SECTIONS OF GENE TECHNOLOGY - order to be read
1. Obtaining a gene — restriction enzymes and reverse
transcriptase (Mills and McAllister)
2. DNA probes and electrophoresis (Lee and Kerr)
3. Gene transfer — getting a gene into a plasmid (Cooke and
Russell)
4. Gene transfer — getting the plasmid taken up (Milliken and
Palmer)
5. Genetically Engineered Microorganisms, transgenic plants
(not case study) and transgenic animals (Blackmore and
Kennedy)
6. Gene therapy (not case study) (Burrows and Connolly)
7. Genome sequencing (before case study) (Withers and Clarke)
8. Genetic mapping (after case study) and knockin knockout
technology (Morrison and Stewart)
9. Ethics of gene technology (before case study) Ethics of gene
technology (after case study) (Paul and French)
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DNA PROBES

DNA probes can be used to identify sections of DNA that contain a specific sequence of bases.

DNA Target

Probe and Target DNA
Denatured and Hybridized

NB: Important to wash off any DNA
probes that don’t attach to their target
sections- labelled probes will show up

whether they are hybridised or not

Fluorescent

tag
NB2: DNA probes will attach to single
strands of DNA only. Therefore when
DNA probes are short single using DNA probes it is necessary to
St oF BN A which MBI o [Nt treat the DNA so that it is split.

fiuorescent dye

complementary to the target

section of DNA so that the

bases will hybridise to the

target section if present. Restriction endonucleases hydrolyse

the targeted DNA into fragments

that are then separated by gel

radioactively or fluorescently electrophoresis. The DNA is then
for them to be identified. X-ray transferred to a nylon membrane

DNA probes are labelled either

film is used to detect where a DNA probe is added. If the
radioactive labels and UV light target sequence is present the DNA
probe will hybridise with; if not it will
then be washed off. UV light or X-ray
film is then used to detect the DNA

is used to detect fluorescent
labels.

probe.
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Gene Technology: inserting the gene into the host cell — the role of the

plasmids
After adding the donor DNA into the e cp<iSHANLR S — .
plasmid vector, the next step is to 9“'“,“’,‘ (Y?&r?nw pUMONGEe - A restriction enzyme is
encourage the host cell to take up to 6NT ‘ge_t}mgu NE added used v_vhen cuttin_g R- _
the plasmid. Usually in recombinant \ plasmids before inserting
DNA technology the host cell is a N donor DNA. Th'ts enzyme
bacterial cell that can be cloned and V. ‘:ﬁk cuts the bacterial plasmid
then used as “factories” to produce ~ DOCENOL i ] within one of the genes
the desired product. paswd —7 0 | > | that provides antibiotic
. , resistance. This is

i i LT B ignificant as if the donor
If the bacterial cells are incubated . B s AR 0 signt _
with calcium ions and subjected to ene kor wiaHe ; ‘?QU{“Q;I)U"\,M;{%\L“ DNA anneals into the
heat shock there is a greater chance | tesistanue 10 0ARDISE "éi\(}f\%‘)&gwmo\ plasmid, the plasmid will
that they will take up the recombinant =~ oM PIGID ‘ B no I?nger have a g?ne that
plasmids. The key thing following : 3 cotonies onty dewiop confers resistance to

e bmnater (R0 fore \ .
paLEna onstedd o s o  8¢——— FCOMM DAURKDL WU

tetracycline. Although the

inducement of plasmid uptake is to "

identify the traniformed Sacteria. agav 0»\0‘%@5}%\,\2& OOy ' é .»»/ thatQre resstant® | gene that confers
afnpi GL s deye\nd \eys o ® amphCin Seust - resistance to ampicillin is
auoed TOBH KA RGVE RGN Up PIOMS ynaffected.

Using marking genes that can be (eph

identified is a common technique TN ) JE or\((\lc\ﬁk ' ~ o

used to identify recombinant or / ’ ; - bOURAQ AT L\\f\‘aé%\'gge“k e

transformed bacteria. Bacterial ( % Wee im0l &&f\\\\%ﬁu&\ Joued mj“ '

plasmids almost always contain the » 0 ] Et v “‘\w;\g D s

gene involved in the development of \ e/ 5 a0 AT

antibiotic resistance in the bacteria \' i ("\’/\ MISSING LOON €540 00 AVt

and some plasmids have genes that : : (ESITANT(L 0 X( AN, B\J

are resistant to two or more repya POk OGN DACEENA FAOE ha vk 10X

antibodies. One example is the R-
plasmid which has the genes for
resistance to the antibodies
tetracycline and ampicillin.

Up e RGN L PGS
WIEOOUE BUNTIO NG! EERBGIAINE
resisignk gene Ut Gntditing
tne donor geie.
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RCPIICA Plating:

Ls invol ves ‘blotking’ of the original
P\Qt(? With an GbSorbent pad

L then presSing bis against the suface
o) o (resh plate

Lo thiS  allows some of the cellf of
each (olony to e Eransferred

Lo COI0NIES will form {or not) on
equivalent pesitions on the
new plate

AAACA AN

N.GQ: Other MiwKelS Qe now Gvalable- a gene

thab produces @ protein that [ivocesces
in Cetain Coochibicns Can be incolpecated
1AES o plasmig,

When tejted, hose cells tnat have taken

up £he donoc DNA - NILL NET be abie to

[lvoresce

(m‘c'(hm] tne gene @ej'u’td piece of Dz\,ﬁ) nto the 'hc;'jt/(j\\ - the (p1? of plasmas

v

USING DA Powes:

Lo Used to identify 1€ hoft DNRA is
(¢Combvinant

Ly ONnce this is confirmed, the next
phase is to clone bactena - ensures
l0rge nuinbeys are produced

> typically grown in 1arge [ermenters
where aditions ave ideal for
(0pid glowth ond production of
the deSired paoduct.

Lo branstomed backerio Can be described
4S5 geetically todified 019aNISMS (61105)
Or genetically engineered MICL00GaNSmS
(GEMS)




Genetically Engineered Microorganisms (GEMs)

| Bacteria are ideal for modification as:

- it is relatively straightforward to insert donor DNA {aided by plasmids)

- more accepted use {less ethical issues then plants + animals).

Therefore: Scientific research + commercial development in this area is at a more
advanced stage.

| INSULIN

e Advantages of this method include being able to produce sufficient
quantities for increasing demand, identical hormone produced (due to use of
the ‘human’ insulin gene).

e Insulin used to be extracted from dead domestic animals which was more
time consuming + ineffective in comparison. Also this non-human insulin is
slightly different to that of humans and this could cause allergic reactions.

Other products produced by GEMs: human growth hormone, enzymes, adhesives,
lung surfactant protein + interferon (drug used in cancer treatment).

Transgenic Plants

Transgenic crop plants have enormous potential benefits for commercial and =¢
health use. Most are commonly known as Genetically Modified (GM) Crops.
Methods to insert donor DNA: !

e Agrobacterium tumefaciens — Genetic engineering allows the gall-forming genes to
be removed from the bacterium + be replaced by donor DNA. Normally, this soil
bacterium causes the growth of tumour-like galls in the plants it infects. By entering
a damaged area of the plant, integrating bacterial DNA intc the plant’s + causing
rapid cell growth => galls.

e ‘Gene guns’ can also be used to insert the donor DNA into the host cells.
Microscopic pellets are coated with donor DNA so they can be fired (using
compressed air) into the host cell — this is a bit ‘hit or miss’ as to whether the donor
DNA will actually become incorporated. Although it is 2 method that can be used if
the species is resistant to Agrobacterium.

NOTE: Donor DNA should be introduced to a small no, of cells in a tissue culture {so that all
the mature plant calls will contain the recombinant DNA).

Genetically Modified

Textbook Pages:
203,4+7

By Rachel Blackmore
and Rachel Kennedy

Organisms (GMOs)

Transgenic animals
Techniques for inserting donor DNA into animal cells:

e Encapsulating donor DNA in liposomes- has the advantage of using
lipids which makes it easier for DNA to cross the lipid bilayer of the
cell surface membrane.

e Electroporation- involves disrupting the cell membrane, making it
more permeable by the use of high voltage treatment.

e Viruses can be used to insert the donor DNA into animal cells.

The donor genes must be inserted directly into the fertilised eggs of the
animal at the one-cell stage to ensure that the donor gene (tronsgene)
will be present in all the daughter cells of the developing organism.

Transgenic
organism
Chicken

Genetic modification and consequence

Human gene for production of antibody mi-R24 inserted.
Antibody obtained from eggs and used in skin cancer
treatment.

Human gene added to code for alpha-lactalbumin - gives
milk more similar composition to human milk. Other genes
added to increase milk production or milk with reduced
lactose content.

Human gene coding for blood clotting factor (Factor VIil).
Purified from ewe’s milk + used to treat haemophilia. Can
also produce serum protein alpha-1-antitrpsin which is
important in regulating activity of proteases and used in
treatment of cystic fibrosis.

Human gene added to produce anticoagulant anti-
thrombin. Can be given to individuals deficient in anti-
thrombin due to defective allele.
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: Applications of genome sequencing: .
h e

Genome sequencing X

organisms
The complete DNA (base or nucleotide) sequence is its
genome. The genome is a “map” of the DNA in an
organism. The genome includes all the DNA, i.e. exons and
introns.

Genome sequencing is working out the base sequence in
an organism i.e. the order of bases along each
chromosome.

B
e

Key steps in genome sequencing:

In the early stages of genome sequencing, scientists targeted more simple organisms. Key stages
of early sequencing included:

e Yeast was the first eukaryotic organism to be fully sequenced (has approx. 16,000 genes
and 16 chromosomes)

e The roundworm (nematode) was the 1% multicellular organism to be sequenced (has
20,000 genes and 6 chromosomes)

e Other organisms sequenced include: virus phage A, the bacterium Escherichia coli, the
plant Arabidopsis thaliana and the fruit fly Drosophila melanogaster

The Human Genome Project:

The Human Genome Project (1990-2003) was a massive multinational project that aimed to work
out the DNA nucleotide sequence in the human genome.

The human genome is just over 3 billion base pairs in length and contains around 21,000 genes.
Only 2% of this DNA codes for polypeptides with the remainder having a regulatory role acting as
gene switches or having no known function (“junk” DNA)

Genetic mapping:

Genetic mapping is identifying exactly where particular genes are on chromosomes
(without necessarily knowing the base sequence within the genes.

This is important in locating defective genes and in the identification of useful genes that

could be used in recombinant DNA technology.
Kara and Christine ©

e Use in DNA fingerprinting in forensics
e The analysis of ancestral

relationships between

2485

H(‘»Mfc}(ﬁ-\?li;u\“ ;
Benefits of the Human Genome Project and the creation of ‘genome libraries’

e More detailed mapping of genes- aided in diagnosis and treatment of
genetic disorders. Specific genes can be identified using DNA probes.
DNA chips are DNA sequences that act as probes by being
complementary to the nucleotide sequences linked to genetic disease.
Can identify defective allele and identify if someone is a carrier of a
condition.

e Development of genome sequencing increases the potential of gene
therapy. Understanding of difference between functional and defective
genes (base pairs) helps identify exactly what donor DNA is required/
possibility of artificial donor DNA in ‘gene machines’.

e Designer drugs can be matched to the genomes of individuals so drug
treatments can be more effective and modified to reduce side effects
e.g. linking specific treatment for some breast cancer patients to the
actual gene that is defective. However, it could be uneconomical to
produce personalised medicines despite their medical benefits.
Knowledge of the genomes of bacteria/viruses enables antibiotics and
vaccines to be developed that specifically target these strains.

e DNA (genetic) fingerprinting is dependent on the differences in repeat
DNA sequences- (MRSs) or short tandem repeats (STRs). Individuals have
different numbers of repeat sequences that occur in introns and form
part of the ‘junk’ DNA.

e The primary structure of proteins can be worked out by knowledge of
gene sequence e.g. If DNA sequence has been mapped to show that a
particular gene lies between two specific points, then knowledge of the
bases between those points will allow the mRNA codons and amino acid
sequence to be determined. Molecular modelling software can predict
2°, 3° and 4° structure based on predicted bonding and folding
arrangements.

e Greater understanding of ancestral links between organisms and their
evolutionary development it can confirm or modify these
relationships. Before arrival of genome sequencing similarities in

morphology, anatomy, biochemistry and even ecology have been used
to work out ancestral relationships.
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