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Recombinant DNA Technology
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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



3

Recombinant DNA Technology

Clones -> Cells or organisms 
with identical DNA
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Restriction endonucleases

5’-> 3’

3’ <- 5’
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How frequently will
cut EcoRI in a random
DNA sequence?
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Gel Electrophoresis
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Gel Electrophoresis
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Gel Electrophoresis
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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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Plasmid Cloning Vectors
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Plasmid Cloning Vectors
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Insertional inactivation

Gene in cloning site:
• LacZ -> pUC18 (lacZ complements the host defect in lacZ)

-> pUC18 into host organism -> active lacZ (β-galactosidase) from plasmid-> cleavage of X-gal 

(blue colonies) 

-> gene cloned into polylinker -> lacZ gene disrupted -> no cleavage of X-gal (white colonies)
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http://www.bio.davidson.edu/Courses/genomics/method/reporters.html

positive

negative

Blue/White Selection
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Insertional 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 
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Transformation and Selection
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Vectors

Similar principle of cloning, suitable for different
purposes
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Electron micrograph of bacteriophage λ.
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Electron micrograph of the filamentous 
bacteriophage M13.

Bacteriophages
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Bacteriophage T2 injecting its DNA into an E. coli
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Life Cycle of Bacteriophage λ
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Not needed
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Replication of bacteriophage upon infection of a cell
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Self-assembly !!

Cos site 12 bases sticky
singlestrand
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Molecular genetics and bacteriophage
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Cloning of foreign DNA in λ phages.
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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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BAC Bacterial artificial 
chromosome based on 
F (sex) plasmid (1-2 copies
per cell
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What is a genome library ?

A collection of clones made 
from a set of randomly 
generated overlapping 
DNA fragments 
representing the entire 
genome of an organism.

Partially ~ overlapping



37

Fragmentation of genomic DNA

Sau3A GATC

Partially ~ overlapping
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Creation of Libraries
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cDNA synthesis
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DNA Library

Clones -> 
genetically 
identical
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Genomic phage library
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Evaluation of library
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Ordered library

“Chromosome Walking”   
-> also used in “Human 
Genome Project”

Screening of the 
library - later
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Evaluation of library

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.
P

ag
e 

92



48

How big genomes are?

Amoeba dubia 200x
the size of human genome

Lungfish 40x

Paris japonica 50x
octoploid

?
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54 Mbp – Cardamine amara 124 852 Mbp - Fritillaria

149 000 Mbp - Paris japonica

- currently the largest
(not only plant)

http://data.kew.org/cvalues/

Plant genome sizes
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How to determine genome size?

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

C-value paradox

there is no strong correlation between complexity of an organism and the
size of its genome

genome size (bp) = (0.910 x 109) 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
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105 106 107 108 109 1010 1011 1012

basepairs

Amount of DNA in a Genome Does 
Not Correlate with Complexity



53



54

http://www.mun.ca/biology/desmid/brian/BIOL2250/Week_Two/genespac.jpg

Gene Spacing in Various Species
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Log-log plot of the total number of annotated proteins in genomes
submitted to GeneBank as a function of genome size
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Even the Amount of DNA a Gene Spans 
Differs Amongst Species

Genome
3.7 Gb

0.39 Gb
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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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