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IntroductionIntroduction
Microsatellites are short tandem repeats of DNA 

sequences (1-6 bp) that are ubiquitously spread ran-
domly throughout the prokaryotic and eukaryotic ge-
nomes with high frequency (1). Microsatellites, also 
called as short sequence repeats (SSRs) or Short tan-
dem repeats (STR), contain almost 40-50% of human 
genome (2,3). These sequences existed in coding and 
noncoding region of genome. Because of their high 
variability, codominance and ubiquity, microsatel-
lites have been exploited extensively as popular DNA 

markers for human identification (4), chromosome 
mapping projects and measuring genetic distance (5), 
linkage analyses (6), and molecular evolutionary and 
population genetics studies (7). Generation of new 
alleles and microsatellite instability could be related 
to several diseases (8). Thus, researchers are inter-
ested in examining polymorphism in these sequences 
with high rate of variability in length. Some of the 
microsatellite variations can be caused, by extensive 
degree of mutational mechanism especially during 
replication of their sequences. Because of high rate of 
polymorphism, it has been suggested that microsatel-
lite has critical role in genomic evolution by creating 
and maintaining genetic diversity over the genome. 
It is assumed that primary mechanism causing the 
changes in microsatellite length is replication slip-
page or slipped strand mispairing. DNA replication 
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Abstract
Optimization of the condition for PCR-directed sequencing of microsatellites poly Adenine (A) length poly-
morphisms is more difficult and sensitive compared with other common sequences. Replication slippage may 
occur for polymerase enzyme during microsatellite amplification and direct sequencing of these PCR products 
will be challenging for heterozygote samples. So, the aim of this study is to introduce optimal condition for 
amplification of microsatellites poly (A) length polymorphisms such as variation of poly(A) at the 3′-end of the 
vitamin D receptor  (VDR) gene. In this study firstly, we analyzed various types of microsatellite sequences by 
in silico method to select a short microsatellite sequence which has various alleles with a little length differ-
ence. Finally, VDR poly(A) microsatellite was selected. Amplification of this locus was optimized by applying 
hot-start PCR using gradients of temperature, DMSO, MgCl2, Taq polymerase, and primers concentration. 
Crush and soak method was used for DNA extraction of alleles in heterozygote samples from polyacrylamide 
gel. PCR products were analyzed by using single-strand conformation polymorphism and PCR-direct sequenc-
ing. Our observations showed that hot-start PCR was optimized in the concentration of 0.2 mM of primers, 
0.8mM of MgCl2 and 1.75 unit of Taq polymerase in 25 μl PCR mixtures. These optimal conditions lead to 
remove Taq polymerase slippage and non-specific PCR product. Considering the possible errors in amplifica-
tion and analysis of microsatellite, the presented method in this study could be an efficient strategy in analysis 
of these sequences.
Key words: Microsatellite Repeats; Polymerase Chain Reaction; Short Sequence Repeats; Polymorphism, Sin-
gle-Stranded Conformational
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slippage may occur during amplification of microsat-
ellite sequences in vivo and in vitro. 

PCR-based techniques are used widely to ana-
lyze the microsatellite repeat (9). Thermostable DNA 
polymerases are used for a number of applications 
including PCR. Various factors such as MgCl2 and 
primer concentration, pH, temperature and time 
condition could influence the polymerase activity 
(10). Polymerase slippage has been reported in var-
ious studies for amplification of long (11) and short 
(12) tandem repeats (13,14). One of the reasons for 
spreading the length polymorphism at microsatellite 
loci is DNA polymerase slippage (15). Replication 
slippage of DNA polymerases occurs during ampli-
fication of ssDNA containing secondary structure. 
Different type of DNA polymerases such as low and 
high fidelity polymerase may undergo this problem. 
In slippage mechanism, one strand of DNA (parental 
or newly synthesized strand) dissociate from the oth-
er strand in replicating double helix DNA temporari-

ly and re-associate to the cross strand incorrectly. So, 
structures such as loop, hairpin, and triplex may be 
created in double strand DNA which can cause mis-
match attachment of two strands to each other (16). 
This mismatched state results in insertion or deletion 
of repetitive units in microsatellite, so it can alter 
alleles length (17,18). If these structures formed in 
parental strand, Taq enzyme polymerase passes this 
structure during amplification and PCR product is 
shorter than desired product. In contrast, if second-
ary structure is created in newly synthesized strand, 
it leads to produce longer PCR products (Figure 1). 
So the alleles of this locus could have a variety of 
lengths that occurs over time. Slippage changes in re-
petitive sequences are more common than point mu-
tations elsewhere in the genome (19). Also slippage 
rate is different for variety of length of repetitive se-
quence and for various species (20). 

It is probable that slippage errors occur during 
replication of these sequences and direct sequencing 

Figure 1: Addition and deletion PCR product length by polymerase slippage
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of the PCR products with heterozygote genotypes 
for these sequences will be challenging. So the aim 
of this study is to present an optimized condition for 
microsatellite analysis. For this purpose, we selected 
VDR gene with a poly (A) microsatellite in 3´UTR 
of itself. Pervious study have shown polymorphic 
length with various allele for poly (A) microsatellite 
in this locus. Previous studies reported that poly (A) 
length in 3´UTR of the gene may be 8 to 24 adenine 
(21). In this study, the optimum conditions for am-
plification and analysis of microsatellite sequences 
were presented to be used in future studies to reduce 
waste of time and cost. 

Materials and Methods
Selection of microsatellite sequence: At first, 

several microsatellite sequences were evaluated by 
in silico analysis. Finally, poly (A) microsatellite in 
VDR gene was selected for farther purpose. The poly 
(A) with short sequence and several alleles was an 
appropriate candidate for the study.

Amplification of VDR-poly (A) fragment: To am-
plificate VDR gene containing poly (A) microsatel-
lite, the entire sequence of VDR gene was deduced 
from NCBI (Accession No. NG_008731). Then, 
specific primers designed by GeneRunner software 
5.0.96 Beta. Sequences of the forward and reverse 
primers were F: 5’-CAGTTTGGGAGGTCGAG-
GTA and R: 5’-TTGTTGTCCAGGTTGGAGAG-
TAACGG, respectively. Temperature gradient was 
used to obtain the optimal annealing temperature. Hot 
start PCR was applied to remove primer dimers. For 
this purpose, PCR reagents were mixed in 0˚C and 
then the mixture placed in Thermal Cycler at 94˚C, 
immediately. Concentration gradient of dimethyl sul-
foxide (DMSO) from 0.1 to 0.5 mM, MgCl2 from 
0.4 to 1 mM and Taq polymerase from 5 to 1 unit was 
used to eliminate Taq polymerase slippage. So, PCR 
was carried out in 25μl of PCR reaction containing 
1X PCR buffer; 0.2mM dNTP Mix; 0.8mM MgCl2; 
0.2μM each of forward and reverse primers; and 
30ng of genome as template (All PCR reagents were 
purchased from Fermentas). PCR was performed in 
Ependorf Thermal Cycler (Ependorf, Germany) with 
the following condition: The first denaturation step 
at 94˚C for 5 minute was followed by 30 repetitive 
cycles including, denaturation temperature: 94˚C for 
30 seconds; annealing temperature: 63.5˚C for 30 
seconds, extension temperature: 72˚C for 30 seconds. 
Final extension was 72˚C for 5 minute. The accuracy 
of amplified product was checked in 1% agarose and 

8% polyacrylamide gel electrophoresis (PAGE).
Single-strand conformation polymorphism: The 

poly (A) genotyping was performed by utilizing sin-
gle-strand conformation polymorphism (SSCP) tech-
nique (22). For this purpose, 3μl PCR product with 
12μl SSCP dye (containing 0.5% bromophenol blue, 
95% formamide, and 20mM EDTANa2, pH 8.0) was 
placed in a dry-block heater at 95˚C for 5min. Then 
the samples were placed at 4˚C for 3 min. At the next 
step, the samples were loaded in 8% polyacrylamide 
gel. The gel visualized by silver nitrate (AgNO3) 
staining as described by Green and Sambrook (22).

Extraction of DNA fragments from polyacryla-
mide gel: Before DNA sequencing of heterozygote 
samples, each allele of heterozygote samples should 
be extracted from polyacrylamide gel. DNA extrac-
tion from gel was performed by crush and soak meth-
od. For this aim, the gel containing every allele was 
cut and was placed into separate tubes as template 
for PCR. The PCR reagents were added to the tubes, 
and PCR performed by aforementioned program. For 
DNA isolation, the initial denaturation was set 10min 
in PCR program. 

DNA Sequencing: After classification of the sam-
ples based on genotype by using SSCP, homozygous 
sample was selected from each group for DNA se-
quencing. Only homozygote samples were selected 
for DNA sequencing purpose, because sequencing of 
heterozygote samples will be fail. Direct sequencing 
of the purified PCR product was done with the Se-
qLab Co. (Go¨ttingen, GmbH, Germany). Electro-
phenograms sequences were further checked by uti-
lizing the Chromas software program version 2.33.

Results
Amplification of poly (A) locus: amplification of 

VDR poly (A) locus was resulted in fragment with 
242bp length. The use of temperature in range of 58-
67 °C in the annealing step of PCR showed that the 
primer annealing performed in 63.5 °C (Figure 2A). 
Non-specific PCR products was not detected in aga-
rose gel electrophoresis. But, when these products 
were electrophoresed in polyacrylamide gel, sever-
al band observed very close to each other that dif-
fer with each other, approximately 10 bp, in length 
(Figure 2B). These nonspecific bands were result of 
polymerase slippage.

Optimization PCR condition: By using magne-
sium chloride concentration gradient, we observed 
that minimum concentration of magnesium chloride 
could eliminate polymerase slippage. The results of 

Optimization of microsatellites amplification
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creasing concentration of polymerase from 1.25 to 
1.75 U in 25 μl PCR mixtures could reduce repli-
cation slippage. So we could eliminate polymerase 
slippage by optimizing MgCl2 and Taq polymerase 
concentration (Figure 2C). Our result has shown that 
the change of DMSO concentration couldn’t influ-
ence on replication slippage rate. The pattern of PCR 
product bands in SSCP gel have shown in figure 2D. 
For the purpose of heterozygote product sequenc-
ing, the extraction of heterozygote allele band from 
PAGE performed successfully.

DNA sequencing: The sequencing of amplified 
products showed that different types of alleles with 
different sizes are expected for these loci that differ 
in the number of adenine nucleotides (Figure 3). Be-
cause, there is obvious segregation between allele 
groups, so we categorized alleles to two group ac-
cording to the length of them. In previous study the 
VDR-poly (A) locus alleles was divided in two group 
according to the length similar to our result.

 
Discussion
Microsatellites are frequently used genetic mark-

ers for the most large-scale studies (23). Variations 
in number of tandem repeat within microsatellite re-
fer to simple sequence length polymorphism (SSLP) 
(2). Microsatellites are highly polymorphic, co-dom-
inant, and multi-allelic sequences (24), so they are 
good genetic markers for linkage analyses (6), gene 
mapping, molecular evolutionary (7), and ecologi-
cal (25) and population genetics studies (19,26). The 
analysis of genetic changes of microsatellite in ge-
nome is more difficult than other common sequences. 

PCR could be used for amplification of microsatellite 
loci. fidelity of PCR can be affected by errors during 
amplification and it could be reduced by optimizing 
the reaction condition (27). One of the errors that 
may occur in amplification process of microsatellite 
is known as polymerase slippage (15). High rate of 
this error observe in single-nucleotide repeat regions 
(28). Although the molecular mechanism of the de-
scribed errors during amplification of repetitive DNA 
sequence, are not well established, there are great 
interest in the analyzing microsatellite in diagnosis 
of various diseases. For example, mononucleotide 
microsatellite sequences are hotspots for mammali-
an polymerase error during in vivo DNA replication. 

Figure 2: Optimization of temperature, non specific PCR products, elimination of non specific PCR products and SSCP results:  A) 
optimization temperature condition in 1% agarose gel, annealing temperature of line4 is 63.5 oC; B) non specific PCR product in ٪8 
PAGE which showed a polymerase slippage; C) PCR optimization for elimination non specific PCR product in ٪8 PAGE; D) SSCP of 
PCR products and genotypes

Figure 3: Sequencing of the microsatellites poly (A) 
length polymorphisms in different sample PCR products:  
microsatellites  with  14-16 and 19-21 A-repeats are  S- and L- 
allele, respectively.
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This mutation process is known as slipped strand mi-
spairing (SSM). 

Considering that microsatellite amplification is 
very sensitive, template DNA concentration could 
influence the success of PCR, so it must be optimal. 
Thus, we suggest that DNA extraction should per-
form carefully for all samples by using equal pro-
cedure and condition. In our study, DNA extraction 
for each sample performed carefully, and to ensure 
the integrity of extracted genome, 2μl of each sam-
ple was electrophoresed along with the estimation of 
concentration at absorbance of 260 nm. 

Because of high error rate in PCR amplification 
of mononucleotide repeats, we choose microsatel-
lite with mononucleotide repeat for this study. Our 
results have shown that polymerase slippage could 
be controlled by optimization of PCR condition. Two 
important factors in fidelity of microsatellite amplifi-
cation are Taq polymerase and Mg2+ concentration. 
The bivalent ions in PCR not only influence primers 
annealing and denaturation of double-stranded but 
also affect the accuracy and DNA polymerase fidelity 
(29). 

Since magnesium ions stabilize loop structure 
(14), to reduce microsatellite mutations, we decreased 
the concentration of magnesium in PCR mixture. We 
conclude that the lowest concentration of magnesi-
um in PCR mixture can inhibit polymerase slippage. 
Our result in this section was similar to Viguera et al 
report in 2001 (14). Viguera et al (14) reported that 
the slippage of Taq pol increase at high concentration 
of Mg+2. They estimated 1 mM MgCl2 as optimal 
concentration. Rahman et al (30) observed the best 
result for removing polymerase slippage in 1 mM 
MgCl2 and Ahmed et al (31) reported 2 mM MgCl2 
as optimal concentration. our results was determined 
0.8 mM of the Mg2+ as a optimal concentration. The 
differences in the reported results could be because 
of several reasons such as difference in type of DNA 
sequence, GC% content, Tm, and temperature condi-
tion. Previous studies demonstrate the role of Mg2+ 
ion in stability of secondary structure of DNA (14). 
Considering the result in this study we conclude that 
lower amount of MgCl2 is required for removing 
polymerase slippage. Also we increase Taq polymer-
ase concentration for inhibition polymerase slippage. 
Our results have shown that DMSO cannot inhibit 

the polymerase slippage. According to the results, it 
is assumed that Taq polymerase at high concentra-
tion facilitate progressing of polymerase enzyme in 
secondary structures to remove enzyme slippage. 
Similar results observed in E. coli DNA polymerase 
I, III and Phage T7 polymerase (32). Viguera et al 
(14) observed high concentrations of Taq polymer-
ase as optimal concentration while in this study; high 
concentration of Taq polymerase in combination with 
low amount of Mg+2 remove polymerase slippage 
completely.  

The Taq polymerase enzyme has a low catalytic 
activity even at room temperature, so nonspecific 
PCR products are produced by weak attachment of 
primer to the template DNA. Also it is probable that 
forward and reverse primers bind to each other and 
produce dimmer primers. On the other hand, lengths 
of these dimmers increase up to 150 bp by polymer-
ization (33). In this study we used hot start PCR for 
elimination of these undesired products. As previous 
studies have shown that this method can remove non-
specific products and primer-dimmer (34). 

Based on our results, using the SSCP technique 
for identification of alleles and genotypes of poly(A) 
microsatellite locus could reduce cost of DNA direct 
sequencing. Previous study used urea PAGE for cate-
gorizing genotypes of microsatellite locus. One of the 
disadvantages of urea PAGE compared to SSCP is to 
use a high voltage power supply for electrophoresis 
(35,36). For SSCP fidelity, we reduce primer concen-
tration to the lowest level in PCR, because the excess 
amount of primer not only impact the emergence of 
non-specific bands and the primer dimmers, but also 
affect the pattern of band in SSCP gel. In previous 
studies, the effect of the excess amount of primers 
in SSCP results were reported (37). In most previous 
studies VDR microsatellite polymorphism analyzed 
by gene scan method in combination with sequencing 
or sequencing of all samples (21) which this method 
is high cost. In this study, we optimized the condi-
tion of PCR, PAGE, SSCP, crush and soak method 
for assessing the poly A polymorphism in 3´UTR of 
VDR gene. But since this polymorphism is widely 
used in the investigation of researchers, therefore the 
results of this study will be helpful for further studies. 
In addition, we thought that this presented procedure 
could be used for similar SSR sequences.

Optimization of microsatellites amplification
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