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Definitions
Recombinant DNA, a DNA construct created by fusing different
fragments of DNA

Genetic Engineering, the deliberate alteration of DNA through the
creation of recombinant DNA

Genetically Modified Organism, a living entity modified through genetic
engineering

Transgenic, a genetically modified organism containing DNA from
another source



Recombinant DNA Technology

Cloning % Eukaryotic
vector @ chromosome
(plasmid)
@ Cloning vector
is cleaved with
restriction

endonuclease.

@ DNA fragment of interest
is obtained by cleaving
chromosome with a
restriction endonuclease.

)7) @ Fragments are ligated
to the prepared cloning
vector,

DNA ligase

© Recombinant
vector

@ DNA is introduced
into the host cell.

@ Propagation (cloning)
produces many copies
of recombinant DNA.

Clones -> Cells or organisms
with identical DNA



Restriction endonucleases
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How frequently will
cut £coRI in a random
DNA sequence?
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Tahle 3-2 Recognition and Cleavage Sites of Some Restriction Enzymes

Recognition
Enzyme Sequence” Microorganism
Alul AG|CT Arthrobacter luteus
BamHI G|GATCC Bacillus amyloliquefaciens H
Bgll GCCNNNNN|NGGC Bacillus globigii
Bglll A|GATCT Bacillus globigii
EcoRI G|AATTC Escherichia coli RY13
EcoRIl 1CC(R)GG Escherichia coli R245
EcoRV GAT|ATC Escherichia coli 162 pLLG74
Haell RGCGC|Y Haemophilus aegyptius
Haelll GG |CC Haemophilus aegyptius
HindIIl A|AGCTT Haemophilus influenzae Ry
Hpall C|CGG Haemophilus parainfluenzae
Mspl C|CGG Moraxella species
Pstl CTGCA |G Providencia stuartii 164
Pvull CAG|CTG Proteus vulgaris
Sall G|TCGAC Streptomyces albus G
Tagl T|CGA Thermus aquaticus
Xhol C|TCGAG Xanthomonas holcicola

“The recognition sequence is abbreviated so that only one strand, reading 5’ to 3', is given.
The cleavage site 1s represented by an arrow (). R, Y, and N represent a purine nucleotide,

a pyrimidine nucleotide, and any nucleotide, respectively.

Source: Roberts, R.J. and Macelis, D., REBASE—the restriction enzyme database,

http://rebase.neb.com.

Table 3-2 Fundamentals of Biochemistry, 2/e
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Gel Electrophoresis

DNA restriction fragments

>

A2

gel.

Place mixture in the well of
an agarose or polyacrylamide
Apply electric field

—— Gel particle

>Pores

Molecules move through pores
in gel at a rate inversely
proportional to their chain length

B

SR

4+

or incubate with fluorescent dye

Jv Subject to autoradiography

___Signal corresponding

to DNA band



Gel Electrophoresis
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Gel Electrophoresis

(a) Clones (b)
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X-Ray structure of a complex of ethidium
bromid with DNA.
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Construction of a restriction map.
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Restriction map for the 5243-bp circular DNA
of SV40.
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Genomic DNA fragments

P-AATT—IE :
Vector DNA OH-—II 5r
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5’ I OH + P—C G— I 3’
3 T TAA—P HO—-——31 5’

(c)
P—A G C T 3

HO— I 5’

Complementary
ends base-pair
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Cleavage Recognition Cleavage
site sequences site

~~-GGTGARTL
Chromosomal ___¢ ¢ plc'TTAAGT CGAAGCGTAAT C

DNA

EcoRlI
restriction
endonuclease

restriction
endonuclease

l Pvull

< —

---GGT AGCTTCGCATTAGCAG CTG[TAGC---
———cc»q&;m TCGAAGCGTAATC|GTC| [GACATCG---
Sticky ends Blunt ends

(a) (b)

-\ DNA
ligase

Plasmid
cloning vector
cleaved with
EcoRl and Pvull

®Q
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Plasmid Cloning Vectors

Hindlll
Sphl S

Pstl
Sall : Region into which

Xbal exogenous DNA
BamHl ‘ can be inserted

Smal
Kpnl JRe
Sacl ’
EcoRlI

Polylinker Plasrid
cloning vector
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Plasmid Cloning Vectors

Aatll EcoO109
Sspl

(2.69 kb)

HgiEll
Figure 3-25 Fund: tals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Tnsertional inactivation

Gene in cloning site:
LacZ -> pUC18 (/acZ complements the host defect in /acZ)
-> pUC18 into host organism -> active /acZ (p-galactosidase) from plasmid-> cleavage of X-gal
(blue colonies)
-> gene cloned into polylinker -> /acZ gene disrupted -> no cleavage of X-gal (white colonies)

CHZOH CH20H CH,OH

OH
Hzo
HO O OH
B Galactomdase

Lactose Galactose Glucose
|C|| 5OH
HO OH
/{]H 9
H
CH,OH \ / N
HO 0 O
OH p-Galactosidase \ Spontaneous
| Br  dimerization
and oxidation
OH HO ¢l

X-Gal 5,5'-Dibromo-4,4’-dichloro-indigo



Blue/White Selection

positive

negative
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Tnsertional inactivation

Gene in cloning site:

+  Resistance marker -> pBR322 (cloning sites within antibiotics resistence marker)
-> plasmid into host -> resistance against 2 antibiotics
-> gene cloned within one resistance marker -> gene for antibiotic
resistance marker disrupted -> sensitive against one antibiotic

EcoRlI
|

Pstl <,
Ampicillin Tetracycline
resistance resistance
(ampRr) (tetR)
pBR322
(4,361bp)

Origin of
replication T
(ori) Pvull

r PBR322

@ @ amp® plasmids
tetR

@ O~ O ©

pBR322 is cleaved at the ampicillin- l

Pstl restriction

resistance element by Pstl. PR

Ou e W
Q@

@ Forelgn DNA
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Foreign DNA is ligated to cleaved

@ Foreign DNA

selection of
pBR322. Where ligation is successful, transformed cells
the ampicillin-resistance element is DNA
disrupted. The tetracycline-resistance ligase All colonies Agar
element remains intact. @ @ have plasmids containing
@ Individual colonies are transferred ol tetracucline

@ @ @@ to matching positions on additional

plates. One plate contains tetracycline,

, vy colonies transferred
the other tetracycline and ampicillin.

for testing
Colonies with

recombinant y
@ @ @ plasmids P N
E. coli cells are transformed, then . - X
grown on agar plates containing transformation Agar containing Agar containing

tetracycline to select for those that of E. coli cells tetracycline (control) ampicillin + tetracycline
have taken up plasmid.

Colonies with
recombinant

plasmids
Agar containing Agar containing
tetracycline ampicillin +
®) (control) tetracycline

Cells that grow on tetracycline but not on tetracycline +
ampicillin contain recombinant plasmids with disrupted
ampicillin resistance, hence the foreign DNA. Cells with pBR322

without foreign DNA retain ampicillin resistance and grow on

both plates. )9



Transformation and Selection

+  DNA fragment
to be cloned

Enzymatically insert
DNA into plasmid vector

Recombinant

plasmid
Mix E. coli with plasmids
in presence of CaCl,; heat
pulse
E. coli Culture on nutrient agar
chromosome

plates containing ampicillin

&
O k

Transformed cell Cells that do not

survives take up plasmid die
on ampicillin plates
Plasmid replication

l Cell multiplication

containing copies of the
)/ same recombinant plasmid

% O @@H.— _ Colony of cells, each
8 0 J®%|gon
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Vectors

Table 4.6 Insert capacities of some commonly used vector systems

Vectorsystem ~ Hostcell ' Insert capacity (kb)
Plasmid E. coli 0.1-10
Bacteriophage A A/ E. coli 10-20
(Cosmid | E. coli 35-45
Bacteriophage P1 E. coli 80-100
BAC E. coli 50-300
P1 bacteriophage-derived

artificial chromosome E. coli 100-300
Yeast artificial chromosome Yeast 100-2,000
Human artificial chromosome Cultured human cells >2,000

Similar principle of cloning, suitable for different
purposes

24
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Bacteriophages

Williams, St

d University, Emeritus, and Harold Fisher, Univer:

ty of Rhode Island

Electron micrograph of the filamentous
bacteriophage M13.

Electron micrograph of bacteriophage A.
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Bacteriophage T2 injecting its DNA into an £. coli

Infecting phage

, Head
DNA —==3

Protein coat

Free phage
E. coli

cell wall



Life Cycle of Bacteriophage A

A phage
-2 QX
‘ Lytic @
pathway \6 @d @
Entry of / ivead'h
ysed bacterium
k oA \ with released
A phage
E. coli Bacterial Lysog}l
DNA cell pathway

L DNA integrated
in E. coli genome
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(a) A Phage genome  Nof needed

Head Tail [Replaceable region] Lytic functions
0|\ 10 [20 30 ) ;)LG\P \ 49 kb
Nul A J N cro Q

One of First Genome Sequences
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Replication of bacteriophage upon infection of a cell

Injection into
cell followed
by circularization

DNA nicks sealed
in vivo by ligase

\

Theta replication

/

Rolling-circle replication

Multiple-length linear DNA

cos CcOoS cos

fe——————>

Length of DNA packaged

Figure 6.6 Replication of bacteriophage lambda DNA
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(b) A Phage assembly

L0y
: @'Q’Q."i__
"'.’*ﬂﬁi%
Preassembled

Preassembled \ tail
\ head
(49 kb)
COSI 7 ICOS
Concatomer of A DNA
Cos site 12 bases sticky Nu1 and A proteins
singles’rrand promote filling of A\ head
with DNA between COS
sites

Self-assembly I

\ genome (1 copy)

to filled head

l \ tail attaches only

.J',’.‘ D
000000000,
YW .ﬁh

Complete \ virion
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Confluent layer of susceptible host cells
growing on surface of a plate

S

Add dilute suspension containing virus;
after infection, cover layer of cells
with agar; incubate

Y  Plaque

QQ
* " a"

Each plaque represents cell lysis initiated by one viral
particle (agar restricts movement so that virus can
infect only contiguous cells)

31



Molecular genetics and bacteriophage

1. Each Plaque is a
Virus Clone
Representing One
Viral Infectionl!

2. Selectable Marker is
Bacterial Cell Destruction
& Plaque Formation
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Cloning of foreign DNA in A phages.

Not required for
lytic infection

— Infectived phage
¢ ¢ containing foreign
DNA fragment

f

Cleave by restriction
enzyme and separate
the fragments

A

In vitro
packaging
Anneal and =
ligate
—_— : ~ ISR
] /
Remaining A DNA contains genes Chimeric
required for infection but is too [ DNA
small to package | S———"—"

~15-kb foreign
DNA fragment
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COS site

.y ’/\I?olylinker
it
o M—
ampriy \| e
£/ 35- to 45-kb genomic
/E)RI restriction fragments

Cosmfd vector
(=5 kb long)

Cut cosmid vector in polylinker

Ligate cut vector to

with restriction enzyme
DNA fragments

Subject to A phage in vitro
packaglng to insert DNA
between adjacent

COS sites into A heads

Recombinant
cosmid virions

Infect E. colicells

?P

N
& C

E. colichromosome Cloned genomic fragment
in reconstituted plasmid

Cosmid = Cos - Plasmid

Behave as plasmids in E.
coli after infection -
ORI, antibiotic
resistance

No need for head and tail
genes, no plaques
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Cloning sites
(include lac2) electroporation l

restriction

endonuclease chloramphenicol- chloramphenlcol

Large foreign DNA resistant cells and substrqte for
fragment with appropriate -galactosidase
sticky ends

B - l Agar containing

Colonies with
recombinant BACs
are white.

BAC Bacterial artificial

chromosome based on
— Recombinant F (sex) plasmid (1-2 copies
e per cell



What is a genome library ?

A collection of clones made

Yeast genomic DNA fr\om a set of r‘andomly
Rgrfiallyligest generated overlapping

DNA fragments
representing the entire
genome of an organism.

Partially ~ overlapping

Screen for ampicillin resistance

\Transform E. coli

plasmids from 10° transformed
E. colicolonies

Assay yeast genomic library by functional complementation

l Isolate and pool recombinant
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Human ,

Fragmentation of genomic DNA

Sau3A GATC

Sau3A sites

=20-kb
partial
Sau3A
fragment

i

2 kb

Partially ~ overlapping
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clones in
cosmid
vectors
P sz oo s i s s s e m
clones i O o |
in YACs | P e oo Lo b e i bt e )
et I o A T Tt S S ST T T T I s |
B b A T N SR : | BT g L e S i
== an - r i
chromosome 3 sup5s unc-32

~ 300,000 base pairs

From The Art of MEoC? & 1995 Garland Publishing, Inc.




Creation of Libraries

gy

\ Polylinker

)

amp’ L ORI ;
Plasmid vector Genomic DNA

JL EcoRl JL EcoRl

DNA ligase
ATP

<

= R

(

\_“

Recombinant plasmid
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—geng A-— gene B

T L T e T T T TR e T

3,
BROn o nantranscribed
DA

RESTRICTION NUCLEASE DIGESTION

l DNA fragments

G e DR L S I

DNA CLONING

e LE L _,El,_.-..l gana B
w chromosomalgs
DMA
ITHAHSCHIFTIEIN |
EEa S
transcripts e = =
B EEE

RNA
SPLICING

mRMNAs ST

|
REVERSE TRANSCRIPTION AND DNA CLONING

g B 3
— R 2T

genomic DNA clones

cDNA clones

8 From The Art of MBoC?® @ 1995 Garland Publizhing, Inc.



cDNA synthesis

mRNA

5' AAAAAAAA|
mRNA template is
annealed to synthetic
oligonucleotide (oligo dT) primer.

5' AAAAAAAA|

3TTTTTTITT
Reverse transcriptase and
dNTPs yield a complementary
DNA strand.
mRNA-DNA hybrid

5! AAAAAAAA|

3/ TTITTTTTT]
mRNA is degraded
with alkali.

3’ TITITITT]
DNA polymerase | and dNTPs
yield double-stranded DNA.

Duplex DNA
5' AAAAAAAA|
3’ TITITRIT|
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Clones ->
genetically
identical

DNA Library

el
Plasmid vectors DNA fragments to be cloned

Enzymatically
insert DNA fragments
into plasmid vectors

Transform E. coli cells
and select for ampicillin-
resistant colonies
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Genomic phage library

abcd
[ B

Genomic DNA

Fragmentation by
shearing or enzymatic
digestion

Joining to A DNA pieces

Vv
[ 1 (] (] [

ln vitro packaging

PP

A virions harboring
fragments of foreign DNA

Amplification by
infection of E. coli

Genomic library in A phage
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Evaluation of library

Library of BamHI fragments
in a plasmid vector

Plasmid

from individual clones

BamH

A
preparation
Y 23.1
| digest 9:6
6.6
4.4
Agarose gel —» 53
2.0
0.56

Recombinant plasmid

BamHlI
BamHl
M1 2 3 4 5 6
R EE ] EE =]
p— e Inserts
_——:——— ?—Vector
f— Inserts

Figure 7.4 Assessing the quality of a gene library

44



Ordered library

e et |

1
3 |
4 |
- |
(a) Clone 1 hybridizes to clone 2
» w M n
(b) Clone 2 hybridizes to clone 3 Chromosom_e Y‘Vlemg
-> also used in "Human
Genome Project”
Screening of the
(c) Clone 3 hybridizes to clone 4 library - later

Figure 7.11 Production of an ordered library



Evaluation of library

Box 7.1 Estimates of the required size of
genomic libraries
Organism | Genome size | Vector type | Insert size P Library size
Bacterium | 4 x 10° bases| plasmid 4kb 0.99 4.6 x 10°
lambda 18kb 0.99 1.0 x 103
replacement
cosmid 40kb 0.99 458
BAC 300 kb 0.99 59
Mammal 3 x 10° bases| plasmid 4kb 0.99 3.5 % 108
lambda 18kb 0.99 T2 3. 107
replacement
cosmid 40 kb 0.99 3.5 x 10°
BAC 300kb 0.99 4.6 x 10*
The values shown for the genome sizes of bacteria and mammals are examples for
the purpose of this calculation. The actual genome sizes vary quite widely from one
organism to another. The insert sizes for specific vectors will also vary.

Why must be the size of the library much larger than the size of

The particular genome? "
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Sizes of Some DNA Molecules.

Number of base pairs

Organism (kb)“ Contour length (pm)
Viruses

Polyoma, SV40 52 1.7
A Bacteriophage 48.6 17
T2, T4, T6 bacteriophage 166 55
Fowlpox 280 1593
Bacteria

Mycoplasma hominis 760 260
Escherichia coli 4,600 1,600
FEukaryotes

Yeast (in 17 haploid chromosomes) 12,000 4,100
Drosophila (in 4 haploid chromosomes) 180,000 61,000
Human (in 23 haploid chromosomes) 3,200,000 1,100,000
Lungfish (in 19 haploid chromosomes) 102,000,000 35,000,000

“%kb = kilobase pair = 1000 base pairs (bp).
Source: Mainly Kornberg, A. and Baker, TA., DNA

Replication (2nd ed.), p. 20, Freeman (1992).
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How big genomes are?

Arabidopsis Rice Snapdragon  Wheat Fr(i[)iiilll;;ia
Maize
Plants
E. coli
Bacteria
Fungi[
. Yeast Drosophila Mouse
Amoeba dubia 200x |
Animals |
the size of human genome |
C. elegans Human Amphiuma
(amphibian)
I T I T I T T
10° 10° 107 108 10° 1010 101

Number of nucleotide pairs per haploid genome

Paris japo/ca 50x
octoploid

ungs 40x 48



Plant genome sizes

124 852 Mbp | Frltlllarla‘

149 000 Mbp - Paris japonica

A

- currently the largest
(not only plant)

http://data.kew.org/cvalygs/




How to determine genome size?

Flow Cytometry 200

Sheath fluid —— (ss?xz?:elrej cells in suspension) C Peak Index Mean Area CV%
l 4 1 1.000 111.18 1728 4.23
2 2.807 312.07 1655 4.16
‘ 160
1
s K
J
) ) = 120
e ' Hidp pelhami b OO =
3
@ T
@ £ e
) / T 3
@ _
@® 40 <
E il @y oo s st
Laser light source ‘
. 0 G T P O T S—— .p ’ .
6 ¢] 200 400 600 800 1000
® Relative fluorescence

td
~

(channel number)

Stained DNA - fluorescent - amount of fluorescence from single
cell
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C-value

C-value = size of genome in non-replicated gamete
- normal diploid cell 2C

genome size (bp) = (0.910 x 10° x DNA content (pg)
DNA content (pg) = genome size (bp) / (0.910 x 109)

1 pg = cca 910 Mbp; MW (1 bp) = cca 660 Da

C-value paradox

there is no strong correlation between complexity of an organism and the
size of its genome
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Amount of DNA in a Genome Does
Not Correlate with Complexity

) mammals
birds .
memmmmm reptiles
frogs .|
salamanders m——

lungfishes m—
teleosts m— )
Emm—— chondrichthyes
agnathans s
non-vertebrate chordates m—

. ] crustaceans
|nsects I .
O ———————— arachnids
myﬂapods I
. meeessssssss Molluscs
annelids m————————
s cchinoderms

tardigrades =———
e | at\Worms

= rotifers

angiosperms

——
pteridophytes Amnosperms

I br
nematodes m————— yophytes
mmmmm—— cnidarians
SPONJEes e ———

I~ bacteria

arches ==

10°

T I I ]

106 10/ 108 10° 1010 104

basepairs
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TABLE 17.1

Representative Sequenced Genomes
HAPLOID PROTEIN-
GENOME NUMBER CODING

ORGANISM SIZE (Mb) OF GENES SEQUENCE
Bacteria

M. genitalium 0.58 485 88%
—H. influenzae 18 1,738 89%

E. coli 4.6 4,377 88%
Yeasts

S. cerevisiae 12.5 5,770 70%

S. pombe 12.5 4,929 60%
Plants

A. thaliana 115 28,000 25%

Rice 390 37,544 12%
Animals

C. elegans 100 19,427 25%

D. melanogaster 123 13,379 13%

Pufferfish 342 27,918 10%

Chicken 1,130 25,000 3%

Human 3,300 24,000 1.2%

Mb = millions of base pairs




Gene Spacing in Various Species

Chromoasomal
Bacterium sagmaenl
e e el - 1 . . . . . . . I —
Gena  Gene Gena Gene Gana Gene Gene Gene Gene Gene  Geneg Gene  (Gane
Yeast
| | _— e e e e e e e e i
0 — | i, — — 1 Eﬂkh
Gens Gane  Gens Gane Gang Gens Gens Gane Gang Geng Gene
Drosophila
LB & R [ _& . e N t_ L L 3 L _ B3 f 1 | LB & 3 1} _& }§ L. A B B B . 10
[ —— - — R o — — S o — [ . ﬁ kb
Gena Genea CGreng Gens Giene Giana Gensg Gang
Human
L] - e - L B B B ] - R L B R B B ] LR B B ]
W - R o o e - PR e R T T mkh
GGang Ganag aana
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Log-log plot of the total humber of annotated proteins in genomes
submitted to GeneBank as a function of genome size

The total genome size and the number of genes in viruses, bacteria, archaea, and eukaryotes.
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Even the Amount of DNA a Gene Spans
Differs Amongst Species

Genome
3.7 Gb

human gene

Fugu gene

0.39 Gb

0.0 100.0 180.0

thousands of nucleotide pairs

Figure 5-21 Essential Cedl Biology, 2'e. (© 2004 Garland Science}
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Genome sequencing

- Determination of the order of nucleotides in
chromosome(s)

* Genes, non-coding DNA, regulatory DNA,
structural RNA....

* Not part of the lecture
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The Human Genome Was Sequenced Ten Years Agol
The Human Genome Project
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Cost of Sequencing is Going Down Precipitously!

GOING DOWN

An exponential decrease in the cost of

sequencing DNA could soon resultina
$1,000 genome.

Cost of sequencing a human genome

$1 billion

C
A
Al
A
X
AL
T
C
GI
Ct
44
A

$1 million

23andMe

o
3998 Knome

59



Finding and Annotating Genes Within Genome Sequences

5" UTR Exon Intron Exon Intron Exon 3’ UTR

yd \ \Codons . Codons / Codons e
Transcription Promoter (e.g., Translation 5’ splice site 3’ splice site  Translation Polyadenylation
regulatory TATA box, initiation site (GT) (AG) termination site site
element (e.g., CAAT box,
enhancers, GC box)
silencers) r
Unannotated
A HUGE Job!
Especially if Genes
\ IR ==  Have Unknown Functions
r b
T T o e | .
ttactgocet gtggggoaag ghgascgtgs atgasgtige tgutsggee etqggcagor
azcoLtagé tgetggtggk ctastootigy acccegeggt tottigagte ctitgguger p—
Annotated | i :
: !
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