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ABSTRACT

An efficient and rapid DNA minipreparation modifietethod for frozen samples was developed for fodal

tree species: Copaifera langsdorffii, Hymenaea bawit, Eugenia uniflora, Tabebuia roseo alba andri@@ana

estrellensis. This procedure that dispenses theofiiquid nitrogen, phenol and the addition of fgimase K, is an
adaptation of the CTAB-based DNA extraction metAde modifications included the use of PVP to elateé the
polyphenols, only one chloroform-isoamyl alcohelpsand the addition of RNase immediately afteraetion with

chloroform. The yields of the DNA samples rangechf25.7 to 42.1 pg from 100 mg leaf tissue. Thé Bamples
extracted by this method were successfully use®@R (SSR and RAPD) analyses in these five and wiké/e

tropical tree species.

Key words: Copaifera langsdorffii, Hymenaea courbaril, Eugeniaiflora, Tabebuia roseo alba, Cariniana
estrellensisDNA extraction

INTRODUCTION gene flow in forest fragments and isolated trees
(Ferreira and Grattapaglia, 1995; Ferreira-Ramos
PCR-based methods, such as SSR and RAPD, &t al., 2008). RAPD (Random Amplified
widely used in plants for marker-assisted breeding?olymorphic DNA) involve the use of a single
high-resolution mapping and genetic analysis ofarbitrary’ primer. Regardless of its dominant
populations. Microsatellites or SSR (Simplenature and reproducibility problems, the technique
Sequence Repeat) use specific designed primdtgs been widely used in many plant population
based upon the flanking sequences. They are cgenetic studies due to its high potential to detect
dominant, highly polymorphic and sufficiently the polymorphism (Gillies et al., 1997; Torezan et
informative to enable further studies toal.,, 2005; Goulart et al., 2005). Because these
characterize the impact of the spatial isolation ostudies require the analysis of large populatians,

"Author for correspondenceanaalzate@rge.fmrp.usp.br

Braz. Arch. Biol. Technol. v.52 n.5: pp. 1217-1234pt/Oct2009



1218 Alzate-Marin, A. L. et al.

DNA extraction method, which could be fast,mercaptoethanol, in exhaustion chapel, the
inexpensive and vyielding high quality DNA, is samples were mixed thoroughly. The tubes were
required. incubated at 62-65 °C in a water bath for 30 min
CTAB DNA isolation techniques for extracting the and mixed gently upside down every 10 min. After
DNA from plant species has been widely used focooling at room temperature, 80QL of
PCR analysis (Doyle and Doyle, 1990; Kidwellchloroform-isoamyl alcohol mixture (24:1) were
and Osborn, 1992; Ferreira and Grattapaglisadded to tubes and mixed gently for approximately
1995). However, in tree leaf samples, cros40 min until the mixture emulsifies. The tubes
contamination of DNA due to secondarywere centrifuged for 10 min at 13,200 rpm and the
metabolites such as terpenes, polyphenols, tanniegpernatant (aqueous phase) was carefully
and polysaccharides, which are often abundant imansferred to a new 1.5 mL eppendorf tube. After
the foliage of perennials species, were relatedddition of RNase A in the final concentration of 4
(Scott and Playford, 1996). As a consequenceilL/mL, the tubes were incubated at 37 °C for
many tree species require more complex extracticapproximately 30 min. To precipitate DNA, an
methods than annual plants (Shepherd et akgual volume of ice-cold isopropanol was added
2002). and mixed gently. After incubation at -20 °C for
In this study, an efficient mini-scale DNA 30 minutes (or overnight), the mixture was
extraction method, modified from CTAB centrifuged (13,200 rpm, 10 min) and the
procedure (Doyle and Doyle, 1990) for rapidsupernatant was discarded. Pellets were washed
isolation of DNA genomic from five tropical forest with 200 pL of 70 % ethanol for 5 min. The
tree speciesCopaifera langsdorffii Hymenaea supernatant was discarded and the DNA was
courbaril, Eugenia uniflora Tabebuia roseo alba washed again with 200 puL of 95 % ethanol for 2
and Cariniana estrellensiswas developedThe min. The ethanol was removed and tubes were
DNA extracted was suitable for PCR andstored for 15 minutes at room temperature in order
molecular markers (SSR and RAPD) analyses. to dry the DNA. Finally, the DNA was dissolved

in 200-300uL TE buffer (10 mM Tris-HCI pH 8;

1 mM EDTA pH 8) and stored at -20 °C until use.
MATERIALS AND METHODS

DNA purity and concentration detection
Plant material The quality of total DNA extracted was observed
Leaves samples @. langsdorffij H. courbaril, E.  in agar gels 1 %. The DNA was diluted with TE
uniflora, T. roseo albaand C. estrellensiswere buffer. The absorbance at 260 nm and 280 nm
collected from ten adult trees of each speciewere measured in a spectrophotometer (Spectronic
growing under field conditions. After collection, Genesys 5). DNA purity was judged by the

the leaves were frozen at -20. absorbance ratio of A260/A280. The DNA
concentration was calculated from the 260 nm
DNA extraction protocol absorbance: [DNALg/ uL = (Aze0t*50)/1000,

The protocol was standardized for 250-300 mgvhere f was a dilution factor, and 50 pg/mL
frozen leaf samples, which could be handled in gorresponded to one optic density unit (Sambrook
1.7 and 1.5-mL disposable Eppendorf tube. Fogt al., 1989).

genomic DNA extraction from frozen leaves,

separate experiments for each species were carrieNA amplification

out using 900 pL of pre-warmed (85) extraction Amplification reactions were performed in a
buffer (2 % w/v CTAB, 1.4 M NaCl, 20 mMm thermocycler (model Eppendorf). Each reaction
EDTA, 100 mM Tris-HCI pH 8 and 2 % w/v (10 pl) contained 25 ng of DNA, 0.25 mM of each
polyvinilpyrrolidone, PVP), with and without dNTP, 1.5 mM Mgdl, 0.12 unit of Tag DNA
Proteinase K (0.1 mg/mL). polymeraseRiotoolg, 1X reaction buffeBiotools
About 250-300 mg of frozen leaf tissue was placefi’> MM Tris-HCI, pH 9.0; 50 mM KCI, 20 mM
into a porcelain mortar containing 900 uL of pre{(NH4)>SQ)]; 0.3 uM of each primer
warmed (65°C) extraction buffer. Immediately microsatellite Bio-Synthesis USA) or 0.4 uM of
after homogenization, the suspension wa8§ne primer decamer RAPBiobneer Denmark).
transferred with micropipette into a 1.7-mL The description of SSR and RAPD primers used

Eppendorf tube. After additon of 2 - for amplification is shown in Table 1.
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For SSR molecular markers amplification, the PCRonsisted of one denaturation step at 94 °C for 15
program used was an initial strand separation at $4 one annealing step at 35 °C for 30 s, and one
°C for 5 min, followed by 29 cycles of denaturationextension step at 72 °C for 1 min. After 40 cycles,
at 94°C for 1 min, annealing at 52-6C for 1 min an extra extension step was performed for 7 min at
and elongation at 72C for 1 min; with a final 72 °C. The DNA fragments amplified by RAPD
extension at 72°C for 10 min. Allelic were detected on 8 % non-denaturing
polymorphism was detected in 10 % denaturingolyacrylamide gels and visualized by silver
polyacrylamide gels and visualized by silverstaining (Sanguinetti et al., 1994).

staining (Sanguinetti et al., 1994). For RAPD

molecular markers amplification each cycle

Table 1- Primers SSR and RAPD used in the amplificatiorarfie tropical forest tree species.
PCR

Loci Sequence Replicate Product (bp) Species Reference
. Ciampi et al.
HC33 - (AG)16 124-160 H. courbaril (2008)
Pit06 . Ferreira-
- (TC)os 88-245 E. uniflora Ramos, K.
CLO1 F:5'AGACTCCATTCTTCCACAGC3’ .. Ciampi et al.
R: 5CTGTCTTCTCTCTGCAACCA3’ (AG)as  174-226  C.langsdorffii = 555
Tau2l F: 5CTTTTGGGGGTCTTTGGAAT3 Braga et al.
R: 5’GAAAGAGACAGAGACAAAGATACAZ  (CAz 238 T.roseoalba ™ 5547y
RAPD i i E. uniflora i
OPB04 5'GGACTGGAGT3’ T. roseo alba
RAPD - - H. courbaril -
OPB09 5TGGGGGACTC3Z :
C. estrellensis
P. nitens
P. elegans
A. macrocarpa
H. balansae
RAPD M. peraterum
OPB10 5'CTGCTGGGAC3’ - - P
S. parahyba
M. villosum
C. ferrea
P. regnelli
E. contorsiliquur
A. polyphylla
%ata not published
RESULTS AND DISCUSSION of samples, (2) phenol:chloroform:isoamyl alcohol

extraction, and (3) DNA precipitation. The choice
Several different methods and technologies aref a specific method depends on many factors: the
available for the isolation of plant genomic DNA, required quantity and molecular weight of the
however, the better results can be observed wifDNA, the purity required for downstream
those based in use of CTAB (Doyle and Doyleapplications, the time and the expense. The
1990; Kidwell and Osborn, 1992; Ferreira andprotocol described in this work was an adaptation
Grattapaglia, 1995; Dilworth and Frey, 2000;from the DNA isolation method described by
Shepherd et al.,, 2002; Kang and Yang, 2004)oyle and Doyle (1990), Ferreira and Grattapaglia
Narayanan et al., 2006). In general, all methodél995) and Agwanda et al. (1997). In this modified
consists of the following major steps: (1) grindingmethod, the use of liquid nitrogen and phenol has
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been avoided. According to Scott and PlayffordProteinase K, respectively, suggesting low level of
(1996), grinding samples with liquid nitrogen cancontamination with proteins (Table 2). The
produce degradation of DNA. The phenol isextracted DNA was not degraded and contained no
suspected to induce the mutagenesis (HubermanRNA contamination (Fig. 1). The yields of the
al., 1971). The adaptation of the CTAB extractiorDNA samples ranged from 25.7 to 42.1 ug from
procedure also includes: 1) the wuse 0fl00 mg leaf tissue, enough to conduct 1000 PCRs.
polyvinylpyrrolidone (PVP) to remove the This DNA extraction method, excluding the
polyphenols and prevent oxidation of theProteinase K, was also tested with frozen and fresh
secondary metabolites in plant tissues (as proposedmples ofE. uniflora (Table 3). About 17%
by Ferreira and Grattapaglia, 1995), 2) only ondéigher DNA concentration was obtained from
extraction step with chloroform-isoamyl alcohol,fresh samples than frozen material. However, both
and (3) the implementation of RNase treatmenfresh and frozen samples frdi uniflora yielded
after extraction with chloroform and before genomic DNA of high molecular weight that was
precipitating the DNA with cold isopropanol (asnot degraded. In addition, all the samples of DNA
proposed by Agwanda et al., 1997). extracted without the use of Proteinase K were
The necessity of Proteinase K, frequently used fauccessfully used for PCR-based marker analysis,
DNA extraction due to its efficiency for digestion such as SSR and RAPD (Fig. 2). Moreover, this
of nuclei or whole cells and release of DNA formethodology also worked very well for extracting
the action of polymerases (Cabral et al., 2000the DNA from leaves of other twelve leguminous
was tested in this work. Minor differences wereforest species, besides the species tested in this
found in quality and vyields of DNA frozen work (Table 2). The DNA of the leguminous
samples with and without Proteinase K. For thepecies was amplified with primer RAPD OPB10
five tree species, the average of values A260/A28(ig.-3).

oscillated between 1.13 and 1.14, with and without

Table 2 - Average values of the purity and concentratiothefextracted DNA from 17 tropical forest tree $psc
With Proteinase K Without Proteinase K

Species Common name DNA DNA
AB60/A280 (ng/pL)  /260/A280 (ng/pL)
Copaifera. langsdorffii Oleo de Copaiba 1.20 400 1.10 333
Hymenaea courbaril Jatoba 1.21 440 1.20 366
Eugenia uniflora Pitanga 1.10 322 1.11 345
Tabebuia roseo alba Ipé Branco 1.10 340 1.12 539
Cariniana estrellensis Jequitiba Branco 1.03 304 1.15 537
Pterogyne nitens Amendoim Bravo - - 1.22 526
Platycyamus elegans Amendoim do Campo - - 1.13 388
Anadenanthera macrocarpa Angico - - 1.10 374
Holocalyx balansae Alecrim de Campinas - - 1.20 413
Centrolobioum domentosoum Arariba - - 1.10 471
Myroxylum peruiferum Cabreuva - - 1.12 367
Schizolobium parahyba Guapuruvu - - 1.03 358
Machaerum villosum Jacaranda do Mato - - 1.10 369
Caesalpinea ferrea Pau Ferro - - 1.20 443
Platycyamus regnelli Pau Pereira - - 1.23 455
Entherolobium contorsiliguum Tamboril - - 1.23 530
Acacia polyphylla Monijoleiro - - 1.30 530
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1000 bp —pp

250bp —p

Figure 1 - Genomic DNA extracted from frozen leavesflangsdorffii(1-2),H. courbaril (3-4),
E. uniflora (5-6), T. roseo albg7-8) andC. estrellensig9-10). Lanes 1, 3, 5, 7, 9 and
2, 4, 6, 8, 10, correspond to DNA extracted withd anithout Proteinase K,
respectively. Lane M corresponds to 50 base-pddda(Amersham).

Table 3 - DNA purity and concentration detection of frozendainesh samples fronk. uniflora The DNA
extractions were carried out without ProteinaseTKe average represent mean values + SE (n=10).nidan
difference in DNA purity between frozen and freshtamial was not statistically significant but, theean DNA
concentration was just statistically significanifed sample t test, P = 0.05).

E. uniflora-frozen E. uniflora —Fresh
# A260/A280 DNA ng/uL A260/A280 DNA ng/uL
1 1.02 292.383 1.09 366.520
2 1.05 304.878 1.12 400.256
3 1.18 372.351 1.13 437.325
4 1.11 339.447 1.09 458.150
5 1.10 341.946 1.08 345.278
6 1.06 297.381 1.14 419.832
7 1.07 303.212 1.07 346.944
8 1.07 335.282 1.11 361.522
9 1.09 318.206 1.09 358.190
10 1.08 316.540 1.10 376.932
Average 1.083 +0.012 322.163 + 7.879 1.102 +0.011 387.095 + 12.558

Since this DNA extraction method did not requiretrees of specie€. langsdorffij E. uniflora T.
liquid nitrogen, phenol, proteinase K or anyroseo albaand H. courbaril using SSR primers.
expensive commercial DNA extraction kits, itReproducible SSR amplification was observed in
would be less expensive than other method®CR reactions in all independent extractions and
Using this protocol in a single day, one carreplicates. Also, RAPD reactions were conducted
complete DNA isolation from more than 50 leafwith approximately 10 different samples &
samples. This method has been routinely used toiflora, T. roseo alba H. courbaril and C.
extract DNA from tropical forest tree species inestrellensis species using the primers RAPD
our laboratory. We have used this DNA extractiorOPB04, OPB09 and OPB10. Different RAPD
procedure for screening approximate two hundrefingerprints among individuals of the same species
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(Fig. 2b and 2c) and the other twelve leguminoust al., 2005). However, the reproducibility of
species (Fig. 3) were observed. These results welRAPD fingerprints must be tested in separate
expected because the high degree of intraspecifexperiments. This improved DNA extraction
genetic variation found within the tropical forestprocedure from fresh tissue was recently used with
species assessed with RAPD molecular markermsiccess for development of genomic libraryEof
(Gillies et. al, 1997; Torezan et al., 2005; Gaularuniflora and C. estrellensis(data not shown).
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Figure 2 - Electrophoretic analysis of amplification prodsaibtained with SSR and RAPD
primers. A) Lanes 2-4, 5-7, 8-10 and 11-13 are Dédples ofE. uniflora C.
langsdorffii T. roseo albaand H. courbaril species amplified with SSR primers
Pit06, CLO1, Tau2l and HC33, respectively. B) Lakes are DNA samples df.
courbaril amplified with RAPD primer OPB09 and C) Lanes &8 DNA samples
of C. estrellensiamplified with RAPD primer OPB10. Lanes 1 (Fig. AdaB) and 4
(Fig. C) corresponds to 50 base-pair ladder (Ansrgh

[
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Figure 3 - DNA samples from two mature tree of twelve diffiet leguminous species amplified
with RAPD primer OPB10P. nitens(1-2), P. elegang3-4), A. macrocarpa5-6), H.
balansag(7-8), C. domentosour{®-10), M. peruiferom(11-12),S. parahybg13-14),
M. villosum(15-16),C. ferrea(17-18),P. regnelli(19-20),E. contorsiliquum(21-22)
andA. polyphylla(23-24).
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