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Parallel transcriptomic changes in the origins of
divergent monogamous vertebrates?

Daohan Jiang® and Jianzhi Zhang™"

Comparing the neural transcriptomes of 5 phyloge-
netically independent pairs of monogamous and
nonmonogamous vertebrates, Young et al. (1) claim
to have found evidence for “a universal transcriptomic
mechanism underlying the evolution of monogamy in
vertebrates.” They state that “while evolutionary di-
vergence time between species or clades did not ex-
plain gene expression similarity, characteristics of the
mating system correlated with neural gene expression
patterns.” Given the deep divergences among these
clades, parallel evolution at the transcriptomic scale
is highly unlikely, prompting us to reexamine their
results.

We followed a previous study (2) to compute the
distance between each pair of transcriptomes on the
basis of expression-level differences of orthologous
genes and build a neighboring-joining tree of the
10 transcriptomes. Young et al.’s (1) conclusion means
that the transcriptomes from the 5 monogamous spe-
cies should be clustered in the tree, in exclusion of
those from the nonmonogamous species. By contrast,
we found that the transcriptome of each monogamous
species is clustered with that of its nonmonogamous
relative and that the neural transcriptome divergences
followed the species phylogeny (Fig. 1).

Despite the above finding, it is still of interest to
identify individual genes that underwent concordant
expression-level changes in the 5 monogamous line-
ages and test whether such genes are more numerous
than the chance expectation. Young et al. (1) com-
pared the expression levels of orthologous genes us-
ing DESeg2—a tool designed for testing differential
gene expression between an experimental group and

a control group (3)—by treating the 5 monogamous
species as replicates in the experimental group and
the 5 nonmonogamous species as replicates in the
control group. This treatment is inappropriate because
different species do not have the same expected ex-
pression levels and because the species are not inde-
pendent from one another. Additionally, the DESeq?2
analysis does not inform whether the number of signif-
icant cases exceeds the chance expectation, because
even comparing 2 random groups of 5 species may yield
some significant DESeq2 results.

To tackle the above problems, we directly compared
the expression level of a gene between a monogamous
species and its nonmonogamous relative. A gene is
considered to have concordant expression changes in
monogamous lineages if the expression ratio between
the 2 species within each clade is >2—commonly con-
sidered a substantial expression change—and the direc-
tion of the expression difference is the same among all
clades. This analysis identified 15 concordant genes. To
examine whether this number exceeds the chance ex-
pectation, we switched the monogamous status be-
tween the 2 within-clade species for 1 or more clades
(2), yielding a total of 15 distinct negative controls. The
mean number of concordant genes in these controls is
7.2, while the maximum is 13. Thus, the observed num-
ber of concordant genes exceeds the random expecta-
tion (P < 1/15 = 0.067), but the excess is minute.

In conclusion, our reanalysis shows no transcriptome-
wide parallel evolution in the repeated origins of
vertebrate monogamy, although the neural expres-
sion levels of a very small number of genes may be
generally associated with monogamy.

*Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI 48109

Author contributions: J.Z. designed research; D.J. performed research; D.J. analyzed data; and D.J. and J.Z. wrote the paper.

The authors declare no conflict of interest.
Published under the PNAS license.

'"To whom correspondence may be addressed. Email: jianzhi@umich.edu.

www.pnas.org/cgi/doi/10.1073/pnas. 1910749116

PNAS Latest Articles | 1 of 2

[+4
w
(-
[
w
-



http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1910749116&domain=pdf&date_stamp=2019-08-20
https://www.pnas.org/site/aboutpnas/licenses.xhtml
mailto:jianzhi@umich.edu
https://www.pnas.org/cgi/doi/10.1073/pnas.1910749116

L T

z

1\

BN AS - PNAS D)

Voles

100

Microtus pennsylvanicus

Peromyscus californicus

18

Mice

100
100|
100

Peromyscus maniculatus

Anthus spinoletta
Passeroid birds
Prinella modularis

100

_wol

Ranitomeya imitator
Dendrobatid frogs

Oophage pumilio

ia or

L —

1

|Cich|ld fishes

Fig. 1. Neighbor-joining (NJ) tree of the neural transcriptomes of the 10 species studied in Young et al. (1). Bootstrap percentages are placed on
interior branches. Branch lengths are drawn to scale, and the scale bar below the tree shows 10 units in Euclidian distance. Names of
monogamous species are underlined. Following ref. 2, for each gene i of species j, we converted the raw expression level Xj; to the standardized
expression level Y; = (X;; — X))/S;, where X; and S; are respectively the mean and SD of the expression level of gene i among the 10 species. We
calculated the transcriptomic Euclidian distance between species j and k using the standardized expression levels of n = 1,979 genes by

J

n
die=/ X (Yj— Yi)?. Using standardized instead of raw expression levels equalizes the contributions of different genes to the distance. We then
i=1

built the NJ tree using these distances. The confidence of the tree was assessed by bootstrapping all genes 100 times. The tree was inferred in R

(4) and plotted by MEGA (5).
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