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Outline
* Introduction of piIRNA

* Identifying piRNA targeting rules in C. elegans (Science 2018)
(Heng-Chi Lee, Department of Molecular Genetics and Cell Biology, University of Chicago)

* pirScan: a webserver to predict piRNA targeting sites and to avoid
transgene silencing in C. elegans (NAR web server 2018)

* piRTarBase: a database of piRNA targeting sites and their roles 1in gene
regulation (NAR database 2019)



What is piRNA?

* Piwi-interacting RNA (piRNA) is the largest class of
small non-coding RNA molecules expressed in animal
cells.

e Over 17000 distinct piRNAs are encoded by the C.
elegans genome.

* piRNAs in C. elegans are also called 21 U-RNAs, for
their length of 21 nucleotides with strong 5> U
preference.
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Function of piRNA

* piRNAs interact with Piwi-related Argonaute proteins (PRG-1 in
C. elegans) to defend the genome by silencing foreign nucleic
acids (e.g. transposons or transgenes). mature 21U-RNA

* piIRNA function extends beyond genome defense.

* piRNAs can also regulate the expression of endogenous genes in C.
elgans.

e Kim et al. (2018). A Neuronal piRNA Pathway Inhibits Axon
Regeneration in C. elegans. Neuron 97, 511-519.e6.

* Tang et al. (2018). A sex chromosome piRNA promotes robust
dosage compensation and sex determination in C. elegans. Dev.
Cell 44, 762-770.



>17000 distinct piRNAs form a foreign gene (Non-self)
Surveillance SyStem RNA-dependent RNA Polymerases (RARPs)

* piRNASs can silence
most foreign genes.
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Only some endogenous genes are silenced by piRNAs

but most are not.

* piRNAs can target
essentially all germline
mRNAs.

* Endogenous mRNAs (Self)
are protected by CSR-1
Argonaute Pathway.

* The balance of licensing
CSR-1) and silencing
PRG-1) signals along an

mRNA determines the
fraction of mRNA
molecules that escape
destruction and gain access
to the translation machinery.

P granules: a class of perinuclear RNA granules specific to the germline
in C. elegans.
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How do piRNASs recognize their targets?

:

foreign transcript :
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Identification of piRNA targeting rule is difficult

* C. elegans has >17000 piIRNAs and >33000 mRNAs
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22G-RNAS can serve as a “mark” for
piRNA targeting sites In VIVO
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Identify the mRNA targets of a single piRNA
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Synthetic/Deleted piRNAs induce/lose 22G-
RNASs and reveal piRNA targeting signature
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A piRNA reporter assay to GFP?PIRNA:CDK-1transgene
(depletion of piRNA targeting sites,

1nvest1gate the leNA targetlng in which the GFP sequence has been
rules recoded to avoid silencing by

endogenous piRNAS)

A GFP%RNA::CDK-1 silencing by
gfo-targeting piRNA #1 Position of mismatches in GFP
control perfect gfp -targeting piRNA #1 expression
*Perfect 5 YGUUUCAPAUGAUCUGGGUAU 3’ - p8/9 p10/11 p12/13 p14/15 p15/16
GFP -  p2/3 5’ YUCUUCAPAUGAUCUGGGUAU 3’ [+
p4/5 5’ YGUGGCAPAUGAUCUGGGUAU 3’|+
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DIC & p10/11 5’ YGUUUCAPACUAUCUGGGUAU 3’ -
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A piRNA reporter assay to investigate
the piRNA targeting rules
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A piRNA reporter assay to investigate
the piRNA targeting rules
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Identified piRNA targeting rules

“non-seed region”
“seed region” complementary sequences

Up to 1 GU mismatch Up to 3 mismatches

L

|
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* piIRNA targeting in C. elegans prefers near-perfect pairing at the piRNA seed
region (one GU wobble pair is tolerated).

* Supplementary pairing outside of the seed region also contributes to piIRNA
targeting, but few mismatches are tolerated (piRNAs tolerate up to three non-
seed mismatches but not RNA bulges).

* GU pairs are moderately more tolerated than non-GU mismatches in the non-
seed region.




Identified piRNA targeting rules

“non-seed region”

“seed region” complementary sequences
Up to 1 GU mismatch Up to 3 mismatches
12 7 8 21
| | |
M N N NN NNNNNNNNNNNNNNNN EY pIRNA
NNNNNNNNNNNNNNNNNNNN o target

siRNA Argonaute

- Rde-1
|

near-perfect matches

miRNA Argonaute

base pairing at
“Seed region”



Transgenes carrying foreign nucleic acids are
frequently silenced in the germline of C. elegans

Transgene % expression
Cas9 0
I-Sce | 0
Mos transposase 0
gfp::csr-1 6
gfp::rde-3 17
gfp::cdk-1 0
flag::csr-1 83
flag::rde-3 100

Shirayama M et al., 2012

Do piRNA recognize foreign nucleic acids and silence them?



gfp-targeting piRNA

Can we avoid piRNA recognition?

| 20 reads per million \
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Number of sites

Silencing-prone transgenes can be expressed in
the germline by avoiding piRNA targeting

—
s

o N O~ OO @

IRNA si B |
iy GFP::CDK-1 GFPeRNA::CDK-1

GFP

n=>5 n=5

Introduce synonymous mutations on the GFP DNA
sequence in piRNA targeting sites without changing
its amino acid sequence



Number of sites

Silencing-prone transgenes can be expressed in
the germline by avoiding piRNA targeting

PIRNA sites
in mCherry

D |
mCherry::ANI-1881-1159  mCherrydiRNA:: AN|-1681-1159

Nn=6 Nn=6

Introduce synonymous mutations on the GFP DNA
sequence in piRNA targeting sites without changing
its amino acid sequence



pirScan: a web server to predict piRNA
targeting sites and to avoid transgene silencing

— "

— ° Suggest silent
Silenced p I rS Ca n mutations
[ N ]

L]

Expressed TN Ay,

i __ Avoid piRNA
targeting
V)

T

= |




Input page of pirScan

pirSca N: a web server to predict piRNA targeting sites and to avoid transgene silencing

Scan ceesns + piRNA target sites in your sequence

Input your DNA (without introns) or spliced RNA sequence: Default Setting

atgAGAtccAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGA 1
TGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACATA

CGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGCCAACA Number of mismatches alllowed at seed region:
CTTGTCACTACTTTCTGTTATGGTGTTCAATGCTTcTCgAGATACCCAGATCATATGAAACGG 5 _ 3 o number of non-GU pairs < [0 ¥
CATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAAAGAACTATATTTTTCA

o number of GU pairs < |2 "
AAGATGACGGGAACTACAAGACACGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTA S U v .5 ’
ATAGAATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTTGGACACAAATT |
GGAATACAACTATAACTCACACAATGTATACATCATGGCAGACAAACAAAAGAATGGAATC i | _
AAAGTTAACTTCAAAATTAGACACAACATTGAAGATGGAAGCGTTCAACTAGCAGACCAT seed non-seed Number of mismatches allowed at non-seed region:

AT A ALK A A AT AT A AT T AL £ (T T LT 0 A A LA B AT AT T i r Ul 1

- D e s
Specifv your sequence name: i

o o number of GU pairs < |3 ¥

Specify coding sequence (CDS) region: Total number of mismatches at seed & non-seed regions < 6 v
® Whole input sequence - None

piRNA targeting score 2 |0
([ v

SCAN



4 Identified piRNA target sites (Graphical View)

Scan results

Bl piRNA
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Download seqView

Sequence View)

GU mismatch

tes

4 |Identified piRNA target s

| seed region ™1 Codon

mismatch at the 1st position of piRNA

non-GU mismatch

Lowercase/Uppercase text indicates UTRs/CDS

UUUGCAGUACUAAAAAAGUUU

GGUAGACUUUC

UUUGUUUCAUACUUUUACUAU



Suggest synonymous mutations

targeted
.. 1 50 100 150 200 250 300 350 400 450 500 550 600 650 700 726
. region in L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
pIRNA . t [ ]
inpu
P [ [ R 3
sequence
piRNA targeting score pairing (top: input sequence, bottom: piRNA)
K R H D F F K
M1 1 12 112 161
6 AUGAAACGGCAUGACUUUUUCAAGAGU
L 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 J
UUUGCAGUACUAAAIAAAGUUU
i dified ted iRNA t ti ft
amlir;o me 'llle sugI;]gese P! argf\ INg score after pairing after change(top: modified sequence, bottom: piRNA) rule(s) broken
aci position change change
F
F 255 U-c . avearacsscaysaciullyucansasy (i
UUUGCAGUACUAAAAAAGUUU
21ur-9758 241~261 .
O 219 u-c 4 AUGARACGGCALIGACUUYUYCAAGAGY e
UUUGCAGUACUAAAAAAGUUU
K
O« 3 A-G 4s AYGAAGICGECAYGACUYUUYCAAGAGY x
UUUGCAGUACUAAAAAAGUUU
F
O] 258 C-u 45 AU GARACGECAVGACUUVYUDIAAGAGY x

UUUGCAGUACUAAAIAAAIGUUU




Download seqView

4 Identified piRNA target sites (Sequence View)

| seed region ™1 Codon

mismatch at the 1st position of piRNA

GU mismatch

non-GU mismatch

Lowercase/Uppercase text indicates UTRs/CDS
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Experimental validation of our modified GFP sequence

gfp::cdk-1 gfp™™ -cdk-1

GFP

Transgene % expression
Cas9 0
I-Sce | 0
Mos transposase 0
gfp:.csr-1 6
gfp::.rde-3 17

gfp:.cdk-1 0




pPiRNA can regulate endogenous genes

* The X chromosome-derived leNA 21ux-1: 3’ CUAUGGAGUUGUUUUUUGUGU’ 5
21ux-1 downregulates XOL-1 (XO XOI-T: - . .5" AGCAUCUCAACARAARACACG' 3. . . ..
Lethal), a master regulator of X —
chromosome dosage compensation rolte ——
and sex determination in C. elegans. wictype T T Ty LK AR @B B tzs
| - 50
. . ele 21ux-1(deletion) t25
* Mutations in 21ux-1 sensitize 50

hermaphrodites to dosage
compensation and sex 0 1 :
determination defects. wild-type B L4 larvae

* 21ux-1 targets the xol-1 transcript,
induces 22G-RNA production, and 21ux-1(deletion) -
represses xol-1 expression.



CLASH: Crosslinking, Ligation And Sequencing of Hybrids

* The CLASH technique captures - protein PRG-1
RNA—-RNA interactions by ot piRNA
physically joining two RNA P
molecules associated with a (SN
protein complex into a single
chimeric RNA molecule. l RNA-RNA ligation

§

* Shen et al. (2018) used CLASH i
technique to 1dentify piRNA- l linkers

mRNA interactions transcriptome- M
wide in C. elegans.

l cDNA sequencing

* CLASH technique contains false sm e (I Sl
positives. PiRNA  mRNA



piRTarBase: a database of p1IRNA targeting
sites and their roles 1n gene regulation

* For each mRNA/piRNA, we provide A e I
1. predicted piRNA target sites Integrative information
(from our pirScan webtool) provided by piRTarBase
Target Site Data
CLASH irScan
2. experimental determined piRNA gg;;;“;;gj.pf:;’;dggﬁgs
target sites (from CLASH data) ﬁ

—




Input page of piRTarBase

piRTarBo.se: a database of piRNA targeting sites and their roles in gene

regula’cion

SEARCH

7 T e e
-w-c,-‘ﬂ—...,,,/'_,;r.l cdh A s

| =

Search predicted piRNA-target pairs in worms

Select a Species : ® C. elegans C. briggsae
Choose piRNA targeting rules ® stringent ® relaxed ©®
Search by : ® gene/transcript PIRNA

Input a gene or a transcript
(e.g. Y4A0B10A.2a, xol-1,

WBGene00006962)

‘ Search




Search Result

PiRNA target sites in the 2 mRNA isoforms of the gene xol-1.

Show 10 v entries Search:

. # of predicted piRNA target sites # of CLASH identified piRNA # of common piRNA target sites
Transcript sequence name ® 4 A

t tshes @ Target site details
arget sites

C18A11.5b 28 25 4 ‘ Show target sites ’
C18A11.5¢ 14 17 4 Show target sites

Showing 1 to 2 of 2 entries Previous 1 Next

References:
Wu et al. (2018) pirScan: a webserver to predict ptRNA targeting sites and to avoid transgene silencing in C. elegans. Nucleic Acids Res, 46(W1):W43-W48.

Shen et al. (2018) Identification of piIRNA binding sites reveals the Argonaute regulatory landscape of the C. elegans germline. Cell, 172(5):937-951.




For the transcript C18A11.5b (One mRNA isoform of gene xol-1)

e # of predicted piRNA target sites l = 28
e # of CLASH identified piRNA target sites ] = 25

e # of common piRNA target sites D = 4

PiRNA target sites (Graphical View)

D 5'UTR I:I CcDS I:I 3'UTR . predicted piRNA target sites . CLASH identified region D common piRNA target sites

[
O
=]
O ||
H B E N | | | |
H N EE O O | I EEEBNE O
150 100 150 200 250 300 350 400 450 500 550 GAO™S0 700 750 800 850 900 950 1000105011001150120012501300135014001450150015501600165017001750180018501897
C_ -
0 ] B O O i B H B BN EH BEER B O [ | O
O O B a O HE H B O

iRNA hybrid CLASH identified Predicted piRNA t t sit iRNA t ti ition i
pi ybrid | identified redicted pi argetsites _  pi argeting ,  positionin pairing (top:C18A11.5b , bottom:piRNA)

abundance@ count @ 7 region @ v from cLASH ©@ i score @ v piRNA

' AGCAUUUCAACARAR|RAACAC|G

5 3
(type2) 21ur-1 46067.1 7 602-623 602-622 1.5 21 1]
21 3' CUAUGGAGUUGUUU|UUUGUG|T 5°'
1,16, 17, 19, 20 5' AGCAUUUCAARCARA|ARACAC|G 3'
(type2) 21ur-1 46067.1 5 602-628 602-622 1:5 i 4
21 3' CUAUGGAGUUGUUU|UUUGUG|E 5

Tang et al. (2018). 21ux-1 targets the xol-1 transcript and downregulate its expression.

21ux-1 = (type 2) 21ur-1



.................................................................................................

Summary of my talk * —

* piRNA targeting in C. elegans prefers near-perfect pairing at the piRNA
seed region. In addition, supplementary pairing in the non-seed region
also contributes to piRNA targeting, but few mismatches are tolerated.

* piIRNA-mediated gene silencing underlies the transgene silencing
phenomenon in the germline of C. elegans and we provide a web tool
(pirScan) to achieve transgene expression by avoiding piRNA recognition.

* We have constructed a database (pirTarBase) to provide predicted piIRNA
target sites (from our pirScan webtool) and experimental determined
piRNA target sites (from CLASH data) for each mRNA in C. elegans.
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PIRNA targeting rules in C. elegans

“seed region” complementary sequences
Up to 1 GU mismatch Up to 3 mismatches
12 7 8 21
| | |
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Transgenes carrying foreign nucleic acids are
frequently silenced in the germline of C. elegans

Transgene % expression
Cas9 0
I-Sce | 0
Mos transposase 0
gfp::csr-1 6
gfp::rde-3 17
gfp::cdk-1 0
flag::csr-1 83
flag::rde-3 100

Shirayama M et al., 2012

Do piRNA recognize foreign nucleic acids and silence them?



Can we avoid piRNA recognition?

| 20 reads per million
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Silencing-prone transgenes can be expressed in the
germline by avoiding piRNA targeting

piRNA sites _
in GFP GFP::CDK-1 GFPRNA:-CDK-1

GFP

Number of sites
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pirScan: a web server to predict piRNA targeting sites
and to avoid transgene silencing

pirScan: a web server to predict piRNA targeting sites and to avoid transgene silencing

Scan C.elegans =

Input your DNA (without introns) or spliced RNA sequence:

agttttactttttcgcttttcgATGGCACCTCCACAAGTAAGAAGGTCCGCTAGGTTAAG
CAAGAGATGCCAAGAAGAAAAGGTTAAGCTTCAGAAGAAAAATGTCGGATTTA
AGGCAAAATCTAAGTCGGCTAAAAAGAGTAATAAGAAATTCAAGAAAGCTGCC
GCTCAAAGACAAAGCCCAATTGACATCGTCCCACAACACGTGTGCTGTGACAC
AGACGTTTGCAAGGCTGATGCCTTGAACATTGACTACAAATCAGGTGACTGTT
GCGATGTCCTTGTCTCCGAAGGAGGTTTCCTTGTGAATGTCAAGAGAAATTGT
GGCACATTCCTTACCGCCAACCATTTACCATCATCAAAATTCGCGTTGGCTCA
GTTCCATGCTCATTGGGGAAGCAACTCGAAAGAAGGATCCGAGCACTTTTTG
GACGGAAAACAACTTAGCGGAGAGGTTCACTTTGTATTCTGGAACACCAGCTA

Specify your sequence name:
RO1E6.3a_spliced+UTR

Specify coding sequence (CDS) region:
Whole input sequence @23 < -865 ° None

PiRNA target sites in your sequence

Number of mismatches allowed at seed region:

o number of non-GU pairs =

o number of GU pairs = (2 %)

Number of mismatches allowed at non-seed region:
o number of non-GU pairs =
o number of GU pairs =

Total number of mismatches at seed & non-seed regions

=(69

SCAN




pirScan predicts piRNA sites in the input segequence

and offer choices of silent mutations

8 Identified piRNA target sites (Graphical View)

s UTR [T cos | — RV ] I piRNA
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8 Identified piRNA target sites (Table View)

Sh!!w entries non-GU mismatch GU mismatch mismatch at the 1st position of piRNA | | seed region
piRNA targeted # non-GU #GU # non-GU #GU
BIRNA (a‘}ée‘tir;\g— regionin , # mismatches pas.lllon in . pairing (top:lnpl..ltsaquence,
eeore input PIRNA in seed in seed innon-seed  in non-seed bottom:piRNA)
- sequence region region region region
5' GUAAUAAGAAAUUCIAAGAAAIG 3'
21ur-11812 3 141-161 s 1,5,14,15,20 [} 1 2 1 0 .
3' CGUUAUAAUUUAAG|UUUUUUIU 5
5' CAAGAGAUGCCAAG|AAGAAA(A 3'
21ur-13736 15 61-81 5 5,8,13,17,21 i} 1 2 2 . ,
3' UUUCACUAUGGUUU|UULUUUIU 5
2 3 15 140-160 6 1,4,15,16,17,19 o 1 2 2 3 CERINE uul SRR I
1ur-13777 ! -1 ,4,15,16,17,
3" UCGUGGCUCUUUAA|GUUUUUIG 5'
'a'g_e"fd 1 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1092
) region in L n i 3 v T i L : i ? L T 1 ! 7 L i : h s
iRNA : [ — I 1
| = & T
sequence
PIRNA targeting score pairing (top: input sequence, bottom: piRNA)
s K R c Q E E K
o rr
15 AAGCAAGAGAUGCCAAGAAGAAAAGGU
UUUCACUAUGGUUUILUUUUUU
amino modified suggested PIRNA targeting score after rule(s)
airing after change(top: modified sequence, bottom: piRNA
acid position change change pairing ge(top: i 4 ‘ P ) broken
K
K 64 G—A -05 AAGCAANAGAUGCCAAGAAGAAAAGGUY
UUUCACUAUGGUUUILUUUUUU
c
21ur-13736 61~81 E c 70 C—U ) AAGCAAGAGAUGUCAAGAAGAAAAGGU %
UUUCACUAUGGUUUIVUUUUUU




RNAIi pathway in C. elegans
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|dentify the RNA targets of a single piRNA
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Synthetic piRNAs induce novel 22G-RNA sites and reveal
pPIRNA targeting signature

Synthetic piRNA
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PIRNA targeting rules in C. elegans

“seed region” complementary sequences
Up to 1 GU mismatch Up to 3 mismatches
12 7 8 21
| | |
MV N N NNNNNNNNNNNNNNNNNN EX piRNA
e NN NNNNNNNNNNNNNNNNNN el




Can we avoid piRNA recognition?

| 20 reads per million
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Removing piRNA sites from transgenes allows
stable expression in germline cells

Transgene % expression piRNA sites in GFP
GFP::CSR-1 6 8-
GFP::RDE-3 17 7=
GFP::CDK-1 0 6
5-
4=
3-

Mismatch



Removing piRNA sites allows
mCherry::RhoA biosensor expressed

mCherry::RhoA biosensor PiRNA sites in mCherry

With piRNA sites

L
No piRNA sites

Mismatch



PIRNA targeting locally produces 22G-RNAs
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22G-RNAs as a proxy to identify piRNA target & rules
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Synthetic piRNAs induce novel 22G-RNA sites and reveal
pPIRNA targeting signature
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GFP::CDK-1 expression

A piRNA reporter assay to investigate the piRNA
targeting rules

gfp-targeting piRNA #1 Position of mismatches in GFP

control perfect gfp -targeting piRNA #1 expression
Perfect 5’ UGUUUCAUAUGAUCUGGGUAU 3’ -

- p2/3 5' UUCUUCAUAUGAUCUGGGUAU 3’ +

p4/5 5° UGUGGCAUAUGAUCUGGGUAU 3' +
p6/7 5' UGUUUACUAUGAUCUGGGUAU 3’ +
p8/9 5' UGUUUCARCUGAUCUGGGUAU 3' -

. p10/11 5’ UGUUUCAUACUAUCUGGGUAU 3’ -

di p12/13 5’ UGUUUCAUAUGUCCUGGGUAU 3’ -
p14/15 5’ UGUUUCAUAUGAUACGGGUAU 3' -
p16/17 5’ UGUUUCAUAUGAUCUCAGUAU 3’ -
p18/19 5’ UGUUUCAUAUGAUCUGGUCAU 3’

L p20/21 5’ UGUUUCAUAUGAUCUGGGUUC 3' -

GFP

seed non-seed _ pl 5’ -UUUUCAUAUGAUCUGGGUAUC 3'-
100 4 p2 5’ UCUUUCAUAUGAUCUGGGUAU 3’ +
p3 5’ UGCUUCAUAUGAUCUGGGUAU 3’ +
. p4 5’ UGUGUCAUAUGAUCUGGGUAU 3’ +
— mono S —— .
o p5 5’ UGUUCCAUAUGAUCUGGGUAU 3’ +
-% p6 5' UGUUUAAUAUGAUCUGGGUAU 3° +
= p7 5’ UGUUUCCUAUGAUCUGGGUAU 3° +
\QSO i L p15 5’ UGUUUCAUAUGAUCGGGGUAU 3’ -
<
. p12/14/15 5 UGUUUCAUAUGCUACGGGUAU 3'+/-
tri [ p13/14/15 5° UGUUUCAUAUGACACGGGUAU 3’+/-
tetra p11/12/14/15 5' UGUUUCAUAUUCUACGGGUAU 3° +
0
QN0 A 49 . . .
&% Pal> Q‘,} Q} \r\ NN \'\@\Q{p QIRIFLL di+1GU [ p6GY/14/15 5° UGUUUUAUAUGAUACGGGUAU 3' -
> QY p126U/14/15 5 UGUUUCAUAUGGUACGGGUAU 3’ -
Q QR GUUUCA

3GU p(12/14/20)3GU 5 UGUUUCAUAUGGUUUGGGUGU 3 -
M non-silenced M silenced 4 GU p(9/12/14/20)46V 5 UGUUUCAUGUGGUUUGGGUGU 3’ +



PIRNA targeting rules in C. elegans

“seed region” complementary sequences
Up to 1 GU mismatch Up to 3 mismatches
12 7 8 21
| | |
MV N N NNNNNNNNNNNNNNNNNN EX piRNA
e NN NNNNNNNNNNNNNNNNNN el




Transgenes carrying foreign nucleic acids are
frequently silenced in the germline of C. elegans

Transgene % expression
Cas9 0
I-Sce | 0
Mos transposase 0
gfp::csr-1 6
gfp::rde-3 17
gfp::cdk-1 0
flag::csr-1 83
flag::rde-3 100

Shirayama M et al., 2012

Do piRNA recognize foreign nucleic acids and silence them?



Can we avoid piRNA recognition?

| 20 reads per million
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Silencing-prone transgenes can be expressed in the
germline by avoiding piRNA targeting

piRNA sites _
in GFP GFP::CDK-1 GFPRNA:-CDK-1

GFP

Number of sites
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piRNA sites mCherry::ANI-1681-115 - mCherry®RNA-AN|-1681-1159
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pirScan: a web server to predict piRNA targeting sites
and to avoid transgene silencing

pirScan: a web server to predict piRNA targeting sites and to avoid transgene silencing

Scan C.elegans =

Input your DNA (without introns) or spliced RNA sequence:

agttttactttttcgcttttcgATGGCACCTCCACAAGTAAGAAGGTCCGCTAGGTTAAG
CAAGAGATGCCAAGAAGAAAAGGTTAAGCTTCAGAAGAAAAATGTCGGATTTA
AGGCAAAATCTAAGTCGGCTAAAAAGAGTAATAAGAAATTCAAGAAAGCTGCC
GCTCAAAGACAAAGCCCAATTGACATCGTCCCACAACACGTGTGCTGTGACAC
AGACGTTTGCAAGGCTGATGCCTTGAACATTGACTACAAATCAGGTGACTGTT
GCGATGTCCTTGTCTCCGAAGGAGGTTTCCTTGTGAATGTCAAGAGAAATTGT
GGCACATTCCTTACCGCCAACCATTTACCATCATCAAAATTCGCGTTGGCTCA
GTTCCATGCTCATTGGGGAAGCAACTCGAAAGAAGGATCCGAGCACTTTTTG
GACGGAAAACAACTTAGCGGAGAGGTTCACTTTGTATTCTGGAACACCAGCTA

Specify your sequence name:
RO1E6.3a_spliced+UTR

Specify coding sequence (CDS) region:
Whole input sequence @23 < -865 ° None

PiRNA target sites in your sequence

Number of mismatches allowed at seed region:

o number of non-GU pairs =

o number of GU pairs = (2 %)

Number of mismatches allowed at non-seed region:
o number of non-GU pairs =
o number of GU pairs =

Total number of mismatches at seed & non-seed regions

=(69

SCAN




pirScan predicts piRNA sites in the input segequence

and offer choices of silent mutations

8 Identified piRNA target sites (Graphical View)
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8 Identified piRNA target sites (Table View)

Sh!!w entries non-GU mismatch GU mismatch mismatch at the 1st position of piRNA | | seed region
piRNA targeted # non-GU #GU # non-GU #GU
BIRNA (a‘}ée‘tir;\g— regionin , # mismatches pas.lllon in . pairing (top:lnpl..ltsaquence,
eeore input PIRNA in seed in seed innon-seed  in non-seed bottom:piRNA)
- sequence region region region region
5' GUAAUAAGAAAUUCIAAGAAAIG 3'
21ur-11812 3 141-161 s 1,5,14,15,20 [} 1 2 1 0 .
3' CGUUAUAAUUUAAG|UUUUUUIU 5
5' CAAGAGAUGCCAAG|AAGAAA(A 3'
21ur-13736 15 61-81 5 5,8,13,17,21 i} 1 2 2 . ,
3' UUUCACUAUGGUUU|UULUUUIU 5
2 3 15 140-160 6 1,4,15,16,17,19 o 1 2 2 3 CERINE uul SRR I
1ur-13777 ! -1 ,4,15,16,17,
3" UCGUGGCUCUUUAA|GUUUUUIG 5'
'a'g_e"fd 1 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1092
) region in L n i 3 v T i L : i ? L T 1 ! 7 L i : h s
iRNA : [ — I 1
| = & T
sequence
PIRNA targeting score pairing (top: input sequence, bottom: piRNA)
s K R c Q E E K
o rr
15 AAGCAAGAGAUGCCAAGAAGAAAAGGU
UUUCACUAUGGUUUILUUUUUU
amino modified suggested PIRNA targeting score after rule(s)
airing after change(top: modified sequence, bottom: piRNA
acid position change change pairing ge(top: i 4 ‘ P ) broken
K
K 64 G—A -05 AAGCAANAGAUGCCAAGAAGAAAAGGUY
UUUCACUAUGGUUUILUUUUUU
c
21ur-13736 61~81 E c 70 C—U ) AAGCAAGAGAUGUCAAGAAGAAAAGGU %
UUUCACUAUGGUUUIVUUUUUU




How do piRNAs recognize their targets?

siRNA Argonaute mMiRNA Argonaute PIWI Argonaute

Rde-1 PRG-1
[T T T
near-perfect matches base pairing at seed pairing;
“Seed region” mismatch tolerant

non-seed pairing



A model for piRNA mediated genome defense
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How do piRNAs recognize their targets?

siRNA Argonaute mMiRNA Argonaute PIWI Argonaute

Rde-1 PRG-1
[T [T
near-perfect matches base pairing at ”

“Seed region”



PIRNA targeting locally produces 22G-RNAs
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Function of piRNA

. EiRNAs interact with Piwi-related Argonaute proteins

PRG-1 in C. elegans) to defend the genome against
oreign nucleic acids (e.g. transposons or transgenes).

mature 21U-RNA

* piIRNA function extends beyond genome defense. High

* piRNAs can also regulate the expression of endogenous -
genes in C. elgans.

* The X chromosome-derived piRNA 21ux-1 downregulates
XOL-1 (XO Lethal), a master regulator of X chromosome
dosage compensation and sex determination in C. elegans.

XOL-1 Expression

_Z<Q__2<2<J XX
wild-type 27ux-1

* Mutations in 21ux-1 sensitize hermaphrodites to dosage

compensation and sex determination defects.
Tang et al., 2018, Developmental Cell 44, 762-770



22G-RNAS can serve as a “mark” for
piRNA targeting sites In VIvO
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Identify the mRNA targets of a single piRNA
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Identify the mRNA targets of a single piRNA
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