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Data Sets

In the following figures and tables, all data were taken from the following sources:

e Sex-biased expression measurements in D. melanogaster are from Parisi et al. (2003),
Ranz et al. (2003), Gibson et al. (2004), Stolc et al. (2004), McIntyre et al. (2006), and
Ayroles et al. (2009). Sex-biased expression data in mouse are from Yang et al. (2006)
and analyzed in Mank et al. (2008).

e P-values of sex-biased expression and M /F expression ratios in D. melanogaster for
individual experiments and the meta-analysis were obtained from SEBIDA (http:

//www .sebida.de; Gnad and Parsch, 2006).

e Expression measurements from individual body parts and whole flies (combined sexes)
were obtained from FlyAtlas (http://www.flyatlas.org; Chintapalli, Wang and Dow,
2007). Expression measurements from individual mouse tissues were obtained from

UniGene (http://www.ncbi.nlm.nih.gov/unigene/) build #186.

e Rates of protein coding sequence evolution (dy/ds) along the D. melanogaster branch
and within the melanogaster subgroup and group were obtained from Larracuente
et al. (2008). Pair-wise dy/dg between D. melanogaster and D. simulans or D. yakuba
were obtained from http://www.sebida.de (Gnad and Parsch, 2006). Pair-wise dy/dg

between mouse and rat orthologs were obtained from Ensembl (http://www.ensembl.

org).



Evaluating spermatheca expression data

Expression signal intensity () is strongly correlated when measured in virgin and mated

spermatheca.

Gene Expression in Spermatheca
Pearson's correlation = 0.982

Mated, log10(S)
2

Virgin, log10(S)



Sex-biased expression and rates of evolution

Evolutionary rates of female-, male-, and un-biased genes in D. me-

lanogaster

Boxplots show the distribution of dy/dg for female-biased (red), male-biased (blue), and
unbiased (gray) genes, with outliers omitted. Sex-biased genes were identified for each data
set with a large enough sample size to compare dy /dgs between sex-bias classes (the data sets
are indicated at the top of each page), using four different FDR cut-offs (0.01, 0.05, 0.10,
0.20). dy/ds was calculated five ways: along all the branches in the melanogaster species
group (mel group); along on the branches in the melanogaster subgroup (mel subgroup);
along the branch leading to D. melanogaster after the split with the D. simulans lineage
(mel branch); pair-wise between D. melanogaster and D. simulans (mel-sim); and pair-wise
between D. melanogaster and D. yakuba (mel-yak). The median dy/dg value across all
genes within each panel is indicated by a dashed line. Estimates of dy/dg for each sex-bias
class were compared to the other classes using a Mann-Whitney test, and asterisks indicate

significant differences (*P < 1072, **P < 1074, ¥**¥P < 1076, ¥**** P < 1078).
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Evolutionary rates of female-, male-, and un-biased genes in mouse

Boxplots show the distribution of dy/dg for female-biased (red), male-biased (blue), and
unbiased (gray) genes, with outliers omitted. Sex-biased genes were identified in each of 4
tissues (liver, adipose, brain, and muscle) using either a 2-fold cutoff (2x) or one of four FDR
cutoffs (0.01, 0.05, 0.10, or 0.20). A sex-biased gene is sex-biased, in the same direction, in at
least one tissue and unbiased in all other tissues. Evolutionary rates were estimated as dy,
dg, or dy/dgs. The median evolutionary rate within each panel is indicated by a dashed line.
Estimates of evolutionary rate for each sex-bias class were compared to the other classes
within each panel using a Mann-Whitney test, and asterisks indicate significant differences

(*P < 10—2’ *kp 10—47 ool 2P 10—6’ kkkk D~ 10—8)_
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Evolutionary rates of sex-biased and unbiased genes in mouse

Boxplots show the distribution of dy/dg for sex-biased (gray) and unbiased (white) genes,
with outliers omitted. Sex-biased genes were identified in each of 4 tissues (liver, adipose,
brain, and muscle) using either a 2-fold cutoff (2x) or one of four FDR cutoffs (0.01, 0.05,
0.10, or 0.20). A sex-biased gene is sex-biased, in the same direction, in at least one tissue
and unbiased in all other tissues. Evolutionary rates were estimated as dy, dg, or dy/dsg.
The median evolutionary rate within each panel is indicated by a dashed line. Estimates of
evolutionary rate were compared between sex-biased and unbiased genes within each panel
using a two sample Wilcoxon test, and asterisks indicate significant differences (¥*P < 1072,

**xp - 10—47 kP~ 10—6’ kkkk D~ 10—8)_
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Relationship between sex-biased expression and

tissue-specificity in D. melanogaster

Sex-biased genes and tissue-specificity

Boxplots show the distribution of 7 for female-biased (red), male-biased (blue), and unbiased
(gray/white) genes as determined using the meta-analysis and individual data sets. For
each data set, sex-biased genes were called with four FDR cut-offs (0.01, 0.05, 0.10, 0.20).
Measurements of 7 were carried out on all adult tissues (dark) and on non-sex-limited adult
tissues (light). Asterisks indicate significant differences in 7 when measured in all adult
tissues compared to when measured in non-sex-specific tissues using a Mann-Whitney test

*P <1072, FFP < 1074 ¥ P < 107°).
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Correlation between sex-biased expression and tissue-specificity

Plots show the point estimate of the correlation coefficient (p) between |log (M/F')| and
tissue-specificity (7) and the 95% CI of the estimate. The data set for which M/F was es-
timated and the FDR cut-off used to assign genes into sex-bias classes are given. Estimates
of 7 were calculated using all adult tissues (adult) or shared somatic tissues (shared). Cor-
relations were calculated using all genes (black), female-biased genes (red), and male-biased

genes (blue).
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Excluding highly expressed genes

Broadly expressed genes are known to be more highly expressed (Larracuente et al., 2008),
and the signal intensity of highly expressed genes may reach the point of saturation in
microarray data (Hsiao et al., 2002). Therefore, there may be less power to detect sex-
biased expression in broadly expressed genes because the signal may be saturated in the more
highly expressed sex. To test whether signal saturation can explain the tissue-specificity of
male-biased genes, I repeated the analyses above after excluding genes expressed above a
signal threshold (signal intensity > 1000). I observe the same patterns when these genes
are excluded, indicating that the tissue-specificity of male-biased genes is not a byproduct

of signal saturation.
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Excluding lowly expressed genes

This analysis may be affected by lowly expressed, tissue-specific genes. Many genes in the
D. melanogaster genome are lowly expressed in whole fly because they are tissue-specific
(Chintapalli, Wang and Dow, 2007). Slight changes in expression in one sex or experimental
errors may cause these lowly expressed genes to be called as sex-biased when whole flies are
compared. To determine whether these lowly expressed genes drive the correlation between
|log (M/F)| and 7, I estimated p using only genes with moderate expression when measured
in whole fly (signal intensity > 100). The results are similar to those obtained when all
genes are included. I thus conclude that any correlations between |log (M/F')| and T are not

driven by the sex-biased expression of lowly expressed genes.
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There is no effect of the X chromosome on the relationship between

sex-bias and tissue-specificity

The D. melanogaster X chromosome contains a paucity of female-biased genes and an excess
of male-biased genes (Parisi et al., 2003; Ranz et al., 2003), and the relationship between
sex-bias and tissue-specificity may differ between the X chromosome and the autosomes as a
result of differences in sex-biased gene content. To test this possibility, I analyzed X-linked
and autosomal genes separately. One observes the same patterns as above for X-linked and
autosomal genes, indicating that the tissue-specificity of male-biased genes is true throughout

the genome.

32



00000000

00000000

00000000

00000000




Parisi2003(wholefly;

Parisi2003(gonad)

mmmmmmmm

Meta-Analysis Gibson2004
—{1 | —{0| —{I+ — | —{11—
s —El—- | —En-) - —i- || — T+
o| —— | —oo— | —o— | —oo- | —O— —{T—
—l— - B B B = =
= —i- —m | —m —|  —m
— . . . —a & .
— | —( | (] —Or— | —C| (o
8 — (I Ny —ili-|| || || -
s —— | —— | —f0— | oo | 0| —o—| —o—
I - | . . .
— —I+ —Tr | —E —| —a
- . —m . —a = —.
— | —oH [ —1F —0 | —LC | —CF| —IF
| —I— I+ - | | .|
§| — | —fo— | —m— | 00— || 00— —O0—| —fO0—
- — - - . . .
- —+ —{I —T+ —{I+ —I+ —1+ —LI+
- = & —m —m 8 .
—L Il L [ L [+ A |—LL —dLIF —L0F
o — | — - | — - —il- | - | — - .-
m|Du||Du| — T+ —I— N BN BN
L -m— - - . - | .
- —I+ —{ I} iy —+ —I —LI+
- —a . —. . —

,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 © < o ® © < N ® © < o ® o % ® © < ® © < ® © <

0000000000000000000000000000




There is no effect of duplicated genes on the relationship between

sex-bias and tissue-specificity

The derived copies of duplicated genes tend to have tissue-specific and male-biased expression
(Meisel, Han and Hahn, 2009), and the inclusion of these genes may be partially responsible
for the tissue-specific expression of male-biased genes. I repeated my analysis by excluding
genes with a closely related paralog in the D. melanogaster genome (using fuzzy reciprocal
blast gene families (Drosophila 12 Genomes Consortium, 2007)), and I obtained the same
results as when all genes were included. Therefore, the tissue-specificity of male-biased genes

is not a byproduct of tissue-specific male-biased duplicated genes.
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Measuring tissue-specificity as the number of tissues in which a

gene is expressed

As an alternative to 7, I measured tissue-specificity by counting the number of tissues in
which a gene is expressed above a certain threshold (signal intensity > 100). When examining
the expression of all genes in all adult tissues, a large fraction of genes are expressed in a
single tissue, and these single-tissue genes tend to be more sex-biased than other genes. If
I remove sex-limited tissues from the estimation of expression breadth, a large fraction of
genes are extremely sex-biased and expressed in no shared somatic tissues. Therefore, there
is a large group of genes with sex-biased expression that is driven by expression in sex-limited
tissues. Male-biased genes have the same pattern of a large group of highly sex-biased genes
expressed in a single male-specific tissue. However, there is not as large of a group of as
highly female-biased genes expressed in a single tissue. This provides further evidence that
male-biased genes have tissue-specific expression that is driven by sex-limited tissues, while
female-biased genes are more broadly expressed.

Boxplots show the distribution of |log, (M/F)| for genes expressed in a given number
of tissues. Counts of tissues are either for all adult tissues (left) or non-sex-limited tissues
(right). Data are either taken from all genes (first two rows) or sex-biased genes (subsequent
graphs). In the case of sex-biased genes, the FDR cut-off used is shown for each row of plots.
The color of each box represents either the number of genes expressed in a given number of
tissues (shown first) or the percent of genes expressed in a given number of tissues (shown

second). Darker colors indicate larger sample sizes.

38



[log2(M/F)|

llog2(M/F)]

All Genes

i : adult tissues non-sex-limited &;llﬂpzlzlsizzo
g: B3 401-600
3t IIéééééééééé% sdbibaosd 00

8 10 12 14 o
number of tissues

| All Genes S
51 &5 ao-as
4 I I o
g I-éééééééééééI- éééééééééI- B 05-12%

| I [ 1T 1T 1 | I | I | I | | I
10 12 14 Bl 12%+
number of tlssues

39



© © © o
22222

_______
111111
OOOOOO
ml 11111

IS
s {IH I IH i i

ﬂﬂﬂﬂﬂﬂﬂﬂ R<0.05 FDR<0.10 FDR<0.20
—am— —E- —m— —E— -
—{1— —— —- —T -
—{ —{ —{1 —L -
—— —{0— —0— —{0— -
— - —{1- —{- —L- -
—0— —T— —- —- -
—{- —0— —{0— —- -
—{— —iT1- —T1- —Eg- -
—{T— —L— —{T— —L—r
—{ —Oa— —iE- —E- -
—E— | — || ||
—n— —- —am- —Em- -
—— —- —{0- —L0— -
—{T— —- —{- —— -
—{0— —{T— —{- — -
—— —{— —{— —— -
—{T— —{0— —{+ —{0— -
—0- —0- —- —O—
—{T+ —{T —{I —{ T -
—{- —{1— —T— ——
—0— —{— —{T- —L -
—LT —{ T+ —L - —{ -
—{1— —{T— —T— —LT— -
3 mn— || —8E— || —— =
{1 N — | —— -
—— —a.- —.- — -

____________________
MOoOWwOoWw WOoOWOow WVWOWOoW VOO

22222222222222222222

_________




oy O o
33333
58884 ¢
C o m © o &
OOOOOO

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

____________________
MOoOWwOoWw WOoOWOow WVWOWOoW VOO

22222222222222222222

_________




[log2(M/F)|

Male—-Biased Genes

adult tissues non-sex-limited

PN Wk~ O
| I

1 1H
-ﬁ géﬁé¢$$*¢¢¢é¢ Héééééééé-é

T0°0>4dd4d

PN Wk~ O
I I |

P NW,r~O
I I |

PN WP~
I I |

T éééééé¢¢¢é¢¢¢ ?éé¢é¢¢¢éé¢‘"
] ﬁéé#ééé*#é*é# %éé#éé#éé-h# ;
: &é&&ééﬁém#éﬁ& S|

I L L L T T T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10

number of tissues

42

sample size
E3 1-200
E3 201-400
E3 800+



llog2(M/F)|

Male—Biased Genes

adult tissues

non-sex-limited

PN Wk~ O
| I

$I$é$é¢$$*¢¢¢é¢

Iéééé¢é¢é-é

T0°'0>4a4d

PN Wk~ O
| I

P NW,r~O
I

PN WP~
I

: é!ﬁéééééh#:éﬂé !éééé#*ééé :
$*¢$¢¢¢é++¢é¢¢¢ éé¢é¢¢¢é¢¢is
: J-L&ééﬁéd-%é-héé INRERUREI

0O 2 4 6 8 10 12 14 0 2 4 6 8 10

number of tissues

43

frequency
3 00-03%
E3 03-06%
E3 06-09%
B3 09-12%
BE 120+



Effect of tissue-specificity on the relationship between

sex-biased expression and rates of evolution

Partial correlations between sex-biased expression, tissue-specificity,

rate of evolution, and expression level in D. melanogaster

Point estimates and 95% CI of the partial correlation (p) between | log (M/F')| and 7 (purple),
|log (M/F)| and dy/ds (orange), |log(M/F)| and expression level (pink), 7 and dy/ds
(green), 7 and expression level (light blue), and dy /ds and expression level (yellow) are shown
for all genes, female-biased genes, and male-biased genes in the D. melanogaster genome.
Sex-biased genes were called using different data sets and different FDR cut-offs within each
data set (shown at the top of each page). Tissue-specificity (7) was calculated using all adult
tissues. Rates of coding sequence evolution (dy /dg) were calculated five different ways: along
the branch leading to D. melanogaster after the split with the D. simulans lineage (melBr);
along all branches within the melanogaster species group (melGrp); along all the branches
within the melanogaster species subgroup (melSubgrp); pair-wise between D. melanogaster

and D. simulans (sim); pair-wise between D. melanogaster and D. yakuba (yak).
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Partial correlations between sex-biased expression, tissue-specificity,

rate of evolution, and expression level in mouse

Point estimates and 95% CI of the partial correlation (p) between | log (M /F')| and 7 (purple),
|log (M/F)| and evolutionary rate (orange), |log (M/F')| and expression level (pink), 7 and
evolutionary rate (green), 7 and expression level (light blue), and evolutionary rate and
expression level (yellow) are shown for M. musculusgenes. Because high dy/dg can be
driven by both high dy and low dg, I performed the partial correlations using dy, dg, or
dy/ds. Note how the correlation between 7 and dg is significantly less than the correlation
between 7 and dy or dy/dg, indicating that the relationship between tissue specificity and
evolutionary rate only applies to changes in the protein coding sequence and is likely not
an artifact of higher mutation rates in tissue-specific genes. Additionally, these patterns are
not driven by special features of the X chromosome. I analyzed that data using all genes
in the genome (All Genes) or only autosomal genes (Autosomal Genes), and I found similar
patters. Finally, the estimation of M/F was performed on genes expressed in at least one
tissue (Any Tissue) or on genes that were expressed in all 4 tissues (All 4 Tissues). The
most notable difference between these results is that dy/dg is negatively correlated with
expression level (i.e., rapidly evolving genes are lowly expressed) in the Any Tissue dataset

but not in the All 4 Tissues dataset.
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Effect of sex-limited tissues on the relationship

between sex-biased expression and rates of evolution

Evolutionary rates, sex-bias, and breadth of expression

Boxplots show the distribution of dy/dg for female-biased (red), male-biased (blue), and
unbiased (gray) genes, with outliers omitted. Genes were divided into those that are ex-
pressed in a single sex-limited tissue (ov=ovary, sp=spermatheca, te=testis, ac=accessory
gland), those that are expressed in a single shared somatic tissue (single), and those that are
expressed in multiple tissues (multiple). Sex-biased genes were identified for each data set
with a large enough sample size to compare dy/dg between sex-bias classes (the data sets
are indicated at the top of each page), using four different FDR cut-offs (0.01, 0.05, 0.10,
0.20). dy/ds was calculated five ways: along all of the branches in the melanogaster species
group (mel group); along all of the branches in the melanogaster subgroup (mel subgroup);
along the branch leading to D. melanogaster after the split with the D. simulans lineage
(mel branch); pair-wise between D. melanogaster and D. simulans (mel-sim); and pair-wise
between D. melanogaster and D. yakuba (mel-yak). The median dy/dg value across all
genes within each panel is indicated by a dashed line. Estimates of dy/dg for each sex-bias
class were compared to the other classes within each expression breadth category using a
Mann-Whitney test, and asterisks indicate significant differences (*P < 1072, **P < 1074,

AP < 1076, ¥ P < 1078).
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Evolutionary rates and expression in sex-limited tissues

The previous analyses of genes expressed in sex-limited tissues required that the genes also
be sex-biased when expression is measured in whole flies. I also looked for differences in the
evolutionary rate of genes primarily expressed in sex-limited tissues regardless of whether
they are sex-biased in measurements from whole flies. Boxplots show the distribution of
dy/dg for genes that are primarily expressed in sex-limited tissues. Tissue-biased expression
was determined two ways: 1) Genes with a signal intensity, S, > 100 in one tissue and
S < 100 in all other tissues are said to be tissue-biased (left column); 2) Genes with 7 > 0.5
are said to be tissue-biased in the tissue in which they are most highly expressed (right
column). The rate of protein coding evolution (dy/dg) was calculated three ways: along
the branch leading to D. melanogaster after the split with the D. simulans lineage (melBR);
along all of the branches in the melanogaster subgroup (melSubgrp); along all of the branches
in the melanogaster species group (melGrp). Dashed lines represent the median dy/dg for
all genes that have tissue-biased expression in both sex-limited and shared somatic tissues.
Asterisks indicate sex-limited tissues with dy /dg values significantly greater or less than the
average across all tissue-biased genes (¥*P < 1072 ¥*P < 1074 **¥*P < 1076, ***p < 1078

using a Mann-Whitney test).

69



dN/dS

S>100

tau>0.5

*kk*

*kkk

ddppw'T

A RATARAY

G

diBbgnsgaw-z

0.4
0.3
0.2
0.1+

*kkk

sl

digpwrg

70

tissue

E l.ovary
- 2.spt
E 3.testis
- 4.acc



Faster-X Evolution of Male-Biased Genes

The X chromosome is hemizygous in males. This means that de novo recessive mutations
will be exposed to selection in males, while de novo recessive mutations are not exposed to
selection in females or on the autosomes. Therefore, if natural selection acts on de novo re-
cessive beneficial mutations, male-expressed X-linked genes should experience more adaptive
evolution than X-linked female-biased genes and autosomal genes (Charlesworth, Coyne and
Barton, 1987). This has been termed the “faster-X” hypothesis, and numerous studies have
attempted to identify faster-X evolution using both polymorphism and divergence estimates.
Of note is the finding that X-linked male-biased genes in D. melanogaster experience more
adaptive evolution than autosomal male-biased genes (Baines et al., 2008).

My results indicate that the rapid evolution of D. melanogaster male-biased genes is
limited to those genes expressed in male-limited reproductive tissues. It is thus possible that
the faster-X evolution of male-biased genes may also be limited to only those genes expressed
in male-limited reproductive tissues. I tested this hypothesis by repeating my analysis of
rates of evolution of sex-biased genes expressed in different tissues on X-linked and autosomal
genes separately. The results are presented below fow the analysis of two types of data: 1)
sex-biased genes were divided into those expressed in a single sex-limited tissue, a single
shared somatic tissue, and multiple tissues; 2) genes expressed in a single sex-limited tissue
were considered regardless of whether they are sex-biased in whole fly measurements. I find
some evidence for faster-X evolution of testis-biased genes, but this pattern depends on how
dy/ds and sex-biased expression are measured. I find no evidence for faster-X evolution of

male-biased genes expressed in shared somatic tissues.
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Faster-X evolution, sex-bias, and breadth of expression

Boxplots show the distribution of dy/dg for female-biased (red), male-biased (blue), and
unbiased (gray) genes, with outliers omitted. Autosomal (A) and X-linked (X) genes are
plotted separately. Genes were divided into those that are expressed in a single sex-limited
tissue (ovary, testis, accessory gland [acc]), those that are expressed in a single shared somatic
tissue, and those that are expressed in multiple tissues (the type of genes under consideration
is given atop each page). Spermatheca expressed female-biased genes were excluded because
of small sample sizes. Sex-biased genes were identified for each data set with a large enough
sample size to compare dy/dgs between sex-bias classes (the data sets are indicated at the
top of each page), using four different FDR cut-offs (0.01, 0.05, 0.10, 0.20). dy/dgs was
calculated five ways: along the branch leading to D. melanogaster after the split with the
D. simulans lineage (melBr); along all of the branches in the melanogaster species group
(melGrp); along all of the branches in the melanogaster subgroup (melSubgrp); pair-wise
between D. melanogaster and D. simulans (mel-sim); and pair-wise between D. melanogaster
and D. yakuba (mel-yak). The median dy/dgs value across all genes within each panel is
indicated by a dashed line. Estimates of dy/dg for each set of genes was compared to
all other genes within each panel using a Mann-Whitney test, and asterisks above a box
and whisker indicate a significant difference from the other genes in the panel (*P < 1072
P <1071, ¥ P < 1070, ¥F*¥P < 1078). Additionally, autosomal and X-linked genes were
compared, and asterisks flanked by dashes indicate a significant difference (-*-P < 1072, -

FEP < 1078, HFRE L P < 1076 FRRE P < 1078,
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Meta-Analysis, Multiple Tissues
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Gibson (2004), Sex-Limited Tissue
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Gibson (2004), Single Shared Somatic Tissue
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Gibson (2004), Single Shared Somatic Tissue
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MeclIntyre (2006), Multiple Tissues
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Faster-X evolution and expression in sex-limited tissues

Boxplots show the distribution of dy/dg for genes that are primarily expressed in sex-limited
tissues: ovary (pink), testis (blue), and accessory gland (light blue). Autosomal (A) and X-
linked (X) genes are plotted separately.Spermatheca-biased genes were excluded because of
small sample sizes. Tissue-biased expression was determined using genes with signal inten-
sity, S, > 100 in one tissue and S < 100 in all other tissues. The rate of protein coding
evolution (dy/dg) was calculated five ways: along the branch leading to D. melanogaster
after the split with the D. simulans lineage (melBr); along all of the branches in the me-
lanogaster species group (melGrp); along all of the branches in the melanogaster subgroup
(melSubgrp); pair-wise between D. melanogaster and D. simulans (mel-sim); and pair-wise
between D. melanogaster and D. yakuba (mel-yak). Dashed lines represent the median
dn/dgs for all genes that have tissue-biased expression in both sex-limited and shared so-
matic tissues. Estimates of dy/dg for each set of genes was compared to all other genes
within each panel using a Mann-Whitney test, and asterisks above a box and whisker in-
dicate a significant difference from the other genes in the panel (*P < 1072, **P < 1074,
AP < 1076, ¥***P < 1078). Additionally, autosomal and X-linked genes were compared,
and asterisks flanked by dashes indicate a significant difference (-*-P < 1072, -**-P < 1074,
EE P 076 Rk p < 1078,
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Gene ontology analysis

To determine if any particular classes of genes are responsible for the rapid evolution of
testis-expressed genes, I used GOrilla (Eden et al., 2009) in an attempt to identify gene
ontology (GO) categories that are over-represented amongst rapidly evolving testis-expressed
genes (by ranking testis-expressed genes by dy/dg). This analysis was not feasible because
the sample size of testis-expressed genes was too small for identifying over-represented GO
terms. However, I was able to compare genes with testis-biased expression to other narrowly
expressed genes using GOrilla. Testis-biased genes were identified three ways: 1) genes with
male-biased expression when expression was measured in whole fly, and S > 100 in testis and
S < 100 in all other adult tissues; 2) genes with S > 100 in testis and S < 100 in all other
tissues, but not necessarily male-biased expression in whole fly; 3) genes with 7 > 0.5 and
maximal S in testis, but not necessarily male-biased expression in whole fly. Each of these
groups of testis-biased genes was compared to all genes, all genes expressed in a single adult
tissue, and all genes expressed in a single sex-limited tissues to identify GO terms that are
over-represented in the testis-biased genes. In these analyses, I continuously observed that
genes involved in energy metabolism (i.e., ATP biosynthesis, glycolysis) are over-represented
in the testis-biased genes.

The following table shows dy/ds measured along the branch leading to D. melanogas-
ter after the split with the D. simulans lineage (MelBr), within the melanogaster subgroup
(MelSubgrp), and within the melanogaster group (MelGrp) for genes with testis-biased ex-
pression (determined using 7 > 0.5) that are involved in ATP biosynthesis. Additionally,
the fraction of other genes with lower dy /dg values is shown (percentile). Note that multiple

genes have elevated dy/ds when compared to the rest of the genome.
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dn/ds of testis-biased genes involved in ATP biosynthesis.

dy/ds percentile

Gene MelBr MelSubgrp MelGrp MelBr MelSubgrp MelGrp

CGH421  0.1850 0.2094 0.2002 0.8261 0.8476 0.9171
CG7026  0.1320 0.1242 0.0808 0.7290 0.6845 0.6181
CG13167 0.0754 0.0756 0.0996 0.5473 0.4879 0.7066
CG7813  0.1406 0.1451 0.1778 0.7480 0.7402 0.8897
CG4624  0.0070 0.0498 0.0667 0.1407 0.3297 0.5204
CG32090 0.0001 0.0001 0.0565 0.0001 0.0001 0.4450
CG9013  0.2133 0.0673 0.1344 0.8552 0.4400 0.8142
CG30329 0.0258 0.0514 0.1124 0.2533 0.3406 0.7552
CGH250  0.0987 0.1925 0.2588 0.6375 0.8242 0.9571
CG6737  0.0673 0.0891 0.1118 0.5084 0.5554 0.7534
CG1076  0.0914 0.1464 0.1512 0.6138 0.7440 0.8495
CG7211  0.0703 0.1244 0.1177 0.5249 0.6851 0.7703
CG12027 0.2252 0.2908 0.1998 0.8671 0.9154 0.9166
CG32686 0.4883 0.4059 0.3153 0.9679 0.9603 0.9744
CG32089 0.1241 0.0787 0.1037 0.7096 0.5054 0.7230
CG14909 0.0001 0.0346 0.1460 0.0001 0.2288 0.8394
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