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IB / A Level Biology

Exam Preparation Notes
B2.3 Cell Specialization

What this PDF helps you master

The roles of stem cells in multicellular organisms, how cells become specialized, how cell size is
constrained by surface area-to-volume ratio, and how human cell types are adapted to their
functions.

Area Included

Core focus Differentiation, gene expression, morphogen gradients, stem cells, stem cell
niches, cell size, red and white blood cells, neurons and skeletal muscle fibres.

HL / A level depth Surface area-to-volume adaptations, proximal convoluted tubule cells, type I and
type II pneumocytes, cardiac vs skeletal muscle, and gamete adaptations.

Exam style included Definitions, comparison tables, process summaries, common errors, practice
questions, answer key and marking guidance.

Prepared from the uploaded B2.3 Cell specialization source material.
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1. How to use these notes
This topic is easy to learn as isolated examples, but exam questions usually require a complete
structure-function explanation. For every cell type, practise writing: feature -> effect ->
advantage for the cell or organism.

High-scoring exam sentence frame

"[Cell type] has [adaptation], which [immediate effect], so that [specialized function] is carried out
more efficiently." Example: "Type I pneumocytes are extremely thin and flat, which reduces
diffusion distance, so gases exchange rapidly between alveoli and capillaries."

Specification map
Syllabus point What you must be able to explain

B2.3.1 Unspecialized cells are produced after fertilization and later develop into specialized cells
by differentiation. Understand how morphogen gradients affect gene expression in the
early embryo.

B2.3.2 Stem cells can divide endlessly and differentiate along different pathways.

B2.3.3 Stem cell niches in adult humans maintain stem cells or promote proliferation and
differentiation. Examples: bone marrow and hair follicles.

B2.3.4 Compare totipotent, pluripotent and multipotent stem cells. Early animal embryo cells
are totipotent, then pluripotent; adult tissue stem cells are usually multipotent.

B2.3.5 Cell size is part of specialization. Know the range of cell sizes in humans and examples
such as gametes, blood cells, neurons and striated muscle fibres.

B2.3.6 Surface area-to-volume ratio constrains cell size. Exchange depends on surface area;
demand for exchange depends on volume.

HL B2.3.7-10 Adaptations that increase surface area-to-volume ratio; pneumocytes; cardiac and
striated muscle fibres; sperm and egg adaptations.

Command words to expect
Command word How to answer

State Give a specific name or fact, such as "totipotent" or "red blood cell".

Define Give an exact meaning, for example differentiation or stem cell.

Describe Give features, steps or observations.

Explain Link cause and effect. Do not only list features.

Compare and
contrast

Give similarities and differences, usually in a table or paired sentences.

Evaluate / discuss Consider benefits and limitations, often used for stem cell ethics or therapies.
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2. Core definitions
Term Exam definition

Cell specialization The development of cells with structures and functions suited to a particular role in
the organism.

Differentiation The process by which an unspecialized cell becomes specialized by expressing
some genes and not others.

Gene expression The use of genetic information in a cell to produce functional products, often
proteins, that affect cell structure and activity.

Morphogen A signalling molecule that affects cell differentiation. Different concentrations can
activate different genes in different regions of an embryo.

Gradient A concentration difference across space. In early embryos, morphogen gradients
help establish body regions.

Stem cell An unspecialized cell that can self-renew and differentiate into one or more
specialized cell types.

Stem cell niche A local environment in tissue that maintains stem cells or promotes their
proliferation and differentiation.

Self-renewal The production of daughter cells that remain stem cells after division.

Surface area-to-volume
ratio

The amount of surface area available for exchange compared with the internal
volume that creates demand for exchange.

Pneumocyte A cell of the alveolar epithelium. Type I pneumocytes are adapted for gas
exchange; type II pneumocytes secrete surfactant.

Common definition trap

Do not define differentiation as "cells becoming different" only. Add that it occurs through
differences in gene expression, even though most body cells contain the same genetic information.
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3. Fertilization, development and
differentiation
Multicellular organisms commonly begin as a single cell called a zygote. The zygote forms when
two haploid gametes fuse during fertilization. It then divides rapidly to produce early
unspecialized cells, which later differentiate into specialized cells and tissues.

Development sequence
Stage Meaning

Gametes Sperm and egg cells; each carries half the genetic material.

Zygote Single fertilized cell formed by fusion of gametes.

Embryo Early developing organism before recognizable body structures are formed. In humans,
this is before about the ninth week of gestation.

Foetus Developing human from about the ninth week of gestation until birth.

Infant Organism after birth. Growth continues through further cell division and differentiation.

How cells become different even though they have the same
genes

• Most body cells contain the genetic information needed to produce the whole organism.
• Cells specialize because only some genes are expressed in each cell type.
• Signals received by cells control which genes are switched on or off.
• Cell signalling transfers information from the cell surface to the nucleus and therefore influences

gene expression.
• The proteins produced then affect cell structure, metabolism and function.

Key idea

Differentiation is controlled by selective gene expression. The DNA sequence is usually the same in
body cells, but the genes being used are different.
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4. Morphogen gradients and early embryonic
patterning
Morphogens are signalling molecules that control cell differentiation. In early embryos,
morphogens are distributed in gradients. Cells in different positions experience different
morphogen concentrations, so different genes are activated in different regions.

Model answer sequence
1 A morphogen is produced in one region of an embryo.
2 The morphogen forms a concentration gradient across the embryo.
3 Cells at different positions receive different concentrations of the signal.
4 Different concentrations cause different patterns of gene expression.
5 Different gene expression causes cells to develop into different structures or tissues.

Example What it shows

Bicoid in fruit fly embryos Bicoid is a morphogen involved in development of the anterior, or head, end.
Defective bicoid genes can result in posterior structures developing at both ends.

General embryo patterning Gradients help establish regional differences such as head-tail development
before later signals refine differentiation.

Exam caution

A gradient is not just "a signal". It is a concentration difference. The concentration matters because
different threshold levels can activate different genes.
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5. Stem cells: properties and roles
Stem cells are important in development, growth and tissue repair because they combine two
properties: self-renewal and the ability to differentiate.

Property Explanation Why it matters

Self-renewal When stem cells divide, some daughter
cells remain stem cells.

Maintains a stem cell supply for future
growth and repair.

Differentiation
potential

Stem cells can develop into specialized
cells along different pathways.

Allows formation or replacement of
functional tissues.

Indefinite division Stem cells can divide repeatedly over
long periods.

Supports long-term tissue maintenance.

Stem cells in plants
Plants contain meristematic tissue near root and stem tips. These regions contain rapidly dividing
cells that can differentiate into many plant tissues. Gardeners exploit this property when they
grow new plants from cuttings.

Stem cells in animals
In animals, early embryonic cells have the greatest potential. Adult organisms still contain stem
cells in particular tissues, but these are usually more limited in what they can become.

Exam phrase

Stem cells help multicellular organisms because they allow growth, replacement of damaged or
dead cells, tissue repair and long-term maintenance of some tissues.
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6. Stem cell niches
A stem cell niche is the local tissue environment that supports stem cells. The niche can keep
cells as stem cells, stimulate division, or promote differentiation when new specialized cells are
needed.

Niche Stem cells present Function / significance

Bone marrow Blood-forming stem cells together
with self-renewing stem cells.

Produces blood cells while maintaining a stem
cell reserve. Newly differentiated blood cells
are transported away by blood vessels.

Hair follicles Epithelial stem cells in the lower
rounded region of the follicle.

Involved in hair growth, skin and follicle
regeneration, and production of sebaceous
glands.

Possible outcomes when a stem cell divides
Outcome Result

Two stem cells Stem cell population increases or is maintained.

One stem cell + one
differentiated cell

A common balance: self-renewal plus tissue production.

Two differentiated cells Contributes to tissue formation, but does not directly maintain the stem cell
pool.

Cancer link

Cancer can involve uncontrolled cell division and poor differentiation. Tumour growth may be
supported by blood vessel development, which supplies nutrients and transport.



IB / A level Biology exam preparation notes - B2.3 Cell specialization Page 8

7. Types of stem cells
Stem cells are classified by potency: the range of cell types they can produce. The earlier the
developmental stage, the greater the usual potency.

Type Differentiation potential Where / when found Exam note

Totipotent Can form any tissue in the organism
and may form a complete organism.

Very early embryo only. Highest potency.
Very few cells are
totipotent.

Pluripotent Can form almost all cell types of the
organism, but cannot form a
complete organism.

Early embryonic stage
after totipotent cells
specialize.

Important in
embryonic stem cell
research.

Multipotent Can form a limited range of related
cell types.

Adult tissues such as bone
marrow.

Example: bone
marrow stem cells
form different blood
cells.

Unipotent Can form one cell type but still
self-renews.

Later development and
adult organism.

Example: cells
forming sperm cells
in mammals.

Totipotent vs pluripotent vs multipotent
• Totipotent: can produce every cell type needed to make a complete organism.
• Pluripotent: can produce almost all body cell types, but not a complete organism.
• Multipotent: can produce several related cell types, usually within one tissue or system.

Most common exam mistake

Do not write that pluripotent cells can form a complete organism. That is a property of totipotent
cells.
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8. Stem cell research, therapies and ethics
Stem cells are valuable in medicine because they may replace cells lost through injury or disease,
help scientists understand development, and allow testing of therapeutic drugs on differentiating
cells.

Use Possible value Limitations / ethical issues

Studying development Shows how cell division and
differentiation are controlled.

Human embryo research may be restricted
by law, culture or religion.

Drug testing Helps test effects of experimental
drugs on differentiating cells.

Models may not perfectly predict effects in
whole organisms.

Cell-based therapy Potential to replace damaged cells in
diseases or trauma such as diabetes,
burns, strokes, spinal cord injuries,
heart disease and neurodegenerative
disease.

Risk of uncontrolled growth, immune
rejection, technical difficulty and ethical
debate over embryonic sources.

Therapeutic cloning Could produce cells for replacement
therapies.

Controversial because it involves embryos
and raises questions about moral status
and regulation.

Balanced evaluation sentence

Stem cell research may reduce human suffering by replacing damaged cells, but its use must be
regulated because embryonic stem cell harvesting can involve the destruction of embryos and
because treatments may carry biological risks.
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9. Cell size as an aspect of specialization
The size and shape of a cell are related to its function. Specialized cells vary greatly in size
because each role creates different demands for movement, exchange, storage, contraction,
signalling or reproduction.

Cell type Typical size Why size/shape matters

Sperm cell About 3 micrometres diameter;
about 50 micrometres long

Small and streamlined; transports genetic material
and moves to the egg.

Egg cell About 120 micrometres Large cell with cytoplasm and stored materials for
early development.

Fat cell About 50-150 micrometres Large size allows lipid storage.

Red blood cell About 7.5 micrometres Small, flexible biconcave disc for oxygen transport
through capillaries.

White blood cell About 12-15 micrometres Larger because it retains nucleus and organelles for
defence functions.

Skeletal muscle cell About 10-50 micrometres wide;
up to 40 mm long in the source
table

Long fibres allow contraction over a distance.

Neuron About 350 micrometres in the
source table; axons can be
much longer in the body

Long extensions allow impulse transmission.

Two major constraints on cell size
1 Exchange requirements: materials enter and leave across the cell surface, while demand for

materials and waste removal depends on cell volume.
2 Cell division apparatus: if cells are too large or too small, the mitotic spindle may not function

effectively.
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10. Selected specialized human cells
The following examples are useful because they show how structure, size and organelle content
are linked to function.

Red blood cells
• Contain haemoglobin, which binds and releases oxygen.
• Have a biconcave disc shape, increasing surface area for oxygen exchange.
• Lack a nucleus and mitochondria in the differentiated stage, leaving more space for haemoglobin

and preventing use of transported oxygen in aerobic respiration.
• Are flexible and small enough to pass through narrow capillaries.

White blood cells
• Defend against infection.
• Retain their nucleus throughout life.
• Are generally larger than red blood cells because they contain a nucleus, granules and organelles

such as mitochondria.
• Some contain vesicles with enzymes that help kill microorganisms and break down debris after

phagocytosis.

Neurons
• Specialized for carrying nerve impulses.
• Motor neurons carry impulses from the brain or spinal cord to muscles.
• Long axons allow impulses to be transmitted over long distances.
• Extensions from the cell body allow communication with multiple cells.

Striated skeletal muscle fibres
• Long cylindrical cells specialized for contraction.
• Contain repeated contractile units visible as bands/striations.
• Are multinucleated and surrounded by membranes capable of impulse propagation.
• Shorten to produce voluntary movement.



IB / A level Biology exam preparation notes - B2.3 Cell specialization Page 12

11. Surface area-to-volume ratio and cell size
Cells cannot simply become larger without limit. As a cell increases in size, its volume increases
faster than its surface area. This means the demand for exchange rises faster than the ability to
exchange materials across the cell surface.

Quantity What it depends on Biological meaning

Surface area Increases with the square of a
linear dimension.

Determines how much membrane is
available for diffusion, transport and
exchange.

Volume Increases with the cube of a
linear dimension.

Determines metabolic demand, resource
use, waste production and heat production.

Surface area-to-volume
ratio

Surface area divided by volume. Higher ratio supports faster exchange per
unit volume. Lower ratio limits cell size.

For a sphere: surface area = 4 x pi x r^2     volume = 4/3 x pi x r^3

Example explanation
A larger cell has more cytoplasm producing waste and requiring nutrients, but it has
proportionally less membrane surface for exchange. Therefore, large cells may not exchange
oxygen, nutrients and wastes fast enough to meet metabolic needs.

IB Nature of Science link

Models such as cubes or spheres are simplified versions of real cells. They are useful because the
same scale relationship applies: volume increases faster than surface area as size increases.
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12. HL: Adaptations that increase surface
area-to-volume ratio
Cells can improve exchange by changing shape or membrane structure. These adaptations
increase surface area without increasing volume by the same amount.

Adaptation How it improves exchange Example

Flattening Reduces diffusion distance and increases
surface area relative to volume.

Type I pneumocytes; red blood
cell biconcave shape.

Microvilli Outward projections increase membrane
surface area.

Proximal convoluted tubule cells
in the nephron.

Invaginations / channels Inward folds increase membrane surface area
for transport.

Opposite side of proximal tubule
epithelial cells.

Small size and flexibility Maintains high surface area-to-volume ratio and
allows movement through narrow spaces.

Erythrocytes squeezing through
capillaries.

Proximal convoluted tubule cell adaptations
• Closely packed cuboidal cells use space efficiently.
• Brush border of microvilli faces the tubule lumen and increases surface area for reabsorption.
• Many mitochondria provide ATP for active transport of ions and other substances.
• Membrane channels or invaginations on the opposite side increase surface area for transport out

of the cell.

Model answer wording

Proximal convoluted tubule cells have microvilli, which increase surface area for reabsorption from
the filtrate, and many mitochondria, which supply ATP for active transport.
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13. HL: Lung alveoli and pneumocytes
Alveoli are the functional gas exchange units of the lungs. Their walls are one cell thick and are
closely associated with capillaries, reducing diffusion distance for oxygen and carbon dioxide.

Cell type Main function Adaptations

Type I pneumocytes Gas exchange between
alveoli and capillaries.

Thin and flat; cover about 95% of alveolar surface;
share a basement membrane with capillary
endothelium; tight junctions prevent fluid entering
alveoli.

Type II pneumocytes Secrete pulmonary surfactant
into the alveolar lumen.

Cuboidal shape with more cytoplasm; many
secretory vesicles called lamellar bodies; microvilli
toward alveolar sac; can transform into type I
pneumocytes when needed.

Alveolar macrophages Remove harmful substances
and organisms by
endocytosis.

White blood cells present in alveoli; not a main IB
requirement in this section but useful for context.

Surfactant
Pulmonary surfactant reduces surface tension. This prevents alveoli from collapsing and sticking
together during breathing.

Tissue-level point

The alveolar epithelium contains more than one cell type because gas exchange and surfactant
secretion require different adaptations. This is a good example of specialization within a tissue.
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14. HL: Cardiac muscle cells and striated
skeletal muscle fibres
Both cardiac muscle and striated skeletal muscle contain contractile myofibrils, but they differ in
shape, branching, number of nuclei and function.

Feature Striated skeletal muscle fibre Cardiac muscle fibre

Function Voluntary movement by contraction of
skeletal muscles.

Involuntary rhythmic contraction of the
heart to pump blood.

Shape Long, cylindrical and unbranched. Shorter, branched cells.

Striations Present; visible bands correspond to
units of contraction.

Present; cardiac muscle is also striated.

Nuclei Multiple nuclei per fibre. Usually one nucleus per cell/fibre.

Cell connections Fibres act in skeletal muscle bundles. Cells connect at intercalated discs,
helping coordinated contraction.

Length Can be very long compared with most
cells.

Shorter than skeletal muscle fibres.

Is a striated skeletal muscle fibre a cell?
Yes, it is generally considered a cell because it has a plasma membrane, cytoplasm and
organelles. However, it is unusual because it is very large, multinucleated, does not divide in the
usual way after formation, and grows when satellite cells fuse with existing fibres.

Exam caution

Do not say cardiac muscle is unstriated. Cardiac muscle is striated, but its cells are branched and
connected by intercalated discs.
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15. HL: Sperm and egg cell adaptations
Sperm and egg cells are gametes. Each contains a haploid nucleus. Their structures are very
different because they have different roles in fertilization and early development.

Feature Sperm cell Egg cell

Size One of the smallest human cells; about 3
micrometres wide and 50 micrometres
long.

One of the largest human cells; about 120
micrometres.

Movement Flagellum provides motility; mitochondria
in the mid-piece supply ATP for movement.

Non-motile; no flagellum.

Shape Streamlined head and tail for movement
toward the egg.

Spherical and non-streamlined.

Cytoplasm /
organelles

Very little cytoplasm and few organelles
besides those needed for movement and
fertilization.

Large cytoplasm with many organelles and
stored materials for early embryo
development.

Special vesicles Acrosomal vesicle helps penetrate the egg
outer coat.

Secretory vesicles below plasma
membrane release contents after
fertilization to prevent entry of additional
sperm.

Production Produced continuously in large numbers
after puberty.

Early gamete-forming cells are present
before birth; no new egg-forming cells are
produced after birth.

Genetic content Haploid nucleus. Haploid nucleus.

Compare question strategy

For sperm vs egg questions, pair each difference with function: sperm are small and motile to reach
the egg; eggs are large and storage-rich to support early development after fertilization.
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16. Skills: drawing specialized cells from
micrographs
Questions may ask you to interpret a microscope image, identify adaptations, or produce a
biological drawing. The score usually depends on accuracy, clarity and correct labelling rather
than artistic shading.

Do Avoid

Use a sharp pencil and simple continuous lines. Do not shade, sketch roughly or use thick sketchy
lines.

Make the drawing large enough to show relevant
structures.

Do not draw tiny diagrams in a corner.

Add a clear title and magnification if given. Do not invent magnification values.

Use straight label lines that do not cross. Do not use arrowheads unless required.

Label visible adaptations such as nucleus, striations,
microvilli, biconcave shape or flagellum.

Do not label structures that cannot be seen in the
image.

How to describe visible adaptation in an image
Use precise visual evidence: "The cell is long and cylindrical", "the surface has many microvilli",
"the red blood cell has a biconcave disc shape", or "the sperm cell has a flagellum and a
mitochondria-rich mid-piece".
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17. Exam answer templates
Use these templates to convert content knowledge into marks.

Question type Template answer structure

Explain differentiation Start with fertilization/zygote if relevant -> cells divide -> signals/morphogens
received -> different genes expressed -> different proteins produced ->
specialized cell structures/functions develop.

Compare stem cell types State shared property: self-renewal and differentiation -> contrast potency ->
give examples/locations.

Explain SA:V limitation Exchange occurs across surface -> metabolic demand depends on volume ->
volume increases faster than surface area -> large cells have lower SA:V ->
exchange becomes insufficient.

Describe a specialized cell
adaptation

Name cell -> name feature -> explain effect -> link to function.

Evaluate stem cell use Give medical benefit -> give biological/ethical limitation -> balanced conclusion.

Common mistakes and fixes
Mistake Better version

"All cells have different DNA." Most body cells contain the same genetic information, but express
different genes.

"Pluripotent cells can form a whole
organism."

Totipotent cells may form a complete organism; pluripotent cells
cannot.

"Surface area increases faster than
volume."

Volume increases faster than surface area as size increases.

"Red blood cells have mitochondria for
energy."

Differentiated red blood cells lack mitochondria.

"Type II pneumocytes exchange
gases."

Type I pneumocytes are the main gas exchange cells; type II cells
secrete surfactant.

"Cardiac muscle is not striated." Cardiac muscle is striated and branched.
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18. One-page rapid revision checklist
Topic Self-check question

Differentiation Can I explain how selective gene expression makes cells specialized?

Morphogens Can I explain how concentration gradients produce regional gene expression in an
embryo?

Stem cells Can I define self-renewal and differentiation potential?

Stem cell niches Can I describe bone marrow and hair follicles as examples?

Potency Can I distinguish totipotent, pluripotent, multipotent and unipotent?

Ethics Can I give both a medical benefit and an ethical concern of embryonic stem cells?

Cell size Can I explain why exchange depends on surface area but demand depends on
volume?

SA:V adaptations Can I use erythrocytes and proximal tubule cells as examples?

Alveoli Can I contrast type I and type II pneumocytes?

Muscle Can I compare cardiac muscle and skeletal muscle fibres?

Gametes Can I link sperm and egg structures to fertilization and early development?

Last-minute memory anchors

Totipotent = total organism. Pluripotent = plenty of cell types, not a full organism. Multipotent =
multiple related types. Type I pneumocyte = thin gas exchange. Type II pneumocyte = surfactant
secretion.
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19. Practice questions: multiple choice
1. The first cells produced after fertilization in an animal embryo are best described as:

• A. multipotent
• B. totipotent
• C. differentiated
• D. unipotent

2. Which differentiated human cell normally lacks a nucleus?
• A. neuron
• B. gamete
• C. muscle fibre
• D. red blood cell

3. As a spherical cell becomes larger, what normally happens to its surface area-to-volume
ratio?

• A. It stays the same
• B. It decreases
• C. It increases
• D. Its exchange capacity per unit volume increases

4. A cell containing an acrosome is most likely to be a:
• A. sperm cell
• B. egg cell
• C. cardiac muscle cell
• D. red blood cell

5. Which gradient is most important for initiating regional gene expression in early embryo
development?

• A. nutrient gradient
• B. oxygen gradient
• C. morphogen gradient
• D. temperature gradient

6. Which adaptation is most directly linked to surfactant secretion?
• A. biconcave disc shape
• B. lamellar bodies in type II pneumocytes
• C. long axon
• D. absence of mitochondria

7. Which cell type is most associated with a brush border of microvilli?
• A. proximal convoluted tubule epithelial cell
• B. red blood cell
• C. sperm cell
• D. cardiac muscle cell

8. Which statement about stem cells is correct?
• A. Only totipotent cells self-renew
• B. Multipotent cells form any cell type in the organism
• C. Pluripotent cells can form a complete organism
• D. Stem cells can self-renew and differentiate
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20. Practice questions: short answer and
data response
9. Explain why post-fertilization cells can later become many different specialized cell types. (3
marks)

10. Describe how a morphogen gradient can affect gene expression in an early embryo. (4 marks)

11. Compare totipotent, pluripotent and multipotent stem cells. (4 marks)

12. Explain why a lower surface area-to-volume ratio limits cell size. (3 marks)

13. Red blood cells are small, flexible biconcave discs and lack a nucleus and mitochondria.
Explain how these features help their function. (4 marks)

14. Distinguish between type I and type II pneumocytes in alveoli. (4 marks)

15. Explain how proximal convoluted tubule cells are adapted for reabsorption. (4 marks)

16. Compare cardiac muscle fibres and striated skeletal muscle fibres. (4 marks)

17. A student says, "A sperm cell and egg cell do the same job, so they should have similar
structures." Evaluate this statement. (5 marks)

Extended response
18. Discuss how stem cells contribute to development and tissue maintenance in multicellular
organisms, including benefits and ethical concerns of stem cell research. (8 marks)
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21. Answer key and marking guidance
Multiple choice answers

Q Answer Reason

1 B Very early embryonic cells are totipotent.

2 D Differentiated red blood cells lack a nucleus.

3 B Volume increases faster than surface area.

4 A The acrosome helps sperm penetrate the egg outer coat.

5 C Morphogen concentration affects gene expression.

6 B Type II pneumocytes contain lamellar bodies that discharge surfactant.

7 A PCT cells have microvilli forming a brush border for reabsorption.

8 D Self-renewal and differentiation are key stem cell properties.

Short answer mark scheme
Q Marking points

9 Zygote divides rapidly; early cells are unspecialized; cells contain same genetic information; different
signals activate different genes; different proteins/structures cause specialization. Award max 3.

10 Morphogen is a signalling molecule; distributed in a concentration gradient; cells in different regions
receive different concentrations; different concentrations activate different genes; this causes different
regional development. Award max 4.

11 All are stem cells with self-renewal/differentiation; totipotent can form all tissues and a complete
organism; pluripotent can form almost all cell types but not a whole organism; multipotent forms a
limited range of related cell types, e.g. blood cells. Award max 4.

12 Exchange occurs across cell surface; metabolic demand/waste production depends on volume; as size
increases volume increases faster than surface area; low SA:V means exchange cannot meet demand.
Award max 3.

13 Biconcave shape increases SA:V; small/flexible cell passes through capillaries; haemoglobin carries
oxygen; no nucleus increases space for haemoglobin; no mitochondria means transported oxygen is
not used in aerobic respiration. Award max 4.

14 Type I pneumocytes are thin/flat and adapted for gas exchange/reduced diffusion distance; type II
pneumocytes are cuboidal/contain lamellar bodies and secrete surfactant; surfactant reduces surface
tension/prevents alveolar collapse; both are in alveolar epithelium. Award max 4.

15 Microvilli/brush border increase surface area; many mitochondria provide ATP; active transport
reabsorbs ions/solutes; invaginations/channels increase transport surface; close packing uses space
efficiently. Award max 4.

16 Both contain contractile myofibrils/striations; skeletal fibres are long, cylindrical, unbranched and
multinucleated; cardiac cells are shorter, branched and usually single-nucleated; cardiac cells have
intercalated discs for coordinated heart contraction. Award max 4.

17 Reject statement; both are haploid gametes and fuse in fertilization; sperm is small, motile,
streamlined with flagellum, mitochondria and acrosome; egg is large, non-motile, storage-rich and has
vesicles preventing polyspermy; differences reflect different roles. Award max 5.
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22. Extended response mark scheme
18. Discuss how stem cells contribute to development and tissue maintenance in
multicellular organisms, including benefits and ethical concerns of stem cell research. (8
marks)
Award up to 8 marks from the points below. Credit clear examples and reasoned discussion.

Area Creditworthy points

Stem cell properties Stem cells self-renew; can divide repeatedly; can differentiate along different
pathways.

Development Early embryo cells are initially unspecialized; differentiation depends on gene
expression; morphogens/signalling influence which genes are expressed;
totipotent/pluripotent cells help generate diverse tissues.

Tissue maintenance Adult stem cells in niches maintain tissues; bone marrow stem cells produce
blood cells; hair follicle stem cells support hair/skin/follicle regeneration.

Potency Totipotent cells can form a complete organism; pluripotent cells can form almost
all body cell types; multipotent cells form limited related types.

Medical benefits Potential replacement of damaged or diseased cells; possible applications in
diabetes, spinal cord injury, burns, strokes, heart disease,
Alzheimer's/Parkinson's; drug testing and study of development.

Limitations/risks Stem cells may be hard to control; risk of tumour formation or inappropriate
differentiation; immune rejection; much research may be experimental or
model-based.

Ethics Embryonic pluripotent stem cells may require destruction of embryos; laws and
views differ due to cultural/religious beliefs; balance against potential reduction in
suffering.

Conclusion Strong answer gives a balanced judgement: valuable for development, repair and
therapy, but should be carefully regulated.

How to reach top band

Use at least two named examples, such as bone marrow and hair follicle niches, and include both a
scientific benefit and an ethical concern. End with a balanced judgement.


