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Genome Sequencing Fishes out Longevity Genes
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Understanding the molecular basis underlying aging is critical if we are to fully understand how
and why we age—and possibly how to delay the aging process. Up until now, most longevity path-
ways were discovered in invertebrates because of their short lifespans and availability of genetic
tools. Now, Reichwald et al. and Valenzano et al. independently provide a reference genome for
the short-lived African turquoise Killifish, establishing its role as a vertebrate system for aging

research.

Human aging is associated with repro-
ductive and cognitive decline and an
increased risk of cancer, diabetes, cardio-
vascular disease, and neurodegenerative
disease. The discovery of long-lived mu-
tants demonstrated that aging is a genet-
ically regulated process. Most molecular
insights into the biology of aging come
from short-lived invertebrates, such as
C. elegans and Drosophila (with lifespans
of 3 weeks and 3 months, respectively),
or single-celled organisms like Saccharo-
myces cerevisiae. For example, the insu-
lin/IGF-1 signaling pathway, which plays
a conserved role in lifespan regulation
from yeast to humans, was first discov-
ered in C. elegans; mutants of the daf-2 in-
sulin receptor double lifespan (Kenyon
et al., 1993). Other pathways that modu-
late lifespan, including the nutrient-
sensing TOR pathway, the HSF-1 heat
shock pathway, and the JNK stress
response pathway, were also discovered
in these systems. Vertebrate model sys-
tems, such as zebrafish and mouse,
have also been used to study aging and
age-related decline, but their long life-
spans (~3.5 and 5 years, respectively;

Figure 1), make it difficult to rapidly
conduct complex aging experiments.
Thus, the establishment of a short-lived
genetic and genomic model system
would allow both testing of conserved
pathways and the discovery of new
longevity regulators. While the African tur-
quoise killifish Nothobranchius furzeri has
been recognized for its potential for aging
research (Genade et al., 2005; Valenzano
et al., 2006; Di Cicco et al., 2011, Kirsch-
ner et al., 2012, Harel et al., 2015), until
now, its utility has been limited because
of the lack of genomic resources. In this
issue of Cell, two independent groups,
Reichwald et al. (2015) and Valenzano
et al. (2015), map the genome of this
short-lived fish and bridge this gap.
Nothobranchius furzeri is a short-lived
vertebrate that lives in seasonal freshwater
ponds in Zimbabwe and Mozambique
(Genade et al., 2005). In laboratory condi-
tions, N. furzeri exhibit a maximal lifespan
of 4—6 months, making them the short-
est-lived vertebrate that can be bred in
captivity. They also exhibit age-related de-
clines in fertility and cognitive ability, as
well as age-related telomere shortening,
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impaired mitochondrial function, and can-
cer (Genade et al., 2005; Valenzano et al.,
2006; Di Cicco et al., 2011), making them
an ideal model system for lifespan studies.
Indeed, N. furzeri have previously been
used for mapping quantitative trait loci
that control lifespan (Kirschner et al,
2012).

Here, Reichwald et al. and Valenzano
et al., describe their independent work to
generate a reference genome for the high-
ly inbred GRZ strain of N. furzeri. The
authors then use the new genome infor-
mation to provide novel insights into life-
span regulation and sex determination.
Upon genome assembly and annotation,
Valenzano et al. identified 497 genes un-
der positive selection in the GRZ refer-
ence strain. These include genes associ-
ated with longevity in humans (IGFRT,
INSRA, LMNAS3, and XRCCS5). Further,
they found that distinct residues are under
positive selection in humans versus tur-
quoise Kkillifish, suggesting that variants
of the same gene might confer context-
dependent short or long lifespans in tur-
quoise killifish and humans, respectively.
They also sequenced two longer-lived

@ CrossMark


http://refhub.elsevier.com/S0092-8674(15)01560-3/sref4
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref4
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref5
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref5
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref5
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref6
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref6
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref7
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref7
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref7
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref7
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref8
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref8
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref8
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref8
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref9
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref9
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref9
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref9
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref10
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref10
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref10
http://refhub.elsevier.com/S0092-8674(15)01560-3/sref10
mailto:ctmurphy@princeton.edu
http://dx.doi.org/10.1016/j.cell.2015.11.040
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cell.2015.11.040&domain=pdf

100
90
= (N
80 Killifish
| e —_———
o 70 *C, Zebrafish
2 607 S
S 50 Neurofibrillary degeneration
g 404 Impairment in avoidance learning assay
e Locomotor defect
3 Lipofuscin accumulation
207 Reduced open field exploration
10 k Neoplastic lesions in liver, heart and kidney
0 I; 1 I ) I 1 I I ) 1 I I I 1 I I I I ) I LI ) I I | I 1 I 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
Months

Figure 1. African Turquoise Killifish Are the Shortest-Lived Vertebrate Model System
Turquoise killifish live for about 3 months (red line) and exhibit age-related decline around 9 weeks (arrow). Their lifespan is significantly shorter than mouse (green)

and zebrafish (black).

turquoise Killifish strains and found SNP
variants in genes encompassing all nine
hallmarks of aging (Lopez-Otin et al,
2013). Genetic linkage analysis using
short- and long-lived turquoise Kkillifish
strains identified a lifespan QTL contain-
ing 31 genes, which is linked to, but
distinct from, the sex-determining region.

In parallel, Reichwald et al. mapped
the sex-determining region that is
located on a male-specific region of the
Y chromosome (MSY). The MSY differs
in size between different turquoise Kkilli-
fish strains, yet the position of the varia-
tion peak is identical across strains. This
suggests that MSYs arose from a com-
mon ancestor and that secondary events
led to the generation of distinct strain-
specific MSYs. Gdf-6, which encodes a
TGF-B family growth differentiation fac-
tor, is the major sex-determining gene,
though how it acts as a sex regulator in
this context remains to be elucidated.
Reichwald et al. also identified genes
shared between aging and diapause
(a state of developmental arrest that
N. furzeri embryos enter in unfavorable
environmental conditions), and found
that these genes are distinct for different
tissue types.

It is remarkable that both groups inde-
pendently not only found aging/longevity
genes, but also identified genomic re-
gions enriched for these genes, through

QTL analysis (Valenzano et al.) and posi-
tional gene enrichment (PGE; Reichwald
et al.), reporting ten genomic regions of
clustered age-related genes. Whether
similar genomic clustering of aging/
longevity genes exists in humans and
other organisms remains to be deter-
mined.

Since turquoise Kkillifish, like humans,
have organs and organ systems (e.g.,
liver, kidneys, immune systems, and cir-
culatory systems), this model system will
provide valuable insights into how
different tissues age, and whether cross-
talk between tissues influences aging, as
well. This work will be enabled by an
abundance of available tools and re-
sources: genomic engineering tools,
such as CRISPR/Cas and transgenesis,
are already available for the turquoise kil-
lifish (Valenzano et al., 2011; Harel et al.,
2015), and methods developed by the ze-
brafish community can be adapted for the
turquoise Kkillifish. These approaches
include high-throughput behavior testing
and drug screening, electrophysiology,
morpholino-mediated knockdown, and
robotic injections of specific cell types.
By combining these tools with the infor-
mation that the new genome sequence
provides, researchers will now be able to
investigate the genetic and genomic ba-
ses of age-related declines and diseases,
and identify biomarkers of aging, which

Cell 163, December 3, 2015 ©2015 Elsevier Inc.

may lead to therapeutics for age-related
diseases.
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