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[Abstract] Genetic interaction screens are a powerful methodology to establish novel roles for genes
and elucidate functional connections between genes. Such studies have been performed to great effect
in single-cell organisms such as yeast and E. coli (Schuldiner et al., 2005; Butland et al., 2008; Costanzo
etal., 2010), but similar large-scale interaction studies using targeted reverse-genetic deletions in multi-
cellular organisms have not been feasible. We developed a CRISPR/Cas9-based method for deleting
genes in C. elegans and replacing them with a heterologous fluorescent reporter (Norris et al., 2015).
Recently we took advantage of that system to perform a large-scale, reverse genetic screen using null
alleles in animals for the first time, focusing on RNA binding protein genes (Norris et al., 2017). This type
of approach should be similarly applicable to many other gene classes in C. elegans. Here we detail the
protocols involved in generating a library of double mutants and performing medium-throughput
competitive fitness assays to test for genetic interactions resulting in fithess changes.
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[Background] Large-scale genetic interaction screens using reverse-genetic null alleles have not
previously been feasible in animals. RNAi has been used to study genetic interactions in C. elegans by
knocking down expression of a large number of different genes in the presence of a single mutant
background (Baugh et al., 2005; Lehner et al., 2006). However, this strategy is limited by the variable
efficacy of RNAi knockdown, thereby complicating the interpretation of the results. We developed a
method for efficient editing of the C. elegans genome (Norris et al., 2015) and recently expanded upon
that method to enable large-scale genetic interaction profiling in animals using null alleles for the first
time. We focused our initial efforts on neuronally-expressed RNA binding protein genes, which have
been shown in a number of cases to act combinatorially (Gracida et al., 2016; Norris et al., 2014). We
found widespread genetic interactions among the set of RNA binding proteins we studied, and similar

strategies should be broadly applicable to other gene classes as well.

Materials and Reagents

1. Platinum Wire for worm pick, 30 gauge 0.254 mm diameter (e.g., Genesee Scientific, catalog
number: 59-30P6)
Worm pick handle (e.g., Genesee Scientific, catalog number: 59-AWP)

3. 6 .cm Petri dishes (e.g., Fisher Scientific, catalog number: FB0875713A)
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Manufacturer: Corning, catalog number: 431762.

Wild-type (N2) male and hermaphrodite worms (available from CGC, strain N2)

Monobasic potassium phosphate (KH2PO4) (e.g., Sigma-Aldrich, catalog number: 1551139)

Sodium chloride (NaCl) (e.g., Genesee Scientific, catalog number: 18-214)

Agar (e.g., Genesee Scientific, catalog number: 20-249)

4
5
6. Solid KOH
7
8
9

peptone (e.g., Genesee Scientific, catalog number: 20-261)

10. Cholesterol (Sigma-Aldrich, catalog number; C8667)

11. 95% ethanol (e.g., Sigma-Aldrich, catalog number: 792799)

12. Calcium chloride (CaCl2) (e.g., Sigma-Aldrich, catalog number: C1016)

13. Magnesium sulfate (MgSOa4) (e.g., Sigma-Aldrich, catalog number: M7506)

14. 1M

potassium phosphate (pH 6)

15. Nematode Growth Media (NGM) (see Recipes)

Equipment

1. Fluorescent dissecting stereomicroscope with high sensitivity for single-copy fluorescence
detection (e.g., ZEISS, model: Axio Zoom.V16 or Leica, model: Leica M165 FC)
25 °C incubator (e.g., VWR, Sheldon Manufacturing, model: Model 2005)

3. Autoclave

Procedure

A. Creation of double mutants

The generation of single mutants using CRISPR/Cas9 has been covered elsewhere (Norris et al.,

2015). This protocol begins with two single mutant worms in which the genes of interest have been

deleted

and replaced by compatible heterologous fluorescent reporters. In this example, the

reporters are myo-2::GFP (expressed in pharyngeal muscles) and myo-3::GFP (expressed in body

wall muscles).

1. To create a male strain necessary for crossing, there are two options:

a.

b.

Cross ~5 wild-type (N2) male worms (available from CGC) with ~5 hermaphrodites of
mutant strain #1 to create male progeny that are heterozygous for the mutation (verify by
ensuring the males are fluorescent).

Obtain homozygous males of mutant strain #1 according to standard protocols (He, 2011a).

2. Cross males from mutant strain #1 with hermaphrodites from mutant strain #2 (see Figure 1).
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Figure 1. Crossing strategy to create double mutant worms from individual single mutant
strains. GFP is used to distinguish homozygous mutants (PO and F2 panels, brighter

fluorescence) from heterozygous mutants (F1 panel, dimmer fluorescence).

3. Pickasingle cross-progeny hermaphrodite containing both GFP markers (both myo-2::GFP and
myo-3::GFP) onto a new plate. These worms correspond to double heterozygotes (i.e.,
mutantl/+; mutant2/+). Allow these hermaphrodites to self-fertilize.

4. To obtain double-homozygous strains, pick worms with brighter GFP expression coming from
both promoters. On a good-quality fluorescence dissection scope, you should be able to tell a
difference in brightness between a strain with one copy (heterozygous mutant) and two copies
(homozygous mutant) of the GFP transgene (see Figure 2).

Note: Alternatively, pick a larger number of worms to individual plates and determine double

homozygotes as worms with progeny that are 100% fluorescent for both transgenes.
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Figure 2. Fluorescent brightness reveals mutant genotypes. Worms imaged in situ on NGM
plates demonstrating that homozygous mutants (left) are noticeably brighter than heterozygous

mutants (right).

B. Competitive fithess assay

The competitive fithess assay (Figure 3A) provides a simple and relatively high-throughput method

for assessing phenotypes of large numbers of mutants and can be performed immediately after

strain generation.

1. Pick equal numbers of wild-type (N2) and mutant worms onto one seeded NGM plate (see
Recipes).

Note: We find that 4 staged L4s of each genotype (i.e., 4 wild-type L4s and 4 mutant L4s) on a
6 cm plate works best to support 2 generations of growth without starving out the plate.
Incubate plate at 25 °C for 5 days.

3. Under a fluorescent stereomicroscope count the number of fluorescent (mutant) worms versus
non-fluorescent (wild-type) worms. We prefer to count from pre-defined locations on each plate
(e.g., 50 worms from the middle of the plate, 50 from the periphery, and 50 from in between).
Notes:

a. We recommend counting all hatched worms regardless of stage.
b. For ease of counting, worms can be treated with anesthetic or cooled at 4 °C for an hour or

longer.
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Figure 3. The competitive fitness assay. A. Schematic overview of competitive fithess assays;
B. Representative visualization of synthetic effect (¢) calculation for a genetic interaction

between the genes exc-7 and mbl-1.

Data analysis

These data analysis steps are an expansion of those detailed in Norris et al. (2017).

1. For robustness, 3 biological replicates should be performed, each on a different day and
different plate.

2. Relative fitness scores can be calculated by the following formula:

% mutant/% expected (i.e., 50%) = relative fithness
This will yield a relative fithess value ranging from 0 (strong loss of fithess) to 2 (strong increase
in fitness), with a value of 1 indicating no change of fithess compared to wild-type.

3. To generate an expected fitness value (see Figure 3B for representative example) for a double
mutant (Fexpi,2) based on the null hypothesis of no genetic interaction between mutant 1 (F1)

and mutant 2 (Fz), use the following formula (Mani et al., 2008; Baryshnikova et al., 2010):

Fexpiz=Fix F2
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4. To compare the observed fitness of the double mutant (Fobs:,2) to the expected fitness values:

€ = Fobsi2 - Fexps,2

This yields the ‘synthetic effect’ score (g). Negative € values indicate a strain with lower fitness

than expected, and positive ¢ values indicate a strain with higher fithess than expected.

5. Toreport statistically significant results, we set a conservative threshold of |¢| = 0.20. For strains
passing the |e| = 0.20 threshold, a Fisher’s exact test is applied to the aggregate observed
values and the null-expectation values with a Bonferroni-corrected P-value of < 0.01 used as
the significance threshold.

Notes

1. Ensure that worm strains are treated identically for at least 3 days before they are picked onto
competition assay plates (e.g., healthy, unstarved, uncrowded plates grown at the same
temperature).

2. The competition assay can be adapted to a variety of different types of mutants and conditions;
the only requirement is that the two strains to be compared have some easily-distinguishable
feature (e.g., fluorescence)

Recipes
1. 1 M potassium phosphate (pH 6) (1 L)
Dissolve 136.1 g KH2POa4 in about 800 ml dH20
Adjust pH to 6.0 with solid KOH (approx. 15 g) before bringing up to volume
Make 100 ml aliquots and autoclave
2. Nematode Growth Media (NGM)

Note: Recipe from ‘Common Worm Media and Buffers’ (He, 2011b).
For 1 L medium

3 g NaCl

17 g agar

2.5 g peptone

1 ml cholesterol (5 mg mlt in 95% EtOH)

975 ml ddH20

Autoclave, and then add the following sterile solution (autoclaved)
1 ml1M CaCl:

1ml1M MgSOq

25 ml 1 M potassium phosphate (pH 6) (to avoid precipitation, mix between addition of MgSQOa4

and potassium phosphate)
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Typically pour 60 x 6 mm plate (~10 ml of media per plate) and store NGM plates in plastic
boxes with covers at room temperature
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