
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
All IBO examination questions are published under the following Creative Commons license: 
!

!
!
CC BY-NC-SA (Attribution-NonCommercial-ShareAlike) -
https://creativecommons.org/licenses/by-nc-sa/4.0/ 
 
The exam papers can be used freely for educational purposes as long as IBO is credited and 
new creations are licensed under identical terms. No commercial use is allowed. 

    



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

1 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

2 sur 53 2/12/2015 16:10



0 20 40 60

PO2

100

80

60

40

20

0

Osteoglossum
bicirrhosum

Arapaima
gigas

O
2
sa

tu
ra

tio
n 

(%
)

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

3 sur 53 2/12/2015 16:10



0 2 4 6
O2 uptake (L/min)

V
en

til
at

io
n 

(L
/m

in
)

200

160

120

80

40

0

before training
after training

well trained

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

4 sur 53 2/12/2015 16:10



0 30 60 90

Time (min)

G
lu

co
se

 (
m

m
ol

/L
)

9

6

3

0
120 0 30 60 90

Time (min)

In
su

lin
 (

m
m

ol
/L

)

2

1

0
120 0 30 60 90

Time (min)

IS
R

 (
pm

o
l/(

kg
*m

in
))

30

10

0
120

20

0 30 60 90

Time (min)

G
LP

-1
 (

pm
ol

/L
)

80

20

0
120

40

60

0 30 60 90

Time (min)
G

IP
 (

pm
ol

/L
)

40

10

0
120

20

30

A B C

D E

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

5 sur 53 2/12/2015 16:10



0 4 8
Body mass (g)

H
ea

rt
 m

as
s 

(g
) 0.20

0.10

0
12

Elevation (m)

N
um

be
r 

of
 s

pe
ci

es

A B

0 1000 2000 3000 4000

0

10

20

30

40

50

60

70

80
100 89 79 70 62

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

% of P(O2)

B
od

y 
m

as
s 

(g
)

as compared to sea level

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

6 sur 53 2/12/2015 16:10



0

1Time (s)

E
le

ct
ric

a
l p

ot
en

tia
l (

m
V

)

P

Q

S

R

T

QRS-complex

Ventricular depolarization

Ventricular repolarization

P
ot

en
tia

l (
m

V
)

0

1

0 1 2 3

0 1 2 3

I

II

P
ot

e
nt

ia
l (

m
V

)

A B C

2

2

3

3

Time (s)

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

7 sur 53 2/12/2015 16:10



0

0.4

0.8

0 25 50 75 100

Body mass index

Te
st

o
st

er
on

 (
nM

)

P
la

sm
a 

te
st

o
st

er
o

n

I II III IV V

(µ
g/

10
0 

m
L)

A B

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

8 sur 53 2/12/2015 16:10



0

1

2

3

4

5 12

8

4

0

[L
ac

ta
te

] 
(m

M
)

Time (min)

0 1 2 3 4
0 1 2 3 4 5 6 7 30 40 50 60

up
ta

ke
 (

L/
m

in
)

work

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

9 sur 53 2/12/2015 16:10



Days

B
o

d
y 

te
m

p
er

at
u

re
 (

°C
)

34

36

38

40

37

39

1 2 3 4

with water

dehydrated

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

10 sur 53 2/12/2015 16:10



1.3 1.71.50 12040 80

36

34

32

30

PO2

P
50

 v
al

ue

BPG : hemoglobin ratio

A B

O
2 

sa
tu

ra
tio

n 
(%

)

high

low

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

11 sur 53 2/12/2015 16:10



La
ct

at
e 

(m
m

ol
/L

)

G
lu

co
se

 (
m

g
/d

L)

In
su

lin
 (

µ
L/

m
L

)
time (min)

20 40 60

2

0

4

6

8

10

-15 20 40

100

0

120

140

60-30 -15 20 40

30

0

60

90

60-30
time (min) time (min)

0 0 0

A B C
65% VO2max 90% 65% VO2max 90% 65% VO2max 90%

ctrl

low GI

high GI

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

12 sur 53 2/12/2015 16:10



050100150

T. gigas

T. tridentatus

C. rotundicauda

C. rotundicauda

L. polyphemus

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

13 sur 53 2/12/2015 16:10



T. setosus

T. setosus

T. humerosus

T. quadratus

T. canariensis

T. camelus

T. monstrosus

T. ericae

T. abbreviatus

T. gomerae

T. gomerae

T. palmiensis

T. epinae

El Hierro

Gomera

La Palma

Gomera

Gomera

Gomera

Gomera

Gomera

Gomera

Gomera

La Palma

La Palma

El Hierro

Madeira clade

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

14 sur 53 2/12/2015 16:10



Figs Wasps

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

15 sur 53 2/12/2015 16:10



Entry into new host

Multiplication
in unique niche

Infection of individual
macrophages

Expansion in innate
granulosis

Granuloma maturation
Lymphocytes

Granuloma necrosis with
extracellular replication

Transmission

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

16 sur 53 2/12/2015 16:10



Promoter

Selection Marker

Aat II

BamHI

SmaI

Coding Sequence

BglII

AatII

BamHISmaI SmaI

SmaI

BamHI

AatII

BglII

A

B

C
CCC GGG
GGG CCC

GATC
CTAG

G
C G

C

ACGT
TGCA

G
G
C

C

GATC
CTAG

A
A
T

T

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

17 sur 53 2/12/2015 16:10



α

M

D

α

α

α α

α

a

a

I

*: Mating type switching in mother cells

II

α

α

α
a

a
α

α

Conjugation

a

α

α

a

M

D

M

D

*

*

A

B

Ash1 localization

D

M

late G1

S-phase

G2/M

Anaphase

Telophase

early G1

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

18 sur 53 2/12/2015 16:10



O

O

H

O

HO O

OH

OOHOH

NN
H

O

F

Compactin

Mycophenolic acid

Lovastatin Simvastatin

Atorvastatin

Vanillin

C.

Simvastatin Atorvastatin Mycophenolic acid Vanillin
1.3 mM 0.2 mM 1.3 mM 5 mM

WT

MlcE

D.

Bright field Fluorescence

B.

WT

MlcE

Ctrl
0.7 mM 1.2 mM 2.0 mM

Lovastatin

A.

with RFP

RFP alone

MlcE fused

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

19 sur 53 2/12/2015 16:10



Leu

Ile

Met

Val

L

I

M

V

Pro

Thr

Ala

P

T

A

STOP

Trp

Arg

Ser

Arg

Gly

W

R

S

G

G

STOP

His

Gln

Asn

Lys

Asp

H

Q

N

K

D

TTA

TTG

CTT

CTC

CTA

CTG

ATT

ATC

ATA

ATG

GTT

GTC

TCA

TCG

CCT

CCC

CCA

CCG

ACT

ACC

ACA

ACG

GCT

GCC

TAA

TAG

CAT

CAC

CAA

CAG

AAT

AAC

AAA

AAG

GAT

GAC

TGA

TGG

CGT

CGC

CGA

CGG

AGT

AGC

AGA

AGG

GGT

GGC

Leu

Leu

Ile

Met

Val

L

L

I

M

V

Pro

Thr

Ala

P

T

A

STOP

Trp

Arg

Ser

Arg

Gly

W

R

S

G

G

STOP

His

Gln

Asn

Lys

Asp

H

Q

N

K

D

TTA

TTG

CTT

CTC

CTA

CTG

ATT

ATC

ATA

ATG

GTT

GTC

TCA

TCG

CCT

CCC

CCA

CCG

ACT

ACC

ACA

ACG

GCT

GCC

TAA

TAG

CAT

CAC

CAA

CAG

AAT

AAC

AAA

AAG

GAT

GAC

TGA

TGG

CGT

CGC

CGA

CGG

AGT

AGC

AGA

AGG

GGT

GGC

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

20 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

21 sur 53 2/12/2015 16:10



∆

U
re

a 
le

ve
l (

µ
g/

m
l)

Tr
ap

 n
u

m
b

er

Time (h)

Urea (mg/l)

R
el

at
iv

e 
ar

cA
m

R
N

A
 le

ve
ls

U
re

a 
le

ve
l (

µ
g

/m
l)

Time (h)

+nematode

A B C

D E

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

22 sur 53 2/12/2015 16:10



0

4

8

12

16

20

A-MSCs-islet

B-MSCs-islet

A-MSCs

B-MSCs

islet

**
**

*
**

A
In

su
lin

 (
m

g/
m

L
)

Days

30

20

10

0

-10

-20

-30

0 20 40 60
-40C

ha
ng

e
 in

 b
od

y 
w

ei
gh

t (
%

)

ctrl STZ STZ+islet
STZ+islet+A-MSC STZ+islet+B-MSC

Minutes

700

600

500

400

0 50 100 150
0

100

200

300

B
lo

od
 g

lu
co

se
 (

m
g/

dL
)

B C

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

23 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

24 sur 53 2/12/2015 16:10



A A A C CC C C C CC

A A A C CC C C C CT

A A A C CC C C C CT

A A A C CC C C C CT

A A A C CC C C C CT

A A A C CC C C C CT

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

HF

Oocyte

NT1

NT2

NT3

NT4

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

25 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

26 sur 53 2/12/2015 16:10



4.5

4.0

3.5

3.0

2.5

C 1 2 3

100

80

60

40

20

C 1 2 3

D
iv

er
si

ty

A
bu

n
da

n
ce

C: Ctrl

1: Insecticide
2: Fungicide (Amistar)

3: Fungicide (Ridomil)

A B

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

27 sur 53 2/12/2015 16:10



Abundance of
native trees

Bird abundance

Birds vector nutrients from the pelagic environment

Soil nitrogen

Foliar nitrogen Zooplankton
abundance

Nitrogen in
runoff

Manta
abundance

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

28 sur 53 2/12/2015 16:10



European Plaice

Herring

Atlantic Mackerel

European Flounder

Cod

Spiny Dogfish

Atlantic Bluefin Tuna

Halibut

Porbeagle

0.02 0.1 0.5 2.0

mg Hg/kg

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

29 sur 53 2/12/2015 16:10



P
ro

po
rt

io
n 

of
 s

ite
s

in
 e

ac
h 

ca
te

go
ry

 (
%

)

Low
Medium
High

Open vegetation
Wood pasture
Semi-closed forest
Closed forest

100

80

60

40

20

0
LI LG EHol LHol

100

80

60

40

20

0
LI LG EHol LHol

A B

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

30 sur 53 2/12/2015 16:10



4

2

0

-2

1966
now0.6

0.5

0.4

0.3

0.2

0.1

0

0.7 0.6

0.5

0.4

0.3

0.2

0.1

0.0
0 5 10 15 20

A B C

Flower size
or depth (mm)

1950
1965

1980
1995

2010
B. m

ix
B. fr

i
B. bif

B. sy
l
B. ce

n
B. fla

B. bal
B. nev

Bumblebee species (in order of
increasing tongue length)

T
(°

C
)

B
u

m
b

le
b

e
e

 s
pe

ci
e

s
a

b
u

nd
a

n
ce

P
la

n
t s

p
e

ci
e

s
a

b
u

nd
a

n
ce

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

31 sur 53 2/12/2015 16:10



10 8

20 9 3

9

11

anareob

aerob

A B

org
N

NH4 NO3

N2
org
N

NH4

-Nereis +Nereis

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

32 sur 53 2/12/2015 16:10



AWA

AWB

diacetyl

nonanone

Odor

Receptor Behavior

Attraction

Avoidance

A

Sensory system
Y

Y
Y

ODR-10

Y
Y

Y

AWA

AWB
ODR-10

Y
Y

AWA

AWB

Y
Y

Y

AWA

AWB

ODR-10

I. Wildtype

II. ODR-10 mutant (no receptor)

III. ODR-10 transgene (AWB)

Attractive

Ignored

Repulsive

B

X

X

X

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

33 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

34 sur 53 2/12/2015 16:10



0

-20

-40

-60

-80
1 2 3 4 5

T
im

e
 r

e
la

tiv
e

 t
o 

su
nr

is
e

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

35 sur 53 2/12/2015 16:10



S1 S2 S1 S2 S1 S2

Stigma

Style

S1S2 S1S3 S3S4 Genotypes of pistils

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

36 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

37 sur 53 2/12/2015 16:10



A B

C D

1 2 3 4 5 6 1 2 3 4 5 6

120

100

80

60

40

20

20

40

60

80

100

0

0

S
e

ed
 p

ro
d

uc
tio

n

Host lines

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

38 sur 53 2/12/2015 16:10



×Species X

n = 100000

n = 100000

n = 100000

P

F1

F2

F7

AA aa

n = 50000 n = 50000

220

180

1177

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

39 sur 53 2/12/2015 16:10



2 4 5 3 7 1 6

A B 2

4

5

3

7

1

6 6 1 7 3 5 4 2

C

7

1

6

3

5

4

2

D

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

40 sur 53 2/12/2015 16:10



    Cretaceous           Tertiary        

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

41 sur 53 2/12/2015 16:10



I II III
0

10

20

30

0 1000 2000 3000 4000 5000

[N
aC

l]

C

0.00

0.01

0.02

0.03

0.04

0.05

F
S

T

BA

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

42 sur 53 2/12/2015 16:10



Region 1

Region 2

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

43 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

44 sur 53 2/12/2015 16:10



D3

D

D1

D2

S

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

45 sur 53 2/12/2015 16:10



Light

O2

Oxygen-rich zone
Ethanol

O2

O2

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

46 sur 53 2/12/2015 16:10



400

300

200

100

0

-100

C
A

M
 a

ct
iv

ity

LL LC LL HC HL LC HL HC

Treatment

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

47 sur 53 2/12/2015 16:10



→ →

P
ro

po
rt

io
n 

se
ed

s 
si

re
d

Pollination deposition schedule

1: D->W 2: D+W 3: W->D

A

0

0.2

0.4

0.6

0.8

1

Pollen load size No. of donors

B L H L H L H

0

0.2

0.4

0.6

0.8

1

Pollination deposition schedule

1: D->W 2: D+W 3: W->D

2 days 1 day 2 days

0

0.2

0.4

0.6

0.8

1

2 4 42 2 4
C

Dark donor

White donor

Pollination deposition schedule

1: D->W 2: D+W 3: W->D

P
ro

po
tio

n 
se

ed
s 

si
re

d

P
ro

po
rt

io
n 

se
ed

s 
si

re
d

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

48 sur 53 2/12/2015 16:10



PAR

R
at

e 
of

 n
et

 p
ho

to
sy

nt
he

si
s

0.5m April
2.2m April
0.5m July
2.2m July

20

15

10

5

0

-5
0 100 200 300 400 500 600

(µ
m

ol
 O

2 
m

g-
1 

ch
l. 

h-
1)

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

49 sur 53 2/12/2015 16:10



0

0.4

0.8

1.2

0 10 20 30 40 50 0 10 20 30 40 50

Buttressed Nonbuttressed

C

Trunk displacement from the veritcal

A
nc

ho
ra

ge
 m

om
en

t
A B

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

50 sur 53 2/12/2015 16:10



  
 N

 :
 P

 r
at

io
   

 

0

100

200

300

  Jan    Mar    May      Jul      Sep    Nov  
0

2

4

6

8

10

   Jan    May    Sep  

A B

B
io

m
as

s
(m

g 
C

/m
3)

Diatoms
Dinoflagellates

Cyanobacteria

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

51 sur 53 2/12/2015 16:10



ML BB ED
0

10

20

30

40

F
lo

w
er

in
g 

pl
an

ts
 (

%
)

ML BB ED
0

4

8

12

16

N
um

be
r 

of
 fl

ow
er

s 
pe

r 
pl

an
t

ML BB ED
0

10

20

30

40

F
ru

it 
se

t (
%

)

ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

52 sur 53 2/12/2015 16:10



ibo 2015 https://bioscience.au.dk/students/0c6cf479ba0573b882e449ff

53 sur 53 2/12/2015 16:10


