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Anemopsis californica is a perennial herbaceous plant that has been utilized as a medicinal plant for the 
treatment of various diseases. The present work was carried out with the objective of optimizing a 
method of extraction of the genomic DNA of A. californica and a PCR protocol and later to evaluate the 
existing genetic diversity among the genotypes deriving from different origins. For DNA extraction, we 
tested four procedures: with the CTAB-2 protocol, we obtained the highest yield (61.5±2.2 Ilg DNA/g of 
leaf tissues) and the best quality (A260f2g0 1.83±0.022). To estimate genetic variability, we utilized the 
randomly amplified polymorphism DNA (RAPD) technique, employing 20 oligonucleotides, of which 
only 18 generated reproducible banding patterns, producing 123 polymorphic bands generated, thus 
obtaining a polymorphism rate of 93.93% among the genotypes analyzed. The Jaccard similarity co
efficient generated a variation ranging from 0.325-0.921, indicating a high level of genetic variation 
among the studied genotypes. An Unweighted pair-group method with arithmetic mean (UPGMA) group 
analysis indicated six distinct groups. The present optimized method for DNA isolation and RAPD pro
tocol may serve as an efficient tool for further molecular studies. 
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INTRODUCTION 

The utilization and preservation of medicinal and aromatic plants has been attracting 
global attention [28], above all among researchers of contemporary plants, because it 
is known that the modern allopathic system produces serious adverse effects and 
resistance to antibiotics [21]. The majority of these plants contain high amounts of 
polysaccharides, polyphenols, and other secondary metabolites such as alkaloids, 
phenols, f1avonoids, among others, which are responsible for their therapeutic activ
ity and pharmacological properties. 
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Anemapsis calif arnica (Nutt.) Hook. and Am. (Hauttuynia califarnica Benth. and 
Hook.) is one of the five genera belonging to the Saururaceae family. The genus con
tains a single species: A. calif arnica, a perennial plant commonly known as yerba 
mansa; it is distributed in the southeastern U.S. and in northern and central Mexico 
[6, 23]. It is utilized by a variety of persons of different cultural backgrounds and 
geographic areas for the treatment of several diseases, including stomach and res
piratory problems, and for those with symptoms of cancer [2, IS]. Due to its medici
nal properties, A. calif arnica possesses a great potential for use in the pharmaceutical 
industry and in herbal medicine. To date, to our knowledge, there are no works on the 
improvement of the cultivation of this species. Selection is one of the most important 
procedures in genetic improvement programs [43]. Because variability is a prerequi
site for selection programs, it is necessary to detect and document the amount of 
variation that exists within and among populations. 

The application of biotechnological tools plays an important role in the selection, 
multiplication, and preservation of critical genotypes of medicinal plants. Some of 
these tools can be employed as a mechanism for increasing genetic diversity [3S]. 
Application of molecular technology would increase and facilitate the production of 
substances with pharmacological properties [35] and could help save natural sources 
[30], supporting in their genetic profile. However, the same substances that make the 
study of medicinal and aromatic plants interesting render the molecular methods of 
these difficult. The problems found in the isolation and purification of DNA, espe
cially in medicinal plants, include DNA degradation due to endonucleases, co-isolation 
of polysaccharides, inhibitors such as phenols and other secondary metabolites, which 
interfere directly or indirectly with enzymatic reactions. Flavonoids, phenols, and 
polysaccharides bind firmly with nucleic acids during DNA isolation and interfere 
with subsequent reactions [10, 40]. However, the contaminating RNA that is precipi
tated together with the DNA also causes many problems including suppression of and 
interference with DNA amplification by polymerase chain reaction (peR) [29], includ
ing irreproducible results in randomly amplified polymorphic DNA (RAPD) [25] and 
improper priming of DNA templates during thermal cycle sequencing [36]. 

Optimization of the DNA extraction method is one of the primary and necessary 
steps in the field of molecular biology and in the application of molecular markers 
[37, 40]. Although DNA isolation protocols have been developed for plant species, 
none of these are universally applied for all plants [40]. Thus, an efficient protocol is 
required for the isolation of good DNA in A. calif arnica and that can be utilized in 
genetic variability studies. 

DNA markers based on detecting the genetic fingerprint can rapidly distinguish spe
cies utilizing small amounts of DNA ; therefore, these can help to deduce reliable infor
mation of their phylogenetic relations [14]. Various approaches are available for DNA 
fingerprinting, such as amplified fragment length polymorphism (AFLP), restriction 
fragment length polymorphism (RFLP), simple sequence repeats (SSR), and randomly 
amplified polymorphic DNA (RAPD) [3]. Among these, RAPD is an inexpensive and 
fast method that requires no information regarding the genome of the plant, requires a 
small amount of genomic DNA, and can produce high levels of polymorphism, provid-
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ing information that can help define the distinctiveness of species and phylogenetic 
relationships at molecular level [14]. Additionally, it has been widely utilized for 
genetic diversity assessment in a number of plant species [5, 11,31]. 

The present study was conducted to optimize the genomic DNA isolation protocol 
and the PCR conditions in order to evaluate the genetic diversity in A. calif arnica 
plants of different origins by means of the RAPD technique. 

MATERIALS AND METHODS 

Plant material 

Fresh leaves of plants of A. calif arnica were collected. These were belonging to dif
ferent genotypes (Table 1). 

Table 1 
List of genotypes of Anemopsis cali/ornica used in the present study 

Genotypes Localization 

DI, D2, D5, D6, DID Plants obtained from seeds from Horizon Herbs, LLC (Williams, OR, USA) 

Xl, X4, Xl4 Plants from the state of Queretaro, Mexico 

Z2,Z5,Z7,Z8 Plants from the state of California, USA 

CI, C2, C4, C7, ClO Plants obtained from propagation of plants from Queretaro through in vitro 
tissue culture 

DNA isolation 

Fresh leaves of plants from the state of Queretaro (Table 1) were collected for selec
tion and optimization of the DNA isolation protocol. Prior to proceeding with DNA 
isolation, 500 mg of leaves were placed in a mortar pre-chilled with liquid nitrogen. 
A frozen sample was ground with a pestle and liquid nitrogen was added to prevent 
thawing. The powder was transferred into a 1.5 ml microtube using a precooled 
spaula. Different modified protocols were tested: two CTAB protocols [13], a TEN 
protocol [42], and a Urea protocol [7]. Some differences between DNA isolation 
protocols are listed in Table 2. 

Amount and purity of DNA 

The concentration of isolated DNA was determined using a spectrophotometer by 
measuring absorbance at 260 nm. DNA purity was determined by measuring the 
ultraviolet (UV) absorbance ratio of A260128o and A260123o (protein and carbohydrate or 
polyphenol contaminations, respectively) following the procedures of Sam brook and 
Russell [33]. 
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Table 2 
Differences between DNA isolation protocols 

Protocol Differences 

CIAB-1 - 500 III extraction buffer [2% hexadecyltrimetbyl-ammonium bromide (CIAB) (w/v), 
100 mM Tris-HCI (pH 8), 20 mM EDTA (pH 8), 1.4 M NaCI; autoclave and add 2% poly-
vinylpyrrolidone (PVP) (w/v) and 2% ~-mercaptoetbanol (v/v) immediately before use]. 
-75 III of sodium dodecyl sulphate (SDS) 20% (w/v) 
- 500 III of chloroform-isoamyl alcohol (24: 1) 
- Isopropanol 

CIAB-2 - 500 III extraction buffer [2% CIAB (w/v), 100 mM Iris-HCI (pH 8), 20 mM EDIA 
(PH 8),3.5 M NaCI; autoclave and add 2% PVP (w/v) and 2% ~-mercaptoethanol (v/v) 
immediately before use] 
- 75 III of SDS 20% (w/v) 
- 180 III of potassium acetate (5 M) 
- 500 III of chloroform-isoamyl alcohol (24: I) 
- Isopropanol 

IEN - 500 III extraction buffer [100 mM Iris-HCI (pH 8), 100 mM EDIA (pH 8), 1 mM NaCl] 
- 15 III of SDS 20% (w/v) 
- 500 III of buffered phenol 
- Isopropanol 

UREA - 500 III extraction buffer [42% Urea (w/v), 100 mM Tris-HCI (pH 8), 20 mM EDT A 
(pH 8),0.31 M NaCl, 250 III Iween 20,0.25 g SDS] 
- 300 III of phenol-chloroform (I : I) 
-Ethanol 

Optimization of peR amplification and RAP D analysis 

For optimization, we worked with different concentrations of MgCI2 and Taq DNA 
polymerase, and two different annealing temperatures. PCR amplification was per
formed in a total volume of 10 fll containing lOng of template DNA, I X PCR Buffer 
(10 mM Tris-HCI, pH 8.3; 50 mM KCI), 200 flM of each dNTP, 0.4 flM primer 
(OPA-04) (see Table 3), and MgCI2 (1.5, 2, and 3 mM), Taq DNA polymerase 
(0.5 and I U) in a Techne (TC-412 model) thermocycler. After a denaturation step for 
5 min at 94 DC, the amplification reactions were carried out for 43 cycles. Each cycle 
comprised I min denaturing at 94 DC, I min annealing at 35 and 40 DC, and I min 
elongation at 72 DC. The final elongation step was extended to 7 min. Amplification 
products were separated on 2% agarose gels in TAE buffer, stained with ethidium 
bromide, and visualized under UV light. For RAPD analysis, a set of 20 random 
decamer oligonucleotides (see Table 3) purchased from Operon Technologies Inc. 
(Alameda, CA, USA) were used as single primers for amplification of RAPD 
sequences under standardized PCR conditions. Primers were selected for further 
analysis based on their ability to detect distinct polymorphic amplified products 
across the genotypes. To ensure reproducibility, the primers generating weak products 
were discarded. 
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Table 3 
Nucleotide sequences of random primers (Operon Technologies Inc.) 

Primer Sequence Primer Sequence 

OPA-04 5'-AATCGGGCTG-3' OPQ-02 5'-TCTGTCGGTC-3' 

OPA-19 5 '-CAAACGTCGG-3 , OPQ-15 5 '-GGGTAACGTG-3 , 

OPD-II 5'-AGCGCCATTG-3' OPL-05 5'-ACGCAGGCAC-3' 

OPD-14 5' -CTTCCCCAAG-3' OPL-14 5' -GTGACAGGCT-3' 

OPJ-09 5'-TGAGCCTCAC-3' OPO-05 5' -CCCAGTCACT-3' 

OPJ-20 5' -AAGCGGCCTC-3' OPO-19 5' -GGTGCACGTT-3' 

OPP-IO 5'-TCCCGCCTAC-3' OPR-02 5'-CACAGCTGCC-3' 

OPP-15 5' -GGAAGCCAAC-3' OPR-OS 5' -CCCGTTGCCT-3' 

OPN-IO 5' -ACAACTGGGG-3' OPT-07 5' -GGCAGGCTGT-3' 

OPN-20 5' -GGTGCTCCGT-3' OPT-IS 5'-GATGCCAGAC-3' 

Statistical analysis 

RAPD markers across the 17 genotypes were scored for their presence' I' or absence 
'0' of bands for each primer. The banding pattern for each primer was scored by 
visual observations, where only clear and unambiguous bands were scored. The 
binary data so generated were utilized to estimate levels of polymorphism by dividing 
the polymorphic bands by the total number of scored bands. Pair-wise similarity 
matrices were generated by Jaccard's similarity coefficient [17], and a dendrogram 
based on similarity coefficients was constructed by employing the unweighted pair
group method with arithmetic average (UPGMA), by using the NTSYS-pc ver. 2.2 
software program [32]. 

RESULTS AND DISCUSSION 

DNA isolation method and peR protocol 

One problem of medicinal plant DNA isolations is the presence of polysaccharides 
and certain secondary metabolites, which have been observed to interfere with the 
DNA isolation procedure [10, 41]. Tn this work, several protocols for isolation of 
DNA from A. californica were tested in order to obtain good quality, because many 
characterization techniques depend to a great degree of this factor to ensure their 
repeatability and reliability [19]. 

Table 4 shows the yield and quality of DNA isolated using different protocols. 
Results from three independent DNA extractions showed that the CTAB-2 protocol 
produced a higher yield and quality of DNA than CTAB-I, producing an average 
61.5±2.2 flg DNA/g of leaf tissues, A260128o 1.83±0.022, and A260123o 1.96±0.053. 
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Table 4 
Comparison of yield and quality from several DNA isolation methods 

Methods A26O!2S0 * A 260/2:JO * 
DNAyield* 

(~g DNAIg ofleaf tissues) 

CTAB-l 1.77±O.030 1.4S±O.064 IS.2±3.4 

CTAB-2 I.S3±O.022 1.96±O.O53 61.5±2.2 

TEN - - -

UREA - - -

* Mean ± Standard deviation (SD) of three independent experiments. 

However, with the TEN and UREA protocols, we were unable to extract DNA. The 
absence of DNA in the TEN and UREA extraction methods can be due to the presence 
of great amounts of polysaccharides and phenolic compounds in the tissue of the 
plant, because in the last DNA purification phase, we observed a gelatinous precipi
tate of brown color, effects attributed to these compounds [12, 19]. Polysaccharides 
and phenolic compounds bind to the nucleic acids during DNA extraction, interfering 
with subsequent reactions [30]. 

The CTAB-I protocol was modified from the Doyle and Doyle method [13]. These 
modifications include the use of PVP, ~-mercaptoethanol, and SDS. The CTAB-2 
protocol was modified from CTAB-I in order to improve the yield and quality, 
including an increase ofNaCI of 1.4 to 3.5 M and the addition of potassium acetate. 
On the one hand, CTAB, a strong ionic detergent, has been employed to facilitate the 
separation of proteins from nucleic acids in extractions of biological materials [I]. 
The high ionic strength of CTAB forms complexes with protein and the majority of 
the acidic polysaccharides, and a high concentration of NaCI aids in the removal of 
polysaccharides [4]. On the other hand, PVP and ~-mercaptoethanol prevent oxida
tion of the secondary metabolites, such as phenols, during cell lysis. PVP forms 
hydrogen bindings with the phenolic compounds, and when these compounds are 
centrifuged in the presence of chloroform, they accumulate in the interphase, between 
the organic and aqueous phases [4]. ~-Mercaptoethanol prevents the polymerization 
of tannins, which hinder the isolation process in a manner similar to polysaccharides 
[40]. The increase in the concentration of NaCI and the incorporation of potassium 
acetate in the CTAB-2 protocol increased the DNA yield and quality, in particular in 
the A260/230 ratio. During the SDS lyse phase, proteins and polysaccharides become 
trapped in large complexes that are coated with dodecyl sulfate. These complexes are 
precipitated when sodium ions are replaced by potassium ions [9]; moreover, the 
combined use of potassium acetate and isopropanol during the precipitation of DNA 
is efficient in removing the majority of the secondary metabolites and polysaccha
rides from the DNA [30]. 

Similar to optimization ofthe DNA extraction method, it is also necessary to stand
ardize the PCR conditions, because on this depends, in part, the reproducibility of 
analyses utilizing RAPD. Optimal PCR conditions comprised the following: 3 mM of 
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MgCI2, 1 U of Taq polymerase and at 35 DC of annealing, where the amplified prod
ucts were reproducible in all PCR reactions (data not shown). It has been observed 
that the modification of these parameters can increase or diminish the specificity and 
the yield of the product [27]. 

The present optimized method of DNA isolation and the RAPD protocol may serve 
as an efficient tool for further molecular studies. 

Marker polymorphism 

A total of 20 10-mer primers were used to assess genetic diversity among 17 geno
types of A. calif arnica, only 18 produced reproducible polymorphism banding pat
terns. These 18 primers produced a total 132 bands of sizes ranging from 300-3000 

Table 5 
List of primers, number of bands generated and polymorphism percentage generated 

in A. califarnica genotypes 

No. of No. of Percent Range of 
Primer Sequence 5'-3' bands polymorphic polymorphism molecular size 

generated bands (%) (bp) 

OPA-04 AATCGGGCTG 12 II 91.66 300-1,500 

OPA-19 CAAACGTCGG 6 5 83.33 600-1,500 

OPD-ll AGCGCCATTG 5 5 100 500-1,500 

OPD-14 CTTCCCCAAG 6 6 100 500-1,500 

OPJ-09 TGAGCCTCAC 4 4 100 400-1,200 

OPJ-20 AAGCGGCCTC 9 9 100 400-3,000 

OPP-I0 TCCCGCCTAC 6 6 100 500-1,400 

OPP-15 GGAAGCCAAC 6 6 100 300-1,100 

OPN-1O ACAACTGGGG 12 12 100 300-1,600 

OPN-20 GGTGCTCCGT 8 8 100 500-1,600 

OPQ-02 TCTGTCGGTC 3 3 100 500-2,036 

OPQ-15 GGGTAACGTG 5 5 100 300-1,500 

OPL-05 ACGCAGGCAC 7 5 71.43 500-1,550 

OPL-14 GTGACAGGCT II 9 81.82 300-1,600 

OPO-05 CCCAGTCACT 8 7 87.50 650-1,500 

OPO-19 GGTGCACGTT 8 6 75 400-2,500 

OPT-07 GGCAGGCTGT 8 8 100 300-1,500 

OPT-18 GATGCCAGAC 8 8 100 350-1,550 

Total 132 123 

Mean 7.33 6.83 93.93 
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bp. Of the 132 bands scored, 123 (93.93%) were polymorphic. The number of bands 
generated per primer ranged from 3 (OPQ-02) to 12 (OPA-04 and OPN-I0), with an 
average of7.33 bands per primer (Table 5). The range of polymorph isms was 71.43% 
(OPL-05) to 100% (OPD-ll, OPD-14, OPJ-09, OPJ-20, OPP-lO, OPP-15, OPN-lO, 
OPN-20, OPQ-02, OPQ-15, OPT-07, and OPT-IS). The high level of polymorph isms 
detected by RAPD markers in this study is comparable with the other perennial spe
cies [S, 14-16]. 

Genetic diversity 

Pair-wise comparison of RAPD profiles was carried out to generate a similarity 
matrix. Jaccard's genetic similarity co-efficient was estimated on the basis of IS prim
ers ranging from 0.33--0.92 (Table 6). The highest genetic similarity co-efficient 
(0.92) was observed between genotypes Z2 and Z5, while the lowest value (0.33) was 
observed between genotypes XI and D5. A similarly wide range had also been 
observed in similarity values in other perennial species level studies [14,26]. 

Cluster analysis based on Jaccard's similarity co-efficient generated a dendrogram 
(Fig. I) that classified A. calif arnica genotypes into six clusters: cluster-T was com
prised ofCI, C4, C7, CIO, DI, D6, and DIO genotypes, cluster-IT was comprised of 
C2, X4, Z2, Z5, and ZS genotypes; cluster TIT was comprised of D2 and D5 geno
types, and clusters TIT, TV, and V were comprised of X 14, Z7, and XI, respectively. 

The genetic variability of plants results from the interaction of mutation, selection, 
random genetic drift, and differential migration. Mutation pressure and selection 
procedure play major roles in changing the level of genetic equilibrium. Geographical, 
ecological, and reproductive isolation exert a material effect on the level of genetic 
diversity [39]. Variation in genetic diversity within the species is usually related with 
geographic range, mode of reproduction, mating system, seed dispersal, and fecun
dity [22]. Medina-Holguin et al. [24] established that environmental conditions do not 
appear to alter the chemical profile of the root essential oil of A. calif arnica signifi
cantly suggesting that this characteristic is primarily genetically controlled, and 
Schroeder and Weller [34] attributed that there is low variation within populations of 
A. calif arnica detected using isozymes. The genetic diversity detected in the present 
study may be due to that the genotypes of A. calif arnica are widely distributed in 
different eco-geographical regions. Molecular techniques provide an alternative 
approach for evaluating the genetic relationship in plants and crops because they are 
not subjected to environmental effects and are independent of the developmental 
stage of the plant [20]. RAPD markers have proved useful in the analysis of the 
genetic relationship in several genera [14, 26, 31]. Our work indicated that RAPD 
markers could be used for estimation of the genetic relationship and could aid in the 
characterization of A. calif arnica genotypes. 
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Fig. 1. Dendrogram of 17 Anemopsis cali/ornica genotypes based on Jaccard's similarity coefficient 
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