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ABSTRACT. In order to investigate the mutation characteristics and to
further examine the genetic variation of mutant sunflower (Helianthus
annuus) obtained in plants grown from seeds exposed to space conditions,
only the mature tissues such as leaf and flower could be used for DNA
extraction after mutation characteristics were confirmed. The rich contents
of polysaccharides, tannins, secondary metabolites, and polyphenolics
made it difficult to isolate high-quality DNA from mature leaves of
sunflower according to previous reports. Based on the comparison of
the differences in previously reported protocols, a modified method for
the extraction of high-quality DNA was developed. Using this protocol,
the DNA isolated from sunflower was high in quality and suitable
for restriction digestion (EcoRIl, Hindll, BamHI), random amplified
polymorphic DNA study and further molecular research. Therefore, the
modified protocol was suitable for investigating the genetic variation of
sunflower using mature leaf DNA.
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INTRODUCTION

DNA-based assays such as random amplified polymorphic DNA (RAPD) and amplified
fragment length polymorphism are the most widely used tools for the assessment of genetic
variation (Singh et al., 1999; Belaj et al., 2002; Shan et al., 2005; Sarwat et al., 2006). All these
techniques require a fair amount of DNA of good quality.

Rapid and efficient sunflower (Helianthus annuus L.) DNA extraction protocols
have been previously developed (Brahm et al., 2000; Quagliaro et al., 2001; Yu et al., 2003;
Horne et al., 2004). However, the materials used for DNA extraction were tender tissues in
sunflower. Some mutant sunflower plants were obtained in plants grown from seeds exposed
to space conditions. In order to investigate the mutation characteristics, especially the floral
mutation characteristics, and to further analyze the genetic variation of these mutant plants,
only the mature tissues such as leaf' and flower could be used for DNA extraction after mutation
characteristics were confirmed.

It is known that sunflower extract contains high concentrations of polyphenolics and
other contaminants such as polysaccharides and tannins (Horne et al., 2004; Khan el al., 2004).
If not eliminated, such contaminants could result in a genomic DNA sample of poor quality and
quantity and of poor solubility, making it difficult to support polymerase chain reaction (PCR),
genomic blot analysis, fingerprinting and other molecular analysis. Polyphenolics become
oxidized and covalently bind to proteins and nucleic acids during the homogenization step of
DNA extraction, making the DNA brown and unsuitable for most research application (Loomis,
1974; Guillemaut and Maréchal-Drouard, 1992; Porebski et al., 1997; Horne et al., 2004).

We tried to extract DNA from mature leaves of mutant sunflower according to previous
reports, or even the latest modified protocols (Peterson et al., 1997; Aljanabi et al., 1999; Yu
et al., 2003; Khan et al., 2004; Sarwat et al., 20006), but failed to obtain high-quality DNA.
Thus, we compared various protocols of the common methods using cetyltrimethylammonium
bromide (CTAB) and sodium dodecylsulfate (SDS) for DNA extraction from sunflower, and
determined the differences among these methods to develop a method for extracting DNA
from mature leaf. Therefore, an effective procedure was established for DNA extraction from
sunflower; the protocol was efficient and gave high yields of clean DNA which was extremely
pure and very suitable for molecular biological studies.

MATERIAL AND METHODS
Material
Mature leaves of mutant sunflower (Helianthus annuus L.).
Reagents and solutions
» Washing buffer: 100 mM Tris-HCI, pH 8.0; 50 mM ethylenediaminetetraacetic acid
(EDTA); 1 M NaCl; 1% 2-mercaptoethanol; 1% polyvinylpyrrolidone (PVP) (k-30, S, )

* Extraction buffer: 2% CTAB; 1.42 M NaCl; 200 mM EDTA; 100 mM Tris-HCIL, pH
8.0; 1% 2-mercaptoethanol; 1% PVP
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* Chloroform-isoamylalcohol (24:1)

* Phenol-chloroform-isoamylalcohol (25:24:1)

* Ethanol (70% and absolute)

* TE buffer I: 0.1X Tris-EDTA (10 pL/mL RNase A (Calbiochem))
* TE buffer II: 0.1X Tris-EDTA

Modified protocol for genomic DNA extraction

The method consisted of the following steps:

1. Mature leaf samples of mutant and natural sunflower (600-700 mg) were harvested
and placed in a mortar. The mortar including the pestle were wrapped in tinfoil, and then
frozen rapidly at -80°C. The sample must be kept frozen for at least 2 h.

2. The frozen sample was taken out of the freezer, the leaves were crushed gently into
pieces, and then ground to a fine powder.

3. The powder (200-300 mg) was transferred to a 1.5-mL tube. A volume of 1 mL
washing buffer was added, and the tube was kept on ice with mixing for 5 min.

4. The tubes were centrifuged at 11,000 g for 10 min at 4°C.

5. The top aqueous layer was removed, and 700 pL preheated high-salt CTAB buffer
(60-65°C) was added with uniform mixing to avoid clumping at the bottom.

6. The sample was incubated for 60 min at 65°C in a water bath. The samples were
mixed by inversion 4-6 times during incubation.

7. The tubes were allowed to cool for 4-5 min, and then 500 puL chloroform/iso-amyl
alcohol (24:1) was added. The tubes were then mixed well by inversion for 1 min and allowed
to stand for 5 min at room temperature.

8. The tubes were centrifuged for 10 min at 11,000 g.

9. The top layer of about 750 pL was transferred to a new tube. Steps 7-9 were
repeated once.

10. The aqueous phase was carefully transferred to a fresh tube, and 2 volumes of absolute
alcohol were added. The tubes were mixed by gentle inversion to precipitate the DNA.

11. DNA was spooled out with a yellow plastic tip and put into a new 1.5-mL tube with
1 mL 70% ethanol to wash the DNA.

12. Step 11 was repeated once, DNA was placed in a fresh tube, centrifuged for an additional
1 min at 5000 g, and the remaining liquid was removed as much as possible with a pipette. The
tubes were allowed to drain inverted to dry the pellet for 10 min at room temperature.

13. The DNA pellet was dissolved in 450 pL TE I by incubating for 1 h at 37°C.

14. An equal volume of phenol-chloroform-isoamyl alcohol (v/v, 25:24:1) was added
to the tube. DNA precipitation was repeated once.

15. DNA was resuspended in 2.5 volumes of 100% absolute alcohol, with gentle
mixing; there were some translucent floccules with some air bubbles present.

16. DNA was centrifuged for 30 s at 5000 g.

17. The top aqueous layer was poured off, and the DNA pellet washed twice with
70% ethanol.

18. The 70% ethanol was discarded, and 500 pL absolute alcohol was added, followed
by mixing with gentle inversion for 1 min.
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19. The tubes were centrifuged for 1 min at 5000 g, and the absolute alcohol was
discarded.

20. The tubes were allowed to drain inverted, and the pellet was dried at 37°C for 15 min.

21. A volume of 150 puLL TE II (RNase free) was added to dissolve the pellet and the
DNA solution was stored at -20°C.

22. DNA quality was assessed by electrophoresis and spectrophotometry. The
extracted DNA was subjected to three restriction enzyme digestions (EcoRI1, BamHI, HindIIl)
and to RAPD analysis.

Technical notes

1. The mortar and the pestle should be heated at 120°C for 40 min after clean out.

2. 2-Mercaptoethanol and PVP should be added to the washing buffer and CTAB
buffer just prior to use. 2-Mercaptoethanol inhibits the oxidation of polyphenols, and PVP
adsorbs polyphenols, thereby preventing their interaction with DNA (Loomis, 1974).

3. The leaf powder transferred to the tubes for DNA extraction should be less than 300
mg. If not, the larger amounts of polysaccharides, secondary metabolites and polyphenolics
will be difficult to eliminate.

4. This protocol is partially based on the method described by Doyle and Doyle (1990).

5. DNA must be spooled out with a yellow tip and placed into a new 1.5-mL tube for
washing after precipitation of the DNA with 2 volumes of absolute alcohol. Centrifugation
should be avoided, lest the precipitated contaminants are recovered with the DNA, making
them difficult to eliminate cleanly.

Quantity and purity of DNA

Purity of DNA was checked by means of absorbance ratios A260/A280 for protein
contamination and A260/A230 for the presence of polyphenolic/polysaccharide compounds.
Electrophoresis was used to determine the quantity of DNA extracted.

Analysis by random amplified polymorphic DNA

PCR analysis of RAPD was used for testing the fidelity of genomic DNA. PCR was
performed using the Bio-Rad MyCycler™ PCR system (Bio-Rad, USA). PCR products were
separated on 1.5% agarose gels, and then analyzed by Gel doc 2000 T,A (Bio-Rad, USA).

Approximately 100 ng extracted DNA was used as a template for PCR amplification.
A reaction mixture containing 1X reaction buffer, 0.75 mM MgCl,, 100 ng DNA, 0.20 mM
dNTPs, 100 nM RAPD primers, and 1.25 units Tag DNA polymerase (TaKaRa Ex Taq™ Hot
Start Version) was prepared in a total volume of 25 pL.

RESULTS AND DISCUSSION

It is known that sunflower (H. annuus) contains high concentrations of polysaccharides,
polyphenolics, tannins, and secondary metabolites (Horne et al., 2004). These secondary compounds
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could hamper DNA isolation and further molecular analysis. For example, the presence of unusual
substances could inhibit endorestriction enzymes (Khanuja etal., 1999). Therefore, these compounds
must be eliminated during DNA isolation. When we extracted DNA from mature leaves of mutant
sunflower according to previous reports or even the latest modified protocols (Peterson et al., 1997;
Aljanabi et al., 1999; Yu et al., 2003; Khan et al., 2004; Sarwat et al., 2006), these compounds were
not eliminated efficiently. Thus, the DNA extraction protocol for mature leaf of sunflower had to be
modified. Based on the comparison of the CTAB method and SDS method (Figure 1), an efficient
CTAB method for DNA extraction from mature leaf was obtained in part according to Doyle and
Doyle (1990).
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Figure 1. DNA was extracted using different protocols, and then 1 pL DNA was run at 80 V on a 0.7% agarose gel for 1
h to separation. A,B. Sunflower DNA extracted by means of a modified protocol without washing buffer. C,D. Sunflower
DNA extracted by means of a modified protocol including the step of using washing buffer to wash powder. A. Lanes 1-5,
SDS-based method; lanes 6-9, CTAB-based method; M = 1500-DNA marker. C. Lanes 1-4, SDS-based method; lanes
5-8, CTAB-based method. B,D. Open the lid and inverse it to dry pellet in tube. PVP = polyvinylpyrrolidone.

According to previous reports (Aljanabi et al., 1999; Hameed et al., 2004), PVP and
2-mercaptoethanol are absolutely necessary to eliminate the effect of polyphenol. In this protocol,
2-mercaptoethanol and different concentration of PVP were added to washing buffer and CTAB
buffer, to test their capability of eliminating polysaccharides and polyphenols from tissues.
Most polysaccharides, polyphenols and secondary metabolites could be removed by rinsing the
tissue powder with washing buffer (Figure 1C,D), and 1% PVP was adequate to eliminate the
compounds (Figure 1A,C). After this treatment, the extracted DNA was free of coloration and
was lighter than that without washing in color (Figure 1C,D). To be mentioned, perfect results
could be obtained with one washing. The problem arising from the presence of high levels of
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polysaccharides could be overcome using NaCl at a higher concentration (1.42 M) and repeating
the DNA extraction with phenol-chloroform-isoamyl alcohol (v/v, 25:24:1) after dissolving the
pellet. Therefore, in this modified protocol, the following reagents were involved: washing buffer
(1% PVP; 2% 2-mercaptoethanol), extraction buffer (2% CTAB; 1.42 M NaCl; 1% PVP; 2%
2-mercaptoethanol) and phenol-chloroform-isoamyl alcohol (v/v, 25:24:1).

Using the modified protocol (Figure 2A,B), 300-400 pg DNA was obtained from only
a small amount tissue (200-300 mg) of mature leaf, 1.5-mL plastic tubes and tips were enough
for the extraction process. Therefore, it is very convenient and highly efficient. The ratios of
A260/A280 and A230/A260 were recorded as 1.80-1.89 and >2, respectively, which suggests
that the preparations were free of proteins and polyphenolic/polysaccharide compounds.

Figure 2. A,B. DNA were run at 80 V on a 0.7% agarose gel for 1 h for separation. DNA were extracted from varieties
mature leaf of mutant sunflower with modified protocol. M: DNA marker DL15,000 (TaKaRa).

As the leaf sample, mortar and pestle were frozen prior to grinding, it was easy to grind
the tissues into a very fine powder. The powder did not thaw for 5 min and did not stick to the
porcelain mortar, so there was enough time to grind the samples. Using liquid nitrogen can
produce the same result, but a liquid nitrogen source is needed during the grinding progress,
which is sometimes not conveniently available in some situations. A porcelain mortar has
several advantages over a glass one in hardness and non-stick surface. In this protocol, tissues
and the porcelain mortar were frozen together prior to grinding.

It should be emphasized that the amount of mature leaf tissue used for DNA extraction
should notexceed 300 mg per sample. Otherwise, it is difficult to effectively remove contaminants
even when washing buffer, PVP and 2-mercaptoethanol are used in later steps (Figure 3).

1 2

Figure 3. The extration DNA was dissolved with TE buffer II. 1. Mature leaf tissue used for DNA extraction was under 300
mg. 2. Mature leaf tissue used for DNA extraction was exceeding 300 mg. The color of the tube 1 is lighter than tube 2.
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In this protocol, the extracted DNA was dissolved in 450 pL TE buffer I (containing
10 pg/mL RNase A), and then incubated for 1 h at 37°C for RNA digestion. The RNA was
readily eliminated. It is necessary to extract the DNA once again after RNA digestion, using
phenol-chloroform-isoamyl alcohol (v/v, 25:24:1). If not, the protein is excessive in the DNA
solution.

After washing with 70% ethanol, DNA was washed again with absolute alcohol. This
was helpful in removing water quickly, since the remaing ethanol was not easy to drain off
after washing with 70% ethanol, and could affect the activity of restriction enzymes and PCR-
based analysis. However, if DNA is washed again with absolute alcohol, it is easy to dry when
placing in a 37°C incubator for a while, making the DNA easy to dissolve.

The purity and quality of isolated DNA were validated by restriction digestion and
PCR amplification. It was found that the entire DNA could be digested completely by three
different restriction enzymes (EcoR1, Hindlll, BamHI) (Figure 4). Furthermore, the DNA could
be used as a sample for PCR, and the results of RAPD were very reliable (Figure 4). These
results suggest that the DNA isolated was very pure and of high quality, and was suitable for
further molecular research.

Figure 4. A. DNA was digested by two different restriction enzymes. Lanes 1-5. The DNA of different mutant sunflower
were digested by EcoRI (TaKaRa). Lanes 6-10. The DNA of different mutant sunflower were digested by HindIIl
(TaKaRa). B. Lanes 1-5. The DNA of different mutant sunflower were digested by BamHI (TaKaRa). Lane 6. Extraction
genome DNA without digestion. C. Results of RAPD using the extracted DNA as sample. M: 100-bp DNA ladder
(TaKaRa); M,: DNA marker DL 15,000 (TaKaRa).

ACKNOWLEDGMENTS

The authors thank Miss Na Jiang for her helpful discussions and valuable advice in
writing the paper. Research supported by the Sichuan Provincial Youth Science and Technology
Foundation (05Z2Q026-017), and Sichuan Provincial Key Subject Programme (SZD0420),
P.R. China.

REFERENCES

Aljanabi SM, Forget L and Dookun A (1999). An improved and rapid protocol for the isolation of polysaccharide- and polyphenol-
free sugarcane DNA. Plant Mol. Biol. Rep. 17: 1-8.

Belaj A, Satovic Z, Rallo L and Trujillo T (2002). Genetic diversity and relationships in olive (Olea europaea L.) germplasm
collections as determined by randomly amplified polymorphic DNA. Theor. Appl. Genet. 105: 638-644.

Genetics and Molecular Research 6 (4): 1064-1071 (2007) www.funpecrp.com.br



High-quality genomic DNA from mature leaves of sunflower 1071

Brahm L, Récher T and Friedt W (2000). PCR-based markers facilitating marker assisted selection in sunflower for resistance to
downy mildew. Crop Sci. 40: 676-682.

Doyle JJ and Doyle JL (1990). Isolation of plant DNA from fresh tissue. Focus 12: 13-15.

Guillemaut P and Maréchal-Drouard L (1992). Isolation of plant DNA: a fast, inexpensive and reliable method. Plant Mol. Biol.
Rep. 10: 60-65.

Hameed A, Malik SA, Igbal N, Arshad R, et al. (2004). A rapid (100 min) method for isolating high yield and quality DNA from
leaves, roots and coleoptile of wheat (7riticum aestivum L.) suitable for apoptotic and other molecular studies. J. Agri. Biol.
6: 383-387.

Horne EC, Kumpatla SP, Patterson KA, Gupta M, et al. (2004). Improved high-throughput sunflower and cotton genomic DNA
extraction and PCR fidelity. Plant Mol. Biol. Rep. 22: 83a-83i.

Khan IA, Awan FS, Ahmad A and Khan AA (2004). A modified mini-prep method for economical and rapid extraction of
genomic DNA in plants. Plant Mol. Biol. Rep. 22: 89a-89e.

Khanuja SPS, Shasany A, Darokar MP and Kumar S (1999). Rapid isolation of DNA from dry and fresh samples of plants
producing large amounts of secondary metabolites and essential oils. Plant Mol. Biol. Rep. 17: 1-7.

Loomis WD (1974). Overcoming problems of phenolics and quinones in the isolation of plant enzymes and organelles. Methods
Enzymol. 31: 528-544.

Peterson DG, Boehm KS and Stack SM (1997). Isolation of milligram quantities of nuclear DNA from tomato (Lycopersicon
esculentum), a plant containing high levels of polyphenolic compounds. Plant Mol. Biol. Rep. 15: 148-153.

Porebski S, Bailey LG and Baum BR (1997). Modification of a CTAB DNA extraction protocol for plants containing high
polysaccharide and polyphenol components. Plant Mol. Biol. Rep. 15: 8-15.

Quagliaro G, Vischi M, Tyrka M and Olivieri AM (2001). Identification of wild and cultivated sunflower for breeding purposes
by AFLP markers. J. Hered. 92: 38-42.

Sarwat M, Negi MS, Lakshmikumaran M, Tyagi AK, et al. (2006). A standardized protocol for genomic DNA isolation from
Terminalia arjuna for genetic diversity analysis. Pontificia Universidad Catélica de Valparaiso 9: 86-91.

Shan F, Clarke HC, Plummer JA, Yan G, et al. (2005). Geographical patterns of genetic variation in the world collections of wild
annual cicer characterized by amplified fragment length polymorphisms. Theor. Appl. Genet. 110: 381-391.

Singh A, Negi MS, Rajagopal J, Bhatia S, et al. (1999). Assessment of genetic diversity in Azadirachta indica using AFLP
markers. Theor. Appl. Genet. 99: 272-279.

Yu JK, Tang S, Slabaugh MB, Heesacker A, et al. (2003). Towards a saturated molecular genetic linkage map for cultivated
sunflower. Crop Sci. 43: 367-387.

Genetics and Molecular Research 6 (4): 1064-1071 (2007) www.funpecrp.com.br



