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The loss of sexual ornaments is observed across taxa, and pleiotropic effects
of such losses provide an opportunity to gain insight into underlying
dynamics of sex-biased gene expression and intralocus sexual conflict
(IASC). We investigated this in a Hawaiian field cricket, Teleogryllus oceani-
cus, in which an X-linked genotype (flatwing) feminizes males” wings and
eliminates their ability to produce sexually selected songs. We profiled
adult gene expression across somatic and reproductive tissues of both
sexes. Despite the feminizing effect of flatwing on male wings, we found
no evidence of feminized gene expression in males. Instead, female tran-
scriptomes were more strongly affected by flatwing than males’, and
exhibited demasculinized gene expression. These findings are consistent
with a relaxation of IASC constraining female gene expression through
loss of a male sexual ornament. In a follow-up experiment, we found
reduced testes mass in flatwing males, whereas female carriers showed no
reduction in egg production. By contrast, female carriers exhibited greater
measures of body condition. Our results suggest sex-limited phenotypic
expression offers only partial resolution to IASC, owing to pleiotropic effects
of the loci involved. Benefits conferred by release from intralocus conflict
could help explain widespread loss of sexual ornaments across taxa.

1. Introduction

Sex-biased gene expression produces striking phenotypic differences in species
where the sexes share a substantial portion, if not all, of the same genome
[1-4]. Such evolved differences between sexes in gene regulation play an impor-
tant role in attenuating intralocus sexual conflict (IASC), which arises when sexes
are under contrasting selection pressures at shared loci, by achieving phenotypic
dimorphism [5-8]. However, it is increasingly recognized that resolution of such
conflict is not necessarily complete [9-12], and that IASC can persist even when
genes and phenotypes have evolved under contrasting selection pressures to exhi-
bit sex-biased or even sex-limited expression [13,14]. One of the reasons for this is
pleiotropy exerted by loci involved in the conflict upon other traits which are not
directly under selection (figure 1). Sexual trait loci can thus exert spillover effects
across sexes and tissues. For example, the enlarged mandibles of male
broad-horned flour beetles Gnatocerus cornutus are genetically associated
with reduced female lifetime fecundity [13] despite their sex-limited
expression, illustrating incomplete resolution of associated IASC.

As well as its role in regulating differences between sexes, recent studies have
demonstrated that varying degrees of sex-biased gene expression are associated
with intra-sexual phenotypic variance, often with fitness-associated effects [15].
Pointer et al. [16] found subordinate males of the wild turkey Meleagris gallopavo
exhibit feminized patterns of gene expression relative to more ornamented domi-
nant males. Similarly, in the bulb mite Rhizoglyphus robini, ‘fighter’ male morphs
show exaggerated transcriptional sexual dimorphism compared with unarmoured
‘scrambler” males [17], and are associated with increased IASC at the population
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Figure 1. Hypothetical effects of male sexual trait loss on IASC at the level of gene expression. The schematic shows expression levels (E) and fitness (W) for a
transcript assumed to be pleiotropically influenced by a sexual trait locus, thus contributing to incompletely resolved IASC. Expression optima (E,) and observed
average expression values () differ between the sexes, and shaded curves illustrate frequency distributions for sex-specific expression. Within each sex, fitness is a
function of expression level, maximized at the optimum (top red and blue lines indicating hypothetical stabilizing fitness functions for females and males, respect-
ively). Thus, AE describes displacement from the optimum level of expression for each sex. The descriptors ‘feminization” and ‘demasculinization” refer to the identity
of the individual under consideration: females whose gene expression shifts away from the male optimum are demasculinized, whereas males whose gene

expression shifts in the same direction are feminized. (Online version in colour.)

level [18,19]. A fundamental assumption of sexual selection
models is that such elaborated, dimorphic sexual traits should
eventually be checked by countervailing natural selection
[20-22], but evidence for the involvement of sex-biased
pathways of gene expression in naturally selected adaptations
is surprisingly limited, and the consequences for IASC after
sexual trait reduction or loss are therefore of key interest.

To explore these consequences, we examined the effects of
sexual trait loss on patterns of sex-biased gene expression
in the rapidly evolving Hawaiian field cricket, Teleogryllus
oceanicus. Approximately 15 years ago, male morphs incap-
able of producing sexual advertisement calls were observed
to appear and rapidly spread on multiple Hawaiian islands
under natural selection from a phonotactic parasitoid fly,
Ormia ochracea [23]. Obligate silence is caused by mutation(s)
that cause males to develop female-like wing venation, eras-
ing sound-producing structures and protecting them
against fatal parasitism. The silent male phenotype, flatwing,
segregates as a single-locus variant (flatwing) on the X
chromosome (sex determination is XX/XO; males and
females share all genes), though the exact nature of the
mutation(s) is not known [24]. Although it is transmitted on
the X, flatwing’s effects upon wing phenotype appear to be
male-limited; female carriers show no readily detectable

wing differences. There is evidence for widespread pleiotro-
pic effects of flatwing in both sexes [25,26], and males
carrying the genotype exhibit more female-like cuticular
hydrocarbons (CHCs) [24], in addition to their feminized
wing membranes. Given the potential role of pleiotropy in
IASC (figure 1), we profiled gene expression from a range
of non-wing, somatic and gonad tissues of adults from lines
that were pure-breeding for flatwing or normal-wing geno-
types. Our aims were to test the role of sex-biased genes in
evolved song loss, and explore the latter’s consequences for
IASC.

If flatwing widely impacts sex-biased pathways of gene
expression, we anticipated one of two patterns among
affected loci. Given its feminizing effect in male wing tissues,
and upon male cuticular hydrocarbons, flatwing might be
associated with a general increase in female-biased gene
expression, demasculinizing female carriers and feminizing
male carriers (hypothesis 1 in figure 1) [19,27]. An alternative,
but non-mutually exclusive, scenario is that the loss of the
male sexual trait releases female gene expression from pleiotro-
pic IASC-associated constraints, in which case we anticipated
downregulation of
male-biased) gene expression (demasculinization) predominan-
tly affecting females (hypothesis 2 in figure 1). Unexpectedly, we

upregulation of female-biased (or
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found that female gene expression was much more strongly
affected by carrying the flatwing genotype than was males’, par-
ticularly in thoracic muscle and gonad tissues. Gene expression
in adult flatwing males showed no evidence of being feminized,
but we did observe demasculinized gene expression among
female carriers consistent with predictions under relaxed
IASC. In a follow-up experiment, we found that flatwing males
had reduced testes mass while flatwing-carrier females showed
no differences in egg production, but exhibited higher body con-
dition. Our results show that at adult stages, female gene
expression is more strongly affected by a genotype responsible
for the loss of a male sexual trait. Females also show a pattern
of demasculinized gene expression and increased body con-
dition, and analyses of the tissue-specificity of gene expression
supported a role for pleiotropy in driving IASC in this system.
These findings are consistent with female release from con-
straints relating to IASC in the rapid spread of a mutation
associated with the loss of a male sexual trait, a phenomenon
which may play an important role in the widely observed loss
of sexual ornaments [28].

2. Material and methods

(a) Sampling, sequencing and differential expression
analysis

Detailed descriptions of all methodologies are provided in the
electronic supplementary material, Methods. Briefly, we col-
lected tissue samples from virgin adults (ca three months from
egg stage) from replicate lines breeding pure with respect to
each morph genotype (flatwing ‘FW’ or normal-wing ‘NW).
RNA was extracted from three tissues (neural, thoracic and
gonads) of a single male and a single female from each of six
lines (n =3 lines of each genotype), for a total of 36 samples
from 12 individuals. The lines were all bred from the same lab-
oratory population originally established from Kauai, with no
differences in selective regime (see the electronic supplementary
material, Methods and [25]). Multiple lines were included in each
group to account for between-line variance and to enable detec-
tion of expression differences attributable to morph genotype.
Females were homozygous diploid for the respective genotype
while males were hemizygous (XX/XO). Dissections and Trizol
RNA extractions were performed following [26].

Paired-end reads of all 36 samples were generated on an Illu-
mina HiSeq 2000, and a de novo transcriptome was assembled
from trimmed reads of all samples in TrRINITY using in silico nor-
malization [29]. Similar transcripts were clustered in CD-hit-est
[30], and lowly expressed transcripts (those not expressed at
greater than 1 count per million in at least three samples) and
transcripts without an open reading frame of greater than 100
amino acids were filtered from the transcriptome. Reads were
aligned to the transcriptome using Bowme2 [31] with strand-
specific settings, and quantified in RSEM [32]. Differential
expression (DE) analyses were performed in edgeR [33] at the
level of TriNITY ‘genes’; henceforth referred to as ‘transcripts’ in
acknowledgement that not all TriNITY-identified genes passing
filtering will represent genes in the strictest sense. Because our
analysis was at the gene level, isoform variants should not con-
tribute to the patterns of DE we observe. Clustering of similar
genes by CD-hit-est (see above) was used to further ensure iso-
form variants were not represented as multiple genes, and we
used the results of BUSCO analysis of conserved genes [34] to
verify that our transcriptome was not highly duplicated. Separate
models were constructed for somatic (neural, thoracic muscle)
and gonad tissues, to examine effects of sex and morph, with

significance testing performed using likelihood ratio tests. To n

restrict our analyses to transcripts showing strong evidence of
DE, we adopted a conservative significance threshold of false dis-
covery rate-adjusted p (FDR) <0.01 to consider a transcript
significantly DE or sex-biased. We checked whether results quali-
tatively changed if we used another common approach of
imposing a fold-change threshold of greater than 2 for a tran-
script to be considered DE/sex-biased, with FDR < 0.05 (e.g.
[35]), and found they did not (see Results).

Sequences of DE transcripts were entered as BLASTX queries
against the NCBI non-redundant protein database, with an
e-value threshold of 10™% and a maximum of 20 hits. Mapping
and annotation were performed in BLast2GO [36] with default
parameters. Functional enrichment of gene ontologies (GO)
was assessed using transcripts which passed filtering and
showed homology with Drosophila melanogaster proteins.

(b) Gene expression feminization, demasculinization
and tissue-specificity

We defined feminized and demasculinized expression, applied to
males and females respectively, as upregulation of female-biased
transcripts (or downregulation of male-biased transcripts) in
males, and downregulation of male-biased transcripts (upregula-
tion of female-biased transcripts) in females (figure 1). Thus, the
terminology indicates the sex experiencing the effect. Identification
of sex-biased genes was performed using differential expression
analysis, averaging expression values across both morph geno-
types in each sex; genes upregulated at FDR < 0.01 in males
were considered male-biased, and genes upregulated in females
considered female-biased. To test for feminization and demasculi-
nization, we took the subset of transcripts that were DE in both
morph genotype and sex comparisons and compared the direction
of change between the two for each tissue separately.

To understand whether changes in expression associated with
morph genotype were correlated between sexes, we tested whether
log-fold changes in expression for transcripts DE in one or both
sexes were correlated between males and females. We also investi-
gated the level of tissue-specificity of genotype-associated effects in
each sex by comparing log-fold changes among all transcripts DE in
either comparison [37]. To test whether sex-limited and tissue-
specific transcripts were less likely to be DE between morph
genotypes, which could support the involvement of pleiotropy
affecting genes shared between sexes, we subset for each sex*tissue
combination transcripts expressed at greater than 1 counts per
million (cpm) in all six samples, and transcripts expressed at
less than 1 cpm in all six samples, then compared identity
across tissues to define sets of sex-specific and tissue-specific
transcripts.

() Reproductive tissue and condition measures

We investigated whether sex-specific reproductive fitness
measures differed between separate, recently outcrossed (see the
electronic supplementary material) pure-breeding NW (n = 4)
and FW (n = 3) lines derived from the same base population. At
7 days post-adult eclosion, gonad characteristics were measured
in virgin male (1 = 140; 18-21 per biological line) and female
(n = 145; 19-24 per biological line) crickets that had been reared
at standard stock densities. As proximate measures of reproductive
output, we obtained wet mass of dissected testes to the nearest mg,
and for females counted the number and measured the total wet
mass in mg of eggs contained within the ovaries.

Testes mass was analysed using a linear mixed model
(LMM), while female total egg mass was analysed using a gener-
alized linear mixed model (GLMM) with a negative binomial
distribution. Total egg mass followed a negative binomial distri-
bution owing to the Poisson distribution of egg numbers. Both
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Table 1. Numbers of DE genes for contrasts examining sex-biased
expression (top section) and morph genotype in each tissue and sex
(middle and bottom section).

tissue DE_Down” DE_Up® DE_Sum”
sex (M)?
neural 379 152 531
muscle 726 492 1218
~ gonads 9030 11267 20297
male genotype (VW)
neural ‘ 0 5 5
muscle 9 10 19
testes 5 4 ‘ ‘ 9
male total 14 19 33
female genotype (NW)
neural 9 14 23
muscle 160 204 364
ovaries 50 135 185
female total 219 » 353 572

®Reference group for each contrast is given in parentheses: M, males;
NW, normal-wing.
PAll DE inferred using FDR << 0.01.

models included predictor variables of morph genotype, log pro-
notum length, log somatic mass and a random effect of biological
line. We calculated somatic (i.e. not including gonad masses)
scaled mass index (SMI) from pronotum length and somatic
wet mass, often used as a proximate measure for individual
body condition [38]. Log-transformed SMI was analysed using
an LMM with predictor variables of morph genotype, sex, an
interaction between the two and a random effect of biological
line. Following the SMI comparison, contributions of differences
in pronotum length and somatic wet mass were investigated
using LMMs with the same predictors and random effect.
Mixed models were run in the R package Ime4 [39], with
MASS used to fit the negative binomial GLMM. Significance of
predictor terms was tested using Wald’s x*.

3. Results

(a) Morph genotype has larger effects on gene
expression in females

Female transcriptomes were more strongly impacted by
carrying the flatwing genotype than were males’. The unfiltered
T. oceanicus transcriptome contained complete sequences for
90.6% conserved insect BUSCO genes, with low duplication
rates (1.8% of complete genes; see the electronic supplementary
material), and 42496 transcripts (TRiNITY-identified ‘genes’)
passed filtering. Differential expression results are summari-
zed in table 1. In all tissues, the number of DE transcripts
(FDR < 0.01) associated with morph genotype was greater
among females than males, and female thoracic muscle and
ovaries were particularly strongly affected (neural tissue:
x> = 11571, p <0.001; thoracic muscle: 2 =310.77, p <
0.001; gonads: x2 =159.67, p<0.001) (figure 2a). This
interpretation remained unchanged if a fold-change of

greater than 2 and FDR < 0.05 was instead adopted (greater [ 4 |

DE in females: all p < 0.001).

Of 560 unique transcripts DE between genotypes in either
sex, 296 (52.86%) had significant BLASTX hits. None of the
annotated transcripts had obvious known functions or GO
terms related to sexual dimorphism in insects. Over-
represented GO terms among transcripts upregulated in
each of the female genotypes are given in the electronic sup-
plementary material, table S1. Neither male morph showed
significant over-representation for any GO categories.

(b) Male trait loss is associated with demasculinized
female gene expression

FW females showed demasculinized gene expression com-
pared with NW females (figure 2b). Of the 119 sex-biased
transcripts DE between female genotypes across all tissues,
87 (73.11%) showed expression patterns consistent with
demasculinization of FW females (either female-biased tran-
scripts upregulated in FW females or male-biased
transcripts upregulated in NW females), compared with
only 32 transcripts (26.89%) showing the reverse pattern
(x3 = 25.420, p < 0.001). The pattern of demasculinization
in FW relative to NW samples was consistent across female
thoracic muscle and ovaries tissues (thoracic muscle:
X5 = 31.837, p <0.001; ovaries: x3 =4.070, p=0.044), but
numbers were too low for quantitative comparison in
neural tissues. Interpretation of demasculinized expression
remained unchanged under fold-change >2 and FDR <
0.05 criteria (neural tissue: too few for comparison; thoracic
muscle: x3 = 57.791, p < 0.001; ovaries: x3 = 5.921, p = 0.015).

() Magnitude of differential expression associated with
male trait loss across sexes and tissues

For transcripts DE between genotypes in one or both sexes,
changes in gene expression were positively correlated between
sexes in neural (Spearman’s rank: » = 0.920, n = 26, p < 0.001)
and gonad (r = 0.203, n = 193, p = 0.005) tissues, but not in
thoracic muscle (r = 0.046, n = 378, p = 0.372) (electronic sup-
plementary material, figure S1). Across the 19 transcripts
showing concordant and significant DE in males and females,
after relaxing the significance threshold to FDR < 0.05 to
increase sample size, there was no indication that females
showed greater log-fold changes; male genotypes tended to
exhibit greater differences (male log,-fold change-female
log,-fold change: average = 0.386, p = 0.123). Changes in
expression associated with the FW genotype were concordant
in pairwise comparisons across tissues within each of the sexes
(Spearman’s rank: all » > 0.465, p < 0.01; electronic sup-
plementary material, figures S1 and S2), suggesting a
relatively high degree of pleiotropy [37]. Interpretations
above were unchanged wunder fold-change>2 and
FDR < 0.05 criteria.

Transcripts showing sex-limited expression did not show
substantial DE between genotypes. In ovaries, the female
tissue which showed the greatest degree of sex-limited
expression, sex-limited transcripts (expressed greater than
1 cpm in all ovaries samples and less than 1 cpm in all testes
samples) tended to be under-represented among those DE
between morph genotypes (11 of 185 DE transcripts sex-
limited, versus 1782 of the 17254 transcripts greater than
1 cpm in all six samples; x2 = 3.350, p = 0.067). No sex-limited
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Figure 2. The flatwing genotype’s effect on gene expression. The top panel shows tissues sampled. (@) Numbers of transcripts upregulated in NI/-carrying crickets
for males (light blue) and females (light red), versus upregulated in FIW-carrying individuals of either sex (dark blue/red). (b) Sex-biased genes that differed between
female morph genotypes showed pattemns of demasculinization in FI¥ females. (Too few sex-biased genes were DE between male genotypes for statistical com-
parison.) Numbers of sex-biased transcripts upregulated in each morph genotype with respect to the other are plotted, and colours show female-biased (red) versus
male-biased (blue) expression. Significance (***p << 0.001, *p << 0.05) is shown for differences between genotypes in the number of transcripts showing mascu-
linized/demasculinized expression. Significance was not tested for neural tissue, in which just five sex-biased transcripts were DE between genotypes. (Online version

in colour.)

transcripts were DE between morph genotypes in testes, or
neural and thoracic muscle tissues of either sex.

Among transcripts showing tissue-specific expression
within each sex (e.g. expressed at greater than 1 cpm in all
female neural samples but less than 1 cpm in all female thoracic
muscle and ovaries samples) fewer than expected were DE
between morph genotypes in ovaries (7 out of 178 DE tran-
scripts showed tissue-specific expression, versus 1576 out of
17254 of those expressed at greater than 1cpm in all six
samples; 2 = 5.161, p = 0.023). No tissue-specific transcripts
were DE between genotypes in any of the other tissues; includ-
ing testes, despite the large number of tissue-specific transcripts
(0 out of 9 versus 6658 out of 20 998). In somatic tissues, tissue-
specific transcripts were less likely to show sex-bias than were
non-tissue-specific transcripts also expressed at greater than
1 cpm in all six samples for the respective tissue * p < 0.001
in both tissues and sexes), but this pattern was reversed in ovar-
ies, where tissue-specific transcripts were more likely to show
sex-bias (y* = 26.763, p < 0.001). There was no difference in
testes samples (x* = 0.300, p = 0.584).

(d) Sex and morph variation in reproductive tissues and

condition
Adult NW males grew larger testes (LMM: x2 = 8.800, p =
0.003; figure 3a), but there was no difference in the mass of

eggs produced by females of either genotype (GLMM:
X =0.011, p=0916; figure 3b; electronic supplementary
material, table S2). Nevertheless, FW females achieved
better condition. Their SMI was greater than that of NW
females, but a significant sex x morph interaction
(LMM: x? = 14.006, p < 0.001) indicated there was no similar
effect observed in males (figure 3c; electronic supplementary
material, table S2). Thus, FW lines showed greater divergence
in SMI between sexes, and this effect appeared largely related
to changes in mass (electronic supplementary material,
tables S2 and S3).

4. Discussion

Influential models of sexual selection and sexual conflict pre-
dict that sex differences in gene expression underlying
sexually selected traits arise owing to IASC [7]. However,
such resolution of IASC is often expected to be incomplete,
and costly elaboration of sexual traits should eventually be
checked by natural selection [20-22]. Surprisingly, we
found that the naturally selected, genetic loss of a male
sexual signal in crickets, via feminization of male wing struc-
tures, affected gene expression more strongly in adult females
than in males. There was no evidence of feminization detect-
able in adult flatwing males, though this does not preclude
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such a role during earlier stages of development (e.g. [40]),
which is hinted at by their reduced testes mass, and femin-
ized CHCs [24]. By contrast, gene expression was
demasculinized in female carriers of the flatwing genotype,
which also showed increased body condition. These results
support our predictions under a scenario of relaxed IASC
following male sexual trait loss (figure 1).

Sex-biased gene expression is likely to be associated with
underlying IASC at loci where selection pressures differ
between males and females [4,6], and sexual ornaments pro-
vide a clear example of a trait with contrasting fitness optima
between sexes [13]. The association between sexually selected
traits and sexual conflict has frequently been inferred by com-
paring laboratory lines reared under contrasting selection
regimes [19,27,41-43]. In T. oceanicus, our results raise the
intriguing possibility that relaxed IASC among females
accompanied evolutionary loss of a male sexual trait in the
wild. Female release from IASC could occur more widely
than is generally considered, given repeated secondary
losses of sexually selected male traits across taxonomic
groups [28,44-46], and could even facilitate these losses
given the arms race-like dynamics with which IASC is
frequently associated [47].

Recent evidence suggests increased sexually dimorphic
gene expression is associated with increased fitness [15]. We

therefore expected males and females from flatwing lines to
show contrasting fitness effects of the mutant genotype,
with females Dbenefitting from demasculinized gene
expression and males showing no variation. Flatwing males
exhibited reduced testes mass, consistent with a previous
report [48], but females carrying the flatwing genotype did
not differ in reproductive output. Instead, they exhibited
increased SMI, a proximate measure of body condition,
whereas flatwing males showed no such increase. While we
are cautious about making direct inference about fitness
effects of SMI, evidence of IASC over body size in species
as diverse as humans [49] and Indian meal moths Plodia inter-
punctella [50], illustrates that males and females are frequently
subject to contrasting optima for mass and structural size. In
T. oceanicus, structural body size is likely to have an impor-
tant influence on male mating success through male—male
competition and female choice, while females less subject to
pressures of sexual selection may benefit from maximizing
energy reserves [51]. Phenotypic evidence suggests, therefore,
that flatwing males are disadvantaged above and beyond
their inability to signal, whereas female flatwing carriers
are not strongly disadvantaged, and may actually benefit,
potentially as a result of relaxed IASC.

While demasculinized gene expression and increased
body condition in flatwing-carrying females support a
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hypothesis of relaxed IASC following male sexual trait loss,
several caveats are worth considering. For example, demascu-
linized expression does not itself illustrate female benefit,
though this interpretation is supported by the increased
body condition observed, which may or may not be directly
related to demasculinized gene expression, and by others’
findings of an association between greater sex-biased gene
expression and fitness-associated traits [15]. Additionally,
while our focus was on sex-biased transcripts, genotype
also affected many transcripts in both sexes which did not
show sex-bias. It is difficult to make inferences about the
importance of these changes, or relate them to phenotypic
traits, however it would affect interpretation of female benefit
from carrying the FW genotype if, for example, changes to
non-sex-biased transcripts had contrasting fitness-associated
effects [52]. Finally, we examined differences between pure-
breeding lines derived from a single wild population, but
interpretation of our results would benefit from future
work testing patterns of sex-specific selection across lines
derived from wild populations with contrasting proportions
of flatwing/normal-wing male phenotypes, to assess
whether this influences IASC on a population level [18].
Comparing gene expression profiles across tissues within
each sex revealed a strong pattern for transcripts differentially
expressed between morphs in one tissue to show evidence of
concordant differences in others. A lack of tissue-specificity is
often used as a proxy measure for pleiotropy (i.e. more pleio-
tropic loci are likely to be less tissue-specific) [37], and
extensive pleiotropy is widely expected to constrain the rate
of evolution owing to the reduced likelihood of a net increase
in fitness [53]. We found that very few transcripts showing
tissue-specific or sex-limited expression differed in expression
between genotypes. This supports the view that changes we
observe to be associated with carrying flatwing are primarily
among transcripts that have detectable levels of expression in
both sexes, across tissues, and represent spillover effects of
the flatwing locus in non-wing tissues. As well as showing
flatwing has pervasive pleiotropic effects across multiple tis-
sues, these results are consistent with the idea that the
adaptive benefit of the flatwing phenotype in males out-
weighs costs associated with pleiotropic effects in non-focal
tissues. Given the observed demasculinization of female tran-
scriptomes, and evidence for increased female body
condition, our results also raise the intriguing prospect that
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