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THEORETICAL EXAM 2 Hisasd 4 5 5y

This exam lasts three hours A &85 R Em 2= 37|\

Q 1-13 Animal biology #4724k 72

Q 14-15 Biosystematics 44 .45 5348

Q 16-24 Cell biology #ifIE ¥

Q 25-30 Ecology 4:fEE2

Q 31-33 Ethology {7/

Q 36-45 Genetics & Evolution {8 & 5 -2
Q 46-50 Plant biology tE%4E 4752

Each correctly answered question gives you 1 point, i.e. all four statements
are correct.

S IEMEE AR 7y IR R &

If only three statements in a question are correct, you get 0.6 points
5 HE 3R - 150.677

If only two statements in a question are correct you get 0.2

& RBEER2{ER > 150.257

If only one statement in a question is correct you get 0.0

a5 AEEERGE > 15057

If no statements in a question is correct, you do not get any points.
GeBEAERE - 5057

o Ql

Conus snails produce potent conotoxins (peptides), which are used in
defense and paralysis of prey. Conotoxins affect the neuromuscular end
plates. Four toxins, A-D, have the following effects:

A prevents the inactivation of Na* channels in the presynaptic axon

B blocks K* channels in the presynaptic axon

C blocks Ca?* channels in the presynaptic end plate

D blocks acetylcholine receptors

TR A FE A s Y5 5 2R (S Rk ) F AR SRR IRY) - IR s R E
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D [H 1F ZEEhE iy 2 Ae

A, Conus snails; B, model of an unfolded Conus toxin (left] (1-6 are cysteine side
chains) and. to the right, one possible 3-D folding through disulphide binding
between pairs (e.g. 2 and 5) of cystein (from Safavi-Hermami et al. 2014).

A U2 B [REMNFIREZEA (/F) (1-6 B FRk &N 2 8#) » 1577 Fy— ] RERY 3-D
Prisdfs - £ FItERE 2 ML S (0 2f15)

Node Id: ef43417f6ae99ce8e9905710
Indicate if each of the following statements is true or false.

[EIRE 35T YR AR 5 -

TRUE  FALSE
IEHE SRR

Toxin D inactivates the skeletal muscles

R DEEREAL LIS

Toxins A and B will cause muscle twitching when injected
in the prey
FHERANBE AJRYIHF Al 5 [REHhHE

Toxin C interferes with the exocytosis of neurotransmitters

5 2R CT B F IR E AR F

The peptide in Fig. B may be folded in various ways, but all
folded molecules have the same effect, if the primary
structure of the peptides remains unchanged

FEEB Y 2 R a] I [ T 28 B3 IR — 44
WL R 2 > BT By T &AM R

~ Q2

Fish vary in the way they take up oxygen. The precise uptake is reflected in
their hemoglobin dissociation curve, and its shape is determined both by
phylogeny and the habitat of the fish (Fig.).

BTSSRIV ITE o Foim 4T 22 i th & nTRE i S SRR - HR4R
Z TR AT H A 2 2R Rt At ()
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Hemoglobin dissociation curves for two species of fish Osteoglossum
bicirrhosum and Arapaima gigas.
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Node |d: d36d0c9cdad0238eabe186bb
Indicate if each of the following statements is true or false.

[ERE © 5RO PF YA IERE S AR -

TRUE  FALSE
iEHE SRR

O. bicirrhosum lives in faster-running water than A. gigas

BB f bR > SRAEAVE Ay /K

O. bicirrhosum has a lower metabolic rate than A. gigas

BB E LR o SR AR R

O. bicirrhosum is an air breather (going to the surface),
whereas A. gigasis a gill-breather

BEHE PTIPIR 2 SR (FHKTALE) - T B A A

O. bicirrhosum lives at the surface, whereas A. gigasis a
deep water species

SRHEAVEAE/KRE - B & RS AOKYIE

™~ Q3

Lung ventilation (or minute ventilation, V) at increasing workload (oxygen
uptake was measured for two men. Person 1 (black) was untrained, and his
V was measured before and after a few weeks of training. His body weight
before and after intensive training was 70 kg and 75 kg, respectively.
Person 2 (red) weighed 70 kg and was well trained. His V as a function of
work was measured only once (Fig.).
HEMBFEMIN T EEFRAEFNIAREEE TEERE - V) - E1
NIEARPEZHNSR AT R 2B B B SRA% - nIS2IHa SRR Y VITEE - i
A SEFISRAT ~ RAVISE T RIR70N T 78T » 2 NEE70A T » —H
FISAZ - Ay Ok EY FOA T — 2k ()
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Lung ventilation V (atmospheric air L/min) as a function of total maximum

oxygen uptake (L/min) for person 1 before training (black) and after training
(blue dashed), and for person 2 (red dotted).
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Node Id: ab14cfce3ae91f1417377e77
Indicate if each of the following statements is true or false.

[EIRE © 5E M AR & IERESGEE AR o

TRUE  FALSE
e KA

After training, person 1 has improved his VO,max (i.e. max.
oxygen uptake/L/min/kg body weight) about 30% (£5%)

kg » 1A EAEEEVO2max (BN T EER KSR
H) % 224930% (£5%)

#)

Training by person 1 affected both start and extent of
hyperventilation

51 AHYFISRZ 28 SR RAE AR Y 2 2

Further training is expected to increase person 1’s
anaerobic endurance significantly

HE— Ul SRR RIS IILASE 1R S AE )

A very high V is mainly achieved by an increase in
breathing frequency and not depth of breathing

I SN AR R £ AR E Y IR AR R 5 E R e
ZEE]

m Q4

Morbid obesity can be treated surgically by a gastric bypass, where a part
of the stomach and the proximal part of the intestine are bypassed. A group
of obese individuals were enrolled in a study, in which their glucose and
hormone levels were measured after an ingestion of glucose before and
after gastric bypass surgery (Fig.).

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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TRREHCHE i] S G e R - FELIGER S —8 0 BSHYAT mEl 7y - —4H
HERE S SIARITE > S AHE B SEE T oAy RTRAE T M e & iR
PERDB Y S () -

Glucose (n‘gqgl/&) &

Effects of a glucose ingestion at time = 0 on the level of various parameters.
Black circles indicate levels before gastric bypass, and blue diamonds indicate
levels 3 months after gastric bypass. A, glucose level; Fig. B-C, insulin
concentration and its secretion rate (ISR): Fig. D, Glucagon-Like Peptide 1 (GLP-
1, gut hormone); and Fig. E, Gastric Inhibitory Polypeptide (GIP. gut hormone)
(from Jergensen et al. 2013).

FERFH = OFf - A iEmECH A R 2BE RV E - ROERFNEESEIZ
Al > BEOEP IR GBI SE A% - BA - KA © BB-C - BREZRRERH
Sy (ISR) 5 [BD ~ FAEZEBERL T (GLP-1 > BFigg ) BE ~ HIEZHK(GIP >
iE M E)

Node Id: 28a81¢c3225a8baleaf9b315¢
[ETRE 553 VRG] AR 5 -
TRUE  FALSE
IERE  gHER

Gastric bypass leads to a stronger and shorter insulin
response to an increased glucose level

B SUE T A MR e A PR ~ F5R71 - Y
RS R

From the study, GIP is expected to induce insulin secretion
PEIBTETZESH - CIPEAERES Z 1Y 5l

Change in GLP-1-level after gastric bypass surgery may
explain the faster increase in ISR

B &R TR > GLP- 1S AT m] AR RE I SRE R RS 1

Blocking the effect of GLP-1 might be an efficient way to
treat diabetes|iH (FGLP-THYFZ2 8 1] /F Ryl PRI a0y A %04

i

™ | Qb5

Partial atmospheric oxygen pressure PO2 and ambient temperature
decrease with increased elevation above sea level. This affects the
respiratory physiology and species richness of many animal groups, e.q.

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 5/54
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hummingbirds (Fig.). An important physiological feature of hummingbirds is
their ability to enter torpor, a state of reduced physiological activity. to save
enerqgy.

RREITEEPO2 K Bt [ 1 e RV S FE AV T - I e Er i 2
BB AR T R R > i B (E]) - BB 5 (E 2 2 AR PR
REHE AR (A HUE MR RERAYTRRE) M ER & AR -

A, relationship between heart mass and body mass of hummingbird species; B,
average body mass (grams) per 500 m altitudinal zone (histogram, right Y-axis)
and number of species of hummingbirds (x-x-line, left Y-axis) at different
elevations (lower X-axis). The percentage of partial oxygen pressure compared
to sea level is also given (from Altshuler & Dudley 2002).

A, B& ST L i R B RSB B HIRE R B> 500 RUBINIE (RARIE > 418 YiliES
HY RS B (v O [EPRHAL O 77 Xl AR ss H e-x-48 » 7038 YRR S - AR
R IEI PO253 BRI VETE 73 EE

Node Id: a8f83b90abe197¢c6969f75¢c5
Indicate if each of the following statements is true or false.

[EIRE © 5RO P YR IR AR -

TRUE  FALSE
IEHE BEER

Daily decreased physiological activity is common in
montane hummingbirds

5 H A DB D RN LIS e,

Above 500 m, diversity of hummingbirds is negatively
correlated with height above sea level

FES00 A RIBLE. » i B 2B VBB = = SR

The heart mass is negatively correlated to the partial
pressure of oxygen

OV LR oy R 2 AR

Hummingbird wing load (body mass/wing area) declines
with altitude

BB R - R TR RS B SRR

Qb

An important function of an electrocardiogram (ECG) is to give information
about the general health of a person. The ECG of two students was
compared (Fig. C).
https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 6/54
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A, schematic representation of a standardized ECG; B, a snapshot of a heart
with activitated innervations in red, pictured as if facing the student; C,
electrocardiograms of two young male students (I and Il) measured over 3
seconds.

A FEE(L BB ECGHIRER + B AfE A B2 HY—5R L IR E - i‘EEZ“S\EE iy
IRALEFER - CRIALFE BRI ERE - HER i 37

Node Id: 726eed8010bd83991e915ee4
Indicate if each of the following statements is true or false.

[BIRE © 5RO PF YA ] IERE S AR -

TRUE FALSE
TR P

Blood flows from the right ventricle to the lungs, to the left
atrium, to the left ventricle, to the body, and back to the

right atrium
MR L EREINGES ~ 2205 ~ Z20% ~ SEEHE - [H
AL

Students | has a heart rate of 80 beats/minute

LI R 802K/ 71

If the stroke volume of student 1 is 70 mL/beat, then his
cardiac output will be about 4.4 L/minute

SEEINEPHTHER7027/ X > AL B a4
L/ 5> 5

The heart in fig. B is at the R peak
[ B 1 H (oMt 2 A RS

~ Q7

Variation in testosterone levels has major effects on general male
physiology. Concentration of testosterone was measured in blood plasma
from five groups of men (Fig.).

%IPEHE%;F” B G BBV - SHIEE AR AR H 2 [E]
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Indicate if each of the following statements is true or false.A, plasma level of
testosterone in: |, Males 16-43 years old; Il, Males 44-92 years; lll, Males with
underdeveloped pituitary glands; IV, Males with removed testes; and V, Males
after treatment with injections of estrogen for some time. Each dot represents an
individual, and the horizontal bars are group averages, B, plasma testosterone
level in men as a function of body mass index (T = 23.94 - 0.26 BMI) (from
Zumoffetal. 1990).

A~ B S2EFRIEERER ¢ | 16-4358 51 5 I 44-9255 5V 5 L BSEERR RSB
S IV UIBRSERAISENE § VB2 MG A AR — ERIF IR B 1 o R
F—(EMEES - R RBAHIIE - B PR ERRE S HE S8 =
23.94-0.26 BMIJ k8

Node Id: 886c017d4ab143e49729d010
Indicate if each of the following statements is true or false.

[EIRE BT YR E AR 5 -

TRUE  FALSE
IEHE SR

Males-IV have reduced testosterone level due to negative
feed-back requlation

R A [BIEEERET - HME-IVAY 2 BRI S IE(K

Males-IV have a high LH concentration compared to
Males-I

EAFE-IFHEE - BME-VIILHIRE R S

Estrogen injections in males lead to very low
concentrations of LH

FESMEESTME R & E 2R (RAILHRE

Even mild obesity (25<BMI < 30) might be much more
important to testosterone level than higher age (> 43

years)
RIfSEEEAE AL AE(25< BMI < 30) ¥} 22 [E RS s 248 nl sebb =
#e(> 4355k ) B B2

~ | Qs

Oxygen uptake and lactate concentration in the blood were measured in a
70 kg male person before, during and after he had exercised (worked) for 4
minutes. The intensity of the exercise (work) corresponded to the
consumption of 5 L oxygen/min.

TE—Ar70 T B ES(TAE)A 8 2 Al ~ BART ~ Z21% - oy HIDRIE i ok -R iy
SRREFIALRORE - EE)(TIE)RY 78S & ELESLEUHFE/min -
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Changes in oxygen uptake (purple, left Y-axis, L/min) and lactate concentration
(black, right Y-axis, mM lactate in blood) before, during and after an exercise or
work period of 4 min.

FERERO - LB Yl L/min) A RORIE (R~ 518 Vil - mMIUR AR E
AR (TF )45y 8AT ~  ~ RAVEL -

Node Id: e0d7faa0595a12a96eac5bbé7
Indicate if each of the following statements is true or false.

[EIRE © BR WY YR I R g AR -

TRUE  FALSE
ERE g

The person cannot work for 4 min at intensities equal to 5 L
O,-uptake/min, as his maximum aerobic work capacity is
4.2 L/min

AT HEFESL Op- Ui/ ming &N T EA5 88 » RtV
BHRINERESIZE4.2 L/min

The person has an aerobic capacity of 60 ml O,/(kg min)

fE A EAHEETT F560 mi Oy /(kg min)

When blood lactate exceeds 11 mM, excretion begins
through the kidneys, which is why its concentration

declines
FIMAFERET mM/LE - BEFEITEEARE - 2R
o NERERE

Excess O,-uptake after the end of work is partly due to
metabolism of lactate and not to gluconeogenesis
TARGE SR 122 IO MU » EB 7 e R FLEE G IR E
HrAErEH

m~ Q9

Camels are well adapted to desert life. Their hump consists mainly of fat,
especially tripalmitin (C51HogO4). A dehydrated camel’s body temperature
may vary from 34.5° C at night to 40.5°C during day.

SREeIR T W DR AE o BRlgErh AN - RS = e
(C51H9806) - BEBEAf /KIEFHYBRE (LA » FTRE(ENR F34.5°CHIH Ky
40.5°C -

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 9/54
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Body temperature of a dehydrated (red) camel compared to one well supplied
with water (blue) (from Schmidt-Nielsen et al. 1957).
B BERs 7K A AGR B At /K 7o Je B e AR R A EEER

Node Id: 5bb62e61399d43821{9bf8f5
Indicate if each of the following statements is true or false.

[EIRE © BR P YR IR AR -

TRUE  FALSE
IEHE BEER

The respiration of 1 kg tripalmitin will provide the camel
with more than 1 liter of water (molar mass for C =12, H =
1,0=16)

ISR A AR AR =R - VAT ST
A P T HR ke 2 1 T /K BB B (R E & C = 12,H=1,0
=16)

The respiratory quotient of tripalmitin (CO, eliminated/O,
consumed) is 1.4

=R (CO JHBR/ Oy JHFE) MR PEZ 1.4

During the day, a 500 kg dehydrated camel accumulates
2000 kcal of heat in its body (about 0.9 cal is required to
increase one gram of tissue 1°C)

FEHRK » 500 T lit KAV ESSEAG A Rl iE 2 2000 TR AVELE
(B —ATeHYEHA%R 11 °C&YFRO.9 cal)

To keep a constant body temperature, a camel would
need 2500 ml of water to get rid of 1000 kcal (1 ml water
needs 580 cal to evaporate)

RyPRFFRORAVIEE - —B3EEFEEE2500 mify7KAGHEL 1000
keal ({1 mizKZ£225 52580 cal)

m | Q10

Deer mice have a wide geographic range, e.g. with respect to altitude. This
is partly explained by their respiratory physiology (Fig.).

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 10/54
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A, oxygen saturation (%) of blood of deer mice from low and high altitude
habitats as a function of the partial pressure of atmospheric oxygen PO»; B, P50
is the partial PO» at which the blood is 50% O»-saturated, here plotted against
the BPG (2 3-bisphosphoglycerate) : hemoglobin ratio. BPG affects the oxygen
affinity of hemoglobin (from Tufts et al. 2013).

A B s R R BRI R Y SR BRI (% LK R Ay BE PO kB E 5 B,
P50 MUK -5 50% OB PO, » 151K BPG (2,3- ik Hlile M 4T 2%
HILLBIEE - BPCE L E MAT R H ARV

Node Id: Oce8dfOb25bf93ab53199948
Indicate if each of the following statements is true or false.

[ERE © BR WY YRR R AR -

TRUE  FALSE
EHE SR

Hemoglobin in high-altitude deer mice does not release
oxygen as easily as compared to that low-altitude mice

=AU BRI AL 2R B R S BB RE B Y
Gk

High-altitude mice have lower Pgg than low-altitude mice

= EHREE R A PSOLL (R A EE B A

If BPG concentration in blood increases, the saturation
curve in Fig. A will shift to the right

IR MR Y R BE HORBE RN > R AT Y ERAIHR SR
AP SYEZ )

Assuming that adaptation to altitude is genetically

determined, Pgg values will most likely remain the same if a
mouse is transferred to another altitude

2

s Y IEIE R AR E - AR — EREER B R 55—

= - PSOETR AT RELRFF A&

I

The effect of consuming foods, which varied in their glycemic index (Gl), on

Q 11

prolonged exercise were studied. Gl expresses the effect of a particular

type of food on a person’s blood glucose level. At start of test, each person

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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either got 1) Control, i.e. water (black squares); 2) LGl, i.e. a low Gl meal +
water (blue triangles), or 3) HGI, i.e. a high Gl meal + water (red circles).
Afterwards, each person rested, then cycled for 1 hr at 65% of her VOymax
and finally at 90% VO max until exhaustion. Blood samples were taken
before and during tests to measure levels of lactate, glucose and insulin
(Fig.).

SHENEIF S RENHFE B ERETIRT - CHHTHEERC)g A=
5 o GIa[RELMFR E eV aE ARImBEREAIEN < TEEEIH - 28]
Eo (1)K - FE ARl - QURGIHTEYIRIK - fEALGI ~ Zi(3)ECIHY
BYIRIK » fERHGI » 32 ME IR, » M IHER AR E (VO ma) Y
65%85a 1/ NIFHURIES B > it = £ 90% ELEIFEERE /) - EEMATL N B
o HEGZARE IR PUHIEZ A - el RS RS E -

Levels of lactate A), glucose (B) and insulin in blood (C) before (pre-exercise)
and during test. Each curve represents a treatment (red circles: high Gl blue
triangles: low Gl, black squares: control) (from Jamurtas et al. 2011).

=By R R E BT DU B AR AR R TR A (AJALRE ~ (BNa&EiTE ~ (CREEZ
SEEL - SEHMSAT(EEHE -

Node Id: 6dfd55e297a7ba33cbdcéd14
Indicate if each of the following statements is true or false.

fEH YIS RGIUZ IEMESCEE St
TRUE  FALSE
IERE SEER
At the time of exhaustion, O, uptake was sufficient for
complete metabolism

A SRR - FCREYIRUE PLSE R G

The level of lactate in the blood during exercise is
influenced by the diet

AR - MR THVAR S EG 2 RYBITE

Final test result at the time of exhaustion seems to be
significantly affected by the kind of diet

& ARG JIREERR TR 45 AP G 2 2R VAR5

-

The observed increase in blood glucose at the last phase
of 90% VOymax is due to an increase in fat metabolism and
a reduced use of glucose

TERAZ Y 90% VO maxP& B » BIZZ SN BT B HRHERT
IO DA S R A T e e -

[ Q. 12

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 12/54
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Horseshoe crabs are marine and only four extant species are known, while
many have gone extinct. Tachypleus gigas (Tq), T. tridentatus (Tt) and
Carcinoscorpius rotundicauda (Cr) are from southeast Asia, whereas
Limulus polyphemus (Lp) lives on the east coast of N America. Tg and Cr
overlap in their geographic range (from Andaman Sea (close to Thailand
and Malaysia) to the South China Sea). Tt lives from Vietnam to Japan.
Horseshoe crabs are "living fossils”.

R HIREYIEE A AT - HERErTUREE - Tachypleus gigas (Tg), T.
tridentatus (Tt) fi1 Carcinoscorpius rotundicauda (Cr) 4= E/E &0 » MRl
Limulus polyphemus (Lp) 4= £AEILEMAVEUE R © ToRICrRfEAYt 1A

Bt ZESBEMTEE) A RREREEEHA - EREE
T. gigas
T. tridentatus
C. rotundical
C. rotundicat
L. polyphemt

1I56III1I06III§OIIIIb

Phylogeny of extant horseshoe crabs. The unit of scale is a million years. Black
bars indicate 95% confidence interval. The two populations of Cr are from
Andaman Sea and Thailand (from Obst et al. 2012).

HifF & ar &R ARE - CLBIRIVZIE B—HESE - BEEGRAR 26%1EH#
E&fH o CHYRIEERERE 7 BGRB8 208 K FFE -

Node Id: €91c4c7e02fbbc07ed094bA4f

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

et MY ROIUE EhEEEaR -

TRUE  FALSE
IEHE AR

From the Fig., we can conclude that horseshoe crabs must
be a slowly evolving group
e LE AT Eran ) & e A LR ISV AERT -

According to Fig., the Asian species constitute a
monophyletic clade

FRIZ B8 > SRR — (i B 2B -

Speciation in horseshoe crabs seems to take between 5
and 45 million years

TR B3 A AES -4 T E AR -

The genera Tachypleus and Limulus are sister taxa

Tachypleus FILimulusii & B ik EE -

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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The flightless beetle genus Tarphius lives in humid forests and has 29
endemic species on the Canary Islands. The species are found on the five
western islands of the archipelago, but not on the two eastern islands,
closest to Africa. The more northern archipelago Madeira has additional
species. A species may evolve on one island and then disperse to another
island (ex situ-speciation) or it may evolve within an island from another
Tarphius species already present there (in situ-speciation).

gAY Tarphius/E FHeiE RAECanary B SRV DR AR T - HAE 2R A
T o I AR S PR HIEYS(E/ NG, - (BAE RN SEAT IR M 28 NS4 Z
A o AN - iGEIT I ENIMadeiralt Bt A — LY - —(EYIEAE—H5
WL FOEAE - PRI 2 oAt S U (1 s 1/ M Lex situ-speciation) » B2 ATAE
555 A HoAt BEAF AN Tarphius & pfe e b i (F g I A Lin situ-

speciation) °

Madeira clade
T. setosus El Hi
T. setosus o
T. humerosus ome
T. quadratus’.a Pa
T. canariensisa Pa
B T. camelus El Hi
T. monstrostsome
T. ericae ~ Gonu
T. abbreviatuso
T. gomerae Con
T. gomerae CGon
mm T. palmiensisa Pa
T. epinae  Gon

Part of the cladogram of Tarphius from the Canary Islands with the Madeira
clade as an outgroup (black branch). Only species from three (La Palma,
Gomera and El Hierro) of the five western islands are included (from Emerson &
Oromi 2005).

CanaryEt BN TarphiuslE Sz FriEl > — 57 » EFAMadeira 2 % FyNE (R E 5
W) o FEFRE SEpEHIELE B 3 B (La Palma, Gomera and El Hierro )& A"
BEEWRFE -

Node Id: e15dd984658 1bfbd70244974

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

fE NI RO R I sE R -

TRUE  FALSE
e SRR

The Canarian phylogeny suggests both ex situ-and in situ-
speciation events

Canarian Z 4 45 B8 (R H R £tk s M { B BRI A A T {1E]
TEBEEA -

From Madeira, Tarphius colonized the island of El Hierro
ftMadeira ¥ % > Tarphius/& % 7EEl Hierro & _FEEERE -

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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All three islands were colonized twice

B ELE AR Vichis I

Gomera is likely to be the Canarian Island with the highest
habitat diversity of humid forest

Gomeralg 1] g & Canary i+ 5+ B i KAV R AR 2
Eqin

Q4

Figs and wasps have a long coevolutionary history. Figs depend on tiny
wasps for pollination, which depend on fig inflorescences, because they lay
eggs in the flowers and their larvae develop in the fruits. The breeding
system of fig species may either be dioecy (with male and female trees) or
monoecy (with hermaphroditic trees with male and female flowers). Wasps
pollinate either actively, by carrying pollen in special body pockets or
passively, without any specific pollen behaviour (Fig.).

FER S Ng 2 [BARARFLENEAL - SRS NMELLISERE - 1/ MR
FERSRACR - IR PIEINEACT » gha P RE AR - MRV AET A
%0 T DA M e SR (EL ok S e ) e e BTk (5] — B AR o AT R MEAE) - /)
b nRE I O B G L AVRPRENML R BBz - B0 2 A ek
YT Ry Z Eh g BhHz ik () -

Figsta Wasps/\ig

Phylogenies of some groups of figs (left) and wasps (right). Breeding system (M =
monoecy, D = dioecy) and pollination mode of wasps (P = passive, A = active,
P/A = dimorphic) are mapped onto the phylogenies. Transitions between
breeding systems and between pollination modes are shown as small vertical
bars on phylogenies. Dashed lines give the mutualistic relationships (from Herre
et al. 2008).

FLECAR R AR 4% B (Atet (2 DL B NI TR BB () - A28 24 (M=t
HEFEIRR © D=MERER AR DU R N R (P=RBN Y - A=T- BB 5 P/A=TIBLER

337 F o AR AERIR (A -

Node Id: 87b6045bc11b77e3bb2a253¢
Indicate if each of the following statements is true or false.

fa il MY RGIUE EHESEE -

TRUE  FALSE
HE SRR

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 15/54
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Passive pollination mode is ancestral in the evolution of fig
wasps

WP AR R N L TP R R (H e Y -

Dioecy in figs is correlated to active pollination mode in
wasps

A SR e SEPREL N E Eh i B i = UE THE

The coevolutionary match between figs and wasps is only
seen at the level of genus and higher
FER S Nig 2 [RIRy L [EE A LECEHE R S s &y g

Pollination mode seems to be more labile evolutionarily
than breeding system

TR B R E R SR E A REREE -

[ Q. 15

Tuberculosis is caused by the bacterium Mycobacterium tuberculosis. One

third of the world’s population is currently infected with M. tuberculosis, and

about 10% of these suffer from tuberculosis (TB). TB annually kills more than
1 million people. The pathogenic life cycle of M. tuberculosis is shown in

Fig.

Afi&E% e FHASTIZAR AT S [RERY « 5 ERL =02 —HI NG 2 FEZs > 10%

AR S HERATAEZ (VB) AVER R - ALV —H B \SERIT&HZ - 45

HER S BT E] -
smission {EH#E Entry mto new host 3
%a&%ﬁe
H}J SrUoRQEn
Expangige | ‘%Ei‘%]

R GmER Gy Retuption,

Pathogenic life cycle of M. tuberculosis (Mt). A granuloma is a group of tightly
linked macrophages (from Cambier et al. 2014).

SR (MY SR AESE S - RSB EIE IR U - (fom Cambier
etal 2014).

Node Id: ¢1983e0b141c7ced57cbb6877
Indicate if each of the following statements is true or false.

[EIRE © BR O PE YR IR AR -

TRUE  FALSE
EHE BhER

Transmission of tuberculosis requires physical contact

HiisE % e SE Rl A

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 16/54
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Theoretically, a person with macrophage deficiency would
be expected to suffer greatly from an Mt attack

Hem b o B S ERAIHELHIREE - SRR BRI
Bl -

The granuloma of macrophages is the host’s succesful way
of reducing the spread of the disease within the body

INZF REEVTE R BB BRI A A P AR R AT

A new generation of Mtis released when the
macrophages in the granuloma die

& BRIt Tk - — RAVE I T ReREd -

[ Q. 16

A gene (coding sequence) can be expressed by cloning it into an
expression plasmid using restriction enzymes and DNA-ligase. A plasmid
(A), a gene of interest (B), and the recognition sequences for four restriction
enzymes (C) are shown in the figure. Different cloning strategies, expressed
in the statements below, could be used to insert the"Coding sequence and
Terminator” of this gene into the plasmid to produce a recombinant
plasmid that expresses the gene.

{5 FH PR A B2 DNA RES Tl o] DURF—ER SR H AN (dptlhles ) i AREE
A ETRE o NE A ([EEREFEARNIRGIGERE - EH g
TR - SERAE R Y “ARbS A Y B4 T Y Se B Y I VB RE 0 DA
AR BB AHE O R L A -

Node Id: cdcf0866ad1f29c064e802cd
Indicate if each of the following statements is true or false.

[EIRE © 5RO PF YR IR AR -

TRUE  FALSE
CHE B

Digestion with Smal followed by ligation can produce the

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 17/54
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desired recombinant plasmid.

FIIFE Smal B B2 AT 0] DUBER AR sk i S AR R s o

Digestion with Aatll and BamHI followed by ligation can
produce the desired recombinant plasmid.

HF Aatll FIBamHIT &% 55 F 12 S 7T DL B AT K Y
HAHEHS -

Digestion with BamHI + Bglll followed by ligation can
produce the desired recombinant plasmid.

FIFH BamHI + Balll B2 $2 51 7] DL A Y LR AT 2 oKV E
HEHRS -

The ‘coding sequence’ needs to be in-frame with the
promoter

St P 3 A B B 1 [F] — R E AR -

Q17

Yeast (Saccharomyces cerevisiae) has a mating pattern with both haploid
and diploid cells, mitosis and meiosis, and two kinds of mating types.
Haploid cells may even switch mating type (Fig.).

15 (Saccharomyces cerevisioe (AR i b rhdr YU B BE A B AT~ fnp
HHRE ~ B BRSOy R - BEESA WEACHEC R - WG AT A B A A -

(D
1 g/:
@:{@\%@
11 b C}?
o8y s

onjugation AZfCEEE
*: Mating type switching in mother cells £
B

Ashl localization Ashl {Z{E&

@@ffXgM

Gl G—lp?l%sﬁég 28/1\,%3 Gﬁﬁfﬁ:éoggﬁsﬂﬁy Gl G1 &
A, mating-type switching in budding yeast (M, mother cell: D, daughter cell. a
and a, mating types). Fig. A |. mitosis in haploids; A Il: mating and diploid
formation; B, budding in haploid yeast. Both in Fig. A and B, green filling
indicates the repressor factor protein Ashi1p.
A HEFRERE RSO A (MR S O TR > o B o SCECEY)
A L BREEGESG A - AL SSRCE S RGIVE - B BERGRE RIS AR - AE
ABLB > GReaE oy B MR &S Ashlp £

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 18/54
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Node Id: €68531c49e73d0adeaccfO18
Indicate if each of the following statements is true or false.

[BIRE © BR O PF YA IR AR -

TRUE  FALSE
CHE SRR

Mating in yeast can only take place between two different
kinds of haploid cells

W REERTHY S HC H RE S AR AE R A [ A L B Ay B A A 4] -

Mating-type switching occurs only in the mother cell of
each haploid generation

A B A A S A A B AR ARG TR R

Mating type shift is induced by the repressor factor Ash1p
A FC A Z IR T Ash1p 5588

Mating type shift of haploids and the meiosis of diploids
result in maximum mixing of mating types

7518 B A G AT e A ST e BN (E RGBS e T A A
ESNwilEL R

| Q18

Statin-drugs are used to lower blood cholesterol levels in patients that are
at risk for cardiovascular diseases due to elevated blood cholesterol levels.
One type of statins functions by inhibiting the de novo synthesis of
cholesterol (or ergosterol) in eukaryotic cells via competitive binding and
inhibition of the enzyme 3-hydroxy-3-methyl-glutaryl-CoA reductase
(HMG). This enzyme also exists in S. cerevisiae and high concentrations of
this group of statins can hence act as fungicides. In the current experiment
aimed at identifying genes/enzymes that could make yeast resistant to
statins.

it THREEY ] LA S A A ] R A = 5 [ 35 B PRm HY B - ARk
i FREBIRDRE AR H - () TRASEY & 4E s R 45 & 2 3-hydroxy-
3-methyl-glutaryl-CoA iZ 5l (HMG) DIHIIHINEREEE (B MERE ) /IES
[ o HMG BE R FAERE R T - Bl SR ) TRAEEY ] DUE Red e
PR - AESRY HOEH R IR R RS TREE I AN BE R -

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 19/54
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A’ An agar plate-based experiment, where a 5-time dilution series of two yeast
cell cultures (wild type (WT) and MIcE expressing (MICE)) have been spotted
onto agar plates containing different concentrations of the statin lovastatin. The
highest cell concentration is on the left of each plate; B: Bright field and
fluorescence microscopy of yeast strains expressing red fluorescent protein
(RFP) alone or RFP fused with MIcE (MICE-RFP), respectively: C: The chemical
structure of the compounds tested in A and D; D: Plate based-experiment, as
described in A, testing different toxic compounds.

A EERERRIEARER o SRl R (WT) 8L 335 MIcE Y (MICE#REE - 1
SANERE Eﬁﬂﬁ)? {529 (lovastin) 2 YPD B#& Ak b » Sy j| DUBESEM A BIR
REEITENE o s WAINDREE /AR - B - BB BB LR RE - SR
%ﬁﬁﬁ%fﬁﬂﬁéIéL%% F1 (RFP) 4 MICE 45 & 41 BB (MICE-RFP) - C 1
A LD EEpr b E S o D - PR E A RYREIE - (B8RRI SRR T
TBHIEER -

Node Id: 173eb96661ad154c34745e26
Indicate if each of the following statements is true or false.

[ETRE BT YR R

TRUE  FALSE
R BHER

S. cerevisiae is naturally resistant to the effects of
lovastatin up to 0.7 mM

WEREE

SR AN lovastatin T DLAZSZF] 0.7mM o

MiIcE encodes a protein that localizes primarily to the
plasma membrane

MIcE I Y E H'E F A AEAIRERA E

The MIcE offers general protection against all tested
statins

FEFT AR REE AT - MICE HRAETR Bt — AR AY P& (F

H -

MIcE will likely also protect yeast from the harmful effects
of compactin

MICE {7 o] (REERE R IR P EEY) compactin HIEE

[~

Q19
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The amino acid sequence MYTHELL is essential for the activity of a given

enzyme. Analysis of this enzyme in three related species (A-C, see

statements) reveals some diversity. The table below shows the codon

usage for the different amino acids in the three organisms

BB R 51 MYTHELL » SR (LRPERE R B VHERY - (£ = (EYfE(A-

ClFrfritBER (FERME) - SHRILHAZRIEEE - TREE=(EY)

Tl e BB R T B H

TIMTPe F [ICTSer S [TAU'Rr Y [IGIGs C
TIC TaC TAC TaC
TATea L | TCA TAASKP | KASKP
TIG TG G TGhip W
ClTleu L [(CTPo P [CATHS H [(GTAZ K|
CIC ac CcAC axc
CIA CA CAAGn Q |G
CIG aG G G
AlTle T [ATIe T |AATAn N [AGTSer S
AIC AXC AC X
ATA XA AN’ K [AAAZ G|
AIGMt M| AOG AG G
GITV V[ (CTAs A [GAlA&p D |GGGy G
GIC ac GC ax
GIA A GAGn E | GA
GIG aG GG aG

Node Id: b81f49816c985d7df6bb9808

Indicate if each of the following statements is true or false.
[/ 550 P YR A = R B 5 -

TRUE
1ET#

In species A, the enzyme-encoding sequence has
changed to MTTHYLL, which can be explained by two
point mutations

PIRE A > BEZRFPAISER MTTHYLL » A] DU HER W (B2
Qﬁ¢$$

In species B, the sequence is MYYS, which is best explained
by a frame shift mutation

VIt B > FRRISEERRMYYS > B drHRERE Ry HERAE R ) 28

% o
In species C, the sequence is in fact MYTHELL, but this can
be due to 512 different nucleotide sequences

Yt C > FEFI2AE MYTHELL » 320 LLEH 512 fER[EHY
HHEBEFPY IR TERL ©

On average, a change from MYTHELL to MYTQELL is more
likely than a change to MYTHEHL
i MYTHELL &5k MYTQELL - EE& Rk MYTHEHL #8557 &8

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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The adenine (A) content in DNA extracted from tissues of horse, donkey,
mule and zebra has been determined. A mule is a horse x donkey hybrid. A
zonkey is a zebra x donkey hybrid.
TERERKEANESY) > & - B~ BEE - dH4 DNA BRI 2§ - H
o BR RS PR ACHCR IS EIRY - DERERIE e S BAER A HC M 2K -

In the samples DK and ZK, the A content is likely to be
identical

DK 8 ZK JRIERIGH) & R IEZ A AR -

The A content of MM is likely to be approximately the
weighted average of HM and DK i.e. 23%
MM BRI Y& B EZ 830 HM Bl DK gy~ FE5{E - B[ 23% -

If the A content is 20%, then the G (guanine) content must
also be 20%
BRIy 2 8 Ry 20% - BT T & B 5 20%

The relative genome size of a zonkey is likely to be 4.1

PESR ARSI NG R NERZ Fy 4.1

o Q21

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

Horse Donkey Mule Zebra
=5 Big B2 bESE
Tissue Muscle Kidney Muscle Kidney (ZK)
AILIA = AILA =
Relative
genome size 3.4 4.1 3.7 41
FHEELREE /N
Adenine (A) not not
content (%) 25 20 determined | determined
FRIEENS 5 (%) ARME FHE
Node |d: aaece3a24cfd3c7344eba205
Indicate if each of the following statements is true or false.
IRE BT D YIRCIUR 2 IEHEESE AR o
TRUE  FALSE
TFHE PR
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Bacteria are the food of many nematodes, and many bacteria have a toxic
secretion defence. Nematodes are also preyed upon, e.q. by the

fungus Arthrobotrys oligospora (Ao). This fungus lives in cow dung and is
either saprophytic or predatory. When it encounters a nematode, it
becomes predatory by producing traps to capture nematodes (Fig. A). This
shift is induced by chemicals, e.q. urea produced by bacteria, e.q.
Stenotrophomonas maltophilia (Sm) (bacterial urea production below 300
mag/L soil). The interactions between bacterium, fungus, and nematode
were studied (Fig.).

HHER ] AR Rys T 2 & etV Yy - ARt & sz 2 AGETIE - Mékaatl
AR PIOEE PSSR E (Ao) - B E & A E A E
(EfETRAATESCR T BT R - EERE LR - gELREP A
fedras (EA) - RAUEFETREWARERESNEEYE (I )RE) 5
HEL > fl - EEREEEEMRE (Sm) - FAF b g EARRE 300 mg
IR - AREZEATE - diE - BRSSO ER -

Ao %
s Nl
x _ o
= g
g 52 5
4 o Ukea (mg/1) R (
= — <
g;_é 51%4%2 +ndmatode FRAN45E
- B
B2 P=
82 £
- i -
'g;: Time (h) iﬁﬁ;ﬁ (h) Time (h) BF (h)

A, trap-formation by Ao near cow dung on a plate; B, urea is produced from
arginine and formation is catalysed by arginase, being controlled by the gene
arcA; SmAarcA is a bacterial strain without arcA (WT is wild type); LB and MM
are nutrient-rich and -poor media, respectively; C, trap number as a function of
urea concentration, D, arcA is expressed in bacteria, when nematodes are
added; E, urea levels in bacteria with and without nematodes. (from Wang et al.
2014).

A BN SEEAFEIN TR Ao GG - B @ IREGFHE ISR
{EMERRR R STRETIR > iSRRG FEH arcA BLRFTERIE  SmAarcA (RFEMZHY )
arcA FENHAE (WT > BPAERL) - LB RSB IRy - 1 MM AZ R Eni e
B o C o [ERHE E T LME BPRZRENIEEE - D - EgESIIASEET > ey
T arcAEA - E BN EATRZRE -

Node Id: €91a161501358e5cb1af4314
Indicate if each of the following statements is true or false.

[ERE © BR o PE YR IR g AR -

TRUE  FALSE
EHE S

Under normal conditions of bacterial urea production, trap
production by the fungus increases

Fea B A RS T L A e PR 22 2 & AR -
Only bacteria with the specific gene arcA can produce

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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ured
HEHZEA arcA B TTREEARE

Bacteria produce urea in both nutrient-rich and -poor
conditions

A E s B Es > dEHEELRRE -

Urea production seems to be triggered by stimuli from the
nematode

PREEHYEE A SR aa R & e e -

o Q22

Differentiation of a kind of stem cells (mesenchymal stromal cells MSC)
derived from adipose rat tissue (A-MSC) and bone marrow (B-MSC) was
analyzed in vitro and in vivo. Diabetic rats (STZ rats) were used and MSCs
were co-transplanted with pancreatic islets to confirm the in vitro results
(Fig. A).

AHAE ST PR S R 4Rl (FEERpAHAE (MSC)) REZEAVIRS > RimekEE
EELAS R 4H %% (rAT-MSC) 202588 (rBM-MSCIRINF11) t » 5845 P B E B N Y
SIMTE AR B EEAY - MEPRIE A B (STZ) ¥ I F L [E %44 MSC BB Y&
AEAEERIATEH o (EA)

A 204 = te

116 s

g

%‘12—

£ 8

E 7

5 4]

w)

g _
0- - :
A-MSCs-islet ~ A-MSCs  islet JEE

B-MSCs-islet B-MSCs

A, in vitro: insulin secretion levels after 38 days of culture of islets and stem cells

A+ ILFEIRERE S Bl 38K1% - SUETIRERIVILE -

The insulin-producing capacities of the islets transplanted with stem cells
were compared and reduction of hyperglycemia symptoms in the rats was
examined (Fig. B-C).

REHERET - BREZRAVE S B 5 U REAYE IR E R 4R i LR B 1
[E AR LSS RIGHE - (B BELC )
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B, in vivo: body weight change after transplantation of islets into the rats. Body
weight change (%) compared to the time of transplantation (day 0); C, in vivo:

Glucose tolerance test was performed after injection of 2 g glucose/kg rat (from
Karaoz etal 2013).

DERETER - BIERSEIREEAVEESL BLE (%) Bl HAERER

( OFKHE) FRfRlE - C - /E‘E”*EPE%& &Eﬂ‘%ﬁ“ﬂ%@/& ( 2g @&t TR
Bl FIREARNRIAE T 2 BER4&S R - (fom Karaoz et al. 2013)

SO
OO

ody _}ge nt (%Mgi

Node Id: €3d9cc6dal356c8c4a23e24e
Indicate if each of the following statements is true or false.

[EIRE 5RO PE YR IR AR -

TRUE  FALSE
IEHE BEER

There is no added advantage in cultivating pancreatic
islets together with stem cells in order to obtain a high
insulin production in vitro

PEVE N E T ERE RN R SR E S SRS R EED
E%EE y =1 E&%‘aﬁ"] o

Transplanting stem cells and islets may potentially reduce
the blood glucose level in a glucose tolerance test, but not
to the level observed in control rats

TER RN 2 B - BAEEr AR SRR S nTRE R -
B RAEH I AN AL -

Transplantation of stem cells from adipose tissue together
with islets seems to be the most efficient way to help
people, who suffer from diabetes

M AE RERTAH AR AR AR EIRR S, - ¥TFOEPR IR ST B
EHBRAIRES ©

The conclusion from all experiments is that there are no
observed effects of islets + bone marrow stem cells
together as compared to islets alone

FrAME SRS RN - HEISIERR S + B B R 4iAD Bl
HIBHR S ENGE R A SR -

[ Q. 23

Researchers succeeded in reprogramming human somatic cells into

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 25/54
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embryonic stem cells (ESC) by a somatic cell nucleus transfer (SCNT) into
oocytes from which the nucleus had been removed. After the transfer, the
origin of the nuclear and mitochondrial (mt) DNA were analysed (Fig.).
RIS RIS AR RE AR (SCNT) AE 2| ORI (FREFEEERRE) & > 3h
H A NSRS AHRE EE W 4R AR 4E AR RGRP4HAE (ESC) - BTE: » [FARVAHAEZEL

ibo 2015

Rr&RAG (mt) DNA T TFIMTiH7E (CTED

Nuclear DNA genotyping from three nucleus transfer (NT)-ESC lines (NT1-3) determined by
microsatellite analysis; D251333 and D454 13 are locus names and numbers in columns are

names of specific alleles.

FIF B = D W T AR A RN 7 BB By - S5t A =(EIZ8HE (NT)-ESC %51 (ESC-NTI

%) ° D2S1333 81 D4S413 Ryfir B4t - b & H RFrrlfvEHEERPRE -

Origin
. D2S1333 locus D4S413 locus

jiaay/l
Somatic donor cell

293/301 123/123
He 4R
Oocyte

297/305 133/153
N AR
NT1 293/301 123/123
NT2 293/301 123/123
NT3 293/301 123/123

16187 (A/C)  16193(T/C)

A

mMtDNA sequences of the NT-ESC lines (HF = human foetus); 16187 and 16193

are two nucleotide positions used as markers after SCNT (from Tachibana et al.

2013).

NT-ESC 251 (HDF-f= a5 ) HY Kréfe DNAFF3I - 16187 81 16193 Kyl

R EF 7R AT B BT (SCNT) 92 - (om Tachibana et al, 2013)

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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Node Id: d8cd949b2458cab2db48b609
Indicate if each of the following statements is true or false.

[ERE © 5E M T AR e & IERESGEE AR

TRUE  FALSE
EHE B

The nuclear DNA composition of the ESCs is a combination
of nuclear DNA from the somatic donor cell and nuclear
DNA from the oocyte donor

ESC #lIAEI% DNA HYSHRAK H e TR AT A A A EL U A4
R s &

The mtDNA of the ESC lines originates from the oocyte
ESC iz 4xfg DNA JE E 7~ UNEF4HAM -

After nuclear transfer the oocyte becomes a haploid

LIRS - N e 2 R ERG -

It is most likely, that different oocyte donors were used

i A ATRERYIE » (] T A [EIE I E R DN R -

| Q.24

Tropical forest plant communities are very diverse. The Janzen-Connell
hypothesis argues that insect herbivores and pathogens are positive drivers
of this diversity. This was tested in a rainforest by excluding herbivores and
pathogens through pesticide application and observing if this affected
plont diversity and abundance (Fig.)

HEBMBEEIEE S8 fRiEJanzen-Connell VSR » M98 B S & ME R
);"af R IE AR SRV IE [ HET © ST ILEERAH —ZRg e T8 5 - A
MR B B M s SOW R 5B - MR S SIS S B2 i

MA 2 (E)
g, B0 _ [
I
ol J [ <40 E
25l 15 q 2011 i

Effects of an insecticide and two fungicides upon: seedling diversity (A)

and mean seedling abundance (B) of the forest community. Error bars represent
95% confidence intervals of the mean of all study sites with a given treatment
(from Bagchi et al. 2014).

— T AR N W TR E BRI

AR S M (AR P 4 & (B)

FrEHZe R AT R R 2 (E Y B4R B - BN FIE 95 %5 H8IE [ (from Bagchi
etal 2014)
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Node Id: 61d8d3d0e68527e955cbb35a
Indicate if each of the following statements is true or false.

fa IR A& [ AR

TRUE  FALSE
EHE B

All treatments had a statistically significant effect upon
seedling diversity

Zef B S 2R E A E SR AR DR

In the study area, most insects were predators
eI R I R s e B

Ridomil is stronger in its effects on fungi than Amistar
Ridomil % E & YRR K Amistar

The hypothesis is supported in the present study by the
combined effect of insects and fungi

FH H AT e AT Sar & B da M EAVEER - SCRF AR A EGR

m | Q25

The fraqility of an ecological food chain is examined on an atoll, where
native forest was replaced by coconut palms (Fig.). This created a problem
for seabirds which could not nest in palms.

BEFE PR IRE TR RR BV IAG S o LR R E AT PRATHLA

(&) - #it & LAV RSN - WP el E2RE -

R g R S m; ot

gen“ AR e o
Nifisigen i iginc
r nitrogenZoW%eﬁ%%@

Changes in the ecological chain, when native forest (N) is replaced by palms
(P). Each bar graph compares processes in N and P (from McCauley et al. 2012).
AR TR INART TR (PIEURAR - 1SR A RRSEA 8

F—EGE B (N (PEEBTRAELE (from McCauley et al. 2012).

Node |d: 527dacd2f236c9b2c4c9a707
Indicate if each of the following statements is true or false.

fa i N IRGI A & [ EaER

TRUE  FALSE
IEHE BhER

Bird presence benefits manta rays

BHFERN AL A A
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Palm growing might harm corals in the atoll

- A R B T e R AR I IS R e

If forest was cleared and land instead used for intensive
modern farming with fertilizers, manta rays might
disappear from the coast

WISRARMBAOE » TR IR RIS R R E AR - AR
IRALRF S BB R FUHE

The food chain includes only top-down effects, and no
bottom-up effects

BV R s B A B T o T i _EAYROE

o Q26

The World Health Organisation (WHQO) recommends a Maximum
acceptable Daily Intake (MDI) of 0.1 microgram Hg (Mercury) per kg
consumer body mass. Consequently, Hg levels in Danish fish for human
consumption are under permanent control. Mercury level in nine species
was measured (Fig.).

5 A= 4H 4R (WHO) s A RS T 2R (HQ) R i A% & (MDI RiEg A
Fragfa 20155 - BLVE BB S FIZORET SR e BRI
72 o

NE R SRR R & &

———+——— Furopean Plaice BT #
——— Herring &
—— Atlantic Mackerel Kp54
———— European Flounder
—+— Cod fZEf
—— Spiny Dogdfish il
—— Atlantic Bluefin Tut
Halibut fif:
———— Porbeagle

1 mg I9g£_7kg 20

0.02 " 0.

Hag level in milligram/kq fish; horizontal bars span the 95% confidence interval
(small vertical bars are averages).

HRAJEBZY /AT i K RKE R 25 %S &M (NI EE R KA TIE
FiAE)

Node Id: 8106093 1f30dee16fdf8bbcb
Indicate if each of the following statements is true or false.

[EIRE © BR o PY YR IR g AR -

TRUE  FALSE
EfE g
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Mackerel is placed higher in the marine food chain than
Halibut
i A R R R R YA S

Hg-level generally increases with body weight
— I = 7K & 2 FEas E i g o

Mean Hg concentration in Tuna allows a 75 kg person to
consume a maximum 1 kg Tuna per ca. 10 days

FHABENAY PR S E R (Bl E/S A THIA - &
FETOH ATHE AT iR

Tuna has a wider diet than Halibut

BRI R R R R

| Q27

Large herbivores have a high impact upon ecosystems, but most have
become extinct during the last 100 kY (1ky=1000 years). This mass
extinction also affected their associated dung beetle fauna. Subfossil
findings in Northern Europe show that this beetle fauna was richer and
belonged to more open woodland before the mass extinction than
afterwards, when dung beetles became fewer and most lived in closed
forest. Modern humans and agriculture arrived to Northern Europe 50 kY
and 10 kY ago, respectively.

RS EEH AR AGERRANEE - HERZSEWREERA +EES
EREE - IRORRE S EAERE < E sV EIIE - EILBY b A g A
RBAERTH R S g - HATSEE B REATRPRHT, - ARG FEHH &R e )
HARZETAEE AT« BN FRAE o IS 21 S AR AL
EX o

§ bl S SREDIAAE
7§00 00

a8 I 8 =™
o 6 6

= | E

% ol ol

Proportions of excavation sites classified according to their fossil dung beetle
density (A). and vegetation type (B): the latter being identified by its
characteristic beetle fauna. LI, last interglacial period (132-111 kY ago); LG, last
glacial period (60-15 kY ago): EHol. early Holocene (10-5 kY ago): and LHol, late
Holocene (2 kY- ago to present) (from Sandom et al. 2014).

SRR AT S AIELG > fRIBEIA - BEH B LAY EE (B A AR

B) : 1% v HELERRT A Y B R ARk

LI, AR AR KIA (138 2721 1 T8 1148 RiT)

LG 1% /K (55 E T 5F-7i)
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EHol =3t B HA (TE 2] 5T4FR1)
K LHotz= 3 g (2T FrmE S

Node Id: feee73c04c2d73b7dc408518
Indicate if each of the following statements is true or false.

fa i IR A& AR

TRUE FALSE
FiE §ER

The decline of the large herbivore fauna during LG might
partly be explained by climate change

AR A% KA (LG R BV S BRENYIAERY IR D - B0 AT RERY
RN R s

The decline of the large herbivore fauna during LG might
partly be explained by human arrival

AR OHA(LGY R B EL e BRE ARV ) > B AT RERY
FRZENEAR

The small increase in dung beetle density during the
warmer EHol is due to a return of large native herbivores
after the LG

TEECRE N 8 i R (EHOl) » 32 H s % /N B 2 F
FERZKTHI(LG) DL RRIA + B a BAERATEL

The strong increase in dung beetle density during LHol is
due to agriculture

E 2 IR H(LHOl) 3 FH & 35 R R B 2 H P R TRV &

[ Q. 28

High-altitude Rocky Mountains (U.S.A.) bumblebee communities were

studied 40 years ago and again today, and a set of changes was noted,

and these were related to climate change (Fig.).

%I%‘fﬁ%gﬁ&mw“t BT A0FERHZEM - HATDCHHAETHIZE - S8HET
BIL ST iR 58 B A R A B I)

A, change in summer temperature in the Rocky Mountains; B, change in tongue
length in a mountain bumblebee community (grey bars 1966, white bars today):
and C, change in diversity of flowering plant species with different depth, i.e.
access to bees, between 1966 (blue) and today (red) (from Miller-Struttmann et
al. 2015).

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 31/54



2015/7/19 ibo 2015
A BRI
B, — i IBEHEMER R T IR R (B R 1966 © 4L RARHRAT)
C. 1 1 96 (R JRIRAE (L ITE A ELA R IR (R T ) % BV

Node Id: de420322b07b8c6ab09c29b8
Indicate if each of the following statements is true or false.

fa IR A SRR

TRUE  FALSE
HE B

The present-day bumblebee community is less diverse
thanin 1966

S ARIERER AT 1966 F 5%

Higher temperature favours nectar-plant specialist
bumblebees

AR PRI B M Y AR

Low-altitude bumblebee species have not been able to
invade the higher altitudinal zones during the 40 study
years

(RAGTAARIEAE 8 R AOF A MR S A &

Average depth of flowers has decreased during the 40
study years, favoring shorter-tonqgued bumblebees

TEAIG R EAE B R AT D - AR T R

o Q29

The polychaete Nereis virens lives in the bottom sediment of shallow
coastal waters. It digs tunnels in the sediment and pumps water through
these tunnels. The decomposition turnover of nitrogen (N) compounds has
been investigated in the sediment at two sites: one without Nereis (Fig. A)
and one with 600 Nereis per m? (Fig. B).

% EFIVEATEER/KEREIEEE () - A2 LB K
FLIEFRN - )RR NN T2 S L EY 0 i SE bHIHSE - —EfE
I EL(EIA) SS—pE A VE(EB » 5 J77Kk600£)

A -INET €18 o’ B TINCrels /v
30 1T > 3H7 s > 9

<
O
g

) erob 1 ﬁ@&?{%}; Y%=t
AL Xy (80

{1

anareob FRgoherob g4 ’s‘

Sediment N-processes without (A) and with (B) Nereis. Numbers at arrows give
the annual N turnover in g N per m2.

IREREEWERIS R VESIL(A) RB VY ESHL(B)

AR T 2 R INER (07 A R P &S 528
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Node Id: 90943fé6bc0d75a52e62dabbe
Indicate if each of the following statements is true or false.

fa MR A 5

TRUE  FALSE
IEHE SRR

Less organic N is deposited in the bottom sediment in B
compared to A

BALL - BEE/ VAR E(INEFER ) (FHEERE

Denitrification rate is increased threefold in the presence of
Nereis

REERIEA VAR T 365

In the tunnels made by Nereis, 5 g N per m? per year are
deposited in the sediment

WRFTEE LS » BAEEEETT AR REE TR
@

Concentrations of nutrients, which may lead to algal
bloom are Iowered in the presence of Nereis

EERETAE GEREE > (BB TR/

L Q. 30

The worm C. elegans shows sophisticated behaviour in response to odour.
It has 11 pairs of chemosensory neurons. Odours are detected by G
protein-coupled receptors (GPCR) on the outside of these neurons. The
receptor protein ODR-10 on the neuron AWA initiates the movement of C.
elegans towards the odour diacetyl (its location shown as X in figure B). The
neuron AWB, however, initiates movement away from the toxin nonanone
(A).
FRE4RE(C. elegans N RIA S EAIREEREIT Ry A 1 VR L2 RUIE
FHEETE » SRR R B LA TAMIGE A 45 & /Y225 (GPCR)FT (M » 1F
AWAHZETTHY RS2 25 5 ODR- 102 A 2 tH ER S (E T REAR a2 9] T Ry ik
T7 B (A B R EB T AIXEE) - AWBHHE TR L5 NS E S iSE

o e
B2
A o .
Receptor 57 g8 Behavic
Odor & B Sensory system [5i & %!
ODR-10 AWA
acetyl T ;:: O Attractic
»nanone - >_} o Avoidar
AWB

A, diacetyl elicits an attraction (+) of the worm via AWA, nonanone elicits a
repulsion (-);
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T HAFEthER G AWARELTT » A TS (+)  EBES HE T k()

The behaviour of mutant and transgenic worms was compared to the one

of wild-type worms (B).

LRI 22 888 o DRI {181 B 1 i A (A (BT T o AT T B

B
I. Wildtype . #§4=%1

>

II. ODR-10 mutant (no recepl%ottrZSaCth’.e (%%?(I-
AWA 3

> ®
AWB

>_% . 5

Ignored 215
III. ODR-10 transgene (AWB) III. ODR-10

AWA

> o

> AWB

»'ODR-10 @

Repulsive HEfR

> AWA
S orRTT @ ——
N .AWB X

Mutant animals don't express ODR-10. Transgenic animals only express ODR-10

receptors on AWB. The receptor still reacts to the presence of diacetyl, but its
reaction is avoidance (-). . WT = wild type; Il mutant without receptor; Ill,

transgenic animal.

SRS Ry RERIE ODR- TOHIHAE » AR NEHHE A (ERS A REAEAWBHIEE TR
ODR-1058E - A2 eIy EE BHFAERY | — & e (R Al A= ke 2 e ()

[ WT=BFERL 3 1L A B2 25 e (RS © IPEDNEEE (A

Node |d: 08b4368f388bbe712a428c67

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

[EIRE 35 YR E AR 5 -

ODR-10 on AWA is required for attraction towards

diacetyl

(RS T —HE 5 [RIERS - AWA 128 T EAJODR-108EH

LIRS R R HY

ODR-10 can mediate both attraction and repulsion
ODR-10 ¥z A= S8 AN 5 [17 Rl B A4 th E IR

A

Each olfactory neuron has receptors for many odour

chemicals

R AT 2 2T L R 3 (LR P A A

R

All olfactory neurons are functionally similar even if their

receptors are different

FrA ROt M2 A AR - [EEOTTiRe

A
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| Q3]

Researchers investigated if street-lighting (artificial night lighting) affected
dawn and dusk singing in six common songbirds. They used 5 sets of plots
of increasing light intensities (Fig.).
B7e N B B (R N TORR)E ST RS & = B IRIE 1T YR 2L - fih
FRRE] T e g Ay S () -

20

Time relative to sunrise  FH¥FHAHY H HHFE

Increasing light intensity Y58

Average start of dawn singing relative to sunrise ‘0’ (mean + standard error)
against increasing light intensity (from 1 to 5) at sites with street-lighting (from
Silva et al. 2014).

T IRISIE B H B CO"MHER (B AFEE ) REINEREHIIRIRAEE(T-5
R ERRRE I S P B AR ng A R R

Node Id: 19d8558e53acdcb1cdecd7db2
Indicate if each of the following statements is true or false.

[EIRE 50 HF N YRI5 -
TRUE  FALSE
ERE e

Generally, street-lighting seems to have the strongest
effect on the earliest birds

—RRIME > AR RIEA RIEARE

Streetlight increases interspecific competition among
birds for time of singing

FRIEIE 0 T B IRy T ME BKCH Y R e iy 2 AR P st

The morning pattern may be reversed at dusk

F ERREER AL AT RE S A Bk 2 3R A S AT IR
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Rain at dawn may delay the initiation of singing

AR [P ] RE IS B B Aa R ]

[ Q. 32

In diploid clover species (Trifolium), fertilization is determined by
(gametophytic) self-incompatibility alleles (S-alleles). Pollen with a given
allele, e.q. S1, cannot germinate on the stigma of another plant, if this plant
has the same allele (e.q. if the mother has the genotype S1 S2 or S1 S3),
and therefore no fertilization takes place (Fig.). In species with S-systems,
one often finds many alleles: ST .. etc. in a population.
Eﬂ%ﬁ%ﬂﬁ%ﬁ%}“ﬁ*ﬁ% » SZREE 2 ENBC 88 B AR A& PSR B (SSE A7
FRPRDAHE - TOM 8 —(ES A AR (BIanS1) - ﬁD%Jﬁt*P%Bﬁ%E’JEEE&
EﬁffﬁHﬁﬁsﬁﬁzﬁlﬁﬂﬁﬂﬁlﬁ”%ﬁ S2 =(S1S3HVHEY)) » RllELFEM A Er A
% Wt A EHEZEEREACOE) - SEES R&GHHEY)E %ﬁ{&'yx
[EIHYS AL AR AR R

S1 8281 S2S81 S2

Stigma 58
Style ftft

S4 Genotypes of

Self-(in)Jcompatibility reactions in three pistils; pollen and pollen tubes are
coloured blue. S1 to S4 are S-alleles, and S152 etc. are genotypes of mother
plants.

Z{EHERE BB S (R G S ERIBI - TEMFIEH B E RN » ST~-S4Z R FEHS
ERFEA 0 S1S2 0 S1S3 » S3S45% - RE AW FERAY

Node Id: 67d4bc04ed01b8d9b57426f
Indicate if each of the following statements is true or false.

fa NI ROILE [ Ea R

TRUE  FALSE
IERE SRR
The genotypes in the S gene are in Hardy-Weinberg
equilibrium

R SELERIAY FE PRI AL B A NS - S B Sty

In a population with three S alleles and equal frequencies
of all possible genotypes, 1/3 of all crosses will be
incompatible

JEREF A ST EIHYSEAL AR » HAEREFEARME - RlfT
AHIEFC T - B1/3ZEANEHY

The smallest possible number of Salleles in a viable
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population is four
FE—{E A] DASERF B TRV IR - AT [EI ST AN E H
B/ AT

In another incompatibility system with only two alleles (S7
and S2, and ST being dominant over S2), 1/3 of all crossing
types are compatible

TS5 — (B E AT G 280 A 20 [F R S 2R (S T
S2 > HSV¥IS2 5 M) » HIN/SMFTAE LAl &= fIa

L Q. 33

In a single locus with three alleles A, B and C, the population allele
frequency of A is 0.25 and the frequency of AC individuals is 0.20. We
assume random mating in the population.

—EEHERETEA - B~ C SERESARERA - SARENAER S
0.25 ; BARIACHYEASHZRIZ0.20 - EEe b REE i 2o

Node Id: O0b12bd43bb4e6d30f35cbf54
Indicate if each of the following statements is true or false.

fa i MY RGIUE (EHESEERR

TRUE FALSE
1EHE bR

The frequency of the AA genotype will be 0.1875
AAFEIN BRI E0.1875

The frequency of the AB genotype will be 0.175
ABEL NI HHZRIZ0.175

If B is dominant to A and C, then the frequency of the B
phenotype
will be the frequency of the B allele

EBELENEIA NIC Ryfalt: - HIIBFRIRAIR ISR NIBIAL

FERPEEAE ]
In a single locus with 5 alleles, we get 16 possible
genotypes
& (BRI SHEA [FEALER - RIEA16 EA[E YA
ESEit)

™ | Q. 34

The oomycete Hyaloperonospora arabidopsidis (Ha) grows on the plant

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 37/54
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Arabidopsis thaliana (A#f). Six genotypes of At (Pyr, Tsu, Sue, Fin, Tch and
Gb) were grown with or without Ha in four experiments (Fig.A-D). In each
experiment, the Ha sample differed: one came from a laboratory sample
kept for years (B), one was collected in the field in Germany (C), another in
France (D). Finally, one experiment (A) used a mix of the three others.
U= F9AYHyaloperonospora arabidopsidis (Ha)4E: £ 1Efa[ 17~ Arabidopsis
thalina (At) | o fE—{EHZEH > $6(ER E%ﬂﬁ’ﬂ@?ﬁ@%wyh Tsu, Sue,
Fin, TchA1Gb) A 1T N B B ha( LB A~D) » L AT ETELARY © BEE
Hﬂ%@ CEIEEE A T DE/Z—I%&EEJ”@ AZDL - STEREERRS ©
—E R A R R A IR -

i 12¢
&t 100 A B

80
60
40-
20

0

100)

eed production FH-

S
©
=

60
40
204

1234 é}l?ostliillesz &Eéﬂ%{%%

Seed production (mg seeds/plant; Y-axis) of six At genotypes (Pyr, Tsu, Sue, Fin,
Tch, Gb; X-axis] in four experiments (a)-(d). At genotypes are ranked according
to increasing seed production in the absence of the oomycetes (filled symbols,
black); At grown with Ha (open symbols, red) (from Salvaudon et al. 2008).

Yt S{E AR [F B AR RHA TR (Pyr, Tsu, Sue, Fin, Tchf1Gb > Xl JE{T 440 @RS
BB (A~D) * ffl 40 R B 12 RO (Vi) o S{E TR AT R R AR R R
RIS E S RN HEY -

BEOE O ¢ M RHE

CNEERAYWY W1 (e i s ]

Node Id: 107156606f9a960a5ebdd453
Indicate if each of the following statements is true or false.

fa i MY RGIUE (EHESEERR

TRUE  FALSE
IEHE BEER

In experiment B, Ha is commensal with all At genotypes

HigBrh > NI T2 AR R A

In experiment C, Hais a parasite on all At genotypes

HECH - INEAIE AR ATA LB

For all three fungal strains, the negative impact of Ha is
strongest on the most productive genotypes

=] BT e A R Y R TSP 3 AR i 1 T =S Y Pl R 7
Bt

The outcome of interactions between Ha and At on the
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plant
depends on the latter’'s genotype

DN B FIPRTHL(E TRY 2 BL0F ) Z S5 R PR TR BN B DR E

[ Q. 35

Two pure breeding lines of Species X were crossed (Fig.). For each
generation, 100 000 plants were allowed to breed. For the generations F1,
F2 and F7, a specified number of plants were genotyped for the alleles A
and a. The experimenter assumes no selection, no self fertilization and
random mating after the first generation.

DA B[S HRE Xl 2 TR B R () - A — AT H] 100000448
PYETE N AR - FEFT ~ F2 ~ P70 ZEHUVRE R HAVTERE - i e HLARAA
FALEANFE A AN AR - KREREEOIAEE  IQFER » F5—
AR IS -

n = 50000 n = 50000

Species X fE4X X

P AA aa
n=100000 |

Fl 220
n=100000 |

F2 180
n=100000 |

F7 1177

Breeding of pure lines in Species X; n is number of sampled plants. The central
column gives number of individuals genotyped in each generation (only
generations P, F1, F2 and F7 are shown).

ZAEAFIEEYIXEE ST EH SR - nE BEEREH - TREEE R e AN
RIFMEARECE (FT ~ F2~ F7AER)

Node Id: 1343f25eb5d39833eb07ad00
Indicate if each of the following statements is true or false.

fa i MY RGIUE EHESEERR

TRUE  FALSE
CHE B

The parental generation (P) shows Hardy-Weinberg
proportions

FERA AP EBS B R s R Pt EL B

Expected number of Aa genotyped individuals in F1is 110
FEF T fAs e AR EHE AR T - AalTHERME RS EUE 110
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Expected number of aa genotyped individuals in F2 is 90

FEF2 A e BN RIRIE PR T - aalyTHE(EHGEUE 90

InF7, 271 plants were genotyped as AA. This is less than
expected fEF7 At E AR BIHTERR A 271 (EZAA -
LRI H %D

| Q36

The phylogeny of seven species is presented in four different ways (Fig.).

B REAR  RA (5 DAATE R[] 7 =0 2 3R (21 & A~ D)

Four phylogenies of seven species (1-7).

CARIRE (7 ~7 ) AR 45 B (%

Node Id: 42e3093b023498125dcfb96f
Indicate if each of the following statements is true or false.

fa i MY RGIUE (EHESEERR

TRUE  FALSE
e HAER

All four trees reflect the same phylogeny

T HR el S B AH [ YRR 4 e 1

In all phylogenies, species 6 is expected to have more
mutations than species 2

TEFTA R R AT - VIiEoEZ gLty BA L oes

In phylogeny A, species 1, 6, and 7 constitute a
monophyletic group

FERRGRAIGAT  PIfET ~ 6F074H R —(E 5 4 BF

In phylogeny C, species 7 is more closely related to
species 3 thanto 5

TER4GRIACT » WIfE7 309G » L7815 B4 BT

| Q.37

The phylogeny of frogs has a very dynamic geographical history (Fig.).

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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SR PR 4 R (5 EL A TR O T R R S ()

Cretaceous Tertiary

Phylogeny of frog groups (branch lengths proportional to absolute time). Error
bars on internal nodes are confidence intervals on the node dates; below and
above the phylogeny is a geological time scale, and below the lower time scale
is a cartoon for the period between the isolation of the Madagascar-India
continental block from Africa (A) (130 mill. years ago, Ma) to the collision of
India with Eurasia (D) (56 Ma) (shaded area in phylogeny, A-D in cartoon refer to
A-D in lower time scale; K-T = Cretaceous-Tertiary boundary) (from Bossuyt &
Milinkovitch 2001).

RSN RS RA G © RS IR IECL BRI - 1F 7 BRI ERE PR AR 5 3%
ARFFEIHEHEERM o BGRIMAN L~ TR R R - & TS e
B HARY R mE (A~D) » T IELE T J7 th PR ] R AT eI - 1 [A}%LDDHWJD-
ENEEREERIFEM 388 (1308H &R Ma) » —EE| (D}ED)@F%DEAEEN*M% (56F
R Ma) » A-DiE BRI R 2 B4 BRI A B P A KR S 75 =

K-T = [ EE4C CretaceouscHlEs =42 Tertiary B 77 5%

Node Id: 683271f64bfOeb833354fd76
Indicate if each of the following statements is true or false.

fa i MY SRR (AR

TRUE  FALSE
EHE SR

No individual living before 60 million years ago is an
ancestor of Raninae

Raninaefy 5L 1HY1fEAE 60 MaRi R FAE

Raninae and Dicroglossinae shared a common ancestor
about 75 million years ago
RaninaefiIDicroglossinaef£75 Ma 444 FL[EfH 5

Divergence of Raninae and Nyctibatrachinae most likely
occurred after the 85 million year old separation of India
and Madagascar

RaninaeflINyctibatrachinael471; - JE& vl eSS4 4FE1[E
FIES ZE 77 #E(85 Ma) 2 1%

The last common ancestor of Micrixalinae and
Dicroglossinae lived before India and Madagascar
became separated (85 million years ago)
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Micrixalinaef{iDicroglossinaer & 1% 0 A= i AE B[ FE fl1 & 2
Hofrin sy #E(85 Ma) 2 Fil

L Q. 38

The marine transition area between the Bothnian Bay (the northernmost
part of the Baltic Sea between Sweden and Finland) and the Eastern
Atlantic ocean is characterized by a steep cline in salinity (Fig. B) and it is
inhabited by a number of fish species. Studies show genetic differences,
measured as Fst (Fig.) between two populations, one being the Bothian
Bay population, which is considered the reference population. Fg7=0
means complete random mating across populations, Fst= 1T means no
mating between populations.

ik Bothnian 8 ({ir i B SRS ) B I LRz B R AR AP 1 e A KO
AR RS o R (E]) - SR — SRR - e — (ST
B TR BT IS T - R EEIRYF TR I Ry i (B S5 AT - W DUAE
BothnianEYjREE » E RS2SRk - SHUREHEE REE FAE © Fr=0fURIE
FEEI5E AT © FST=1RRIGERFH 58 202 A %L -

A )
_ 0,04 —
£50.03 /Pﬂ
Lo002 /[y
0.01 /J /
0.0
=30 N~
%0 jf/
Z
10
0080080080

Figure. A, Bothnian Bay (1), Southern Baltic Sea (Il). and North Sea (Ill); B, changes
in genetic variation among populations (Fs7) of five fish species (blue filled
circles = flounder (inset); red filled inverted triangles = herring (inset); open
squares, triangles, and circles= three other fish species); C, change in salinity
[NaCl] from the Bothnian Bay (1) towards the North Sea (lll] (from Limborg et al.
2009).

A IiZBothnian /% » ILZFE I EENTE » IFEILE

B SffEl g fE IR A el A B (FSTHE R [ERHEAY I - BB O E-thH & 418
BOE=A-EER o 22007 B/ ELE-HEEER

C : {1 )Bothnian JEZ1] (11111 &5 1 pir 88

Node Id: dd371d5f122686e34ef2dfd8
Indicate if each of the following statements is true or false.

fa YIS ROILE AR

TRUE  FALSE
IEHE SRR

Salinity might be important in shaping the genetic structure
of marine fish

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

42/54



2015/7/19

ibo 2015

HA S T AE R K R (S BRI IR E

Baltic Sea fish are adapted to local environmental
conditions

R EER Y Rt s R A T R 52

The random mating of Herring is less affected by salinity
than is that of the other four species

kAR CACtE N E A AR B 8

Flounder is less sensitive to changes in salinity than the
other four species
L S T AT R S s

[ Q. 39

Base sequences of two genomic regions (1 and 2) from blue whale
(Balaenoptera musculus), sheep (Ovis aries) and hippopotamus
(Hippotamus amphibius) were aligned and compared (Fig.).

i S B ~ =~ TR AR IRIAH Y iR e Y IHYEL ¥

Region 1 55—Ef#51

Region 2 §—Ef77

Base sequences.-"is a base deletion, and ."means the base is the same as in
the sequence above.

WY IR © TR B AR ¢ I BRI ARSI

Node Id: b3c5668ccb46677c963cab8a
Indicate if each of the following statements is true or false.

R NI RIUE [ sh R
TRUE
1EHE

Reqgion 1 is most likely a protein coding sequence

BB FYIRA AR R EEE RS

Region 2 is most likely a protein coding sequence

FERPYIRAREE — B E B

In region 1, the blue whale sequence is longer than the
other two, which suggests that sheep and hippopotamus
are closer related than either are to the blue whale

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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FESE—E P ARV - iR Y IEE AT S VPRI - 15
RN RS IR R R BR AR EE T RIEE fit > B0 R R B St Y
PR AT

Regions 1 and 2 show the same phylogenetic relationship
among the three species

B =VIEEGE RO - (ERS—BRPPIRIEAS &P
&SR AR AR

[ Q. 40

The fast growing model bacterium E. coli (generation time = 20 min) has a
single 4.6 million base pair large chromosome that can be replicated in 42

minutes from a single origin of replication.

Y RIGIFHE coliZE RFR(20 05D H—K) » EAERE—RLAEERE
A6 B ElmAL T - (E B —(EDNAERLIERS » fE427 SN Se R s tE R -

Node Id: 88f83a84e22180108473519%e

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

R NI RO s sh R
TRUE
1ERE

In E. coli, DNA polymerase synthesizes about 900
bp/second including proof reading activity.
E.coliftDNATE S HHY(E R4 £ 900 bp/F)h - EFEHER i
BBk

An E. coli cell always contains two copies of its genome
just prior to cell division when growing at highest possible
growth rate

A R —(EE.colidifuE 24T » H&ah —(E
Fetuis

During replication, the enzyme primase forms a short RNA
sequence, which is extended by DNA polymerase. This is
why the genome just after replication contains multiple
short stretches of RNA

DNAEEIT » 51T E & o pli—/NXRNA » DNAZ &
FERNABALA A EDNA - [RHEDNASERAE #1% S A 3T 200 B
RNA

E. coliDNA polymerase lll synthesizes DNA with an error
rate of 1 wrong nucleotide per 1000 bases, that is why the
genome after replication contains about 4600 mutations
E.colifft ) DNATE &1 & B DNARF #2255 1/1000 » [At
SE I % 7 4600 Rz

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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| Q4T

A plant crop is susceptible to leaf rust. In a screening of old varieties from a
gene bank, a resistance allele B was discovered. In an intensive
backcrossing program, this allele was introgressed to the crop (Fig.).
Resistance was tested in each generation.

A THERIEYIE S RILETE R - BRI FIIEY S B i 2 — 5
LR » BB HE AR S EE) - S W E A ARG AT
H{EY) e — B EAE A AR T

©

Intensive breeding program. D is donor of a dominant resistance allele B, and b
is the allele in the standard crop plant being susceptible to rust. S is the variety
into which gene B is introduced

HEMNEEE - DERMHUR S AR B At s - bR FAd i
BRI T AN - SEREZ AL AR B R A

Node Id: 2ea7al15cad82b1ac3e9f72e4
Indicate if each of the following statements is true or false.

fa i MY RGIUE (EHESEERR

TRUE  FALSE
CHE SRR

93.75% of the alleles, not linked to allele B, in D3 come
from S

D3N A MBI BN A EHATEL N A 93 75% 2 H S

At least 10 backcrossings are needed to get the
percentage of D genes below 1%

ZE/ P FEEVOR (A5 BERF DR NRHAT(SHYEEBITRE T % LA T

More crosses are needed to introgress a recessive
resistance allele than a dominant one

G | ARRMEFAEN > AEMEES AR S ARNE SR
HRERS

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 45/54
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Introgression cannot be done with quantitative traits

FAFANG AN BE IR

[ Q. 42

Eelgrass (Zostera marina)is a submerged marine plant. During the daytime,
O, is transported via the aerenchyma of the green parts and rhizomes out
into the roots, and an oxygen-rich zone develops in the surrounding anoxic
sediment. At nighttime it is a different story: now ethanol diffuses out of the
roots and into the sediment (Fig.).

8 i (Zostera marina) & —FIIKANEE - FEHK » O ft&k il 47 AR EERY
ARAABERIRE - £ E l,nnﬁﬁuﬁa%fafﬁtﬁ%/)& {E & = AHVEE - 18
W b RIPARTE] B S AR R oK - iR F IR AE AR -

LightH X

SFHTE I

Eelgrass at day and n/ght and cross-sections of leaf and root.

HREAR MG HIIB . - DU 3 R BARA R D

Node Id: 2406329f0f60143c9dfd41ca
Indicate if each of the following statements is true or false.

fat MY RCIUE (EHEEEER -

TRUE FALSE
FiE

For respiratory reasons, Zostera roots are expected to have
a thin epidermis

AR AR, - SR fRAYR O -

Both at day and night, O, readily diffuse into the roots
AEmAE H KBRS - OB E A AR -

Root uptake of nutrients is independent of time of day

RIRUWCE BT A 2 — KAV EL R 7 2 2

At nighttime, the concentration of Na* is expected to
decrease in root cells

FERNE  ARAIIE T YNGR & [

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 46/54



2015/7/19

ibo 2015

[ Q. 43

Crassula helmsiiis a succesfull aquatic plant with CAM photosynthesis. In a
cross-factorial study, including 2 light levels: LL and HL; and 2 CO, levels: LC
and HC, the CAM activity of C. helmsiiwas measured (Fig.).
FARPHEY)(Crassula helmsii) 2 —TEF FHCAMA &E R AR TR AR /K48
Yy o UM ZEIRET N IR N RIS A 2 8 BFE & (E 278 5 8 (LLATHL)
LUK 278CO, & & (LCHIHC) FHYCAMIEH] -

400,
3004
2004

=
@

n

LLLC LLHC HLLC HLHC
Treatmentpa

o
T

CAM activity CAM;ESf

N
o
[ew)

CAM activity measured as dry matter production in plants. LL and HL = low and
high light, resp. LC and HC = low and high CO3, resp. (from Klavsen & Maberley
2010).

DUHIEFE YRRz B A A U B CAMEE) - LLATHLY AMRERES IR A8 5 LOI
HC RIRERAERIE CO2E & -

Node Id: 7d296ef53c05d76296bb86ed
Indicate if each of the following statements is true or false.

fa il MY RGIUE (EHEEEERR -

TRUE  FALSE
EHE SRR

CAM seems to be an adaptation to survive in waters rich in
carbon

TEE atxiy/K » CAMLLSPFEYfEE EEAF] -

The circadian stomatal opening rhythm of CAM plants
enables them to take up CO, at nighttime

CAMIEYIH SRS L TR Z B (AR P REAE R B CO, -

CAM increases nighttime photorespiration

CAMBE IR IR ERFIR AR

At LL, there is less dry matter production, because CAM
plants also require light for photosynthesis

ST » A EAESR » ERBCAMEYILTRIE
RATHEETER -

™ | Q 44

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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Plants compete as pollen donors for siring offspring, i.e. becoming fathers.
The stigma becomes an arena, where pollen donors/fathers “fight” for
fertilization (paternity), and where the females "choose” fathers of their
seeds. This was studied in the plant Purple Chinese Houses (Collinsia
heterophylla) (Fig.).

TEYTE IR L5 T R R T ER B DUz AR 1 (b2 SOH) © AEBHR LR Ry
fER HEIET /SO R SCRE (paternity ) ITT B ARS8 40, - 17 e 14 R AT 88432 LR A
AR ETE I ACE o Bl & F FPurple Chinese Houses (Collisina
heterophylla) VR ZE45 5 -

Proportion of seeds sired by either a dark (D) or a white pollen donor (W): A,
pollen deposited on stigma in succession (1: D— W, i.e. first D and then W, or 3:
W — D) or simultaneously as a mixture (2: D + W); B, size of deposited pollen
load (D and W added simultaneously): L and H = low and high pollen load,
respectively; and C, two or four donors (i.e. first 2D and then 1-2 days later 2W or
vice versa) (from Lankinen & Madjidian 2011).

R E B EIE (D) 3 At (WIFTE A0 LR B B AR E S ETE AR
(1: D>WRFESDRW 5 B2 3: W— D) iR EIRER & WE R (2: D+W) - [& By
ARt & E (DRIWEIRFIIA) > LRIH5 ARV 8RR ERIIEY - B Ch2(H
= 4E TR L IE S (JRENSE2D » 1-2R 1% F2W o K2 IRR)

Node |d: d8e81b656684cca9bbbde84b

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

et MY RCIUE (EhEEEER -

TRUE  FALSE
EHE B

There is a first-donor advantage

FEEA S5 —T ok B e (R ST (ESS

No competitive effect of high pollen load is observed
REACMIIAND L AT EAVESRER

Increase in number of fathers increases competition
EPEIACHEH - RS-t g g i

If lots of pollen from the first donor is deposited, pollen
added 2 days later from a second donor does not sire
seeds

WFRE A BLEE AR % - A2 RIEFEIMANS
A HERE NN LS T

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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[ Q. 45

The relationship between light intensity and net photosynthesis rate (NPR)
was measured in the submerged plant Crassula helmsiiin a lake. The plant
has CAM photosynthesis. Measurements of the photosynthetic rate (umol
O, mg-1 chlorophyll h™') were made on plants growing in shallow water
(6.5 mg chlorophyll/g dry weight) and deep water (10.3 mg chlorophyll/g
dry weight) in April and July (Fig.).

M S ARHEY)(Crassula helmsii) iy HE 58 & B FE & F F R (NPR) - DIEE
s IR ERE (% o IEAEYE — A RADHP YUK Y] - EFIFHCAME
EEFIRIL o HIEeAER R (umol Oy mg-1 chlorophyll h™') 7£0Y A filt
F IR RALSKAEYIE AR (A e i E P & 6.5 mg TEGRZR) » DURAER
KEVFE R (R ez B P &7 10.3 mg BELRER) - 455 AT T E] -

w

4[1/\20

RS

210

c

c %0 5

? «0.5m April
22, «2.2m April
8 g %0.5m July
S35 »2.2m July
©T°% 100 200 400 500 600
c

E R

(0]

Light response curves in April and in July for C. helmsii, growing in shallow (0.5
m) and deep (2.2. m) water. PAR photosynthetically active radiation (from
Klavsen & Maberly 2009).

AEERIERK(0.64 RIFLFK(2.2,5 ROGEMHEMREEAR - 720U A A0+ A HiE B
HYE FERTER - PARRFDOLGIFRIE(EZYEsRE -

Node Id: 6792958f72dfbd24b17¢c15ba
Indicate if each of the following statements is true or false.

fa il MY RGIUE (EHEEEER -

TRUE  FALSE
EHE SR

Shallow-water plants have higher NPR at 100 PAR than
deep-water plants

F£100 PARH » R/KEREYIELAOKIE A RI=HINPR -

Deep-water plants have higher NPR in July than in April
/Kt PIE L H B HINPREZIY H B 5

In the experiment, NPR is light limited
BT - NPREZSERA -

Deep-water plants have a higher NPR because of their
higher chlorophyll content

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 49/54
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AKEEYTAEEHINPRER B HARSEGRESE -

[ Q. 46

Some trees have large triangular, superficial lateral roots called buttresses
(Fig. A). Their functions are widely discussed, but poorly understood. They
are more common on trees with an asymmetrical crown; they may prevent
windfall (Fig. B); presence of buttresses may also depend on soil type and
inclination, and wood density. Their stabilizing importance was tested
experimentally (Fig. C).

HEH R EAA R =AIE - B RS2 ARG AR (EIA) - HINREHEZ &
watam o ABANEE DL TR - R AR A N EERTE I REIR - alk
e EEI(EB) 5 HRARAY Rt AT RE B RS ~ BERTERE A R DU
AR o AL AR ARAVERE B2 (EC) -

A D

~
{E>-<CI uttressed E.##E Nonbuttressed 4@t
2o
S /)”\o-o—om

=] 0 0.
Bisplacementtrom the ventcal%%%% é%

A, tree with buttress roots; B, a tree with buttresses and vertical tap root pulled
over by wind (blue arrow is direction of wind); C. an experimental study of
change in anchorage moment for buttressed (left) and non-buttressed trees
(right] as a function of the tree’s displacement from vertical (inclination in
degrees): red squares are for trees with an intact root system, and blue
diamondss for trees, in which all lateral roots (including buttresses, but excluding
vertical tap root)) have been cut off (from Crook et al., 1991).

[ A By EARARIGIR 5 [8] B Ry BRI AE Ho 2 E iR pt m G (B e R
JEIREI TR ) 5 [ Chy B s AR R (e I RO AR AR (R R S H iR R
(anchorage moment)Z 84 » {F Fylai AR T B A IERIREE IR AR R
THREEH] - AL TTEE REATHFRAEIR - B E R AR IR (B4
PRARME R 84 EARARTA -

Node Id: af14e09255d0045294f5568e
Indicate if each of the following statements is true or false.

fR NI RIUR A ssh R -
TRUE  FALSE
IERE  gHER

Buttresses of a tree help to increase the resistance of the
tree to wind

T RHVARAR A B 3G IR A R R 5T T

The tap root is relatively more important to anchorage in
buttressed than in non-buttressed trees

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff 50/54
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MBS ERAREIA - ARV B E 85
HE -

The smallest vessels and lowest vessel frequency are found
in the parts of the tree, such as buttress roots, subjected to
greatest mechanical stress

TEfgiARH » BB TR /N B HERREARAVE L (BI04
fR) - SZEE KRR TR 2 -

Understorey trees growing below the canopy layer in a
rainforest rarely have buttresses

TR T g - ERAEEEE T AR AR -

| Q47

Countries around the Baltic Sea have agreed to reduce the outlet of
nutrients in drainage water, especially N. In a study, growth of diatoms, N-
fixing cyanobacteria and dinoflagellates was monitored together with the
seawater N: P ratio to estimate the effects of outlet reduction. Optimum N: P
ratio for growth in the three groups is approximately 7.

K e B B o [F B R g st K2 2 s N E - Rz

o AEME T o B~ ATE SV EE SRR NS 0% = B E I EAE] fuﬁmpttéﬁ
K N AEREE - DEHE T KR E TSR o =R YNGR A R E
BELLEY 7

1at0 ES%Eé[
VAo j

Annual variation in biomass of the three study groups (A) and seawater N: P-
ratio (B) (from FF 1998).

&A R = (8RR 2 FEAE - B BRIE/KHEMELFEE -

Node Id: 98b0ae0182f4fbccebe41c3c
Indicate if each of the following statements is true or false.

fatl MYISRGIUE (EHEEEERR -

TRUE  FALSE
IEHE BhER

The limiting factor for diatoms during the winter (January-
March) is N

WREAR(—HZ=ZRNRHEF HEE -

The limiting factor for phytoplankton during the summer
(June-Aug.) is P
IR E RS H 2\ AR PRAHIE TRyt -
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Less N from drainage water will, in particular, reduce
growth of cyanobacteria

i MK R R R EESERE R -

Autotrophic dinoflagellates begin to increase dramatically
in number in early spring (March), because of their mobility

EMEEEREEEAREEANESE B 2R E
HIZEhRE

| Q48

Some plants deceive their pollinators by emitting odours, mimicking rotten
flesh or dung. Such plants are pollinated by carrion and dung flies. This
phenomenon is common among orchids, e.q. Bulbophyllum variegatum,
three populations (ML, BB and ED) of which were studied at three different

locations on the island of Réunion (Fig.).

HEEEYREH R LIRE « IEEEABEE - AR ERIENE - BEEYE

FH B AR S GRS - LB S R B = 88 (Bulbophyllum

variegatum)iYRIAE » /£ Réunion S = {E-R[EIFEEAEITIHFE - &SR0T &t

7N °

= «
4 S 1 iy
2 3 i
o o =

2 [ 22
3 2 &
L 1 5 1

z
0 0 0

Reproductive data from populations ML, BB and ED (from Humeau et al. 2011).

BETCAY =EEEE (ML ~ BBR EDJYA: TS

Node Id: 44c4b04d83ae3565bbb82078

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

R NI RIUE EREssE R -
TRUE
RIR

Number of fruits produced per plant is higher in BB than in
ML and ED

={EGERE - MR A R AR H (B SR FC R RBRTE
AR AR)(EBBIGEE i = -

Compared to ML and BB, fruit set in ED may have severe
pollinator limitation

MHEIMUNIBBR RS - EDFREFHYAE & & i 2 B Ek &1y

https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff
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PR -

Compared to ED and BB, ML may be a neighbour to cattle
pastures

IR EDNIBBR REE - MUREE rIREASAT - 15 -

Compared to ED and BB, ML may be a relatively young
population

IR EDNIBBRREE - MUREE rIRE S H A g

[ Q. 49

Plants interact with animals, and within a habitat, entire plant and animal
communities form complex interaction networks. One important class of
plant-animal networks is between fruit-eating birds and plants with fleshy
fruit (Fig.). Observed interactions are partly determined by plant traits, but
many other factors may be in play, e.q. the phylogenetic history of species
communities.

YIS AR AAER - (EH—E T > B Y B R T B
RHEH44E - fEESEY-Baessd B HEEREHEAZNEEH
Y]  $HE—E Rz —FEEYIREN L A /EH - HAZ G /EHAVE
Z ]y HEYR O E » EEAT S B A AT G fE AR - 6
UE/EE HiRa NNl Sa il S

A, interaction matrix between fruit-eating bird species (rows) and fleshy-fruited
plant species (columns). Each '1”is an observed interaction, and each ‘0’ is no
interaction. The phylogenies of the communities of birds and plants are
included: B-D, small artificial networks showing various interaction pattern (from
Jordano 2010).

[ A ks B S SR (51]) BLEL 25 P SR B HIRE Y (B 922 LA FH AR - 5l T R T
IR AR > ORMRFGEL LN o« B ARG R A8 73 B B FE Y
WA - & B-DFs/ NI N R AL B AR 484 - BURA [E A F A -

Node |d: 4d49abef2915934f5e05333d
Indicate if any of the following statements is true or false.

et MY ROILE A -

TRUE  FALSE
IEHE SRR
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The bird community has many food generalists, but only
few specialists

BEREATPERNSE > BEAVEREE—aME

The plant community has many fruit consumer specialists,
but only few generalists

VB ESHH S RANERE FEE - (HER/DESE
EEME

Phylogenetic relatedness is an important driver of
interactions in network B

B GRER 2 BAT S BB O EHIVERN T -

Closely related birds reduce food overlap more in network
C than in network D

I AE5D - 4948 CHi G AT Y S S R R R &
VI E B o

END &55R
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