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SOMATIC EMBRYOGENESIS IN COTTON (GOSSYPIUM HIRSUTUM L., CV Y331 BLT): THE ROLE OF PHENOLIC COMPOUNDS, SUGARS AND PROTEINS IN CALLUS DEVELOPMENT 
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ABSTRACT 

	Aims: The aim of this work is to study the biosynthesis of biochemical compounds in embryogenic and non-embryogenic cotton calli to determine biochemical markers of somatic embryogenesis.	Comment by Eliazar Peniton Jr.: Should include this aim: to identify biomarkers associated with somatic embryogenesis.
Study design: The experiment was laid down in a completely randomized design consisting of two type of calli and each replicated three times.
[bookmark: _Hlk208353840]Place and Duration of Study: Department of Nature sciences (Nangui Abrogoua University-Côte d’Ivoire) and Laboratory of Mycology and Plant Biotechnology, Faculty of Pharmaceutical Sciences, GESVAB, EA 3675, University of Bordeaux 2, France, between September 2023 and May 2024.
Methodology: To achieve this, cotton calli were induced from hypocotyl explants and cultured under conditions favoring somatic embryogenesis. Then, total phenolics, proteins, and total sugars were quantified in these calli, along with the activity of specific enzyme proteins. Additionally, Ultra-high-performance liquid chromatography (UHPLC) was used to profile polyphenolic compounds. Enzymatic assays showed increased activity of polyphenol oxidase (PPO), phenylalanine ammonia-lyase (PAL), and tyrosine ammonia-lyase (TAL) in embryogenic calli, underscoring the involvement of phenolic metabolism in embryogenic competence. Additionally, enhanced catalase and ascorbate peroxidase activities in embryogenic calli suggest a critical role in oxidative stress regulation during somatic embryogenesis.	Comment by Eliazar Peniton Jr.: This is part of the result already.
Results: Results indicate that embryogenic calli accumulate significantly higher levels of total phenolics (144.22 µg/g fresh calli), proteins (103.47 µg/g fresh calli), and sugars (15.54 µg/g fresh calli) compared to non-embryogenic calli. Ultra-High-Performance Liquid Chromatography (UHPLC) analysis revealed that embryogenic calli specifically accumulate salicylic acid and catechin, suggesting their role as biochemical markers of somatic embryogenesis. In contrast, non-embryogenic calli were characterized by high rutin and genistein content, indicating their involvement in callogenesis rather than embryogenesis.
Conclusion: These findings provide valuable biochemical markers for selecting embryogenic cotton varieties and optimizing tissue culture protocols for cotton improvement.	Comment by Eliazar Peniton Jr.: Include the importance of having increase biochemical synthesis.
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1. INTRODUCTION 

Cotton (Gossypium hirsutum L.) is a dicotyledonous plant in the Malvaceae family (Coulibaly, 2023). It is a tetraploid species resulting from the hybridization between a wild diploid species from America and cultivated species (Gossypium arboreum and Gossypium herbaceum) from Africa and Asia (Kouakou et al., 2008). Cotton is not mainly grown for its fibers used in the textile industry, but also for its edible oil and protein-rich cottonseed meals, which are used in both human and animal nutrition (Coulibaly, 2023). Cultivated in many tropical and subtropical regions, cotton played a significant role during the industrial revolution (Riello, 2022) and currently represents an important source of foreign currency earnings (Olaitan, 2024). In Côte d'Ivoire, the cotton sector represents 7% of export earnings and contributes approximately 1.7% to the Gross Domestic Product (GDP) (Coulibaly, 2021). This author estimates that more than 3.5 million people live directly or indirectly from this crop. Despite its socio-economic importance, the Ivorian production remains low. It continues to face numerous constraints, notably climate change (Traoré and Pohé, 2020), parasitic attacks and cryptogamic diseases (Silvie and Papierok, 2024). To cope with these, growers make massive use of phytosanitary products, which have harmful effects on the environment and encourage the emergence of resistance in pests (Ferron, 2016; Kranthi, 2024). Alternative approaches such as varietal selection are being explored to develop resistant varieties adapted to environmental conditions. However, conventional breeding methods such as interspecific hybridization come up against incompatibility barriers linked to ploidy and require a long process, ( about around 10 years,) to obtain a new improved variety (Kouakou et al., 2008; N'Guessan, 2020; Hammouda-Bousbia Dounia, 2021). 	Comment by Eliazar Peniton Jr.: Always italicize scientific names.	Comment by Eliazar Peniton Jr.: Can you include the chromosome number for the tetraploid and the diploid species? If necessary, include the basic chromosome number.
In this context, plant biotechnology, particularly somatic embryogenesis, emerges as a promising alternative for cotton improvement (N'Guessan, 2019). This technique enables the formation of embryos from somatic cells, thus offering a material of choice for overcoming the limitations of sexual reproduction (Kouakou et al., 2008). It is a strategic tool in in vitro regeneration and genetic engineering programs. However, its implementation is largely constrained by strong genotype dependence, particularly in cotton (Koné, 2020; Ikeuchi et al., 2016; Fehér, 2019). To date, only cultivars in the Coker group show a strong aptitude for somatic embryogenesis, thus serving as models for in vitro culture research in cotton (Karami and Saidi, 2010; Sakhanokho and Rajasekaran, 2016; Yasin and Yasmin, 2018). Indeed, most commercial varieties exhibit a low embryogenic response due to tissue browning and cell necrosis, caused by the release of certain phenolic metabolites into the culture medium (Jones and Saxena, 2013). Kouakou (2009) highlighted the central role of phenolic compounds in the acquisition of embryogenic competence. The author reported that embryogenic competence in cotton depends not only on the quantity but above all on the quality of phenolic compounds. Indeed, it has been shown that embryogenic cells accumulate significantly higher levels of phenolic compounds than non-embryogenic cells (Meguellati et al., 2022). Thus, there is a close link between changes in biochemical profiles and stages of cell development during somatic embryogenesis.
Nevertheless, beyond phenolic compounds, few studies have focused on the role of other biomolecules such as total sugars, total proteins and enzymatic proteins in the acquisition of embryogenic competence in cotton (Kouakou et al., 2008). Thus, the aim of the present study was to evaluate the biosynthesis of some biochemical markers (total phenols, proteins, total sugars and enzyme proteins) in embryogenic and non-embryogenic calli of the Y331 BLT variety, with the aim to identify biomarkers associated with somatic embryogenesis. This study paves the way for biochemical marker-assisted selection for cotton breeding.

2. material and methods 

2.1 Plant material 
The plant material consisted of cotton seeds (Gossypium hirsutum L. var. Y331 BLT) from the Ivorian Company for Textile Development (CIDT), Côte d'Ivoire. Y331 BLT is one of the cotton varieties developed by Côte d'Ivoire's National Center for Agronomic Research (CNRA) to improve the quantity and quality of Ivorian production (Amangoua et al., 2022). The choice for this variety is justified by its ability to adaptation to the pedoclimatic conditions of the Ivorian cotton basin, its agronomic performance (good yield, seed index and fiber percentage) and its above-average technological characteristics (fiber length, micronaire, tenacity, etc.). This Ivorian variety is widely grown in the northern cotton basin of Côte d'Ivoire (Amangoua et al., 2022; Kouakou et al., 2024). 

2.2 In vitro germination of cotton seeds and callus induction 
Cotton seeds were first delinted with concentrated sulfuric acid, then soaked and shaken in 70% (v/v) ethanol for 1 min under a high laminar flow. After soaking in sodium hypochlorite (2.4% active chlorine) for 30 min, the seeds were rinsed three times with sterile distilled water for 5 min. Seeds were then soaked in 150 × 22 (Length ✖ diameter in mm) test tubes containing 30 mL sterile distilled water (one seed per tube), and placed in the dark for 48 h. After this period, the seeds were removed from their seed coats using sterile forceps under a laminar flow hood and cultured on germination medium. 	Comment by Eliazar Peniton Jr.: Is it a correct term? Can’t find its meaning.
Germination medium consisted of Murashige and Skoog (1962) medium supplemented with 30 g/L sucrose and solidified with 2.2 g/L phytagel. This medium was then autoclaved for 20 min under 1 bar pressure at 121°C. Test tubes containing seeds were closed and sealed with parafilm. These tubes were incubated in the dark for 48 h in the culture chamber to initiate germination, then transferred to a culture chamber under a 12 h photoperiod for seven days. The hypocotyl of the vitroplants obtained served as an explant for callus initiation on callogenesis medium consisting of Murashige and Skoog (1962) medium with Gamborg's B5 vitamins (MSB5)(Gamborg et al., 1968), supplemented with 30 g/L glucose, 0.1 mg/L 2,4-D, 0.5 mg/L kinetin and solidified with 2.2 g/L phytagel. The primary calli obtained underwent three subcultures with monthly renewal of the medium. At the end of the third subculture, part of the callus was kept on callogenesis medium, and the other part was cultured on embryo induction medium (MIE) (MIE = MBS5 - NH4NO3 + 2KNO3) (Kumar et al., 2013; Kouadio et al., 2023) for four weeks. The MIE medium was renewed every two weeks. Friable calli from embryo induction medium and non-friable calli from callogenesis medium were used as plant material for biochemical studies	Comment by Eliazar Peniton Jr.: Kindly specify if the culture medium for callogenesis and MIE were solid or liquid medium. How about the culture condition during the 4 week of observation like the temperature, under dark condition, shaker incubation?

2.3 Phenolic compounds extraction and assay 
Phenolic compounds were extracted using the method of Kouakou (2009). About 500 mg of fresh calli were placed in a tube containing 10 mL of 96% methanol, closed and incubated at 4°C for 12 h. After centrifugation at 2000 rpm for 10 min, the supernatant was filtered through a Millipore membrane (0.45 µm) to obtain the crude extract of phenolic compounds (CEPC). 
The determination of phenolic compounds was performed in accordance with the method previously established by Singh (2000). A volume of 0.5 mL of Folin-Ciocateu's reagent (0.5 N) was mixed with 0.9 mL of distilled water, followed by the addition of 0.1 mL of CEPC. After this, 1.5 mL of 17% sodium carbonate was added to the solution, which was then incubated for a period of 35 min in a dark environment at room temperature. Staining intensity, which is proportional to the phenolic content, was monitored using a spectrophotometer at 765 nm. Phenolic content, expressed in µg/g fresh matter (µg/g FM), was determined using a standard curve with different concentrations of gallic acid at 200 µg/mL. 
2.4 Determination of phenolic compounds by Ultra High-Performance Liquid Chromatography 

2.4.1 Analytical conditions  
Compounds were extracted using the method described by Rodriguez-Delgado et al (2001) and modified by Kouakou et al (2008) (Laboratory of Mycology and Plant Biotechnology, Faculty of Pharmaceutical Sciences, GESVAB, EA 3675, University of Bordeaux 2, France). About 100 mg of lyophilized calli were placed in a tube containing 10 mL of 96% methanol and incubated at 4°C for 48 h. Ultrasonic sonication (FAME, Emmi-12HC) for 5 min was followed by centrifugation at 5000 rpm (Sigma 3-18KS centrifuge) for 10 min. Next, 4 mL of the supernatant was evaporated in a Speed Vac (Savant, USA). The dry residue obtained was dissolved in 1 mL methanol 30% (v/v) and then placed on a C18 grafted silica mini-column (Sep pack®; Macherey-Nagel, Düren, German) in the refill system called Supelco Visiprep™. 
The silica mini columns were pre-equilibrated by successive washing with 100% methanol (2 mL), then with 50% methanol (2 mL) and finally with distilled water (6 mL). After the methanolic extract was deposited, it was washed with 2 mL distilled water and the phenolic compounds were eluted with 4 mL 90 % (v/v) methanol. The eluate obtained was evaporated at Speed Vac and the dry residue obtained was taken up in 1 mL methanol 50% (v/v) and filtered through a Millipore membrane (0.22 μm). The hydro methanolic extract obtained was the purified extract of phenolic compounds. 
Sample analyses were carried out according to the method of Verdu (2013) using the Ultra High Performance Liquid Chromatography (UHPLC) system with an Agilent 1100 series UV visible UHPLC System, Germany.

2.4.2 Separation and identification of phenolic compounds  
Phenolic compounds were separated under a pressure of 550-1000 bar. The hydro methanolic extract was diluted with filtered distilled water (50/50, v/v). Approximately 10 μL of filtrate was directly injected into UHPLC at a flow rate of 1.3 mL/min, and chromatograms were detected at 280 nm. Each analysis was repeated three times. 
2.5 Total sugars extraction and assay 
As before, total sugars were extracted using the method of Rodriguez-Delgado et al. (2001) modified by Kouakou et al. (2008). Total sugars assay was carried out using the method of Dubois et al. (1956). Concentrated sulfuric acid (H2SO4) was used to break the osidic bonds between D-glucose and D-fructose. Thus, 0.2 mL of 5% phenol and 0.2 mL of crude extract (CE) were taken and placed in a test tube. The reaction mixture was made up to 1 mL with distilled water, then 1 mL concentrated sulfuric acid (97%) was added. After homogenization, the mixture was incubated for 5 min in a boiling bath, then cooled in the dark for 30 min. The intensity of the coloration produced by the reaction was measured with a spectrophotometer at 490 nm against a control containing no sugar. Optical density was converted to total sugars (µg/g fresh calli) using a calibration line (0.01 to 0.1 mg/mL) constructed from a glucose solution (1 mg/mL).

2.6 Protein extraction and assay
Protein extraction and assay were performed according to the method of Bradford (1976). Extraction was performed cold (4°C). a total of 0.5 g fresh callus was ground in the presence of 0.05 g PVP and 10 mL 0.1 M sodium phosphate buffer pH (7.8). The crushed material was centrifuged at 5000 rpm for 20 min. The supernatant obtained constituted the crude protein extract. 
Protein assay was performed using 5.1 mL reaction medium. This medium contained 0.1 mL crude extract and 2 mL Coomassie blue solution (reagent). The reaction mixture was incubated in an ice bath in the dark for 30 min. Protein content was then monitored by a spectrophotometer at 595 min. In the control tube, the extract was replaced by phosphate buffer. Bovine Serum Albumin (BSA) solution (250 μg/mL) was used as the reference protein solution. Protein levels were determined using the standard curve and expressed in micrograms per gram of fresh material (µg/g fresh calli).

2.7 Enzymatic proteins extraction and purification
Enzyme extraction was performed at low temperature (4 °C) to minimize enzymatic activity (Kouakou, 2003). A total of 500 mg fresh callus was ground in 5 mL 0.1 M phosphate buffer in the presence of 0.05 g polyvinylpyrrolidone (PVP). During grinding, 0.1 mL of a reducing solution composed of 5% polyethylene glycol 6000 (PEG 6000), 0.25% sodium thiosulfate, 15% glycerol, 1 mM EDTA and 15 mM mercaptoethanol were added. The homogenate was centrifuged at 5000 rpm for 20 min, and the resulting supernatant was collected as the crude enzyme extract. For purification, the crude extract was treated with Dowex, an ion exchange resin that selectively binds positively charged particles, including many ionic enzyme inhibitors. The resin was thoroughly mixed with the crude enzyme extract and incubated at 4 °C for 30 min. After incubation, the mixture was centrifuged again at 5000 rpm for 10 min. The supernatant obtained represented the purified enzyme extract. 
2.7.1 Polyphenol Oxidase (PPO) assay  
Polyphenol oxidase (PPO) activity was determined using the method described by Zhou et al. (2003). The reaction mixture had a total volume of 3 mL and contained 0.2 mL of enzyme extract, 1 mL of pyrocatechol, and 1.8 mL of 0.1 M phosphate-citrate buffer (pH 6.5). The oxidation of pyrocatechol was monitored spectrophotometrically by measuring the absorbance at 500 nm. PPO activity was calculated and expressed as nanokatal per minute per gram of fresh calli (nkat/min/g fresh calli), using a molar extinction coefficient of 1400 M⁻¹·cm⁻¹ for the reaction product. 
2.7.2 Peroxidasic guaiacol (GPx) assay  
Peroxidasic guaiacol (GPx) activity was measured using the method described by Santimone (1973). To perform the assay, 0.1 mL of enzyme extract was added to the test tubes, followed by the addition of 2.9 mL of substrate solution containing 10⁻² M guaiacol and 10⁻² M hydrogen peroxide (H₂O₂) (v/v). The reaction mixture was stirred and incubated in the dark for 10 min. A one-minute interval was maintained between the addition of the enzyme extract and the substrate in each tube to standardize incubation time. Guaiacol oxidation was monitored spectrophotometrically by measuring the absorbance at 470 nm. GPx activity was expressed as nanokatals per minute per gram of fresh calli (nkat/min/g fresh calli). In the control tube, the substrate was substituted with 0.1 M sodium phosphate buffer pH 7.5.

2.7.3 Phenylalanine ammonia-lyase and Tyrosine ammonia-lyase Assays  
The activities of phenylalanine ammonia-lyase (PAL) and tyrosine ammonia-lyase (TAL) were determined according to the method described by Regnier (1994). The assay was carried out in a reaction mixture containing 0.1 mL of enzyme extract, 1 mL of 0.1 M L-phenylalanine (for PAL) or 0.1 M L-tyrosine (for TAL), and 1.9 mL of 0.2 M sodium borate buffer (pH 8.8). The reaction mixture was incubated at room temperature for 30 min, and the activities of PAL and TAL were monitored by measuring absorbance at 290 nm using a spectrophotometer. The enzymatic activities were directly proportional to the amount of cinnamic acid (for PAL) and p-coumaric acid (for TAL) produced. PAL and TAL activities were expressed as nanokatals per minute per gram of fresh calli (nkat/min/g fresh calli), using molar extinction coefficients of 19,600 M⁻¹·cm⁻¹ for cinnamic acid and 17,600 M⁻¹·cm⁻¹ for p-coumaric acid.

2.7.4 Ascorbate peroxidase and catalase assays  
The activity of catalase and ascorbate peroxidase was determined according to the method of Zhou et al. (2003). The ascorbate peroxidase assay was carried out using 3 mL reaction volume, including 0.1 mL enzyme extract and 2.9 mL ascorbic solution. Ascorbate peroxidase activity was monitored spectrophotometrically at 290 nm against a blank made with tris-HCL buffer. Activity was expressed in nkat/min/g of fresh matter. The catalase assay was carried out using the same reaction medium: 0.1 mL enzyme extract, 1 mL H2O2 and 1.9 mL Tris-HCl buffer. In the control tube H2O2 was replaced by Tris-HCl buffer. Catalase activity was monitored by spectrophotometer at 240 nm and expressed as nkat/min/g fresh material. The molar extinction coefficient of the product formed at the 240 nm wavelength is equal to 36.10-6 M-1.cm-1.

2.8 Chemicals
All chemicals used were analytical grade. Gallic acid, methanol, sodium carbonate, Folin-Ciocalteu, Coomassie blue solution reagents were purchased from Sigma-Aldrich (Natick, MA, USA).  For chromatography, the methanol used is HPLC grade.

[bookmark: _Hlk208389820]2.9 Statistical analysis
Statistical analysis was carried out using Statistica 7.1 software. Single-criterion analyses of variance were performed on the means of the various parameters. In the event of a significant difference between two means, the Newman-Keuls test at the 5% threshold was used to classify the means.

3. results 

3.1 Assessment of cotton callus induction 
Figure 1 shows that the calli from the callogenesis medium were yellowish and compact (A), whereas those derived from the embryo induction medium (MIE) was greenish with a friable texture (B)., whereas those from the callogenesis medium were yellowish and compact (A).	Comment by Eliazar Peniton Jr.: Describe first the figure 1 panel A followed by panel B. Not the other way around.
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Figure 1. Textures and colors of observed embryogenic and non-embryogenic and embryogenic calli.
A : non-embryogenic medium (MSB5 + 30 g/L glucose + 0,5 mg/L KIN + 0,1 mg/L 2,4-D): non-embryogenic calli: Compact and yellowish calli;
B: embryogenic medium (MSB5 – NH4NO3 + 2 KNO3 + 30 g/L glucose + 0,5 mg/L KIN + 0,1 mg/L 2,4-D): embryogenic calli: Friable and greenish calli

3.2 Biochemical compounds content assessment of different types of calli 
The total phenol, total sugar and protein contents of embryogenic and non-embryogenic callus are presented in Table 1. The results show that the content of biochemical compounds differs according to the callus type. Embryogenic calli grown on embryo induction medium (MIE) induced higher levels of total phenol (144.22 µg/g fresh calli) and protein (103.47 µg/g fresh calli) than non-embryogenic calli (43.2 and 61.50 µg/g fresh callus, respectively). In contrast, regarding total sugars, the results showed a slight increase in sugar content in embryogenic callus (15.54 µg/g fresh calli) compared with non-embryogenic calli (10.45 µg/g fresh calli). This suggests that phenols and proteins have a greater influence on embryogenic cell induction than total sugars.	Comment by Eliazar Peniton Jr.: Do you have a proof (result or reference) to support your claim that these phenols and proteins influence embryonic cell induction? How about the idea that MEI able to produce more phenols and proteins than sugar during the embryonic callus formation? 

Table 1. Biochemical compounds content of Embryogenic and Non-embryogenic calli
	
	Callus compounds content (µg/g)

	Biochemical
compounds
	Embryogenic callus
	Non-embryogenic callus


	Total phenols 
Proteins
Total sugars
	144.22 ± 1.05 a
103.47 ± 1.57 a
15.54 ± 0.35 a
	43.20 ± 0.81 b
61.50 ± 0.46 b
10.45 ± 0.3 b


On the same line, means followed by the same letter are not significantly different (Newman-Keuls test at P < 0.05).

3.3 Identification of phenolic compounds in different calli types 
Analysis by Ultra High-Performance Liquid Chromatography (UHPLC) identified the phenolic compounds present in non-embryogenic calli (A) and embryogenic calli (B). Analysis of the chromatograms (Figure 2) reveals similarities and differences between the profiles of embryogenic calli (B) and non-embryogenic calli (A). Seven compounds are common to both calli types (A and B). These are gallic acid, gentisic acid, ferulic acid, caffeic acid, rutin, p-coumaric acid and quercetin. The comparison of the phenolic profiles of calli A and B revealed the de novo synthesis of these compounds (salicylic acid and catechin) only in embryogenic calli (B), and the synthesis of genistein in non-embryogenic calli (A). Superimposing the profiles revealed a difference between the amplitudes of the phenolic compound peaks common to the two types of calli. In embryogenic calli (B), gallic acid, gentisic acid, ferulic acid, caffeic acid, p-coumaric acid and quercetin showed higher amplitudes than in non-embryogenic calli (A). Rutin, on the other hand, recorded a high amplitude in non-embryogenic calli (A), with genistein appearing.
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Figure 2. UHPLC chromatograms of phenolic compounds in calli of cotton cultivar Y331 BLT detected at 280 nm.
A: non-embryogenic calli; B: embryogenic calli; peak identification by elution order: 1. gallic acid (2.154 min); 2. gentisic acid (3.440 min); 3. salicylic acid (tr = 3.520 min); 4. catechin (4,154 min); 5. ferulic acid (5.385 min); 6. caffeic acid (6,628 min); 7. rutin (7.619 min); 8. p-coumaric acid (8.030 min); 9. quercetin (9.621 min); 10. genistein (10.125 min). UHPLC: Ultra High-Performance Liquid Chromatography

3.4 Assessment of the activity of enzyme proteins and antioxidant enzymes in different calli types 
The results in Figure 3 show that the callus type influences the activity of the enzymes studied. PPO, PAL and TAL activities are higher (5.41; 1.53 and 1.64 nkat/min/g fresh calli, respectively) in embryogenic calli (B) than in non-embryogenic calli (4.29; 1.07 and 1.08 nkat/min/g fresh calli, respectively). In contrast, GPx activity was lower (1.02 nkat/min/g fresh calli) in embryogenic than in non-embryogenic calli (1.41 nkat/min/g fresh calli). Antioxidant enzyme activity was higher in embryogenic calli (1.97 and 2.40 nkat/min/g fresh calli) for APx and Cat respectively, compared with 1.01 and 1.48 nkat/min/g fresh calli (respectively) in non-embryogenic calli.
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Figure 3. Enzyme activity of embryogenic and non-embryogenic calli
Bands followed by the same letter are not significantly different (5% Newman-Keuls test). PPO: Plyphenoloxidase; GPx: Guaiacol peroxidase; PAL: Phenylalanine ammonia-lyase; TAL: Tyrosine ammonia-lyase; APx: Ascorbate peroxidase; Cat: Catalase; CE: Embryogenic calli; CNE: Non-embryogenic calli

4. discussion

Figure 1 shows that the calli derived from the embryo induction medium (MIE) are greenish with a friable texture, whereas those from the callogenesis medium are yellowish and compact. This observation suggests that the composition of the culture medium influences the development of cultured cells. Indeed, the work of Kouadio et al (2023) has shown that the induction of embryogenic cells in pineapple requires the transfer of cells from callogenesis medium to somatic embryogenesis medium. Furthermore, our results are in line with those of Kouadio et al. (2017) who reported that embryogenic calluses in pineapple are friable and greenish.	Comment by Eliazar Peniton Jr.: One reference could not provide strong argument to say that MEI REQUIRES transfer of cells from callogenesis medium. Besides, these two plant species are incomparable. Cotton is a C3 plant while pineapple is a CAM plants. Better provide another studies to support this claim.

Also, I suggest, you paraphrase this statement to have more coherent idea.
“The culture medium significantly affects the characteristics of plant calli. Specifically, calli grown on an embryo induction medium (MIE) were green and had a friable texture, while those from a callogenesis medium were yellow and compact. This finding is consistent with previous research by Kouadio et al. (2017), who also noted that embryogenic pineapple calli are friable and greenish. Additionally, the need to transfer cells between different media to induce embryogenic cells, as shown by Kouadio et al. (2023), further supports the idea that medium composition is crucial for cell development. “
As for biochemical analyses, the high phenolic compound content observed in embryogenic calli suggests that the composition or type of media significantly influences the cellular metabolism leading to the embryogenic aptitude of the cells. Indeed, phenolic compounds bound to glucosides in vacuolar juice, once released at the cell wall, are involved in the growth mechanism and stimulate the induction of embryogenic structures. Kouakou (2003) reported similar results in cotton. On the other hand, the increase in protein content observed in the embryo induction medium can be explained by the fact that proteins are involved in the growth of cells cultivated in vitro. Indeed, protein accumulation would modify cell differentiation towards embryogenic cell induction. These results are in line with those of Kouadio et al. (2004) and Kouakou (2009), who showed that protein content is higher in the embryogenic Coker variety than in non-embryogenic varieties. Similarly, in Picea abies, Egerstotterws et al. (1993) noted an increase in protein content in cell suspensions of embryogenic varieties compared with non-embryogenic varieties.	Comment by Eliazar Peniton Jr.: This is unclear idea. Your study aims to determine biochemical markers of somatic embryogenesis, NOT to determine if your culture medium composition influences the result. Nor a comparative study between different culture medium. Kindly focus on your result and discuss its significance.	Comment by Eliazar Peniton Jr.: Please provide reference for this claim.
Regarding the total sugars content, a slight increase in sugar content in embryogenic cells was observed compared to that in non-embryogenic cells. This slight increase in sugars levels in embryogenic cells can be explained by the hydrolysis of starch to glucose by amylolytic enzymes. These results confirm the findings of Kishor and Mehta (1987) and Kouakou (2003) that embryogenic cells have a higher sugars content than non-embryogenic cells. Sugar accumulation therefore plays an important role in the acquisition of embryogenic potential. Furthermore, the quantitative study of phenolic compounds carried out during this study revealed that the acquisition of embryogenic potential is preceded by an increase in phenol content.
In this study, the Ultra High-Performance Liquid Chromatography (UHPLC) analysis identified phenolic compounds present in non-embryogenic calli (A) and embryogenic calli (B). Chromatogram analysis revealed similarities and differences in the profiles of embryogenic calli (B) and non-embryogenic calli (A). Thus, the simultaneous presence of gallic acid, gentisic acid, ferulic acid, caffeic acid, rutin, p-coumaric acid and quercetin in the non-embryogenic and embryogenic calli of the two types of callus induction media tested seems to have a relationship with callogenesis but would not be beneficial to the induction of embryogenic structures in cotton.  This study also showed that KNO3-rich embryo induction medium (MIE) stimulates embryo induction. Thus, there appears to be a close relationship between phenolic compound content, induction of embryogenic structures and KNO3 concentration. 
UHPLC results revealed that genistein was synthesized only in non-embryogenic calli (A) and rutin showed a low amplitude in embryogenic calli (B). The de novo synthesis of genistein only in non-embryogenic calli and the high secretion of rutin seem to explain the inhibition of embryogenic structure formation in non-embryogenic calli (A). Our results are in line with those of Kouakou (2009), who showed that genistein is one of the phenolic compounds that inhibit embryogenic structures induction. However, the comparison of the phenolic profiles of non-embryogenic calli (A) and embryogenic calli (B) revealed the de novo synthesis of compounds (salicylic acid and catechin) in embryogenic calli (B). The presence of salicylic acid and catechin only in embryogenic calli (B) suggests that these phenolic compounds are probably responsible for the high embryogenic cell count observed in these calli. These results concur with those of Kouakou (2009), who showed that salicylic acid and catechin are phenolic markers of embryogenesis. In addition, the accumulation of gallic acid, gentisic acid, ferulic acid, caffeic acid, p-coumaric acid and quercetin in embryogenic calli (B) compared with non-embryogenic calli (A) suggests their key role in the induction of embryogenic structures in cotton. Luczkiewicz and Glod (2003) and Kouadio (2018) have obtained similar results in other species. However, the high rutin content and the presence of genistein in non-embryogenic calli (A) suggest that these compounds promote callogenesis but seem to have no influence on somatic embryogenesis in cotton.	Comment by Eliazar Peniton Jr.: I think, these (A,B) are not necessary in this section. To mention embryonic and non-embryonic are enough already.
The study on the enzymatic activity during phenolic compounds biosynthesis revealed that PPO, PAL and TAL activities were higher in embryogenic calli compared with non-embryogenic calli. The high PPO activity is explained by the fact that these enzymes are involved in the degradation of phenolic compounds, forming diquinones which have a beneficial effect on embryogenic structures induction. Similar results were obtained by Baaziz (1994) and Kouakou (2003). On the other hand, catechin synthesized in embryogenic calli is thought to be one of the substrates of PPOs. This would explain the high PPO activity in embryogenic calli. The increased activity of PAL and TAL in embryogenic calli is due to the availability of phenylalanine and tyrosine, the substrates of these two enzymes. Thus, depending on the substrate, the metabolism of phenolic compounds could take place via the PAL or TAL pathway. In this study, phenolic compounds synthesis was directed via TAL in embryogenic calli and via PAL in non-embryogenic calli. The change in phenolic compound biosynthesis pathway from non-embryogenic to embryogenic calli is responsible for the acquisition or non-acquisition of embryogenic potential (Kouakou, 2009). Thus, genistein, present only in non-embryogenic calli, would be synthesized via the PAL pathway, whereas the synthesis of salicylic acid and catechin in embryogenic calli would be linked to TAL. In contrast, the low peroxidase (GPx) activity in embryogenic calli is thought to be due to the low involvement of peroxidases in phenolic catabolism during cotton embryogenesis. According to Dhawan and Nanda (1982), peroxidase activity leads to the formation of monoquinines, which are inhibitors of cell growth. Thus, high peroxidase activity would be an indicator of good callogenesis. 
In terms of antioxidant enzymes, their activities are higher in embryogenic calli than in non-embryogenic calli. Our results agree with those of Manivannan et al. (2015) who reported in Torilis japonica that ascorbate peroxidase (APx) and catalase (Cat) activity increases during embryo induction. Thus, according to the work of Abrahamsson et al. (2017), the process of embryo formation is preceded by an increase in catalase activity. Indeed, catalase and ascorbate peroxidase function continuously in all cells in response to oxidative stress. 
At the end of this study, results would contribute significantly to the development of improved Y331 BLT cotton variety with enhanced regenerative capacity, ultimately benefiting both agricultural productivity and the textile industry in Côte d'Ivoire.


5. Conclusion	Comment by Eliazar Peniton Jr.: Must highlight the importance of having induced somatic embryogenesis compare to non-embryogenic. So what if this MEI contains more of these biochemical compounds? How would it be useful for MAS breeding programs?

This study highlights significant biochemical differences between embryogenic and non-embryogenic calli in the cotton variety Y331 BLT, underlining the key roles of phenolic compounds, proteins, sugars, and enzymatic activities in the acquisition of embryogenic competence. Embryogenic calli exhibited higher levels of total phenols, proteins, and antioxidant enzymes, along with specific phenolic compounds such as salicylic acid and catechin, previously identified as positive markers of somatic embryogenesis. In contrast, non-embryogenic calli were characterized by higher genistein and rutin levels, suggesting an inhibitory role in embryo induction. The activity profiles of PPO, PAL, TAL, and antioxidant enzymes further supported the link between biochemical pathways and embryogenic potential. Importantly, the identification of distinct biochemical markers offers promising avenues for improving in vitro regeneration protocols and for implementing marker-assisted selection in Y331 BLT cotton variety breeding programs. Future studies should explore the genetic regulation of these biochemical pathways to further refine the selection of embryogenic lines.	Comment by Eliazar Peniton Jr.: Can you define what are those distinct biochemical markers? Are salicylic acid and catechin the distinct marker? 
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