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What is genetic engineering?





DNA?

condensation
dehydration



Nucleic Acids – DNA and RNA





DNA + RNA

DNA + RNA

DNA + RNA

RNA

DNA



DNA structure -> sequence





Polymerase reaction:

5’-> 3’

Chemical DNA synthesis 

3’-> 5’



First DNA Structure

• By 1910 actual 
components known 
(nucleotides)

– Phoebus Levene 
proposed a 
tetranucleotide 
structure for DNA

•Tetranucleotide repeat of ATCG

• Own data showed nucleotides not in 1:1:1:1 ratio

� Differences “probably experimental error…”



So…

• If DNA was a single covalently bonded 
tetranucleotide structure then it couldn’t easily 
encode information

• Proteins, on the other hand, had 20 different 
amino acids and could have lots of variation

• Most geneticists focused on “transmission 
genetics” and passively accepted proteins as being 
the likely genetic material



Frederick Griffith, 1928
Transformation of Bacteria

Heat-killed cells contain “transforming factor”



Avery, McCarty and MacLeod (1944)

• After 10 yrs of effort published work using 
Griffith’s approach to assay for the genetic 
material
– Used 

• Cell-free extract of S cells
• From 75 liters of cell culture obtained 10-25 mg of 

“active factor
• Proteases, RNases, DNases, etc.

• Transforming factor is DNA



Erwin Chargaff

• 1949-1953

• Digested many DNAs and subjected 
products to chromatographic  separation

• Results
– A = T, C = G

– A + G = C + T (purine = pyrimidine)

– A + T does not equal C + G
• Members of a species similar but different species 

vary in AT/CG ratio





Watson and Crick

• 1953 propose double 
helix model

– Right-handed 
double helix

Method?

X-ray 
Crystallography of DNA



Impact

• Article in Nature
– “It has not escaped our notice that the 

specific pairing we have postulated 
immediately suggests a possible copy 
mechanism for the genetic material”
• Second paper 2 months later describes 

semiconservative replication and that mutations 
must change bases in DNA (information encoded in 
the bases and their order)

• DNA became the genetic material…



DNA Replication



Nobel Prize in 1962.

The Nobel Committee noted that the
discovery had "no immediate practical
application, but determining the molecular
structure of the substance that is
responsible for the forms that life takes is
a discovery of tremendous importance". 

The understatement of the year?







J. Craig Venter
Mycoplasma genitalium

Why did they choose this 
Pathogenic organism?

582,970 bp genome
Low GC content ~ 30%



chemical DNA
synthesis

Chemical gene and chromosome synthesis

Gene synthesis from $0.35/bp

Scientist accused of playing
God



Gibbson assembly

Taq ligase
Example of synthetic biology



DNA can be used to look into the 
past



1 Sriram Sankararaman et al. The genomic landscape of Neanderthal ancestry in 
present-day humans. Nature, 
2 Benjamin Vernot and Joshua M. Akey. Resurrecting Surviving Neandertal
Lineages from Modern Human Genomes. Science

2014

1 Genetic variants in 846 people of non-African heritage, 
176 people from sub-Saharan Africa, and a 50,000-year-old
Neanderthal
Areas with reduced Neanderthal ancestry tend 
to cluster on the X chromosome – hybrid infertility
This suggests that when ancient humans met and mixed with 
Neanderthals, the two species were at the edge of biological 
incompatibility
2 Whole-genome sequencing data from 379 Europeans and 286 East Asians to 
identify Neanderthal lineages that persist in the modern DNA
Non-African humans inherit ~1 to 3% of their genomes from
Neandertal ancestors. Evidence that Neanderthal skin genes made
Europeans and East Asians more evolutionarily fit 





Dna can be used to “bring back the dead”!!



Example of SNP



The goal is $1,000 per genome





BGI

BGI produces 10% to 20% of the world’s genetic
information. 



BGI

China’s BGI to Sequence 2,200 Geniuses In Search For 
“Smart” Genes

(movies)



SNP Single Nucleotide Polymorphism
in humans

• A precise position along a chromosome where the
DNA of different people may vary. Generally two
alternate alleles are found at a particular SNP. At
least 2,000,000 SNPs are now known and there
may be over 30,000,000 in the human genome. 

• The importance of SNPs comes from their ability
to influence disease risk, drug efficacy and side-
effects, tell you about your ancestry, and predict
aspects of how you look and even act.

• Mostly not determined by sequencing –Illumina
chip - movie



Example - Rs1815739

• This SNP, in the ACTN3 gene, 
encodes a premature stop 
codon in a muscle protein 
called alpha-actinin-3. The
polymorphism alters position
577 of the alpha-actinin-3 
protein. Normal – C, truncated
- T 

• (T;T) is under-represented in 
elite strength athletes, 
consistent with reports
indicating that alpha-actinin-3 
deficiency appears to impair
muscle performance. 







Adenosine DeAminase ADA gene
Breaking DNA metabolites
ADA deficiency – metabolites acumulate
–killing lyphocytes

ADA engineered T lymphocytes
Gene Therapy

Severe combined immunodeficiency 



How about Human Cloning?

2014 1996



-Sequencing genomes of ancient
organisms

-Chemical genome synthesis
-Animal (and human) cloning
-Reviving the dead organisms



There is principally nothing new about genetic engineering

Is genetic engineering a new technology?





Genetic engineering started in 
a Hawai delicatesen in 1972

Stanley Cohen

Herbert Boyer













Recombinant DNA













What can be done?















Genetic code is universal, gene from one organism
can be expressed in another – some limitations


