERB? (BREIRWTUETERRE L) (54

Problem 211. When Octopus cyaneus inserted an arm up a tube breaking the water surface they were
rewarded. Over time they performed this action more often.

B 200 SR — R ) DR KRS, SERE. B R, T11EN
EHHITIX—T A,

Aa B.b C.c D.d E.e F.f G.g

Problem 212. In one study, Octopus vuigaris learnt to choose one of two objects that differed only in
colour by watching another octopus select that object.

IR 212 —BURAR, FEZABTWESS—REEHEewE, 227 ERMBIER
[R] B4 P o i L ) — ANk

Aa B.b Cec D.d E.e F.f Gg

Problem 213. When a plastic model of a lobster was presented outside a tank 15 seconds at the
beginning of each minute, over time O. vulgaris reduced their inspection of the model.

B 213: FOEHEANZ], TERMEINER AR (R 15 B, —BUIRSE, 2
EEXZE R MR EAT AR .

A.a B.b C.c D.d E.e Ff G.g

Problem 214. Octopuses can learn to discriminate between objects soaked in different concentration
KCl solutions when given a reward for choosing the higher concentration.

FIRE 214: ZoEEREEEAR (KC) BRERNYETTRELHN, SHE2ER4TH
R F AR IORE O s

Aa B.b C.c D.d E.e F. f G.g

Problem 215. Octopuses explore new areas and can remember the locations of burrows and hiding
spots when they are needed later.

[WRE 215: ERSERRFRE, FRISEREAMES SHrE, UEEEEENFEH.

A.a B.b C.c D.d E.e F.f Gg



Indicate if each of the following statements is true or false: (3 marks)

FIWT T FIRIERTIER: (G

Problem 216. The fact that many octopuses live mostly solitary lives means that they are incapable of
observational learning.

MAE 216: F&EATENIMELE, XERECIITFEITHESE,
A.TRUE IE7f B. FALSE %12

Problem 217. Thaumoctopus mimicus being able to mimic the body form and swimming gait of many
other species (e.g. lionfish, sea snake and flatfish) demonstrates observational learning.

BIRE 217: HAE & QST Z R E AR R BRI A (7. HiEmEtE B D
BABTL TN .

A. TRUE IETf B. FALSE 4£i®

Problem 218. Octopuses remembering productive foraging grounds demonstrates latent learning.
WA 218: BaEDEEREN, XERTEEE.
A.TRUE EH B. FALSE 4%



Q2 Octopus behaviour & K174

Octopuses’ arms are involved in nearly all their behaviours such as locomotion, prey capture, den
construction, postural camouflage, mimicry, signalling, and reproduction. They exhibit high levels of
independence, dexterity and flexibility. This is facilitated by their extensive perlpheral nervous system
and muscular hydrostatic arms.

BAMNBEEIVFSS5HAETA, flnEsh. Me. SR, B50%. US, E5EBhE
. BEMNRAEEENS EME. REEAERYE, ZHRTEARENIEHERY, RN
B BATAPER KB RS 2 .

Octopuses eat a wide range of animals that live in a range of areas, including the surface of rocks,
rocky crevices, and in/on the seabed. They are often solitary with minimal social interaction outside of
mating.

HEENENMHRES, XEEMTWE TSR, SFEEARE. 5045 L RIGHE AR K
L. JFEEEME, W LELHEE RS,

Below are some common behaviours that are involved in states such as locomotion, foraging,
threatening and escaping.

LT —EH BT, ZETAZEIES. B, BAMEH%EEEsiREMEx.

i\
—_—
Direction of
maoti . '
otien Sit Stand Parachute Attack
Stationary with body andf allarms  Stationary supported by elongated  All arms extended and webbing
on substrate. arms. covering substrate or object.
6
Crawl Moving Rock Moving Seaweed Walk
i Moving slowly in any direction with  Walking with body close to Walking with some armis extended Moving with body upright,
. body Ingcontact with substrate; no  substrate, arms tucked under or held out, mimicking seaweed. primarily usingthe backtwo
arms are raised, body, mimicking a rock, elongate arms sequentially !
contacting the substrate.
11
/
Bottom Searching Crawl Bottom Searching Forward Swimming Backward Swimming
Arms exploring and suckersin - Crawlingwith armsexploringand  Swimmingwith eyes and head Swimmingwith mantle leading,
centact with substrate. suckers incontact with substrate. leading, mantle and arms trailing. head and arms trailing,
ﬁ@ ‘N
Fatch Explore rock side Grope Searching Reconstruct Substrate
Retractingarmto bring an object Armssearchingeachsideofa  Exploring holes and crevicesusing  Digging or excavating substrate
cloger to the body. rock. arms. with arms



B .
BIEWS, BESHE RALLTS, (REIRER
BRI T RSE. AESTEG .
5 6

NefT stz HEBN
PHEEREEREEY, BikS  BiERMED RROET
R, TSR, B4, EsamE,

%
REBIRE e TSRS A
BTt {TRE, MEfTist, REREBRES BT ARAE S Sk AR,
BasEmmy  RINUESSEM, FRESRmes, RESHERER
12 il 13

EIEEE, HERESERNE—NEE. FiEmREEILRSEM,
BIMERS AT A,

EAESRRER
ERF, SEERE,

PRI
FERRRE, RaEgEn
R B RAE,

7
BirEIRH, TRERSE
AEFE (RRESEDER)

11

T
[SEifFEn
TEaT S E TR,
IBSHELD.

IR
FERzESFERY,

J. Bain, based on Bennice, C.0., Buresch, K.C., Grossman, J.H.et al.Octopus arm flexibility facilitates complex behaviors in
diverse natwral environments.Sci Repi5, 31875 (2025). heips:fdoiorg/10.1038/541598-025-10674-y.

Identify the behaviours exhibited in each of the following images: (2 marks)

AT 5 & B EARIL TR Q5

Please fill in the corresponding behavior numbers (1-15) from the figure in the blanks below.

BELTRELESFEPNEAITIFS (115 .

Problem 219. This octopus is moving:

FIRE 219: ZEEIEERD):

NOAA., Public domain, via Wikimedia Conmmons



Problem 220. This octopus is static:
[FIRR 220. iZF AT #RE.

Emanuele Samtaretli, CC BY-SA 4.0 <https:/fcreativecommons.orgllicenses/by-sa/d. 0>, via Wikimedia Commions

An ethogram is a tool commonly used by animal behaviour scientists to keep track of and analyse
behaviours of an animal. Specific behaviours that have been identified in an animal species in
previous studies are included selectively in an ethogram depending on the research question being
explored. Typically, a single focal animal is observed for a certain amount of time, and the specific
behaviour that the animal exhibits at every pre-determined time interval (e.g. every 30 seconds) is
marked on the ethogram.

TTARERSMIT AEEFERAN IR, ATEFMATIITHN. FIRARSREA K6
JURIRR, MIZMRP AT B R R AR T RN B, TRARETR
MR BT —ERT B MR, IR —BIRSEROE MIR A (BT 30 ®) , 4Bk B
R AT LR AT HEE S,

Here are some possible research questions about octopus behaviour:

LA 56 T B S AT 80 LA 5] B IR B 7 1]
A. Do octopuses spend longer moving by crawling or swimming?
T AT R SRSk B Bh B0 A ) BFAN BE 4 2
B. What proportion of time do octopuses spend foraging?
BEATRENNESHED?
C. Which foraging behaviours precede parachute attacks in octopuses?
& f ZEEAT AR B A A ST L 2 1 17 92

Below is an incomplete ethogram (two behaviours are missing - denoted by i. and ii.) constructed
using the behaviours from figure 1. The behaviours (columns) are ordered by relevance to the research
question (most relevant on the left), and only the most relevant behaviour is recorded at a time, even if
more than one behaviour is observed occurring simultaneously.

TR HTEEETAEE (RHmAMTRHRR, FENL i)  ZEEETE R
TR, T8 G #S5HAREHHERESF (BHXRNGELRD ; IEREIZHITH
RIS A4k, [ [ A R AR SR — FP AT .
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Questions: [A] .

Problem 221. The ethogram has varying suitability for investigating different research questions.
Order the questions from highest to lowest suitability. Mark the answer sheet in sequence from top to
bottom. (2 marks)

AL 221: 54T R FBT A R SIS R, WS BUES B 2 1
A SRR, HEMNLETRIRFSHEE. 24

Problem 222. For research question B, which 2 unused behaviours from figure 1 should be in
columns i. and ii.? (answers can be in either order) (2 marks)

FRE 222: EXBHANEB, B 1P AREHETAMEN L i 5?2 (ERRFTER)
(243 A

’

Indicate if each of the following statements is true or false: (3 marks)

AP FIVHERBIER: (34D

Problem 223. The individual was definitely never observed exhibiting the fetch behaviour over this
period.

[ 223: FEMCHIE], ZAMEE E DR B BRI AT R
A. TRUE E# B. FALSE #4i2

Problem 224. The individual might have been observed swimming during this period.
R 224: FEMCIAIR, 2 METTRE MR R I H AT H.
A. TRUE IE#j B. FALSE %1%

Problem 225. The individual might have been observed exhibiting the grope searching behaviour at
7.0 minutes.

[IRE 225: 7E 7.0 8RS, 5T BR i B 3R I AR AT A
A. TRUE 1E# B. FALSE £1%



Q3 Circuit motifs P22 [o] B4R

Many neurons involved in sensory circuits of the nervous system are wired together such that the
output neuron spikes only when the stimulus changes in intensity. For example, shown below is the
activity of a neuron that spikes only when the stimulus is switched on. Such a neuron is known as an
‘ON-response neuron’:

W2 RGURTEFI B R 9VF 8 4042 70 bV RE 07 3UIEE, B A ST IUERIBORE R & A 4R]
APEEEERAL. Flin, FEERT —MUTERIBOT R 7 A fE i R F 2 T iE sl X5
MZ TR “ON-IR RIMBEET”

Neuron activity

FETTIE BN

. . % I+ Stimulus #il#
Jowrnal of Newroscience 13 April 2016, 36 (13) 4325-4338; DOI: 10.1523/JNEUROSCI.3887-13.2016, CC-BY

This way of encoding information about the stimulus is far more energy-efficient than a ‘rate-coding’
neuron, one which simply spikes more frequently when stimulus intensity is high and slower when
stimulus intensity is low.

XFFIRAE BRI, RERREFETT WRBNERRS . FENE: MR =
R TN, RIEGR LR AR R

An ON-response neuron can be produced downstream of a rate-coding neuron through surprisingly
simple circuits. Take neuron ‘R’, a rate-coding sensory neuron that is responding to a stimulus
suddenly switching from off to on. Assume no other neurons are receiving a stimulus.

I A (R B R RS, AT DASE — MR R AP TT M R R A — A ON-Mg R 2. A&
JC “R” KBl ER—A L BT, I IS —N R AR IR I 3 iR B At e
MARL. ARV FAAN 2 oI 2R

Problem 226. Which of the following neuron circuits could produce an ‘ON-response’ in the
downstream neuron labelled ‘N°?  (There may be more than one.) (5 marks)

FE226: T HIMELLI 2 50 EER T ALERRID N “N” BT &5 red: “ON-RRE” 2 (AEF
METEFEG) (545)

cell body axon larminal
+ dendrites | wes ._(
HEERAE
SHRK excitatory neuren
+iHEE MBS
axon $HSE
inhibitory neuron
—_— FEIPEETT
dgirection of
action potentials any neuron
SRS E MR
BIRNME Efpegiie] RAFIE s HEELE)
A feediorward excitation B ieedforward inhibition C teedback inhibition D tateral innibition E mutual inhibition
N
R R R —
—> .N . N % @ A i ]
*—o— = e [—t«

52



Q4 LHON disease /& 4 2552

Leber hereditary optic neuropathy (LHON) is a rare genetic disease that can cause visual loss due to
optic nerve degeneration. LHON is maternally inherited and primarily affects young males. Prior to
the degeneration of retinal ganglion cells and optic atrophy, high levels of reactive oxygen species
(ROS) accumulate within these cells. Whole-tissue sequencing data indicated missense mutations in
patients’ samples, with 90% of patients having mutation patterns at the same three loci.

Leber A& PEMMF LR (LHOND B % ILpV B gem, WEANERTHESEA
k. ZWAFRBE, BEERZEHERBEME. ENMEHETHRIEERLIUMEERE
2R, HAEASTHERKTFHEER (ROS) . 2HEFANFEIED R, BEERPFEEE X
A, Hr 90% HIBEEMRIM =N EEG A EHIRAE.,

Problem 227. Not all carriers of LHON manifest symptoms. How would you explain this maternally
inherited trait which primarily affects young males? (2 marks)

W8 227: FFAEFTH LHON #H8 # &R IAVER . InfUAFREIX M B Rtttk A X EHmER
SHRER? Qa0

A. Nuclear DNA mutation but the symptom onset is triggered by LH-surge (LH is Luteinizing
hormone)

% DNA 3%, EERKIEREERERFRHEME (LH BMREELERE)

B. Mitochondrial DNA mutation but the symptom onset is influenced by environment and X-linked
trait

£RMIR DNA 838, {HRER R 1EZEREM X itk
C. Mutation happens on Y-chromosome, but the symptom onset is influenced by mitochondria
REREEY ek b, BEIEREIEZE AL M

D. Mutation happens on X-chromosome, but the symptom onset is influenced by cytoplasmic ATP
level

RABREME X eafh b, (EERRIEZMME ATP 7KF R0

Problem 228. What does the mutation primarily affect? (1 mark)
IRE 228: ZRABEEEMU T —ERE? (14

A. Cellular respiration £ fuF ik

B. Mitosis # #2455

C. Sodium-potassium pump activation $N-£1 = B7E

D. Acetylcholine release Z.BEAH R

Problem 229. High levels of ROS leads to: (1 mark)

(/8 229: FARFHIELRSE (ROS) £F8: (1 4)
A. Apoptosis ZHATIA T

B. Increased cell-to-cell communication 40 o8] & TR 5%
C. Rapid cell division £l HLE -3



Q5 Novel plant protein kinase FTZEY) H 5 BB

A team of researchers has identified a novel plant protein named Protein A, coded for by gene a.
Structural analyses indicate that Protein A belongs to the family of Ca® */calmodulin-regulated protein
kinases. However, unlike typical plant Ca® *-dependent protein kinases, Protein A lacks both the auto-
inhibitory region and EF-hand motifs, which accounts for its Ca? *-independent behaviour. The
research group subsequently aimed to elucidate the regulatory pathway that governs Protein A activity,
potentially operating in place of the canonical Ca® *-mediated mechanism.

E—EAMAANRALEES —MHER a s HEYED, a2 AER A. Sl HRHE, &
HARBT C?SHARTHNEARERG. A, SREMEY Ca kiR HEEAE,
EHE A RKERZ E &EMH]X (auto-inhibitory region) 1 EF FHH/F (EF-hand motifs) , iXf#
BT HAVR Ca M. ZTAAEM SR T MEE S A EHERERE, ZEEEn R
RERT Ca? "N BRI KIEIER

Following is some experimental data relating to Protein A.

PTREFER A MHRRE 2 L0EE:
Leaf pair 1 2 3 4 5 6 7 8 9 10
i3
Relative intensity 0 8 13 49 70 64 59 76 79 100
P ESIES
Nocturnal malate
-6 15 39 55 54 46 46 59 43 45

accumulation (mM)

| RESRERZE (2 mM)

Figure 1: The phosphorimage shows hybridisation of gene a ¢cDNA to blots of RNA from leaves of
different ages, numbering from the youngest leaf pair down the stem. The numbers below the
phosphorimage show the relative intensities of the bands. The malate content of cell sap was measured at
the end of the night (08:00 h)and the end of the day (16:00 h). The data are presented as the differences
between these values.

B1: SBRENMREBRT EEaflcDNA S A AR M F GEIF AN LBT . NEEZFT
UB90E) RNAENERIZRAEEE R, MER T AHRNEFERT £ WA ME. MERMEREEE

%f&lﬁ%ﬁiﬁ (08:00> FERKERF (16:000 HATTIE, EHHEEZFHE MR A RHEZE
T2,

(a)
Tine (24 helock) A8 (24/MTH)

12:00 15:00 17:00  19:00 21:00 00:00 03:00 05:00 07:00 (09:00

Relative intensity ] 0 0 42 77 100 36 2 1 3
=P EE S




100 -

L=
—

B33 Relative intesntiy (%)

© 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00
Time (24h clock) B%i8] (24/he3H]})

-%-PEPc¢ kinase translatable mRNA -+ Quantity X #-PEPc kinase transcript
ﬁ?&%ﬁ%‘tﬁﬂ‘]&?ﬂhﬁéﬂaﬁ (PEPc i#E8) TIEHE mRNA X & ) __ PEPc pimiEERA
() Hours in constant condition {8 &4 TR RS
7 7 19 19 21 3 43 43
Relative intensity 65 100 9 4 a4 31 4 0

| TR

Figure 2: (a) Phosphorimage showing hybridisation of ¢cDNA of gene a to blots of leaf RNA
throughout the normal diurnal cycle, photoperiod 08.00~16.00; the numbers below the phosphorimage
show the relative intensities of the bands.

B2 (a) BEFRAEESR, ELFERAEA CERERA 08:00-16:00) , H&A a Y
cDNA 51y RNA BRI AT 45 R AIEIE T 77 (3 R F AR IR .

(b) The quantitative data from (a) are shown with the amounts of PEPc kinase translatable mRNA,
quantity X and PEPc kinase transcript under identical conditions. This plot shows that the level of
Protein A transcripts increased and decreased over the diurnal cycle in parallel with the level of its
translatable mRNA.,

(b) RH (a) MEEHIE, LIAAMAFEZMYT PEPc WEFHI T ¥ mRNA &, X {H LK PEPc i4HF
FRANCE. WERY, 0 A BFAKKTEERR DS HATEIE mRNA 7K R 5

(c) Phosphorimage showing hybridisation of cDNA of gere a to blots of RNA from duplicate leaves
kept in constant conditions (continuous darkness, CQO--free air at 15°C). Constant conditions
commenced at zero time, corresponding to the end of a normal day.

(c) BEF B EER, EHa E’JcDNA SEfEE & (RRLEERE. 15°C L CO. TR Tk
FIER M T RNA ENEMARAT B . EEFMFTENEE), R R IEH AR,



A diurnal cycle is a 24-hour cycle often driven by environmental cues.
 BERAYE A 24 /DAY, WEEBEFSESE

A circadian cycle is a 24-hour cycle driven by an internal clock, persisting in the absence of external
signals.

BRI AIAR—A 24 AR, AR IES), ESRZIEME S RIS,

Using the figures and information provided here, indicate whether the following statements are true
(T), false (I) or cannot be determined from these data (C). (5 marks)

W AR ERAEE, FWFAIREER (T) ik (F) BoikEdREHEREE (O .
(543

Problem 230. Protein A lacks the property to act as a kinase enzyme.

AR 230 EE ADNELBEETEE.

A. TRUE 17 B. FALSE #i% C. Cannot be determined oM %
Problem 231. Transcription of Protein A is under circadian control.

AR 231 A A PIFERZAEYHIEE.

A. TRUE IE7 B. FALSE #5i% C. Cannot be determined ToEEIf E
Problem 232. Older leaf contains more Protein A by leaf volume.

R 232: BN AEERTESEELSERA.

A.TRUE 1E#f B. FALSE 4&1% C. Cannot be determined JTCIEHA E

Problem 233. More efficient transcription process in older leaf is responsible for this hybridisation
pattern.

AR 233: B2 0 b B R R S R R B AR ST S R

A. TRUE 1E5f B. FALSE 4 C. Cannot be determined ToiEME

Problem 234. Less efficient protein degradation pathway in older leaf is responsible for this
hybridisation pattern.

W 234: BUEM T BEREN EORER SR AZRTHARRE.

A. TRUE IETf B. FALSE #5% C. Cannot be determined JCIEME



Problem 235. In Figure 2 (b), identify quantity X. (2 marks)

D 235: B2 (b) R X MREFA? 24

A. tRNA level in leaf cell

-4 A A Y (RNA 7K

B. Total DNA level of the bulk tissue

BRE L )2 DNA 7K

C. Hybridisation of 3’-non-translated sequences of gene a transcript
HH a B 3 IEHREK N RES

D. Activity of Protein A

HE A RS

Problem 236. Increased protein A activity leads to increased carbon fixation. In which habitat would

you expect to find species where photosynthetic genes are under post-transiational control by protein
A? (1 mark)

R 236: FH A FVEERSR A MEENE. FAMMES Y SRS ERERRZE
H ABEEEARR? Q)

A. High altitude &5 X
B. Grassland ELJR

C. Drought zone 2 H1[X
D. Flooded area 35 1h [X



Q6 Drought resistance of plants EHYRIHLE M

The transpiration stream is the transport of water and dissolved minerals from roots to leaves through
the xylem vessels, driven by the equilibration of water potential.

RIS TR YR 2K BERS), BRI T EMRITER 2 A fdE.

Under normal conditions the xylem forms an uninterrupted water column, allowing efficient fransport;
however, drought conditions can disrupt this stream. Drought stress decreases the pressure in the
water stream (increasing the tension), which can lead to cavitation - where air is pulled into a
conduit through a pit and rapidly expands, filling the conduit and causing an embolism.

EFFMHT, REBSHERESLERAS, NTEIMGERER; BFERESEHRZERERE
TRpae FRARAKIRES (BRKD , #EMIRELAR — B4 JETQSCE‘MJEH&J\@”‘F
R, REIRFE H R,

In some plants, xylem embolism causes irreversible damage and cannot be repaired. It is observed that
some plants can repair embolisms, but the mechanism is unknown. Repair could involve the
generation of positive pressure in the xylem to dissolve the gas, allowing it to diffuse away.

WA A T SR B S R TTUE, TEEE; ERSRIL, FEmma R,
EAH A B . B ST AR T REMS RAEAR AR N P AR I, - S AR R

Problem 237. Which part of the plant is most vulnerable to cavitation? (1 mark)
W 237: EYHHWANEARS REZHIR? A4

A. Roots 1R

B. Stem =

C. Leaves Nt

Problem 238. Which adaptations could help prevent cavitation?
(There may be more than one.) (2 marks)
EIRE 238: T AL E S RHMER B TR LR LY (REDyZITHEEL) (2 453)
A. A larger water potential gradient between the soil and leaves of the plant.
TS EYI AR AR EE R,
B. More positive root pressure.
FRRE.
C. Decreased porosity of pit membranes.
SRR E K.

D. Wider leaf xylem vessels.

AR ES S E A .



Indicate if each of the following statements are true or false: (4 marks)

HW TIRERTEH: 45

Probiem 239, Herbaceous plants are more likely to be able to repair embolisms than woody plants.
MIRE 239: BAEWIALEYERTREERE.
A. TRUE EF B. FALSE 4%

Problem 240. Gravity has a significant effect on water potential in all plants.
HRE 240: B XS YR KBEE BER.
A. TRUE IE# B. FALSE ##1%

Problem 241. Embolism repair is likely to involve active transport of minerals out of the xylem.
WRE 241: 12 EEE W R AT YR E SIS AR RS .
A. TRUE IE# B. FALSE i

Problem 242. Reducing xylem connectivity is likely to be an effective adaption to drought.
W RE 242 FEAEAR P ER AR R M W] G R RIN T 5 198 SO RUEAHE
A. TRUE IEFf B. FALSE 4515



Q7 Sweetener FHERFA

Intake of glucose and sucrose accelerates the development of tooth decay in children. Scardovia
wiggsiae (S. wiggsiae) is a potential pathogen of early childhood caries (ECC). Research has
demonstrated that rubusoside, a sweetener that does not cause tooth decay, inhibits the pathogen
Streptococcus mutans (S. mutans). Research was done to investigate the effects of rubusoside on
metabolism of S. wiggsiae.

EBAREBEMEESNEIILERRIES. FETFEZHTE (Scardovia wiggsiae, S.
wiggsiae) F41)HEDE (ECC) HIBAIURE. MARXRY, MEHTE (—HASRIUEN
HIETBRT) BEINH ASTEHEERE (Streptococcus mutans, S. mutans) X—FRHE . EHRBER
RE B TFES FHAFE 4T E R IRE.

A
27 £me
—&- control ERj
10 1 —#- Sucrase At

o —&— Glucose ;]ﬁggﬂﬁfﬂ
1§~ Xylitol =i
T Rnesce 3 %@?ﬁg&/ﬁ"_’/ﬁr\:

¥— Rubuseside+Sucrose
o] BT

L3 M L L Cad Lo L LAy Ly ——

0 "1 20 40 50

4HET 2 Dry weight/ mg
~N

El
Time / hours o E]/4I\EY

et v — - » M -
E 3 & B B & e & 9 E 3 &
=1 [=] o = = E e o Q = A= =
= =1 u n = = (v} =8 7] =
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o A ] E a o & © B 3
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@ A
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= =
] F]

Redrewn Jrom Wang, P, Ma, R Mo, D, ¢t af. Effcet of rubioside, o natural sucrose subsiitnie, o the meabolism of Scarduvie wiggsiov: a novel potenial caripgenic pathogen, BMC Biof 23, 262 (2025).

s dfckond. v FOLEISGX 1 291 5-0025-002321-4

Fig. 1: Effects of rubusoside, sucrose + rubusoside, xylitol, glucose, and sucrose on the cell growth of
S. wiggsiae in an anaerobic environment at 35 °C. Dynamic dry weight of cells at 48 h (A),
quantitative statistics of plate colony counts (B), pH value at 48 h (C). Values are presented as mean =+
SD. Different letters represent significant differences among treatments. Statistical significance is
marked with asterisks: ns, not significant; *, P<0.05; **, P<0.01; ***, P<0.001.

B 1: 7E35°C REFFHET, BIMHREITI AN + FHOHBA TR . AN, %R R Rt
SR EEETEREKIOEH. (A BANERIETE, (B) TREETHERY
i (C) 48 /NI pH fH. BUELL “TFHME + B (mean+SD) 7 FR, AAFRMARL
BHMGEREES,; ATEEEAESHE: nRTEREER, * P<0.05; **,
P<0.01; **#%, P<0.001.



Indicate if the statements are true or false: (4 marks)

AT FFIMERBTER: 44

Problem 243, Rubusoside has potential applications in the food industry.

AR 243: B FHEER T BAEBENANE.
A.TRUE I[E# B. FALSE &%

Problem 244. Glucose had significantly increased CFU compared to sucrose.

I 244: SREREALL, EERERENN T EERRSELS (CFU) .
A. TRUE IE# B. FALSE #£i%

Problem 245, Sucrose always has a significant promoting effect.
R 245. BEMEIRAEE RENREKMER.
A.TRUE 1E#j B. FALSE #i%

Problem 246. From this data you can conclude that rubusoside will have an inhibitory effect on S.
+wiggsiae in the presence of all sugars.

IR 246: RIFIZBARFEHLR: EFRTHEEZENBRT, MBS THEsdE8E
LU =R .

A. TRUE IE#f B. FALSE %£i%

Problem 247. What accurately describes the effect of Xylitol on growth of S. wiggsiae? (1 mark)
WIRE 247: THRTRHERERER | RSB NS FEAT AL T E ERAREW? (14

A. Inhibitory #4l {E F
B. Promoting {23 /E
C. Noi statistically significant TT451+ 8 1

Problem 248. In the control group, which period had the largest average rate of growth of dry mass?
(1 mark)

A1 248: XTERAAHH, WEAHE BT R EKERR? (14

A.Oh-8h 0 /NAF—8 /NN
B.8h-12h 8 /MBS - 12 /At
C. 12h—20h 12 /1Rt - 20 /it
D. 20h—40h 20 /MBS - 40 /NEF



Q8 Structure and Biosynthesis of Coenzyme A
T A RS S5EME

Coenzyme A (CoAl is an essential cofactor in all living organisms. Shown below is the chemical
structure of CoA.

HEE A (CoA) RFTEEMMENDLBERIHET, RPN TER.

NH,
<NfN
I 7
HS\/\NJK/\ J% -B- N | N//'
OH )
(ID OH
O=FI’—OH
OH
The biosynthesis of CoA requires one of the following B vitamins,
R A A ERBE LT IEM B REEZF MR
By Bs Bg
NHa (ﬁ/ﬂ\ oM
N*Ng B
/’\ )i\ N* /Xkrr \/\n, HO | 2 -OH
N/

HO OH

From this vitamin, CoA is synthesised via five enzymes (PS, PAT, PK, DK, PD) that each catalyse a
different reaction. The five enzymatic steps, in order, are as follows.

DAZ R IR R, NS A I T (PS. PAT. PK. DK. PD) fE{b-& MR, EHEHE
AR R M. X HANEHE D BRANRF a0 T -

1. The vitamin is phosphorylated by ATP. %44 F 4 ATP BFERAL;

2. A three-carbon fragment is installed. 5] A— =k 7 B

3. The molecule is decarboxylated. %4 F & A Wi R SR 5

4. Adenosine monophosphate (AMP) is installed. 5| NEEBEERIRE (AMP) ;

5. The sugar part of the molecule is phosphorylated by ATP. i%4> T KIS ELH -4 ATP BERRAL. .

The reaction that each enzyme catalyses is shown below. They are not in order.

THERESR T SREEAR RN (RBARE ERIRFHERD .



Q PS HS GH
HS/\I')LOH + ,]L —_ M
R OH
NH; \{r
o]
o~ q o~ N PAT ~ (l? U~
R770-P-OH + R7T0-B-OH ———= R70-P-0-P-0R
OH oM OH OH
PK g
RAOH RAO-FILOH
OH
R R
R R o
0
O OH
HO OH 0=P-0H
OH
o)
HS/\HLDH PO N_ R
L
HN. R Hs T
N 5]
Q

Questions: [/F;

Problem 249. Which B vitamin is required for the biosynthesis of CoA? (2 marks)
WIRE 249 FEE A MM AT EWF B REER? Q4

A.Bi B.B3 C.Bs D.Bs

Problem 250. How many condensation reactions occur during the biosynthesis of CoA? (2 marks)

I8 250: HEE A MM S RERRRET EOREERF? 24

Problem 251. Order the five enzymes for the biosynthesis of CoA. (5 marks)
WIRE 251 HIZINFFHET G A EYERTFNTIRHE. G490

y ? ’ H

Indicate if the statements are true or false: (3 marks) HT T A EZ T IEH: (3 4)

Problem 252. In step 2, the three-carbon fragment is an amino acid.
W88 252: B2, SINH=IRABRE—FHEER.
A.TRUE IEHi B. FALSE #i%

Problem 233. The sugar part of CoA is glucose.
R 253 HHER A FOMEEEEL S R EE.
A.TRUE E#f B. FALSE 1%

Problem 254. The nucleotide part of CoA is adenine.
I 254: FHEE A BOMEREIRAN R RTES
A.TRUE IEH B. FALSE #4%



Q9 Membrane porosity JEFLEIZ

Along with cellulose, pectins are a major component of plant cell walls. The properties of plant cell
walls are significantly affected by the extent of pectin chain crosslinking, including their porosity.
Several mechanisms for cross-linking of the most abundant pectin domain, homogalacturonan, are
shown below. Carboxyl groups in homogalacturonan have a pKa of around 3.6.

MreT4E R4, BRI ZEMARENEERTZ—. %Hx%&ﬁ’]xﬂﬁzfﬁzmﬁ%ﬂmﬁ%%ﬂﬂ@%
’H“fii._ EHbhfaFARE. TERBRTREENRREN I 2e | W S R
(homogalacturonan) I JLFAZEEHLA) . FIR SRR h iR E pKa Al 3.6c

oot i
oNa Cfo!
IR NEETES [ crass-finking | [ linking
Homogalacturonan (HE) EEnsR Eggbox model Ca? 328K Zipper model $THHEE CHa- 0 COOH-COCH
i
o, .6 ) a Qﬂo
i oM v oH OOO{ Q /ﬁ& ‘o y".
,,,,, | .
Ao e e g /<'“
Mg X" o Q' -5 /c\..
. ] oy oH 0. o - 0 o - ‘
PN ©—a o .
HeCoH \c/ 2 g 2 E
" ]
- O Q@ Q. < >
OH
D/E\o O/E\a

Obomighie et al., 2025, CC BY 4.0

Problem 255. Order the following cross-links from strongest to weakest. Mark the answer sheet in
sequence from top to bottom. (2 marks)

B 255: 4% DL FACHET SRR RIUTEES . SEHIRE AR, M LA TR 2 5
wE, Q25

A. Ca?" cross linking, Ca? 3F Bk
B. CH3-O cross-linking. CH;-O 22 B
C. COOH-COOH cross-linking. COOH-COOH %z Bk

Indicate if the following statements are TRUE or FALSE: (2 marks)
%ﬂﬁ;ﬁ?ﬂwﬁ&% SRR (240

Problem 256. Homogalacturonan will have stronger crosslinks under acidic conditions than alkaline
conditions.

I 256: IR TRTE MR R TR O S B KB G A TR
A. TRUE IE## B. FALSE 1%

Problem 257. Fluidity of pectin domains will be greater in absence of Ca**.
EI 257 GLE Car B, RRGWHRIREITESEH.
A.TRUE IF#f B. FALSE £5i%

55



Membrane porosity was investigated by measuring the ability of relatively large fluorescence
quenching molecules (which prevent light being emitted from the excited fluorophore) to traverse the
cell wall. The plasma membranes of wild type (Col0) and mutant (s/+8) plant cells, which have a
mutation in the mur! gene influencing pectin cross-linking, were labelled with a fluorescent marker, A
quencher molecule was then introduced and the decrease in fluorescence measured over time.

WA B WB KT R DT (WTRHEZBMARNFOCE LN FEmmeEmtts, #®
RTHILRER, BT (Col0) MREM (sh8) MMM TR R IR,
sfr8 AR mur] BEARERAE, ZREERXHWERIEE. HESIABRST, FHUERER
[ S Ak 06 3R T PR 1R

b 1
) - Col #i8& T Colodata
0.9 sfr8 {ig 3  sfrBdata
Col0 fil&ths Colo fit
0.8 - s glames | str8 fit
e
3 0.7
=
= 064
(=]
2=
205
g 04
ol 0.3
=
o 0.2 T T T T T T 1 :
0 5 10 15 20 25 30 .
Time (Minutes) &g (s34 :

Obomighie et al., 2025, CC BY 4.0

Indicate if the following statements are true or false: (5 marks)

AT EERTER: 40

Problem 258. Col0 cell walls are likely to have a larger mean pore size.
B RE 258: ColO R4 MEE 6] i A5 B KR-FH 9Lz,
A. TRUE IE# B. FALSE $41%

Problem 259. Pectin cross-linking is reduced in sfr8 mutants.
IR 259: sfr8 RN R BERL Z R,
A. TRUE IE# B. FALSE #5i#

Problem 260. Sfr8 mutants are likely to be more vulnerable to fungal disease.
IR 260: sfi8 RALGFAIEETE B RAH LM ENRE.
A. TRUE IE B. FALSE #4i%

Problem 261. Sfr8 mutants will have a higher rate of CO, diffusion into mesophyll cells due to increased
cell wall porosity.

IR 261: BT AMRBEFLISURIE N, SHYFTAFEA LI FIABBY SR EEL T .
A. TRUE IF#f B. FALSE ##ig

56,



Problem 262. Given that boron cross-links between pectin chains bring them closer together, a
mutant with fewer boron cross-links will also have fewer Ca® cross-links.

IR 262: CATTIN F R RS B R IREEE B, BB MR, B Cat

ZEMETED,

A. TRUE IEF B. FALSE 4£i%




Q10 Extra-terrestrial life #i/h 4y

It has been speculated that extra-terrestrial life could use a solvent other than water. There are many
different compounds which may be used instead; the properties of some of these are listed in the
following table:

AN, M Al ReE R K LAAM AR W . TRTEVE 28 7T RS AT A R &
W TRIMT —Eeph b &Y R

Solvent Melting Point a:.}t 1 atm Boiling Point a;t 1 atm Heat Capacity /J mol K-
pressure /°C pressure /°C
A . _, . RIAEE /T mol™ K
B L MRRAUE TR PC | L MR AUE T e | EARER /T mo
Water 7K 0 100 75
Hydrogen
sulphide -85 -59 34
AL
Am‘,;j,koma 78 33 81
M:Fft,;;“e 1183 -161 53

Another unique property of water is that it expands when it freezes.

ACH) T3 — BRI B R B Uk RS 2R

Indicate if each of the following statements is true or false: (3 marks)

FIW P HIBIERTTIES: (34D

Problem 263. An organism with ammonia would be better at maintaining a constant internal
temperature than one with the other solvents.

FIRE 263: VIECABEHMAEY, HUIREMBH NN RSy K A E iE N ERE.
A. TRUE JEF B. FALSE 412

Problem 264. Freezing would be more likely to damage the membranes of water-based cells than
those using alternative solvents.

IR 264: ABEL{E R BARIEFIRIANAR, SSIKTEA B G KR .
A. TRUE IEff B. FALSE %%




Problem 265, Organisms living on another planet (with similar pressure to Earth) and using a
different solvent would be likely to have a slower rate of metabolism compared to terrestrial life.

RIRE 265: £FEER—BUTE (EHESHEAMLD JHERARERRLEY, HABERR AT
bR A iy B g

A. TRUE IE® B. FALSE 4#i%

The following diagrams show potential cell boundaries using a molecule with a hydrophilic head and
hydrophobic tail:

TRERR T BERMIDL TS0, ZaEME “SKRHE + BUkRBE” KTk

Qutside cell
2 s

Inside cell

il

Problem 266. Imagine a single-celled organism that uses water as an internal solvent and lives in a
sea of a non-polar solvent such as methane. Which of these could be used as a cell boundary in this
organism? (1 mark)

588 266: BAAFE—RPAAIRAAYD, FABAERIK, AR R I SRR O s
FIRHEREAE . B BRI S al A7 MARE R ? (12

A a B.b C.c




Q11 Polyploidy % &K

Human megakaryocytes (MK) are polyploid, with a single large multilobulated nucleus and a DNA
content of up to 64n. This arises from undergoing endomitosis, in which several stages of mitosis are
omitted. MKs produce blood platelets which are necessary for normal clotting.

AKEZHN (MK NEEE, BFRNRELHZ, DNA SBRFEE 64n, HEMIET
GAE LR (endomitosis) , ZIETER T HLASRUZAHE. ERARAT=ELR
TE 5 % A 5l £ 8 ) I /AR

Ed Uthman from Houston, TX, US4, CC BY,?. 0, via Wikimedia Commons

Problem 267. MKs are derived from the differentiation of hematopoietic stem cells. Which of the
following correctly describes the stem cells? (1 mark)

IR 267: EZMHMT RIS M TFHMEMMLT™E, THIMBERA T ZTARARE? (a5
A. Totipotent 4= A4

B. Multipotent % B4

C. Unipotent L5814

Indicate if the following statements are true or false: (7 marks)

g T IRIERATIER: (T

Problem 268. When endomitotic replication is unregulated, the risk of arterial blockage is reduced.

R 268: NG Lo REHI SR, 3hlkRHEE R R £ FRE.
A. TRUE 1E## B. FALSE {&i%

Problem 269. Patients with reduced bleeding time will have a larger mean MK nuclear content.
IRE 269: HiMINTAZFEREE, RESHRYFORYREEER.
A. TRUE IE# B. FALSE #H1%



Problem 270. Cell cytoplasmic volume decreases as DNA content increases.
B8 270 K& DNA S23800, R ERSED.
A. TRUE IE B. FALSE 4£1i®

Problem 271, Eadomitosis in MKs produces highly polyploid cells with increased biosynthetic demand.
B 271: B0 1T 2 o a7 L Y& R SR I r 2 R R .
A.TRUE IE#f B. FALSE #5117

Problem 272. Polyploidisation requires less energy than mitosis.
B 272 BREEICE LS RFRRET D,
A. TRUE IE B. FALSE $5i%

Problem 273. Lower ploidy MKs are more differentiated.
R 273: EMEIRINEZ AR LEEE S,
A. TRUE -7 B. FALSE 45i%

Problem 274. MKs found in the lungs are more likely to be capable of phagocytosis and antigen
presenting of pathogens than MKs found in the bone marrow.

O fE 274: FHERT R EZHM, B EAZ T n] B R IR A 2R PUR BRE T .
A. TRUE IE# B. FALSE #i%

Problem 275. How are the spindle poles likely to be positioned in the MK during endomitosis
compared to in a normal cell in mitosis? {1 mark)

B 275 S54TE 452 BEAIEEEEMALE, EZAREZAE LSRN, Si8ErN
Brlgeufr? (14

A. Further apart, 355 # 1%

B. Closer together. #1 % BT

C. Same position. 1. & FH [

In a recent study (Murphy et al., 2025), the concentration of cell-free DNA (cfDNA) in plasma was
measured in mice with depleted platelets, due to immune thrombocytopenic purpura (ITP), and with

normal platelet count, Mice with severely depleted platelets displayed an increase in the concentration
of ¢cfDNA in plasma.

FEEMA—T A F (Murphy etal, 20250 , WA RN T P/ R L2 S 80372 DNA
(cfDNA) ¥RE: —RARGEMEM/MRIEDRE QTP FEUML /MR FINR, FA—IS2
IRIHBUER R SR ER, MMITEREZ /AR, HIHK o DNAWRET .



Problem 276. Which two of the following statements are correct? (2 marks)
MR 276: THURPIAULEE IER? (249

A. DNA is stored in platelets.

/MR %455 DNA.

B. When the Y-chromosome is detected in maternal platelets, this is likely due to the transfer of fetal
blood cells across the placenta.

AL A MM PAR IR Y Retafh, TRERNR LI AH Ful i fh i E R BT B

C. Injection of healthy mice with anti-platelet antibodies would increase ¢fDNA concentration in
plasma.

[F AR/ R AT B MR I, STt Rt ofDNA MIPREE.
D. Injection of healthy mice with anti-platelet antibodies would decrease MK number.

[ 4 B A R S LML R LA, iz B B E .

Indicate if the following statements are true or false: (4 marks)

IR R T ER: 44

Problem 277. DNA in platelets and ¢cfDNA will both be degraded by DNase.
6188 277: /MR ¥ DNA AT cfDNA 3543 B UL AL RREE (DNase) FEA#.
A.TRUE E#; B.FALSE i

Problem 278. Platelets have a small number of mitochondria per cell.
[ 278: G-I/ MRPEB S ERR,
A. TRUE iEHf B. FALSE #4i%

Problem 279. Given that the mitochondrial genome is ~16,500bp, long DNA fragments found in
platelets are more likely to map to the mitochondrial genome than the nuclear genome,

AR 279: CANZRFIEEER A KL 16500 DR, Bk /MR R ILAK: DNA KB m]
ReVCEC S L bbb 4, TR EEE A,

A. TRUE 1E#f B. FALSE &%

Problem 280. Overall, most DNA fragments found in platelets will map to the mitochondrial genome.
[l 280: SR =, MMRIFPARBLI N ZH DNA H B SIUER 2 LS R4 .
A.TRUE IE% B. FALSE 1%



Q12 Phylogenetic trees R4 K H W

Phylogenetic trees are a graphical representation of the evolutionary relationships between taxa.
Maximum parsimony the principle of creating the tree that has the fewest evolutionary changes
possible.

RGREWRENENE LR R R ERAT R, RKEAEREE B CEE R D
R RS TR EIERN .

Lichen are symbiotic associations primarily between a fungus and a photosynthetic partner (algae or
cyanobacteria), with recent research indicating multiple other species are also present. Classification
of lichen is based on the classification of the fungus.

KR FEARBES A A (ERERED Bl EA A, T RRE, BRTIE
FEZ N HAYR. AR 22k IR H R 2 IO i .

Cladonia is a common genus of lichens. Some morphological components of a typical Cladonia are:
FAERE (Cladonia) f2—FE MRIMAR)E, HMALES AT

Squamules — leaf like structures that grow close to the substrate.

gt rOREER, BEMGERAK.

Apothecia — often brightly coloured fruiting bodies which produces sexual spores.

THEA: BEEEFOELNTIME, PEREET.

Podetia — upright structures that carry the fruiting bodies.

WRAE : STHT SRR E S A,

Scyphus — a widened, usually concave portion of the podetium.

R AR — &L R HAE R 2 MR EE T .




Table 1 shows the variation in characteristics of 7 species of lichen in the Cladonia genus.

RIBTRT AEET DM EVIEER:

i i i iv v v vii
Characteristic Cladonia Cladonia Cladorti Cladoni: Cladonia el Cladonia
T firma porfentosa Squantosa polyductyla callosa scabriusenla rangiformis
K LT L3 ZIEHE W BT S M
Basal squannites (Present or
Present Absent Present Present Absent Present
Absent)
kst Cff 7 B
Podetium brauched (highly ! , .
i little/uo , little/no little/no . ,
branched or little/no 1] et highly branchis branchi lhighly highly
branching) g branclied ¢ L3 branched branched
k4 R4 / R4 !
U XD 7 il I 7 Rl CEIEL | mman | s
5 < o
! SRS 1 T5ED $
Apothecia colour (red,
Brown Brown Brown Red Brown Brown Brown
brovwn}
- . T =3 E 4 = T =
TUBTE (T ) E32) RE Re & bRt =R cdich
Scyphi o top of podetia
{present or absent) Absent Absent Present Present Absent Absent
FHR IR TR AR & % 5 - % %
(7K
Apothecia located on Scyphi
(present or absent) Absent Absent Present Absent Absent Absent
TEEMTFREE 7/ x x H x x x
x>
UV fluorescent (positive:
biue-white, positive: white,
or negative) Negative Positive: Positige) Negati Positive: whit Negati Negati
i AV T Wi
T g blue-white white egative sitive: white egative egative
AT L R e e it
(EiE: MRne 3 :
ik AR s A




- S IO T TR R
Figure 1: Cladonia polydactyla ¥l 1: Z#EHE

Felix Schumm — CC BY-SA 4.0 thitps:Hitalic.amits.it/flora/images/species/images/TSB0/ 2003 jpg)
Questions: [&]581:

Problem 281. Fill in the table for Cladonia polydactyla using Figure 1. (4 marks)
el 281 55 E 1 (£IELE, Cladonia polydactyla) , B5.LE|FHh4 R A ZAFHIRFIE
ER. 440

H H H

Here is the structure of an unscaled phylogenetic tree for the species in the table above:

TERERS T MR REGE RGE B RHELE:

A B/C B/C D E FiG FIG



Assuming that Cladonia polydactyla has the same characteristics of the common ancestor of all 7
species, complete the phylogenetic tree using the principle of maximum parsimony. B and C can be
given in either order, as can F and G. (7 marks)

Please fill in the corresponding serial numbers of the characteristics in the figure (i, ii, iii, iv, v, vi, vii).

Wi /A BAE 7R RRRAERSPIE, BRERNHOERUNERZAARE
WiE. HPBE CHABENESR, F5GMUERTER. (74D

THIESER MRS ERS , i, i, iv, v, vi, vii) .

Problem 282. [3]/8 282
Problem 283. 77X 283:
Problem 284. 7% 284:
Problem 285. {7 % 285:
Problem 286. [/ 286:
Problem 287. i X 287:
Problem 288. ji)/& 288:

O " P Yo

Here is a phylogenetic tree of some different genera of Lichen. Assume the principle of maximum
parsimony has been used to create it, with Heterodermia having the same features as the common
ancestor. The tree

DTR—-ENNERNAZEEN. BxHHEERTRREAEERLN, AUEfEAES
35 [E)HE 55 4 FT AR

R
1. Atranorin, K spot test BFOER. KiAfM=stie 33 =
@ present, K+ yelow 3, K + {H&) A -
absent, K - x. K- 37 .= %4
2. Ascospore type  EHIEF A Riii ﬁ Phaeop hy scia 2 E;;
MR Prvscia o Paciysporaria type sSviemny st 1001.00 R = :?i
E Plysconia type KIpsseideny —t: 5:'.?
3. Upper cortex type |REEMA §§
B rrosoplectenchymatous FhiLeRIAR . @ Physciella ;??
paraplectenchymatoustiHEEEINE 95,100 =89 AR :gg
4. Lower cortex type 100.1.60 :?? :
B paraplectenchymatous ————< Hyperphyscia :gg ;
Bl prosplectenchymatous BRM Eﬁ
(3] paraplectenchymatous or e
prosplectenchymatous 65.0.59 ﬂ-‘ Anaptychia

4. FRE#E B

HUgERAIAR 99:1.00 .

N .-gﬁ'v'@ Physconia

WEESE KIBIEATE
R —om ][] Physcia sasizem
HURLLIBAES 6082 )
———————=——""""| Heterodermia "w%m
| I
b0

Dong Lin, Jae-Seoun Hur (2019) CC BY 4.0



Indicate if the following statements are true or false: (3 marks)

AT FHIERTIER: (32D

Problem 289. The tree contains exactly one character reversal.
I8 289: ERGLREMIGEFET - RIERNE,
A. TRUE E# B. FALSE 45

Problem 290. No traits evolved more than once.
R 290: AR R — el .
A. TRUE IEffi B. FALSE 4&i%

Problem 291. Hyperphyscia is more related to Anaptychia than it is to Physciella.

F/E 291: KB (Hyperphyscia) SEIEAE (Anaptychia) HIESRER, HHEEG/MRIAKE
( Physciella) Eif,

A. TRUE E#% B. FALSE 4%

These are three types of groups of taxa:

THRBITLHIER S AUT =2

a. Monophyletic — contains a common ancestor and all its descendants

B E#E (Monophyletic) BE—HEREBLERITE RN

b. Paraphyletic — contains a common ancestor but not all its descendants

&8 (Paraphyletic) — B&—MLEIME, BAEEHMEENR;

c. Polyphyletic — does not contain the common ancestor of the taxa

£ ZFE (Polyphyletic) N ZHEFETE 5 A TR L F 5 .

Assign the following groups solely based on the above tree: (5 marks)

TR LR RGREW, AW TFIRHESHETWH—. 54O

Problem 292, Phaeophyscia and Physciella
WBIRE 292: AR FE G IR
A.a B.b C.c

Problem 293. All atranorin producing lichen.
IRE 293: BT A BRI R K
A a B.b L &



Problem 294. All lichen with Physcornia type ascopores

I 294: P BA AR 207 F I F AR
Aa B.b C.c

Problem 295. All lichen with a prosoplectenchymatous upper corex
BB 295: T R A LA R b RIRRT AL
A.a B.b C.c

Problem 296. All lichen that can have a paraplectenchymatous lower cortex
6 296: FTE Al HEE A UEER LA AT B R AR
A.a B.b C.c



