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““Learning without thinking is useless; 
thinking without learning is dangerous.””



Genetic engineering

Manipulations aimed at changing the genetic 
information of living cells or organisms

Populational
Organismal
Cellular
Molecular 
levels  of genetic engineering



1. Populational level of genetic engineering – 
genetic changes in the population gene pool aimed at maintaining 

useful traits

Eugenics –improvement of human hereditary traits
positive eugenics -  encourage reproduction among the 

genetically advantaged - financial and political stimuli
negative eugenics -  lowering fertility among the 

genetically disadvantaged - abortions, sterilization, etc.

Sir Francis Galton
1865

Plato
325 BC



2. Organismal level of genetic engineering 

1. Hybridization - interbreeding between two animals 

or plants of different organismal groups. 

intra-specific -  between different sub-species within a 

species; maintains useful species traits (cow milkiness; 

hen laying capacity; beef meat production, etc.)

 interspecific - between different species within the same 

genus;  combines useful traits from 2 species, increases 

heterozygocity; sterile hybrids



2. Pre-zygotic selection and artificial insemination - selection of 

sperms (hemophilia); bulls of service

3. Post-zygotic selection

Natural – spontaneous abortions; effect of natural selection

Artificial  - therapeutic abortions based on medical evidence – 

infections, malformations

Pre-implantation diagnostics – testing of  1-2 blastomers from a  7-10-
cellular human embryo by PCR or FISH; 

Prenatal diagnosis, Prenatal surgery



4.  In vitro fertlization (IVF)  – Patrick  Steptoe & Robert 
Edwards, 1978 (UK);
eggs are fertilized by sperm outside the woman's womb,         
in vitro

Assisted reproduction technologies - ART

Intracytoplasmic sperm injection (ICSI)  -  the sperm is 

directly injected in to the egg using micromanipulation; 

used when:  sperm have difficulty penetrating the egg, 

sperm numbers are very low



3. Cellular and subcellular level of genetic 
engineering 

1. Chimeric organisms (chimera) - an animal that has two or more 
different populations of genetically distinct  cells  originating  in 
different zygotes

Chimera

   Production of chimeras – fusion 

of cells from different embryos; 

each population of cells keeps its 

own character and the resulting 

animal is a mixture of mis-matched 

parts. 



Tetraparental - formed from four parent cells (two fertilized eggs or 

early embryos fuse together) 

Hexaparental - from three parent cells (a fertilized egg is fused with an 

unfertilized egg or a fertilized egg is fused with an extra sperm)



equipotent genomes of somatic cells and gametes;
descendants are copies of the parent donor of the 
somatic nucleus;
all descendants of somatic nuclei from the same 
parent are identical twins



Ethical Issues…

• Is human cloning ethical? “Playing with nature?”
• Does a clone have parents?
• Autonomy?
• Might cloned children be able to choose their 

own destiny?
• What about cloning children who have died at a 

young age?
– Would it matter if the death was accidental?

• Does cloning create stem cells (therapeutic 
cloning) justify destroying a human embryo?



Cloning in humans :

therapeutic cloning  - production of human 

embryos for use in research. The goal is not to create 

cloned human beings, but rather to harvest stem cells that 

can be used to study human development and to treat 

disease. Stem cells  (early, undifferentiated cells) can 

generate any type of specialized cell in the human body. 
- stem cells are extracted from the egg after it has divided 
for 5 days (called a blastocyst)
- stem cells can be used to serve as replacement cells to 
treat heart diseases, Alzheimer’s disease, cancer, etc. 





   5. Hybridomas   -  engineered hybrid cells between 

mouse cancer cells (myeloma) and mouse spleen B-

lymphocytes. Being cancer cells, they multiply rapidly and 

indefinitely and being B-cells produce large amounts of the 

desired antibodies – monoclonal antibodies. 

MAbs are produced by identical B-cells that are clones of a 

unique parent cell. 





Genome editing (gene editing, gene surgery) -  is a type of genetic 
engineering in which DNA is inserted, deleted, modified or replaced 
in the genome of a living organism.

The CRISPR-Cas system - a breakthrough!
CRISPR - “clustered regular interspaced short palindromic 
repeats”,  evolved in simple, single-celled microbes as a 
weapon for fighting off viruses.  



The RNA is primed to recognise and dock to the virus DNA, encasing it 
in a pocket of the Cas enzyme. Cas, in turn, makes a cut in the DNA, 
which disables the virus attack.



Design a piece of RNA that locks 
on to whatever gene we are 
interested in
Mix it up with some Cas enzyme
Produce a customised precision 
gene-editing tool



Genome editing (gene editing, gene surgery).
May 2019, China reported - creation by Chinese scientist He Jiankui 
of the first gene-edited humans (Lulu and Nana – born healthy after 
gene surgery as single-cell embryos)
sperm and eggs from the couple, IVF, then genome editing of the 
embryos using CRISPR/Cas9. The editing targeted a gene, CCR5, 
that codes for a protein that HIV uses to enter cells.
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