


Characterization of Linseed (Linum usitatissimum L.) Germplasms at Morphological, Biochemical and& Molecular Level
ABSTRACT
The study focused on the characterization of 18 linseed (Linum usitatissimum L.) germplasms to evaluate genetic diversity through morphological, biochemical, and molecular markers. Germplasm characterization is essential for identifying valuable traits and facilitating the development of effective breeding programs. Significant variation was observed among the 18 genotypes for agro-morphological traits. Similarity coefficients ranged from 0.00 (indicating complete dissimilarity) to 0.78, with GP-381 – R-4237, GP-208 – R-4253, and others being the most dissimilar. Days to first flowering ranged between 38.5 days (R-4218) and 41.5 days (GP-405), with an average of 39.41 days. GP-208 showed the earliest 50% flowering (51.5 days), while GP-345 was the latest (56.5 days). Capsule production varied from 14 (R-4237) to 23 (GP-208), with a mean of 16.75 per plant. Plant height ranged between 48.16 cm (GP-381) and 72.12 cm (R-4266), with a mean height of 56.71 cm. The number of seeds per capsule ranged from 4.5 (R-4218) to 12 (GP-208), with a mean of 7.22. The 1000 seed weight ranged between 4.72 g (R-4253) and 6.97 g (R-4237, R-4275). Primary branches varied from 3.5 (GP-345) to 11 (R-4244, GP-209), with an average ofaveraging 6.4. Among the 18 lines, 15 had purple flowers, while GP-433 was off-white, GP-411 had white, and GP-345 had dark purple flowers. Yield ranged from 74.7 g per plant (GP-405) to 143.75 g per plant (GP-208), with an average of 97.09 g per plant. SDS-PAGE revealed 13 protein bands, with eight8 being polymorphic and 5 five monomorphic. Cluster analysis using UPGMA grouped the genotypes into two major clusters at 50% homology, indicating moderate genetic variation. ISSR markers revealed high diversity in genotypes GP-352, GP-208, and GP-473. Primers UBC-815, UBC-819, and UBC-825 showed high polymorphism and PIC values (0.41 to 0.48). SSR analysis confirmed that GP-473 and GP-208 were the most diverse. Primers LU-3, LU-6, LU-8, and LU-9 had the highest PIC values and 100% polymorphism.	Comment by Reviewer: First, describe the experimental design, as well as the variables that were evaluated.	Comment by Reviewer: Insert in parentheses which these genotypes are.
Keywords: Linseed; agro morphological; germplasms; protein; SDS-PAGE; PIC.

1. INTRODUCTION  	Comment by Reviewer: This section is short and the citations are quite old. Therefore, I suggest updating the references and including more studies on the topic covered in this research. The objectives of the study should be added in the last paragraph.
Linseed (Linum usitatissimum L., 2n = 30), belonging to the family Linaceae and order Malpighiales, is one of the earliest cultivated crops, with a history spanning over 6,000-7,000 years. The genus name Linum originates from the word "lin" or "thread," and usitatissimum means "most useful" in Latin. Linseed is widely recognized for its dual purpose-used as an oilseed (flaxseed) and as a fiber crop (fiber flax) (Vaisey-Genser and Morris, 2003). Its genome size is approximately 368–373 Mb (Ragupathy et al., 2011). Flax is considered one of the top five oilseed crops globally and the third-largest source of natural fiber. It thrives in tropical and temperate climates, particularly in silt loam, clay loam, and alluvial soils with pH varying between 6 and –7 (Rai, 2012). Ideal growing regions include black soils in peninsular India and the Indo-Gangetic plains. Despite its importance, linseed is still underutilized and is cultivated in only 34 countries, with major producers including India, USA, Canada, Argentina, China, Ethiopia, and Australia (Wakjira et al., 2004; Green et al., 2008). Linseed is highly valued for its nutritional composition, especially its rich content of omega-3 and omega-6 fatty acids. Key omega-3 fatty acids like α-linolenic acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) are known for their role in reducing cardiovascular disease (Hurteau, 2004). Linseed contains about 16% ALA and 57% linoleic acid (LA), making it a rich source of essential polyunsaturated fatty acids (PUFAs) (Ganorkar and Jain, 2013).
To improve linseed cultivars, characterization of germplasm and assessment of genetic variability are essential. Though traditional breeding techniques like selection, hybridization, and introduction have been employed, modern tools such as molecular and biochemical markers are now increasingly used. Among molecular tools, the ISSR (Inter Simple Sequence Repeat) technique stands out for its simplicity, high reproducibility, and independence from prior genomic information (Wolfe and Liston, 1998). ISSR-PCR primers are effective in identifying polymorphisms across multiple loci (Zietkiewicz et al.,1994). Additionally, SSR (Simple Sequence Repeat) markers, or microsatellites, offer high polymorphism, heritability, and co-dominant nature, making them ideal for marker-assisted selection (MAS) and diversity studies. These approaches have significantly contributed to the development of improved linseed cultivars (Sandip et al., 2012).

2. MATERIALS AND METHODS 
2.1 Study Site and Plant Material
The current study, titled "Characterization of Linseed (Linum usitatissimum L.) Germplasm at Morphological, Biochemical & Molecular Level"  was conducted during 2024-2025 at the Department of Plant Biotechnology, College of Agricultural Biotechnology, Latur [Vasantrao Naik Marathwada Agricultural University, Parbhani (M.S.)].	Comment by Reviewer: Enter geographic coordinates.
2.1 MATERIALS 
The linseed germplasm used in this study was obtained through an MTA from the collection maintained at Indira Gandhi Agricultural University, Raipur (C.G.). A total of 18 germplasm lines (Table 1 and Figure 1) were utilized for morphological, biochemical, and molecular analyses in this investigation.	Comment by Reviewer: What does this acronym mean?


Table No. 1. List of Llinseed Ggermplasms Uused in Ppresent Iinvestigation
	[bookmark: _Hlk203043996]Sr. No.	Comment by Reviewer: There should be no vertical lines in the table, and horizontal lines should only be present in the header and at the bottom.
	Germplasms
	Sr. No.
	Germplasms

	1.
	R- 4218
	10.
	GP- 333

	2.
	R- 4237
	11.
	GP- 345

	3.
	R- 4244
	12.
	GP- 352

	4.
	R- 4253
	13.
	GP- 381

	5.
	R- 4266
	14.
	GP- 405

	6.
	R- 4275
	15.
	GP- 411

	7.
	GP-208
	16.
	GP- 418

	8.
	GP-209
	17.
	GP- 455

	9.
	GP-312
	18.
	GP- 473




Delete the text box. Below the figure, insert the following title:
Fig. 1. Linseed germplasms used in the present study	Comment by Reviewer: The titles of the remaining figures should be adjusted according to the suggestions provided here.
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Plate No. 1 Germplasms used in the present study


2.2  Experimental Design and Cultivation ConditionsMETHODS                                                                                                                                                                                          2.2.1 MORPHOLOGICAL CHARACTERIZATION
The experiment was conducted at the college of agricultural biotechnology, Latur in aA randomized block design with three replications was used for morphological characterization.
	Comment by Reviewer: In detail, the authors should describe the cultivation conditions (study period). Under what conditions was the cultivation carried out, and what cultivation practices were implemented?

2.3 Data Collection
2.3.1 Morphological evaluations
 Observations were made on five plants chosen at random in every entry derived from every replication. Days to first flower, Ddays to 50% flowering, Ccolour of flower, Pplant height at maturity (cm), Nnumber of primary branches per plant, Nnumber of capsules per plant, Nnumber of seeds per capsule, 1000 seed weight (g), Yyield per plant (g). (Akbar et al., 2003). Statistical analyses were performed on the morphological character results, using measures such as the arithmetic mean, coefficient of range, standard error, etc. 	Comment by Reviewer: Provide further details on how these variables were obtained.
2.32.2 Biochemical analysis
2.2.2.1 ISOLATION OF TOTAL PROTEIN
[bookmark: _Hlk204191847]Using linseed flour from mature, dehulled grains, (Sardar et al. 2012) calculated the total seed protein content of linseed grain was calculated according to Sardar et al. (2012). After preparing a mixture of 3 mg of flour and 100 μLl of extraction buffer (which included 0.1% bromophenol blue, 2.3% SDS, 5% β-mercaptoethanol, 10% glycerol, and 0.055 M Tris-HCl at pH 6.8), the mixture was heated for 10 minutes. After adding the freshly made protein extraction solution to each tube, a cyclo-mixer was used to thoroughly mix the mixture. The tubes were then incubated for one to twofrom 1–2 hours at -20°C. The samples were centrifuged at 10,000 rpm for five 5 minutes at 4°C after incubation. After mixing with dye, the supernatant was collected and heated in a water bath at 95°C for 5 minutes, yielding denatured proteins that were subsequently used for SDS-protein profiling. SDS-PAGE in a discontinuous buffer system was used to analyze the extracted samples' proteins, with a 5% stacking gel and a 15% acrylamide resolving gel. After loading a 10 μLl sample of extracted proteins and a protein marker, the gel was electrophoresed in Tris-glycine buffer at 30 mA for 3 hours. The resulting protein banding patterns were considered the genotype's "fingerprint".  

2.2.3 MOLECULAR ANALYSIS
Genomic DNA was extracted from the leaves of 18 linseed genotypes following the Cetyltrimethyl Ammonium Bromide (CTAB) method with some modifications as described by Doyle and Doyle (1987).
2.2.3.1 ISSR AND SSR ANALYSIS
The analysis involved the use of five SSR and six ISSR primers. 25 µL of reaction volume containing the following chemicals was used for PCR amplifications: 0.1 µmol /L-1 of primer, 1x PCR buffer, 3U Taq polymerase, 25–30 ng of genomic template DNA, 2.0 mmol/ L-1 MgCl2, and 100 µmol /L-1 of each dNTP. To enhance the findings, some modifications were made to the original program, including alterations to the annealing temperature and the number of amplification cycles. The amplification procedure involved pre-denature at 94 °C for 5 minutes, 45 cycles of 94 °C for 1 minute, 36 °C (for ISSR analysis) or 58-60 °C (for SSR analysis) for 1 minute, and 72 °C for 1 minute, with a final extension at 72 °C for 10 minutes. The amplification results were observed using ethidium bromide-stained 1.8% (for ISSR analysis) or 2.5% (for SSR analysis) agarose gel electrophoresis. Using the 100 bp and 1000 bp DNA marker ladders, the length of each fragment (bp) in the amplified product was calculated. (Rajwade et al., 2010; Soto-Cerda et al., 2011 ; Kale et al., 2012; Rajwade et al. 2010), (Soto-Cerda et al., 2011; Chandravati et al., 2018; Saroha et al., 2022).             

2.4 Statistical Analysis	Comment by Reviewer: Describe the statistical methods used to analyze the data.

3. RESULTS AND DISCUSSION
3.1 MORPHOLOGICAL CHARACTERIZATION	Comment by Reviewer: Adjust the subsections as suggested in the methodology.
The phenotypic data has been obtained on 18 genotypes. Agro-morphological characterization was tried. The character days to first flower ranged from 38.5 days for R-4218 to 41.5 days for GP-405, with an average of 39.41 days. R-4218 flowers the earliest (38.5 days), while GP-455 had the first flower (41.5 days). The character days to 50% flowering varied from 51.5 days (GP-208) to 56.5 days (GP-345), with a mean of 54.17 days. GP-208 had the earliest 50% flowering time of any genotype (51.5 days). Among all germplasm, GP-345 showed late 50% flowering (56.5 days). (Akbar et al., 2003). The number of capsules each plant varied between 14 (R-4237) and 23 (GP-208), with an average of 16.75 capsules per plant. The shortest plant among all genotypes was GP-381 (48.16 cm), while the tallest was R-4266 (72.12 cm).  The average number of seeds per capsule was 7.22, with a range of 4.5 (R-4218) to 12 (GP-208).  R-4218 contained the fewest seeds (4.5 seeds per capsule), whereas GP-208 contained the most seeds (12 seeds per capsule).  Across all linseed genotypes, the 1000 seed weight varied from 4.72 gm (R-4253) to 6.97 gm (R-4237) and (R-4275).  R-4237 and R-4275 had the highest 1000 seed weight (6.97 gm), while R-4253 had the lowest (4.72 gm). (Green and Marshall, 1981). The genotypes of linseed varied greatly in the number of primary branches per plant, with a mean of 6.4 and a range of 3.5 (GP-345) to 11 (R-4244) and (GP-209). While GP-345 had the fewest primary branches (3.5), R-4244 and GP-208 (11) had the most. The mean linseed germplasm yield was 97.09, with a range of 74.7 gm (GP-405) to 143.75 gm (GP-208) per plant. Plant yields were best for GP-208 (143.75 gm) and lowest for GP-405 (74.7 gm). Only one of the eighteen lines (GP-433) has an off-white flower, one (GP-411) has a white flower, and one (GP-345) has a dark purple flower. The last fifteen lines were colored purple. (Akbar et al., 2003; Tadesse et al., 2010).	Comment by Reviewer: This unit was not mentioned in the methodology.	Comment by Reviewer: Loose citation in the middle of the text. What is its purpose here?	Comment by Reviewer: Which unit?	Comment by Reviewer: This unit was not mentioned in the methodology.	Comment by Reviewer: What is the rationale for including these citations here?
3.1.1 SIMILARITY MATRIX BASED ON MORPHOLOGICAL CHARACTERS
Jaccard's estimates of similarity matrix were evaluated for a collection of eighteen linseed germplasms based on the morphological character score. These 18 promising linseed germplasms had an average similarity of 0.22, ranging from 0.00 to 0.78. For 18 linseed accessions, the morphological analysis showed a similarity matrix ranging from 0.00 (GP-381 - R-4237), (GP-208 - R-4253), (GP-455 - R-4275), (GP-333 - GP-208), (GP-381 - GP-208), (GP-473 - GP-208), (GP-405 - GP-352) to 0.78 (GP-312 - R-4244). Therefore, the genotypes that were most similar to one another were GP-312 and R-4237, whereas the genotypes that were the most distinct were GP-381 - R-4237, GP-208 - R-4253, GP-455 - R-4275, GP-333 - GP-208, GP-381 - GP-208, GP-473 - GP-208, and GP-405 - GP-352 (Fig. 2) (Beer et al., 1993). (Fig. No. 1)	Comment by Reviewer: What is the rationale for including these citations here?
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Fig. No. 1. Morphological Characterization based on Phenotypic Observations



Fig. No. 1. Morphological Characterization based on Phenotypic Observations

  Fig. No. 2. Dendrogram Generated by UPGMA analysis based on Morphological Characters


3.2 BIOCHEMICAL CHARACTERIZATION
Thirteen distinct protein bands that could be scored were identified in each linseed germplasm. Protein bands were verified using a stacking gel (5 mLl) and observed during protein assembly using 0.05% Bromophenol Blue (Fig. No. 3). Five bands were monomorphic, and eight bands were polymorphic among these thirteen bands. The two primary clusters identified by UPGMA cluster analysis are I and II. GP-411 is the only genotype found in the out-grouped main cluster I. Two minor clusters, IIA and IIB, which sprang from main cluster II, were similar to each other, according to a 50% cut-off on the scale. It was shown that the minor clusters IIAa and IIAb were similar with a 72% cut-off on the scale. The genotypes in minor cluster IIAa that are 100% comparable to those of R-4244 and R-4253 are R-4218, R-4237, R-4275, GP-208, GP-209, GP-381, and GP-352. The genotypes of GP-333, GP-345, GP-418, and GP-455 are were 87% identical. Between GP-312 and GP-405, there exist distinctions and out groupings. In a related study, (Saradar et al. (2012) found that the genetic diversity of total seed protein profiles was low. (Gulla et. al., (2021) found a high level of variation among linseed genotypes. (Fig No. 3).	Comment by Reviewer: Figure 4 was not cited throughout the text.
[image: ]



Fig. No. 4. Cluster analysis via UPGMA
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Fig. No. 3. Gel Electrophoresis Based on Total Seed Protein


3.3 MOLECULAR CHARACTERIZATION
3.3.1 CHARACTERIZATION BY USING ISSR PRIMERS
Using a set of ten ISSR primers, 18 genomic DNA was amplified by PCR. Six of the ten ISSR primers employed in this investigation were effective at amplifying genomic DNA. In this study, six ISSR primers produced a total of 24 amplicons. 21 amplicons were found to be polymorphic, with an average polymorphism of 87.5%. On average, each primer produced four amplicons. The size of the amplification product varied from 400bp to 6000bp. The primers UBC-807, UBC-819, and UBC-825 produced the most amplicons (5), whereas UBC-810 and UBC-850 produced four and three amplicons, respectively, and UBC-815 produced the fewest amplicons (2). Primer UBC-850 has the lowest polymorphism rate (66.66%). The polymorphic information content (PIC) of each primer ranged between 0.29 and 0.48, with an average of 0.40. The most informative ISSR primers were UBC-815, UBC-819, and UBC-825, which had 100% polymorphism and PIC values of 0.41, 0.47, and 0.48, respectively. The primers UBC-807 exhibit 80% polymorphisms with a PIC value of 0.36. Primer UBC-810 demonstrates that 75% of polymorphisms have a PIC value of 0.37. While ISSR primer, the least informative primer, UBC-850, had a PIC value of 0.29, while the most informative marker, UBC-825, had a PIC value of 0.48 (Fig. 5). (Adhikari et al., 2015). (Fig. No. 5) The ISSR data show that the similarity matrix between 18 linseed accessions varied from 0.94 (GP-411 - R-4244) to 0.26 (GP-352 - GP-208) and (GP-473 - GP-208). As a result, the most like germplasm was GP-411 and R-4244 (0.97), while the most dissimilar genotypes were GP-352 - GP-208 and GP-473 - GP-208, which had the lowest similarity score (0.26). (Pali et al. 2015).	Comment by Reviewer: What is the rationale for including these citations here?	Comment by Reviewer: What is the rationale for including these citations here?
The genetic history of the native lines is extremely varied, according to the cluster analysis based on ISSR markers across multiple linkage groups. Separate groups of 18 linseed germplasm were found to be represented by two distinct and sizable clusters (I and II). Two subclusters, IA and IB, comprise the main cluster I. GP-208, the most diverse genotype, is the only genotype found in Subcluster IA. There are two genotypes in sub-cluster IB: GP-333 and GP-381. It was found that subclusters IA and IB were similar at the 57% scale cut-off. Two smaller clusters, IIA and IIB, were created by further subdividing the big cluster II. Two minor clusters, IIA and IIB, that were produced in main cluster II were found to be similar to each other at about the 65% cut-off on the scale. Eleven linseed genotypes were found in each of the two sub-clusters, IIAa and IIAb, that were formed from the minor cluster IIA. Two sub-clusters, IIAb1 and IIAb2, were identified from the minor cluster IIAb. R-4244 and GP-411 are the two genotypes that comprise Subcluster IIAb1. The six genotypes that make up sub cluster IIAb2 are 100% similar and are R-4253, R-4266, GP-345, GP-209, GP-418, and GP-455. IIBa and IIBb are the two minor clusters that make up IIB. R-4275 and GP-352, the two genotypes that comprise the minor cluster IIBa, are 100% identical. The two genotypes that make up the minor cluster IIBb, GP-312 and GP-473, are were 100% identical (Fig. 6). Pali and Mehta (2016) (Fig. No. 6)	Comment by Reviewer: What is the rationale for including these citations here?



ISSR profiling of 18 linseed lines obtained with primer UBC-819

ISSR profiling of 18 linseed lines obtained with primer UBC-807

ISSR profiling of 18 linseed lines obtained with primer UBC-815
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Fig. No. 5. Characterization of Linseed Germplasm using ISSR primers
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Fig. No. 6. Cluster analysis via UPGMA 




3.3.2 CHARACTERIZATION BY USING SSR PRIMERS
In the present study, thirteen amplicons were obtained using five SSR primers. The average polymorphism of 12 amplicons was found to be 90%. The average yield of each primer was 2.6 amplicons. With a range of 0.19 to 0.47, the average polymorphic information content (PIC) value for every primer was 0.32. With 100% polymorphism and a PIC value of 0.47, SSR primer LU-6 was the most informative marker. The PIC value of 0.19 for SSR primer LU-8 indicated that it was the least informative primer. (Cloutier et al. 2012). The SSR analysis revealed that the similarity matrix between the 18 linseed accessions varied from 0.09 (GP-473, GP-208) to 1.0 (R-4266, R-4253, R-4275, GP-312, GP-209, GP-455, GP-405). Thus, the most divergent genotypes found (GP-473, GP-208) and the most similar genotypes (R-4266, R-4253, R-4275, GP-312, GP-209, GP-455, GP-405) were discovered (Fig. 7). (Kumari S, et al. 2020) (Figure No. 7)	Comment by Reviewer: What is the rationale for including these citations here?	Comment by Reviewer: What is the rationale for including these citations here?
UPGMA-based cluster analysis was utilized to create a dendrogram from the genetic similarity matrix, revealing two significant clusters (I and II). The giant cluster I was subdivided into the two lesser clusters, IA and IB. Cluster IB is the primary cluster that contains the only germplasm, GP-418. The genotype that was found to be the most distinct was GP-418. The major cluster IA was found to have two subsidiary clusters, IAa and IAb, that were equivalent to each other at a cut-off of roughly 65% on the scale. There are eight genotypes that show 80% similarity with each other: GP-209, GP-312, GP-352 & GP-333, GP-405, GP-455, GP-473, and GP-411. GP-411 was found to be out-grouped within the cluster IAa2. IAa1 and IAa2 were the two subclusters that were created from the minor cluster IAa. The minor cluster IAb contains two genotypes, GP-345 and GP-381, that are 100% identical to each other. Another noteworthy cluster, Cluster II, was further separated into IIA and IIB. There is only one germplasm, GP-208, in Subcluster IIB. GP-208 was shown to be the most distinct genotype. Subcluster IIA contains six genotypes, designated R-4218, R-4237, R-4253, R-4266, R-4275, and R-4244. Clusters IIA and IIB were found to be similar on the scale at roughly 80% cut-off. The genotypes of GP-345, GP-381, GP-405, GP-455, and GP-405 are all 100% identical. GP-418 and GP-208 were the most dissimilar genotypes, whereas GP-411, GP-433, and R-4244 were found to be out-grouped. The genotypes GP-209 and GP-352 and R-4218 and R-4275 are 100% similarity (Fig. 8). (Soto-Cerda et al., 2012). (Figure No. 8) 	Comment by Reviewer: What is the rationale for including these citations here?
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SSR profiling with primer LU-3
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SSR profiling with primer LU-6
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SSR profiling with primer LU-9



Fig. No. 7. Characterization of Linseed Germplasm using SSR primers



[image: ]










Fig. No. 8. Cluster analysis via UPGMA 




4. CONCLUSION	Comment by Reviewer: As this section primarily summarizes results, I recommend condensing the content to present key findings more objectively.
The comprehensive characterization of 18 linseed genotypes through agro-morphological, biochemical, and molecular markers revealed substantial genetic variability, indicating rich diversity among the genotypes evaluated. Phenotypically, GP-208 stood out as the most promising genotype, exhibiting the earliest 50% flowering (51.5 days), highest number of capsules per plant (23), highest seed count per capsule (12), most primary branches (11), and maximum yield per plant (143.75 g). In contrast, GP-405 recorded the lowest yield (74.7 g), and R-4218 showed the least seed count per capsule (4.5). The tallest plant was R-4266 (72.12 cm), while GP-381 was the shortest (48.16 cm). The highest 1000-seed weight was recorded in R-4237 and R-4275 (6.97 g), whereas R-4253 showed the lowest (4.72 g). Biochemically, 13 scorable protein bands were observed using SDS-PAGE, out of which eight were polymorphic and five monomorphic, suggesting moderate protein diversity. UPGMA clustering based on protein profiles grouped the genotypes into two major clusters, with GP-411 forming a distinct out-group. Molecular marker analysis using ISSR and SSR techniques further validated the genetic diversity. Six ISSR primers amplified 24 polymorphic bands, with 87.5% mean polymorphism. UBC-815, UBC-819, and UBC-825 showed 100% polymorphism with the highest PIC values (up to 0.48), making them the most informative primers. Genetic similarity ranged from 0.26 to 0.94, identifying GP-208 and GP-352/GP-473 as the most genetically distant pairs, while GP-411 and R-4244 were the most similar (0.97). SSR marker analysis using five primers yielded 13 bands, with 92% average polymorphism. The most informative SSR marker was LU-6 (PIC 0.47, 100% polymorphism), while LU-8 was the least (PIC 0.19). Similarity indices ranged from 0.09 (GP-208 vs. GP-473) to 1.0, confirming GP-208 and GP-473 as highly diverse. Cluster analysis based on SSR data grouped genotypes into two main clusters, further subdivided into multiple sub-clusters. GP-208 and GP-418 emerged as the most genetically distinct genotypes, while several others showed complete genetic similarity (100%).
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Plant Height (cm)	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	93.26	86.25	96.864999999999995	66.254999999999995	115.815	102.68	143.75	120.71	83.12	94.275000000000006	75.92	92.91	120.5	74.7	128.75	94.215000000000003	74.995000000000005	82.704999999999998	Days to 1st Flower	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	38.5	38.5	39.5	40	38.5	39.5	39.5	38.5	39.5	38.5	39.5	40.5	39	38.5	39.5	39.5	41.5	41	Days to 50% Flowering	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	55.5	52.5	53.5	53.5	53.5	52.5	51.5	55.5	54.5	55.5	56.5	53.5	53.5	54.5	55.5	53.5	54.5	55.5	No. of Primary Branches	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	5.5	5.5	4.5	4.5	4.5	5	5.5	4.5	4	4.5	4.5	5.5	4.5	4.5	5.5	5.5	4.5	4.5	No. of Capsule Per Plant	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	15	14	14.5	15.5	19.5	16	23	19.5	15.5	17	14	17.5	19.5	15.5	14	19	17.5	15	1000 Seed Weight (gm)	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	6.36	6.9749999999999996	6.59	4.72	6.77	6.97	6.7	5.16	5.9050000000000002	5.4550000000000001	5.81	6.14	5.9249999999999998	5.5149999999999997	5.8650000000000002	5.4550000000000001	5.5149999999999997	4.835	Yield Per Plant (gm)	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	93.26	86.25	96.864999999999995	66.254999999999995	115.815	102.68	143.75	120.71	83.12	94.275000000000006	75.92	92.91	120.5	74.7	128.75	94.215000000000003	74.995000000000005	82.704999999999998	No. of Seed Per Capsule	R-4218	R-4237	R-4244	R-4253	R-4266	R-4275	GP-208	GP-209	GP-312	GP-333	GP-345	GP-352	GP-381	GP-405	GP-411	GP-418	GP-455	GP-473	9.5	9	9.5	9	8.5	9.5	8.5	8.5	9.5	9.5	8.5	8.5	9.5	9.5	8.5	8.5	9	9.5	
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