Strange and Unexpected Genetics

RNA interference
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This is true, but.....

Repressors
These requlatory proteins bind (o “silencer sites” on
#:eu ‘:::{:oty proteins bind to DNA at distant sites e DHA praantiny the binding of aciusier te
knowm as enhancers. When DNA folds so that the ROSIRY SUBANCArS 350 Slowing trenecription.
enhancer is brought into proximity with the transcription
complex, the activator proteins interact with the complex
to increase the rate of transcription.

Basal factors
These transcription factors, in response
to coactivators, position RNA polymerase
at the start of aprotein-coding sequence,
and then release the polymerase to
transcribe the mRNA
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Coactivators ¢
These transcription factors transmit signals ore promates
from activator proteins to the basal factors.
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HUMAN ACING, PACE 1479

(o8 &8 The Petunia Mystery

Co-Suppression: The transgene inhibits both the
expression of the transgene AND the endogenous gene



Make antisense RNA
of your favorite gene
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No translation????
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Make sense RNA of Make antisense RNA
your favorite gene of your favorite gene
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RNA Interference is a Biological System that
Recognizes dsRNA and Inactivates Corresponding
MRNASs in a Sequence Specific Manner.

ALARM!!!!  ipgl7 gl asrna

"Dice" into .
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sl Small Inhibiting RNA
(siRNAs)
Assemble into
RISC Complex
Perfect Base-pairing
to mRNA
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mRNA Cleavage
and Destruction

Andrew Z. Fire Craig C. Mello
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AWHOLE NEW WAY OF /f“i\\,\,/__;"“imm
GENE REGULATION

7T === RISC
=
SIRENA unwinding
—— Activated

P — RISC

Why iS it there? Associaton with

target mRNA

___R /"_\'—\__/

- e —— Target mRNA
T m— cleavage

— Sense —— |arget mRNA
———— Antisense




¥
3’W 5
E*th 3

Dicer

Activated
RISC

Viral RNA
breakdown

Less Virus

A Protection against RNA viruses

RV AV VS
SN Y AN

» ¢ \ \
/’ 3 \W3 \

[ | strand template 20 \ |

Rd
3’0%./\/\;‘& 5 ki / C::) Q%
A

Replication
A3
S Y Lv SN G\ ﬁ \“-4/

SN Y

\ \ < ¥ Translation of
\ W : virion proteins
VSRS
L\ SRS Y e \
\\ A AIA A Capsid proteins
0000 | /
& L 000 oSurface proteins

""x_f\\\ Encapsidation T =

Nature Reviews | Microbiology




chr19! S5953006) 55953500|
C/0 and H/ACA SNORNAS, SCakRMAs and microRNAS from shoRNABase and miRBase
hea=-mir-371 sl hEa=mir-373 sl
hEa=-mir=-372 k) hsa=mir=373

Vertebrate Mulitiz Alignment & Conservation (17 Species)

cConservarion l
A A a

rnesus
nouse

rat (MSLN L s e

B.
chr4: | 1137ss600] 113788700| 113738s8e08| 1137359900 1137sgeee| 113789100|
andl H/M IMORNAE, SCAaRKNAS W MAaCrORNAE fFrom SNORMNABASE and miRBase
nEa-mir-557 EEie—— hsa-mir-5025 iITie nEa-mir-382H m
hsa-mir-302d (Ee— hsa-mir-362C ki
hsa-mir-362a Eie— ":“« M ir=3820 T ——
nsa-mir-302q

Vertebrare MUITIZ Alignment & Conservarion (l'a' Species)

e n - .l

rhesus
nouse
rat |

G

che 13! | cosoereesl 9oser1e0| 9ese1200] Ses01308] SoE01406| 9o3e1S60] 90861600
C/D and H/ACA SNORNAS, SCaRNAS and miCcroRNARsE from snoRNABase and miRBase
NEA=M ir=17 b hEa=mir=195 jEE- NEA=Mir=-190-1 ——ii-
hea-mir-17 iRl — nsa-mir-26a i nsa-mir-92-1 i

nEa- nnr-.an

a-~Mmir-18e
'..'er*tebrate MUltiz Alignment & Conservation (17 Species)

. - - - l “ “

rhesus mumumm Ml L e Al Y ) o L AL LI

mouse
rat




Il Regulation of “normal” gene function

1. miRNA gene expression

5 G-cap —_— poly-A tail 3’

miRNA transcript

2. miRNA processing
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Pri-miRNA Pre-miRNA Mature miRNA

3. miRNA-guided mRNA cleavage l
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The human genome contains about 250 miRNA genes,
and perhaps most mRNAs could be a target
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Most mammalian mRNAs are conserved targets of
microRNAs

Robin C. Friedman1:2:3, Kyle Kai-How Farh1:2/4, Christopher B. Burge 15 and David P. Bartel1:2,5

Author Affiliations

Lots of people are trying to figure out all the relationships between
miRNA expression and protein expression from other mRNAs. Major
implications for cancer, development and stem cell biology



Functional studies using RNAi

~19,000 C. elegans genes
>50% have human homelogues

Degradation of
target mRNA

!

Loss of function
phenotype

Genome wide screens of gene function
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Inhibit your favorite mRNA from your favorite organism

Here's how it works

1. miRNA gene expression

Us PROMOTER |

5 G-cap — poly-A tail 3’

miRNA transcript

2. miRNA processing
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3. miRNA-guided mRNA cleavage j
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Future?

Cancer treatment:
Break down the mRNA for the [{Jsignal or
telomerase

AIDS treatment:
Break down viral RNA

Cosmetic treatment:
Get blue eyes, lighter skin
Block fat production



The take-home message
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