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BREVIA

Rarity of Males in Pea Aphids Results in Mutational Decay
Jennifer A. Brisson (jbrisson2@unl.edu) and Sergey V. Nuzhdint

The pea aphid, Acyrthosiphon pisum, has a
complex life cycle that alternates seasonally
betweenasexual and sexual reproduction (1).
During the spring and summer months, A.
pisum reproduces parthenogenetically, pro-
ducing clonal daughters for 10 to 20 gener-
ations. Fall temperatures and photoperiods
induce the production of sexual females and
males (2), which mate to produce overwin-
tering eggs that hatch into asexual females
[Supporting Online Material (SOM) text].

Asexual females dominate the life cycle
because of their short generation time, high
fecundity, and longer seasonal presence. We
hypothesized that males experience relaxed
selection, resulting in accelerated evolution
of male-biased genes relative to asexual fe-
male-biased genes.

In a previous study, whole-body asex-
ual female and male RNA was hybridized
on an A. pisum cDNA microarray repre-
senting ~10% of the genome (1,734 unique
genes) (3). We identified significantly differ-
ent transcript accumulation between sexes
via t test with a false discovery rate (FDR) <
0.05 and at least a twofold change in expres-
sion, yielding 107 asexual female-biased,
127 male-biased, and 95 sex-neutral genes
(SOM text).

We identified orthologs of A. pisum genes
in Genbank from the green peach aphid,
Myzus persicae [in the same tribe as A. pisum
(Macrosiphini)], and the cotton-melon
aphid, Aphis gossypii [in the same subfam-
ily but a different tribe (Aphidini)] (4).
When comparing A. pisum and M. persicae
orthologs, we found no differences between
asexual female-biased and neutral nonsyn-
onymous (K,) and synonymous (K) rates of
evolution, nor between their ratios (K,/K).
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However, both K, and Ka/K_ were signif-
icantly larger (Mann-Whitney U test, P
<0.002, all comparisons) in male-biased
genes compared with those of asexual fe-
male-biased and neutral genes (Figure 1).
Male-biased genes also were more divergent,
relative to neutral and female-specific genes,
in comparisons of A. pisum with A. gossypii
with K, and K /K significantly larger (P =
0.016, 0.001 and 0.026, 0.002, respectively).
We found no evidence for codon bias (ta-
ble S1), and it is unknown what proportion
of these genes is X-linked versus autosomal.
Transcript accumulation level and sex spec-
ificity on K /K, values were examined be-
cause genes with high levels of transcript ac-
cumulation evolve slower than genes with
low transcript accumulation (5). Two-way
analysis of variance (ANOVA) with expres-
sion level and sex bias established signifi-
cance of both terms (mean square = 0.1365, F
=2545, P <0.0001 and mean square = 0.6535,
F =121.86, P < 0.0001; respectively). Thus, al-
though weakly expressed genes evolve faster
than genes with higher transcript levels, the
effect of sex is much stronger.

This accelerated rate of male-biased gene
evolution is consistent with both positive
and relaxed selection. In some species, accel-
erated evolution of male-biased genes is in-
fluenced by positive selection on reproduc-
tive proteins (6). This may be true in A. pisum,
but it is not likely the case for the genes ex-
amined here. Because the microarray was
constructed from expressed sequence tags
(ESTs) from asexual female cDNA libraries,
we did not assay exclusively male-specific
transcripts and probably underestimated
the overall rate of acceleration of evolution
of male-biased genes.

B

Parameter Male-biased Asexual female- Neutral
genes biased genes  genes
M. persicae
N 77 67 56
ENeutral K 0.023 0.015 0.012
WFemale 0.262 0.231 0.245
OMale
KalKs 0.091 0.047 0.050
A. gossypii
N 33 42 23
K 0.032 0.010 0.012
K 0.416 0.330 0.371
KalKs 0.071 0.029 0.036

Fig. 1. (A) Distribution of K,/K; values
for each class of gene and each species
comparison. (B) Evolutionary rates for
genes with sex-biased or sex-neutral
expression in comparisons of A. pisum
to M. persicae and A. gossypii.
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To distinguish between relaxed and posi-
tive selection, we sequenced 14 female- and
13 male-biased genes from 12 geograph-
ically disparate A. pisum clones and noted
nonsynonymous and synonymous changes
(table S2, averaging ~10 individuals per lo-
cus). Despite low coding region diversity, we
found significantly more nonsynonymous
changes in male-biased genes (five versus
zero; Fisher’s exact test, P = 0.05). We also ob-
served an excess of nonsynonymous changes
in male-biased genes between A. pisum and
M. persicae homologs (P < 0.001, table S3)
consistent with the K /K comparisons, and
the numbers of nonsynonymous changes
were consistent between interspecific and
intraspecific data sets (P = 0.30 and 0.26
for asexual female-biased and male-biased
genes, respectively). The excess of nonsyn-
onymous coding changes and consistency
between interspecific and intraspecific pat-
terns support relaxed, rather than positive,
selection on male-biased genes in A. pisum.

Our data show that the dominance of the
life cycle by parthenogenetic females can
result in the mutational decay of male-bi-
ased genes. Whereas asexual female-biased
genes are under constant selection, male-
biased genes experience selection at most
once per year (SOM text). Sexual selection
may further reduce the effective popula-
tion size of males, resulting in the fixation
of weakly deleterious mutations (7). If re-
laxed selection alone is sufficient to produce
accelerated male-biased gene evolution, we
predict a similar pattern of decay in sexual
female-biased genes. We conclude that the
variation in genes related to males and asex-
ual females are different in species combin-
ing sexual and asexual reproduction. These
findings suggest new prospects for the role
of sexual versus asexual reproduction in the
adaptability of species to various environ-
mental conditions.

References and Notes

1.N. A. Moran, Annu. Rev. Entomol. 37, 321 (1992).

2. S. Via, Entomol. Exp. Appl. 65,119 (1992).

3.]. A. Brisson, G. K. Davis, D. L. Stern, Evol. Dev.
9, 338 (2007).

4. C.D. Von Dohlen, C. A. Rowe, O. E. Heie, Mol.
Phylogenet. Evol. 38, 316 (2006).

5.S. Subramanian, S. Kumar, Genetics 168, 373
(2004).

6. A. Civetta, R. S. Singh, Genome 42,1033 (1999).

7. W. G. Hill, A. Robertson, Genet. Res. 8, 269 (1966).

8.].A.B. is supported by an National Research
Service Award postdoctoral fellowship from
the NIH, and S.V.N. is supported by NSF and
NIH. Thanks to G. Davis and D. Stern for
sharing unpublished data, P. Hui for laboratory
assistance, and C. Braendle and T. Leonardo for
aphid samples.

Supporting Online Material
http:/ /www.sciencemag.or
full/319/5859/58/DC1
Materials and Methods, SOM Text, Tables S1 to S8,
References

July 17, 2007; accepted October 23, 2007

cgi/content

Section of Ecology and Evolution, University of
California, Davis, CA 95616, USA.



	Rarity of Males in Pea Aphids Results in Mutational Decay
	

	tmp.1251504390.pdf.GQHpE

