Transcription of DNA to RNA

Douglas Wilkin, Ph.D.
Jean Brainard, Ph.D.

Say Thanks to the Authors
Click http://www.ck12.org/saythanks
(No sign in required)

cK é!exboo(

n eneration textbooks


http://www.ck12.org/saythanks

To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both
in the U.S. and worldwide. Using an open-content, web-based
collaborative model termed the FlexBook®, CK-12 intends to
pioneer the generation and distribution of high-quality educational
content that will serve both as core text as well as provide an
adaptive environment for learning, powered through the FlexBook
Platform®.

Copyright © 2015 CK-12 Foundation, www.ck12.org

The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Com-
mons from time to time (the “CC License”), which is incorporated
herein by this reference.

Complete terms can be found at http://www.ck12.org/terms.

Printed: January 7, 2015

flexboo<

next generation textbooks

AUTHORS
Douglas Wilkin, Ph.D.
Jean Brainard, Ph.D.


http://www.ck12.org/
http://www.ck12.org/saythanks
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.ck12.org/terms

www.ck12.org Chapter 1. Transcription of DNA to RNA

CHAPTER 1 - a
Transcription of DNA to

RNA

* Define transcription.

* Describe the role of a gene’s promoter.

* Summarize the transcription process.

* Describe mRNA processing.

* Distinguish introns from exons.

* Explain the significance of polyadenylation.

How does a cell use the information in its DNA?

To transcribe means “to paraphrase or summarize in writing”. The information in DNA is transcribed - or summa-
rized - into a smaller version - RNA - that can be used by the cell. This process is called transcription.

Transcription

The process in which cells make proteins is called protein synthesis. It actually consists of two processes: tran-
scription and translation. Transcription takes place in the nucleus. It uses DNA as a template to make an
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RNA molecule. RNA then leaves the nucleus and goes to a ribosome in the cytoplasm, where translation occurs.
Translation reads the genetic code in mRNA and makes a protein.

Transcription is the first part of the central dogma of molecular biology: DNA — RNA. It is the transfer of genetic
instructions in DNA to messenger RNA (mRNA). During transcription, a strand of mRNA is made that is comple-
mentary to a strand of DNA. Figure 1.1 shows how this occurs. You can watch an animation of the process at this
link: http://www.biostudio.com/d_%?20Transcription.htm .

* A detailed video about transcription is available at this link: http://vcell.ndsu.edu/animations/transcription/m
ovie-flash.htm .

Single coding Double strand

strand of DNA of DNA
I \\\ FIGURE 1.1
J Overview of Transcription. Transcription
[ Triplet uses the sequence of bases in a strand

GAC ACT GAC TCT CGT TAC TCTGAC ' CAT
of DNA to make a complementary strand

of mMRNA. Triplets are groups of three suc-
cessive nucleotide bases in DNA. Codons

Iranscription

CUG UGA CUG AGA GCA AUG AGA CUG GUA are complementary groups of bases in

[ Codon MRNA.

Strand of mMRNA

Steps of Transcription

Transcription takes place in three steps: initiation, elongation, and termination. The steps are illustrated in Figure
1.2.

1. Initiation is the beginning of transcription. It occurs when the enzyme RNA polymerase binds to a region of
a gene called the promoter. This signals the DNA to unwind so the enzyme can “read” the bases in one of the
DNA strands. The enzyme is now ready to make a strand of mRNA with a complementary sequence of bases.

2. Elongation is the addition of nucleotides to the mRNA strand. RNA polymerase reads the unwound DNA
strand and builds the mRNA molecule, using complementary base pairs. There is a brief time during this
process when the newly formed RNA is bound to the unwound DNA. During this process, an adenine (A) in
the DNA binds to an uracil (U) in the RNA.

3. Termination is the ending of transcription, and occurs when RNA polymerase crosses a stop (termination)
sequence in the gene. The mRNA strand is complete, and it detaches from DNA.

Processing mRNA
In eukaryotes, the new mRNA is not yet ready for translation. It must go through additional processing before it

leaves the nucleus. This may include splicing, editing, and polyadenylation. These processes modify the mRNA in
various ways. Such modifications allow a single gene to be used to make more than one protein.
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DNA helix
DODOCDD
e

polymerase

M FIGURE 1.2
Steps of Transcription. Transcription oc-

Stop sequence curs in the three steps - initiation, elonga-
tion, and termination - shown here.

RNA

* Splicing removes introns from mRNA (see Figure 1.3). Introns are regions that do not code for proteins.
The remaining mRNA consists only of regions that do code for proteins, which are called exons. You can
watch a video showing splicing in more detail at this link: http://vcell.ndsu.edu/animations/mrnasplicing/mo
vie-flash.htm . Ribonucleoproteins are nucleoproteins that contains RNA. Small nuclear ribonuclearproteins
are involved in pre-mRNA splicing.

» Editing changes some of the nucleotides in mRNA. For example, the human protein called APOB, which
helps transport lipids in the blood, has two different forms because of editing. One form is smaller than the
other because editing adds a premature stop signal in the mRNA.

* Polyadenylation adds a “tail” to the mRNA. The tail consists of a string of As (adenine bases). It signals the
end of mRNA. It is also involved in exporting mRNA from the nucleus. In addition, the tail protects mRNA
from enzymes that might break it down.

Summary

* Transcription is the DNA — RNA part of the central dogma of molecular biology.

* Transcription occurs in the nucleus.

* During transcription, a copy of mRNA is made that is complementary to a strand of DNA. In eukaryotes,
mRNA may be modified before it leaves the nucleus.
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Explore More
Explore More |
Use this resource to answer the questions that follow.
* Transcription at http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcriptl.htm .

What is transcription?

Describe the three stages of transcription.
What is a transcription factor?

What is a promoter?

il

Explore More Il

* Protein Synthesis at http://www.wisc-online.com/Objects/ViewObject.aspx ?2ID=AP1302

DNA Transcription at http://johnkyrk.com/DNAtranscription.html

* How Do Cells Make Proteins? at http://ca.pbslearningmedia.org/content/Isps07.sci.life.stru.lpbiosystems
[#content/4dd2fb6badd2c73bce006585

* What is a Gene? at http://learn.genetics.utah.edu/content/begin/dna/

* Transcribe and Translate a Gene at http://learn.genetics.utah.edu/content/begin/dna/transcribe/

Review

What is protein synthesis?

What enzyme is involved in transcription?

Describe transcription.

Describe splicing. Distinguish introns from exons.

How may mRNA be modified before it leaves the nucleus?

MY


http://www.ck12.org
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.ndsu.edu/pubweb/~mcclean/plsc731/transcript/transcript1.htm
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://www.wisc-online.com/Objects/ViewObject.aspx?ID=AP1302
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://johnkyrk.com/DNAtranscription.html
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://ca.pbslearningmedia.org/content/lsps07.sci.life.stru.lpbiosystems/#content/4dd2fb6badd2c73bce006585
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/
http://learn.genetics.utah.edu/content/begin/dna/transcribe/

www.ck12.org Chapter 1. Transcription of DNA to RNA

References

1. Mariana Ruiz Villarreal (LadyofHats) for CK-12 Foundation. Overview of transcription of DNA to mRNA .
CCBY-NC 3.0

2. Mariana Ruiz Villarreal (LadyofHats) for CK-12 Foundation. Steps of transcription: initiation, elongation,
termination . CC BY-NC 3.0

3. Mariana Ruiz Villarreal (LadyofHats) for CK-12 Foundation. Splicing introns from mRNA . CC BY-NC 3.0


http://www.ck12.org

