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One of the bes! recognized definitions of a biological species closely related species that interbreed to produce fertile hybtids
is as "a group of actually or potentially interbreeding naiural  (e.q. species of Canis}, indicate that the boundaries of a spacies
populations that is reproductively isolated from other such groups™  gene pool can be unclear. Increasingly,  biclogists ‘aré turning
{Etnst Mayr). However, the concept of a species is not as simple  to molecular analyses to help clarify relationships between the
as it may first appear. The occurrence of cryptic species and  closely related populations that we regard as ‘one species.
. I P ! B )

[former range} ;

Mexican wolf
[former range

Golden jackal
Black-backed jacka
. Side-striped jackal

Coyote — red
wolf hybrids

i

Domestic dog
Canis familiaris

1. Describe the type of barrier that prevents the three species of jackal from interbreeding:

2. Describe the factor that has prevented the dingo from interbreeding with other Canis species (apart from the dog):

3. Describe a possible contributing factor to the occurrence of interbreeding between the coyote and red wolf:

4. The gray wolf is a widely distributed species. Explain why the North American population is considered to be part of the
same species as the northern European and Siberian populations:

5. Explain what you understand by the term species, identifying examples where the definition is problematic:
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Ensatina in the Pacific North-West: Ring Species or Cryptic Species?

A ring species is a connected series of closely related
populations, distributed around a geographical batrier, in which
the adjacent pepulations in the ring are able to interbreed, but
those at the extremes of the ring are reproductively isolated.
Such ring species are regarded as important because they
are seen to illustrate what happens over time as populations
diverge genetically. Ensatina eschscholizii is a species of lungless
salamanders found throughout the Pacific North-West of the USA to
Baja California in Mexico. E. eschscholtzii has long baen considered a

o

Oregon Ensatina,
E. e. oregonensis

The Oregon population spread south either side of California's
Central Valley. Coastal and inland populations diverged.

Painted Ensatina,

Yellow-eyed,
E. e. xanthoptica

The yellow-eyed Ensating has crossed the central valley to
overlap in a narrow contact zone with the Sierra Nevada
form. They occasionally interbreed to produce fertile
offspring, but mostly the poputations remain distinct.

Monteréy Ensatina,
E. e. eschscholtzii

ring species, which probably expanded southwards from an ancestral
population in Oregon aleng either side of California's Central Valtey.
However, molecular analyses are now indicating that the story of
Ensatinais more complicated than first supposed. Geographically
adjacent poputations within the ring may be genetically isolated or
comprise morphologically identical but genetically distinct cryptic
species. Regardless of the conclusions drawn from the evidence
{below), species such as Ensafina give us reason to reevaluate
how we define spacies and quantify bicdiversity. :

Sierra Nevada,
E. e. platensis

Inland populations occupy the Sierra
Nevada range. This inland flank of

the distribution is not geographically
continuous (nate the gap in the ring)
and most of the Ensatina 'subspecies'
are genetically isolated from
geographically adjacent ‘subspecies'
In addition, the inland populations
inctude two {or more) morphategically
undistinguishable ‘cryptic' species.

Yellow blotched,
E. e croceater

Gap in the ring

. Mojave desert) Large blotched,

E. e. klauberi

In southern California, the ranges of the coastal Monterey form and
the inland large-blotched foerm overlap, but little or no gene flow
occurs between them. If they interbreed, the hybrids are infertile
or have extremely reduced fitness. Electrophoretic analysis of
enzymes and DNA indicate that they are different species.

Photagraphs: Charles W. Brown, Thanks to Ben Lowe,
University of Minnesota, for advice and input.

6. The Ensatina species complex fulfils two of the three criteria necessary to define a ring species (table, above leff) yet
does not fit comfortably with Mayr's definition of a biological species. Describe the aspects of Ensatina that:

(a) Supports the idea that they are a single species:

{b) Does not agree with the standard definition of a biological species:

7. Yellow-eyed Ensatina is a mimic of the toxic California newt. What might this suggest about the selection pressures on
this subspecies and their influence on the rate at which the population becomes genetically distinct?
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Allopatric speciation is a process thought to have been occur as the resuit of g!ac:ai and interg!ac:ai penods where ice
responsible for a great many instances of species formation.  expands and then retreats over a land mass. Such events aré also
It has certainly been important in countries which have had a  accompanied by sea level changes which can isoldte populatsons
number of cycles of geographical fragmentation. Such cycles can  within relatively small geographical reglons

e
River barrier
prevents

ens flow
Mountain barrier 9

prevents gene
flow

Cooler climate

Drier climate

) Sympatric species

population. remains isolated and _undllut'eci"by génes from’
ven if the wo populatuons should be'

disappears

Allepatric
species

Mountaln barzier
remaing
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. Describe why some animals, given the opportunity, move into new environments:

. (a) Plants are unable to move. Explain how plants might disperse to new environments:

. Identify the process that causes the formation of new mountain ranges:

. ldentify the event that can cause large changes in sea level (up to 200 metres):;

. Describe the effect that physical barriers have on gene flow:

. (a) Describe four different types of selection pressure that could have an effect on a gene pool:

{b) Describe the amount of gene flow within the parent population prior to and during this range expansion;

Describe six physical barriers that could isofate different parts of the same population:

(b) Describe briefly how these selection pressures affect the isolated gene pool in terms of allele frequencies:

- Describe two types of prezygotic and two types of postzygotic reproductive isolating mechanisms (see previous pages):

(a) Prezygotic:

(b} Postzygotic;

Distinguish between allopatry and sympatry in populations:
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The diversification of an ancestral group into two or more species
in different habitats is called divergent evolution. This process is
shown below, where two species have diverged from a common
ancestor. Note that another species budded off, only to become
extinct. Divergence is common in evolution. When divergent
evolution involves the formation of a large number of species o
occupy different niches, this is called an adaptive radiation. The

Species P SpeciesH |
Changes in the F
genetic make-up &
of the two specles F
\\\\\
N
&

Divergent evolution: §
speciation by splitting F

In sequential evolution,
genelic changes
accumulate to form a
new speacies.

Extinction

Little genetic change;

species remains
Speciation refatively unchanged
by budding 3

Time

1. In the hypothetical example of divergent evolution illustrated above, left:
(a) Classify the type of evalution that produced species B from species D:
(b) Classify the type of evolution that produced species P and H from species B:
(c) Name all species that evolved from: Common ancestor D:

(d) Suggest why species B, P, and H all possess a physical trait not found in species D or W:

. Browsing/ /
cegrazing -
onighe

*The earliest true mammials evolved about 195 million years
~: ago, lang before they underwent their major adaptive
| radiation some 65-50 million years ago. These ancestors to
. the madern forms wers very small (12 cm), many were
. nocturnal and fed on insects and other invertebrate prey. It

. was olimatic change as well as the extinction of the dinosaurs -
-7 (and their related forms) that stiddenly left'many nichas
.- vacant for exploitation by such an adaptable ‘generalist’, Al -
. :modérn mammal orders developed very quickly and early. -

example below (right} describes the radiation of the mammals
that occurred after the extinction of the dinosaurs; an event that
made niches available. Note that the evolution of species may not
necessarily involve branching: a species may accumulate genetic
changes that, over time, result in the emergence of what can be
recognized as a different species. This is known as sequential
evolution (also called anagensis or phyletic gradualismy).

Marine predator, i
2 niche "7 Underground
) " herbivors

: Arboreal
herbivare

Flying -
predator/:
frugivore
~nieh

Magazostrodon

- Megazostrodon: one of the first mammals '
Megazostradon (above) is known from fossi remains in South Afr
This __s'iire_w'-f_ike_'_gnimal first appeared in the Early Jurassic period
“(about 195 miliion years ago)'a_nd_ probably had an insectivoroys diet

Common ancestor B:

2. (a) Explain the distinction between divergence and adaptive radiation:

(b} Discuss the differences between sequential evolution and divergent evolution:

| web ok tacoevoution

elated o 'tfv';‘ri_és.‘ Thé_;ﬁéc’fe_k Concept, Adaptive Radiation in Marhfha_ls
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Not all similarities between species are a result of common  natural selection. has shaped similar adaptations. This is called
ancestry. Species from different evolutionary lines may come convergent evolution (convergence). Similarity of form due to
to resemble each other if they have similar ecological roles and  convergence is called analogy.

Figh: Shark

Mammal: Dolphin

Octopus eye

Mammalian eye

o lris

Lens Lens

Comnea
Cornea

1. 1n the example above illustrating convergence in swimming form, describe two ways in which the body form has evolved
in response to the particular selection pressures of the aquatic environment:

(@)

(b)

2. Describe two of the selection pressures that have influenced the body form of the swimming animals above:

(a)
{b)

3. Early taxonomists, when encountering new species In the Pacific region and the Americas, were keen to assign them
to existing taxonomic families based on their apparent similarity to European species. In recent times, many of the
new species have been found to be quite unrelated to the European families they were assigned to. Explain why the
traditional approach did not reveal the true evolutionary relationships of the new species: -

§ © Biozone International 2001-2010
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" 366
—J 4, For each of the paired examples (b)-(f), briefly describe the adaptations of body shape, diet and locomotion that appear
similar in both forms, and the likely selection pressures that are acting on these mammals to produce similar body forms:

Convergence Between Marsupials and Placentals

Marsupials and placental mammals were separated from each other
very early in mammalian evolution {about 120 mya). Marsupials were
initially widely distributed throughout the ancient supercontinent of
Gondwana, and there are some modern species still living in the American
continent, Gondwana split up about 100 million years ago. As the
placentals developed, they displaced the marsupials in most habitats
around the world. The island continent of Australia, because of its early
isolation by the sea, escaped this competition and placentals did not
reach the continent until the arrival of humans 35 000 to 50 000 years
ago. The Australian marsupials evolved into a wide variety of forms (below
left) that bear a remarkable resemblance to ecologically equivalent species
of North American placentals (below right).

{a} Adaptations: Both have radent-1Ke teeth, eat
voots and above srouvnd P'\qv\‘\'s, ond excavote
burrows. -

Selection pressures: Diet veques drsel-like teeth
for gnawing. The need to seek saf ety from
predotors on open 3mss\q'no\.

{b} Adaptations:

Selection pressures:

{c) Adaptations:

Selection pressures:

{d) Adaptations:

Selection pressures:

(e} Adaptations:

Selection pressures:

(fy Adaptations:

Selection pressures:
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The ratites evolved from a single commeon ancestor; they are
a monophyletic group of birds that lost the power of flight very
early on in their evolutionary development. Ratites possess two
features distinguishing them from other birds: a flat breastbone
(Instead of the more usual keeled shape) and a primitive palate

group. There are other examples of birds that have l1ost:]
power of flight, particutarly on remote, predator-free islands,
Fossil evidence indicates that the ancestors of ratites. weré
flying birds living about 80 million years ago, These ancestors
also had a primitive palate, but they possessed a keeled

{roof to the mouth). Flightlessness in itself is not unique to this

Elephantbird Ostrich Emu Cassowary
Several species, extinct, Struthio camelus, Dromaius novaghollandias, Taree species,
Madagascar Africa. Australia. Australia & New Guinea,

Rhea
Two species,
South America.

The geographical distribution of modern day and
extinct ratite species can be partially explained in
terms of continental drift. The ancestrai ratite population
existed at a time when the southern continents of
South America, Africa and Australia (logether with
their major offshore istands) were joined as a single
land mass called Gondwana. As the continents moved
apart as a result of plate tectonics, the early ratite
populations were carried with them. Subsequent
speciation on each continent and some of the islands

Mesozoic Era

Birds evolved from a saurischian
(smal therepod) dinosaur ancesior
about 150 million years ago (below)

Ratites diverge from the line to the rest
of the birds about 100 million years ago.

Fossit evidence suggests that
ratite ancestors possessed
a keeled breastbons and an
archaic palate {rocf of mouth}

breastbone. . -

Kiwi
Three species,
New Zealand.

produced the variety of forms shown here. The 50
species of tinamou (see chart below) from South
Amaerica, are considered a sister group to the ratites
even though they can fly, because they possess the
archaic palate, This relationship is confirmed by DNA
sequence tests. The diagram befow shows a possible
phylogenetic tree based upon comparisens of
mitochondrial DNA sequences. This view has been
supported by the extensive comparison of skeletons
from the different ratite species.

Moa
Eleven species (Lambert et ai,
2004, aij extinct, New Zealand.

Cenozoic Era
All other living birds

Moa 1: Anomalopteryx
Moa 2: Pachyornis
Mea 3: Dinornis

Moa 4: Megalapteryx
Little spotled kiwi
Great spotted kiwi
Brown kiwi

Emu

> Lambert of af 2004, “Ancient DNA solves
86K rnyslery of moa. Austra!as%an Sclence -

Lelters indicate
common ancestors

Cassowary

s .

m Ostich

=]

Rhea 1

7]

3] Rhea2

5]

P EDEEEOOEdHEODEBREEESEE8dE Tnamou(can fly

f 25(8) Sepr 2004 pp 14 16

i
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. {&) Describe three physical features distinguishing all ratities from most other birds:

. describe the selection pressures for the anatomical change:

. Name the ancient supercontinent that the ancestral ratite population inhabited:

- (a) Name two other flightless birds that are not ratites:

. Eleven species of moa is an unusually large number compared to the species diversity of the kiwis, the other ratite group

. The DNA evidence suggests that New Zealand had two separate invasions of ratites, an early invasion from the moas

. The common ancestors of divergent groups are labelled (A-L) on the diagram at the bottom of the previous page. State

cunemid

{b) Identify the primitive feature shared by ratites and tinamou:

L3

Describe two anatomical changes, common to all ratites, which have evolved as a result of flightlessness. For each,

(a) Anatomical change:

Selection pressure;

(b} Anatomical change:

Selection pressure:

. (&) The extinct elephantbird from Madagascar Is thought to be very closely related to ancther modern ratite. Based

purely on the geographical distribution of rafites, identify the modern species that is the most likely relative:

(b) Explain why you chose the modern ratite in your answer to (a) above:

(c) Draw lines on the diagram at the bottom of the previous page to represent the divergence of the elephantbird from
the modern ratite you have selected abova.

{b) Explain why these other flightless species are not considered part of the ratite group:

found in New Zealand. The moas are classified into at least four genera, whereas kiwis have only one genus. The diets
of the moas and the kiwis are thought to have had a major influence on each group's capacity to diverge into separate
species and genera. The moas were herbivorous, whereas kiwis are nocturnal feeders, feeding on invertebrates in the

leaf litter. Explain why, on the basis of their diet, moas diverged into many species, whereas kiwis diverged little:

(before the breakup of Gondwana) followed by a second invasion of the ancestors of the kiwis. Describe a possible
sequence of events that could account for this: :

the letter identifying the comman ancestor for:

{a} The kiwis and the Australian ratites: (b) The kiwis and the moas:
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Adaptive radiation is diversification (both structural and
ecological) among the descendants of a single ancestral
group to occupy different niches. Immediately foliowing the
sudden extinction of the dinosaurs, the mammals underwent an
adaptive radiation. Most of the modetn mammal groups became
established very early. The diagram below shows the divergence
of the mammals into major orders; many occupying niches left
vacant by the dinosaurs. The vertical extent of each gray shape

o) o
g 2, 08 = 328
8 o @ o] o Cm
7 £ = 5 B =3
§ 85 g2 5 B2
@ o T mS < o5
Holocene
10 000 yrs
Pleistocene
1.8 my
Pliocene
5 my :
Miacene
25 my "
s
Oligocene FOR)
A
37 my - H
Eocene
53 my
Paleocene
65 my
134 my
200 my

1. In general terms, discuss the adaptive radiation that occurred in mammals:

shows the time span for which that particular mammal Ord'é}zhas '
existed (note that the scale for the geological time scale in the
diagram is not linear). Those that reach the top of the chart have
survived to the present day. The width of a gray shape indicates
how many species were in existence at any given time (narrow
meeans there were few, wide means there were many). The
dotted lines indicate possible links betweaen the various mammat
orders for which there is no direct fossil evidence,

Pinnipoeds
Insectivores
Colugos
Primates
Elephant shrews
Rodents

Hares, rabbits
Pangoling
Anteaters, sloths
Marsupials
Monotremes

dolphins
Carnivores

o
0
£
[}
=
=

| Bats

2. Name the term that you would use to describe the animal groups at point C (above):

3. Explain what occurred at point B (above):

4. Describe two things that the animal orders labeled D (above) have in common:

(a)

(b)

5. Identify the two orders that appear to have been most successful in terms of the number of species produced:

6. Explain what has happened to the mammal orders labeled A in the diagram above:

7. Identify the epoch during which there was the most adaptive radiation:

: © Biozone International  2001-2010
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8. Describe two key features that distinguish mammals from other vertebrates:

{a) (b)

9. Describe the principal reproductive features distinguishing each of the major mammalian lines {(sub-classes):

(a) Monotremes:
* 14

{b) Marsupials:

(c) Placentals:

i

|

| 10. There are 18 orders of placental mammals (or 17 in schemes that include the pinnipeds within the Carnivora). Their

it names and a brief description of the type of mammal belonging to each group is provided below. [dentify and fabel each
of the diagrams with the correct name of their Order:

Orders of Placental Mammals

Al

X

lesh‘eating mammals’(cariids, raccoons
ears; cats)

- 13 14, i5 16 17 18
{ 11. For each of three named orders of placental mammal, describe one adaptive feature that allows it to exploit a different
! niche from other placentais, and describe a biological advantage conferred by the adaptation:

(&) Order: Adaptive feature:

Biological advartage:

(b) Order: Adaptive feature:

Biological advantage:

(c) Order: | Adaptive feature:

Biological advantage:

@ Biozone International 2001-2810
Photacopying Prohibited -

[




The camel family, Camelidae, consists of six modem-day species
that have survived on three continents: Asia, Africa and South
America. They are characterized by having only two functional
toes, supporied by expanded pads for walking on sand or snow.
The slender snout bears a cleft upper lip. The recent distribution
of the camel family is fragmented. Geophysical forces such as
plate tectonics and the ice age cycles have controlled the extent
of their distribution. South America, for example, was separated
fram North America until the end of the Pliocene, about 2 million
years ago. Three general principles about the dispersal and
distribution of land animals are:

B When very closely related animals (as shown by heir
anatomy) were present at the same time in widely separated
parts of the world, it is highly probable that there was no
barrier to their movement in cne or both directions betweer
the localities in the past.

B The most effeclive barrier to the movement of land animalé
(particularly mammals) was a sea between continents (as
was caused by changing sea levels during the ice ages).

B A scattered distribution of modern species may be explained
by the movement out of the area they orlginally occupied, or
by extinction In those regions between modern species.

Origin and Dispersal of the Camel Family

Recent distribution

Tertiary distribution

Arabian camet from North
Africa and the Middle East

Arabian camel
Camelus dromedarius

Bactrian camels in
the Gobi Desert
region of central Asia.

Arabian camels were introduced
into Australia from the Middle
east in the 1850s. An estimated
100 600 roam wild throughout

Bactrian camel
Camelus bactrianus

Australia's sandy deserts. @

Ancestor of camel family
originated in North America
durzing the tertiary period

about 46 miliion years ago.

Four llama species, including the
domesticated llama and alpaca,
as well as the wild guanaco and
vicuiia, exist in the mountainous
regions of South America.

Vieuna
Vicugna vicugna |

+

Farmation of a land bridge
across the Bering Strait
allows passage into Asia by
about 1 million years ago.

& Liama

/ Lama glama

Guanaco
Lama guanicoe

1. The early camel ancestors were able to move into the tropical regions of Central and South America. Explain why this

did not happen in southern Asia and southern Africa:

2. Arabian camels are found wild in the Australian Outback. Explain how they got there and why they were absent during

prehistoric times:

3. The camel family originated in North America. Explain why there are no camels in North America now:

4, Suggest how early camels managed to get to Asia from North America:

5. Describe the present distribution of the camel family and explain why it is scattered (discontinuous):
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Extinction is an important process in evolution as it provides
opportunities, in the form of vacant niches, for the development
of new species. Most species that have ever lived are now extinct.
The species alive today make up only a fraction of the total list of
species that have lived on Earth throughout its history. Extinction
is a natural process in the life cycle of a species, Background
extinction is the steady rate of species turnover in a taxonomic
group (a group of related species). The duration of a species
is thought to range from as little as 1 million vears for complex

larger organisms, to as long as 10-20 million years for simplar
organisms. Superimposed on this constant background extinction
are catastrophic events that wipe out vast numbers of species in
relatively brief periods of time in geological terms. The diagram
below shows how the number of species has varied over the
history of life on Earth. The number of species is indicated on the
graph by families; a taxonomic group comprising many genera
and species. There have been five major extinction events and
two of these have been Intensively studied by palasontologists,

1. Describe the main features (scale and type of organisms killed off) of each of the following major extinction events:

{a) Permian extinction:

{b) Cretaceous extinction:

(¢} Megafaunal extinction:

2. Explain how human activity has contributed to the most recent mass extinction:

3. In general terms, describe the effect that past mass extinctions had on the way the surviving species further evolved:
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Traditionally, phylogenies were based largely on anatomical
or behavioral traits and biologists altempted to determine the
relationships between organisms based on overall degree of
simitarity or by tracing the appearance of key characteristics.
With the advent of molecular techniques, homologies can now
be studied at the molecular level as well and these can be
compared to the phylogenies established using cther methods.
Protein sequencing provides an excellent tool for establishing
homologies (similarities resuiting from shared ancestry). Each

Ammo Acid szferences

Using Immunology to Determine Phylogeny

The immune system of one species will recognize the blood proteins of
another species as foreign and form antibodies against them. This property
can be used to determine the extent of homeclogy between species. Blood
proteins, such as albumins, are used to prepare antiserum in rabbits.
The antiserum contains antibodies against the test blood proteins (e.q.
human} and will react to those proteins in any blood sample they are
mixed with, The extent of the reaction indicates how different the proteins
are; the greater the reaction, the greater the homology. This principle is
illustrated (right} for antiserum produced to human blood and its reaction

with the blood of other primates and a rat.

protein has a specific number of amino acids arranged in a
specific order. Any differences in the sequence reflect changes
in the DNA sequence. Commonly studied proteins include blood
proteins, suck as hemoglobin (below), and the respiratory
protein cytochrome ¢ (overleaf) Many of these proteins are
highly conserved, meaning they change very little over time,
presumably because mutations would be detrimental t¢ basic
function, Conservation of protein sequences is indicated by the
identical amino acid residues at corresponding parts of proteins.

beta chain alpha chain

alpha chain beta chain

in most vertebrates, the oxygen-transporiing
blood protein hemoglobin is composed of four
pelypeptide chains, two alpha chains and two heta
chains. Hemoglobin is derived from myoglobin,
and ancestral species had just myoglobin for
oxygen transport. When the amino acid sequences
of myoglobin, the hemoglobin alpha chain, and
the hemoglobin beta chain are compared, there
are geveral amino acids that remain conserved
between all three. These amino acid sequences
must be essential for function because they have
remained unchanged throughout evolution.

Precipitate
jorms

Human Gorilla Baboon Lemur

Decreasing recognition of the antibodies
against human blood proteins

Millions of years ago
30 20 10 0

North
American
treefrogs

European
treefrogs

——
W
—

Cricket frog

Chorus
frogs
Australian
tfree frog

|

7 T T T T T
60 80 40 30 20 10

Immunological distance
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The relationships among tree frogs have Deen established by
immunclogical siudies based on biood protems such as
immunoglobuling and albumins, The immunoclogical distance is
a measure of the number of amino acid substitutions between two
groups. This, in turn, has been calibrated to provide a time scale
showing when the various related groups diverged.
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Evolutionary change at the
molecular levet ocours primarity
through fixation of neutral
mutations by genetic drift. The
rate at which one neutral mutation
replaces another depends an

the mutation rate, which is fairly
constant for any particular gene.

Cytochrome ¢ and the M

If the rate at which a protein
evolves is roughly constant
over time, the amount of
molecular chanige that a
proteln shows. can be useéd
as a molecular clock to date
evalutionary events, siich as
the divergence of species.

olecutar Clock Theory

The molecular clock for each

species, and each protein, @ &

"+ For example; 20 aming /7
racid substitutions ina -

may run at different rates, 50 -

_ scientists calibrate the molecular

‘ clock data with other evidence :. -

(morphological, molecular)

_ 1o confirm phylogenetic

' refalionshipfs.'

: - Substitution rate of 5
" substitutions per 100 my,

' pratein since two organisms
« i diverged from a known'
_"6ommon ancestor 400

~‘mya indicates an 'aVera:‘cj

e

1 6 10 14 17 {18
Humman Gly | Asp | Val [ Glu |[Lys [Gly |Lys | Lys [lle |Phe|lle |Met|Lys | Cys | Ser | GIn | Cys | His
Pig val | Gla 1| Ala
Chicken ile val | GIn
Dogfish val || val | Gln Ala
Drosophila | << Leu { ."]val |Gln Arg. | Ala
Wheat << Asn | Pro | Asp | Ala Ala = Lys | Fhr | Ala
Yeast << 1 Ser { Ala }lys Taa | Tar | Leu iys | Thr | Arg ; | Gl

This table shows the N-terminal 22 amino acid residues of human cylochrome ¢, with corresponding sequences from other organisms aligned beneath,
Sequances are aligned to give the most position maiches. A shaded square indicates no change. In every case, the cytochrome's heme group is
attached to the Cys-14 and Cys-17. In Drosophila, wheat, and yeast, arrows indicate that several amino acids precede the sequence shown.

The sequence homology of cytochreme & (right), a
respiratory protein, has been used to construct & -
phylogenetic tree for species across a wide range

of taxa. Overall, the phylogeny afigns well to other
evolutionary data, although the tree indicates that
primates branched off before the marsupials diverged
from other placental marmals, which is incorrect based
on a variety of other evidence. As indicated by the table
above, cytachrome ¢ is highly conserved, which means
that ls sequence changes very little despite speciation.

Ancestral

organism

Tl Chiicken

~ Turtle

~ Rattlesnake
- TUna

Screwworm fiy

Samia cynthis (moth)

Neurospora crassa {mold)

30 25

- Saccaromyces (baker's yeast)

20 15
Average minimal substitutions

10 5

Explain why chimpanzees and gorillas are considered most closely related to humans, while monkeys are less so:

~ Candida krusei (yeast)

2. (a) Explain why a respiratory protein like cytochrome C would be highly conserved:
(b) Suggest why highly conserved proteins are good candidates for use in establishing protein hornologies
3. Discuss some of the limitations of using protein homology, specifically molecular clocks to establish phylogeny:
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Establishing a phylogeny on the basis of homology in a protein,
such as cytochrome ¢, is valuable, but it is also analogous
to trying to see a complete picture through a small window.
The technique of DNA-DNA hybridization provides a way to
compare the total genomes of different species by measuring the
degree of genetic similarity between pools of DNA sequences.
It is usually used to determine the genetic distance between
two species; the more closely two species are related, the

Flamingo Inis Shoebilt  Pelican Stork New World
vulture

Millions of years ago

DNA difference score

The relationships among the New World vultures and storks have been
determined using DNA-DNA hybridization. it has been possible to estimate
how long ago various members of the group shared a commaon ancestor.

1. Explain how DNA hybridization can give a measure of genetic relatedness between species:

measure of 'relatsdne
clock against known fos
DNA samples o help deté
divergence from the ape

Similarity of human DNA to that of other primates

DNA similarity (%)
0 2[0 ;_«:0 6‘0 80 1?0

Primate species

The genetic relationships among the primates has been investigated using
DMNA-DNA hybridization. Human DNA was compared with that of the other
primates. It largely confirmed what was suspected from anatomical evidence.

2. Study the graph showing the results of a DNA hybridization between human DNA and that of other primates.
{a) Identify which Is the most closely related primate to humans:

{b) Identify which is the most distantly related primate to humans:

3. State the DNA difference score for:  (a} Shoebills and pelicans: (b) Storks and flamingos:

4, On the basis of DNA hybridization, state how long ago the ibises and New World vultures shared a common ancestor:
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Many procedures in DNA technology (such as DNA sequencing
and DNA profiling) require substantial amounts of DNA to work
with. Some samples, such as those from a crime scene or
fragments of DNA from a long extinct organism, may be difficult
to get in any quantity. The diagram below describes the laboratory
technigue called polymerase chain reaction (PCR). Using this
technique, vast quantities of DNA identical to trace samples can

A Single Cycle of the Polymerase Chain Reaction

annealed

Primer moving
into position

€3 The sample is cooled to 60°C.
Primers are annealed (bonded)
{o each DNA strand. in PCR, the
primers are short strands of DNA;
they provide the stasting
sequence for DNA extension.

o A DNA sample (called target
DNA) is obtained. It is denatured
(DNA strands are separatedyby
heating at 98°C for § minutes.

Repeat for about 25 cycles

be created. This process is often termed DNA amplification.
Although only one cycle of replication is shown below, following
cycles replicate DNA at an exponential rate. PCR can be used to
make literally billions of copies in only a few hours. Linear PCR
differs from regular PCR in that the same original DNA templates
are used repeatedly. It is used to make many radic-labefed DNA
fragmenits for DNA sequencing.

DNA polymerase: A thermally stable form of

the enzyme is used (e.g. Tag polymerase).
This is extracted from thermaophilic bacieria.

o After cne cycle, there are now

@ Free nucleotides and the
two copies of the original DNA.

enzyme DNA polymerase are
added. DNA polymerase binds
to the primers and, using the
free nucleotides, synthesizes
complementary strands of DNA.

Repeat cycle of heating and cooling until enough copies of the target DNA have been produced

1. Explain the purpose of PCR:
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2. Briefly describe how the polymerase chain reaction (PCR} works:

3. Describe three situations where only minute DNA samples may be available for sampling and PCR could be used:

(a)

(b)

{c)

4. After only two cycles of replication, four copies of the double-stranded DNA exist, Calculate how much a DNA sample
will have increased after:

{a) 10 cycles: (b) 25 cycles:

5. The risk of contamination in the preparation for PCR is considerable.

(a) Explain what the effect would be of having a single molecule of unwanted DNA in the sample prior to PCR:

(b} Describe two possible sources of DNA contamination in preparing a PCR sample:

Source 1:

Source 2:

{c) Describe two precautions that could be taken to reduce the risk of DNA contamination;

Precaution 1:

Precattion 2:

6. Describe two other genetic engineering/genetic maniputation procedures that require PCR amplification of DNA:

‘ (@)

(b)
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ne of the essential tools of genetic engineering is a group
of special restriction enzymes (also known as restriction
donucleases). These have the ability to cut DNA molecules at
very precise sequences of 4 to 8 base pairs called recognition
tes. These enzymes are the “molecular scalpels” that allow
genetic engineers to cut up DNA in a controlled way. Although
st isolated in 1970, these enzymes were discovered earlier in
any bacteria (see panel on the next page). The purified forms
these bacterial restriction enzymes are used today as fools to

® Biozone International 2001-2010
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i
&

cut DNA {see table on the next page for examples). Enzymes are
named according to the bacterial species from which they were
first isolated. By using a ‘tool kit' of over 400 restriction enzymes
recognizing about 100 recognition sites, genetic engineers can
isolate, sequence, and manipulate individual genes derived from
any type of organism. The sites at which the fragments of DNA
are cut may result in overhanging “sticky ends” or non-overhanging
"blunt ends”. Pieces may later be joined together using an enzyme
called DNA ligase in a process called ligation.

Recognition site Recagnition site

Restriction I cut
enzyme
cuts here GIAATTC GLQATTC
DMA
CTTAATG CT'E‘AATG
cut cut
g
AT T o

cTr A
Fragment A
Sticky end |
ATTC G

DNA fragment with
two sticky ends

CTTAA
IO ¢
Sticky end

Recognition site Recognition site

Restriction cut

enzyme

cuts here CCCIGGG CCClGGG
ET

o

DNA i
GGG]‘ccc GGGTCCC
cut cut
The cut by this type of restriction
enzyme leaves nc overhang
GGG

ccc

ccc

DNA fragment with
two blunt ends

GGG

Related activities: Ligation’
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1.

- many bacteria. It was observed that certain -

' bacteriophages (viruses that infect bactena) I EcoRlI  Escherichia coli RY13 GAATTC
:jCOUfo not. :nfect bactena otherthan thelr usuial | Bammi Bacillus amyloliguefaciens GGATCGC
- hosts. The reason was found tobe that other .+ ) ) :
~ potential hosts cotild destroy aimost allof the | Haelll - Haemophilus aegyptius geee
L : phage DN A usmg restrfctfon enzymes present i Hindlll Haemophilus influenzae Rd AAGCTT
: 'na’ﬁuraliy in their cells; a defense mechanism .| Hpal Haemophilus parainfiuenzae GTTAAC
_'._':_agamst the entry of forelgn DNA Restrzctaon ':' | Hpall Haemophilus parainfluenzae CCGG
' -.-='enzymes are named accordmg to the specles A wbol Moraxelia bovis GATC
they. were first isolated from, followed bya‘-
y. y E Notl Norcardia otitidis-caviarum GCGGCCGC
--number to dlstmgmsh d:fferent enzymes G )
_lsolated from the same orgamsm - coonp Tagl Thermus agualicus TCGA

Orlgm of Restrlctlon Enzymes

Sl Reebghi't_ioh"_'sites_ f_e_r_'se_f'eeted' restriction enzymes
-Restriction enzymes have been isolated from -

‘Source

Explain the following terms, identifying their rofe in recombinant DNA technology:

(2) Restriction enzyme:

(b) Recognition site:

(¢} Sticky end:

{d) Blunt end:

The action of a specific sticky end restriction enzyme is illustrated on the previous page (top). Use the table above to:

(a) Name the restriction enzyme used:

(b) Name the organism from which it was first isclated:

(c) State the base sequence for this restriction enzyme’s recognition site:

A genetic engineer wants to use the restriction enzyme BamHlI to cut the DNA sequence below:

{a) Consult the table above and state the recognition site for this enzyme:

(b} Circle every recognition site on the DNA sequence below that could be cut by the enzyme BamHl:

..[AA'I'GGGTAC GICACAGTGGAT]CCACG’I‘AGTAITGCGATGCGTIAG'I‘GTT'I‘AT GIGAGAGAAGAA
.IA.B.CGCG’féGC[CII‘I"I“.l"l‘.'A.'I‘CGA]'JE.‘..G.(IZ'1'G'I'ACGGIA'I‘GCGGAAGTiGGCGATGAGG[ATCCATGCA A
_ ITCGCGGCCGA]TCGXGTAATAITATCGTGGCTIGCG’I‘TTA.‘I.”I‘AD[’.‘L‘CJ!GTGACTAGITAGCAGTAT
'_'IcanrGfrencT]GATGc'rATGc[TGAcTATGcT[A-rG'r'rTTTAT[GcTGGAchalGCGT.u.GCAT

'-l'r'rcGcTecGTIGGATCcCATA[TccTTATATGIC:ATATATTCTITATACGGATc|GCGCAc<;TT'J.'

{c) State how many fragments of DNA were created by this action:

When restriction enzymes were first isolated in 1970 there were not many applications to which they could be put to useé.
They are now an important tool in genetic engineering. Describe the human needs and demands that have driven the
development and use of restriction enzymes in genetic engineering:
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= Gel Electrophoresis

Gel electrophoresis is a method that separates large molecules i applied. Active electrodes at each end of the gel provide the
(including nuclsic acids or proteins) on the basis of size, electric  driving force. The electrical current from one electrode repels the
charge, and other physical properties. Such molecules possess  molecules while the other electrode simultaneously attracts thg
a slight electric charge (see DNA below). To prepare DNA for ge!  molecules. The frictional force of the gel material resists the flow
electrophoresis the DNA is often cut up into smaller pleces. This  of the molecules, separating them by size. Their rate of migration,
is done by mixing DNA with restriction enzymes in controlled through the gel depends on the strength.of the electric field,
g conditions for about an hour. Called restriction digestion, it  size and shape of the molecules, and on the ionic strength and
produces a range of DNA fragments of different lengths. During  temperature of the buffer in which the molecules are moving. After
electrophoresis, molecules are forced to move through the staining, the separated molecules in each lane can be seen ag a
pores of a gel (a jelly-like material), when the electrical current  series of bands spread from one end of the gel to the other.

B (-ve)

Analyzing DNA using Gel Electrophoresis (el @

DNA markers, a mixture of DNA
. ) melecules with known melecular (-ve) @
DNA solutaqns: Mixtures weights (size) are often run in one
of different sizes of DNA lane. They are used to estimate the
fragments are loaded in sizes of the DNA fragments in the
each well in the gel. sample lanes. The figures below are . ,
hypothetical markers (bp = base pairs). DNA is negatively charged because the
phosphates {black) that form part of the backbone
of a DNA mclecule have a negative charge.

5 lanes

Negative electrode (—-)

Weills: Moles are created in the
gel with a comb, sewing as a
reservoir to hold the DNA solution.

) Large
- fragments

DNA fragments: The gel matrix
acls as a sieve for the negatively
charged DNA melecules as they
move towards the positive
terminal, Large molecules have
difficulty getting through the holes
in the matrix. Smail molecules
move easily threugh the holes,

ﬂ;_soluhon {the liquid used to ca'rry the DNAI
i stable form). The solution is heated untll dissal
L and poured :nto_the tray and allowed 10 coc

‘4, ;-'The gel tray'i is placed in an electropho
©. chamber and the chambet.is filled with buff

7 :covering U the gel.This allows the electnc’curr
.- from electrodes at eifer end of the gel t

Large fragments wilt lag behind B I
o ough the gel

small fragments as DNA

fl molecules migrate through the
gel. As the separation process
| continues, the separation

: between larger and smaller
fragments increases.

5. DNA samp!es are mixed with a Yleading dye
1000 bp ' “make.the DNA sampte visible, The dye also
e contalns glycerol of sucrose ‘to make th

: -'.sample heavy so that it will sink to the bottom

Small ’ P
fragments D

Tray: The gel is poured into this
tray and allowed to set.

' safety coverls place erth gel ele
re aﬂaclj;' aef to a power supply a d tiir

7. When the dye marker has moved through
" gel, the current is tumed off and the gal s
"removed from the tray.-

Positive electrode (+)

8, : 'DNA molecules are made Vi ible by ain|
el wnih ethldaum bromlde whlch bmcl 0 |
nd will fluoresce in Uy hght

] Gel: A gel is prepared, which will act as a support
' for separation of the fragments of DNA. The ge! is
a jelly-like material, called agarose.

1. Explain the purpose of gel electrophoresis:

E 2. Describe the two forces that control the speed at which fragments pass through the gel:
(a)
(b}

. 3. Explain why the smallest fragments travel through the gel the fastest:

Wi
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Ligation

INA fragments produced using restriction enzymes may be
gassembled by a process called ligation. Pieces are joined
ogether using an enzyme called DNA ligase, DNA of different
yigins produced in this way fs called recombinant DNA

Plasmid

: o If two pleces of DNA are cut by DNA

_the same restriction enzyme,
they will produce fragments with
¢ matching sticky ends (ends
- with exposed nucleotide bases

Ciat each end)

: e When two such matchlng stlcky :

GTTAA

fragment

(because it is DNA that has been recombined from different
sources). The combined techniques of using restriction enzymes
and ligation are the basic tools of genetic engineering (also
known as recambinant DNA technology).

. NOTE: This other end of
the foreign DNA is
attracted to the remaining
sticky end of the plasmicd

The two difierent DNA
fragments are attracted to each
other by weak hydrogen bonds

AATTC
|
7777 B

Foreign DNA fragment

e ‘ends come together, they can
“join . by base-pairing. This .
+ process is called annealing.
- This can aliow DNA fragments o
- :-ffom a dlfferent source, perhaps
loa plasmld to be jOI!’led to the - -
: DNAfragment i

e The ;omed fragments will _
i _usually form either a Imear' s
S 'molecule oracwcular one,as -
E 'shown here for a plasmld
IR However ‘other’ comblnatlons .
g of fragments can occur

@ The fragments of DNA are -

o joined together by the enzyme
. DNA ligase, producmg a'_-' '
molecuie of recombmant DNA

Fragments linked
permanently by
DNA ligase

Restriction sites on the
fragments are attracted
by base pairing only

Piasmid Foreign
DNA DNA
ragment fragment

Gap in DNA

molecule's

‘backbene’

Recombinant
Plasmid DNA

No break in
DNA molecuie

The fragments ara able fo join
together under the influence
of the enzyme: DNA ligase

I. Explain in your own words the two main steps in the process of joining two DNA fragments together:

(a) Annealing:

(b) DNA ligase:

4

Refer to the activity DNA Replication and briefly describe the usual role of DNA ligase in a cell:

3. Explain why ligation can be considered the reverse of the restriction enzyme process:
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in chromosomes, some of the DNA contains simple, repetitive
sequences. These noncoding nucleotide sequences repeat

emselves over and. over again and are found scattered
throughout the genome. Some repeating sequences are short
(2-6 base pairs) called microsatellites or short tandem
repeats (8TRs) and can repeat up o 100 times. The human
nome has numerous different microsatellites. Equivalent
sequences in different people vary considerably in the numbers
of the repeating unit. This phenomenon has been used to
develop DNA profiling, which identifies the natural variations
ound in every person’s DNA. ldentifying such differences in the
DNA of individuals is a useful tool for forensic investigations.

Telomeres—> 4

Centromeres — g

g Homologous pair
of chromosomes

In 1998, the FBl's Combined Offender DNA Index System
(CODIS) was established, providing a national database of DNA
samples from convicted criminals, suspects, and crime scenes.
In the USA, there are many laboratories approved for forensic
DNA testing. Increasingly, these are targeting the 13 core STR
loci recommended by the FBI; enough to guarantee that the odds
of someone else sharing the same result are extremely unlikely
{less than one in a thousand million). The CODIS may be used
to solve previously unsolved crimes and to assist in current or
future investigations. DNA profiling can also be used 1o establish
genetic relatedness (e.g. in paternity or pedigree disputes), or
when searching for a specific gene {(e.g. screening for disease).

Microsatellites (Short Tandem Repeats)

Microsatellites consist of a variable number of tandem
repeats of a 2 to 6 base pair sequence. In the example
helow it is a two base sequence {(CA} that is repeated.

The human genome contains abeut 100 000 separate biocks
of tandem repeats of the dinucleotide: CA. One such block
at a known focation on a chromesome is shown below:

I

1 DNA

{caJcalcalcaicalcalcal

The tandem repeat may exist in
two versions (alleles) in an

Microsatellites are found throughout the genome:
within genes (introns) and belween genes, and
particularly near centromeres and telomeres.

avel faster than larger ones
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Flanking regions to which PCR
primers can be attached

hamelogous chromosome. Each
of the strands shown leftis a
double stranded DNA, but only
the CA repeat is illustrated.




Forensic Applications of DNA Profiling -~

The use of DNA as a tool for solving crimes such as homicide  parts, solve cases of industrial sabotage and contamination, for
is well known, but it can also be used to as a solution to many  paternity testing, and even in identifying animal products illegally !
other problems. DNA evidence has been used to identify body made from endangered species,

e DNA Is isolated and profiies are made from all samples and
compared to known DNA profiles such as that of the victim.

= = =
DNA left behind when e Lo R
offender drunk from a cup iy m i)
——— : in the kitchen. e o EELOC
Offender was wearing a cap . REN . [
but lost it when disturbed. mm T om
DNA can be retrieved from == ERRC
flakes of skin and hair. -
CA B G D Investigator Victim

Profiles from collected DNA

Unknown DNA samples are compared to DNA databases of

- e convicted offenders and to the DNA of the alleged offender. ‘
Bloodstain. DNA can be . e
extracted from white blood HalraE;NA Ca";l be ) - o _—
cells in the sample recovered from cells at the S
base of the sirand of hair. i = o
= - oem
During the initiat investigatic_)n, sample§ of material tl?at may ?ontain Afleged offender i) EE Em D EEm
DNA are taken for analysis. At a crime scene, this may include A CESFE G
blood and bod¥ fluids as well as samples of clothing qr 9bject5 that Profiles from DNA database
the offender might have touched. Samples from the victim are also
taken to eliminate them as & possible source of contamination. Although it does not make a complete case, DNA profiling, in
conjunction with other evidence, is one of the most powerfut
tools in identifying offenders or unknown tissues.

1. In the above case two sets of DNA profiles are shown,
Describe the purpose of lane A in each set of profiles:

" Whale DNA:Tracking lllegal Slaughter -

2. Explain why DNA profiles are obtained for both the
victim and investigator:

3. Use the evidence to decide if the alleged offender is
innocent or guilty and explain your decision:

E spemes ‘of whales can be captured | _sclentmc research and
~thelr meat sold legally. Most, mcludmg humpback -and blue _
whales, are fully piotected and to capture or kill them for any b

4, Explain how DNA prefiling could be used to refute purpose Is illegal. Between 1999 and 2003 Scott Baker and
official elaims of the number of whales being captured associates from Oregon State University’s ‘Marine Mammal
and sold in fish marketis: Instifuie investigated whale ‘meat sold in markets in Japan

. and South Korea. Using DNA profiling techniques, they found
-around 10% of the samples tested were from fully protected
whales jncluding western gray whales -and humpbacks. They
also found that many more whales were besng kllled than were'
bemg ofﬂcnally reported :
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Fan: 1291

IR EEE R
$006006 083580 |

The pheto above shows a film output from a DNA profiling procedure.  DNA profiling can be automated in the same way as DNA sequencing,
Those lanes with many regular bands are used for calibration; they Computer software is able o dispiay the results of many samples run at
contain DNA fragment sizes of known length. These calibraticn lanes can  the same time. iy the photo above, the sample in tane 4 has been selected
be used to determine the length of fragments in the unknown samples. It displays fragments of different length on the leit of the screen,

1. Describe the properties of short tandem repeats that are important to the application of DNA profiling technology:

2. Explain the role of each of the following techniques in the process of DNA profiling: ‘
{(a) Getl electrophoresis:
(b) PCR; |
i
3. Describe the three main steps in DNA profiling using PCR:
(a)
(o)
()

Explain why as many as 10 STR sites are used to gain a DNA profile for forensic evidence:
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Gene cloning is the process of making large quantities of
a piece of DNA once it has been isolated. Its purpose is
to yield large quantiies of an individual gene or its protein
product when the gene is expressed. Genes can be cloned
in vitro in an automated process called PCR, which amplifies
the DNA. Genes can also be cloned when they are part of
an organism, in a technigque called in vivo cloning. A gene of
interest (e.g. a human gene) is inserted into the DNA of a vector,
resulting in & recombinant DNA molecule called a molecular
clone. This technique uses the self-replicating properties. of

Preparing a Gene For Cloning

Intren Intron

@ Double stranded DNA of
a gene from a eukaryctic
organism {e.g. human}
containing introns.

Exon Exon

Transcription

As a normal part of the cell
pracess of gene expression,
transcription: creates a primary

le. -
RNA molecule. Primary RNA

Exons are
joined tagether

e The introns are removed by restriction
enzymes to form a mature mRNA

Preparing a Gene for Cloning

Iniron

the vector fo make copies of the gene. The genes of intereg
are rarely ready for cloning in their native form because they
include pieces of non-protein coding DNA, called |ntrons
which must be removed. Molecular biclogists have a hang
tool in the form of an enzyme, called reverse transcnptas;_.
which makes this possible. Reverse transcriptase is a common
name for an enzyme that functions as a RNA-dependent DNa
polymerase and it is used to copy RNA into DNA, This task
is integral to both in vitro and In vivo gene cloning because it
produces a reconstructed gene that is ready for amplification,

Intron

Infron

Double stranded
molecule of
genomic DNA

]

Exon

Exon Exon

-~

.
.
'Y

introns
Introns are

removed

(now excluding the introns} that codes f

L]

for th kil ingf in.
or tha making of a single protein mRNA

@ The mRNA is extracted from the cell and purified.

Why remove ihe |ntrcms?

. In caises of in-vivo clomng, it makes the
DNA {the gene} shorter, and therefore easter
to insert into plasmlds :

traizgf{ st?on + It means that large amounts of non-codmg ;
P DNA are not made by PCR. B
N

« In'cases of in-vivo cloning, it allows the © -

mANA
Reverse transcriptase is added which oNa |
synthesises a single stranded DNA A

molecule complementary 1o the mRNA,

@ The secend DNA strand is made by
using the first as a template, and
adding the enzyme DNA polymerase.

DNA [
DNA |

1. Explain the role of restriction enzymes in preparing a clone:

bacteriat enzymes to properly iranslate the
human gene from the reassembled DNA.

e

DNA strand being synthesized
by reverse transcriptase
Completed artificial gene consisting
= of a double stranded malecule of

complementary DNA (cDNA).

(a) Explain why introns are removed before cloning a gene:

(b) Describe the role of reverse transcriptase in this process:

3. Describe the normal role of reverse transcriptase:

Related activities: In Vivo Gene Cloning, Polymerase Chain Reaction
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‘1t is possible to use the internal replication machinery of a cell
to clone a gene, or even many genes, at once. By using cells to
copy desired genes, it is also possible to produce any protein
product the genes may code for. Recombinant DNA techniques
(restriction digestion and ligation) are used to insert a gene of
interest into the DNA of a vector (e.g. plasmid or viral DNA}.
This preduces a recombinant DNA molecule that can used to
transmit the gene of interest to another organism. Te be useful,
all vectors must be able to replicate inside their host organism,
they must have one or more sites at which a restriction enzyme

Human cel!

DNA in
chromosome Ruman gene
A gene of interest (DNA fragment)  Sice/ g
is isclated and prepared by removal M
of introns. Sicky
end
Both the human DNA and the
plasmid are treated with thé same Gene

restriction enzyme fo produce disrupted

identical sticky ends.

Sticky
ends

(.

0 The restriction enzyme cuts the
plasmid DNA at its single
recognition sequence, disrupting
the tetracycline resistance gene.

e The DNA fragments are mixed
together and the complementary
sticky ends are attracted by base-
pairing. The enzyme DNA ligase is Human

added to bond the sticky ends. gene moleculs

@ The recombinant plasmid, or
molecular clone, is intreduced into
a bacterial cell by adding the DNA

Cloning a Human Gene

¥ Recombinant
DNA

can cut, and they must have some kind of genetic marker that
aliows them to be easily identified. Viruses, and organisms such
as bacteria and yeasts have DNA that behaves in this way,
Bacterial plasmids are commonly used because they are easy
to manipulate, their restriction sites are well known, and they
are readily taken up by cells in culture. Once the recombinant
plasmid vector (containing the desired gene) has been taken up
by bacterial cells, and those cells are identified, the gene can be
replicated many times as the bacteria grow and divide.

Escherichia coli bacterial cell

Ptasmid
Chromosome

Restriction enzyme
recognition sequence

N

Tetracycline-
resistance gene

Ampicillin-
. resistance gens
Plasmid [

vecior

9 An appropriate plasmid
vector is isolated from a
bacterial cell. Plasmids
replicate independently of
the bagcterial chromesome,

to a bactetiai culture. Under the
right conditions, some bacteria will
take up the plasmid from solution
by the process of transformation,

Preparation of the clone up to this point
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1. Explain why it might be desirable to use in vivo methods to clone genes rather than PCR:

2, Expfain when it may not be desirable to use bacteria to clone genes:

3. Explain how a human gene is removed from a chromosome and placed into & plasmid.

-

4. A bacterial plasmid replicates at the same rate as the bacteria. If a bacteria containing a recombinant plasmid replicates
and divides once every thirty minutes, calculate the number of plasmid copies there will be after twenty four hours:

5. When cloning a gene using plasmid vectors, the bacterial colonies containing the recombinant plasmids are mixed up
with colonies that have none. All the colonies look identical, but some have taken up the plasmids with the human gene,
and some have not. Explain how the colonies with the recombinant plasmids are identified:

6. Explain why the gfp marker is a more desirable gene marker than genes for antibiotic resistance:

7. Viruses are also used in in vivo gene cloning even though they have no replication machinery themselves. Explain how
viruses can be used to clone genes:
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Y Photocopying Prohibited .

.



2012 BIOL EXAM 2

Question 5

Barro Colorado Island is a small island covered by tropical forest in Central America. Seventy-four different
species of bats live in the forest,

Bats are nocturnal, flying mammals. To find their way around in darkness, many bat species emit
high-frequency sound pulses that bounce off obstacles and prey. These pulses enable them to judge the
distance to an object. This behaviour is called echolocation.

Three of the Barro Colorado Island species are described in the table below.

Species name | Facial appearance Diet Feeding Echolocation signal
of bat location
Black myotis insects around trees 40
bat at forest’s .
{Myotis edge and in = —
nigricaris) clearings g 40
=]
£
0 1 I L
10 20 30
time {milliseconds)
Mexican long- nectar and narrow gaps 160+
tongued bat pollen flowers | and small
(Choeronycteris that openat | spaces
mexicand) night, for 120 -
example =
cactus, agave =
& 80
g
g
404
10 20 30
time (milliseconds}
Velvety free- insects above trees, 80
tailed bat in open =
X
{Molossus Spaces =
molossus g 40
} g | TT—
g
¢

10 20 30
time {milliseconds)

a.  From the information provided, state one selection pressure operating on the bats of Barro Colorado

Island.

1 mark

SECTION B - Question 5 — continued
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b. . Interms of time, which of the three species emits the longest echolocation signal?

ii. Explain how this could be a selective advantage for this bat species.

[+ [ =2 marks

¢. A biologist suggested that the three species shown evolved from a recent common ancestor.
What is this type of evolution called?

1 mark

The biclogist wanted to establish the order in which each species had evolved from the common ancestor.
DNA hybridisation between the various species was carried out. After analysing the results, the scientist
drew the following phylogenetic tree.

Black myotis bat

comimon
echolocatling bat

ancestor Velvely free-tailed bat

Mexican long-tongued bat

d.  What results would have been obtained from the DNA hybridisation that led the biologist to construct
this phylogeny?

2 marks

e. A student suggested that the evolution of the three species was an example of allopatric speciation.
Explain why you agree or disagree with the student.

2 marks

SECTION B — continued
TURN OVER
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Question 7

The islands of Hawaii in the Pacific Ocean were formed as a result of volcanic action in which small land masses
were thrown up by submarine volcanoes. The youngest of the islands lies to the east of the oldest.

Pacific
Ocean

A similar pattern of deposition has been found across all islands, shown by the profile below.

a.

present —-

1500 ___

years age

////</

(?;t,uﬂ

Y F %
{";.1:;

AL A

KEY

charred
4 plant remains

A domestic dog bones

U pottery

¥ bird remains

What assumption is made about the formation of strata when interpreting profiles such as this?

I mark

i. State a hypothesis to account for the disappearance of many of the bird species from the groups of

islands,

iil. Provide evidence to support your hypothesis.

1 +1=2marks

SECTION B — Question 7 — continued
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Biologists studied many species of the fruit fly, Drosophila, living on the Hawaiian islands. The species vary
widely in appearance, behaviour and habitat, The diversity of Drosophila can be explained by the successive
colonisation of newly formed islands by a smalt number of individuals ‘island-hopping’ from the neighbouring
westerly island. This is represented in the diagram below,

istand 1 island 2

Fon

Drosophila

site 1 site 2

c. i. What name is given to this small group of colonising individuals?

ii. Explain how the new and old colonies became separate species.

1+ 3 =4 marks
Total 7 marks

SECTION B — continued
TURN OVER
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Question 5

Three different kinds of plants, a cactus, euphorbia and milkweed, have similar adaptations for growing in desert
environments. They all have long, fleshy stems for water storage, protective spines and reduced leaves. Both
the cuphorbia and milkweed plants are believed to have evolved from leafy plants adapted to more temperate
climates. They share a more recent ancestor than either one does to a cactus.

a.  Draw an evolutionary tree (also called phylogenetic tree or cladogram) to demonstrate this relationship.

1 mark

b. Name the process by which the ancestral leafy euphorbia plant could have given rise to the desert-adapted
species described above.

1 mark

¢ What is a possible explanation for there being so few cactus fossils?

1 mark

Total 3 marks

SECTION B — continued
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Question 5

Eastern tiger snakes (Notechi scutatus) living on desolate islands off mainland Australia have [onger jaws than
the mainland populations of snakes. The diet of island snakes includes large prey, such as seagull chicks, while
the diet of the mainland snakes consists of small prey, such as frogs and mice.

Researchers set up experiments using baby snakes from both locations. Snakes were fed either large or small mice
over several months, until they reached maturity. The method and results are indicated in the table below.

experiment 1

experiment 2

snakes’ jaws at maturity

group A group B group C group D
island snakes | island snakes | mainland snakes | mainland snakes
Length of eastern tiger long long normal normal
snakes’ jaws at birth
Type of prey given over small mice large mice small mice large mice
several months
Length of eastern tiger normal long normal normal

a.  What were the researchers investigating in these experiments?

b.  What was the independent variable in experiment 17

1 mark

¢.  What evidence from the results suggests that the size of eastern tiger snakes’ jaws is

i. a genetically inherited trait

1 mark

ii. affected by environmental factors?

i+ 1=2marks

SECTION B - Question 5 — continued
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At present the island and mainland populations are both classified as the same species.
1t has been proposed that the two populations of snakes may eventually evolve into two separate species.

d. Outline the steps involved in the process of speciation, with particular reference to the snakes in the two
populations, You may use a labelled diagram or flow chart to illustrate your answer.

3 marks

Total 7 marks

SECTION B ~ continued
TURN OVER
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Question 9

There are two varieties of lice which live on humans: body lice which only live in clothing but feed on the body,
and head lice which only live in hair and feed on the scalp.

It is not known when humans began wearing clothes. It is difficult to find evidence of cultural evolution in early
humans as changes in behaviour are rarely reflected in physical changes visible in fossils. However, indirect
evidence can be found.

e 7

Wi Lly_| r'l_f_:ﬂ:

\—‘}_\}\.‘ * ‘.‘.l u’il_r

e ST, o
L

g ey

head louse Pedictdus humanus capitis body louse Pediculus humanus corporis

A scientist used DNA hybridisation to measure differences between the DNA of head lice and body lice. He
estimated that the two groups diverged about 72 000 years ago.

a.  Explain how DNA hybridisation can be used to determine evolutionary relationships.

2 marks

b.  Ascientist claimed to have found other evidence showing the time at which humans began wearing clothes.
What might this evidence have been?

1 mark

¢.  Explain a possible advantage for lice of living in clothing.

| mark

Total 4 marks

END OF QUESTION AND ANSWER BOOK



21 2012 BIOL EXAM 2

Question 7

Embryonic studies of zebra fish and humans have shown common features exist. DNA studies have shown

there are common genes for particular traits, such as body pigments. The nucleotide sequence of the zebra

fish and human gene coding for body pigment are about 70% identical.

a.  Explain why zebra fish and humans have a gene coding for the same trait but have variation within the
gene,

2 marks

In Victoria, regulations require fishermen who catch golden perch fish (Macquaria ambigua) to retum small
fish to the water. Only medium-sized and large fish can be kept. In a Biology class, some students stated
that returning small fish to the water was an example of selective breeding. Other students thought it was an

example of natural selection.
b. Explain the difference between selective breeding and natural selection.

2 marks

Salmon is a species of fish. A biotechnology company has enginecred a faster-growing salmon by splicing
genes from another spectes of fish into the salmon DNA.

¢.  What general name is given to an organism that contains genes from other species?

1 mark

SECTION B - continued
TURN OVER
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Question §
The Isthmus of Panama is a narrow strip of [and that joins North and South America.

The land bridge formed approximately 3 million years ago.

El Porvenir

North America
{Costa Rica)

! South America
{Columbia)

5

Snapping shrimps, genus Alpheus, can be found on either side of the land bridge. The two groups are
phenotypicaily similar. However when the males and females from cither side of the land bridge were brought
together they snapped aggressively at each other and would not mate. They are now considered to be two
different species.

a.  Why is the inability to mate sufficient evidence to call the two groups different species?

1 mark

b.  What type of speciation has occurred in the snapping shrimp?

I mark

¢, Explain how the differences between the shrimip on either side of the land bridge could have arisen.

2 marks

SECTION B ~ Question 8 - continued
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Thylacinus cyanccephalus {Tasmanian tiger) was the largest living marsupial carnivore in Australia at the time
of European setllement. The thylacine is believed to have become extinct on 7 September 1936 when the last
captive thylacine died in the Hobart Zoo.

There are thylacine fossils found in Tasmania and mainland Australia, but when Europeans arrived in Australia
living thylacines were only found in Tasmania. :

d.  Suggest why thylacines were not found in mainland Australia at the time of European settfement.

1 mark

Since 1936 there have been many reported sightings of thylacines in Tasmanta and along the southern coast
of Victoria.
¢.  Explain why scientists still believe thylacines are extinct.

1 mark

The dingo is a eutherian mammal and the thylacine is a marsupial mammal. Scientists regard these two carnivores
as an example of convergent evolution,
f.  Explain why scientists would regard the thylacine and the dingo as an example of convergent evolution.

1 mark

Total 7 marks

END OF QUESTION AND ANSWER BOOK
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Question 8

DNA includes sections that are called short tandem repeats {(STR), Mutations in STRs oceur, on average, every
500 generations.

Different numbers of these repeats have no obvious effect on the individual.
a.  What is the likely reason for this?

1 mark

A young man, Ben, wants to find out more about his genetic ancestry. He sends a sample of cells, obtained from
a swab of his mouth, to a laboratory. On receipt of the sample, the laboratory treats the cells to release the DNA
to enable identification of STR markers,

b. Name the process used fo produce many copies of the STR markers.

1 mark

Each of the STR markers produced is labelled with a dye and subjected to gel electrophoresis. Five of Ben’s
STR markers were compared with three family groups who have the same surname as him. The following gels
resulted.

Ben family X family Y family Z

¢ Explain which family is Ben’s most recent common ancestar.

2 marks
Total 4 marks

SECTION B — continued
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Question 5

Some people prefer to eat Wagyu cattle because of the high level of marbling (fat) in the meat. Four separate
DNA markers are used to test for marbling in an animal. Tested cattle are scored on a scale of zero to eight,
eight indicating the highest degree of marbling.

a.  What does the use of four markers suggest about the inheritance of this characteristic?

I mark

A Wagyu breeder discovered a small number of individuals in her elite herd that were suffering from Chediak-

Higashi Syndrome (CHS). CHS is an autosomal recessive condition that can affect species other than cattle.

The breeder required further information,

Gene probing was used o target CHSI, the allele responsible for the condition. The genetic probes for the

Wagyu CHS locus were derived from human alleles.

b.  Given that the genc probe for a human works for the Wagyu, what can you infer about the chemical code
for this allele?

1 mark

The Wagyu CHST allele was isolated and given a fluorescent tag. It was introduced into a yeast cell as a large,
independent, cytoplasmic chromosomal segmenl called a Yeast Ariificial Chromosome (YAC). In addition to
the allelic DNA, a YAC includes a centromere and a replication sequence. The yeast cells are then incubated
in the presence of growth stimulants and given time to replicate.

This procedure is similar to genetic engineering of bacterial plasmids, however the YAC is able to contain much
larger pieces of DNA than a plasmid.

draw your plasmid
nucfear DNA in this box

YAC
chromosoime

yeast celt bacterial ceil

c. i. Inthe bacterial cell above, draw a plasmid in the blank box.

ii. Bacterial plasmids lack a centromere. Why are YACs made with a centromere?

ifi, What term describes the process of copying a gene?

141+ 1=3marks

SECTION B — Question 3 ~ continued
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A test was developed to identify each of the normal and mutant alleles. Two cows were chosen for testing,
Cow X — a cow known to have the autosomal recessive disease CHS

Cow Y — a phenotypically normal cow with a family history of CHS

The CHS locus was isolated from each, amplified and then treated with Fok/ restriction enzyme which recognises
the nucleotide sequences

5’-GGATG-3 and 5’'-CATCC-%

The genotypes at the CHS locus for the two cows are shown in the following figure.

Genotype of known Genatype of phenotypically normal cow
affected cow with family history of CHS
| 105 bp ., 60bp
5’ 5
GCACCT TG CATCC|IT CCT
allele allele
38 6T 66 A AC 3,GTAGGAGGA
r
5 8
G CACCTTG GCACCTTAG
allele allele
3,CGTGGI’\.‘-‘\C 3,CGTGGAAC
| [
d. i. IExplain whether CowY is heterozygous or homozygous at the CHS locus.

ii. On the electrophoretic gel diagram below, draw in the band(s) that would accurately show a profile
for an unaffected cow Z with no history of CHS in the family.

cow Z marker hase pairs (bp)
o o]

w200

ez 150

o 100

EREERT 50

1 + 2 =3 marks

SECTION B - Question 5 — continued
TURN OVER
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A farmer suspected that one of his cows was a CHS carrier. He sent a sample of the cow’s hair follicles for
testing. A technician ran a gel of DNA sequences from the hair follicles and obtained the following result.

gel

sample loaded

. e oo SRR Lo
into welt

electrephoresis

result after
electrophoresis

€. What mistake must the technician have made in his procedures to obtain this result?

I mark

Total 9 marks

SECTION B — continued
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Question 6

RFLP (Restriction Fragment Length Polymorphism} analysis is commonly used to determine genetic variation

between individuals. The procedure is summarised below.

DNA extracted from

individual 1 individual 2

\ cut with / special autoradiography

restriction enzyme membrane

¢ fragments

made single
-0 o | stranded and
- o hybridised o
- T with R
== | gel soaked in alkaline solution | - ™ | aradioactive | . . -
lect gel!l L and DNA transferred from gel | —— s Rll\?ze”e?) S
electrophoresis — ; S robe S
1 _\ to spacial membrane o P > | —
_— DNA fragments - o
stage X stage Y stage Z

In this procedure, scientists select a particular restriction enzyme from an available range.
a.  Explain the reason for their choice.

Electrophoresis uses electrical current to sort DNA fragments,
b. i Describe one characteristic of this sorting process.

| mark

ii. Explain why the DNA of each individual produces a different pattern of fragments after gel

electrophoresis, even when the same restriction enzyme is used.

1+ 1=2 marks

Examine stages Y and Z.

¢.  Describe, at the molecular level, what is meant by the term “hybridised’. Why is it necessary Lo carry out

hybridisation?

2 marks

Total 5 marks

SECTION B — continued
TURN OVER
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Question 2
Victoria Police forensic scientists conduct DNA profiling using samples taken from crime scenes, Traces of
DNA of ]ess than 1 nanogram can be amplified and then profiled.

a.  Name the process which is used to amplify the DNA.

1 mark
Below is a diagram showing part of this process.
primer
stage 1
stage 2 e e S
b.  What must be done between stages 1 and 2 to separate the strands of the DNA molecule?
[ mark
¢. Complete and label the diagram at stage 2.
2 marks

SECTION B - Question 2 — continued
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Small pieces of DNA of differing length can be compared to determine whether or not a sample could have
come from a particular person. In a case, samples of DNA from the victim and the crime scene were compared
with samples from two suspects,

The DNA sampies were treated with restriction enzymes, amplified and run through gel electrophoresis. The
results for one gene locus are shown in the diagram below.

+
[ e ) e S ]
A
e e
B
FI
ree——

vietim suspect 1 sample suspect 2 standards -

from scene of one gene locus

d. Draw an arrow on the right-hand side of the diagram to indicate the direction of movement of the DNA
fragments,
1 mark

e.  What do the standards cansist of, and what is their purpose?

2 marks

f.  From these results, give a conclusion which could be drawn about the sample taken from the crime
scene.

| mark

g. What further action would you recommend to the forensic scientists investigating this case?

1 mark

Total 9 marks

SECTION B — continued
TURN OVER
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Question 4
a.  Describe the appearance of a bacterial plasmid.

1 mark

A bacterial plasmid was modified in the laboratory so that it contained a gene for an enzyme which provided

resistance to the antibiotic tetracycline.

Bacterial cells, which in their natural environment were sensitive to the antibiotic tetracycline, were mixed with

the modified plasmid. The bacterial cells were treated so that they could take up the plasmid.

b. What is the name of the process in which a bacterial cell takes up a plasmid and expresses the genes of
the plasmid?

1 mark

The outcome of an experiment is shown below.

A B c

bacterial cells only, bacterlal cells only, bacterial cells exposed lo

spread on agar spread on agar the plasmid, spread on
with tefracycline agar with {etracycline

With respect to the growth of bacteria the results of plates A and C are shown. On plate A there is a continuous
growth of bacteria aver the surface of the agar. On plate C the colonies are distinguishable from each other.

c. i.  What result would you expect on plate B with respect to the growth of the bacteria?

ii. Explain your answer to c.i.

1+ [ =2 marks

d.  Explain why there is a difference in the way the bacteria have grows on plates A and C.

2 marks

Total 6 marks

SECTION B — continued
TURN OVER



