Abstract

Rates of Evolution Among Sperm Genes and
Implications for Speciation in a Small
Nocturnal Primate, genus Microcebus

The mouse lemurs, genus Microcebus, are 24 species of small nocturnal
primates that constitute a 9-10 million year old evolutionary radiation on the
island of Madagascar1. Although these primates have been the recent focus of
next generation sequencing methods, the initial applications of these data
have been centered around understanding the relationships among and
between the species rather than the mechanisms that underlie the
diversification of the species radiation. In our study, we compared the rates of
positive selection within spermatogenesis-related genes to a set of random
non-spermatogenesis genes to determine if the former are evolving faster
than the latter. These comparisons show that there are significantly more nonsynonymous base substitutions in spermatogenesis-related genes relative
to random genes. These results provide molecular data that match our
current knowledge of the behavior and lifestyles of these primates. They also
highlight what could be an underlying mechanism of speciation among these
highly speciose primates of Madagascar.

C. Ryan Campbell1, Matthew Dubin1 & Anne D. Yoder1,2
1	
  Duke	
  University	
  Biology,	
  Durham,	
  NC;	
  2	
  Duke	
  Lemur	
  Center,	
  Durham,	
  NC	
  

 Genomic approach supports field observations
 Evolution in a non-model system assessed across multiple genes
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Mouse Lemurs, which comprise the genus
Microcebus, constitute a highly speciose clade
of primates endemic to Madagascar. Though
previous work has established behavior (low
paternal care and female philopatry) and
morphology (enlarged testes) consistent with
sperm competition2,3, these theories have not
been tested at the genomic level. The recently
annotated M. murinus genome is available,
allowing for genomic tests of these behavioral
observations. Furthermore, these hypotheses
could help explain the genus’ speciose nature,
as sperm protein changes are an often cited
cause of allopatric speciation4.

There was a statistically significant difference in positive selection, as
measured by dN/dS ratio, between the sperm genes and the randomly
selected genes. Sperm genes had a higher dN/dS ratio (Fig 4) as well as
more non-synonomous changes overall. This difference is also evident
when plotting the raw numbers of non-synonymous and synonymous
SNPs and their accompanying trend lines (Fig 3).

Genomic research outside model systems has become
increasingly more plausible, allowing for the investigation of
evolutionary patterns across the tree of life. The methods
presented are among many possible techniques for the
application of genomic data to fascinating questions in non-model
systems. These results are the first steps in a full exploration of
the adaptive radiation of mouse lemurs, which is a unique system
of primates even among the diverse fauna of Madagascar.

 Mouse lemur sperm genes have more positive selection than the rest of
the genes in the genome
 Sperm genes are potentially contributing to the rapid radiation of mouse
lemurs in Madagascar
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Figure 1 A male gray mouse lemur, M. murinus.

Data & Methods
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We sequenced M. berthae at low coverage
(~10x) and compared it to the annotated
genome of M. murinus. Genes associated
with sperm (n=151) were selected from the
annotation and compared to a random
sample of size-matched, non-sperm genes
(n=151). We mapped the M. berthae
sequence data to these genes using
bowtie2 5 and aligned the resulting
consensus sequence to the original gene
with PRANK6. SNPs and indels were sorted
and counted with custom python scripts.
Results comparing coding and non-coding
regions provide evidence that despite the
novel annotation, evolutionary distance, and
low coverage dataset, the pattern of SNPs
and indels recovered agreed with
evolutionary expectations (Fig 2).
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Figure 4 log(dN/dS) values across sperm genes (blue) and randomly selected,
size-matched genes (red). Average values represented by vertical lines (p < .01).
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Figure 2 SNPs per basepair within coding regions (green) and
non-coding regions (purple) of all genes used in the study.
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Figure 3 Raw number of dN SNPs vs. dS SNPs, plotting sperm genes (blue)
against randomly selected genes (red).
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