Basics of Transcription and
Translation



Overview: The Flow of Genetic
Information

* The information content of DNA is in the form
of specific sequences of nucleotides

* The DNA inherited by an organism leads to
specific traits by dictating the synthesis of

proteins

* (Gene expression, the process
directs protein synthesis, includes two stages:
transcription and translation
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Evidence from the Study of Metabolic

Defects

* In 1902, British physician Archi
suggested that genes dictate p

nald Garrod first

nenotypes through

enzymes that catalyze specific chemical reactions

* He thought symptoms of an inherited disease
reflect an inability to synthesize a certain enzyme

* Linking genes to enzymes required understanding
that cells synthesize and degrade molecules in a
series of steps, a metabolic pathway



Nutritional Mutants in Neurospora:
Scientific Inquiry

* Beadle and Tatum exposed breac

creating mutants that were unab

mold to X-rays,
e to survive on

minimal medium as a result of inability to

synthesize certain molecules

* Using crosses, they identified three classes of
arginine-deficient mutants, each lacking a different
enzyme necessary for synthesizing arginine

* They developed a “one gene-one enzyme”

roduction of a specific enzyme

nypothesis, which states that each gene dictates
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The Products of Gene Expression: A
Developing Story

* Some proteins aren’t enzymes, so researchers later
revised the hypothesis: one gene-one protein

* Many proteins are composed of several
polypeptides, each of which has its own gene

* Therefore, Beadle and Tatum’s hypothesis is now
restated as one gene-one polypeptide



Basic Principles of Transcription and
Translation

* Transcription is the synthesis of RNA under the
direction of DNA

* Transcription produces messenger RNA (mRNA)

* Translation is the synthesis of a polypeptide,
which occurs under the direction of mRNA

* Ribosomes are the sites of translation



* In prokaryotes, mRNA produced by transcription
s immediately translated without more
processing--coupled

* Inaeukaryotic cell, the nuclear envelope

separates transcription from translatior

* Eukaryotic RNA transcripts are modified through
RNA processing to yield finished mRNA
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The Genetic Code

* How are the instructions for assembling amino
acids into proteins encoded into DNA?

* There are 20 amino acids, but there are only four
nucleotide bases in DNA

* S0 how many bases correspond to an amino acid?



Codons: Triplets of Bases

* The flow of information from gene to protein is
based on a triplet code: a series of
nonoverlapping, three-nucleotide words

* These triplets are the smallest units of uniform
length that can code for all the amino acids

* Example: AGT at a particular position on a DNA
strand results in the placement of the amino
acid serine at the corresponding position of the
polypeptide to be producec




* During transcription, a DNA strand called the
template strand provides a template for

{ra

* Dy
cal

ordering the sequence of nucleotides in an RNA

Nscript
ing translation, the mRNA base triplets,

ed codons, are read in the 5" to 3’ direction

* Each codon specifies the amino acid to be
placed at the corresponding position along a
polypeptide
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Cracking the Code

* All'64 codons were deciphered by the mid-1960s

* The genetic code is redundant but not ambiguous;
no codon specifies more than one amino acid

* Codons must be read in the correct reading frame
(correct groupings) in order for the specified
polypeptide to be produced
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Fvolution of the Genetic Code

* The genetic code is nearly universal, s

nared by

the simplest bacteria to the most com
animals

plex

* (Genes can be transcribed and translated after
being transplanted from one species to another
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