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Croton urucurana, known as “sangra-d’água”, is a tree species with timber and beekeeping potential, 
and also with medicinal potential. The use of microsatellite markers, simple sequence repeats (SSRs) is 
efficient in population genetic studies, with high transferability rate between correlated species. The 
present study aimed to optimize the polymerase chain reaction (PCR) protocol and to test the 
transferability of seven primers developed for Croton floribundus to C. urucurana. The amplification of 
113 accessions from different Brazilian biomes (Cerrado, Pantanal and Mata Atlântica) was tested. For 
optimization, the concentration and label of the MgCl2 reagent was varied in addition to annealing 
temperature. Four tested primers showed amplification products, guaranteeing 57% of transferability. 
This result confirms the efficiency of C. floribundus microsatellite loci for future studies of genetic 
variability in C. urucurana. 
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INTRODUCTION 
 
Croton urucurana Baill., commonly known by the names 
"sangra-d'água", "sangre del dragón" or "dragon's blood", 
is a small tree species from the Euphorbiaceae family, 
pioneer, found mainly in riparian forests from various 
forest    formations,     widely   distributed   by   Paraguay, 

Argentina, Uruguay and Brazil (Caruzo and Cordeiro, 
2007). It is a species of multiple uses: timber and 
beekeeping potential; used in urban afforestation and 
recovery of degraded riparian areas; and great 
prominence for medicinal potential (Lorenzi, 2002).  
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The Croton genus is the second largest in the family, 

with about 1,300 species, where South America, the 
Antilles and Mexico are the main centers of diversity for 
this group (Burger and Huft, 1995). Its economic 
importance is increasingly recognized, due to its 
enormous potential for production of essential oils with 
active constituents such as flavonoids, alkaloids and 
terpenoids, in addition to its medicinal uses (Maciel et al., 
2002).  

Several species are used in folk medicine, and among 
them are some with scientifically proven therapeutic 
activities (Salatino, 2007). The species most used are 
Campylocentrum sellowii (antibiotic activity), Croton 
tigluim (antitumor), C. cortesianos (treatment of 
dermatitis), C. macrostahys (vermifuge), C. lineares 
(antipyretic), C. sublyratus (against ulcer) and C. 
penduliflorus (purgative) (Randau et al., 2004). Because 
of this great medicinal importance, genetic studies are 
essential to develop conservation strategies and also 
products (Alves et al., 2012). For Croton genus there are 
some research related to genetic diversity (Angelo et al., 
2005; Silvestrini et al., 2015; Rinthong et al., 2011; 
Scaldaferri, 2013, 2014; Oliveira et al., 2016; Almeida-
Pereira et al., 2017; Silva et al., 2018), however, 
molecular information are still scarce; for species C. 
urucurana they are almost non-existent and it is 
necessary to advance in the genetic diversity 
characterization of this species. 

Studies of within and among population genetic 
variation, are fundamental to know the populations’ 
structures and can be performed efficiently by enzymatic 
or molecular genetic markers (Resende, 1999).  

Microsatellites or Single Sequence Repeats (SSRs) are 
very efficient molecular markers in studies of population 
genetics, genetic variability, evolutionary studies and 
genetic mapping (Varshney et al., 2005; Hodel et al., 
2016). Because of characteristics such as high 
polymorphism, codominant inheritance pattern, multiple 
alleles, abundance, and broad distribution throughout the 
genome, microsatellites are very powerful and popular 
tools to characterize genetic variation among individuals 
or closely related taxa (Guichoux et al., 2011).  

SSR markers have a high transferability rate among 
related species. The decrease in expenses with genomic 
libraries, the cloning and sequencing for sequence 
isolation and the development of new primers, make the 
transferability test between species an advantageous 
strategy (Ferreira and Grattapaglia, 1998; Zucchi et al., 
2002; Wang et al., 2009). Markers developed for a 
species can be transferred to related species, since 
flanking sequences from microsatellite regions can be 
conserved among phylogenetically related species 
(Varshney et al., 2005; Barbara et al., 2007). Thus, the 
transferability rate is higher among species of the same 
genus, and decreases among distant genera of a same 
family (Mnejja et al., 2010).  

Transferability studies on Croton are scarce. One of 
them  was   performed  by   Mishra   et  al.   (2011),   who 

 
 
 
 

developed microsatellite markers based on the EST 
(Expressed Sequence Tags) of Catharanthus roseus and 
analyzed transferability to other three medicinal species 
from different genera. One of the species tested was 
Croton macrostachyus, where tests indicated a transfer 
rate of 30%. For two species from the same genus as C. 
urucurana and C. floribundus, it is expected to find high 
transferability rates. However, rates can be lower since 
phylogenetic studies (Riina et al., 2009; Van Ee et al., 
2011) indicate that C. floribundus and C. urucurana can 
be relatively distant from each other because they belong 
to two distinct subgenera: Croton subg. Geiseleria and 
Croton subg. Adenohylli, respectively (Van Ee et al., 
2011).  

Considering this and the lack of studies involving the 
genetic diversity of C. urucurana, the present study 
aimed to test the transferability of microsatellite markers 
(SSR) designed for C. floribundus species to C. 
urucurana, as well as to optimize a PCR protocol for the 
amplification of these primers. 
 
 
MATERIALS AND METHODS 

 
DNA extraction 

 
Accessions were sampled from C. urucurana native populations 
located in riparian forest fragments. They were from three locals 
with different Brazilian biomes: savanna (Cerrado), wetlands 
(Pantanal) and Atlantic forest, more specifically semi-deciduous 
tropical forest (Mata Atlântica). Terminal leaflets were collected 
from 32 accessions belonging to an anthropically established 
population at the Nações Indígenas Park in the municipality of 
Campo Grande/MS, which is considered as Cerrado area 
(20°27'14"S, 54°34'26"W); 41 accessions from a population 
established in the Piraputanga district, municipality of 
Aquidauana/MS, considered as Pantanal area (20°27'21"S; 
55°30'01"W), and 40 accessions from a population established in 
the municipality of Rio Brilhante/MS, considered as Mata Atlântica 
area (21°43'07"S, 54°30'20"W), totalling 113 sampled individuals. 
After sampling, leaves were sanitized with sodium hypochlorite 
solution 0.5% and distilled water, and stored at 4°C in individual 
bags properly identified for DNA extraction. The samples were 
macerated in a porcelain mortar with liquid nitrogen until obtaining a 
finely ground and uniform material which was posteriorly stored at -
20°C.  

Total DNA from samples was extracted following the CTAB 
method (Doyle and Doyle, 1990) with appropriate adaptations to 
improve the quality of the obtained material. In this protocol, 
extraction buffer containing CTAB 3%, 100 mM Tris-HCl (pH 8.0), 
2M NaCl, 25 mM EDTA (pH 8.0) and 5% PVP was used.  

In a 2 ml Eppendorf® tube, the macerated material was added 
until the mark of 0.5 ml of the tube (approximately 120 mg) together 
with 800 μl of buffer and 16 μl of β-mercaptoethanol. The sample 
was then incubated in a water bath at 65°C for 60 min. After 
incubation, 600 μl of chloroform and isoamyl alcohol (24:1) was 
added and the sample was shaken for 5 min. It was then 
centrifuged (6 min at 12,000 rpm) and the aqueous phase 
(supernatant) was transferred to a new tube. Then 600 μl of ice-
cold isopropanol was added for the precipitation of DNA and the 
sample was incubated at -20°C overnight. Thereafter, the tube was 
centrifuged (12 min at 12,000 rpm) and the supernatant was 
discarded. The precipitate was washed with 70% ethanol and 
diluted in 40 μl of TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA).  
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Table 1. Characteristics of microsatellite regions of primers used to test transferability from C. floribundus to C. urucurana.  
 

Accession number 
(Genbank) 

Primer code Primers (5’ to 3’) Repeat motif 
Size range  

(bp) 

JX236034 SSR-5 
F: CGTGTGCTTCCTCTTCACC 

R: GCCAAATGGGTTTCTCGTTA 
(AAG)8N18(CT)4 142-183 

JX236034 SSR-6 
F: CCACATTCCACATCACTTCC 

R: ACGTGGCAAAATGGGTAGTC 
(GA)5 203-213 

JX236035 SSR-8 
F: CTCCTGAACCCACGCTAGAT 

R: AGAGGCTTCGTGTTGTTCGT 
(AG)8 214-216 

JX236036 SSR-10 
F: AGACGGAAGGGAAGTGGAGT 

R: CGCAGCATCATATCACCAGA 
(AAG)8 141-187 

JX236037 SSR-12 
F: TTGGGCAGATTCATGTAACG 

R: TTGGTTGAGGGAACAGATGA 
(GAA)8N37(AG)3 157-198 

JX236038 SSR-14 
F: AGCACTCCTTCCACGACATT 

R: TGGTGAGACGCTTCATGTTG 
(CA)11 192-198 

JX236039 SSR-16 
F: GGCAGGCATAAATCAGCAAT 

R: TATCGAATCGTCGGATTTGG 
(GAA)6 200-255 

 

Source: Silvestrini et al. (2013). 

 
 
 

After extraction, total DNA was purified by treatment with 
ammonium acetate, following the protocol by Romano and 
Brasileiro (1999), and with the aim of minimizing the amount of 
interfering substances in the sample. The extracted DNA was 
dissolved in 100 μl of TE buffer and 50 μl of ammonium acetate (7.5 
M), and then incubated for 15 min at 4°C. Subsequently, the 
sample was centrifuged for 30 min at 10,000 rpm at 4°C. Then, the 
supernatant was transferred to a new tube, where 400 μl of 
absolute ethanol was added and incubated for 60 min at -20°C. 
After incubation, sample tubes were centrifuged for 10 min at 5,000 
rpm at 4°C. The supernatant was discarded and the precipitate 
washed with 70% ethanol and dissolved in 40 μl of TE buffer. In this 
way, final DNA showed a concentration around 40 ng.μL-1 and, to 
evaluate the quality of the extracted material, DNA concentrations 
of samples were determined using a spectrophotometer (Biodrop® 
Denville Scientific Inc. Holliston) at an absorbance of 260 nm, and 
by electrophoresis (0.8% agarose gel).  

 
 
PCR optimization 

 
Transferability was tested with SSR primers designed and 
developed for C. floribundus species (Silvestrini et al., 2013), 
totaling 7 pairs of primers (Table 1). The protocol used by Silvestrini 
et al., (2013) for primers amplification in C. floribundus was the 
following: final volume 25 μl, 40 ng DNA, 1x reaction buffer, 0.1 
mmol.L-1 dNTP, 2 mmol.L-1 MgCl2, 10 pmol of each primer (forward 
and reverse) and 1.0 U of Taq DNA Polymerase; with thermocycler 
programmed with 5 min at 95°C as initial denaturation, followed by 
30 amplification cycles (denaturation at 95°C for 1 min, annealing at 
55°C for 1 min, extension at 72°C for 1 min), ending with a 5 min 
elongation at 72°C.  

However, this amplification protocol was not efficient for these 
primers in C.urucurana and it was necessary to optimize some 
conditions. For this purpose, MgCl2 concentrations at 1.0, 2.0 and 
3.0 mmol.L-1 from three distinct brands (Invitrogen™, Sigma-Aldrich 
and Ludwig Biotec) were tested, in addition to dNTP (Sigma-
Aldrich) concentrations at 0.1 and 0.4 mol.L-1. These values were 
always tested with a final volume of 25 μl,  40 ng  DNA,  1x reaction 

buffer, 10 pmol of each primer (forward and reverse) and 1.0 U of 
Taq DNA Polymerase.   

Optimum primer temperature in the PCR annealing step was also 
tested using the following temperatures: 50, 55 and 60°C. 
Conditions in the steps of denaturation and extension remained the 
same in all tests, that is, 95 and 72°C, respectively. Initially, 5 
individuals from each population were chosen to perform the tests 
with the seven primers. After protocol optimization and the 
confirmation of transferred primers, all individuals collected from the 
3 different populations were amplified (total of 113 accessions). 
DNAs were amplified using the thermocycler GeneAmp PCR 
System 9700 (Applied Biosystems). 

 
 
Transferability 
 
To confirm the transferability of primers, products were subjected to 
electrophoresis at 100 V for 40 min on a 2% agarose gel which was 
stained with ethidium bromide and visualized under an ultraviolet 
transilluminator. The marker 1 Kb Plus DNA Ladder (Invitrogen™) 
ranging from 100 to 12,000 bp was used to evaluate the presence 
or absence of bands and the respective molecular weight of the 
amplified fragments. The percentage of transferability was 
calculated relating the number of primers that showed transfer of 
loci and the total number of primers tested. 
 
 
RESULTS AND DISCUSSION 
 
Unlike the extract reported in C. floribundus (Silvestrini et 
al., 2013) and what is expected for pioneer species 
(Coley, 1993), the DNA extracts obtained in the present 
study needed to be purified with ammonium acetate for 
secondary compounds. Concerning literature, there is 
greater difficulty in obtaining intact DNA sampling from 
tropical species, due to the presence of secondary 
compounds,  especially  of  the phenol class (Rath et  al.,  
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Figure 1. Patterns of bands amplified in 2% agarose gel in C. urucurana. A: Primer SSR-06; B: Primer SSR-08; C: Primer SSR-10; 
D: Primer SSR-16. M: Molecular marker 1 Kb Plus DNA Ladder (100-12,000 bp). 

 
 
 
1998; Deshmukh et al., 2007). During genetic material 
extraction in Croton antisyphiliticus, Oliveira et al. (2016) 
observed viscosity and oxidation in the samples. 
Scaldaferri et al. (2013), evaluating different extraction 
protocols of Croton linearifolius, observed the presence 
of polysaccharides in samples and found that methods 
using CTAB were the most efficient. Likewise, the DNA 
extraction method used in this study has proved it to be 
quite adequate based on the quality of samples 
visualized on the agarose gel, DNA concentration and 
spectrophotometer’s absorbance reading.  

In the PCR protocol optimization, C. urucurana DNA 
samples were amplified only using the following 
conditions: final volume of 25 μl, 40 ng DNA, 1x reaction 
buffer, 0.4 mmol.L

-1
 dNTP (Sigma-Aldrich), 3 mmol.L

-1
 of 

MgCl2 (Invitrogen™), 10 pmol of each primer (forward 
and reverse) and 1.0 U of Taq DNA Polymerase. Thermal 
cycle was programmed as follows: 5 min at 95°C; 30 
cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 72°C, 
ending with 10 min at 72°C.  

In order to confirm the amplified products, samples 
were subjected to electrophoresis in 2% agarose gel and 
the amplification was considered positive when bands 
have shown fragments with the size of 141-255 bp 
according to SSR primer information (Table 1). Among 
the seven pairs of primers tested, four showed 
amplification products, which confirm the transferability 
efficiency of the primer (Figure 1). Primers that showed 
transferability were the following: SSR-6 (203-213 bp), 
SSR-8 (214-216 bp), SSR-10 (141-187 bp) and SSR-16 
(200-255 bp). The microsatellite markers  transferred  are 

composed of repeat motifs ranging from two nucleotides 
(SSR-06 and SSR-08 primers) to three nucleotides (SSR-
10 and SSR-16 primers).  

Thus, the transferability rate of SSR primers was 
57.14%. The presence of transferred loci from the 
genome of C.floribundus to C. urucurana was expected 
for them being species from the same genus, but this 
value could be even higher. According to Kalia et al., 
(2011), the more phylogenetically related the species, the 
greater chance of conserved regions among them.  Table 
2 shows that the obtained percentage of microsatellite 
markers transferred is in the range of the ones found in 
other studies that looked for the transferability of markers 
in population genetics studies. The intermediate value 
found for transferability from C. floribundus to C. 
urucurana seems to be due to the phylogenetic distance 
between the species: same genus but different and not 
closely related subgenera (Van Ee et al., 2011).  

By analyzing Table 2, we see that studies performed to 
test the transferability between species of the same 
genus generally presented the highest rates. Bressan et 
al., (2012) observed a 67% transferability rate when they 
tested 9 pairs of primers designed for Jatropha curcas in 
Jatropha podagrica, Jatropha pohliana and Jatropha 
gossypifolia. Similarly, Sousa et al., (2009) obtained an 
average of 73% transferability from Centrosema 
pubercens primers in eleven species of the genus 
Centrosema. However, Zucchi et al., (2002) reported the 
transferability of only 2.8% from primers designed for the 
genus Eucalyptus to the species Eugenia dysenterica. It 
is  noticed  that  the  transferability rate among individuals 
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Table 2. Studies on the transferability of microsatellite markers. 
 

Species 
(developed markers) 

Species 
(transferred markers) 

Number of 
tested markers 

Percentage of 
transferred markers (%) 

Reference 

Anacardium occidentale 

(Anacardiaceae) 

Anacardium humile 

(Anacardiaceae) 
14 86 Soares et al. (2013) 

Centrosema pubescens 

(Fabaceae) 

Centrosema spp. 

(Fabaceae) 
26 73 Sousa et al. (2009) 

Jatropha curcas L. 

(Euphorbiaceae) 

Jatropha spp. 

(Euphorbiaceae) 
9 67 Bressan et al. (2012) 

Cocos nucifera 

 (Arecaceae) 

Butia odorata 

(Arecaceae) 
50 56 Mistura et al. (2012) 

Glycine spp. 

(Fabaceae) 

Phaseolus spp. 

(Fabaceae) 
48 41.6 

Nascimento et al. 
(2013) 

Mercurialis huetii 

(Euphorbiaceae) 

Mercurialis perennis 

(Euphorbiaceae) 
65 18.4 Pfeiffer et al. (2011) 

Eucalyptus spp. 

(Myrtaceae) 

Campomanesia spp. 

(Myrtaceae) 
120 10 Miranda et al. (2016) 

Eucalyptus spp. 

(Myrtaceae) 

Eugenia klotzschiana 

(Myrtaceae) 
120 9.2 Siqueira (2014) 

Eucalyptus spp. 

(Myrtaceae) 

Eugenia dysenterica 

(Myrtaceae) 
365 2.8 Zucchi et al. (2002) 

 
 
 
from different genera decreases as a result of the higher 
genetic distance between them. Peakall et al., (1998), in 
their work on the transferability of soybean primers 
(Glycine max), found a 65% rate of amplification among 
species from the same genus (Glycine), but in species of 
different genera this rate decreased to 3-13%.  

Results obtained in the present study have shown to be 
promising, since transferability was positive in four of the 
seven pairs of SSR primers tested (57.14%). It was also 
possible to develop an efficient PCR protocol for the 
amplification of these primers for the species C. 
urucurana. Considering the high cost, and the amount of 
time and labour required to develop specific microsatellite 
markers for C. urucurana, results obtained in the present 
work may serve as a basis for future genetic studies, 
since transferred primers may be used for the 
characterization of genetic diversity among populations 
and also for the molecular characterization of the 
species, enabling the adoption of strategies for the 
genetic improvement and conservation of native 
populations of this species.  
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