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Outline
(finishing Lesson 02)

* Forward and reverse genetics approaches

= Differences between the approaches used
for identification of genes and their function

» |dentification of genes ab initio

=  Structure of genes and searching for them
=  Genomic colinearity and genomic homology

= Experimental identification of genes

= Constructing gene-enriched libraries using
methylation filtration technology

= EST libraries

= Forward and reverse genetics
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Forward and reverse
genetics

* Principles of experimental identification of
genes using forward and revers genetics

=  Alteration of phenotype after mutagenesis
= Forward genetics

= |dentification of insertional mutant and
analysis of its phenotype
= Reverse genetics

= Analysis of expression of a particular gene
and its spatiotemporal specifity
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Forward and reverse
genetics — summary

* Principles of experimental identification of
genes using forward and revers genetics

Alteration of phenotype after mutagenesis
Forward genetics
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Cloning of CKI1

o CKI1 was identified via activation mutagenesis in Arabidopsis

plasmid

. ctrl1 rescue ctrl2 Pro35S::CK1
= Overexpresion of CK/1 leads to

CK-like response in the
hypocotyl explants

t-zeatin §

NO hormones

Kakimoto, Science (1996)

» CKI1 encodes a protein with
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Signal Transduction via MSP

Recent Model of the CK Signaling via Multistep
Phosphorelay (MSP) Pathway

@

AHK sensor histidine kinases

* AHK2
* AHK3
* CRE1/AHK4/WOL
HPt Proteins '
* AHP1-6
Response Regulators

* ARR1-24

NUCLEUS @ & REGULATION OF TRANSCRIPTION

—IF%

INTERACTION WITH EFFECTOR PROTEINS



Forward and reverse
genetics

* Principles of experimental identification of
genes using forward and revers genetics

=  Alteration of phenotype after mutagenesis
= Forward genetics

= |dentification of insertional mutant and
analysis of its phenotype
= Reverse genetics




|dentification of insertional
cki1 mutant allele

II

aattcaagtCgtCACTACAAGA En-1 TCTTGTAGTGCglggagac
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A. aattca ag cgt\g’ﬁ/ggé tacfact tgg tac act caa acc gtg gat cag tta act ggt
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CKI1 Regulates Female
Gametophyte Development

o CKI1 is necessary for proper megagametogenesis in Arabidopsis

CKI1/cki1-i CKI1/CKI1

Hejatko et al., Mol Genet Genomics (2003)
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CKI1 and
megagametogenesis

o cki1-i is not transmitted through the female gametophyte

A. 3 wtx Q@ CKI1/ckit-i

I CKI1 specific primers (PCR positive control)

B. & CKI1/cki1-i x @ wt

C. S wtx Q@ CKI1/ckit-i

I cki1-i specific primers

D. & CKI1/ckit1-i x Q wt
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CKI1 and

megagametogenesis
FGa

Pollen sacs
produce male
gametes

with eggs

Sepals

Embryo sac

2~ Integuments

"

FG1 FG2 FG3 FG4



CKI1 and
megagametogenesis

CKI Fadsgte FG5

cki1-i

28 HAE
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Forward and reverse
genetics

* Principles of experimental identification of
genes using forward and revers genetics

=  Alteration of phenotype after mutagenesis
= Forward genetics

= |dentification of insertional mutant and
analysis of its phenotype
= Reverse genetics

= Analysis of expression of a particular gene
and its spatiotemporal specifity
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CKI1 is Expressed During

14

o
Megagametogenesis
SO T
FG1\FG.‘2‘|/FG3 F FG5
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Paternal CKI/1 is Expressed in the

Arabidopsis Sporophyte Early after

Fertilization
Q wt x & ProCKI1:GUS

28 HAP &
(hours &
after
pollination)

Hejatko et al., Mol Genet Genomics (2003)
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,Classical“ genetics versus ,reverse genetics”

approaches in functional genomics

RANDOM MUTAGENESIS

.Classical genetics® approach

EMS
—_—

1. IDENTIFICATION OF PHENOTYPE

Reverse genetics” approach

T-DNA

1. ISOLATION OF SEQUENCE-
-SPECIFIC MUTANT

2. GENE MAPPING

2. IDENTIFICATION OF
PHENOTYPE
3. GENE IDENTIFICATION
- position cloning 3. PROOF OF CAUSAL RELATIONSHIP
(retro)transposons BETWEEN INSERTION AND

g‘ < PHENOTYPE

* *

*
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Outline

Methods of identification of sequence-specific mutants

= Preparation of mutants collection

=  Searching for sequence-specific mutants using
PCR

- Searching for sequence-specific mutants in
electronic databases

Analysis of phenotype and confirmation of causality between
phenotype and insertional mutation

5 Co-segregation analysis
m |dentification of independent insertional allele

" Using unstable insertional mutagens and isolation
of revertant lines

Gene silencing using RNA interference

= Mechanism of RNA interference
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Outline

Methods of identification of sequence-specific mutants

=  Preparation of mutants collection
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Types of insertional mutagens

« Mobile elements

=  Autonomous transposons (En-1)

They contain a gene for transponase, enabling
excision and reintegration into the genome

At both ends they contain short inverted repeat,
which are recognized by transponase

« Stable elements

L Non-autonomous transposons (dSpm)

mutant of En/Spm transposon, which has lost
autonomy because of mutation in a gene for
transponase

It can be activated by crossing with a line carrying

the En/Spm transposon

= T-DNA
completely stable, however, its insertion can lead
to chromosome rearrangements (inversions,

deletions, transpositions)
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Libraries of insertional
mutants (plants)

B
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Libraries of insertional
mutants (animals)

-

EF1/LMi  lori] EF1-P Tra pA 30 2500

"1 - L 2000
i ' g s
MiLRneo w neo rs.m Eol :
g L 1500 &
; - il.r
PR E L 1000 &

EI0] =

e Ao |

Transfection into human cell cultures (HelLa) or _ - L 500
mouse embryonic stem (ES) cells = gl

0 Ak . I : ilLl.lu.l.l:lnI_ 0
Genes with muliiple integralions

Generating a population of mutant cell lines and

frequence-analysis of insertions Gloned /—’Iﬂr
DNA with w— g
antibiotic ;@ - /‘“’m
resistance .,.’.5.,1 el = »__._”m
ES cells 50 A
in vitro analysis or preparation of library of Some germ cells will

0 Breed chimeric mice to produce homozygous transgenic offspring. be from a black ES cell

insertional mutants by reintroingression ES into
Chimera

mouse embryos

) Homozygous strain
Parents Heterozygous F;  from ES cell, F,



24

Outline

Searching for sequence-specific mutants using
PCR

» PCR-based three-dimensional screening
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|solation of sequence-specific
mutants

» autonomous En/Spm, without selection

« 3000 independent lines

» 5 copies per line on average

* PCR-based three-dimensional screening
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|solation of sequence-specific
mutants

PCR-based three-dimensional screening

o0 Isolation of genomic DNA from the individual plants of mutant population and
creating sets of DNA (,triads”, rows and columns of triads and individual trays)

3.000 mutant lines of A. thaliana (5 copies of En-1/line)

28x3-tray pools

4
'

28 x 7 row pools
28 x 3 1-tray pools 28 x 5 column pools
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|solation of sequence-specific
mutants

» PCR-based three-dimensional screening

o Isolation of genomic DNA from the individual plants of mutant
population and creating sets of DNA (,triads“, rows and columns of
triads and individual trays)

o ldentification of positive ,triad® with PCR, blotting of PCR products
and hybridization of the PCR products with gene-specific probe

T INVESTICE DO ROZVOJE VZDELAVANI
*
) X Tato prezentace je spolufinancovana

* = ¢ =
* ek Evropskym socialnim fondem
' OP Vzdélavéni _ : ,
EVROPSKA UNIE i’ pro konkurenceschopnost a statnim rozpoctem Ceske republiky




|solation of sequence-specific
mutants

1. 3-tray pools screen 3.000 mutant lines of A. thaliana (5 copies of En-1/line)

12346678 awiinziiuide TwiNN MmN 02 ]

28x3-tray pools

4kl

CKI1

DO RIS BEHREG S Kk

g | CKI1
—

]

En-8130

(2x2x28=112 PCR reactions)

\

Identification of the PCR product by
hybridization with a gene-specific probe
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|solation of sequence-specific
mutants

» PCR-based three-dimensional screening

o Isolation of genomic DNA from the individual plants of mutant
population and creating sets of DNA (,triads®, rows and columns of
triads and individual trays)

o ldentification of positive ,triad” with PCR, blotting of PCR products and
hybridization of the PCR products with gene-specific probe

o0 ldentification of the positive line through identification of positive tray,
row and column
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|solation of sequence-specific
mutants

e 3.000 mutant lines of A. thaliana (5 copies of En-1/line)
" 2. Identification of line carrying

the insertion
28x3-tray pools

7 row pools

3 x 1-tray pools 5 column pools
En-1 L CKI1 |
p—
1262 .
(another 5+7+3=15 PCR reactions)
g L CKI1 |
- —— - — BT PV
En-8130 1262

(2x2x28=112 PCR reactions)

\

Identification of the PCR product by
hybridization with a gene-specific probe




Outline

Hybridization with iPCR products on filters
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|solation of sequence-specific
mutants

- The Sainsbury Laboratory (SLAT-lines),
John Innes Centre, Norwich Research Park

- DNA and seeds in Nottingham Seed Stock Centre
- 48.000 lines

= 1.2 insertion per line on average

= non-autonomous transposon

- PCR searching or hybridization with iPCR filters

= SINS (sequenced insertion sites) database

http://nasc.nott.ac.uk
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|solation of sequence-specific

mutants

Hybridization with products of iPCR on filters

Isolation of genomic DNA from the
individoul plants of mutant
population

Restriction endonuclease cleavage
Ligation, formation of circular DNA

Inverse PCR (iPCR) using the T-
DNA specific primers

Preparation of nylon filters with PCR
products in the exact position using
a robot

Hybridization with a gene-specific
probe
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Outline

- Searching for sequence-specific mutants
electronic databases

in
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|solation of sequence-specific
mutants

Preparation of librares from population of A. thaliana

mutated bg T-DNA
equencing of flanking sequence fragments

Genomic DNA

a) digestion with endonuclease Bfal
b) linker ligation

T-DNA —‘

linear "amplification” with primer annealing to T-DNA

{mostly LB)
4

j—

PCR amplification with a nested T-DNA primer
{and a linker primer)

j—
A—

sequencing with another nested T-DNA primer

]

j—

GABI-Kat (MPIZ, K8In)
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Searching in electronic libraries of insertional
mutants

2Insert ESALK.029311: Ordsr line 029311 | View inm AGR
Length = 4&0

Score = 4Bd bits (244), Expect = =-135
Idantities = ZEOF2E2 (90%)
Etrand = Plus / Minus

Query: 1450 attagagttbgatbgaagtgtgbtbtatatattgatagtgggacattacttataaaaage 1500

Ebjoe: 459 arttagagktbgatbgaagogogbtbtatatattgatagbgggacattacttatasasage 4490

Query: 1510 acaaggatacaacaatagagacagkbcacatgtatatcacataagbggatggboctoaatg 1EED

Ebjoe: 39% acaaggatacaacaatagagacagbcacatgtatatcacacaageggatggboctoaatyg 340

Query: 1570 tgtebgotbgbaggacatttgtgagbakbgbcaaaaacttatbtoacatggbacactoakag 1620

Ebjock: 33% tgtbgotbtgtaggacatbttgtgagbtatgbcaaaaacttatbtocacatggbacactoatag 240

Query: 1630 attagoococacttaggagtgtobtagaasaagattgggactaaagbctegetggatogaakt 1680

Ebjok: 27% attagoococacttaggagtgtctagaaaaagabtgggactaaaghcthbghtggatogaat 220

Query: 165%] atgattccaaac 1701
ANRRARERERY

Ebjob: 21% atgattccaaac ZOE

Score = 111 kits (LE}, Expect = Be-21
Identities = 77/B4 (91%)
Strand = Plus / Plu=

Query: 19213 tacatttbckogotacaatbascgotatcaatatatttataasmaccakbtbgbcatetoac 1982

Ebjoe: 13 tacatttbctogotacgattgacggtatoaatatatttataasacogbocgacatetoas T2

Juery: 1983 ttocttaactaatcacatasatga Z0OE

Ebjoe: 732 tbocttaactaatcacataaatga 96

r

NI
Ebjok: dY¥d ooagobttoctagaagobtotbggbcaagtttocagbtacogggacogatoctogagaatoaca £42
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Searching in electronic libraries of insertional mutants

Ingecrt_SALK:029311; Ordsr lins 029311 | View in
&0

Seore - 4B bits (234), Bxpest - e-135
ldentities - ZEQ/3E2 (508}
Srrand - Flus / Minus

Query: 1450 attagagt trtatatal e e 1508
LELCEEEELEE T T T PR E P LT
Ebjer: 459 actagage tetatatas . X
Query: 1510 tqt. 158
LELETELEEE T LT E R e e e e
Ebjer: 335 rqe 0
Query: 1570 tate 1628
IECCELLEEEEEE TR PTEEEEEE T EE LT ETTEEETE
Bbjet: 330 tatk 280
Query: 1830 1688
LELETEREEE TR N T R R e T T T e
Ebjet: 278 230

Query: 1680 atgattccasac 1701
LETELELnn
g

s
Ebjct: 218 atgattccasas 20

- 111 bits (EE), Expect = 8e=-23
ities - 77/84 (214
Serand = Plus / Plus

start transkripce

Query: 1913 tacattttctogetacaatbascgetatcastatatt tegtoatttoas 1982
[

*1 923 e e T
cactcgatttcacattAATTATTCACT

NRNNRRRRRNRRRRARRRRRRY
gtgactaaagtgtaattaataagtga.........

LI
teac 72

1 G1 F QG2 449

b {+56)

N Exon

Intron

I Transmembranowva oblast
Duplikace
B £:1-1element
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Outline

Analysis of phenotype and confirmation of causality between
phenotype and insertional mutation

5 Co-segregation analysis
m |dentification of independent insertional allele

" Using unstable insertional mutagens and isolation
of revertant lines

38
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Why is it necessary to analyze the causality
between the insertion and the observed
phenotype?
Presence of multiple insertions in one line

Posibility of independent point mutation occurrence

Insertions of T-DNA are often associated with chromosomal
aberrations (duplications, inversions, deletions)
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Causality between insertion
and phenotype

= Co-segregation analysis

Co-segregation of specific fragment, e.g. after insertion of T-DNA (or
exposure to EMS etc.) into the genome of the observed phenotype

+ ++ + +++ ++ +

<« Cki1::En-1
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Use of autonomous transposons for the isolation
of new stable mutations and of revertant lines

Transposons are often characterized by excision and reinsertion
into a nearby region — use for the isolation of new mutant alleles

However, excision of transposons is not always entirely accurate

— point mutations occurr — isolation of revertant lines with silent
mutation, or even isolation of the stable mutants
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cki1::En-1/CKI1

Phenotype of silicles cki1::En-1/CKI1

CKI1/CKI1

42
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Confirmation of phenotype cki1::En-1/CKI1

1. Isolation of revertant lines

* PCR-searching in 246 plants of segregating population
 from 90 cki1::En-1 positive plants, 9 plants had both mutant and
standard silicles l

Offspring analysis

« confirmation of absention of insertion using PCR

* PCR amplification and cloning the part of the
genomic DNA at the insertion site

e sequencing
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Use of autonomous transposons for the
isolation of new stable mutations and
revertant lines

aattcaagtCgtCACTACAAGA - ! En-1 TCTTGTAGTGCglggagac

N S SIR G DY|IITwY T Q TV DQ L T G

. aattca ag| ggt acglact tgg tac act caa acc gtg gat cag tta act ggt
N s SJ]G T]ItTw YTQ TV DQLTG

. aat tca agt cgt acg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N S S RTETTLGTL K P WIS

. aattcaag cgtLg’gﬁ?/gg-E tac.lact tgg tac act caa acc gtg gat cag tta act ggt

. aat tca agt cge gtg gag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
N S S RV E TTULGTL K P W S8
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Confirmation of phenotype cki1::En-1/CKI1

2. Isolation of a stable mutant line

without insertion

insertion site

* Sequencing

« analysis of the phenotype of the segregating population
(CKI1/CKI1 CKl1/cki1::En-1)

* PCR analysis of plants with the mutant phenotype — identification of plants

* PCR amplification and cloning the part of the genomic DNA at the
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Use of autonomous transposons for the
isolation of new stable mutations and

revertant lines

aattcaagtCgtCACTACAAGA - ! En-1 TCTTGTAGTGCglggagac

A. aattca ag
N S S

cgt\g’ﬁ/ggé tacfact tgg tac act caa acc gtg gat cag tta act ggt
R G D Y[JTWY T Q TV DQ L T G

B. aatlca agt ggtacg act tgg tac act caa acc gtg gat cag tta act ggt

N § S

C. aatftca ag
N 8§ 8

D. aattcaag
N 8 S

G T] TW YTQ T V DQ LTG

cgt acg §ag act aca ctt ggt aca ctc aaa ccqg tgg atc agt taa
R TJE T T LGT L K P W S

R VIE T T L GG T L K P W I S

cge gtg rag act aca ctt ggt aca ctc aaa ccg tgg atc agt taa
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Outline

Gene silencing using RNA interference

= Mechanism of RNA interference
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RNA interference

Molecular basis of posttranscriptional gene silencing (PTGS)

= RNAiIfound in plants and in Coenorhabditis elegans

Silencing was induced by both sense and antisense RNA
(probably contamination by both during in vitro transcription)

dsRNA induced silencing about 10-100 times more effectively
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Waterhaus et al., PNAS (1998)
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RNA interference

= Molecular basis of posttranscriptional gene silencing (PTGS)

dsRNA induction is dependent on its own genes — gene
searching

RNA| rnai

Mello and Conte, Nature (2004)



RNA interference

= Molecular basis of posttranscriptional gene silencing (PTGS)

. RNAI found in Coenorhabditis elegans and in plants

. It is a natural mechanism of regulation of gene expression
in all eukaryotes

. The principle is creating dsRNA, which can be triggered in
several ways:

By presence of foreign ,,aberrant“ DNA
Specific transgenes containing inverted repeats of the cDNA parts

Transcription of own genes for shRNA (short hairpin RNA) or miRNA
(micro RNA, endogenous hairpin RNA)

. dsRNA is processed by enzyme complex (DICER), which
leads to the formation of siRNA (short interference RNA),
which is then bound to enzyme complex RITS (RNA-
induced transcriptional silencing complex) or RISC (RNA-
induced silencing komplex)

. RISC mediates either degradation of mRNA (in case of full
similarity of siRNA and the target mRNA) or leads only to
termination of translation (in case of incomplete
homology, e.g. as in the case of miRNA)

. RITS mediates reorganization of genomic DNA
(heterochromatin formation and inhibition of transcription)



Mechanism of RNA interference

Multigene family or
Foreign DNA (naked) repetitive transgene Foreign dsRNA Developmental or experimental transcription
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Mello and Conte, Nature (2004)



It has been found that dsRNA might be either an intermediate or a trigger in PTGS.

In the first case, dsRNA is formed by the action of RNA-dependent RNA polymerases
(RARPs), which use specific transcripts as a template. It is still not clear, how these
transcripts are recognized, but it might be e.g. abundant RNA that is a result of viral
amplification or transcription of foreign DNA.

It is not clear, how the foreign DNA might be recognized, possibly, lack of bound proteins on
the foreign “naked” DNA and its subsequent “signature” (e.g. by specific methylation pattern)
during packing of the foreign DNA into the chromatin structure might be involved.

The highly abundant transcripts might be recruited to the RdRPs by the defects in the RNA
processing, e.g. lack of polyadenylation.

In the case when dsRNA is a direct trigger, there are two major RNA molecules involved in
the process: Short interference RNA (siRNA) and micro RNA (miRNA), both encoded by the
endogenous DNA.
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These two functionally similar molecules differ in their origin: 53

siRNAs are dominantly product of the cleavage of the long dsRNA that are produced by the
action of cellular or viral RARPs. However, there are also endogenous genes, e.g. short
hairpin RNAs (shRNAs) allowing production of the siRNA (see the figure).

miRNAs are involved in the developmental-specific regulations and are product of
transcription of endogenous genes encoding for small dsRNAs with specific structure (see the
figure).

In addition to siRNAs, there are trans-acting siRNAs (tasiRNAs) that are a special class of
siRNAs that appear to function in development (much like miRNAs) but have a unique mode
of origin involving components of both miRNA and siRNA pathways.

Developmental regulations via miRNAs are more often used in animals then in plants.
The dsRNAs of all origins and pre miRNAs are cleaved by DICER or DICER-like (DCL)

enzyme complexes with RNAse activity, leading to production of siRNAs and miRNA,
respectively.

These small RNAs are of 21-24 bp long and bind either to RNA-induced transcriptional
silencing complex (RITS) or RNA-induced silencing complex (RISC).
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Dicer and Dicer-like proteins

Iﬂ"[ﬂq"ﬂqulﬂl{!lﬂ}ﬂ“lﬂ"ﬂm[ﬂquﬂfﬂlﬂ‘ﬂ!qlmpfﬂ{ﬂﬂﬂ

1 2 3 4 5 6 7 8
wodrde bbb lonbiobdodie ol

From MacRae, I.J., Zhou, K., Li, F., Repic, A., Brooks, A.N., Cande, W.., Adams, P.D., and Doudna, J.A. (2006)

Structural basis for double-stranded RNA processing by Dicer. Science 311: 195 -198. Reprinted with permission from
AAAS. Photo credit: Heidi
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http://www.sciencemag.org/cgi/reprint/311/5758/195.pdf
http://wardstreetbistro.typepad.com/wsb/2008/03/chicken-tagine.html

In siRNA and miRNA biogenesis, DICER or DICER-like (DCL) proteins cleave long
dsRNA or foldback (hairpin) RNA into ~ 21 — 25 nt fragments.

Dicer’s structure allows it to measure the RNA it is cleaving. Like a cook who
“dices” a carrot, DICER chops RNA into uniformly-sized pieces.

Note the two strands of the RNA molecule. The cleavage sites are indicated by
yellow arrows.
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Argonaute proteins

Argonauta argo

Reprinted by permission from Macmillan Publishers Ltd: EMBO J. Bohmert, K., Camus, ., Bellini, C., Bouchez, D., Caboche, M., and Benning, C. (1998)
AGO1 defines a novel locus of Arabidopsis controlling leaf development. EMBO J. 17: 170—-180. Copyright 1998; Reprinted from Song, J.-J., Smith,
S.K., Hannon, G.J., and Joshua-Tor, L. (2004) Crystal structure of Argonaute and its implications for RISC slicer activity. Science 305: 1434 — 1437.
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http://www.nature.com/emboj/journal/v17/n1/abs/7590728a.html
http://www.sciencemag.org/cgi/content/full/305/5689/1434

S7

ARGONAUTE proteins bind small RNAs and their targets and it is an important part of both RITS
and RISC complexes.

ARGONAUTE proteins are named after the argonaute1 mutant of Arabidopsis; ago1 has thin
radial leaves and was named for the octopus Argonauta which it resembles (see the figure).

ARGONAUTE proteins were originally described as being important for plant development and for
germline stem-cell division in Drosophila melanogaster.

ARGONAUTE proteins are classified into three paralogous groups: Argonaute-like proteins, which
are similar to Arabidopsis thaliana AGO1; Piwi-like proteins, which are closely related to D.
melanogaster PIWI (P-element induced wimpy testis); and the recently identified Caenorhabditis
elegans-specific group 3 Argonautes.

Members of a new family of proteins that are involved in RNA silencing mediated by Argonaute-
like and Piwi-like proteins are present in bacteria, archaea and eukaryotes, which implies that
both groups of proteins have an ancient origin.

The number of Argonaute genes that are present in different species varies. There are 8
Argonaute genes in humans (4 Argonaute-like and 4 Piwi-like), 5 in the D. melanogaster genome
(2 Argonaute-like and 3 Piwi-like), 10 Argonaute-like in A. thaliana, only 1 Argonaute-like in
Schizosaccharomyces pombe and at least 26 Argonaute genes in C. elegans (5 Argonaute-like, 3
Piwi-like and 18 group 3 Argonautes).

http://youdpreferanargonaute.com/2009/06/
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transcriptional gene silencing

siRNA
@ AAAN
binding to DNA

post-transcriptional gene silencing

binding to specific
transcripts

‘ “RNA Pol
——)

MiRNA

] ] MIR geng
translational repression
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transcriptional slicing
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MicroRNAs are encoded by MIR genes, fold into hairpin structures that are
recognized and cleaved by DCL (Dicer-like) proteins.

In summary, siRNAs-mediates silencing via post-transcriptional and transcriptional

gene silencing, while miRNAs -mediate slicing of mRNA and translational
repression.
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The Nobel Prize in Physiology or Medicine 2006

“for their discovery of RNA interference - gene silencing by double-stranded RNA*

Andrew Z. Fire Craig C. Mello
USA USA

University of

Stanford University Massachusetts Medical

School of Medicine

School
Stanford, CA, USA Worcester, MA, USA
b. 1959 b. 1960
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Mechanism of posttranscriptional gene silencing by RNA

interference (IRNA)

Highly transcribed single-copy transgene loci

CHy CH3 CHa wiff
—| Pro |—i'" transgene ORF |—

abRMNA

Vi Inverted-repeat transgene loci
iruses
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expression system
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