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The nematode Caenorhabditis elegans is a model organism, whose whole genome sequence was
sequenced in 1998 for the first animal. Using the information, researchers have been working on
the reverse genetics and comprehensive functional genomics. To do these experiments, researchers
tried to isolate deletion mutants using genome information. Deletion mutants, which knocked out
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the genes of interest, served the good biological resources for functional genomics. Approximately
20% of the deletion mutants so far isolated show lethal or sterile phenotypes. These mutants should
be stored by crossing to appropriate balancers as heterozygotes with rearranged chromosome
structures, because C. elegans usually grow as hermaphrodites and heterozygous mutants are
diluted and eventually lost. We aimed to prepare the balancer set to cover whole C. elegans genome.
This will help our efforts to preserve and distribute deletion mutants and also many researchers to
analyze mutant phenotypes with ease.

(A) Generation of balancers by rearrangement of chromosomes. We used the method published by
Iwata et al. (Scientific Reports 6: 33840, 2016). We cut two sites in a chromosome by the
CRISPR/Cas9 system using two guide RNA. To make inversions, we used ssODN (single-stranded
Oligo Deoxy Nucleotide), which are used as targeting vector sequence to attach two break points
with as inverted direction into the original cut chromosome. In this way, we generated first
inversion strains (tmInxx). Next, we designed second rearrangement sites: one inside of the first
inversion and another in either left or right of the first inversion. Again, inversions were induced
with the CRISPR/Cas9 system and obtained crossover suppressor balancers. To label and help
mutant maintenance, we added knock-in of fluorescent protein reporters and small indel
mutations giving rise to such as Unc (uncoordinated movement) and Dpy (dumpy) phenotypes.
Balancers generated this way can be used to cross lethal or sterile mutations and stably maintain
those mutants. The advantage to use crossover suppressor over previous translocation balancers
are followings: (1) Because crossover suppressors have inversions for two times, they don’t have
homologous sequences near lethal or sterile mutations and thus resistant to re-rearrangements.
(2) One balancer can cover more wide regions. (3) Unlike classical translocation balancers,
crossover balancers do not cause aneuploidy, and thus explanation of phenotypes can be clearer.
(4) The rearranged chromosome structures are known unlike classical balancers generated by
gamma-ray irradiation. Because preexisting crossover suppressor balancer only cover 15% of the
C. elegans genome, we generated 13 sets of new crossover balancers to cover the most of the whole
genome. We examined a lethal mutation of rab-5 gene (tm2456) and used a crossover balancer
tmC18 and preexisting translocation balancer hT2 and found that all the tm(CI18-balanced
fluorescent negative progeny survived to the L1 stage. By contrast, only one third of hT2-balanced
fluorescent negative progeny survived to the same stage probably due to aneuploidy. Thus, our
crossover balancers will help researchers to obtain more reliable data.

(B) We integrated crossover suppressors with fluorescent reporter transgenes, labeling with Venus.
Animals without fluorescence can be identified homozygotes of mutants, with this way. We also
integrated fluorescent reporters into the regions of paring centers, which are difficult to rearrange
by genome editing.

(C) Balancers are listed and preserved. We are planning to post the database starting the July of this

year, just after the international C. elegans meeting where we present the balancer project.
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