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SUMMARY

Pinus radiata is a conifer of recognized economic value. Studies at genetic and molecular level to support breeding programs of radiata 
pine have been conducted with difficulty due to its large and complex genome. The development of molecular markers has allowed 
performing studies on genetic variation, identification of clones and construction of linkage maps. In order to increase the genetic 
molecular markers in P. radiata, two inter simple sequence repeat (ISSR) markers and twelve selective amplifications of microsatellite 
polymorphic loci (SAMPL) primer combinations were tested, using a first-generation full-sib family of 86 individuals. Polymerase 
chain reaction (PCR) products were visualized by capillary electrophoresis and polymorphism was detected by presence or absence 
of a particular fragment in one P. radiata parental. A total of 18 polymorphic fragments were found for two ISSR primers tested, with 
an average segregation distortion of 33 %. SAMPL markers yielded 85 polymorphic fragments with eight primer combinations, with 
an average of 22.3 % segregation distortion. Both methodologies showed a good reproducibility, with easy implementation and useful 
for genetic analysis on P. radiata. 
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RESUMEN

Pinus radiata  es una conífera de reconocido valor económico, en la cual los estudios a nivel genético y molecular, han sido 
conducidos con dificultad en programas de mejoramiento debido a su genoma complejo y de gran tamaño. El desarrollo de marcadores 
moleculares ha permitido realizar estudios de variación genética, validar clones y construir mapas de ligamiento. Para lograr 
incrementar la disponibilidad de marcadores moleculares en P. radiata, se examinaron dos marcadores ISSR (inter simple sequence 
repeat) y 12 combinaciones de partidores SAMPL (selective amplification of microsatellite polymorphic loci), usando una familia 
F1 de 86 hermanos completos de primera generación. Los productos de PCR (polymerase chain reaction) se visualizaron mediante 
electroforesis capilar y la selección de fragmentos polimórficos se efectuó a base  de la presencia o ausencia de un fragmento en uno 
de los parentales de la familia de P. radiata. Un total de 18 fragmentos polimórficos fueron encontrados para los dos partidores ISSR, 
con una distorsión de segregación promedio de 33 %. Los marcadores SAMPL generaron 85 fragmentos polimórficos empleando ocho 
combinaciones, con un promedio de 22,3 % de distorsión de segregación. Ambas metodologías mostraron buena reproducibilidad, 
fácil implementación y utilidad para análisis genético en P. radiata.
 
Palabras clave: electroforesis capilar, distorsión de segregación, especies forestales.

INTRODUCTION

Pinus radiata D. Don is an economically important 
species among conifers, recognized by its versatility for 
different production objectives (Wilcox et al. 2001, Plo-
mion et al. 2007). Many P. radiata breeding programs 
have been developed, generating genetic gain and increa-
sing the use of clonal silviculture (Sorensson and Shel-
bourne 2005). Given the complexity and large genome 
size of pines, more than 42 Gb/2n (Plomion et al. 2007), 
detailed genetic and molecular studies have been carried 

out with difficulty. A possible solution to this is the use 
of molecular markers for DNA polymorphism exploration 
and detection (Wilcox et al. 2001, Semagn et al. 2006). 
Polymorphic information, mode of inheritance, genomic 
size and complexity are factors that influence the develop-
ment of a particular technique and the selection of infor-
mative molecular markers (Plomion et al. 2007). Among 
the molecular techniques implemented for P. radiata are 
restriction fragment length polymorphism (RFLP; Devey 
et al. 2004), random amplified polymorphic DNA (RAPD; 
Kuang et al. 1999, Wilcox et al. 2001), amplified fragment 
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length polymorphism (AFLP; Wilcox et al. 2001), sim-
ple sequence repeat (SSR; Fisher et al. 1998, Devey et al. 
2002, Chagné et al. 2004) and single-nucleotide polymor-
phism (SNP; Dillon et al. 2010).

Some molecular marker techniques that are not availa-
ble currently for P. radiata include ISSR and SAMPL mar-
kers. ISSR markers are dominant and the primer used for 
polymerase chain reaction consists of a microsatellite se-
quence ligated to the 5´ or 3´ ends of the deoxyribonucleic 
acid (DNA) (Zietkiewicz et al. 1994). SAMPL markers are 
dominant. DNA is prepared in the same way as for an am-
plified fragment length polymorphism assay, allowing the 
use of the same pre-amplified samples, but changing the 
primer used in the selective amplification for a microsate-
llite sequence (Morgante and Vogel 1994). The source of 
polymorphism for both markers is given by the presence 
or absence of an amplified fragment of particular length 
between different individuals, which is mainly due to the 
sequence variation in the primer annealing sites and/or the 
presence or loss of a restriction site (Semagn et al. 2006).

Both methodologies amplify products from multi-
ple loci and have been successfully used for genotyping 
(Paglia and Morgante 1998, Bornet and Branchard 2001, 
Lin et al. 2010), genetic linkage maps (Paglia et al. 1998, 
Arcade et al. 2000), genetic diversity (Davila et al. 2007, 
Okun et al. 2008) and somaclonal variation (Leroy et al. 
2000), on different species such as European and Japanese 
larch, Eucalyptus grandis, Phyllostachys and Agave spe-
cies, among others. 

In order to increase the molecular tools available to 
obtain genetic information in P. radiata, the present study 
suggests that ISSR and SAMPL markers can be useful for 
genetic analyses in breeding programs. Therefore our goal 
is to implement both techniques and evaluate segregation 
distortion in one family of P. radiata cultivated in Chile.

METHODS

Plant material and DNA extraction. An 86 full-sib family 
(F1) of P. radiata was used for the genotyping analysis. 
Needles from the offspring, parents (XO and XP) and a 
control sample of Pinus tecunumanii Eguiluz et Perry 
were collected and DNA was extracted using the DNeasy 
Plant Mini kit (QIAGEN®). DNA concentration was de-
termined by spectrophotometry (NanoDrop ND1000, Ce-
llygent). DNA samples were stored at -20 ºC until used.

Molecular markers. ISSR3 (5’ AGAGAGAGAGAGA-
GAGYC 3’) and ISSR6 (5’ GAGAGAGAGAGAGAGA-
YG 3’) primers were employed for amplification. Samples 
were amplified using 10 ng of genomic DNA, 0.2 mM 
of dNTPs, 1.25 to 1.5 mM of MgCl2, 0.25 μM of primer,  
0.5 U of Taq polymerase and 1x PCR buffer in 20 μL total 
volume. Polymerase chain reaction amplification reactions 
were performed in a 96-well thermal cycler (GeneAmp 
PCR System 9700 ABI) with an initial denaturation of  

2 min at 94 °C, 35 cycles of 45 s each at 94 °C, 30 s at 40 
to 52 °C, 1 min at 72 °C, and a final step of 5 min at 72 °C. 
The PCR factors that were examined for ISSR3 and ISSR6 
were: a) annealing temperature (between 40 and 52 °C), 
b) DNA concentration (10, 20 and 30 ng), and c) MgCl2 
concentration (1.25 to 1.5 mM). Polymerase chain reac-
tion products (5 μL) were visualized on 1 % (w/v) agarose 
gels. ISSR3 (6-FAM) and ISSR6 (VIC) primers contained 
a fluorescent dye on the 5’ end (Applied Biosystems) for in 
situ PCR product labeling. 

SAMPL marker standardization was performed by the 
procedure described by Costa et al. (2000) with modifica-
tions. Briefly, 50 to 100 ng of genomic DNA were digested 
with 2 U of EcoRI and MseI and specific adapters were 
ligated using T4 DNA ligase. Pre-amplification was perfor-
med with primers based on the adapter sequence plus two 
nucleotides in each case. An initial denaturation of 94 °C 
for 4 min, 28 cycles of 30 s each at 94 °C, 1 min at 60 °C,  
1 min at 72 °C and a 5 min final step at 72 °C was used. Pre-
amplified DNA was diluted 15 times and 2.5 mL were used 
for the selective amplification, which was initially perfor-
med as described by Costa et al. (2000). A protocol that 
included a touch down in the annealing step, and then fixed 
annealing temperatures were tested (50, 52.5, 55, 57.5, 60 
and 62.5 °C) for each of the 12 primer combinations used. 

Aliquots of 2 μL of ISSR and SAMPL PCR products 
were combined with 9.75 μL deionized formamide and 
0.25 μL LIZ-500 (molecular weight marker) for capillary 
electrophoresis using an ABI 3130xl automatic sequencer 
(Applied Biosystems). Raw fluorescent ISSR and SAMPL 
data analysis were performed by Gene Mapper 4.0 soft-
ware. 

ISSR and SAMPL analyses. Polymorphic fragments from 
ISSR and SAMPL markers were scored according to pre-
sence or absence (1 or 0 respectively) of bands in parents 
and offspring. Fragments were numbered relative to their 
molecular weight from bottom (low molecular weight) 
to top (high molecular weight). Segregation analysis was 
performed for each selected polymorphic fragment by 
chisquare test with 95 % confidence level and segregation 
distortion was recorded.

RESULTS

ISSR markers. Optimum annealing temperature and MgCl2 
concentration in the assays were identical for both ISSR 
markers (46 ºC and 1.25 mM). DNA concentration and pri-
mer annealing temperature were critical factors to obtain 
good banding pattern quality. Three DNA concentrations 
were analyzed 10, 20 and 30 ng, obtaining the best results 
with 10 ng of template DNA (figure 1). 

Banding patterns were clear and reproducible but they 
were difficult to analyze in related individuals of P. radiata 
showing no polymorphism between parentals, due to the 
low resolution in agarose gels. Nevertheless, the differen-
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ce between fragment profiles of P. radiata and P. tecunu-
manii were evident (figure 1). 

The two labeled ISSR markers produced a total of 18 
polymorphic loci on radiata pine parentals (table 1), which 
segregated in the progeny. ISSR6 gave 10 polymorphic 
fragments, half of them with segregation distortion, while 
only one of a total of eight polymorphic fragments obtai-
ned by ISSR3 showed segregation distortion. 

SAMPL markers. The annealing temperature was a criti-
cal factor on the quality of banding patterns obtained from 
SAMPL markers. Lower temperatures favored short frag-
ment amplification, whilst at higher temperatures amplifi-
cation of larger fragments was favored (figure 2). The total 
number of amplified fragments (labeled and non-labeled) 
increased at higher annealing temperature (figure 2), 
however the number and intensity of amplified fragments 
(labeled with flourochrome) decreased at higher annealing 
temperatures (figure 3).

The adjustment of the annealing temperature allowed 
detecting a larger number of polymorphic loci for each 

 
Figure 1. Effect of DNA concentration on PCR reaction. Am-
plified fragments with ISSR6 visualized on 1 % agarose gel. 
Samples are shown in duplicate. XO and XP, P. radiata parental 
samples. Th, P. tecunumanii sample. M, 1 kb molecular weight 
marker.
 Efecto de la concentración de ADN en la reacción de PCR. 
Fragmentos amplificados con ISSR 6 visualizados en un gel de agarosa 
(1 %). Las muestras se presentan en duplicado. XO y XP, corresponden 
a muestras de los parentales de P. radiata. Th, muestra de P. tecunumani. 
M, marcador de peso molecular 1 kb.

Figure 2.  Annealing temperature gradient for different SAMPL combinations on 1 % agarose gel. From left to right: A, 
ISSR6+MAGTG. B, ISSR6+MAGCT and C, ISSR6+MAGAG. M, 100 bp molecular weight marker.
 Gradiente de temperatura de alineamiento para diferentes combinaciones de SAMPL visualizados en un gel de agarosa (1 %). De izquierda 
a derecha: A, ISSR6+MAGTG. B, ISSR6+MAGCT y C, ISSR6+MAGAG. M, marcador de peso molecular 100 bp.

Table 1. Summary information for each primer combination.
 Información resumida para cada combinación de partidores.

Primer combination Polymorphic fragment 
number 

Annealing temperature 
(ºC)

     Segregation
     distortion (%) 

ISSR3 8 46.0 12.5
ISSR6 10 46.0 50.0

SA
M

PL
 m

ar
ke

rs

ISSR6

M+AGTG 14 55.0 28.6
M+AGCT 10  52.5 20.0
M+AGAC 9  52.5 11.1
M+AGGC 8  52.5 25.0
M+CCTG 10  57.5 20.0
M+CCAT 12  52.5 33.3
M+CCAC 12  52.5 8.3

ISSR3 M+AGTG 10 57.5 30.0
Total 103       -
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combination, while when using the protocol of Costa  
et al. (2000), this polymorphism was absent in the paren-
tal samples for all primer combinations tested (data not 
shown). 

When a fixed annealing temperature was used for each 
primer combination, a total of 85 polymorphic fragments 
on radiata pine parental were found for the 8 combinations 
assayed (table 1), most of these were observed when using 
ISSR6+MAGTG (14 polymorphic fragments) and a few, 
in the case of ISSR6+MAGGC (6 fragments). A total of 19 
fragments presented segregation distortion, representing 
22.3 % from the total polymorphic fragments. 

DISCUSSION

DNA concentration was a critical factor in the banding 
pattern quality, low DNA concentrations in the amplifi-
cation reaction improved fragment quality, especially for 
fragments between 400 and 1,000 bp (figure 1), which can 
be attributed to the presence of polymerase chain reac-
tion inhibitor(s) in the samples that decreased when less 

DNA was employed for the reaction, thus reaction would 
be developed in an optimal way (McPherson and Moller 
2001). The presence of smears was observed at lower an-
nealing temperatures, which were not always eliminated 
by decreasing the polymerase chain reaction product volu-
me loaded on the agarose gel, as indicated by Bornet and 
Branchard (2001). A possible explanation for this is the 
less specific hybridization of primers to the DNA template 
at lower temperatures, increasing annealing sites and num-
ber of amplified fragments, resulting on a smear.  

The differences observed in the fragment profiles ob-
tained for P. radiata and P. tecunumani showed that these 
ISSR markers can be useful for future genetic diversity 
studies among species of the same genus without the need 
of fluorochrome labeling, as reported in other plant stu-
dies (Bornet and Branchard 2001, Davila et al. 2007, Lin 
et al. 2010). Nevertheless, among the same species and 
when analyzing related individuals, visualization and the 
analysis of fragments using agarose gels were difficult. In 
this case, capillary electrophoresis presented advantages 
(Liu and Chen 2000), improving resolution and presenting 
clear and precise band detection.

Most loci with segregation distortion observed with 
ISSR6 can be explained because a F1 family was used, 
lacking breeding antecedents, which would influence the 
distortion ratio in the population under study (Plomion  
et al. 2007). Additionally, ISSR6 amplified fragments bet-
ween 400 and 1,000 bp, which were out of the molecu-
lar weight range where the sequencer will work correctly 
using the molecular weight standard LIZ500 (35 and  
500 bp), produced errors in allele scoring. This problem 
can be solved by using another molecular weight marker 
with a wider range. 

The amplification of short fragments favored by 
low temperatures in SAMPL can be explained because 
the theoretical annealing temperature for ISSR primers  
(46 ºC) is lower than the one required for the M+4 primers 
(55 – 60 ºC), thus these short fragments would have ISSR/
ISSR and M+4/ISSR ends. Contrastingly, at higher tem-
peratures fragments of a longer length were observed with 
M+4/ M+4 ends.

Using a touch down temperature in the annealing step 
(Costa et al. 2000) ensures the amplification of all pos-
sible sites in the DNA, explaining why polymorphic loci 
were not detected in the parents studied. In the present 
study, applying a specific annealing temperature for each 
ISSR-M+4 on the selective step allowed the detection of 
polymorphic loci on parentals of radiata pine. Tempera-
tures near to 50 ºC masked polymorphic bands, due to 
unspecific hybridization of primers on the DNA samples  
(figure 3). A peak (figure 3A) was present in both replica-
tes of the parent XO, but for XP, the peak in one sample 
has a much higher intensity than in the other sample, ma-
king it difficult to determine the presence/absence of the 
polymorphism between both genotypes. This problem was 
solved when the optimal annealing temperature of 55 ºC 

Figure 3. Optimization of annealing temperature for 
ISSR6+MAGTG combination visualized by capillary electro-
phoresis. Only three of six annealing temperatures tested are 
shown. Grey bars (A and B) indicate independent polymorphic 
band sites.
 Optimización de la temperatura de alineamiento para la com-
binación ISSR6+MAGTG visualizada mediante electroforesis capilar. Se 
muestran tres de seis temperaturas de alineamiento probadas. Barras en 
gris (A y B) indican sitios de bandas polimórficas independientes.
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was reached. At higher temperatures (60 ºC), the primer 
hybridization is not favored and therefore lower numbers 
and peak intensities are observed. 

The 22.3 % of segregation distortion detected can be 
due to band co-migration, on which two or more different 
loci generate bands of a similar or same size (Plomion  
et al. 1995). Studies in the same species have detected 
up to 34 % of segregation distortion (Kuang et al. 1999), 
however the smaller number of offspring compared to ear-
lier studies (Wilcox et al. 2001, Devey et al. 2004) could 
be responsible for the low representativeness of the expec-
ted allelic proportions. 

ISSR and SAMPL markers have not been developed 
for P. radiata. These markers were selected due to their 
multi-loci characteristics, which should allow the detec-
tion of most polymorphic loci by primer combination 
(Roy et al. 2002), and its higher reproducibility compared 
to random amplified polymorphic DNA (Semagn et al. 
2006), producing a higher polymorphic loci number star-
ting from small DNA samples (10-50 ng). Co-dominant 
markers, such as simple sequence repeat and single-nu-
cleotide polymorphism are more informative, but they are 
comparatively more expensive and require prior sequence 
information to develop specific primers to amplify marker 
loci (Fisher et al. 1998, Dillon et al. 2010), while ISSR 
and SAMPL markers are less informative per locus (do-
minant markers), but yield more polymorphic loci from 
each primer combination (Semagn et al. 2006). The effi-
ciency of ISSR and SAMPL markers allows a fast method 
to obtain fragment profiles to be employed in genetic di-
versity analyses, paternity tests, somaclonal variation or 
genetic linkage studies on P. radiata, where dominant 
markers are useful to obtain high density genetic maps, 
giving a framework in which more informative markers 
(simple sequence repeat and single-nucleotide polymor-
phism) can be anchored.
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