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Abstract
& Key message Two new efficient, fast and low-cost metagenomic DNA extraction methods were developed for different
Persian oak tissues (leaf, stem, root, and rhizospheric) and soil samples.
& Context The new “omics” studies on the genus Quercus are of importance to help finding efficient strategies for overcoming
environmental challenges, and to do this, presence of efficient DNA extraction protocols for different Quercus species are very
critical.
& Aims The objective of the present study was to develop new efficient methods for extraction of metagenomic DNA (mDNA)
from of Persian oak (Quercus brantii Lindl.) tissues.
&Methods The efficiency of two newly developedmDNA extraction methods, including indirect SDS-based (ISB or concentrate
method) and one spin column-based method (SCB) were compared to that of two classical direct methods, including CTAB-
based and SDS-based methods, and two commercial mDNA extraction kits.
& Results The maximum average yield of mDNA for all samples (leaf, stem, root, bulk, and rhizospheric soils) was obtained by
SCB (258 ng/μl) and ISB (189 ng/μl) methods, respectively. Successful PCR amplification for 16SrRNA and ITS sequence was
consistently observed for ISB, SCB, and kit-extracted mDNAs, which confirmed the high purity of mDNA extracted by these
methods. The new methods showed more than 96% quantitative PCR efficiency, and partial restriction digestion and
metagenomic library construction confirmed the high efficiency of the newly developed methods.
& Conclusion It could be concluded that two new protocols enhanced efficiency (yield, purity, and cost) of mDNA extraction
from different tissues of Persian oak.

Keywords IndirectSDS-basedmethod(ISB) .MetagenomicDNAextraction .Microbiome .Oakdecline .Quercusbrantii . Spin
column-basedmethod (SCB)
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1 Introduction

The genus Quercus is one of the most important clades of
woody angiosperms in the northern hemisphere in terms of
species diversity, ecological dominance, and economic value.
This genus provides important economic benefits and high so-
ciocultural value, and its role in water and soil protection in
different regions of the world, such as Europe (e.g., UK,
Slovakia, Czech Republic, Hungary, Austria, Germany, Italy,
France, Ukraine, Belarus, and Moldova), North and Central
America (e.g., USA, Mexico, Belize, Canada, Colombia,
Guatemala, and El Salvador), and Asia (e.g., Iran and
Indonesia), led to increasing attention to this genus (Nixon
2006; Heydari et al. 2016). Quercus is the most frequent genus
of the Fagaceae family in forests of Iran (Panahi et al. 2012), and
several species of oaks grow abundantly in Zagros forests in the
west region of Iran. The most important species of the region
exhibiting remarkable morphological variation are Quercus
brantii Lindl., Quercus libani Oliv., and Quercus infectoria
Oliv. (Khalyani and Mayer 2013; Rahmani et al. 2015).
Persian oak (Q. brantii Lindl.) is the most dominant tree species
in the natural forest ecosystems over large areas of the western
region of Iran, covering an approximate area of 5 million hect-
ares and have at least 5500-year-old antiquities (Ahmadi et al.
2014). The Q. brantii is a complex species which contain 12
taxa, including 7 species and 5 varieties (Djavanchir Khoie
1967). During the last two decades, new molecular biology
and high-throughput “omics” methods, such as next-
generation sequencing (NGS: the Illumina HiSeq and TruSeq
platforms), genomics, transcriptomics, proteomics, metabolo-
mics, metagenomics, genetic mapping, and population geno-
mics have opened newwindows for forestry scientists to explore
more deeper phylogeny and evolutionary relationships among
different forest species and ecotypes, characterize physiological
responses to biotic and abiotic stresses in trees at molecular
level, study plant-microbe interactions, and to detect metabolic
pathways in trees for production of different metabolites. They
also help forest pathologists to detect, identify, and monitor
forest pathogens and sequence their entire genome, examine
global distributions of forest pathogens and their hosts, assess
the diversity and structure of host and pathogen populations, and
evaluate the structure and function of genes as well as their
levels of expression within species and within communities
(Kaul et al. 2016; Plomion et al. 2016; Ross-Davis et al.
2013). Recently, these new technologies, such as NGS, have
been applied for oak species to evaluate their phylogeny and
evolutionary relationships (e.g., Alexander and Woeste 2014;
Fitz-Gibbon et al. 2017; Schroeder et al. 2016; Sork et al.
2016a; San Jose-Maldia et al. 2017), explore structure of differ-
ent populations (Degner 2014), study their molecular and phys-
iological mechanisms for biotic and abiotic stress tolerance (e.g.,
Magalhães 2015; Guerrero-Sanchez et al. 2017; Plomion et al.
2016; Rellstab et al. 2016; Sork et al. 2016b; Usié et al. 2017),

characterize chloroplast genomes of oaks (Yang et al. 2016), and
to examine plant-microbe interactions in these trees (e.g.,
Caravaca et al. 2015; Fernandes et al. 2014; Moore et al.
2015; He et al. 2016; Koide et al. 2017).

To achieve reliable molecular data in oak studies, efficient
DNA extraction protocols are required for different species and
ecotypes. Therefore, isolating high quantities of contaminant-
free genomic DNA for downstream applications from different
tissues of species, especially those species rich in different con-
taminants, such as sugars, polyphenolics, and terpenoids,
prompt the urgent need to revisit, adapt, and improve DNA
extraction protocols (Barta et al. 2017). Previously, many mo-
lecular studies have been performed on different species of oak
trees using classical DNA extraction procedures, such as SDS
or CTAB (e.g., Pandey and Tamta 2015; Toader et al. 2009;
Makela et al. 2016) and different commercial kits (e.g., Hipp
et al. 2014; Barta et al. 2017; Vranckx et al. 2014). However,
oaks show large phenotypic and genotypic variations (e.g.,
physical size, leaf and stem type, metabolites, and genome size
and structure), and DNA extraction from some species mainly
from warmest climates is not as efficient as for temperate oaks
or it is even deficient (Finkeldey et al. 2010; Finch-Savage
1992; Sunderlíková et al. 2009). For example, it has been con-
firmed that some oak species such as Q. robur and Q. petraea
are suitable for efficient extraction and purification of genomic
DNA, plastid DNA, and RNA which facilitated the develop-
ment of a large number of genomic resources. However, some
other species, such as Q. pyrenaica, Q. pubescens x Q. faginea
hybrids, certain Q. ilex ecotypes, etc., present more difficulties
for DNA extraction/purification (Bodénès et al. 2012;
Goicoechea et al. 2015), due to several factors, such as pubes-
cence, glue-like components in the cuticle, and some inhibitor
metabolites. In addition, presence of polysaccharides and phe-
nolic compounds prevent the use of DNA for molecular biolo-
gy purposes, such as PCR, restriction digests, or sequencing by
inhibiting the action of polymerases or endonuclease (Sahu
et al. 2012; Healey et al. 2014; Rawat et al. 2016).

The classical DNA extraction methods are extremely time-
consuming, either relying on long incubation steps, use hazard-
ous chemicals, nuclei pre-extraction that increases handling time,
or requiring multiple DNA washes and precipitations that de-
crease overall yield (Tibbits et al. 2006; Chabi Sika et al.
2015). Kit-based extraction methods, which are intended to eas-
ily remove contaminants, are often expensive, which prevents
their use especially when large numbers of samples are required.
Furthermore, it has been previously proved that the classical
protocols enabled access to more diverse endophytic bacterial
communities than commercial kits (Niu et al. 2008; Sahu et al.
2012). Robust lytic processes (e.g., SDS-treatment) are able to
rupture a broader range of bacterial communities (Yuan et al.
2012; Maropola et al. 2015). Metagenomics is known as one
of the most important NGS methodologies recently used for
plant-microbe interactions and associations studies. However,
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this new technology has not beenwidely used for those studies in
oak species. Up to now, a few such studies have been focused on
determination ofmicrobial communities associatedwith oak spe-
cies. For instance, it has been used to characterize microbiome
associated with acute oak decline (Denman et al. 2017) and
English oak trees (Q. robur) with different ages and locations
(Meaden et al. 2016). It has been also used to determine the
diversity of a Q. pyrenaica Willd. rhizospheric microbiome in
the Mediterranean mountains (Cobo-Díaz et al. 2017) and to
evaluate dynamics of fungal communities in a temperate oak
forest soil (Voříšková et al. 2014).

These events show that achieving more efficient genomic
and metagenomic DNA extraction protocols for oak species,
especially for those recalcitrant species (in view of DNA extrac-
tion problems), is of importance. Therefore, the objective of the
present study was to increase the efficiency of genomic DNA
and metagenomic DNA extraction procedures for a “recalci-
trant” species from the region (Q. brantii). To do this, two

strategies, including indirect SDS-basedmethods (ISB) and spin
column-based (SCB), were used. The first strategy (ISB) includ-
ed the early extraction of bacterial and fungal cells from the
matrix, and then cell lysing and DNA purification. The second
strategy (SCB) was based on the in situ lysis (the direct disrup-
tion of the microbial cell walls without primary separation of
microbial cells from tissues or samples) of bacteria and fungi
prior to DNA recovery and purification using spin column to
limit mechanical shearing of the DNA, contact between DNA
and sample (soil or tissues) components, and DNA degradation.

2 Material and methods

2.1 Sampling site and procedures

Zagros forests, as primary oak forests, stretch along the Zagros
Mountains in western Iran from north to south. Oak tree sam-
ples were collected from Eastern Hillside of the Tange Dalab
situated in Ilam province (S26°44,302′ E027°05584′, Ilam
Province, western Iran) during the summer season (June,
2016). Three oak trees with decline symptoms were selected
following a random sampling technique. Stem, root, and leaf
samples were excised from each tree and placed in the plastic
bags. After labeling of the samples, they were frozen in the
liquid nitrogenous and stored at − 80 °C. The same samples
(root, shoot, or leaf) from different trees were pooled and
aseptically ground to a fine powder in liquid nitrogen using
autoclaved pestle and mortar. The sampling strategy from soil
(bulk and rhizosphere) consisted of taking randomized soil
samples from the depth of 10–15 cm below the soil surface
of four areas of the plot. The soil samples were manually
homogenized by thorough physical mixing, immediately
placed on ice, and transported to the lab where they were
stored at − 80 °C prior to processing. The mDNA extraction
procedure was repeated three times for each sample.

2.2 Metagenomic DNA extraction procedures

Two new mDNA extraction methods, including indirect SDS-
based (ISB or concentrate method) and one spin column-
based method (SCB), were developed in the present study.
Two previously reported classical direct methods, including
direct CTAB-based (DCB) (Doyle and Doyle 1987) and SDS-
based (DSB) for tissue (Zhou et al. 1996) and soil (Qu et al.
2009) samples, and two commercial kits (MoBio PowerSoil®
DNA Isolation Kit for soil samples and QIAGEN DNeasy
Plant Mini Kit for tissue samples) were used as control.

The direct mDNA extraction methods were consisted of
direct cell lysis within samples, whereas in the indirect method
(ISB) at the first step, microbial cells were separated via a
concentration method by two consequent centrifugations in
PBS buffer, and then mDNA was extracted (Fig. 1). At the
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Fig. 1 Flow chart showing experimental design of different mDNA
extraction methods from different plant tissues and soil samples (leaf,
root, shoot, rhizospheric, and bulk soil)
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final stage, the extracted mDNA was air dried at room tem-
perature for 30 min and dissolved in 50 μl of TE buffer (Tris
10mM, EDTA 1mM) for normalization purposes. All mDNA
extraction methods were carried out in triplicate.

2.3 New ISB mDNA extraction method

Three grams of rhizospheric or bulk soil, powdered leaf, shoot,
or root samples were suspended in 50 ml of the PBS as cell
extraction buffer (Uquillas et al. 2011). The soil and tissue
suspensions were continuously mixed for 3 min at 25 °C on
tube rotator (SLM-TR-100, Bangalore GeNei) with the speed
of 160 rpm. Then, the homogenous mixture was centrifuged at
lower speed of 400×g for 5 min at room temperature. The
supernatant was collected in a clean falcon, and the cell mass
was harvested at 8000×g for 15 min at room temperature. After
centrifugation, the PBS buffer was poured off, and the bacterial
and fungal cells remained a pellet at the bottom of the tube. The
mDNAwas extracted by a two-step cell lysis using a combina-
tion of chemical (enzymatic lysis and hot detergent lysis) and

physical (vortex and grinding) methods. Initially, the obtained
cell mass was transferred to a 2-ml tube, resuspended in 500 μl
of the suspension buffer (SB: 10 mM Tris–HCl; 1 mM EDTA;
lysozyme 20 mg/ml−1; proteinase K 30 μl, 20 mg/ml−1) by
vortexing and inverting the tubes, and incubated at 37 °C for
30 min. The resultant cell lysate was further lysed with 500 μl
of lysis buffer (LB: 100 mM Tris–HCl; 50 mM EDTA; 0.5 M
NaCl; 4% SDS; 2% polyvinylpolypyrrolidone (PVPP)). The
lysis buffer was added over the SB buffer and kept at 70 °C
for 30 min with intermittent mixing at every 5-min interval,
followed by addition of 250 μl potassium acetate (5 M, PH =
5.5). Equal volume phenol/chloroform was added to each tube
and mixed by inversion. Top aqueous phase containing DNA
was collected after centrifugation. The extracted mDNA was
precipitated from the aqueous phase by adding 60 μl of sodium
acetate (3 M, pH 5.2) and two volumes of absolute ethanol and
was incubated for 5 min under ambient conditions. The final
DNA precipitate was pelleted at 14,000×g (Sigma 1-14 k
Refrigerated Centrifuge, Osterode am Harz, Germany) for
10 min.
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Fig. 2 The schematic of two newly developed mDNA extraction methods, including indirect SDS-based (ISB or concentrate method) and one spin
column-based method (SCB)

Table 1 The primer sets used in the study

Type Primer sequences Product size (bp) Reference

Fungal ITS ITS1 F: 5′ TCCGTAGGTGAACCTGCGG 3′ 600 to 800 Verma and Satyanarayana (2011)
ITS4 R: 5′ TCCTCCGCTTATTGATATGC 3′

Bacterial 16S rDNA 27F: 5′-AGAGTTTGATCCTGGCTCAG-3’ 1500 Embarcadero-Jiménez et al. (2014)
1541R: 5′-AAGGAGGTGATCCAGCC-3′
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2.4 SCB method

This method relies on the fact that nucleic acids bind to
the solid phase of silica under certain conditions. The
column-based DNA extraction was adapted using the first
three steps of the concentrate method, followed by the use
of a silica-based DNA-binding spin-bind columns
(EconoSpin (TM), Epoch Life Science, Texas, USA).
Briefly, the samples were processed similar to the concen-
trate method till the third step when lysed cells were treat-
ed with chloroform/phenol/isoamylalcohol solution. Then,
the solutions were spun at 13,000 rpm for 10 min prior to
the transfer of supernatant to equilibrated columns. Top
aqueous phase containing DNA was transferred to spin
columns. Equal volume of the binding solution (5 M
guanidinium hydrochloride, 20 Mm Tris, 0.2 M NaCl,
absolute ethanol) was added to the spin column, and after
centrifugation, the flow through was removed. Then,
750 μl washing buffer (80% ethanol and 10 mM Tris–
HCl) was added to the column. The washing buffer was
removed, and 50 μl elution buffer (TE buffer) was added
to the column. Total DNA was separated from the mem-
brane using the elution buffer and collected from the bot-
tom of the column. The schematic process of two newly

developed mDNA extraction methods, including ISB and
SCB, is shown in Fig. 2.

2.5 Assessment of yield and purity of the extracted
mDNAs

Equal volume (5 μl) of all mDNAs extracted by different
methods was loaded in 1% agarose gel along with 1 μl of
1 Kb DNA ladder, and the bands were visualized using UVP
Multidoc IT digital imaging system (UVP LCC, California,
USA). The purity and concentration of mDNAs was deter-
mined by spectrophotometry analysis (UV Spectrophotometer,
Eppendorf North America).

The extracted mDNAs were quantified on a Nanodrop spec-
trophotometer (Implen GmbH, 140 München, Germany), and
their purity was expressed as ratios of absorption at A260/A280
and A260/A230. Expected 260/230 values are commonly in
the range of 2.0–2.2. If the ratio is appreciably lower than
expected, it may indicate the presence of polyphenolics, salts,
and humic acid contaminants which absorb at 230 nm whereas
260/280 nm ratio of ~ 1.8 is generally accepted as pure for
DNA. If the ratio is appreciably lower in either case, it may
indicate the presence of protein, phenol, or other contaminants
that absorb strongly at or near 280 nm (Sharma et al. 2014).

Table 3 Comparison of the yield of mDNA (in ng/μl) obtained by different methods for different sample

Sample/method DSB DCB ISB SCB CK

Shoot 261.6 + 44.9aa 193.6 + 3.2b 211.4 + 34.7ab 195.2 + 0.4b 269.1 + 2.9a

Root 120.9 + 0.9d 260.6 + 52.9b 305 + 44.1a 197 + 1.5c 61.2 + 0.2e

Leaf 61.2 + 0.2d 37.9 + 6.2e 205 + 5.62b 401 + 2.4a 157.3 + 8.7c

Bulk 106.7 + 1.9b 4.2 + 0.6e 47.9 + 0.5c 297.2 + 15.5a 16.1 + 1.4d

Rhizosphere 165.4 + 0.4c 16.1 + 1.4e 175.3 + 7.4b 201.3 + 0.4a 37.9 + 8.2d

The means followed by different lowercase letters within each row are significantly different (p < 0.01)
a The statistical analysis was separately performed between different methods for each sample

Table 2 Key differences in various DNA extraction protocols used for mDNA extraction from soil and tissue sample

DNA extraction
method

Method
code

Processing
time (h)

Cost Extraction
buffer use

Separation phase DNA precipitation

Direct
CTAB-based

DCB 5 Low 1 ml CTAB buffer β-mercaptoethanol0.2% + 10 mM
ammonium acetate 5 M + 1 vol
C/IA

1 vol cold isopropanol

Direct
SDS-based

DSB 5–6 Low 1 ml SDS buffer 1 vol C/IA 2 vol cold absolute ethanol

Indirect
SDS-based

ISB 1:30 Low PBS (or TEN)
+ SDS + LB Buffer

PVPP +250 μl Potassium acetate
5 M+ 1 vol P/C/IA

2 vol cold absolute ethanol
and 60 μl sodium acetate
3 M

Spin
column-based

SCB 1:30 Medium PBS + SDS + LB Buffer PVPP + 250 μl Potassium acetate
5 M+ 1 vol P/C/IA

None

Commercial kit CK 45 min High Kit supplied Kit supplied None
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2.6 PCR amplification and quantitative PCR analysis
of microbial populations

All the extracted DNAs were used for further molecular
analysis through qualitative and quantitative polymerase
chain reaction (PCR and Q-PCR). Amplification of the
bacterial 16SrDNA and fungal ITS sequences was con-
ducted on mDNAs with starting materials of 1 μl per
reaction for all the methods. PCR amplification was per-
formed for all the methods (one sample per triplicate)
using the respective sets of primers (Table 1). The reac-
tion mix consisted of 50 ng of the mDNA as the template,
10 pmol of each primer, 0.2 U Taq polymerase (Thermo
Fisher Scientific, USA), 5 μl of 10× Taq buffer [10×
buffer composition: Tris–HCl pH 9.0; PCR enhancers;
KCl; 20 mM MgCl2], and 10 mM dNTP mix (Thermo
Fisher Scientific, USA). The final mixture was adjusted
to 30 μl by addition of sterile, purified water. The
amplification steps includes initial denaturation at 95 °C
for 7 min, 35 cycles of denaturation at 95 °C for 50 min,
annealing at 57 °C for 1 min, and extension at 72 °C for
50 s min with the final extension of 72 °C for 5 min.
Amplification products were confirmed by loading 3 μl
of the samples along with 1 Kb DNA ladder on 1%
agarose gel.

PCR efficiency of the extracted mDNAs using the new
indirect method was analyzed for soil sample by qPCR
(Lightcycler 480 system, Roche Life Sciences, US) using a
350-bp fragment of 16S rDNA. The qPCR reactions were
performed in a total volume of 20 μl, consisting of 1 μl of
target DNA and 15 μl of amplification mixture containing
PCR reaction buffer (BioFACT™ 2× Real-Time PCR
Master Mix (For SYBR Green I), primers, and molecular bi-
ology grade water. The reactions were performed in triplicate
for each sample. The reaction without the template served as a
non-template control (NTC). The amplification conditions
were 95 °C for 15 min as initial denaturation followed by
40 cycles of 95 °C for 10s, 60 °C for 20 s, and 72 °C for
20s.The amounts of DNA per reaction tube ranged from
10 ng to100 pg.

2.7 Partial restriction digestion and metagenomic
library construction

Partial restriction digestion was performed using the enzyme
HindIII (Thermo Fisher Scientific, USA) on mDNA extracted
from leaf samples by the different methods to examine the
suitability of the methods for downstreamDNAmanipulation.
Four microliters of each mDNA template was digested with
1.5 U of the enzyme in a 30-μl reaction containing 3 μl of 10×
assay buffer R (Thermo Fisher Scientific, USA) [1× buffer
composition: 10 mM Tris–HCl pH 8.5; 10 mM MgCl2;
100 Mm KCl; 0.1 mg/ml BSA] for 5 h at 37 °C. Then, 5 μlTa

bl
e
4

Pu
ri
ty

of
m
et
ag
en
om

ic
D
N
A
ob
ta
in
ed

by
di
ff
er
en
tm

et
ho
ds

fo
r
di
ff
er
en
ts
am

pl
es

(A
2
6
0
/2
8
0
an
d
A
2
6
0
/2
3
0
)

A
2
6
0
/2
8
0

A
2
6
0
/2
3
0

Sa
m
pl
e/
m
et
ho
d

L
ea
f

S
ho
ot

R
oo
t

R
hi
zo
sp
he
re

B
ul
k

L
ea
f

S
ho
ot

R
oo
t

R
hi
zo
sp
he
re

B
ul
k

D
SB

1.
29

±
0.
08
b*

1.
86

±
0.
04
a

1.
71

±
0.
03
ab

1.
41

±
0.
03
c

1.
44

±
0.
04
c

2.
45

±
0.
4a

2.
23

±
0.
2c

2.
55

±
0.
2a

2.
03
3
±
0.
1b
c

2.
36

±
0.
2a

D
C
B

1.
27

±
0.
04
b

1.
52

±
0.
04
b

1.
63

±
0.
04
b

1.
3
±
0.
03
d

1.
48

±
0.
02
6c

0.
64

±
0.
0c

1.
7
±
0.
2d

1.
39

±
0.
1c

0.
58

±
0.
1d

0.
37

±
0.
0c

IS
B

1.
82

±
0.
02
a

1.
86

±
0.
04
a

1.
6
+
0.
12
b

1.
75

±
0.
03
b

1.
78

±
0.
03
b

2
±
0.
1b

2.
86

+
0.
2a

2.
25

+
0.
1b

2.
39

±
0.
1a

2.
12

±
0.
1a

SC
B

1.
76

±
0.
04
a

1.
82

±
0.
36
a

1.
85

±
0.
04
a

1.
74

±
0.
04
b

1.
85

±
0.
03
5a

2.
1
±
0.
11
b

2.
76

±
0.
2a

2.
25

±
0.
1b

1.
92

±
0.
1c

1.
92

±
0.
1b

C
K

1.
86

±
0.
03
6a

1.
89

±
0.
02
a

1.
77

±
0.
06
5a

1.
82

±
0.
03
7a

1.
81

±
0.
03
a

2.
55

±
0.
1a

2.
51

±
0.
1b

2.
64

±
0.
1a

2.
16

±
0.
1b

2.
36

±
0.
2a

T
he

m
ea
ns

fo
llo

w
ed

by
di
ff
er
en
tl
ow

er
ca
se

le
tte
rs
w
ith
in

ea
ch

co
lu
m
n
ar
e
si
gn
if
ic
an
tly

di
ff
er
en
t(
p
<
0.
01
)

a
A
2
6
0
/2
8
0
re
pr
es
en
ts
pr
ot
ei
n
co
nt
am

in
at
io
n
an
d
th
e
ex
pe
ct
ed

va
lu
es

ar
e
co
m
m
on
ly
ar
ou
nd

1.
8.
A
2
6
0
/2
3
0
is
an

in
di
ca
tio

n
fo
rs
al
ts
an
d
hu
m
ic
ac
id
pr
es
en
ce
,a
nd

th
e
ex
pe
ct
ed

va
lu
es

ar
e
co
m
m
on
ly
in
th
e
ra
ng
e

of
2.
0–
2.
2

43 Page 6 of 14 Annals of Forest Science (2018) 75: 43

https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012027_TaqDNAPolymerase_recombinant_5_UuL_500U_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012027_TaqDNAPolymerase_recombinant_5_UuL_500U_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012027_TaqDNAPolymerase_recombinant_5_UuL_500U_UG.pdf
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0012027_TaqDNAPolymerase_recombinant_5_UuL_500U_UG.pdf


of the digested products was analyzed on 1% agarose gel
along with 1Kb DNA ladder. The metagenomic library was
constructed with the mDNA isolated by concentrate method
(ISB) using the pUC19 vector. The library was constructed in
the following manner: 2 to 10 kb fragments from the partially
digested mDNA were gel purified using GeneJET Gel
Extraction Kit (Thermo Fisher Scientific, USA). The pUC19
plasmid was linearized with enzyme HindIII. The linearized
vector was ligated with the insert [vector: insert molar ratio

(1:3)] using 2 μl of T4 DNA ligase (Thermo Fisher Scientific,
USA) in a 30-μl reaction containing 3 μl of ligase buffer [1×
buffer composition 400 mM Tris–HCl, 100 mM MgCl2,
100 mM DTT, 5 mM ATP (pH 7.8 at 25 °C)] for 1 h at room
temperature and at 4 °C overnight. Five microliters of the
ligation mixture was then added to 100 μl of chemically com-
petent Escherichia coli DH5α cells and incubated on ice for
20 min. Heat shock was applied at 42 °C for 40 s, then
transferred to ice for 5 min followed by addition of 1 ml of

QIAGEN DNeasy Plant Mini Kit MoBio PowerSoil® DNA Isolation Kit

Shoot Root Leaf  Rhizosphere  Bulk soil

DSB

Shoot Root Leaf  Rhizosphere  Bulk soil

DCB
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ISB 
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Fig. 4 The Oak mDNAs extracted by different methods from different
tissues and samples. DNAwas extracted from stem, root, and leaf tissues
and bulk soil and rhizosphere using classical protocols (DSB and DCB),
concentrate method (ISB), spin column-based (SCB), and commercial kit

(CK). Five microliters from each sample was visualized by
electrophoresis (90 V, 1 h) on 1% agarose gels. DNA molecular size
was determined by comparison to molecular markers, 1Kb DNA ladder
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LB broth, and then, cells were allowed to grow at 37 °C for
2 h. One hundred microliters of cells was plated on LB media
containing ampicillin (50 μg/ml), IPTG (0.1 mM), and X-gal
(40 μg/ml). The recombinant colonies were re-plated on LB
plate with ampicillin (50 μg/ml).

2.8 Statistical analysis

The experiments were performed in triplicate (the replicates of
each sample were taken from pooled tissues of three different
trees), and the mean and standard deviations were estimated for
each experiment. Analysis of variance (GLM) was performed
with the software SPSS21 to determine the significant effects
of extraction methods and sample types on DNAyield. Duncan
test was used to comparemeans within and amongmethods. The
comparisons were considered significant if p < 0.05.

Data availability The authors declare that the data supporting
the findings of this study are available within the article; how-
ever, more detailed raw data of the study will be available on
request from the corresponding author.

3 Results

3.1 Comparison of DNA yield and purity using various
methods

Table 2 shows key differences of five different mDNA extrac-
tion methods used in the present study. The price paid for the
reactive compounds in our institute (ABRII) was used to cal-
culate the cost of each method. Duration of each method was
calculated by measuring the minutes necessary to perform
each method in the laboratory.

Analysis of variance revealed that the differentmDNAextrac-
tion methods as well as various sample types showed significant
effects on the mDNAyield (p< 0.05) (Tables 3 and 4). Both the
method ofDNAextraction and sample type significantly affected
the yield of the extracted mDNAs (F = 270.79, p< 0.05 and F =
124.43, p < 0.05) and purity of DNA based on A260/280 (F =
147.29, p < 0.05 and F = 72.20 p < 0.05) and A260/230 (F =
124.69, p < 0.05 and F = 51.59, p < 0.05) (Table 4). The efficien-
cy of differentmDNAextractionmethods for different samples is
shown in Table 3. Totally, the ISBwith PBS buffer (ranging from
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47.9 + 0.55 to 304.96 + 44.1 ng/μl) and SCB (ranging from
195.2 + 0.36 to 401 + 2.4 ng/μl) methods showed the maximum
efficiency for mDNA extraction for all samples, respectively,
which were significantly higher than those of commercial kits
(ranging of 37.86 + 8.2 to 269.1 + 2.93) and other control
methods (Fig. 3). In addition, they showed more molecular
weight (ranging between 10 and 20 kb) compared to other
methods. As it is shown in Fig. 4, the ISB with PBS buffer,
SCB, and DSB methods showed more intact and bright bands
on 1% agarose gels for all samples especially for shoot and bulk
samples. The method DCB showed bands for the extracted
DNAs from shoot and root samples (Fig. 4). Further illustrating
the results confirmed that among samples, shoot sample showed
the highest yield of DNA in all methods (Table 3). Method DCB
showed the brightest bands for root samples rather than other
methods; however, it did not produce a good band for remain
samples and showed lowest yield for soil samples (Fig. 4). The
SCB (258 ng/μl) and ISB (with PBS buffer; 189 ng/μl) produced
the maximum yield of mDNA for all samples, followed by the
DSB (143.17 ng/μl) and CK (108.32 ng/μl) methods (Fig. 3 and
Table 3). The maximum quantity of mDNAwas extracted from
leaf sample by SCBmethod (401 ng/μl) and root (304.96 ng/μl)
by ISB (with PBS buffer) method (Table 3). The assessment of
purity and quality of the extracted mDNAs demonstrated that the
SCB, ISB (with PBS buffer), and DSB retrieved higher-quality
mDNA, respectively (Fig. 5).

3.2 PCR amplification and quantitative PCR analysis
for 16SrDNA and ITS sequences

Successful PCR amplification for 16S rDNA and ITS se-
quence was consistently observed for ISB (PBS buffer),
SCB, and kit-extracted mDNAs and indicated that minimal
PCR-inhibiting compounds were co-extracted, therefore
confirming the high purity of mDNA for all the samples ex-
tracted with (Figs. 6 and 7). Contrastingly, PCR inhibition was
more frequently observed when the DCB-extracted mDNA
was used as template. The DCB method did not provide am-
plification for any of the soil and leaf samples indicating that
those methods would require further purification of DNA to
remove humic substances. This method provided amplifica-
tion for a few samples (Figs. 6 and 7); however, these methods
would require additional purification to be suitable for soil and
leaf samples.

The coefficient of correlation (R2), angular coefficient
(slope), and efficiency of real-time PCR amplification are
shown in Fig. 8. The slope of the calibration curves indicates
the amplification efficiency and the optimal value of − 3.414,
which corresponds to 100% efficiency. The average PCR ef-
ficiencies of 96.3% for the 16S rDNA gene target using
mDNA extracted by ISB (with PBS buffer) method and of
98.1% using mDNA extracted by SCB method are not statis-
tically different from each other (p > 0.05).

Ladder 1 
kb Shoot Root Leaf Rhizo Bulk 
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kb Shoot Root Leaf Rhizo Bulk 
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1 kbShootRoot LeafRhizoBulk 
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Fig. 6 Amplification of bacterial 16SrRNA gene using the oak mDNAs
extracted from shoot, root, leaf, and rhizosphere and bulk samples by
different methods. The PCR products (5 μl) were visualized via

electrophoresis (90 V, 1 h) on 1% agarose gels, and size determined by
comparison to DNA ladder 1 kb
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3.3 Partial restriction digestion and metagenomic
library construction

The mDNA samples extracted from leaf samples using ISB
method SCB, DCB, DSB, and CK were partially digested
with the enzymeHindIII for metagenomic library construction
(Fig. 9). The mDNAs extracted by ISB method were also
suitable for digestion process, whereas those of the DCB
method were not subjected to efficient restriction digestion
and resulted in shear-degraded DNA. The partially digested
ISB mDNA was cloned successfully to construct a
metagenomic library containing 4 × 106 CFU ml−1, which
confirmed the purity of the extracted mDNA. The mDNA
extracted from all the samples could be preserved at − 20 °C
without any loss in yield or change in purity for 6 months.

4 Discussion

The present study was firstly performed to develop efficient
protocols for genomic and metagenomic DNA extraction
from different tissues of Persian oak trees and soil samples.
The results showed that the newly improved procedures (ISB
and SCB) were efficient for different oak samples, including
rhizospheric and bulk soil, leaf, stem, and root samples,
whereas the traditional methods (DCB, DSB, and commercial
kits) were efficient only for one or two specific tissue samples.

The purity of mDNA extracted by ISB was significantly
higher than that of other methods (Table 4). Probably, appli-
cation of the PBS buffer in the ISB method helps in dissoci-
ation of cells which enhance the efficiency of cell extraction
compared to the conventional microbial cell extraction
methods which extract only up to 50% of the cells (Narayan
et al. 2016; Robe et al. 2002). It also proves that addition of
PBS buffer and PVPP in this procedure may play an important
role in proper chemical lysis of the cells as compared to other
chemicals like CTAB, SDS, EDTA, etc. (Fatima et al. 2014).

Moreover, grinding and vortexing of the tissues and soil sam-
ples in the ISB procedure may help in creating non-oxidative
environment and also homogenizing of thick cell walls in the
buffer. Proper grinding of the sample ruptures the cell wall there-
by releasing the cellular DNA from the inner compartment.
During homogenization, polyphenols are released from vacuoles
which rapidly react with cytoplasmic enzymes, then PVPP
purges and forms complex hydrogen bonds with polyphenols
and gets precipitated which can easily be separated from DNA
by centrifugation (Frostegard et al. 1999; Rawat et al. 2016).
Because of these advantages, PVPP has been successfully used
in the SDS-based extraction methods to absorb phenolics and
prevent their oxidation for other recalcitrant plant species
(Tibbits et al. 2006; Healey et al. 2014). Furthermore, to increase
the rate of precipitation in both the ISB and SCB protocols, a
high concentrated salt solution (potassium acetate) was added
before final precipitation of mDNA by absolute cold ethanol.

Ladder 1 kb Shoot Root Leaf Rhizo Bulk 

DCB

Ladder 1 kb Shoot Root Leaf Rhizo Bulk 

DSB

Ladder 1 kb Shoot Root Leaf Rhizo Bulk 

ISB 

Ladder 1 kb Shoot Root Leaf Rhizo Bulk 
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250

500
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1000
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Fig. 7 Amplification of fungal ITS sequence using oak mDNAs extracted from shoot, root, leaf, rhizosphere, and bulk samples by different methods.
The PCR products (5μl) were visualized via electrophoresis (90 V, 1 h) on 1% agarose gels, and size determined by comparison to DNA ladder 1 kb plus
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Polysaccharides have a similar solubility to DNA and co-
precipitate in either isopropanol or ethanol, inhibiting down-
stream molecular application (Tibbits et al. 2006). The addition
of a high concentrated salt buffer increases their solubility in
ethanol, allowing their removal once the DNA has been precip-
itated and pelleted (Healey et al. 2014). Use of SDS, lysozyme,

ormechanical force enhances extraction of archaeal and bacterial
DNA but fails for fungal cells; however, it has been previously
shown that combination of SDS, lysozyme, and vigorous shak-
ing can successfully release fungal DNA (Melo et al. 2006).

The PCR amplifications also confirmed high efficiency of
the newly developed methods compared to the control
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methods. The low efficiency of the DCB method may be
because of high concentration of co-extracted plant polyphe-
nolics and polysaccharides which are known to bind to DNA,
making it inaccessible to the polymerase enzyme (Demeke
and Jenkins 2010; Mornkham et al. 2012). The direct SDS-
based method (DSB) retrieved high yields compared to the
commercial kit protocols; however, the isolated mDNA using
this method did not indicate sufficient purity; therefore, it was
not considered as suitable method for PCR amplification
when tested on different soil samples (Figs. 6 and 7). A po-
tential reason for low performance of cell disruption in soil
samples by bead beating of power soil kit may be due to the
increase of viscosity and the presence of a high concentration
of insoluble materials during the beating process (Devi et al.
2015). High losses of input DNA during the application of
commercial kits have been reported (Roossinck et al. 2010;
Vo and Jedlicka 2014; Sadeghi et al. 2013).

The mDNAs isolated using the ISB method (using PBS buff-
er) displayed a high qPCR efficiency, greater than 99%, where
the accepted PCR efficiency for qPCR analysis ranges from 90to
110% (Roche Life Sciences, USA). In addition, the results of
restriction digestion assay and metagenomic library construction
confirmed the sufficient purity of mDNA extracted by the ISB
method. As a final added advantage, the overall processing time
for the ISB method was shorter (1:30 h) than 5 to 7 h of the
earlier reported methods (Sagar et al. 2014). The commercial kit
(CK) took the least time for DNA extraction (Table 3); however,
the processing cost of 1 g of soil or tissue for a single reaction is
about US$7 which is quite high if large numbers of samples are
needed to be processed (Devi et al. 2015).

The second newly developed method (SCB) also showed
high efficiency in quality and quantity of the extracted mDNA
and also reduction of process time. Thechaotropic agents (for
instance guanidinium thiocyanate) used in this method would
have played a role to remove DNA-binding proteins, allowing
for better absorption in the spin columns (Boom et al. 1989).
The results confirmed that the use of cell lysis buffer and
following elution over a column could greatly enhance the
amount of the extracted pure mDNAs, which was previously
reported also by other researchers (Poh and Gan 2014; Telfer
et al. 2013). In addition to the technical efficiency, the SCB
protocol is significantly more cost-effective (∼US$ 1 per re-
action) compared with the commercial kits (∼US$ 7 per re-
action), which makes this method suitable for molecular biol-
ogy studies, such as PCR amplifications.

5 Conclusion

Two new procedures (ISB and SCB) with high productiv-
ity and efficiency for genomic and mDNA extraction from
different Persian oak tissues and soil samples were devel-
oped. The minimal process time and costs and high

quality of the obtained DNA make these two methods
ideal for extraction of genomic and mDNA from different
oak tissues and soil samples to facilitate the molecular
biology studies in these important trees, especially when
a large number of plant samples are needed to be analyzed
in lab settings with limited resources.
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