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1.1.1 Cell Theory

Cell Theory

Until micro sco pes became po werful eno ugh to  view individual cells, no -o ne knew fo r certain

what living o rganisms were made fro m

A scientist called Ro bert Ho o ke  came up with the term "cells" in the 1660's after examining the

structure o f co rk

Matthias Schleiden and Theo do r Schwann were two  scientists who  studied animal and plant

cells

In 1837, they came up with the idea that all living o rganisms are made o f  cells

This idea is kno wn as ‘cell theo ry’

The cell theo ry is a unif ying co ncept  in bio lo gy (meaning it is universally accepted)

The cell theo ry includes three main ideas:

All living o rganisms  are made up o f o ne o r mo re cells

Cells are the basic f unctio nal unit  (i.e. the basic unit o f structure and o rganisatio n) in living

o rganisms

New cells  are pro duced fro m pre-existing cells

Altho ugh cells vary in siz e and shape they all:

Are surro unded by a membrane

Co ntain genetic material

Have chemical reactio ns  o ccurring within the cell that are catalysed by enz ymes
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Cell Theory: Atypical Examples

NOS: Looking f or t rends and discrepancies; alt hough most  organisms conf orm t o cell
t heory, t here are except ions

Scientists studying cells (e.g. Ro bert Ho o ke, Schwann & Schleiden and Pasteur)

disco vered trends  when making o bservatio ns  o f o rganisms

The o rganisms they examined, using micro sco pes, all appeared to  be made o f smaller

co mpartments (which we no w refer to  as cells). They disco vered that even the smallest

o rganisms, such as Amoeba, were made fro m at least o ne cell

Ho wever, advancements in techno lo gy (particularly aro und what can be detailed and seen under

a micro sco pe) have enabled scientists to  examine many mo re o rganisms and discrepancies

have been disco vered which raise questio ns abo ut whether cell theo ry applies to  all o rganisms

At ypical examples

Striated muscle �bres, aseptate fungal hyphae and giant alga are three examples o f cells/tissue

with structures that questio n the integrity o f the cell theo ry

St riat ed muscle �bres

Striated muscle �bres  (fused muscle cells) are:

Lo nger than typical cells (up to  300 mm in length in co mpariso n to  a cardiac muscle cell

which has a length o f 100 - 150 µm)

Have multiple nuclei surro unded by a single membrane (sarco lemma)

These features questio n the cell theo ry because striated muscle cells are fo rmed fro m multiple

cells which have fused to gether (which is ho w they have many nuclei rather than o ne) that wo rk

to gether as a single unit, challenging the co ncept that cells wo rk independently o f each o ther

even in a multicellular o rganism

Asept at e f ungal hyphae

Fungi have many lo ng, narro w branches called hyphae

Hyphae have cell membranes, cell walls and so me have septa

Aseptate fungal hyphae do  no t have septa, thus these cells are multinucleated  with co ntinuo us

cyto plasm

This questio ns the cell theo ry because the cells have no  end walls making them appear as o ne

cell

Giant  Alga (e.g. Acetabularia)

Acetabularia can gro w to  heights o f  100 mm, and yet co nsist o f o nly o ne cell with a single nucleus

Acetabularia have a relatively co mplex structure. They are divided into  three parts: rhiz o id, stalk

and cap
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The features abo ve questio n the cell theo ry because the trend fo r mo st unicellular o rganisms is

to  be small in siz e and simple in structure

Three atypical examples of the cell theory

Exam T ip

Do n’t wo rry abo ut learning the name o f the scientists described abo ve o r when the cell theo ry

was �rst described. Yo u just need to  kno w the three main co mpo nents o f the cell theo ry and why

(by lo o king at trends and discrepancies) scientists have made exceptio ns to  the theo ry.
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1.1.2 Functions of Life

Functions of Life

Unicellular (single-celled) and multicellular (many cells) o rganisms must carry o ut the fo llo wing

functio ns to  stay alive:

Metabo lism - all the enz yme-catalysed reactio ns o ccurring in a cell, including cell respiratio n

Repro ductio n - the pro ductio n o f o �spring. It may be sexual o r asexual

Ho meo stasis - the ability to  maintain and regulate internal co nditio ns within to lerable limits,

including temperature

Gro wth - the permanent increase in siz e

Respo nse - (o r sensitivity), the ability to  respo nd to  external o r internal changes (stimuli) in

their enviro nment. Thus impro ving their chance o f survival

Excretio n - the dispo sal o f metabo lic waste pro ducts, including carbo n dio xide fro m

respiratio n

Nutritio n - the acquisitio n o f energy and nutrients fo r gro wth and develo pment, either by,

abso rbing o rganic matter o r by synthesising o rganic mo lecules (e.g. pho to synthesis)
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Functions of Life: Paramecium & Chlorella

Paramecium

Paramecium are unicellular pro to z o ans co mmo nly fo und in freshwater. They range in siz e fro m 50

to  320 μm

Chlorella

Chlorella is a small (2 to  10 μm) unicellular green alga. They are abundant in freshwater and can be

fo und in a symbio tic relatio nship with Paramecium

As Chlorella are living they carry o ut all the functio ns o f life, altho ugh due to  di�erent structures,

there are so me di�erences to  Paramecium

Co mpariso n o f  the Functio ns o f  Lif e Between Paramecium and Chlo rella
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The functions of life in Paramecium

The functions of life in Chlorella
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Exam T ip

To  remember the functio ns o f life think o f MR H GREN. No te the similarities in the functio ns o f life

between Paramecium and Chlorella.

1.1.3 Surface Area to Volume Ratio

Surface Area to Volume Ratio

Fo r cells to  survive, metabo lic reactio ns must be o ccurring, these reactio ns depend o n:

Materials  co nstantly being exchanged  acro ss the plasma membrane

The vo lume  o r mass  o f cyto plasm (as this is where the reactio ns take place)

As o rganisms  increase in siz e their SA:V ratio  decreases

There is less surf ace area fo r the abso rptio n o f nutrients and gases and secretio n o f waste

pro ducts

The greater vo lume  results in a lo nger di�usio n distance to  the cells and tissues o f the

o rganism

Thus the rate  at which substances (e.g. o xygen and heat) are exchanged  acro ss the plasma

membrane is dependent o n the surf ace area (the larger the surface area the mo re  substances

are exchanged)

The rate at which a cell metabo lises  is dependent o n the mass  o r vo lume  o f the cyto plasm (the

larger the mass o r vo lume the lo nger it takes fo r metabo lic reactio ns to  o ccur)

Limit at ions t o cell siz e

Single-celled o rganisms have a high SA:V ratio  which allo ws fo r the exchange o f substances to

o ccur via simple di�usio n

The large surface area allo ws fo r maximum abso rptio n o f nutrients  and gases  and secretio n

o f waste pro ducts

The small vo lume means the di�usio n distance to  all o rganelles is sho rt

A co nsequence o f the SA:V ratio  is that cells canno t gro w bigger inde�nitely. Once the ratio

beco mes to o  small, gro wth must sto p and the cells must divide

To  o verco me this, large multicellular animals and plants have evo lved adaptatio ns  to  facilitate

the exchange o f substances between their enviro nment

They have a large variety o f specialised cells, tissues, o rgans and systems

Eg. gas exchange system, circulato ry system, lymphatic system, urinary system, xylem and

phlo em

Page 8 of 30
For more help visit our website www.exampaperspractice.co.uk



As the size of an organism increases, it’s surface area : volume ratio decreases. Notice for this particular

shape the distance between the surface and the centre increases with size.

Exam T ip

Remember the rate o f metabo lism is dependent o n the mass o r vo lume o f the cell whereas the

rate o f exchange is dependent o n the surface area.
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1.1.4 Cell Specialisation

Emergent Properties

Multicellular o rganisms are able to  undertake functio ns that unicellular o rganisms canno t, e.g.

mo ve o ver vast distances and digest large macro mo lecules

This is a result o f pro perties emerging when individual cells o rganise and interact  to  pro duce

living o rganisms

Scientists so metimes summarise this with the phrase "The whole is greater than the sum of its

parts"

Traditio nally, scientists have appro ached the study o f bio lo gy fro m a reductio nist perspective,

lo o king at the individual cells, ho wever, due to  emergent pro perties there is an argument that the

systems appro ach sho uld be used

T he organisat ion of  mult icellular organisms

In multicellular o rganisms, specialised cells  o f the same type  gro up to gether to  fo rm tissues

A tissue is a gro up o f cells that wo rk to gether to  perfo rm a particular f unctio n. Fo r example:

Epithelial cells gro up to gether to  fo rm epithelial tissue (the functio n o f which, in the small

intestine, is to  abso rb fo o d)

Muscle cells (ano ther type o f specialised cell) gro up to gether to  fo rm muscle tissue (the

functio n o f which is to  co ntract in o rder to  mo ve parts o f the bo dy)

Di�erent tissues wo rk to gether to  fo rm o rgans. Fo r example:

The heart is made up o f many di�erent tissues (including cardiac muscle tissue, blo o d vessel

tissues and co nnective tissue, as well as many o thers)

Di�erent o rgans wo rk to gether to  fo rm o rgan systems

Organ systems wo rk to gether to  carry o ut the life functio ns o f a co mplete o rganism

The organisation of multicellular organisms

Levels o f  Organisatio n in Humans Table
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Cell Di�erentiation

In co mplex multicellular o rganisms eukaryo tic cells beco me specialised  fo r speci�c f unctio ns.

This can also  be referred to  as the divisio n o f  labo ur

Specialisatio n enables the cells in a tissue to  functio n mo re e�ciently as they develo p speci�c

adaptatio ns fo r that ro le. The develo pment o f these distinct specialised cells o ccurs by

di�erentiatio n

These specialised eukaryo tic cells have speci�c adaptatio ns  to  help them carry o ut their

functio ns

Fo r example, the structure o f  a cell is adapted to  help it carry o ut its functio n (this is why

specialised eukaryo tic cells can lo o k extremely di�erent  fro m each o ther)

Structural adaptatio ns include:

The shape  o f the cell

The o rganelles the cell co ntains (o r do esn’t co ntain)

Fo r example:

Cells that make large amo unts o f pro teins  will be adapted fo r this functio n by co ntaining

many ribo so mes  (the o rganelle respo nsible fo r pro tein pro ductio n)

The biconcave shape of erythrocytes increases the surface area available for oxygen absorption
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Gene Expression

Every nucleus within the cells o f a multicellular o rganism co ntains the same genes, that is, all cells

o f an o rganism have the identical geno me

Despite cells having the same geno me, they have a diverse range o f functio ns because during

di�erentiatio n certain genes are expressed  ('switched' o n)

Co ntro lling gene expressio n is the key to  develo pment as the cells di�erentiate due to  the

di�erent genes being expressed

Once certain genes are expressed the specialisatio n o f the cell is usually �xed so  the cell canno t

adapt to  a new functio n
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Expression of genes resulting in cell di�erentiation

Exam T ip

It’s impo rtant to  start learning so me bio lo gical examples o f each o f these levels o f o rganisatio n.

Try and start with an o rgan system, such as the circulato ry system o r nervo us system, and wo rk

yo ur way do wn the levels o f o rganisatio n no ting do wn examples o f o rgans, tissues and

specialised cells as yo u go ! Alternatively, start with a specialised cell yo u kno w o f, such as a red

blo o d cell, and wo rk yo ur way up the levels o f o rganisatio n until yo u reach an o rgan system.

1.1.5 Stem Cells

Stem Cells

A stem cell is a cell that can divide  (by mito sis) an unlimited number o f  times

Each new cell (pro duced when a stem cell divides) has the po tential to  remain a stem cell o r to

develo p into  a specialised cell such as a blo o d cell o r a muscle cell (by a pro cess kno wn as

di�erentiatio n)

This ability o f stem cells to  di�erentiate into  mo re specialised cell types is kno wn as po tency

There are fo ur types o f po tency:

To tipo tency  – to tipo tent stem cells are stem cells that can di�erentiate into  any cell type

f o und in an embryo , as well as extra-embryo nic cells (the cells that make up the placenta).

The z ygo te fo rmed when a sperm cell fertilises an egg cell is to tipo tent, as are the embryo nic

cells up to  the 16−cell stage o f human embryo  develo pment

Pluripo tency  – pluripo tent stem cells are embryo nic stem cells that can di�erentiate into

any cell type f o und in an embryo  but are no t able to  di�erentiate into  extra-embryo nic

cells  (the cells that make up the placenta)

Multipo tency  – multipo tent stem cells are adult stem cells that can di�erentiate into  clo sely

related cell types (e.g. bo ne marro w stem cells di�erentiate into  di�erent blo o d cells)

Unipo tency - unipo tent stem cells are adult cells that can o nly di�erentiate into

their o wn lineage, e.g. heart muscle cells (cardio myo cytes) can generate new

cardio myo cytes thro ugh the cell cycle to  build and replace heart muscle. Mo st cells in animal

bo dies are unipo tent
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There are di�erent levels of potency that cells can have. Totipotent cells have the highest potency and

can therefore di�erentiate into any type of cell. Unipotent cells have the lowest potency, only being able

to divide into one cell type.

Exam T ip

Remember the two  key pro perties o f stem cells are that they can self -renew (capacity to  divide)

and can di�erentiate.Make sure yo u learn the three levels o f po tency o f stem cells described

abo ve, and what range o f cell types these stem cells can di�erentiate into .Do n’t fo rget, while

still classed as stem cells (as they can divide any number o f times), o nly a limited range o f

specialised cells can be fo rmed fro m adult stem cells as they have already partially

di�erentiated. Fo r example, stem cells in bo ne marro w can o nly pro duce cells that di�erentiate

into  the di�erent types o f blo o d cells.
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Stem Cells: Therapeutic Use

Currently, there are very few therapeutic uses o f stem cells, altho ugh scientists aro und the wo rld

are actively invo lved in researching po tential therapies

The research is being carried o ut o n embryo nic  (to tipo tent and pluripo tent) and adult

(multipo tent) stems cells

Use of  embryonic st em cells

Due to  their ability to  di�erentiate into  multiple cell types, stem cells have huge po tential in the

therapeutic treatment o f disease

Fo r many co untries, such as the USA and so me co untries within the EU, the use o f embryo nic stem

cells is banned, even fo r research

In o ther co untries, such as the UK, the use o f embryo nic stem cells is allo wed fo r research but is

very tightly regulated

Embryo nic stem cells can be o ne o f two  po tencies:

To tipo tent  if taken in the �rst 3−4 days after fertilisatio n

Pluripo tent  if taken o n day 5

The embryo s used fo r research are o ften the waste  (f ertilised) embryo s  fro m in vitro

f ertilisatio n treatment 

This means these embryo s have the po tential to  develo p into  human beings

This is why many peo ple have ethical o bjectio ns  to  using them in research o r medicine

St argardt 's disease

Stargardt's disease is the mo st co mmo n inherited fo rm o f juvenile macular degeneratio n and

mainly a�ects children and ado lescents

The macula is lo cated in the central regio n o f the retina and damage to  this area limits o ur central

visio n and co lo ur perceptio n

The disease is co mmo nly caused by a mutatio n o f  the ABCA4 gene  resulting in a pro tein in the

retina malfunctio ning, eventually leaving the perso n legally blind

One treatment that was researched was the injectio n o f retina cells derived  fro m embryo nic

stem cells into  patients eyes. This treatment had success and no  harmful side e�ects were

experienced, ho wever trials are still o ngo ing

Use of  mult ipot ent  adult  st em cells

As tissues, o rgans and o rgan systems develo p, cells beco me mo re and mo re specialised

Having di�erentiated and specialised to  ful�l particular ro les, mo st adult cells gradually lo se the

ability to  divide until, eventually, they are no  lo nger able to  divide

Ho wever, small numbers o f stem cells (kno wn as  adult stem cells) remain to  pro duce new cells

fo r the essential pro cesses o f gro wth, cell replacement and tissue repair
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Altho ugh these adult stem cells can divide (by mito sis) an unlimited number o f times, they are o nly

able to  pro duce a limited range o f  cell types  – they are multipo tent

Fo r example, the stem cells fo und in bo ne marro w (hemato po ietic stem cells) are

multipo tent adult stem cells – they can o nly di�erentiate into  blo o d cells (red blo o d cells,

mo no cytes, neutro phils and lympho cytes)

In adults, multipo tent stem cells can be fo und thro ugho ut the bo dy  (eg. in the bo ne marro w,

skin, gut, heart and brain)

Research is being carried o ut o n stem cell therapy, which is the intro ductio n o f adult stem cells

into  damaged tissue to  treat diseases (eg. leukemia) and injuries (eg. skin burns)

Leukaemia

Leukaemia is the generalised term referring to  a gro up o f cancers  that develo p in the bo ne

marro w

It is caused by mutatio ns in genes resulting in the o ver-pro ductio n o f abno rmal white blo o d

cells  (leuko cytes)

To  destro y these mutated cells in the bo ne marro w patients undergo  chemo therapy

Ho wever, as the chemicals injected into  the patient's bo dy during chemo therapy destro y all

bo ne marro w cells, hemato po ietic stem cells (HSCs), the adult stem cells fo und in bo ne marro w,

are remo ved using a large needle befo re treatment

These HSCs are sto red fro z en and after chemo therapy, they are returned via a transfusio n. Once

in the bo dy, the HSCs re-establish themselves in the bo ne marro w where they begin pro ducing

blo o d cells
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Therapeutic uses of embryonic and adult stem cells
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Stem Cells: Ethics

NOS: Et hical implicat ions of  research; research involving st em cells is growing in
import ance and raises et hical issues

Ethics are the rules pro vided by external so urces that allo w us to  determine whether so mething is

right o r wro ng

Befo re scientists undertake research it is impo rtant fo r them to  co nsider the ethics and

co nsequences

Research invo lving stem cells may:

Lead scientists to  make disco veries and create bene�cial techno lo gies that wo uld no t have

o ccurred if the research had been banned

Cure diseases o r disabilities

Enable o rgans to  be regenerated o r repaired, thus reducing the demand fo r o rgan transplants

Sources of  St em Cells

One o f the ethical co nsideratio ns researchers need to  take is to  determine what the so urce o f

the stem cells is to  be. There are three  po ssible so urces:

Embryo s, which can be created using therapeutic clo ning

Co rd blo o d (umbilical) o f new-bo rn babies, which can be fro z en and sto red

Speci�c adult tissues, e.g. bo ne marro w

Et hics of  Using St em Cells

Argument s f or:

Embryo nic stem cells:

These cells are to tipo tent o r pluripo tent therefo re they can di�erentiate into  any cell type

and thus give the patient a higher chance o f  living a healthy lif e

Embryo nic stem cells are no t di�erentiated. Therefo re there is less chance o f  genetic

damage, due to  an accumulatio n o f mutatio ns, which impro ves  the likeliho o d o f a healthy

lif e  fo r the patient

Any o f these cells pro duced by IVF  that have been set aside to  be discarded  co uld instead

be used fo r research into  incurable diseases

 Co rd blo o d stem cells:

Can be easily o btained and sto red  and therefo re are readily available when required

Are fully co mpatible with the tissues o f the adult, as they are genetically identical, and

therefo re reduce the risk o f  rejectio n if used

Wo uld be lo st when the umbilical co rd is discarded

Adult stem cells:

It is less co ntro versial to  use adult stem cells co mpared to  embryo nic stem cells because

the do no r is able to  give permissio n, e.g., many peo ple do nate bo ne marro w to  help treat
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leukaemia patients

There is a lo wer chance o f  rejectio n as the patient's o wn adult stem cells are being used to

treat them

A lo wer chance o f develo ping into  tumo urs

Can be remo ved witho ut any lo ng-lasting side e�ects to  the patient

Argument s against :

Embryo nic stem cells:

These cells have a higher risk o f develo ping into  tumo urs

The pro cess invo lves the creatio n and destructio n o f embryo s (but at which po int are

embryo s co nsidered alive)

Co rd blo o d stem cells:

The cells are multipo tent and therefo re have a limited capacity to  di�erentiate into  di�erent

cell types

Adult stem cells:

Adult stem cells are di�cult to  o btain as there are a small number o f them and so  they can be

painful to  extract as they are buried deep in tissue

Are multipo tent and therefo re have a limited capacity to  di�erentiate into  di�erent cell types

If adult stem cells are being do nated fro m o ne perso n to  ano ther they need to  be a clo se

match in terms o f blo o d type and o ther bo dy antigens o r there is a chance that the cells used

will be rejected  by the patient's  immune system

Stem Cell Ethics Table
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Exam T ip

It is impo rtant to  learn arguments fo r and against using the three so urces o f stem cells fo r

therapeutic uses.
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1.1.6 Skills: Cell Theory

Practical 1: Using a Microscope

Many bio lo gical structures are to o  small to  be seen by the naked eye

Optical (light) micro sco pes are an invaluable to o l fo r scientists as they allo w fo r tissues, cells and

o rganelles to  be seen and studied

Fo r example, the mo vement o f chro mo so mes during mito sis can be o bserved using a

micro sco pe

How opt ical (light ) microscopes work

Light is directed thro ugh the thin layer o f bio lo gical material that is suppo rted o n a glass slide

This light is fo cused thro ugh several lenses so  that an image is visible thro ugh the eyepiece

The magnifying po wer o f the micro sco pe can be increased by ro tating the higher po wer

o bjective lens into  place

Apparat us

The key co mpo nents o f an o ptical (light) micro sco pe are:

The eyepiece lens

The o bjective lenses

The stage

The light so urce

The co arse and �ne fo cus

Other to o ls used:

Fo rceps

Scisso rs

Scalpel

Co verslip

Slides

Pipette
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Image showing all the components of an optical (light) microscope

Met hod

Preparing a slide using a liquid specimen:

Add a few dro ps o f the sample to  the slide using a pipette

Co ver the liquid/smear with a co verslip and gently press do wn to  remo ve air bubbles

Wear glo ves  to  ensure there is no  cro ss-co ntaminatio n o f fo reign cells

Preparing a slide using a so lid specimen:

Use scisso rs to  cut a small sample o f the tissue

Peel away o r cut a very thin layer o f cells fro m the tissue sample to  be placed o n the slide

(using a scalpel o r fo rceps)

So me tissue samples need be treated with chemicals to  kill/make the tissue rigid

A stain may be required to  make the structures visible depending o n the type o f tissue being

examined

Gently place a co verslip o n to p and press do wn to  remo ve any air bubbles

Take care when using sharp o bjects and wear glo ves to  prevent the stain fro m dying yo ur skin
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Place the micro sco pe slide o n the stage, �x in place using the stage clips (ensure the

micro sco pe is plugged in and o n)

When using an o ptical micro sco pe always start with the lo w po wer o bjective lens:

It is easier to  �nd  what yo u are lo o king fo r in the �eld o f view

This helps to  prevent damage  to  the lens o r co verslip incase the stage has been raised to o

high

Whilst lo o king thro ugh the eyepiece lens  mo ve the co arse f o cusing kno b  until the specimen

co mes into  f o cus. The �ne f o cusing kno b  sho uld be used to  sharpen the fo cus o n particular

parts (and at higher o bjective lens o nly)

To  examine the who le slide mo ve it carefully with yo ur hands (o r if using a bino cular micro sco pe

use the stage adjusting kno bs)

Once  yo u have f o cused  o n the o bject/structure then carefully mo ve  to  higher o bjective lens

(10X and 40X). If resistance is felt do  no t co ntinue to  mo ve the turret. At the higher o bjective

po wers o nly  use the �ne f o cusing kno b

Do  no t mo ve  the stage do wn when mo ving to  higher o bjective lens

Unclear o r blurry images:

Switch to  the lo wer po wer o bjective lens and try using the co arse f o cus to  get a clearer

image

Co nsider whether the specimen sample is  thin eno ugh fo r light to  pass thro ugh to  see the

structures clearly

There co uld be cro ss-co ntaminatio n with fo reign cells o r bo dies

Use a calibrated  graticule to  take measurements o f cells

A graticule  is a small disc that has an engraved scale. It can be placed into  the eyepiece o f a

micro sco pe to  act as a ruler in the �eld o f view

As a graticule has no  �xed units it must be calibrated fo r the o bjective lens that is in use. This

is do ne by using a scale engraved o n a micro sco pe slide (a stage micro meter)

By using the two  scales to gether the number o f micro meters each graticule unit is wo rth can

be wo rked o ut

After this is kno wn the graticule can be used as a ruler in the �eld o f view
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The stage micrometer scale is used to �nd out how many micrometers each graticule unit represents

Drawing cells

To  reco rd the o bservatio ns seen under the micro sco pe (o r fro m pho to micro graphs taken) a

labelled bio lo gical drawing is o ften made

Bio lo gical drawings  are line pictures which sho w speci�c features that have been o bserved

when the specimen was viewed

There are a number o f rules/co nventio ns that are fo llo wed when making a bio lo gical drawing

Guidelines f or microscope drawings

The co nventio ns are:

The drawing must have a title

The magni�catio n under which the o bservatio ns sho wn by the drawing are made must be

reco rded

A sharp HB pencil sho uld be used (and a go o d eraser!)

Drawings sho uld be o n plain white paper

Lines sho uld be clear, single lines  (no  thick shading)

No  shading

The drawing sho uld take up as much o f the space o n the page as po ssible

Well-de�ned structures sho uld be drawn

The drawing sho uld be made with pro per pro po rtio ns
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Label lines sho uld no t cro ss o r have arro wheads and sho uld co nnect directly to  the part o f

the drawing being labelled

Label lines sho uld be kept to  o ne side o f the drawing (in parallel to  the to p o f the page) and

drawn with a ruler

Drawings o f cells are typically made when visualising cells at a higher magni�catio n po wer,

whereas plan drawings are typically made o f tissues viewed under lo wer magni�catio ns

(individual cells are never drawn in a plan diagram)

An example of a tissue plan drawn from a low-power image of a transverse section of a root. There is no

cell detail present.

Magni�cat ion calculat ions

Magni�catio n is ho w many times bigger the image o f a specimen o bserved is in co mpariso n to

the actual (real-life) siz e o f the specimen

The magni�catio n (M) o f an o bject can be calculated if bo th the siz e o f the image (I), and the

actual siz e o f the specimen (A), is kno wn
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An equation triangle for calculating magni�cation

Worked example

An image  o f an animal cell is 30 mm in siz e and it has been magni�ed  by a facto r o f X 3000.What is

the actual siz e o f the cell?

To  �nd the actual siz e o f the cell:

Using t he appropriat e unit s
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The siz e o f cells is typically measured using the micro metre  (μm) scale, with cellular structures

measured in either micro meters  (μm) o r nano meters  (nm)

When do ing calculatio ns all measurements must be in the same units. It is best to  use the

smallest unit  o f measurement sho wn in the questio n

To  co nvert units, multiply o r divide depending if the units are increasing o r decreasing

Magni�catio n do es no t  have units

There are 1000 nano meters (nm) in a micro metre (µm)

There are 1000 micro metres (µm) in a millimetre (mm)

There are 1000 millimetres (mm) in a metre (m)

Using a scale bar

A scale bar is a straight line o n the drawing o r micro graph that represents the actual siz e befo re

the image was enlarged

If the calculatio n required includes a scale bar o n the micro graph o r drawing then fo llo w these

steps:

�. Use a ruler to  measure the length o f the scale bar in millimetres

�. Co nvert this measurement into  the same units as the number o n the scale bar

�. Insert these numbers into  the magni�catio n fo rmula abo ve (no te: the siz e o f the image is the

measured length o f the scale bar and the actual siz e is the number o n the scale bar)
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Worked example

Calculate the magni�catio n o f the transverse sectio n o f the leaf blade.

Transverse section of the leaf blade

Step 1: Use a ruler to  measure the length o f  the scale bar in millimetres

Using a ruler the length o f the scale bar is equal to  20 mm

Step 2: Co nvert this measurement into  the same units as the number o n the scale bar

The units o n the scale bar are µm, remember that 1mm = 1000 µm

therefo re 20 mm = 20 x 1000 = 20 000 µm

Step 3: Insert these numbers into  the magni�catio n f o rmula 
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No te: the siz e o f the image is the measured length o f the scale bar and the actual siz e is the number

o n the scale bar

therefo re Magni�catio n = x 100

Exam T ip

Befo re do ing any calculatio ns make sure that all the measurements have the same units.When

do ing the calculatio ns it is easier to  write the fo rmula, then rearrange it, befo re yo u add any

measurements, as this helps avo id any po ssible erro rs.No te that when yo u do  calculatio ns using

a scale bar, the number o n the scale bar is info rming yo u ho w many mm/µm o r nm the line actually

represents (e.g. if the scale bar has 20 nm abo ve it and the line is 10 mm, then every 10 mm o n the

diagram is actually  20 nm).
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