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ABSTRACT 

The present study, titled “Assessment of Critical Parameters Associated 

with In-Planta Transformation of Elite Soybean Genotypes (Glycine max 

L.),” aimed to evaluate the efficacy of two in-planta transformation methods 

Sonication-Assisted Agrobacterium-Mediated Transformation and Agro-

Injection and the critical parameters influencing their success. Conducted 

at the Biotechnology Centre, Dr. PDKV, Akola, during 2022–23, the study 

sought to address the challenges of soybean's recalcitrant nature and low 

transformation efficiency. Transformation experiments targeted two organs, 

the embryo and ovary, using three soybean genotypes: one vegetable-

type, Swarna Vasundhara (SV), and two grain-type varieties, Swarna Soya 

(AMS MB 5-18) and PDKV Yellow Gold (AMS 1001). Agrobacterium 

tumefaciens strain EHA 105, harboring the plasmid vector pDIRECT_22A 

with sgRNAs targeting BADH2 and KTI genes, was used. Colony PCR with 

sgRNA-specific primers confirmed the integration of the constructs. Critical 

parameters, including germination percentage, pod-bearing rate, and 

CRISPR/Cas9 delivery efficiency, were assessed. Scanning Electron 

Microscopy (SEM) analysis of sonicated embryos revealed an increase in 

the number and size of micro-wounds with prolonged sonication time. 

Molecular screening using PCR demonstrated that transformation 

efficiency varied significantly across genotypes and techniques. The 

highest efficiency (3.3%) was achieved in PDKV Yellow Gold using the full-

seed sonication method, highlighting the genotype's receptivity to this 

approach. Agro-injection methods showed lower and inconsistent 

efficiencies, with a maximum of 2.6% in Swarna Vasundhara targeting the 

ovary at the floret stage. These results emphasize the need for genotype-

specific optimization of transformation protocols to enhance transformation 

outcomes in soybean. 
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CHAPTER I 

INTRODUCTION 

1.1 Background Information 

Soybean (Glycine max L.Merr) belonging to the Fabaceae family is 

long acknowledged as a valuable crop contributing to over 52 million metric 

tons grown production worldwide. This crop plays a crucial role in the Agro-

economy, serving as a staple in human nutrition, animal feed, and various 

industrial applications, also accounts for more than 60% of all oilseed 

production worldwide (USDA FAS Report 2024). It contains about 40% 

protein and 20% vegetable oil which exceeds more than that of any other 

legume crops and because of its amino acid composition, soy protein is 

also called a complete protein.  

Despite its rich composition, soybean consumption faces numerous 

challenges, including anti-nutritional factors and off-flavor. To address 

these challenges, there has been a concerted effort to enhance soybean's 

genetic makeup through biotechnological interventions. 

1.2 Area and cultivation of soybean 

World soybean production in 2023-24 was estimated at 394.71 

million tonnes from a total area of 136.82 million hectares. Brazil ranked 

first in soybean production with 153 million tonnes, followed by the United 

States (113.27 million tonnes), Argentina (48.10 million tonnes), China 

(20.84 million tonnes), and India (11.88 million tonnes), accounting for 

39%, 29%, 12%, 5%, and 3% of the world's total production, respectively. 

In terms of area, India ranked fourth with 12.12 million hectares (29.94 

million acres), representing 8.86% of the global soybean area, and fifth in 

production with 11.23 million tonnes (U.S. Department of agriculture). 

The major soybean-growing states in India include Madhya Pradesh, 

Maharashtra, Rajasthan, Karnataka, and Telangana. According to the first 

advance estimates for 2023-24 from the Government of India, soybean 

production is expected to be 115.28 lakh tonnes, down from 149.85 lakh 

tonnes in 2022-23. Among the states, Madhya Pradesh leads in production 
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with 45.97 lakh tonnes, followed by Maharashtra (45.74 lakh tonnes), 

Rajasthan (10.69 lakh tonnes), Karnataka (4.73 lakh tonnes), Gujarat (4.23 

lakh tonnes), and Telangana (2.90 lakh tonnes). 

Table 1.1. State-wise area, yield, and production of soybean in India 

(Kharif 2023-24) 

(www.agricoop.gov.in) 

1.3 Genetic transformation in Soybean 

Genetic transformation of soybean has progressed significantly 

since its beginning, playing a pivotal role in enhancing traits such as 

herbicide resistance, pest tolerance, and improved nutritional quality. The 

journey began in the late 1980s with the first successful Agrobacterium-

mediated transformation by Hinchee et al. (1988), followed by early biolistic 

approaches (Christou et al., 1988; McCabe et al., 1988). These early 

methods, despite their pioneering nature, faced challenges of low 

transformation efficiency and high genotype dependency. Throughout the 

1990s and early 2000s, various improvements were made, including the 

cotyledonary node method, which emerged as a preferred technique due to 

its simplicity and higher efficiency (Olhoft et al., 2006; Paz et al., 2004). The 

introduction of transgenic herbicide-resistant soybeans in the 1990s 

marked a major commercial success, making soybean one of the leading 

GM crops globally (Pagano and Miransari, 2016). Over the years, traits like 

insect resistance and enhanced nutritional profiles were introduced, with 

Sr. No. Name of State Area  

(lakh ha) 

Production  

(lakh MT) 

1 Madhya Pradesh 53.35 45.97 

2 Maharashtra 50.72 45.74 

3 Rajasthan 11.44 10.69 

4 Karnataka 4.11 4.73 

5 Gujrat 2.66 4.23 

6 Telangana 1.89 2.90 

7 Others 1.44 1.02 

 Grand Total 125.61 115.28 
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notable examples being glyphosate-resistant Glycine max and the high-

oleic acid soybeans developed for better oil quality (Xu et al., 2020; Cai et 

al., 2023). 

In recent years, genome editing (GE) has revolutionized soybean 

breeding, enabling precise modifications of native genes, moving beyond 

traditional transgenic approaches (Sim et al., 2023). While Agrobacterium 

remains the preferred method for gene delivery due to its efficiency and 

low-copy event generation, alternative systems such as Ochrobactrum-

mediated transformation have shown potential, although they are less 

commonly adopted (Broothaerts et al., 2005; Cho et al., 2022). Despite 

advancements, soybean transformation still encounters hurdles like 

genotype dependency and the need for labour-intensive tissue culture. The 

emergence of in-planta transformation methods offers a promising 

alternative by bypassing tissue culture and enabling direct gene delivery 

into seedlings or intact plants (Bent, 2000; Mangena, 2019). Although 

challenges like low efficiency and chimerism remain, in planta approaches 

provide a fast, genotype-independent option. Efforts to integrate the 

strengths of both in vitro and in planta methods have led to the 

development of new techniques, such as the GiFT system, aiming to 

enhance transformation efficiency and broaden the applicability across 

diverse soybean germplasm (Kesiraju et al., 2021; Zhang et al., 2023).  

The in-planta method refers to the direct transformation of plants 

without involving tissue culture steps. It is more efficient, less cumbersome, 

and less time-consuming than the tissue culture method, making it useful 

for plants lacking tissue culture and regeneration systems. The last decade 

has seen significant development in in-planta transformation methods. The 

first successful in-planta transformation was reported in Arabidopsis 

thaliana, with improved results using the floral dip method, where plants 

were inoculated at the flowering stage (Bechtold and Bouchez, 1993). 

Other crops successfully transformed using in-planta methods include 

Brassica rapa (Tague, 2006), Brassica napus (Wang et al., 2003), Brassica 

campestris (Chen et al., 2019), A. thaliana (Das and Joshi, 2011; 

Nakashima et al., 1998; Shinwari et al., 2000), Medicago truncatula (Trieu 
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et al., 2000), Raphanus sativus (Curtis, 2001), Solanum lycopersicum 

(Shah et al., 2015), Glycine max (Li et al., 2010; Liu et al., 2009), Melilotus 

alba (Hirsch et al., 2010)and Oryza sativa (Ratanasut et al., 2017; 

Supartana et al., 2005), with A. thaliana also reported by Harrison et al. 

(2006). Various types of explants, such as mature seeds, embryos, 

inflorescences, embryogenic apical meristems, spikelets, and roots, have 

been used for transforming these plants.  

In our study, we utilized two methods for in-planta transformation. 

The first method is Sonication-Assisted Mediated Transformation (SAAT), 

which enhances the effectiveness of Agrobacterium-mediated 

transformation using ultrasound. The ultrasound generates microwounds 

both on the surface and deep within the target tissue, facilitating easier 

access for Agrobacterium to the meristematic cell region. SAAT was initially 

used for delivering naked DNA into tobacco protoplasts (Joeshro and 

Brunstedt, 1990) and seedlings (Zhang et al., 1991). In 

soybeans,(Santarém et al.1998) carried out transformation using sonication 

method in immature cotyledons and assessed various parameter regarding 

to it. The efficiency of SAAT can potentially be increased by optimizing co-

cultivation conditions, Agrobacterium concentration, and sonication 

parameters. Overall, this technique has shown promise for plant genetic 

transformation and may contribute significantly to agricultural 

advancements. 

The second method we employed is Agro-injection, a commonly 

used approach for Agrobacterium-mediated genetic modification of 

soybeans. In this technique, Agrobacterium carrying the desired gene is 

directly injected into soybean hypocotyls or cotyledons. The success of 

Agro-injection depends on several factors, such as the strain of 

Agrobacterium used, the extent and duration of the infection, the age and 

physiological condition of the explants, and various other parameters. 

Studies have reported successful Agro-injection based transformation in 

soybeans, with transgenic traits passed on through progeny seeds. 

Compared to traditional tissue culture-based techniques, Agro-injection 

offers advantages like a shorter turnaround time, reduced labour costs, and 
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a lower risk of somaclonal variation. However, achieving consistent and 

reliable results requires careful optimization of various parameters. 

Numerous research articles have detailed how these parameters can be 

fine-tuned, establishing Agro-injection as a valuable tool for the genetic 

improvement of soybeans. 

1.4 Targeted Traits 

Aroma is one of the desirable quality traits in soybean. Similar to 

rice-eating communities in Asia and Europe, there is a preference for 

soybean cultivars with aroma. Research suggests that the presence of 

specific chemical compounds, such as 2-acetyl-1-pyrroline (2AP), 

contributes to the fragrance in rice(Bradbury et al., 2005; Fitzgerald et al., 

2009). It was also found that in other plants where 2AP is synthesized, the 

gene responsible for 2AP biosynthesis and mechanism of 2AP was found 

same having deletions in BADH2 at different locations in the gene. In the 

aromatic vegetable soybean, the quantitative trait loci (QTL) confirmed the 

position of fragrance and GmBADH2 for 2AP biosynthesis. It was found 

that there are three single nucleotide polymorphism (SNP) changes in exon 

6 and 10. It was also found that the nucleotide substitution of G to A in 

exon 10 leads to a change of amino acid from glycine (GGC; G) to aspartic 

acid (GAC; D) that results in becoming GmBADH2 non-functional 

(Juwattanasomran et al., 2010). 

Trypsin inhibitors (TIs) are major anti-nutritional factors in soybean, 

limiting its nutritional value due to their ability to inhibit proteolytic enzymes, 

leading to reduced protein digestion and absorption. The two primary 

serine protease inhibitors found in soybean seeds are the Kunitz Trypsin 

Inhibitor (KTI) and Bowman-Birk Inhibitor (BBI). Kunitz first isolated and 

crystallized KTI from soybean seeds in 1947, identifying it as a non-

glycosylated protein weighing 21.5 kDa, with 181 amino acid residues. 

KTI's strong inhibition of trypsin is attributed to two disulfide bridges 

(Cys39-Cys86 and Cys138-Cys145), which contribute to its resistance 

against thermal and chemical denaturation (Roychaudhuri et al., 2004). 

This inhibitory action disrupts protein digestion in animals, often leading to 

growth inhibition and pancreatic hypertrophy (Choi et al., 2022). BBI, 
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identified as a smaller 8 kDa protein consisting of 71 amino acids, acts as a 

dual inhibitor of trypsin and chymotrypsin, and has shown potential in 

suppressing carcinogenesis in animal studies (Mittal et al., 2021). 

The KTI gene family in soybean consists of 38 members spread 

across 9 chromosomes, with the largest clusters on chromosome 8, 

containing 13 KTI genes. Notably, specific seed-expressed KTI genes such 

as Gm01g095000 (KTI1) and Gm08g341000 (KTI3) are linked to anti-

nutritional activity (Wang et al., 2022). The presence of KTI poses a 

challenge in utilizing the full nutritional potential of soybean, necessitating 

processing methods like heat treatment to inactivate the inhibitors. Recent 

advancements in soybean breeding and genome editing have focused on 

developing KTI-free or low-KTI cultivars to enhance the digestibility and 

nutritional quality of soybean-based products. This progress highlights the 

importance of continued efforts to reduce anti-nutritional factors in soybean 

and maximize its benefits as a protein-rich crop. 

1.5. Objective 

1. To decide the efficiency of sonication and half seed Agro-injection 

based in-planta delivery of CRISPR/Cas9 construct for BADH2/KTI 

gene in elite soybean genotypes 

2. Molecular screening of putative transformants using PCR 

1.6 Scope and limitations of study 

Biotechnology encompasses a range of tools that enable scientists 

to genetically characterize or enhance living organisms. Emerging 

technologies such as molecular characterization and genetic transformation 

are extensively utilized to improve plants. These biotechnological tools 

complement classical breeding methods by enabling new discoveries and 

to enhanced nutritional value and increased yields through improved 

resistance to diseases, herbicides, and abiotic stresses. In soybean 

breeding programs, both public and private, biotechnology has played and 

will continue to play a crucial role (Sudaric et al., 2009). 

In-planta transformation is an efficient, rapid, and tissue culture-

independent system for improving crop plants. This method is particularly 



 

7 
 

useful for plants that lack established tissue culture and regeneration 

systems. Consequently, direct In-planta methods are commonly employed 

to introduce important genes into such plant species. The two most 

common Agrobacterium-mediated In-planta methods, floral dip and vacuum 

infiltration, have been successfully used by many researchers in both dicot 

and monocot plants. The primary advantages of In-planta transformation 

include the ability to produce a large number of transgenic plants and the 

accumulation of high concentrations of total soluble protein in a short 

period. However, challenges such as the production of chimeric plants and 

the lack of stable transgene expression at the T1 stage or beyond remain, 

necessitating further improvements. This investigation focuses on In-planta 

transformation protocols and various parameters that involved in it. 

1.7 Hypothesis 

In-planta transformation in soybean provides an efficient, cost-

effective, and tissue culture-free approach to gene editing, particularly 

suited for delivering CRISPR/Cas9 constructs. By systematically evaluating 

key parameters of transformation methods such as sonication and Agro-

injection, that it is possible to identify an optimal delivery system that 

maximizes transformation efficiency. Specifically, factors including 

sonication duration, bacterial strain concentration, injection pressure, and 

tissue type are expected to significantly influence the effectiveness of 

construct delivery and overall transformation success. Understanding and 

refining these parameters will likely result in a more consistent and reliable 

CRISPR/Cas9 application in soybean. 

Furthermore, this approach may lead to the successful development of 

transformed soybean plants with desirable traits, such as null KTI and 

enhanced aroma. 
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CHAPTER II 

REVIEW OF LITERATURE 

2.1    Background  

2.1.1 Soybean  

 Soybean (Glycine max), annual legume of the pea family 

(Fabaceae) and its edible seed and are one of the most important sources 

of protein and oil for human and animal consumption worldwide. Modern 

cultivars descended from wild soybean (Glycine soja Sieb. & Zucc.) in 

China approximately 5000 years ago (Wu et al., 2024). 

2.1.2 Nutrient content 

Soybeans have a high protein quality, making soybeans and their 

food products excellent plant-based protein sources. The soybeans contain 

∼35–40% protein, ∼20% lipids, ∼9% dietary fiber, and ∼8.5% moisture 

based on the dry weight of mature raw seeds (Qin et al.,2022) 

Soybeans are a nutrient-dense food, providing a rich source of 

various vitamins and minerals. They contain significant amounts of 

molybdenum, an essential trace element (Hattori et al., 2004), and vitamin 

K1 (phylloquinone), which is crucial for blood clotting (Shea et al.,2008).  

Additionally, soybeans are abundant in folate (vitamin B9), important 

for numerous bodily functions and particularly vital during pregnancy. They 

also supply copper, a mineral often deficient in Western diets, impacting 

heart health, and manganese, although its absorption is hindered by phytic 

acid. Furthermore, soybeans are a good source of phosphorus, essential 

for numerous physiological processes, and thiamine (vitamin B1), which is 

critical for many bodily functions. 

 Soybeans contain significant amounts of phytic acid, dietary 

minerals and B vitamins. Soy vegetable oil, used in food and industrial 

applications, is another product of processing the soybean crop. Soybean 

is the most important protein source for feed farm animals (that in turn 

yields animal protein for human consumption). 
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2.1.3 Classification of soybean 

The genus Glycine is one of the most important genera in legume 

plants. It is divided into two subgenera, Glycine Willd. (perennial) and Soja. 

The subgenus Soja includes two species: an economically very important 

crop, the soybean [(Glycine max (L.) Merr.)], and its wild annual progenitor, 

Glycine soja. The subgenus Glycine contains 26 wild perennial species. 

Wild perennial Glycine species have great potential for soybean 

improvement. These species are extremely diverse morphologically, 

cytologically, and genomically, grow in very diverse climates, and have a 

wide geographical distribution. They are a rich source of agronomically 

useful genes. 

The taxonomy of cultivated soybean is as follows: 

Kingdom : Plantae – Plants 

Subkingdom : Tracheobionta  

Super division : Spermatophyta  

Division : Magnoliophyta  

Class : Magnoliopsida 

Subclass : Rosidae 

Order : Fabales 

Family : Fabaceae 

Genus : Glycine Willd. 

Species : Glycine max (L.) Merr. 

2.2    Genome editing progress in soybean 

2.2.1 Agrobacterium mediated transformation in soybean 

Hinchee et al. (1988) performed initial experiments and recovered 

transformed soybean plants using Agrobacterium successfully. 

Regeneration was achieved through shoot organogenesis on cotyledons of 

susceptible soybean genotypes. Cotyledon explants were infected with 
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Agrobacterium tumefaciens pTiT37-SE carrying either pMON9749 

(kanamycin resistance and GUS activity) or pTiT37-SE∷pMON894 

(kanamycin resistance and glyphosate tolerance) and cultured on shoot 

induction medium with kanamycin. Analysis showed that about 6% of the 

shoots were transgenic, confirmed by GUS expression or glyphosate 

tolerance. Two plants produced offspring with Mendelian single-insert 

inheritance, demonstrating that Agrobacterium-mediated gene transfer can 

generate transgenic soybean. 

Chee et al.(1989) and their team developed an avirulent strain of 

Agrobacterium tumefaciens containing the binary vector pGA482 infected 

the plumule, cotyledon node and adjacent cotyledon tissues of germinating 

seeds. Neomycin phosphotransferase (NPT) II enzyme activity was found 

in the tissues of 16 (R0) soybean plants, suggesting that the T-DNA region 

of pGA482, containing the plant-expressible Nos-NPT II gene, is expressed 

at least in somatic tissues was transported. Development of R1 plants from 

putatively transformed R0 soy plants allowed detection of the transferred 

Nos-NPT II gene and 0.7% of the surviving inoculated seeds yielded 

transformed tissues in the R0 plant and about 1/10 of these plants yielded 

transformed R1 plants a plant with desired traits. 

Paz et al. (2004) introduced an improved Agrobacterium 

tumefaciens-mediated transformation method using the "half-seed" explant 

from mature soybean seeds after overnight imbibition. This approach 

showed a1.5-fold higher transformation efficiency (3.8%) compared to the 

traditional cotyledonary node method, without the need for complex 

wounding steps. Stable transgenic events were confirmed in the T₁ 

generation using phenotypic assays (Liberty® herbicide) and Southern blot 

analysis. The simplicity and increased efficiency of the half-seed method 

offer a valuable alternative for efficient and reliable soybean transformation. 

Arun et al. (2015) developed an improved Agrobacterium-mediated 

transformation protocol for soybean cultivar PK 416. They evaluated 

various parameters, including different Agrobacterium tumefaciens strains 

(LBA4404, EHA101, EHA105 with pCAMBIA1304 plasmid), sonication 

duration, vacuum infiltration pressure, and vacuum duration using 
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cotyledonary node explants from 7-day-old seedlings. Using a direct 

organogenesis system, they achieved the highest transformation efficiency 

of 18.6% by sonicating explants for 20 seconds and vacuum infiltrating for 

2 minutes at 250 mmHg in Agrobacterium EHA105 suspension. Transgene 

expression was confirmed by GUS and GFP assays, and integration was 

verified by PCR and Southern blot. This protocol was also effective for four 

other cultivars (JS 90-41, Hara Soy, Co 1, Co 2), with efficiencies from 

13.3% to 16.6%, making it useful for transforming various soybean cultivars 

with desirable traits. 

Yang et al. (2016) developed a high-efficiency Agrobacterium 

tumefaciens-mediated transformation system for soybeans, using 

cotyledonary explants and glufosinate as a selective agent. They optimized 

variables across seven cultivars, identifying YC-1 and YC-2 as the most 

promising with the highest transient GUS expression and shoot induction 

frequencies. The optimal Agrobacterium cell density was OD 0.8–1.0, with 

beneficial infection conditions at 23°C and dim light. The infection time did 

not affect GUS expression. Testing three antioxidant solutions to reduce 

explant browning, they found 20 μM lipoic acid to be most effective. Using 

the optimized system, they successfully transferred the bar gene into 

soybean, achieving a 14.71% transformation efficiency, a more than 50-fold 

increase from the unoptimized method. Southern blot and T1 progeny 

analysis confirmed the stable integration and inheritance of the transgene. 

Zhang et al. (2016) analyzed soybean gene expression to 

understand the plant's response to early Agrobacterium infection, finding 

that it triggered both PAMPs-triggered and effector-triggered immunity, 

upregulated MAPK pathway transcription factors, and increased flavonoid 

and isoflavonoid biosynthesis, leading to a strong defense response and 

lower transformation efficiency. To counter this, they used α-

aminooxyacetic acid (AOA) and sonication with Agrobacterium infection. 

This approach decreased the expression of key genes involved in 

isoflavone biosynthesis, plant-pathogen interactions, and cell membrane 

structure, reducing defense responses and increasing susceptibility to 
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Agrobacterium. This method improved transformation efficiency, 

suggesting further measures could enhance soybean transformation. 

Li et al. (2017) aimed to enhance Agrobacterium-mediated 

transformation efficiency in soybeans by optimizing infection and 

regeneration processes. They investigated factors affecting Agrobacterium 

infection efficiency, such as bacterial concentration, explant type, 

suspension medium, and co-cultivation time, achieving over 96% infection 

by using Agrobacterium at OD600 = 0.6 with a medium containing 154.2 

mg/L dithiothreitol to infect half-seed cotyledonary explants co-cultured for 

5 days. Varieties Jack Purple and Tianlong 1 showed higher infection 

efficiencies than six other varieties. They also optimized shoot elongation 

rates by testing different concentrations of gibberellic acid (GA3) and 

indole-3-acetic acid (IAA), finding the best results with 1.0 mg/L GA3 and 

0.1 mg/L IAA, which increased shoot elongation rates by 18 and 11%, and 

transformation efficiency to 7% and 10% for Jack Purple and Tianlong 1, 

respectively. Positive transgenic plants were verified using GUS staining, 

PCR, herbicide testing, and quantification PCR. This improved protocol 

offers a valuable reference for enhancing transformation efficiency in other 

plant species. 

Chen et al. (2018) investigated the impact of l-glutamine and l-

asparagine on improving Agrobacterium-mediated transformation efficiency 

in soybeans. They found that adding these amino acids, individually or 

combined, to the culture medium significantly increased shoot induction, 

elongation rates, and overall transformation efficiency. The combination of 

50 mg/L l-glutamine and 50 mg/L l-asparagine was most effective, 

enhancing transformation frequency by reducing the expression of GmPR 

genes (GmPR1, GmPR4, GmPR5, and GmPR10) and suppressing the 

plant defense response. This method successfully transmitted the 

transgene to the T1 generation, offering a valuable approach for soybean 

genetic engineering. 

Karthik et al. (2020) explored the use of Sodium nitroprusside (SNP) 

to enhance genetic transformation efficiency in soybeans. By adding 30 μM 

SNP to co-cultivation (with 4.44 μM N6-benzyl adenine), shoot induction 



 

14 
 

(with 4.44 μM BA), and rooting medium (with 4.93 μM indole 3-butyric 

acid), they achieved a transformation efficiency of 34.6%, compared to 

23% without SNP. Transformed plants were confirmed using GUS assays, 

PCR, and Southern hybridization. Additionally, this method shortened the 

plantlet development period to 75 days from half-seeds. The study 

demonstrated that SNP significantly improves regeneration and 

transformation efficiency in soybeans. 

Pareddy et al. (2020) developed an organogenesis-based 

transformation method for soybeans, achieving an average transformation 

frequency of 18.7%. This method uses Agrobacterium-mediated 

transformation on split-seed explants with an attached partial embryonic 

axis from imbibed seeds. The Agrobacterium tumefaciens strain EHA105 

was more effective than EHA101, yielding higher transformation 

frequencies and more low copy events. The system employed 

phosphinothricin acetyl transferase for glufosinate tolerance, with 48% of 

the T1 progeny showing heritability based on molecular analysis and 

Liberty® herbicide screening. This method was effective across various 

genotypes, including some elite lines, and is suitable for both research and 

commercial transgenic soybean production. 

Wang et al. (2022) present a highly efficient soybean transformation 

method using mature seed halves as explants, removing cotyledonary 

leaves. Optimal media composition and desiccation co-culture treatment on 

filter paper led to a significant increase in transformation frequency, up to 

31.7% in the 'Jack' variety. Using CP4-EPSPS as a selectable marker 

resulted in higher regeneration rates and transformation frequencies 

compared to CG10-EPSPS. The protocol was successful across 15 elite 

soybean lines, with transformation frequencies ranging from 3% to 35.8%, 

facilitating genetic engineering and basic research in soybean. 

2.2.2 In-planta transformation  

Hu et al. (1999) Soybean is a recalcitrant species for in vitro 

manipulation. Chinese scientists developed two in planta non-tissue culture 

soybean transformation procedures: (1) via the “pollen-tube-pathway” to 
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introduce exogenous genomic total DNA of Glycine gracilis, the seed of 

which consisted of 50% protein, and (2) “ovarian injection” with exogenous 

plasmid DNA containing atrazine-resistant gene. A high yield and high seed 

protein (45.44%) cultivar, „Heisheng 101‟, resulted from the first method, 

and atrazine-resistant F1, F2, and F3 plants were obtained from the second 

method. Both exogenous single-genic Mendelian traits and multi-genic 

quantitative traits were transferrable with these simple and inexpensive 

procedures. However, some controversy exists with the acceptance of 

these novo procedures; mainly because instead of the standard Southern 

blotting, the RAPD and dot blotting techniques were used in the molecular 

confirmation of the transgenic status in the reported studies.  

Weigel et al. (2006) reported the breakthrough 

in Arabidopsis research was the invention of the vacuum-infiltration 

method, for obtaining transformants with high efficiency and without the use 

of tissue culture. They described the different processes involved such as 

floral dip, vacuum infiltration, and spraying. They yield transformants at 

frequencies ranging up to several percent, with the most common 

frequency being 0.1%-1%. 

Liu et al. (2009) improved the soybean transformation by ovarian 

drop by optimizing the length of the transformation path by cutting the style. 

Using a minimal Gus linear gene cassette as foreign DNA, a maximum 

transformation frequency of 11% was achieved in flowers of soybean 

cultivar “Liaodou 14” with the style mostly removed while only the stigma 

was removed, the style partially cut off, and the ovary was partially 

removed. Slicing yielded transform frequencies of 0%, 1%, and 2%, 

respectively. An average transformation frequency of 8.2% was obtained 

when 619 flowers from three soybean cultivars ('Liaodou 14', 'Liaodou 13' 

and 'Tiefeng 29') were transformed using this optimized method. 

Kalbande et al. (2016) reported in their study a simple in planta 

method for efficient transformation of diploid cotton Gossypium hirsutum cv 

LRK-516 Anjali using Agrobacterium tumefaciens EHA-105 containing 

recombinant binary vector plasmid pBinAR with Arabidopsis At-NPR1 

gene, with steps of In -vitro regeneration of plants that are completely 
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avoided. Four days old Plantlets were used for transformation, the 

cotyledon leaves were cut vertically, bisecting the shoot tip moderately and 

exposing the meristem cells at the apical meristem. Transgenes were 

confirmed by the presence of the At-NPR1 gene with the promoter ptII 

gene. Using this method, a transformation frequency of 6.89% was 

determined for the CV LRK-516. 

Hada et al. (2018) optimized Agrobacterium tumefaciens-mediated 

transformation of soybeans using half-seed explants, focusing on eight 

parameters. They achieved maximum transformation efficiency of 14% and 

regeneration efficiency of 45% using explants from mature seeds imbibed 

for 36 hours. Infection with A. tumefaciens strain EHA105 at OD600 of 0.8 

in pH 5.4 medium containing 0.2 mM acetosyringone and 450 mg/L, L-

cysteine, followed by sonication for 10 seconds, vacuum infiltration for 2 

minutes, and 3-day co-cultivation on 35 mg/L kanamycin-containing 

medium. Transgenic lines were confirmed through assays and molecular 

analysis. The protocol showed high regeneration efficiency in just 76 days, 

offering a rapid and efficient approach for soybean genetic manipulation. 

2.3. Sonication assisted Agrobacterium mediated transformation 

 Santarem et al. (1998) explored Sonication-assisted Agrobacterium-

mediated transformation (SAAT) for improving efficiency. They used 

immature soybean cotyledons as explants, evaluating various parameters' 

effects on transient β-glucuronidase (GUS) activity. The highest GUS 

expression was achieved with a 2-second sonication of cotyledons in 

Agrobacterium solution (0.11 OD600nm), followed by 3-day co-cultivation 

at 27°C with the explant's abaxial side in contact with the culture medium. 

Acetosyringone addition during co-culture enhanced transient expression. 

Cultivar and binary vector variations didn't affect outcomes. Moderate 

tissue disruption was observed with 2-second sonication, while longer 

durations caused more extensive damage. 

 Trick et al. (1998) achieved successful transformation of soybean 

embryogenic suspension cultures using Sonication-Assisted 

Agrobacterium-mediated Transformation (SAAT). They inoculated 10–20 
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embryogenic clumps with diluted log-phase Agrobacterium and sonicated 

them for 0–300 seconds. After 2 days of co-culture with acetosyringone, 

the medium was replaced with Timentin®-containing medium. Two weeks 

post-SAAT, hygromycin selection was applied, leading to the isolation of 

transgenic clones 6–8 weeks later. Without SAAT, hygromycin-resistant 

clones were not obtained. Southern hybridization confirmed T-DNA 

integration in transformed tissue. 

2.4. Agro-injection based in-planta transformation 

Zia et al. (2011) explored in planta and Agroinfiltration methods for 

soybean transformation, bypassing tissue culture steps but with typically 

low efficiencies. They injected overnight-grown Agrobacterium tumefaciens 

EHA105 with pROKIILFYGUSint plasmid into soybean pods at different 

developmental stages. GUS histochemical analysis and PCR confirmed 

transformation. Notably, injecting Agrobacterium into pods at 2-3 days after 

formation (stage I) resulted in 14.2% and 6.45% transformation efficiencies 

for NARC-7 and NARC-4 plants, respectively. The highest GUS expression 

(39.16%) was observed in NARC-7 seeds when pods were treated at the 

late developmental stage (stage III). This study is the first to demonstrate 

embryo transformation via pod Agro-injection, offering a direct method for 

producing transformed seeds for further analysis at the progeny level. 

Solliman et al. (2021) developed a rapid and cost-effective transient 

transformation assay using in-planta Agroinfiltration in potato seeds, 

achieving higher efficiency than conventional methods. They used PCR to 

amplify a single copy of the Bacillus thuringiensis Crystal Protein Cry1Ca 

(cry1Ca) gene for screening. Potato slices were Agro-injected with plasmid 

pRI201-AN-GUS DNA for transient assay of the β-glucuronidase gene 

(GUS). Transformation was conducted using disarmed Agrobacterium 

tumefaciens strain LBA4404 harboring a binary vector pRI201-AN-GUS-

Cry1Ca. Genetically modified potato plants were selected on kanamycin-

containing medium and sub-cultured on medium supplemented with BA 

and NAA. Agro-injection proved efficient for transient GUS expression and 

gene analysis. Successful transformation of Cry1Ca gene potato plants is 

expected to enhance yield and food security in Saudi Arabia. The study 
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provides a protocol for potato genetic transformation via Agro-injection 

using A. tumefaciens carrying the pRI201-AN-GUS-Cry1Ca plasmid, with 

evidence from histological and molecular assays. 

2.5.1 BADH2 

Arikit et al. (2010) explored the biosynthesis of 2-acetyl-1-pyrroline 

(2AP) in Soybean (Glycine max). They discovered that aromatic soybean 

varieties containing 2AP lacked activity of the AMADH enzyme. They 

characterized two genes in soybean, GmAMADH1 and GmAMADH2, akin 

to the rice gene Os2AP encoding AMADH. While the transcription level of 

GmAMADH2 was lower in aromatic varieties, the expression of 

GmAMADH2 remained unchanged. A double nucleotide deletion in exon 

10 of GmAMADH2 was identified in all aromatic varieties, causing a frame-

shift mutation and a premature stop codon. Introducing a GmAMADH2-

RNAi construct into non-aromatic wild-type calli suppressed GmAMADH2 

activity, inhibited AMADH synthesis, and induced 2AP biosynthesis. These 

findings suggest that the deficiency of GmAMADH2 product, AMADH, plays 

a similar role in soybean as in rice by promoting 2AP biosynthesis, 

indicating a conserved mechanism among different plant species. 

Juwattanasomran et al. (2010) identified an association between a 

single nucleotide polymorphism (SNP) in exon 10 of the GmBADH2 gene 

and fragrance in the vegetable soybean cultivar Kaori (Glycine max (L.) 

Merr.). This SNP led to an amino acid substitution in a highly conserved 

motif of the GmBADH2 protein, affecting its functional activity. 

In their study, Juwattanasomran et al. (2010) sequenced GmBADH2 

in Chamame, a fragrant soybean cultivar, and identified a new fragrance 

allele characterized by a 2-bp (TT) deletion in exon 10. This deletion 

caused a reading frame shift and introduced a premature stop codon, 

resulting in the inhibition of protein function and the development of 

fragrance. The old and new fragrance-promoting alleles were designated 

as GmBADH2-1 and GmBADH2-2, respectively. They developed a 

functional marker to genotype GmBADH2-2, capable of distinguishing 

fragrant and non-fragrant soybeans and differentiating between different 
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fragrant soybeans. Through QTL mapping using an F2 population and 

Chamame as the fragrance donor, they found that the fragrance QTL and 

the functional marker were closely located, confirming the association 

between GmBADH2 and fragrance. 

In their study, Juwattanasomran et al. (2011) investigated fragrance 

in soybeans, attributed to 2-acetyl-1-pyrroline (2AP). They focused on the 

BADH2 gene, associated with fragrance in rice. Using an RIL population 

from fragrant cultivar "Kaori" and non-fragrant cultivar "Chiang Mai 60" 

(CM60), they found STS markers from BADH2 homologs linked to 2AP 

production. Genetic mapping revealed the QTL position of fragrance 

coincided with GmBADH2. Sequence analysis showed a SNP in exon 10 of 

GmBADH2, resulting in an amino acid change crucial for its function. They 

developed five SNP markers for fragrance, aiding marker-assisted breeding 

of fragrant soybeans. 

In their study, Juwattanasomran et al. (2012) confirmed an 

association between fragrance in soybeans and a single nucleotide 

polymorphism (SNP) in exon 10 of the GmBADH2 gene. They identified a 

new fragrance allele in the cultivar Chamame, characterized by a 2-bp (TT) 

deletion in exon 10, leading to a premature stop codon and fragrance 

development. They designated the old and new fragrance-promoting alleles 

as Gmbadh2-1 and Gmbadh2-2, respectively. They developed a simple 

and co-dominant functional marker for genotyping Gmbadh2-2, useful for 

distinguishing fragrant and non-fragrant soybeans and differentiating 

fragrant varieties. QTL mapping confirmed the association between 

GmBADH2 and fragrance in Chamame. 

In their study, Qian et al. (2022) confirmed that the aroma in specific 

soybean cultivars is due to the presence of 2-acetyl-1-pyrroline (2AP), a 

potent volatile compound previously identified in soybeans. Mutations in 

GmBADH2 were found in aromatic cultivars Quxian No. 1, Xiangdou, and 

ZK1754, including 10 SNPs, an 11-nucleotide deletion in exon 1, and a 2-

base pair deletion in exon 10, resulting in frame shifts and premature stop 

codons. Genetic analysis suggested a single recessive gene inheritance 

pattern for the aromatic trait, implicating the mutated GmBADH2 gene. 
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qRT-PCR and CRISPR/Cas9 experiments confirmed the expression and 

function of GmBADH2. A functional marker based on the mutated 

GmBADH2 sequence was validated in an F2 population, showing perfect 

association with aroma phenotypes. These findings shed light on the 

molecular basis of 2AP formation in soybeans and offer potential for 

marker-assisted breeding of aromatic vegetable soybean cultivars. 

Chen et al. (2024) investigated the function of betaine aldehyde 

dehydrogenase (BADH) genes in tobacco (Nicotiana tabacum L.) 

concerning 2-acetyl-1-pyrroline (2AP) accumulation, a key fragrance 

compound. They identified four BADH genes in tobacco, with two 

resembling wolfberry BADH and named NtBADH1a and NtBADH1b, and 

two resembling tomato AMADH2, named NtBADH2a and NtBADH2b. 

Expression analysis revealed distinct functions for NtBADH1 and NtBADH2 

genes. Using CRISPR/Cas9, they generated single and double mutants for 

each gene, resulting in frameshift mutations preventing protein 

accumulation. Notably, only the double mutant Ntbadh2a-Ntbadh2b 

exhibited a popcorn-like scent and 2AP accumulation, indicating that 

simultaneous inactivation of NtBADH2a and NtBADH2b is necessary for 

2AP production, not associated with NtBADH1. 

2.5.2 KTI 

Jofuku et al. (1989) investigated a mutation in the soybean Kunitz 

trypsin inhibitor (KTi) gene that inhibits the accumulation of KTi protein 

during seed development. They found a significant reduction in KTi3 mRNA 

levels in mutant embryos compared to normal ones. Sequencing revealed 

three nucleotide differences in the KTi3 gene between normal and mutant 

lines, causing a frameshift mutation and premature termination of 

translation. This frameshift mutation destabilizes KTi3 mRNA, leading to a 

sharp decrease in its prevalence. 

Pesic et al. (2007) examined the relationship between two key 

trypsin inhibitors (TI) in soybean, Kunitz (KTI) and Bowman-Birk (BBI), and 

their corresponding trypsin inhibitor activity (TIA). They analyzed twelve 

soybean genotypes and found significant differences in TI levels and TIA. A 
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strong positive correlation was observed between KTI and total BBI levels 

(r = 0.94, P < 0.05), but no correlation was found between TI levels and 

TIA. These findings suggest a connection between major TI levels in 

soybean, which could aid in improving the health impacts of soy proteins by 

understanding their relationship with trypsin inhibitor activity. 

Liener (1994) discussed several components in soybeans that 

negatively affect the nutritional quality of the protein. Heat treatment 

destroys protease inhibitors and lectins, which can cause pancreatic 

hypertrophy/hyperplasia and interfere with nutrient absorption, respectively, 

leading to growth inhibition. Other heat-stable factors like goitrogens, 

tannins, phytoestrogens, oligosaccharides, phytate, and saponins also 

have antinutritional effects. Processing soybeans under severe alkaline 

conditions can lead to lysinoalanine formation, damaging rat kidneys, but 

this is less common with milder alkaline conditions. Allergic responses in 

humans, as well as calves and piglets, may occur with dietary exposure to 

soybeans. 

In their study, Wang et al. (2023) addressed the challenge of 

breeding soybean cultivars with low trypsin inhibitor (TI) content, a key anti-

nutritional factor in soybean meal affecting digestibility. They identified two 

seed-specific TI genes, Kunitz trypsin inhibitor 1 (KTI1) and KTI3, and 

generated mutant alleles using CRISPR/Cas9 in Glycine max cv. Williams 

82 (WM82). The kti1/3 mutants exhibited significantly reduced KTI content 

and TI activity compared to WM82 seeds without affecting plant growth or 

maturity. A T1 line, #5-26, carrying double homozygous kti1/3 mutant 

alleles was identified, and markers were developed to co-select for these 

mutant alleles. These findings offer a promising approach to accelerate the 

development of elite soybean cultivars with low TI traits. 

Kim et al. (2024) in their study they tackled the challenge of reducing 

protease inhibitor content in soybean seeds, which limits their direct 

inclusion in animal feed. They employed CRISPR/Cas9 gene editing to 

create mutations in Bowman–Birk protease inhibitor (BBi) genes, aiming to 

lower inhibitor levels without the need for energy-intensive heat treatment. 

Through Agrobacterium-mediated transformation, they generated stable 
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transgenic soybean events harboring mutations in BBi genes. Analysis via 

Sanger sequencing, proteomics, inhibitor activity assays, and qRT-PCR 

revealed significant reductions in both trypsin and chymotrypsin inhibitor 

activities in mutant lines compared to wild-type plants, establishing an 

allelic series of loss-of-function mutations in BBi genes. 
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CHAPTER III 

MATERIAL AND METHODS 

The present investigation entitled “Assessment of critical parameter 

associated with in planta transformation of elite soybean genotype(s) 

(Glycine max L.)” was carried out at Biotechnology Centre, Department of 

Agricultural Botany, Post Graduate Institute, Dr. Panjabrao Deshmukh 

Krishi Vidyapeeth Akola. The details of the material and methods used in 

the present investigation are given below. 

3.1 Material 

3.1.1 Genotypes 

The experimental material of the present investigation comprised 

one vegetable-type Swarna Vasundhara(SV), and two grain-type varieties 

Swarna soya (AMS MB 5-18) and PDKV yellow gold (AMS 1001). Swarna 

soya was obtained from ICAR, RCER, Ranchi, Jharkhand and grain type 

varieties were obtained from the Central Research Unit, Dr. Panjabrao 

Deshmukh Krishi Vidyapeeth, Akola. The specific characters of the 

varieties are summarized in Table 3.1. 

Table 3.1. Soybean genotypes used in the present investigation 

SN Genotype Released By Salient Features 

1. Swarna 

Vasundhara 

ICAR-RCER, Ranchi Vegetable Type 

2. (AMS 100-39) 

PDKV Amba 

DR. PDKV, AKOLA Pod shattering resistance, 

moderately resistant to 

girdle beetle and stem fly 

and charcoal rot disease 

3. AMS-1001 

(PDKV Yellow 

Gold) 

DR. PDKV, AKOLA Grain Type, Charcoal rot 

and YMV disease resistant, 

High Yielding. 
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3.1.2 Agrobacterium vector for plant transformation 

In the current experiment, the Agrobacterium tumefaciens EHA 105 

strain, harboring the plasmid vector pDIRECT_22A, was used for the 

genetic transformation of soybean. The plasmid vector, pDIRECT_22A, 

contains guide RNAs (gRNAs) sequence specifically targeting the 

GmBADH2 and KTI genes. Figures 3.1 and 3.2 illustrate the partial 

construct map, highlighting the T-DNA region, which carries theCas9 

sequence and respective promotors and gRNAs designed for precise 

editing of the GmBADH2 and KTI genes. The pDIRECT_22A plasmid was 

introduced into the EHA 105 strain of Agrobacterium tumefaciens via the 

freeze-thaw method as described by Weigel et al. (2006).Two 

transformation approaches were utilized: Sonication-Assisted 

Agrobacterium-Mediated Transformation (SAAT) and an Agro-injection 

based in planta transformation system. 

3.1.3 Equipment 

 Equipment‟s like for the current study comprises LAF (Laminar Air 

Flow) cabinet, Shaker Incubator, Cooling centrifuge, Electrophoresis unit, 

PCR, Gel electrophoresis etc.  

3.2 Methodology 

3.2.1 Agrobacterium tumefaciens culture preparation 

 The Agrobacterium strain EHA 105 carrying the pDIRECT_22A 

plasmid vector, which harbors sgRNA targeting the BADH2/KTI genes, will 

be maintained on solid LB medium supplemented with rifampicin (30 mg/l) 

and kanamycin (50 mg/l). The culture will be revived every 30 days on 

fresh medium, incubated at 28±2°C for 48 hours, and then preserved at 

4°C. 

For the preparation of Agrobacterium inoculum, a single colony from 

a freshly grown plate was inoculated into 5 mL of Luria Broth (LB) 

supplemented with the respective antibiotics and incubated overnight at 

28±2°C, under orbital shaker with 150 rpm. The following day, 100 μl of the 

overnight-grown culture was transferred into 50 ml of LB broth  
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supplemented with 50 μl of acetosyringone stock solution (40 mg/ml) in a 

50 ml culture and the inoculum density was adjusted at (0.6) OD600nm.  

3.2.2 Preparation of antibiotics 

3.2.2.1 Preparation of rifampicin stock (30 mg/ml) 

STEP 1 150mg of rifampicin dissolved in DMSO (about 1 to 1.5 ml) and 

volume make up to 5 ml with sterile double distilled water. 

STEP 2 Filter through a 0.45 µm syringe filter. 

STEP 3 Aliquots were prepared, labeled properly, and stored at -20°C for 

further use (repeated freezing and thawing of rifampicin stock 

should be avoided). 

3.2.2.2 Preparation of kanamycin stock (100mg/ml) 

STEP 1 0.5g of kanamycin dissolved in 5 ml double distilled water. 

STEP 2 Filtered through 0.45 μl syringe filter. 

STEP 3 An aliquot was prepared, labeled properly, and stored at -20°C 

for further use. 

3.2.2.3 Preparation of Acetosyringone stock (40 mg/ml) 

STEP 1 200mg of Acetosyringone dissolved in DMSO (about 1 to 1.5 ml) 

and volume make up to 5 ml with double distilled water. 

STEP 2 Filter through a 0.45 µm syringe filter. 

STEP 3 Aliquots were prepared, labeled properly, and stored at -20°C for 

further use (repeated freezing and thawing of Acetosyringone 

stock should be avoided). 

3.2.3 Sonication of full seed 

 Soybean seeds of the respective genotypes were imbibed in distilled 

water for 12 hours and subsequently surface sterilized using Tween20. The 

Agrobacterium culture was prepared according to the procedure described 

in Section 3.2.1. Prior to infection, 50 μl of acetosyringone stock solution 

was added to 50 mL of Agrobacterium culture and incubated for 30 

minutes. The entire batch of imbibed seeds was subjected to treatment by 
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immersing in the prepared Agrobacterium culture, and sonication according 

to the treatment (Table 3.2) with time intervals (control, 15 sec, 30 sec, 45 

sec). Then seeds were directly sown in pots containing autoclave-sterilized 

soil and maintained in a transgenic greenhouse. 

3.2.4 Sonication of imbibed half seed 

 For half seed sonication treatment soybean seeds from each 

genotype were first soaked in distilled water for 12 hours. Once soaked, 

they were surface sterilized with Tween® 20 to remove any potential 

contaminants. The Agrobacterium culture was prepared as described in 

Section 3.2.1, with 50 μl of acetosyringone from the stock added to 50 ml of 

culture and left to sit for 30 minutes to boost infection efficiency. After 

sterilization, the seeds were carefully cut into halves with a sterile scalpel. 

The half-seeds were then completely immersed in the Agrobacterium 

culture and subjected to different sonication times: no sonication (control), 

15 seconds, 30 seconds, and 45 seconds. Once the sonication treatment 

was done, the seeds were immediately planted in pots filled with autoclave-

sterilized soil. These pots were then placed in a transgenic greenhouse, 

where they were kept under carefully controlled conditions to support their 

growth and potential transformation. 

3.2.5 Agro-injection at exposed embryo in half seed  

 For the Agro-injection treatment, soybean seeds and the 

Agrobacterium culture were prepared using the same procedure as 

mentioned earlier. The following day, the seeds were cut in half using a 

sterile scalpel and blade, ensuring the embryo remained intact. The 

Agrobacterium culture, adjusted to an optical density (OD) of 0.6, was 

loaded into insulin syringes. The embryo of each half-seed was then 

punctured at designated sites, depending on the treatment. For Teatment-

1(T1), injections were performed without Agrobacterium, serving as the 

control. For Teatment-2(T2), the punchers were made at the epicotyl 

portion of the embryo. For T3, injections were done at two sites: the 

epicotyl portion and the neck between the epicotyl and hypocotyl of the 

embryo and for T4 Agro-injection was given at 3 different sites. After the 
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injections, the seeds were briefly dried on tissue paper before being sown 

directly into pots containing autoclave-sterilized soil. These pots were then 

placed in a transgenic greenhouse and maintained under controlled 

conditions to facilitate plant growth and transformation. 

3.2.6 Agro-injection at florets 

 For the Agro-injection treatment at the floret stage, the procedure 

begins by selecting flower buds that are expected to open the following 

day. Using micro-needles, the Agrobacterium culture is carefully loaded 

and precisely injected into the ovary region of the selected buds. This 

delicate process targets the reproductive structures, ensuring optimal 

conditions for transformation. The treated buds are then monitored under 

transgenic greenhouse conditions to evaluate the efficiency and success of 

the transformation. 

3.2.7 Assessment of parameter(s) responsible for Pod Bearing%   and 

rate of CRISPR/Cas9 component delivery 

The critical parameters studied were the pod-bearing percentage 

and the efficiency of CRISPR/Cas9 component delivery to evaluate the 

effectiveness of the in-planta transformation method. 

Pod Bearing% = 
No. of pod developed   x 100 

Total no. of flowers 

Rate of CRISPR\Cas9 delivery = 
No. of individual positive for CRISPR\Cas9 

Total No. of individual planted 

                            

Table 3.2 Treatments of Agro-injection and Sonication using half and 
full seed in Soybean 

SN Method Treatments 

1  Agro-injection 
at exposed 
embryo in half 
seed 

T1-Injection without Agrobacterium. 

T2-1st site- at epicotyl portion of embryo 

T3-1st + 2nd site- at epicotyl portion + neck of 
epicotyl and hypocotyl of embryo 

T4-1st + 2nd site + 3rd site- at epicotyl portion + 
neck of epicotyl and hypocotyl + hypocotyl of 
embryo 

2 Sonication of T1-Sonication of imbibed seed in water 
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imbibed full 
seed 

T2-15 Sec 

T3-30 Sec 

T4-45 Sec 

3 Sonication of 
imbibed half 
seed 

T1-Sonication of imbibed seed in water 

T2-15 Sec 

T3-30 Sec 

T4-45 Sec 

*For each treatment Agro-injection of 0.6OD culture at florets were given 

3.2.8 Plasmid isolation 

Table3.3 : Composition of different solutions required for plasmid 

isolation 

Solution Chemical component Concentration 

 

1. Alkaline lysis solution I 

Glucose 

 

50mM 

Tris HCL(pH 8.0) 25mM 

EDTA(pH 8.0) 10mM 

 

2. Alkaline lysis Solution-II 

NaOH 0.2N 

SDS 1% 

 

3. Alkaline lysis solution-III 
(pH 4.8) 

5M potassium acetate 60 ml 

Glacial acetic acid 11.5 ml 

Water 28.5 ml 

3.2.9 Isolation of Plasmid DNA from transformed Agrobacterium cells 

The plasmid DNA was isolated using the alkali lysis method of giving 

by (Warburton, 2005) with minor modifications.  

Note:  

1. All purification steps were carried out on the ice  

2. 5 ml of overnight grown Agrobacterium culture in LB media was used  

3. Didn‟t vertex the solution after addition of lysis solution II  

4. The lysis reaction was carried out within 5 minutes  
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3.2.10 Procedure for isolation of plasmid DNA using Alkaline Lysis 

methods  

STEP 1 A single colony was picked from a freshly streaked selective 

plate and inoculated with 5 ml of LB medium containing 50mg/l 

kanamycin. The bacterial culture was harvested by 

centrifugation at 8000rpm in a micro-centrifuge for 2 minutes at 

4°C. The supernatant was aspirated to remove all remaining 

medium. 

STEP 2 Bacterial pellet was re-suspended in ice cold alkaline lysis 

solution-I(100 μl).Dissolved suspension was transferred to a 

micro centrifuge tube and vortexes until no cell clumps 

remained.  

STEP 3 Lysis Solution-II (200 μl) was added and mixed thoroughly by 

inverting the tube 4-6 times until the solution became viscous 

and slightly clear.  

STEP 4 Alkaline solution III (150 μl) was added and mixed immediately 

and gently by inverting the tube 4-6 times to avoid localized  

precipitation of bacterial cell debris and left tubes on ice for 3-

5minutes.  

STEP 5 Centrifuged for 5 min to pellet cell debris and chromosomal 

DNA. The supernatant was transferred to fresh tubes, by 

decanting or pipetting without disturbing the white precipitate  

STEP 6 Equal volumes of phenol: chloroform: isoamyl alcohol was 

added, organic and aqueous phases were vortexed and then 

centrifuged at  maximum speed for 2 minutes at 4°C in a micro 

centrifuge. The upper aqueous layer was  transferred to a fresh 

tube.  

STEP 7 Nucleic acid was precipitated by adding 2 volumes of ethanol at 

room temperature. The solution was mixed by vortexing and 

allowing the mixture to stand at room temperature for 2 minutes.  
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STEP 8 The nucleic acid was precipitated by centrifugation at maximum 

speed for 5 minutes at 4°C in a microfuge.  

STEP 9 Remove the pellet by gentle aspiration, then pellet was washed 

with 70% ethanol.  

STEP 10 Ethanol was completely evaporated by keeping tubes open at 

room temperature for 5-10 minutes. 

STEP 11 Finally, the nucleic acid was dissolved in 50 μl of TE buffer 

containing 20μg/ml DNase free RNaseA. The solution was 

vortexed for a few seconds, and stored at -20°C. 

3.2.11 Confirmation of Ti plasmid by PCR amplification 

 Plasmid extracted from the bacterial culture was used as template 

DNA. The PCR reaction was carried out using the sequence-specific 

marker for BADH2/KTI and Cas9. 

3.3 Molecular screening of putative transformants 

3.3.1 DNA isolation 

STEP 1 Collected the clean leaf samples without midrib in 2 ml 

Eppendorf centrifuge tubes. 

STEP 2 Grinded leaf tissue in liquid nitrogen with micro pestles. 

STEP 3 Powdered leaf tissue was homogenate by adding 1 ml of CTAB 

extraction buffer and mixed it by inverting for 5 min. 

STEP 4 The tubes containing homogenate were incubated in a water 

bath at 650C for 45 min. 

STEP 5 After Incubation, the tubes were centrifuged at 13,000 rpm for 10 

min. 

STEP 6 After that supernatant was collected and transferred to another 

1.5 ml centrifuge tube and 0.8ml of Chloroform: Isoamyl alcohol 

(24:1) added and mixed properly by inverting for 5 min. 

STEP 7 The samples were centrifuged at 13,000 rpm for 10 min. The 

aqueous layer was collected in another 1.5 ml centrifuge tube. 
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STEP 8 The above steps were repeated (STEP 6 and STEP 7) and final 

supernatants were collected. 

STEP 9 Upper layer was mixed with double volume of CTAB precipitation 

solution and samples were incubated at room temperature for 1h. 

STEP 10 After incubation, the tubes were centrifuged at 13,000 rpm for 10 

min. 

STEP 11 Supernatant were discarded and precipitation dissolved in 0.7 ml 

of 1.2 M NaCl solution. 

STEP 12 0.7 ml of chloroform were added to each tube and mixed properly 

by inverting for 5 min. 

STEP 13 The tubes were centrifuged at 13,000 rpm for 10 min and 

supernatants were collected into 1.5 ml centrifuge tubes. 

STEP 14 0.6 volume of iso-propanol were added to each sample and 

incubate at room temperature for 10 min. 

STEP 15 After incubation, the tubes were centrifuged at 13,000 rpm for 10 

min and pellets were collected by discarding supernatant. 

STEP 16 Pellet washed with 0.1 ml of 70% ethanol followed by 

centrifugation at 13,000 rpm for 5 min. 

STEP 17 Supernatant was discarded, pellet was air dried and dissolved in 

20 µl of nuclease free water. 

3.3.2 Genomic DNA extraction buffer  

1. 1M Tris-HCl solution (pH 8)  

121.1gm Tris-HCl was dissolved in 800 ml distilled water. Volume 

was made up to 1000 ml with distilled water and was sterilized by 

autoclaving after adjusting the pH to 8 with HCl. 

2. 0.5M EDTA solution (pH 8.0)  

186.1 gm EDTA was dissolved in 800ml distilled water. The solution 

was stirred vigorously on a magnetic stirrer and adjusted to pH to 8.0 by 
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adding NaOH pellets. The final volume was made up to 1000 ml with 

distilled water followed by sterilizing in autoclaving. 

3. 5M NaCl  

Dissolved 73.05gm NaCl in 200ml distilled water and made final 

volume up to 250ml with distilled water. (Warm water was used). 

3. Chloroform  

4. Ethanol (70%)  

5. Isoamyl alcohol  

7. Isopropanol  

Table 3.4: Composition of CTAB buffer 

Chemical Stock 
Concentration 

Working 
concentration  

Volume requires 
per 1000ml 

Tris-HCl (pH 8) 1M 0.1 100 

NaCl  5M 1.4 M 280 

EDTA (pH 8) 0.5M 20mM 40 

Make up the volume with autoclaved distilled water 

3.3.3 PCR amplification of putative transformants 

The putative mutants were screened using a gRNA-specific 

marker/primer for BADH2/KTI and Cas9 sequence-specific marker. 

Table3.5: Primer sequence used for screening of putative 

transformants 

Gene Direction Primer sequence band 
size 

GmBADH2 
gRNA 

Forward GTCTATGAATAACTGCCGAT 425 bp 

Reverse CGAACGGATAAACCTTTTCACG 

KTI gRNA Forward GATTGCTGCACGCGATACAGTAGA 425 bp 

Reverse CGAACGGATAAACCTTTTCACG 

Cas9 Forward GGAACTTCGAAGAGGTGGTG 810 bp 

Reverse CTTCACAGTCTGGAGGATTC 

The PCR was performed according to the PCR profile given below 
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Table 3.6 Temperature profile for amplification of gRNA specific 

primers 

Sr. No. Step Temp Time Cycle 

1 Initial denaturation 94oC 5 min 1 

2 Denaturation 94oC 30 sec 

32 
3 Annealing 48oC 30 sec 

4 Extension 72oC 45 sec 

5 Final Extension 72oC 10 min 

6 Hold 04oC ∞  

Table 3.7 PCR Temperature Profile for Amplification of gRNA-Specific 

and Cas9-Specific Primers 

SN Step Temp Time Cycle 

1 Initial denaturation 94oC 5 min 1 

2 Denaturation 94oC 30 sec 32 

3 Annealing 54oC 30 sec 

4 Extension 72oC 45 sec 

5 Final Extension 72oC 10 min 

6 Hold 4oC ∞  

The reaction mixture was prepared in 0.2 ml thin-walled PCR tubes 

containing the following components. The total volume of each reaction 

mixture was 10 µl. 

Table 3.8 PCR components and their volumes in a reaction mixture 

SN Components Concentration Volume / 10 µl 

1 DNA 30-40 ng/ µl 1.0 µl 

2 Forward primer 10pmol 0.5 µl 

3 Reverse primer 10pmol 0.5 µl 

4 NFW (Nuclease free water) - 3.0 µl 

5 Master Mix 2X 5.0µl 

 Total  10 µl 
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After completion of the required cycles of PCR reaction, the samples 

were stored at -20oC in a refrigerator until further use. Products of PCR 

amplification of the plasmid was compared and analyzed on the 2.0% 

agarose gel. 

3.3.4 Agarose gel electrophoresis 

STEP 1 The PCR products were confirmed on 2.0% and DNA and 

plasmid were confirmed in 0.8 and 1.2% agarose gel 

electrophoresis respectively. The detailed procedure is given 

below. 

STEP 2 A sufficient 1X electrophoresis buffer was prepared from 50X 

stock. 

STEP 3 Add Agarose powder 2.0%,1.2%,0.8% for PCR product, plasmid 

and DNA to TAE buffer (1X) and was dissolved by melting at 

100°C. The solution was cooled to 50°C and ethidium bromide 

was added (0.5ug/ml) and the comb was positioned at 0.5 -1.0 

mm above the plate. 

STEP 4 Then the melted agarose solution was poured into the gel tray 

and was allowed to polymerize. The gel tank was filled with TAE 

buffer (1X) just enough to cover the surface of the gel to a depth 

of 1 mm. 

STEP 5 The DNA sample was mixed with gel loading buffer and it was 

slowly loaded into the wells of the submerged gel using 

disposable micro tips.1 kb DNA ladder was used as a molecular 

weight marker. 

STEP 6 The system was connected to the power supply and 

electrophoresis was carried out at 80 volts for 30-45 min. 

STEP 7 Gel was examined by a gel documentation system 

3.4 OBSERVATIONS RECORDED 

To fulfil the objective of the study, following observations were recorded for 

all treatments. 
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Table 3.9. Recorded observations 

Treatment Observations 

Agro-injection at exposed in half-
seed 

1. Days to emergence 

2. Germination percentage 

3. Days to 1st flower 

4. Days to 50% flowering 

5. Days to harvesting 

6. No. of seed/pod 

7. Seed size 

8. Pod size 

9. Total No. of T0 seeds 
developed 

10. PCR-Positive plant 

Sonication of imbibed full seed 

Sonication of imbibed half seed 

3.5 Statistical analysis 

 Three replications were sown for each treatment and genotype in 

combination, along with a control. The three methods were used viz. 

sonication of full seed, sonication of half-seed, and Agro-injection at 

different sites of the embryo each having 4 treatments. Observations were 

recorded for each treatment in three replicates." 

 The data of the present investigation was analyzed and ANOVA was 

carried out by using a factorial completely randomized design. The 

procedure is given by Panse and Sukhatme (1988). 

The F test was used to test the significance. 

 ̅      ⁄  

Where, 

X = Mean 

    = Sum Of ith observation 

N = Total number of observations 

SD  = √ (    )      

Where,  

SE = Standard error 

SD = Standard deviation 
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3.6 Place and duration of experiment 

 Research work was conducted during the academic year 

2021-23 at the Biotechnology Centre, Department of Agricultural Botany, 

Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola. 
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CHAPTER IV 

RESULT AND DISCUSSION 

The present investigation, titled “Assessment of critical parameter 

associated with in planta transformation of elite soybean genotype(s) 

(Glycine max L.)” aimed to evaluate the efficacy of two in-planta 

transformation methods Sonication Assisted Agrobacterium mediated 

transformation and Agro-injection along with three soybean genotypes one 

vegetable-type Swarna Vasundhara (SV), and two grain-type varieties 

Swarna soya (AMS MB 5-18) and PDKV yellow gold (AMS 1001). The 

objective was to determine the superior method and to assess key 

transformation parameters associated with in-planta methods. 

In-planta transformation is an in-vivo method for Agrobacterium 

mediated genetic transformation that circumvents the need for tissue 

culture conditions. Carried out using Agrobacterium tumefaciens strain 

EHA 105, transformed with the pDIRECT_22A plasmid harboring 

GmBADH2/KTI sgRNA. 

For in-planta transformation, both the embryo and ovary were 

selected as target organs. When the embryo was targeted for in-planta 

transformation, the following treatments were applied: 1) Full seed 

sonication, 2) Half seed sonication, and 3) Agro-injection at the embryo in 

half seed. The second target organ for in-planta transformation was the 

ovary. To target the ovary, flowers were selected based on the time of 

pollination, with particular focus on flowers approximately 8 hours after 

pollination. The ovary was then targeted using a very fine needle. Seeds 

that were set from the in-planta experiment were carefully tagged, and 

observations were recorded on a weekly basis. 

In parallel, additional in-planta transformation attempts were 

conducted under controlled conditions during this period. The results 

obtained from the present investigation are presented and discussed in the 

following sub-headings, organized according to the study objectives. The 

findings are compared with relevant previous studies to draw well-

supported and conclusive interpretations. 
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4.1 Confirmation of plasmid harboring SgRNA of BADH2/KTI Gene 

 The Agrobacterium tumefaciens strain EHA 105 was transformed 

with the pDIRECT_22A plasmid harbouring GmBADH2/GmKTIsgRNAs 

using the freeze-thaw method as described by Holsters et al., (1978), with 

minor modifications. The transformed strain of EHA 105 carrying the 

pDIRECT_22A plasmid, which contains sgRNAs targeting the BADH2/KTI 

genes, was cultured on solid LB medium supplemented with rifampicin (30 

mg/L) and kanamycin (50 mg/L). Positive colonies were selected from the 

transformed plates for further analysis. Plasmid DNA was isolated from the 

recombinant strains and confirmed by colony PCR using sgRNA-specific 

primers targeting the BADH2/KTI genes. Successful transformation was 

verified by PCR amplification of the insert sequence, with the expected 425 

bp product size for both target genes (Plate 4.1E). 

4.2 Full-Seed sonication: an In-Planta method 

Sonication-assisted Agrobacterium-mediated transformation (SAAT) 

has proven to be an effective method for transforming soybean and various 

plant species. This study aimed to assess the impact of different sonication 

time intervals on transformation efficiency and genotype-specific responses 

in soybean. Whole soybean seeds were used as target tissue, soaked in 

distilled water for 12 hours, and surface-sterilized. The seeds were then 

immersed in Agrobacterium culture (O.D. 0.6) and subjected to sonication 

for 15, 30, or 45 seconds, with a control group included for comparison. 

After treatment, the seeds were directly sown into pots containing sterilized 

soil and maintained in a transgenic greenhouse. 

In this experiment, a total of 360 seeds were treated and planted, 

with 120 seeds allocated to each of the three genotypes: PDKV Amba, 

Suvarna Vasundhara, and PDKV Yellow Gold. For each genotype, 60 

seeds were targeted for the BADH2 gene, and 60 seeds for the KTI gene. 

The seeds were sown in groups of five per pot, with three replicates for 

each of the four treatments: T1 (Control), T2 (15 Sec), T3 (30 Sec), and T4 

(45 Sec). 
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4.2.1 Effect of Full-Seed sonication treatment on germination 

The germination rates of three soybean genotypes (G1: PDKV 

Amba, G2: Suvarna Vasundhara, and G3: PDKV Yellow Gold) were 

evaluated under four treatments: T1 (Control), T2 (15 Sec), T3 (30 Sec), 

and T4 (45 Sec) (Table 4.1). Both the control and 15-second treatments 

exhibited high germination rates, with G3 (95.15%) and G1 (93.45%) 

performing the best. However, germination rates significantly decreased in 

the 30-second and 45-second treatments, particularly for G2, where 

germination dropped to 43.29% in T4. These results suggest that 

prolonged sonication negatively affects germination, with the 15-second 

treatment being optimal for all genotypes[Table 4.1; Fig 4.1]. 

A similar study by Trick et al. (1998) utilized Sonication-Assisted 

Agrobacterium-Mediated Transformation (SAAT) in soybean to examine 

the effects of sonication duration on cotyledons, with sonication times 

ranging from 0.1 to 10 seconds. The reduction in germination observed in 

their study, alongside the enhanced transient GUS expression, was 

consistent across different genotypes, including the tested cultivars ('Jack', 

'Chapman', and 'Kunitz'). 

Table4.1. Effect of full-seed sonication treatments on seed 

germination in experimental soybean genotypes 

Treatments 

Germination percentage 

(G1)PDKV 
Amba 

(G2)Suvarna 
Vasundhara 

(G3)PDKV 
Yellow gold 

T1(Control) 92 82.89 95.15 

T2(15 Sec) 93.45 87.45 85.11 

T3(30 Sec) 77.11 63.67 72.11 

T4(45 Sec) 63.63 43.29 41.33 

CV 1.25 

Source SE(M) )± CD5% 

Factor A 0.93 2.73 

Factor B 0.81 2.36 

Factor AB 1.62 4.75 
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Fig 4.1. Effect of full-seed sonication treatment on seed germination 

in soybean genotypes 

4.2 Half-Seed sonication: an In-Planta method 

Soybean seeds from each genotype were initially soaked in distilled 

water for 12 hours. After soaking, the seeds were carefully cut in half using 

a sterile scalpel. The Agrobacterium culture was then prepared, and the 

half-seeds were fully immersed in the culture. The seeds were subjected to 

different sonication times: no sonication (control), 15 seconds, 30 seconds, 

and 45 seconds. Once the sonication treatment was completed, the seeds 

were immediately planted in pots containing autoclave-sterilized soil. 

 In the half-seed sonication experiment, a total of 360 seeds were 

treated and planted in pots, with 120 seeds allocated to each genotype: 

PDKV Amba, Suvarna Vasundhara, and PDKV Yellow Gold. For each 

genotype, 60 seeds were used for targeting the BADH2 gene and 60 for 

the KTI gene. The seeds were sown in sets of five per pot, with three 

replicates for each of the four treatments: T1 (Control), T2 (15 Sec), T3 (30 

Sec), and T4 (45 Sec). 

4.2.1 Effect of Half-Seed treatment on germination 

 The germination of three soybean genotypes (PDKV Amba, Suvarna 

Vasundhara, and PDKV Yellow Gold) was evaluated under four sonication 

treatments: T1 (Control), T2 (15 Sec), T3 (30 Sec), and T4 (45 Sec) (Table 
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4.2). The control group exhibited the highest germination rates, with PDKV 

Yellow Gold leading at 90.85%. A slight decline in germination was 

observed in T2, while a more pronounced decrease occurred in T3, 

particularly for Suvarna Vasundhara, which showed a germination rate of 

57.78%. The lowest germination was recorded in T4, with Suvarna 

Vasundhara at 37.78%. These results suggest that extended sonication 

time negatively impacts germination, with the 15-second treatment proving 

to be the most effective. 

 In a similar study conducted by Santarem et al. (1998), it was 

reported that Sonication-Assisted Agrobacterium Transformation (SAAT) 

significantly enhances the efficiency of Agrobacterium infection by inducing 

a large number of micro-wounds in the target plant tissue. Using immature 

soybean cotyledons as explants, they evaluated various factors, including 

cultivar type, Agrobacterium optical density during infection, and sonication 

treatment duration. Their study also assessed the extent of tissue 

disruption caused by sonication and the survival rate of the explants. They 

found that cotyledons subjected to 2 seconds of sonication exhibited 

moderate tissue disruption, whereas longer sonication treatments resulted 

in more extensive damage and lower survival rates[Table 4.2; Fig 4.2]. 

Table 4.2. Effect of Half-Seed sonication treatments on seed 

germination in different soybean genotypes 

Treatments 

Genotypes 

PDKV 
Amba 

Suvarna 
Vasundhara 

PDKV 
Yellow gold 

T1(Control) 89.67 83.22 90.85 

T2(15 Sec) 83.78 77 80 

T3(30 Sec) 76.28 57.78 75.56 

T4(45 Sec) 57.78 37.78 53.34 

CV 1.92 

Source SE(M) )± CD5% 

Factor A 1.38 4.04 

Factor B 1.19 3.5 

Factor AB 2.39 7 
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Fig4.2. Effect of Half-seed sonication treatments on seed germination 

in different soybean genotypes 

4.3 Agro-injection at embryo: an In-Planta method 

The Agro-injection in-planta method has been successfully utilized in 

soybean by Zia et al. (2011) and in several other crops, such as cotton, by 

Gurusaravanan et al. (2018). In this study, the procedure for Agro-injection 

followed the same protocol as described in section 4.2.1, where soybean 

seeds and Agrobacterium cultures were prepared. The seeds were then cut 

in half using a sterile scalpel and blade, ensuring the embryo remained 

intact. The Agrobacterium culture was adjusted to an optical density (OD) 

of 0.6 and loaded into insulin syringes. Following this, the embryo of each 

half-seed was punctured at specific sites according to the treatment. After 

the injections, the seeds were briefly dried on sterile tissue paper before 

being sown directly into pots containing autoclave-sterilized soil. This 

method allowed for the direct introduction of Agrobacterium into the seed 

embryo, aiming for efficient transformation. 

In the Agro-injection experiment, a total of 360 seeds were treated 

and planted in pots, with 120 seeds allocated to each genotype: PDKV 

Amba, Suvarna Vasundhara, and PDKV Yellow Gold. For each genotype, 

60 seeds were designated for targeting the BADH2 gene and 60 for the KTI 

gene. The seeds were sown in sets of five per pot, with three replicates for 

each of the four treatment groups. In Treatment-1 (T1), injections were 

performed without Agrobacterium, serving as the control. In Treatment-2 
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(T2), the punchers were made at the epicotyl portion of the embryo. In 

Treatment-3 (T3), injections were performed at two sites: the epicotyl 

portion and the neck between the epicotyl and hypocotyl of the embryo. In 

Treatment-4 (T4), Agro-injection was administered at three different sites 

(Plate 4.2). 

4.3.1 Effect of Agro-injection at embryo on seed germination 

 The germination rates of three soybean genotypes (PDKV Amba, 

Suvarna Vasundhara, and PDKV Yellow Gold) were evaluated under four 

Agro-injection treatments: T1 (Control), T2 (SITE-I), T3 (SITE-I + SITE-II), 

and T4 (SITE-I + SITE-II + SITE-III)(Table 4.3). The control (T1) resulted in 

the highest germination rate, with PDKV Yellow Gold showing 92.75%. The 

SITE-I treatment (T2) caused a slight reduction in germination for PDKV 

Amba and PDKV Yellow Gold, but improved germination for Suvarna 

Vasundhara (86.11%). Germination rates declined further in T3 and T4, 

especially for Suvarna Vasundhara, which had a notable drop to 43.74% in 

T4. These findings suggest that prolonged Agro-injection treatments 

negatively impact germination, with T1 and T2 proving to be the most 

effective[Table 4.3; Fig 4.3]. 

Table 4.3. Effect of Argo-injection at embryo on seed germination in 

experimental soybean genotypes 

Treatments Genotypes 

PDKV 
Amba 

Suvarna 
Vasundhara 

PDKV Yellow 
gold 

T1(Control) 92.11 83.22 92.75 

T2(SITE-I) 88.78 86.11 85.45 

T3(SITEI+SITE-II) 76.27 60 75.27 

T4(SITE 
I+SITEII+SITE-III 

58.59 43.74 47.52 

CV 1.79 

Source SE(M) )± CD5% 

Factor A 1.32 3.87 

Factor B 1.15 3.35 

Factor AB 2.3 6.71 
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Fig 4.3. Effect of Agro-injection embryo treatments on seed 

germination in experimental soybean genotypes 

4.4 Assessment of Parameters Influencing Pod Bearing Percentage in 

Agro-Injection at Floret Stage 

 The pod-bearing percentage, which reflects the proportion of flowers 

that successfully develop into pods, is a crucial indicator for evaluating the 

effectiveness of transformation techniques in soybean genotypes. In this 

study, pod-bearing percentages varied significantly across treatments and 

genotypes, demonstrating differential responses to the transformation 

protocols. For the PDKV Amba genotype, Full Seed Sonication resulted in 

the highest pod-bearing percentage (71.66%), suggesting a strong 

response to this treatment. In contrast, Half Seed Embryo Infection 

produced a much lower pod-bearing percentage (15.43%) for the same 

genotype, indicating that this technique may be less effective or that PDKV 

Amba has a lower receptivity to partial embryo exposure. 

In Swarna Vasundhara, the Half Seed Embryo Infection technique 

resulted in a relatively higher pod-bearing percentage (26.92%) compared 

to other treatments, despite the overall low transformation efficiency in this 

genotype. This suggests a genotype-specific response that may Favor 

partial embryo exposure, though with limited pod and seed yield. For PDKV 

Yellow Gold, the Half Seed Embryo Infection treatment also achieved the 

highest pod-bearing percentage (37.62%) among the treatments, indicating 

that this technique may be more suitable for genotypes with greater 

receptivity to partial embryo infection. On the other hand, the Agro-injection 

method at exposed embryos showed inconsistent results across 
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genotypes, with a notably high pod-bearing percentage (52.94%) in PDKV 

Amba, but lower efficiency in Swarna Vasundhara (9.97%) and PDKV 

Yellow Gold (44%). These variations in pod-bearing percentages highlight 

that the success of transformation protocols is highly genotype-dependent, 

with certain treatments promoting pod formation in specific genetic 

backgrounds. This genotype-specific response emphasizes the need to 

optimize transformation protocols for individual soybean genotypes to 

maximize pod development and seed yield [Table 4.4; Fig 4.4]. 

 

Fig 4.4. Pod bearing percentage in response to Agro-injection at floret 

across different treatment
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Table 4.4: Percentage of Pod formation from different Agro-injection treatments at Floret Stage 

TREATMENTS 

PDKV Amba Swarna Vasundhara PDKV Yellow Gold  
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Half seed 

Embryo 

Infection  

162 25 15.43 66 26 7 26.92 12 497 187 37.62 416 

Full Seed 

Sonication  

60 43 71.66 73 158 39 24.68 67 485 111 22.88 217 

Agro-injection 

at exposed 

embryo  

17 9 52.94 15 752 75 9.97 161 25 11 44 10 

Total no. of seeds harvested 154       240       643 
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4.5 Effect of sonication time on micro-wounds formation in explant 

To evaluate the effect of sonication on the surface of explants, 

Scanning Electron Microscopy (SEM) was performed on explants subjected 

to sonication with Agrobacterium (Plate 4.3). Half-seed cotyledonary node 

explants were treated with sonication for 15 seconds, 30 seconds, 1 

minute, and 2 minutes in a bath sonicator, while soybean cotyledonary 

node explants without sonication treatment were used as controls. The 

bath sonicator used in the experiment was equipped with an electronic 

timer. After Sonication-Assisted Agrobacterium Transformation (SAAT), the 

cotyledonary node explants were removed from the flask, placed on sterile 

tissue paper, and prepared for SEM analysis. 

The SEM results revealed that sonication treatment induced the 

formation of micro-wounding on the surface of the cotyledonary node 

explants. Explants treated with Agrobacterium without sonication showed 

no micro-wounding. The smallest micro-wounds were observed in explants 

subjected to 30 seconds of sonication, compared to those treated with 15 

seconds, 1 minute, and 2 minutes of sonication (Fig. 4.5). As sonication 

time increased, the size of the micro-wounds also increased. The largest 

micro-wounds were observed in explants treated with 2 minutes of 

sonication (Fig. 4.5). 

According to Santarem et al. (1998), sonication plays a critical role in 

Agrobacterium transformation of soybean, as it may lead to browning, 

callus formation, or seed damage, emphasizing the need for careful control 

of sonication parameters to ensure stable transformation. Based on these 

considerations, a 30-second sonication treatment at 50 Hz frequency was 

selected for further experimentation in the SAAT protocol. 
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Fig 4.5. Graphical representation of the effect of sonication on 

explants 

4.6 Molecular screening of putative transformants 

4.6.1 PCR using Agrobacterium colony as template for positive 

control 

 Single colony of both Agrobacterium strains with respective sgRNA 

targeting BADH2/KTI gen was used as a template for positive control. In 

case of sgRNA specific primer, a product of approximately of 425 bp was 

found and in Cas9 Specific primer band size of 810 bp was found by 

performing the colony PCR that was detected upon agarose gel 

electrophoresis of colony PCR product. 

4.7 PCR screening of putative transformants 

All germinated plants were subjected to molecular screening to 

identify putative transformants. Genomic DNA was extracted using the 

Cetyl trimethyl ammonium bromide (CTAB) DNA extraction method 

(Rogers and Benedich, 1989) with slight modifications, and this DNA was 

used as a template for PCR with sgRNA-specific and Cas9-specific 

primers. All putative transformants yielded positive results, showing a 425 

bp product for the sgRNA-specific primer and an 810 bp product for the  
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Cas9-specific primer. The same bands were observed in the positive 

control, where transformed Agrobacterium tumefaciens strain EAH 105 

single colony was used as a template.  

4.7.1 PCR screening of putative transformants after full-seed 

sonication treatments 

 In the PDKV Amba genotype, one PCR-positive plant was identified 

using the Cas9-specific primer derived from 15-second sonication 

treatment, and one PCR-positive plant was found using the sgRNA-specific 

primer after a 45-second sonication treatment. For the PDKV Yellow Gold 

genotype, the highest number of PCR-positive plants was obtained, 

including one PCR-positive plant for the BADH2-targeting sgRNA-specific 

primer after a 30-second sonication treatment, and two PCR-positive plants 

for the Cas9-specific primer after 30-second and 45-second sonication 

treatments, respectively. No PCR-positive plants were obtained from the 

Swarna Vasudhara genotype [Table 4.5]. 

4.7.2 PCR screening of putative transformants derived from half-seed 

sonication treatments 

 A total of five PCR-positive plants were obtained from the half-seed 

sonication treatment. In the PDKV Amba genotype, one PCR-positive plant 

was identified using the sgRNA-specific primer targeting BADH2, and one 

PCR-positive plant was identified for the Cas9-specific primer after 15 

seconds and 45 seconds of sonication. No PCR-positive plants were 

observed for the Swarna Vasudhara genotype. 

For the PDKV Yellow Gold genotype, three PCR-positive plants were 

recovered: one from the 30-second sonication treatment using the sgRNA-

specific primer and two from the Cas9-specific primer[Table 4.6]. 

4.7.3 PCR analysis of putative transformants derived from Agro-

Injection treatments at different embryo sites 

Only one PCR-positive plant was obtained from the Agro-injection 

treatment at three sites using the sgRNA-specific primer in the PDKV Amba 

genotype. No putative transformants were recovered from the Swarna 

Vasudhara and PDKV Yellow Gold genotypes[Table 4.7]. 
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4.7.4 PCR analysis of putative transformants derived from Agro-

injection treatment at floret  

 Highest PCR positive putative transformants were recorded for 

Agro-injection treatment with total 15 PCR positive plants in which 3 PCR 

positive for BADH2 targeting sgRNA specific primer and 1 for Cas9 specific 

primer for PDKV Ambs genotype. For Swarna Vasudhara we got 1 PCR 

positive for sgRNA specific and 3 Cas9 specific primer positive plant and in 

PDKV Yellow gold genotype 7 PCR positive out of which 4 for sgRNA and 

3 for Cas9 specific primer[Table 4.8].  

4.8 Assessment of CRISPR/Cas9 delivery efficiency across all 

treatments 

In this study, each PCR-positive plant was considered a single 

transformation event to calculate transformation efficiency. For the full-seed 

sonication treatment, six PCR-positive plants were obtained from 120 

attempts in the PDKV Amba genotype, resulting in a transformation 

efficiency of 1.7%. In the PDKV Yellow Gold genotype, four PCR-positive 

plants were recorded out of 120 attempts, yielding a transformation 

efficiency of 3.3% across all sonication treatments. In half seed 

sonication treatment transformation percentage of 2.5% was obtain in 

PDKV yellow gold and 1.7% transformation percentage in PDKV Amba. 

 For Agro-injection at the embryo treatment, only one PCR-positive 

plant was recovered, resulting in a transformation efficiency of 0.8% in the 

PDKV Amba genotype. 

For Agro-injection at the floret treatment, 154 seeds were sown, and 

four PCR-positive plants were recovered, yielding a transformation 

efficiency of 2.6% in the Swarna Vasudhara genotype. In the PDKV Yellow 

Gold genotype, 643 seeds were sown, and seven PCR-positive plants were 

obtained. This resulted in a transformation efficiency of 1.1%[Table 4.9,Fig 

4.6]. 

Molecular analysis employing polymerase chain reaction clearly 

indicate the integration of transgenes from the T-DNA region of  
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Agrobacterium to the soybean host genome employing the investigated in-

planta transformation methods. 

 Similar findings were reported by Liu et al. (2009), who achieved a 

transformation efficiency of 3.2% using ovary tissue as the target. Likewise, 

Zia et al. employed Agro-injection on two soybean cultivars, NARC-7 and 

NARC-4, achieving transformation efficiencies of 14.2% and 6.45%, 

respectively. These findings provide a strong basis to suggest that 

Sonication-Assisted Agrobacterium-Mediated delivery of the CRISPR/Cas9 

construct may offer a slight advantage over Agro-injection. However, both 

methods demonstrate successful potential for genetic transformation and 

can be effectively utilized for this purpose. 
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Table 4.5.  PCR screening of plants derived from full-seed sonication Treatments 

 

 

GENOTYPES 
PDKV Amba Swarna Vasudhara PDKV Yellow gold 

TREATMENT 

No. of 

attempts 

PCR positive No. of 

attempts 

PCR positive No. of 

attempts 

PCR positive 

GmBADH 

gRNA 

KTI 

gRNA 

Cas9 GmBADH 

gRNA 

KTI 

gRNA 

Cas9 GmBADH 

gRNA 

KTI 

gRNA 

Cas9 

T1(Control) 30 0 0 0 30 0 0 0 30 0 0 0 

T2(15 sec) 30 0 0 0 30 0 0 0 30 0 0 0 

T3(30 sec) 30 1 0 1 30 0 0 0 30 0 0 3 

T4(45 sec 30 0 0 0 30 0 0 0 30 1 0 0 

TOTAL 120 1 0 1 120 0 0 0 120 1 0 3 
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Table 4.6. PCR positive plants derived from half-seed sonication treatment 

GENOTYPES PDKV Amba Swarna Vasudhara PDKV Yellow gold 

TREATMENT No. of 

attempts 

PCR positive  No. of 

attemp

t 

PCR positive No. of 

attemp

t 

PCR positive 

GmBAD

H gRNA 

KTI 

gRN

A  

Cas9 GmBADH 

gRNA 

KTI 

gRNA  

Cas9 GmBADH 

gRNA 

KTI 

gRNA  

Cas9 

T1(Control) 30 0 0 0 30 0 0 0 30 0 0 0 

T2(15 sec) 30 0 0 1 30 0 0 0 30 0 0 0 

T3(30 sec) 30 0 0 0 30 0 0 0 30 1 0 1 

T4(45 sec 30 1 0 0 30 0 0 0 30 0 0 1 

TOTAL 120 1 0 1 120 0 0 0 120 1 0 2 
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Table 4.7. PCR positive for every treatment of Agro-injection at Embryo 

GENOTYPES PDKV Amba Swarna Vasudhara PDKV Yellow gold 

TREATMENT No. of 

attempts 

PCR positive  

No. of 

attempts 

PCR positive 

No. of 

attempts 

PCR positive 

GmBADH 

gRNA 

KTI 

gRNA  Cas9 

GmBADH 

gRNA 

KTI 

gRNA  Cas9 

GmBADH 

gRNA 

KTI 

gRNA  Cas9 

T1(Control) 30 0 0 0 30 0 0 0 30 0 0 0 

T2(SITE-I) 30 0 0 0 30 0 0 0 30 0 0 0 

T3(SITEI+SITE-

II) 30 0 0 0 30 0 0 0 30 0 0 0 

T4 (SITE 

I+SITEII+SITE-

III 30 1 0 0 30 0 0 0 30 0 0 0 

TOTAL 120 1 0 0 120 0 0 0 120 0 0 0 
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Table 4.8. PCR positives plants derived from Agro-Injection treatments at Floret 

GENOTYPES PDKV Amba Swarna Vasudhara PDKV Yellow gold 

TREATMENT No. of 

attempts 

PCR positive  No. of 

attempts 

PCR positive No. of 

attempts 

PCR positive 

GmBADH 

gRNA 

KTI 

gRNA  

Cas9 GmBADH 

gRNA 

KTI 

gRNA  

Cas9 GmBADH 

gRNA 

KTI 

gRNA  

Cas9 

FULL SEED 

SONICATION 

66 2 0 1 12 0 0 0 416 3 0 2 

HALF SEED 

SONICATION 

73 1 0 0 67 0 0 1 217 1 0 1 

AGRO-

INJECTION 

15 0 0 0 161 1 0 2 10 0 0 0 

TOTAL 154 3 0 1 240 1 0 3 643 4 0 3 
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Table 4.9. Response of experimental soybean genotypes to In-Planta transformation 

Treatment 

PDKV Amba Swarna Vasudhara PDKV Yellow gold 

No. of 

seed 

sown 

No. PCR 

positive 

plant 

CRISPR\Cas9 

delivery 

percentage 

No. of 

seed 

sown 

No. PCR 

positive 

plant 

CRISPR\Cas9 

delivery 

percentage 

No. of 

seed 

sown 

No. PCR 

positive 

plant 

CRISPR\Cas9 

delivery 

percentage 

Full seed 

sonication 

120 2 1.7 120 0 0 120 4 3.3 

Half seed 

sonication 

120 2 1.7 120 0 0 120 3 2.5 

Agro-

injection at 

exposed 

embryo 

120 1 0.8 120 0 0 120 0 0 

Agro-

injection at 

floret 

154 4 2.6 240 4 1.7 643 7 1.1 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The study titled "Assessment of Critical Parameters Associated with 

In-Planta Transformation of Elite Soybean Genotypes (Glycine max L.)" 

aimed to evaluate the effectiveness of two in-planta transformation 

techniques: Sonication-Assisted Agrobacterium-Mediated Transformation 

and Agro-Injection. The investigation focused on three soybean genotypes, 

including one vegetable-type variety, Swarna Vasundhara (SV), and two 

grain-type varieties, Swarna Soya (AMS MB 5-18) and PDKV Yellow Gold 

(AMS 1001). The primary objectives were to identify the superior 

transformation method and analyze key parameters influencing the 

success of in-planta transformation in these genotypes. 

The study revealed that the germination percentage of soybean 

seeds is significantly affected by both the duration of sonication treatment 

and the genotype. For full-seed transformations, the genotype PDKV 

Yellow Gold demonstrated the highest germination rates, achieving 95.15% 

in the control group and 93.45% with a 15-second sonication treatment. 

However, prolonged sonication led to a progressive decline in germination, 

with the lowest rate of 41.33% recorded for PDKV Yellow Gold at 45 

seconds. 

Similarly, in half-seed sonication treatments, PDKV Yellow Gold 

outperformed other genotypes, achieving a germination rate of 90.85% in 

the control group. Although a slight decrease was observed with 15-second 

sonication, it remained the most efficient genotype across all treatments. 

These findings highlight the critical role of optimizing sonication duration 

and selecting appropriate genotypes to enhance germination outcomes in 

in-planta transformation experiments. Prolonged sonication exposure (30 

and 45 seconds) resulted in a significant reduction in germination rates, 

with Swarna Vasundhara showing a decline to 57.7% and 37.7% under 30- 

and 45-second treatments, respectively. This indicates that extended 

sonication negatively impacts germination regardless of genotype, 

highlighting the importance of shorter sonication durations to preserve seed 
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viability. For Agro-injection treatments, targeting specific embryo sites 

significantly influenced germination rates. The highest germination 

(92.27%) was recorded in PDKV Yellow Gold for the T-2 treatment (single 

embryo site), followed by PDKV Amba in the control group (92.11%). 

These findings underscore the importance of precise targeting and shorter 

treatment durations for optimal germination outcomes. 

Agro-injection at the floret stage targeting the ovary was evaluated 

for its effect on pod-bearing percentage across treatments. The highest 

pod-bearing percentage was observed in PDKV Amba (71.66%) under full-

seed sonication treatment, followed by 52.94% for the same genotype 

under Agro-injection targeting the exposed embryo. These variations in 

pod-bearing percentages underscore the genotype-specific nature of 

transformation success, highlighting the importance of tailoring protocols to 

individual soybean genotypes to enhance pod formation and seed yield. 

Scanning Electron Microscopy (SEM) analysis of sonicated explants 

revealed that sonication induces micro-wounding on the surface of 

cotyledonary node explants, with the extent of damage increasing with 

longer sonication intervals. Minimal micro-wounding was observed with the 

30-second treatment, whereas the 2-minute treatment resulted in extensive 

surface damage. These findings emphasize the importance of optimizing 

sonication duration to balance effective transformation with minimal tissue 

damage. 

Molecular screening of putative transformants through PCR analysis 

confirmed successful T-DNA integration into the soybean genome, with 

transformation efficiency varying across techniques and genotypes. The 

highest efficiency (3.3%) was observed in PDKV Yellow Gold using the full-

seed sonication method, highlighting the genotype's responsiveness to this 

approach. Agro-injection at the floret stage achieved transformation rates of 

2.6% in PDKV Yellow Gold and 1.7% in Swarna Vasundhara, while half-

seed sonication resulted in 2.5% efficiency in PDKV Yellow Gold and 1.7% 

in PDKV Amba. The lowest efficiencies were recorded with Agro-injection 

targeting multiple sites, underscoring the need to refine protocols for higher 

success rates. 
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CHAPTER VI 

IMPLICATIONS 

The sonication-assisted Agrobacterium-mediated method shows 

promise for delivering CRISPR/Cas9 in soybean genome editing, while the 

Agro-injection method requires refinement to improve efficiency and 

consistency across genotypes. 

Validation of genome editing can be enhanced through sequencing and 

biochemical analysis of PCR-positive mutants. As a cost-effective alternative 

to labor-intensive tissue culture methods, in-planta transformation offers a 

practical approach to increase transformants and boost transformation 

efficiency in recalcitrant crops like soybean. 
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