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ABSTRACT. We extended the concept of fluorescent microsatellite
genotyping with a single-universal tailed primer to the simultaneous use
of three different tailed primers to allow multiplexed 4-color detection
for medium throughput genotyping of plant species. The method was
tested on Eucalyptus DNA samples using three forward primer se-
quences of human microsatellite markers labeled with different fluores-
cent dyes. The robustness of the method was tested for the simulta-
neous detection and genetic analysis of microsatellites in a genetic map-
ping experiment. This method allows reliable and cost-effective genotyping
with the same level of multiplexing attained in regular microsatellite fluo-
rescent detection assays. Besides the enhanced quality of the genotypic
data provided by the fluorescent detection method when compared to
colorimetric ones, the economy brought about by this method becomes
greater with an increasing number of microsatellite markers. This method
has been particularly useful for genotyping populations of several tropi-
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cal tree species addressing community-wide population genetics and
conservation questions.
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Simple sequence repeats

INTRODUCTION

Microsatellite marker genotyping has been a widely and successfully used technique in
several areas of plant genetic research and development, including genetic mapping, population
genetics, QTL analysis, forensics, and diagnostics (Powell et al., 1996; Schlotterer, 2004; Varsheney
et al., 2005). Although several methods are used for resolving microsatellite alleles, the current
quality standard is based on automated systems using fluorescently labeled polymerase chain
reaction (PCR) fragments that allow very precise allele calling, a particularly important aspect
in plant population analysis to avoid genotyping errors (Schwengel et al., 1994; Bonin et al.,
2004; Hoffman and Amos, 2005). In this method, one of the primers used in the PCR is 5’ end
labeled with a fluorescent dye. However, the cost of synthesizing fluorescently labeled primers
is a limiting factor for many labs, as labeled primers cost between five and ten times more than
unlabeled ones. Furthermore, in plant genetic analysis, such primers are frequently only needed
to genotype just a few tens or hundreds of samples, and are then stored for variable amounts of
time during which the fluorescence can quickly decay. This is particularly common in laborato-
ries that work with several plant species addressing community-wide population genetics and
conservation questions.

To reduce the costs of genotyping with fluorescently labeled microsatellites, Oetting et
al. (1995) proposed a PCR strategy, called multiplexing with tailed primers, which employs a
forward primer with a 19-bp extension at its 5’ end, identical to the sequence of an M13 se-
quencing primer, a regular reverse primer and a third universal fluorescent labeled M13 primer.
In this three-primer strategy, detection is thus based on the addition of a sequence that has no
homology with the target genome, to the 5’ end of the forward primer of the microsatellite
marker. This primer “tail” provides a complementary sequence to the universal fluorescent
primer starting from the third PCR cycle, generating a fluorescent product that can be detected
on an automatic DNA sequencer. Therefore, instead of synthesizing one specific labeled for-
ward primer for each microsatellite marker, only one universal labeled primer is needed. Various
groups later proposed fundamentally the same strategy. Neilan et al. (1997) described the same
method; however, they proposed that the labeled primer could be designed to have a unique
sequence, exhibiting insignificant homology to any sequence found in DNA databases. Schuelke
(2000) used the same strategy to type a locus on the human X chromosome using an M13 tailed
primer and 6-FAM fluorescent labeling. Guo and Milewicz (2003) used two universal labeled
primers with 6-FAM and HEX dyes, respectively, for typing human DNA samples. Although
most of these studies used the M13 sequence as a tail, any other sequence that does not have a
complementary sequence in the target genome under study could potentially be used, as pointed
out by Neilan et al. (1997). Furthermore, although cost-efficient, the M13 tailing method limits
multiplexing to marker loci whose alleles migrate to non-overlapping size ranges.
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Based on the well-known concept of a universal tailed primer, our objective was to test
the simultaneous use of three different universal tailed primers, one for each fluorescence de-
tection. Such a method would permit the same level of marker multiplexing and accuracy in
plant microsatellite genotyping attained in regular microsatellite fluorescent detection assays,
while at the same time allowing significant cost reduction. This method was tested for the
simultaneous detection of Eucalyptus microsatellites in a genetic mapping experiment.

MATERIAL AND METHODS

Universal primer selection

Three primers with 20 bases used for human genotyping without significant comple-
mentarity to any plant sequence, verified by BLASTn against Genbank, were selected to be
used as universal tails (Table 1). These primers were the forward primer of microsatellite DYS437
labeled with 6-FAM, the forward primer of microsatellite D8S1132 labeled with HEX, and the
forward primer of microsatellite D12S1090 labeled with NED. Each of the forward primers of
a set of Eucalyptus microsatellite markers (Brondani et al., 2002) was synthesized with an
added 5’ tail. The tail corresponded exactly to the sequence and orientation of the universal
primer to be used (Table 1). The combination of which tail to add to which marker locus was
such that loci with non-overlapping allele size ranges received the same tail, so that up to six
marker loci could be multiplexed, although a larger number could be combined depending on the
size ranges of the target loci.

Table 1. Sequences of the human microsatellites D8S1132, D12S1090 and DYS437 forward primers used as tails
and their fluorescent dyes and the sequence of the reverse (r) and forward + tail (t) (tail sequence indicated) primers
used to amplify markers EMBRA2, EMBRA5 and EMBRA6.

Primer Primer sequence (5’ to 3’) Fluorescent dye at 5’

D8S1132f GGCTAGGAAAGGTTAGTGGC HEX
D12S1090f ACCAACCTAGGAAACACAG NED
DYS437f GACTATGGGCGTGAGTGCAT 6-FAM
EMBRA2r ACAAATGCAAATTCAAATGA -
EMBRA2t GGCTAGGAAAGGTTAGTGGCCGTGACACCAGGACATTAC -
EMBRA5r TGAGCCTAAAAGCCCAAC -
EMBRA5t GACTATGGGCGTGAGTGCATATGCTGGTCCAACTAAGATT -
EMBRA6r GAAAAGTCTGCAAAGTCTGC -
EMBRA6t ACCAACCTAGGAAACACAGTAGAGAATTGCTCTTCATGGA -

PCR conditions

The PCR reaction was prepared in a 20-µL volume, containing 1X PCR buffer (10 mM
Tris-HCl, pH 8.3, 50 mM KCl), 1.5 mM MgCl

2
, 0.19 µM dNTP, 0.24 µg/µL BSA (New England

Biolabs), 1.0 U Taq polymerase (Phoneutria Biotecnologia, Brazil) and 6.0 ng eucalypt DNA
extracted from expanded leaves, as described earlier (Grattapaglia and Sederoff, 1994). To the
PCR mix for each microsatellite marker, 0.1 µM of each one of the three primers (i.e., forward
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tailed primer, reverse primer and labeled universal primer) were added. PCR amplification was
conducted as follows: 94°C (5 min), then 30 cycles at 94°C (1 min) /57°C (1 min) /72°C (1 min),
and a final extension at 72°C for 30 min. The PCR reactions were carried out separately for
each microsatellite, and mixtures of PCR products of three or more different markers with
different dyes were made for simultaneous detection of the amplified alleles. Subsequently, 1.0
µL of the PCR product mixture was added to 10 µL formamide and 1.0 µL fragment size
standard labeled with ROX (Brondani and Grattapaglia, 2001) and run on an ABI 3100 DNA
analyzer (Applied Biosystems). The data were collected automatically by the detection of the
different fluorescences and analyzed by GeneScan/Genotyper softwares (Applied Biosystems).

Verification of genotyping quality

Two tests were carried out to verify the correct interpretation of the microsatellite
genotypes. The first aimed to check the efficiency and the expected difference in base pairs
between the conventional and the multiple-tailed primer method. A set of 12 Eucalyptus plants
were genotyped for markers EMBRA2, EMBRA5 and EMBRA6, using the standard labeled
primers labeled with the fluorochromes HEX, 6-FAM and NED, respectively, and the multiple-
tailed primer method. The second test consisted of an inheritance and linkage analysis of four
markers that belong to the same linkage group in Eucalyptus (Brondani et al., 2002; Missiaggia,
2005). These markers were EMBRA60, EMBRA164, EMBRA228, and EMBRA65.

RESULTS AND DISCUSSION

We extended the concept and methodology introduced by Oetting et al. (1995) by pro-
posing the simultaneous use of three different universal tailed primers to allow significant time
and cost savings in medium throughput microsatellite genotyping experiments of plant species.
Three forward primer sequences of human microsatellite markers were used as tails to geno-
type Eucalyptus DNA samples. No particular rule was used to choose these primers, besides
their immediate availability and proven reliability in PCR. The robustness of the method was
tested for the simultaneous detection and genetic analysis of Eucalyptus microsatellites in a
genetic mapping experiment. In contrast to other studies that used a single dye, our method uses
three different fluorescent dyes: HEX, NED and 6-FAM. It therefore allows the same level of
multiplexing attained in regular microsatellite fluorescent detection assays.

Examination of genotyping quality revealed, as expected, that the observed difference
in allele sizes between the alleles amplified using a regular fluorescence labeled primer and the
multiple-tailed primers was 20 bp at all three loci in all individuals. This result demonstrates that
the amplifications took place in the same and correct manner with the multiple-tailed primer
method (Figure 1). This same result was obtained for all 45 microsatellites that were genotyped
using this method in a set of 12 Eucalyptus plants. The inheritance and linkage analysis test also
yielded the expected results, with all four markers mapping as expected when compared to the
linkage mapping information previously generated with regular fluorescent loci.

The analysis of the microsatellites amplified by the multiple-tailed primer method was
assessed by multiplex loading, i.e., each locus was amplified separately and combined to be
electroinjected into the same capillary. The ability to multiplex amplify several microsatellite
markers in the same PCR reaction was not our objective here. Such an optimization is in fact a
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Figure 1. Comparison of allele sizes at three EMBRA microsatellites using multiple-tailed primers. For each microsatel-
lite, the top profile shows the alleles observed after amplification with the tailed primer method and the bottom profile
shows the alleles observed with the conventional 5´end primer labeling.

species and microsatellite marker specific step that has to be performed irrespective of whether
one uses or not the multiple-tailed primer method described. Some preliminary multiplexing tests
carried out (data not shown) indicated, however, that for up to three markers, multiplexing with
multiple-tailed primers is no more difficult than multiplexing in the conventional fluorescent detection
method with specific end-labeled forward primers. Multiplex PCR primer design and optimization is
still mostly empirical and considerably more challenging than designing single locus PCR primer
pairs because multiple primer annealing events need to occur under the same annealing condi-
tions without interfering with one another. Systematic protocols for designing and testing multi-
plexes have been recently proposed (Schoske et al., 2003; Butler, 2005), together with soft-
wares to test for multiple primer complementarity (e.g., Vallone and Butler, 2004) and commer-
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cially available kits of optimized reagent mixes for multiplex PCR. The adoption of such proto-
cols and the flexibility of testing different human microsatellite primers to be used as tails, given
the vast availability of human microsatellites, should allow the effective development of larger
multiplex sets for any plant species based on this multiple-tailed primer method.

In principle, primer sequences of any human microsatellite marker could be used as
tails with the same efficiency as the ones that we used. Randomly generated sequences with no
homology to any plant sequence could also be equally effective. However, the use of known
microsatellite primer sequences from humans to amplify plant DNA with the multiple primer
method has several advantages: 1) microsatellite markers derived from genomic non-coding
DNA clones are highly selected to be species specific and therefore with little if any probability
of cross amplification of plant DNA; 2) microsatellite primers are typically selected and tested
to yield robust PCR products of easy interpretation, and 3) several fluorescent labeled human
microsatellite primers are usually available in neighboring human genetic laboratories on cam-
pus and can often be freely obtained or alternatively purchased as stock products at very com-
petitive prices when compared to custom made ones. Furthermore, the multiple-tailed primer
method could be applied as efficiently in an inverse format, i.e., using plant-specific microsatel-
lite primer sequences to carry out amplification of human or animal DNA. Considering that
microsatellites are rarely transferable across distant taxa, it should also be possible to use, for
example, maize microsatellite primer sequences as tails when amplifying a dicot microsatellite
from soybean, for example.

Besides the increased quality of the genotypic data provided by the fluorescent detec-
tion method when compared to colorimetric ones such as silver nitrate, the savings achieved
with this method become greater with increasing numbers of microsatellite markers. Laborato-
ries studying several different species would benefit the most from the common use of multiple-
tailed primers.

For example, at a cost of US$0.50/base and US$80.00/fluorochrome end labeling of the
forward primer, the cost of primers for a microsatellite amplified with two 20-base primers
would be US$100.00. The cost of primers for fluorescence-based detection of ten microsatellite
markers would be US$1,000.00. On the other hand, with the multiple-tailed primer method the
cost of the unlabeled primers per microsatellite marker would be US$30.00, i.e., 40 bases for
the forward tailed primer and 20 bases for the reverse, a total of 60 bases at 0.50/base. For
fluorescence detection, only three universal labeled primers are needed, each with 20 bases.
The universal primers would be used for every microsatellite marker, and thus would have to be
synthesized on a larger scale, the cost per base going up from US$0.50 to 1.00/base. The cost
of synthesis of the three universal primers would be US$60.00, plus US$240.00 for the three
fluorochrome end labeling, yielding a total of US$300.00. The cost of primers for fluorescence-
based detection of 10 microsatellite markers would total US$600.00, an economy of 40% when
compared to the standard method.

For the analysis of a larger set of microsatellites, the cost of the standard method
increases linearly. For example for a 200-marker project, it would be 200 x 100 = US$20,000.
With the multiple-tailed primer method the cost increase is not linear, but rather the cost de-
creases on a per marker basis as the number of markers increases. For example for a set of 200
markers the cost would be 200 x 30.00 = US$6000.00 for the unlabeled primers and the same
US$300.00 for the labeled universal primers, totaling US$6,300.00, a saving of 68.5% when
compared to the standard method.
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In conclusion, by using multiple-tailed primers derived from human microsatellites with
no homology with the target plant species, one can obtain reliable and cost-effective genotyping
in a fluorescent multiplex system. The cost reduction becomes especially sizeable as the num-
ber of markers to be analyzed increases, because the cost of the three universal labeled primers
is diluted. This approach has been applied to genotype a number of tropical forest tree species
in our lab, increasing the speed and quality of data generation when compared to staining detec-
tion methods, at a fraction of the cost of conventional fluorescent microsatellite detection.
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