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Highly Specific Gene Silencing by Artificial MicroRNAs
in Arabidopsis ™™

Rebecca Schwab, Stephan Ossowski, Markus Riester, Norman Warthmann, and Detlef Weigel?
Departmant of Molacular Biology, Max Planck Institute for Devalopmeantal Bicdlogy, 72076 Tabingan, Gammany

Compared with conventional RNAi, amiRNAs offer several advantages:

1) miRNA precursors generally generate only a single effective small RNA of known sequence. By contrast,
several siRNAs with undefined 5" and 3’ ends are produced as a silencing trigger from hairpin constructs.
Therefore, potential off-targets of amiRNAs can be more accurately predicted than those of longer hairpin

constructs.

2) because of their exquisite specificity, amiRNAs can possibly be adapted for allele-specific knockouts.

3) as with natural miRNAs, amiRNAs are likely to be particularly useful for targeting groups of closely related
genes, including tandemly arrayed genes. Approximately 4000 genes in Arabidopsis are found in tandem
arrays (Arabidopsis Genome Initiative, 2000), and no convenient tool exists for their knockout.



PHENOTYPES OF amiRNA OVEREXPRESSERS

(A) Inflorescences. From left to right: the wild type, Ify-12, and
amiR-Ify-1 (MIR172a backbone) overexpresser.

(B) Seedlings. From left to right: the wild type, gun4-1, and amiR-
white-1 (MIR172a backbone) overexpresser. Bleaching of cotyledons
is more pronounced in the amiR-white plants than in gun4-1,
consistent with the more severe molecular profile of the amiR-white
overexpressers.

(D) Leaf rosettes. From left to right: the wild type, try cpc double
mutants, and amiR-trichome (MIR319a backbone) overexpresser.
Clustered trichomes are evident even at low magnification.

(E) Flowers. From left to right: the wild type, weak amiR-mads-2
(MIR319a backbone) overexpresser, and strong amiR-mads-2
(MIR319a backbone) overexpresser. In the strong line, secondary
inflorescences replace the central gynoecium.

Schwab R. et.al. Plant Cell 2006:18:1121-1133



INDUCIBLE AND TISSUE-SPECIFIC EXPRESSION OF AMIRNASs

Schwab R. et.al. Plant Cell 2006:18:1121-1133



ENGINEERING OF AMIRNAs

miR319 (BACKBONE):

caaacacacgctcggacgcatattacacatgttcatacacttaatactcgctgttttgaatt
gatgttttaggaatatatatgtagagagagcticcttgagtccattcacaggtcgtgatatgattaatta
gcticcgactcaticatccaaataccgagtcgccaaaaticaaactagactcgttaaatgaatgaatgatgcg
gtagacaaattggatcattgattctctttgattggactgaagggagctccctctctcttttgtatccaatt

ttcttgattaatctttcctgcacaaaaacatgcttgatccactaagtgacatatatgctgcec
ttcgtatatatagttctggtaaaattaacattttgggtttatctttatttaaggcatcgcca

tg

miRNA319
miRNA319*

Schwab R. et.al. Plant Cell 2006:18:1121-1133
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ENGINEERING OF AMIRNAS

WMD3 - Web MicroRNA Designer ﬁ!

Home Target Search Designer Oligo Hybridize Blast Downloads About Help

Designer

Input Examples: A.thaliana Multi A.thaliana Single ©O.sativa Single G.max Single P.trichocarpa Sinale

Target genes: i

-~ Help
Genome: |Arabidapsis thaliana cDMNA (TAIRS) |E| Help
Minimum number of .
included targets: | ep
Accepted off-targets: | Help
Description: | Help
Email: | Help

http://wmd3.weigelworld.org/cgi-bin/webapp.cgi?page=Home;project=stdwmd



ARTIFICIAL MICRORNA SELECTION CRITERIA

There are still some criteria, which have to be considered when choosing the final amiRNA. Most of them have been implemented into the

ranking process, and they should be considered here again, especially when multiple genes are targeted simultaneously.
We prefer (not require):

1.

Mo mismatch between positions 2 and 12 of the amiRNA for all targets.
Mismatches are not allowed for the target gene that is used as a template, but they might come up for additional intended
targets since the target determinants allow for one mismatch.

One (or two) mismatches at the amiRNA 37 end (pos.18-21).
There is no evidence for transitive formation of secondary siRNAs from amiRMNA targets, but if there was, this mismatch should
reduce the process.

Similar mismatch pattern for all intended targets.
There is no evidence that the pattern of mismatches matters, but similar patterns definitely don't hurt.

Absolute Hybridization energy between -35 and -38 kcal/maole.
These are the values observed for most endogenous miRNA targets. We don?t consider amiRNAs which pair to intended targets
with energies higher than -20 kcal/maole.

Target site position.

There is no evidence that the position of the target site in the target transcript has an effect on effectiveness, but target sites in
most endogenous miRNA targets are found towards the 3' end of the coding regions. Examples in the 3'UTR are also not
UNComImaorn.

21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01
l ] 1 |

3' part mismatch sensitive 5' region
tolerates up to 4 mis- max. 1 mismatch

matches, but not more

than 2 in a row L

cleavage site
no mismatch I

high overall free energy (z70% of perfect match)
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CLONING STRATEGY



The Gateway reactions:

DNA CLONING USING IN VITRO SITE-SPECIFIC RECOMBINATION
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TRANSGENIC PLANTS SELECTON AND ANALYSIS
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INDUCIBILE PTGS

Hygromycin resistance

miR PRECURSOR (miR319 BACKBONE):

CAAACACACGCTCGGACGCATATTACACATGTTC
ATACACTTAATACTCGCTGTTTTGAATTGATGTTTT
AGGAATATATATGTAGCAAGTAGTCGTGATTTGA
ATTTCACAGGTCGTGATATGATTCAATTAGCTT
CCGACTCATTCATCCAAATACCGAGTCGCCAAA
ATTCAAACTAGACTCGTTAAATGAATGAATGAT
GCGGTAGACAAATTGGATCATTGATTCTCTTTG

— ATATTCAATTCACGACTACCTGCTCTCTTTTGTA

TTCCAATTTTCTTGATTAATCTTTCCTGCACAAAAA
CATGCTTGATCCACTAAGTGACATATATGCTGCC
TTCGTATATATAGTTCTGGTAAAATTAACATTTTG
GGTTTATCTTTATTTAAGGCATCGCCATG

amiR * - CAAGTAGTCGTGATTTGAATT
amiR - TATTCAATTCACGACTACCTG



HOST-INDUCED GENE SILENCING
(HIGS): UNA BIOTECNOLOGIA CONTRO
LE MALATTIE DELLE PIANTE



Espressione in pianta di costrutti per il silenziamento di
geni di insetti fitofagi

Foregut

(chitin lined) Midgut

Hindgut
(chitin lined)

mermbrane o

7

(a)

Cotton bollworm (Lepidoptera)
Helicoverpa armigera
dsRNA target: CYPGAE14

. dsRNA

Gut lumen

Gene

_:/j \\hk expression /

NN == = : -
Peritrophic /

—\ A — =

Malpighian
tubule

/ Identification of midgut targets

(b)

Western corn rootworm (Coleoptera)
Diabrotica virgifera virgifera
dsRNA target: V-ATPase

dsANA [
H

(iv)

7 NN\
4 ATP s ADP \‘. r-'/

g

Gene

| K:_ /:; \ expression _/fl ‘\\‘_:_

Haemolymph

Knockdown of gossypol-induced
cytochrome P450 monooxygenase

((i); CYPBAE14), which converts gossypol
(ii) to oxidised metabolite

(iif), results in larval sensitivity to gossypol.

Knockdown of midgut V-ATPase

{iv) results in high larval mortality and stunting
{prasumably through disruption of

gut membrane potential)

THENDS in Bliotechnology

1. Cotton bollworm
(lepidottero): CYP6AE14
conferisce resistenza all
gossipolo. RNA:i:
sensibilita al gossipolo
(Mao et al 2007 Nature
Biotechnology)

2. Western cotton rootworm

(coleottero): RNAI di una
V-ATPasi espressa
nell’intestino porta a
mortalita larvale elevata
(Baum et al 2017 Nature
Biotechnology)



Biosintesi dell’ergosterolo nei funghi

Erglo
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Costrutti per il silenziamento di geni per la sintesi di
ergosterolo in Fusarium graminearum

A)

Clone sequences of CYPS1A (294nt)
CGGTCCATTGACAATCCCCGTCTTTGGTAGCGATGTCGTATACGATTGTCCCAACTCGAAGCTCATGGAACAAAAGAAGT
TTGTCAAGTTTGGCCTTACGCAAAAAGCACTCGAGTCACACGTCCAGTTAATCGAGCGAGAGGTTCTTGACTACGTCGA
AACTGATCCATCCTTTTCTGGCAGAACTAGCACCATCGATGTCCCCAAGGCAATGGCTGAGATAACAATCTTTACTGCCT
CACGTTCTTTGCAGGGTGAGGAAGTTCGGAGAAAACTCACTGCCGAGTTTGCTGC

Clone sequences of CYPS51B (220nt)
CAGCAAGTTTGACGAGTCCCTGGCCGCTCTCTACCACGACCTCGATATGGGCTTCACCCCCATCAACTTCATGCTTCAC
TGGGCCCCTCTCCCCTGGAACCGTAAGCGCGACCACGCCCAGCGCACTGTTGCCAAGATCTACATGGACACTATCAAG
GAGCGCCGCGCCAAGGGCAACAACGAATCCGAGCATGACATGATGAAGCACCTTATGAACTCT

Clone sequences of CYP31C (238nt)
ATTGGAAGCACCGTACAATATGGCATCGACCCGTACGCTTTTTTCTTCGACTGCAGAGATAAATACGGCGACTGCTTTAC
CTTTATTCTCCTTGGCAAATCAACGACTGTCTTTCTTGGTCCCAAGGGCAATGACTTTATCCTCAACGGCAAACACGCCG
ATCTCAACGCCGAGGACGTTTATGGGAAACTTACCACGCCCGTGTTTGGTGAGGAGGTTGTTTATGACTGCTCCAATG

Aatll Ncol Spel Sacl

B) pGEM-T Easy cyp51 part B, A, C == cyp51B cyp5S1A CYypS1C e

LB Sfi1 Hindlll Xmal Sfi1 RB
C) p7U10-CYP3RNAI UBQ10 bar p35s H LSON cyp51B.A, C NosTrN sged —I-
<
LB Sfi1 Hindlll Xmal Sfi1 RB
D) p6i-CYP3RNA J- Ubi-1 hpt l p35s | LSON cyp51B, A, C NosT’N sged

-

Koch et al 2013 PNAS



Piante di Arabidopsis che esprimono i costrutti per RNAI
di CYP51A,B e C sono resistenti a F. graminearum
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| costrutti per RNAI riducono drasticamente I'espressione
di CYP51A.Be C
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| costrutti per RNAi contro FgCYP51A,B e C sono efficaci
anche quando espressi in orzo

L6 L5 L8

L3 L4
i}
&

CYP3RNAiI+Fg CYP3RNAI-Fg
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Foglie spruzzate con dsRNA silenziano un gene GFP
espresso in F. graminearum

A control B GFP-dsRNA C
1.3 -
T "
[G)
5
© 08
o
@
o 0.6 |
e
b4
[14]
£
@
g 02
&g g
l o
control GFP-dsRNA

Fig 1. (A-C) Spray-induced gene silencing (S1GS5) of GFPexpression in Fusarium graminearum strain Fg-lFA65ggp. Detached
second leaves of three-week-old barley plants were locally sprayed with Tris-EDTA (TE, A, control) or GFP-dsBNA (B). Forty-eight hours
after spraying, distal, non-sprayed leaf segments were drop-inoculated with Fg-IF A65a e (20 pL of a solution containing 2 x 10* conidia
mL"). GFPsilencing efficiency was visualized 6 dpi using confocal microscopy. (C) GFPtranscripis were quantified by qPCR at 6 dpi. The
reduction in fungal GFF expression on leaves sprayed with GFP-dsRNA and infected with Fg-IFAG5a e compared with TE-sprayed
controls was statistically significant (***P < 0.001; Student s { test). Bars represent mean values + SDs of three independent experiments.
Scale bars represent 100 ym.



Foglie spruzzate con dsRNA contro CYP51A,B,C di
graminearum mostrano minori sintomi

CYP3-dsRNA B
g 0.8
2 474
m
£ o6
=
= 0.5+
€ 0.4
=
g o3
m
o 0.2
=
® 041
£ 0
CYP3-dsRNA " GFP-dsRNA
C
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L%
> 1
A (6]
GFP-dsRNA © s %
. 2 ok
g 057 R
& 04
2
E 0.2+
4]
0 '
GFP-dsRNA CYP51A CYP51B  CYP51C
(contral)

Fig 2. (A-C) SIGS-mediated control of F. graminearum on leaves sprayed with CYP3dsRNA. {A) Detached second
leaves of three-week-old barley were sprayed evenly with CYP3-dsRNA, TE (mock control), and GFP-dsRNA (negative
control), respectively. After 48 hours, leaves were drop-inoculated with 2 = 10* conidia mL™ of Fg-IF ABS onto the sprayed
area and evaluated for necrotic lesions at 6 dpi. (B) The relative amount of fungal DNA at€ dpias measured by gPCR was
reduced in CYP3-dsRMA-treated leaves compared to control leaves. Bars represent mean values +SDs of three
independent experiments. The reduction of fungal growth on CYP3-dsANA vs. TE- or GFP-dsRNA-sprayed leaves was
statistically significant (*P < 0.05; Student’s ttest). (C) Gene-specific g°PCR analysis of fungal CYP51A, CYP518, and
CYP51Ctranscripts at 6 dpi (coresponding to 8 d after spraying). The reduction in fungal CYP57 gene expression on
CYP3dsRNA-sprayed leaves as compared with GFP-dsRNA-sprayed controls was statistically significant (*P < 0.05,
**P < 0.01, ***P <0.001; Student’s t test).
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Accumulo semi-sistemico di siRNA in piante

spruzzate con dsRNA

A Local Semi-systemic
CYP3 168 (h)

TE 24 ain 72 188 24 A8 72
m‘m_l .' ..' ol
-2 anRtMA
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B ey 4 a8 [t 168

siRNA TE L g L 8 L 3 L 8
W " WEN
Figd. { A B) Moriharm gal blol anal ysis of CYF-dsANA and CYP3-dsAMNA-derved = RNA
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la HIGS indotta da dsRNA

spruzzato sulle foglie
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PICCOLI RNA FUNGINI
SILENZIANO GENI
NELL' OSPITE
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Botrytis cinerea produce siRNA durante I'infezione di
Arabidopsis e pomodoro
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Geni target vegetali degli siRNA di B. cinerea
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Bc-siR3.2 silenzia una MAP chinasi di pianta
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Bc-siR3.2 silenzia una MAP chinasi di pianta
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Bc-siR3.2 silenzia una MAP chinasi di pianta
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La sovraespressione di Bc-siR3.2 in Arabidopsis aumenta
la suscettibilita a B. cinerea




Bc-siR3.2 silenzia una MAP chinasi tripla di pomodoro
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| siRNA di B. cinera richiedono AGO1 dell’ospite per
ridurre la suscettibilita dell’ospite
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| siRNA di B. cinera richiedono DCL1 e 2 dell’ospite per
ridurre la suscettibilita dell’ospite

B. cinerea

Q& B
A R Foop WT dell del2 dell del2
3 b (¥
= WOW W i
Be-siR3. | == — g
Be-siR3 .0 — — - o)
Bio-siR5 — — ,3

Brariin e s s

C

) D vrpBesiRI2site + + +
B. cinerea Buoinerén WT - o+
WT  dell  WT  del2 WT delldel2 17 Beinereadell acld - - T
S
E 0.5
b ..Iﬁ
-a‘ \» x'b t,t
&x
E ‘§ 1.5 MPK2 1.5 MPK1 3 + PRXIIF 1.5 MAPKEKS aEWT
L]
< 143 [ 1 B 1 5k 1 2 1 I 1 fs & I ; ®dclldel2
2z . I
2 (0.5 0.5 1 & & 0.5 |
oo Mddd  MddE dddd o Mddd
e 0 24 48 72 0 24 48 72 0 24 48 72 0 24 32 48
hpi hpi hpi hpi



| siRNA di B. cinera richiedono DCL1 e 2 dell’ospite per
ridurre la susc.glttibilité dell’ospite
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TRAFFICKING BIDIREZIONALE
INTER-REGNO DI PICCOLI RNA
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Flower

Onion

Vegetables

Lettuce

Frui
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