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ABSTRACT

In current study Random Amplifi ed DNA-Polymorphism markers were used to detect genetic variations in C. peruvianus 
somaclones and to examine relationships among somaclones and plants grown from seeds in cultivated populations. The 
possible association of DNA fragments with morphological traits of somaclones was also investigated. Polymorphism in 
somaclones (62.24%) was higher than that detected in cultivated plants (42.57%). The casual grouping of somaclones 
presented atypical and typical shoot phenotypes showed that the random amplifi ed DNA-fragment polymorphisms detec-
ted in present study were not associated with shoot morphologies. Similarity in somaclones and cultivated plants ranged 
from 70.2 to 93.7% and 76.7 to 86.8%, respectively. Thus, in vitro tissue culture of C. peruvianus may be recommended to 
broaden the species’s genetic base. The genetic variability found in somaclones is important as a source of new traits that 
may be necessary as breeding or conservation programs proceed. 
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RESUMO

No presente estudo o polimorfi smo de seqüencias de DNA amplifi cadas aleatoriamente foram usadas como marcadores 
moleculares para detectar variação genética em somaclones de Cereus peruvianus e para examinar a relação entre os soma-
clones e as plantas que crescem a partir de sementes, em populações cultivadas. A possível associação entre fragmentos de 
DNA com características morfológicas de somaclones também foi investigado. O polimorfi smo nos somaclones (62,24%) 
foi maior do que o detectado em plantas cultivadas (42,57%). O agrupamento casual dos somaclones apresentando caules 
com morfologias atípicas e típicas mostrou que o polimorfi smo dos fragmentos de DNA amplifi cados no presente estudo 
não está associado com morfologias de caules. A similaridade nos somaclones e nas plantas cultivadas variou de 70,2 a 
93,7% e de 76,7 a 86,8, respectivamente. Portanto, a cultura de tecido in vitro de C. peruvianus pode ser recomendada para 
ampliar a base genética desta espécie. A variabilidade genética encontrada nos somaclones é importante com uma fonte de 
novas características que podem ser necessárias para procedimentos em programas de melhoramento ou de conservação 
da espécie.
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INTRODUCTION

It is now well documented that tissue cultures 
may induce heritable genetic changes in plants. 
Larkin and Scowcroft (1981) adopted the term 
somaclonal variation to describe the genetic va-
riation occurring in in vitro cultured cells and 
they suggested the potentiality of tissue culture 
for the induction of useful and stable variations 

that could be exploited for crop improvement. 
A considerable number of useful somaclonal 
variants have been generate and recorded from 
different plant species (Jain, 2001; Taji et al., 
2002). Somaclones of the Cereus peruvianus 
cactus species, for instance, exhibit considerable 
isozyme patterns and morphological variation 
(Mangolin et al., 1997; Machado et al., 2000).

C. peruvianus, popularly known in Brazil as 
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mandacaru, is a columnar cactus species found 
in arid and semiarid regions in the North and 
Northwest Brazil. It is also distributed in frag-
ments of subtropical forests in the South and 
Southwestern regions of Brazil and is a com-
mon ornamental cactus cultivated in gardens. 
According to Nerd et al. (2002) C. peruvianus 
is under domestication in Israel and is sold in 
Europe; their fruits were accepted very well 
in both local and European markets, due to its 
beautiful appearance, delicate sour-sweet tas-
te, and unique aroma. Self-incompatibility has 
been reported for C. peruvianus as well as for 
other night-fl owering columnar cactus; fruit was 
produced by open-pollination and manual cross-
pollination, but not by self-pollination (Weiss et 
al., 1993, 1994; Silva and Sazima, 1995; Casas 
et al., 1999; Ruvolo-Takasusuki et al., 2006). 
In Brazil, the plants of C. peruvianus have also 
been used as source of chemical compounds for 
the cosmetic, food, and pharmaceutical industry 
(Alvarez et al., 1992, 1995; Nozaki et al., 1993; 
Barros and Nozaki, 2002; Oliveira and Macha-
do, 2003). 

Since C. peruvianus has industrial importan-
ce the callus tissue culture was induced in order 
to obtain a considerable number of regenerated 
plants (Oliveira et al., 1995). In vitro callus cul-
ture of C. peruvianus has been a faster and effi -
cient method for clonal multiplication of plants 
(Oliveira et al., 1995). Somaclones, also desig-
ned clonal regenerants (R0), were regenerated 
from callus culture induced using MS medium 
(Murashige and Skoog, 1962) containing B5 vi-
tamins (Gamborg et al., 1968), 0.8% agar, 3% 
sucrose, and combinations of the growth regu-
lators 2,4-dichlorophenoxyacetic acid (2,4-D) 
and N-(2-furanylmethyl)-1H-purine-6 amine 
(kinetin) according to the method of Oliveira et 
al. (1995). Callus tissue was formed from hypo-
cotyls stalks of three seedlings of C. peruvianus 
which were obtained from seeds of one naturally 
cultivated plant. Callus subcultures were perfor-
med at 15-day intervals, and 18-20 weeks after 
culture initiation (total of 23 somaclonal genera-
tions) the friable calli produced the cactus shoots 

(somaclones). The somaclone population (R0 
plants) was planted in 1997 at the Experimental 
Botanic Garden of the State of University of Ma-
ringá (Maringá PR Brazil; altitude 554.9m; 23º 
25’S; 51º 25’ W) where they are still maintained.

Differential morphological types of shoots 
were reported in 4-year-old plants of C. peru-
vianus regenerated from callus tissues (Mango-
lin et al., 1997; Machado et al., 2000). Moreover, 
at least three types of shoots may be observed 
in 10-year-old somaclones: i) typical or regular 
shoots similar to those found in C. peruvianus 
plants growing from seeds in cultivated popu-
lations (62.5%); ii) atypical shoots in which the 
areoles are found in broken ribs forming alterna-
te knobby regular or irregular space, sometimes 
with tortuously formed areoles similar to spira-
led ribs (23%); and iii) mixed shoots (14.5%) 
showing mixed morphological forms (typical 
and atypical parts).

Since the ratio of shoot-morphological varia-
tion is high, it is reasonable to suppose that the 
variant phenotype is caused by genetic and/or 
epigenetic changes. Consequently, a higher de-
gree of genetic diversity at DNA level may be 
detected among somaclones than that among C. 
peruvianus plants grown from seeds in natural 
populations. Higher degree of genetic diversity 
among C. peruvianus plants is important because 
Gutman et al. (2001) have shown that this specie 
has only a limited genetic base and that further 
improvement of this crop may require the intro-
duction of genetic variability at DNA level during 
breeding programs. Further, the DNA polymor-
phisms may be or may not be associated with the 
morphological features of the somaclone shoots. 
Thus, in the current research RAPD markers 
were used to detect genetic diversity in C. peru-
vianus somaclones and to examine relationships 
among the somaclones and plants grown from 
seeds in cultivated populations, and a possible 
association of DNA fragments with somaclones’ 
morphological traits. The RAPD technique was 
selected since demands little cost and time, and 
isolation and characterization of microsatellite 
loci is yet restrict to any cactus species.
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MATERIAL AND METHODS

Shoots of forty-eight C. peruvianus somaclo-
nes at the Experimental Botanic Garden of State 
University of Maringá (Maringá PR Brazil; alti-
tude 554.9m; 23º 25’S; 51º 25’ W) and nine C. 
peruvianus cultivated plants (grown from seeds) 
at the Medicinal Plants Garden of the State Uni-
versity of Maringá (distance 1 000m) were used 
as samples for DNA extraction. All 12-year-old 
plants of C. peruvianus, grown from seeds (cul-
tivated plants C1-C9), presented areoles in typi-
cally linear ribs. Thirty somaclones (S1, S2, S3, 
S5, S6, S7, S8, S9, S11, S18, S23, S24, S27, S28, 
S29, S30, S31, S41, S44, S46, S48, S49, S57, 
S60, S61, S64, S65, S67, S68, and S71) presen-
ted the typical shoots of species; 11 somaclones 
(S22, S26, S32, S35, S40, S45, S54, S55, S62, 
S66, and S69) presented atypical shoots, and 7 
somaclones (S19, S33, S43, S47, S51, S53, and 
S59) had mixed shoot phenotypes (typical and 
atypical parts).

Fresh shoot sections (100-200 mg) from so-
maclones and cultivated plants were individually 
prepared according to protocol by Aljanabi et al. 
(1999), with minor modifi cations (higher NaCl 
concentration). Shoot sections were ground to 
a fi ne powder in liquid nitrogen and homogeni-
zed in 300-600 μL buffer 200 mM Tris-HCl, pH 
8.0, 50 mM EDTA, pH 8.0, 5 M NaCl, 2% w/v 
CTAB, 0.06% sodium sulfi te, 20% w/v CTAB, 
5% w/v lauril-sarcosine, and 10% w/v PVP-40. 
DNA was extracted with 1 volume of phenol: 
chloroform:isoamyl alcohol (25:24:1), incubated 
for 2h with 0.1 ng/μL of RNAse (10 ng/mL) and 
extracted with 1 volume of chloroform:isoamyl 
alcohol (24:1); isopropanol (0.6 volumes) and 5 
M NaCl (0.06 volumes) were used for DNA pre-
cipitation. Isolated DNA quality was determined 
by electrophoresis in 0.8% agar gel (Hoisington 
et al., 1984). UV quantifi cation by visual com-
parison with known quantities of lambda DNA 
(Invitrogen) averaged about 20 ng/μL - 150 ng/
μL for each sample.

The amplifi cation reactions were undertaken 
according to Williams et al. (1990), with minor 

modifi cations; they were performed in aseptic 
chambers using volumes of 20 μL containing 25 
ng of genomic DNA, 10 mM Tris-HCl, pH 8.8, 
2.5 mM MgCl2, 91 mM each of dATP, dGTP, 
dCTP, dTTP, 0.2 μL primer and 1 unit of Taq po-
lymerase (Invitrogen). After amplifi cation reac-
tions with OPA-12 and OPB-06 ten-mer primers 
(Operon Technologies Inc. Alameda CA USA), a 
total of 61 primers of kits OPA, OPB, OPC, OPF, 
OPL, OPM, and OPP were tested for amplifi ca-
tion reactions. Amplifi cations were performed, 
in duplicate, with personal Eppendorf Master-
cycler Gradient. PCR conditions were: denatura-
tion for 5 min at 96°C, 45 cycles of 94°C for 45 
sec, 35°C for 1 min, and 72°C for 1 min and 30 
sec, with a fi nal 7 min extension of 72°C.

Amplifi cation products were separated by 
electrophoresis in 1.7% agar (Invitrogen) TAE 
gels at 60 V for 4 hr. Gels were stained with 
ethidium bromide (0.5 mg/mL) and registered 
by image captured in a High Performance Ultra-
violet Transilluminator – Edas 290, using Kodak 
1D 3.5 program. 1 Kb DNA Ladder (Invitrogen) 
was used as size marker.

Among the 61 primers tested, 16 (OPA-02, 
OPA-04, OPA-09, OPA-13, OPA-20, OPB-01, 
OPB-07, OPC-06, OPF-09, OPL-11, OPM-02, 
OPM-07, OPM-10, OPP-02, OPP-07, and OPP-
09) were used to amplify the DNA segments 
after an initial primer screening using DNA of 
the two somaclones and cultivated plants. The 
16 primers, which yielded repetitive patterns 
for all scored bands, were applied to all 9 plants 
from cultivated population (C1, C2, C3, C4, C5, 
C6, C7, C8, C9) and to all 48 somaclones plants. 
Only one mix was prepared for each primer, 
which was used to compare simultaneously the 
57 individual DNA samples for the same ampli-
fi cation reaction.

Fragments were analyzed by comparing 
RAPD profi les of each plant in terms of presen-
ce or absence of each DNA fragment. Plants’ si-
milarity was calculated by Jaccard’s coeffi cient, 
while UPGMA cluster analysis was performed 
with NTSYS-pc software (Rohlf, 1989). The 
cophenetic correlation between the data of the 
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Figure 1. RAPD fi ngerprinting of somaclones (S1 – S69) of C. peruvianus obtained with the primers OPM-02 and OPP-09 
from Operon Technologies Inc. (Alameda, CA) on the samples of genomic DNA. The 1 kb ladder was used as molecular 
weight marker.

 stnemgarF cihpromyloP  

Primers Total of Fragments Somaclones Cultivated Plants 

OPA-02 16 13 9 
OPA-04 21 14 12 
OPA-09 12 6 13 
OPA-13 13 8 7 
OPA-20 12 11 8 
OPB-01 15 9 6 
OPB-07 21 13 14 
OPC-06 19 14 14 
OPF-09 14 10 5 
OPL-11 13 8 3 
OPM-02 21 15 4 
OPM-07 7 4 2 
OPM-10 14 7 5 
OPP-02 15 8 6 
OPP-07 16 1 2 
OPP-09 20 14 6 

Total 249 155 106 

                                                                                       62.24%                         42.57% 
Table 1. Polymorphic Fragments in Somaclones and Cultivated Plants of Cereus peruvianus.
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Figure 2. Dendrogram represents the relationship between the cultivated plants (C1 – C9) and the 48 somaclones (S) of 
C. peruvianus based on UPGMA cluster analysis of the RAPD profi les derived from 16 primers, by Jaccard’s similarity 
coeffi cient.
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genetic similarity matrix and cophenetic values 
of the dendrogram was estimated to indicate the 
dendrogram representativity in relation to origi-
nal similarity estimated. All analyses were per-
formed with NTSYS-pc software (Rohlf, 1989).

RESULTS

Polymorphic banding patterns in the Figure 1 
illustrate the genomic variability in the somaclo-
ne plants (Table 1). Figure 1 illustrate the RAPD 
markers in somaclones observed using different 
primers (parts of the gels, from different amplifi -
cations reactions used to simultaneous compari-
son of the 57 individual samples). 

Where only the DNA segments most stronger 
stained were scored. The 16 primers generated 
249 reproducible fragments (Table 1) of which 
155 were polymorphic in the somaclones and 
106 were polymorphic in the cultivated plants. 
The number of bands for each primer varied 
from 7 to 21, with an average of 15.6 fragments 
per primer. The size of amplifi ed products ran-
ged from 300 to 5.500 bp. The OPA-04, OPB-07, 
and OPM-02 primers generated the highest num-
ber of fragments among the tested primers while 
primer OPB-07 showed the greatest capacity for 
discriminated polymorphic fragments (Table 1).

The dendrogram by Jaccard coeffi cient (Fi-
gure 2) showed that there were two grouping 
of somaclones at the time that cultivated plants 
were separately grouping; somaclones and cul-
tivated plants were grouping according to their 
differential origins (in vitro regenerated and 
seed-grown C. peruvianus plants). Matrices of 
cophenetic values generated from RAPD data 
showed signifi cant and high correlation between 
the dendrograms obtained (r = 0.885) using the 
MxComp procedure from NTSYS program, 
which indicates a good fi t between the original 
similarity matrix and the resulting clustering 
analysis. There was no grouping of somaclones 
according to typical or atypical shoot morpholo-
gies. Somaclones S22, S26, S32, S35, S40, S45, 
S54, S55, S62, S66, S69 with atypical shoots and 
S19, S33, S43, S47, S51, S53, S59 with mixed 

shoot phenotypes were casually grouping with 
the somaclones which present typical shoot mor-
phologies. Casual grouping of somaclones with 
atypical and typical shoot phenotypes showed 
that the random amplifi ed DNA-fragment po-
lymorphisms detected in present study were not 
associated with the shoot morphologies. Whe-
reas OPB-07 primer produced a 300 pb fragment 
specifi cally detected in cultivated plants, the 750 
pb fragment produced by OPP-09 was specifi ca-
lly detected in somaclone; the 1330 pb fragment 
produced by OPA-04 was specifi cally detected in 
a somaclone with mixed shoot phenotype (arrow 
in Figure 1A). However, no fragment was typi-
cal or atypical shoot-specifi c.

Dendrogram also revealed that similarity in 
somaclones and cultivated plants ranged from 
70.2 to 93.7% and 76.7 to 86.8%, respectively.

DISCUSSION

Polymorphism in somaclone plants (62.5%) 
was higher than that detected in cultivated plants 
(42.5%) and also higher than the polymorphism 
reported for descendents R1 of S3, S9, S48, and 
S71 somaclones (Resende et al., 2007) and for 
633 regenerated plants of C. peruvianus using 
biochemical markers of 22 isozyme loci, which 
was 13.6% (Mangolin et al., 1997). The level 
of polymorphism in somaclones and cultivated 
plants was also higher than RAPD-detected po-
lymorphism among 12 clones of C. peruvianus 
(11%) from California and 13 seedlings of C. 
jamacaru (9.4%) from northeastern Brazil (Gut-
man et al., 2001). Low level of genetic diver-
sity found in species plants has been reported 
to be the result from vegetative propagation as 
the predominant form for multiplication of C. 
peruvianus populations (Nerd et al., 2002). Cul-
tivation of the seed-grown C. peruvianus plants 
analyzed in current study is also practiced and 
mainly involves artifi cial selection in which 
desirable phenotypes are obtained by vegetati-
ve propagation. However, the primers selected 
in present study generated the highest number 
of fragments and showed a greater capacity for 
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discriminated polymorphic fragments. This de-
termined a higher level of DNA polymorphism 
in cultivated plants than DNA polymorphism 
in clones, reported by Gutman et al. (2001). In 
other columnar cactus species (Stenocereus ste-
llatus, e.g., also used in central Mexico for its 
edible fruits), the cultivated populations in ho-
megardens are more diverse than populations 
under silvicultural management (Casas et al., 
2006). Thus, higher diversity might be expected 
in the C. peruvianus homegarden populations 
compared with that in populations managed in 
situ. Esterase polymorphism in F1 descendents 
from 14 cultivated populations has also shown 
high proportion of polymorphic loci (42.85%) 
and large genetic basis (from 0.4812 to 0.9657) 
for C. peruvianus (Faria et al. 2011).

In our research the reported higher DNA 
polymorphism between somaclones may be 
the result of induced genetic variability in vitro 
since somaclones were independently regene-
rated from different callus tissues. No associa-
tion between RAPD markers and morphological 
variations has been detected in the somaclones 
of other plant species (Goto et al., 1998; Chen 
et al., 1998). Differential phenotypes in in vitro 
regenerated plants have been explained by di-
fferent causes (Taji et al., 2002), e.g., differen-
tial methylation events. According to Kaeppler 
and Phillips (1993), differential methylation is a 
consequence of in vitro stress conditions. Hypo-
methylation has been associated with different 
morphological phenotypes in clonal regenerants 
of Solanum tuberosus (Joyce and Cassels, 2002) 
and Elaeis guineensis (Jaligot et al., 2002; Kubis 
et al., 2003). The phenotype reversion detected 
in C. peruvianus somaclones showing mixed 
morphologies was also described in somaclones 
from other plant species and was considered pro-
duct of methylation events (Joyce et al., 2003).

In vitro stress conditions were also related 
with phenotype alterations in plants which were 
in vitro regenerated by Yu et al. (1999) and Tre-
gear et al. (2002). Genomic stress caused by cul-
tural conditions has been described as the major 
cause of transposable element activation (Chahal 

and Gosal, 2002). In fact, transposable elements 
are known to cause phenotype changes in plants 
and their activation during in vitro culture indu-
ces somaclonal variation. Hypoacethylation of 
histones determining differential genes expres-
sion in Arabidopsis has also determined pheno-
type alterations (Finnegan, 2001). 

New varieties have been developed through 
somaclonal variations in tomato, sugarcane, ce-
lery, Brassica and sorghum (Karp, 1995). The 
morphological variations (37.5%) generated in 
shoots of somaclones conferred for the 10-year-
old somaclones morphological traits of other 
three varieties and/or species of the genus Ce-
reus: i) shoots in which the areoles are found in 
broken ribs forming alternate knobby regular 
space is a common trait of Cereus spp. knobby 
monstrose form; ii) shoots in which the areo-
les are found in broken ribs forming alternate 
knobby irregular space is a common trait of C. 
peruvianus monstrose form or C. monstruosus 
species; iii) shoots with areoles in tortuous or 
spiraled ribs is a common trait of C. peruvianus 
var. tortuosus. Thus, the simple and cost-effec-
tive tissue culture technique possesses greater 
potential for improvement of vegetatively propa-
gated crops such as the C. peruvianus species. In 
vegetatively propagated plants the non-heritable 
phenotypes effects found in primary regenerants 
(R0) are important since they may be asexually 
propagated.

The results of our study are particularly im-
portant because shown that in vitro tissue cul-
ture of C. peruvianus may be recommended to 
broaden the species’s genetic base. Additionally, 
there is a promising usefulness of somaclones 
in cross-pollination with cultivated plants since 
the analysis of fl oral biology and microsporoge-
nesis in somaclones showed that the fl oral and 
reproductive characteristics and the somaclones’ 
meiotic characteristics are similar to the fl oral, 
reproductive, and meiotic characteristics of the 
C. peruvianus natural populations (Ruvolo-
Takasusuki et al., 2006; Silva et al., 2006). As 
self-incompatibility has been reported for C. pe-
ruvianus (Silva and Sazima, 1995), the cross-po-
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llination system may be advantageous on soma-
clones and seed-grown C. peruvianus plants to 
determine the high level of the species’s genetic 
polymorphism. Higher level of DNA polymor-
phism was detected in R1 descendents of soma-
clones (55.85%; Resende et al., 2007) than that 
in DNA polymorphism detected in cultivated 
plants (42.57%) used in current study. Therefore, 
a signifi cant part of the in vitro induced changes 
in somaclones should be sexually transferred to 
their seed-derived descendents.

In current study RAPD markers were not as-
sociated with the morphological features of the 
somaclone shoots. On the other hand, the genetic 
variability found in somaclones provides addi-
tional support for the occurrence of new alleles 
at the same locus (Mangolin et al., 1997). It is 
also important as a source for new traits that may 
be necessary as breeding programs proceed and/
or to conservation of species genetic resources; 
RAPD markers should be utilized to evaluate 
germplasm resources, helping breeders to de-
termine the level of molecular similarity among 
plants in a cross, and also help plant collectors 
in programs of the specie-biodiversity conserva-
tion. 
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