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Introduction

For the student

Welcome to your new Biology textbook, Grade 10 Biology. Your textbook comes with a

Grade 10 Biology Student's Portfolio and a range of digital resources. As well as deepening
your understanding of key areas of Biology, this book aims to develop your learning skills in
science. You will develop these skillsin class, in laboratory practicals and whilst conducting
research within and outside of class with your fellow students. An emphasis will be placed
throughout this course on your ability to present core concepts, research and data effectively to
others.

Glossary
A comprehensive glossary

For the teacher
Written for the new Grade 10 Biology subject programme in Kazakhstan, Grade 10 Biology

ims to meet the broad range of learing objectives set out in the Grade 10-11 Biology subject
programme document. It focuses on developing learners’ knowledge of and about science
through the four content and skill strands outlined in the subject programme:

® Understanding of core subject areas in Biology
® Research and experimentation in science
® Communication i

® Science and society

science

Key features of the textbook

® Learning outcomes are clearly stated at the beginning of each module in student-friendly
language

® Activities and practical demonstrations allow students to bu
quided observation, laboratory practicals and research

© Diagrams have been fully labelled and are drawn in a simple style so that learners can
replicate them easily

© Questions are interspersed within sections of the text to offer teachers the opportunity to
use a range of teaching strategies. There are regular opportunities for learners to engage in
group work and pair work, discussion, giving of presentations and online research.

on their knowledge through
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Student’s Portfolio

The student’s Portfolio provides additional revision material
and further tasks. The Portfolio enables leamers to maintain
a detailed record of laboratory practicals, giving them
space to reflect on the processes and results of their work
In line with the textbook, it provides detailed sample
‘workings of all stoichiometric calculations they are required
to make.

Teacher's Book

ATeacher's Book with full answers to
all questions in both the Textbook and
Student’s Portfolio s provided.

Digital resources

Grade 10 Biology digital resources for teachers wil further enhance classroom learning. These
resources work in conjunction with the Textbook and Student’s Portfolio. The resources have
been designed to fully integrate with the Textbook to compliment lesson content. Following the
principles of the new national Biology subject programme, material s provided to suit a range
of learner types and to encourage participation and engagement on the part of the learner.

A series of videos allow students to observe science in action across all modules. These videos
will reinforce the topice at hand, promote discussion about scientific issues in society and enable
teachers to bring a range of perspectives on topics in Biology into the classroom.

Further classroom discussion and participation is opened up through PowerPoint
presentations, including a thematic presentation of information from the Textbook.
Experiment videos allow for a visual review of laboratory activities and can be used for
demonstration or summative plenary work.
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Mechanism of

DNA replication The DNA in each
(see diagram 2.11) strand is identical
1 The double helix unwinds

(or uncoils). DNA replication

- 5
2 An enzyme breaks the bonds

between the base pairs. The two
strands of the original double
helix separate.

3 DNA bases that are normally
present in the cytoplasm enter  Single-stranded  Double-stranded
the nucleus. The incoming chromosome chromosome
bases attach to the exposed  \QERTR A veniewof ONA epction
complementary bases (i.e. base
pairing occurs).

4 In this way, each side of the DNA molecule acts as a mould or template for the new DNA
that is formed.

5 Each new double strand rewinds to form a double helix. Note that each new DNA double
hel
> Half new DNA and half original DNA
» Identical to the original DNA double helix and to the other new double helix formed.

New DNA
bases move in
from cytoplasm

Original DNA
double helix

Original DNA
double helix

Double helixunwinds  Original DNA  NewDNA  Original DNA
New DNA bases join with original DNA bases

Each new double helix is
identical to the original

The original DNA double helix
forms two identical copies

o rvicaion
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Discovery of how DNA replicates
When the structure of DNA was first discovered, there were three different theories of how it
could replicate in cells. These were called conservative, semi-conservative and dispersive and are
summarised in diagram 2.12.

Two scientists called Meselson and Stahl carried out an experiment to determine which of these
three methods occurs in cell.

Conservative
DOVOTOTOTP < DO o
POCOTOT
Dispersive

Newly, synthesised strand
Original template strand

G e pstlted methods of ONA Repcton

Meselson and Stahl carried out their experiments on the DNA replication of E.coli bacteria. They
grew bacteria in medium that contained "“N, which is a heavier isotope of nitrogen than the
form, 1N, that occurs naturally. The bacteria take in this “N and incorporate it in their DNA,
which becomes heavier and more dense as a result. The bacteria were left in the medium with
5N until all of the "N in their DNA had been replaced with “N.

The DNA was extracted and its density measured.

The bacteria were then transferred to medium containing the more normal N and allowed to
grow. Each time they would make new DNA, the N in their old DNA would be replaced with
HN. Their DNA would become lighter and less dense as a result.

Meselson and Stahl knew that E.coli bacteria would replicate every 20 minutes. Each time the
bacteria divided and formed a new generation, the DNA was extracted and its density

measured. Diagram 2.13 shows Meselson and Stahl's results.

DNAafter 20minutes DN ater 40 minutes
(st generation) (2nd generation)

contrls

NDNA
BNDNA ——

G viscon o ' e

The results prove that replication is semi-conservative. All of the DNA after 1 generation had a
density intermediate between that of “N-DNA and “N-DNA. This means that one old strand
has "N and the other new strand has "“N. If replication had been conservative, then there

ErR R ——y @& Tone resson
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would be two bands of DNA after one generation: one from the old DNA that had *N in both
its strands and one from the new DNA that had "N in both its strands. Two bands would also
be seen at 1 generation if replication was dispersive.

The second-generation DNA produced two bands in the experiment. One was in the same
position as the intermediate band from the first generation and a second band in the position of
the lighter N molecule. This result indicated that DNA was being replicated semi-conservatively.

Chargaff's rule
In DNA, guanine can only bond to cytosine and adenine can only bond to thymine. This means
that the quantity of cytosine and guanine must be equal to each other and the quantity of
adenine and thymine must also be equal to each other. These quantities are usually expressed as
percentages.

For example, a molecule of DNA is known to contain 22% adenine. From this, we can calculate
the percentages of all the other bases in the DNA as follows:

If adenine = 22%, then by Chargaff’s rule, thymine must also be 229%.

Adenine and thymine together make up 4% (22 + 22) of the DNA.

The remainder of the DNA, 56% (100 ~ 44) is made up from cytosine and guanine.

By Chargaff’s rule, the percentages of cytosine and guanine must be equal, so they are both
28% (56 + 2).

Significance of DNA replication
Each new DNA double helix (chromosome) will have exactly the same sequence of bases as the
original (as shown in diagram 2.11).

DNAis able to produce exact copies of itself (hence the term 'replication’ is used to describe its
manner of reproducing). This allows the same DNA to be passed on to each new generation of
cells, as outlined in diagram 2.14.

For example, a human zygote is a single cell with 46 chromosomes. These chromosomes
contain a certain sequence of bases. The same sequence of bases is passed on, in the form of
new chromosomes, to each body cell in a person due to DNA replication (and mitosis)

Two single-stranded Two double stranded chromosomes The two new cell have
chromosomes (each chromosome has identical strands) identical DNA

Late
interphase
WA replication

\WBRR] e sianificance of DNA replication

DNA profiling

R )
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Method of preparing a DNA profile

Preparing a DNA profile involves four

steps:

1 The DNA s released from cells

2 The DNAs cutinto fragments of

fferent lengths

3 The DNA fragments are separated
according to their sizes

4 The patterns produced by the
fragments are compared or analysed.

The following describes these four

procedures in more detail

ADNA profle

1. DNA is released
In order to produce a DNA profile, cells are broken down to release their DNA (as in Experiment 2.1).

I If the amount of DNA available is too small to work with, it can be increased or amplified.
A common technique used to amplify small quantities of DNA is a process called the

polymerase chain reaction (PCR).

2. DNA is cut into fragments

The isolated DNA is cut into fragments using special enzymes. These enzymes are called

n enzymes. They were first isolated from bacteria, where they are used to destroy the
DNA of invading viruses.

Different restriction enzymes cut DNA at specific base sequences. For example, one restriction
enzyme will always cut DNA at the base sequence GAATTC, whereas another only cuts at the
sequence GATC.

The sections of DNA that are cut will be of different lengths because the base sequences being
cut may be close together or far apart on the DNA strands.

DNA samples from different
individuals

DNA added to
the well

Longer fragments
of DNA.

Gel

DNA moves down
through the gel

Shorter fragments
of DNA
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3. The fragments are separated

MODULE 2 DNA AND RNA

The sections of DNA that have been cut are separated on the basis of their size. They are
separated by a process called gel electrophoresis. This involves placing the invisible DNA
fragments in a small glass tank containing a sugar-based gel. An electric current is applied along
the gel. The current draws the negatively charged DNA to one end of the gel.

Small DNA fragments move faster through the porous gel than do the larger fragments. In this
‘way bands of small fragments are separated from bands of larger fragments.

When the electrophoresis is finished a permanent record of the results is obtained. This may
involve adding radioactive material, which combines with DNA fragments to produce a
fluorescent image. A photographic copy of the final pattern of DNA bands is then obtained.

4. Pattems are compared

In the same way that no two people have the same fingerprints, it is highly unlikely that any
two people will have the same DNA profile (unless they are identical twins).

If the pattern of bands from two different DNA samples is the same, then the two samples must

have come from the same person.

Applications of DNA profiles (DNA fingerprints)

Crime

DNA profiles are often used in forensic (legal) cases. If
/a or semen
is left at the scene of a crime it can be collected and a

bi

logical material such as blood, hair, s

DNA profile prepared.

® Ifthe pattern of the DNA profile from the crime
scene is compared with those of the victim and a
suspect, it may be seen that it matches that of the
suspect but not that of the victim. This would be
strong evidence to associate the suspect with the

crime scene.

® Of course the profile may not match that of the
suspect, which might eliminate the suspect from the

inquiry.

Medical

DNAprofiles can be used to determine whether
a particular person is, or is not, the parent of
a child. In this way the patemity (father) or
materity (mother) can be established.

This information can apply in property

or financial inheritance cases, or in
immigration cases where a person can
enter a country if his/her parent or chil
already in that country.

To decide if a man is the father of a child,
blood samples are taken from the child,
the mother and the man. DNA profiles are
prepared and examined.

Profile taken | Victim's | Suspects
at crime scene | profile | profile

These profiles match, indicating
the suspect was at the crime scene

W orrsc e of VA profes

The bands
differ in
thickness
due to there
being more
orless bands
of this length
present, e.g.
a thick band
represents
many DNA
fragments of
a particular

length. This
is visible in
diagram 2.19.

'DNA profiles for a family:
M represents the mother, C the
children and F the father

@
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@ Ifall the bands in the child’s profile match with bands in either the mother's or the man’s
profile, then the man is shown to be the natural father of the child (see diagram 2.20).

@ I some of the child's bands match those of the mother, but the rest do not match with the
man's bands, then the man is not the father of the child (see diagram 2.21).

[Wother | _chilg | __Wan ] [ Wother |_ia [ Wan ]

Allthe child's bands match with the mother's or the man's,

Some of the child's bands match with the mother’
The rest of the childs bands do not match with the man's

The man s the father of the child

Using DNA profiles to determine the father of a
 chid: a match

“The man s not the father of the chil.

o chid: no match

-uw ONA profes to determin th ther of

Genetic screening

Sometimes the process of DNA replication

does not work exactly as it should. In these ‘_f! e
cases, a gene (or a number of genes) may genes include:
be incorrectly copied. In addition, DNA can “ Albinism (in which the pigment
be altered by mutations. e ankticannofbimane
« Cystic fbrosis in which there is
2 build-up of mucus in the lungs
and intestines)

If genes are altered in any way they will not
carry the correct code for the protein that

they were intended to produce. This may * Haemochromatosis (in which too

much iron accumulates in the
have severe effects on a person who inherits b v e e
such genes.

reqular bieeding)
Genetic screening often involves adding a + Cancer

radioactive section of DNA (called a DNA,
or genetic, probe) to a sample of DNA from

the person being tested. The DNA probe will

only attach to a normal gene. If the probe does not attach then the gene is altered.

Genetic screening can be carried out in two main ways: adult screening and foetal screening.

Adult screening
Screening is sometimes carried out on adults who, although they do ‘
not suffer from a genetic disorder, may carry a defective gene in each

of their cells. People who carry defective genes, without having the
disorder themselves, are said to be carriers for the condition.

It is now possible to identify (or genetically screen) individuals who
are carriers for many disorders such as sickle cell anaemia, the most
common form of cystic fibrosis, and the likelihood of getting heart
disease or some forms of cancer.

The benefits of these tests is that it gives people information regarding
the chances of them having a child with the disorder or it allows them to prepare for a disease
that might affect them.

0L G105 o 2 24 @& Tone resson
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Embryonic or foetal screening
= s / Ethics of genetic screening |

Inhe b= gl sereening, celb San e Smoved Ethics relates to whether behaviour is proper
from the embryo, placenta or the fluid around e e
the foetus. These cells can be tested to detect ethical problems.

if the embryo or foetus has any one of a If the results of genetic tests become

number of genetic disorders. public, the people concerned may suffer
embarrassment or be treated unfairly. For

example, they may be isolated and treated
as if they had a disease even if they do not.
Employers and insurance companies may be
reluctant to get involved with them.

Another issue is whether a person would

wish to know that they have a genetic
disorder that will develop in later years.

i especially problematic if the disorder

is untreatable.

In relation to genetic screening in the embryo
or foetus, would knowledge of a genetic
disorder help to prepare the family for the
future, or encourage a termination of the.
pregnancy?

Obtaining fid containing foetal cells for geneic
screening

RNA (ribonucleic acid)

DNA and RNA are both nucleic acids. However, RNA differs from DNA in the following ways:

® RNAis based on the sugar ribose (whereas DNA is based on the sugar deoxyribose)

® RNA (ribonucleic acid) consists of four bases, like DNA. However, RNA contains the base
uracil instead of thymine. This means that the bases in RNA are A, U, G and C. The bases A
and U are complementary, as are the bases G and C.

The difference between the bases in DNA and RNA are simplified in diagram 2.24.
® The sequence of bases in RNA is
determined by the sequence of
bases in DNA. The bases in RNA are S
complementary to those in a section B
of DNA. For example, if a strand of
DNA has the sequence GGAATC,
then the RNA produced will have the -Bﬂxtpnivx in RNA
sequence CCUUAG.
© RNAs a single-stranded molecule,

unlike DNA, which is a double strand

® RNA can move out of the nucleus into ;
the cytoplasm. DNAis aways inthe BN e Lo DN iR

nucleus.

pu
pc o

Structural differences between DNA and RNA
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Types of RNA
There are several different types of RNA used in cells. Three of the most important are used in
making proteins in cells.

Messenger RNA, or mRNA, is used to carry the message for protein synthesis from the nucleus
out into the cytoplasm. Itis single stranded without any defined structure as it is only the
sequence of bases that is important.

Transfer RNA, or tRNA, is used to bring specific amino acids for
making the new protein. It is also single stranded but has a well
defined structure unlike mRNA. This structure is sometimes called
“clover-leaf” and can be seen in diagram 2.25. The structure i
held by parts of the tRNA being folded back on themselves and
hydrogen bonded by complementary base pairing.

bosomal RNA, or rRNA, is part of the structure of ribosomes, as

the name suggests. Ribosomes are approximately 60% rRNA and R T
40% protein by mass. The genes that code for rRNA are one of the - DNAor tRNA

only types of genes that are found in all cells!

RNA has some other functions in cells and can also be found in some viruses instead of DNA.

Detailed structure of DNA

The structure of DNA was worked out by James Watson and Francis Crick in 1953. They shared
the Nobel prize in 1962 with Maurice Watkins for their discovery. Their findings were based on
the earlier research of Rosalind Franklin, who unfortunately died in 1958.

The discovery of the structure of DNA is considered to be one of the outstanding advances in
biology in the 20th century. DNA is made up of units called nucleotides. These are arranged
into very long chains called polynucleotides.

The detailed structure of DNA can be considered under three headings: nucleotides, base pairs
and double helix

Nucleotides
A nucleotide consists of three parts: a
phosphate group, a sugar and a nitrogen-

containing base. These are linked together QBB snuctur o  nuclotide
as shown in diagram 2.26.

The sugar in DNA is deoxyribose (i.e. a five-carbon sugar,
oxygen atom). RNA contains the sugar ribose.

imilar to ribose but lacking an

The phosphate group is PO,, but this is normally represented as P. The phosphate and
deoxyribose groups form the sides of the DNA strand.

As there are four bases this means that there are four distinct nucleotides. The nucleotides j
together, with a bond between the phosphate group of one and the sugar of the next, forming
a polynucleotide.

ErR R — @& Tone resson
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W e o rucoidesn DN

Purines and pyrimidines
Of the four nitrogenous bases in DNA, two are classified as
purines (double-ring molecules) and two as pyrimi
(single-ring molecules).

Base pairs

The bases join together in a very specific manner.

Adenine and thymine each form two weak hydrogen

bonds. This allows them to bond together. In a similar

‘way, guanine and cytosine each form three hydrogen

bonds, so they can pair together.

The bases can be thought of as having opposite or complementary shapes, just like adjoining

pieces of a jigsaw. Note that each base pair has a purine and

a pyrimidine.

i The forces holding the bases together are hydrogen bonds.
These are weak bonds formed when a slightly positive
hydrogen is attracted by another slightly negative atom (e.g.
nitrogen or oxygen).

Thee njarogen

plary Very often the phosphates and sugars are left out when
QR eose pis in ONA drawing a simplified version of DNA. In this case, only the
base pairs are shown, as seen in diagram 2.30.
o~ P N

Complementary
base pairs

-Siﬂwﬁﬁtdmmmomm g Watson and Crick with their model of DNA in 1953 37
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Double helix

Francis Crick and James Watson discovered that
DNA consisted of two helical or spiral chains of
polynucleotides, as shown in diagram 2.32. The
outside strands of the double helix are made of
deoxyribose and phosphate. The ‘rungs’ of the
molecule are the base pairs on the inside.

Protein synthesis

‘The process of protein formation proceeds
as follows.

Initiation: starting the process

Complementary.
strands

e
R i et ONA

1 The DNA double helix unwinds at the site of the

gene that is going to produce a protein.

Transcription: rewriting the code from

DNA to RNA

2 RNA bases, which are present in the cytoplasm,
move across the nuclear membrane. The RNA
bases will match up with the complementary bases

on the DNA strand.
The enzyme RNA polymerase causes the
sequence of RNA bases to

in together to form

Gene (in reality
2 gene has many
more bases than
are shown here)

messenger RNA (mRNA). Each mRNA molecule has

complementary bases to those on the DNA strand

from which it was transcribed. A sequence of three

bases of DNA or RNA is called a triplet or codon.

Codons may cause three possible outcomes.

> Astart codon indicates the beginning of a gene

(but is not involved in the production of the

protein)

Most codons in a gene specify particular amino

acids

> Astop codon
indicates the end
of a gene (but is
not involved in
the production of

DNA strand

The double helix unwinds at the
ste of the gene
—— mRNA
mRNA  Nuclear
membrane Start
codon

e

the protein). RNA Codons
Every gene has one. o specifying
start codon, many sl <ytoplasm acids
codons specifying /
amino acids and one
stop codon. \
Nudear A sp
pore on codon
nucleus and bond to
Complementary DNA bases
W roncvion

@





OEBPS/image/138.jpg
MODULE 2 DNA AND RNA

Translation: the production of a protein according
to the RNA code Ribosorme

5 mRNA moves from {madeof RNA)

the nucleus to the
cytoplasm.

6 Ribosomes are made
up of ribosomal
RNA (1RNA) and
protein.

7 The mRNA strand
forms weak bonds )
with the nain AR
aibosome. This will
be the site of protein synthesis

8 The cytoplasm contains a supply of —
transfer RNA (tRNA) molecules.
Each tRNA carries:
> Aspecial triplet or anticodon
> A particular amino acid, which is

specifc to the anticodon.

9 tRNA molecules are attracted to W och oA el hs o speciic i acid
the mRNA that s in the ribosome.

Each anticodon on a tRNA is

complementary to a codon on the mRNA. The ‘
tRNA molecules enter the ribosome.

10 The first tRNA molecule will be attracted to the
MRNA just after the start codon (see left-hand
side of diagram 2.37). In doing this it brings a

particular amino acid to the ribosome.

MRNA moves through
the ribosome

Start codon Stop codon

RNA

{C o uf— Anti-codon

Amino aci
separates

Protein from tRNA
grows out
of ribosome
At

Amino acids
join together

<6

RNA molecules
moving into place

mRNA Stop codon

R rvoston th podactonof a proein

11 In the ribosome, amino acids are detached from the tRNA molecule and are bonded
together to form part of the new protein.

12 tRNA molecules leave the ribosome without any attached amino acids. As they leave they
pull the mRNA strand through the ribosome.

13 tRNA molecules continue to bind with mRNA until a stop codon is reached. At this point:
> The mRNA code sequence is complete
> The new protein is produced.
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14 Once the protein is formed it folds to allow it to have the correct shape.

Functions of the three types of RNA

MRNA (m = messenger)  + Complementary strand to DNA
« Carries instruction for the production of a protein
from DNA to a ribosome

Experiment 2.1 To isolate DNA from a plant tissue

1

1RNA (t = transfer) « Has a complementary anticodon to mRNA codon
« Carries an amino acid to the ribosome.
FRNA (r = ribosomal) « Forms part of the structure of a ribosome

« Forms a weak bond with mRNA in the ribosome.

Add some sodium chloride (salt)
to a small volume of washing-up
issolved in water (the salt
will cause the DNA molecules

to clump together, and the

‘washing-up liquid will dissolve
the cell and nuclear membranes
and release DNA from the cells).
Cut an onion (or kiwi fr
into small cubes (this allows

the washing-up liquid to reach
more cells).

Add the chopped onion to a
beaker containing the salt/
detergent solution and stir the
mixture.

Put the beaker in a water

bath at 60°C for 15 minutes.
(This temperature inactivates
(denatures) enzymes that would
normally digest DNA. If left any
fonger than 15 minutes DNA
itself would break down.)

Cool the mixture by placing the
beaker in an ice water bath for 5
minutes, stirring frequently (this
slows down the breakdown of
the DNA).

Pour the mixture into a domestic
food blender and blend it for
only 3 seconds on high speed.
(This breaks down the cell walls
and releases DNA. Blending it for
t00 long would break down the
DNA strands.)

it
Washing-up liquid

Chopped onion

Salt/washing-up
iquid/chopped onion

liquidichopped onion
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Filter the mixture through coffee
filter paper into a second
beaker. Do not add the foam
from the top of the mixture to
the filter paper. (Cell parts are
retained in the filter paper. The
filtered material, called filtrate,
contains DNA and proteins.
Normal laboratory filter paper is
not used as its pores are too
small and the process would be
very slow.)

Use a syringe, without a needle,
to place some of the onion
filtrate into a boiling tube.

Add a few drops of protease
enzyme (such as pepsin) to the
contents of the boiling tube and
mix well (the protease breaks
down the proteins around the
DNA).

Pour some ice-cold ethanol or
methylated spirits (stored in

a freezer overnight) carefully
down the side of the boiling
tube. The ethanol should form a
layer on top of the onion filtrate.
(Alcohol removes water from
DNA, which causes DNA to float
to the top of the water. DNA
insoluble in ice-cold alcohol
and so it precipitates at the
alcoholfiltrate boundary. The
DNA forms white threads at the
alcohol-filtrate junction).

Gently twist a smal glass rod

or a wire loop in the alcohol.
Strands of DNA should attach

to the rod or . Do not mix
the two layers or damage the
DNA, which is very easily broken
(DNA forms a clear mesh of
‘what looks like stringy mucus, as
shown in diagram 2.4).

MODULE 2 DNA AND RNA

Fitrate (DNA and protein)
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Questions on Module 2

n

(a) What s heredity?

(b) Name the key chemical that is
inherited by organisms.

() Name three inherited
characteristics in (i) Humans
(i) Plants.

(a) Distinguish between a gene and
gene expression.

(b) What do you understand by
“characteristics?

(0) Characteristics are formed by the
interaction of two factors. Name
these factors.

(a) Name the materials of which

chromosomes are made.

Give a function for each of these

materials.

(9) Show, by means of a diagram, the

relationship between genes and

chromosomes.

Explain what is meant by

(i) coding, and (ii) non-coding,

DNA.

(a) What do the letters ‘DNA’stand
for?

(b) What name is given to the overall
shape of DNA?

(9 Explain how a very long DNA
molecule can fit into a tiny
nucleus.

One strand of a DNA molecule has the

base sequence GATTCGTAA.

(a) What s the sequence of bases on
the complementary DNA strand?

(b) How many triplets are in this
sequence of DNA?

(a) Name the bases in DNA.

(b) What is a DNA triplet?

(0) How do triplets relate to genes?

State two places in a chromosome

where non-coding DNA may occur.

(a) What is meant by DNA replication?

(b) What s the importance of DNA
replication?

(O) At what stage of the cell cycle does
DNA replication occur?

(d) Where in a cell does DNA
replication occur?

What is genetic screening?

Outline two structural differences

between DNA and RNA.

If a stretch of DNA has the base

sequence ATTGGCATT, what will

the base sequence be on the

complementary RNA strand?

(b)

(O]

12

13

14

15

16

17

What material do genes produce in
order to control the activities of a cell?
(a) What is meant by base pairing in
DNA?
Draw a diagram of a stretch of
DNA comprising eight nucleotides
to indicate base pairing involving
allthe possible base pairs (there is
no need to draw a double helix).
() Who discovered the double helix
structure of DNA?
(a) Whats the full name for RNA?
(b) Name three types of RNA.
(0) State two places in a cell where
RNA might be found.
(d) What is meant by the phrase ‘DNA
codes for messenger RNA'?
In isolating DNA from plant tissue, give
areason for each of the following:
(a) Using washing-up liquid
(b) Using salt
(0) Heating the salt, detergent and
chopped tissue to 60°C
(d) Using ice-cold water
(€) Not blending the tissues for too
long
(f) Using protease enzyme
(9) Adding ice-cold alcohol.
Choose which of the options (i),
(i, (i) or (v) represents the correct
answer in each case below.
(@) DNA s insoluble in:
(@) Washing-up liquid
(i) Boiling water
(i) Salt water
(iv) Ice-cold ethanol.
DNA fragments can be obtained
using:
@) Bacteria
(i) Protein synthesis
(i) Restriction enzymes
(v) Ribosomes.
() DNA fingerprinting can be used to
determine if a person:
(i) Has an infectious disease
(i) 15 or s not the parent of a
child
(i) Has faulty RNA
(v) Is a carrier of a genetic
disease.
Three nucleotides make up one
triplet of bases in DNA. There are four
different bases. Work out how many
possible triplets can be made from
three bases.

(b)

(b)
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Under what circumstance could two
people have exactly the same genetic
profile?

All the human chromosomes in one
cell have a total of 3 billion (3 x 10 or
3,000,000,000) base pairs of DNA.
Cells use a lot of cellular energy to
replicate all of this DNA when the cells

need to form new copies of themselves.

More than 959% of the 3 billion base
pairs is non-coding DNA.

Suggest why the term ‘junk DNA'
sometimes used for non-coding DNA is
not appropriate.

Draw how the bands of DNA would
have appeared in the first generation
of Meselson and Stah's experiment if
DNA eplication had been

MODULE 2 DNA AND RNA

(a) Conservative
(b) Dispersive
Refer to this diagram for your answer.

BT Mescson and Stahl's resuls

21 Adouble stranded DNA molecule
is found to be composed of 24%
thymine. Calculate the percentages
of the other three bases in this DNA
molecule.
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Module 3 Cell structure

Learning objectives

@ Explain the features of structure and functions of the cell organelles

ible under the electron microscope

@ Establish a connection among the structure, properties and functions
of the cell membrane, using the fluid mosaic model

@ Compare features of the structure and function of procaryote and
eukaryote

Microscopes

A compound microscope uses two lenses, an objective lens and an eyepiece lens, as shown in
diagram 3.1. The total magnification of the image is calculated by multiplying the power of the
two lenses (see table below).

Magnification

Compound microscopes use light to show the image. The maximum magpnification that can
clearly be achieved is about x1000 for a compound microscope.

Coarse focus Eyepiece lens
(for approximate (magnifies the
focusing) image)

) Nosepiece
Fine focus (rotates to move

(for precise the desired lens.
focusing) in place)

Objective lens
(magnifies the
image)

Stage or platform
(supports the slide)

- Condense
(focuses light on
the slide: not
present in all
microscopes)

ciip
(holds side
i place)

Diaphragm
(adjusts the
amount of light
reaching the slide)

Stage height adjuster  Mirror or light
(to move the stage  source (to supply
up or down) light to the slide)

Gl s oo conpound gt micoscope ond the fncions it
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Cell structure as seen using a light microscope

Animal cells

Animal cells are surrounded by an
outer membrane, called the cell or
plasma membrane. This membrane
surrounds the protoplasm.

The protoplasm of a cellis made up
of the nucleus and the surrounding
cytoplasm.

Many of the reactions in a cell take

BB #rimal cel as seen under a light microscope i
place in the cytoplasm.

Plant cells

Plant cells are enclosed by a rigid

cell wall made of cellulose. Cellulose
is a strong structural carbohydrate

(or polysaccharide) and is the main
component in paper and cotton wool.

The cell wall gives the cell strength and
makes it less flexible. The cell membrane

is usually found just inside the cell wall. The
‘wall and membrane are often so close that

The vacuole helps to gve the cell sirength and shape and
the membrane is not seen clearly. mayalsostore materil.

Vacuoles contain a fluid called cell sap. This is
a solution of salts, sugars and pigments.

vacole
BN ot e senunera gt micrscpe

Plant cells also have a nucleus and cytoplasm. Plant cells that are green contain structures
called chloroplasts. These are the structures in which photosynthesis takes place.

Cell ultrastructure

Electron microscopes use a beam of
electrons instead of light. As electrons are
invisible, the image is often converted to an
image on a TV screen.

There are two main types of
electron microscope.

® Atransmission electron microscope
(TEM) sends a beam of electrons
through a thin section of the specimen.
This shows the internal structure of the
specimen in great detail.

® A scanning electron microscope (SEM)
uses a beam of electrons to provide a
surface view of the specimen.

)
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Electron microscopes can give magnifications of 250 000 and higher. In addition, they can
produce very clear images. This makes electron microscopes ideal for observing very small
structures.

Ultrastructure of a generalised cell

Fluid mosaic model of cell
membranes

All membranes in biology are thought
to have the same structure. They

are composed of phospholipids and
proteins.

The phospholipids, which have a water-
loving phosphate group and a water-
hating lipid group, are arranged into
double layers (bilayers). The phosphates
are on the exposed outer surfaces with
the lipids in the middle.

In a membrane protein, molecules are
completely or partially embedded in
the phospholipid bilayer. Some of these
proteins are attached to the bilayer;
others are detachable and can move
throughout the bilayer.

Membrane

Functions of membranes

The functions or roles of membranes
include to:

® Retain the cell contents

@ Recognise molecules that touch them
® Control what enters and leaves the cell
> Membranes can allow the free passage of some molecules and prevent the passage of
others; in this way they are said to be selectively (or semi-) permeable. For example,

‘water and oxygen can pass freely across a membrane, but sodium ions and large proteins
have to be moved across using energy.
® Give some support to the cell

“The nucleus is the cantrol centre of the cel.
Nucleus

Anucleus is surrounded by a double
membrane with numerous nuclear pores.

These allow the controlled entry and exit of
molecules into and out of the nucleus.

‘The nucleus contains strands of
deoxyribonucleic acid (DNA). DNA

is arranged into structures called
chromosomes (chroma means “colour’,
soma means ‘body’; so-called because DNA
readily absorbs many stains and becomes
darkly coloured under the microscope). ‘A nuclear membrane showing nuclear pores (TEM)
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