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ABSTRACT: Buxus hyrcana is one of the endangered and evergreen species of the Hyrcanian forests in Iran. The genetic
diversity assessment is an essential step towards the conservation of this species. High-quality DNA is required for
molecular markers analysis; therefore, we compared different DNA extraction methods on leaf samples of B. hyrcana.
The quantity and quality of the extracted DNAs were evaluated by spectrophotometry and gel electrophoresis. Also, ISSR
(Inter simple sequence repeats) markers were applied on the extracted DNAs to compare their quality for PCR
amplification. Results showed that quantity, quality, and PCR efficiency and reproducibility were different for DNA
extracted using different methods. The quality of the DNA at the absorbance A260/A280 ratio ranged from 1.02 to 1.97.
The highest concentration of DNA measured by spectrophotometry belonged to the Cota-Sanchez extraction protocol
(695.3 ng/l) and the lowest value was obtained with Edward4 method (204.7 ng/l). The modified Onate method
(Onate2) was extracted the highest DNA concentration by comparison of brightness against the DNA ladder. Among the
different extraction methods, the good quality and quantity were obtained in extracted DNA for Doyle and Doyle, CotaSánchez and modified Onate protocols; the latter method (Onate2) created both good quality and quantity of extracted
DNA and operated effectively in terms of cost and time. Onate2 had the best amplification results with ISSR primers.
KEYWORDS: Box tree, DNA quality and quantity, ISSR, PCR
INTRODUCTION
Enlisted as an endangered species, Buxus hyrcana is a
shade-tolerant and evergreen species in the Hyrcanian
forests [1]. Its sustainable conservation is threatened by
over-exploitation and the spread of box blight disease
which can ultimately destroy its genetic resources in the
near future. The assessment of genetic diversity is a
primary step towards understanding evolutionary genetic
drifts and populations' characterization, especially when
considering endangered species. In most genetic studies
such as genetic diversity, satisfactory results can be
obtained by using molecular markers that require highquality DNA [2-5].
DNA extraction from plant tissues is more difficult than
mammalian tissues, primarily due to the hard cell walls
--------------------------------------------------------------------------------*Corresponding author ():mzarem@um.ac.ir
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surrounding plant cells [6]. Furthermore, the tissues of
woody plants contain different secondary metabolites
such as polysaccharides, polyphenols and tannins. Such
impurities can cause more serious problems in genomic
DNA extraction and downstream processes such as DNA
cutting, amplification, and cloning [7, 8]. The
contamination and impurities that may exist in the DNA
extract can bind tightly to DNA subunits, thereby
reducing the presence and detection of polymorphisms
between different individuals in a population [9, 10].
Therefore, an ideal DNA extraction method should be
fast, simple, affordable, and has few manipulating steps.
It should also pose minimum requirement for specialized
equipment and hazardous chemicals [11-13].

20
Numerous methodologies for DNA extraction from plant
tissues have been developed [11, 14-17]. The
cetyltrimethyl ammonium bromide and (CTAB) sodium
dodecyl sulfate (SDS) methods are commonly used for
DNA extraction from different organisms [18]. CTAB
method is particularly useful for DNA extraction from
plants that produce high amounts of polysaccharides [19].
SDS-based protocols are widely used as an alternative to
CTAB, but these may be suitable for a narrower range of
species or cell types [20].
Plants of the genus Buxus are used in folk medicines to
treat wide range of diseases. Therapeutic effects of B.
hyrcana have been linked to its secondary metabolites
including alkaloids and phenols [21, 22]. These
compounds can interfere with the DNA extraction
procedures. So, an efficient protocol for DNA extraction
as well as the optimization of the PCR conditions is
required. An optimum DNA extraction method was
lacking for molecular analysis of B. hyrcana. This study
aimed at comparing and optimizing different DNA
extraction methods for this species. The quality and
quantity of extracted DNA were evaluated, and their
effects were assessed in terms of analysis of genetic
diversity by ISSR markers.
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Doyle & Doyle [14]
1. The addition of 500 μl CATBbuffer (0.1 M Tris-HCl
pH 8.0, 20 mM EDTA, 1.4 M NaCl, 2% CTAB, plus 0.4%
BME added just before use) to 1.5 ml tubes containing
leaf tissue which had been ground by liquid nitrogen. The
ingredients inside the tubes were mixed thoroughly by
shaking the tubes well.
2. The incubation of microtubemicrotubes at 65°C for 1
hour and then having the samples vortexed every 15 min.
3. The addition of 500 μl CIA to each microtubemicrotube
and then shaking the tubes manually.
4. The centrifuge of samples at 15814 g for 8-10 min, and
then considering to pipette off the aqueous phase and
transferring it to new microtubemicrotubes.
5. The addition of 0.08 ml of cold 7.5 M ammonium
acetate and 0.54 ml of cold isopropanol to each
microtube, mixing them well and storing them at -24 °C
for 45 min or overnight to obtain a better yield.
6. The centrifuge of samples at 15814 g for 3 min, and
then discarding the top liquid and adding 700 μl cold
ethanol (70%) to each microtube. The microtubes were
inverted once to allow the mixing of ingredients.
7. The centrifuge of samples at 15814 g for 1 min, and

MATERIALS AND METHODS
Plant material
Bulk young and healthy leaf samples were collected from
a Buxus tree in Sisangan habitat (Mazandaran Province,

then discarding the ethanol and adding 700 μl cold
ethanol (95%) to each microtube. The microtubes were
inverted once to allow the mixing of ingredients.

Iran, 36°58' N, 51°80' E). The leaf samples were stored

8. The centrifuge of samples at 15814 g for 1 min, and
then discarding the ethanol, drying the DNA pellet at
room temperature and finally re-suspending the pellets in

frozen at -20°C. Three samples from the same accession

100 μl TE buffer.

were used for DNA extraction.
Reagents and consumables
The necessary materials for DNA extraction were liquid
nitrogen, chloroform-isoamyl alcohol (24:1) (CIA),
isopropanol, B-mercaptoethanol (BME), sodium acetate
(NaOAc), potassium acetate, ammonium acetate, ethanol
70%, 80% and 95%, cetyl trimethyl ammonium (CTAB),
sodium dodecyl sulfate (SDS), ethylene diamine
tetraacetic (EDTA), Tris-HCl, NaCl, sodium citrate and
citric acid

Cota-Sanchez [16]
1. Leaf powder which had been previously ground by
liquid nitrogen was added to the 1.5 ml volume of
microtubes. Each microtube also received 750 μl CTAB
2X buffer (0.1 M Tris-HCl pH 8.0, 25 mM EDTA, 1.4 M
NaCl, 1% CTAB) and 3 μl BME before being mixed well.
2. The microtubes were immersed in a water bath at 60°C
for 1 hour. The tubes were inverted manually every 15
min.
3. The addition of 700 μl CIA to each tube, and then their

DNA extraction protocols
For DNA isolation, 50 mg of leaf sample was used in each
method. The following procedures comprised the process
of DNA extraction:

centrifuge at 9240 g for 10 min, followed by the transfer
of supernatants to new microtubes.
4. The addition of 0.33 volume of cold isopropanol to
each tube and then storing them at -20°C for 1 hour.
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5. The centrifuge at 9240 g to 13305 g for 10 min at room
temperature, and then discarding the supernatant and
drying the pellet at room temperature.
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9. Drying the pellets at room temperature and dissolving
the DNA pellets at 100 μl TE buffer depending on the
pellet size.

6. Dissolving the DNA pellet at 100 to 200 μl TE buffer
and then allowing the samples to remain at 37°C for 30
min.
7. The addition of 200 μl NaOAc 2.5 M and 500 μl cold
ethanol 90%, and then storing the samples at -20°C for 30
min.
8. Performing centrifuge at 9240 g to 13305 g for 5 min
and then discarding the supernatant of each microtube.
9. Adding 1 ml cold ethanol (70%) to the DNA pellet,
performing the centrifuge at 9240 gg for 4 min, and finally
pipetting off the ethanol.
10. Drying the DNA pellet at room temperature and resuspending it in 100 μl TE buffer.

Edward base methods [15]
The method of Edward DNA extraction (Edward1) was
followed, although with three forms of modification (i.e.
Edward2, Edward3 and Edward4), for DNA extraction
(Table 1). The following procedures were used
accordingly:
1. Transferring leaf tissue powdered to 1.5 ml microtubes, adding 400 μl SDS buffer (0.2 M Tris-HCl pH 8.0,
25 mM EDTA, 0.25 M NaCl, 0.5% SDS) and inverting
the tubes for 5 sec.
2. Performing the centrifuge at 12000 g for 1 min,
transferring 300 μl of supernatant to new tubes and adding
300 μl cold isopropanol, and then storing the samples at

Dellaporta [11]
1. Adding the leaf tissue that had been ground by liquid
nitrogen to 1.5 ml microtubes, and then adding 600 μl
SDS buffer (0.1 M Tris-HCl pH 8.0, 50 mM EDTA, 0.5
M NaCl, 0.2% SDS, plus 0.1% BME added just before
use).
2. Incubating the samples at a water bath of 60 °C for 20
min, adding one third of a volume of potassium acetate,
and then mixing them vigorously before placing the tubes
on ice for 5 min.
3. Performing the centrifuge at 12000 g for 20 min,
transferring the supernatant to new tubes and then adding
0.5 volume cold isopropanol, followed by inverting the
tube once so as to mix and store the sample at 4°C for 20
min.
4. Performing the centrifuge at 12000 g for 10 min,
discarding the supernatant, and drying the DNA pellet for
10 min.

room temperature for 2 min.
3. Performing the centrifuge at 12000 g for 5 min, drying
the DNA pellets at room temperature and dissolving the
pellets at 100 μl TE buffer.
Onate-Sanchez base methods [17]
The Onate-Sanchez DNA extraction method (Onate1)
was also used. It had three modifications (Onate2, Onate3
and Onate4) for DNA extraction (Table 2), according to
the following procedures.
1. The grinding of leaf tissue with liquid nitrogen,
transferring the leaf powder to 1.5 ml microtubes and
adding 300 μl lysis buffer (68 mM Sodium Citart, 132
mM Citric Acid, 1 mM EDTA, 2% SDS). Inverting the
tubes for 2 sec and leaving the tubes at room temperatures
for 5 min.
2. Adding 200 μl of protein-DNA precipitation solution
(16 mM Sodium Citart, 32 mM Citric Acid, 4 M NaCl) to

5. Re-suspending the DNA pellet in 200 μl TE buffer at

each sample and maintaining it at 4°C for 10 min.

65°C for 30 min.

3. Performing the centrifuge at 15814 g for 10 min,
transferring the supernatant to new tubes and adding 300

6. Transferring the solution to new tubes and performing
the centrifuge at 12000 g for 5 min.
7. Transferring the supernatant to new tubes and adding
0.1 volume of sodium acetate and two thirds of a volume
of cold isopropanol, inverting the tubes to be mixed and

μl cold isopropanol before shaking the microtubes for a
thorough mix.
4. Performing the centrifuge at 15814 g for 4 min,
discarding the supernatant, washing the pellets with 300

storing them at 4°C for 1 hour.

μl ethanol (70%) and then carrying out the centrifuge at

8. Washing the DNA pellet with 500 μl cold ethanol

15814 g for 1 min.
5. Discarding the ethanol and placing it at room

(80%) for 10 min and performing the centrifuge again for
1 min.

temperature to dry, and finally adding 100 μl TE buffer.
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Table 1. Modified Edward DNA extraction methods.
Methods

Modification

SDS (%)

Additional steps

Edward1

None

0.5

Edward2

Modified

0.5

Between step 1 and step 2: Add 200 μl CIA and mix well

Edward3

Modified

2

Between step 1 and step 2: Incubate for 10 min in 60°C in water bath

Edward4

Modified

2

Between step 1 and step 2: Add 200 μl CIA and mix well

Table 2. Modified Onate-sánchez DNA extraction methods.
Methods

Modification

Additional steps

Onate1

None

Onate2

Modified

Between step 1 and step 2: Add 200 μl CIA and mix well

Onate3

Modified

Step1: replace extraction Buffer with SDS buffer (Edward methods)

Onate4

Modified

Step1: replace extraction Buffer with SDS buffer (Edward methods)
Between step 1 and step 2: Add 200 μl CIA and mix well

DNA analysis
The quantity and quality of the extracted DNAs were
evaluated by spectrophotometry and gel electrophoresis.
Also ISSR (Inter simple sequence repeats) markers were
applied on the DNAs to compare the quality of DNA for
PCR amplification. ISSR molecular markers is efficient
and suitable for genetic diversity studies of forest species
[23].
The DNA being extracted was processed by
electrophoresis on 1% (w/v) agarose gel with SB buffer at
70 V for 45 minutes. All gels were stained with 1x cyber
safe and documented with QIAGEN system. Ultimately,
the Gel images were analyzed with GelAnalyzer 2010a
freeware. DNA concentration was estimated by
spectrophotometry and also comparing DNA bands with
the ladder band intensity which was then calculated based
on ladder concentration [24]. The purity of the extracted
DNA was evaluated using the ratios between the
absorption at 260 and 280 nm (A260/A280) and at 260
and 230 nm (A260/A230). The A260/A280 and
A260/A230 ratios provide indications of protein
contamination
and
carbohydrate
contamination,
respectively [25].
ISSR analysis
ISSR primers were used for testing the quality and
performance of the extracted DNA by PCR amplification.
Three ISSR primers (ISSR5, 5’- gtggtggtggtggtggtg -3’;
ISSR9, 5’- gagagagagagagagayc -3’ and ISSR17, 5’gaagaagaagaagaagaaaa -3’) were used [26]. The primers
were synthesized by Bioneer, South Korea. Each PCR
(12.5 μl volumes) reaction contained approximately 40 ng
of genomic DNA (based on the ladder-compare method),

0.18 μl Taq Polymerase (2.5 U/μl, Thermo Fisher
Scientific, USA), 1.25 μl 10× PCR reaction buffer, 1 μl
dNTP Mixture (2.5 mM), 0.5 μl each primer (10 pM), and
ddH2O up to 12.5 μl. The amplification was performed in
a Thermal Cycler (Applied Biosystems model 2720).
Thermal cycling conditions consisted of a 5 min initial
denaturation at 94°C followed by 35 cycles of 30 sec at
95°C, 40 sec at 64.5°C for ISSR5 and 52°C for ISSR9 and
ISSR9, and 1 min at 72°C. The final extension was 7 min
at 72°C. Subsequently, 5 μl PCR products and 1 μl 6X
loading buffer were subjected to electrophoresis on a
1.5% agarose gel with SB buffer at 115 V for 90 min,
stained in cyber safe for 20 min, and photographed with
QIAGEN system. The gel images were analyzed by
GelAnalyzer. The sum pertaining to the intensity of
bands, normalized based on the ladder intensity, was used
as the measure of DNA amplification quantity.
Statistical analysis
All of the tests were conducted with at least three
replicates. The data in this study was recorded as the mean
value ± standard error. Correlations among the measured
parameters were determined using the Pearson’s
correlation coefficient by JMP statistical software
(Version 4).
RESULTS AND DISCUSSION
Comparing DNA extraction methods
An ideal DNA extraction method should be comprised of
limited steps to minimize the experimental error, with
minimum use of hazardous chemical reagents and less
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Table 3. Compare different extraction methods depending on how much time and resources are needed.
Method

Base

Time required (h)

Cost (EUR per sample)

Cota-Sanchez

CTAB

5:00

1.1

Doyle & Doyle

CTAB

2:15

0.6

Dellaporta

SDS

2:40

0.5

Edward (1~4)

SDS

0:20

0.4

Onate (1~4)

SDS

0:30

0.4

Table 4 The effect of different extraction methods on DNA quantity and quality of Buxus hyrcana.
DNA Quantity(ng/µl)
Method

Comparison with
DNA ladder

DNA Quality

Spectrophotometry

260/230

260/280

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Cota-Sanchez

42.6

2.10

695.3

55.9

1.94

0.03

1.74

0.10

Dellaporta

50.2

3.56

240.7

15.9

2.08

0.07

1.94

0.06

Doyle & Doyle

50.5

5.41

356.7

34.8

1.99

0.10

1.97

0.11

Edward1

28.2

2.07

277.3

16.4

0.57

0.01

1.23

0.01

Edward2

27.0

0.83

304.7

39.9

0.59

0.01

1.21

0.01

Edward3

17.9

2.29

275.3

90.6

0.64

0.02

1.02

0.22

Edward4

20.5

0.86

204.7

56.0

0.74

0.12

1.34

0.05

Onate1

50.7

3.04

364.7

61.0

2.96

0.84

1.91

0.07

Onate2

53.8

4.48

342.7

47.4

2.13

0.10

1.90

0.04

Onate3

37.4

5.71

455.3

99.7

1.62

0.10

1.85

0.05

Onate4

38.3

3.71

408.0

84.0

1.98

0.09

1.83

0.07

demand for specialized equipment. It should be fast, costeffective and straightforward, and produce high-quality
DNA suitable for molecular techniques [11, 13]. In this
study, different methods were used for DNA extraction
from B. hyrcana. These methods were varied in their
durations of procedure (ranging from 30 min to 5 hours)
and their costs (from 0.4 to 1.1 € per sample) (Table 3).
Results showed that the Cota-Sanchez method had the
highest yield of extracted DNA based on spectroscopy at
260 nm, as compared to the other methods tested here,
while based on the ladder-compare method, Onate2
yielded the highest quantity (Table 4). Cota-Sanchez is a
CTAB-based protocol. CTAB, a cationic detergent, help
to disrupt plant cell membranes and separate nucleic acids
from polysaccharides [27]. In SDS-based methods, such
as Onate2, SDS use to aid in lysing cell, followed by
adding chloroform-isoamyl alcohol to remove non-DNA
biomolecules such as proteins and lipids [28]. The
chemical structure of CTAB and SDS may present them
more or less effective based on compounds found in plant
tissue [29]. DNA yields were affected by surfactants
(CTAB and SDS), Tris/HCl, EDTA, and NaCl
concentrations [30].

By carrying out the gel electrophoresis of the same
volume of extracted DNA (Fig. 1), it was observed that
the Cota-Sanchez method produced the highest level of
smear compared to the other methods (Fig. 1-e).
Degraded DNA, RNA and nucleotides may sometimes
interfere with DNA quantification, as when quantifyingby
spectroscopy at 260 nm. Similar results have been
reported by Holden et al. (2009). It was observed that
some DNA extraction methods could calculate the
amount of DNA as a higher estimation when using
spectroscopy at 260 nm than when arriving at an estimate
by the use of PicoGreen fluorescence [31].
At their maximum absorption at 260 nm, nucleic acids
(DNA and RNA) represent the amount of DNA and
proteins have the highest absorption at 280 nm. The DNA
280/260 ratio check for protein contaminants and should
be in the range of 1.7 to 1.9 [32, 33]. According to table
4, the methods of Dellaporta, Doyle & Doyle, Onate1 and
Onate2 had ratios of 260/280 that ranged between 1.9 and
1.97. However, the ratio was lower than 1.35 in the
modified Edward methods (Edward 1~4). In some
medicinal plants, the 260/280 ratio reportedly ranges
between 1.7 and 1.9 which are suitable for comprehensive
PCR success predictions, even though 260/280 ratios
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below 1.3 and above 2.3 indicate a DNA of too poor a
quality to be amplified [34].
In general, a high absorption at 230 nm shows the
contamination with DNA extraction buffers or with other
inorganic materials, which eventually created errors in the
PCR results [35]. The 260/230 values for pure nucleic
acids are often higher than the respective 260/280 values.
Expected 260/230 values are commonly in the range of
2.0-2.2 [36]. Apart from the Onate3 and Edward 1~4,
other methods had 260/230 ratios higher than 1.8, while
the Onate1 showed the highest ratio in between them
(Table 4).
The Edwards DNA extraction showed contamination at
280 and 230 nm, indicating the presence of proteins and
carbohydrates in extracted plant DNA. In the Edwards
method, the DNA is pelleted in the lysis buffer without an
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intervening organic extraction to push cell debris and
other contaminants into a separate phase from the DNAsaturated buffer. These results were consistent with a
previous study conducted in Osmanthus [29].
Effect of extracted DNA on ISSR results
It was demonstrated that ISSR-PCR method are suitable
and sensitive for studying genetic diversity and detect the
genetic differences between closer populations in similar
habitats [37]. Analysis of genetic diversity relies on high
quantity and quality of pure DNA. In PCR-based
techniques, including PCR-based markers, the
reproducibility of PCR results is essential. Also, PCR
amplification itself is known as the best indicator of
extracted DNA quality [34]. For these purposes, the DNA
extracted from different methods was subjected to PCR

Figure 1. Gel electrophoresis of extracted DNA from Buxus

hyrcana. DNA extractions using a) Dellaporta, b) Doyle &

Figure 2. Effect of different extraction method on amplification

Doyle, c) Onate1, d) Onate2 and e) Cota-Sanchez methods. M:
100pb DNA ladder.

results of the ISSR5 primer in a single Buxus hyrcana tree. M =
100 bp DNA ladder.
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Table 5. The effect of different DNA extracted on PCR product concentration and number of bands produced by ISSR primers.

Method

PCR product
concentration
(ng/µl)

Total number of
bands

ISSR5

ISSR9

ISSR17

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Cota-Sanchez

25.07

1.84

16.2

0.40

5.50

0.34

6.67

0.33

3.83

0.17

Dellaporta

12.06

1.26

14.2

0.48

5.33

0.33

6.00

0.45

2.83

0.31

Doyle & Doyle

20.11

1.70

15.8

1.24

5.50

0.95

6.67

0.33

3.67

0.33

Edward1

15.32

0.97

14.7

0.67

5.33

0.33

6.67

0.33

2.67

0.33

Edward2

17.84

4.47

12.7

2.33

5.00

0.00

4.67

2.33

3.00

0.00

Edward3

1.31

0.89

4.0

1.53

2.67

1.45

0.67

0.67

0.67

0.67

Edward4

14.46

9.59

7.7

4.98

3.33

2.03

2.33

2.33

2.00

1.00

Onate1

26.11

4.34

16.0

1.15

5.00

0.00

8.00

0.58

3.00

0.58

Onate2

34.16

1.39

17.7

0.33

5.00

0.00

9.00

0.00

3.67

0.33

Onate3

18.75

3.90

16.7

0.88

4.67

0.33

8.33

0.67

3.67

0.33

Onate4

18.54

2.46

15.0

3.21

7.33

1.45

5.00

1.73

2.67

0.33

10

11

Table 6. Correlation between DNA quality and quantity parameters with DNA concentration and number of bands.
1

PPC

1
1

2

3

4

5

2

S

0.14

1

3

260/230

0.77**

0.33*

4

260/280

0.72**

0.19

0.82**

1

5

230

-0.62**

0.33*

-0.73**

-0.58**

1

6

7

8

9

1

6

280

-0.15

0.89**

-0.02

-0.22

0.59**

1

7

PPC

0.46**

0.34*

0.49**

0.42*

-0.27

0.13

1

8

TNB

0.55**

0.18

0.56**

0.55**

-0.42**

-0.04

0.73**

1

9

ISSR5

0.30

0.03

0.33*

0.28

-0.31*

-0.08

0.39*

0.74**

1

10

ISSR 9

0.57**

0.13

0.54**

0.58**

-0.42**

-0.12

0.71**

0.89**

0.47**

1

11

ISSR 17

0.44**

0.26

0.46**

0.52**

-0.26

0.05

0.61**

0.71**

0.37*

0.57**

1

*,** have significant in 5% and 1%, respectively. PPC: PCR product concentration, S: Spectrophotometry, TNB: Total number of bands.

amplification by ISSR primers. Results showed that PCR
product concentration and band production varied
between the extractions methods (Fig. 2). Onate2 had the
highest PCR product concentration and a total band
number. The next in line were Cota-Sanchez and Doyle &
Doyle, which had maximum PCR product concentration.
Onate2 had the lowest standard error of the total band
number (0.33) (Table 5). Although all the DNA samples
were extracted from one plant and all must have had
exactly identical genetic data, the band numbers produced
by ISSR primers differed per extraction method. These
results showed that the extraction method could affect the
outcomes of ISSR performance. Similar results were
reported by Singh et al. (2013) [38].
Although all PCR reactions used the same amount of
DNA (40 ng calculated based on the ladder-compare
DNA concentration), the total number of bands and the
PCR product concentration had significant positive

correlations with the amount of DNA as the estimated
based on ladder bands, but not with a concentration
estimated by spectrophotometry (Table 6). Thus the
calculation of the quantity of DNA, using the absorption
at 260 nm, may not be suitable for use in PCR calculation.
Also, PCR product concentration had significant negative
correlations with DNA absorption at 230 nm and a
positive correlation with 260/230 and 260/280 ratio
(Table 6). Other experiments showed that EDTA,
carbohydrates and phenol, which are known as PCR
inhibitors, have absorbance wavelengths near 230 nm
[39-41]. These results suggested that, despite usingthe
same amount of DNA in each PCR, a higher DNA
quantity reaction can have a positive effect on PCR
results. On the other hand, when equalizing the amounts
of DNA in PCR reactions, low quantity samples
transferred more contaminations to PCR reactions than
did high quantity samples.
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Figure 3. The relationship between ISSR band frequencies with band concentration (a) and band size (b). Effect of DNA concentration
on stable(c) and unstable (d) band patterns.

PCR reactions with three ISSR primers on the extracted
DNA produced 23 unique bands in total, with a frequency
that ranged from 0.02 to 0.93 and sizes that ranged from
341 to 1923 bp. The average band concentration varied
from 0.084 to 13 ng/µl. In the scatter plot of band
frequency vs. its concentration, two groups of bands were
separated. These included the stable bands (with a
frequency higher than 0.75 and a concentration higher
than 1.5 ng/µl) and unstable bands (with a frequency and
a concentration lower than 0.75 and 1.5 ng/µl,
respectively) (Fig. 3-A). The band frequency decreased in
bands that had sizes smaller than 400 pb or larger than
1250 bp (Fig. 3-B). This may have been affected by PCR
reaction and Gel electrophoresis. The PCR extension time
limited the product size [42].
When two stable and unstable bands were separated from
each other, the occurrence of stable and unstable band
patterns varied from 0 to 100% and from 0 to 43% in
different extraction methods, respectively (Fig. 3-C, D).
In some extractions with DNA concentrations between 20
and 70 ng/µl, the stable band occurrence was 100% and

other concentrations correlated positively with stable
band occurrence (Fig. 3-C). This positive correlation was
also found in unstable band groups (Fig. 3-D).
ISSRs have been successfully used for estimating genetic
diversity in trees [43-45]. In genetic diversity analyses,
with ISSR markers, PCR bands vary among genotypes by
corresponding to the genetic variation among the
genotypes. Even when two separate studies are on the
same species using the same primers, ISSR banding
patterns may vary considerably [46, 47]. This could be
due to the effects of using different reagents and settings
during PCR analysis [48]. In this study, the results showed
that the DNA quality and quantity affect PCR analysis and
produce different numbers of bands in one plant by
different extraction methods.
Results showed that uniformity in extracted DNA (in
terms of both quality and quantity) is more important than
DNA quality or quantity alone. Based on these results, the
total number of bands correlated with DNA quality and
quantity. Therefore, the collections of extracted DNA that
appear uniform are capable of producing uniform bands.
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The following can be suggested for attempts aimed at
reducing errors in the estimation of genetic diversity
based on ISSR markers:
1) Using high-quality and reproducible DNA extraction
methods.
2) Checking for uniformity in quantity and quality of each
extracted DNA.
3) Ignoring ISSR bands with DNA concentrations lower
than 1.5 ng/µl (unstable bands) from the analysis of
genetic diversity.
4) Removing bands smaller than 400 and larger than 1500
pb from analysis (based on the PCR and electrophoresis
condition).
To ensure a more transparent reporting of error rates in
genetic diversity research, Crawford et al. (2012)
recommended that researchers make detailed reports
about the steps taken throughout their experiments, and
that reports should preferably contain information about
the properties of primers and the PCR reaction protocols
associated with each primer [49]. Based on our results,
reporting the DNA quality and quantity of each sample
can be a valuable approach to reducing the errors in
similar studies of this type.
This study suggested that the DNA quality and quantity
can strongly affect the ISSR results. Degraded DNA
causes the number of loci for ISSR markers to change
because DNA is incomplete [50]. Here, the Onate2, CotaSanchez and Doyle & Doyle can be used effectively for a
better recovery of Buxus genomic DNA in terms of higher
quality and quantity. These parameters can thus improve
PCR applications. But when considering the cost, time
and reproducibility, it can be concluded that the modified
Onate-Sanchez (Onate2) is the best extraction method for
this species of plant. This method showed the highest
number of ISSR bands, with the lowest variations, besides
having the highest PCR product concentration, not to
mention its high speed of operation as it only takes about
30 minutes to complete an extraction.
REFERENCES

27
[3] Novaes, R.M., Rodrigues, J.G. and Lovato, M.B. 2009. An
efficient protocol for tissue sampling and DNA isolation
from the stem bark of Leguminosae trees. Genet Mol Res,
8:86-96.
[4] Silva, M.N. 2010. Extraction of genomic DNA from leaf
tissues of mature native species of the Cerrado. Rev
Árvore, 34:973-978.
[5] Moreira, P.A. and Oliveir, D.A. 2011. Leaf age affects the
quality of DNA extracted from Dimorphandra mollis
(Fabaceae), a tropical tree species from the Cerrado region
of Brazil. Genet Mol Res, 10:353-358.
[6] Manen, J.F., Sinitsyna, O., Aeschbach, L. and Marlov, A.V.
2005. A fully automatable enzymatic method for DNA
extraction from plant tissues. BMC Plant Biol Rep, 5:23.
[7] Zidani, S., Ferchichi, A. and Chaieb, M. 2005. Genomic
DNA extraction method from pearl millet (Pennisetum
glaucum) leaves. Afr J Biotechnol, 4(8):862-866.
[8] Kapilan, R. 2015. Efficient DNA Extraction Technique
from Leave Tissues of Some Important Tropical Plant
Species. J Progress Res Biol, 1:29-32.
[9] Gelfard, D.H. and White, T.J. 1990. Thermostable DNA
polymerases. In PCR protocols: a guide to methods and
applications, (Innis, M.A., Gelfard, D.H., Sninsky, J.J. and
White, T.J. eds.). Academic Press, San Diego.
[10] Weising, K., Nybom, H., Wolff, K. and Meyer, W. 1995.
DNA Fingerprinting in Plants and Fungi. CRC Press, Boca
Raton.
[11] Dellaporta, S.L., Wood, J. and Hicks, J.B. 1983. A plant
DNA minipreparation: version II. Plant Mol Biol Rep,
1:19-21.
[12] Mohapatra, T., Sharma, R.P. and Chopra, V.L. 1992.
Cloning and use of low copy sequence genomic DNA for
RFLP analysis of somaclones in mustard (Brassica juncea
L. Czern and Corss). Curr Sci, 62:482-484.
[13] Lickfeldt, D.W., Hofmann, N.E., Jones, J.D., Hamblin,
A.M. and Voigt, T.B. 2002. Comparing three DNA
extraction procedures for cost, efficiency, and DNA yield.
HortScience, 37:822-825.
[14] Doyle, J.J. and Doyle, J.L. 1987. A rapid DNA isolation
procedure for small quantities of fresh leaf tissue.
Phytochem Bull, 19:11-15.

[1] Jalili, A. and Jamzad, Z. 1999. Red data book of Iran.
Research Institute of Forests and Rangelands publication,
Tehran.

[15] Edward, K., Johnstone, C. and Thompson, C. 1991. A
simple and rapid method for the preparation of plant
genomic DNA for PCR analysis. Nucleic Acids Res,
19:1349.

[2] Masuda, N., Ohnishi, T., Kawamoto, S., Monden, M. and
Okubo, K. 1999. Analysis of chemical modification of
RNA from formalin-fixed samples and optimization of
molecular biology applications for such samples. Nucleic
Acids Res, 27:4436-4443.

[16] Cota-Sanchez, J.H., Remarchuck, K. and Ubayasena, K.
2006. Ready-to-use DNA extracted with a CTAB method
adapted for herbarium specimens and mucilaginous plant
tissue. Plant Mol Biol Rep, 24:161-167.

28

J Plant Mol Breed (2019) Vol7(2): 19 - 30

[17] Onate-Sanchez, L. and Vicente-Carbajosa, J. 2008. DNAfree RNA isolation protocols for Arabidopsis thaliana,
including seeds and siliques. BMC Res Notes, 1:93.

[29] Alexander, L. 2016. Rapid, effective DNA isolation from
Osmanthus via modified alkaline lysis. J Biomol Tech,
27(2): 53-60.

[18] Chen, H., Rangasamy, M., Tan, S.Y., Wang, H. and
Siegfried, B.D. 2010. Evaluation of five methods for total
DNA extraction from western corn rootworm beetles.
PLoS one, 5(8): e11963.

[30] Xia, Y., Chen, F., Du, Y., Liu, C., Bu, G., Xin, Y. and Liu,
B. 2019. A modified SDS-based DNA extraction method
from raw soybean. Biosci Rep, 39(2).

[19] Dairawan, M. and Shetty, P. J. 2020. The Evolution of
DNA Extraction Methods. Am J Biomed Sci, 8(1).
[20] Inglis, P.W., Pappas, M.D.C.R., Resende, L.V. and
Grattapaglia, D. 2018. Fast and inexpensive protocols for
consistent extraction of high quality DNA and RNA from
challenging plant and fungal samples for high-throughput
SNP genotyping and sequencing applications. PLoS One,
13(10): e0206085.
[21] Ata, A., Iverson, C.D., Kalhari, K.S., Akhter, S.,
Betteridge, J., Meshkatalsadat, M.H., Orhan, I. and Sener,
B. 2010. Triterpenoidal alkaloids from Buxus hyrcana and
their enzyme inhibitory, anti-fungal and anti-leishmanial
activities. Phytochemistry, 71(14-15): 1780-1786.
[22] Karimi, E., Mehrabanjoubani, P., Es-Haghi, A. and
Chamani, J. 2019. Phenolic Compounds of Endemic
Buxus Plants in Caspian Hyrcanian Forest (Buxus
Hyrcana Pojark) and Their Biological Activities. Pharm
Chem J, 53(8): 741-747.
[23] Felix, F.C., Chagas, K.P.T.D., Ferrari, C.D.S., Vieira,
F.D.A. and Pacheco, M.V. 2020. Applications of ISSR
markers in studies of genetic diversity of Pityrocarpa
moniliformis. Rev Caatinga, 33(4): 1017-1024.

[31] Holden, M.J., Haynes, R.J., Rabb, S.A., Satija, N., Yang,
K. and Blasic, J.R. 2009. Factors affecting quantification
of total DNA by UV spectroscopy and PicoGreen
fluorescence. J Agric Food Chem, 57:7221-7226.
[32] Eeles, R.A. and Stamps, A.C. 1994. Polymerase chain
reaction (PCR). The technique and its applications, R.G.
Landes Company, USA.
[33] Glasel, J.A. 1995. Validity of nucleic acid purities
monitored by 260nm/280nm absorbance ratio.
Biotechnique, 18:62-63.
[34] Llongueras, J.P., Nair, S., Salas-Leiva, D. and
Schwarzbach, A.E. 2012. Comparing DNA extraction
methods for analysis of botanical materials found in antidiabetic supplements. Mol Biotechnol, 53:249-256.
[35] Hansen, T.V., Simonsen, M.K., Nielsen, F.C. and
Hundrup, Y.A. 2007. Collection of blood, saliva, and
buccal cell samples in a pilot study on the Danish nurse
cohort: comparison of the response rate and quality of
genomic DNA. Cancer Epidemiol Biomarkers Prev,
16:2072-2076.
[36] Sambrook, J. and Russell, D. 2001. Molecular Cloning: A
Laboratory Manual, 3rd edn. Cold Spring Harbor
Laboratory Press, New York.

[24] Abbasian, M., Seyedi, H.A.E., Boroujeni, Z.K. and Mofid,
M.R. 2015. Easy method for production of a home-made
DNA ladder in every laboratory. Adv Biomed Res, 4:70.

[37] Poyraz, I. 2016. Comparison of ITS, RAPD and ISSR from
DNA-based genetic diversity techniques. C R Biol, 339(56):171-178.

[25] Vinod, K.K. 2004. Total genomic DNA extraction,
quality check and quantitation. In proceedings of the
training programme on "Classical and modern plant
breeding techniques-A hands on training", Tamil Nadu
Agricultural University, Coimbatore, India.

[38] Singh, S.H.R., Dalal, S., Singh, R., Dhawan, A.K. and
Kalia, R.K. 2013. Molecular profiling of Dendrocalamus
asper and D. Hamiltonii using RAPD, ISSR and SSR
markers-effects of DNA extraction methods on PCR
amplification. Indian For, 139:969-977.

[26] Esmaeilnezhad, K., Mehrjerdi, M.Z. and Neghab, M.G.
2020. Genetic diversity and structure of Buxus hyrcana
(Pojark) populations in the Caspian forests of northern
Iran revealed by ISSR markers. Biologia, 2020: 1-10.

[39] Demeke, T. and Adams, R.P. 1992. The effects of plant
polysaccharides and buffer additives on PCR.
Biotechniques, 12:332-334.

[27] Heikrujam, J., Kishor, R. and Mazumder, P.B. 2020. The
Chemistry Behind Plant DNA Isolation Protocols.
Biochemical Analysis Tools: Methods for Bio-Molecules
Studies, IntechOpen.
[28] Natarajan, V.P., Zhang, X., Morono, Y., Inagaki, F. and
Wang, F. 2016. A modified SDS-based DNA extraction
method for high quality environmental DNA from
seafloor environments. Front microbiol, 7: 986.

[40] Katcher, H.L. and Schwartz, I. 1994. A distinctive
property of Tth DNA polymerase: Enzymatic
amplification in the presence of phenol. Biotechniques,
16:84-92.
[41] Huggett, J.F., Novak, T., Garson, J.A., Green, C., Morrisjones, S.D., Miller, R.F. and Zumla, A. 2008. Differential
susceptibility of PCR reactions to inhibitors: an important
and unrecognized phenomenon. BMC Res Notes, 1:70.
[42] Yu, K. and Pauls, K.P. 1992. Optimization of the PCR
program for RAPD analysis. Nucleic Acids Res, 20:2606.

J Plant Mol Breed (2019) Vol7(2): 19 - 30

29

[43] Aga, E., Bekele, E. and Bryngelsson, T. 2005. Inter-simple
sequence repeat (ISSR) variation in forest coffee trees
(Coffea arabica L.) populations from Ethiopia. Genetica,
124:213-221.

[47] Ng, W.L. and Szmidt, A.E. 2014. Introgressive
hybridization in two Indo-West Pacific Rhizophora
mangrove species, R. mucronata and R. stylosa. Aquat
Bot, 120:222-228.

[44] Santana, J.G.S., Nascimento, A.L.S., Costa, T.S., de
Almeida, T.M.B., Rabbani, A.R.C. and Silva, A.V.C.
2016. Estimation of genetic diversity in a natural
population of cambui tree (Myrciaria tenella O. Berg)
using ISSR markers. Genet Mol Res, 15(4).

[48] Ng, W.L. and Tan, S.G. 2015. Inter-simple sequence
repeat (ISSR) markers: are we doing it right?. ASM Sci J,
9:30-39.

[45] Viswanathan, M.B.G., Rajasekar, C. and Sathish Kumar,
P. 2018. ISSR and ITS analyses to assess genetic diversity
and phylogeny to conserve an endemic and critically
endangered tree, Memecylon subcordatum, in India. Ecol
Genet Genom, 7:6-12.
[46] Lo, E.Y.Y. 2010. Testing hybridization hypotheses and
evaluating the evolutionary potential of hybrids in
mangrove plant species. J Evol Biol, 23:2249-2261.

[49] Crawford, L.A., Koscinski, D. and Keyghobadi, N. 2012.
A call for more transparent reporting of error rates: the
quality of AFLP data in ecological and evolutionary
research. Mol Ecol, 21:5911-5917.
[50] Wang, X., Li, L., Zhao, J., Li, F., Guo, W. and Chen, X.
2017. Effects of different preservation methods on inter
simple sequence repeat (ISSR) and random amplified
polymorphic DNA (RAPD) molecular markers in botanic
samples. C R Biol, 340(4): 204-213.
.

J Plant Mol Breed (2019) Vol7(2): 19 - 30

30

ﻣﻘﺎﯾﺴﻪ و ﺑﻬﺒﻮد روشﻫﺎي اﺳﺘﺨﺮاج  DNAدر ﺷﻤﺸﺎد ﻫﯿﺮﮐﺎﻧﯽ )(Buxus hyrcana
ﺧﺪﯾﺠﻪ اﺳﻤﺎﻋﯿﻞزاده ،ﻣﺤﻤﺪ زارع ﻣﻬﺮﺟﺮدي* ،ﻣﺤﻤﻮد ﻗﺮﺑﺎن زاده ﻧﻘﺎب
داﻧﺸﮑﺪه ﮐﺸﺎورزي و ﻣﻨﺎﺑﻊ ﻃﺒﯿﻌﯽ ،ﻣﺠﺘﻤﻊ آﻣﻮزش ﻋﺎﻟﯽ ﺷﯿﺮوان ،ﺷﯿﺮوان ،اﯾﺮان.
*ﻧﻮﯾﺴﻨﺪه ﻣﺴﺌﻮلmzarem@um.ac.ir :

ﭼﮑﯿﺪه
ﯾﮑﯽ از ﮔﻮﻧﻪﻫﺎي در ﻣﻌﺮض ﺧﻄﺮ و ﻫﻤﯿﺸﻪ ﺳﺒﺰ ﺟﻨﮕﻞﻫﺎي ﻫﯿﺮﮐﺎﻧﯽ اﯾﺮان ،ﺷﻤﺸﺎد ﻫﯿﺮﮐﺎﻧﯽ ) (Buxus hyrcanaﻣﯽﺑﺎﺷﺪ .ارزﯾﺎﺑﯽ ﺗﻨﻮع
ژﻧﺘﯿﮑﯽ ﻣﺮﺣﻠﻪ ﻣﻬﻤﯽ ﺑﺮاي ﺣﻔﻆ اﯾﻦ ﮔﻮﻧﻪ ﻣﯽﺑﺎﺷﺪ DNA .ﺑﺎ ﮐﯿﻔﯿﺖ ﺑﺮاي ﺑﺮرﺳﯽ ﺑﺎ ﻧﺸﺎﻧﮕﺮﻫﺎي ﻣﻮﻟﮑﻮﻟﯽ ﻻزم ﺑﻮده و ﺑﻨﺎﺑﺮاﯾﻦ ﻣﺎ روشﻫﺎي
اﺳﺘﺨﺮاج  DNAاز ﻧﻤﻮﻧﻪﻫﺎي ﺑﺮﮔﯽ  Buxus hyrcanaرا ﻣﻮرد ﻣﻘﺎﯾﺴﻪ ﻗﺮار دادﯾﻢ .ﮐﻤﯿﺖ و ﮐﯿﻔﯿﺖ  DNAﻫﺎي اﺳﺘﺨﺮاج ﺷﺪه ﺑﺎ
اﺳﭙﮑﺘﺮوﻓﺘﻮﻣﺘﺮ و اﻟﮑﺘﺮوﻓﻮرز ﻣﻮرد ارزﯾﺎﺑﯽ ﻗﺮار ﮔﺮﻓﺖ .ﻫﻤﭽﻨﯿﻦ از ﻧﺸﺎﻧﮕﺮﻫﺎي  ISSRﺑﺮاي ﻣﻘﺎﯾﺴﻪ ﮐﯿﻔﯿﺖ  DNAﺑﺮاي ﺗﮑﺜﯿﺮ ﺑﺎ

PCR

اﺳﺘﻔﺎده ﺷﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎن داد ﮐﻪ ﮐﻤﯿﺖ ،ﮐﯿﻔﯿﺖ ،و ﮐﺎراﯾﯽ  PCRو ﺗﮑﺮار ﭘﺬﯾﺮي در  DNAﻫﺎي اﺳﺘﺨﺮاج ﺷﺪه ﺑﺎ روشﻫﺎي ﻣﺨﺘﻠﻒ ﻣﺘﻔﺎوت
ﺑﻮد .ﮐﯿﻔﯿﺖ  DNAﺗﻌﯿﯿﻦ ﺷﺪه ﺑﺮ اﺳﺎس  A260/A280در داﻣﻨﻪ  1/02ﺗﺎ  1/97ﻗﺮار ﮔﺮﻓﺖ .ﺑﯿﺸﺘﺮﯾﻦ ﻏﻠﻈﺖ  DNAﺗﻌﯿﯿﻦ ﺷﺪه ﺑﺎ روش
اﺳﭙﮑﺘﺮوﻓﺘﻮﻣﺘﺮي ﺑﻪ روش اﺳﺘﺨﺮاج  (695/3 ng/l) Cota-Sanchezﺗﻌﻠﻖ داﺷﺖ و ﮐﻤﺘﺮﯾﻦ ﻣﻘﺪار در روش (204/7 ng/l) Edward4
ﺣﺎﺻﻞ ﺷﺪ .در روش ﻣﻘﺎﯾﺴﻪ ﺷﺪت ﺑﺎﻧﺪ  DNAاﺳﺘﺨﺮاج ﺷﺪه ﺑﺎ  DNA ladderﺑﯿﺸﺘﺮﯾﻦ ﻏﻠﻈﺖ در روش  Onate2ﻣﺸﺎﻫﺪه ﮔﺮدﯾﺪ .در ﻣﯿﺎن
روشﻫﺎي ﻣﺨﺘﻠﻒ ،روشﻫﺎي  Cota-Sánchez ،Doyle and Doyleو  Onateﺗﻐﯿﯿﺮﯾﺎﻓﺘﻪ ﻣﻨﺠﺮ ﺑﻪ ﺣﺼﻮل ﮐﻤﯿﺖ و ﮐﯿﻔﯿﺖ ﺧﻮﺑﯽ از

DNA

اﺳﺘﺨﺮاﺟﯽ ﺷﺪﻧﺪ ﮐﻪ آﺧﺮﯾﻦ روش ) (Onate2ﮐﻤﯿﺖ و ﮐﯿﻔﯿﺖ ﺧﻮﺑﯽ از  DNAاﺳﺘﺨﺮاﺟﯽ را اﯾﺠﺎد ﮐﺮد و از ﻟﺤﺎظ ﻫﺰﯾﻨﻪ و زﻣﺎن ﮐﺎراﻣﺪﺗﺮ
ﺑﻮد Onate2 .ﺑﻬﺘﺮﯾﻦ ﻧﺘﺎﯾﺞ ﺗﮑﺜﯿﺮ ﺑﺎ ﭘﺮاﯾﻤﺮﻫﺎي  ISSRرا داﺷﺖ.
ﮐﻠﻤﺎت ﮐﻠﯿﺪي :درﺧﺖ ﺷﻤﺸﺎد،

ﮐﻤﯿﺖ و ﮐﯿﻔﯿﺖ PCR ،ISSR ،DNA

