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Abstract

Sex control technology is of great significance to the swine industry. In terms of production efficiency,
it enables precise regulation of piglet sex ratios. By increasing the proportion of female piglets, it directly
expands the breeding sow population, accelerates sow reproductive rates, increases herd size, and enhances
farming profitability. From a cost-control perspective, it avoids the waste of resources such as feed and
space associated with raising excessive non-productive boars, thereby optimizing resource allocation. In
terms of market demand, the breeding sow market exhibits strong demand for female pigs. Mastering sex
control technology allows enterprises to better meet market needs and enhance competitiveness.
Simultaneously, increasing the number of sows facilitates genetic improvement. As the core of reproduction,
a larger sow population provides more opportunities for selective breeding, accelerates the transmission of

superior genes, and improves the overall quality of the swine herd.

Objectives: This study aimed to establish a magnetic nanoparticle-mediated RNA interference (RNAi1)
delivery system to suppress the expression of the Y-chromosomal sex-determining gene Zfy, thereby
inducing epigenetic alterations in the sex ratios of piglets born to sows artificially inseminated (Al) with
treated boar semen. The goal was to achieve a statistically significant increase in female offspring. This
technology is directly applicable to swine breeding programs, with an anticipated female piglet ratio

exceeding 70%, significantly reducing production costs and enhancing economic efficiency.

Methods: (1). Fresh porcine testicular tissues were collected and cultured using enzymatic digestion to
isolate spermatogenic cells. After confirming cell viability, high-efficiency RNAi vectors (pre-screened in
the laboratory) were transfected using magnetic nanoparticles or the traditional transfection reagent LP3000.
RT-gPCR was employed to compare the interference efficiency of Zfy at the cellular level. (2). Nine
240-day-old healthy male Landrace pigs were divided into three groups: 3 un-injected controls, 3 injected
with standard plasmids, and 3 injected with plasmid-magnetic nanoparticle complexes (1.5 mg plasmid per
testis). 228 female Landrace pigs served as breeding subjects. Fresh semen was collected at 7, 14, 21, and
28 days post-injection for quality assessment (sperm motility, density, deformity rate, membrane integrity,
acrosome integrity, pH, bacterial count). Total RNA was extracted from semen, and RT-qPCR was
performed to quantify the expression of Zfy, Zfx, SYCP3, Afaf, Odf3, TNP2, Sox9, Tektin4, and Ube2b. (3).
Fresh semen collected at 7, 14, 21, and 28 days post-injection was used for artificial insemination. The sex,

birth weight, and weaning weight of piglets were statistically analyzed.

Results: (1). The magnetic transfection reagent exhibited a 12.46% higher transfection efficiency than
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LP3000, with a significant difference (P < 0.05). (2). At Day 7 and Day 28 post-testicular injection, no
significant differences were observed in any parameters (motility, deformity rate, membrane/acrosome
integrity, density, pH, bacterial count) among groups. At Day 14:Sperm deformity rate, membrane integrity,
acrosome integrity, and bacterial count: Both the magnetic transfection (MT) group and plasmid group
exhibited highly significant increases compared to the control group (P < 0.01). The MT group showed
highly significant increases compared to the plasmid group (P < 0.01). Sperm motility: Both the MT and
plasmid groups demonstrated highly significant reductions compared to the control group (P < 0.01). The
MT group showed highly significant reductions compared to the plasmid group (P < 0.01). Sperm density:
No significant differences between the MT/plasmid groups and the control group. pH value: The plasmid
group showed a significant reduction compared to the control group (P < 0.05). The MT group exhibited
highly significant reductions compared to both the control and plasmid groups (P < 0.01). At Day 21:
Sperm deformity rate and membrane/acrosome integrity: Both the MT and plasmid groups showed
significant increases compared to the control group (P < 0.05). The MT group displayed significant
increases compared to the plasmid group (P < 0.05). Sperm motility: Both the MT and plasmid groups had
significant reductions compared to the control group (P < 0.05). The MT group showed significant
reductions compared to the plasmid group (P < 0.05). Sperm density and pH: No significant differences
between the plasmid group and control group in density. The MT group exhibited significant reductions in
density compared to the control group (P < 0.05) and plasmid group (P < 0.05). Bacterial count: The
plasmid and MT groups showed significant increases compared to the control group (P < 0.05). No
significant differences between the MT and plasmid groups. (3). At 7 and 28 days post-testicular injection,
no significant differences were observed in the expression levels of the tested genes (Zfy, SYCP3, Afaf,
Ube2b, Odf3, TNP2, Sox9, Tektin4) among the magnetic transfection (MT) group, plasmid group, and
control group. At 14 days: The expression levels of Zfy, SYCP3, Afaf, and Ube2b showed highly significant
decreases in both the MT and plasmid groups compared to the control group (P < 0.01). Sox9 expression
exhibited a significant decrease in the plasmid group versus the control (P < 0.05) and a highly significant
decrease in the MT group versus the control (P < 0.01). TNP2 and Odf3 expression displayed significant
intergroup differences (specific comparisons not detailed). By 21 days: Zfy, SYCP3, Afaf, Sox9, and Ube2b
expression levels maintained significant intergroup differences. Odf3, TNP2, and Tektin4 expression
returned to baseline with no significant differences. (4). At 7 and 28 days post-testicular injection, no
significant differences in piglet sex ratios were observed among the control group, plasmid group, and
magnetic transfection (MT) group. At 14 days: The MT group exhibited a significantly higher female rate
(72.18%) compared to the plasmid group (8.22% difference, P < 0.05). Highly significant differences in sex
ratios were observed among the MT group, plasmid group, and control group (P < 0.01). By 21 days:

Significant differences in sex ratios were detected only between the MT group and the control group (P <

v



0.05).

Conclusion: The magnetic transfection reagent demonstrated highly significant interference efficiency
compared to the control group (P < 0.01) and significant superiority over the LP3000 group (P < 0.05) at
the cellular level. In the sex control experiment, the magnetic transfection group achieved a significantly
higher female rate in the first-generation offspring compared to both the control group (P < 0.01) and the
plasmid group (P < 0.05).The magnetic transfection reagent demonstrated peak effectiveness around Day

14 post-testicular injection.

Key words: Swine; Zfy gene; Magnetic transfection; RNA interference; Sex control
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