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Abstract. Copy number variations (CNVs), which represent a significant source of genetic diversity on the Y
chromosome in mammals, have been shown to be associated with the development of many complex phenotypes,
such as reproduction and male fertility. The occurrence of CNVs has been confirmed on the Y chromosome in
horses. However, the copy numbers (CNs) of Equus caballus Y chromosome (ECAY) genes are largely un-
known. To demonstrate the copy number variations of Y chromosome genes in horses, the quantitative real-time
polymerase chain reaction (qPCR) method was applied to measure the CNVs of the eukaryotic translation initi-
ation factor 1A Y (EIF1AY), equine testis-specific transcript on Y 1 (ETSTY1), equine testis-specific transcript
on Y 4 (ETSTY4), equine testis-specific transcript on Y 5 (ETSTY5), equine transcript Y4 (ETY4), ubiquitin ac-
tivating enzyme Y (UBE1Y), sex determining region Y (SRY), and inverted repeat 2 Y (YIR2) across 14 Chinese
domestic horse breeds in this study. Our results revealed that these eight genes were multi-copy; furthermore,
some of the well acknowledged single-copy genes such as SRY and EIF1AY were found to be multi-copy in this
research. The median copy numbers (MCNs) varied among different breeds for the same gene. The CNVs of
Y chromosome genes showed different distribution patterns among Chinese horse breeds, indicating the impact
of natural selection on copy numbers. Our results will provide fundamental information for future functional
studies.

1 Introduction

The mammalian Y chromosome stands out from the rest of
the genome because it is male specific, constitutively hap-
loid, and exhibits unique structural and functional features
(Skaletsky et al., 2003). This has led to a correspondingly
unusual genomic landscape, rich in segmental duplications,
which provide ample substrate for the generation of copy
number variations (CNVs). CNVs, a major source of ge-
netic variation between individuals, include deletions, dupli-
cations, and complex rearrangements typically larger than 50
base pairs to over several megabase pairs (Mb) in size. The
male specific region of the Y chromosome (MSY) contains
clusters of genes essential for male reproduction (Tüttelmann
et al., 2011; Chang et al., 2013; Yue et al., 2013). In humans,
CNVs of the testis-specific protein, Y-encoded (TSPY) have
been found to be associated with semen quality and repro-

duction via the regulation of cell division in the process of
spermatogenesis (Vodicka et al., 2007). In cattle, the CNVs
of Y-linked genes also affect male fertility and play an impor-
tant role in spermatogenesis (Hamilton et al., 2012; Chang et
al., 2013; Yue et al., 2013). However, information about the
annotation and transcriptome of horse MSY is still lacking.

Horses have played an instrumental role in transportation,
agriculture, and warfare and have been faithful companions
of humans since their domestication. Since the 1900’s, due to
the continuous development of combustion engine, the use
of horses has gradually ceased. However, horses have not
faded from human life. In many countries, horses have be-
come domestic animals of both social and economic value
(Yang et al., 2010). Although, the genetic variants that under-
lie the phenotypic diversification of horse breeds are poorly
understood. Systematic discovery of the Y chromosome of
Equus caballus (ECAY) genes started in 2004 (Raudsepp et
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al., 2004). A detailed MSY gene catalogue was developed for
the horse, with 37 horse MSY genes/transcripts being iden-
tified. The horse MSY harbors 20 X-degenerate genes and
17 acquired or novel genes (Paria et al., 2011); however, the
specific CNVs of these genes have not been investigated.

In order to estimate the copy numbers of Y-linked genes
in horses and compare the CNVs between different Chinese
horse breeds, three X-degenerate genes, eukaryotic transla-
tion initiation factor 1A Y (EIF1AY), sex determining re-
gion Y (SRY), and ubiquitin activating enzyme Y (UBE1Y),
were chosen to have their copy numbers determined in this
study. SRY is a well-known sex determination gene and
the confirmation of its copy numbers will be helpful to
form a better understanding of its structural and functional
characters. EIF1AY and SRY genes were identified as sin-
gle copy (Paria et al., 2011). Copy numbers of UBE1Y or-
thologs were identified in other species (cats, pigs, and mice)
(Mitchell et al., 1991; Quilter et al., 2002; Pearks Wilker-
son et al., 2008), and the UBE1Y gene was considered to
be multi-copy in horses (Paria et al., 2011). However, the
copy number range of UBE1Y has not previously been pro-
vided. Five Y-ampliconic genes, equine testis-specific tran-
script on Y 1 (ETSTY1), equine testis-specific transcript on
Y 4 (ETSTY4), equine testis-specific transcript on Y 5 (ET-
STY5), equine transcript Y4 (ETY4), and inverted repeat 2
Y (YIR2), were all identified as multi-copy genes (Paria et
al., 2011), but the ranges of copy numbers variations were
inconclusive. Therefore, we investigated the CNVs of these
eight Y chromosome specific genes in Chinese horses using
the quantitative real-time polymerase chain reaction (qPCR)
method. Our results will provide fundamental information re-
garding the copy numbers for horse Y chromosome genes,
which will benefit future functional studies.

2 Materials and methods

2.1 Sample collection

Blood samples of 302 male horses were collected from 14
Chinese domestic breeds distributed in northwestern and
southwestern China (Table 1). In addition, samples from
two female horses were also collected to be used as fe-
male controls and water was used as a negative control; this
was undertaken to verify the male specificity of the primers.
The genomic DNA was extracted using a standard phenol–
chloroform method (Sambrook and Russell, 2002). The DNA
concentrations were diluted to 20 ngµL−1 with ultrapure wa-
ter and stored at −20 ◦C.

2.2 Primer design

CNVs of eight Y chromosome specific genes, EIF1AY, ET-
STY1, ETSTY4, ETSTY5, ETY4, UBE1Y, SRY, and YIR2,
were investigated in this study. Because the sequence of
horse Y chromosome is still lacking, copy numbers remain

Table 1. Sample information for the 14 chosen Chinese horse
breeds.

Breed Abbre- Sample Source region
viation size

Balikun BLK 13 Balikun County, Xinjiang
Baise BS 37 Baise County, Guangxi
Chaidamu CD 17 Chaidamu, Qinghai
Chakouyi CKY 30 Tianzhu County, Gansu
Debao pony DB 23 Debao County, Guangxi
Guanzhong GU 3 Fufeng County, Shaanxi
Guizhou GZ 19 Guiyang, Guizhou
Hequ HN 25 Maqu County, Gansu
Kazakh HSK 14 Changji, Xinjiang
Ningqiang NQ 6 Ningqiang County, Shaanxi
Datong MY 7 Qilian County, Qinghai
Mogolia MG 33 Chifeng, Mongolia
Yanji YJ 30 Hejing County, Xinjiang
Yushu YS 45 Yushu, Qinghai

Total 302

uncertain for any Y-linked gene. Therefore, the two-copy
gene, beta-actin (GenBank acc. no. NC_009156) on an au-
tosome was used as a reference. The PCR primers were
designed for the beta-actin gene and the conserved region
of the SRY gene, using the Primer Premier 5.0 program
(http://www.premierbiosoft.com/). The other seven pairs of
primers were obtained from Paria et al. (2011). The detailed
information regarding the PCR primers and the predicted
sizes of each amplicon is listed in Table 2. To confirm the
Y chromosome-specificity of the designed primers, a routine
PCR was performed using male and female horse genomic
DNA as templates and water as a negative control. The PCR
protocol was as follows: each 12.5 µL reaction contained
20 ng of genomic DNA, 5 pg of each primer (10 pmolµL−1),
6.25 µL of 2× PCR Mix buffer (including 0.375 U Taq DNA
polymerase, 2× PCR buffer, 18.75 µM MgCl2, and 2.5 µM
dNTPs), and 4.25 µL of distilled water. Thermocycling con-
sisted of an initial denaturation at 95 ◦C for 5 min, followed
by 35 cycles at 94 ◦C for 30 s, 40 s at annealing temperature
(Table S1 in Supplement), 72 ◦C for 30 s, a final extension
at 72 ◦C for 10 min, and then sample storage at 4 ◦C. The
PCR production of the male samples and female and nega-
tive controls were visualized on 1 % native agarose gel. The
images were acquired by a ChampGel™ 6000 Gel documen-
tation and image analysis system and Lane 1D Gel imaging
analysis software (Sagecreation, Beijing, China).

2.3 Quantitative real-time polymerase chain reaction

The quantitative real-time polymerase chain reaction (qPCR)
method was used to measure the CNs of EIF1AY, ETSTY1,
ETSTY4, ETSTY5, ETY4, UBE1Y, SRY, and YIR2 in the sam-
ples using a Roche Lightcycler 480 system and SYBR PCR
Master Mix (TAKARA, Dalian, China). Plates with 96 wells
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Table 2. Correlation coefficient of the standard curve and the primer
efficiency for eight horse Y chromosome genes.

Gene Correlation Primer
coefficient efficiency

(R2) (E)

beta actin 0.9929 2.04
EIF1AY 0.9983 2.03
ETSTY1 0.9905 2.02
SRY 0.9947 2.11
beta actin 0.9918 1.98
ETSTY5 0.9910 1.93
beta actin 0.9900 1.99
ETSTY4 0.9901 2.00
beta actin 0.9967 2.12
ETY4 0.9903 1.99
UBE1Y 0.9998 2.06
YIR2 0.9908 1.91

were set up to run the qPCR. On each plate, wells were
laid out for a calibrator, and a negative control (distilled wa-
ter). Standard curves were generated from horse DNA di-
luted to 60, 40, 20, 10, 5, 2.5, and 1.25 ngµL−1 for eight
pairs of primers. For the test samples, DNA was concen-
trated to 5 ngµL−1. qPCR reactions with standard curve sam-
ples and test samples (including the calibrator and nega-
tive control) were run in triplicate. In this study, we ran a
total of 302 horses on 176 plates (each plate was set up
for 1 calibrator, 1 distilled water, and 14 testing samples)
for the eight Y chromosome genes. Each reaction contained
10 µL of SYBR Green PCR Master Mix, 0.8 µL of primers
(10 pmolµL−1), 6.8 µL−1 of distilled water, and 1.6 µL−1 of
DNA template (5 ngµL−1). The qPCR was run with a pro-
gram made up of the following steps: predenaturation at
95 ◦C for 10 min, followed by 40 cycles of denaturation at
95 ◦C for 5 s, and annealing at an appropriate temperature
(Table S1) for 30 s. A melting curve was then generated by
taking fluorescent measurements every 0.11 ◦C from 60 un-
til 95 ◦C. Primer efficiencies were measured according to the
equation E = 10(−1/slope), and the slope was generated by a
standard curve.

2.4 Copy number estimation

The CNs of EIF1AY, ETSTY1, ETSTY4, ETSTY5, ETY4,
UBE1Y, SRY, and YIR2 were estimated for test samples us-
ing the following three equations described in Hamilton et
al. (2009):

Copy numbercalibrator =
(Ereference)CTreference(
Etarget

)CTtarget
; (1)

Ratio=

(
Etarget

)1CTtarget (calibrator−sample)

(Ereference)1CTreference (calibrator−sample) ; (2)

Copy numbertest sample =
(
Copy numbercalibrator

)
× (ratio)× 2. (3)

In the above equations, the DNA sample of the horse
Guizhou 59 was used as the calibrator. The cycle threshold
(CT) value of the calibrator for each gene was determined by
the average of 66 CT values obtained from 22 different plates
for this particular sample. In equations 1 –2, E = the PCR
efficiency for the reference gene (beta-actin) or each target
gene (EIF1AY, ETSTY1, ETSTY4, ETSTY5, ETY4, UBE1Y,
SRY, and YIR2), and1CT = CT of the calibrator− CT of the
test sample.

2.5 Quantitative real-time polymerase chain reaction
data validation by TA cloning

To verify the accuracy of qPCR results, TA cloning was per-
formed for the EIF1AY gene. PCR products from eight sam-
ples (three Baise (BS) horses, two Yanji (YJ) horses, one
Debao (DB) horse, one Hequ (HN) horse, and one Ameri-
can Quarter (Q) horse) were purified using a Universal DNA
Purification Kit (TIANGEN, Being, China), then ligated into
the pGEM-T Easy cloning vector and transformed into Es-
cherichia coli DH-5α (CWBio, China). In total 108 clones
(11–15 clones per sample) were picked and amplified using
the PCR method. PCR products were sequenced on an ABI
PRISM 377 DNA sequencer (Perkin-Elmer) (Shanghai San-
gon Biotech Company, Shanghai, China).

2.6 Statistical analysis

In order to minimize technical error and to obtain an accurate
CN estimation, raw qPCR data that showed a coefficient of
variation (CV) > 1 % between the duplicates were excluded
from further analysis. The normality of the CN data was
assessed with the Kolmogorov–Smirnov and Shapiro–Wilk
normality tests (Shapiro and Wilk, 1965; Justel et al., 1997).
Box plot analyses of the CN data were conducted to de-
tect outliers in all the breeds as a whole. Multiple pair-wise
comparisons of the median copy numbers (MCNs) between
breeds were analyzed using a nonparametric Mann–Whitney
U test (Mann and Whitney, 1947) with a Bonferroni correc-
tion (Dunn, 1961). MEGA 5.1 was used to align the cloning
sequences (Tamura et al., 2011).

3 Results and discussion

3.1 Primer male-specificity

In order to validate the male specificity of the primers used
in this study, a routine PCR was run using female DNA
as the negative control. The results demonstrated that every
primer pair for the target genes, EIF1AY, ETSTY1, ETSTY4,
ETSTY5, ETY4, UBE1Y, SRY, and YIR2, amplified a male-
specific band with the expected fragment size. This con-
firmed that the primers designed are male-specific and can
be used for qPCR analysis in this study (Fig. 1).
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Figure 1. Gel electrophoresis of the PCR products of the beta actin gene and the eight Y chromosome horse genes. M is the 2 kb DNA

ladder; ♂ is male horse genomic DNA;♀ is female horse genomic DNA; and N is the negative control (distilled water).

3.2 Standard curve and primer efficiency

The standard curves for the reference gene (beta-actin) and
the eight target genes (EIF1AY, ETSTY1, ETSTY4, ETSTY5,
ETY4, UBE1Y, SRY, and YIR2) were generated from horse
DNA diluted to different concentrations; the correlation coef-
ficients of the standard curves generated were all higher than
0.99. The resulting reactions had primer efficiencies higher
than 1.90, demonstrating high amplification efficiencies. The
correlation coefficients of the standard curves and the primer
efficiencies for each primer are displayed in Table 2.

3.3 The copy number variations of eight genes on the
equine Y chromosome

The gene copy numbers of tested horses were calculated us-
ing the calibrator as an adjustment based on Eqs. (2) and (3)
(see Sect. 2)(for results see Table 3). Copy numbers deter-
mined by relative real-time PCR were considered to be ap-
proximations only, and not absolute copy numbers. As de-
scribed in Hamilton et al. (2009), the copy number of the
calibrator was estimated using the 1CT method. The ra-
tios relative to the calibrator were determined by the 11CT
method, which involves normalizing the samples to a cali-
brator to minimize the variation. Therefore, the relative copy
numbers can be used to compare the relative amount of Y-
linked genes between horses with confidence. Previous stud-
ies, have shown that relative real-time PCR can still produce
a useful estimate of copy numbers (Yue et al., 2013; Hamil-
ton et al., 2012, 2009).

The median copy numbers (MCNs) of the EIF1AY, ET-
STY1, ETSTY4, ETSTY5, ETY4, UBE1Y, SRY, and YIR2
genes were 1, 3, 8, 9, 26, 7, 1, and 12 with the CNs of 1–
37, 1–25, 1–156, 1–80, 1–173, 1–77, 1–17, and 1–92, re-
spectively (Table 3). Therefore, it is suggested that the eight
horse Y chromosome genes were multi-copy. The number of
private alleles forEIF1AY, ETSTY1, ETSTY4, ETSTY5, SRY,
ETY4, UBE1Y, and YIR2 were 12, 7, 24, 12, 3, 47, 18, and
23 respectively. The one-copy alleles of the EIF1AY and SRY

genes were found in all 14 breeds, while other CNs were
only shared in 2–13 breeds. We found that the CNs of the
eight horse Y chromosome genes did not fit the normal distri-
bution, with this relative small number of horses distributed
to 14 breeds (P < 0.0001), based on Kolmogorov–Smirnov
and Shapiro–Wilk normality tests. As shown in Fig. 2, box
plot analyses of the CNs data revealed that approximately
10 individuals (∼ 3 %) were outliers, who displayed signifi-
cantly higher CNs for each gene.

The eight horse Y chromosome genes studied were di-
vided into X-degenerate genes (EIF1AY, SRY, and UBE1Y)
and ampliconic genes (ETSTY1, ETSTY4, ETSTY5, ETY4,
and YIR2) (Paria et al., 2011). Almost two thirds of the 20
X-degenerate genes found in horses are expressed ubiqui-
tously and have a Y-linked homologue in mammalian species
(Quiltere et al., 2002; Rohozinski et al., 2002; Skaletsky et
al., 2003; Pearks Wilkerson et al., 2008; Hughes et al., 2010).
Most equine Y-borne amplified sequences are expressed ex-
clusively or predominantly in the testis (Paria et al., 2011),
and presumably have a role in testicular function, which may
be valuable in selecting stallions for breeding.

The UBE1Y gene is a X-degenerate gene, specifically ex-
pressed in testis (Paria et al., 2011). UBE1Y is conserved
in most eutherians and marsupials, except that this gene is
found as a pseudogene in some primate lineages and is ab-
sent in humans (Skaletsky et al., 2003). Our results showed
that the CN of UBE1Y ranged from 1 to 77 among individuals
(Table 3), which supports previous research stating that the
horse is the only species where UBE1Y is a multi-copy gene
(Paria et al., 2011). Orthologs in other species (cats, pigs,
and mice) are single copy (Mitchell et al., 1991; Quilter et
al., 2002; Pearks Wilkerson et al., 2008). The high copy num-
ber and testis-specific transcription of UBE1Y in horses, sup-
ports the hypothesis that the gene could be the gene respon-
sible for regulating germ cell proliferation and, thus, male
fertility (Lévy et al., 2000).

The SRY gene has a known function in sex determination
at early stages of mammalian embryonic development (Wil-
helm et al., 2007). It was considered to be a single-copy gene
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Table 3. Copy number variations of eight Y chromosome genes in horses.

Breed Sample size Median (the range of copy number variations)

EIF1AY ETSTY1 ETSTY4 ETSTY5 ETY4 UBE1Y SRY YIR2

BLK 13 1 (1–4) 3 (1–8) 6 (1–18) 35 (1–80) 22 (7–62) 4 (1–10) 1 (1–7) 12 (1–92)
BS 37 1 (1–4) 3 (1–9) 8 (1–58) 17 (3–68) 19 (1–95) 4 (1–46) 1 (1–17) 17 (2–72)
CD 17 2 (1–8) 1 (1–7) 6 (2–41) 3 (1–12) 16 (5–79) 9 1 (1–6) 8 (1–72)
CKY 30 3 (1–11) 2 (1–12) 13(1–32) 12 (2–43) 44 (6–151) 8 (2–52) 1 (1–3) 18 (4–71)
DB 23 1 (1–17) 4 (1–6) 12 (2–114) 7 (2–40) 30 (8–92) 5 (1–14) 1 (1–6) 7 (4–57)
GU 3 1 2 (2–3) 4 (2–4) 4 (2–4) 17 (7–26) 3 (1–5) 1 4 (3–4)
GZ 19 1 (1–3) 1 (1–6) 1 (1–9) 2 (1–11) 10 (4–50) 2 (1–6) 1 4 (2–39)
HN 25 1 (1–6) 3 (1–10) 7 (1–56) 7 (2–48) 21 (9–112) 7 (2–53) 1 (1–4) 16 (6–55)
HSK 14 2 (1–8) 4 (1–13) 6 (2–51) 7 (1–17) 30 (3–93) 5 (3–27) 1 (1–2) 16 (8–54)
NQ 6 2 (1–6) 1 (1–15) 8 (2–21) 14 (2–32) 76 (13–82) 34 (3–50) 1 (1–5) 26 (5–55)
MY 7 1 (1–2) 3 (1–6) 7 (3–13) 6 (2–12) 38 (18–103) 9 (6–15) 1 20 (12–29)
MG 33 5 (1–37) 4 (1–11) 11 (1–120) 13 (4–77) 53 (7–168) 13 (1–68) 1 (1–5) 18 (3–88)
YJ 30 1 (1–3) 3 (1–14) 9 (2–156) 5 (1–19) 23 (4–70) 7 (3–19) 1 (1–6) 12 (4–74)
YS 45 1 (1–24) 5 (1–25) 9 (1–78) 12 (2–78) 24 (4–173) 8 (1–77) 1 (1–4) 8 (2–49)

Total 302 1 (1–37) 3 (1–25) 8 (1–156) 9 (1–80) 26 (1–173) 7 (1–77) 1 (1–17) 12 (1–92)

Figure 2. Box plot analysis of eight genes CNs in horse. The outliers were indicated by a solid circle or an asterisk (extremely high CN).

in horses, which did not produce any signal by cDNA FISH
(Paria et al., 2011). In our study, although the MCN of the
SRY gene was fixed to 1 in all 14 breeds, the copy numbers of
SRY ranged from 1 to 17 (Table 3). Therefore, we suggest that
SRY is a multi-copy gene in horses. Considering the limited
sensitivity of FISH, it is possible that the cDNA sequences
of SRY may not have been long enough (> 1000 bp) to be ex-
amined using this method (Trask et al., 1993). SRY is present
as a single copy in humans and mice, yet has been assumed

to be multi-copy in the cat and Microtus cabrerae and rab-
bit genomes (Fernández et al., 2002; Geraldes and Ferrand,
2006; Pearks Wilkerson et al., 2008). Equine SRY expression,
similar to feline, is predominant in the testis, and can also
show intermediate or broader expression (Pearks Wilkerson
et al., 2008; Paria et al., 2011). There have been assertions
that the SRY gene has more functions than just sex determi-
nation, and that the transcripts might also be actively needed
in mature testis (Paria et al., 2011); this requires additional
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investigation into the SRY copy number in other eutherian
mammals.

EIF1AY was recognized as a single-copy gene with ubiq-
uitous expression (Paria et al., 2011). Nine breeds have one
MCN for the EIF1AY gene, but copy number variations (1–
37) were detected (Table 3). Therefore, we assumed that
EIF1AY was not a single-copy gene. This suggests that the
population size and the method used in studies influences
the result and final conclusion. Based on the 108 cloning
sequences, 48 polymorphisms and 42 haplotypes were de-
tected for the EIF1AY gene in this study (Table S2), which
proved that the EIF1AY gene was multi-copy in horses. This
was in accordance with our qPCR results, demonstrating that
the CNVs results were credible and accurate using the qPCR
method.

Compared with the X-degenerate genes, the ampliconic
gene content is more diverse among lineages (Skaletsky et
al., 2003). Five Y-ampliconic genes, (ETSTY1, ETSTY4, ET-
STY5, ETY4, and YIR2), were all present in multiple copies in
our study, which was consistent with the results from Paria
et al. (2011). The MCN of the ETSTY1 gene varied from 1
to 5 among the 14 breeds. The MCN of the ETSTY4 gene
was highest in Chakouyi breed (13) and lowest in Guizhou
breed (1). For the ETSTY5 gene, the Balikun breed possessed
the highest MCN of 35, whereas the Guizhou breed only
had a MCN of 2. The ETY4 gene had the highest MCN
tested with a range from 10 in Guizhou horses to 76 in
Ningqiang horses. The MCN of the YIR2 gene ranged from 4
to 26 (Table 3). The multi-copy portion of mammalian MSYs
may share very little direct sequence homology between
species, but is surprisingly consistent in function (Skaletsky
et al., 2003; Hughes et al., 2010). Therefore, these multi-
copy MSY genes, with testis-specific or predominantly testis
related expression, are most frequently related to the testis
and possibly spermatogenesis and male fertility related func-
tions. For example, the RBMY1 functional copy dosage is
positively correlated with sperm motility, and dosage insuffi-
ciency is an independent risk factor for asthenozoospermia;
therefore, comprehending the roll of CNVs in this gene is
fundamental for understanding the cause of infertility (Chang
et al., 2013; Yan et al., 2017). Other than the genes men-
tioned in this study, CNVs in different male-specific genes
were found in mammalians. Nine gene or gene families of
human Y chromosome showed CNVs. These included the
partial deletions of the TSPY cluster and the AZFc region
which may influence spermatogenesis and a novel complex
duplication of the AZFa region (Wei et al., 2015). Two Y-
linked genes (HSFY and ZNF280BY) of swamp buffalo also
showed abundant CNVs (Zhang et al., 2017).

The development of different modern horse breeds and
various Y chromosome lineages is a reflection of human se-
lection and environmental adaptation and occurs much later
than the domestication of the species (Vila et al., 2001; Wall-
ner et al., 2017). Variations on the Y chromosome are im-
portant tools to analyze both Y chromosome lineages and

domestication. In bulls, a genetic study on CNVs of Y-linked
gene families in two ancestral Y-lineages has evaluated the
effect of the number of Y-lineages on male reproduction and
other traits (Yue et al., 2015). In horses, five MSY haplo-
types have been identified by two Y-single nucleotide poly-
morphisms (SNPs) and one Y-indel (Han et al., 2015), and
42 other MSY haplotypes have been determined by 158 vari-
ants within domestic horses (Felkel et al., 2018); this sug-
gests much higher diversity in Asian horses than in European
breeds.

The CNV revealed a diverse distribution pattern among
Chinese breeds in this study. The Guizhou was the breed
which displayed the lowest CNV for the eight ECAY genes
(Table S3–S10). Recent studies indicate that distribution of
CNV regions may be shaped by natural selection (Cooper
et al., 2007). This seems fitting, as most Guizhou horses are
distributed in remote mountainous areas of Guizhou province
and, due to the difficulty involved with transportation and oc-
clusive conditions, rarely hybridize with other horse breeds.
Therefore, it is possible that the gene copy numbers of
Guizhou horses were relatively lower than other breeds be-
fore domestication. The results of this study support the as-
sumption that CNVs might have been conserved for a long
time and then passed on during the domestication of the horse
(Metzger et al., 2013).

We suggest that other methods, such as array compara-
tive genomic hybridization (array-CGH) (Wei et al., 2015;
Shi et al., 2018) and the AccuCopy® assay method (Yan et
al., 2017) could be applied to increase the accuracy of CNVs
detection of ECAY genes. More functional analyses regard-
ing the relationship between CNVs on ECAY and fertility
should be investigated in the future.

4 Conclusion

In this study, we first investigated the CNVs of eight Y chro-
mosome genes in Chinese horses. The EIF1AY, ETSTY1, ET-
STY4, ETSTY5, ETY4, UBE1Y, SRY, and YIR2 were multi-
copy with MCNs of 1, 3, 8, 9, 26, 7, 1, and 12. The CNVs of
Y chromosome genes showed different distribution patterns
among Chinese horse breeds, indicating a natural selection
effect on horse evolution and CNV formation.

Data availability. The measurement data involved in this study are
available upon request to the authors.

The Supplement related to this article is available online
at https://doi.org/10.5194/aab-61-263-2018-supplement.
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