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Abstract—Domestication profoundly shapes the evolutionary trajectories of both humans and animals.
Despite significant scientific interest, the genetic underpinnings of domestication, particularly those related
to behavior, remain elusive. This paradox may be reconciled by considering that behavior-associated genes
have already been identified but categorized exclusively to other functional groups. Our investigation into this
hypothesis utilized goat genome and human brain transcriptome data, focusing on the pigmentation gene
KITLG due to its frequent association with domestication. Through analysis of interpopulation covariation
between KITLG and candidate genes in the domestic goat genome (Capra hircus), we identified eight genes
evolutionarily linked with KITLG. These genes were divided into three functional categories: (i) regulation of
the glucocorticoid (GC) signal, (ii) initiation, and (iii) control of structural neuroplasticity. In the human
brain, the regional expression patterns of the corresponding transcripts were complementary and most pro-
nounced in areas associated with social interaction. We propose that a mutation in K/7LG may decrease the
activation threshold for GC-mediated neuroplasticity in these regions, enhancing the processing of social
stimuli. The association of this allele with spotted coat patterns likely facilitated its selection, with the unique-
ness of the pattern promoting selective social contacts. Consequently, the genomes of domesticated animals
is, probably, more profoundly influenced by behavioral functions than previously believed. Further research

could unveil novel functional attributes of the nervous systems in both animals and humans.
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INTRODUCTION

In the c-kit ligand gene (KITLG), signs of evolu-
tionary selection are observed in almost all domesti-
cated animal species. The gene product, a cytokine,
acts through receptor tyrosine kinase to regulate the
activation, proliferation, differentiation, and migra-
tion of various cell types, including melanocyte pro-
genitors. A common mutation in a KITLG gene is
associated with the emergence of color patterns char-
acteristic of different species of domesticated animals,
which is traditionally associated with its role in domes-
tication [1]. But the value of such selection in the early
stages of domestication is not obvious, and the
assumption of its role in adaptation to solar radiation
does not explain the selection of specific alleles exclu-
sively in domesticated animals.

An allelic variant of a gene that provides an advan-
tage in adaptation will thus be more common in the
population. Therefore, the study of interpopulation
allelic variation can serve as a tool for studying the
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mechanisms of adaptation. Goats are a good subject
for studying genetic relationships that have arisen
during domestication. This animal species was one of
the first to be domesticated, but has retained a high
genetic diversity because it has not been subjected to
intensive artificial selection. The International Society
for the Study and Protection of Genetic Resources has
created a whole genome dataset of the domestic goat.
It includes genotypes of more than 5,000 animals from
nearly 200 populations distributed across the globe
[2]. It includes both ancient and modern breeds. Thus,
these data set can be used to search for allelic variation
associated with the action of evolutionary selection.

The aim of the work was to investigate the hypoth-
esis about the possible role K/7TLG in the formation of
domesticated behavior. Three approaches were used
for this. Firstly, genes regulating cerebral processes
were identified in the genome of domestic goats,
among which, based on the commonality of disper-
sion in the interpopulation distribution of alleles,
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genes evolutionarily related to KITLG were found.
Secondly, based on open data, the expression of
mRNA of orthologs of the detected genes in the
human brain was analyzed in order to identify the
structures in which expression KITLG would be high
and correlated with the expression of one or more of
the noted genes. Thirdly, based on published works,
the structural and functional characteristics of these
genes and associated signaling pathways were ana-
lyzed.

MATERIALS AND METHODS

Analysis of genetic variation in the domestic goat.
A combined genomic dataset from our previous work
was used, which contains 38276 SNPs from 5176 ani-
mals of 188 domestic goat populations [3]. Genotyp-
ing of all populations was performed using the Goat
50K BeadChip (Illumina Inc., San Diego, CA, United
States). Using PLINK 1.9, single nucleotide polymor-
phisms (SNPs) in the gene were searched for in chro-
mosome coordinates obtained from the goat genome
annotated in Ensembl (ARS1 assembly) KITLG and
30 genes potentially associated with behavior (Table 1). It
included orthologs of human genes associated with the
expression of personality traits, genes for receptors
and transporters of serotonin and dopamine, oxytocin
and its receptors, estrogen receptors, and steroid bio-
synthesis enzymes. Minor allele frequencies (MAFs)
were calculated for the identified SNP markers in the
world population as well as for each animal population
of at least 10 individuals. The number of such popula-
tions was 178 with an average number of animals of
59 £ 2.2 (M = SEM). For all populations, the same
allele was always considered minor based on its fre-
quency in the world sample, even if it was predomi-
nant in a particular population. The mean (M), stan-
dard deviation (SD), standard error of the mean
(SEM), skewness and kurtosis were calculated to
assess the statistical distribution of the minor allele
frequency of the studied genes (Table 1).

Analysis of mRNA expression in the human brain.
mRNA expression data in the brains of six donors were
provided by the Allen Human Brain Atlas [4]. As
described, tissue samples for mRNA extraction were
obtained by serial dissection. At the first stage, 0.5—
1 cm thick brain slices were obtained, which were
divided into blocks and stored at —80°C. Then, sec-
tions 25 um thick were obtained on cryostats. Sections
(every other one) were used for histological staining or
further manual macrodissection and/or laser micro-
dissection. Manual macrodissection was used for rela-
tively large and easily identifiable brain structures,
laser microdissection was used for smaller and irregu-
larly shaped structures that required microscopic visu-
alization. Regions sampled using macrodissection
included the cerebral and cerebellar cortex, as well as
large, well-shaped subcortical nuclei such as the cau-
date, putamen, and globus pallidus. Samples of other
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subcortical nuclei, in particular the amygdala, thala-
mus and hypothalamus, as well as cerebellar nuclei,
were collected using laser microdissection. Neuroana-
tomical structures were identified based on histologi-
cal Nissl or silver staining of the remaining sections.
During macrodissection, 50 to 200 mg of tissue were
excised depending on the region. The average size of
cortical samples was 100 mg. Laser microdissection
yielded samples with an average volume of 3.6 mm?. In
total, there were about 500 samples for each hemi-
sphere of the brain. More details of these procedures,
mRNA extraction methods, use of microarrays,
expression data normalization, and donor data are
available on the project website (Allen Human Brain
Atlas, Documentation section). The ontology and
nomenclature of microstructures was compiled in
accordance with several sources and is described on
the project website in the subsection “Ontology and
Nomenclature.” To obtain numerical data, on the
main page of the brain atlas, we selected the option
“Human brain,” then “Microarray,” entered the
names of the genes of interest in the search window
and for the search results, we selected the type of color
scale of expression intensity with a resolution of
microstructures, then selected the option “Download
data.” Expression values are presented as normalized
values. To calculate paired parametric correlation
coefficients between transcript levels, data from all
donors were used simultaneously. Thus, intra- and
inter-individual variation was taken into account.

Factor analysis was performed in SPSS Statistics
v. 26. In the matrices used, the rows (“observations”)
corresponded to animal populations, and the columns
(“variables”) corresponded to minor allele frequen-
cies. The Kaiser—Meyer—Olkin (KMO) test was used
to check the adequacy of the sample. The number of
factors to be identified was determined by an eigen-
value >1. When constructing factors, the principal
component method with promax rotation and Kaiser
normalization was used. The number of iterations
during rotation was limited to 15. For identifying brain
regions that synchronously express KI/TLG and other
genes, we calculated the regression of their total dis-
persion factor for brain microstructures.

Structural and functional characteristics The
KITLG genetic covariance products were compiled
based on an analysis of literature data, including
experimental and clinical studies. The biochemical
class of molecules, participation in intracellular and
intercellular signaling processes, and the relationship
between genetic variation and the CNS phenotype
were determined.

RESULTS

Identification of genes evolutionarily related to
KITLG in a domestic goat. Table 2 shows the result of
factor analysis of minor allele frequencies. KITLG and
genes associated with behavioral regulation in the
Vol. 18

No. 4 2024
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Table 1. Characteristics of the distribution of minor allele frequencies
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SNP M SD SEM Asymmetry Excess
ABC Bl SNP_1 0.48 0.23 0.02 —0.21 —0.43
ABC Bl SNP 2 0.14 0.14 0.01 1.33 1.42
ANKK1 0.24 0.17 0.01 0.74 0.03
APOE_1 0.39 0.23 0.02 0.18 —0.71
APOE 2 0.31 0.19 0.01 0.62 0.30
BDNF 0.16 0.14 0.01 1.23 1.83
CDHI13 11 0.46 0.18 0.01 0.09 —0.11
CDHI13 12 0.23 0.19 0.01 1,12 1.15
CDHI3 13 0.40 0.22 0.02 0.14 —0.60
CNRI1_1 0.21 0.23 0.02 0.96 —0.23
CNRI 2 0.33 0.19 0.01 0.62 —0.06
comMT 1 0.22 0.18 0.01 1.07 1.19
COMT 2 0.42 0.26 0.02 0.26 —0.87
CYPI11Al 0.22 0.22 0.02 1.02 0,00
CYPI7AIA_SNP 1 0.35 0.35 0.03 0.49 —1.25
CYP174A1A_SNP_2 0.33 0.33 0.02 0.63 —1.00
CYPI9AI 0.35 0.19 0.01 0.59 0.20
CYPIAI 0.44 0.19 0.01 0.31 —0.32
CYP26B1_SNP_1 0.24 0.19 0.01 0.62 —0.20
CYP26B1_SNP 2 0.49 0.24 0.02 —0.01 —0.66
CYP26B1_SNP_3 0.34 0.23 0.02 0.62 —-0.29
DGKH 1 0.39 0.21 0.02 0.01 —0.47
DGKH 2 0.46 0.25 0.02 0.18 —0.85
DGKH 3 0.49 0.22 0.02 0.25 —0.27
DRD2 1 0.43 0.19 0.01 0.19 —0.35
DRD2 2 0.50 0.17 0.01 —0.10 —0.08
E2R 1 0.43 0.30 0.02 0.66 —0.82
E2R 2 0.32 0.24 0.02 0.66 —0.39
E2R 3 0.43 0.30 0.02 0.47 —0.98
E2R 4 0.48 0.28 0.02 —0.16 —1.13
E2R 5 0.41 0.29 0.02 0.09 —1.28
FAAH 1 0.43 0.24 0.02 0.25 —0.79
FAAH 2 0.20 0.19 0.01 0.95 —0.18
GABRA2 1 0.44 0.26 0.02 0.12 —0.95
GABRA2 2 0.42 0.18 0.01 —0.10 0.25
HSDIIBI 1 0.48 0.20 0.02 —0.42 —0.50
HSDIIBI 2 0.35 0.26 0.02 0.18 —0.95
HTR2A4 0.44 0.26 0.02 0.22 —0.67
KITLG 0.23 0.27 0.02 1.06 0.03
LEP 1 0.41 0.21 0.02 0.39 —0.11
LEP 2 0.12 0.16 0.01 1.95 4.13
NPY 0.46 0.21 0.02 —0.02 —0.44
OXT 1 0.40 0.21 0.02 0.31 —0.45
OXT 2 0.36 0.19 0.01 0.23 —0.11
OXTR_ 1 0.43 0.25 0.02 0.25 —0.78
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SNP M SD SEM Asymmetry Excess
OXTR_ 2 0.37 0.19 0.01 0.45 0.12
P2RX7 1 0.22 0.18 0.01 0.86 —0.05
P2RX7 2 0.40 0.21 0.02 —0.08 —0.17
PER3 0.06 0.09 0.01 3.1 15.04
SLC6A4 0.34 0.17 0.01 0.37 0.42

world domestic goat populations. A total of 12 factors
were identified, explaining 71% of the total variance.
Minor allele frequency KITLG was included in the
first factor, explaining 15% of the total variance, which
indicates a significant proportion of the total variabil-
ity associated with KI/TLG. When this variable was
excluded, the matrix ceased to be positively definite.
Thus, MAF KITLG determined the structure of the
factor matrix and the very possibility of its construc-
tion. This confirms the assumption that the role
KITLG in the evolution of domesticated animals could
be associated with the regulation of behavior. In addi-
tion to KITLG, the first factor included the allele fre-
quencies of 8 genes: CYPI1IAI and HSD11B1, genes of
enzymes of synthesis and local transformation of glu-
cocorticoids; genes CNRI and FAAH, endocannabi-
noid receptor and its ligand degradation enzyme;
genes DGKH and P2RX7, diacylglycerol and purine
receptor kinases that regulate the activities of intracel-
lular Ca*™"-dependent signaling pathways; gene
GABRA2, GABA receptor subunits, as well as the gene
CDH 13, T-cadherin, which, like KITLG, is a trophic
factor and regulator of chemotaxis in the central ner-
vous system.

Analysis of expression of KITLG and evolutionarily
associated genes in the human brain. In the human
brain (Allen atlas), the expression of the 8 genes noted
above and KITLG had a complementary regional pro-
file, unidirectional with CNRI, CDHI13, DGKH,

Factor
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0.4
0
-0.4
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Number of structures
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Fig. 1. Distribution of the total dispersion factor of mRNA
expression levels of genes KITLG, FAAH, 11BHSD1, and
DGKH in the microstructures of the human brain
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GABRA2, HSDI1IBI, and multidirectional with
P2RX7, FAAH, CYP11A (Table 3 and 4). According to
the correlation module, HSDI11BI1, DGKH and FAAH
were associated to the greatest extent with KITLG
expression (Table 4). Figure 1 shows the distribution
of the latent variable of the commonality of expression
variance of the three specified genes in 407 micro-
structures. It is clear that it deviates from random: in
the region of high values, two inflection points stand
out (0.60 and 0.95), to the left of which the slope of the
distribution function increases — that is, the value of
the factor in these structures higher than would be
expected from its distribution. The number of struc-
tures with a factor value greater than 0.95 was 23
(Table 5). According to these data, the highest syn-
chronous expression of these genes was observed in
the cingulate and paraterminal gyri, parahippocampal
gyrus, insular cortex, anterior frontotemporal cortical
regions of the limbic system, in the lateral and basolat-
eral nuclei of the amygdala in the caudal subgroup of
the intralaminar group of nuclei of the thalamus,
amygdalohippocampal transition zone, and field CA1
of the hippocampus. Minimal expression was
observed in the lower diencephalon, facial nerve
nuclei, white matter, and the midbrain as a whole. In
the dentate gyrus, the values of the total variance fac-
tor were also low: —0.98 on the right and —0.86 on the
left.

Functional characteristic of genetic covariance of
KITLG. Table 6 shows the structural and functional
characteristics of the products of the studied genes
that revealed an association with KITLG.

DISCUSSION

We identified genes potentially involved in the
behavior evolution during domestication, as well as
brain regions where synchronous expression of their
corresponding transcripts was observed. Of greatest
interest is the joint functional activity of these genes,
which contributed to interspecies behavioral adapta-
tion. Gene KITLG and all 8 genes associated with it
were found to be linked to neuroplasticity processes—
which is natural, since any gene expressed in the ner-
vous system is involved in one way or another in neu-
roplasticity—that is, in adaptation to the external and
internal environment at the level of nervous tissue.
The association of the noted genes with neuroplasti-
Vol. 18

No. 4 2024
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Table 2. Factor analysis of minor allele frequencies of behavioral genes and KI/TLG in goat populations (factor loadings are given)

Factor
1 1I 111 v A\ VI VII VIII IX X XI XII
% explained dispersion

15.2 14.3 6.3 4.4 4.2 4.1 33 3.2 3.1 3.1 2.9 2.8
KITLG 0.91 0.15 | —-0.07 |—0.20 0.01 | —0.16 |[—0.05 0.01 0.08 [—0.02 0.09 |—0.05
CNRI 1 0.84 | —0.17 0.07 | —0.02 0.13 0.13 0.02 | —0.12 |—-0.05 |—0.05 0.19 |-0.02
FAAH 2 0.83 | —0.02 0.06 0.07 0.30 |—0.21 0.03 0.20 0.10 |—0.21 |—0.10 | —0.14
DGKH 2 0.75 {—-0.08 | —0.02 |[—0.27 0.11 |—-0.09 |—0.03 0.09 0.12 0.01 |—0.24 0.02
CYPIIB1 2 —0.69 | —0.46 | —0.09 0.03 0.39 | —-0.11 |[—0.05 | —0.14 0.02 0.06 |—0.01 | —0.10
CYP26B1 —0.64 | —0.09 | —0.03 0.06 |-0.31 |-0.17 | —0.15 0.19 |—-0.09 0.33 0.01 0.09
P2RX7 1 0.62 | —0.27 |—-0.09 0.13 | —-0.17 0.33 [—0.02 0.12 0.23 0.06 0.14 |—0.08
HSDIIBI 1 —0.57 | —-0.18 0.03 |—0.02 [—0.09 | —0.11 0.00 0.40 0.20 0.25 |—0.08 0.14
GABRA2 —0.55 0.30 0.00 0.28 0.16 0.02 0.05 0.08 0.38 0.05 [—0.05 |—0.02
CDHI3 12 0.53 0.00 0.00 0.38 0.21 |—0.04 {—0.09 |—-0.03 | —0.14 0.05 |—0.04 0.02
DRD2 2 —0.18 |—0.79 0.06 | —0.30 0.30 0.03 0.08 0.20 0.10 |—0.02 0.12 0.10
LEP 2 —0.08 0.76 |—0.01 | —0.17 0.14 |—-0.21 | —0.13 0.20 0.10 0.06 0.13 |—0.05
COMT 2 0.35 0.73 | —-0.02 0.01 0.11 |—-0.07 0.06 0.02 0.02 0.21 0.05 0.21
PER3 0.13 0.64 0.04 | —0.19 | —0.17 0.08 |—0.09 | —0.09 0.16 0.18 |—0.02 | —0.17
ABC Bl SNP 1 0.18 |—0.58 | —0.07 |—-0.08 |—0.05 |—0.22 |—0.04 [—0.02 |—0.06 0.19 |-0.13 |—-0.01
APOE 1 —0.53 0.54 0.03 |—0.06 | —0.11 0.00 0.14 | —-0.08 | —0.16 0.11 |[—-0.05 | —0.13
comMT 1 —0.26 0.48 0.05 0.10 0.22 0.09 0.10 0.06 | —0.17 0.21 0.03 0.31
CYPI7A1A 2 —0.08 0.43 | —0.18 0.00 0.34 0.17 | —0.18 0.32 {—0.23 |—0.28 |—0.30 0.06
E2R 4 0.03 |—0.01 | 093] 005 | 001 [—0.13 | 023 | 0.00 [—0.08 | 0.01 [—0.04 [—0.04
E2R 1 0.00 |—0.03 |-0.92 |—0.09 |-0.07 |-0.03 | 0.00 |-0.04 | 0.07 [—0.12 [-0.03 | 0.28
E2R 3 —0.01 |—0.04 |—0.88 |—0.02 | 0.04 | 0.09 | 0.19 |—0.02 |—0.08 |—0.04 | 0.00 | 0.14
E2R S ~0.03 |-0.08 | 0.62 |—0.04 | 0.06 | 0.05 |—0.53 |—0.08 |—0.05 | 0.01 |-0.06 | 0.07
SLC6A4 —0.28 | —0.03 0.04 0.88 0.26 0.44 | —0.02 0.06 0.11 0.01 |—0.06 | —0.12
FAAH 1 —0.01 |[—-0.05 0.08 0.78 0.17 |—0.26 0.12 0.01 0.10 |—-0.22 0.11 0.05
DGKH 3 —0.28 0.04 | —0.05 0.53 | —-0.41 |—-0.02 [—0.02 | —0.13 |[—0.02 |—0.26 0.06 0.22
HSDIIBI 2 0.32 |—-0.25 {—-0.03 0.35 | —0.18 | —0.29 0.03 0.16 |—0.08 |—0.07 |—-0.27 |—0.07
ABC Bl 2 0.24 0.02 0.06 0.28 0.84 0.00 | —0.15 0.03 0.02 | -0.26 0.03 0.00
HTR2A4 —0.04 0.35 | —0.07 0.16 0.49 | -0.14 |—-0.03 | —0.17 0.38 0.11 0.01 |[—-0.06
DRD2 1 —0.11 |—0.02 0.25 | —0.17 |—0.34 0.22 0.28 0.02 0.13 |-0.16 | —0.13 0.19
ANKK1 —0.04 0.16 |—0.03 [—0.29 0.33 0.03 | —0.03 {—0.28 0.30 0.03 0.00 0.04
P2RX7 2 0.26 | —0.10 | —0.10 0.01 |[—0.08 0.78 | —0.18 0.10 | —0.07 0.15 0.23 0.04
APOE 2 —0.22 0.13 | —0.06 0.08 0.05 0.77 0.04 0.00 0.04 0.01 0.00 | —0.16
OXTR 1 —0.03 |-0.06 | 0.09 | 0.2 [—0.15 [—0.02 | 0.93 [—0.03 [—0.08 | 0.02 | 0.05 [—0.25
E2R 2 0.04 | 011 | 045 | 011 | 010 | 013 |—0.76 | 0.00 | 0.10 | 0.06 [—0.01 | 0.05
OXTR 2 —0.03 | —0.07 0.07 0.13 0.30 0.10 0.33 | —0.03 | —0.31 0.21 0.09 | —0.07
CDHI3 9 —0.10 0.00 0.00 |—0.04 |—-0.02 |—0.06 0.04 |—0.93 | —0.04 |—0.02 0.16 0.25
GABA2 0.00 0.19 0.02 0.00 |—0.02 0.02 0.08 0.64 0.52 | —0.11 0.27 |-0.06
BDNF 0.16 | 0.03 [—0.03 ] 012 | 003 ] 002 [-010] 018 | 0.98 | 018 | 027 | 0.3
NPY 0.38 | —0.11 [—0.03 | 018 | 027 [—0.08 | 0.07 | 0.00 [—0.24 [-0.90 | 0.21 | 0.08
CYPI11BI 1 0.30 | 026 | 010 [-0.27 [|-0.02 | 017 | 0.09 | 0.02 [-0.07 | 0.43 | 0.03 [—0.03
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Factor
1 1I 111 v \ VI VII VIII IX X XI XII
% explained dispersion

15.2 14.3 6.3 4.4 4.2 4.1 33 3.2 3.1 3.1 2.9 2.8

CNRI 2 0.34 | —0.10 0.08 0.33 0.01 |—-0.17 0.13 | -0.14 0.39 0.41 [ —-0.09 0.15
DGKH 1 0.13 0.06 |—0.03 0.04 0.04 0.16 0.07 |—0.08 0.36 | —0.18 0.93 0.07
LEP 1 —0.37 0.12 0.05 |—-0.04 | —0.11 |—0.34 |—0.05 0.02 | —0.13 |—-0.21 0.50 | —0.18
OXT 2 —0.10 [—0.05 |—0.35 0.00 |—0.08 [—0.07 |—0.24 |—0.22 0.17 |—0.02 0.04 0.77
OXT 1 —-0.06 |—0.07 0.48 [—0.09 0.04 | —0.12 | -0.16 |—0.12 0.04 |—-0.23 0.04 0.54

The Kaiser—Meyer—Olkin (KMO) measure of sampling adequacy was 0.73, and the Bartlett’s test of sphericity was 4464 (p < 0.001)

Table 3. Correlations of normalized gene expression values in the human brain (n = 417, ** p < 0.01)

KITLG | GABRA2 | CYPIIA | HSD1IB| CNRI DGKH | P2RX7 | FAAH | CYPIIB | CDHI3
KITLG 1.00 0.375%* | —0.227** | 0.483**| 0.068**| 0.317** | —0.048** | —0.265** | 00.00 0.328**
GABRA2 | 0.375**| 1.00 —0.237*%* | 0.657** | 0.512** | 0.277**| —0.078** | —0.210** | 0.01 0.452%*
CYPIIA |—0.227*%|—-0.237** | 1.00 —0.255%* | —0.391** | —0.168** | 0.100** | 0.173** | —0.126** | —0.112**
HSDI1IB | 0.483**| 0.657** | —0.255**| 1.00 0.352** | 0.033* 0.124** | —0.134** | —0.120** | 0.698**
CNRI1 0.068**| 0.512** | —0.391** | 0.352**| 1.00 0.209** | —0.207** | —0.127** | 0.079** | 0.077**
DGKH 0.317*%* | 0.277** | —0.168** | 0.033* 0.209**| 1.00 —0.300** | —0.119** |  0.078** | —0.308**
P2RX7 —0.048**| —0.078** | 0.100** | 0.124** | —0.207** | —0.300** | 1.00 0.569** | —0.087** | 0.386**
FAAH —0.265** | —0.210** |  0.173** | —0.134** | —0.127** | —0.119** | 0.569**| 1.00 —0.045**| 0.02
CDHI3 0.328%* |  0.452%* | —0.112** | 0.698**| 0.077**|—0.308**| 0.386**| 0.02 —0.114** | 1.00

city was pronounced and was noted in other studies as
their key characteristic. The functions of these genes,
critical for the implementation of neuroplasticity,
allow us to classify them into three categories of pro-
cesses in relation to it:

(1) Initiation and implementation: KITLG,
CDH13, P2RX7, and DGKH.
2) Glucocorticoid-dependent regulation:

HSDI1BIand CYPIIAI

(3) Control and inhibition: CNRI, FAAH, and
GABRA2.

The association between KITLG and HSD11B1was
the most expressed of all gene combinations both at
the level of genomic covariance and as a complemen-
tary expression profile in the human brain. KITLG
may mediate the effect of GC on neuroplasticity pro-
cesses, since it contains a glucocorticoid-responsive
element (GRE). Binding of GRE to the nuclear GC
receptor causes inhibition of expression KITLG [21].
Based on this, it could be hypothesized that the muta-
tion in KITLG affected the GRE site, weakening the
control of KITLG expression and thereby facilitating
the implementation of neuroplasticity processes.

NEUROCHEMICAL JOURNAL

However, in the human limbic system KI/7TLG and
11HSDBI were expressed synchronously (Table 4).
This suggests that their effects have the same direction.
Experimental data allow us to identify such a mecha-
nism in the hippocampus, where glucocorticoids are
central regulators of neuroplasticity [22]. The KITLG
promoter also contains the NfKB binding site. Simul-
taneous binding of NfKB and GRE causes a transient
increase in KITLG expression, preceding inhibition
[21]. Activation of NFkB by cytokines has traditionally
been associated with inflammation. However, in the
hippocampus, interleukin 1f (IL1P) is secreted con-
stitutively by neurons [23]. In the dorsal hippocam-
pus, acute stress induces a rapid release of IL1p that is
mediated by P2RX7 [24]. Interestingly, KITLG func-
tions in embryogenesis, during blastocyst implanta-
tion into the endometrium, are also related to punctate
remodeling of the extracellular matrix with ILIf
expression [21].

The signaling pathway common to the 8 genes
studied and KITLG is the KITLG-activated phospha-
tidyl inositol signaling pathway. Presence of glucocor-
ticoid-responsive elements in promoter regions of
KITLG and CDH 13, which jointly regulate focal adhe-
Vol. 18

No. 4 2024
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Table 4. Regional expression levels in the human brain (normalized values). In the color gradient, red corresponds to high
expression values. The bottom line shows the correlation coefficients (for all, p < 0.01)

Structure_name KITLG |GABRA2 | CDHI3 |HSDIIB | CNRI | DGKH | P2RX7 | FAAH | CYPIlIA
Dorsal thalamus 1.73 —0.74 0.01 —0.31 —2.32 0.98 0.26 0.08 0.54
Occipital lobe 0.63 0.32 0.46 0.43 —0.02 —0.25 0.20 —0.34 —0.71
Parietal lobe 0.56 0.39 0.66 0.67 0.18 —0.25 0.13 —0.34 —0.44
Frontal lobe 0.52 0.44 0.80 0.83 0.40 —0.19 0.09 —0.23 —0.44
Cingulate gyrus 0.44 0.56 0.77 0.85 0.51 —0.11 0.17 —0.22 —0.24
Amygdala 0.42 1.64 0.12 0.74 0.72 0.18 —0.36 —0.03 0.33
Parahippocampal gyrus 0.38 0.72 0.45 0.80 0.43 0.28 0.04 —0.08 —0.25
Epithalamus 0.37 —0.83 —1.39 —1.74 —1.23 —1.39 —0.77 —0.67 1.30
Temporal lobe 0.37 0.52 0.66 0.82 0.38 —0.15 0.11 —0.30 —0.54
Insula 0.27 0.63 0.94 0.86 0.52 —0.01 0.11 —0.27 —0.52
Claustrum 0.05 1.35 —0.08 0.86 —0.05 1.03 1.11 0.03 —0.23
Hippocampal formation | —0.15 1.15 —0.55 0.15 0.56 1.04 —0.99 0.14 0.09
Striatum —0.24 0.85 —1.10 —0.25 0.86 2.11 —0.36 0.18 0.30
Sulci & spaces —0.39 - 347 | —200 | =357 | —195 | —2.79 1.57 2.41
Cerebellar nuclei —0.46 —1.55 —0.26 —1.39 —0.60 —1.06 1.15 0.68 0.74
Basal forebrain —0.51 0.81 —0.23 —0.38 0.24 0.17 —0.12 0.58 0.49
Cerebellar cortex —0.56 —1.26 —2.23 —1.52 0.66 0.78 —1.21 —0.42 —0.62
Basal part of pons —0.81 —1.67 —1.11 —0.38 —3.12 —0.75 —0.28 —0.20 2.07
Myelencephalon —0.83 —0.99 —0.05 —0.79 —0.75 —0.89 0.54 0.88 1.36
Ventral thalamus —0.83 —1.22 1.08 —0.83 —0.95 —0.81 2.17 2.33 0.56
Hypothalamus —0.88 0.17 —0.05 —0.58 —0.16 —0.61 —1.03 —0.43 0.08
Mesencephalon —0.99 —1.02 —0.08 —0.98 —0.51 —0.46 0.25 0.33 0.80
Pontine tegmentum —1.30 —0.76 —0.27 —1.02 —0.54 —1.01 0.41 0.40 1.01
‘White matter —1.67 —1.78 —0.91 —2.36 —2.31 —1.88 3.46 3.33 —0.75
Globus pallidus —2.06 —0.71 —0.34 —1.09 —0.97 —1.22 2.25 1.13 0.34
Subthalamus —2.16 —1.78 0.06 —0.62 0.68 —1.51 1.28 1.57 0.40
R 1 0.39 0.23 0.58 0.14 0.53 —0.40 —0.61 —0.23

sion and chemotaxis, as well as the links of these genes
with enzymes that enhance the intracellular glucocor-
ticoid signal (CYPI11A1, HSDI11BI), indicates that
GCs act as regulators of KITLG-mediated neuroplas-
ticity, which is, probably, associated with the reorgani-
zation of neural networks.

Thus, the data of the present work indicate a pro-
found role of glucocorticoids and K/TLG in domesti-
cation suggesting that a mutation in the KITLG gene
led to a change in glucocorticoid control over neuro-
plasticity processes in brain areas associated with
social interaction, thereby increasing its effectiveness.
Spotting, also a result of mutation in K/TLG, could
have become a catalyst for domestication, since it
allowed individuals of different species to easily distin-

NEUROCHEMICAL JOURNAL Vol. 18
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guish each other and thus interact long-term and
selectively.

The connection discovered between K/TLG, a gene
initially associated with pigmentation, and genes reg-
ulating neuroplasticity indicates that the genome of
domesticated animals may be more specialized in reg-
ulating behavioral processes than previously was
shown. In fact, even a minimal link between a gene
and behavior could determine its further selection if
the gene polymorphism also had a phenotypic mani-
festation detectable by humans. Thus, during the pro-
cess of domestication, the association of many genes
with behavior may have been strengthened as a result
of the selection of new and previously existing alleles,
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Table 5. Structures with the highest values of the total dispersion factor of mRNA expression of the genes KITLG, FAAH,
11BHSDI1, DGKH in the human brain

Microstructure Normalized common variance for expression
values KITLG, FAAH, 11BHSD1, DGKH
Parolfactory gyri, right 1.435756
Lateral nucleus, right 1.42779
Frontal pole, right, medial aspect 1.363383
Frontal pole, left, medial aspect 1.245791
Frontal pole, right, inferior aspect 1.245178
Temporal pole, right, superior aspect 1.183644
Basolateral nucleus, left 1.135082
Frontal pole, right, superior aspect 1.12694
Superior rostral gyrus, right 1.091031
Amygdalohippocampal transition zone, right 1.082773
Lateral nucleus, left 1.054398
Long insular gyrus, right 1.034494
Basomedial nucleus, left 1.033235
Medial orbital gyrus, right 1.032336
Superior frontal gyrus, right, medial bank of gyrus 1.029286
Inferior rostral gyrus, right 1.023999
Inferior frontal gyrus, opercular part, left 0.999864
Superior rostral gyrus, left 0.996167
Posterior orbital gyrus, right 0.995277
Inferior frontal gyrus, opercular part, right 0.994522
Temporal pole, right, medial aspect 0.993474
Temporal pole, left, superior aspect 0.991006
Parolfactory gyri, left 0.974587
Occipital pole, left, lateral aspect 0.970754
Paraterminal gyrus, right 0.968393
Supramarginal gyrus, right, superior bank of gyrus 0.967676
Basolateral nucleus, right 0.960092
Cingulate gyrus, frontal part, left, superior bank of gyrus 0.952045
while in other species it was less significant and, per- FUNDING
haps, not described. This work was supported by the Russian Science Foun-
dation, project no. 22-76-10053.
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Table 6. Structural and functional characteristics of K/TLG and associated genes

Gene Product Biochemical Signaling pathways, intercellular interactions. Effects of genetic
functions variation on CNS function (if described)

KITLG KIT ligand, Cytokine, c-kit | A signal of positive chemotaxis, differentiation and activation. In cul-

stem cell factor | agonist. receptor | ture, it supports the survival of rat and chicken neurons that express the
(SCF), c-kit tyrosine kinase. |c-kit receptor [5]. In the brain, the highest levels of KITLG mRNA are
ligand Factor of survival | found in the thalamus, neocortex and cerebellum [6]. In addition, c-kit
and positive che- | is expressed in neuroproliferative zones [7].
motaxis. The KITLG receptor is a tyrosine kinase that activates the regulatory
subunit of phosphatidylinositol 3-kinase, a key mediator of stress-
induced plasticity processes in the hippocampus, including neurogene-
sis and synaptogenesis [8, 9].
Stimulates the migration of neuronal progenitor cells into the area of
action of the stress factor [10], activates microglia, stimulates the
release of vesicles.

CDH13 T-cadherin An atypical Two fatty acids in the hydrophobic phosphatidylinositol group anchor
member of the | T-cadherin to the cell membrane. It acts as a signaling receptor
cadherin family, |involved in environmental sensing and regulation of cell motility, pro-
it does not con- |liferation and phenotype. T-cadherin expression levels correlate with
tain a cytoplas- | cell proliferative potential. T-cadherin acts as a negative chemotiaxis
mic domain. signal. Acts as a negative regulator of axonal growth during neuronal

differentiation [11]. Genetic variation has been linked to autism and
attention deficit/hyperactivity disorder [12]. It is localized in inhibitory
presynaptic endings where it modulates GABA transmission. In mice,
during embryogenesis, it regulates the migration of 5-HT neurons from
the raphe nuclei to the prefrontal cortex, and gene knockout enhances
serotonin innervation in the prefrontal cortex. [11], which potentially
links the role of the gene with the formation of selectivity of serotonin
effects in the prefrontal cortex.

T-cadherin is also specifically expressed in Golgi cells in the cerebellar
cortex, and inhibition of its expression in the cerebellum does not
affect motor functions but disrupts cognitive functions and increases
the frequency of social interactions, but at the same time leads to a loss
of selectivity of the latter [11].

The T-cadherin gene contains a GC-responsive element that inhibits
its expression.

CYPI11BI |11B-hydroxylase |Addsan OH Catalyzes the final reaction of glucocorticoid biosynthesis, key regula-
group to 11- tors of hippocampal neuroplasticity [13].
deoxycortisol Genetic variation has been associated with autism spectrum traits and
and 11-deoxy- | Asperger syndrome [12].
corticosterone,

converting them
into cortisol and
corticosterone.
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Gene

Product

Biochemical
functions

Signaling pathways, intercellular interactions. Effects of genetic
variation on CNS function (if described)

11B-HSD

11B-hydroxys-

teroid dehydroge-
nase type 1

Locally restores
cortisol from
corticosterone

Reconstituting cortisol from corticosterone amplifies local glucocorti-
coid action in most mammals, for which cortisol serves as the primary
glucocorticoid hormone [14]. In the brain, it is expressed by neurons
and microglia, participating in the regulation of stress response and
neuroinflammatory reactions. Since the enzyme helps accelerate the
action of glucocorticoids, it may contribute to both more effective ter-
mination of the neuroinflammatory response under the influence of
glucocorticoids and the damaging effects of these hormones with pro-
longed exposure to them. Mediates differential regulation of memory
depending on the stressor. The activity of the enzyme is enhanced by
epileptogenesis [15].

DGKH

diacylglycerol
kinase eta

Phosphorylates
diacylglycerol
(DAG) to form
d-phosphatidic
acid

Regulator of intracellular Ca-associated signaling pathways. It inter-
rupts the signaling of DAG, which together with inositol triphosphate
(IP3) diacylglycerides are formed from membrane phospholipids as a
result of phospholipase C activity. IP3 diffuses into the cell where it
causes the release of calcium from the endoplasmic reticulin, DAG
remains bound to the membrane due to its hydrophobicity, but also
potentiates calcium-dependent processes, facilitating the activation of
protein kinase. By displacing the enzyme from the membrane into the
cytoplasm DGKH transfers the phosphoric acid residue to the free car-
bon atom of glycerol, forming phosphatidic acids, which also partici-
pate in the regulation of Ca-dependent processes, in particular,
facilitating the formation of vesicles by changing the properties of its
membrane. In the absence of phosphorylation, diacylglycerides are
hydrolyzed to form fatty acids, in particular arachidonic acid, which is
a precursor to anandamide and other endocannabinoids.

It regulates LTP and LTD, genetic variation has a strong association
with the risk of developing bipolar personality disorder [16].

P2RX7

Purinoreceptor 7

Ligand-gated ion
channel

P2X7R is expressed by glutamatergic pyramidal neurons of the hippo-
campus and non-neuronal cells: astrocytes, oligodendrocytes and
microglia. [17]. Opens the gates into the cytoplasm for divalent cations
by binding purines. Recognizes extracellular ATP-dependent apopto-
sis. Regulator of intracellular Ca-associated signaling pathways. Regu-
lator of neuroinflammation. It activates myeloid cells, induces the
expression of Interleukin-1-beta, causes degranulation of mast cells
and activation of microglia. Regulator of neuroinflammation. It causes
long-term enhancement of LTP [18].

CNRI

Endocannabinoid
receptor type 1

G protein-cou-
pled receptor of
the endocanna-
binoid system

The central element of the endocannabinoid system. The level of endo-
cannabinoids increases under the influence of GC, and the endocan-
nabinoids themselves limit the development of the stress response,
including neuroinflammation. Mediates the effects of glucocorticoids
on the consolidation of aversive memories [19].

FAAH

Fatty acid amide
hydrolase

Integral mem-
brane enzyme
that hydrolyzes
endocannabi-
noids and related
signaling lipids

The main catabolic enzyme of fatty acid amides, particularly anan-
damide and other endocannabinoids. It is highly expressed in the lim-
bic system. Inhibits the activity of endocannabinoids. Dexamethasone
regulates endocannabinoid metabolism by inhibiting FAAH activity
[19].
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Gene Product Biochemical Signaling pathways, intercellular interactions. Effects of genetic
functions variation on CNS function (if described)

GABRAZ2 | Alpha subunit Ligand-gated Like endocannabinoids, it acts as a protective element against the dam-
of the GABA-A | Cl-channel, aging effects of own reactions caused by social stress. Activation of the
receptor GABA receptor |receptor reduces anxiety and inhibits neuroinflammatory reactions.

(subunit) The variation is associated with anxiety disorders, Asperger’s syn-
drome, bipolar disorder and schizoaffective disorder [20].
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