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Figure S1. Transiently induced Cas9 expression creates germline indel mutations. Related to Figures 1
and 2. (A) Defining the temporal dynamics of Cas9 induction. An endogenously tagged his-72::GFP was
targeted with two different sgRNAs. After a two-hour heat shock, eggs were collected in a time course and GFP-

negative animals were counted. Experiment was conducted with 3 independent lines (n=3). The eggs collected
14 — 16 hours after heat shock produced the most GFP-negative animals. (B) Comparison of two different
plasmids for heat shock inducible Cas9, pMB67 (Waaijers et al., 2013) and pJJF152 (this study). Dpy-10 coding
sequence was targeted with a sgRNA (“dpy-10_CDS_sg1”, pJJF449), time course was performed as in A) and
Dpy progeny were counted. Experiment was conducted with 3 independent lines (n=3). Eggs collected 12 — 14
hours after heat shock produced the most Dpy animals. (C) Comparison of two different U6 promoters for sgRNA
expression, in backbone plasmids pJJR50 (Waaijers et al., 2016) and pJJF439 (this study), used at 5, 25 or 50
ng/ul in the injection mix. Dpy-10 coding sequence was targeted with sgRNA “dpy-10_CDS_sg6”. Eggs were
collected 12 — 14 hours after heat shock and Dpy progeny were counted. Data from two experiments using 5
independent lines (n=10). Expression of U6 snRNAs in reads per million (RPM) was obtained from Diag & Schill-
ing et al., 2018. (D) Indel mutations detected by Sanger sequencing of individual GFP-negative animals after
targeting his-72::GFP with sgRNAs. (E) Sanger sequencing of indel mutations created by a pool of three
sgRNAs. (F) Length distribution of the indels from individual GFP-negative worms. Deletion length is shown only
for the two lines with a single sgRNA. Insertion length is shown for all three lines including the line with a pool of
sgRNAs. (G) A scheme showing the germline lineage in C. elegans. F2 animals are created by a germline cell
which is determined in the F1 4-cell embryo. (H) Scheme showing automated fluidics measurement of F1 and F2
GFP negative animals to determine the amount of germline mutations. (I) Amount of GFP-negative F1 and F2
animals in control strains and after targeting his-72::GFP with sg1, sg2, pool1 or pool2. N = 1,662 - 21,983
analyzed worms per sample. (J) Difference in the amount of GFP-negative animals between F1 and F2 genera-
tion. Almost the same amount (80%) of GFP-negative animals in the F2 generations indicates high germline
transmission of mutations.
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Figure S2. Software pipeline “crispr-DART” and sgRNA efficiency characteristics. Related to Figures 1 -
3. (A) Scheme showing our long PCR amplicon sequencing approach. (B) Size of the amplicons used for
targeted DNA sequencing. (C) Distance between the amplicon PCR primers and the closest sgRNA cut site. (D)
Examples to show the versatility of experimental data that can be analyzed with crispr-DART. (E) The software
pipeline “crispr-DART”. The user provides input files, and the pipeline produces processed genomic files and
html reports. Custom analyses for this study were then performed with R scripts using the processed genomic
files as input. For crispr-DART and R scripts see “Code Availability” in the STAR Methods. (F) Correlation of
various prediction scores for sgRNA efficiency and our observed sgRNA efficiency (n=91 sgRNAs). (G) Correla-
tion of the percentage of plasmid in the original injection mix and the observed sgRNA efficiency. (H) Comparison
of sgRNA efficiency for different sgRNA features. Categories were compared using the Wilcoxon signed-rank
test. (I) Comparison of sgRNA efficiency for sgRNAs targeting the coding sequence of essential genes and all
other sgRNAs. Categories were compared using the Wilcoxon signed-rank test.
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Figure S3. Indel detection and templated insertions. Related to Figures 2 and 3. (A) A table estimating the
sensitivity of calling one indel present in the sequenced animal populations. In samples of lower coverage (e.g.
200,000-fold), the threshold of 5 reads acts, while for samples with higher coverage (e.g.800,000-fold) the
threshold of 0.001 % reads acts. This results in usually 4-10 animals required to call an indel in our samples with
400,000 animals. (B) Scheme which illustrates how single-cut or multi-cut deletions were categorized computa-
tionally. (C and D) Examples of microhomology observed between insertions and surrounding regions in geno-
types of GFP-negative his-72::GFP animals. (E) Scheme showing the analysis approach which matches all
possible 5-mers from an insertion to the surrounding sequence. (F) Matches of 5-mers from insertions to
surrounding sequence (+/- 50bp), shown for three samples. (G) Diagram showing mechanistic steps of dsSDNA
repair by microhomology-mediated end joining. Highlighted is the dissociation & re-annealing step which could
lead to the templated insertions observed in our data.



B —
A & e cDNA long read workflow
_ ONA = == e
let-7 3 Weauaueuues AV eaus Gagu  Weauauauuae AVeaugeac! 5 ———— ) RT o
miRNA HANREARL LEEL DT HARREANNY LEELLn] DNA L H lin-41
lin-41 5 -+UUAUACAACC  CUAC, CUCA ... .. UUAUACAACC,  CUGCCUC ... 3 = . mRNA
mRNA i H reverse
non-seed seed non-seed seed L1 L4 transcription 8, F R
" — - developmental ~ S cDNA — <
site1 spacer site2 stages 7= A I — E—
= ~= PCR & cleanupl
~ A
) \ lin-41 ' cDNA ———
lin-41 -0 S ; SMRTBell
@ ! ' adapter ligation
o long reads (Pacbio)
S |
[0
developmental time
D clusters of cDNA long reads E
L1 stage L4 stage uster
3 7 3 .7 e both let-7 sites deleted let-7 site1 deleted let-7 site? deleted
. - 2 « TR .1 , > -~ * FALSE
: - 02 ™ g - iR * TRUE
» 8 o4 PSRN AR
a5 1405 5 [ Py ) [ &
Y] 1~0 ! e 09 i % -
e L] S
611 .8 .
) o9 ~
: S
e o2 & ho2 K K -
= 5 13 UMAP 1
F G deletion frequency over generations
2 3 for pooled samples
2500~ I (row-normalized z scores)
3000~ r 1 2000~ 'F ‘
2000+ - § 1500~ : =
= N 1000~ 5
1000~ 2 § i .
9334800 9335200 $335600 9336000 9334800 9335200 9335600 S336000
6 7
. [ = !‘E'
1000 1000+ gy (1
1000~ »
500~ 500~ \ 500- égﬁ
2 - & (Y h, .
§ 0-; . = . ; 2 -, x : 0- @ : - stage
S 9334800 9335200 9335600 9336000 9334800 9335200 9335600 9336000 9334800 9335200 9335600 9336000 9334800 9335200 9335600 9336000 7}
3 8 9 1 " N
§ 400~ ] ] F 50~ s 0 .
s00- # L. 200~ y il P 199
200- . . f - . 1083
= o ol 2 o bl o bl @
1w00- & h Y 2 re M 50-
n-IJ ‘!.hh- u-l&“ hﬁ u% 3 0-, ) A
9334800 9335200 9335600 9336000 9334800 9335200 9335600 9336000 9334800 9335200 9335600 9336000 5334800 5335200 9335600 9336000
12 13 "
Poe = N 100- e— || — 9000w F1 F2 F3 F4 F5
s . o e 585858
0] 30- g Do generations
100 20- a3 S 3 5 28
50- 10- e . 25 - - = $$D'°'
0-, - - Lo u-.w = = 00-® — :« = T” e
5334800 9335200 9335600 9335000 9334800 9335200 9335600 93365000 9334800 9335200 9335600 9336000 S TE— T S
enomic coordinate features affected
by deletion
H non-seed seed non-seed seed
ACCTTTTATACAACCGTTCTACACTCAACGCGATGTAAATATCGCAATCCCTTTTTATACAACCATTCTGCCTCTGAACCATTGAAACCTTCTCCCGTA wild type lin-41 3'UTR
ACCTTTTATACAACCGTTC---ACTCAACGCGATGTAAATATCGCAATCCCTTTTTATACAACCATTCTGCCTCTGAACCATTGAAACCTTCTCCCGTA lin-41(site1_del1) raj189
ACCTTTTATACAACCGTTC-====~~ AACGCGATGTAAATATCGCAATCCCTTTTTATACAACCATTCTGCCTCTGAACCATTGAAACCTTCTCCCGTA lin-41(site1_del2) raj190
ACCTTTTATACAACCGTTCTACACTCAACGCGATGTAAATATCGCAATCCCTTTTTATACAACC------ TAGAACC " ""TTTITIo TTCTCCCGTA lin-41(site2_del1) raj191
ACCTTTTATACAACCGTTCTACACTCAACGCGATGTAAATATCGCAATCCCTTTTTATACAACCATTCTG-==~""55 = ccmmunn AACCTTCTCCCGTA [in-41(site2_indel2)  raj192

Figure S4. Impact of /in-41 3' UTR deletions on RNA levels. Related to Figure 4. (A) Diagram showing /et-7
complementary sites site1, site2 in the lin-41 3' UTR. (B) Diagram of lin-41 and let-7 developmental expression
and time points of RNA extraction. (C) Diagram of the targeted RNA sequencing strategy. cDNA was amplified
using a large amplicon and sequenced using the Pacbio long read workflow. (D) UMAP clusters of long reads
covering the complete lin-41 3' UTR, detected in cDNA from L1 or L4 developmental stages. Each dot represents
one read. (E) Status of overlap with let-7 sites for each read. (F) Number of detected reads with a deletion
(y-axis) per genomic nucleotide (x-axis). Reads are separated by cluster (sub-panels) and developmental stage
(L1=red, L4=green). The two vertical black lines indicate the location of the two let-7 complementary sites (site1
and site2). (G) Heatmap displaying the frequency of deletions (on rows) scaled by row over multiple generations
(columns). The annotation columns display which deletions overlap different features (e.g. let-7 binding sites,

polyA signal, stop codon). (H) Genotypes of strains with deletions in let-7 complementary site1 and site2 in the
lin-41 3' UTR.



A B D mutation proportions
larvae (F2) mm deletion among isolated alleles (%)
per bleactied = incertion fongth 100 ¢ ©91-30 (3UTR)
adult (F1) Sqt-3- @ sqt-2 (enh)
25 |—— A u 5qt-3 (TATA)
. e —
75+ 4 sqt-3 (3UTR)
p———}
g
20 Dpy e
®
15 — 50 N E sqt-2=
L] g s
c 3 conservation |  enhancer? i TATAINR -
109 oo sqt-3-» S (PhyloP) .. '
25+ : :
5 o la + | — i
Rol] ¥+ L — -
fasd a Rol [, | ; I
¥ — S—— —
0 —1°- T T — g —_—
T deletion insertion complex T
o X 5
+ CTCTCACTGGGTCGAGTGAGACACCACCACCTAAACCTAGGAAACATTTTCTTGTACTCCTTC TTCGTTTTTTTTTGTCTTGATTCAAATTTTTATTTTTTTTACCTTTCTAACAATT ccTeecas TTCACCCTTAC \CCATCCCC CCCCATTATTGTATCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
+++ cTCTC TAAACCTAGGAAACATTTTCTTGTACTCCTTC TTCGTTTTTTTTTGTCTTGATTCARATTTTTATTTTTTTTACCTTTCTAC A TTCACCCTTAC \CCATCCCCCCTTCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT.
#++ CTCTCACTGGGTCGAGTGAGACACCACCACCTAAACCTAGGAAACATTTTCTTGTACTCCTTC TTCGTTTTTTTT-S6C 1608 TCARATTTTTATTTTTTTTACCTTTCTAACAATT CCTCCCCAAACTTCACCCTTAC — CACCATCCCCCCTTCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
Slu | 11t armaaTaTssasaTTARTASATTS TTCGTTTTTTTTTGTCTTGATTCARATTTTTATTTTTTTTACCTTTCTAACATT  CCTCCCCARACTTCACCCTTAC  CACCATCCCCCCTTCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGT TTTTAATTTCATATTTATTTCTATTACATTGATCTAATTTTATGT
R ad o TTCGTTTTTTTTTGTCTTGATTCAAATTTTTATTTTTTTTACCTTTCTAACAATT CCTCCCCAAACTTCACCCTTAC — CACCATCCCCCCTTCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
TCTCACTOGT TCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
i acocsro TTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
1 Ge TTTATOT
e BT b —— TTTCTTGTACTCCTTC TTTTTTGICTTGATTCAAATTTTTATTTTTTTTACCTTTCT CCTCCCCARACTTCACCCTTAC TCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGTTTTTAATTTCATATTTATTTCTATTAACATTGATCTAATTTTATGT
CTCTEACTORGTCOAGTGAGACACCACCAC ¢ TAGGAMCATTTTCTTGTACTCCTTE  TTCGTTTTTTTTTCTETTGATICAMATITTATTTTITITACCTITETARGAIT  CCTeCCAMACTTEACECTTAC CATCCCCCCTTCTTCTTCCCCATTATTGTATCGACTTTTTGCGATAGT TTTTAATTTCATATTTATTTCTATTAACATTGATCTAATT TTATGT
egl-30-+ G sqt-3
conservation = =mAAUAAA
(PhylOP) ML st s 0, 8 il o F2 Yy & Al
pick 96 ] =
! ) random
H wild type (N2) sqt-3(ins) | i measured non-Rol = e
RNA g0k 4 S« at 26 hrs 14 genotypes
expression 22 find <
(normalized 0L mutations: e
counts) 60k go T7 assay
(3]
© 0,
sqt-3 mm 40 Noa 24/96 (25%) only heterozygotes —
] &= with mutations Sadeisaqusriced 25 bp
dpy-4 — a
dpyli;g 20k K wildtype
col- XA\ ST\ 1 TTTCTTCTCACAGTCCAAACCTCATCATCATCTCGTTGTTGTGTATAGTCGCGT
QO W\
tbb-2 "o T G ron Rl
toa-1 NN RN R L S
re-mRNA  mRNA GTTQTGTATAGTCGCGTTGACAGACTCAGATT T TATCACCATCGAGECC o
22 2426 28 30 32 22 2426 28 30 32 p g}TGA AGACTCAGATTTTATCACCATCGAGCCCGTCAGTACATCGACCAAATAAA 73/760
time (h) time (h) GTTGACAGACTCAGATTTTATCACCATCOAGCCCATCASTACATCGACCAAATARA 3/e7
GTTGA( AGA(T(AG CACCATCGAGCCCGTCAGTACATCGACCAAATAAA 62
GTTGACAGACTCAGA' \TCACCATCGAGCCCGTCAGTACATCGACCAAATAAA raj163
s, N a4 adu SR GG R A
——»molt = molt—— G TTGACAGACTCAGATTTTATCACCATCGAGCCCGTCAGTACATCGACCAAATAAA rar6s
e GTTGACAGACTCAGATTTTATCACC) TCGAG(CCGT(AGTA(AT(GACCAAATAAA raj167
at24°C ( ( { ARSI i)
TCTTC TGTGTATAGTCGCGTTGACAGACTCAGATTTTATCACCATCGAGCCCGTCA- “TCGACCAAATAAA 1 13169
VA Rol
i AGTCCAA ATCATCTCGTTGTTGTGTATAGTCGCGT $qt-3(ins) raj131
N2 po 'y Ins AGTCCAA TTGTTGTGTATAGTCGCGT at-3(ins) ’ﬁhf’z
AGTCCAA/ 133
AGTCCAA) 134
ASTEEAN 13
AGTCCAA raj136
L AGTCCAA 18137
AGTCCAA/ CGCGT rnse
2 AGTCCAA \TAGTCGCG: 10
c AGTCCAN rGTTGrGTATAGTchG joird
AGTCCAAY o ATCATCTCGTTGTTGTGTATAGTCGCGT %)
Ou AGTCCAA/ TAGTC acer iy
» 2 AGTCCAA TCG( i
» AGTCCAA/ eI TP eTGTATAGTCGCGT i
ixe] ACTCCAA CGT 13146,
So AGTCCAN i
x>1 AGT i
[E=3 AGTCCAA/ 13150
sqt-3+ AGT 71
®ns ACT 152
58 — A i t
I =poly; AGT Ta/15s
AGT( 3156
intragenic TTTCTTCTCACAGTCCAAACCTCATCA TGTTGTG sqt-34 rajt3
TP é“ \\ NS supprossors ¢ sat-3(ins) i
> non-Rol
Q}\ & Qﬁ\ Q} CCTTATGATTCAATCATTCCTCATCATCTCGTCATCT TGTTGTG sqt-3( ) itz
KRR, © 4 K\ \CCGTTATGATTCA TCCTC TCC TTTTTTGTTTCAACTTTAC TGTIGTG @179
@@ © @@ @ \CCGTT IGATTCAATCATTCCTCAATCATATCCTCTCTCTTTTTTGTTTCAACTTTACTT ray180
< ¢ ] CITATGATTCARTCATTCCTCAA Terere st gF’eveﬂantg ray181
TV U =TT \CCGTT [GATTCAAT(ATT TGTTGTG sqt-3(revertant. raj182
pre-mRNA mRNA gy TATTCARTEATTCCTe TeTTeTe s
M non-Rol Rol non-Rol N
wild l\‘ve ins revertant2
sqt-3 wild type
kel CCAAACCTCA TCATCATCTCG
© v
e} Aguc
L C ¢ sqt-3(ins)
% CCAAACCTCATCATCCCTCAAACCTCACCAAACCTCATCATCTCG
[i4
€ { sqt-3(revertant2)
% > CCAAACC===== ATCCCTCAAACCTCACCAAACCTCATCATCTCG
2 2
= N UhY B 9
bt &
@
)
transplant @@
S
m(‘; dpy_‘]()— Dpy:| - -
o 5
@ 1
k=4
S ! .
a_: UNc-22 iie—— Twi:| + -
E
=) N .
B 7 reduction of function
~ phenotype
v

Figure S5. Screening for functional regulatory sequences using morphological phenotypes. Related to Figure 5. (A) Amount of F2
progeny obtained per bleached adult of the F1 generation which allowed us to perform targeted sequencing on the siblings of the screened
animals. (B) Location and extent of mutations affecting the coding sequence in Dpy sqt-3 mutants. For long insertions the origin was
determined by BLAT. (C) Rol mutations isolated after targeting the sqt-3 3' UTR without sg2. (D) Proportion of mutation types in the isolated
reduction-of-function alleles from four targeted regions (eg/-30 3' UTR, sqt-2 enhancer, sqt-3 TATA-box, and sqt-3 3' UTR). “Complex”: alleles
with a combination of insertion and deletion. (E) Indels affecting a putative enhancer region (Janes et al. 2018) of sqt-2. +, ++, +++ indicate
the expressivity of the trait. This was the only region for which penetrance was not complete (10-100%). (F) Sequences of the mutations in
Uncoordinated eg/-30 mutants. (G) Isolation strategy of non-Rol mutants. Indels in non-Rol animals determined by Sanger sequencing. (H)
Quantification of sqt-3 RNA expression along development during L4 stage in wild type (N2) and sqt-3(ins) mutant. Worms were synchro-
nized by bleaching and RNA was quantified on the Nanostring system. () sqt-3 mRNA and pre-mRNA levels in different sqt-3 alleles at 26
hrs into synchronized development. Levels were quantified by gPCR with primers specific for the spliced or the un-spliced transcript. Barplots
show mean +/- standard deviation of technical triplicates. (J) Microscope images of the weak Rol phenotype with only slight bending of the
head in the sqt-3(polyA) mutant and strong characteristic Rol phenotype in the sqt-3(ins) mutant. (K) Nucleotide sequences of relevant 3’
UTR regions in Rol, non-Rol and revertant mutants showing the inserted and deleted nucleotides. (L) mRNA and pre-mRNA levels of sqt-3
in mutant and revertants at 26 hours into synchronized development. Levels were quantified by gPCR with primers specific for spliced or
un-spliced transcript. Barplots show mean +/- standard deviation of technical triplicates. (M) Predicted RNA secondary structures of wild type,
insertion mutant and revertant allele. Predictions were made for the whole mRNA or only the 3' UTR. (N) Transplantation of mutant
sequences into independent 3' UTRs. Sequence 1 (from insertion mutant) or sequence 2 (from revertant2 of the insertion mutant) were

knocked-in at the dpy-10 or unc-22 3' UTR. Seq1 led to the characteristic reduction-of-function phenotype Twitching (Twi) in unc-22.
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dpy-10 3UTR 2 -
dpy-10 3UTR 4 -
egl-30 3UTR 2 +
egl-30 3UTR 2 +
egl-30 3UTR 2 +
rol-6 enh 2 -
rol-6 TATA 2 -
rol-6 INR 1 -
rol-6 3UTR 2 -
snb-1 ups 7 +
snb-1 CDS 2 +
snb-1 CDS 2 +
snb-1 3UTR 8 +
snb-1 3UTR 7 +
sqt-2 ups 3 -
sqt-2 TATA_INR 2 -
sqt-2 3UTR 3 -
sqt-3 TATA 4 -
sqt-3 INR 2 -
sqt-3 3UTR 3 +-
sqt-3 3UTR 3 -
sqt-3 3UTR 6 -
sqt-3 3UTR 9 -
unc-26 3UTR 2 +
unc-54 3UTR 3 +
let-2 CDS 2 -
let-2 3UTR 6 -
let-7 miRNA 2 -
par-2 CDS 2 -
tbb-2 CDS 2 -
tbb-2 3UTR 3 -
unc-119 CDS 1 +-
zyg-1 CDS 2 -
zyg-1 3'UTR 3 -

Table S1. Overview of sequenced samples, Related to Figure 2 and 3.



dels into isolated complex proportion of
gene coding  mutants phenotype region  deletion /insertion deletions (%)
egl-30 - 11 Slu 3UTR 4 7 36
sqt-2 + 7 Rol enhancer 3 4 43
sqt-3 + 13 Rol TATAbox 5 8 38
sqt-3 + 26 Rol 3UTR 1 25 4
dpy-2 + 0 - 3UTR - -
dpy-10 + 0 - 3UTR - - -
rol-6 - 0 - prom, TATA - - -
rol-6 - 0 - 3UTR - - -
sqt-2 + 0 - TATA - - -
sqt-2 + 0 - 3UTR - - -
unc-26 - 0 - 3UTR - - -
unc-54 + 0 - 3UTR - - -
sqt-3(ins)  + 15 Rol->non-Rol  3'UTR 11 4 73

Table S2. Results of the screen for functional regulatory sequences using morphological phenotypes,
Related to Figure 5.



