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in Chemistry for their discovery of  catalytic properties of RNA. Th e 
ability to catalyze (increase the rate of) biochemical reactions had 
previously been thought to only exist in proteins. Altman and Cech 
found a role for RNA in the splicing of mRNAs, ultimately making 
it possible for a single gene to give rise to several diff erent proteins. 
Th e signifi cance of Altman and Cech’s discovery was expanded 
more than a decade aft er they received the Nobel Prize. Following 
sequencing of the human genome it was discovered that the human 
genome contained only a fraction of the genes previously thought 
necessary to produce the complete set of proteins comprising hu-
man biology. Th e ability of this small set of genes to produce the full 
complement of human proteins could largely be explained through 
mRNA splicing.

More recently myriad forms of RNA have been discovered, and 
diverse roles for RNA have also been elucidated (see Table 3.2). Th ese 
discoveries indicate that controlling cellular activities is more com-
plex than previously thought, suggesting that there are also more 
opportunities to infl uence cellular activities.

Table 3.2 Selected  RNA  types

RnA type Function
mRNA Messenger RNA. Contains a working copy of a gene 

sequence and is read by the protein synthesis machinery 
to produce proteins.

tRNA Transfer RNA. Transfers amino acids to the protein 
synthesis machinery to produce proteins.

rRNA Ribosomal RNA. Part of the protein synthesis machinery. 
Also useful for determining evolutionary similarity 
between organisms.

aRNA Antisense RNA. Used for gene regulation.
siRNA Small Interfering RNA. Used for gene regulation.
snRNA Small Nuclear RNA. Used to edit mRNA, regulate gene 

expression, and maintain chromosome tips (telomeres).
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The Big Picture
Genes interact with the environment and with each other to 

confer traits. While the presence or absence of a gene can potentially 
confer a given trait, environmental factors also play a role. Our phys-
ical characteristics are a combination of genetic and environmental 
factors. A child with a hypothetical tallness gene, for instance, would 
not necessarily grow taller than a child without the gene; the child 
with the tallness gene would also require adequate nutrition to fuel 
the extra growth (and the effect of the tallness gene may be limited 
or enhanced by the action of other genes). Rather than thinking of 
genes as determinants of physical characteristics, they should be re-
garded as potentials or predispositions for characteristics.

The ability to modify characteristics of cells is similarly limited 
by biological and physical constraints. Since some cells are rapidly 
replaced, induced changes will be quickly lost. Other cells are dor-
mant, precluding their potential to express modifications. 

Furthermore, biology is complicated. In fields such as industrial 
chemistry or engineering, applications are developed from well-
characterized principles. With biotechnology on the leading edge of 
molecular biology research, it can be difficult or impossible to foretell 
the outcomes of manipulations and they can have unforeseen con-
sequences. Because it is not possible to fully predict the outcome of 
these procedures, scientists must perform experiments, take obser-
vations, refine theories, and finally develop functional applications. 
This is why biotechnology research is so complex, time consuming, 
and fraught with unforeseen setbacks and disappointments.
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