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Abstract

The in-house production of fluorescently labelled
internal size standard offers the advantage of cost sav-
ing over the commercial size standard in microsatellite
genotyping. Based on the reported in-house internal size
standard protocol, we have improved the method by gen-
erating 21 DNA fragments (in a standard named as HM-
400) with each size similar to that of the commercial
size standard. The consistent amplification of the cor-
rect fragment size was optimised via primer modulation
for non-templated nucleotide addition by Taq DNA poly-
merase. A total of six microsatellite loci were used to
assess the accuracy of HM-400 and the mean standard
deviation of the size data was 0.19. The differences
between the fragment size means for samples sized
using HM-400 and commercial size standard were small
with an average of 0.29 bp. The production cost of HM-
400 was only 10% of the cost of commercial size stan-
dard.
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Microsatellites have become popular DNA markers in
population genetics and are being used extensively to
generate genetic information for the conservation of
dipterocarps in tropical forests (NG et al., 2004, 2006).
However, the commercial size standard constitutes a
substantial portion of the cost in microsatellite genotyp-
ing conducted in our laboratory. In order to reduce the
cost in automated genotyping, various reports have
described novel ways to synthesize desirable internal
size standards using a DNA template of known sequence
(BRONDANI and GRATTAPAGLIA, 2001; DEWOODY et al.,
2004; SYMONDS and LLOYD, 2004). In this short note, we
improved the density of the fragment size below 400 bp
by generating a 21-fragment size standard comparable
with the commercial size standard. The amplification of
the correct fragment size was tested by using T4 DNA
polymerase, Pfu DNA polymerase and “PIGtailing”
(BROWNSTEIN et al., 1996). The consistency of amplified
fragments was determined by sizing six microsatellite
loci amplified from Neobalanocarpus heimii and Koom-
passia malaccensis. 

The plasmid pGEM®-3Zf(+) (hereafter called pGEM)
was used to design a collective forward primer (fluores-
cently labelled with ROX) and 21 corresponding reverse
primers to produce 21 amplification fragments within
the size range of 50–400 bp. Ten nanograms of pGEM

were used in 10-µL PCR reactions which consisted of
0.4 µM of each forward and reverse primers, 1.5 mM
MgCl2, 0.2 mM dNTPs, 0.5 unit of Taq DNA polymerase
(Promega Corporation) and 1 X buffer. The reaction mix-
ture was subjected to amplification using a GeneAmp
PCR System 9700 (Applied Biosystems), for an initial
denaturation step of 5 min at 94°C, 35 cycles of 94°C for
30 s, 56°C for 30 s and 72°C for 1 min. A final cycle of 60
min at 72°C was used to complete the extension of any
remaining products before holding the samples at 4°C
until analysed. All the PCR products were amplified
individually and subsequently combined and elec-
trophoresed on ABI PRISM 377 DNA Sequencer. Frag-
ment sizes were determined against the commercial size
standard GeneScan™ 400HD (GS-400) using GeneScan
and Genotyper software (Applied Biosystems). The
“home-made” peak can be differentiated from the com-
mercial size standard by its higher intensity. 

The amplified fragments consisted a mixture of true
allele (T) and products sized one nucleotide greater than
the true allele (T+1). The (T+1) is commonly the result
of the non-templated addition of a single nucleotide to
the 3’-end of the PCR product by Taq DNA polymerase
(CLARK, 1988). The degree to which a fragment is sub-
jected to (T+1) is relatively marker specific. For exam-
ple, fragments 100 bp, 120 bp, 160 bp, 200 bp, 220 bp
and 260 bp were always sized as (T+1) (data not
shown). The (T+1) fragments were tried to be trimmed
by using T4 DNA polymerase. The removal of 3’-over-
hangs in (T+1) fragment treated with T4 DNA poly-
merase was not efficient as many fragments with two or
three nucleotide less were produced. We have also tried
to produce true fragments by using Pfu DNA poly-
merase. However, there was a mixture of unspecific
amplification fragments which might due to fragment
degradation by 3’�5’ exonuclease activity associated
with proofreading function in Pfu DNA polymerase.
Finally, the correct sizing of fragments was generated by
placing the “PIG-tailing” sequence GTTTCTT on the 5’-
end of reverse primers (Table 1). The primers were
designed in a way that the products were one base pair
less than the expected fragment because the PIG-tail-
ing” sequence strongly favours adenylation (BROWNSTEIN

et al., 1996). After optimizing the correct sizes of the 21
fragments, these size standards were mixed in propor-
tional ratios according to relative fluorescence intensity
in order to obtain approximate even intensity in most of
the fragments (Fig. 1). The combined volume of the 21
fragments was ethanol precipitated and re-suspended in
10-µL TE buffer and named as home-made internal size
standard (HM-400). A total of 0.25-µL HM-400 was used
in each subsequent microsatellite genotyping. 
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The consistency of HM-400 was verified using six
microsatellite loci, i.e., Hbi161 (LEE et al., 2004a),
Sle111a and Sle392 (LEE et al., 2004b), Kma180,
Kma141 and Kma147 (LEE et al., 2006), in comparison
with GS-400. Hbi161, Sle111a, and Sle392 were ampli-
fied on three samples of N. heimii and produced frag-
ment sizes ranging from 99 to 200 bp while Kma180,
Kma141, and Kma147 were amplified on three individu-
als of K. malaccensis and produced fragment sizes rang-
ing from 249 to 350 bp (Table 2). The amplified frag-
ments were sized for five replications (five batches for
each size standard). Samples sized with HM-400 had
standard deviations (SD) ranging from 0.024 to 0.489
(mean = 0.19), while samples sized with GS-400
achieved lower SD ranging from 0.000 to 0.283 (mean =
0.07). The SD of 0.489 at Sle111a was caused by one
batch of HM-400 and this was not observed again in the
subsequent batched produced. These comparisons show
that all fragments sized by HM-400, on average, will be
assigned a value within plus or minus 0.2 bp of one
another. This is important because any fragment with
SD of more than 0.5 bp will be assigned as an allele that
differs by a single nucleotide (GILL et al., 1996). The dif-

ferences between the fragment size means for samples
sized using HM-400 and GS-400 were small, i.e., with
an average of 0.29 bp. This shows that HM-400 is both
highly consistent between runs and with the equivalent
accuracy in fragment sizing as the commercially avail-
able standard.

Table 1. – Primer sequences for HM-400 internal size standard.

Figure 1. – Electropherogram of HM-400 internal size standard. The fragment sizes (bp) are indicated above each
peak.

Table 2. – Comparisons of fragment sizes using HM-400 and
GS-400 internal size standards (bp).

* SD = standard deviation. 
** Diff. means = difference between the means of replicates

sized with HM-400 and GS-400.
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The main reagents for the production of HM-400 are
plasmid pGEM, labelled forward primer, unlabelled
reverse primers, dNTPs and Taq DNA polymerase. The
Taq DNA polymerase could be purchased from many
vendors such as Promega Corporation (GoTaq® Flexi
DNA Polymerase #M8295), Fermentas Life Sciences
(Taq DNA Polymerase #EP0402) and New England Bio-
labs (Taq DNA Polymerase #M0273G). All of them pro-
duced similar results. Our cost analysis showed that the
production cost of HM-400 was only 10% of the cost of
commercial size standard. The cost for genotyping one
sample using commercial size standard can be used to
genotype ten samples using HM-400. In summary, the
production of HM-400 is simple and cost effective, and it
can become an impetus for high-throughput microsatel-
lite genotyping without sacrificing the accuracy. 
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