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Persimmon Diospyros lotus L. is an underutilized spe-
cies, used as rootstock for Japanese persimmon (Diospyros 
kaki Thunb.) in many European countries. It has a potential 
for ornamental uses due to its diploid genome that suggests 
an easy mutation induction. This study was aimed at unrav- 
elling the effects of mutagenic sodium azide (in concentrations 
of 0.1% and 0.5%) on morphological characters (plant height, 
maximal leaf blade length, maximal leaf blade width and leaf 
petiole length) and molecular relations of treated accessions, 
based on AFLP (amplified fragment length polymorphism). 
In the M1 generation, the analysed characters of two-year old 

plants differed among the treatments. Sodium azide influenced 
persimmon stem and leaves in the opposite way, with increase 
up to 31.57% in plant height and decrease up to 30.33% in 
leaf petiole length. Changes in morphological characters were 
significant, that implies the importance of azide influence on 
the persimmon. Most genotypes treated with 0.1% azide were 
without significant differences among them and clustered to-
gether. The results suggest that the higher azide concentration 
of 0.5% is more suitable for persimmon seeds azide treatment 
to form genotypes, significantly different from the control, at 
the molecular level.     
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 Persimmon (Diospyros lotus L.), a deciduous tree 
from the Ebenaceae family, is a relatively neglected 
and underutilized species. Diospyros lotus is used as 
a rootstock for Japanese persimmon (Diospyros kaki 
Thunb.) in Central and Western Europe (Messaoudi et 
al. 2009; Samadi et al. 2009). Diospyros lotus origi-
nates from East Asia and is still extended in countries 
of South and West Asia, for instance in Afghanistan 
(Samadi et al. 2009) and Iran (Khoshbakht & Hammer 
2006) where it is part of wild flora.         

The fruit of Diospyros lotus is full of seeds, less 
suitable for consumption and smaller than the fruit 
of Japanese persimmon, well-known for its delicious 
taste (Grygorieva et al. 2009). Persimmon Diospyros 
lotus is a diploid plant, in contrast with Japanese per-

simmon, that is usually hexaploid (Tao et al. 2009). 
Recent research on Diospyros lotus fruits was focused 
mainly on studies of biochemical properties (Ayaz & 
Kadioglu 1997) and antioxidant (Nabavi et al. 2009), 
antiproliferative (Loizzo et al. 2009), analgethic, anti-
inflammatory and heparoprotective (Said et al. 2009) 
effects. 

Previous studies showed that RAPD (random am-
plified polymorphic DNA) technology is adequate for 
fingerprinting persimmon and the data are consistent 
with persimmon’s hypothetical origins, adaptation of 
history and classification by isozymes or pomological 
traits (Badenes et al. 2003). The potential of RAPD 
analysis for persimmon identification has been dis-
cussed in Luo et al. (1995). Genetic diversity among 
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different persimmon cultivars including those collect-
ed in the European survey as well as Japanese cultivars 
was distinguished by microsatellite markers (Naval et 
al. 2010)  revealing genetic relationship among Japa-
nese and Chinese genotypes (Chen et al. 2011). 

Diospyros lotus has a high potential for future ex-
tended use beyond rootstock, as element of gardens 
and parks (Li et al. 2006; Gullino et al. 2009; Irmak 
& Yilmaz 2008). Among the different strategies avail-
able, sodium azide is a mutagenic agent that causes 
change at morphological base being a good alternative 
for increasing diversity in this species for its ornamen-
tal use. However, the effect of sodium azide as a muta-
genic factor on changes of morphometrical characters 
of Diospyros lotus is not known. This study is aimed 
at unravelling the effects of different concentrations of 
the mutagenic sodium azide on morphological charac-
ters of Diospyros lotus seedlings and molecular chang-
es analysed by AFLP techniques.  

 

MATERIALS AND METHODS
  

Plant material, mutagen treatment and characters 
measured

The plant material consisted of seedlings from dif-
ferent Diospyros lotus L. genotypes maintained at the 
Mlyňany Arboretum in Slovakia. The trees were 30-
years old and were imported to the Mlyňany Arbore-
tum from China. Seeds were kept in a greenhouse for 
a period of one month, later the seeds were soaked in a 
solution of sodium azide (NaN3, 99%, Aldrich) for 24 
hours. Two treatments were performed: 0.1% sodium 
azide and 0.5% sodium azide, plus a control with no 
treatment. Each treatment consisted of 50 seeds. After 
the treatment the seeds germinated and were planted in 
the field. One-year old plants (in the spring 2008) were 
grafted by own scions to accelerate the development.   

Samples were collected from two-year old plants in 
the summer 2009. A total of 18 persimmon accessions 
(Diospyros lotus L.) were selected for analyses, three 
controls, nine accessions from the 0.1% treatment and 
six from the 0.5% treatment. For morphometrical anal-
yses, 10 leaves, from 6th to 10th leaf from the distal part 
of a twig, were collected from each of 18 accessions. 
Leaves 1st   –  3rd from the distal part of a twig were used 
for DNA isolation and molecular analyses. The char-
acters measured were plant height (mm), maximal leaf 

blade length (mm), maximal leaf blade width (mm), 
and leaf petiole length (mm).

Generation of molecular data 
DNA isolation and quantification. 50 mg of leaves 

were homogenised in liquid nitrogen and stored at 
–80°C until the DNA isolation was performed. A com-
mercial kit (Invisorb® Spin Plant Mini Kit, Invitek) was 
used for DNA isolation. DNA concentration was quan-
tified using a spectrophotometry NanoDrop ND-1000 
(NanoDrop Technologies, Wilmington, Germany).    

AFLP analyses. The AFLP technique provides a 
very powerful DNA fingerprinting technique for DNAs 
of any origin or complexity. The method allows the 
specific co-amplification of high numbers of restric-
tion fragments (Vos et al. 1995). The AFLP analysis 
was carried out according to Vos et al. (1995), modi-
fied as follows: 150 ng of each DNA sample was di-
gested by the restriction enzymes EcoRI and Tru9I. 
Ligation was performed using 1X T4 ligase buffer,  
1 U of T4 ligase (Roche, Basel, Switzerland), 40 pmol 
of Mse adaptor, and 4 pmol Pst adaptor, incubating at 
20°C. After ligation, the reaction mixture was diluted 
1:5 in Tris-EDTA (TE) buffer. 

For the pre-selective amplification, a 5 ml aliquot 
from the DNA dilution was added to a 25 ml solu-
tion containing 2.5 ml of 10× buffer, 0.5 ml of primer 
PstA (10 mmol/l), 0.5 ml of primer MseC (10 mmol/l), 
1.0 ml of dNTPs (10 mmol/l), and 0.8 units of Taq 
polymerase (Roche, Basel, Switzerland).  

After pre-amplification, DNA was diluted again 
1:10 in TE buffer. Selective amplification employed 
three selective nucleotides on each fluorescently la-
belled primer. Four selective combinations of primers 
were used: (NED)Pst + AGC and Mse + CTA; (VIC)Pst 
+ ACG and Mse + CTA; (FAM)Pst + ACA and Mse + 
CC; (PET)Pst + AGG and Mse + CC. DNA fragments 
were separated in the ABI Prism 3130 Genetic Ana-
lyzer (Applied Biosystems, Foster City, CA, USA). 

AFLP data analysis
The AFLP fragments were scored as binary traits  

(1 = present, 0 = absent) using GeneMapper v.4 soft-
ware. Cluster analysis and estimates of genetic dis-
tances – pairwise genetic similarities were estimated 
with the Jaccard coefficient Jij = a/(a + b + c), where 
a is the number of bands shared by i and j, b is the 
number of bands present in i and absent in j, and c is 
the number of bands present in j and absent in i.  
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The resulting genetic similarity matrix was used 
to generate unweighted pair group method with arith-
metic means (UPGMA) phenogram using the NT-
SYSpc2.0 software package. A principal coordinate 
analysis (PCA) based on the genetic similarity matrix 
was performed using the DCENTER and EIGEN algo-
rithms of the NTSYSpc2.0 software package.

Statistical evaluation 
Measured values were processed by software STA-

TISTICA with Kruskal-Wallis test as non-parametric 
method for comparison of more independent groups. 
For molecular evaluation, presence (1) or absence (0) 
of alleles as outputs from the sequenator was deter-
mined for each primer to generate a binary matrix of 
data.

Jaccard coefficients of genetic relationship were 
used to evaluate genetic relations among the acces-
sions. On the base of binary matrices dendrograms 
were created by the program Syntax (UPGMA). The 
experiments were realised in laboratories of the IVIA 
Research Institute in Valencia, Spain and at the De-
partment of Genetics and Plant Breeding at the Slovak 
Agricultural University in Nitra, Slovakia. 

RESULTS AND DISCUSSION

Influence of sodium azide on morphological charac-
ters of Diospyros lotus

In the M1 generation, one-year old persimmon 
(Diospyros lotus L.) plants, grown from azide-treated 
seeds, showed only small visual differences related to 
stem and leaf morphological characters, in contrast to 
the two-year old plants, whose character differences 
during the treatments were analysed.    

In contrast with Sander and Muehlbauer (1977), 
who studied mutagenic effect of sodium azide and did 
not observe leaf aberrations on azide-treated plants of 
pea, results of the present study show stem and leaf 
changes on the persimmon plants. After the azide treat-
ment of seeds, the persimmon plant height increased 
and the leaf blade width and leaf petiole length were 
reduced, in comparison with the control.  

Previous morphological analysis of Diospyros lo-
tus in the conditions of Slovakia showed following 
measured values of mature leaves: minimal-maximal 
leaf length (mm) 51.00–161.00; minimal-maximal leaf 

width (mm) 24.00–75.00 (Grygorieva et al. 2009). The 
values were lower, but approximately corresponded 
to values of the control variant, not treated with so-
dium azide, in this study: minimal-maximal leaf length 
(mm) 94.00–163.00; minimal-maximal leaf width 
(mm) 44.00–86.00. There were significant differences 
between control variant and the azide treated plants in 
most of the characters (Figure 1).

Significant changes in morphological characters 
were determined after treatment with sodium azide in 
comparison with the control, in plant height, leaf blade 
width and leaf petiole length, and the differences were 
not significant between the lower (0.1%) and higher 
(0.5%) azide concentrations. The only exception 
was the character leaf blade length that was signifi-
cantly changed only at the higher azide concentration 
(0.5%).  

Sodium azide influenced growth of persimmon 
stems and leaves in the opposite way. While the stem 
character (plant height) was significantly increased af-
ter the azide treatments (0.1%/0.5% sodium azide con-
centration) (31.57%/20.81%), the characters leaf blade 
width (–23.26%/–22.46%) and leaf petiole length 
(–28.50%/–30.33%) were significantly decreased. 
Changes in leaf blade length were minimal, this char-
acter was increased slightly under 0.1% azide treat-
ment (1.21%), and was decreased slightly under 0.5% 
azide treatment (–13.89%) (Figure 1). Changes in 
morphological characters that were greater than 20% 
or 30% were significant and suggest the importance of 
azide influence on the growth parameters of persim-
mon (Diospyros lotus L.).   

Prina and Favret (1983) induced morpholo- 
gical changes in barley using low azide concentrations 
(5×10-4 and 1×10-3 M). With regard to changes in crop 
performance due to chemical mutagen treatment, our 
results are supported by other studies on different plant 
species (Ahloowalia & Maluszynski 2001; Al-Qurainy 
2009), especially on related persimmon species (Jo et 
al. 2003; Yamane et al. 2009), although some contro-
versy exists about the issue (Mitchell et al. 1992).    

Sodium azide caused morphological changes in dif-
ferent plant species in previous studies. Treatment of 
barley seeds with sodium azide caused a delay in the 
seedlings growth (Ilbas et al. 2005). In the M2 genera-
tion the barley plant height was reduced (Pearson et al. 
1975), which is not in accord with the results of present 
study on persimmon in M1 generation. The Eruca sati-
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Figure 1. Different sodium azide concentrations effects on morphological characters in persimmon (Diospyros lotus L.) seedlings 
(data with standard deviation)

va radicle and coleoptyle lengths were reduced with 
the increasing sodium azide concentrations (Khan & 
Al-Qurainy 2009), similarly like the persimmon leaf 
blade width and leaf petiole length in the present study. 
On Pisum sativum plants after the sodium azide treat-
ment morphological deformations (Sander & Muehl-
bauer 1977) and dwarf growth (Divanli-Turkan et al. 
2006) were observed. Morphological changes in plants 
induced with sodium azide are probably caused by 
inhibition of protein synthesis, DNA replication (Ve-
leminsky & Angelis 1987), polyphenoloxidase (Ozen 
et al. 2004) and nitrate reductase activity (Yamasaki & 
Sakihama 2000), and reduction of respiration in young 
leaves (Stenlid 1949).  

Effect of sodium azide on molecular variation in 
persimmon (Diospyros lotus L.)

Effect of sodium azide on persimmon (Diospyros 
lotus L.) was analysed at the molecular level by DNA 
polymorphism. Detected unique DNA fragments ac-
cording to the primers used were 47, 30, 13 and 15 for 
FAM, NED, PET and VIC respectively. The percentage 
of polymorphic fragments was 69.3%, 66.3%, 76.8% 
and 17.6% for FAM, NED, PET and VIC, respective-

ly. In a recent study on a related persimmon species 
(Diospyros kaki L.f.) a high degree of polymorphism 
was revealed among different cultivars (Maki et al. 
2001). 

Cluster analyses (Figure 2) showed a high vari-
ability among the samples studied (primer FAM – 17 
clusters, primer NED – 15 clusters, primer PET – 17 
clusters, primer VIC – 17 clusters). A minimum value 
of the Jaccard coefficient of genetic relationship was 
0.165 for primer FAM, 0.171 for NED, 0.231 for PET 
and 0.226 for VIC. A maximal value of the Jaccard co-
efficient of genetic relationship for FAM was 0.979, 
for NED 0.971, for PET 0.929 and for VIC 0.943. The 
genotypes 10, 13, 14, 15 and 18 significantly differed 
from the other. They had in common the treatment of 
0.5% azide, except from the genotype 10, that was 
treated with 0.1% azide.  

The UPGMA analyses provided a logical arrange-
ment of relationships among the genotypes. The results 
of the four primers combinations were similar, but not 
identical. In all four combinations, the analyses showed 
formation of a central cluster of genotypes treated with 
0.1% azide. The genotypes treated with 0.5% azide 

[mm]
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were dispersed and some of them overlapped with 
the 0.1% group. Most of the observed polymorphisms 
were among analysed groups (control, 0.1% azide and 
0.5% azide), and the differences among the groups 
were larger than among the genotypes in a group. This 
trait varies at different analyses on persimmon cul-
tivars (Badenes et al. 2003; Yonemori  et al. 2008). 
Of the three groups, the least significant differences 
among the genotypes in a group were observed in the 
0.1% azide group.     

Most of the 0.1% azide treated genotypes were 
gathered in a separated cluster which suggests that a 
lower azide concentration caused in all the genotypes 
similar genetic changes. The 0.5% azide treated ge-
notypes did not create a separate cluster, but differed 
from each other. The results suggest that the higher 
azide concentration is more suitable for persimmon 

seeds azide treatment to form genotypes, significantly 
different from the control, at the molecular level.      

After seed treatment with sodium azide, changes 
at the molecular level were expected. Due to sodium 
azide induced gene mutations in plants, higher toler-
ance to stress (Al-Qurainy & Khan 2009) and resis-
tance against pathogens (Kiruki et al. 2006; Molina-
Cano et al. 2003) were obtained.

To describe genotype changes at the molecular 
level, different methods like RAPD (Yamagishi et al. 
2005), IRAP (inter-retrotransposon amplified poly-
morphism), REMAP (retrotransposon-microsatellite 
amplified polymorphism) (Guo et al. 2006), RFLP 
(restriction fragment length polymorphism) (Maki et 
al. 2001) were used in the past. RAPD markers clari-
fied the phenetic relationship among species and sub-
species of Diospyros: D. lotus, D. lotus subsp. glabra 

Figure 2. Dendrogram of analyzed genotypes of Diospyros lotus L., constructed upon UPGMA analysis, using all the primers

Legend: Samples: 1–3: control – genotypes not treated with sodium azide; 4–12: genotypes treated with sodium azide at the 
concentration of 0.1%; 13–18: genotypes treated with sodium azide at the concentration of 0.5%
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and D. taitoensis formed one group (lotus group), and 
persimmon was related in order of closeness to the lo-
tus group, D. oleifera, and D. rhombifolia (Yamagishi 
et al. 2005). Analyses based on SRAP (sequence-re-
lated amplified polymorphism) showed that Chinese 
and Japanese pollination-constant and non-astringent 
(PCNA) persimmons had different genetic background 
(Guo & Luo 2006). IRAP and REMAP analysis of ge-
netic relationships revealed that the Japanese and Chi-
nese genotypes and related species were distinctly sep-
arated (Guo et al. 2006). The UPGMA dendrogram of 
the IRAP analyses grouped mutant persimmon plants 
tightly with each other and meanwhile with standard 
cultivar, for IRAP could distinguish the micromuta-
tions (Du et al. 2011).

For analyses in the present study AFLP-PCR was 
chosen, often used for persimmon analyses to study 
genetic relationships among cultivars (Kanzaki et al. 
2000, Cho et al. 2007), as very sensitive and suitable 
for evaluation of genetic stability (Prado et al. 2007) 
and recommended for distinguishing the control and 
mutant plants (Al-Qurainy & Khan 2009).   

Sodium azide causes a higher frequency of muta-
tions in hexaploid than in diploid plants due to du-
plicative loci, masking the effect of mutations in an 
individual locus of hexaploids. As a result more than 
hundred times more mutant manifestations can be ob-
vious on diploid plants, in comparison with hexaploid 
plants (Rines 1985). For this reason a neglected spe-
cies persimmon (Diospyros lotus L.), that is grown as 
a diploid, has an excellent potential for breeding and 
utilization using sodium azide, as the results of the 
present study suggest.  

 

CONCLUSION

Morphological characters were significantly 
changed already in the M1 generation, for instance the 
plant height significantly increased and the leaf petiole 
length significantly decreased. Changes in morpholog-
ical characters, that reached up to 30%, were signifi-
cant and suggest the importance of azide influence on 
the growth parameters of persimmon (Diospyros lotus 
L.).  

The molecular analyses based on the AFLP showed 
differences in sodium azide treated accessions in com-
parison with the controls. The changes were more 

obvious after the treatment with the higher mutagen 
concentration. The results suggest that the higher azide 
concentration of 0.5% is more suitable for persimmon 
seeds to form genotypes, which are significantly dif-
ferent from the control, at the molecular level. Accord-
ing to our results, using the sodium azide as a mutagen 
agent can be recommended for further experiments to 
develop new forms of  Diospyros lotus as a plant with 
a great ornamental potential. 
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