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1.  Estrous cycle analysis and fertility assessment
To assess the estrous cycle and fertility, vaginal smears were collected daily from mice between the or 10 consecutive days (covering two full cycles). Sampling was conducted regularly between 9:00 a.m. and 11:00 a.m., and the smears were examined under a light microscope (Olympus, Japan) to identify specific estrous phases. Other reproductive phenotype assessments included measuring the anogenital distance (AGD) at weaning and recording body weight weekly from 3 to 15 weeks of age.

2. Biochemical assessment of serum hormone levels
Serum testosterone and insulin levels in F0-F2 mice were analyzed using an ELISA kit (EM1850 and EM0260, FineTest, China). For F0 generation mice, additional serum hormone analyses were performed: Anti-Müllerian hormone (AMH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH) levels were measured via ELISA kits (CSB-E13156m, Cusabio, China; EM1035, FineTest, China; JM-03105M2, JingMei, China), and the LH/FSH ratio was calculated for comparative analysis.

3. Oral glucose tolerance test (OGTT)
Before sacrificing, mice underwent a 12-hour fasting period before the OGTT. Fasting blood glucose levels were measured at 0 minutes using a blood glucometer (Accu-Check Active, Roche, Germany). Following this, mice received an oral administration of D-glucose at a dosage of 2 g/kg body weight. Blood glucose levels were then monitored at 0, 15-, 30-, 60-, 90-, and 120-minutes post-administration.

4. Insulin resistance test (HOMA-IR)
Insulin resistance was estimated using the Homeostasis Model Assessment for Insulin Resistance (HOMA-IR). At the end of the experimental period, male offspring mice were fasted overnight with free access to water. Fasting blood glucose was measured from tail-vein blood using a glucometer. Blood samples were then collected, and serum was separated by centrifugation and stored at -80°C until analysis. Fasting serum insulin concentrations were determined using a mouse insulin ELISA kit according to the manufacturer’s instructions (EM0260, FineTest, China). HOMA-IR was calculated using the following formula: 
HOMA-IR = fasting glucose (mmol/L) × fasting insulin (μIU/mL) / 22.5

5. Histological staining of the offspring’ tissues
Upon adult sacrifice, dissected tissues were either fixed in 4% paraformaldehyde or snap-frozen and stored at -80 °C until processingfor further analysis.
5.1. H&E staining 
Hematoxylin and eosin (H&E) staining were used in all tissues as fundamental pathological technique. Paraffin blocks were sectioned into 4-5 μm slices (Thermo, USA.) and mounted on APES-coated slides. For staining, sections were deparaffinized (xylene, 2×10 min), rehydrated (graded ethanol, 5 min each) and rinsed. Stained with hematoxylin (5-10 mins), rinsed, differentiated with 1% acid alcohol if needed, then eosin (2-3 mins). After rinsing, dehydrated (graded ethanol), cleared (xylene, 2×10 mins) and mounted. Observed via light microscope (Olympus, Japan) and screened through dScan-200S (D-Path, China).
5.2. Immunofluorescence double staining for pancreatic islets
Pancreatic tissues of mice were fixed in 4% paraformaldehyde, embedded in paraffin, and sectioned at 4 μm thickness. After antigen retrieval with citrate buffer (pH 6.0), sections were blocked with 5% BSA and incubated overnight at 4°C with primary antibodies: guinea pig anti-insulin (Proteintech, China) and rabbit anti-glucagon (Proteintech, China). Alexa Fluor 488-conjugated anti-guinea pig IgG and TRITC-conjugated anti-rabbit IgG were used as secondary antibodies. Nuclei were counterstained with DAPI. Fluorescence images were scanned using a fluorescence slide scanner (KFBIO, Ningbo, China) under identical scanning parameters for all groups. Quantitative fluorescence analysis was performed using ImageJ software (v.1.54p). For each group, six representative pancreatic islets from non-overlapping fields were selected, and the analysis was conducted in a blinded manner. The merged images were used only to identify pancreatic islets and avoid repeated selection of the same region. The fluorescence channels were then separated, and the mean fluorescence intensity (MFI) of insulin and glucagon was quantified independently in the red and green channels, respectively. Background fluorescence was measured from adjacent non-islet pancreatic tissue in the corresponding channel and subtracted from the target fluorescence signal. The average MFI values of insulin and glucagon were calculated separately for each animal and used for statistical analysis.
5.3. Measurement of mean islet area
Pancreatic tissues were fixed in 4% paraformaldehyde, embedded in paraffin, and sectioned at a thickness of 5μm. Based on previously described methods for pancreatic islet morphometric analysis, serial sections were collected at intervals of approximately 100μm to minimize repeated measurement of the same islet. Due to the limited availability of paraffin-embedded pancreatic tissue in the present study, one-two sections per block were obtained for preliminary morphometric evaluation. Sections were stained with H&E, and images were acquired using a whole-slide scanner (KFBIO, Ningbo, China). The boundaries of identifiable pancreatic islets were manually outlined by experienced personnel using KFSlideOS software (v 1.0.5), and islet area was calculated within KFSlideOS software based on the annotation contours. Only clearly distinguishable islets were included for analysis. 

6. Histological staining of kidneys
6.1. Masson's trichrome staining
Kidney sections were deparaffinized and rehydrated through graded alcohols. After Weigert's iron hematoxylin nuclear staining (5 min), sections were treated with Masson's composite solution (1% acid fuchsin + 1% Ponceau S) for 5 min, differentiated in 1% phosphomolybdic acid (30 sec), and counterstained with 2% aniline blue (5 min). Collagen fibers appeared blue, while muscle fibers and cytoplasm-stained red.
6.2. PAS staining
Deparaffinized sections were oxidized with 1% periodic acid (15 min), incubated with Schiff's reagent (20 min), and counterstained with Mayer's hematoxylin (2 min). Glycogen and basement membranes appeared magenta, while nuclei stained blue.

7. Oil red staining of liver tissues
Frozen liver tissues were embedded in OCT and sectioned at 6-10 μm. After fixation (4% PFA, 10 min), sections were rinsed with PBS, treated with 60% isopropanol (30 sec), and stained with filtered Oil Red O solution (15 min). Nuclei were counterstained with hematoxylin (1-2 min), differentiated in 1% HCl-alcohol, and mounted in aqueous medium. Lipid droplets (red) and nuclei (blue) were visualized by bright-field microscopy, with lipid accumulation quantified using ImageJ. Positive (high-fat diet liver) and negative (normal liver) controls were included per standard protocols.
