Unit4

SAC1and?2

Resource Book

Key Words



One of the best recognized definitions of a biological species
is as "a group of aclually or potentially interbreeding natural
populations that Is reproductively isofated from other such groups”
(Ernst Mayr). However, the concept of & species Is not as simple

clasely related spacies that interbreéd to produdi fettile hybrids
(e.g. species of Canis), Indicate that the boundaries ¢f a species
gene pool can be unclear. Increasingly,” bidlogists ‘aré turning
to molecular analyses to help olarify relatidfiships between the

as it may first appear. The occurrence of cryptic specles and  closely related populations that we regard ds’oné species.
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Mexlcan wolf
[former range]

_ " Mexican wolf
i yorids Canfs ttilus |+ Canls fupus bailey!:

- Gray walf
Can;‘s _It_.l,'u_us

Domestic dog
Carils familiaris

‘Black-backed jackal

Side-striped jackai
Feue i Canls mesomelas”:
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1. Describe the ltbpe of barrier that prevents the three species of jackal from interbreeding: co u( CjQ )
(°5

05547 A LeHAUORAL LARRIH. e
5 Describe the factor that has prevented the dingo from Interbreeding with other Canis species (apart from the dog):

Q cocdNPHY

3, Descrice a pﬁsib[e contributing factor to the accurrence of interbreeding between the coyote and red wolf:

ANCE STHORIFA) 70 0vERLAP

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 populaticns:

AGuE Feow (S Szice AheE 70 occalk

Cetmplice usce) 4/nd AP k4 [RISSH .

&. Explain what you understand by the ferm 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 batrler, in which
the adjacent populations in the ring are able to interbreed, but
those at the extremes of the ring are reproductively isolated.
Such ring specles are regarded as important because they
are seen to illustrate what happens over time as populations
diverge genetically. Ensatina eschscholtzil Is a specles of lungless
salamanders found throughout the Pacific North-West of the USA to
Baja Calitornla in Mexico. £, eschscholtziihas long baen considerad a

74 Oregon Ensatlna,
£ e oregonensis

The Oregon population spread south either side of Californla's
Central Valley. Coastal and infand poputations diverged,

 Yellow-ayed,
E e xanthoptica

The yellow-eyed Ensating has crossed the central valley to

overlap In a narrow cantact zone with the Sierra Nevada

form, They oceasionally interbreed to produce fertile

offspring, but mostly the populations remaln distlnct,
= 00 M

Monterey Ensatinag,
E. e eschscholtzli

Phatonraphs; Charles W. Brown, Thanks ta fen Lowe,
Unlversity of Minnesota, for advice and Input.

8. The Ensalina species complex fulfifs two of the three criteria necessary to define a ring species (table,

In southern California, the ranges of the coastal Monterey form and
the inland large-blotched form overtap, but little or no gene fow
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.

ring species, which probably expanded southwards from an ancestraj
population in Oregon along either side of Galifornia's Central Vailey,
However, molecular analyses are now indicating that the story of
Ensalinais more complicated than first supposed, Geographically
adjacent papulations within the ring may be genetically isolated or
comprise morphologically Identical but genetically distinct eryptic
species. Regardless of the conclusions drawn from the evidence
(below), species such as Ensatina glive us reason to reevaluate
how we define spacies and quantify blodiverslty, '

" Sierra Nevada,
. E e.platensis

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

the distribution is not geographically
continuous {note the gap In the ring)
and most of the Ensatina 'subspeciss'
are genetically isolated from
geographlcally adacent ‘subspacies’
In addition, the Inland populations
Inciude two (or mors) morphalogically
undistinguishable ‘cryptic’ species.
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Gapinthering

(Mojavg desert) Large blotched,
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above left) yet

does not fit comfortably with Mayr's definition of a biological specles. Dasctibe the aspects of Ensalina that:

(a) Supporls the idea that they are a single specles:

AL Al TR cenT P orY ess70.08

AlE  AleE
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(b) Does not agree with the standard definition of a biclogical species:

2 SoOccEmESSAoty LRGSO,

AE O MALLE
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Yellow-eyed Ensafina 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 speclation is a process thought to have been occur as the result of glacial and interglacial periods, where ice
responsible for a great many Instances of specles 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 leve! changes which can'isolate papulations
number of cycles of geographical fragmentation. Such cycles can  within relatively small geographical regions R :

River barrier
prevents
ene flow
Mounlain barrier g
prevents gene
flow

Drier ciimate

Rivar bar
2 disappears
Allopatric ]
species 3

untain barrier
remafns
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1
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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:

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

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

. Distinguish between allopatry and sympalry in populations:

Faoﬁ/ 5/—[7‘1.72:/(‘, C & M

S&g P &S4¢

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

LHIE  POLOCAT D 13 __eniTde T QEAE Frocy
2 (RCH .

. Identify the process that causes the formation of new mountain ranges: Vo7 ARTH [fro 0 FraSe;”

. Identify the event that can cause large changes in sea level (up to 200 metres): dera7E CAANGES

+ Describe six physical barrlers that could isolate different parts of the same population:

[R0rT A VAL CE?’/ DI, Riyee, 4 /6, 78004 ,.4)

REpoe &

pﬁ;—'—ﬂmﬂS} FOOD/ G.c:f/l‘//i“/?:/ H O PAn

(b) Describe briefly how these selsction pressures affect the isolated gene pod! in terms of allele frequencies!
Our PAEIGR 1000 Scowd Sy So  Tar A1avES
CopTliboaa TD S Prey)  [0cAEMIE 20 O SUE
Poo .

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

(a) Prezygotic: f for oAV 004’/ [ECHS ¢ A

{b) Postzygotic: C.’/J?E?‘E NI AL (7—7'/ Ol‘e/cf/ﬂ A C A ERTIE ¢ 7

V/S?ﬂ D T o)
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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 evolutien. When divergent
evolution involves the formation of a large number of species to
occupy different niches, this is called an adaptive radiation. The

Specles H

Species P

Ponie ey

I

S
F
Changes in the F
genatic make-up F
of the two spaciss &
&

>
&
&
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Divergent! evolution:

In sequential evolution,
genalic changes
accumulale to ferm a
new spacles.

Litle genetic change;
species remains
relatively unchanged

Speciation 3
by budding

Time

1. n the hypothetical example of divergent evolution illustrated above, left:
{a) Classily the type of evolution that produced species B from specles D:
{b) Classily the type of evalution that produced species P and H from species B:

() Name all species that evolved from: Gommon ancestor D; ..g_p_/'{_ Common ancestor B; L

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

CVOCeBY dereagSe ), L

example below (right} describes the radiation of the mammals
that ocourred after the extinction of the dinosaurs; an event that
made niches available. Note that the evolution of species may not
necessarlly lnvolve branching: a specles may accumulate genetie
changes that, over time, result in the emergence of what can be
recagnized as a different species. This is known as sequential
eveolution (also called anagensis or phylatic gradualism).

Megazostradon

0,
[forms were Very small {12°¢m)’ m:
and fed o1 Insects and o t
was cllmatlc change as well as the extinetion of tha di
(and theit refated forms) that suddenly a
for exploitation by such an adaptabié ‘gene

modern mammal orders developed v ickl

C&EQU ST ¢ =
DivERC A 7

—

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

DUN.E 75 | N7 2.

ABPrrdE 7>

IATD MAAT

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

SEQUETIA — VAL PhE  ANlrer & ¢ Mencrd
C CRIM770 P PRT@U7L7

H

So 7 75

/}Q@@(ﬁﬁ“,_C)oam77bc:

2 _SPECE  EODLVE

_RNon A SimacE Corvfon A c 771

ks: Macroevolution

elated activities: The Specles Concept, Adaptive Radation in Mammials
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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 evo[unon {convergence). Similarity of form due to
lo resemble each other if they have similar ecological roles and d

Figh: Shark

Mammal: Dolphin

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

@ STAS AT 1| W&

by Etr Pr A

2. Describe iwo of the selection prassures that have influenced the body form of the swimming animals above:

@  LOATRC 13 HARD > POUE TAASGH — SApbE, Fer AHS

¥

(b)

4, Early taxonomists, when encountering new species In the Paclfic region and the Americas, were keen t0 assu;.jn them
to existing taxonomic familles based on thair apparent similarity to European species. In recent imes, 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 trus evolutionary relationships of the new specles:

ITOoRp dLoc.Y At F 3 Nos i L E ACTV=
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Convergence Between Marsupials and Placentals

Marsuplals and placental mammals were separated from each cother
very early in mammalian evolution {about 120 mya), Marsupials wera
inillally widely distributed throughout the anclent supercentinent of
Gondwana, and there are some modern species still living in the American
continant. Gondwana split up about 100 million years ago. As the
placentals developad, they displaced the marsupials In most habitats
around the world. The Island continent of Australta, because of its early
isofation by the sea, escaped this competition and placentals did not
reach the continent until the arrival of humans 35 (00 to 50 000 years
ago. The Australian marsupials evclved Into a wide variety of forms (below
teft) that bear a remarkable resamblance 1o ecologically equivalent species
of North Amerlcan placentals (below right).

" 366
-—l 4. For each of the paired examples {b)-(f), briefly describe the adaptations of body shape, diel and locomotion that appear
similar in both farms, and the likely selection pressures that are acling on these mammals to produce similar body forms:

{a) Adaptations: Bothhave rodent ~tke teeth, eat
roots and above ground plonts, ond excavote

burrows,
Selectlon pressures: Det requives chisel -like teeth

for graw'ng, The need to seek saf‘e'l'y From
Predcr\'ovs on open Svass\o.nd.

(b} Adaptations: .

Q)C/M F a5

Selection pressures:

AR,

{c) Adaptations:

(A0S

Selection pressures:

Dra<rag

{d) Adaptations:

Shsec

Selection pressures:

Moy RV ROTZ0T

(e} Adaptations:

7EE7 &

Selection pressures:

CAA /UL

(f) Adaptations:
—
&3

Salection pressures:

HEM PR 570k S
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Tha ratites evolvad from a single common ancestor; they are
a monophyietic group of birds that lost the power of fiight 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
(roof to the mouth), Flightlessness in itself is not unique to this

Efephantbird Ostrich
Several specles, exlingt, Struthio camelus,
Madagascar Africa.

Rhes
Two species,
South America,

group. There are other examples of birds that have lost?
power of flight, particularly on remote, predator-free 'isla'ndé
Fossil evidence Indicates that the ancestors of ratites_were
fiying birds living about 80 million years ago. These anesstors
also had a primitive palate, but they possessed a laeled
breastbone. v -

Emu Cassowary
Dromaius novaeholfandiae, Three species,
Ausirafia, Australla & Naw Guinea,

Kiwl
Three species,
New Zealand.

The geographlcal distrlbution of modern day and
extinct ratite species can be partlally explained in
tarms of continental drift. The ancestral ratite population
exlsted at a time when the scuthern continents of
South America, Africa and Australla (together with
thelr major ofishore islands) were joined as a single
[and mass called Gondwana, As the coatlnents moved
apart as a resuit of plate tectonics, the early ratite
pcpulations were carred with ihem, Subsequent
speciaticn on each continent and some of the islands

Mesozoic Era

Birds evolved from a saurischian
(small theropod} dinosaur ancesior
about 150 milllon years age (below)

Ralites diverge lrom lhe Ine to the rest
of tha birds about 100 miliion years ago.

produced the variety of forms shown here, The 50
specles of tinamou (see chart below) fram South
Arnerica, are censldered a sistar group to the ralites
even though they can fly, because they pessess the
archaic palate. This relationship Is confirmed by DNA
sequence tests, The diagram helow shows a possible
phylogenetic tree based upon compatrisons of
mitochondrial DNA sequences. This vlew has been
supported by the extensive comparison of skeletons
from the differant ratite species.

Eieven species {Lambert et af,
2004, all extinet, New Zealand,

Cenozoic Era

All other llving birds

Moa 1: Arnomalopleryx
Moa 2. Pachyornis
Mea 3; Dinornis

Moa 4: Megalapleryx
Lillle spolied kiwi
Great spolted kiwl

Fossit evidence suggests that Brown kiwl
ratite: ancestors possessed

a keeled breastbone and an Emu
archaic palale {roof of mouth} Cassowary

o

Latltars indlgate

Ostrich
g
a Rhea 1
" Rhea 2
common ancestars g nmauREBpEEEaEEBEOET Themou {can ily)
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. (&) Describe three physical features distinguishing all ratities from most other birds;

. {a) Name two other flightless birds that are not ratites: ﬂ AR oradd

. Eleven species of moa is an unusually large number compared to the species diversity of the kiwis, the other rafite 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 e bottom of the previous page. State

ope (&S no Fore 7 I S7 89T alde

I

{b} \dentify the primitive feature shared by ratites and tinamou:

gj.c'%—?/ﬁooo(? ‘ -

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

describe the selection pressures for the anatomical change: .
{&) Anatornical change: 01'-(:"' /}D?’ fon &
. — —
Selection pressure: F’?‘jl MOy Shcy

(b) Anatomical change: f &4 €
Selection pressure: f)’ Ef

. Name the ancient supercontineni that the ancestral ratite population Inhabited: (2 a2 Odﬁ#\]/?‘

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

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

37 AicH

(b} Explain why you choss the madern ratite in your answer to {a) above:
rAbepcon [ Affucd  ccoss

{c) Draw lines on the diagram at the bottorn 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:

RIS feccirony PASSAE [0 DR Aacid
A DFFECGOT Tr/7%™)

found in New Zealand. The moas are classifled into at lsast four genera, whereas kiwis have only one genus, The diets
of the moas and the kiwis are thought o have had a major influence on each group's capacity to diverge into separate
species and genera. The moas were herblvorous, whereas kiwis are nocturnal feeders, feeding on invertebrates in the
leaf litter. Explain why, on the basls of their diet, moas diverged into many species, whereas kiwis diverged little:

ARG ER DTS 77 oF  Food $00RCE)
Ao A ACEE

{before the breakup of Gondwana) followed by a second invasion of the ancestors of the kiwis, Describe a possible
sequence of events thal could account for this: :

1083 THE LFBAE N2 SEO NS |

_Erwr A (25 |

the letter identifying the common ancestor for:

C

{a) The kiwis and the Australian ratites; (b} The kiwis and the moas:
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Adaptive radiation is diversification (both structural and
ecologlcal) among the descendants of a single ancestral
group to occupy differenl niches. Immediately following the
sudden extinclion of the dinosaurs, the mammals underwent an
adaptive radiation. Most of the medern mammal groups became
establistied very early. The diagram below shows the divergence
of the mammals into major orders; many ocoupying nichas left
vacant by the dinosaurs. The vertical exient of 2ach gray shape

™
2 24 $8 ¥ 38
g § ¢ 28 § ¢o=
‘I’ a. E [ =1 o (=]
time s § &5 22 5 32
R Y w w I W =
Holocene y —
10 000 yrs L
Plefstocene | | i
1.8 my : B
£
Pliocens . i)
i e
5 my
Miocane ; "
t i
25 my H
. '
Oligacene | } :
4 1
a7 my * L H
] !
Eocene 3
S3my
Paleccene
65 my
134 my
200 my

-k

4 e EVOsy

In general terms, discuss the adaptive radiation that ogcurred in mammals:

¥ ; ~ |

& Vet T R

shows the time span for which that particular mammal cérd{é’?"has
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 1o the present day. The width of a gray shapa indicates
how many species were in existence at any glven time {narow
means there were few, wide means there were many). The
dotted lines indicate possible links between the various mammal
orders for which there is no direct fossil evidence.

Whales &
dolphins
Pinnipoeds
Primates
Elephant shrews
Hares, rabbits
Pangoling
Anizaters, sloths
Marsupials
bonotremes

w
@
8

=
=
@

[

.

(70 A [T A pS

/CC OS FRA7TD

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

. Colrho0 STl

Explain what cceurred at point B (above):

b

PIVEC i (Voo

4, Describe two things that the animal orders fabeled D {above) have in common:

70 _© rHE.

7 Gfat vt

@) ArCEAFONS
) [T ACT

o

identify the two orders that appear to have been most successful in terms of the number of species praduced:

RODEITS  UnIG UeAreD

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

fRT1 T

7. ldentify the epoch during which thare was the most adaptive radiation:

@ Biczane Inlemational 2001-2010
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8. Describe two key features that distinguish mammals from other vertebrates:

(a) AR ®) M/ . ___
[ 9. Describe the principal reproductive features distinguishing each of the major mammalian lines (sub-classes):
' (a) Monotremes: E;&Cj
(b) Marsupials: /O()C H
(c) Placentals: /0 (/?CW A

10. There are 18 orders of placental mammals (or 17 in schemes that include the pinnipeds within the Carnivora). Their
names and a brief description of the type of mammai belonging to each group Is provided below. [dentity and label sach
of the diagrams with the correct name of their QOrder:

\
Orders of Placental Mammals p I (

13 14 15 16
i 11. For each of threa named orders of placentat mammal, describe one adaptive feature that allows it to exploit a different

niche from other placentals, and describe a biologieal advantage confeired by the adaptation:
- —
{a) Order; pﬂ C4SciD& Adaptive feature: 7Ron <.

Biological advantags: g A OCus,mAa.,
(b) Order: Adaptive feature:
Biological advantage:
{c) Order: ' Adaptive feature:

Biological advantage:

© Blozone International  2001-2010
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The camel family, Camelidae, consists of slx modern-day species
that have survived on three continents: Asia, Africa and South
America. They are characterized by having onily two functional
toes, supported by expanded pads for walking on sand or snow.
The slender snout bears a cleit upper lip. The recent distribution
of the camel family Is fragmented. Geophysical forces such as
plate tectonics and the ice age cycles have cantrolled the extent
of thelr distributlon, South America, for example, was separated
from North America until the end of the Piiocene, about 2 million
years ago. Three general principles about the dispersal and
distribution of land animals are:

IST

Recent distribution

g@g Tertiary distribution

Arablan camel from North
Africa and {he Middle East

Arabian camel
Camelus dromedarius -

L

e
Vs,

e

Baclsian camels in
the Gobl Deserl
reglon of central Asia.

Arabian camels wera introduced
irte Australia fram the Middle
east In the 1850s. An estimated
100 G0 roam wild throughout

Bactrian camel
Camelus bactrianus

-t

did not happen in southern Asia and southern Africa;

Auslralie's sandy deserts. ]

B When very closely related animals (as shown - by :their
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 mavement In one or both directions between
the localities in the past.

8 The most effective barrier to the movement of land animals
(particularly mammals) was a sea between continents {as
was caused by changing sea fevels during the ice ages).

B A scattered distribution of modern spacies may be explained
by the movement out of the area they originaily occupled, or
by extinctlon In those regions between modern species.

Origin and Dispersal of the Camel Family

Ancesior of camel family
originated In North Amerca
during the terliary perlod
about 46 miflion years ago.

Four llama species, including the
domesticaled llama and alpaca,
as well as the wild guanaco and
vicufia, exlst in the mountainous
reglons of South America,

Vicuna
Vieugna vicugna |

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

Guanaco
Lama gquanicoe

/& Lltama ‘

Lama glama

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

URESIOAHYE S Ir RSO T

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

prehistoric times:

[ ?PORTT=D

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

HOMT7ANG,

4. Suggest how early camels managed to get to Asfa from North America;

LAAX) _ﬁﬂtﬁd =

5. Describe the present distribution of the camel family and explaln why it s scattered (discontinuous):

A oval for

LETLocZzA) Ao O cFT7aens

ON B =

ConsDri7erv’
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Extinction Is an important process in evolution as it provides
opportunities, In the form of vacamt niches, for the development
of new species. Most species that have ever lived are now extingt.
The species alive today make up only a fraction of the total Hist of
species that have lived on Earth throughout its history. Extinction
is a natral process in the life cycle of a specles, Background
extinction Is the steady rate of specles turnover in a faxonomic
group (a group of related species). The duration of a species
is thought 1o range from as litle as 1 million years for complex

ey 7 SELRIEY : ?‘5{-‘1

farger organisms, to as long as 10-20 million years for simpler
organisms. Superimposed on this constant background extinetion
are catastrophic events that wipe out vast numbers of species in
relativaly 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 isindicated on the
graph by familles; a iaxonomic group comprising many generg
and species. There have been five major extinction events and
two of these have been intensively studied by palaeontologists,

TN =

Mesozo[c\ Ed

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

7220 1y A

{a) Permian extinction;

CrbE FHE FApe

AR AE

DniDalia A

20 EAnit 3

{b) Cretaceous extinction: QD 7 \7/4

P73/ frarsses

Shacc ANl

(¢} Megafaunal extinction: f O/ OO(D \7 4

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

AropT7a), . L uctdiml§

3. In general terms, desctibe the effect that past mass extinctions had en the way the surviving species further evolved:

OLLOATON Y

ol Mot Sor7AAE OR CAanINS

0 VO VE
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Traditionally, phylogenies were based largely on aratomical
or behavioral trails and biologists attempted to determine the
relationships between organisms based on overall degree of
similatity or by iracing the appearance of key characteristics.
With the advent of molecutar techniquas, homologies can now
be studied at the molecular level as well and these can be
compared lo the phylogenies established using other methods.
Protein sequencing provides an excellent toal for establishing
homelogies (sfimitaritles resulting from shared ancestry). Each

Using Immunology to Determine Phylogeny

The immune system of one species will recagnize the blood proteins of
another specias as foreign and form antibodies against them. This proparty
can be used to determine the extent of homology between species. Blood
pratelns, such as albumins, are used lo prepare antiserum In sabbits.
The antiserum contains antibodies against the test blood protains (e.g.
human) and will react to those proteins in any blood sample they are
riixed with, The extent of the reaction indicates how different the protains
are; the greater the reaction, the greater the homology, This principle Is
Hlustrated {right) for antiserum produced te human blood and its reaction

with the bleed 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 studisd protelns include blood
profeins, such as hemoglobin (below), and the respiratory
protein cytochrome ¢ (overieaf). Many of these proteins are
highly conserved, -meaning they changs very little over tirtne,
presumably because mutations would be detimental & basic
funetion. Conservation of protein saquences Is indicated by the
identical amino acid residues at corrasponding parts of proteins.

. alpha ¢hain

alpha chain beta chain

In most vertebrates, the oxygen-transporting
blood proteln hemeglobin Is composed of four
polypeptide chains, two alpha chains and two beta
chains, Hemoglobin is derived from myoglabin,
and ancestral specles had just myoglobin for
oxygen transport. When the amine acld sequences
of myoglobin, the hemaglobin alpha chain, and
the hemoglobin beta chain are compared, there
are several amino aclds that remain conserved
baetween all three, These amino acid sequences
must be essential for function because they have
ramained unchanged throughout evolution,

Precipitale
forms

Human Gorilla Baboon Lemur

Dacreasing recognition of the antibodies
against human biood proteins

Milkons of years age

Slf} 2!0 10 0

North
Amerigan
treefrogs

European
treefrogs

Cricket frog

frogs

Australian
tree frog

60 50 40 a0 20 10 0
Immunologlcal distance
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The relationships among iree frogs have been established by
immunological studies based on biood proteins such as
immunoglobuling and albumins. The lmmunologlcal distance is
a measure of the number of amino acld substitutions betwean two
groups. This, In turn, has been callbrated to provide a lime scale
showing when the varicus related groups diverged.,

l_jUj




Cytochrome ¢ and the Molecular Clock Theory

[f the rate at which a protein
evolves s roughly constant
ovar time, the amount of

Evolutionary ¢hange at the
molecular leve! oceurs primarlly

The molecular clock for _éa\:ch.' .
“specles, and each protein, 1 °
.may run at different rates, so

For exampla, 20 aming .
acid substitutions In a

through fixation of neutral
mutations by genetic driflt. The
rate ai which one neutral mutation
replaces another depends on

the mutation rate, which Is falrly

molacular charge thata . - .
proleln shows. can be used - -
as a melacular clock to date -
evolutlonary events, sich as . |

 solentlsts calibrate the molecular :

praleit since twio afganism

‘ clock data with other evidence
7 {morphological, molécuilar)
o conlirm phylagenetic

substitutions pef 100

constant for any particular gene, the dlvergance_ of spenies.‘ rélatiohships. R
1 B 10 14

Human Gly fAsp | Vab | Glu | Lys [Gly flys |Etys Jlle | Phe | lle | Met| Lys | Cys | Ser | Gin
Pig i.pval |Gl
Chicken lle ' S val | Gt
Dogfish val [ ) val |G
Drosophifa | << v [ ew Gin | Arg
Wheat < Asn | Pre | Asp | Ala Ala The
Yeast 24 Ser | Ala | Lys ‘| Ala | Thr | Leu Thr | Asg

This table shows the N-terminal 22 amine acid resitues of human cytochrome ¢, with corresponding sequences from athar organisms aligned beneath,
Sequences are aligned fo give the most posiiion malches. A shaded square indicates no change. In every case, the cytochrome's heme group is
attached {o the Cys-14 and Cys-17. In Drosophila, wheal, and yeast, arrows indicale that several amino acids precede the sequence shown.

The sequence homology of oytochrome ¢ (right}, a
respiratory proteln, has been used to construct & -
phylogenelic tree for species across a wide range
of taxa. Overall, the phylogany allgns well to other
svolutionary dala, although the tree Indicates that

primatas branched off before the marsupials diverged ‘

from other placental mamrmals, which s incorrect based
on a varfety of other evidence. As Indicaled by the table
above, cytachrome ¢ Is highty conserved, which means

that lts sequence changes very little despile speciation. -

' Human

= Chicken
- Turile

- Rattiesnake b

. il

Tuna :

Ancesiral - Screwworm fly |
— Sarmia cynthis {moth) E

organlsm — “~ Neurospora crassa (mold)
—-—! ; " Baccaromyces (baker's yeast) ,;

~ Candida krusel (yeast) ,

30 25 20

Average minimal substitutions

1. Explain why chimpanzees and gorlllas are considered most closely related to humans, while monkeys are less so!

Mol CrD CITTE AY 1D co $tfron)

15

10 5

2. (a) Expiain why a respiratory protein like cytochrome C would be highly conserved:

A ORCASI7S Apite so was) PROTEA)

(b) Suggest why highly conserved proteins are good candidates for use in establishing protein homologles

CREANVIIS T I 725 ATE)

Aec

R R i e b 2 B A el e ST

3. Discuss some of the limilations of using protein homology, specifically molegular clocks to establish phylogeny:

) A7 S

¢ ock t1d7 ANor Ao tys
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Establishing a phylogeny on the basis of homology in a protein, ;
such as cylochrome ¢, is valuable, but it is also analogous  because there hag

to trying to see a complete picture through a small window.  will bring about these’
The techniqua of DNA-DNA hybridization provides a way to  measure of ‘relatsdasss
compare the total genomes of different specles by measuringthe  clock against known fos&i[
degree of genetic similarity batween pools of DNA sequences,  DNA samples to help déte
It is usually used io determine the genetic distance between  divergence from the .apes
two species; the more closely two species are related, the  between 10 and 5 milllon year:

)

Similarity of human DNA to ihat of other prithates

DNA similarity (%)

e

. 0 40 0 80
Flamingo this Shoebill  Pelican Stork  New Worlg i ] § 190
valture
O )
@ 10 9
& o 8
i} a
8 5. 03 g
@ L u
8 w2
= & E
qz: 40 = a
Q4104
50 |
The relaticnships among the New World vultures and storks have been Tie genetic relationships among the primates has been Invesligated using
datermined using DNA-DNA hybridization. It has been possible to estimale DNA-DNA hybridization. Human DNA was comparad with that of the other :
haw long ago various membars of the group shared a commen ancestor, primates. it largely condirmed what was suspected from anatomical evidence. ]

1. Explaln how DNA hybridization can give a measure of genelic relatedness between specles:

MRS Nor e TR ) Coltrond) 7%
FoAE  Sid7ce AAUT  AECATFD.

2, Study the graph showing the rasults of a DNA hybridization between human DNA and that of other primates.

{a) |dentify which Is the most closely related primate fo humans: C H /. /7 {O

(b} Identify which is the most distantly related primate to humans: /Z /4 C /4 C [ |
—
3. State the DNA difference score for: () Shoebills and pelicans: _2_:7__ {b) Storks and flamingos: / /

4, On the basls of DNA hybridization, state how fong ago the Ibises and New World vultures shared a common ancestor:

(S 74
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Many procedures [n DNA tachnology (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 dlificult
to get In any quantity. The diagram below describes the laboratory
technique 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

Primer
annealed

Primer moving
Inte position

;/-

€3 The sample Is cooled 10 60°C.
Primers are annealed (bonded)
1o each DNA strand. in PCR, the
primers are short strands of DNA;
they provide the starting
sequance for DNA extension.

0 A DNA sample (called taigot
DNA) Is obtalned, Itis denatured
{DNA strands are separalaedy by
heating at 98°C for § minutes.

Repeat for about 25 cycles

be created, This process is often termed DNA amplification.
Although only cne oycle of replication is shown below, following
cycles replicate DNA at an exponential rate. PCR can be used to
make fiterally 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 s used to make many radic-abefed DNA
fragments for DNA sequencing.
DNA polymerase: A thermally stable form of

the enzyme (s used (e.g. Tag polymerase).
This Is extracted fram thermophillc bacterla,

~ Mucleolides
o

\ Direction of synihesis

0 Alter one cycle, there are now

9 Free nucleolides and the
two coples of the original DNA.

enzyme DMNA pulymerase are
addsed. DNA polymerase binds
lo the primers and, using lhe
free nucleotides, synthesizes
complsmentary strands of DNA.

Repeat cycle of heating and cooling untit encugh capies of the target DNA have been produced

1. Explain the purpose of PCR:

Ariper 1S4 o SeepodS oF QAL
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2. Briefly desciibe how the polymerase chain reaction (PCR) works:

L DEwA7 ol C, ‘
2. AN A)C, |
2. RZper e g770m)

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

@ _CRre Sec il =

o _[hE_DArtC i dianses

© _ PRl o4

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:

7o 28
{a) 10 cycles: 2 (b) 25 cycles: Z.

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

{a) Explain what ihe effect would be of having a single molecule of unwanted DNA in the sample prior o PCR:
TARC E7 SACTN  1n)  ComdrA s oo
PRy e REPc/ca7) 49 (uscc

(b) Describe two possible sources of DNA contamination in preparing a FCR sample:
Source 1 4177 cRo V24 FE= 77/ COAJ;—ZW/AJWQ’U
Source 2: /%) 9;74\] (édf:/?M)

{¢) Desciibe two precautions that could be taken to reduce the risk of DNA contamination:

Precaution t: prPOfﬁé(E ///&%: /"_//S
Precaution 2; %C: hA’) 1C .

6. Describe two other genetic enginesring/genetic manipulation procedur? that require PCR amplificgt\ion of DNA;

@ 4 EC ECECTNA0 PrAin i s S T ) cr/)

0 __TPAIS FORIVIT s
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bhe of the essential tools of genetic engineering Is a group
it spectal restriclion enzymes (also known as restriction
Andonucleases). These have the ability to cut DNA molecules at
ary precise sequences of 4 to 8 base pairs called recognition
as, These enzymes are the “molecular scalpels” that allow
netic enginaers to cut up DNA in a controlled way. Although

@ Biazone Interasticnal  2001-2010
s Photocopying Prohibited

DONA

DNA fragment with
two sticky ends

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 resitiction enzymes
recognizing about 100 recognition sites, genstic engineers can
isolate, sequence, and manipulate individuatl genes derived from
any type of arganism, The sites at which the fragments of DNA
are cut may result in overhanging “sticky ends” ar non-overhianging
"blunt ends”, Pleces may later be joined together using an enzyme
called DNA ligase in a process called ligation,

Recognition site

Reslriction [ l

enzyma
GAATTC

cutls here
TR
CTTAATG CTTAA]‘G
cut cut

Recognition sile

Fragmant

Sticky end

Sticky end

Recognilion site Aecognition site

Restriction | ! ! eut !

enzyme

cuts hers CCCIGGG CCGlGGG
DNA —F&: At 2

cut aut

The cut by this type of restriction
enzyme leaves no overhang

DNA fragment with
two blunt ends

' DNA Interactive:

i
i
|
!




Orlgm of Restrlctlon Enzymes Rééﬂﬁhi!ihh ;s‘Ites_'fo_r‘fsél'gcted restriction enzymes

: --?Resmction enzymes hava been isolated from
' ;many bacteria. It was observed that certaln'

: '=‘.baq;¢riophages (wruses that mfect bacterla}f EcoR! Escharichia colf RY13 GAATTC
BamHil Bacillus amyloliquefaciens H GGATCC

! Haelll Haemophilus aegyplius aGCcce
| HindIN Haemophilus influenzae Rd AAGCTT
% Hpal Haemophifus parainfiuenzae GTTAAC
i Hpall Haemophilus parainfluenzae CCcGa
i Mbol Moraxella bovis GATC
| Notl Noreardia otitidis-caviarum GCGGCCGC
i Tagl Thermus aquaticus TCGA
i - - —
!

1. Explain the following terms, identifying their role in recombinant DNA technology:

(a) Restriction enzyme: C () ; 77, /‘\_\ (& i’)/\ _l (4

{b) Recognition site: _'/1() /‘/é::ﬁf: /—’772::F /Z C: ) /—5

-

(¢} Sticky end: {\0\) %&UT MKO/U/) S (o 7 Z” é g/ftﬁétj
ALCAE  LEAS G (A5 (B IS -
(d) Blunt end: /,7@\//4 ((?U 7 g O/Uf)S _///Z-O(CCW Y?TL% C/77‘_—
A 208

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

(a} Name the restriction enzyme used: ( co Q (
{b) Name the organism from which it was first isolated: f & /
. -
! {c) State the base sequence for this restriction enzyme's recognition site: g/M i 7 C

; 3. A genetlc englneer wants to use the restriction enzyme BamHi to cut the DNA seguence below:

nl /—
{a) Consult the table above and state the recognition site for this enzyme: 0 C’ A7 C C

(b) Circle every recognition site on the DNA sequence below that could be cut by the enzyme Bamb: ‘

(c) State how many fragments of DNA were created by this action: 9 R

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

9GcNIC ARG ANSIZS
5 G FT( AROFTL 0 §

I

i
5
i

:ﬁg

-
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Gel Electrophoresis

Is applied. Active electrodes at each end of the gel provide the
driving force. The electrical current from one electrode repels thy
molecules while the other electrode simultanecusly attracts the
molecules. The frictional force of the gel materlal resists the figy
of the molecules, separating them by size. Their rate of migration
through the gel depends on the strength:of the electrig field,
size and shape of the molecules, and an the ionlc strength ang
temparature of the buffer in which the molecules are meving. After
staining, the separated molecules In each lane can be seen as g
series of bands spread from one end of the gel to the other,

Gel electrophoresis is a method that separates large molecules
(including nuclele acids or proteins) on the basis of size, elactric
e charge, and other physical properties. Such molecules possess

! | a stight electric charge {see DNA below). To prepars DNA for gel
efectrophoresis the DNA is often cut up into smaller piecss. This
is done by mixing DNA with restriction enzymes in controlled
: conditions for about an hour Called resiriction digestion, It
produces a range of DNA fragments of different lengths. Dusing
electrophoresis, molecules are forced to move through the
pores of a get (a jelly-ike material), when the electrical current

(-ve)

Analyzing DNA using Gel Electrophoresis RCOY

DNA markers, a mixture of DNA
melecules with known molecular
DNA solutivns: Mixlures A

of different sizes of DNA
fragments are loaded in
each well in the gel.

weighls {size) are offen run in one
lane, They are used lo estimate the
slzes of the DNA fragments In the
sample lanes. The figuras below are

hypothetical markers (bp = base palra).

DNA is negatively charged because the

phosphates (black) that ferm part of the backbong
of 2 DNA maleculs have a negalive charge.

Negative slecirode (——-}

Wells: Holes are created in the
gel with a comb, semving as a
reservoir ko hold the DNA solution,

DNA fragments: The gal matrix
acls as a sleve for the negativaly
charged DNA molecules as they —
move lowards the positive
terminal, Large molecutes have
difficulty getting through the holes
in lqe malrix, Srmzll molscules
move easlly through the holes,

Large fragments wlii lag behind
; small fragments as DNA

,f, maleacules migrate through the
, qel. As lhe separalion process
i cantinues, the separation

i between larger and smaller
fragments increases.

Small
{ragments

Tray: The gel is poured inlg this
| tray and allowed o set.

Posillve electroda {-+) i

Gel: A gal Is prepared, which will act as a support
for separation of the fragments of DNA. The gel Is
2 jelly-ke materlal, called agarose.

<

1. Explain the purpose of gel electrophoresis:

: S _Juh ARACHETS LorodiwsS 7B S2&E

2. Describe the two forces that control the speed at which fragments pass through the gel:

‘ @) (CEECTATC C CHLEDT
o Pdinar e

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

AR 7 ProvE  THloccr FHE OEC

Jp——
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Ligation

JNA fragments produced using restriction enzymes may be
passembled by a process called ligation. Pieces are joined
ogether using an enzyme called DNA ligase. DNA of different
srigins produced in this way is callad recombinant DNA

(hecause it is DNA that has been recombined from different
sources}. The combined techniquas of using restricion enzymes
and ligation are the basic tools of genetlc enginesring (also
known as recombinant DNA technology}.

G
. NOTE: This other end of
;‘.’3 T AE the foreign DNA is
[} attracted to the ramaining
slicky end of the plasmid
‘ S The two different DNA 4
Plasmid fragmenls are attracled to each H
@ ]f two pfeces Of DNA are cut by ONA olher by waak hydrogen bonds
the same restriction enzyma, - fragment AATTC G |
they will procdiuce fragments with ’;E"_’g_“’wf R T, Wﬁi
. . . P FoF 57 S s 15“-@‘! s 30
“matching sticky ends {ends Foreign ONA "agmam CTTAA

- - -'with exposed nucleotlde bases i
i, at each end) ‘ S

e When two such matchlng slicky; =

' ends come together, they can °,
_ ."']oln by ‘base-pairing.: This" .
-+ -process Is called anneailng.
' This can allow DNA fragments

Plasmid

Foreign

‘.‘.‘fromadif{erentsource, perhaps -
. . aplasmid, to bejolnedt the - .

e Tha 1omed fragments will
v i“usuaﬂy form sither a Ilnear‘,‘-_‘

molecule or a clrelilar one, a8
“shawn here for a plasmid, . -
Howaver, other combi' itfons

Resliiclion sitas on the
fragments are attracted
by base pairing only

DNA

DNA

fragmenl fragresd

Gap In DNA
molecule’s
‘backbone’

@ The fragments of DNA are; T
++ Joined together by the ' enzyme.. o

" DNA Ilgase producing a ...
- .molecule of recombinant DNA.

Fragmenis linked
poarmanentily by
DNA ligase

No break in
DNA molecule

Tha fragmenis are able to join
together under the influsnce
of the enzyme: DNA Hgase

Recombinant
Plasmid DNA

| Explain in your own words the two main steps in the process of jolning two DNA fragments together:

(&) Annealing:

Dommpws  FRAGKH 0TS

PUE 72

LAY SEROFICET o “Srrcey 650 08

1RACIEZ T foo B

(b) DNA ligase:

COUYeENT AorDS

3, Refer to the activity ONA Repl:ca{fon and briefly describe the usual role of DNA ligase in a cell:

RSS20l AR Ro (&

Af/ VaYa

3. Explaln why ligatton can be considered the revarse of the restriction BNZYMe Process:

LICATI0 ¢ bt cofpesn 7 good  RETRICT

LA s
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n chromosomes, some of the DNA contains simple, repetitive
aquences. These noncoding nucleotide sequences repeat
hemselves over and, over agaln and are found scattered
hroughout the genome. Some repeating sequences are short
2.6 base palrs) called microsatellites or short tandem
gpéats (STRs) and can repeat up ta 100 times, The human
ijgenome has numerous different microsateliites. Equivalent
‘sequences in differant people vary considerably in the numbers
f the repeating unit. This phenomenon has been used to
.develop DNA profiling, which [dentifies the natural variations
liound i every person's DNA. identifying such diffsrences in the
ngA of individuals Is a useful tool for forensic investigations.

Homologous pair
of chromosomes

Microsatellites (Short Tandem Repeats)

Microsatellites conslist of a variable number of tandem
repeats of a 2 to & base palr sequsnce. In the example
below it is a two base sequence (CA} that Is repeated.

The human genome contalns abeut 100 ¢00 separate blocks
of tandem repeats of the dinucleclide: CA. One such block
al a kniown locatlon on a chromosome 15 shown below:

=g

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

1 DNA
‘The tandem sepaat may existin

Microsatallites are found throughout the genome:
P wilhln genes (introng} and belween genes, and
; parlicularly near centromeres and telomeres.

-© Biozone International  2001-2018
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two versions (allales) in an
Individual; one on each

Flanking regions to which PCR
peimers ¢an be attachad

homelagous chromosome, Each
of the strands shown leftis a
double stranded DNA, but only
the GA repeat Is lllustrated,
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The photo above shaws a {ilm ocutput from a DNA profiling procedure.  DNA proffiing can be automated In the same way as DNA sequencing,
Those lanes with many regular bands are used for callbration; they  Compuier software is able o display the resulis of many samples run at
cantain DNA fragment sizes of known fength. These calibration lanas can  the same tima. In the photo above, the sample In lane 4 has been selacted,
be used to determine the length of fragments in the unknown samples. It displays fragments of different length on the left of the screen.

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

locs VALY (A Sr2.°

2. Explain the role of each of the following techniques in the process of DNA profiling:

(8) Gel electrophoresis: S&{{} éff—tf’;—fj ,ﬁ/w & )750;-5 /‘3‘{5": Py A 0 N # ;
7> Sr2c

(b) PCR: /4)""”(_ Vo o ) S/CCC //'\ff 74‘2@ G_;.,.M
S <FronS  oF s O S osias

3. Describe the three main steps in DNA profiling using PCR:

@_ CRTRAe; P4 Aot SulTrer"

0 _ AP ? ARG pc/

0 _ANCT G et Al T SCOHUGIE
fAAC 0TS

4. Explain why as many as 10 STR sltes are used to gain a DNA profile for forensic evidence:

(AR 77,
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Forensic Applications of DNA Profiling

The use of DNA as a toal for solving crimes such as homicide  parts, solve cases of industrial sabolage and contamination, for
Is well known, but It can also be used to as a solution to many  paternity testing, and even in identilying animal products iltegally
other problems. DNA evidence has been used to identlfy body  made from endangered species,

DNA [s isolated and profiles are made from all samples and
compared to known DNA profiles such as that of the victim,

: ficsine ]
DNA left behind when e _—
! offendar drunk from a cup & m R i
z + In the kitchen, =R R
Offender was wearing a cap | R S
but lost it when disturbed, -] m e =
DNA can be refrieved from wem
fiakes of skin and hair, g gy B e
A B G D Investigator Victim
Profiles from collscted DNA
Unknown DNA samples are compared to DNA databases of

convicted offenders and to the DNA of the alleged offender.

Blondstain. DNA can be ] == . Rk i
extracted from white blood Hair, DNA can be

cells in the sample recovared from cells at the ] Co o

base of the strand of hair. = B -

I N R " |
R
During the Inltial Investigation, samples of material that may contain Alleged offender b B m
DNA are {aken lor analysis. At a crime scene, this may include A CTESTE G

blcod and body fluids as well as samples of ¢lothing or objects that

the offender might have touched. Samples from the victim are also

taken to eliminate them as a possible source of contamination. Although it does not make a complete case, DNA profiling, in
conjunction with other evidence, is one of the most powerful
tools in identifying offenders ar unknown tissues.

Profiles from DNA database

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

FARCE- C AOE

:Whale DNA: Tracking lliegal Slaughter.

2. Explain why DNA profiles are obtainad for both the
vietim and investigator:

COA Tl e lOAT0A  [3S0cTS

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

T MNoF CurerY
PROFCE BO7™ (8D SABACE

’ Whalés. are tully prote.oted and io capiure or Klil them fof any '-.

4, Explain how DNA profiling could be used to refute purpose s illegal Between 1999 and 2003 Scott Baker and
oificial claims of the number of whales being captured assoclates from Oregon State Univarsity's ‘Marlne Mammalr . hi
and sold in flsh markets: Institufe investigated ‘whale ‘meat -sold 'in ‘miarkets in Japan E

- - — . and South Korea, Using DNA pronlmg techmques, they found

U/{ Cf/ Wlﬁ[&’ ()U/@‘)ﬁ' around 10% of the samples tested were from fully ‘protacted

whates including western gray whales -arid humpbacks “They

QAHﬂL/zOC; MW /7 W gls}o four?d tl|1lat mar;g{ rémre whales were bemg kllied than were'
- elng officia yrepo e L . S
LeIE (6 oF JIonES,

@ ® Biozone Internalional 2001-2010 ! Lo S . . o o . .
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Gene cloning is the process of making large quantities of
a plece of DNA once it has been isolated. its purpose is
to yield large quantities of an individual gene or its protein
product whan the gene is expressed, Genes can be cloned
in vitro in an autemated process called PCR, which amplifies
the DNA. Genes can also be clonad when they are part of
an organism, in a technique called in vivo cloning. A gene of
interest {e.g. a human gene) is inserted into the DNA of a vector,
resulting in a recombinant DNA molecule called a molecular
clone. This technique uses the self-replicating properties. of

Preparing a Gene

{hiron Intron

@ Double strandad DNA of
a gene from a eukaryotlc
organism (e.g. human)
cantalning inirons.

DNA

Exon Exen

Transcription

As a normal part of the cell
process of gene expression,
transcriplion creales a primary

RNA molecule, Primary RNA

Exons are

@ The inirons are removed by restriction )
Joined tagether X

enzymes 1o form a mature mRANA

g a Gene for Cloning

Intron

the vector o make copies of the gene. The genes of interest
are rarely ready for cloning in their native form because the
inciude pisces of non-protein coding DNA, called introns’
which must be removed, Molecular blologists have a handy
tool In the form of an enzyme, called reverse transcriptasg'
which makes this possible. Reverse transcriptase is a COMmman
name for an enzyme that functions as a RNA-dependent Dina
polymerase and 1t Is used to copy RNA into DNA. This task
is integral to both i vitro and /n vivo gene cloning because j
produces a reconstructed gene that is ready for amplification,

For Cloning

Intron friron

Double siranded
molecule of
genomic DNA

]

Exon Exon

Exon

Infrons

.
.
LY

Inirons are
removed

(now excluding the Introns) tha codes [

H

for the making of a single proteln. mRNA

@ The mRNA is exiracted from the cell and purified.

- Why remove the Introns? -

« In cases of Ja-vivo cloning, it fakes the
DNA (ihe gene) shorter, and therefore eas
to Insert into plasmids B o RS

« It means that large amaunts of ndr-co
DNA are not made by PCR.

Reverse
transcription

mRANA
@ Reverse transcriplase is added which

synthesises a single stranded DNA DNA
moleculs complementary lo the mANA,
@ The second DNA strand is made by Y
using Yhe first as a template, and BNA
adding the enzyme DNA polymerase. DNA

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

+ In cases of in-vive cloning, i alldwé‘ the ;.
baclerial enzymes to properly franslata the .
human gene fcom the reassembled DNA.

Py prary

T TV

DNA stiand being symihesized
by raverse transcriplase

] Complated artitlclal gene consisting ¥

of a double stranded molecule of
complemantary DNA (cDNA).

O GeRE cA) L (SBATE) o) woriH i b
Soc iy IS (fat Aok
2. (a) Explain why introns are removed before cloning a gene:
SO_ONCT S WA Cohueq Fet Alsxsa

/2 A NS

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

oA LA —> HuA

3. Describe the normal role of reverse transcriptase:

VIRAL Con vilSien) o Aurt — WA

S v e e e bl Y eaba 1t

@ Biozane Intamalienal  2001-2010
Photocopying Frohibitad
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Related activities: In Vivo Gene Cloning, Polymerase Chain Reaction




It 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

roduct the genes may code for, Recombinant DNA techniques
(restrictlon digestion and ligation) are used fo insert a gene of
interest into the DNA of a vector (e.g. plasmid or viral DNA).
This produces a recombinant DNA molecute that can used fo
% yransmit the gene of interest to another organism. To be useful,
ti ol vectors must be able to replicate inside thelr host organism,
they must have one or mors sites at which a restriction enzyme

Human cell

DMA In

chromosome Human gene

Slick!
endY

\’M
e

A gene of interest {DNA fragrment)
isisclated and prepared by removal
of introns.

Both the human DNA and the

Cloning a Human Gene

plasmid are treated wilh thé same
restrictlon enzyme to produce
identicat sticky ends.

Gene
disrupted

The restrictian enzyme cuts the
ptasmid DNA at ils singe

& recognition sequence, disrupting
the tetracycline resistance gene,

The DNA fragments are mixed
together and the complementary
sticky ends are aftracted by base-
paling. The enzyme DNA ligase is
added to bond the sticky ends.

%’ Recombinant
Human DNA

gane malecule

The recomblnant plasmid, or
malecular clone, Is Introduced into
a bacterial cell by adding the DNA

can cut, and they must have some kind of genetic marker that
allows them 1o be easily identified. Viruses, and organisms such
as bacterla and veasts have DNA that behaves in this way.
Bacterial plasmids are commonly used because they are easy
to manipulate, thelr restriction sltes 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.

Eschearichia coll bacterial celi

Plasmid
Chramosome

Restriction enzymeg
recognition sequence
Ampiclin-
. resistance gone
Plasmid .

veclor

Tetracycline-
resistance gene
9 An appropriate plasmid

vector is isolated from a
bactarial cell. Plasmids
replicate independently of
tha bacterial chromasome,

right conditions, some bacteria wilk
: take up the plasmid from solution
' by the process of transformation.

i to a bacterial cullure. Under the
|

Preparation of the clone up to this point

& Blozene Intenallonal 20012010
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1. Explain why it might be desirable fo use /n vivo methods to clone genes rather than PCR:

(177LE3S  PRSDOCT 000 OF 0 0es +PloFeon)

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

L7 WV PROSEA  at.  ore T o5 10 Pﬂcﬁcwg

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

! WA (2 5A4C Trom)

; Lk

| RB7R cr0) 5oz 742D

| Nek eorii Pertrn) (s ReSrhrersD)
LrG 256

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

X

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

ANToT € AD K70C s 00D ok PeArhs)

(o JAepcted 1) S)7 4077

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

QPP Wo;~ n#Rfoc JO S feny IrcA i
CotIFAEN )0 Lpws LT )OS
JPHT_ Confast f 447G DF3mT 7> Anrkietrcs

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:

HWIEET CELC LD ) /4 NerCAt ==
Q15D TASH 7

.
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Question 5

Barro Colorado Island is a small island covered by tropical forest in Central America. Seventy-four different
speeies 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 Colorade Island species are described in the table below

Species name | Facinl appearance Diet Feeding Echolocation signal
of bat location
Black myotis insects around trees 0
bat at forest’s .
(Myotis edgeandin | & -
nigricaris) clearings g' 40
=
£
0 3 3 1
10 20 30
lime (milliseconds)
Mexican long- neetar and narrow gaps 160
tongued bat pollen Aowers | and small
(Choeronycteris that openat | spaces
mexicana) night, for 120
example =
cactus, agave =
g 80
=
g
40-
020 30
time (milliseconds}
Velvety free- insects above trees, 80
tailed bat in open =
X
(Molossus spaces “5
molossus) g4
e |
0 L 1 13
10 20 30
time {milliseconds)
a.  From the information provided, state one selection pressure operating on the bats of Barro Colorado

Island.

AAre 48 7 oF Foo)

1 mark

SECTION B — Question 5 - confinued
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b. i, Interms of time, which of the three species emits the longest echolocation signal?
”~ —_—
VECVE)YY  EA4S

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

RETZEA CEMNCE Frropdo  uOSEEFS

1+ 1 =2 marks

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

IERG T

1 mark

The biologist wanted to establish the order in which each species had evalved 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 bal

common
echolocaling bat

ancestor Velvely fres-tailed bat

Mexican long-tengued bat

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

VECYES ¢« Nexre o  RotsE  PMNA
NOCLEOTMA fA) 0 J75»0A) (ﬁfmfﬁ-?t )

Do7tt _HAVE (P35 L occamprds)
A codrl700) o7 P edcrt ( ceodte 7;)

2 marks

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

DS A AT
Vo G EOGNAPHC LSRR T

2 marks

SECTION B — continued
TURN QVER
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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 volcanaes, The youngest of the islands lies to the cast of the cldest.

N

|

*% %
Paclfic
Ocean

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

present — KEY
7 A(J%/ / charred
G N plant remains
\? # A A domestic dag bones
% Pyt U pottery
1500 b7 $ i £ bird remal
years ago TV ) ird remains

a.  What asswnption is imade about the formation of strata when interpreting profiles such as this?

TOP SrAAsA v Cag It

1 mark

b. & State a hypothesis to account for the disappearance of many of the bird species from the groups of
islands.

P ) 45700

il. Provide evidence to support your hypothesis.

PLBRE ofF Do Lewc™S

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 small number of individuals *island-hopping’ from the neighbouring
westerly island. This is represented in the diagram below.

Island 1

Drosophiia

site 1 site 2

<. i. Whatname is given to this small group of colonising individuals?
-
FOOR IS

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

DA A4 8 SAEAATD

Seeseiion) occopgs

Qafc)w/?//oc{ 45057‘@ 18) 17 /2>
Soccecrire 7 AAEEhn

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 millkweed, have similar adaptations for growing in desert
environments. They all have long, fleshy stems for water storage, protective spines and reduced leaves. Both
the cuphorbiz and millcweed 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.

MeLleesED v M CACTo S
,7

i mark

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

MATOAAC Se e rorv)

1 marle

e.  What is a possible explanation for there being so few cactus fogsils?

LACIE ALY PALTS

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 langer jaws than
the mainland populations of snakes. The dict 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 simall mice
over several months, until they reached maturity. The method and results are indicated in the table below,

experiment 1 experiment 2

group A group B group C group D
island snakes | island snakes | mainland snakes | mainland snalkes

Length of eastern tiger long long normal normal
snakes® jaws at birth

Type of prey given aver small mice large mice small mice large mice
several months

Length of eastern tiger normal long normal normat
snaltes’ jaws at maturity

4. What were the researchers investigating in these experiments?

O oF D(T on Ifw So&

1 mark
b.  What was the independent variable in experiment 17
CE oF PAST
t mark
e, What evidence from the results suggests that the size of eastern tiger snakes’ jaws is
i, a genetically inherited trait
Glow) C ¢ ) HAN nwelhrsc TAws
S5 LA oA
fi. affected by envirorunental factors?
Qoo 4 e (HGE) T Scrs
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 evoive info two separate species.

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

VA 145234
1S0CAT700)  Crccey GARAPHIC AL
DIEAE) T~ Scess cmmn’ Daass o res
[dtre 175 ro>  Kablopocs  SoeccS Ry
W b Frosrepoc )

3 marks

Total 7 marks

SECTION B ~ continued
TURN OVER
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Question 9

There are twa varieties of tice 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 cullural evolution in early
humans as changes in behaviour are rarely reflected in physical changes visible in fossils. However, indirect
evidence can be found.

QT T A A

SNy e
Boiis e n

LA

huat FUR] l'[i Ity
S EL
\i\:\l_ll tl:[-(,r,

head louse Pedicidus humanus capitis body louse Pedicufus manus 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.

Co P bemids, S s JTAZANC pF sy
Ao b JISHar spre & eSO M ok ¢
Moeo HoGys 7R PENVR) o JEosruees

T froté SHHALT)  THE s7od(=
CLosiry Ketdisn)

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?

AL THAPS

| mark

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

Prorecrzen

1 mark
Total 4 marks

END OF QUESTION AND ANSWER BOOK
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Quaestion 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 bady 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.
&

(027704 ACD7R CAPL WD Cf7® Qrucs

DI G (207 EVOCS 70

hofanets A SEHREE GRicd A c oloctsz=
OV 272 &

2 marks

In Victoria, regulations require fishermen who catch golden perch fish (Mucquaria ambigua) 1o return smail
fish to the water. Only mediam-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.

Seecr70F — Crpo 830G AHENOrY ) DO
Al
NEVLAC —~  VMNMADTS  pol & SO/EV] o
CHPEY RNV AlZSUT™

2 marks

Salmon is a specics of fish. A biotechnology company has engincered a faster-growing salmon by splicing
genes from anotlier species of fish into the salmon DNA.

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

TRARNSC AL

I mark

SECTION B ~ continued
TURN OVER
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Question §

The Isthmus of Panama is a narrow strip of land that joins North and South America,
The land bridge formed approximately 3 million years ago.

El Porvenir

4

North America
{Cosia Rica)

Snapping shrimps, genus Alpheus, can be found on eijther side of the land bridge. The two groups are
phenotypicaily similar, However when the males and females from either 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 cvidence to call the two groups different species?

Riocrs) Qs Froa

1 mark

b, What type of speciation has oceurred in the snapping shrimp?

A2 A5y rC

I mark

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

VAR (A T254)
Q’*ﬂm&‘b A)
S Fzse Frot)
ChECI S 2R 1570

2 marks

SECTION B — Question 8 — continued
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Thylacinus cyanocephalus {Tasmanian tiger) was the largest iving marsupial carnivore in Australia at the time
of European seillement. 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 Auvstralia, but when Europeans arrived in Australia
living thylacines were only found in Tasmarnia. .

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

HONTH  fv tobtan 3

I mark

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

No Scrouwzfrc & PeOaE

1 mark

The dingo is a eutherian maminal and the thylacine is a marsupial manumal. 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.

DT e AT
S/170c A wvillop g AEDOASS

1 mark

Tota) 7 marks

END OF QUESTION AND ANSWER BOCK
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Question 8

DNA includes sections that are called short tandem repeats (STR). Mutations in STRs OCCUT, 0N average, every
500 generations.

Different numbers of these repeats have no obvious effect on the individual,

2. What is the likely reason for this?

[T7hend S

1 mark

A young man, Ben, wants to find out more about his genetic ancestry. [e 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 to produce many copies of the STR markers.

PR (O eooRHs

I 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 conmon ancestor,
~

4 STAS 100 co tobears Lossw Len
O7HS_HAE LESS ()13 2:3)

2 marks

Total 4 marks

SECTION B — contipued
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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?

4 Cove / Lot 70 Gorc.  : PROE o7 60 ColhLE

1 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 to target CHS!, the allele responsible for the condition. The genetic probes for the

Wagyu CHS locus were derived from human alleles.

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

OAIVELSAC

1 mark

The Wagyu CHS! allele was isolated and given a fluorescent tag. It was introduced into a yeast cel] as a large,
independent, cytoplasmic chromosomal segment called a Yeast Arlificial Chromosome (YAC). In addition {o
the allelic DNA, a YAC includes a centromere and a replication sequence. The yeast cells are then incubated
in the presence of growth stimulanis and given time to replicate.

This procedure is similar o genetic engineering of bacterial plasmids, however the YAC is able to contain much
larger pieces of DNA tlian a plasinid,

drav your plasmid
nuclaar DNA in this box

YAC
chromosome

bacterial cell

yeast cell

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

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

Co CAv LF wVoCuM ) cfec (yuSow
DETE L 67 ON CoOALS

iii. ‘What term describes the process of copying a gene?

C L OniNG

1+ 1 +1=3marks

SECTION B — Quesfion 5 ~ continued
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A test was developed to identify each of the normal and mutant alleles. Two cows were choser for lesting,
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 {reated with Fold restriction enzyme which recognises
the nucleotide sequences

Y-GGATG-3 and S¥-CATCC-%

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

Genolype of known Genotype of phenotypically normal cow
affected cow with family history of CHS

| 105 bp . 60bp

aliele GCACCTTG allele CAaTCC[yccoT
#C G T GG AAC G T AGGC|A GG A
<
& 5
GCACCTTG GCACCTTG

allels
4C G T GG allele 4CGT GG AAC
E

>
>
M

d. i Explain whether Cow Y is heterozygous or homozygous at the CHS Jocus.

HE7/ 40 G605+ pe7  on  co ol

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 base pairs (bp)
Ermemny s ]
miosey 200
L5~ o
mosspy 150
5 e~
los mmeey 100
{O ngEERiir w50

1 +2 =13 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 resuit.

gel

sample loaded

into well [ e o

electrophoresis

result after
gleclrophoresls

e.  Whal mistake must the technician have made in his procedures to ob{ain this result?

CORRECTED  THE [FCCCTned™  /A)a AAESAL

i mark

Total 9 marks

SECTION B ~ continued
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Question G

RFLP (Restriction Fragment Length Polymorphism) analysis is commonly used to determine genetic variation
between individuals. The procedure is summarised below,

DNA exiracted from
individual 1 individual 2

\ out with / special autoradiography

restriction enzyme membrane
J fragments

made single

<.+ | stranded and
- 71 hybridised
: with
a radloactive
labelled
RNA probe
N

- gel soaked In alkaline solution )
gel —  oem and DNA transferred from gel | —
electrophoresis — to special membrane

_K ol e BN
% DA fragments e
stage X slage Y slage Z

111

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

KNocons AE 575 commw  RFP -

1 mark

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

S 205 2007

il. Explain why the DNA of each individual produces a different pattern of fragments after gel
electrophoresis, even when the same restriction enzyme is used.

DiFFe@u;” Sieq oocs) 10 RFEhs  So
CoT7S iV A VAT oF  $72S

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?

(o linvmie SWGa=  STrA0 dev)  ALAGhEUT
OF _/WA.

2 marks
Total 5 marks

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

he Namﬁ\e process which is used to amplify the DNA.
A4

£

1 mark
Below is a diagram showing part of this process,
,primer
stage 1 AORNONONONVON
%) (o
stage 2 P 6‘ ot e/\
£y
.  What must be done between stages 1 and 2 to separate the strands of the DNA molecule?
— — [
Hei~ 20 AlovE F0°C
I mark
¢. Complete and label the diagram at stage 2.
2 marks

SECTION B — Question 2 — continned
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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 samples were treated with restriction enzymes, amplified and run through gel electrophoresis, The
results for one gene locus are shown in the diagram below.

+
SRt T R
A
EE———T e [
Sy
F
mcamsn £

victim suspect 1 sample suspect 2 standards -

from scene of one gena focus

d.  Draw an airow 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 consist of, and what is their purpose?
(v (/206778 oF A
OIF) o DOARRXE S E o
R ERCDN FedChcnoTs (6AQ
JZ37 8
2 marks

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

SARE ProfrcE Pp S/ onkd S

1 mark

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

JE37 MolA&E CiusE tocy

1 marle

Total 9 marks

SECTTON B ~ continued
TURN OVER



15 2006 BIOL EXAM 2

Question 4
a. Describe the appearance of a bacterial plasmid.

Crhciedl,

| mark

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

TR ARSFORH AT

1 mark

The outcome of an experiment is shown below,

A B c

baclerial celis only, bacterlal cells only, bacterial celis exposed o

spread on agar spread on agar the plasmid, spread on
with tetracycline agar with tetracycline

O

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 over 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?
Mo CQpoeo 7H

ii, Explain your answer to ¢.i.

PO TRAOSFAIZ) LACAH So  po
SasrThrorie R e 37

14 1 =2 marks

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

OOCr SoME AT fl™  TRGSI 0l )

Oloto (072 Coco e (Mo 1) (otrsey
T 000 s OF SleAcel (o Cons)

2 marks
Total 6 marks
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