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The study of newly evolved genes has long fascinated
biologists, but large-scale studies of their expression
dynamics and molecular function have provided conflict-
ing interpretations of their biological impact. In this issue
of Genes & Development, Kondo and colleagues (pp.
1841-1846) use extensive transcriptomic resources
and current CRISPR/Cas9 technology to re-examine the
functional impact of newly evolved genes in Drosophila
and find evidence of their biological impact on male
reproduction.

Newly evolved genes are a major source of biological
innovation, but assessing their impact on cell and devel-
opmental biology can be complicated. Older, deeply con-
served genes typically show strong signals of purifying
selection, and their disruption often results in severe, eas-
ily detectable phenotypes. New genes, however, may not
be as deeply integrated into cellular and developmental
processes and thus may display more subtle phenotypes
and evidence of selection that is harder to detect. In this
issue of Genes & Development, Kondo et al. (2017) use
the latest genomic and transcriptomic resources and
CRISPR/Cas9 technology to identify and functionally as-
say newly evolved genes in Drosophila.

Gene duplication provides the crude genetic material
for the evolution of many, if not most, new genes (Ohno
1970). In most cases, the new copy will deteriorate and
become a pseudogene, while the parental copy remains
unchanged. Alternatively, one copy maintains the ances-
tral function, while the other acquires a novel function.
However, this process of neofunctionalization often
makes it difficult to computationally distinguish a new
gene from its parent when using whole-genome align-
ments. Kondo et al. (2017) performed extensive manual
verification of computationally derived alignments to dis-
tinguish new genes from putative parents in the whole-ge-
nome alignments of Drosophila species. Using this
approach, they identified >1100 new genes that have orig-
inated in the past 40 million years of Drosophila evolu-
tion, many of them identified for the first time.
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Using the extensive RNA sequencing (RNA-seq) data
generated from the modENCODE project, Kondo et al.
(2017) showed that new genes are more likely to be ex-
pressed in fewer tissues than older genes (Brown et al.
2014). Furthermore, new genes tend to show highest, if
not exclusive, expression in the testes or male accessory
glands. Their observations are consistent with previous
observations of testis-biased expression of new genes in
mammals and flies that support the “out of the testis” hy-
pothesis for new gene evolution.

The “out of the testis” hypothesis posits that unique ge-
nomic features and powerful selective pressures in the
male germline encourage the creation of new genes
(Kaessmann 2010). In the male germline of mammals, sev-
eral factors contribute to a genome that is permissive for
the expression of new transcripts, including histone vari-
ants and modifications, global demethylation of CpG is-
lands, and elevated expression levels of transcription
machinery (Kleene 2001). Selective pressures such as
sperm competition, sexual conflict, and infection from
germline pathogens underlie the rapid evolution of male
reproductive genes (Haerty et al. 2007). Once actively
maintained, these testis-specific new genes may eventual-
ly be expressed and acquire functions in other tissues or
developmental contexts.

It is then reasonable to expect that mutations in testis-
specific new genes would predominantly cause specific
defects in spermatogenesis and male fertility. However,
a 2010 study by Chen et al. (2010) found that knockdown
of 30% of new Drosophila melanogaster genes via RNAi
resulted in lethality, a percentage that is equivalent to ge-
nome-wide estimates of lethality (Miklos and Rubin
1996). Chen et al. (2010) concluded that many new genes
are quickly integrated into regulatory networks that are
necessary for viability.

Kondo et al. (2017) have been able to reassess the biolog-
ical roles of new D. melanogaster genes. They found that
many of the new genes identified by Chen et al. (2010)
show biased or exclusive expression in the testes or
male accessory glands, regardless of whether they were
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shown to be necessary for viability. Since RNAI can pro-
duce off-target effects, Kondo et al. (2017) chose to reas-
sess the viability of these select new genes using both
independent RNAI transgenes, where available, and early
frameshift mutations introduced using the CRISPR/Cas9
system. Their RNAI failed to phenocopy the lethality of
previous gene knockdowns in the majority of cases, and
Kondo et al. (2017) were unable to observe lethal pheno-
types in frameshift mutants of 24 new genes. To verify
the efficacy of their functional tests, they also generated
frameshift mutations in old and essential genes and gener-
ated lethal phenotypes in all but one of these.

Since many of the 24 new genes tend to be expressed in
the male reproductive system, Kondo et al. (2017) looked
for disruptions in male fertility or testes cytology of the
mutants. Mutation of Prosa4T1 resulted in complete
male sterility, and closer examination of testis morpholo-
gy revealed that the sterility likely occurred from disrup-
tion of sperm individualization. Mutations in a second
new gene, Spn77Bc, also resulted in defects in sperm indi-
vidualization, although these appeared less severe than
mutations in Prosa4T1 and did not affect male fertility.

Since phenotypic analysis may miss subtle defects, fur-
ther evidence of new gene functionality was obtained by
looking for evidence of selection on gene sequences. If a
new gene has little functional impact on the species,
then its coding sequence should neutrally evolve. Instead,
Kondo et al. (2017) found evidence of adaptive evolution of
new gene sequences using both the dN/dS metric and the
direction of selection statistic. The strongest evidence
was observed for new genes restricted to the male repro-
ductive system.

Advances in genomic resources and experimental tech-
nologies such as the CRISPR/Cas9 will facilitate the re-
examination of old questions. Here, Kondo et al. (2017)
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provide fresh insights suggesting that newly evolved genes
can quickly impact the biology of male reproduction.
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