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Fig. S1 C. elegans Argonautes and construction of in situ knockin strains. A. Phylogenetic
diagram of 20 potentially functional C. elegans Argonautes (AGO). The amino acid
sequences of AGO proteins were obtained from Wormbase (WS285) and subjected to
generate phylogenetic tree using Mega X with the Neighbor-Joining (NJ) method. Numbers
above each node indicate the NJ bootstrap support values. Seven Argonaute genes are
annotated as pseudogenes. wago-J5 is proven to be a pseudogene in this study. B. Diagram
showing in-frame GFP::3xFLAG, 3xFLAG, or 3XFLAG::GFP knockin (KI) individually
into the endogenous locus of 20 AGOs with CRISPR/Cas9 technology (left). For the inserted
tags, GFP and 3xFLAG encode 238 and 22 amino acids, respectively. Gel image of PCR
products from genotyping is shown (right), and the corresponding PCR products are

confirmed by Sanger sequencing. nt, nucleotide; bp, base pair; gDNA, genomic DNA.

Fig. S2 Proteins expressed as endogenous Argonaute fusions. A. Western blots revealing the
endogenous expressions of GFP::3xFLAG, 3XFLAG or 3xFLAG::GFP tagged AGO
proteins with the anti-FLAG antibody. Stars indicate unspecific bands (or maybe a minor
isoform with a lower molecular weight) for ALG-4, HRDE-1, NRDE-3, WAGO-1, and
WAGO-4. For WAGO-10 and C04F12.1, the fusion protein levels were quite low in whole
worm lysate, but they were enriched in IP with anti-FLAG antibody. B. Western blots failed
to detect the expression of GFP::3xFLAG or 3XFLAG::GFP tagged WAGO-5 with the anti-
FLAG antibody in both WWL and IP materials. For A and B, WWL, whole worm lysate; IP

immunoprecipitation; kDa, kilodaltons. Actin is a loading control for Western blotting.

Fig. S3 Characterization of Argonaute knockin strains. A. Longevity curves of indicated
animals (left). The detailed information, including the mean, S.E.M and p value, is indicated
(right). Survival curves are representative of three independent experiments. P values from
the log-rank test. B. Brood size of 19 KI strains and N2 worms (N = 10) at 20 °C. Error bars
indicate S.E.M from three independent experiments. P values from two-tailed Student’s ¢
test. N.S., not significant. C. GFP Expression pattern of eight chosen tagged Argonautes.
HRDE-1, WAGO-4, and PRG-1 were imaged at young adult stage in germline; WAGO-1
and PPW-2 were imaged at L4 stage in germline; ALG-1 was imaged at L4 stage (head);
NRDE-3 and ALG-2 were imaged at embryonic stage. Scale bar represents 20 pum.
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Fig. S4 Comparison of our RIP-seq data to previous data. A. PCA plots of sSRNA profiles
showing the clusters between our data and data from previous studies with four
endogenously expressed Argonautes, including ALG-5, PRG-1, CSR-1, and PPW-2.
Percentages represent variance captured by each principal component 1 and 2 in each
analysis. B. Hierarchical clustering of SRNA profiles from our data and previous data of the
four AGOs. C. Scatter plots of normalized reads for annotated piRNAs in Input and PRG-1
RIP samples. The dashed line shows the threshold at 2-fold enrichment normalized to Input.
Red plots represent significant enriched piRNAs bound by PRG-1 (RPM >10, Enrichment
>2-fold relative to Input).

Fig. S5 General features of sSRNAs bound to each C. elegans Argonaute. Bar graph showing
the first nucleotide and size distribution of normalized sSRNA reads from Input and 19 AGO
RIP samples. Pie charts demonstrating the percentage of reads from Input and 19 AGO RIPs

according to the genomic origins of annotated transcripts.

Fig. S6 Argonaute-associated miRNAs. A. Hierarchical clustering of AGOs according to the
associated miRNAs. Number of the associated miRNAs is indicated for each Argonaute. For
PRG-1 associated miRNAs, 4 out of the 9 may actually be piRNAs (described later). Each
blue line represents a single mature miRNA associated with AGOs. B. Bar graph
demonstrating the first two nucleotides of miRNA reads from Input and the 10 AGO RIP-
seq. C. Sequence features of 4 mis-annotated “miRNAs” of PRG-1. Schematic illustration

of classic genomic motifs upstream of the piRNA (21U-RNA) sequences is shown below.

Fig. S7 mRNA targets regulated by ALG-1 and ALG-2. A. Venn diagram showing the mis-
regulated mRNAs in alg-1 or alg-2 mutants re-analyzed from GSE98935. B. GO analysis of
406 unique ALG-1 targeted mRNAs and 381 unique ALG-2 targeted mRNAs. The gene

number of the corresponding GO term is included in the brackets.

Fig. S8 Sequence features of 22G-RNAs and 26G-RNAs. A. Motifs for 22G-RNAs from
Input and the 17 22G-RNA binding AGOs. B. Motifs for 26G-RNAs from Input and the 8
26G-RNA binding AGOs. C. Percentage of risiRNA (antisense ribosomal siRNA, a subclass
of 22G-RNAs) reads from Input and 17 22G-RNA binding AGOs. SAGO-1 and SAGO-2
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exhibit the highest percentages (labeled in red) of risiRNAs.

Fig. S9 C. elegans argonaute targeted pseudogene transcripts and transposons. A.
Hierarchical clustering of AGOs based on the associated 22G-RNAs and 26G-RNAs that
targeted pseudogene transcripts. Antisense reads of siRNAs are counted for pseudogenes. B.
Hierarchical clustering of AGOs based on the associated 22G-RNAs and 26G-RNAs that

targeted transposons. Antisense reads of siRNAs are counted for transposons.

Fig. S10 Argonaute-associated 26G-RNA targeted mRNAs. Hierarchical clustering diagram
and Gene Ontology (GO) analysis of mRNAs targeted by AGOs associated 26G-RNAs.
26G-RNAs associated with specific argonaute are determined with the cutoff RPM >5 and
Enrichment >2-fold relative to Input. 26G-RNAs corresponding to 534 mRNAs are
identified in Input and RIP samples, and 19986 is the number of annotated mRNAs
according to Wormbase (WS285). Each red line represents a single mRNA targeted by the
AGO-bound 26G-RNAs. GO analysis is performed with Gorilla web-server.

Fig. S11 siRNAs targeted to lincRNAs. A. Venn diagram showing numbers of lincRNAs
targeted by 22G-RNAs and 26G-RNAs in Input. B. Expression levels of 55 lincRNAs
targeted by siRNAs bound to AGOs in nine indicated developmental stages or groups of
worms from a previous study (GSE115324). YA, young adult. C. Violin plots revealing stage
specific score of lincRNAs targeted or untargeted by siRNAs bound to AGOs. Stage specific
score is defined by RPM™/Z(RPM) (Wei et al., 2019). RPM™* indicates the maximum
RPM of the individual lincRNA among nine groups in B. P value is calculated by the Mann-
Whitney U test.

Fig. S12 Uridylation of 22G-RNAs. A. Bar graph showing the first nucleotide and size
distribution of sRNA reads with untemplated uridine from Input and 4 AGOs that bind
uridylated sSRNAs. The x axis represents read length of uridylated SRNAs after trimming U.
B. Venn diagrams demonstrating percentage of uridylated 22G-RNA and non-uridylated
22G-RNA molecules from Input, and CSR-1, HRDE-1, PPW-2 and WAGO-4 RIP. C. Pie
chart demonstrating the percentage of mRNAs targeted by CSR-1 associated non-uridylated
and uridylated 22G-RNAs. D. GO analysis of 491 CSR-1 associated mRNAs with non-
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uridylated 22G-RNAs and 2642 CSR-1 associated mRNAs with uridylated 22G-RNAs. The
gene number of the corresponding GO term is included in the brackets. E. Knockdown
efficiency of feeding RNAIi for cde-1, csr-1, hrde-1, and wago-4. Actin mRNA was the
endogenous control. Error bars indicate SEM from three independent experiments. **p <

0.01; ***p <0.001; ****p < 0.0001 by two-tailed Student’s t test.

Fig. S13 PPW-1 binds sSRNAs with E. coli origin. First nucleotide and size distribution of
PPW-1 bound sRNAs derived from E. coli lacl/lacZ region (A) and hdeA/hdeB/hdeD region
(B). Only sRNAs (>20-nt) are analyzed and aligned to the E. coli genome. Peaks of PPW-1
associated SRNAs corresponding to E. coli genomic loci were also presented. Red and black

peaks, respectively, represent sense and antisense strand reads mapping to E. coli genome

(NC_000913.3).



ERGO-1

77
a7
98

100

[N
o
o

ALG-3 _I
ALG-4 —,

ALG-5
ALG-1
ALG-2
PRG-1

gfp::3xflag::prg-1

gfp::3xflag::wago-4

gfp::3 xflag::wago-10

gfp::3xflag::wago-1

gfp::3 xflag::wago-5

gfp::3xflag::sago-1

gfp::3xflag::sago-2

gfp::3xflag::ppw-2

gfp::3xflag::alg-1

gfp::3xflag::alg-2

gfp::3xflag::alg-5

gfp::3xflag::rde-1

ofp::3xflag::hrde-1
gfp::3xflag::nrde-3

3xflag::csr-1

Y CRISPR/Cas9

30
100
63 100 00
8k E3¢eg¢g g8 gECR
EB =z gé T = = (2] n
B Y CRISPR/Cas9
O I—
Insertion
ATG GCATCT
ATG CCAGCT
ATG CCGACT
B8 crccreaTccacca CAACCG
BB~ ~TACTGGCGTTGTC CTGTTG
BB ccraTATCACCCAR GTCACC
BE8c2rAARCARCTAARA GCTATG
BB CCTGCTACACCGGTT CCACCG
| jelelelelelelelelelelelen. V.Y TATTTG
B8 CCcCGGCGATTCGCTG ACATCG
BBG~AGACCAATGGTTG CTGTCG
B8 rccrccaaTTTTCCC GAATTG
Bgcar...TCT ACTCCG
BlgcaT....cca CGTACA
caclill CGTACA
[T 1
c04f12.1::3 xflag::gfp ATTGCT
ppw-1::3xflag::gfp AATGCA
wago-5::3xflag::gfp AATGCT
alg-3::3xflag::gfp TTCATT
alg-4::3xflag::gfp TTCATT
ergo-1::3xflag::gfp TTTGTC

L

TAAATTAAC

TAATTATCT

TAGATTGCC

TGAAGACTC

TGAGCACTC

TAATATGTT

Insertion

7 annotated
pseudogenes

gDNA

N2

Kl bp
2548
1534

~ = | 2254
1240

2880
1866

2437
1423

2653
1639

2303
1289
2165
1151
2600
1586
~ 2315
1301
2397
1383
= 2715

1701
. 3157
2143
2614
1600

1932

801
729

2156
1142
2864
1850
2125

1111
- = 2366

1352
2003
989

1706

692



B

ALG-1
(~146kDa)
WWL
250-
GFP::3XFLAG::
HRDE-1
*
130- (~150kDa)
100~
WWL
250~
GFP::3XFLAG::
RDE-1
130- (~152kDa)
100-
o
WWL
250~
ERGO-1::
3XFLAG::GFP
(~159kDa)
130-
100~
kDa  wwL  FlagIp

250

WB: Flag

130-
100-

gfp::3 xflag::wago-5

’f.; GFP::3XFLAG::

WWL WWL WWL WWL
ALG-4::
ALG-3::
GFP:3XFLAG:: 3XFLAG::GFP 3XFLAG:GFP GFP::3XFLAG::
ALG-2 (~148kDa) (~148kDa) ALG-5
(~134kDa) * (~135kDa)
WWL WWL WWL WWL
GFP::3XFLAG::
GFP::3XFLAG::
% NRDE-3 PPW-1:: PPW-2 GFP::3XFLAG::
~152kD 3XFLAG::GFP -
( ?) (~141KDa) PRG-1
(~132kDa) (~127kDa)
WWL WWL WWL WWL
GFP::3XFLAG::
GFP::3XFLAG:: GFP::3XFLAG:: WAGO-1 GFP::3XFLAG::
- SAGO-2 -
SAGO-1 % (~138kDa) & WAGO-4
(~131kDa) (~132kDa) (~139kDa)
WWL WWL  Flag IP WWL  Flag IP
3XFLAG:CSR-1 GFP::3XFLAG::
(~149KDa) WAGO-10 CO4F12.1::
- a o
(~145kDa) 3XFLAG::GFP
(~138kDa)
WWL  Flag IP

wago-5::3 xflag::gfp



Fig. S3

Mean survival

A (days) .E.M P_value
1004 . -~ N2 1823 056 -
3xflag::csr-1 19.26 0.56 0.317
—=  c04f12.1::3xflag::gfp  17.43 0.64 0.379
80= gfp::3xflag::nrde-3  18.76 0.56 0.603
gfp::3xflag::wago-10 18.36 0.55 0.864
’\a - gfp::3xflag::hrde-1  18.63 0.55 0.704
S -~ gofp::3xflag::wago-1  18.59 0.52 0.797
= 60= - gfp:3xflag::wago-4 1829  0.62 0.963
= gfp::3xflag::ppw-2 18.54 0.59 0.756
E gfp::3xflag::sago-1  18.61 0.50 0.906
(?) 40 gl gfp::3xflag::sago-2  17.50 0.50 0.196
- ppw-1::3xflag::gfp 19.20 0.57 0.336
gfp::3xflag::rde-1 19.18 0.51 0.387
ergo-1::3xflag::gfp ~ 17.59 0.40 0.113
20~ - gfp:3xflag::alg-1 18.20 0.52 0.691
- gfp::3xflag::alg-2 17.65 0.66 0.495
alg-3::3xflag::gfp 17.73 0.53 0.442
alg-4::3xflag::gfp 18.86 0.58 0.440
0 1 gfp::3xflag::alg-5 18.47 0.52 0.996
0 35 - gfp::3xflag::prg-1 1854  0.46 0.901
N.S.
B 300
L]
. s ° ° ° M oo o . oe
°le LD
o|® o:
o 200- 3
N .
n
©
o
o
m
100
0=
J AN Q A '\ '\ ‘t A 9
v q&& & go"‘ & &‘Q & &‘Q \Q 2 &‘Q é‘Q Q QQ
.* & .9
7 & T S RN W
'\\'b‘é&'&%%\’bga‘)o‘? ’\\*\\*é\'\\"’
’5*\ ﬂ&x\o"w{‘\;\\q’\'b*&#\@\ o o o 5
@ P P F G g Fge &‘Q &
S 9&&‘@&& % & o ®
C GFP::3XFLAG::HRDE-1 GFP::3XFLAG::PRG-1 GFP::3XFLAG::NRDE-3

GFP::3XFLAG::WAGO-4 GFP::3XFLAG::ALG-1 GFP::3XFLAG:: - GFP::3XFLAG::ALG-2




Fig. S4

@® Our data

A Previous data

(5£6863S9)

-9V
(erep InQ)
-9V
(65.652d4S)
Z-Mdd
(erep 1nQ)
Z-Mdd
(26£8£544S)
T-94d
(erep 1InQ)
T-94d
(82815T3S9O)
T-4S2
(eyep InQ)
T-4S2
o
o
N
o
Xe)
—
$
n
B A
. . [ee]
- 25 g
0} Q o
.3 x a
o, =)
.
Y e
o <«
o
T T T T o
o o o o A
o o o
B < Y

(%6£°02) 20d

piRNA (2654/10697)

RPM<10

104

108

(NdY) dI T-98d 1OV 14XE::d4D Ul S|9Ad] YNYId

10t 102 108 104
piRNA levels in Input (RPM)

100

10t



Fig. S5

50 1 mm U Input 50 1 ALG-1 Bl miRNA rRNA

40 . n ' 401 \ piRNA tRNA
- A 1 I mMRNA pseudogene

20 e 20 1

m N B lincRNA other
- I transposon
0 r——— 0 - -.I——. e
20 22 24 26 20 22 24 26
50 ALG-2 40 1 ALG-3 50 1 ALG-4
i | | A
20 1 I
20 “ I / 20 I /
] - - ; -
0 — 0l=== . Ry el T i
24 T2 20 22 24 26 20 22 24 26
40 ALG-5 50 1 CO04F12.1 50 1 CSR-1
40 1 40 1 — \
g A | | N
E I / 20 1 I ( 20 1 —1 -
z | | = ]
— oi== 0 ——— e 0 — —
< 20 22 24 26 20 22 24 26 20 22 24 26
% 40 1 ERGO-1 50 1 HRDE-1 701 NRDE-3
: A | hoJd T /
o ]
o e T
8 5 40
R I S v
20 1 —
in 1 —
in _ N B N _ l
go—.—-.—--—" e i ol
i 20 22 24 26 20 22 24 26 20 22 24 26
g 60 1 PPW-1 60 1 PPW-2 50 PRG-1
g ' [ | 40
§ 40 I 40 1 ’ ] ’
. ' 20 - L -
20 | l 20 1 —
- ] A ]
- — — —
20 22 24 26 20 22 24 26 20 22 24 26
40 1 RDE-1 50 1 SAGO-1 40 1 SAGO-2

[Ta] @] @

0 =~ = 0 = 1 PR 0
20 22 24 26 20 22 24 26 20 22 24 26
60 WAGO-1 60 1 WAGO-4 40 1 WAGO-10

J T T e

20 22 24 26 C 20 22 24 26 © 2 22 24 26
Length of small RNA reads



Fig. S6

~
™
<
~
<
©
\uh
<
P
x
S
g
2
©
S
Rl
)
@
o
8
o
Q
<

ALG-2 (98)

ALG-1 (112)
CO4F12.1 (46)

miR-78
miR-4936
miR-5549
miR-8202

b h ¥ a~c~cagadNNas &
N <t MO IO N 0O MO A = =
R T A L
L I L | lllLlJ
WoodITozoBaI3R T
R EEEEE EEER:
w <;( %) = 9o

Percentage of miRNA reads from Input and 10 AGO IP samples

50
40

20

Input

ALG-1

ALG-2

ALG-3

ALG-4

WAGO-10

ALG-5

ERGO-1

CO04F12.1

40

20

PPW-1

40

20

RDE-1

0
LPLR @ F P L F LR F P
First two 5’ nucleotides of miRNA reads

Four mis-annotated “miRNAs”

AATAAAATATATTGTTTCATAGTGTCCGTAAAATAA
TATCGAGATAATAAGCATTTATGGCTACAATGTATA
GGGGGAGAGATTTTTTTGGGCCTTGTGAAATTAACG
AAATAATTTCTACTGTTATTGGTAATTTTTAAAAAG

TATTGGAGGCCTGGTTGTTTGTGC
CATTGCTTTGTGGCTTTGCTGGTA
TAATCATGTTGGTTTTTTGTTGGT
CGGTGAACAGAAAAAGTCGTGTGT

CTGTTTCA
I — | L

YRNT
L

A/T rich A/T rich

~20nt spacer

21U RNA



Fig. S7

Biological processes

Mis-regulated mRNA targets (GSE98935)
(Fold change 22 or <0.5, p <0.05)

alg-1(-/-) | 406 525

-log,,P_value
2 4 6

Defense response (25)

Peptidoglycan metabolic process (3)
Cofactor transport (4)

Cell wall macromolecule catabolic process (3)
Defense response to bacterium (12)

Innate immune response (17)

Immune response (17)

Cuticle development (6)

Immune system process (17)

Cell wall macromolecule metabolic process (3)
Response to stress (37)

Defense response to other organism (12)
Response to external biotic stimulus (12)

Aminoglycan catabolic process (3)

381 alg-2(-/-)

-log,,P_value
2 4 6 8

Peptidyl-serine phosphorylation (15)
Peptidyl-serine modification (15)
Protein phosphorylation (23)

Phosphorus metabolic process (41)

Phosphate-containing compound
metabolic process (40)

Phosphorylation (25)
Protein dephosphorylation (12)
Dephosphorylation (14)

Protein maodification process (40)

Peptidyl-tyrosine dephosphorylation (8)

Protein metabolic process (54)



C

Input @
- p 0"
ALG-3
ALG-4
-
ALG-5
- -
CO04F12.1
— S .
CSR-1
6(‘-_‘% —EE T~ - -
ERGO-1
-
HRDE-1
<Z( NRDE-3
x =D —— - e, e
Q PPW-1
o - e
PPW-2
- - -
PRG-1
RDE-1
-
SAGO-1
[ e N
SAGO-2
[ —— " J——
WAGO-1
-
WAGO-4
SN .
WAGO-10
1 5 7 9 11 13 15 17 19 21
Input
ALG-3
ALG-4
< ! ALG-5_-_ = SER
3 -
o CO04F12.1
0] I e e i "
©
N ERGO-1
RDE-1
SAGO-2
WAGO-10
1 5 7 9 11 13 15 17 19 21 23 25
Position
Percentage of risiRNA reads
risiRNA | 0.02 | 0.12]0.04 | 0.09 [ 0.02 | 0.02 | 0.05] 0.030.03|0.07]0.02|0.14 0.04-0.04 0.03(0.02
R CE A R A L - PN L A OF O oG O O O
WERT T R R 0T @O OO o o o 0T 0 W 0 W




Fig. S9

22G- and 26G-RNAs

Il 22G-RNAs Il 26G-RNAs

(z28T/085) sauabopnasd palabiiel-yNyis

(6ST)
T-0O9VYM

(seT1)
Z-Mdd

(5g)
T-Mdd

(sv)
T-0943

(Lg)
T-94d

(19)
T-09VS

(59)
£-3QuN

(6T)
T-3QY

(97)
59TV

(6%)
2-09VS

(89)
1°2T4¥0D

(62)
-9V

(¥8)
€9V

(¥2)
0T-09OVM

(tT7)
T-4S2

(zTT1)
T-3Q4H

(002)
7-09OVYM

_A _____

r

__, I :

(09g/€22) suosodsuell palabiel-yNyIs

(zm)
T-94d

(9]
T-3Q4H

(9)
-9V

)
2-09VS

(@)
T-4SD

(T
1-3ayd

(9)
T-09VS

(9)
€-3auN

(2£)
7-09OVM

(98)
T-09VM

(29)
-9V

(5¢)
€91V

(82)
121400

(29)
T-0943

(rv)
0T-0DVM

(z6)
T-Mdd

(¥6T)
Z-Mdd



Fig. S10

Telomere maintenance

Cell differentiation

Protein modification

Smooth muscle contraction
Peptidyl-Tyr dephosphorylation
Peptidyl-Ser phosphorylation

Male gamete generation

_r_

(9866T/7ES) SYNHW palabiel-yNy-992

(¥82)
7OV
(59¢)
€91V
(rsg)
0T-0O9VM
(52)
T-30Y
(0g)
-9V
(ov)
Z2-09VS
(1)
7-09OVM
(€)
€-3QuN
(€)
T-09VS
(€)
Z-Mdd
(€)
T-94d
(9)
T-3Q4H
(9)
T-09VM
)
T-Mdd
(o1)
1-0943
(69)
1°2T4¥02D
(z9)
T-4S2



Fig. S11

A

Input

22G-RNA-targeted
lincRNAs

80

26G-RNA-targeted
lincRNAs

Embryo

L1

L2

L3

L4

YA

Dauer

Starved

Male

linc-121 Z score

linc-14
linc-8
linc-86
linc-68
linc-16
linc-17
linc-11
linc-24
linc-75
linc-12
linc-21
linc-19
linc-41
linc-45
linc-22
linc-30
linc-59
linc-7
linc-66
linc-18
linc-36
linc-29
linc-63
linc-4
linc-9
linc-20
linc-81
linc-157
linc-77
linc-76
linc-44
linc-134
linc-154
linc-46
linc-61
linc-15
linc-42
linc-25
linc-10
linc-111
linc-62
linc-169
linc-6
linc-95
linc-89
linc-78
linc-54
linc-40
linc-31
linc-109
linc-128
linc-167
linc-125
linc-131

2

-2

C

Stage specific score

lincRNA
1.5

P=0.0019




Fig. S12

Percentage of first 5’ nucleotide from untemplated uridylated reads (%)

50 1

40 4

20 1

50 -

40 4

20 1

50 -

40 4

20 1

50 -

40 4

20 +

50 1

40 7

20 7

Input -y
- C
| A
|
||
1 W
CSR-1

HRDE-1

20 22 24 26 28
Length of U-trimmed reads from
untemplated uridylated sRNAs

C

D

BP of 491 mRNAs

BP of 2642 mRNAs

Input CSR-1 HRDE-1
74.5% 70.7% 70.7%

0

Uridylated 22G-RNA molecules

Non-uridylated 22G-RNA molecules

E

mRNAs targeted by
non-uridylated 22G-RNAs

491
15.67%

2642
84.33%

mRNAs targeted by
uridylated 22G-RNAs

-log,oP_value
5 10

ATP synthesis coupled proton
transport (9)

Cellular oxidant detoxification (6)
Response to hydrogen peroxide (4)
Regulation of protein kinase activity (10)
Cellular response to unfolded protein (5)

AXxis specification (6)

20 40 60 80

Mitotic cell cycle process (148)

Mitotic sister chromatid segregation (28)
Oogenesis (35)

Histone acetylation (28)

mRNA export from nucleus (17)
Ubiquitin-dependent ERAD pathway (18)
Spermatogenesis (24)

Ribosomal large subunit biogenesis (11)
Chromatin silencing (9)

Protein targeting to ER (7)

Actin nucleation (6)

Glycolytic process (9)

PPW-2 WAGO-4
44.4%  47.2%
R 52.8%
1.57
©
>
o
S1.01 =
(]
©
o
e Kk
2 05; o
© —
©
x
0.0 : :
control cde-1
RNAI RNAI
1.5
Ko)
>
Q
FI' 1.0 =
®
(&)
)
205
©
© *kkk
* e
0.0
control csr-1
RNAI RNAI
15
©
>
o
1.0 =
o -
°
=
o *%
=205
T
©
n'd
0.0 . .
control  hrde-1
RNAI RNAI
1.5
©
>
Q
j-; 1.0 ==
(@]
©
=
Los
k= Fkkk
()
: ]
0.0 T T
control wago-4
RNAI RNAI



Fig. S13

A Length of sSRNA reads
10 1
[2]
he]
IS
]
:: 0
> 20 21 22 23 24 25 26 27
X 0- —_
7 —_— 1
£
o -
g1 -
IS
Qo
g 20
c
[
= 30
() =y
()]
8
s 40 1
8 C
& = A
50
0.2kb
60  Sense strand reads PPW-1
=
o
e:/ e
3 .I '
s (60 Antisense strand reads
e
& |60 Input
©
£
o
4
60
E. coli
lacZ lacl
B .
8 , 60
(&)
©
2g C
§ < 401 m A
= Z
5§
(4]
g5
T =
[0
o |
5 0 .
o

20 21 22 23 24 25 26 27
Length of sSRNA reads

0.1kb

RE PPW-1
z M&“—.-
z - A ami &
3
[%2]
-g 50
o
E 50 Input
©
£
G
pd

50

E.coli HIKEIREIRIERINEY BEEEEEE EEIEEE R

yhiD hdeB hdeA hdeD



Table S1. List of C. elegans strains used in this study.

C. elegans strains

Strain Allele name Genotype
GSH410 | hzhCR175 wago-10(hzhCR175[gfp::3xflag::wago-10]) V
GSH411 | hzhCRI176 hrde-1(hzhCR176/gfp::3xflag::hrde-1]) III
GSH412 | hzhCR177 nrde-3(hzhCR177[gfp::3xflag: :nrde-3]) X
GSH413 | hzhCRI178 csr-1(hzhCR178[3xflag::csr-1]) IV
GSH414 | hzhCR179 c04f12.1(hzhCR179[c04f12.1::3xflag::gfp]) 1
GSH415 | hzhCR180 sago-1(hzhCR180[gfp::3xflag::sago-1]) V
GSH416 | hzhCRI181 sago-2(hzhCR181[gfp::3xflag::sago-2]) I
GSH417 | hzhCR182 ppw-1(hzhCRI182[ppw-1::3xflag::gfp]) [
GSH418 | hzhCRI183 wago-1(hzhCR183[gfp.:3xflag: :-wago-1]) |
GSH419 | hzhCR184 wago-4(hzhCR184[gfp.:3xflag: :wago-4]) Il
GSH420 | hzhCRI185 wago-5(hzhCR185[gfp.:3xflag: :wago-5]) Il
GSH421 | hzhCR186 wago-5(hzhCR186[wago-5.:3xflag::gfp]) 11
GSH422 | hzhCR187 ppw-2(hzhCR187[gfp::3xflag: :ppw-2]) 1
GSH423 | hzhCR188 alg-3(hzhCR188[alg-3::3xflag::gfp]) IV
GSH424 | hzhCR189 alg-4(hzhCR189[alg-4::3xflag::gfp]) 111
GSH425 | hzhCR190 alg-1(hzhCR190[gfp:3xflag::alg-1]) X
GSH426 | hzhCR191 alg-2(hzhCR191[gfp::3xflag::alg-2]) 11
GSH427 | hzhCR192 alg-5(hzhCR192[gfp::3xflag::alg-5]) 1
GSH428 | hzhCR193 ergo-1(hzhCR193[ergo-1::3xflag::gfp]) V
GSH429 | hzhCR194 rde-1(hzhCR194[gfp::3xflag::rde-1]) V
GSH430 | hzhCR195 prg-1(hzhCR195/gfp::3xflag::prg-1]) 1
GSH431 | hzhCR196 ppw-2(hzhCR196) 1
GSH432 | hzhCR197 ppw-1(hzhCR197) 1

hzhCR196; ppw-2(hzhCR196) I;
GSHA433 | ustls45 ustls45[mex-5p::GFP::his-58::tbb-2utr]
SHG366 | ustls45 ustls45[mex-5p::GFP::his-58::tbb-2utr]

E. coli strains

Strain Allele name Genotype
HT115 - -

OP50 - -

OP50™M | - OP50/AnanCM




Table S2. List of all oligonucleotide sequences used in this study.

sgRNA for C. elegans Knockin

sequence 5'-3' Description
wago-10 KI CACGTGGATACTCTGATTAA sgRNA
hrde-1 KI GTCATCGTCTGTTCCAGCAA sgRNA
nrde-3 KI sgRNA ACTACTCCGGGCTCACAGCA sgRNA
csr-1 KI sgRNA CATCGATCGTCAGCACAATA sgRNA
c04f12.1 C-terminal KI TCGTTTGGAAGCAGAGAATT sgRNA
sago-1 KI sgRNA TGCAGAGAAAAAACCAAAAG sgRNA
sago-2 KI sgRNA AAGACGAGAAATGAGGAGTG sgRNA
ppw-1 C-terminal KI GCGGCTACCAACAGTGCATA sgRNA
wago-1 KI CCACCAGTCACTGCTCCACC sgRNA
wago-4 KI sgRNA TCCGACTCAACCGTTAAGAT sgRNA
wago-5 N-terminal KI GCCAACCGAACCGGGAACAT sgRNA
wago-5 C-terminal KI ATACCATGAAGAGCATCTCA sgRNA
ppw-2 KI sgRNA ATGCCACCAGTGCCACCAGT sgRNA
alg-3 C-terminal KI AATCCTTCAGGACTGCGTCT sgRNA
alg-4 C-terminal KI AGACACAGTCTTGAAGGATT sgRNA
alg-1 KI sgRNA ACCTCACACGAACAACCTGT sgRNA
alg-2 KI sgRNA GCTCGGCTCACGGAGCAATT sgRNA
alg-5 KI sgRNA TGGTCGAAAAGTTAAAAGTG sgRNA
ergo-1 C-terminal KI GACGAAGACCTGAAACGTCT sgRNA
rde-1 KI sgRNA AAATGGCTTGCGAGGCCCAC sgRNA
prg-1 KI sgRNA ATCGAACAACAGTGGAGGAA sgRNA

Homologous Recombination

primers for C. elegans Knockin

wago-10-HRL-F TGTAGGAGTTTCTTCTTTTG Homologous
wago-10-HRL-R CATAACTTGAACACAGTTTC Recombination
wago-10-HRR-F CCGACTACCGTCCAAAATCC Homologous
wago-10-HRR-R AAGCTCTCGGCGTTTTTTGT Recombination
hrde-1-HRL-F AGTATATGGAAGACTTGTCG Homologous
hrde-1-HRL-R AGAGAACATTGGTGCTGAAA Recombination
hrde-1-HRR-F ACTCCGAAGTCAACAACACC Homologous
hrde-1-HRR-R CTCGGAGAGTAGTCCGCTCC Recombination
nrde-3-HRL-F GGAAGTTTCAATTCCGGCAA Homologous
nrde-3-HRL-R TGGTGTGGATGACGCAGATGT Recombination
nrde-3-HRR—F CGTACAAATGTTTGGGGCAC Homologous
nrde-3-HRR-R GGATTTGTCTTGATGCGAAT Recombination
csr-1-FLAG-HRL-F CGCACCTGTGATTTTTCGGG Homologous
csr-1-FLAG-HRL-R CATGTCAGAGTTAAGTCCTG Recombination
csr-1-FLAG-HRR-F AATCAGAAGCAAAATCCAAG Homologous

csr-1-FLAG-HRR-R

TCCGTCTGAACGAATGACGG

Recombination




c04f12.1-C-HRL-F ATACGAATGTCCCACCGTTG Homologous
c04f12.1-C-HRL-R AGCAATTCTCTTATTTTTGA Recombination
c04f12.1-C-HRR-F TAAATTAACGTTTTAAACTT Homologous
c04f12.1-C-HRR-R ACAAATCACATTTCTTAGCT Recombination
sago-1-HRL-F ATTGTTGTCTTTTTCAAACTG Homologous
sago-1-HRL-R TTGGGTGATATTGGACATGG Recombination
sago-1-HRR-F GTCACCAGCAGCATGGCTTC Homologous
sago-1-HRR-R CCTTCACCCGTGATGCTTCG Recombination
sago-2-HRL-F GAAATTCACCGTCGTTTTTCACG Homologous
sago-2-HRL-R TTTTAGTTGTTTTTCCATAG Recombination
sago-2-HRR-F GCTATGTCCGTCTCGGACAA Homologous
sago-2-HRR-R CTCCAGTTGGGTCGATGAGG Recombination
ppw-1-C-HRL-F ATTCAGTGCCCGAGTGAAGG Homologous
ppw-1-C-HRL-R TGCATTGAAACGAGTGGTGA Recombination
ppw-1-C-HRR—F TAATTATCTGTACTCCTCCG Homologous
ppw-1-C-HRR-R TTCTCACAGATCGCATCGTC Recombination
wago-1-HRL-F GTACTTTTTACAGTCACGTCG Homologous
wago-1-HRL-R TGGTGGATGAGGAGACATCT Recombination
wago-1-HRR-F CAACCGCATCCACCGATGCC Homologous
wago-1-HRR-R ACCCTCGATGAATTGAATCG Recombination
wago-4-HRL-F TGGGCAACACACGTCATTTC Homologous
wago-4-HRL-R CATCCTTCTCGATTTTGTAA Recombination
wago-4-HRR—F CCAGCTCTTCCTCCAGTCTA Homologous
wago-4-HRR-R CCCATCCCCAACGTCCACAA Recombination
wago-5-N-HRL-F CGTTGCAACATGTGGCCAAC Homologous
wago-5-N-HRL-R GACAACGCCAGTATTCATTCAG Recombination
wago-5-N-HRR—F CTGTTGGATCAAAATGATCA Homologous
wago-5-N-HRR-R GAAATATACTTTTCCATGCT Recombination
wago-5-C-HRL-F GAGATGAATCGCAATACTTT Homologous
wago-5-C-HRL-R AGCATTGATGCGAGTCTTGT Recombination
wago-5-C-HRR-F TAGATTGCCAACGGTGCATC Homologous
wago-5-C-HRR-R CCATGCTGATAACTGCCCCA Recombination
ppw-1-HRL-F GACATTGGGAACTAGTGAAC Homologous
ppw-1-HRL-R AACCGGTGTAGCAGGCATTG Recombination
ppw-1-HRR-F CCACCGGTAACAATGCCACC Homologous
ppw-1-HRR-R TAGCGAGATCGAGAATCTG Recombination
alg-3-C-HRL-F GGTTGGAAAGGCAAAGAATG Homologous
alg-3-C-HRL-R AATGAAGTACATACGACTCT Recombination
alg-3-C-HRR-F TGAAGACTCTTCATGCAGAC Homologous
alg-3-C-HRR-R TTTGGCACGTATGCTTCCCA Recombination
alg-4-C-HRL-F ACTTCCGTCCACCCATCACC Homologous
alg-4-C-HRL-R AATGAAGTACATACGACTCT Recombination




alg-4-C-HRR-F TGAGCACTCTTCACTCTGTC Homologous
alg-4-C-HRR-R AGCTTGAATGGGTCCGATGT Recombination
alg-1-HRL-F TAGTGATTAAATAAGTGATT Homologous
alg-1-HRL-R TTGCGGCCCGCCGGACATTG Recombination
alg-1-HRR-F TATTTGCCAGGAGTCATGAA Homologous
alg-1-HRR-R GTAAACAGGGCGAATATTAG Recombination
alg-2-HRL-F GCCCCCAAAACTGTGTCTG Homologous
alg-2-HRL-R CAGCGAATCGCCGGGCATTT Recombination
alg-2-HRR-F ACATCGTCGTCTTTCATGCC Homologous
alg-2-HRR-R CCCGCGTGTACATGTTACGC Recombination
alg-5-HRL-F GCCTTTTCCTCCCTTTCCAC Homologous
alg-5-HRL-R CAACCATTGGTCTTCCATAC Recombination
alg-5-HRR-F CTGTCGGCAATTTATGATGA Homologous
alg-5-HRR-R CAAACTTCTCGTCCAACTCC Recombination
ergo-1-C-HRL-F CCGTCCAACTCATTACTATG Homologous
ergo-1-C-HRL-R GACAAATGTCATTCCTTCGA Recombination
ergo-1-C-HRR-F TAATATGTTTCTTAATGATT Homologous
ergo-1-C-HRR-R TCGCTCGTGTCGAGACCCGG Recombination
rde-1-HRL-F ATTGACATGTGAAAAATAC Homologous
rde-1-HRL-R GGGAAAATTCGAGGACATGT Recombination
rde-1-HRR-F GAATTGGAAAAAGGATTTTA Homologous
rde-1-HRR-R CAGGTTCACCATCGAACAAT Recombination
prg-1-HRL-F GTTGATCAATACTCACCATC Homologous
prg-1-HRL-R CATTATTACCTGAAAAATAT Recombination
prg-1-HRR-F GCATCTGGAAGTGGTCGCGG Homologous
prg-1-HRR-R GCGATCTCCTTCATCATCTT Recombination
check primers for C. elegans Knockin

wago-10-check-F GTGGGTCCAAAAACACTCGC Genotyping
wago-10-check-R GTTCGGAGACTGGTTGAGCA

hrde-1-check-F ATTATGGGAAGTTCGTCTTC Genotyping
hrde-1-check-R CGGGCTCATCTTGTTGACCT

nrde-3-check-F ACTAATCATGGATCTCCTAG Genotyping
nrde-3-check-R CAGTCGTCTTCATTGGTAAC

csr-1-check-F GTGGATCGACCCAAACCACT Genotyping
csr-1-check-R CATTTGCACAACATGCCGGA

c04f12.1-check-F GGCAAAGGCTCCGTCTTTTG Genotyping
c04f12.1-check-R CGGCAAATTTTTCTGAACTTTGT

sago-1-check-F ACCTGCCCACTGTGTTTTCA Genotyping
sago-1-check-R TGCAAGTGGTTGATGTCCGA

sago-2-check-F CGGCAGTGTTTGCCCACATC Genotyping
sago-2-check-R TCATTGTAAACGTTCTGGCA

ppw-1-check-F GTTCTTGCCGCCAATCAAGG Genotyping
ppw-1-check-R TTACACATCGGAGTCGCACC




wago-1-check-F AGCTTCGACAGTTGGCATGT Genotyping
wago-1-check-R TGCCCATTTTTCCAGGTTCG

wago-4-check-F ACCCAGAATTTTAGGATGAC Genotyping
wago-4-check-R TTACTCCGTCCTCTGCCGTA

wago-5-N-check-F TACAATTGCCGATTTGGGCG Genotyping
wago-5-N-check-R ATCTGTGAACTGTTGTTTCC

wago-5-C-check-F GGCTTCGCTTCAAATGCTGT Genotyping
wago-5-C-check-R CGAACTTCCTTCCAGAAAAA

ppw-2-check-F CTCGCCAATCGCATTTTCGA Genotyping
ppw-2-check-R GTTTCCCATCTCCAACTTCC

alg-3-check-F TGTGACACCAACTCGCTCTC Genotyping
alg-3-check-R ATCCGCAAACAAAAGCACGA

alg-4-check-F CGCTCTTCAACGCTTGCTTC Genotyping
alg-4-check-R CGGAAAAACCGCCCGAAAAA

alg-1-check-F TTTCTGTTGACCCTCCTGGC Genotyping
alg-1-check-R TTCTAGATCATTTTGGAGCG

alg-2-check-F TACCGCAGAGTTATGACGGC Genotyping
alg-2-check-R TAAGTTTCCCAGTTCTGGGC

alg-5-check-F GTTGGGTTCGGTGGTTGTTG Genotyping
alg-5-check-R CCTATCAATTTGAATGGCTC

ergo-1-check-F GGAGACCTCTGCGAAGTCAA Genotyping
ergo-1-check-R CGTGTCGAGACCCGGAAAA

rde-1-check-F GAGTGGTTCTGCAAACACGG Genotyping
rde-1-check-R TTCCCGCTGTTTCGTTGACT

prg-1-check-F CACCTTTTCTAAGTGGACTGT Genotyping
prg-1-check-R ATCGGTGACGTTATTATCAC

sgRNA for C. elegans Knockout

ppw-1 KO sgRNA1 CAAATCAGCGAGTTGGTTAC 2171bp deletion between
ppw-1 KO sgRNA2 TCACGCATCGATATTTTTTG two sgRNA sites
ppw-2 KO sgRNA1 TCATTCTCTCTTCTGTGAAT 1445bp deletion between
ppw-2 KO sgRNA2 TAGCACTGCACTTCTCATGG two sgRNA sites

check primers for C. elegans Knockout

ppw-1-KO-check-F GCCGCACAACCACATATCAG Genotyping
ppw-1-KO-check-R TCAAGCTCGTCGAGTAGTGTC

ppw-2-KO-check-F GAGAGTAATCATCGACGGTA Genotyping
ppw-2-KO-check-R TTTCCAGTTGGAATTCCTTC

C. elegans RNAI assay

act-1-qPCR-F ACGACGAGTCCGGCCCATCC qPCR
act-1-qPCR-R GAAAGCTGGTGGTGACGATGGTT

hrde-1-qPCR-F CCGGATACCGTCCACATCTC qPCR
hrde-1-qPCR-R ACGGACGAACGGTACCAATAA

csr-1-qPCR-F ACAGAGTGCCATTAGAAGCGAAAG | qPCR

csr-1-qPCR-R

GTACTGAGTCGATTGAGGATCGAG




wago-4-qPCR-F ACGTCGCTTCCAACTCCATT qPCR
wago-4-qPCR-R TCATGCGTTGACACGACGAC

16s-qPCR-F CGAGGTCGCTTCTCTTTG qPCR
16s-qPCR-R GGAGACTGCCAGTGATAAAC

nanCM-qPCR-F TTTGTACACAACGGCAAGGC qPCR
nanCM-qPCR-R TTCGCCAGCGTAACTCCATT

Bacteria assay associated oligos

pKD46-check-F

TACTGGCTCTTCTCGCTA

pKD46-check-R

TTGCTTGATCTCAGTTTCAG

PCR primers for

Transformation verification

nanCM-ko-HR-F

TCTCAGGCTGCGACACTGGACGTAC
GTGGTGGATATCGTAGTGGAAGCCA
CGCCTATGAGTCCTCCTTAGTTCCTA
TTCC

nanCM-ko-HR-R

AAATACGGCATCCGTTCGCAATCCT
GGTTTGGCTTCGCCATTAATAAGCCA
GGTTTTATCGTGTAGGCTGGAGCTG
CTTC

Homologous

Recombination

pCP20-check-F GAACACTGCCAGCGCATCAA PCR primers for
pCP20-check-R GAGCTTTGTTGTAGGTGGACC Transformation verification
nanCM-ko-check-F CTGGCGTATTATTACTGTGC Genotyping
nanCM-ko-check-R GCGCATAGTTCTTACCGTTC

TO8E11.1-qPCR-F TTGCCTACAAAGGCTCAAGTC qPCR
TO8E11.1-gPCR-R TGTTTTCCAGGTGGGGTTGT

Adapters sequence for Library

construction

3’ DNA adapter

rAppAGATCGGAAGAGCACACGTCT
GAACTCCAGTCA/3ddC/

5’ RNA adapter

rArCrArCrUrCrUrUrUrCrCrCrUrArCrAr
CrGrArCrGrCrUrCrUrUrCrCrGrArUrCr
U
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