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Abstract

Soybean (Glycine max (L.) Merr.) is renowned for its nutritional value and health benefits. Efficient
control of undesirable plants is crucial for large-scale soybean production. Combining non-selective herbicides
like glyphosate (Roundup®) with ¢p4 epsps transgene-resistant plants has proven effective. Substantial
equivalence studies conducted by the Centre for Genetic Engineering and Biotechnology (Cuba) have led to
field approval. However, further investigation is needed regarding potential alterations in “minor” agricultural
traits, botany, physiology, and biochemistry of this ¢p4 epsps-transgenic variety. This report outlines carly
germination stages in Petri dishes and plant growth under semi-controlled conditions. The ¢p4 epsps
transgenesis enhanced seed vigour, achieving 100% germination at 42 h compared to 54 h for the control group.
No visual phenotypic differences were observed at 21 or 60 days after sowing, nor statistically significant
differences at 90 days in most biochemical indicators. However, significant differences were noted in the levels
of chlorophyll b and soluble phenolics in leaves, and cell wall-linked phenolics in seeds. Despite minor
variations observed, they are not significant enough to reject transgenesis as a valuable tool for soybean genetic
improvement.
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Introduction

Soybean is an annual herbaceous plant that thrives in spring and summer. Its vegetative cycle spans three
to seven months, with a height ranging from 40 to 100 cm (Allen Jr ez 4/., 1987; Singh ez al., 2022). The plant’s
leaves, stems, and pods are covered with hairs, ranging in colour from blonde to greyish-brown (Jahonkulovna
et al., 2024). Originating from Asia, soy is one of the five sacred seeds in Chinese culture, renowned for its high
nutritional value and various health benefits, earning it the nickname “food of the future” (Valencia Ramirez,
1999; Hymowitz, 2008; Wang and Guo, 2024).

With its significant potential for human nutrition, this grain stands as the premier nutritional
alternative due to its high-quality protein content. It offers a promising solution to address the severe
malnutrition problems prevalent in third-world countries (Hamza ez a/., 2024; Li et al., 2024; Messina ¢t 4l.,
2024). Soybean provides various health benefits, including improved blood circulation, diabetes control,
enhanced concentration, and high nutritional value (Dwivedi ez al., 2024; Li er al., 2024; Wale, 2024).
Incorporating soybeans into the diet can also lower cholesterol levels (Rotundo ez al, 2024). Numerous
scientific studies support these benefits (Mainini ez al., 2024). The US Food and Drug Administration (FDA)
endorses that consuming 25 g/day of soy protein can reduce the risk of heart disease (Khairnar ez 4/., 2024).
Global soybean production for the 2023/24 season is projected to increase by 9.6% compared to the previous
cycle, rising from 369.7 to 405.3 million tonnes (e Silva ez a/., 2024; Hamza et al., 2024; Masih ez al., 2024).

Efficient alternatives for controlling undesirable plants are crucial for large-scale soybean production (de
la Fuente ez al., 2006; Gray ez al., 2008; Saldanha ez 4/., 2024). Utilising non-selective herbicides like glyphosate
(Roundup®) in combination with resistant plants that carry the ¢p4 epsps transgene has proven to be an effective
strategy for addressing this issue in soybean cultivation (Delgado ez al., 2015; Soto et al., 2017). However,
substantial equivalence studies are essential before cultivating a new transgenic variety in the field (Schauzu,
2000; Kuiper ez al., 2002; Paull, 2008; Abrams ez al., 2024; Ryan ¢t al., 2024). Such studies, focusing on grain
characteristics, have been conducted by the Centre for Genetic Engineering and Biotechnology (Cuba)
(Delgado ez al., 2015; Soto et al., 2017), leading to the approval of their use in the fields by the Cuban Ministry
of Agriculture.

Nevertheless, there remain aspects to be investigated in this ¢p4 epsps-transgenic variety, such as potential
alterations in “minor” agricultural traits and the crop’s botany, physiology, and biochemistry. This report
outlines the early stages of germination in Petri dishes and plant growth under semi-controlled conditions of
the transgenic plants, compared to the non-transformed controls.

Materials and Methods

Plant material

Seeds of Glycine max (L.) Merr, var. CIGB L-7 (¢p4 epsps-transgenic variety) and var. INCA 36 (non-
transformed control) were collected in Havana, Cuba. Both groups were cultivated simultaneously in the same
environment. The seeds were managed according to the guidelines outlined in the germplasm bank seed
management manual (Rao ez al., 2007). All seeds were stored in hermetically sealed glass containers at 5 °C

until use (Baskin and Baskin, 2014).

Experimental design

Fifteen true-to-type seeds from each varicty were placed in Petri dishes (@ = 9 cm) lined with filter paper
and supplemented with 10 mL of distilled water (5 Petri dishes with 3 seeds each as replicates). The dishes were
incubated in the dark for 96 hours. Germination and seedling growth were recorded every 6 hours.
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A second group of seeds was planted in pots (5 L capacity; 20 cm top diameter; 17 cm bottom diameter;
24 c¢m height) containing 5,720 g of red ferralitic soil. These plants were grown under conditions of 30 + 3 °C,
witha 12/12 h photoperiod and a photosynthetic photon flux density of 2,000 + 195 (SE) pmol m* s at noon
for up to 90 d. Four replicates of three seeds each were analysed. The pots were irrigated daily with 500 mL of
water. Agricultural traits and levels of chlorophylls (a and b), aldehydes (malondialdehyde and other
aldehydes), phenolics (soluble and cell wall-linked), total crude proteins, and nitrogen were recorded in leaves
and seeds at harvest (90 d of growth).

Biochemical assays

Leaf tissues were sampled from three independent replicates of 100 mg each. Chlorophylls were
extracted using 5.0 mL of 80% acetone (v/v). The samples were centrifuged at 14,086.8 x g, 4 °C for 15 min,
and the supernatants were collected. Absorbance readings were taken at 646.6 and 663.6 nm using a
RAYLEIGH VIS-723G spectrophotometer (Beijing, China) (Porra, 2002). Malondialdehyde and other
aldehydes were quantified using a colourimetric method based on their reaction with thiobarbituric acid
(Heath and Packer, 1968). Phenolic compounds were extracted with 0.5 mL of methanol and quantified using
a spectrophotometer through a colourimetric method involving the Folin-Ciocalteu reagent, expressed as mg
of gallic acid equivalents per gram of fresh weight (Gurr ez al., 1992).

The total nitrogen content was determined using the AOAC method (2000). Ground plant material
(0.5 g) was placed in a Kjeldahl flask with 20 mL of H,SO4 (98%; w/w), 2 g of K;SOy, and 0.2 g of
CuSO45H;0. The flask was first subjected to low heat for 30 min, followed by higher heat for 90 min until
the solution turned transparent or light green. After cooling, 200 mL of distilled water was gradually added.
The distillation process was commenced by adding 70 mL of 40% NaOH (w/v). The distillation outlet was
submerged in 25 mL of 4% HiBOs (w/v) with a mixed indicator of 0.1% methyl red (w/v) and 0.1%
bromocresol green (w/v) (1:1, v/v, in ethanol). The distillation continued until approximately 200 mL of
distillate was collected. The resulting ammonium borate was titrated with a standardised HCI solution (0.1
mol L). Results were expressed as the percentage of nitrogen and protein on a fresh mass basis, using a protein
conversion factor of 6.25.

Statistical analysis

The statistical software SPSS (version 20.0, IBM, Armonk, NY, USA) was used to conduct t-tests
(completely randomised experiment; p < 0.05). The normal distribution and homogeneity of variances were
confirmed using the Kolmogorov-Smirnov test (¢ = 0.05) and Levene’s test (o = 0.05), respectively.
Additionally, the overall coefficient of variation (OCV) was calculated as (standard deviation/average) * 100.
The interpretation of results was based on the magnitude of the difference; a larger difference between the two
treatments corresponded to a higher OCV (Lorenzo e 4l., 2015). OCV values were classified into three
categories: Low (16.09 to 42.15%), Medium (42.15 to 68.22%), and High (68.22 to 94.28%). These categories
were determined by dividing the range of OCVs into three equal parts: (Max OCV - Min OCV)/3 = (94.28%
-42.15%)/3 = the breadth of each category.

Results and Discussion

The ¢p4 epsps transgenesis in soybean enhanced seed vigour during germination (Figure 1a, b, c; Figure
2a). Transgenic seeds achieved 100% germination at 42 h of growth in Petri dishes, compared to 54 h for the
control group (Figure 1c). However, no visual phenotypic differences between the two plant groups were
observed at 21 or 60 d of growth (Figure 2b).

At 90 d of growth, no statistically significant differences were recorded in the following plant
phenotypes: combined weight of stems, leaves, flowers, and fruits of adult plants; total leaf weight; total legume
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weight per plant; and total number of legumes per plant, although average values were slightly higher in the

transgenics than in the control plants, except for the latter parameter (Table 1).
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Figure 2. Plantlet emergence from the soil at 7 d of growth (a), averages + SE are shown; results with the
same letter are not statistically different (t-test, p > 0.05). Visual phenotypic differences between the two
groups of plants could not be recorded at 21 or 60 d of growth. Typical plants are shown (b). *Overall
cocefficient of variation (OCV) = (Standard deviation/Average)*100. Average values were considered to
calculate this coefficient. The higher the difference between the two treatments, the higher the overall
coefficient of variation. OCVs were only calculated for those indicators with statistically significant
differences according to t-tests. OCVs from 16.09 to 42.15% were classified as Low, from 42.15 to 68.22%

as Medium and from 68.22 to 94.28% as High
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Additionally, most biochemical indicators showed no significant differences: chlorophyll a,

malondialdehyde, and cell wall-linked phenolics in leaves; soluble phenolics in seeds; and other aldehydes, total

crude protein, and nitrogen in both leaves and seeds. Certain compounds were not detected in seeds:
chlorophylls a and b, and malondialdehyde (Table 1).
Conversely, statistically significant differences were noted in a few traits: levels of chlorophyll b

(Medium OCV) and soluble phenolics (Low OCV) in leaves, as well as the content of cell wall-linked phenolics

in seeds (Low OCV) (Table 1).

Table 1. Plant phenotypes at 90 d of growth (harvest; average + SE)

Parameter RS ERE iRt Transgenic soybean plants CLy | Claiteton
soybean plants 8 7 P (%)* of OCV**
Combined weight of stems, leaves,
37+ 2. 27 £ 2. - -
flowers and fruits of adult plants (g) 253742332 2627£255a
Total leaf weight (g) 6.07 £0.54a 6.80+0.48 a - -
Total legume weight per plant (g) 1090+ 1.07 a 1102+ 1.12a - -
Total number of legumes per plant. 7.00 +0.56 a 6.88+0.61a - -
Chlorophyll a Leaves 23176 £ 8.58a 22851+ 1.67a - -
(ugg' FW) Seeds Not detected Not detected
Chlorophyll b Leaves 27.94+2.06a 9.77+1.13b 68.13 Medium
(ug.g' FW) Seeds Not detected Not detected - -
Leaves 1650 +£2.33a 18.114+0.70 a - -
Malondialdehyd
vondiaideyde Seeds Not detected Not detected - -
Leaves 247.07 £7.94a 236.03+3.30a - ---
Other aldehyd
Feralaenyaes Mo eds 4291+183a 430£0.63a :
Soluble phenolics | Leaves 431+ 0.07b 5414+036a 16.09 Low
(mgg'FW) Seeds 1.17+£0.17a 1.09+0.01a - -
Cell wall-linked | Leaves 321+021a 3.63+026a - ---
henoli gl
1;\;;;0 fes (M8 | ¢ 238+ 0.13b 337+0.17a 2450 Low
Total crude Leaves 16.58 £0.07 a 16.64+0.11a - -
protein (%) Seeds 29.89 £ 047 a 31.09+0.24a - ---
Ni (%) Leaves 2.65+0.01a 2.66+0.02a - -
OB M Seeds 4780082 495+003a -

Results with the same lezzer are not statistically different (t-test, p > 0.05).

*Overall coefficient of variation (OCV) = (Standard deviation/Average)*100. To calculate this coefficient,
average values were considered. The higher the difference between the two treatments, the higher the

overall coefficient of variation

*OCVs were only calculated for those indicators with statistically significant differences according to t-
tests. OCVs from 16.09 to 42.15% were classified as Low, from 42.15 to 68.22% as Medium and from 68.22

to 94.28% as High

Recent studies have documented the genetic transformation of soybeans by several research groups (de
Campos ¢t al., 2020; Fan et al., 2020; Luan ez al., 2020; Nguyen ez al., 2020; Pareddy ez al., 2020; Soto ¢t al.,
2020; Adachi ez al., 2021; Xu et al.,2022; Enriquez-Obregén e al., 2023). For instance, de Campos ez al. (2020)

evaluated different generations of transgenic (cp4 epsps gene) and non-transgenic soybean plants using

proteomics and metabolomics. Their analysis revealed that all generations and varieties of soybean can be

differentiated through discriminant analysis. According to their findings, transgenic plants appear to be more

stable than their non-transgenic counterparts.
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Plant transgenesis can cause unintended consequences, including undesirable traits, allergen
introduction, genetic contamination, and reduced diversity (Kumar ez al., 2022). Risks include gene transfer,
hybridisation, and resistance (Breckling e# 4/., 2011). Some genetically modified crops may contain toxins, such
as heavy metals, and differ nutritionally from unmodified crops (Bakshi, 2003). Transgenic pineapples show
altered mineral composition (Yabor e 4/, 2017, 2020). Cross-pollination can create herbicide-resistant
superweeds (Samuels, 2013). Bt toxin affects insect populations (Kumar ez 4/., 2020), impacting ecosystems.
Glyphosate-resistant crops contribute to monarch butterfly declines (Brower ez 4/., 2012). Some modifications
yield beneficial traits without negative effects (Karim ez 4/., 2007).

Although our study identified some unexpected biochemical variations in the ¢p4 epsps -transgenic
soybean variety, particularly in chlorophyll b and phenolic compound levels, these differences remained within
the expected variability observed in conventional soybean cultivars. Furthermore, no statistically significant
differences were recorded in major plant phenotype indicators, such as overall biomass, legume production, and
leaf weight, underscoring the stability of this transgenic modification in terms of plant development.

Importantly, one of the most notable benefits of transgenesis observed in this study was the improved
germination rate in transgenic soybean seeds, which achieved 100% germination significantly earlier than non-
transgenic counterparts. This enhanced seed vigour has valuable implications for agricultural efficiency,
ensuring faster and more uniform crop establishment.

Authors’ Contributions

Conceptualization: DPD, YA, LP, CC, GL, MLTF, OV, GEO, LPB and JCL; Data curation: DPD, LP,
CC and GL; Formal analysis: YA, GL, MLTF, OV, LPB and JCL; Funding acquisition: OV, GEO and JCL;
Investigation: DPD, YA, LP, CC, GL and LPB; Methodology: DPD, YA, LP, GL, MLTF, OV, GEO, LPB and
JCL; Project administration: JCL; Resources: YA, LP, CC, GL, OV, GEO, LPB and JCL; Software: JCL;
Supervision: LPB and JCL; Validation: YA, GL, OV, LPB and JCL; Visualization: YA, MLTF, OV, LPB and
JCL; Writing - original draft: OV and JCL; and Writing - review and editing: OV and JCL. All authors read

and approved the final manuscript
Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This research was supported by the Bioplant Center (University of Ciego de Avila M4ximo Gémez Biez,
Cuba); Universidad Nacional Agraria La Molina (Pert); Universitat Polit¢cnica de Valéncia (Spain); and the
Center for Genetic Engineering and Biotechnology (Cuba).

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.



Pérez-Diaz D et al. (2025). Not Bot Horti Agrobo 53(2):14600

References

Abrams SA, Albin JL, Landrigan PJ (2024). Use of genetically modified organism (GMO)-containing food products in
children. Pediatrics 153:€2023064774. https://doi.org/10.1542/peds.2023-064774

Adachi K, Hirose A, Kanazashi Y, Hibara M, Hirata T, Mikami M, Endo M, Hirose S, Maruyama N, Ishimoto M (2021).
Site-directed mutagenesis by biolistic transformation efficiently generates inheritable mutations in a targeted locus
in soybean somatic embryos and transgene-free descendants in the T1 generation. Transgenic Research 30:77-89.
https://doi.org/10.1007/511248-020-00229-4

AllenJr LH, Boote KJ, Jones JW, Jones PH, Valle RR, Acock B, Rogers HH, Dahlman RC (1987). Response of vegetation
to rising carbon dioxide: Photosynthesis, biomass, and seed yield of soybean. Global Biogeochemical Cycles 1:1-
14. hitps://doi.ong/10.1029/GB001:001p00001

Amirsadeghi S, McDonald AE, Vanlerberghe GC (2007). A glucocorticoid-inducible gene expression system can cause
growth defects in tobacco. Planta 226:453-463. https://doi.org/10.1007/s00425-007-0495-1

AOAC (2000). Official Methods of Analysis, 17 Ed. Association of Analytical Chemists (AOAC), Gaithersburg.

Bakshi A (2003). Potential adverse health effects of genetically modified crops. Journal of Toxicology and Environmental
Health 6:211-225. bttps://doi.o;’g/] 0.1080/10937400306469

Baskin CC, Baskin JM (2014). Seeds: Ecology, biogeography, and evolution of dormancy and germination, 2nd ed. Ed.
Academic Press, San Diego, CA, USA.

Breckling B, Reuter H, Middelhoff U, Glemnitz M, Wurbs A, Schmidt G, Schréder W, Windhorst W (2011). Risk
indication of genetically modified organisms (GMO): Modelling environmental exposure and dispersal across
different scales: oilseed rape in Northern Germany as an integrated case study. Ecological Indicators 11:936-941.
bttps://doi.org/10.1016/j.ecolind.2009.03.002

Brower LP, Taylor OR, Williams EH, Slayback DA, Zubieta RR, Ramirez MI (2012). Decline of monarch butterflies
overwintering in Mexico: Is the migratory phenomenon at risk? Insect Conservation and Diversity 5:95-100.
https://doi.org/10.1111}.1752-4598.2011.00142.x

de Campos BK, Galazzi RM, Dos Santos BM, Balbuena TS, Dos Santos FN, Mokochinski JB, Eberlin MN, Arruda MA
(2020). Comparison of generational effect on proteins and metabolites in non-transgenic and transgenic soybean
seeds through the insertion of the p4-EPSPS gene assessed by omics-based platforms. Ecotoxicology and
Environmental Safety 202:110918. hzzps://doi.org/10.1016/j.ecoenv.2020.110918

de la Fuente E, Sudrez S, Ghersa C (2006). Soybean weed community composition and richness between 1995 and 2003
in the Rolling Pampas (Argentina). Agriculture, Ecosystems & Environment 115:229-236.
bttps://doi.org/10.1016/j.agee.2006.01.009

Delgado C, Enriquez GA, Ortiz R, Céspedes O, Soto N, Herndndez Y, Pujol M (2015). Glyphosate resistance trait into
soybean Cuban varieties: Agronomical assessment of transgenic lines until F6 generation. International Journal of
Agronomy and Agricultural Research 7:75-85.

Dwivedi S, Singh V, Sharma K, Sliti A, Baunthiyal M, Shin J-H (2024). Significance of soy-based fermented food and their
bioactive compounds against obesity, diabetes, and cardiovascular diseases. Plant Foods for Human Nutrition 79:
1-11. hetps://doi.org/10.1007/s11130-023-01130-1

e SilvaJAG, Habermann E, de Pinho Costa KA, da Silva LM, da Costa Severiano E, Costa AC, Silva FG, de Oliveira TC,
Dirio BMM, Vilela L (2024). Integration crop-livestock system increases the sustainability of soybean cultivation
through improved soil health and plant physiology. Agriculture, Ecosystems & Environment 359:108770.
hitps://doi.org/10.1016/j.agee.2023.108770

Enriquez-Obregén GA, Martinez-Ramirez A, Garcia-Santos L, Delgado-Abad C, Soto-Pérez N, Rabadan-Arango S,
Carrillo-Difaz L, Morales-Basulto A, Ferrero-Garcfa C, Herndndez-Veldzquez A (2023). CIGB-CC6: A short-
season soybean genotype resistance to the herbicide glyphosate. Cultivos Tropicales 44:1-11.

Fan Y-1, Zhang X-h, Zhong L-j, Wang X-y, Jin L-s, Lyu S-h (2020). One-step generation of composite soybean plants with
transgenic roots by Agrobacterium rhizogenes-mediated transformation. BMC Plant Biology 20:208.
https://doi.org/10.1186/512870-020-02421-4

Gray CJ, Shaw DR, Gerard PD, Bruce LM (2008). Utility of multispectral imagery for soybean and weed species
differentiation. Weed Technology 22:713-718. hetps://doi.ong/10.1614/wt-07-116.1



Pérez-Diaz D et al. (2025). Not Bot Horti Agrobo 53(2):14600

Gurr S, McPherson J, Bowles D (1992). Lignin and associated phenolic acids in cell walls, In: Wilkinson DL (Ed.).
Molecular Plant Pathology. Oxford Press, Oxford, UK.

Hamza M, Basit AW, Shehzadi I, Tufail U, Hassan A, Hussain T, Siddique MU, Hayat HM (2024). Global impact of
soybean production: A review. Asian Journal of Biochemistry, Genetics and Molecular Biology 16:12-20.
bttps://doi.org/10.9734/A]BGMB/2024/v16i2357

Heath R, Packer J (1968). Photoperoxidation in isolated chloroplast: I. Kinetics and stoichiometry of fatty acid
peroxidation. Archives of Biochemistry and Biophysics 125:189-198.  hetps://doi.org/10.1016/0003-
9861(68)90654-1

Hymowitz T (2008). The history of the soybean. Soybeans. Elsevier pp 1-31. hrps://doi.org/10.1016/B978-1-893997-
64-6.50004-4

Jahonkulovna KY, Yuldashovich IF, Turdalievna MI, Uteniyazovna SR (2024). Analysis of morphological characteristics
of soybean varieties. Information Horizons: American Journal of Library and Information Science Innovation
2:168-171.

Karim S, Aronsson H, Ericson H, Pirhonen M, Leyman B, Welin B, Mintyld E, Palva ET, Van Dijck P, Holmstrém K-O
(2007). Improved drought tolerance without undesired side effects in transgenic plants producing trehalose. Plant
Molecular Biology 64:371-386. https://doi.org/10.1007/s11103-007-9159-6

Khairnar SJ, Rudrapal M, Ahire ED, Jagtap MR, Kshirsagar SJ (2024). Role of functional foods in cardiovascular diseases,
p- 119-138. In: Applications of Functional Foods in Disease Prevention. Apple Academic Press.

Kuiper HA, Kleter GA, Noteborn HP, Kok EJ (2002). Substantial equivalence—An appropriate paradigm for the safety
assessment  of genetically modified foods? Toxicology 181:427-431.  https://doi.org/10.1016/S0300-
483X(02)00488-2

Kumar K, Gambhir G, Dass A, Tripathi AK, Singh A, Jha AK, Yadava P, Choudhary M, Rakshit S (2020). Genetically
modified crops: Current status and future prospects. Planta 251:1-27. https://doi.org/10.1007/500425-020-
03372-8

Kumar V, Kumar A, Agarwal N (2022). Transgenic soybean, p. 53-69. In: Kour J, Sharma V, Khanday I (Eds). Genetically
Modified Crops and Food Security. Routledge, London, UK.

LiS, Chen],Hao X, Ji X, Zhu Y, Chen X, Yao Y (2024). A systematic review of black soybean (Glycine max (L.) Merr.):
Nutritional composition, bioactive compounds, health benefits, and processing to application. Food Frontiers
5:1188-1211. htzps://doi.org/10.1002/f(2.376

Lorenzo JC, Yabor L, Medina N, Quintana N, Wells V (2015). Coefficient of variation can identify the most important
effects of experimental treatments. Notulae Botanicac Horti Agrobotanici Cluj-Napoca 43:287-291.
bttps://doi.org/10.15835/nbha4319881

Luan H, Liao W, Song Y, Niu H, Hu T, Zhi H (2020). Transgenic plant generated by RNAi-mediated knocking down
of soybean Vmal2 and soybean mosaic virus resistance evaluation. AMB  Express 10:62.
https://doi.org/10.1186/513568-020-00997-6

Mainini G, Ercolano S, De Simone R, Iavarone I, Lizza R, Passaro M (2024). Dietary supplementation of myo-inositol,
cocoa polyphenols, and soy isoflavones improves vasomotor symptoms and metabolic profile in menopausal
women  with  metabolic  syndrome: A retrospective  clinical  study.  Medicina  60:598.
https://doi.org/10.3390/medicina60040598

Masih J, Saini N, Vaishanavee, Vartak (2024). Soybean: The sustainable wonder crop trade analysis. In: Sharma R, Pareek
R (Eds). New Paradigms of Sustainability in the Contemporary Era pp 34-45. CSMFL Publications.
https://dx.doi.org/10.46679/978819573228 9ch04

Merig S, Ayan A, Atak C, Ar1 § (2023). Profile-based proteomic investigation of unintended effects on transgenic and
gamma radiation induced mutant soybean plants. Genetic Resources and Crop Evolution 70:2077-2095.
bttps://doi.org/10.1007/5s10722-023-01560-5

Messina M, Messina V, Nagata C (2024). Perspective: Observational studies involving low soy intake populations have
limited ability for providing insight into the health effects of soybean isoflavones. Advances in Nutrition
15:100210. hztps://doi.org/10.1016/j.advnut.2024.100210

Mhatre M, Tilak-Jain J, De S, Devasagayam T (2009). Evaluation of the antioxidant activity of non-transformed and
transformed  pineapple: A comparative study. Food and Chemical Toxicology 47:2696-2702.
https://doi.0rg/10.1016/j fet.2009.06.031



Pérez-Diaz D et al. (2025). Not Bot Horti Agrobo 53(2):14600

MirandaJA, Avonce N, Sudrez R, Thevelein JM, Van Dijck P, Iturriaga G (2007). A bifunctional TPS-TPP enzyme from
yeast confers tolerance to multiple and extreme abiotic-stress conditions in transgenic Arabidopsis. Planta
226:1411-1421. https://doi.org/10.1007/500425-007-0579-y

Nguyen HQ, Le THT, Nguyen TNL, Nguyen TG, Sy DT, Tu QT, Vu TTT, Le VS, Chu HM, Vu TKL (2020).
Overexpressing GmCHI1A increases the isoflavone content of transgenic soybean (Glycine max (L.) Merr.) seeds.
In Vitro Cellular & Developmental Biology-Plant 56:842-850. hetps://doi.org/10.1007/511627-020-10076-x

Pareddy D, Chennareddy S, Anthony G, Sardesai N, Mall T, Minnicks T, Karpova O, Clark L, Griffin D, Bishop B (2020).
Improved soybean transformation for efficient and high throughput transgenic production. Transgenic Research
29:267-281. hitps://doi.org/10.1007/511248-020-00198-8

Paull ] (2008). Beyond equal: From same but different to the doctrine of substantial equivalence. M/C Journal of Media
and Culture 11:1-8.

Peng Y, Lin W, Cai W, Arora R (2007). Overexpression of a Panax ginseng tonoplast aquaporin alters salt tolerance,
drought tolerance and cold acclimation ability in transgenic Arabidopsis plants. Planta 226:729-740.
hitps://doi.org/10.1007/s00425-007-0520-4

Porra R (2002). The chequered history of the development and use of simultaneous equations for the accurate
determination of chlorophylls a and b. Photosynthesis Research 73:149-156.
https://doi.org/10.1023/4:1020470224740

Rao NK, Hanson J, Dulloo ME, Ghosh K (2007). Manual para el manejo de semillas en bancos de germoplasma, Ed.
Bioversity International, Rome, pp 182.

Rotundo JL, Marshall R, McCormick R, Truong SK, Styles D, Gerde JA, ... Rufino MC (2024). European soybean to
benefit people and the environment. Scientific Reports 14:7612. https://doi.org/10.1038/541598-024-57522-z

Ryan CD, Henggeler E, Gilbert S, Schaul AJ, Swarthout JT (2024). Exploring the GMO narrative through labeling:
Strategies, products, and politics. GM Crops & Food 15:51-66. https://doi.org/10.1080/21645698.2024.2318027

Saldanha AV, Horikoshi R, Dourado P, OLopez verejo RF, Berger GU, Martinelli S, Head GP, Moraes T, Corréa AS,
Schwertner CF (2024). The first extensive analysis of species composition and abundance of stink bugs
(Hemiptera: Pentatomidac) on soybean crops in Brazil. Pest Management Science 80:3945-3956.
bttps://doi.org/10.1002/ps.8097

Samuels J (2013). Transgene flow from Bt brinjal: A real risk? Trends Biotechnology 31:332-334.

Schauzu M (2000). The concept of substantial equivalence in safety assessment of foods derived from genetically modified
organisms. AgBiotechNet 2:1-4.

Singh D, Kumar J, Singh G, Kumar A (2022). Use of ecofriendly fertilizers and crop residues for enhancing crop
productivity and sustainable agriculture. In: Sengar RS ez 4/. (Eds). Handbook of Research on Green Technologies
for Sustainable Management of Agricultural Resources. IGI Global, pp 156-179. hrps://doi.org/10.4018/978-1-
7998-8434-7.ch010

Soto N, Delgado C, Herndndez Y, Rosabal Y, Ferreira A, Pujol M, Aragio FJ, Enriquez GA (2017). Efficient particle
bombardment-mediated transformation of Cuban soybean (INCASoy-36) using glyphosate as a selective agent.
Plant Cell, Tissue and Organ Culture (PCTOC) 128:187-196. https://doi.org/10.1007/s11240-016-1099-x

Soto N, Herndndez Y, Delgado C, Rosabal Y, Ortiz R, Valencia L, Borras-Hidalgo O, Pujol M, Enriquez GA (2020). Field
resistance to Phakopsora pachyrhizi and Colletotrichum truncatum of transgenic soybean expressing the NmDef02
plant defensin gene. Frontiers in Plant Science 11:562. hztps://doi.org/10.3389/fpl5.2020.00562

Valencia Ramirez R (1999). Importancia de la soya en la alimentacién humana. Ed. Corporacién Colombiana de
Investigacién Agropecuaria, AGROSAVIA.

Wale K (2024). Different trends of world & Ethiopian local soybean based recipes and their health benefits: A review.
International Journal 13:6-12. hztps://doi.org/10.11648/].ijnfs.20241301.12

Wang Q, Guo J (2024). Rainfall interception loss as a function of leaf area index and rainfall by soybean. Theoretical and
Applied Climatology 155:289-297. https://doi.org/10.1007/500704-023-04633-8

XuH, Guo Y, Qiu L, Ran Y (2022). Progress in soybean genetic transformation over the last decade. Frontiers in Plant
Science 13:900318. https://doi.org/10.3389/fpls.2022.900318

Yabor L, Pérez L, Gémez D, Villalobos-Olivera A, Mendoza JR, Martinez J, Escalante D, Garro G, Hajari E, Lorenzo JC
(2020). Histological evaluation of pineapple transgenic plants following eight years of field growth. Euphytica.
216:23. hrtps://doi.org/10.1007/s10681-020-2555-6



Pérez-Diaz D et al. (2025). Not Bot Horti Agrobo 53(2):14600

Yabor L, Rumlow A, Gémez D, Tebbe CC, Papenbrock J, Lorenzo JC (2017). Mineral composition of a transgenic
pineapple clone grown in the field for 8 yr. In Vitro Cellular & Developmental Biology-Plant 53:489-493.
lﬂl‘tps://doi.arg/l 0.1007/511627-017-9858-x

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN 7% ACCESS| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

10



