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The production of functioning mRNA is very different in prokaryotes and eukaryotes. In
prokaryotes, the RNA transcript serves directly as the mRNA and translation begins before
transcription is completed; that is, transcription and translation are coupled. In eukaryotes,
the primary RNA transcript must be modified in the cell nucleus to form mRNA. Translation
takes place only after the completed mRNA is delivered to the cytoplasm.
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Size (approximate) Function

transfer-RNA (tRNA) 80-90 nucleotides Transfer of amino acids to
the protein synthesis
apparatus of the cell

Ribosomal RNA (rRNA) 4 types (in eukaryotes) 
with each ca. 120, 150, 
1700 and 3500 
nucleotides

Structural and functional
elements of the
ribosomes

messenger-RNA (mRNA) Very different (from
several 100 to more than
10000 nucleotides)

The mRNA delivers a 
gene copy to the protein
synthesis apparatus of
the cell

The 3 RNA types

Taken from: R. Knippers, Molekulare Genetik, 9th Ed., Thieme
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9 RNA is single stranded but is organized partly as ds RNA by internal base pairing
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Loop (secondary structure) formation in the E.coli mRNA.
The mRNA has a length of  several thousand nucleotides, only a short part is shown here. 
This part contains complementary nucleotide sequences that can combine to a double 
stranded  region so that a loop is created at this site. Cytosine pairs with Guanine and 
Uracil with Adenine. 

Taken from: R. Knippers, Molekulare Genetik, 9th Ed., Thieme



10 Genome map of Bacillus subtilis

www.expeditions.udel.edu/extreme08/genomics/genomemap.php

Genes are transcribed 
from both strands

CHE.167 Genetics



11

GGAGCTAATTATGCGTGGGCACATTCGT5‘

CCTCGATTAATACGCACCCGTGTAAGCA

3‘

5‘3‘

GGAGCTAATTATGCGTGGGCACATTCGT5‘

CCTCGATTAATACGCACCCGTGTAAGCA

3‘

5‘3‘

GGAGCUAAUUAUGCGUGGGCACAUUCGU5‘ 3‘ RNA

DNA

Transcription: Only one strand is transcribed

Template for transcription

Codon sequence  of encoded protein is reflected in complementary strand
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Transcription start

mRNA
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Taken from: R. Knippers, Molekulare Genetik, 9th Ed., Thieme
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Fig. 19.37: In addition to 70, E. coli has several sigma factors that are induced by 
particular environmental conditions.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning

CHE.167 Genetics



15

Fig. 19.15: E. coli sigma factors recognize promoters with different consensus sequences.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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16 Effect of mutations on promoter function

-35
-10

Spacing between -35 and -10 region

Spacing between -10 region and transcription start
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Fig. 19.5: During transcription, the 
bubble is maintained within 
bacterial RNA polymerase, which 
unwinds and rewinds DNA and 
synthesizes RNA.

Fig. 19.7: Eubacterial RNA polymerases have five 
types of subunits.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Fig. 19.13: RNA polymerase initially contacts the region from –55 to +20. 
When sigma dissociates, the core enzyme contracts to -30; when the enzyme 
moves a few base pairs, it becomes more compactly organized into the 
general elongation complex.

Fig. 19.14: DNA elements and RNA polymerase 
modules that contribute to promoter 
recognition by sigma factor. 

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Fig. 19.24: Sigma factor and core 
enzyme recycle at different points in 
transcription.

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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nascent RNA chains

Scheme of transcription. Transcription starts with an „open“ promoter complex. The holoenzyme causes the
unwinding of the region close to the transcription start point (+1). After a few polymerisation steps, the sigma factor
leaves the core enzyme which continues its way along the transcribed DNA strand. The released promoter is re-
occupied. In parallel, several RNA polymerases are occupied with transcription

Taken from: R. Knippers, Molekulare Genetik, 9th Ed., Thieme
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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26 Gene Expression in Eukaryotes -- Introns

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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kb kb

Taken from: B. Alberts, Molecular Biology of the Cell, Garland Science
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mRNA Synthesis in Eukaryote is a 

complex Process

Transcription Initiation

Transcription Elongation

5’ Transcript Processing (CAP)

Transcription Termination

3’ Transcript Processing

Intron Splicing

Transport into Cytoplasm
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mRNA Synthesis in Eukaryote is a complex 
Process

Transcription Initiation

Transcription Elongation

5’ Transcript Processing (CAP)

Transcription Termination

3’ Transcript Processing

Intron Splicing

Transport into Cytoplasm

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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30 CAP structure at 5‘ end of mRNA

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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hnRNA: heterogeneous 
nuclear RNA

hnRNP: heterogeneous 
nuclear Ribonucleoprotein
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Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International

CHE.167 Genetics



36

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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snRNA: small nuclear RNA

snRNP: small nuclear 
Ribonucleoparticle
„snurps“

Taken from: J.E. Krebs, E.S. Goldstein, S.T. Kilpatrick; „Lewin´s Genes XI“; Jones&Bartlett Learning
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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42 3‘-end processing
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43 3‘-end processing

PAP: PolyA-
Polymerase

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Pol II:
All coding genes
Small nuclear RNAs

Pol I:
Ribosomal RNAs

Pol III:
Transfer RNA
5S rRNA
Small nuclear RNA U6
Repeated DNA sequ. 
(e.g. Alu)

Transcription in
Eukayotes

Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Taken from: B. Lewin, Essential Genes, Pearson Ed. International
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Pol II Promoters
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55 Regulated Expression in Eukaryotes

Complex Initiation System

Enhancer

Activators

Repressing Systems
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