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Abstract

The genetic diversity assessment of agricultural crops is crucial for breeding programs aimed at
enhancing crop yield, resistance to diseases, and adaptation to changing environmental conditions. In the
present investigation, a comparative genetic relationship in sixteen onion genotypes was assessed utilizing
dominant (RAPD) and co-dominant (SSR) marker systems. Ten RAPD and nine SSR markers showed genetic
diversity remarkably and produced 503 and 107 amplicons respectively. Spearman rank correlation was used
to compare the different efficiency parameters in two marker systems with respect to sixteen onion genotypes.
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The genetic relationship based on similarity matrix values between a pair of cultivars was higher for SSR
markers than for the RAPD marker system. OPC-04 (RAPD primer) and ACM-004 (SSR primer) witnessed
the highest poly-morphic bands along with other polymorphic markers that proved to be useful in grouping
onion genotypes. Finally, dendrograms were constructed and compared following the mantel test to find out
the genetic diversity among the germplasms. This study will be effective for a selection of efficient primers and
suitable marker systems to distinguish the onion genotypes in the future.
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Introduction

Onion (Allium cepa L.) (2n =16) is one of the important bulbs producing vegetable crops having great
economic demand all over the world due to its nutritional and therapeutic value. Summer onion is grown in
the rainy season in different parts of the world and has a great role in controlling high market demand and price
in the shortfall of winter onion stock in the market. So, the global cultivation of summer onions is on the rise,
highlighting the ongoing need for increased emphasis on varietal improvement. Onion is a highly cross-
pollinated crop attributed to its high genetic variability and diversity. The knowledge of genetic diversity in a
crop species is fundamental to unlocking its genetic potential for improvement (Camargo ez al., 2013; Morales
et al., 2013; Mariano ef al., 2019). Although wide genetic diversity is exhibited in onion, progress in crop
improvement is not up to the mark as compared to other monocots (McCallum ez 4/., 2007).

Utilization of morphological characterization along with modern-day throughput techniques z.e., PCR-
based techniques have emerged as promising which are fast, reliable, and require a minimal amount of tissue for
investigation (Semagn ¢# al., 2006). The various marker tools like random amplified polymorphic DNA
(RAPD), inter-simple sequence repeat (ISSR), microsatellite or simple sequence repeat (SSR) are used for
molecular dissection in onion (Xu ez a/., 2011; Sangeeta ez al., 2006; Qijiang and Jia, 2007; Mahajan ez al., 2009;
Maniruzzaman ez al., 2010; Jabbes ez 4/., 2011). Anandhan ez a/. 2014 evaluated seven open-pollinated varicties
of onion for varietal identity using SSR primers. The molecular markers have varied utility i.e., characterization
of the gene pool, DNA fingerprinting, phylogenetic analysis, molecular dissection of complex traits,
characterization of genome organization (Arumuganathan and Earle, 1991; Al-Zahim ez /., 2005), and discase
resistance (Ganesh and Veeregowda, 2007; Chowdappa ez al., 2012). Anandhan ez /. 2014 evaluated seven
open-pollinated varieties of onion for varietal identity using SSR primers. The characteristics of genomic
microsatellites (gSSR) are abundant in plant genomes, with reproducibility, high levels of polymorphism, and
co-dominant inheritance (Nicot ez al., 2004). The genetic fidelity of A. ampeloprasum L. and A. sativum in vitro
regenerated clones was studied by Gantait ez 4/. 2010 using 10 ISSR primers. Jakse, 2005 identified 398 SNP,
indels, and SSRs which distinguished 35 elite onion populations. The diversity assessment of tropical Indian
onion and cross-amplification of genomic and expressed sequence tag (EST)-SSR markers in distantly related
native wild species were estimated (Khar ez 4/, 2010). These DNA markers offer several advantages over
traditional phenotypic markers, as they provide data that can be analysed objectively.

Onion production statistics revealed a doubling of bulb production in the last 50 years due to the
availability of F1 hybrids and improved OP varieties which become futile due to current climate change and
population pressure (Brewster, 2008). The information on the use of molecular marker in explaining onion
genetic diversity is limited due to a scarcity of markers available in the public domain and germplasm resources,
outbreeding and biennial habit (McCallum ez 4/.,2008). The evaluation of A. cepa biodiversity provides onion
breeders with great prospects to obtain plants with high resistance to environmental factors, remarkable yield,
and product quality. Genetic diversity assessment of a collection of nine short- and long-day onion landraces
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and varieties originated from different Iranian regions, using ISSR markers and UPGMA dendrograms (Kiani
et al.,2023).

Therefore, in the present investigation, an attempt was made to evaluate different marker efficiency
parameters and efficacy of two marker systems (RAPD and SSR) in the molecular characterization of onion to
support germplasm evaluation, its conservation and selection to strengthen productivity, quality, adaptability,
storage, resistance to biotic and abiotic stresses.

Materials and Methods

The present study comprised 16 genotypes of summer onion that were collected from different sources
(Table 1 and Figure 1) as per their adaptability to the summer season and popularity among onion growers and
subjected to characterization using molecular markers. The genotypes were planted in the research field of the
All-India Network Research Project on Onion and Garlic (ICAR), “C” Block Farm, Bidhan Chandra Krishi
Viswavidyalaya, Kalyani in New Alluvial Zone, West Bengal situated at 22°40 " N latitude, 88°18 " E longitude
and 7 m AMSL. The site belongs to a sub-humid and sub-tropical agro-ecological zone with an average
temperature varies 27-33 °C, and an average annual rainfall of 1560 mm, 80% of which falls during
June—September, 2015-17 due to the southwest monsoon. Recommended good agricultural practices (GAPs)
were followed to raise the experimental materials. The molecular experiments were done in the Molecular
Biology Laboratory under AICRP on Tuber Crops (ICAR), Kalyani, Nadia, West Bengal. The main
assumption for the success of breeding programme is the proper selection of parental genotypes. (Owiti ez 4/.,
2023).

Table 1. List of sixteen summer onion genotypes

S1. No. Genotypes Source
1 ‘Agrifound Dark Red’ NHRDF, Nashik
2 ‘Agrifound Rose’ NHRDF, Nashik
3 ‘Bhima Super’ DOGR, Rajgurunagar
4 ‘Red Diamond’ Jindal Crop Science Pvt. Jalna
5 ‘Light Red’ Jindal Crop Science Pvt. Ltd., Jalna.
6 ‘N-53’ Jindal Crop Science Pvt. Ltd., Jalna.
7 ‘Kohinoor-09’ Jindal Crop Science Pvt. Ltd., Jalna.
8 ‘Fursungi’ Jindal Crop Science Pvt. Ltd., Jalna.
9 ‘Arka Niketan’ ITHR, Bangalore
10 ‘Arka Kalyan’ ITHR, Bangalore
11 ‘Arka Bheem’ ITHR, Bangalore
12 ‘Arka Bindu’ ITHR, Bangalore
13 ‘Indam Marshall’ Indo-American Hybrid Seeds, Bangalore
14 ‘Indam Gulab’ Indo-American Hybrid Seeds, Bangalore
15 ‘Indam Hybrid-04’ Indo-American Hybrid Seeds, Bangalore
16 ‘Indam Red Stone’ Indo-American Hybrid Seeds, Bangalore

Total genomic DNA was extracted from the young leaves of each genotype following the standard cetyl
trimethyl ammonium bromide (CTAB) method with some modifications. The quality and quantity of the
extracted DNA were verified on 0.8% TBE agarose gels and were stored at -20 °C. A total of ten RAPD primers
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and nine SSR primer pairs were used for this study (Table 2). PCR amplifications were performed in 25 pl
reaction mixtures containing 1 U 74aq polymerase (Biotools), 2.5 ul 10X PCR buffer, 1 ul 2.5 mM of each
dNTPs, 2 ul 10 uM of RAPD primer or 1 pl 10 pM of each forward and reverse primer (for SSR) and
approximately 10 ng genomic DNA. Cycling conditions were 5 min at 94 °C, followed by 35 cycles of 45 s at
94 °C, 45 s annealing at 37° (for RAPD) or 50°-60 °C (for SSR), a I min extension at 72 C and a final extension
step of 2 min at 72 °C. Final PCR products were resolved on a 1.5% agarose gel and visualized by Ethidium
Bromide. Each primer received a score (1 for presence and 0 for absence of bands in each accession), and a
binary matrix was generated (Saini ez /., 2010). All the analyses were done by using iMEC tools and R package
(V. 3.6.1). Genomic DNA was successfully isolated from all the sixteen genotypes and the quality of isolated
DNA was studied by 0.8% agarose gel. The concentrated genomic DNA samples were diluted to 10 ng/ul based
on stock DNA concentration for the RAPD and SSR profiling. Cluster analyses were implemented by
UPGMA method, and the corresponding dendrogram was constructed. The capacity of each primer to
distinguish among the genotypes studied was evaluated by the Resolving power (RP) (Prevost and Wilkinson,
1999), Marker index (MI) (Powell ez al., 1996), and the polymorphic information content (PIC) (Weising ez
al., 2005).

Figure 1. Images of sixteen summer onion genotypes
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Table 2. Details of used RAPD and SSR primers

SL. no. | Primerld | Primer sequence (5'-3") | Tm (°C) | Ta(°C)
RAPD
1 Oligo-1 CTTCACCCGA 32 28
2 Oligo-2 TCGGCGATAG 32 28
3 Oligo-3 CAATCGCCGT 32 30
4 Oligo-4 CAAACGTCGG 32 27
5 Oligo-5 GTTGCGATCC 32 28
6 OPA-06 GGTCCCTGAC 34 28
7 OPA-09 GGGTAACGCC 34 27
8 OPA-11 CAATCGCCGT 32 27
9 OPAI13 CAGCACCCAC 34 27
10 OPA-17 GACCGCTTGT 32 27
11 OPA-18 AGGTGACCGT 32 27
12 OPA-20 GTTGCGATCC 32 29
13 OPAD-05 ACCGCATGGG 34 27
14 OPC-04 CCGCATCTAC 32 27
15 OPC-08 TGGACCGGTG 34 28
16 OPC-10 TGTCTGGGTG 32 27
17 OPC-13 AAGCCTCGTC 32 27
18 OPD-03 GTCGCCGTCA 34 29
19 OPG-13 CTCTCCGCCA 34 28
20 OPO-1 GGCACGTAAG 32 28
21 OPO-5 CCCAGTCACT 32 28
22 OPO-18 CTCGCTATCC 32 25
23 OPO-19 GGTGCACGTT 32 25
24 OPQ-05 CCGCGTCTTG 34 27
25 OPQ-06 GAGCGCCTTG 34 30
26 OPQ-20 TCGCCCAGTC 34 27
SSR
F-TCGTTCTTTAGAACACGTTAGG 59.9
27 ACMO004 58
R-GTCGGCGGATATAGTGACA 61.2
)8 ACMOIS F-GGGGAATGGTGGAGAATAGA 62.6 57
R-AACAGAGGCAAGAGGAGCG 64.7
F-TCCTCGTCACCACCACAG 63.8
29 ACMO046 57
R-CTGAAAGGGAGTAGCGGAG 61.6
30 ACMOGS F-GAAGGTGAAGGTGTACGGT 59.0 57
R-CAAATGGCTGCAATAAGCAA 63.6
F-GTACTCGGGCAGTGGAGGTA 64.0
31 ACM187 59
R-GGAGCTGTCCAAATGCTAGG 63.7
F-GTGCAACTCCAAGAGAAGGG 63.8
32 ACM240 58
R-AATATAAAGGCGTTGGCCTG 62.6
F-AGGTGCAGTTTCGTGGTAGG 64.0
33 ACM300 58
R-TTAGCCCCTGGTAAGTGTGG 63.8
F-TCCTCCTTCCAAACCACATC 63.9
34 ACM318 57
R-GATCAGAAACAGCAGCGTC 61.2




Mohapatra PP ez al. (2023). Not Bot Horti Agrobo 51(3):13369

35 ACM326 F-AAACCAGCAACAACCAATG 61.0 57
R-AAAATTGGAGAGCAGGCAAA 63.5

Tm =Primer melting temperature; Ta = Primer annealing temperature

Results and Discussion

RAPD and SSR profiling and polymorphism

The high level of genetic diversity within onions is confirmed by several researchers using different
molecular markers like ISSR, RAPD, and SSR (Brahimi ez 4/., 2022). The amplification products of RAPD
primers showed a distribution of amplified fragments unique for each primer. The population-specific bands
could be discerned from the fragment patterns generated. These bands were treated as genetic loci. Each band
produced by the primers was distinct and reproducible. The ten RAPD primers produced bands ranging in size
from (100 bp to 1.5 kb). The data collected from the random amplification of polymorphic DNA with 10
arbitrary primers produced a total of 55 loci with 503 amplicons. The number of alleles ranged from two in
Oligo-03 to twelve in OPC-04. The average number of alleles was 3.56 per locus (Table 3). Out of ten primers,
seven primers showed 100% polymorphism (Oligo-01, Oligo-02, Oligo-03, Oligo-04, OPC-04, OPQ-06, and
OPG-13) Oligo-05 had (88.9%) moderate polymorphism and OPD-03 and OPA-09 had the lowest
polymorphism (75%). In this study, nine SSR primers were also used which had been developed by Mc Callum
et al., 2008. Simple sequence repeats (SSRs), which are codominant markers, are preferred for the
determination of genetic diversity because they are highly polymorphic, multi-allelic, highly reproducible, and
have good genome coverage (Ozkan ez 4/.,2022) Among the nine primers tested, eight exhibited varying degrees
of efficacy in distinguishing distinct multiband phenotypes within a pool of 16 genotypes. Nineteen out of the
twenty bands generated were polymorphic, accounting for 88.89%, while only one band exhibited a
monomorphic characteristic (Table 3). Primer ACM-004, ACM-068, ACM-187, ACM-326, ACM-046, and
ACM-240 produced more bands and primer ACM-318, ACM-018 and ACM-300 amplified the fewest. The
agarose gel picture of RAPD and SSR primes is presented in Figures 2 and 3.

Table 3. Different marker efficiency parameters revealed by RAPD and SSRs marker system

Marker ID | TSB NTB neB | P B(;G“I“C PIC MI DI RP
RAPD
Oligo-01 19 3 3 100 0.39 0.6 0.83 0.63
Oligo-02 41 4 4 100 04 1.08 0.83 0.66
Oligo-03 23 2 2 100 0.39 0.26 0.84 0.56
Oligo-04 43 4 4 100 0.38 1.02 0.84 0.59
Oligo-05 80 9 8 88.9 031 427 0.88 047
OPC-04 100 2 12 100 0.42 10.14 0.82 0.68
OPD-03 53 4 3 75 0.17 027 0.95 021
OPA-09 45 4 3 75 0.34 091 0.85 0.53
OPQ-06 53 6 6 100 0.34 203 0.86 052
OPG-13 46 7 7 100 0.39 323 0.83 0.61
Mean 50.3 55 52 93.89 0.35 238 0.85 0.55
SSR

ACMO04 16 3 3 100 0.44 1.08 0.89 0.67
ACMOI18 5 3 3 100 0.19 0.46 0.99 021
ACMO046 14 3 3 100 0.34 0.84 0.88 0.5
ACMO068 16 2 2 100 038 0.41 0.69 05
ACMI187 16 1 0 0 05 0.14 0 0
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ACM?240 12 3 3 100 0.37 0.92 0.94 0.5
ACM300 3 1 1 100 0.31 0.08 0 0

ACM318 10 2 2 100 0.31 0.34 0.84 0.5
ACM326 15 2 2 100 0.42 0.99 0.88 0.52
Mean 11.89 222 2.11 88.89 0.36 0.59 0.68 0.38

TSB: Total Scorable Band; NTB: Number of Total Band; NPB: Number of Polymorphic Band; PIC: Polymorphism
Information Content; MI: Marker Index; DI: Diversity Index; RP: Resolving Power

Oligo-03

N
-~
]

LARAR A RN A A B B A,

Figure 2. RAPD Profile of 16 onion genotypes using primers OPC-04, Oligo-05, Oligo-02, Oligo-03,
OPQ-06 and Oligo-04

ACM-68 ACM-004

ACM-318 ACM-326

-~
=

Figure 3. SSRs Profile of 16 onion genotypes using primers ACM-068, ACM-004, ACM-240, ACM-318,
ACM-326, ACM-046
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Comparison of marker efficiency of different maker systems

The range of the PIC value (which denotes allelic diversity and frequency) was 0.17 in OPD-03 to 0.42
in OPC-04 in the RAPD maker system and 0.19 in ACM-018 to 0.44 in ACM-004 in SSR profiling (Figure
4). The highest PIC value indicated its usefulness in differentiating individuals and presented high information
content compared to other primers. The average MI for RAPD is 2.38 followed by 0.58 in the SSR marker
system. The diversity index value ranged from 0.82 (OPC-04) to 0.95 (OPD-03) with an average of 0.85 in the
RAPD marker system and ranged from 0.00 (AMC-187) to 0.99 (AMC-018) with an average of 0.68 in SSRs.
The estimated average resolving power is lower in SSR (0.38) compared to the RAPD marker system (0.55).
These results indicated that the studied marker system efficiently discriminated against all sixteen onion
genotypes. A high degree of polymorphism was witnessed in onion genotypes by using RAPD primers. For
vivid and effective trait identification in onion genotypes necessity of a large number of primers with
polymorphic products were emphasized (Arifin ez /., 2000; Tanikawa ez /., 2002; Madoka ez al., 2004; Mei ez
al., 2015). Anandhan ez 4l. 2014 evaluated seven open-pollinated varieties of onion for varietal identity using

SSR primers.

BRAPD WSSR . WRAPD ®WSSR

) -
. . 0 | -
NTB NPB N D1 RP

PIC 0.8 PIC 0.8
0.6 0.6

04 04

Mi 0.2 Mi 0.2

0 0

-0.96 DI 02 0.75 DI Ree
04 04

0.6 0.6

0.96 -0.98 RP e 0.87 RP P

a ‘ b

Figure 4. Spearman rank correlation of different efficiency parameters revealed by RAPD (a) and SSR (b)

marker system

Relationships among efficiency parameters were analyzed following Spearman rank correlation in both
markers systems (Figure 5). In the case of the RAPD marker system, DI is negatively correlated with other
parameters but in SSRs, DI is positively correlated with MI and RP except for PIC. RP and MI showed a
positive relationship with other parameters except for DI in the RAPD marker system but they showed a
positive correlation with all the efficiency parameters in SSRs. The value of Mantel’s test correlation showed a
positive (r=0.35) non-significant (p=0.29) relationship between the two marker systems to compare their
efficiency parameters. These results implied that all efficiency parameters were not equally important to
asserting the onion genotypes in both of the marker systems. These results also indicated that RP is the most
efficient parameter followed by MI and DI is the less efficient parameter in both the marker system.
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Figure 5. Spearman rank correlation among different efficiency parameters of RAPD (a) and SSR (b)
markers

Comparison of genetic relationships analysis revealed by RAPD and SSR profiling

The genetic relationship is studied in both of the marker systems based on Jaccard’s Similarity
Coefficient. Jaccard’s Similarity Matrix generated by RAPD primer was found to be the highest between Arka
Kalyan with Bhima super and Arka bheem (0.81) followed by Agri found dark red with N-53 (0.80) and
Fursungi with Agri found rose (0.80) while it was lowest between Indam gulab with N-53 and Arka bindu
(0.46), Light red with Agri found dark red (0.46). Other genotypes were moderately similar. The entries in this
study were grouped into four clusters. Cluster I consisted of five genotypes whereas Cluster II included three
and Cluster IIT had four genotypes and Cluster IV included four genotypes (Figure 4). On the other hand,
through SSR profiling, the similarity was noticed to be lowest between Agrifound Rose with Bhima super, N-
53 with Arka Niketan, and Indian Gulab with Indian Red Stone whereas, highest between Agri Dark Red with
Arkabindu. As the RAPD marker system, SSR profiling also grouped sixteen genotypes into four clusters based
on their similarity matrix. Cluster I consisted of five genotypes whereas Cluster II included seven and Cluster
III and Cluster IV had two genotypes (Figure 6).

Agrifound Dark Red !

—N-53

— e Red Diamond

——Agrifound Rose

Fursungi

SERVURTMINGGES ~———————Kohinoor-09 ‘ y E Arka Niketan .—'ﬁ‘
LS N S Arka Bindu : i Kohinoor-09 —————— i L i
: ; Fursungi st s LS |
A e m SR ey e ' H fd |
RIS R A e Kalvan ' Indam Marshal | s———— | |
RN | Arka Kalyz \ i ' | i
(1A I [ 4 Bheem Indam Gulab | | RN  pene
: ] Indam Red Stone i
T Light Red Y & it
X U i \ Indam Hybrid-04 S
i I——— i ey e o e A i
—_— | ———————Indam Gula ] 1 fomn |
: ' Arka Bheem Z5itionhiniiin oty |
————[ndam Marshall i  ERETEE

i Arka Bindu
——Indam Hybrd-04 ‘ R SsvesETecEsscteseEw

- 42 L
affgen

Figure 6. Comparison of UPGMA cluster analysis revealed by RAPD and SSR marker system
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On the other hand, through SSR profiling, the similarity was noticed to be lowest between Agrifound
Rose with Bhima super, N-53 with Arka Niketan, and Indian Gulab with Indian Red Stone whereas, highest
between Agri Dark Red with Arka bindu. As the RAPD marker system, SSR profiling also grouped sixteen
genotypes into four clusters based on their similarity matrix. Cluster I consisted of five genotypes whereas
Cluster IT included seven and Cluster III and Cluster IV had two genotypes (Figure 6). The genetic similarity
values between the pair of cultivars were higher for SSR markers (1.00) followed by the RAPD marker system
(0.81). The value of Mantel’s test correlation showed a positive (r=0.34) and significant correlation (p=0.001)
between two similarity matrix data derived from the RAPD and SSR profiling. Maniruzzaman ez 4/. 2010 also
reported on allium species and the dendrogram constructed from the similarity data showed that all the
cultivars analyzed were related. Genetic diversity among twenty-seven Egyptian gatlic (Alium sativum L.)
cultivars and ecotypes were studied based on morphological characteristics and ISSR molecular markers.
Euclidean distances and Ward’s method for cluster analysis were performed among studied genotypes using 14

morphological characters (Elsharkawy ez al., 2021)

Conclusions

Molecular marker-based investigations utilizing RAPD and SSRs effectively characterized the genetic
diversity among the studied onion genotypes. Among the markers, the RAPD primer OPC-04 yielded the
highest number of polymorphic bands, which, along with other polymorphic markers, proved valuable for
genotype differentiation and categorization. Similarly, the SSR primer ACM-004 also produced the highest
number of polymorphic bands. The grouping of genotypes based on SSR markers exhibited similarity to the
phenotypic and RAPD-based groupings. While these various studies did not provide precise differentiation for
average genotypes, they distinctly grouped the best genotypes based on various parameters. The construction
of a UPGMA dendrogram resulted in four clusters (I to IV) for the studied onion genotypes, indicating that
genotypes with higher resemblance clustered together in less divergent subclusters and sub-subclusters. The
investigation was primarily focused on the selection of suitable primers based on marker efficiency parameters
and an efficient DNA marker system which are beneficial to the critical assessment of genetic relationships
among the summer onion genotypes. The major finding of this investigation is that resolving power and marker
index are the most efficient parameters for the selection of primers in onion crops. Furthermore, this
investigation demonstrates that SSR markers are particularly effective in distinguishing among onion
genotypes, offering valuable insights for molecular-level genotype screening, The knowledge acquired through
this study is poised to play a pivotal role in the integration of molecular markers within onion improvement
programs.
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