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How to use this book

The Pearson Biology 12 New South Wales Skills and This resource has been written to fully align with
Assessment book takes an intuitive, self-paced approach  the new Stage 6 Syllabus for New South Wales Biology
to science education that ensures every student has and addresses the final four modules of the syllabus.

opportunities to practise, apply and extend their learning Each module consists of five main sections:
through a range of supportive and challenging activities.  + key knowledge

While offering opportunities for reinforcement of key « worksheets
concepts, knowledge and skills, these activities enable + practical activities
flexibility in the approach to teaching and learning. + depth study
Explicit scaffolding makes learning objectives + module review questions.
clear, and there are regular opportunities for student Explore how to use this book below.

reflection and self-evaluation at the end of individual
activities throughout the book. Students are also guided
in self-reflection at the end of each module. There are
rich opportunities to take the content further with the MODULE

explicit coverage of Working scientifically skills and key 5 Heredity
knowledge in the depth studies.

Biology toolkit

The Biology toolkit supports development of the
skills and techniques needed to undertake practical
investigations, secondary-sourced investigations and
depth studies, and covers examination techniques
and study skills. It also includes checklists, models,
exemplars and scaffolded steps. The toolkit can serve
as a reference tool, to be consulted as needed.

(ACsBLOs4)

DNA AND POLYPEPTIDE SYNTHESIS

synthesis important?

ol s mprs e s n i
(ACSBLO76) e

CONDUCTING A PRACTICAL
INVESTIGATION

Module opener

Each book is divided to follow the four modules of
the syllabus, with the module opener linking the
module content to the syllabus.

Key knowledge

Each module begins with a key knowledge section.
This consists of a set of succinct summary notes that
cover the key knowledge set out in each module of the
syllabus. This section is highly illustrative and written in
a straightforward style to assist students of all reading
abilities. Key terms are in bold for ease of navigation.

It also serves as a ready reference for completing the
worksheets and practical activities.
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Knowledge review—revisiting foundation ideas

wo r ks h e e ts scrENnFlc:;:on

A diverse offering of instructive and self-contained worksheets is
included in each module. Common to all modules are the initial
‘Knowledge review’ worksheet to activate prior knowledge, a
‘Literacy review’ worksheet to explicitly build understanding and
application of scientific terminology, and finally a ‘Thinking about
my learning’ worksheet, which students can use for reflection and
self-assessment. Other worksheet types provide opportunities to
revise, consolidate and further student understanding.

. . S —
All worksheets function as formative assessment and are 3 Mt vt s o oy et g
clearly aligned to the syllabus. A range of questions building from _—

foundation to challenging are included within the worksheets. g rerRopeTve reims

he sets of words below. Circle

rm and provide a ull explanation for why it

...................................................................................................... gamete
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Practical activities

Practical activities give students the op ni complete practical
work related to the various themes covereéd in the syllabus. All practical
activities referenced in outcome syllabus have been covered.
Across the suite of practical activ ents have opportunities to
design, conduct, evaluate, d lyse data, appropriately record

results and prepare evi d conclusions. This can be done directly
into the scaffolded prac ctivities. Students also have opportunities to
evaluate safety and risk, afid identify any potential hazards.

Each prac tivity Includes a suggested duration. Along
with the es, the practical activities meet the 35 hours of
practicalWe andated for Year 12 in the syllabus. Where there is

key kne @ re that will support the completion of a practical activity,
students are referred back to the appropriate section.

oo | Stscshn oS 35 ike the worksheets, the practical activities include a range of
estions, building from foundation to challenging.

Depth study

Each module contains one suggested

depth study. The depth studies allow Genomics—the big reveal
further development of one or more wossenon

concepts found within or inspired by the
syllabus. They allow students to acquire
a depth of understanding and take
responsibility for their own learning, and
promote differentiation and engagement.
Each depth study allows for the
demonstration of a range of Working
scientifically skills, with all depth studies
assessing the Working scientifically
outcomes of Questioning and predicting,
and Communicating. A minimum of
two additional Working scientifically
skills and at least one Knowledge and ‘
understanding outcome are also -
assessed.
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Module review
questions

Each module finishes with a
comprehensive set of questions,
consisting of multiple choice
and short answer, which helps
students to draw together their
knowledge and understanding
and apply it to these styles of
question.

MODULE 5 » REVIEW QUESTIONS

MODULE 5 » REVIEW QUESTIONS
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Rating my learning
Rating my learning is an innovative tool that
appears at the bottom of the final page of mos

worksheets and all practical activities. It provi : GoTo icons are used to make
and self-assessment. It encourages the 0 : : within the book.
ahead to how they can continue to i e, : :

The safety icon highlights significant
hazards, indicating caution is needed.

helps them to identify focus areas forifurther skill
and knowledge development.

The teacher may cho ou dent
responses to the ‘Ratin ing’ feature as a

P . & & that protective eyewear is to be worn
formative assessment tool. ance, teachers

@ The safety glasses icon highlights

can assess which topics and which students need during the practical activity.

intervention for improvement.

rarinG v [
[XYUINIV understanding confiden Confident
improved O 0 0 OO0

Highlight boxes focus students’ attention on
important information such as key definitions,
formulae and summary points.

Tanswered Mot <5 Ve
questions. confident eonident

withouthep O O O O O

Tcorrected Not o ey
my errors_ confident Confident

withouthep O O O O O

o Caution: care is required when using sharp equipment
such as a scalpel, and chemicals such as hydrogen
peroxide. Check any special procedures with your teacher.

Teacher support

Comprehensive answers and fully worked solutions for all worksheets,
practical activities, depth studies and module review questions are provided
via the Pearson Biology 12 New South Wales Teacher Support. An editable
suggested assessment rubric for depth studies is also provided.
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MODULE

Heredity

Outcomes

By the end of this module you will be able to:

» select and process appropriate qualitative and quantitative data and information
using a range of appropriate media BIO12-4

analyse and evaluate primary and secondary data and information BIO12-5

solve scientific problems using primary and secondary data, critical thinking skills and
scientific processes BIO12-6

explain the structures of DNA and analyse the mechanisms of inheritance and how
processes of reproduction ensure continuity of species BIO12-12

Content
REPRODUCTION @6

| INQUIRY QUESTION | How does reproduction ensure th @ finuity of a species?

By the end of this module you will be able to:

» explain the mechanisms of reproduction that continuity of a species, by
analysing sexual and asexual methods of repr nin a variety of organismes,
including but not limited to:

- animals: advantages of externa n@al fertilisation
- plants: asexual and sexual repr&

- fungi: budding, spores

- bacteria: binary fission (

- protists: binary fissio

analyse the features
and birth in m

evaluate th p ientific knowledge on the manipulation of plant and animal
reproductio griculture (ACSBLO74)

CELL REPLICATION

| INQUIRY QUESTION | How important is it for genetic material to be
replicated exactly?

By the end of this module you will be able to:
« model the processes involved in cell replication, including but not limited to:
- mitosis and meiosis (ACSBLO75)

- DNA replication using the Watson and Crick DNA model, including nucleotide
composition, pairing and bonding (ACSBL0O76, ACSBLO77)

assess the effect of the cell replication processes on the continuity of species
(ACSBLO&4)

DNA AND POLYPEPTIDE SYNTHESIS

| INQUIRY QUESTION | Why is polypeptide synthesis important?

By the end of this module you will be able to:

« construct appropriate representations to model and compare the forms in which DNA
exists in eukaryotes and prokaryotes (ACSBLO76)




Module 5 ¢ Heredity

model the process of polypeptide synthesis, including: (ACSBL079)
- transcription and translation

- assessing the importance of mMRNA and tRNA in transcription and translation
(ACSBL079)

analysing the function and importance of polypeptide synthesis (ACSBLO&0)

assessing how genes and environment affect phenotypic expression
(ACSBLO81)

+ investigate the structure and function of proteins in living things

GENETIC VARIATION

| INQUIRY QUESTION | How can the genetic similarities and differ%within and
between species be compared?

By the end of this module you will be able to: %

» conduct practical investigations to predict variations in t
by modelling meiosis, including the crossing over o
fertilisation and mutations (ACSBL084)

model the formation of new combinations of g @ ves produced during meiosis,
including but not limited to:

enotype of offspring
,-$ chromosomes,

- interpreting examples of autosomal gsexlinkage,"co-dominance, incomplete
dominance and multiple alleles (ACSBLOS85)

- constructing and interpretingg tion and data from pedigrees and Punnett
squares

collect, record and present datayto resent frequencies of characteristics in a
population, in order to iden trends, patterns, relationships and limitations in data,

for example:
- examining q@ta
- analysing sin otide polymorphism (SNP)

INHERITANC TERNS IN A POPULATION

| INQUIRY QUESTION | Can population genetic patterns be predicted with any
accuracy?

By the end of this module you will be able to:

+ investigate the use of technologies to determine inheritance patterns in a population
using, for example: (ACSBL0O64, ACSBL0O85)

- DNA sequencing and profiling (ACSBL0O86)

investigate the use of data analysis from a large-scale collaborative project to
identify trends, patterns and relationships, for example:
(ACSBLO64, ACSBLO73)

- the use of population genetics data in conservation management

- population genetics studies used to determine the inheritance of a disease or
disorder

- population genetics relating to human evolution

Biology Stage 6 Syllabus © NSW Education Standards Authority
for and on behalf of the Crown in right of the State of NSW, 2017.




Key knowledge

Reproduction

Reproduction allows the survival of a species from
one generation to the next. There are two types of
reproduction—asexual and sexual.

ASEXUAL REPRODUCTION

The simplest way that organisms can reproduce is
asexually. Asexual reproduction is the production
of identical offspring from just one parent. Asexual
reproduction produces new individuals by mitosis, a
process of nuclear division in which each daughter
cell receives an identical copy of every chromosome
of the parent cell. The offspring are therefore clones—
individuals that are genetically identical, unless genetic
mutations occur.

Characteristics of asexual reproduction:

 all new individuals are genetically identical to parent
individuals

» another individual (mate) is not required.
Asexual reproduction:

* occurs in unicellular organisms, fungi, plants and
animals (Table 5.1)

e results in large numbers of new individuals being
produced relatively quickly

e is an advantage in an unchanging environment when
individuals are adapted to their environment

» results in a lack of genetic variation in a population
(individuals are genetically identical to parents). If
conditions become unfavourable, then all individuals
are vulnerable and could die, leading to extinction of
the population.

TABLE 5.1 Types of asexual reproduction

Process

binary fission equal division of parent cell into two new cells ": 2ria
0zoans
budding division of cytoplasm is unequal; new org yeast
on parent before breaking away Hydra
protists

fragmentation part of organism breaks off and

new individual

res into a

animals, including: flatworms, marine worms
and echinoderms

spore formation spores released into enviro

new individuals

and germinate into fungi

plants, including mosses and ferns

vegetative propagation

many plants, including flowering plants

parthenogenesis a type of clgningxesulting from the formation of a new animals, including insects (e.g. wasps, ants),
indjyi | f o'ﬁ unfertilised egg; all offspring are lizards and birds
clones ale parent (i.e. no males are produced)
SEXUAL REPRODUCTION * genetically unique individuals are formed from the

. . .. . enetic contribution of two parents.
Sexual reproduction involves the mixing of genetic g P

information from two parents. Usually this involves the
union of male and female gametes (sperm and egg) to
form a unique individual. Most multicellular organisms,
including humans, reproduce sexually. Gametes are
formed by the process of cell division called meiosis.
The reproductive systems of complex multicellular
organisms such as flowering plants and mammals
feature specialised structures in which haploid gametes
are produced.

Characteristics of sexual reproduction:

Haploid: having one set of chromosomes (17).
Diploid: having two sets of chromosomes (27).
The considerable benefit of sexual reproduction
is evident from its widespread occurrence in almost
all eukaryotic organisms. The primary advantage of
meiosis and sexual reproduction is the generation of
genetic variation, which provides a survival advantage
to a species in changing environmental conditions.
While there are many benefits to reproducing sexually,
there are also disadvantages. Disadvantages of

e unique genetic combinations are produced by the sexual reproduction:

random assortment of chromosomes during meiosis the need to find a mate

« fusion of haploid gametes during fertilisation * it requires more energy

produces a diploid zygote. * it may be limited to certain times of the year (seasonal

dependence).

ISBN 978 1 4886 1932 8 Pearson Biology 12 NSW | Skills and Assessment | Module 5



Fertilisation

Various structures and processes are adapted to allow
haploid gametes to meet so that fertilisation can occur.
The union of gametes in fertilisation may occur
externally or internally, depending on the organism and
its lifestyle (Figure 5.1). External fertilisation occurs
when a male’s sperm fertilises a female’s egg outside the
female’s body. This method of reproduction is common
in aquatic animals, for example amphibians, fish and sea
urchins (Figure 5.1a, b). Eggs and developing young do
not need to be carried inside a parent, and thousands

of eggs can be fertilised at a time. However, because the

developing young are exposed to the environment, many
do not survive.

(a) Sea urchin—external fertilisation

adult
();I coordinated
? release

settles /

* metamorphosis
eggs
/ « little yolk

free swimming larva * 1000s

« few survive

fertilisation
* external

@®

zygote

* hours

growth

\ mating

chick eggs /

* miniature adult = . %qguch yolk

« most survive Y - few, large sperm
=) + 1000s

\ fertilisation

external development * internal

* incubated

» weeks

large zygote in shell

sperm
@ * 1000s

Internal fertilisation is when a male deposits
sperm directly into a female’s reproductive tract. This is
a feature of many terrestrial (land) animals, including
birds and mammals (Figure 5.1c, d; Figure 5.2). In
mammals, fertilisation occurs in the fallopian tubes,
with the zygote growing and dividing as it is swept
towards the uterus. Internal fertilisation ensures
gametes and developing young are protected from
changes in the external environment, do not dehydrate,
and are provided with adequate nutrition and a suitable
environment in which to develop.

(b) Frog—external fertilisation

adult frog

mating

sperm
eggs » 1000s

* moderateyolk @ #—
*+100s

fertilisation
* external

@
\_/ zygote

external development
+ days

(d) Placental mammal—internal fertilisation

growth

< parental care 4 adult

Nes
Q.
W

baby
* miniature adult
* most survive

+ 1000s
eggs
- little yolk \
internal * very few fertilisation
development * internal
* nutrition /
through
placenta
* months o

- _— zygote

embryo inplants
in uterus

FIGURE 5.1 Life cycles of sexually reproducing organisms. External fertilisation occurs in many aquatic animals, such as
(a) sea urchins and (b) frogs. Internal fertilisation is a common feature of terrestrial animals, including (c) birds and

(d) mammals.
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(a) (b) '
urinary bladder funnel of oviduct

ureter

ductus deferens

seminal vesicle

prostate oviduct ovary
gland (Fallopian
tube)
uterus
cervix
cervical canal

vagina

FIGURE 5.2 Reproductive systems in humans: (a) male and (b) female
Reproduction in plants can be sexual or asexual of another of the sam%s. Pollen grains grow a

(Table 5.1). Sexual reproduction in plants requires tube downwards e style towards the ovary,
the union of male and female gametes. As plants are where fertilisati eed (and fruit) development

igure 5.3). Moths, birds and

sedentary, they use a range of strategies to ensure
ollen in some species of flowering

gametes come together. In flowering plants, this typically
relies on insects such as bees in search of nectar; at the :
same time, they transfer pollen (containing the male aye pollen that is non-sticky and light, making
sex cell) from the anther of one plant to the stigma W lination efficient.

pollen
release pollination

o o

sperm d
pollen tube seed coat see
endosperm @
endosperm | embryo
' - seed in fruit
€ge /‘,
\> Z /

FIGURE 5.3 Male and female reproductive structures in flowering plants

ovule
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Figure 5.4 provides a summary of sexual reproduction
in a wide range of organisms.

e.g. grasses

~ by wind—
inconspicuous
flowers

pollen grains
contain male
gamete

male stamen
= filament and
anther

flowers contain
reproductive organs

e.g. common heath

by insects, birds—
bright or scented
flowers

pollination

flowering
plants

pollen transfered
by agent to
another plant

hermaphrodites

contain both male
and female parts

female pistil = style,
stigma and ovary

SEXUAL
REPRODUCTION

male

ciliates {ﬁ

( conjugation

H

testes

: l

[an

sexorgans

female
ovaries

imals
no gametes but called gonads
exchange of genetic e.g. paramecium
materia
; ilisati ish, marine
internal fertilisation sh,
C e.g. sharks )—( fertilisation ) invertebrates

echidnas
typuses

monotremes
egg-laying

epﬁa

—{ )

mammals )

indi
develo

rect
pment

birds, reptiles )

placental = birth
of mature young

marsupials = birth
of immature young

larvae
formed

pin

.

lay eggs

ans e.g. wombats,
S koalas, kangaroos

e.g. sea urchins

i

FIGURE 5.4 Sexual reproduction in animals, ciliates and flowering plants

PREGNANCY AND BIRTH IN MAMMALS

Sexual reproduction in mammals is characterised by
internal fertilisation and development (with the rare
exception of egg-laying monotremes—platypus and
echidna). The internal environment provides optimal
temperature and moisture conditions for the developing
young, as well as ensuring nutrition and protection.
Development of the new individual is gradual and
continuous between conception and birth. However,
various stages during development are recognised.

Development of the embryo and fetus
in mammals

After fertilisation, rapid cell division proceeds in the
development of the new individual.

Pearson Biology 12 NSW | Skills and Assessment | Module 5

The first stage of development is cleavage,
which commences following activation of the egg by
sperm penetration. Cleavage is a period of rapid cell
proliferation during which the single-celled zygote
is divided into many smaller cells by mitosis. By day
3—4 post-fertilisation, the zygote has become a ball
of 16 undifferentiated cells, known as a morula
(Figure 5.5). In the uterus, mitotic divisions continue,
and at around five days after fertilisation the morula
becomes a blastocyst. At approximately 8-9 days after
fertilisation, the blastocyst implants into the uterine wall.
The multicellular blastocyst consists of a single layer of
surface cells and an inner cell mass that will later give
rise to the embryo. The outer layer of cells sends out
finger-like projections into a part of the uterine wall
(endometrium), which develops into the placenta
(in placental mammals only). The next stage is called

ISBN 978 1 4886 1932 8



the gastrula. At this stage some differentiation is
evident, with clearly defined endoderm, mesoderm
and ectoderm tissue (Figure 5.6). These three layers
are destined to become specialised tissues of the various
body systems.

The gastrula becomes an embryo at three weeks
after fertilisation. The embryonic period of development
is when the major organs of the body are formed from
the three primary layers of the gastrula. In humans,
this is completed about eight weeks after fertilisation
(or 10 weeks after the last menstrual period). At the

morula
(day 3-4)

zygote
(day 1)

blastocyst
(day 4-5)

end of the embryonic stage, the developing organism
has distinct features and is known as a fetus for the
remainder of its development.

0 Undifferentiated cells are called stem cells—they
have the potential to develop into a multitude of
cell types. As development continues from zygote
to embryo, the potential of embryonic cells to
differentiate into different kinds of cells becomes

more limited.
gastrula embryo fetus
(day 14) (week 3) (week 8)

FIGURE 5.5 The development of a human zygote (fertilised egg) into a fetus

Endoderm

« lining of digestive
system

+ stomach, colon,
liver, pancreas

* lungs

* bladder

Ectoderm

+ epiderndis

* hair

+ braintandispinal cord

* peripheral nervous system

Mesoderm
s muscle

« cartilage
* kidney

+ gonads

FIGURE 5.6 Gastrula with defined endoderm, mesoderm and ectoderm

MANIPULATION OF PLANT AND
ANIMAL REPRODUCTION IN
AGRICULTURE

The manipulation of plants and animal$yin breeding

is as old as agriculture itself- Selective breeding,
involving the selection of indiyiduals with the most
desirable features for reprodugtiont, has resulted in the
development of crops and stock that largely express
those desirable features. For example, selective breeding
has resulted in dairy cattle with large milk production
capacity and watermelon with few and soft seeds.

The introduction of genetic technologies in recent
times has fast-tracked the development of plants and
animals in agriculture, ensuring the expression of even
more specific and desirable characteristics. For example,
genetic modification has been applied to create pest-
resistant canola crops. Cloning and gene editing are
also applied in agriculture to achieve desirable outcomes.

Cell replication

We know from the cell theory that all cells are derived
from pre-existing cells. Prokaryotic cells replicate by

a process known as binary fission, in which the cell
and its contents are divided into two. Replication is
more complex in eukaryotic cells, with nuclear division
occurring during mitosis, followed by splitting the cell
into two, a process called cytokinesis. In both cases the

ISBN 978 1 4886 1932 8

parent cell divides to form two identical daughter cells.
When cells replicate to form identical daughter cells,
the resulting cells are called clones. Cell replication

is responsible for the production of new cells within
an organism for the purposes of maintenance, growth
and repair.

THE CELL CYCLE

Cells are in a constant state of activity that involves

all the chemical reactions that make up the cell’s
metabolism, as well as growth and reproduction.

Cell growth includes the replication of DNA
(deoxyribonucleic acid) that is organised and divided
for distribution to daughter cells during cell division.
This cyclical activity of cells is called the cell cycle
(Figure 5.7). Cell replication and passing on DNA to
the next the generation is critical to the continuity of
species.

The cell cycle has three main phases:

e interphase
*  mitosis
e cytokinesis.

These phases always occur in this order, beginning
with interphase. During interphase, the cell doubles
its mass and duplicates its entire components. During
mitosis the nucleus divides, and during cytokinesis the
cytoplasm divides. A typical cell spends most of its life in
interphase.
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Synthesis (S) phase
(DNA replication)

interphase

FIGURE 5.7 The cell cycle takes approximately 24 hours to
complete in mammalian cells.

Interphase: DNA replication

The genetic information in the cells of eukaryotic organisms
is packaged into threads of DNA called chromosomes
(Figure 5.8). Chromosomes carry all of the information
needed for cell structure and function. During cell
replication, the chromosomes are organised so that the
resulting daughter cells each receive precisely the same
genetic material as the parent cell from which they are
derived. Before this can occur, the genetic material
must be duplicated. This copying process is called DNA
replication (Figure 5.9) and occurs during interphases
During DNA replication, the two strands of DNA that
make up the double helix ‘unzip’ or separate. Th€ €nzyme
DNA polymerase then moves along the exposed
non-coding strands (also known as template strands)
adding nucleotides according to complementary
base-pairing rules to build thefiéw strands.

DNA replication is described a8 Being semi-
conservative because the parental strand is conserved, or
retained, in the new molecule.

0 During interphase, the cell’s DNA is replicated.
DNA replication ensures daughter cells are
produced that contain the appropriate type and
number of chromosomes.

single arm =
chromatid
centromere
separation

l_l_,

duplicated
chromosome

individual
chromosomes

FIGURE 5.8 Structure of a chromosome
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enzyme DNA

polymerase adds nucleotides
to exposed bases

according to base-pairing
rules

double-stranded
DNA molecule
‘unzips’, exposing
bases

C G Lc G4 }cC G
o 2 LA T4 FA T4

T A LT A4 FT A

G C -G CH kG CH

-C G- -C G4 }C G-

-C G- -C G FC G-

LT A- LT A- T A FT A-

A T- A T- EA T4 FA T4

-C G- -C G- -C G4 }C G-

FIGURE 5.9 DNA replication—DNA polymerase adds
nucleotides to build copiesgof the original DNA strands.

7 ol

0 In DNA, adeniné (A) always bonds with thymine
(T) and guanine (G) always bonds with cytosine (C).
This is called camplementary base-pairing.
N e pe 4

Mitosis

Mitosig#only occurs in eukaryotic cells. It is the process

by whiclwvthe DNA replicated during interphase is

divided into two new nuclei. Mitosis is divided into

four phases: prophase, metaphase, anaphase and

telophase (Figure 5.10). Cytokinesis is a separate

process to mitosis and occurs after telophase,

completing cell replication.

¢ Prophase: Chromosomes shorten and thicken, and
become visible under the light microscope. The
nuclear envelope dissolves and a structure called the
spindle starts to form. The spindle consists of fibres
that radiate across the cell from centrioles at each pole.

¢ Metaphase: Chromosomes line up along the equator
of the cell. Each chromosome attaches to a spindle
fibre by its centromere.

¢ Anaphase: The spindle fibres contract, causing the
centromeres to split, pulling the sister chromatids
towards opposite poles. (Remember, each
chromosome was replicated during interphase and the
two copies of each have remained joined until now.)

¢ Telophase: New nuclear membranes form around
each of the two new groups of chromosomes.
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interphase prophase
~ k- > A
\ *— g >
N ~ 7
metaphase anaphase
1 d [ i)

telophase

FIGURE 5.10 During mitosis, DNA replicated during
interphase is divided into two new nuclei.

Meiosis

Gamete production involves a special type of nuclear
division called meiosis. Unlike mitosis, meiosis produces
daughter cells that are different from each other and
different from the parent cell. Meiosis is required for
sexual reproduction. It produces four daughter cells
(gametes) that are genetically unique, creating genetic
variation. Meiosis occurs only in eukaryotes and only to
form the gametes.

Unlike somatic cells, gametes are haploid, contat
only one set of chromosomes—half the full co
Like mitosis, meiosis is divided into the phas
metaphase, anaphase and telophase. How
each of these phases occurs in two seq
division, called meiosis I and meiosisdd, (
Meiosis 1 is called a reduction divisi
reduces the number of chrofnmosome
(gametes) to half (1) of i somatic cells (2n).To
achieve haploid daughter cells ases of meiosis are
repeated. In metaphase I, homologous chromosomes
(matching pairs) align together at the equator, before
members of each pair move to their respective poles in
anaphase I. In metaphase II, the chromosomes again align
at the equator, but this time duplicated chromosomes
cleave at the centromere before single chromosomes
move to the poles in anaphase II.

e daughter cells

F F f f F F f f

T T t t T TY)t t
duplicated chiasma
homologous
chromosomes

)

Diploidy (having two sets of chromosomes) is
restored at fertilisation when the zygote is formed.

Meiosis |

[A N
\\( }/
prophase | metaphasel anaphasel telophase I/
early
prophase I
Meiosis Il
PAREQWAY y
A Y (@)@

N
V
<
B
AA
AA

N !

metaphase Il anaphase I telophase I four haploid
gametes
FIGURE 5.11 Meiosis pr four genetically unique
gametes.
Genetic va
Genetic meiosis occurs as a result of
ent and crossing over.

indep

ent assortment: When homologous
somes line up together and then segregate
ent poles, they do so independently of other
gous pairs.

Homologous chromosomes (Figure 5.12) are pairs of
chromosomes that contain similar genetic information.
That is, they contain the same genes (DNA sequences that
code for polypeptides) but they may contain alternative
forms of those genes. Alternative forms of a gene are
called alleles. For example, earlobe shape in humans has
different forms—free or attached. By convention, letters of
the alphabet are assigned to represent the different alleles:
‘F’ can be used to denote the allele for free lobes, while ‘f’
can denote the allele for attached lobes. Similarly, the alleles
T and 7 can be used to denote the genetic expression of
‘tongue rolling’ and ‘non-tongue rolling’.

Crossing over: During early prophase I, when
homologous chromosomes pair, they may touch at
points called chiasma (plural chiasmata). At chiasmata,
the homologous pairs may exchange chromosome
segments. This results in recombination and is
responsible for the genetic variation formed in gametes.

F F f f
F F f f
T t T t T t T t
L |
chromosome recombinants

parts exchange

FIGURE 5.12 Homologous chromosomes are pairs of chromosomes that have the same genes, but may carry different

alleles for those genes.
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Cytokinesis
During cytokinesis, the cytoplasm divides and the two
new daughter cells are formed.

Cytokinesis in animal cells occurs in a different way
to cytokinesis in plant and fungi cells. In animal cells
the cell membrane moves inwards, pinching the two
daughter cells apart. In contrast, plant and fungi cells
lay down a new cell membrane and cell wall between
the two daughter nuclei to separate the daughter cells.
Components of the new plant cell wall, called the cell
plate, are initially deposited in the centre of the cell. The
growth of the cell plate extends outwards until the two
daughter cells are completely separated.

DNA and polypeptide
synthesis

Common to all living things on Earth is the presence

of the genetic material, DNA and RNA (ribonucleic
acid). The structure and function of these molecules are
universal across all life forms.

DNA IN EUKARYOTES AND
PROKARYOTES

While DNA is the genetic information common to all
organisms, its organisation is different in prokaryotes
and eukaryotes ('Table 5.2).

Both DNA and RNA are made up of nitrogenous
bases and a sugar—phosphate backbone. RNA is single-
stranded and relatively short. DNA has a double-
stranded helix (spiral) structure with complementary
pairing of its nitrogenous bases holding the double
strands together like rungs on a ladder (Figure 5.13)"

TABLE 5.2 Differences in the structure and organisation,of
DNA in prokaryotic and eukaryotic cells

Prokaryotes ‘ Eukaryotes

» DNA contained in a » DNAfcontained ingraired

single chromosome chromosomes
* no membrane- » DNA confined to membrane-
bound nucleus bound nucleus
reproduction « reproduction involves DNA
involves simple replication, followed by complex
duplication and steps of chromosome movements
separation of to ensure correct number of
chromosome chromosomes in daughter cells

The nucleotides are named according to the
nitrogenous base each includes. The bases in DNA
occur in complementary pairs:
¢ adenine (A) pairs with thymine (T)

e cytosine (C) pairs with guanine (G).

In RNA, uracil (U) replaces thymine (T") and pairs
with adenine (A).

Each nucleotide is made up of a nitrogenous base
(A, T, G, Cor U), a pentose sugar (deoxyribose in DNA
and ribose in RNA) and a phosphate group, joined by
covalent bonds (Figure 5.14).

Nucleotides are chemically bonded to form polymers
called nucleic acids (i.e. deoxyribonucleic acid and
ribonucleic acid) (Figure 5.15). Nucleic acids are
essentially information molecules that contain the coded
instructions for polypeptide synthesis. Once formed,
chains of polypeptides combine to form proteins.
Proteins are biological molecules that carry out all the
functions essential to life. The sequence of nucleotides
in DNA is significant because of its role in protein
production. A specific DINA sequence that codes for a
particular polypeptide i§ called a gene. The genome is
the total complement8f allyof the genes in an individual
organism. An organisin’s/genome is intrinsically linked
to its proteord€, which'is the full complement of
proteins in an‘individual.

The complementary strands of the DNA molecule
are described as antiparallel, because one runs 5° — 3’
while theother runs 3 — 5’. Figure 5.16 shows a
simplified representation of the molecule illustrating this
antiparallel arrangement.

phosphate

pentose
sugar

nitrogenous
base

FIGURE 5.14 Nucleotide

FIGURE 5.13 The DNA in the nucleus of cells unravels to reveal the double helix structure. ‘P’ represents a phosphate
group, ‘S’ represents a sugar and ‘A, ‘T’, ‘G’ and ‘C’ represent nitrogenous bases. Together these three components

make up a nucleotide.
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0 In models of nucleic acids, the nucleotides are
simply referred to as bases and are identified by the
base letter A, T, C, G or U. This is because the sugar
and phosphate units in all nucleotides are identical.
The nitrogenous base is the unit that changes.

The features of DNA are summarised in Table 5.3
and illustrated in Figure 5.17.

TABLE 5.3 Features of nitrogenous bases

‘ Feature ‘ Examples
purines double-ring structure | adenine, guanine
pyrimidines single-ring structure cytosine, thymine

____________________________

____________________________

____________________________

thymine (T)

)
LEGEND @ (oA o)
\ """""""""""""""
-

FIGURE 5.17 The helical structure of DNA. Two
complementary strands form a double helix joined by
base pairs guanine (G) and cytosine (C), and adenine
(A) and thymine (T). Guanine (G) and adenine (A) have
a double-ring structure and are known as purines, while
cytosine (C) and thymine (T) have a single-ring structure

.

4
.

4

FIGURE 5.15 Nucleotide polyfner—si tranded DNA and are known as pyrimidines.
5 P There are three main forms of RNA. Each has a

end | different role in polypeptide synthesis:
? - ? er31' g * messenger RNA (mRNA): copy of the DNA
P P template strand that takes instructions to the
| | ribosomes in the cytoplasm
S - s
| = | e transfer RNA (tRNA): the molecule that brings
FI) T amino acids to ribosomes during protein synthesis
s BT} * ribosomal RNA (rRNA): is synthesised in
| | the nucleolus and forms part of the structure of
T F|> ribosomes.
s {G5G}s
| i POLYPEPTIDE SYNTHESIS
P P . .
[ | The sequence of nucleotide bases in genes represents
s {5 2N S the coded instructions for constructing polypeptides,
||3 Fl, the building blocks of proteins. The completed protein
| | is the form in which the gene is expressed. Polypeptide

e?w q S - ? production involves two key steps—transcription and

p 5 translation.
end

FIGURE 5.16 Nucleotides arranged in complementary pairs
held together by hydrogen bonding

ISBN 978 1 4886 1932 8 Pearson Biology 12 NSW | Skills and Assessment | Module 5

11



Transcription

Transcription is the process in which the DNA
template strand is copied (transcribed) to form a
messenger RNA strand.

Characteristics of transcription:

* occurs in the nucleus
* mRNA is single-stranded and contains the nucleotide

base uracil (U) instead of thymine (T
 transcription begins at the promoter, a section of

DNA that identifies the beginning of the gene
» exons are the coding regions of genes
* introns are the non-coding regions of genes
* Dboth exons and introns are transcribed, forming a

copy of the gene called pre-mRNA
* introns are subsequently cut out of the pre-mRNA,

forming the final mRNA product.

The main steps in the process of transcription are
shown in Figure 5.18. At the conclusion of transcription,
the mRNA molecule leaves the nucleus through nuclear
pores and moves to the ribosomes, where translation
occurs.

(a)
Transcription process

DNA molecule unzips

Enzyme RNA polymerase moves along DNA template
strand adding bases according to

mRNA strand is produced

(b)

DNA
template
strand
c A u G C C u A C
mRNA 5/ | | | | | | | | | 3’

FIGURE 5.18 (a) Key steps in the process of transcription,
where DNA is transcribed into messenger RNA (mRNA).
(b) The single-stranded mRNA molecule contains uracil
(V) instead of thymine (T).

complementary base-pairing rules \@

Translation

Translation is the process in which the sequence

of bases in mRNA is translated into an amino acid

sequence (polypeptide).
Characteristics of translation:

e occurs in the cytoplasm at the ribosomes

* sequence of bases in mRNA is translated into amino
acid sequence (polypeptide)

each group of three bases in the mRNA codes for a
particular amino acid. The groups of three bases in
mRNA are called codons. The sequence of these
codons is known as the genetic code (Table 5.4)

a group of three bases complementary to the codon

is called an anticodon. A tRNA molecule carries an
anticodon and an amino acid (Figure 5.1.9)

the amino acids are joined by peptide bonds to form a
polypeptide chain.

The main steps in the process of translation are

shown in Figure 5.19.Translation stops when a
stop codon is reached. The polypeptide chain is
now complete.

(a)

Translation process

Ribosome moves along mRNA strand

ups of three called codons
irection)

ecifies a particular amino acid
om the genetic code)

NA molecule with complementary base triplet
called an anticodon brings specified amino acid to
ribosome

Amino acids are linked by peptide bonds to form
a chain called a polypeptide

ribosome
codon
mMRNA

1 T T T T 1

cC AU u %\
anticodon

WV S

transfer
RNA

polypeptide
chain under
construction

FIGURE 5.19 (a) Key steps in the process of translation,
where mRNA is translated into amino acids to build

a polypeptide chain. (b) Complementary anticodons
brought by transfer RNA are joined in the ribosome to
form a polypeptide chain.
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The genetic code is a framework that uses RNA
codons to identify amino acids and their sequence in
growing polypeptide chains during protein synthesis.
Table 5.4 lists the 20 amino acids used in proteins
and the codons that code for each amino acid. To use
this table, select the first base of the codon from the
first column, read across the row for the second base,
and then find the third base using the last column.
Abbreviations for the amino acids are listed in Table 5.5,
while Figure 5.20 summarises both transcription
and translation.

TABLE 5.4 The genetic code for the 20 amino acids and
stop codons

First Second position Third
position position
(5 end) QY c A (3’ end)
U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C

Leu Ser STOP | STOP | A

Leu Ser STOP | Trp G
C Leu Pro His Arg U

Leu Pro His Arg C

Leu Pro GIn Arg A

Leu Pro GIn Arg G
A lle Thr Asn Ser U

lle Thr Asn Ser C

Ile Thr Lys Arg A

Met Thr Lys Arg G

(START)
G Val Ala Asp Gly U

Val Ala Asp Gly C

Val Ala Glu Gly A

Val Ala Glu Gly G

TABLE 5.5 Amino acid abbreviations

Ala alanine

Arg arginine

Asn asparagine
Asp aspartic acid
Cys cysteine

Gln glutamine
Glu glutamic acid
Gly glycine

His histidine

lle isoleucine
Leu leucine

Lys lysine

Met methionine
Phe phenylalanine
Pro proline

Ser serine

Thr threonine
Trp tryptophan
Tyr tyrosine

Val valine
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Nolal
> A
Nolal
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Lo N 4

DNA template strand

g O N

TRANSCRIPTION

- g— |- >

T mRNA

TRANSLATION

(
R
_| His |_| Ala |_| Tyr |_ polypeptide chain

FIGURE 5.20 Summary of transcription and translation

STRUCTURE AND FUNCTION

OF PROTEINS

Once polypeptid
polypeptide chai
dimensiona

protein.

ion is complete, the
ds to form a complex three-
and is then referred to as a
scribes the four levels of protein

eV

els of protein structure

lypeptide formation primary protein structure

2 lypeptide becomes secondary structure

coiled or pleated

3 coiled polypeptide folds
into 3-dimensional form

tertiary structure

4 | two or more 3-dimensional
polypeptide molecules
bonded together

quaternary structure

Proteins are key components of cells. There are
many different kinds of proteins, each with a different
function, and all are vital to the normal functioning of
the organism. Some examples are given in Table 5.7.

As you learnt before, the proteome is the total
complement of all the proteins in an individual
organism. An organism’s proteome is determined by the
DNA sequence of its genome. Proteomics (the study
of proteins, including their structure and function) is an
expanding field of biology that has enormous potential
for improving our understanding of how organisms
function, and of diseases and their treatment and
management; for the development of pharmaceuticals;
and for shedding light on evolutionary relationships.

Pearson Biology 12 NSW | Skills and Assessment | Module 5
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TABLE 5.7 Roles of proteins in living organisms

Role ‘ Examples

catalysts enzymes

cell membranes
muscle tissue
collagen (skin)
cytoskeleton
cilia

structural

hormones
neurotransmitters

communication

transport channels in cell membrane

carrier molecules haemoglobin

GENE STRUCTURE AND REGULATION

Cells in the body have specialised structures and
functions, yet they all contain the same genetic
information. This occurs as a result of different genes
being switched ‘on’ or ‘off’ in particular cells. For
example, beta cells in the pancreas have genes for insulin
production switched on (expressed), but genes related to
haemoglobin production are switched off. This is called
gene regulation. Gene regulation contributes to the
conservation of energy and resources in cells.

Genes are typically structured so that the
transcription of the coding region is carefully regulated.
A regulatory gene (which controls transcription) is
positioned before the structural gene (which codes
for the protein). The regulatory gene is composed
of a promoter region and an operator region, both
upstream of the structural gene. The promoter regi
regulates when transcription should begin; the op
effectively switches the gene on or off by allowi
transcription to begin or cease. The structur,
contains introns and exons. Once the gen
on, transcription proceeds. Transcriptio
DNA triplet that codes for a stop co,

of the structural gene. The /a se operon)
model in bacteria serves as ple of our
understanding of gene functi re 5.21). An

operon is a group of genes wi gulatory role
in protein production. The Jac operon is a group of
bacterial genes responsible for the production of a
lactose-digesting enzyme.

lac operon
~<—— regulatory gene ——— structural gene —

[ promoter region [operator | structural gene | stop |

FIGURE 5.21 The /ac operon

The expression of genes can be influenced by various
environmental factors, such as temperature, light
and pH.

Because all cells need to engage in life-sustaining
functions, such as cellular respiration, the genes that
control these processes are switched on in all cells. Such
genes are referred to as ‘housekeeping genes’.

Pearson Biology 12 NSW | Skills and Assessment | Module 5

GENES AND DEVELOPMENT

A group of genes called homeotic genes switch genes
on and off at appropriate times during the development
of organisms. For example, the genes controlling the
production of fetal haemoglobin in mammals are
switched on in utero, but are switched off at birth, while
the genes controlling production of adult haemoglobin
are switched on.

Cells are also programmed to die at different stages of
development or after a period of activity. Programmed
cell death is called apoptosis.

Genetic variation

Sexual reproduction results in offspring with a set of
unique characteristics that are inherited from their
parents. These characteristics vary among individual

organismes.

FORMATION OF GENETIC VARIATION

Genetic variation in populations is generated as a result

of mutation and sexual ction.
A mutation is a el e DNA of an individual.
A single nucle e polymorphism (SNP) refers
to a changed nucleotide in a section of DNA
and is respc or alternative alleles. Mutation is

the ra
in alleles into populations.

roduction is the production of genetically
u gametes in meiosis resulting from

dent assortment of chromosomes and genetic

inde
@recombination in crossing over. The random union

of gametes in fertilisation further mixes the genetic
material, creating genetic variation.

The characteristics of genetics include the following.

¢ An organism’s genotype is the combination of alleles
that make up its genetic information.

¢ The phenotype of an organism is the observable
expression of its genotype.

¢ An organism’s phenotype is influenced by both its
genotype and environmental factors.

phenotype = genotype + environment

¢ A gene is a sequence of DNA that is the unit of
heredity.

¢ An allele is an alternative form of a gene.

The chromosomes of a homologous pair may carry
the same or different alleles for a given gene.

¢ Homozygous describes an individual that carries
the same alleles for a particular gene on both
chromosomes of a homologous pair.

¢ Heterozygous describes an individual that carries
alternative alleles for a given gene.

Example: In humans, handedness’ is a genetic
trait controlled by a gene with two alternative alleles.
Right-handedness is dominant to left-handedness.

Notation: R: right-handed, r: left-handed
RR: homozygous right-handed individual
Rr: heterozygous right-handed individual
rr: homozygous left-handed individual
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Phenotypic traits can be described as dominant or
recessive. Dominant phenotypes appear in heterozygotes
and homozygotes (e.g. Bb and BB). Recessive
phenotypes appear only in homozygotes, because two
alleles are required for their expression (e.g. bb).

Pedigree analysis allows the patterns of inheritance
of particular traits to be tracked from one generation
to the next in families. The information provided in
the pedigree legend, together with appropriate allelic
notation, allows genotypes to be assigned to at least
some individuals in the pedigree. Such an approach
is useful in determining the mode of inheritance of a
particular characteristic.

The pedigree in Figure 5.22 illustrates that
right-handedness is inherited as an autosomal
dominant trait. Its inheritance pattern is not
linked to biological sex (so the gene is carried on an
autosome) and the trait appears in individuals who are
heterozygous (making it fit the definition of dominance).

[l
I:'_
O female _O

DO right-handed individual |£ ‘ ‘ é)

. left-handed individual k-

FIGURE 5.22 Right-handedness is inherited as an
autosomal dominant trait. 'R-' represents an individual
that may be homozyous (RR) or heterozygous (Rr) for
the trait.

male

Some traits do not show simple dominance o
recessiveness. There are instances in which bo#
are expressed to varying degrees in the ph
is called co-dominance. The ABO blo
system is an example—a single gene fe
alleles, IA, IB and ¢. Individuals car y
antigens (a kind of protein) and B'a
in the phenotype and have )
inTable 5.8.

TABLE 5.8 Blood type genotypes and phenotypes

Genotype ‘ Phenotype (blood type)
A R A

BB, [Bj B

B AB

i 0]

Incomplete dominance describes a different
kind of inheritance pattern in which two phenotypes
are partially expressed. Flower colour in snapdragons
is an example. When red-flowered snapdragons
(homozygous) are crossed with white-flowered
snapdragons (homozygous), they produce pink-flowered
offspring. In this instance, both the alleles for red colour
and white colour are partially expressed.

Genetic explanation: R:red, W: white

Parents: RR (red) x WW (white)

Offspring: all RW (pink)

ISBN 978 1 4886 1932 8

When the pink-flowered snapdragons are crossed,
they produce three different phenotypes. A Punnett
square can be used to show this:

gametes R w
R RR RW
w RW ww

Y4 red : % pink : % white

Thisisa 1:2:1 phenotypic ratio and is typical of
the second generation in a cross involving traits that are
co-dominant.

Continuous and discontinuous

variation

Many characteristics are under the control of more than

one gene. This is called polygenic inheritance.
Continuous variation: Traits are controlled by

polygenes and characterised by a range of phenotypes;

their distribution can be represented graphically by a

typical bell curve. Examples include the inheritance of
height, eye colour and ski lour.
i

Discontinuo n: Traits are typically

controlled by a,si ne, usually with two allelic forms
and charac istinct phenotypes.

For ¢
* hande ividuals are either right-handed or

d

@ colour in snapdragons—two alleles result in
itce distinct phenotypes

» ABO blood grouping—three different alleles result in
four distinct phenotypes.
Figure 5.23 shows examples of continuous and

discontinuous variation.
a b
(@) Continuous (b)
variation: height
in a population

Discontinuous
variation: flower
colour in snapdragons

yuid

paJ
31YyM

FIGURE 5.23 (a) Continuous variation (b) discontinuous
variation

Environmental impact on phenotype

Chocolate-point Siamese cats demonstrate the impact of
the environment on phenotype. This breed of cat carries
genetic information that results in the production of dark
pigment in the extremities (i.e. the tips of the ears, snout,
tail and paws). In cool climates, the chocolate points are
evident. However, when Siamese cats are raised in hot
climates, the fur that grows at the extremities lacks the
dark pigment.

Other examples of the interplay between phenotype
and environment can be observed in: individuals
diagnosed with phenylketonuria whose health is
managed by diet, fur colour in Himalayan rabbits, and
flower colour variation with soil pH.

Pearson Biology 12 NSW | Skills and Assessment | Module 5
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INHERITANCE OF GENETIC VARIATION

Gregor Mendel (1822-1884) is credited with laying the
foundations of our modern understanding of genetics.
He carried out breeding experiments (crosses) with
garden peas to understand and interpret the patterns of
inheritance that he observed.

Monohybrid crosses
A monohybrid cross is a cross that involves a single
gene locus.
Example: Inheritance of colour in pea seeds
Yellow pea colour is dominant to green pea colour.
Notation:
Y: yellow (dominant)
y: green (recessive)
F,: first filial generation (offspring)
F,: second generation
Two pure-breeding plants are crossed:
Parents: YY (yellow) X yy (green)
F;: Yy (all yellow)
A Punnett square is used to calculate the ratio of
genotypes and phenotypes in the F, generation:

gametes Y y
Y YY Yy
y Yy ¥y

% of the offspring will be yellow; % of the offspring will
be green.

This is a 3 : 1 phenotypic ratio and is typical of a
cross between heterozygotes in a monohybrid cross
where the gene under investigation has two allelic

Dihybrid crosses

A dihybrid cross is a cross that involves eneylo
Example: Inheritance of colour and sh: in'‘pea seeds
Round pea shape is dominant to Wrinkledpea shape.
Yellow pea colour is domi og é
Notation:

R: round (dominant)

n/pea colour.

r: wrinkled (recessive)
Y: yellow (dominant)
y: green (recessive)

When pure-breeding, round, yellow pea-producing
plants are crossed with pure-breeding, wrinkled, green
pea-producing plants, all the offspring produce round,
yellow peas.

Parents: RRYY (round, yellow) X rryy (wrinkled,
green)

F;:  RrYy (all round, yellow)

Punnett square to calculate the F, ratio:

gametes RY Ry ry ry
RY RRYY RRYy RrYY RrYy
Ry RRYy RRyy RrYy Rryy
ry RrYY RrYy rrYY rrYy
ry RrYy Rryy rrYy rryy
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\ gametes RY Ry ry ry

This reveals a phenotypic ratio of #s round, yellow:
¥6 round, green: #s wrinkled, yellow: 46 wrinkled, green.

A 9:3:3:1 phenotypic ratio is typical of a dihybrid
cross between heterozygotes where the traits under
investigation are controlled by genes with two alleles.

Test crosses

A test cross is a cross between an individual
displaying the dominant phenotype and a homozygous
recessive individual. Test crosses are carried out to
determine whether the individual with the dominant
phenotype is homozygous or heterozygous. If offspring
displaying the recessive phenotype are produced, the
parent in question must be heterozygous.

Monohybrid test crosses with a heterozygous parent
reveal a phenotypic ratio of 1 : 1, as shown below:

gametes R r

r Rr rr

If all offspring show ominant phenotype, this
suggests the parent in q on is homozygous. The
P

larger the number ¢f g, the more reliable the

Rr Rr

Rr Rr

id test crosses reveal a phenotypic ratio of
, as shown below:

ry RrYy Rryy rrYy rryy

Chromosomes and sex determination

¢ Sex chromosomes are chromosomes that are
involved in sex determination (Figure 5.24). In
humans, these are the X andY chromosomes:
XX =female; XY = male.

¢ Autosomes are chromosomes that are not involved in
sex determination.

¢ Diploid cells in humans contain 46 chromosomes,
arranged in 23 pairs.

e There are 22 homologous pairs (the autosomes) and
one pair of sex chromosomes.

¢ Females are homogametic; that is, the sex
chromosomes are homologous.

¢ Males are heterogametic; that is, the sex
chromosomes are not a homologous pair.

¢ Unlike humans, female birds are heterogametic (ZW)
and males are homogametic (ZZ).
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pﬁrent sex XX female XY male
offspring XX XX XY XY
female male

FIGURE 5.24 Sex determination in humans

Gene linkage

Linkage refers to the tendency for genes located on the
same chromosome to be inherited together. Genes that
are inherited together form a linkage group.

Example: Consider linked genes P and Q, represented
by alleles P, p and Q, ¢ respectively.

Notation: PQ denotes that alleles P and Q are located
on one chromosome, and pq denotes alleles p and g are
located on the other.

During meiosis, two kinds of gametes are expected
to be produced: PO and pq. These are called parental
types (also called parental gametes).

The further apart the gene loci are located on the
chromosome, the more likely that crossing over will
occur between them. Crossing over will rearrange the
genetic material, resulting in new combinations of alleles.
Such gametes are called recombinants. Crossing over
increases variation in the kinds of gametes produced.

Genes are considered to be linked if less than 50% of
the gametes produced are recombinant. When a dihybzid
test cross deviates from the expected 1 : 1 : 1 : Jfratioy it
indicates the gene loci in question are linkeds

Sex linkage

Genes located on the sex chromososfies are said to be
sex-linked. This is because the phenotype is linked to
the biological sex of the individual. Trac¢king the pattern
of inheritance of characteristics in pedigree analysis is a
useful method of establishing awh€ther or not genes are
sex-linked.

Colour blindness and haemophilia in humans are
sex-linked characteristics; genes controlling both
characteristics are located on the X-chromosome
(Figure 5.25).Traits inherited from genes on the
X chromosome are called X-linked, while traits
inherited from genes on the Y-chromosome are

called Y-linked.
0O

[] mle
0

O female

. colour blind

o m

FIGURE 5.25 Colour blindness is inherited as a sex-linked,
recessive trait.
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X-linked dominant characteristics: An affected male
will pass the trait to all his daughters but not his sons.

X-linked recessive characteristics: An affected female
will pass the trait to all her sons.

Y-linked characteristics: Pattern of inheritance is
always father to son.

GENETIC VARIATION IN POPULATIONS

Populations show variation in the form of traits
(phenotypes). A trait that has many forms is called
polymorphic. The gene pool is the genetic composition
of a population. It includes the sum of all the alleles for
different genes present in a population.

Selection pressures in the environment act on the
phenotypes of individuals. As a result, the frequency of
alleles in the population may change.

Allele frequency is the proportion of a particular
allele in a population.

» Allele frequencies range between 0 and 1.

* An allele frequency of 0 means that no individuals in
the population haveshe allele.

e An allele frequency‘ef1 means that all individuals in
the populationfhaye th€ allele and are homozygous
for that allele.

e The sumlof the,alternative alleles for a given gene
adds_ ap, toal.
Formula: = frequency of dominant allele

q = frequency of recessive allele

ptg=1

Example: In a population of 10 kookaburras, there
are nine individuals with normal feather pigmentation
and one albino. Of the nine individuals with normal
colouring, six are homozygous dominant and three are
heterozygous. The albino individual is homozygous
recessive.

N = allele for pigmented feathers

n = allele for no pigment (albino)

Homozygous dominant: NN

Heterozygous = Nn

Homozygous recessive = nn

10 kookaburras = 20 alleles for feather pigment in the
population (each individual carries two alleles)

Six homozygous pigmented birds (6 X 2N = 12N) +
three heterozygotes (3N) = 15 N alleles. Therefore:

_15 _
p=53=0.75

Albino (2n) + three heterozygotes (3n) = 5n alleles.
Therefore:

_5 _

q—20—025

pt+tg=1
0.75+0.25=1

The equation is useful for determining the frequency
of an unknown allele when the frequency of the other
allele is known.

The Hardy-Weinberg equilibrium describes a
population in which allele frequencies tend to remain
constant over generations. This occurs when:
 all phenotypes have equal survival value
* o selecting agent is acting on any particular phenotype
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* random mating results in viable offspring
 the population is relatively large
* there is no gene flow into or out of the population.

Inheritance patterns in

a population

Understanding the pattern of inheritance of genetic
traits in populations has long been the subject of human
curiosity and scientific investigation. Historically,

this work has been painstaking and time-consuming.
However, advances in genetic and computer
technologies have enormously increased the efficiency
of these processes. The use of computers has meant
that large volumes of data can be managed with great
efficiency and speed, and used in a wide range of
applications. Inheritance patterns in large populations
can be analysed and predictions made with greater
accuracy than ever.

GENETIC TECHNOLOGIES

A range of technological advances in genetics allow
scientists to investigate, measure and manipulate the
genetic information of species. These include tools used
to sequence genomes, clone organisms, genetically
transform or modify organisms, determine inheritance
patterns and evolutionary relationships, and diagnose
and treat genetic conditions. Such tools include DNA
sequencing, DNA profiling, cytogenetic testing and

Pearson Biology 12 NSW | Skills and Assessment | Module 5

gel electrophoresis. See Module 6 for further details
about these and other genetic tools and technologies.

GO TO » | Module 6, page 56

POPULATION GENETICS AND
BIOINFORMATICS: IDENTIFYING
TRENDS, PATTERNS AND
RELATIONSHIPS

Bioinformatics is the use of computers and digital
databases to manage biological information. This
includes gathering, processing, storing, manipulating
and analysing biological data.

Bioinformatics software has been instrumental in
realising the Human Genome Project and analysing the
genomes of other species. Analysis of the data tells us
a great deal about the genetic composition of species,
including the sequence of genes and the sequence of
nucleotides within genes. Comparing the sequence
of nucleotides in specific genes between healthy and
affected individuals is vital'in the detection and diagnosis
of genetic diseases.

Bioinformatics i t in conservation; for

identification of individuals
eeding to maintain maximum

example, it allows

most suitable @

genetic variati a'populations. Comparison of
ecies also provides information

O
genome nep
abo s ee of relatedness of those species in

@ ry terms.
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WORKSHEET 5.1

Knowledge review—revisiting foundation ideas
SCIENTIFIC METHOD

The scientific method is a vital tool that ensures a sound approach to investigations that yield reliable data and logical
conclusions. By following the scientific method, researchers can contribute to the development of rigorous biological
principles. z

1 A student decided to test the idea that potatoes left in a dark cupboard
can sprout stalks by vegetative reproduction. To test this idea, the .
student placed 10 similar-sized potatoes in a dark cupboard and another | ) : 5 ' )
10 potatoes on the kitchen bench for four weeks. '

Complete the following table by entering the definition for each term and & | %9 . oV
the example of each in this experiment.

Element of experiment Definition In this experiment

hypothesis

independent variable

dependent variable

2 At the end of the test period, the student obsefvued all of the potatoes in the dark cupboard had grown stalks,
some short and some long, ranging from 2-6 cn h. The potatoes placed on the kitchen bench also showed
some growth, but the stalks were much shar % d there were fewer of them.

present qualitative data and which represent quantitative data.

Clarify which of the student’s observati
Explain the difference.

3 Explain whether the student’s investigation represents a primary or a secondary-sourced investigation.

RECOGNISING REPRODUCTIVE TERMS

4 |dentify the odd term in each of the sets of words below. Circle the term and provide a full explanation for why it

is different.
a germ cell sex cell somatic cell gamete
ISBN 978 1 4886 1932 8 Pearson Biology 12 NSW | Skills and Assessment | Module 5
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b binary fission fertilisation budding fragmentation

¢ marsupial placental monotreme amphibian

®6

>
\@
QL
‘b‘é\
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WORKSHEET 5.2

Reproductive routines—asexual vs sexual

reproduction

ASEXUAL REPRODUCTION

Asexual reproduction results in offspring that are genetically identical to the parent organism from which they are
derived—that is, the offspring are clones of the parent. Although asexual reproduction results in identical offspring, the

means of asexual reproduction varies between different kinds of organisms.

Consider the different kinds of organisms shown below.

1 Identify and describe the method of asexual reproduction involved in each case.

Hydra i ri‘ g

sea star

bacteria Process:
% Description:

Process:
Description:

s%
‘ Process:

\ %% Q Description:
potato tuber Process:
‘eye’
Description:

ISBN 978 1 4886 1932 8
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2 Describe the circumstances in which asexual reproduction is advantageous to a population. Explain.

3 Describe the circumstances in which asexual reproduction can place a population at a disadvantage. Explain.

SEXUAL REPRODUCTION 6

e@mtributions from two parents,
om their parents and from each

ocess called fertilisation. In animals,

Sexual reproduction results in offspring that are genetically unique. It involves
with offspring displaying a combination of traits from both. Offspring will bed
other. During sexual reproduction, haploid gametes from either parent unite
fertilisation can be internal or external.

4  Define the following terms:

a haploid

b gamete

c fertilisation z

d zygote
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5 Complete the table below, which summarises some aspects of sexual reproduction in animals.

Fertilisation

External

Internal

Example

Describe where
fertilisation occurs and
where the offspring
develop.

Outline an advantage of
this kind of fertilisation.

Outline a disadvantage
of this kind of
fertilisation.

RATING MY U Eluur:fident <—>Configs:|¥
BTGV \[c@l understanding
improved O O O O o

| answered Not <——>» Very | | corrected Not «——p Very
confident confident my errors confident confident

ey O O O O Olwmer, O O O O O
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