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ARTICLE INFO ABSTRACT
Keywords: Zinc-finger Y is located in the short arm of the Y-chromosome and is a highly conserved gene that
Zty plays an important role in spermatogenesis. The objective of this study was to investigate the
siRNA influence of silencing the Zfy gene during spermatogenesis on Y-sperm formation and offspring
Bos

sex determination in Bos taurus cattle. Three recombinant expression vectors pLL3.7/a, pLL3.7/b
and pLL3.7/c were evaluated and only pLL3.7/a effectively silenced the Zfy gene. The pLL3.7/a
recombinant expression vector was injected into bull testes, using three injections. Semen was
collected and preserved by extending and freezing. The frozen semen was subsequently used in
artificial insemination of cows during a breeding season in accordance with the production plan
on the farm where the experiment was conducted. Results showed that, after exposure to pLL3.7/
a, sperm motility decreased (P < 0.01), but the sperm density was similar (p > 0.05) to the
non-treated control semen. Injection of pLL3.7/a resulted in 72.0% female offspring, and was
greater than the 49.4% female calves in the control (P < 0.01), Results from this research sug-
gests that the Zfy gene plays a role in the process of Y-sperm formation, and Zfy siRNA is a
potential useful approach to control sex of offspring in cattle.

Sex control
Spermatogenesis

1. Introduction

Milk production is a sex-limited trait and the ratio of bull to heifer calves is potentially economically important in dairy pro-
duction. Most of the current efforts in sex determination have focused on separation of X and Y-sperm based on physical parameters,
such as swimming velocity, density, surface charge, or sex-specific antigens. Of the potentially available methods, only flow cyto-
metry can sort sperm at greater than 90% accuracy, and it is currently commercially available. Although clearly effective, the use of
flow cytometry as a routine tool for sex selection in animal breeding is relatively inefficient, requiring specialized, expensive, and
immobile equipment and highly skilled technicians. It seems reasonable that interference with Y-chromosome production during
spermatogenesis could be of benefit in provision of sex determination technology in cattle.

The Zfy gene is located on the short arm of the Y-chromosome Yp1113, a 13”zinc-finger" structure (Palmer et al. 1990). The Zfy
gene has 11 exons and 1 random repeat region, with about a 30 residue motif and codes 801 amino acids, composed of two cysteines
and two histidines coordinating with a zinc ion (Brown et al. 1985). The base sequence belongs to the X-degradation (Skaletsky et al.
2003), and is the initial sex determination factor (TDF). The zinc finger protein motif is associated with the nucleic acid-binding
protein and plays an important role in early embryo sex determination (Nagamine et al. 1989; Mardon and Page 1989).
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Table 1

Zfy cDNA templates for siRNA in vitro transcription.
Zfy (NM_177491.1)
A GTGAGGACTACCTTATGAT
B GTACCGCTGTACTGATTGT
C GAAGTCATCAAGGTGTATA

RNA interference (RNAi) is a powerful research tool for gene silencing. It has been widely applied in mammalian cells and
organisms (Shi et al., 2003; Dorsett and Tuschl 2004).

In our laboratory Zfy was silenced by RNAI to restrict or deteriorate the function of the Y-sperm during spermatogenesis and the
results showed more female offspring of mice were produced compared with control (Pen et al.2011). Silencing the expression of Zfy
in testis during spermiogenesis by using RNAi technology might affect offspring sex ratio in cattle. Thus, the objective of this research
was to determine if the bovine Zfy gene could be silenced using siRNA vectors and to determine effects of gene silencing on sperm
quality and subsequent sex ratios when gene-silence semen is used in artificial insemination in dairy cattle.

2. Material and methods
2.1. Experimental animals

All procedures used in this experiment were reviewed and approved by the Animal Care and Use Committee of Shihezi University.

Three 18-mo healthy Holstein bulls were selected from the Xinjiang Tianshan Animal Husbandry and Biological Engineering, Ltd.
for this experiment. Breeding soundness was assessed and semen quantity and quality were normal for these bulls. Semen from these
bulls was collected prior to treatment and used as the control.

2.2. Construction of Zfy gene RNAi vector

Consistent with the Bos taurus Zfy sequence (NM_177491.1) and siRNA design principles (Elbashir et al., 2002; Reynolds et al.,
2004; Ui-Tei et al., 2004; Jagla et al., 2005; Fang et al., 2007) 3 Zfy siRNA sequences were evaluated and selected (Table 1) and
synthesized (Sangon, China). Restriction endonucleases (Hpal and Xhol) were added at the 5" and 3’ end of siRNA sequences. The
sense and antisense strands of each oligonucleotide sequence (Table 2) were annealed. The annealed product was linked with
pLentiLox3.7 (pLL3.7) which was incised by Hpal and Xhol (TaKara, Biotechnology Co.,Dalian,China). The recombinant siRNA
expression vectors were constructed, designated pLL3.7/a, pLL3.7/b and pLL3.7/c, then transformed into E. coli DH5a competent
cells (Tiangen Biotech Co., Beijing, China). The plasmids were extracted from the bacterial solution using TIANprep Mini Plasmid Kit
(Tiangen Biotech Co., Beijing, China) and stored at -20°C.

2.3. Zfy gene RNAI experiment in vitro

2.3.1. Isolation and culture of spermatogenic cells

Spermatogenic cells of the bovine testis were isolated using the improved two-step enzymatic digestion method. (Izadyar
et al.2002; Chang et al., 2011). The spermatogenic cells were co-cultured with Sertoli cells (Gu et al.2009; Wang et al.2015). The cells
were cultured in 6 well cell culture plates with DMEM/F12 (supplemented with 10% fetal bovine serum; 10 pug/mL insulin; 10 ug/mL
transferrin; 25U/L follicle-stimulating hormone ; 10~7 mol/L testosterone; 10"> mol/L sodium pyruvate; 10™* mol/L Vitamin C; 10>
mol/L pyruvic acid, 100 U/mL penicillin, and 100 ug/mL streptomycin) at density of 1 x 10%/cm? in an incubator at 37°C tem-
perature, 5% CO,, and 95% relative humidity.

2.3.2. Transfection of zfy gene RNAi vector and qRT-PCR analysis
After culturing 24 h, spermatogenic cells were transfected using the recombined plasmid. After 96 h, the cells were observed
under inversion fluorescence microscope (LeicaDMi8, Leica Microsystems, Wetzler, Germany), and then mRNA was extracted from

Table 2
Zfy RNAI oligonucleotide sequence with Hpal and Xhol enzyme sites.
Vector shRNA Oligonucleotide sequence
pLL3.7 a F: 5'- T GTGAGGACTACCTTATGATTTCAAGAGATCACTAGAGTTTGAACTCCTTTTTTC-3'
R: 5'- TCGAGAAAAAAAGTGAGGACTACCTTATGATCTCTTGAATCACTAGAGTTTGAACTCCA-3'
b F: 5'- TGTACCGCTGTACTGATTGTTTCAAGAGAACAATCAGTACAGCGGTACTTTTTTC-3'
R: 5'- TCGAGAAAAAAGTACCGCTGTACTGATTGTTCTCTTGAAACAATCAGTACAGCGGTACA-3'
c F: 5'- TGAAGTCATCAAGGTGTATATTCAAGAGATATACACCTTGATGACTTCTTTTTTC-3'

R: 5'- TCGAGAAAAAAGAAGTCATCAAGGTGTATATCTCTTGAATATACACCTTGATGACTTCA-3'

Notes : Using pLL3.7 as the vector construction of shRNA interference fragment.
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Table 3
Conditions of PCR and oligonucleotide primer pairs.
Target gene Products GenBank no. Sequence of primer (5'-3") Annealing temperature
Zfy 100bp NM_177491.1 F: TTTAGGCAACAGAATGAGG 58.8°C
R: ACAACGGTGAGGATAGTCTT
B-actin bp AY141970.1 F: GATGTGGATCAGCAAGCA 58.8°C 230

R: CCTTCACCGTTCCAGTTT

cultured cells by RNA simple Total RNA kit (Tiangen Biotech Co., Beijing, China). RNA was quantified by UV absorption at 260 nm.
The RNA was then reverse-transcribed into cDNA by RT reagent kit (Takara Bio Inc.,Kusatsu,Shiga,Japan) according to the manu-
facturer’s instructions.

The mRNA level of Zfy and (-actin was determined by RT-qPCR (LightCycler2.0, Roche, Basel, Switzerland), and the primers
sequences used to amplify are listed in Table 3. All experiments were performed in triplicate. The RT-qPCR reaction system and
programmed as follow: the total volume was 20 pL: 10 uL. SYBR@ Premix Ex TAQTM (2 X ), 0.4 pL each oligonucleotide primers, 2 pL
template and sterile distilled water to 20 pL. initial denaturation step (30s at 95 °C), 45 cycles of 95 °C for 10s, 61°C for 30s, and
72°C for 30s. Each sample was tested three times to improve accuracy.

The difference in expression of mRNAs was calculated using the equation ZAA“, where ACt = Ct (ZFY) — Ct (GAPDH)
and AACt = ACt(ZFY) — ACt (control). An observed significance level of < 0.05 was considered to be statistically significant.
Graphs were generated with MS Excel. Bar graphs show the mean = SEM.

2.4. zfy gene RNAIi experiment in vivo

2.4.1. The injection of plasmid in testes of Holstein bulls

In this experiment, we selected three breeding bulls as experimental animals. Bulls were injected in testicular net with pLL3.7/a
(5mg/bull) which was encased in liposomes,and the needle was pulled slowly while injecting.Bulls were injected once every nine
days for a total of three injections.

2.4.2. Analysis of semen quality

Semen was collected every five days following the seventh day after the third injection using an artificial vagina. Fresh semen was
evaluated for volume, initial sperm motility and sperm density and then preserved as frozen semen according to procedures of
Xinjiang Tianshan Animal Husbandry and Biological Engineering, Ltd. Semen samples were assessed for post-thaw cryopreserved
sperm motility and sperm density. A month before injection, semen were also analyzed for the three indicators.

2.4.3. Breeding
Holstein cows (n = 400) under good management were chosen for artificial insemination with the Zfy-silenced semen. For the
sake of higher fertilization rate two straws of Zfy-silenced frozen semen were used for each cow inseminated.

2.4.4. Statistical analysis

Data were analyzed using SPSS 17.0 (Chicago,Illinois,America). With the exception of sex rations, data were analyzed as a
completely randomized design with test of hypotheses done with t statistics where P < 0.05 was considered statistically significant.
A x? test was used to determine the difference of male and female proportion of offspring between the treatment and control groups.

3. Results
3.1. The transfection of Zfy gene RNAIi vector and the expression level of Zfy mRNA in spermatogenic cells

The results of transfection in spermatagonia showed that the Zfy gene RNAi vector were successfully transferred into sperma-
tagonia of the bulls (Fig. 1). The RT-qPCR of the Zfy gene showed that Zfy mRNA levels of spermatogonial cells which were
transfected using plasmid pLL3.7/a were less than both the blank and vector-free group (P < 0.01), pLL3.7/b were numerically lesser
than the blank and vector-free group (P > 0.05), and transfected plasmid pLL3.7/c were lesser than the blank group (P < 0.05) and
the vector-free group (p < 0.01) (Fig. 2). Of the 3 plasmids evaluated, pLL3.7/a had the least expression (P < 0.01) and was
selected for use in the in vivo experiment (Table 2).

3.2. Sperm quality

The effects of Zfy gene RNAIi vector on fresh and frozen sperm quality of bull are shown in Table 4. For both fresh and frozen
semen, sperm motility of the pre-injection group was greater than the post-injection group (P < 0.01), and the sperm abnormality
rate in pre-injection group was lesser than the post-injection group (P < 0.01). However, there were no significant difference
between the two groups in the sperm density for either fresh or frozen semen (p > 0.05).
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Fig. 1. Zfy gene RNAIi vector were transferred into spermatogenic cells of cattle; Fluorescent label is transfected cells.the cells were observed under
inversion fluorescence microscope (LeicaDMi8, Leica Microsystems, Wetzler, Germany) and cells were magnified 5 x.
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Fig. 2. mRNA relative abundance of Zfy. Columns with same letters indicate no difference between the two groups; Different capital letters indicate
a difference (P < 0.01) between the two groups and different lowercase letters indicate a difference (P < 0.05).

Table 4
Effect of Zfy siRNA pLL3.7 / a plasmid injection of testicular net on motility, sperm density and abnormality rate of bull fresh and frozen sperm.
Fresh semen Frozen semen
pre-injection post-injection pre-injection post-injection
Motility (%) 63.3 + 2,97 33.3 + 2,95 38.7 + 1.28¢ 18.3 + 1.5
Sperm density(ten million/ml) 152 + 6.2 141.3 + 10.0% 1.1 + 0.8%° 0.9 + 0.1%
Sperm abnormality rate (%) 0.3 = 0.6 5.3 + 0.6 8.7 + 0.6 20 + 1.0™

@b Means in the same row with differing superscripts differ (P < 0.05).
AB.C Means in the same row with differing superscripts differ (P < 0.01).

3.3. Statistical analysis sex proportion of the offspring

The non-injection group produced 160 calves, including the 49.4% (79) heifer calves. The group injected with pLL3.7/a produced
157 calves, including 72.0% (113 heifer calves which differed from the no-injection group (P < 0.01) (Table 5).There was little
difference in pregnancy rate and birth weight of the offspring between the two groups (P > 0.05).



J.of. Xietal Animal Reproduction Science 200 (2019) 1-6

Table 5

The number of female and male offspring in each group of cows.
Subgroup Pregnancy rate Female Male Female rate Offspring birth weight
Non-injection 83% 79 81 49.4%" 44.14 + 5.74
Injection 80.5% 113 44 72.0%" 41.30 * 6.62

AB Means in the same column with differing superscripts differ (P < 0.01).
4. Discussion

The Zfy gene, isolated from the Y-chromosome, is the first gene identified in the search for a male developmental gene on the Y-
chromosome and is thought to be a testes determinant. The Zfy DNA regulates the expression of other genes while the protein
produced by Zfy is encoded by a zinc finger domain and the gene plays an important role in the process of sperm production (Mardon
and Page, 1989; Vernet et al., 2014).

In order to verify the hypothesis that the Zfy gene is the major determinant in testicular development, most of the early research
focused on Zfy gene expression in the embryo during gonadal development (Nagamine et al., 1990; Zambrowicz et al., 1994). As the
hypothesis was rejected (Palmer et al., 1989) and with the discovery of Sry as the testicular determinant in humans and mice
(Koopman et al., 1991), Zfy studies progressively declined, with some studies using Zfy and Zfx genes in evaluation of sex de-
termination (Hasler et al., 2002; Jiang et al., 2004; Vernet et al., 2016). The transcription of the Zfy gene during spermatogenesis was
evaluated, and results showed that the expression in germ cells increased as they enter meiosis; in the mouse, Zfy is involved in
triggering the apoptotic elimination of specific types of sex chromosomally aberrant spermatocytes (Decarpentrie et al., 2012). In
another study, it was found that another important role of the Zfy gene is to ensure the occurrence of the second meiosis, and Zfx
which is the X-related genes on the chromosome, had a facilitative effect (Vernet et al., 2014). Our study builds on this previous work
to test the contribution of Zfy in the formation of Y-sperm by RNAi in cattle.

Spermatogenesis is a highly regulated and orderly process and there remain many genes and genetic interactions that are un-
characterized (Russell et al., 2008; Franca et al., 1998). In particular genes responsible for fertility are located on the Y-chromosome;
conventional targeted disruption of such genes in embryonic stem (ES) cells will result in the failure of germ-line transmission
(Rohozinski et al., 2002). With the extensive application of RNAIi to probe gene function, it was used for genes that are expressed and
functionally required in spermatogenesis and the results showed RNAI is effective throughout spermatogenesis, including during
meiosis and haploidy (Shoji et al., 2005; Bettencourt-Dias et al., 2005; Rao et al., 2006; Williams and Schultz, 2006). In our research,
Zfy or Zfx, which is involved in spermatogenesis in mouse, sheep, swine, and red deer, is silenced by RNAI to restrict or deteriorate
the function of Y or X sperm during spermiogenesis (Pen et al., 2011; Zan et al., 2015; Ning et al., 2015).In this study Zfy siRNA was
injected into bull testes to disturb Y-sperm generation and thus produce female calves.

The siRNA, which was encased by micro-lipoids, was involved each stage of differentiation during spermatogenesis through the
vector injection in bull testes. Therefore, in vitro spermatogenic cells, which contained different spermatogenic cells, were isolated
from the bull testes and cultured for the best RNAi vector selection. After interference, the mRNA level of Zfy genes was monitored by
Real-time Quantitative Polymerase Chain Reaction(RT-qPCR). Results showed that the difference was significant in three test groups.
It indicated that the silencing effect of three siRNA expression vectors was different. Perhaps this depends on the structure of these
three interference sequences.

In this study it was demonstrated that, after the injection of Zfy gene RNAi vector, sperm motility of fresh and frozen sperm is
extremely decreased, and the abnormality rate is significantly increased. However, there was little evidence of changes in sperm
density with injection of Zfy gene RNAi vector (Table 4). Results of this study suggest that, during spermatogenesis, Zfy silencing may
not impact the number of sperm but does impact sperm viability. It is possible that the Zfy gene is related to sperm structure. Mouse
Y-encoded transcription factor Zfy2 is essential for sperm head remodeling and sperm tail development (Nadege et al., 2016). Our
research showed that the proportion of X-bearing sperm was greater in the injection group compared to the non-injection group,
which suggest that, during spermiogenesis, the silence of Zfy will impact the formation of Y-sperm. The results also showed that there
was little difference on the number and body weight of the offspring between the two groups (Table 5). Thus, it appears that Zfy
silencing does not impact embryonic development.

5. Conclusion

According to the results of this study, Zfy siRNA maybe a useful approach to control dairy cattle sex before fertilization, and lays a
foundation for producing sex control semen.
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