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ABSTRACT Hundreds of Drosophila melanogaster stocks are currently maintained at the Bloomington
Drosophila Stock Center with mutations that have not been associated with sequence-defined genes. They
have been preserved because they have interesting loss-of-function phenotypes. The experimental value of
these mutations would be increased by tying them to specific genomic intervals so that geneticists can more
easily associate them with annotated genes. Here, we report the mapping of 85 second chromosome
complementation groups in the Bloomington collection to specific, small clusters of contiguous genes or
individual genes in the sequenced genome. This information should prove valuable to Drosophila genet-
icists interested in processes associated with particular phenotypes and those searching for mutations
affecting specific sequence-defined genes.
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The phenotypes associated with mutations often provide insights into the
functionsofgenes.Indeed,muchofgeneticsresearchinvolvesexplaininghow
mutations give rise to phenotypes. Newer methods for inducing mutations
suchastransposonexcision,homologousrecombination,andCRISPR-based
disruption are particularly good for deleting coding sequences. Such knock-
outmutationsareundeniablyimportant inunderstandingthecellularrolesof
genes, but other kinds of mutations—such as those that reduce gene ex-
pression or protein activity or affect only certain protein isoforms or do-
mains—can be informative in ways that knockout mutations are not
(Venken and Bellen 2014). While point mutations can now be engineered,
they usually reflect the biases of the investigator. Oldermethods that induce
mutations randomly by chemical or irradiation treatments have the advan-
tage of probing gene function blindly. They can reveal novel protein struc-
ture–function relations and elicit unexpected phenotypes.

Knowing the importance of mutations, the Bloomington Drosophila
Stock Center devotes considerable effort to maintaining stocks carrying
mutations.Manyof thesemutationshave been characterizedphenotypically,
but they have not yet been associated with sequence-defined genes. These
stocks are potentially valuable, but they are requested infrequently. Geneti-
cists interested in particular sequence-defined genes often do not consider
them as a source of potential alleles, because themutations are generally not
tightlymapped. Likewise, geneticists interested in particular processes might
be more likely to study mutations with relevant phenotypes if they knew
they would be relatively easy to associate with sequence-defined genes. The
usefulness and popularity of these stocks would be improved tremendously
by anchoring these mutations to the genome sequence map so that their
relationships to annotated genes could be recognized more readily.

Our ability to map mutations to specific genomic intervals in Dro-
sophila improved enormously when simple techniques became available
for generating chromosomal deletions with breakpoints known at single-
nucleotide resolution. Three large-scale projects, including one conducted
at the Bloomington Drosophila Stock Center, generated deletions with
molecularly defined breakpoints (Parks et al. 2004; Ryder et al. 2007;
Cook et al. 2012). Altogether, these deletions provide .98% genomic
coverage and subdivide the genome into intervals of amedian of nine genes
(Cook et al. 2012). Using these deletions, mutations can now bemapped to
very small chromosomal regions, or even single genes, with simple com-
plementation tests. Mutations can often be mapped evenmore closely with
follow-up complementation tests involving chromosomal duplications
(Cook et al. 2010; Venken et al. 2010), or mutations affecting single genes.
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We report here the localization of 77 complementation groups in
the Bloomington Drosophila Stock Center collection to defined ge-
nomic intervals and the mapping of eight complementation groups
to individual genes. This work ties these mutations to single genes or
small groups of closely linked genes, and increases the value of an
underutilized set of stocks.

MATERIALS AND METHODS
Thedata in this report came fromfly crossesmade on standardmedium,
reared under routine conditions, and evaluated by customary standards
(details providedupon request).Genomic coordinates aregiven in terms
of the Release 6 assembly, and gene annotations are those shown in the
June20, 2017FlyBase release (FB2017_3). SupplementalMaterial, Table
S1 in File S1 provides a list of stocks used and our sources.

Data availability
The accompanying tables contain complete mapping data. Stocks may
be obtained from the Bloomington Drosophila Stock Center or Dro-
sophila Genomics and Genetics Resources at the Kyoto Institute of
Technology as indicated in Table S1 in File S1.

RESULTS AND DISCUSSION
We identified a large set of second chromosome mutations in the
Bloomington Drosophila Stock Center collection that had not been
associated with annotated genes and used mapping information ar-
chived in FlyBase (http://flybase.org/), or recorded in publications to
estimate the chromosomal positions of the mutations (Table S2 in File
S1). We then made complementation crosses between stocks carrying
the mutations andmolecularly defined chromosomal deletions to place
the mutations in defined genomic intervals that refine previous map-
ping (Table S3 in File S1). Subsequent crosses tested the mutations for

allelismwithmutations in sequence-defined genes. Table 1 summarizes
our results. The number of candidate genes in each interval was initially
determined by the overlap of deletions with transcribed gene regions.
(We recognize this criterion is potentially misleading as it is possible for
a deletion to remove gene regulatory regions and disrupt gene function
even if transcribed gene regions are not deleted. Nevertheless, it is a
reasonable and commonly employed practice for deletion studies.) From
this total, we subtracted the number of genes with complementing mu-
tations. (This criterion could also be misleading, because partial loss-of-
function alleles can show intragenic complementation. Nevertheless, it is
also a reasonable simplification for a preliminary mapping study.) We
have provided a list of candidate sequence-defined genes for each com-
plementation group in Table S4 in File S1. Table S5 in File S1 provides a
full list of the informative mapping crosses. In every cross, we had
experimental evidence indicating that both stocks were valid as follows.
Everymutation beingmapped failed to complement at least one deletion.
Most stocks used tomap the mutations were validated with independent
control crosses to stocks carrying relevant, previously characterized, loss-
of-function mutations or chromosomal deletions (Table S6 in File S1).
For a dozen deletion stocks, noncomplementation of the deletion with
one of the mutations we were mapping was taken as evidence the stock
was intact, and no independent control cross was undertaken.

We were able to map 77 complementation groups to the smallest
chromosomal intervals possible using existing molecularly defined
deletions (Table S3 in File S1). With follow-up complementation tests
using existing point mutations and transposon insertions in annotated
genes, we were able to map eight complementation groups to single
annotated genes, but we did not exhaust all possible tests of this sort. In
the final tally, we were able to map 84 of the 85 complementation
groups to 26 genes or fewer. (We found the remaining complementa-
tion group, bhe, to be a multigene deletion.)

n Table 2 Complementation groups mapped to single genes

Complementation group Summary

cassowary (cass) cass mutations were isolated as recessive lethal mutations that result in lack of ad-
hesion between wing surfaces in homozygous mitotic clones (Prout et al. 1997). cass
is allelic to Aac11, which encodes an inhibitor of apoptosis homologous to human
Apoptosis Inhibitor 5 (API5) (Morris et al. 2006).

filzig (flz) flzmutations were isolated as recessive lethal mutations affecting the patterning of the
embryonic cuticle (Nüsslein-Volhard et al. 1984). We found flz to be allelic to
CG8213, which encodes a serine protease (Ross et al. 2003). Subsequently, we
learned flz was also identified as CG8213 by Anne Uv (unpublished results cited in
Geberemedhin 2011).

fs(2)abc fs(2)abc (abnormal chromatin) mutations were isolated as recessive maternal-effect
lethals causing abnormal embryonic nuclear divisions and defective chorions
(Schüpbach and Wieschaus 1989; Vessey et al. 1991). fs(2)abc is allelic to SRPK,
which encodes a Serine–Arginine Protein Kinase necessary for dorsoventral egg
patterning, karyosome formation, and meiotic divisions (Barbosa et al. 2007; Loh
et al. 2012).

l(2)46Ca The recessive lethal l(2)46Ca is allelic to Electron transfer flavoprotein-ubiquinone
oxidoreductase (Etf-QO), which encodes a component of the electron-transport
chain that generates ATP from the breakdown of fatty acids (Watmough
and Frerman 2010).

l(2)46Db The recessive lethal l(2)46Db is allelic to TER94, which encodes a chaperone that
targets ubiquitin-tagged proteins to the proteasome (Meyer et al. 2012).

l(2)FE3 The recessive lethal l(2)FE3 is allelic to hoi-polloi (hoip), which encodes a small nuclear
ribonucleoprotein component of spliceosomes (Mount and Salz 2000).

satin (sat) Schüpbach and Wieschaus (1991) showed homozygous satSC46 females lay eggs with
thin eggshells. sat is allelic to Origin recognition complex 1 (Orc1), which is needed
for chorion gene amplification (Park and Asano 2008).

l(2)51Ea The recessive lethal l(2)51Ea is allelic to scab (scb), which encodes an a integrin in-
volved in cell adhesion (Stark et al. 1997).
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Table 2 summarizes information on themutationsmapped to single
annotated genes, and shows the diversity of interesting genes affected.
This work has identified the first nontransposon alleles of two genes
(Aac11 and CG8213), and has added potentially important EMS- or
irradiation-induced alleles to the other genes. While we have not
attempted to assess the allelic strength of most of the mutations, we
know the female-sterile mutation satSC46 mapped to Orc1 must be a
partial loss-of-function allele because knockout alleles are recessive
lethal (Park and Asano 2008). Mutations affecting a particular motif
in the Orc1 protein have been shown to cause the same defective
eggshell phenotypes as satSC46 (Park and Asano 2012), which suggests
it too is domain specific. This result illustrates the importance of point
mutations maintained in stock for their loss-of-function phenotypes:
they can reveal aspects of gene function that would not be apparent
from the phenotypes of gene knockouts.

In conclusion, we have refined the mapping of a large number of
second chromosome mutations that have been preserved at the Bloo-
mington Drosophila Stock Center for their mutant phenotypes. This
information will provide Drosophila workers opportunities to make
connections between thesemutations and genes theymight be studying
in defined chromosomal regions.
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