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0.1 Get the most from this book 











Science is a way for us to gain knowledge about how and why things happen in the 








way that they do. We do this by using our senses to observe the world around us and 








by doing experiments to investigate how things work. 








This book covers the BGE Benchmarks for Sciences at Third and Fourth Levels, 








and is divided into Biology, Chemistry and Physics units. It also includes an 








introduction to the basic skills required to succeed in science and ends with a 








Topical Science unit containing ideas for research. 








It is enjoyable and easy to read, delivering concepts and theories in a ‘straight-to- 








the-point’ manner, using clear and simple language. It is full of helpful hints and 








contains proven methods of delivering difficult concepts in a style that you can 








relate to and understand. This book has been designed both as a classroom aid 








and for your own personal study. 










›› 



Learn the facts, demonstrate your 











understanding and build your skills 








To get the most from this book, read it carefully and at a steady pace to give 








yourself time to understand the concepts and theories: 








Introduction to BGE Science 








Each lesson starts with an 








introduction to the topic. 








Work through the questions at the end 








of each lesson to test your knowledge 








and understanding of the topic. 
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1Cellsandreproduction 








Germinatingseed 








Seed 








Simplefruit 








Matureplant 








Stigma 








Style 








Ovary 








Germinatingpollengrain 








Pollentube 








Pollengrain 








Pollentube 








Ovarywall 








Siteof 








fertilisation 








Flowering 








Fertilisation 








Fruitdevelopment 








Seedproduction 








Seeddispersal 








Germination 








Growthanddevelopment 








›› 



Life cycles 








Despitethehugevarietyoflifeontheplanetandnumerousdifferent 








waysinwhichlivingthingsgrowanddevelop,mostlifecycleshave 








asimilarbasicpattern.Thereisamatingandreproductionstage; 








followedbyembryonicdevelopment;thenaperiodofgrowth, 








developmentandmaturationwhichleadstotheformationof 








gametes 



inpreparationforfurthermatingandreproduction.Wecan 








representtheseinlifecyclediagrams. 








› The 



humanlifecycle 








Asisthecaseformostmammals,aftermatingandfertilisationof 








theeggbyaspermcell,thehumanembryogoesthroughaprocess 








ofembryonicdevelopmentinsidethefemale’suterus.Inhumans, 








thistakes40weeks.Afterthebabyisborn,ahumanwillgothrough 








furthergrowthanddevelopmentrightthroughinfanthood,childhood 








andadolescence,untilreachingsexualmaturityafterpuberty.Once 








ahumanissexuallymature,reproductionwithamateispossibleand 








sothecyclecontinues,asshowninFigure1.33. 








› The 



froglifecycle 








Aboutthreeweeksafterfertilisation,frog 








spawn(containingembryos)beginstohatch 








youngtadpoles.Atthisstage,atadpolehas 








externalgillsforbreathinginsteadoflungs. 








Astimepasses,lungsdevelopandthetail 








getsbigger.Eventually,itispossibletosee 








hindlegsdeveloping.Duringthenextstage, 








frontlegsformandthetailshortens.Atthis 








stage,itiscalledafroglet.Oncethefroglet 








hascompletelylostitstail,itiscalledafrog. 








Thisprocessofgrowthanddevelopment, 








whichcausessignificantchangestothe 








organism’sphysicalappearance,isknownas 








metamorphosis. 



Oncemature,thefemale 








froglayseggs,whichareexternallyfertilised 








bythemale. 








u 



1.6 Growth and development 








Differentspeciesgrowandmatureindifferentways.Simpleorganismssuch 








asbacteriadivideby 



celldivision 



andthengrowuntilfullsized.Morecomplex 








organisms,suchashumansandfloweringplants,havemorecomplicatedlife 








cycleswithseveraldifferentstages.Forexample,ahumanstartsasafertilisedegg, 








developsintoafoetus,thenbaby,child,adolescentandfinallyadult. 








Infanthood 








Childhood 








growth 








Adolescence 








Mating 








Adulthood 








Fertilisation 








andembryonic 








development 








▲ 



Figure1.33 



Thehumanlifecycle 








Spawn 








External 








gills 








Four 








legs 








Froglet 








Frog 








Rear 








legs 








Tadpole 








▲ 



Figure1.34 



Thelifecycleoffrogs 
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› The 



butterflylifecycle 








Asexuallymaturefemalebutterflylaysherfertilised 








eggsontheleavesofplantsaftermatingwithamale 








butterfly.Heretheeggswillgothroughrapidgrowth 








untiltheyarereadytohatchascaterpillars(butterfly 








larvae). 



Thesecaterpillarsspendabouttwoweeksfeeding 








andgrowinginpreparationforthenextstage.When 








eachcaterpillarisready,itformsa 



chrysalis 



(pupa). 








Insidethisprotectivecase,thecaterpillargoesthrough 








completemetamorphosis, 



duringwhichtimeitsphysical 








appearancechangescompletely.Whenitresemblesan 








adultbutterfly,itemergesfromthechrysalisreadyto 








mateandstartthecyclealloveragain. 








› The 



lifecycleofafloweringplant 








Matureplantsflowerandproducemaleand 








femalegametes.Themalegamete(pollen) 








fertilisesthefemalegamete(theegg)insidethe 








ovaryoftheflower.Oncefertilisationhastaken 








place,theovarydevelopsintoafruitcontaining 








seeds.Theseseedsarethen 



dispersed 



viawind 








oranimals.Iftheyendupinsoilwiththeright 








conditions,theywillgerminateandgrowinto 








youngplants.Theyoungplantthengrowsand 








developsintoasexuallymatureplantthatcan 








continuethelifecycle. 








Other life cycles 








Someofthemostcomplexlifecycles 








arethoseofparasites,suchasparasitic 








flatworms.Theircomplexlifecyclescan 








makeitdifficulttopreventandtreatparasite 








infection. 








Germinatingseed 








Seed 








Simplefruit 








Matureplant 








Stigma 








Style 








Ovary 








Germinatingpollengrain 








Pollentube 








Pollengrain 








Pollentube 








Ovarywall 








Siteof 








fertilisation 








Flowering 








Fertilisation 








Fruitdevelopment 








Seedproduction 








Seeddispersal 








Germination 








Growthanddevelopment 








▲ 



Figure1.36 



Thelifecycleoffloweringplants 








Investigatethelifecycleof 








anyorganismofyourchoice 








andpresentthisasaposter. 








Describethestagesinvolvedin 








theirdevelopmentandinclude 








adiagramofthecycle. 








Researchtask 








1 



Describethelifecycleof 








a) 



humans 








b) 



butterflies 








c) 



frogs 








d) 



floweringplants. 








2 a) 



Identifythemalegametesoffloweringplants. 








b) 



Identifythefemalegametesoffloweringplants. 








3 



Describethesimilaritiesbetweenallthelifecycles 








discussedinthistopic. 








4 



Comparethelifecyclesoffrogsandbutterfliesbylisting 








similaritiesanddifferences. 








Questions 








1.6Growthanddevelopment 








Egglaying 








Eggs 








Larvalgrowth 








anddevelopment 








Chrysalis 








(pupa) 








Metamorphosis 








Emergence 








Adult 








Mating 








▲ 



Figure1.35 



Thelifecycleofbutterflies 








Research tasks give 








opportunities for 








further investigation 








on key areas of 








interest. 








Highlighted glossary terms throughout, 








corresponding to a glossary at the end of the 








book, with definitions of key words and terms 








to help build your science vocabulary. 








The information you require to understand the 








topic is presented in each lesson. These contain 








key points and clear explanations of concepts. 
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Introduction to BGE Science 
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0.2 Safety first! 











Science is an amazing subject that can open up a world of discovery. However, science 








classrooms can be dangerous places, which is why there are strict safety rules that must 








be followed to ensure you and your classmates can work safely in your science lab. 








Science safety rules aim to prevent accidents, so it is important that everyone 








follows all the safety rules shown below. 










›› 



Science safety rules 











1 



Only enter the science lab when a teacher tells you to. 








2 



Don’t eat, drink or chew gum in the science lab. 








3 



Follow all instructions given to you by your teacher. 








4 



Always behave in a safe and orderly manner. 








5 



When doing experiments: 








l 








always wear your safety goggles 








l 








remain standing throughout 








l 








make sure that long hair is tied back 








l 








let the teacher know if anything is spilled or broken. 








Figure 0.2 shows a science classroom where the students are not following the 








safety rules and are putting themselves and their classmates at risk. 










▲ 



Figure 0.1 



Science 













safety rules 











Joseph 








Kai 








John 








Grace 








Lesley 








Aisha 








▲ 



Figure 0.2 



Identify the dangers 
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0.2  Safety first! 











1 



Use Figure 0.2 to help you to complete the following tasks: 








a) 



Draw up a table listing all the safety rules being broken by each student. 








b) 



Make a list of any other safety issues that must be addressed in this science classroom to 








make it safe for all. 








2 



Think about the following scenarios: 








Scenario 1 








Omar was sitting at his desk measuring out chemicals. 








He accidently spilled some chemicals onto his hand; he 








took his goggles off to look at his hand to make sure it 








was okay. 








Scenario 2 








Meera was using a Bunsen burner to heat a volume of 








water to its boiling point in a beaker. Her long hair was 








loose and when she turned around it caught fire as it 








came into contact with the Bunsen burner. 








Scenario 3 








Ethan was performing an experiment but was running 








out of time. To save time he placed the glassware and 








the chemicals he had been using into the sink rather 








than putting them back where he got them from. 








Scenario 4 








Catherine was not paying attention when the teacher 








was explaining how the experiment should be 








performed. The teacher left the room to collect some 








extra equipment, but Catherine started the experiment 








before the teacher had returned to class. 










▲ 



Figure 0.3 











Copy and complete the sentences below by listing the rules being broken by each student and 








say what they can do to improve their safety in the science classroom. 










l 



Omar is not acting safely because … 








l 



Meera is not acting safely because … 








l 



Ethan is not acting safely because … 








l 



Catherine is not acting safely because … 











3 



Create a ‘Science Safety Rules’ poster for your science classroom. The poster should be bright and 








colourful, clearly listing the five science safety rules. 










Safety first! 
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Introduction to BGE Science 








The science classroom will have equipment that you may not have used before. It is 








important to learn where the equipment is stored in your science classroom, what it 








is used for and how to use it correctly. 










u 



0.3 Equipment in the science classroom 











Let’s start with glassware. Many types of glassware are 








used in the science lab; we will cover some of the basic 








equipment here. 








Beaker – 








used to give a rough 








measurement of volume or 








for heating or stirring 








together chemicals. 








They come in a range 








of sizes 








Boiling tube – 








used to heat 








substances in 








the flame of 








a Bunsen burner 








Test tube – 








used to hold 








and mix chemicals 








Measuring cylinder – 








used to provide a 








measurement of 








volume in 








centimetres cubed (cm3) 








10 








20 








50 








40 








30 








cm3 










▲ 



Figure 0.4 



Basic science glassware 











There are other pieces of equipment that we also must learn to use safely to be 








able to perform experiments. 








Balance – 








used to measure 








mass in grams (g) 








Bunsen burner – 








used to heat 








substances 








Tripod stand – 








used to support a 








beaker, usually above 








a Bunsen burner 








Clamp stand – 








used to hold a piece 








of apparatus such as 








a boiling tube 








Thermometer – 








used to measure 








temperature in 








degrees Celsius (°C) 








Test-tube rack – 








used to hold test 








tubes safely 










▲ 



Figure 0.5 



Science equipment 













›› 



Designing experiments 











When designing an experiment, safety should always be the top priority and 








you should always show your science teacher your plan before carrying out any 








experiment. 








Most commonly, experiments are designed to measure a change in something, 








for example the change in 



mass 



or 



volume, 



the rate of reaction or the level of 








activity. The data that is collected can be analysed and a 

conclusion 



can be drawn, 








for example ‘as the temperature increased, the volume of gas produced increased’. 
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0.3  Equipment in the science classroom 








1 



Using Figures 0.4 and 0.5 to help you, copy and 








complete the diagram shown in Figure 0.8 by labelling 








all the pieces of apparatus used. The first one has been 








done for you. 








2 



Copy and complete the diagram shown in Figure 0.9 








by labelling all the pieces of apparatus used. 








3 



Copy and complete the following sentences by adding 








the correct piece of apparatus. 








a) 



A 








is used to 








mix or hold chemicals. 








b) 



When measuring temperature, a 








is used. 








c) 



A 








is used to 








safely hold a boiling tube that is being heated by 








a 








. 








4 



As part of an experiment, a student has to heat 








100 cm 



3 



of water to 80 °C using a Bunsen burner. 








Draw a labelled diagram of the student’s apparatus. 








Equipment in the science classroom 








The design of the experiment should take into account what will be measured. 








Ask yourself ‘what data shall I collect?’ and ‘what equipment is available to me?’ 








Will you collect a gas? You could measure the volume of gas produced by a 








reaction over a period of time. 








Will you measure loss of mass? You could measure the change in mass as a 








reaction proceeds. 








Water 








trough 










▲ 



Figure 0.8 



Collecting a gas 











20 cm3 of water 








Burning food 










▲ 



Figure 0.9 



Burning food 











Hydrochloric 








acid (1 mol l–1 ) 








Chalk 








Measuring 








cylinder 








Gas 








collecting 










▲ 



Figure 0.6 



Measuring volume of gas produced 











Hydrochloric acid 








(1mol l–1 ) and chalk 










▲ 



Figure 0.7 



Measuring loss of mass 
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Introduction to BGE Science 








We use measurements all the time in daily life. For example, on the drive to school 








the 30 mph shown on the car dashboard is a measurement of speed; at lunchtime 








the 500 cm3 found on the side of your bottle of water is a measurement of volume 








and the mass of crisps in a standard bag is around 25 g. 










u 



0.4 Measuring 











Measurements are also important when carrying out experiments. As in 








everyday life, 



all 



measurements must be accompanied by a 



unit. 










▲ 



Figure 0.10 













Measuring 80 cm3 








of a liquid 











20 








30 








40 








50 








60 








70 








80 








90 








100 








cm3 








30mph 








500cm3 








25g 








Value: 30 








Value: 500 








Value: 25 








Unit: miles per hour (mph) 








Unit: centimetres cubed (cm 



3) 



Unit: grams (g) 








The 



unit 



of a measurement is as important as the 



value, 



because the number is 








meaningless without the unit. Look again at the everyday examples at the start 








of this section – would these measurements still be useful if they told you that 








you are driving at ‘30’ or that there is ‘500’ in your bottle of water? Units are 








important! 








In science we use a variety of units for our measurements and it is important to 








learn them all. 










›› 



Volume 











Volume is mainly measured using two units, cm3 (centimetres cubed) or l (litres). 








1 litre = 1000 cm3 








The volume shown on the measuring cylinder in Figure 0.10 is 80 cm3. This can be 








converted into litres by dividing by 1000: 








80 








1000 








= 0.08 l 








When reading the volume from the measuring cylinder, it is 








important to read it at eye level from the bottom of the meniscus 








(the little dip at the surface of the liquid). 










›› 



Mass 











Mass is measured using two units, g (grams) or kg (kilograms). 








1 kg = 1000 g 








The mass shown on the balance in Figure 0.11 is 196.7 g. This can 








be converted into kilograms by dividing by 1000: 








196.7 








1000 








= 0.1967 kg 










▲ 



Figure 0.11 



A balance being used to 













measure change in mass during a 








chemical reaction 











Cotton wool plug 








(to stop spray 








getting out) 








Dilute hydrochloric 








acid 








Chalk lumps 








Balance 
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0.4   Measuring 













›› 



Time 











Time is mainly measured using s (seconds) or min (minutes). 








1 minute = 60 seconds 








The time shown on the stopwatch in Figure 0.12 is 01:10 








(1 minute 10 seconds). This can be converted into seconds by 








adding the 10 seconds to 60 seconds (1 minute): 








60 + 10 = 70 seconds 










›› 



Temperature 











Temperature is usually measured in °C (degrees Celsius), although there 








are some other units which you will come across as you progress through 








secondary school. 








The temperature shown on the thermometer in Figure 0.13 is 36°C. 








To read the value on a thermometer accurately, the reading must be taken at 








eye level. 










▲ 



Figure 0.12 



The 













stopwatch timed 








1 minute 











10 seconds 








1 



Record the measurements and units shown 








on the pieces of apparatus in Figure 0.14. 








200 



0 








0 








100 








100 








1010 



10 








300 



0 








400 



0 








500 








600 








700 








cmm3 








200 








300 



300 



0 








400 








500 








100 








00 



00 



00 



00 



0 








cmm3 








200 








100 








00 








°°°CCCC 








900 








800 








700 








°CCC 








300 








°°°CCCC 








200 








100 








a) 








b) 








c) 








d) 








e) 










▲ 



Figure 0.14 











2 



Copy and complete Table 0.1 by converting 








the masses shown into the other unit. 








Mass in grams (g) 








Mass in kilograms (kg) 








500 








250 








0.6 








2 








750 








1.5 








▲ 



Table 0.1 








3 



Copy and complete Table 0.2 by converting 








the volumes shown into the other unit. 








Volume in centimetres 








cubed (cm3) 








Volume in litres (l) 








100 








1000 








0.5 








3 








10 








2.5 








▲ 



Table 0.2 








4 



Name the pieces of equipment that can be 








used to measure: 








a) 



volume 








b) 



mass 








c) 



temperature 








d) 



length 








e) 



time. 








Measuring 










▲ 



Figure 0.13 



The 













thermometer 








reads 36°C 
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°C 
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Introduction to BGE Science 










›› 



Handling data 











When performing experiments you may record 








measurements such as temperature, mass or 








volume. The most efficient way of recording 








measurements is in a table, like Table 0.3. 








All table lines should be drawn with a ruler. Use 








clear headings and units for measurements. 










u 



0.5 The results are in! 











When you perform an experiment, it is important to record 








your results carefully, so that you can study them and draw a 








conclusion. The recorded results may also be transformed into 








a bar chart or line graph, which allows you to analyse them 








further and helps you to communicate your results to others. 








All numbers are 








recorded clearly. 








Metal 








Voltage (V) 








copper 








1.0 








magnesium 








0.0 








zinc 








0.2 








lead 








0.5 








silver 








1.5 








This table has clear 








headings and the units 








are shown. 








The table has been 








drawn with a ruler. 








▲ 



Table 0.3 








› 



Graphs and charts 








A very effective way of analysing results is by drawing them as a 








graph or chart. Graphs and charts must be drawn following a set 








of rules which are easy to remember using this simple mnemonic. 








Your graph must have an even scale so that the 








numbers follow a regular pattern such as 0, 1, 2, 3, 4 … 








or 



0, 5, 10, 15, 20 … 



or 



0, 10, 20, 30 … 








CALE 








S 








ABELS 








Both axes must be clearly labelled. 








L 








NITS 








Units must be shown if required. 








U 








ULER 








Draw your axis lines with a ruler. 








R 








OINTS 








All points must be plotted accurately. 








P 








It’s important to note that graphs are completed slightly differently in Biology, 








however. In Biology, all points must be joined point to point using a ruler. Ask a 








Biology teacher to show you how to do this. 
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0.5    The results are in! 








The results shown in Table 0.3 








have been drawn as a bar chart 








(Figure 0.15). 










◀ 



Figure 0.15 



A bar chart of 













the results in Table 0.3 
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S 
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v 
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r 








Metal 








0.5 








0.6 








0.7 








0.8 








0.9 








1.0 








1.1 








1.2 








1.3 








1.4 








1.5 








0.4 








0.3 








0.2 








0.1 








Voltage 








(V) 








Both axes have 








clear labels 








All bars have been 








plotted correctly 








The y-axis has 








an even scale 








The y-axis has 








the unit shown 








The axis lines 








have been drawn 








with a ruler 








The results shown in Table 0.4 are for a reaction 








between acid and chalk. The student recorded 








the volume of gas produced at regular time 








intervals. 








Time (s) 








Volume of CO2  produced (cm3) 








0 








0 








30 








28 








60 








39 








90 








46 








120 








51 








150 








55 








180 








58 








210 








60 








240 








61 








270 








62 








300 








62 








▶ 



Table 0.4 
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Both axes have 








even scales 








Both axes have 








the units shown 








All points have 








been plotted 








correctly 








The axis lines 








have been drawn 








with a ruler 








Both axes have 








clear labels 










▶ 



Figure 0.16 



A 













line graph of the 








results in Table 0.4 











The results shown 








in Table 0.4 have 








been drawn as 








a line graph 








(Figure 0.16). 
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Introduction to BGE Science 










›› 



Drawing a conclusion 











The results of an experiment should be used to draw a conclusion. A conclusion 








summarises how the results answer the experiment’s aim. For example, using 








the bar chart in Figure 0.15 it can be concluded that: ‘silver metal produced the 








highest voltage’ or ‘the type of metal used affects the voltage produced’. 








1 



The results of a student survey on favourite 








sports to watch on TV were recorded in 








Table 0.5. 








Draw a bar chart of the results. 








Sport 








Number of students 








football 








15 








cricket 








1 








rugby 








7 








American football 








2 








Formula 1 racing 








5 








2 



The bar chart in Figure 0.17 shows 








the amount of energy used per day by 








different people. 








Use the information in the bar chart to 








answer the following questions: 








a) 



Which people require the most 








amount of energy per day? 








b) 



Which people require 12 000 kJ 








per day? 








c) 



List the three categories of people that 








require less than 10 000 kJ of energy 








per day. 








d) 



How many categories of people are 








represented in the bar chart? 








◀ 



Table 0.5 








➜ 








The results are in! 
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0.5    The results are in! 













3 



a) 



Draw line graphs of the information about cigarette smoking and about 











growth of seedlings shown in Tables 0.6 and 0.7. 








i) 



Number smoked 








per day 








0 








5 








10 15 20 25 30 








Deaths (×1000) 








3 








10 23 35 41 43 45 








▲ 



Table 0.6 



Smoking and deaths 








ii) 



Time (days) 



0 








7 








14 








21 








28 35 42 








Height (cm) 



12 








17 








24 








36 56 88 100 








▲ 



Table 0.7 



Time and plant growth 








b) 



Use the results to draw conclusions linking: 








i) 



the number of cigarettes smoked per day to deaths 








ii) 



time (number of days) to height of seedlings. 










4 



The line graph in Figure 0.18 shows the 











effect that force has on the extension of 








an elastic band. 








Use the line graph to answer the following 








questions. 










a) 



State the extension of the elastic, in cm, 











when it reaches the elastic limit. 










b) 



What force is required to stretch the elastic 











to its limit? 










c) 



What force must be used to stretch the 











elastic by 20.0 cm? 










d) 



What was the maximum value of the elastic 











stretch recorded? 








0.0 








0.0 








5.0 








10.0 








15.0 








20.0 








25.0 








30.0 








35.0 








40.0 








1.0 2.0 3.0 4.0 








Force (N) 








Elastic limit 








Average 








extension 








(cm) 








5.0 6.0 7.0 8.0 9.0 10.0 










◀ 



Figure 0.18 



Graph showing force 













against elastic extension 
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1.1 Cells 











Cells are the building blocks of all living things. There are hundreds of different 








types of cells in animals and plants, each with its own amazing job to do. 










1 Cells and reproduction 













›› 



The basic unit of life 











Some organisms, such as amoeba, are made up of just one cell 








and are said to be 

unicellular. 



They are able to carry out all 








the processes for life in just one cell. However, 

multicellular 








organisms, such as most species of plants and animals, need many 








cells to survive. 








Take a ruler and find 1 mm. Now try 








to imagine dividing this 1000 times 








– this is how small cells are. 








Cells are said to be 

microscopic, 



as they are so 








small they cannot be seen with the naked eye. To 








see cells, we need to use a microscope, as shown 








in Figure 1.2. Plant cells are usually bigger than 








animal cells, but are still microscopic. 










› 



Animal cells 











When we look at an animal cell under the 








microscope, we see something similar to this 








human cheek cell. The tiny structures in cells 








are called 

organelles. 



Nearly all animal cells 








have at least three organelles: a 

cell membrane, 








a 

nucleus 



and 

cytoplasm. 








Eyepiece lens 








Coarse focus 








Fine focus 








Clip 








Nosepiece 








Objective lenses 








Stage 








Mirror 










▲ 



Figure 1.2 



A microscope 













allows you to magnify and 








view cells 













▲ 



Figure 1.1 



An amoeba – a unicellular 











organism 








12 








▲ 



Figure 1.3 



A diagram of a human cheek cell and real cheek cells as seen with a microscope 








Cell membrane 








controls what enters 








and leaves a cell 








Nucleus 








contains 



DNA, 



the 








instructions that 








control cell activities 








Cytoplasm 








where chemical 








reactions happen 








a) 








b) 
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1.1  Cells 













› 



Plant cells 











Plant cells also have a cell 








membrane, a nucleus and 








cytoplasm, and some additional 








organelles that are unique to 








plants. Plant cells have a 

vacuole 








to store water, a 

cell wall 



to 








provide support and 

chloroplasts 








to carry out 

photosynthesis 



in the 








green parts of the plant. 










› 



Specialised cells 











Multicellular organisms are made up of many different types of cell called 

specialised cells, 



each 








with its own specific job. Specialised cells have shapes and features that allow them to do their job. 








Figures 1.5 to 1.7 show three important specialised cells. 










▲ 



Figure 1.5 



Nerve cells can send 













messages all over the body and can 








be as long as you are tall. Their long 








extensions carry messages from your 








brain all the way to your toes 













▲ 



Figure 1.6 



The shape of a red 













blood cell allows it to absorb lots 








of oxygen to carry around the 








body 













▲ 



Figure 1.7 



A sperm cell has 













a tail to allow it to swim 








towards the female egg cell 













1 



Define the term 



unicellular. 



Give an example 











of a unicellular organism. 










2 



Define the term 



multicellular. 



Give an 











example of a multicellular organism. 










3 



State why a microscope is needed to view 











cells. 










4 



List the three organelles found in both animal 











and plant cells. 










5 



List the additional three organelles found in 











plant cells. 










6 



Create a table to include the functions of all 











of the organelles of animal and plant cells. 










7 



Define the term 



specialised cell. 



Give an 











example of a specialised cell. 










8 



Describe the feature of a sperm cell that 











allows it to do its job. 










9 



Explain the role of a red blood cell. 













10 



Cells are measured in micrometres (µm). 











There are 1000 µm in 1 mm. Calculate the 








size of a 0.03 mm cell in micrometres. 








Questions 








Prepare a fact file on one of the following specialised cells. Include a drawing and describe the 








special features. 








l 








white blood cell 








l 








human egg cell 








l 








leaf mesophyll cell 








l 








root hair cell 








Research task 








Cell membrane 








Cytoplasm 








Nucleus 








Chloroplasts 








contain the green pigment 








chlorophyll 



to absorb light 








energy for photosynthesis 








Cell wall 








supports the cell 








and keeps its shape 








Vacuole 








contains sap 








and keeps cell firm 








b)a) 










▲ 



Figure 1.4 



A diagram of a plant cell and a real plant cell as seen under the 













microscope 
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1 Cells and reproduction 













›› 



The genetic code 











Your 



DNA 



is unique to you, 








unless you are an identical 








twin. If you stretched out the 








DNA from all of your cells, it 








would stretch to the Moon and 








back 3000 times! 








DNA is a truly incredible, 








thread-like molecule that 








stores the genetic instructions, 








or code, needed to make a 








living thing. This genetic code 








is carried on 

chromosomes, 








which are found in the nucleus 








of most cells as shown in Figure 1.8. Each species has a unique number of chromosomes in the nuclei of 








their cells – in humans this number is 46, made up of 23 pairs. Chromosomes are made of many 

genes, 








which code for different characteristics. For example, you have a gene that determines your eye colour 








and a gene that determines whether or not you can roll your tongue. 








Even though humans share the same gene pool, it is the unique combination of genes which we inherit 








from our parents that make us all different from one another. Incredibly, humans share 97% of our 








DNA with chimpanzees – this means that only a tiny 3% difference in DNA is responsible for the 








differences between our species. We share approximately 90% of our DNA 








with cats and around 85% with mice. This is one reason mice are used in 








medical testing. 










›› 



The structure of DNA 











In the early 1950s, many scientists were in a race to be the first to discover 








DNA’s structure. Some came close to solving the puzzle, but it was scientists 








James Watson and Francis Crick that took the glory. Inspired by the work 








of a female chemist, Rosalind Franklin, they were able to create a model of 








DNA. Watson and Crick shared the Nobel Prize with Maurice Wilkins for their 








discovery of the structure of DNA in 1953. 










u 



1.2 DNA 











The discovery of 

DNA 



(deoxyribonucleic acid) was one of the most important 








developments of the twentieth century. This amazing 

molecule 



is what makes you, 








you! The discovery of DNA has led to incredible advances in science, medicine 








and society. For example, greater understanding of DNA has allowed scientists to 








identify inherited disorders such as cystic fibrosis, to genetically modify our crops 








to increase their shelf lives and to identify criminals. 








Chromosome 








Cell 








Gene 








Nucleus 










▲ 



Figure 1.8 



Chromosomes are made of tightly coiled DNA and are stored in 













the nucleus 













▲ 



Figure 1.9 



Rosalind 













Franklin’s inspiring 








‘photo 51’. The 'X' shape 








allowed Watson and 








Crick to figure out that 








DNA is a double helix. 
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1.2  DNA 











Watson and Crick described DNA as a double-stranded helix, which 








looks like a spiral ladder. The rungs of the ladder hold a sequence of 



DNA 








bases 



that make up genes. There are four different bases: A, T, C and G. 








The base A always pairs with T, and C always pairs with G. The unique 








sequence of our bases and, therefore, unique collection of genes is what 








makes each and every living thing different from the next – except for 








identical twins and some 

asexually reproducing 



organisms, such as 








bacteria and some plants, that share the exact same DNA. 










›› 



Extracting DNA 











As it is such an important molecule, scientists often want to study DNA 








more closely. DNA can be 



extracted 



from cells fairly easily; this can 








be done in the classroom with simple apparatus. First, a piece of fruit, 








such as kiwi or strawberry, is mashed with washing up liquid and warm 








salty water. This mixture is then placed in a water bath at 60 °C for 10 








minutes. Next, it is filtered into a boiling tube. Cold ethanol is carefully 








and slowly poured down the side of the boiling tube, so that it forms a 








layer on top of the fruit mixture. This is then left to stand for 10 minutes. 








DNA will start to form as white strands where the layers meet. 










▲ 



Figure 1.11 



Extracting fruit DNA 













›› 



DNA profiling 











As the sequence of bases in DNA is unique to 








an individual, it can be used to identify a person. 








The technique used to identify an individual by 








their DNA is called 

DNA profiling. 



This is also 








called DNA fingerprinting as the pattern in DNA 








is as unique to a person as their fingerprints. 








This amazing technique has allowed forensic 








scientists to identify individuals at crime scenes, 








medical scientists to identify disease genes and 








parents to carry out a paternity test to identify 








a child’s father. As a result, DNA profiling has 








allowed doctors to learn how to treat disease, 








brought criminals to justice and reunited 








families. 










▲ 



Figure 1.12 



DNA from crime scenes can be profiled to 













identify criminals. Profiling has even led to the release of 








innocent people from jail. 
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▲ 



Figure 1.10 



Here the DNA 













helix has been unravelled 








to show how bases pair 








between strands. The pairs 








are A–T and C–G. 
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1 Cells and reproduction 













› 



Ethics 











Ethics are concerned with what is morally right and wrong and affect how we 








behave in society. DNA profiling has raised some important ethical questions. 








Consider the following questions. 








l 








Once your DNA has been collected and profiled, who does this data belong to? 








l 








Can the police or private companies access your DNA data and for what 








reasons? 








l 








Could your data be used for research that you disagree with? 








l 








What if your DNA data suggests you have a gene for an incurable disease? 








l 








Should future employers be allowed to use this information to avoid giving 








you a job? 








l 








Should parents be allowed to use DNA profiling to select the sex of their 








baby? 








l 








How would you feel if your DNA linked your ancestors to a horrible crime? 










1 



State what DNA is. 








2 



Identify where DNA is stored in the cell. 








3 



Identify the structures on which DNA is 











carried. 










4 



Explain why we are not all identical to each 











other. 










5 



Describe the structure of DNA. 








6 



List the four DNA bases. 








7 



Use the DNA base-pair rules to work out 











the sequence on strand 2, if strand 1 is: 








ATGCAAGCATTGACGATTTACATG. 










Strand 1: ATGCAAGCATTGACGATTTACATG 








Strand 2: 













8 



Explain what DNA profiling is. 








9 



List some useful applications (uses) of DNA 











profiling. 










10 



List some ethical concerns surrounding DNA 











profiling. 










11 



Write a paragraph on your opinions and 











feelings on the ethics of DNA profiling. 








Questions 








Write a biography about Sir Alec John Jeffreys, 








the British scientist who is responsible for 








developing DNA profiling. 








Research task 










Figure 1.13 



Sir Alec John 











Jeffreys 
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1.3 Reproduction 











For a species to survive it must be able to reproduce. Humans typically have one 








baby at a time (unless a mother is expecting twins or triplets) and are pregnant for 








nine months. In contrast, elephants are pregnant for almost two whole years and 








many other species, such as fish, have hundreds or thousands of offspring a year. 










›› 



Sexual reproduction 









Sexual reproduction 



is the process by which the male and female of the species 








produce 

offspring. 



The human male and female reproductive systems, shown in 








the diagrams below, are responsible for the production of sex cells, also known 








as 

gametes. 








Oviduct – 



Tube that 








carries an egg cell 








from the ovary 








towards the womb. 








Fertilisation occurs 








in the oviduct 








Bladder – 



Stores urine 








Urethra – 



Tube that carries 








urine out of the body 








Womb (uterus) – 



Where a 








foetus (baby) develops. 








The womb lining breaks 








down each month if the 








woman is not pregnant 








Cervix – 



The entrance 








to the womb 








Vagina – 



Where sperm 








are deposited during 








sexual intercourse and 








where menstrual blood 








flows out of the body 








during a period 








Ovary – 



Produces 








egg cells 








Testes – 



Produce 








sperm cells 








Scrotal sac – 



Contains 








the testes 








Urethra – 



Tube that carries 








sperm from the testes during 








sexual intercourse. It also 








carries urine from the 








bladder out of the body 








Bladder – 



Stores urine 








Penis – 



Puts sperm into 








the vagina during 








sexual intercourse 








Sperm tube (vas 








deferens) – 



Tube that 








carries sperm from the 








testes to the urethra 










 



Figure 1.14 



The female 













reproductive system 













 



Figure 1.15 



The male 













reproductive system 
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1 Cells and reproduction 











In humans, as well as some other species, the male gamete is 



sperm 








and the female gamete is the 



egg. 



Millions of sperm are produced by 








the male in the testes each month, whereas females typically only 








release one egg per month from an ovary into the oviduct. 








Each gamete contains half the number of chromosomes needed 








to make a new individual. Gametes 



fuse, 



therefore completing the 








number of chromosomes required to create a whole new individual. 








As half the DNA comes from each parent, the offspring will have a 








mixture of both parents’ characteristics. 










› 



Sexual intercourse 











Sperm and egg meet after sexual intercourse, during 








which the male deposits sperm into the female’s vagina 








as shown in Figure 1.17. The male 



ejaculates 



a liquid 








called semen, which is sperm in an energy-rich liquid. The 








sperm use this liquid and the energy it provides to swim 








through the uterus towards the egg. Although the male 








releases about 250 million sperm, as few as 20 will reach 








the oviduct and only one can fertilise the egg. 










› 



Fertilisation 











The fusion of the 



nuclei 



of a sperm and an egg is known 








as 

fertilisation. 



This fusion brings together half of the 








father’s and half of the mother’s genetic information to 








form a unique individual. 








This kind of 



fertilisation, 



called 

internal fertilisation, 



is 








shown in Figure 1.18 – the sperm fertilises the egg inside 








the female’s body. There are many species, such as fish and frogs, which release 








their sperm and eggs into the surrounding water for fertilisation to take place. 








The sperm fertilise the eggs outside of the female’s body and so this is called 






external fertilisation. 








Sperm fertilises egg 








Egg released 








from ovary 








1 








Egg picked up by 








funnel of oviduct 








fringed with 








hair-like cilia 








2 








Egg moved along 








oviduct by 








hair-like cilia 








lining the 








oviduct 








3 








4 








Ovary 








Sperm swimming 








towards egg 








Spongy lining 








of uterus 








Muscular wall 
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(containing 
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▲ 



Figure 1.16 



Sex cells. In reality, 













sperm are much smaller than eggs. 
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▲ 



Figure 1.17 



The male and female reproductive 













systems during sexual intercourse. The arrows 








represent the route sperm take to get to the egg. 













 



Figure 1.18 











The route to 








fertilisation 
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1.3  Reproduction 











After internal fertilisation, the 



zygote 



(fertilised egg) travels down 








the oviduct and divides repeatedly, by 

cell division, 



into a ball of 








cells. Over time, each cell will 



specialise 



to become all the different 






tissues 



of the body as the zygote becomes an 

embryo. 



The embryo 








will implant itself into the thick lining of the uterus, where it will 








develop over the following eight weeks into a 



foetus. 



The baby will 








remain here until it has fully developed. 








If fertilisation does not take place, the egg will be removed from 








the body through the vagina, along with the blood-rich lining of the 








uterus. This is known as a 



period 



or 



monthly 

menstruation. 










1 



Define the term 



sexual reproduction. 








2 



Name the female and male gametes and 











state where each of them are produced. 










3 



State the location in which the human male 











deposits sperm during sexual intercourse. 










4 



Name the process whereby the nuclei of the 











sperm and egg fuse. 










5 



Explain, in terms of genetic material, why the 











fusion of gametes is vital. 










6 



Describe what happens to the zygote after 











fertilisation. 










7 



a) 



External fertilisation is a more risky 











reproduction strategy for the successful 








creation of offspring than internal 








fertilisation. Explain why this is the case. 










b) 



Describe how externally fertilised species 











might overcome this risk. 










8 



Produce a comic strip showing the journey 











a sperm cell takes to fertilise the egg. Be as 








creative as you want, but label everything 








correctly. 








Questions 










›› 



Pregnancy 











Reproduction varies widely across the animal kingdom. 








Most birds and reptiles lay eggs from which their young 








hatch, whereas mammalian young develop inside the 








mother’s body during 



pregnancy 



until they are ready 








to be born. In mammals, soon after implantation 








and as cells divide, some cells become the embryo, 








some form the 



amniotic sac 



and other cells form 








the 



placenta 



as shown in Figure 1.20. The embryo 








remains attached to the placenta via the 



umbilical 








cord. 



The placenta is an 

organ 



that forms in the 








uterus lining of pregnant females. Its role is to carry 








nutrition (food) and oxygen from the mother’s blood, 








via the umbilical cord, to the foetus. It also removes 








waste that is produced by the foetus, such as 

carbon 






dioxide 



and urea. The developing foetus remains 








inside the amniotic sac, cushioned from knocks and 








bumps by a protective liquid called 



amniotic fluid. 










▲ 



Figure 1.19 



The zygote (fertilised 













egg) divides repeatedly for about 








nine days to form a ball of cells, 








before implanting in the uterus 
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▲ 



Figure 1.20 



The developing foetus inside the 













uterus 











Some couples need to use IVF (in 



vitro 








fertilisation) to help them get pregnant. 








Use the internet to find out more about 








this process. 








Research task 
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1 Cells and reproduction 










› 



Birth 











After the gestation period of 37–40 weeks in humans, the baby is fully developed 








and takes a head-down position ready to be born. The mother goes into labour, 








during which her uterus muscles contract. The opening to the cervix opens wide 








in preparation for the birth. The contractions and mother’s efforts push the baby 








down, out through the vagina and into the world. Alternatively, there are some 








cases in which the baby may be delivered by C-section. Specialist doctors deliver 








the baby through an incision made in the mother’s lower abdomen and uterus. 










› 



A healthy pregnancy 











The developing embryo or foetus depends completely on its mother for food, 








oxygen and safety. Therefore, it is very important that the mother maintains 








a healthy diet and lifestyle throughout the pregnancy. To avoid any potential 








damage to the foetus, the mother must avoid certain stresses, as well as 








damaging substances and poisonous 

toxins, 



which can pass across the placenta 








to the embryo. Some of these harmful substances include drugs, alcohol, tobacco 








and some infections. 








Drugs 








The only medical drugs a pregnant woman should take during the pregnancy 








are those that have been carefully considered and prescribed by a doctor. Drugs 








also include illegal cannabis, cocaine, ‘legal highs,’ amphetamines and even legal 








substances such as caffeine, paracetamol and herbal remedies. Many drugs won’t 








cause harm, but some can cause devastating defects. An example of this involved 








an anti-morning-sickness drug called Thalidomide, prescribed to pregnant 








women in the 1950s and 1960s. Unfortunately, it was later found to cause major 








developmental defects in the arms and legs of their children. 








Alcohol 








Alcohol can pass through the placenta and damage the baby’s developing brain 








and nervous system. If a mother drinks during pregnancy, she increases the risk 








of miscarriage, low birth weight and lifelong learning and behaviour problems for 








the baby. Extreme alcohol consumption can cause a baby to be born with foetal 








alcohol syndrome (FAS). Babies with FAS have distinctive facial features, such as a 








smaller head, small eye openings, a thin top lip and a smooth philtrum (the space 








between the nose and top lip). FAS is preventable, yet it is still the UK’s biggest 








cause of non-genetic learning disability. 








Smoking 








It is extremely important for a pregnant woman to avoid tobacco smoke to 








prevent the harmful chemicals it contains from passing through the placenta to 








the embryo. Smoking during pregnancy increases the risk of miscarriage, stillbirth 








and premature birth. Smoking reduces the amount of oxygen and glucose that 








the foetus receives. This means the baby will be born underweight and may have 








breathing and feeding problems. 










▲ 



Figure 1.22 













The developing 








foetus 













▲ 



Figure 1.23 













Drugs must only be 








taken during 








pregnancy under 








medical advice 













▲ 



Figure 1.25 













Smoking during 








pregnancy should 








be avoided 








completely 













▲ 



Figure 1.24 













Alcohol during 








pregnancy can lead 








to FAS in babies 













▲ 



Figure 1.21 



The 











head-down position, 








ready for birth 
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Disease 








Most infections do not cross the placenta or cause the mother or embryo any 








harm. However, there are some infectious diseases that can cross the placenta 








and cause lasting damage to the embryo. Rubella (German measles) is an example 








of an infection that can cause serious damage to the embryo. It can cause 








miscarriage or problems with development of the brain, eyes, ears and heart. 








Growing a human being is a complex process and can put pressure on the 








mother. So, it is important for her to avoid stress and take good care of her 








mental and physical health. 










1 



Identify the organ that allows the mother and 











embryo to exchange substances. 










2 



Describe the role of the amniotic sac and fluid. 








3 



State the length of the human gestation 











period in weeks. 










4 



Explain why pregnant women should avoid 











smoking, alcohol and drugs. 










5 



Explain why everyone should have the MMR 











(mumps, measles and rubella) vaccination. 








Questions 








Research why a pregnant woman should avoid X-rays. 








Research task 










1.4 Asexual and sexual reproduction 













u 



1.4 Asexual and sexual reproduction 











For a species to survive and avoid extinction, it must be able to reproduce 








successfully. Different species use different reproduction methods. Some species, 








such as humans, need two parents and produce only a few offspring in their lifetimes, 








whereas other species, such as bacteria and some species of plants, only need one 








parent and can produce hundreds and thousands of offspring very quickly. 










›› 



Sexual reproduction 











Sexual reproduction is the most common method 








of reproduction. It relies on two parents, each of 








which produces their own sex cell (gametes). These 








gametes must fuse during 



fertilisation 



to form 








new members of the species. This fusion means 








that the offspring receives half its 



genes 



(genetic 








information) from its mother and half from its father. 










› 



Sexually reproducing species 











Most plant and animal species use sexual 








reproduction because it means their offspring have 










▲ 



Figure 1.27 



A female kangaroo caring for her 













young in her pouch 













▲ 



Figure 1.26 













Disease-causing 








microbes 
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1 Cells and reproduction 











a mixture of both parents’ genes. This leads to genetic 



variation, 



which increases 








the survival chances of the species because some of the varied offspring will 








adapt better to environmental change. 








Emperor penguins have few young and have to put in a 








lot of work to raise them in the freezing conditions of 








Antarctica. The female egg is fertilised by the male sperm 








during 



internal fertilisation. 



The female lays just one egg a 








couple of months later and passes it to the male so she can 








go and feed. He takes care of the egg until she returns with 








food later in the year. 








Emperor penguins only produce one chick a year and show 








some of the best 



parental care 



of all species. Birds and 








mammals tend to produce small 



clutch sizes 



(few offspring 








at a time) so can afford to provide more parental care 








to each offspring. Unfortunately, the emperor penguin is 








now considered to be a 

threatened species 



due to global 








warming. 








Flowering plants rely on insects and wind to help them 








complete their reproductive cycle. Brightly coloured and 








scented flowers attract insects onto which the male 








gamete, 



pollen, 



can stick. The insect then moves on to the 








next flower and the pollen it is carrying sticks to the female 








parts of the flower. Fertilisation can then take place. 








Most fish and amphibians, such as frogs, make use of 








external fertilisation, 



releasing their eggs and sperm 








into the surrounding water during the spring breeding 








season. The majority of species then leave the thousands 








of fertilised eggs to develop and provide no parental care 








for the young. Many of the eggs are eaten by animals and 








many of the young do not survive to adulthood. However, some species of frog 








do provide parental care. The male African bullfrog sits over the eggs to fend 








off predators such as birds and the very protective male Darwin frog holds its 








offspring in his throat! 










› 



Benefits to the species 











Sexual reproduction is the reproductive strategy used by most plants and 








animals. The reason it is so successful is because it increases 



genetic variation 








within the population. Variation is all the differences between individuals in a 








species that are caused by their 



genes. 



As each new offspring receives half its 








genetic information from its mother and half from its father, it has a unique 








combination of genes. This means it is different from all other members of 








the species. 








This variation means that stronger or disease-resistant individuals may be 








produced that are better competitors in new environments. So, the species as a 








whole is able to adapt to changes and is more likely to thrive and survive. 










▲ 



Figure 1.28 



The male emperor penguin 













takes sole responsibility for incubating the 








egg, during which time he is unable to feed 








and can lose up to half his body weight 








until the female returns and can take over 








parental care 
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1.4 Asexual and sexual reproduction 










›› 



Asexual reproduction 











Asexual reproduction 



can be a very successful reproductive strategy too. It is 








used by bacteria, many plant species and some animals. One parent produces 








genetically identical copies of itself. The offspring of asexually reproducing 








species are called 

clones. 



Asexual reproduction allows a species to rapidly 








increase its numbers, because there is no need to find a mate 








or for fertilisation to take place. 










› 



Asexually reproducing species 











Bacteria reproduce by a type of cell division (see page 24) 








called 

binary fission. 



A single bacterium doubles its DNA and 








then divides into two identical cells. Some species of bacteria 








are able to do this every 20 minutes. Under ideal conditions, 








after three hours there will be 512 bacteria from just one 








original bacterium! 








Sea stars (starfish) are able to carry out both sexual 








reproduction and asexual reproduction. During asexual 








reproduction, part of an arm breaks away from the body and 








develops into a whole new, genetically identical sea star. 








Sometimes a sea star splits its whole body into two and each 








segment regrows the missing parts! 










› 



Benefits to the species 











Asexual reproduction allows a species to grow its numbers and 

colonise 



(take 








over) an area quickly. There is often no need or very little need for parental care. As 








there is only one parent, it will pass on 



all 



of its successful genes to 



all 



offspring. In 








addition, it allows individuals living in isolation to produce offspring without a mate. 










1 



Explain why fish have to produce very high 











numbers of eggs. 










2 



Explain why genetic variation would be 











useful to a species if a new virus or bacterial 








infection was to strike a population. 










3 



Calculate the number of bacteria that could 











be produced in ideal conditions from one 








bacterium after one hour. How many would 








be present after two hours? 










4 



Describe the difference between internal and 
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