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Ö Z

GeneAll GenExTM Plant kiti, GeneMATRIX Plant & Fungi DNA Purification kiti, DNeasy Plant kiti ve E.Z.N.A. Plant DNA kiti 
yaprak ve gövde dokusu DNA barkodlama çalışmaları için kaliteli ve yüksek genomik DNA elde etmek amacıyla test edil-

miştir. Geleneksel olarak yaprak dokusu genomik DNA kaynağı olarak kullanılmaktadır fakat Dianthus taksonları yaprak skle-
rankima dokusu nedeniyle bu bakımdan sorunludur. Genomik DNA, üretici firmaların sağladığı protokole göre elde edilmiştir 
ve yedi barkod bölgesi PCR yöntemiyle çoğaltılmıştır. İzole edilen DNA konsantrasyonu florometrik yöntemle ölçülmüş, PCR 
ürünleri agaroz jelde görüntülenmiştir. Sonuçlar, DNA barkodlama çalışmalarında kullanılabilecek PCR başarısı bakımından 
değerlendirilmiştir. Ayrıca, kullanılan ekstraksiyon kitleri iş gücü, fiyat ve zaman bakımından değerlendirilmiştir. Sonuçları-
mıza göre, yaprak ve gövde dokusundan genomik DNA ekstraksiyonu başarıyla gerçekleştirilmiştir. Tüm ekstraksiyon kitleri 
PCR amplifikasyonu bakımından başarılı olmasına rağmen en yüksek verim GeneMATRIX kiti kullanılarak elde edilmiştir. 
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A B S T R A C T

Four widely used DNA extraction kits, GeneAll GenExTM Plant kit, GeneMATRIX Plant & Fungi DNA Purification kit, DNeasy 
Plant kit and E.Z.N.A. Plant DNA kit, were compared using leaf and stem tissues of Dianthus specimens to isolate high 

yield and quality genomic DNA for DNA barcoding. Traditionally, leaves are used as a main source of genomic DNA but ext-
racting DNA from Dianthus leaves might be more difficult because of sclerenchymatic tissues. Genomic DNA was extracted 
based on manufacturers’ protocols and amplified for seven barcode regions by PCR. DNA concentrations were measured 
using fluorometer and the quality of DNA and PCR products were showed on agarose gel. Amplification results were evalu-
ated in terms of Polymerase Chain Reaction (PCR) success for DNA barcoding research. Additionally, comparisons between 
the efficiency of commercial kits were discussed in terms of cost, labor and time-consuming. Results presented here, DNA 
extraction carried out from both stem and leaves of Dianthus specimens successfully.  Although, all kits performed well for 
PCR amplification, GeneMATRIX was found the best efficient kit for isolating high quality DNA of Dianthus specimens used 
in the study for leaf and stem tissues.
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INTRODUCTION

Isolation of genomic DNA is basic and first step of any 
genetic research. However, genomic DNA extraction 
with high quality and large quantity is often the limi-
ting factor for plant molecular analysis [1]. Cell wall, 
specific pigments and secondary compounds of plants 
make DNA isolation more difficult compared to animal 
tissues [2-3] and inhibit further downstream applicati-
ons [4]. Isolation of high quality DNA from plant is also 
time-consuming and expensive [5-6]. To overcome all, 
several attempts [7-13] has been made to obtain suitab-
le genomic DNA from various plant tissues using silica-
spin column methods or hexadecyltrimethylammonium 
bromide (CTAB) based method, described by Doyle and 
Doyle [14]. Unlike commercial kits based on silica-spin 
column method, traditional CTAB protocol include vari-
ous time-consuming steps and are comparatively labo-
rious. Indeed, rapid isolation method with high quality 
DNA is increasing need particularly for systematic rese-
arch of genetic diversity [15]. DNA barcoding is a tool 
for fast and accurate identification of organisms. The 
main goal of plant DNA barcoding is to use short and 
standardized DNA fragments promoted by CBOL (Con-
sortium for the Barcode of Life) for identification and 
particularly, plant DNA barcoding researches depend 
on high yields of pure genomic DNA [16]. An efficiency 
of different extraction methods have been also tested 
several times using leaves for different purposes [e.g., 
13, 17-21] and some of them were specifically focused 
on suitable DNA isolation methods for DNA barcoding 
research [e.g., 16, 22].

Dianthus is native to Asia and Europe [23] and a few spe-
cies are known from Africa and America [24]. It consists 
of 600 species, among which 78-84 species are recor-
ded for flora of Turkey [25-27]. An ongoing research on 
barcoding of Dianthus taxa in Turkey and adjacent re-
gions face to some challenges and gives some insights 
for methodology. DNA isolation from leaves of Dianthus 
have some difficulties because of much sclerenchyma-
tous and less parenchymatic tissues. Additionally, the 

leaves becoming dry in a short time at field conditions. 
Unlikely, stem can long survive in green and the tissue 
is softer than leaf. We suspected that stem tissue is a 
good option for DNA extraction instead of leaves to 
Dianthus samples. Despite the variety of DNA isolation 
protocols, no research has been presented so far com-
paring their efficiency for leaves or stem of Dianthus. 
However increasing plant barcoding researches, only 
Heise et al. [28] were tested one Dianthus species ba-
sed on three barcode markers for ecological purposes.

The aim of this work is to evaluate different commercial 
kits for extraction of high yield DNA using leaves and 
stems of Dianthus specimens and to establish efficient 
method for DNA barcoding. In order to detect suitabi-
lity of genomic DNA for barcoding, PCR was applied se-
ven barcode regions, recommended by CBOL [29].

MATERIALS and METHODS

Stem and leaf tissues used for this study were collected 
from two Dianthus taxa during field trips (Table 1). All col-
lected samples kept on silica gel in the field and deposited 
at -20 refrigerator until DNA extraction.  Genomic DNA 
was extracted by using the four commercial kits (Table 
2) according to manufacturers’ instructions. Mechanical 
cell lysis was applied at 150 Hz for 30 s by MagNA Lyser 
(Hoffmann-La Roche Ltd) to 0.8 g each of leaf and stem 
tissues (Table 2). For leaf samples, this step was repeated 
at least twice. Before the incubation step, samples were 
treated with different amount of RNase A based on ins-
tructions. Incubation of all samples then were standardi-
zed at 60°C for 1 h. All extracted DNA was eluted in 50 µl 
of appropriate elution buffer supplied by manufacturers. 
The DNA yield (ng) of extracted genomic DNA were me-
asured by Qubit 3.0 fluorometer using High Sensitivity Kit 
(Thermofischer Scientific, Massachusetts, United States 
of America). The integrity of genomic DNA was determi-
ned by separating approximately 500 ng of DNA on a %1 
agarose gel (w/v) containing 8 µl of DNA stain (GreenSafe 
Direct Load, NZYTech), run in 1× tris-borate-EDTA buffer 
at 50V for 1 h.

Taxa Voucher 

Dianthus anatolicus Boiss.
Turkey: Afyon, Çay, 1306 m, 42°51'3.9"N, 31°04'27"E, 20.6.2018, A.A. Dönmez 

20098-Z. Uğurlu

D. cruentus Griseb. Turkey: Kastamonu, Azdavay, 959 m, 8.6.2018, A.A. Dönmez 19822

Table 1. Details of Dianthus specimens.
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Primers and PCR conditions were followed by CBOL [29]. 
To run PCR reaction, total volume of 20 µl, containing 
15–30 ng of genomic DNA, 10 pmol of Forward and Re-
verse primer (Macrogen, Netherlands), and 1X HS Prime 
Taq Premix (Genetbio, Korea). PCR was performed using 
Gradient Master Cycler (Eppendorf, Germany) at diffe-
rent days. The amplification products were detected by 
electrophoresis in %1 agarose gel (w/v) containing 4 µl 
of DNA stain (GreenSafe Direct Load, NZYTech), run in 
1×  tris-borate-EDTA buffer at 100V for 30 min.

RESULTS

According to florometric analysis, the yields of ge-
nomic DNA from leaf ranged between 38 and 740 ng 
while from stem ranged between 15 and 100 ng (Table 
2). Among commercial kits, GeneMATRIX and E.Z.N.A. 

were more efficient for leaf and stem for two speci-
mens of Dianthus. Fluorometric and electrophoretic 
analysis showed that DNeasy is not successful for ext-
racting genomic DNA of Dianthus tissues. The highest 
DNA and brightest bands from leaf and stem obtained 
using by GeneMATRIX (Table 3, Figure 1).

However, efficiency of GeneAll and DNeasy were very 
low, all kits enable to obtain enough DNA for subsequ-
ent analysis (Figures 1-3). Extracted DNA from tissues al-
low to amplify successfully for barcoding regions. All tar-
get bands were separated on the gel at their expected 
size, between 400-700 bp. Unlike the other commercial 
kits, amplification of rpoB, atpF-H and matK obtained 
by DNeasy and E.Z.N.A were not visible and distinct well. 
These findings showed that, PCR of barcoding regions 
were supported DNA yield and purity of extracting DNA 

Full name of the kit
Manufacturer

details
Starting amount (g) Supplied material by users

GeneAll GenExTM Plant Kit
GeneAll Biotechnology 

Co., Ltd. Korea
0.8 -

GeneMATRIX Plant & Fungi 
DNA Purification Kit

EURx Ltd., Poland 0.8 -

DNeasy Plant kit
QIAGEN, California, 

USA
0.8 -

E.Z.N.A. Plant DNA Kit
Omega Bio-tek, Inc., 

Georgia, USA
0.8 β-mercaptoethanol

Table 2.  Details of commercial kits and starting amount used in this study.

Taxa Tissue Commercial kit Concentration (ng/µl)

D. anatolicus
Leaf
Stem

GeneAll GenExTM 
6.76
6.76

D. anatolicus
Leaf
Stem

GeneMATRIX 
14.8
22

D. anatolicus
Leaf
Stem

DNeasy
1.1
0.65

D. anatolicus
Leaf
Stem

E.Z.N.A. 
11.8
12.8

D. cruentus
Leaf
Stem

GeneAll GenExTM 
14.8
3.87

D. cruentus 
Leaf
Stem

GeneMATRIX 
22.4
6.96

D. cruentus
Leaf
Stem

DNeasy
0.76
0.3

D. cruentus
Leaf
Stem

E.Z.N.A. 
10.9
6.48

Table 3. Concentrations of isolated genomic DNA from Dianthus specimens. 
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Figure 1. Genomic DNA isolated from Dianthus specimens. L: leaf tissue, S: stem tissue, M: 1 kb DNA ladder. Numbers are the same 
with Table 1.

with GeneMATRIX. However, DNA amount was yielded 
higher using E.Z.N.A kit, PCR bands were not distinct 
compare with GeneMATRIX or GeneAll. It would be the 
reason that isolated DNA have low purity level for PCR 
amplification. Most of samples showed clean bands but 

interestingly significant smear were visualized on DNA 
isolated by GeneAll and GeneMatrix. The reason would 
be degradation of samples.
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Figure 2. Amplification of barcoding regions visualized by gel electrophoresis. L: leaf tissue, S: stem tissue, M: 1 kb DNA ladder, Nt: 
Negative template.

DISCUSSION

Some problems can arise when leaves are counted as 
the only source of genomic DNA. This kind of cases, re-
searchers have to find an alternative source, apart from 
leaves, to achieve first step of molecular studies. For 
this purpose, several isolation method have been deve-
loped depend on plant materials [e.g., 10,30,31]. Indeed, 
Yin et al. [9], obtained higher yields from seeds, stems 
and root tissues than from leaves. 

In this study, except DNeasy, leaves and stem yielded high 
genomic DNA but the amount is varied depend on kits and 
target tissue. This allows us stem is an option as good as 
leaves for genomic DNA but also it has advantages in terms 
of less laborious compare with stuff leaves.

Numerous studies have been documented to detect stan-
dards of an ideal DNA extraction method. High DNA yield, 
low price, less laborious are accepted an important part 
of these standards [16]. Commercial kits tested here have 

comparable price and GeneAll and Gene Matrix are the 
minimum prices. Time is another important parameter to 
test efficiency of the kits. All procedure were taken rea-
sonable time and almost two hours should be spent for 
all these four kits. However, E.Z.N.A. needs the material 
supplied by users and it gets extra cost and more laborious. 
According to results, GeneAll and Gene Matrix meet these 
standards successfully.

Plant DNA barcoding methods allows species identificati-
on based on DNA sequences in a much shorter time fra-
me. The method is developed especially when morpho-
logy based taxonomy is insufficient to resolve taxonomic 
problems. PCR success is one of important level to obtain 
robust sequence for barcoding research [16]. In this study, 
PCR amplification for all regions were successful in pro-
ducing bands for all samples. Finally, with these kits, it is 
possible to obtain sufficient genomic DNA from leaves and 
stem of Dianthus specimens for DNA barcoding. This find-
ing is also important when leaves are in poor condition or 
they are absent in the plant. 
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As a result, the highest DNA amount was yielded from 
E.Z.N.A kit with GeneMatrix kits using both 0.8 g leaf 
and stem tissue. We presented here stem would be 
an alternative sampling for researchers interested in 
carrying on barcoding analysis of Dianthus. Also the 
GeneMatrix and GeneAll kit are more suitable for DNA 
barcoding according to PCR success. In terms of DNA 
extraction and DNA barcoding, GeneMatrix kit allows 
highest quantity of DNA and also succeed amplification 
of all DNA barcode regions. 
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