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ABSTRACT. In this study, 2 approaches were adopted to obtain
good single-strand conformation polymorphism (SSCP) data for
autotetraploid alfalfa; primers were added to PCR products, and
fluorescent-labeled primers were utilized. PCR-SSCP conditions for a
331-bp fragment in the coding region of polygalacturonase-inhibiting
protein gene 2 in alfalfa (MsPGIP2) were optimized, and the results
showed that the best SSCP gel pattern could be obtained when the
loading mixture was made by mixing 1 uL. PCR products, 0.2 to 0.8 uLL
unlabeled primers (50 uM) and 4 to 16 pL loading buffer. Furthermore,
the use of the fluorescent-labeled primers resulted in 2 separated
electrophoresis images from 2 complementary single DNA strands,
thus making the determination of alleles and idiotypes a relatively easy
task. In addition, the results of sequencing prove that the determination
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of alleles and idiotypes were accurate based on SSCP analysis. Finally,
atotal of 9 alleles with 18 SNP sites were identified for MsPGIP2 in the
alfalfa variety ‘Algonquin’. In conclusion, MsPGIP2 possessed great
genetic variation, and the addition of primers to the PCR products in
combination with the fluorescent labeling of primers could significantly
improve the sensitivity and resolution of SSCP analysis. This technique
could be used for genetic diversity detection and marker-assisted
breeding of useful genes in autopolyploid species such as alfalfa.
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INTRODUCTION

Single-stranded DNA (ssDNA) fragments have complex folding conformations.
Such three-dimensional structures are sustained by intramolecular interactions represented
by base pairing, and the mutation of a single or multiple bases will result in changes
in conformation. ssDNA molecules with similar sizes but different conformations show
different migration rates in nondenaturing polyacrylamide gel (PAGE) and, therefore, can
be easily separated (Orita et al., 1989; Kusakabe et al., 1993). This analysis tool is known
as single-strand conformation polymorphism (SSCP) analysis, which is featured by its
simplicity, rapidity, and sensitivity. Its combined use with polymerase chain reaction
(PCR) has extensive applications in the detection of DNA mutations (Ishikawa et al., 2002;
Inoue and Nishio, 2004; Lu et al., 2009; Xu et al., 2009; Racchi et al., 2011; Swapna et al.,
2011; Farhadian et al., 2012; Konovalov et al., 2012; Tantasawat et al., 2012). Many factors
affect the sensitivity and resolution of SSCP analysis and include: 1) the type of mutation;
2) size of the DNA fragment and GC content; 3) composition and concentration of the
gel; 4) gel temperature during electrophoresis; 5) molar ratio of the DNA to the primer;
6) composition of the electrophoresis buffer (including ionic strength and pH value); and
7) additives such as glycerol, sucrose, and formamide (Cai and Touitou, 1993; Chen et
al., 1995; Teschauer et al., 1996; Kukita et al., 1997; Markoff et al., 1997; Paccoud et al.,
1998; Gupta and Agarwal, 2003; Kakavas et al., 2006; Li et al., 2006; Zhu et al., 2006).

To simplify the experimental procedures of SSCP analysis, the unpurified PCR
products are generally mixed with the loading buffer at a certain proportion before elec-
trophoresis. However, since the residual primers after the PCR procedure will bind to
ssDNAs by base pairing, both the bands from the ssDNA and those bound with the prim-
ers (pssDNA) are shown on a PAGE. The increased number of bands not only makes
electrophoresis separation difficult, but it also lowers the effective numbers of both ss-
DNA and pssDNA molecules, therefore leading to weak-band patterns. Thus, it is difficult
to obtain high-quality gel images (Almeida et al., 1998; Hennessy et al., 1998). Alfalfa
(Medicago sativa) is an autotetraploid and naturally outcrossed; alfalfa cultivars comprise
a heterogeneous synthetic population and are genetically complex, thus making genetic
analysis for alfalfa difficult (Herrmann et al., 2010; Kumar, 2011). For example, for a sin-
gle-gene locus, there may be 1-4 different alleles. Supposing that one allele corresponds
to one DNA band in the SSCP images, one individual will have 2-8 bands. If the unpuri-
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fied PCR products are subject to electrophoresis, then 4-16 bands will appear. Therefore,
many bands may be difficult to separate because of the close migration rates. Moreover, 2
groups of DNA bands from 2 complementary single strands may be mingled, thus decreas-
ing the potential for differentiation. As a result, the band patterns are either impossible to
interpret or likely to be misinterpreted.

When unpurified PCR products are mixed with sufficient amounts of primers for
electrophoresis, only the bands corresponding to pssDNA will be shown on a PAGE. In
most cases, the resultant PAGE patterns are consistent with those from ssDNAs only. The
advantage of this method is that there is no need for purification of the PCR products.
Moreover, the interference of residual primers on band patterns is removed. Since all
ssDNA fragments bind with the primers, the intensity of the bands shown on a PAGE is
greatly enhanced. Cai and Touitou (1993) studied the best ratio of purified PCR products
to primers. Fregel et al. (2005) applied their method to the analysis of human ABO blood
types and obtained good results. However, no research has been carried out on the mix-
ing ratio of unpurified PCR products, primers, and loading buffer in autopolyploid spe-
cies such as alfalfa. In addition, in the fluorescence-based PCR-SSCP technique (FPCR-
SSCP), 2 primers are labeled with different fluorescent dyes. Then, the 2 groups of bands
from the 2 complementary single strands will be shown on 2 PAGE images. In this way,
the difficulty of differentiating these 2 groups of bands in SSCP analysis is overcome.
Therefore, the accuracy and reliability of the SSCP analysis for autopolyploid species is
increased.

Polygalacturonase-inhibiting protein (PGIP) is considered a component of the de-
fense system in plants and plays an important role in preventing fungi from infecting a
plant (Di et al., 2006; Protsenko et al., 2008; Muthamilarasan and Prasad, 2013). However,
there is little research, at present, on PGIP genes in alfalfa. In this study, the SSCP condi-
tions of a fragment from the coding region of the MsPGIP2 gene, including the mixing
ratio of the PCR products, primers, and loading buffer; crosslinking level (the mass ratio
of Arc to Bis in PAGE); electrophoresis buffer; and use of fluorescent labeling, were opti-
mized in order to identify the optimal conditions for SSCP analysis and provide assistance
for the optimization of SSCP analysis for autopolyploid species.

MATERIAL AND METHODS
Plant materials and DNA isolation

The alfalfa variety ‘Algonquin’ was selected as the research material and its seed was
provided by the Institute of Animal Sciences (IAS), Chinese Academy of Agricultural Sci-
ences (CAAS). Forty 2-month-old individuals were sampled, and their genomic DNA was
extracted from the young leaves using the cetyltrimethylammonium bromide (CTAB) method
by Gao et al. (2013), with minor alterations (i.e., drying of the leaves by baking was replaced
with liquid nitrogen freezing).

PCR and preparation of electrophoresis samples

The primers for MsPGIP2 were designed according to the unpublished sequencing
results of the authors in this study and a PGIP2 sequence (accession No. JF338623) from
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GenBank. The forward and reverse primers were 5'-ATCAGGCCCGATACCTTCTT-3',
with a Cy3 of 5'-fluorescent label, and 5'-ACGAGCTCTTCTTAGGAACATC-3', with a
6-FAM of fluorescent label, respectively. The PCR system had a total volume of 20 pL, with
20 ng genomic DNA, 0.2 uM forward and reverse primers, 0.6 U Tag DNA polymerase, 0.2
mM dNTPs, and 1.5 mM MgCl,. The PCR program was as follows: 94°C for 5 min; followed
by 35 cycles of 94°C for 30 s, 57°C for 45 s, and 72°C for 1 min; and an extension at 72°C for
8 min at the end. Then, the PCR products were mixed with the loading buffer [98% deion-
ized formamide (v/v), 20 mM EDTA, and 0.025% xylene cyanol FF (w/v)] and primers
(unlabeled, 50 uM forward and reverse primers) at a certain proportion (Figure 1). After
denaturation for 10 min at 95°C, the mixtures were quickly placed on ice, and 3 pL was

used for electrophoresis.
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Figure 1. SSCP patterns for different mixing ratios of the PCR product, loading buffer, and unlabeled primer. S1
and S2, 2 plants of alfalfa. The electrophoresis buffer was 1X TBE, and the crosslinking level was 29:1.

Electrophoresis

The concentration of the polyacrylamide gel (45 cm x 35 cm x 0.4 mm) was 8%, with
a29:1 or 49:1 mass ratio of acrylamide:bisacrylamide. The electrophoresis buffers used were
0.5X TBE or 1X TBE, and the electrophoresis temperature was 5°C. Electrophoresis was per-
formed with a constant current for 1 h of pre-electrophoresis and 16 h of electrophoresis after
loading. When the electrophoresis buffer was 0.5X TBE, the current was 7 mA; when the elec-
trophoresis buffer was 1X TBE, the current was 9 mA. After electrophoresis, silver staining
was performed (Bassam et al., 1991), and the gels were air-dried at room temperature and then
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photographed. If using fluorescent labeling primers, the gels were scanned with the TRIO+
Typhoon scanner (Amersham Biosciences, USA). The alleles and idiotypes were determined
artificially. The alleles were successively designated by a-z in increasing order of migration
rate. Because alfalfa is an autotetraploid, when 2 or 3 alleles were found on a single-gene
locus, the dose of the allele was determined based on the intensity of the bands in the FPCR-
SSCP images. In addition, after each electrophoresis, some of the samples were subjected to
gel electrophoresis for a second time under the same conditions to verify the repeatability of
the SSCP analysis.

Sequencing

To verify the reliability of our method, 9 plants were randomly selected from the al-
falfa variety ‘Algonquin’, and all of their SSCP bands were sequenced. The target DNA bands
were cut off, added to 20 pL Tris-EDTA buffer (pH 8.0), and fully crushed. The mixture was
incubated at 65°C for 30 min; then, the target DNA fragments were reamplified using 2 pL of
the mixture as a template. The PCR system and program were the same as those mentioned
above. After purification of the reamplified product, the target DNA fragments were connected
to pBS-T vectors and then transformed to Escherichia coli DH5a.3. The transformants carry-
ing the target DNA fragments were randomly selected and sent to Shanghai Sangon Co. Ltd.
for sequencing.

RESULTS
Mixing ratio of PCR products, primers, and loading buffer

The DNAs from 2 plants were used as PCR templates. A fragment of MsPGIP2 (331
bp) was subjected to PCR amplification (Figure 1). The results indicate that when the ratio of
PCR product:loading buffer was 1:1 without the addition of the primer (Figure 1; lane 1), the
bands of both the ssDNA and pssDNA appeared, but the latter had a higher band intensity than
that of the former. When the ratio decreased from 1:2 to 1:8 (Figure 1; lanes 2, 3, and 4), the
bands of both the ssDNA and pssDNA gradually weakened; however, the latter had a much
quicker weakening speed than that of the former. When the ratio was 1:16 (Figure 1; lane 5),
the bands of the pssDNA nearly disappeared, while the bands of the sSDNA were clearly vis-
ible but with weakened intensity. In addition, when the ratio was 1:1 or 1:2 (Figure 1; lanes 1
and 2), the nontarget bands could be clearly seen in the lane. This indicates that the bands of
the pssDNA may completely disappear when the ratio of the PCR product:loading buffer was
~1:16 without the addition of the primers. However, in this case, the samples with minimal
amounts of the PCR products would generate bands too weak to be observed.

When the ratio of PCR products:loading buffer was fixed (1:4) and the addition
amounts of the primers varied (0.05, 0.1, 0.2, 0.4, and 0.8), 4 (plant 1) or 7 (plant 2) bands of
the pssDNA were clearly observed for all treatments with consistent intensity (Figure 1; lanes
6,7, 8,9, and 10). However, when the addition amount of the primer was 0.05 for individual
1, weak bands of the ssDNA appeared. This indicates that consistent and clear electrophoresis
results could be obtained only when the addition amount of the primer was >0.1.

When the ratio of PCR products:primers (1:0.4) was fixed and the ratio of loading
buffer varied (1, 2, 4, 8, and 16), 4 (plant 1) or 7 (plant 2) bands from the pssDNA were clearly
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shown for all treatments, but the band intensity weakened with the increasing amounts of the
loading buffer (Figure 1; lanes 11, 12, 13, 14, and 15). When the ratio of PCR products:loading
buffer was 1:1 and 1:2 (Figure 1; lanes 11 and 12), the nontarget bands also appeared at the
bottom of the lanes. It was thus indicated that only when the ratio of the PCR product:loading
buffer was no more than 1:4 and a sufficient amount of the primer was added would clear band
patterns be obtained.

Crosslinking level and concentration of electrophoresis buffer

When the volume ratio of PCR product:primer:loading buffer was 1:0.4:4, cross-
linking levels and concentrations of the electrophoresis buffer varied in the SSCP analysis
(Figure 2). The results showed that when the electrophoresis buffer was 0.5X TBE and the
crosslinking level was 29:1, the numbers of bands for most plants were less than those in the
other treatments, and the band patterns were notably different. This indicates that under such
conditions, some alleles did not separate. In the other 3 treatments, the numbers of bands for
all plants were the same, but the band patterns were different. Thus, under these conditions,
different alleles were successfully separated but the migration rate differed. Among these 3
treatments, when the electrophoresis buffer was 0.5X TBE and the crosslinking level was
49:1, the band patterns were significantly different from those in the other 2 treatments and
the distances between the bands were reduced, indicating that this treatment had low differ-
entiation capability. When the electrophoresis buffer was 1X TBE and the crosslinking level
was 29:1 and 49:1, separately, similar band patterns were produced. However, in the former
treatment, the distance between the bands was large because this treatment (i.e., 1X TBE,
crosslinking level 29:1) had a higher differentiation capability.

Arc:Bis 29:1 29:1 49:1 49:1
TBE 0.5x 1x 1x 0.5%
123456 123456 123456 123456

Figure 2. SSCP patterns for different crosslinking levels and concentrations of the electrophoresis buffer. Lanes
1-6, different plants of alfalfa; plant 3 and 6 shared the same genotypes.

FPCR-SSCP analysis and sequencing

Using the optimized conditions, FPCR-SSCP analysis was performed for 30 plants of
the variety ‘Algonquin’ (Figure 3). The results showed that the 2 electrophoresis images from
2 complementary single strands were relatively clear, and most of the bands in these 2 images
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were distinguishable. On the first electrophoresis image (Figure 3; strand 1), 3 alleles (i.e., ¢, d
and e) showed small spaces that were difficult to differentiate. On the second electrophoresis
image, 2 pairs of alleles (i.e., d/i and f/g) were not completely separated (Figure 3; strand 2).
However, by combining the 2 electrophoresis images, the alleles in each plant could be clearly
determined. When the 2 electrophoresis images were superimposed, the 2 groups of bands
from the 2 complementary single strands were mingled, making the determination of alleles
and idiotypes difficult (Figure 3; strand 1 + strand 2). Although the data could be obtained, the
quality was poor.

In the PCR using fluorescent dyes, the fluorescence intensity was in direct proportion
to the amount of the PCR product, and, thus, can be used to determine the dose of the alleles
(Makino et al., 1992). After the gel-scanning parameters, image contrast and brightness were
adjusted, the genotypes of all plants could be easily determined from the obtained images
(Figure 3). For example, the genotypes of plants 2, 7, 8, 13, 17, 26, and 28 in Figure 3 were
determined as dffh, ccdd, fhhh, bedf, ccce, cehh, and cccf, respectively. In total, 9 alleles, a-i,
were found among the 30 plants and their frequencies were 3.3, 0.8, 30.8, 8.3, 5.0, 23.3, 6.7,
20.8, and 0.8%, respectively. On the other hand, 24 genotypes were identified in 30 plants; the
frequency of cdfh was the greatest, with a value of 10%. In addition, after electrophoresis of
the PCR product for some plants on different gels under the same conditions, the same band
patterns were obtained.
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Figure 3. SSCP results of 30 plants of alfalfa variety ‘Algonquin’ when using a fluorescence-labeled primer and
other optimized conditions. a-i, 9 different alleles; the electrophoresis buffer was 1X TBE, and the crosslinking
level was 29:1.

The sequencing results suggest that most of the sequenced bands contained only one
DNA fragment, the sequence of which varied with the bands. Figure 4 shows the sequences of
alleles with a high allele frequency (>5%), and a total of 18 SNP sites were found with a tri-
base indel. Among the SNP sites found, 5 belonged to nonsynonymous replacements.
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Figure 4. Variation in the DNA sequence of MsPGIP2 by SSCP analysis and sequencing. ¢, d, e, f, g, h, 6 alleles
with frequencies >5%.

DISCUSSION

The results in this study showed that when the loading mixture was made by mixing
1 uL PCR products, 0.2 to 0.8 pL unlabeled primers (50 uM) and 4 to 16 pL loading buffer,
clear and consistent results of the SSCP analysis were obtained. The research by Cai and
Touitou (1993) showed that the lowest concentration of primers in the PCR products affecting
the SSCP band patterns was 0.006 uM. In this study, when the ratio of PCR product:loading
buffer was 1:16 without the addition of the primer, the bands of the pssDNA completely disap-
peared. When the ratio was diluted to 1:8, the bands appeared. Thus, the ratio of 1:12 could
be regarded as the lowest ratio at which the bands of the pssDNA disappeared. At this time,
the concentration of the primer in the loading mixture approached ~0.006 pM. Therefore, the
concentration of the primers in the PCR product was ~0.072 uM; then, the concentration of
the target DNA fragment was 0.128 pM (primer concentration 0.2 uM in this study). When
the volume ratio of PCR product:primer was 1:0.2, the residual primer in the loading mixture
was 0.072 vs 10 pmol of the added primers. The amount of the former could be neglected.
Then, the molar ratio of the target DNA fragment:primer was 1:78. Zhu et al. (2006) found
that when the molar ratio of the PCR product:primer was 1:100, the bands of the pssDNA
nearly disappeared, which is consistent with the phenomenon observed in our study. Similar
to Zhu et al. (2006), the results of our study further confirmed that the addition of the primer
was simpler, more rapid, more sensitive, and less costly for SSCP analysis than purification
of the PCR product.

Since the distance between 2 of the bands from some plants was extremely close, mix-
ing occurred during the gel cutting operation. This led to the coexistence of 2 DNA fragments
within only a few sequenced bands. However, the sequencing results from most of the bands
were in perfect agreement with the data from the SSCP analysis. Combined with the good
repeatability of the SSCP analysis in this study, this result shows that the determinations of the
alleles and idiotypes were accurate in this study. Two studies have suggested that PGIP genes

Genetics and Molecular Research 13 (4): 10184-10193 (2014) ©FUNPEC-RP www.funpecrp.com.br



Z. Guiet al. 10192

are highly conserved in Eucalyptus and Phaseolus vulgaris (Chimwamurombe et al., 2001;
Farina et al., 2009). In contrast, in this study, more alleles with more SNP sites were found for
MsPGIP2. This indicates that MsPGIP2 possesses greater sequence variation. The sequence
variation found, particularly nonsynonymous replacement SNP sites, may be necessary for
high-affinity recognition of divergent fungal polygalacturonases. Thus, further research on the
association between MsPGIP2 and the resistance of alfalfa to important fungal diseases could
be easily performed based on the results in this study.

The results of this study show that the migration rate of the ssDNA was affected by the
primer concentration in the SSCP analysis. With a comprehensive consideration of our results
and the use of varied PCR system, it was determined that the loading mixture should be made
by mixing the PCR products, the unlabeled primers (50 uM) and the loading buffer at a ratio of
1:0.4:6; this should ensure the accuracy of the results of the SSCP analysis. In addition, for the
PCR products in this study, the best SSCP patterns could be obtained when the electrophoresis
buffer was 1X TBE and the crosslinking level was 29:1. Furthermore, FPCR-SSCP allowed
the images of 2 single strands of DNA to be obtained separately, which made the determina-
tion of alleles and idiotypes more accurate and reliable. If the 4 different fluorescent dyes
are used to label the 4 different primers, the PCR products from 2 DNA fragments could be
simultaneously separated on a gel. This would double the efficiency of the analysis.

In conclusion, the SSCP analysis method developed in this study based on the addition
of primers to PCR products in combination with the fluorescent labeling of primers could sig-
nificantly improve the sensitivity and resolution of SSCP analysis, and the resultant molecular
data would be more accurate and reliable. Thus, it could be used for genetic diversity detection
and marker-assisted breeding of useful genes in autopolyploid species.
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