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Fig. S1. Agrobacterium-mediated transformation of OsTMS5 in rice. (A) Optimization of callus induction and proliferation from mature rice seeds. (B) Construction of the gRNA expression cassette and rice transformation. (C) Optimization of regeneration media for efficient plant regeneration.
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Fig. S2. The callus induction rates were evaluated in two indica rice varieties, MTU-1010. After 12 days of culturing under various treatments (T1 to T10), the effects of different concentrations of 2,4-D and BAP incorporated into MS media were assessed, as detailed in Table 1.
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Fig. S3. The successful integration of the hptII and cas9 gene into the plant genome is confirmed by PCR analysis. Screening for positive transformation events involves amplifying the hptII and cas9 gene from the genomic DNA of genome edited lines of MTU-1010 and Lalat. Agarose gel electrophoresis is used to assess the PCR results, with positive controls containing plasmid DNA (+ve), and markers (M) to indicate size standards. Edited lines are designated as M1, M2, M3, M4, M5, M6, M7, M8 and M10 for MTU-1010 lines, and L1, L3, L4, L7, L9, L11, L12, L13, L17, L18, L19, L20, L21, L25, L28, L29, and L30 for Lalat lines. 
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Fig. S4. DNA sequencing of the GE0 and GE1 lines was performed and subsequently confirmed by Sanger sequencing to validate the CRISPR/Cas9-mediated edits. The detected mutations included a point mutation (single nucleotide change), which is highlighted in a light blue box.
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A. Optimization of Callus Induction and Proliferation Derived from Rice Seeds
Step 1: Preparation of Explants

1. Mature rice seeds were surface-sterilized according to standard protocols, with sequential treatment in 70% ethanol and
sodium hypochlorite.

2. The seeds were rinsed three to four times with sterile distilled water and subsequently air-dried under aseptic conditions on
sterile filter paper to eliminate excess moisture.

Step 2: Preparation of Basal Medium

1. The MS basal medium was prepared using standard salts and vitamins, supplemented with maltose (30 g/L) as the carbon
source, casein hydrolysate (0.3 g/L), L-proline (0.6 g/L), and solidified with agar (0.8 g/L).

2. The pH of the medium was adjusted to 5.8 prior to autoclaving, and the medium was sterilized at 121 °C for 15 min.
Step 3: Plant Hormone Treatments and Medium Optimization

1. Ten treatments (T1-T10) were prepared using MS medium supplemented with varying concentrations and combinations of
2,4-dichlorophenoxyacetic acid (2,4-D) and 6-benzylaminopurine (BAP). Hormone-free MS medium served as the control.

2. For each treatment, two different carbohydrate sources were evaluated independently (Table 1), and the media were
poured into sterile culture vessels.

Step 4: Seed Culture

1. The air-dried seeds were aseptically inoculated onto the prepared media and cultured in complete darkness at 26 + 1 °C.
2. Five independent biological replicates were used for each treatment.

Step 5: Observation and Subculture of Callus

1. Cultures were checked regularly for callus formation. After 10-12 days, calli derived from mature embryos were aseptically
excised.

2. Calli were subcultured onto fresh MS medium of the same composition for 57 days to stimulate proliferation.
Step 6: Evaluation of Callus Induction

1. Callus induction efficiency (%) was calculated as the percentage of explants forming callus relative to the total number of
explants cultured:
Callus Induction Efficiency (%) = No. of explants forming callus/Total explants x 100

2. Callus morphology was assessed qualitatively based on the following parameters:
= Texture: friable or compact
= Color: creamy-white, pale yellow, or brown
= Nodularity: presence or absence
3. The structural features of calli were analyzed by light microscopy.
4. Embryogenic calli were distinguished by their nodular, compact structure and creamy-white or pale-yellow color.
Step 7: Data Recording

1. For every genotype, callus induction efficiency and morphological traits were documented separately, and the results were
presented as mean * standard deviation (SD).

2. The effects of different hormonal treatments and carbohydrate sources were evaluated comparatively to identify the
medium composition that maximized callus induction and proliferation.
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B. Construction of gRNA Expression Cassette and Rice Transformation

Step 1: Design and Assembly of Cas9 Expression Cassette

1.A rice codon-optimized eSPCas9 cassette, driven by the ZmUbiP promoter and terminated with NosT, was cloned into the
pEV1 entry vector.

2.A 20-nt OsTMSS5 target was identified using CRISPR Direct and synthesized by IDT, including Bsal restriction sites and
dual 20-nt sequences for cloning.

3.Forward and reverse oligos (100 uyM each) were mixed, incubated at 42 °C for 30's, then heated at 95°C for 5 min and
slowly cooled to 25 °C (0.1 °C/s). The resulting duplex possessed four-nucleotide 5’ overhangs: “CAGG” and “CAAA”".

4.Annealed duplex DNA was ligated into Bsal-digested OsU3-gRNA and OsUG6-gRNA vectors, and the final constructs were
cloned into pEV1 and pEV2.

Step 2: Preparation of Agrobacterium and Transformation

1.The recombinant pMDC89-eSPCas9 + OsU6-20-nt OsGS3-gRNA construct was introduced into competent Agrobacterium
tumefaciens cells by electroporation using 100 ng plasmid DNA in a 2-mm pre-chilled cuvette.

2.Following electroporation (1600 V, 5 ms), cells were immediately recovered in 1 mL LB medium at 28 °C for 1 h with
shaking.

3.Approximately 50 pL of transformed cells were spread onto LB agar containing kanamycin and rifampicin, incubated at 28
°C for 48 h, and confirmed by colony PCR.

Step 3: Preparation of Bacterial Culture for Transformation

1. A single Agrobacterium colony was cultured in LB broth containing kanamycin and rifampicin at 28 °C until reaching an
ODgoo = 0.6.

2. The bacterial pellet obtained from a secondary culture (ODgso, = 0.6) was centrifuged and pellet was resuspended in
resuspension medium at a ratio of 375 pL bacterial suspension per 250 mL medium. The resuspension medium consisted of
MS basal salts, sucrose (68 g/L), glucose (36 g/L), KCI (3 g/L), and MgCl, (4 g/L), with the pH adjusted to 5.2.

3. Acetosyringone was added to the resuspension medium to a final concentration of 150 uM, using a freshly prepared stock
solution dissolved in 100% DMSO.

Step 4: Callus Infection and Co-Cultivation

1. Calli (2-3 mm) were incubated in Agrobacterium suspension at 28 °C for 25 min, blotted dry on sterile filter paper, and
used for subsequent co-cultivation.

2. After infection, the calli were placed on co-cultivation medium and maintained at 28 °C in complete darkness for 48-72 h.

Step 5: Washing of Calli

1. After co-cultivation, calli were incubated at 30-32 °C, extensively rinsed with sterile water, and repeatedly treated with 250
mg/L cefotaxime to remove residual Agrobacterium.

2. The calli were washed 2-3 times at 5-min intervals, blotted dry, and transferred to primary selection medium.
Step 6: Selection of Transformed Calli

1. Calli were subjected to primary selection on medium containing 250 mg/L cefotaxime, 50 mg/L hygromycin, and 500 mg/L
carbenicillin, incubated in the dark at 26 + 2 °C for 15 days.

2. Calli were moved to fresh medium with the same antibiotic composition for secondary selection and incubated for 10 days.

3. Developing microcalli were moved to fresh medium containing 250 mg/L cefotaxime, 30 mg/L hygromycin, and 500 mg/L
carbenicillin and incubated in the dark at 26 + 2 °C for 7 days for proliferation.
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C. Optimization of Regeneration Media for Plant Regeneration

Step 1: Selection of Calli and Optimization of Regeneration Media
1. Healthy, compact embryogenic calli with creamy-white coloration were carefully selected from the callus induction medium.
2. Selected calli were aseptically excised into uniform segments of approximately 3-5 mm in diameter.

3. Seven regeneration media (RM1-RM5) were prepared by supplementing the basal medium with varying concentrations
and combinations of cytokinins and auxins (Table 2).

4. The prepared media were aseptically poured into sterile culture vessels.

5. Calli were aseptically transferred onto regeneration media and maintained at 26 + 2 °C under a 16/8 h light/dark
photoperiod. Each treatment was performed in triplicate.

Step 2: Monitoring of Regeneration

1. Cultures were examined daily for green spot formation indicating regeneration initiation, and the regeneration response
was recorded for each variety and treatment.

Step 3: Shoot Induction and Proliferation

1. After shoot emergence, regenerated plantlets were transferred to MS basal medium and incubated under the same
temperature and photoperiod conditions.

2. However, during Agrobacterium-mediated transformation, the regeneration protocol was modified. Creamy-white
proliferated calli from the third selection medium were initially selected and transferred to regeneration medium 1, where they
were incubated for 6-7 days in complete darkness.

3. Subsequently, the calli were transferred to RM5, based on the previously identified optimal regeneration medium for shoot
proliferation.

4. The number of regenerated shoots was recorded at biweekly intervals after transfer.
Step 4: Preparation of Rooting Medium for Root Induction
1. A half-strength MS basal medium containing varying concentrations of NAA was prepared for root induction.

2. The regenerated shoots were aseptically transferred to rooting medium and incubated for 10 days. Subsequently, sucrose
was added to the medium to enhance root elongation.

Step 5: Calculation of Regeneration Efficiency

1. The regeneration efficiency (%) was calculated using the formula:
Regeneration Efficiency (%)=Number of calli regenerating into plantlets/Total number of calli culturedx100
Step 6: Hardening and Acclimatization

1. The regenerated plantlets were carefully rinsed with autoclaved double-distilled water to eliminate any residual medium
and subsequently transferred to sterile test tubes for initial hardening..

2. After primary hardening, plantlets were transplanted into soil-filled pots and maintained under controlled conditions to allow
acclimatization and seed set.

3. Transformation efficiency (%) was calculated using the following formula:

Transformation Efficiency (%)=Number of PCR-positive (hptll) regenerated plantlets/Total number of
embryogenic calli infectedx 100
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hptll-based screening confirmed edited MTU-1010 lines
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