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A level Biology Component 2 A400U20-1

All Candidates' performance across questions

Question Title N Mean SD Max Mark FF Attempt %
1(a) 2503 2.2 0.7 3 72 99.9
1(b)(i) 2461 1.6 0.7 2 82.4 98.2
1(b)(ii) 2456 1.8 1.1 3 59.3 98
1(c)(i) 2441 0.7 0.5 1 69.3 97.5
1(c)(ii) 2482 1.2 0.8 2 58.2 99.1
1(d) 2493 3.1 1.3 4 77.1 99.5
1(e)(i) 2463 0.7 0.4 1 74 98.3
1(e)(ii) 2492 1.4 0.7 2 68.2 99.5
1(f)(i) 2410 1.8 1.4 3 60.7 96.2
1(f)(ii) 2454 0.9 0.7 2 44 98
2(a) 2505 3 1.2 5 59.6 100
2(b) 2445 3.8 1.6 6 63.4 97.6
2(c)(i) 2470 0.9 0.7 2 473 98.6
2(c)(ii) 2297 0.5 0.7 2 26.7 91.7
3(a)(i) 2492 0.6 0.5 1 60 99.5
3(a)(ii) 2486 1.5 0.9 2 72.6 99.2
3(a)(iii) 2495 0.6 0.5 1 61.6 99.6
3(b)(i) 2438 0.7 0.7 2 35.9 97.3
3(b)(ii) 2404 1 0.8 2 50.4 96
3(c)(i) 2478 0.9 0.3 1 91.6 98.9
3(c)(ii) 2493 1.9 0.3 2 97.4 99.5
3(c)(iii) 2371 0.9 0.8 2 46.9 94.7
3(d) 2503 3.2 1 4 79.5 99.9
4(a) 2452 1.6 1.2 3 52.4 97.9
4(b) 2504 4.4 1.3 7 62.6 100
4(c) 2494 2.1 1.1 6 35.7 99.6
4(d) 2474 1.3 0.7 3 43.9 98.8
5(a) 2483 2 1.4 4 49.5 99.1
5(b) 2493 1.7 0.5 2 85.9 99.5
5(c) 2498 2.6 1 4 65.6 99.7
5(d) 2458 1.1 0.7 2 53.6 98.1
5(e) 2451 1.4 0.9 3 46.2 97.8
5(f) 2268 0.4 0.6 2 18.1 90.5
6 2455 4.1 1.8 9 45.2 98
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2. The photograph shows all the chromosomes from a blood cell of a mammal.

(iii)

(iv)
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Explain why red blood cells could not have been used to produce the photograph
of the chromosomes. ) 1

CThar. Iamb rome (S too tvuwy -

Use the photograph to deduce the sex of the mammal and explain your choice. [1]

In this mammal, how many chromosomes would be present in [1]

|. akidney cell; ('7'6 S
Il.  gametes? Q,_%

The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.

Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]
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Examiner
(b) Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the oy

males release spermatozoa and the females release oocytes in large numbers.
C3le concC

U\)WW

The oocytes are suspended at early prophase of the first meiotic division.

The nuclei of early Breakdown of the germinal
oocytes are called vesicle indicates resumption
germinal vesicles. of meiosis (tre-initiation).

Re-initiation is naturally stimulated by contact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations

of calcium ions (Ca?").

AsUOUZOY
07

Sea water has a typical calcium concentration of 400 mg dm™3,

Suggest a suitable hypothesis for this investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent variable and two
controlled variables. [6]
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(c) Some human fertility problems are due to poor morphology (abnormal shape) or poor "

motility (not moving normally) of spermatozoa. These causes of infertility can be treated |
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection |
(ICSI). It differs from conventional IVF in that a single spermatozoon is injected directly |
into a secondary oocyte, instead of fertilisation taking place in a dish where many |
spermatozoa are placed near a secondary oocyte.

Intra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completion. A solution of a ‘calcium
ionophore’ may be used to stimulate gated calcium ion channels in the oocyte plasma
membrane. lonophores are molecules that facilitate ion passage in or out of cell
membranes.

Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]

............. L NVCARAD NG, Iy e AN/ Abed, (418 hp

(i) In humans, before fertilisation the cocytes are suspended in metaphase Il. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]
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plasma memotone .
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2. The photograph shows all the chromosomes from a blood cell of a mammal.
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of the chromosomes. (1

They donithove oonutleds wnere fhe ChromasOmes wWoMAG be

(iii)  In this mammal, how many chromosomes would be present in [l
I. akidney cell; s S s .
Il. gametes? .. o S

(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.
Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]

Examine
only

(a () Explain why red blood cells could not have been used to produce the photograph‘

(i) Use the photograph to deduce the sex of the mammal and explain your choice. [1] |
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(b} Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa and the females release oocytes in large numbers.

The oocytes are suspended at early prophase of the first meiotic division.

The nuclei of early Breakdown of the germinal
oocytes are called vesicle indicates resumption
germinal vesicles. of meiosis (re-initiation).

Re-initiation is naturally stimulated by cantact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations

of calcium ions (Ca”"). ~ pemasbls

Sea water has a typical calcium concentration of 400 B!
¢V, G I ON
Suggest a suitable hypothesis for this investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent vanable and two
controllgd va:lat\)les [6]
enk(g

_A.]hg“..mqt.\.e.r.....t.\'.\p_.. corium. concensyation,. the (B&ser MOore ..

\ S thQ CU\(\\.\W\

AOAREQUAR. MRILSIS . Andependent variabie
conCensravon «n Mg adm 3 e
—ORE TSR U e e e i ene.. 200, w00, 60000

r\\}\mer Q(— oocg%es ur\dergor\e

Adrpendent vOriapie 1S the.
rewNLTIQATIOUn.

HEANEL0L XA RLANIRS T NAMND RO QOCUNS S i maiy
ooCyyes ore
LSpestestkonie n fcom.

07

© WJEC CBAC Lid (A400UZ0-1) Turn over.

only

Examiner

A4COU201

or





(¢c) Some human fertility problems are due to poor morphology (abnormal shape) or poor
motility (not moving normally) of spermatozoa. These causes of infertility can be treated
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection
(ICSI). It differs from conventional IVF in that a single spermatozoon is injected directly

iﬁto_a__sFew. instead of fertilisation taking place in a dish where many
spermatozoa are placed near a secondary oocyte.

Intra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completnon A solution of a ‘calcium
ionophore’ may be used to stimulate gated calcmm ion channels in the gocyte plasma

membrane. lonophores are mol that f e in or out of cell
membranes.

(i) Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]

0.Channel protein. fnok. allows. Lo 06ress. the. . mempront 6 .
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(i) In humans, before fertilisation the oocytes are suspended in metaphase |l. Explain

how the ionophore molecules might improve the success rate of ICSI. [2]
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2. The photograph shows‘he chromosomes from a Mof a mammal.
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(a) (i) Explain why red blood cells could not have been used to produce the photograph
of the chromosomes. [1]

Rock Jolool corte. do.nok. conkin g duieledd Haorefone,
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(i) Use the photograph to deduce the sex of the mammal and explain your choice. [1]
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(i) In thi€¢ mammal, how many chromosomes would be present in 11
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(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.
Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]
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(b) Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa:and the females release oocytes in large numbers.

The oocytes are suspended at early prdbﬁé; of the first meiotic division.”
orepted
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The ncle| of early Breakdown of the germinal
oocytes are called vesicle indicates resumption O‘M\U
germinal vesicles. of meiosis (re-initiation). " PM
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Re-initiation is naturally stimulated by contact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations
of calcium ions (Ca®*). ,

N e OB O o S PO
Sea water has a typical calcium concentration of 400 mg dm™.

Suggesta suitablm}orthis investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent variable and two
controlled variables. [6]
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(c) Some human fertility problems are due to poor morphology (abnormal shape) or poor
motility (not moving normally) of spermatozoa. These causes of infertility can be treated
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection
(ICS\). It differs from conventional IVF in that a single spermatozoon is injected directly
into a secondary oocyte, instead of fertilisation taking place in a dish where many
spermatozoa are placed near a secondary oocyte.

= [ntra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completion. A solution of a ‘calcium
@ may be used to stimuiate gated calcium ion channels in the oocyte plasma
membrane. lonophores are molecules that facilitate ion passage in or out of cell
membranes. ﬁ

(i) Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]
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(i) In humans, before fertilisation the oocytes are suspended in metaphase Il. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]
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Question

Marking details

Marks Available

AO1

AO2

AQO3

Total

Maths

Prac

2 | (a)

(i)

They have no nucleus/chromosomes
NOT DNA

1

(ii)

Male +

Not all homologous/

Different sex chromosomes/

there is one pair where the chromosomes are different/
one large and one small/

X and Y chromosomes

It has a Y chromosome

(iif)

| = 6 chromosomes/3pairs + |l =3 chromosomes

(iv)

One large X shaped chromosome and one small * shaped
chromosome drawn either side of the equator (1)
Spindle fibres drawn (1)

(b)

A. Hypothesis-The greater the concentration of calcium ions the
greater the {re-initiation/meiosis/disappearance of germinal
vesicles}/above a certain concentration of calcium ions {re-
initiation/meiosis/disappearance of germinal vesicles} occurs (1)
Accept the null hypothesis: concentration of calcium ions has no
effect on {re-initiation/meiosis/the disappearance of germinal
vesicles}

B. Atleast 5 values for independent variable(1)

C. Around 400 with suitable intervals (1)

D. Dependent variable-{Number/rate/percentage} of re-
initiations/disappearance of Germinal Vesicles (1)

Accept ‘time taken for germinal vesicle to disappear’if the
hypothesis uses rate of initiation
any 2 (x1) from: (E1 and E2)

E. Controlled variables: Temperature/volume/concentration of other
ions in medium/pH/glucose concentration/same starfish/time in
solution/concentration/number of oocytes

NOT same species
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Marks Available

Question Marking details
AO1 AO2 AO3 Total Maths Prac
() | () {transmembrane/intrinsic/channel/description of } protein (1)
With a channel that can be opened (and closed) to allow (or 1 1 2
prevent) Ca®* through (1)
Reject active transport/carrier protein
(i) Ca ions enter (the oocyte) (1) 2 2
Ca ions stimulate (re-initiation of) meiosis (1)
Question 2 total 4 5 6 15 0 6
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2. The photograph shows all the chromosomes from a blood cell of a mammal.
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(a) (i) Explain why red blood cells could not have been used to produce the phatagraph
of the chromosomes. ]
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Use the photograph to deduce the sex of the mammal and explain your ch c@ 1
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(iii) In this mammal, how many chromosomes would be present in [1]
|. akidney cell; S L’é S

Il.  gametes? g 9,5

(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.
Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]
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2aii: 0
2aiii: 0
2aiv: 1



Sticky Note

no reference to lack of nucleus/chromosomes



Sticky Note

incomplete reason



Sticky Note

Values for human given but question says 'in this mammal'



Sticky Note

Sex chromosomes not drawn, also incorrect arrangement of chromosomes on the equator.





(b) Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa and the females release oocytes in large numbers.
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The oocytes are suspended at early prophase of the first meiotic division.

The nuclei of early Breakdown of the germinal
oocytes are called vesicle indicates resumption
germinal vesicles. of meiosis (tre-initiation).

Re-initiation is naturally stimulated by contact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations

of calcium ions (Ca?").
Sea water has a typical calcium concentration of 400 mg dm™3,

Suggest a suitable hypothesis for this investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent variable and two
controlled variables. [6]
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Sticky Note

A Hypothesis not given
B/C No values given for the independent variable
D The answer given is not a measurable variable 
E marks awarded for two controlled variables.
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(c) Some human fertility problems are due to poor morphology (abnormal shape) or poor| "
motility (not moving normally) of spermatozoa. These causes of infertility can be treated |
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection |
(ICSI). It differs from conventional IVF in that a single spermatozoon is injected directly |
into a secondary oocyte, instead of fertilisation taking place in a dish where many |
spermatozoa are placed near a secondary oocyte.

Intra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completion. A solution of a ‘calcium
ionophore’ may be used to stimulate gated calcium ion channels in the oocyte plasma
membrane. lonophores are molecules that facilitate ion passage in or out of cell
membranes.

Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]

M ynenm, L, CINTUY L. acfww LD,

(i) In humans, before fertilisation the cocytes are suspended in metaphase Il. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]

7] 15

pO‘{M/ M%‘C&L(m G

plasma memotone .

(1]
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Sticky Note

No reference to membrane protein and incorrect reference to Active Transport



Sticky Note

No reference to increased uptake of Ca ions. Incorrect explanation fails to make link with re-initiation.










2. The photograph shows all the chromosomes from a blood cell of a mammal.
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of the chromosomes.
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(iii)  In this mammal, how many chromosomes would be present in [l
I. akidney cell; s S s oA @

Il. gametes? .. o S

(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.
Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]

Examine
only

(a) () Explain why red blood cells could nof(T>fe been used to produce the photograph‘

(i) Use the photograph to deduce the sex of the mammal and e your choice. [1]
'
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Sticky Note

Correct and clear reference to nucleus and chromosomes.



Sticky Note

Correct. candidates should be encouraged to pair chromosomes on the diagram as this candidate has.



Sticky Note

Correct



Sticky Note

Drawing is clear enough to identify sex chromosomes, correctly orientated on equator, and spindle.





(b} Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa and the females release oocytes in large numbers.

The oocytes are suspended at early prophase of the first meiotic division.

The nuclei of early Breakdown of the germinal
oocytes are called vesicle indicates resumption
germinal vesicles. of meiosis (re-initiation).

Re-initiation is naturally stimulated by cantact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations

of calcium ions (Ca”"). ~ pemasbls

Sea water has a typical calcium concentration of 400 B!
¢V, G I ON
Suggest a suitable hypothesis for this investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent vanable and two
controllgd va:lat\)les [6]
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Sticky Note

A. yes. Hypothesis is clear and testable.
B. No. At least 5 values should be used.
C. Yes. Suitable range of values.
D. Yes. Dependent variable is correctly identified and clearly described.
E. Number of oocytes is acceptable but should be same individual not just same species.





(¢c) Some human fertility problems are due to poor morphology (abnormal shape) or poor
motility (not moving normally) of spermatozoa. These causes of infertility can be treated
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection
(ICSI). It differs from conventional IVF in that a single spermatozoon is injected directly

iﬁto_a__sFew. instead of fertilisation taking place in a dish where many
spermatozoa are placed near a secondary oocyte.

Intra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completnon A solution of a ‘calcium
ionophore’ may be used to stimulate gated calcmm ion channels in the gocyte plasma

membrane. lonophores are mol that f e in or out of cell
membranes.

(i) Use your knowledge of the structure of the plasma membraneto state what is
meant by the terT ‘gated calcium ion channel’. E [2]

o.channel pratein. shoks. . allows. Cort ocress. the. Memprone as. .
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(i) In humans, before fertilisation the oocytes are suspended in metaphase |l. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]
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Sticky Note

candidate describes the protein nature of the ion channel but the 'gated' aspect is not sufficiently described here. 



Sticky Note

Candidate has used the information provided to make a valid conclusion, and made the link between information about the ionophore and the dependent variable of the experiment designed.  Also the explanation is clearly written.
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2. The photograph shows‘he chromosomes from a Mof a mammal.

6 = duiplold
5 2 = dnagp ol

(a) (i) Explain why red blood cells could not have been used to produce the photograph
of the chromosomes. @ ]
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(i) Use the photograph to deduce the sex of the mammal and explain your choice. [1]
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(i) In thi€¢ mammal, how many chromosomes would be present in 11
oL\.pJLL &
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(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.
Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. [2]
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Sticky Note

Correct and clearly explained.



Sticky Note

Correct and clearly explained.



Sticky Note

Correct.



Sticky Note

Candidate made alterations to an originally incorrect drawing but left a drawing with three pairs of sex chromosomes, so lost marking point 1.
Awarded spindle mark.





(b) Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa:and the females release oocytes in large numbers.

The oocytes are suspended at early prdbﬁé; of the first meiotic division.”
orepted
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The ncle| of early Breakdown of the germinal
oocytes are called vesicle indicates resumption O‘M\U
germinal vesicles. of meiosis (re-initiation). " PM
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Re-initiation is naturally stimulated by contact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations
of calcium ions (Ca®*). ,

N e OB O o S PO
Sea water has a typical calcium concentration of 400 mg dm™.

Suggesta suitablm}orthis investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable
values for the independent variable as well as identifying the dependent variable and two
controlled variables. [6]
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Sticky Note

A Yes. Correct hypothesis clearly described
B Yes. Five values of independent variable planned.
C No. No values quoted.
D Yes. Dependent variable identified and clearly described.
E. Two controlled variables given





(c) Some human fertility problems are due to poor morphology (abnormal shape) or poor
motility (not moving normally) of spermatozoa. These causes of infertility can be treated
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection
(ICS\). It differs from conventional IVF in that a single spermatozoon is injected directly
into a secondary oocyte, instead of fertilisation taking place in a dish where many
spermatozoa are placed near a secondary oocyte.

= [ntra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completion. A solution of a ‘calcium
@ may be used to stimuiate gated calcium ion channels in the oocyte plasma
membrane. lonophores are molecules that facilitate ion passage in or out of cell
membranes. ﬁ

(i) Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]

A phobQAn. chonineh. mﬁmwmmmkd@m,

do. 00w, Ca T ok of. a0 nao nalinono.. andl. o dalo
cHe vy e paun 8

(i) In humans, before fertilisation the oocytes are suspended in metaphase Il. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]

0. POk ACHOAD. SuRERM oV
QCL\QLQLQ;(t&MWL A

o Cot ) pepore 1S dond ol AN U oBe Jdre .
SULCLLP e o M\i@i}uﬂ’o\n ol e purme M
Mool do Lnber HAL (e eonokOuy A9 Ui Foonar.

®l

L
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Sticky Note

Candidate describes protein nature and explains 'gated' aspect clearly.



Sticky Note

Candidate attempts a recall answer, ignoring the information provided. Therefore, fails to make the link between the ionophore and influx of Ca ions and also fails to take account of the fact that the spermatozoon is injected into the oocyte.










Examiner
[
2. The photograph shows all the chromosomes from a blood cell of a mammal. o

> =

(@ (i) Explain why red blood cells could not have been used to produce the photograph
of the chromosomes. [1]

(i) In this mammal, how many chromosomes would be present in [1]
[. akidneycell; s
II. gametes? s

(iv) The circle below represents the outline of the mammal cell at metaphase | of
meiosis, and the dotted line the equator of the cell.

Complete the drawing to show the spindle and how the sex chromosomes as
shown above would be arranged. 2]

06
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(b) Starfish, Asterias rubens, reproduce sexually by spawning. When starfish spawn, the
males release spermatozoa and the females release oocytes in large numbers.

The oocytes are suspended at early prophase of the first meiotic division.

The nuclei of early Breakdown of the germinal
oocytes are called vesicle indicates resumption
germinal vesicles. of meiosis (re-initiation).

Re-initiation is naturally stimulated by contact with spermatozoa. Scientists have shown
thatitis possible to stimulate re-initiation by exposing the oocytes to suitable concentrations
of calcium ions (Ca?").

Sea water has a typical calcium concentration of 400 mgdm™.

Suggest a suitable hypothesis for this investigation and design an experiment to investigate
how calcium ion concentration affects meiosis in starfish. Make sure you suggest suitable

values for the independent variable as well as identifying the dependent variable and two
controlled variables. [6]

07
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(c) Some human fertility problems are due to poor morphology (abnormal shape) or poor
motility (not moving normally) of spermatozoa. These causes of infertility can be treated
by a special type of In Vitro Fertilisation (IVF) called Intra-Cytoplasmic Sperm Injection
(ICSI). It differs from conventional IVF in that a single spermatozoon is injected directly
into a secondary oocyte, instead of fertilisation taking place in a dish where many
spermatozoa are placed near a secondary oocyte.

= Intra-Cytoplasmic Sperm Injection

However, fertilisation does not always proceed to completion. A solution of a ‘calcium
ionophore’ may be used to stimulate gated calcium ion channels in the oocyte plasma
membrane. lonophores are molecules that facilitate ion passage in or out of cell
membranes.

(i) Use your knowledge of the structure of the plasma membrane to state what is
meant by the term ‘gated calcium ion channel’. [2]

(i)  In humans, before fertilisation the oocytes are suspended in metaphase Il. Explain
how the ionophore molecules might improve the success rate of ICSI. [2]
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Examiner
I
3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum. o
Q

P
1mm
| S
(i) Name the parts labelled P and Q. [1]

P g‘*f‘y‘\c\

Q g‘mw&* O LTS N LS e RPN ;
(i) Calculate the actual length of structure P. 2]

- 30
e
AN ,
size=.. MO mm

(i) Describe two features of the flower shown in the photograph which suggest it is

wind pollinated.

]

10
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Examiner
|
(b) The diagram below shows a wheat grain. 2l
endosperm cells with
starch granules
embryo — =

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

Tk hes o Yeske ol i bt o

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation. 2]

’Ikyilsesr«ore Hay  one. . M.

L
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(c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary

relationship.
Diagram 1
2 monocotyledonst
commelinids .I_ -
i
Poales — Zea mays (maize)
anglosperms —4;( ‘L
Poaceae Triticum aestivum (wheat)
L  dicotyledons -L - Hordeum vulgare (barley)
rosids —

, i
-]\ Brassicales -
]_ Brassicaceae Ai_

Brassica rapa (field mustard)

Each branch on the diagram represents a clade, i.e. an ancestor together with all its

descendants.
(i) Mark with an X, the position on the diagram where wheat and field mustard share
a common ancestor. [1)
1 2 © WIJEC CBAC Lid (A400LJ20-1)
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(i) In modern plant classification systems hierarchical groups like Divisions and
Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

Use the diagram opposite to complete the classification of field mustard and wheat.

2]
Kingdom: Plantae Plantae
(unranked): angiosperms angiosperms
(unranked): : A.i.ﬂ_o I-3[ z J.,,., — monocotyledons
(unranked): Rosids Lemmelind/S
Order: Rrassilales ... Poales
Family: Brassicaceae PO ullag i
Genus: Brassica Triticum
Species: B. rapa T. aestivu"r;m—

(i)  Using the information given and your own knowledge, describe how the seed of
field mustard differs from the wheat grain in terms of where it stores nutrients. [2]

fe  fed mobd Shess ackins in Ne leaf «d

.................................................

AN

8 WJEC CSAC LId. (AAOOU20-1 Turn over.

only

Examiner

A400U201

13





14

(d) The amino acid sequence of the protein cytochrome C has been used to investigate

the evolutionary relationship between organisms. The table below shows the amino acid
sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.

w Position of amino acid in polypeptide chain

: z :
M _lalo|e|vlo|~olo|@|=|N¥2IT|L S|SB 388|688 |R|<|R
1|M|D|[S|FIA/E|A|P|A|G|N|P|T|T VII|WIE|EIN|T|L|Y|[D|Y
2(M|A|P|F|D|IE/A|PIP|G|K|S|K|A \Y% WVEEKTLTDY
3|IM(A|S|F|D|IE|JA|P|PIG K|PIK|A Y WE‘E KlT LIYIE|Y

(i) Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. [1]

38 Hay hve  He Seoe. o Sivive cones, Ha. Ny

(i) Count the differences between the amino acid sequences from sources 2 and 3.

Enter your answer in the table below. 1]
Between sources No. of differences
1and 2 1"
2and 3 Li. _________
1and 3 9

(i) Use the table above and diagram 1 on page 12 to conclude which source came

from which species. [2]
Species Source
Maize (Zea mays) | L
Wheat (Triticum aestivum) 3 o
Barley (Hordeum vulgare) 2./

T
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3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum.

1mm
—_

10 mm

0]

(if)

(i)

Name the parts labelled P and Q. [1]
PO I s

Calculate the actual length of structure P. [2]
30
™ = =
Al - %= 3

SIE0 = i N s Tm

Describe two features of the flower shown in the photograph which suggest it is
wind pollinated. 1

ADENRK. A SKAQMOA L OAESKAR KN E CANRY s

LSRR MO LS EROSNRNY i R S R
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(b) The diagram below shows a wheat grain.

4"
%Y
&e
ga.
endosperm cells with '-'.g‘. ":3'04
starch granules j f'.‘.g, ‘l;..";gi,_‘
R OH-C N SR
st
HC (RIS

@
T AR

R

26
e
%

B 7<)
\Qé

described as a fruit rather than a seed.

described as a double fertilisation.

(i) Use information shown in the diagram to explain why the grain is more correctly

~DRCAUSL AN OVALY. WAl ss. consained on. s ourside of.
e tesropmnich. formsS. fhe frufs . e L Was..0.8ee0. susk.

e yesxoo lseed coat). wsuld he on the gutswde.

(i) Explain why the events taking place in the embryo sac of a wheat flower are

because Lmal auciel fuses with the oosphnere. o form. .
O 29900s And anothe C MOle ARl fuses wish she diplod.

PO NALCIRUS to form O krplovd end o Sperm A eSS,

Examiner
only
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(¢c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary
relationship.

Diagram 1

— monocotyledons <|_ -

1}
N

commelinids -L ;
Poales | Zea mays (maize)
anglosperms —Y 1_ 5
oaceae

Triticum aestivum (wheat)

L dicotyledons ~I— Hordeum vulgare (barley)
rosids

-
—]_ Brassicales — i
‘l_ Brassicaceae -‘\

Brassica rapa (field mustard)

Each branch on the diagram represents a clade, i.e. an ancestor together with all its
descendants.

(i) Mark with an X, the position on the diagram where wheat and field mustard share
a common ancestor. 1

12
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(i) In modern plant classification systems hierarchical groups like Divisions and
Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

Use the diagram opposite to complete the classification of field mustard and wheat.

(2]
Kingdom: Plantae Plantae
i (unranked): angiosperms angiosperms
(unranked): Aisorgiedons monocotyledons
(unranked): Rosids LOohmetinuags...
Order: BroSsieONeS. . Poales |
Family: Brassicaceae R Ko fs W ol 270N .
Genus: Brassica Triticum
Species: B. rapa T. aestivum
(i)  Using the information given and your own knowledge, describe how the seed of

field mustard differs from the wheat grain in terms of where it stores nutrients. [2]

[T
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Examinel
I
(d) The amino acid sequence of the protein cytochrome C has been used to investigate e
the evolutionary relationship between organisms. The table below shows the amino acid
sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.
w Position of amino acid in polypeptide chain
(@] -
= ' o~
3 3 5
M _lalo|w|w|o|~lolo|2|e|D2T|L oS 3|3|8|8|5|8|8|R|<(|R
1/M|D S|F|A|E|A|P|A|G|N|P|T|T VII|WIE|E|N|T|L|Y|D|Y
2(M|A|P F DIE|IA|P|P|G|K|S|K|A \Y WIE|E|K|T|L|T|D|Y
MASiFEDEAPPGKPKA \Y WIE|E|K|T|L|Y|E|Y
(i) Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. ]
ASSIMUAREILS AL beun N 0rgomisms. Show Ssmalarisiedin.
ANG. ASLE LO02S £01. XN SEGURNLE SO Shows. a (lese TelaXion. ..
(i) Count the differences between the amino acid sequences from sources 2 and 3.
Enter your answer in the table below. 1]
Between sources No. of differences
1and 2 1"
2and 3 .
1and 3 9
(i) Use the table above and diagram 1 on page 12 to conclude which source came
from which species. [2]
Species Source
Maize (Zea mays) P T
Wheat (Triticum aestivum) L 2
Barley (Hordeum vulgare) TR AN 2
17
14 © WJEC CBAC Lid. {A400U20-1)
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Examine
[
3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum. o

Syt

1mm
| S

\0 MU

(i) Name the parts labelled P and Q. . [1]

(i

i) Calculate the actual length of structure P. [2]

30 000

| =&

(iiiy Describe two features of the flower shown in the photograph which suggest it is
wind pollinated: [1]

L
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(b) The diagram below shows a wheat ?753\'201/\@ ok - P"*" ¢
endosperm cells with
starch granules
embryo -

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

T b0 kol Anal A 0. ONNOAL ASLL.. Cpasoup ) oL

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation: [2]

r

Joyy Mo potin dpeoheol gy Hado poaden. shabl. diiedend......
PO IO SR pOULL. IabO . one. dnale. 0 amebe (H) frded.
WAt HAL 008 phar® (H) o ovive e olplodol 2y gebe o The
Oher Jnall pomade (H) puded it e ol plodal
vpologparme nudug  povimaa)  HAL driplotd U\gmm M

L
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(c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary
relationship.

Diagram 1

———

— monocotyledons 1
commelinids

angiosperms —

-

Zea mays (maize)

Poaceae 4 Triticum aestivur@)

L dicotyledons —L - Hordeum vulgare (barley)
rosids

1— Brassicales l
Brassicaceae

Poales

7 =

oy

b

, f\:. Q
Brassica rapd (field mustar

Each branch on the diagram represents a clade, i.e. an ancestor together with all its

Examine

only

descendants.
(i) Mark with an X, the position on the diagram where wheat and field mustard -share
a common ancestor. [1]
1 2 © WJEC CBAC Ltd. (A400U20-1)
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Examiner

l
(i) In modern plant classification systems  hierarchical groups like Divisions and o

Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

otder = -~ aded | pamiy = - oA
Use the diagram opposite to complete the classification of field mustard and wheat.

[2]
ol ol NM(U(\DQ sk

Kingdom: Plantae Plantae

(unranked): angiosperms angiosperms

(unranked): | OL\«QML@LLQW ....... monocotyledons

(unranked): Rosids O MM Q,UJ&L'()UL

Order: Lhroggacalod Poales

A400U201

13

Family: Brassicaceae =~ | Po. 000009

Genus: Brassica Triticum

Species: B. rapa T. aestivum

‘o L. S ,\. , : . - ({\ ¢ f‘:' "A_/'_I -{f"'a'l[ ‘& g" . < \‘i‘—‘;" - )
oo PR . < - : fl-.i_,‘._(,.f" A A
(ify  Using the information given and your own knowledge, describe how the seed of
field mustard differs from the wheat grain in terms of where it stores nutrients. 2]

OALCee . N she COMAL st
st dercome Mg ripletel andotporm. foaok Sort.
Mono ot JUe AR ke ade (gwq\ﬁ\a A endlog permuc
RGN O QLo e e platol mupbor ol are

O~ Ao ERIN AT,

AN
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(d) The amino acid sequence of the protein cytochrome C has been used to investigate

the evolutionary relationship between organisms. The table below shows the amino acid.

sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.

& ope AeHed = | oial aeld

Examin
only

o Position of amino acid in polypeptide chain

O

c o~
3 S =
m Ole-|lNIO|gT ||~ NI I FIDIOINIVID[(O] N
—~ I N N[O |~ T T — Ol OO0 O|O|O|O|O|NMN]|M([M~
1 M|D|{S|F|A{E|A|{P|A|GIN|P|T|T VIIIW|E|E|N|T|L]Y|D|Y
@|/M|A|PIFID|E|A|P|P|G|K|S|K|A V|E|W|E|E|K|T|L|T|D}]Y
@IM|A|S|F|D|{E|A|P|P|G|K|P|K]|A VIEIWIE|E|K|T|L|Y|E|Y

() Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. 1]

2L AL S2GUNCE. g aniha0. OO of protes LS.

(i) Count the differences between the amino acid sequences from sources 2 and 3.

Enter your answer in the table below. [1]
Between sources No. of differences
1and 2 11
2 and 3 .........................
1and 3 9

(i) Use the table above and diagram 1 on page 12 to conclude which source came

from which species. = [2]

Species Source

Maize (Zea mays) |

otk [ e (Tteum eestiu) || 5.......

N}@i@\ Barley (Hordeum vulgare) 2

RSN 'S
Yo - —[;: Wh e ode
€9ty

17

i
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, , ) Marks available
Question Marking details
AO1 AO2 AO3 Total | Maths Prac
3@ | (@) P — anther , Q - stigma 1 1
(i) 30/10 (1 mark)
= 3 (2 marks) 2 2 2 2
(i) Any two for 1 mark from,
large anthers/
anthers outside flower/
feathery stigmas/ 1 1
stigmas outside flower/
absence of petals/
not coloured/green colour
Accept reverse argument for insect pollinated
(b) () Fruit retains ovary wall/ovary wall and testa are fused (1) > 2
seed would only have a testa (1)
(i) One (nucleus) fuses with the {ovum/egg/female gamete} and
the other fuses with (two) polar nuclei (1) 2 2
The first forms the zygote and the second forms the
endosperm nucleus (1)
© | @ menesasers
angiosoms 1 1
(ii) Dicotyledons, Brassicales (1) 2
Commelinids, Poaceae (1)
(iii) Wheat stores in endosperm (1) 5 2
Field mustard stores in cotyledon (1)
(d) 0] The (more) closely related the fewer differences there will
be/the fewer differences the more recent common 1 1
ancestor/ORA
(i) 4 1 1 2
(iii) 132/123=2marks 2 2 2
Question 3 total 5 7 5 17 2 6
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Examiner
I
3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum. o
Q

P
1mm
| S
(i) Name the parts labelled P and Q. @ [1]

P g‘*f‘y‘\c\

Q g‘mw&* O LTS N LS e RPN ;
(i) Calculate the actual length of structure P. 2]

- 30
AN ,
size=.. MO mm

(i) Describe two features of the flower shown in the photograph which suggest it is

wind pollinated.

]

10
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3ai: 0
3aii: 0
3aiii: 0



Sticky Note

Both  Incorrect




Sticky Note

Incorrect use of scale bar.



Sticky Note

Answers lack clarity.





1"

Examiner
|
(b) The diagram below shows a wheat grain. 2l
endosperm cells with
starch granules
embryo — =

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

T hes e Yeskew. bod. o Zonbrid.... g

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation. 2]

’Ikyilsesr«ore Hay  one. . M.

L

© WJEC CBAC Lid (A400U20-1) Turn over.
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3bi: 0
3bii: 0



Sticky Note

No reference to ovary wall.



Sticky Note

Answer lacks clarity.
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(c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary

relationship.
Diagram 1
2 monocotyledonst
@ commelinids .I_ -
i
Poales — Zea mays (maize)
angiosperms —4;( ‘L
1 Poaceae Triticum aestivum (wheat)
B dicotyledons -L I Hordeum vulgare (barley)
rosids —

, i
-]\ Brassicales -
]_ Brassicaceae Ai_

Brassica rapa (field mustard)

Each branch on the diagram represents a clade, i.e. an ancestor together with all its

descendants.
(i) Mark with an X, the position on the diagram where wheat and field mustard share
a common ancestor. [1)
1 2 © WIJEC CBAC Lid (A400LJ20-1)
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Sticky Note

Correct
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(i) In modern plant classification systems hierarchical groups like Divisions and
Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

Use the diagram opposite to complete the classification of field mustard and wheat.

2]

Kingdom: Plantae Plantae
(unranked): angiosperms angiosperms
(unranked): : A.i.ﬂ_o I-3[ z J.,,., — monocotyledons
(unranked): Rosids Lemmelind/S
Order: Rrassilalesl . Poales

,,,,,,,,,, 1 —
Family: Brassicaceae Po ullag
Genus: Brassica Triticum @
Species: B. rapa T. aestivu"r;m—

(i)  Using the information given and your own knowledge, describe how the seed of
field mustard differs from the wheat grain in terms of where it stores nutrients. [2]

fe  fed mobd Shess ackins in Ne leaf «d

.................................................

AN

8 WJEC CSAC LId. (AAOOU20-1 Turn over.
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3cii: 2
3ciii: 1



Sticky Note

All correct.



Sticky Note

Candidate gives endosperm for wheat grain but not cotyledon for mustard seed.
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(d) The amino acid sequence of the protein cytochrome C has been used to investigate

the evolutionary relationship between organisms. The table below shows the amino acid
sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.

w Position of amino acid in polypeptide chain

: z :
M _lalo|e|vlo|~olo|@|=|N¥2IT|L S|SB 388|688 |R|<|R
1|M|D|[S|FIA/E|A|P|A|G|N|P|T|T VII|WIE|EIN|T|L|Y|[D|Y
2(M|A|P|F|D|IE/A|PIP|G|K|S|K|A \Y% WVEEKTLTDY
3|IM(A|S|F|D|IE|JA|P|PIG K|PIK|A Y WE‘E KlT LIYIE|Y

(i) Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. [1]

(i) Count the differences between the amino acid sequences from sources 2 and 3.

Enter your answer in the table below. 1]
Between sources No. of differences
1and 2 1"
" =
2and 3 Li. _________
1and 3 9

(i) Use the table above and diagram 1 on page 12 to conclude which source came

from which species. [2]
Species Source @
Maize (Zea mays) | . -
Wheat (Triticum aestivum) 3 o 2
Barley (Hordeum vulgare) 2./

T

2 WJEC CBAC Lid. (44000201}
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3di: 0
3dii: 1
3diii: 2



Sticky Note

Answer lacks clarity.



Sticky Note

correct



Sticky Note

All correct.
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3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum.

Q

P
1mm
—_
1O M
(i) Name the parts labelled P and Q. [1]

P ontr\erl@l
(i) Calculate the actual length of structure P. [2]

= 30
Alr == x1=3 ®)
2
SIze = v i D it MDY

(i) Describe two features of the flower shown in the photograph which suggest it is

wind pollinated. 1
Ankher. + S.\'.&Q.mﬁk....Q.\&S.&.&CLQ....S‘.Y\..?...:.I.'E'..\Q,N.'d,r ................................................................
SSKAQ MO LS EROSNRNY @ R R R e

Examiner
only
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3ai: 1
3aii: 2
3aiii: 1



Sticky Note

Both correctly identified.



Sticky Note

Correct use of scale bar



Sticky Note

Both features clearly visible in the photograph.
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(b) The diagram below shows a wheat grain.

\
%

S
‘(.

&,
(£
{7
L

o
(4

)
o

endosperm cells with
starch granules

]
CJ
7

o
®,

&2
2.0
1550

e o

g
Hahar o
RS OO TR
B (X3 #
SO O o |
HC 3#‘3’:"‘

testa

@
Yas )

U]

[y

ovary wall

26
e
%

B 7<)
\Qé

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

_DRCAULSE AN ONAro. wall LS. consained on NS . CUESs
Decause Q). SN . o (L
e tesropmnich. formsS. fhe frufs . e L Was..0.8ee0. susk.

e Yesko lseed coat). wsuld be 0N the aurs . 1 ...

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation. [2]

because Lmal auciel fuses with the oosphnere. o form. .

..c.x...mggm..u..-.....Am&....smm_\;m.x._..mu.\g.ur_\xmm...&.m.e.s...mim...th.p.\mo\.

PO NALCIRUS to form O brplovd end o Sperm AV eSS,
2

11
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3bi: 2
3bii: 2



Sticky Note

Clear explanations of why the wheat grain is a fruit and how it differs from a seed.



Sticky Note

Clear descriptions of both fertilisation events as well as the fate of the cells produced by each.
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(¢c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary
relationship.

Diagram 1

— monocotyledons <|_ -

1}
N

commelinids -L
1 @ Poales —| Zea mays (maize)
anglosperms —Y 1_
Poaceae

Triticum aestivum (wheat)

L dicotyledons ~I— Hordeum vulgare (barley)
rosids

-
—]_ Brassicales — i
‘l_ Brassicaceae -‘\

Brassica rapa (field mustard)

Each branch on the diagram represents a clade, i.e. an ancestor together with all its
descendants.

(i) Mark with an X, the position on the diagram where wheat and field mustard share
a common ancestor. 1

12

2 WJEC CBAC Ll¢, (A400UZ0-1)

Examiner
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3ci: 1



Sticky Note

Correct.
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(i) In modern plant classification systems hierarchical groups like Divisions and
Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

Use the diagram opposite to complete the classification of field mustard and wheat.

(2]

Kingdom: Plantae Plantae

i (unranked): angiosperms angiosperms
(unranked): Aisorgiedons monocotyledons
(unranked): Rosids Lohmetinuads.. ..
Order: BroSsieONeS. . Poales 2
Family: Brassicaceae R Ko fs W ol 270N .
Genus: Brassica Triticum
Species: B. rapa T. aestivum

(i)  Using the information given and your own knowledge, describe how the seed of
field mustard differs from the wheat grain in terms of where it stores nutrients. [2]

[T

© WJEC CBAC Ltd, (A400U20-1)

Turn over.
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3cii: 2
3ciii: 2



Sticky Note

All correct.



Sticky Note

Food stores correctly identified and clearly described for both wheat and mustard seeds.
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(d) The amino acid sequence of the protein cytochrome C has been used to investigate
the evolutionary relationship between organisms. The table below shows the amino acid
sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine. '

e Position of amino acid in polypeptide chain

(@] -

= ' o~

3 3 5

M lanlolvslolo|nola|2o922L 523388588 |IR|I<|R

1/M|D S|F|A|E|A|P|A|G|N|P|T|T VII|WIE|E|N|T|L|Y|D|Y

2(M|A|P F DIE|IA|P|P|G|K|S|K|A \Y WIE|E|K|T|L|T|D|Y
MASiFEDEAPPGKPKA \Y W E|E|K|T|L|Y|E|Y

(i)

>

Explain why determining the amino acid sequence of proteins from different

organisms can be used to show evolutionary relationships.

]

ASSIMUAREILS AL beun N 0rgomisms. Show Ssmalarisiedin.

ANG. ASLE LO02S £01. XN SEGURNLE SO Shows. a (lese TelaXion. ..

(ii)

(iii)

Count the differences between the amino acid sequences from sources 2 and 3.
Enter your answer in the table below.

Between sources

No. of differences

1and 2

11 1
2and 3 e
1and 3 9

®l

[

Use the table above and diagram 1 on page 12 to conclude which source came

from which species.

Species Source
Maize (Zea mays) Vi
Wheat (Triticum aestivum) T
Barl%l (Hordeum vulgare) e L

=

(2]

17

14

D WJEC CBAC Lid.
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3di: 0
3dii: 1
3diii: 2



Sticky Note

The link between amino acid sequence and DNA is relevant but the candidate's explanation is vague.



Sticky Note

correct



Sticky Note

Both correct.
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Examine
[
3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum. o

Syt

1mm
| S

\0 MU

(i) Name the parts labelled P and Q. . [1]

(i

i) Calculate the actual length of structure P. [2]

30 000

| =&

(iiiy Describe two features of the flower shown in the photograph which suggest it is
wind pollinated: [1]

L

© WJEC CBAC Ltd. (A400U20-1)




Sticky Note

Correct



Sticky Note

Correct



Sticky Note

Both feature clearly visible in the photograph.
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b) The diagram below shows a wheat grain. -
® ° ?7’ YOO ot = St ¢

endosperm cells with
starch granules

embryo

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

T b0 kol Anal A 0. ONNOAL ASLL.. Cpasoup ) oL
90 d hofREhna L 3N TNV SRCCI WY /1O Y o XC -

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation: [2]

r

Joyy Mo potin dpeoheol gy Hado poaden. shabl. diiedend......

PO IO SR pOULL. IabO . one. dnale. 0 amebe (H) frded.
WAt HAL 008 phar® (H) o ovive e olplodol 2y gebe , The
Oty Jmale Jomue (H) puied dmth e dplodol

Gnologporm anudly povinasag  HAL driptotdd U\gmm M

L
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Sticky Note

Correct reference to ovary wall for first marking point but does not compare with a seed for the second marking point.



Sticky Note

Candidate describes both fertilisation events for the first marking point and describes the fate of the fertilised cells for the second.
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(c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary
relationship.

Diagram 1

———

— monocotyledons 1
commelinids

=

-

Zea mays (maize)

Poaceae 4 Triticum aestivur@)

L dicotyledons —L - Hordeum vulgare (barley)
rosids

1— Brassicales l
Brassicaceae

Poales

——

angiosperms —

S

oy

b

, f\:. Q
Brassica rapd (field mustar

Each branch on the diagram represents a clade, i.e. an ancestor together with all its

Examine

only

descendants.
(i) Mark with an X, the position on the diagram where wheat and field mustard -share
a common ancestor. [1]
1 2 © WJEC CBAC Ltd. (A400U20-1)




Sticky Note

Correct.





13

Examiner

l
(i) In modern plant classification systems  hierarchical groups like Divisions and o

Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

otder = -~ aded | pamiy = - oA
Use the diagram opposite to complete the classification of field mustard and wheat.

[2]
ol ol NM(U(\DQ sk

Kingdom: Plantae Plantae

(unranked): angiosperms angiosperms

(unranked): | OL\«QML@LLQW ....... monocotyledons

(unranked): Rosids O MM Q,UJ&L'()UL

Order: Lhroggacalod Poales

A400U201

13

Family Brassicaceae | Po.acens. [

Genus: Brassica Triticum

Species: B. rapa T. aestivum

‘o L. S ,\. , : . - ({\ ¢ f‘:' "A_/'_I -{f"'a'l[ ‘& g" . < \‘i‘—‘;" - )
oo PR . < - : fl-.i_,‘._(,.f" A A
(ify  Using the information given and your own knowledge, describe how the seed of
field mustard differs from the wheat grain in terms of where it stores nutrients. 2]

POHRLCSe L oL DR ONNOY HhO. ,
alplod ok u\g%&/\{ sl m dplonol o potogpern fackaud
st Aoy Mo dnipletel endosperm. ook 40 1\&..,‘
MONG oo JU® A e ok prodn are &mﬁgj@ PN C
A N olieett e D} fratol mupbo oL are
OV~ Q/y\g@&\,\wﬁ PANC .

AN

© WJEC CBAG Ltd. (A400U20-1) Turn over.



Sticky Note

Both correct.



Sticky Note

Candidate correctly describes the endosperm as the food store in wheat, but does not make direct reference to the cotyledons as the food store in mustard seeds.
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(d) The amino acid sequence of the protein cytochrome C has been used to investigate

the evolutionary relationship between organisms. The table below shows the amino acid.

sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.

& ope AeHed = | oial aeld

Examin
only

o Position of amino acid in polypeptide chain

O

c o~
3 S =
m Ole-|lNIO|gT ||~ NI I FIDIOINIVID[(O] N
—~ I N N[O |~ T T — Ol OO0 O|O|O|O|O|NMN]|M([M~
1 M|D|{S|F|A{E|A|{P|A|GIN|P|T|T VIIIW|E|E|N|T|L]Y|D|Y
@|/M|A|PIFID|E|A|P|P|G|K|S|K|A V|E|W|E|E|K|T|L|T|D}]Y
@IM|A|S|F|D|{E|A|P|P|G|K|P|K]|A VIEIWIE|E|K|T|L|Y|E|Y

() Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. 1]

Lo HAL 8 MLLMMWLwQLuGU ..... of profexnd

(i) Count the differences between the amino acid sequences from sources 2 and 3.

Enter your answer in the table below. [1]
Between sources No. of differences
1and 2 11 @
2 and 3 .........................
1and 3 9

(i) Use the table above and diagram 1 on page 12 to conclude which source came

from which species. = [2]

Species Source

Maize (Zea mays) |

Y

N}@i@\ Barley (Hordeum vulgare) 2

RSN 'S
Yo - —[;: Wh e ode
€9ty

S [ Wheat (Triticum aestivum) |, KT

17

i
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Sticky Note

correct



Sticky Note

Correct.



Sticky Note

Correct.
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3. (a) The photograph below shows a flower of the wheat plant, Triticum aestivum.

Q
P
1Tmm
| I
(i) (1]
P e
Q e
(i) Calculate the actual length of structure P. [2]
Size = mm

(i) Describe two features of the flower shown in the photograph which suggest it is
wind pollinated. (1]

10

© WJEC CBAC Ltd. (A400U20-1)
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(b) The diagram below shows a wheat grain.

endosperm cells with
starch granules

embryo

(i) Use information shown in the diagram to explain why the grain is more correctly
described as a fruit rather than a seed. [2]

(i) Explain why the events taking place in the embryo sac of a wheat flower are
described as a double fertilisation. [2]

only

11

© WJEC CBAC Ltd. (A400U20-1) Turn over.
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(c) The photograph below shows a flower of the field mustard plant, Brassica rapa.

Diagram 1 below shows the classification of wheat and field mustard and their evolutionary

relationship.
Diagram 1
— monocotyledons1
commelinids l -
Poales — Zea mays (maize)
angiosperms — AL
Poaceae Triticum aestivum (wheat)
—  dicotyledons ‘L Hordeum vulgare (barley)
rosids |

AL Brassicales1 -
Brassicaceae —|

AI— Brassica rapa (field mustard)

Each branch on the diagram represents a clade, i.e. an ancestor together with all its
descendants.

() Mark with an X, the position on the diagram where wheat and field mustard share
a common ancestor. 1]

12

© WJEC CBAC Ltd. (A400U20-1)
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(i) In modern plant classification systems hierarchical groups like Divisions and
Classes have been replaced with unranked clades, but orders and families have
been retained and have names ending in ~ ales and ~ aceae respectively.

Use the diagram opposite to complete the classification of field mustard and whe[azt].
Kingdom: Plantae Plantae
(unranked): angiosperms angiosperms
(unranked): | monocotyledons
(unranked): Rosids |
Order: ............................................................. Poales
Family: Brassicaceae |
Genus: Brassica Triticum
Species: B. rapa T. aestivum
(i)  Using the information given and your own knowledge, describe how the seed of

field mustard differs from the wheat grain in terms of where it stores nutrients. [2]

Examiner
only

A400U201

13

13
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Examiner
[
(d) The amino acid sequence of the protein cytochrome C has been used to investigate o
the evolutionary relationship between organisms. The table below shows the amino acid
sequences of parts of the protein from three sources, wheat, barley and maize. The
amino acids are represented by using a single letter code, e.g. G = glycine.
w Position of amino acid in polypeptide chain
©)
c AN
5 e =
m O~ N M FT|IO[~( NNV I T OO |O|~—|N
~ N[ | T O O[N] D T T T T T O | O| OO O O O O[O [MN|IM~(M~
1 MD|SIFIAIE|AIP/A|G|NP|T|T VIIW|EIE|N|T|L|Y|D|Y
2 M|A|P|F|IDIE|/A|P|P|G|K|S|K|A VIEIW|E|IE|K|T|L|T|D|Y
3IM|A|S|F|D|E|A|P|P|G|K|P|K|A VIEIW|E|IE|K|T|L|Y|E|Y
(i) Explain why determining the amino acid sequence of proteins from different
organisms can be used to show evolutionary relationships. [1]
(i) Count the differences between the amino acid sequences from sources 2 and 3.
Enter your answer in the table below. [1]
Between sources No. of differences
1and 2 11
2and3 ..........................
1and 3 9
(i)  Use the table above and diagram 1 on page 12 to conclude which source came
from which species. 2]
Species Source
Maize (Zeamays) |
Wheat (Triticum aestivum) |~
Barley (Hordeum vulgare) |
17

14
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5. The northern elephant seal, Mirounga angustirostris, is named because the male has a large
nose that resembles an elephant'’s trunk. They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.

180 000 TP T o T T e

;.TA 1 i , | I
1600004 ‘ :
140000+ N I | / ;

, 1200004 e
3 maanansal ¢ 1 B HH
8 100000+ , e
o) {4 I R ! 1 /.
ke N } I IS S NS (SN S
8 80000f—rt-— P Emay mn mans
E L .Ti.,... S 1 S L : : Lk ' [}
3 HF R EE e s m B NSNS dwEE SE,
S 60000 —H— ENmmmms e "tt/::. H
Bamanmmns dmnn, e aEd §5 S8 SR RS R RS snaAn Senas SRNAESaE
40000 +—+HH—Hr e j
e E ARl IRERD e aee e s v e s e e EERRE
200001 l;: sumw| wamszannERzisces sy /' = |
SR AR fuRE. 5 E AN ARG BN P i
NS HH

0 — T ; T L
1750 1800 1850 1900 1950 2000

year
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Examiner
|
(a) Factors affecting population size are described as density dependent or density s

independent. Use the graph to identify when density dependent and density independent
3 factors would have been acting, between the years 1750 and 1830 and suggest what
j these factors may have been. [4]

(b) An event in which the size of an existing population is drastically reduced is called a
population bottleneck.

By 1910, Northern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe
evidence from the graph which suggests that conservation measures were successful.

[2]
450 gnd 850 Hiare wad 8

Lncredre BEKL moas exkuackon RISG-2000
COMAR AU (DN MOAINUNL) gmc'ce/)/)w e

repopuddbuny - graoudl 19430 -[450

23
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the population bottleneck on the genetic diversity of
northern elephant seals a group of scientists compared nucleotide sequences of DNA.
Samples were taken from 185 present day northern elephant seals and compared with
22 museum samples of northern elephant seals collected in the nineteenth century.

Five different base sequences have been identified at the same point in the same gene
locus. The results table below shows the number of specimens showing each of these
alternative base sequences.

2 Number of specimens showing this sequence
Base sequence at a particular
oint in the gene locus.
P g e present day nineteenth century
GTA 50 8 |
GAA 0 8
GAG 0 4
AAG 135 1
AAA 0 1

3

S

d have used to ampln‘y the DNA available
1

@ Name a technlque that the scienti
‘§\ from the museum specimens.

u) Give one limitation of the experiment that produced the results in the table. 1]

Q) ; : A
L (iii) With reference to the data, draw a conclusion about the impact of population
bottienecks on genetic diversity of northern elephant seals. ) [2]

K rmum e 0f A A@, .......................... 0 M :
Cembury g tewy Specumen) Shecoascing it
More duiendtty .

24
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Examiner

|
In order to investigate the impact of the population events on development in the northern o

elephant seals, the same group of scientists also compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown
in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetry.

The graphs below show the results of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

Nineteenth century Present day
Q Q
0.85 o 0.85
0.8 — 08
0.75 o 0.75
o 14
£ o7 5 o7
> 065 = 065
g " g
0.6 0.6
0.55 0.55
0.5 05
o
‘ 0.45 . , 2 0.45 —
05 055 06 065 07 075 08 085 05 055 0.6 065 07 075 08 085
log RMTR log RMTR

Skeps aF 08 RMTR

(d) Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants seals. [2]

25
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The scientists also measured the skulls of present day southern elephant seals, W’
leonina, which did not suffer as badly from the population bottleneck of the nineteentF .

(e) (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? . 11

(i) Howdoes measuring southern elephant seals improve the validity of the conclusion?

1l
WAL S If Ml 1eOudds e 30 TAUAL G4 ...

aftem bo e
(i) Draw aline on the d%o represent the g;aée%{gl'dzrelationship between the
LMTR and RMTR for the southern elephant seals. [1]

southern elephant seals

[o)
-~

~0:85
0.8
0.751

0.7

0.657
0.6
0.55

log LMTR

0.5

0.45 : - - . - -
05 055 06 065 07 075 08 085
log RMTR

() How might the effects of the population bottleneck of the nineteenth century on the DNA
described in part (c) and the development described in part (d) affect the survival of
northern elephant seals in the future? [2]

fen. vaatation. medus Slovver. Aolapllion e
ek inchwot I Muare dpre o)

AUVt AL ol DG it el
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5. The northern elephant seal, Mirounga angustirostris, is named because the male has a large

nose that resembles an elephant's trunk. They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.

180000

A e H !
160000 ———-HH—H-
PN R | H
140 000N e yam
120 000 F—++—H——— T : HT
2 P o AU ERAE | EEE
@ T \ HH- HHEH : b
8 1000004 —HHH A mmmn |ARSE i nmuus
o ‘ aRRERERE S i/i""“
S 80000+ mEnHmmELaAEEERNRSRar ANE AR
E i IS NN NSNS 'i: i
g B O N N L O i 0 TN /‘ H
60000+ e 1
40000+ Eon s food i
H \ HEH AR
200004 HHHHH N
L \! I i V ARERERE. AREEN
oEEEH Siinassems nssieanss
1750 1800 1850 1900 1950 2000

year
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Examiner

(a) Factors affecting population size are described as density dependent or density g

independent. Use the graph to identify when density dependent and density independent
factors would have been acting, between the years 1750 and 1830, and suggest what
these factors may have been. 4]

rem
Density ndepnd Q_(\X..,Bk:&W'Q'Q(\ 1T1%0 £0. A0, AS. NUmManNS. ...

nunced . the seols ond wiped oot the popwliotian. for theio

pubber due ko demand 10 Aamp il Densisy. de pendens. ..
RN 440 ... e s B et

(b) An event in which the size of an existing population is drastically reduced is called a

population bottleneck.

By 1910, Northern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.
Explain how the graph illustrates an example of a ‘population bottleneck’ and describe
evidence from the graph which suggests that conservation measures were successful.
[2]
The drup from  Ns0. shows che bogkleneade s Ehe PPN
MASSYRLY. Lo AMER A . LonsLINARILN WA SUCCRSSEUL QS s PLpULGYIEN

Toprdly antreased Leom A9 0. 50, QlMUSE. SFOCELOQ. ARV RN LN TS0,
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the populatlon bottleneck on the genetic diy
northern elephant seals a group of scientists compared nucleoti uences of DNA.
Samples were taken from resent day northern elephant seals and compared with
22 mL of northern elephant seals collected in the nineteenth century.

Five different base have been identified at the'same point in the same gene
locus. The results table below shows the number of specimens showing each of these
alternative base sequences.

Base sequence at a particular NUTOAr O SRecimaniahcirg e Soduonios
point in the gene locus. present day nineteenth century
GTA 50 6
GAA 0 s
GAG 0 5
AAG 135 1
AAA 0 ! |

[A. Rus Hoelzel ef al; J. Evol. Biol. 15 (2002) 567-575)]

(i) Name a technique that the scientists could have used to amplify the DNA available
from the museum specimens. [1]

BTl Bl 11414, U ¢ VU108 0 10U 1) VS S o |

(i) Give one limitation of the experiment that produced the results in the table. [1]

(i) With reference to the data, draw a conclusion about the impact of population

bottlenecks on genetic diversity of northern elephant seals. [2]
DOSR SeY YeNLRS

MASSNRAY . LEAMCRA XX A8 .3 GRAR Tt

0N QL gRNR.
lotus noave been vitped out trom she. pupularion (GAA,. ..

.f:&P.\R',\...:\f...AAA.....O,.&\..I\Q.UJ..n&:.‘t....p..t..‘&.&t!.\.'c)._.-l.]h(&l.‘f....\k.&&d....tD....b.ﬁ...QlQS&ﬂ.\l
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In order to investigate the impact of the population events on development in the northern
elephant seals, the same group of scientists alsc compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown

in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetry.

The graphs below show the resuits of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

Nineteenth century Present day
0.85 o 0.85
0.8 08
0.75 0.75
0.7 0.7
5 2
o 0.65] o 065
K] i)
0.61 06
055 0.554
0.5 0.5
o
0.45 . - . 0.45 —
05 055 08 065 07 075 08 085 05 055 06 065 07 075 08 085
log RMTR log RMTR

(d) Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants seals. [2]

MADARDARA IS rRAMCEA symMmetry as the present Aoy poinis.

AEG LA ARNCON R Cromu ae. - SMmAR Xe) MR s o
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o Examine
I
The scientists also measured the skulls of present day southern elephant seals, Mirounga b

leonina, which did not suffer as badly from the population bottleneck of the nineteenth century.

() (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? ]

SHove the sOme QenWS = DCCOM NGO

(i) How does measuring southern elephant seals improve the validity of the conclusion?
)

rRe noihgmseas
AKS. A0SO COMPATLSON. L0 See. NOW. pAdlY attecred SR were. .

(i) Draw aline on the grid below to represent the expected relationship between the
LMTR and RMTR for the southern elephant seals. [1]

southern elephant seals

Q
R

0.851
08 /
0.75 .

0.7 S
0.65

0.6 d
0.55 /

0.5
0.45 v v v v v v

05 055 06 065 07 075 08 085
log RMTR

log LMTR

(f) How might the effects of the population bottleneck of the nineteenth century on the DNA
described in part (c) and the development described in part (d) affect the survival of
northern elephant seals in the future? [2]

Aahichonatural ssiecrioncelies on.. lorder. Cor. chem to. (hangr ¢
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5. The northern elephan Mirounga angustirostris, is named because the male has a large
nose that resembles armelephant’s trunk: They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.
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(a) Factors affecting population size are described as§ density dependent or density
independent. Use the graph to identify when density dependent and density independent
factors would have been acting, between the years 1750 and 1830, and suggest what

these factors may have been. [4]
TR PRS0l L 08t AN AP, o nou sk H8RS AL ..
AE00 s, o4 S0 pepuhahion. 48R a0 oloeinl
ST J 0 Sersudnnoh et ol
denbiip. dopendenk, coutd do.

@qu»\& ..... ndopondont poenos coulol b a
SO0l o0 ho X &0 0 eouckhg Uald. [heunannt. s,

0P s dho chole popLdoion .

(b) An event in which the size of an existing population is drastically reduced is called a
population bottleneck. 7 popoie dpotong U ‘

By orthern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe
evidence from the graph which suggests that conservation measures were successful.

2]
anL.popatadion.hete AELK 8 IO 0 AN UL, AN K.

QLOULIL.. COIRDLAD. HAL evseer. pop ot on. 0. o L OUAY....
................................................ CTANNY = STV LN = S

SR @k, AL popudodnion con albHher g0 S

WANNSIY AP dpers Nt oo Jon, o HALY

Con bosld bodd v de dho anedbuAd et

0 et GO . Thae progpht oW el preeured

UNOUL S fen tU cer S o coude  Hhe \,f)_Q/MM\Q\/\

GA CRONES apoin pken (9o, arol dlen veny

oraploly epber 1950
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the population bottleneck on the genetic diversity of
northern elephant seals a group of scientists compared nucleotide sequences of DNA.
Samples were taken from 185 present day northern elephant seals and compared with
22 museum samples of northern elephant seals collected in the nineteenth century.

~_Five different base sequences have been identified at the same point in the same gene
“locus. The results table below shows the number of specimens: showing each of these
alternative base sequences.

, Number of specimens showing this sequence
Base sequence at a particular
pointin the gene locus. present day nineteenth century
GTA 50 8
GAA 0 8
GAG 0 4
AAG 135 1
AAA 0 1

[A. Rus Hoelzel et al; J. Evol. Biol. 15 (2002) 567-575)]

(iy Name a technique that the scientists could have used to amplify the DNA available

from the museum specimens. 1]

............... CLCIL e

(i) Give one limitation of the experiment that produced the results in the table. 1]

L ThO5L s P st 6. 000N ool DN AR
ol ol nop oy .

(i)  With reference to the data, draw a conclusion about the impact of population

bottlenecks on genetic diversity of northern elephant seals. [2]

QAU O AL orudieer o oAt (popudaion, ol
epont gouy Hont w3 185 buk i He 1900

Examij
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In order to investigate the impact of the population events on development in the northern
elephant seals, the same group of scientists also compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown
in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetryy

The graphs below show the results of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

Nineteenth century Present day

0.751
0.7

0.657
0.6

logCMTR

0.55
0.5

(d)

0.45 v r T x T .
05 055 06 065 07 075 08 0.85

log@MTR

”MM\Q W Oy

FURNI VNS

logDMTR

0.9 0.9
0.857 0.85
0.81 0.81

0.75q

0.7

0.651

0.6

0.551
0.51

VNN “H/\'OJ‘(‘

log

0.45 . : : r . T
0.5. 055 06 065 07 075 08 0.85
&MTR

Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants sealis.
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The scientists also measured the skulls of present day southern elephant seals, Mirounga
Ma, which di t suffer as badly from the population bottleneck of the nineteenth century:
g :
() (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? . 1]

(i) How does measuring southern elephant seals improve the yalidity’of the conclusion?

1]
Ta@nL Ly O WA OAL £ SUADADLL. O LS. Lo O nore

oL COUPae cne BN cgine e eodle
(i) Draw a line on the grid below to represent the expected relationship between the
LMTR and RMTR for the southern elephant seals. 11

southern elephant seals

0.9
0.851
0.81 ' N
0.75 T o
o
E o7 PO EAS
- L9
o 0.657
o
0.6
0.551
0.5
0.45 . T T . T r
05 055 06 065 07 075 08 085
log RMTR A Sy ,wwhrxd +
ot~ pop- ruiub e’

() How might the efé\ects of the population bottleneck of the nineteenth century on the DNA |

described in part Yc) and the development described in part (d) affect the survival of
northern elephant seals in the future? ° [2]

...... b A PUbURe. g 00 U RO, SR ateoh Juyninad

poouk L DWA oy 0¢c , U popudaion
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_ _ _ Marks available
Question Marking details
AO1 AO2 AO3 Total | Maths Prac
51 (@) {within range of 1750- 1800/at the beginning} population was
regulated by density dependent factors (1)
e.g. {competition for/limited availability of} {food/mating
sites/mates}/disease/predation (1) 2 2 4
within range1780-1830 population was subject to density
independent factors (1)
Eg. hunting (1)
(b) The population number crashes to a {very small number/4000}(1)
Then the number of seals recovered (almost to the same level as 1 1 2
before) (1)
(c) 0] Polymerase chain reaction/PCR 1 1
(i) Sample size for nineteenth century seals is {small/only 22}/only one 1 1 1
gene locus {used/sampled}
(i) (Population bottleneck) has caused decrease in genetic diversity
)
only 2 different sequences in modern but all 5 found in 19" C/GAA 2 2 2
GAG AAA are missing in present day/
there is a wider range of different sequences in nineteenth C(1)
(d) skulls less symmetrical (1)
Points on graph for modern seals show a shallower 5 2 2
gradient/greater scatter of data/reference to outliers/more deviation
from the line/less correlation/ lower correlation (1)
(e) 0] Same genus/both belong to Mirounga 1 1
(i) They form a control group/to compare with similar species that
have not suffered a bottleneck. 1 1 1
NOT compare unqualified/more data available to calculate mean
(i) line must produce symmetrical shapes 1 1 1
® The reduction in genetic diversity might mean the species will not
be able to adapt to a change in the environment (1)
Loss of symmetry might mean they are less able to compete for 2 2
food/mates/jaw is not symmetrical so they cannot catch food as
easily (1)
Question 5 total 4 6 7 17 0 7

© WJEC CBAC Ltd.
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5. The northern elephant seal, Mirounga angustirostris, is named because the male has a large
nose that resembles an elephant'’s trunk. They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.

180 000 TP T o T T e
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(a) Factors affecting population size are described as density dependent or density
independent. Use the graph to identify when density dependent and density independent

3 factors would have been acting, between the years 1750 and 1830 and suggest what
j these factors may have been. [4]

(b) An event in which the size of an existing population is drastically reduced is called a
population bottleneck.

By 1910, Northern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe 5a: 2
evidence from the graph which suggests that conservation measures were successful. 50 1

950 and 1850 Hioke wan 8 7

duar e olecre are oL PeaNL ‘POl M.
hotte nock ' M09 ra

uncreane apﬁé‘fmmaar oxturchon RI5O- 2000
COMAR AU (DN MOAINUNL) gmc'ce/)/)w e

repopuddbuny - graoudl 19430 -[450
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Sticky Note

Candidate gives valid examples of density dependent and density independent factors but failed to identify the dates over which they were operating.



Sticky Note

Candidate correctly explains the bottleneck but there is confusion about the dates for conservation effects.
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the population bottleneck on the genetic diversity of
northern elephant seals a group of scientists compared nucleotide sequences of DNA.
Samples were taken from 185 present day northern elephant seals and compared with
22 museum samples of northern elephant seals collected in the nineteenth century.

Five different base sequences have been identified at the same point in the same gene
locus. The results table below shows the number of specimens showing each of these
alternative base sequences.

2 Number of specimens showing this sequence
Base sequence at a particular
oint in the gene locus.
P g e present day nineteenth century
GTA 50 8 |
GAA 0 8
GAG 0 4
AAG 135 1
AAA 0 1

3

S

@ Name a technlque that the scienti
‘§\ from the museum specimens.

u) Give one limitation of the experiment that produced the results in the table. \é}

Q) ; : A
L (iii) With reference to the data, draw a conclusion about the impact of population
bottienecks on genetic diversity of northern elephant sefls. ) [2]

S Wmm ..... P
A\ rmum e OF A A§ e M. ...
Combury hag ben Specumon) geesaey bt
More duiendtty .
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Sticky Note

incorrect technique



Sticky Note

candidate fails to recognise the small size of the 19th century sample.



Sticky Note

Both marks awarded.
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were able to assess their symmetry.

Nineteenth century

Q

In order to investigate the impact of the population events on development in the northern
elephant seals, the same group of scientists also compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown
in the diagram below. By comparing the lengths from the right and left sides of each skull they

The graphs below show the results of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

7

0.8
0.75
0.7

0.65
0.6
0.55

log LMTR

0.5

0.85 0,

‘ 0.45

log RMTR

05 055 06 065 07 075 08 085

Skeps aF 08 RMTR

(d) Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants seals. [2]

Present day

Q.
i

0.85

0.75
0.7

0.65
0.6

log LMTR

0.55

0.5

0.45 e
05 055 06 065 07 075 08 085
log RMTR
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Sticky Note

Candidate recognises reduction in symmetry but explanation lacks clarity.
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The scientists also measured the skulls of present day southern elephant seals, W’
leonina, which did not suffer as badly from the population bottleneck of the nineteentF .

(e) (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal?

(i) Howdoes measuring southern elephant seals improve the validity of the conclusion?

WAL Showd i Mg, redud s waor\eoww

aftem bo e
(i) Draw aline on the d%o represent the g;aée%{gl'dzrelationship between the
LMTR and RMTR for the southern elephant seals. [1]

southern elephant seals

[o)
-~

~0:85 @
0.8
0.751

0.7

0.657
0.6
0.55

log LMTR

0.5

0.45 : - - . - -
05 055 06 065 07 075 08 085
log RMTR

() How might the effects of the population bottleneck of the nineteenth century on the DNA
described in part (c) and the development described in part (d) affect the survival of
northern elephant seals in the future? [2]

fen. vaatation. medus Slovver. Aolapllion e
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Sticky Note

correct response



Sticky Note

Incomplete answer leaves examiner to complete the explanation.



Sticky Note

Candidates has not drawn a line in which values of log LMTR are equal to log RMTR



Sticky Note

Explanation lacks clarity.
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5. The northern elephant seal, Mirounga angustirostris, is named because the male has a large

nose that resembles an elephant's trunk. They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.
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(a) Factors affecting population size are described as density dependent or density
independent. Use the graph to identify when density dependent and density independent
factors would have been acting, between the years 1750 and 1

these factors may have been.

rem
Density ndepnd Q_(\X..,Bk:&W'Q'Q(\ 1T1%0 £0. A0, AS. NUmManNS. ...

.tmm..ecx_..t‘hg%.sgms...onu Anlped out N poupwlosicn  fox their. ..

pubber due ko demand 10 Aamp il Densisy. de pendens. ..
RN 440 ... e s B et

(b) An event in which the size of an existing population is drastically reduced is called a

population bottleneck.

By 1910, Northern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth

century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe

evidence from the graph which suggests that conservation measures were successful.
The drup from L0 . shows che botkleneae S Ehe PRSI ON..
MASSYRLY. Lo AR A . LonsLINARILN WA SUCCRSSEUL QS AN PLpULGYIEN

Toprdly antreased Leom A9 0. 50, QlMUSE. SFOCELOQ. ARV RN LN TS0,

(=

=

and suggest what

4]

(2]
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Sticky Note

Correct identification of the time frame for density independent factors and a correct example, but the candidate did not address density independent factors.



Sticky Note

Correct selection of illustrations and clear descriptions of evidence.
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the populatlon bottleneck on the ol n
northern elephant seals a group of scientists compared nucleoti
Samples were taken from resent day northern elephant seals and compared with
22 of northern elephant seals collected in the nineteenth century.

Five different base seque have been identified at the'same point in the same gene
locus. The results table below shows the number of specimens showing each of these
alternative base sequences.

Base sequence at a particular NUTOAr O SRecimaniahcirg e Soduonios
point in the gene locus. present day nineteenth century
GTA 50 6
GAA 0 s
GAG 0 5
AAG 135 1
AAA 0 ! |

[A. Rus Hoelzel ef al; J. Evol. Biol. 15 (2002) 567-575)]

(i) Name a technique that the scientists could have us amplify the DNA available
from the museum specimens. 1 [1]

BTl Bl 11414, U ¢ VU108 0 10U 1) VS S o |

(i) Give one limitation of the experiment that produced the results in the table. [1]

(i) With reference to the data, draw a conclusion about the impact of population
bottlenecks on genetic diversity of northern elephant seals. [2]
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Sticky Note

Correct.



Sticky Note

Candidate draws a correct conclusion and clearly describes the evidence.
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In order to investigate the impact of the population events on development in the northern bz
elephant seals, the same group of scientists alsc compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown
in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetry.
The graphs below show the resuits of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).
Nineteenth century Present day
0.85 o 0.85
0.8 08
0.75 .75
E & i 0.7
0.7 0.7
5 =
o 0.85] o 065
o k)
0.61 0.6
055 0.551
0.5 0.5
o]
0.45 . . v 0.45 —
05 055 08 065 07 075 08 085 05 055 06 065 07 075 08 085
log RMTR log RMTR
(d) Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants seals. [2] @
AaparRaRd v oreduced symmertngl as she present Aoy poeinss.
AEG LA ARNCON R Cromu ae. - SMmAR Xe) MR s o
1

5d:
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Sticky Note

Candidate draws a correct conclusion and clearly describes the evidence.
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S| e o Examine
I
The scientists also measured the skulls of present day southern elephant seals, Mirounga b

leonina, which did not suffer as badly from the population bottleneck of the nineteenth century.

() (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? []

1
SHove the sOme genus = MUCOMNGO ... @ ......................................
(i) How does measuring southern elephant seals improve the validity of the conclusion?

1
@ rRe noihgmseas
AKS. A0SO COMPATLSON. L0 See. NOW. pAdlY attecred SR were. .

(i) Draw aline on the grid below to represent the expected relationship between the
LMTR and RMTR for the southern elephant seals. [1]

southern elephant seals

Q

085 ®
08 /

0.75 P .
o A Sei: 1
E 0.71 - 5eii: 0
2 085) B Seiii: 0
T 06 v

0.55 /
0.5
0.45 v v v v v v

05 055 06 065 07 075 08 085
log RMTR

(f) How might the effects of the population bottleneck of the nineteenth century on the DNA
described in part (c) and the development described in part (d) affect the survival of
northern elephant seals in the future? [2]

Aahichonatural ssiecrioncelies on.. lorder. Cor. chem to. (hangr ¢
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Sticky Note

Correctly uses the relevant information.



Sticky Note

Answer is too vague, does not use the term 'control' or explain that the comparison is with a group that did not suffer a bottleneck.



Sticky Note

Correct. Line shows symmetry.



Sticky Note

text copied from extra pages



Sticky Note

Candidate clearly describes affect of reduction in genetic diversity but does not address change in symmetry.
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N

5. The northern elephan Mirounga angustirostris, is named because the male has a large
nose that resembles armelephant’s trunk: They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.
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(a) Factors affecting population size are described as§ density dependent or density
independent. Use the graph to identify when density dependent and density independent
factors would have been acting, between the years 1750 and 1830, and suggest what

these factors may have been. [4]
TR PRS0l L 08t AN AP, o nou sk H8RS AL ..
AE00 s, o4 S0 pepuhahion. 48R a0 oloeinl
ST J 0 Sersudnnoh et ol
denbiip. dopendenk, coutd do.

@qu»\& ..... ndopondont poenos coulol b a
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(b) An event in which the size of an existing population is drastically reduced is called a
population bottleneck. 7 popoie dpotong U ‘

By orthern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe
evidence from the graph which suggests that conservation measures were successful.
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(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the population bottleneck on the genetic diversity of
northern elephant seals a group of scientists compared nucleotide sequences of DNA.
Samples were taken from 185 present day northern elephant seals and compared with
22 museum samples of northern elephant seals collected in the nineteenth century.

~_Five different base sequences have been identified at the same point in the same gene
“locus. The results table below shows the number of specimens: showing each of these
alternative base sequences.

, Number of specimens showing this sequence
Base sequence at a particular
pointin the gene locus. present day nineteenth century
GTA 50 8
GAA 0 8
GAG 0 4
AAG 135 1
AAA 0 1

[A. Rus Hoelzel et al; J. Evol. Biol. 15 (2002) 567-575)]

(iy Name a technique that the scientists could have used to amplify the DNA available

from the museum specimens. @ 1]
............... CLCI e
(i) Give one limitation of the experiment that produced the results in the table. 1]

LThere a8 o il el of
ocnp it ol %&LM

(i)  With reference to the data, draw a conclusion about the impact of population
bottlenecks on genetic diversity of northern elephant seals. [2]

QAU O AL orudieer o oAt (popudaion, ol
epont gouy Hont w3 185 buk i He 1900
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In order to investigate the impact of the population events on development in the northern
elephant seals, the same group of scientists also compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown
in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetryy

The graphs below show the results of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

Nineteenth century Present day

0.751
0.7

0.657
0.6

logCMTR

0.55
0.5

(d)

0.45 v r T x T .
05 055 06 065 07 075 08 0.85

MU Oy

log@MTR

logDMTR

0.9 0.9
0.857 0.85
0.81 0.81

0.75q

0.7

0.651

0.6

0.551
0.51

log

0.45 . : : r . T
0.5. 055 06 065 07 075 08 0.85
&MTR

Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants sealis.

ad o e 1800

) ...................................................................................
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The scientists also measured /ihe skulls of present day southern elephant seals, Mirounga

Ma, which di t suffer as badly from the population bottleneck of the nineteenth century.
g A

() (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? . @ 1]

(i) How does measuring southern elephant seals improve the yalidity’of the conclusion?

(1]

Tre okt O ok e f UL B i
oL COLLPO cN BN c g D eodle
(i) Draw a line on the grid below to represent the expected relationship between the
LMTR and RMTR for the southern elephant seals. 11

southern elephant seals

0.9 @

0.851
0.81 ' N
0.751 T Haon
e
= ok
o 0.657
e
0.6
0.551
0.5
0.45 . r r . T .
05 055 06 065 07 075 08 085
log RMTR /W +
o~ ? wo %ﬁuﬂﬁ
0 pep

() How might the efé\ects of the population bottleneck of the nineteenth century on the DNA |

described in part Yc) and the development described in part (d) affect the survival of
northern elephant seals in the future? ° [2]
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5.

The northern elephant seal, Mirounga angustirostris, is named because the male has a large
nose that resembles an elephant’s trunk. They feed on squid, octopus and fish. They have a
thick layer of blubber which was used by humans in the nineteenth century to produce lamp oil.

The population curve below shows estimates of the population of northern elephant seals from
1750 to 2010.
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(@) Factors affecting population size are described as density dependent or density
independent. Use the graph to identify when density dependent and density independent
factors would have been acting, between the years 1750 and 1830, and suggest what
these factors may have been. [4]

(b) An event in which the size of an existing population is drastically reduced is called a
population bottleneck.

By 1910, Northern Elephant Seals were only found on Guadalupe Island off Baja California,
Mexico. The species was protected under U.S. and Mexican law early in the twentieth
century.

Explain how the graph illustrates an example of a ‘population bottleneck’ and describe
evidence from the graph which suggests that conservation measures were successful.

[2]

23

© WJEC CBAC Ltd. (A400U20-1) Turn over.

Examiner
only





24

(c) Today, all Northern Elephant Seals are descended from the 50 or so Guadalupe seals.

In order to assess the impact of the population bottleneck on the genetic diversity of
northern elephant seals a group of scientists compared nucleotide sequences of DNA.
Samples were taken from 185 present day northern elephant seals and compared with
22 museum samples of northern elephant seals collected in the nineteenth century.

Five different base sequences have been identified at the same point in the same gene
locus. The results table below shows the number of specimens showing each of these
alternative base sequences.

, Number of specimens showing this sequence
Base sequence at a particular
intin th I .
pointin the gene locus present day nineteenth century
GTA 50 8
GAA 0 8
GAG 0 4
AAG 135 1
AAA 0 1

[A. Rus Hoelzel et al; J. Evol. Biol. 15 (2002) 567-575)]

(i) Name a technique that the scientists could have used to amplify the DNA available
from the museum specimens. [1]

(i)  With reference to the data, draw a conclusion about the impact of population
bottlenecks on genetic diversity of northern elephant seals. [2]
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Examiner

[
In order to investigate the impact of the population events on development in the northern o

elephant seals, the same group of scientists also compared the skulls of present day seals with
the museum specimens. They measured the length of the Mandibular Tooth Row (MTR) shown

in the diagram below. By comparing the lengths from the right and left sides of each skull they
were able to assess their symmetry.

The graphs below show the results of plotting logs of values for the Left Mandibular Tooth Row
(LMTR) against logs of values for the Right Mandibular Tooth Row (RMTR).

Nineteenth century Present day
0.9 0.9
0.85 o 0.85
0.8 0.8
0.751 0.751
= : =
- -
o 0.65] o 0.65]
o o
0.61 0.61
0.55 0.55
0.51 0.51
o
0.45 : : : : : : 0.45 : ; ; . , .
05 055 06 065 07 075 08 0.85 05 055 06 065 07 075 08 0.85
log RMTR log RMTR

(d) Use the graphs above to draw a conclusion about the impact of population bottleneck of
the nineteenth century on the symmetry of skulls in northern elephants seals. [2]

25

© WJEC CBAC Ltd. (A400U20-1) Turn over.





26

The scientists also measured the skulls of present day southern elephant seals, Mirounga
leonina, which did not suffer as badly from the population bottleneck of the nineteenth century.

(e) (i) Usingthe information, what is the evidence that the northern elephant seal is closely
related to the southern elephant seal? 1]

(1]

(i) Draw aline on the grid below to represent the expected relationship between the
LMTR and RMTR for the southern elephant seals. [1]

southern elephant seals

0.857
0.81
0.757
0.71

0.657
0.61

log LMTR

0.551
0.51

0.45 r T . . : :
05 055 06 065 0.7 075 0.8 0.85
log RMTR

(f)  How might the effects of the population bottleneck of the nineteenth century on the DNA
described in part (c) and the development described in part (d) affect the survival of
northern elephant seals in the future? 2]
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