
Vegetable Science (2020) 47(2): 183-188

Confirmation of hybridity in DOGR hybrids of onion (Allium cepa L.) using
SSR markers
Amar Jeet Gupta*, S. Anandhan, V. Mahajan, Snehal K. Kad and Major Singh

Received: January 2021/ Accepted: February 2021

ICAR-Directorate of Onion and Garlic Research, Rajgurunagar-
410 505, Pune (MS)
* Corresponding author’s e-mail: guptaaj75@yahoo.co.in

Abstract

Molecular identification and hybrid purity testing in nine
onion hybrids along with their seven parental lines was
conducted at ICAR-Directorate of Onion and Garlic
Research, Rajgurunagar, Pune (Maharashtra). Four out of
ten microsatellite (SSRs- Simple Sequence Repeats) markers
were found to be polymorphic. All four polymorphic markers
revealed polymorphism between the male and female parents
of one or more hybrids and was utilized for their hybridity
testing. ACM016, ACM033 and ACM078 have been
identified as the three diagnostic markers for testing the
genetic purity of all the nine onion hybrids included in this
study viz.; DOGR Hy-1, DOGR Hy-2, DOGR Hy-3, DOGR
Hy-4, DOGR Hy-5, DOGR Hy-6, DOGR Hy-7, DOGR Hy-8
and DOGR Hy-50. These 10 SSR loci amplified a total 28
alleles in 9 hybrids and 7 parents with 2-4 alleles per loci.
The average number of alleles per loci was found to be 2.8.
The highest polymorphism information content (PIC value)
was observed to be 0.7137 for the marker ACM093 and the
three potential markers ACM016, ACM033 and ACM078
with PIC value 0.5874, 0.5949 and 0.6628, respectively were
the best markers that could be used to differentiate the
parental lines and utilized for hybridity testing. This study
showed that SSR are reliable and effective molecular marker
capable of detecting genetic purity of onion hybrids.
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Introduction

Onion (Allium cepa L.) having chromosome number
2n=2x=16, belongs to Alliaceae family is an important
edible Allium species and ranks second in value on the
list of cultivated vegetable crops in the world. Onion is
one of the oldest cultivated vegetable, recorded for over
4000 years. The yield and production in India during

2018 were 18.1 t/ha and 23.2 million tonnes (FAOSTAT
2018), respectively. India ranks second in the production
of onion and about 70 varieties/ hybrids have been
released through public sector organization. Maharashtra
is the leading state in onion production followed by Uttar
Pradesh and Odisha. At present, onion breeding
programme mainly focuses on improvement of existing
cultivars. Area under onion cultivation in India is mainly
covered by open pollinated varieties (OPVs) whereas in
developed countries, areas under hybrids have increased
significantly (Gupta and Singh 2016). It is difficult to
develop onion hybrids as it requires 4-6 years for isolating
maintainer lines and then developing hybrids.
Cytoplasmic male sterility is known in many crops and
is commonly used to produce hybrid seeds. The most
widely used source of male sterility for hybrid seed
production in onion was conditioned by the sterility
inducing cytoplasm (S) and a single nuclear restorer gene
in its recessive condition (ms/ms) (Jones and Emsweller
1936, Jones and Clarke 1943). S cytoplasm has been
widely used to produce hybrid onion seed for most of
the world’s major onion producing areas. CMS is widely
used because of the relatively simple inheritance of
nuclear male fertility restoration and stable expression
of male sterility across a range of temperature.

Hybrid seeds are produced only by the male sterile plants,
so the proportion used to provide pollen should be
minimal (Williams and Free 1974). Hybridity test is done
to confirm any deviation from authentication of the
variety during its multiplication. For seed certification
of all the foundation and certified hybrid seeds, genetic
purity test is most essential. Higher genetic purity is an
important parameter for the commercialization of any
hybrid seeds. The genetic purity during multiplication
stages is prone to be contaminated due to the physical
admixtures, presence of pollen shedders and out crossing
with foreign pollens. Hence, in seed industries, hybrid
seed production has become dominant and hybrid seed
purity is the most important aspect which is checked by
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grow-out-test (GOT). However, it is environment
dependent and may vary the expression of specific
morphological or physiological traits. Apart from that,
major limitation factor of GOT will be the time and space
required for assessing a large number of seed lots. To
overcome this problem the molecular markers are being
used in many of the crops. This made a way for use of
molecular markers particularly the co-dominant
markers. In recent years, Marker Assisted Selection
(MAS) not only have been used for the analysis of
genetic diversity but also for testing hybrid purity to
overcome the shortcomings of morphology-based
methods. A number of markers are being used to check
genetic purity such as Amplified Fragment Length
Polymorphism (AFLP), Random Amplified Polymorphic
DNA (RAPD), Sequence Related Amplified
Polymorphism (SRAP), Inter Simple Sequence Repeat
(ISSR), EST-SSR and SSR markers (Grzebelus et al.
2001, Ilbi 2003, Dongre and Parkhi 2005, Asif et al.
2009, Jadhav and Verma 2016). SSRs are locus-specific,
co-dominant and unambiguous marker hence, widely
used to assess hybrid purity, genetic fingerprinting and
hybrid identification in onion (Mahajan et al. 2009, Saini
et al. 2015), cauliflower (Zhao et al. 2012), maize (Hipi
et al. 2013, Chaudhary et al. 2018), brinjal (Mangal et
al. 2016) and vegetable crops (Padmanabha and Kiruthika
2018). The present study was done to confirm the
hybridity of DOGR onion hybrids and to find the suitable
SSR markers that can be utilize to distinguish the hybrids.

Materials and Methods

The samples used for hybridity test were taken from
the experimental field of ICAR-Directorate of Onion and
Garlic Research, Rajgurunagar, Pune, Maharashtra
during 2017-18 and 2018-19. Total 16 onion genotypes
including 9 hybrids and 7 parental lines were used for

SSR profiling. The morphological features of the hybrids
and parental lines were used in the present study are
mentioned in Table 1.

DNA extraction: Total genomic DNA was extracted
using CTAB method (Dellaporta et al. 1983). About 0.1
g of young leaf tissue from each sample was
homogenized in liquid nitrogen and incubated at 65°C
for 60 min with 500 ìl of CTAB buffer (1.0 M pH 8.0
Tris-HCl, 3 ml NaCl, 0.5 EDTA 10 µl â-
mercaptoethanol). Then 500 ìl of chloroform: isoamyl
alcohol mixture (24:1) was added and blended
thoroughly. After centrifugation (5 minutes, 13,000 rpm)
supernatant layer was pipette out into a new eppendorf
tube and an approximately equal volume of chilled
isopropanol was added. After storage at -20°C for 30–
60 minutes, precipitated DNA was centrifuged and
washed with ethanol and was air dried for half an hour
and finally stored in sterile water. The DNA isolated
was treated with RNase solution at 37 °C for 2 hours.
The DNA quantification was done on 1% agarose gel
stained with Ethidium Bromide and visualized in Gel
Documentation system.

PCR amplification: Ten SSR primer pairs were used
in the study (Table 2). The volume of the reaction
mixture was 20 ìl which consists of 30 ng of template
DNA, 10X PCR buffer without MgCl2, 25 mM of MgCl2,
10 mM of dNTPs, 0.25 ìM each of forward and reverse
primers and 1U of Taq DNA polymerase (Thermo
Scientific). The PCR program comprised an initial
denaturation step at 94°C for 5 minutes followed by 35
cycles of denaturation at 94°C for 1 minute, annealing
varies for the primers used between 50-55°C for 1
minute, extension at 72°C for 2 minutes and final
extension at 72°C for 10 minutes. The SSR amplification
products were separated on 7.5% non-denaturing

Table 1. Morphological characteristic of hybrids and parents used in the study

S. No. Hybrid/ Parent Parentage Bulb Shape Bulb Colour Storability Season 
1 DOGR Hy-1  MS111A×Bhima Kiran Flat Globe Light Red Good Rabi 
2 DOGR Hy-2  MS222A×Bhima Kiran Globe Dark Red Good Rabi 
3 DOGR Hy-3 MS111A×Bhima Dark Red Globe Medium Red Medium Kharif 
4 DOGR Hy-4 MS222A× Bhima Dark Red Flat Globe Dark Red Medium Kharif 
5 DOGR Hy-5 MS1600A×Bhima Dark Red Globe Dark Red Medium Kharif 
6 DOGR Hy-6 MS111A×DOGR1133 Flat Globe Medium Red Good Rabi 
7 DOGR Hy-7 MS222A×DOGR1133 Flat Globe Dark Red Very Good Kharif and Rabi 
8 DOGR Hy-8 MS1600A×DOGR1133 Flat Globe Medium Red Good Late Kharif 
9 DOGR Hy-50 MS1600A×Bhima Red Globe Dark Red Very Good Rabi 

10 MS111A - Globe Medium Red Good Rabi 
11 MS222A - Flat Globe Dark Red Good Kharif 
12 MS1600A - Globe Dark Red Good Kharif 
13 Bhima Kiran - Globe Light Red Very Good Rabi 
14 DOGR1133 - Globe Light Red Very Good Rabi 
15 Bhima Dark Red - Flat Globe Dark Red Medium Kharif 
16 Bhima Red - Flat Globe Medium Red Medium Kharif and Rabi 
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polyacrylamide gels and detected by staining with EtBr
at 100-120 V/cm for 100-200 minutes and photographed
using gel documentation unit under UV light.

Results and Discussion

Genetic purity testing of hybrids is important for
successful varietal improvement, release and seed
production programme. Unique, clear and distinct
patterns can be obtained using the molecular markers
for the identification and characterization of cultivars.
Use of DNA marker is advantageous over morphological
and biochemical markers. The morphological markers
are influenced by the environmental conditions, labour
intensive, time consuming and difficult to perform.
Biochemical markers such as isozyme and protein
profiling are least influenced by the environment, but
they exhibit less polymorphism and do not differentiate
between closely related inbred lines (Pallavi et al. 2011).

Ten SSR markers were screened to distinguish the
parental lines. A total of 28 alleles were obtained from
10 SSR markers with an average of 2.8 alleles per
primer. The number of alleles amplified for each primer
pair ranged from 2 to 4 and the PIC value ranged from
0.4323 to 0.7137 and heterozygosity from 0.5067 to
0.7486 (Table 2). The marker ACM008 and ACM018
amplified a maximum four alleles, while four SSR
markers (ACM033, ACM034, ACM038 and ACM180)
amplified three alleles each. Two alleles were amplified
by the remaining four markers (ACM016, ACM078,

ACM080 and ACM093). It was seen that among the
ten SSR markers, six primers were identified as
monomorphic (ACM008, ACM018, ACM034, ACM038,
ACM080 and ACM180) (Fig. 1), while the rest of four
primers viz., ACM016, ACM033, ACM078 and ACM093
were found to be polymorphic (Fig. 2). Three markers
ACM016, ACM033 and ACM078 having PIC value
0.5874, 0.5949 and 0.6628 and expected heterozygosity
value 0.6224, 0.6593 and 0.7111, respectively are
potential to differentiate each parent of hybrids. Thus,
SSR markers can be successfully applied to distinguish
and identify the hybrids from its parental lines.

The study was undertaken to confirm the hybridity of
Allium cepa L. based on the amplification pattern of
SSR markers. The complementary banding pattern of
the male and female parents helped to confirm the
genuineness of F1 plants developed. The bulbs of two
genotypes used as female parent and male parent, were
grown in field condition and crossed to develop F1 seeds.
About 10 random SSR primers were used for screening
of parental genotypes for polymorphism. The primers
associated with each hybrid and parental lines were
assessed on 3% agarose. Since the PCR products of
some sample failed to show any polymorphism among
the hybrid and their parental lines on agarose therefore,
polyacrylamide gel electrophoresis was used for
resolving the bands. Based on the complementary
banding patterns between the hybrid plants and parents,
the polymorphic SSR markers ACM016, ACM033 and

Table 2. Details of SSR markers used for Allium genotypes evaluation

Tm = Annealing temperature, He = Expected heterozygosity, PIC = Polymorphism Information Content

S. 
No. 

Marker  Forward and Reverse Primer 
Sequence (5'–3') 

Tm Alleles He PIC value Polymorphism status 

1 ACM008 F- GCCGGAAGAGGAGAAGAAGT 
R- CATAATTCCCATGGCTTTGC 

50.3 4 0.6200 0.5490 Monomorphic 

2 ACM080 F- GCATTATGCAGTAACGGGCT 
R- GCAGCAGCATTTGATTGAAC 

50.3 2 0.7244 0.6865 Monomorphic 

3 ACM093 F- GCCAACAGTTTTCGTAAGTTGA 
R- ATTCTCTTCGGCTTTCGTGA 

50.3 2 0.7486 0.7137 Polymorphic 

4 ACM018 F- GGGGAATGGTGGAGAATAGA 
R- AACAGAGGCAAGAGGAGCG 

52.3 4 0.6639 0.6001 Monomorphic 

5 ACM033 F- CCTTCTCCCCATTCTCTTCC 
R- ATCATCGTCCTCGTCCTCAT 

52.3 3 0.6593 0.5949 Polymorphic 

6 ACM034 F- CACCTTGGACCGTGAAGAAC 
R- CTGCTGTTTGGAGATGTGGA 

52.3 3 0.5067 0.4323 Monomorphic 

7 ACM038 F- ATGCCAGACTACGACAACGA 
R- ACGCCTACCAACCTTCAATG 

52.3 3 0.6811 0.6166 Monomorphic 

8 ACM180 F- CCTTCAGACCCTAAAAGGGC 
R- CAAAGGACATTGGCAAGTGA 

50.3 3 0.546 0.4986 Monomorphic 

9 ACM078 F- CGCAGAATCTCGTCCTTTTT 
R- AATGGTTTGGAGGTCAGTCG 

50.3 2 0.7111 0.6628 Polymorphic 

10 ACM016 F- ATGGAAGCCTCGGGTCTG 
R- GCCGTAAGTCGAGGGTAGAA 

53.2 2 0.6224 0.5874 Polymorphic 

 Total   28 6.485 5.9419  
 Average   2.8 0.6485 0.59419  
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ACM078 were identified as the specific markers which
enable to distinguish and identify hybrid from their
parental lines. As anticipated same alleles were detected
in a hybrid when the parents were monomorphic for a
particular SSR locus and two to three alleles were in
hybrid when polymorphism was detected between the
female parental and male sterile lines.  Daniel et al. (2012)
in maize and Mangal et al. (2016) in brinjal showed that
SSR markers were remarkably reliable for identifying
genetic purity as compared to the morphological
markers.

Confirmation of hybridity: Attempts were made to
identify SSR markers which could be used to confirm
hybridity of nine hybrids. The three selective markers
were used to confirm hybridity of nine hybrids from
seven parental lines. The profile of ACM016 marker
amplified four alleles of size 600 bp, 400 bp, 380 bp
and 210 bp in its male fertile line (Bhima Kiran) and a
single allele of size 210 bp in its male sterile line (MS111A).
Hence, DOGR Hy-1 showed the expression of both the
alleles of male fertile and male sterile line which showed
presence of hybridity.

The marker amplified four alleles of size 600 bp, 400
bp, 380 bp and 210 bp in male fertile line (Bhima Kiran)
whereas in male sterile line (MS222A) two alleles of
size 210 bp and 200 bp. This confirmed the crossing
and hybridity between two parents in DOGR Hy-7 using
ACM016. In DOGR Hy-8 the same marker was able to
distinguish heterozygosity in male and female parental
lines. The banding pattern of four alleles were seen in
male fertile line (DOGR1133) of size 600 bp, 400 bp,
380 bp and 210 bp and single allele of size 210 bp in

male sterile line (MS1600A). This showed the
complementary bands in DOGR Hy-8, thus confirming
hybridity. The profile of ACM033 marker amplified three
alleles in male sterile line (MS222A) of size 280 bp, 190
bp and 180 bp whereas in male fertile line (Bhima Kiran)
three alleles were identified with size 310 bp, 280 bp
and 190 bp. However, both male and female alleles were
expressed in DOGR Hy-2. Although in Fig. 3 (A) several
bands are visible, only those bands having presence of
alternate alleles in male and female parents were
considered for hybridity.

The profiling of same marker ACM033 amplified two
alleles of size 280 bp and 180 bp in male sterile line
(MS111A) whereas in male fertile line (Bhima Dark Red),
it showed the presence of three alleles of size 300 bp,
280 bp and 180 bp. The expression of complement bands
of both male and female parents was recognized in
DOGR Hy-3 (Fig. 3 B). The marker amplified 3 alleles
of size 280 bp, 250 bp and 180 bp in male fertile line
(Bhima Dark Red) and two alleles of size 250 bp and
190 bp in male sterile line (MS222A). The complement
banding pattern was observed in DOGR Hy-4 which
confirmed the hybridity using ACM033 marker.

The profile of marker ACM033 was found to be
polymorphic in a cross between MS1600A and Bhima
Dark Red which amplified three alleles in male sterile
parent with size 250 bp, 190 bp and 180 bp whereas
three alleles in male fertile line of size 300 bp, 250 bp
and 190 bp. The band obtained in DOGR Hy-5 showed

Fig. 1. Monomorphic banding pattern of SSR primers with
parental genotype with marker A: ACM080 and B: ACM018
(P1: MS111A, P2: MS222A, P3: MS1600A, P4: Bhima Kiran,
P5: DOGR1133, P6: Bhima Dark Red and P7: Bhima Red)

Fig. 2. Polymorphic banding pattern of SSR primers with
parental genotypes with marker A: ACM033 and B: ACM078
(P1: MS111A, P2: MS222A, P3: MS1600A, P4: Bhima Kiran,
P5: DOGR1133, P6: Bhima Dark Red and P7: Bhima Red)
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the presence of both male sterile line and male fertile
line thus confirming hybridity (Fig. 3 C). Similar findings
were reported by Ye et al. (2013) in cabbage and Pattanaik
et al. (2018) in cauliflower. The profile of ACM078
showed the expression of both male and female parental
alleles as a result of crossing between two parents in
DOGR Hy-6. The marker amplified single allele of size
250 bp in male sterile line (MS111A) whereas in male
fertile line (DOGR1133), three alleles of size 300 bp,
250 bp and 180 bp were identified (Fig. 3E). This
confirmed the crossing and hybridity between two
parents. Similar results were observed in tomato by Paran
et al. (1995) and in brinjal by Kumar et al. (2014).

The banding pattern using ACM033 marker in DOGR
Hy-50 showed the presence of three alleles in male sterile
parent and four alleles in female parental line with size
250 bp, 190 bp and 180 bp in male sterile line (MS1600A)
and 300 bp, 250 bp, 190 bp and 180 bp in female parent
(Bhima Red). The hybrids showed the presence of
complement bands of both male and female parent in
the resultant crossing in DOGR Hy-50 (Fig. 3 D). Results
of the present investigation are in agreement with the
conclusion of Daniel et al. (2012) in maize. Cytoplasmic
male sterility system is efficient for use in hybrid seed
production as it eliminates the need of hand emasculation.
The hybrids developed at DOGR using CMS lines
showed high percentage of heterosis over the standard

Fig. 3. SSR profiling of ACM033 and ACM078 obtained on
Ethidium Bromide stained PAGE (7.5%) Lane M=100 bp
ladder; P1: MS111A, P2: MS222A, P3: MS1600A, P4: Bhima
Kiran, P5: DOGR1133, P6: Bhima Dark Red and P7: Bhima
Red
Note: 1, 2, 3, 4 & 5 = DOGR Hybrid Samples in case of
DOGR Hy-2, DOGR Hy-5 and DOGR Hy-6; 1, 2 & 3 = DOGR
Hybrid Samples in case of DOGR Hy-3 and DOGR Hy-50

checks (Gupta and Singh 2016). All the hybrids
developed showed good storability, early maturity and
were free from doubles and bolters (Gupta et al. 2018).

The present investigation showed that SSR markers are
quick, reliable, robust and effective for assessing genetic
purity as compared to morphological and biochemical
markers. The SSR primers identified in the study can
be utilize for routine genetic purity testing of DOGR
hybrids of onion. The information generated through
SSR markers will be immensely helpful for hybrid
identification in onion.

lkjka'k

I;kt dh ukS ladj fdLeksa ,oa muds tudksa ds vkf.od igpku
vkSj ladj “kq)rk ijh{k.k ds fy, vkbZlh,vkj&I;kt ,oa yglqu
vuqla/kku funs”kky;] jktxq: uxj] iq.ks ¼egkjk’Vª½ esa ijh{k.k fd;k
x;kA nl ekbØkslsVsykbV ¼,l-,l-vkj-,l&flaiy lhdDsl fjihV½
ekdZjksa esa ls 4 ikyhekWfQZd ik, x;sA lHkh pkj cgq:ih ekdZjksa us
,d ;k vf/kd ladjksa ds uj vkSj eknk tud ds cht cgq:irk
dk irk yxk;k x;k vkSj muds ladj ijh{k.k ds fy, mi;ksx
fd;k x;kA ,-lh-,e-vks-&16] ,-lh-,e-vks-&33 vkSj ,-lh-,e-vks-
&78 dks bl v/;;u esa “kkfey lHkh ukS I;kt ladjksa ¼Mh-vksth-
vkj- gkbfczM&1] Mh-vksth-vkj- gkbfczM&2] Mh-vksth-vkj- gkbfczM&7]
Mh-vksth-vkj- gkbfczM&8 vkSj Mh-vksth-vkj- gkbfczM&50½ dh
vkuqoaf”kd “kq)rk ds ijh{k.k ds fy, igpkuk x;k tks 3 uSnkfud
ekdZj ds :Ik esa ik;k x;kA bu 10 ,l-,l-vkj- ykslk;h us dqy
28 ,yhy ,fEIyfQ,M fd;s tks 9 ladjksa vkSj 7 tudksa esa izfr
ykslk;h 2&4 ,yhy FksA vkSlru 2-8 ,yhy izfr ykslk;h ikbZ
x;hA lcls vf/kd cgq:irk lwpuk lkexzh ¼ih-vkbZ-lh- eku½
ekdZj ,-lh-,e-vks-&93 ds fy, 0-7137 vkSj rhu laHkkfor ekdZj
,-lh-,e-vks-&16] ,-lh-,e-vks-&33 vkSj ,-lh-,e-vks-&78 ds fy,
ih-vkbZ-lh- eku Øe”k% 0-5874] 0-5949 vkSj 0-6628 ds lkFk ns[ks
x;s tks lcls vPNs ekdZj Fks rFkk fi= ̀dks vyx djus vkSj ladj
ijh{k.k ds fy, mi;ksx fd;k tk ldrk ldrk gSA bl v/;;u
ls irk pyk fd ,l-,l-vkj fo”oluh; vkSj izHkkoh vkf.od
ekdZd gSa tks ladj I;kt dh vuqokaaf”kd “kq)rk dk irk yxkus esa
l{ke gSA
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