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Timeline of DNA technology

(1856-1863)

early 1970s
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what is genetic engineering

DNA technology

DNA technology = DNA + technology

-the way in which genetic material from one organism is artificially
introduced into the genome of another organism and then replicated and

expressed by that other organism-
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what is genetic modification
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100x Light microscope
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— our best friend!!!
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DNA technology = Genetic engineering = Recombinant tech.

Gene/DNA fragment
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Bacterium

Foreign DNA

gene for \ ’
atibiotic —1 Plasmid } EcoRI

resistance EcoRI
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keep host
DNA methylated

®  Molecular scissors that cut double stranded DNA molecules at

: S : 3
Bacterial chromosome Restriction site

specific points - Restriction site

“Restriction endonuclease” = an important tool for manipulating DNA
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‘Sticky End’ Restriction Endonucleases ‘Blunt End’ Restriction Endonucleases
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MECHANISM OF ACTION: when enzyme

recognizes a specific sequence and makes one cut in

each of the sugar phosphate backbones of the double

I— Complementary L Uniform Edges J

helix — by hydrolyzing the phoshphodiester bond.
Overhangs (No Overhangs)

Specifically, the bond between the 3° O atom and the
)
Sticky end/ Uanenviten Blunt end/‘thﬂfl‘Vq'l P atom is broken , 3°OH and 5° PO, > are produced
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A Palindrome

When read in the 5'—>3'
direction, the sequence on the
“top” strand is identical to that
of the “bottom”strand .
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A digest
Haemophzlus influenza
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Providencia stuartii 3’ protruding ends

AGATATCE EcoRV - 5 3

JCTATAGE digest 4C T A

Escherichia coli Blunt ends
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How to cut DNA vector/plasmid with restriction enzyme
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Restriction enzyme
4 — cuts DNA into
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o Single gene of Interest
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DNA ngase M3 ¥0UADYBITY DNA 911 1ANUNA sticky ends 118¢ blunt ends
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DNA backbone Sticky End DNA insert
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*  covalently joins the phosphate backbone of DNA with blunt or compatible cohesive ends

*  repairing double strand breaks in DNA molecules

*  two steps of the DNA ligation reaction
1) DNA ends have to collide by chance and stay together long enough for the ligase to join them

2)  joining of the 3 "-OH to the 5'-phosphate




Restriction enzyme & ligase: Commercial products
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Bacterlal IacZgene @) Isolate plasmid

plasmid (lactose (vector)DNA  Human DNA
amp? breakdown)  and human containing
. (ampicillin Restriction DNA. ene of interest
DNA cloning e = o —
@ Insert human DNA
into plasmids:
sggkv/ ™
ancs =
© 'Cvt'ﬂmb:’l'\:ﬂh © Mix the DNAs; they
restriction 5 Join by base pairing.
s s (Some plasmids, like
this one, join with
the gene of interest.)
© Add DNA ligase
1o bond covalently.
Human DNA no
fragment contain
m"“ gene of interest
Nonfunctional
lacZ gene
‘ © Put plasmids into
lacZ~ bacteria by
© Clone cells:
Clone
(bacterial - © Plate cells onto
colony) medium with
ampicillin and X-gal.
() 'dentity clones of cells ining
recombinant plasmids by their
ability to grow in presence of
ampicillin and their white color.
Bacterial clone

© Identify clone
O RO
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Recombinant DNA @49 18’5::{ Host cell: Bacteria
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Heat shock
or electric
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Bactenum contaning
DNA of interest

Short-hved pores (within vector)

n cell membrane

O Tube O

Vector containing
DNA of interest

Bactenal cell Competent cell
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2. ampR plasmid 3. Cells are heat shocked at
Are added to 42° C some of the competent cells
1. Amplicillin sensitive E.coli cells Experimental . Take up the ampR plasmid and
In log phase of growth are Celis only are transformed,
Transferredto cold CaCl,

solution

4. Thetreated cells are spread
On an agar plate containing
ampicillin

Ampicillin kills the cells that

Starter Plate
i
)

Lackthe ampR gene
D
oD <> "=
5. The cells are incubated
For24 hours
6. Only colonies of E.coli that have been heat shock transformation protocol

Transformed by the ampR gene will grow
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Recombinant DNA @49 ”IfJf,j Host cell

. Host cell Wuozlslatee

® Archaea

® Bacteria

Yeast cells Eukarya

®  Protists

Fungi

Transgenic Wildtype

® Plant

Animal

Organelles: Chloroplast & Mitochondria
Insect cells Mammalian cells



Blue-white screening
To select colonies that contain a plasmid with the insertion
of the gene of interest in the correct position.

Uses an E.Coli strain deficient for [3-galactosidase function
(lacZAM15) and a vector that can complement the [}-gal
function.

Cells are grown on X-Gal,

a dye-linked substrate.
When cleaved from X-Gal, mepaNS Culture with X-Gal+IPTG

the blue pigment is Competent £, coli

+ 4 4
unsoluble. : )
— N @ 3 White colonics
" "
Cloning insert within lacZ g
site
~ Y
. e - Q _ @ s> Blue colonics
Plasmid\ Forcign DNA | jncent outside lacZ
vector
|3-gal gene § i
iy il @ > Blue colonics
Y S

no insert
Ligation Transformation Screening



Bacteria with
nonrecombinant |
plasmids are blue

Bacteria with
recombinant
plasmids are white
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Recombinant DNA 49 ”IEJT;j Host cell: N

Agrobacterium method Particle gun method
Agrobacterium Ti plasmid carrying Particles coated
tumefaciens \ deswefi genes o2 :’.".7 with DNA encoding
® ®*" gesired genes
Agrobacterium-mediated Roie gun Particle gun/gene gun/particle bombardment
Cocultivation of
Agrobacterium with
plant pieces Bombardment of
_~plant pieces with
particles

DNA transferred
to plant cells

Youglll:

Chromosomes with

)
(111 Tube
integrated DNA

encoding desired genes

Shoot regeneration
followed by root
Cell multiplication (callus) regeneration Plant with new trait




Transgenic plant- W¥AALUTWUFNTTH

Bt corn

* Inserta
bacteria
(Bacillus -
thuringiensis) "
gene that
makes a toxin
into corn.

* Greater yield

* No use of
pesticides
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Crop is infected by Pest dies when feeding on
European com borer any plant part



Recombinant DNA 49 WEJT;j Host cell: d @1’5
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\ 4)) reporter genes
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Plasmid DNA

T . Adenoviral :
Hydrodynamic Electroporation Vedior Retrovirus or
injection local or topical lentivir
) P or AAV Glulil

-

Lipoplexes

Non-viral gene delivery Gene products
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PLANT PLANT CELL

PCR
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PLANT DNA DNA template PCR product Submit sequence Co'mplexn.y & Gene
X00000X HalwaIuTH biosecurity synthesis
check

+ RESTRICTION

ENZYME
200 WO XX
DNA extraction then cut Amplification of insert then cut DNA synthesis then cut
Old school Classic Modern
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DNA Extraction '
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4 alcohol
" 4
2 y_
Cells are lysed Cell contents Cell debris is The DNAis
using a detergent are treated with pelleted in a precipitated
that disrupts the protease to centrifuge. The with ethanol.
plasma membrane. destroy protein, supernatant (liquid) It forms viscous
and RNAase to containing the DNA strands that can
destroy RNA. is transferred to a be spooled on
clean tube. a glass rod.
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YANITDINUDAUIVI 1| Genomic DNA/ plasmid 1solation

Cell
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DNA extraction kit

IRSIND

VvV Y

RBC WBC DNA "
Lysis Binding Wash Elution

Sample
Preparation Lysis



A full set of DNA = Genome

A genome is the full set of genetic information

: _— Genome = A book
that an organism carries in its DNA

TATATAATGCATCGATG CATy

BASES: | TTATATAATGCATCG
U GCATCGATGCATTTAT oy

Adenine (A) | GCATTTATATAATGCAT TAAT

Thymine(T) CG"TGC‘:ATTT/\TATAAT 6C TCG TGCTTTTT :’GT THeR

Guanine () | GCATCGATGCATTTATA GATGCATTT T6C 'rccC TCearge

cytosine © TAATGCATCGATGCATYT TTTATAT e TGCaTTy
TATATAATGCATCGATG TATATAATGC TGCATTAT

BOOK ~ GENOME CHAPTERS - CHROMOSOMES SENTENCE - GENE

Rsnon

CATTTATATAATGCATC 16C TCGATGCATTATATAATG Tc
34 35

a book with only 4 letters

Sl ATGC
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® Genomics is the study of whole sets of genes and their interactions

Bioinformatics is the application of computational methods to the storage

and analysis of biological data
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VIUNVOIUANISY = chromosomal DNA + plasmid DNA &R

1UVDINY = chromosomal DNA + plastid DNA + mitochondrial DNA witochondvi
DNA



Drosophila

T2 phage Escherichia coli melanogaster Homo sapiens  Paris japonica
Genome Size 170,000 bp 4.6 million bp 130 million bp 3.2 billion bp 150 billion bp
Common Name % ﬁ x
Virus Bacteria Fruit fly Human Canopy Plant
The genetic similarity between a human and a chimpanzee is............. %




https://en.wikipedia.org/wiki/Human genome

Human genome Project

. Tn54n159 Iuwuyud (The Human Genome Project; HGP) 1iluedun1lnsenis
manaTuTadFinm 2137nusamunniivess Tunveswyyd Fainn
aziBenszauiiondlelng wie guud iiiefesTinnsdiumisvoniae
ﬁuﬁﬂiiu 130 ﬁumawuyf‘f complete genome sequences 61%&’3?11&%&@]'
AR.1990-2003 ¥ia81lsznaArIeny

* 23 chromosome pairs

* 3,100 Mbp (mega-basepairs) per haploid genome

THE .- 3
HUMAN

»  Coding (<2%) vs. noncoding DNA (98%)
GENOME

*  how many gene are in a human genome?
22 4

|\ T Auo<ul:ugn » u':'lnum Saa
https://www.youtube.com/watch?v=MvuYATh7Y74




A15ANYID 11N- from Bacteriophage to Human
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Genome size comparison %19,000-20,000 genes

Species Chromosomes  Genes Base pairs
Human 46 28-35,000 3.1 billion
(Homo sapiens) (23 pairs)
Mouse 40 22.5-30,000 2.7 billion
(Mus musculus)

‘ Puffer fish 44 31,000 365 million
(Fugu rubripes)
Malaria mosquito 6 14,000 289 million

_ (Anopheles gambiae)

Fruit fly 8 14,000 137 million
(Drosophila melanogaster)
Roundworm 12 19,000 97 million
(C. elegans)
Bacterium * 1 5,000 4.1 million
(E. coli)

*Bacterial chromosomes are chromonemes, not true chromosomes

Joun BLANCHARD [ The Chronicl

Fruit Fly

44%

What percent
of your genes
do you share?

www.23andme.com



p-globin gene

Healthy person  ...G T G ch GCCCAT...

Person with GTG CIGGCCCAT_,.

p-thalassaemia

point mutation

naumaudeyadlunvesnuilnanuauihawefnmanravedlsnluszay DNA



Q: DNA technology ¥iagnsduldantmu?
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Cut DNA into fragment at precise location -
Join DNA fragment -
Transport DNA into cells -
Produce millions of DNA fragment >

Genome = A book

Separate DNA fragment by size >

.
M.l )
BASES: | TTATATAATGCATCOAT YTATATARYGCATCGATG Cayy,
adenine (Al | GCATTTATATAATGCAY PAATGCATEOATECAT T Ay, g
T | COATGCATTTATATAAY TCOATGEATTTATAT Ak TG,
TCOATGEATTTAY TTATAT

v Jd
Writing a sentence — DNA synthesis TIATIEN

A book with only 4 letters Reading a book — DNA sequencing 1a1AU
Editing a book — DNA editing Usuuag




