
27 
 

 

 

 

Figure 2 Genome engineering of the aex-2 gene. (A) The gene structure of aex-2. The black 

arrowhead indicates the position of the Cas9 target site in the third exon of aex-2, which we 

used to insert the universal STOP-IN cassette to generate the two new aex-2 null alleles, 

sy1078 and sy1079. The asterisk denotes the mutation sa3, a strong loss-of-function allele of 

aex-2. Black boxes are exons and white box is the 3’ UTR. The lines connecting the black 

boxes are introns. Scale bar, 500 bp. (B) Scheme showing the generation of putative aex-2 null 

alleles, sy1078 and sy1079, using CRISPR/Cas9 and a DNA repair oligo with the universal 

STOP-IN cassette. (C) Diagram showing the reversion of aex-2(sy1078) to wild-type sequence, 
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using the exogenous Cas9 target site included in the STOP-IN cassette and a wild-type DNA 

oligo with two ~35-nucleotide-long homology arms. (D) Differential interference contrast (DIC) 

images showing the constipation phenotypes of young adults with indicated genotypes. Yellow 

lines outline the posterior intestinal lumens. Compared to wild-type and aex-2(sy1078sy1091) 

animals, aex-2(sa3) and aex-2(sy1078) mutants both have distended intestinal lumens. Scale 

bar, 50 µm.  (E) Quantification of enteric muscle contraction (EMC) during the defecation motor 

program in adult animals with indicated genotypes. Each dot represents the percentage of EMC 

observed per defecation cycle from an individual animal. n = 10 animals for all genotypes. 

Horizontal bars indicate the mean; vertical bars are SEM. ***, P < 0.001 and **, P < 0.01, 

compared to wild type; ###, P < 0.001 and ##, P < 0.01, compared to aex-2(sy1078); One-way 

ANOVA with Dunn's multiple comparisons test. 
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Figure 3 Mutants of clik genes and pharyngeal pumping. (A) Gene structures of three 

C. elegans genes encoding Calponin-like proteins: clik-1, clik-2, and clik-3. Green blocks 

represent the calponin family repeats (CFRs). Magenta arrowheads indicate Cas9 cut sites 

where the STOP-IN cassette inserted in indicated alleles, except for sy1116 and sy1117, which 

are small insertions likely resulting from NHEJ during repair. nt, nucleotide. Scale bars, 500 bp. 

(B) Quantification of pumping rate of clik-1, clik-2, clik-3 mutants. Each green dot represents the 

mean pumping rate of one adult animal over 30 seconds on food. The clik-2(sy1116) partial 

loss-of-function mutants, clik-3(sy1082), and clik-3(sy1083) null mutants have reduced pumping 

rates, compare to the wild type. Horizontal bars are the mean, vertical bars are SEM. n = 10 for 

all genotypes. * P < 0.05, One-way ANOVA with Tukey’s post-test. (C) Table showing that clik-

2(sy1122) and clik-2(sy1123) null mutants are recessive lethal. L1, the first larval stage of C. 

elegans. The balancer allele used in (C and D) is tmC30[tmIs1243], an aneuploidy-free and 

structurally defined balancer for the part of chromosome X where clik-2 is located. (D) Bright-
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field images showing a clik-2(sy1122)/balancer heterozygote (left) and a clik-2(sy1122) 

homozygote (right), roughly 16-19 hours after hatching. Scale bars are 20 µm. 
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Table 1. Summary of our CRISPR/Cas9 knock-in results.  

  

Target gene Allele Guide sequence 
# of F1 
plates 

genotyped 

# of 
KI 

% of KI Lethal 
Co-conversion 

marker 

clik-1 sy1084 and sy1085 CTCTGGCTCTTGGTTCTCGT 46 24 52% 
 

dpy-10 

clik-2 sy1122 and sy1123 GTATCCTTGCTTCTTGTCCT 105 28 27% Yes dpy-10 

clik-3 sy1082 and sy1083 GTCACGTGGTGTTCCGAAAC 46 6 13% 
 

dpy-10 

clik-3 sy1086 and sy1087 ATTGCTTGGCACCTCGACGG 38 13 34% 
 

dpy-10 

T05C3.2 sy1080 and sy1081 AGAACGAAACGCGCTAATGG 45 16 36% 
 

dpy-10 

cul-3 sy1153 and s1154 ACTTTTGAAGCGTGCCATAC 40 12 30% Yes dpy-10 

dlg-1 sy1155 and sy1156 ACACTCCTACAACAGTCGTC 46 17 37% Yes dpy-10 

ubq-1 sy1157 and sy1158 AAAAACTATCACCCTGGAGG 19 2 11% Yes dpy-10 

hpo-29 sy1159 and sy1160 ATCTCCGTTCATATGTCTGC 12 2 17% Yes dpy-10 

Y106G6H.8 sy1076 and sy1077 AGGCCAGCCAGACGAATAAT 24 21 88% 
 

dpy-10 

aex-2 sy1078 and sy1079 ATTACTGCAGCGACATGGGG 16 7 44% 
 

dpy-10 

Y71H2AM.20 sy1176 and sy1177 TCTCCTAGCCAGCGTTCTTC 22 4 18% Yes dpy-10 

set-16 sy1178 and sy1179 CTGACGTTGTTGCTGCATGG 23 7 30% Yes dpy-10 

C01B10.10 sy1114 and sy1115 GCTCTGGGTCCATGTTGAAT 24 20 83% 
 

dpy-10 

C56G2.15 sy1120 and sy1121 ACGACATTGGAGGGGACTGA 23 21 91% 
 

dpy-10 

C01B10.4 sy1131 and sy1132 CATTTGGAAGGTGCAGAGAT 23 23 100% 
 

dpy-10 

C23H4.2 sy1163 and sy1164 GCTTTGCAAACGGAACACTC 23 18 78% 
 

dpy-10 

C04G6.4 sy1165 and sy1166 ATATTTGGCTGGAGAACTGG 24 15 63% 
 

unc-58 

ttc-36 sy1167 and sy1168 CGAGAGAGAAGGTGTCGCGT 24 14 58% 
 

unc-58 

ZC376.2 sy1170 and sy1171 GGAGGCGAAGGAGTATAAAG 24 19 79% 
 

dpy-10 

cpn-4 sy1172 and sy1173 TGTTGAAGCTGGATACTTGT 24 13 54% 
 

dpy-10 

Y55F3BL.4 sy1174 and sy1175 CTGGTCACTGGTAGAAAAGC 23 20 87% 
 

unc-58 

 

Footnote: KI, knock-in events. % of KI = # of KI / # of independent plates genotyped. 

  



32 
 

Supplemental Figures 

 

 

Figure S1 Genotyping result to identify null aex-2 alleles with the universal STOP-IN 

cassette. (A) Diagram of the primers used for genotyping aex-2. The outer primer pair 

(oHP029f and oHP030r) will yield a 246 bp PCR product from the knock-in allele and a 203 bp 

PCR product from the wild-type allele; the outer and inner primer pair (oHP029f and oHP013r) 

will produce a 204 bp PCR product from the knock-in allele and no PCR product from the wild-

type allele. The red rectangle represents the universal STOP-IN cassette described in the 

manuscript. (B) Electrophoresis of PCR products from the genotyping experiments with 

indicated primers of F2 progeny from 16 different F1 animals (Samples 1 to 16) that had the co-

conversion phenotype, Rol. Samples 17 and 18 were controls: the wild-type strain used for 

injection and the bacterial food for C. elegans, respectively. The black arrow on the left indicates 

the correct PCR band (246 bp) from the desired knock-in alleles from the PCR reaction using 

oHP029f and oHP030r. The red arrowhead on the right indicates the correct band (204 bp) for 
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the desired knock-in alleles from the PCR reaction using oHP029f and oHP013r. The samples 

with numbers in red (2, 3, 6, 9, 10, 13, and 15) were heterozygous for the knock-in alleles. 

Samples 1 and 16 were heterozygous for small deletions. Sample 11 appeared to be 

homozygous for a small insertion. The PCR reactions appeared to fail in samples 4 and 5. M1 

and M2 represent 50 bp and 100 bp DNA ladders, respectively (NEB, Ipswich, MA).  
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Figure S2 Genotyping result to identify null C01B10.10 alleles with the universal STOP-IN 

cassette. (A) Diagram of the primers used for genotyping C01B10.10. The outer primer pair 

(oHP039f and oHP040r) would yield a 214 bp PCR product from the knock-in allele and a PCR 

171bp product from the wild-type allele; the outer and inner primer pair (oHP039f and oHP013r) 

would only produce a PCR product of 190 bp band for the knock-in allele and no product from 

the wild-type allele. The red rectangle represents the STOP-IN cassette described in the 

manuscript. (B) Electrophoresis of PCR products with indicated primers from genotyping F2 

progeny of 24 different F1 animals that had the co-conversion phenotype, Rol. The black arrow 

on the left indicates the correct band (214 bp) for successful knock-in alleles from a PCR 

reaction using oHP039f and oHP040r. The red arrowhead on the right indicates the correct 

band (190 bp) for successful knock-in allele from a PCR reaction with oHP39f and oHP13r. The 

16 samples in red (3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 18, 19 and 24) were heterozygous 

for the desired knock-in alleles. Four samples (1, 15, 20, and 22) were putative homozygous for 

the desired knock-in allele. Sample 2 was likely to be homozygous for a small insertion. The 
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three samples left (17, 21, and 23) were likely to be wild-type alleles. M1 and M2 represent 50 

bp and 100 bp DNA ladders, respectively (NEB, Ipswich, MA).   


