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Abstract

Although the primate brain contains numerous functionally distinct structures that have experienced diverse genetic changes
during the course of evolution and development, these changes remain to be explored in detail. Here we utilize two classic
metrics from evolutionary biology, the evolutionary rate index (ERI) and the transcriptome age index (TAl), to investigate the
evolutionary alterations that have occurred in each area and developmental stage of the primate brain. We observed a higher
evolutionary rate for those genes expressed in the non-cortical areas during primate evolution, particularly in human, with the
highest rate of evolution being exhibited at brain developmental stages between late infancy and early childhood. Further,
the transcriptome age of the non-cortical areas was lower than that of the cerebral cortex, with the youngest age apparent at
brain developmental stages between late infancy and early childhood. Our exploration of the evolutionary patterns manifest
in each brain area and developmental stage provides important reference points for further research into primate brain
evolution.
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Significance

Our understanding of how various brain regions, particularly non-cortical areas, evolve in primates is incomplete and
requires thorough exploration. We performed a comprehensive investigation into the unique evolutionary patterns
of each primate brain region, uncovering previously unnoticed evolutionary patterns and identifying potential genetic

foundations for primate brain evolution.

Introduction

Primates, especially humans, are remarkable for their brains,
behaviors, and cognitive abilities, unique attributes that have
been acquired over an extended period of evolutionary time.
Over the last decade, and benefiting from rapid advances in
comparative genomics, transcriptomics and epigenomics,
studies across primate species have generated many new
and fundamental insights into the genetic underpinnings of
primate brain evolution (Gilad et al. 2006; Lui et al. 2011,
Bernard et al. 2012; Dehay et al. 2015; Bakken et al. 2016;
He et al. 2017; Amiri et al. 2018; Kronenberg et al.
2018; Kanton et al. 2019; Agoglia et al. 2021). However,
most studies have focused either on the whole brain or the
neocortex. Precisely how each specific brain region, and in
particular the non-cortical areas, have evolved is not fully
understood and remains to be explored in detail. It is there-
fore very important to acquire a comprehensive understand-
ing of the evolutionary patterns experienced by each
individual brain region.

The primate brain comprises a number of functionally
distinct structures, the human brain being the most elabor-
ate; different brain structures vary dramatically both within
and between primate lineages, reflecting the functional
specialization of the brain over evolutionary time (Sousa
et al. 2017a; DeCasien and Higham, 2019). There is now
abundant molecular genetic evidence to support the notion
of functional specialization of the primate brain; for ex-
ample, in terms of gene expression, different human brain
structures exhibit diverse levels of expression with respect
to the same groups of genes, and each brain structure
has its own uniquely specific gene markers (Hawrylycz
et al. 2012; Bhaduri et al. 2021).

Further, previous studies of the entire primate brain have
supported the contention that genes involved in brain func-
tion evolved more rapidly in primates than in rodents (Dorus
et al. 2004), particularly those genes linked to brain devel-
opment (Dorus et al. 2004). This is reflected in a positive
correlation between the ratio of non-synonymous to syn-
onymous mutations of genes and primate brain evolution.
Moreover, gene age, namely the estimated time since the
emergence of the gene according to phylogenetic analyses,
could reflect the evolutionary trajectory of the primate
brain (Domazet-Loso and Tautz, 2010). Here, based on pre-
vious research (Domazet-Loso et al. 2007; Domazet-Loso
and Tautz, 2010; Quint et al. 2012), we leveraged genome

seguence data from the Primate Genome Project, which in-
tegrated 50 primate genomes sequenced in our laboratory
(Shao et al. 2023), utilizing two classic indices—the evolu-
tionary rate index (ERI) and the transcriptome age index
(TA—to fully investigate the evolution of each brain area
in eight major primate ancestral lineages leading to human.
Our study not only reveals novel and hitherto underappre-
ciated evolutionary patterns associated with specific pri-
mate brain areas but also, and more broadly, identifies
the potential genetic underpinnings of primate brain evolu-
tion and development.

Results

Diverse Evolutionary Rates of Different Brain Areas
During Primate Evolution

The functional specialization of primate brain areas implies
that different areas might be subject to differing levels of
natural selection. This raises basic questions as to which pri-
mate brain areas have evolved at a high rate, and which
have been relatively conserved over evolutionary time (Lui
etal. 2011; Dehay et al. 2015; Sousa et al. 2017b). To ad-
dress these questions, we deeply investigated the evolu-
tionary rates of various brain regions in primates by
integrating massive transcriptome data and selection sig-
nals at the gene sequence level. To explore the evolutionary
rates, we derived the evolutionary rate index (ERI) by means
of the formula ERI=Y[(dN/dS) =EJ/YE (detailed in
Materials and Methods), which was referred to previously
(Quint et al. 2012).

Employing Primate Genome Project data (Shao et al.
2023), we generated dN/dS (ratio of non-synonymous to
synonymous substitutions) values of primate orthologous
genes from large scale comparative genomics analyses to
reveal the evolutionary genetic patterns exhibited by differ-
ent brain areas and/or during specific developmental
stages. Then, we combined gene expression data from 45
rhesus macaque brain regions (Li et al. 2019) with the dN/
dS values of genes from eight major primate ancestral
lineages leading to human speciation to generate a meas-
ure of the evolutionary rate of each brain area in each pri-
mate lineage (Fig. 1A and B, supplementary table ST,
Supplementary Material online). Unexpectedly, and con-
trary to received opinion that contends it was the neocortex
which experienced the most rapid evolution in primates (Lui
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Fic. 1.—Evolutionary patterns of different brain areas in different primate lineages. (A) Evolutionary rate index of 45 brain areas in different primate
lineages based on gene expression data of rhesus macaque brain (Li et al. 2019). The terms ascribed to the brain areas are given below and in
supplementary table S1, Supplementary Material online. (B) Simplified diagram of the phylogenies of the different primate lineages. (C) Evolutionary rate index
of 12 brain areas in different primate lineages based on human brain gene expression data derived from the Genotype-Tissue Expression (GTEx) project, release
V8. The terms ascribed to the various brain areas are given below and in supplementary table S2, Supplementary Material online. CN, caudate nucleus; PTM,
putamen; GP, globus pallidus; AMY, amygdala; HIP, hippocampus; CGS, cingulate sulcus; TH, thalamus; HTH, hypothalamus; SC, superior colliculus; IC, in-
ferior colliculus; pons, Pons; CV, cerebellar vermis; HYP, hypophysis; ACB, accumbens nucleus; CC, corpus callosum; VTA, ventral tegmental area; OB, olfactory
bulb; MED, medulla; PG, pineal gland; SU, superior postcentral dimple; IPS, intraparietal sulcus; LF, lateral fissure; PEC, parietal area; AMG, anterior marginal
gyrus; AG, angular gyrus; LSTG, lateral superior temporal gyrus; TPG, temporal polar gyrus; DLPFC, dorsolateral prefrontal cortex; VLPFC, ventral lateral pre-
frontal cortex; ASPD, anterior supraprincipal dimple; V1C, primary visual cortex; V2C, visual cortex V2; VAC, visual cortex V4, SFG, superior frontal gyrus; CBC,
cerebellar cortex; VMPFC, ventromedial prefrontal cortex; AIC, anterior insula cortex; PIC, posterior insula cortex; OFC, orbitofrontal cortex; PSPD, posterior
supraprincipal dimple; SAR, superior arcuate sulcus; PS, principal sulcus; ASD, anterior subcentral dimple; ARSP, arcuate sulcus spur; SPCD, superior precentral
dimple; FC, frontal cortex; ACC, anterior cingulate cortex; SN, substantia nigra; SPC, spinal cord.
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Table 1
t-Test results of ERI values between non-cortical regions and cortical
regions, based on rhesus macaque brain expression data (Li et al. 2019)

Table 2
t-Test results of ERI values between non-cortical regions and cortical
regions, based on human brain expression data (Zhu et al. 2018)

Lineages P values Lineages P values
Homo sapiens 0.0005718 Homo sapiens 0.001676
Hominini 0.0001137 Hominini 0.000102
Homininae 0.0001537 Homininae 0.000831
Hominidae 8.10E-05 Hominidae 0.002613
Hominoidea 3.21E-05 Hominoidea 0.000853
Catarrhini 1.57E-05 Catarrhini 0.02084

Simiiformes 5.40E-07 Simiiformes 0.04544

Haplorrhini 0.000523 Haplorrhini 0.007484

et al. 2011; Dehay et al. 2015), we found that many non-
cortical areas, such as the hypophysis (HYP), pineal gland
(PG), and medulla (MED), displayed significantly higher evo-
lutionary rates compared to areas of the cerebral cortex
(Fig. 1A, Table 1, supplementary table S1, Supplementary
Material online); these non-cortical areas are key endocrine
glands with the potential to influence individual develop-
ment, cognitive ability and circadian rhythm (Lovick and
Li, 1989; Phansuwan-Pujito et al. 1999; Sapede and
Cau, 2013; Alatzoglou et al. 2020; Patel et al. 2020).
Moreover, the corpus callosum (CC), hypothalamus
(HTH), inferior colliculus (IC), and superior colliculus (SC)
also displayed significantly higher evolutionary rates than
cerebral cortex (Fig. 1A, Table 1, supplementary table ST,
Supplementary Material online); these non-cortical areas
are essential for the coordination of activities between
the two cerebral hemispheres and for the regulation of
both visceral and endocrine activity, as well as the auditory
and visual senses (Buckingham, 1977; Wurtz and Albano,
1980; Paul et al. 2007; Trachtman, 2010; Pickles, 2015;
Blaauw and Meiners, 2020). Furthermore, combining
gene expression data derived from 12 human brain areas
from the GTEx project (release V8) (GTEx Consortium,
2020) with the dN/dS values of genes in eight major pri-
mate ancestral lineages leading to human speciation as a
means to measure the evolutionary rate of each brain
area, also yielded similar findings (Fig. 1C, Table 2,
supplementary table S2, Supplementary Material online).
Notably, Homo sapiens and the Haplorrhini lineages exhib-
ited higher evolutionary rates than other primate lineages,
suggestive of the rapid evolution of brain areas in these two
lineages (Fig. 1A and C, supplementary tables ST and S2,
Supplementary Material online).

Furthermore, to exclude the effect of a strong negative
correlation between dN/dS values and transcriptional abun-
dance on the calculation of ERI values, we performed
Pearson correlation analyses (Fig. 2A and B). The results
showed that, whether they were based on rhesus macaque
brain expression profiles (Fig. 2A) or human brain expres-
sion profiles (Fig. 2B), the negative correlations between
the dN/dS values and transcriptional abundance were

weak (=0.1102 to —0.0263), indicating that both dN/dS va-
lues and transcriptional abundance could be regarded as
complementary measures. In particular, there were only a
few differences in the negative correlation coefficients be-
tween the cortical areas and non-cortical areas (Fig. 2A
and B), indicating that the conclusion that non-cortical
areas evolved faster than cortical areas was reliable.

Since there were many types of cell in different brain re-
gions, it is necessary to further explore the roles of cell type
differences in reconstructing the evolutionary rates. Thus,
we utilized the single cell RNA-seq data from six brain re-
gions (including cerebellum, mediodorsal thalamic nucleus,
striatum, amygdala, hippocampus, and dorsolateral pre-
frontal cortex) of two E110 (embryonic day 110) rhesus
macaque brains from previously published research (Zhu
et al. 2018), combined with dN/dS values from eight major
primate ancestral lineages leading to human speciation, to
calculate the ERI values of each cell type from each brain
region in each primate ancestral node (Fig. 3). The results
indicated that many cell types in non-cortical areas dis-
played higher evolutionary rates compared to that in the
dorsolateral prefrontal cortex, especially the microglial cells
(Fig. 3). Since microglia are critically involved in many
physiological and pathological brain processes, including
neurodegeneration (Geirsdottir et al. 2020), the rapid evo-
lution of microglia may suggest their key role in primate
brain evolution. These results strongly supported the con-
clusion that non-cortical areas evolved faster than cortical
areas.

The rapid evolution of protein-coding genes related to
the primate non-cortical areas including limbic system im-
plies that brain functions related to emotional expression
and social cognition have played vital roles during primate
evolution. This finding contrasts with the traditional view
that the neural basis of emotional behavior has been evolu-
tionarily conserved but is consistent with a previous com-
parative anatomy study which reported evolutionary
specializations of the human limbic system (Barger et al.
2014). Meanwhile, a previous study has also reported
that genes expressed in the cortical regions of the brain ex-
hibited lower evolutionary rates than genes expressed in
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Fic. 2.—Pearson correlation analyses of different brain areas in different primate lineages. Heatmap displaying the Pearson correlation coefficient be-
tween dN/dS in each primate ancestral node and transcriptional abundance in each brain tissue, based on rhesus macaque brain data (A) (Li et al. 2019)

and based on the human brain data (B), respectively. Cortical and non-cortical areas are shown separately. The specific Pearson correlation coefficients

are shown in the figure. CN, caudate nucleus; PTM, putamen; GP, globus pallidus; AMY, amygdala; HIP, hippocampus; CGS, cingulate sulcus; TH, thalamus;

HTH, hypothalamus; SC, superior colliculus; IC, inferior colliculus; pons, Pons; CV, cerebellar vermis; HYP, hypophysis; ACB, accumbens nucleus; CC, corpus

callosum; VTA, ventral tegmental area; OB, olfactory bulb; MED, medulla; PG, pineal gland; SU, superior postcentral dimple; IPS, intraparietal sulcus; LF, lateral
fissure; PEC, parietal area; AMG, anterior marginal gyrus; AG, angular gyrus; LSTG, lateral superior temporal gyrus; TPG, temporal polar gyrus; DLPFC, dorso-
lateral prefrontal cortex; VLPFC, ventral lateral prefrontal cortex; ASPD, anterior supraprincipal dimple; V1C, primary visual cortex; V2C, visual cortex V2; V4C,
visual cortex V4, SFG, superior frontal gyrus; CBC, cerebellar cortex; VMPFC, ventromedial prefrontal cortex; AIC, anterior insula cortex; PIC, posterior insula
cortex; OFC, orbitofrontal cortex; PSPD, posterior supraprincipal dimple; SAR, superior arcuate sulcus; PS, principal sulcus; ASD, anterior subcentral dimple;
ARSP, arcuate sulcus spur; SPCD, superior precentral dimple; SPC, spinal cord; SN, substantia nigra; FC, frontal cortex; ACC, anterior cingulate cortex.
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Fic. 3.—Evolutionary patterns of different cell types of various brain areas in different primate lineages. Evolutionary rate index of 16 cell types of 6 brain
areas in different primate lineages based on single cell RNA-seq data of rhesus macaque embryonic brains (Zhu et al. 2018). The terms ascribed to the brain
areas are given below. DFC, dorsolateral prefrontal cortex; HIP, hippocampus; AMY, amygdala; STR, striatum; MD, mediodorsal thalamic nucleus; CBC, cere-
bellum; ExN, excitatory neuron; InN, inhibitory neuron; Astro, astrocyte; OPC, oligodendrocyte progenitor cell; Oligo, oligodendrocyte; NPC, neuronal progeni-
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EGL-NPC, external granular layer neuronal progenitor cell, WM-NPC, white matter neuronal progenitor cell; EGL-GraN-trans, external granular layer transition

to granule neuron; GraN, granule neuron; PurkN, Purkinje neuron.

the non-cortical regions (Tuller et al. 2008), a finding which
concurred with our conclusions about the evolutionary
patterns.

Rapid Evolution of Primate Brain Development in Early
Childhood

We further explored whether different brain regions at dif-
ferent developmental stages in various primate lineages
might also display diverse evolutionary rates. To this end,
we leveraged a total of 577 human brain development
transcriptomes from six brain areas, namely cerebellar cor-
tex, mediodorsal nucleus of the thalamus, striatum, amyg-
dala, hippocampus, and neocortex, and covering a range of
developmental stages (Zhu et al. 2018), to measure the
evolutionary rate of each area in each primate lineage dur-
ing development (Fig. 4A and B, supplementary table S4,
Supplementary Material online).

Five of the six brain areas (the exception being cerebellar
cortex) exhibited a similar mountain-like pattern in terms of
their evolutionary rates viewed across developmental
stages (Fig. 4A). In the amygdala (AMY), hippocampus
(HIP), neocortex (NCX), and mediodorsal nucleus of the
thalamus (MD), the evolutionary rate trajectory showed a
trend to increase from stage w5 (35 pcw [post-conception
weeks] to 0.3 py [post-natal years]) to w6 (0.5 py to 2.5 py)
(Fig. 4A and B); this stage was also defined as late fetal to
early childhood, after which the trajectory flattened out
or even declined. In the striatum (STR), the evolutionary
rate reached the peak from stage w6 to w7 (2.8 py to
10.7 py) (Fig. 4A and B), which was also defined as child-
hood. However, in the cerebellar cortex (CBC), the trajec-
tory showed different developmental trends in different
primate ancestral nodes (Fig. 4A and B); the evolutionary
rate in the Haplorrhini and Hominidae lineages reached
its peak from stage w7 to w8 (13 py to 19 py), that was
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also defined as adolescence, whereas the evolutionary rate
in other primate lineages reached its peak from stage w5 to
w6. The above results suggested that all brain regions in pri-
mates evolved rapidly after birth, and reached their peaks
during infancy, childhood, or adolescence (Fig. 4A and B).

The development of primate brain is a long drawn out
process that continues well into adulthood. Previous re-
search has shown that early childhood, especially the peri-
od between term birth and ~2 yr of age, is crucial for
human brain development and for the establishment of
cognitive abilities and behaviors, as well as for influencing
the subsequent risk of neuropsychiatric disorders such as
autism and schizophrenia (Gilmore et al. 2018). Further,
previous research has also indicated that brain develop-
ment during childhood and adolescence is essential for
the maturity of advanced cognitive and behavioral abilities
in primates (Pelletier and Neuman, 2014; Vijayakumar et al.
2018). Therefore, the different evolutionary rate trajector-
ies of different brain regions in different primate ancestral
nodes have suggested imbalances in primate brain evolu-
tion, and these evolutionary patterns may be related to
the evolution of specific brain phenotypes in different pri-
mate ancestors.

Our findings are consistent with the view that the pri-
mate brain has evolved rapidly over the developmental per-
iod 0.5 pyto 2.5 py (i.e. late infancy to early childhood) (Zhu
etal. 2018), which probably accounts for much of the rapid
evolution experienced by primates, particularly in the
lineages leading to human.

Varied Transcriptome Ages of Different Human Brain
Regions During Development

Based on comparative genome analyses of metazoan gen-
ome sequences, a crucial finding has been that a large num-
ber of genes have arisen anew during the evolution of the
respective lineages (Force et al. 1999; Domazet-Loso and
Tautz, 2003; Long et al. 2003; Choi and Kim, 2006). The
emergence of these novel genes has contributed greatly
to phenotypic evolution, and has also been important for
primate brain evolution (Chen et al. 2013).

It is possible to trace evolutionary innovations by calcu-
lating transcriptome ages for different human brain areas
during development by employing a combination of gen-
ome and transcriptome data (Domazet-Loso et al. 2007;
Domazet-Loso and Tautz, 2010). Here, relying on the large
number of primate genomes recently made available
through the Primate Genome Project (Shao et al. 2023),
we were able for the first time to ascertain the evolutionary
gene age (i.e. the estimated time since the emergence of
the gene according to phylogenetic analyses) of human
protein-coding genes based on a previous pipeline (Zhang
et al. 2011; Shao et al. 2019). The expression data for hu-
man protein-coding genes were obtained from previously

published work (Zhu et al. 2018; GTEx Consortium 2020).
We then applied the genomic phylostratigraphy principle
(Domazet-Loso et al. 2007; Domazet-Loso and Tautz,
2010) to calculate the transcriptome age index (TAI) of dif-
ferent human brain areas and different developmental
stages to measure the transcriptome age by means of the
formula TAI=Y(A=E)/YE (detailed in Materials and
Methods, Fig. 4C and D, supplementary tables S5 and S6,
Supplementary Material online).

We found that the non-cortical areas, especially the
cerebellum, tend to exhibit low transcriptome age values
and to have accumulated more evolutionarily young
genes as compared with the cerebral cortex (Fig. 4C,
supplementary table S5, Supplementary Material online),
concurring with our above finding that the non-cortical
areas evolved more rapidly than the cerebral cortex.
Furthermore, consistent with our aforementioned observa-
tion on the evolutionary rate trajectory during develop-
ment, we found that transcriptome age values also
displayed a tendency to decrease from developmental
stage 0.5py to 2.5py (Fig. 4B and D, supplementary
table S6, Supplementary Material online). These findings
corroborated our earlier conclusion, based on evolutionary
rate values, that the stage of development from 0.5 py to
2.5 py evolved particularly rapidly in the lineages leading
to human (Fig. 4A, B, and D).

Discussion

Primate brain evolution has been characterized by a series
of distinct genetic changes impacting different brain areas
in different primate lineages. It was therefore necessary to
analyze multiple brain regions from diverse primate
lineages to allow the identification of evolutionary patterns
and innovations characteristic of each brain area. We paid
particular attention to the non-cortical areas, which have
rarely been studied at the genetic level, but which are
known to have played key roles during the evolution of
the primate brain. In this study, we utilized two classic indi-
ces that could be used to define a specific brain area in
terms of its evolutionary rate and transcriptome age, with
a view to identifying the evolutionary patterns and genetic
changes characteristic of each brain area.

The phylostratigraphy approach has been used to trace
the evolutionary origin of genes by similarity searches in
genomes that represent the entire tree of life. The quanti-
tative formula developed from this approach was the tran-
scriptome age index which combined the phylostratum of a
given gene with its expression data at a given developmen-
tal stage (Domazet-Loso et al. 2007; Domazet-Loso and
Tautz, 2010). Employing the basic principle of this ap-
proach, we further utilized two classic formulae to calculate
the evolutionary rate index (ERI) (Quint et al. 2012) and
transcriptome age index (TAl) (Domazet-Loso et al. 2007,
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Domazet-Loso and Tautz, 2010), thereby providing an ef-
fective means to study evolutionary changes in specific
species.

It is well known that the evolutionary rates experienced
by different primate brain areas and developmental stages
are quite diverse. Indeed, previous research has shown that
the cerebral cortex underwent rapid evolution in the pri-
mate lineage (Lui et al. 2011; Dehay et al. 2015).
However, in this study, we unexpectedly found that the
non-cortical areas evolved at an even faster rate than the
cerebral cortex. The non-cortical areas constitute an essen-
tial part of the brain, responsible for the performance of
complex functions and tasks such as emotions, motivation,
learning, memory, and other advanced neural activities.
The rapid evolution of the non-cortical areas may thus
have been closely related to the evolutionary development
of primate cognition and behavior. However, the evolution
of the primate non-cortical areas has not been closely inves-
tigated. Those non-cortical areas that have evolved particu-
larly rapidly, such as the hypophysis and the pineal gland,
would clearly be worthy of further study.

Further, our results showed that H. sapiens and the
Haplorrhini lineages exhibited markedly higher evolution-
ary rates than other primate lineages, indicating that the
brains of H. sapiens and the Haplorrhini have undergone
rapid evolution. Numerous studies have shown that the
human brain evolved rapidly in terms of its relative volume
and increased complexity through the expansion of cor-
tical areas and an increase in density of cortical networks
(King and Wilson, 1975; Pollard et al. 2006; Prabhakar
et al. 2006; Bird et al. 2007; Boyd et al. 2015; Gittelman
et al. 2015; Reilly et al. 2015; Dong et al. 2016;
Won et al. 2019; Agoglia et al. 2021). What was unex-
pected was evidencing the rapid evolution of the
Haplorrhini brain. However, previous research showed
that the relative brain volume increased significantly in
the Haplorrhini by comparison with the Strepsirrhini
(Shao et al. 2023), which demonstrated that the cerebral
cortex of the Haplorrhini brain has expanded rapidly whilst
the brain volume of the Haplorrhini has significantly in-
creased during the course of evolution. Our own research
has additionally suggested that the Haplorrhini brain ex-
perienced rapid evolution, similar to H. sapiens.

We also observed that the evolutionary rates of the main
brain regions during development display a mountain-like
pattern reaching a peak during late infancy to early child-
hood. Although development continues into adulthood,
the developmental stage from late infancy to early child-
hood is particularly important for the primate brain, since
the foundations of adult sensory and perceptual systems
which are essential to language, behavior, and emotion
are formed at this stage. Our results indicate that the pri-
mate brain has experienced rapid evolution in the period
from late infancy to early childhood; during this stage,

the proliferation and migration of glial precursors, and
the differentiation of astrocytes and oligodendrocytes,
contribute to the functional maturation of the developing
neural circuitry (Li and Barres, 2018), and hence may
have promoted the evolution of the primate brain.
Furthermore, the transcriptome ages of non-cortical areas
were lower than those of the cerebral cortex, and each
brain area was at its youngest during late infancy to early
childhood, supporting the crucial roles of newly originated
primate genes in brain development (Charrier et al. 2012;
Dennis et al. 2012; Florio et al. 2015; Ju et al. 2016; Li
et al. 2016; Liu et al. 2017; Heide et al. 2020).

In summary, our study reveals uneven evolutionary rates
and transcriptome ages across different primate brain re-
gions and developmental stages, indicating that the rewir-
ing programs acting on the gene expression networks in
the non-cortical areas and during infancy/early childhood
have constituted crucial evolutionary steps toward acquir-
ing our uniquely exceptional brain functions. This study
deepens our understanding of brain evolution in primates,
and particularly in humans.

Materials and Methods

Evolutionary Rate Index (ERI) Formula

To determine the evolutionary rate index (ERI) of different
brain regions and developmental stages, we utilized the fol-
lowing formula (Quint et al. 2012):

, (dN
2 (E),-XE'

ERI STE
where (dN/dS); is a value that represents the ratio of non-
synonymous to synonymous mutations of a given gene i
in a specific lineage, E; is the expression value of gene i/ in
a specific brain area, and n is the total number of genes
analyzed. This formula was used to determine the evolu-
tionary rate index of a particular brain area in a specific pri-
mate lineage. Where a particular tissue or developmental
stage is described by a high ERI value, this is indicative of
a high evolutionary rate for that tissue or stage. To ensure
both the representativeness and accuracy of the results,
we calculated the ERI index based on gene expression
data from human and rhesus macaque, separately
(Fig. 1A and C, supplementary tables S1 and S2,
Supplementary Material online). A normalized gene expres-
sion matrix for human brain was obtained from the GTEx
project (release V8) (GTEx Consortium 2020), which in-
cluded 2,642 samples representing a total of 12 brain
areas. The raw transcriptomes of rhesus macaque brain
were obtained from the dataset published by our own la-
boratory (Li et al. 2019). The 590 transcriptomes
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representing 45 brain areas were re-mapped to the refer-
ence genome (Macaca mulatta, Mmul_10, Ensembl v99)
using STAR (Dobin et al. 2013) without providing junction
annotation; those samples with >10 million uniquely
mapped reads, and with the proportion of uniquely mapped
reads being greater than 80%, were retained. Finally, the re-
maining 566 transcriptomes were used for downstream ana-
lyses (supplementary table S3, Supplementary Material
online). We normalized the expression counts and calculated
the TPM (transcript per million) for further analyses. The
dN/dS values of 10,279 orthologous genes of H. sapiens,
Hominini, Homininae, Hominidae, Hominoidea, Catarrhini,
Simiiformes, and Haplorrhini were obtained from our la-
boratory's previously published paper (Shao et al. 2023);
the orthologous genes were identified between human
(H. sapiens, GRCh38), each of the other primate species
and the outgroup species, the Chinese tree shrew, based
on criteria including reciprocal best blastp hit (RBH), gene syn-
teny and genome synteny (Shao et al. 2023). The evolutionary
rate index yielded similar results whether based upon the hu-
man or the rhesus macaque brain transcriptome, indicating
that our method was robust (Fig. 1A and C, supplementary
tables S1 and S2, Supplementary Material online).

In addition, the ERI formula was also used to evaluate the
evolutionary rates of different brain areas at different devel-
opmental stages. Normalized gene expression values of de-
veloping human brains were obtained from the previously
published paper (Zhu et al. 2018); we selected 577 tran-
scriptomes from six brain regions employing 8 developmen-
tal windows ranging from 12 pcw to 64 py.

Transcriptome Age Index (TAI) Formula

We evaluated the transcriptome age index (TAI) of different
brain areas and developmental stages using the formula
(Domazet-Loso and Tautz, 2003; Domazet-Loso et al.
2007):

A= 2L AxE
Y E
where A;is a value that represents the evolutionary age of a
given gene/, i.e. the estimated time since the emergence of
that gene according to phylogenetic analysis, £; is the ex-
pression value of gene j within a specific brain area, and n
is the total number of genes analyzed. When a brain area
or developmental stage is described by a low TAI value, it
indicates enrichment of evolutionarily young genes in that
area or at that stage. We dated the origin of human
protein-coding genes from the hg38 genome assembly
based on the previously described pipelines (Zhang et al.
2011; Shao et al. 2019) from our other paper (Shao et al.
2023). Normalized gene expression values of adult human
brains and developing human brains were derived from

previously published papers (Zhu et al. 2018; GTEx
Consortium 2020). To calculate more reliable ERI and TAI
values, we did not set any expression cutoff for the expres-
sion data.

Supplementary Material

Supplementary material is available at Genome Biology and
Evolution online.
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Supplementary Tables Legends

Table S1

Table S2
Table S3
Table S4

Table S5
Table S6

Evolutionary rate index of specific brain areas in a specific primate lineage based on macaque brain gene expression data

Evolutionary rate index of specific brain areas in a specific primate lineage based on human brain gene expression data
Information of 590 rhesus macaque brain samples (deleted samples were filled with darkgreen)
Evolutionary rate index of specific brain areas in a specific primate lineage at specific developmental stages of human

Transcriptome age index of specific brain areas of human
Transcriptome age index of specific brain areas of human at specific developmental stages
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. Human brain areas| ¢, o FC ACC |Cerebellum| AMY HIP PTM ACB CN HTH SN SPC
Lineages

Homo sap 69.552819 | 70.000736 | 69.968929 | 69.784642 | 70.665246 | 70.534255| 71.0429 | 70.96473 | 71.141328 | 71.877297 | 71.952092| 73.29902
H 51.078697 | 50.798674 | 51.023873 | 51.581466 | 52.101248 | 51.990953 | 52.091427 | 52.400574 | 52.476961 | 52.753235 | 53.282179 | 54.08526
H 44.641704 | 45.034393 | 45.207486 | 45.156312 | 46.164265 | 46.096589 | 46.20612 | 46.043329 | 46.32273 | 46.829576 | 47.616533 | 48.590837
Hominid 59.818615 | 60.036121 | 60.193313 | 59.150555 | 61.305648 | 61.337066 | 61.314013 | 61.194815 | 61.811825 | 62.211334 | 63.078725 | 63.91569
Hominoid 41.481914 | 41.944514 | 42.082633 | 41.99894 | 42.906983 | 42.856417 | 43.084631 | 43.114373 | 43.248481 | 43.430277 | 44.186404 | 45.157184
Catarrhini 30.17989 | 30.691791 | 30.982657 | 29.719016 | 31.423355 | 31.246736 | 31.665804 | 31.682781 | 31.672966 | 31.671311 | 32.094861 | 31.962799
Simiiformes 5.1905198 | 5.2240472 | 5.4305586 | 5.2991603 | 5.5735883 | 5.4107133 | 5.3957832 | 5.6230744 | 5.4379285 | 5.6529517 | 5.5009746 | 5.4751217
Haplorrhini 63.076192 | 63.280209 | 63.164799 | 62.93168 | 63.480462 | 63.298957 | 63.716982 [ 64.14972 | 64.040321 | 65.386322 | 65.081778 | 65.899952
FC Frontal cortex

ACC Anterior cingulate cortex

AMY Amygdala

HIP Hippocampus

PTM Putamen

ACB Accumbens nucleus

CN Caudate nucleus

HTH Hypothalamus

SN Substantia nigra

SPC Spinal cord




Sample ID Individual Age Sex RIN Tissues(full name) Tissues(short name) Uniquely mapped reads number Uniquely mapped reads %
396-10L ypa396 6 Female 7.4 Superior postcentral dimple SU 12391205 84.40%
396-10R ypa396 6 Female 8 Superior postcentral dimple SU 12129450 83.30%
396-11R ypa396 6 Female 7.7 Intraparietal sulcus 1PS 23588184 86.90%
396-12L ypa396 6 Female 8.1 Lateral fissure LF 18948830 87.30%
396-12R ypa396 6 Female 7.5 Lateral fissure LF 13972797 88.40%
396-13L ypa396 6 Female 6.4 Parietal area PEC 11577452 82.00%
396-13R. ypa396 6 Female 7.7 Parietal area PEC 14750659 87.40%
396-14L ypa396 6 Female 8.1 Anterior marginal gyrus AMG 12893021 86.00%
396-14R ypa396 6 Female 8.4 Anterior marginal gyrus AMG 17776055 86.40%
396-15L ypa396 6 Female 8.3 Angular gyrus AG 11823930 83.50%
396-15R. ypa396 6 Female 8.4 Angular gyrus AG 16618734 87.30%
396-16L ypa396 6 Female 7.6 Lateral superior temporal gyrus LSTG 12862735 82.50%
396-16R ypa396 6 Female 7.5 Lateral superior temporal gyrus LSTG 12771384 84.80%
396-17L ypa396 6 Female 7.7 Lateral superior temporal gyrus LSTG 18261457 81.70%
396-17R ypa396 6 Female 7.9 Lateral superior temporal gyrus LSTG 12759958 86.20%
396-18L ypa396 6 Female 8.3 Temporal polar gyrus TPG 14831820 87.80%
396-18R. ypa396 6 Female 6.6 Temporal polar gyrus TPG 13188047 84.10%
396-19L ypa396 6 Female 7.5 Temporal polar gyrus TPG 13552578 87.90%
396-19R ypa396 6 Female 8.2 Temporal polar gyrus TPG 17737399 86.30%

396-1L ypa396 6 Female 7.8 D cortex DLPFC 13788243 86.80%
396-1R ypa396 6 Female 7.9 Dorsolateral prefrontal cortex DLPEC 13818222 86.40%
396-20R. ypa396 6 Female 8.2 Primary visual cortex VIC 16181793 87.70%
396-21L ypa396 6 Female 7.1 Visual cortex V2 V2C 15934660 88.10%
396-21R ypa396 6 Female 6.1 Visual cortex V2 V2C 13450993 86.60%
396-22L ypa396 6 Female 7.3 Visual cortex V4 V4C 13156340 87.80%
396-22R. ypa396 6 Female 7.1 Visual cortex V4 V4C 14740308 86.60%
396-23L ypa396 6 Female 7.7 Superior frontal gyrus SFG 14568741 85.70%
396-23R. ypa396 6 Female 7.4 Superior frontal gyrus SFG 15609676 85.30%
396-24L ypa396 6 Female 8 Caudate nucleus CN 16296267 86.80%
396-24R. ypa396 6 Female 8.4 Caudate nucleus CN 13641560 84.50%
396-25L ypa396 6 Female 7 Putamen PTM 12686124 84.60%
396-25R. ypa396 6 Female 7.9 Putamen PTM 15126621 83.00%
396-26L ypa396 6 Female 7.3 Global pallidum GP 15850941 85.00%
396-26R. ypa396 6 Female 7 Global pallidum GP 13937682 85.10%
396-27L ypa396 6 Female 8.2 Amygdala AMY 13862334 88.80%
396-27R. ypa396 6 Female 6.9 Amygdala AMY 15363029 84.80%
396-28L ypa396 6 Female 7.7 Hippocampus HIP 15998376 89.50%
396-28R. ypa396 6 Female 7.6 Hippocampus HIP 14961847 87.60%
396-2L ypa396 6 Female 7.3 Ventral lateral prefrontal cortex VLPFC 20486344 86.20%
396-2R ypa396 6 Female 7.4 Ventral lateral prefrontal cortex VLPFC 13074602 84.40%
396-31R ypa396 6 Female 7.9 Cingulate sulcus CGS 18502545 86.60%

396-32 ypa396 6 Female 7.7 Thalamus TH 12632837 86.10%

396-33 ypa396 6 Female 7.8 Hypothalamus HTH 14153836 84.20%
396-34L ypa396 6 Female 7.1 Superior colliculus SC 18727559 87.50%
396-34R. ypa396 6 Female 8 Superior colliculus SC 14365776 85.30%
396-35L ypa396 6 Female 7.8 Inferior colliculus 1C 15071058 85.80%
396-35R. ypa396 6 Female 7.3 Inferior colliculus 1C 14586988 87.00%

396-37 ypa396 6 Female 6.9 pons pons 16342201 86.40%
396-38L ypa396 6 Female NA Cerebellar cortex CBC 13719636 88.30%
396-38R. ypa396 6 Female NA Cerebellar cortex CBC 12689373 86.90%
396-39 ypa396 6 Female 7.3 Cerebellar vermis CV 14697653 84.60%
396-3L ypa396 6 Female 8.1 Anterior supraprincipal dimple ASPD 13816893 88.50%
396-3R ypa396 6 Female 7.6 Anterior supraprincipal dimple ASPD 13262998 86.80%
396-41 ypa396 6 Female 8.3 Hypophysis HYP 14959345 91.80%
396-42L ypa396 6 Female 7.3 Ventromedial prefrontal cortex VMPEC 27340593 84.40%
396-42R ypa396 6 Female 7.1 Ventromedial cortex VMPEC 14914683 88.30%
396-43L ypa396 6 Female 7.7 Anterior insula cortex AIC 16357156 85.40%
396-43R. ypa396 6 Female 8 Anterior insula cortex AIC 17805528 88.00%
396-44L ypa396 6 Female 7.5 Posterior insula cortex PIC 20195675 87.90%
396-44R. ypa396 6 Female 7.9 Posterior insula cortex PIC 17820582 87.30%
396-45L ypa396 6 Female 7.6 Orbitofrontal cortex OFC 14158771 89.30%
396-45R. ypa396 6 Female 7.9 Orbitofrontal cortex OFC 15208903 88.60%
396-46R. ypa396 6 Female 7.3 Accumbens nucleus ACB 14969213 86.90%
396-47L ypa396 6 Female 8.2 Corpus callosum CcC 16075580 89.10%
396-47R ypa396 6 Female 8.8 Corpus callosum CcC 16197936 89.50%
396-48-2 ypa396 6 Female 7.2 Ventral tegmental area VTA 17047482 88.00%
396-49L ypa396 6 Female 82 Olfactory bulb OB 12110507 88.10%
396-49R ypa396 6 Female 8.1 Olfactory bulb OB 13892433 89.10%
396-4L ypa396 6 Female 6.7 Posterior supraprincipal dimple PSPD 14220154 85.00%
396-4R ypa396 6 Female 7.2 Posterior supraprincipal dimple PSPD 15107132 86.00%
396-53 ypa396 6 Female 7.8 Medulla MED 14342130 89.70%
396-5L-2 ypa396 6 Female 7.3 Superior arcuate sulcus SAR 35107016 87.30%
396-5R ypa396 6 Female 7.1 Superior arcuate sulcus SAR 14720677 86.20%
396-6L ypa396 6 Female 7.6 Principal sulcus PS 13187505 86.10%
396-6R ypa396 6 Female 7.6 Principal sulcus PS 13551041 83.00%
396-7L ypa396 6 Female 7.5 Anterior subcentral dimple ASD 14382142 85.80%
396-7R ypa396 6 Female 7.1 Anterior subcentral dimple ASD 18221225 86.80%
396-8L ypa396 6 Female 7 Arcuate sulcus spur ARSP 14919714 84.90%
396-8R ypa396 6 Female 7.8 Arcuate sulcus spur ARSP 18514795 88.70%
396-9L ypa396 6 Female 7.5 Superior precentral dimple SPCD 14741411 82.30%
396-9R. ypa396 6 Female 7.8 Superior precentral dimple SPCD 13012951 85.20%
397-10 ypa397 6 Male 6.9 Superior postcentral dimple SU 14363673 87.30%
397-10L ypa397 6 Male 6.3 Superior postcentral dimple SU 24041097 87.20%
397-11L ypa397 6 Male 6.3 Intraparietal sulcus IPS 14236597 85.71%
397-11R ypa397 6 Male 7.4 Intraparietal sulcus IPS 15817846 88.03%
397-12L ypa397 6 Male 6.1 Lateral fissure LF 11746825 85.40%
397-12R ypa397 6 Male 6.7 Lateral fissure LF 13624576 89.75%
397-13R ypa397 6 Male 7 Parietal area PEC 19355012 90.23%
397-14L ypa397 6 Male 6.8 Anterior marginal gyrus AMG 15738829 87.76%
397-14R ypa397 6 Male 6.5 Anterior marginal gyrus AMG 14895175 91.31%
397-15L ypa397 6 Male 6.6 Angular gyrus AG 16728238 88.22%
397-15R ypa397 6 Male 7.4 Angular gyrus AG 13690703 91.69%
397-16L ypa397 6 Male 7.4 Lateral superior temporal gyrus LSTG 13111007 87.01%
397-16R ypa397 6 Male 6.8 Lateral superior temporal gyrus LSTG 22677244 90.32%
397-17L ypa397 6 Male 7.2 Lateral superior temporal gyrus LSTG 13768775 86.60%
397-17R ypa397 6 Male 6.2 Lateral superior temporal gyrus LSTG 13099886 84.57%
397-18L ypa397 6 Male 6.9 Temporal polar gyrus TPG 15561375 87.95%
397-18R ypa397 6 Male 7.2 Temporal polar gyrus TPG 12294309 86.03%
397-19L ypa397 6 Male 7.1 Temporal polar gyrus TPG 12852776 87.55%




397-19R ypa397 6 Male 7.1 Temporal polar gyrus TPG 14403302 87.62%
397-1L ypa397 6 Male 7.3 Dorsolateral prefrontal cortex DLPFC 12360255 86.89%
397-1R ypa397 6 Male 7.8 Dorsolateral prefrontal cortex DLPFC 13432753 88.25%
397-20L ypa397 6 Male 7.3 Primary visual cortex ViC 12279136 85.17%
397-20R ypa397 6 Male 7.5 Primary visual cortex ViCc 13558877 85.92%
397-21L ypa397 6 Male 7.2 Visual cortex V2 vac 15419209 87.19%
397-21R ypa397 6 Male 7.4 Visual cortex V2 vac 13576079 87.80%
397-22L ypa397 6 Male 6.8 Visual cortex V4 vac 15557574 87.94%
397-22R ypa397 6 Male 7.6 Visual cortex V4 vac 15349041 87.61%
397-23L ypa397 6 Male 6.8 Superior frontal gyrus SFG 15464838 88.00%
397-23R ypa397 6 Male 7.1 Superior frontal gyrus SFG 16194713 86.27%
397-24L ypa397 6 Male 8.2 Caudate nucleus CN 15293940 86.07%
397-24R ypa397 6 Male 8.6 Caudate nucleus CN 11592388 85.60%
397-25L ypa397 6 Male 8.1 Putamen PTM 13642228 85.94%
397-25R ypa397 6 Male 7.2 Putamen PTM 14213962 84.20%
397-26L ypa397 6 Male 8.3 Global pallidum GP 13099618 88.33%
397-27L ypa397 6 Male 7.4 Amygdala AMY 12733415 88.22%
397-27R ypa397 6 Male 7.3 Amygdala AMY 12595901 87.22%
397-28R ypa397 6 Male 7.2 Hippocampus HIP 16632022 87.01%
397-2L ypa397 6 Male 6.7 Ventral lateral prefrontal cortex VLPFC 12684392 85.39%
397-2R ypa397 6 Male 7.3 Ventral lateral prefrontal cortex VLPFC 13183569 87.81%
397-31L ypa397 6 Male 8 Cingulate sulcus CGS 15514749 86.95%
397-31R ypa397 6 Male 7.1 Cingulate sulcus CGS 12346542 87.39%
397-32 ypa397 6 Male 6.6 Thalamus TH 15600394 86.75%
397-33 ypa397 6 Male 6.7 Hyy HTH 12827472 85.63%
397-34L ypa397 6 Male 7.3 Superior SC 13777433 84.95%
397-34R ypa397 6 Male 7.7 Superior SC 16571188 87.70%
397-35L ypa397 6 Male 7.2 Inferior IC 14932344 85.94%
397-35R ypa397 6 Male 7.6 Inferior IC 21316272 87.47%
397-37 ypa397 6 Male 6.7 pons pons 15179956 87.82%
397-38L ypa397 6 Male 7.1 Cerebellar cortex CBC 15603093 87.19%
397-38R ypa397 6 Male 8.2 Cerebellar cortex CBC 16704833 88.66%
397-39 ypa397 6 Male 8.3 Cerebellar vermis CV. 13079793 89.54%
397-3L ypa397 6 Male 6.6 Anterior supraprincipal dimple ASPD 14044848 87.14%
397-3R ypa397 6 Male 7.2 Anterior supraprincipal dimple ASPD 15593762 87.80%
397-40 ypa397 6 Male 9 Pineal gland PG 16882799 89.13%
397-41 ypa397 6 Male 9 Hypophysis HYP 12836464 88.53%
397-42L ypa397 6 Male 7.1 Ventromedial prefrontal cortex VMPFC 15191847 85.10%
397-42R ypa397 6 Male 7.4 Ventromedial prefrontal cortex VMPFC 15190253 87.50%
397-43L ypa397 6 Male 7.1 Anterior insula cortex AIC 12070321 83.74%
397-43R ypa397 6 Male 7.8 Anterior insula cortex AIC 12848121 88.54%
397-44R ypa397 6 Male 7.1 Posterior insula cortex PIC 12392542 86.67%
397-45L ypa397 6 Male 6.7 Orbitofrontal cortex OFC 17186131 85.35%
397-45R ypa397 6 Male 6.7 Orbitofrontal cortex OFC 13760179 87.89%
397-46L ypa397 6 Male 7.1 Accumbens nucleus ACB 13058946 85.15%
397-46R ypa397 6 Male 7.4 Accumbens nucleus ACB 12044546 83.84%
397-47L ypa397 6 Male 8.5 Corpus callosum CcC 15297686 87.83%
397-47R ypa397 6 Male 8.4 Corpus callosum CcC 14518804 88.76%
397-48 ypa397 6 Male 7.7 Ventral | area VTA 15505356 87.21%
397-49L ypa397 6 Male 6.6 Olfactory bulb OB 15494169 86.35%
397-49R ypa397 6 Male 6.8 Olfactory bulb OB 12830741 88.47%
397-4L ypa397 6 Male 7.2 Posterior supraprincipal dimple PSPD 13774901 87.73%
397-4R ypa397 6 Male 7.5 Posterior supraprincipal dimple PSPD 16617883 87.74%
397-5L ypa397 6 Male 6.9 Superior arcuate sulcus SAR 13469389 85.20%
397-5R ypa397 6 Male 7.4 Superior arcuate sulcus SAR 15803526 89.24%
397-6L ypa397 6 Male 7 Principal sulcus PS 14583982 86.59%
397-6R ypa397 6 Male 7.4 Principal sulcus PS 19305393 85.84%
397-7L ypa397 6 Male 6.8 Anterior subcentral dimple ASD 17042351 86.59%
397-7R ypa397 6 Male 6 Anterior subcentral dimple ASD 13551492 88.11%
397-8L ypa397 6 Male 6.8 Arcuate sulcus spur ARSP 31132330 86.76%
397-8R ypa397 6 Male 6.8 Arcuate sulcus spur ARSP 13734839 89.99%
397-9L ypa397 6 Male 6.5 Superior precentral dimple SPCD 17610451 86.77%
397-9R ypa397 6 Male 7 Superior precentral dimple SPCD 13855324 89.33%
398-10L ypa398 6 Female 7.5 Superior postcentral dimple SU 15286203 86.34%
398-10R ypa398 6 Female 7.2 Superior postcentral dimple SU 13460453 87.47%
398-11L ypa398 6 Female 7.5 Intraparietal sulcus IPS 14811005 85.70%
398-11R ypa398 6 Female 7 Intraparietal sulcus IPS 13475503 88.03%
398-12L ypa398 6 Female 8.1 Lateral fissure LF 14936280 85.71%
398-12R ypa398 6 Female 7.1 Lateral fissure LF 17348821 89.00%
398-13L ypa398 6 Female 7.7 Parictal area PEC 14665585 87.95%
398-13R ypa398 6 Female 6.8 Parictal area PEC 13688363 87.13%
398-14L ypa398 6 Female 7.4 Anterior marginal gyrus AMG 14868660 86.56%
398-14R ypa398 6 Female 7.4 Anterior marginal gyrus AMG 13131731 87.85%
398-15L ypa398 6 Female 7.3 Angular gyrus AG 13508267 87.87%
398-15R ypa398 6 Female 6.9 Angular gyrus AG 13285155 87.53%
398-16L ypa398 6 Female 7.6 Lateral superior temporal gyrus LSTG 16891281 88.04%
398-16R ypa398 6 Female 7.8 Lateral superior temporal gyrus LSTG 13915255 83.82%
398-17L ypa398 6 Female 7.4 Lateral superior temporal gyrus LSTG 15577949 88.08%
398-17R ypa398 6 Female 7.9 Lateral superior temporal gyrus LSTG 14930488 86.16%
398-18L ypa398 6 Female 7.1 Temporal polar gyrus TPG 14458754 86.79%
398-18R ypa398 6 Female 8.2 Temporal polar gyrus TPG 14440560 85.58%
398-19L-2 ypa398 6 Female 7.6 Temporal polar gyrus TPG 18677510 88.83%
398-19R ypa398 6 Female 7.4 Temporal polar gyrus TPG 13588686 85.54%
398-1L ypa398 6 Female 6.8 Dorsolateral prefrontal cortex DLPFC 13979553 85.89%
398-1R ypa398 6 Female 7.6 Dorsolateral prefrontal cortex DLPFC 13674370 85.16%
398-20L ypa398 6 Female 6.3 Primary visual cortex Vic 18082221 89.20%
398-20R ypa398 6 Female 8.4 Primary visual cortex Vic 15284532 86.76%
398-21L ypa398 6 Female 7 Visual cortex V2 \wie 15770442 88.46%
398-21R ypa398 6 Female 7.7 Visual cortex V2 vac 14212964 84.98%
398-22L ypa398 6 Female 6.6 Visual cortex V4 vac 13947362 89.50%
398-22R ypa398 6 Female 7.7 Visual cortex V4 vac 16390643 87.65%
398-23L ypa398 6 Female 6.9 Superior frontal gyrus SFG 16670565 84.70%
398-23R ypa398 6 Female 7.7 Superior frontal gyrus SFG 13737715 88.08%
398-24L ypa398 6 Female 8.3 Caudate nucleus CN 14634897 87.09%
398-24R ypa398 6 Female 8.3 Caudate nucleus CN 13478803 85.29%
398-25L ypa398 6 Female 7.4 Putamen PTM 14244948 86.05%
398-25R ypa398 6 Female 7.7 Putamen PTM 14534351 84.75%
398-26L ypa398 6 Female 7.1 Global pallidum GP 14338482 85.19%
398-26R ypa398 6 Female 6.4 Global pallidum GP 14749865 85.41%
398-27L ypa398 6 Female 7.5 Amygdala AMY 17858240 85.85%
398-27R ypa398 6 Female 8.2 Amygdala AMY 15489806 85.99%
398-28L ypa398 6 Female 8.3 Hippocampus HIP 17498181 86.83%




398-2L ypa398 6 Female 6.4 Ventral lateral prefrontal cortex VLPFC 14223639 86.35%
398-2R ypa398 6 Female 7.3 Ventral lateral prefrontal cortex VLPFC 14050497 84.70%
398-31L ypa398 6 Female 6.7 Cingulate sulcus CGS 15422807 87.35%
398-31R ypa398 6 Female 8 Cingulate sulcus CGS 16005876 87.27%
398-32 ypa398 6 Female 7.2 Thalamus TH 12684148 86.39%
398-33 ypa398 6 Female 7.9 Hyp HTH 13629825 86.10%
398-34L ypa398 6 Female 6.3 Superior icul SC 15365245 85.86%
398-34R ypa398 6 Female 7.7 Superior icul SC 16298023 88.16%
398-35L ypa398 6 Female 7.1 Inferior i 1C 12303541 84.37%
398-35R ypa398 6 Female 8.1 Inferior i 1C 14678677 85.96%
398-37 ypa398 6 Female 8.2 pons pons 13960167 84.91%
398-38R ypa398 6 Female 8.3 Cerebellar cortex CBC 12512106 86.62%
398-39 ypa398 6 Female 7.5 Cerebellar vermis CV 13007229 88.19%
398-3L ypa398 6 Female 6.5 Anterior supraprincipal dimple ASPD 15281926 85.75%
398-3R ypa398 6 Female 7.7 Anterior supraprincipal dimple ASPD 14463218 87.84%
398-40 ypa398 6 Female 7.6 Pineal gland PG 15957711 91.17%
398-41 ypa398 6 Female 8.1 Hypophysis HYP 15703342 88.05%
398-42L ypa398 6 Female 7.3 Ventromedial prefrontal cortex VMPFC 16247710 86.65%
398-42R ypa398 6 Female 7.6 Ventromedial prefrontal cortex VMPFC 15311298 88.68%
398-43L ypa398 6 Female 7.4 Anterior insula cortex AIC 13567135 84.69%
398-43R ypa398 6 Female 7.4 Anterior insula cortex AIC 17672804 89.18%
398-44R ypa398 6 Female 7.1 Posterior insula cortex PIC 15818854 87.49%
398-45L ypa398 6 Female 7.8 Orbitofrontal cortex OFC 14068929 85.41%
398-45R ypa398 6 Female 6.7 Orbitofrontal cortex OFC 13480517 87.68%
398-46L ypa398 6 Female 7.3 Accumbens nucleus ACB 12567816 84.12%
398-46R ypa398 6 Female 7.5 Accumbens nucleus ACB 15361933 85.71%
398-47L ypa398 6 Female 7.9 Corpus callosum CcC 15181112 88.97%
398-47R ypa398 6 Female 8.6 Corpus callosum CcC 16162423 86.97%
398-48R ypa398 6 Female 7.7 Ventral | area VTA 15026628 86.04%
398-49L ypa398 6 Female 7.3 Olfactory bulb OB 16335593 88.25%
398-49R ypa398 6 Female 6.9 Olfactory bulb OB 15981334 87.89%
398-4L ypa398 6 Female 6.4 Posterior supraprincipal dimple PSPD 18505190 88.57%
398-4R ypa398 6 Female 7.2 Posterior supraprincipal dimple PSPD 14094779 86.89%
398-53 ypa398 6 Female 7.2 Medulla MED 14302834 88.16%
398-5L ypa398 6 Female 6.6 Superior arcuate sulcus SAR 15451994 87.10%
398-5R ypa398 6 Female 7.5 Superior arcuate sulcus SAR 14855589 87.73%
398-6L ypa398 6 Female 7.4 Principal sulcus PS 15110209 86.68%
398-6R ypa398 6 Female 7.5 Principal sulcus PS 15460314 87.09%
398-7L ypa398 6 Female 7.9 Anterior subcentral dimple ASD 17476153 86.03%
398-7R ypa398 6 Female 6.5 Anterior subcentral dimple ASD 14211245 87.59%
398-8L ypa398 6 Female 7.5 Arcuate sulcus spur ARSP 17701214 86.51%
398-8R ypa398 6 Female 6.6 Arcuate sulcus spur ARSP 14568933 87.11%
398-9L-2 ypa398 6 Female 7.9 Superior precentral dimple SPCD 16480937 91.14%
398-9R ypa398 6 Female 7 Superior precentral dimple SPCD 16936101 86.96%
399-10L ypa399 5 Male 7.2 Superior postcentral dimple SU 14013152 87.88%
399-10R ypa399 5 Male 7.5 Superior postcentral dimple SU 16602959 89.75%
399-11L ypa399 5 Male 6.5 Intraparietal sulcus IPS 17001855 87.45%
399-11R ypa399 5 Male 7.5 Intraparietal sulcus IPS 14414903 89.06%
399-12L ypa399 5 Male 6.1 Lateral fissure LF 18059909 86.81%
399-12R ypa399 5 Male 7.2 Lateral fissure LF 22786385 88.24%
399-13L ypa399 5 Male 6.8 Parictal area PEC 15327657 87.55%
399-13R ypa399 5 Male 8.3 Parictal area PEC 38304152 88.71%
399-14L ypa399 5 Male 7.1 Anterior marginal gyrus AMG 14986472 89.18%
399-14R ypa399 5 Male 8.4 Anterior marginal gyrus AMG 13701776 89.27%
399-15L ypa399 5 Male 7.5 Angular gyrus AG 16617039 87.89%
399-15R ypa399 5 Male 7.8 Angular gyrus AG 27642754 88.29%
399-16L ypa399 5 Male 8.5 Lateral superior temporal gyrus LSTG 14826750 89.57%
399-16R ypa399 5 Male 8.1 Lateral superior temporal gyrus LSTG 25974649 88.38%
399-17L ypa399 5 Male 7.6 Lateral superior temporal gyrus LSTG 15557430 88.40%
399-17R ypa399 5 Male 8.6 Lateral superior temporal gyrus LSTG 15877261 90.15%
399-18L ypa399 5 Male 7.8 Temporal polar gyrus TPG 18821134 89.06%
399-18R ypa399 5 Male 8.4 Temporal polar gyrus TPG 12619009 89.71%
399-19L ypa399 5 Male 7.9 Temporal polar gyrus TPG 14728417 89.58%
399-19R ypa399 5 Male 7.9 Temporal polar gyrus TPG 13458307 89.32%
399-1L ypa399 5 Male 8 Dorsolateral prefrontal cortex DLPFC 19071954 86.07%
399-1R ypa399 5 Male 7.6 Dorsolateral prefrontal cortex DLPFC 12205799 84.49%
399-20L ypa399 5 Male 6.7 Primary visual cortex Vic 13617955 88.25%
399-20R ypa399 5 Male 7.7 Primary visual cortex ViC 12669142 89.39%
399-21R ypa399 5 Male 8 Visual cortex V2 vac 16175102 87.78%
399-22L ypa399 5 Male 7.2 Visual cortex V4 v4ac 21522957 89.49%
399-22R ypa399 5 Male 7 Visual cortex V4 viac 15014364 88.91%
399-23L ypa399 5 Male 7.2 Superior frontal gyrus SFG 16739927 84.05%
399-23R ypa399 5 Male 7.5 Superior frontal gyrus SFG 15283980 84.55%
399-24L ypa399 5 Male 8.2 Caudate nucleus CN 12158057 80.29%
399-24R ypa399 5 Male 7.7 Caudate nucleus CN 14497301 87.73%
399-25L ypa399 5 Male 7.6 Putamen PTM 14782501 87.84%
399-25R ypa399 5 Male 8.6 Putamen PTM 16208100 86.48%
399-26L ypa399 5 Male 7.8 Global pallidum GP 28052354 86.25%
399-26R ypa399 5 Male 7.6 Global pallidum GP 15115912 86.55%
399-27L ypa399 5 Male 7.7 Amygdala AMY 13524285 85.01%
399-27R ypa399 5 Male 8 Amygdala AMY 15115379 87.75%
399-28L ypa399 5 Male 8.2 Hippocampus HIP 17755477 89.01%
399-28R ypa399 5 Male 8.7 Hippocampus HIP 17673101 89.15%
399-2R ypa399 5 Male 7.4 Ventral lateral prefrontal cortex VLPFC 18061183 85.57%
399-31L ypa399 5 Male 7.8 Cingulate sulcus CGS 13919582 89.75%
399-31R ypa399 5 Male 7.7 Cingulate sulcus CGS 14268939 87.38%
399-32 ypa399 5 Male 7.7 Thalamus TH 18347062 87.68%
399-33 ypa399 5 Male 8 Hypothal; HTH 18833311 88.59%
399-34L ypa399 5 Male 8.4 Superior icul SC 17138935 90.12%
399-34R ypa399 5 Male 7.5 Superior icul SC 16262874 86.45%
399-35L ypa399 5 Male 7.8 Inferior icul IC 18708234 86.47%
399-35R ypa399 5 Male 7.3 Inferior icul IC 20465194 88.00%
399-37 ypa399 5 Male 7.9 pons pons 13867054 87.58%
399-38L ypa399 5 Male 7.1 Cerebellar cortex CBC 12735589 80.35%
399-38R ypa399 5 Male 8.5 Cerebellar cortex CBC 16650774 90.71%
399-39 ypa399 5 Male 8.8 Cerebellar vermis CV. 13641656 89.36%
399-3L ypa399 5 Male 8.2 Anterior supraprincipal dimple ASPD 14740245 86.08%
399-3R ypa399 5 Male 7.7 Anterior supraprincipal dimple ASPD 13205914 85.66%
399-40 ypa399 5 Male 8.6 Pineal gland PG 21821369 90.78%
399-41 ypa399 5 Male 8.6 Hypophysis HYP 16285271 90.68%
399-42L ypa399 5 Male 8.2 Ventromedial prefrontal cortex VMPFC 17811705 87.24%
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399-42R ypa399 5 Male 8.3 Ventromedial prefrontal cortex VMPFC 17707195 87.66%
399-43L ypa399 5 Male 8 Anterior insula cortex AIC 13101435 86.42%
399-43R ypa399 5 Male 8.5 Anterior insula cortex AIC 16691738 86.47%
399-44L ypa399 5 Male 7.9 Posterior insula cortex PIC 18151643 86.59%
399-44R ypa399 5 Male 7.9 Posterior insula cortex PIC 15198910 85.31%
399-45L ypa399 5 Male 7.2 Orbitofrontal cortex OFC 22356138 85.26%
399-45R ypa399 5 Male 6.4 Orbitofrontal cortex OFC 14232659 86.43%
399-46L ypa399 5 Male 7.7 Accumbens nucleus ACB 13619555 86.87%
399-46R ypa399 5 Male 8.2 Accumbens nucleus ACB 14770197 86.63%
399-47L ypa399 5 Male 9 Corpus callosum CcC 13851699 90.24%
399-47R ypa399 5 Male 8.6 Corpus callosum CcC 14589665 90.41%
399-48 ypa399 5 Male 7.7 Ventral | area VTA 15395016 88.81%
399-49L ypa399 5 Male 7.9 Olfactory bulb OB 41216899 89.08%
399-49R ypa399 5 Male 8.2 Olfactory bulb OB 16306349 90.33%
399-4L ypa399 5 Male 8.1 Posterior supraprincipal dimple PSPD 13767523 86.33%
399-4R ypa399 5 Male 7.3 Posterior supraprincipal dimple PSPD 13562979 86.45%
399-53 ypa399 5 Male 7.3 Medulla MED 30748767 85.35%
399-5L ypa399 5 Male 6.8 Superior arcuate sulcus SAR 16880739 85.65%
399-5R ypa399 5 Male 7.8 Superior arcuate sulcus SAR 14824862 86.59%
399-6L ypa399 5 Male 7.4 Principal sulcus PS 15581196 85.58%
399-6R ypa399 5 Male 8.1 Principal sulcus PS 17354811 87.29%
399-7L ypa399 5 Male 6.8 Anterior subcentral dimple ASD 14923392 85.30%
399-7R ypa399 5 Male 6.8 Anterior subcentral dimple ASD 14334775 87.04%
399-8L ypa399 5 Male 7.1 Arcuate sulcus spur ARSP 15193261 85.54%
399-8R. ypa399 5 Male 8.2 Arcuate sulcus spur ARSP 14216173 88.46%
399-9L ypa399 5 Male 6.4 Superior precentral dimple SPCD 14853507 85.48%
399-9R. ypa399 5 Male 7.6 Superior precentral dimple SPCD 31201918 88.32%
ypa405-10-L ypad405 24 Female 8.1 Superior postcentral dimple SU 14883734 91.12%
ypa405-10-R ypad405 24 Female 8.2 Superior postcentral dimple SU 13588868 91.12%
ypa405-11-L ypad405 24 Female 8 Intraparietal sulcus IPS 15724485 89.07%
ypa405-11-R ypad405 24 Female 7.9 Intraparietal sulcus IPS 19135408 88.32%
ypa405-12-L ypa405 24 Female 8.2 Lateral fissure LF 13547351 90.68%
ypa405-12-R ypa405 24 Female 7.9 Lateral fissure LF 25354187 90.39%
ypad405-13-L ypa405 24 Female 8.2 Parietal area PEC 22907580 91.04%
ypa405-13-R ypa405 24 Female 7.2 Parietal area PEC 15733557 91.36%
ypad405-14-L ypa405 24 Female 8.3 Anterior marginal gyrus AMG 13963112 91.52%
ypa405-14-R ypa405 24 Female 8 Anterior marginal gyrus AMG 21326100 88.57%
ypad05-15-L ypa405 24 Female 8.3 Angular gyrus AG 16405432 91.11%
\
\

ypa405-17-L ypad05 24 Female 8.4 Lateral superior temporal gyrus LSTG 16280718 90.20%
ypa405-17-R-2 ypad05 24 Female 8.7 Lateral superior temporal gyrus LSTG 18350575 89.33%
ypa405-18-L ypad405 24 Female 8.4 Temporal polar gyrus TPG 14850304 91.14%

19166636

90.71%

ypa405-1-L ypad05 24 Female 7.5 Dorsolateral prefrontal cortex DLPFC 18080513 90.80%
ypa405-1-R ypad05 24 Female 8.3 Dorsolateral prefrontal cortex DLPFC 14131362 91.30%
ypa405-20-L ypa405 24 Female 8.1 Primary visual cortex VIiC 15807591 90.67%

ypa405-21-L ypad05 Visual cortex V2 19564731 90.50%

ypa405-22-L ypad05 Visual cortex V4 13768312 91.56%

ypa405-23-L ypad05 24 Female 83 Superior frontal gyrus SFG 16598686 90.15%
ypa405-23-R ypad05 24 Female 8.6 Superior frontal gyrus SFG 13578244 90.97%
ypad05-24-L ypad05 24 Female 8.5 Caudate nucleus CN 16364424 89.78%

ypad05-25-L

Female

13374906

89.73%

ypa405-26-L ypa405 24 Female 8 Global pallidum GP 14699286 89.79%
ypa405-26-R. ypa405 24 Female 7.6 Global pallidum GP 14756932 89.09%
ypad05-27-L ypa405 24 Female 8.7 Amygdala AMY 20687646 90.69%
\
\

ypa405-2-L ypa405 24 Female 8.3 Ventral lateral prefrontal cortex VLPFC 14067637 90.26%
ypa405-2-R ypa405 24 Female 8.6 Ventral lateral prefrontal cortex VLPFC 15415872 89.79%
ypa405-31-L ypa405 24 Female 8.8 Cingulate sulcus CGS 17433921 91.51%
ypa405-31-R ypad405 24 Female 8.4 Cingulate sulcus CGS 18882776 90.06%
ypa405-32-L ypad05 24 Female 7.9 Thalamus TH 16030419 89.79%
ypa405-33-L ypa405 24 Female 8.6 Hyy HTH 14409142 90.35%
ypa405-34-L ypad05 24 Female 8.4 Superior 1 SC 14714687 91.48%
ypa405-34-R ypa405 24 Female 8.2 Superior 1 SC 15667633 91.98%
ypa405-35-L ypa405 24 Female 7.5 Inferior 1 1C 24600247 89.39%
ypa405-35-R ypa405 24 Female 8.3 Inferior 1 1C 15218819 91.10%
ypa405-37-L-2 ypa405 24 Female 8.7 pons pons 15574493 88.79%
ypa405-38-L ypa405 24 Female 8.6 Cerebellar cortex CBC 22431726 91.66%
ypa405-38-R ypa405 24 Female 9.2 Cerebellar cortex CBC 29946238 92.27%
ypa405-39-L ypa405 24 Female 9 Cerebellar vermis CV 15154488 91.63%

ypa405-3-L ypad05 24 Female 8.9 Anterior supraprincipal dimple ASPD 15125560 88.08%
ypa405-3-R ypad05 24 Female 8.4 Anterior supraprincipal dimple ASPD 15867162 89.89%
ypa405-40 R ypa405 24 Female 7.1 Pineal gland PG 13873212 93.78%
ypad05-41 R ypad03 24 Female | 7.1 Hypophysis HYP 14503772 92.86%
ypa405-42-L ypad05 24 Female 8.4 Ventromedial prefrontal cortex VMPFC 22680180 91.37%
ypa405-42-R ypad05 24 Female 7.9 Ventromedial prefrontal cortex VMPFC 15681592 89.57%
ypad05-43-L ypad405 24 Female 8.4 Anterior insula cortex AIC 17812359 90.35%
ypa405-43-R ypad405 24 Female 9.1 Anterior insula cortex AIC 21834064 90.21%
ypad05-44-L ypad405 24 Female 8.6 Posterior insula cortex PIC 16370074 91.30%
ypad05-45-L ypad405 24 Female 8.5 Orbitofrontal cortex OFC 15586744 90.31%
ypa405-45-R ypa405 24 Female 8.3 Orbitofrontal cortex OFC 17688690 88.68%
ypad05-46-L ypa405 24 Female 8.6 Accumbens nucleus ACB 18206906 90.03%
ypa405-47-L ypa405 24 Female 8.8 Corpus callosum CcC 14930638 91.00%
ypa405-47-R ypa405 24 Female 8 Corpus callosum CcC 15870685 92.01%
ypa405-49-L ypa405 24 Female 8.9 Olfactory bulb OB 17631264 90.83%
ypa405-49-R ypa405 24 Female 9.1 Olfactory bulb OB 20796789 92.28%

ypa405-4-L ypad05 24 Female 8.5 Posterior supraprincipal dimple PSPD 20691665 90.27%
ypad05-4-R ypa405 24 Female 8.6 Posterior supraprincipal dimple PSPD 17722468 88.91%
ypa405-53 R ypa405 24 Female 7.1 Medulla MED 18425386 90.02%

ypa405-5-L ypa405 24 Female 7.8 Superior arcuate sulcus SAR 20258443 89.64%
ypa405-5-R ypa405 24 Female 8.5 Superior arcuate sulcus SAR 13789070 90.38%

ypa405-6-L ypa405 24 Female 8.3 Principal sulcus PS 21872602 91.75%
ypa405-6-R ypa405 24 Female 8.7 Principal sulcus PS 12736991 88.62%




ypa405-7-L ypa405 24 Female 8.2 Anterior subcentral dimple ASD 14136261 90.43%
ypa405-7-R ypa405 24 Female 8.5 Anterior subcentral dimple ASD 22657448 88.93%

ypa405-8-L ypa405 24 Female 7.6 Arcuate sulcus spur ARSP 35507337 90.79%
ypa405-8-R ypa405 24 Female 8.3 Arcuate sulcus spur ARSP 15098610 87.40%

ypa405-9-L ypa405 24 Female 8.1 Superior precentral dimple SPCD 14422433 91.36%
ypa405-9-R ypa405 24 Female 8.3 Superior precentral dimple SPCD 23274905 90.10%
ypa406-10-L ypad06 16 Female 8 Superior postcentral dimple SU 16066465 88.91%
ypa406-10-R ypad06 16 Female 8 Superior postcentral dimple SU 15997421 89.23%
ypad06-11-L ypad06 16 Female 8.2 Intraparietal sulcus IPS 16044571 91.16%
ypa406-11-R ypad06 16 Female 8.1 Intraparietal sulcus IPS 13716151 89.48%
ypad06-12-L ypad06 16 Female 8.5 Lateral fissure LF 29492898 90.06%
ypa406-12-R ypad06 16 Female 8.3 Lateral fissure LF 13099556 88.89%
ypad06-13-L ypad06 16 Female 7.9 Parietal arca PEC 18792968 91.93%
ypa406-13-R ypad06 16 Female 8 Parictal area PEC 14758609 90.39%
ypad06-14-L ypad06 16 Female 7.3 Anterior marginal gyrus AMG 16159365 91.53%
ypa406-14-R ypad06 16 Female 8.1 Anterior marginal gyrus AMG 30423096 90.49%
ypad406-15-L ypa406 16 Female 7.7 Angular gyrus AG 17345058 88.28%
ypa406-15-R ypad06 16 Female 8 Angular gyrus AG 14731768 90.06%
ypa406-16-L-2 ypad06 16 Female 7.9 Lateral superior temporal gyrus LSTG 14496089 89.61%
ypa406-16-R ypad06 16 Female 8 Lateral superior temporal gyrus LSTG 15577274 90.42%
ypa406-17-L ypad06 16 Female 8 Lateral superior temporal gyrus LSTG 34409713 91.02%
ypa406-17-R ypad06 16 Female 7.3 Lateral superior temporal gyrus LSTG 27543506 89.37%
ypad06-18-L ypad06 16 Female | 7.7 Temporal polar gyrus TPG 13621541 90.66%
ypa406-18-R ypad06 16 Female | 7.8 Temporal polar gyrus TPG 13125521 90.97%
ypad06-19-L ypad06 16 Female | 7.9 Temporal polar gyrus TPG 23410070 92.00%
ypad06-19-R ypad06 16 Female | 7.7 Temporal polar gyrus TPG 18098207 90.01%

ypa406-1-L ypad06 16 Female 7.6 Dorsolateral prefrontal cortex DLPFC 26933279 91.25%
ypa406-1-R ypad06 16 Female 6.4 Dorsolateral prefrontal cortex DLPFC 13977506 86.45%
ypa406-20-L ypad06 16 Female 7 Primary visual cortex Vic 25304428 90.58%
ypa406-20-R ypad06 16 Female 7.5 Primary visual cortex Vic 16478676 90.55%
ypa406-21-L ypad06 16 Female 7.3 Visual cortex V2 vac 17872786 90.93%
ypa406-21-R ypad06 16 Female 7.1 Visual cortex V2 \wie 27631039 89.83%
ypa406-22-L ypad06 16 Female 7.8 Visual cortex V4 vac 18955267 91.33%
ypa406-22-R ypad06 16 Female 6.3 Visual cortex V4 vac 21199308 91.38%
ypa406-23-L ypad06 16 Female 8.1 Superior frontal gyrus SFG 14962799 90.84%
ypa406-23-R ypad06 16 Female 6.2 Superior frontal gyrus SFG 32173321 88.42%
ypa406-24-L ypad06 16 Female 7.9 Caudate nucleus CN 20986614 87.45%
ypa406-24-R ypad06 16 Female 8.5 Caudate nucleus CN 18460158 88.78%
ypa406-25-L ypad06 16 Female 8.3 Putamen PTM 65512781 89.65%
ypa406-25-R ypad06 16 Female 7.9 Putamen PTM 18332725 87.98%
ypa406-26-L ypad06 16 Female 7.9 Global pallidum GP 13933883 89.36%
ypa406-26-R ypad06 16 Female 8.1 Global pallidum GP 13653117 90.10%
ypad06-27-L ypad06 16 Female 7.8 Amygdala AMY 15295672 90.31%
ypa406-27-R ypad06 16 Female 8.3 Amygdala AMY 13512127 90.71%
ypa406-28-L ypad06 16 Female 8 Hippocampus HIP 27235279 88.69%
ypa406-28-R ypad06 16 Female 7.6 Hippocampus HIP 15202508 87.56%

ypa406-2-L ypad06 16 Female 8 Ventral lateral prefrontal cortex VLPFC 14345678 88.85%
ypa406-2-R ypad06 16 Female 8.1 Ventral lateral prefrontal cortex VLPFC 15527099 83.73%
ypa406-31-L ypad06 16 Female 7.4 Cingulate sulcus CGS 55806453 90.41%
ypa406-31-R ypad06 16 Female 8.3 Cingulate sulcus CGS 13133048 90.35%
ypa406-32-L ypad06 16 Female 7.4 Thalamus TH 15097713 89.65%
ypa406-33-L ypad06 16 Female 7.7 Hypothal. HTH 17753521 90.51%
ypa406-34-L ypad06 16 Female 7.7 Superior SC 14272227 89.51%
ypa406-34-R ypad06 16 Female 8.4 Superior SC 13400188 91.00%
ypa406-35-L ypad06 16 Female 8.2 Inferior IC 72867717 86.47%
ypa406-35-R ypad06 16 Female 7 Inferior IC 13320482 90.30%
ypa406-37-L ypad06 16 Female 8.1 pons pons 16170985 85.81%
ypa406-38-L ypad06 16 Female 8 Cerebellar cortex CBC 19497304 91.32%
ypa406-38-R ypad06 16 Female 7.2 Cerebellar cortex CBC 13789616 90.70%
ypa406-39-L ypad06 16 Female 8.1 Cerebellar vermis CV 17614359 92.05%

ypa406-3-L ypad06 16 Female 8.1 Anterior supraprincipal dimple ASPD 20963901 91.47%
ypa406-3-R ypad06 16 Female 7.8 Anterior supraprincipal dimple ASPD 19089325 82.04%
ypa406-40_R ypad06 16 Female 7.1 Pineal gland PG 15539192 93.87%
ypad06-41 R ypad06 16 Female | 7.1 Hypophysis HYP 16993932 92.10%
ypad06-42-L ypad06 16 Female 7.9 Ventromedial prefrontal cortex VMPFC 13976401 91.63%
ypa406-42-R ypad06 16 Female 7.3 Ventromedial prefrontal cortex VMPFC 21578439 86.18%
ypad06-43-L ypad06 16 Female 7.6 Anterior insula cortex AIC 14883076 90.91%
ypa406-43-R ypad06 16 Female 8 Anterior insula cortex AIC 25026627 84.56%
ypad06-44-L ypad06 16 Female 9 Posterior insula cortex PIC 14022202 90.88%
ypad06-45-L ypad06 16 Female 7.3 Orbitofrontal cortex OFC 15720654 90.22%
ypa406-45-R ypad06 16 Female 7.5 Orbitofrontal cortex OFC 15341327 84.61%
ypad06-46-L ypad06 16 Female 7.3 Accumbens nucleus ACB 51136833 86.94%
ypa406-46-R ypad06 16 Female 7.3 Accumbens nucleus ACB 10940585 88.94%
ypa406-47-R ypad06 16 Female 8.9 Corpus callosum cC 16588565 92.75%
ypad06-48-L ypad06 16 Female 6.9 Ventral area VTA 23057495 88.62%
ypad06-49-L ypad06 16 Female 7.9 Olfactory bulb OB 15544701 90.36%

ypa406-4-L ypad06 16 Female 7.5 Posterior supraprincipal dimple PSPD 20260643 90.51%
ypa406-4-R ypad06 16 Female 6.9 Posterior supraprincipal dimple PSPD 20251488 89.96%

ypa406-53 ypad06 16 Female 7.8 Medulla MED 14480475 86.04%

ypa406-5-L ypad06 16 Female 7.4 Superior arcuate sulcus SAR 19654509 90.83%
ypa406-5-R ypad06 16 Female 6.6 Superior arcuate sulcus SAR 12681944 89.21%

ypa406-6-L ypad06 16 Female 8 Principal sulcus PS 15731985 91.32%
ypa406-6-R ypad06 16 Female 8 Principal sulcus PS 17744608 90.27%

ypa406-7-L ypad06 16 Female 6.9 Anterior subcentral dimple ASD 15434426 90.33%
ypa406-7-R ypad06 16 Female 6.9 Anterior subcentral dimple ASD 13546907 83.31%

ypa406-8-L ypad06 16 Female 7.4 Arcuate sulcus spur ARSP 14611697 89.15%
ypa406-8-R ypad06 16 Female 7 Arcuate sulcus spur ARSP 13578684 85.04%

ypa406-9-L ypad06 16 Female 8.1 Superior precentral dimple SPCD 14403515 90.79%
ypa406-9-R ypad06 16 Female 7.1 Superior precentral dimple SPCD 24046273 80.98%
ypa407-10-L ypad07 17 Female 8 Superior postcentral dimple SU 14196759 90.09%
ypa407-10-R ypad07 17 Female 7.4 Superior postcentral dimple SU 15111885 89.29%
ypa407-11-L ypad07 17 Female 7.4 Intraparietal sulcus IPS 17004563 89.66%
ypa407-11-R ypad07 17 Female 7.1 Intraparietal sulcus IPS 12707328 90.04%
ypa407-12-L ypad07 17 Female 6.7 Lateral fissure LF 14588777 89.14%
ypa407-12-R ypad07 17 Female 7.8 Lateral fissure LF 13562169 87.97%
ypa407-13-L ypad07 17 Female 7.3 Parictal area PEC 17997093 87.47%
ypa407-13-R ypad07 17 Female 8.3 Parictal area PEC 18157861 90.56%
ypa407-14-L ypad07 17 Female 8.1 Anterior marginal gyrus AMG 11097702 88.56%
ypa407-14-R ypad07 17 Female 6.8 Anterior marginal gyrus AMG 13615027 89.47%
ypad07-15-L ypad07 17 Female 7 Angular gyrus AG 78632914 82.18%
ypa407-15-R ypad07 17 Female 6.8 Angular gyrus AG 29728850 89.48%
ypad07-16-L ypad07 17 Female | 83 Lateral superior temporal gyrus LSTG 14173512 88.27%
ypa407-16-R ypad07 17 Female 8.3 Lateral superior temporal gyrus LSTG 13980742 89.95%
ypa407-17-L ypad07 17 Female 7.8 Lateral superior temporal gyrus LSTG 11776857 89.14%
ypa407-17-R ypad07 17 Female 7.2 Lateral superior temporal gyrus LSTG 21419694 88.44%




ypad07-18-L ypad07 17 Female | 8.4 Temporal polar gyrus TPG 17241657 88.82%
ypa407-18-R ypad07 17 Female 7 Temporal polar gyrus TPG 31268592 89.03%
ypad07-19-L ypad07 17 Female 6 Temporal polar gyrus TPG 20342995 90.81%
ypa407-1-L ypad07 17 Female 8 Dorsolateral prefrontal cortex DLPFC 14053870 90.21%
ypa407-1-R ypad07 17 Female 7.4 Dorsolateral prefrontal cortex DLPFC 16309501 89.47%
ypa407-20-L ypad07 17 Female 8.3 Primary visual cortex ViC 13367337 91.04%
ypa407-20-R ypad07 17 Female 6.6 Primary visual cortex Vic 17885751 90.05%
ypa407-21-L ypad07 17 Female 7.9 Visual cortex V2 vac 22860598 89.61%
ypa407-21-R ypad07 17 Female 7.1 Visual cortex V2 \wie 16562647 89.75%
ypa407-22-L ypad07 17 Female 7.4 Visual cortex V4 v4ac 18972640 89.21%
ypa407-23-L ypad07 17 Female 8.1 Superior frontal gyrus SFG 12478196 90.06%
ypa407-23-R ypad07 17 Female 7 Superior frontal gyrus SFG 15102116 88.68%
ypa407-24-L ypad07 17 Female 8.1 Caudate nucleus CN 15806827 87.98%
ypa407-24-R ypad07 17 Female 7 Caudate nucleus CN 15142747 88.53%
ypa407-25-L ypad07 17 Female 8.2 Putamen PTM 16080282 87.32%
ypa407-25-R ypad07 17 Female 8.1 Putamen PTM 16624318 89.46%
ypa407-26-L ypad07 17 Female 7.7 Global pallidum GP 20297211 88.47%
ypa407-26-R ypad07 17 Female 7.6 Global pallidum GP 14635592 87.68%
ypa407-27-L ypad07 17 Female 7.2 Amygdala AMY 13768717 88.03%
ypa407-27-R ypad07 17 Female 8.2 Amygdala AMY 20546724 90.06%
ypa407-28-L ypad07 17 Female 6.6 Hippocampus HIP 14724568 87.17%
ypa407-28-R ypad07 17 Female 8.1 Hippocampus HIP 14834926 89.74%
ypa407-2-L ypad07 17 Female 7.6 Ventral lateral prefrontal cortex VLPFC 15766591 89.13%
ypa407-2-R ypad07 17 Female 6.2 Ventral lateral prefrontal cortex VLPFC 12653115 87.90%
ypa407-31-L ypad07 17 Female 6 Cingulate sulcus CGS 16968439 89.69%
ypa407-31-R ypad07 17 Female 7.3 Cingulate sulcus CGS 13257428 89.98%
ypa407-32-L ypad07 17 Female 4.8 Thalamus TH 18079650 89.16%
ypa407-33-L ypad07 17 Female 7 Hyy HTH 14099806 89.05%
ypa407-34-L ypad07 17 Female 5.6 Superior SC 17965729 91.29%
ypa407-34-R ypad07 17 Female 8.1 Superior SC 14720464 90.04%
ypa407-35-L ypad07 17 Female 7 Inferior 1 1C 12732659 89.33%
ypa407-35-R ypad07 17 Female 7.4 Inferior IC 13025541 88.90%
ypa407-37-L ypad07 17 Female 7.3 pons pons 15687948 88.23%
ypa407-38-L ypad07 17 Female 8.8 Cerebellar cortex CBC 15782934 91.53%
ypa407-38-R ypad07 17 Female 8.4 Cerebellar cortex CBC 15574488 92.25%
ypa407-39-L ypad07 17 Female 8.3 Cerebellar vermis CV 15081637 91.67%
ypa407-3-L ypad07 17 Female 6.9 Anterior supraprincipal dimple ASPD 13771025 89.73%
ypa407-3-R ypad07 17 Female 7.9 Anterior supraprincipal dimple ASPD 15031177 89.91%
ypa407-40 R ypad07 17 Female 7.1 Pineal gland PG 15802820 93.51%
ypad07-41 R ypad07 17 Female | 7.1 Hypophysis HYP 14017755 92.09%
ypad07-42-L ypad07 17 Female 8.6 Ventromedial prefrontal cortex VMPFC 13286436 90.29%
ypa407-42-R ypad07 17 Female 8.2 Ventromedial prefrontal cortex VMPFC 14475328 89.55%
ypad07-43-L ypad07 17 Female 8.2 Anterior insula cortex AIC 13575752 89.81%
ypa407-43-R ypad07 17 Female 8.3 Anterior insula cortex AIC 14103497 88.32%
ypad07-44-L ypad07 17 Female 7.6 Posterior insula cortex PIC 15473888 91.11%
ypa407-44-R ypad07 17 Female 8.1 Posterior insula cortex PIC 15819118 89.17%
ypa407-45-L ypad07 17 Female 7.2 Orbitofrontal cortex OFC 13483070 89.58%
ypa407-45-R ypad07 17 Female 7.3 Orbitofrontal cortex OFC 12816779 89.67%
ypad07-46-L ypad07 17 Female 7.7 Accumbens nucleus ACB 14432260 87.47%
ypa407-46-R ypad07 17 Female 8.1 Accumbens nucleus ACB 13737307 87.29%
ypad07-47-L ypad07 17 Female 7.9 Corpus callosum CcC 18560843 92.38%
ypa407-47-R ypad07 17 Female 8.5 Corpus callosum CcC 12909287 93.20%
ypa407-48-L ypad07 17 Female 7.1 Ventral | area VTA 12845819 88.87%
ypa407-4-L ypad07 17 Female 7.4 Posterior supraprincipal dimple PSPD 16274044 88.09%
ypa407-4-R ypad07 17 Female 6.5 Posterior supraprincipal dimple PSPD 13834845 88.13%
ypa407-53 ypad07 17 Female 7.1 Medulla MED 15534960 90.33%
ypa407-5-L ypad07 17 Female 7.8 Superior arcuate sulcus SAR 12710641 90.26%
ypa407-5-R ypad07 17 Female 7.1 Superior arcuate sulcus SAR 12711247 88.86%
ypa407-6-L ypad07 17 Female 7.7 Principal sulcus PS 15146629 90.23%
ypa407-6-R ypad07 17 Female 7.8 Principal sulcus PS 14374486 89.67%
ypa407-7-L ypad07 17 Female 7.6 Anterior subcentral dimple ASD 11289419 88.64%
ypa407-7-R ypad07 17 Female 5.7 Anterior subcentral dimple ASD 21527288 90.40%
ypa407-8-L ypad07 17 Female 7.6 Arcuate sulcus spur ARSP 12275953 89.19%
ypa407-8-R ypad07 17 Female 7 Arcuate sulcus spur ARSP 13281625 86.65%
ypa407-9-L ypad07 17 Female 8 Superior precentral dimple SPCD 13338481 90.12%
ypa407-9-R ypad07 17 Female 7.3 Superior precentral dimple SPCD 15271269 88.15%




AMY

evelopment windows

w2 w3 wh ws w6 w7 w8 wo
Lincages
Tomo sapiens 4620522 45.63062| 4628162 52.52151] 54.97806] 53.60063 | 51.29821 5350605
Hominini 35.5124 | 36.89676] 36.74298| 41.3953 | 41.80997| 40.56427 | 40.88987 | 42.20634
Homininac 29.92812] 29.27995] 27.97513] 35.05604] 37.50938 352342 | 3242862 35.44774
Hominidac 46,2285 | 46.26543 | 47.00032| 57.78443| 58.3479 | 56,5743 | 55.52057| 56.28701
[ 28.89687| 28.83581] 29.84042] 36.38534] 37.00535| 362547 | 3442595 36.30717
Catarrhini 23.18839] 22.74999] 23.01007 | 27.54859] 2877981 268161 | 25.49529] 26,0044
R 6.14303 | 6.176696] 5.066764] 5586742 5.387054] 6.16752 | 6.241788] 5.90765
Haplorrhini 4693007 | 47.02942] 47.16963| 50.26871] 52.39051 ] 52.19534| 53.22792 5483741
HIP
) cvelopment windows | » w3 wd ws w6 w7 w8 w9
Lineages
Homo sapiens 45.26117] 49.05025| 49.4307 | 51.3728 | 55.39541| 53.98433 | 54.20618 52.19588
Hominini 35.35697| 36.62382] 36.57675] 40.57757] 41.73637| 39.87661| 42.41785] 39.7938
Homininae 29.68967| 30.56738| 27.53593 | 33.85399 38.12873 | 35.22263| 3605207 | 34.33535
Hominidac 473621 | 49.28135] 50.1884 | 56.69383 | 58.95368] 56.13545| 58.43054] 55.35263
i 29.71963| 32.83153| 32.30543| 35.09741| 37.56885 36.63352| 37.49305 | 35.00614
Catarrhini 25.49184] 27.98567] 28.68839] 27.63202] 29.97521] 27.32788] 2627788 26.16601
imi 6.154078] 6.487662] 6.654515] 5.730686] 5.252576] 5.562077| 5234938  5.882599
Haplorrhini 46,6258 | 47.72142] 50.33139] 48.74785 52.70611] 51.80339] 51.05484] 53.86814
NCX
cvclopment windows | ) w3 wh ws w6 w7 w8 wo
Lincages
Tomo sapiens 43.9404 | 45.84806] 46.23798] 5154553 | 52.89629] 53.60897] 51.45694] 50.38308
Hominini 33.83136] 35.68159] 35.98528 39.93415 39.67077 | 39.54965| 40.99876] 40.28699
Homininac 29.60924] 28.60004] 28.18428 32.91083| 35.23489] 35.74144] 33.26436] 3231757
Hominidac 44.94519] 45.30242| 4604361 | 54.21154] 56.39859] 55.53543 | 55.91573| 5489158
283107 | 27.85442] 28.23373| 3413943 | 35.58415] 36.73554] 35.31749] 340773
Catarrhini 22.62285] 2253665 | 23.76804] 27.68321| 28.14853 | 27.53689 26.13408 25.61506
R 5.769789] 6.124823] 645186 | 6.104333] 5.467227 ] 5.660056] 5.936162] 6.169457
Haplorrhini 46.14329] 47.80405| 49.08142] 50.23153| 52.52921] 52.76956| 53.24243 5520709

STR
cyclopment windows | -5 w3 w4 ws w6 w7 w8 w9
Lincages
47.07729| 46.8012 | 47.22401 54.55073| 56.96182] 55.85488 | 54.31063 | 55.38351
37.11685| 36.3927 [ 37.73633] 42.82705] 43.43578 | 42.16453 | 43.64754] 44.61677
Homininae 311269 | 29.27323] 3006505 38.93008| 40.77757 | 43.60597 | 39.66646 | 40.95462
Hominidae 46.7017 | 46.0248 | 48.12021 57.93416] 59.20873 | 57.92935 55.61361] 57.94253
[ 28.70765 | 28.75027] 29.23832| 37.37386] 38.17435 | 38.81252] 37.40978 | 38.09747
Catarrhini 24.5608 | 24.48883] 25.25615] 30.68546 | 31.29368 | 33.29257 29.1934 | 28.05865
8.791691| 8.045679| 8.06525 | 5.286706] 4.977894] 5.831445 5.257429 5.276077
Haplorrhini 49.23112] 50.43718] 50.26168] 52.96354] 55.69344] 62.10617 [ 58.23023 | 58.30511
MD
cvelopment windows | . w4 ws w6 . - o
Lineages
Homo sapiens 49.17842 49.91763 [ 52.78924 55.14508] 54.56933 | 53.01977] 51.57261] 53.35479
Hominini 36.83105 | 37.89695] 40.13031] 40.12427| 39.93762 | 38.77825 | 39.15466 | 40.05903
Homininae 29.10657 ] 28.28058] 29.41826] 36.92311] 36.4669 | 34.7824 | 34.65578 35.69952
Hominidac 47.36504] 49.85115] 53.48356| 58.2547 | 58.68049| 58.4373 | 56.38035 | 56.16025
i 28.49023 | 30.7136 [ 32.70236] 36.56409] 35.67997 | 35.15858 | 34.86177 35.46858
Catarrhini 26.42063 | 28.08554] 29.77106] 30.36385| 31.03726| 31.23104] 29.55463 | 29.61672
i 8.667097| 8.900873 | 8.85007 | 6.179071] 6.266805| 7.399537] 7.252118] 6.971941
Haplorrhini 54.74853| 60.0449 | 60.32_| 55.10352] 58.69297 | 59.45526 60.01368 | 60.27529
CBC
cyclopment windows | -5 w3 w4 ws w6 w7 w8 w9
Lincages
Homo sapicns 45.12821 | 45.49736] 45.54394| 4857286 48.83222 | 48.74015 | 48.94687 | 49.57007
Hominini 36.53739] 38.00795] 35.73948| 38.3954 | 36.97753 | 36.3955 | 36.30857 36.77463
Homininae 29.62942 33.15778] 29.03912| 33.00435] 32.78381 | 31.39451| 30.701 | 32.44449
Hominidae 45.06028 | 49.81105] 4648978 53.12021] 54.56465 | 55.75396] 55.51594] 54.53466
[ 29.23691 | 32.07746] 29.63529| 34.18189| 33.61512| 33.077 | 32.76475| 33.64966
Catarrhini 25.93124] 24.21058] 24.16966 26.03102] 26.55365 | 25.44603 | 25.15981] 26.05067
i 7.413842] 6.310459] 6.156361| 6.344851] 6500167 | 6.550869 | 6.320827 | 6.325887
Haplorrhini 48.72622 49.42686] 46.76037] 47.55046] 50.72567 | 51.95239] 51.54739] 53.93444




Human brain areas
Lineages

HTH

PTM

ACB

CN

FC

HIP

SPC

Cerebellum

Cortex

ACC

SN

AMY

Homo sapiens

75.97254629

75.98567358

75.97150282

75.9791275

75.9760825

75.97861746

75.97177527

75.91087673

75.97112149

75.98144211

75.98105801

75.98619094

Frontal cortex

Anterior cingulate cortex

Amygdala
Hippocampus
Putamen

Accumbens nucleus

Caudate nucleus
Hypothalamus
Substantia nigra
Spinal cord



AMY

evelopment windows

w2 w3 wd ws w6 w7 w8 w9
Lineages
Homo sapicns 76.1828 | 76.1809 | 76.1838 | 76.1353 | 76.0156 | 76.1551 | 76.114 | 76.1602
HIP

cvelopment windows| . wi ws w6 7 w8 o
Lineages
Homo sapicns 76.1839 | 76.1834 | 76.1859 | 76.1115 | 76.0606 | 76.1614 | 76.1365 | 76.1601
NCX

cvelopment windows| 3 wi ws w6 7 w8 o
Lineages
Homo sapicns 76.1722 | 76.1772 | 76.1753 | 76.145 | 76.1109 | 76.1619 | 76.1251 | 76.1594

STR

Development windows| > w3 wd w5 w6 w7 w8 w9
Lineages
Homo sapiens 76.1803 [ 76.18 | 76.1819 | 76.1085 | 76.0189 | 76.1668 | 76.097 | 76.1543
MD

Development windows| > w3 wd w5 w6 w7 w8 w9
Lineages
Homo sapiens 76.1745 | 76.1783 | 76.1768 | 76.11 76.0629 [ 76.16 | 76.0767 | 76.1466
CBC

Development windows| > w3 wd w5 w6 w7 w8 w9
Lineages
Homo sapiens 76.1787 | 76.1837 | 76.1744 | 76.1552 | 76.1205 | 76.1448 | 76.1237 | 76.127
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