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Abstract

Use of a single seed is very useful for genetic studies on Vitis vinifera. However, molecular markers
require a fair amount of high purity DNA. Grapevine contains high concentrations of polysaccha-
rides, polyphenols, tannins and other secondary metabolites. These compounds may hamper the
DNA isolation processes and subsequent analysis. In this study we have compared two DNA isola-
tion methods: the NucleoSpin Plant II method and a modified protocol from Doyle and Doyle. The
average value of 260/280 nm absorption ratio, which is used to assess the purity of DNA and RNA
was 1.8 (accepted as “pure” DNA) and 0.9 (presence of protein or other contaminants) for the first
and second method, respectively. Using the NucleoSpin protocol, from a single seed (20 - 35 mg)
we obtained an average yield of extracted DNA of 24.8 + 5.2 to 38.4 * 11.5 ng'mg-! dry weight.
Among the two protocols examined, the NucleoSpin method was more efficient and gave better
quality of DNA values compared to those from the modified Doyle and Doyle procedures.
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1. Introduction

The European grapevine (Vitis vinifera L.) belonging to the Vitaceae family is one of the oldest and most im-
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portant perennial crops in the world. The cultivated grapevine is diploid and has relatively small genome size of
475 - 500 Mb compared to many other perennial plant species [1]. In fact, the quantity and quality of genomic
DNA will undeniably determine the outcome of any molecular studies. Recently, this plant has been used for
gene mapping [2]-[4], genetic transformation [5], and DNA fingerprinting [6] [7].

DNA can be extracted from different plant parts of the grapevines, mostly leaves and stems but also seeds.
Although in the last few years DNA extraction methods require less quantities of material than before, DNA ex-
traction from a single seed is difficult both due to the very small amount of biomass and the high quantity of lig-
nified tissue, present in this recalcitrant structure. Moreover, molecular markers require a fair amount of high
purity DNA and it is often not easy to separate DNA from naturally occurring plant cell contaminants. The ge-
nomic grapevine DNA extraction is difficult, especially when young leaves are unavailable. In fact, it is known
that mature grapevine leaves contain high quantities of secondary metabolites, such as polysaccharides, poly-
phenols and tannins [8]-[10]. In addition, abiotic stress such as water and nutritional deficiencies or pathogenic
infection can significantly enhance the biosynthesis and accumulation of these secondary compounds [11].

These compounds have also been reported to cause difficulty in DNA purification in other plant species [12]
[13]. When plant cells are destroyed, these cytoplasmic contaminants come into contact with nuclei and other
organelles, representing a major obstacle in DNA purification [14]. In particular, polyphenolic compounds can
irreversibly bind proteins and nucleic acids to form high-molecular weight complexes [15], whereas polysaccha-
rides tend to co-precipitate with DNA [16] [17], making the DNA viscous and un-amplifiable in polymerase
chain reaction (PCR). Therefore, these compounds must be eliminated during DNA isolation.

DNA extraction from a single seed of Vitis vinifera L. can be a very useful tool available during all the years
for a variety of genetic and breeding studies such as determination of the still poorly known geographical origins
and spread of grape cultivation, gen sources, parent assignation and on evolution studies. Studies with ancient
grape seeds have been often forced to use several seeds from an archaeological site, to achieve an appropriate
amount of material in order to obtain the necessary amount of DNA for genetic studies, with the inconvenience
that they can belong to different varieties.

There are many recent papers focusing on the improvement of DNA extraction methods to increase yield and
purity as well as to reduce experimental time but they still use a fair amount of sample material: 0.05 - 0.1 g
young leaf [18] [19] or 0.2 g seeds [20]. To our best knowledge, there is only one report on DNA extraction
from single seeds of Vitis vinifera [21].

As seeds are a source of genetic material, easy to preserve and available during all the year, the main objec-
tive of this study is the improvement of DNA extraction procedure so as to obtain the maximum yield and qual-
ity of DNA from single seeds of Vitis vinifera ranging from 0.02 to 0.035 g weight.

2. Materials and Methods
2.1. Plant Materials

Grape (Vitis vinifera L.) seeds were obtained from the InstitutCatala de la Vinya i el Vi (INCAVI) station at
Vilafranca del Penedeés, Spain. The plant material used for comparison of DNA extraction methods included
three grape cultivars (Malbec, Caladoc and Petit Verdot) seeds. Those seeds were collected from the vineyards
of three different locations from Alt Penedés region in Catalonia, Spain; Malbec from Moja (Olérdola), Caladoc
from Sant Pau d’Ordal (Subirats) and Petit Verdot from EI Pla del Penedes. A total of 45 grape seeds were ana-
lyzed (15 seeds from each variety). Seeds were divided in three classes according to their weight (small 20 - 25
mg, medium 25 - 30 mg and large 30 - 35 mg) and 5 replicates per class and variety were analyzed.

2.2. DNA Isolation from Grapevine Seeds

After obtaining the seeds, those were kept at 4°C until used. Each seed was crushed separately by using pre
cooled mortar and pestle and then was mechanically disrupted using a Mikro-Dismembrator (laboratory ball
mills for fine grinding) with three grinding balls. Then well homogenized seed samples were put in to 1.5 mL
micro centrifuge tubes and DNA was extracted as follows. Two DNA extraction methods, the NucleoSpin®
Plant 11 kit (referred to as NucleoSpin method) with minor modifications (MACHEREY-NAGEL, Germany)
and the modified Doyle and Doyle method [22] were examined. NucleoSpin kit offers two different lysis buffers
for optimal processing. The standard protocol uses lysis buffer-PL1 based on cetyltrimethyl ammonium bromide
(CTAB). The additional one uses lysis buffer-PL2 based on sodium dodecyl sulfate (SDS). The lysis efficiency
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is different based on the negative charge of SDS and the positive charge of CTAB. Since both CTAB and SDS
based extraction yields were similar (data not shown), we used only the standard protocol with CTAB based ex-
traction for this study.The modified Doyle and Doyle method uses 3% CTAB and an elution buffer based on 10
mMTris/HCI, 1 mM EDTA at pH 8.0 while the NucleoSpin method uses 5 mMTris/HCI at pH 8.5. DNA was
dissolved in both methods with 75 uL of the corresponding elution buffer and was stored at —20°C for further
processing.

2.3. HHEstimation of DNA Quality and Quantity

The yield and purity of extracted DNAs were measured first spectrophotometrically using a NanoDrop 1000
Spectrophotometer (Thermo Scientific) with UV absorption at a wavelength of 260 nm (nucleic acids absorbing
wavelength) and 280 nm (proteins absorbing wavelength) and second by an electrophoretical method based on
0.6% (wi/v) agarose gel using ethidium bromide fluorescence in comparison to a known amount of lambda DNA
molecular weight marker, as described by Sambrook et al. [23]. The electrophoresis of seed genomic DNA on
agarose gel showed quality of DNA bands for each sample. Each one contained 20 pL of extracted DNA and 2
uL loading buffer that was put into the agarose gel sumps and loaded off in 1X TBE buffer condition (89
mMTris, 89 mM boric acid, 2 mM EDTA at pH 8). EcoRI and HindlIlI digested lambda DNA was used as mo-
lecular size marker (0.12 - 21.2 kbp). Agarose gel was under a steady voltage of 100V for 30 min and then
stained with ethidium bromide (20 mg-mL™). The results were visualized on a UV transilluminator and photo-
graphed by gel documentation system Quantity one 1-DV.4.6.9. analysis software (Bio-Rad).

2.4. Data Analysis

In this study, the DNA data were analyzed using Microsoft Office Excel program and effect of the DNA yield
on the seed weight classes (small, medium and large) as well as three cultivars (Malbec, Caladoc and Petit Ver-
dot) were compared using student t-test.

3. Results and Discussion
3.1. DNA Extraction of Single Seed of Grapevine

Approximately 20 - 35 mg of dry weight of single grapevine seed was used for the genomic DNA isolation us-
ing two DNA extraction protocols. According to the results of this study, the amount of extracted DNA was very
low but it was enough for genetic studies after PCR amplification. Grapevine contains high concentrations of
metabolites [8] [9] that may hamper the DNA isolation processes and subsequent analysis [24]-[26]. Given that
the grape seeds are more lignified than young and mature leaves we expected greater difficulty in extracting
DNA from a single seed, but the extraction protocol using CTAB proved efficacious compared to the modified
Doyle and Doyle procedure in aspect of quality of DNA extracted from a single seed of Vitis vinifera. According
to the higher density of useless compounds such as polysaccharides and polyphenols in mature seeds, the selec-
tion of more efficient DNA extraction procedures is important. Eventually, proper concentrations of chemicals
and shorter length of time is also important for extraction of high quality DNA from the mature plant parts. The
NucleoSpin method is the best extraction procedure due to the less time requirement and the use of few chemi-
cals for the DNA extraction process. According to manufacturer specifications, the NucleoSpin kit is designed
for the isolation of genomic DNA from plant tissues using an optimized lysis buffers, conveniently clearing the
crude lysates, remove RNA to allow photometric quantification, the optimized binding buffer and the chaotropic
wash buffer for completely remove proteins, RNA, metabolites, and other PCR inhibitors.

The volume of elution buffer used in the elution steps was the most important parameter to obtain maximum
amount of DNA concentration from a single seed. We used 50 pL in step 1 and 25 pL in step 2 with a resulting
final elution volume of 75 pL. It is possible even to improved yield by reusing the 50 uL from step 1 again in
step 2 resulting in an elution volume of only 50 pL.

3.2. Quality and Quantity of the Extracted DNA

The quality and quantity of extracted genomic DNA was tested with two methods; the spectrophotometrical
method and the electrophoretical one based on agarose gel (Figure 1). The results obtained from the spectro-
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photometric method and the quality and the quantity of DNA from the both extraction methods are given in Ta-
ble 1. By spectrophotometric procedure, absorption of double-stranded DNA in a wavelength of 260 nm is 50
ng-uL ", When the ratio of absorption 260/280 nm is between 1.7 and 2, it shows that most absorption is done
by nucleic acids and therefore extracted DNA is well qualified and its purity acceptable. Our results indicate that
extracted DNA executed by NucleoSpin method showed better quality in comparison with the modified CTAB
method (Table 1).

The spectrophotometric data showed that in all seed classes (small, medium and large seeds) of the three va-
rieties (Malbec, Caladoc and Petit Verdot) of grapevine, the quality of extracted DNA by the NucleoSpin me-
thod was higher than the modified Doyle and Doyle method. According to the results, the average value of
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Figure 1. Ethidium bromide stained 0.6% agarose gel electrophoresis of DNA from seeds of three varieties of Vitis vinifera
L. (Malbec, Petit Verdot and Caladoc). (a) extracted with the NucleoSpin method; (b) extracted with the modified Doyle and
Doyle method; (c) stem DNA for reference material and positive control.

Table 1. Quality and quantity of DNA obtained from each extraction method.

. NucleoSpin Plant || method Modified Doyle & Doyle method

Variety Seed weight - - - - - -
class Seed weight DNA quality DNA yield Seed weight DNA quality DNA yield
(mg) 260/280 ratio (ng'mg™) (mg) 260/280 ratio (ng'mg™)
Small 23.8+0.7 19+0.1 30.4+£09.3 22613 1.0+0.3 232 £ 242
Malbec Medium 274+08 18+0.2 28.1£09.3 282+19 09+0.1 363+ 179
Large 323114 1.8+0.1 24.8 £05.2 31.8+19 09+0.1 519 + 391
Small 233x1.1 1.7+03 38.2+£03.8 221+11 09+0.1 221 +£117
Caladoc Medium 26.2+1.0 1.8+0.1 384+115 255+0.3 0.8+0.1 602 + 114
Large 30.8+£0.9 1.8+0.1 35.1+£06.9 30.6+0.4 09+0.1 694 + 090
Small 228+1.0 19+0.3 26.2+11.7 232+13 09+0.1 478 + 295
Petit Verdot Medium 27.3+1.6 1.8+0.1 248+01.1 274+13 09+0.1 576 + 267
Large 324+18 18+0.1 28.8+07.9 31.2+0.6 09+0.1 699 + 274
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260/280 nm absorption ratio of the seed classes were ranged from 1.65 (small seeds of Caladoc) to 1.87 (small
seeds of Petit Verdot and Malbec) and from 0.82 (medium seeds of Caladoc) to 1.03 (small seeds of Malbec) in
the NucleoSpin kit method and modified Doyle and Doylemethod respectively. But considering all varieties,
these values for the NucleoSpin method and the modified Doyle and Doyle method were 1.8 and 0.9, respectively.

Using 20 - 35 mg of single seed in this study, we obtained the most and the lowest DNA extraction values
from NucleoSpin method, being 1082 ng (14.4 ng-uL™) from large seeds of Caladoc and 590 ng (7.9 ng-uL™)
from small seeds of Petit VVerdot, respectively. The average yield of extracted DNA in this protocol ranged from
24.8 +5.2 ng'mg " to 38.4 + 11.5 ng-mg " corresponding to large seeds of Malbec and medium seeds of Caladoc,
respectively. For each grapevine variety, Malbec, Caladoc and Petit Verdot, the mean average yield value was
28 + 8 ng'mg , 37 + 8 ng'mg * and 27 + 8 ng'mg *, respectively. The mean value from Caladoc with this pro-
tocol was comparatively is higher than the other two varieties. NucleoSpin protocol can be used with samples up
to 20 mg of dry weight giving a typical yield of DNA between 1 - 30 pug with an elution volume of 100 pL. In
this study the resulted DNA yield was between 0.6 ug per 22.8 mg dry weight (small seed of Petit Verdot) and
1.1 pg per 30.8 mg, d.w. (large seed Caladoc).

The modified Doyle and Doyle method of extraction gave maximum DNA vyield (Table 1). These values
range between 221 + 117 ng'mg * (small seeds of Caladoc) and 699 + 273.7 ng:-mg * (large seeds of Petit Ver-
dot). However, it was heavily contaminated with polysaccharides and polyphenols as indicated by the A260/280
ratios (<1.8). The suspensions of DNA samples were very viscous and light brown in colour. Upon electropho-
resis on a 0.6% agarose gel, the DNA extracted by this method showed uneven migration, producing thick
fire-like trailing smears with traces of contaminants (Figure 1(b)). Therefore this protocol was not efficient in
getting rid of the polysaccharides and phenolic compounds. Isolation of DNA from seed tissues of Vitis vinifera
is difficult due to high levels of polysaccharide and polyphenol contents. Similar results were found by Do and
Adams [27] and Collins and Symons [28] from leaf tissues of Vitis vinifera.

3.3. Estimating of Agarose Gel Electrophoresis

The quality and quantity of DNA extracted from the NucleoSpin method and the modified Doyle and Doyleme-
thod is shown in Figure 1. In the present study, among the two protocols examined, the NucleoSpin method
proved efficacious compared to the modified Doyle and Doyle procedures. Upon electrophoresis on 0.6% aga-
rose gel, thick, sharper and distinct bands were obtained (Figure 1(a)). The absence of smears indicates a high
quality in the nucleic acids extracted from NucleoSpin indicating that only this method consistently yielded
DNA suitable for PCR amplifications.

3.4. Comparisons of Extracted DNA Quantities from NucleoSpin Method

The NucleoSpin method resulting data from spectrophotometer were compared with a student t-test. In this
study we compared extracted DNA concentration between seed classes of each variety and between varieties of
each seed class. The comparison of extracted DNA quantities between the seed classes of each variety were
shown in Table 2. According to the results of the comparison between seed classes of each variety, the signifi-
cantly differences between small and large seeds as well as medium and large seeds of Petit Verdot grapevine
were detected. The other varieties such as Malbec and Caladoc grapevine seed classes did not show significant
differences between the seed classes. Table 3 shows the comparison of the extracted DNA quantities between
the varieties of each seed class. When the varieties of each seed class were compared, significant differences
between small and medium seed of Caladoc and Petit Verdot grapevine varieties as well as large seed of the
Malbec and Caladoc grapevine varieties were shown.

4. Conclusion

In conclusion, the quality of DNA obtained with the NucleoSpin Plant Il method was much better than the mod-
ified Doyle and Doyle even with the smallest seed having a weight of 20 mg. The modified Doyle and Doyle
method was not suitable for DNA extraction from a single seed of grapevine as well as these kind of studies. In
NucleoSpin method, the volume of elution buffer used in the elution steps was the most important parameter to
obtain maximum amount of DNA concentration from a single seed. In the first elution step we used the same
volume (50 pL) of elution buffer according to the manufacturer specification, but in the second elution step, we
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Table 2. Comparison of extracted DNA quantities between seed classes of each variety.

DNA concentration (ng/pL) Mean comparison between seed classes
Variety Seed class

Mean SD SvsM SvsL Mvs L
Small 9.64 2.57

Malbec Medium 10.18 2.93 p=0.789 p =0.546 p=0.788
Large 10.68 2.07
Small 11.82 0.78

Caladoc Medium 13.36 3.40 p =0.402 p =0.082 p=0.628
Large 14.42 249
Small 7.86 2.85

Petit Verdot ~ Medium 9.02 0.54 p =0.447 p=0.046" p =0.033"
Large 12.34 2.53

Values are means of 5 replicates + S.D.; "significant at p = 0.05; S (small); M (medium); L (large).

Table 3. Comparison of extracted DNA quantities between varieties of each seed class.

DNA concentration (ng/pL) Mean comparison between varieties
Seed class Variety
Mean SD MvsC M vs P CvsP

Malbec 9.64 2.57

Small Caladoc 11.82 0.78 p=0.143 p=0.381 p =0.028"
Petit VVerdot 7.86 2.85
Malbec 10.18 2.93

Medium Caladoc 13.36 3.40 p=0.194 p =0.459 p =0.036"
Petit Verdot 9.02 0.54
Malbec 10.68 2.07

Large Caladoc 14.42 2.49 p = 0.050" p=0.339 p=0.275
Petit VVerdot 12.34 2.53

Values are means of 5 replicates + S.D.; “significant at p = 0.05; M (Malbec); C (Caladoc); P (Petit Verdot).

used 25 pL of elution buffer which helps to got maximum yield of DNA. The NucleoSpin method used in this
study consistently yielded DNA suitable for PCR amplification from grapevine seeds, regardless of cultivars or

seed size and thus suitable for further genetic studies.
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