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Ql.
A sea urchin is an invertebrate animal that lives on the seabed.

The photograph shows a sea urchin.

Sea urchin embryos are often used to study embryonic development.

In the early stages of embryonic development, a sea urchin embryo is similar to a mammalian
embryo.

(a) A scientist observed a fertilised sea urchin egg during the first few days after fertilisation.

Explain how this fertilised egg became a hollow structure.

(b) The scientist found that 128 cells were present after a few days.

Calculate the number of rounds of cleavage that had taken place.
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Q2.
A zygote is formed when gametes fuse at fertilisation.

Describe how the process of fertilisation results in the formation of a zygote from the gametes in
humans.

(Total for question = 3 marks)

Q3.

In vitro fertilisation (IVF) is a technique in which eggs are taken from the ovaries and fertilised
with sperm in a laboratory.

The resulting embryos are cultured until the four-cell stage, as shown in the diagram.
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Two screening techniques used to identify embryos with chromosomal abnormalities are:

e polar body biopsy in which the polar bodies are removed and the chromosomes
analysed
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e pre-implantation genetic diagnosis (PGD) in which one cell from the four-cell stage
embryo is removed and the chromosomes analysed.

Embryos without chromosome abnormalities are placed into the mother's uterus.

The success rates of both techniques are shown in the table.

Percentage of embryos that Percentage of embryos

Technique T transferred tc.u the uterus that
lead to the birth of baby (%)
Polar body biopsy 87 21
PGD 74 29
Control IVF with no screening 16

Analyse the data to comment on the effectiveness of the two techniques.

(Total for question = 4 marks)

Q4.
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Mitochondrial disorders may be caused by mutations in the genes coding for mitochondrial
components. Some of these genes are found in mitochondrial DNA (mtDNA) and some are found
in nuclear DNA.

Leigh syndrome is an example of a mitochondrial disorder. In this syndrome, a number of
different proteins involved in respiration are affected.

These mutations may be inherited or may occur when DNA replicates.

Explain why mutations in nuclear DNA can be inherited from either the mother or the father
whereas mutations in mtDNA are only inherited from the mother.

(Total for question = 2 marks)

Q5.

Leigh syndrome is a genetic disorder inherited from the mother. The mother carries genes for
the disorder in her mitochondrial DNA.

Scientists have developed a technique for producing 'three-parent' babies.

This ensures that a mother with Leigh syndrome will not pass on the genes for this disorder to
her baby.

The technique involves:

e removing the nucleus from the ovum of the mother

e removing the nucleus from the ovum of a donor female to produce an enucleated ovum
e inserting the nucleus from the ovum of the mother into the enucleated donor ovum

fertilising this ovum with the sperm of the father to produce a zygote
implanting the resulting embryo into the uterus of the mother.

(i) The 'three-parent' baby produced by this technique will inherit mitochondrial DNA from the

[0 A donor female
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[0 B donor female and father
0 € mother
[0 D mother and father

(ii) Explain the importance of DNA replication during the development of this zygote into a
blastocyst.

(Total for question = 4 marks)

Q6.

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross X.

(i) The table shows the chromosome number and chromatid number of some of the cells formed
during oogenesis in humans.

Cell type Chromosome number Chromatid number
ovum 23 23
primary oocyte 46 92
secondary oocyte 23 46

Which of the cells are haploid?
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A ovum and primary oocyte
B ovum and secondary oocyte

C primary oocyte and secondary oocyte

O O O O

D ovum alone

(ii) Explain how meiosis produces new combinations of alleles in gametes.

(Total for question = 5 marks)

Q7.

The diagram shows the structure of an animal cell.
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The diagram shows the development of a zygote into a blastocyst.

inner cell mass

zona pellucida trophectoderm ,

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
=1cell =2cells =4cells =8 cells =16 cells =32cells =64-100 cells

The graph shows how the ratio of the volume of the nucleus to the volume of the cytoplasm of
each embryonic cell changes as the blastocyst develops.
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(i) The ratio shown in the graph can be calculated using the formula

volume of nucleus

ratio =
total volume of cell - volume of nucleus

On day 2, the volume of the cell nucleus was 900 pm?.

Calculate the total volume of this cell on day 2.

Give your answer to two significant figures.
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(Total for question = 6 marks)

Mark Scheme

Q1.
Question bl ) Additional K
Number Acceptable Answer Guidance Mar
(a) An explanation that makes
reference to the following
points:
¢ increase in number of cells (1)

by mitosis without growth

e therefore cells are - (1)
progressively smaller
e cells form a thin layer (1)
surrounding a fluid-filled
cavity (3)
Cl=uil Acceptable Answer Additional Guidance Mark
Number
(b) Example of calculation
s correct (1) | (logz128 =) 7
calculation
Allow mark for correct answer
with no working (1)

Q2.
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+ fusion of sperm {nucleus / genetic
material} with {nucleus genetic material}
of ovum (1)

{hardens the membrane / farms a
fertilisation membrane}

ACCEPT egg cell / nuclei of the
gametes

Question Answer Additional Guidance Mark
Number
A description that makes reference to three of PEMALISE ‘egg’ once
the following:
ACCEPT ovum / egg cell / female
+ (contact between sperm and secondary | gamete description e.g. enzymes
oocyte results in) acrosome reaction (1) | are released from the acrosome
DO NOT ACCEPT if described
after cortical reaction or fusion of
two cells
* meiosis is completed (1)
_ . ACCEPT description e.g. cortical | (3)
+ cortical reaction takes place (1) granules are released that EXP

Q3.
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Qh‘l:ﬁﬁ:g? Answer Additional Guidance | Mark
An answer that makes reference to
four of the following:
ACCEPT converse
¢ {screening / both technigues}
are {more effective / produce
more births} than control ACCEPT converse
(1)
¢ more embryos survive
screening with polar body ACCEPT converse
biopsy than PGD / polar body
biopsy is less damaging than
PGD
(1) ACCEPT 2146/ 21.5/
18.27 /18.3
¢ PGD more effective (than polar | ACCEPT 0.21 /0.215 /
body biopsy) / PGD produces 0.18/0.183 / 0.1827
more births (than polar body DO NOT ACCEPT just
biopsy) (1) 21% alone
ACCEPT ideas that
¢ (because) PGD produces 21% | polar body biopsy only
births compared to 18% with screens for
polar body ahnormalities from
(1) mother / PGD screens
both parents
¢ PGD detects abnormalities in
both paternal and maternal
chromosomes /
polar body biopsy only checks
for maternal chromosome
abnormalities
(1) (4)
Q4.
Question Answer Additional Guidance Mark
Number

An explanation that makes reference to

the following:

+ because nuclear DNA is present in
both the male and female {gametes

[ sex cells }

(1)

« because mitochondria are present in
the { female gamete / ovum /
secondary oocyte / egg cell} and not

the sperm head

(1)

nuclei in the context of
fertilisation

Accept mitochondria are
present in sperm {neck /

(DNA) not released by the
sperm

Accept in male and female

mid piece} / mitochondria

(2)
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Q5.

Q6.

Question Answer Mark
Number
(i) The only correct answer is A
B is not correct because the father's mitochondria do not enter
the ovum on fertilisation
C is not correct because only the nucleus was used from the
mother
D is not correct because only the nucleus was used from the
mother and the father's mitochondria do not enter the ovum on
fertilisation (1)
Question Answer Additional Guidance | Mark
Number
(ii) | An explanation that makes reference
to three of the following:
e zygote divides by mitosis
(several times to form
blastocyst) ACCEPT genetically-
icdlentical (daughter)
(1) cells / same genetic
information
¢ {0 make identical copies of the
{DNA (molecules) / ACCEPT correct number
chromatids} of chromosome / 46
(1) chromosomes / 23 pairs
¢ sp that all cells (in the ACCEPT mitochondrial
hlastocyst) {will be diploid / DNA divides
have two copies of each
chromosome’}
(1)
¢ so that when the mitochondria
divide they will have a copy of
the DNA
(1) (3)
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Question | Answer Additional Guidance Mark
Number
(i} | B ovum and secondary oocyte
A is incorrect because secondary oocyte is
diploid
C is incorrect because the
secondary oocyte is diploidD is 1
incorrect because the primary
oocyte is diploid
An explanation that makes reference to:
(i)
+ crossing over (1)
+ which swaps {alleles / DNA /
genes} between
{homologous chromosomes} (1)
+ independent / random assortment
(1)
Allow random movement of
paternaland maternal
« because it is random chromosomes / random
movement of combinations of paternal 4
homologous and maternal
chromosomes to poles chromosomes
(1)
Q7.
Question .o .
Answer Additional Guidance Mark
Number
(i) Example:
« correct reading from graph (1) 17 or 16
« correct calculation of mean total | 952.94 or 956.25 (ignore dps)
cell volume (1)
950 or 980
= correct conversion into two
significant figures (1) (952 94 or 956 25 gains two marks)
(950 or 960 gains three marks)
Correct answer with no working gains | 3 exp

full marks
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Question

Answer Additional Guidance Mark
Number
(ii) An answer that makes reference to three of the
following points:
Accept ratio increases up to 3
« (ratio) ICM increases up to 3/4 days
days (at a steady rate)/
trophectoderm cells increase up
to 3/4/5 days (1)
Accept faster increase for ICM
cells
« (after 3/4 days) ratios increases more
steeply for ICM cells / (after 3/4/5
days) levels off for trophectoderm cells
(1)
* (as ratio increases) {volume of Accept ICM divide faster than 3 exp

cytoplasm / volume of cells}
decreases (over time) (for ICM cells)

(1)

s cells are differentiating (1)

trophectoderm cells
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