
 

 

BIOLOGY 
 
Gene Technology – Cloning 
 
 
What is gene technology? 
 
Gene technology is a range of various processes associated with modifying genes, understanding the 
expression of genes, transferring genes to new hosts and taking advantage of natural genetic 
variation. 
 
Gene technology is connected within the area of biotechnology, which is the use of living things in 
order to make or change products. Biotechnology has been used for centuries in situations ranging 
from plant and animal breeding to brewing and baking. 
 
Modern biotechnology includes the discovery of genes, the understanding of how genes function and 
interact, the discovery of natural DNA markers to select more efficient plants and animals, and in 
genetic modification. 
 
The discovery of cloning as a gene technology 
 
Three key discoveries in the late 1960's and early 1970's have provided genetically engineered 
technologies to be developed. Cloning is one form of a gene technology.  The first cloning discovery, 
made by Arber and Nathans, was that restriction enzymes could be used to cut DNA into manageable 
and reproducible pieces. The second discovery, made by Stanley Cohen and Paul Berg, was that these 
small pieces could then be incorporated into bacterial plasmids and separately purified. This discovery 
is called cloning but is different to cloning identical animals, like Dolly the Sheep, which refers to a 
different process. The third discovery was made by Howard Temin and David Baltimore who 
discovered that an enzyme present in some viruses can be used to copy messenger RNA into DNA.  
 
The medical importance of these three key discoveries received recognition through the award of Nobel 
Prizes in Physiology and Medicine. The power of such technologies was recognized by scientists at an 
early stage and the implications were considered as many benefits can come as result to such 
discoveries.  
 
But the more recent development of GM foods, gene therapy, and the ability to clone animals has 
triggered a new wave of concerns among the general public. GE techniques have now become central 
to all modern biological and biomedical research and have been in common use internationally since 
1976. In 1978 a gene was cloned for the first time in a New Zealand laboratory and New Zealand 
scientists quickly adopted the new technologies - as was the case world-wide. The earliest medical and 
commercial applications of the recombinant technologies were to produce large amounts of human 
pharmaceuticals.  
 
 
  



 

 

What are clones and how is cloning achieved? 
 
Clones are genetically identical organisms. Although rare in mammals, genetically identical clones can 
sometimes occur naturally within humans. 
 
There are also a number of artificial methods to produce clones. This process can be extremely 
straightforward for plant breeders who are able to propagate large numbers of genetically identical 
plants by basically taking cuttings from desirable specimens. Although more difficult in mammals, the 
easiest method involves working with very early embryos to copy the process occurring in nature. 
 
After the egg is fertilized by a sperm, the young embryo develops for a few days purely as identical 
cells which have not yet differentiated into the particular cell types of the following fetus. Therefore, 
cloned animals can be produced by gently pulling apart the cells of a embryo, under the microscope, so 
that each individual cell can potentially go on to form a fetus, eventually producing identical replicas.  
 
A method capable of generating much larger sets of clones involves the use of a different embryo 
manipulation procedure called "nuclear transfer." This process was first developed as a technique in 
the 1950s by researchers studying amphibians. Experiments performed by scientists at the Roslin 
Institute in Scotland, demonstrated the ability to clone animals from cultured cells obtained from an 
adult sheep, known famously by Dolly. 
 
The concept of cloning an adult is based on the fact that the majority of cells from an animal's body 
contain within their nuclei all of the genetic information for that entire animal. In the case of Dolly she 
was cloned from a mammary cell from a six year-old ewe. An important step was to turn off the 
mammary genes in the donor cell and reactivate the embryonic genes which must be switched on in 
the correct sequence for embryo and fetal development to occur, in order to produce the cloned 
offspring.  
 
 
Why is cloning done and what are the potential uses? 
 
Cloning is done for many various reasons but overall the major reason for cloning and the science and 
investigation into cloning is to improve the overall quality of science and life and add to the 
understanding of genetics within different organisms. 
 
Reproductive cloning can be used in order to develop proficient ways to reliably reproduce animals with 
special qualities. For example, drug-producing animals for studying human disease could be mass 
produced.  
 
Reproductive cloning may also be used to repopulate endangered animals or animals that are difficult 
to breed. Endangered species that are potential candidates for cloning include the African bongo 
antelope, the Sumatran tiger, and the giant panda.  
 
Therapeutic cloning technology may also someday be used in humans to produce whole organs from 
single cells or to produce healthy cells that can replace damaged cells in degenerative diseases such 
as Alzheimer's or Parkinson's disease.  
 
Farmers have been genetically modifying the composition of animals and plants using selective 
breeding for years. The new technologies of cloning and gene targeting provide the potential to 
enhance this process further, providing new agricultural and medical opportunities. Since Dolly herself 
was once considered science fiction, she has opened many new doorways of scientific inquiry which 
may provide significant future benefits for agriculture and medicine. 
  



 

 

The issues involved in cloning including its impact on evolution. 
 
Gene technology raises many issues, for instance those relating to animal welfare, safety and socio-
economic concerns. Although early attempts to genetically modify animals did result in unacceptably 
poor animal welfare, control of gene function has improved, therefore allowing the welfare of the 
animals to also be significantly improved. There is the real possibility that these techniques could be 
used to eliminate harmful genetic traits and therefore reduce suffering. 
 
One of the most substantial possible impacts of cloning on human biology is on evolutionary processes. 
Cloning is an inherently asexual form of reproduction, which means that reproduction occurs without 
two parental units sexually combining DNA to produce an offspring. Some scientists who stand against 
cloning believe that if reproduction through cloning becomes a normal and common type of 
reproduction, humans or other cloned species will stop to naturally adapt to changing environmental 
needs. The main fear a number of individuals hold against cloning is the fact that scientists may carry 
the potential to find a way to replicate the most desirable trait of any organism and be able to transplant 
those traits artificially into offspring, thereby bypassing the normal exchange of biological data. Rather 
than an offspring being a combination of both parents genetic information, offspring will be customized 
to suit a pre-determined genetic template. Ultimately, this means that a species subjected to this form 
of genetic manipulation would lose its innate ability to adapt. 
 
Reasons why people are for and against cloning. 
 
Many cloning experiments fail and even in the successful clones, problems tend to arise later, during 
the animal's development to adulthood. This is one of the main reasons why large numbers of 
individuals are against cloning in all aspects. Cloning animals shows us what might happen if we try to 
clone humans. Potential risks depicted in cloning experiments include:  
 
 High failure rate 
 

Cloning animals through somatic cell nuclear transfer is purely inefficient. The success rate ranges 
from 0.1% to 3% which means that for every 1000 tries, only one to 30 clones are made 

 
 Problems during later development 
 

Cloned animals that do survive tend to be much bigger at birth than their natural counterparts. 
Scientists call this "Large Offspring Syndrome." Clones with this syndrome have abnormally large 
organs. This can lead to breathing and blood flow problems. 

 
However, cloning has also shown potential benefits and positive aspects towards both science 
and life, therefore there are also a number of individuals who in turn support cloning. The main 
most significant reason for this is: 

 
 Curing Diseases 
 

The growing scientific field known as therapeutic cloning, is allowing thousands of lives to be 
saved from cloning human cells, tissues, and even organs. Cloning human body parts guarantees 
a genetic match to prevent organ rejections and also does not require immunosuppressive drugs.  
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