Eukaryotes have more genes and

need for much greater
/ control!!
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1) Promoters are bigger and more complex
in Eukaryotes
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Multiple Regions are Critical in Eukaryotic Promoters
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Structure of a promoter recognized by RNA polymerase Il.
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Promoters are also extremely variable from one gene to the
next

(a) 5V40 control region

2) Specialized RNA polymerases.

In Prokaryotes there is only one RNA polymerase
responsible for transcription. In Eukaryotes there are
three!!

Properties of Eukarvotic RNA Polymerases
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4) Many additional proteins and up and downstream DNA
regions that are recruited at specific times and in specific

tissues to control expression
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Like Prokaryotes, Eukaryote genes can be orientated in
@ either direction in the DNA
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5) mRNA processing: What happens as the message is
being made? “Cap, tail, splice”
/RNApolvmerasa

(a)

(b}

Intron
——
DA WU

l Transcription

pre-mRNA

B &
Fes

! SJEa
CH, = 7-
b e gy 8
0 the 5" end.
T-Methyl guanosine
0 Y Y A
|
Y
Scap
Cap is essential for recognition by In eukaryotes, most gene
ribosomes. transcripts undergo three
. . different types of
Loss of the 7-mG is afirst step of postranscriptional
mRNA degradation processing.
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Electron Micrograph of mRNA being hybridized to

DNAin a eukaryote
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Surprisingly, the mature mRNA was much shorter than the gene
from which it was transcribed!!

Introns
A /

There were big
“gaps” in the
mRNA.

The parts of the
gene that are
removed from
the mRNA are
called “introns.”

The parts of the L

b

gene that are o en ,,a(s: pairs -

retained in the A 12 34 58 7 !

mRNA are called

“ n L1 | |

exons. 47 18551 129118 143156 1043
(c)

Ovalbumin gene, 7700 base pairs —ﬁ
L 1 2 3 4 5 6 7

Intron  Exon Transcription
Primary mRNA transcript

E
\L five intron transcripts
L
N 112 34 5 6 7
Spicing [T
intermediate E £
Splicing eliminates
two more intron transcripts
L
1234 7
Mature ovalbumin 3 56 e
messenger RNA B
L1 872 nuueomes——g

CoNTRASTING HuMAN GENE
TaBLE 13.8
— Size, MRNA Size, AND THE

NUMBER OF INTRONS

Gene mRNA Number of

Gene Size (kb) Size (kb) Introns
Insulin 1.7 0.4 2
Collagen [pro-a-2(1)] 38.0 5.0 50
Albumin 25.0 21 14
Phenylalanine

hydroxylase 90.0 2.4 12
Dystrophin 2000.0 17.0 50

How are these properly removed without introducing
mistakes?

8/25/2010



a“mrl: . 1 Small nuclear ribonucleoproteins
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Classes of Introns

. Self excising RNAs (ribozymes) Discovered by T.
Cech

Organelle genomes, bacteria and rRNA of Protists

Il Mitochondrial and Chloroplast mMRNA & some
Bacteria

IIl. mRNA in Eukaryotes. Introns have characteristic
junctions (5'---GU_---A--- AG----3’). Spliceosome complex
with snRNP (small nuclear ribo-nucleo-proteins, U1l - U6) is
required for removal.

IV. tRNA folding loop (about 15 nucleotides near anti
codon of some tRNAS) enzymatically removed.
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The gene for dystrophin (a mutation in which causes muscular
dystrophy), is over 2000kb long, but the mRNA is only 14kb
long. What is the cause of this discrepancy?

A) Exons are spliced out of the mRNA before translation
B) DNA is double stranded and RNA is single stranded

C) There are more amino acids coded by the DNA than the
mMRNA

D) Introns are spliced out of the DNA before mRNA is produced

E) Introns are spliced out of the RNA before translation

Consequences of “Genes in Pieces”
1) Exon Shuffling creates new genes!!:

Low Density Lipoprotein receptor transports

cholesterol
LDL receplor 112 3 4 5 6 7 8 9 10 11 12 13 14
@xons and
protein domains | | B E B EE B E |
Signal Ligand binding Unknown ps!.m‘s of cy:yaa-m
Functions of Soquenon ysaccharid tall of protein
domains. atiechment
Trans
anchor
€9 complement EGF precursor
factor and i
to other genes facmmmc

Blood protein Epideral Growth Factor

Domains 1, 4, 5, 6 are regions common to many membrane
proteins

2) Alternative Splicing allows for many
protein products from single genes!!!

Calcitonin peptide

Splicing pathway 1
(thyroid)

Primary A I B I c

transcript E
Splicing pathway 2
(nypothalamus)

CGRP peptide

2) Alternative Splicing allows for many protein products from
i .
Smgle genes".' | Calcitonin peptide
In Thyroid
translation and processing Cells
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1 278 4
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Gene is 16,000 bp long

Exons in rat troponin T gene
5 THZHEH S HEHTHE o HEHE g2

Alternate splicing of exons produces 64 different mRNAs.

[ Exons 1-3, 9-15, and 18 are present in all mRNAs.
[[] Exons 4-8 are present in various combinations in mRNAs.

B Exons 16 or 17, but not both, are present in all mRNAs.

Examples of mRNAs

VVVV S ANV
VVVNAANVVANVAVAVNS
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At least 64 different proteins are made (150-250 aa) jiernate splicing of

Located in skeletal muscles of vertebrates, affect /21SCripts from the rat
. . troponin T gene.
different cell actions

Control of genes.
Recall, in Drosophila:

if X/IA =1, Sxl geneis turned “on” and a
female is produced

If X/IA =Y, Sxl is “off”, a male is produced.

Drosopha X ds ab.c, (Ssterless) Sx tra dsx

A dpn(deadpan Sex lethd transformer  doublesex
XX  Courting 2> XA=1 2 ON 2 ON 2 Fende
XY Couring 2 XA=05 2 OFF 2 OFF 2 Mak

Exons in Drosophila Sexdethal (Sxl) gene

(5] 6] {7} [ ]

How do you turn genes
“on” and “off"????

3) Alternative splicing also| Female

is a mechanism for turning| splicing

“on” and “off’ genes.... pattern

i.e. Gene Regulation!! /
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Exon 3 is removed
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Transcription 1. Regulation of
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Pre-mRNA (primary transcript)

Intron in females!
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2. Regulation
\_ of splicing and
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Other mechanisms of gene
control:

RNA editing: enzymes modify the
mMRNA

RNA transcriptional silencing

3 3 3 Ribosome

Cytoplasm | 4. Degradation

Exon 3is retained in
mRNA in males; it
carries a stop
codon!

|

mana (112 W 4 [5]6]7] 8 |
|
4 Stop codon
ooocoonoooeee  Truncated polypeptide

N af mANA \ mRNA interference: miRNAs
s direct the degradation of mRNA

Protein

product )

regulation \
targets and control translation

6. Modification
—  and activity
3 of protein

Figure 17-1 Copyright © 2006 Pearson
Prentice Hall, Inc.
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Female Male
KX AM XY AA
Transcriptional
control

Alternative Splicing is also
responsible for the on/off of

3 S later steps in the Drosophila
- @ Sex Determination process!
g In Females, SxI protein
AUS s SUpA AUG UAG  USA interacts with Spliceosome
-l to remove 2" Exon from

’ ' MRNA (it's an Intron in
@ emales)
In males, SxI protein is

absent, and 2"d Exon is

AUG  UGA UAG AUG UGA  UAG
i i =lmmeia=mie= retained, but carries a
! poly A STOP

S

Female Differentiation Male Differentiation

Fig. 18-20

Small RNA

1) Pair with and DNA combine with DNA
methytransferases to modify promoters

functions
/ to slow down or stop transcription

DNA

|
)@ 900

DMTase

2) Pair with mRNA and with

“RNA Induced Silencing

RADM
- o= e—

l Dicer l Dicer

3) Pair with mRNA

Complex” directs SIRNA/RISC and slowdown
degradation of mRNA; origin translationg origin__.
long dsRNA o hairpin N\ MIRNA
mRNA T —
Sl » 3
RNAI |
PTGS l l 3 UIR
Figure 17-25 mRNA degradation  Translation repression|

or arrest

How important are small RNAs?
Not really know yet, but in Arabidopsis:
Genome 28,000 coding genes in Arabidopsis

Transcriptome 77,000 small RNAs identified in

various tissues
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