6.2 - Transcription:
Synthesizing RNA from DNA

Pages 251-256 (McGraw-Hill Ryerson, 2011)



Subtopics

® Overview

® The Molecular Events of Transcription
O Initiation
O Elongation
O Termination

® mMRNA modifications in Euykaryotes



Overview
RNA - Ribonucleic acid

- General Structure:

¢ Phosphate bonded to a ribose
sugar

€ Ribose sugar bonded to one of four
nitrogenous bases
® Adenine
® Uracil
® Guanine
® Cytosine

€ Single stranded

RNA (single-stranded)
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In BNA, the bases are attached to ribose. The bases
in RNA are the purines adenine (A) and guanine (G)
and the pyrimidines cytosine (C) and uracil (U).



Overview

Different types of
RNA Function

Messenger RNA (mRNA) The template for translation
Transfer RNA (tRNA)
Involved in translation of mMRNA
Ribosomal RNA (rRNA)
Small nuclear RNA (snRNA) Involved in mRNA modification
Micro RNA (miRNA)
Involved in regulating gene expression
Small interfering RNA (siRNA)
RNA in RNaseP Enzyme that includes RNA
7S RNA Protein destination targetting

Viral RNA Found in viral genomes



¥ Figure 17.8 The stages of transcription: initiation,
elongation, and termination. This general depiction of
transcription applies to both bacteria and eukaryotes, but the details

of termination differ, as described in the text. Also, in 2 bacterium,
the RMA transcript is immediately usable as mRNA; in a eukaryote,
the RMNA transcript must first undergo processing.
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Initiation

® Only one strand of the double-stranded DNA
molecule is transcribed (sense strand or coding
strand)

® The other strand is called anti-sense strand or non-
coding strand
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The Molecular Events of
Transcription

Initiation

- RNA polymerase
€ The main enzyme that catalyzes the
formation of RNA from a DNA template
& Binds to, unwinds and opens a section of
the DNA double helix
- Promoter region
& A sequence of nucleotides in DNA that
indicates where the RNA polymerase

complex should bind to initiate
Francecrintinon

¥ Figure 17.8 The stages of transcription: initiation,
elongation, and termination. This general depiction of
transcription applies to both bacteria and eukaryotes, but the details
of termination differ, as described in the text. Also, in 2 bacterium,
the RMA transcript is immediately usable as mRNA; in a eukaryote,
the RMNA transcript must first undergo processing.
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The Molecular Events of
Transcription

Initiation

> RNA polymerase binds to promoter regions
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Elongation

® As RNA polymerase complex move along DNA, a second
complex binds to promoter region. This means hundreds of
copies of RNA molecules can be made from one gene at one

time BRVYNEIEEN DNA polymerase

-Synthesize at a faster speed -Synthesize at a slower speed

-No proofreading -Proofreading

(if error, result in error in one protein (if error, alter the genetic make up of
molecule at a time) an organism)

Nontemplate strand
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The Molecular Events of
Transcription

Elongation

> The template strand is read (3’ to 5’')
and the complementary strand is
synthesized as an RNA molecule in the
5’ to 3’ direction
€ Nucleotides are added to the 3’ -

OH group of the previous
nucleotide

> As soon as the RNA polymerase starts

elongating, a new RNA polymerase can
come in and ckFart annther MRN A

Y Figure 17.10 Transcription elongation. RNA polymerase
moves along the DNA template strand, joining complementary RNA
nucleotides to the 3" end of the growing RNA transcript. Behind the
polymerase, the new RNA peels away from the template strand, which
re-forms a double helix with the nontemplate strand.
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The Molecular Events of
Transcription

Termination

- A specific nucleotide sequence on the template DNA strand
signals the termination of transcription
€ When RNA polymerase reaches this sequence it detaches
from the DNA strand
& The mRNA is released
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Questions 7-12

Learning Check

7. List three differences between DNA and RNA. 11. How do cells synthesize multiple strands of

8. How is RNA involved in protein synthesis? mBNA from one gene simultaneously? Why is this

. ; _— advantageous?
9. List and describe the three stages of transcription. &

10. Predict where mRNA is transported in the cell after
transcription is finished.

12. Would errors in transcription be more or less
damaging than errors in DNA replication? Explain
VOLF Answer.




7. Answers could include the following: DNA is the genetic Wm“
material that controls protein synthesis whereas RNA helps

Messenger RNA (mBMNA) the template for translation
DNA and is invo]ved n protein Synth eSiS. DNA has the Transfer RNA (tRNA) involved in the translation of mENA

= ; Ribosomal RNA (rRNA) involved in the translation of mRENA
sugar called deoxyribose whereas RNA has ribose sugar. The

Small nuclear ENA {snRNA) involved in modification of mRENA molecules

bases in DNA are adenine, guanine, thymine, and cytosine; | =™ ™™ e e g g crpreeon

; i ¥ ’ A Small interfering BNA (siRNA) involved in regulating gene expression
the bases in RNA include adenine, guanine, cytosine, and RNA in RNascP

uracil. DNA is a double-stranded helix whereas RNA is single |

BMaseP is an enzyme; the RNA is the part of the enryme

involved in targeting proteins to particular regions in

’ A eukaryotic cells

Stranded WIthout a heh"x' Viral RNA found in some viral genomes
8. Answers could include information referenced in Table 6.3 10. mRNA would be transported from the nucleus to the

on page 252 of the student textbook: mRNA is the template e e o

for translation, while tRNA and rRNA are involved in the 11. During the elongation phase of t.ranscrlptlon, a second :

U onIOEmRNA: RNA polymerase complex can bind to the promoter region

ganeie X immediately after the previous RNA polymerase complex

9. Initiation: Transcriptional machinery is assembled on the starts moving along the DNA. Therefore, multiple strands of

mRNA can be synthesized from one gene at a time. This is

sense strand. RNA polym i
polymerase binds to the advantageous for the cell since increased amounts of mRNA

promoter region
of the sense strand, &

leads to more protein that can be produced in a given amount
Elongatlonz RNA polymerase synthesizes a strand of mRNA of time.
that is complementary to the sense strand of DNA 12. Errors in transcription would be less damaging than errors in

DNA replication. An error in transcription would results in
Termination: RNA polymerase detaches from the DNA an error in one protein molecule, while an unrepaired error in

strand when it reaches a stop signal. The mRNA strand is DNA replication would cause a change in the genetic makeup
release and the DNA double helix re-forms. %80 PEESIAT,



MRNA Modifications in
EUM&E&MA (pre mRNA) -» mature mRNA

- |n Prokaryotes, the transcribed mRNA can be used to create a
protein right away - no modifications needed

- |n Eukaryotes, modifications must occur before it is transported
across the nuclear envelope

Modification steps:

1. 5" cap
2. 3' poly-A tail
3. Intron removal



MRNA Modifications in
Eukakyotes

¢ Modified form of a G nucleotide: added to the 5’ end of an
MRNA
> 3’ poly-A tail

a A - € AN . _0_ &' 0_ _ _ 00l _ 1 L_ 1l__ ™\J ___ 1 _f€£ _ __ __ANRIA
¥ Figure 17.11 RNA processing: nucleus, and they help protect the mRENA from  tail are not translated into protein, nor are the
addition of the 5' cap and poly-A tail. degradation. When the mRNA reaches the regions called the 5’ untranslated region (5’ UTR)
Enzymes modify the two ends of a eukaryotic cytoplasm, the modified ends, in conjunction and 3" untranslated region (3" UTR). The pink
pre-mRNA molecule. The modified ends with certain cytoplasmic proteins, facilitate segments are introns, which will be described
may promote the export of mRNA from the ribosome attachment. The 5’ cap and poly-A shortly (see Figure 17.12).
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MRNA modification

® Addition of 5’ cap: involves covalent linkage of a modified G
nucleotide (To let the mRNA be recognizable by the protein
synthesis machinery)

® Addition of 3’ poly-A tail: involves covalent linkage of a
series of A nucleotides (To make the mRNA more stable and

exist l[ongerin the cytoplasm)
Transcription Start Poly(A) Signal

l 1

5’ cap | 8 UTR Coding Region 3’ UTR Poly(A) tail

T T

Start Codon Stop Codon
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MRNA Modifications in
E)uka'symal

4 Introns - non coding regions; exons - coding regions

€ Exons get joined together

& Splicing - in MRNA, a process of excising out the introns
and combining the exons

¥ Figure 17.12 RNA processing: RNA long. The B-globin gene and its pre-mRNA however, they do not code for protein.)
splicing. The RNA malecule shown here transcript have three exons, corresponding During RNA processing, the introns are cut
codes for B-globin, one of the polypeptides to sequences that will leave the nucleus as out and the exons spliced together. In many
of hemoglobin. The numbers under the RNA mRNA. (The 5' UTR and 3' UTR are parts of genes, the introns are much longer than
refer to codons; B-globin is 146 amino acids exons because they are included in the mRNA;  the exons.
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MRNA Modifications in

Eukaryvates

& Comprised of
snRNA & proteins
(snRNPs) and
other proteins in a
complex

& Can join all exons,
or certain exons
(alternative
splicing) - can
lead to different
versions of the

Y Figure 17.13 A spliceosome splicing a pre-mRNA. The diagram
shows a portion of a pre-mRNA transcript, with an intron (pink) flanked
by two exaons (red). Small RNAs within the spliceosome base-pair with
nucleotides at specific sites along the intron. Next, small spliceosome RNAs
catalyze cutting of the pre-mRNA and the splicing together of the exons,
releasing the intron for rapid degradation.
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http://www.hhmi.org/biointeractive/dna-transcription-basic-detail
http://www.pol2e.com/at10.01.html
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2’ 3’ 4’ 5’ 6, 7’ 8, 9’ 10, 11' 12’ 13 8. (W As you have learned, gene expression involves

transcribing information from only one strand of the
DNA molecule. What could be some of the biological

u - u
Topic Review Questio, :m
% In prokaryotes, protein synthesis can occur at
I

the same time as transcription. Why is this not the case

7
2. @@ Use a flowchart to summarize the three stages of for eukaryntest
transcription. 10. @@ Below is a graphical representation of
3. How does transcription differ from DNA eukaryotic precursor mRNA.
replication?
5| Exon | Intron Exon Intron Exon .3

4, Distinguish between the following terms: sense
strand and antisense strand.

5. @I What is a promoter region? Why are promoter

regions necessary for transcription? a. Draw the corresponding mature mRNA.

6. Copy and complete the Venn diagram below to b. Label and explain each modification.

onganize iminrmation sbot DNA polymeraze and 11. @ One of the goals of the Human Genome Project
RNA polymerese. was to identify the number of genes present in the
human genome. Before the project, it was estimated
that the human genome had 100 000 genes, since it was
thought that humans produce approximately 100 000
proteins. The project has since revealed that the human
genome contains approximately 25 000 genes, despite
estimates for proteins remaining at 100 000-150 000.
Use an illustration and a brief paragraph to explain

7. W The following DNA sequence is a fragment from how this is possible.
the antisense strand that codes for a protein involved 12. How does alternative splicing provide evidence
in cell cycle regulation: that the one-gene/one-polypeptide hypothesis is not an
3'- ATACTAGTG -5' accurate description of the relationship between genes
a. Write the complementary sense strand. and proteins?
b. Which strand will RNA polymerase use in 13. Introns are non-coding regions in eukaryotic

transcription?
. What is the nucleotide sequence of the mRNA
strand transcribed?

genes.

a) Why do introns exist in eukaryotic genes?

b) How does the absence of introns in prokaryotic
genes affect prokaryotic gene expression?

[a]

d. What is the amino acid sequence of the polypeptide
produced from the mRNA strand?



References

Carter-Edwards, T., Gerards, S., Gibbons, K., McCallum, S., Noble, R., Parrington, |.,
Ramlochan, C., Ramlochan, S. (2011). Biology 12. McGraw-Hill Ryerson Limited

Hartwell, Leland. Genetics : from genes to genomes. New York: McGraw-Hill, 2011. Print.

Hillis, D.M., Sadava, D., Hill, R.W., Price, M.V. (2014). Principles of Life. Sinauer Associates,
Inc.

Urry, L.A., Cain, M.L., Wasserman, S.A., Minorsky, P.V., Reece, J.B., (2017). Campbell
Biology (11th edition). Pearson Education, Inc.



	Slide 1
	Subtopics
	Overview
	Overview
	The Molecular Events of Transcription
	Initiation
	The Molecular Events of Transcription
	The Molecular Events of Transcription
	Elongation
	The Molecular Events of Transcription
	The Molecular Events of Transcription
	Slide 12
	Learning Check
	Slide 14
	mRNA Modifications in Eukaryotes
	mRNA Modifications in Eukaryotes
	mRNA modification
	mRNA Modifications in Eukaryotes
	mRNA Modifications in Eukaryotes
	Slide 20
	Topic Review Questions
	References

