
142 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Eur. J. Hortic. Sci. 83(3), 142–150 | ISSN 1611-4426 print, 1611-4434 online | https://doi.org/10.17660/eJHS.2018/83.3.3 | © ISHS 2018

Genetic diversity and relationship assessment of Lilium 
lancifolium × Asiatic hybrid ‘Chianti’ progeny by ISSR markers
F. Ramzan1, Hyoung Tae Kim1, Kyung-ku Shim2, Yu Hyeon Choi1, A. Younis3 and Ki-Byung Lim1

1 Department of Horticulture, Kyungpook National University, Daegu, South Korea
2 Institute of Hibiscus and Tiger Lily, Cheonan, South Korea
3 Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan

Original article – Thematic Issue

for the development of new cultivars (Anderson et al., 2009). 
The breeding history of Lilium is comprised of 200 years, 
but the real innovation entailed the development of Asiatic 
hybrids over the last 50 years. Asiatic hybrids belonging to 
Division I (among nine divisions of the Royal Horticultural 
Society’s classification) are dominant compared to other 
divisions (Lim et al., 2008; Matthews, 2007; McRae, 1998; 
Shimizu, 1987). In the early 20th century, the first cross was 
conducted within the Sinomartagon section. Lilium tigrinum, 
L. davidii, L. bulbiferum, L. dauricum, and L. maculatum were 
the species used in the breeding scheme. The Mid-Century, 
Preston, Harlequin, and Patterson hybrids were developed 
from such crosses (De Graaff, 1970; McRae, 1998; Rockwell 
et al., 1961). Asiatic hybrids have excellent ornamental char-
acters, resistance to diseases such as tulip breaking virus 
(TBV), and popularity to use as pot plant as well as cut flower 
(Barik and Mohanty, 2015; Lian et al., 2003; van Heusden et 
al., 2002; Wang et al., 2017).
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 Summary
In Lilium crossing, old cultivars and wild germ-

plasm have been utilized as valuable sources of genet-
ic material for the development of new cultivars. The 
aim of the present study was to examine the genetic 
variation, diversity, and phylogenetic relationship 
in the F1 and BC1 progeny in the Lilium lancifolium × 
Asiatic hybrid ‘Chianti’ by ISSR analysis. The primers 
yielded a total of 69 highly reproducible ISSR bands. 
The results indicated a range of Nei’s genetic diversity 
index (He) between 0.2913 ± 0.17 and 0.3932 ± 0.16. 
The Shannon’s information index (I) showed the high-
est (0.5650 ± 0.14) and lowest (0.4441 ± 0.22) values 
for primers ‘FBLISSR-10’ and ‘FBLISSR-8’, respective-
ly. A genetic similarity matrix showed that F1 hybrids 
exhibited greater genetic similarity (0.6087 and 
0.6667) than BC1 hybrids, except BC1-2 (0.6232) and 
BC1-10 (0.6377) in relation to the L. lancifolium parent. 
Among the progeny, genetic distance expressed a sig-
nificant variation ranging from 0.2638 to 0.8001. The 
closer phylogenetic relationship between L. lancifoli-
um and BC1-2 (group 1) and BC1-10 (group 2), compared 
to other backcross progeny, revealed that these hy-
brids extensively inherited the L. lancifolium genome 
to build their genetic structure. This genetic distance, 
similarity, and relationship among hybrids helped in 
identifying the variation in the genetic make-up of 
the progeny. ISSR markers discriminated the closely 
related and distant progeny from the parental geno-
types to understand the crossing effect on the genetic 
structure of the progeny.

Keywords
hybrids, backcross, alleles, genotype, polymorphism, 
variation, relationship

Significance of this study
What is already known on this subject?
• We know that the genetic material of the progeny is 

inherited from the parents. In molecular techniques, 
the high polymorphic performance of the ISSR 
markers determined the variation among hybrids. 
These markers help in understanding the genetic 
similarity and diversity of the progeny.

What are the new findings?
• Polymorphic fragments were significantly higher in 

the primer results, while the monomorphic fragments 
were less. In spite of the dominant loci, it has been 
observed that few loci were only present in progeny 
while absent in parents. In our findings, most of 
backcross progeny were genetically distant from 
the backcross parent (L. lancifolium). The backcross 
progeny BC1-2 and BC1-10 exhibited the lowest genetic 
distances and highest genetic similarities and 
phylogenetic relationships to the backcross parent. 
Our results regarding genetic distance and similarity 
indicated an extensive genetic difference among 
backcross progeny.

What is the expected impact on horticulture?
• The detection of genetic variation and relationships 

among progeny and from the parents through 
ISSR applications will be useful in future breeding 
programs.

Introduction
The Lilium genus, containing more than 80 species, 

is classified into seven genomic sections. After Comber’s 
(1949) classification, De Jong (1974) classified these sec-
tions as Martagon, Oxypetalum, Pseudolirium, Leucolirion, 
Archelirion,  Sinomartagon, and Lilium. Many hybrid lilies 
have been developed using species in the same section be-
cause of their high crossing ability, and species in section 
Sinomartagon have especially been used for hybrid resourc-
es (Lim et al., 2008; Suzuki and Yamagishi, 2016; Van Tuyl 
and Arens, 2011). In Lilium crossing, old cultivars and wild 
germplasm have been utilized as a valuable genetic material 
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The evaluation of morphological diversity is affected by 
environmental stresses as well as various phenotypic char-
acteristics carried complex genetic structure. Phenotypic 
markers were initial markers with various limitations such 
as less heritability, a delay in the expression of characteris-
tics, and less polymorphism. Therefore, morphological di-
versity is difficult to analyze (Smith and Smith, 1992; Roy 
and Foote, 1997; Banerjee and Kole, 2009; Tabatabaei et al., 
2011). The phenotypic closeness of a developed hybrid to 
one parent than the other parent demonstrated that pheno-
typic analysis is not sufficient to identify the hybrids (Cenna-
mo and Cafasso, 2002; Reddy et al., 2002). Molecular mark-
ers are free from such limitations due to their stability, ability 
to detect DNA-level variation, and genetic discrimination be-
tween similar genotypes in plant populations (Aitkin et al., 
1994; Pejic et al., 1998). Furthermore, the molecular marker 
technique has an advantage over morphological analysis, 
because genomically they exist in a large number and often 
exhibit independence. Molecular markers located in noncod-
ing regions are selectively neutral (Rieseberg and Wendel, 
1993). Genetic diversity is the presence of various genotypes 
or alleles in a resulting population. It can be expressed in the 
form of physiological, phenotypic, and behavioral variations 
among individuals as well as populations (Diaz et al., 2017). 
Germplasm characterization is a primary step for decreas-
ing the time and cost to evaluate the progeny selection and 
to enhance the improvement in genetic structure. There-
fore, knowledge about genetic diversity and variation, either 
within or between the progeny population, is important for 
effective hybrid selection and breeding program improve-
ment (You et al., 2016).

Among molecular markers, inter-simple sequence repeat 
(ISSR) markers possess some advantages, such as the abili-
ty to overcome the limitations of RAPD markers’ low repro-
ducibility, expensiveness of AFLP marker, and complicated 
generation of SSR marker. The high reproducibility of ISSR 
markers are likely due to the utilization of longer primers 
(16–25 bp), which allows the successive application of a high 
annealing temperature ranging from 45 to 60°C, resulting in 
higher stringency. Genetic variation occurring in the sites be-
tween microsatellites can be determined by ISSR technique 
(Zhang et al., 2006; Golkar et al., 2011). ISSR has been exten-
sively applied to research concerning germplasm resources 
due to its excellent repeatability, good polymorphism, broad 
applicability, low cost due to the dominant markers, etc. In 
addition, these markers impart a great role in analyzing and 
improving the breeding program (Fang and Roose, 1997; Ko-
jima et al., 1998; Zhao et al., 2014). Cultivar identification, 
phylogenetic association, DNA finger printing, gene pool de-
scription, molecular division of complex characteristics, and 
germplasm description can be analyzed using ISSR (Yilmaz 
et al., 2009; Ganopoulos et al., 2011; Kesralikar et al., 2017). 
Economically significant characteristics that exhibit allelic 
variation should be used in breeding schemes and can be 
easily studied by ISSR analysis (Warnakula et al., 2017). The 
evaluation and selection of genotypes through ISSR mark-
ers could facilitate the breeding programs because they can 
separate closely related genotypes genetically. Therefore, the 
contribution and significance of future crossings and genetic 
research can be improved (Azevedo et al., 2011).

ISSR markers do not require gene sequence for the devel-
opment of primers. In addition, fewer template DNA strands 
are required for polymerase chain reaction (PCR) in this 
analysis (Joshi et al., 2000; Omondi et al., 2016). ISSR are ide-
al for analyzing the individuals (progeny) that are closely re-

lated to each other and express a low level of polymorphism 
(Zietkiewicz et al., 1994). ISSR markers were used to genet-
ically analyze the hybrids such as in Texas bluegrass (Gold-
man, 2008), mungbean (Khajudparn et al., 2012), rose (Talas 
Oğraş et al., 2017), and citrus (Sankar and Moore, 2001).

Lilium lancifolium (naturally exists in a diploid as well as 
triploid form), Sinomartagon is extensively found through-
out China, Korea, and Japan. It has a morphologically vigor-
ous appearance and is resistant to abiotic stresses such as 
cold and salinity. Research has revealed that this species is 
also resistant to heat and drought (Noda, 1978, 1986; Wang 
et al., 2014). In spite of its colorful floral characteristics, 
Asiatic hybrids have limitations regarding their resistance 
against environmental variations in open fields. Therefore, 
breeding schemes between Asiatic hybrids and wild species 
is a purposeful approach for developing new hybrids (Li and 
Gao, 2013). In breeding programs for new lily cultivars, an 
F1 hybrid is never a commercial cultivar because the prog-
eny inherit undesirable characteristics alongside desirable 
ones. Therefore, further backcrossing in parents is necessary 
to transfer desirable characteristics from the parent to back-
crossing progeny (Zhou, 2007; Zhou et al., 2008).

In this study, genetic variation and diversity in the F1 
and BC1 (backcross) progeny were analyzed using the ISSR 
molecular marker method. The genetic impact of Lilium lan-
cifolium as a backcross parent was examined, and the poly-
morphic effect of ISSR markers on the resulting hybrids was 
investigated.

Materials and methods

Plant material
F1 hybrids were developed by crossing wild diploid L. lan-

cifolium (Sowon-myeon, Taean-gun, Chungcheongnam-do, 
Republic of Korea) as female with Asiatic hybrid ‘Chianti’ 
as male. The resulting F1 hybrids (female) were then back-
crossed to L. lancifolium (Figure 1). Seven BC1 progeny were 
obtained from F1-1 × L. lancifolium, while three BC1 progeny 
were obtained from F1-2 × L. lancifolium. DNA extraction was 
done using a modified hexadecyltrimethylammonium bro-
mide (CTAB) method, as described by Zhou et al. (1999). The 
purity of the DNA extracts was measured using the ratio of 
the absorbance at 260 and 280 nm (A260/A280). Only DNA 
with an A260/A280 ratio of 1.8–2.1 was used (at a dilution of 
10 ng μL-1 as a template for PCR amplification.

ISSR analysis
Twenty-one primers were used for ISSR analysis (Bioneer, 

Republic of Korea). DNA amplification reaction was conducted 
in a 25 μL reaction mix made of: 12.5 μL PCR Master Mix (2×) 
(0.625 U μL-1 Tag DNA polymerase; 2 mM MgCl2; 0.2 mM each 
dNTP) (Biofact, Republic of Korea), 2 μL primer (concentra-
tion 10 pmol·μL-1), 6.5 μL twice-distilled water, and 4 μL (25 ng  
μL-1) DNA. PCR was performed in a Thermocycler (TProfes-
sional, Biometra, Germany) under the following conditions: 
initial denaturation for 5 min at 94°C, 45 cycles of denatur-
ation for 30 s at 94°C, primers annealing for 30 s at 45–50°C 
(depends on primer), extension for 60 s at 72°C, followed by a 
final extension for 10 min at 72°C (Table 1).

Polymorphisms were scored as present (1) or absent 
(0) after resolution on 2% agarose gels prepared in 1× TBE 
buffer. A standard molecular marker, 100 bp + 3K DNA Lad-
der (Smobio, Taiwan), was used to determine the molecular 
weights of the amplified bands. Gels were examined visually 
under UV light using ethidium bromide.
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FIGURE 1.  Crossing Scheme of L.	lancifolium (female) with Asiatic hybrid ‘Chianti’ (male). 
 
 

Figure 1.  Crossing scheme of L. lancifolium (female) with Asiatic hybrid ‘Chianti’ (male).

Table 1.  Characteristics of the selected primers used for generating ISSR amplification and number of bands per primer for 
L. lancifolium × Asiatic hybrid ‘Chianti’ progeny.

Code Base 
sequence

Annealing
temperature

Total number
of bands

Polymorphic
bands

Percentage of
polymorphism (%)

Band range 
(bp)

FBL ISSR 8 (CT)7GTA 48 11 10   90.90 350–1500
FBL ISSR 10 (TC)7TG 45 18 18 100.00 200–1500
FBL ISSR 16 (TG)7ACC 46 11 10   90.90 200–850
FBL ISSR 17 (CA)7GTA 42 13 12   92.30 200–1000
FBL ISSR 18 (GACA)4 47   6   5   83.33 250–800
FBL ISSR 20 (AC)8CG 48 10   9   90.00 200–1300
Total 69 64   92.75

Table 2.  Genetic diversity of L. lancifolium × Asiatic hybrid ‘Chianti’ progeny.

Primer code Naa Neb Hec Id

FBL ISSR 8 1.9091±0.30 1.4844±0.34 0.2913±0.17 0.4441±0.22
FBL ISSR 10 2.0000±0.00 1.6758±0.28 0.3844±0.12 0.5650±0.14
FBL ISSR 16 1.9091±0.30 1.6283±0.36 0.3534±0.16 0.5180±0.22
FBL ISSR 17 1.9231±0.28 1.7245±0.32 0.3932±0.16 0.5647±0.21
FBL ISSR 18 1.8333±0.40 1.6320±0.42 0.3452±0.20 0.4998±0.27
FBL ISSR 20 1.9000±0.31 1.7109±0.36 0.3857±0.16 0.5546±0.21
Average 1.9275±0.26 1.6482±0.33 0.3631±0.15 0.5310±0.20
a Na: observed number of alleles.
b Ne: effective number of alleles.
c H: Nei’s gene diversity.
d I: Shannon’s information index.
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Statistical analysis
The observed number of alleles, Nei’s (Neil, 1973) gene 

diversity (H), Shannon’s information index (I), and Nei’s ge-
netic distance were calculated with POPGENE V 1.31 soft-
ware. Relationships among different lily species were evalu-
ated using a dendrogram based on Nei and Li (1979) genetic 
distances. The dendrogram was generated by the unweight-
ed air group method with arithmetic mean (UPGMA) method 
using POPGENE V 1.31 software.

Results

Polymorphic effect of amplified product
A total of 6 primers were screened out of 21 to analyze 

the L. lancifolium × Asiatic hybrid ‘Chianti’ F1 and BC1 prog-
eny. The primers expressed a high percentage of polymor-
phism, such as FBL-ISSR 10 primer which showed 100% 
polymorphism (Figure 2). The primers yielded a total of 69 
highly reproducible ISSR bands ranging from 200 to 1500 bp 
in size (Table 1). The majority of the bands were polymor-
phic (92.75%), representing a high level of genetic diversity 
among the progeny.

The observed number of alleles ranged from 1.8333± 0.40 
to 2.0000± 0.00 (Table 2). The primer FBLISSR-17 exhibited 
the highest effective number of alleles (Ne) (1.7245± 0.32), 
while FBLISSR-8 had the lowest value (1.4844± 0.34). The 
range of Nei’s genetic diversity index (He) was between 
0.2913± 0.17 and 0.3932± 0.16. In addition, Shannon’s in-
formation index (I) showed the highest (0.5650± 0.14) and 
lowest values (0.4441± 0.22) for primer FBLISSR-10 and 
FBLISSR-8, respectively.

Genetic and cluster analysis
For genetic analysis, Nei’s (1972) genetic identity and 

genetic distance coefficients were calculated to illustrate the 
bands amplified by PCR with six ISSR primers (Table 3). Sim-
ilarity coefficients ranged from 0.4493 to 0.7681 (Table 3). 
F1 hybrids demonstrated higher genetic similarity (0.6087 
and 0.6667) than BC1 hybrids (groups 1 and 2), except BC1-2 
(0.6232) and BC1-10 (0.6377), in relation to the L. lancifolium 
parent. Similar observations (i.e., closeness of the F1 hybrids 
compared to BC1 hybrids, but in relation to the Asiatic hy-
brid ‘Chianti’ parent) were observed for group 2. In contrast, 
the group 1 backcross progeny showed a higher genetic re-
lationship to the ‘Chianti’ parent, such as BC1-1 (0.6667), BC1-2 
(0.6232), BC1-3 (0.6812), BC1-4 (0.6377), and BC1-5 (0.6667) 
compared to the F1 hybrids (0.6087). Furthermore, BC1-3 and 
BC1-6 progeny (group 1) exhibited the closest genetic similar-
ity (0.6377) to the F1 parent, while BC1-10 (group 2) was most 
genetically similar (0.6812) to its F1 parent.

There was significant variation (0.2638–0.8001) in the 
genetic distance of the progeny (F1 and BC1) (Table 3). The 
genetic distance between group 1 backcross hybrids and 
L. lancifolium was greater (0.5205–0.7077) than that be-
tween F1 hybrid (0.4964) and L. lancifolium. Similarly, the 
genetic distance of group 2 backcross hybrids was greater 
(0.4499–0.7077) than that of the F2 hybrids (0.4055) re-
garding the L. lancifolium parent. This increment in genet-
ic distance demonstrated a slight effect of backcrossing in 
progeny. Among the group 1 progeny, BC1-7 hybrids showed 
the maximum genetic distances of 0.7077 and 0.6232 from 
the L. lancifolium and F1 parents, respectively, while the min-
imum genetic distance (0.4729 and 0.4964, respectively) 

15 

 
 
 
 
FIGURE 2.  ISSR profiles of L. lancifolium × Asiatic hybrid ‘Chianti’ progeny amplified by FBL- ISSR-10 primer. Lane 
M = DNA marker Ladder, Lane P1 = L. lancifolium, P2 = Asiatic hybrid ‘Chianti’, Lane F1-1, F1-2 = L. lancifolium × 
Asiatic hybrid ‘Chianti’, Lane BC1-1 to BC1-7 = F1-1 × L. lancifolium, Lane BC1-8 to BC1-10= F1-2 × L. lancifolium. 
 
 
 
 
 
 

Figure 2.  ISSR profiles of L. lancifolium × Asiatic hybrid ‘Chianti’ progeny amplified by FBL- ISSR-10 primer. Lane M = DNA 
marker Ladder, Lane P1 = L. lancifolium, P2 = Asiatic hybrid ‘Chianti’, Lane F1-1, F1-2 = L. lancifolium × Asiatic hybrid ‘Chianti’, 
Lane BC1-1 to BC1-7 = F1-1 × L. lancifolium, Lane BC1-8 to BC1-10= F1-2 × L. lancifolium.
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was found in BC1-2 hybrid. Therefore, BC1-2 hybrids demon-
strated a significant genetic relationship to the L. lancifolium 
parent. In group 2, the BC1-8 progeny showed the highest ge-
netic distance (0.7077), while the BC1-10 progeny expressed 
the lowest genetic distance (0.4499). Similarly, in relation 
to the ‘Chianti’ and F1 parents, BC1-10 had the lowest genetic 
distance (0.4499 and 0.3840, respectively). The genetic dis-
tance results exhibited a wide range of variation among hy-
brids, which confirmed the presence of genetic modification 
in the progeny.

The UPGMA tree was constructed using Nei’s genetic dis-
tance (1972) to illustrate the phylogenetic relationship (Fig-
ure 3). The dendrogram depicted significant variation among 
backcross progeny, while there was no remarkable genetic 
relationship between the progeny with a backcross parent. 
The BC1-2 progeny showed a closer genetic relationship with 
L. lancifolium (backcross parent) compared to the F1 and oth-
er BC1 hybrids. In group 1, BC1-1, BC1-4, and BC1-5 showed close 
genetic relationships to the P2 (Asiatic hybrid ‘Chianti’) par-
ent. The difference in genetic relationships revealed a wide 
range of genetic variation in the progeny.

Discussion
In the present study, ISSR genotyping technique was 

used efficiently to distinguish and identify the genetic vari-
ation of parents and their subsequent progeny. Through this 
technique, genetic distance as well as genetic relationships 
were measured to access the genetic structure of developing 
hybrids. In Lilium, ISSR marker applications were used for 
various genetic assessments, such as genetic relationships 
(Cui et al., 2014; Zhao L. et al., 2014), mutant identification 
(Xi et al., 2012), and genetic diversity (Arzate-Fernández et 
al., 2005; Žukauskienė et al., 2014).

The results of six primers revealed that a high level of 
polymorphism assisted the genetic differentiation among 
hybrids as well as parents. In each primer result, polymor-
phic fragments were significantly higher, while monomor-
phic fragments were lower. In spite of the dominant loci, it 
has been seen that few loci were only present in hybrid prog-
eny while absent in parents. Zhang et al. (2012) explained 
that the hybrid nature of the progeny could not be evaluat-
ed based on a single locus. This evaluation could be clari-
fied through the combination of several loci. In addition, the 
presence of hybrid-specific bands formed due to mutation, 
recombination, and rearrangement at the time of the cross-
ing-over phase of meiotic cell division. Correspondingly, 
crossing-over during this phase on chromosome may cause 
the loss of priming loci (Smith et al., 1996; Dabkevičiene et 
al., 2008). A wide range of genetic diversity among six prim-
ers for L. lancifolium × Asiatic hybrid progeny indicated sig-
nificant genetic difference and diversity among the progeny. 
This wide range of polymorphic effects provided insight into 
the genetic variation among backcross progeny.

Hybridization methods striving to achieve genetic im-
provements require a high level of genetic diversity. Lower 
values in Shannon’s information index reflect a decreased 
diversity in hybrids (Ribeiro et al., 2017). In our findings, 
a significant range of the effective number of alleles (Ne), 
Nei’s genetic diversity index (He), and Shannon’s informa-
tion index (I) indicated a high expression of genetic diver-
sity among hybrids. The results of the present study were 
consistent with those reported by Zhao et al. (2014). Using 
ISSR markers, they observed high genetic diversity in 20 
Lilium species. Furthermore, Cui et al. (2014) observed the 
genetic diversity among five hybrid groups of Lilium (Asiatic, Ta
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Oriental, Longiflorum, LA, and OT). Among them, the lowest 
genetic diversity was found in the Asiatic hybrids, while the 
LA hybrids (containing Asiatic hybrids as backcross parents) 
showed the highest genetic diversity values. In addition, the 
backcrossing effect in the progeny was not remarkable ac-
cording to ISSR analysis. Backcrossing influenced the varia-
tion among hybrids, but L. lancifolium parents had a lower 
genetic impact on the progeny. Additionally, the genetic di-
versity results of the present study are consistent with those 
of Alansi et al. (2016). They found high genetic diversity 
among four populations of Ziziphus spina-christi. Among the 
four populations, significant values for gene diversity (H) 
and Shannon’s information index (I) were found in Popula-
tion 1, which was located in the At-Taif region.

On a molecular level, the presence of a genetic range – 
as revealed by polymorphic DNA sequences – is necessary to 
understand the genetic makeup of parents or various hybrids 
of plant genome (Fernández et al., 2002; Lai et al., 2001). Ge-
netic similarity and distance matrices are important parame-
ters in determining genetic information about plant progeny. 
In the present study, backcross hybrids showed an increase 
in genetic distance and decrease in genetic similarity to the 
L. lancifolium parent. In contrast, the F1 hybrid showed sig-
nificant values in relation to the parents. These results in-
dicated that the BC1 progeny, which were morphologically 
close to backcross parent (Figure 1), were not genetically 
close to backcross parent but significant genetic variation 
among the BC1 hybrids depicted the influence of backcross-

ing. Instead, some progeny (BC1-2 and BC1-10) showed mini-
mum genetic distance and maximum genetic similarity to 
the backcross parent. This genetic distance and similarity 
difference among hybrids helps in identifying the variation 
of progeny’s genetic make-up. Torabi-Giglou et al. (2015) in-
vestigated Nei’s genetic distance between wild potatoes and 
some promising hybrids and observed that genetic distance 
varied from 0.058 to 0.645. In addition, the nearest species to 
Solanum tuberosum were Solanum phureja (0.058), Solanum 
polytrichon (0.068), and Solanum hjertingii (0.095).

In phylogenetic relationships and similarity matrices, 
the close genetic relationships of BC1-2 (group 1) and BC1-10 
(group 2) backcross progeny to L. lancifolium revealed that 
these hybrids extensively inherited the L. lancifolium genome 
to build their genetic structure. In contrast, the dendrogram 
results also indicated that some backcross progeny of two 
groups were genetically close to each other, such as BC1-7 
and BC1-8 as well as BC1-3 and BC1-9. Salah El-Din El-Assal et 
al. (2014) utilized RAPD, ISSR, and SSR markers to check the 
genetic relationship of ‘Taif’ rose with 12 rose genotypes. 
They found that the ‘Syrian-Gory’ rose genotype expressed 
the greatest genetic similarity with three ‘Taif’ rose geno-
types. In addition, Najafzadeh et al. (2014) evaluated the 
genetic structure in various genotypes of sour cherry. Genet-
ic similarity matrix results ranged from 0.56 to 0.77, which 
were also interpreted as high genetic diversity between the 
genotypes. Significant genetic relationships between par-
ents and progeny were not observed, but significant genetic 

Figure 3.  UPGMA dendrogram of genetic similarity among L. lancifolium × Asiatic hybrid ‘Chianti’ progeny based on ISSR 
markers. P1 = L. lancifolium, P2= Asiatic hybrid ‘Chianti’, F1-1, F1-2 = L. lancifolium × Asiatic hybrid ‘Chianti’, BC1-1 to BC1-7 = F1-1 × 
L. lancifolium, BC1-8 to BC1-10 = F1-2 × L. lancifolium.
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variation occurred among hybrids due to backcrossing. The 
occurrence of genetic variation in plants is due to various 
factors, including gene flow, mating, continuing evolutionary 
history, and breeding programs (Hamrick and Godt, 1996; 
Schall et al., 1998). In the present study, the highly reproduc-
ible information obtained through ISSR markers and genetic 
difference played a key role in genetically discriminating the 
distinct and closely related progeny to parents. 

Conclusion
In this study, ISSR markers exhibited efficient polymor-

phism to describe genetic variation without using genome 
sequences, as is compulsory in other molecular marker tech-
niques such as SNP, NGS, etc. ISSRs discriminated the close-
ly related and distant hybrids from the parental genotypes 
to understand the crossing effect on the progeny’s genetic 
structure. This research also revealed high genetic variation 
influence on the backcross progeny. Such information can 
further assist and support the utilization of selective hybrids 
in future breeding programs.

Acknowledgments
This research was supported by Basic Science Research 

Program through the National Research Foundation of Ko-
rea (NRF) funded by the Ministry of Education (Project No. 
NRF-2016R1D1A1B04932913) and regional Subgenebank 
Support Programme Rural Development Administration, Re-
public of Korea (No. PJ012177).

References
Aitkin, S.A., Tinker, N.A., Mather, D.E., and Fortin, M.G. (1994). A 
method for detecting DNA polymorphism in large populations. 
Genome 37, 506–508. https://doi.org/10.1139/g94-070.

Alansi, S., Tarroum, M., Al-Quraini, F., Khan, S., and Nadeem, M. 
(2016). Use of ISSR markers to assess the genetic diversity in wild 
medicinal Ziziphus spina-christi (L.) Willd. collected from different 
regions of Saudi Arabia. Biotechnol. Biotechnolog. Equipm. 30(5), 
942–947. https://doi.org/10.1080/13102818.2016.1199287.

Anderson, N.O., Younis, A., and Optiz, E. (2009). Development 
of colored, non-vernalization-requiring seed propagated 
lilies. Acta Hortic. 836, 193–198. https://doi.org/10.17660/
ActaHortic.2009.836.27.

Arzate-Fernández, A.M., Makoto, M., Tomohide, S., Tetsushi, Y., and 
Kazuo, O. (2005). Genetic diversity of Miyamasukashi-yuri (Lilium 
maculatum Thunb. var. bukosanense), an endemic and endangered 
species at Mount Buko, Saitama, Japan. Plant Species Biol. 20, 57–65. 
https://doi.org/10.1111/j.1442-1984.2005.00124.x.

Azevedo, A.L.S., Costa, P.P., Machado, M.A., de Paula, C.M., and 
Sobrinho, F.S. (2011). High degree of genetic diversity among 
genotypes of the forage grass Brachiaria ruziziensis (Poaceae) 
detected with ISSR markers. Genet. Mol. Res. 10, 3530–3538. 
https://doi.org/10.4238/2011.November.17.5.

Banerjee, P.P., and Kole, P.C. (2009). Analysis of genetic architecture 
for some physiological characters in sesame (Sesamum indicum L.). 
Euphytica 168, 11–22. https://doi.org/10.1007/s10681-008-9871-
6.

Barik, D., and Mohanty, C.R. (2015). Evaluation of Asiatic hybrid lily 
varieties under Bhubaneswar condition. Asian J. Hortic. 10(2), 194–
200. https://doi.org/10.15740/HAS/TAJH/10.2/194-200.

Bonato, A.L.V., Calvo, E.S., Geraldi, I.O., and Arias, C.A.A. (2006). 
Genetic similarity among soybean (Glycine max. (L) Merrill) cultivars 
released in Brazil using AFLP markers. Genet. Mol. Biol. 29, 692–704. 
https://doi.org/10.1590/S1415-47572006000400019.

Cennamo, P., and Cafasso, D. (2002). Molecular markers as a tool for 
the identification of hybrid plane trees. Delpinoa 44, 89–94.

Comber, H.F. (1947). A new classification of the Lilium. Lily Yearbook 
15, 86–105. (London: Royal Hortic. Soc.).

Cui, G.F., Wu, L.F., Wang, X.N., Jia, W.J., Duan, Q., Ma, L.L., Jiang, Y.L., and 
Wa, J.H. (2014). Analysis of genetic relationships and identification 
of lily cultivars based on inter-simple sequence repeat markers. 
Genet. Mol. Res. 13(3), 5778–5786. https://doi.org/10.4238/2014.
July.29.5.

Dabkevičiene, G., Paplauskienė, V., and Pašakinskienė, I. (2008). 
Assessment of the agronomic utility of interspecific hybrid Trifolim 
pratense L. × T. diffusum Ehrh. and confirmation of their hybridity 
with ISSR markers. J. Food Agric. Environ. 6, 187–190.

De Graaff, J. (1970). Looking backwards. Yearbook North Amer. Lily 
Soc. 23, 7–20.

De Jong, P.C. (1974). Some notes on the evolution of lilies. Yearbook 
North Amer. Lily Soc. 27, 23–28.

Diaz, H.B., Marques, D., Franco, M.C., Nucci, S., Siqueira, W.J., De 
Laat, D.M., and Colombo, C.A. (2017). High genetic diversity of 
Jatropha curcas assessed by ISSR. Genet. Mol. Res. 16(2). https://doi.
org/10.4238/gmr16029683.

El-Assal, S.E.D., Mohamed, A.E.A., Adel, E.T., and Gaber, S. (2014). 
Assessing the genetic relationship of Taif rose with some rose 
genotypes (Rosa sp.) based on random amplified polymorphic DNA, 
inter simple sequence repeat and simple sequence repeat markers. 
Am. J. Biochem. Biotechnol. 10(1), 88–98. https://doi.org/10.3844/
ajbbsp.2014.88.98.

Ganopoulos, I.V., Kazantzis, K., Chatzicharisis, I., Karayiannis, I., and 
Tsaftaris, A.S. (2011). Genetic diversity, structure and fruit trait 
associations in Greek sweet cherry cultivars using microsatellite 
based (SSR/ISSR) and morpho-physiological markers. Euphytica 
181(2), 237–251. https://doi.org/10.1007/s10681-011-0416-z.

Goldman, J.J. (2008). The use of ISSR markers to identify Texas 
bluegrass interspecific hybrids. Plant Breed. 127, 644–646. https://
doi.org/10.1111/j.1439-0523.2008.01526.x.

Golkar, P., Arzani, A., and Rezaei, A.M. (2011). Genetic variation in 
safflower (Carthamus tinctorious L.) for seed quality-related traits 
and intersimple sequence repeat (ISSR) markers. Int. J. Mol. Sci. 12, 
2664–2677. https://doi.org/10.3390/ijms12042664.

Hamrick, J.L., and Godt, M.J.W. (1996). Effects of life history traits on 
genetic diversity in plant species. Philos. Trans. R. Soc. Lond. B. 351, 
1291–1298. https://doi.org/10.1098/rstb.1996.0112.

Joshi, S.P., Gupta, V.S., Aggarwal, R.K., Ranjekar, P.K., and Brar, 
D.S. (2000). Genetic diversity and phylogenetic relationship as 
revealed by inter-simple sequence repeat (ISSR) polymorphism in 
the genus Oryza. Theor. Appl. Genet. 100, 1311–1320. https://doi.
org/10.1007/s001220051440.

Kesralikar, M., Mokate, S., Golakiya, B.A., and Vakharia, D. (2017). 
Genetic diversity analysis among onion genotypes through RAPD, 
SSR and ISSR Markers. Int. J. Curr. Microbiol. Appl. Sci. 6(6), 1467–
1474. https://doi.org/10.20546/ijcmas.2017.606.172.

Khajudparn, P., Prajongjai, T., Poolsawat, O., and Tantasawat, P.A. 
(2012). Application of ISSR markers for verification of F1 hybrids in 
mungbean (Vigna radiata). Genet. Mol. Biol. 11, 3329–3338. https://
doi.org/10.4238/2012.September.17.3.

Kojima, T., Nagaoka, T., Noda, N., and Ogihara, Y. (1998). Genetic 
linkage map of ISSR and RAPD markers in Einkorn wheat in relation 
to that of RFLP markers. Theor. Appl. Genet. 96, 37–45. https://doi.
org/10.1007/s001220050706.

Kumar, V., Sandeep, K.R., and Ram, K.Y. (2014). Potential application 
of molecular markers in improvement of vegetable crops. Int. J. Adv. 
Biotechnol. Res. 5(4), 690–707.



V o l u m e  8 3  |  I s s u e  3  |  J u n e  2 0 1 8 149

Ramzan et al.  |  Genetic diversity and relationship assessment of Lilium lancifolium × Asiatic hybrid ‘Chianti’ progeny

Lai, J.A., Yang, W.C., and Hsiao, J.Y. (2001). An assessment of genetic 
relationships in cultivated tea clones and native wild tea in Taiwan 
using RAPD and ISSR markers. Bot. Bull. Acad. Sin. 42, 93–100.

Li, J., and Gao, Y. (2013). Crossing between Lilium asiatic hybrids and 
four wild species of north China. Acta Hortic. 1002, 243–250.

Lian, M.L., Chakrabarty, D., and Paek, K.Y. (2003). Growth of oriental 
hybrid ‘Casablanca’ bulblet using bioreactor culture. Sci. Hortic. 97, 
41–48. https://doi.org/10.1016/S0304-4238(02)00086-9.

Lighty, R.W. (1968). Evolutionary trends in Lilies. Yearbook North 
Amer. Lily Soc. 31, 40–44.

Lim, K.B., Barba-Gonzalez, R., Zhou, S., Ramanna, M.S., and Van Tuyl, 
J.M. (2008). Interspecific hybridization in Lily (Lilium): taxonomic 
and commercial aspects of using species hybrids in breeding. 
Floricult., Ornam. and Plant Biotechnol. 5(5).

Luo, J.R., Ramanna, M.S., Arens, P., Niu, L.X., and Van Tuyl, J.M. (2012). 
GISH analysis of backcross progeny of two Lilium species hybrids and 
their relevance to breeding. J. Hortic. Sci. Biotechnol. 87(6), 654–660. 
https://doi.org/10.1080/14620316.2012.11512926.

Fernández, M., Figueiras, A., and Benito, C. (2002). The use of ISSR 
and RAPD markers for detecting DNA polymorphism, genotype 
identification and genetic diversity among barley cultivars with 
known origin. Theor. Appl. Genet. 104(5), 845–851. https://doi.
org/10.1007/s00122-001-0848-2.

Matthews, V. (2007). The International Lily Register and Checklist, 
4th edn (London, UK: Royal Horticulture Society).

McRae, E.A. (1998). Lilies: a Guide for Growers and Collectors 
(Portland, Oregon: Timber Press), 392 pp.

Najafzadeh, R., Arzani, K., Bouzari, N., and Saei, A. (2014). Genetic 
diversity assessment and identification of new sour cherry genotypes 
using inter simple sequence repeat markers. Int. J. Biodivers. 1–8. 
http://dx.doi.org/10.1155/2014/308398.

Nei, M. (1973). Analysis of gene diversity in subdivided populations. 
Proc. Natl. Acad. Sci. USA. 70, 3321–3323. https://doi.org/10.1073/
pnas.70.12.3321.

Nei, M., and Li, W.H. (1979). Mathematical model for studying genetic 
variation in terms of Restriction Endonucleases. Proc. Natl. Acad. Sci. 
USA. 76, 5269–5273. https://doi.org/10.1073/pnas.76.10.5269.

Omondi, E.O., Debener, T., Linde, M., Abukutsa-Onyango, M., Dinssa, 
F.F., and Winkelmann, T. (2016). Molecular markers for genetic 
diversity studies in African leafy vegetables. Adv. Biosci. Biotechnol. 
7, 188–197. https://doi.org/10.4236/abb.2016.73017.

Pejic, I., Ajmon-Marson, P., Morgante, M., Kozumplick, V., Castiglioni, 
P., Tarmino, G., and Motto, M. (1998). Comparative analysis of genetic 
similarity among maize inbred line detected by RFLPs, RAPDs, and 
AFLPs. Theor. Appl. Genet. 97, 1248–1255. https://doi.org/10.1007/
s001220051017.

Reddy, P.M., Sarla, N., and Siddiq, E.A. (2002). Inter simple 
sequence repeat (ISSR) polymorphism and its application 
in plant breeding. Euphytica 128(1), 9–17. https://doi.
org/10.1023/A:1020691618797.

Ribeiro, D.O., Silva-Mann, R., Alvares-Carvalho, S.V., Souza, E.M.S., 
Vasconcelos, M.C., and Blank, A.F. (2017). Genetic variability in 
Jatropha curcas L. from diallel crossing. Genet. Mol. Res. 16(2). 
https://doi.org/10.4238/gmr16029651.

Rieseberg, L.H., and Wendel, J.F. (1993). Introgression and its 
consequences in plants. In Hybrid Zones and the Evolutionary 
Process, R. Harrison, ed. (Oxford: Oxford University Press).

Rockwell, F.F., Grayson, E.C., and De Graaff, J. (1961). The Complete 
Book of Lilies (New York), pp. 352.

Roy, K., and Foote, M. (1997). Morphological approaches to measuring 
biodiversity. Trends in Ecol. and Evol. 12, 277–281. https://doi.
org/10.1016/S0169-5347(97)81026-9.

Sankar, A.A., and Moore, G.A. (2001). Evaluation of inter-simple 
sequence repeat analysis for mapping in Citrus and extension of 
genetic linkage map. Theor. Appl. Genet. 102, 206–214. https://doi.
org/10.1007/s001220051637.

Schall, B.A., Hayworth, D.A., Olsen, K.M., Rauscher, J.T., and Smith, 
W.A. (1998). Phylogeographic studies in plants: problems and 
prospects. Mol. Ecol. 7, 465–474. https://doi.org/10.1046/j.1365-
294x.1998.00318.x.

Shimizu, M. (1987). The Lilies of Japan; Species and Hybrids (Tokyo: 
Seibundo Shinkosha), p. 148–165 (in Japanese).

Smith, J.F., Burke, C.C., and Wagner, W.L. (1996). Interspecific 
hybridization in natural populations of Cyrtandra (Gesneriaceae) 
on the Hawaiian Islands: evidences from RAPD markers. Plant. Syst. 
Evol. 200, 61–77. https://doi.org/10.1007/BF00984748.

Smith, J.S.C., and Smith, O.S. (1992). Finger printing crop varieties. 
Adv. Agron. 47, 85–140. https://doi.org/10.1016/S0065-
2113(08)60489-7.

Suzuki, T., and Yamagishi, M. (2015). Aneuploids without bulbils 
segregated in F1 hybrids derived from triploid Lilium lancifolium and 
diploid L. leichtlinii crosses. Hortic. J. 85.

Tabatabaei, I., Pazouki, L., Bihamta, M.R., Mansoori, S., Javaran, M.J., 
and Niinemets, U. (2011). Genetic variation among Iranian sesame 
(Sesamum indicum L.) accessions vis-à-vis exotic genotypes on the 
basis of morpho-physiological traits and RAPD markers. Austr. J. 
Crop Sci. 5, 1396–1407.

Talas Oğraş, T., Koban Baştanlar, E., Karakaş Metin, Ö., Kandemir, 
İ., and Özçelik, H. (2017). Assessment of genetic diversity of rose 
genotypes using ISSR markers. Turk. J. Bot. 41, 347–355. https://doi.
org/10.3906/bot-1608-32.

Torabi-Giglou, M., Panahandeh, J., Seyed, A.M., Fariborz, Z.N., Alireza, 
M.A., and Jadwiga, Ś. (2015). DNA and morphological diversity and 
relationship analysis of selected cultivated, wild potatoes and some 
promising hybrids. J. Biodivers. Environ. Sci. 6(2), 175–186.

Van Heusden, A.W., Jongerius, M.C., van Tuyl, J.M., Straathof, Th.P., and 
Mes, J.J. (2002). Molecular assisted breeding for disease resistance 
in lily. Acta Hortic. 572, 131–138. https://doi.org/10.17660/
ActaHortic.2002.572.15.

Van Tuyl, J.M., and Arens, P. (2011). Lilium: breeding history of the 
modern cultivar assortment. Acta Hortic. 900, 223–230. https://doi.
org/10.17660/ActaHortic.2011.900.27.

Wang, J., Yang, Y., Xiaohua, L., Jie, H., Qing, W., Jiahui, G., and Yingmin, 
L. (2014). Transcriptome profiling of the cold response and signaling 
pathways in Lilium lancifolium. BMC Genomics 15, 203. https://doi.
org/10.1186/1471-2164-15-203.

Wang, W.B., Yue, J.Y., Wang, W.H., He, X.F., and Zhao, X.Y. (2017). 
Hybridization and identification of Asiatic lily hybrids using 
fluorescence in situ hybridization. Int. J. Agric. Biol. 19, 1627–1632.

Warnakula, W.A.D.L.R., Kottearachchi, N.S., and Yakandawala, K. 
(2017). Morphological, SSR and ISSR marker based genetic diversity 
assessment of mountain papaya germplasm in comparison with 
Carica papaya. J. Nat. Sci. Found. Sri Lanka 45(3), 255–264. https://
doi.org/10.4038/jnsfsr.v45i3.8190.

Xi, M., Lina S., Shuai, Q., Juanjuan, L., Jin, X., and Jisen, S. (2012). In 
vitro mutagenesis and identification of mutants via ISSR in lily 
(Lilium  longiflorum). Plant Cell Rep. 31, 1043–1051. https://doi.
org/10.1007/s00299-011-1222-8.



150 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Ramzan et al.  |  Genetic diversity and relationship assessment of Lilium lancifolium × Asiatic hybrid ‘Chianti’ progeny

Yan, W., Xiaoyan, L., Jian, X., Yuanyuan, X., and Liwang, L. (2011). 
Cultivar identification and genetic diversity analysis of cauliflower 
with molecular markers. Acta Hortic. 918, 315–321.

Yilmaz, K.U., Ercişli, S., Asma, B.M., Doğan, Y., and Kafkas, S. (2009). 
Genetic relatedness in Prunus genus revealed by inter-simple 
sequence repeat markers. HortScience 44(2), 293–297.

You, Q.P.Y.B., Xu, L.P., Gao, S.W., Wang, Q.N., and Su, Y.C. (2016). 
Genetic diversity analysis of sugarcane germplasm based on 
fluorescence-labeled simple sequence repeat markers and a 
capillary electrophoresis-based genotyping platform. Sugar Tech. 18, 
380–390. https://doi.org/10.1007/s12355-015-0395-9.

Zhang, L.H., Byrne, D.H., Ballard, R.E., and Rajapakse, S. (2006). 
Microsatellite marker development in rose and its application in 
tetraploid mapping. J. Am. Soc. Hortic. Sci. 131, 380–387.

Zhang, F., Ge, Y.Y., Wang, W.Y., Shen, X.L., and Yu, X.Y. (2012). Assessing 
genetic divergence in interspecific hybrids of Aechmea gomosepala 
and A. recurvata var. recurvata using inflorescence characteristics 
and sequence-related amplified polymorphism markers. Genet. 
Mol. Res. 11(4), 4169–4178. https://doi.org/10.4238/2012.
September.27.2.

Zhao, L., Huamin, L., Guangze, C., and Mingzhong, X. (2014). 
Assessment of the genetic diversity and genetic relationships of 
Lilium in China using ISSR markers. Biochem. Syst. Ecol. 55, 184–
189. https://doi.org/10.1016/j.bse.2014.03.024.

Zhao, R., Fan, J.P., Zhang, H., Liu, Y.B., and Yan, G.S. (2014). Analysis 
on genetic relationships in lily hybrids based on ISSR molecular 
markers. Acta Hortic. 1035, 215–222. https://doi.org/10.17660/
ActaHortic.2014.1035.24.

Zhou, Z., Miwa, M., and Hogetsu, T. (1999). Analysis of genetic 
structure of a Suillus grevillei population in a Larix kaempferi stand by 
polymorphism of inter-simple sequence repeat (ISSR). New Phytol. 
144, 55–63. https://doi.org/10.1046/j.1469-8137.1999.00504.x.

Zhou, S. (2007). Intergenomic Recombination and Introgression 
Breeding in Longiflorum × Asiatic Lilies (Lilium). Ph.D. Thesis 
(Wageningen, The Netherlands: Wageningen University).

Zhou, S., Ramanna, M.S., Visser, R.G.F., and Van Tuyl, J.M. (2008). 
Genome composition of triploid lily cultivars derived from sexual 
polyploidization of Longiflorum × Asiatic hybrids (Lilium). Euphytica 
160, 207–215. https://doi.org/10.1007/s10681-007-9538-8.

Zietkiewicz, E., Rafalski, A., and Labuda, D. (1994). Genome 
fingerprinting by simple sequence repeat (SSR)-anchored 
polymerase chain reaction amplification. Genomics. 20, 176–183. 
https://doi.org/10.1006/geno.1994.1151.

Žukauskienė, J., Paulauskas, A., Varkulevičienė, J., Maršelienė, R., and 
Gliaudelytė, V. (2014). Genetic diversity of five different Lily (Lilium 
L.) species in Lithuania revealed by ISSR markers. Am. J. Plant Sci. 5, 
2741–2747. https://doi.org/10.4236/ajps.2014.518290.

Received: Nov. 1, 2017
Accepted: Feb. 20, 2018

Addresses of authors:
Fahad Ramzan1, Hyoung Tae Kim1, Kyung-ku Shim2, 
Yu Hyeon Choi1, Adnan Younis3 and Ki-Byung Lim1,*
1 Department of Horticulture, Kyungpook National 

University, Daegu 41566, South Korea
2 Institute of Hibiscus and Tiger Lily, Cheonan 330-802, 

South Korea
3 Institute of Horticultural Sciences, University of 

Agriculture, Faisalabad, 38040, Pakistan
* Corresponding author; E-mail: kblim@knu.ac.kr


