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Caaiths
The Exam! g2 w8
S o 2

The first 2 pages of the biology exam will "Io‘ok'
like this. READ the information carefulf.

Read the Extended Response
questions first. Use this time to start

It tells you what is and is not allowed. p[anning your answer.
. . Number of additional
Time allowed for this paper answer booklets used
Reading time before commencing work:  ten minutes (if applicable):
Working time: three hours

Materials required/recommended for this paper
To be provided by the supervisor

This Question/Answer booklet

Multiple-choice answer sheet

To be provided by the candidate i
Standard items:  pens (blue/black preferred), pencils (including coloured), sharpener, /fyOU do r:ot hand ”7 any
correction fluid/tape, eraser, ruler, highlighters unauthorised material you

Special items:  non-programmable calculators approved for use in this examination will be in breach and risk
/ being awarded a zero
Important note to candidates score.

No other items may be taken into the examination room. It is your responsibility to ensure that

you do not have any unauthorised material. If you have any unauthorised material with you, hand
it to the supervisor before reading any further.

Copyright @ School Curriculum and Standards Authority 2018

Unauthorised materials includes any drawing or pen marks
on your hands, watches, phones, notes left in your pockets,
and erasable pens.

Structure of this paper

1.3mins
Number of Number of Suggested Percentage
per ) . . - Marks
. Section questions | questions to | working time available of
questlon& available | be answered | (minutes) examination
Section One
Multiple-choice 30 30 40 30 30
18mins Section Two 5 5 90 100 50
per Short answer
question Section Three
Extended answer 2 1
per Unit 4 2 1
question
Total 100

Answer 1 question

for each unit.
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Instructions to candidates

1. The rules for the conduct of the Western Australian external examinations are detailed in .
the Year 12 Information Handbook 2018. Sitting this examination implies that you agree Do NOT be caught out brlnglng the
to abide by these rules. : ;
Y incorrect equipment to the exam. You
2. Write your answers in this Question/Answer booklet preferably using a blue/black pen. must write your answers in PEN!
Do not use erasable or gel pens.
3. Answer the guestions according to the following instructions.
Section One: Answer all guestions on the separate Multiple-choice answer sheet
provided. For each question, shade the box to indicate your answer. Use only a blue or e Shade the box
black pen to shade the boxes. Do not use erasable or gel pens. If you make a mistake, < —_— . Mistak ) C th
place a cross through that square, then shade your new answer. Do not erase or use IStake s Lross ne
correction fluidftape. Marks will not be deducted for incorrect answers. No marks will be box
given if more than one answer is completed for any question.

Section Two: Write your answers in this Question/Answer booklet. Wherever possible,
confine your answers to the line spaces provided.

. R
Section Three: Consists of two parts each with two guestions. You must answer one Clearl,y indicate the
question from each part. Tick the box next to the question you are answering. Write YoUr «ee— questlon you are
answers in this Question/Answer booklet. answering

4. You must be careful to confine your answers to the specific questions asked and to follow

any instructions that are specific to a particular question.
5. Supplementary pages for planning/continuing your answers to questions are provided at

the end of this Question/Answer booklet. If you use these pages to continue an answer,
indicate at the criginal answer where the answer is continued, i.e. give the page number.

Science Inquiry Skills

Variables

Writing a hypothesis: The independent variable changed the dependent variable by...
o A hypothesis states a relationship between variables.
o A prediction is what you expect to happen if your hypothesis is supported.

e An independent variable is the factor chosen and manipulated by the experimenter.

o A dependent variable is the factor responding to the independent variable. (It is dependent upon the
independent variable) The experimenter collects results about this variable.

e A Controlled variable is the factor which is the same for all the subjects being tested. It stays the same for the
whole experiment.

Example:
A student wanted to test whether the amount of fertilizer would affect the height of bean plants.

The independent variable was the amount of fertilizer because the experimenter chooses how much they would put on
the plants.

The height the beans grew is the dependent variable, because it depended upon how much fertilizer was put on the
plant. The student had no control over how high the beans would grow. He collected results about the height of the
plants.

The controlled variables were everything that stayed the same; like the amount of water and soil, the type of plant, the
size of the pot, the position of the pots.
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Drawing Scientific Tables

Scientists collect results when completing experiments. These results need to be recorded in an organised way or else they may
become mixed up. There are some rules for drawing tables:

e [t must have a TITLE that reflects the experiment.

e Each column or row needs a label.

o All units of measurement should be written in the label square NOT the result squares.
o The DEPENDENT variable goes along the top (columns).

o The INDEPENDENT variable on the left-hand side (rows).

e Use a RULER and PENCIL.

DEPENDENT VARIABLE
(TIME)

L
3 m able 1: Volume of a marble and speed.
5= j\/E
< > :
S 2 Time taken to roll 2 metres (secs)

©) Speed
c > Marble vol i
=W ar evg ume trial 1 trial 2 trial 3 average (ms™)
0 = (cm?)
w % 20 30 32 31 31 0.06
w =
% ~ 40 23 20 24 22.3 0.08

Calculating averages

When scientists experiment, they will repeat an experiment many times. Measuring more than once is called having “trials”. The trial
measurements need to be averaged. To find the average you need to add all the trials together than divide by the number of trials.

E.g. the average time taken to roll 2 metres for the 20cm3 marble was:

o 30+32+31=093;
e 93 divided by 3 = 31
e The average time is 31secs.

The average is the number used for any further calculations. For example; the table above shows the speed of the marble. The
average time was used to calculate the speed of the marble.

Bar Graphs

Bar Graphs are used when one set of data is non-numerical and discontinuous (or discrete); for example, when measuring the
rainfall for every month. The months are discontinuous data.

Bar graphs are useful for comparing data.

Figure 2. Internet use at Redwood Secondary School, by sex,
1995 to 2002
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Line Graphs

Line graphs are used when both sets of data are numerical or continuous, for example mass versus acceleration or growth over
several days.

Plant growth

. y = D050 R LED

" Mass vs. Acceleration 7 - 0.99071

9

s 0.0

K3

7 E 008 \
T 6 e
(3] L=
Z § 006 —
5 - N
g 5 -
z 4 0.04 =

3 g T

» ® 0.0

1 E 0.00

0 0 05 1 15 2

1 2 3 4 5 8 7 8 9 10 Total cart mass (kg)
Day(s)
Window sill o Cupboard < Qutdoors n . . . "
’ ’ Doubt kills more dreams than failure ever will.
Karim Seddiki

The title tells people what the
graph is about. It needs to have
the independent AND dependent
variable in it.

~_~

The effect of water volume on seedling growth

5~ The line is drawn in
The vertical axis has with a ruler- joining the
her.
the DEPENDENT 4k dots together
VARIABLE on it. The If there is more than
axis label should have one line there must be
the variable name and 3 a key to say which line
the units of is which.
measurement in
brackets. eg 21
Height of seedling
(cm) 1F
0 L [ L I

™

The horizontal axis has the

The axis label should have the
variable name and the units of
measurement in brackets. eg

Amount of water (mL)

INDEPENDENT VARIABLE on it.
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Unit 3: Continuity of the Species

phosphate
DNA
» 5- carbon deoxyribose sugar base
» Negatively charged phosphate group
» Organic nitrogen-containing (nitrogenous) compound [BASE]
« Adenine oy
e Thymine o
e Guanine
* Cytosine odeoxyribose sugar
» Sugar-phosphate backbone.
» Nitrogenous bases form hydrogen bonds holding the 2 backbones
together like a twisted ladder.
» The nitrogenous bases form pairs: adenine-thymine (2 hydrogen bonds)
guanine-cytosine (3 hydrogen bonds)
» A nucleotide is made up of 1 sugar, 1 phosphate and 1 nitrogenous base.
» DNA has ‘directionality’.

o

Described as 5’ to 3’ (5-prime to 3 prime)
The 5 and 3 relates to the C on the 5 carbon atoms of the sugar ring. (numbered 1-5)

(o]
o The 5 end starts with a phosphate group
o The 3’ end finishes with a sugar

Phosphate group
\
5’ carbon
0 Adenine/thymine/
: cytosine/guanine
Bas:{a
OH

3’ carbon on the sugar ring

{¥——_| next phosphate group
https://en.wikipedia.org/wiki/File:Nukleotid_num.svg

‘WRITE DOWN"

Writing the new strand by adding
nucleotides to the 3’ end

DNA po\\, wmerose

primeyr newo DNA
l ¢ shrond
5! N 3,’/
T T 17
2' L 1 1 ASL e el 5' ¢ “READ UP”
T / Reading the original
N old/parent) strand
o\fxth:lc:‘ SRR AR ( p’ ),
Stro CTTAGTGAC 305

Graphic from Khan Academy
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DNA v’s RNA
2 long strands of nucleotides, double helix 1 strand of nucleotides
Encodes inheritable material Functional- ie protein synthesis
Deoxyribose sugar (one less oxygen atom) Ribose sugar
thymine uracil

DNA Replication

» The purpose of DNA replication is to produce two identical copies of a DNA molecule. This is essential for cell division
during growth or repair of damaged tissues. DNA replication ensures that each new cell receives its own copy of
the DNA.

DNA ligase joins Okazaki
fragments by bonding free
ends.

0 /
{ Okazaki
fragments

DNA polymerase adds
nucleotides to the primer-
at the 3'end of the new

Lagging strand strand.

(Diagram adapted from: Surfing National Biology Unit 3 Heredity and Continuity of Life Science Press 2016)
The Process
1. DNA helicase unzips the double helix (parental strands) by breaking the hydrogen bonds.
* This exposes the nucleotide bases
»  Separation of parental DNA strands occurs a small section at a time.

* The junction between the unwound single strands of DNA and the double helix is called the replication fork. The
replication fork moves along the double helix as it unwinds.

2. Each of the single strands are now a template.
»  Primers (RNA primase) locate the origin point. A primer is a short sequence of RNA.
»  DNA Polymerase attaches free nucleotides to the single strands (matching the bases A-T G-C).
* Nucleotides always join onto the 3’ end of the new strand.

» The single strands are antiparallel- meaning they run opposite directions.
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The Leading strand runs continuously.

The Lagging strand runs away from the replication fork; therefore, it is discontinuous. It is slower and more fragmented
because the nucleotides can only be joined to the 3" end, creating gaps.

» These fragments are called Okazaki fragments.

3. DNA ligase joins the okazaki fragments together.

o DNA Ligase removes and replaces primers, making the
strand continuous.

o DNA ligase joins fragments by catalysing phosphodiester
bonds.

e Two new strands (helix’s) are formed however, it is a semi-
conservative process, meaning for each of the DNA
strands- one is new while the other is from the parental
molecules (old strand).

The Genetic Code

Codon 1
A set of rules by which the genetic information in DNA or mRNA is translated into proteins.

Stored as a 3-base sequence on mRNA called codons (triplet)
Each codon represents an amino acid. [there are 20 amino acids all together]

Codon 2
Codon 3

Codon 4

All cells:
* hold ALL the known DNA
» not ALL types of protein are made in all the cells.
»  This depends upon the function/location of the cell [called gene regulation].
» Eg stomach cells make hydrochloric acid but salivary glands do not.
*  DNA stays in the Nucleus.

Codon 5

Codon 6

Codon 7

There are 2 steps to protein synthesis

Ribonucleic acid

1. Transcription [nucleus] https://en.wikipedia.org/wiki/Ge
2. Translation [cytoplasm- in the ribosome] netic_code#References

TRANSCRIPTION: (transcribing/copying the DNA sequence) Messenger RNA synthesis

»  Aregion of the DNA unwinds and unzips, exposing the nucleotide TRANSCRIPTION
bases of both strands. STEP 1 RNA POLYERMASE

*  Only 1 strand is used to synthesis the mMRNA - template strand.

» The non-template strand has the same sequence as the
generated mRNA (with the exception of U for T).

+ Initiation: The promotor sequence (AUG/methionine) marks the
beginning of a gene.

+ Elongation: RNA polymerase binds with the promotor, signalling
to the DNA to unwind, and begins to make the mRNA, by adding
complementary free nucleotides to the 3’ end.

+ Termination: A base sequence (UAA, UAG, UGA) signals the
stopping point.

» The Pre-mRNA is released and the DNA zips up and twists itself
into a double helix.

* Introns are spliced out, and the exons joined together.

*  Apoly-A tail is added for stability to one end and a methylated cap to the other.

»  The mRNA is now mature and ready to leave the nucleus.



https://en.wikipedia.org/wiki/Genetic_code#References
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TRANSLATION (interpreting/reading the mRNA): Protein synthesis

»  Occurs in the cytoplasm.
*  mRNA attaches to ribosome.
*  Ribosomes are formed in the nucleus using ribosomal RNA and proteins.
*  2sub-units-40 Sand 60 S
» These are the functional units of translation
*  Unbound ribosomes- float freely
»  Bound ribosomes are attached to endoplasmic reticulum.
»  Chains of ribosomes are called polyribosomes.

* tRNA or transfer RNA
» Transfer amino acids to ribosomes
»  Free floating molecules in the cytoplasm.
» The base of the tRNA is the anti- codon- complementary to the codon on the mRNA.
» The amino acid attaches to the top of the tRNA.
» The codon AUG is a start codon and begins all sequences.

Stages of Translation
1. Initiator tRNA [in small 40 S ribosome subunit] recognises an mRNA strand [cytoplasm]
Ribosome subunit binds to the methylated cap on the mRNA,
Scans to locate the AUG (methionine) start codon.
Large 60 S ribosome subunit joins to the 40 S.
Ribosome then moves along the mRNA.
Elongation: The tRNA anticodon [complementary bases] bonds to the mRNA codon binding site.

ook whd

TRANSLATION

PIAGRAM (1/2)

CYTOPLASM

«STEP 3 K
LARGE RIBOSOMAL SUBUNIT

\

+—STEP 2 ’%‘K <«——— tRNA with amino acid attached

SMALL RIBSOMONAL SUBUNIT

mRNA

VA&

CYTOPLASM FREE AMINO ACIDS o0

tRNA e

8. This continues until a stop codon (UAA, UAG, UGA,) is reached.
9. Therefore the amino acids are linked according to the sequence of nucleotide base codons [in mMRNA].
10. The ribosome catalyses peptide bonds between the amino acids, forming a polypeptide [or protein].

11. Termination: The polypeptide releases from the tRNA when complete. It will then either fold to become a protein or join another

polypeptide and then fold into a protein.
12. tRNA returns to the cytoplasm to be reused. mRNA is released from the ribosome and is broken
down, the nucleotides are re-used in transcription.
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CYTOPLASM

PIAGRAM (2/2)
tRNA a3 .

TRANSLATION

ribosome

CYTOPLASM /
4

S

—»

\ -
-
4“ P

AGu
G A vea ul(:

mMRNA $70P CORON
aka protein molecule
b L/ FOLDING OF POLYPEPTIDE CHAIN
|
- o
SRAASE FACTOR / (=)
Au e GCa v
LI o & p CYTOPLASM
S0P 0000 \‘ L 4 i
g A e i ‘,q_r
TISSOCIATION T
[ 1 > AU
Diagrams sourced from: https://www.conguerhsc.com/hsc-biology-syllabus-notes-dna-and-protein-synthesis/
Biotechnology:

The use of living things to make new products or systems.

Traditional

Modern (Genetic Engineering)

The manipulation of crops/animals through “selective
breeding”.

Also known as Genetic Engineering, changing the genetic
sequence of an organism through human use of biotechnology
techniques.

The products are Genetically Modified Organisms — OR
Transgenic organisms.

Examples
e Breeding animals that display particular traits. Double
muscled cattle. Belgian Blue

e Use of micro-organisms to create beer, bread, wine

Examples
e Tomatoes resistant to mildew
Corn resistant to insect attacks
Golden Rice (beta-carotene enriched rice to help
combat malnutrition in developing countries)

Biotechnology requires the use of biological “tools”. These are mostly derived from organisms. They are used to:

Synthesising, cutting and pasting DNA

e Viewing and analysing DNA
TOOL What do they do Further detall
L ) e  Sticky ends
o, | ® Enzymescalled Restriction endonucleases” or * cutleaves 2 ends with exposed nucleotide bases.
£ Restriction enzymes are used for this. e Joins are specific to recognition sites.
§ They cut DNA at specific restriction sites. e Bluntends
They are naturally occurring in bacteria. e Cutleaves 2 ends with NO exposed nucleotide bases.
e Joins to any blunt end, non-specific (no nucleotides to match to)
o e The combining of 2 samples of DNA using
£ recombinant DNA technology.
S 2 | e DNAligase is used to “glue” the two restriction . - . -
% 5 fragments together. e Sticky ends join more effectively and efficiently than blunt ends.
K = | e The ligase creates phosphodiester bonds between
the 3' and 5’ ends.

10
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Process:
é ®  Polymerase Chain Reaction (PCR) is used to 1. Denaturation heated to separate & denature DNA strands. 95°C
3 make more DNA. 2. Annealing mixture cooled, single strand DNA primers form H-
= bonds with target sequence. 60°C
g 3. Extension heat stable DNA polymerase adds nucleotides to the
3’ end-DNA strands copied. [5'> 3] 72°C
1. Agarose gel as medium: cloned DNA fragments added to wells
at one end, along with known DNA for comparison
»  Gel Electrophoresis Separates macromolecules or | 2.  Sieving: electric current applied, fragments move through gel.
fragments of macromolecules by size. Eg DNA, Smaller fragments move further than larger fragments. [-ve to
RNA, proteins +ve end, PO4 group has -ve charge]
3. Visualisation: post electrophoresis stain applied. Fragments
appear as bands. Size & molecular weight of each fragment is
5 determined
L@“ Process
3 1. DNA sample- hair, skin, blood.
2 2. Restriction enzymes used to cut DNA at specific sites- gel
DNA Profiling can be used to compare samples. electrophoresis separates fragments.
*  Allindividuals have a unique DNA profile 3. DNA fragments transferred to nylon sheets and dye is added.
except for twins. »  This pattern is the DNA finger print
4.  Can now be used to compare against other samples.
5. STRs: simple tandem repeats- found on specific locations, vary
from person to person. Used as markers. The more markers
that are present more assuredly with identification.

Gene Probes

Searches for genes
A gene probe binds to target sequences in DNA
The probe is a specific single length of single stranded DNA; complementary to the targeted gene sequence.
The DNA being investigated is heated to separate the strands. The single stranded probe will bind to any complementary
sequences.
To trace the gene probes, they may have
O aradioactive tag- shows up in photographs
O afluorescent dye tag- exposed under UV light

e Uses
O Finding a certain fragment of gene after the sample has been separated by gel electrophoresis
O Identifying the position of a gene on a chromosome
O Identifying the allele of a specific gene associated with a genetic disease.
Microarray
[ ]

Allows thousands of genes to be tested at the same time.

Thousands of DNA probes arrayed on a single microscope slide of glass or a silicon chip.

Each probe is complementary to a target gene in the cell.

mRNA of cell is extracted & reverse transcribed into DNA.

The copied DNA [cDNA] is labelled with a fluorescent marker.

The labelled cDNA is hybridised (allowed to bind) with the probes.

A scanner measures the amount of fluorescence — the stronger the fluorescence the more active the gene.

Microarray can be used to detect a genetic disease

O Switched on genes are more active, for example uncontrolled cell division which causes cancer.
O Switched off genes are less active, for example the genes that suppress tumour growth.

11
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DNA Sequencing
e Determination of the exact nucleotide sequence of a gene.
e Used to identify individuals with deletion mutations, or substitution mutations.
e Completed by gel electrophoresis or an automated DNA sequencer.
e Fluorescent dyes are used to track the nucleotides.
e A computer analyses the gel to read the sequence. @ 0 g ggfg‘égg?’;gg%g}?osmm
ENZYME.
Gene Cloning B E=MENTARY / (i) THE SAME  RESTRICTION
?;':;ést%iéu'ow @ (i) ’(ii] ENZYME CLEAVES/SPLICES/CUTS
N OBiNG o THE FOREIGN GENE SEQUENCE

PLASMID \

(v) THE RECOMBINANT DNA IS ADDED TO A BACTERIAL

CULTURAL WHERE SOME BACTERIAL CELLS ABSORB IT. ™
BACTERIA IS CULTURED AND GROWN, MAKING MULTIPLE (iv)DNA LIGASE GLUES/BINDS DNA
COPIES OF THE RECOMBINANT DNA. FRAGMENT TO PLASMID TO FORM

RECOMBINANT DNA
(V1) THESE GENES (RECOMBINANT DNA) CAN BE TRANSFERRED IN ANUMBER OF WAYS:

o via plasmids inserted directly into the organism. # o
e genes can be spliced into a virus and them introduced into the target cells. e YE W
e vialiposomes. , o
. . @ ¥
e Via agrobacterium y:
o
7
b s
P 4
!
The Continuity of Life: Cellular Reproduction i £
!
“The unbroken and consistent existence or operation of something over time.” 3

&R All cells originate from existing cells

& For life to continue genetic information must be passed on to the next generation.
.~.the continuity of living things is the transference of DNA from existing cells to new cells, this process is recurring and
ongoing.

The transfer of DNA is facilitated by:
&R Binary fission

® Mitosis
R Meiosis
& Fertilisation
Chromosomes
Eukaryotes Prokaryotes
e DNA found in nucleus, chloroplasts and mitochondria.
o DNA not visible in nucleus unless cell is dividing. In general
o Histones aid in coiling the DNA. e Single circular chromosomes found in cytoplasm.
o 1 DNA + associated proteins = chromosome. o Often joined to the cell membrane.
e  Chromosomes occur in pairs. e  Can make up a distinct area known as the nucleoid.
e Each somatic (body) cell is diploid, (2n), contains the full | e«  Haploid (one copy of gene).
complement of chromosomes eg in humans = 46. e Additional DNA can be found in plasmids.
e 22 homologous (matched) pairs called autosomes. o Maybe none or more than one.
e 234 pair is xx (homologous) in females but xy o Non-essential genes commonly found here.
(heterosome) in males. These are the sex chromosomes. o Replicate independently.
e Sex chromosomes are haploid (n).

12
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Anatomy of a chromosome

UNDUPLICATED homologous chromosomes DUPLICATED homologous chromosomes
( Homologous \ ’ Homologous ‘
chromosomes chromosomes
Centromere
% ( Replication
. Sister Sister
Chromatids chromatids chromatids

https://ib.bioninja.com.au/standard-level/topic-3-genetics/33-meiosis/sister-chromatids.html

¥ 3 &

N S &
Cell Reproductlon % ?‘ % *B l_“ K E

Cell cycle: sequence of events from one cell division to another. It is a continuous cycle,
running through the various phases. G R A N G E R

Length of cycle varies.

Phases can be identified by the amount of DNA present.

SYNTHESIS of DNA (DNA Replication)

ACTIVE growth (producing proteins
& cytoplasmic organelles

Ge:ner?listleld
o Interphase 90% of the time:
Cytokinesis: cell volume increases.
amount of
DNA

cell volume is decreasing

Preparation for next division.
(amount of DNA doubles)

Mitosis 10% of the time: Nuclear Division

13
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Mitosis

Meiosis

A word on variation.

creates new cells for growth and repair.
the 2 new daughter cells produced are identical to the parent cell.
increases the number of cells.
5 phases: [IPMAT]
o Interphase: normal cellular activities. Nucleus appears “stained”, chromosomes NOT visible.
o Prophase: chromosomes visible, nuclear membrane disappears, chromosomes appear as 2 chromatids joined
together.
o Metaphase: chromatids line up at the centre of the cell, spindle forms.
Anaphase: centromere divides and chromatids separate, moving to opposite ends of the cell.
o Telophase: spindle disappears, chromosome condense, nuclear membrane reforms, cytokinesis begins.

o

creates gametes (sperm, pollen, ova)
4 daughter cells- genetically unique.
2 divisions: Reduction Division and Meiosis |l
o Reduction Division (Meiosis I)
= Prophase I: chromosomes visible, nuclear membrane disappears, chromosomes appear as 2
chromatids joined together. CROSSING OVER occurs.
= Metaphase I: chromatids line up (RANDOM ASSORTMENT) at the centre of the cell, spindle forms.
= Anaphase I: sister chromatids remain attached, homologous chromosomes separate.
= Telophase | & cytokinesis
o Meiosis Il
= Prophase II: second spindle forms
= Metaphase Il: sister chromatids line up at equator and attach to spindle
= Anaphase Il; centromeres separate, and sister chromatids pull apart to opposite poles.
= Telophase Il and cytokinesis: spindle disappears, nuclear membrane reappears, cytokinesis begins.

Variation is important because during times of environmental change there is a greater likelihood of some . )
individuals will hold favourable genes that allow them to survive. Environmental changes may include: S l (l \

o disease outbreaks, I )OS |'\'(\ )

e climate change, : S P

e ecosystem changes ie introduction of a predator, or competitor. WOl I\ II(I.' ( I 9
Variation is increased by: nna I( c il

e the process of meiosis | 14 I )| )n

o Crossing Over- (during prophase 1) allows for genetic exchange of material, again -
random.

o Law of Segregation- when alleles separate into the gametes this is done
independently from other genes (random/in no particular order)
fertilisation: ova are fertilised by a random sperm/gamete. It is pure chance as to which gametes meet.

Mutations

changes to the DNA genetic make-up of a cell.

a mutation may have NO deleterious effect or may be harmful.

may be spontaneous, occurring during DNA replication.

can be caused by biological agents such as viruses & bacteria.

can be caused by mutagens: chemical (alcohol, agent orange...), various affects [see page 68 Nelson Biology Units3&4]
or physical (radiation), often affect N-bases causing distortion to double helix [see page 67 Nelson Biology Units 3&4].

14
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Types of Point Mutations

Point Single nucleotide affected

Substitution One nucleotide replaced by another

Insertion Additional (1 or more) nucleotides added Both these mutations may lead to a *Frameshift’.

When this occurs the DNA sequence is read
Deletion Loss of 1 or more nucleotides mcorrectly, the sequence makes no sense so the
protein cannot be made.
. . MNormal
eg Frameshift mutation mANA AUG GGG GCC AAA AGU UAG UUUG... e
polypeptide  Met - Gly - Ala - Lys - Ser Stop “*‘ *%
Ingertion +U ** **\
1 : x
mANA AUG GGC GCC AAA UAG UUAGUUUG... i‘ *
polypeptide  Met - Gly - Ala - Lys Stop * ¥
Deletion -G % F
L “%. S
mANA AUG GGC CCA AAA GUU AGU UUG R "
polypeptide Met - Gly = Pro - Lys = Val - Ser - Leu % '
Random image from ScienceDirect.com
Effects of Mutations on survival

Neutral Protein product unchanged, survival unaffected

Deleterious Harms overall operation/processes of organism, affects survival

Beneficial Generation of beneficial allele, survival increases

e somatic mutations occur in the body cells eg cancer

e germ-line mutations occur in the gametes; therefore, they are inheritable. eg
developmental abnormalities which may lead to spontaneous abortion or
congenital defects (present at birth) such asTrisomy21 (Downs Syndrome).

i wonder if this
will bounce

61

H‘r——(n  F—

— —

maybe that one will

iy 0

I =~ d
Types of Chromosome Mutations
Monooloid One set of chromosomes due to developing from unfertilized | Colonising insects such as bees,
ploidy eggs. These individuals are infertile. ants
More than two sets of chromosomes. A result of , I .
L . . Plants: results in bigger fruit, more
. chromosomes failing to segregate during meiosis. May occur .
Polyploidy o o fruit
through natural events or artificially. Eg triploid- 3 sets of
: Eg Modern Wheat
chromosomes, Tetraploid 4 sets of chromosomes.
Loss or gain of one chromosome due to failure of
chromosomes to separate during meiosis (non-dysjunction) | Erg Trisomy 21- people with this
Aneuploid Results in one gamete having no copy of a chromosome and | abnormality have 3 copies of
ploidy the other having two copies of that chromosome. When chromosome 21. Also known as
fertilisation occurs- the zygote may have only 1 copy of the down’s syndrome
chromosome or 3 copies of the chromosome.
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Terminology review

ALLELE COMBINATION

;

Homozygous
Heterozygous

Homozygous

Patterns of Inheritance

GENOTYPES
1 PHENOTYPES
BB Brown eyes
Bb Brown eyes
bb Blue eyes
ALLELES

A monohybrid cross determines the possible outcomes for one particular gene. eg;

A heterozygous yellow pea plant is crossed with another heterozygous yellow pea plant. What are the possible genotypes and

phenotypes of the offspring. Show all working out.

Y=yellow y=green <«— 1 mark for the allele key

P: Yellow x Yellow

Yy x Yy

% y
Y N2 i Yy
y Yy yy

Some Tips..

/ 1 mark for correct parent alleles.

75% (or %) Yellow

*  25% (or ¥a) homozygous yellow

*  50% (or 2/4) heterozygous yellow
25% (or '/a) homozygous green \

1 mark for correct phenotype & ratios

¢ In heterozygous gene always put the dominant allele first. eg Tt NOT tT
o Choose 1 letter to represent the gene- capital for dominant, lower case for recessive. eg Tt NOT Td
o Choose letters that clearly distinguish between a capital and lower case. eg Tt, Gg, Hh, Nn, NOT Ww, Ss, Cc, Pp, Yy efc...

Incomplete Dominance and Codominance

e With incomplete dominant traits neither allele is dominant. In a heterozygous individual the trait's phenotype is a mix of both
alleles. For example, pink snap dragon flowers have one red allele and one white allele.

e  Codominant traits have both alleles expressed. For example, Roan cattle have red hair and white hair.

o The alleles are dominant, so they are written as capital letters. EG pink snapdragon = RW. This is one of the few times

different letters are used.

Example: A red snapdragon is crossed with a white snapdragon

R R
RW RW
RW RW

RR x WW

100% RW heterozygous pink snapdragons
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Multiple alleles

Some traits have more than 2 possible alleles, for example rabbit hair colour has 4 possible alleles. Not many genes have more
than two alleles. Around 30% of human genes are di-allelic (2 alleles), almost 70% are mono-allelic (have NO variation). Humans
have 3 possible alleles for the ABO blood type system.

Example: In dogs the ‘agouti locus’ is a colour locus which has multiple alleles. The alleles are:

e A=black
e a%=agouti
e at=bicolour

Phenotype Possible genotypes
Black AA, Aav, Aat
Agouti avav, avat
Bicolour alat
a5
A homozygous black dog is mated with a homozygous agouti dog.
Parents black coat x agouti coat
AA x avav
A A
av Aav Aav
av Aav Aav

F1 generation: 100% Aa* heterozygous black coat.

Sex-linkage

Some genes are linked to the x or y chromosome. To understand the inheritance of these traits you first need to understand how
gender (sex) is inherited. All females have xx chromosomes, while men have xy chromosomes. The following punnet square
shows how gender is inherited.

Father
X y
5 X XX Xy
i ey
2
X XX Xy

50% xy chance male, 50% xx female

- B e e e B o
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Sex-linked traits are shown as superscript on the relative chromosome. eg haemophilia (a recessive gene) would be represented
as:

Phenotype Genotype

male- normal blood xNy

male- haemophilia Xy

female- normal blood XNxN

female- haemophilia carrier XNxn

female- haemophilia xnxn Ty
e

\u,_‘ ﬂN £ )
— < i (__“ ¢
Ry \{e‘; — ey

y ,
rald

X,
—
@
{
/&
(

Pedigree patterns to look for!

Recessive Trait; Dominant Trait;

The Fossil Record

o Fossils are preserved remains and traces of organisms.
Fossils only form under particular circumstances; therefore, they are limited in what they can tell us.
o Fossils do give us insight into past life forms.
o Many intermediary forms of organisms have been found in the fossil record, eg Archaeopteryx, a reptile with wings/feathers.
e Two theories for the fossil record:

Gradualism Punctuated Equilibrium
Evolution occurs as a steady, slow divergence lineage at an States that a species will remain stable for long periods of
even pace. time but may then quickly change into a new species. This

This theory says that sudden bursts of evolution are an illusion- | may be in response to a rapid change in the environment.
due to a lack of evidence or gaps in the fossil record.
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Dating Fossils

Absolute Relative

Assigns a numerical age in years to a fossil or rock.

o

o

o

o

Used to determine the age of a rock/fossil relative (in
comparison) to the other rocks/fossils around it.

Does not give an age in years, can only say that a given fossil
in a set location is older or younger than the other fossils in
that location.

Radio-dating

Electron spin resonance

Luminescence

Based on physical or chemical properties of materials in
rock.

000, LOoK AT THIS PROFILE: "GREW
UP IN THE TRIASSIC PERIOD, ENJOYS A
SEDIMENTARY LIFESTYLE AND HAS AN
OR\GINAL SET of TeETH!"

3 )

[oNLINE CARBON DATING])\

—”-

Evidence for Evolution

Comparative Anatomy
1.

Homologous Structures: common physiological structures shared by different organisms, that stem from a common ancestor.
Only organisms with a common ancestor can have structures with the same basic arrangement. Examples include
a. pentadactyl limb:
b. ;5 digits at the end of a limb. seen in all mammals. same basic structure but modified (evolved) for different purposes
eg bat wing, seal fin, human hand.
c. lizard skin; scales have changed (evolved) to suit environment lizard lives in. eg hard scales for defence or protection
from water loss.
d. leaves; all leaves have same basic function but vary according to environment. eg hard dry leaves v's fleshy water
holding leaves.
Vestigial homologous structures: no longer provide a purpose or function. Examples include:
a. appendix in humans- correlates to caecum found in other herbivores such as gorillas.
b. pelvis in whales- shrunken but corelates to pelvises in other mammals.
Analogous Structures: organs or anatomy with the same function BUT are different structurally therefore are evidence that
organisms are NOT related. Examples include:
a. shark fin v's dolphin fins: developed due to common environment not a common ancestor.
b. octopus eye v's human eye: octopus eye has nerve fibres behind sensory (no blind spot), human eye nerves are in
front of sensory cells (blind spot).
Comparative Embryology: structural similarities at the embryonic stage. eg all chordates, at some stage, have a dorsal
notochord, pharyngeal slits, dorsal nerve chord, tail past the anus.

Biogeography
The study of the distribution of organisms and ecosystems across the world and through geologic time. Examples include:

1. Australian Flora and Fauna: unique due to isolation of land mass, however similarities between other southern
hemisphere islands/land masses. This is evidence for the existence of Gondwanaland.
2. Wallace’s Line (see Nelson Biology Units 3&4 Fig 6.8 page 167)
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Divergent Evolution

Convergent Evolution

A single species disperses (spreads) over a variety of new
environments, difference between the groups increases until
speciation occurs. ADAPTIVE RADIATION.

Unrelated organisms evolve similar adaptations in response to
their environment. Often seen as analogous structures.

Eg marsupial common ancestor for koalas, Tasmanian devils,
marsupial moles. each of these species evolved according to
their diet.

Eg ant-eaters: echidnas, pangolins, aardvarks and numbats.
Many analogous structures such as a long snout, but no
common ancestor.

Molecular

Protein Conservation

Genetic Composition

e Aprotein that is well suited to its function will be
conserved.

o proteins are coded for by alleles (DNA sequence)

e Protein sequences across species can be compared.

e conserved proteins can be identified and used to show
evolutionary relationships.

o the greater the number of shared genes the more closely
related the species are.

e “mutation rate” is the frequency of neutral mutations (fairly
constant rate), used as a baseline rate of mutation that
occurs naturally in DNA.

o This mutation rate is specific for each species.

e Changes in mutation rate can show an estimate of
evolutionary divergence.

Phylogenetic Trees

A diagram representing the evolutionary relationship between species. The same information can be drawn up in numerous ways.

see below. A A Be b E

B
Cc

D

E

Image modified from Taxonomy and phviogeny: Fiaure 2 bv Robert Bear et al.. CC BY 4.0

D

E

Host recevtt
COMPAO ANCEGTOY

TARS \ l £
Host recent B
Covnimons ancestor
of 88,00, ¢tE — C
e =~
Aoot -~ D
E

ANCESTORS 3 PRESENT-DAY
SPECES

Macroevolution

Microevolution

“Macro” or large changes in allele frequency

Occurs over a long period of time (generations)

Is a result of the accumulation of microevolutionary changes
over time.

Eg appearance of feathers on theropod dinosaurs, leading to
the evolution of birds.

“Micro” or small changes- this type of evolution relates to any
change in allele frequency in a population.

These allele frequency changes may or may not lead to
macroevolution.

Caused by mutation. genetic drift, natural selection and/or
gene flow.

Eg insect resistance to pesticide, Peppered moth- increased
frequency of dark coloured moth during the Industrial
Revolution.

Natural Selection... ‘the selection of those alleles (genes) in a population that give an organism greater survival advantage.”
Organisms with favourable genes will survive and reproduce, passing on those favoured genes- increasing the proportion of those

alleles in the gene pool.

The process

1. Populations have genetic diversity- some characteristics are more favourable for survival than others.
2. The struggle for survival. In the natural environment there are limiting factors and selection pressures eg competition (eg

food, space, breeding sites), predators, disease.
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3. Survival of the Fittest. Individuals with characteristics that help them to survive to (therefore are more ‘fit') live to reproducible
age- passing on their genes to the next generation.

4. These genes (alleles) become more frequent in the gene pool. This may lead to speciation.

5. Speciation. If a population is isolated from the original population, these allele frequency changes may become permanent
and a new species forms (unable to breed fertile offspring with the original population)

Natural selection is the only process that leads to adaptive evolution or speciation which results in the formation of a
new species.

Original
population

. Stabilising selection: when the environment is
unchanging [stable], natural selection favours
gene held by parents.

« Directional selection: natural selection selects

one extreme variation, leading to change over Sy e '*3 ﬁ%

time.
e Phenotypes (fur color)

« Disruptive selection: natural selection selects Original  Evolved
in favour of the two extremes of variation. Often i i / J \\
occurs after an event such as a drought that
may have wiped out a food source or habitat.

Frequency of individuals —»

%%

Slablllzlng‘ selection Directional selection Disruptive selection

Speciation occurs when a single population i S i s S S0 A C R A A
becomes two separate populations become reproductively isolated, causing physical, biological or behavioural barriers.

Pre-reproductive isolating mechanisms Post-reproductive isolating mechanisms

e  Prevent organisms from being able to interact. . . .
e Geographic barriers: seas, rivers, mountains, distance, e These mechanisms do not prevent mating but will not
habitat. produce fertile offspring.

o  Gamete mortality
e  Zygote mortality
o Hybrid sterility (is not effective in plants)

o Temporal (time): breed at different times of the year or
day.

e Behaviour: differing courtship rituals.

e Morphology: different reproductive structures.

Allopatric speciation v's sympatric speciation

Allopatric speciation. Sympatric speciation.
e Most common e The evolution of two or more new species from a single
e Populations become physically separated by geographical population within the same place.
barriers. e Due to choosing different food sources, or mates.
Changing behaviours.

Allele Frequency

Sample Population Frequency of Alleles
Gene Pool: total range of alleles in a population. . : =
o @ty
COOLLOLLLLOO
- < homozygous 0 Q 0 Q o O C O O o
= S0 00000006000
dom CO0000CO00
0o 00000060060

gene pool
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Frequency of alleles is NOT constant, it is affected by: “*

. Mutaltionlof an allele | . EVERY

- Erigaton (movementout o2 pepuston ACCOMPLISHMENT

*  Reproduction rate (number of offspring per year) STARTS WITH

L Sactve rsding Gttty THE DECISION
Allele frequency is also affected by: To IRY

e Genetic drift
e The Bottleneck effect
e The Founder effect

Genetic flow refers to the movement of genes into and out of the gene pool.

e Immigration brings new genes into a population
o Emigration removes genes from a population
e E.g. The Indigenous Australian population did not contain the B allele for blood until after Europeans came to Australia.

Genetic drift: random changes in small populations.

o Fertilisation is a random event involving chance.
e Inlarge populations this randomness in inheritance is not noticeable.
¢ Insmall populations some alleles may not be passed on, leading to their loss from the gene pool.

The Bottleneck effect- an example of genetic drift

1. Alleles are lost (by chance) through an event such as hunting, natural disaster. Population dramatically decreases.
2. Creates a ‘bottleneck’- only some alleles are passed on.
3. Population recovers; however, the gene pool has changed- less variation.

The Founder effect- an example of genetic drift

e occurs when a few individuals emigrate away from the main population to a new area, founding a new population [new
gene pool] isolated from the original group. This new gene pool may not fully represent the original gene pool.

o  Genetic diversity is reduced.

o Deleterious recessive alleles may become more frequent.

¢ Often seen in human populations which have particular cultural or religious beliefs.

eg Amish population in USA: founding group had 200 individuals, at least 1 settler had Ellis-van Creveld syndrome. This
syndrome is more prevalent in the Amish population than in the wider mainstream gene pool. [Populations like the Amish
have very little to no gene flow.]

e 09 o
®g| .|® g% 50°
e ® © http://www.liberaldictionary.com/founder-effect/
Founding Population Desosndunts

Original Population

22



http://www.liberaldictionary.com/founder-effect/

A.Siciliano 2019, edited 2022

Extinction and Conservation

POPULATIONS WITH REDUCED DIVERSITY FACE INCREASED RISK OF EXTINCTION.

o Large populations can be more resilient than small populations- probably because they have a larger, more DIVERSE
gene pool than a small population.

o The greater the pool of alleles there are to draw from the greater the chance of some individuals surviving environmental
changes.

o  Therefore, many CONSERVATION efforts focus on maintaining GENETIC DIVERSITY.

Conservation planning to maintain viable gene pools includes consideration of:

Biogeography

o the study of the distributions of animals and plant species and how those distributions relate to the environment,
to the origin of the species and to the changes that have occurred over time.
e Spatial organisations of biological diversity:
o Nature reserves/conservation areas need to be large enough/ have suitable conditions to maintain viable
populations of (target) species.
o Characteristics (abiotic & biotic):
o temperature, elevations, soil types, typical species (plants & animals)
o Studies of biogeography help Conservationists make decisions about whether or a species needs monitoring, or active
protection.

Reproductive behaviour

o Behaviour associated with mating or rearing young, this includes:
o mating systems,
o courtship,
o sexual behaviour
o fertilisation.
e Reproductive behaviour may change in captivity or outside of natural environment or if directed by humans (e.g. in zoos)
orin small area.

Population Dynamics

¢ the study of number, gender, age, relatedness of individuals. /
o About how and why populations change size. ¢
o Conservation planning should be based around smallest viable population size.

Conservation methods include:

e monitoring using biotechnology ()
o eDNA (environmental DNA- non-invasive) from water, scat.
o identification
o relatedness to prevent inbreeding in captive populations
o bioremediation to remove pollution from environment :
e Reserves Landscape corriqé'r.
¢ Translocation of animals from densely populated areas to areas
of reduced population.
o  Captive breeding programs
e Seed banks 4
o  Wildlife corridors L'ffﬁ'.w"'“\

o Atificial nesting sites > o
::
4 : Area

e Habitat preservation through National Parks.

Protected
Area

Protected \
Area

Stepping ston'e_ corridor

Protected
Area

e Sustainable and managed logging
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12 ATAR Biology
ECU Revision Seminar
Unit 4 SUMMARY

Homeostasis: the process by which the body maintains a relatively constant internal environment within
tolerance limits.

Tolerance Limits Lower limit of tolerance Upper limit of tolerance
e Tolerance Range: a set range in which an Optimum range
organism can tolerate different levels of c S eI
organic and inorganic materials, pressure 2
and temperature. =
e Homeostasis maintains the set range within 3_'

the optimum range. . . Lowi Range of »High
e \When homeostasis fails to do this the Environmental Variable

organism will go into physiological stress.

Organisms communicate constantly with their environment, internal and external.
The principles of communication involve:
e Production of a signal that contains information to be transferred

e Detection of the signal
e Transfer of this signal until it reaches its targets
e A response to the signal by the target
e Switching off a signal once it has been responded to.
Stimuli may be: = =
e physical- light, heat, pressure
- Dotted line indicates | A change in the environment |
° Chemlcal- hormoneS, response that removes |
. initial stimulus
neurotransmitters. (~ve) feedback
e Receptors respond to stimuli \
e They can be external or internal e - 3
e 5 main types: chemoreceptors The outcome of the Cells that detect and register
* adjustments a change
mechanoreceptors,
photoreceptors, L .=
thermoreceptors, pain receptors
\ N\

Structure where the change
| is processed and information
relayed on

Organs, glands or tissues
that are instructed to adjust
output or secretions to cause
an ‘effect’ ‘

\ J \

When answering a question that involves feedback loops consider the following:

Receptor detects stimulus/change

Receptor produces a signal (may be chemical or electrical)

The signal is sent to a processing centre or brain or central nervous system or modulator
Processing centre or brain or central nervous system or modulator coordinates a response
A message is sent to effector (usually a muscle or gland in animals)

Effector brings about a response

Specific example (e.g. glucose levels in animals, water balance in a plant)
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Positive Feedback v's Negative feedback

Reinforces (amplifies) the change detected
It will continue until a result is achieved.

Example 1: Labour (child birth): oxytoxin hormone is
released when the babies head pushes against the cervix.
Oxytoxin causes contraction of the uterus- pushing the
babies head against the cervix. This continues until the baby
is born.

Example 2: Blood clotting

Example 3: Fruit ripening

Temperature Regulation

Reduces the change- it is the reverse of the stimulus.
Promotes equilibrium.

Example 1: temperature regulation- sweating to reduce a rise
in body temperature.

Example 2: osmoregulation

Example 3: blood sugar regulation

ENDOTHERMS

ECTOTHERMS

Endotherms are animals which regulate their body
temperature by internal means.

Ectotherms are animals which regulate their body
temperature via external means.

All Mammals and Birds.

Reptiles, Amphibians, Fish

Examples of adaptations for temperature
regulation:

blubber

piloerection

counter-current heat exchange
shivering

sweating

huddling

Examples of adaptations for temperature
regulation:

e basking behaviour

e burrows

e nocturnal

e aestivation/torpor/brumation

Counter-current Flow

* Found in fish gills, legs of artic birds, seal fins, tuna muscle, platypus feet, mammalian kidneys.

* Involves 2 fluids passing close to each other.

* Counter current exchange helps to maximise the exchange of substances (heat, gas, salts...) for

example

* Concurrent flow (same direction); exchange occurs until there is equilibrium.
* Counter-current flow (opposite direction); the diffusion gradient is maintained therefore

exchange of substances is increased.

Countercurrent flow:
small gradients are maintained

~33°32° 31° 30° 293
W RRRRE
(32° 31° 30° 20° 2800200

© 201 Poamson Education, Inc

“Concurrent” flow:

large gradients disappear quickly

33° 31° 30° 30° 30° 30° -

{ |

© 27° 29° 30° 30° 30° 30°
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A word about Metabolism!
The sum total of all chemical reactions (and therefore energy exchange) in an organism.

Reactions can be:
P Catabolic- releasing energy by breaking bonds.
» Anabolic- require energy by building bonds.

Metabolism can be measured in three ways.
» The energy released as heat OR
» The amount of food used OR

» The amount of oxygen consumed to produce energy.

Metabolic rate is the amount of heat produced in a given time. Metabolic rate varies with temperature,
activity, and food intake.

Body size and metabolic rate

Endothermic animals: Small animals have a LARGE S.A./Vol ratio.

> This means they LOSE body heat at a rapid rate.
> Therefore, they must have a HIGH metabolic rate (respiration) to replace heat loss.

> These animals consume LARGE amounts of food relative to their body weight.
The table below compares various sized animals and their oxygen consumption. You can see that a mouse
consumes more oxygen than an elephant per gram. This tells us the mouse has a much higher metabolism
than an elephant.

ANIMAL BODY WEIGHT (g) OXYGEN OXYGEN
CONSUMPTION CONSUMPTION
{cm3/hr) {mm3/g/hr) D O N 5 —I—-
Mouse 25 40 1580 S TO P
Rat 226 197 872

Rabbit 2200 1025 466 U N T l L_
Dog 11,700 3,721 318 YOU'R E

Man 70,000 14,140 202 P R O U
Horse 700,000 74.200 106 D
Elephant 3,800,000 134,000 67

26




A.Siciliano 2019, edited 2022

Inputs J’ Outputs
Environment: 35 degrees C Evaporation (lungs, skin)
+ Radiation Wastes (urine, faeces)
« Convection Lungs (warming air)
+ Conduction Environment:
« Radiation
Respiration +  Convection
(metabolism) * Conduction

Hibernation v’'s Torpor

Hibernation is a long period of dormancy. An animal will find a warm, dry place to rest over the winter or
sometimes longer. In Australia this generally only happens in very cold areas.

Torpor is very similar to hibernation except it occurs over much shorter periods. It is triggered by cooler
temperatures and a lack of food. An animal may enter torpor for as short as a day. This is more common in
Australia.

Brumation is a term used for the hibernation-like state that ectothermic animals such as snakes, utilize
during very cold weather.

Aestivation is a period of rest in shady and moist place during summer, often used by animals such as
frogs during very hot weather.

Osmoregulation

The terrestrial environment is very dry (in comparison to an aquatic one). Terrestrial animals are under
continual water stress, therefore they are always regulating water losses and gains. Animals and plants
have behavioural, structural and physiological adaptations to regulate their internal environments.

Water Loss through:

» Respiratory surfaces
= Evaporation: the dryer it is the greater the loss of water through evaporation. Therefore, animals
have adaptations.tq; ¥ v 2Ty ”
e Increase humidity ¥ g g Ay w
e Decrease temperature A
» Sweating and panting. %
» Faeces
» Kidneys- removal of nitrogenous wastes (urea, ammonia, uric acid). The type of waste produced is
dependent on the availability of water.
e Birds & reptiles: uric acid as they need to conserve water.
e Mammals: urea which leads to increased water loss. 3 W
*

Nz

£ ¥

¥
VA

¥

'S
N

¥ ¥

Osmoregulation in Aquatic Environments

Osmoconformers: Maintain body fluid concentration at the same as environment. Usually confined to
very limited environments. For example; marine plankton, crabs, sharks.

[Sharks and rays retain urea so that their blood concentration is similar to seawater, that is why they are
osmoconformers.]

See work book for osmoregulation in marine and freshwater fish.
Nitrogenous Wastes- it’s all about water availability!

Any metabolic waste product that contains nitrogen. Urea and uric acid are the most common nitrogenous
waste products in terrestrial animals; freshwater fish excrete ammonia and marine fish excrete urea.
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» The amount of nitrogenous wastes produced is related to diet.
-> herbivores have less N-wastes
-> carnivores have more N-wastes
= Nitrogen enters the body via protein (amino acids).
= When the protein is metabolised (broken down) ammonia is left over.
= Ammonia can then be excreted as is or converted to the less toxic forms: urea or uric acid.

NITROGENOUS SOLUBILITY [WATER
WASTE LEVEL OF TOXICITY METABOLIC COST REQUIREMENTS] m
VERY toxic [but in LOW energy cost HIGHLY soluble
] ] ) ) HIGH water .
aquatic environs very Direct product of amino crocodiles. Most

i ts
diluted] acid metabolism requirements
[to dilute toxicity]

) Freshwater fish, turtles,
Ammonia

[small molecule] o
aquatic invertebrates

SOME energy required to Mammals, amphibians,

HIGHLY soluble

Urea LESS toxic than ammeonia produce urea from most marine fish,
L . HIGH water ] ]
[larger molecule] [moderate toxicity] ammonia & carbon ] sharks, lungfish during
—_ requirements N
dioxide aestivation
INSOLUBLE
Low water
Uri d HIGH energy cost. requirements, can be Terrestrial reptiles,
ricad NOMN-toxic Produced from ammeonia  stored for long periods birds, inseds, land
[large molecule] T o L y
and carbon dioxide making it suitable for crabs, land snails

cleidoic [impervious]
eggs

Plant Homeostasis

An arid environment is one were soils have low water-holding capacity combined with low rainfall and high
temperatures. The number one issue for plants living in arid environments is water loss. Plants that have
adapted to live in these conditions are called XEROPHYTES.

Xerophytes have adaptations to conserve moisture and prevent leaf temperature from rising too much.
They have an increased tolerance to desiccation (drying out).

Xerophytes include:
» schlerophylls (hard leathery leaves),
» succulents (water storage in leaves), and
» ephemerals (rapid life cycle when water is available).

Plant adaptations for Arid environments

Leaves roll into a tube during  Reduces surface area exposed to

Spinifex the hottest part of the day. sun.
Traps a layer of moist air within tube.
Melal Long narrow leaves Reduces surface area where water
giaiedcd may be lost
Hak Needle shaped leaves Reduces surface area where water
aned may be lost
Fewer stomata, may be Reduces water loss via evaporation.

sunken in grooves or pits.
May have hairs surrounding
stomata.

Stomata close in hottest part of Reduces transpiration rate.
the day.
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Woody shrubs:
Acacia,
Eremophila,
Grevillea

Eucalyptus

Acacia
Casuarina
Allocasurina

Hairy leaves and stems
Silver hairs

Leaves hang vertically- edge on
to the sun

Reduced number of leaves.
» Phyllodes- flattened leaf stems
+ Cladodes- flattened stems

Tap root + surface roots

Insulation against the heat
Reflects the heat

Reduces total surface area exposed
to sun

Reduces water loss ia evaporation
due to far fewer stomata.

Allows access to deeper soil water
but also surface water from light
rainfalls.

Surface roots out compete other
plants- leading to bare patches
around trees.

HALOPHYTES are plants that have a higher than normal tolerance to saline conditions. The biggest issue

faced by halophytes is water loss and control of salt levels.

Transpiration allows water to travel upwards through the xylem.

e However, this also brings with it salt.
o Excess salt must be removed from the shoots- otherwise cells will lose their turgidity due to water
loss. (principle of osmosis)

o Turgidity of cells is required for metabolism and growth.
— ‘

(b)

Adaptions to reduce Transpiration and water loss

Guard cells control the size
of the stoma (opening).
Turgid guard cells open the
stoma, flaccid guard cells
close it.

The water content of the cell
determines whether a cell is
flaccid or turgid.

Reduced number and size Reduces surface area
of leaves

Fewer stomata

Sunken or protected
stomata

Hairs covering leaves

Less stomata= less water loss

Wind can increase transpiration rate by
pulling away water particles from the

leaf surface. Sunken or protected
stomata help prevent this.

stomata.

As above + increase humidity around
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Halophytes can be ‘salt accumulators’ or ‘salt excluders’. Adaptations to regulate salt concentration.

Salt Accumulator

Salt Excluder

e Higher osmotic pressure in cytoplasm.

e Excluding salt from leaf cells. [salts are
stored in the vacuole]

e Diluting incoming salt by increased growth.

e Excreting salt from glands. [actively
transporting salts into ‘bladder cells’ that
burst when full releasing salts to external
environment]

Returning salts to roots.

Root epidermis impermeable to salts
Waxy endodermis to exclude salts
Shedding salt laden leaves.

Further reading: http://lifeofplant.blogspot.com/2011/03/halophytes.html

Mike Bakown / Cornered
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Talk to your plants. But if you really want
results, bring in a motivational speaker.
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Infectious Disease: one that is passed on from one organism to another (contagious), caused by a

pathogen.

e Pathogens are:, viruses, bacteria, fungi, protists, parasites and prions. (Note prions & macro-

parasite are not in the syllabus)

Non-infectious Disease: cannot be passed to another person (non-communicable) and are not caused by

pathogens.

e nutritional disease, degenerative disease, environmental; disease, genetic diseases, autoimmune

disease.
Other terminology

e endemic: a common disease

e outbreak: a sudden increase in the incidence of the disease
e susceptibility: how likely an individual is to get a disease

¢ Resistance: the ability to resist infection
¢ Symptoms: effects of the disease

¢ Incubation period: the time between infection and onset of symptoms.
o Pathogenicity: the disease-causing capacity of a pathogen

e Virulence: the intensity of the effect.
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Diseases
Dieback: Phytophthora cinnamoni

* Protist — parasitic water mould.

* Active in wet conditions [likes areas with 400mm + annual rainfall]
* Does not photosynthesis- gains nutrients from a host source.

» Attaches to the host plants root system.

* Mycelium feeds off the host plant. The mycelium will produce either sporangia OR chlamydospores.

* In FAVOURABLE conditions sporangia are produced. The sporangia release zoospores (motile

spores).

— Zoospores are short lived, can
travel short distances by

‘swimming’ in water or passively
in surface or sub-surface water.

They can move very fast
downhill.

* In UNFAVOURABLE conditions
chlamydospores are produced.

— Chlamydospores are hardy,
survive in dead plant material
and soil. When conditions
improve, they produce mycelia
and zoospores.

The lifecycle of P.cinnamomi is an
important factor in why it can spread so
effectively.

Diseased &
dying plants

Infection begins on root
tips and grows rapidly
through the root
system

Healthy roots
Zoospores penetrate become infected.
healthy root - cycle continues

Mycelial threads

Zoospores

Zoospores released
"swim" in water and
infect healthy roots

Sporangia and
chlamydospores
| form on mycelia

environmental
conditions. When
conducive conditions [/
return they germinate
to produce mycelia
and sporangia that
can infect host roots
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Saliva of mosquito contains
anticoagulants, preventing
blood clotting in the
proboscis.

If there are sporozites in the
saliva, then the host will
become infected.

ce

Final Host

\

Mosquito

[VECTOR] ——

transfers to
human

fertilisation

‘sexual reproduction’ =

weeks.

SPOROZOITES reproduce asexually 2-4

MEROZOITES “burst out” of liver into blood-

Intermediate
Host

Gametocytes

Mosquito bites host and sucks up
gametocytes in blood.

Gametocytes mature into
gametes in mosquitos’ gut.

Trophozoite

Toxins cause:
o fever (up to 41<C)
o shivering fits
e headaches
e nausea

Reinvasion of liver may occur

Attack lasts 2+ hours then weak,
haemolytic anaemia due to loss of
RBC's & Hb.

Affect of merozoite invasion of RBC's:

* profuse sweating

loss of shape

increased permeability

increased rigidity

o RBC's cannot fit through

small blood vessels
causing clots.

increased adhesiveness, mainly to

blood vessel walls and each other,

blocking blood flow.

lead to organ failure (and death)

2202 Palpa ‘602 OueldIS'Y

ﬂost Responses \

K hidden. /

e Plasmodium invades
RBC's, the host produces
antibodies however, the cell
membrane of Plasmodium
changes! Therefore,
surface antigen changes so
it is not recognised by
antibodies.

e Sporozoites in the liver are
isolated from the immune
system, therefore, they are
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Viruses

» ALL viruses are pathogenic
* Small 30-300nm
* Infectious particles surrounded by a protein coat called a capsid [shape dependent on type of virus].

NOT cellular- do not comply to cell theory.
DO Not contain cellular/metabolic machinery, therefore:

»  CANNOT reproduce on their own.
* CANNOT metabolise on their own.

DO contain nucleic acid- either DNA or RNA.
Lack metabolic enzymes and ribosomes.

» can only express their genes when inside a living host cell.
» use host cell’'s metabolic machinery and chemical pathways to produce more viral proteins and
nucleic acid.

Host range is the number of host species a virus can infect.
Viruses operate under a “lock and key” fit with host cells.

» Viral surface proteins and specific receptor molecules on the outside of the host cell.

Bee Viruses

e strong correlation to the presence of varroa mites
e viruses thought to enter bee’s bodies through openings made by the mite bites.
¢ to date varroa mites do not exist in Australia
o there are NO cures for bee viruses

Examples include; Influenza, Ross River virus, measles, HIV, chicken pox, HPV, glandular fever.

Virus Description Impact
Infects the bee larvae Reduces colony population- no new
Sacbrood . . .
Larvae die before pupation bees to replace aging bees.
Black Queen Infects queen larval cells/capsules
X ) No replacement queen bees
cell virus Pupal queens or queen larvae die
Kashmir Affects adult bees, reducing their life span. Can rapidly deplete the adult population
of a colony
Paralysis Common in adult bees- causes trembling and crawling Inability of bees to function normally

behaviour, often gather in groups of bees.

3 ways Beekeepers can minimise the risk of viral infections.
e replace queen bee on a regular basis
e do not breed from bees that exhibit viral symptoms
e minimise nutritional stress by providing a good sugar syrup supply

How a virus invades a cell

@

viruses
1. A virus enters a cell.

body cell .'h

4. The nucleic acid
gets into the cell's
chemical
manufacturing
system.

© Encyclopadia Brtannica, Inc

)

2, Substances in the
cell begin to strip off
the virus's outer coat
of protein,

LR
»._ ¢ @

5. The cell *ignores®
its own chemical
needs and switches
to making new
viruses,

&aﬁ‘

3. The nucleic acid
in the center of the
virus Is released.

ey
» ¥

6. The cell is
sometimes destroyed
in the process. Many
of the new viruses
are released to infect
other cells.
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Bacteria

bacteria that causes disease are known as “pathogenic bacteria” — very few bacteria fall into this
category.

bacteria cause disease through the toxins they release.

bacteria are spread through water, food, air and/or direct contact

bacterial disease can be treated with antibiotics, vaccinations. NOT ALL bacterial diseases can be

cured.
. . Prolonged strong contractions of skeletal muscles. Can
Transmitted from soil into open wounds, eg a
Tetanus dirty nail puncturing a foot lead to death.
ynaip g Prevented by vaccination.
Tumour-like growth, caused by agrobacterium | As tumour grows plant grows poorly and may eventually
Plant Crown | tumefaciens. die.

Gall Bacteria transfers Ti (fumour inducing) Plasmid

(circular DNA) to a plant cell.

Crown Gall is important in biotechnology as it can be used
to insert genes into a plant.

Caused by a bacteria that affects the lungs,

Tuberculosis spread by droplets in the air.

Damages the surface of the lung- causes thickening and
scarring. May spread to other organs in the body.
Prevented by vaccination. Treatment requires long term
use of antibiotics.

Crown Gall disease Agrobacterium tumrfaciens

Disease Cycle: How does the bacterium invade a host cell.

DNA permanently integrates into plant
N Rapid division of transformed

VA

<

v

Wound on plant

.,‘_\' A ~ k -

- releases \ 7) _Hypertro.phy ref_ers toan

— il 3@ v A [\ [ // | increase in the size of the cell
_ —] E“\eﬁ \ N & while hyperplasia refers to an
ﬂ ) :| e A / increase in the number of cells
\ . ] -

6\
Bacteria attaches U

to plant and (2 (r/‘

transfers plasmid-
Bacteria uses flagella to swim to
plant, atracted by the sugars. /

A

NN
('3] .

-

Cells become hypertrophic and hyperplasic,
leading to the formation of a gall

\ \

[ Healthy Plant

A\
"

o

Unhealthy plant develops ‘galls’ on roots and stem

Impacts
e causes galls/growths/tumours

(usually) on roots or at ground level or on roots and stems

(galls/growths/tumours) can prevent the uptake/movement of water or nutrients

slows plant growth or plants become stunted/unproductive/unhealthy or plants can die
Agrobacterium/bacteria genes are expressed (in the plant)

(results in) production of some chemicals/hormones (cause the galls/growths/tumours)
also changes expression of (some) plant genes
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NB: Agrobacterium and Biotech

e Vector- used to transfer foreign genes/DNA into plant species
e Because:
o it naturally/normally transfers DNA/genes to plants (during disease production)
o it can infect a broad range of host plants
e This natural ability can be exploited or bacteria requires little modification to perform this role
Plasmid/DNA contains sequence for integration into plant genome
¢ Can be used to clone target DNA

Aerosol

Tuberculosis S
Bacteria- Mycobacterium tuberculosis / \
1. TB bacterium inhaled. Travels to alveoli. éog%j‘gi}\ @
2. TB bacterium multiply asexually. 2-8 weeks. £ I h,: S
3. Macrophages encapsulate the TB bacterium, creating a L Bj;é alveolar macrophage
barrier shell (granuloma). CE
4. Within the granuloma the TB bacterium are contained. i il \
This is the latent phase- non-infectious, no symptoms.
5. The alveoli develop ‘tubercles’, round lesions in the area 5:) ?@L
where macrophages have accumulated. “ 4 ) (‘5} é{::}?é
6. Macrophages eventually burst and release the TB E O%
S

bacterium, which multiply rapidly. Active phase,
symptoms, infectious. May spread to other areas of the
body such as bones, lymph nodes.

Granuloma
formation

Fungus
Chytridiomycosis Life Cycle (frog fungus)

Batrachochytrium dendrobatidis (Bd)

The zoospores send rhizomes into the frog skin, developing into

Occurs in water, zoospores a thallus.

then make contact with the
frog skin

% : % Asexual reproduction in the (now)
Zoospores are released / g zoosporangium produces more zoospores.
and enter the water or %‘ G _motie

reinfect the host. g5 ‘7 Z005porangiam ) A
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Zoonoses
¢ Diseases that originated in animals that can affect humans

o Pathogens that can cause a zoonoses disease: Bacteria, parasites, protozoa, fungi, viruses
e Zoonoses can be spread to humans by:

e Close contact with infected animals

e Contact with saliva, blood, urine, faeces of infected animal

e Water or soil contaminated by infected animals

e Being bitten by a vector such as tick, mosquito

e Eating or drinking unpasteurised dairy products, undercooked meat, unwashed fruit & veg
that are contaminated with faeces from infected animal

e Examples

Pathogen Disease
Bacteria Anthrax, brucellosis, leptospirosis, Q Fever, Salmonella, Psittacosis
Virus Aust Bat Lyssavirus, Hendra, Ebola, Rabies

Protozoa Toxoplasmosis, Giardia, Cryptosporidiosis

Fungi Ringworm

How does antibiotic resistance occur?

High number of bacteria. Antibiotics kill The resistant bacteria now Bacteria can even transfer
A few of them are resistant bacteria causing the iliness, have preferred conditions to  their drug-resistance to other
to antibiotics. as well as good bacteria grow and take over. bacteria, causing more
protecting the body problems.

from infection.

http://modmedmicro.nsms.ox.ac.uk/learn-more-about-antibiotic-resistance/

Spread of Disease and Management Strategies
Pathogen factors that affect disease transmission
1. Vectors: such as mosquitos and the transmission of malaria, or Ross River or Zika viruses.

2. Risk factors: such as blood borne diseases are more likely to infect people who require blood
transfusions, share needles. Eg Hepatitis C virus.

3. Infectivity: the ability of a pathogen to spread from host to host. Eg influenza spreads by droplets in the
air, these are easily passed from one person to the next.

4. Natural History: stages of infection- before the development of symptoms (asymptomatic), during
infection.

5. Persistence: length of time a pathogen remains with host. Some pathogens may remain with a host
who is an asymptomatic carrier. Eg tuberculosis (TB) may remain latent (dormant) for several years.

36



http://modmedmicro.nsms.ox.ac.uk/learn-more-about-antibiotic-resistance/

A.Siciliano 2019, edited 2022

Host Factors

Characteristics of the host population.

I am a tiny potato

e Behaviours: eg drug users sharing needles And 1 believe in you
e Age: elderly are more susceptible to disease
e Gender

e Socio-economic status

e Exposure history: populations that have been exposed previously
have some individuals with immunity.

e Population density

masonicfeQ) CAN DO THE THING

Host Factors: Human Movement

Carrier populations moving into populations that have never been exposed before.
o Europeans and Indigenous Australians. Introduced diseases such as small pox, measles, influenza,
typhoid. High mortality in Indigenous populations.
Travel
e By air- spreads disease quicker than boat travel. Eg SARS epidemic in 2003.
¢ Includes plant & animal disease eg myrtle rust travelled from South America to Australia (2010).

Don't let what you cannot do interfere with what you can do. - John Wooden

Preventing the spread of disease

¢ Hand Hygiene: Regular hand washing prevents infection transmission, in particular faecal-oral or
direct contact routes.

e Immunisation: Immunisation (vaccination) programs are a highly effective public health intervention,
resulting in large reduction of disease. There is the potential to eradicate disease by making spread
impossible. Eg small pox.

o Herd Immunity: not all individuals need to be vaccinated to prevent the spread of disease. If
a large proportion of the population is immune, then there will be too few individuals for the
disease to spread. This effect is called herd immunity.
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contagious  susceptible contagious  susceptible contagious immunised _Susceptible
(indirectly protected)
Infectious agent passes freely from contagious to susceptible Contagion cannot freely pass via immunised to susceptible

https://ib.bioninja.com.au/higher-level/topic-11-animal-physiology/111-antibody-production-and/vaccination.html

e Quarantine: the enforced isolated of an individual or individuals at risk of carrying disease to
prevent the spread of that disease.
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Congratulations! You have now completed your revision booklet!

Edith Cowan University would like to wish all students the best of luck with their

future exams!

b

AUSTRALIA

UNIVERSITY

EDITH COWAN
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