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Preface


Note to the teacher


This book is divided into three sections to match the structure of SQA National 4 Biology: Cell Biology, Multicellular Organisms and Life on Earth. The chapters follow the 20 Key Areas identified within the SQA National 4 Biology specification; the chapter titles mirror those areas. Each chapter is opened with commentary derived from the SQA Course Support Notes for National 4 Biology that reiterates or provides exemplification of the Key Areas as well as directing the learner towards appropriate active science learning activities.


The content is set in curricular, social and scientific contexts and is unashamedly celebratory in its inclusion of many examples showing the impact of Scotland’s environment, science, scientists and science education.


Experimental and investigative opportunities have been incorporated into the text and reflect the extraordinary diversity of life science experiences that are offered within National 4 Biology. The text also includes aspects of science skills such as managing experiments and investigations safely, identifying and manipulating variables, hypothesising and speculating causes, effects and outcomes, considering debate, argumentation and consensus, acknowledging the importance of peer review and evidence, as well as recognising the tentative nature of their own findings and those from all of science. The underlying theme is one that corresponds to the nature of science in order to equip the learner for the challenges that are presented within the Added Value Unit.


Questions have been included at the end of each chapter to consolidate learning, provide a structured experience in relation to key aspects of biology and rehearse the concepts therein. These questions have been organised sequentially in relation to their construction within Bloom’s taxonomy of the cognitive domain and in the ascending order: knowledge, comprehension, application, analysis, synthesis and evaluation. They address Assessment Standards (AS) 2.1 and 2.4.


I am grateful to several groups and individuals who have contributed to the insights and information that are contained within this book and whose willing cooperation has informed its structure and content. Thanks to all my colleagues from schools and universities who have shared their experiences, insights and opinions. I couldn’t have done without the expert advice that has been supplied by professional bodies and subject interest groups. Above all, however, it is the excitement, interest and enthusiasm of school science students that validates providing this resource.


To all the individuals who have provided authentic data, I offer my thanks, including Dr Triona Davey, Seed Health Research Manager, Scottish Agriculture, and Jon Molyneux, Head of Communications and Engagement at Zero Waste Scotland. Thanks to Linda, Tommy and Katie for providing motivation.


I am especially grateful for the support, encouragement and consummate professionalism of all of those within the team at Hodder Education whose impact on secondary school education in Scotland cannot be underestimated.


The final acknowledgement is to every student science teacher with whom I have worked. You have taught me well.


Nicky Souter


Glasgow, 2015





Unit 1



Cell Biology




The Key Areas that will be covered in this unit are:





•  cell division and its role in growth and repair



•  DNA, genes and chromosomes



•  the therapeutic use of cells



•  properties of enzymes and their use in industries



•  properties of micro-organisms and their use in industries



•  photosynthesis and its limiting factors



•  factors affecting respiration



•  controversial biological procedures.











1 Cells


Cell division is essential to allow organisms to grow and repair damaged parts, such as cuts and broken bones. During cell division, the parent cell divides to produce two identical cells which contain the same number of chromosomes in their nuclei as the parent cell. Cancer can be seen as an example of uncontrolled cell division.


Students could be encouraged to further their understanding by:





•  growing colonies of micro-organisms on agar




•  investigating the use of cells in the context of tissue culture for therapeutic use




•  investigating regeneration of damaged tissues in organisms such as salamanders and starfish.






Microscopes


Scientists use microscopes to look closely at small objects. They help us to make sense of the physical and living world.


School microscopes are frequently used to examine fabrics, crystals and the cells that make up all living things. They usually magnify 40 times (40×) upwards and can sometimes magnify as much as 1000×.
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Practical activity


Looking at cells


You will be able to look at cells in the laboratory by:





•  preparing a microscope slide that includes a specimen, a stain (dye) and a coverslip



•  focusing on a specimen at three different powers of magnification.
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Cell theory


Cell theory, the idea that cells are the basic unit of living things, is one of the ‘big ideas’ of science. Figure 1.2 shows some examples of plant and animal cells that you might have already seen.
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What do cells do and what are they made of?


All living things are made from cells which can normally only be seen with a microscope. They appear in an extraordinary range of shapes and sizes but they are all assembled from the same organelles. These organelles are illustrated in Figure 1.3.
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Plant and animal tissues are made of similar cells which carry out the same job in the organism. There are four main tissues in your body:





•  epithelium (covering)



•  muscle (moving)



•  connective tissue (support and protection)



•  nervous tissue (communication).





Plant tissues are visible under a microscope and are responsible for such functions as protection, photosynthesis, storage, support and transport.
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Cells have the ability to ‘know’ when to die! It has been estimated that white blood cells last for only about 13 days in an average human while liver cells may last as long as 18 months. It is thought that up to 96 million cells per minute die but they are replaced continually by new ones. An estimate of the number of cells in an adult male has been given as 37 trillion. The number dying every day is, therefore, a very small proportion of this.


Smaller still


Bacteria are also living things; they are composed of cells. Bacterial cells are much smaller than plant and animal cells and come in a wide variety of shapes and arrangements, as shown in Figure 1.5.
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Bacteria can be grown in the laboratory on a substance called agar jelly in Petri dishes.
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Practical activity


Growing bacteria


You should be able to study bacteria in the laboratory by:





•  describing the conditions that are needed for bacterial growth



•  using a ‘sterile technique’ to inoculate agar in a Petri dish



•  incubating your plate



•  observing the bacterial colonies which grow on your incubated plate.
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Bacterial cells are very small simple structures about 2 micrometres (µm) in length and 0.5 µm in diameter. They are composed of a capsule surrounding the cytoplasm inside which all of the life processes take place (Figure 1.7).
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Bacterial growth


Each bacterial cell is able to split into two new cells in a process called binary fission (Figure 1.8). Before the cells divide, the DNA doubles so that each of the daughter cells will contain an identical copy of the genetic plan.





[image: ]




Bacteria are able to divide very quickly under the correct conditions of nutrients, pH, temperature and salt. In ideal conditions some bacteria are able to divide as quickly as once every 20 minutes.


See if you can calculate the number of bacterial cells that could appear in 1 hour, in 4 hours and in a day (24 hours). You will be surprised at the answer! (You might do this with a calculator or with a spreadsheet.)


Cell division


Cell division occurs in all living organisms, not just bacteria, and allows living things to make new cells in order to grow and to repair damaged parts. During cell division, the parent cell divides to produce two identical cells. Each of the cells produced will have a nucleus which contains an exact copy of the organism’s genetic information.


All processes that take place inside cells, including growth and repair, are controlled in the nucleus. The nucleus contains the genetic information that the cell must have in order to function. This information is contained in structures called chromosomes and these carry the cell’s genetic code. Every cell contains the genetic instructions for a complete organism and passes an identical copy on to new cells when it divides.


All the information needed by human cells is carried in 46 chromosomes, as shown in Figure 1.9. At fertilisation each human being receives 23 chromosomes from each of its parents.
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The main steps in cell division
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Practical activity


Observing chromosomes


You will be able to observe chromosomes in the laboratory by:





•  growing garlic roots



•  staining the chromosomes



•  preparing a root tip squash



•  observing stages of cell division (mitosis) with a microscope using high-power magnification.
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What are stem cells?



Stem cells are unspecialised ‘master cells’. They are the cells from which all others mature. Their role is to make new cells. Without stem cells development, growth and repair could not take place.
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Stem cells are something like a production line since they manufacture more stem cells or develop into specialised ones, for example, nerve cells, skin cells, kidney cells, etc. Specialised cells differentiate by having different appearances and carrying out particular functions inside tissues.


Stem cells are found in embryos, the fetus, and the umbilical cord and in adults. Stem cells in the bone marrow differentiate to form red or white blood cells. Your skin has a range of stem cells that ensure that the skin is constantly replaced and kept in good condition.


Growth, development and repair


Cell division makes new cells. A single cell divides into 2 smaller ones. These each return to their full size and then divide into 4 cells. The processes of division and enlargement will continue and make 8 cells, 16 cells and so on. Multicellular organisms grow by making more cells.


Cell division enables growth of the organism, its development, maintenance and repair.


Growth


You have grown since you were a baby because you have made many more cells. The single cell that was produced at fertilisation has multiplied into trillions (1012) of cells by your teenage years.


Development


While the numbers of cells increase in multicellular organisms they also specialise to perform different functions. Although skin, liver, muscle and nerve cells have different appearances and carry out different purposes in the body, they all contain identical genetic material.


Repair


Cell division takes place throughout our lives to repair damaged parts and to replace damaged and worn out cells. When you cut your skin, rapid cell division on either side of the wound replaces the damaged tissue and quickly restores it to full health. It is surprising to learn that broken bones are repaired by division of the specialised bone cells.


Our skin is constantly growing and rubbing off at the surface. Skin is constantly regenerating. Severe damage to our bodies cannot be repaired, for example, loss of limb. Many animals, however, are able to regenerate lost limbs, for example, salamanders, crabs and starfish.


Tissue culture


Tissue culture is an important scientific and commercial process that relies on cell division and the production of identical copies of cells, known as clones. Tissue culture involves growing plant and animal cells and tissues in sterile laboratories that provide carefully controlled conditions, such as light, temperature, pH, hormones and nutrients, to ensure that growth takes place.
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Many plant cells are able to grow into an entire new plant. This totipotency can sometimes be a nuisance as tiny pieces of garden weeds, such as dandelion and couch grass, are able to grow back into entire plants.
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Tissue culture is a very quick method of providing clones of plants which may have useful traits, for example, attractive flowers, tasty fruits, high productivity or resistance to disease. It also allows scientists to manipulate the genes that are present in individual cells in a process called genetic modification. Cloning is also important in the conservation of rare plants which may have been removed from their natural habitats.


Cell culture in animals


Cell and tissue culture are important research techniques that allow scientists to find out about the way that cells work, for example in cancer research, or how they respond to external conditions such as radiation and medicine. The sterile environments in which the cells and tissues are grown provide all the correct conditions for their growth.


Losing control


Cell division is controlled by living things so that growth and repair takes place in an organised way. Sometimes, however, the process does go wrong and a tumour can result.
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The unusual growth on the birch tree in Figure 1.14 is a tumour which has been caused by a fungus. The extra growth is brought about by uncontrolled cell division but it does not harm the tree. Warts and verrucas are examples of tumours that are caused when our skin is infected with a virus called the human papilloma virus (HPV).


These skin tumours can be removed quite easily. Different kinds of HPV are associated with cervical cancer. A cancer is what we call a tumour that causes disease and spreads to different parts of the body. All girls aged 12 or 13 are to be offered the HPV vaccination to protect them from cervical cancer which can be fatal.


Scientists are unsure how many cancers are brought about but they do understand that changes in DNA lead to changes in cell growth and the formation of tumours that can spread in the body and become cancerous.


A combination of factors can bring about the changes in DNA that can result in cancer. Some of these are shown in Figure 1.15.
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Let’s find out some more about …





•  The organisation of cells, tissues, organs and systems in living things



•  Wound healing in skin



•  Stem cells



•  Broken bone healing



•  Plant meristems



•  Regeneration in salamanders, crabs or starfish



•  Agar jelly
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End-of-chapter questions




  1   Name the four main types of tissue in your body.


  2   Here is a list of structures that you can find in cells. Divide this list into two new lists: the first listing those structures which can only be found in plant cells, the second listing those found in both plant and animal cells.


       cell membrane, chloroplast, cytoplasm, nucleus, vacuole, cell wall


  3   State two reasons why cell division is essential to living things.


  4   Summarise the conditions that are required for growing plant material in tissue culture.


  5   Put the following structures in order starting with the smallest: nucleus, gene, chromosome, chromosome pair, base.


  6   Give two reasons why scientists use microscopes.


  7   Draw a flowchart to show the steps that must be taken to mount a stained specimen on a microscope slide for viewing.


  8   Summarise cell theory.


  9   Justify the scientific use of tissue culture in plants.








10   Figure 1.16 shows a group of human cheek cells viewed under a microscope. The actual diameter of the view was 2 mm. (1 mm = 1000 micrometres)


       Calculate the average length and width of the cells in micrometres.
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11   The average time taken for each stage of cell division is shown in the table below.
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       Calculate the average time taken for stage B as a percentage of the total time for all four stages.
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2 DNA


Genes are located on chromosomes in the nucleus. Genes are made of DNA which carries the instructions to make proteins. Each individual’s DNA is unique. Genes are passed on from parents to offspring.


Students could be encouraged to further their understanding by:





•  carrying out decoding activities to produce coloured ‘paper-chain’ proteins




•  reading case studies of inherited diseases.






What is DNA?


DNA is found in all living organisms. It is found mainly in the cell nucleus. DNA is arranged into structures called chromosomes. All living things contain chromosomes but they only become visible during cell division. Different organisms have different numbers of chromosomes: horses have 66 chromosomes (33 pairs), humans have 46 (23 pairs), onions have 8 (4 pairs). There is a species of ant which has only a single pair of chromosomes while the record for the highest number is held by a tiny fern (species name, Ophioglossum reticulatum) which has been found to have 630 pairs of chromosomes!
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Despite these variations in number, all chromosomes are made of the same materials: DNA and proteins. The proteins provide shape and support and the enzymes that control the chromosome. Each chromosome contains thousands of genes, all made of the same chemical, DNA. It is the DNA that contains a plan, in code, for the entire organism.
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Practical activity


Extracting DNA


You should be able to extract DNA in the laboratory by the following method.





•  Mush a sample of plant material, such as kiwi fruit or strawberry, with warm salty water to start breaking up the cells.



•  Filter it to separate the lumps.



•  Mix the sample gently with household detergent to break up cell and nuclear membranes.



•  Pour chilled alcohol down the side of the boiling tube to make a separate layer.



•  Observe the DNA as a layer of ‘gloopy’ material between the two liquid layers.
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DNA structure


Although DNA contains only five chemical elements – C, H, O, N and P – these are arranged into three different types of chemical – a sugar called deoxyribose, four bases and inorganic phosphate.


DNA looks just like a ladder that has been twisted into a spiral. The side rail of the ladder is made of a chain of sugar molecules held together by inorganic phosphate. A base is also attached to the sugar.
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Each ‘rung’ of the ladder is held together by a pair of bases: A is always paired with T; G is always paired with C.
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Practical activity


Modelling DNA


You should be able to make a model of DNA using simple resources.
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When scientists determined the structure of DNA in 1953, it was considered one of the most exciting scientific discoveries of the twentieth century. With the help of X-ray diffraction photographs taken by Rosalind Franklin, three scientists – James Watson, Francis Crick and Maurice Wilkins – were able to work out the double helix structure of DNA. They received the Nobel Prize for their work. Their discovery has revolutionised many areas of biology including medicine, genetics and our understanding of evolution.
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The genetic code


‘Listen’ and ‘silent’ use the same letters but in a different order; ‘race car’ spelled backwards still spells ‘race car’. You are able to read because you recognise not only the letters but the particular order of the letters. The alphabet provides the code and the sequence of letters provides the meaning. Binary code in computers is made up of a series of 0s and 1s; the language used by the computer is built from such sequences.


The genetic code is contained within four DNA bases and the exact sequence of bases along one strand of DNA provides the genetic map for the entire organism. The order of the bases contains the genetic ‘words’ that plan everything in each living thing – including the shape, number and organisation of the cells – which will determine whether the organism becomes a bacterium, an oak tree or a human. During cell division the DNA is copied, new chromosomes are made and then separated into new cells. The exact base sequence is copied into every new cell.
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Here is the first line of the sequence of bases in a gene which is involved in an inherited disease:


GTAAAGCGGAGCGGCT​GCAGCCTGCTGTTGAGTGA​GAAAACAAAATTA​TCTTCCTTTCCA


There are 122 other lines of bases for this gene; there are hundreds of other genes on this chromosome.


Big numbers


The human genome includes around 3 billion bases (that’s 3 000 000 000!). Use your calculator to find out how many books you would need to contain this information if you have 3 billion bases, 1000 bases per page and 1000 pages in each book. Calculate the length of the bookshelves you would need if each book measured 10 cm in width.


Genes and proteins


DNA provides the inherited instructions but it is the proteins that do all the work. Proteins give cells their appearance and shape; they control the passage of chemicals; they control the chemical reactions that take place inside each cell.


Each protein is made from a long chain called a polypeptide. Polypeptides are made from building blocks called amino acids. There are 20 different types of amino acid. Each protein is made of a precise sequence of amino acids and will only work properly if it is the correct shape. The amino acid sequence is coded for in DNA. Proteins are changed by mutations and they are sensitive to conditions inside the cell.
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Protein synthesis


In a simplified form, this is how it works: DNA makes RNA; RNA makes protein.


DNA in the nucleus codes for everything about the cell including what it looks like and how it works. It does this by making proteins in the cytoplasm; proteins that give the cell its shape and proteins that make cells work, enzymes.
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Chromosomes and inheritance


Sexual reproduction involves the exchange of genetic material, contained in the nucleus of specialised sex cells, between two parents.


Living things inherit characteristics from their parents. Sexual reproduction involves the nuclei of sex cells or gametes (for example, sperms and ova in animals and pollen and ovules in flowering plants) joining together. One set of chromosomes is passed on from each gamete.


Gametes are special kinds of cells because they contain only one set of chromosomes. Normal body cells, somatic cells, have two sets of chromosomes. Gametes are produced in the sex organs by a special form of cell division that separates the chromosome pairs. If this was not the case, the number of chromosomes would double every time reproduction took place.
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‘Ploidy’ refers to the number of chromosome sets in a cell. Gametes with one set (n) are called haploid and zygotes with two sets (2n) are diploid (Figure 2.10). The cells that are produced from the zygote are diploid. When that individual reaches sexual maturity, it starts to produce gametes and the life cycle continues.


Independent assortment


The laws of genetics allow us to predict the possible outcomes from a mating between two parents.


An ant possesses a single pair of chromosomes and so the gametes it produces will contain either one of these. As the number of chromosomes increases, the number of possible combinations increases.


Sex determination in humans


Like many organisms, humans possess a pair of ‘sex chromosomes’. The presence or absence of a Y chromosome determines whether the individual will be male or female.





•  All eggs (female gametes) carry the X chromosome.



•  Half the sperm (male gametes) carry the X chromosome.



•  Half the sperm carry the Y chromosome.



•  Fertilisation is random and there is a 50/50 chance of an egg being fertilised by an X or a Y chromosome.



•  Equal numbers of females and males are produced in a population.



•  You can test this by tossing a coin and recording the ‘information’ – heads for female and tails for male.
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Let’s find out some more about …





•  Chromosome complement



•  How identical twins are created



•  How similar the DNA is between non-identical twins



•  How similar the DNA is between individual siblings



•  The human genome project



•  Rosalind Franklin



•  Sir Alec Jeffreys
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Figure 2.2 The structure and shape of a DNA molecule
within a chromosome
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Figure 2.9 A flow chart of the stages in protein synthesis
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Figure 2.10 Haploid and diploid stages in sexual
reproduction
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Figure 2.11 Sex determination: if the offspring has two
X chromosomes (XX) it will be female; if it has one X
and one Y (XY), it will be male
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Figure 1.15
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Figure 1.10 The stages in the process of cell division





OEBPS/OEBPS/images/7-1.jpg
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Figure 1.9 The chromosomes of a human male arranged into pairs
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Figure 1.11 The fate of stem cells
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Figure 1.7 Bacterial cells are much smaller than
plant and animal ones and they do not include
any organelles
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Figure 1.8 A bacterial cell undergoes binary fission to
create two identical daughter cells
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Figure 2.3 What is DNA?
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Figure 1.3 All cells are made from the same basic structures
or organelles
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Figure 1.5 Bacteria have many different shapes and
arrangements when viewed under a high power
microscope (1000x)
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Figure 2.4 The pattern of repeating sugar and
phosphate units in the DNA molecule
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Figure 2.6 An X-ray diffraction photo of
DNA taken by Rosalind Franklin
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Figure 1.2 Onion cells (left) and human cheek cells (right)
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Figure 1.4 Plant and animal tissues show a huge variety of appearances
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Figure 2.5 The rungs of the DNA ladder
are made up of paired bases
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Figure 2.7 Comparing the genetic code of an organism with the way letters become books
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Figure 2.8 Proteins are large molecules with long
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Figure 1.1 The final stage of slide preparation
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